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FIGURE 1
15001 .
-~ Plasma derived BuChk
:g & Recombinant Fusion
£ Protein of SEQ ID
& 1000 .
Q R?=0.9931 NO:t
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T T d
0.000 0.005 0.010 0.015
Enzyme Concentration (mg/ml)

Baxter BuChE
mg/mL : 0.00061 : 0.000305 : 0.000152 : 7.62E-05 : 3.81E-05 : 1.91E-05 : 9.53E-06 : 4.76E-06

nm 7.2 3.6 18 Q.9 Q.45 0.225:  0.1125- 0.05625
724.1143° 397.6286: 219.1857: 115.0286 44.3: 18.28571° 9.114286° 4.371429
718.1857: 408.1714: 232.2143: 120.5571: 42.45714;: 21.94286 6.6 13

Average 721.15 402.9 225.7. 117.7929: 43.37857: 20.11429: 7.857143: 2.835715
St Dev 4192133 7.454926° 9.212592: 3.909291' 1.303097: 2.585991: 1.777869 2.171828

Recomhinant Fusion Protein of SEQ ID NO:1
mg/mL - 0.009756 : 0.004878 : 0.002439 : 0.00122 : 0.00061 : 0.000305 : 0.000152 . 7.62E-05
nM Q0.077: 0.0385: 0.01925' 0.009625: 0.004813: 0.002406: 0.001203: 0.000602
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StDev 26.92828° 105.0761: 15.18512: 3.659278: 19.28634: 6.228432: 10.74802: 3.358757

(57) Abstract: The present invention provides the
recombinant fusion protein of SEQ ID No :1. and
a method of treating a mammal for exposure to a
neurotoxin or for preventing or ameliorating the
Neurotoxic Symptoms of exposure to neurotoxin
which comprises administering an eftective
amount of the recombinant fusion protein of SEQ
ID No :1. SEQ ID No:1 is a fully recombinant fu-
sion polypeptide composed of the mature form of
human serum albumin (HSA) fused at its amino
terminus to the carboxy- terminus of a truncated
and mutated human BChE.
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ALBUMIN-BCHE IN DETOXIFICATION OF NEUROTOXINS

This application claims the priority of U.5. Provisicnal
Application We., 61/986,227, f£iled April 38, 2014, the contents

of which are hereby incorporated by reference,

Throughout this application, various publications are
referenced by author and publication date., Pull citations for
these publicatinns may be found at the end of ths
specification immediately preceding the claims. The
disclosures of these publications are hereby incorporated by
reference into this application to describe more fully the art

to which this invention pertains.

Background of the Invention

Nerve agents (NA) are highly lethal chemicals, of which many
pelong to the organophosphorus (0P} cowmpound groups they are
among the most toxic substances identified. 0OP compounds were
originally developed for use as insecticides, but dus to their
extreme toxicity were adopted as weapons of chemical warfare.
Nerve agents act by lrreversibly inhibiting ths enzyme
acetylcholinesterase {AChE} which 1s vresponsibie for the
breakdown of acetylcholine in the synapse. Current antidotes
to OP exposure include pratreatment with pyridostigmine
coupled with therapeutic administration {via auto-injector) of
an anti-convulsant, an oxime and atropins. All current
treatments Carry significant side~effect risks, The
pretreatment of subjects exposed to NAs with a human bioclegic
is an attractive alternative, as protection lasting 1-2 weeks
could be afforded to those in potentially contaminated
envircnments; the same approach could be used by emergency

medical workers responding to a contamination event.

In the last 2 decades both human butyrylcholinesterase (hBChE}
purified from either human plasma or from transgenic goat
milk, and acetvicholinesterase (AChE) from varigus sources
wers studied extensively as stoichiometric antidotes ({(single

turnover} against intozications with multiple LDS0 doses of

PCT/US2015/028291
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OP~based nerve agents and/or pesticides, Studies of combined
trestment by cholinestearases and oxime reactivators suggest
that these mixtures may constitute a pseudo-gatalytic
antidotal concept with turnovers >1. Twe sources of hAChE
were examined as potential bilosvavengers: a. recombinant haChE
axpressed in 3 human ¢ell line, sand b. ha&CHE expressed in
transgenic plant g¢ells, Despite the fact that bhAChE reacts
faster than hBChE with some OPs, the latter {obtained {rom
human plasma) has the advantage of belng already recorded as
a safe protein admindstered In numerous cases in humans with
no apparent toxic zide effects and with long circulatory hall-
life of the ™“naked” administsred enzyme. In several cases
biglogical  half-life of exogenously administered plasma
derived hBChE in humans were reported at 10-12 days ({3).
Recombinant enzyme products of either hBEChE or hAChE are
reguired te be encapsulated to comply with reguirements of

axtended plasma stability.

In order for hBChE {or any bioscavenger! to gualify as drug
candidate against a variety of OPs (i.e., a bkruad-spectrum
antidote), it must fulfill several vreaguirements: It should
react rapidly with all types of OF threat nerve agents {e.g..
sarin, soman, oyclesarin, tabun, VX, Russian VX} in the
circulatich an as to prevent them from reaching AChE  in
physiologically important targsts. The ideal prophylaxis {ox
post-exposure treatment)would be to reduce the concentration
of the toxic dose of OPs to below 1/10 of its LDEG wvalue
within .51 min (approzimately 1 blood circulation tCimel:
Bioscavengexrs should protect by a tolerable pretein dose at
least against 2=x1D50 b of GPs, preferahly {but nat
necaessarily) without thea need of post-exposures additional
standard therspy f{e.g., atropine, oxime reactivators, anti-
convulsgants); The Bioscavengsr should be effective not only
ag a prophylactic drug but also as a post-esxposure treatment
with or without standard therapsutlic regimen, whenever auch

therapeutic window exists {e.g., skin contamination, long-term

PCT/US2015/028291
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low-level exposure] and should have leong clrculatery half-life
so that a single dose is sufficient to protect agalinst OF
intoxication for 2-3 .days, preferably 1 wassk. Additional
requirements for such a bkioscavengsr is that it should he
producad from a reliable and safe source, obiainable by a
large-scale production process that will gusrantse continucus
supply at low cest and that it has shelf-life stability of at

-~

east 3 vyears when stored at yoom temperature ({RT) a3 a

b=

lyophilized powder and 5 years at 4°C.

To date, the need for an efficiocus, szafe and commercially
available, long acting and diversse Dbiloscavenger for the
treatment of exposure to several types of Neurctoxins still

remains.
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Summary of the Invention

The present invention provides a method of treating a mammal
for exposure to a neurctoxin or for preventing or ameliorating
the Nsurotoxic Symptoms of exposurs to a neurotoxin which
comprises administering an effective amount of a recoumbinant
fusion protein whose amine acid sequence is set forth as SEQ
ID Ne:l., BEQ ID No:l is a fully recombinant fusiocn polypeptide
composed of the mature form of human serum albumin (HSA) Ffused
at 4ts amine terminus to the carbexy-terminus of a truncated

and mutated human BChE,
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Brief Description of the Figures
Figure L. Hydrolytiec activity of huBuChB (Baxter} vs. the

recombinant fusion protein of ABEG ID NO:l against BtCh
substrate

Both the rscombinant fision protein of SEQ ID NO:1 and huBuChE
display linear concentration/activity relatioaships Zfor the
hydrolysis of BtCh under the conditions usad, Whan compared
to huBuChE, the recombinant fusion protein of 3EQ ID NO:l
possesses approximately nine times less hydrolytie activity
zgainst BtCh on & per milligram basis. The recombinant fusion
protein of SEQ ID NO:1 (126,000 g/mol) is approximately 1.5
times the molecular weight of huBuCh® (83,000 g/mol}. Thus,
the difference in hydrolytic activity between huBuChE and the
recombinant fusion protein of SBEQ ID NO:l  is actually closerx
to =six~fold, which is =similar to the wvalue that has been
previously reported (Yang W, Zhan C-G et al, 2Z010}; this
modest difference in activity may ke due to the use of a
buffer at a slightly lower pH (7.0 used here, 7.5 used in the

previous studyj.

Figure 2. Neon-linear regression fit of the recombinant fusion
protein of SEQ ID NO:1 hydrolysis of BtCh substrate as
determined by isothermal titration calorimetry

2a. A single jnjection experiment was performed {MicroCal
Manual}) and a substrate'inhibition medel was used to analyze
the data and generate the reguired Ky and K; (substrate
inhibition constant) of BtCh with the recombinant fusion
protain of SEQ ID NO:1. BtCh was present at a final
concentration of 250 uM in the reaction well as this would
allow for maximal velocity without «causing substantial
substrate dinhibitien. The c¢opncentration of enzymes that
generated a linesar change in absorbance at 412nm over a 5
minute measurement period was determined before each iteration
of the experiment; generally, 150 to Z00 ng of enzyme per

reachtion well was sufficient to mest this criterion.
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2B. Agent {GR, GB, G, GF, V¥, VR, or VM at varying
concentrations from 1 oM to 1 mM) and substrate {at a £fixed
250 pM final ceoncentration) ware simultansousliy added to the
reconbinant fusion protein of SEQ ID NO:1 samples, and the
absorbarice was measured continuously for five wminutes at
412nm. The resulting curves were fit using a nonlinear
regression analysis to determine the rate of inhibition at
each agent concentration, which was then plotted as described
by Hart and O'Brien ({(Hart ©J0 et al, 1873} to determing the
inhibition rate constants for each agent tested. Inhibition
rate censtants of ths reocombinant fusion protein of SEQ ID
NO:l with several 0P nerve agents, determined using the
continucua method. Error barz indicate standard deviation of
threg independent replicates. Inset shows only the values for
the recombinant fusion protein of $EQ ID NO:1 with VX and VM.
In all cases, the numerical values for esach OF ars shown above

the corresponding bar.

Figure 3. In vivo PK (by residual activation of the
reconbinant fusion protein of SEQ ID NO:% )} ex vive in guinea
pigs

Pharmacodynamic time-course of the recombinant fusion protein
of ID NO:1 in guinea pigs {(n = 3 per dose} after i.v.
administration of A} 2% mg/i/kg or B) 50 mgikg. Error bars show
the standard deviation in the activity level at each time
point. The congentration of the recombinant fusion protein o=f
SEQ ID NO:1l was determinsed by comparison to a standard gurve

generated using purifisd enzyme.

Figure 4. Summary of Experimental Resulis

PCT/US2015/028291



16

P
wn

20

25

30

WO 2015/168284

Detailed Description of the Invention

SEQ ID NGC: 1 has the following amince acid seguence:

EDDITIATHNGEVRGMNLTVFGETVTAPLGIPYAQPPLGRLRFKKPOSLTRKWSDIWNATKYA
NACCQNIDOS FPGFRGEEMWNENTDLSEDCLYLNVR I PAFKPENATVLIWIYGGGFQTETSS
LHVYDGKFLARVERVIVVSMN Y RVGARLGFLALPGN FEARGNMGLY DQULALDWVIRKNIAAYG
GNPKSVTLFGESSGAASVSLHLLIPGSHSLFTRATILQSGSFNAPHWAVTSLYEARNRTLNLAK
LTGCRRENETEI IRCLRNEDPQEILLNEAFPVVEYCTPLEYNFGPTVDGRILTOMPDTLLELG
QFERTQILVGYNKDEGTHFLVGGAPGFSKINNS I I TREEFQEGLKIFFPGVEEFGKES ILFH
¥ TDWVDDORPENYREALGDVVGEDYNFICPALEFTREFSENGNNAFFYYFEHRSSKLEWPERY
GVMHGYEIEFVIFGLPLERRDNYTKABETILSRS IVKREANFAKYGN PNETQRNSTSWEVERST
BQKYLTLNTESTRIMTKLRAQQCRFWTSFFPRVDAHKSEVAHRFKDLGEENFRALVLIAFAD
YILOQCPFEDHVELYNEVTEFAKTCVADESAENCDRK S LEHTLFGDKLOTVATLRETYGEMADCC
AHQEPERNECFLQHKDDNPNL?RLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPE
LLFFARRYKAAFTECCQAADKAACLLPRLOELRDEGRASSAKDRLKCASLOKFGERAFKAWA
VARLSQRFPKAEFAEVERLVITDLTEVHTECCHGRLLECADDRADLAKY ICENQDS ISSKLKE
CCEKPLLEKSHCIAEVENDEMPADLPSLARDFVESKOVCKNYAEAKDVFLGMEPLYEYARRHEP
DYSVVLLLRLAKTYETTLERKCCAAADPHECYARVEDEFKPLVEEPQRLIXQNCELFEQLGEY
KFQNALLVRYTRRVPQVSTPTLVEVSRNLGRVGSKCCKHPEARBRMPCARDY LEVVLNQLCVL
HERTPVSRRVIRCCTESLVNRRPCFSALEVDETYVPKEFNARTFTFHARICTLIEKERQIKE
QTALVELVEKHKPEATKEQLKAVMDDFARFVEKCCKADDKETCPABRGRELVAASQAALGL
{SEQ ID NO:1}

As used herein, and unless stated otherwise, =ach of the

following terms shall have the definition set forth below.

As used herein, “effective,” as in an amount effective to
zchieve an end, means the guantity of & component that is
sufficient to yield an indizated therapeutic response without
gndue adverse side effects {such as toxicity, irritation, or
allergic response) commensurate with a reascnable benefit/risk
ratio when used in the manner of this disclosure. FPor axampls,
an amount effective to treat & mammal or & human patient
exposed to a neurotoxin, The specific effective ampount will

vary with such factors as the age and gendsr of the mammal,

PCT/US2015/028291
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the particular condition being treated, the physical condition
of the mammzl, the type of neurotoxin or nerve agént to which
tha mammal was exposaed he and the nature of concurrent therapy
{(if any}., including Oximes therapy, and the specific

5 formulations employed,

As used herein, Tamelicrating” a neurcotoxic symptom or
neurctoxic poisoning means slowing, stopping, inhibiting or
reversing the prograssion o©f the neurctaoxic symptam or
neurotoxic  poisoning, and/ox lessening, alleviating or

10 removing the neuroctoxic symptom or the neurotoxic poisoning.

B “"Neurotoxin® or “Neutoxins” also referred to as Tnerve
agents" are substances, which are generally prepared by
chemical synthesls or exiracted from natural sources (natural
or artificial toxic aubstances}. Naurgotoxing may Causs

15 deleterions or undesirable effects te & mammal if dinhaled,
abgsorbed, ingested, or ctherwise encountered because of their
high reactivity with and inhibition of <cholinesterases.
Exposure to “Neutoxins® or “nerve agents” could be throwgh

inhalation, ingestion and/or dermal exposure.

20 Examples of Neurotoxins includs but are not limited to
“organophosphorus compounds™ {COPC) eor OQOrganophosphates (OPR),
such as diisopropylfiucrophosphate (DFP}, CA [tabun}, GB{sam},
Gh {soman),; GBE {cyclosarin), CV, yE, VG{amiton}, VM, VR ({RVX

or Russian VX}, VS, VX, and combinations thersof.

23 “Organophosphorate pesticides” include but are not limited to
acephate, azinphos-methyl, bensulide, cadusafos,
chlorethoxyfos, chlorpyrifos, chlorpyrifos methyl,
chlorthiophos, coumaphos, dialifior, diazinon,
diehlorvas {DDVP], disrotophos, dimethoats, diocxathion,

30 disulfotoern; ethion, ethoprop, ethyl parathion, fenamiphos,

fenitrothion, fenthion, fonofos; isazophos methyl, iscfenphos,
malathion, methamidophos, methidathion, methyl parathion,

meviaphos, monocrotophos, nalasd, oxydemeton methyl, phorate,
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phosalone, phosmet, phosphamidon, phostabuplirim, pirimiphos
methyl, profencfos, propetamphos, sulfotepp, suglprafos,
tenephos, terbufos, tetrashlorvinphos, tribufos {JDEF},

trichicrfon.

* oy “neurctoxic poisoning” relate to

5 *Nerve agent polsoning
delatarious or undesirable =ffects to a mammal that ars the

result of exposure to a Neurotoxrin or a nerve agenk.

Negrotoxic symptoms can bPe “mild”, “mederate” or “severe” in
nature. “Miid" symptoms include but are net limited to
i bronchoconstriction, chest tightness, dim or bklurred vision,
conjunctival injection, fasciculations at site of exposure,
increased sweating at site of exposure, mild increase in
bronchial secrations, miosis (puplllary ceonstrictica} with eye
pain or headache or rhincrrhea and combinations thereof.
15 “Moderate” symptoms include coughing, wheezing,
fasciculations, generalized weakness, nausea, vomiting[
diarrhea, generalized weakness, shortness of breath, dyspnea
and combinations thersof. “Severs” symptoms include coma,
ssizures, flacceld paralysis, apnea, severe bpronchorrhea and
20 bronchospasm, generalired fasciculations, generalized

secretions and death.

“aoetyloholinesterase inhibitora” are chemicals whose primary
toxic effect 1is to block the normal Dbreakdown of the
neurctransmitter acetylcholineg. Acetylcholinesterase
25 inhibitors QCouUpyY and block the site whers the
neurotransmitier, acetylcholine, attaches to the anzyme
acetyicholinestarase. With toxic doses, the result is that
gxcessive levels of the acetyicheline build up in the synapses

and neuromuscular junctions and glands.

30 “Oximes” restore AChE asctivity by hydrolytically cleaving the
“gpCc*s  from  the active site of inhibited ACRE,. AChE
reactivators are mono- or bis-quaternary pyridinium  salts

bearing in their meleculs a functiocnal oxime group able to
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split the bond between the OPC inhibitor and the enzyme,
releasing free functicnal enzymes, which are thargiore able to
be once again physiologically asctive in the arganism. BExanples
of oxime include but are hot limited to: pralidoxime chloride
{2-PAM), mnmesviate (B25},H16, toxogonin, MMB-4, HS~6 and THBY
{A. BARELLT).

A “hinscavenger molecule” is any molecule derived from a
biclogical source such as recombinant DNA technoleogy and/or
being expressed from a biological organism, such as mammalian
or bacterial cell culture (for example not being artificially
synthesized like a peptide or small molecule}, which can
scavenge or bind/block/remove another molecule from the
immediate anvironment which otherwise would have posed a

threat to the host organism. Unliike recsptor-bassd scavengers

o

found on the surface of cells or small molecule scavengers,
bio-scavenger iz a large molecular entity derived f£from a
biglogical source which can scavengs (remove and deactivate)
toric substances that othesrwise would pose a threat teo ths

immediate tissus environmant

Lizt of Abbreviations

As used herein, the following abbreviations have the meaning

set out below throughout this disclesure:

PR Pharmacodynamnic

PK Fharmacokinetic

TBU Teva Blopharmaceuticals USA
Us United States

WEI Water for Injection

MNA | Nervs agenis

or organophosphorus

AChE acetylcholinesterase

hBCHE human butvrylcholinesterass
hiind Subcutanscusly

Iv Intravenocusly

it intramuscularly

The present inventicn provides a method of treating s mammal

for expeosure to a neurotoxin or for preventing or amelicrating

PCT/US2015/028291
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the Neurotoxic 3Symptoms of exposure to pesuroctoxin which
comprises administering an sffechkive amount of the recombinant
fusion protein whoss amince acid ssguénce iz sst forth as SEQ
ID Wo:l. SEQ ID No:l is a fully recombinant fusion polypeptide
composad of the mature form of human serum albumin {(H3A) fused
at its amine terminus to the carboxy-terminus of a truncated

and mutated human BChE,

In an embodiment, the invention is & method for preventing or
ameliorating the nsurctoxic symptams of exposure Lo neurotoxin
in a mammal which comprises administering an effective amount
of the recombinant fusion protein whose amino acid sequence is

set forth as BEQ ID No:l.

In a further smbodiment, the invention 1is é mathod for
preventing oy ameliorating nesurotoxic poiscning in a mammal
which comprises administering an effective amount of the
racombinant fusion protein whose amino acid seguence is set

forth as SEQ ID No:l.

In an embodiment, the invention is a method for preventing or
amaliorating the neurctoxic symptoms of exposurs to neuvrotoxin
or for preaventing or amelicrating neurotoxic poiscoing in a
mammal whersin the neurctoxic poisoning or neurotoxic symptoms
are expressad in the central, the peripheral, ©r the autonomic

nexvous syshtems, or in skeletal muscles.

The neurctoxic peoisconing or neurotoxic symptoms could be
assoclated with mild, modearate or severe neurctoxic symptoms
or combinations thereof. The mild syuptoms could be selected
but are not limited to: bronchoconstriction,; chest tightness,
dim or blurred vision, conjunstival injection, fasciculations
at site of exposure, increased sweating at site of exposure,
mild dinecreass in  bronchial secretions, miosis  {pupillary
constriction! with eye pain or headachs oy rhinorrhesa and

combinations thersof.
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he moderats symptoms ¢ould be selected but are not limited
tos symptoms selected from: coughing, whaezing,
fasciculations, genaralized weakness, nausea, vomiting,
diarrhea, generalized weakness, shortness of breath, dyspnsa

and combinations thersof.

The severe symptoms could be selectead but are not limited to:
symptoms selected from: coma, seizures, flaccid paralysis,
apnea, severe  bronchorrhea and Ybronchospasn, generalized
fasciculations, generalized secretions, death and combinations

thereof.

In yet another embodiment, the xrecombinant fusion protein
whose amino acid sequence is set forth as ZEQ ID No:l is

administrated prior to expesure to said nsurctozin.

In one empodiment of the invention the fusion protein whose
amino acid sequence is  set  forth as  SEQ IR Ho:l  is
administrated at least 12 hours pricr to exposure to said
neuroteoxin or at least 24 hours prior to exposure to said
neurotoxin or at least 48 hours prior to exposure to said
neurctoxXin or at least 72 hours priosr to exposure to said

nauretoxin

in one embodiment of the invention the fusion protein whose
amino acid sequence 1s =set forth as  SEQ ID Ne:l is

administrated immediately after exposure to said neurotoxin.

In an embodiment, the inventicn is a method for preventing or
ameliorating the neurotoxic symptoms of sxposure te neurctoxin
or for preventing or amelierating neuvrotexic poisoning in a
mammal wherein the neurotoxin is a natural or artificial tozic
substance. In an embodiment, the neurotoxin is an
organophosphorate pesticide or an organophosphorouns compound.
In an embodiment, the organcophosphorous compound is sarin (D=
isoprepyl-methylphosphonofliunridate, EBY, VX {ethyl-5-2-

diisopropylaminoathyl-phosphano~thioclate), MEPQ (7=

PCT/US2015/028291
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{methylethoxyphosphinylozy) -l-methylguineolinium dodide}, soman
{pinacolylmethyl~phosphonofivoridate, Ghy, DEP
{diisopylEiluorophosphate PATHOXONR) malathion, parathion,
tabun {GA), and cyclosarin {GF), Russian VX (VR}, paraoxon,

Chlorpyrifos-oxon, VM or & combination thereof.

In one enmbodiment of the invention the exposure to the
neuroctoxin is through inhalstion, ingestion, dermal exposure

or a combination therecof.

In one embodiment of the irnvention the fusion protein whose
amino acid sequenss is  set forth as SEQ IR No:l  is
administered subcutansously {8Cy, intravenously {IV) or

intramuscularly (IM).

In an embodiment, the invention is a method for preventing or
ameliorating the neurctoxic symptoms of exposure to nsurotoxin
or for preventing or ameliorating neurctoxic peisoning in a
mammal which comprises co-administering an effactive amount of
the vrecombinant fusion protsin whose amine acid seguence is
set forth as SBEQ ID No:l with an oxime, wherein said oxime
veactivates said bioacavenger molecule, In an embodiment, tha
oxime is selected f£rom the group consisting of Z-PAM, HI1E,

toxogonin, MMB-4, HS-6 TMB4, amd combinations thsrsof,

This invention will be better understood by referencs to the
Examples whic follow, which are set forth to aid in an
understanding of the subject matter but are not intended to,
and should not be construed to, limit in any way the claims

which follow thersafter.



o

20

A
(4

WO 2015/168284

14

Examples
Study Product

SEQ ID No.l is a fully recombinant fusicon polypeptide with a
molesular mass of approximately 140 kDa. It is composed of thes
mature Lform of human serum albumin {HSA] fused at its aminge
terminus teo the carboxy-terminus of & truncated and mutated
human BChE. Four mutations were made in the BChE amino ac

sequence in order to increase cocaine hydrolytis activity. In
addition, the last 4% amino acids of native human BChE
molecule are responsible for tetramerization of the native
molecule and these amine acida were removed from the
recombinant enzyme molevule toe facilitate expressicn of the

enzyme in monomsr form.

Example 1: In Viveo Experiments

1.1. Hydrolytic Betivity against Butyrylthiocholine (Figuxre 1}

The catalytic activity of the recombinant fusion protein of
SEQ ID Ho:l against  butyrylthiocholine needed to be
established under the conditions ubilized at the Uaited States
Army  Mediecal Research Institute of Chemical Defanse
{USAMRICD) . These data were used to determine appropriate
enzyme and substrate concentrations for use in subseguent

assays.

The recombinant fusion protein of SEQ ID Noil was resuspended
according to manufacturer instructicons. The seal of the vial
containing recombhinant fusion protein whose amino agid
sequence is set forth as SEQ ID No:l was flipped off and a
needle was placed on a 3ml syriage. 1.0 ml of WFL was
withdrawn inte the syringe while ensuring that no air was
trapped within the svrings when meéasuring the desirad wvolume.

The neadle was inserted through the ssptum at an approximately

PCT/US2015/028291
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a 580° angle while holding the plunger. UDnce the nsedle
penatrated the septum, it was dirscted towards the side of the
vial and the plungar was depressed slowly. Oncs all the BRI
was dispensed into the vial the needle was slowly removed from
the ssptum. The vial gently rolled between the palms of the
hand for at léast & minutes (fully disscolvad) oxr was put on a
mini-rotator {Glas-Col) with 20rpm for 2034 minutes after it
was initially relled by hand for approximately 1 minute. The
vial was not vigorously shaken and each vial was gently [apped

for several seconds upon completion of reconsititution,

The resuspendad recombinant fusion protein of SEQ ID NBorl was
diluted to concentrations ranging from 10 nM¥M teo 3§ M
{assuming a molecular weight of 124,000 g/mel) using 0.1 M
potassium phosphate buffer at pH 7.0, Two microliters of each

erzyme  solution was  added te 100pL of 0.1 M peotassium

]
fo)

phosghate bulfer at pH 7.0 in the wells of polystyrene S&~we

i

flat bottom plates (Fisher Scientific). After mixing, 100pL e
a soclution containing 0.5 mM butyrylthiogheline (BtCh) and 1
oM dithionitrebenzoic acid (DTNBE)Y (Ellman et al, 1961} in 0.1
M potassium phosphate buffer at pH 7.0 was addad to each well
and the changs in absorbance at 412 nm was wmeasured using a
Spectromax plate readsr {(Molesular Devices} over a period of
five minutes; only the linear portion of sach assay Curve was
used for data analysis. A similar experiment was performed in
parazllel using human plasma~derived butyrylcholinesterasa

(huBuChE; Baxter BioSciences).

1.2. Inphibition Rate Constants Determined Using a Continucus

Measurement Method {Figure 23, 28, Tabla 1)

5 continucusly measured competition assay waz usad Lo
determine the inhibition rate oconstants for both  the
recombinant fusion protein of SEQ IR NO:1 and huBuChi for
several OF nspve agents as an alternative, more reproducible

mathod.

PCT/US2015/028291



wn

WO 2015/168284 PCT/US2015/028291
16

In order tc guantitatively compsre the efficiency with which
the recombinant fusicon protein of 3JEYG ID NQ:l seguesters nerve
agents as compared to ability of hoBuChE ro bind the =same
compounds, a continuous measurament method was used. This
method utilized the principle of competitive inhibition and
the fact +that all nerve agent inhibition o¢f BulhE is an
inactivating covalent modification of the active site (Hart
GJd0 er al, 1873). For this approach to be used, the KM of the
enzyme with BiCh must be determined. TIsothermal fitration
calorimetry was used to determine the KM walue of the
récombinant fusion protein of 8EQ ID NO:i with BtCh due ta
the fact thaet the K¥- was too low to measure using the
standazrd S6-well plate assays descfibed in garlier
experiments. In brief, while this continuous method is not a
direct measurement of the bimolecular association of COF ngrve
agents with an eunzyme, this assay more closely mimics the
conditions under which OP nerve agent would compete with a
native substrate 1in wvive to achieve 1inhibition of either
agatyicholinesterasse or bputvrylcholinesterase. Interestingly,
while the absclute walues of the inhibition rate constants
determinad by the continuous method are not identical to the
bimolecular association rate conatants determined using the
discontinuous method, the relative inhibitory capacity of each
0P for the recombinant fusion protein of SEQ ID NO:1 remains
nearly the same. Finally, in experiments conducted as parit of
another study, wvalues determined from the continueous method
using acetylcholinssterase with the same panel of 0OPs closely
approximate previocusly veported values for the same paramebers

{Hart GJ0 et al, 1873}.
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AasLE 1. Recombinant Fusion Protein of SEQ ID NO:1 Xi
rate constants versus Baxter human plasma derived BuChE

Recombinant Fusion Protein | Human Plasma Derived
of SEQ ID NO:1 BuChE
ki - ki
Agent {1/M*min) gt Dew {1/M*min)} 8t Dav

o 1.14E+0

GA 6.12E+05 8.26E+04 4. 93E+06 5
38540

GB , 1.03E+06 T.IIEF04 8.62E+06 5
| o 1.33840

GD 1.09E+07 4.87E+05 8.52E+07 6
i 3,23E+0 )
GE 2 . 03E+07 5,24E+05 1, 81E+08 & |
1.02E+0 |
v 3, 98E+04 4, 60E+03 §.928+06 54
4 . TTE+G

M 3.38E+04 2. 87E+03 2.62E+06 4
""" - 6.25E+0

VR 1.78E+06 4,30E+04 1.08E+08 6

1.3. Beactivation Capacity of Various Oximes with the

recombinant fusion protein of SEQ ID BO:1 (Pable 2}

Small molecules such as oximes have the potential to
ragenerate active cholinestarase enzyme after exposure to 0P
narve agents (an otherwise irreversible cowvalent inhibitor).
The time reguired to reactivate fifty percsnt of an Op-
inhibitsd enzyme population {(tl/2) is an dndication of the
efficiency with which a specific reactivator acts on an erzyme
inhibited by a specific OP nerve agent. The tl/2 for several
commoniy tested raactivators wWas determined for the
recombinant fusion proteim of SEQ ID NO:1 after inhibhition by

a panel of OP nerve agents.

Egual volumes of the recombinant fusion protein of SEQ ID NO:1
and dilute OF nerve agent in the buffers described above in
pravious experiments were incubated at room temperature for 19

minutes to achieva complete inhibition of

PCT/US2015/028291
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butyrylcholinesterase activity. Bxcess nerve agent  was
removed by passing the samples through a small volume G25/15C
size exclusion column {Centrisep, Princsten Sepavations, Inc.,
Adelphia, NJ}. Inhibited enzyme samples and positive contrel,
uninhibited enzyme samples were diluted and incubated in the
presence of 1 mM Oxime or buffer contrel, as appropriate,
Pericodically over thes couzse of 2 hours, the gapacity of the
incubated samples and contrels to hydrolyze BiCh was measiured
using the general method described in previous axperiments.
The activity of ths uoninhibited enzyme over the 2 hour time
course was fixed as the maximum possible activity, and the

percentage of redctivation for the inhibited sample was

determined as the fracticen of the maximum possible at each
time point. The percent reachtivation was plotted versus time,

and was then it linearly to determine the half-time for

reactivation (t1/2}.

TABLE 2. Half-times of reactivation {(+1/2) for
Recombinant Fusion Protein of SEQ ID HO:1 in the presence
of nerve agents and oxime reactivators

PCT/US2015/028291

2PAM MMB4 HIB
OF Agent t, . (min} t, . {min} t. . {min)
GA - - : NI
GRE - - - 108 % 0.7
GD ND ND ND
GF 28 * 2 13 + 1 5.3 % 0.9
VX > 500 110 + 2 177 + 4
VR - - 7.4+ 1

Note that ‘ND’ = None Detected and “~7 = Not Tested

Example 2: In Vivo Experiments

2.1. Pharmacodynamic Destermination of the recombinant fusion

protein of SEQ ID NO:1 Circulatory Stability (Figure 3§

The circulatory stability of any bioscavenger candidate is an

important factor for determining the usefulnsss of the
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candidate for the purposes of protecting against narve agent
intoxication, and indeed may define the concept{s)} of
oparation {CondOps) under which the enzyme can be useful. The
experiments described  here were perfermed in  order to
datermine the time frame after administration of ths
recombinant fusion protein of SEQ ID NO:1 that enzyme achivity
could be detected in the plasma of injectad guinea pigs. This
information was reguired to design appropriate protective

efficagy experiments (sse the following experimental section].

Male Hartley guinea pigs ({308 -~ 3530 grams, Charles River
Lahoratoriss) wers injected intramuseularly (i.m.}) in the rear
thigh or iptravascularly {i.v.) via a commercially implanted

carotid catheter with =sither 25 mg/kg or 30 wmg/kg of
recombinant fusicn protein of SEQ ID NG:1 (n = 3 animals per
dose and route). Blood samples {~30 ul each} were colliected
via teoe naill glip into  lithiume~heparin lined collection
micracuvettes (Sarstedt, Germany}, processad immediately fo
plasma and stored at -80 °C, Timepoints collected for i.m.
adininistered drug were €, 1, 3, 18, 24, 48, 72, and 190 hours.
Timepdints for i.v. administered drug were 0, ¢.5, 1, 4, Z0,
28, 44, 72, and 180 houxs. Plasma samples were examined for
the capacity to hydrélyze the substrate butyrylthiocholine
using the assay conditions described above., The total amount
of the recombinant fusion protein of BEQ ID NG:1 WES
determined in sach sample by axtrapclation using an in vitro
generated standard curve of the recombinant fusion protein of
SEQ ID NO:1 with the same substrate. The BtCh hydrolysis
values derived from the 0 hour samples of guinea pig plasma
waere subtracted as background from each sample to account for

the presence of endogenous BuChE in the guinea pig plasma.

The recombinant fusion protein of SEQ ID NO:1 activity appears
to reach a maximum at or hefore 30 mwminutes after 1.v.
administration. Butyrylcholinesterase activity returns to

baseline levels by 28 hours (25 mg/kg dose} or 72 hours {50

PCT/US2015/028291
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mg/ kg dosel after administration, indicating that the protein
is clearsd gquickly f£from the system. Praliminary analysss
indicate an elimination half-time for the recombinant fusion
protein of SEQ ID NO:1 from guinea piy plasme of ~60 minutes.
In results not shown, plasma samples collected from guinea
pigs injected i1.m. with either 25 or 50 mg/kg of the
recombinant fusion protein of S8EQ ID N0:l were found to have
ne enhanced butyrylchelinesterase activity above baseline
levels at any of the time points azampled, suggesting that
little or no of the recombinant fusion protein of SEQ ID NO:1l
enters the blood of guinea pigs after i.m. administration of s

dose as high as 50 mg/lkg.

2.2. Protective Efficacy Testing in Guineas Pigs (Table 3)

The experiment conducted is an initial proof-of-concept in
vivo test to determine if any protection against OF nerve
agent intoxication Carn be provided via prophylactic
administration of the recombinant fusion protein of SEQ ID

NQ: 1.

Male Hartley guinea pigs (300-350 grams, purchased with
implanted carotid catheters from Charles River Laboratories)
were injected with the recombinant fusion protein eof BBEQ IR
Ho:l at 50 mag/kg i.v. Animals were sexposed subcutanaously
fg.c.} to 2 x LDSG o¢f the OP nerve agents GA {(tabun}, GRB
{sarin}, GD {(soman), GF (cyclesarin}), ¥X, or VR at 30 minutes
after esnzyme injection {no = 3 animalsf/agent, with tha
exception of experiments with VX, as detailed below). OPp
compounds were diiuted in saline such that injection volumes
ware 50 te 200 pl per animal, and s.c. injections were nmade
into the left side of the animal below the rib oage. in an
additional experiment, 3 gulinea pigs were administersd 2350
mg/kg of the recombinant fusion protein of SEQ ID NO:1 and

subseguently exposed to 2 x LDS0s of ¥X; in this experiment;

PCT/US2015/028291
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two additional animals were tested with VX after indection
with 30 mg/kg. All exposad animals wsre scored for survival

at 24 hours post-0P exposure,

TABLE 3. Survival rates for guinea pigs exposed to nerve
g agents for 30 mins after adminstration of the recombinant
fusion protein of SEQ ID NO:1

OF Agent Dose of OF (ug/kyg) Z4 hour Survival
GA 240 1/ 3
GB 87 3/ 3
&L 58 3/ 3
GF | 108 3/ 3
vk b 18 2./5
VR 22.86 3/ 3
VK * ’ 18 3/ 3

*These animals recelved an enzyme doss approximately 5-
fold higher than that administered to the other animals,
10 followsed by exposure to 2 x LDz dose of VX.
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Discusgsion
The results indicats that the modified human

butyrylcholinesterass molety present in of the recomkinant
fusion protein of BSEQ ID NO:1 is capable of hydrolyzing the
substrate butyrylthiocholine, albeit at a ~6-fold siower rate
than the wild-type human enzyme. This enzymatic activity is
inhibited by a broad spasctrum of OP nerve agents (GA, GB, G,
GF, VX, VR, and VM), and this inhibition ocours with different
bimolecular rates and inhibition rates, depending eon the 0P in

negtion, Both the discontinuous and continucus methods of

W0

asessing OF interaction with the recombinant fusion protein

o

£ SEQ ID NO:1 indicated that the relative capacity of thsss
OFs to inhibit the recombinant fusion preotein of SEg ID NO:1

can be rank ordered GF » GD > VR » GB > GA » VX 2 VM,

The capacit of HI& and other oximes to rTeactivate the
recombinant fusion protain of SEQ io NG:ifs
butyrylcholinesterase activity after inhibition by & pansl of
nerve agents indicates that mnene of the oximes testad are
expacted to afford broad spectrum reactivation, but that HIE
doss reactivate GF- and VR-inhibited recombinant fusion
protein of SBgQ ID NG:1 at a rate sufficiently fast to
potentially allow pseudo~catalytic hydrolysis of these OF
compounds in vivoe. The reactivation rates for the recombinant
fusion protein of SEQ ID NO:1 inhibited by other UPs are much
longer, and as such do not afford much promise for in vive
reactivation even iIn non-acute situations {when psesudo-~
catalysis 1s not reguired, and one iz only attempting o
ragenerate active sanzyme to provide protection against a
subsequent exposure), because the cilreuvlatory half-life of the
oximes 313 much shorter than the half-time for reactivation.
Thus, the oximes would be expected to degrade or otherwise be

cleared from circulation befors causing significant

V7]

reactivation in vive of the recombinant fusion protain of SEQ

ID NO:l.
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The pharmacodynanic profile of the recombinant fusion protein
of 3EQ ID NO:;1 in guinea pig plasma after i.v. administration
indicates that fhis protein is extremely short 1lived in
circulation, with a half-life of roughly one hour. This short
half-life is most likely the reason that no increases in
butyrylchelingsterase  sctivity was detected after i.m.
administration, as this route o¢of protein administration
generally  results in lower Cmax  values and reduced
bigavailability as compared with id.v. administration. Ths
recombinant fusion protein of SEQ ID NO:1 appears to be suited
for wuse as an immediate post-exposurs intsrventicon for OF
poisoning; this ConOp reguires both rapid bicavailability of
an snazyme in circulation aftey administration, and sufficient
circulatory stability of the SNz yme Lo cgutliast the

toxicokinetics of the OF.

Finally, the xesults from protective efficacy tests of the
recombinant fusicon protein of SEQ ID NG:11 administered as a
prophylactic against a broad spectrum of OF agents indicates
that if present in the blogd st sufficient quantities at the
time of exposure, of the recombinant fusion protein of SEBQ ID
N0:1 can afford symptom-free protection against 2 x LDS0s of
GB, &Dh, GF, VX, and VR. The amount cf enzyme necessary Lo
provide protection against VX {and presumably GA) is higher
than that provided by a 50 mgikg dose of the recombinant
fusicn protein of SEQ ID NO:1. In the case of GA, this may be
a conseguence of the fact that the LD of GA is low compared
to  that of other 0P nsrve agents (240 pglkg, oz ~1500
nmoles/ky, for 2 x LD5SOsi; at 50 wmgl/kg of the recombinant
fusion protein of SEQ ID NO:1, the animals receive only ~400
nmoeles of enzyme per kg. The results with VX, however,
suggest that the situation 1s more complex than a simple
measure of the stoichiometry of OF and enzyme. For VX, the
dose of QF that constitutes 2 zx LD30s is &7 nmoles/kg, s¢ a
dose of 50 mg/kg repressnts a nearly seven-fold molar excess

of anzyme over agent. The failure of the recombinant fusion

PCT/US2015/028291
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proteln of SEQ ID BO:1 to provide symptom~free protection
against VA is most likely a conseguence of the low binding
gffinity of VX for the recombinant fusion protein of BEQ ID
NO:l (reflected in the bimolszcular rates and dnhibition rates
shown im Figurses 23 and 2B). Interestingly, this explanaticn
may apply for GA as well, a=z the inhibition gates for GA with
the recombinant fusion protein of SEQ ID NO:1 are also low as
coempared to wvalues for other OPFs. By analogy, it is expected
that the recombinant fusion protein of SEQ ID NCO:1 at %0 mg/lkg
would alse not  provide complete protecticn against VM,
although this compound was not tested in wvive., Regardless of
the reason for the poor ability of the recombinant fusion
protein of SEQ ID NG:1 to protect agalnst 2 x LD50 of WX at 50
mg/kg, ths results alse indicate that administration of five-
fold more protein does provide protection against the same

doses of VX.
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Llaims

Claim 1. A method for preventing or amesliorating a neurotoxic
symptom of exposure to a neurctoxin in & mammal  whlch
comprises administering to the mammal an effective amount of a
recomizinant fusion protein whose amine acid seguence is set

forth as SEQ ID No:l.

Claim 2. The methed of claim 1 wherein the neurotoxic symptaom
is expressed in the gentral nesrvous system, the peripheral
nervous system, the autonomic nervous systems, skaletal

muscle, or a combination thereof.

Claim 3. The method of c¢laim 1 or claim 2 wherein the

neurotoxic symptem is a wmild, & moderate or a sever

i3
[0

neurotoxic symptom cor a combination thersof.

Claim 4. A method for preventing or ameliorating neurotoxic
poisconing in a mammal which comprises administering to the
mammal an effective amount of a recombinant fusion protein

whose amino acid seguence is set forth as SEQ ID No:l.

Claim 5. The method of claim 4 wherein the peurchoxic
poisoning is of the wcantral nervous system, the peripheral
nervons  system, the autonomic narvous systems, sksletal

muscle, or a combination thereof.

Claim 6. The methed of claim 4 or claim 3 wherein the
administration of the recombinant fusion proteln prevents or
ameliorates a mild, a moderate, or a severe neuroctoxic symphom

of the neurctoxic peilsoning, or & combination thereof.

o~

flaim 7. The method of claim 3 or claim & wherein the mild
neurctoxic symptom is bronchogonstriction, chest tightness,
dim oy blurred vision; conjunctival injection, fasciculations
at the site of exposure, incrsased sweating st the site of

EXDOSULe, mild dincreass  in  bronchial  secretions, micsis
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{pupdllary constriction}) wit eye pain or headache or

rhiinorrhea, or a combination thereof.

Claim 8. The method of any ons of claims 3, &, or 7, wherein
the moderate neuroctoxic symptom is  ¢coughing, wheezing,
fasciculations, generalized waakness, nausesa, vomiting,
diarrhea, qgeneralized weakness, shortness of bresath, dyspnea,

o & combination thereof.

Claim 5. The method of any one of claiwms 3 or &~8 wherein the
seversa neurotoxic symptom is coma, seizures, flaceid
paralysis, apnea, savere bronchorrhea and bronchospasm,
generalized fasciculations, generalized secretions, death, or

& combination thearecf.

Claim 10. The method of any one of c¢laims 1-8 wherein the
recombinant fusion protein iz administrated prior to sxposure

Lo said neurctoxin.

Claim 11. The method of olaim 10 whersin the recombinant

fusion protein is admindstrated at least 12 hours prior to

exposure to said neuroctoxin.

Claim 12Z. The method of c¢laim 10 whersin the recombinant
fusion protein is administrated at least 24 hours prioy to

expozure to saild néuvrotoxin.

Ciaim 13, The methed of <¢laim 10 wherein the recombinant
fusion protein is administrated at least 48 hours grior to

exposure to said neurchoxin.

Claim 14. The method of claim 10 wherein the recombinant
fusion protein is admindistrated at least 72 hours prior to

exposure to saild neurotoxin.

Claim 15. The method of any one of c¢lalmse 1-14 wherein the
recombinant fusion protein iz administrated after exposure to

said neurotoxin.
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Claim 16. The methoed of claim 15 wherein the recombinant
fusion protaein is administersd within sixz hours of exposuars to

said neurctoxin.

Claim 17, The method &f claim 15 wherein the rvecowbinant
fusion protein i1s administered within one hour of exposure to

said neurctoxin.

Claim 18, The method of claim 15 whersin the recombinsnt
fusion protein is administered within 30 minutes of exXposure

to said neurotoxin.

Claim 18. The wmethod of claim 1% wherein the recombinant
fusion protein is administered within 10 minutes of exposurs

to said neurctoxin,

Clajm 20. The method of glaim 15 whesrein the recombinant
fusion protein is administered within 5 minutes of exposure Lo

said neurctoxin.,

Claim 21. The method of any one of claims 1-20 wheérein the

neurctoxin is a natural or an artificial toxic substance.

Claim 22. The methed of claim 21 wherein the neurotoxin is an

organcphosphorous compound.

Claim 22. The wmethod of claim 22 wherein the organophosphorous
compound is selected from the group consisting of sarin {(O-
igopropyl-methylphosphonoflucridate, GB}, Vi {ethyl~5-2-
diisopropylaminoethyl-phosphano—thiolate}, MEPQ {7~
{methylethoxyphosphinyloxy)-i-methylguincliinium icdide), soman
{pinacolylmethyl-phosphonofliuoridate, ED}, OFP
{diisopylflucrophosphate paragren , malathion, parathion;
tabun (GA), and cyclosarin (GF), Russian VX {VR}, paraoxon,

Chlorpyrifos-oxon, VM and combinations thereof.

Claim 24. The wmsthod of glaim 22 wherein tHe nesurotoxin is an

organophosphorate pesticide.

PCT/US2015/028291
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1.

Claim 25. The methoed of any ons of glaims 1~%4 wherein the
exposure to the newrotexin is through inhalation, ingestion,

dermal sxposure or a combipation thereof.

Claim 26, The wethod of any one of claims 1-25, wherein the

recombinant fusion protein is administered subcutansously.

Claim 27. The method of any one of claims 1-25, wherein the

recombinant fusion protein is administered intravenously (IV).

Claim 2B, The method of any one of claims 1-25, wherein the
recomixinant fusion protein is administered intramusculariy

{IM) .

Claim 29. The method of any one of claims 1-28, which further
comprises co-administration of an oxime, whersin said oxime

reactivates said recombinant fusion protein.

Claim 30. The method of claim 29 wherein said oxime is

slected from the group oconsisting of Z-PAM, HE, toxaegonin,

@
e

MMB-4, HS-6, TMB4, and combinations thereof.

Claim 31. The method of any one of claims 29-30, wherein the
amount of the recombinant fusion protein and the amount of the
oxime when taken tfogether is more effective to treat +he

mammal than when each agent is administered alone.

Claim 32. Thé method of any one of claims 29-31, wherein the
ameunt of the recombinant fusion protein in combination with
the amount of oxime ds less than is clinically effective when

administered alone.

Claim 33, The method of any ones of claims 29-32, wherein the
amount ©f the oxime in combination with the awmount of the
recombinant fusion protein is  less than is clinically

effective when administered zlone.
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Claim 35. The method of any one of claims 1-34, wherein the
effective amcunt of the recombirant fusion protein is 5 mgd K
to 250 mg/kg.
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FIGURE 1
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FIGURE 2A
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