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Dear colleagues and friends,
It is a great pleasure to welcome you to the 11th International Meeting on Cholinesterases in the
city of Kazan.
Kazan is one of the oldest towns in Russia. Founded a thousand years ago, it was a flourishing
trade center of Bulgars and Tatars of the Golden Horde until the mid-XVIth century when it was
conquered by Ivan the Terrible. Kazan University, founded in the early XIXth century, is the cradle
of Russian organic chemistry. The works of Klaus, Zinin, Butlerov, Markovnikov, Zaitsev, and the
Arbuzovs, certainly the most prominent Kazan scholars, are landmarks in the history of physical
and organic chemistry, including the chemistry of organophosphorus compounds. Kazan has also a
long history in biochemistry, medicine, and neurophysiology with the introduction of the local
anesthetic Novocain; developments in electrocardiology and electroencephalography; and the
discovery of oxidative phosphorylation by Engelgardt.
Research in the field of cholinesterases has been very active in the Soviet Union and Russia
starting in the 30s with the pioneering works of Ginetsinsky. During WWII his lab was evacuated to
Kazan, where he started to work on organophosphorus poisons and discovered that these
compounds act as irreversible inhibitors of acetylcholinesterase. After the war, research on
cholinesterase catalytic mechanisms, inhibition, toxicology and pharmacology of organophosphate
poisoning was actively pursued throughout the Soviet Union, particularly in the prestigious
laboratories of Kabachnik (Moscow), Brestkin (Leningrad), and Aaviksaar and Järv (Tartu, SSR
Estonia). Thus, Kazan is proud to host the first Cholinesterase Meeting to take place in Russia.
Cholinesterase meetings have been regularly organized for more than thirty years in different
countries all around the world. The firsts were held in Yougoslavia (1975 and 1983), then in France
(1990), Israel (1992), India (1994), USA (1998), Chile (2002), Italy (2004), China (2007), and the last
one in Croatia (2009). Each of these meetings was a great opportunity for scientists in the field of
cholinesterases and enzymes reacting with organophosphates to present their results, compare
hypotheses, establish collaborations, and undertake projects in new directions. The
« Cholinesterase family » is warm and innovative and has been successful. We hope that the Kazan
meeting will be very much in that tradition.
We wish you a pleasant and fruitful stay in Kazan.

Patrick Masson
Evgeny E. Nikolsky
Sergei D. Varfolomeev
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LIST OF SESSIONS
1. Structure and dynamics of cholinesterases and related α/β hydrolase-fold proteins.
Chairpersons: Fredrik Ekström (Sweden), Joel Sussman (Israel)
2. Interaction of cholinesterases with substrates, inhibitors and reactivators.
Chairpersons: Terrone Rosenberry (USA), Yaacov Ashani (Israel)
3. Anticholinesterases: Mechanisms of toxicity, detection and analytical methods,
diagnosis of exposure, detoxification and therapy; counter-terrorism strategies.
Chairpersons: Oksana Lockridge (USA), Franz Worek (Germany)
4. Stoichiometric and catalytic bioscavengers against anticholinesterase agents;
nanobiotechnology for cholinesterases and related therapeutic aspects.
Chairpersons: Douglas Cerasoli (USA), Patrick Masson (France)
5. Enzymes other than cholinesterases reacting with anticholinesterase agents.
Chairpersons: Clement Furlong (USA), Galina Makhaeva (Russia)
6. Molecular biology and cell biology of cholinesterases and alternative functions of
cholinesterases.
Chairpersons: Karl Tsim (China), Arnaud Chatonnet (France)
7. Diseases related to cholinesterases, and cholinesterase inhibitors therapy.
Chairpersons: Ezio Giacobini (Switzerland), Eric Krejci (France)
8. 3D session
Chairpersons: Zoran Radić (USA), Martin Weik (France)
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Monday, 4 June 2012
9:00

Registration
Poster mounting
Testing MS Power Point Presentation
16:00
Opening
Welcome addresses
16:30-17:00
Alexander Konovalov (Kazan, Russia)
Kazan school of chemistry: from foundation to present
17:00-17:45
Sergei Varfolomeev (Moscow, Russia)
History of cholinesterase research in USSR and Russia
17:45-18:00
Zrinka Kovarik (Zagreb, Croatia)
Tribute to Elsa Reiner
Plenary lectures
Chairpersons: Patrick Masson (France), Sergei Varfolomeev (Russia)
18:00-18.45 PL-1 The EMBO Plenary lecture
Joel Sussman (Rehovot, Israel)
Acetylcholinesterase: from 3D structure to drug design
18:45-19:30 PL-2 Oksana Lockridge (Omaha, USA)
Human butyrylcholinesterase: from basic structure to medical applications
20:00
Welcome party

Tuesday, 5 June 2012
Session 1: Structure and dynamics of cholinesterases and related α/β hydrolase-fold proteins
Chairpersons: Fredrik Ekström (Sweden), Joel Sussman (Israel)
8:00-8:20
L1-1
Palmer Taylor (La Jolla, USA)
Approaching forty: the cholinesterases leading the α,β-hydrolase-fold
structure-function quest
8:25-8:45
L1-2
Pascale Marchot (Marseille, France)
Recent structural and mutagenesis insights into allosteric inhibition of
AChE by peptidic ligands
8:50-9:00
L1-3
Schroeder Noble (Silver Spring, USA)
Crystal structures of acetylcholinesterase in complex with novel bisimidazoloxime reactivators
9:05-9:25
L1-4
Fredrik Ekström (Umeå, Sweden)
Targeting acetylcholinesterase; from high throughput screening of a
chemical library to quantitative structure-activity relationships
9:30-9:45
Coffee Break
9:45-9:55
L1-5
Anna Linusson (Umeå, Sweden)
Enantiomers define non-covalent interactions in the catalytic site of
acetylcholinesterase
10:00-10:20 L1-6
Judith Peters (Grenoble, France)
AChE dynamics investigated by incoherent neutron scattering
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Martin Weik (Grenoble, France)
Structural dynamics of acetylcholinesterase as studied by kinetic
crystallography
10:50-11:00 L1-8
Arlan Gonçalves (Guarapari, Brazil)
Molecular dynamics simulations and QM/MM studies of the
reactivation by 2-PAM of tabun inhibited human acethylcholinesterase
11:05-11:15 L1-9
Sofya Lushchekina (Moscow, Russia)
Computational modeling of hysteresis in Ala328Cys mutant of human
butyrylcholinesterase
11:20-11:30 L1-10
Swapna David (Coimbatore, India)
Why human butyrylcholinesterase L307P variant is not structurally
stable: a molecular dynamics simulation study
11:35-11:50 Coffee Break
Session 2: Interaction of cholinesterases with substrates, inhibitors and reactivators.
Chairpersons: Terrone Rosenberry (USA), Yaacov Ashani (Israel)
11:50-12:00
Patrick Masson (Grenoble, France)
Tribute to Sergei Moralev
12:00-12:20 L2-1
Israel Silman (Rehovot, Israel)
Reversible and irreversible inhibition of acetylcholineesterase by the
photosensitizer methylene blue
12:25-12:45 L2-2
Terrone Rosenberry (Jacksonville, USA)
The rate-limiting step for the second-order hydrolysis of acetylcholine
analogs by acetylcholinesterase (kcat/KM) is gated entry to the catalytic
triad
12:50-13:10 L2-3
Jure Stojan (Ljubljana, Slovenia)
The significance of low substrate concentration measurements for
mechanistic interpretation in cholinesterases
13:15-14:15 Lunch
14:15-14:25 L2-4
Alexander Nemukhin (Moscow, Russia)
QM/MM approaches to resolve the catalytic mechanism of
cholinesterases
14:30-14:50 L2-5
Chang-Guo Zhan (Lexington, USA)
Reaction pathways of cholinesterases with various types of compounds:
computational insights and implication for rational drug design
14:55-15:15 L2-6
Paul Carlier (Blacksburg, USA)
Designing inhibitors for potency against the G119S resistant mutant of
Anopheles gambiae AChE
15:20-15:30 L2-7
Kamil Kuča (Hradec Kralove, Czech Republic)
Quaternary compounds designed for cholinesterase inhibition and
modulation of cholinergic receptors
15:35-15:45 L2-8
Donald Maxwell (Aberdeen Proving Ground, USA)
A common mechanism for resistance of agent-inhibited AChE to oxime
reactivation based on QSAR of nerve agent analogues of sarin,
cyclosarin and tabun
15:50-16:10 Coffee Break
10:25-10:45

L1-7
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Zrinka Kovarik (Zagreb, Croatia)
Reactivation of tabun-phosphorylated cholinesterases probed by
mutagenesis and new oximes
16:35-16:55 L2-10
Apurba Bhattacharjee (Silver Spring, USA)
Discovery of non-oxime reactivators of OP-inhibited
acetylcholinesterase (AChE) using in silico generated pharmacophore
models
17:00-17:10 L2-11
Julien Renou (Rouen, France)
Synthesis of new uncharged reactivators for acetylcholinesterase
17:15-17:25 L2-12
Pierre-Yves Renard (Rouen, France)
In vitro evaluation of 3-hydroxy 2-pyridinaldoxime conjugates as
efficient uncharged reactivators for the dephosphylation of poisoned
human acetylcholinesterase
17:30-17:50 Coffee Break
Session 7A: Novel approaches to the treatment of Alzheimer disease.
Chairpersons: Ezio Giacobini (Switzerland), Giancarlo Pepeu (Italy)
17:50-18:10 L7A-1
Ezio Giacobini (Geneva, Switzerland)
Cholinesterase inhibitors: from neurotoxic agents to drugs of choice to
treat Alzheimer disease
18:15-18:35 L7A-2
Giancarlo Pepeu (Florence, Italy)
Cholinesterase inhibitors affect attention and memory
18:40-19:00 L7A-3
Gabriel Gold (Geneva, Switzerland)
Cholinesterase inhibitors in the treatment of non-Alzheimer types of
dementia
19:05-19:25 L7A-4
Taher Darreh-Shori (Stockholm, Sweden)
The role of cholinesterases in AD pathology: implications for improving
efficacy of cholinesterase inhibitors
19:30-19:50 L7A-5
Sultan Darvesh (Halifax, Canada)
Butyrylcholinesterase radioligands to image Alzheimer disease brain
19:55-20:05 L7A-6
Ricardo Souza (Curitiba, Brazil)
Association analysis between K and -116 variants of
butyrylcholinesterase and Alzheimer’s disease in a Brazilian population
16:10-16:30

L2-9
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Wednesday, 6 June 2012
Session 3: Anticholinesterases: Mechanisms of toxicity, detection and analytical methods,
diagnosis of exposure, detoxification and therapy; counter-terrorism strategies.
Chairpersons: Oksana Lockridge (USA), Franz Worek (Germany)
8:00-8:20
L3-1
Oksana Lockridge (Omaha, USA)
Mass spectrometry for detection of exposure to organophosphorus
compounds
8:25-8:35
L3-2
Judit Marsillach (Seattle, USA)
Human butyrylcholinesterase, a mass spectrometric biomarker for
organophosphorus exposure
8:40-8:50
L3-3
Mariya Liyasova (Omaha, USA)
Butyrylcholinesterase is a biomarker of exposure to tri-ortho-cresyl
phosphate, an agent implicated in “aerotoxic syndrome”
8:55-9:05
L3-4
Marcel van der Schans (Rijswijk, The Netherlands)
Methods for unequivocal assessment of exposure to chemical warfare
agents based on covalent protein adducts
9:10-9:20
L3-5
Robert VanDine (Sarasota, USA)
A point of care 10 minute assay for detection of blood protein adducts
resulting from low level exposure to organophosphate nerve agents
9:25-9:35
L3-6
Valerii Tonkopii (St. Petersburg, Russia)
A new purified cholinesterase for separate detection of
organophosphates and carbamates
9:40-10:00
L3-7
Hermona Soreq (Jerusalem, Israel)
Prophylactic antagomiRs-mediated enhancement of host AChE
protects from organophosphate poisoning
10:05-10:25 L3-8
Bhupendra Doctor (Silver Spring, USA)
A unique combination of (-)-Huperzine A and (+)-Huperzine A
effectively and reversibly inhibits acetylcholinesterase as well as
reduces NMDA-induced seizures and glutamate-induced toxicity
10:30-11:00 Coffee Break
11:00-11:20 L3-9
Franz Worek (Munich, Germany)
Structural requirements for effective oximes — a kinetic in vitro study
with phosphylated human AChE and structurally different oximes
11:25-11:35 L3-10 Tsung-Ming Shih (Aberdeen Proving Ground, USA)
Searching for an effective in vivo reactivator for OP nerve agentinhibited AChE in the central nervous system
11:40-11:50 L3-11 Christophor Dishovsky (Sofia, Bulgaria)
In vitro investigation of efficacy of new reactivators of cholinesterase
on OPC-inhibited rat brain AChE
11:55-12:05 L3-12 Janice Chambers (Starkville, USA)
Development of novel brain-penetrating oxime reactivators of AChE
inhibited by organophosphates
12:10-12:20 L3-13 John Graham (Aberdeen Proving Ground, USA)
Facilitated transport of reactivators across the blood brain barrier
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12:25-12:45

L3-14

12:50-13:10

L3-15

Marloes Joosen (Rijswijk, The Netherlands)
Timing of decontamination and treatment in case of percutaneous
poisoning with VX
Guy Testylier (La Tronche, France)
Ketamine combinations for the field treatment of soman-induced selfsustaining status epilepticus. Review of the current data and
perspectives

13:15-14:15 Lunch
Session 4: Stoichiometric and catalytic bioscavengers against anticholinesterase agents;
nanobiotechnology for cholinesterases and related therapeutic aspects.
Chairpersons: Douglas Cerasoli (USA), Patrick Masson (France).
14:15-14:35 L4-1
Douglas Cerasoli (Aberdeen Proving Ground, USA)
The protective efficacy of human butyrylcholinesterase against
exposure to organophosphorus nerve agents
14:40-15:00 L4-2
Helen Mumford (Salisbury, UK)
Human plasma-derived BuChE as a stoichiometric bioscavenger for
treatment of nerve agent poisoning
15:05-15:15 L4-3
Yvonne Rosenberg (Rockville, USA)
Protection by aerosolized recombinant macaque
butyrylcholinesterase against aerosolized paraoxon exposure in
homologous macaques
15:20-15:40 L4-4
Tsafrir Mor (Tempe, USA)
Plant-produced butyrylcholinesterase variants as versatile
bioscavengers
15:45-16:15 Coffee Break
16:15-16:35 L4-5
Nageswaraao Chilukuri (Aberdeen Proving Ground, USA)
The use of adenovirus to deliver therapeutic levels of bioscavengers
against anticholinesterase agents
16:40-17:00 L4-6
Yakov Ashani (Rehovot, Israel)
Analysis of the inputs required for estimating catalytic scavenger
doses needed to protect against OP intoxication
17:05-17:25 L4-7
Moshe Goldsmith (Rehovot, Israel)
Directed evolution of serum paraoxonase 1 for broad spectrum Gagent hydrolysis
17:30-17:40 L4-8
Tamara Otto (Aberdeen Proving Ground, USA)
Identification and characterization of novel catalytic bioscavengers
17:45-17:55 L4-9
Manojkumar Valiyaveettil (Silver Spring, USA)
Crossroads in therapeutic evaluation of paraoxonase 1 in nerve agent
toxicity
18.00-18.20
Elena Efremenko (Moscow, Russia)
Bacterial phosphotriesterases, effective enzymes for degradation of
OPs: applications to destruction of CWA, decontamination and
therapeutics
19:00
Conference dinner
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Thursday, 7 June 2012
Session 4: Stoichiometric and catalytic bioscavengers against anticholinesterase agents;
nanobiotechnology for cholinesterases and related therapeutic aspects (continued)
Chairpersons: Douglas Cerasoli (USA), Patrick Masson (France).
8:00-8:10
L4-10 Sean Hodgins (Aberdeen Proving Ground, USA)
Biochemical characterization and in vivo anti-OP protective efficacy of
recombinant huPON1 expressed in Trichoplusia ni larvae
8:15-8:25
L4-11 Shane Kasten (Aberdeen Proving Ground, USA)
The in vitro specificity and in vivo protective efficacy of PON1 variants
against exposure to organophosphorus nerve agents
8:30-8:50
L4-12 Alexander Kabanov (Moscow, Russia)
Nanozymes as potential bioscavengers for prevention and reparation of
damage caused by OP compounds
8:55-9:05
L4-13 Stephen Kirby (Aberdeen Proving Ground, USA)
An engineered mutant of human platelet activating factor
acetylhydrolase hydrolyzes organophosphorus nerve agents
9:10-9:20
L4-14 Robert diTargiani (Aberdeen Proving Ground, USA)
Catalytic activity of human prolidase and its variants against nerve
agents
9:25-9:55
Coffee Break
9:55-10:05
L4-15 Pierre-Yves Renard (Rouen, France)
Strategies for the selection of catalytic antibodies against OP nerve
agents
10:10-10:30
L4-16 Alexander Gabibov (Moscow, Russia)
Catalytic antibodies reacting with OP compounds
10:35-10:45
L4-17 François Estour (Rouen, France)
Functionalized cyclodextrins – a promising way to degrade nerve agents
10:50-11:10
L4-18 Steve Brimijoin (Rochester, USA)
Progress toward gene transfer of modified human BuChE as a therapy
for cocaine addiction
11:15-11:25
L4-19 Yang Gao (Rochester, USA)
Cocaine hydrolase and anti-cocaine antibody combine to reduce cocaine
stimulation and toxicity
11:30-12:00
Coffee Break
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Session 5: Enzymes other than cholinesterases reacting with anticholinesterase agents.
Chairpersons: Clement Furlong (USA), Galina Makhaeva (Russia)
12:00-12:20
L5-1
John Casida (Berkeley, USA)
Anticholinesterase insecticide retrospective
12:25-12:45
L5-2
Philip Potter (Memphis, USA)
Carboxylesterases as targets for anticholinesterase agents
12:50-13:10
L5-3
Rudy Richardson (Ann Arbor, USA)
Neuropathy target esterase: overview and future
13:15-13:35
L5-4
Clement Furlong (Seattle, USA)
Tert-butylated triaryl phosphates are not readily metabolized to serine
esterase inhibitors
13:40-14:40
Lunch
14:40-15:00
L5-5
Eugenio Vilanova (Elche, Spain)
Differential interactions of neuropathy inducers, non-inducers and
promoters with soluble and membrane esterases: Kinetic approaches
15:05-15:25
L5-6
Galina Makhaeva (Chernogolovka, Russia)
Organophosphorus compound esterase profiles as predictors of
therapeutic and toxic effects
15:30-15:50
L5-7
Dragomir Draganov (Ashland, USA)
How does Paraoxonase 1 work in vivo – the indirect model
15:55-16:15
L5-8
Giuseppe Manco (Napoli, Italy)
Hyperthermophilic phosphotriesterases/lactonases: structure, function
and possible applications
16:20-16:50
Coffee Break
3D Session
Chairpersons: Zoran Radić (USA), Martin Weik (France)
16:50-17:20
3D-1
Florian Nachon (La Tronche, France)
Structural aspects of the inhibition of cholinesterases by cresyl saligenin
phosphate (CBDP)
17:25-17:55
3D-2
Zoran Radić (La Jolla, USA)
Mechanism of interaction of novel uncharged, centrally active
reactivators with OP-hAChE conjugates
18:00-18:15
3D-3
Rathanam Boopathy (Coimbatore, India)
Structure based repurposing of FDA approved drugs as
acetylcholinesterase inhibitors
18:20-18:50
3D-4
Eric Chabrière (Marseille, France)
Structural Biology contributions in the understanding and increase of
phosphotriesterase activities
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Friday, 8 June 2012
Session 6: Molecular biology and cell biology of cholinesterases and alternative functions of
cholinesterases.
Chairpersons: Karl Tsim (China), Arnaud Chatonnet (France)
9:00-9:10
Claire Legay (Paris, France)
Tribute to Jean Massoulié
9:10-9:30
L6-1
Claire Legay (Paris, France)
Developmental consequences of the ColQ/MuSK interaction
9:35-9:55
L6-2
Karl Tsim (Hong Kong, China)
Molecular assembly of PRiMA-linked acetylcholinesterase: the roles of tpeptide, FHB domain and N-linked glycosylation
10:00-10:10 L6-3
Paul Layer (Darmstadt, Germany)
Alternative functions of cholinesterases during embryonic development of
chick and mouse
10:15-10:25 L6-4
Janez Sketelj (Ljubljana, Slovenia)
Several mechanisms regulate acetycholinestrase-associated collagen Q
expression in slow and fast muscle fibers of rat muscles
10:30-11:00 Coffee Break
11:00-11:20 L6-5
Leo Pezzementi (Birmingham, USA)

11:25-11:45 L6-6

11:50-12:10 L6-7

12:15-12:25 L6-8
12:30-12:40 L6-9

Do the MRL proteins - MIG-10, RIAM, and lamellipodin - interact with
acetylcholinesterase and butyrylcholinesterase?
Susan Greenfield (Oxford, UK)
Non-hydrolytic effects of AChE: the actions of peptides derived from the
C-terminal
Zoran Grubič (Ljubljana, Slovenia)
Classical and alternative roles of acetylcholinesterase in the in vitro
innervated human skeletal muscle
Astrid Vogel-Höpker (Darmstadt, Germany)
Alternative cholinolytic function of Acetylcholinesterase in skeletogenesis
Nicolas Lenfant (Montpellier, France)
Proteins with an α/β hydrolase fold: how to decipher new functions in an
ever growing superfamily?

12:45-13:45 Lunch
13:45-13:55 L6-10 Xue Jun Zhang (Shanghai, China)
Regulation of acetylcholinesterase expression in cell apoptosis
14:00-14:10 L6-11 Anthony Turner (Leeds, UK)
Acetylcholinesterase and Alzheimer’s disease: novel interactions and
regulatory mechanisms
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Yifan Han (Hong Kong, China)
Novel dimeric anticholinersterases derived from Chinese herb: molecular
basis for unexpected neuroprotection via multiple targets
14:30-14:40 L6-13 Kevin Temeyer (Kerrville, USA)
Complexity of acetylcholinesterases in biting flies and ticks
14:45-14:55 L6-14 Ebru Bodur (Ankara, Turkey)
Effects of exercise and conjugated linoleic acid (CLA) usage on BChE and
obesity in men
16:00
Excursion
14:15-14:25 L6-12

Saturday, 9 June 2012
Session 7B: Diseases related to cholinesterases, and cholinesterase inhibitors therapy.
Chairpersons: Eric Krejci (France), Enver Bogdanov (Russia)
9:00-9:20
L7B-1
Kinji Ohno (Nagoya, Japan)
Specific binding of collagen Q to the neuromuscular junction is exploited to
cure congenital myasthenia and to explore bases of myasthenia gravis
9:25-9:35
L7B-2
Lupe Furtado-Alle (Curitiba, Brazil)
-116A and K BCHE gene variants associated with obesity and
hypertryglyceridemia in adolescents from Southern Brazil
9:40-9:50
L7B-3
Ricardo Souza (Curitiba, Brazil)
Copy number variation at 7q22 and 3q26 in sporadic breast cancer
9:55-10:15 L7B-4
Eric Krejci (Paris, France)
A novel insight into acetylcholinesterase functions in the nervous system
provided by the mutant mice
10:20-10:40 L7B-5
Cecilio Vidal (Murcia, Spain)
The AChE membrane binding tail PRiMA is down-regulated in muscle and
nerve of mice with muscular dystrophy by merosin deficiency
10:45-11:15 Coffee Break
11:15-11:25 L7B-6
Anna Hrabovska (Bratislava, Slovakia)
Studying cholinesterases in biological samples
11:30-11:40 L7B-7
Ian Macdonald (Halifax, Canada)
Radioligands for imaging cholinesterases in brain
11:45-12:05 L7B-8
Konstantin Petrov (Kazan, Russia)
Tissue-specific inhibitors of acetylcholinesterase for treatment of
myasthenia gravis
12:25-12:35 L7B-9
Irina Kovyazina (Kazan, Russia)
Nitric oxide is an endogeneous regulator of AChE activity in mammalian
neuromuscular junction
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12:40-12:50 L7B-10
12:55-13:10 L7B-11

Madhusoodana P. Nambiar (Silver Spring, USA)
Modulation of cholinergic pathways in blast-induced traumatic brain injury
Natalya Zalutskaya (St.Petersburg, Russia)
Results of monotherapy in patients with Alzheimer's disease and vascular
dementia by anticholinesterase drug Axamon

13:15-14:15 Lunch
3D Session (continued)
Chairpersons: Zoran Radić (USA), Martin Weik (France)
14:15-14:45 3D-5
Yves Bourne (Marseille, France)
Structural bases for a novel mechanism of AChE inhibition
14:50-15:20 3D-6
Yechun Xu (Shanghai, China)
The dynamic behavior of residues along the long active-site gorge of AChE
and their relationship to the ligand traffic
15:25-15:40 3D-7
Gianluca Santoni (Grenoble, France)
Conformational variabilities in human and Torpedo californica
acetylcholinesterases studied by MD simulations and kinetic
crystallography
15:45-16:15 3D-8
Jacques-Philippe Colletier (Grenoble, France)
Structural evidence for the interaction of acetyclohinesterase and the
amyloid-beta peptide
16:20-16:50 Coffee Break
17:00
Closing
Patrick Masson (Grenoble, France) and Palmer Taylor (La Jolla, USA)
Summing up of the 11th Meeting on Cholinesterases
Farewell addresses
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NICOTINIC RECEPTORS - IN VITRO TESTING
V. Sepsova, J. Krusek, O. Soukup, F. Zemek, L. Drtinova, J. Korabecny, Z. Krenkova, J. Zdarova
Karasova
P7-11. miRNA-132 AS A KEY FUNCTUNAL REGULATOR OF CHOLINERGIC REACTIONS TO ACUTE
ISCHEMIC STROKE
S. Shenhar-Tsarfaty, O. Engel, E. Ben Assayag, S. Berliner, A. Meisel, H. Soreq
3D Session.
P3D-1. TEMPLATE DESIGNING FOR ALZHEIMER’S DISEASE DRUG: TOWARDS PREDICTION OF BEST
KNOWN INHIBITORS FOR CHOLINESTERASES
L. Venkatachalam, R. Boopathy
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PLENARY LECTURES
PL-1
The EMBO Plenary lecture
ACETYLCHOLINESTERASE: FROM 3D STRUCTURE TO DRUG DESIGN
Joel L. Sussman1,2, Israel Silman2,3
1

Departments of Structural Biology and 2Neurobiology, and 3Israel Structural Proteomics Center,
Weizmann Institute of Science, Rehovot 76100, Israel
Joel.Sussman@weizmann.ac.il
The synaptic enzyme acetylcholinesterase (AChE) terminates transmission at cholinergic synapses
by rapidly hydrolysing acetylcholine. It is anchored within the synaptic cleft by a highly specialized
anchoring device in which catalytic subunit tetramers assemble around a polyproline II helix.
Examination of the 3D structure of AChE shows that the active site is located at the bottom of a
deep and narrow gorge, lined largely by aromatic residues, with its peripheral anionic site located
at the top, near the entrance to of the gorge. AChE is the target of nerve agents, insecticides and
therapeutic drugs, in particular the first generation of anti-Alzheimer drugs. Both target-guided
synthesis and structure-based drug design have been used effectively to obtain potent
anticholinesterase agents. In addition, AChE is believed to play 'non-classical' roles in addition to
its 'classical' function in terminating synaptic transmission. Thus, it accelerates assembly of Aβ into
amyloid fibrils, and may also serve as an adhesion protein. Both these 'non-classical' functions
appear to involve the peripheral anionic site. Certain novel anticholinesterases are targeted
against this site, rather than against the active site at the bottom of the gorge.
Acknowledgements: Financial support is gratefully acknowledged from the European Molecular
Biology Organization (EMBO), NIH CounterACT Program (1U54NS058183) and from the Defence
Threat Reduction Agency (HDTRA 1-11-C-0026).
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PL-2
HUMAN BUTYRYLCHOLINESTERASE: FROM BASIC STRUCTURE TO MEDICAL APPLICATIONS
Ashima Saxena1, Oksana Lockridge2
1

Walter Reed Army Institute of Research, Silver Spring, MD 20910-7500, USA.
University of Nebraska Medical Center, Omaha, NE USA

2

In humans, two types of cholinesterases catalyze the hydrolysis of acetylcholine:
acetylcholinesterase (Hu AChE, 3.1.1.7) and butyrylcholinesterase (Hu BChE, EC 3.1.1.8). The
primary role of AChE predominantly present in the muscle and nervous system is to terminate
impulse transmission at cholinergic synapses by hydrolyzing acetylcholine. It is thought that the
physiological role of BChE is to protect against man-made and naturally occurring toxic
compounds. Although Hu BChE is present in nearly every tissue, it is primarily synthesized in the
liver and secreted into plasma, where it circulates as a soluble, globular tetrameric form consisting
of four identical subunits, each containing 574 amino acids. It rapidly sequesters
organophosphorus (OP) compounds by stoichiometric binding and hydrolyzes cocaine and the
muscle relaxants succinylcholine and mivacurium, which make it suitable for many prophylactic
and therapeutic applications. Exogenously administered purified Hu BChE was successfully shown
to protect animals from toxicity of OP pesticides and nerve agents and for treating the toxic effects
of cocaine. Similarly, partially purified enzyme was shown to alleviate succinylcholine-induced
apnea in humans. To advance the use of Hu BChE as a bioscavenger in humans, methods were
developed for the purification of gram quantities of enzyme from Cohn Fraction IV-4 paste. The
enzyme had a specific activity of ~700 U/mg, migrated as a major band of 85 kDa on SDS-PAGE,
and displayed a long shelf-life. It also was highly stable in the circulation of mice, guinea pigs,
minipigs, and monkeys, exhibited no systemic or behavioral toxicity in these animals, and
protected them from the toxic effects of several OP nerve agents. Hu BChE was registered as an
Investigational New Drug by the FDA in 2006 and completed a phase I clinical trial in 2009. Since
200-300 mg of Hu BChE per adult are needed for protection from 2 X LD50 of soman, methods
were also established to express recombinant (r) Hu BChE in the milk of transgenic goats and
plants. Because of incomplete glycan structures and subunit assembly, rHu BChE is rapidly cleared
from circulation. The high production cost of native or recombinant Hu BChE prompted efforts to
develop Hu BChE mutants that could hydrolyze OP nerve agents. Although a rational re-design
approach was not successful in creating a BChE-based OP hydrolase, a computational design
approach yielded a mutant Hu BChE that is 6500-fold more active in hydrolyzing (-) cocaine than
wild-type BChE. More research efforts will be needed to achieve a genetically-engineered Hu
BChE-based OP hydrolase that will display extended circulatory stability and will be devoid of
immunogenic response.
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Session 1: Structure and dynamics of cholinesterases and related α/β hydrolase-fold proteins
L1-1
APPROACHING FORTY: THE CHOLINESTERASES LEADING THE α,β-HYDROLASE-FOLD STRUCTUREFUNCTION QUEST
Palmer Taylor and Zoran Radić
Skaggs School of Pharmacy & Pharmaceutical Sciences
University of California San Diego La Jolla, CA 92093 USA
We will soon be approaching four decades of cholinesterase studies that extend beyond simple
catalytic mechanisms into structure in relation to synaptic disposition, biosynthesis and trafficking,
and structure-guided drug and antidote design. Chief among the discoveries that enabled this
transformation to take place are: (a) the cloning and determination of the unique primary
structure of acetylcholinesterase as an α,β-hydrolase fold protein, (b) the tertiary structure of
acetylcholinesterase molecular specks, (c) the unique structures of cholinesterases afforded by
alternative splicing giving rise to their distinct membrane dispositions in the nervous and
hematopoietic systems, and (d) a simple acetylcholinesterase gene structure enabling a single
gene to encode many forms of cholinesterases. Cholinesterase cousins, discovered by homology
and structures of their gene products, reveal a structural matrix termed the α,β-hydrolase-fold,
affording many functions such as: catalysis by hydrolases with diverse recognition properties,
linkages to structural subunits affecting trafficking and tissue disposition, synaptic adhesion,
chaperoning of larger partners, and regulation of other protein functions. This extraordinary
functional diversity reveals the superb molecular design of nature employed in the nervous
system, secretory cells, and the endocrine system to achieve catalysis, cell chaperoning, trafficking
and regulation at the gene product level. Our structure-function quest is far from over for there
are functions that we have yet to elucidate, new structures to be uncovered and macromolecular
interfaces to characterize between known and unknown partners. In this overview, I will proceed
from where we have been to where we are likely to arrive in the future. The former is straight
forward to document for many of the leaders are here at the meeting and others who, along with
their cornerstone contributions, will remain fresh in our memories. Future directions become one
person's viewpoint, but the findings of the past guide us to solutions in human health, improving
in the face of diminishing natural resources. Accordingly, cholinesterase inhibitors and reactivators
in achieving selective toxicity, treatment of disease and antidotal therapy will continue as
problems for future exploration. Structure will also connect us with homologous proteins whose
mutations give rise to congenital defects and new opportunities for therapy. Accordingly, the field
will expand driven by our creativity meshed into technological advances. (Supported by RO1 GM
18360 and U01 NS CounterACT).
References:
Taylor, P. Plenary Lecture. From Split to Sibenik: The Tortuous Pathway in the Cholinesterase Field.
Chem-Biol. Interact., 2010 187, 3-9.
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L1-2
RECENT STRUCTURAL AND MUTAGENESIS INSIGHTS INTO ALLOSTERIC INHIBITION OF ACHE BY
PEPTIDIC LIGANDS
Pascale Marchot1, Grégoire Mondielli2*, Igor P. Fabrichny2*, Ludovic Renault2*, Yves Bourne1
1

”Architecture et Fonction des Macromolécules Biologiques (AFMB)”, Centre National de la
Recherche Scientifique / Aix-Marseille Univ. (CNRS/AMU), Campus Luminy, Marseille, France.
2
Former ”Biochimie des Interactions Moléculaires et Cellulaires (BIMC)”, CNRS/AMU, Faculté de
Médecine – Secteur Nord, Marseille, France. (*Equal contributions.)
The inhibition properties and target sites of monoclonal antibodies directed toward E. electricus
AChE (EeAChE) have been studied previously using biochemical and mutagenesis approaches [1-3].
Two of them are directed toward partially overlapping epitopes located at the AChE peripheral
anionic site (PAS) at the entrance of the active site gorge. A third one, Elec408, targets a second
regulatory site remote from the PAS and located in the “back-door region” of AChE. To investigate
further the molecular bases for regulation of AChE catalysis through the back-door region, we
have solved crystal structures of a natural EeAChE tetramer in complex with Elec408-derived Fab
fragments and of a recombinant EeAChE monomer in an unbound form, and performed
complementary mutagenesis and biochemical studies of EeAChE [4,5]. Analysis of the crystalline
complex reveals the molecular determinants for the fine specificity and inhibitory potency of the
antibody, while comparison of the two structures unveils the presence of a channel proximal to
the Fab binding site in the back-door region. Biochemical analysis of structure-based EeAChE
mutants points to concerted contributions from a few side chains and suggests occurrence of a
new mechanism for “allosteric” regulation of catalysis by antibody binding to the back-door
region. Our complementary structural and functional description of a novel ligand binding site at
the AChE surface and of an alternative path, distinct from the gorge entrance, for substrate and/or
product trafficking opens new avenues to modulate AChE activity.
References:
[1] Rémy et al, Eur J Biochem 1995, 231, 651-8.
[2] Simon et al, J Biol Chem 1999, 274, 27740-6.
[3] Renault et al, Chem Biol Interact 2005, 397-400.
[4] Marchot & coll, manuscripts in preparation.
[5] Bourne et al, 2012, this booklet.
Acknowledgements: We thank the Association Française contre les Myopathies (AFM), the
Fondation pour la Recherche Médicale (FRM) and the Centre National de la Recherche Scientifique
(CNRS) for financial supports, and the European Synchrotron Radiation Facility (ESRF) for
assistance in data collection.
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L1-3
CRYSTAL STRUCTURES OF ACETYLCHOLINESTERASE IN COMPLEX WITH NOVEL BISIMIDAZOLOXIMES REACTIVATORS.
Schroeder M. Noble1, Iswarduth Soojhawon1 Yuan-Ping Pang2 and Charles B. Millard3
1

Walter Reed Army Institute of Research, Silver Spring, MD 20910;
Mayo Clinic, Rochester, MN 55905;
3
U.S. Army Medical Research & Materiel Command, Frederick, MD 21702
2

Irreversible inhibition of acetylcholinesterase (AChE) by nerve agents leads to rapid, lifethreatening accumulation of acetylcholine in the cholinergic nervous system. Currently no
effective acetylcholinesterase reactivator (oxime) is available against tabun intoxication. To design
effective oxime reactivators, we combined X-ray crystallography and computational modeling to
identify key amino acids involved in conformational changes occurring in the AChE active site after
organophosphate (OP) conjugation. Stable bis-imidazoloxime scaffolds, tethered with 3–10
methylene groups, with reduced steric volume to promote better alignment and less hindrance in
the active site were synthesized and evaluated. We present the crystal structures of Torpedo
californica acetylcholinesterase (TcAChE) bound with the most promising bis-imidazoloxime lead
reactivators against tabun-inhibited AChE, namely CAMDL0936 and CAMDL0960. These bis-oximes
bind along the TcAChE gorge through three key interactions: (1) pi-electron stacking interaction
between Trp-279 and one of the rings of the oxime; (2) pi-stacking interactions between Phe-330
with the second ring; and (3) hydrogen bonding between Tyr-334 and the oxime group. The
binding constants (Ki ) for CAMDL0936 and CAMDL0960 to free human AChE (huAChE) are 1.5 and
0.2 µM respectively. The overall reactivities (kr2) of CAMDL0936 and CAMDL0960 against tabuninhibited huAChE are 13.6 and 23.8 µM respectively, which are significantly higher than that of
obidoxime (kr2 = 0.27 uM). In addition to the tight binding of the bis-oximes to the free and
phosphylated enzyme, the flexibility of the six carbon linker and the positions (Para or Ortho) of
the oxime moiety on the ring improves the potency of the oximes. Tethering the two oxime
moieties with an alkyl (-CH2) flexible chain improved the simultaneous binding of the reactivator to
the catalytic and the peripheral sites.
This work was funded by the U.S. Defense Threat Reduction Agency JSTO award
1.E0036_08_WR_C (CBM).
The opinions or assertions contained herein belong to the authors and are not necessarily the
official views of the U.S. Army or the U.S. Department of Defense.
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L1-4
TARGETING ACETYLCHOLINESTERASE; FROM HIGH THROUGHPUT SCREENING OF A CHEMICAL
LIBRARY TO QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIPS
David Andersson1, Christine Akfur2, Lotta Berg1, Elisabet Artursson2, Moritz Niemiec1, Cecilia
Lindgren1, Urzula Uciechowska1, Weixing Qian1, Nina Forsgren2, Susanne Johansson2, Per-Ola
Andersson2, Pernilla-Wittung-Stafshede1, Anna Linusson1 and Fredrik Ekström2
1Department of Chemistry, Umeå University, SE-90187 Umeå (Sweden)
2Swedish Defence Research Agency, CBRN Defence and Security Umeå (Sweden)
E-mail: fredrik.ekstrom@foi.se
The deep, dynamic and highly aromatic active-site gorge of Acetylcholinesterase (AChE) is an
outstanding system for investigating fundamental aspects of molecular recognition, mechanism of
catalysis/inhibition and rational drug design approaches. The present work is based on an in-vitro
screening of 17 500 drug-like compounds, where 124 inhibitor “hits” of AChE were identified. The
hits display a large chemical diversity (including small, large, polar, non-polar, rigid, flexible, acidic
and basic compounds) and they span a new and significantly larger chemical space than previously
described AChE inhibitors and reactivators. Based on the hits, a library of 18 structural analogs was
designed and synthesized. A combination of biochemical-, thermodynamic-, structural- and
computational techniques allowed detailed studies of molecular interactions with the aim of
rationalizing binding and elucidating dispersive and electrostatic contributions to the interaction.
AChE and molecular recognition was further explored using a statistically balanced compound
library designed to establish a relationship between the chemical structures of the different
building blocks and their inhibitor affinity. Using theoretical molecular characterization and an
activity based assay, a quantitative-structure activity relationship (QSAR) for ligand binding to apoAChE has been developed. Moreover, by applying an activity-independent time correlated single
photon counting (TCSPC) based assay, QSAR models for binding to VX- and RVX- conjugated AChE
have been established. Interestingly, the QSAR models predict different chemical features to be
important for affinity to apo-AChE and VX- and RVX- conjugated AChE, respectively. We believe
that the hits, together with our detailed characterization of molecular interactions and QSAR
models, serves as chemical starting points for the development of novel drugs targeting apo- and
nerve-agent inhibited AChE.
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L1-5
ENANTIOMERS DEFINE NON-COVALENT
ACETYLCHOLINESTERASE

INTERACTIONS

IN

THE

CATALYTIC

SITE

OF

Lotta Berg, Moritz Niemiec, Weixing Qian, C. David Andersson, Pernilla Wittung-Stafshede, Fredrik
Ekström and Anna Linusson
1

Department of Chemistry, Umeå University, Umeå, Sweden 2Swedish Defence Research Agency,
CBRN Defence and Security, Umeå, Sweden.
In a high throughput screening of 17 500 drug-like compounds we identified the racemate C5685
as an inhibitor of acetylcholinesterase (AChE) [1]. The C5685●Mus musculus AChE (mAChE) crystal
structure revealed that the substituted phenyl-ring had extensive interactions with amino acids in
the peripheral anionic site of AChE. The N-ethylpyrrolidine moiety of C5685, containing the chiral
carbon, was directed towards the catalytic site (CAS) of mAChE but it could not be unambiguously
modeled in the electron density map. This prompted us to prepare the enatiomeric pure forms of
C5685 and characterize them carefully with kinetic and thermodynamic studies followed by
structure determination and density functional theory (DFT) calculations of the protein-ligand
complexes.
Despite the well established chiral selectivity of the catalytic site of AChE, the two enantiomers
had similar IC50 values of 1.9 and 1.2 µM for C5685 (R) and (S), respectively. Thermodynamic
studies of the binding properties showed that the C5685 (R) and (S) differ significantly in their
enthalpic and entropic components. X-ray crystal structures of mAChE in complex with C5685 (R)
and (S), respectively, followed by DFT calculations at the M06-2X level revealed that the
differences in enthalpy and entropy could be rationalized on the structural level. To our surprise,
the cat ion is completely shielded for both enantiomers and thus does not interact with aromatic
side chains. Instead, weak hydrogen bonds (CH···aromatic) and van der Waals contacts (dispersion)
play a critical role for the observed entalphy-entrophy compensation. Taken together, kinetic,
thermodynamic, structural and theoretical data fit into a unified frame that increases our
knowledge of ligand binding properties in CAS of AChE.
O
O2N
N

N
H
O

C5685

References:
[1] Berg L. et al. PLoS ONE 2011 in press
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L1-6
ACETYLCHOLINESTERASE DYNAMICS INVESTIGATED BY INCOHERENT NEUTRON SCATTERING
M. Trapp1,2, M.Trovaslet3, F.Nachon3, M. Weik4, M. Tehei5,6, P. Masson3,4, J. Peters4,7,8
1

Applied Physical Chemistry, University of Heidelberg, D-69120 Heidelberg. Germany
Helmholtz Zentrum Berlin, D-14109 Berlin. Germany
3
Institut de Recherches Biomédicales des Armées, F-38702 La Tronche. France
2

4

Institut de Biologie Structurale J.P. Ebel, F-38042 Grenoble Cedex 9. France
Australian Institute of Nuclear Science and Engineering (AINSE), Menai NSW. Australia
6
School of Chemistry and Centre for medical Bioscience, University of Wollongong, Wollongong, NSW 2522.
Australia
7
Université Joseph Fourier, F-38041 Grenoble Cedex 9. France
8
Institut Laue Langevin, F-38042 Grenoble Cedex 9. France
5

Despite incoherent neutron scattering is a very powerful tool for studying molecular dynamics in
biological matter, it is not often employed, because the access to neutron sources is not easy and
thus the method is not widely known. We will first present the technique and show data obtained
from different spectrometers at the Institut Laue Langevin (ILL, Grenoble, France). As the
instrumental energy resolution determines the accessible time window, complementary
dynamical studies can be done on different instruments giving access to motions within 20 ps, 100
ps and 1 ns. We investigated recombinant human acetylcholinesterase (hAChE) in presence or not
of the non-covalent inhibitor huperzine A as function of temperature. Although there does not
seem to be any influence of the inhibitor on data from elastic scattering, e.g. on the atomic mean
square displacements, inelastic and quasi-elastic neutron scattering shows differences in the
results.
We will give a further survey on questions possibly investigated by neutron scattering: a
comparison of the dynamics within the family of cholinesterases (hAChE, plasma human
butyrylcholinesterase: hBuChE and recombinant mouse acetylcholinesterase: mAChE, see also
[1,2,3]).
References:
[1] M. Trovaslet et al., 11th meeting on cholinesterases, 2012, Kazan, Russia.
[2] J.Peters et al., PCCP, 2012, in press.
[3] F.Gabel et al. Biophys. J., 2005, 89, 3303-3311.
Acknowledgement: We thank all IBS and ILL scientists and technicians who helped us for this work.
We grateful acknowledge ILL for allocation of beam time and the financing of DGA (contracts:
CB11-MEDCHEM1-1-0008 and DGA/SSA 08co501).
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L1-7
STRUCTURAL DYNAMICS
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OF
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Jacques-Philippe Colletier1, Benoit Sanson1, Eugénie Carletti1, Gianluca Santoni1, Yechun Xu2, Joel
Sussman3, Israel Silman4, Martin Weik1
1

Institut de Biologie Structurale, 41 rue Jules Horowitz, 38027 Grenoble, France;
Drug Discovery and Design Center, Shanghai Institute of Materia Medica, Chinese Academy of
Sciences, 555 Zuchongzhi Road, Shanghai 201203, China;
3
Department of Structural Biology, Weizmann Institute of Science, Rehovot 76100, Israel;
4
Department of Neurobiology, Weizmann Institute of Science, Rehovot 76100, Israel.
2

The delicate balance between structure and dynamics allows proteins to be biologically active. We
aim at understanding the structural dynamics involved in the molecular traffic and inhibition of
acetylcholinesterase (AChE) by applying X-ray crystallography and complementary biophysical
methods and molecular dynamics simulations. Whereas X-ray crystallography in general provides
static pictures of a protein, kinetic crystallography unravels its structural dynamics. In particular,
temperature-controlled kinetic crystallography offers the possibility to generate, trap and visualize
enzymatic reaction intermediates [1]. By recruiting X-ray induced modifications of AChE in
temperature-controlled kinetic crystallography experiments, we were able to provide
experimental evidence for the existence of a 'backdoor' involving Trp84 in Torpedo californica
(Tc)AChE [2]. More recent crystallographic data point to the interface between Tyr442 and Trp84
as the key element in backdoor opening [3]. Beyond academic interest, studying the structural
dynamics of AChE benefits the rational design of inhibitors and reactivators, including antiAlzheimer drugs and antidotes against organophosphate poisoning, respectively.
References:
[1] Weik M., Colletier J-P. Acta Crystallographica Section D, 2010, 66, 437-446
[2] Colletier J-P. et al. Proc Natl Acad Sci USA 2008, 105, 11742-11747.
[3] Sanson B. Protein Sci 2011, 20, 1114-1118
Acknowledgement: ANR (ANR-09-BLAN-0192-04), DGA (DGA-REI 2009-34-0023) and DTRA
(HDTRA1-11-C-0047)
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L1-8
MOLECULAR DYNAMICS SIMULATIONS AND QM/MM STUDIES OF THE REACTIVATION BY 2-PAM
OF TABUN INHIBITED HUMAN ACETHYLCOLINESTERASE
Arlan da Silva Gonçalves1, Tanos C.C. França2, José D. Figueroa-Villar2, Pedro Geraldo Pascutti3
1

Federal Institute of Education Science and Tecnology of the Espírito Santo – Unit Guarapari,
Espírito Santo – ES, Brazil.
2
Military Institute of Engineering (IME), Rio de Janeiro – RJ, Brazil.
3
Federal University of Rio de Janeiro – Rio de Janeiro – RJ, Brazil.
The elucidation of the reactivation routes of human acetylcholinesterase (HuAChE) inhibited by
organophosphorous compounds is of crucial importance to the development of efficient antidotes
against poisoning by chemical warfare agents. In order to contribute to a better understanding of
the reactivation mechanism, we applied, in this work, classical molecular dynamics (MD)
simulations to study the interactions between pralidoxime (2-PAM), one known oxime used as
antidote, and the active site's amino acids of HuAChE inhibited by the neurotoxic agent tabun (GA)
[1]. Further, quantum mechanical/molecular mechanical (QM/MM) hybrid methods were used to
propose a reactivation mechanism for the inhibited enzyme. It is important to notice that before
the QM/MM studies; it was necessary to compile a computational package to merge two
programs, MOPAC with RM1 semi-empirical method [2] and the GROMACS version 3.3.3 package
[3]. The results showed that the classic MD kept pralidoxime inside the enzyme's active site, in a
favorable region to the occurrence of possible reactions of dephosphorilation, which were
confirmed by the QM/MM method applied in this work [4], by the true saddle points
characterization and by the intrinsic reaction coordinate (IRC) for each reaction step, leading to
the proposition of an energetically favorable mechanism of reactivation to HuAChE.
References:
[1] Gonçalves, A. S. et al. J. Braz. Chem. Soc., 2006, 17, 968-975.
[2] Rocha, G. B. et al. J. Comput. Chem., 2006, 27, 1101.
[3] Van Der Spoel, D. et al. J. Comput. Chem., 2005, 26, 1701.
[4] Gonçalves, A. S. et al. J. Braz. Chem. Soc., 2011, 22, 155-165.
Acknowledgement: We are grateful to IME, CNPq, FAPERJ, CAPES/PRODEFESA and FAPES for
funding this work.
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COMPUTATIONAL MODELING
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S.V. Lushchekina1, P. Masson2,3,4, A.V. Nemukhin1,5, S.D. Varfolomeev1,5
1

N.M. Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, Moscow, Russia
IRBA-CRSSA, Toxicology Dept., 38702 La Tronche Cedex, France
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Institute of Structural Biology, Molecular Biophysics Lab., 38027 Grenoble Cedex, France
4
University of Nebraska Medical Center, Eppley Institute, Omaha, NE 68198-5950, USA
5
Chemistry Department of M.V. Lomonosov Moscow State University, Moscow, Russia
2

Hysteresis in the approach of steady state remains of the puzzling issues of cholinesterasecatalyzed reactions. Experimental study [Biochemistry Moscow, in press] shows hydrolysis of
butyrylthiocholine (BuSCh) by Ala328Cys mutant of human butyrylcholinesterase (BuChE) has ~5
min lag phase before reaching steady state, wild type human BuChE does not present hysteretic
behavior with this substrate.
We studied the dynamics of wild type and Ala328Cys mutated BuChE in order to determine
possible origin of the hysteretic behavior occurring in mutated enzyme. We performed number of
molecular dynamics (MD) runs of enzymes and analyzed configuration of the catalytic triad. In
mutated enzyme it was found that at certain parts of MD trajectory His438 dislocated from its
operative position in catalytic triad and moved towards Cys328. This events occurs relatively rare,
however, it may last during 1 ns of MD simulation.
For initial crystallographic structure and set of MD snapshots, combined quantum
mechanics/molecular mechanics (QM/MM) calculations were performed. We estimated energy
barriers and energy cost of His438 ring movement from operative catalytic triad conformation to
interaction with Cys328 It was found that energy barriers of such a process are relatively high,
about 15 kcal/mol, but this process is energetically favorable. It was demonstrated that His438
forms weak hydrogen bond with Cys328. Also, it was shown that Ser198 forms hydrogen bond
with Glu197; this facilitates interaction of His438 with Cys328, while this interaction in turn should
delay restoration of catalytic triad and may explain observed hysteretic effect.
Computer modeling shows that disruption in catalytic triad occurs at low probability, and due to
easily reversible weak interactions between His438 and Cys328 this could explain long lag-phase
preceding substrate hydrolysis steady state.
Acknowledgement: we thank the Program #9 from the Division of Chemistry and Material Sciences
of the Russian Academy of Sciences and the Russian Foundation for Basic Research (grants RFBR
10-03-00085-а, 12-03-00156-а) for partial support of this work.
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L1-10
WHY HUMAN BUTYRYLCHOLINESTERASE L307P VARIANT IS NOT STRUCTURALLY STABLE: A
MOLECULAR DYNAMICS SIMULATION STUDY
Swapna Merlin David, Santhosh Kannan Venkatesan and Rathanam Boopathy
Department of Biotechnology, Bharathiar University, Coimbatore - 641 046, Tamil Nadu, India
The human butyrylcholinesterase (BChE) protein is totally absent in the serum of silent variant
individuals of Vysya community in India. They are homozygous for a point mutant at codon 307
(CTT → CCT) resul_ng in the subs_tu_on of leucine 307 by proline (Indumathi et al., 2006). The
reason for the disappearance of the protein in the serum is still not explicated. The nucleotide
sequencing of the regions that are essential for transcription in BCHE promoter (Oct1 to AP1; -546
to -1) in such individuals did not show any mutation. Based on this background, we attempted the
molecular dynamics simulation to probe the structural stability of Vysya variant (L307P) in
comparison with other BChE variants having different esterase activity such as A variant (D70G;
70% activity), J variant (E497V; 34% activity) and H variant (V142M; 10% activity). The simulation
of all the mutants except D70G showed a much larger Cα root mean squared (RMS) deviation from
the wild BChE crystal structure, showing the overall conformation is disturbed. The alpha helixes
of the mutants are also seems to be unstable throughout the simulation. Distance between δ
nitrogen of His438 and ε oxygen of Glu325 was increased throughout the simulation in all the four
mutants when compared to the wild BChE protein and the distance was more in L307P mutant in
comparison to other mutants. Also the distance between ε nitrogen of His438 and γ oxygen of
Ser198 is seen to be decreased in the mutants. Such disparity of distances among the catalytic
residues may be due to the change in protein conformation and these conformational changes are
attributed to their different catalytic activity. Our studies proved that the L307P mutant showing
only 1% activity is highly structurally unstable when comparing to other prevalent BChE variants.
Reference:
Indumathi Manoharan et al. Pharmacogenetics and Genomics, 2006, 16, 461-468
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Session 2: Interaction of cholinesterases with substrates, inhibitors and reactivators.
L2-1
REVERSIBLE AND IRREVERSIBLE INHIBITION
PHOTOSENSITIZER METHYLENE BLUE

OF

ACETYLCHOLINESTERASE

BY

THE

Israel Silman1, Esther Roth1, Aviv Paz1,2, Yacov Ashani1, Yechun Xu1,2,3, Valery L Shnyrov4, Joel L.
Sussman2 & Lev Weiner5
1

Depts of Neurobiology1, Structural Biology2 & Chemical Research Support5,
Weizmann Institute of Science, Rehovot, Israel; 3Drug Discovery and Design Center,
3
Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai, China;
4
Dept of Biochemistry and Molecular Biology, Universidad de Salamanca, Salamanca, Spain
2

The photosensitizer, methylene blue (MB), is a redox indicator that, in recent years, has also been
considered as a putative anti-Alzheimer drug due to its capacity to attenuate the formation of
both amyloid plaques and neurofibrillary tangles. MB is a strong reversible inhibitor of Torpedo
californica acetylcholinesterase (TcAChE) in the dark. However, under illumination, it irreversibly
inactivates the enzyme due to oxidative radiation damage inflicted by the singlet oxygen (1O2)
generated via its photosensitizing action. Spectroscopic data suggest that inactivation is
accompanied by photo-oxidative damage to tryptophan (Trp) residues, including the appearance
of novel emission peaks ascribed to kynurenine and/or N’-formylkynurenine. The active-site gorge
of TcAChE contains conserved Trp residues within inhibitor-binding sites that might be preferred
targets for photo-inactivation. Indeed, reversible inhibitors retard photo-inactivation and,
conversely, photo-inactivation destroys their binding sites. Binding of MB to TcAChE is
accompanied by a 20 nm bathochromic shift in its absorption maximum, which can be used to
follow the displacement of MB by inhibitors binding at the anionic’ subsite of the catalytic site
(CAS), containing conserved Trp84, at the bottom of the gorge, and at the peripheral ‘anionic’ site
(PAS) at the top of the gorge, containing conserved Trp279, or by inhibitors bridging the two. MB
stabilizes TcAChE against thermal denaturation, and differential scanning calorimetry reveals a ~8°
increase in the denaturation temperature and a > 2-fold increase in the cooperativity of the
transition. The spectroscopic data, together with kinetic data, indicate that inhibition of TcAChE by
MB involves binding of a single molecule of the photosensitizer within the active-site gorge; this is
confirmed by determination of the crystal structure of the MB/TcAChE complex, which reveals
a single MB stacked against Trp279 that is thus a plausible candidate for photo-oxidation and for
concomitant inactivation of the enzyme.

-45-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts

L2-2
THE RATE-LIMITING STEP FOR THE SECOND-ORDER HYDROLYSIS OF ACETYLCHOLINE ANALOGS
BY ACETYLCHOLINESTERASE (KCAT/KM) IS GATED ENTRY TO THE CATALYTIC TRIAD
Veena Beri, Jeffrey T. Auletta, Robert Chapman, Ghulam M. Maharvi, Abdul H. Fauq and Terrone L.
Rosenberry
Mayo Clinic, Departments of Neuroscience and Pharmacology, Jacksonville, FL 32224
Hydrolysis of acetylcholine by acetylcholinesterase (AChE) is extremely rapid, with a second-order
hydrolysis rate constant kE = kcat/KM that approaches 108 M-1s-1. AChE contains a deep active site
gorge with two sites of ligand binding, an acylation site (or A-site) containing the catalytic triad at
the base of the gorge and a peripheral site (or P-site) near the gorge entrance. The P-site is known
to contribute to catalytic efficiency with acetylthiocholine (AcSCh) by transiently trapping the
substrate in a low affinity complex on its way to the A-site, where a short-lived acyl enzyme
intermediate is produced. Here we ask whether the P-site does more than simply trap the
substrate but in fact selectively gates entry to the A-site to provide specificity for AcSCh (and
acetylcholine) relative to the close structural analogs acetylhomothiocholine (Ac-hSCh, which adds
one additional methylene group to thiocholine) and acetylnorthiocholine (Ac-nSCh, which deletes
one methylene group from thiocholine). We synthesized Ac-hSCh and Ac-nSCh and compared their
catalytic parameters with AChE to those of AcSCh. Values of kE for Ac-hSCh and Ac-nSCh were 2%
of that for AcSCh. The kE for AcSCh is close to the theoretical diffusion-controlled limit for the
substrate association rate constant, but kE values for Ac-hSCh or Ac-nSCh are too low to be limited
by diffusion control. However, analyses of kinetic solvent isotope effects and inhibition patterns
for P-site inhibitors indicate that these two analogs also do not equilibrate with the A-site prior to
the initial acylation step of catalysis. We propose that kE for these substrates is rate-limited by the
movement of bound substrate from the P-site to the A-site. Such gating has been proposed
previously [1] but only with regard to substrate bulk, with smaller substrates gated more
efficiently. Since Ac-nSCh is smaller than AcSCh but still very inefficiently gated, we assert that
P-site dynamics have evolved to provide highly selective gating and thus high specificity precisely
for the acetylcholine structure.
References:
[1] Zhou, H.X. et al. Proc. Natl. Acad. Sci. U.S.A., 1998, 95, 9280-83
Acknowledgement: This work was supported by Grant NS-16577 from the National Institutes of
Health and by contracts from the Defense Threat Reduction Agency
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L2-3
THE SIGNIFICANCE OF LOW SUBSTRATE CONCENTRATION MEASUREMENTS FOR MECHANISTIC
INTERPRETATION IN CHOLINESTERASES
Jure Stojan
Institute of biochemistry, Faculty of Medicine, University of Ljubljana. Vrazov trg 2, 1000 Ljubljana,
Slovenia.
Cholinesterses do not follow the Michaelis Menten kinetics. In the past many reaction schemes
were suggested to explain their complex interactions during the substrate turnover. Covalent
catalysis was recognized very early and therefore, double intermediate traditional reaction
scheme for the hydrolysis of good substrates at low concentrations was postulated. However, at
intermediate and high substrate concentrations homotropic pseudocooperative effects take place
in all cholinesterases, due to the nature of their buried active center. In this study, the significance
and usefulness of experimental data obtained at low substrate concentrations are to be specified
for the overall mechanistic evaluations. Indeed, different interpretations are expected when data
are processed with equations derived from different reaction schemes. Consequently, the scheme
with two substrate binding sites which comprises the structurally evidenced fully occupied active
site as ultimate cause for substantially decreased cholinesterase activity at extremely high
substrate concentrations is considered here. A special emphasis is put on butyrylcholinesterase,
the enzyme with the largest active site among cholinesterases, where the pseudocooperative
effects appear at much higher concentrations then in acetylcholinesterases.
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L2-4
QM/MM APPROACHES TO RESOLVE THE CATALYTIC MECHANISM OF CHOLINESTERASES
A.V. Nemukhin1,2, S.V. Lushchekina1, S.D. Varfolomeev1,2
1

N.M. Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, Moscow, Russia
Chemistry Department of M.V. Lomonosov Moscow State University, Moscow, Russia

2

Although much is known on two basis stages (acylation and deacylation) of the cholinesterases
catalytic mechanism, its detailed description at the atomic level still attracts considerable
attention both from experimental and theoretical sides. Location of tetrahedral intermediates on
the energy scale relative to the enzyme-substrate or acyl-enzyme complexes is of a special
interest, e.g., [1-4]. Modern molecular modeling tools are widely employed to dissect enzymatic
reactions into elementary steps and to characterize them quantitatively. The use of quantum
mechanics – molecular mechanics (QM/MM) approaches cannot be underestimated in this
respect. Analysis of the energy profiles connecting reagents, intermediates and transition states of
every elementary step by assuming a quantum description of chemical transformations (i.e.
cleavage and formation of chemical bonds) in the active sites assisted by protein matrices allows
one to gain complete understanding of catalytic mechanism. However, current use of the QM/MM
strategy for representative types of cholinesterases reactions reveals annoying discrepancies
between the results obtained in various research groups. In this presentation we attempt to
elucidate the reasons of such distinctions and to formulate commonly shared conclusions.
Acknowledgement: We thank the Program #9 from the Division of Chemistry and Material
Sciences of the Russian Academy of Sciences for partial support of this work.
References:
[1] Nemukhin A.V. et al. J. Mol. Model., 2008, 14, 409-416.
[2] Lushchekina S.V. et al. Chem.-Biol. Interact., 2010, 187, 59-63.
[3] Tormos J.R. et al. J. Am. Chem. Soc., 2010, 132, 17751–17759.
[4] Zhou Y. et al. J. Phys. Chem. B, 2010, 114, 8817-8825.
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L2-5
REACTION PATHWAYS OF CHOLINESTERASES WITH VARIOUS TYPES OF COMPOUNDS:
COMPUTATIONAL INSIGHTS AND IMPLICATION FOR RATIONAL DRUG DESIGN
Fang Zheng, Junjun Liu, Xi Chen, and Yuan Yao, Chang-Guo Zhan
Department of Pharmaceutical Sciences, College of Pharmacy, University of Kentucky, 789 South
Limestone Street, Lexington, KY 40536, USA. zhan@uky.edu
Cholinesterases, including acetylcholinesterase (AChE) and butyrylcholinesterase (BChE), can react
with various types of compounds such as acetylcholine (ACh), acetylthiocholine (ATCh), cocaine,
organophosphorus (OP) insecticides and related chemical warfare nerve agents. For this reason,
AChE and BChE are important enzymes for development of therapeutic agents to treat cocaine
abuse and OP poisoning. In order to rationally design novel therapeutic agents for treatment of
cocaine abuse and OP poisoning, one first needs to understand the detailed reaction mechanisms
of AChE and BChE reacting with these types of compounds. We have performed a variety of hybrid
quantum-mechanical/molecular mechanical (QM/MM) reaction-coordinate calculations in order
to understand the detailed reaction mechanisms of AChE or BChE reacting with various types of
compounds including ACh, ATCh, cocaine, paraoxon, and sarin etc. The obtained mechanistic
insights provide useful new clues for rational drug design that aims to treat cocaine abuse and OP
poisoning. In particular, based on the mechanistic insights into BChE-catalyzed hydrolysis of
cocaine, our further integrated computational-experimental effort has led to rational design and
discovery of mutants of human BChE with a considerably improved catalytic efficiency against the
widely abused cocaine. These high-activity mutants of human BChE are also known as cocaine
hydrolases (CocHs); the first one of our discovered and patented CocHs (i.e. high-activity mutants
of human BChE) is currently in Phase II clinical trials for cocaine abuse treatment. Similarly, the
mechanistic insights into the reactions of AChE/BChE with paraoxon, sarin, and other OP nerve
agents are expected to guide future rational design of novel oximes for reactivating OP-inhibited
AChE/BChE and new BChE mutants that can effectively hydrolyse the OP insecticides and nerve
agents.
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L2-6
DESIGNING INHIBITORS FOR POTENCY AGAINST THE G119S RESISTANT MUTANT OF ANOPHELES
GAMBIAE ACETYLCHOLINESTERASE
Paul R. Carliera, Qiao-Hong Chena , Asthaa, Dawn M. Wonga, Jianyong Lib ,James Mutungac, Polo C.H. Lamd, Maxim M. Totrovd, Jeffrey R. Bloomquistc
Departments of aChemistry and bBiochemistry, Virginia Tech
c
Department of Entomology and Nematology, Emerging Pathogens Institute, University of Florida
d
Molsoft LLC, 11199 Sorento Valley Road, San Diego, CA 92129
Reduction of malaria transmission in sub-Saharan Africa depends heavily on the use of insecticidetreated nets. At present only pyrethroid insecticides are used on these nets, but the emergence of
pyrethroid-resistant An. gambiae mosquitoes has seriously jeopardized this disease control
method. To identify a potential new class of insecticides that are safe for use on nets, we have
been re-exploring carbamate inhibitors of acetylcholinesterase. To reduce human health risk we
have sought compounds that are highly selective for inhibition of An. gambiae AChE (AgAChE)
over human AChE. Appendage of the appropriate alkyl chain to the leaving group or aryl
methylcarbamates can confer 100- to 500-fold selectivity at the enzyme level. Another key design
goal is to potently inhibit the G119S resistant mutant of AgAChE. Speculating that reduced volume
in the G119S active site contributed to the poor inhibition exhibited by aryl methylcarbamates, we
explored inhibitors in which the phenyl ring was replaced by smaller aromatic heterocycles. In this
talk we will disclose which heterocyclic core structures confer the highest inhibition of the G119S
enzyme, and discuss recent efforts to impart high selectivity vs human AChE in this structural class.
Acknowledgement: We thank the National Institutes of Health (AI082581) and the Innovative
Vector Control Consortium for financial support.
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L2-7
QUATERNARY COMPOUNDS DESIGNED FOR CHOLINESTERASE INHIBITION AND MODULATION
OF CHOLINERGIC RECEPTORS
Kamil Musilek1,3,4, Marketa Komloova2, Anna Horova1, Ondrej Soukup1,4, Jana Zdarova-Karasova1,4,
Daniel Jun1,4, Martina Hrabinova1, Jiri Kassa1 and Kamil Kuca1,4
1

University of Defence, Faculty of Military Health Sciences, Department of Toxicology, Centre of
Advanced Studies and Department of Public Health, Trebesska 1575, 500 01 Hradec Kralove, Czech
Republic
2
Charles University in Prague, Faculty of Pharmacy in Hradec Kralove, Department of
Pharmaceutical Chemistry and Drug Control, Heyrovskeho 1203, 500 05 Hradec Kralove, Czech
Republic
3
University of Hradec Kralove, Faculty of Science, Department of Chemistry, Rokitanskeho 62,
50003 Hradec Kralove, Czech Republic
4
University Hospital, Sokolska 581, 500 05 Hradec Kralove, Czech Republic
Quaternary compounds have been used and studied as cholinesterase inhibitors and reactivators
for several decades. Among them, the carbamate inhibitors (e.g. pyridostigmine bromide) are
used as organophosphate pre-treatment strategy in many countries. Such carbamate compounds
cause serious side-effects (e.g. gastro-intestinal) that originate from their covalent interactions
with cholinesterases [1].
The novel quaternary compounds were designed as simple bispyridinium, bisquinolinium and
bisisoquinolinium analogues [2-4]. They showed non-competitive inhibitory ability towards hAChE
in vitro that was further rationalized by molecular modeling studies. The toxicity (LD50) and
protective ratio against soman induced toxicity of selected novel compounds was determined [5].
Some of the prepared compounds formerly showed both inhibition of cholinesterases and
modulation of muscarinic or nicotinic receptors that take crucial part in animal survival after
organophosphate induced toxicity [6-7]. The receptor studies are currently in progress.
References:
[1] Bajgar, J. et al. Curr. Med. Chem., 2009, 16, 2977.
[2] Musilek, K. et al. Bioorg. Med. Chem. Lett,. 2010, 20, 1763.
[3] Musilek, K. et al. Eur. J. Med. Chem. 2011, 46, 811.
[4] Komloova, M. et al. Bioorg. Med. Chem. Lett. 2011, 21, 2505.
[5] Kassa, J. et al. Bas. Clin. Pharm. 2012, doi: 10.1111/j.1742-7843.2011.00808.x.
[6] Broomfield, C. et al. Biochem. Pharmacol. 1987, 36, 1017.
[7] Musilek, K. et al. Bioorg. Med. Chem. Lett. 2011, 21, 150.
Acknowledgement: This work was supported by the Institutional Research (Ministry of Defence).
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L2-8
A COMMON MECHANISM FOR RESISTANCE OF AGENT-INHIBITED ACETYLCHOLINESTERASE TO
OXIME REACTIVATION BASED ON QSAR OF NERVE AGENT ANALOGUES OF SARIN, CYCLOSARIN
AND TABUN
Donald M. Maxwell, Karen M. Brecht and Richard E. Sweeney
United States Army Medical Research Institute of Chemical Defense, 3100 Ricketts Point Road,
Aberdeen Proving Ground, Maryland 21010-5400, USA
Bimolecular rate constants for reactivation of nerve agent-inhibited acetylcholinesterase (AChE) by
even the best oximes, such as HI-6 and MMB-4, can vary >250-fold between the agent-AChE
conjugates that are easily reactivated and those that are difficult to reactivate. To design a broad
spectrum reactivator against a wide range of agent-AChE conjugates, we conducted a QSAR
analysis for oxime reactivation of AChE inhibited by nerve agents and their analogues. Our
objective was to identify the most important common mechanism for resistance to reactivation
that the next generation of reactivators must overcome. Our evaluation of oxime reactivation of
AChE inhibited by a sarin analogue, O-methyl isopropylphosphonofluoridate, or a cyclosarin
analogue, O-methyl cyclohexylphosphonofluoridate, indicated that AChE inhibited by these
analogues was up to 1000-fold more difficult to reactivate than AChE inhibited by sarin or
cyclosarin. In addition, AChE inhibited by an analogue of tabun (i.e., O-ethyl isopropylphosphonofluoridate) was as resistant to reactivation as tabun-inhibited AChE. QSAR analysis of
oxime reactivation of AChE inhibited by these and other nerve agents suggested that the presence
of both a large substituent (i.e., > isopropyl) and an alkoxy substituent in the structures of
organophosphorus agents is the common structural feature that results in the agent-AChE
conjugate’s resistance to reactivation. We suspect that the underlying mechanism for this
resistance to reactivation is the distortion of the acyl pocket of AChE by large substituents, which
occurs only if the other substituent of the organophosphorus agent is an alkoxy group. These
observations will expedite the discovery of new reactivators by focusing design efforts on
mitigation of a common, high impact mechanism of resistance to reactivation.
Acknowledgement: This research was supported by the Defense Threat Reduction Agency – Joint
Science and Technology Office, Medical S& T Division.

-52-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts

L2-9
REACTIVATION OF TABUN-PHOSPHORYLATED CHOLINESTERASES PROBED BY MUTAGENESIS
AND NEW OXIMES
Zrinka Kovarik1, Jarosław Kalisiak2, Nikolina Maček1, Maja Katalinić1, Suzana Berend1, Zoran Radić3,
Valery V. Fokin2, K. Barry Sharpless2 and Palmer Taylor3
1

Institute for Medical Research and Occupational Health, HR-10000 Zagreb, Croatia;
Skaggs Institute for Chemical biology, The Scripps Research Institute, La Jolla, CA 92037, USA;
3
Skaggs School of Pharmacy and Pharmaceutical Sciences, University of California at San Diego,
La Jolla, CA 92093-0650, USA
2

The copper-catalyzed azide-alkyne cycloaddition reaction enables an efficient and reliable
synthesis of libraries of new oximes that were screened for the reactivation activity of tabuninhibited human recombinant AChE (wild type, AChE mutants Y337A and Y337A/F338A) and
human BChE. Out of 100 oximes, at a concentration of 1.0 mM, 53 reactivated wild type AChE, but
only 14 oximes restored full activity. Within this series, it appears that an approximate distance
equivalent to 8 methylenes between two quaternary nitrogens achieved an optimal level of AChE
reactivation. The mutant, Y337A, at the choline binding site was reactivated over 80% with only 13
of the oximes. The most efficient reactivators of Y337A appeared to be 2PAM analogs, with
maximal reactivation rate constants kmax up to 10-times faster than those determined for the most
efficient reactivator of AChE w.t. Although introducing an additional mutation into the Y337A
choline binding site in double mutant Y337A/F338A reduced the enhancement observed in the
Y337A mutant, the most efficient Y337A/F338A reactivators also contained the 8 methylene
equivalence between two quaternary nitrogens as found for the wild type. It seems that the
modification of the active site in the double mutant on average compromised molecular
recognition reflected in the Kox constant and slightly improved the maximal reactivation rate
constant, kmax. Since all oximes were designed as reactivators of phosphorylated AChE, a limited
reactivation capacity for BChE was expected. However, 37 oximes reactivated tabun-inhibited
BChE more efficiently than 2PAM, and five reached maximal reactivation of 70 %. In addition,
toxicity and antidotal studies with lead reactivators in mice showed significantly improved
protective indexes in therapy upon tabun exposure compared to the standard antidote, 2PAM.
Therefore, our findings offer a platform for further development of more potent congenic
antidotes in tabun and related phosphoramidate exposure.
Acknowledgement: Supported by the CounterACT Program, the National Institute of Neurological
Disorders and Stroke (NINDS), NIH, Grant Number U01 NS058046.
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L2-10
DISCOVERY OF NON-OXIME REACTIVATORS OF OP-INHIBITED ACETYLCHOLINESTERASE (ACHE)
USING IN SILICO GENERATED PHARMACOPHORE MODELS.
Apurba Krishna Bhattacharjee, Elizabeth Marek, Ha Thu Le, Therese Ku, Richard K. Gordon
Department of Regulated Laboratories, Division of Regulated Activities
Walter Reed Army Institute of Research, Silver Spring, MD 20910 (USA)
After developing the first in silico pharmacophore model (Chem Res & Toxicol, 2010, 23, 26-36)
from binding affinity data of oximes for tabun inhibited AChE, we explored the model as a rational
strategy for virtual screening of databases to discover reactivators of DFP-inhibited AChE since DFP
(diisopropylfluorophosphate) too is a G-agent simulator like tabun. The strategy enabled us to
discover 17 non-oxime reactivators from the in-house WRAIR-CIS database and two other
commercial databases, Maybridge and ChemNavigator, by evaluating efficacies in an in vitro assay
of DFP-inhibited AChE. The model contained three features: a hydrogen bond acceptor, a
hydrogen bond donor and an aromatic ring. Quantum chemically calculated stereo-electronic
properties relating to the location of molecular orbitals and electrostatic potential profiles were
observed to be consistent with the pharmacophore model. The compounds identified after virtual
screening were down selected on the basis of fit score to the model, conformational energy for
the fit, and in silico evaluations for favorable blood brain barrier penetrability (BBB), octanol-water
partition (log P), toxicity (rat oral LD50) and binding energies for 3D protein-ligand docking at the
active site of the AChE crystal structure. The procedure led us to shortlist the above mentioned 17
non-oximes of high chemical diversity, 12 from the WRAIR-CIS and 5 from the other two
databases. All these non-oxime reactivators contain a nucleophile group in lieu of the oxime
moiety. The reactivation efficacy (Kr) of all the 17 non-oximes were within 10-fold of 2-PAM for
DFP-inhibited AChE in vitro assay. Four of these compounds were evaluated for DFP-intoxicated
guinea pigs from which two showed promising results with no major differences in brain
restoration of AChE activity compared to 2-PAM after DFP exposure. Further animal studies using
higher doses are planned.
Disclaimer: Material has been reviewed by the Walter Reed Army Institute of Research. There is no
objection to its presentation and/or publication. The opinions or assertions contained herein are
the private views of the authors and are not to be construed as official or reflecting true views of
the Department of the Army or the Department of Defense. Funding from DTRA
(#1E0057_08_WR_C) is gratefully acknowledged.
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L2-11
SYNTHESIS OF NEW UNCHARGED REACTIVATORS FOR ACETYLCHOLINESTERASE
Julien Renou1, Guillaume Mercey1, Tristan Verdelet1, Emilie Gillon3, Rachid Baati2, Ludovic Jean1,
Florian Nachon3, Martin Weik4, Pierre-Yves Renard1
1

COBRA-UMR CNRS 6014, IRCOF, rue Lucien Tesnière, 76130 Mont-Saint-Aignan, France
LCSF, CNRS UMR 7199, Université de Strasbourg, BP 24, 67401 Illkirch, France
3
Cellule enzymologie, Département de Toxicologie, Institut de Recherche Biomédicale des Armées,
24, Avenue des Maquis du Grésivaudan, BP87, 38702 La Tronche, France
4
IBS/LBM ,41 rue Jules Horowitz, 38027 Grenoble Cedex 1, France
julien.renou@hotmail.fr
2

Acetylcholinesterase is a key enzyme implied in neurotransmission. Its inhibition by
organophosphorous nerve agents (OPAs) used as pesticides leads to 200 000 deaths every year
[1]. Those poisons act as covalent and irreversible binders of Acetylcholinesterase (AChE), through
phosphorylation of the serine of AChE’s catalytic triad. Contrary to its acylated equivalent, this
phosphorylated serine cannot be spontaneously hydrolyzed. Only strong nucleophiles [2,3]
(typically an oxime or derived functions) are able to reactivate the enzyme. That’s why
remediation of both acute and chronic intoxications by OPAs continues to be a challenge. After 50
years of investigation there is no broad spectrum reactivator and the few existing efficient
reactivators do not effectively reactivate AChE inhibited by every type of nerve agent [4].
Moreover, most of them have a permanent charge, limiting their Blood Brain Barrier (BBB)
crossing ability. So our aim is to find new and more efficient reactivators. Our synthetic efforts are
focused on the synthesis of new heterodimer reactivators using AChE peripheric site binders to
increase their affinity towards AChE (as phenyl-tetra-isoquinoleine, coumarine, tetrahydropyrido
indole…) linked by a carbon chain to a newly developed alpha-nucleophile [5] (Fig 1).
OMe
N

OMe
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Fig. 1 : Strategy for the design of new reactivators

N

Ph
n = 1 GM 114
n = 2 GM 113

Fig. 2 : Structure of non-quaternary AChE reactivators

Following this strategy, several molecules were synthesized in our laboratory. Among them, the
phenyltetrahydroisoquinoline derivatives GM 113 and GM 114 (Fig 2) are the most promising.
Indeed, these two uncharged reactivators have a superior or a similar ability to reactivate in vitro
hAChE as compared to that of HI-6, obidoxime, TMB-4 and HLö-7 [6]. Our aim is to further improve
the efficacy, water solubility and ability to cross BBB of these non-charged reactivators by
modulating the structure of the linker and of the peripheral site ligand.
References:
[1] Eddleston, M. et al. Lancet, 2008, 371, 597;
[2] Wilson, I.B. J.Biol. Chem. , 1951, 190, 111;
[3] Jokanović, M. et al. Curr. Med. Chem., 2009, 16, 2177;
[4] Worek, F. et al. Biochem. Pharmacol., 2004, 68, 2237;
[5] Louise-Leriche, L. et al. Chem.-Eur. J., 2010, 16, 3510;
[6] Mercey, G. et al. Chem. Commun., 2011, 47, 5295.
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L2-12
IN VITRO EVALUATION OF 3-HYDROXY 2-PYRIDINALDOXIME CONJUGATES AS EFFICIENT
UNCHARGED REACTIVATORS FOR THE DEPHOSPHYLATION OF POISONED HUMAN
ACETYLCHOLINESTERASE
Pierre-Yves Renard1, Guillaume Mercey1, Ludovic Jean1,Tristan Verdelet1, Julien Renou1, Alain
Wagner2, Rachid Baati2, Emilie Gillon3, Mélanie Touvrey Loiodice3, Florian Nachon3.
1

Université de ROUEN, Bioorganic chemistry team, UMR 6014 CNRS COBRA, IRCOF, Rue Tesniere
76130 Mont Saint Aignan
2
Laboratoire de Chimie des Systèmes Fonctionnels CNRS UMR 7199 Faculté de Pharmacie,
Université de Strasbourg BP 24, 67401 Illkirch, France
3
Département de Toxicologie, Institut de Recherche Biomédicale des Armées, 24, Avenue des
Maquis du Grésivaudan, BP87, 38702 La Tronche, France
The acute toxic effect of OPNA is based on the phosphylation of the serine hydroxyl group at the
active site of acetylcholinesterase (AChE, EC 3.1.1.7) inducing an irreversible inhibition of the
enzyme. The current treatment for OPNA poisoning combines an antimuscarinic drug (e.g.,
atropine), an anticonvulsant drug (e.g., diazepam), and an AChE reactivator of the pyridinium
aldoxime family (pralidoxime, trimedoxime, obidoxime, HI-6, HLö-7). Since the discovery of
monopyridinium oxime (pralidoxime in 1955) and bispyridinium oximes (trimedoxime in 1957,
obidoxime in 1964, HI-6 in 1966, HLö-7 in 1986) as reactivators for poisoned AChE, and despite
hundreds of oximes synthesized and evaluated during the past two decades [1], these reactivators
present again serious drawbacks.
Recent efforts have been focused on the discovery of original reactivators in order to tackle one or
several of these drawbacks [2]. Our efforts on the use uncharged of 3-Hydroxy 2-Pyridinaldoxime
Conjugates will be presented here [3].
References:
[1] G. Mercey et al. Acc. Chem. Res. 2012 http://dx.doi.org/10.1021/ar2002864
[2] a) M. C. de Koning et al. Toxicol. Lett., 2011, 206, 54-59 ; b) J. Kalisiak et al. J. Med. Chem., 2011,
54, 3319–3330.; c) R. Sit et al. J. Biol. Chem. 2011, 286, 19422-19430.
[3] a) G. Mercey et al. Chem. Commun. 2011, 47, 5295–5297 ; b) G. Saint Andre et al. Tetrahedron
2011, 67, 6352–6361.
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Fellowship to T.V. and for post-doctoral fellowship to G.M. (REI-DGA 2009-34-0023)), Agence
Nationale pour la Recherche (ANR_06_BLAN_0163 DETOXNEURO and ANR_09_BLAN_0192
ReAChE programs), CEA (NRBC program) and the Région Haute Normandie (Crunch program).
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Session 3: Anticholinesterases: Mechanisms of toxicity, detection and analytical methods,
diagnosis of exposure, detoxification and therapy; counter-terrorism strategies.
L3-1
MASS SPECTROMETRY FOR DETECTION OF EXPOSURE TO ORGANOPHOSPHORUS COMPOUNDS
Oksana Lockridge, Lawrence M. Schopfer, Bin Li, Wei Jiang, Mariya Liyasova, Patrick Masson,
Ozden Tacal*
University of Nebraska Medical Center, Omaha, NE USA olockrid@unmc.edu
*Hacettepe University, Ankara, Turkey
Background: Organophosphorus compounds (OP) make a covalent bond with the active site serine
198 of butyrylcholinesterase as well as with tyrosine 411 of albumin.
Goal: Our goal was to detect exposure and to identify the type of OP.
Methods and Results: OP adducts on human butyrylcholinesterase were identified by mass
spectrometry of tryptic and peptic peptides. Nerve agent adducts were readily distinguished from
pesticide adducts. Humans who poisoned themselves in suicide attempts had
butyrylcholinesterase adducts from chlorpyrifos oxon or dichlorvos. OP adducts on human
albumin were identified by mass spectrometry of peptic peptides or of organophosphorylated
tyrosine obtained by digestion with pronase . Aerotoxic syndrome is suspected to be caused by
exposure to chemicals in jet engine lubricating oil. Exposure occurs when leaky seals allow oil
fumes to escape into cabin air. The prime suspect toxicant is tri-o-cresyl phosphate. A mass
spectrometry assay was developed to identify and quantify exposure to tri-o-cresyl phosphate.
The assay is based on the fact that tri-o-cresyl phosphate is metabolically activated to cresyl
saligenin phosphate, a highly reactive cyclic OP that phosphorylates butyrylcholinesterase. The
assay involves partial purification of human butyrylcholinesterase, digestion with pepsin,
enrichment of phosphorylated peptides on titanium oxide, and MALDI-TOF mass spectrometry.
We found that jet airline passengers, pilots, and cabin crew exposed to tri-o-cresyl phosphate
during travel or work had detectable levels of phosphorylated butyrylcholinesterase.
Conclusion: Mass spectrometry of adducts on human plasma butyrylcholinesterase and serum
albumin detects exposure to organophosphorus compounds. The airline industry denies that
exposure to tri-o-cresyl phosphate from jet airplane oil fumes will have physiological
repercussions. Our assay provides convincing proof that exposure is sufficient to modify
butyrylcholinesterase.

-57-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts

L3-2
HUMAN BUTYRYLCHOLINESTERASE,
ORGANOPHOSPHORUS EXPOSURE

A

MASS

SPECTROMETRIC

BIOMARKER

FOR

Judit Marsillach1,2, Edward J. Hsieh2, Rebecca J. Richter1,2, Toby B. Cole1,3, Jerry H. Kim4, Michael J.
MacCoss2, Daniela Tomazela2, Stephanie M. Suzuki1,2, Paul E. Baker1,2, Michael H. Paulsen3,
Christopher D. Simpson3, Lawrence M. Schopfer5, Oksana Lockridge5, Clement E. Furlong1,2
University of Washington, Departments of 1Medicine (Division of Medical Genetics), 2Genome
Sciences, 3Environmental and Occupational Health Sciences, 4Anesthesiology, Seattle, WA,
5
University of Nebraska Medical Center, Omaha, NE.
Organophosphates (OPs) are widely used as insecticides, nerve agents, or oil additives. OPs are
one of the most common causes of poisoning as they can inhibit cholinesterases by forming a
covalent bond to the active-site serine.
Chlorpyrifos and guthion are widely used OP insecticides that can be responsible for poisoning
among agricultural workers. Their metabolized forms, chlorpyrifos oxon (CPO) and guthion oxon
(GO), are potent inhibitors of cholinesterases and other serine active-site enzymes.
Tricresyl phosphate (TCP) is an OP that caused thousands of cases of paralysis during Prohibition in
the US, with other cases reported worldwide. TCP is still used in jet engine lubricants and hydraulic
fluids. Human exposure to TCPs occur when engine oil fumes enter the aircraft cabin via bleed air.
TCPs are metabolized into potent inhibitor(s) of cholinesterases and many other serine active-site
enzymes.
Current methods for identifying OP exposures are not always accurate. We have developed a
novel method using mass spectrometric (MS)-based approach focused on butyrylcholinesterase
(BChE), the inhibition of which provides a good biomarker of exposure. The method consists of a
rapid plasma BChE purification using a single-step immunomagnetic bead-based protocol followed
by analysis of BChE chymotryptic peptides by high-resolution MS to identify the OP-adducted
active-site serine. Modified BChE standards were generated in vitro by exposing human plasma to
CPO, GO or bioactivated TCP. Six modified adducts (mono- and diethyl phosphoserine, mono- and
dimethyl phosphoserine, cresylphosphoserine and phosphoserine, respectively) were identified
from these experiments.
Acknowledgement: Supported by the NIH (P30CA36727, R01ES09883, and P42ES04696), funding
from pilot and flight attendant unions, the Royal Australian Air Force, the Norwegian Union of
Energy Workers (SAFE), and NYCO SA.
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L3-3
BUTYRYLCHOLINESTERASE IS A BIOMARKER OF EXPOSURE TO TRI-ORTHO-CRESYL PHOSPHATE,
AN AGENT IMPLICATED IN “AEROTOXIC SYNDROME”
Mariya Liyasova1, Bin Li1, Lawrence M. Schopfer1, Florian Nachon2, Patrick Masson1,2, Clement E.
Furlong3, Oksana Lockridge1
1

Eppley Institute, University of Nebraska Medical Center, Omaha, NE, USA
Département de Toxicologie, Institut de Recherche Biomédicale des Armées, La Tronche, France
3
Department of Medicine and Genome Sciences, University of Washington, Seattle, WA, USA
2

The aircraft cabin ventilation is supplied from unfiltered bleed air directly from the engine.
Defective engine seals can result in the release of engine oil into the cabin air supply. Aircrew and
passengers have complained of illness following such “fume events”. Adverse health effects are
hypothesized to result from exposure to tricresyl phosphate, mixed esters added to jet engine oil.
Our goal was to develop a laboratory test for exposure to tricresyl phosphate. The assay was
based on the fact that the active-site serine of butyrylcholinesterase reacts with the active
metabolite of tri-o-cresyl phosphate, cresyl saligenin phosphate, to make a stable phosphorylated
adduct with an added mass of 80 Da. No other organophosphorus agent makes this adduct in vivo
on butyrylcholinesterase. Blood samples from jet airplane passengers and crew members were
obtained 24-48 hours after completing a flight. Butyrylcholinesterase was partially purified from
10 to 25 ml serum or plasma, digested with pepsin, enriched for phosphorylated peptides by
binding to titanium oxide, and analyzed by mass spectrometry. Of 12 jet airplane passengers
tested, 6 were positive for exposure to tri-o-cresyl phosphate that is, they had detectable amounts
of the phosphorylated peptide FGEpSAGAAS. No more than 0.05 to 3% of plasma
butyrylcholinesterase was modified. None of the passengers had toxic symptoms. Four of the
positive passengers were retested 3 to 7 months following their last airplane trip and were found
to be negative for phosphorylated butyrylcholinesterase. Of 28 crew members tested, 26 were
positive for phosphorylated butyrylcholinesterase. Symptoms of affected crew members included
shortness of breath, weakness in both legs and feet and concentration problems. In conclusion,
this is the first report of an assay that detects exposure to tri-o-cresyl phosphate in jet airplane
passengers and crew members.
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L3-4
METHODS FOR UNEQUIVOCAL ASSESSMENT OF EXPOSURE TO CHEMICAL WARFARE AGENTS
BASED ON COVALENT PROTEIN ADDUCTS
M.J. van der Schans, D. Noort, J. van der Meer, A. Fidder and A.G. Hulst
TNO Earth, Environmental and Life Sciences, P.O. Box 45, 2280 AA Rijswijk, The Netherlands
marcel.vanderschans@tno.nl
Introduction. Diagnosis of exposure to organophosphate anti-cholinesterases can play a pivotal
role in case of a military or terrorist attack with such agents, e.g. for forensic or medical purposes.
Current methods used for assessment of such exposure include the determination of
cholinesterase activity and analysis of urinary metabolites. Since these biomarkers are mostly
short-lived, there is a need for additional and more persistent biomarkers [1].
Materials and Methods. We here present various approaches towards more rapid and generic
diagnostic methods for detection of OP exposure, based on analysis of covalent adducts to
butyrylcholinesterase (BuChE) and albumin. The fluoride reactivation method is based on the
regeneration of the organophosphofluoridate upon incubation of a plasma sample with fluoride
ions. The regenerated organophosphofluoridate can be detected with GC-MS in the SIM mode to
ensure high sensitivity, or by using a combination of GCxGC coupled with a Time Of Flight (TOF)
mass spectrometer [2], which has the advantage that selectivity and sensitivity are combined with
identification using full mass spectra. Phosphylated BuChE can also be analyzed with liquid
chromatography – tandem mass spectrometry by detection of a phosphylated nonapeptide that
results after digestion of BuChE with pepsin. This technique is important in case the adducts are
refractory towards fluoride reactivation, as is for aged soman adducts. Adducts to albumin can
easily be detected after pronase or pepsin digestion of the protein [3].
Results. The utility of the abovementioned methods is illustrated through the analysis of plasma
samples from intoxicated patients taken 33-49 days after exposure to the organophosphate
pesticides chlorpyrifos and diazinon. Using the fluoride reactivation method, the phosphyl moiety
was released from the protein, resulting in O,O-diethyl phosphorofluorothioate and its oxon
analog, as evidenced by GC-MS analysis. Analysis of pepsin-digested BuChE revealed that only the
aged adduct of the oxon-analog of the pesticides was detected as the FGES*AGAAS peptide, with
S* representing the serine residue modified with an (aged) ethyl phosphoric ester moiety. Upon
isolation and digestion of albumin with pronase, tyrosine modified with a O,Odiethylphophorothiono moiety could be detected, stemming from the thioate form of the
pesticides.
Thus, in this particular case several independent methodologies could be applied that all point to
the same exposure. It is envisaged that a similar strategy is applicable towards nerve agent
exposures, with the exemption that albumin adducts might be less relevant for these agents.
References:
[1] J.P. Langenberg et al. Bioanalysis, 1 (2009) 729-739.
[2] J.A. van der Meer et al. J. Chromatogr. B, 878 (2010) 1320-1325.
[3] D. Noort et al. Arch. Toxicol., 83 (2009) 1031-1036.
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L3-5
A POINT OF CARE 10 MINUTE ASSAY FOR DETECTION OF BLOOD PROTEIN ADDUCTS RESULTING
FROM LOW LEVEL EXPOSURE TO ORGANOPHOSPHATE NERVE AGENTS
Robert VanDine1, Uma Mahesh Babu1, Arlene Mendez1, Peter Condon1 and Robert Sambursky1
1

Rapid Pathogen Screening Inc. 7227 Delainey Court, Sarasota, FL 34240 USA

A rapid Point of Care assay (CWNA Detector) has been developed with funding from the U.S.
Department of Defense’s Defense Threat Reduction Agency (DTRA) and the U.S. Army Medical
Research and Materiel Command. Employing U.S. Army’s antibodies, the CWNA Detector detects
clinically relevant low-level exposure to any of the four Chemical Warfare Nerve Agents (CWNAs)
including Soman, Sarin, Tabun, and VX in 10 minutes from a simple non-invasive finger-stick blood
sample or plasma. While high-level exposure can quickly lead to death, low-level exposure
produces vague, nondescript signs and symptoms not easily differentiated clinically from other
conditions. A rapid assay for nerve agent exposure may provide better health care outcomes in
persons who have low-level nerve agent poisoning.
Exposed via skin or by inhalation, CWNA enters the blood and immediately combines with
cholinesterases as well as the most abundant protein, albumin and other blood proteins to form a
blood protein-nerve agent adduct. In order to mimic the in vivo exposure as closely as possible,
the CWNA agents stored in organic solvents are spiked into the blood. The nerve agent adducts
are immediately detectable and can persist in the blood stream for up to 20 days post exposure. In
performance testing, 40 plasma samples were spiked with each of the CWNAs and 10 normal
plasma samples were used as the negative control. The 40 CWNA spiked plasma samples included
10 replicates of each agent. At the clinically relevant low-level exposure of 10 ng/ml, the CWNA
Detector demonstrated 100% sensitivity for Soman, VX and Tabun and 80% sensitivity to Sarin.
The CWNA Detector demonstrated >97% specificity with 150 blood samples obtained from healthy
adults. No cross-reactivity or interference from pesticide precursor compounds was found. Further
evaluation of whole blood samples as well as active metabolites of pesticides is planned.

Reference:
Uma Mahesh Babu et al., Final Report Contract W81XWH-06-C-0367. U.S. Army Medical Research
and Materiel Command, Fort Detrick, MD. 11 June 2009.
Funding support was provided by DTRA.
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L3-6
A NEW PURIFIED CHOLINESTERASE FOR SEPARATE DETECTION OF ORGANOPHOSPHATES AND
CARBAMATES
V. Tonkopii, A. Zagrebin
Institute of Limnology, Russian Academy of Sciences, St.Petersburg,Russia
Among many xenobiotics anticholinesterase (antiChE) compounds (organophosphates and carbamates)
notable for their high toxicity and selectivity are of particular hazard. Many compounds of this class are
used as pesticides, drugs, and chemical warfare agents. At present, various types of purified commercial
cholinesterases (ChE) are widely used to detect antiChE compounds. The detection is based on the property
of xenobiotics to lower the activity of enzymes. However, this method is not universal because with using
of ChE separate detection of organophosphorus CW, pesticides and carbamates is impossible. Carbamates
belong to a group of compounds having a broad spectrum of toxicity – from relatively nontoxic to highly
toxic compounds comparable with nerve agents. Potential threat of military and terrorism usage of
carbamates connected with the high toxicity of compounds and difficulties of therapy of poisoning by
carbamates. There is a real possibility that even more powerful CW that the nerve gases remain be
discovered from the class of carbamates.
It is well known that the cholinesterase of fish's brain is the typical acetylcholinesterase (AChE) with the
same substrate specificity. On the other hand, the ChE of some fish's blood plasma has its own specificity.
The blood serum ChE of 17 fresh water fish species belonging to five families (Cyprinidae, Percidae,
Esocidae, Salmonidae and Gadidae) was studied to sensitivity to organophosphorus compounds and
carbamates. Some years ago for the first time we discovered that only the blood serum of freshwater fish
from family of Cyprinidae (blue bream - Abramis ballerus, roach - Rutilus rutilus) contains nonordinary ChE
with unusually high sensitivity to organophosphates - dipterex and DDVP and low sensitivity to carbamate
neostigmine. This observation is of scientific and practical interest and so the fish’s blood plasma ChE of
these species was purified for study of kinetic behaviour and sensitivity to antiChE compounds. After
isolation and purification a stabilized lyophilized powder with activity of 5-10 units per mg of protein was
obtained. The kinetics of choline and thiocholine ethers hydrolysis have been studied at the presence of
new enzyme. The sensitivity of enzyme to 45 organophosphates (including sarin, soman and Vx) and
carbamates has been determined.
The Russian commercial purified lyophilized cholinesterases have been used for comparison: AChE from the
erythrocytes of human, butyrylcholinesterase (BuChE) from the horse blood serum and
propionylcholinesterases (PrChE) from the hen blood serum and from squid optic ganglion. We investigated
the activity of new fish’s purified enzyme relatively to a choline and thiocholine esters hydrolysis as a
function of substrate concentration. The results of this and the following experiments indicate that the new
ChE from the blue bream and roach blood serum can be classified as BuChE, so the velocity of
butyrylcholine and butyrylthiocholine hydrolysis is more than other substrates. At the same time, this type
of new enzyme differs from other typical BuChE, so the hydrolysis rate of butyrylcholine by fish’s ChE is in
10 - 13 times more rapid as compared to hydrolysis of acetylcholine. The sensitivity of fish’s ChE to
organophosphates is in 100-1000 times higher than the sensitivity of all types of commercial ChE. On the
other hand a new enzyme has an extremely low sensitivity to carbamates. It is very important that with the
help of a new purified fish’s ChE the separate identification of organophosphorus CW, pesticides and
carbamates may be carried out. The extremely low sensitivity of new enzymes to carbamates and very high
sensitivity to organophosphates is particularly valuable for these purposes.
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L3-7
PROPHYLACTIC ANTAGOMIRS-MEDIATED ENHANCEMENT OF HOST ACETYLCHOLINESTERASE
PROTECTS FROM ORGANOPHOSPHATE POISONING
Hermona Soreq1, Keren Ofek1, Geula Hanin1, Adi Gilboa-Geffen1, Amit Berson1, Yael Goll1, David S.
Greenberg1, Steve Wilton2
1

The Institute of Life Sciences and the Edmond and Lily Safra Center of Brain Sciences, The Hebrew
University of Jerusalem, Givat Ram, Jerusalem 91904, Israel
2
Molecular Genetic Therapy Group, Australian Neuromuscular Research Institute, Nedlands,
Australia
Acute organophosphate (OP) poisoning is lethal due to irreversible acetylcholinesterase (AChE)
inhibition in neuromuscular junctions (NMJ). MicroRNAs (miRs) have emerged as important
suppressors of gene expression, suggesting that blocking their action may alleviate some of the
poisoning effects. Recently, we discovered that AChE levels are down-regulated by miR-132 and
that blocking this down-regulation can significantly elevate endogenous AChE levels. Here, we
report effective prophylactic protection from OP poisoning of BalbC mice injected intravenously 24
hours pre-exposure with 3.3 mg/kg AM132, a 22-mer antisense oligonucleotide chemically
protected from nuclease degradation by 2’-O-methyl modified bases on a phosphorothioate
backbone. When exposed to 0.9LD50 of the OP parathion metabolite paraoxon, all naïve but none
of the AM132-protected mice exhibited severe poisoning symptoms (Mann-Whitney U-test,
P=0.028, N=4/group). 1.3LD50 exposure caused poisoning symptoms in all mice, but 40% of the
AM132-treated mice survived and recovered, while naïve ones all died within 3 minutes postexposure (ANOVA P=6.62E-12, N=4-7/group). Exposure to 10LD50 paraoxon was lethal in all mice,
but AM132 treatment conspicuously extended survival time compared to controls (ANOVA
P=6.8E-9, N=5/group). To identify the underlying mechanism, we stained AChE activity in NMJs of
diaphragm muscles from mice that had been injected with either AM132 or PBS for 3 successive
days. AM132-treated diaphragms had 10.9±4.2 compared to 6.3±2.7 stained NMJs/ field in control
mice (t test, P=0.0069, N=5 mice/group and 18 fields/specimen), and AChE immune-labeling was
likewise more pronounced in treated diaphragms (ANOVA P<0.05, 20-30 NMJ /group), reflecting
increased AChE expression. In the immune system, OP poisoning impairs the balance between
pro-inflammatory responses to foreign antigens and regulatory responses preventing excessive
immune activation. Since this balance as well is controlled by AChE, miR-132 and other AChEtargeted miRs, we tested if miR-132 blockade may further improve immune reactions. Supporting
this notion, AM132 treatment elevated AChE activity in bone marrow macrophages (29.0±15.0 vs.
14.1±2.6 compared to 15.0±6.4 vs. 9.8±1.2 nmol substrate hydrolyzed/mg protein/min for 3 and 1
day treatment, respectively; Student's t-test: <0.0065), predicting potentiation of immune
functions. Additionally, stressful insults cause miR-132 elevation in the brain accompanied by
cognitive impairments, whereas mitigating stress-induced miR-132 elevation prevents the
corresponding learning and memory deficits; demonstrating multi-leveled value in potentiating
muscle, blood cells and brain functioning. Furthermore, AM132 can be synthesized in unlimited
amounts using standard equipment, exhibits long-term stability at room temperature and field
conditions, and unlike the currently employed prophylactic pyridostigmine, does not inhibit preexisting AChE. Our findings open new venues for prophylactic protection against OP poisoning by
targeted interference with miR-132 expression for medical and defense purposes.
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L3-8
A UNIQUE COMBINATION OF (-)-HUPERZINE A AND (+)-HUPERZINE A EFFECTIVELY AND
REVERSIBLY INHIBITS ACETYLCHOLINESTERASE AS WELL AS REDUCES NMDA INDUCED SEIZURES
AND GULTAMATE INDUCED TOXICITY
Bhupendra P. Doctor
Walter Reed Army Institute of Research, Silver Spring, Maryland, USA, 20910.
Huperzine A {(-)-Hup A} is a naturally-occurring, potent, specific, and reversible inhibitor of
acetylcholinesterase (AChE) and penetrates blood brain barrier. It provides protection to CNS
AChE in animals and mammals including humans. In humans (-)-Hup A : AChE is very stable since it
has in vivo a relatively long t1/2 life of 5 to 6 h. However, (-)-Hup A is relatively toxic
(LD50=3 mg/kg) in rats. (+)-Hup A a synthetic stereo-isomer of natural (-)-Hup A is a weaker
inhibitor of AChE. Greater than 40 fold concentration of (+)-Hup A is required to inhibit same level
of AChE as (-)-Hup A. However, it is relatively nontoxic (LD50=325 mg/kg) in rodents. Both stereoisomers of Hup A block the NMDA-induced seizure in rat model, reduce excitatory amino acid
induced neurotoxicity and prevent soman induced toxicity (ca. 2 LD50) with minimum performance
decrement in rodents and monkeys. Thus a unique combination of two stereo-isomers of Hup A
can provide an excellent pretreatment or post exposure treatment drug for most of the nerve
agent toxicity and/or NMDA-induced seizure/status epilepticus.
Human serum Butyrylcholinesterase has proven to be an effective bioscavenger/antidote for
prevention of organophosphate toxicity in several species of animals including non-human
primates. It is advanced to the development stage and shown to be effective antidote for nonhuman primates and is at IND stage. However, the amount of enzyme to be administered and
determination of when to be administered is being debated. An alternate research program such
as a search for an ideal re-activator for OP inhibited AChE or better oximes are being conducted by
several research groups. With an excellent property of reversible inhibition of AChE for a long
period and decreasing the toxicity and increasing the efficiency be mixing with (+)Hup A, a unique
combination of these stereo-isomers of Hup A can be investigated further as a pretreatment drug.
The naturally occurring (-)Hup A is also investigated as a drug for Alzheimer’s disease, epilepsy and
mild traumatic brain injury. Unique combination of two stereo-isomers of Hup A may be a better
choice for these situations since they also appear to decrease or eliminate the side effects
associated with (-) Hup A only.
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L3-9
STRUCTURAL REQUIREMENTS FOR EFFECTIVE OXIMES – A KINETIC IN VITRO STUDY WITH
PHOSPHYLATED HUMAN ACHE AND STRUCTURALLY DIFFERENT OXIMES
Franz Worek, Timo Wille, Nadine Aurbek, Horst Thiermann
Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany
Treatment of poisoning by organophosphorus compounds (OP) with presently established
acetylcholinesterase (AChE) reactivators (oximes), e.g. obidoxime, 2-PAM, TMB-4, is insufficient
against a number of nerve agents, e.g. soman, tabun and cyclosarin, as well as against different
pesticides. In consequence extensive research programs have been undertaken in various
countries in the past decades to identify more effective oximes. The efficacy of new compounds
has been investigated with different in vitro and in vivo models. This fact makes it hardly possible
to compare results from different research laboratories. The crucial mechanism of action of
oximes is the reactivation of phosphylated AChE. The kinetic properties of these compounds can
be quantified in vitro with isolated AChE from different origin. Now, it was tempting to investigate
the reactivation kinetics of a large number of structurally different oximes with various OP
inhibitors under identical experimental conditions in order to get insight into structural
requirements for adequate affinity and reactivity towards inhibited AChE. The determination of
reactivation rate constants with bispyridinium oximes having different linkers, bearing one or two
oxime groups at different positions and having in part additional substituents revealed that a) the
reactivating potency was dependent on the used OP inhibitor, b) small modifications of the oxime
structure had an in part marked effect on the kinetic properties and c) a selective increase in
affinity is not necessarily favourable for the intended use as OP antidote. In conclusion, it was
possible to perform an initial structure-activity analysis allowing predictions for model calculations
to identify oximes with adequate reactivating properties. A major outcome of this study was that it
is mandatory to investigate the kinetic properties of novel oximes in detail with OP inhibitors of
interest and that the synthesis of a new single oxime being effective against a broad range of
structurally different OP will be a major challenge.
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L3-10
SEARCHING FOR AN EFFECTIVE IN VIVO REACTIVATOR FOR OP NERVE AGENT-INHIBITED
ACETYLCHOLINESTERASE IN THE CENTRAL NERVOUS SYSTEM
Tsung-Ming Shih, Irwin Koplovitz, Robert K. Kan and John H. McDonough
US Army Medical Research Institute of Chemical Defense Aberdeen Proving Ground, Maryland
2100-5400 USA
Organophosphate nerve agents irreversibly inhibit the enzyme acetylcholinesterase (AChE), which
leads to an excess of the cholinergic neurotransmitter acetylcholine in the synapses, causing
numerous toxic effects, such as hypersecretions, tremors, convulsions, respiratory distress and
death. The current nerve agent treatment regimen includes 2-pralidoxime (2-PAM) to reactivate
inhibited AChE. The quaternary structure of this oxime, however, does not allow it to cross the
blood brain barrier to reactivate brain AChE and to mitigate CNS toxicity. We have shown earlier
that the tertiary oxime monoisonitrosoacetone (MINA) provided some AChE reactivation in the
brain, enhanced survival and mitigated the seizure activity following nerve agent exposure. In this
study, the in vivo reactivating capabilities of several new tertiary oximes, N,N-diethyl-3-(2(hydroxyimino) acetoxy) propan-1-aminium chloride (DHAP), RS194B, JK-3-38 and SWRI53A, were
compared to each other and to MINA, following subcutaneous sarin exposure. Guinea pigs were
challenged with a 1.0 x LD50 dose of sarin 15 min after administration of atropine methylnitrate
(2.0 mg/kg, im), followed 15 min later by a test dose of the oxime. Four to five doses (ranging from
22.0 to 180.0 mg/kg, im) of each oxime were tested. The animal was euthanized 45 min after
oxime treatment; blood was collected and target tissues (brain regions, diaphragm, heart, skeletal
muscle) were harvested. AChE activity was measured with the Ellman assay. Of these tertiary
oximes, JK-3-38 enhanced the toxicity of sarin at doses above 35.5 mg/kg. RS194B provided the
greatest AChE reactivation (5-55%), while SWRI53A showed reactivation (5-20%) only at the
highest dose (180 mg/kg) in peripheral tissues, with the rank order of RS194B = JK-3-38 = DHAP >
MINA > SWRI53A. In the CNS tissues, MINA displayed the highest capacity to reactivate AChE
(5-30%), while JK-3-38 provided minimum reactivation (2-5%), with the rank order of MINA >
SWRI53A = DHAP = RS194B > JK-3-38. Thus, the findings suggest that like the quaternary oximes
that exhibit different reactivation capacities against AChE inhibited in the periphery by different
nerve agents, tertiary oximes also show different reactivation capacities against AChE inhibited by
sarin in the periphery or in the CNS. The protective efficacy of these tertiary oximes against sarin
exposure is currently under investigation.
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L3-11
IN VITRO INVESTIGATION OF EFFICACY OF NEW REACTIVATORS OF CHOLINESTERASE ON OPCINHIBITED RAT BRAIN ACHE
Christophor Dishovsky, Iskra Petrova, Vasil Atanasov
Military Medical Academy, St. G.Sofiiski Str. 3, Sofia 1606, Bulgaria.
Organophosphorus compounds (OPC) were developed as warfare nerve agents. They are also
widely used as insecticides. The drug therapy on intoxication with OPC included mainly
combination of cholinesterase reactivators and cholinolytics. Reactivators of cholinesterase (ChE)
are pharmacological drugs used as antidotes in intoxications with OPC. There is no single ChE
reactivator having the ability to sufficiently reactivate inhibited enzyme due to the high variability
of chemical structure of the inhibitors. The difficulty in reactivation of the ChE activity and slight
antidote effect concerning intoxication with some OPC are some of the reasons for continuing the
examinations for the creation of new reactivators of ChE.
Due to this, our laboratory was focused on synthesis of broad-spectrum reactivators. We use
different numbers of pyridinium or heterocyclic rings, different length and shape of the connecting
chain between pyridinium or pyridinium-heterocyclic rings; different number and position of the
oxime groups at the pyridinium rings and others.
The aim of this study was to estimate the efficacy of some newly synthesized reactivators of ChE
against OPC (tabun, paraoxon and dichlorvos) in “in vitro” experiments and to compare their
activity to those of some currently available oximes. Experiments were carried out on rat brain
acetylcholinesterase (AChE).
Investigated reactivators of ChE showed different activity in reactivation of rat brain acetylcholinesterase (AChE) after Dichlorvos, Paraoxon and Tabun inhibition. Easier was reacti-vated
AChE after Paraoxon treatment. The best effect showed BT-074M, Obidoxim, TMB-4 and BT-08
from the group of symmetric oximes and Toxidin (Bulgarian HI-6), BT-05 and BT-03 from
asymmetric compounds. The reactivation of inhibited with tabun brain AChE demonstrated better
activity of new compound BT-07-4M, TMB-4 and Obidoxim from symmetric and BT-5 and BT-03
from such with asymmetric structure. All compounds showed little activity toward inhibition of
AChE caused by Dichlorvos. Comparison of two main types of structures showed that the
symmetric compounds reactivated better inhibited with this OPC AChE, than asymmetric one.
Acknowledgement: The financial support was provided by National Science Fund (Grant DDVU
02/78).
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L3-12
DEVELOPMENT
OF
NOVEL
BRAIN-PENETRATING
OXIME
ACETYLCHOLINESTERASE INHIBITED BY ORGANOPHOSPHATES.

REACTIVATORS

OF

Janice E. Chambers1, Edward C. Meek1, Ronald B. Pringle1 and Howard W. Chambers2.
Center for Environmental Health Sciences; 1 Department of Basic Sciences, College of Veterinary
Medicine;
2
Department of Biochemistry, Molecular Biology, Entomology and Plant Pathology; Mississippi
State University, Mississippi State, MS USA 39762-6100
A critical need for combatting the effects of organophosphate (OP) anticholinesterases, such as
the nerve agents, is the current lack of an effective oxime reactivator which can penetrate the
blood-brain barrier, and therefore reactivate inhibited acetylcholinesterase (AChE) in the brain.
Our laboratories have synthesized and tested some novel pyridinium oximes that are able to
penetrate the blood-brain barrier, and can reactivate AChE in the brain of rats which has been
inhibited by nerve agent surrogates, nitrophenyl isopropyl methylphosphonate (NIMP; sarin
surrogate) and nitrophenyl ethyl methylphosphonate (NEMP; VX surrogate), which are highly
relevant because they leave AChE phosphorylated by the same moiety as do their respective nerve
agents. The series of oximes displayed 15-80% reactivation in vitro with rat and bovine brain AChE
inhibited by surrogates. Rats were treated with 0.325 mg/kg NIMP or 0.4 mg/kg NEMP, which
yielded a peak of about 80% brain AChE inhibition in 1 hr without the need for atropine for
survival; the rats showed severe signs of cholinergic toxicity, including seizures. For testing
antidote efficacy, the oxime was administered at 0.1 mmol/kg (the molar equivalent to 2-PAM
therapy) at 1 hr and AChE was monitored at 30 min and 2 hr after oxime administration, and glial
fibrillary acidic protein (GFAP) was quantified in the piriform cortex at 4 days after treatment.
Kainic acid was used as a positive control for GFAP. Of the 25 oximes tested, 12 have shown a
reduction of brain AChE inhibition of 10-35%, and the oximes attenuated seizures. GFAP
accumulation was apparent in the piriform cortex by 4 days after treatment with both surrogates,
and the accumulation of GFAP was significantly reduced by the administration of the lead oxime.
Therefore these novel oximes have considerable potential as brain-protecting therapeutics for
anticholinesterases. Supported by Defense Threat Reduction Agency 1.E0056_08_AHB_C.
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L3-13
FACILITATED TRANSPORT OF REACTIVATORS ACROSS THE BLOOD BRAIN BARRIER.
Gregory E. Garcia1, Jayendra B. Bhonsle2, Robert Causey1, Nanaji K. Bhamare1, Deborah MooradDoctor1, John Graham1.
1

US Army Medical Research Institute of Chemical Defense, 3100 Ricketts Point Rd, Aberdeen
Proving Ground, MD 21010.
2
Astha Consultancy, Inc., 5284 Randolph Road #262, Rockville, MD 20852.
The use of chemical antidotes is likely the first treatment for civilian and military nerve agent (NA)
casualties. These treatments include the current clinical approved therapies (US) of the
acetylcholine receptor blocker atropine, the acetylcholinesterase (AChE) reactivator pralidoxime
(2-PAM), and the symptom modulator diazepam. From a single IM bolus dose these can provide
some immediate protection, but for persistent exposure or persistent NAs (VX, VR) continuous
infusion of reactivators for up to 7 d may be required. In addition to having somewhat limited
specificity, 2-PAM does not cross the blood brain barrier (BBB) to protect central nervous system
AChE. Improved oximes under development such as MMB4 are also limited in this regard. In
contrast to parent oximes, sugar-oximes (SOx) may improve bioavailability in the nervous system
by coupling with glucose transporters (GLUT) to cross the BBB. SOx were also found to have higher
protective ratios than the parent oximes, ameliorate the NA hypothermal response, and are
retained longer in the body. We have studied these compounds more thoroughly, have
determined the reactivation parameters kr, Kox and kr2 for VX-, VR- and GB- inhibited human (Hu)
AChE and have developed SOx with reactivation kinetics similar to the parent oximes. These
studies show that SOx can be effective reactivators; studies on the BBB penetration potential of
1C-GLc conjugates are ongoing.
The views expressed in the presentation are those of the author(s) and do not reflect the official
policy of the Department of Army, Department of Defense, or the U.S. Government. The
experimental protocol was approved by the Animal Care and Use Committee at the Walter Reed
Army Institute of Research and all procedures were conducted in accordance with the principles
stated in the Guide for the Care and Use of Laboratory Animals and the Animal Welfare Act of
1966 (P.L> 89-544) as amended. This research was supported by the Defense Threat Reduction
Agency-Joint Science and Technology Office, Medical S&T Division.
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L3-14
TIMING OF DECONTAMINATION AND TREATMENT IN CASE OF PERCUTANEOUS POISONING
WITH VX
Marloes J.A. Joosen1, John R. Mikler2, Herman P.M. van Helden1, Daan Noort1
1

TNO CBRN Protection, Rijswijk, The Netherlands
Defence Research and Development Canada – Suffield, Medicine Hat, Alberta, Canada

2

Low volatile organophosphorous (OP) nerve agents such as VX, will most likely enter the body via
the skin. In previous investigations conducted in hairless guinea pigs, it was shown that skin
exposure to VX resulted in a slow and variable onset of observable signs of toxicity. Repeated
treatments administered at the appearance and aggravation of clinical signs using the
conventional regimen of atropine, obidoxime and diazepam was successful in preventing lethality.
However, a single treatment at the onset of signs was ineffective.
Because these results showed that continuous treatment was most effective, it was investigated
to what extent a subchronic pretreatment with carbamate (Pyridostigmine or Physostigmine
combined with an anticholinergic) would protect against a percutaneous poisoning with VX.
Although no obvious effects on survival time were observed, the addition of the anticholinergic
scopolamine in the subchronic pretreatment prevented the development of seizure activity.
In addition, several reports indicate that delayed skin decontamination decreases efficacy of both
the decontaminant and additional medical countermeasures. Consequently, these results show
that the behavior of OP nerve agents such as VX in the skin presents an additional challenge which
needs to be addressed by a combination of effective decontamination and treatment.
To properly assess the characteristics of percutaneous OP nerve agent absorption and to optimize
treatment regimens studies using skin microdialysis tubing placed in the dermis of hairless guinea
pigs and anesthetized swine were conducted. Both in the anesthetized swine and hairless guinea
pig it was addressed whether VX accumulation in the skin was accompanied by development of
clinical signs and blood cholinesterase inhibition. In isoflurane anesthetized swine, it was shown
that after >90% of ChE (cholinesterase) inhibition in blood, VX levels in the skin microdialysates
started to accumulate, which was accompanied by development of clinical signs such as
mastication, laboured breathing and eventually death in both animal models.
To the evaluate window of opportunity for decontamination, the fielded skin decontaminant
Reactive Skin Decontaminant Lotion (RSDL) was tested at 15 minutes and 90 minutes in hairless
guinea pigs percutaneously challenged with VX in IPA. The results showed that a thorough RSDL
decontamination at 15 minutes after 4x LD50 VX exposure caused a delay in blood ChE inhibition
and therefore would still require additional treatment, and a similar decontamination regimen
with RSDL at 90 minutes also showed that it still could effectively increase the time window of
opportunity for treatment. This was shown by decreased VX levels in the skin and most likely
plasma and an incomplete inhibition of BuChE in blood.
In conclusion the skin not only presents a barrier which delays the absorption of OP nerve agents
but also creates a depot where nerve agent is slowly released systemically. The delay in absorption
presents a window opportunity for decontamination and treatment but the amount of time is
extremely variable. The depot of agent presents a continuous release of nerve agent which
presents a significant challenge for efficacious therapy.
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L3-15
KETAMINE COMBINATIONS FOR THE FIELD TREATMENT OF SOMAN-INDUCED SELF-SUSTAINING
STATUS EPILEPTICUS. REVIEW OF THE CURRENT DATA AND PERSPECTIVES.
Frederic Dorandeu1,2, Laure Barbier1, Franck Dhote1, Guy Testylier1, Pierre Carpentier1
1

IRBA-CRSSA Département de Toxicologie et risques chimiques, 24 avenue des Maquis du
Grésivaudan, B.P. 87, 38702 La Tronche cedex, France,
2
Ecole du Val-de-Grâce, 1 place Alphonse Laveran, 75230, Paris, France
Organophosphorus nerve agents (NA), potent irreversible cholinesterase inhibitors, could induce
severe seizures, status epilepticus (SE), seizure-related brain damage (SRBD) and lethality. NAinduced self-sustaining SE shares similarities with that of other origins. Despite the lack of data in
the case of NA, clinical evidences suggest that SE survivors could suffer from neurological /
cognitive deficits and impairments such as spontaneous recurrent seizures (epilepsy) after a latent
period during which epileptogenesis takes place. It is beyond doubt that an effective and quick
management of the initial seizures and prevention of SRBD are critical to prevent these long-term
consequences, explaining why most experimental data are focusing on the 5-40 minutes postdosing time frame with little knowledge on the deleterious mechanisms beyond this point.
Subsequent epileptogenesis is not well described and anti-epileptogenesis has rarely been
specifically addressed. However, in field conditions, treatment may be delayed and with the
exception of NMDA receptor antagonists, currently no drug provides protection (against lethality,
seizures, SRBD and neurological consequences) when seizures are left unabated for one hour or
more. Ketamine is the only NMDA antagonist licensed as an injectable drug in different countries
and remains an anesthetic of choice in some difficult field conditions. In this paper, after a quick
survey of the potential therapeutic avenues in the context of delayed treatment of NA-induced SE,
we will review the recent data we obtained showing that ketamine, in combination with atropine,
with or without a benzodiazepine, considerably reduces soman-induced neuroinflammation,
provides neuroprotection, histologically and functionally, and also positively modify somaninduced changes in brain metabolism. Finally, we will also show that, at difference with MK-801,
ketamine does not impair thermoregulation and even seems to reduce atropine-induced heat
stress. All in all, ketamine, in combination, appears a good candidate for the out-of-hospital
treatment of severe NA-induced SE.
Acknowledgement: This work was supported by the French Military Health Service and
the Direction Générale pour l’Armement (research grant 08co502 to F. Dorandeu).

-71-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts

Session 4: Stoichiometric and catalytic bioscavengers against anticholinesterase agents;
nanobiotechnology for cholinesterases and related therapeutic aspects.
L4-1
THE PROTECTIVE EFFICACY OF HUMAN BUTYRYLCHOLINESTERASE AGAINST EXPOSURE TO
ORGANOPHOSPHORUS NERVE AGENTS
Douglas M. Cerasoli, Shane A. Kasten, Sean M. Hodgins, Zeke P. Oliver, C. Linn Cadieux, Tamara C.
Otto, Takwen T. Kajih, Monika A. Kauffman, David E. Lenz, and Tony E. Reeves†
†

Current Address: Southwest Research Institute, San Antonio, TX 78238
Physiology and Immunology Branch, Research Division, U.S. Army Medical Research Institute of
Chemical Defense, 3100 Ricketts Point Road, APG, MD 21010-5400
We are developing enzyme bioscavengers with broad substrate specificity for use in vivo as a
defense against organophosphorus (OP) nerve agent poisoning. Human butyrylcholinesterase
(BuChE) isolated from human plasma or purified from the milk of transgenic goats was assessed
for the capacity to protect guinea pigs against the toxic effects of OP exposure. When
administered at doses of 13, 26, 39, or 52 milligrams per kilogram prior to OP exposure, BuChE
from either source affords protection against otherwise lethal doses of tabun (GA), sarin (GB),
soman (GD), cyclosarin (GF), VX, and VR. When assessed immediately after injection of enzyme via
a carotid catheter, the stoichiometry of protection by BuChE against VX was roughly 1:1, against
VR was ~1.5:1, and against GD was 2:1; these ratios mirror the relative stereoselectivity of BuChE
for the P(+) and P(-) stereoisomers of each nerve agent. When assessed at 24, 72, or 144 hours
after intramuscular injection of BuChE, the protective ratios afforded against OP nerve agents
paralleled the amount of BuChE activity detectable in plasma. Together, the results indicate that
injection with BuChE can afford substantial protection against all nerve agents tested, and that the
extent of protection afforded correlates with the amount of BuChE present in circulation at the
time of exposure.
The views expressed in this abstract are those of the author(s) and do not reflect the official policy
of the Department of Army, Department of Defense, or the U.S. Government. The experimental
protocol was approved by the Animal Care and Use Committee at the United States Army Medical
Research Institute of Chemical Defense and all procedures were conducted in accordance with the
principles stated in the Guide for the Care and Use of Laboratory Animals and the Animal Welfare
Act of 1966 (P.L. 89-544), as amended. This research was supported by funding from the Defense
Threat Reduction Agency – Joint Science and Technology Office, Medical S&T Division.
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L4-2
HUMAN PLASMA-DERIVED BUCHE AS A STOICHIOMETRIC BIOSCAVENGER FOR TREATMENT OF
NERVE AGENT POISONING
Helen Mumford, Cerys Docx, Matthew E. Price, Stuart J. Armstrong, A. Christopher Green and John
E.H. Tattersall.
Biomedical Sciences Department, Dstl Porton Down, Salisbury, Wiltshire, SP4 0JQ United Kingdom
Potent organophosphorus (OP) agents, such as VX and its analog VR, represent a hazard by
absorption through the skin, and both VX and VR remain resistant to conventional antidotal
treatments. Kinetic data from a novel guinea-pig model [1] indicate that, following a percutaneous
(p.c.) administration of VX, toxic levels of agent in the body could outlast the effective duration of
conventional pharmacological therapies. The presumed mechanism of action of bioscavengers
(e.g. human butyrylcholinesterase, huBuChE) is to bind free nerve agent in the bloodstream,
preventing it from reaching the target tissues [2]. Data will be presented to show that the
residence time of huBuChE in the plasma more closely matches that of VX than does conventional
therapy drugs (oxime, anti-muscarinic, anticonvulsant) [1]. Recently, we showed that
intramuscular (i.m.) huBuChE afforded almost complete protection when administered prior to
the onset of observable cholinergic signs of VX poisoning [3]. The present study used a
telemetered guinea-pig model to investigate a similar dosing regimen for p.c. VR challenge. When
therapy was administered i.m., within 2h of VR challenge (0.74 mg/kg or1.6 × LD50), high
protection levels were achieved; 87.5% (7/8) of guinea-pigs survived to 48h. These results confirm
those seen previously with VX. Delaying the administration of huBuChE to the onset of systemic
cholinergic signs of poisoning reduced the 48-h survival rate against VX (0.74 mg/kg or 1.2 × LD50)
and VR (0.6 mg/kg, or 1.3 × LD50) challenge, to 1/6 and 5/8 for each agent, respectively. For either
agent, huBuChE delivered intravenously was more efficacious than i.m.; 48-h survival was 3/6 and
8/8 for VX and VR, respectively. A combination of nerve agent therapy drugs (oxime, antimuscarinic, anticonvulsant) with huBuChE (i.m.) protected 100% (8/8) of guinea-pigs from a lethal
dose of VX (0.74 mg/kg or 1.2 × LD50) to 48h, even given on signs of poisoning. Survival was
presumed to be due to immediate alleviation of the cholinergic crisis by the therapy drugs in
conjunction with protection by bioscavenger that prevented further absorbed agent reaching the
AChE target in the tissues. Physiological data confirmed that the detrimental effects of nerve
agent poisoning were rapidly reversed by the combination therapy. The protection ratio (LD50 with
MedCM / LD50 without MedCM) of the combination therapy against a percutaneous challenge of
VX was 2.24.
Acknowledgement: This work was funded by DTRA under Contract no: W81WXH-10-C-0044 and by
the UK MoD STC Research Programme. © Crown Copyright Dstl, 2012.
References:
[1] Armstrong S.J. & Docx C., this meeting.
[2] Saxena A et al. Biochem Pharmacol, 2011, 82, 1984-1993.
[3] Mumford H et al. Clinical Toxicology, 2011, 49, 287-97.
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L4-3
PROTECTION BY AEROSOLIZED RECOMBINANT MACAQUE BUTYRYLCHOLINESTERASE AGAINST
AEROSOLIZED PARAOXON EXPOSURE IN HOMOLOGOUS MACAQUES
Yvonne J. Rosenberg, Robert Adams, Beth Laube, Segundo Hernandez-Abanto, Xiaoming Jiang,
David Lee, Lingjun Mao.
PlantVax Inc, Rockville, Maryland, USA, Johns Hopkins University School of Medicine, MD,USA
Native butyrylcholinesterase (BChE) is a potent, safe and effective organophosphate (OP)
bioscavenger with very good in vivo stability but of limited availability. Alternative recombinant (r)
forms of BChE require PEG-conjugation to achieve similar plasma stability. However, while BChE
has broad antidotal properties, the large size of PEG-rMaBChE (>800,000 MW) and the 1:1
stoichiometry of BChE:OP, means large treatment doses will be required and thus the route of
systemic delivery will determine the pharmacokinetics (PK) of clearance and is critical to efficacy
and safety. We have produced both macaque (Ma) and human (Hu) forms of rBChE and, because
regulatory approval will require the Animal Rule, have initially established optimal
pharmacokinetic parameters in the absence of antibody using an homologous MaBChE model. In
this system, PK parameters (Cmax, AUC, T1/2 and MRT) were highly variable with such large doses
following sc and im delivery. Although IV delivery of PEG-rMaBChE resulted in good circulatory
retention and can prevent toxicity against exposure to paraoxon, this is only a practical countermeasure in immediate high threat situations. In order to take advantage of the large size,
aerosolized BChE, which is too large to cross the lung epithelial, has been delivered by pulmonary
delivery in order to neutralize inhaled OP in situ and prevent AChE inhibition and cholinergic crisis.
The results in both mice and macaques indicate that using pulmonary delivery, rMaBChE doses of
8-9 mg/kg can prevent inhibition of RBC-AChE without requiring expensive PEG-conjugation. These
studies are currently being performed with the CHO-derived monomeric and tetrameric forms of
rHuBChE therapeutic molecules.
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L4-4
PLANT-PRODUCED BUTYRYLCHOLINESTERASE VARIANTS AS VERSATILE BIOSCAVENGERS
Tsafrir S. Mor
School of Life Sciences and Biodesign Institute, P.O. Box 874501, Arizona State University, Tempe,
AZ 85287- 4501, USA
During the past decade our laboratory has pioneered the use of plants for the production of
recombinant human cholinesterases (ChEs). Plant-expression systems offer advantages over most
of the previously-described alternatives (e.g. engineered cell cultures, the milk of transgenic goats)
in as much the latter are supply-restricted, have limited scalability and bear the potential risk of
contamination with human pathogens and prions, and is currently the only viable system for the
production of cholinesterases. I will discuss the ability of plant-derived butyrylcholinesterase to act
as catalytic/stoichiometric bioscavengers against a diversity of xenobiotic agents including nerveagents, cocaine and succinylcholine.
Research was initiated through a DARPA research contract N66001–01-C-8015, later supported by
the National Institutes of Health CounterACT Program through the National Institute of
Neurological Disorders and Stroke under the U-54-NSO58183-01 award – a consortium grant
awarded to USAMRICD and contracted to TSM under the research cooperative agreement number
W81XWH-07-2-0023, and more recently through an NIH grant P1-DA031340-01.
References:
[1] Geyer BC et al. Plant Biotechnol J, 2010, 8, 873-886.
[2] Geyer BC et al. Proc Natl Acad Sci USA, 2010, 107, 20251-20256.
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L4-5
THE USE OF ADENOVIRUS TO DELIVER THERAPEUTIC LEVELS OF BIOSCAVENGERS AGAINST
ANTICHOLINESTERASE AGENTS
Nageswararao Chilukuri1, Oksana Lockridge2
1

Physiology & Immunology Branch, Research Division, US Army Medical Research Institute of
Chemical Defense, 3100 Ricketts Point Road, Aberdeen Proving Ground, MD 21010-5400;
2
Eppley Institute, University of Nebraska Medical Center, Omaha, NE 68198-5950.
We have explored the use of adenovirus to deliver therapeutic levels of candidate stoichiometric
and catalytic bioscavengers against anticholinesterase agents such as diisopropylfluorophosphate
(DFP), diazoxon, echothiophate, soman and VX. Candidate bioscavengers explored were human
and mouse butyrylcholinesterases (BChE), truncated BChE, human paraoxonase1 (PON1), serine
hydrolase KIAA1363, senescence marker protein 30 (SMP30) and human liver prolidase. A single
tail vein injection into mice of adenoviruses expressing these candidate bioscavengers resulted in
high-level production of the respective bioscavenger enzyme in circulation and/or tissues.
Compared to mice injected with a control virus, mice injected with viruses expressing candidate
bioscavengers contained 10- to 1500-fold higher levels of bioscavengers. Adenovirus-delivered
bioscavengers were structurally intact and displayed characteristics similar to those for native
bioscavengers. Finally, mice with elevated blood or tissue levels of candidate bioscavengers at
their peak levels were tested for survival against multiple LD50 doses of anticholinesterase agents.
Mice containing elevated blood levels of mouse or human BChE were protected from 5 to 30 LD50
doses of echothiophate, soman or VX. Mice containing elevated blood levels of PON1 were
protected from 2 to 4 LD50 doses of diazoxon but showed no protection from paraoxon, soman
and VX. Protection levels correlated with the bioscavenger expression levels. In contrast, mice
containing elevated levels of prolidase, SMP30 and KIAA1363 were not protected from DFP,
soman or VX toxicity. Based on these data, we suggest that adenovirus can be used to deliver
therapeutic levels of fully functional stoichiometric and catalytic bioscavengers and is an avenue to
explore further for potential use in humans.
Disclaimers:
The views expressed in this abstract are those of the authors and do not reflect the official policy
of the Department of Army, Department of Defense, or the U.S. Government. The experimental
protocol was approved by the Animal Care and Use Committee at the United States Army Medical
Research Institute of Chemical Defense and all procedures were conducted in accordance with the
principles stated in the Guide for the Care and Use of Laboratory Animals and the Animal Welfare
Act of 1966 (P.L. 89-544), as amended. This research was supported by the Defense Threat
Reduction Agency – Joint Science and Technology Office, Medical S&T Division.
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L4-6
ANALYSIS OF THE INPUTS REQUIRED FOR ESTIMATING CATALYTIC SCAVENGER DOSES NEEDED
TO PROTECT AGAINST OP INTOXICATION
Yacov Ashani1, Moshe Goldsmith1, Haim Leader1, Israel Silman1, Joel L. Sussman1, Dan S. Tawfik1
and Shlomi L. Pistinner2
1

The Weizmann Institute of science, Rehovot, Israel
Soreq Nuclear Research Center, Yavneh Israel

2

In order for a catalytic bioscavenger (E) to qualify as an antidote for treatment of
organophosphate (OP) intoxication, it seems reasonable to require protection at a protein dose
~10-fold lower than the doses estimated for stoichiometric scavengers such as human BChE.
Preferably, the circulating enzyme should be capable of reducing the OP concentration to <10% of
its LD50 within 0.5-1 min. Parameters such as bioavailability from the site of administration,
circulatory lifetime, shelf-life stability, safety, and cost-effective production are all important
factors. However, the enzyme’s efficacy (kcat/Km) is the key input for calculating the dose needed
to confer protection under a variety of exposure scenarios. kcat/Km effectively represents the
second-order rate constant for reaction of the enzyme with the OP. It can be measured directly
when [OP]0 <<Km, thus permitting ready comparison of the hydrolytic efficiencies of sets of
enzymes such as sets of PON1variants generated by directed evolution. The integrated form of the
Michaelis-Menten equation (dOP/dt) permits calculation of [OP]t for any given E, and we have
inserted this equation into a mathematical expression describing the kinetics of inhibition of AChE
(dAChE/dt) by an OP in presence of E. The latter equation was validated in vitro. Analysis of the
integrated forms of the two equations (i.e., dOP/dt and dAChE/dt) permits: (1) estimation of the
kcat/Km value to be taken as the acceptance criterion for a promising catalytic bioscavenger; (2) an
approximate estimate of the dose of an E of known kcat/Km required to confer protection.
Acknowledgement: Supported by the Defense Threat Reduction Agency (DTRA) of the US
Department of Defense (contract HDTRA1-07-C -0024) and by the CounterACT Program, National
Institutes Of Health Office of the Director, and the National Institute of Neurological Diseases and
Stroke (Grant Number U54-NS058183)
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L4-7
DIRECTED EVOLUTION OF SERUM PARAOXONASE 1 FOR BROAD SPECTRUM G-AGENT
HYDROLYSIS.
Moshe Goldsmith1, Yacov Ashani2,4, Yair Simo1, Moshe Ben-David2, Haim Leader3, Israel Silman4,
Joel L. Sussman2 and Dan S. Tawfik1
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3
Department of Materials and Interfaces, Weizmann Institute of Science, Rehovot, Israel
4
Department of Neurobiology, Weizmann Institute of Science, Rehovot, Israel
2

Current treatments of nerve agent intoxication are limited since they are symptomatic and do not
reduce the concentration of the intoxicating nerve agent in the body. A useful strategy for the
prevention and treatment of nerve agent intoxication would be to introduce a scavenging enzyme
that would rapidly inactivate the nerve agent by hydrolysis. According to our model, efficient invivo detoxification following exposure to toxic doses of nerve agents, using low doses of
prophylactic enzymes, requires bioscavengers whose catalytic efficiencies towards the toxic nerve
agent isomers are greater than 1x107 M-1min-1. Previously, using directed evolution, we obtained
recombinant PON1 (rePON1) variants that efficiently hydrolyze the toxic Sp isomer of cyclosarin
(GF) (≤1.75 x107 M-1min-1) and demonstrated the in-vivo prophylactic activity of such an evolved
variant in mice using a GF surrogate [1]. Here, we describe the simultaneous enhancement of
PON1’s catalytic efficiency towards three G-agents by combining targeted mutagenesis and
screening of PON1 variants. Following only 4 rounds of mutagenesis and screening, we have
obtained variants whose catalytic efficiencies towards the toxic isomers of soman (GD) and
cyclosarin (GF) are up to 5x107 and 3.4x107 M-1min-1 respectively and up to ~3x106 M-1min-1 with
sarin (GB) and Tabun (GA). These variants may qualify as broad-spectrum G-type nerve agent
prophylactics and also provide a starting point for the evolution of V-type prophylactics.
References:
[1] Gupta RD et al. Nat Chem Biol, 2011, 7, 120-125.
Acknowledgement: Financial support by the Defense Threat Reduction Agency (DTRA) of the US
Department of Defense (contract HDTRA1-07-C -0024) and by the CounterACT Program, National
Institutes Of Health Office of the Director, and the National Institute of Neurological Diseases and
Stroke (Grant Number U54-NS058183) and by grants from the Willner Albert and Blanche
foundation and Jack Wolgin are gratefully acknowledged.
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L4-8
IDENTIFICATION AND CHARACTERIZATION OF NOVEL CATALYTIC BIOSCAVENGERS
Jennifer R. Scott1, Sean Hodgins1, Monika Kauffman1, Douglas M. Cerasoli1 and Tamara C. Otto2
1

Physiology and Immunology Branch, Research Division,
Neurobehavioral Toxicology Branch, Analytical Toxicology Division, U.S. Army Medical Research
Institute of Chemical Defense, 3100 Ricketts Point Road, APG, MD, USA
2

In an effort to discover novel catalytic bioscavengers of organophosphorus nerve agents, cell
lysates from a diverse set of bacterial strains were screened for their capacity to hydrolyze the
organophosphorus nerve agents GD, VX, and VR. The library of bacterial strains was identified
using both random and rational approaches. Specifically, two representative strains from eight
categories of extremophiles were chosen at random. For the rational approach, the protein
sequence of organophosphorus hydrolase (OPH) from Brevundimonas diminuta was searched
against a non-redundant protein database using the Basic Local Alignment Search Tool (BLAST) to
find regions of local similarity between sequences. Over 15 protein sequences with significant
sequence similarity to OPH were identified from a variety of bacterial strains. Some of these
matches were based on predicted protein structures derived from bacterial genome sequences
rather than from bona fide proteins isolated from bacteria. Of the 26 strains selected for nerve
agent testing, three bacterial strains had measurable levels of OP hydrolase activity. These strains
are Micromonospora aurantiaca, Haloarcula sp, and Ammoniphilus oxalaticus. Lysates from A.
oxalaticus had detectable hydrolysis of VR; M. aurantiaca had appreciable hydrolysis of VR and
GD, whereas lysates from Haloarcula sp had detectable levels of hydrolysis of GD, VX, and VR.
Enrichment and identification of the enzyme responsible for the OP hydrolase activity in M.
aurantiaca will be discussed.
Acknowledgement: The views expressed in this abstract are those of the author(s) and do not
reflect the official policy of the Department of Army, Department of Defense, or the U.S.
Government. This research was supported by the Defense Threat Reduction Agency – Joint
Science and Technology Office, Medical S&T Division.
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L4-9
CROSSROADS IN THERAPEUTIC EVALUATION OF PARAOXONASE 1 IN NERVE AGENT TOXICITY
Manojkumar Valiyaveettil, Yonas A. Alamneh, Bhupendra P. Doctor and Madhusoodana P.
Nambiar
Walter Reed Army Institute of Research, Silver Spring, MD 20910, USA
Human paraoxonase 1 (PON1), a 45 kDa arylesterase associated with circulating high density
lipoproteins (HDL), has been described as an anti-atherogenic element in cardiovascular disorders.
The efficacy of PON1 as a catalytic bioscavenger against OP and CWNA toxicity has been on debate
for the last few decades. Unlike stoichiometric bioscavengers such as butyrylcholinesterase,
catalytic bioscavengers have the advantage of eliminating all the nerve agents at low doses and
will be cost effective. Hydrolysis of various organophosphates (OPs) and chemical warfare nerve
agents (CWNAs) by PON1 has been demonstrated in both in vitro and in vivo experiments. To
further develop PON1 for protection against nerve agents, we purified the enzyme from human
and rabbit serum as well recombinant human enzyme expressed in cabbage looper worms. We
evaluated the hydrolyzing potential of PON1 against various organophosphates (OPs) and
chemical warfare nerve agents (CWNAs) by in vitro experiments using acetylcholinesterase backtitration assay. Purified PON1s showed significant differences in catalytic efficiency between
various substrates. More interestingly, the purified PON1s could efficiently hydrolyze the nerve
agent, tabun along with other nerve agents, sarin and soman. The hydrolysis potential of PON1
against tabun was higher than sarin and soman indicating that PON1 can be used as an efficient
catalytic bioscavenger to protect against tabun exposure. The efficacy of PON1 against nerve
agents was evaluated in a guinea pig nerve agent microinstillation inhalation exposure model.
Exogenous administration of purified PON1 was effective in protecting against 1.2 X LCt50 of sarin
and soman. However, the short half-life of exogenously administered PON1, probably due to poor
association with circulating HDL, warrant alternative approaches for successful utility of PON1 in
the treatment of OP/CWNA toxicity. We will address the pros and cons of current PON1
prophylaxis and propose potential solutions for successful development of PON1 as an effective
catalytic bioscavenger for protecting the soldiers and civilians against lethal exposure of OP/CWNA
toxicity.
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L4-10
BIOCHEMICAL CHARACTERIZATION AND IN VIVO ANTI-OP PROTECTIVE EFFICACY OF
RECOMBINANT HUPON1 EXPRESSED IN TRICHOPLUSIA NI LARVAE
Sean M. Hodgins, Shane A. Kasten, Joshua Harrison, Tamara C. Otto, Zeke P. Oliver, Peter Rezk,
Elena Kovaleva*, Susan Brown*, George W. Buchman*, Tony E. Reeves†, Nageswararao Chilukuri
and Douglas M. Cerasoli
†

Current Address: Southwest Research Institute, San Antonio, TX 78238
Chesapeake PERL, Inc., Savage, MD 20763
Physiology and Immunology Branch, Research Division, U.S. Army Medical Research Institute of
Chemical Defense, 3100 Ricketts Point Road, APG, MD 21010-5400

*

By examining a series of asparagine to glutamine substitution variants, we have determined the
sites of glycosylation present on a recombinant version of human paraoxonase 1 (iPON1)
expressed in cabbage loopers (Trichoplusia ni). The glycosylation anchor sites were determined to
be residues N253 and N324. The substitution of both glycosylation sites to glutamine residues
resulted in a non-glycosylated iPON1 with catalytic activities against multiple substrates
comparable to the activity of fully glycosylated iPON1, although the unglycosylated variant was
less stable than the wild-type. In related experiments, we tested the capacity of glycosylated
iPON1 to afford protection to guinea pigs against 2 or more median lethal doses of the
organophosphorus (OP) nerve agents soman (GD) and VX, as well as the OP pesticide chlorpyrifos
oxon. In parallel, we assessed the capacity of adenovirus-induced expression of human PON1 to
protect mice against GD, VX, or the OP pesticide diazoxon. In both animal models, elevated levels
of PON1 protected against otherwise lethal doses of the OP pesticide but not the nerve agents GD
and VX. Together, the results support our prior conclusions that wild-type human PON1 does not
have sufficient catalytic efficiency against OP nerve agents to provide in vivo protection.
The views expressed in this abstract are those of the author(s) and do not reflect the official policy
of the Department of Army, Department of Defense, or the U.S. Government. The experimental
protocol was approved by the Animal Care and Use Committee at the United States Army Medical
Research Institute of Chemical Defense and all procedures were conducted in accordance with the
principles stated in the Guide for the Care and Use of Laboratory Animals and the Animal Welfare
Act of 1966 (P.L. 89-544), as amended. This research was supported by the Defense Threat
Reduction Agency – Joint Science and Technology Office, Medical S&T Division.
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L4-11
THE IN VITRO SPECIFICITY AND IN VIVO PROTECTIVE EFFICACY OF PON1 VARIANTS AGAINST
EXPOSURE TO ORGANOPHOSPHORUS NERVE AGENTS
Shane A. Kasten, C. Linn Cadieux, Sean M. Hodgins, Tamara C. Otto, Monika A. Kauffman, Takwen
T. Kajih, Zeke P. Oliver, Tony E. Reeves†, David E. Lenz and Douglas M. Cerasoli
†

Current Address: Southwest Research Institute, San Antonio, TX 78238
Physiology and Immunology Branch, Research Division, U.S. Army Medical Research Institute of
Chemical Defense, 3100 Ricketts Point Road, APG, MD 21010-5400

Variants of paraoxonase 1 (PON1) have been identified through multiple rounds of selection to
have enhanced catalytic activity against organophosphorus (OP) nerve agents. The catalytic
efficiency and stereoselectivity of different bacterially expressible PON1 variants for the nerve
agents GA, GB, GD, GF, VX, and VR were compared. Later generational variants were found to
have an increased activity for catalyzing the hydrolysis of the more toxic stereoisomer(s) of the
nerve agents. In initial experiments to measure in vivo protective efficacy against OP nerve agents,
guinea pigs were injected with 0.1 to 10.0 mg/kg of PON1 variant enzymes, followed 20 or more
minutes later by exposure via subcutaneous injection to 2 LD50s of GA, GB, GD, GF or VX. While the
progenitor PON1 variant G3C9 was not effective against OPs even when administered at 10 mg/kg,
PON1 variants from subsequent generations were able to protect animals against G-type nerve
agents at substantially lower doses. These data help to define the relationship between in vitro
kinetic parameters and in vivo protective efficacy for PON1 variants, and will be useful in
establishing a predictive index for future catalytic bioscavenger development and screening.
The views expressed in this abstract are those of the author(s) and do not reflect the official policy
of the Department of Army, Department of Defense, or the U.S. Government. The experimental
protocol was approved by the Animal Care and Use Committee at the United States Army Medical
Research Institute of Chemical Defense and all procedures were conducted in accordance with the
principles stated in the Guide for the Care and Use of Laboratory Animals and the Animal Welfare
Act of 1966 (P.L. 89-544), as amended. This work was supported by the NIH CounterACT grant
Center of Excellence grant U54 NS058183 (to D.E.L.).
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L4-12
NANOZYMES AS POTENTIAL BIOSCAVENGERS FOR PREVENTION AND REPARATION OF DAMAGE
CAUSED BY OP COMPOUNDS
E.N. Efremenko1, N.V. Zavyalova1, I.V. Lyagin1, T.K. Bronich2, N.L. Klyachko1, A.V. Kabanov1,2
1

Department of Chemical Enzymology and Laboratory for Chemical Design of Bionanomaterials,
Moscow, 117293, Russia,
2
Department of Pharmaceutical Sciences and Center for Drug Delivery and Nanomedicine, College
of Pharmacy, University of Nebraska Medical Center, Omaha, NE 68198
skabanov@me.com
“Nanozymes” are interpolyelectrolyte complexes of enzymes and oppositely charged block
copolymers containing ionic and nonionic blocks (“block ionomers”). They are obtained by simple
mixing of the components due to electrostatic complexation and can be additionally stabilized by
covalent cross-links between block ionomer chains (“caging”) or block ionomer and biopolymer
chains (1). Biodegradable nanozymes are designed using biodegradable block ionomers or
cleavable cross-links (e.g., containing disulfide bond). Following incorporation into the nanozyme
complexes and cross-linking enzymes remain catalytically active. Nanozymes can be administered
in the body by different routes including intravenous (i.v.), intramuscular (i.m.), intranasal (i.n.),
and others. Furthermore, nanozymes can be injected into the body through a cell-mediated route
(i.v.) using macrophages as carriers that transport and release nanozymes at the sites of
inflammation and tissue damage. Thus antioxidant catalase nanozyme was used in a macrophagemediated carriage format to scavenge reactive oxygen species and decrease neurodegeneration
following brain chemical intoxication in Parkinson Disease (PD) model (2). Nanozymes of
superoxide dismutase (SOD1) were administered i.v. in various diseases associated with
overproduction of reactive oxygen species and shown physiological response, such as decrease of
blood pressure during Angiotensin II mediated hypertension (3), and mitigation of brain injury and
improvement of sensorimotor function during experimental stroke. In the latter case a transient
opening of the blood-brain barrier (BBB) could facilitate the delivery of the nanozyme to the brain.
A nanozyme of a scavenger of organophosphate (OP) compounds, human butyrylcholinesterase
(hBChE), was shown to deliver active protein to the brain following i.m. administration (4). A
stable, catalytically active nanoformulation of organophosphate hydrolase (OPH) was synthesized
and examples of its applications as a potential scavenger for OP compounds are available. This
work was supported in parts by Ministry of Education and Science of Russian Federation grant
11.G34.31.0004 U.S. National Institutes of Health (NIH) grant RR021937, and U.S. Department of
Defense grants W81XWH-05-C-0053 and W81XWH-11-1-0700.
References:
[1] Klyachko, N.L. et al. Nanomedicine: Nanotechnology, Biology and Medicine, 2012, 8, 119-29.
[2] Brynskikh, A.M. et al. Nanomedicine (Lond), 2010, 5, 379-96.
[3] Rosenbaugh, E. et al. Biomaterials, 2010, 31, 5218-26.
[4] Gaydess, A. et al. Chem. Biol. Interact, 2010, 187, 295-8.
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L4-13
AN ENGINEERED MUTANT OF HUMAN PLATELET ACTIVATING FACTOR ACETYLHYDROLASE
HYDROLYZES ORGANOPHOSPHORUS NERVE AGENTS
Stephen Kirby1,2, Joseph Norris1, Brian Bahnson2, and Douglas Cerasoli1
1

U.S. Army Medical Research Institute of Chemical Defense, APG, MD 21010.
University of Delaware, Department of Chemistry & Biochemistry, Newark, DE 19716.

2

Organophosphorus compounds (OPs) such as sarin (GB) and soman (GD) are highly toxic synthetic
chemicals that inactivate acetylcholinesterase and inhibit secondary target proteins in the blood
and other tissues. OP inhibitors are hemi-substrates for enzymes of the serine hydrolase
superfamily; these enzymes have the potential to be engineered by point mutations into OPhydrolyzing platforms that can be used as catalytic bioscavengers. Enzymes associated with
lipoproteins, such as human plasma platelet activating factor acetylhydrolase (pPAF-AH), are less
attractive engineering targets due to slower turn-over rates and lack of structural data. We have
expressed active pPAF-AH in bacteria and crystallized the enzyme-OP adducts. Based on these
structures, we engineered histidine mutations (L153H, W298H, F322H) near the permissive active
site to enhance removal of the OP from the phosphorylated serine. Wild-type pPAF-AH, L153H,
and F322H have little activity against GD, yielding nearly identical rates from negative control
transformations. In contrast, W298H displayed novel somanase activity with a kcat of 5 min-1 and a
KM of 590 µM at pH 7.5. There was no selective preference for hydrolysis for any of the four GD
stereoisomers. These results demonstrate that lipoprotein-associated enzymes can be effectively
engineered to develop novel activities against OP substrates.
The views expressed in this abstract are those of the author(s) and do not reflect the official policy
of the Department of Army, Department of Defense, or the U.S. Government. This research was
supported by the Defense Threat Reduction Agency – Joint Science and Technology Office, Medical
S&T Division and a NIH grant (1R01HL084366) from the National Heart, Lung and Blood Institute.
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L4-14
CATALYTIC ACTIVITY OF HUMAN PROLIDASE AND ITS VARIANTS AGAINST NERVE AGENTS
Robert C. diTargiani, Takwen T. Kajih, Joshua L. Harrison, Joseph R. Norris III, Douglas M. Cerasoli
Research Division, US Army Medical Research Institute of Chemical Defense, 3100 Ricketts Point
Road, APG, MD 21010-5400
Human prolidase (EC 3.4.13.9) is a candidate catalytic bioscavenger of organophosphorus nerve
agents. Previous studies indicated that prolidase can catalyze the hydrolysis of all G-type nerve
agents (GA, GB, GD, and GF), but the stereoselectivity and detailed kinetic parameters for this
activity were not established. Chiral gas chromatography was used in conjunction with mass
spectrometry (GC/MS) to measure the rate of hydrolysis of racemic nerve agent, yielding a relative
measure of the stereopreference of prolidase for the enantiomers of GA, GB, GD, and GF. Each of
the nerve agents analyzed consists of P(+) and P(-) isomers, of which the P(-) isomer is more
inhibitory of AChE in vitro and more toxic in vivo; GD has a second stereocenter, resulting in 4
enantiomers. Two isoforms of human prolidase (endogenous to skin or kidney) were expressed as
recombinant proteins in insect larvae and purified to >95% homogeneity by Chesapeake-PERL. The
results indicate that both isoforms of prolidase have similar activity towards G-type nerve agents
and have KM values >1 mM. Catalytic efficiencies for the different G agents varied between 104 to
106 M-1min-1, and preference for the P(+) isomer was detected for each. Based on these results,
wild-type human prolidase is not predicted to be capable of affording protection in vivo against G
agents. We then attempted to enhance the OP hydrolyzing activity of human prolidase by
producing three variants: R395S, R398S and T299Y. Unfortunately, none of the variants improved
the catalytic efficiencies enough to be predicted to afford protection. Future efforts to improve
the hydrolytic activity of human prolidase toward OP nerve agents will combine the knowledge
obtained with a directed evolution library.
The views expressed in this abstract are those of the author(s) and do not reflect the official policy
of the Department of Army, Department of Defense, or the U.S. Government. This research was
supported by the Defense Threat Reduction Agency – Joint Science and Technology Office, Medical
S&T Division.
Acknowledgement: R.C.D., J.L.H. and J.R.N. were supported in part by an appointment to the
Internship/Research Participation Program for the US Army Medical Research Institute of Chemical
Defense, administered by the Oak Ridge Institute for Science and Education through an agreement
between the US Department of Energy and the USAMRICD.
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L4-15
STRATEGIES FOR THE SELECTION OF CATALYTIC ANTIBODIES AGAINST OP NERVE AGENTS
Pierre-Yves Renard
Université de Rouen, Bioorganic chemistry team, UMR 6014 CNRS COBRA, IRCOF, Rue Tesniere
76130 Mont Saint Aignan
Among the strategies aimed at biocompatible means for Organophosphorus Nerve Agents
neutralization, immunoglobulins have attracted attention in the 1990’s and 2000’s both for their
ability to immobilize the toxic, but also for their ability to be turned into enzymatically active
antibodies known as catalytic antibodies or abzymes (antibodies – enzymes) [1,2].
We will present a critical review of the successive strategies used for the selection of these nerve
agents hydrolyzing abzymes [3,4] namely antibodies raised against a wide variety of transition
state analogues [5], immunologically driven catalytic antibodies engineering [6], and eventually a
rapid outlook on the reactibodies [7].
References:
[1] P.G. Schultz et al. Angew. Chem. Int. Ed, 2002, 41, 4427-4437.
[2] L. H. Stockwin Expert. Opinion Biol. Ther., 2003, 3 (7), 1133-1152
[3] B. M. Smith Chem. Soc. Rev., 2008, 37 (3), 470-478.
[4] L. M. Eubanks et al. Chem. Soc. Rev., 2007, 36 (3), 458-470.
[5] P. Vayron et al. Proc. Natl. Acad. Sci. USA, 2000, 97, 7058-7063.
[6] F. Jovic et al. Tetrahedron Lett. 2005, 46 (20), 6809-6814.
[7] I. Smirnov et al. Proc. Natl. Acad. Sci. USA, 2011, 108 (38), 15954-15959.
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L4-16
CATALYTIC ANTIBODIES REACTING WITH OP COMPOUNDS
Alexandre Gabibov1, Inna Kurkova1, Ivan Smirnov1, Natalia Ponomarenko1, Vera Knorre1, Nikita
Kuznetsov2, Alexander Tonevitsky3, Alain Friboulet4, Alfonso Tramontano5, Eugénie Carletti6,
Patrick Masson7.
1

Shemyakin&Ovchinnikov Institute of Bioorganic Chemistry, Miklukho-Maklaya 16/10, Moscow,
117997, Russia
2
Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy
of Sciences, Novosibirsk 630090, Russia
3
Institute of Gene Biology, Moscow 117334, Russia
4
Université deTechnologie de Compiègne, Unité Mixte de Recherche 6022 Centre National de la
Recherche Scientifique, 60205 Compiègne, France
5
School of Medicine, University of California, Davis, CA 95616
6
Institut de Biologie Structurale, 38027 Grenoble, France
7
Departement de Toxicologie, Institut de Recherche Biomédicale des Armées, 38702 La Tronche,
France
We have used a covalent capture selection strategy to identify biocatalysts capable of reacting
with OPs from within a human semisynthetic antibody variable fragment library that uses a
nucleophilic mechanism. Specific phosphonylation at a single tyrosine within the variable lightchain framework was confirmed in a recombinant IgG construct.
High resolution crystallographic structures of unmodified and phosphonylated Fabs (the reacting
OP was p-nitrophenyl 8-methyl-8-azabicyclo(3,2,1)octyl phenyl phosphonate) showed a 15-Å-deep
two-chamber cavity at the interface of variable light (VL) and variable heavy (VH) fragments having
a nucleophilic tyrosine at the base of the site. The depth and structure of the pocket are atypical of
antibodies in general. A structurally disordered heavy chain complementary determining region 3
loop, constituting a wall of the cleft, is stabilized after covalent modification by hydrogen bonding
to the phosphonate tropinol moiety.
Structural features and presteady state kinetics analysis indicate that an induced fit mechanism
operates in the phosphonylation reaction. Mutations of residues located in this stabilized loop do
not interfere with direct contacts to the organophosphate ligand but can interrogate second shell
interactions, because the H3 loop has a conformation adjusted for binding. Kinetic and
thermodynamic parameters along with computational docking support the active site model,
including plasticity and simple catalytic components. Although relatively uncomplicated, this
catalytic machinery displays both stereo and chemical selectivity. The OP pesticide paraoxon is
hydrolyzed bu this reactibody with rate-limiting dephosphorylation. This reactibody is, therefore, a
kinetically selected protein template that has enzyme-like catalytic attributes. Though the catalytic
activity is slow, recent mutagenesis results indicate that it may be greatly improved. This open
new perspectives for detoxification of OPs.
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L4-17
FUNCTIONALIZED CYCLODEXTRINS – A PROMISING WAY TO DEGRADE NERVE AGENTS
Estour F.1,2, Letort S.1, Müller S. 3, Reiter G.3, Worek F.3, Lafont O.2, Gouhier G.1
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Université de Rouen, U.F.R. de Médecine et Pharmacie, Laboratoire de Pharmacochimie, 22
Boulevard Gambetta, 76183 Rouen Cedex 1, France.
3
Bundeswehr Institute of Pharmacology and Toxicology, Neuherbergstrasse 11, 80397 Munich,
Germany.
2

Organophosphorus (OP) nerve agents are irreversible inhibitors of acetylcholinesterase. Chemical
warfare agents and the most powerful pesticides belong to this family of compounds. The use of
nerve agents during military conflicts and by terrorists emphasizes the urgent need for effective
medical countermeasures against such agents. The aim of our research project is to identify new
mild and biocompatible detoxification means for a dual use, either during conflicts or terrorist
attacks. Our study is focused on chemical scavengers able to neutralize OP molecules before they
reach their neurological targets. A mild decontamination mean must satisfy two requirements: it
must have affinity for the toxic and it must be reactive to achieve its destruction. In order to build
biomimetic structures, cyclodextrins are extremely interesting components and present several
advantages in preparing active scavengers. This kind of cyclic oligosaccharide is useful to trap the
nerve agent. The presence of secondary hydroxyl groups of glucose located on the most open face
of the cyclodextrin torus can be exploited for introducing functional chemical groups. The
oligosaccharide can be then modified into a truly reactive molecule towards a nerve agent as
substrate. The interest of this strategy is to take advantage of the OP substrate binding into the
oligosaccharide cavity in order to force a reactive positioning of the nerve agent towards the
reactive function. Moreover, cyclodextrins are molecular platforms that could avoid the main
problems caused by natural enzymes such as large-scale production, pharmaceutical formulations,
cost, storage stability, and immunogenicity.
We have grafted on β-cyclodextrin 2-iodosobenzoate and 2-pyridinylaldoximates derivatives.
These functionalized cyclodextrins displayed promising results, efficiently hydrolyzing nerve agents
such as soman, sarin, cyclosarin and tabun. The determination of the complete kinetics of
cyclosarin inactivation by one of these scavengers proved the potential therapeutic relevance.
Two scavengers showed an enantioselective hydrolysis of cyclosarin at physiological pH, the
degradation of the most toxic enantiomer (-)-cyclosarin being faster.
These chemical scavengers could be used for prophylactic and curative medical applications. The
most active cyclodextrins could be immobilized on textiles in order to develop protective
equipments. They could be also used by injection to treat intoxicated persons, or to design
hemofilters for an out-patient detoxification by an extra-corporeal treatment. Thus, these various
scavengers devices could be applied at various stages after an attack by chemical warfare agents.
This work was supported by Région “Haute-Normandie” and the Délégation Générale pour
l’Armement (DGA, French Departement of Defense Procurement Agency, PhD research grants),
and Agence Nationale pour la Recherche (ANR – detoxneuro BLAN06-1_134538).
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L4-18
PROGRESS TOWARD GENE TRANSFER OF MODIFIED HUMAN BUTYRYLCHOLINESTERASE AS A
THERAPY FOR COCAINE ADDICTION.
Stephen Brimijoin1, Yang Gao1, Marilyn Carroll2, Frank Orson3, and Robin Parks4.
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We are developing a therapy for cocaine abuse based on viral gene transfer of an efficient cocaine
hydrolase (CocH) derived from human butyrylcholinesterase. The aim is to use a single treatment
for sustained delivery of enzyme at levels capable of destroying typical “recreational” drug doses
before they activate reward centers in the brain. Data from rat and mouse models demonstrate
that such an enzyme can be delivered by helper-dependent adenovirus and adeno-associated virus
vectors for long-term expression in specific tissues, especially liver, for up to a year or more after a
single i.v. injection. We have also shown that such in vivo transduction greatly reduces behavioral
responses to cocaine, such as cocaine stimulated locomotion in rats and mice, as well as cocaineprimed reinstatement of drug seeking behavior in rats (a model for addiction relapse in human
users). We also observed synergistic behavioral effects in rats and mice after combining CocH gene
transfer with anti-cocaine vaccines. Additional results show that such combinations provide
protection against the acute lethality of massive cocaine doses (up to 120 mg/kg or more) and also
suppress the chronic liver damage induced by large doses of cocaine, as indicated by sentinel
enzymes in plasma and by histopathology. Considering both the potential hazards and benefits of
systemic gene transfer of BChE-based cocaine hydrolases, we judge that such a therapy, focused
on reducing risk of relapse into drug-seeking after a period of abstinence, may represent a
significant advance in treatment of cocaine addiction.
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L4-19
COCAINE HYDROLASE AND ANTI-COCAINE ANTIBODY COMBINE TO REDUCE COCAINE
STIMULATION AND TOXICITY
Yang Gao1, M.E. Carroll, Frank Orson2, Tom Kosten2, Stephen Brimijoin1
1
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2
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In developing an vivo drug-interception therapy to treat cocaine abuse and hinder relapse into
drug seeking provoked by re-encounter with cocaine, two promising agents are: 1) a cocaine
hydrolase (CocH) derived from human butyrylcholinesterase and delivered by gene transfer: 2) an
anti-cocaine antibody (AB) delivered by vaccination. CocH will destroy limitless quantities of drug
but needs time, while ABs bind rapidly but can be saturated by large drug doses. Previous work
showed that AB and CocH act additively to cocaine uptake in brain. Subsequent experiments
demonstrated synergistic protection against liver damage and other signs of cocaine toxicity. To
test combined treatments on behavioral responses to cocaine, we examined cocaine-stimulated
locomotor activity and conditioned place-preference (CPP) in mice. Results to date confirm that
behavioral responses to very high dose cocaine are indeed suppressed with markedly greater
efficiency using AB plus gene transfer of CocH. Experiments with lower drug doses most relevant
to human addiction are in progress and will be presented.
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Session 5: Enzymes other than cholinesterases reacting with anticholinesterase agents.
L5-1
ANTICHOLINESTERASE INSECTICIDE RETROSPECTIVE
John E. Casida
Environmental Chemistry and Toxicology Laboratory
Department of Environmental Science, Policy and Management
University of California, Berkeley, California, 94720-3112 USA
The anticholinesterase (antiChE) organophosphorus (OP) and methylcarbamate (MC) insecticides
have been used very effectively as contact and systemic plant protectants for seven decades.
About 90 of these compounds are still in use – the largest number for any insecticide chemotype
or mode of action. In both insects and mammals, AChE inhibition and acetylcholine accumulation
leads to excitation and death. The cholinergic system of insects is located centrally (where it is
protected from ionized OPs and MCs) but not at the neuromuscular junction. Structural
differences between insect and mammalian AChE are also evident in their genomics, amino acid
sequences and active site conformations. Species selectivity is determined in part by inhibitor and
target site specificity. Pest population selection with OPs and MCs has resulted in a multitude of
modified AChEs of altered inhibitor specificity some conferring insecticide resistance and others
enhancing sensitivity. Much of the success of antiChE insecticides results from a suitable balance
of bioactivation and detoxification by families of CYP450 oxidases, hydrolases, glutathione
S-transferases and others. Known inhibitors for these enzymes block detoxification and enhance
potency which is particularly important in resistant strains. The current market for OPs and MCs of
19% of worldwide insecticide sales is only half of that of 10 years ago for several reasons: there
have been no major new compounds for 30 years; resistance has eroded their effectiveness;
human toxicity problems are still encountered; the patents have expired reducing the incentive to
update registration packages; alternative chemotypes or control methods have been developed.
Despite this decline, they still play a major role in pest control and the increasing knowledge on
their target sites and metabolism may make it possible to redesign the inhibitors for insensitive
AChEs and to target new sites in the cholinergic system. The OPs and MCs are down but not out.
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L5-2
CARBOXYLESTERASES AS TARGETS FOR ANTICHOLINESTERASE AGENTS
Philip M. Potter
Department of Chemical Biology and Therapeutics, St. Jude Children’s Research Hospital, Memphis,
TN 38105, USA.
Carboxylesterases (CE) are ubiquitous enzymes present in virtually all living species. Their exact
function is unclear since no bona fide endogenous substrates have been identified for these
proteins. Hence they are considered to be part of a general detoxifying mechanism designed to
protect organisms from natural product xenobiotics. We recently determined the X-ray crystal
structure of two mammalian CEs and demonstrated that these enzymes demonstrate considerable
structural homology to the cholinesterases (ChE). Indeed, the active sites and catalytic residues
indicate that these enzymes likely evolved from a common esterase. Substrate specificity for the
CEs is determined, in part, by the plasticity of domains that form the entrance to the active sites of
these proteins. However, there are clear instances where ChE inhibitors are CE substrates (e.g.
irinotecan). In addition, specific AChE and BChE inhibitors can also inhibit human CEs. In contrast, a
series of specific CE inhibitors (ethane-1,2-diones) demonstrate no activity towards the ChEs. I will
discuss the biology of the CEs, their inhibition by different compounds, and their interactions with
anticholinesterase agents.
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L5-3
NEUROPATHY TARGET ESTERASE (NTE): OVERVIEW AND FUTURE
Rudy J. Richardson1 and Galina F. Makhaeva2
1

Toxicology Program, University of Michigan, Ann Arbor, Michigan 48109, USA
Institute of Physiologically Active Compounds RAS, Chernogolovka, 142432 Russia

2

NTE was discovered by M.K. Johnson in his quest for the esterase responsible for the striking and
mysterious paralysis brought about by certain organophosphorus (OP) esters. His pioneering work
on OP neuropathy led to the view that the biochemical lesion consisted of NTE that had
undergone OP inhibition and aging. Indeed, nonaging NTE inhibitors failed to produce neuropathy
but protected against neuropathy from subsequently administered aging inhibitors. Thus,
inhibition of NTE activity was not the culprit; rather, formation of an abnormal protein was the
agent of the disorder. More recently, however, Paul Glynn and colleagues showed that whereas
conventional knockout of the NTE gene was embryonic lethal, conditional knockout of CNS NTE
produced neurodegeneration. This result suggested that the absence of NTE rather than its
presence in some altered form caused disease. We now know that NTE is the 6th member of a 9protein family called patatin-like phospholipase domain containing proteins, PNPLA1-9. Mutations
in the catalytic domain of NTE (PNPLA6) are associated with a slowly developing hereditary spastic
paraplegia that we have named NTE-related motor neuron disorder (NTE-MND). Furthermore, the
NTE protein from affected individuals has altered enzymological characteristics. These seemingly
disparate findings are not necessarily mutually exclusive, but we need to reconcile recent genetic
findings with the body of toxicological data indicating that inhibition and aging of NTE are
necessary in order to produce neuropathy from exposure to OP compounds. Solving this mystery
will be satisfying in itself, but it is likely to pay many dividends by enhancing our understanding of
the physiological and pathogenic roles of the PNPLA family of proteins.
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L5-4
TERT-BUTYLATED TRIARYL PHOSPHATES ARE NOT READILY METABOLIZED TO SERINE ESTERASE
INHIBITORS
Paul E. Baker1,2, Toby B. Cole1,3, Megan Cartwright3, Stephanie M. Suzuki1,2, Kenneth E. Thummel4,
Yvonne S. Lin4, Aila L. Co1,2, Allan E. Rettie5, Jerry H. Kim6, Clement E. Furlong1,3
Departments of 1Medicine-Division of Medical Genetics, 2Genome Sciences, 3Environmental and
Occupational Health Sciences, 4Pharmaceutics, 5Medicinal Chemistry, and 6Department of
Anesthesiology and Pain Medicine, University of Washington, Seattle, WA, 98195
Jet engine lubricants contain triaryl phosphates (TAPs) as anti-wear additives. These compounds
can enter the aircraft cabin through the bleed air system when engine seals fail or wear or even
during routine operation. A number of pilots have lost their medical certificates due to
neurological damage, possibly related to TAP exposure. Tricresyl phosphate esters that contain
ortho isomers (ToCP) are converted by cytochromes P450 to the known neurotoxic metabolite
cyclic saligenin cresyl phosphate [2-(o-cresyl)-4H-1,3,2-benzodioxaphosphoran-2-one] (CBDP).
ToCP was the toxic agent that resulted in to 50,000 cases of “Ginger Jake” paralysis following
ingestion of adulterated ginger extracts during the era of Prohibition (of alcohol consumption) in
the USA.
Given the potentially ongoing health effects of TAP exposure and the resource cost of identifying
less toxic TAPs in vivo, we have developed an in vitro assay to screen candidate additives against
for their ability to inhibit the classical biomarker serum enzyme butyrylcholinesterase (BChE). The
in vitro results were validated in a murine model of acute exposure. For the in vitro screening
assay, the TAPs were bioactivated by rat liver microsomes in presence of the cofactor NADPH and
the resulting metabolites were tested for their ability to inhibit purified human BChE. Nineteen
different TAPs or commercial mixtures of TAP esters were tested with this assay. Three were
ultimately chosen for in vivo validation of enzymatic inhibition in mice: a commercial mixture of
TAPs [Durad 125 (D125)]; tri-(p-cresyl) phosphate (TpCP); and tri-(p-tert-butylphenyl) phosphate
(TpBP). Neither TpCP nor TpBP inhibited BChE in vitro or in vivo, while D125 was a potent inhibitor
of BChE both in vivo and in vitro. Several additional serine active site enzymes were analyzed for
inhibition following the in vivo exposures. TpCP which did not inhibit BChE either in vitro or in vivo
was a potent inhibitor of carboxylesterase (CES) when tested in vivo, while TpBP produced only
moderate inhibition of CES following an in vivo gavage exposure. Of the TAPs tested, TpBP was the
least inhibitory to serine active site enzymes. Depending on its lubricating qualities, it may be a
replacement candidate for the TAPs with more inhibitory potential.
Supported by NIH Grants R01ES09883, P42ES04696, NIEHS P30ES07033, GM32165 and funding
from Pilot Unions, Flight Attendant Unions, the Royal Australian Air Force, Norwegian Union of
Energy Workers (SAFE) the CDC National Center for Environmental Health Division of Laboratory
Sciences and NYCO S.A. SMS is supported by an NIEHS Environmental Pathology/Toxicology
Training Grant, P30ES007032.
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L5-5
DIFFERENTIAL INTERACTIONS OF NEUROPATHY INDUCERS, NON-INDUCERS AND PROMOTERS
WITH SOLUBLE AND MEMBRANE ESTERASES: KINETIC APPROACHES
Jorge Estevez, Iris Mangas, Miguel Angel Sogorb, Eugenio Vilanova
University “Miguel Hernandez” of Elche (Alicante, Spain). Institute of Bioengineering. Unit of
Toxicology and Chemical Safety
Cholinesterases, serine-peptidases and neuropathy target esterase (NTE) are known proteins
which carboxylesterase or peptidase enzymatic activity which are covalently inhibited by
organophosphorus compounds (OPs) and other acylating chemicals as sulphonyl fluorides
(i.e: PMSF). The acute or delayed neurotoxicological effects of aceylcholinestesase or NTE
inhibition are well known. The biological function of acetylcholinestese and peptidase are known
and related directly with their catalytic esterase properties but for NTE, a membrane bound
protein, it is no clear: a phosphatidyl deacylase activity has been suggested for a function on lipid
homeostasis in adults for axon maintenance. More recently a critical role of NTE in cell
differentiation and embryonic development is under study. In mammals, avian and other species,
other carboxylesterases with unknown toxicological and biological function are interacting with
OPs. Using inhibition kinetic approaches to complex systems, several components of sensitive
carboxylesterases have been discriminated considering the sensitivity (inhibition rate constant)
and spontaneous reactivation (dephosphorylation) soluble and membrane fractions of chicken
nerves (model animal for OP delayed neuropathy). Peripheral nerve soluble fraction contain 3
components, two of them highly sensitive (nmolar levels) to paraoxon, mipafox, S9B and PMSF
(micromolar level), two of them spontaneously reactivated after paraoxon inhibition and one with
S9B. In brain soluble fraction 4 components were discriminated, with different sensitivities to the
inhibitors and their sensitivity change when preincubated with low no inhibitory concentration of
PMSF, demonstrating some kind of interaction in no catalytic site. In brain membrane, also 4
components are discriminated (one of them is NTE) and their sensitivity is significantly changed by
pre-exposure to PMSF. How this PMSF interaction may have a role in the so called
potentiation/promotion effect is under study. The role in detoxication as scavengers or by their
spontaneous reactivating properties also needs to be clarified. Other tyrosine carboxylesterase (as
the esterase activity of albumin) also show spontaneous reactivation and has been suggested a
role in detoxication of OP and carbamates. The kinetic discrimination of esterase allows us to have
now better criteria to design which fraction of esterases should be isolated and molecularly
characterize.
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L5-6
ORGANOPHOSPHORUS COMPOUND ESTERASE PROFILES AS PREDICTORS OF THERAPEUTIC AND
TOXIC EFFECTS
Galina F. Makhaeva1, Eugene V. Radchenko1,2, Vladimir A. Palyulin1,2, Elena V. Rudakova1, Alexey Y.
Aksinenko1, Vladimir B. Sokolov1, Nikolay S. Zefirov1,2, Rudy J. Richardson3
1

Institute of Physiologically Active Compounds RAS, Chernogolovka, 142432 Russia
Department of Chemistry, Moscow State University, Moscow, 119991 Russia
3
Toxicology Program, University of Michigan, Ann Arbor, Michigan 48109, USA
2

OPCs interact with various serine esterases (EOHs) via phosphorylation of serine in their active
sites. In particular, these EOHs and effects of their inhibition comprise acetylcholinesterase (AChE:
acute neurotoxicity; cognition enhancement), butyrylcholinesterase (BChE: inhibition of drug
metabolism and/or stoichiometric scavenging of EOH inhibitors; cognition enhancement),
carboxylesterase (CaE; inhibition of drug metabolism and/or stoichiometric scavenging of EOH
inhibitors), and neuropathy target esterase (NTE: delayed neurotoxicity, OPIDN). The relationships
among these interactions determine the physiological effects of an OPC. Thus, understanding and
controlling the ‘esterase profile’ of OPC activity and selectivity toward 4 target enzymes is
significant. Inhibitor properties of 52 OPCs of general formula (RO)2P(O)L, where R = Alkyl, L =
SCHX(COOEt), -SCHX2 (X = Cl, Br), -OCH(CF3)R1 (R1=CF3, COOEt, C6H5) against AChE, BChE, CaE, and
NTE, along with pairwise and multitarget selectivities between them, have been analysed using
two QSAR approaches. First, a Hansch model showed that increasing neuropathic potential
correlated with rising R hydrophobicity; moreover, OPC binding to scavenger EOH (BChE and CaE)
had different effects on acute and delayed neurotoxicity. Protective roles of BChE and CaE against
acute toxicity were enhanced with increasing hydrophobicity, but protection against OPIDN was
decreased. Next, Molecular Field Topology Analysis (MFTA) models were built, considering atomic
descriptors, e.g., effective charge, van der Waals radius of environment, and group lipophilicity.
Activity/selectivity maps confirmed predictions from Hansch models and revealed other structural
factors affecting activity and selectivity. Virtual screening based on multitarget selectivity MFTA
models was used to design libraries of OPCs with favorable esterase profiles for potential
application as selective inhibitors of BChE and CaE without untoward side effects.
Supported by RAS "Medicinal Chemistry", RFBR grant 11-03-00581 and NATO SfP project 984082.
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L5-7
HOW DOES PARAOXONASE 1 WORK IN VIVO – THE INDIRECT MODEL
Dragomir I. Draganov1
1

WIL Research Laboratories, LLC, Ashland, OH, USA

Paraxonase 1 (PON1) is a hydrolase with broad substrate specificity over lactones, cyclic carbonic
esters, aromatic esters and some oraganophosphates. In circulation, PON1 is exclusively bound to
the high-density lipoprotein (HDL) and is considered important for HDL’s anti-atherogenic and
anti-inflammatory properties. HDL containing PON1 and purified PON1 were shown to protect
against low-density lipoprotein (LDL) oxidation in vitro and in vivo. The hydrolysis by PON1 of
specific oxidized lipids and phospholipids generated during LDL oxidation was proposed as the
mechanism for PON1 antioxidant properties [peroxidase-like and phospholipase A2 (PLA2)-like
activities][1]. However, the actual substrates have not been identified and the reported rates of
product generation using purified enzyme was too slow or not present at all to support this
mechanism. HDL-associated PON1 was been shown to reduce oxidative stress in macrophages by
modulating cholesterol influx, biosynthesis and cholesterol efflux from macrophages whereby
PON1’s lactonase activity was essential for its antioxidant activity [2]. Addition of lysophospholipid (lyso-PC) to the same test system was sufficient to mimic the HDL-PON1 effect on
cholesterol disposition and it was proposed that PON1 hydrolyses certain oxidized lipids in the
macrophage to generate lyso-PC, dubbed as “the direct model”. The direct model implies that all
the lyso-PC will originate from 5-OH-fatty acid in sn2-position which is unlikely mass-balance wise;
in addition, highly purified serum and recombinant PON1 did not possess PLA2 activity. Thus we
proposed an “indirect model” [3], according to which PON1 exerts its anti-oxidant and antiatherogenic activity by hydrolyzing biologically active lactones. Lactones are generic enzyme
inhibitors and, in the context of the two model systems listed above, PON1 preserves the activity
of PLA2 enzymes by inactivation of PLA2 lactone inhibitors generated during LDL oxidation and/or
hydrolysis of oxidized PC. Supporting evidence and mechanistic details for the indirect model will
be discussed.
References:
[1] Aviram M. and Rosenblat M., 2004, Free Radic. Biol. Med. 37, 1304-1316.
[2] Rosenblat M. at al. J. Biol. Chem., 2006, 281, 7657-7665.
[3] Draganov D. and Teiber J. Proteins and Cell Regulation, 2008, 6, 297-305.

-97-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts

L5-8
HYPERTHERMOPHILIC PHOSPHOTRIESTERASES/LACTONASES: STRUCTURE, FUNCTION AND
POSSIBLE APPLICATIONS
Elena Porzio, Luigi Mandrich, Ferdinando Febbraio, Davide Andrenacci, Giuseppe Manco
National Research Council of Italy, Institute of Protein Biochemistry, Via P. Castellino 111, Naples,
Italy
Recently, a new family of microbial lactonases with promiscuous phosphotriesterase activity has
been discovered, dubbed PTE-Like Lactonases (PLL) and ascribed to the amidohydrolase
superfamily [1, 2]. Among members of this family are enzymes found in the Archaea: Sulfolobus
solfataricus and Sulfolobus acidocaldarius, which show high thermophilicity and thermal resistance
[3]. From a biotechnological point of view enzymes endowed with phosphotriesterase activity are
attractive objects of study because are capable to hydrolyse the organophosphate
phosphotriesters (OPs), a class of worldwide used synthetic compounds employed both as
insecticides and chemical warfare agents. From the viewpoint of basic research, studies of
catalytic promiscuity offer clues to understand the natural evolution of enzymes and to translate
this knowledge into in vitro adaptation of catalysts to specific human needs [4]. Thermostable
enzymes able to hydrolyse natural lactones and promiscuously OPs are currently considered good
candidates for the set-up of efficient anti-microbial and detoxification tools. We will report on our
attempts to follow these two paths.
References:
[1] Afriat, L. et al. Biochemistry, 2006, 45, 13677-13686.
[2] Elias, M. et al. J. Mol. Biol., 2008, 379, 1017-1028.
[3] Porzio, E. et al. Biochimie, 2007, 89, 625-636.
[4] Mandrich L. et al. Environ Technol., 2010, 31, 1115-1127.
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Session 6: Molecular biology and cell biology of cholinesterases and alternative functions of
cholinesterases.
L6-1
DEVELOPMENTAL CONSEQUENCES OF THE COLQ/MUSK INTERACTION
Claire Legay
University Paris Descartes UMR CNRS 8194, Paris, France
The topic of the team is to determine the specific role of two ligands of MuSK, a key receptor
tyrosine kinase in neuromuscular junction (NMJ) formation in mammals. The neuromuscular
junction is a synapse between a motoneuron and a muscle skeletal fiber. This synapse forms in
three steps including muscle specific recognition by the nerve, synaptic differentiation and
maturation of the synapse through processes of stabilization/destabilization. Signals originating
first from the muscle then from the nerve and the glial cells as well orchestrate the formation of
this synapse. This leads to the precise apposition of specialized domains in pre and postsynaptic
cells and the organization of a molecular scaffold between these elements supporting motor unit
activity. NMJ formation relies on MuSK (Muscle-Specific Kinase) and its co-receptor LRP4, a
member of the Low-density Related Protein family. These proteins are expressed by muscle cells
before innervation and represent the core system from which the postsynaptic domain is built, the
growth cone attracted, the presynaptic element instructed for some aspects of its differentiation
and the synapse maintained. So the same receptor complex is involved in several successive
developmental processes. The key to this probably relies on the fact that MuSK/LRP4 have three
ligands. These ligands of the receptor complex have been identified, ie Agrin, ColQ and Wnt4.
Agrin binds LRP4 while ColQ and Wnt4 bind MuSK (Strochlic et al., 2012 ; Sigoillot et al., 2010a and
b). Both Agrin and Wnt4 are glycoproteins. Agrin is secreted by motoneurones and is involved in
Acetylcholine receptor (AChR) clustering during NMJ formation. Wnts are critical for many
developmental processes including neural development. ColQ is a specific collagen that anchors
Acetylcholinesterase (AChE) in the synaptic basal lamina and has a proper function in regulating
postsynaptic differentiation. These three ligands of MuSK are expressed early during synapse
formation. We will discuss the molecular and functional relationship between ColQ and Wnt4 that
both bind MuSK during NMJ formation after a review of the roles of these two molecules.
References:
[1] Sigoillot et al., J Neuroscience, 2010, 30, 13-26;
[2] Sigoillot et al., Chem. Biol. Interact., 2010, 187, 84-89
[3] Strochlic et al., PLoS One, 2012
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L6-2
MOLECULAR ASSEMBLY OF PRIMA-LINKED ACETYLCHOLINESTERASE: THE ROLES OF T-PEPTIDE,
FHB DOMAIN AND N-LINKED GLYCOSYLATION
Karl W.K. Tsim, Vicky P. Chen, Wilson K.W. Luk, Ava J.Y. Guo, Tina T.X. Dong, Roy C.Y. Choi
Division of Life Science, The Hong Kong University of Science and Technology, Clear Water Bay
Road, Hong Kong SAR, China
Acetylcholinesterase (AChE) is responsible for the hydrolysis of neurotransmitter acetylcholine in
the nervous system. The assembly of AChE oligomers constitutes a fascinating model to study
numerous biological processes, such as post-translational modification, protein–protein
interaction, membrane trafficking and protein degradation. The physiological function of AChE
depends on the catalytic property of enzyme and the restricted subcellular localization. In brain
and muscle, AChE displays extremely rich molecular polymorphisms, including proline-rich
membrane anchor (PRiMA)-linked globular form and collagen tail (ColQ)-linked asymmetric form.
During the assembly of AChE complexes, the formation of dimer is believed to be the precursor for
PRiMA-linked tetramers and ColQ-linked oligomers. The dimer formation of AChE depends on
recognition between the four-helix bundle (FHB) domains in catalytic domains, and the assembly
of tetramer(s) with PRiMA, or ColQ, requires the interaction of tryptophan amphiphilic
tetramerization (WAT) domain on C-terminal t-peptides with proline-rich attachment domain
(PRAD) on PRiMA or ColQ. The N-linked glycans of AChE are employed as both maturation and
quality control tags that dictate the destination of the enzyme being exported or not, which
inspires that the control of glycosylation may be as a means in regulating the level of functional
AChE under the pathological conditions. Together, these studies suggest the important roles of Cterminal t-peptide, FHB domain in the catalytic subunit and the post-translational modification in
regulating the molecular assembly and biosynthesis of AChE in the brain and muscle.
Acknowledgement: This research was supported by Research Grants Council of Hong Kong
(662911 & S-HK005/11 to KWKT and G_HK015-I/II, 660409 & 660411 to RCYC).
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L6-3
ALTERNATIVE FUNCTIONS OF CHOLINESTERASES DURING EMBRYONIC DEVELOPMENT OF CHICK
AND MOUSE
Paul G. Layer, Gesine Bachmann, Janine Klaczinski, Laura E. Sperling, Gopenath Thangaraj, Astrid
Vogel-Höpker
Technische Universität Darmstadt, Entwicklungsbiologie & Neurogenetik, Schnittspahnstrasse 13,
D-64287 Darmstadt, Germany
This talk is dedicated to Dr. Jean Massoulié who was very supportive for our cholinesterase
research over three decades. Acetylcholinesterase (AChE) is a most remarkable protein, not only
because it is one of the fastest enzymes in nature, but also since it appears in many molecular
forms and is regulated by elaborate genetic networks. As revealed by sensitive histochemical
procedures, AChE is expressed in many tissues during development and in many mature
organisms, as well as in healthy and diseased states. Therefore, there has been a long-standing
search for alternative, “non-classical” functions of cholinesterases (ChEs). In principle, AChE could
either act non-enzymatically, e.g. exerting cell adhesive roles, or, alternatively, it could work
within the frame of classic cholinergic systems, but in non-neural tissues (“non-synaptic function”).
Extensive in vivo and in vitro studies from our and other labs strongly support views that AChE can
be considered a highly co-opting protein, since it can combine such diverse functions within one
molecule. Here, I will give a brief overlook on our more recent work which will be presented in
more details as posters. We report that i) non-neural ChEs have pronounced, predominantly
enzymatic effects on cartilage and bone formation in chick and mouse (abstract Vogel-Höpker et
al.), ii) mouse embryonic stem cells overexpressing AChE leads to a significant decrease of cell
proliferation, but does not affect cell viability, apoptosis and cell cycle distribution (abstract
Sperling et al.), and that iii) in chick retina ACh-synthesizing and ACh-degrading cells (ChAT+ vs.
AChE+, resp.) originate from the same precursor cells, and that destruction of ChAT+ cells disrupts
retinal network formation completely (abstract Thangaraj et al.), supporting a major role of the
cholinergic system in neural development.
References:
[1] Vogel-Höpker et al., Protein Pept Lett., 2011, Sep 20 [Epub ahead of print].
Acknowledgement: supported by DFG La379/20-1, ESA IBER-08, ESA-IBER-10.
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L6-4
SEVERAL MECHANISMS REGULATE ACETYCHOLINESTRASE (ACHE)- ASSOCIATED COLLAGEN Q
(COLQ) EXPRESSION IN SLOW AND FAST MUSCLE FIBERS OF RAT MUSCLES
Glišović Špela1, Pregelj Peter1, Dolenc Igor2, Tovšak Alenka1, Tominšek Janko1, Sketelj Janez1
1

Intitute of Pathophysiology, Medical Faculty, University of Ljubljana, Slovenia
Splošna bolnišnica dr.Franca Derganca Nova Gorica, Slovenia

2

ColQ in muscle fibers binds the asymmetric molecular forms of AChE to the basal lamina of the
neuromuscular junction. However, ColQ (and the asymmetric AChE forms) are amply expressed
also in the extrajunctional regions in the slow rat muscles but not in fast muscles. We used mature
fast and slow muscles and muscles regenerating after complete ischemic-toxic injury to study
neural and muscle-autonomous mechanisms regulating ColQ mRNA levels as determined by the
quantitative RT PCR. Several approaches were used to change muscle activation pattern in either
acute or chronic experiments (muscle denervation, electrical muscle stimulation with different
activation patterns, cross-innervation and cross-transplantation of fast and slow muscles).
The results show that three mechanisms contribute to ColQ regulation in rat fast and slow
muscles:
-

the first regulates basic ability of muscle fibers to express ColQ extrajunctionally upon
innervation. This ability is high in slow and low in fast muscles and is encoded in their
respective stem cells (satellite cells). This mechanism is influenced by long term innervation
and can be changed by muscle cross-innervation in a rather slow process (1-2 months);

-

in slow muscles with high basic ability to express ColQ, the calcineurin signaling mechanism
further enhances ColQ expression extrajunctionally after tonic muscle activation;

-

the third mechanism is involved in the regulation of the junctional ColQ expression. It is
partly nerve dependent in mature muscles and does not involve calcineurin signaling.
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L6-5
DO THE MRL PROTEINS — MIG-10, RIAM, AND LAMELLIPODIN — INTERACT WITH
ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE?
Leo Pezzementi, Abigail E. Dy, Lauren Nicholas S. Herrera, Avirath N. Purohit, Megan M. Sandlin,
and Janelle T. West
Department of Biology, Birmingham-Southern College, Birmingham, Alabama, USA 35254
Acetylcholinesterase (AChET) and butyrylcholinesterase (BChET) T-type subunits are capable of
forming tetramers by associating via the tryptophan (W) amphiphilic tetramerization (WAT)
domains of their T-type C-termini with polyproline attachment domains (PRADs) present in the tail
proteins PRiMA (proline-rich membrane anchor) and ColQ (collagen Q) [1]. In 2008, Li et al. [2]
surprisingly found a PRAD-containing fragment of the cytoskeletal protein lamellipodin associated
with soluble human plasma BChET. The cellular mechanism by which the cytosolic lamellipodin
associates with secreted BChET is not known. Lamellipodin is a member of the MRL protein family,
along with MIG-10 (C. elegans migration protein 10) and RIAM (Rap1-GTP-interacting adaptor
molecule) [3]. These proteins contain putative coiled-coil regions, pleckstrin-homology and Rasassociation domains, and divergent variously proline-rich C-terminals that contain potential
profilin- and Ena/VASP-binding sites. The MRL proteins are thought to act as signal adaptors
modulating the cytoskeleton. To determine if the MRL proteins interact with cholinesterases
(ChEs) and promote tetramerization and the cellular mechanism of the interaction, we coexpressed the MRL proteins with human BChE (hBChET), Dictyocaulus viviparus AChE (DvAChET),
and mouse AChE (mAChET). As a control, we performed co-expression with a truncated mAChE
lacking the WAT domain (mAChET548). While there are differences between cellular and secreted
activities, we can summarize our results as follows. MIG-10, which is the least proline-rich MRL
protein, has little effect on any of the ChEs. Lamellipodin, which contains the highest amount of
proline-rich sequences decreases all ChE activities and increases the formation of tetramers for
hBChET and DvAChET, but has little effect (in preliminary data) on tetramer formation in mAChET,
and unsurprisingly none on mAChET548. RIAM, which is slightly less proline-rich than lamellipodin
also increases tetramerization of hBChET and DvAChET, but not of mAChET or mAChET548. Our
results suggest that MRL proteins interact with some ChEs but not others via WAT-PRAD
interactions. The different effects of the PRAD-containing MRL proteins on the ChEs may be due to
differences in the WAT domains of the enzymes.
References:
[1] Massoulié et al., Chem. Biol. Interact., 2008, 175, 30-44.
[2] Li et al., Biochem. J., 2008, 411, 425-432.
[3] Legg and Machesky, Nature Cell Biology, 2004, 6, 1015-1017.
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L6-6
NON-HYDROLYTIC EFFECTS OF ACHE: THE ACTIONS OF PEPTIDES DERIVED FROM THE
C-TERMINAL AND THEIR RELEVANCE TO NEURODEGENERATION:
Susan Greenfield
University Dept. of Pharmacology, Oxford OX1 3QT
Acetylcholinesterase (AChE) is now well-established widely as a signalling molecule with nonhydrolytic functions including trophic activity in a diverse variety of situations in both neural and
non-neural tissues. We have focussed on the observation that AChE, operating as a trophic agent
independent of its enzymatic action, does indeed trigger calcium entry into neurons. It is possible
that AChE has a dual non-classical action that ranges along a trophic-toxic axis, depending on
amount, duration of availability and, most significantly, age. What could be the significance? If
most neurons in the brain are damaged in adulthood, as in a stroke, others will compensate
functionally. In contrast, key neurons in the brain stem and mid-brain that contain AChE
irrespective of transmitter, will respond by calling on their trophic resources in an attempt to
regenerate. But because the subsequent calcium influx will be lethal in the older, mature cells, the
resulting damage will trigger further attempts to compensate in a pernicious cycle that
characterises neurodegeneration. The neurodegenerative diseases could therefore be viewed as
aberrant activation of developmental mechanisms with ‘non-cholinergic’ AChE as a, perhaps the,
pivotal molecule. The next crucial issue has been to identify the salient part of the AChE molecule,
responsible for these trophic-toxic effects. We have identified two peptides that could be cleaved
from the C-terminus of T-AChE, one (T14), within the other (T30), and which have a strong
sequence homology to the comparable region of beta-amyloid. The AChE C-terminal peptide ‘T14’
has been originally identified as being the salient part of the AChE molecule responsible for its
range of non-hydrolytic actions; the synthetic 14mer peptide analogue, and subsequently the
larger, more stable, and more potent amino acid sequence in which it is embedded (T30) display a
wide range of acute and chronic actions comparable to those reported for ‘non-cholinergic’ AChE,
where scrambled peptide variants, the butyrylcholinesterase equivalent, or the inert residue
within the T30 sequence (‘T15’) are all without effect. We have subsequently been able to ascribe
the trophic-toxic actions of the both T15 and T30 peptides to the modulation of calcium influx via
an allosteric site on the alpha-7 nicotinic acetylcholine receptor (α7-nAChR). This receptor,
interestingly enough, can operate independent of ACh, with choline as an alternative primary
ligand. Since choline would be derived from the diet, the binding of AChE-peptides at an allosteric
site on the α7-nAChR would be a potent means for modulating calcium into neurons, no longer
requiring any classic cholinergic transmission at all, and available throughout populations of
vulnerable mid-brain/brainstem neurons. If the scenario described here is indeed the primary
mechanism of neurodegeneration, then interception of the actions of the ‘non-cholinergic’ AChEpeptides T14 and T30 at the α7-nAChR, would be a promising novel therapy for arresting and
stabilising cell loss in Alzheimer’s disease, whereas detection of the peptides ideally in the blood,
could provide a sensitive surrogate marker. If the marker was sensitive enough to be detected presymptomatically in a routine blood test, then the medication for arresting further cell loss could be
initiated at that time, and the symptoms would never appear. This dual approach of identifying the
marker and then intercepting its further action, could thus amount to an effective ‘cure’ for
Alzheimer’s and other neurodegenerative diseases.
References:
[1] Halliday AC et al. Protein Pept Lett., 2011
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L6-7
CLASSICAL AND ALTERNATIVE ROLES OF ACETYLCHOLINESTERASE IN THE IN VITRO INNERVATED
HUMAN SKELETAL MUSCLE.
Zoran Grubič1, Katarina Miš1, Urška Matkovič1, Katarina Pegan1, Marina Sciancalepore2, Paola
Lorenzon2, Tomaž Marš1
1
2

Institute of Pathophysiology, Faculty of Medicine, University of Ljubljana, Slovenia
Department of Life Sciences, University of Trieste, Trieste, Italy

Recent research supported by new and refined techniques led to reconsideration of various
principles and «dogmas» of the past. Neuromuscular junction (NMJ) research was no exception [1]
and its component acetylcholinesterase (AChE) was also found to have, besides its classical,
catalytic function, i.e. hydrolysing neurotransmitter acetylcholine, various other noncholinergic
functions. Most of the research of our group in the past 18 years has been done on the
experimental model of the in vitro innervated human muscle. This model permits the study of all
stages of NMJ formation in the human muscle, including the differentiation of its cellular
components. Investigating synaptogenesis of NMJ and expression of AChE at various stages of this
process we encountered many similarities between AChE and agrin, another NMJ component the
«canonical» role of which is to organize the formation of the NMJ at sites where sarcolemma is
contacted by the nerve ending. Although they have different functions and molecular structures
they share several common features. Both are polymorphic so that they are transcribed from a
single gene while their targeting and function are controlled by alternative splicing. Unlike most
other components of the NMJ, they are both expressed in its neural and muscular parts and both
reside in the basal lamina of the synaptic cleft. Like AChE, agrin was also found at various
nonjunctional sites where it serves various alternative roles. In our in vitro model we
demonstrated that they are both nerve-derived synaptic basal lamina-bound molecules.
Comparing their temporal expression and localization in the rat embryonic spinal cord, which is
the source of motor neurons in our in vitro model, we found practically the same pattern for both.
As for the alternative roles, we found up to now participation of AChE in the apoptosis of human
myoblasts, while agrin was found to control excitation-contraction coupling and expression of
myosin isoforms of human myotubes, which are functions that do not reflect its actions in the
NMJ.
Acknowledgement: This work was supported by the Slovenian Research Agency (program P3-0043)
and bilateral grant for cooperation between Slovenia and Italy (Bi-IT/11-13-009).
References:
[1] Kummer et al. Curr Opin Neurobiol., 2006, 16, 74-82.
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L6-8
ALTERNATIVE CHOLINOLYTIC FUNCTION OF ACETYLCHOLINESTERASE IN SKELETOGENESIS
Astrid Vogel-Höpker, Janine Klaczinski, Anika Salfelder, Ellen Duysen, Oksana Lockridge and Paul G.
Layer
Entwicklungsbiologie und Neurogenetik, Technische Universität Darmstadt, Schnittspahnstraße 13,
D-64287 Darmstadt, Germany
Apart from its well known cholinergic function, expression of cholinesterase (ChE) activity during
phases of development is a widespread phenomenon in embryonic tissues. Previous studies
suggested that the cholinergic system is involved in bone development in vertebrates. To elucidate
the exact role of ChEs during skeletogenesis in vertebrates, we analysed the AChE activity pattern
during chick limb development. AChE is detected in the forming cartilage anlage, the growth plate
and perichondrium of the developing bone. Loss-of-function studies using beads soaked in an
AChE antibody and analyses of AChE/BChE single and double knockout mice revealed that both
cholinesterases are involved in bone development. Remarkably, the mice showed a complete loss
of cartilage matrix within the epiphysis of bones. In contrast, within their diaphyses mineralization
occurred although cartilage matrix had not been degraded. Consistant with this, we find that in
AChE/BCHE double knock-out mice expression of collagen X and Ihh, normally expressed in
proliferating and hypertrophic chondrocytes, was down-regulated. Currently, we are investigating
the functions of ChEs in a high density culture system of chick limb bud cells, where the process of
endochondral ossification is mimicked in vitro. Here, AChE inhibition leads to a concentration- and
time-dependent decrease in cartilaginous matrix synthesis and alkaline phosphatase activity, an
enzyme known to be involved during the process of bone mineralization. Our findings strongly
support a major role of the cholinergic system in skeletal development.
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L6-9
PROTEINS WITH AN α/β HYDROLASE FOLD: HOW TO DECIPHER NEW FUNCTIONS IN AN EVER
GROWING SUPERFAMILY?
Nicolas Lenfant1,3, Thierry Hotelier2, Yves Bourne3, Pascale Marchot3, Arnaud Chatonnet1
1

Dynamique Musculaire et Métabolisme, INRA Montpellier France
Unité Informatique INRA-AgroM, Place Viala, 34060 Montpellier, France.
3
Architecture et Fonction des Macromolécules Biologiques (AFMB), Centre National de la
Recherche Scientifique / Aix-Marseille Université (CNRS/AMU), Campus Luminy, Marseille, France.
2

Alpha/beta hydrolases act as hydrolases, lyases, transferases, hormone precursors or transporters,
chaperones or routers of other proteins. Since the discovery of proteins homologous to
cholinesterases but with no enzymatic activity (neurotactin, thyroglobulin...) [1], divergent
functions have been ascribed to some members of other subfamilies (e.g. lipases,
dipeptidylaminopeptidase IV, etc...) in the alpha/beta hydrolase fold superfamily of proteins [2].
To study the potentially moonlighting properties of alpha/beta hydrolases, the ESTHER database
[3,4], which groups all information related to members of the family
(http://bioweb.ensam.inra.fr/esther), has been updated with new tools and the web server
interface has been upgraded. A new "overall table" and a new tree based on HMM models to
tentatively group subfamilies have been included. They can serve as starting points for
phylogenetic studies aimed at pinpointing the origin of duplications leading to paralogous genes
(e.g., acetyl- and butyrylcholinesterases, or neuroligins and carboxylesterases). The server is
currently in beta test and any feedback from voluntary users is most welcome. Another of our
goals is to decipher active site residues in members of subfamilies for which no experimental
tridimentional structure is available, and to discriminate enzymes and non-catalytic proteins in
poorly studied or annotated subfamilies.
References:
[1] Krejci et al. Proc. Natl. Acad. Sci. U.S.A., 1991, 88, 6647-51.
[2] Marchot et al. Protein. Pept. Lett., 2011, 19, 132-143.
[3] Hotelier et al. Nucleic Acids Res., 2004, 32, D145-7.
[4] Renault et al. Chem. Biol. Interact. 2005, 157-158, 339-343.
Acknowledgement: ANR MolAdCel
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L6-10
REGULATION OF ACETYLCHOLINESTERASE EXPRESSION IN CELL APOPTOSIS
Xue-Jun Zhang
State Key Laboratory of Cell Biology, Institute of Biochemistry and Cell Biology, Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences, Shanghai , China
xjzhang@sibs.ac.cn
Acetylcholinesterase expression induction during apoptosis in various cell types has been
observed previously. However how AChE expression is regulated in apoptotic cells, especially in
those originating from non-muscle, non-nervous or non-hematopoietic systems, has been unclear
until now. The expression of acetylcholinesterase during A23187-induced apoptosis of HeLa cells
was found to be regulated by Ca2+ mobilization through the modulation of mRNA stability and
acetylcholinesterase promoter activity. The acetylcholinesterase promoter activation during
A23187-induced HeLa cell apoptosis is believed to result partly from the dissociation of CBF/NF-Y
from the distal CCAAT motif in the acetylcholinesterase promoter, reversing this suppression. The
Smad3 was also found to regulate AChE transcription. This research also established that GSK3b is
specifically involved in the induction of AChE-S expression in PC12 cells during apoptosis, and that
H2O2 induces AChE expression via the JNK/AP1/ ATF2 signaling pathway.
Acknowledgement: This work was supported in part by grants from the National Natural Science
Foundation of China (Nos. 30971481 and 31071213)
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L6-11
ACETYLCHOLINESTERASE AND ALZHEIMER’S DISEASE: NOVEL INTERACTIONS AND REGULATORY
MECHANISMS
Anthony J. Turner1, David Hicks1 and Natalia N. Nalivaeva1,2
1

Faculty of Biological Sciences, University of Leeds, Leeds LS2 9JT, UK
Institute of Evolutionary Physiology and Biochemistry, RAS, St. Petersburg, Russia

2

In Alzheimer’s disease (AD), there is an inexplicable failure of the cholinergic innervation of the
cerebral cortex that arises from basal forebrain cholinergic neurons. Current treatments for AD rely
largely on inhibitors of acetylcholinesterase (AChE). A major question therefore is what causes the
cholinergic neurons to be selectively vulnerable. We have here examined novel aspects of AChE
membrane localization, shedding and regulation in brain. The main splice form of AChE in brain lacks
a transmembrane peptide anchor region and is bound to the “proline-rich membrane anchor”,
PRiMA, in lipid domains. We have shown that AChE is shed from membranes in a
metalloproteinase-mediated mechanism and this shedding is stimulated by cholinergic agonists.
Immunocytochemical studies on rat brain showed membrane-associated PRiMA
immunofluorescence was intense and located selectively at the cholinergic neurons of the basal
forebrain and striatum, and was absent from neighbouring GABAergic neurons. A strong
association of AChE with the membrane via PRiMA seems therefore to be a specific requirement
of forebrain cholinergic neurons. AChE has been shown to accumulate in the senile plaques
characteristic for AD and also to bind amyloid β peptide (Aβ) and increase fibril toxicity. Aβ is
produced by proteolytic cleavage of the amyloid precursor protein (APP) which exists in three
distinct isoforms. Recently it was demonstrated, that APP, especially the neuronal isoform
APP695, modulates gene expression, for example, of the amyloid-degrading protease neprilysin.
We have examined whether APP can modulate the cholinergic system through transcriptional
mechanisms. In two different model systems we observe APP dependent transcriptional
repression of AChE resulting in reduced activity. Hence AChE may influence APP physiology and
amyloidogenesis through multiple mechanisms potentially identifying novel therapeutic targets.
Acknowledgement: Supported by U.K. Medical Research Council, Alzheimer’s Research Trust, RFBR
10-04-01156, and Russian Academy of Science Programme "Fundamental Sciences to Medicine".
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L6-12
NOVEL DIMERIC ANTICHOLINERSTERASES DERIVED FROM CHINESE HERB: MOLECULAR BASIS
FOR UNEXPECTED NEUROPROTECTION VIA MULTIPLE TARGETS
Wei Cui, Shenquan Hu, Shinghung Mak, Yifan Han
Department of Applied Biology and Chemical Technology, Institute of Modern Chinese Medicine,
The Hong Kong Polytechic University, Kowloon, Hong Kong
Alzheimer’s disease (AD) is a progressive and degenerative brain disorder among the older
population that slowly destroys the victim’s cognitive functions. AD has become the fourth leading
cause of death in adults worldwide. Although the disease is now seen as a major public health
problem, the mystery of its molecular pathology and therapeutic targets remains. Research and
development of safer and more effective drugs for the prevention and /or treatment of AD will
therefore have tremendous value from both scientific and economic standpoints.
Over the past few years, several families of highly potent anticholinesterase dimers have been
developed including those derived from huperzine A, a novel alkaloid discovered from the Chinese
medicinal herb. Our series of studies have shown that these novel dimers possess greater in vivo
acetylcholinesterase inhibition, memory enhancement and neuronal protection relative to those
anti-AD drugs approved by the FDA. The results suggest that these novel dimers can be highly
promising drug candidates as the new generation of multifunctional therapeutics for AD and other
related neurodegenerative disorders.
Acknowledgment: This work was supported by the research grants from PolyU5609/09M,
5610/11M, N_PolyU618/07, G-U952; and Shenzhen Shuangbai Scheme 2008.
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L6-13
COMPLEXITY OF ACETYLCHOLINESTERASES IN BITING FLIES AND TICKS
Kevin B. Temeyer, Alexander P. Tuckow, Danett K. Brake, Andrew Y. Li, and Adalberto A. Pérez de
León.
Knipling-Bushland U.S. Livestock Insects Laboratory, Agricultural Research Service, U.S. Dept.
Agriculture, 2700 Fredericksburg Road, Kerrville, Texas 78028-9184 USA
Acetylcholinesterase (AChE) inhibitors function as pesticides for invertebrates, vertebrate nerve
agents, and medicine to reduce cognitive effects of Alzheimer’s disease. Organophosphate (OP)
pesticides have been widely used to control biting flies and ticks, however, OP-resistance has
compromised control efficacy, often by production of OP-insensitive AChEs. Complimentary DNA
(cDNA) sequences encoding AChEs have been obtained for horn flies, stable flies, sand flies and
cattle ticks. These cDNA sequences enable searches for mutations, expression and biochemical
characterization of recombinant AChEs, gene silencing for functional genomics, and in vitro
screening of novel inhibitors. Such studies have identified novel inhibitors with potential
application for sand fly control. Multiple AChE genes are expressed in ticks and some other
invertebrates. Copy number amplification and expression of multiple alleles in the central nervous
system for several of the tick AChE genes may reduce fitness cost associated with OP-resistance.
AChE hydrolyzes the neurotransmitter, acetylcholine, and may play additional roles in physiology
and development. AChE expression in tick saliva and other non-neural tissues suggests
involvement in manipulation of host responses to promote successful blood feeding and
reproduction. The remarkable complexity of AChE and its key role in neural transmission present
significant difficulties for studies of non-canonical functions of AChE in vertebrates. Comparison of
invertebrate AChEs with vertebrates may provide AChE model systems with separation of
structure and function resulting in reduced complexity of interactions and advantages for
experimentation in whole organisms implausible for vertebrate systems. A systems biology
approach using invertebrate models may therefore provide opportunities for elucidation of nonclassical AChE functions potentially conserved with vertebrate systems.
USDA is an equal opportunity provider and employer.
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L6-14
EFFECTS OF EXERCISE AND CONJUGATED LINOLEIC ACID (CLA) USAGE ON BCHE AND OBESITY IN
MEN
Suleyman Bulut 1, Ebru Bodur2, Ridvan Colak1, Husrev Turnagol1, Ayse Nese Cokugras2.
Hacettepe University, 1School of Sport Sciences and Technology, Beytepe. Ankara, Turkey
2
Hacettepe University, Faculty of Medicine, Medical Biochemistry Department, Ankara, Turkey
BChE found in serum, adipose tissue, small intestine, and smooth muscle cells, may signify hepatic
fat content [1]. Conjugated linoleic acid (CLA) alters the lipid composition of experimental animal
models while claimed anti-obesity effect on humans is under debate [2, 3]. Here, effects of CLA
supplementation along with aerobic exercise on plasma BChE, leptin and insulin levels are
investigated. Sedentary male subjects randomly divided into CLA and placebo (PLC) groups,
underwent daily supplementation of 3 g CLA/ 3 g placebo for 30 days. Both groups performed
exercise on a bicycle ergometer 3 times per week for 30-40 minutes at 50% VO2 peak workload. In
all groups, significant decrease in leptin (p≤ 0.002), insulin and insulin resistance (IR) (p≤ 0.003) is
observed. Exercise, with or without CLA supplementation, decreased insulin levels and increased
insulin sensitivity. Plasma BChE activities significantly decreased in both placebo (p=0.01) and CLA
supplementation groups, compared to previous levels (p=0.003) with a significant difference
between both groups (p=0.02). Reduction in fat mass, especially in CLA group with a decrease
trend, without statistical significance, was found. All of these reveal significant correlations
between BChE levels and waist circumference, fat mass, waist-hip ratio, leptin and Apo A levels.
Thus, as suggested, BChE may be utilized as a marker for metabolic syndrome [4]. We conclude
that though CLA supplementation and exercise can affect these parameters, CLA and exercise is
more effective than exercise alone and, a prolonged CLA supplementation and exercise regime
may be more effective.
Acknowledgment: This study was supported by The Scientific and Technological Research Council
of Turkey (TUBITAK) extent of 104S499 (SBAG-2964) project.
References:
[1] Iwasaki T. et al. Intern. Med., 2007, 46 1633-9.
[2] Pariza M.W. Proc. Soc. Exp. Biol. Med., 2000, 223 8-13.
[3] Baddini Feitoza A. Nutr. Hosp., 2009, 24, 422-428.
[4] Randell E.W. et al. Clin. Biochem., 2005, 38, 799–805.
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Session 7A: Novel approaches to the treatment of Alzheimer disease
L7A-1
CHOLINESTERASE INHIBITORS: FROM NEUROTOXIC AGENTS TO DRUGS OF CHOICE TO TREAT
ALZHEIMER DISEASE.
Ezio Giacobini
Department of Internal Medicine, Rehabilitation and Geriatrics, Geneva University Hospitals,
Geneva, Switzerland
A quarter of a century after the first report of Summers (1986), over 100 million Alzheimer Disease
(AD) patients have been treated with cholinesterase inhibitors (ChEI). Approximately 50 % of these
patients have shown evidence of improvement with clinical stabilization up to one year in 20 %
and up to two years in 10 % (NICE, 2002).In a three-year AD study, the cognitive outcome was
better in older individuals non-carriers of the APOE-4 allele using a higher mean dose of a ChEI
(Wattmo et al, 2011). These results are clinically more significant than those obtained so far by any
type of intervention aiming to reduce beta-amyloid in brain including active or passive
immunization.
Long term (12mo) effects of galantamine treatment on brain functional activities as measured by
PET-FDG and rCBF were positively correlated to inhibition of AChE activity (Kadir et. al.2011). A
positive effect of rivastigmine in activating brain function measured by fMRI was detected in early
AD patients (MSE 23,CDRsb 4) suggesting the importance of an early treatment with AChEI
(Miettinen et. al , 2011).
Several studies in animals and in AD patients have shown that the ChE inhibition in brain and the
pharmacological efficacy to be dose dependent, therefore, higher dose of ChEI could achieve
maximal therapeutic benefit in particular patients showing good tolerability (Giacobini, 2006).
Despite 25 years of clinical experienced clinicians, we are still learning how to use ChEI in order to
reach optimal pharmacological efficacy and better clinical benefits from long-term treatment.
Reference:
[1] E. Giacobini, Cholinesterases in human brain: the effect of cholinesterase inhibitors on
Alzheimer’s disease and related disorders. In E Giacobini and G Pepeu (Eds.) The Brain Cholinergic
System, Informa Health Care, 2006,. Chapter 18, 235-284.
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L7A-2
CHOLINESTERASE INHIBITORS AFFECT ATTENTION AND MEMORY
Giancarlo Pepeu, Laura Bracco* and Maria Grazia Giovannini
Depts of Pharmacology, and Neurological and Psychiatric Sciences*, Florence Univ, Italy.
Advantages and limits of cholinesterase inhibitors (ChEI) in patients affected by Alzheimer’s
Disease (AD) are well established. Their main effects result from an increase in extracellular
acetylcholine (ACh). However, questions on ChEI use and actions are still open, namely: 1) which
components of the cognitive process are actually improved by ChEI and therefore depend on
activation of the cholinergic system; 2) Through which molecular mechanisms the cholinergic
system affects cognitive processes. This presentation attempts to answer to these questions.
There is evidence that ChEI increase attention in animal models of AD and in AD patients, more
than improving other cognitive symptoms (Gauthier et al, 2010). To further support this evidence,
a follow up analysis of the effects of ChEI on attention, executive functions, short and long term
memories in 100 subjects with mild to moderate AD is presently in progress in the Alzheimer's
Disease Centre of the University of Florence. The results will be presented. Increase in attention
after ChEI administration has been also reported after traumatic brain injury and in chronic
cocaine users. Attention and sustained attention are associated with activation of the cholinergic
fibers impinging to the cortex and hippocampus, as demonstrated by increased ACh release in
both brain areas, and depend on it. The increase in ACh release triggers different transduction
signals through the activation of muscarinic (mAChR) and nicotinic (nAChR) receptors subtypes
and profoundly affects cellular excitability as shown by enhancement of field potentials. We
demonstrated that ERK activation, induced by ACh release acting on mAChR, in the hippocampus
and prefrontal cortex, is necessary for the acquisition of a passive avoidance task. Conversely, long
term memory formation of the same task is associated with mTOR activation possibly through
nAChR (Giovannini et al, 2011). Attention enhancement by ChEI may lead to more accurate signal
detection and better short term memory formation. However, the finding that long term memory
formation involves a cholinergic activation of mTOR suggests that ChEI may also improve long
term memory.
References:
[1] Gauthier S. et al. Curr Med Res, 2010, 26, 1149-60.
[2] Giovannini M. G. et al. Neuroscience, 2011 Abstract n° 409/07
[3] Pepeu G. et al. Chem Biol Interact., 2010, 187, 403-8.

-114-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts

L7A-3
CHOLINESTERASE INHIBITORS IN THE TREATMENT OF NON-ALZHEIMER TYPES OF DEMENTIA
Gabriel Gold
Geneva University Hospitals and University of Geneva Medical School
Cholinesterase inhibitors (ChEI) remain the mainstay of currently available pharmacological
therapy for Alzheimer’s disesase (AD). Their therapeutic effects have also been well described in
Lewy body dementia and the closely related entity of Parkinson’s disease dementia. However,
significant questions remain as to how vascular pathology may influence the therapeutic response
to ChEI in old age dementia. Despite initial evidence indicating that cholinergic pathways could be
affected in vascular dementia (VaD) and the description of modest but robust cognitive effects in
several randomised controlled trials with galantamine, rivastigmine and donepezil, there was no
effect on global clinical change outcomes, functionnal status and behavior. Furthermore, ChEI
treament resulted in improvement in cogniitive scores compared to no change in placbeo cases
which is quite a different response pattern than what is observed in AD where ChEI treatment
results in stabilisation and placebo cases decline.
A more recent trial reported that cognitive effects were restricted to demented individuals over
the age of 75 years. This may be consitent with an effect restricted to associated Alzheimer
pathology, which is common in older age groups. This interpretation was supported by the
absence of any cognitive effect in another randomised double-blind controlled trial in CADASIL
cases. However the most recently available data suggest a more complex relationship between
ChEI response and vascular or AD pathology. VaD cases with hippocampal atrophy tended to
behave according to an AD pattern (cognitive stability on ChEI treament and decline on placebo)
whereas VaD cases without hippocampal atrophy followed the classical response pattern
described above (cognitive improvement on ChEI therapy and stability on placebo).
In conclusion, the frequent occurrence of vascular and AD type lesions in older brains may have an
important influence on cognitive response patterns to ChEI in individuals with mixed dementia.
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L7A-4
THE ROLE OF CHOLINESTERASES IN AD PATHOLOGY: IMPLICATIONS FOR IMPROVING EFFICACY
OF CHOLINESTERASE INHIBITORS.
Taher Darreh-Shori
Karolinska Institutet, Department of Neurobiology, Care Sciences and Society Division of Alzheimer
Neurobiology Center, Stockholm, Sweden
Despite three decades of intensive research in the field of Alzheimer’s disease (AD) and numerous
clinical trials of new therapeutic agents, the cholinesterase inhibitors (ChEIs) are still the mainstay
of therapeutics of AD and the related dementia disorders such as Lewy bodies (DLB) and Parkinson
dementia (PDD). The main common denominators of these dementias are an early degeneration
and deficit in the central cholinergic system and a consistent present of acetyl- (AChE) and
butyrylcholinesterase (BChE) in the pathological hallmarks of AD and DLB brains, such as amyloidbeta (Aβ) plaques, cerebral amyloid angiopathy and neurofibrillary tangles. In particular, the
present of BChE in the Aβ deposits in postmortem AD and DLB brains seems to be associated with
a greater toxicity and annual cognitive decline. Paradoxically, a higher BChE activity or protein
level in CSF of AD patients appears to be a beneficial sign as the patients show relatively better
cognition and cerebral glucose utilization, as well as lower in vivo Aβ loads. Our recent report of
presence of BAβACs (hybrid molecular BChE-AChE-Aβ-Apolipoprotein E (ApoE) Complexes) in CSF
of AD patients, provide a logical solution to the above paradox. Namely, BAβACs seems to oscillate
between latent and ultra-fast states of acetylcholine (ACh) hydrolyzing activity depending on the
access on Aβ. These BChE/AChE hybrids show slow enzymatic activity in AD CSF, where the Aβ
concentration is the lowest, but gain an ultra-fast catalytic rate where the Aβ levels are the
highest, e. g. in the brain parenchyma/tissue. Pharmacodynamic analyses of ChEIs also provide
paradoxical observations. The rapidly reversible non-carbamylating agents, donepezil, galantamine
and tacrine cause consequential increases in the AChE activity and particularly protein expression
whereas the carbamylating agents, rivastigmine and phenserine produces sustained inhibition
with no significant change in the AChE protein expression. Still, the clinical efficacies of these
agents, despite these apparent pharmacodynamic differences are reasonably very similar. These
observations seem to indicate that both pharmacodynamic responses have beneficial clinical
effect, and a combination therapy may enhance the clinical efficacy of these agents in dementia
disorders.
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L7A-5
BUTYRYLCHOLINESTERASE RADIOLIGANDS TO IMAGE ALZHEIMER DISEASE BRAIN
Sultan Darvesh
Departments of Medicine (Neurology and Geriatric Medicine), Anatomy & Neurobiology, Dalhousie
University, Halifax, Nova Scotia
Department of Chemistry, Mount Saint Vincent University, Halifax, Nova Scotia, Canada
Butyrylcholinesterase (BuChE) is a serine hydrolase enzyme that catalyses the hydrolysis of the
neurotransmitter acetylcholine, in addition to detoxifying various esters in the blood. This enzyme
has a distribution distinct from acetylcholinesterase (AChE) and is particularly found in neurons in
the amygdala, the hippocampal formation and thalamus, brain structures involved in cognition
and behaviour. These along with a number of other observations, including the fact that AChE-null
mice are viable suggests that BuChE has a cardinal function in the brain, most likely in cholinergic
neurotransmission. Alzheimer's disease (AD) is characterized neuropathologically by cholinergic
dysfunction and accumulation of neuritic plaques and neurofibrillary tangles. These changes are
thought to, at least in part, be responsible for cognitive and behavioural symptoms in AD.
However, at present, definitive diagnosis of AD is difficult during life and requires
neuropathological demonstration of plaques and tangles post-mortem. Related to cholinergic
dysfunction there is loss of AChE but an increase in the levels of BuChE, especially associated with
plaques and tangles. The function of this association is unknown. However, given the fact that
BuChE is associated with these pathological structures, it represents a potential imaging target for
diagnosis. A number of radioligands have been developed to image amyloid in plaques as a way to
detect AD pathology. However, it is known that amyloid plaques are also found in brains of
individuals without any cognitive impairment. On the other hand, BuChE is thought to be located
predominantly with those plaques that are characteristic of AD. We have therefore developed a
number of iodinated or fluorinated BuChE radioligands. Our preliminary results show that these
compounds enter the brain, accumulate in regions containing BuChE and recapitulate the
histochemical distribution of this enzyme. Furthermore, the fact that BuChE is found in low
amounts in the cerebral cortex of normal brain, but high amounts in AD, in association with
plaques and tangles, makes this enzyme a suitable target for molecular imaging in AD. Our studies
suggest that radioligands specific for BuChE have the potential to detect neuropathological
structures in AD for definitive diagnosis of this condition during life.
Acknowledgements: Ian R. Macdonald, G. Andrew Reid, Ian R. Pottie, Steven C. Burrell, George
Mawko and Earl Martin for their continued support for this project. This research was supported
by the Canadian Institutes of Health Research (MOP-82798), Capital Health Research Fund, Nova
Scotia Health Research Foundation, Faculty and Department of Medicine of Dalhousie University.
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L7A-6
ASSOCIATION ANALYSIS BETWEEN K AND -116 VARIANTS OF BUTYRYLCHOLINESTERASE AND
ALZHEIMER’S DISEASE IN A BRAZILIAN POPULATION.
Daiane Priscila Simão-Silva1, Paulo Henrique Ferreira Bertolucci2, Roger William de Labio3, Spencer
Luiz Marques Payao3, Lupe Furtado Alle1, Ricardo Lehtonen Rodrigues Souza1
1
Department of Genetics, Federal University of Paraná, Curitiba, Brazil
2
Department of Behavioral Neurology, Federal University of São Paulo, Brazil
3
Department of Genetic and Molecular Biology of Hemocentro, School of Medicine of Marília, São
Paulo, Brazil
In Alzheimer’s disease (AD) a significant reduction in acetylcholinesterase and an increase in
butyrylcholinesterase (BChE) activity are observed. Different studies reported a positive or
negative association between K (539T) variant of BCHE gene and AD. Located in exon 4
(rs1803274), K is the most frequent non-usual variant in the coding region and was associated with
lower BChE activity [1]. But, the K variant alone is not associated with decreased BChE activity,
being the presence of 5’ UTR −116A variant necessary for this decrease [2]. This variant is located
in the non-codifying exon 1 at −116 nt (rs1126680), preferen_ally found in cis with the K variant
[3]. In this work we conducted a case-control association study using a clinically well defined group
of AD patients (n=82) and age and sex matched control subjects CI (n = 78) in order to test the
association with −116 and K variants in a Brazilian population. The frequencies of the K and -116A
variants were not significantly different between cases and controls (p = 0.774 and p = 0.133,
respectively). In the haplotype analysis, the haplotype 1, with -116A and K variants, showed a
frequency of 5.77% in AD and 9.25% in the controls, and the haplotype 2, with -116A variant and
without K, is not present in the AD group and have 1.51% frequency in controls. The haplotype 3,
which had K variant but did not have -116A, have a frequency of 14.17% in controls and 16.02% in
AD group. In haplotype 4, with the usual alleles in both positions, the frequencies were 78.20%
and 75.07% in AD and control groups respectively. These results, although not reaching statistical
significance, suggest the following lines of investigation: 1) that the presence of -116A variant
(haplotype 1 and 2), by reducing the BChE activity, potentially increases cholinergic transmission in
comparison with usual genotypes, giving a protective effect against AD. Considering that the K
variant alone is not capable of diminishing BChE activity, its association with AD in a controversial
manner in different surveys is probably caused by its linkage disequilibrium with -116A; 2) the
haplotype 3 frequency, with K variant more present in AD group, is consistent with the Podoly et
al., [4] hypothesis, that the K variant of BCHE generates enzymes with impaired stability and
quaternary organization and consequently abolishing its hydrolytic activity, accounting for risk in
terms of its interaction with aberrant Aβ. Further studies are needed to confirm these associations
concerning the real effect of K variant in Alzheimer disease, and also the evaluation of -116A effect
alone on the activity of BChE and its protective role in AD.
References:
[1] Rubinstein, HM. et al. Med Genet., 1978, 15, 27–29.
[2] Furtado-Alle, L. et al. Chemico-Bio. Interaction, 2008, 175, 115-118.
[3] Bartels, CF. et al. Nucleic Acids Res., 1990, 18, 6171.
[4] Podoly, E. et al. J. Biol. Chem., 2009,284, 17170-17179.
Acknowledgement: Grants were received from the National Council for Scientific and
Technological Development (CNPq); Araucária Foundation and scholarships from Coordination for
Improvement of Higher Education (CAPES).
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Session 7B: Diseases related to cholinesterases, and cholinesterase inhibitors therapy.
L7B-1
SPECIFIC BINDING OF COLLAGEN Q TO THE NEUROMUSCULAR JUNCTION IS EXPLOITED TO CURE
CONGENITAL MYASTHENIA AND TO EXPLORE BASES OF MYASTHENIA GRAVIS
Kinji Ohno
Neurogenetics, Nagoya University Graduate School of Medicine, Nagoya, Japan
Acetylcholinesterase (AChE) at the neuromuscular junction (NMJ) is anchored to the synaptic basal
lamina via a triple helical collagen Q (ColQ) in the form of asymmetric AChE (AChE/ColQ). The Cterminal domain of ColQ binds to MuSK, the muscle-specific receptor tyrosine kinase, that
mediates a signal for acetylcholine receptor (AChR) clustering at the NMJ. Two heparan sulfate
proteoclycan-binding domains of ColQ also bind to heparan sulfate proteoglycans including
perlecan.
Congenital defects of ColQ cause endplate AChE deficiency and a myasthenic syndrome. A single
intravenous administration of adeno-associated virus serotype 8 (AAV8)-COLQ to Colq-/- mice
rescued motor functions, synaptic transmission, and partly the ultrastructure of NMJ. We also
injected AAV1-COLQ-IRES-EGFP to the left tibialis anterior and observed colocalization of ColQ and
AChE at all the examined NMJs of the non-injected limbs. Additionally, injection of purified
recombinant AChE/ColQ protein complex into gluteus maximus accumulated AChE in non-injected
forelimbs. These observations suggest that the tissue-targeting signal of ColQ can be exploited to
specifically deliver the transgene product to the target tissue.
MuSK antibody-positive myasthenia gravis (MG) accounts for 5-15% of autoimmune MG. As AChR
deficiency is typically mild and as cholinesterase inhibitors are generally ineffective, we asked if
the patient's MuSK-IgG interferes with binding of ColQ to MuSK. In vitro overlay of AChE/ColQ to
muscle sections of Colq-/- mice revealed that MuSK-IgG blocks binding of ColQ to the NMJ. In vitro
plate-binding of MuSK to ColQ disclosed that MuSK-IgG exerts a dose-dependent block of MuSKColQ interaction. In addition, passive transfer of MuSK-IgG to mice reduced the size and density of
ColQ to ~10% of controls and had a lesser effect on the size and density of AChR and MuSK.
Elucidation of molecular mechanisms of specific binding of ColQ to the NMJ enabled us to
ameliorate devastating myasthenic symptoms of Colq-/- mice and also to reveal bases of antiMuSK MG.
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L7B-2
-116A AND K BCHE GENE VARIANTS ASSOCIATED WITH OBESITY AND HYPERTRYGLYCERIDEMIA
IN ADOLESCENTS FROM SOUTHERN BRAZIL.
Thaís Jannuzzi Chaves1, Neiva Leite2, Gerusa Eisfeld Milano2, Gisele Eisfeld Milano2, Ricardo
Lehtonen Rodrigues Souza1, Eleidi Alice Chautard-Freire-Maia1, Lupe Furtado-Alle1
1

Polymorphism and Linkage Laboratory – Department of Genetics from Federal University of
Paraná, Brazil.
lupealle@gmail.com
2
Núcleo de Pesquisa em Qualidade de vida – Department of Physical Education from Federal
University of Paraná, Brazil
Butyrylcholinesterase (BChE) has a known role on lipid metabolism and has been associated to
body mass index (BMI), cholesterol, triglycerides an weight [1, 2]. -116A (rs1126680) and K (A539T,
1615A, rs1803274) BCHE gene variants had previously been associated to BChE activity, weight
and BMI variance in adults [3, 4]. The present study examined -116A and K variants, BChE activity,
anthropometric and biochemical variables associated with obesity in 120 obese adolescents and in
150 non-obese adolescents from Curitiba/Paraná/Brazil. Both -116A and K variants were found
with significantly lower frequencies (p < 0.05) in obese adolescent when compared with nonobese adolescents and with general population. Mean BChE activity (KU/L) were significantly
higher in obese adolescents when compared with non-obese adolescents and with the general
population. Analyzing only the obese adolescents, it was found that carriers of -116A variant
showed lower BChE activity and higher triglycerides levels than homozigotes for the usual allele.
Indeed, obese carriers of -116A variant had triglyceride levels considered high according to
reference values for serum triglycerides in Brazilian adolescents. Regarding these results, we
suggest the following: 1) a protective effect of -116A and K variants on juvenile obesity risk,
suggesting a role for BCHE gene on juvenile onset obesity different from that observed on adult
onset obesity and 2) -116A variant might be associated with hypertriglyceridemia in obese
adolescents because its effect on lowering BChE activity and consequently diminishing the enzyme
capability of maintaining homeostasis on lipid metabolism during metabolic stress caused by
obesity.
References:
[1] Alcantara V.M. et al. Cin Chem Lab Med, 2005, 43 (3), 285-288
[2] Benyamin B. et al. Hum Mol Genet, 2011, 20 (22), 4504-14
[3] Souza R.L.R. et al. Am J Phys Anthropol, 2005, 126, 329-334
[4] Furtado-Alle L. et al, Chem Biol Interact, 2008, 175, 115-118
Acknowledgement: Grants were received from the National Council for Scientific and
Technological Development (CNPq); Araucária Fundantion and scholarships from Coordination for
Improvement of Higher Education (CAPES).
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L7B-3
COPY NUMBER VARIATION AT 7Q22 AND 3Q26 IN SPORADIC BREAST CANCER
Dellyana R. Boberg1, Meire S. Batistela1, Micheli Pecharki1, Enilze M.S.F. Ribeiro1, Iglenir J. Cavalli1,
Rubens S. Lima2, Cícero A. Urban2, Lupe Furtado-Alle1, Ricardo L.R. Souza1
1
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2

Gene amplifications and deletions are common changes present in cancer cells, being associated
with the development and progression of this disease. Previous studies indicate that the regions
where the ACHE (7q22) and BCHE (3q26.1-q26.2) genes are localized are often suffering such
structural modifications in several types of cancer, and the product of these genes,
acetylcholinesterase and butyrylcholinesterase respectively, are related to the process of cell
differentiation and proliferation as well as apoptosis. The EPHB4 (7q22.1) gene, whose product is
related to transduction of signals that modulate cell growth and differentiation, is close ACHE
gene. The MME (3q21-27) gene, situated near the BCHE gene, determines cell proliferation and
locomotion. The aim of this study was to verify amplification and/or deletion in the ACHE, BCHE,
EPHB4 and MME genes in 32 samples of sporadic breast cancer. The gene alterations were
detected using Prime Time® qPCR Assay, and determined by relative quantification with the
standard curve method. Three reference genes (18S, PUM1 and ACTB) were used as endogenous
controls and peripheral blood from each patient as normal tissue. Amounts of the genes were
obtained by the Realplex Eppendorf 5.1 software in both normal and tumor tissues. A ratio (Q)
between the mean amounts of target and reference genes in the tumor and in peripheral blood
was calculated for each sample [1]. Amplification was considered when the value Q ± SD > 1 and
deletion when Q ± SD < 1. All samples presented genetic alterations, showing a higher tendency
for an amplification for the ACHE (62.5% vs. 37.5%; p ˃ 0.1) and EPHB4 (53.13% vs. 46.88%; p ˃
0.5) genes and for deletions to the BCHE and MME genes (56.25% vs. 43.75% for both; p ˃ 0.5).
This result is consistent with other studies of gains and losses of chromosomal regions [2][3].
A positive correlation was found between alterations in ACHE-EPHB4 and BCHE-MME pairs
(rS 0.437; p < 0.05; rS 0.492; p < 0.01, respectively) evidencing that these changes comprise a wide
region, which includes oncogenes locus, as MET (7q31) and PIK3CA (3q26) genes. These results
suggest that this genomic region is an interesting target to future studies in breast cancer
research.
References:
[1] Königshoff M et al. Clin Chem, 2003, 49, 219-29.
[2] Pinto AE et al. J Clin Pathol, 2006, 59, 367-72.
[3] Lu YJ et al. Genes Chromosomes Cancer, 1997, 20, 275-81.
Acknowledgement: Grants were received from the National Council for Scientific and
Technological Development (CNPq); Araucária Foundation and Scholarships from Coordination for
Improvement of Higher Education (CAPES).
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L7B-4
A NOVEL INSIGHT INTO ACETYLCHOLINESTERASE FUNCTIONS IN THE NERVOUS SYSTEM
PROVIDED BY THE MUTANT MICE
1
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Acetylcholinesterase (AChE) is mainly extracted from the central nervous system as a tetramer of catalytic
subunits and from the NMJ as collagen tailed forms. The organization of the tetramer results from the
association of the proline rich domain (PRAD) of PRiMA or ColQ with the four C-terminal domains of AChE.
The knowledge of this organization has allowed to generate three types of mutants in which AChE catalytic
domain remains intact whereas AChE activity is impaired: in the AChEdelE5+6 mutant mice the last exons of
the AChE gene were deleted; in the PRiMA KO and ColQ KO mice the deletion of the PRAD prevents any
interaction with AChE. In the PRiMA KO and AChEdelE5+6 mice, the AChE activity is dramatically decreased
in all parts of the brain. More specifically in the striatum, we found that the AChE activity and protein
content are reduced to 2% of the wild type for two distinct reasons: in PRiMA KO, AChE is not maturated in
the endoplasmic reticulum whereas in AChEdelE5+6 AChE is not stabilized at the surface of the neurons.
The levels of ACh appear 200-300 higher in the extracellular space of the striatum in both mutants as
compared to the WT mice. Despite the huge striatal levels of ACh, the motor behavior of PRiMA KO mice is
nearly normal as compared to that of the WT mice, whereas the AChEdelE5+6 mice have a clear muscle
weakness comparable to that observed in ColQ KO mice. A key adaptation acquired by the PRiMA KO and
AChEdelE5+6 mice is the huge reduction of the densities of muscarinic receptors whereas those of the
nicotinic receptors are merely altered. These results establish that the brain copes well with the excess of
ACh and should explain why the long term treatments with inhibitors of cholinesterase have only transient
effects. However, these adaptations do not explain why the PRiMA KO mice are still sensitive as the WT
mice to donepezil, a specific inhibitor of AChE. The hypothermia is a slow (hours), quantifiable alteration of
animals, including humans, physiology after AChE inhibition. Indeed injection of donepezil in WT mice
trigger a drop of their central temperature below 31°C but has no thermal consequence in AChE KO mice in
which the catalytic domain is deleted. Unexpectedly, the central temperature of PRiMA KO mice decreases
as in WT mice with different doses of donepezil. In contrast the central temperature of AChEdelE5+6 and
ColQ KO mice is significantly less affected by donepezil. These results suggest that the peripheral nervous
system, in which AChE is anchored by ColQ, is expected to be a major target of the inhibition of AChE. The
cholinergic functions in the sympathetic and parasympathetic system must be revisited thoroughly and
taken into account for designing new drugs inhibiting specifically AChE.
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L7B-5
THE ACHE MEMBRANE BINDING TAIL PRIMA (PROLINE-RICH MEMBRANE ANCHOR) IS DOWNREGULATED IN MUSCLE AND NERVE OF MICE WITH MUSCULAR DYSTROPHY BY MEROSIN
DEFICIENCY
Vidal C.J.1, Muñoz-Delgado E.1, Campoy F.J.1, Cabezas-Herrera J.2, Moral-Naranjo M.T.1,
Montenegro M.F.1
1
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Appropriate muscle functioning needs structural integrity, rapid repair and regeneration of
myofibers. Muscular dystrophy (MD) leads to severe/moderate muscle wasting. The instability of
the cell surface membrane triggers the release of muscle proteins and the uptake of external
calcium, pushing Ca2+-dependent proteolysis and functional impairment. Since the discovery of
dystrophin deficiency as the leading cause for Duchenne muscular dystrophy (DMD), more than 30
genes have been found to be aberrantly expressed in MDs. Their majority encode proteins of the
dystrophin-glycoprotein complex (DGC) that connects the muscle cytoskeleton with laminin-2 of
the extracellular matrix. Other dystrophies arise from deregulation of the caveolin-3 gene, the
deficiency of dysferlin in the sarcoplasma and of lamins A/C or emerin in the nuclear cytoskeleton
[1,2]. Acetylcholinesterase (AChE) occurs in striated muscle as an array of globular and asymmetric
components. Compared with healthy muscle, dystrophin- and laminin-2 deficient dystrophic
muscles of humans and mice display a lower level of sarcolemma-residing PRiMA-linked AChE
tetramers [3]. Sciatic nerve of laminin-2 deficient mouse also shows a lower content of PRiMAlinked AChE and BuChE [4]. In our attempts to explain these features, PRiMA mRNA levels were
compared in healthy (Lama2 +/?) and laminin-2 deficient (Lama2 dy/dy) mouse muscle and nerve.
Real-time RT-PCR revealed a decreased content of PRiMA mRNA in dystrophic Lama2dy mouse
muscle and invariable levels of E1e- and E1c-containing AChE mRNAs as well as AChE-T, AChE-H
and AChE-R mRNAs. This finding links the decreased production of PRiMA-bound AChE [3] with
down-expression of PRiMA, and this with MD pathology. In addition, the levels of both the AChE-T
mRNA and PRiMA mRNA were found diminished in the sciatic nerve of the Lama2dy mouse. The
down-expression of AChE-T mRNA in dystrophic nerve explains the reported drop of the complete
range of AChE components [4], and the down-regulation of PRiMA agrees with observations
showing a decrease of PRiMA-bonded AChE and BuChE tetramers [4]. The increased availability of
acetylcholine owing to the fall of PRiMA-linked AChE in dystrophic muscle, and of PRiMA-linked
AChE and BuChE in dystrophic nerve, may lead to over-activation of cholinergic receptors and their
eventual desensitization, which might contribute to muscle and nerve damage in muscular
dystrophy.
References:
[1] Carmignac V, Durbeej M. J. Pathol., 2012, 226: 200-218.
[2] Kanagawa M, Toda T. J. Hum. Genet., 2006, 51: 915-926.
[3] Cabezas-Herrera J. et al. J. Neurochem., 1997, 69: 1964-1974.
[4] Moral-Naranjo M.T. et al. Neurosci. Lett., 2002, 331: 155-158.
Acknowledgements: research program supported by the Fondo de Investigación Sanitaria of Spain
and the Fundación Séneca de la Comunidad Autónoma de Murcia.
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L7B-6
STUDYING CHOLINESTERASES IN BIOLOGICAL SAMPLES
Dingova Dominika1, Leroy Jacqueline 2, Krejci Eric2 and Hrabovska Anna1
1

Department of Pharmacology and Toxicology, Faculty of Pharmacy, Comenius University,
Bratislava, Slovakia
2
Université Paris Descartes, CNRS UMR 8194, Paris, France
Introduction: Despite more than a 50 year-history of research on cholinesterases (ChE), the tools
used to study ChE originating from different biological samples are still limited. Here we
demonstrate the weak points of the commonly used extraction methods and limitations of the
classical Ellman’s activity assay. Finally, we propose method improvements and alternative
approaches. Methods: ChE were extracted from mouse brain and muscle using various dissection
and extraction conditions. Molecular forms of ChE were separated by sucrose density gradient.
ChE activity and the inhibitory effect of selected compounds were tested by Ellman’s assay (0.5
mM DTNB, 1 mM acetyl- or butyryl-thiocholine with or without 20 μM iso-OMPA) or
fluorometrically (1 mM indoxyl acetate, 0.1 M PBS). The inhibitory effect of DTNB was tested in
the range of 0.1 – 4 mM. For design of the ELISA method see the abstract by Mrvova and
Hrabovska. Results: The process of dissection and extraction is crucial for stability of extracted ChE
molecular forms. Additionally, many of the compounds used in the process of extraction from
biological samples have reversible inhibitory effects on ChE activity. DTNB is an important inhibitor
of both ChE (0.5 mM DTNB inhibits 50% activity). DTNB stability as well as the extent of ChE
inhibition depends strongly on the choice of buffer and its pH (see the abstract by Dingova and
Hrabovska). The inhibitory effect of DTNB in Ellman’s assay can be overcome by adding the
reagent only once the reaction is stopped. The generation of novel anti-ChE antibodies enables the
study of “pure” enzyme obtained from biological samples. ELISA captured ChE activity can then be
measured by a modified Ellman’s assay. Smaller activities can be easily detected by the indoxyl
acetate method. Moreover, the double sandwich method (utilizing 2 primary antibodies against
different epitopes) can be used to quantify the protein. Conclusion: When studying ChE in
biological samples, extra attention should be paid to the design of extraction and activity assay
methods to avoid ChE degradation and inhibition. Moreover, alternative approaches should be
considered, including the modified Ellman’s assay and the use of novel antibodies with ELISA.
Acknowledgements: APVV grants SK-FR-0031-09, SK-FR-0048-11, SK-CZ-0028-09 and VEGA
1/1139/12.
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L7B-7
RADIOLIGANDS FOR IMAGING CHOLINESTERASES IN THE BRAIN
Ian R. Macdonald1, G. Andrew Reid1, Ian R. Pottie3, Steven C. Burrell4, George Mawko4, Earl
Martin3, Sultan Darvesh1,2,3
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Introduction: Acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) accumulate in
neuritic plaques and neurofibrillary tangles in Alzheimer brain. The function of this association is
unclear. However, the presence of cholinesterases in these pathological structures may provide a
suitable target for disease-specific imaging of this condition. This is important because it has the
potential to provide a definitive diagnosis of Alzheimer’s disease (AD) during life since, at present,
definition relies on post-mortem examination of the brain. We propose that cholinesterasebinding radiopharmaceuticals can be used in PET and SPECT imaging to detect these enzymes in
vivo, and thus the pathology associated with AD. As a preliminary step towards this goal, imaging
agents have been synthesized and evaluated in rodent and human brain tissues.
Design and Methods: Cholinesterase ligands were synthesized and evaluated through kinetic
analysis. These compounds were subsequently radiolabelled with 123I and either injected
intravenously in rodents or incubated with rodent and human brain tissues. The distribution of
radioactivity was determined by whole body scintigraphy or via autoradiography. Cholinesterase
inhibitors were used to evaluate the specificity of these radioligands.
Results: 123I was successfully incorporated into several cholinesterase ligands. Analysis of rodent
brain sections with autoradiography indicated radioactivity accumulation in areas known to
contain cholinesterase from histochemical analysis. Furthermore, incubation of these molecules
with human tissue revealed uptake of radioactivity comparable to the unique histochemical
distributions of these enzymes in healthy and diseased brain tissues. Accumulation of radioactivity
was attenuated by increasing concentrations of cholinesterase inhibitors indicating radioligand
specificity towards these enzymes.
Discussion and Conclusions: Radioligands specific for cholinesterases can be synthesized,
radiolabelled and purified in an efficient manner for timely use in neuroimaging. These
compounds can detect cholinesterases in brain tissues. Because of the presence of these enzymes
in pathological structures in AD, such radioligands have the potential to provide a non-invasive
means for early diagnosis of this disease using brain scanning.
Acknowledgements: This research was supported by the Canadian Institutes of Health Research
(MOP-82798), Capital Health Research Fund, Nova Scotia Health Research Foundation, Faculty and
Department of Medicine of Dalhousie University, Natural Sciences and Engineering Research
Council of Canada and Killam Trusts.
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L7B-8
TISSUE-SPECIFIC INHIBITORS OF ACETYLCHOLINESTERASE FOR TREATMENT OF MYASTHENIA
GRAVIS
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Acetylcholinesterase (AChE) inhibitors are widely used in medical practice for symptomatic
treatment for Myasthenia Gravis (MG) and Alzheimer disease. However, virtually all anti-AChE
agents possess various side effects mostly as a result of lack of selectivity among various organs
and tissues. Anti-AChE drugs suppress the cholinesterase activity both in organs requiring
pharmacological correction and those organs where correction is not necessary. Application of
traditional AChE inhibitors is always associated with side effects mostly caused by hyperactivation
of cholinoreceptors of vegetative nerve systems (mainly smooth muscles and myocardium), such
as diarrhea, excessive salivation, nausea, vomiting, pain in the stomach, bradycardia, arrhythmia,
enhancement of bronchial secretion, hypotension etc. The drawbacks could be overcome by using
inhibitors capable of inactivating AChE selectively in definite organs (skeletal muscles in case of
MG) in doses ineffective with respect to smooth muscles and myocardium. Quite recently the
evidences of the possibility of “skeletal muscle-specific” AChE inhibition have appeared when a
new set of promising compounds, the alkylammonium derivatives of 6-methyluracil (ADEMs), have
been synthesized and identified as inhibitors of AChE. We have shown that the synapses of
locomotor muscles are more sensitive to the action of ADEMs as compared to synapses of smooth
muscles or myocardium. These observations indicate that ADEMs can be perspective AChE
inhibitors for treatment of MG lacking the majority of side effects on smooth muscles and
myocardium.
Acknowledgement: This study was supported by RFBR grants №№ 11-04-12102, 11-04-01188-а,
10-03-00365-a, grant “Scientific school”.
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L7B-9
NITRIC OXIDE IS AN ENDOGENEOUS REGULATOR OF ACETYLCHOLINESTERASE ACTIVITY IN
MAMMALIAN NEUROMUSCULAR JUNCTION
Kovyazina Irina1, Petrov Konstantin1,2, Malomouzh Artem1, Krejci Eric5, Nikitashina Alexandra1,2,4,
Proskurina Svetlana4, Nikolsky Evgeny1,3
1

Kazan Institute of Biochemistry and Biophysics, Russian Academy of Sciences, Kazan, Russia
A.E. Arbuzov Institute of Organic and Physical Chemistry, Russian Academy of Sciences, Kazan,
Russia
3
Kazan Medical University, Kazan, Russia
4
Kazan (Volga Region) Federal University, Kazan , Russia
5
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Density of acetylcholinesterase (AChE) in the cholinergic synapses is not constant and can adapt to
the changes in the synaptic activity. All known mechanisms of AChE regulation require dozens of
hours, since synthesis, secretion and anchoring of the enzyme are required. We propose the
existence of faster endogenous mechanism of regulation of synaptic AChE activity which involves
the nitric oxide (NO) production. It is known that the gaseous mediator NO, in addition to many
other functions in the organism, can modulate synaptic transmission. Besides, NO was shown to
depress AChE activity in vitro. The question arises whether endogenous NO produced in the
neuromuscular junction can influence the activity of synaptic AChE. We have shown that the
exogenous NO donors induced a dose-dependent increase of miniature endplate current’s
amplitude and prolongation of decay time typical of AChE inhibition in rat extensor digitorum
longus endplates. Considering our previously obtained experimental proofs that NMDA receptor
activation resulted in the increase of NO production, we suggested the possibility of a glutamate
induced NO-mediated pathway of AChE inhibition. Indeed, application of these amino acids
enhanced the amplitude of miniature endplate currents, the effect being not observed after
preliminary blockade of NMDA receptors and NO synthase inhibition. Thus, we suggest the
existence of a previously unknown mode of regulation of cholinergic transmission based on the
fine tuning of AChE activity by endogenous NO.
Acknowledgement: This study was supported by RFBR grant № 11-04-12102, RFBR grant
№ 11-04-01188-а, grant “Leading Scientific School”.
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L7B-10
MODULATION OF CHOLINERGIC PATHWAYS IN BLAST-INDUCED TRAUMATIC BRAIN INJURY
Madhusoodana P. Nambiar, Manojkumar Valiyaveettil, Yonas A. Alamneh, Ying Wang,
Peethambaran Arun, Yanling Wei and Samuel Oguntayo
Walter Reed Army Institute of Research, Silver Spring, MD 20910
Blast induced traumatic brain injury (TBI) is sharply increased in recent conflicts with Iraq and
Afghanistan due to high use of improvised explosive devices and repeated firing of weapons. The
mechanism of blast TBI is not well understood and there is no effective therapy. Cholinergic
dysfunction has been recognized as one of the major regulators of TBI associated stress responses
and centrally acting acetylcholinesterase (AChE) inhibitors are being considered as potential
therapeutic candidates against TBI mediated cognitive impairments. In this study, the
pathophysiology of molecules involved in the cholinergic system was evaluated in a blast-induced
TBI mice model of repeated air blast exposure. Isoflurane anesthetized C57BL/6J mice were placed
in prone position horizontal to the direction of the shock waves generated from a shock tube.
Animals were restrained using a net and exposed to 20.6 psi blast overpressure for three times
with 1-30 min intervals. Blood and brain were collected at different time points (sham, 3, 6, and
24 h and 3, 7 and 14 days) after blast exposure. AChE enzyme activity in the blood and different
brain regions was analyzed by Ellman assay. Brain samples at 6 h post-blast were used for cDNA
microarray and microRNA analysis to determine blast induced changes. Protein expression analysis
was also performed by Western-blotting. AChE activity was significantly decreased in the blood
and different brain regions (cerebellum, hippocampus and hind cortex) of blast exposed animals,
while the frontal cortex showed a significant increase at 6 h post-blast compared to sham controls.
The changes in AChE activity tend to normalize with time indicating the effect of blast
overpressure on cholinergic system is acute. The medulla region showed chronic increase in AChE
activity after blast exposure. Brain cDNA microarray analysis showed significant changes in the
expression of cholinergic receptors (muscarinic and nicotinic) and apolipoprotein E. MicroRNA
analysis of cerebellum revealed differential expression of multiple microRNAs (miR-132, 134 and
183) in blast exposed mice which are linked to cholinergic anti-inflammatory signaling.
Cytoskeletal spectrin breakdown was observed in the frontal cortex and cerebellum of blast
exposed animals at multiple time points. These results indicate that early pathologic progression
of blast induced TBI involves dysregulation of cholinergic function. Acute and chronic changes in
the activity of AChE in blast TBI at different brain regions can cause long-term pathophysiological
changes in the central and peripheral systems.
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L3D-1
STRUCTURAL ASPECTS OF CHOLINESTERASE INHIBITION BY CRESYL SALIGENIN PHOSPHATE
(CBDP)
Eugénie Carletti1,2, Jacques-Philippe Colletier2, Lawrence M. Schopfer3, Oksana Lockridge3, Patrick
Masson1,2,3, Martin Weik2, Florian Nachon1
1
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3
Eppley Institute, University of Nebraska Medical Center, Omaha, NE 68198-5950, USA
2

Tri-o-cresyl-phosphate (TOCP) is used as an additive in lubricants and hydraulic fluids for
submarine and aircraft engines. Exposure to toxic fumes containing TOCP in the cabin of civil and
military aircrafts is suspected to be one cause of the aerotoxic syndrome which includes
neurotoxic symptoms. Indeed, TOCP is metabolized into CBDP, the latter being a powerful
irreversible inhibitor of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) [1]. CBDP
modified BChE was identified in the plasma of airline passengers, suggesting that plasma BChE
efficiently scavenges CBDP at low-level exposure [2].
CBDP is a bulky molecule compared to the active-site volume of AChE. This prompts questions
about the way the enzyme manages to accommodate this large inhibitor. Oximes fail to reactivate
cholinesterases inhibited by CBDP, indicating fast "aging" of the conjugates [1]. We used X-ray
crystallography to make snapshots of the inhibition and aging reactions of CBDP with human BChE
and mouse AChE. Mass spectrometry analysis (enzymes inhibited in H2O vs H218O) was performed
in parallel to identify the nature of the post-phosphorylation reactions, i.e. dealkylation or
nucleophilic substitution.
The intermediate trapped in AChE's active center after a 30-min soaking time reveals a
conformational change enlarging the acyl-binding pocket of AChE for binding the saligenin
substituent of CBDP. At this stage, saligenin is already partially lost by dealkylation. We observe a
full reversion of the conformational change after complete dealkylation has been achieved at
longer soaking time (12 h). The P-bonded oxyanion resulting from the loss of saligenin prevents
oxime reactivation. The o-cresyl substituent remains present in the choline-binding pocket despite
longer soaking time, in agreement with mass spectrometry results. By contrast both substituents
are rapidly lost in BChE, hence the non-reactivatability of the conjugate. Saligenin was already lost
by dealkylation after a 2 min soaking time. The o-cresyl, located in the acyl-binding pocket, is
displaced by a hydroxyl in a few hours. This yields a phosphoserine that is completely refractory to
reactivation. Rapid aging of both AChE and BChE conjugates implies that no oxime-based therapy
is viable in cases of severe TOCP/CBDP poisoning causing cholinergic signs.
References:
[1] Carletti et al. Chem. Res. Toxicol., 2011, 24, 797-808.
[2] Liyasova et al. Tox. Appl. Pharmacol., 2011, 256, 337-347.
Acknowledgement: We thank the financing of DGA/SSA 08ca501 and DGA REI 2009-34-0023.
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L3D-2
MECHANISM OF INTERACTION OF NOVEL UNCHARGED, CENTRALLY ACTIVE REACTIVATORS
WITH OP-HACHE CONJUGATES
Zoran Radić1, Rakesh Sit2, Edzna Garcia1, Limin Zhang1, Suzana Berend3, Zrinka Kovarik3, Gabriel
Amitai4, Valery Fokin2, K. Barry Sharpless2 and Palmer Taylor1
1

Skaggs School of Pharmacy and Pharmaceutical Sciences, University of California at San Diego,
La Jolla, CA 92093-0650, USA;
2
Skaggs Institute for Chemical Biology, The Scripps Research Institute, La Jolla, CA 92037.
3
Institute for Medical Research and Occupational Health, HR-10001 Zagreb, Croatia.
4
Department of Pharmacology, Israel Institute for Biological Research, Ness Ziona, Israel
The library of nearly 300 novel uncharged oxime reactivators was used to select lead reactivators
of human acetylcholinesterase (hAChE) covalently conjugated with sarin, cyclosarin, VX, paraoxon
and tabun. N-substituted 2-hydroxyiminoacetamido alkylamines were identified as best
reactivators [1] and reactivation kinetics of the lead oxime RS41A analyzed in detail. Compared to
reference pyridinium reactivators 2PAM and MMB4 molecular recognition of RS41A reflected in its
Kox constant was determined to be compromised on average by an order of magnitude for
different OP-hAChE conjugates, without significant differences in the first order maximal
phosphorylation rate constant k2. Systematic structural modifications of the RS41A lead resulted
in the several-fold better reactivator RS194B. Kinetic analysis indicated Kox reduction for RS194B
as the main kinetic parameter enhancement leading towards more efficient reactivation.
Comparative computational molecular modeling of RS41A and RS194B interactions with VX
inhibited hAChE, bound reversibly in Michaelis type complex and covalently in pentacoordinate
transition state indicated larger similarity of binding geometries between the two states for
RS194B than for RS41A rationalizing the faster reactivation reaction as a consequence of lowering
interaction energies needed for formation of both reaction states.
References:
[1] Sit et al. Journal of Biological Chemistry, 2011, 286, 19422-19430.
Acknowledgement: Supported by the CounterACT Program, National Institutes of Health Office of
the Director (NIH OD), and the National Institute of Neurological Disorders and Stroke (NINDS),
Grant Number U01 NS058046.
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L3D-3
STRUCTURE BASED REPURPOSING OF FDA APPROVED DRUGS AS ACETYLCHOLINESTERASE
INHIBITORS
Lakshmi Venkatachalam1,2, Amruta B. Nambiar2 and Boopathy Rathanam1,2
1

Molecular Biology and Biotechnology Division, DRDO-BU Center for Life Sciences, Bharathiar
University, Coimbatore – 641046, Tamilnadu, India
2
Department of Biotechnology, Bharathiar University, Coimbatore – 641046, Tamilnadu, India
Ligands used against hypertension or depression have been reported to be involved in
memory/cognition [1, 2]. Structure-based virtual screening of ligands/inhibitors against
acetylcholinesterase (AChE) protein was carried out using a database of 3, 000 (US Food and Drug
Administration approved) drugs. Compounds that can cross the blood brain barrier were filtered.
Subsequently, these 579 compounds were subjected to screening by rigid docking using Autodock
4.0. The top drug candidates Cilostazol, Cinitapride, Paliperidone, Rispiridone, Apomorphine,
Zuclopenthixol, Methylergonovine, Eletriptan, Methysergide and Tamibarotene were analysed for
their interaction in comparison with the approved drugs like Donepezil, Galantamine, Huperzine,
Rivastigmine and Tacrine. The plausible reasoning behind their secondary effect on memory
improvement was discussed.
References:
[1] Murali Doraiswamy P. et al., The journals of gerontology Series A Biological sciences and
medical sciences, 2003, 12, M1137-M1144.
[2]Esther Van Den Berg et al., Biochimica et Biophysica Acta, 2009, 5, 470-481.
Acknowledgement: Defence Research and Development Organisation, Ministry of Defence,
Government of India. Department of Biotechnology, Ministry of Science and Technology,
Government of India.
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L3D-4
STRUCTURAL BIOLOGY CONTRIBUTIONS IN THE UNDERSTANDING AND INCREASE OF
PHOSPHOTRIESTERASE ACTIVITIES
J. Hiblot, G. Gotthard, M. Elias, P. Masson, E. Chabriere*
*eric.chabriere@univmed.fr
Enzymes hydrolyzing organophosphorus compounds (OPH) are very appealing for bioremediation.
Indeed, they can softly detoxify nerve agents without secondary pollution. In order, to satisfy
industrial processes, enzymes have to be stable for use and storage, effective, and cheap to
produce. No natural enzymes possessing all these characteristics are available so far. Thus, lots of
works have tried to improve properties of available OPHs. For this purpose, knowledge on catalytic
mechanisms and 3D structures are invaluable tools. Unfortunately, the exact catalytic mechanism
of phosphotriester hydrolysis by the different OPHs is not clearly understood. We focused our
studies on two OPH families: OPHs with -propeller fold (paraoxonase and DFPase) and OPHs with
TIM-barrel fold (Pseudomonas diminuta PTE and Sulfolobus solfataricus SsoPox).
The ultra high resolution structure of DFPase from Loligo vulgaris allowed to locate hydrogen
atoms in the 3D structure. Particularly, we can precisely define the hydroxide molecule associated
to the catalytic calcium ion responsible for the catalysis. This result provides a new insight for the
catalytic mechanism of DFPase and that of the structurally related paraoxonase.
From the study of the structure of SsoPox from the hyperthermophilc archae Sulfolobus
solfataricus, it was possible: (i) to explain the origin of the extreme stability of these proteins and
(ii) to propose a mechanism for the phosphotriesterase and the lactonase activities. From
structural comparison of this PTE with Pseudomonas diminuta PTE, we designed a mutation
database in order to transfer the active site of the very effective mesophilic PTE into the highly
stable structure of the SsoPox. Using rational directed evolution strategy, we succeeded to
increase 1000 times the efficiency of the enzyme toward paraoxon at room temperature. The
enzyme is also effective against parathion and malathion and possesses a good efficiency against
some nerve agent analogues. Exploiting its thermostability, the protein can be purified at very low
cost only by heating and centrifugating the bacterial culture (100mg of protein per liter of culture).
This protocol allows to prepare 50 L of solution capable of decreasing the concentration of
paraoxon by 1000 in 5 minutes (or 14500 L in 24H).
Another interest of this hyperthermostable enzyme is about its lactonase activity. Indeed, the
enzyme is capable of attenuating the virulence of some pathogens by “Quorum Quenching”,
hydrolyzing cell to cell communication molecules. We obtained improved variants capable of
inhibiting Pseudomonas aeruginosa virulence factors, biofilms formation, and restoring the
antibiotic sensitivity of P. aeruginosa resistant strains.
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L3D-5
STRUCTURAL BASES FOR A NOVEL MECHANISM OF ACHE INHIBITION
Yves Bourne1, Igor P. Fabrichny2*, Grégoire Mondielli2*, Gerlind Sulzenbacher1, Ludovic Renault2,
Pascale Marchot1
1

“Architecture et Fonction des Macromolécules Biologiques (AFMB)”, Centre National de la
Recherche Scientifique / Aix-Marseille Univ. (CNRS/AMU), Campus Luminy, Marseille, France.
2
Former “Biochimie des Interactions Moléculaires et Cellulaires (BIMC)”, CNRS/AMU, Faculté de
Médecine – Secteur Nord, Marseille, France. (*Equal contributions.)
While the snake toxin fasciculin and some monoclonal antibodies that inhibit AChE bind to the
peripheral anionic site (PAS) at the entrance of the active-center gorge, monoclonal antibody
Elec408 directed toward E. electricus AChE (EeAChE) binds another regulatory site remote from
the PAS and located in the “back-door region” [1]. We have solved crystal structures of a natural
EeAChE tetramer in complex with Elec408-derived Fab fragments and of a recombinant EeAChE
monomer in an unbound form, and performed complementary biochemical and mutagenesis
studies of rEeAChE [2,3]. Analysis of the tetrameric structure confirms the overall geometry of the
subunit assembly and the high flexibility of the C-terminal T-peptides and associated non-catalytic
linker [4], while its well-resolved complex interfaces reveal the molecular determinants for the
fine specificity and inhibitory potency of the antibody. Comparison of the antibody-bound and
unbound EeAChE structures unveils presence of a back-door channel proximal to the Fab binding
site, and points to an inhibition mechanism restraining the overall flexibility of the subunit while
preserving a functional PAS and functional active center. Finally, functional analysis of structurebased EeAChE mutants supports the structural interpretation for concerted contributions from a
few side chains to regulation of catalysis by the bound antibody [3]. Our atomic description of a
novel ligand binding site at the AChE surface and of a new path for substrate and/or product
trafficking opens new avenues to modulate AChE activity and offers a new template for drug
design. A 3D overview of these two crystal structures comparatively with earlier AChE structures
will be presented to highlight the molecular determinants and motions associated with antibody
binding to the AChE back-door region.
References:
[1] Simon et al, J Biol Chem 1999, 274, 27740-6.
[2] Marchot et al, 2012, this booklet.
[3] Marchot & coll, manuscripts in preparation.
[4] Bourne et al, J Biol Chem 1999, 274, 30370-6.
Acknowledgement: These studies were supported by the AFM (to PM, LR, GM), the FRM (to IF,
GM), the CNRS (to YB, PM, IF) and the ESRF (to GS, YB, IF, PM).
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L3D-6
THE DYNAMIC BEHAVIOR OF AROMATIC RESIDUES ALONG THE ACTIVE-SITE GORGE OF ACHE
AND THEIR RELATIONSHIP TO LIGAND TRAFFIC
Yechun Xu1, Jacques-Philippe Colletier2, Martin Weik2, Hualiang Jiang1, Israel Silman3, Joel L.
Sussman4
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Drug Discovery and Design Center, Shanghai Institute of Materia Medica, Chinese Academy of
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The high aromatic content of the deep and narrow active-site gorge of acetylcholinesterase (AChE)
is a remarkable feature of this enzyme. In the active-site gorge of Torpedo californica AChE
(TcAChE) there are 14 conserved aromatic residues. Statistical analyses of the conformational
flexibility of the side-chains of these residues, based on their crystal structures and molecular
dynamics (MD) trajectories, reveals that the degree of flexibility of these 14 aromatic side chains
varies greatly [1]. Although the side-chains of F330 and W279 are both very flexible, the side-chain
conformations of F120, W233, W432, Y70, Y121, F288, F290 and F331 appear to be fixed. Residues
located on, or adjacent to, the Ω-loop (C67–C94), namely W84, Y130, Y442, and Y334, display
different flexibilities in the MD simulations and in the crystal structures. The restricted movement
inferred for these residues on the basis of the crystal structures is mainly an artefactual outcome
of the crystal packing pattern.
We have performed multiple conventional and steered MD simulations to investigate the
clearance of the product of AChE hydrolysis of acetylthioccholine, thiocholine, and of the
inhibitors, huperzine A and E2020, from the active-site gorge of (TcAChE) [2-4]. While the small
thiocholine exits the catalytic site preferentially via the putative back-door(s) [2], the two inhibitor
molecules, both of which are much larger, exit primarily via the main entrance at the top of the
gorge [3,4]. In both release pathways, the side-chain flexibility of the aromatic residues has a
crucial role in the traffic of the ligand. These MD observations are in good agreement with kinetic
and kinetic-crystallography studies, and are thus pertinent to structure-based drug design.
References:
[1] Y. Xu et al. Biophys. J. 2008, 95, 2500-2511.
[2] Y. Xu et al. Biophys. J. 2010, 99, 4003-4011.
[3] Y. Xu et al. J. Am. Chem. Soc. 2003, 125, 11340-11349.
[4] C. Niu et al. J. Phys. Chem. B, 2005, 109, 23730-23738
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L3D-7
CONFORMATIONAL
VARIABILITIES
IN
HUMAN
AND
TORPEDO
CALIFORNICA
ACETYLCHOLINESTERASES STUDIED BY MD SIMULATIONS AND KINETIC CRYSTALLOGRAPHY
Gianluca Santoni1, Wanling Song2, Yechun Xu2, Israel Silman3, Joel L. Sussman4, Jacques-Philippe
Colletier1, Florian Nachon5, Martin Weik1
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4
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France
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Crystal structures offer a static protein model averaged in space and time. Kinetic crystallography
(Colletier et al. 2008) and molecular dynamics (MD) simulations (Xu et al., 2010) add a dynamical
dimension and shed light on protein flexibility. Combining structural and dynamical pieces of
information improves our understanding of enzyme function and provides a more realistic
framework for molecular docking and drug design.
MD simulations have been performed on Torpedo californica (Tc)AChE (based on pdb entry 1ea5)
and on human AChE (1b41), each for 500 ns, using the GROMACS suite (Santoni, Song, Nachon,
Weik, Colletier, Xu, unpublished). Simulations on the human enzyme have been carried out with
and without fasiculine, in order to investigate the influence this tightly binding polypeptide toxin
might have on the enzymes dynamics. Furthermore, temperature-controlled kinetic X-ray
crystallography (Weik & Colletier, 2010) has been applied and provided structures of TcAChE at
100, 140 and 180 K at 2.1 Å resolution (Santoni, Colletier, Silman, Sussman, Weik, unpublished).
The conformational variabilities of human and TcAChE are being compared and will be presented.
References:
[1] Colletier J.P. et al. Proc Natl Acad Sci USA, 2008, 105, 11742-11747.
[2] Weik M., Colletier J-P. Acta Crystallographica Section D, 2010, 66, 437-446
[3] Xu Y. et al. Biophys J., 2010, 99, 4003-4011.
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L3D-8
STRUCTURAL EVIDENCE FOR THE INTERACTION OF ACETYCLOHINESTERASE AND THE AMYLOIDBETA PEPTIDE.
Jacques-Philippe Colletier1,2, Gregory Effantin1, Angelo Accardo3, Arthur Laganowsky2, Eugenie
Carletti1, Martin Weik1, Michael Sawaya2, Duilio Cascio2, 3Christian Riekel, Joel L. Sussman4, Israel
Silman5 and David Eisenberg2.
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Alzheimer disease (AD) is the most prevalent type of senile dementia. From a biochemical point of
view, a decrease in neurotransmitter-acetylcholine brain-levels is observed, which led, together
with the known role of ACh in learning and memory [1], to the “cholinergic hypothesis of AD” [2].
Thus, symptomatic treatment of AD has focused, so far, on restoring ACh brain levels, which is
attained through the specific inhibition of the synaptic enzyme acetylcholinesterase (AChE).
Nevertheless, defects in cholinergic transmission are not at the origin of the disease, but rather a
by-product [3]. The histological hallmarks of AD are indeed the amyloid deposition of the betaamyloid peptide (Aβ) into extra-neuronal amyloid-plaques and of the microtubule associated
protein Tau into intra-neuronal neurofibrillary-tangles, respectively [4]. In this context, the report
that AChE accelerates the deposition of Aβ into amyloid fibers [5], colocalizes with amyloid
plaques [6] and furthermore increases their neurotoxicity gave a new life to the investigation of
AChE ligands [7,8]. Yet, so far, no structural evidence for the interaction of A with AChE has been
reported.
We investigated the interaction of Aβ with AChE, using a combination of spectroscopy (thioflavin-T
fluorescence), electron microscopy, small and wide angle X-ray scattering, and X-ray
crystallography. Our results demonstrate the ability of Aβ to trigger the deposit of AChE into fiberlike oligomers, and suggest AChE is a specific target for Aβ.
References:
[1] Drachman, D. A. et al. Archives of neurology, 1974, 30, 113-121.
[2] Bartus, R. T. et al. Science, 1982, 217, 408-414.
[3] Francis, P. T. et al. Journal of neurology, neurosurgery, and psychiatry, 1999, 66, 137-147.
[4] Selkoe, D. J. Nature, 1991, 354, 432-433.
[5] Alvarez, A. et al. Journal of molecular biology, 1997, 272, 348-361.
[6] Boncristiano, S. et al. The Journal of neuroscience,2002, 22, 3234-3243.
[7] Alvarez, A. et al. The Journal of neuroscience, 1998, 18, 3213-3223.
[8] Munoz, F. J. et al. FEBS letters, 1999, 450, 205-209.
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PROLINE RICH PEPTIDES FROM SOLUBLE TETRAMERIC
ACETYLCHOLINESTERASE AND HORSE BUTYRYLCHOLINESTERASE
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The therapeutic potential of butyrylcholinesterase (BChE, P06276) relies on its ability to stay in the
circulation a long time, a property that depends on its tetrameric structure [1]. The 4 subunits of
human and horse BChE require polyproline peptides for assembly into tetramers [2]. Our goal was
to determine whether soluble tetrameric fetal bovine acetylcholinesterase (AChE, P23795-1)
contained polyproline peptides. A second goal was to identify additional polyproline peptides in
tetrameric horse BChE. Highly purified FBS AChE and horse BChE were boiled to denature the
proteins and thus release noncovalently bound peptides. Peptides were separated from the bulk
proteins by centrifugation through a YM10 cutoff filter or by HPLC. Released peptides were
analyzed by MALDI-TOF-TOF and LTQ-Orbitrap mass spectrometry. We found a series of
polyproline peptides ranging in mass from 1173 to 2683 for horse BChE and 1281 to 2445 for FBS
AChE. Typical sequences were PPPQPPPPPPPPPPPPP (mass 1699.9) from FBS AChE and
APPPPPPPPPPPPPPPPP (mass 1739.9) from horse BChE. In conclusion, polyproline peptides
organize the 4 subunits of soluble, globular AChE and BChE into tetramers by interacting with the
C-terminal tetramerization domain.
References:
[1] Saxena, A. et al. Mol. Pharmacol. 1998, 53, 112-122.
[2] Li, H. et al. Biochem. J., 2008, 411, 425-432.
KB was supported by a fellowship from Hacettepe University.
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P1-2
COMPUTATIONAL STUDY OF THE CHOLINESTERASE DYNAMICS
D.A. Novichkova1, S.V. Lushchekina2, P. Masson3,4,5, A.V. Nemukhin1,2, S.D. Varfolomeev1,2
1

Chemistry Department of M.V. Lomonosov Moscow State University, Moscow, Russia
N.M. Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, Moscow, Russia
3
IRBA-CRSSA, Toxicology Dept., 38702 La Tronche Cedex, France
4
Institute of Structural Biology, Molecular Biophysics Lab., 38027 Grenoble Cedex, France
5
University of Nebraska Medical Center, Eppley Institute, Omaha, NE 68198-5950, USA
2

Dynamics of cholinesterases, both acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE)
was studied by means of analysis of molecular dynamics (MD) trajectories. 50 ns MD simulations
were performed by NAMD package and CHARMm27 force field.
Change in AChE and BuChE gorge radius (breathing) mode and stability of the structures were
observed, depending on different system parameters. Periodical gorge movements were observed
with period of about 4-6 ns, what is in a good agreement with previous simulations for AChE [1].
Dynamics of active site amino acids was analyzed and reorganization of water molecules network.
Several episodes of catalytic triad dislocation were observed with formation of a new hydrogenbond network. This could explain the hysteretic behavior observed for wild type BuChE with
certain substrates such as N-methylindoxyl acetate.
Acknowledgement: we thank the Program #9 from the Division of Chemistry and Material Sciences
of the Russian Academy of Sciences and the Russian Foundation for Basic Research (grants RFBR
10-03-00085-а, 12-03-00156-а) for partial support of this work.
References:
[1] K. Tai et al. Biophysical Journal, 2001, 81(2), 715-24.
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P1-3
ANALYSIS AND COMPARISION OF 3D-STRUCTURES OF ACETYLCHOLINESTERASE
V.S. Polomskih1, S.V. Lushchekina2, A.V. Nemukhin1,2, S.D. Varfolomeev1,2
1

N.M. Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, Moscow, Russia
Chemistry Department of M.V. Lomonosov Moscow State University, Moscow, Russia

2

Development of X-Ray crystallography in the recent two decades have allowed to obtain
3D-structures of more than 65 thousands of proteins, which has been collected in the Protein Data
Bank (PDB). On the other hand, development of computational techniques allows to investigate
proteins and its reactions by molecular mechanics and by combined quantum
mechanics/molecular mechanics (QM/MM) approaches. For investigation of proteins by these
approaches, 3D-structures from PDB are usually used as a start point and quality of the structure is
crucial for correct modelling. For some proteins there are more than one structure in PDB, and
researcher have to choose “the best structure”. It is easy to choose one in case of structures with
different resolution, but it is not a simple matter in cases of structures of the same or close
resolution.
The root-mean-square deviation (RMSD) is the measure of the average distance between the
atoms (usually the backbone atoms) of superimposed proteins. RMSD is convenient for
comparision of two proteins, but not for comparision of several proteins. For N structures there
are N(N-1)/2 RMSD’s and comparision among N structures is not definitely, because of too many
parameters.
We present a method of comparision for choosing the 3D-structure of the protein among a set of
structures. Method was applied to the set of PDB-available 3D structures acetylcholinesterase. We
accept “the best structure” as the structure, which is the nearest to the “average structure” of the
set. The value for comparision is the sum of squares of RMSD’s between chosen structure and
other structures of the set, which is the least for “the best structure”.
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P1-4
DYNAMICS, ACTIVITY AND STABILITY RELATIONSHIP WITHIN THE CHOLINESTERASE FAMILY
M. Trovaslet1, M. Trapp2,3, F. Nachon1, M. Tehei4,5, M. Weik6, P. Masson1,6, J. Peters6,7,8
1

Institut de Recherches Biomédicales des Armées, F-38702 La Tronche. France
Applied Physical Chemistry, University of Heidelberg, D-69120 Heidelberg. Germany
3
Helmholtz Zentrum Berlin, D-14109 Berlin. Germany.
4
Australian Institute of Nuclear Science and Engineering (AINSE), Menai NSW. Australia
5
School of Chemistry and Centre for medical Bioscience, University of Wollongong,
Wollongong, NSW 2522. Australia
6
Institut de Biologie Structurale J.P. Ebel, F-38042 Grenoble Cedex 9. France
7
Université Joseph Fourier, F-38041 Grenoble Cedex 9. France
8
Institut Laue Langevin, F-38042 Grenoble Cedex 9. France
2

Three different cholinesterases are kinetically studied: plasma human butyrylcholinesterase:
hBuChE; recombinant human acetylcholinesterase: hAChE and recombinant mouse
acetylcholinesterase: mAChE. Their catalytic activity is measured, using butyrylthiocholine (BTC) or
acetylthiocholine (ATC), between 7 and 43°C. hAChE activity is always higher than mAChE or
hBuChE ones: at 15°C, kcat (hAChE/mAChE)=1.4 and kcat (hAChE/hBuChE)=5.4, respectively.
Compared with results previously obtained at the Institute Laue Langevin (ILL, Grenoble, France)
concerning temperature dependence of cholinesterases dynamics [1, 2, 3], a correlation between
dynamics and activity is observed: the higher the flexibility of the protein (determined by elastic
incoherent neutron scattering), the higher its activity. Thus, we propose that the motions on the
nanosecond timescale could be necessary for those associated with activity occurring on a slower
millisecond timescale.
We further studied how protein flexibility could be associated with stability. For that, we actually
compare thermal inactivation and/or denaturation of enzymes with dynamics results. Results do
not provide a clear answer about the relationship between flexibility and stability, and clearly
underlines the importance of combined dynamical and biochemical studies. The relationships
between dynamics, activity and stability in proteins are much more complex than expected
intuitively and have not been much investigated so far.
References:
[1] J.Peters et al., 11th meeting on cholinesterases, 2012, Kazan, Russia.
[2] J.Peters et al., PCCP, 2012, in press.
[3] F.Gabel et al. Biophys. J., 2005, 89, 3303-3311.
Acknowledgement: We thank all IBS and ILL scientists and technicians who helped us for this work.
We grateful acknowledge ILL for allocation of beam time and the financing of DGA and DGA/SSA
(REI n°2009340023 and 08co501). This work is also supported by an AINSE Research Fellowship
(M.Tehei). M.Tehei acknowledges the financial support from the Access to Major Research
Facilities Program, which is a component of the International Science Linkages Program,
established under the Australian Government’s innovation, Backing Australia’s Ability.
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Session 2: Interaction of cholinesterases with substrates, inhibitors and reactivators.
P2-1
THE ACETYLCHOLINESTERASE SITES EFFECTS ON THE INTERACTION OF SER203 WITH PYRIDOXINE
DERIVATIVES
Ayupov R.Ch.*, Akberova N.I., Tarasov D.S.
Kazan Federal University, Kazan, Russia
*aurusta@mail.ru
Currently used in medicine, acetylcholinesterase (AChE) inhibitors do not have sufficient
specificity. Pyridoxine derivatives synthesized in the Butlerov Chemical Institute showed
anticholinesterase activity in vivo experiments in mice [1]. Docking of pyridoxine derivatives in the
mouse and the human cholinesterases was performed, and kalimin and neostigmine were taken
as a control. The results of docking showed that the binding energy of pyridoxine derivatives with
enzymes larger than in the control of inhibitors [2]. Analysis of results showed that the interaction
between the derivatives of pyridoxine and amino acid residue Ser203 of the catalytic triad is
strongly influenced by its surroundings.
The aim of this study is to examine the influence of the AChE active center sites on the interaction
of amino acid residue Ser203 of the catalytic triad with a derivative of pyridoxine. Simulation of
the reaction was carried out in the program PC GAMESS, AM1 method was used, as the reaction
coordinate was chosen distance between C (carbon) of the pyridoxine karbomoil fragment and O
(oxygen) of the Ser203 amino acid residue hydroxyl group of the catalytic triad, the change of
coordinates was going by step of 0.2 A. Environment for simulation in each case was one of the
sites of the active center of AChE. Modeling of interaction between Ser203 and the pyridoxine
derivative without environment used as a control simulation. In the simulations the effects of the
active center sites were revealed. Oxyanion site creates a steric obstacles and thus protects the
catalytic triad from the inhibitor. Anionic site, omega loop and acyl pocket reduce the energy
barriers in the interaction of molecules, and the anionic site lowers the barrier at the beginning of
interaction, and the others- when approaching a derivative of pyridoxine to the catalytic triad. The
greatest decrease in energy barrier occurs in the interaction with the acyl pocket.
References:
[1] Strelnik A.D. Dissertation for the degree of candidate of chemical sciences. Synthesis and
biological activity of some derivatives of pyridoxine. Kazan. 2010, 128.
[2] Ayupov R. et al. Uchen. Zap. Kazan Un-ta. Ser. Estestv. Nauki, 2011, 153, 107-118.
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P2-2
EXPLORING THE LIGAND-BINDING PROPERTIES
IMPORTANCE OF WEAK HYDROGEN BONDS

OF

ACETYLCHOLINESTERASE

—

THE

Lotta Berg1, Fredrik Ekström2, and Anna Linusson1
1

Department of Chemistry, Umeå University, Umeå, Sweden
Swedish Defence Research Agency, CBRN Defence and Security, Umeå, Sweden

2

In this study, we are investigating what role weak hydrogen bonds play in protein-ligand
recognition, focusing on the catalytic site (CAS) of acetylcholinesterase (AChE). The aim is to
understand how weak hydrogen bonds affect the binding affinity and specificity of AChE ligands,
as well as their implications for drug design. The medical interest of ligands interacting with AChE
includes inhibitors for relieving symptoms in Alzheimer’s disease and myasthenia gravis, and
antidotes for treating victims of nerve agent exposure. The active site of AChE consists of a 20-Ådeep gorge that is lined with aromatic residues. It is believed that the native substrate
acetylcholine initially binds to a subsite at the top of the gorge (the peripheral anionic site),
followed by rapid diffusion down to the CAS where it is hydrolysed [1]. We have described and
defined non-covalent interactions in a number of X-ray crystal structures of drug-like molecules in
complex with Mus musculus AChE [2]. Density functional theory (DFT) calculations were applied to
the crystal structures to perform geometry optimizations and subsequent calculations of
electrostatic potential (ESP) maps. The results show an abundance of weak hydrogen bonds
between the ligands and the CAS of AChE. The geometry optimization resulted in increased
linearity and shortened distances of hydrogen bonds that were present in the structures.
Comparison with molecular mechanics force fields revealed that standard parameters are not
sufficient for accurate recognition of the weak interactions. We believe that adequate treatment
of weak hydrogen bonds will significantly improve the accuracy of structure-based design of
potential drugs targeting AChE. An increased knowledge of weak non-covalent interactions will
also contribute to the fundamental understanding of the ligand-binding properties of AChE.
References:
[1]. Sussman J.L. et al. Science, 1991, 253, 872–879.
[2]. Berg L. et al. Unpublished crystal structures.
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P2-3
SCREENING FOR NATURALLY OCCURRING P-SITE INHIBITORS OF ACETYLCHOLINESTERASE THAT
BLOCK ORGANOPHOSPHATE INACTIVATION
Veena Beri1 and Terry Rosenberry1
1

Department of Neuroscience, Mayo Clinic, Jacksonville, FL 32224

Acetylcholinesterase, AChE (EC. 3.1.1.7), is involved in the transmission of signals between nerves
and between nerves and muscles. Organophosphates (OPs), which are commonly used in chemical
warfare (nerve agents), can inactivate AChE. As a result, the accumulation of acetylcholine (ACh) in
cholinergic synapses can lead to the failure of cholinergic synaptic transmission, deterioration of
muscular junctions, flaccid muscle paralysis and seizures in the central nervous system. X-ray
crystallography studies indicate that OPs must pass through a peripheral or P-site before
proceeding to the acylation or A-site at the base of the active site gorge. Compounds that bind to
the P-site may impede the entry of substrates and OPs, and our goal is to identify compounds that
bind tightly at or near the P-site and selectively block access of OPs to the A-site. Naturally
occurring inhibitors of AChE recently have attracted attention because some, like
dihydrotanshinone, a natural diterpenoid obtained from the plant Salvia miltiorrhiza, are used to
treat neurological disorders including Alzheimer's disease. We have examined dihydrotanshinone
1 as well as two other natural product inhibitors of AChE, aflatoxin B1, a mycotoxin obtained from
Aspergillus flavus and A. parasiticus, and territrem B, a tremorgenic mycotoxin isolated from A.
terreus, in an inhibitor competition assay to determine whether they bind specifically to the P-site.
We measured respective inhibition constants KI of 770 nM, 30 µM, and 2 nM for these inhibitors,
and we found that dihydrotanshinone 1 and aflatoxin B1 bound specifically to the P-site while
territrem B bridged both the P- and A-sites. These inhibitors will serve as lead compounds in
identifying additional ligands that may be selective in blocking access of OPs to the A-site of AChE.
This work was supported by contracts from the Defense Threat Reduction Agency.
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P2-4
A COMPUTATIONAL PERSPECTIVE OF MOLECULAR INTERACTIONS THROUGH PHARMACOPHORE
BASED VIRTUAL SCREENING FOR IDENTIFYING POTENTIAL BIVALENT INHIBITORS OF NATURAL
ORIGIN AGAINST HUMAN ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE
Lakshmi Venkatachalam1,2, Santhosh Kannan Venkatesan2, Elancheziyan Selvaraj2 and Boopathy
Rathanam1, 2
1

Molecular Biology and Biotechnology Division, DRDO-BU Center for Life Sciences, Bharathiar
University, Coimbatore – 641046, Tamilnadu, India
2
Department of Biotechnology, Bharathiar University, Coimbatore – 641046, Tamilnadu, India
The Food and Drug Administration approved Alzheimer’s disease (AD) drugs to-date are
cholinergic inhibitors, offering only symptomatic cure. This could be probably due to their
specificity for their catalytic function of acetylcholinesterase (AChE) but not on the pathogenicity
of AD, which is due to the increased amyloid beta (Aβ) peptide formation and aggregation. Aβ
aggregation however is attributed to yet another functional region of AChE called peripheral
anionic site (PAS). Butyrylcholinesterase (BChE), the structural analogue of AChE is involved in the
degradation of acetylcholine which is elevated in Alzheimer’s patient brains can also act as drug
target in the treatment of AD. A workflow has been developed for the identification of potential
compounds not only targeting the catalytic site but also the PAS of AChE and BChE. Fifteen
pharmacophore models were constructed based on the best-known AChE inhibitors and thirteen
for BChE using PHASE. The best refined pharmacophore models were used to screen the “ZINC
natural product database”. Novel lead molecules identified were subjected to molecular docking
and ADME profiling. A set of 12 compounds for AChE and 6 compounds for BChE displaying high
pharmacophore fit, showed interactions not only at catalytic residues, but also with PAS residues
Trp86 and Trp286 of AChE and Asp70 and Tyr332 of BChE.
Acknowledgement: Department of Biotechnology, Ministry of Science and Technology,
Government of India. Defence Research and Development Organisation, Ministry of Defence,
Government of India.
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P2-5
STRUCTURE-ACTIVITY RELATIONSHIP
BISDIMETHYLCARBAMATES

IN

INTERACTIONS

OF

CHOLINESTERASES

WITH

Anita Bosak1, Ivana Gazić2, Vladimir Vinković2, Goran Šinko1, Adela Štimac1, Zrinka Kovarik1
1

Institute for Medical Research and Occupational Health, Zagreb, Croatia;
Ruđer Bošković Institute, Zagreb, Croatia

2

Here we report our study on interactions of cholinesterases with metacarb [N-(2-(3,5bis(dimethylcarbamoyloxy)phenyl)-2-hydroxyethyl)propan-2-aminium chloride] and isocarb [N-(2(3,4-bis(dimethylcarbamoyloxy)phenyl)-2-hydroxyethyl)propan-2-aminium chloride]. They are
structurally similar to bambuterol, the highly selective butyrylcholinesterase (BChE; EC 3.1.1.8)
inhibitor that inhibits mouse BChE about 86001 times faster than mouse BChE, and usual human
BChE about 200002 times faster than human acetylcholinesterase (AChE; 3.1.1.7). The aim of this
study was to define inhibition potency of metacarb and isocarb towards mouse cholinesterases
and relate it to the active site residues by studying the time course of inhibition of BChE w.t., AChE
w.t. and six selected single and multiple site-directed AChE mutants. Mutations in AChE were
introduced at structurally equivalent positions to BChE which were earlier found to be responsible
for bambuterol selectivity2. Metacarb and isocarb were very potent BChE inhibitors with overall
inhibition rates constants of 106 dm3mol-1min-1, but their inhibition selectivity was not as high as
that of bambuterol. Metacarb inhibited BChE only 280 times and isocarb only 36 times faster than
AChE. This decrease in selectivity comparing to bambuterol is for metacarb probably related to the
difference in size of alcohol part of ester, while lower selectivity of isocarb is attributed to
difference in disposition of carbamate groups on the benzene ring. Mutations of AChE active site
accelerates carbamylation rate, especially in the case of F295L/Y337A and Y124Q showing that
BChE selectivity toward metacarb and isocarb is governed mainly by L295 from the acyl pocket and
Q124 from the peripheral site.
References:
[1] Kovarik Z. et al. Biochim. Biophys. Acta, 1999, 1422, 261-271.
[2] Gazić I. et al. Anal. Bioanal. Chem., 2006, 385, 1513-1519.
Acknowledgement: Ministry of Science, Education and Sports of the Republic of Croatia (Grants
No. 022-0222148-2889 and 098-0982904-2910).
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P2-6
OXIME REACTIVATION OF NERVE AGENT-INHIBITED ACETYLCHOLINESTERASE (ACHE) PROBED
USING RECOMBINANT HUMAN ACHE MUTANT ENZYMES
Carolyn Chambers1,2, Chunyuan Luo2,3, and Ashima Saxena2,3
1

USAMRICD, Research Division, Aberdeen Proving Ground, Edgewood Area, MD 21010,
WRAIR, Division of Biochemistry, and 3WRAIR, Division of Bacterial and Rickettsial Diseases, Silver
Spring, MD 20910, USA

2

Nerve agents are organophosphorus (OP) compounds that irreversibly inhibit AChE at the
cholinergic synapses, resulting in the accumulation of the neurotransmitter acetylcholine. The use
of an oxime is an important approach for treating nerve agent poisoning because it restores the
activity of nerve agent-inhibited AChE. In this study, we employed the genetic engineering
technology of site-directed mutagenesis to gain insight into oxime-induced reactivation of nerve
agent-inhibited human AChE. The nerve agents sarin, cyclosarin, tabun, VX, or VR were used to
inhibit recombinant wild-type (WT) and mutant human AChEs. We examined the kinetics of
reactivation using the mono-pyridinium oxime 2-PAM, and the bis-pyridinium oximes MMB4, HI-6
and HLö-7. The second-order reactivation rate constants for each nerve agent-inhibited WT or
mutant enzyme conjugate were compared. Residues including Y72, Y124 and W286 were found to
play important roles in the reactivation by bis-pyridinium, but not by mono-pyridinium, oximes.
Residue Y124 also was found to play a key role in reactivation using HI-6 and HLö-7, while E202
was important for reactivation by all oximes. Residue substitutions of F295L and F337A showed
significant reactivation by bis-pyridinium oximes MMB4, HI-6, and HLö-7, possibly by providing
more accessibility to the OP moiety associated at the active site serine.
Disclaimer: The views expressed in this abstract are those of the author(s) and do not reflect the
official policy of the Department of Army, Department of Defense, or the U.S. Government. This
research was supported by the Defense Threat Reduction Agency – Joint Science and Technology
Office, Medical S&T Division.
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P2-7
STRUCTURES OF RECOMBINANT HUMAN ACETYLCHOLINESTERASE COMPLEXED WITH FAS-2
WITH BOUND ACTIVE SITE INHIBITORS
Cheung, Jonah1, Franklin, Matthew1, Rudolph, Michael1, Burshteyn, Fiana1, Cassidy, Michael1,
Gary, Ebony1, Height, Jude2, Hendrickson, Wayne A.1, Appel, Willa1
1

New York Structural Biology Center, New York, NY, USA
US Army, Edgewood Chemical Biological Center, APG, MD USA

2

Acetylcholinesterase is a highly studied protein target of a host of inhibitors including naturally
occurring alkaloids, anti-Alzheimer's drugs, pesticides, and chemical warfare agents. To date only
three structures of the human homologue have been deposited into the Protein Data Bank, all
crystallized in complex with the snake-venom toxin Fas-2. We show that a number of reversible
competitive and carbamate inhibitors, and irreversible organophosphate inhibitors can be
successfully soaked into crystals of the human acetylcholinesterase/Fas-2 complex with high
occupancy, despite complete steric occlusion of the peripheral anionic site by Fas-2. These results
suggest alternate inhibitor entry routes into the active site that don't involve inhibitor trafficking
through the peripheral site, and despite the requirement of Fas-2 in crystal growth, crystal soaking
may be a viable method for the crystallographic study of human acetylcholinesterase inhibitors
and mechanisms of inhibition.
Acknowledgement: Research supported by US Department of Defense Threat Reduction Agency.
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P2-8
EFFECT OF DIFFERENT BUFFERS ON ELLMAN'S REAGENT ACTION
Dominika Dingová, Anna Hrabovská
Dpt. of pharmacology and toxicology, Faculty of Pharmacy, Comenius University, Odbojarov 10,
832 32 Bratislava
Introduction – Ellman’s assay [1] is the most commonly used method for determination of
cholinesterase (ChE) activity. Its greatest advantages are simplicity, relatively high accuracy and
low cost. However, it also possesses several limitations. It is generally known, that Ellman's
reagent is instable in time. This often prevents measurement of small activities or measurement
over prolonged time period. Additionally, our recent results have uncovered inhibitory effect of
Ellman's reagent on ChE activity (See presentation of A. Hrabovska). Hence, the aim of this project
was to study an effect of commonly used buffers on stability of Ellman's reagent and its inhibitory
effect in regard to the used buffers. Method: Ellman's method and indoxyl acetate method were
used for determination of ChE activity. Phosphate buffer (0.1M) and HEPES buffer (5mM) at pH
values 7.0; 7.5; 8.0 and 8.5 were used. In Ellman's method, mixture consisted of butyrylthiocholine
iodide (1mM), recombinant human butyrylcholinesterase [2], Ellman's reagent (0.5mM) and
studied buffer. Full spectrum and velocity of the enzyme reaction at 412 nm were followed.
Stability of Ellman's reagent was studied over time period of up to 5 days. In indoxyl acetate
method, mixture consisted of indoxyl acetate (1mM), human butyrylcholinesterase or mice
acetylcholinesterase, Ellman's reagent (0-4mM) and studied buffer. The product formation was
followed by fluorescent spectroscopy (excitation at 385 and emission at 485nm). Results: The
same wavelength of the peaks observed in the full spectrum analysis suggested formation of an
identical product in all studied buffers. Velocities of the enzyme reaction in HEPES and phosphate
buffers were comparable. In general, Ellman's reagent was more stable in HEPES buffer than in
phosphate buffer. Stability of Ellman's reagent decreased with increased pH. Moreover, the
inhibitory effect of Ellman's reagent on ChE activity was smaller in presence of HEPES buffer. The
pH value did not influence the inhibitory effect of Ellman's reagent. Conclusion: Ellman's reagent
shows higher stability and lower inhibitory effect on ChE activity in HEPES buffer than in
phosphate buffer. It is therefore preferable to use HEPES buffer instead of commonly used
phosphate buffer, to follow the activity of ChE.
References:
[1] Ellman, G.L. et al. Biochem Pharmacol, 1961, 7, 88-95.
[2] Nachon, F. et al. FEBS Journal, 2002, 269, 630-637.
This project was supported by APVV grants SK-CZ-0028-09 and SK-FR-0031-09.
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P2-9
HI-6 AND OBIDOXIME IMPLICATION IN OXIDATIVE STRESS: GUINEA PIG MODEL
Drtinova Lucie1, Pohanka Miroslav2, Sepsova Vendula1, Zemek Filip1, Zdarova-Karasova Jana3,
Krenkova Zuzana2, Misik Jan1, Korabecny Jan1
1

Department of toxicology, 2Centre of Advance Studies, 3Department of Public Health, Faculty of
Military Health Sciences, University of Defence
Nerve agents are organic compounds of phosphorus, characterized by high toxicity to mammals.
The agents disrupt the cholinergic transmission by irreversible blocking of acetylcholinesterase
(AChE). Accumulation of acetylcholine in the synaptic cleft follows. The main antidote acting as
anticholinergics is atropine. The next drugs used as antidotes are reactivators of AChE.
Owing to the recent investigation, oxidative stress plays an important role in the treatment. We
focused our research on redox homeostasis after administration of two important oxime
reactivators: obidoxime and HI-6. We used guinea pigs as an animal model for purpose of adverse
effects assessment. The animals are divided to 6 groups each of 5 specimens. The first group was a
control exposed to saline only. Animals in the last 5 groups were i.m. exposed to either obidoxime
or HI-6 in doses 5% of LD50. It was 4.15 mg/kg for obidoxime and 45.1 mg/kg for HI-6. The
exposed animals (for a total: 25) were euthanized after 15, 30, 60, 120, and 240 minutes. This
experiment was repeated for the both rectivators.
After the euthanasia, the brain, spleen, liver, kidneys and blood were collected. Markers of
oxidative stress (ferric reducing antioxidant power, thiobarbituric acid reactive substances, total
protein, glutathione reductase and pharmacokinetics) were assayed in complience with previously
optimized protocols.
Found alterations in oxidative stress markers indicate strong implication of the reactivators in
brain homeostasis. The markers of oxidative stress (thiobarbituric acid reactive substances) and
antioxidants represented by ferric reducing antioxidant power and reduced glutathione were
increased in a time dependent manner. The alterations were significant from 30 to 120 minutes
after the oxime application. We infer that alterations in oxidative homeostasis can play a key role
in treatment.
Specific research: Determination of biochemical and pharmacokinetics parameters of
acetylcholinesterase inhibitors, Ministry of Education, Youth and Sport of Czech republic, is
gratefully acknowledged.
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P2-10
MOLECULAR ASPECTS OF THE REACTIVATION OF ACETYLCHOLINESTERASE INHIBITED BY THE
CARBAMATE CARBOFURAN
Karina S. Matos1, Tanos C.C. França1, Elaine F.F. Cunha2, Teodorico C. Ramalho2, Kamil Kuca3,4
1
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LMCBD, Military Institute of Engineering – Rio de Janeiro/RJ – Brazil
3
Faculty of Military Health Sciences, UO – University of Defence – Czech Republic
4
University Hospital Hradec Králové – Hradec Králové – Czech Republic
2

In this work we applied molecular modeling methods based on QM/MM techniques and docking
calculations, to study the binding orientations, predict binding affinities and to calculate the
thermodynamics and kinetics parameters of the reaction mechanism of reactivation of 07 known
oximes and carbofuran (CB) - inhibited Mus musculus and Human acethylcolinesterases [MmAChE
(PDB code: 2WHP) and HssAChE (PDB code: 3LII)]. The coordinates of carbofuran inside MmAChE
and HssAChE were obtained by docking using as template the coordinates of the carbamate based
anti-alzheimer drug ganstigmine, inside the chrystallographic structure of Torpedo Californica
AChE [TcAChE (PDB code: 2BAG)]. The oximes structures were built and had their charges
calculated with Spartan Pro [1]. The dockings were performed with Molegro Virtual Docker [2] on
standards procedures and the QM/MM studies were performed with Spartan Pro [1] and
Gaussian98 [3]. Our theoretical results were compared to experimental data related to the
dissociation constants of the enzyme-reactivator complexes and the second-order rate constants
of reactivation reported by Kassa et al [4]. We observed a good agreement between the
theoretical binding free energies of the reactivators and the experimental data. Also our results
points to the oximes K005 [4] and HLö-7 [4] as potentials prototypes for the planning of more
efficient reactivators for AChE inhibited by CB.
References:
[1] Hehre, W. J., et al. Spartan Pro,Wavefunction Inc.: Irvine, California,1999.
[2] Thomsen, R. et al. Journal of Medicinal Chemistry, 2006, 49, (11), 3315-3332.
[3] Frish, M. J. et al. Gaussian 98, revision A.11. Pittsburg: Gaussian, 2001.
[4] Kassa et al. Current Organic Chemistry, 2007, 11, 267-283.
Acknowledgements: FRF/IME, CAPES/PRODEFESA, FAPERJ, FAPEMIG, CNPq.
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DOCKING STUDIES OF SARIN-INHIBITED ACETYLCHOLINESTERASE: MOLECULAR DOCKING
VERSUS IN VITRO DATA
Tanos C.C. França1, Joyce S.F.D. Almeida1, Ana P. Guimarães1, Magdalena N. Rennó2, Teodorico C.
Ramalho3, Arlan S. Gonçalves4 and Martijn C. de Koning5
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This work presents a molecular docking study of HI-6, 4-PAM and 06 oximes, with potentially
improved blood–brain barrier penetration and first reported by Koning et al [1] (Figure 1), in sarininhibited Mus musculus AChE [MmAChE (PDB code: 2WHP)]. The oximes structures were built and
had their charges calculated with Spartan Pro [2] and the dockings were performed with Molegro
Virtual Docker [3] on standards procedures. The docking protocol used was first validated by
redocking of HI-6 inside the MmAChE crystallographic structure. Our theoretical results were
plotted against the in vitro results obtained by Koning et al [1] [% Reactivation (experimental) [1] x
Intermolecular Energy (theoretical)] and a line with equation Y = – 88,45 – 3,28.X and R2 = – 0,9148
was reached. This result suggests a good correlation between theoretical and experimental data.
Our studies also pointed out the residues Tyr124, Phe295, Tyr337 and Tyr341 as additional
residues in the MmAChE peripheral site that could be responsible for the stabilization of the tails
of oximes 1a-c and 3a-c inside the active site.

Figure 1 – Oximes reported by Koning et al1
References:
[1] Koning, M. C. et al. Bioorganic and Medicinal Chemistry, 2011, 19, 588-594.
[2] Hehre, W. J., et al. Spartan Pro, Wavefunction Inc.: Irvine, California, 1999.
[3] Thomsen, R. et al. Journal of Medicinal Chemistry, 2006, 49, (11), 3315-3332.
Acknowledgements: FRF/IME, CAPES/PRODEFESA, FAPERJ, FAPEMIG, CNPq.
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INTERACTIONS OF PYRIDINIUM OXIMES WITH THE PERIPHERAL ALOSTERIC SITE LIMIT THEIR
EFFICIENCY IN REACTIVATION OF PHOSPHORYLATED ACHE
Maja Katalinić, Nikolina Maček, Goran Šinko and Zrinka Kovarik
Institute for Medical Research and Occupational Health, POB 291, HR-10001 Zagreb, Croatia
Oximes antidotal property is attributed to their ability to reactivate acetylcholinesterase (AChE)
inhibited by organophosphorus compounds (OPs). Even if there is an ongoing discussion on
potential benefits of oxime therapy in OP poisoning, oximes are still the mainstay of the
treatment. In the search for more efficient oximes an important step presents understanding of
their interactions within active site of inhibited AChE. For this investigation, employment of AChE
site-directed mutants has been proven to be very successful. In here presented study we
evaluated which amino acid residues structurally limit newly developed bispyridinium oximes in
reactivation of nerve agent tabun inhibited AChE. For this purpose we selected five site-directed
mutants with mutations at the choline binding site (Y337A, F338A), the acyl pocket (F295L) and
the peripheral binding site (Y124Q, W286A). Interactions of oximes were also evaluated using the
molecular docking technique. Our results indicated that aromatic residues at the choline binding
site and the acyl pocket are important for placing bispyridinium oximes in the right position to the
phosphorylated active site serine. Namely, substitution of the aromatic amino acids with aliphatic
ones in the choline binding site and the acyl pocket negatively influenced reactivation by
bispyridinium oximes. These changes probably opened space for oximes to form stable
interactions with other aromatic residues, in example W86, which resulted in increased affinity for
these oximes but lower reactivation rates due to positioning of oxime group further from
phosphorylated catalytic serine. On the other hand, disruption of the π-π sandwich formed
between one of the oxime pyridinium rings and the amino acids of the peripheral site (i.e. Y124Q,
W286A), allowed oximes to get into the more favourable position for nucleophilic attack on the
phosphylated catalytic serine. In this case, reactivation rates increased 2-5 times compared to w.t.
AChE. Therefore, it seems that aromatic amino acids at the AChE peripheral site present limitation
in bispyridinium oxime reactivation efficiency.

-154-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts of Posters

P2-13
IDENTIFICATION OF COMPOUNDS THAT PROTECT AND REACTIVATE ACETYLCHOLINESTERASE
Katz, F.S.*, Schneider, L., Luzac, M., Hastings-Robinson, A., Landry, D.W., and Stojanovic, M.N.
Division of Experimental Therapeutics, Department of Medicine, College of Physicians & Surgeons,
Columbia University Medical Center, New York, NY 10032
*fk2245@columbia.edu
We developed a solid-phase assay for AChE activity in order to characterize exhaustively the space
of interactions between AChE and small organic molecules. The advantage of this assay as the
screening platform is that any compound that is protective of inhibition by organophosphates, but
is itself an inhibitor, can be washed away before measuring enzyme activity. We performed two
screens of commercially available libraries, one to test the impact of the compounds on AChE
activity and the other for reactivation after the exposure to organophosphates. The two most
important results were:
1. Identification of a lipophilic compound LSA87 activating AChE activity and delaying inhibition by
paraoxon and DFP (but not reactivating already inhibited AChE), with Ka (activation constant)
<2µM.
2. Identification of a lipophilic, non-oxime compound MLD42 inhibitor of AChE, which reactivates
the enzyme inhibited by either paraoxon or DFP with both IC50 and RC50 (reactivation constant 50)
<5µM.
We confirmed these compounds had equivalent activity on both murine and human enzymes in
solution phase. Initial SAR studies confirmed that both compounds are good leads for further
optimization.
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SYNTHESIS, BIOLOGICAL ASSESSMENT AND MOLECULAR MODELING OF NOVEL TACRINE7-METHOXYTACRINE HETERODIMERS FOR ALZHEIMER DISEASE TREATMENT
Korabecny Jan1, 2, Hamuľakova Slavka3, Babkova Katerina1, Horova Anna2, Musilek Kamil4,
Spilovska Katarina2, Imrich Jan3, Opletalova Veronika1, Gazova Zuzana5, Karasova-Zdarova Jana6,
Hroudova Jana7, Fisar Zdenek7, Gaľa Lukas8, Valko Marian8, Kassa Jiri2, Kuca Kamil6,9
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2
Department of Toxicology, Faculty of Military Health Sciences, University of Defence, Trebesska
1575, 500 0, Hradec Kralove, Czech Republic
3
Department of Organic Chemistry, Institute of Chemistry, Faculty of Science, P.J. Safarik
University, Moyzesova 11, 041 67 Kosice, Slovak Republic
4
Department of Chemistry, Faculty of Science, University of Hradec Kralove, Rokitanskeho 62, 500
05 Hradec Kralove, Czech Republic
5
Institute of Experimental Physics, Slovak Academy of Sciences, Watsonova 47, 040 01 Kosice,
Slovak Republic
6
Centre of Advanced Studies, Faculty of Military Health Sciences, Trebesska 1575, 500 01 Hradec
Kralove, Czech Republic
7
Department of Psychiatry, First Faculty of Medicine, Charles University in Prague and General
University Hospital in Prague, Ke Karlovu 11, 120 00 Prague 2, Czech Republic
8
Faculty of Chemical and Food Technology, Slovak Technical University, Radlinska 9, 812 37
Bratislava, Slovak Republic
9
University Hospital of Hradec Kralove, Sokolska 581, 500 05 Hradec Kralove, Czech Republic
Alzheimer disease (AD) is an irreversible, progressive neurodegenerative disorder associated with
a global impairment of higher mental function that represents a deterioration of memory as the
cardinal symptom. Early studies based on pharmacologic interference with cholinergic function
suggested close relationship between acetylcholine-mediated neurotransmission and cognitive
function. Acetylcholinesterase (AChE; EC 3.1.1.7) is an enzyme decomposing acetylcholine
neurotransmitter to acetate group and choline. Inhibition of AChE by reversibly acting AChE
inhibitors (AChEIs) is leading therapeutic approach in AD treatment leading to improvement of
cognitive functions. Within our contribution we are presenting synthesis, biological evaluation and
molecular modelling in the novel series of tacrine-7-methoxytacrine heterodimers as possible antiAD agents. As resulted several candidates reached promising results comparable with those
obtained for standard AD drug tacrine. Selected chemical structures will be in the future leading
structures for in vivo toxicity studies.
References:
[1] Korabecny J. et al. J Med Chem, 2012, under preparation.
Acknowledgement: Authors appreciate the support of the Grant Agency of the Czech Republic
(No. P303/11/1907), grant of Ministry of Defence – Health problems of weapons of mass
destruction and the Ministry of Education, Youth and Sports of the Czech Republic (No. SVV 265
001). Financial support from the Slovak Grant Agency VEGA (No. 1/0672/11) is also gratefully
acknowledged.
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STUDY OF NEW DERIVATES
ACETYLCHOLINESTERASE
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Markéta Kovářová1, Komers K1., Štěpánková Š2.
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2

Cholinesterases are enzymes which belong to the group of serine hydrolases. Two types of
cholinesterases were found in vertebrates – acetylcholinesterase (ACHE) and
butyrylcholinesterase (BCHE). ACHE hydrolyses acetylcholine in central nervous system, whereas
BCHE dominates in periphery. The increased activity of these enzymes can invoke disorders in
transfer of nervous impulses in cholinergic nervous system and this leads to progress of Alzheimer
disease. The people suffering from Alzheimer disease have absence of acetylcholine and the
cholinesterases inhibitors can be used for treatment of this disorder. Cholinesterases inhibitors are
compounds, which prevent degradation of acetylcholine in synaptic cleft [1].
Our research group deals with the studying of acetylcholinesterase inhibitors with the goal to find
the new acetylcholinesterases inhibitor, which has bigger inhibitory effect and smaller side effect
than the drugs already used for treatment of Alzheimer disease. We tested almost 100 different
compounds such as carbamates, carbazates, imidazoles and imidazolines. All these compounds are
quite effective inhibitors of ACHE. The reaction scheme of inhibition of ACHE and BCHE was found.
The inhibition rate constants were determined by HPLC and pH-stat methods. The values of
partition coefficient in system n-octanol:water were determined. This value of distributing
coefficient corresponds to ability of compound to pass the blood brain barrier.
References:
[1]. Giacobini E. (ed.): Cholinesterases and Cholinesterase Inhibitors, 2000, Martin Dunitz
Ltd. London.
Acknowledgement: This work was supported by the Ministry of Education, Youth and Sports of CR
within the project MSM 0021627502.
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KINETICS AND COMPUTATIONAL PREDICTIONS OF
1-AMINOPHOSPHONATE REACTIVITY WITH SERINE ESTERASES

FLUORINATED

CARBETHOXY

Sofya V. Lushchekina1, Galina F. Makhaeva2, Olga G. Serebryakova2, Alexey Y. Aksinenko2, and
Rudy J. Richardson3
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Institute of Biochemical Physics of Russian Academy of Sciences, Moscow, 119334 Russia;
Institute of Physiologically Active Compounds Russian Academy of Sciences, Chernogolovka,
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3
Toxicology Program, University of Michigan, Ann Arbor, Michigan 48109, USA
2

We have shown that fluorinated 1-aminophosphonates (FAP), (RO)2P(O)C(CF3)2NHS(O)2C6H5,
R = alkyl, inhibit serine esterases (EOH) via P-C bond cleavage [1]. The present work used
computational methods to test the hypothesis that fluorinated carbethoxy 1-aminophosphonates
(FAP-COOEt), (RO)2P(O)C(CF3)COOEtNHS(O)2C6H5, R = alkyl, inhibit EOH the same way. Kinetics
showed that FAP-COOEt irreversibly inhibited an EOH panel: acetylcholinesterase,
butyrylcholinesterase, carboxylesterase and neuropathy target esterase, with bimolecular rate
constants > 105 M-1min-1 (R ≥ Pr). Thus, FAP-COOEt were strong EOH inhibitors, slightly weaker
than FAP. Non-empirical modeling was done on diEt-FAP-COOEt, diEt-FAP, and isosteric
(EtO)2P(O)C(CH3)2NHS(O)2C6H5, diEt-AP (no CF3). Prior to quantum mechanics (QM) calculations,
molecular mechanics conformational searches were done with force field SP4. For each
conformation, QM calculations were done using HF and DFT-B3LYP methods and 6-31G, 6-31G*,
and 6-31+G* basis sets. All methods predicted P-C bond lengthening in diEt-FAP-COOEt and diEtFAP vs diEt-AP (P-C in diEt-FAP ≥ diEt-FAP-COOEt > diEtAP). Relative P-C bond strength was
compared for diEt-FAP-COOEt vs diEt-AP and diEt-FAP vs diEt-AP via relative P-C bond energies
using isodesmic pseudo-reactions. QM calculations showed that P-C bonds were destabilized
compared to diEt-AP (no CF3). Stability of the P-C bond was greater in diEt-FAP-COOEt (1 COOEt
and 1 CF3) than in diEt-FAP (2 CF3) by ~1-2 kcal/mol for HF and DFT methods and all basis sets.
Results were consistent with higher electronegativity of CF3 vs COOEt. Thus, FAP-COOEt likely
inhibit EOH via P-C scission.
Supported by the RAS program "Medicinal Chemistry" and RFBR #11-03-00581.
References:
[1] Makhaeva, G.F., et al., Chem. Biol. Interact. 2010, 187, 177-184.
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COMPUTATIONAL MODELING OF INTERACTION BETWEEN CHOLINESTERASES AND CRESYL
SALIGENIN PHOSPHATE
S.V. Lushchekina1, V.S. Polomskih2, P. Masson3,4,5, A.V. Nemukhin1,2, S.D. Varfolomeev1,2
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Recent experimental data [1] describing inhibition of butyrylcholinesterase (BuChE) by cresyl
saligenin phosphate (CBDP) suggests question of reactivity of two stereoisomers of CBDP with
BuChE. Different reactivity of stereoisomers or even conformers might explain biphasic inhibition
curve.
Using ab initio QM approaches the conformational transitions of saligenin ring were studied. It
was shown that energetic barrier of conformational change is about 1.5 kcal/mol, thus, at room
temperature saligenin ring is rather flexible and one conformation transits into another, i.e. no
distinct isomers exists.
Using molecular docking approach we studied interaction of BuChE with two CBDP stereoisomers.
It was found that only one stereoisomer was productive for inhibition position in active site. These
results are in good agreement with experimental data of BuChE titration by CBDP, indicating a 1:1
stoichiometry per active site.
No defined productive complex for inhibition position of CBDP inside mouse AChE active site was
found, while recent x-ray studies show that AChE undergoes oxyanion hole conformational change
for binding CBDP (E. Carletti, unpublished data). Docking in the later structure supports that
significant conformational changes are needed to accommodate CBDP in the AChE active site.
We thank the Program #9 from the Division of Chemistry and Material Sciences of the Russian
Academy of Sciences and the Russian Foundation for Basic Research (grants RFBR 10-03-00085-а,
12-03-00156-а) for partial support of this work.
References:
[1] E. Carletti et al. Chem. Res. Toxicol., 2011, 24(6), 797–808.
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EXPLORING THE PERIPHERAL SITE OF BUTYRYLCHOLINESTERASE
Ian R. Macdonald1, Earl Martin3, Sultan Darvesh1,2,3
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Introduction: Acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) are serine hydrolases
that catalyze the hydrolysis of esters of choline such as the neurotransmitter acetylcholine. In
addition to these esters, BuChE is able to hydrolyze a wide variety of compounds such as cocaine
and ghrelin. The catalytic sites of BuChE and AChE are located near the bottom of an active site
gorge. In addition, AChE possesses a peripheral site that is thought to guide substrates into the
gorge as well provide other functions related to catalysis. A comparable BuChE peripheral site has
not been as extensively defined and may offer valuable functional insights into the mechanism of
this enzyme catalysis. Methodological approaches developed by Rosenberry group have helped
define the AChE peripheral site using inhibitors such as edrophonium, propidium and thioflavin-T.
We have extended the Rosenberry methodology to BuChE in an attempt to gain further insight
into the peripheral site of this enzyme.
Design and Methods: Known inhibitors of cholinesterases such as, edrophonium, propidium and
thioflavin-T, were used in this study. Inhibition constants were determined for each inhibitor with
BuChE. The effects of mixed inhibitors were examined to determine which compounds competed
for binding sites at BuChE active site gorge.
Results: All compounds studied proved to be inhibitors of BuChE as well as AChE, albeit to a
different degree. For mixed inhibition, for example, when edrophonium and thioflavin-T were
used together with AChE, kinetic analysis showed that they did not compete in inhibiting substrate
hydrolysis as has been shown previously. With BuChE, on the other hand, this combination led to
competition between these two compounds for inhibiting substrate hydrolysis. When propidium
and thioflavin-T were used together with either AChE or BuChE, they competed for inhibiting
substrate hydrolysis.
Discussion and Conclusions: Using the methodology developed by Rosenberry, we have examined
the potency towards BuChE and binding site competition for various cholinesterase inhibitors, and
have compared that to what is known about binding sites in AChE for the same inhibitors.
Preliminary results suggest that inhibition potency and binding sites for some of these compounds
may be different for these two enzymes. . These studies help in identifying components of the
BuChE peripheral site and, thus, provide further insight into the functioning of this enzyme.
Acknowledgements: We thank Dr. T. L. Rosenberry for his recommendation concerning this work.
This research was supported by the Canadian Institutes of Health Research (MOP-82798), Nova
Scotia Health Research Foundation, Faculty and Department of Medicine of Dalhousie University,
Natural Sciences and Engineering Research Council of Canada and Killam Trusts.
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NOVEL AND RE-EVALUATED ACTIVITIES IN THE SERIES OF N-ALKYLATED-TACRINE DERIVATIVES:
SYNTHESIS, BIOLOGICAL EVALUATION AND MOLECULAR MODELING
Jan Korabecny a,b, Eugenie Nepovimovaa, Ladislav Janovecc, Anna Horovab, Filip Zemekb, Kamil
Musilekd,e, Katarina Spilovskab, Veronika Opletalovaa, Kamil Kucae,f,*
a

Department of Pharmaceutical Chemistry and Drug Control, Faculty of Pharmacy in Hradec
Kralove, Charles University in Prague, Heyrovskeho 1203, 500 05 Hradec Kralove, Czech Republic
b
Department of Toxicology, Faculty of Military Health Sciences, University of Defence, Trebesska
1575, 500 0, Hradec Kralove, Czech Republic
c
Department of Organic Chemistry, Institute of Chemistry, Faculty of Science, P.J. Safarik
University, Moyzesova 11, 041 67 Kosice, Slovak Republic
d
Department of Chemistry, Faculty of Science, University of Hradec Kralove, Rokitanskeho 62, 500
05 Hradec Kralove, Czech Republic
e
University Hospital of Hradec Kralove, Sokolska 581, 500 05 Hradec Kralove, Czech Republic
f
Centre of Advanced Studies, Faculty of Military Health Sciences, Trebesska 1575, 500 01 Hradec
Kralove, Czech Republic
Evzenie.N@seznam.cz
The introduction of tacrine in the early nineties markedly changed pharmacological treatment of
Alzheimer`s disease (AD) rationally coming out of cholinergic hypotheses enhancing memory and
cognition. Up to date, searching novel tacrine derivatives is still being at the forefront of scientific
efforts. Within this work, we describe synthesis and biological assessment in the series of
N-alkylated tacrine derivatives and some 7-methoxytacrine analogues. The biological evaluation
revealed that some of these molecules are good human acetylcholinesterase (hAChE) and human
butyrylcholinesterase (hBChE) inhibitors in the nanomolar ranges. Molecular modeling performed
on inhibitor 18 (tacrine dodecane) confirms that this compound, as expected and similarly to
tacrine, binds in the catalytic site of hAChE. To sum up, from these results we conclude that
tacrine dodecane analogue 18 can be considered attractive therapeutic molecule and it could
become candidate for further studies in AD area.

Fig. 1. Top-score docking pose for derivatives 18 (yellow) depicted
putative structural orientation in the active-site gorge of the hAChE.
For clarity only enzyme active site is shown as a hydrophobic surface
pocket.

Fig. 2. Top-score docking poses of derivatives 18 depicted its putative
hydrogen bonds formed with amino acid residues in the active-site
gorge of the hAChE.

Authors appreciate the support of the Grant Agency of the Czech Republic (No. P303/11/1907),
and the Ministry of Education, Youth and Sports of the Czech Republic (No. SVV-2011-263-001).
Financial support from the Slovak Grant Agency VEGA (No. 1/0672/11) are gratefully
acknowledged. Molecular graphics images were produced using a UCSF Chimera package from the
Resource for Biocomputing, Visualization, and Informatics at the University of California, San
Francisco (supported by NIH P41 RR-01081).
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THE RESEARCH OF BUTYRYLCHOLINESTERASE SENSITIVITY TO DIISOPROPYL FLUOROPHOSPHATE
IN THE PRESENCE OF OCTANOL
Е.Yu. Bykovskaja, Yu.G. Zhukovskij, L.P. Kuznetsova, E.R. Nikitina, E.E. Sochilina
Sechenov Institute of Evolutionary Physiology and Biochemistryof the Russian Academy of Sciences,
St. Petersburg; e-mail: esoch@iephb.ru
It is known that the lowest aliphatic alcohols (methyl, ethyl, etc.) in concentration more than
5-10% reduce reactive capacity of horse blood serum butyrylcholinesterase (BuChE). The alcohols,
with more length a chain of carbon atoms (n=7–10), have very small solubility in the water, and
their influence on BuChE practically was not studied. Nevertheless, sometimes, the application of
octanol (n=8; solubility in water of 0,02 %) as a reagent in cholinesterases manufacture is admit.
We investigated the influence of octanol on the rate of BuChE interaction with some substrates
and irreversible phosphororganic inhibitor diisopropyl fluorophosphate (DFP). It was shown that
despite very small solubility in water (0,02 %) octanol creates obstacles to interaction BuChE with
DFP which are shown as protective effect. The size of a constant of speed of reaction of the first
order at interaction BuChE with DFP, reduced about ten times in the presence of the sating
octanol concentration.
As like as aliphatic amines which was studed early, octanol activated BuChE-hydrolysis of
nonspecific fluorogenic substrate 1-naphtylatsetat (NA) but not activated the BuChE-hydrolysis of
specific substrate butyrylcholin.
Various ways have been tested for removal of octanol from a enzyme solution. Thus it was not
possible to separate the enzyme from octanol neither a resedimentation of the enzyme protein by
ammonium sulphate, nor a filtration of enzyme-oktanol solution through a Sefadex G-25.
Completely to separate the enzyme from octanol and thereby to restore its sensitivity to DFP and
hydrolysis activation of NA was possible only by the selective sorption of the enzyme on DEAEcellulose with subsequent elution by a salt solution.
Thus it is established, that octanol essential influence on BuChE and, that is especially important,
on its reactionary ability to phosphororganic inhibitor. The action of octanol on BuChE is not
irreversible because initial properties of the enzyme can be restored. The probability of reduction
of sensitivity BuChE to phosphororganic inhibitor at presence of octanol should be considered by
manufacture of this enzyme.
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THE DETERMINATION OF RATE CONSTANTS OF ELEMENTARY STAGES OF REACTION
BUTYRYLCHOLINESTERASE WITH DIISOPROPYL FLUOROPHOSPHATE
Samokish V.A., Kuznetsuva L.P., Sochilina E.E.
Sechenov Institute of Evolutionary Physiology and Biochemistryof the Russian Academy of Sciences,
St. Petersburg; e-mail: : esoch@iephb.ru
The data on quantitative parametres – the rate constants of elementary stages of reactions of
interaction phosphororganic with cholinesterases (ChE) can be important for creation of detailed
representations about course of reactions in the active centre of enzyme. Earlier we offer a
method of definition of the elementary constants, which based on the assumption that during
course of two-stage reaction, after end of initial fast processes, the relation of concentration of
free enzyme and enzyme-inhibitory complex remains to constants. That allows to calculate sizes of
the rate constants of elementary stages of reaction of enzyme with inhibitor k1, k-1 and k2. Thus
the parity for dependence of a rate constant of reaction of first order КI from the inhibitor
concentration [I] is fair:

КI =

1
{k1 [I] + k-1 + k2 2

( k1 [I] + k-1 + k2)2 - 4 k1 k2[I]}/ (1).

This method is applied to calculate the rate constants of elementary stages of reaction irreversible
phosphororganic inhibitor diisopropyl fluorophosphate (DFP) with horse blood serum
butyrylcholinesterase (BuChE). Size КI was defined measuring the rate of competing reaction with
substrate during the interaction BuChE with DFP in the range of its concentration from 0,5·10-7М
to 4,0·10-7М. α-Naphthyl acetate was used as a competing substrate in concentration less than 0,1
Km. The rate of reaction was determinate by a fluorometric method measuring the fluorescence of
hydrolysis product (α-naphthol) at degrees of transformation of a substrate no more than 5 %.
Value of rate constants of elementary stages were counted by the method of nonlinear regress for
dependence (1). The received values was: k1 =3,9·10-5М-1сек-1; k-1=3,3·10-3sek-1; k2 =3,8·10-2sek-1.
The received values of elementary constants in the order of size are close to what have been
defined earlier for phosphororganic inhibitor of other structure. It is important to notice, that the
size k-1 is rather small, that, apparently, reflects essential difference phosphororganic inhibitors
(“kvazisubstrate”) from cholinesterase substrates.
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1

Department of Biochemistry, School of Pharmacy, University of Hacettepe, 06100 Ankara Turkey;
Institute of Physiologically Active Compounds Russian Academy of Sciences, Chernogolovka
142432, Russia. E-mail:tacal@hacettepe.edu.tr
2

Methylene Blue (MetB), a phenothiazine dye is used for photodynamic treatment of cancer as well
as for treatment of bacterial and viral infections. Recently, it has been reported that MetB
attenuates formation of amyloid plaques and neurofibrillary tangles caused by the abnormal
aggregation of tau protein and thus it slows down the progression of Alzheimer’s disease.
Selective butyrylcholinesterase inhibition increases brain acetylcholine levels and improves
cognitive performance in aged rats. In this study, the binding points of MetB on human
butyrylcholinesterase (BChE) were determined by molecular docking and site-directed
mutagenesis. Depending on molecular docking results, BChE mutants were generated by PCRgenerated mutagenesis. Wild type and mutant BChEs were expressed in human embryonic kidney
cells and purified by anion exchange chromatography followed by procainamide-Sepharose
affinity chromatography. The inhibitory effects of MetB on native, wild type and mutant BChEs
(Y440A, Y332A, W231A, F329A A328Y, T120F) were studied spectrophotometrically at 25°C in
50mM MOPS buffer pH 8, using 0.025-0.4 mM butyrylthiocholine as substrate and 0-30 µM dye.
MetB caused complex nonlinear inhibition of all BChEs except Y332A, pointing to multisite binding.
Ki values for F329A and T120F were 4.5 and 14.8 µM, respectively. MetB was found to be ∼80-110
and 260-350-fold less effective as inhibitor of F329A and T120F respectively, compared to wild
type and native BChE. MetB acted as a linear mixed type inhibitor of Y332A. MetB was found to be
a ∼30-40-fold less effective inhibitor of Y332A with Ki value of 1.6 µM, compared to wild type and
native BChE. It was concluded that Phe329, Thr120 and Tyr332 on human BChE are critical
residues in MetB binding to enzyme.
References:
[1] Oz M. et al. Biochem Pharmacol., 2009, 78, 927-32.
[2] Biberoglu K. et al. Arch. Biochem. Biophys., 2011, 511, 64-68.
Acknowledgement: This study was supported by grants from Scientific and Technical Research
Council of Turkey (SBAG-3677) and Eczacibasi Scientific Research and Award Fund.
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NEW CONCEPT FOR REACTIVATING AGED CHOLINESTERASES - STRUCTURAL STUDY
Marielle Wandhammer1,2, Martijn de Koning3, Daan Noort3, Maurice Goeldner2 and Florian
Nachon1
1

Département de Toxicologie et Risques Chimiques, Institut de Recherche Biomédicale des Armées
BP87, 38702 La Tronche Cedex, France,
2
Laboratoire de Chimie Bioorganique, UMR 7199 CNRS, Faculté de Pharmacie, Université de
Strasbourg, BP 60024, 67401 Illkirch Cedex France,
3
Earth, Environmental and Life Sciences, TNO, Lange Kleiweg 137, 2288 GJ Rijswijk, The
Netherlands
Cholinesterases (ChEs) are enzymes that regulate neurotransmission in cholinergic synapses and
neuromuscular junctions. They are the targets of a broad range of toxicants notably
organophosphorus nerve agents (OPs). OPs exert their acute toxicity by phosphylating the catalytic
serine of ChEs. Inhibited ChEs conjugates can be reactivated using oximes, but a spontaneous
time-dependent process called « aging » leads to oxime resistance.
We explored a new concept of aged ChEs reactivators. We hypothesize that dealkylation could be
reversed using an electrophile to obtain a realkylated phoshonylserine prone to reactivation by an
oxime. Since the classic oxime 2-PAM is shown to bind to aged cholinesterases, the specific
alkylating agents are based on a pyridinium moiety substituted by an alkylating function.
We studied the complexes formed by soman aged-ChEs with different potential alkylators and
obtained two structures in soman aged-BChE. These alkylators bind near the phosphonylserine
and are stabilized by aromatic stacking and cation-π interactions with aromatic residus of the
active site (Y332 and W82). Unfortunately, the distance between the electrophilic carbon of the
agents and oxyanion of phoshonate are not suitable for an alkylation reaction in this configuration.
However, these structures could be used as a structural template to develop innovative
reactivators for aged-human BChE.
This work was supported by HDTRA CBDIF07-THER01-2-0038, HDTRA1-11-C-0014, DGA/SSA
08co501.
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ANTHRAQUINONES FROM RHEUM PALMATUM INHIBIT ACETYLCHOLINESTERASE ACTIVITY IN
VITRO
Yan Wang, Huang-quan Lin, Lisa Shou Li and David CC Wan
School of Biomedical sciences, Faculty of Medicine, The Chinese University of Hong Kong, Hong
Kong, SAR of China
Rhubarb palmatum L., locally known as Da-Huang in China, has been widely used as one
traditional Chinese herbal medicine for thousands years . It is still frequently prescribed by TCM
practitioners in China. Pharmacological studies have demonstrated that anthraquinones is one of
the primary active ingredients of Rhubarb palmatum L. which exhibit various bioactivity
properties. Here, we report the identification of anthraqinones as potent acetylcholinesterase
(AChE) inhibitors from Rhubarb palmatum L. We found that Emodin and aloe-emodin had a strong
AChE inhibitory effect with IC50 21.8μM and 26.8μM, respectively. However chrysophanol and
rhein showed relative weak anti-AChE activity with IC50 75.8μM and 263.6μM, respectively. We
then performed ligand-receptor docking study and tried to describe the binding simulation
between anthraquinones and human acetylcholinesterase. In the catalytic gorge, four favorable
compounds with the best binding modes formed a π-π interaction with the indole ring of TRP86.
Notably, emodin and aloe-emodin formed hydrogen bonds with the active site containing amino
acids close to the TRP86; while the residues with which chrysophanol and rhein made hydrogen
bond are far away from the indole ring of TRP86. TRP86 is a well-known and significant residue in
human acetylcholinesterase active pocket and the indole ring of this residue always forms a π-π
interaction with AChE inhibitors. According to in vitro results and docking simulations, it seems
that hydrogen bonds adjacent to the indole ring of TRP86 might strengthen the π-π interaction
between residue and inhibitors. In conclusion, we identified four anthraquinones from Rhubarb
palmatum L. as potential AChE inhibitors and emodin and aloe-emodin exhibited strong inhibitory
effects. Furthermore, docking simulation showed that anthraquinones contacted with TRP86
through a π-π interaction and the hydrogen bonds adjacent to this π-π interaction are also key
factors of binding affinity.
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KINETIC, PHARMACOLOGICAL, AND TOXICOLOGICAL CONSEQUENCES OF THE G119S RESISTANCE
MUTATION IN ACETYLCHOLINESTERASE-1 OF ANOPHELES GAMBIAE (AKRON)
Dawn M. Wong1, Jiangyong Li2, Qian Han2, James M. Mutunga3, Ania Wysinski3, Troy D. Anderson3,
Haizhen Ding2, Tiffany L. Carpenetti3, Sally L. Paulson3, Polo C.-H. Lam4, Maxim M. Totrov4, Jeffrey
R. Bloomquist3,5, and Paul R. Carlier1,*
1

Departments of Chemistry, 2Biochemistry, and 3Entomology, Virginia Tech, Blacksburg, VA 24061,
USA.
4
Molsoft LLC, 11199 Sorrento Valley Rd, San Diego, CA, 92121, USA.
5
Department of Entomology and Nematology, Emerging Pathogens Institute, University of Florida,
Gainesville, FL 32610, USA
Acetylcholinesterase (AChE) is a proven target for control of the malaria mosquito (Anopheles
gambiae). Unfortunately, a single amino acid mutation (G119S) in An. gambiae AChE-1 (AgAChE)
confers resistance to the AChE inhibitors currently approved by WHO for indoor residual spraying.
In this report, we describe the consequences of the G119S mutation on AgAChE catalytic
efficiency, carbamate inhibition pharmacology, and anticholinesterase insecticide toxicity to adult
An. gambiae. Purified recombinant G119S AgAChE is shown to have only 3% of the turnover
frequency (kcat) of the wild-type (WT) enzyme, but Km of the G119S enzyme is only two-fold
greater than that of WT. PCR/RFLP analysis demonstrated the G3 and Akron strains carry WT and
G119S AChE, respectively, and homogenates of these strain gave similar Km values to the
corresponding purified recombinant enzymes. Five carbamate insecticides were assayed for
inhibition of these enzymes. High resistance ratios (>1,000) were observed for carbamates bearing
a benzene ring core, consistent with the carbamate-resistant phenotype of the G119S enzyme.
Interestingly, resistance ratios for two oxime carbamates were found to be less than 10. Nearly
identical resistance ratios were then demonstrated with G3 and Akron strain homogenate, and the
toxicity of these carbamates to live G3 and Akron strain An. gambiae were determined. As
expected from the enzyme resistance ratios, carbamates bearing a benzene ring core showed low
toxicity to Akron strain An. gambiae (LC50 > 1,000 μg/mL). However, one oxime carbamate
(aldicarb) showed excellent toxicity to the Akron strain (LC50 = 32 μg/mL). Finally, the possibility of
inhibiting AgAChE by covalent modification of its free cysteine (C286) was assessed by measuring
the rates of inactivation of the WT and G119S enzymes by 5,5’-dithiobis-(2-nitrobenzoic acid)
(DTNB). The implications of these results for the development of new insecticides against vector
mosquitoes are discussed.
Acknowledgement: We thank the NIH (AI082581), the FNIH (GCGH-1497) through the Grand
Challenges in Global Health Initiative, and Virginia Tech (the College of Science, Department of
Chemistry, and Fralin Life Science Institute) for financial support of this work.
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Session 3: Anticholinesterases: Mechanisms of toxicity, detection and analytical methods,
diagnosis of exposure, detoxification and therapy; counter-terrorism strategies.
P3-1
STUDY ON ESTERASE STATUS OF PARAOXONE-POISONED RATS AND TREATED WITH AN OXIMETYPE CHOLINESTERASE REACTIVATOR
Vasil Atanasov, Iskra Petrova, Christophor Dishovsky
Military Medical Academy, St. G.Sofiiski Str. 3, Sofia 1606, Bulgaria.
The esterase status was defined as a total activity of different esterases which could be used as a
marker of pathology (diseases, intoxications, metabolic disorders) [1]. The main enzymes which
determine the esterase status are acethylcholinesterase (AChE), buthyrylcholinesterase (BChE),
carboxylesterase (CaE), neurotoxic esterase and paraoxonase 1 (PON1). The esterase status is
demonstrated to be used as potential biomarker for OPCs exposure, to estimate the individual
capacity of the organism to be influenced by OPC agents [1,2].
In the present study we demonstrate the activity of the symmetric oxime-type cholinesterase
reactivator BT-07-4M (1,4 bis (4-hydroxyiminomethyl-pyridinium) butane dibromide) to reactivate
the influenced esterases in experimental paraoxone poisoning in rat. The paraoxone was
administered at dose 0.5 LD50 (i.m.). The therapy was done 1 min after poisoning using
combination of cholinolytic (atropine, 10 mg/kg b.w.) and the tested reactivator (22 mg/kg b.w.).
Three control groups of animals were used – untreated animals, poisoned group and control group
for the antidote mixture.
The enzyme activity of red blood cells’ AChE and CaE, plasma BChE, CaE and PON1, and brain AChE
were measured 60 min after administration. Maximum inhibition was observed for the plasma CaE
(70%) and for brain AChE (89%). The reactivator itself does not influence the enzyme activities, but
reactivates red blood cells’ AChE (79%) and plasma BChE (36%). The inhibited CaE was not
reactivated at all. PON1 was not influenced significantly by poison and reactivator applied.
The results obtained indicate that the tested experimental reactivator BT-07-4M has a specific
activity towards cholinesterase enzymes and reactivate their activities in in vivo model.
References:
[1] Makhaeva et al., NATO Science for Peace and Security Series A: Chemistry and Biology, 2009, 3,
177-194.
[2] Rudakova et al., Bull. Exp. Biol. Med., 2011, 152, 73-75.
Acknowledgement: This investigation was funded by NATO Project SFPP 984082.
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AN INSIGHT IN TABUN TOXICITY THROUGH THE MEASUREMENT OF BIOMARKERS OF OXIDATIVE
STRESS IN BLOOD AND BRAIN OF EXPOSED RATS
Suzana Berend, Nevenka Kopjar and Ana Lucić Vrdoljak
Institute for Medical Research and Occupational Health, Ksaverska c. 2, P.O. Box 291, HR-10000
Zagreb, Croatia, suzana@imi.hr
It is generally known that irreversible inhibition of acetylcholinesterase (AChE) by
organophosphorous (OP) agents causes the vast majority of symptoms associated with their acute
toxicity. Even if their acute effects exhibiting cholinergic disturbances have been extensively
described, questions about their effects on molecular level following both acute and chronic
exposure remain largely unanswered. Studies in experimental animals and tissue cultures, as well
as in acutely or chronically exposed humans, have implicated a strong linkage between OP
pesticide poisoning and the induction of oxidative stress. Since we have no such knowledge on OP
nerve agents, the present study was conducted to analyze the biomarkers of oxidative damage to
lipids, proteins and DNA in the tissue samples of tabun poisoned rats. Temporal and spatial
distribution of the AChE activity in blood and brain of rats exposed to sublethal dose of tabun
(75 % of its LD50) was determined by the Ellman assay. We used lipid peroxidation (LPO), activity of
superoxide dismutase (SOD) and primary DNA damage determined by comet assay as markers of
oxidative stress.
The strong inhibitory effect (~90 %) of tabun was observed in the plasma during the first hour of
exposition while the highest degree of inhibition (75 %) in the brain as a target organ was
observed 1 h after tabun exposure, which is consistent with the culmination of the symptoms of
poisoning. Enzyme activity in plasma and brain even 24 h after a single exposure to tabun did not
fully recovered. Increased LPO was observed in plasma up to 6 h after tabun exposure, whereas
increased level of primary DNA damage, activity of SOD and LPO were noticed in the brain during
24 h exposure to tabun. These results indicate that tabun poisoning caused excessive formation of
free radicals which could associate oxidative stress with the neurotoxicity of tabun. Further
understanding on how oxidative stress may be mediating toxicity of nerve agents can contribute in
designing new and more efficient therapeutic strategies.
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A PHARMACOKINETIC PROFILE OF HI-6 DMS IN THE CONSCIOUS GUINEA PIG
Cook, A.R., Roughley, N., Stubbs, S., Scott, I., Erskine, R., Green, A.C., Tattersall, J.
Biomedical Sciences Department, Dstl Porton Down, Salisbury, Wiltshire, SP4 0JQ
The oxime HI-6 is an effective reactivator of acetylcholinesterase following inhibition with a wide
range of nerve agents [1]. It also has a number of direct effects including nicotinic receptor
blockade [2] which may contribute to its effectiveness as a medical countermeasure to nerve
agent poisoning. The di-(methane sulphonate) (DMS) salt of HI-6 is currently being evaluated in
the UK as part of the future oxime therapy (HI-6 DMS, atropine sulphate and avizafone
hydrochloride) for nerve agent poisoning.
In order to extrapolate efficacy data from the guinea pig to man it is important to compare the
pharmacokinetics (PK) of HI-6 DMS in both species. This work aimed to derive a PK profile for HI-6
DMS in the conscious, ambulatory guinea pig; this data will provide a correlate of protection which
can be extrapolated to human dosing.
Vascular cannulae were surgically implanted into male Dunkin-Hartley guinea pigs. Following two
days recovery, animals were dosed i.m. with 10, 30 or 100 mg/kg HI-6 DMS +/- atropine sulphate
and avizafone hydrochloride (both at 3 mg/kg). Blood samples were taken over a four hour period
and plasma concentrations of HI-6 DMS determined by LC-MS-MS.
The results revealed a dose dependent Cmax for HI-6 DMS (21.6±1.2, 77.5±11.6 and 167.4±13.8
µg/ml for the 10, 30 and 100 mg/kg doses, respectively). Tmax was in the range of 7-14 min and half
life of HI-6 DMS was shown to be approximately 30 min in all groups studied. Work is ongoing to
characterise the pharmacokinetic-pharmacodynamic relationship of HI-6 DMS in the conscious
guinea pig following exposure to nerve agent.
References:
[1] Lundy et al., 2006 Toxicol Rev., 25 (4), 231-243,
[2] Tattersall et al., 1993, Br. J. Pharmacol. 108(4), 1006-1015,
[3] Bohnert et al., 2010, J. Chromatogr., 878, 1407-1413.
© Crown Copyright Dstl, 2012
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SCREEN-PRINTED GRAPHITE ELECTRODES MODIFIED WITH MANGANESE DIOXIDE FOR ANALYSIS
OF BUTYRYLCHOLINESTERASE AND ITS INHIBITORS
Arkadiy V. Eremenko 1, Ekaterina A. Dontsova2, Artem P. Nazarov2, Evgeni G. Evtushenko2,
Ilya N. Kurochkin2
1

Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, Moscow 119991, Russia
Department of Chemistry, Moscow State University, Moscow, 119991, Russia

2

An important application of the biosensor is the analysis of cholinesterase inhibitors for ecological
monitoring and environmental surveillance. Acetylcholine (and butyrylcholine) esterases are
widely used for the detection of organophosphates and carbamates in both environmental and
food samples using difference design of electrodes. The present work investigates screen-printed
graphite electrodes modified with manganese dioxide as a red-ox mediator in electrochemical
determination of thiols. The catalytic activity towards thiocholine was demonstrated by screenprinted graphite electrodes modified with MnO2 at working potential of 450 mV versus the
Ag/AgCl reference electrode.
High sensitivity of MnO2 modified electrodes towards thiocholine (345 mA·cm2/M) and low
detection limit of butyrylcholinesterase (1 pM) enabled their use for subnanomolar detection of
an organophosphate pesticide diazinon, an irreversible inhibitor of butyrylcholinesterase.
Detection limit for diazinon was estimated as 0.6 nM with assay duration of less than 15 min. The
proposed method to detect thiocholine, butyrylcholinesterase, and its inhibitors is promising
approach for further application in medical and environmental monitoring.
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A NEW SCREEN-PRINTED CHOLINE OXIDASE BIOSENSOR FOR BLOOD CHOLINESTERASES ASSAY
AND DETECTION OF EXPOSURE TO ORGANOPHOSPHORUS COMPOUNDS (OPC).
Marya S. Gromova1, Larisa V. Sigolaeva1, Natalya A. Krainova1, Arkadiy V. Eremenko3,
Elena V. Rudakova2, Galina F. Makhaeva2, Ilya N. Kurochkin1
1

Department of Chemistry, Moscow State University, Moscow, 119991, Russia
Institute of Physiologically Active Compounds of Russian Academy of Sciences Chernogolovka,
142432 Russia
3
Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, Moscow 119991, Russia
2

Measurements of red blood cell acetylcholinesterase (AChE) and serum butyrylcholinesterase
(BChE) activities are valuable tools for the diagnosis of OPC toxicity in humans and animals. The
application of modern electrochemical biosensors is a good alternative to routinely used methods,
enabling cholinesterase assays to be done with samples of whole blood [1]. Combining layer-bylayer electrostatic assembly of choline oxidase and poly(diallyldimethylammonium chloride) with
amperometric detection of H2O2 based on screen-printed planar carbon electrodes coated by
nanoparticles of MnO2 yields a simple biosensor capable of detecting AChE and BChE activities
with limit of detection as low as 1-2 nmol/(min x ml). Screen-printed biosensors were adapted to
cholinesterase measurements in whole blood. The procedure entails incubation of haemolysed
(1:100) blood samples with acetylcholine or butyrylcholine, termination of the enzymatic reaction
by addition of a stop-solution, and biosensor detection of the products released in highly diluted
samples in order to eliminate any interference. For AChE, blood samples were pre-treated with
iso-OMPA to eliminate BChE activity. Verification of biosensor measurements was performed by
(1) in vitro concentration-dependent inhibition of mouse blood cholinesterases with the selective
inhibitors hupersine (for AChE) and iso-OMPA (for BChE); and (2) in vivo dose-dependent inhibition
of blood AChE and BChE activities after dosing mice i.p. with a model OPC (BuO)2P(O)OCH(CF3)2.
Blood BChE was shown to be the more sensitive biomarker, allowing detection of low doses. A
high correlation was found between biosensor and spectrophotometric assays for AChE and BChE
in both in vitro and in vivo experiments. Thus, the results demonstrate that the screen-printed
biosensor could be used for monitoring individuals exposed to OPC by analysing AChE and BChE
activities in whole blood.
References:
[1] Sigolaeva L.V. et al. Chem. Biol. Interact., 2010, 187, 312-317.
Supported by NATO SfP Project #984082.
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ELECTROCHEMICAL ENZYME BIOSENSORS BASED ON ACETYLCHOLINESTERASE (ACHE)
Igor V. Rosin, Sofya S. Babkina, Alevtina G. Goryunova
Moscow State Open University, Moscow, Russia
Biosensors are becoming more and more routine in the analysis of environmental objects.
Electrochemical enzyme biosensors based on acetylcholinesterase (AChE) seem to be most
affordable and simple ones for the analysis of organophosphorous and carbamate compounds.
However, the improvement of speed, sensitivity, accuracy and making enzyme recovery easier are
needed for broader utilization of the biosensors.
To achieve fast (5 and 15 min) and sensitive (1 - 13 nmol/l) determination of organophosphorous
and carbamate compounds in water graphite and glassy carbon electrodes-based amperometric
biosensors were developed.
In the first biosensor containing AChE, immobilized on nylon membrane covering glassy carbon
electrode, the required performance is achieved due to utilization of a new substrate, 4-amino
phenylacetate, promoting determination of AChE activity. The results of the determination are not
affected by the electrochemically active compounds like uric and ascorbic acid, benzaldehyde etc.
The reactivation of enzyme membrane is possible by allowing it to stay in solution of
methyliodide-2-pyridinaldoxime in phosphate buffer during 4 hours. The biosensor developed has
been successfully used for determination of pesticides in different environmental objects both in
stationary and flow-injection modes. High operational stability has been noticed. 90% of AChE
initial activity retained after 1 month of operation.
In the second biosensor the inhibiting activity of pesticides is estimated using two consecutive
enzyme reactions: acetylcholine hydrolyses and oxidation of resulting choline with choline
oxidase, immobilized on a graphite electrode. High sensitivity and speed of determination is
achieved due to improvement of working electrode sensitivity towards hydrogen peroxide,
forming during choline oxidation, after metallization of the electrode surface with a thin
ruthenium film. The biosensor in intended for a single use and can be fast and easily made by
mean of screen printing.
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INDUCTION OF PLASMA ACETYLCHOLINESTERASE ACTIVITY AND APOPTOSIS IN MICE TREATED
WITH TRI-O-CRESYL PHOSPHATE
Wei Jiang, Ellen G. Duysen, Oksana Lockridge
University of Nebraska Medical Center, Omaha, NE USA
Organophosphorus compounds (OP) inhibit acetylcholinesterase (AChE) activity and cause
cultured cells to undergo apoptosis. Live mice treated with OP have reduced AChE activity, but
after a short recovery period, their AChE activity rebounds to levels that exceed baseline by more
than 2-fold. To date no information is available on whether abnormally high AChE activity is
characteristic of apoptosis in animals. Our goal was to determine whether induction of AChE
activity is associated with apoptosis in live mice. For this purpose we treated mice with 1500
mg/kg tri-o-cresyl phosphate. On day one after treatment their plasma AChE activity was inhibited
50%. On day 4, plasma AChE activity rebounded to a level 2.2-fold higher than pretreatment
activity and remained elevated for about two months. On day 4, AChE activity in the lung was
1.5-fold higher than in controls. Cells in lung sections that were positive in the apoptosis TUNEL
assay, stained heavily for AChE activity. In conclusion, AChE activity and apoptosis are induced in
mice treated with tri-o-cresyl phosphate. Unusually high AChE activity may be a marker of
exposure to apoptosis-inducing substances.
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THE BENEFIT OF COMBINATIONS OF ACETYLCHOLINESTERASE REACTIVATORS FOR THE
ANTIDOTAL TREATMENT OF POISONINGS WITH ORGANOPHOSPHORUS COMPOUNDS
Jiri Kassa, Jana Zdarova Karasova, Kamil Kuca, Kamil Musilek, Jiri Bajgar
Department of Toxicology, Faculty of Military Health Sciences, Trebesska 1575, 500 01 Hradec
Kralove, Czech Republic
Organophosphorus compounds involve organophosphorus pesticides widely used in agriculture
and highly toxic organophosphates, called nerve agents, that are considered to be the most
dangerous chemical warfare agents. To evaluate the benefit of combination of oximes for the
antidotal treatment of poisoned people, the influence of the combination of oximes on the
reactivating and therapeutic efficacy of antidotal treatment of acute poisoning with highly toxic
organophosphorus compound tabun was investigated using in vivo methods. The ability of two
combinations of oximes (HI-6 + obidoxime and HI-6 + K203) to reactivate tabun-inhibited
acetylcholinesterase and reduce acute toxicity of tabun was compared with the antidotal
treatment involving single oxime (HI-6, obidoxime, K203). Studies determining the reactivation of
tabun-inhibited blood and tissue acetylcholinesterase in poisoned rats showed that the
reactivating efficacy of both combinations of oximes is higher than the reactivating efficacy of the
most effective individual oxime in blood and diaphragm and comparable in brain. Moreover, both
combinations of oximes were found to be slightly more efficacious in the reduction of acute lethal
toxic effects in tabun-poisoned mice than the antidotal treatment involving individual oxime. A
comparison of reactivating and therapeutic efficacy of individual oximes showed that the newly
developed oxime K203 is slightly more effective than commonly used obidoxime and markedly
more effective than the oxime HI-6. Based on the obtained data, we can conclude that the
antidotal treatment involving chosen combinations of oximes brings beneficial effects for the
potency of antidotal treatment to eliminate laboratory and clinical signs of tabun poisoning.
The study was supported by the grant of Ministry of Defence, „Heath problems of weapons of
mass destruction“.
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THE CHOLINERGIC AND NON-CHOLINERGIC EFFECTS OF ORGANOPHOSPHATES AND OXIMES IN
CULTURED HUMAN MYOBLASTS
Maja Katalinić1, Katarina Miš2, Zoran Grubič2, Zrinka Kovarik1 and Tomaž Marš2
1

Institute for Medical Research and Occupational Health, HR-10001 Zagreb, Croatia
Laboratory for Molecular Neurobiology, Institute for Pathophysiology, Faculty of Medicine,
University of Ljubljana, SI-1001 Ljubljana, Slovenia
2

The proposed research was set on investigation of the cholinergic and non-cholinergic effects of
OPs/oximes on human myoblasts as precursors of muscle regeneration. Namely, as cholinergic
effects are linked to AChE activity, non-cholinergic actions might directly or indirectly modify
functioning of the complex intracellular mechanisms and in this way importantly contribute to the
effects of the OPs/oximes. With this regard we studied the effects of OPs/oximes on the cell
response mechanisms like expression of heat shock proteins and secretion of IL-6 and on
differentiation markers like expression of Na+/K+ ATPase. Preliminary results showed that the
cholinergic effects of OPs/oximes on the inhibition/reactivation of AChE in human myoblasts were
as expected. In all combinations tested these effects were restricted to the AChE catalytic activity
and did not interfere with the AChE mRNA expression even if AChE hydrolytic activity was
significantly affected. However, beside these effects we also observed significant changes in the
protein levels of HSP 27 and in the secretion of IL-6 after OP treatments. In our experiments done
up to now secretion of IL-6 was increased when the level of HSP 27 was decreased and vice versa
24 hours post OPs treatment. This link between the observed responses to OPs (IL-6 vs. HSP 27)
suggests a signalling pathway which is affected by OPs and which regulates both HSP 27 and IL-6
expression with an opposite trend. Changes of HSP 72 and IL-6 level were attenuated when oximes
were applied as pretreatment suggesting that phosphorylation by OPs and dephosphorylation by
oximes takes place also in these, yet putative non-cholinergic mechanisms. On the other hand, it
seems that all observed effect were common for OPs as well as for oximes tested which indicated
that the effects themselves are more likely associated to this specific group of compounds rather
than a specific compound itself.
Acknowledgement: This work was supported by the EMBO short term fellowship to M. Katalinić.
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P3-10
HIGH RESOLUTION GC-MS FOR DETECTION OF SARIN AND SOMAN IN BIOLOGICAL SAMPLES
Koryagina Nadezhda, Savelieva Elena, Kopeikin Vladimir, Prokofieva Daria, Voitenko Natalia,
Goncharov Nikolay
Research Institute of Hygiene, Occupational Pathology and Human Ecology (RIHOPHE), Saint
Petersburg, Russia
Detection of the warfare organophosphates (OPs) in biological samples is virtually impossible due
to their fast metabolism in the organism, so the more stable degradation products and their
adducts with proteins could be the target objects for retrospective analysis. The initial stage of
elimination and/or excretion of free OPs and their metabolites usually takes 2-3 days after the
exposure, and during this period the methods providing sensitivity at the level of dozens ng/ml can
be applied. The second stage of excretion of the remaining metabolites, which are mainly
produced by spontaneous reactivation of high molecular weight adducts, is about 2 weeks, and
detection of the OPs metabolites is impossible after that, even in the case of a high-dose exposure.
If there is a need for retrospective exposure estimation to be done in two or more weeks after the
exposure, analysis of high molecular weight adducts with the OPs should be done.
Exposure to the OPs is accompanied by covalent binding of the phosphorus atom to serine in the
active centre of blood cholinesterases, though other conjugates with plasma or serum proteins
(e.g. albumin and carboxylesterase) are also produced. The most rational approach to analysis of
the adducts is reactivation of the OPs with fluoride-ion in acid medium (pH 3.2). Several methods
have been developed for G-type nerve agents reactivation from protein adducts in serum and
plasma. We have successfully developed a procedure, due to which reactivation and extraction of
the OPs can be made from different types of samples, whole blood being the most important one.
For sample preparation, the preference was made to solid phase extraction (SPE) procedure with
reverse-phase sorbent Oasis HLB. A previously used solid phase microextraction (SPME) procedure
appears to be effective for soman detection only, whereas the SPE procedure was proved to be
effective for both soman and sarin detection.
The procedures elaborated were tested ex vivo with whole blood samples, as well as in vivo with
serum obtained after exposure of rats to soman (2*0.4LD50 within 1 h). The level of detection with
application of high resolution GC-MS was found to be 0.1 ng/ml. Presently research work is
underway to develop new and improve available methods for retrospective estimation of
exposure to anticholinesterase agents.
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P3-11
CHOLINESTERASE BIOSENSORS IN DETERMINATION OF SOME MYCOTOXINS
Elvina P. Medyantseva, Huyen Mai Thi Thanh, Regina M. Varlamova, Еkaterina Yu. Tarasova, Gulina
R. Sakhapova, Sofya S. Babkina, Нerman С.Budnikov
Kazan (Volga Region) Federal University, Kazan, A.M.Butlerov Chemical Institute, Department of
Analytical Chemistryr, Kazan, Russia, Elvina.Medyantseva@ksu.ru
Nowadays, mycotoxins constitute one of the most dangerous group among the toxic compouns
being a menace to the people health.
Amperometric cholinesterase biosensors based on planar (screen-printed) platinum electrodes
including the ones modified with multilayer carbon nanotubes (MCNT) were proposed.
The study of aflatoxin B1 (AFB1), ochratoxin A (OTA) and zearalenon (ZEA) behavior revealed that
the considered mycotoxins inhibit ChE.
The reversible inhibition effect seems to be connected to the interaction of mycotoxin molecules
with hydrophobic sites located close to the enzyme active center but at the peripheral part of the
enzyme molecule. This hinders substrate passage into the active part of the cleft creating steric
hidrances for its molecules to approach catalytic sites of the enzyme.
The use of ChE biosensor modified with MCNT makes it possible to expand and shift the
concentration range of mycotoxins detection towards the lower values ((1 x 10-6 - n ×10-11 M), to
observe more express inhibition and improve correlation index. The inhibition effect of OTA and
ZEA was observed for the first time. Mycotoxins detection is possible with the lower values of the
lower limit of detectable concentrations – (1-8)x10-8(-12) M. When enzyme-substrate system used
in considered type of biosensor is affected with OTA or ZEA then the degree of inhibition was
found to be from (96.0±1.2) to (64.0±0.8) % and from (91.0±1.0) to (72.0±0.6) %, respectively,
within the studied concentration range. ChE biosensors were utilized in mycotoxins determination
in food at the permittable levels or lower (this limit in Russia is 0.005 mg/kg for AFB1 and OTA).
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P3-12
CHOLINESTERASE AS A LABEL IN AMPEROMETRIC ENZYME IMMUNOASSAY
Elvina Medyantseva1, Gulnara Safina2, Elena Khaldeeva3 and Herman Budnikov1
1

Department of Analytical Chemistry, A.M. Butlerov Institute of Chemistry, Kazan (Volga Region)
Federal University, Russia
2
Department of Chemistry and Molecular Biology, University of Gothenburg, Sweden
3
Laboratory of Mycology, Kazan Research Institute of Epidemiology and Microbiology, Russia.
Elvina.Medyantseva@ksu.ru
Combination of enzymatic reactions and highly sensitive amperometric detection is widely applied
in enzyme immunoassay. Although alkaline phosphatase and peroxidase still remain to be the
most commonly utilized enzyme labels, the use of cholinesterase (ChE) is of high promise. The
properties of ChE are well-studied, it is commercially available, and it has a high catalytic activity
to obtain a sufficient analytical signal at certain ranges of the applied potentials. Amperometric
enzyme immunosensors (EISs) based on platinum and graphite single- and multichannel screenprinted electrodes and the immobilized ChE is developed for the detection of bacterial antigens
and antibodies against pathogenic and conditionally pathogenic bacteria, fungal allergens,
phytopathogenic fungi, and monitoring of pharmaceuticals in biological fluids and food products.
The working principle of the proposed EISs is based on a combination of immunological, enzymatic
and electrochemical reactions. The analytical response of the EISs is a result of several processes:
1)highly-selective extraction of the analytes from the tested solution, 2)concentration of the
analytes on the working surface of the EIS as an immune complex [Ab-Ag], 3) electrochemical
activity of the products of enzymatic hydrolysis of thiosubstrates of ChE, and 4) inhibition or
activation of catalytic activity of ChE in the presence of analytes. Such a versatile approach makes
it possible to develop EISs for diagnostics of human, animal and plant diseases. Due to very low
detectable concentrations (up to 10-12 mg mL-1) EISs are utilized for the fast screening of infectious
diseases at very early stages. Due to high selectivity of EISs several bacterial and fungal pathogens,
such as Streptococcus pyogenes, Staphylococcus aureus, Klebsiella pneumoniae, and Candida
albicans can be identified simultaneously. It is shown that EIS enables exposure of vegetable
(carrot, beet) diseases caused by phytopathogenic fungus Phoma betae at early stages. Developed
EISs are utilized for the detection of the fungal allergens Alternaria tenuis and Cladosporium
herbarum in dust, wall covers, hey, soil, rind, and fruits.
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P3-13
THE DEVELOPEMENT NEW METHOD TO MEASURE ACTIVITY OF BUTYRYLCHOLINESTERASE
Katarína Mrvová, Anna Hrabovská
Dpt. pharmacology and toxicology, Faculty of Pharmacy, Comenius University, Odbojárov 10, 832
32 Bratislava
Introduction: Some cholinesterase assays and analyses require pure enzyme. Purification of
butyrylcholinesterase (BChE) is, however, very time and money consuming. Moreover, it requires
big starting volume of biological sample, which is not always available. Recently generated specific
and selective antibodies against human and mouse BChE [1] could provide an efficient alternative
in order to “purify” the enzyme from small volume biological samples. The aim of this work was to
design and develop an ELISA assay that could be used to study the catalytic properties of BChE and
an ELISA assay that would allow BChE protein quantification. Methods: Human and mouse plasma
were used in the experiments. Saturating concentrations of secondary anti-mouse antibodies,
primary antibodies and human and mouse plasma were titrated. Incubations were performed
either over-night at 4°C or for 6 hours at room temperature. Ellman’s method (1mM
butyrylthiocholine; 0,5mM DTNB; 5mM HEPES buffer, pH=7,4) and indoxyl acetate method (1mM
indoxyl acetate; 0,1M PBS, pH=7,4; 0,15M NaCl) were used to measure butyrylcholinesterase
activities. In double sandwich ELISA, second primary biotin-coupled antibodies were used and
detection was performed by enzyme-conjugated streptavidin. Results: We designed an ELISA
assay for BChE activity detection. Based on saturation curves, secondary and primary antibody
dilutions were selected. As little as 0.5 - 5µl of human or mouse plasma could be detected by
Ellman’s assay and even smaller volumes by fluorescence method when indoxylacetate was used
as a substrate. Double sandwich ELISA enabled quantification of the captured BChE protein.
Conclusions: We developed new, efficient and simple assay to follow the activity of “pure”
enzyme and to quantify the BChE protein in biological samples. This method can be used to study
the protein level and activity changes in different biological samples, pathological models and
even in OP inhibited samples with very low activities.
References:
[1] Hrabovska A. et al. PLoS One, 2010, 5, e12892.
Acknowledgement: Supported by APVV grants SK-CZ-0028-09 and SK-FR-0031-09.
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P3-14
PHOSPHOPROTEOMICS APPROACH FOR DETECTION OF BUTYRYLCHOLINESTERASE ADDUCTS
WITH ORGANOPHOSPHOROUS NERVE AGENTS BY MALDI MASS SPECTROMETRY
Ekaterina A. Murashko1, Yaroslav A. Dubrovsky1, Vladimir I. Shmurak1, Alexander D. Nadeev1,
Ekaterina P. Podolskaya2, Vladimir N. Babakov1
1

Research Institute of Hygiene, Occupational Pathology and Human Ecology (RIHOPHE),
Kuzmolovsky, 188663, Saint Petersburg.
2
Institute for Analytical Instrumentation RAS, Saint Petersburg.
Human butyrylcholinesterase is glycoprotein composed of four identical subunits, each with a
molecular weight of 85 kDa constituting a tetramer of 340 kDa, which is synthesised in the liver
and has a half-life in plasma of 11 days. The development of methods for retrospective detection
of exposure to organophosphorous nerve agents is very important. It is known that BChE binds
and inactivates organophosphorous nerve agents, thus preventing their toxic effects. In contrast
to organophosphorous nerve agents and their hydrolysed metabolites, which often have short
half-life in vivo, the corresponding adducts are stable for at least several weeks and, thus, well
suited for analysis of biomedical samples.
The content of BChE in human plasma is very low and amounts to about 5 mkg/ml, so the first step
of our study was to develop a method of isolating the enzyme from the blood plasma. Extraction
procedure consisted of the following major steps: precipitation of proteins with ammonium
sulfate, ion exchange chromatography on a cartridge Bio-Scale High Q, affinity chromatography on
procainamide-agarose gel. The isolated protein was incubated with soman at the rate of 50% and
100% inhibition of the enzyme for 1 h at 37 °C. The control sample and the modified with soman
samples were analysed by gel electrophoresis, staining was performed on the activity. On the gel
revealed two bands belonging to the hBChE in the control sample and hBChE, inhibited by 50%.
Bands were cut out excised and subjected to enzymatic hydrolysis using pepsin.
Pepsin hydrolysate was analysed by MALDI-TOF-TOF mass spectrometer Axima Perfomance
(Shimadzu). It is known that soman is susceptible to process of quick "aging" on
butyrylcholinesterase, and therefore we searched the peptides, modified by methylphosphonic
acid residue. Analysis of the obtained mass spectra showed that despite the complicated
procedure of sample preparation, the pepsin hydrolysate is a mixture of peptides belonging to
different proteins of blood plasma. Finding of adducts was difficult, so the next stage of our study
was enrichment of the sample with phosphopeptides by metal-affinity chromatography on the
Ti(IV)-containing sorbent. As a result, the signal with m/z 1276.46 was detected in the sample of
hBChE incubated with soman, which corresponds to peptide of hBChE, modified by
methylphosphonic acid residue GESMFAAGAASVSLHL.
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P3-15
PRX-105: A NOVEL BIOLOGICAL COUNTERMEASURE FOR NERVE AGENTS
Yoseph Shaaltiel1, Hermona Soreq2, Jacob Atsmon3, Einat Brill-Almon1, Dani Bartfeld1, Avidor
Shulman1, Carmit Nadri-Shay1, Raul Chertkoff1, David Aviezer1
1

Protalix Biotherapeutics, Science Park, Carmiel, Israel; 2Department of Biological Chemistry,
Institute of Life Sciences, The Hebrew University of Jerusalem, Israel; 3TASMC Clinical Research
Center, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel

Introduction: Protalix is a biopharmaceutical company focused on the development and
commercialization of recombinant therapeutic proteins. PRX-105 is indicated for the use in the
biodefense arena as a countermeasure for victims of nerve agent attacks. Current standard of post
exposure treatment for nerve agent victims is a cocktail of three drugs that are mainly aimed to
reduce the clinical symptoms and increase survival, without decreasing the toxic effect of the
nerve agent. Development of a post-exposure treatment that acts as a bioscavenger and dilutes
out the organophosphate (OP) from the circulation is a clear unmet clinical need.
Methods: PRX-105 is a plant-derived PEGylated recombinant human acetylcholinesterase (AChE)
splice variant R. The human DNA sequence of AChE-R was sub-cloned into plant cells and the
protein was expressed and manufactured using Protalix’ proprietary plant cell culture system
ProCellEx™ platform.
Results: Pre-clinical studies indicated that PRX-105 successfully protects and rescue animals
exposed to OP nerve agent analog, in both prophylactic and post-exposure settings. PRX-105
rescue is dose-dependent, and full rescue is achieved at a lower stoichiometric ratio than expected
between the OP and PRX-105. First-In-Human Exploratory Phase 1 clinical trial for PRX-105, under
FDA approval, was successfully completed on May 2010. The trial established the
pharmacokinetics of PRX-105 with Median t1/2 = ~26 hrs. PRX-105 safety profile demonstrated that
single dose; intravenous administration of PRX-105 is safe and well tolerated with all healthy
volunteers completed the clinical protocol with no Serious Adverse Events.
Conclusions: Protalix initial results suggest that PRX-105 can serve as a promising countermeasure
for nerve agents attack. Protalix plans to perform additional studies in healthy volunteers and
animals. Given the nature of the biodefense indications and following the FDA animal rule,
PRX-105 efficacy trials in humans (phase II and III) are not required.
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P3-16
ACETYLCHOLINESTERASE SPECIFIC ACTIVITY IN BLOOD AND TISSUES FROM MULTIPLE SPECIES
Craig McElroy, Kevin McGarry, Christina Wilhelm, Ryan Bartlett, Daniel Read
Battelle, Columbus, OH
Acetylcholinesterase (AChE) activity assays are typically performed as an in vitro diagnostic to
support nerve agent, pesticide exposure, and therapeutic treatment studies for Alzheimer’s
disease. The traditional assay for determining AChE activity and inhibition is the colorimetric
Ellman assay, which determines acetylthiocholine (ATC) hydrolysis rates by spectraphotometrically
measuring the formation of 5'-thio-2-nitrobenzoate anion from the reaction of thiocholine (ATC
hydrolysis product) and 5,5'-dithiobis (2-nitrobenzoic) acid (DTNB). This reaction is typically
measured in biological samples such as red blood cell (RBC) lysates, whole blood, or specific tissue
preparations. One problem with this approach is that other serine hydrolases
(e.g. butyrylcholinesterase) present in blood and tissues can also hydrolyze ATC. Therefore,
determining ATC hydrolysis exclusive to AChE can be difficult. Moreover, differences in AChE
expression levels between subjects and across species represent an additional challenge. We have
developed an in vitro assay that can determine AChE specific activity in whole blood and tissues
from multiple species. This assay combines a modified Ellman assay with an AChE-selective
sandwich ELISA to determine AChE activity per milligram of enzyme. Since the captured AChE is
washed prior to analysis, most of the interference from biological matrices is removed, which
improves the signal-to-noise ratio. In addition, other hydrolases that may potentially cleave ATC
are also removed. Captured AChE from blood and tissue samples from several species
demonstrated significant ATC hydrolysis but no butyrylthiocholine (BTC) hydrolysis. A linear
response was obtained over a wide AChE concentration range (2 logs). To demonstrate the utility
of this approach, whole blood, RBC extracts, and tissue homogenates were spiked with different
concentrations of the organophosphate (OP) paraoxon in which dose-response AChE inhibition
was observed (IC50 = 20.3 nM). This assay represents a novel approach for the determination of
AChE specific activity in a wide range of biological specimens. Interference from other hydrolases
is eliminated by using AChE-specific capture and detection antibodies. An additional benefit of this
method is that baseline samples are not necessary, which is critical for determining AChE activity
in support of clinical and preclinical studies (e.g. nerve agent, pesticide, and Alzheimer’s disease)
where baseline tissue samples are not available.
Acknowledgement: Funded by Battelle internal research and development
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P3-17
THE DEVICE FOR THE MEASUREMENT OF CHOLINESTERASE ACTIVITY IN HUMAN BLOOD
Olga Tanyukhina, Еvgenia Lange, Svetlana Lobiakina, Andrey Radilov
Research Institute of Hygiene, Occupational Pathology and Human Ecology (RIНОРНЕ), SaintPetersburg, Russia, tanyukhina@rihophe.ru
Analyzer "Granat-4" was developed by our organization (RIНОРНЕ) for rapid diagnostics of human
intoxication by determining presence of cholinesterase inhibitor [1]. The device is intended for
photometric measuring of cholinesterases (ChE) in human blood. The method bases on ability of
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) which are biochemical markers of
certain functional states of a human organism to hydrolyze acetylthiocholine to thiocholine. After
first biochemical reaction, the reagent BAS-Cl, used as a chromogenic agent, selectively interacts
with thiocholine forming a color substance; measured photometrically. Optical absorption band of
the stained compound generated in the reaction lies in red spectrum with a maximum at 620nm
and does not overlap with bands of optical absorption of blood. Its biochemical reaction rate is
proportional to the activity of ChE. Kinetic principle of measuring is used. The analyzer produces a
measurement of reaction rate in accordance with the increase of optical density of the solution.
The activity of AChE and BChE, calculated by the software using the calibration factors and
calibration curves, is expressed in MU/ml.
This method of ChE measurement is resistant to non-specific admixtures in blood samples and
reagents used. It is not sensitive to the sample blood volume and allows stabilizing the impact of
auxiliary procedures (influence of anticoagulants, homogenizing of erythrocytes, centrifugation
etc.). The analyzer represents its current state with text messages displayed on the LCD screen.
The device of signal processing is developed on the basis of microprocessor and fixed memory.
Signal processing algorithm uses an array of accumulated data at time of measurements
(maximum series of 50 samples) with the calculation of values of cholinesterase activity, corrected
according to the measurement temperature. The results of AChE and BChE activities are presented
when viewing the data and series results is stored until the device is switched off.
Technical characteristics of portable analyzer "Granat-4": sensitivity – 1·10-4 MU/ml; analysis time
– 75sec; blood volume taken from the finger for one analysis – 0.05-0.10 ml; standard deviation –
not more then 10%; productivity – no less than 30 assays per hour at permanent work for 8 hours;
dimensions – 158х107х65 mm; weight – 1.1 kg.
References:
[1] Tanyukhina O. N. et al. Proceedings of the 2nd All-Russian Conference " Russian Analytics",
2007, 394-395.
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P3-18
BIOSENSORS BASED ON IMMOBILIZATION OF ACETYLCHOLINESTERASE
Katarína Vorčáková1, Šárka Štěpánková 2
1

Department of Analytical Chemistry, Faculty of Chemical Technology, University of Pardubice,
Studentská 573, 532 10 Pardubice
2
Department of Biological and Biochemical Sciences, Faculty of Chemical Technology, University of
Pardubice, Studentská 573, 532 10 Pardubice
Biosensors are analytical devices composed of three parts: bio-recognition element, physicochemical convertor and detector [1]. Biosensor utilize the sensitivity and selectivity of a bioreceptor attached onto the surface of a physical transducer. The transducer is able to respond to
and transform a bio-chemical and/or physic-chemical property into a measurable signal as a result
of a bio-recognition event between the bio-receptor and its target analyte [2].
The most important step in the development of an enzyme biosensor is the stable attachment of
the enzyme onto the surface of the working electrode. This process is governed by various
interactions between enzyme and the electrode material. Strongly affects the performance of the
biosensor in the term of sensitivity, stability, response time and reproducibility.
Various immobilization strategies capable of depositing cholinesterases onto the working
electrode surface have been used [2]. Types of immobilization are physical adsorption, covalent
coupling, self-assembled monolayer, physical entrapment etc. [2, 3].
The aim of this work was compare the different immobilization techniques with using the different
working electrodes. We used physical adsorption and crosslinking with glutaraldehyde and four
types of screen-printed electrodes.
The second part of our work was to investigate the stability of immobilized electrodes and
compared their efficiency. Different concentrations of substrate were tested to establish
concentration range in which measurements were reproducible.
References:
[1] Pohanka, M., et al. Vojenské zdravotnické listy, 2010, 79, 105-110.
[2] Andreescu, S., et al. Biomolecular Engineering, 2006 23, 1-15.
[3] Andreescu, S., et al. Analytica Chimica Acta, 2002, 464, 171–180.
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Session 4: Stoichiometric and catalytic bioscavengers against anticholinesterase agents;
nanobiotechnology for cholinesterases and related therapeutic aspects.
P4-1
BIHAVIORAL SAFETY AND PROTECTIVE ACTIVITY OF HUMAN
BUTYRYKCHOLINESTERASE: AN ACOUSTIC STARTLE REFLEX STUDY

BLOOD

PLASMA

Anastasya V. Kholina, Tatyana I. Novozhilova, Irina I. Kashnikova, Konstantin A. Anikienko
State Research Institute of Organic Chemistry and Technology, Moscow, Russia.
The influence of isolated human blood plasma butyrylcholinesterase (EC 3.1.1.8) on the acoustic
startle reflex was studied in tests on C57B1/6J mice injected intravenously or intraperitoneally
with this enzyme. Our study demonstrated that, irrespectively of the injection method (iv or ip),
butyrylcholinesterase did not cause changes in the acoustic startle reflex in mice to be significantly
different from the placebo effects. The protective activity of butyrylcholinesterase from
intoxications by methylsulfomethylate O-ethyl-S-(2-ethylmercaptoethyl) methylthiophosphonate,
an organophosphorous inhibitor, was assessed in the work. Exogenously applied
butyrylcholinesterase was revealed to cause an abolishment of all intoxication symptoms due to
this inhibitor, as well as normalization of vital functions as judged from the peak and latency of
acoustic startle reflex. With regard to that human blood plasma butyrylcholinesterase was tested
in a 100-fold greater dose than the natural content of this enzyme in mice, the obtained data
evidence for high behavioral safety of butyrylcholinesterase and its profound protective effect
from intoxications caused by the studied organophosphorous inhibitor.
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P4-2
TREATMENTS FOR PERCUTANEOUS VX POISONING
Stuart J. Armstrong and Cerys J. Docx
Dstl, Porton Down, Salisbury, Wiltshire, United Kingdom. SP4 0JQ.
Following exposure to the nerve agent VX via the percutaneous route, conventional
pharmacological medical countermeasures are not particularly effective [1], whereas
butyrylcholinesterase (BuChE) bioscavengers can provide effective treatment [2]. To better
understand these observations the pharmacokinetic/pharmacodynamic (PKPD) profiles of VX,
BuChE and therapy (atropine, avizafone and HI-6) were determined in the guinea-pig.
Vascular cannulae and microdialysis probes were surgically implanted in male Dunkin-Hartley
guinea pigs. Intramuscular (i.m.) therapy (atropine sulphate 17.4 mg/kg, avizafone hydrochloride
3.14 mg/kg and HI-6 di(methanesulphonate) 27.9 mg/kg), percutaneous VX (267 µg/kg) or
percutaneous VX with subsequent i.m. human BuChE (3.4 mg/kg) were administered. Blood and
microdialysate (brain and skeletal muscle) samples were repeatedly collected from conscious
ambulatory animals and target analytes were measured with LC-MS-MS or cholinesterase assays.
Peak concentrations of atropine, diazepam and HI-6 were achieved within 15 minutes, and
concentration rapidly decreased by at least three orders of magnitude by 2 hours following
administration. Conversely, VX continued to increase its inhibitory effect on blood cholinesterase
for up to 12 hours following exposure, after which the inhibition slowly decreased. The huBChE
plasma concentration peaked more slowly than VX and it exhibited the expected long residence
time [3].
These PKPD studies, carried out for the first time in conscious, ambulatory guinea-pigs using
multiple sampling methods and sites, demonstrate that rapid clearance of conventional medical
countermeasures is not compatible with the protection required to treat the sustained
percutaneous VX poisoning. The PK of BuChE was however compatible with such sustained
protection. Its slow time to peak may however limit its use as a therapy when given (i.m.) on signs
of poisoning in the absence of other supportive therapy.
References:
[1] Joosen et al. Chem-Bio Int, 2010, 188, 255–263.
[2] Mumford et al. Clin Toxicol, 2011, 49, 287–297.
[3] Lenz et al. Chem-Bio Int, 2005, 157, 205 – 210.
Acknowledgement: huBuChE was kindly provided by Dr Douglas M Cerasoli. The work was funded
by the UK MoD STC Research Programme. © Crown Copyright Dstl, 2012.
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P4-3
BIOCHEMICAL
AND
STRUCTURAL
BUTYRYLCHOLINESTERASE.

CHARACTERIZATION

OF

A

SELF-REACTIVABLE

Xavier Brazzolotto1, Franz Worek2, Frederic Dorandeu1, Florian Nachon1
1

Institut de Recherche Biomédicale des Armées, La Tronche, France
Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany.

2

A previously observed rebound of BChE activity in plasma of VX-intoxicated pig was attributed to a
potential enzyme release from the liver [1]. Further studies on isolated plasma and purified
plasmatic BChE led to the serendipitous discovery of the self-reactivation property of pig
Butyrylcholinesterase. Inhibitions were carried out with racemic and enantiomeric VX, CVX and VR
warfare agent solutions on the purified plasma protein. Fast regain of BChE activity was observed
with only one enantiomer of each V-agent.
The pig BChE protein presents high homology with the human protein (90% identity) and an
homology model, based on the crystal structure of human BChE, pointed out a possible role of
residue I398 close to the active site. Introduction of such mutation in the human BChE (F398I) did not
confer self-reactivation activity to the human protein. In parallel, introduction of I398F mutation in
pig BChE was not deleterious for self-reactivation. This demonstrates the absence of role of the
I398 residue in the self-reactivation property.
Recombinant pBChE was produced in insect cells and purified by affinity and size exclusion
chromatographies. The resulting protein was prone to arrange in needle shape crystals under
proper conditions. Using the micro focused beamline of the ESRF (Grenoble-France), crystals
diffracted up to 2.8 Å and allowed structure determination. No electron density was visible for the
acyl-loop of the enzyme demonstrating high disorder. This disorder hints at the high flexibility of
the loop that could be related to its self-reactivation properties.
Future work aims at developing a recombinant human BChE with a similar flexible acyl-loop to
address its putative role in self-reactivation. Additionally introduction of the G117H mutation could
lead to an even more efficient catalytic bio-scavenger.
References:
[1] Dorandeu et al. Toxicology, 2008, 248, 151-157.
Acknowledgement: We would like to thank the ESRF for beamtime access. Financial support:
DGA/SSA 08co501; ANR-06-BLAN-0163 DetoxNeuro; DGA/SSA/BioMeDef PDH-2-NRBC-3-C-301.
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P4-4
PROGRESS TOWARDS BCHE TETHERED WITH A REACTIVATING LIGAND: A PSEUDO-CATALYTIC
NERVE AGENT BIOSCAVENGER
M.C. de Koning1, F. Nachon2, X. Brazzolotto2, M. Trovaslet2, D. Noort1
1

TNO Rijswijk, The Netherlands
IRBA / CRSSA La Tronche, France

2

It has now been well established that certain proteins which react with organophosphate anticholinesterases (OPs) constitute a promising alternative to presently available protection against
nerve agent poisoning. These biological scavengers avoid the reaction of the OP with its main
physiological target human acetylcholinesterase (hAChE) by covalent sequestration
(stoichiometric) or hydrolysis (catalytic). Human butyrylcholinesterase (hBChE) is one of the most
promising stoichiometric bioscavengers, however, the use of this enzyme also has a few
drawbacks, such as the high doses and associated cost that are needed in order to provide
adequate protection. Attempts have been made to establish a pseudo-catalytic function by the coadministration of the currently approved oximes, such as HI-6 and pralidoxime, to reactivate the
OP-inhibited BChE, however, it was demonstrated that the reactivation of OP-inhibited BChE by
these oximes is too slow. With the aim to overcome the slow kinetics of reactivation we are
currently exploring an alternative approach that comprises the preparation of hBChE tethered to
its own reactivator via a mutated cysteine residue. The presence of a nucleophilic functionality in
close proximity of the active site may facilitate reactivation of the cholinesterase by a proximitydriven attack. We here report the progress in the preparation of several mutant enzymes, the
design of reactivating tethers that was aided by molecular dynamics simulations, the syntheses of
these tethers and the progress in the linkage of these tethers to the enzyme.
Acknowledgement: The funding from the Defense Threat Reduction Agency (contract HDTRA1-11C-0014) is gratefully acknowledged
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P4-5
DEVELOPMENT OF A LOW COST BIODECONTAMINANT BY RATIONAL DIRECTED EVOLUTION
Hiblot J.1, Elias M.2, Gotthard G.1, Masson P.3, Chabriere E.1
1

URMITE-UMR CNRS 6236, IRD198-Université de la Méditerrannée, Marseille, France
Weizmann Institute of Science, Biological Chemistry, Rehovot, Israel
3
Institut de Recherche Biomédicale des Armées - CRSSA, Département de Toxicologie, Unité
d’Enzymologie, La Tronche cedex, France
2

Organophosphorous compounds (OPs) are able to irreversibly inhibit the AchE enzyme, a key
enzyme in the nervous system. These compounds are classically used as pesticides and their
inhibition capacity has been enhanced after the World War II to develop warfare agents such as
Sarin, Soman, Cyclosarin, Tabun or VX.
Detoxification of these compounds by enzyme is appealing. The most efficient OP hydrolase is the
mesophilic PTE issued from Pseudomonas diminuta. Our activities are focused on the
hyperthermostable phosphotriesterase SsoPox issued from the Archaeon Sulfolobus solfataricus.
Indeed, hyperthermophilic enzymes offer a high industrial maneuverability (storage, stability, low
cost) but are often less efficient at ambient temperature.
In order to transfer the efficient active site of the mesophilic PTE into the hyperthermostable
architecture of SsoPox, we designed a mutation database from structure comparison. Then, we
obtained mutants with 850 times enhanced phosphotriesterase activity at 25°C
(kcat/KM ~105 M-1s-1) by rational directed evolution. This mutant is also efficient against some
nerve agent derivatives CMP and IMP (kcat/KM = 105 M-1s-1).
This engineered enzyme could be used to decontaminate soil, surface or subway in case of
terrorist attack. Further, it allows to decontaminate skin, eyes and water without secondary
pollutions. The enzyme could be included in spray or showers, in protection cream or bind to
clothes to prevent warfare exposure. Finally, SsoPox could be used to destruct problematic stocks
of warfare agents.
Acknowledgement: This work was granted by DGA, France (REI. 2009 34 0045). J.H. and G.G. are
PhD students granted by DGA. JH was granted by an EMBO short term fellowship (ASTF No. 439
2010) to go to the Dan Tawfik laboratory (Weizmann Institute of Science, Rehovot, Israel). M.E. is a
fellow supported by the IEF Marie Curie program (grant No. 252836).
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P4-6
SIALYLATION AS A NOVEL
BUTYRYLCHOLINESTERASE.

APPROACH

FOR

LONG-LIVING

RECOMBINANT

HUMAN

Denis G. Ilyushin1, Ivan V. Smirnov1, Masson Patrick2, Igor A. Dyachenko3, Tatyana I. Novojilova4,
Evgeny A. Bychihin4, Gregory Gregoriadis5, Dmitry D. Genkin5, Konstanin A. Anikienko4, Arkadi N.
Murashev3, Natalia A. Ponomarenko1, Alexandre G. Gabibov1.
1

Institute of bioorganic chemistry of the Russian Academy of Sciences, Moscow, Russia
Département de Toxicologie, IRBA-Centre de Recherches du Servise de Sante des Armées, BP 87,
38702 La Tronche Cedex, France
3
Branch Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences,
Pushchino, Russia; Pushchino State Institute of Natural Sciences, Pushchino, Russia
4
State Research Institute of Organic Chemistry and Technology, Moscow, Russia
5
Xenetic Biosciences plc, R&D Laboratories and Business Development Office, London, United
Kingdom
Organophosphates (OPs) are potent toxicants, which target primaly acetylcholinesterases,
resulting in accumulation of acetylcholine in neuronal / neuro-muscular junctions followed by
collapse of signal transmission. Pharmacological approaches for pretreatment and treatment of
OP poisoning induce side effects. Bioscavengers represent a safe alternative for prophylaxis and
emergency treatment. In the present study we made a new butyrylcholinesterase(BChE)-based
stoichiometric bioscavenger.
Several recombinant expression systems for human BChE were developed in past 20 years,
including transgenic goats, plants and CHO cells. However, none of them was economically
effective or resulted in recombinant enzyme approved for administration to humans. Yet,
CHO cells expression system is widely used for expression of different FDA-approved proteinbased drugs.
Focus on current generation of stoichiometric bioscavengers is shifted to modification of
recombinant BChE to prolong its stability in the bloodstream. Basically, protein pharmacokinetics
depends on both glycosylation and size of the recombinant protein. Thus, to overcome difficulties
in expression of tetrameric rBChE, natural tetramerisation-related peptide could be introduced
either directly to growth medium or co-transfected into the expression system. In addition,
polysialylation of the recombinant enzyme could be used alternatively or simultaneously to
increase molecular size. Polysialic acids were shown to improve pharmacokinetics of
biopharmaceuticals. Unlike other hydrophilic polymers, like PEG or dextran, polysialic acids are
biodegradable with no toxic catabolic products, and less likely to cause immunogenic response.
In the present study we developed a new expression system based on CHO-K1 cells with
production level up to 20 mg of recombinant BChE per liter of culture medium. The purification
protocol was optimized, resulting in >95% pure enzyme with only 30% loss. To improve
pharmacokinetics of recombinant BChE we modified the enzyme with polysialic acids (CAO27)
with average mass of 27 kDa. Final conjugate showed the same catalytic activity (Km, kcat, Kss, b)
and bimolecular inhibition constants (kI) with BTC as substrate, and VR as phosphorylating agents,
compared to unmodified recombinant BChE and naturally-occuring BChE. In vivo tests in mice
showed that modification with CAO27 enhanced BChE half-time in bloodstream from 180±20 to
1000±140 min. An i.v dose of 400 units was found to protect mice against 3.7 LD50 VR. Long-living
rBChE+CAO27 conjugate fits general bioscavenger requirements and could be potentially used in
prophylaxis and emergency treatment of OP poisoning.
2
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P4-7
EVALUATION OF REACTIVATING EFFICACY OF NEW OXIMES FOR PREPARATION OF
“PSEUDOCATALYTIC SCAVENGER” BASED ON BUTYRYLCHOLINESTERASE
Krenkova Zuzana1, Musilek Kamil2, Kuca Kamil 1, Lucie Drtinová 3, Vendula Šepsová 3, Jun Daniel1
1

University of Defence, Faculty of Military Health Sciences, Center of Advanced Studies, Trebesska
1575, 500 01 Hradec Kralove, Czech Republic
2
University of Hradec Kralove, Faculty of Science, Department of Chemistry, Rokitanskeho 62,
Hradec Kralove, Czech Republic
3
University of Defence, Faculty of Military Health Sciences, Department of Toxicology, Trebesska
1575, 500 01 Hradec Kralove, Czech Republic
Nerve agents and pesticides belonging to the organophosphorus (OP) inhibitors of cholinesterases
still represent a threat to human health in term of easy misuse for terrorist purposes or poisoning
caused by inadequate pesticide handling. These compounds penetrate into the bloodstream by all
routes of exposure and irreversibly inhibit acetylcholinesterase (AChE; EC 3.1.1.7) and
butyrylcholinesterase (BChE; EC 3.1.1.8). They prevent the physiological degradation of the
neurotransmitter acetylcholine in the cholinergic synapses. Overstimulation of cholinergic
receptors causes cholinergic crisis and subsequent death. Current treatment of intoxication
includes administration of anticholinergics (atropine), anticonvulsives (diazepam) and finally
oximes as reactivators of AChE (asoxime, obidoxime, pralidoxime).
Our work is focused on the development of effective reactivators of human BChE. Administration
of exogenous BChE in combination with an effective reactivator, or their appropriate mixture,
could create a so-called ”pseudocatalytic scavenger” that will catch all OP molecules in the
bloodstream. The activity of the inhibited BChE will be repeatedly renewed by reactivator and
enzyme will be ready to bind other OP molecule. Several new oxime structures synthesized at our
department were tested in vitro. They varied in the number of pyridinium rings, length and type of
connecting linker, number of aldoxime groups and other types of functional groups bounded to
the non-oxime aromatic ring. Based on the BChE reactivation ability, some promising compounds
were selected and their structure might be further improved. The concentration of reactivators for
evaluation corresponded to their attainable level in plasma during the treatment of intoxicated
persons. Compared to standard reactivators, some very effective reactivators of hBChE were
found that could be further useful for construction of relevant pseudocatalytic scavenger.
This work was supported by the Ministry of Defence (Czech Republic) – project No.
OVUOFVZ200902 (Novel prophylactic antidotes of nerve agent poisonings based on scavengers)
and Ministry of Education, Youth and Sports No. 907 010 030 281.
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P4-8
QM/MM MODELING OF THE G117H BUTYRYLCHOLINESTERASE CATALYZED ECHOTHIOPHATE
HYDROLYSIS REACTION MECHANISM
Lushchekina S.V.1, Masson P.2,3, Nachon F.2, Nemukhin A.V.4, Varfolomeev S.D.1,4
1

N.M. Emanuel Institute of Biochemical Physics, Russian Academy of Sciences, Moscow, Russia
Institut de Recherche Biomédicale des Armées–CRSSA, La Tronche, France
3
Eppley Institute and Department of Biochemistry and Molecular Biology, University of Nebraska
Medical Center, Omaha, USA
4
Department of Chemistry, M.V. Lomonsonov Moscow State University, Moscow, Russia
2

Butyrylcholinesterase (BuChE) serves as a stoichiometric bioscavenger of organophosphorus (OP)
compounds, forming a covalent bond with them. Creation of BuChE mutants capable of catalyzing
the hydrolysis of OP compounds will convert the enzyme into effective catalytic bioscavenger. The
G117H mutant of BuChE hydrolyzes OP compounds at slow rates. Understanding of the hydrolytic
mechanism should help to improve the OPase activity of ChE-based catalytic bioscavengers. The
crystallographic structure of the G117H mutant of BuChE conjugated to echotiophate was
published recently [1].
We performed molecular dynamics and QM/MM studies of the G117H BuChE mutant conjugated
to echotiophate in order to consider different hydrolysis mechanisms. The possible changes in
His117 orientation depending on protonation state and it influence on average enzyme dynamics
were considered. The hydrolysis reaction energy profiles for different possible hydrolysis
mechanisms were obtained and compared with the respective profiles for aging process. The
His117 protonation lowers reaction energy barriers and stabilizes reaction products both for the
hydrolysis and aging processes comparing to the wild-type BuChE.
References:
[1] Nachon F. et al., Biochemical Journal, 2011, 434, 73-82
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P4-9
NOVEL APPROACHES FOR ENHANCING IN VIVO RETENTION OF RECOMBINANT HUMAN
PROLIDASE
Ramachandra S. Naik, Carolyn P. Chambers, Lakshmi Chandrasekaran, Wei Sun, and Ashima
Saxena
Walter Reed Army Institute of Research, Silver Spring, MD, USA
A successful approach for protection from nerve agent poisoning would be to use a catalytic
bioscavenger (cBioscavenger) to sequester toxic nerve agents in the circulation before they reach
the physiological target, i.e., acetylcholinesterase at the synapses. One of the requirements for the
successful use of a cBioscavenger is that it has a long mean residence time (MRT) in circulation.
Therefore, the goal of this study was to enhance the circulatory stability of recombinant human
prolidase (rHuProlidase), a candidate cBioscavenger, by either conjugation with polyethylene
glycol (PEG-5K) or association with human serum albumin (HSA). Two methods were used for
associating rHuProlidase with HSA: (i) making a recombinant fusion product of rHuProlidase and
HSA, which is highly stable in human circulation; and (ii) making a recombinant fusion product of
rHuProlidase and Streptococcal protein G (SpG). SpG is a 63 kDa bifunctional bacterial receptor
displayed on the surface of Streptococcus strains, which contains separate binding regions for HSA
at the N-terminus and for IgG at the C-terminus. Thus, the fusion of rHuProlidase to SpG(HSA)
confers stability to the fusion protein by binding to HSA in the circulation. The fusion proteins,
HSA-rHuProlidase and SpG(HSA)-rHuProlidase, were designed, cloned in pBEN-SBP-Set2a and
pTriEx-4Neo vector, respectively, and expressed in E. coli. Although active HSA-rHuProlidase was
expressed at high levels, efforts to purify the fusion protein failed even in the presence of various
protease-inhibitor cocktails, because of its degradation during purification. SpG(HSA)-rHuProlidase
was purified from cell lysate and its circulatory stability was assessed in mice. Balb/C mice (n=6)
were injected, intravenously with 100 units of rHuProlidase, PEG-rHuProlidase or SpG(HSA)rHuProlidase, and prolidase activity was measured in blood drawn at various time intervals.
Prolidase is expressed naturally in tissues and therefore, rHuProlidase was not expected to
circulate. Surprisingly, rHuProlidase was found to circulate in mice with an MRT of 14 h. PEGylation
enhanced the MRT of rHuProlidase by 2.5-fold. However, the fusion product displayed the same
pharmacokinetic properties as that of rHuProlidase, suggesting that the fusion with SpG(HSA) did
not enhance the circulatory stability of rHuProlidase.
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P4-10
AMINO ACID RESIDUES AT THE N- AND C-TERMINI ARE ESSENTIAL FOR THE FOLDING OF ACTIVE
HUMAN BUTYRYLCHOLINESTERASE POLYPEPTIDE
Ramachandra S. Naik, Nagarajan Pattabiraman, and Ashima Saxena
Walter Reed Army Institute of Research, Silver Spring, MD, USA
Human serum butyrylcholinesterase (HuBChE) is currently the most suitable bioscavenger for the
prophylaxis of highly toxic organophosphate (OP) nerve agents. A dose of 200 mg of HuBChE is
envisioned as a prophylactic treatment that can protect humans from an exposure of up to 2 X
LD50 of soman. The limited availability and administration of multiple doses of this stoichiometric
bioscavenger make this pretreatment difficult. Thus, the goal of this study was to produce a
smaller enzymatically active polypeptide of HuBChE that could bind to nerve agents with high
affinity thereby reducing the dose of enzyme. Results of site-directed mutagenesis, molecular
modeling, and X-ray crystallography studies suggest that the architecture of the active-site gorge is
important for the binding of OPs to cholinesterases. The structural features of HuBChE that
maintain the folds of the active site are contained in the polypeptide region between amino acid
residues 61-478 of HuBChE. Accordingly, three HuBChE polypeptides (HBPs) that lack amino acid
residues from either N- or C-terminus (HBP-1(1-478), HBP-2(61-529), HBP-3(156-529)) were designed. HBP4(1-529) that lacks 45 residues from C-terminus but known to have BChE activity was used as a
control. The cDNAs for the HBPs containing signal sequences were synthesized, cloned into
different mammalian expression vectors (pTriEx-4Neo, pcDNA3.1 and pGS), and recombinant
polypeptides were transiently expressed in different cell lines (HEK-293A, CHO or BHK) using
various transfection reagents (Lipofectamine 2000, Lipofectin Plus, Lipofectin LTX Plus, 293fectin,
Gene juice, Nano juice, Mirus, and GenePorter). No BChE activity was detected in the culture
media of cells transfected with any of the newly designed HBPs. Only enzymatically active HBP-4
was secreted into the culture medium. These results suggest that the inactivity of designed HBPs
was due to incorrect/incomplete folding and that residues at the N- and C-termini are required for
the folding and/or maintenance of HBP into an active stable conformation.

-195-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts of Posters

P4-11
CONVERTING BUTYRYLCHOLINESTERASE FROM STOICHIOMETRIC TO CATALYTIC BIOSCAVENGER
Zoran Radić1, Trevor Dale2, Edzna Garcia1, Limin Zhang1, Suzana Berend3, Zrinka Kovarik3, Gabriel
Amitai4, Dariush Ajami 2, Julius Rebek Jr.,2 and Palmer Taylor1
1

Skaggs School of Pharmacy and Pharmaceutical Sciences, University of California at San Diego, La
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La Jolla, CA 92037. 3Institute for Medical Research and Occupational Health, HR-10001 Zagreb,
Croatia. 4Department of Pharmacology, Israel Institute for Biological Research, Ness Ziona, Israel
From a small, structurally directed library of nonpyridinium quaternary oximes we identified
reactivators with capacity to rapidly reactivate human butyrylcholinesterase (hBChE) covalently
conjugated with nerve agents sarin, cyclosarin, VX and an organophosphate (OP) paraoxon, faster
than the reference oxime reactivator 2PAM. Detailed reactivation kinetics of the lead oxime
reactivator TD-6-209ex2 for OP-conjugated hBChE as well as for human acetylcholinesterase
(hAChE) conjugates revealed the oxime preference for OP-hBChE reactivation largely because its
very poor reversible binding to OP-hAChE conjugates (large Kox constants). Biphasic dependence
of nucleophilic reactivity of TD-6-209ex2 on pH suggests formation of a nucleophile in addition to
the oximate anion, with approximate pKa of 7.5 resulting in enhanced nucleophilic reactivation at
physiological pH.
Total cholinesterase activity of human blood supplemented with 60nM purified hBChE and
exposed to excess OP concentrations recovered significantly upon addition of 100 uM
TD-6-209ex2 within minutes. The recovery was faster than in the absence of hBChE indicating
catalytic turnover of OP in blood. Mice pretreated with substoichiometric amounts of hBChE,
exposed to paraoxon and treated therapeutically with 25 mg/kg TD-6-209ex2 (in addition to
10mg/kg atropine) were more resistant to intoxication than mice not pretreated with hBChE
(respective protective indices were 10 and 14). Pretreatment of mice with combination of hBChE
and TD-6-209ex2, followed by TD-6-209ex2 therapy resulted in protective index 16-25.
Enhancement of protective indices in the pretreatment by substoichiometric amounts of hBChE is
indicative of catalytic turnover of OP assisted by oxime TD-6-209ex2.
Acknowledgement: Supported by the CounterACT Program, National Institutes of Health Office of
the Director (NIH OD), and the National Institute of Neurological Disorders and Stroke (NINDS),
Grant Number R21 NS072086 and by The Skaggs Institute.
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P4-12
PARAOXONASE-1 ACTIVITY IN ACUTE ORGANOPHOSPHATE POISONING
Kurdyukov Ivan, Voitenko Natalia, Shmurak Vladimir, Prokofieva Daria, Goncharov Nikolay
Research Institute of Hygiene, Occupational Pathology and Human Ecology (RIHOPHE), Saint
Petersburg, Russia
Paraoxonase-1 (PON1) is an enzyme bound with HDL. It has a prominent lactonase activity, and
also prevents oxidation of LDL and development of atherosclerosis. To protect lipids against
oxidation, PON1 needs SH-group of Cys-283; this activity is not enzymatic and is not dependent on
calcium ions [1]. PON1 is of great interest for toxicologists due to its ability to hydrolyze warfare
organophosphates (OPs) [2]. Considering a very high toxicity of the OPs and a relatively high Km of
the enzyme, the role of human PON1 with its R192Q polymorphism in detoxication of the OPs can
be insignificant. On the other hand, the total paraoxonase and/or antioxidant activity of PON1
should be important to neutralize non-specific effects of the OPs and other toxic agents, so we
need to know mechanisms of changes in PON1 expression and activity in different pathologies and
intoxications. It was shown that the level of PON1 is decreased in several diseases of the liver and
kidneys [3,4]. Effects of the OPs on PON1 activity in vivo have not been investigated. In a paper [5],
decrease in activity of PON1 in acute intoxication with GB and GD was described, with no
explanation given to this fact.
To elucidate the role of PON1 as a component of the toxicodynamic response, we have analyzed
biochemical parameters of rats after acute poisonings with GD and RVX (2*0.4LD50, with 1 h
interval). First of all, we have found a linear correlation between serum paraoxonase and PON1related carboxyl-esterase activity in outbred rats, with no evidence for phenotypic variability like
that of human Q192R polymorphism. The level of paraoxonase and PON1-related carboxylesterase activity in rat serum insignificantly decreased 24 h after the poisonings, while the level of
PON1-unrelated carboxyl-esterase activity was found to be significantly lower. Also elevations of
ALT, AST, ALP activities were observed. The total oxidant status (TOS) was insignificantly increased.
The decrease in the level of PON1 was non-specific and was also observed 24 h after acute
poisoning with fluoroacetate (by approx. 40%).
References:
[1] Aviram M. et al. Arterioscler Thromb Vasc Biol, 1998, 18, 1617-24.
[2] Davies H.G. et al. Nat. Genet., 1996, 14, 334-336.
[3] Kedage V. et al. Saudi J. Gastroenterol, 2010, 16, 79-83.
[4] Prakash M. et al. Indian J. Nephrol, 2008, 18, 13-16.
[5] Valiyaveettil M. et al. Biochem. Pharmacol., 2011, 81, 800-809.
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Session 5: Enzymes other than cholinesterases reacting with anticholinesterase agents.
P5-1
PMSF ALTERS THE INTERACTION OF CHICKEN BRAIN ESTERASES WITH ORGANOPHOSPHOROUS
COMPOUNDS.
Iris Mangas, Jorge Estevez, Eugenio Vilanova
Unit of Toxicology and Chemical Safety. Institute of Bioengineering. University “Miguel Hernández”
Elche-Alicante. Spain
Phenylmethylsulfonylfluoride (PMSF) is unstable in water solution but it causes permanent
covalent inhibition to proteases and some esterases inhibitor causing protection or potentiation
(“promotion”) of organophosphorus (OP) delayed neurotoxicity, depending if dosed in vivo before
or after the OP inducer. In this work, evidences that the exposure to PMSF can strongly modify the
sensitivity against OP inhibitors of some esterases which enzymatic activity is not inhibited by
PMSF. The PMSF protection effect is well known to be caused by the covalent blocking the
catalytic centre of NTE (neuropathy target esterase) avoiding the further interaction of the
neuropathic OP inducers. However the target of the promotion effect is not well identified
although the possible role of other soluble esterases has been proposed. The kinetic study of
PMSF inhibition with the soluble fraction showed a resistant (28%) and two sensitive enzymatic
entities (61% and 11%) with second order rate inhibition constants of ki=0.0023 and 0.00036 µM1
×min-1, respectively. The membrane fraction showed a resistant (14%) and two sensitive
components (44% and 41%). with inhibition constants of ki=0.0076 and 0.0014 nM-1×min-1,
respectively. Ongoing inhibition during substrate reaction was included in the kinetic model
equations as well as the PMSF chemical hydrolysis for which constants of kh=0.23 min-1 in soluble
fraction and-0.28 min-1 in particulate fraction were simultaneously estimated. Preincubation to
low PMSF concentrations altered the sensitivity to mipafox (an inducer of delayed neurotoxicity)
of the not preinhibited enzymatic components in soluble fraction but less significantly in the
membrane bound esterases. It is concluded that PMSF can interact with some soluble esterases
not inhibiting but strongly modifying its sensitivity against OP inhibitors and that this kind of
interactions has to be considered for interpreting the potentiation/promotion phenomenon of
PMSF on the OP delayed neuropathy.
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P5-2
ENZYMATIC DECONTAMINATION OF ORGANOPHOSPHORUS NERVE AGENTS
Helen Groombridge, Michael Salt
1

Defence Science and Technology Laboratory, UK.

Current decontamination capabilities for the destruction of chemical warfare agents are based on
reactive liquids that employ aggressive chemistries. These decontaminants are inherently
corrosive and produce chlorinated by-products. However, recent advances in biotechnology have
led to the development and commercialisation of enzymes designed to decontaminate chemical
warfare agents.
Enzyme systems offer a means of decontamination with minimal detrimental effect on materials
due to the mild conditions they operate under. Enzymes can be delivered in liquid and solid forms
suitable for many applications or storage conditions and they have the potential to be
incorporated into reactive coatings. As they are derived from biological systems, enzymes are
biodegradable and would be expected to have minimal environmental impact when dispersed
during usage. One disadvantage however, is that enzymes are specific in the reactions they
catalyse and therefore one enzyme can usually only detoxify one type of chemical warfare agent.
For effective broad-spectrum decontamination, a mix of different enzymes would be required.
This study presents an assessment of the decontamination capability of two organophosphorus
acid anhydrolase and two organophosphorus hydrolase enzymes against organophosphorus nerve
agents. Nuclear magnetic resonance spectroscopy was employed to determine the reactivity of
these enzymes towards the nerve agents in aqueous and microemulsion systems.
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P5-3
COMPREHENSIVE ANALYSIS OF SURFACE CHARGED RESIDUES INVOLVED IN THERMAL STABILITY
IN ALICYCLOBACILLUS ACIDOCALDARIUS ESTERASE 2
Margherita Pezzullo, Pompea Del Vecchio, Luigi Mandrich, Roberto Nucci, and Giuseppe Manco*
Istituto di Biochimica delle Proteine-Consiglio Nazionale delle Ricerche, Via P. Castellino 111,
80131, Naples, Italy. *g.manco@ibp.cnr.it
Proteins from (hyper)thermophilic microorganisms are important tools in biochemistry and there
is an obvious biotechnological interest in engineering proteins with enhanced thermal stability and
activity. To be feasible this job requires a comprehensive understanding of the factors responsible
for thermal stability as well as thermophilicity (namely the increase of activity by increasing
temperature). Besides, identifying the bases of protein adaptation to higher or lower
temperatures is integral to our understandings of protein folding, the protein structure/function
relationship and the history of life on this planet, because phylogenetic evidence points to a
thermophilic microbe as the likely last common ancestor (LUCA) [1].
Several sequence hallmarks and structural details have been proposed to contribute toward
greater stability in thermophilic or hyperthermophilic proteins. The molecular determinants
responsible for thermostability are, a priori, difficult to pinpoint. Although proteins from
(hyper)thermophiles and their mesophilic homologues typically share 40 to 85% sequence
similarity, their three-dimensional structures are largely superimposable, and generally they have
similar catalytic mechanisms [2].
Here we made full use of a member of the hormone sensitive lipase (HSL) family, the thermophilic
esterase 2 (EST2) [3] from Alicyclobacillus acidocaldarius as a model. EST2 is a monomeric protein
of 310 residues, without disulfide bonds, cofactors or tightly bound ligands. The 3D structure of
EST2 is available [4]. Because of these properties, EST2 makes an excellent model for identifying
the origins of thermostability within the HSL family at the molecular level by systematic
mutagenesis. Here we report a comprehensive analysis through alanine-scanning mutagenesis of
the contribution of surface ion pairs to the thermal stability of EST2. We produced sixteen single
mutants, four double mutants corresponding to selected ion-pairs R31-E118, E43-K102, R58-D130,
D145-R148, two double-mutants (R63A-R98A and E50A-D94A) involving residues of a large ion
network on the protein surface, and the double mutant R98A-R148A meant to disrupt the R98
interactions within said network and, contextually, the interaction between R148 and D145. The
double mutant E43A-E273K was obtained by chance. All selected residues were replaced with
alanine except E91, which was mutated to a glycine and K102, which was changed to a glutamine.
All twenty-four proteins were over-expressed in E. coli, purified and characterised with respect to
the main biochemical features. Structural stability data were compared with an in silico prediction
of ΔΔG values. Our study of the individual factors involved in thermostability and their structural
interpretation reveals that the stability of this thermophilic protein can came from just a few
residues at the protein surface.
References:
[1] Forterre, P., et al. Med. Sci. (Paris), 2005, 21, 860-865.
[2] Szilágyi, A. et al. Structure, 2000, 8, 493-504.
[3] Mandrich L., et al. Protein Pept Lett, 2009, 16, 1189-200.
[4] De Simone, G. et al. J. Biol. Chem., 2004, 279, 6815-6823.
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P5-4
DETERMINATION OF KINETIC CONSTANTS FOR THE INTERACTION BETWEEN SOMAN AND
ALBUMIN WITH HPLC-MS IN EXPERIMENTAL CONDITIONS APPROXIMATING TO THOSE IN VIVO
Prokofieva Daria, Shmurak Vladimir, Karakashev George, Goncharov Nikolay
Research Institute of Hygiene, Occupational Pathology and Human Ecology (RIHOPHE), Saint
Petersburg, Russia
Interaction between albumin and soman (GD) is very complicated and up to now is not described
unequivocally. On the basis of available data it could be suggested that there are two kinds of
interaction between these molecules: enzymatic hydrolysis of soman with albumin and covalent
binding of soman to amino acid residues at the surface of albumin, with stable adducts produced
as a result. Both of these processes can take place at different sites of albumin, so investigation of
them is extremely complicated.
We were the first to investigate the interaction between albumin and soman in conditions closely
approximated to those in vivo. Experiments were carried out at two temperatures, 250С and 370С,
with incubation medium consisting of 10 mM PBS, 137 mM NaCl, and 37 mM KCl (pH 7.4). The
final concentration of bovine serum albumin (BSA) in solutions was 150 µM. The final
concentrations of soman were (μM): 0.022, 0.22, 2.2, 22. The quantitative analysis of soman and
pinacolyl methylphosphonic acid (PMPA) was carried out with HPLC-MS technique, due to which
concentration of soman was reduced to 22 nM, which corresponds to that found in rat plasma
early after administration of soman in dose LD50 [1]. For simultaneous detection of soman and
PMPA in a sample, two units of application software were working with two ionization regimens.
Concentrations were traced for 3-4 h after beginning of the interaction.
On the basis of data on PMPA increase, we calculated the rate constants of soman hydrolysis with
(kh) and without (kh0) BSA in the medium at different temperatures and concentrations of soman,
applying first order kinetics in GraphPad Prism 5.04. It was shown before that reactivation
constant of soman is two orders of magnitude lower than kh [2], so this value is negligible, and we
could calculate the rate constant of enzymatic hydrolysis of soman with BSA (kenz). On the basis of
data obtained we have also calculated the rate constant of phosphonylation of albumin with
soman.
References:
[1] Benschop H.P. et al. Neurosci. Biobehav. Rev., 1991, 15, 73-77.
[2] Li B. et al. Chem. Res. Toxicol., 2008, 21, 421–431.
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P5-5
LOW TOXIC SELECTIVE CARBOXYLESTERASE INHIBITOR FOR PRECLINICAL STUDY OF
HYDROLYTICALLY UNSTABLE DRUGS
Elena V. Rudakova1, Galina F. Makhaeva1, Rudy J. Richardson2
1

Institute of Physiologically Active Compounds Russian Academy of Sciences, 142432
Chernogolovka, Russia
2
Environmental Health Sciences, University of Michigan, Ann Arbor, Michigan 48109, USA
Preclinical studies are commonly carried out in rodent models. Carboxylesterase (CaE) activity in
rodent plasma is reported to be significantly higher than in humans. Therefore, ester- and amidecontaining drugs undergo rapid degradation in rodent plasma. In this connection, there is a need
for creating an adequate mouse model for the study of pharmacologically important compounds
that are hydrolytically unstable. The application of selective CaE inhibitors possessing low acute
toxicity in experiments in vivo may represent a viable model. Our previous in vitro studies showed
that phosphorylated 1-hydroperfluoroisopropanols (PFP) of general formula (RO2)P(O)OCH(CF3)2,
where R = alkyl, exhibit selectivity for CaE in comparison with acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) [1,2]. The aim of the present study was to investigate activities of
AChE, BChE and CaE in blood of adult male mice 1 h after i.p. injection of increasing doses of two
compounds, diEt-PFP (R = Et) and diBu-PFP (R = Bu). We found that diEt-PFP and diBu-PFP most
effectively inhibited plasma CaE (ED50 = 25.0 ± 1.0 and 3.08 ± 0.27 mg/kg, respectively), less
effectively inhibited plasma BChE (ED50 = 46.8 ± 1.5 and 15.7 ± 1.8 mg/kg, respectively) and did not
inhibit (diEt-PFP) or inhibited in much higher doses (diBu-PFP, ED50 =133±3 mg/kg) blood AChE.
The LD50 of diEt-PFP was 200 mg/kg (mouse, i.p.), whereas diBu-PFP had very low acute cholinergic
toxicity: LD50 > 2500 mg/kg (mouse, i.p.). Therefore, diBu-PFP can be used as a new highly efficient
in vivo inhibitor of plasma CaE in preclinical studies of pharmacologically important drugs
containing ester or amide groups in experiments on adult male mice.
References:
[1] Makhaeva G.F. et al. Dokl. Biochem. Biophys. 2008, 423, 352-357.
[2] Makhaeva G.F. et al. Bioorg. Med. Chem. Lett, 2009, 19, 5528-5530.
Acknowledgement: supported by Program of RAS “Medicinal chemistry”, RFBR grant
#11-03-00581-a and NATO SfP grant # 984082.
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P5-6
A MOUSE MODEL FOR BIOCHEMICAL ASSESSMENT OF NEUROPATHIC POTENTIAL OF
ORGANOPHOSPHORUS COMPOUNDS (OPC)
Natalia P. Boltneva1, Elena V. Rudakova1, Galina F. Makhaeva1, Olga G. Serebryakova1, Rudy J.
Richardson2
1

Institute of Physiologically Active Compounds Russian Academy of Sciences, Chernogolovka,
142432 Russia
2
Environmental Health Sciences, University of Michigan, Ann Arbor, Michigan 48109, USA
The aim of this study was to develop a mouse biochemical model as a screening tool to assess in
vitro the neuropathic potential of OPC, i.e., their ability to produce organophosphate-induced
delayed neuropathy (OPIDN). The neuropathic potential can be assessed by its relative inhibitory
potency (RIP) against acetylcholinesterase (AChE) vs neuropathy target esterase (NTE) as a ratio
IC50(AChE)/IC50(NTE). We studied inhibition of NTE and AChE in the 9S fraction of mice brain
homogenate as compared to hen brain enzymes by the well known neuropathic compound
O,O-dipropyl-O-dichlorovinyl phosphate (PrDClVP) as a standard and two model dialkylphosphates
(RO)2P(O)OCH(CF3)2 (PFP, R = Et, Bu). For all compounds there was a good correlation between the
values of IC50 obtained on the preparations from the brains of chickens and mice: for AchE
r = 0.999; N = 3; p = 0.0159; for NTE r = 0.999; N = 3; p = 0.0185, as well as between the values of
RIP: r = 0.999; N = 3; p = 0.00391. The neuropathic potential increased in the range
Et-PFP< PrDClVP<Bu-PFP. Inhibition of AChE and NTE activities in mouse brain was also studied 1 h
after i.p. administration of increasing doses of the same compounds. ED50 for inhibition of AChE
and NTE in mouse brain were 4.3 ± 0.6 and 2.2 ± 0.4 mg/kg, respectively, while in hen brain
ED50(AChE) = 0.79 ± 0.07 mg/kg, ED50(NTE) = 0.44 ± 0.01 mg/kg. However, the ratios
ED50(AChE)/ED50(NTE) were close: 2.0 for mouse and 1.8 for chicken. diEt-PFP very poorly inhibited
NTE in vivo: 10% inhibition at a dose equal to the LD50, whereas for diBuPFP ED50(AChE)/ED50(NTE)
was 4.1. Thus, in vivo experiments confirmed the same range of neuropathic potential of the
studied compounds as predicted by experiments in vitro. Our results validate the possibility of
using mice for biochemical assessment of the neuropathic potential of OPC.
Acknowledgement: supported by Program of RAS “Medicinal Chemistry” and NATO SfP grant
#984082.
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P5-7
MOLECULAR MODELING STUDY ON SOMAN BINDING TO ALBUMIN
Belinskaya Daria1, Shmurak Vladimir2, Prokofieva Daria2, Goncharov Nikolay2
1

I.M.Sechenov Institute of Evolutionary Physiology and Biochemistry, Saint Petersburg, Russia
Research Institute of Hygiene, Occupational Pathology and Human Ecology (RIHOPHE), Saint
Petersburg, Russia

2

Hydrolysis of soman (GD) in the presence of albumin proceeds faster than its spontaneous
hydrolysis. It was shown with MALDI-MS technique that a stable covalent adduct of soman with
albumin was generated through Tyr-411 [1]. The rate constant of dephosphonylation for this
binding site is very small to explain the rate of soman hydrolysis registered in in vitro experiments.
Tyr-150 could be the site responsible for enzymatic hydrolysis of soman.
We used molecular modeling simulation for assessment of interaction of soman with the two
tyrosine residues on the surface of albumin. Application of molecular docking made it possible to
characterize binding of the four stereoisomers of soman in the two sites of albumin, Tyr-411 and
Tyr-150. We have also estimated the influence of neighboring amino acid residues upon
effectiveness of the interaction. Stability of the complexes was examined with molecular dynamics
simulation.
Molecular docking of the four stereoisomers of soman to active sites of albumin was carried out
with Autodock program, version 4.0 [2]. An initial conformation of human serum albumin was in
accordance with its X-ray structure analysis taken from the PDB database (structure code 2BXH).
Conformational changes of the ligand-enzyme complexes were calculated by molecular dynamics
simulation with GROMACS software package [3].
According to the data obtained, soman has a higher affinity to Tyr-150, as compared with Tyr-411.
The molecular dynamics simulation revealed that formation of stable complexes is dependent
upon proton transfer from Tyr-150 to His-242. For hydrolysis of soman by Tyr-411 site, either
chemical changes or binding of soman to other sites are necessary. The calculations revealed that
proton transfer from Tyr-411 to Lys-414 was not a sufficient prerequisite for the productive ligandenzyme complex formation. Proton transfer could be initiated by soman binding in other sites
(allosteric modulation).
References:
[1] Li B. et al. Chem. Res. Toxicol., 2008, 21, 421–431.
[2] Morris G.M. et al. J. Comp. Chem., 1998, 19, 1639-1662.
[3] Berendsen H.J.C. et al. Comp. Phys. Comm., 1995, 91, 43–56.
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P5-8
MODULATION OF CARBOXYLESTERASE ACTIVITY BY CHOLINESTERASE INHIBITORS
Lyudmila Tsurkan, M. Jason Hatfield, Janice L. Hyatt, Carol C. Edwards and Philip M. Potter
Department of Chemical Biology and Therapeutics, St. Jude Children's Research Hospital, 262
Danny Thomas Place, Memphis, TN 38105, USA.
Cholinesterases (ChE) are important enzymes required for the function of the nervous system of
humans, other vertebrates, and insects. In mammals, two types of ChE have been identified –
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). There is growing evidence that both
AChE and BChE play roles in acetylcholine homeostasis and may be important in the development
and progression of Alzheimer's disease (AD). This has resulted in the development of ChE
inhibitors (e.g., tacrine (Cognex) and donepezil (Aricept)) for the treatment of AD. However, both
AChE and BChE demonstrate considerable structural similarity to carboxylesterases (CE), enzymes
thought to play a protective role in the detoxification of xenobiotics. In humans, two CEs have
been characterized: hCE1, a predominantly liver expressed protein that demonstrate preferential
sensitivity for small esterified substrates; and hiCE (hCE2), an enzyme found in the liver, intestine
and kidney that has a more plastic active site and can hydrolyze a structurally diverse series of
esters. We have evaluated the ability of selected ChE inhibitors to modulate CE activity using a
panel of different esterified molecules. Our results indicate that these compounds can inhibit hCE1
and hiCE at nanomolar concentrations. Since numerous drugs are activated and inactivated by CEs
(e.g., Tamiflu, Plavix, CPT-11, Altace) potentially, combining ChE inhibitors with these agents would
result in significant drug:drug interactions. Our data suggest that combining ChE inhibitors would
be contraindicated for patients undergoing therapy with such agents.
This work was supported in part by NIH Grants CA108775, NS058089, an NIH Cancer Center Core
Grant CA21765, and by the American Lebanese Syrian Associated Charities and St Jude Children’s
Research Hospital (SJCRH).
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P5-9
THE ABSENCE OF NEUROPATHY TARGET ESTERASE (NTE) EXPRESSION
NEURODEVELOPMENT: EVIDENCES OF A BIOLOGICAL BASIC FUNCTION OF NTE

ALTERS

David Pamies, Carmen Estevan, Miguel A. Sogorb, Eugenio Vilanova
Unidad de Toxicología y Seguridad Química, Instituto de Bioingeniería, Universidad Miguel
Hernández de Elche (Spain)
Neuropathy Target Esterase (NTE) is the neuronal target of a delayed polyneuropathy caused after
exposure to certain organophosphorus compounds. NTE is expressed in lot of adult tissues but has
traditionally been associated to nervous system because it displays the highest activity level and it
has been suggested that the protein is involved in the maintenance of its integrity. Besides, studies
with NTE knockout mice shows that embryos expressing a single NTE allele develop an abnormal
nervous system while embryos with two deleted NTE allele are not viable after day 8-9 of
development, which suggests that this protein may play a role in the embryonic development. In
this study, we have silenced Pnpla6 (NTE gene-encoding) on D3 mouse embryonic stem cells and
afterwards we have monitored the consequences on transcriptomics using microarray
methodologies. The silencing of Pnpla6 caused no alterations on cell viability, reduced NTE
enzymatic activity by 50% of control after 12 hours in monolayer cultures, reduced the expression
of Pnpla6 by 88% of control after 48 hours in embryonicbodies and altered the expression of 149
genes relating with nervous system development 96 hours post-silencing. The altered genes
showed a strong association with processes such as neuron development, axogenesis, axon
guidance and other nervous related development pathways. Other genes related with membrane
permeability were also altered, which is compatible with changes in the needed processes of
cellular communication during nervous development. The expression of some of the genes with
highest affectation by Pnpla6 silencing (Pnpla6, Myc, Jun, Vegfa, Nes and Shh) were analysed using
quantitative RT-PCR 24, 48, 72 and 96 hours after an independent silencing and kinetics of
expression were consistent with microarray results. In conclusion, this work is the first proof based
on genetic profiling about the critical role of Pnpla6 on nervous system development in early
differentiation stages and is consistent with previous findings reporting unviability of mice
deficient embryos. NTE, a protein detected in 1968 by Martin K Johnson as the phosphorylation
site and target of organophosphorus delayed neurotoxicity (initially called as “neurotoxic
esterase”) has now a demonstrated basic biological function in the cell differentiation and early
embryonic development.

-206-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts of Posters

Session 6: Molecular biology and cell biology of cholinesterases and alternative functions of
cholinesterases.
P6-1
CHARACTERIZATION AND ITS INTERACTION OF RAT INTESTINAL BUTYRYLCHOLINESTERASE WITH
STATIN COMPOUNDS
Ebru Bodur
Medical Biochemistry, Hacettepe University Faculty of Medicine, Ankara
Butyrylcholinesterase (BChE), capable of hydrolyzing different ester compounds plays a role in
detoxification of toxic compounds ingested through the gastrointestinal track in intestinal mucosa.
Also, there are reports on a yet unidentified role for BChE involving lipid metabolism. A study on
diabetic and obese rats, found elevated BChE levels as opposed to controls. In
hyperlipoproteinemic patients, a decrease in HDL levels of parallel to an increase in serum BChE
levels has been noted. Here, as part of their involvement in lipid metabolism, the interaction of
BChE with statins, inhibitors of key cholesterol synthesis pathway enzyme HMG-CoA reductase is
characterized. Kinetic parameters Km, Kss, kcat and b for pure rat intestinal BChE with
butyrylthiocholine as substrate were found as 46 ± 2 μM, 1.46 ± 0.24 mM, 3.83 ± 0.15 and 1.863;
with benzoylcholine as substrate Km, b and kcat values were 56 ± 14 μM, 1.00 ± 0.62, 2.53± 0.45,
respectively. Simvastatin interaction with pure rat intestinal BChE displayed IC50 value of 133 μM
revealing it as a competitive inhibitor with a Ki of 47.1 μM. The results indicate that
Cholinesterases, as part of gut-brain axis, may play a role in establishing the balance between fed
and overfed status.
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P6-2
PKC STIMULATION INCREASES EXPRESSION OF CHOLINESTERASES IN R28 RETINAL CELL LINE.
Ebru Bodur1,2, Paul G. Layer2
1

Hacettepe University, Faculty of Medicine, Department of Biochemistry, 06100 Sihhiye Ankara,
Turkey
2
Technische Universität Darmstadt, Developmental Biology and Neurogenetics,
Schnittspahnstrasse 13, D-64287, Darmstadt, Germany
Previously we have shown a counter-regulation between cholinesterases (ChEs) through both antisense BChE transfection and knock-down by siRNAs. In the course of this counter-regulation, it
was found that the status of the cell growth- and differentiation-related signaling pathways PKC
and ERK were also changed. Down-regulation of BChE led to an increased PKC-α expression. Here,
we demonstrate that this interaction between ChEs and PKC is reciprocal. Treatment with dioctanoyl glycerol (DOG) along with BChE knockdown resulted in an extremely increased PKC-α
expression, as compared with DOG treatment alone. The change in ERK1 expression was not as
profound, but the increased PKC-α expression suggests that PKC-α is not only regulated by its
stimulators but also by the absence of BChE. DOG stimulation in R28 cells led to a marked rapid
increase in both AChE and BChE expression whereas DOG stimulation during BChE knockdown a
saturation level of AChE is reached. Thus, the effects of DOG stimulation reveals yet another
interaction between calcium dependent PKC-α pathways and ChEs.
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P6-3
MOLECULAR DYNAMICS AND PROTECTION STUDIES ELUCIDATE THE ARYL ACYLAMIDASE
ACTIVITY OF ACETYLCHOLINESTERASE IS MEDIATED THROUGH THE SIDE DOOR OF THE ENZYME
Raj kumar Chinnaduraia, Chitra Loganathana, Rathanam Boopathya
a

Department of Biotechnology, Bharathiar University, Coimbatore 641046, Tamil Nadu, India

Acetylcholinesterase (AChE) is well documented for its esterase activity; an additional but genuine
serotonin sensitive aryl acylamidase (AAA) activity was also reported. Even though both activities
were adequately accredited, the molecular insights on the mechanism by which the enzyme
exhibits two different activity remains as a puzzle.Molecular dynamics study on the AChE protein
proved the existence of the side and back doors of the AChE. Among them side door was the one
which opens more frequently than the backdoor (Jiri et al 2010). These doors were predicted to be
involved in the clearance of the product formed during the esterase catalysis process. The side
door of AChE formed during simulation is due to the movement of the six (Asp74, Thr75, Leu76,
Thr83, Glu84 and Asp87) amino acid residues. By performing molecular docking along with
molecular dynamics, the plausible entry of the o-nitroacetanilide (ONAA), a substrate of AAA
activity, towards the catalytic site of the AChE was identified through its side door even in the
presence of an esterase inhibitors like 1,10 phenanthroline and propidium iodide at peripheral
anionic site. The substrate, ONAA enters through the side door, forms a hydrogen bond with the
residues Tyr449 and Asp74 and its orientation towards the catalytic site within the side door was
held in place by forming hydrophobic interaction with the residues Thr83, Trp439, Trp86, and
Tyr337. Thus the AAA activity of AChE was predicted to be mediated through the side door of the
AChE. In vitro protection studies in the presence of 1, 10 phenanthroline for monitoring both
activities (esterase and AAA) corroborates this hypothesis.
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P6-4
ROLE OF MUSK-COLQ INTERACTIONS IN SYNAPTOGENESIS OF THE NEUROMUSCULAR JUNCTION
Alexandre Dobbertin, Séverine Sigoillot, Francine Bourgeois, Jennifer Karmouch and Claire Legay
University of Paris Descartes, CNRS UMR 8194, Paris, France
Collagen Q (ColQ) is a specific collagen expressed by the muscle cell at the neuromuscular junction
(NMJ), where it plays a crucial role by anchoring and accumulating acetylcholinesterase (AChE) at
the synaptic basal lamina. The accumulation of the AChE-ColQ complex at the synapse requires
the interaction of ColQ COOH terminus with muscle-specific receptor tyrosine kinase (MuSK), a
key protein for NMJ formation. We found that, in addition to this structural function, ColQ has
important regulatory functions at the synapse by controlling acetylcholine receptor (AChR)
clustering and synaptic gene expression. AChR clusters were smaller and more densely packed in
the absence of ColQ both in vitro and in vivo. AChR and rapsyn mRNA and protein levels were
increased in the absence of ColQ. We showed that, at least part of the ColQ effects, are mediated
by ColQ-MuSK interaction. Moreover, cell surface levels of MuSK were decreased in vitro and in
vivo in cells lacking ColQ, suggesting that ColQ controls MuSK sorting or stabilization in the muscle
membrane. In an attempt to understand how ColQ exerts its regulatory functions, we are,
currently, investigating the properties of ColQ-MuSK interactions and the intracellular signaling
pathways activated by ColQ. The mechanisms by which ColQ controls MuSK membranous
expression will also be discussed.
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P6-5
CHARACTERIZATION OF ACETYLCHOLINESTERASE IN CRASSOSTREA GIGAS, A LOCAL OYSTER IN
CHINA
Tina T. X. Dong1, G. C. Zha2, Vicky P. Chen1, Wallace K. B. Chan1, Wilson K. W. Luk1, Roy C. Y. Choi1,
Karl W. K. Tsim1
1

Division of Life Science, The Hong Kong University of Science and Technology, Clear Water Bay
Road, Hong Kong SAR, China
2
Department of Biology, Hanshan Normal University, Chaozhou, China
Organophosphates (OP) are commonly used as insecticides in farmland. They target the nervous
system and interfere with cholinergic neuronal transmission by inhibiting acetylcholinesterase
(AChE). However, excessive OP may cause poisoning to other animals, including human, via fresh
water system. Previous evidences show that human under chronic low-level exposure to OP can
be resulted in sensory and motor dysfunction plus delayed neuropathy. Therefore, scientists aim
to search for a potential and effective “bio-indicators” for monitoring OP contamination. Mollusks
bivalves such as clams, mussels and oysters in estuaries are best choices because they remain
stationary at their living place. The aim of present study is to characterize AChE in oyster in order
to provide preliminary information to understand cholinesterase in bivalve. Different parts of a
local oyster (Crassostrea gigas), including grill, mantle, gut and muscle were collected and
subjected to AChE enzymatic activity assay. The AChE activities of grill and mantle were higher
than that of other two parts. Sucrose density gradient analysis showed that only one molecular
form was existed in grill. To determine if this molecular form was monomer or oligomer, the lysate
was treated with dithiothreitol (DTT) before sucrose density gradient analysis. The treatment of
DTT could not affect the molecular form of oyster AChE. Serving as a control, DTT treatment could
breakdown the mammalian tetrameric AChE into monomers. These data suggested that AChE was
present in oyster, particular in the region of grill and mantle, and the enzyme in oyster was
probably monomeric. Taken together, this study might provide a hint to further explore AChE in
oyster.
Acknowledgement: This research was supported by Research Grants Council of Hong Kong SAR
(662911 to KWKT and G_HK015-I/II, 660409 &b 660411 to RCYC).
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P6-6
PLANT EXPRESSION AND CHARACTERIZATION OF COCAINE HYDROLYZING MUTANTS OF
BUTYRYLCHOLINESTERASE
Katherine LarrimoreA Latha KannanA Matthew BarcusA Brian GeyerA Stephen BrimijoinB Janet
NeisewanderA and Tsafrir MorA
A

Arizona State University, AZ
Mayo Clinic, MN

B

Cocaine addiction affects millions of people with disastrous personal and social consequences.
Cocaine is one of the most reinforcing of all drugs of abuse, and even those who undergo
rehabilitation and experience long periods of abstinence have an over 80% chance of relapse. Yet
there is no FDA-approved treatment to decrease the likelihood of relapse in rehabilitated addicts.
Recent studies, however, have demonstrated a promising potential treatment option with the
help of the serum enzyme butyrylcholinesterase (BChE), which is capable of breaking down
naturally occurring (-)-cocaine before the drug can influence the reward centers of the brain or
affect other areas of the body. This activity of wild-type (WT) BChE, however, is relatively slow.
This prompted the design of mutant variants of BChE which exhibit significantly improved catalytic
activity against (-)-cocaine. Plants are a promising means to produce large amounts of these
cocaine hydrolase variants of BChE, cheaply, safely with no concerns regarding human pathogens,
and equivalent to enzymes derived from other sources. Here we report the expression of cocaine
hydrolyzing mutants of BChE in Nicotiana benthamiana using the MAGNICON virus-assisted
transient expression system, as well as purification and enzyme kinetics studies of the BChE
mutants.
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P6-7
ESTHER UPDATE: A GROWING UP DATABASE ON EVOLUTIONARY DIVERSE MEMBERS OF THE
ALPHA/BETA HYDROLASE FOLD SUPERFAMILY
Nicolas Lenfant1,3, Thierry Hotelier2, Yves Bourne3, Pascale Marchot3, Arnaud Chatonnet1
1

Dynamique Musculaire et Métabolisme, INRA Montpellier France.
Unité Informatique INRA-AgroM, Place Viala, Montpellier, France.
3
Architecture et Fonction des Macromolécules Biologiques (AFMB), Centre National de la
Recherche Scientifique / Aix-Marseille Université (CNRS/AMU), Campus Luminy, Marseille, France.
2

The database ESTHER (ESTerase and alpha/beta Hydrolase Enzymes and Relatives), created 18
years ago, is growing at fast pace and nowadays contains ca. 30.000 Gene-proteins, grouped in
132 families [1,2,3,4]. In 2012 the number of structures (PDB files) reached the thousand,
corresponding to 282 distinct proteins crystallized and shown to belong to the superfamily. There
are 67 families in which at least one tridimentional structure is known, and new families are
regularly added to the superfamily. The human genome contains 124 genes belonging to 45
families described in the database. A tridimentional structure is available for only 32 proteins
encoded by these genes while mutations in 22 genes are associated with a disease. Included in the
database are 781 mutations corresponding to 221 positions in the protein sequence of
acetylcholinesterase. These where found or tested in 66 different carboxylesterases or
cholinesterase-like proteins. 125 different mutations in acetylcholinesterase or carboxylesterase
where described in insecticide-resistant populations of 25 arthropod species [5]. A new version of
the
web
server
with
improved
layout
and
new
tools
is
available
(http://bioweb.ensam.inra.fr/esther). In particular a new overall table has been created and a
tentative tree of relationship between subfamilies is proposed. During poster sessions, tutorial
and hands-on demonstration will be available.
References:
[1] Hotelier et al. Nucleic Acids Res. 2004, 32, D145-7.
[2] Cousin et al. Nucleic Acids Res. 1997, 25, 143-6.
[3] Cousin et al. Nucleic Acids Res. 1996, 24, 132-6.
[4] Renault et al. Chem. Biol. Interact. 2005, 157-158, 339-343
[5] Hotelier et al. J. Pestic.Sci. 2010, 35, 315-20
Acknowledgement: ANR MolAdCel
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P6-8
THE MOLECULAR ASSEMBLY OF DIMERIC FORM OF ACETYLCHOLINESTERASE IN ERYTHROCYTE:
THE ROLE OF GLYCOSYLATION AND CARBOXYLIC TERMINUS
Wilson K.W. LUK, Vicky P. CHEN, Roy C.Y. CHOI, Wallace K.B. CHAN and Karl W.K. TSIM
Division of Life Science, The Hong Kong University of Science and Technology, Clear Water Bay
Road, Hong Kong SAR, China
Acetylcholinesterase (AChE) is known to be important in the nervous system for its cholinergic
functions. However, AChE also exists in other tissues even though the function is largely unknown.
By alternative splicing, AChE exists as different splicing variants that generate different isoforms,
including tailed (T), read-through (R) and hydrophobic (H) forms. AChE-H form is a GPI-linked
dimer on the plasma membrane of human erythrocyte. Here, we aimed to reveal the assembly
and trafficking of AChE-H dimer. In cultured HEK293T cells, the recombinant AChE-H was
functionally expressed in dimeric form and heavily glycosylated. The same result was confirmed in
erythroid precursor cell line TF-1 and erythrocytes. The function of glycosylation was studied by
site direct mutagenesis. The triple glycosylation mutant of AChE-H showed complete removal of
glycans, as confirmed by the treatment of glycosidases. To reveal the functions of glycosylation,
kinetic studies showed that the glycan-deprived AChE-H had a higher Km value than that of the
wild type enzyme. Interestingly, the glycosylation mutant could still form AChE dimer in the cells,
and which mainly retained in endoplasmic reticulum (ER) and could not be trafficked to Golgi
apparatus and plasma membrane. These results suggested that glycosylation of AChE-H affected
the catalytic activity of the enzyme as well as the protein trafficking, particular during the
assembly process from ER to plasma membrane; however, the formation of dimer was not
affected. The present study indicated the significance of post-translational modification in
controlling the biosynthesis of AChE-H form.
Acknowledgement: This research was supported by Research Grants Council of Hong Kong SAR
(662911 to KWKT and G_HK015-I/II, 660409 & 660411 to RCYC).

-214-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts of Posters

P6-9
EFFECT OF HYPOXIA ON CHOLINESTERASES IN RAT BRAIN CORTEX AND HUMAN
NEUROBLASTOMA CELLS IN CULTURE
Natalia N. Nalivaeva1,2, Ekaterina G. Kochkina1, Natalia Z. Makova2, Svetlana A. Plesneva1, Anthony
J. Turner2, Igor A. Zhuravin1
1

Institute of Evolutionary Physiology and Biochemistry, RAS, St. Petersburg, Russia
Faculty of Biological Sciences, University of Leeds, Leeds LS2 9JT, UK,

2

Cholinesterases (ChEs), apart from their well-characterised enzymic properties and role in
neurotransmission, also possess a range of important non-catalytic functions underlying brain
development and activity. The existence of various forms of ChEs, their substrate specificities and
cellular localisations determine a wide range of brain functions which are dependent on the
relative levels of expression and activity of these proteins and their deficit might lead to
neurological and cognitive disorders. In the present study we analysed the activity of soluble and
membrane bound forms of acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) in the
sensorimotor cortex (Cx) and hippocampus (Hip) of adult male rats subjected to normoxic hypoxia
(7% О2, 3 hours). To understand better the effects of hypoxia on the properties of AChE and BuChE in
neuronal cells, we have also assessed the effect of chronic hypoxia (1% О2, 24 hours) on human
neuroblastoma SH-SY5Y and NB7 cells which differ significantly in endogenous levels of AChE and
BuChE. The results of our study demonstrated that, within 24 h after rats were subjected to hypoxia,
the activity of the membrane bound form of AChE in the Cx and Hip was reduced by 25-29% while the
activity of the soluble form was only 14-21% lower than in the control. The activity of the soluble
BuChE, which was in general significantly lower than of AChE, decreased after hypoxia in the Cx by
35% and only by 5% in the Hip. The activity of the membrane bound form of BuChE was lower after
hypoxia by 19% in the Cx and by 22% in the Hip. In the SH-SY5Y neuroblastoma cells the activity of
AChE was 5 times higher than of BuChE while in NB7 cells BuChE activity was about 10 times higher
than of AChE. In both cell lines hypoxia resulted in a significant decrease in the activity of membrane
bound and soluble forms of the enzymes with the reduction of BuChE activity in NB7 cells being the
most pronounced. Hypoxia also significantly reduced the amount of the secreted form of BuChE by
NB7 cells. Thus, hypoxia might result in impaired signalling by the cholinergic system and also in a
deficit of the secreted form of the enzymes possessing neurotrophic properties.
Acknowledgement: Supported by U.K. Medical Research Council, Alzheimer’s Research Trust, RFBR
10-04-01156, and Russian Academy of Science Programme "Fundamental Sciences to Medicine".
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P6-10
IMMUNOEXPRESSION OF ACETYLCHOLINESTERASE IN NEUROMUSCULAR JUNCTION OF FAST
AND SLOW MUSCLES OF RATS UNDER MODELING OF HYPOGRAVITATION
Nurullin L.F., Tyapkina O.V.
Kazan Institute of Biochemistry and Biophysics, Kazan Scientific Center of Russian Academy of
Sciences
In the process of synaptic transmission in nerve –muscle junction acetylcholinesterase carries out
an important role, providing acetylcholine hydrolysis in synaptic cleft. Functional unloading of
muscles under hypogravitation and its modeling at the humans and animals is accompanied by
reduction of synaptic machinery activity. Earlier we have shown that in motorneurons of lumbar
spine of rat spinal cord under modeling of hypogravitation, there was a reduction of expression of
cholineacetyltransferase, enzyme participating in synthesis of acetylcholine. It is possible to
assume that decrease of synaptic activity under functional unloading affects not only the stage of
synthesis of acetylcholine, but also its hydrolysis by acetylcholinesterase. The purpose of the given
work was the study of immunoexpression acetylcholinesterase in neuromuscular junction of rat
fast and slow-twitched muscles under modeling of hypogravitation by method of hindlimb
unloading. Fast m. EDL and slow m. Soleus muscles were stained by immunofluorescent method
with specific antibodies to acetylcholinesterase. Endplate zones were found by labeling of
postsynaptic acetylcholine receptors with TRITC-alpha-bungarotoxin. Research was conducted
using laser confocal microscopy. It was shown that in neuromuscular junction of fast m. EDL and
slow m. Soleus muscles of rats, under conditions of hindlimb unloading during 35 days, there was
an increase in the average level of fluorescence of synapses labeled by antibodies to
acetylcholinesterase. At the same time the acetylcholinesterase labeling area in m. EDL increased,
while in m. Soleus remained without changes in comparison with control conditions. Thus,
expression of acetylcholinesterase increased under the conditions of hypogravitation in
neuromuscular contacts of fast and slow muscles, which can be one of adaptive mechanisms of
synapse transition to the new functional level.
Supported by the grant of RFBR #12-04-01414.
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P6-11
CHOLINESTERASES IN SACCOGLOSSUS KOWALEVSKII (HEMICHORDATA): CLONING, IN VITRO
EXPRESSION, AND MOLECULAR CHARACTERISATION.
Leo Pezzementi1, Nicolas Lenfant2, Arnaud Chatonnet2
1

Department of Biology, Birmingham-Southern College, Birmingham, AL 35254, USA.
Dynamique Musculaire et Métabolisme, INRA Montpellier France.

2

Our goal is to understand the evolution of function of cholinesterases in the deuterostome lineage
and in particular to understand the role of parologous enzymes such as the acetylcholinesterase
and butyrylcholinesterase of vertebrates [1,2]. We have, in the past, characterized cholinesterases
in two invertebrate deuterostomes: amphioxus (cephalochordata) [3,4] and Ciona (urochordata)
[5]. Here we present results on two putative cholinesterases from a basal deuterostome, a model
hemichordate, the acorn worm Saccoglossus kowalevskii. Of the seven genes coding for
cholinesterase-like proteins (possessing a W84) [6], we cloned two full length cDNAs. One of the
cDNAs codes for a protein with all the landmarks of acetylcholinesterase (11 out of 14 aromatic
residues of the catalytic gorge) and possess a C-terminal exon coding for a typical T-peptide. The
second cDNA has only 7 aromatic residues, with a C-terminal exon coding for a typical H-peptide.
We are currently using in vitro expression of these cDNAs in COS-7 cells in order to biochemically
characterize the two proteins.
References:
[1] Pezzementi, et al. Chem Biol Interact. 2010, 187, 27-33.
[2] Pezzementi et al. PLoS One 2011, 6, e17396
[3] McClellan et al. Eur. J. Biochem. 1998, 258, 419-29.
[4] Sutherland et al. J. Exp. Zool. 1997, 277, 213-29.
[5] Frederick et al. FEBS J. 2008, 275, 1309-22.
[6] Johnson et al. Comp Biochem Physiol Part D Genomics Proteomics. 2011, in press
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P6-12
PC12 CELLS AS A RELIABLE MODEL FOR CHARACTERIZING BIOACTIVITY OF ACHE PEPTIDES.
Sara Garcia Ratés, Rosemary Elizabeth Worrall, Susan Greenfield
Department of Pharmacology, Oxford University, Oxford OX1 3QT, UK
Previous work in our group has demonstrated that peptide fragments derived from the C-terminus
of acetylcholinesterase (AChE) mediate its non-traditional actions. A sequence of 14 amino acids
(T14) and the larger sequence (T30) of 30 amino acids in which it is embedded are bioactive in a
variety of neural and non-neural systems including brain slices, oocytes, breast cancer cell lines
and organotypic culture preparations of hippocampus [1][2]. However although such preparations
show a clear and selective bioactivity of both T14 and T30, they are inappropriate for rapid and
highly quantifiable screening for evaluating the effects any further.
Accordingly, we validate here the dopaminergic cell line of rat adrenal pheochromocytoma cells
(PC12 cells) [3] a potential model to characterise fully the bioactivity of AChE peptides: we have
now been able to demonstrate a reduction in cell viability with a quantifiable consistency not
previously observed in earlier studies: treatment in nanomolar concentrations with T-30 after 1
hour always leads to a reliable reduction of 30% ± 4.24% n= 6. Subsequent pharmacological and
binding studies are suggesting that this action is via an allosteric site on the alpha-7 acetylcholine
receptor (nAChR)
The non-classical actions of AChE have been proposed as pivotal to the process of
neurodegeneration. Therefore a more detailed understanding of the interaction between T30 and
the alpha-7 receptor could eventually inspire a possible novel therapeutic strategy.
References:
[1] Zbarsky V. et al. Neurobiology of disease, 2004, 16, 283-289.
[2] Greenfield, SA. et al. FEBS journal, 2008, 604-611.
[3] Greene, LL.A. et al. Cell biology, 1976, 73 (7), 2424-2428.
Acknowledgement: This work is supported by University of Oxford.
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P6-13
ROLES OF ACETYLCHOLINESTERASE DURING NEURONAL DIFFERENTIATION OF EMBRYONIC STEM
CELLS
Laura E. Sperling, Marta Galach, Isabelle Braun, Paul G. Layer
Developmental Biology and Neurogenetics, Technische Universität Darmstadt, Schnittspahnstrasse
13, D-64287, Germany; Phone: 0049-6151-166105; Fax 0049-6151-166548; E-Mail:
sperling@bio.tu-darmstadt.de
AChE has a large set of non-cholinergic functions. These functions have been attributed to
developmental processes and were based on early studies which showed that in both vertebrates
and invertebrates AChE is expressed prior to neurogenesis. Additionally, AChE was shown to be
present in many vertebrate eggs and also in blastula and gastrula stages. This led to the hypothesis
that AChE has not only a role during synaptic transmission, but also a morphogenetic function. We
could previously show that AChE is expressed in embryonic stem cells, cells isolated from a
blastocyste, an embryonic pre-implantation stage. Here, we investigated the possible roles of
AChE during embryonic stem cell differentiation by stably transfecting two stem cell lines with a
plasmid encoding the synaptic form of mouse AChE. As experimental control we used cells
transfected with GFP. AChE overexpression led to a significant decrease of cell proliferation, but
did not affect cell viability, apoptosis and cell cycle distribution. Stably transfected cells were
differentiated toward neurons and their differentiation was compared with control cells.
Expression of stem cell and neuronal markers was examined by RT-PCR, qPCR and
immunohistochemistry. We found that AChE led to a more efficient differentiation of stem cells
into a neuronal cell type, by comparing expression of neuronal markers. Cells overexpressing AChE
could also grow longer neurites when differentiating into neurons compared to control cells.
These findings suggest a developmental role for AChE during embryonic stem cell differentiation
into neurons and confirm the neurite growth promoting function of AChE.
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P6-14
HIGH-LEVEL EXPRESSIONOF RECOMBINANT ACETYLCHOLINESTERASES IN SILKWORM LARVAE
Li, Lisa, Wang, Yan, Ip, Denis and Wan, David C.
School of Biomedical Sciences, Faculty of Medicine, The Chinese University of Hong Kong, Hong
Kong, SAR of China
Acetylcholinesterase(AChE: EC 3.1.1.7) is the acetylcholine-hydrolyzing enzyme that plays an
essential role on cholinergic neurotransmission at the synapses of the brain and at the
neuromuscular junctions. Abnormal expression and localization of AChE have been observed
together with Aβ deposits in the brain of Alzheimer’s disease (AD) patients. Currently, AChE
inhibitors are clinically used for AD treatment.
In this study, we demonstrated high-level expressions of functional recombinant human AChE and
Tetraodon nigroviridis AChE using Bac-to-Bac baculovirus expression system in silkworm Bombyx
mori larvae. We engineered a polyhistidine-tag (His-tag) tail to the C-terminal of each AChE gene
to facilitate the purification. Transfection was carried out by subcutaneous injection of the
recombinant bacmid DNA containing the AChE gene into the silkworm larvae of 5th instar.
Approximately 4-7 days of post-infection, the recombinant AChE was expressed in the hemolymph
of infected larvae. The kinetic studies showed that the biological activities of the recombinant
AChEs were comparable to that of natural ones from other sources. This rapid, low-cost, and high
yield production method could provide us sufficient amount of recombinant AChE for in vitro
screening of AChE inhibitors for AD treatment.
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P6-15
A TRANSCRIPTIONAL REGULATION OF NEURONAL ACETYLCHOLINESTERASE BY DIOXIN
Heidi Qunhui Xie, Bin Zhao
State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Ecoenvironmental Sciences, Chinese Academy of Sciences, Beijing, China
Monitoring of acetylcholinesterase (AChE) inhibition has been used as an indicator of
organophosphorus insecticides exposure in the past decades. Emerging evidence suggests that
other types of xenobiotics, such as heavy metals, can also affect the activity of AChE [1]. While
deficit in cognitive function was found in victims exposed to dioxins, whether dioxins could target
on cholinergic neurotransmission and affect the cognitive function mediated by this system
remains unknown. In this study we propose to investigate whether dioxin exposure could alter the
activity of AChE, the key player in cholinergic neurotransmission, and to elucidate the underlining
mechanism. A human neuroblastoma cell line, SK-N-SH, was employed to evaluate the effect of
dioxins to AChE. A significant decrease in enzymatic activity of AChE was found consistently in
cultured neurons upon 24-hour-treatment of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the
most potent prototype of dioxins, at concentration of 0.1 nM or higher. We found that TCDD did
not directly act on AChE enzyme, while the suppressive effect produced by TCDD is through a
transcriptional regulation. Application of inhibitor of aryl hydrocarbon receptor (AhR, or dioxin
receptor)–dependent pathway could counteract the TCDD-induced suppression of AChE on both
the enzymatic activity and expression level of the transcript. Putative dioxin-responsive element
consensus sequence found in human ACHE promoter region further supported the involvement of
AhR-mediated transcriptional suppression in the action mechanim of dioxin-induced inhibition on
AChE activity. In conclusion, we found a novel regulatory mechanism of neuronal AChE expression
by a new type of xenobiotics, dioxins, via AhR-dependent pathway.
References:
[1] Richetti SK et al. Neurotoxicology, 2011, 32, 116-122.
Acknowledgements: Chinese Academy of Sciences Key Program of Knowledge Innovation
(KZCX2-EW-411), National Natural Science Foundation of China (21177150).
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Session 7: Diseases related to cholinesterases, and cholinesterase inhibitors therapy.
P7-1
GESTATIONAL DIABETES MELLITUS (GDM) DECREASES BUTYRYLCHOLINESTERASE ACTIVITY AND
CHANGES ITS RELATIONSHIP WITH LIPIDS.
Larissa O. Guimarães1, Thaís E. Setoguchi1, Gleyse F. Bono1, Mariana B. Brandão1, Eleidi Alice C.F.
Maia1, Izabella C. R. dos Santos2, Geraldo Picheth2, Rosângela R. Réa3, Ana Cristina R. de A. Faria3 ,
Ricardo L.R. Souza1, Lupe Furtado Alle1
1

Polimorphism and Linkage Laboratory – Department of Genetics from Federal University of
Paraná, Brazil. E-mail adress: lupealle@gmail.com
2
Clinical Biochemistry Laboratory – Health Science Sector from Federal University of Paraná, Brazil 3
Diabetes Unit of Endocrinology and Metabology Service of Clinical Hospital from Federal University
of Paraná, Brazil
Many conditions interfere on butyrylcholinesterase (BChE) activity, decreasing it, like pregnancy or
the presence of -116A variant of BCHE gene or increasing it, like obesity and type I and II Diabetes
Mellitus [1, 2, 3]. The present study examined BChE activity, -116A and K BCHE gene variants,
anthropometric and biochemical variables associated with diabetes in 150 patients with GDM and
in 256 healthy pregnant women. Mean BChE activity was significantly decreased on non-diabetic
pregnant women when compared to non-pregnant healthy women (N = 156) and further reduced
on GDM patients. Both groups showed similar frequencies for -116A and K variants and the
presence of -116A allele significantly decreased BChE activity on both groups. Multiple regression
analysis showed that BChE activity is significantly dependent of sample group - GDM/pregnant
women without the disease, glucose levels and presence of the -116A variant of BCHE gene.
Although GDM patients have significantly higher means of BMI and triglycerides than non-diabetic
pregnant women, they present lower mean BChE activity than the healthy group, suggesting that
the lowering effect of GDM on BChE activity is stronger than the characteristic positive correlation
with BMI and triglycerides. On non-diabetic pregnant women we observed negative correlations
between BChE activity, total cholesterol and triglycerides levels, different from that previously
observed on non-pregnant subjects [4]. We suggest that oxidative stress resultant from pregnancy
and hyperglycemia is responsible for decreasing BChE activity and for its altered relationship with
lipids.
References:
[1] Randell et al, 2005, Clin. Biochem. 38, 799-805
[2] Furtado-Alle L et al, 2008, Chem Biol Interact, 175, 115-118
[3] Omu et al, 2010, .J Obstet Gynaecol 30, 122-126
[4] Iwasaki T et al, 2007, Intern. Med. 46, 1633-1639.
Acknowledgement: Grants were received from the National Council for Scientific and
Technological Development (CNPq); Araucária Fundantion and scholarships from Coordination for
Improvement of Higher Education (CAPES).
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P7-2
BIS(12)-HUPYRIDONE PROTECTS GLUTAMATE-INDUCED NEURONAL LOSS VIA INHIBITING GSK3Β
Wei Cui, Hugh H.N. Chan, Jialie Luo, Shengquan Hu, Wenming Li, Yuming Zhao, Shinghung Mak,
Jianhui Rong, Paul R. Carlier, and Yifan Han
Department of Applied Biology and Chemical Technology, Institute of Modern Chinese Medicine,
The Hong Kong Polytechic University, Kowloon, Hong Kong
Bis(12)-hupyridone (B12H) derived from Chinese medicinal component huperzine A, was originally
designed as a novel acetylcholinesterase inhibitor. In this study, we report that B12H substantially
protects cerebellar granule neurons from glutamate-induced excitotoxicity unexpectedly via
N-Methyl-D-aspartate (NMDA) receptor-blocking independent pathway. Briefly, the huge
difference between the EC50 of B12H to protect against excitotoxicity (0.76 µM) and the IC50 to
block NMDA receptors (21.8 µM) suggests that the neuroprotection of B12H might be not due to
the blockade of NMDA receptor. In addition, B12H reverses the decreased activation of the
Akt/GSK3β pathway caused by glutamate as evidenced by the decreased expressions of pSer473Akt and pSer9-GSK3β. Furthermore, under the same condition, specific glycogen synthase kinase
3β (GSK3β) inhibitors prevent neuronal death induced by glutamate. B12H is able to prevent
neuronal death and decreased GSK3β phosphorylation caused by both specific inhibitors of
phosphatidylinositol 3-kinase and Akt. These findings strongly demonstrate that the protection of
B12H against glutamate-induced excitotoxicity might be attributed to its inhibiting aberrant
activation of GSK3β. In view of B12H’s capability of interacting with multiple targets, we anticipate
that B12H may be beneficial in the treatment of various neurodegenerative disorders.
Source of funding: This work was supported by grants from the Research Grants Council of Hong
Kong (PolyU5609/09M and 5610/11M), The Hong Kong Polytechnic University (G-U952) and the
Shenzhen Shuangbai Funding Scheme 2008.
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P7-3
NEW POTENTIAL ANTICHOLINESTERASIC BARBITURATE DERIVATIVES SYNTHETIZED
Stefânia Priscilla de Souza1, Ana Paula Guimarães1, Simone S. Valverde1,2, Allan B. Lima1, Keila C. S.
Lima1, José Daniel F. Villar1, Tanos C. C. França1, Antonio Luis S. Lima1
1

Chemical Engineering Section – Military Institute of Engineering – IME – Rio de Janeiro/RJ – Brazil,
Institute of Pharmaceutical Technology, FarManguinhos – FIOCRUZ – Rio de Janeiro/RJ – Brazil.

2

Symptomatic treatment of diseases whose etiology involves acetylcholine (ACh) depletion can be
achieved by controlled inhibition of acetyl cholinesterase (AChE). Anticholinesterase agents are
thus of therapeutic importance for managing Alzheimer disease1. Considering the pharmacological
action of barbituric compounds, we synthesized 6 new (thio) barbituric derivatives and studied
their interactions with the active site of human AChE, [HssAChE (PDB code: 3LII)] by molecular
modeling tool. The natural aldehydes (3mmol), distilled water (10mL) and (thio) barbituric acid
were mixed and refluxed for 3-4 h under 80°C. Products were vacuum filtered, washed with water,
ethanol and ether and, further, dried for 24 hours in a desiccator cabinet. The docking studies
were performed using the program Molegro Virtual Docker (MVD®2) in order to estimate the
affinities of these compounds for HssAChE in comparison to ACh. Our theoretical results suggest
that these compounds are promising in inhibiting HssAChE due to their interactions with
important residues in the enzyme binding site such as: Asn87, Gly121 Gly122, Tyr124, Tyr133,
Glu202, Ser203, Ala204, Tyr337 and His447. Besides, additional stabilizing interactions were also
observed with Glu82, Thr83, Ser125, Tyr341 and Tyr449. Also, all these compounds presented
energies of interaction and hydrogen bond lower than those observed for ACh. We believe that
this study could contribute significantly to planning effective chemotherapy against Alzheimer's
disease.
References:
[1] Brookmeyer, R. et al. Alzheimer's and Dementia, 2007, 3, 186-191.
[2] Thomsen, R. et al. Journal of Medicinal Chemistry, 2006, 49, 11, 3315-3332.
Acknowledgements: FRF/IME, CAPES/PRODEFESA, CNPq/FIOCRUZ.

-224-

11th International Meeting on Cholinesterases, 4-9 June 2012, Kazan, Russia
Abstracts of Posters

P7-4
PROTEIN-ANCHORING THERAPY
NEUROMUSCULAR JUNCTION

FOR

DELIVERING

ACETYLCHOLINESTERASE

TO

THE

Ito M.1, Suzuki Y.1, Okada T.2, Fukudome T.3, Yoshimura T.4, Masuda A.1, Takeda S.2, Krejci E.5,
Ohno K.1
1

Nagoya University Graduate School of Medicine, Japan
National Center of Neurology and Psychiatry, Japan
3
Nagasaki Kawatana Medical Center, Japan
4
Nagasaki University School of Health Sciences, Japan
5
CNRS, France
2

Acetylcholinesterase (AChE) at the neuromuscular junction (NMJ) is anchored to the synaptic basal
lamina via a triple helical collagen Q (ColQ). Congenital defects of ColQ cause endplate AChE
deficiency and a myasthenic syndrome. Endplate AChE deficiency is an autosomal recessive
disorder representing generalized muscle weakness, fatigability, amyotrophy, scoliosis, and minor
facial abnormalities.
A single intravenous administration of adeno-associated virus serotype 8 (AAV8)-COLQ to Colq-/mice rescues in few weeks the motor functions, the synaptic transmission, and partly the
morphology of NMJ; AChE is restored to 89% of the wild-type and ColQ-tailed AChE is specifically
anchored to NMJ. We traced a molecular basis of this efficient recovery. As ColQ is bound to
perlecan and MuSK at NMJ, we first confirmed that ColQ-tailed AChE can be specifically targeted
to NMJ by an in vitro overlay assay. We next injected AAV1-COLQ-IRES-EGFP to the left tibialis
anterior and observed colocalization of ColQ and AChE at all the examined NMJs of the noninjected limbs. In contrast, expression of intracellular EGFP was not observed in the non-injected
limb muscles. We also quantified ColQ-tailed AChE in the non-injected right hindlimb, and found
that the amounts were ~28 % of the wild-type, respectively. Additionally, injection of purified
recombinant ColQ-tailed AChE protein complex into gluteus maximus accumulated AChE in noninjected forelimbs. Histological analysis revealed presence of ColQ and AChE at all the examined
NMJs of triceps muscles. We demonstrate that the tissue-targeting signal of ColQ can be exploited
to specifically deliver the transgene product to the target tissue. A similar strategy can be
potentially applied to a broad spectrum of congenital defects of extracellular matrix molecules.
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P7-5
HUPRINE-BASED HETERODIMERS ASSEMBLED BY CLICK AND IN SITU CLICK CHEMISTRY AS
MULTI-TARGET DIRECTED LIGAND FOR A POTENTIEL TREATMENT OF ALZHEIMER DISEASE
Ludovic Jean,1 Cyril Ronco,1 Emilia Oueis,1 Cyril Sabot,1 Florian Nachon,2 Eugénie Carletti,3
Jacques-Philippe Colletier,3 Martin Weik,3 Pierre-Yves Renard1
1

Université de ROUEN, Bioorganic Chemistry team, UMR 6014 CNRS COBRA, IRCOF, Rue Tesniere,
76130 Mont Saint Aignan, France
2
Département de Toxicologie, Institut de Recherche Biomédicale des Armées, 24, Avenue des
Maquis du Grésivaudan, BP 87, 38702 La Tronche, France
3
Institut de Biologie Structurale J.P. Ebel, 41 rue Jules Horowitz, 38027 Grenoble Cedex 1, France
The multifactorial and complex etiology of Alzheimer Disease (AD) has encouraged medicinal
chemists to develop new compounds based on the “multi-target-directed ligand” strategy.
Therefore, there is now a growing need for dimeric acetylcholinesterase (AChE) ligands that
combine strong inhibitory activity with a second functionality, such as action against Aβ
aggregation and deposition, anti-oxidative properties, NMDA receptor blockade, BACE-1
inhibition, or agonist action at nicotinic cholinergic receptors. In this context, we have developed
series of huprine-based AChE inhibitors, bearing a substituent at position 9, with binding affinities
in the low nanomolar range.[1-3] Among of these compounds, two of them, bearing a triazole ring
at position 9, showed a sub-nanomolar inhibitory activity toward recombinant human AChE.[1] The
crystal structure of mouse AChE in complex with one of these compounds was solved and confirms
the favorable position of the triazole in the active site gorge (PDB 4A16), paving the way for a new
class of multifunctional ligands using click chemistry, and even in situ click chemistry.
References:
[1] C. Ronco et al. ChemMedChem, 2012, DOI: 10.1002/cmdc.201100438
[2] C. Ronco et al. ChemMedChem, 2011, 6, 876 – 888
[3] C. Ronco et al. Bioorg. Med. Chem., 2009, 17, 4523–4536
Acknowledgement: The french Ministère de l’Enseignement Supérieur et de la Recherche (MRES)
is acknowledged for a Ph.D. Fellowship (to C.R). The Institut Universitaire de France (IUF), the
Région Haute Normandie (Crunch program).
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P7-6
K298 AND K524: SMALL QUATERNARY ACHE INHIBITORS, THEIR PHARMACOKINETICS AND
PHARMACODYNAMICS EFFECT AFTER APPLICATION OF THERAPEUTIC DOSES
Jana Zdarova Karasova1, Milos Hroch2, Kamil Musilek1, Filip Zemek1, Vendula Sepsova1, Zuzana
Krenkova1, Lucie Drtinova1, Kamil Kuca1
1

Faculty of Military Health Sciences in Hradec Kralove, University of Defence, Czech
RepublicUniversity Hospital in Hradec Kralove, Czech Republic

2

Small quaternary acetylcholinesterase (AChE) inhibitors can be used for pretreatment in the case
of organophosphate (OP) poisoning or in the treatment of Myasthenia Gravis. Moreover, they can
act as competitive inhibitors of AChE. Subsequently, OP inhibitors are not able to influence
previously inhibited AChE. Although there are some competitive inhibitors (e.g. pyridostigmine
bromide) also used in the pretreatment of OP poisoning, they exhibit many side effects potentially
influencing final therapeutic efficacy (gastrointestinal effects, arrhythmia, bronchial secretion or
cholinergic crisis). Thereby new quaternary competitive AChE inhibitors with lower side effects
should be investigated.
Series of new molecules derived from quinolone and isoquinoline were prepared during last two
years. The inhibition potency of these molecules was tested against AChE and
butyrylcholinesterase (BChE) in vitro. In vivo study was conducted on two promising molecules,
K298 and K524. The acute toxicity values were expressed by LD50. Subsequently were AChE
inhibitors applied in therapeutic dose (correspond with 5 % of LD50; K298 – 2.81 mg/kg and K524 –
2.27 mg/kg) intramuscularly. The time-changes of blood and brain concentrations were measured
in following time intervals: 0, 15, 30, 60, 120 and 240 min by using HPLC-MS. The real
pharmacodynamics effect (AChE inhibition) was also studied in the same time intervals.
Comprehensive results will be presented.
The study was supported by the grant of Ministry of Defence, Health problems of weapons of
mass destruction.
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P7-7
THE INTERACTION OF TACRINE AND 7-MEOTA WITH NEURONAL NICOTINIC RECEPTOR
Jan Krusek1, Vendula Sepsova2, Ondrej Soukup3, Jana Zdarova Karasova3 and Frantisek Vyskocil1,4
1

Institute of Physiology Academy of Sciences of the Czech Republic v.v.i.,Prague, Czech Republic,
Department of Toxicology and 3Department of Public Health, Faculty of Military Health Sciences,
University of Defence, Hradec Kralove, Czech Republic, 4Department of Physiology, Faculty of
Sciences, Charles University, Prague, Czech Republic.
2

Tacrine and 7-MEOTA are acetylcholinesterase reversible inhibitors. Tacrine was used for the
treatment of Alzheimer´s disease but serious negative side-effects were observed. Experimental
evidence indicates direct interaction of tacrine and other inhibitors of cholinesterase with nicotinic
receptors. We studied direct effects of tacrine and 7-MEOTA on rat brain nicotinic acetylcholine
receptors α4β2 expressed in COS cells. The ionic currents induced by the rapid application of
acetylcholine were measured by the whole-cell patch-clamp method. Drugs were applied to the
cell surface using a rapid perfusion system. The compounds under study were preapplied for 5s
and then coapplied together with the agonist. Both compounds act as reversible inhibitors of
whole-cell current flow through agonist activated nicotinic receptors. Inhibition of responses to
300 µM acetylcholine by tacrine and 7-MEOTA was characterized by IC50 8 ± 3 µM and 15 ± 3 µM,
respectively. However, the responses to low concentration of acetylcholine (3 µM) are
substantially potentiated by the preapplication and coapplication with 10 µM 7-MEOTA. The
potentiation by tacrine is less pronounced. The modulation of nicotinic receptors by tacrine occurs
at substantially higher concentration than the acetylcholinesterase inhibition. However, the
concentration of 7-MEOTA active in modulation of neuronal nicotinic receptor is quite comparable
with concentration active in acetylcholinesterase inhibition. The physiologic role of direct
interaction of 7-MEOTA with neuronal nicotinic receptor during medical use is under discussion.
Acknowledgements: This work was supported by Czech Science Foundation grants
No. 202/09/0806, IAA500110905, AV0Z 50110509 and P304/12/G069.
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P7-8
ROLE OF DIFFERENT CHOLINESTERASE MOLECULAR FORMS IN HEART PHYSIOLOGY
Kucera Matej1, Farar Vladimir2, Matus Marek1, Kralova Eva1, Stankovicova Tatiana1, Myslivecek
Jaromir2, Hrabovska Anna1
1

Department of Pharmacology and Toxicology Faculty of Pharmacy Comenius University,
Bratislava, Slovak Republic
2
Institute of Physiology, 1st Faculty of Medicine, Charles University, , Prague, Czech Republic
It is well known that both cholinesterases, acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) are present in heart tissue [1] together with their anchoring proteins collagen Q (ColQ) [2]
and proline-rich membrane anchor (PRiMA) [3]. But to these days the exact role of anchored
molecular forms of cholinesterases in heart has not been described. Goal of this work was to study
a role of anchored molecular forms of cholinesterases in heart physiology. Experiments were
performed with ColQ-/-, PRiMA-/-, BChE-/-, Del E 5+6-/- and Del i1RR-/- mutant mice and
wildtypes. We used several approaches: first, we focused on in vivo measurements, including ECG
and hemodynamics measurements in physiological conditions and during dobutamine
(β1- adrenergic receptor agonist) treatment; second, we performed in vitro experiments on
isolated heart perfused by Langendorff in physiological conditions and during non-selective
cholinesterase inhibition by neostigmine; third, we measured muscarinic and adrenergic receptor
levels by radiolabeled binding study in left ventricle, right ventricle and septum of mouse heart. In
vivo experiments showed no differences for majority of the genotypes. BChE-/- mice, however,
had lower systolic arterial blood pressure comparing to wildtypes. After intravenous application of
dobutamine, we did not observe any differences between genotypes. Experiments performed in
vitro showed an equal decrease of heart rate in ColQ-/-, PRiMA-/- and wildtypes after 3 μmol/l
neostigmin application. We also observed differences between wildtypes and mutant strains ColQ/- and PRiMA-/- in progress of left ventricle developed pressure and speed of contraction during
neostigmine application. Muscarinic receptors were significantly increased in left ventricle of
PRiMA-/-, Del E5+6-/- and BChE-/- female mice, in right ventricle of BChE-/- female mice and in
septum of BChE-/- and Del E5+6-/- female mice compared to wildtypes. Surprisingly, there were
no differences in male hearts between genotypes. We observed no differences in the β- receptor
levels between the genotypes.
References:
[1] Li, B., et al. J. Neurochem, 2000, 75(3), p. 1320-1331.
[2] Feng, G., et al. JCB, 1999, 144(6), p. 1349-1360.
[3] Perrier, AL., et al. Neuron, 2002, 33(2), p. 275-258.
Acknowledgement: work was supported by UK/306/2011, APVV SK-FR-0031-09, SK-FR-0048-11,
SK-CZ-0028-09 and VEGA 1/1139/12 2012-2014.
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P7-9
COMPARATIVE STUDY OF INHIBITION POTENCY OF ALZHEIMER’S DISEASE DRUGS ON DIFFERENT
NON-SYNONYMOUS SNPS OF ACETYLCHOLINESTERASE - AN IN SILICO APPROACH
Saravanaraman Ponnea and Rathanam Boopathya
a

Department of Biotechnology, Bharathiar University, Coimbatore 641046, Tamil Nadu, India

Parallel inheritance of both ‘Single nucleotide polymorphism’ (SNP) and ‘disease causing
mutations’ are vital in understanding the genetic basis of complex diseases. While SNPs are
frequently used as genetic markers, disease causing mutations are responsible for individual’s
susceptibility to disease. Such mutant proteins are the target of individualized medicine
treatment. Of the reported 153 SNPs in human acetylcholinesterase (AChE) gene, 26 were found
to be in the coding region and 17 among them were non-synonymous SNPs (nsSNP). However
functional consequences of these nsSNPs were predicted by SIFT and PolyPhen algorithms
wherein the sequence and structural homology of AChE were used. They showed 7 out of 17
nsSNPs namely A446G, G57R, G89E, H353N, P135A, V333E and Y150H were unfavorable and
hence detrimental in nature. Molecular simulation studies for 10ns were carried out to investigate
the stability of the protein upon these nsSNPs. Later, they were evaluated for their ability to
interact with the best known FDA approved AD drugs explicitly donepezil, galantamine,
rivastigmine and tacrine. Binding affinities of these drugs were determined by docking onto the
native AChE protein as well as on to the afore mentioned seven mutants using GLIDE. Tacrine in
comparison to other drugs is reported to interact only at catalytic triad, showed maximum affinity
onto V333E mutant only but not with native. This could be the possible reason for its poor
acceptability among AD patients. On the other hand rivastigmine showed higher affinity with all
mutants including the native AChE, except V333E mutant. Galantamine showed similar affinity
towards all mutants, which is on par with native protein except A446G and Y150H. On the other
hand, donepezil in comparison to native protein had significantly lesser binding affinity towards all
mutants except H353N and P135A. Such observations made through in silico interaction analysis
revealed that rivastigmine is an efficient inhibitor against any known native or mutant AChE
protein. So we suggest that rivastigmine shall still be the best option for the first-line treatment of
Alzheimer’s disease, irrespective of any polymorphic form of AChE protein.
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P7-10
THE INTERACTION OF REVERSIBLE ACETYLCHOLINESTERASE INHIBITORS WITH THE NICOTINIC
RECEPTORS- IN VITRO TESTING
Sepsova Vendula1, Krusek Jan2, Soukup Ondrej3, Zemek Filip1, Drtinova Lucie1, Korabecny Jan1,
Krenkova Zuzana1, Zdarova Karasova Jana3
1

Department of Toxicology and 3Department of Public Health, Faculty of Military Health Sciences,
University of Defence, Hradec Kralove, Czech Republic
2
Institute of Physiology Academy of Sciences of the Czech Republic v.v.i., Prague, Czech Republic
Reversible inhibitors of acetylcholinesterase (AChE) are used in the treatment of autoimmune
disorder - Myasthenia gravis. The mechanism of action is based on the inhibition of AChE active
site that leads to an increase of acetylcholine concentration and its prolonged presence in the
synaptic cleft compensate for the pathologic reduction of neuromuscular receptors. Moreover,
certain AChE inhibitors are able to act directly as nicotinic receptor modulators.
In our study we have focused on the unknown non-acetylcholinesterase effects of several AChE
inhibitors. Measurements were performed using whole-cell patch-clamp technique. Drugs were
applied using a rapid perfusion system. Two new peripherally acting AChE inhibitors (K 298, K 524)
were compared with two standards (Edrofonium, BW284c51). All experiments were performed on
TE671 cell line expressing human embryonic muscle acetylcholine receptor. Values of 50%
inhibition (IC50) were calculated by fitting the data to the Hill equation.
All tested compounds show comparatively high reversible inhibition effect (IC50). When tested
compounds were pre-applied for 5 s and then co-applied with the agonist acetylcholine (100µM)
responses were inhibited in concentration dependent manner. New synthesized inhibitor K 524
shows the lowest IC50 value 570±5 nM that is approximately one or two order of magnitude lower
compared to standards. Mechanism of nicotinic receptor inhibition is still unknown and will be
discussed within our contribution.
Supported by grant Ministry of Defence, Czech Republic: Health Protection against Weapons of
Mass Destruction and Czech Science Foundation grants 202/09/0806, AV0Z 50110509.
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P7-11
miRNA-132 AS A KEY FUNCTUNAL REGULATOR OF CHOLINERGIC REACTIONS TO ACUTE
ISCHEMIC STROKE
Shenhar-Tsarfaty, S.1,2,Engel, O.3, Ben Assayag, E.2, Berliner, S.2, Meisel, A.3 and Soreq, H.1
1

The Institute of Life Sciences and the Edmond and Lily Safra Center of Brain Sciences, The Hebrew
University of Jerusalem, Jerusalem 91904, Israel
2
Departments of Neurology and Internal Medicine "E", Tel Aviv Sourasky Medical Center, Tel Aviv,
Israel, and Sackler Faculty of Medicine, Tel Aviv University, Tel-Aviv, Israel.
3
NeuroCure Clinical Research Center, Department of Neurology,Charité-University Medicine, Berlin,
Germany.
Acute ischemic stroke spans 780,000 patients annually and is a leading cause of disease and death
worldwide. Many of the surviving patients display severe disabilities and increased susceptibility
to bacterial infection, with pneumonia causing the highest attributable mortality. Here, we report
human and mouse data demonstrating that these damages involve dynamic post-stroke changes
in circulation acetylcholinesterase (AChE) and the AChE-targeted microRNA-132(miR-132). Given
that acetylcholine suppresses inflammation, we surmised that its hydrolysis by AChE may mitigate
this effect whereas miR-132-mediated silencing of AChE translation can inversely potentiate such
immune suppression. Supporting this notion, we observed decreased serum AChE activity 24
hours after stroke onset which was correlated with the severity of damage in both ischemic stroke
patients and a mouse stroke model of medial cerebral artery occlusion (MCAO). Furthermore,
MCAO mice showed distinct tissue-specific dynamic changes in miR-132 levels compared to Sham
operated mice (n=70, 6 samples from each). Compatible with reports that miR-132 has a role in
maintaining circadian rhythm, Sham operated animals showed night time miR-132 increases 12
hours after the operation (p<0.001 and p=0.07 respectively, Student's t test). In contrast, MCAO
mice with experimental stroke showed an immediate and steep miR-132 up-regulation in the
prefrontal cortex (p<0.001), followed by an up-regulation at immunological barriers such as the
gut and the lung(p=0.05 and p<0.001 respectively). Our data suggest that the post-stroke
activation of the cholinergic anti-inflammatory pathway is causally involved with the development
of post-stroke infections. This further indicates that miR-132 blockade in peripheral tissues may
attenuate the excessive post-stroke immune-depression by elevating AChE activities in the
circulation, but not in the brain and thus avoiding cognitive damage while reducing the risk for
post-stroke infectious complications, openning new venues for post-stroke treatment.
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P3D-1
TEMPLATE DESIGNING FOR ALZHEIMER’S DISEASE DRUG: TOWARDS PREDICTION OF BEST
KNOWN INHIBITORS FOR CHOLINESTERASES
Lakshmi Venkatachalam1,2, Rathanam Boopathy1,2
1

Molecular Biology and Biotechnology Division, DRDO-BU Center for Life Sciences, Bharathiar
University, Coimbatore – 641046, Tamilnadu, India
2
Department of Biotechnology, Bharathiar University, Coimbatore – 641046, Tamilnadu, India
The loss of cholinergic neurons at hippocampal region causes Alzheimer’s disease (AD) [1] and
inhibitors of cholinesterase are the drug of choice in AD treatment [2]. Among these,
physostigmine, galanthamine, huperzine A are of natural origin and tacrine, rivastigmine,
donezepil are synthetic compounds. In silico docking study of twenty six plant based inhibitors
onto human acetylcholinesterase (AChE) and sixteen plant based inhibitors onto
butyrylcholinesterase (BChE) protein was performed. These ligands bind (similar to that of already
known AChE inhibitors) onto the aromatic gorge of the enzyme. The stabilizing interactions are
through their hydrophobicity. Based on these data, it is concluded that:
1. The docking algorithm, namely LigandFit differentiates the active (inhibitor) ligands from
inactive ones.
2. Among the docking scoring tools (DockScore, LigScore1, LigScore2, Jain, PLP and PMF),
DockScore is efficient in predicting the best binding inhibitor.
3. Amino acid residues like Ser203, His447, Arg463, Tyr124, Trp86, Glu202, Phe295, Phe297
and Tyr337 of AChE protein are important in binding with these inhibitors.
4. Similarly, Ser198, Glu197, Asp70, Thr120, His438, Trp82, Gly116, Gly115, Phe329 and
Tyr332 residues of BChE protein are important in binding with these inhibitors, and
5. The structure of best docked inhibitors (Dihydroevodiamine hydrochloride for AChE,
N-demethyl saracodine for BChE) can be used as template for designing new, selective and
powerful AD drugs.
References:
[1] Paul T Francis et al., J Neurol Neurosurg Psychiatry, 1999, 2, 137-147.
[2] Giacobini E. et al., J Physiol Paris., 1998, 3-4, 283-287.
Acknowledgement: Defence Research and Development Organisation, Ministry of Defence,
Government of India. Department of Biotechnology, Ministry of Science and Technology,
Government of India.
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