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I nvention [0001] The invention relates to a rapid nethod for
detection of cholinesterase inhibitors kits for uses thereof and
nmet hods of nmanufacture. Background Art [0002] Cholinesterase is a
termwhich refers to one of the two enzynes: Acetyl cholinesterase
(AChE), and Pseudochol i nesterase (BChE or, BuChg), also known as
pl asma chol i nest erase, or butyrylcholrnes erase. Both of these
conpounds catal yze
acetylcholine into AT L : g ary to
all ow a chol i nergic neuron to return to |ts restrng state after
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i mobi lizing_it on a porous surface or platformas in US 6, 406, 876 or
dehydrati ng Qﬁé’—‘%ﬁ%‘}lﬁgo it can be safely stored and | ater
rehydrated for use as in US 4,324,858 have been attenpted. In actual
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enzyme from electric eels at Columbia University, NY. Several cholinesterases
are commercially available typically from animal or marine sourses such as
horse, cow, electric eels and the like. Cholinesterase is relatively instable and is
best kept at low temperatures. Some attempts to stabilise the enzyme by
immobilizing it on a porous surface or platform as in US 6,406,876 or
dehydrating the enzyme so it can be safely stored and later rehydrated for use
as in US 4,324,858 have been attempted. In actual use it is, however difficult to
obtain a sensitive, simple, portable, economic kit or method for rapid detection
of cholinesterase inhibitors without resorting to cumbersome steps for the
improvement of shelf life.

[0004] A cholinesterase inhibitor (or “anticholinesterase”) suppresses the
action of the enzyme. Because of its essential function, chemicals that interfere
with the action of cholinesterase are potent neurotoxins, causing excessive
salivation and eye watering in low doses, followed by muscle spasms,
respiratory failure, convulsions and ultimately death. Examples of
cholinesterase inhibitors are some snake venoms, organophosphate pesticides,
and the nerve gases sarin, Soman, Tabun, Cyclosarin VR and VX.



[ 0005] During the Sarin incident in the Tokyo subway in 1995, an
incredible influx of over 600 casualties reported to one of the
hospital's Energency Departnment within the initial hours of the
incident. In all, the hospital's Energency Departnent received a
total 640 patients, of which an overwhelging 99.2%did not require
energency treatnent. 82.5 %patients had only mld synptons and
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levels, which limts their application i sudden terrorist incidents

i nvol vi ng nerve_ agents or organoRhos dhorus (OP) inhibitors.
Mor eover, ud8f08ldnAsi S¥pRipsnobehestetiahtesasnand hrssiaehe jasising from mass

pyri dostigm fd T, r | kgl ek Qidal-+ vanh ance. |
degree of bl_lj(;sgﬁ C e(?Idi ggé%tgr&gggggi@nlﬁfﬁﬁntB%egr?]I?@gt %Eﬁél hﬁl@{k% ?@nﬁdd&rﬁte
conpl i cat es dfglalians axpogurgg heskervabageniantherexpxister 8 genuine vaiffimylntis

bol 19 ) o AR S e EAUSRIE Noes 15 S Pos B8R 08 U Ll

mass casual sympiens aaions Ene cureet dibghostioditt for FokyjtoriBg bavayin@aidual's
exposure to nerve agents/organophosphorous pesticides is by monitoring
for a 30% decrement in blood cholinesterase from baseline values. Such kits
include EQM Testmate and automated laboratory cholinesterase assays from
Walter Reed Army Institute of Research. However, these biomonitoring
techniques require prior establishment of the individual's baseline
acetylcholinesterase [evels, which limits their application in sudden terrorist
incidents involving nerve agents or organophosphorus (OP) inhibitors.
Moreover, upon administration of pre-treatment medication, pyridostigmine by
first responders, inter-individual variance in degree of blood cholinesterase
inhibition (10-50% inhibition), complicates efforts to diagnose subsequent
exposure to nerve agenis using blood cholinesterase measurements. There is
hence a paucity of definitive, rapid mass triage diagnostic devices to resolve
similar mass casualty problem as encountered during the Tokyo Subway Sarin
Attack.



Attack. 3 [0007] Anobngst non-exposed individuals, intra-individual
variation in erythrocyte AChE activities could be as nuch as 13%
whil e that between individuals could range from 75-150% of nean
popul ation baseline AChE | evel. These nornmal values are so w de that
it is possible for patients to have substsantlal decline in
erythrocyte AChE | evel and yet stay withi"n the popul ati on nor nal
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whi ch bi nd 1OP eRposart inee colildeit dfiletdlf UREIIE toxid18equela following exposure. In
view of the inherent fluctuations in the level of this natural biomarker, monitoring
of erythrocyte AChE level has serious limitations for diagnosis of low-level OP
exposure, which may record AChE inhibition less than 30% and little or no clinical
signs and symptoms of OP poisoning. Knowing each individual's pre-exposure
AChHE baseline level would assist in diagnosis of low level OP exposure but this is
not feasible in terrorist attack scenarios. The eye's response, on the other hand,
while being more responsive than AChE inhibition to OP, is not confirmatory of
organophosphate exposure as miosis can also be produced by barbiturate
overdose.

[0008] One of the most common classes of cholinesterasé inhibitors are
phosphorus-based compounds which bind to the active site of the enzyme. The
structural requirements are a phosphorus atom bearing two lipophilic groups, a

leaving group such as a halide or thiocyanate and a terminal oxygen.



structural requirenents are a phosphorus atom bearing two |ipophilic

groups, a leaving group such as a halide or thiocyanate and a

term nal oxygen. 4 [0009] Cholinesterase inhibitors are also used in
anesthesia or in the treatnment of nyasthenia gravis, glaucoma and

Al zhei ner' s di sease. Al so such conpounds,are used for killing

I nsects in a range of products including sheep dip, organophosphate

pesti ci des, ar sti.cides. |n addition to acute .poisonin
as descri bed*a gje,eﬁ%&%e?%ceutﬁmg@qrgoﬂfendaq%on&sggt&i%&hﬁﬁ'it{’(o% the’
ment al di st utrbaimesrd of amyastiemia grivis) glaucohrengsd AGpRRerdisgass: USE such

birth defects. The toxic nature of organophosphate, organosulfur and
car bamat e pegmpev%%awa%sqdzﬁrﬂ@'@e\%ﬁ Pi?@gmna?&fwrsa%cg$ fRGhdting sheep

protect peopkp, BhRANcPRGEHHAISHENICRRE! Ad 4B ambi éeét{&ﬁdéédﬁﬁadﬂ?tmﬁt‘é[]dcﬂ&z

occupational exposure to the gestlm de by routinely neasuring the

bl ood chol i nBRiFRRIAE @s| dapelisechpbenen B semirawie PAigoning gheasadterizdsshy #trong
current port k: | t valkl a Test s
cystom T equi Poe CHSARRREE, . BArl ke, SHichrted Bind¥ind S Bl BIrR
basel i ne | evé¢fectthiThei boxivonaiueasif bbrganophxisphate] angandsediar tahdr earbemate

previously n lLatio | N rticular countr r,are nd an

i vi dual noestepss s, Bt fvsal ety EAifembnR 1 prtatineriin e
pr e- exposur ehdrafiesucie pestividésnFsiscinakiges evetitoriag loedupdtRaPbxsesans & the
i f someone is suspected of havi n({E,been eﬁg)gaed to a cholinesterase

i nhi bi tor, tRPEICKENPY JPUtRRly reezUrng: e t ShelinRBisrasehiRyels Bk people

instituted bRfRNinGhEPESHICECA Blirréiti ghreBle SXERERIBMBMHOIAVASME known
waiting for test results of |aboratory tests. As.s\gé)tons of chest
welinddy

ti ght ness arRf hdaRiacest-mate sisygterm.onfasiss pssashogiiddyalact prerexpasiers
resembl e cl idhofifbstel8batbind iefel frﬁffl;rlgﬂS{ RSl NBBLIAR FHAATHER déte

nerve agents, there I's a possik _ nappropriate anti
adnmi ni st r at i RFAVIPUSIMde- feguigkibaired praticulan eountiyeormaree andoammindividual has

treatnments i u ' n ' A ral i doxi e,
and Hagedor nﬂbc%lr(I [ %gjso %éégﬁl Q‘gngﬁ 8@%§%n@ﬁﬁ@?&? lﬁ%ﬂ@éﬁ-@@g{;ﬂq é%gegllﬂg
with chol i mbstiresis@se damel tested. t he bl ood t hrough their actions on
cholinesterase inhibitors or through direct effects on

Chol | ness o1 20871, B0, B IKEIARE RS blpaci MM bR BUAIE S, 8
cholinesterase inhibitor, {reatment protocols dictate that treatment should be
instituted based on appearance of clinical symptoms and without waiting for test
results of laboratory tests. As symptoms of chest tightness and headache
arising from mass psychogenic reaction cases resemble clinical signs of mild
to moderate inhalation exposure to nerve agents, there is a possibility of
inappropriate antidote administration to non-intoxicated patients. The most
common freatments include atropine and oximes. Oximes such as pralidoxime

 and Hagedorn oximes such as obidoxime and HI-6, themselves interfere with
cholinesterase levels in the blood through their actions on cholinesterase
inhibitors or through direct effects on cholinesterases. This can interfere with
conventional measurement of cholinesterase levels in the blood as an indicator
of exposure to a cholinesterase inhibitor and prevent retrospective diagnosis

post-antidotes administration.

[0011] Upon intoxication with organophosphorus (OP) chemicals, these
agents bind rapidly to cholinesterases in blood, and hence intact free agents in



of exposure to a cholinesterase inhibitor and prevent retrospective
di agnosis post-antidotes adm nistration. [0011] Upon intoxication
wi t h organophosphorus (OP) chenmicals, these agents bind rapidly to
cholinesterases in blood, and hence intact free agents in 5 blood
di sappear soon after exposure, causing difficulty in detecting the
free OP chemcals. However, retrospective analysis is nmade possible
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cholinesterase inhibifors as an indication of exposure to the cholinesterase
inhibitor. It provides a kit for carrying out the methods.

General

[0013] Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and modifications other than those
specifically described. The invention includes ali such variation and
modifications.  The invention also includes all of the steps, features,
formulations and compounds referred to or indicated in the specification,
individually or collectively and any and all combinations or any two or more of
the steps or features.

[0014] Each document, reference, patent application or patent cited in this
text is expressly incorporated herein in their entirety by reference, which means
that it should be read and considered by the reader as part of this text. That the



the steps or features. (0014] Each docunent, reference, patent
application or patent cited in this text is expressly incorporated
herein in their entirety by reference, which neans that it should be
read and considered by the reader as part of this text. That the 6
docunent, reference, patent application o patent cited in this text
is not repeated in this text is nmerely f reasons of conciseness
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[0018] Throughout this specification, unless the context requires otherwise,
the word "comprise” or variations such as "comprises” or "comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not
the exclusion of any other integer or group of integers. It is also noted that in
this disclosure and particularly in the claims and/or paragraphs, terms such as
“comprises”, “comprised”, “comprising” and the like can have the meaning
atfributed fo it in U.S. Patent law; e.g., they can mean “includes”, “included”,
“including”, and the like; and that terms such as “consisting essentially of” and
“consists essentially of* have the meaning ascribed to them in U.S. Patent law,
e.g., they allow for elements not explicitly recited, but exclude elements that are
found in the prior art or that affect a basic or novel characteristic of the
invention.



e.g., they allow for elenments not explicitly recited, but exclude

el enments that are found in the prior art or that affect a basic or
novel characteristic of the invention. 7 [0019] Oher definitions
for selected terns used herein may be found within the detailed
description of the invention and apply thyoughout. Unless otherw se
defined, all other scientific and technical terns used herein have
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been exposed fo a cholinesterase inhibitor by measuring the actual
cholinesterase inhibitor in a sample either free or recovered from a
cholinesterase-inhibitor complex to determine if the individual may require
further treatment or avoidance of future exposure. The known cholinesterase
activity provides an artificial cholinesterase activity independent of an
individual's pre-exposure level of cholinesterase. As the detection method
detects any cholinesterase inhibitor rather than the level of blood cholinesterase
the variation in such biood levels between individuals does not factor into the
detection. The method may allow two or more samples fo be measured rapidly
at the same time.

[0022] The method may further comprise the step wherein the agent is
removed from the sample before step (b) filtering any free and reactivated
cholinesterase inhibitor through an inert hydrophilic filter optionally packéd with
insoluble aluminium.



i nsoluble alum nium 8 [0023] A second aspect of the invention
provides a kit for detection of a cholinesterase inhibitor in a
sanpl e conprising; an agent capable of recovering a cholinesterase
inhibitor; and cholinesterase. [0024] A third aspect of the invention
provi des a nmethod of manufacturing a Kkityfor detection of a
cholinesterase inhibitor in a sanple conprising; preparing an agent

capable of r ri a chaolinesterase inhibitor from.a_sanple. and
preparing a ﬁﬁ%\rﬁf négtgg?%% agpy Of‘[a)&?cﬂvﬁﬁ IYh P&‘?V"i'ﬁf?eadf'gxfﬁ"nggfe[:%‘zgf a
Figure 1. Exewghastgrasetinibitsr is mpédmpyle Gatiprisiap afMdeMecapitle BBRcbdithg
for filter to ulrface or, ﬁ-l atformvacuum filtration using 96-well

pl at es. [00‘%8@3 Inegteraseinhipfor-apashelingstef@seéner t hydr ophi | i ¢ menbr ane
filter that allows no "bubbling and splattering” of filtrate to

m ni mi se” crip924F om ird koot Bk MRdnten JrbakeeSmethoki GihSh@hturin
observed at the well bottons after filtration for Whatnman 7700- 33%8
filtration pfibiog detgetien of agifinesterasenhibiiaria\asamplercomprising prepsrage
to avoid cr 2 t &% ' | ' f L ner.t
hyclr ophi || ¢ moapr POk of Peegueid by cletHESerse MnBHGTRLM & et 2R
wel I's. A nudheparingechaliebtepaget om was observed for MIlipore MSHV
Nd5 filtration plate after filtration procedure as no droplets were

seen at the f , Lgure 4: Detection of

Chol i nest er%‘%ﬁ?g B of i ' gent bl ood sanpl e vol unes.
[0029] Figure 5: Regeneration of VX Spiked (40 nM In human bl ood
Sanpl es By \@P2AusFiaure Us&xemplaggeetop avl smallufdcuun] QOBO} dfidywaeuwdn

Det ecti on of ' Labpbi | : rying. ratio
of acetate BTEN BEFAIERERAChGH ey BadirakanRyShe SR BB
Detection of Cholinesterase inhibitor over a range of incubation
duration dul®@Rflt hEigrea ki AatExample Heapeirerhthydropbiiepmedbrag Sigr that

Figure 8. Kgjbpk inBi“BthMinEfgrﬁ]Cépﬁaf?&ir@Q S Kl RSP 50 & ntBmination

of wells. Droplets of liquid are observed at the well bottoms after filtration for

Whatman 7700-3306 filtration plate, which required careful removal of filtration
plate to avoid cross-contamination.

[0027] Figure 3: An example of an inert hydrophilic membrane filter that
allows no cross contamination of wells. A much cleaner well bottom was
observed for Millipore MSHV N45 filtration plate after filtration procedure as no
droplets were seen at the well bottoms.

[0028] Figure 4: Detection of Cholinesterase inhibitor using different blood
sample volumes.

[0029] Figure 5: Regeneration of VX Spiked (40 nM) in human blood
Samples By Various [KF] Used in Regeneration Buffer ‘

[0030] Figure 6: Detection of Cholinesterase inhibitor using a range of
varying ratio of acetate buffer volume to blood sample volume.

[0031] Figure 7: Detection of Cholinesterase inhibitor over a range of

incubation duration during the Reactivation or Regeneration step.



Range of Concentration [0033] Figure 9: Detection of Cholinesterase
i nhi bitor using a range of alum na anounts, packed onto the filter.
[0034] Figure 10: Detection of Cholinesterase inhibitor over a range
of inhibition times with bl ood sanples spiked with 25nM 50nM and
75nM of chol i nesterase i nhibitor. [0035]9 Figure 11: Detection of
Chol i nesterase inhibitor using a range of washing procedures on the

| mobi | i sed inesterase E after_th i nhj bition of

o |1 sed (0P ndapBieBe o deaflord: ElREs, of AsPleiiinfriomse Over a
filtrate. [ORafge bf Quneentratioef fects on | nmobi i sed Cholinesterase
Activity by a range of wash buffer conmponents. [0037] Figure 13:

Det ecti on of i nesterase_inhjbitaor_over range .0f incubation
duration durﬁoﬁggi h '%'I"E?og: 3?@?8%'9{' e@ﬁﬂl@é%rﬁ?ﬁ Sg@%_tor[ 889 @ Hiagde eOf
14: Det ect i oflupfindAablumespRkas onidheliteer over a range of varying
rati o of Saturated Ammoni um Sul phate (SAS) volune to bl ood sanple

volume and f | ed. w th al um na:- packe atman 77Q00-3306 filtration
plates. [ op@@%if:i Figwe146: HaradicRost dhagriere EINIRIOT | ONRT bR 1 'BYRL Ofa
varying rat iighftion time¥ Uith™BidoR SAMBksVadiket® vihd 25hit HoRth BREOPSHM of
alum na and an inert hydrophilic nmenbrane filter in this case a

M1 1ipore NVSHQlingsergspithibiibn pl ate. [0040] Figure 16: Limt of
detection (LOD) of the Cholinesterase inhibitor Sarin at a range of
concentrati enest hNEd by ' i d | &S
using an exgorrg?gfr y%ﬂe F%O%f@?%ﬂépemf?%eﬁ?%a%@g?h Fé?re?t'si;ﬁgna(r%?g? (gf
t he Chol i nes¥ashing: pregrdsiresoronvihe dnmobilisege Chplinasterene r Gnysrss afer the

chol i nester enhi b ' ' ' :
cxerl ary. kOB o hoSBicheend fsiepaa By 28R ETed'Saf Kiient im he
Chol i nest er déteatenhi bi tor Tabun at a range of concentrations of
chol i nesterase inhibitor spiked into blood sanples using an

exenpl ary kug%%é]ooﬁ?durgiﬁ‘:”ﬁfe}% oPrhinBbRBY BholiftSH2Ee ALV bY Wrange

effects Bet

of wash buffer components,

[0037] Figure 13: Detection of Cholinesterase inhibitor over a range of

incubation duration during the biood protein precipitation step.

[0038] Figure 14: Detection of Cholinesterase inhibitor over a range of
varying ratio of Saturated Ammonium Sulphate (SAS) volume fo blood sample
volume and filtered with alumina-packed Whatman 7700-3306 filtration plates.

[0039] Figure 15: Detection of Cholinesterase inhibitor at a varying ratio of
SAS volume to blood volume and filtered through alumina and an inert
hydrophilic membrane filter in this case a Millipore MSHYV N45 filtration plate.

[0040] Figure 16: Limit of detection (LOD) of the Cholinesterase inhibitor
Sarin at a range of concentrations of cholinesterase inhibitor spiked into blood

samples using an exemplary kit.

[0041} Figure 17: Limit of detection (L.LOD) of the Cholinesterase inhibitor VX
at a range of concentrations of cholinesterase inhibitor spiked into blood

samples using an exemplary Kkit.



"Fl uori nat ed- Tabun" and Tabun. [0044] Figure 20: Calibration Plot of
% | nobi | i sed AChE Activity vs [Fluorinated Tabun] [0045] Figure 21:
Sensitivity of cholinesterase inhibitor detection using an exenplary
kit to detect a range of concentrations of cholinesterase inhibitor
spi ked into bl ood sanples in conparison wf h conventional kits for
measuring a decline in cholinesterase enZyne in a bl ood sanple.

[ 0046] Fi gur A B: The effect o r | actic.drug on the . .

det ecti on of ?g\&%@hoﬁ%&t At {]pg{epﬁt?rp\xﬁtf)ﬁ)ftogethﬁe@%@%ﬁerg%|nh|bitor
i nvention. THabph@PBYbAGS bF colideditraioneiie blihdstarasanmiBitdiefpieR! into blood
possi bl e exposure to a cholinesterase inhibitor. [0047] Figure 23 A &

B: The effecta@ples usinghamexemalanykibn det ection of a cholinesterase
inhibitor with the nmethod of the invention. The treatnent drug is

added to a s ofiglfe PA9S Diffc@NBAS UnAGHE CRAMLIBRS &f
i nhi bi tor. [0048 igare 24 A& B GC NS (El) CrNBIEHOR | Shetts | Between
Standard in @B@Wﬂt@‘gﬁabm g¥dTatever ed i nhibitor in Current test

kit Filtrate, in SIMMde (B). ldentity of Recovered Inhibitor is

Det er m ned t goaqa) SatigirdYed: he efd|ot | NS rr(.,.FB A Bdivi
whi ch are refnr esg]ant a:Pi (/e of sgﬁﬁﬁﬁﬁgregt aggnAf_l %%@ﬁe‘ﬂg:?\gure %%tgwty vs
Cal i brati on Hilyarirekrdai®in]f rom GC-MS (EI) Analysis of Various Sarin

Standards of A Range of Prepared Concentrations [0050] Figure 26: An
exenpl ary m foas) atﬁ%gﬁgﬁ?!‘ Sehsttiliy bF %ﬂéfir‘iegf@ﬁ?e irﬂﬁgi&ﬁ(:&@cgc%c% gsalpg an

| aptop for controlling data acquisition and Interpretation
for use in dexeeplaohkibfto glededtresargaoé conbersiations dfociadingsteiagariehiditor

An exenpl ary_[} i i i [ r e in. detectiaon of
chol 1 nest or 2SekeHRREbloB Sabnplbs [ B5HiSaREN W hyestelliha Mg MFirESag ot
bags used f odedliae inuokdlinabierasecénzymmeniohi blosédamiblal. i nest erase enzynme on
its stability at high humdity and anbient roomtenperature of 24C.

0053] Fi 1 f - is. P i | ; trat .
concon tan [R048L, Fadret AR XS e Giidcs oF B efonry iR bAivfe Bfestion, o
subst rat e ancholinbsterasgémhipizarkwitie tHeembtreidt dfdhe invehbien.f Tleeg@phglactic drug is

I yophi |1 sed éi&%dvtg %uéjanrﬁple before possible exposure to a cholinesterase inhibitor.

[0047] Figure 23 A & B: The effect of a treatment drug on detection of a
cholinesterase inhibitor with the method of the invention. The treatment drug is
added to a sample after possible exposure to a cholinesterase inhibitor.

[0048] Figure 24 A & B: GC-MS (El} Chromatograms of Sarin Standard in
Scan Mode (A) and recovered inhibitor in Current test kit Filtrate, in SIM Mode
(B). Identity of Recovered Inhibitor is Determined to be Sarin by the selected

ions m/z 125, 99 and 81, which are representative of sarin nerve agent.

[0049] Figure 25: Calibration Plot Obtained from GC-MS (El) Analysis of
Various Sarin Standards of A Range of Prepared Concentrations

[0050] Figure 26: An exemplary microplate reader in its transit case
connected to a laptop for controlling data acquisition and interpretation of data
for use in detection of cholinesterase inhibitor.

[0051] Figure 27: An exemplary Diagnostic Kit with accessories for use in
detection of cholinesterase inhibitor.



seal ed. [0054] Figure 30: An exenplary results tenplate from an
exenplary kit for detection of cholinesterase inhibitor. [0055]
Figure 31: An exenplary data entry format, where the results for each
i ndi vidual will appear next to nanes, as the results data are
automatically linked to the tenplate in ﬁgure 26. Detailed

Di scl osure of the Invention [0056] A first aspect of the invention

provi des a detecti the esence of an appunt of ,

chol i nestera éggﬁhl EIQL{SP 28n ﬁ@oﬁiﬁﬁ%ﬂ bags; weed tarepreugm-sgalipg of
contacting th@nfdmeke c%ﬁﬁés@ﬁ?a@@@ﬁ‘iynﬁ‘@@ﬁ%%téﬁlht?%?ﬁ!;ﬁrﬁdﬁﬁidﬁwnd ambient
cholinesterase inhibitor in the sanple; acting any

reacti vated re¢mitemestadrasé 2¢thi bit or from step (a) wWith a
chol i nesterase wherein the cholinesterase activity is known; and (c)

nmeasur enent ?ﬂoﬁ]e Fiddiré 298 1534 ﬁ%ml?&%'l*’ﬂoﬂésté? ﬂ@ts%g?ré‘t’é éﬁl?cc;/ncomltant

i nhibition of cholinésterase act’ vi nown activ
[0057] A sanpgactieny obeha bycimkygedasulwm ewitucthramogebl &ndsuipstea;aaand

exposed to ac g, ppdtdielof el H HE bRt o NGPHEICEH vpouum-

could be in sbaledange 1 to 100pl or nore preferably in the range of
15 to 50/pl or 20 to 25/ Al or nost preferabl y 20p1l. The sanple coul d

be taken fro i 0 inge ith a,.

| ancet wher eanO%t er%bg{)@ga Q{' %??W@W’éegﬁktﬁ Plﬁ% ﬁﬁlﬁ' %éy"‘é’r% kftrfmé
capi | | ary sudbteaomohehutinestermed itapitdrl ary. 12 [0058] The agent
capabl e of recovering a cholinesterase inhibitor in a sanple

corrprisesa vty towar ds_phosphyl, noi.et.ies su age

i ncl ude an ctl 5/ 'E'P%"ée gﬂ%e %FP%R/O&?I%W fagn?towﬁe@ratﬂ%g?ﬂ&ﬁgach
i ons, Magnesindividuehsill a;ﬁﬁa&héxtitom&mé\sﬁ, ak ¢he s dARPIIEraLkEhatcaliy (ikab
copper sul phates .inc chel ates, and the |iKke.

Concentr at i oﬁ’st?‘Sfte"PP ggg‘ﬂfre%%fher ions may be used in the range 1
mMMto 2M Regenerating a cholinesterase is best done at an acidic

pH. Pot assi uDetaileddisalasrel of tielnvEhtion NaF) may be used preferably
acidified by an acetate buffer. The volunme of acetate buffer with

respect to tfa%SG] A first aspect of the invention provides a method of detecting the
presence of an amount of cholinesterase inhibitor in a sample comprising the

steps of: (a) contacting the sample with an agent capable of recovering any
cholinesterase inhibitor in the sample; (b) contacting any reactivated
cholinesterase inhibitor from step (a) with a cholinesterase wherein the
cholinesterase activity is known; and (c) measurement of the cholinesterase
aclivity to determine the inhibition of cholinesterase activity from the known
activity.

[0057] A sample may be a biological sample such as a blood, plasma, urine
or other body fluid of an individual that may have been exposed fo a
cholinesterase inhibitor. The volume of the sample could be in the range 1 to
1004t or more preferably in the range of 15 to 50yl or 20 to 25ul or most
preferably 20ul. The sample could be taken from a simple blood test suéh as a
finger prick with a lancet wherein the blood is then removed from the puncture
site in a capillary such as a heparinised capillary.



sanple volune is in the range of 2 to 6 or nore preferably in the
range 3 - 6.5 or nost preferably a volune of 6.5. [0059] The nethod
may further conprise the step (a.l1l) wherein the agent is renoved
fromthe sanple before step (b) (0060] A cholinesterase is an enzyne.
There are two naturally occurring cholinesterase:
Acetyl chol i nesterase (AChE), and Pseudoch@l i nesterase (BChE or

BuChE). Ther veral .cholj nhesterase enz S conmer.ci.a
oval L abl ot SO DTS PGent eiRhe B g A oet e ha anip asample
cow, el ectrieomptises arEsdivRy thairds thiﬁj'hyﬁmﬂé?iéﬁ%ﬁbﬁ%n%@@ni Hx%y';r‘sd&‘ﬂie an

The cholinesterase used may be from any of these sources including
non- human an@cti@naite $b@rcesimer ﬁé flugride |'%Péﬂ%§ﬁb¢1@y10@58éﬂ&weﬁlﬁé‘l ions,

active pepti @%bﬁ@%@é"eﬂfckﬁﬁ pet 485 3G [ch08s L?&)?R:sruf%hgtes including

chol i nesterase 1 nhibitor I nesterase rray
dehydrat ed &gppdficheralgs,iancr tbl&§$el Constrdtations fof fluttde @h@lthere'smemdae

furth
Mo ease i t s SgorklrTINE Fond M o BH R eridfarthe s PAnsfiasq s peTilone ot an
nacr onol ecul asidiceyH bRofaksiamdooyediuihRioridene®i bi Ka) et b@@%b@rp?@féralbﬂy
referred ortBRd NN AeAe: BHTEr OIS HAHIE FracsiRle el it gRoRdss 1o the
filter all OV\@ﬂnbi@aﬁﬂurﬁ@@m tﬁb%h?@&f 2@ 8% MBidprleferabl if W ?eﬁ'fgetshet? 5

chol inesterase. Desirab |ter is an inert hydrophilic type
filter to re‘P"aEF‘HStlﬂ'B@tﬂatﬂYétV@i‘H%eOfrﬁé filtration may be |eft unaided,
punped or vacuumfiltered through to the correspondi ng detection

sites. The n@bg}i Fnet MethoaanRy v&%rfcbmpﬁéér@@e gtéptc ewhéf@{mlh@%gen is

si mul t aneou and preferably 96 sanples are fil tere Si mu aneous
13 The vacurtﬁ’ﬁiqyﬁﬁﬁr%ihecﬁﬂmlﬁ@@eﬁtfe§ gr(®3sure of at 10Hg or nore for
a duration of about 1 mnute. [0062] An inert hydrophilic filter is

a filter thapose] | m@rcholﬂ{esﬁé?ﬁé‘é %'drﬁ’eﬁ?ﬁhét?ﬂére' Bre SREEABRAT ddtlrting
may include a small anount of lon o < or other inert
&é @da

subst ances b@hollﬂfé%te@@emﬁ@ﬁybhahnaster agsul pé Rseudeshniinesierase (RehEr
through the §i éé@ﬁE) Arh'évéjfa@eévérﬁl % dhh@%te\%stehOr%ﬁ%dc%%agﬂyv\é\}éilable

al  ow aqueous sol utions to pass rou W th
preci pi t at edypFalbd freroeeinma or nfarise sources such as horse, cow, electric eels,

recombinant, other erythrocytes and the like. The cholinesterase used may be
from any of these sources including non-human and human sources. The
cholinesterase may also be the active peptide component capable of interaction
with a cholinesterase inhibitor. The cholinesterase may further be dehydrated
as this may increase its shelf life. The cholinesterase may further be
immobilized (ImmAChE) on a support as this may increase its shelf life and
portabifity. A protective layer of macromolecules may be placed over the
immobilized cholinesterase to enhance its stability in the presence of high
humidity.

[0061] In a preferred form of the invention the sample if passed through the
filter allowed reactivated cholinesterase inhibitor to contact the cholinesterase.
Desirably, the filter is an inert hydrophilic type filter to retain blood proteins. The
filtration may be left unaided, pumped or vacuum filiered through to the
corresponding detection sites. The method further comprises filtering multiple

samples simultaneously and preferably 96 samples are filtered simultaneously.



agent to pass through. Sone exanples of an inert hydrophilic filter
conprise N trocellul ose nenbrane such as those with a 0.45pm or

| arger pore size, PolyVinyliDene Fluoride (PVDF) or

Pol yt et raf | uor oet hyl ene (PTFE) such as those with a 0.45pmor | arger
pore size that are at concentrations thakt,are hydrophilic in nature.
The agent is best renoved fromthe sanple as it may react with the

chol i nestera ' lng with detection an tjvat ed .
chol | nest or abte VAt BBy b 1584 BER oP sl ooV E Sitopredios acuation
and i nhi bi tiafraboiay misutencreased with | owering of pH As the
activation occurs at an acidic pH it is inportant to renove the

agent such or,i de_i on L th_an ine rophilic, filter. [0063]
The ti1rer rRgbak°BaRel AifohincBPusichier ditis BbtasipamidY erbagtn
beads conj ugaingsl cubdsthad wEyNintRIIEra hidl dhourdt! of Feflolaroydid radifer rt
i ke. The H@ol ubl e alum niummay be in the range of 0.5 to 0.075

when 20pl ofSUegiaires hut npfesp dRuGH thatpit sraildgpguce, theanevamentos! waker
to 0.0759 orhiRgh tﬁéqnt%ﬁa&'r?ydpo@nié firdd: hipd tpﬁﬁﬁedléﬁﬁniﬂﬁrwiﬁgﬂgmpé%ueous
e .009%g to

sanple. This may be extrapolated to infer at a range o
0.0075g of isedsopdiie pasarfhriugh withowellowéng peacipiigtedoblood aprpteins Thirse

furth Luoride i o f the .
mxture. TSRl pa iebfigh. b, SIES ol pl b FubRibbu! s dferise
chol i nester dfitrodelbldset mermdnahd Isecle hasl thoset witha se ORESEMN @r i [afyebi fdre rsizy,
necur at o derafEMIe, BRERncHhAY of sedietnisroanepg BT Siraich as
met hod may fthodehedth cpOp45e8 o |@fg%rﬁ§tmﬁrﬁm &b&ﬁ)&mﬁ:@_rhﬁirﬁtidﬁbemat are

a) . IS may 1 nvolve

chol i nester%sg aghii Vity iIs r%asure before step % [
measuring tWROPONGIN HEdyEr dSe 20aNtJs Bpshesmeeed fromsthensaBRieads tnen
any sanpl e resdtl Withd the holuErac80lintBASHR 2Rkn 2abiattiby _BRPL ACBYatbs
referred to as the maximal 14 cholinesterase activity. The known
chol i nest er &8elingstargse {phibilen Preride nscandrbibits sbelinestarase andiinkyjibition
I ndependent M RaTe FAVY ' - = f ' . :
As the det egﬁyp%@%ﬁggébﬁﬁsigﬁlggﬁgn$é§§?\:é\}§?ggﬁﬁgﬁiOncggtggéﬂaés}ga&a{caaq}
i nhi bi tor pids Emportant keremaverihe lagentswh asf flugridedoshweith aednart hydrophitic
variation iggguch blood |evels between individuals does not factor
into the detecfion. The

[0063] The filter may be packed with insoluble aluminium compounds such as
beads conjugated‘ with aluminium or alumina, aluminium oxide and the like. The
insoluble aluminium may be in the range of 0.5 to 0.075g when 204l of sample
is used or more preferably in the range of 0.5 to 0.075g or most preferably 0.1
to 0.15g are used per 20u! of sample. This may be extrapolated to infer that a
range of 0.009g to 0.0075g of insoluble aluminium can be used per 1ul of
sample. This may further remove any free agent such as fluoride ions from the
mixture. This may ensure the interaction between the reactivated
cholinesterase inhibitor and the cholinesterase has no inhibition or interference
from the agent such as fluoride ions which may affect accurate detection of the
cholinesterase inhibitor,

[0064] The method may further comprise a pre-measurement step wherein the
cholinesterase activity is measured before step (a). This may involve measuring
this cholinesterase activity before it is in contact with any sample resulting in a
known cholinesterase activity that may be referred to as the maximal



chol i nesterase may further be washed with a wash buffer such as a
phosphate buffer before neasurenent of the cholinesterase activity
before step (a). The contents of the wash buffer may require the
presence of non-ionic surfactants to stabilise the inmobilised
cholinesterase activity. The pre-neasureggnt step to determine the
maxi mal chol i nesterase activity nmay conprise a chronogenic assay

m xt ure conppl si ng. S J at u as haoline, for .ex le .
acetyl thioc hé*cﬁwgg?ﬁ%&%%ﬁ%@yfpét ﬁlﬁ%%’ho‘(q?oﬁ@?ﬁﬂas&c@P&Y‘ﬁ’hﬁ@%’?‘loﬁ’ rPH’geS a
i odi de (ASChehglinestecase cbtivityogeiependentasf San individual's pre-exposure level of
oy e neo <SR RPRE LB e oGP Ebgk ek o (el oSS
assay nay beinppitbPprERenthtRI £ hel IR BldddecHRnSdtErABANE REHARIN i sdkh
pH 7.3 to 8.0. The cholinesterase activity nmay be neasured

spect r ophot oged lexelsy betweennh dndividyalsotlogs oneto fadton rinten dher egteetion. y The
at 412nm whege | 324, ' e

chr onogen or‘ﬂ‘g)(,)I ge};%ﬂ]@rﬁﬁ %r@%@é{rﬁﬂégh% r%o%\eo%%h gqlﬁ*gaﬁtshgh Hgl angrr]lp%phate
net hod, for kufterdeforsi Neasurimenbmfdhe chedidesteras@hactivitprigdorenstep (a). The

absor bance er m.ne ith kinetic,.reading with the.rat |

e change ranigfs BEURLBREIE BB Bab cpalite rechBeBed bl Oo-Pris Sifastarts o
enzyme, calstabideetheuphmgbitiserl EholimesieeasabbnityaMieC pishisarentdlGhdp to
The net hod further conprise rotein precipitation ste efore
step (a.1) RFEIG HAgrmeERArtholnPYRiESs: aChly May cemiries & sPromegenic
or preci pit ajsgay OHfixthfee dOhPriBINGS . aTRALSIAAE FBY¥h | B! H@holhd, T & .example
phosphat e, sul %a’ge acetate, chloride, nitrate, thiocyanate or
ammoni um suIﬁﬂ?&'f@!ocﬁ'ﬁl@%(@?rp@ot‘?@&fwlﬂ'&@qw“e’nﬁﬁ/a%v@l@@l%ﬂﬁt'@@d%dPtSChD;
SuCh 2 Sat it 8CASTBALY RLek| 5 &-GifSkisThArilrizoo Y (BTRS. or 4.4-

endogenous proteins | ncl udi ng prot el ns where sai
i ncl udes bl stibiodimyriginesor pyfdies afisulphide (ERR)i e &dDichoréindenhenak ¢OPIP).

i nhi bitor fr tnl;%r ' ' ] e ' |
t he bl ood sanp aeé.sléx alg%ﬁ%r?cérﬁ‘?e?a t C%Ylﬁf'gte |r%tbf%%)%#g%%g¢&ﬁ§ éf% H
vol unes wi t /.3 &s88cThe cholimnestesass betivity Innaebe measuedpspefcaophdtgmietricatie in
range of 2. o] o) ar 51to vol umes _or st pref y. i
the ratio 5%1é Jgﬁ%%e$%$§§apupi?@8 gaﬁ?tprfagerggtﬁpgteﬂ‘lggm 'I'E‘?“?‘rj:ﬁﬂg% 'Eaﬂ“a
i ncl ude any chtdresgeat or 824 hidse FDPriottes rhramdye of 80Bn@Swhere DPIP is the
uItra-fiItraEion etc. . . . .
chromogen using the Ellman's method, for example with a microplate reader.
The change in absorbance may be determined with kinetic reading with the rate
in the change in absorbance being correlated to the activity of the enzyme,

calculated using the Ellman equation and constants.

[0065] The method may further co.mprise a protein precipitation step befare
step (a.1) wherein high concentrations of salt are used to salt out or precipitate
out the proteins. The salt may include, citrate, phosphate, sulphate, acetate,
chloride, nitrate, thiocyanate or ammonium sulphate. The high concentration
may be a saturated salt such as saturated ammonium sulphate (SAS). The salt
may remove endogenous proteins including blood proteins where said sample
includes blood. This is to prevent the reactivated cholinesterase inhibitor from
further interactions with any free cholinesterase in the blood sample. A
saturated Salt could be in the range of 1 to 10 volumes with respect to the
sample volume or more preferably in the range of 2.5 to 7 volumes or 2.5 to 6

volumes or most preferably in the ratio 5:1 volume of saturated salt to sample.



[ 0066] A cholinesterase inhibitor suppresses the action of a
chol i nesterase enzyne such as acetyl cholinesterase (AChE), or
Pseudochol i nesterase (BChE or BuChE), also known as pl asna

chol i nesterase. Cholinesterase inhibitors include nerve gases such
as sarin (GB), Soman (GD), Tabun (GA), CM losarin (GF), VR and VX,
sone snake venons, TEPP, DFP, organophosp ate pesticide such as
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on aI pl ural |¢!"plméstemspl ahilsifor t ise reptiee t anek. in ;éh:samlpﬁ&y dwta?imng natueally
r n trat

iggr ?:I gg a %}@B?gﬁfﬁsﬁ'k'sfl?ﬁ @fe?y }Neg%g] IaF?’ﬁ’S I O gﬁéi!‘g?lﬁrt? Rer

conpri ses arbdumhltblthe(bhoﬁﬁ@ﬂaré‘é?e Ehz{Rb Ok enisst Dl re(a@ﬁvdf@tﬁbﬁké@éﬁé@ated by

activated chglinesterase inhibitor 1s left to inhibit the
chol i nest er F4FUPHIY albRit intefastion rheiweer dhenpholipesiesan) iphibitep agd

mnutes, or chHaRSéstéa8hdf MR samfé. S mnutes to reduce the detection
time or 15 mnutes to achieve better inhibition. The inhibition step

may optional | ﬂ Bnduct ed on a plurality of sanples that may be 2
or many nor do g’ﬁ h egf@ﬁP%VBéﬂO@eQM@<Fh0dwa%teranamh[baﬁevqurtmfecwmw AHy
further conmrdubRtion YR betBreS4t8p (4.2) i %heesﬁ @Hee%aﬁ?@e i flcu Efé%rt%b?thbpﬁntg r

i mobi | i sed cholinesterase is washed er_euc as sa
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buffer for anywhere between a few second to 1 hour or more preferable 3 to 40
minutes, or.most preferably for 20 to 40 minutes before it is filtered and or
addition of a saturated saif solution. A sealing tape such as an aluminium
sealing tape may be placed over the sample during the incubation step.

[0068] The method may be used on a plurality of samples at the same time.
This may be 2 or more samples or many more such as 96 in a 96-well filtration

plate comprising an inert hydrophilic filter.

[0069] The method may further comprises an inhibition step (b.1) before step
(c) wherein the activated cholinesterase inhibitor is [eft to inhibit the
cholinesterase for about 1 to 20 minutes or more preferably 5 to 15 minutes, or
most preferably for 5 minutes to reduce the detection time or 15 minutes to
achieve better inhibition. The inhibition step may optionally be conducted on a

plurality of samples that may be 2 or many more such as 96 in a 96-well plate.



Pol yoxyet hyl ene sorbitan nonol aurate Sol ution or Tween, nore
specifically Tween-20 or Triton X-100. The washing step may be j ust
once or it may be repeated 1 to 10 tines or nore with a m ni nal
effect on detection of the cholinesterase inhibition. [0071]

Measur enent of the cholinesterase activigé to determ ne the

I nhibition of cholinesterase activity fromthe known activity may be

done with a nic .assa Il xture caonprising: a s aj e such
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chronogen such as 5, 5'-dithio-bis-2-nitrobenzoc acid QDTNB), or 4,4-

di t hi odi pyr i 8 nkhasPhalg: iRufiee eerfainiila @ p@BRNIG surfactant such "as  Triton,
s o oo FISSRIARNd By e SRl otk gn e ety

tenperature to"3 opt
chol i nest er aswear£0von TritomyX-160nEhs wastingpstepr mpy dieojust oncalor yt may be

chr omogen or ™45t By 40 SRRy B e b B guaRbha Fu. kit o e

t he chr onpgetwlinesterpsehiehibitibnan' s nmet hod, for exanple with a
m cropl ate reader. The change in absorbance may be determned with

ki netic readj i the rate..in the change in.absaorpbance bei.ng. ..
correl at ed tt?ta? w i@gqs\yﬁ@e%troftth% céﬁlm%rag%gpt&vgy ?gﬁpqﬁg'f%@?%'%b't'on of
El | man equat ¢hainestarasenstiaint fromTiheSkrivi dd':ﬁ\)j‘t%/irﬁa)t be’RioneARER B SshrdBo§éiec
known cholinesterase activity to determne if there is a change in
the acti vi ty‘?ssﬁycrl’?aﬁﬁg FHMPHANGh S| FuRstrals stchaas | ¢/ighpline Halk H‘gr Exemple
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i nhibitor. [0072] A second aspect” of the invention provides a kit for
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Recoveri ng ahombgeressiagahe Eibndiestmethod, for example with a microplate reader.
The change in absorbance may be determined with kinetic reading with the rate
in the change in absorbance being correlated to the activity of the enzyme,
calculated using the Ellman equation and constants. This activity is then
compan_’ed to the known cholinesteras_e activity to determine if there is a change in
the activity. A change in the cholinesterase activity from the known activity may
indicate exposure of an individual to a cholinesterase inhibitor.

[0072] A second aspect of the invention provides a kit for detection of a
cholinesterase inhibitor in a sample comprising; an agent capable of recovering
a cholinesterase inhibitor-cholinesterase mixture.

[0073] The agent capable of recovering a cholinesterase inhibitor from a
sample comprises a reactivity towards phosphyl moieties such an agent may
include an active site of an oxime or fluoride ions, Magnesium ions, Cobalt ions,
Nickel ions, Metal saits such as Ammonium Molybdate, copper sulphates

including copper kelates, and the like. Concentrations of fluoride or other ions



done at an acidic pH Potassiumfluoride (KF) may be used preferably
acidified by an acetate buffer. The volune of acetate buffer with
respect to the sanple volune is in the range of 2 to 6 or nore
preferably in the range 3 to 5, or 4 to 4.5 or nost preferably a

vol ume of 4.5. [0074] A cholinesterase iq an enzyme. There are two
naturally occurring cholinesterase: Acetylcholinesterase (AChE), and

Pseudochol i n erase (B or B ). ere are, several, .

cholinestera atyerﬁsmé '%Eﬁéﬁeg%ﬁﬁy‘%§9£@aheéov?rw @ ng”?’?t%ﬁsﬁdﬁ hgst
or narine sodogeat aneickspHOPSRssiaMViudtide(KF) tnHebs uséd PRSferably acidified
erythrocytes, and the |i ke, The cholinesterase used may be from any of

these sourcg¥ aprﬁﬂ%?rﬂ‘ﬁﬁbnmﬁJWHm&pr ighele Didler with respect to the sample
chol i nest er agQumYis iRk&Or e;d?ezc O?b'r%r@%@?&ﬂ%frﬁlhetﬁﬁg%%fovﬁ &k

capable of interaction wt I nesterase I n tor.
chol i nest er a4é arayostprefreabibe velemedefA.8d as this may increase its
shelf life. [0075] The cholinesterase may further be immbilized on a

support as tfioa) MY hBRIGASEsE S ANEhbyhk! FHBRA RO hAdtaly dlmin
support may be glass or polyner conrprl)él ng a pldrality o & T
sites that nefiolipesterase: Aoetyichelinastérase ACkIs), and Pseayochutinasterase! (BEHE
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a biotin- coa?%@'g%‘wg%??d %%%Eﬁe'a %Pgﬁinﬁﬁ S HSYbMAY be frat aay ghihese
have a chol i siefdey RRRIGINGPBNHUPRM BRd HUiRar® WRBRids, WiHd 8holinesterase may
chol i nester aﬁef; Eél di n/ streptavi di ne conj ugat e bi ndi n% to biotin.

[0076] The Ki't0 REVNE RePHd? cempppprieofihg Adivarsiy wrrblesefl intarastion) wity 7]
The kit may dHelikd\RErag8TRHibRS. CTHOMRSIRBLErds® g?gﬁ;@%ﬁ&yﬂ%t% as this

substrate reagent and a chronogen reagent. T onogeni ¢ reagents
may furt herM@eingeasgrtstsb@ll iiR. buf f ered sol uti on may further be
provided to reconstitute the dehydrated chronogenic reagents for use

inthe fiel ,(tooié]07$‘herh%iiﬂfé§ter‘5§%l maf fuiHler GRMMAhESIAdHh £ 660t hY Ithigh
such as saline or phosphate buffer” contai ning a non-ionic surfactant
such as Tri ey Ingpeaspdisyaielfdife gne pertabifityi The swopot maydie glBss or polymar

Tween, mor e JRefrisigCa plifality of detection sites that may be 2 or more detection sites
and may include walled columns or tubes, or welled plates such as 96-well
plates. The support may comprise an element that facilitates immobilization of a
protein, such as biotin, amino surface, an activated surface for covalent binding
or other such methods known in the art. For example a biotin-coated support
such as biotin-coated 96-well plates may have a cholinesterase immobilised on
the support via a cholinesterase-avidin/streptavidine conjugate binding to biotin.

[0076] The kit may further comprise a saturated salt solution.

[0077] The kit may further comprise chromogenic reagents comprising a
substrate reagent and a chromogen reagent. The chromogenic reagénts may
further be dehydrated. A buffered solution may further be provided tfo
reconstitute the dehydrated chromogenic reagents for use in the field.

[0078] The kit may further comprise a buffered solution such as saline or
phosphate buffer containing a non-ionic surfactant such as Triton,



Tween-20 or Triton X 100. The kit may further conprise a
spectrophotoneter such as a mcroplate reader. [0079] The kit may
further conprise a vacuum punp, and a vacuumfiltration manifold.

[ 0080] The kit may further conprise an 8 channel pipette, pipette
tips, safety lancets, capillary tubes s as heparinised capillary
tubes, an al cohol swab, a plaster alum ni'umsealing tape and or

di sposabl e glpyes. [0081] The kit fur r. conprise a mcropl ate
reader and oer Oiyqxg%thg ne T%’ggﬂ r’g\cﬁ%’yrayeag&i(gpnogpt NS\ RHE 3ﬁecnllcally
provides a mewWeh-2I onBrithak 100, Thedkit Kal fleherdedmside0n spbeophotometer
cholinesterase jnhibitor in a sanple conprising; preparing an agent
capabl e of r SUEN 8P RARICEORABI®3M er ase inhibitor froma sanple and
preparing and stabilising a cholinesterase on a support or platform

[ 0083] Pr epafdov®] anTiRarid maRaRbecahpfiRCeVaEIRE pRnf) @niEA&RILAS Rliration
inhibitor froma sanple conprises nmaking a 1mMto 2M sol ution of the
agent havi ngmanifPldactivity towards phosphyl noieties such as an
active site of an oxine or fluoride ions, or nolybdite ions,
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copper sul phates incl uding copper chelates, and the
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conpri ses packing or malntal nfng the "chol'iTnest&rase in a way that it
may be stable. This may include fresh isolation before inmediate
use, refrigel@8ilbn T Kitrsay &urther compeise aehigthplate oeaderiamdwisial lagtapi on
and or vacuum packagi ng. The chol i nesterase may further be
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known in thg[gﬁg%]_ FRLp&H B SanP c8hhble CHAESSHIRPS dhofiédledRe inhibitor

bi oti n- coat
from a sample comprises making a 1mM to 2M solution of the agent having a

reactivity towards phosphyl moieties such as an active site of an oxime or
fluoride ions, or molybdite ions, Magnesium ions, Cobalt ions, Nickel ions,
Copper salts such as copper sulphates including copper chelates, and the like
in an acidic buffer. The agent may be a Potassium or sodium fluoride (KF or
NaF) in an acetate buffer.

[0084] Preparing a cholinesterase comprises packing or maintaining the
cholinesterase in a way that it may be stable. This may include fresh isolation
before immediate use, refrigeration or freezer storage, dehydration,
immobilisation and or vacuum packaging. The cholinesterase may further be
immobilized on a support as this may increase its self life and portability. The
support may be glass or polymer comprising a plurality of detection sités that
may be 2 or more detection sites and may include walled columns or tubes, or
welled plates such as 96-well plates. The support may comprise an element
that facilitates immobilization of a protein such as biotin, amino surface,

EDC/NHS, an activated surface for covalent binding or other such methods



wel | plates may have a cholinesterase i mobilised on the support via
a cholinesterase-avidin/streptavidin conjugate binding to biotin.

[ 0085] To immobilise cholinesterase on a support or platformthe
chol i nest erase such as an Acetyl cholinesterase (AChE) is coupled to
avidin or streptavidin nolecul e using afﬁonjugate that cross-1inks
to free amno groups of the proteins such as glutaraldehyde (&A) .
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sodi um azi déC. The pr ot ectlve coating may be placed onto the
i mobi | i sed enzyne for to 6 hours or preferably 4 hours at coI d

br o1 ect i ve. L t“'9°'f°%%€ Ploubt® o 1 Bfes B Plafody 0EiiRg the

chol i nest er anmobmyed)ehdlmeﬁthrm&mdyobe @mhrptiemtlyepNahh Meafcompnsmg a
12 to 48 hours efer lré?18to 32,

tenperature -40C for

hours or mgg{fer é TP §UStu 3R RRIDS pﬁ%ﬁ‘%‘o gt SBM@ RS Aafen-ione

[0089] The stidhctamisswshaas Trton, bRolsbryedilishisl @orbiReUmBhalBautdte BBt Br

to prevent_the fast de ?.da“ n of the enzyne activity. The vacuum

may be Tween, more specifica ween-20 or Triton X 100 and or BSA. This may
remove unbound cholinesterase. The activity of the immobilised cholinesterase
may be determined for quality control and may then be washed further to

remove traces of the activity assay mixture.

[0087] The method of manufacture may further comprise adding a protective
coating to protect the immobilised chdlinesterase. The protective coating may
comprise trehalose, gelatin and or sodium azide. This may be in the
concentration 10% (w/v) trehalose, 0.1% (w/v) gelatin and 0.02% (w/v) sodium
azide. The protective coating may be placed onto the immobilised enzyme for 2
to 6 hours or preferably 4 hours at cold temperatures in the range of 10 fo 1°C
or preferably 4°C. Excess protective coating may be removed by decanting,

[0088] The cholinesterase may be dehydrated for example Iyophiifsed at a
temperature of -40°C for 12 to 48 hours or more preferably 18 to 32 hours or
most preferably 24 hours for long term stable storage.



vacuum packing in a bag. Vacuum bags may include transparent vacuum
bags wused for storage of food, normally made of pol ypropyl ene
material or those wused in the electronics industry for packing of
noi sture-sensitive electronic parts such as a noisture-barrier bag
call ed MB bags. The vacuum bag may furt g conprise alum ni um
backing as this may protect the conponen S stored inside fromboth
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may be Iyopmhbhﬁ@#eﬁaggﬂ{rhﬁfor%bbﬁamh%eeb% 12 hours to 3 days
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The dehydrated reagents may be reconstituted
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chollnester se n
sensitive reagents like the enzyme AChE or the substrate reagent ASChI

require extreme cold storage less than -20°C. For ASChl, which is hygroscopic,
light-sensitive and easily subjected to self-hydrolysis by thiocholine, it may be
stabilised by dehydration such as Iyophilisation. Both the substrate ASChl and
chromogen DTNB may be Iyophilised together this may be for 12 hours to 3
days depending on the strength of the lyophiliser. The dehygrated chromogenic
reagents may be tested for quality control of the dehydration procedure by
storage at 45°C for up till 8 weeks or 6 months followed by examination of the
reagents to detect any change. The dehydrated reagents may be reconstituted
with a buffered solution such as saline or phosphate buffer preferably at pH 7.2
to 8.0 and may be compared to the normal freezer stocks of the chomogenic
reagents. |

[0091] The method of manufacture may further comprise packing the

components of the kit into one or more transit case.



enzynme inhibitor within blood and other sanples, in both free and

bl ood proteins- bound form Since cholinesterase nerve enzyne

I nhibitors do not nornmally exists in healthy, non-exposed human
subjects, this invention permts validation of trace exposure to
chol i nest erase nerve enzyne inhibitors w,thout the need for prior
basel i ne establishnent. This invention effpl oys a novel protocol t hat
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col our ed- hydrol ysi's product fr _ str sol uti on
correl ated Yaidghen e Haeenem@swsﬁ tofchplinesterese eene emmymen sdibdtoss without

nerve enzy I d. )
exposed. getgg] ItJ(-Eifgde ent P%%@I@%a%%lggﬁs{:m%h H’ﬁﬁ @%@%%ﬁtﬁé& &Wﬁ&%‘
of nulti pI e protoqull ethat mtabitiaes Arel ebsovdrsctind ichetihestermd miainie terzgmien
either the fyr f or reactivate bl r ot ei n-boun form
In the free 'Fﬁﬁﬁ?wr{nh&h f %Hpﬁdea‘gyﬁ{ﬂd??mg’&%@ﬁ%ﬁeﬂ 'Fﬁota?

to 0.962 nM afitabler ¥ wam irbiibA Q:FfSLmMBblﬁ&d TRAplindieérdde éi%)ifé and
agents (e.g.,..sarin and VX) and_ organoph OF orus pesticides

di chl or vos) . Withput l?éoﬁﬁ“'ﬂﬁﬁffeﬁ‘?‘lﬁeeffﬂmb%'e%é‘tﬂ‘ 'aﬁswraa@% @étfie@nﬂwqrmet rons.sA
1. 472 nM of Ibﬁégmﬁfrﬁélﬁlﬂ:édfﬁﬂohhééiéra%@ren%ﬂﬁﬁl Vi), asRRlUalSsd ﬁ)'?%?éengce of

COI’Tp| exed wth nerve enzyne i nhibitors” such as nerve agents

sarin and w@olwedvbv@@wéw@ﬁh@rfm el subisisate soltion dwenddreveenjelatat
such trace ligygd gon SHSREN oF Y %&v&%@héqb%ﬁéﬁé AR ﬁé?{?é %h%)(rﬁg NSt 4e®

% of baseline an ere was no free ¢ nesterase present
i n the sanplvaliciTie immahilisedrchofimesienase swsenpbsed.det ect ion for nerve
agents and organophosphorus pesticides present in blood sanples and

i s not affe‘{mb%" TRE' PYERGS effn le%x%rg%lr &npé"tre Jo5G! gg?egﬁ%ﬁjpoft ?nJI ifle

104 MM with |b tory s on ch |nesterase nven i on
al so permt §ad‘@ﬂ%iqrérracaﬂe@’s @h@hohfmt@aaeenm[bmmlmcmmepttlmsé“ee form or

reacti vat or oo RalsCngRERA brierk LA o, e 44 Brfy yifin e biood

concent r at i casplgs, detc@ti@c Grmitg doWnlts 0.962 nM of nEros eazana aeibitors, | wikich f

oxinme is at tn?'yna}gélgdé rr?emvg égéa t n&; ecée?rgn and VX) and organophosphorus
pesticides (e.g., dichlorvos). In the blood protein-bounded form, detection limit
is 1.472 nM of regenerated inhibitor for samples of cholinesterase complexed
with nerve enzyme inhibitors such as nerve agents (e.g., sarin and VX) or
organophosphorus pesticides (e.g., dichlorvos). At such trace levels,
observed blood cholinesterase inhibition was 22.9 % of baseline and there
was no free cholinesterase inhibitor present in the sample. The invention
permits selective detection for nerve agents and organophosphorus pesticides
present in blood samples and is not affected by carbamates for example
pyridostigmine up to 7 x 10 mM with weak inhibitory effects on cholinesterase.
The invention also permits detection of OP cholinesterase inhibitors present in
blood samples in the presence of treatment drugs such as oxime reactivators
(e.g., 2-pralidoxime chloride) at whole-blood concentrations up to 0.266 mM.
This in vitro plasma concentration of oxime is attainable from 7 x autoinjector

doses (600 ug per autoinjector) of 2-pralidoxime chloride.



doses (600 ug per autoinjector) of 2-pralidoxime chloride. 22 [0094]
Unlike in | aboratory conditions where nmultiple test tubes and
chromat ogr aphi ¢ nethods nmay be avail able to isol ate conpounds of
interest this invention instead allows a person in field conditions
to renmove all the unwanted and interferé&g el enents in just one test
| ocation. This is alnbst a reverse isol&tion that allows on the spot
froma sanple. [0095] The

f ne rase i nhibitor
{echnol bgy. cao0adl"oBale 38 1aBpraona couliBrs huder) Biblfar tbrubes and
m ni mal ski l bhﬂdﬁnétb@ra@hi@%@t‘hoﬂ@%@@|b@9é{vd‘l§b@t ﬂ%dlsb%té QSrdeMﬁﬂf'l;g b®hterba

equi pmrent  required to execute thi's technique is |ight
port abl e andthi@davesiiparisstead allows aaprspen dn ielhcondéguns ptmmogacaﬂ the

3 CC VB Th @Bl Infikins obARRCE FAHORERBL: BShRSTHls WBloct o

di aphragm suction punp, a por € rea
aspirati on arRverss iaoiaglosath‘pl allpw casther SpotTrleeemrgqn‘l ghutinestarageeinhibéor

readily aval#g]tﬁli %’ﬁ hospital s and can al so be packed neatly
into mlltary VEhT TR such | and-rovers or emergency service

vehi cles. [0096] To overcone current limtation in front-end triage,
this high-t hiO@Qtht]fhe tdichgoiogy ican dhestsed veslilg eveh qresbrf having®dinary or

screeni ng of _potent. asual ti he d |c kit of the |

i nvention reQll rlngg }Sﬁf'y&"?n%ffa? ﬂﬁﬁrr@logyofﬁl'agg%ﬁ% ‘W@Bﬁ'orbfﬁﬁa%qq'f?’ﬁ?v
bl ood for dimguoed & exstuRathistcshnRRR: lgmghhfv@m‘ﬂ%ﬁrteﬂ’fle BHH 164 &pensive
casual ties t hin 30-40 m nutes which excl udes_sanple collection and

patient datR2BApPYrateyybases; eAgment YEh S 8ri56fMEhd hish gyt amtionally
[ 0097] A hi ghcl‘iﬁé%‘@h%bnﬂ's@@ﬁ% i skidil B%@ Véﬂdttgﬁtbﬁrﬁg @Eﬁéﬂ?le

agent exposure such as sarin and organop ate pestici
di chl orvos 'BigiRRlaleeraager maem @evieblspaspirating a{m:ir M@ﬁhlngeﬁmmagnwsoc

kit can i aonsg iiphenBenhiaistly Bdladls A%MHOSIA o SXF 455 Be

sanpl e coll ection pat I en data e rea
accessories n@k%d‘w@élynmoorrﬂhtam eehlclghtsucpr iande'omerstm:aamargmesemce
each wei ghi ng, than 13kg. The microplate assenbly wthin the
transit case Has under gone Environnmental Qualification Test (EQT)

[0096] To overcome current limitation in front-end triage, this high-throughput
diagnostic system was developed for mass screening of potential casualties.
The diagnostic kit of the invention requires only small samples for example
20ul of capillary blood for diagnosis and has a screening throughput of multiple
casualties within 30-40 minutes which excludes sample collection and patient
data entry.

Non-limiting illustration of the invention

[0097] A high throughput diagnostic kit for the validation of nerve agent
exposure such as sarin and organophosphate pesticide such as dichlorvos
exposure has been developed. The Current test diagnostic kit can diagnose up
to 96 persons within 30-40 mins which excludes sample collection and patient
data entry. The microplate reader and accessories is packed into 2 watertight
protector transit cases, each weighing less than 13kg. The microplate assembly
within the transit case has undergone Environmental Qualification Test (EQT)
including vibrations and shock to simulate transport of equipment to field. The
microplate assembly has successfully passed all tests parameters in the EQT.



i ncluding vibrations and shock to sinulate transport of equipnent to
field. The mcroplate assenbly has successfully passed all tests
paraneters in the EQr. 23 MATERI ALS AND METHODS Materials [0098]
Acetyl cholinesterase fromelectric eels, Electrophorus electricus
(AChE, EC 3.1.1.7) and sodium azi de were dgrom Fl uka, Switzerland. 5,
5'--dithio-bis-2-nitrobenzoic acid (DITNB), acetylthiocholine iodide
(ASChl), glutaral dehyde (GA), album n bovine fraction V (BSA: bovine

serum al bum rWIAEEﬂﬁiIi%hﬂ ng-gﬁ,ng( +) -trehal ose, and potassium
e o ro

fluoride wer tal ned USA. Avidin was purchased from

| CN Bi onedi cais I nc, USA. Ammnl um sul phat e, di sodi um hydr ogen
phosphat e, :M] mﬁ(jl hydr ogen phosphate, potassium Triton X-100, and
alumna (alu U Soxi de) were from Merck, Gernmany. The

bi oti n- coatef 96-we| | plates (Recti-BindT"" Biotin Coated M crowel |
Strip Pl at esiO0R8] e ArAtYeRplibgsterasn Hram celectisa. eeﬁhe Elegtcanhiorug eelggisicus

used for A@ﬁl‘:’n% ESQfﬁa@eQﬁg ?&dlu r\éﬁdégﬁgk( rﬁ"hf:l‘&pa @Wl&bﬁan& hg

|nnDb|I|sed man b was ob |ne thro
phl ebot ony | 8bdithiodiss2-niteihenzeier scknDINE) emcetylmmmaoilmn S|ed|de (ASChI)

acut ai ner t er-prick d
e at ol y SEFAER (GAL Sedph, St Hadion VRSASRVIE 1imoatums
the Synt hesi gel@tmrtypen B?S[D(-t\)at‘érmhﬁe Laﬂnbmta@éiuﬁs fluoti@9 108k Ablairtudf fr@hﬁ
were prepared. Wt hugul i -Q.dei oni sed vvatcfr anm&t ocl aved _or
filtered throggh Y8s u Qurehageq hirom | Bigmggicgise gnc.q) YSA.
t WeA
reagents SyTRRa @dlpbléﬂengd@oéaum ug@%%'ﬁ hOSpE Ste, PEbdfurd- dkﬂydwgg%

determ nation of ., enzynme activities, ate buffer
was used. St P@ét%tﬁ%ﬁ%&uw Tlrltﬁ@/woﬁoaedm@u@mpﬁ dplmdaium ooxfd@)were

phosphat e butdmrvBkix/ Cerdfiflyk Ik baatzn—?géﬁﬂoé%“%[mps’g%at (Regfihind %%

and DTNB (10nmM stocks vvere r%ggre
and kept in @9atgdoMicrawell s8top fQéhtVSefﬂepEi'CMSe@tﬁsdnaflerequlu%ﬁ iThe

0.1 M phosp f e

experi nent. hﬁm&ﬂ?{érﬁsuﬁg% }tsg%v\olarg{a)ghésolp%s&%gg O(F“FFU %b {S%Wh\}ﬂ phibit
heating til Itheﬁambélsadi/\é}m& used as 100% (w' v) solution ie: saturated
anmoni um sul phat e

[0099] Human blood was obtained through venous phlebotomy laboratory
volunteers and stored in heparinised vacutainer tubes. Capillary blood obtained
via finger-prick was used immediately without storage. Sarin (GB) was
synthesised in-house by the Synthesis Team in DSO National Laboratories.

[00100] All buffers were prepared with Milli-Q deionised water and autoclaved
or filtered through 0.2um prior fo use. In the immobilising step, all reagents
were prepared using 0.1 M phosphate buffer pH 7.2. In the determination of
enzyme activities, 0.1 M phosphate buffer (pH 8.0) was used. Stock solutions
of 1 mg/ml AChE were prepared in 0.1 M phosphate buffer pH 7.2 and kept in
-aliquots at -80°C. ASChI (100mM) and DTNB (10mM) stocks were prepared in

0.1M phosphate buffer pH8.0 and kept in aliquots at -80°C. Reagents were
diluted as required in 0.1 M phosphate buffer and kept on ice for the duration of
experiment. Ammonium sulphate was dissolved in milli-Q water with heating till
saturated and used as 100% (w/v) solution ie: saturated ammonium sulphate
buffer (SAS buffer).



buffer (SAS buffer). 24 Protocol for Immbilising Cholinesterase
Enzynme (1 mmAChE) [00101] One net hod of inmmobilising AChE invol ved
coupling AChE to avidin wusing glutaral dehyde (GA) that cross-Iinked
to free amino groups of the proteins. The avidi nated AChE was added
to the biotin plates and left to incubatg for 24 hours at 4C.

Fol |l owi ng i ncubation, the platforns were washed extensively with

I

det ' d. hed, 3. ti t t -
fraces of " TSI 2HRE kS U7 3R GpHiskio REnG hinkies FwuFoMERE Y avidin
protective coangnglutamahishgté GA) tHAYeloskVihkéd efpatreseambhol YrdupsVdf the

gelatin and 0.Q2% (w/ v) sodiu zide was placed onto the I mobilised
Inzyre tor PGS dheheidiatear ACFEC waa, Feded & dba Pisin Plates and left o

coating was ib4RFobY4 MRGANA 44T, FNEws sERA i Sty Brd'ia
| yophi | i sed at -40C0for 24 hours for Iorlrgglﬁ%%;(m gf %ﬁsggﬁstorggré 0 shed
epfip

di agnosti ¢ kEXtengivelyowth ImmebifigationnMeshi icraphiates bulierasigh Fwegme20

Activit 00 ' F V4 : Lxt ure
cont ai n)éd[ Oéﬁgﬁaﬁiégﬁ%rﬁg@ g@fn&s%rﬁa%gﬁ%hy%?QW%ﬁE Q@ﬁg@ﬁ%eﬁ%ghéi%as
0.1 M phospHelesningdt Ehe pliged weht Iwasbedyd tioks AGHFeaint ﬁenidvieemw\&?@es (laf
erfornmed at 37 . 8.0. Al centrations orted were fina

Eoncent rati otr@. gf’ﬁ%jl]ggﬁt‘f—emp%@{%tef:m i! O}JISSH ﬁf:ggr @ projpeive coating
(thereafter tansigtingasf 100G EehalbebFoAct i(wﬁvP igemtinedrei 08asu (W) sodium
spectrophotonetrical ly at 4]12nm using the Ellman's nethod, with a

m cropl ate r¥RWEL PlRced\pitaceampebiised engyoe: fos 4eheurs 2504°C. Thiter

change in abiacuhaione éﬁ@éséj?kﬂéé‘ﬁ\%e@p&ﬁﬁd‘ vyds”?édarévecf Hé‘&r@i\éﬁf ab gthe

course of 2 mnutes with 12-second intervals. The acfivit

enzyme is caltupkiised engyme waklypahilised ag—iaifeosd Hﬁ@sdgrnéﬂﬁmrm stable
Activity (/ .g{@ﬂagelgfaiaén@gm)kit_: AAbsor bance (Au/mn) x 1/(eb) x 1/1000
wher e AAbsorbance = Rate of Change in absorbance 25

Protocol for Determination of Cholinesterase Enzyme Activity

[00102] To determine the activity of AChE, the assay mixture contained
0.45mM ASChl as substrate and 0.3mM DTNB as chromogen in 0.1 M
phosphate buffer pH8.0. All assays of AChE activities were performed at 37°C
and pH 8.0. All concentrations reported were final concentrations.

[00103] For AChE immobilised on biotin plate (thereafte'r termed as
ImmAChHE), AChE activities were measured spectrophotometrically at 412nm
using the Ellman's method, with a microplate reader (e.g., Molecular Devices
Spectra Max™ 250). The change in absorbance was determined with kinetic
reading over the course of 2 minutes with 12-second intervals. The activity of
the enzyme is calculated using the following equation and constants:

Activity (umole-min’.mI") = AAbsorbance (Au/min) x 1/(eb) x 1/1000

where

AAbsorbance = Rate of Change in absorbance



b = path length in cm and e = 13.6 pnole 1m'cm 1 Determ ning
Presence of Nerve Enzyne |Inhibitor Using the |Inmobilised

Choli nesterase Kit [00104] Activities of imopbilised cholinesterase
wWithin mcrotiter wells were determined prior to the addition of
sanpl es. Sanpl es were then added onto 'grotiter wel I s contai ni ng

i mmobi |i sed cholinesterase and inhibitiof“reaction was permtted to
proceed for defined intervals (5 mn, 10 mn, 15 mn and 30 mn).
Sanpl es were aspi b FtR&Eh EpgthiaicAy adcuum sucti on and i mobi | i sed
cholinesterase plates rinsed with the Wash Buffer. Residual enzyne
activity wthin niﬁé tit@LLmFIL1is t hen determ ned and t he
difference in chdlT P e”’%ﬁtivity correlated directly to anounts
of nerve enzyne inhibitor in the sanple. [00105] Wth the OP-AChE
Conmpl ex regeneration step, the diagnostic kit is capable of

detecting even, prot.ei nobound OP chem cals frombl oqQd,. with a .
| ng Vf i5 'go?fzé"smd&@af S Inibitss UG e Bumghilised

screening th
sanpl e recerp?INERPERSRAYe reduction of enzyne activity is
me i nhi bitor

correl at ed iﬂﬁ}légﬁtl\é,{,o &he ampunt. of .nerve enzyn nhi k

present. OptlPHH &Fhfetyities, of dmmopdispd olingttsgpe] WD eICTolipe Wil evere
many par anetgtsmihed Pﬂo:pfcpﬂﬁcéﬂdiﬁéh BE sARpIEY. finplé8 Sverd! BAGRIded onto
optim sation was performed on a mcroplate reader. The paraneters

optim sed i reiciRider wells gppiainingdnmoabilised \chpérestampsarandsnhititen mpaodpn

96-\Vell Fil j i ' r r !
o6 el 11 il bSO 5 BROBTRICIORR GRS A S5 AP
Regener at i omiBuf Semples wese uaspitedredic nisingt vacuubufsustior 6and immobilised

Regeneratio : Lon. Ti B Anoin Al wmi n : ni_nal. .
I nhibition %hﬁﬁeﬁ%é%r%lg?'ﬁﬁtbg r?mlég%vlél the%sﬁ ngfer. ﬁ@sm%a? en%mer?ctlwty
within microtiter well is then determined and the difference in cholinesterase
activity correlated directly to amounts of nerve enzyme inhibitor in the

sample.

[00105] With the OP-AChE Complex regeneration step, the diagnostic kit is
capable of detecting even protein-bound OP chemicals from blood, with a
screening throughput of 96 blood samples within 30-40 minutes of sample
receipt. Percentage reduction of enzyme activity is correlated indirectly to
the amount of nerve enzyme inhibitor present.

Optimising of Current Test Technology

[00106] There were many parameters of the protocol to be optimised. The
protoco!l optimisation was performed on a microplate reader. The parameters
optimised include:

1. Initial Feasibility Testing And Evaluation Of 96-Well Filtration Plates For

Regeneration Procedure And Selection Of Best Membrane
2. Reducing Blood Volume
3. Concentration of KF in Regeneration Buffer

4. Volume Of Regeneration Buffer



8. Effects O Washing 9. Conponents O Wash Buffer 10. SAS
Precipitation Step Incubation Time 11. Volune of SAS to Blood Ratio
12. Influence of Shuffling Fluoride Renoval and Bl ood Protein
Precipitation Steps |In Vitro Human Bl ood Experinents: Measurenent of
Bl ood Acetyl cholinesterase Inhibition agg Current test Response Wth
Addition of Sarin, VX, Tabun or Dichiorvos [00107] Detection for
Sarin, VX Tab : te pesticide Dichlorvos spiked
into human b 'o%ggg%?lgﬁsgggﬁggg&% d t with the optim sed current
test technol ogy. Various anounts of Sarin, VX Tabun or D chlorvos
sanpl es wer eb.sfimaeat Dfiddumihal e bl ood and al |l owed to incubate for
durations of 5 mn, 15 mn, 30 mn or 24 h. Anounts of Sarin, VX
Tabun or D chl pf; e Lidr at that there is no free nerve
agent or pegft]i %ng%é@@ﬁ'té%\th%tﬁg%%%gd of the incubation process,
as determned by inhibition of the immobilised enzynme plate. For
each anal ysi&, EHects &f$Vashimgpeat anal yses were carried out and the
nmean results determ ned together with the standard error of the nean.

A. Determ nagfi For Non- Specific Inhibition of
| mobi | i sedajAC%Err@én{ﬂ%?rr%m%%o%(g#%gnpl es [00108] In order to

determ ne the true detection w ndow of this diagnostic kit, it is
i nportant t d0f BAStPreeipidatinnRtep ircublaties Aohe val ue for acceptabl e
non-specific inhibition of ImMAChE wells by nornmal bl ood sanples

that do not 4qopLiaa 4t ar nerve enzyne inhibitors. 27 B.
Det er m ni ng Lioﬂlét of ﬁ%@t@gﬁah%&%) of Current test D agnostic Kit

[00109] Wth the final optimsed Current test kit protocol and

speci fied tIRriBHugnce of Shufiig Flupgde Besmvaband Bleedddptein Pogeipitation Steps

sensitivity of the Current test diagnostic kit was tested with

various concentrations of Sarin, VX, Tabun or Dichlorvos spiked in

human bl ood. Validation Current test kit Test Protocol to an

Asynpt omat i dn CMEre erldemah SBiood i nExpériinents:or MeRaurdvhdat of Blood
Acetylcholinesterase Inhibition and Current test Response With Addition
of Sarin, VX, Tabun or Dichlorvos

[00107] Detection for Sarin, VX, Tabun and the organophosphate pesticide
Dichlorvos spiked into human blood samples was carried out with the optimised
current {est technology. Various amounts of Sarin, VX, Tabun or Dichlorvos
samples were spiked into whole blood and allowed to incubate for durations of
5 min, 15 min, 30 min or 24 h. Amounts of Sarin, VX, Tabun or Dichlorvos was
titrated such that there is no free nerve agent or pesticide available at the end of
the incubation process, as determined by inhibition of the immobilised enzyme
plate. For each analysis, at least 3 repeat analyses were carried out and the
mean results determined together with the standard error of the mean.

A. Determination of Threshold Value For Non-Specific Inhibition of
Immobilised AChE by Normal Blood Samples

[00108] In order to determine the true detection window of this diagnostic kit, it
is important to first determine the threshold value for acceptable non-specific
inhibition of ImmAChHE wells by normal blood samples that do not contain nerve
agents or nerve enzyme inhibitors.



[00110] An in vivo study was carried out with young mal e Sprague
Dawl ey | aboratory rats admnistered with an asynptonmati c dose of
sarin (0.4 x LD50; subcutaneous; 50 ug/kg). Three aninmals were
eval uated and dose sel ected was based on previous studi es that
indicated at this dose, there will be no.glinical synptons of

i ntoxication (Shih TMet al. Cerebral acé&tylcholine and choline

i bi torsBr Hatarenioing Lralf of Balealiond Ol hsturrentigg Dimostc kit
From the ani TA108F ORE o2 FRGlcPpiRse s oAEEr  tdekf cerofie, Al Specied

carotid art etriyeshtitl &S pesiivé idatartibh eHe Hé{ﬁctlbhtsen%ﬁhtﬁro?%ﬁ@%@ént test
sarin nerve agents Sarin treated ani mals were observed for

bef ore bei ngd@aPPsLisi kb wag:tesled Wity variowsh coaerdrlians &f Sasin O6K, T abun or

Det er m ni ng Sihidtits %ﬂ&td Sarin in Human Bl ood Sanples in
the Presence of Pyridostigmne an?j %(I me Reactivator, 2-Pralidoxine

Chloride [00111] The ability of the Current test kit to detect
chol i nester ase in the presence of various anount of a prophylactic

drug such asgg lidationt igairaat otest kit chesenProtoggl stehans Asymptomatic
reacti vat or @hallaageefWanin daa lkaboraterydRat Medeld and sanpl es were
tested. The anmount of pyridostigmne in the bl ood was to 7 fold
the prescri HO81H¥s &n imdvesiudy wascaried odbwitheoung rpa@sgiamene Dawley

nunber of aykeh &GSt ks g&mStQFedZW@‘%%bo\n@ﬁ{ﬂn%bﬂ%Fbgg Bgarrp zd]%gcl Iﬁ%SO;

Quantity of Nerve Agent Regenerate ood
Current t estsubcutapreotsi &8l ug/kgih TSl ahiPalsseerBavahetedand dosk sdected was

Chr omat ogr a s_treat e Curte
test Prot ocg[fBé ‘aezsjr%%% ca gﬁ.ﬁdﬁe%%%% dlciai%gstﬁw fjog?e%'ev? x“"l«iﬂlﬁa o ‘Girica
extract edI bysymptemseaf mtmsmt@lﬁ(&tﬂhﬂm@ﬁﬂ Cérebaéltamtyldfoira@ aﬁddﬂ’iohne
test sanple wa asse nto ea sol i se extr ctlon cartri
O e o A e e A A
el uted sanpleatrhenicon r es. wéh;vwlanq%&:cbfagyobow @o(mmme?mccmew
El ut ed sol utlon was anal sed gas chromat ography attached with a

mass spect r GASIRIFS QB (WY dra‘@ésatc WPB%‘POQ’F%H*SC oAk th8 eanimal from an
performed eijhdwsiing édthateHMabRES it@icEdtotid artery and tested with current test kit

for presence of sarin nerve agents. Sarin treated animals were observed for

24h before being euthanized at the end of the observation period.

Determining Current Test Response to Sarin in Human Blood Samples in
the Presence of Pyridostigmine and Oxime Reactivator, 2-Pralidoxime
Chloride

[00111] The ability of the Current test kit to detect cholinesterase in the
presence of various amount of a prophylactic drug such as pyridostigmine or a
treatment drug such as an oxime reactivator was added with sarin to human
blood and samples were tested. The amount of pyridostigmine in the blood was
up to 7 fold the prescribed dose. The oxime added was double the prescribed
number of autoinjector doses of 2-PAM. '

Validating Identity and Quantity of Nerve Agent Regenerated From Human
Blood Sample Using Current test kit Protocol With Solid Phase Extraction
and Gas Chromatography Techniques



GCMS system Separation was carried out using a DB-5M5 colum, 30 m x
0.25 mmi.d., 0.25 pmfilmthickness. Splitless injection with 5 p]
injection volume was performed at 200C. The tenperature program was
initial tenperature of 40C, hold for 2 mn, programred at 10C/min to
150C and heated again at new rate of 20gimn to 290C and held for
another 2 mn. Total run tine was 22 mn. The carrier gas was helium

cove (g - P ALSARAER odRF th2ith EFDER TP Bieen 145, ity it e

regener at ed samovedoat Blepedi hndrxbaoed Isambeed ket 1Bark@ies. A volume
node, with the follow ng ions

g? mn} gr '12?3 “@520 ﬂoﬁﬁggﬁ %M%farga Was pgaﬁe{%mtq 68ah splid ghase eytrastion) carkidges
peaks was i dgmd iefit€d viith HBSP of RAIGH T AUBLAS. Y}géﬂnaﬂ%tanechFWalsoad&édﬂfo eluted

relative to an introduced internal standar e percentage recovery
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[00113] Identity of eluted peaks was identified by mass spectrum as well as
retention time relative to an introduced internal standard. The percentage recovery
efficiency of the solid phase extraction process was determined and used to
determine the amount of Sarin regenerated, using the Current test kit Protocol,
from a human blood sample having a final spiked concentration of 100 nM Sarin.
This data is compared to the results determined from Current test kit Protoco! and
hence used to reaffirm its accuracy.

Ruggedisation of Laboratory-based Microplate Reader for Field Use

[00114] To meet the requirement for deploying this Current test diagnostic kit
in the field, the entire test kit is packed into two transit cases and environmental
qualification tests were performed on the microplate reader packed in the transit
case. The environmental qualification tests performed are based on MIL-STD-
810E (Environmental Test Methods and Engineering Guidelines), for shock and

vibration. The guidelines for the secure assembly of microplate reader in the



tenperature conditions. A hum d environnment can cause rapid
degradation of reagents |ike AChE, even when it has been i mmobilised
and stabilised through |Iyophilisation procedure. Prelimnary results
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Another type is those used in the electronics industry for packing of moisture-
sensitive electronic parts. It is a moisture-barrier bag (called MB bags), with
aluminium backing, so that it protects the components stored inside from both
moisture and light. Results of this evaluation will be reported.

Development of Software for Rapid and Easy Management and
interpretation of Assay Data By Paramedics

[00117] After assaying each plate on a microplate reader, the raw data (kinetic
velocity) generated by the Biorad's Microplate Manager Software has to be
processed before data could be interpreted. To permit rapid and ease of data
interpretation, an Excel template containing the necessary algorithms to
calculate whether a person has been exposed to nerve agent sarin, was
developed to manage the reader raw data.



[00119] As alumina renoves free fluoride ions it will affect the
eventual success of ImMMAChE inhibition by reactivated sarin, much
effort was placed on sourcing for a 96-well format platformto

si mul t aneously process 96 sanples. Wth the original

| abor at ory- based net hod, in-house prepar%% al um na columms were
crudely made and the al um na col um preparation process highly

| abori ous. Each 1.0 M syringe barrel was fitted with a frit nade of

flimsy filte fore being filled with pre-weighed alumna. A
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summar i sed tRfPef Pptose Qﬁtﬂ'gﬁ"ﬁaﬁwhd}f efweighesk aluming. 4 snsalbibegvas then fitted
at the bottom of the syringe to collect filtrate after centrifugation. Furthermore,

this process does not truly allow simultaneous processing of 96 samples, as the
centrifuge only allows 10 syringes to be centrifuged at any one time.

[00120] A filtration device was identified that can process up to 96 samples
simultaneously. This requires the use of é small vacuum pump and a
specialised filtration manifold for filtering 96-well filtration plates (Figuret).
Further details of the elaborate method optimization is described below:

1. Initial Feasibility Testing And Evaluation Of 96-Well Filtration Plates For
Sarin Regeneration Procedure And Selection Of Best Membrane

[00121] As blood is a complex matrix with lots of enddgenous protein.s, and
with addition of SAS to precipitate the proteins, it is easy to clog normal filtration
plates. Initial feasibility testing of using a 96-well filtration plate combined with a
filtration vacuum manifold for the nerve agent regeneration protocol was done
with Millipore MDRL NP4 piates. The hydrophobic nature of PTFE membrane



eval uated. We di scovered that even though diluted and precipitated
blood wll «clog nost nmenbranes types, the addition of alum na powder
to the filtration plate help to act as a pre-filter, so that the
menbranes were not cl ogged. PVDF nenbrane was the nenbrane of choice
due to its hydrophilic nature, good physical strength and good

chem cal resistant. ldeally an inert hydrophilic filter was
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test kit test
allow aqueous solutions to pass through. Some examples of an inert hydrophilic

filter comprise Nitrocellulose membrane such as those with a 0.45um or larger
pore size, PolyVinyliDene Fluoride (PVDF) or Polytetrafluoroethylene (PTFE)
such as those with a 0.45um or larger pore size that are at concentrations that
are hydrophilic in nature.

[00123] For PVDF membranes, even though Whatman 7700-3306 filtration
- plate resulted in a droplet of filtrate at the tip of each well bottom after filtration
(see Figure 2), it was initially chosen over Whatman 7700-2806 due to no
“‘bubbling” of filtrate and cross-contamination of wells (suspected to be due to
the long drip of Whatman 7700-2806). The Whatman 7700-3306 was hence
used for majority of protocol optimisation experiments, whereby the filtration
plate had to be very carefully lifted from the vacuum manifold after filtration to a
paper towel immediately to prevent the each droplet from dripping into other
wells causing cross-contaminations. It was only much later that the more
effective Millipore MSHV N45 filtration plate (also PVDF 0.45pm membrane)



200pl, before we further decreased it in the |laboratory to 50 pl with
96-wel |l assay plate format. We attenpted to reduce the vol une of

bl ood required for the new Current test test kit as it is sonetines
difficult to obtain a few drops of blood froma relatively painless
finger-prick (either we had to choose a Lgncet that has deeper
penetration which in turn wll increase pain, or the finger has to

be squeezed I for nmuc on . 10Q125 | ood vol unes. .0
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more due to dead vol une_ being trapped by the alumna a
filtration. TeMesnwelrdigdra Be exact volumes of all reagents used
and the approxi mate volune of filtrate available after filtration.

Wth a startp e ¥iHaBIObd v blood, it was difficult to achieve
enough and repr odulcgﬁe an&%ﬁﬂ'eof filtrate and hence we opted for

the 20pl bl sNStreaglood ' i
can be achi cradu theaopd yBHinfe foqilieo, eahiDGufht fost REABRE At Wk
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addi ti on of tBASewBsubntdnst esikkilas# iswsomefimesaiffidult tar obtgin a évw Heops of
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e ver oG I 2 4o Rl Beirtesty InBprisb b o hhd B ¢ By SasneR
and final abailyas deepee pehaiatnl VIR Wil hcfetise pane cﬁﬁlﬁblﬂh?érfhas_to
| mMAChE t hat, was 33 dTa%ee 1. Tabl (ihcorr%?ri ng the types of filtration
pl ates eval ¥t $EPErd Barden and BRI ) or ot ocol . Brand/ Cat al ogue#
Descripti on Menbrane Remarks Type/ Pore Size MIIlipore Milti Screen
Deep PTFE SJyoG+28]f Blooglavdiumes g6 iadricotoui Wedre 186tk ol comeamid toi the
but MIIipore, di ?f ntinued
original laboratory-based method of 50ul, as these volumes can be accurately
collected with commercially-available 20l or 10l end-to-end heparinised
capillaries. All the volume ratios were kept the same with the exception of
alumina amount, which had to be reduced much more due to dead volume
being trapped by the alumina after filtration. Table 2 showed the exact volumes
of all reagents used and the approximate volume of filtrate available after
filtration. With a starting volume of 10l blood, it was difficult fo achieve enough
and reproducible amount of filirate and hence we opted for the 20l blood
instead. Figure 4 showed that the sarin regeneration can be achieved with a

lesser blood volume of 20yl sarin-spiked blood instead of 50l.

[00126] Figure 4 shows a comparison of sarin regeneration with either 50pl or
20ul blood. Sarin-spiked blood was incubated with 1.5 volumes of acetate buffer
with KF, followed by addition of SAS. Resultant mixtures were filtered through
either 0.45g or 0.1g alumina for 50ul blood and 20ul blood respectively.
ImmAChE were inhibited with filtrate for 20mins, followed by washing, and final
assay for remaining InmAChE to indicate the amount of InmAChE that was



MDRL NP4 (2ml) with Pre- 0.45pm production.

filter

Mul ti Screen PTFE No filtrate obtained due to its
hydr ophobi ¢ hydrophobicity. MSRP NO4 no Pre-filter 0.45pm M| |i pore
Mul ti Screen Activated No filtrate obtained (filter

cel l ul ose cl ogged).

wel | (350pI)T%

Pore size too small.3
What nan UNIFILTER 96 Nitrocel |l ul os Successf ul

oy WGP it o

MAUF 010
sari

MIIipore

Sol vi nert (500pl),

Utracel -
(350pl) 10K NMAL
n regeneration.
307

?% F%W QOI' sarm

| ow physi cal H%ﬁ)$
Successf ul 5%? eﬁ@% g EF? drip (800p|) 0. 45pm but | arge anpunt
of bubbl i ng el coft-at U|| uuS"r""d at—coHect i oh
plate aft Pl’Bra\‘/.'g)gghﬁ HE#a D%E}r gB?ent of éﬁﬁ °$ re%elmnaef at each tip
of long dyip after f||trat|on What man FI'LTER |short PVDF No
filtrate obtained. Filter] drip (800pl)| 0.45pm exhi bit hydrophobic
properties| Milii@de 1806 evenMultibuegh Dekp | S| RFEPOSed t|Guctesstily ehrin plegénetion
What man UN| FI LTER 96 PVDF| BaktceSelubrt s grhiydrophéigener|diul onliilipase| | discontinued
(800pl ) shpMPRBNREpm but s@ﬁ”l“ﬂ?oBF@t $¥458M| t r at g ProPEEGON.3306 dri p
remai ned a. each tip of shFt drlp aftler filtratijon. MI1lipore
Mil ti Screeptd u.upu.li Speeesstul—satpregengrati-on——Dburapore—
No remi ni ng Ig’ropl et at t] gy {EPSODMBH\ mgph%mE’VDF Lﬁ;ﬁi‘é‘ﬁi%-ﬁ?ﬁ,%'ﬂ?”"e o
MSRP N04 no Pre-filter 0.45um
Millipore MultiScreen Activated No filirate obtained (filter
Ultracel-10 cellulose clogged). Pore size too small.
MAUF 010 {350ul)
10K NMWL
Whatman UNIFILTER 96 Nitrocellulos Successful sarin regeneration.
well (350u0) e 0.45um However nitrocellulose
7700-3307 membrane has low physical
strength (brittle).
Whatman UNIFILTER ieng PVDF Successful sarin regeneration
drip (800u) 0.45um but large amount of bubbling
7700-2806 and cross-contamination
observed at collection plate
after vacuum. Large droplet of
filtrate remained at each tip of
long drip after filtration.
Whatman UNIFILTER short PVDF No filtrate obtained. Filter
drip (800pl) 0.45um exhibit hydrophobic properties
7700-1806 even though it is supposed to
be hydrophilic,
Whatman UNIFILTER 96 PVDF Successful sarin regeneration,
well (800ui) shaort 0.45um but small droplet of filtrate
7700-3306 drip remained at each tip of short
drip after filtration.
Millipore MultiSereenprs Hydrophilic Successful sarin regeneration.
Durapore No remaining droplet at tip after
MSHV N45 2 PVDF fittration.
0.45um

" note that majority of the protocol optimisation results below used the Whatman 7700-3306 as
this was initially found to be the best among all the plates (before Millipore MSHV N45 was

boughf).

2 ; Millipore MSHV N45 was selected due to no remaining droplet at tip after filtration and the
final protocol optimisation and sarin regeneration LOD were performed using this plate.




0.45pm note that majority of the protocol optimsation results bel ow
used the What man 7700-3306 as this was initially found to be the
best anong all the plates (before MIIlipore MSHY N5 was bought). 2

: MIlipore MSHY N5 was sel ected due to no renmining droplet at tip
after filtration and the final protocol gptinisation and sarin
regeneration LOD were perfornmed using this plate 34 Table 2:
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[00127] To i hBateat®AS fRoodl el d of regener at:ad nerfve agents jrom:1
inhibited blpod sanples, both VX-inhibited, and Sarin-1nhjbited
human bl ood sAHPIN@s were incubated W t h0d5x angd of0.PKF] fpr ®10g
m nut es befOL%_L_%e sanples were further procesded in accordance with
Current test| Ki® ﬁP’B?BEtB'PEd Four repea s FYETS carri'@out for 9%he VX
investigatio Fow—up—n cs(t' gat--ofs—w-t-h—Sar-n—wnere
carried out i 'Itr éyblﬁmébgtf’""eci The data [Fi gu g 5) rev "ed that<3bv‘\ﬂ
regeneration Ful@é‘t@VQIﬁh@QéeH?Hr‘er%mbrW'e” teagh Kt ot —4gpeHupr gt ed—
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% Inhibition of ImnmACKE 52.02% 67.63% N/A

(5D} (£ 7.7%) (+ 0.84%)

inhibited. Even though the filtrate volume from 20ul biood was lesser, there was
no reduction in the inhibition as compared to 50ul blood.

3. Concentration of KF in Regeneration Buffer

[00127] To increase the yield of regenerated nerve agents from inhibited blood
samples, both VX-inhibited and Sarin-Inhibited human blood samples were
incubated with a range of [KF] for 5 minutes before the samples were further
processed in accordance with Current test kit Protocol. Four repeats were
carried out for the VX investigations while the follow-up investigations with Sarin
were carried out with 2 repeats. The data (Figure 5) revealed that regeneration
‘and detection by Current test kit of the fluorinated version of VX and Sarin from
inhibited human blood samples was most successful with 50 nM of KF in the
regeneration buffer.



i nhi bited human bl ood sanpl es was nost successful with 50 nMof KF in
the regeneration buffer. 35 4. Volunme of Regeneration Buffer
[00128] The ratio of acetate buffer to blood volune directly affects
the acidity of blood matrix during nerve agent regeneration by
fluoride ions and hence plays an irrportggt part in the success of
the test kit. In Proj ect Scent, the rati of acetate buffer to bl ood
used was 1.5; Prellmnar experinental trial wth acetate

to 2:
buffer 1.5 tﬁ%\é ‘"&?ﬁj°§ egeperatighBYFIn bl ood vol ure i ndi cat ed t hat
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filtrate and%& ﬁﬁgﬁeﬁ‘r@ﬂ”% rSAHG "PIRNEEHION. act i vity. The optimal KF

in acetate buffer was deternmined to be 4.5 volunes, which

react i vat ed [0bE29J0FiguBars defusirngstthe ﬂaﬁgé\cafli/érrédb@nbls%ﬁ é(cetate buffer
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sarin regener
was then washed to remove filirate and assayed for remaining ImmAChE

activity. The optimal KF in acetate buffer was determined to be 4.5 volumes,
which reactivated the most sarin causing the InmAChE to be highly inhibited.
With VX, the optimal ratio of regeneration buffer to blood was increased slightly
to 6.5 : 1.

5. Regeneration Step Incubation Time

[00130] Initial protocols developed for Current test kit Diagnostic Kit for the
regeneration step (i.e. blood incubated with acetate buffer containing KF) used
5 minutes incubation for nerve agent regeneration from blood. We investigated
the minimal time required for this incubation, so as to attempt to shorten the
processing time for the whole diagnosis. We also investigated what effects a
longer incubation period (up to 1 hour) may have on the sarin regeneration
efficiency, as it may take up to 1 hour for collection of blood samples from 96
individuals (for operating the full plate provided in the diagnostic kit).



efficiency, as it may take up to 1 hour for collection of blood
sanples from96 individuals (for operating the full plate provided
in the diagnostic kit). 36 [00131] Figure 7 indicated that the
optimal timng was 40 m nutes incubation during the regeneration

i ncubati on step, which caused the nost igpibition of | mMMAChE.
However, an incubation period of 3-mn appeared to be acceptable as
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6. Amount of Alumina Required

[00133] The regeneration chemical, KF, was determined to have direct
inhibitory effects on the test enzyme (Figure 8). When added at a low
concentration of 2 mM KF to acetylcholinesterase (AChE), enzyme activities
were observed to decrease by more than 70%. Further increase of KF
concentrations to 20 mM results in complete AChE inhibition. To resolve this
problem, alumina was used as the complexing agent to remove fluoride ions
after the regeneration procedure.

[00134] When the blood volume was initially reduced to from 50ul to 20pl, the
subsequent volumes of acetate buffer and SAS also has to be reduced
proportionally. If the original amount of 0.45g alumina (as used in the protocol
for 50ul blood) was used for 20ul blood, it would result in very little filtrate
obtained due to a large dead volume trapped by the alumina. Hence, we
investigated the minimal amount of alumina required to remove the fluoride ions



for 50p1 bl ood) was used for 20pl blood, it would result in very
little filtrate obtained due to a |arge dead volune trapped by the
al um na. Hence, we investigated the m ninml anmount of alum na
required to renove the fluoride ions 37 effectively, at the sane
time reduce the dead vol une trapped by I@;ge anount of al um na.
[00135] The filtration plate was packed th varyi ng anmount of
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range from ovhich i rethey. te;dloqﬂ ﬁi"ﬁat*mﬁrﬂﬁmﬁﬂmirmi Tienslepgled3m usaofHEhg

critical incyha the inhibition tine of
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SAS. The mixture was filtered through filtration plate packed with varying
amounts of alumina. Filtrate was incubated with ImmAChE plate to inhibit the
ImmAChE for 5mins, and the remaining amount of ImmAChE was assayed.
The optimal amount of alumina was determined to range from 0.1 - 0.15 g.

7. Minimal Inhibition Time

[00137] Another critical incubation step in the protocol is the inhibition time of
ImmACHE wells with the filtrate. Longer incubation time would theoretically
result in greater inhibition. However, we have to balance between the
speediness of whole assay versus assay sensitivity. The inhibition time used in
the single assay portable system was 10mins, whereas for the laboratory-based
method (where time was not really a constraint), the enzyme inhibition duration
was increased to 20 mins instead. Here we investigated the inhibition profile
achieved with varying inhibition times and concentrations of spiked sarin in
blood samples (Figure 10). As expected, an increase in inhibition time resulted

in proportional increase in inhibition of ImmAChE for all spiked sarin



was increased to 20 mns instead. Here we investigated the inhibition
profile achieved with varying inhibition times and concentrations of
spi ked sarin in blood sanples (Figure 10). As expected, an increase
in inhibition time resulted in proportional increase in inhibition
of I nmAChE for all spiked sarin 38 concggtrations. Wth spiked sarin
concentration at 25 nM reducing the inhrbition time from15 mns to
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pl ate was ﬁrnaljire@}éan an orbital shaker during both the inhibitiaon of
| mmAChE wi t AT ates assdyed) Mprauphiniion neaswashiengd swiih nger infibitien
to attempt tivdriot 8 Gohdé tHheR lenghidhitRe vl hlky! drbeuith AR S fis
kit, we investigated the effects of "omtti n‘g t he shing step and
t he shaki ng ¥tlifion ipeivwas galpdet oraqualitaiivb SYexNe” eoswen ng an  or bi t al
pl ate shaker into the field. Figure 11 showed that there was no
change in gnEfRELY @frwggﬁfnid e irregardl ess of whether the | MmAChE
plate was washed tw ce thoroughly with current |aboratory protocol,
or just rinfE139%einviHehRBbrAGFDRSd proeY tthe IAACHERSIte WaAShhaShed

drop in inhi b_itiqr?_lv\,he t he washing step was .
ice with wash buffer to remove any residual inhibitors, haemoglobin, and

other chemicals present that could affect the enzymatic assay. The plate was
shaken in an orbital shaker during both the inhibition of ImmAChE with filtrate,
and also during the washing steps. In order to attempt fo minimise the steps
required for the field diagnostic kit, we investigated the effects of omitting the
washing step and the shaking step, as it would be very cumbersome to bring an
orbital plate shaker into the field. Figure 11 showed that there was no change in
inhibition profile irregardiess of whether the IMmAChHE plate was washed twice
thoroughly with current laboratory protocol, or just rinse once without shaking.
However, there was a drastic drop in inhibition when the washing step was
totally omitted. This could be due to the remnant low pH of filtrate or the
presence of residual blood haemoglobin affecting the enzymatic assay.' Thus
we concluded that a minimal of 1 rinse step, without the need to shake, is

critical for the diagnostic kit protocol.



totally omtted. This could be due to the remmant |ow pH of filtrate
or the presence of residual blood haenogl obin affecting the
enzymati c assay. Thus we concluded that a mninmal of 1 rinse step,
wi t hout the need to shake, is critical for the diagnostic kit
protocol. 39 [00140] Figure 11 conparesqafhe washi ng procedures of

| MAChE after filtrate inhibition step. Blood was spiked with 100nM
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attributed PoCompanandd ofd¥ash Bytfat. However, the presence of BSA
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0. 05% Tween-20 alone I n (3rd generation wa buf fer
stabilise t chq%@@mWQhE@Qtlvéﬁyﬂer each washing step In order to stabilise the

ImmACHhE, it was discovered that addition of 0.1% BSA and 0.05% Tween-20 in
PB (2™ generation wash buffer) would help to maintain the ImmAChE activity

—3

after numerous washing steps. This 2™ generation wash buffer was effective in
maintaining the ImmAChHE activity, such that any decrease in activity would be
only atiributed to activated nerve agent. However, the presence of BSA meant
that the 2" generation wash buffer needs to be kept cold. Hence we
investigated whether omitting BSA would have any drastic effects on ImmAChE
activity. Figure 12 showed that the presence of 0.05% Tween-20 alone in PB
(3" generation wash buffer) could help stabilise the ImmAChE, without any
drop in activity even after 9 washes. However, with the addition of surfactant
Tween-20, there could be bubbles generated in wells during the wash step, and
it might be difficult to get rid of the bubbles effectively during the kinetic assay.

This may hinder the accuracy of the kinetic results.

[00142] Figure 12 demonstrates the effects of components of wash buffer on
the activity of ImmAChE. ImmAChE was washed with 0.1M Phosphate buffer



drop in activity even after 9 washes. However, with the addition of
surfactant Tween-20, there could be bubbles generated in wells
during the wash step, and it mght be difficult to get rid of the
bubbl es effectively during the kinetic assay. This may hinder the
accuracy of the kinetic results. [00142] 45i gure 12 denonstrates the
effects of conponents of wash buffer on the activity of | nmAChE.
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diagnostic kit.

[00144] Figure 13 demonstrated the effects of varying incubation time during
the precipitation step (SAS incubation with acidified blood). Sarin-spiked blood
was incubated for 3mins with acetate buffer and KF, followed by addition of
7xvolumes of SAS. The mixture was then filtered through alumina-packed
filtration plate immediately, or after 2mins, 30mins or 1hr incubation. ImmAChE
plate was inhibited with filirate for 5mins and assayed for inhibition of
ImmAChE. Enough sarin was activated to inhibit ImmAChE, irregardiess of
incubation time. When water was used in place of SAS, minimal inhibition of
ImmAChHE occurred, indicating that SAS is an important step in the regeneration
protocol. |

[00145] Removal of endogenous blood proteins is an important step to ensure

the success of downstream inhibition of InmAChHE wells. When water was used



| mMMAChE. Enough sarin was activated to inhibit |ImAChE, irregardless
of incubation tinme. Wien water was used in place of SAS, m ninal

i nhi bition of | mMAChE occurred, indicating that SAS is an inportant
step in the regeneration protocol. [00145] Renoval of endogenous

bl ood proteins is an inportant step to ensure the success of
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the effects dﬂigr\earqflmdgbiﬁmsmdn‘UhAGUEr\ael:m Fam thlsamgarl'rnr?egenhe abtimal SAS
butfer 11 1 958 BES prL A BoRERyI 08 Gl SyneshataSisgh Tro0smg

(cor r espondi filgatian b!atelwas Ltsledl(WéOiesIGﬁﬁnWed the thodoMﬁieUWth the new

Resul t ant ture W packed filtratjon Iate
(\?\hat man 770 '??6%}‘)’?‘3\43“‘}??'{?5% p{l,%g %@er?&‘ nd t?‘ﬁ’ﬁh“ﬁﬁlqp timahieieobrA

pl ate. The oplbbdebiufdlwds P i$48ad of 5D, AeH Wwas sdiecitldtfbr fh@eﬁn%?&i'aﬁ'Hgétlc
| MAChE i nhi hj ti on. &00148 Figure 15 is a conparison of ratio Of

to bl ood vol ffhRrotase! (égyre U6l i pore MSHV N45 filtration plate.
Sarin-spi ked bl ood was reacted with KF in

[00147] Figure 14 demonstrates the effects of varying SAS to blood ratio on

sarin regeneration efficiency. Sarin-spiked blood was reacted with KF in acetate
buffer, followed by addition of various volumes of SAS, 20u! to 200ul
(corresponding to 1 volume to 10 volumes w.r.t. blood volume). Resultant
mixture was clean up with alumina-packed filtration plate (Whatman 7700-3306)
and filtrate was used to inhibit InmAChHE on plate. The optimal ratio of SAS to
blood is 5:1, with the maximum ImmAChE inhibition,

[00148] Figure 15 is a comparison of ratio of SAS to blood volume for new
Millipore MSHV N45 filtration plate. Sarin-spiked blood was reacted with KF in
acetate buffer, followed by addition of either 5 or 7 volumes of SAS w.r.t. blood
volume, corresponding to 100pl or 1401 respectively. Resultant mixture was
clean up with alumina-packed filtration plate (Millipore MSHV .N45) and filtrate
was used to inhibit ImmAChE on plate. The optimal ratio of SAS to blood is 7:1,
with the maximum ImmAChHE inhibition.



acetate buffer, followed by addition of either 5 or 7 volunes of SAS
w.r.t. blood volune, corresponding to 100pi or 140pl respectively.
Resultant m xture was clean up wth alum na-packed filtration plate
(MI11lipore MSHV. N45) and filtrate was used to inhibit | mmAChE on
plate. The optimal ratio of SAS to blood,,s 7:1, wth the maxi num

| MAChE inhibition. 42 Influence of Shuffling Fluoride Renoval and

Bl ood Protei |_pi ion.  Steps.[0Ql49] The qrder fluorjde, .. ..
renoval by amﬁgeﬁ?egﬁh%@ﬁwgp lfcéri'%e 8%%‘8 ¥k af'aolgﬁ‘&ﬂo Eﬁ\%gel"?l F;rteﬁg:ntatlon
Current test Skeps Protocol has an inportant influence in the resulting
sensitivity of the diagnostic nmethod for detection of regenerated or

reacti vat ed [ Z i phihitors. . .Placing the fluoride renoval .
step ahead otb%f'@ Eﬂ'gyooﬁ%pg{]ug _@FQ@’BY?@W@%"QFE’WEW%PWP@@” by SAS in
decreased i nthebCirtepntedf kit PRIIRDI h&L s TRRIHEACEARKGS &1 the EYLIThE Hendi® of the
kit lit by ahout 70% with a 100 nM Spi ked Sarin Bl ood Sanple (Table

3). This decFigarastc methed Jgm detertion < megaremtad, of geactivatsdynerve epgmee InBibits.

to re-inhibipj | ek
ot b tors. bagha e bRt AbRl Sief3ndis of e HEAF BRICR! GiEaPEid farkl et sen
| atter step @goased inbbiiorveflimmpbiised shelidestérase ihGumentdedt kiv kit byaboof 70%hwith a

chol i nestera InmRLDI : I t.her han .f blood ... . .
ot el no. ar o T SbRe ST i pln (el . iy sreing R ndacnSt Ry kel
process gloul g heatlatedke rplirdibition upmmw%nhegméﬁedﬁeﬁd éreyrnd dhibitors
lons. Table . sDecrenent i rrent test Ki Sitivit S,

| ndi cat ed by IBHHTEG O3 ﬂﬁioﬁ?'%ﬂﬁugqf“‘q W@hb%\%ﬂﬁ ﬁf@%ﬂﬁﬁl?ffe@%’e'bﬂer‘@ﬂtﬁd
test kit Prounieslredbhietion of o exttind3esmpsaihititsr Eraeet e®n Rei MherBlaA8 Y% blood
Protein Precipitati o][i1 % | nhi biti on of | mMAChE 100 nM Spi ked 50 nM

Spi ked 20 nl\ﬁf%ﬁﬁnﬁéa? el IRiRiatgd it Phsoiuiors ts a-inhiblion prRCgsSReHld Bt fake plgce
Bl ood Sam | gof apfERioRal oNRIoAd jofUr rent test kit Protocol 80% Not

Conducted 40% Reshuffled Current test kit Protocol 13% 7% Not
| ary protocols that contribute

Conduct ed 5 The fi i d
Lo het b | TEpcT ) PRdSment i GuBg ek Kt Bowive shHOSelRe by Medvded 0 Inhiblion o

i ncl ude: ImmAChE With Reshuffied Cumrent test kit Protocol Where Fluoride Removal is Executed
Prior Biood Protein Precipitation
% Inhibition of InmAChE 100 nM Spiked 50 nM Spiked 20 nM Spiked .
Observed Sarin in Blood Sarin in Blood Sarin in Biood
Sample Sample Sample

Normal Current test kit

Protocol 80% Not Conducted 40%

Reshuffled Current test kit

Protocol 13% 7% Not Conducted

[00150] The finalised exemplary protocols that contribute to the ability of the
rapid current {est diagnostic kit thus include:

i Briefly rinse Immobilised Acetyicholinesterase (AChE) Plate to
remove any protective trehalose-atbumin layers stabilising the
immobilised AChE

il. Addition of substrate and chromogen to Immobilised
Acetylcholinesterase (AChE) plate and assay for 2 min to determine
initial activity.



i. Briefly rinse I mmbilised Acetyl cholinesterase (AChE) Plate to
renove any protective trehal ose-al bumn |layers stabilising the

I mobi | i sed AChE ii. Addition of substrate and chronbgen to

| mobi | i sed Acetylcholinesterase (AChE) plate and assay for 2 minto
determine initial activity. 43 iii. ?gurrently, add potassium
fluoride solution to bl ood (20 uI) acidified by acetate buffer to

regenerate acetyl. chogt nest er nh| bi tor s raa
ES’P (ﬁgt“')

(eg. Sarin). Redgner rBHrrl? @ggﬂ ﬁfg Al Ag: )(JFHQf'“SStfr@s@

3-5 mn. Optinal acét
6.5 : 1, depending 9 qeee ﬁ'éor'r@rﬁé/hﬁﬁapﬂ KEDi REgeIeratipn prpcess is

Renoval of endogeno 0‘15'13 JB PIPEaSSHOT RPONE -7 iTBiR- dFptima) acetals byfferoto
sat urat ed ammoni um Sodatadior ovases g @dcioi 0 ed. riepeadinghthe ngrHe
re-binding to bl oodeﬁﬁﬁﬂﬂeﬁé’%ﬁ'féﬁa@é@wq otal dilution factor is 12.5

fold). It is vital to performthis step prior fluoride ion renoval as

sensitivity of nmethod for nerve enzyne inhibitor will be
significantly rédudiempyaliafigidogenpen biearbpedteins apddidan edabeut dko

precipitation of bl gbf prtgratedsammortempstifatertof prayentiecadivetet oerve

m xture by passage BEEWULIM se-bividing {soblecdhplineisterasesi (otabdittion fectireid

with alum na. This d8&pfoldd. it s vitaldp pegfofm dhis fstapopiiatefitiogde ioanemonl kst
as wel |l as interfereengitily aienebodgentneore pexyneirdibiioniwibbibei signiGéantly

| mobi | i sed AChE. vieducedififiiofidmioofreimowallis carsied oAObfiongiredipitadian tof blabdd
nerve agent found i proteiesul tant m xture fromstep (iii) for 5-15 mn

vii. Brief washing of Inmobilised AChE to renpbve any residual

m xture after inhibition. Washed sol ution should contain a surfactant
for e.g. Tween- 20 tRempoeieof floyiddemmasméom imixaoei by tyassage through a

| mobi | i sed AChE i nhfiiilipmate byVDRefilivatidn njatpr pasked with ialurithdi tThis @ép is

substrate ASChl (0. dmeldl aanfleetunmrdegeionPTddd inhibit as well as interfere with

nerve agent or pesticide inhibition of Immobilised AChE.

vi.  Inhibition of Immobilised AChE with reactivated nerve agent found in
resultant mixture from step (iii) for 5-15 min

vii. Brief washing of Immobilised AChE fo remove any residual
mixture after inhibition. Washed solution should contain a surfactant
for eg. Tween-20 to prevent any decrement in activity of
fmmobilised AChE induced by the washing process

vili. ~ Addition of substrate ASChl (0.45mM) and chromogen DTNB
(0.3mM) for ImmAChHE, followed by kinetic assay at 412nm for 2 min
to determine remaining activity and hence % inhibition of ImmAChE

In Vitro Human Bilood Experiments: WMeasurement of Blood
Acetyicholinesterase Inhibition and Current Test Response With Addition
of S_arin, VX, Tabun or Dichlorvos

A. Determination of Threshold Value For Non-Specific Inhibition of
immobilised AChE by Normal Blood Samples

[00151] In order to determine the true detection window of this diagnostic kit, it
is important to know the threshold value of the degree of non-specific inhibition
of ImmACHE wells caused by just normal blood samples (without any nerve -

agents). Blood samples were taken from 5 volunteers and used as controls in



(0.3mV) for ImMAChE, followed by kinetic assay at 412nmfor 2 min to
determ ne renmai ning activity and hence % inhibition of I mMmMAChE In
Vitro Human Bl ood Experinents: Measurenent of Bl ood

Acetyl chol i nesterase Inhibition and Current Test Response Wth
Addition of Sarin, VX Tabun or Dichlorygs A Determnation of
Threshol d Val ue For Non-Specific Inhibition of |mobilised AChE by

Nor mal Bl ood : er M the srue detection
W ndow of S AL cebthefliphholGh ahd pf A PIPSel 15,7 bolbFRhEARs
val ue of the Titeghigbesifinhibitios peas f5.4%i fohidriet reatingbf lamGhviduat (Tsble 4).
caused by ju normal bl ogd sanples (w thout any nerve _ agents), .

Bl ood sanpl engf-t%kp 1%?% \&am lp&,sgea d”é@ﬁ QQOQ&%PFFBIISS("Y'WOHK
nerve agent eggeesahiiese aﬁgbogp,l weadékidet to faldlld Gab8ioldl Aali of non-
consecutive days. . The highest inhibition was 5.4% for one readi ng of

an i ndi vi duaPP§cHipinbibijon fopedhe adddive vagie Ak masr) inhibitienl and) 18 tieesof

nor mal bl oodgs@RLFOHSViAIM WH.‘E ¢ i GBI : )

decided to tgke thea‘?ﬂétggao d hvélﬂ@zg?’ norll- %’%Z‘@P?%?ﬁﬁ?b\faﬂ%ﬁm{lg tbee

t he addi ti vebetignasijustedrence 4 atffibient sampling size of memabindidduatslisrabtained.

deviation, which is 17.28% i nhibition. This threshold value could be

better adjusted once a sufficient sanpling size of normal individuals

is obtained. Table 4: Threshold val ue of non-specific inhibition of

| MMAChE obt atggd 4-r QPG I _§(H - e Te TYA | Eﬁ'

Sy s i i e
rmal” Pe .

lmMAChE) 2.8 0.0 rson 3.5 2.7 Normal Person 2
4.2 2.5 3.3[272 Bié}\{l}%lé;amlpleﬁa SO 5 Day 1 (% Inhibition of Day 2 (% Inhibition of
ImmAChE) ImmACHE)
2.8 0.0
Normal Person 1
4.0 3.8
3.5 27
Normal Person 2
4.2 25
3.3 C 2.2
Normal Person 3
42 3.1
4.4 54
Normal Person 4
54 40
4.8 2.2
Normal Person 5 '
53 1.6
Mean of 5 normal blocd samples 3.48%
Standard Deviation (STDev) of 5 samples 1.38%
10xSTDev 13.80%
Threshold value for non-specific inhibition {(Mean+108D) 17.28%

B. Determining Limits of Detection (LOD) of Current test Diagnostic Kit

[00152] With the final optimised protocol, the detection sensitivity of the
Current test diagnostic kit was tested with various concentrations of sarin




4.2 3.1 4.4 5.4 Normal Person 4 5.4 4.0 4.8 2.2 Normal Person 5
5.3 1.6 Mean of 5 normal bl ood sanples 3.48% Standard Devi ation
(STDev) of 5 sanples 1.38% 1 OxSTDev 13.80% Threshold val ue for
non-specific inhibition (Mean+10SD) 17.28% B. Determ ning Limts of
Detection (LOD) of Current test Di agnosti4§ Kit [00152] Wth the
final optimsed protocol, the detection sénsitivity of the Current

t est dragnos i varrou concen tro

Lost dtagnostied' i WSad TR W Ik IACHP SRR bRl e

st andar ds onrmmebrlrsaﬂmbplateﬁaile afet@indihed the rﬁeﬁrenéueneﬂ AdtwatERiasarire Vo
|ked bl ood_sanpl es o be 67.5% qof

f i d
o e Ve e R i Shmlae 5 be) OF ik ahine mitish shiker andedisied 14369
5, the CurregfolifS Fr&h%?&%ﬁ@aﬁd traBle £hb WurrePlltddt d@é’ggndi% &S 1068 1oL

20 nM of sarin spiked into blood, taking into account ~the diagnostic
Kit's threshSfEn wasudstermingd te@Pfrdd ohearie setketiinto) binodi teking. intphacsount

corr espondedgal &ngﬁo#ﬁt Fﬁﬁ) %g@?}\@lvame & 47 %85)'\4 fnorne%?:ﬁfcaﬁﬁ%rt%w his

fromthe blood s omvan der ans
asynpt omat i ccwmsrpnneaq)wbrede'sectedhlegeisofn‘onm}am of r@euerateuheaam from tie

reactivated tﬁ%& a%a erm ned fromthe bl ood sanpl es on the day of
exposure was 7 (I\/arcel . van der Schans, at at Retrospective

detection of exposure to nerve agents: anal ysis of
phosphof | uori00452)s FeemgvamtdergStinars fstudyr bflasymptorestio earihi #gidsare @h

phosphyl at ed, BUChE. Archi yes of col 004;. 78; 50 -55?9 B
direct ext raEeraMyeds: %’ﬁ qu?e{)ﬁ'?ﬂl gg%"i’(i%é’ateldt Sﬂﬁbg Eeu”&' fr?%afthe
Current t estblﬁbcﬁsmﬂélets(bn thie ldag 9 eikfodife aRs20. P ntleiMSrcePS WaBL T Echéns,
exposure to sarrn jn primtes and
t. al. Refrospective detection of exposure to nerve agents: analysis of
phosphofluoridates  originating from  fluoride-induced  reactivation of
phosphylated BuChE. Archives of Toxicology 2004; 78; 508-524). By direct
extrapolation of our in vitro results, it does suggest that Current test diagnostic
kit should be able to detect asymptomatic exposure to sarin in primates and

hence in human. This extrapolation will be confirmed with further studies.

Table 5: Current Test Kit Detector Response With Various Spiked Sarin
Amounts Into Human Blood

Spiked % of Blood AChE % Current test Estimated
Sarin in Inhibition Kit Response [Sarin]icuvated
Blood {nM) Detected (nM)
0 0.0 0.0 0.0
10 12.2 14.7 0.5
15 18.0 21.3 0.8
20 229 26.5 ' 1.5
35 36.9 40.6 1.9
50 48.0 51.1 27
60 54.6 57.0 3.2
75 629 64.2 4.1
100 74.1 740 54




hence in human. This extrapolation will be confirnmed with further
studies. Table 5: Current Test Kit Detector Response Wth Various
Spi ked Sarin Amunts Into Human Bl ood Spi ked % of Bl ood AChE %
Current test Estimated Sarin in Inhibition Kit Response

[ Sarinla.uymad Blood (nM Detected (nl\/p4% 0.0 0.0 0.0 10 12.2 14.7
0.5 15 18.0 21.3 0.8 20 22.9 26.5 1':5 35 36.9 40.6 1.9 50 48.0

51.1 2.7 60 . 2,75 62,9 64.2 4.1 100 74.1.74.0 5.4 4
(o154} w h QB IR (Fidite " Fab R Pt 4Fadie “BnethPetseaeiivs LOB
det erm ned wasteltMineld vl 10 GMEAd 1 D000 e & pileacntestidtiong respectively. The
respectively.. The rent test kit ?Ii_a nostic protocol is |ess

sensitive tooFéﬁ?ﬂhtegFlF‘W&ﬁQ”WtEeEM is; kegs sEOHYS e babwepdmanly decause

Tabun is not e BldrPRECHISOAGT TRbAREs inBP!a*Egﬁoﬁg &Eiir%&@rasé%hibiﬁgf(ﬁﬁui?é‘
the % remaining | mobilised AChE activity (i.e., /3% Figure 18)
observed wi t A91Baged onkhe e mmaising Tawabilisedi AMehl metivitil(i. & Z8%oRigured 8)
of % | mMACh LY n A I | e FlL.OW &
20), i t he estgP %éedé V%:%‘n\ég'r?tgra 2@? o{)f g#"k%?uvggrqdrﬁ'a;{%@ d}gﬁ)eu%a%tfrgg@nﬁa Iqtn&{ I4°e
Current testiminAChE Agctivitye vewDbnbdnéraidd ofMFluBhinatet sTabwos éFigard (28), the

required | evel,. f.l uorinated Tabun_. for % i nhibition o .
e R TR R TR N o g
det eclt i ﬁn| c afiizhid W(bMd(b@g:{é} . Tieisad el@ﬁé_@o tt@g@q@ngdj el opﬂlmmfategp Tabun
acetyl chol i ngs ase. (A assay technique for diagnosis o

poi sgni ng (F&’{]éﬁgé" 'Qﬁbb.gt'oﬂd’ﬁ%ﬁ?@g" 8d A Fethti9WRAP)-bl 0ood AChE assay
where a m ni num of 30% activity depreciation frombaseline is
required for[oons5] iThe relsBhe 6N Cfrepf tedt dOREXR@BPASIIy WAEDE relatdito

current Qur rceor:]{[vehtel}osr;[al lf)llctc;dkalc;[etylcholinaa-;’cerase {AChE) assay technique for diagnosis
of OP poisoning (Figure 21). Compared to conventional blood AChE assay
where a minimum of 30% activity depreciation from baseline is required for
initial suspicion of prior OP exposure (Table 5), the current Current test kit kit
could confirm OP exposure when blood acetylcholinesterase depreciation is
less than 30% of normal. This data thus indicates that Current test would assist
in rapid triage of suspected casualties beyond what is afforded by conventional

Blood AChE Assay capability.

[00156] The current Current test kit kit has also been validated with Dichlorvos
(OP pesticide; Table 6). The residual activity of blood AChE of dichlorvos-
spiked blood samples were monitored with commercially-available AChE assay
kit for comparison. Inhibition of blood AChE was monitored with a commercial
AChE Assay Kit. A positive signal of 22% was obtained using Current test at
1000nM Dichlorvos spiked in blood, whereas a possible indication of pesticide
poisoning monitored by >30% blood AChE inhibition occurs at a higher spiking
concentration of 1250nM Dichlorvos. Similar o what was observed for sarin
nerve gas, Current test kit test kit was also able to diagnose Dichlorvos

exposure when % Blood AChE inhibitidn was less than 30%.



coul d confirm OP exposure when bl ood acetyl chol i nesterase
depreciation is less than 30% of normal. This data thus indicates
that Current test would assist in rapid triage of suspected

casual ti es beyond what is afforded by conventional Blood AChE Assay
capability. [00156] The current Current tgst kit kit has al so been
val idated with Dichlorvos (OP pesticide; Table 6). The resi dual

activity of lq.l Bﬁed&ﬁgl?E of . di CE‘I| (I)rvos P (gsgé gd | es
d DEST RIS MPEsUso Cuisshbarast okt
Imrjlﬂ: }3?{ ?onWIo S5PBLF \Aﬁd;g/% Sﬁ]‘?ﬁ ‘P'?!Pgd‘%%tﬁ a CZITITEI‘ Ci af) Acﬁfl%aAssgy

Kit. A positive signal 5 at

1000nM Di chl orvos spi kedyifPs Food wHEPR®NIT hos sj,bl e indjcation of
pesticide poisoning m)nleD rby >305,{%C§5A8§HEA AChE° H?"Bfelsf on_ occurs
at a hi gher spiking cnncentratl on of Di chf(orvcg)s Sinilar to

what was observed for faring nerve gas, g@urrent testgkittest kit was
al so able to diagnose Dichlorvos exposure when % Bl ood AChE
inhibition was | ess thpn 3090 47 Tabl e2@6 Per cent age:7 nhi bifti on O

Bl ood AChE Versus Currpnt Test Kit Response Wth Various Di|chl orvos
Amount s.  Spi ked % | nhi pi ti &"0of Dichl or in % Curr@®t test] Blood
(nM Bl ood AChE Kit Respongﬁ% 0 0.0 0.0,1000 26.6 22.7 1250 33.0
30.4 1500 35.0 39.8 \pali PI on Curren% est kit Te¥® Protdcol to an
Asynpt omat i ¢ Chal | enge~of—Sart+nmTn—eataboratory Rat—otet—+00157]
None of the 3 challenged rats displayed any signs or nmanifestations
of nerve agent exposure post-sarin challenge. They returned to their
habi tual  grVdidatipraGurest destkitest Peitocakth 4o Asyaiptohmatie Chglemge of
Wi le trace t be detected in the rat's bl ood,
applicati onssé);'bﬁ ?Z‘ntb%?%ﬂs(??y B‘Q’rmolq}gt ocol on rat blood collected '/2

h post sarin exposure indicated a significant
[00157] None of the 3 challenged rats displayed any signs or mamfestataons of

nerve agent exposure post-sarin challenge. They returned to their habitual
grooming and feeding when returned to their home cages. While traces of free
sarin could not be detected in the rat's blood, application of Current test kit
Protocol on rat blood collected % h post sarin exposure indicated a significant
presence of regenerated sarin from the blood sample (Table 7). Detection of
regenerated sarin was achieved up to 4h post Sarin administration

Table 7 Tabulation of Free and Regenerated Sarin Recovered from
Sprague Dawley Rats (n=3) Administered with 0.4xLDs; Dose of Sarin
Subcutaneously

Blood drawn | % Inhibition of Immobilised % [nhibition of Immobilised
time point Cholinesterase Sarin Cholinesterase by Free
Post-Sarin (h) | Regenerated from Rat Blood | Sarin Present in Rat Blood
by Current test kit Protocol

0 0 0
0.5 47 0
1 51° 0
1.5 34 0
2 32 0
2.5 25 0
3.5 17 0
4 13 0




presence of regenerated sarin fromthe bl ood sanple (Table 7).
Detection of regenerated sarin was achieved up to 4h post Sarin

adm ni stration Table 7 Tabul ati on of Free and Regenerated Sarin
Recovered from Sprague Dawl ey Rats (n=3) Adm nistered with 0.4xLD50
Dose of Sarin Subcutaneously Bl ood dr a\/\%ﬁ% I nhi bition of Inmobilised
% I nhibition of I'mmbilised time point ol i nesterase Sarin
Chol i nesterase,by .Free,. Post-Sarin (h) Regenerated from Rat Bl ood .
Sarin Pr esenPeit l"QBFHB'S"EB- s{ﬂeﬁéﬂ%\sg é@%%ﬁ"t'"#ﬁ%@oﬁ'%dosﬂ?l’!ﬁ_%m
47 0 1 51 othe Rresengg of Ryrigostigmines apd Qxime 7Reactivator, g2-Pgalidoxime
Det er m ni ng Ehoridp Test Response to Sarin in Human Bl ood Sanples in

t he Presence_of ri dostigm ne and Oxi ne Reactivator, 2-Pralidoxine
Chl ori de [ooP83P8hyridestigmne RsomidaiRye) ISP pophylagtip eesprgund eften given to
conmpound of t Qv i N REer r

Goi ng- 0 ont SrISts" B ERer S, G SoiRe \IEE LRERGHA R M AL 2 uBgRe there
i nhi bitors paretsuspecied ghelinesterassinkibitb GG H¢uIBiymérse gases.

Pyri di ne- 2- al doxi me net hochl oride (2PAM is an oxine treatnent often

gi ven to i ndigkk gasal WATEY: o] !.@ﬁﬁ@ e d.to :
chol i nest erggghlgér’hisaﬂ\éc}& q?ﬁ' I'S ggag%&rr@ﬂ&t ha ?{& r co@%ﬁ@r a{%i gﬁ joxime
bl ood wher e tregEmeri\wiRY given teuimdividaiateowha Breesuspested tadmveibeenatxposedfo a

30-60ngy, whe | r_netabolic excretion nor conversion was
consi der ed" &oﬂﬁéét&%se%ml%r.

It is assumed that;

. Pyr concentration in blood where “1E-07M Pyr in human blood after oral
administration of 30-60mg, when neither metabolic excretion nor
conversion was considered”

. 2PAM concentration in blood where "600mg autoinjector (Mark 1) should
give Cmax of 6.5pg/mi (38uM)” '

[00160] Figures 22 and 23 demonstrate that it is still possible to detect an
individual's exposure to a cholinesterase inhibitor even if they were given a
prophylactic compound before the possible exposure took place or a treatment
after suspected exposure.

Pyridostigmine Data:

[00161] Even where a high dose of the prophylactic Pyridstigmine is used, the
presence of a cholinesterase inhibitor is detected (Figure 22). Pyr is added fo
blood prior to spiking with either 100nM sarin (Figure 22A) or 25nM sarin (Figure
22B), to simulate that Pyr, a prophylactic drug, is given before nerve agent

exposure,

2-PAM data:

[00162] Even when a high dose of the treatment 2-PAM is used, the presence of
a cholinesterase inhibitor is detected (Figure 23). Either 100nM Sarin (Figure 23A)
or 25nM sarin (Figure 23B) is spiked in blood for about 30mins before 2PAM is



2PAM concentration in bl ood where "600ng autoinjector (Mark I) should
give Cmax of 6.5pg/m (38pM" [00160] Figures 22 and 23 denonstrate
that it is still possible to detect an individual's exposure to a
chol inesterase inhibitor even if they were given a prophylactic
conpound before the possible exposure togl place or a treatnent

after suspected exposure. Pyridostigmne Data: [00161] Even where a
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Validating Identity of Activated Agent Using Current Test Technology
[00164] Sarin is identifiable on GCMS by both its retention time (7 £ 0.5 min)
and mass spectrometry data (m/z 125, 99 and 81). To confirm the identity of the
inhibitory compound obtained from Step (a) of Current test kit Protocol, which
involved fluoride reactivation, blood proteins precipitation and alumina-aided
removal of fluoride ions, the filirate was subjected to solid phase extraction and
the ethyl acetate eluant further analﬁfsed by GCMS (EI-SIM) mode. From the
similar GC-MS chromatograms of Standard Sarin (Figure 24A) vs regenerated
inhibitor from human blood (Figure 24B), solid phase extracts of filtrate obtained
from sarin-spiked blood samples using Current test kit Protocol is determined
to contain sarin nerve agent..

Validating Accuracy of Current test kit Protocol In Determining Amount of
Regenerated Nerve Agent Inhibitors Usmg Alternate SPE-GCMS Analytical
Technique

[00165] A linear calibration plot (Figure 25) for Sarin was obtainable using
GCMS analysis of sarin prepared in ethyl acetate solutions. As the lowest
quantifiable limit for Sarin with GCMS was 2 parts per billion (ppb) or 14 nM, a



presence of reactivatable cholinesterases. Validating ldentity of
Activated Agent Using Current Test Technology [00164] Sarin is

I dentifiable on GCMS by both its retention tine (7 0.5 mn) and
mass spectronetry data (nfz 125, 99 and 81). To confirmthe identity

of the inhibitory conpound obtained froggStep (a) of Current test
kit Protocol, which involved fluoride reactivation, blood proteins
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Filtrate activities on the immobilised cholinesterase of Current test kit Kit arose primarily
from the regenerated Sarin. |

Table 8 Tabulation of Recovery Factors For SPE Exiraction, Detected
Concentration of Regenerated Sarin in Current test kit Filirate and Correlation
Factor Between Analysed and Estimated Actual Sarin Concentration in Filtrate

Sample Recovery of | Concentration Estimate Final Sarin Correlation
description GBin detected in "Actual" Conc | Congentration Factor
20ml filtrate | Current test | in Current test Spiked In

{%), with kit Filtrate by kit Filtrate Blood {nM)
concentration SPE (nM} Corrected for
factor of 20 SPE Losses
(ni})
BIo:CS{ ; Ac 40.90 3.27 8.87 100 ~ 0.088
+Sari i .
f%';g‘; o 35.41 2.83 7.68 100 0.077
alumina
40.05 3.20 8.69 100 0.087
Phosphate
buffer +
Sarin 36.87 2.95 8.00 100 NA




Sanmpl e used in Step (b) of Current test kit Protocol for Inhibiting
| mobi | i sed Cholinesterase. Hence, as both figures are not
significantly different, the alternate analytical procedure using
solid phase extraction followed by GCM5 anal ysis has validated the
accuracy of the Current test kit protoco for det erm ni ng

regener at ed Sarl n. These results also af | rmed that all inhibitory
activities o oI| sera of Cu t . tesg kit Kit |
arose pri marIII ? % gg@gg? &E gﬁ'ﬁ‘ﬂﬂrh P’ESﬂ”toEStt kit
Recovery Fach])t &m t”%l0 H'bentratlon of
Regener at ed Ovrr.ont ncf |/1 t | ] ! tratao nt‘l Car_r. f 1 on

Fact or Bet vveuusl ir*&fj‘ Blaod E‘ t iGRIrlation Fagforsal i n Coﬁ%BWFF%ﬂ Astyaly
Filtrate Sanple Rec y of Cpncentration Esti np@neppipticnin ﬁ:urrent test
Correlation|description GBin detected in "Actpal" CdsitFiltrate (nM)

Concentratidn Factor20 20ml filtrate @f8%nt test in Currert7#est

Spi ked In (0 i i Bl ood ( nl\/h
concentratidn SPE ( Corr ect ed forofoa-(c?tor of 20 SPE LOSQ@-’ (nM

Bl OOd + AC 469032/~ 8—87 10 6089 KF—Sar | R o BHA—& = t-ef—t a¥s H
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Bl ood Correl ati on Factor Estimted Actual (nM Concentratlon I n

Current testTabIe: 10 Concentration of Regenerated Sarin Recovered in Current test kit

Filtrate From a 20 nM Spiked Sarin Blood Sample, as Calculated With Enzyme
Inhibition Calibration Plot Provided By Current test kit Protocol

Spiked Sarin (20 nM) | Amt of sarin Mean Stdev
Blood Samples regen (niV)
R1 (0708086) 1.54 1.472 0.347
R2 (0708086) 1.21
R4 (080806) 1.98
R5 (080806) 1.16

Ruggedisation of Laboratory-based Microplate Reader for Field Use

[00166] The Current test diagnostic kit comes in 2 transit cases: one for a
5.5kg microplate reader, and the other for accessories like small vacuum pump,
vacuum manifold and consumables. Both these fransit cases weighed less than
13kg each. The setup of the microplate reader with laptop is shown in Figure 26
and the Figure 27 showed the estimated table space requirement for performing
the assay. The reader, when emplaced securely within the transit cases, was
determined to be unaffected by environmental qualification tests for shock and
vibration.

[00167] One important consideration for improving upon the original Current
test kit kit prototype is the issue of “ruggedness”. The initial Current test kit
prototype has components made of glass, which made the kit fragile. Hence, for
the new HTP diagnostic_kit (Current test), we replaced all the glass components



kit Filtrate (nM 20 0.089 1.775 20 0.077 1.537 20 0.087 1.738 Mean
Estimate Regenerated [Sarin], nM1.68 (0.1) (STD) Table 10 _
Concentration of Regenerated Sarin Recovered in Current test kit
Filtrate Froma 20 nM Spiked Sarin Bl ood Sanple, as Calculated Wth
Enzyme Inhibition Calibration Plot Proviged By Current test kit
Protocol Spiked Sarin (20 nM Ant of sarin Mean Stdev Bl ood Sanpl es

7 070806 080806
1°98" R beod sork R ort At ey fo inr CohP RISt af fecsh i drdaton
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The setup of th mcra’gl ate reader with laptop is shown in Figure 26

and the Fi guttabibsationofedGhie alist ithwes dmmehiisesp Hbereaiguicatier immiAGHE)

perform ng ,reﬁga,ﬁes]s@y ha];ggdreader when enpl aced securely within the
transit cases, etermned to be unaffected by environnental

qualification tests for_ shock and VI br atlon [00167] One i nmport ant
consi der at i daufrgnt Jes pagantsnPrepara d|Packading Issuest kit kit

prototype is_the issue of ruggedness The initial Current test kit
prot ot ype hd@026fipFisane 2Grahewed the dewortance Iof nealectingethiei comreciglype. of

Hence, for dihagBdWokTr 5@9&9@3@%&%&%@ fééfd Ihﬁ@ﬂbhE%rﬁﬁEhﬁcﬁgtes

all the glass co onents sel ecte trc materia
t he consunabvese lmphulhed kand, stthieg ipledtheoPR ba‘gerorl MBdiagblferaUp ¢ 3ofeekGHdE

was gl ass Vighml @riafatlfd 8¢ Siut G4 EE Yitn! g hﬁrmdlty. ImmACHE packed in PP
bags degraded much faster than the InmAChE packed in MB bags. Hence the

MB bags were really useful in protecting the ImmACHE inside from moisture.
Comparing the type of bags used for vacuum-sealing of ImmAChE plates.
Lyophilised ImmAChE plates were packed in either PP bags or MB bags under
vacuum and stored at air-conditioned environment inside a ziplock bag sprayed
with water to simulate high humidity or wetness. After 3 weeks, the plates were
assayed for remaining ImmAChE activity and data were normalised to the

activity prior to lyophilisation.

[00169] Normally heat-sensitive reagents like the enzyme AChE or the
substrate ASChl require extreme cold storage less than —20°C.. For ASChl,
which is hygroscopic, light-sensitive and easily subjected to self-hydrolysis to
thiocholine, we attempted to stabilise it by Iyophilisation. in our investigation,
both the substrate ASChl and chromogen DTNB were lyophilised together for 2
days, and tested to see if the lyophilisation procedure and storage at 45°C for
up till 8 weeks caused any change to the chemicals. The dried reagents were
reconstituted with PB pH 8.0 and compared to the normal freezer stocks of
ASChl and DTNB. Figure 19 showed that there was not much difference in the
lyophilised stocks of ASChI and DTNB as compared to the freezer stocks after
lyophilisation and even after 8 weeks of storing the lyophilised stocks at 45°C.



prototype, whereas in the HTP version, it was replaced with 96-wel |
pl ate. The technologies for inmmobilisation of AChE onto plastic
96-wel |l plates, and the stabilisation of AChE after it was

i obilised (thereafter called | MmMAChE) remai ned unchanged. Current
Test Kit Reagents Preparation and Packagggg | ssues [00168] Figure 28
showed the inportance of selecting the correct type of storage bags

for our nois ve | hillse ChE. | pl a r.
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Development of Software for Rapid and Easy Management and
Interpretation of Assay Data By Paramedics

[00172] Figure 30 showed an example of the Excel sheet template, after the
numeric raw data (for both Pre-inhibition Read and Post-inhibition Read) were
being pasted info the template, with the interpreted results appearing
automatically as “X” for nerve agent exposure and "OK" for no exposure. The
wells highlighted blue, yellow and pink represented wells incubated with filtrate
from sarin-spiked blood samples corresponding to 200nM, 100nM and 50nM
respectively. Only wells incubated with filtrate from 200nM and 100nM sarin- .
spiked blood showed an “X", whereas wells incubated with filtrate from blood
spiked with 50nM sarin were not indicative of sarin presence, even though they
caused an inhibition of about 10% of the ImmACRE wells. This was due to the
fact the algorithms in this Excel template are currently based only on the non-

specific inhibition of only 5 normal individuals with a large margin for error



DTNB di ssolved in water and PB pH 8.0 respectively were |yophilised
together for 2 days at -40C. The dried reagents were then packed in
noi sture-barrier bag and kept at 45C for up to 8 weeks. The reagents
were reconstituted with PB pH3.0, and nonitored
spectrophotonetrically at 412nm over ting. As control, freezer
stocks of the sanme reagents wer e t hawed ﬁd nDnitored over tine

after thaw n tion 00171 we, al so. observ
Chat Aschl wTH 45 - Hoapbmgte moaal fibat homfhle b indMR i P Baedec
with PB, whi thbavidsted ® repfadeheffforsdvabeurBENBrdsbold @aie.yel | ow col our,
as seen by the steady increase in optical density (OD at 412nn) over

time. Th - hydr ol f AS | ut
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reconstitution I'scard all reagents thereafter.
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various embodiments of this invention will be apparent to those skilled in the art
based on the above teachings related to the disclosed invention. The above
embodiments of the invention are merely exemplary and should not be
construed to be in any way limiting.



to be tested to represent a nore accurate threshold value. [00173]
Wthin the same Excel sheet tenplate, a record sheet was created for
entry of each individual's nane and NRI C nunber (Figure 31). The
results that appear here is linked to the 96-well format in Figure
30 for ease of correlation of the inter %eted data to each
i ndi vidual. [00174] As the platformfor ? e | mmMChE plate is bought
comerci al | yV\PenEIawﬁprmt' mes certain wells mght not i mobilise AChE
well, this can Fesult in an extrenmely lowinitial value
(pre-inhibition value) for those wells. Therefore it is inportant to
deternine the ini tiﬁamdtmdﬁﬁhﬁeteatmgshé presenee Wi cineambatteopehslineb@rase
i nhi bition wag t he resulltant filtr e§3 termed as Pre-inhibition
Read), so thAP'P4RYN 4 $RMPIE GPMBFisHe ¢ %ét § el | -to-wel | differences

can be corrected. In this way, we could normalise each single well

of Post -i nhi biti da) Beathclhg hhet@rﬂi;ﬁépﬁﬁhlate agenl ¢gpasie &ﬁedd%hﬁgf tdrgn
Read. Al t hough thlhsw_F) cess r{% nother 3-5mns to the wh
procedure, it carfMAWISSIEESeintibios Of"n eS@F9ience of fal se posi tives.

[00175] Modifications of the above-described nodes of carrying out

the various embes) remtsctiag hh%sch&miéré’éb Vihhbithe frotRaceiy (Ea?: viesg
skilled in the ar based on the above teachings related to the

di scl osed i nvent icoflineptiasg whereinthechoipasterase actvty inkeawnoandir e
nerely exenplary and should not be construed to be in any way
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anount of chollnesterase inhibitor in a saane conprising the steps
of : (a) contacti fEPINeetesasRREMWIY fmMuihedmemn asliplibl e of recovering any

cholinesterase inhibitor fromthe sanple; (b) contacting any

chol i nester@se i nhThé tragthbHOBR Slaf { Slirthibd '&oﬁﬂanshS' b”&%ﬁﬁéﬁ‘éﬁe%ﬁf gidp

t he cholinesterase activity is known; and (c) neasuri n?
chol i nest er H@'@r%iﬁtthﬁ?/tﬁc‘[“?i'r‘&éﬁe@%ﬁ divitnis maasused baferesiep (a) to determine a

chol i nest er aafi&l dhFlihdstEFRB dGiL AV IR HE ﬁ‘lbki‘rﬁal €ho ]ﬂ%@té@é?ﬁ&l\ﬂ& is the

claim1 further conprising a pre-neasurenent ere n :
chol i nest er &8ewa@chp ”Q%ﬁeﬁage sttt vabhmwﬁecmliepsteeaset actividy éndepeadent of

an individual's pre-exposure level of cholinesterase.

3. The method of claim 1 or 2 whertsin proteins are removed from the
sample after step (a)

4, The method of claim 3 wherein one of the proteins is cholinesterase.

5. The method of claim 3 wherein the proteins are removed by protein
precipitation with high concentrations of salt.

6. The method of claim 5§ wherein the salt comprises citrate, phosphate,

sulphate, acetate, chloride, nitrate, thiocyanate or ammonium sulphate.

7. The method of claim 5 or 6 wherein the high concentration comprises
a saturated salt

8. The method of any one of claims 1 to 4 wherein the sample is a
biological sample



maxi mal chol i nesterase activity wherein the maxi mal chol i nesterase
activity is the known cholinesterase activity providing a
chol i nesterase activity independent of an individual's pre-exposure
| evel of cholinesterase. 3. The nmethod of claim1 or 2 wherein
proteins are renoved fromthe sanple afggr step (a) 4. The nethod of
claim3 wherein one of the proteins is cholinesterase. 5. The nethod
of claim3 erein | : . I i ecd pi .on
W th high cohicent r afFoRarSHT aRAs SCTRFEIINNPBIL ChrsBle i BrbiTie
the salt conprétedisestetasat mhibibosipdmat a, sammplepltatmprises edfatencticity dowshels
nitrate, thiqc an te .or amoni um sul phate. 7. The nethod of claim5
or 6 wherei npc}l(%g ﬂirﬁ?fe Ghcentration conprises a saturated salt 8.
The net hod of any one of clains 1 to 4 wherein the sanple is a

bi ol ogi cal sHhpl e F6e Methdthef skirod w@f2 whaleirsthe coliRestbeiseiis réditivated
agent capabl.e of recoveri a cholinesterase inhibitor froma sanple
conpri ses of"PE&S ‘Q/??‘f)mtnﬂkﬁhds phosphyl noieties 10. The nethod of
clainms 1 or 2 wherein the cholinesterase is reactivated in an acidic

environment .1111. Theemréthod «ff clgihfit; WRerlietifd Beldie eadiiofinfent comprises
envi r onment ﬁ?gﬁpl’.l sgls _Potassjum fluoride or sodiumfluoride. 12. The
met hod of cIFAW@YSIEN JHorde Qherdiim fuREdeci di ¢ environnent furt her
conprises an acetate buffer. 13. The nmethod of claim3 further

conpri sing azstep The hesthyd BE clalie 18981 whetsth the asiardéiildhhfdint fitHehe
protei ns bei n(r;rwr_ermved. 14. The method of claim 13 wherein the agent

is renoved IS9MPASeS AQ araidte BYRSi e through a filter. 15. The nethod of
claim14 wherein the filter is an inert hydrophilic filter. 16. The

nmet hod of chai m 14T mkthothef @dith 3 ARtHer CbApHLIAG LR8P bf FtSouthiTHe ¥hen!
vacuum filtrati %n t hrough to the correspondi ng detection sites.

from the sample prior fo the proteins being removed.

14. The method of claim 13 wherein the agent is removed by passing the

sample through a filter.
15. The method of claim 14 wherein the filter is an inert hydrophilic filter.

16. The method of claim 14 or 15 wherein the filtration comprises pumping
or vacuum filtration through to the corresponding detection sites.

17. The method of claim 16 wherein a vacuum pump is set at a pressure
of about 10Hg or more for a duration of about 1 minute.

18. The method of anyone of claims 14 to 17 wherein the filter is packed
with insoluble aluminium compounds such as beads conjugated with aluminium

or alumina, aluminium oxide and the like.

19. The method of claim 2 wherein the cholinesterase is washed before the

pre-measurement of the maximal cholinesterase activity.

20. The method of claim 19 wherein the pre-measurement step to determine
the maximal cholinesterase activity may comprise a chromogenic assay mixture
comprising: a substrate and a chromogen.



17. The method of claim 16 wherein a vacuum punp is set at a pressure
of about 10Hg or nore for a duration of about 1 mnute. 18. The

net hod of anyone of clains 14 to 17 wherein the filter is packed

wi th insol ubl e al um ni um conpounds such as beads conjugated with
alum nium or alumna, alumniumoxide agd the like. 19. The nethod
of claim2 wherein the cholinesterase is washed before the

pr e- measure t of e imal_.cholipesterase actiwvity, 20. Th .
nmet hod of clngl?'m 19 %er@?ﬁogﬁgfpgg-wgﬁrseme n@sg@%dstéegg%q%%eaqm%nt
maxi mal chol tengsfretuas® ICT and ot apH revgpsi B8 ta8chr onbgeni ¢ assay

m xture conprising: a substrate and a chronogen. 57 21. The net hod

of 20 whereip,the say s perforned at,anbien enperatyre toq 37C
and at a pH f4nge g@eﬁg{l}og %{@r}y 9pe ﬁ’?"ﬁﬁt@o{? %# %’etgﬁge@o@p%tﬁr@se
19 to 21 whesaivity ishaesdinbd 6$§étﬂf®%ﬁ>mﬁﬁéélwi ty is neasured
spectrophotonetrically 23. The nmethod of claim22 wherein the

spectrophotogetric neasur,e t s in the range of 320 {o, 610nm 24.

The met hod of”cl ai %eﬂ&gpd ?ge C%H'Brd@ Wh?rﬁ@ Bppyttemetricat measurement
measur ement is$1 tHeQehgd 42870 WeioghnPTNB is the chronpgen 25. The net hod
of clainms 22 or 23 erein the spectrophotonetrical neasurenent is

about 324 where PDS is the chronpbgen 26. The nethod of clainms 22 or
23 wherein t4fe specMPopwHIcshetr Flalns 24e 85 udd nehereins thg osRectoBhviomskical

DPI P i's the AbaQFBGBH is Aboutl M2k Whark BTNG! 8B dhrbHidgBRr conpri sing
an incubation step before the sanple is incubated tdgether with the

agent capabl e of recovering a_ cholinesterase inhibitor and/or an
acetate buffer. 28lhgnmethathef gaimg £A2mep723 uvierein dogpsnesiragheipmetrical

i nhi bi tion shemdshents aBB@@Mh%@@‘Sﬁkfh@%h?ﬂﬁb%é}?St erase inhibitor

is left to react wwth the cholinesterase for out 1 to 20 m nutes
or nore. 29. The nethod of claim28 further conprising a washing step

after the i4%hibitibR SeBPdnebrepims e Shotd nareinadie i sechppRatometrical
washed Wi th mgedddfdREnt is about 606nm where DPIP is the chromogen.

27. The method of claim 1 further comprising an incubation step before
the sample is incubated together with the agent capable of recovering a
cholinesterase inhibitor and/or an acetate buffer.

28. The method of claim 27 further comprising an inhibition step before
step (c) wherein the cholinesterase inhibitor is left fo react with the
cholinesterase for about 1 to 20 minutes or more.

29, The method of claim 28 further comprising a washing step after the
inhibition step wherein the cholinesterase inhibitor is washed with a buffer.

30. The method of claim 29 further comprising the need to include a
surfactant to stabilise the immobilised cholinesterase during the washing step.

31. A method of detecting the presence of an amount of cholinesterase

inhibitor in a sample comprising the steps of:

(a) measuring the maximum activity of a test cholinesterase to determine

a known test cholinesterase activity;



30. The nethod of claim?29 further conprising the need to include a
surfactant to stabilise the i mobilised cholinesterase during the
washing step. 31. A nethod of detecting the presence of an anount of
cholinesterase inhibitor in a sanple conprising the steps of: (a)
measuring the maxi numactivity of a test gholinesterase to determ ne
a known test cholinesterase activity; 58 (b) contacting the sanple
with an agent cap ki ek 1 i el ; : ;
chol i nesterase i nﬂdlﬁ'?)ﬁiogﬁadgﬁ%et@%()?él;\rﬁgléa}["g)ﬁtgsgniéﬁrﬁﬁcﬁ?&%ﬁg;sﬁtﬁ Ef?nng with
renovi ng t he agentbingingn hetwesmreplchplifasferasaonhibgon had ctiulinesistaseaipethe
in the sanple; (d)g %pd?é.acti ng any cholinesterase inhibitor fromthe
sanple with the t est P'ehol i nesterase; and (e) neasuring of the test
chol inesterase activity to determne the inhibition of

chol i nest er ase act{cmiempvingdhe tAigenkfronwthastmpld;y .

(d) removing the cholinesterase in the sample;

(d) contacting any cholinesterase inhibitor from the sample with the test

cholinesterase; and

{e) measuring of the test cholinesterase activity to determine the
inhibition of cholinesterase activity from the known activity.



