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WO 2006/068625 PCT/SG2005/000429 _1 NOVEL SNAKE TOXIN All

documents cited herein are incorporated by reference in their entirety.
WTBECHN$CAL FIELD This invention is in the field of snake veneii/acdoie)0o429

invention provides a novel snake toxin 5 protein and nucleic acids

encoding the same. Also, provided-are various methods and

compositions based on the discovery of the novel snake toxin.

BACKGROUND ART SAEkEN &honlsTak8Mplex mixtures of bioactive

All documci%%n cg%ﬁﬂge%em%dfﬁ% X&?ﬂ? ?cﬁ‘gf&%' iBnBYPaticerpteins, as well as

ow molecular weight componerits including peptides, lipids, 10
nucleotides, carbohydrates and amines (1-2). Venom proteins generally
TECHNICseIVEFIR BIMumMber of adaptive roles: immobilizing, paralyzing, killing and

o digesting prey._(3). Hence, snake venpms .serve.both offensive an o
i imverfonaie B (o EVER HE (e, 0 JELTE 4 DS BA of G sk (o
protein anBl HANISHaxEReendsalaiedandaaharatiesizqadviind enomanbienaketi(By and

_. These toxin r(?j[rj;ins, h0\;¥ ver, b on%totgx\igry small number of
composﬁw%@éﬁ?fh?%&g% AKEY 6 SrotaNg &) The hembers 15 of a superfamily

share similar molecular scaffold, but, at times, exhibit distinct biological

BACKGRQT#?H%&?%RW(% major enzyme groups found in snake venoms include
phospholipases, serine proteinases, metalloproteinases,

Snake venBhRSpROCiRsitEasSesxmeatyI€ nlinasterasmpoaniinorabidiogidaspmaiie and non-

. hucleases (2, 7), Generally, enzymes i venom hav ight;. .
ot e ot R SR S DA o s
nucleotide@nehfinssesstesdigdsiiines|¢1-On Wenotheprhteics sweralbogerve in a number of

. on-enzymatic. venom proteins. have bee ize y
e
SEerVe bothsafﬁ‘ﬁt@énmmdﬁfergfwvﬂmrﬁgmms@m@ﬁngthm[f@ﬁt ﬁépﬁq@&a -pl.ethora. of toxin
proteins hag‘%% ié'r? krs]_ %%%%@%%ﬁ&%%ﬁ%@sd ﬂ%%ffe%}g%gggfl%Mg@m%l%@'ﬁ]@ﬁﬂﬁoteins,

waprins on-enzymatic polypeptide toxins have molecular

however, buightiarouay 1000 Mato:y 250sDawntfaralitePiPusinsHile ‘Banpgmbers
of a supe#%?mé%ﬁ%%ﬁ%geyhag?a{ orggﬁetc %EE&SB“‘@Y, sighlgQncgisqalatgstddierRibgical

weight compounds have molecular weight less than 1,500 Da.
functions. They are less active biologically and are presumed to be enzyme
cofactors (2). SUMMARY OF THE INVENTION We have identified,

The majoiPesifigdeapebdpsefoninbththmkompletesiniodaciheatobineeof @@@@M@inases,
metallopr f%?];ﬁls%ifg t%i:égggogfr?%gr@s%&ha&%?y?c%%rﬁangs%ﬁgegoE@&Yﬁ"go%{!{t I®fidases and
nucleases (2, 7). Generally, enzymes in the venom have molecular weight ranging from 13,000
Da'to 150,000 Da. Most of these are hydrolases and possess a digestive role. On the other hand,
over 1000 non-enzymatic venom proteins have been characterized and they are grouped into
three-finger toxins, serine proteinase inhibitors, lectins, sarafatoxins, nerve growth factors, atrial
natriuretic peptides, bradykinin-potentiating peptides, helveprins/ CRISP proteins, disintegrins
and waprins (6-9). Non-enzymatic polypeptide toxins have molecular weight around 1,000 Da to
25,000 Da and are rich in disulphide bonds. Therefore, they are robust and are relatively stable
once isolated. The Jow molecular weight compounds have molecular weight less than 1,500 Da.

They are less active biologically and are presumed to be enzyme cofactors (2).

SUMMARY OF THE INVENTION

We have identified, purified and determined the complete amino acid sequence of a novel

protein, ohanin from Ophiophagus hannah (king cobra) venom. It is a small protein containing
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WO 2006/068625 PCTISG2005/000429 -2 107 amino acid residues with

a molecular mass of 11951.47 f 0.67 Da as assessed by ESI-mass
wWpewttoRteiry. It does not show similarity to any known familie o SraRe/ 000429

venom proteins and hence is the first member of a new family of snake

venom proteins. It shows similaritgto PRY and SPRY domains (a domain

with unknown function in Ryanodine receptors and Dictyosteliufn 5
107 aminodiscoicadiny arithBI0dagolnainase WakLa6A-BiHal 7 Bt awssser oy EST-mass

) MER- r ! : icsiniestettins and
spec&ome{\fsﬁhﬁg}i&qe&gm Ptk ﬂ?%@svavfl?ﬁ] WROHko ARMIIQ DOskaiiLRdNes

anin seemed to be quiet sluggish movements. Therefore, its

hence is thefflctsiomibis pfotoratuny Bl EelserRNERRRTHEN b hgPa TRt Balp PRY
and SPRYﬁ{/dggghs?aéﬁﬂa%%%ﬂ%iﬁﬁlmém nificpaianAdeespiaRendetc yostelium

ocomotion in mice. In hot plate assay, it showed dose-dependent

discoideutyypat Bgo3id enetr. HovepabiRdrmghadmstrbidiagd8ouhsa syen & p- Al

doses of 19F§§/E1§ ieduegdifiosesurendpiastediintacerabiorandicyipely @et with sluggish
compared to intraperitoneal administration in both the locomotipn and hot

movementydtbcesipesime AECS O HGHIASIRAY OhaMTFREEOR BRI Kshisipe an infrared
ray sensol CORHR SYRIBMR WakG:alP-ialdimans Reletwwaaradunisiesiocomation in

(intracerebroventricularly) than i. p. (intraperitopeally). Since the natural

mice. In halplAgA5e8 oft o protepsadeRs REIBIR IS a 15 synthetic

gene was constructed and expressed. The recombinant protein, which
was obtained in the insoluble fraction in E. coli, was urige%under
ni

The  abilitteR&tgPERiRENih hdiivas FETBRISE. HReBBAIBInErISRANfPISS When injected

S
intracerebRdaIHEAIN ANSLTUpEHRal S ilapdatBatMeddinial s asi deterhinkdizylocomotion

circular dichroism and hot plate ags?%‘ay E%%gestin that it Wyl e useful in
IRLEERES

and hot Pl R RFIREIE STRSHIS P YERETh BSCTSRAREy O ystem. I

was 6,50ﬁ%ﬁﬁ{@f%_%dtgﬁtﬂﬁlﬁ%pi&tﬂiﬁswgﬂa\./e_t'.de.tgmhzedﬁhmseq#mm;h@an i p.
) C cading for ohanin. |nterestingly, its ¢ 0ges not show significa
(m‘trapeﬂtgg%tﬂbfﬁc@%ﬁ?}ﬁH‘Fi&P{BIﬁ%; %(53% s qﬁgrjf)cré}gefﬁ fﬁeﬁ&evneﬁgﬁklag?gv btd;ie?ltg/g}’_a
synthetic ?‘MJ ?&Qﬁ;ﬁﬂ;&%@%&dﬂfsﬁgﬁaW?SQMaiﬁbiga@pteh@farmhw wWaéaezined in
. ound that there are jwo mR u s djffering in their,5:- untran
the insolyRlgidHSHPReuft-1éif h%ﬁl\%@fgﬁu%{%%}igfg %n“?e“rﬁ%i‘ﬁ#e%?uﬂ% folded.
Recombirdfi@ g@é&ﬁiﬁ f%%taibtﬁrbﬁlﬁ M%ﬂﬁdﬁml@gﬁﬂib&p@d@ﬁaﬂminﬂ@ibtertt;med by
. residues of mature ohanin and 63 resi of pr t] ! .
cisulsr G ATHoGOn A TSRS BB R Lo s Coranials TR st
function rdRtMAishipatsfians across to the propeptide region. This new protein

family was named vespryns (venom PRY-SPRY domain-containing
Tn order {D¥ALBIBSIKIAVIENSE tHRlkevallpthein, BaDhasikéetiamaindabntsinirg qrofdine cDNA

g ol el g g SRR o
known sequences in the GenBank data base, including those of B30.2-like domain-containing
protein families. It was found that there are two mRNA subtypes differing in their 5°-
untranslated regions. The full-length cDNA sequence is 1558 bp in length, excluding the poly-A
tail. It bas a 20-residue signal peptide, followed by 107 residues of mature ohanin and 63
residues of pro-peptide segment at the C-terminal region of the mature protein. Ohanin has a
complete SPRY domain that spans across to the propeptide region. This new protein family was
named vespryns (venom PRY-SPRY domain-containing proteins). Howex}er, unlike all other

B30.2-like domain-containing protein families that have relatively long N-terminal segments,

ohanin has only eight residues preceding its PRY-SPRY domains.

Pro-chanin was expressed in E. coli as a soluble fusion protein with hexahistidine tagged at the

N-terminal. Similar to ohanin, recombinant pro-chanin was also assessed for its biological
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Pro-ohanin was expressed in E. coli as a soluble fusion protein with
hexahistidine tagged at the N-terminal. Similar to ohanin, recombinant
pro-ohanin was also assessed for its biological -3- functions in mice. It
should be noted that analyses from bdth the locomotor activity and hot
plate assay strongly indicate that pro-ohanin did not exhibit similar
. pharmacological actions in_intraperitoneally-administered mice as_
functiogs Hymiet {5 PR SHARR 2B BroBHRMARHBRME COmANS ety and hot plate
assay Rypelocamnioe ans hypesalossiarffests whendnigrird PreatiMdbi®tbe actions in
. mice 5 ventricles. The large size and/or conformation changes of the .
intrapepaRTabeir A R imRibiEd proMBHhin o esBEsiNGIRE oidFdPERRkanin shows
shows Qruider apgosstRsaatentbhoraveatineis interactienayithmeleculakily nto the mice
i argsig}(?s at the central nervous system. Interestingly, although the
ventrlcﬁﬁ% C

SF BropEItaESaRAL MR LBk BB RSHiI 18y hags pgbited pro-

ohaninbiaefl-braisihariersibenhagieesthrr @m@r@%@@@ﬁiﬁ%} @ﬁg%hﬁh acantiabion with
molemgervous system. It should be noted that pro-ghanin js -35 10 fold magre

, d
i FRAN offatiy VIRBHANSSRQEEor igvelifEesipaly-relfouh the presence of

propephtEtharmateinbierahapinbidtd of pBAkeh Soalesial etk @8/ %r0bd®er, it enhances the
locomotor activity of the experimental mice. We have also studied the s
pharmagSIGRE GrbRH LR ST BRARTT U Sy SOiite AT Py BrRAZHER lieebanin is ~35-
fold méhapokanihds eneddechdyiresifigle genaindheking cabiagenamenore, pro-chanin
Genomic DNA sequence analysis shows that ohanin gene is 7086 bp;
at 0.3 kS RO 4l HBEIFIFEFBRT PR RO By FERCEIRRRIA] ARiCe:
observed are generated through alternative splicing in snake venom
We hayeplss stgisiaing esopmidcopgemization ahmagiotesnin SedinthehBagiR4ilke indicates

that oHIRMANLRBLANIRG Rrofeins g&?&%@ﬁé@@ﬁgh@o%%oo%ﬂlﬁﬁedQ*%%H}ﬁigf H€%Ecquence
proteins may have evolved from a common ancestral and adapted to
analysif Faish it yeinozang and 98T HiB: isnh e dirttish dke vanvhapiotein introns. The two

types SERQERA sQ farwhich indugeshypalecomaiion.and. %Bllyf?@ 988 N enom genes.

~_ experimental mice. It is énvisaged that Ohanin will be useftil in the
Slmﬂardéweaﬁmérﬁé@rzpmt@tﬁ@%p RipiEmETEUbeHITalntaaonais-restanshe proteins
indicarfQOlSatAGLOEHRA Y HRERAGSERT HSEOSUIS RGIHIGS (@R PG4 from a common

comprising the mature sequence of ohanin as set forth in SEQ 1D NO. |
ancestigh #iA gdaierdeduariceronchanmnexcal#ndg its signal peptide); 25 (b) a
protein comprising the mature sequence of ohanin and its signal peptide
This ingheefifortivinkSEQIMNDoBi(aminutadidsehuenbeiofiobanin agddtscomotion and

hyperaﬁwigﬂglhp &R 'gr?)xléﬁ%ﬁ)ﬁ{%{%eg%%%% ]]%%g% %'aec @ﬂ&il?l?nqciﬂ'b%eﬁ‘s%?&c{a . %];8 deveiopment

ﬁro-ohanl as set amino acid sequence o

of protgipehaiinve pbiudiagetie sigaahpeptide)seadi{@sprotein comprising the
amino acid sequence of pro-ohanin and its signal peptide as set
Accordingly, the present disclosure includes:

(a) a protein comprising the mature sequence of ohanin as set forth in SEQ ID NO. 1 (amino

acid sequence of ohanin excluding its signal peptide};

(b) a protein comprising the mature sequence of ohanin and its signal peptide as set forth in

SEQ ID NO. 3 (amino acid sequence of ohanin and its signal peptide);

(c) a protein comprising the amino acid sequence of pro-ohanin as set forth in SEQ ID NO. 3

{amino acid sequence of pro-ohanin excluding the signal peptide); and

(d) a protein comprising the amino acid sequence of pro-obanin and its signal peptide as set

forth in SEQ ID NO. 7 (amino acid sequence of pro-ohanin including the signal peptide).



10

15

30 forth in SEQ ID NO. 7 (amino acid sequence of pro-ohanin including
the signal peptide). -4- Typically the disclosed proteins include natural
biological variants, such as allelic variants. Also included are functional
equivalents which contain single or myltiple amino-acid substitution(s),
addition(s), insertion(s) and/or deletion(s) and/or substitutions of

. chemically-modified amino acids, wherein "functional equivalent” denotes
Typicaliyplatedistloaed (yreseainstledsbilityet tielpettelin oS inducd asleBdionearphts. Also

include!ay Rel %HEHBHQ% ﬁiQXQ%EQI%ﬁéﬂ; &ﬁ}(l‘lit\n\'\ém%% h&s ;ﬁﬂkﬁﬁﬂgﬁﬂﬁ@%ﬁﬁﬁ%ﬂhﬁ on(s),

in common with the protein. Also inc uded are active agments wherein

additionfelivinTrageéniteudivordslelioninatstoprotetititeng) abeling it laioiiiGed amino
acids, @ﬂ%ﬁﬁﬁt%{&im%ﬁﬂmt’ ARG, k@ﬁ?ﬁ%&“%’i‘? r_fgtlélil&(%é %l&ﬁalf'adfgge protein to

(i) which has an antigenic determinant in common with the protein: A

induceipiclerte ansre fhsrsMsrarerinon diieralsssprotsitiis wirsdulties aipepligenisr determinant
in comMBERIVBIDLRUER 28 1R, LQRREL WDICh 103y, DR 108 INSIAnGe, OBH NS ent denotes

radioactive, énzymatic or fluorescent, or an antibody. For the avoidanhce

a truncgied upeiaibadisolssaiprestaiis i ellibie Praiset o ardyaivalieastot tHdiypolocomotion
or hypAaiptal, Divlegicahyariants, aghive raoments;ahie natyal hiclpgical. grotein. Also

_ variants and functional equivalents; and fusion proteins comprising the
includsspge JpionoRfielsivaidsis TuRe RsAlEiR du keI andniisiover ager protein, such as a

label, agneRts, IpongasREshthergisplevideddigivse &Iz?’rﬁﬁ%@iﬂr Sﬂx%%g%m, or an

_ from the group consisting of: (a) a protein comprising the sequence S
antibodp NO. 1; (b) a protein comprising the sequence SEQ ID NO. 3; (c) a
protein comprising the sequence SEQ ID NO. 5; 20 (d) a protein

For thé:%ﬂ;[ﬁl&g Jf‘ﬁoﬁﬁﬂ”%%s’%ﬁ)@eé %Qin@iﬁEl@e(.i)fmﬁlgﬁgfe%%éfr%fs Af the natural

. protein according to (a), (b), (c) or (d): (i) a functional equivalent o
biologigpoteirianttording e el olheuywre) o uiiotiomad Squiiatahtquivalents;

and fu{}%ﬁ‘ﬁf‘-ﬁ%@lﬁs_azgjM}Sﬁgiﬂ%?ﬁﬁ%%ﬁldﬁ%%i%%i?&Wzﬂ%ﬁ%? %91%%'31%1 ivalents and active

péralgesia, or which functional equivalent has an antigenic determinant

fragmefs common with a protein according to (a), (b), (c), (d) or (e)(i); (iii) an
active fragment of a protein according to (a), (b), (c), (d), (e)(i) or (e)(ii)

In one Wipleh, aletivd fingriest (Btaiss dhe gy, telnducerahleasieng @fnsisting of:
hypolocomotion or hyperalgesia, or which active fragment has an

a)  aigenicdstes biggemPaE30withra protein according to (a). (b),
o or (o eeneaane
(b a protéin comprising the sequence SEQ ID NO. 3;

(c) a protein comprising the sequence SEQ ID NO. 5;

(d) a protein comprising the sequence SEQ ID NO. 7; or

(e) (1) an allelic variant of a protein according to (a), (b}, (¢} or (d):
(i)  afunctional equivalent of a protein according o (a), (b), (c). (d) or (e)i)
which
functional equivalent retains the ability to induce at least one of hvpolocomotion or
hyperalgesia, or which functional equivalent has an antigenic determinant in
commeon with a protein according to (a), (b), (c), (d) or (e)(i);
(111}  an active fragment of a protein according to (a), (b), (¢}, (d), (eX1) or (e)(ii)
which active fragment retains the ability to induce at least one of hypolocomotion or
hyperalgesia, or which active fragment has an antigenic determinant in common

with a protein according to (a), (b), (¢}, (d), (e)1) or (e)(i1); or
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-4a- (iv) a fusion protein comprising a protein according to (a), (b), (c), (d).
(e)(®), (e)(ii) or (e)(iii), for manufacture of a medicament for use as a '
sedative. In another aspect, there is provided the use of a nucleic acid
molecule which encodes the protein _,defined in the first aspect, for
manufacture of a medicament for use as a sedative. In a further aspect,
there is provided the use of a vector that contains the nucleic acid
moeleculefidefinpaiciihe sectnc: aspeat;facoadufariuse, Obamedicament
for use as a sedative. In another aspect, there is provided the use of a
HELT81 §4HEformed with the vector defined in the third aspect for,
@@Qﬂéﬁﬁﬁéﬁ;{g & medigament far nge%ga gﬁé five. 10 In anothc_ar aspect,
there is provided the use of an antibody which binds to the protein defined
in the first aspect, for manufacture of a medicament for use as a sedative.

In anothenavnerly Repobt PRerdd Bovidef haugkacorah matRriphétheetivedes the protein
definedgainist thepeptein Mefingdindhe frst aspeeinion manviactire ofdve.

medicament for use as a sedative. Disclosed is a nucleic acid molecule
which encodes a disclosed protein. 15 Disclosed is a vector, such as an

In & fugherasorsh VRtiors et ediftdlts WRiclosed i UBR s AtRiPhiBReBufésic acid molecule
definedisglesedoisda st ool thansfermedbwithadsisslesed,vastors Pisglased is a

method of producing a disclosed protein, the method comprising culturing

tg disclosed host cell under conditions suitable for the expression of the .
In anotgrrasnedh SRStSIR RREIGE HecHeed mtRotrHhEpthrBeesHpribe vector defined in
the thirdurpangshepiaieipnRissiasadde arnathad:of pradisaing a disclosed

protein the method comprising the chemical synthesis of the protein by,

for example, solid-phase peptide synthesis or combinatorial chemistry. -5- ,
In anotpe AApec Y THRIONBFHARIHEEAT ARTBGAYWhIEH 8 Bipskidr Be B defined in
the firstagpeisdosedpriaine Eisclashe inan aptikody ywhighis.capable of

binding to a disclosed protein. Disclosed is a method of producing an

ntivenom against a djsclosed protein wherein the method comprises

in anotﬁﬁ

niAfEIng 51T AhRFATAh BCdiseIskan protsrranatistiestisyshifisoBielsin defined

- in the firernasihe: Sanimabfefuseods Hedcativenon Risslosediisian antivenom

effective against a disclosed protein. Preferably, the antivenom is

. produced {n, accordance with the disclosed method. .
Disclosed is a nucleic acid molecule which encodes a disclosed protein.

Disclosed is a vector, such as an expression vector, that contains a disclosed nucleic acid

molecuie.

Disclosed is a host cell transformed with a disclosed vector.

Disclosed 1s a method of producing a disclosed protein, the method comprising culturing a
disclosed host cell under conditions suitable for the expression of the disclosed protein. The

disclosed method may further comprise purifying the protein.

Disclosed is a method of producing a disclosed protein the method comprising the chemical
synthesis of the protein by, for exampie, solid-phase peptide synthesis or combinatorial

chemistry.
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Disclosed is a method for identifying a modulator (eg. an agonist or
antagonist) compound of a polypeptide of the disclosed protein. 10
Disclosed is a pharmaceutical composition comprising a disclosed protein,
a disclosed nucleic acid molecule, a disclosed vector, a disclosed host
cell, a disclosed antibody, a disclosed antivenom, or a disclosed
__ modulator (eg. an agonist or antagonist) identified by the disclosed
Disclopgdtifcrrie b b semtingserosuibauls ovhitdtiscapablistibtedi e tteiristlosed protein.
disclosed nucleic acid molecule, a 15 disclosed vector, a disclosed host
Discloged| ipadisoiozely avitidodysapaitcloSeddngvenaiischrsed produtator (e.g. an
agonist or antagonist) identified by the disclosed method for use in
Discloseddicinactidieafresant disalosttr duoihelgaiates tadheddse @b i diselesethe method
com rpfa%terinna dizscLosed n.ucj?ic ;ﬁ:id §Jolecu e, a di_sclos(gllclj vectorora = _
PrERCIGEEHELEEh MHRA AL ARSI IR ANS RS FE gatibodies from the
animalsiedatives 20: Bhevetesent disclosure further relates to the use of a
disclosed protein, a disclosed nucleic acid molecule, a disclosed vector

Disclosbd Q¢ aufligeinegerhast&eilin dba menuiasiuieohamedisamemior Mseiivenom is

the treatment of a_ neurological or muscular disease. Further disclosed is
producgd in f5a BRI A ATHeRdBRIBrRing administering to the animal a
__ disclosed protein, a disclosed nucleic acid molecule, a disclosed vector, a
DisclogpdcipgeticHyst &allideraiiBiniselsxatiotarmaceuteahtsmpasitiomiflsoompound of a
polypeﬂ%%ecﬂé%ﬁé?&%&'a%&éﬁﬁ?aﬁn_g a patient wi_th a neyrological or muscular
disease comprising “administering to the patient a disclosed protein, a
. isclosed nucleic acid moleculg, a disclosed vector, a disclosed hast cell .
Dl B o S e R A dheifaea mociie
acid negmepbsitiodisdoyedsingtardiscliseldpibteint dABRIBEMESCRIPIION a disclosed
: DRAWINGS. Figure |. Search for novel proteins in ki ohr nom. ..
v R e T8 o B e L R Bl giscosec
methodttached to the Perkin-Elmer Sciex API300 LC/MS/MS mass
spectrometry. The bound proteins were eluted using a linear gradient of
The pr8&:A6 disCiNsirddlsPoelitds W\ atsatiow rataddh 59 Hiidsddhenreak acid molecule. a
discl cgntaining grg{ei oféi]nfrestﬁiglindic ted with 15 arrow. Figure IA. Masses _
ISCLOSEE peptidesa bgfjj%{a indCdbtetted by ICINS ABHIMNG Bobiss PafbAntvenom, or a
moduldtiguee. 2l aglatioroancpurificatiomofitieonave iprateini (A)ieel diltraion afedicine.
king cobra

The present disclosure further relates to the use of a disclosed protein, a disclosed nucleic acid
molecule, a disclosed vector or a disciosed host cell in the manufacture of a medicament for use

as a sedative,

The present disclosure further relates to the use of a disclosed protein, a disclosed nucleic acid

molecule, a disclosed vector
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venom. Crude venom (200 mg) was loaded onto a Superdex 30 column
(Hiload 16/60). The column was pre-equilibrated with 50 mM Tris-HC1
(pH 7.4). Proteins were eluted at a flow rate 20 of 1 ml/min in the same
buffer. The horizontal solid bar (peak-#) indicates the fraction containing
the protein of interest. (B) RP-HPLC of peak Ib from gel filtration. Jupiter
C18 semi-preparative column was equilibrated with 0.1 % (v/v) TFA. The
or a dirdaserohpsterelst Wabe etotauhemahel colmedicanzeflovpratecoti2 the/riieatment of a

neurol Mt Oradient of: 3840 40 % B (80% ACN in 0.1 % TFA). The arrow
indicates the peak corresponding to the protein of interest. (C) ESI/IMS

W 06/068625,PCT/5G2005/000429 -7 of the.novel protein. The .
Furte A et A ol S BB iy to the snimal =
disclosBiospesR e comstaect mpecteur dFigueede, Rutifidation wicpeptididsdigestost cell or a
. s-C endopeptidase-digested peptides (A); Tryptic peptides (B); and

disclos % rhl?flgg%?ggﬁgaeisct%r&ppoé% ides (C). 5 Figure 3D. Theoretical and

experimentally determined masses of peptides of ohanin. Figure 4. Amino .
Also A A e B RBHTR BRORh Caf PR S MRy e comprising
adminifelaanodagradation. Bealthsal asrowirl\ daimina-gegueaeeefhativeand a disclosed

pyridylethylated ohanin;. .dthd ajrqws, Lys-C peptides; dottetatows, tryptic
vector R RS Ko A O BRRIAEE 10 Figure B

Sequence alignment of B30.2-like domain of ohanin with other B30.2-like
Also displonsih b ARRHEAYIRSUIOTOtRIRETEI RIS D39, PrRkeiniomain are:

ohanin (sp: P83234), Thaicobrin (sp: P82885), PRY-SPRY domain

f -SPRY domains were obtained from the
BRIE‘%‘S@%EE&%%&@%% ﬁ‘gegr P_rotein, gb: J03407), BIN (Butyrophilin,
FigureSP: B18887)-Alpha gﬁMgﬁgs(%slﬁﬁ @é%&%t%ﬂd@@eﬁé‘%@?gﬂ hg) was loaded on

KIAA0129 (gb: D50919) and 15 Staf50 (gb: X82200). Identical and
10 2 RigHBeprdd!reamidicaredtatedroritd dndiyréyrrispdomvelyieTHBB 00 LO/MS/MS
mass spOARGHEd LBR. WWEVE and QY E-roplifs are-hoxed. T JM&E}}P%@'@ % ACN in 0.1

parentheses represent the percentage of simifarity between the
% TEAR3072 dileltioniaing of thel pristeirs: Thé sutistitnganmsamorddgatiecfolfowitigated with
w. groups of amino acid residues are considered as conserved changes: Y,
F,and W;SandT; V,L,land M; H, Rand K; D and E; N and Q; A and G.
. 0,Figure 6. Effect of ohanin on locomotor activity of mice. Cumulative (A)
Biure o B 8 MO OSSRyl oing P okt o (5
. of ohanin. Cumulative, (C) and time course (D) of locomator activity '
Figurersowlfg 1HenVajuibietHaty 95 By TREUdE EEpehtrritcinkiBiidop! king cobra

venom |OCAMMOOSRSHVIDNIS @¥er &S Qe:ield MmerepPoteatMitinh eotiitieqlinnaaf 16/60). The

ohanin.
column was pre-equilibrated with 50 mM Tris-HCI (pH 7.4). Proteins were eluted at a flow rate

arro

of 1 ml/min in the same buffer. The horizontal solid bar (peak 1b) indicates the fraction
containing the protein of interest. (B) RP-HPLC of peak 1b from gel filtration. Jupiter C18
semi-preparative column was equilibrated with 0.1 % (v/v) TFA. The protein of interest was
eluted from the column at a flow rate of 2 ml/min with a gradient of 38 to 40 % B (80% ACN in

0.1% TFA). The arrow indicates the peak corresponding to the protein of interest. (C) ESI/MS
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Data represent mean counts of locomotor activity S.E.M.; one-way
ANOVA was used in (A) 25 and (C) and two-way ANOVA in (B) and (D);
wpastas@nalysis by Bonferroni's test: a, P< 0.05; b, P< 0.01rardsG;2Rs/600429
0.001. Figure 7. Hyperalgesic effect of native and recombinant ohanin.
Latency time in a hot plate assay -at-55 C following i. p. injection (n= 8)
(A); and i. c.v. injection (n= 8 to 16) (B) of native ohanin. (C) Latency time
of the no&@F;ﬁo@iﬂﬁ)TﬁH%ﬁ@d-ﬁas/aiﬁjx@&t'tﬁﬂa@fmaaonfblnaﬁl diianif.6Bdia 36 thdicated by
. native and recombinant ohanin showed a dose-dependent hyperalgesic
Biospec RegapsforiShPERE WO 2006/068625 PCT/SG2005/000429 -8 intermediate
doses when administered i, c. v, Data represent mean latency tim . .
Figure 3.5 PWHGHErRAPRNEVATTov et y BURRIRBHF (AR BT B R A, Typtic
peptides @5 %gﬂgwg@d.@%@@% ggiaﬁt;r@,g:_(tgn and cloning qf a synthetic gene for
ohanin. (A) Schematic representation of the expression construct.

Figure 35.”%&%[?&@ &N&@%@}m@a&ﬁm@im@@f Bepacend CNBEn,

respectively. The DNA fragment between the two arrows was inserted into

: vegtorM at the BamH| a e (L l-lenatl Redrenta phiied by Edman
Figure 4"syn &tie gage AminG %cio é%gq[]enceli%)os%own%elow the DNA sequenge.

degradatidien Birligure/féstrivtion Sitesriit | s8sBiceAl], DA, A\}ﬂmxﬁ?aai,eﬁgﬁ@ﬁd ohanin;
B arﬁBnl h@@;&%@%@&a&ﬁt}@ﬁfo{@ %ﬁﬁﬂ%%@@%@, formic acid-
syrm%’e ie gerte. igonuc

wo pairs of o eotides, ranging from 96 bp to 117
digested fsppindéength, 10 were used to assemble the two fragments (P 1 and P2).
These two fragments were then ligated via Xmal site to generate the

Figure 5entieygane Seemupesiiatal Brockdumis dbptbiailsyithgdros B geLdike domain-
. . %, wlv) electrophoresis.of th f a theati Nehaicobri
consininy SRR R 0 RSB N i
(sp: P8298SDIPBVHSHR WealqohparplsridedgmiamtcstaifRRWitARECO sinsiaBiArgritbtained
Blue: A).E sSsiN a Hity of.r j trahapind hilin, sp:
from ﬂ“ecc&)l#.3 é%%%)ﬁ%ﬁég%ﬁe%%%ﬁ T ??g?lls%f%ar s';gl_gagr?gzpiag tota progi?eoi% R
P18892),salphte MK hactatiahtutil Rsafterodin (gt AJIWARH KEMARGSetaively50919) and
fter IPTG induction; Lanes 6 and 7, protein I t :
sarso 31 R B S LR o o i
Three cdmaeedd, PRtisWR Yk sapde $tBiléd nhedifecior standartha awesbeendap parentheses
total protein samples from. first and segon N(ds.0 ficatien: #fs. Th
rep msentsf qﬁ%ﬁeg?%%ig?ll f)ll%l gaiﬁt?’ro%rﬁ%tﬁ%e%f m?ty% égflﬁ?ng rg eungggi g}(feénggj}%%% .
substituticonditions; tenlowmptyrdape of ameis) ksfdldesidusiotrprstesiflqey as conserved

changes:%z%va%g Qf-fusion-pregejn py, G ,%&MK;&E%@EE‘I@'%@?%AH@Q}.

eolor stan ard; Lahes 1 and 2, fUsion protein before and after

Figure 6;5@%%?8&5?@%%82 E)ecg}‘irgo%o -%c 1sz i% Catsh %%g%xgg %91)’%9&3%&? Burse (B)
of locomotor activity following 7. p. injection (n= 8 to 9) of ohanin. Cumulative (C} and time
course (D} of locomotor activity following i ¢. v. injection (o= 7 to 9). The dose-dependent
inhibition of locomotor activity is over 6,500-fold more potent with i. ¢. v. injection of ohanin.
Data represent mean counts of locomotor activity + S.E.M.; one-way ANOVA was used in (A)
and (C) and two-way ANOVA in (B) and (D); post-hoc analysis by Bonferroni’s test: a, P<0.05;
b, P<0.01 and ¢, P<0.001.

Figure 7. Hyperalgesic effect of native and recombinant chanin. Latency time in a hot plate
assay at 55 °C following i. p. injection (n= 8) (A); and i ¢.v. injection (n= 8 to 16) (B) of native
ohanin. (C) Latency time (n= 8 to 16) following i .c. v. injection of recombinant ohanin. Both

the native and recombinant ohanin showed a dose-dependent hyperalgesic effect for low and
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Bands labeled 1, 2 and 3 are expressed fusion protein, lysozyme and

recombinant ohanin, 25 respectively. Figure 10. Purification of
woenombistant ohanin. (A) RP-HPLC of recombinant ohanin aftectisomismeos29

cleavage. The arrow indicates the fraction containing the recombinant

protein. (B) ESI/MS of recombinafit ohanin. The recombinant protein has

a molecular mass of 12226.91 0.89 Da as indicated by Biospec

intermediadREGONSIWEESRAGIIHINe3Q Figue DhiiaGEpspeay anehihmativeiard: S.E.M.; one-
recombinant ohanin. (A) CD

CD spectra were recqrded using a 2
way ANONnfj Hﬂ’fﬂ’é‘ﬁ@ﬂﬁ@@@@f@lI@Iéeéguﬁerﬁg\g“rﬁa@%%d&nel\ﬁi&mQ water. The
concentration WO 2006/068625 PCT/SG2005/000429 -9 used was 12.5 :
Figure 8.V, 0mispeeestrsiianansha et BRSHA 8raSARWAAREbI & agehematio

representa{m{q dings, repRasiebotRlsrysEbaoRIRN SIOBRRIME ARdiesombindiiated as
ohanin. Figure 12. Cloning and sequencing of ohanin eDNA. (A) 5'-RACE .
Tb and Cé?ﬁﬂiﬂééﬁﬁfrﬁ%"lﬂb(rtigh"cé&?{b (BBt BRATRRLOEHEOWHTORS 5hgFr pscried into

vectorM AVEHE BRIAMesiIamANG:5s-RELCEID emplificaioncs numeSHahat Uehd. Amino
) (B) 3-RACE am[fllflcatlon. The 3'-RACE_amplification which %:eldeti“%'u?ﬂ BstBI
acid sequenfieidf ROEIINKIB1 B8 EY X EUSTIE of 158ty R RIP W BB h et g™~

Acll, Xho SRR BNGAIPMAL) Nysieatide sefugnpesanthdestaced)sininemcidr construction
sequence of ohanin (gh: Y351433g, ucleotides are pggsben%ed 'g17t e ?n length
of the syniheiicgemtatlor’ PRELREEAMS SN SefiRsI0E ﬁ??%versé’-tr%r} |5ti6h Of ’

were usediREAQRAASE dReRWE AR isrshpwinTheptitativegsigna d6rpejtididsted via

_underlined; ohanin is marked in bold; dibasic cleavagg site, is,hoxed and
Jimal site A S SRR HAPUERPH AT R Srop 4B e Bl By (-

nis mé

%, wiv) cReiesjsisanddhepelytianitatio Dy ignbthd syikis: iscundBllined twice.

The missing stretch of nucleotides in type Il eDNA is shaded black.

Figure 9F iggmlﬁAéﬁqléﬁﬁ!%‘%‘i@'@%@&h@flﬁﬁ@-gﬂﬂfﬁrﬁomﬁﬁeﬁb&ﬁom&ﬂ%&ren 15 %
from Pro-ohanin (g

| : 15 AY351433), Thaicobrin (sp: 885), REP (Rin
polyacrylainisier prbraiil ghnesh 7R TORBIFRIS( f%'b%%‘}“g@é@v Oigé‘?l]%‘,p c5ston and
solubility BRY-SRBYA0013S (sonsenelsROVMENEASRIRR ¥r&RRM domaihsdyelanes 1-

provided by CDD database), Beta sybunit of SNTX (n-s it .
5 otal pise SR SR, SHBHE Alsir P i <tETRIGEREH: ot

IPTG ind@8:5298983), ERterophilndabahblk26833) andoRRY dotpiliconfainiogication.
. SOCS box protein 4 (Suppressars of ytokilgﬁe 0 si nalinﬁl, g&e \ .'Eine d dual-color

(B) Purifigpipan a1d deiie D ftrisi8cridg Pesi dREaed Backkanagrey.

standard; M@ eANdafMP dibasis: cleiavags ridiohpirohadiscisinticatels if babdfmaton; Lane

3, elutio@%%%%%%ggq%{h%%ﬁg&gﬁ él%igé? ge%%ﬂic’r%\g/%%rlfggdn\é\{ BV 4, empty
lane; Lane S, refolded fusion protein. (C) Cleavage of fusion protein by CNBr. Lane M,
Precision plus prestained dual-color standard; Lanes 1 and 2, fusion protein before and afier
cleavage. The fusion peptide (~2 kDa) is too small to be resolved by 15 % polyacrylamide gel.
Bands labeled 1, 2 and 3 are expressed fusion protein, lysozyme and recombinant ohanin,

respectively.

Figure 10. Purification of recombinant ohanin. (A) RP-HPLC of recombinant ohanin after
thrombin cleavage. The arrow indicates the fraction containing the recombinant protein. (B)
ESI/MS of recombinant obanin. The recombinant protein has a molecular mass of 12226.91

0.89 Da as indicated by Biospec Reconstruct spectrum.

Figure 11. CD spectra of the native and recombinant ohanin. (A) CD spectra were recorded

using a 2 mm-path-length cuvette. Measurement was made in MilliG water. The concentration
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introduced for optimal alignment and maximum homology for the
sequences. The arrows indicate the boundary of PRY and SPRY
walamaiissEhe numbers in parentheses represent the 25 percentage0fs/000429
similarity between the B30.2-like domain of pro-ohanin with other
B30.2-like domain-containing prot&ins. The substitutions among the
following groups of amino acid residues are considered as conserved
used was P2NYRF: Yo b @i 0P ARl aNd kedodsidMinHoRAAkIE shhvim M @otiQ@pd thin
A and G. Figure 14. Schematic representation of proteins ppssessing
lines, respgiovelikEBaSumUBLsoaNkE O BB S MARNT Hre S NRHBH AR and the
unidentified domains are dotted. Figure 15. Expression construct of . X
Figure ipro-dBaning(Aphgesseecis & Hhanin/ ¢ 0 eirbphdreRA 6F wnlikastmelartial

: e pondipg. tope- 0 pmRlified frogydhatcd apdid Ot 5°-RACE
coding r%%%er%?ﬁ@%%%ﬁ%@%é @é%/%&é%o%ng -10 (B) Schematic

amplificatioprasinpAHSR2otuH BB @B - BoHst rptiiitiibh ahrCRiBAGERmglfication
which yicﬁﬁgﬁ e dndicated aptand GNBLY %’%%@N@%ﬂ%@g;ﬁ@%ﬁliﬁwm& using

530 bp corresponding to pro- ohanin was inserted between the two

GSP1 andrrBRdat aniinapeliotseiancrignd dedusd.prie 4hilysrgymee of ohanin
(eb:AY 3§ EEPIDINANLBIRIAN RN Sambplesveke sesabved iidRiboh. 3&PAGEno acid

gels and stained with Coomassie Brilliant Blue-R250. (A) Expression of

sequence fexaPTBIACTIABRICEREMA RPEoREH CRAR MR BRECIEER DR S ARaRpative signal

peptide iFHAEGHRESBREEHS id-AReRedlin DO PIcIRI SEBRI B QR hatiertdl andipre-peptide
before induction; Lane2, After IPTG mductlog. (B) Purification fojon laii

segment isrirerked HhE@NicPFoEisioR PAYpRBdIRNEHRY ARSI SRR I Ticapayaqenylation

signal, AAhA Elutiamaelsianpiete THeamsHigeabiriyncofunmolsatiess in type [T cDNA is
non-denaturing conditions. (C) 10 Cleavage of fusion protein by thrombin.

shaded blpglke M, Precision plus prestained dual-color standard; Lanes | and 2,

Fusion protein before and after cleavage. Bands labeled 1 and 2 are the . '

Figure iéx&@werahwﬁrrﬂ@t@ﬁﬁ%‘?@r%%ﬁmﬁ?-p@%ﬁ%‘ﬁﬁ‘f?ﬁﬁﬁ&?ﬁeﬁ?ﬁ"ﬂqﬂ’@m (gb:

AY3514§§§;°?1B%%4&('(%&D?M%QQP srplliihe respbrepibieid Y SBMPAGEG), BTN
g g

. Figure 17. Purification of recom inant pro-ohanin ysing RP-HPLC

(Butyropirilie.hghz GWPal GHRShbic 2R Y -FBRe HRMRIES HESRSHARTY 1EMsRSRibRTahf Y SPRY

ins REG-Ohanin: FHare-Hh GR-SRESr 8 saRsHseh PSIWERT RhabiRRMonustoxin, gb:
domains %'r%{%%anin. (Ag)BgD spectra Wié?é recorded for 12.5 sMn((Je groteins in

Q91453)MilghwatdrusingfaShiit patvlenitrotenetiexBolghing? nEarophEin (gb:
s BE RS SR oo fhaiens Sodgea oo
signalingogbnisto6aBiVAY. 2Ddmtiwirgdntsertehaariviestsn ghadgdpbpckrand grey. The
Axg-ArgO&mQéﬂ:(’él)eg{;QgQrgftgh@ﬁg}é%agmglqgﬁﬁ:ated in bold and propeptide segment is
marked in italics. Three conserved LDP, WEVE and LDYE motifs are boxed. Gaps (-} were
introduced for optimal alignment and maximum homology for the sequences. The arrows
indicate the boundary of PRY and SPRY domains. The numbers in parentheses represent the
percentage of similarity between the B30.2-like domain of pro-ohanin with other B30.2-like
domain-containing proteins. The substitutions among the following groups of amino acid

residues are considered as conserved changes: Y, F,and W;Sand T; V, L, 1 and M; H, Rand K;;
D,E,Nand Q; A and G.

Figure 14. Schematic representation of proteins possessing B30.2-like domain. B 30.2-like

domains are shaded black and the unidentified domains are dotted.

Figure 15. Expression construct of pro-ohanin. (A) Agarose gel (1.5 %, wiv) electrophoresis of

the nucleotide sequence corresponding to pro-chanin amplified from 19K1 and 19K2 primers.
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locomotor activity following Lc.v. injection (n= 6 to 9) of ohanin (C) and
pro-ohanin (D). Data represent mean counts of locomotor activity S.E.M.;
woneswepANOVA was used; post-hoc analysis by Bonferroni'BtesGa)iR4e0429
0.05; b, P< 0.01 and ¢, P<0.001. Figure 20. Hyperalgesic effect of ohanin
and pro-ohanin. Latency time in hol plate assay at 55 25 C following
intraperitoneal injection (n= 8) (A) and (B); i.c.v. injection (n= 8 to 16) (C)
(B) Schempige(®pregaitanidnCf, theenpyetiston obtsined- fidpohanimihediéd dsmeBytes are

indicated %@%%Aaé%y tﬁggse&w@we@ﬁé%ﬁ& ﬂmﬂmmﬁ%mmo}é&s&mg o pro-

administered via L.c.v. route, ohanin shows a dose-dependent
ohanin W&W@ém‘gb@ﬁ?"éﬁfmﬂ%Wﬁﬁ@%@ﬁﬁébﬁé@@b@é&%@ﬁereas pro-ohanin
has a relatively shorter latency time for all the doses. Data represent
Figure lmeSﬁ)ﬂiiéhG)EtMelySiEdﬂ rwne}bMWagmN@.Vm folowdek bycBondesiond'sn 15 %

and.b 1 WO. 20 2 E%ZOO 429
SDS- PAéﬁsl %‘3‘1 Suraen 1S(§Ienr?gm7§ 8% oto% %%%?n %Claﬁegn:omlc DNQ( g ng fession. of
recombmwm:ao(magmamﬂm@) Wa@eoh@e&e@mﬂpﬁmﬁéswmﬂlti@mnhnmm Lanes

1, Total %?ﬁ%%q]?é{nﬁ%u&%nlﬁ@ ?%“%r%‘hggf&éhﬁdﬁ'ﬁﬁﬁpCfaﬂgfngﬁf?qpf@%uctmn
n all Tour dig

ests. Thus ohanin Is encoded by a single gené in the king
(B) Purificobiva gefiome. ThiemiganerMboditonion plriminstmasketuislinoienséudsrd; Lanes

1 and 2, FIGHE %99&%%&%@%8%%%&3?'EQMMQEQR%%QM&; &ﬁdﬁ%s (©)

genome walking' strategies, the full-length genomic sequence o
Cieavagewﬁ%@@am@@@kxynﬂmwhmodmﬂ-‘és Rypetei et preaidiasd dien- @Qﬂi&wmﬂdard

Lanes 1 2309 IRNOMIGSRAMANGER: EXPIRA A SNA0eBARY ULIBHICAIRM BY-URPELpressed

case letters while introns are indicated by lower case letters. The missing

fusion pretedm frdyFEOMBDAA BreHidaIbREsReTHS thrdda T aradpddeated #Pa) is too

small to HRAdiEdatve, sigrakpepfidejs 10 underlined; dibasic processing site
IS boxed propeptlde segment Is marked in italics, the stop codon is

Figure I’bn ﬁﬁ%lﬁl%ggﬂg} &%ﬁ%ﬂ}ﬂ%'}ﬁ@@l ana bar indicates

erlin che gure enomic organization of chanin. hanin
the peak W@M@M@W@W@Qﬁm introns. Exons i to 5 have the sizes
of 53, 76, 95, 96 and 1238 bp, respectively. The introns are 1160, 1743,
Figure 1829D0:Al33 bmnmapieoﬂvbbtwﬂfeﬂ’lelmm aﬁ&lmmﬁuaiﬂplic{mg @hke spectra were

15 excl d horter t 1482 bp. :
secorded Yl 2 HL 0 SRS RAHRK L 1R A BRAr BB v Bold e,

ohanin; tiearrmppﬂﬁmgﬂmtr(ﬁ}aﬂemﬁﬁmsw\mmga(wﬂ&wmﬁmﬁiwasdr@meﬂanin.
type 1l eDNA. Figure 23A. The exon-intron boundaries of ohanin gene.

Figure 1510U{ddcRifai0aydaedn YitraHading & thidieh hikli ScRAfORRANcRBHE Qctivity
25. Immunofluorescent slides showm fluorescence in in vitro hinding
foﬁomngaggggemqq@lpwectmn {(n= 8 to 9) of ohanin {(A) and pro-ohanin (B} Cumulative
locomotor activity following i.c.v. injection {u= 6 to 9) of ohanin (C) and pro-ohanin (D). Data
represent mean counts of locomotor activity £ S.E.M.; one-way ANOVA was used; post-hoc

analysis by Bonferroni’s test: a, P<0.05; b, P<0.01 and ¢, P<0.001.

Figure 26. Hyperalgesic effect of ohanin and pro-ohanin. Latency time in hot plate assay at 55°
C following intraperitoneal injection (n= 8) {A) and (B); i.c.v. injection (n=8 to 16) (C) and (D).
(A) and (C), latency time obtained from ohanin-injected mice; (B) and (D), latency time
obtained from pro-ohanin-injected mice. When administered via 7c.v. route, ohanin shows a
dose-dependent hyperalgesic effect for low and intermediate doses; whereas pro-ohanin has a
relatively shorter latency time for all the doses. Data represent mean latency time + S.E.M.; one-

way ANOVA followed by Bonferroni’s test: a, P<0.05 and b, P<0.01.
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ohanin to hippocampus and cerebellum regions of the brain in comparison
to non-fluorescent control experiments without pre-incubation with
wolspresshanin. Figure 26. Schematic showing a competition bodswgRoos/000429

control assay for assessing binding specificity of His-pro-ohanin 25 Figure

27. Immunofluorescent slides showing binding specificity of

His-pro-ohanin compared to controls Figure 28. Strategy for in vivo
Figure 210Insing sty /hEHS 1baBINAAHiHISRReAADIN AT IgUE 2 Lobra (10 pg each lane)

Immunofluorescent slides showing the dose-dependent b n% of ghanjn
was digestarchpiF ENrHHENG MRS NS HAEEar SSERT B) PRBIGRRSr e the
presence di'8iE W@@Q%QQ%QQE)E:@{Q%QQOQ%QQ@AR% 13 20gi€ BPa single gene in the

n

1
) Immunofluorescent slides showing the ability of ohanin and pro-ohanin in
king cobracegasing. The miasdinraasienct DERAIEHHeCe RBAEN 5 A first
aspect of the invention includes: (a) a protein comprising the mature

Figure 22se0erivegaiobaienes détifarthdth SEQeDIDL Dt‘é%ﬁGRa@vé segppeavalking’
strategies,gté'xg hapin.exgluding. its gﬁ%g;gxllgg Piti‘d?@gé@;@v%gt(%@aﬁ%@pr%ﬁ-mﬁéﬁ%lﬂ[ﬁdaries

uence of olanin an signal peptide as set forth in SEQ ID NO. 3

were detefanmiob tesiul sequdNde widogemimenskiascsigtalizassdey. Shoded gisiousw indicated
by upper c%%p %{%Mﬁﬁﬂﬁg&ﬁ&ﬁ@ iy Q&%ﬁﬁ&%}%@%ﬁ&@fﬁ@%ﬂ@ﬁg&&? in type

amino acid sequence of pro-ohanin excluding the signal peptide

. s ) .
I cDNA inshidypd prstoillofiprsing Greaamind wrd sedrlfcdemistoatianangeptide is

underlinecilgscﬁp#% ﬁﬁﬁ%gﬁr%sﬁt i@_’ggﬂ.@d, %E?tlﬂ@ sgg@}Qﬁ'th» fi‘ﬁjgk%:ﬁcﬂﬂeﬂﬁﬁc@f the stop
pro-ohanin including the signal peptide). The proteins of the first agpect of .
codon is itteicatodtion rstsuigls mstuba nablagrRal Yo mHEIZY A d S Aniids yaderlined twice.

variants. Also included are functional equivalents which contain single or
Figure 23nultjpieeminomeicdasubstiuionis), Quishione)c ineomidins phdtyecxons and four

mntrons. Egcel%tigrt]&,s ﬁzrtlx%/ %esgi%gtgf '9@ ,%Wﬂ@iwgﬁ(}é@ﬁy&@v@ﬁd?he introns are
wherein "functional equivalent' ‘dénofes a protein that: (i) retains the ability i

1160, 1746¢ 129protehd IbmderpecitiekrstonbestiypritunmstiorprH)Betaigeane gron 2 1s

excluded (#Qci\ggcl%\]%hg%}%@te?r}p&%@{ delprminan '.”W%I\%éhcﬁbﬁmf%@mné{%a type 1,
mcluded are active fragments wherein 20 "active fragment” denotes a

while thetshaoated piotsrrtrpor{lingtanthehalisbmtver sabchiBtEmsNEGE &) wagpamed
tvoe I CDg@g of hypolocomotion or hyperalgesia; or (ii) which has an antigenic
P eterminant in common with the protein. Also included are fusion proteins

Figure zé’l{ler ré %@%ﬁggﬁ%g gg&r@&aﬁé’se QP Banin gene.

Figure 24. Strategy for in vitro binding studies of His-pro-ohanin.

Figure 25. Immunofluorescent slides showing fluorescence in in vitro binding assays of His-pro-
ohanin to hippocampus and cerebellum regions of the brain in comparison to non-fluorescent

control experiments without pre-incubation with His-pro-ohanin.

Figure 26. Schematic showing a competition binding control assay for assessing binding

specificity of His-pro-ohanin

Figure 27. Immunofluorescent slides showing binding specificity of His-pro-ohanin compared to

controls
Figure 28. Strategy for in vivo binding study of His-ohanin and His-pro-ohanin.

Figure 29. Immunofluorescent slides showing the dose-dependent binding of ohanin and pro-

ohanin in the hippocampus (A) and cerebellum (B) regions of the brain.
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is fused to a peptide or other protein, such as a label, which may be, for
instance, bioactive, radioactive, enzymatic or fluorescent, or an antibody.
wasmaneheavoidance of doubt, the first aspect of the inventiorrgncha®ss/noo429
functional equivalents of the natural biological variants; active fragments
of the natural biological variants ahé-functional equivalents; and fusion
proteins comprising the natural biological variants, functional equivalents
Figure 30ahchmctivé! fragmenitslitvOsR06d10686 251G T¢S GRO0E/A8D AN OLEZITHR Crossing
erms, "polypeptide” and "protein" are used interchangeably and refer to
the bIGOdha%}nS% ymég': of amino acids (dipeptide or greater) linked through peptide
bonds or modified peptide bonds, whether produced naturally or
synthetically. Polypeptides of less than about 10-20 amino acid residues
are commonly referred to as "peptides.” 5 The proteins of the invention
DETAIL%PQ@&%F#& non-peptidic components, such as carbohydrate
groups. Carbohydrates and other non-peptidic substituents may be added
A first asprebopidRinvsyiRB BElNdgsivhich the protein is produced, and will vary with
the type of cell. Proteins are defined herein, in terms of their amino acid
(2) a protbackiropssng cherextegbstineine slichasamshyldriaydifds Bré'C. 1 (amino
. neral ifi AW ent nonetheless. However, given
acid sﬁ%ﬁé?%%%jiﬁ% Egtlieved olljgé?? post-translational modifications it
is preferred that the proteins of the first aspect .of the inventi t s
() 2 prot g A BOLr S  oaea i ) SES RGBS RL ht in smQ
1D N(disyHidnbridgesq@hcouf sbaioweddls sidretethidejoteins of the first
aspect of the invention are expressed as pro-proteins then the proteins
(©) a protBIRYbRGEIGRPIRcassing oidhe:quaticeedd pro-JHrusy ifsiseprafeirad SBaY i NO. 5
. mature proteins_of the first aspegt of the. invention ar the proteins of the
(amingaqiq SCHUBRGG HHRRe h%?f dcﬁ@n%r%%%@% tllr%%ﬁﬁl ir mature form do
not contain any post- translational modifications such as glycosylation or )
(d) a protejR GRRIBEHRGHE mﬁ@wﬂ@-%ﬁmiﬂgwgﬁ&l@%ﬁﬂ%ﬁaﬁﬁm gr&gforth in
SEQ IBFNVEEY BHeH0 RAPRIuIACHISHRES-Bhare RRRISE HdVignd0sprian)ple, a

composition "comprising” X may consist exclusively of X or may include

The prote3%P O S AdHOBRURO MPARRA SR AN 81 RRNBERHOGARMYCIRI as allelic

acid 20 molecule comprising a given sequence may consist exclusively of

variants. freoginehidesoarenbaesionshyeanbiteats ndishnioriain ginslfapt snbdplerigino-acid
subsﬁmtidﬁ(lgﬂeagmﬁggﬁ]ﬁeﬁfs%mg}'rw ckpfibsipvaniion di8¢6:iRibRevideghamically-
polypeptide which comprises the mature ohanin amino acid sequence as
modified gaiforaridsseyrinNBnatiasepakas e deelrers Pt HAtnG s bty
of the préiedi Q¥ RHIHUEIGsNRRGLEMPRsItBeRbIRM IS HYRARE®R; or (i) which has an
antigenic determinant in common with the protein. Also included are active fragments wherein
"active fragment” denotes a truncated protein that: (i) retains the ability of the protein to induce at
least one of hypolocomotion or hyperalgesia; or (ii) which has an antigenic determinant in
commen with the protein. Also included are fusion proteins wherein the protein of the invention

is fused to a peptide or other protein, such as a label, which may be, for instance, bioactive,

radioactive, enzymatic or flunorescent, or an antibody.

For the avoidance of doubt, the first aspect of the invention includes: functional equivalents of
the natural biological variants; active fragments of the natural biological variants and functional
equivalents; and fusion proteins comprising the natural biological variants, functional

equivalents and active fragments.
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25 polypeptide which consists of the mature ohanin amino acid sequence
as set forth in SEQ ID NO. 1. In another embodiment of the first aspect of
whsrimwesesn there is provided a polypeptide which compriseg¢hesanissmos429
acid sequence as set forth in SEQ ID NO. 3. SEQ ID NO. 3 consists of the
mature sequence of ohanin (i.e. th&3107 amino acids of SEQ ID NO.1)
preceded by its 20 amino 30 acid signal peptide sequence. The signal
The termpépabmentilesrndis My arinesSdaarhan s thbuAed rafioife Aoy polymer of
amino ac _EQ@&B@H&tt%lﬁ&é%@ffpﬂﬁ@&@%&geqwﬂwlﬁﬁh@@rﬁl&&soatﬁm @epifide bonds,
acid sequence as set forth in SEE?, ID NO. 3. WQ 2006/068025 . d
whether peiagsd 7absmboapsynieiifelothely BrREIaMMAHEST therrbrukpcbrtre act
residues AVERHAN ML eris RO dedRARlypeptide which comprises the amino acid
sequence as set forth in SEQ ID NO. 5. SEQ ID NO. 5 is the pro- ohanin

The prote%e_s?éjﬁ %%%F%H?l%&&é?@%%@ﬁﬂﬁs%f&ﬁ%éBlPﬁ@ ébﬁ'ﬁgﬂa@ts(? RN IRatidhydrate

erminal pro- sequence. In one embodiment there Is provided a

groups. Codippaptides whithiborrearartific sHsE RS Beehaeddel sy y the cell
in which ﬁ;%%b‘?ei}l% %@ﬁh@&ﬁ%@ﬁ %‘iﬁb&gﬁr@ﬂﬁ Qﬁéﬂ@ﬁg graspettoking Anvestigad herein,

Is provided a polypeptide which comprises the amino acid

in terms gBHirneEES KSII0HRDESHS NG AUBEERBNEIR &5 (I R BRfROUPS are

generauy%?cﬂ“s?{é%ﬁze&e%‘%@%?ryb@?xg&ﬁcm{aﬁeﬁ_@é@laﬂgmﬁi@@ﬁig%mﬂ%apﬁaﬂie@ ohanin is
_ SEQID NO. 7 consists of the 107 amino agid sequence of flgureg ng
believed indacls papiritrasrionsbmafdIEHrD s ERERE A IIth RS RO B8 g dipirst aspect

of the inERoP NQof iHshewvady Figiedsiiiond envdedimenistRact is plovidethtion or

a polypeptide which consists of the amino acid s utfnce as set %rth in
[

disulfde SEEYD NOZO7H BASCBRTbBUFHEALOPIRE B O R R B8l RSy ention are

expresse YR piolepisahuAtiaNb Rk &R Aiginueiitigo ipuaRigA ANt chdamreffarm. Thus, it
i protein as set forth in SEQ ID NO. 1, 3, 5 or. 7. Natural biological variants. , =
s preferrye g R BAIKE DAL AR ERLASPETIES HSHANTIRATHNG TV ELbhbed

aspect oBIfh&aHvVEst LIGh¥aripRicEay inciudecnolypaptidésin Whichvoremaimansy post-
_of the amino_ acid residues are supstituted wit q.c nserved or
translatiofghreAEsAHESIHNRS &l ‘i‘é@%ﬁ‘@?&é&?ﬁ%&% E51¥$&rved amino acid
residue). Typical such substitutions are among Ala, Val, Leu and llg; -
The termafsempsenanaherapmonis the2sanlt thernies ASphRt SlumgmsndRRLline” or
“consistif?d PlRs AHO DasieresidiiRs kysaPEME: O nh amang telusively of X or

aromatic residues Phe and Tyr. Particularly preferred are natural variant

may incladgtheR sEvararei addjEanalARAEeRS-1 HRBIETY: fhdP W eRIEF %y fistetc acid
moleculel MR ARIGS ke Pubglithiedndgletedior @ddedalant champivatiesquence or may
include OES%?%%J% additional components.

In one embodiment of the first aspect of the invention there is provided a polypeptide which
comprises the mature ohanin amino acid sequence as set forth in SEQ ID NO. 1. SEQIDNO. 1
consists of 107 amino acids and is shown in figure 3. In one embodiment there is provided a
polypeptide which consists of the mature ohanin amino acid sequence as set forth in SEQ ID
NO. 1.

In another embodiment of the first aspect of the invention there is provided a polypeptide which
comprises the amino acid sequence as set forth in SEQ ID NO. 3. SEQ ID NO. 3 consists of the
mature sequence of ohanin (1.e. the 107 amino acids of SEQ ID NO.1) preceded by its 20 amino
acid signal peptide sequence. The signal peptide sequence is the underlined sequence in Figure 9.
In one embodiment there is provided a polypeptide which consists of the amino acid sequence as

set forth in SEQ ID NO. 3.
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preferred are silent substitutions, additions and deletions, which do not
alter the properties and activities of the protein. Also especially preferred
winzthigaegasd are conservative substitutions. 25 "Mutant” polypeptidess/000429
also include polypeptides in which one or more of the amino acid
residues include a substituent grodig: A fiuther embodiment of the first
aspect of the invention provides functional equivalents of the proteins of
In anothertbmbodintiondintpafiicdapat SEQd ﬁmmmu HGois panddedtarpplypeptide which
ical variants thereof) th u [
comrises R T SO, Tl SRaPS) e Faine idte o

insertion eletion(s) from the wild
ohanin sedypecpydtahe $6duemnce ammfé&ﬁéllfﬂllﬂﬁ?s bmﬁ@m@élmmaﬁéﬁcawal pro-
cids uhercin, Tungionalc " (900855 2 RIAEINIBRL ) NS Mo acia
sequence. %glﬁ)trf/ oefl?he 0%8%6%8%@@ %S% /000429 -15 protein to °ne
sequence mc*atﬁ)ahleaSE@w@dﬂ@yﬁolocomotlon or hyperalgesia; or (ii) which has an
antigenic determinant in common with the protein. It will of course be
In anothegptediatedt thbithyliere ﬁh&abﬁﬁtﬂleﬁavﬁmimmmw}bqumhm&dﬂwhjch
eralgesia is referred to an rote Ctjv )
Compnsesle%gjgt &h HAMiSIETSE 5 i |ng£;)%l£[one§e/) yggfe?eﬁ o Its |I|(f7§l/tlio’othe pro
ohanin setpguce pypetdohotienir hyperatgabisigss p@&@léﬁwquawabuﬂyﬂﬁ(} ID NO. 7
ce the same when processe, t M5 WERninat pro-
consists Gfgﬁmellséteralalflg.\?c es[?ﬁ) %5 OJd m%n?’nrg% é%eb%% \éo% 1a%rro%e#n fo i PO
sequence maluibe Islgp@lcseqmoharﬁ@@ﬂ@é‘ﬂé]gésmShoeWkrmﬁlgurﬁtﬂeIamDAI@@bOdlmeﬂt there
ds Jor detorminin SR RIGINIROCHCE RYPRINEOM SRS 1D NoO.
is pmwde%a P ra(fge:]fé are. Selgcrip%%(n e ExampTIes section. The methoqdﬁs?
described in the Examples section may suitably be used to determine the
ability of a protein to induce hypolocomotion or hyperalgesia. Preferably,

- In one emdqAhiedn @ﬁﬂteeixﬁivsﬁﬁspmmﬁmmmmmmbhﬁgieaisvﬁ}% af0protemn of the
* invention Hgé%@%%% 070?1‘(%8%0:/%&0%% o/ of gﬁfﬂéﬁ@ﬁy PfBO I%anll? t}Qf olo lgwal variants

motio a pro emto induéé’ ypo ocomotlo
include alMieavaimithe aivility tbé opariin (Bﬁmmdh@&ptdypdpméehyp@mgm@uﬁmh variants

may mclu%a%o?e as ssed o arln ctnhee %f[ﬁg 15%%@8%%@31%@ E?% ﬁ%}ed with a

€ me?ﬁola \gelsf:cn ed in xamp es section herein. The effect of
conservedher m@imn&sm&@dbmmpar@daﬂldgn thresfardlyoth cantyeimisteratniopawd residue).

Typical su{;h VoGamea H%) N4 Qfo{fgﬁ F /‘{g an?%% @r%ﬂﬁwﬁﬁlegﬁ'gmg the

dosages o for examp 1 mo/Kg,
acidic res@bnmﬂﬂpm@rﬁ%@'aiwl@ @snf@mhéahzoweg the ba@teur@biﬂ@s Lys and Arg; or

among Le9minist %guﬂe‘g‘ﬁ%g‘ﬁﬁi%for example, 0.3g/kg, 1g/kg or 10 g/kg
administered i.c.v

Particularly preferred are natural variants in which several, i.e. between 5 and 10, 1 and 5, 1 and
3, 1 and 2 or just 1 amino acids are substituted, deleted or added in any combination. Especially
preferred are silent substitutions, additions and deletions, which do not alter the properties and
activities of the protein. Also especially preferred in this regard are conservative substitutions.
“Mutant” polypeptides alsc include polypeptides in which one or more of the amino acid

residues include a substituent group.

A further embodiment of the first aspect of the invention provides functional equivalents of the
proteins of the invention (in particular of SEQ ID NO. 1, 3, 5 or 7 and natural biological variants
thereof) that contain single or multiple amino-acid substitution(s), addition(s), insertion(s) and/or
deletion(s) from the wild type protein sequence and/or substitutions of chemically-modified

amino acids, wherein “functional equivalent” denotes a protein that (i) retains the ability of the
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In one embodiment, a protein of the first aspect of the invention retains at
least 30%, 40%, 50%, 60%, 70%, 80%, or 90% of the potency of ohanin
wtnzindwesshyperalgesia although as stated elsewhere it may, FCESE205/000429
embodiments, be advantageous for the protein to have reduced or 25
absent ability to induce hyperalgesitx-The ability of a protein to induce
hyperalgesia vis-a-vis the ability of ohanin (SEQ ID NO.1) to induce o
protein tchyjgkralge Simsnayebel dspebsahivyicomphyipg aluseffant 0f) theigrdtedrangmtigenic
determin an(iicggti%o%f ‘;[Vliﬁmglﬁ%‘j&rﬁsing the method described in the Examples
section herein. The eftect of the proteins may be compared when they
... are both administered i.p. or i.c.v. Comparisons may be performed when ..
e will of TR Bin g ATE M R S LSS0 o, o R PO L B Tragpotion or
hyperal pdsigikgebatOm gid) the. [Eanipdsisonsmtycatso-peperféaniediibenthdministered

) . protejns are administered at ages of, for example, 0.3g/kg, 1g/kg or 10. -

ntcoper e L s8I BT VWS 00BI0GBEE e D UL ONEIBB TS et is o

referenceftmnétiontdliyyaquivalentipobppeptideaprordingi tinthid aspeokedftitye) form or when
in\éention may be a polypeptide that is homologous to a polypeptide of the

adlnmStﬁﬁeveln(figh. Preferably, a functionally- equivalent polypeptide according to

this aspect of the invention may be a polypeptide that is homologous to a .
Methods g5 AESiaio I JLe SBBEAL VG TELRSRERIR R S SR Tesia are
known ilN& 4. B BAaRéhDEOPopeptidasate sbititodie fhorenlogdubicl Hypolocomotion

sequence qQf one of the, polypeptides has a high enough degree pof identi
or hyperaj et fffit et%cﬂ%%g&]ﬁlf%gé%gﬁi%so Celreblblypeﬁﬂ%gp Fdéj%%%}%f’?ﬁa?cg%g amples
section riAgtsakiably particaiatcpdsitioniin the atijitedSeqpertasothelamihgrmdigomotion or

h : residue is identical between the sequences. "Similarity” indicates that, at
YPrEESY particular position in the 10 aligned sequences, the amino acid

residue is of a similar type between the sequences, Methads of nng, ..o
Preferably, ¢RiRURBHIG NG S Want &&ﬁfﬁ?ﬁ&%&%ﬁ%ﬂﬁ%&qﬁ%e@&% 6%, 70%
80%, or %%f%@@ﬂtﬁ?é?@%h&hﬂ% io mbé&%aﬂmﬂi@ﬁbx;ﬂdm@klﬁﬁdsdfaiqdim&dto induce

on the basis qf aming_.acid.identjt erred to as "har .
hypolocoRRHBIL 3 Ho B thE DI B ARG oo FRPEEpaon may b
assessed PROGEAPaNhichhcarrie ot insriaslatel tamoligy ibreekamplihabddsaribed in the

15 its default settings) (Dever et at (1984) Nugleic Acids Research 12
Bxamploy 35050 TG LGB dntL el AT AR IS Par BOEERH  Elciigleres bo

to calcu
administ&et 0oy Qklinedompaduencasytypipatpoedheirdafaulrsettingsy, ddministered at

example as described in Altschul S 1993) J Mot Evol 36:290-300;
dosages St TTS LWl S Hick B DISRARR oA T RS i o prfommed
when th8 pAKImnaly sdmisigptblicly dusigble-fhribugixtheNatiGpaliGeriteg/fa or 10 pngkg

. . Biotechnology Information on the world wide 20 web through the internet
administeheqd,C ample, "www.ncbi.nlm.nih.gov/". This algorithm involves first

In one embodiment, a protein of the first aspect of the invention retains at least 30%, 40%, 50%,
60%, 70%, 80%, or 90% of the potency of ohanin to induce hyperalgesia although as stated
elsewhere it may, in certain embodiments, be advantageous for the protein to have reduced or
absent ability to induce hyperalgesia. The ability of a protein to induce hyperalgesia vis-a-vis the
ability of ohanin (SEQ ID NO.1) to induce hyperalgesia may be assessed by comparing the effect of
the proteins on nociception of thermal pain using the method described in the Examples section
herein. The effect of the proteins may be compared when they are both administered i.p. or i.c.v.
Comparisons may be performed when the proteins are administered at dosages of, for example, 0.1
mg/kg, img/kg and 10mg/kg i.p. Comparisons may also be performed when the proteins are
administered at dosages of, for example, 0.3pg/kg, 1pg/ke or 10 pg/kg administered i.c.v.
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identifying high scoring sequence pair (HSPs) by identifying short words of
length W in the query sequence that either match or satisfy some
wWpasissaiued threshold score T when aligned with a word of@ieS amng 006429
length in a database sequence. T is referred to as the neighbourhood
word score threshold (Altschul et &; supra). These initial neighbourhood
word hits act as seeds 25 for initiating searches to find HSPs containing
A functionigreqibelvoropbitgpaps éxtermbediing botHhiiresteorts efothy daebrseguerive be 2
. . for as far as the cumuylative alj t ORI & inceeasediy a functionally-
p()lypepndfii){[%%ﬁé?o}rl\% or the both %ﬁ%?n . SeQ BLAST a gpﬁr)ﬁ m performg’aa ) y
equivalent $taltypipalaralysidioftie tsisniendst étilecmrratiseguerdes aspel weptide that is
q
Karlin and Altsghul 196 Nad, eagy Relid 847 a8 3R 1D NO. 1,
homologoursh%)a% ﬁwgﬁ?;ﬁé%gggéfﬁeg%ylthe lé&hLAmSL"T alégrithm IS tshe smallest sum
3,50r7. 30 probability (P(N)), which provides an indication of the probability by
which a match between two nucleotide or amino acid sequences .
substituted for, each ather WQ 2006/068623 PCT/SG2006(00429 ~1fies has a
Two polyp Wb%ﬁlﬁ{egsﬁelgt%)r ear%‘ %Wo%grlr%olé%y bet\%egrrll tewo proteins is?)cg)r%sei:(%‘rgg a ;
high enougio deree indidetioty oft fimdtidhatetivssimsepbiigathtapelyreptide. “Identity
indicates tﬁé?lgglg%lﬁé:atp@%ﬁ thﬁ)@&ﬁ'&ﬂ tﬂl!W%Qﬂégaﬁqﬁ%gg,m’xgeﬁﬂlﬂﬁ?@cﬁf'%sidue is
ypoloc tion) of the protein is retained or the protein possesses an,
identical batwigenihcletemminant iiuotwion widiatesptbbirnt Prefepatiigulgr position in the
i hotionglly auyalanta PRy RERElSAGeR Yo taisARRach albe,
aligned Seqfﬁ%%%bflhgx | |tésf a (?eg?ee of sequelnce identity with the pol%/peptide, or
with a fragment thereof, of greater than 60%. More preferred polypeptides
Methods ofiavasegregswtimomololpzpiagrestdr khavw 894heeh 290%6 voHoke gsgsisiood by

those of skill & fESRE e, #feu netionally-equivaleni Pl ReRidas: ae e e B AQiNSF amino
invention are there oreplntendeJlto include mutants (such as mutants
acid identicprisainivigreamindeanid substiurdrkomelomons Brrauiarpir ths [EW§§°G Package

provides tHe lﬂg?f]f?ﬁeyp}g%%%fm%@ ERlides R RIBR DRGSR ABRRAAEIGsed on

residues ar tuted with a conserved or non-conserved amino acid

its default resiitge) (FPsfamsbly ¢ ebASeti uinisoAsida Resriuel) AhcPagén abstiatBH EUP

and BLASAY mgegéguﬁe%gé{do{o%%{ﬂg£@ﬁ&fg§i§%§@qgh@ﬁﬁ'%cﬁ\%ﬂ@é@(@?ﬁ@aﬂy on

Typical such substitutions are among Ala, Val, Leu and lle; among Ser

their defaudinetttings iy ampoaiderssibierb inatlisshal GiF - AR5y M LReEH(-290-300;
Altschul, @MPRY 5?&%9 FeRIHGRAYS 13U L | 4¥0:08 3NGHHAOBANST analyses is

residues Phe and Tyr. Particularly preferred are variants in which several, , .
publicly ayailabdernghidhe MotianghG mter AarBiolehplony arnah LG gryt wide
web throughRESiHiethAQieRY QLAgIe I AN EOTRN AN Bo 7S PERIS Y praTEH Qe cives first

____ Silent substitutions, additions and deletions, which do not alter tgf W in th
identifying, fphr iR REAsEEHERFESPEIT {6350 dmn 1AeeH e Shary &%’ésrr e W o the

query seqUESR thafiARISAREH R SURSHBHIAD PoMii@Rkiued threshold score T when aligned
with a word of the same length in a database sequence. T is referred to as the neighbourhood
word score threshold (Altschul et al, supra). These initial neighbourhood word hits act as seeds
for initiating searches to find HSPs containing thern. The word hits are extended in both
directions along each sequence for as far as the cumulative alignment score can be increased.
Extensions for the both strands. The BLAST algorithm performs a statistical analysis of the
similarity between two sequences; see e.g., Karlin and Altschul (1993) Proc. Nad. Acad. Sci.
USA 90: 5873 One measure of similarity provided by the BLAST algorithm is the smallest sum
probability (P(N)), which provides an indication of the probability by which a match between

two nucleotide or amino acid sequences substituted for each other.
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20 polypeptides also include polypeptides in which one or more of the
amino acid residues include a substituent group. Functional equivalents
wwithoimpgeased function may also be designed through the systematisars/oo0429
directed mutation of specific residues in the protein sequence. One
improvement that may be desiredImay be the reduction or abolition of the
polypeptide's hyperalgesic function. This may 25 be desirable where the
Typically ppisgieptice SObeing ey etontswamplitpcnsid voahgpoibtotrotioimdication of
functionaSERYRRAE ISRALIPRENGAdIR BIBTEA R AUNAS REAUBRANIDAMESe at teast
Active ragrﬁgnts of the invention shouldcomprise dt least n consecutive
one of hypeniteesicidsdroypelopoiypbptidefchthpritsiantsoreiBugdioly thhrtire possesses an
. -fr@lgmgt oyld ise atile cuti N0, ag ;
antigenic po ypep[)?tll%fl(le{I a%cgr mgég S‘%% I%?éN &%Qﬁ?? 59 yo%%?%?e%r?g%{%@lg cquivalent
polypeptidn ars@Uiffptedeimpiose, abtheantention, adibis solernee ebecanenerdyientity with

fr L "frees inghiel-en 0B84t RhOLfuseR iR P id
the po}yp%#n%é i p%%%}dig?%%%tﬁkb%%o 2006/068625 F¥ifpeptides

have degrpes PfSGROBEN 00 £28te1 Sheb s 88 MiliFoadaree? PoIpp Bt PaAtIEY-

they form a part or region. When comprised within a larger polypeptide,

Functionaﬁgg-iegﬁggp\mdﬁéllggé lﬁ?&fgﬁ@é@t%&m% ReqiRraR{aens.R ﬁi@@fm&?ﬁé&%e&% include

several fragments may be comprised within a,single
mutants {geferapoysapsideBanibgcarmoaiifenibstithbomst mspaiansf thedeletions). Such

mutants J\;/'i\%ﬁ@ﬂ&ﬂ&@e Sl%@f}%@qxﬁ fnconal egUNRIRNL RN GHNE 1eMRBliues are

] ch has an antigenic determinant in common with a protein of the _
substitutefhvidthtiopoiPesterhplynehe antgeel cadermsiddasidusHaeitohly £ conserved amino

acid residg%}éa%m&vm@@iﬁﬁe&igﬁaﬁ& 1A AR SeHYERC S ASIREbIR AR ded by the

_ NO. 1, 3, 5 or 7 or a natural variant thereof. 'Antriﬁgnic
genetic cofisreFimirahudicrebmitRlpFagn aROsL o ¥ el d- fleandlispirp@efst and Thr;
among th&R4ER 1A RRASLW IR AGRIIGHRARUD ALY GANUGENIG delasRIDARIRILEE Lys and
epitopes usually consist of chemically active surface groupings of
Arg; or apqis ditesspticas Aot aabf Yugar side chains and have specific

three dimensional structural characteristics as well as specific charge

Paﬂicuiaxﬁhﬁf@fé&%lfﬁizéy%aﬁiﬁ@ﬁ%ﬂm fupctional euivalgnt ALV fIRNERhd 3, 1 and

. as an antigenic determinant in common 15 with the amino acid
2 or just lsagineddisrse srbhtined Eslrts e addedignaiiembinetin thispselathy e ferred

are silent SHUGRYFRCUaMERHden dRICA0LT Mk RAHARIIGLILIREBIBRBIERTA activities of
protein can be used to stimulate the production of antibodies ga%?am.st the

the protefgrofdie GBSt b aEsES S HENd SEfAEBSTIGEKD FbEHyions. “Mutant”
polypeptidRtISNIE SISO PSS s in which one or more of the amino acid residues include a

substituent group.

Functional equivalents with improved function may also be designed through the systematic or
directed mutation of specific residues in the protein sequence. One improvement that may be
desired may be the reduction or abolition of the polypeptide’s hyperalgesic function. This may
be desirable where the polypeptide is being employed for its ability to induce hypolocomotion /

sedation or where it is being administered to animals to raise antibodies.

Active ﬁagments of the invention should comprise at least n consecutive amino acids from a
polypeptide of the invention. Suitably, the active fragment should comprise at least n consecutive
amino acids from a polypeptide according to SEQ ID NO. 1, 3, 5 or 7. n preferably is 7 or more
(for example, 8, 10, 12, 14, 16, 18, 20, 50, 100, 150 or more). Such fragments may be "free-

standing”, i.e. not part of or fused {o other amino acids or polypeptides, or they may be
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peptides and polypeptides can contain at least four to ten amino acids, at
least ten to fifteen 20 amino acids, or about 15 to about 30 amino acids of
w3 1. Such epitope-bearing peptides and polypeptidesgannes oo0429
produced by fragmenting SEQ ID NO: 1, or by chemical peptide
synthesis, as described herein. M@eover, antigenic determinants can be
selected by phage display of random peptide libraries (see, for example,
comprised kaNgrRdaSiepperypeptiteQEiwhiohmnuep|idna6s (4893) ragthCoitbse eomprised

o al., Curr. Gpin. Biotechnol. 7.616,(1996)). Standard 25 methods for .
within & g R orl o ARG A RS WA DR CE o S <
continuous ReplidesA fiicemprisevarnhitigenindetermirantane dedcriibd; forsingle larger

.. example, by Mole, "Epitope Mapping," in Methods in Molecular Biology,
polypeptidg;o| 10, Manson (ed.), pages 105-116 (The Humana Press, Inc. 1992),
Price, "Production and Characterization of Synthetic Peptide-Derived
In one embBiResioF (i iMoagasienal ArtibodiesoRbdrictioprdvirideefingiand equivalent

. Clinical Applicatjon, Ritter and Ladyman 30 (eds.), pages 60 .
ox an et AR UR el o AL F0d B ST gl o e
invention. Pfﬁl@@@l?,immmw‘atﬁﬁgh&ﬁt ls-ﬁﬁeaiﬂ;whhgepo?yj}e—pﬁdsﬂ\@wtinczgsxsts of
. Wiley & Sons 1997). WO §) PCT/SG2005/000429 -
b amio S SHEEEREPS TSRS, R U

generate ligands, such as polyclonal or monoclonal antibodies, that are
"Antigenicirigmaapaciiietos the palypeptides of themisieenkioli.Speh apiibpdjethat makes

.may be employed.{o isolgte or to ide t'%lone_ expressing the ‘ot of
contact il RGP Hivento -1 palS UAG SOl pepUdis By altilyy cs ©
chemicallyCitgveaiagiaphyodiads aftincdiedemaychlse heiemptayedrasigiagitstbadrs and

therapeutic aids, amongst other applicatians, .as will be apparen tothe 1,
have  spectfifie Y884 Wﬁ%ﬁé‘%mﬁ%ﬂ%’@aﬁt ocf{} g%?gtggg%egts of'"‘tllgg ir?l\%en%})or?t ere E°
characteristcprovided a fusion protein comprising a protein of the invention fused to

a peptide or other protein, such as a label, which may be, for instance,

bioa tivelﬁgéioac_tiv , enzymatic or fluorescent, or.an antibody. 10 F
Pretrably i IELT AN AL CHOARG e ESRETL A oHb B RS Al A emer
with the araBid sgduenearcwbich foay doSAnIEeEDIGIdrY Or leader sequences,

pro-sequences, sequences which aid in purification, or sequences that

It is kno®RNIRr highsk Pigiein-RiabiiYy . Jesexamplaiduripgieeonhhinant pradictionigenic
_Alterpatively or additionally, the mature polypeptide may he fused.with .
determinaigf gt ér TEBHBOLH PSLERPAs1a COBER (M FAGHBSUET TR gt e
protein (sR0Mentdpfosarample: 45 Belyatayiensaly COIBIHsidmiretdinspinge-bearing

' also be useful to screen peptide Iibgaries for inhibitors ofdthe grféiég{yté)f tth

. e
peptides apd |\ POLEHHLCTY tAB FRIUATLAT IEATRYBE (AT T8 ASES A fision protein fifteen
amino acitliat@asbbet resognifirgit 30 amino acids of SEQ ID NO:1. Such epitope-bearing

peptides and polypeptides can be produced by fragmenting SEQ ID NO:1, or by chemical
peptide synthesis, as described herein. Moreover, antigenic determinants can be selected by
phage display of random peptide libraries (see, for example, Lane and Stephen, Curr. Opin.
Immunol. 5:268 (1993), and Cortese et al., Curr. Gpin. Biotechnol. 7.616 (1996)). Standard
methods for identifying antigenic determinants and producing antibodies from small peptides
that comprise an antigenic determinant are described, for example, by Mole, "Epitope Mapping,"
in Methods in Molecular Biology, Vol. 10, Manson (ed.), pages 105-116 (The Humana Press,
Inc. 1992), Price, "Production and Characterization of Synthetic Peptide-Derived Antibodies," in
Monoclonal Antibodies Production, Engineering, and Clinical Application, Ritter and Ladyman
(eds.), pages 6084 (Cambridge University Press 1995), and Coligan et al. (eds.), Current
Protocols in Immunology, pages 9 1 -9 5 and pages 91 -9 11 (Jéhn Wiley & Sons 1997).

4
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by a commercially-available antibody. A fusion protein may also be
engineered to contain a cleavage site located between the sequence of
wthBpolypestide of the invention and the sequence 20 of a hetecalGgrOss/ 600429
protein so that the polypeptide may be cleaved and purified away from the
heterologous protein. By a "heterol@gous protein”, we include a protein
which, in nature, is not found in association with a polypeptide of the
Such polylfMania:dsaarpfan edipmiiodinentphihedistaspertoftherinyentiads, such as
there is provided a protein which comprises the agu% a(fﬁd sequence.as ...
polyclonakgrignAnpekope) @iaheries g it 25 BHRHEBR CHEC 257 iofeil cORESts of

invention.NE:@Mingipeitksagreee asmeyfdrto iR W MOdEnB{y5 dorksAespomathg the

. aspect of the invention provides a nucleic acid molecule which encode
polypepti i ECRUATHERTHE L SLALE BN SRS HOERDh e SRORAR e The
antibodiehife Secardeagiestdhthiidprestioorthiscrpeleit adid, molecyde atigy applications,

) comprise a nucleic acid sequence encoding an amino acid sequence as
as will be gppgreal ] @ﬁé‘i\gﬁ%@%’b 1,3, 5 or 7. WO 2006/068625

PCT/SG2005/000429 -20 In one embodiment of the second aspect of the
In one emySUtigsther nielaigsacishaaolecuiremiayeninsisthakainysieridadic: fusion protein

. . Ssequence encoding a protein which consists of the amino acid sequence .
comprisingg U TR ST RTS8 BTN o1 AN B Ao, which

may be, f@cCiflsmalecblosnie cadipaisév)essquethconihiotessesiet dorth antiBa8EQ D
NO. 2 which encodes the amino acid sequence set forth in SEQ ID NO. 1.

In one. embodiment the nucleic gcid molecule ma sistof the .
For exangly . BURFLCRE CHRIOY SRS T K 2 I SROMRGD BB e gaenees

which m¥dieigdsideniesulomaydampasedie seaeageandushssgsendesthvinich aid in

i .SEQ ID NO. 4 which encodes.the amino acid. sequence setforth in SE .
purifcatiqp, QEseS 6o 1 STRDANREN, B8 ML G0A (oIBCLRs oy oL e

mofecute may consist 0
productiofe/geguencayvbichiditeidisth e SEQuD N pkpidanatheberfibedimeht another
e nycleic acid molecule may comprise, the sequence which is s tg%g] i
compounf, 5358 1 KRG ERHER dhCUEe e o AL SEl e B, (1" cnample,
polyethyl&R=QIRAMNO. 5. In one embodiment the nucleic acid molecule may consist
of the sequence which is set forth in SEQ ID 15 NO.6. In one

R L
polypeptifRR o MBS RQdRDO [V risydreuseful to express a fusion protein that can be recognised
by a commercially-available antibody. A fusion protein may also be engineered to contain a
cleavage site located between the sequence of the polypeptide of the invention and the sequence
of a heterologous protein so that the polypeptide may be cleaved and purified away from the
heterologous protein. By a “heterologous protein”, we include a protein which, in nature, is not

found in association with a polypeptide of the invention.

In a preferred embodiment of the first aspect of the invention there is provided a protein which
comprises the amino acid sequence as set forth in SEQ ID NO. 1, 3, Sor 7. Preferably, the

protein consists of the amino acid sequence as set forth in SEQ ID NO. 1, 3, Sor7.

A second aspect of the invention provides a nucleic acid molecule which encodes a protein

according to the first aspect of the invention.

In one embodiment of the second aspect of the invention the nucleic acid molecule may
comprise a nucleic acid sequence encoding an amino acid sequence as set forth in SEQ ID NO.
},3,50r7.
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embodiment the nucleic acid molecule may consist of the sequence which
is set forth in SEQ ID NO. S. 20 In another embodiment the nucleic acid
wonalegulsdrray comprise the nucleic acid sequence as set fortpdpSE@4R00429
NO. 9 (the full-length cDNA sequence of ohanin / pro-ohanin including the
signal peptide sequence). In one éitbodiment the nucleic acid molecule
may consist of the nucleic acid sequence as set forth in SEQ ID NO. 9 In
In one embndthentnitbdirsemdrepretieidiaciovesiesukemagldormpirisadtmsilacteir consist
of a HUCIG%CI%iS(F S%Lé%%%%eagnégﬁl gi(glt&éqﬂ %ﬂlDCMl%SESOOQQﬁG%%W I&CB’!&]UGHCC as set
sequence of ohanin / pro-ohanin excluding the signal peptide sequence).
forth in SEQJRENGhBodintent The nucleic acid molecule may consist of the nucleic
acid sequence as set forth in SEQ ID, NO. 10. It will be appreciated by
In one endbedienskillda imitieiardldatiakautesuityof dmpdeg dnesagycatthelgemeticet forth in

de, a multitude of nucleic acid molecules encoding, the h
SEQ 1D 1§58 3RO SD THoaig, SO Buai e e ot e - n one
embodim¢mljrucledtidesdquelcel: aigngoknohel dntseqteraltywochrisng igent, in SEQ 1D
NO.2 Mmay be produced. Thus, the invention contemplates each and every WO
"7 2006/068625 PCT/SG2005/000429 -21 possible variation of

olynucleotide sequence that could be made by.selecting combinations
i anothe] G BB S SIUS Mo EEUES THOe Tea R i AP 5o fots
in SEQ [appcecihieHizat aaddas Mayhmselddieegixinersastiie attQhND. 3. In one
.__expression of the peptide, occurs in a icular prokaryotic or eukaryotic
embordim g SR o T AEy (VR DRI FACBR B EQ I

NO. 4. utilized by the host. Nucleic acids of the present invention may be in the
form of RNA, such as mRNA, or in the form of DNA, including, for

In anotheiNSiAREEmeRNAANR ISR Wi GlaNAIRbRRed Ry GieIRgsehuefed ueEidh is set forth

. synthetically. The DNA may be doubje-stranded or single- d

in SEQ 1o SoUOR P ROR PR R B B8 6 A kBl o one

embodiméhetaenseisiandd ehdldnay hefhe min-oflieasiagstanticlde seféstaditoSEQ ID
as the anti-sense strand. The term "nucleic acid molecule” also includes

NO. 6. analogues of DNA and RNA, such as those containing modified

backbones. In one embodiment of the second aspect of the invention )
In one erphadinisiprBiiduFiifcratd eRICTHIS SERIOWRIFE RS REMNEISGOURIGHtH ot forth in

SEQ ID Néslgcagichnealecide whighiapcadesapeateinwhishn Lia smupisesand In one
. optionally consists) of the amino acid sequence as set fortpl in SERJI[E_
embodimgggthe mickeigagid molecule may consist of the sequence which is set forth in SEQ ID

NQ. 8.

In another embodiment the nucleic acid molecule may comprise the nucleic acid sequence as set
forth in SEQ ID NO. 9 (the full-length ¢cDNA sequence of ohanin / pro-ohanin inciuding the
signal peptide sequence). In one embodiment the nucleic acid molecule may consist of the

nucleic acid sequence as set forth in SEQ 1D NO. 9

In another embodiment the nucleic acid molecule may comprise the nucleic acid sequence as set
forth in SEQ ID NO. 10 (the genomic DNA sequence of ohanin / pro-ohanin excluding the signal
peptide sequence). In one embodiment the nucleic acid molecule may consist of the nucleic acid

sequence as set forth in SEQ ID'NO. 10.

It will be appreciated by those skilled in the art that as a result of the degeneracy of the genetic
code, a multitude of nucleic acid molecules encoding the proteins of the first aspect of the
invention, some bearing minimal homology to the polynucleotide sequences of any known and

naturally occurring gene, may be produced. Thus, the invention contemplates each and every
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In one embodiment, there is provided nucleic acids which are homologous
with a nucleic acid sequence as set forth in SEQ ID NO. 2, 4, 6, 8, 9 or
wdQobe/essgacific embodiment, two DNA sequences are "homokgows2605/000429
when at least about 70%, and 20 most preferably at least about 80%,
85%, 90%, 95%, 97%, 98% or 99%ilef the nucleotides match over the
defined length of the DNA sequences, as determined by sequence
possible empatisapaigaitibokicT heydagreehat komadlbgyrhadwdsndsiectingleionbinations
acid sequences may be determined by means of computer programs
based on WSW%%OE?Q gf’t@éﬁ%ﬁ as GAP provided in the GCG program package 25
(Program Manual for the Wisconsin Package, Version 8, Augyst 1996,
Moreovercianeridg ISeHbHE PSR S e HEL O MR SHISe Rl thesahe rate
at which e3pfektioNesdigRanpidd. st/ unschatcia( }36Rrsinal efikaryotic host in
Molecular Biology, 48, 443-453). Using GAP with the following settings
accordanciy VR INSHEIRHEY SoHosheBTE KB & EaTRR 6@?13@}%5?%.’5 Wedeshe
extension penalty of 0.3. WO 2006/068625 PCT/SG2005/000429 -22 .
Nucleic apigizlefcibriorenensdoresing By 41 Ho o BEen UtReY ds iy s paBhjt or in the

form of BIGAMERIsaHwars, avdlahie asmartelthefefa PINVMRBREERIAI8Y cloning or
using, for instance, the default settings of gap _creation penalty of 5 and
produced gapbiaeAloridly DPGm PR UIIeR S ERFHTo O SO RIS d BesgFanded

DNA or 0065y eRtian Ravisadnaludsveiianisadtranahie efrydrishisingds teahe non-
nucleic acid molecules of the invention, in particular the nucleic acid

coding strapd alp seferatthiah BESHFNESH29-6 8, 9 or 10 (and preferably SEQ
ID NO.2) under conditions of low stringency, more preferably, medium

The termstnngjeiscocithdnstinowsreabveritalbieshiprleghey ehdyMAdanfidi Ehcatd s those

containiné’?ﬁ&‘aii'ﬁé’ci theditsh@spect of the invgr_ltior_l. Low stringency hyb_ridisation
conditions may correspond to hybridisation performed at 50C in 2 x SSC.

In one ex]ﬁ% Scf’frlﬁ%gtec%?( 5'@?&%&1 CE#)%QPB? Eﬁ[a di?n‘y%’ '5}'1”%@,{%9596 AAYE nucleic acid
nucleic acid molecule hybridises to a specified nucleic acid may involve

moleculeprdsiohlinghrachitgeusonisningualeitevadtmsdenple vhikk Auetdrs acrratsin which
comprises?@ﬁﬁ?@é@%ﬁ ) Qofsnndy JPHA iR, A REGNREd ISl TEAtiNG é@@rlﬁfﬁio. 1,3,

x"SSC, 5 X Denhardt's solution, 0.5% SDS and 100 g/ml o
5or7. denatured sonicated salmon sperm DNA, followed by hybridisation in the
same solution containing a 15 concentration of 10 ng/ml of a
In one endRIFAEHP Hadvel edpprobd:fondddioacsdatwpphoximbtehpkg@usnwith a nucleic acid

accordance wj ri i§{a ! ] %@ﬁgs as described in Sambrook et
sequence gp ﬁ{g‘%%’{;ﬁ'\%"%%gﬁ lgllég'r?lrﬁg,’tg»&(’)Lélrgorato'ry Manual, 2nd edition, Cold
Ina speci%gré?ngbggiggl%{’t%gvbl(]%{@équences are "homologous" when at least about 70%, and
most preferably at least about 80%, 85%, 90%, 95%, 97%, 98% or 99% of the nucleotides match

over the defined length of the DNA sequences, as determined by sequence comparison
algorithms.

~ The degree of homology between two nucleic acid sequences may be determined by means of

computer programs known in the art such as GAP provided in the GCG program package
{(Program Manual for the Wisconsin Package, Version 8, August 1996, Genetics Computer
Group, 575 Science Drive, Madison, Wisconsin, USA 53711) (Needleman, S.B. and Wunsch,
C.D., (1970}, Jounal of Molecular Biology, 48, 443-453). Using GAP with the following
settings for DNA sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty
of 0.3.
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The filter is then washed twice for 30 minutes in 2 x SSC, 0.5% SDS at
least 55C (low stringency), at least 60C (medium stringency), at least 65C
wmesiwesthigh stringency), at least 20 70C (high stringency), et aiseasts/e00429

75C (very high stringency). Hybridisation may be detected by exposure of

the filter to an x-ray film. Further, t3&re are numerous conditions and

factors, well known to those skilled in the art, which may be employed to
Nucleic asitenthksttisgengyiaf hijgridisaticrackortinstanteg tthe |Engtip adibnakire software,
DNA, R compgsition) of the nucleic acid to be idised
e (e R e B G AR N B e of e
creation peudhyas thendregenddtopabaénoé @B formamide, dextran sulfate,

polyethylene glycol etc; and altering the temperature of the hybridisation
The nucls%;](!{érl]ﬂ W@%ﬂﬂ&@@@ﬁa&b&ﬂﬁ?ﬂ iﬁé@?ﬁ@@&ﬁﬁ@&eﬁﬁ@ﬁiﬁﬂé@%@ﬂﬁ prerigé vartants

whether or not two given nucleic acid sequences will hybridise unde

RS AR, G

€[ r .
capable ot gBHlie b EMATEREABUHIRE, 8 4R it ToRHESG" the nucleic
acid sequéib@iritdinethstdesorived:apoyve, fHo deteoniindtinsfasbiyWithED &0.2) under

conion SOy s SR ] BYO 0 S a H 2Eby hih
stringencyP &t/ Sh20062604 20 pratinasé dlenfathagpetical ahlc intarief thedimstringency
. ,.__(melting.temperature) at which two heterologous nuclejc.agid.sequ S
SRR R S et
) salt concentration and temperature. In determining the melting, )
Suitable egpfsupsting F&W@ﬂ@ﬂﬁoﬁﬁué‘ﬂ%@fﬁ%i&%&l?én%eglﬁ%(ﬂ‘é%ﬁ@)%*% jgrolecule

hybridise'RF@S§MY Akt A dEteHinerke IMRIng SRnRiati i 6l mBeakhiting a relevant
omologous nucleic acid sequence. The meltirﬁtemperature (Tm(homo

h
sample ofpibeRaif @iy cBmpramBiTh nutieR @y raﬁas%m&mwﬁo& of the

filter in a'MAIANrMaY R determingd ivacenidance. withsthe fRliPWIng OvMWAdenatured
as outlined in Current Protocols in Molecular Biqlo% John Wiley and

sonicated sajgon gpsrasPNhEHeyed s Eybadisdiog vy 18 Jamcelytigneqoppining 2
concentralF 5@‘1{%/&%{'\4' $EeNe1es R M laHbe IHMeNRYAIeat GHANENARS £5°C, in

% guanine (G) and cytosine (C) of total number of bases in the sequence,

accordanay, Vit thebbridisatian merodybadisaerabes iffiebambiook: ehaletigthdsfMolecular
Cloning, H'em%%&%ﬂmm@dimge@mgﬁf ) dheabeusfargiia is the Tin

of a homoduplex formation (Tm(homo) etween two fully

. complementary nucleic.acig sequences. In or (o] Tot val
The fles R i GRRS Qi e e PSR J80C (o
stringencyiffareneedo-auGiatice stringency), at least 65°C (medium/high stringency), at least

available

70°C (high stringency), or at least 75°C (very high stringency). Hybridisation may be detected
by exposure of the filter to an x-ray film.

Further, there are numerous conditions and factors, well known to those skilled in the art, which
may be employed to alter the stringency of hybridisation. For instance, the length and nature
(DNA, RNA, base composition) of the nucleic acid to be hybridised to a specified nucleic acid;
concentration of salts and other components, such as the presence or absence of formamide,
dextran sulfate, polyethylene glycol etc; and altering the temperature of the hybridisation and/or |

washing steps.

Further, it is also possible to theoretically predict whether or not two given nucleic acid
sequences will hybridise under certain specified conditions. Accordingly, as an alternative to the
empirical method described above, the determination as to whether a variant nucleic acid

sequence will hybridise to, for example, the nucleic acid of SEQ ID NO:2, 4, 6, 8, 9 or 10, can be
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sequence between two heterologous sequences equals a 1C decrease in

Tm. Therefore, the Tm(hetero) for the heteroduplex formation is obtained
wehrasghssabtracting the homology % difference between the agalegowis /00429

sequence in question and the nucleotide probe described above 20 from

the Tm(homo) The polypeptides, nugcleic acid molecules and antibodies of

the present invention are "purified". The term purified as used herein

based on DERDSALET iRy A Nangiommanndiens itsmsdahsiaie vigolf e set®logous

in nature, it has been changed or removed_from its natural host ang .
fons, such as

nucleic acighserwsnsds imtrimes etrisdencss sith I Y RBUS

salt conceRRIBRISREFIER [ thRRredominant 25 species present (ie., on a molar
basis it is more abundant than any other individual species in the

compgsition). A substantially-purifi ion.ineludes: iti n
In determ A ] B et
is necessaf?@@étb@&iéie@ﬁ@dﬂ@mmgQ&ﬂp@@ﬁ@&%@%ﬁﬂ&)@&ﬂﬂﬁ@&i%o@ous nucletc acid

substantially pure composition will comprise more than about 80 to 90

sequence. p&heemebing| enwsisieidSultnapeDi@s Brese v h il complanfstpmgegieic acid
preferahly, the object species js, WQ 2006/068625 PCT/SG200 g 9f 1
srands (g G AP o e igp St 8 RIS formul,
as outlined éteCteckin BretccohposiokdylacBmiepyiohaid¥deicmdrimhadddhherein
the composition consists essentially of a single macromolecular species.
T’?nﬁiﬂtg%%fm-%m IRvEioNProvid el Eria 6340k RSAN BBPrESSION
vector, that contains a 5 nucleic acid molecule of the second aspect of
the invention. The vectors of the present invention may comprise a

M arderpigs e ramisidy, haeperaied it erminator, wherein the

promoter is operably linked with the nucleic acid molecule, and wherein
siECnachsicurithen(Sid cotbdstosiner Bl fitMebinnmbas o thasse ip isnsequence,

terminator. The vectors of the present invention may comprise further
sgaBes sueh fasmmaaiker igebedywiiidhatchalidifefoattie selection of said
vector in a suitable host cell and under suitable conditions. The present

inventiqp fuihenickersraqamljnanthost cells comprising these vectors

and expression vectors. Hence, a fourth aspect of the invention provides

T deterfiod §8) rANsfotmer with, 8 veRlorot (e 1A ARRREA IBEBUBRIEr (homo)

Strative ells include bacterial, yeast, fungal, sect, avian,

between tNERMAlRR AR GRIGD atis ulrflyiefe liedrdee eeldaptidic ag,Evalali to that
' which 15 will express ohanin in a similar form as native ohanin (ohanin

of two hejomdazsreomalpiangigosqurasetatofanivaritdiong dderiirence in nucleotide
sequence %X&Q%é@aﬂgfg BE &%lll%%ﬁsb E%%ﬁg%ﬁg%}gﬂ@%p?%oﬁ%ﬂ QHtiPQl.pr%Q%%re, the

a method of producing a pro ing to the first

Tm(hetero) for the heteroduplex formation is obtained through subtracting the homology %

difference between the analogous sequence in question and the nucleotide probe described above

from the Trn(homo)-

The polypeptides, nucleic acidmolecﬁles and antibodies of the present invention are "purified".
The term purified as used herein means altered "by the hand of man" from its natural state; i.e., if
it occurs in nature, it has been changed or removed from its natural host and associated
impurities reduced or eliminated. In one embodiment the object species is the predominant
species present (ie., on a molar basis it is more abundant than any other individuat species in the
composition). A substantially purified fraction includes a composition wherein the object species
comprises at least about 30 percent (on a molar basis) of all macromolecular species present.
Generally, a substantially pure composition will comprise more than about 80 to 90 percent of all

macromolecular species present in the composition. Most preferably, the object species is
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aspect of the invention, the method comprising culturing a host cell
according to the fourth aspect of the invention under conditions suitable
wotdhmeqression of the protein of the first 20 aspect of the ipvantioruodosodze
sixth aspect of the invention provides a method of producing a protein
according to the first aspect of thesipvention the method comprising the
chemical synthesis of the protein by, for example, solid-phase peptide
purified tS¥MBAHS ﬁlﬁrﬁ@%@ﬁﬁl?ﬂﬂ&hﬁﬂﬂﬁ&ﬁ@be&@%éﬁﬁbﬂ@@@c@ﬁ%d\@ ket iRition by
_ the art and will be readily able to be carried gut by the skilled person. 2f5 el
conventionle drlstiss Brihediin SRer ke PEsFRTPEFHRINGRAHSH sl rlifthe ot @ smele
macromoeRMrigRARA act of purifying the protein. Such methods are well known in
the art and can be readily performed by the skilled person. A seventh
A third aﬁ%@?%ﬂ“%é@ﬁﬁ@ﬁﬁ@ﬁ%ﬂﬁé@ﬁ%@cmﬁtg\%Qicsrﬁﬁl@il RERAIDAY MNENedBtains a
capable of binding to a protein of the first aspect of the invention. WO

nucleic aci 0B lysBb2sf toTsapbamered sbe ipReatgightiy xspee of the pigeFRidRYention
may comPFR¥ 4R a0 ABHBA WM ies@RablR-efibinsinedaia e eihe i diéitsomoter is

aspect of the invention. The antibodies of the jnvention may be polyclonal

operably dinksdnstibnticantislidy Friparaienie. MBhoYPEtsHe Sitideizieiquatih molecule 1s

operably RAIEROAIRE 1 Maxdbe hvkrid-aneimeric antibodies, such as 5 humanized
antibodies, altered antibodies (Fab')2 fragments, F(ab) fragments, Fv

The Vectgf@%@"%t SR AR AP it S IMeRRLT JERBE G AN DO ker genes which

ragments or constructs, minibodies, or functional fragments thereof
allow for fasistlesienefinaidnagien in e sibnhatimsiaed weyraisbin ruyiianty
techniques well known to those of skill in the art and disclosed in, for
The presextampteios Ratkert Mobidt0 1dcE08IMT2RBOGHD ter0ndsBB b0 4ectors and
. 3,770.380Q;,and 4,372, 44 i les-A Laho :
expressio] L B ey AV, (LaoRy gmed with
a vector afthertpled papypcioraharitivories. dhagatsrabast bglimnminis hgaesiakarsiest, fungal,

insect, av?ﬂ%&&%ﬂﬁgr%@ﬁéﬁ’ (& IR RGO HRAL W TLAE ARHBENOTcoli which

intérest. In ordér to enhance immunogenicity, the antigen can be linked to
will exprassapheniprior o simitainfestions Sekdkecahders Aphanén Haetviab sRBEEIORNY POst-

translatioRsEINBEY R INLBE.ALs ENRHNEATINNL L dils arnesibp Agrformed by mixing

or emulsifying the antigen’in saline, preferably in an adjuvant such as

A fifth asF ot %?%1%%]11 e!ﬁ&%g dPS’val%Ega”%éﬂ%ﬁ%ﬂgﬁr%%&P% s P ﬁ%%ulh%lé)&dl%g fo the first
arenterally " (generafly subcutaneously or intramuscufarly). The animal is
aspect ofgtheenatignbonstdd 2:6thetkelaigsingithubneing mdresinjebtiseruditigeto the fourth

aspect otat'i‘l%%%%ﬂt%%"ﬂ%d@xfecfgﬁéﬂ%ﬁés&%%el@ig%ﬂ&@%QB}QLEE& of the protein of the first

aspect of the invention.

A sixth aspect of the invention provides a method of producing a protein according to the first
aspect of the invention the method comprising the chemical synthesis of the protein by, for
example, solid-phase peptide synthesis or combinatorial chemistry. Such techniques are well

known in the art and will be readily able to be carried out by the skilled person.

The methods of the fifth and sixth aspect of the invention may further comprise the act of
purifying the protein. Such methods are well known in the art and can be readily performed by
the skilled person.

A seventh aspect of the invention provides a method of making an antibody which. is capable of

binding to a protein of the first aspect of the invention.
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adjuvant. Antibodies may also be generated by in vitro immunization,

using methods known in 20 the art. Polyclonal antiserum is then obtained
wromdhesaramunized animal. Monoclonal antibodies are generpdyrprepasedos2o

using the method of Kohler & Milstein (1975) Nature 256:495-497, or a

modification thereof. Typically, a métrse or rat is immunized as described

above. Rabbits may also be used. However, rather than bleeding the

An eightlyapret tof dktricteniéenmrebislepreennidnd o plonbliy seversl tdredimgple a protein

of the fir946S) SeigEAVerRR dissociated into 25 single cells. If desired, the
spleen cells may be screened (after removal of non-specifically adherent

-cells) b lying a.cell s nsiont te or well coated with the .
e B R ER LA prgpectons,
monospefoliichaastige hnwihbantibodhus.ptatenan deangbvel iasddmway anttbtdecsestich as

humanizet‘ﬁ %%éﬁ@&“%%?eﬁﬁﬁﬁﬁ%ﬁéﬁ%@)?rﬂ %?1?9%&%2%@&;%? 'S Gragments,

] en induced to fuse wi yeloma cells tog orm hy ) are
single-doguitnradimdiao deteciivemtaddions @gbodyporannic cneinepretin minibodies, or

ﬁmctiona:i%&iﬂﬁ?ﬁs%%%H%ﬂ%ﬁl&'immﬁ@ﬁﬁ&g& i ué@ﬁmﬁ‘s are plated by

Imiting dilution, and are assayed for the production of antibodies which

Antibodidinglapecificalidedhaimmubizingantgen eavhichde.ngk RINM 1, the art and
. unrelated antigens). WO 2006/068625 PCT/SG2005/000429 -26 The
disciosedsérecffgd%ﬂgao drtieidyisecrelihl Hbridbiks & thd P Edlisd 3.876,504; -

3,770,38BIARI K30 048. GednatisSHRBHIES-ROLtS AEAY IIMLTRA! IeAMrIn® Tifhe, eds.,
.g., as ascites in mice). Humanized and chimeric antibodies are

. vivo (e LUIES
Cold Sprg}gd{awa inberatavehlidn (R Ha {enfrane) ammbsdynal sethndies @e generated
by immuSRnealbuaizsyssaddn Wines atabkd9k) MatiesBdSh 293629 vl MSintigen of

Patent 5 No. 4,816,567. Humanized antibody molecules are generally.

interest. i3 QIdEE 4O RRRIT BRSSP LS8 /TN AHE 933578280 le i de i Prior to
immunizﬁ'ioﬂ9§&)}ﬁ§§%[|&i &(’fj%g\i\ﬂa'iﬁlﬁn&ﬁ@gﬁoaﬂﬁdéé ;bfud?alt@ﬁg %ﬂﬁ”ﬁﬁﬂ?’hﬂg-lﬁﬁunizaﬁon
. ,276,169, ished 21 September 1994). An antibady is said to be .

is genefaﬁwgﬁérwﬁi R R SRS E%aep%ff)tfg% EhEiCa Ry PR g iR diuvant
such as tReMAAleculgnisidheraiinbing thedmalecti tathendintinedy: lénRieferaptenterally

the antibody qr fragment thereof has_binding affinity or avidity greater tha
Ceoneral RN Siola GPRRSFAN) Bhodklt (L0 BTGB MY DARGTE 2-6 Weeks atr
with onepeefeiaklyigittraatef thanabiguh 107 Mihe apekoadi prafaiabigradteincomplete
. than abqut 108 M*'1or 109 M-1. The bindjng.affinity of.an antibody can be .

cuvant R I S ety S AT A o Khown i
the art. PShafichaldraisatysisis(Geatohmided fionNYeAtachuSetdshineg (1949)). 15 A

ninth aspect of the invention provides a method of producing a molecule,
Monoclofiet ertihndiesanrcagtivenbn mgaimed aipraréhe acetwaingft& dhdefirét dpdsein (1975)

Nature 2%Uﬂ@sﬂ’é?f‘%‘?”av‘%@ﬁ&ﬁ%ﬁ“ﬁ%&%f Typically, a mouse or rat is immunized as
described above. Rabbits may also be used. However, rather than bleeding the animal to extract
serum, the spleen (and optionally several large lymph nodes) is removed and dissociated into
single cells. If desired, the spleen cells may be screened (after removal of non-specifically
adherent cells) by applying a cell suspension to a plate or well coated with the antigen. B-cells,
expressing membrane-bound immunoglobulin specific for the antigen, will bind to the plate, and
are not rinsed away with the rest of the suspension. Resulting B-cells, or all dissociated spleen
cells, are then induced to fuse with myeloma cells to form hybridomas, and are cultured in a
selective medium (e.g., hypoxanthine, aminopterin, thymidine medium, “HAT”). The resulting
hybridomas are plated by limiting dilution, and are assayed for the production of antibodies

which bind specifically to the immunizing antigen (and which do not bind to unrelated antigens).
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comprises immunizing an animal with a protein according to the first

aspect of the invention and harvesting antibodies from the animal for use
wasmda/astivenom. Traditional methods of producing the treatmsrit/SGmOS/060429

immunize a mammal such as a horse, goat 20 or sheep against the

venom. To reduce their toxicity, théévenoms may be modified by treatment

with formalin. To prolong their absorption, the modified venoms may be _
The selectpuixednwittezliminbrdy tpdreidehyblidinea niib duip sthusegrodiida afgo (e.2., in

tissue cultHEDS é@tiﬁhfgﬁmm&r}@yam?mﬁ%% A antidetede the,patent,

typically a human patient. More recently, non-mammals have employed

HumanizedSIRG Bdsauchasahickangdp JWEQ%Q%@@MQ&@QI@?&@S&%ﬂC) antibody

immunized with small doses 25 of the target-snake venom and as these

molecules ipreaBgr Sierartre VRIS shibddied Wrid 4t 4L dntidstband US Patent
No. 4,816599NStiNEIaKBd AsdBsShickeasRecaMg HRISING KAkl QUTPRAgHEHan ef ol

it has been found that the antivenom groteins are passed on

(1988) Naguweq ddating 18 ¥ BReYrAeb gh< BB hSrrersrveiteb i badfactish - Patent

PublicatioRPrefins tsaddomakathe agigatianmthemenum of the first animal (eg
horse or chicken) is then administered to the afflicted animal 30 (the

ibod PRI ' CifiG, AN EEAGENG ARIRBEY of Becificall i
Anmtlboé%pr%rﬁagtaeg(? o 035%%95“555/068625 PCT/SG%%%OOO{ZZ oy reacting

with the nfglesidmiottheishichinddhe aolseuigHireratdivgsgenous antibody, binding
the venom toxins and reducing their toxicity. A tenth aspect of the ]
Preferablyintheraigibpdo\ed és gmean thenofhaffeutilingafinsy arprodify etaieriifsn about 10

M moreﬁ%%%ﬁ%gﬁgeﬂemﬁmg%n?b‘éﬁi%ﬁﬁ%@%@ %ge%a%ﬁm?ﬁgrég@lc@m aB66: 107 M

aspect o e |sr;1ver}t|on but the method of the eleventh )
and most geplectdtaesimveitoreheay Aokl M turthe rtirpise: fmidyinfemiontibody

can be reagﬁgf?fae ﬁ&&h&‘g% %?%ﬁ%%ﬁgﬂﬁlo{nﬂﬂ?ei@f?mp&%ﬁléngg%lcﬁthwgmalysis
esign an antiv

noms. Accordingly, an eleventh aspect of the invention
(Scatcharghrdvidel 4 Anedhodifot IGeAlAABA modulator (eg. an agonist or
antagonist) compound of a polypeptide of the first aspect of the invention.
A ninth akpethepilypaptniemoptine dirstcaspabodfahenmiemion canlbeiltsdditexample an
antivenon} Agansl 3 it LOMBOUNES (i) 0¥ O BAURURLIANIGRGRHNNG n the method
e mques?@ucﬁ compou% S may modurate éagonise or antagonise) lt1he
comprisesautinitynofiagpol ppapibeidh thprfitstaspectiogtivetharstiospdet ofighe invention and
. embadi : ises ing. a test compound with a
hawes{m%%?%«?g&%% t%g%ﬁ%%%%%@t%% f%ea %r%&é%%%%qghd determining if the test
... comppund hinds.to the polypeptide of the 15 first or second aspect of,the
Traditongh pRARBIE ShE SAHER Mo RIHET oD A e by & B, gt
or sheep agimgbthrdventamn fesrodwectissis esxdhiyachivitendmspohypbptivedoftdefirstatment

with form%iiﬁ.e%%ngr%[r)xgcﬁagfrtggsorption, the modified venoms may be mixed with aluminum

hydroxide gel. The antibodies thus produced are then isolated from the animal and used as an
antidote in the patient, typically a human patient. More recently, non-mammals have employed
using birds such as chickens. In this procedure, young chickens are immunized with small doses
of the target-snake venom and as these animals grow older they develop antibodies which act as
antidotes against the toxin. As the chickens become hens and start egg production, it has been
found that the antivenom proteins are passed on, accumulating in the yolk. The eggs are then

harvested for extraction of the proteins used to make the antidote.

The serum of the first animal (eg horse or chicken) is then administered to the afflicted animal

(the "host") to supply a source of specific and reactive antibody. The administered antibody
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invention. Methods for determining if the test compound enhances or
decreases the activity of a polypeptide of the first or second aspect of the
winv@atisrcadll be known to persons skilled in the art and inclugte;ife62005/000429

example, docking experiments/software or X ray crystallography. 20 The

polypeptide of the invention that is&mployed in the screening methods of

the invention may be free in solution, affixed to a solid support, home on
functions & cethsueidertasldeatell intraceotaygncbestrdtmdpuriddi(ie atentiat toxins and

. odulatars eg. agonist or antagonist compounds) may come in_ various

reducing t S%Fnts(i}(ilﬁ%:%ding natural or modified substrates, enzymes, receptors, small

organic, molecules such as small natural or synthetic organic molecules, of
A tenth i b AU SFRTRRHY S BOBK BYIRED SUSEURARAES ABRURiCY e s
aspect of INOlpsUlasomerkidestipalypeptidess anithadibsn sttuefarakorfilnitionath aspect of

X minetics of the aforemen ioneéngTest compounds may be isolated from, for
the inventigg i b B LA LRS! Shar P R oR e
product mixtures. These modulators (eg. agonists or antagonists) may be

A further srperhrh I GRIFEH QU ERSIR AlHR0 LS8 S R GBI PO BRI 4P grmodel

for drug dBGgHonal mimedicem30 Lbaisuitablenreriemef ssehsere@Ringvention provides a
techniques, see Coligan et al., Current Protocols.in. Immuno

= logy, .
method fop s9pR SRR S PSSOUSES B0 BHOBEB 25 BYERTSIBRTIONAS 2 golypeptide of

the first aﬁ@@p@pgﬁdﬁﬁl@gﬁ@f@ most likely to be good modulators (eg. antagonists or
agonists) are molecules that bind to the polypeptide of the invention (in

The polypH}fi68581ahatiRYagRIs witheyhvaskigingdhe kilagical sHetis A8 compounds

polypeptide upon binding to it). Antagonists may alternatively function b

. ! ) y .
in any of rifEiep R ve sinthn e aiageepiochoFABPRIgH dpti & grittiyfe (agonise or
antagonisé) YROHORv 895&%@6&{3@3@%&&%@5?%9@%@%@&6&&9@ receptor for

a polypeptide of the invention and increasing the affinity of the binding

In one em%S%%ﬂt}Qﬁgr ﬁ%qmﬁr&%H&%@%@ﬁ?ﬂﬁeﬁ&b@o}fﬁ!ﬂ@Qvigloi%fﬁ!)eptide of the

antagonists include small organic molecules, peptides, polypeptides and

first aspechadisbeliey ention andidetesmbsnsoll Prpiraecompaund dnidntatirthehasptide of the

first or sed3RPLEXHPOMSR VS, ACH VIR M ENIR ' AR AR rBIRADE fi LRI PRIYRSRIIIE the test
to normal cellular binding molecules may be inhibited, Such that the
compoun%at@ﬂammmgiéaméﬁ%W@fﬁé%&%éﬁgﬂ@@lﬁﬁe%% &irst Qilpgsend aspect of the

invention APRIBGISH DeIBosE Bl e dindhe AtiRaline Madidaigra RRc atagONIEkaty of a

of the invention may find utility as an antivenom. 15 In certain of the

polypeptidsritfolimisntonseermsbanedwd, Biprewitding hsdyonmieeriosy siflled in the
art and indMHED ﬁgleexample, docking experiments/software or X ray crystallography.

The polypeptide of the invention that is employed in the screening methods of the invention may

be free in solution, affixed to a solid support, borne on a cell surface or located intracellularly.

Test compounds (ie potential modulators eg. agonist or antagonist compounds) may come in
various forms, including natural or modified substrates, enzymes, recepfors, small organic
molecules such as small natural or synthetic organic molecules of up to 2000Da, preferably
800Da or less, peptidomimetics, inorganic molecules, peptides, polypeptides, antibodies,

structural or functional minietics of the aforementioned.

Test compounds may be isolated from, for example, cells, cell-free preparations, chemical
libraries or natural product mixtures. These modulators (eg. agonists or antagonists) may be
natural or modified substrates, ligands, enzymes, receptors or structural or functional mimetics.
For a suitable review of such screening techniques, see Coligan et al.,, Current Protocols in

Immunology 1(2):Chapter 5 (1991).
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adherence of a test compound to a surface bearing the polypeptide is
detected by means of a label directly or indirectly associated with the test
w@eantpdasrdor in an assay involving competition with a labelleBGIGREFOHEGK0429
Another technique for drug screening which may be used provides for
high throughput screening 20 of epgapounds having suitable binding
affinity to the polypeptide of interest (see International patent application
Compound¥084/03864)04n thisimeathag, lasge nusdberenf differentagnmalittest agonists) are

compounds are syn hesisleﬁld on.a solid supstrate, which may.then be.. .
molecutes, SRS 118 JAFHOINAG B S8 HCAUGH A (SCHER Cinb g s vitho
inducing tifpBlekilisiageiecpolyRRpiidEy s foidsepuorbielitralisiny antibodies. Bound

polypeptide may then be detected using methods that are well known in

Antagonisti€ngs alfieBIHRN PAIVBERHde Carals @ Dedtnptei ciregililiopteopiaiesdsdr for a
_use in the aforementioned drug screening techniques. In silico methods
polypeptide g% B8 1Be 88 to identify a modulator (eg. an agonist or antagonist).

The activity of the quulator_%cg. agonist and antagonist) moeities may. .
Agonists mishabesetifipictmptirsivadmdpermetaty i épesloegesde of the invention

and incregsﬁy%ﬁzgﬁﬁ{%)o@%ﬁ?&lﬁﬁ%eW%@fﬁ&ﬁ%&e%ﬂ@_ntﬁ@ym%@ﬁde of the

] ~pharmaceutical'composition comprising a protein of the first aspect of the

mvention.invention, a nucleic acid molecule of the second aspect of the invention, a
vector of the third aspect of the invention, a host cell of the fourth aspect

Potential ofttigetreitidndasmatiadyiomivteednipaaiides. aiahpsnidationd aptibodies that
bind to thgegéiér{][ﬁggﬁi% the ﬁ?@iﬁ&@eﬁﬁ%‘f} QL i nMePtioRLR oF @ﬁHQQMQ{QE§%ti@Hy. In this

antagonist) of the eleventh aspect of the invention. The

fashion, bisiving aéducical ownpdsitionerotahes Préuechitmnermorr Ass cofpbigniibited, such
that the nggﬁamﬁqgﬁ%?%ﬁ%ww%&%ﬂ%ﬂﬂﬁ% gamRasiions may be

ministered alone or in combination with at least one other agent, such

. as a stabjlizin mpoyn hic inj ' j .
R

invention dfefied sélite aslhdeiivosemand water. The pharmaceutical
compositions utilized in this invention may be administered by any number
In certain @Mbutes badhiakng Beicridttmiiedicinpit itiugrossyintranhesaddsin which the

intra-arterial, intracerebroventricularly, intramedullary, intr ecpl
: i d b £
adherency of 2 oSt OMPO %éf&efi"nglé‘i?%%%t?gﬁ{glrgeofs?ﬁ?@?&?ﬁgﬁgg%%%r%na o 0. 4
label diremkeral; topiicattiublingeiatedr vadtakiresrss. dspaudition o the asteer involving

t.t.inggrg%i%q%sdetﬁee@g dorglaémalgeutical compositions may contain suitable
competl "ﬁlﬁ maceutica y-acé:épltélble carriers comprising excipients and auxiliaries

Axnother t\é\gl!girc]l{lgc g;%txt‘aug screening which may be used provides for high throughput screening
of compounds having suitable binding affinity to the polypeptide of interest (see International
patent application W084/03564). In this method, large numbers of different small test
compounds are synthesised on a solid substrate, which may then be reacied with the polypeptide
of the invention and washed. One way of immobilising the polypeptide is to use non-neutralising
antibodies. Bound polypeptide may then be detected using methods that are well known in the
art. Purified polypeptide can also be coated directly onto plates for use in the aforementioned

drug screening techniques.

In silico methods may also be used to identify a modulator (eg. an agonist or antagonist). The
activity of the modulator (eg. agonist and antagonist) moeities may then be confirmed, if desired,

experimentally.
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processing of the active compounds into preparations which can be used
pharmaceutically. Further details on techniques for formulation and
wadminist@tion may be found in the latest edition of RemingtorCI/8G2005/000429
Pharmaceutical Sciences (Maack Publishing, Easton Pa.). 20
Pharmaceutical compositions for ¥ral administration can be formulated
using pharmaceutically acceptable carriers well known in the art in i
A twelfth gpesh et bailapation raNadhhidiRMEEe SR CORRRLIBASBRRHEWE a protein of

the first adpbEBRgRUtIGRLEBMRAsHiANS jeibedorBrIaistiRs Jabialsafils: 8raBEesvention, a
capsules, quuids% els, syrups, slurries, suspensions, and the like, for

vector of {hgdhirdrrmethebiifertycphigintabetkieal sreHir AABHE foParhrhdBecy Faion. an
antibody 2RIReshNQUEk COMRINNGAI Q fAmMPRIDES AawitersalidextipEmbaidention,
rocessing the resultant mixture of granules (optionally, after grinding) to
or a moduliaie Ea IS B thaEassnish Sl rleYsifimBed o e ugagop
deslired. Suitable excipients include carbohydrate or protein fillers, such
The pharraacsutierh cRBRRAipTEcisResTETEEE, INVSRND| Y] CoRPRISE SBprmaRsutically
acceptableC QW NERL LGEpAQIRIR: Bla9BETRIANINGRUIOSR SHEN AinBIRARYN with at least

cellulose, hydroxypropylmethyl-cellulose, or sodium

one other @ I NAbEE BEIHITBOYRGILYRIG I EBYC bhadraigitiarseh iarrpy sterile,
biocompat%ﬁ%efié!%rﬁ’}é%mege@ﬁ@nﬁéﬁu&gﬁnbﬁtdﬁ&'rqgn?ﬂ!@ #D0G/GRS6BR fered saline,
PCT/SG2005/000429 -30 disintegrating or solubilizing agents may be
dextrose, giwatesuch as the cross-linked polyvinyl pyrrolidone, agar, and alginic
acid or a salt thereof, such as sodium alginate. Dragee cores may be used
The pharniaasamjesictionprsiticuitablized itits, isuenties soncbatrdratnisiggad by any number
of routesSUHHRRHVCH MY A50:CONRAIN QU aAbIG kRIS PORMURMIRMHIANIA9HRa-arterial,

_ carbopol gel, 5 polyethylene glycol, and/or titanium dioxide, lacquer
intracerebrpyiantimilaiy suithbtensedalaesolveniEdicsalvent ir s Estufrgsdermal,

subcutaneBISMEREHEAYRE AHdaria the.lahlets Pt A ausairealingsdefinmRAHs!
identification or to characterize the quantity of active compound, i.e.,
... dosage. Pharmaceytical p rati ' rallyinglude. cuitabl
In addmo%utgh-gﬂ? cagﬁgélérzgrrﬁgggﬁéf gﬁi%%irﬁ,ﬂ%%ﬁ\?\vge %a%?%ggeﬁg _rgaps%}ies r'nadesu_ljcl ©
pharmacewfigdlatirepihhlcosaimiyrs rImuyigiyee eaicipisoibitsid PusHlIGifis capithe dacilitate

processing? yr %Rgt%gﬂl% t o%iﬂgﬁga.&em?ongu i aggrﬁ‘.”%ﬁiaji Q:ieﬁg%ré’tﬁ‘éﬁhlﬂﬁnnaceuﬁcaﬂy.

actose or starches, lubricants, s talc or magnesium stearate, and,

Further ddpilenailyteskabingsrfonfeomulstipsutss, adeimisatismpelins faagdban the latest
edition of WERANEM AL shaReRAGHIm SuiaE, fuidsk Suehasdal Qi piryid, or

liquid polyethylene glycol with or without stabilizers. Pharmaceutical

formulations suitable for parenteral administrati lji%y{%% ml SN ceuticall
Pharmace S S B T B Ml G B ocntically
acceptablsuslrasHamlsksolutionm Ringet'snsdhsiges onistlsidiogienllyadutiaieigation. Such

carriers eﬁggpee'tfféq%ﬁ%a@ﬁﬁggp é&ﬁBSElﬁ'g&S {Bayecﬁgﬁﬁlﬂated as tablets, pills, dragees,

capsules, liquids, gels, syrups, slurries, suspensions, and the like, for ingestion by the patient.

Pharmaceutical preparations for oral use can be obtained through combining active compounds
with solid excipient and processing the resultant mixture of granules (optionally, after grinding)
to obtain tablets or dragee cores. Suitable auxiliaries can be added, if deslired. Suitable
excipients include carbohydrate or protein fillers, such as sugars, including lactose, sucrose,
mannitol, and sorbitol; starch from corn, wheat, rice, potato, or other plants; cellulose, such as
methyl cellulose, hydroxypropylmethyl-cellulose, or sodium carboxymethylcellulose; gums,

including arabic and tragacanth; and proteins, such as gelatin and collagen. If desired,
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substances which increase the viscosity of the suspension, such as
sodium carboxymethyl cellulose, sorbitol, or dextran. Additionally,
waguspensierss of the active compounds may be prepared as appnopaates/000429

oily injection suspensions. Suitable lipophilic solvents or vehicles 20

include fatty oils, such as sesame>8il, or synthetic fatty acid esters, such

as ethyl oleate, triglycerides, or liposomes. Non-lipid polycationic amino . .
disintegratipglymersohbifiaiss Hewiedmey daivikiedpasraIgs thhes fEpsnipisnaplyvinyt
pyrrolidon@39COMRAIMEHIRRIE SLARIZR S G800 B iNsIRARQI Shaneolubility of the

compounds and allow for the preparation of highly concentrated solutions.
Dragee cofsAPRICAL SI0RSR! AGIIRIHAIRRPENEIASARRIOPUALR 18 DG DRIGHIAY sugar

arrier'to be 25 permeated are used in the formulafion. Such penetrants

solutions, avbigeneraily#sovaeiteinesin Trbishaititaceabcarcbmipelidons crihepol gel,

polyethyiegéegﬁglggfnx&&%@%@@m%@%@%m%&@g BRI Rl IsIKReWRIN B ents or
art,’e.g., by means of conventional mixing, dissolving, granulating, dragee-
solvent mixtaking Devigatincrephemsmin g e bapaistnty é‘#ﬁré&b&%&g%rqg&ﬁﬁﬁn&qﬁ@ngs for
product idRRESSES of 16 ARUMALLHICAAAMRASHIRARRL RS RIRY ded assagsalt

and can be formed with many acids, 30 including but not limited to,

drochloric,. sulfuric i, lactic, tagtaric, mall C inj :
s S S P S AR SN o i
as well as sofybiealndacprsnlss ordthel gristinandohasatingaelretisdy «splegpunbiiy. Push-

fit capsuié;?':]eegarti)agoe forms. Afte phatmaceuitical cOmMPIAIeNS havBRE L RIERA hiose or

y can be placed in an appropriate container and labeled for treatment
starches, lobenamdicatell corialionr Suendsibaliriorralrinenddeienslimstailizers. In soft

capsules, tﬁg%gﬁ(}g 3@0%%90%%‘!191%?%@6@&6&%@3@%@%@&@%%@&9 W@?ﬁ@%ﬁh as fatty

suitable for use in the invention include compositions wherein the active
oils, liquidngpréidietydrsthotarsraen withfe ot behitiEsEchieve the intended
purpose. The determination of an effective dose is well within the

Pharmacehpd ity ofthosesskiltde for treaterBordninistraipoundythe frenulrsedicapgueous
. effective dase can.be esti initialy sitheringell 10 [ultiite asSYS: Ringer'
solutions, é’.réa.f,% 5 gnl 01&5%%%3%)51%%&} [ g%\?ﬁ%%%?ode S suphs as mice, rats, rabbits,’ ngefs
solution, dogshysiopigically abirffiederhoudinhaydaierbe JREGHEN HETPANNECHHe may contain
substances R r?c%r'?}x%rgggec%ﬂgﬂg&mggt?faﬁ{g §8#}@r@§(ﬁ’ﬁn@;\mﬁt@}'%%i%ﬂg‘barboxymethyi
Information can then be used to determine useful doses and routes for
cellulose, aorhinidtratiofextaomAdditianhdyapegnensipesfcdieedoddvee Ry ids may be

prepared Qsm%ﬁl{ﬂi r%k%?éiv&wq{_ﬁgéﬁgﬁV‘éﬂ@%ﬁﬁ?ﬁ!@@lﬁ@aﬂi@ iﬁ?gﬁﬁﬂl@t@m%% or vehicles

con |_io0 . Therapeutic efficacy and toxicity may be determined by
include fagtanoidsd sphlaratasesaiRnIqihoos FUFBTH ¢ il IRFEls SihWxBetimEid oleate,

niglyceﬁd@Q,inB?lﬁimibN&@'ﬁb‘iI&‘tiB&ycationic amino polymers may also be used for
delivery. Optionally, the suspension may also contain suitable stabilizers or agents to increase

the solubility of the compounds and allow for the preparation of highly concentrated solutions.

For topical or nasal administration, penetrants appropriate to the particular bamier to be
permeated are used in the formulation. Such penetrants are generally known in the art.
The pharmaceutical compositions of the present invention may be manufactured in a manner that
is known in the art, e.g., by means of conventional mixing, dissolving, granulating, dragee-

making, levigating, emulsifying, encapsulating, entrapping, or lyophilizing processes.

The pharmaceutical composition may be provided as a salt and can be formed with many acids,

ineluding but not limited to, hydrochloric, sulfuric, acetic, lactic, tartaric, malic, and succinic
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the ED5O0 (the dose therapeutically effective in 50% of the population) or

LD50 (the dose lethal to 50% of the population) statistics. The dose ratio
woftoxicskatherapeutic effects is the therapeutic index, and it GarelR€;2005/060429

expressed as the LD50/ED50 ratio. Pharmaceutical compositions 20

which exhibit large therapeutic indides are preferred. The data obtained

from cell culture assays and animal studies are used to formulate a range
acid. Saltsf godatye ter uenarsoklTHe dasagescontaihes picdoeis covhiadiidrmpigue the

Comspon%r%qug%%@i%m.range of circulating concentrations that includes the
0 with little or no toxicity. The dosage varies within this range
depending upon the.dosage  form employed,fh %gﬂsé'v'y%&% ti :
Fear Y 1
After phagﬂ% uglcracﬁ)?u‘t:e%1 8%&?1%2%&%%% %egaéég’ct_q sage wg'llli)g _eterr%%né@’ opHIAE
container hydHeteladtifiorieepimtighbbfafadioisatethrathdtipe. Stisjedetregugringy include the
treatment. Dosage an mirg grtagi n are adjusted to provide sufficient
amount, ﬁi%‘%/ueﬁgcgf g Igg{?\?c’e@r%g?g% 1(1)]}% rﬁégl)htain the desired effect. Factors which

may be taken jnto aci%%gt include the severgtg of the disease Sta
J

r te, th .
PharmaceiiL PRSI SFAL Ul e ToH BIGE IhihGeicer o1 e Soyaceon e

active ingiedeaRcftequenly-df adamiriftration aommtombihatian(hy; rewotled purpose. The
. sensitivities, and 30 responsg to,therapy. Long-acti harma '
s R e S R e
PCT/SG2005/000429 32 days, every week, or biweekly depending on the, i
For any QQSpRE e SRR SH S e NGB LS BR KPP S<abEe m o°

S

culture as&ROUNES, BAMEIMIRNBARALIE. drdrial B0 MO Gickimioadefahidpaehbits, dogs, or

) about 1 gram, dependjng upon t@g route of administration. Guid Nee as e and
pigs. An BT QB P BT T el VR RGBS TR on Tane

route of aditeiaidrerand Seneraihravdiakimtthpideiitisadis dethendnt Whitieltses and routes
. polypeptides of the first aspect of the invention are used in pharmaceutical

Y
for admmﬁéifb{?%ﬁ%ﬁgmﬁ?%edicine it may be desirable to use those polypeptides

where the hyperalgesic_function of the naturally occurri olypeptide
A therapeseabecHRSHIECAPSE FIBTS RN AIRURS Fbr A UG R T gt the

symptom&KN@WiRihase skillagdnihe aéandingludeidies axample, diterinditebyestandard
mutagenesis. To determine if a polypeptide exhibits redui;l%d or absgnt teulati

pharmacejf BIGEEHT BT BTt SUSIEAS SHUNTRERTFI NS T2 thiS ehfSrgy caleulating

the EDSOEMRIS dRdotermiBdgronitieatlysby. eonpasing thtoajfecttnf dhghe dose lethal

subject polypeptide and ohanin on mice in the.hot plate assay as. .
to 50% oL dErpRRP AR SIS < o BEI S B AR TG ergffects is the

therapeutRai@ix ohanio caabiospdda e bisigniildENB0 greatel poteamutitsl whepositions

) ministered via intracerebroventricular igjection a osed to
which xR SRR R COTTL G S GG ernbo S TRLLT B Sl ssays
and anim#heiefies afthediveftiomase a range of dosage for human use. The dosage contained
in such compositions is preferably within a range of circulating concentrations that includes the

ED50 with little or no toxicity. The dosage varies within this range depending upon the dosage

form employed, the sensitivity of the patient, and the route of administration.

The exact dosage will be determined by the practitioner, in light of factors related to the subject
requiring treatment. Dosage and administration are adjusted to provide sufficient levels of the
active moiety or to maintain the desired effect. Factors which may be taken into account include
the severity of the disease state, the general health of the subject, the age, weight, and gender of
the subject, time and frequency of administration, drug combination(s), reaction sensitivities, and

response to therapy. Long-acting pharmaceutical compositions may be administered every 3 to 4
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administered directly to the nervous system eg via intracerebroventricular
injection and may be formulated accordingly. In another embodiment of
wthmapwesdian the moieities of the invention may be administepetr/sG2005/000429
intravenously. 20 A thirteenth aspect for a protein of the first aspect of the
invention, a nucleic acid molecule'8fthe second aspect of the invention, a
vector of the third aspect of the invention, a host cell of the fourth aspect
days, evepf thesihveintibredivadapoiing v bryhitdiscardrikrangertibh che particular
formulati@itivenom of the tenth aspect of the invention, a modulator (eg. an
agonist or antagonist) of the eleventh aspect of the invention for use in
Normal dJ8s5LA% u%l S?l\’lg. u\%%%%iﬁsﬁ:%%tt %flt '{E)V%](S',%?(P Vi ?fo]c %&HP? Hggehogf%bout 1
protein of the first aspect of the Invention, a nucleic acid molecule of the
gram, depenting appectiof thainvehidmiaiveetonofitédaned aspecpaftitidar dosages and
methods dP(EAVER, QLA0RRLER!RL AR, ASRERLANEVANENNAY LM he art
aspect of the invention in the manufacture of & medicament for use as a
sedative. As mentioned.above and desgribed below in mare detail .
Where O P o e W S oM T i Baggasetica
preparaticausd havindicadUitaday bikissiadtortdingtytheas potypapiadies whetieghe hyperalgesic

. invention may find utility as a sedative, WQ 2006/ 2 .
fanction {F BB MR TR SRRl e AR abolished. Methods for
achievingwthenmsdpteodaldl beilnaisveuth e migsibaltln tharahsudnthbiodkesoDitfleaiple, site
. rQblems.ari ause of the ifivity.o imal r [ {0 .
directed PARENSE TS RGO E SEOBIAN L ANIME RAREUESE BB Bperalgesic
propertiecuiseitionohwaathBE Qridthediky ditcasdpirysdiplellrindetanspeotiampirically by

compmng'wgfﬁefc&%a%eb& é‘&eg%%gé&ﬁé"é}?abﬂﬁl{nh?8?1%??:@%?%1%"}%{ Blate assay as

reater when the distance animals need to be transported are
describedgrethe dixamplishsestiohdeteveral days or weeks, for example with
transport of horses, cattle, sheep and pigs which are in these times
As discudsedhdpartent eleeripledtdistdnods byséaind air. SinlilasobsBoaatiynsresnr potency

alsa be rgade wit chiclgens and also hirds,.for example e@titc birQs .
when admﬁm%ere Via intracerebroveniricu tar i ect‘1?n a4s,. ct) 0sed; 10 10 raﬁ%aritoneaily.
which are sometimes also transported over [ong distances to where they

Accordingljl bie _kemr@tm@mﬁthemé@anﬂmggimgthena@tﬁ@odﬁt@hﬁl@venﬁon are
administetggrg%gz‘% 158 r@%a@é%%@sp st hﬁe‘i;elaé O‘Oig%l&%%y&arlcj)%nh%&% %hégno%r%nd may be
l?ept Alls, 25 h

INns arger animails, suc orses and cattle can cause
formulatedignificdmiglyobleme thec auswdinissir @xdicabvitiopthion balyngiediies of the invention

may be Qh@ﬂﬁ&Q&ﬁ%&%&%&&W?“ being handled such as when being weighed.

For the above reasons, treatment of excitable animals, particularly horses,
A thirteen t%'segg‘c'%‘hg%'g E‘F]ré‘%eg%a'?‘tﬁéafxg%% 5o '{E'{’ﬁ% Thvies E%%S%h%'é‘é?“%%id}%@%%u g of the
carried out with sedatives. S mentioned above, where the moieities o
second asherindetitomanstiomployeddoopiiartivckatizalt of the invention, a host cell of the
fourth aspect of the invention, an antibody of the eighth aspect of the invention, an antivenom of
the tenth aspect of the invention, a modulator (eg. an agonist or antagonist} of the eleventh aspect

of the invention for use in medicine.

A fourteenth aspect of the invention provides for the use of a protein of the first aspect of the
invention, a nucleic acid molecule of the second aspect of the invention, a vector of the third
aspect of the invention, or a host cell of the fourth aspect of the invention of the twelfth aspect of

the invention in the manufacture of a medicament for use as a sedative.

As mentioned above and described below in more detail, administration of ohanin to mice was
found to render the mice sluggish and having reduced mobility. Accordingly, various moieties of

the invention may find utility as a sedative.
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purposes it will be generally desired to reduce or abolish the hyperalgesic
effects of the ohanin protein. When using the moieties of the invention as

waedetives2the pharmaceutical compositions comprising the rroieties srmyn0429
further comprise one or more additional sedatives. 20 A fifteenth aspect of
the invention provides for the use-6Pa protein of the first aspect of the

invention, a nucleic acid molecules of the second aspect of the invention,
Preferablya trctoeditthenhiiy fersprsativRtveravbiniis ardseliefshtae Riggatile, humans

and horse@BEELALIBR 1IVSIULR: ALa-RbaHTBRELIRS; R YFSIHRN LidRE dWelfthations. For

aspect of the invention in the manufacture of a medicament for treating a

example, fepmedogical oo lestararafkresdnrospy s copatipetowedhanand iy dke up t©
5% pigs d_?érrlgﬁﬂ}{ P0G S8 S REIYOURHESIRR ANSkIBEUCES RYRAIARYMANABS can be even

ese functions of ohanin may make it useful in the treatment of

greater whettiblogistmetsisehaname Rtk (e RaHBRP IR AreursRISI s require
several da@¥Useluly e Heatsr i RCCRRdpRGR bR, REASEIERIODHIRCWHER are in

arkinsons disease, Huntingdon's Chorea, Epilepsy, bladder spasm,

these timesKatRBRPALCA 9 HEI HERS HRERRES, BhTRR QR UMy SHERIEERGLPLE D ISo Ry made

with chiclURORI0IRQr dstsCalataRiapReEbiR PieOPIRBITE ace bRl fefessi@Bported over
_diabetic neuropathy, Down's syndrome, tardjve dyskinesia, dystonias, ated
long distaggRe ey BRIRAGYONLCRECKEE: SUABhAIPHGt SO0 RS SSiveness associate

therewith REHLSaBROMROM2R 2534 Tevcapaibyisauliipisigeietocibare kept in stalls. Larger

X neurofibromatosis, paranoid psychoses, postherpetic neuralgia, . o g
anials, k20 PRFER AP FOLTBEPL R SPILF 7 hE BPLSBR O Sh Wiy ity no
only wheh@¥appplaatianssinaibebdieldsabresiemar when bebhg spagheds present

or is manifested - such as incontinence, asthma, brochial spasms,

For the aBieQeaR£leraath SikieeRiRASPBCAANIER, IRveRbgaBr Bides acmatesdopigs, to
sedating an animal comprising administering, a protein of the first aspect
calm statesfQhENFHRREBHISHERS SUAERI P SRS RREIFIRE S QUO A LESEE 6F the
invention, a vector of the third aspect of the invention, a host cell of the .
As mentifmerdhalzsgse cvlofrthdhinvesisdicsref sharimsptinnare smpéersentsr plermaceutical

purposes %V%P&Sg&%&ﬁ%éﬂ%ﬁ%%&c@&%mh HApryenieeotiRerest 8 ohanin

e invention provides a method of treating a patient with a neurological
protein. or muscular disease comprising administering to the patient a protein of
the first aspect of the invention, a nucleic acid molecule of the second
When usispetteofthizfievenfiche aiveetioof tse sbdativespdbe opbiaenaceien, eprgpositions

comprisir?ﬁoﬁitecg’l%@;i%ge f@g %Qéﬁe%gﬁcglk}%hgéeoﬁkvspﬂwi‘e %@&é&%&ﬁ%@&a@@&@ ct of the

vention provi composition comprising a protein of
A fifteenth aspect of the invention provides for the use of a protein of the first aspect of the
invention, a nucleic acid molecules of the second aspect of the invention, a vector of the third
aspect of the invention, a host cell of the fourth aspect of the invention, or a pharrmaceutical
composition of the twelfth aspect of the invention in the manufacture of a medicament for

treating a neurological or muscular affliction.

As described below, ohanin may act directly on the central nervous system and induces
hypolocomotion. These functions 6f ohanin may make it useful in the treatment of neurological
or muscular afflications. Examples of such disorders which may usefully be treated in
accordance with the present invention include Parkinsons disease, Huntingdon's Chorea,
Epilepsy, bladder spasm, akathesia, Alzbeimer's disease, amnesia, amyotrophic lateral sclerosis,
bipolar disorder, catatonia, cerebral neoplasms, dementia, depression, diabetic neuropathy,

Down’s syndrome, tardive dyskinesia, dystonias, epilepsy, Huntington's disease, peripheral
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15 the first aspect of the invention. A defensive composition includes
compositions which are used for personal defense purposes. The
woanpesiins of the eighteenth aspect of the invention may, fecaxsmmple 00429

find utility for use against potential or actual personal attackers and made -

be used by members of the public36r in law enforcement. In terms of the

formulation of the defensive compositions of the eighteenth 20 aspect of .
neuropathyheniitioalgmtianBeIREAPIERSAHS. ABBTRYM SRy theshapilianfty neuralsia,
schizophr&RANBRS HERRAL hR INENtioR Bresdisgussatolane ambedineptiolibas in other

eighteenth aspect of the invention, the compasition is provided in the for

3

m
fields whewt Hraypray TR SRS BRIHATSEFARE (& SHAARLTESe . PLILLAS BRI e asthme:

brochial sgHEAdIRE. @RIsHOMevise formulations which are readily absorbed and 25
which, as such, would be suitable for use as a defensive composition

A sixteenwhh %{;eétésg?eﬁ!éeﬂi%nﬂm?woq’iﬁégI%trﬂﬁeﬁ{@f@’-s@@iﬂﬁ%eﬁbm comprising
ohanin to induce pain and reduced mobility make it useful for defensiye
administerpugpopessimofabedishaspedcrbly BrsWiRtlce BuRfHisterbgBleghlp of the second

aspect of IRSQHSLRHINIH RRLLVIAUR.SIGRa AbpRIISIBOLAFIRIMIOTENAGS @Bl of the fourth

necrosis in the brains. Accordingly, the effects of ohanin 30 appear to.be .
aspect of Hesisreiibkioarns APBHERAATHIE: BAFRAARIAP QitheI BRI ARREIHS 160 vention o
the animaP€rsonal safety and law enforcement. WO 2006/068625
PCT/SG2005/000429 -35 Whilst the invention has in certain places been
A seventegg%cgs%%dflgfr ﬁl@@&%‘?@%&ﬂﬁ%@a&ﬁ%&f Jrerdyaptiom g skiled neurological
: reader'will appreciate that'the comments may apply equally to other

or musculasgéetseoferisingraibniziseing dedesipaAS M BECBhdhy &gt aspect of the
invention,g%n%rgggglXciEr}%(ﬁE:@'ﬁHzcgtoﬁg]g&ﬁ?ﬁ@%g@é’@ﬂ?@ﬂew'ﬁlv%m&y aWRIass of the third

erwise indicated, conventional 5 techniques of molecular biology,
aspect of ttciolsiotisgy candoscehisihdstionid arrb/ghANGEsE- within the skill

of those working in the art. Such techniques are explained fully in the )
An eightctitetatspect EXaepiesofitextsofddeonsigtationdrrsud siéofoflomiging a protein of

the first asia%@%ﬁ%ié M‘(])Ie&glar Cloning; A Laboratory Manual, Third Edition (2000)

id stibseguent editions. EXAMPLES 10 EXPERIMENTAL
A et PN SIS P PR R S IO s
The compéRnRMsgiinils agitdiveh were gentroisiygiveniny DioBeyamEe Amdreihity for use
against potential or actual personal attackers and made be used by merobers of the public or in
law enforcement. In terms of the formulation of the defensive compositions of the eighteenth
aspect of the invention guidance may be found above where the pharmaceutical compositions of

the invention are discussed.

In one embodiment of the eighteenth aspect of the invention, the composition is provided in the

form of a spray for ready administration to attackers etc.

Persons skilled in the art will be able to devise formulations which are readily absorbed and
which, as such, would be suitable for use as a defensive composition where it is desired to

quickly disable the attacker.

Both the ability of ohanin to induce pain and reduced mobility make it useful for defensive

purposes. Moreover, as described below mice administered ohanin recovered with no obvious
signs of paralysis or of hemorrhage or necrosis in the brains. Accordingly, the effects of ohanin
appear to be reversible and as such make it particularly suitable in formulations for personal

safety and law enforcement.
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Department of Biological Sciences, National University of Singapore,

Singapore. The glands and 15 liver were frozen immediately in liquid
waitnogesssaxd kept in -70 C until used. All chemicals and reageatssenes/000429

purchased from Sigma (St. Louis, MO, USA) with the exception of the

following: Lys-C endopeptidase a?ﬁ:ftrypsin were purchased from Wako

Pure Chemicals (Osaka, Japan), reagents for Edman Degradatjon

Whilst theNngesrppipmbaa duentiie plassnder BicksiEnd pheritsy (o tige) aspects of the

invention HESIGNLH RANErcKGRRA AR Matadt LrimanymbyipiBedqnibratoang aspects
agar were 20 purchased from Q.BIOgene (Irvine, CA, USA) and

of the invegfym. e depratigarshoudds s A0CP5HEBDS-PAGE standards
and Precision plus prestained dual-color standard) were purchased from

Bio-Rad Laboratories (Hercules, CA, USA).,Supesd: Al 6/ :
The practch e PSR 630 A0 BRI 100 Py Cah s ware Obtimey " omal
techniquedrofrofrieenthabidhimrmatisoidkpyalapd wederinrE-RighetechielezBoghich are
- Al x 150 mm) and RP-Jupli :
winin e S AR TR o Bl ST PO e
Examples NT Acagrarids ecoizsijpaiohasedutio theifdbrvidab Sagpieels, Blefasahy) (Agning; A
the oli eptides w _ ' ic (Shanghai, China)

ore). Platihum Taq polymerase, dNTP mix
and ladders (50 bp, 100 bp and 1 Kb Plus) were purchased from GIBCO

EXAMPIHI (r) (Carlsbad, CA, USA). All restriction endonucleases used were

9@@1’{% fm?&ﬁc—iyﬁﬁngland Biolabs(r) (Beverly, MA, USA) and
EXPERI p %q‘easy vecto

rwas obtained from Promega (Madison, WI, USA).
.. RNeasy(r) Mini kit, QIAGEN(r) OneStep RT-PCR kit, QlAprep(r) WO
Materials)06/068625 PCT/SG2005/000429 -36 Miniprep kit, QIAEX Il Gel

__ Extraction kit and DNeasy(r) Tissue kit were purchased fro iagen
Lyophilizeghrifpe Fitfén WeeniSAgI SKEAR P RACE LA ?ﬁ}mﬁéﬁﬁgﬁa@@ (Jakarta,
IndonesiaRUIGhaseH i datomiach Laboraiotiesl Benéhtald \limefr By DB BYyABG. Fry from
Do s SN i Gt S e Sene v

. iy, )
liver were@%n\%ﬁ?%d\%@g)p}i{ ifi%%i_@’iﬁir@%&fﬂ'i@&b&(é}ﬁem émlﬁﬁaxﬁtiﬁéﬁ%edlcﬁllll‘d}@qmiclals and
. Animals Swiss albi ale mj .were used for ni -
reagets g HHURTEC T ST SLGE e e AR By SPoraRHGhl oviog:
Lys-C en€bpsigRBRnshbanghisg duiaghehasidrflosiutiVekonbice: Wikenzetifitidead Japan),

o the Labgratory Animal Holding Center and.labata surroundi fox.
reagents e S U RCUALDT N FEP I DA OTENS (R A g T CA.

USA), ackepiiuiedehMsiandildaandiansiadithGeonatigly mrmﬁeirﬁqmmighcbvhawd agar were
puetso A DT A SRR Al ol o
range SDS-PAGE standards and Precision plus prestained dual-color standard) were purchased
from Bio-Rad Laboratories (Hercules, CA, USA). Superdex 30 Hiload (16/60) and pRPC
C2/C18 (10 p 120 A 2.1 mm X 100 mm) columns were obtained from Amersham Pharmacia
(Uppsala, Sweden). RP-Jupiter C18 (5 1 300 A 1 mm x 150 mm) and RP-Jupiter C18 (10 p 300
A 10 mm x 250 mm) columns were purchased from Phenomenex (Torrance, CA, USA). Nickel-
NTA agarose was purchased from Qiagen GmbH (Hilden, Germany). All the oligonucleotides
were purchased from BioBasic (Shanghai, China) and 1* Base Pte. Lid. (Singapore). Platinum
Taq polymerase, dNTP mix and ladders (50 bp, 100 bp and 1 Kb Plus) were purchased from
GIBCO BRL® (Carisbad, CA, USA). All restriction endonucleases used were obtained from
New England Biolabs® (Beverly, MA, USA) and pGEMT-easy vector was obtained from
Promega (Madison, WI, USA). RNeasy® Mini kit, QIAGEN® OneStep RT-PCR kit, OQlAprep®
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humidity. All behavioral experiments were performed between 08:30 h to
13:00 h. Each test group consisted of at least 7 mice and each mouse
wvawesetbnly once. All the animal 15 experiments were condittesdz2005/600429
according to guidelines set by the Laboratory Animal Center of the
National University of Singapore (aéapted from Howard-Jones (10)).
Liquid Chromatography-Mass Spectrometry (LCIMS) of king cobra venom
Miniprep kiyofpABEEdCfird Evanding it gni/BNgrssOVadsiE 2if oot Wllichasederom Qiagen

fore lpading vi 1 t
GmbH (H(k?lc%un‘mdJ equ a%m e@g%gw Zﬁﬁz[gi}zﬁ%%éée%f gﬁ%)ﬁa&fltg}éasgg from
Clontech TaboPeokies BimePSciex AP 360 USMS/HIE BRIk niigDepecticmatator Cycle
Thor d G dritsi
sequencing R B T o B T (Foste
City, CA, ESHY SViEte ctrospvajech adth spditiGhsy dara Whdiaesuiftider ¢ siide YO
mode with an orifice potential of 80 V. Nitrogen was used as curtain gas
Animals with a flow rate of 0.6 1/min and as nebulizer gas with a pressure setting
of 25 100 psi. Full scan data was acquired over the ion range from 500 to
Swiss albia@QQ40/ & siepsizeriuldddoDalapracdssipginasipeifotnied witkduce the

the aid of BioMultivie ftware (Perkin Elmer Sciex Thorn on
impact cofSE N PRSI ASp S EHIORS GO (SIaT ML Bt ere
acchmanzgtgt@&gﬁ)lygg@rﬁi;@%oh(ﬁﬂﬂﬂ Z{ng\/gnb@zsan&amd@aﬂadmm@ for 3 days
uperdex 30 column pre-equilibrated with 50 mM o )
and at ey L pRERERS SHERE B S kot e i qgtiions
with food X16W pist€ln &dfPadd W@aﬂ@@ﬁﬂﬂﬁﬁﬁ%ﬁdﬁﬁ@ﬁﬁ@&l@&@mm%ﬁasmge ina
. Protein Liqujd.Chr. ography sys agia, \ppsala,. i,
hghmom@\ﬁ%%éﬂ?’%? gge %%%to#lv%as}/r%?ghlt % %5(? )?%%?acetigﬁldo A relative
humidity. imdréshwvastherpedcedioteranpRifodupidre@ters8mbhrepgarafveld h. Each test
col n iliprated with 0.1 v/v).on Visi orksta (P
o cof MRS MR L0 JER U ISR R e e
experimexﬁmm&imsangmﬂmﬁm&@h@tergwﬂﬂm% AChyithe LabpRroxyviniarh @ever of the
National I’.I’J%xg?iéy oy g}m Ovoerre ?d 1 Brotein, SAH9R f?féﬁéﬁm'tored at 280 nm

nmm pI’O EI Interest was identi Y mass

determination (described below). Re r|d eth Iatlon
Liquid Chrgmatpesaning Pl P prBiem A i S

pyridylethylated using the 10 procedure described earlier (11). Protein
Lyophilizgogredaveseredshetinasoisarabiaiatl BERGIHE witrksfore loading via

direct mjé&féﬂlglg{t%enalﬁyﬁ@?Wég@ﬁ RO, MM Fis-Edflmh i ERARPRith ). B v/v) TFA
(trifluoroacetic acid) attached to a Perkin-Elmer Sciex API300 LC/MS/MS system mass
spectrometer (Thomton, Canada). The crude mixture was eluted using a linear gradient of 80 %
(v/v) ACN (acetonitrile) in 0.1 % TFA at a flow rate of 50 pl/min. ESI/MS (Electrospray mass
spectrum) data was acquired in positive ion mode with an orifice potential of 80 V. Nitrogen was
used as curtain gas with a flow rate of 0.6 V/min and as nebulizer gas with a pressure setting of
100 psi. Full scan data was acquired over the ion range from 500 to 3000 m/z with step size of
0.1 Da. Data processing was performed with‘the aid of BioMultiview software (Perkin Elmer

Sciex, Thornton, Canada).
Isolation and purification

Lyophilized crude venom (several batches of 200 mg each) was dissolved in 2 ml of MilliQ
water and loaded onto a Superdex 30 column pre-equilibrated with 50 mM of Tris-HCl (pH 7.4).
The proteins were eluted with 50 mM of Tris-HCI (pH 7.4) at a flow rate of 1 ml/min on a FPLC
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of 10 | of (3-ME ((3-mercaptoethanol), the mixture was incubated at 37 C

for 2 h under vacuum. Subsequently, 20 | of 4-vinyl pyridine was added to
wehmmmbdernes and kept at room temperature (-.25 C) for another@rvsapaterooo429

vacuum. The reduced and pyridylethylated protein was loaded 15 onto an

RP-RPC C2/CI8 analytical colum &quilibrated with 0.1 % TFA (v/v) on

SMART Workstation (Amersham Pharmacia, Uppsala, Sweden

. The .
(Fast Proteiguriayoteifrmpie slvetr teRg Ameriiy e oh SO AR b Proten
elution wakhAGYRaL & Tlow rate oh2@QHmin avaiardcus Reatedndationonas RP-Tupiter

_monitored at 280 run apd 215 nm. Enzymatic ¢leavage 20 Digestion of .
C18 s SRR AT S e do e s A by P T g tation (P
Applied HeERINRd RSsBY Cifpr 28 hiURiesem{d o edvpsodiisolvest iRihad nkiab a linear

enzgmatic %i{gestion buffer (50 mM Tg}s-HCI 4 I\él rea, 5 mM EDT

A pH .
gradient of 8§/ SHAROBD ok A e Ao 45565 %) 8N4 Dour. Protein
elution waieavage-Rigastion ahresuced and pydytetaylade dnpraiainvadtiitorified by mass

. acid (Asp-specific) was 25 performed as described by Inglis (12). Briefly,
determinayigp @EcHATAIEated protein was dissolved in 2 % of formic acid in a
glass vial and then frozen at -30 C. Subsequently, under vacuum, the vial
ReductiopasdrgristyethltioRmperature and then sealed off. The vial was then

heated at 108 C for 2 h and allowed to cool to room temperature.

. Lyophiliz@kpardtiperidiedigesteth peptittzos O2e0srdesslsumC proddetyiata sging the

-38 The peptide ic: i buffer (6
L A v
M GdnCldGSMART Wanathtiolr ) AhershamsAfighrac! Bhidap] SReddioribmgdition

' radient of 80 % ACN in.0.1 % r
or 10 1% G RTRE TR R DL e T e v
Subsequel®Rizatiqrl-MassiSpesyratinetry (ERIMMSIOERY MEavasanddotpd aetermitpmperature

o the precise masses and purity.( 0.01.%) of bath the natiy otel ded
e L s
onto an JORYKPEIWEASeiexaARE300dIGHIM SMiBibystelmuitadk Ispectidmnérer) on SMART

(Thornton, Canada). lonspray, orifice and. ri oltages were set at 4600 .
Workstat g G R OB R VR N TS GE el SN A A G Sl
linear graAAMAWIRLED Of 0K @ ag Tabiizgrgas Mith arrese sotting ofdGh hour.

si. The mass was determined by direct injection at a flow rate of 50 I/min

. PsS
Protein clytior w8 PO GREAEHAEAP LI iid Bhromatography pump as solvent

delivery system (40 % ACN in 0.1 % TFA). BioMultiview
Enzymatic cleavage

Digestion of pyridylethylated protein with Lys-C endopeptidase and trypsin were performed at
37 °C for 20 h. Protein (150 pg) was dissolved in 150 pl of enzymatic digestion buffer (50 mM
Tris-HCL, 4 M Urea, 5 mM EDTA pH 7.5) and proteases were added at a ratio of 1:50 (w/w).

Chemical cleavage

Digestion of reduced and pyridylethylated protein with formic acid (Asp-specific) was
performed as described by Inglis (12). Briefly, 150 pg of pyridylethylated protein was dissolved
in 2 % of formic acid in a glass vial and then frozen at -30 °C. Subsequently, under vacuum, the
vial was thawed at room temperature and then sealed off. The vial was then heated at 108 °C for

2 h and allowed to cool to room temperature.

Separation of digested peptides
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software was used to analyze and deconvolute the raw mass spectrum.
Amino terminal sequencing 15 N-terminal sequencing of the native and
Woyestedqaéptides were performed by automated Edman -degfa&datiamns/ 000429
using a Perkin-Elmer Applied Bic_)§g_stem 494 pulsed-liquid phase protein
sequencer (Procise) with an on-line 785A PTH-amino acid analyzer. The
. derivatized PTH-amino acids_were then sequentially: identifieddov: o nated using
The pepdfs £60Hg" ebl%lijﬁéﬁgt%% ERaton nﬁro;ﬂ%s W%ti t%% standard 1 ‘
RP-uRPC chronmtegtaiita@dvietinasts St pRSEeWcelstitiistrafioreFheny Sluraasie didepsala,
via i. p, (intrapeyitoneal),route, .200 ej)%/y dissolgd Mution
Sweden) ugipg ey PR iglé‘{}?%??ag r %ﬁ)@g}i ?i%ﬂ%g% %’lrt}gl;: fgn%s ma}eﬁ in a volume
of peptidesOlid o at puheiurenpqit atd.5 mm lateral and 1.0 mm posterior to
bregma using a 10 | luer-tip Hamilton microsyringe with a modified needle
Tlectrosprdy SR AERENAIRLTPER AR (ASURLAHIE skull (13). The 25 protein for i

c. V. injection was dissolved in ACSF (artificial cerebrospinal fluid). The

ESIMS wRESHIS YagdRiaiad anavitadianahsihessdwaagninistoation) methnlishe native

were used for the locomotor activity and hot plate experir&g1 S. In V%o Sci
protein andgxiptigerestivy B RABES6BEZIPTTISEISERI0EATS! 186 Nt E pstetmer Sciex
AP300 LOVREIRIRSEieR: jRiRshpalictaldqrasaiéh] mahd) Lingikgygndifide and ring

mg/kg (n7-"2). After injection, behavioral gbservations on the mice gere

voltages wese optiat 6 0EY 150 VPR IH 6 RERHTAEIWERELakTBEs SRaMDATR Bos With
a flow rat@BE PRSHMAIED Sxampnationasifedoinedrd seomptd Bitlivity The mass was

Locomotor activity of the mice was measured hy an N i@fﬂ%ba Evit)(/l dzu Liquid
dctermineonsgystinh ANoROSERENEL The ) FIYE S AT S imhdzo Ligui

ga.of R iTaled e End Gigral aowlidication.cireuiy. ahdelultiview

Chmmam%%%{rggécirclgit. Movement of tﬁﬁegr%i%ce w%s detected by the infrared ray
software vesrisef & anal b Arsrnysbistharay Fage SBs6Hed with their

temperature. Each mouse was removed from its home cage and housed
Amino tedndividisedydnangage (12 cm x 12 cm x 30 cm) 10 with an 8-channel

infrared ray sensors placed over the cages. The cage contained
N-terminaBRR[eativingebf 46 mtiot sad/diststr trpfides Wit greeonviey by eagtomated Edman
leigll%?gra }%1%0?9? %r}g%g’st% %@H@Q@éﬁlﬂ il Y 'p&@&ein sequencer

S'of a distanc r more were detected Dy the_infrared .
(Procise) vaiyhsensardiand78aeh Pépressntedadmeakine off jertriyaswh i/ 5i-araino acids

injecte ice, T t f.the. ani gy ReffaBRIgndard
were then S R T TRERE S LGP o vammeRsEpRi: .
chromatogram.

Methods for protein administration

The volume injected via i. p. (intraperitoneal) route was 200 pl and the protein was dissolved in

water. The i c. v. (intracerebroventricular) injection was made in a volume of 2 pl through a

‘puncture point at 1.5 mm lateral and 1.0 mm posterior to bregma using a 10 pl luer-tip Hamilton

microsyringe with a modified needle so as to penetrate 2 mm from the top of the skull (13). The
protein for i c¢. v. injection was dissolved in ACSF (artificial cerebrospinal fluid). The needle
was rotated on withdrawal. These two administration methods were used for the locomotor

activity and hot plate experiments.

I vivo toxicity test



10

15

20

25

30

15 subsequent experiment had a minimum of 450 counts and a maximum
of 850 counts over the first 20 min of the pre-run experiment. Active mice
wovaretemadministered with the protein and placed in the sarEIRGIONS/000429
activity monitoring system. Imme(rjé tely after this, counts of locomotor
activity were collected in 10 min intérvals for 80 min with a
. computer-linked analyzing system (AB System-24A, Neuroscien nc., _
Native profgRysE USRS Z0M L IR HUERGEER blise WAL BIAEH bR ?ﬁe&éﬂ%kg (o=
2). After itR&fonapeheonfiaEgusing i irabsRAsanidelastie agy (didmetsr 12min, for up to 6

. .height 13 ¢m). The _féo late apparatus was a sealed wooden box with
h. AsimalS 3B RS TS BRI WS FElet ChE & Meder bath
(Model Y22 Grant, Cambridge, UK). The latency time was measured from
Locomotahadiiidithe mouse was gently introduced onto the 25 hot plate to the time

when it first showed one of the following resginses: jumping, licking or
Locomotostastipitiy of ahiminiets descrilsesnisd Wrote BfaAPDaBIE 1aprieeipgsystem

(Nemoscialx@é? AR YAR Cﬁéﬁ%ﬁﬂ,o%%c%%%ﬁﬁ{ogéagcﬁd&iiﬁﬁa%ﬂ@y lsdsOF, 2 signal
C. V. routes. Analysis of results and statistics Changes in locomotor activity
amplificatigareiwtiyrdcrspairehwasrmiN dlpacentep ittt nas deieoter by the infrared

ray sensof MPRIIRNIG effech nduced iy QNANIBWES D HYEEhHS I RGPRAIMAY Each mouse
ANOVA. All ANOVAs WO 2006/068625 PCT/SG2005/000429 -4Q were

was remofsiiofisa iy poserrseanat sievwith Bl BbaseesH 13imstickt om x 30 cm)

with an 8-gfOANeEMA@S { slinated When preP il cResIgMhasassivand Clgingimately
of the synthetic gene The full-length synthetic gene comprising of 369 bp
40 ml of audksEamHRR o (M PAGHHBHE itce ERbALHAGIGH] Wiadcparaie cages was

measured %@é{é&fé@@bﬁ}%ﬁ\?@@)ﬁﬁ@ﬁp@ aoug@@m@mtwe% GNGIoE fﬁﬁﬁl‘bdgﬁ_ﬂ@&éd by the
) p, respectively with an overlapping region of 21 hp enriched with .
infrared rapp gREHAAS0O96 HEPISIRILTH TGB! S5BEHRL rgﬁﬁb%@? tﬁ?imlff?gémce- The

activeness G hithalz Mo Adsbaled DG chforming a pre-run experiment. Animals used for the
GGCTAGCCCGCCGGGTAA%\TGGCAGAA GCGGACGTC TTCGAT

subsequerk GPARRRERE THFREARMSE CTEETEST EREEEECERY. FFaRPver the

first 20 mipFeR@JR-rbi & g&iment. Active mice were then administered with the protein and

. CCCCGGGCTGCCTAGGACGCACGGGCTC ACISG%G CGT'{C??G
placed in theSpRpEROREFCA Ity monitoring system. Immediately aiter this, counts 0 ocomotor

activity werb GlIEERE GEOAGAGEAMEIIT ST EAGBGTCORpLIck R GRGERE system
5 oo AT ACSASRST PR 5E5 RiePre e st egment prmer

TCCCCCCGGGTTTCCGTTCCGGAAAACACTTCTTCGAGGTGAAATAC
Hot plate@gstACCCAGC

GTGAATGGGCGGTGGGGCTAGCGGGTAAAAGCGTGAAGCGTAAGG | |
Each moT macBacahdn a hot plate (55 °C) and confined using a transparent plastic ring

(diameter 12 cm, height 13 cm). The hot plate apparatus was a sealed wooden box with smooth
metal surface 15 cm x 15 cm and was heated using a wa{er bath (Model Y22 Grant, Cambridge,
UK). The Jatency time was measured from the time the mouse was gently introduced onto the
hot plate to the time when it first showed one of the following responses: jumping, licking or
stamping of a limb, as described by Woolfe and MacDonald (14). The hot plate assay was

carried out 15 min after drug administration by i. p. or i, c¢. v. routes.
Analysis of results and statistics

Changes in locomotor activity were analyzed by two-way ANOVA with repeated measures.

Hyperalgesic effect induced by obanin was analyzed using one-way ANOVA. All ANOVAs
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15 primer 4 (5'
-GACTAGTAAGCTTGCGGCCGCCTACAGCCACCACAGACCTTTCTGC

WEA06/068625 PCT/SG2O05/000429
GATACGTTCTTCCGCACCAGCCTTAAGTAACCCTTACGCTTCACGCT-

3) were used to prepare the secoifl fragment. Nucleotides underlined
were the flanking seége_nces for Xmal restriction site. PCR mixture 1o

were follqyustbatensstritnepalginentdBoranturraiifdeshiRentiisH Gl olgpgicance was

indicated Wialingmol@n polymerase, 0.2 mM dNTP mix and 0.2 M primers in a total
volume of 25 20 I. The amplification condition was as follows: | cycle of 94

Design, asge/n{mry,gpcm§g g,%%gapegc grgﬂg /30's, 72 C/ 1 min; and a final

extension of 72 C75 min. The two fragments were digested with Xmal

and ligated together to obtain the fulll Y. ' is ligati ts and
The a1 TS A O] 0 93 B a0
each fragroénecermbimahiokdniro26 (Toedesapsynitiminydeetidagmerginndaoubfebp to

117 bp, rA9EFEd Py IESIHC i%h%? ¢ %“%Eﬁg?%ﬁ%“ﬂ% ang.Nofl farclaningintodhe,, G
expression vector. Vect a modified version of pET32A) was used to
content texprespthespyritheticrokahigin Btiveta BLET/DES el OhESUB eletind CCAT

GGOTAGEEHISE iy EXResTien o dUSion pratein eeupisiieg-giexahiatisinedes cca

at the N-terminal. For expression, a single colony harboring

CGTTCGYebididohamhONaSIASTOlH a1 B MadiurAeontdifigr100%/mK30 of LCC
cceceaiPRGRiIsHAMpeHBREE 8L e RGBT dO8aYarRIEliCGGCA

culture was inoculated into fresh LB medium containin 1oo£/ml of Amp

CACCTTECOSE Ab6R AaRT BT BAAG RITATIE WhS T 506 ACHCE ARG AGGCT

) -y 2094Rm uptilthe gylture,reached apA60@¢af WG;20RRIA686 2571 3 5.
3) POC‘IQT/SGZOOSIOOO429 -%A)fl. approxima rimer (

tely 0.6.
TCCCCCRGEEAE TS e OAN A P AL TG AL EOGHARCCAGE
GTGAATENERMTB e Qcrmbldainducedhoexpression 0B WAR A TAC-3)  and

incubated at 16 C and 200 rpm for 16 h before the bacteria were

primer 4 {{5veGRETRGTAAPEIL HeRALGEE S AB G EACHRAGHIIRGTGCCA

GATACTeqemlinas erateiv g calivanatatyzed bpSPRRAGE (sodjukere used to
dodecyl 5 sulfateﬁfogacrylamide gel electrophoresis) according to the
fi

prepare Uhgcterandrirassnsmtii (s SRS Baterlinslattk el Dengtegscanprassify Amel
restrictiontR@d1iBctRogSd fstonspreiats wele thawechiond Sontaiaed dyGad usingAtration of
final concentration of 0.5 mg/ml lysozyme at 4 C for 15 min_followed b

0.3 U Plaimunsbatcarioreanier Intimnhi &Sy Wiirasiet e MoBims A 1§}§§°66‘f%9¥t]i%e of 25
ul. The adiPMAEHEH ConaititM FaMis RS- AlRNLBreontiuaaton; 2018880P™4 °C / 30

the pellet containing the inclusion bodies and cell debris was collected

s, 55 °C /5HiseBuspenetinh A diilausienTiar cddhattring Béhdkisneve fpements were
digested SHD @0 M JisaHSSotRer Y 8otk RbE&ifl)-length synthetic gene. This ligation

product was cloned into pGEMT-easy vector and sequenced.
Expression of recombinant ohanin

The 369 bp synthetic gene fragment was double digested by restriction endonucleases BamHI
and Notl for cloning into the expression vector. VectorM (a modified version of pET32A) was
used to express the synthetic ohanin in E. coli BL21/DE3 strain. The sub-cloning resulted in an
expression of fusion protein consisting of hexahistidine tag at the N-terminal. For expression, a
single colony harboring vectorM/ohanin, was inoculated into LB medium containing 100 pg/ml
of Amp (ampicillin) incubated at 37 °C and 200 rpm for 14 h. The overnight culture was
inoculated into fresh LB medium containing 100 pg/mi of Amp at 1:50 dilution. Again, the

bacterial culture was incubated at 37 °C and 200 rpm until the culture reached an Agg of
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Purification, refolding and cleavage of the fusion protein The process of
dissolution of the pellet was allowed to continue for at least4 hat4 C

wQsing/ih86inding buffer under denaturing conditions. Cell debrisitsatoesbdos29
not be dissolved by binding buffer was removed by centrifugation. The
supernatant was loaded into a ch‘é‘rlged Ni-NTA resin column

_ pre-equilibrated with binding buffer. Affinity chromatography was carried final
aPPTOXImﬂéﬁJYa@&aréﬁﬁﬂﬁ%ﬁﬂ%‘@éﬁ&?@%‘%@ﬁ?&? AfF Whstingtistendirgyto a fina

concentrath3Ng YaSHhRHHL (I QLM MB rdisudazied £ @R GledOaiaMad ig-HChnd 200
5mM R-MELEH 8.0), the bound protein was eluted 20 using. minimym

rpm for 16 bibederetha histrBarer 2o R IMBRCEERR N 1V ts AiRFOH R 1g 1 Cgimtil used.

The expreSn(3r MERIRiSA)- Fhtianand someantatiop-el he SuHoPABREHWAS dodecyl

monitored at 280 run. All the following refolding step re carried outat4 o
sulfate polyaqryisemide g&@@ﬁ%@ﬁﬁ@*&h@f&éﬂ&&?@&%%WB%V@%%%@‘&% 15%

acrylamidé’%lﬂg the elution buffer to approxi_mately 6_mg/m| monitore_d at 280 rim._
Then, 15 mg of the denatured fusion protein (2.5 ml) was diluted slowly in

The cells %Q?MQEQ @H@QH&&Q&%M %rM%%?é%ﬁ@@@ﬁmmgﬁrﬂﬂMaﬁ%%éﬂ%ing a
delivered using a peristaltic pumpo(Amershan] Pharmacia, Uppsala, . )
final concgiration ALz How/ Py SEBT R iftoeRd SualkEr iewediRngiltksonication (six 1

min burst %%%SQqﬂé%é%BfﬁEm Mps YRR l{?cﬁ'&fiﬂ}@ g HBkEhe CANAGNNANIHOE 0). After

dnCl slowly decreased t0 1 M. The diluted unfolded fusion protein was
centrifugatifziyzied §1086rhma ghinse He0 donrpérses SN whse edithinmdy S infigbris was

collected &MEQ/M?%%M&Q%&WHQ BYREY %&%@A&ﬁﬁﬁ%%ﬁdﬁf&h@q@ fysiganCl, 10 mM

protein (1 mg/ml) was dissolved in 0.1 M HCI. The solution was flushed
Tris-HCL witIN B3 plihdddor to the addition of 100:1 molar excess of CNBr with

respect to the WO 2006/068625 PCT/SG2005/000429 42 Met content.
Purificati®n)witsidiabGNB cldyapgo g thirhmice prerdrprepared fresh prior to

experiment by dissolving the appropriate amount of solid in 100 % ACN
The procet dfinakepnranyatienRILONMawdh eoreastionenivstut deaststincabated using

o at room temperatyre under darkn for 24 h before, subjecting it to s
binding bydF M PRGBS RIBSR LA AT ikt Ly by binding
buffer waSpaaddcling seaantighy sl Uthras effaiivevand sadahibivantahzed NBYEA. resin

measured by recording faf UY C ectra on a Jasco J810 . .
colutn pIE st UGN HEAL B B BRIk B BB A e out according
to manuffathlengthucediiover anavelasgily rangeot 260 wingodA0 mftr221C. iMe IMD

. cuvette chamber. was_ continuousl r ith ni n,before and.
(imidezolg g AN RGN TP o B i s elted
using minfBRAANPHGAL RIRIRMNHERRTE IV IR AsavEbEhaIetagami THESHCI, 5 mM B-
scans taken to obtain a good signal to noise ratio. The, resgltas.t %rtraun

ME pH SQ}M% grasaaaRIsnd (ke fusion protein was monitore

All the following refolding steps were carried out at 4 °C. First, the concentration of the
denatured fusion protein was adjusted using the elution buffer to approximately 6 mg/ml
monitored at 280 nm. Then, 15 mg of the denatured fusion protein (2.5 ml) was diluted slowly in
MilliQ water with 5 mM B-ME. MilliQ water containing 5 mM B-ME was delivered using a
peristaltic pump (Amersham Pharmacia, Uppsala, Sweden) at a flow rate of 50 pl/min into the
beaker containing the depatured fusion protein with vigorous stirring until the concentration of
GdnCl slowly decreased to 1 M. The diluted unfolded fusion protein was dialyzed for 36 h
against 200-fold excess MilliQ water containing 5 mM B-ME which was changed every 12 h.

Lyophilized refolded fusion proteinn (1 mg/ml) was dissolved in 0.1 M HCI. The solution was
flushed with N for 3 min prior to the addition of 100:1 molar excess of CNBr with respect to the
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ellipticity (0) in deg. cm2.dmol-". The a-helix, (3-sheet and random coil

contents were estimated using the method described at
wbttinodwyseeembl-heidelberg.de/-andrade/k2d/. Total RNA isolgtienstzeos/oc0429

Total RNA was isolated from king cobra venom gland according to the

RNeasy(r) Mini kit manufacturer'sfotocol. Briefly, venom gland tissue

(30 mg) was pulverised in liquid nitrogen using a mortar and pestle

Met contgsie Sol8fianapigeNBa o riasen hstRBgehread withBed Bashamer feLorperiment by
dissolvind! 8% Sp RSP AR AN RRANRMRI8DIse A EINWabREh GRER@AYbn of 100 mg/ml.

Completely homogenous lysate was obtained after 20 to 30 s and the

The reacfippiviieontafiBatPaing thircarmisemirmeseedooderkarsy satd h before
subjectindVRSJ@P3iePed R pRWakien| eppendorf tube. 70 % ethanol (550 1) was
added to the lysate and was mixed well by pipetting. The mixture was

m I gggu%llcﬁ@gé}\ég th?cﬁﬁ‘) Ngasy mini spin column sitting on a 2 ml
M{)'asumcol ec%ﬁn tube for centrﬁ!fugation%)er 15 s at 13,000 rpm. Buffer RWI (700

was pipetted.onto the RNeasy column for washing purpgses and the
Theseco R e S e T ST BB G TEERMRD Gl s rw v
CD specttransfe e 4d 3l Aepe2bqulledioncdufes®ufferprRREqB 000 xwadagsei with a 2 mm

ash the RNeasy, column f t 13,00 A 5
petiens R e 2 et M A oy s TR e
was contimaoiiy musged diishdnjtthgeR Nefasy adndorare HRNapsyivshimriMeasurements for

both the gﬁw Ug Q'et O%Qﬁ\ﬁ{ht]épg’o%lf %?Qﬂ%ﬁélﬁ? %ﬁf?‘@ﬁgé{@%ﬂﬂ%& Ir)r)]f"\‘ﬁrc‘ee scans

ded directly onto RNeasy membrane. After incubation at roo ]
taken to mriapermgredaigmminoRNRevatielbe feomtsheeremipngpedpgthe mean residue

.. .. centrifugation for, in 4, [ ity Of :
i LA e RSB NG Sr cmat
using the FEHSBREGH6AG4 2O p:4 8 Renenb FidnHerptdsequdipdrgkddd Chain

Reaction (RT-PCR) To generate gene-specific sequence, RT-PCR was
Total RNeRikaateschusing the QIAGEN(r) OneStep RT- PCR kit In brief, RT-PCR

mixture contained 2 p1l of QIAGEN OneStep RT-PCR Enzyme Mix and

Total RNREfRalicoREeN RN a]2 200 (MR AN 48HENTR mix 30%R:0MMini kit
degenerate 5 primers, respectively, in a total volume of 50 |. Degenerate
manufacigrii & iy esea wBre T 1esens glapdntigsusy (30 mg) was pulverised m liquid nitrogen

using a niGENAA YIEEHARAMBGENGAY 2t 2GBTS ANIRNRR) RHMEID il Buffer RLT
CCACCANARNCCYTTYTGCCA- 3'. The reverse-transcription and

using a Heigiidatle R eofeftbamwetaiseyEpsbyipbaskrifiiomansd €ompleiily ihpmpgenous
lysate wagfglﬁa?ﬁéii’ aHeP A1e8 3b 2t lorine inmedigiglyfoligved iy 30 EMERSm speed.

of 3-step thermal cycling of denaturation at 94 C /1 min, 10 annealing at
Cleared Iggpte wasiiandsession aev2le md appenseaidura’Sde atiorch(¥0 @) ros added

to the 1ysf£{l%f‘ and was mixed well by pipetting. The mixture was then loaded successively to an
RNeasy mini spin column sitting on a 2 ml collection tube for centrifugation for 15 s at 13,000
rpm. Buffer RW1 (700 pl) was pipetted onto the RINeasy column for washing purposes and the
column was centrifuged for 15 s at 13,000 rpm. RNeasy column was transferred to a new
collection tube. Buffer RPE (500 pl) was used to wash the RNeasy column for 15 s at 13,000
rpm. Another 500 pl Buffer RPE was pipetted onto the RNeasy column and centrifuged for 2
min at maximum speed to dry the RNeasy membrane. RNeasy column was transferred to a new
1.5 ml eppendorf tube. RNase-free water (40 ul) was added directly onto the RNeasy membrane.
After incubation at room temperature for 1 min, RNA was eluted from the membrane by
centrifugation for 1 min at 14,000 rpm. The integrity of the RNA was examined by denaturing

agarose gel electrophoresis.
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The PCR products were then separated on a 1.5 % TAE agarose gel by
electrophoresis. The most intense bands were excised and purified
woefommligated into the pGEMT-easy vector. Inserts in the pGeiMlseasys/oon429
vector were sequenced on both strands with T7 and SP6 primers using
the dideoxy chain termination méthod on an automated ABI PRISM(r)
3100 Genetic Analyzer 15 (Applied Biosystem, Eoster City, CA, USA). ABI
Reverse TPWW@FW@WWHW&W%S g Ready Reaction Kit

(ver 3.0) was used to carry out the cycle sequencing reaction. Ar@g%is of

To generathesursradisgdnenamafdaiidd vias rsrermeisensis iy ARENsidaestep RT-
. mpl .P/E@ﬁ_ er) software . i gié(?y /SN FARISLG YT BARUS Ame Mix

PCR kit -%er?d%% - apiggjg(r%ﬁﬁﬁcgafa]%%opégg\m hds (RACE) Zggl'he 5'- and }me

and the fidhRAGE:Rendy oDBY ligaried R&FA cOAstnddte IBingi S RNROFT MMR Alcgenerate

. kit according to the manufacturer's protocol. For cDNA amplification,
prinors, BRI W WAL KON e - B AT e o | %%
primer  52-5 CGRASETRIGAN RBNACGONGHNversal RiineR Bix (uRpandpaifical 5° -
CCACCAR M o e B RSBty A abigfettaflch Whaicion

| en rimer
were: rev&ITEEEARGRAAGCTECAAGAGRE CATIIICKTR 3Ytinatidotalapohinié 6€2615 min;

) . The 3-step, thermal cycling. profile was as follows: c -hot stayt .
et T S R AR 29854 v
annealing it e30tGSion i 2:GehB mintalt B IGveihbynd fifiabbriaasiomaet 727 160 min.

min, The 3'-RACE reaction mix, which.yield I is. Th
The PCR Qé(ﬁc{}gﬁscg,e Wagegosr%asﬁ%tg o?%qsllwéu%léﬁ %éggsgg é%&i%?%g |ve%§;{IS © mo.St
intense baRdmerMix3Bdl RM)mmifiadihafaerienediivn dicl KU bwasmveegr. Inserts in
lymerase, 1.5 mM MgC12.0.2 TRMPARREH0,A Ms$NSE REN Qking th
the pGENITLER (§*’et-béX“‘FEAS’F‘F%S&?AQFC%‘A%WALG%%IACACX%Ta%Tc- B eine the
dideoxy clelimmiendiastion hecthstb iV 200610686 28 PICTRESH008 /00 4ipgcties Analyzer
., thermal cych rofile was,asfalloys: af het B4 S LM Cyel
(Applied 408 c?al’[éﬂsﬁ/bihhn %%E%tﬁ%ﬂo?%ﬁ QLECR y‘éo%{%f?ﬁéaﬁng ate8 C/30s, 1_ ' ?ce
SequenciexResiyrRaada KB fyier 318 folisvisadblp eafivapeiibasitiiopyauenging reaction.
. min, The PCR. proglucts ywe g0y 142 %8 LG, 892082 88ls 3.7 (Sample
Analysis g}jltlér({: Fo%%%lr%ls{?ils.é'rﬁégm%é{% i%%gr%%a %%Eﬁdgﬁv}gere exgised an% purige%dsbefor(e o
Manager)ligftedintd ppti sl pEMroalpsetfoty Al dulieAdth RACE clones were
sequenced and assembled using the contig joining method available from

57 - and DNAgisd-amplitidavieny ¢€cZN6). Exgsd BsAdE)f recombinant pro-ohanin
The cDNA, span the entire open reading frame excluding the signal

The 5°- REPUOGRIEQIRNES BDUES libraries were constructed using SMART™ RACE kit
according to the manufacturer’s protocol. For ¢cDNA amplification, PCR reaction mix was
prepared. The 5°-RACE reaction mix was consisted of 2.5 pl 5-RACE Ready cDNA, 5 pl
Universal Primer Mix (UPM) and a final concentration of 1.5 U Platinum Taq polymerase, 1.5
mM MgCl, 02 mM dNTP mix and 02 pM antisense primer (GSP2) (5" -
CTTCCCAGCTAACCCAACAGCCCATTCCC- 3°) in a total volume of 25 pl. The 3-step
thermal cycling profile was as follows: 1 cycle of hot start at 94 °C / 1 min; 30 cycles of
denaturation at 94 °C / 30 s, annealing at 67 °C / 30 s, extension at 72 °C / 2 min and followed by
a final extension of 72 °C / 10 min. The 3’-RACE reaction mix, which yielded the full-length
cDNA sequence, was consisted of 2.5 ul 5’-RACE Ready ¢DNA, 5 ul Universal Primer Mix
(UPM) and a final concentration of 1.5 U Platinum Taq polymerase, 1.5 mM MgCl,, 0.2 mM
dNTP mix and 0.2 M sense primer (GSP1) (5 .
GATCATTTGATCCAGAGAAGACACAGTCTC- 37) in a total volume of 25 pl. The 3-step



10

15

20

25

30

restriction sites at both ends using PCR. The primers used for introducing

and amplifying the 10 cDNA fragment were: sense primer (19K1) 5'
weQiIiGERESGATCCATGTCA CCTCCTGGGAATTGGCAG- 3bameG2003/000429

antisense primer (19K2) 5' -AAG%%TGCGGCCGCT

TAAAGATTTGCGAGTGAAACACTG- 3'. The PCR reaction mix contained

the final concentration of 1.5 U Platinum Tag polymerase, 1.5 mM MgClz _
thermal eyl IRl PR BREOH! RGOS A VBl e b b e agsates of

denaturatidharabcyching, prafiaimas: &3 fallows s syetgioh kb 1otG e aidh Cbllowed by
min; 30 cycles of denaturation at 94 C / | min, annealing at 7Q S

o fnal excBRBRGr 41 02 K P o T S AT SARBAGA B 12 b mAeaoge &

electrophofgiuTie hiGRinpragdubhn®s aigestadiveith aedtpotidiedisdoecliégmed into the
BamHI and Nol| for. cloning jnto. the expression vector. Expressio

POEM TR AL L Al o B ACr OB B DL S Fre e

contig joinSyPrEbaRidg vaduliedimaDExpie SaioMahfesiofyprole. consisting of 20
hexahistidine tag at the N-terminal region. For expression, a single colony,

Expressioﬁ%rm&ﬂ%@ﬁ%\ﬂ/ﬂf-ﬂmﬁin’ was inoculated into LB medium containing
- 100 g/ml of Amp cultivated at 37 C with shaking at 200 rpm for overnight.

The cDNATQﬁnaﬁ%ﬁg CRy %ﬁﬂ%gﬁﬁ%&ﬁ%@&éf@&ﬁé—ﬁlgﬁgﬂﬁ%éﬁ%i@Hg%ﬁ@%as added
dgg/ml Amp according to 1:50 dilution. Again, the bacterial culture was. . .
restriction culitivatelepth STds vite FaRinghsa EEE‘?&TPﬁﬁﬁilfﬂﬁé‘E‘?@Wﬁ’e%@%ilgﬁng the

¢DNA -Af 0-6dRTG was.addsehiera fippencestratianaf QACTMAT OIATGTCA
the expression. The culture was further cultivated at 16 C Wi'%l i@&g}@m@f

CCTCCTOOGHMBEISeARE BadhdiantsrsshePtmarvEstid) Bactertr bk

TAAAGATRHR HOWR@FERRAA AT tor 39 minnd hecrells@xpopssing thehlisdayged  final
were lysed using a final concentration of O.S&En%ml lysozyme at 4 C for.

concentratigofi,- SocRVesEnsy it ResmarRss-hith BN Ek. Cob i iy digHg s 0-2 M
primers in% QIM 5305 hiS 'fﬂlyl 3@f%ﬁl’@fh§i@3f@lﬁ% SOMEiUEatRTAIkes 00 ycle of

m, supernatant was collected. Purification and cleavage of fusion
hot start aprdel WIOXE008)068E2D D dTeE2Y08/6bd4 36 /-hanimamribnmiinlves’ 30 s

extension lgqaﬂ:" intp I%iﬁ%éﬂ)%&%?‘l’ﬁﬂ%&ﬁ%ﬁ%ﬁﬁ@@ £hramatag aphyuMded PCR

arried out according to manufacturer's guidelines. After washin% L.
product vestehghsétd usidy Wﬁwmf@ﬁ@‘l@iﬁ%ﬁﬁw Parpfhaedridagcfos ﬂﬁ“ﬁﬂ\/l’@to the
expressimg'_\; B .tﬁ%ﬁ@&%%&%@,%&%ﬁ@%@%e@imﬁ%&l SHHIHIOR E. coli

uffer (250 MM IMD, 10 mM Tris-HCI, 5 mM (3-ME pH 8.0). 5 Elution and ¢
BL21/DE%orienurabensabwleming cisséndinnnan sarresien af S8 i PRs Samine ©

hexahistidERYIE fSiQnpratein¥asdissolved in MilliQ water at a concentration of
0.5 mg/ml. Stock thrombin was prepared to the concentration of 1 U/1d

For expreéjssui)rx]g ellvl slyxllglé/vc%tl%%y, harboring vectoxM/pro-ohanin, was inoculated into LB medium

containing 100 pg/ml of Amp cultivated at 37 °C with shaking at 200 rpm for overnight. The
seed culture was inoculated into fresh LB medium containing 100 pg/ml Amp according to 1:50
dilution. Again, the bacterial culture was cultivated at 37 °C with shaking at 200 rpm until the
culture reached an Agpp of 0.6. IPTG was added to a final concentration of 0.1 mM to induce the
expression. The culture was further cultivated at 16 °C with shaking at 200 rpm before the
bacterial cells were harvested. Bacterial cells were spun down at 6,000 rpm for 30 min. The
cells expressing the His-tagged were lysed using a final concentration of 0.5 mg/m! lysozyme at
4 °C for 15 min, followed by mild sonication with adequate cooling in lysis buffer (10 mM Tris-

FIC1, 5 mM B-ME pH 8.0). After centrifugation at 16,000 rpm, supernatant was collected.

Purification and cleavage of fusion protein
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Thrombin was then added at the ratio of 1 U protease to 200 g of
recombinant protein and the cleavage reaction was continued for 16 h at
wQ20@mtts entle shaking. The expression and 10 cleavage offretTombinsaind29
protein in E. coli was analyzed by SDS-PAGE according to the method of
Laemmli (15) using 15 % acrylamitde gel. The cleaved recombinant protein
was separated from its fusion peptide and thrombin by RP-HPLC using
The superrandupitar GHBdami-prepagatinéi-baldmesiiderhtyantiithotp duigaatography was
. molecular mass (t 0.01 %) of omAi i %,e '
camed on D e  aan Tr
(10 mM IKEnornicdMN Aneal @Golatedvir@aviinglEchPa, liler issué prsdondingsieied using

. DNeasy(r) Tissue kit _manufacturers arofacol, Briefly, liver.tis .
i SO0 MR R B LNa Ak LA pre iy B 80
Elution and@Q&eetisgish pAvidefinias transfewedomnenl t280leppendorf tube.

Buffer ATL and proteinase K of 180 | and 20 p1, respectively, were added

Freeze-drid@ S8 Te2Eh6RS pidisily s s el hatedI BB &eina shatdogmaten of 0.5
bath. After 3 h, 400 g RNase A was added, mixed enIJEI%/ and incup &
me/ml. Stroko thiprehineveatomreveit FNRTGoRERRiAtoR. Bhrferl Al otep water.

i gy ] 0ef00d Q.5iF AcbhTindR0Mbtcin and th
Thrombin et qa%%?‘(%%%@w%%%%ﬁ%@ﬁ%%ﬁ%%ﬁ%e to re(gl[;%:g%e the gé%%)grr‘?{?: Egel\ll&an ©

cleavage rEminnxere ofjisard o Whibe 2hreciSitated vasrdl foskrkdngntbbsnerNesign and
cleavage 0@1}9&&%&%&‘ Bisifiingen& 4 seisctaniubedor 2bceptituaatienderhethod

min at 8, rpm. DNeasy spin column was transferred to a new collection

of LaemmiiiiéSBusiae AV V{(soebyidastsddheciFasrinecgatimnt DI tas scparated
from its Q}ﬁgﬁ?y Salmmangd washireryrifvaebior | iBiRAkE, Q8RBT PNethar f0Pakative
OoT bu

=
er AW2 was used to wash the genomic DNA, before subjecting the

column. Idgsikitzonehithe Bseterrolerdlar Bt dhibal Al BRGCTpRPIERY Rinfen were

determine€BSUSEHDAL N sesidHRleaRakwasCREIgd D ver during the following
elution. 30 DNeasy column was transferred to a new 1.5 ml eppendorf

. . Buffer AE (200 |) was loaded directly onto the DNeasy membrane.
Genomic wg} £ ﬁ%ﬁl?ﬁcubaﬂon at room temperature, genomic DNA WO

A 6/068625 PCT/[SG2005/000429 -46 was eluted fro e membraneg. :
Genomic [ A BTG PR B0 T T G AP P AL, Shrae oo ki
manufactuRi¥A prasoeshrmiriehioas fsagdfssmgeheleprbphisedsis. [geromioBNAIsng a

CR For gDNA lification, PCR reaction mix was prepared. T, R
mortar an é)géﬂ&;?rr%%o%%a%f—é%ﬁ]%. él isgﬁ Rozg%tcr was rans%rre?lef%% ngw Ihﬁﬁl.ce pendorf

g emplate and a Tinal concentratio
tube. Buffbd 1. Riatipesteiagerklynesase! 4o aMug&paciiddymiveeiNTRedhito lyse the
cells. The,'zg?%% \Zwelxtswln%rlllglggl Iar}t %St qgilix\ll (z)tllsjfrlnagh?é %vsatlérTbhaechp rg’%g}r_% ‘1'5%‘86” p?gr%.Nase A was
added, mixed gently and incubated for 2 min at 16 °C to prevent RNA contamination. Buffer AL
(200 pl) was added and mixed gently before incubating for 10 min at 70 °C. 100 % ethanol (200
ul) was added to the lysate to precipitate the genomic DNA. The mixture of lysate and white
precipitates were loaded onto an DNeasy mini spin column siiting on a 2 mi collection tube for
centrifugation for 1 min at 8,000 rpm. DNeasy spin column was transferred to a new collection
tube. Buffer AW1 (500 ul) was used to wash the genomic DNA in the DNeasy column and was
centrifuged for 1 min at 8,000 rpm. Another 500 pl of Buffer AW2 was used to wash the
genomic DNA, before subjecting the spin column to another round of centrifugation at 14,000
rpm for 3 min to ensure that no residual ethanol was carried over during the following elution.

DNeasy column was transferred to a new 1.5 ml eppendorf tube. Buffer AE (200 ul) was loaded

directly onto the DNeasy membrane. After 1 min incubation at room temperature, genomic DNA
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(gDNAI) 5' - TCACCTCCTGGGAATTGG -3' and antisense (gDNA2)
5-AAG ATT TGC GAG TGA AAC- 3' as shown in Figure 15A. The 3-step
wWehehimabeydling involved a hot start at 94 C / 1 min followed bRC3@S€sz0les#)00429

of94C/1min,60C/30s,72C /§ min; and a final 10 extension of 72 C

/ 10 min. The PCR product was an lyzed on a 1.5 % agarose gel and the

band of interest was excised and puriéied. Sixteen cé.l es carrying the .
was chuted) iR TG SRETEBGHEN B BN BB Srah BB g 79 A SpgeEity of the
genomic DBUANGES cAdkdiB clanes Svera gaque peedeadainghadditional internal primers

to complete the sequence and assembled using the contig joining method
Genomic BNallpie from DNAsis For Windows (ver. 2.5). 15 Studies on mechanism

The genes encoding ohanin and pro-ohanin used in these experiments

For @NA%%%{%%"F&X%&%‘E}% apg | %@Bﬁgﬁ%@&’. i, pegh ?éﬁ‘éii%ﬁl?%&ined il

ds previously described. The purification was carried out

gDNA as tam;ﬂ%atié ralgdca mgahm?wﬁfbyﬁmﬁlei Q.R@fpwnﬁfgdﬁgmlmﬁﬁ@aﬁénmi\& MgCly,
ified N- ingl| oligohistidine- -0k .

o2 m a5 S ARS e e OO g
(gDNA1) BnmUDAICOrECESTEIwE AABTINH. -3 v adisinistrealoN SEpamdénd IT TGC
pro- in Swiss albino mic eighing_fr ; .

G o S DS P T sl gt o

94 °C / 1 miingHbereddip ddseberibE By @ uigneinab 34 / Bies.alinfals dvere; and a final

extension ﬁf b?fqge/n}lg %ﬁ?“i%‘é‘ %?{dog%d%x%{g%@l &Hﬁ E%ﬂ&glvgli%&/% %@E%géygel and the

ouSe brains were extracted using lobotomi su.rglcal t(_echnlques, and
band of injelasevst ek Gstor @Rl pinifiled. SHiition Gontaipany3g thesinsestse sy geRpenced on

Tiisraceiate, 2 PMER TR 14) 304 upBiRmentad WILEORRISHS, additional

the both Stﬁ% esa%sénﬁhleltor coﬁtan tgﬂets (Roche). The brain in the solution was

internal ptheerpiteperspiceciiotspapensingnédicasanad sijptothe SRaLig0jpHBNgy method
5 - I\? %@ cresiickwas Plased in the chamber and sufficient Optimal

available @&ﬁ?}g% o e Y 3051000429 47 Temperature media

was added unto the chuck top until the media was almost frozen.

& Was then positioned laterally on its side and more OCT was

added unti] the whqle brajn was cqvered by OCT ancgslefE3 to ffeez .over

The gencsrgiCse g I IR WSS HBIR TG TREPHISGER 1 9B d™ vector M
and transReHE® efihe Kiekitapuniil/thetieim pBIti(BEA)S eguiibratedyThiedsrdind. The
) . was 5 then placed into the, cryotome and 10.m slices were, cut a la .
?u“ﬁcatmﬁnfﬁaéuﬁé?ﬁgit%ﬁcﬁwgﬁ’%g% ﬁé&)ﬂgﬁ’%&}g&s THE g‘é“é Wers 'st@e% ﬁ%&j sltight
modificativZ) Quirifiet tolaeynsisadysligobisiides-weped ohanin and pro-ohanin (termed His-

ohanin and His-pro-chanin respectively) were used directly for immunofluorerescence detection.

Studies ok

In vivo administration of ohanin and pro-chanin

Swiss albino mice, weighing from 20 to 25 g, were used. Both the intracerebroventricular and
intraperitoneal injections were performed using the methods described by Pung et al. (34). The

animals were subsequently exsanguinated for surgical brain removal.

| Cryotomy

Mouse brains were extracted using lobotomic surgical techniques, and placed at 4° C for 12 h in
the solution containing 30 % sucrose, 50 mM Tris-acetate, 5 mM EDTA (pH 7.4) and
supplemented with c@mplete protease inhibitor cocktail tablets (Roche).

‘The brain in the solution was then prepared for cryotomy using Leica CM840 cryotome pre-

cooled at -25° C. The cryochuck was placed in the chamber and sufficient Optimal Cutting
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placed overnight in 0.01 % BSA dissolved in phosphate-buffered saline

(PBS) at 4 C to prevent non-specific binding of proteins and antibody onto
Wehdidlied&drface. In vitro binding assays 10 The proteins wer@dig886Raea/ 10429

PBS at a concentration of 0.05 M. Protein solutions (1 ml) were then

placed unto each slide with the unt jected brain slices, and incubated

overnight at 4 C. The slides were then rinsed by, placing them jn a rockin
TemperatugicHER i BESCHIg B0 TR Uy O oG rose. The
brain was tReHGRIGH AR TdREA0 i itk ¢idbeconmipetiipd Bssayaddatiafnttaisesdnde brain

protein solution was added unto each slide and re-incubated overnight at .. . .
was coverdd BT ro e a6 S5, e Moy SPSREae e fUeaage tivid

procediite Was repeated.
nitrogen uf WaradsierabMasheswekepperio tirednpingtice-valdeRBEtadted tHEhe brain was

rinsing step on a rocking .incubator at RT with 15 min gach wash
then.placefiniB M, GFRLOSNE R aNBIEAMEE oGO0y (ks BRI Supsefgs! Pl
(Menzel-Grsatasideed Hidhtidesiovefel s10@A in PBS C20PTive antibpdyssphutibn fides were

ml) was placed unto each, prepared slide and.ncubated o ightat4 (. f
placed oveppig ?&éasa/\?/e}ri"e%gngﬁggi%g 33(}%3? Sﬁ%%%g‘% gfﬁcﬁ%aﬁ%cgﬁgg ﬁ%lﬁator iheven
non-specifiedbizlth PEpmntn funtidersitviér wdddhroskitigsuriaagocking incubator at

RT for 15 min. Anti-rabbit secondary antibody conjugated with

In vitre biflB%3-H4a¢88 from Molecular Probes was used at the ratio of 1:500.
Secondary antibody solution was added unto the slides and incubated

The proteilYSHBIFRE HRIKIAPRS a2R IR SNERTYIRWASheD @sotéih SORMSIBAIYI) were

antibody wash in the dark, and left to semi-dryness. Prolong

_ Gold . o
then placed dFatigasiotidmy i ths Whtiowed awévee%?gﬁsm%égﬁ'wg%a%eaaa%at 4 C.

The slideWertheesligRS-ANGha VRIS b aasPlacedioverinthBaasainalices welke PBS and
viewed with the Zeiss Axiovert 200M microscopﬁ Wi&ﬁa Axiocam HRc

subjected i gRakBATANEER DB DS SN RS T SRMBREH MR e | ! of

the second\SIBWHOHNRIA- b HIG A 4Rk andidQimviaxelacgihrdlteymigieat 4° C after
_edited 30 and overlayed using Photosho%gersion 5.5. RESULTS WO
the first ringsoHaDe SR B O ETIRERIRTEBB 158 "B entification of novel protein

_from king cobra venom Crude venom from O%)Shio hagus hannah (King ;
Two addidemhyasspramaulrmpeenvsymsgrdd floSia ﬁ’tif%‘hé%sa?ﬁﬂﬁié%ﬁn@d‘mg

incubator ¥ REIQERTWARS RESINRG, venom. Peptides and proteins detected by
LC/MS were organized by retention time (Figure 1A). Proteins eluted after

i 1?0 min dave a 5 relatively noisy m/z spectra and hence their molecular
I UROLEROTESC 4 ..
masses were not determined. This could

Rabbit anti-His antibody (a-His, goat) from Anaspec Inc was used at the ratio of 1:1000 in PBS.
The antibody solution (1 ml) was placed unto each prepared slide and incubated overnight at 4°
C. The slides were then washed 3X by placing them in a rocking incubator in ice-cold PBS and
further subjected to rocking on a rocking incubator at RT for 15 min. Anti-rabbit secondary
antibody conjugated with Aiexa-ﬂﬁo488 from Molecular Probes was used at the ratio of 1:500.
Secondary antibody solution was added unto the slides and incubated overnight in dark at 4° C.
The slides were washed as with the primary antibody wash in the dark, and left to semi-dryness.
Prolong Gold Antifade mounting media with DAPI (Molecular Probes) was then added unto the
slides and a coverslip was placed over. The brain slices were viewed with the Zeiss Axiovert
200M microscope with a Axiocam HRc digital camera attachment. The subsequent pictures
were taken with the Axiovision ver 4.3.0.101 at 405 and 480nm wavelengths. They were edited

and overlayed using Photoshop version 5.5.

RESULTS
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be due to the large size of the proteins as well as the glycosylation and
other post-translational modifications. Thus, mass profiling of king cobra
WOt essiig LC/MS demonstrates the ineffectiveness and lirb{tatisrzafs/ 000429
this technique. With the LC/MS profile, we first searched for proteins with
masses that are distinct from that ¥ the well-established toxin families.
We 10 identified a protein with a molecular mass of 11951.35 3.92 Da
Identificatipncpf wagedimerisin dom dipz setie &&iiished families and hence we

decided to carry out further studies on this novel protein. Isolation and

Crude venpurificatidPpdfehbaseydiqpresteificine 105ve) pretairriies pemgebi G Kitgure Dto
identify neqr;? %r‘lf?/de\fﬁ : %Et?fig a@ré%ﬁi%ﬂ;ﬁﬂféﬁ?@ﬂpﬂl@ ERANBepha kN AISIoBBR detected by

nv e separation of the crude venom using gel filtration

LC/MS wetworneanigreblhy. TSRt thEmpoldtiamF wélght piriasnelissp e Wamin save 2
relatively %;ﬁ%om%&%)ftl]azak{t@ ReidPBHIEX 3R Chllloach 164603 calumirivasiseleCiagds could

el filtration chromatography. Gel filtration of crude venom yielded five

be due to Hajbrpeaies (Fgheemiginyes stipjbetedtrbmativien sadeikgmakiansiational
modiﬁcatiﬁﬁ@“@ﬁh%}r%@éoﬁfﬁnm%t%ﬁﬁhtgpb&rmmw fractians/WEmBRIMREEes the

were assessed using ESI/MS 20 (data not shown). The protein fraction, ‘
ineffectivappsepailEa R IR TR 40 b oL B S DTN Bitlgearched for
proteins it hEHGYQ2B)-Hom ek el aRbilbRiRe, b daubliksliedaoxin families. We
- homogenous with a molecular mass_of 121951.47 f0.67. l%a F%Lg% 2C).
identified FHRECGRY AR IFRAVRILIG I WS AphroxdAiatans rgng fpm any
of the esiGHIdENERNIRetgrMiRationef heidedne agithseguanedaSshideyminathis novel
sequencing of the native protein was determined by Edman degradation
and it resulted in the identification of the first 40 residues. The N-terminal
sequence showed no sequence homology to any of the proteins from
Isolation kndvprifisréieaned thedims! PECEBMplete the sequence, pyridylethylated
protein was digested with Lys-C endopeptidase, trypsin and formic_acid.
The novePppticies hanptndirdspertivendigebrs warensaparatbuhyive wrsicgHgaeprocedure.
HEL- G {E10KISD- S0 MRISCHIN, D 8RB TULABRATING RIAAkRRCLRORAR Braphy.

The first %ﬁ%) i ? _
puritied peptides were obtained to complete the full-length amino acid__
Since the serjaetice (Eightehemmydepnattivasisrppptdawiohy thdWoSuperdex 30 (Hiload

16/60) coéggg/ 06R36enRed /RE 2P AR X AR BB E PR SRR ARAMIH &ide venom

omparing the calculated and observed masses of the digested peptides

yielded figRignaioBDpakhdibmaeve) molecsithisriedsthe rhiste b veihirne gel Hltration
chromatoSAEHAIE R NAIBCH!aLIMGRES £hBRRQVEL RI RtRIPIP D AR LAdeaBiN@ARIES/MS

residues with one free cysteine and no post-translational modificatiops.

(data not yhewkrBbeRES 1SEv SEHORINVBICh IRk 56 Casfeg R gL 38 to 40 %6 builer B (80 %
ACN in 0.1 % TFA) (Figure 2B) from Peak 1b of gel filtration, was found to be homogenous

with a molecular mass of 11951.47 + 0.67 Da (Figure 2C). The overall yield of the novel protein

protein.

was approximately I mg from 1 g of crude venom.
Determination of the amino acid sequence

N-terminal sequencing of the native protein was determined by Edman degradation and it
resulted in the identification of the first 40 residues. The N-terminal sequence showed no
sequence homology to any of the proteins from known snake toxin families. To complete the
sequence, pyridylethylated protein was digested with Lys-C endopeptidase, trypsin and formic
acid. Peptides from the respective digests were separated by reverse phase HPLC (Figure 3).
Molecular mass and the amino terminal sequences of the purified peptides were obtamed to

complete the full-length amino acid sequence (Figure 4). The sequences of peptides and the



10

15

20

25

30

5 purified from the venom of king cobra Ophiophagus hannah. Sequence
analyses of ohanin Comparison of the full length amino acid sequence of
wohamérnssittsthose of other proteins using the BLASTP algoritimair/SG2005/600429
(http://www.ncbi.nim.nih.gov/BLAST/) (16) showed 93 % sequence
identity with Thai cobrin (SP: P82885) isolated from monocled cobra (Naja
kaouthia). Although 10 its sequence was deposited in the protein
entire p1oﬁaiabaﬁeythémilsb}fl@cpupasngdhqe}dmﬂ@tg@ Prhicbwpred TrFSCORAMS digested

peptides @q ieur than WI E@S@ﬁ Hrs&l 9@95?%%?@@%3&%%5’ QfesnakBHOMBSealcutated

Thai ¢ rn, anln did not display. S|gn|f|cant sequence d
molecuiarmtamtgrmmubsrmg-@)nmmdﬂémfe Ao SRR HEfHEteine an

no postutr?ﬁx& t?ecqnglg’(%?ﬂeaggﬂst‘ewd REIGInHROmAIL: Databases(ekMln Wkcause it was

www.nebi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) (17) was used to
purified fropntioh fona@orde king colih &l e tedidt tological function of ohanin,
based on the assumption that domains are the fundamental units of
SequenceMiRi@sestidetuaiand function (18). Residues 9 to 107 of ohanin displayed
an overall identity of 44 % and similarity of 54 % to the truncated
ComparisBRF-BBRYI Hompinmifiguid SRR isfotlantaiwitthibhss pfesentirpteins using

tandem with SPRY gdomain (For, 20 detail BY sequ
the BLAS AR AR R B R e ot (s o B ke i uenee

e domain
identity w@i@l‘}ﬁf’&‘ﬁrdo(ﬂatrma@%&mmﬂérdnmwmwémirdam]‘éiymﬁ@qyt&fa) Although

proteins (For details, see H ry 20,,21))..In_viv tRheNR Th
its Seque%ﬁs‘ﬁ'ﬁssea ‘?Sﬁt\e\()[l\}B t@(l(‘,}?{)(/) dgllelttﬁ%r%sl%e ﬂlﬁf%ll?:engv re o %gebgvtg% to be al
cobrin. TR Vﬁl@iﬁﬁ@rdﬁdaﬂxﬂﬂeﬂmﬂ ﬁcﬁﬁha‘[wﬁevtmmmb@povf ia eivjdannly of thake toxins.

Other thagmt Was é}bser\ﬁed thcalt oweve z}? Hxﬁﬁéﬂl‘ 4?1&% Jsﬂrﬁ]&lifg (E-values

Ha s?ugglsh ecovered h after the
>10° )wxﬂﬂj@%@pﬁﬂﬂhﬁ@ﬂh&l&ﬂﬂ&@hﬁdﬁb@@lyss of the limbs and respiratory
system. None of the mice died even at doses of 10 mg/kg. Analysis of
As a2 9rosg@athologyigs It aftedsﬁmxiagbctioﬁmmwed Mosigits of hBatdrkage (CDD)
or necrosis in.the brain, s kidne pleen an v
{(http: //W"if‘(’frﬁ B8 %%%l K;gﬁdg cg VeLASH3r conserved

i, {3 hot shown). Locomotor
domains %ﬁ%ﬂ&dﬁ@e&ﬁ@ﬁi@ﬁ&ﬁﬁﬁl&fbﬁ/@ﬁﬁﬁﬁﬁiﬂﬁ%ﬁ%ﬂﬁhﬂ@@@ﬁ@@tﬁ@@dommm are

verify our gbservations from the inv. tox10|t f n
the f‘m‘l"fﬁ@%k&ﬂ’ﬁof’ éﬁ@fﬁ}%ﬁfﬁue |njec€%n ml%cétlﬁeréf@a%%gggg Q% O ohanin

As shown in
displayedFigiies,&All oldaniitatodobe 4okl 1simglkgtyl ofighdg %anth 1denignagdtedu e - SPRY

domains %lgxg%r%eg)?nlgﬁqt hsy L31()([10 %?e[pnoncinc%ﬁl r{)rQSent in tandem with SPRY domain (For

details, see discussion). The SPRY domain has been identified as a sub-domain within the
B30.2-like domain (19). SPRY domains and B30.2-like domain are found in a variety of proteins
(For details, see Henry et al. (20, 21)).

In vivo toxicity test

Ohanin was used for in vive toxicity study in mice. All mice were observed to be active prior to
the start of the experiment. Upon i. p. injection of the protein, it was observed that mice with
doses of 1 mg/kg and 10 mg/kg became quiet and sluggish. However, they recovered 2 h after
the injection with no obvious signs of paralysis of the Jimbs and respiratory system. None of the

mice died even at doses of 10 mg/kg. Analysis of gross pathology 24 h after the injection showed

no signs of hemorrhage or necrosis in the brain, heart, lungs, kidneys, spleen and liver as

compared to those from the control animals (data not shown).

Locomotor activity
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injection (F3,30 = 5387, p< 0.01). The decrease in the locomotor activity
was statistically 5 significant between 10 mg/kg dose and the 0.1 mg/kg
W@ a8es(pH95030); between 10 mg/kg dose and the control (p=PEDEGRS/ 006429
shown in Figure 6A. At 10 mg/kg_g se the total movement counts
decreased to 742 190 compared 10 the controls (1942 147). The
. dose-dependent inhibition was different even at 1 in after injection a the
To quanti G, TGOS BB TR e Hol ol a1y SO gt on the
locomotor witliirihef ganiejcosd fuctheanhetareipelimentahvduiatiigwt DA adagin at doses
indic ted%wo- repeated measures ANOVA, su | mgf fier i
of 0.1 mgy "oﬂio’ﬁl c Q/v(y;g}?wgfp gg‘é ré%ol{/céirﬁecﬂ%fﬁee él?téf?eyg(?r?ﬁ#?g % ér.l' P
injection (@%perim&itd,duratidh (1 Fevdsmetsdeterthinddcd@notongedivpivy sigal statistically
.. ctivity and lack of food _mjght au C, ‘tg&&%%ﬂlti@gm e do
semiteant T B e 05t ok dose
and the corgqnriegentedid of thowroteihigwidels AloHe mthadersthey@itticypaement counts
decreased 1y ﬁ{ﬂ::@ V& RS SLIe PR BRS égﬁt%(gggl E,EEQ} ?ﬁﬂqﬂg 9&9336 eRiak kRnibition
nervous system. The dosages used for i, ¢, v. were approximately o
was differa@0evtnldidSsrthariisatgivetoriors shoontie Rigrieiddrhbarat@anaaditistically
signiﬁcantd8 ees'eﬂ&?rmtﬁgp%ds?ﬁﬂgsﬁsgélyf&'gmgc\@ﬂfnﬂzé _ﬁm%xﬁgizdﬁr%@ogoé-f 1 has
and dose-dependent hypolocomotion as shown in Figure 6C with p values

indicated lyf ©/02V20rePBEH GBO0AARIENSof D132E5kig 2l §Atdhadaipitigegfect was not
yet recovelEFPPRUVER. . A5 CORPRLL IR AR LA HAAfVEN 3 Qi OAe 8lqsaihR d0ot8blonged

movement counts decreased to 1155 f 248 20 compared to that of the |
physical agtinitp| anicéacii0bfosumighs it e oniss: Sloaeh dhscretfingsayegishness
beyond thﬁ%éﬁiﬂsagﬁ&ﬂa{imﬁaaﬁ npmedisielyritarBiegliqnaeth fasiesionRie.

our (Figure 6D). There'was no significant time effect within the same

Intracerebg Ovse%tfrzcé}%ﬁ whole experimental duration; TRIS WagRIIlgr 94086 &S central

tain m-i. p. injection but at extremely low doses. The IC50 (dose
nervous symadedito desagtes 58tk fothibition wetheppeotiwttslycHMsPldiges e it given

. - il - e el o
for i p. oéﬁgn&#{%%vgﬁ%ég@f MRYVRIS Ak MOME AN e 8449 LRERES LY gV WS .

X igh potency in inducing hypolocomotion at -6,500-times

9.112, p<I6Wet dusbdwhdarisjdenidneleghmagion peweovausyBigiHg Aarifap values of
. f l | ared to
0.027, 0.005 M %&5‘%%@9%%‘%’8& 'ﬂ%ﬂa%g;ﬂ?r%?%% ?6&;%@%%9%%8%1‘?9&9&6% dt

assay The nociception cau al pain tlus to the
the contrdhdhimnadimimsiegée: ndice:whs dsséssedet@nisingtte doarplacd dosdysS + 248

The, dosages used .in hot S were the.same as d
compre R SRS TR oA AL S5 W IR S e
in a dosendtpaftent. paame iimmudinfeytisfis: Agstiowrnid Rigted fx anches; Bogire 6D).

the t p. apd i..c. V. injection il}ﬂ ed a similar (06 imental duration.
There wag s P L S S T A L el s
This was sigiificantbeffestttaolttitnel dosages. isigtivhdmt at extremely low doses. The ICsq

(dose needed to reach ~50 % inhibition of the locomotion counts) values for i p. and i ¢. v.

injections were 3.25 mg/kg and 0.5 pg/kg, respectively. Thus ohanin exhibits high potency in
inducing hypolocomotion at ~6,500-times lower doses when injected through i ¢ v. route,

suggesting a central nervous system pathway in the observed effect on locomotion.
Hot plate assay

The nociception caused by thermal pain stimulus to the ohanin-administered mice was assessed
using the hot plate assay. The dosages used in hot plate assay were the same as those used for the
locometor activity. Effect of ohanin on the pain stimulus was evaluated 15 min after Z p. and 7. c.

v. injections. As shown in Figure 7A and 7B, both the i. p. and i. c. v. injections induced a similar
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ohanin was injected i. p. (F3,28 = 0.867, p> 0.05) (Figure 7A). However, it
showed a dose- dependent hyperalgesic effect when injected i. c, v. at
WRI3EE6$(33 sg/kg and 1 g/kg (F3,50 = 6.390, p< 0.01). But diHigiiepus/000429

dose of 10 Itg/kg, there was no sé'%nificant hyperalgesic effect. The 5

latency time was statistically significant between 1 g/kg and the control (p=

0.002); between 1 g/kg and 10 g/kg (p= 0.0 s sh in Figure (B.3 when
U-shaped d@edifipoas8siibr: dhdielsiiiBF ety te@g“e%éﬁ?r@éﬁt% s(rgi‘l t%rm ©
ohanin was A1EaNGe Hf ghapia is.4am, ipthe.a5)dBivenoM R Smtketc denkoted a dose-

encodes for ohanin based on its protein %e%ue?c&)was1gonsg%cte§lg§/(p3 o=
dependent hmarparsip GHeRiatiGR 1ssierhE &, V18! NP e Bratioy Systom wh :

6.390, p< o.%?f%ﬁgaﬁfg?@? Hbgé)@fsZ@Cﬁ%ﬂg}Q%@W@Qﬁif@ﬂﬁ%ﬁﬂﬂmtgﬁmtﬁf@t The

such as glycosylation or disulfide bridges. Secondly, over-expressjon o
latency timohasistitistcalbil spiféssibhesysean w&&%@%\kﬁrﬁa@%%?o@i‘f‘%g%e{wm !

adeqguate al of recombi 1P ein to facilitate our future studies on
ng/kg and 1y t@f@ﬁ&#gégﬁ Srﬁe?g\tfﬁ)gdsﬁgs. The overall strategy for synthetic gene

] design and constructign are Eh%wn in Figure 8 (For 15 details, see also

Design, asspiabhisapsh plengtgd B e RE tHE &hetic gene construct for the

expression in vectorM. Figure 8B shows the reverse-trapslated D t a
Since the ngauperoendrnse #iRReRTSOTYHEHEC JERES ‘l‘ﬁ‘é"gfraﬂt%?ﬁ%r&‘é erel?g%n o
for ohanin BY&/ERP EE@@B%?H yslpetidesin efderieebibyntoerd60 PpRsytheddZbndhe E.

Is shown in Figure 8C. Two pairs of pligonucleotides were use ) tational
coli expresrigembiEIfe Wid FagHiuh@ P LA Igﬁf.STﬁgEsec vlv%g?rlag?rl?er%ég\}vg?en - 1_011_
modiﬁcatio%&ﬁﬁ%@%lﬁ@&?&ﬂ@iﬁ@& sitendgantlate. BdbedbntiresgenprePBR of ohanin in
reaction for t

t e extension of overlapping oligos tq gener MENS dmbinant
E. coli exm“ﬁ@QWv&‘é%é?féWﬁé&%@%@“fﬁ@?ﬁ ﬁggglé%&iagﬁ%%ﬁeo%ﬁegs Figure 8D). "
protein to fhigRlieD S thefragmenisovia ¥matuesfiiatidorsitdyisidedihe full-length
synthetic gene of 369 bp (Figure 8E). The synthetic gene was cIon_ed into
The overa%h“&%‘éﬁg"%?%%tﬁ%ﬁ%@m SequenaadonsheihistrandsivitTih Fighspg (For

mers before sub-cloning into the expression vector, 25 ressi ..
s s e SR e B A lpion
vectorM. FOLIRE @XPIRSHONR F8cemhinatkpiaNNASDE:ERE B dhalysit-bhgstasynthetic

protein prepared from bacterial culture, after pvernight inductio ' #2369 b
gene. The gaviteRY G aEEBCCTIINSFRRP RS 3@&8&3 Btr1§ e%ﬁ“o?‘%fa%‘?&nbt%@ P

synthetic g’&?é%%ﬁ‘ém{ﬂ‘ﬁ?1@_@@9Q@XM@M&%RBﬁgmmwmbqutéﬂﬁgmbie the
extracted from uninduced and induced SOg

it ey 01 si enera
o Srgmeie B A AR PRSI CoTUHE ShD LS DS s © Benerte

oluble proteins are
the entire SRRVPARFiGiR R forAliciBieastonaiftboéilbking clighie Accgpnitata fragmesis)l and

2 was perf%%rrzgg%%ri]r?ént éomvc\;%a%rgooqjgﬁggr%?cﬁaoc’c}_c{?sqggﬁé%gﬂ%.% g'a%‘i%n of the fragments
via Xmal restriction site yielded the full-length synthetic gene of 369 bp (Figure 8E). The
synthetic gene was cloned into the pGEMT-easy vector and sequenced on both strands with T7

and SP6 primers before sub-cloning into the expression vector.
Expression of recombinant chanin

E. coli harboring vectorM/ohanin construct was used for the expression of recombinant ohanin.
SDS-PAGE analysis of total protein prepared from bacterial culture after overnight induction
using 0.1 mM IPTG at 16 °C demonstrated an abundant protein of apparent molecular mass of
approximately 14 kDa. Comparison of total proteins extracted from uninduced and induced
cultures together with fractionation of fusion protein into soluble and insoluble proteins are

shown in Figure 9A. An intense band of 14 kDa (indicated with arrow as 1) corresponding to
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fusion protein appeared in the insoluble fraction. No significant differences
in expression of the recombinant protein were observed on changing
wanousprameters, such as expression vectors, bacterial stiTsSEBIDS/000429

density in the culture, incubation temperature, buffers and the amount of

IPTG used (data not shown). 5 Pérification and cleavage of fusion protein

The His-tag in the fusion protein allowed for rapid purification using a. £ the
fusion protedingecatiditp.dbiuinsrlulFgERa e & EOHERTEH STHE R BB SR ©
recombinantﬁ‘é?o%gﬁ%%i‘% E@é@&%ﬂﬂ&?ﬁ@%@ﬁ@ﬁ&aﬁﬁ@t@f@ paciess (exd-kdmpnavmtiors,

o]

ane 5 shows the fusion %Eaﬁem with an apparent molgﬁgéar mai%hgfallémm of
bacterial stRDD, afedlr dersiting: hee Bt O] BPIRE FEEmBIRAHT Srbteilt 45

IPTG used mRakes e 10 native one corresponds to the N-terminal His-tag,
hrombin and CNBr cleavage sites (Figure 8A). From 1 1 of bacterial

. . _culture, 25 m glt ﬁyg eekfiysion protein was purified using Ni- NTA
Punﬁcatw%ﬁ#\l f ;c'e ol gatograip yg%NBr was used to cleave the His-tag from the

. . recombipant protein (Fjgure 9€:). Aftar inantphanil
e o R S B AR 8 peonrematy i
under denatupedogemiityrofThe protBintiversapetermiew by EEENSIFhbance 3 showed one

X recombipant ohanrin w 0 ith.a- ulgr. SRl AdeffIm
major SPGC‘G.%‘S” ‘%%%a;sasnegs%éﬁeg’; 5@%%%’%{%3% %%H@ﬁeﬁ ideﬁ%@éof the =

of 14 kDa séeomdfisidintep heindditipnattAddtont mwegmbimémps@q%ﬂﬁﬁﬁad to the
native one g%rr%g %ggsdfcgggéq%v%ﬁa Nrerminalsamianesiof i recambiaites (Figure

anin was corresponds to the N-terminal of the native .

8A). From fIrdteiibextep fonlthecalning tidiwdagaebatiqn wotfipitremiaticd using Ni-

NTA afﬁnigfé?freo%ggtg CNBr cleavage. Characterlzatlon c_>f recomblr_]ant ohanin The
econdary Structures of the native and recombinant protein were

evaluated b ectro lvsis:(Fi . ectiewn  h ’
R s R
the recomBAmmbmhdntticatingar{BeshesnaPrafdsm Estusaiddreusimolsthlfeppss and

(3-s conformation. T .SPeC Josregombinat REteindgani S
homogene‘i‘( mlrfr?gbetkpaﬁoé?iqhg %rgtiggtﬁgﬁ\gwﬁr%nr?eggi;gﬁ\ie ellipticity values at 200 n
homogenousywatidabblacnlaF ieason a6 6188 e asraspysst borkrediactagteg 1 9B)-

The identitfl)peoor?t © r%(P r%%?&ttfﬁ ﬁx@téﬁ% i fHgH @A rBed QiGst whethghal sequencing by

combinant ohanin has similar pharmacological actions as the natjve

Bdman degrateiion Ehstiitieehitsygsarsipssil dheceromBingoadiiisetad fncd & Which

Lhs teeampinantehaninsublies3f beckhshapact dasaieshanseschiuated o
corresl}onds‘?irr}rﬁlgﬁkgtcg?k%t of the native prote?l)n (F3,4s :H%.783, p< 0.01) (Figure 7B and

improve theCffisignificdritHifeedersiagavere found between 1 g/kg dose and the

control; WO 2006/068625 PCT/SG2005/000429
Characterization of recombinant ohanin
The secondary structures of the native and recombinant protein were evaluated by CD
spectroscopy analysis (Figure 11A). The CD spectrum of the native protein showed negative:
ellipticity extrema near 200 nm and 215 nm, indicating a B-sheet and random coil structures with
more of B-sheet conformation. The CD spectrum of the recombinant protein is similar to that of

the native protein with negative ellipticity values at 200 nm and 215 nm. The constitutions of the

secondary structures calculated from the CD spectra are shown in Figure 11B.

To test whether recombinant ohanin has similar pharmacological actions as the native protein,
we studied its hyperalgesic effect n i. ¢. v. administered mice. The recombinant ohanin exhibited
the U-shaped dose-response curve similar to that of the native protein (Fiqs = 5.783, p< (.01)

(Pigure 7B and 7C). Significant differences were found between 1 pg/kg dose and the control;
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-53 and between 1 g/kg and 10 g/kg dose with p value of 0.007 and 0.015,

respectively. These results indicate that the recombinant ohanin is
Wagisie8fisand functionally similar to the native protein isola®diff§izpthgto429

venom. Cloning and sequencing of ohanin 5 The total RNA extracted from

the king cobra venom gland was fow (-4 lig each extraction), but the

quality of RNA was relatively good. We used a combination of RT-P

CR
and betweantl ReIGEatdcHhiggisg Woabtaithtievaina el fiPED R At -BhanfRsPES i¥6 el ROsC

results indi%%ﬁ:ethsaﬁ (?g‘j:f [ é&%%g%% Sin e&gﬁﬂﬂﬁz{ﬁt ReIRiead asipgithadetalthe native

Aas mlglate. egenerate primers, RTl and RT2, were designed
protein isolsskionn tiie kaowwn. amino acid sequence. The amplified fragments, -200

bp in 10 size, were gel purified, ligated into the pPGEMT-easy vector and
Cloning ag@QeiandnSeflukasing analysis revealed that all eight clones encoded
for the amino acid sequence with complete homology to partial ohanin

The total IERAUSHERNEXbNG Skisedingegiondeuaibarailbwts-54 {WiTdch extraction), but

(untranslated region) were amplified using UPM (Unjversal Pri iX .
the qualitend AT HIAR: ASSb0 WA B o SRR oo ECR il RACE

techniques ESRBEIIMENE WAIS QIURAINESNIOGY thiabin RACE dlap ificatigre¢Higurejaanys, R1-

However, only 550 bp band gave the ex%fcte codlnc%ﬁ%%uence

PCR was §rsmrfovacdiaiiedbsidal Rse S SRl QsFLcHs ﬁ%%l%g’;%ﬁnglngT%

were desidhEiTHaAdIRPRIUENRR Bherd il Geyamptifitatomwaisiedeffagment usidg0 bp in

GSP1 and UPM, which in tu ielded the full-length cDN ;
e e S AT ST e A SO s
revealed tSQONCERIAMNIBAAGH0 2] Sor e amare shidwequefigusetl 20mPhgecbrpRlogy to

) encodes for a putative open reading frame of 190 amino acids. It was
partial ohapimREFFEFS34 bp of 5' -UTR and 783 bp of 3' -UTR including the poly-A

tail. Interestingly, the putative open_reading frame encodes for an ex .
Next, the 53-c0fine HEWS (9 G IhIFLT oTdHL RO AG R EHD Teth ea‘%?Fg%%gJ HSnE
UPM (U RINA SEqeRaarFepariedis dsiem siake, aBgiTs aichrmdd, 2550 and 600 bp
~ pro-peptide 25 segment at the C-termi ﬁ\Of the mature protein, H s only 550
respectivedn fFeiELIER WL - FRAIGH RRATFUIS APASa Brosonkmie. By
bp band 1hededused aBina.arisl segupneatnabysis, We dieavaydesigped-ehmnig promer,”
produce the mature ohanin a rs to occur at.the f?ib“ o} it lificati
GSP1, fragmothenbeeiiydtit g’fepl%om EOHTP&Fison of the ?lﬁ[%ér%atﬁr%%}\lfa on W
performe@ﬁélﬂg@ﬁ’ll%ﬂﬂ theNB LS I elgearithinldad the full-length cDNA sequence of 1558
~ (http://www.nchj,nlim. ih%LAST/ 15).did not di ay, AN SEQUENE o acids
bp (Flgmﬁorw&?lg%’ﬁitﬁugt%%? esg%%el%éfﬁcéf:(c)?é%’ggite 4n tﬁe GenBank
sequence GRahena BoRRfudaBever, the deduced amino
The cDNA encodes for a putative open reading frame of 190 amino acids. It was flanked by 234
bp of 5° -UTR and 783 bp of 3° -UTR including the poly-A tail. Interestingly, the putative open
reading frame encodes for an extra of 63 amino acids to the C-terminal of the mature chanin.
This is the first cDNA sequence reported so far from snake origins that carried a pro-peptide
segment at the C-terminal of the mature protein. Hence, ohanin together with its pro-protein
domain was named pro-chanin. From the deduced amino acid sequence analysis, the cleavage of

pro-ohanin to produce the mature ohanin appears to occur at the dibasic RR site.
Sequence alignment of pro-chanin

Comparison of the full length cDNA sequence using the BLASTN algorithm
(hitp://www.nebi.nim.nih.gov/BLAST/) (15) did not display any sequence homology with other

nucleotide sequences deposited in the GenBank database so far. However, the deduced amino
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WO 2006/068625 PCT/SG2005/000429 -54 acid sequence showed
homology to the complete PRY-SPRY and the B30.2-like domains with
wthepressnse of the 3rd motif (LDYE) as proposed by Henry etat/4200&1gn0429
at the pro-protein domain. An alignment of the deduced protein sequence
with those proteins containing tHetB30.2- like domains is shown in Figure
13. The protein sequence shared an overall identity of 38 % and 5 .
acid sequenddngilawd aioholedy BRYe SERMdo MRS ERcKemdtieer B 2ditatimains with

proteins, ROsSsess) 0.2-like o in Figyire ha..Expr §§i@'@tein
the presmceof’%ﬁ)‘-eo%aﬁm)%féﬂc%an W smtﬁg%e%q? toIﬁ %Vggsli{())r?%!cto?fgr.exprﬁessmn
domain. An tHingdEntofitiRrinbre:gidteandcqorRaved tuse rppiAPIARRRE the B30.2-
- in2flAfAet and:sto e SstcHiRN G ol GlPDIRZaIO {MRNNEEPYY % and
like domalnsrﬁesgl?nvﬂiﬁgé%%‘é%lj@ggg,i ?Igﬁgg%% é%/?ﬁeggt.riction sites, was dilgestgg and |
similarity ofigite¥h infoRRY SRRAsIomsiestoPeliemaiBarrpsitatAl RbPielny RFecssIng

., of specifi restrict'ipn siéeﬁlfor ligation mainly to ensure that the pro-ohanin
B30.2-like d\ﬂ s?el“rlwéseﬁleo mlfhel%%per'orientation, whereas Met was inserted as the

. second alternative cleavage site. Agarose gel showing the amplified
Expressionpd arsAla8i80wn in Figure 15A. The schematic diagram of pro-ohanin
expression vector construct is 15 shown in.F%gure 15 .;I;)})e

inal
Pro-ohanin estlaEE S RIS HGE. L1 SHET DS B ciohia R =
19K2 were {90 & Rgplive Hangwasdansteietisiip dodoali stdatesBleRi(DER} for ening

) expression of recombinant pro-phanin, A single colon sJn :

into vectorMn k@rawaléfgeéée%ﬁ%@eﬁ%%[fﬁifgg PR e e 3‘?%%{? @tﬁd o

the expressiﬂﬁq’%]@f&d intoa Besil Bimedidinval 5ik0 HilagorofTHraloressioetion sites for
- inin 20 teri It ind int t thmj

o o g B AP L 5 Ao e

. Total protein
was insertc@renaed fram hrctariat oldaresaftte | REGdmgetigoshogvde amphbredsagment
) expression of a band with an roximate n sylay S8 RREPRonstruct is
is shown %ﬁb@&%d@s‘%e%&f? HEFIGEH %%%%}n ,g\}vaﬁé%r%%%?#are fo that of the total
shown in Fiigteirsiom the uninduced culture (Figure 16A). 25 The soluble fusion

protein was purified from the total protein using a Ni-NTA column under
The final QSHMARRAHENG SeRAaNE(FigureclSBtalthDldsel viedd dbtled. fliomids from a

protein was approximately 50 mg/I bacterizé ugéjfrr% The urlfiedofiuseic(:)glmbinant
positive clonetsis wWarsksbiddria & FrERBITEY ééi 9 TR Id

pro-ohanin ORI@IASH EavniwambibsiRevpestsswalalivelyhighed tdmtbalBistaged dulture

from CNBr cleavage. Recombinantﬁiréo-o. nin w?ﬁepéj}gifiegs%sigg co-ohanin in
was furtherpopybated dppaiBtsBoR MCHB R HPLERTBAM SREWERTwo distincty
bacterial ciBRArMadRARKS GOHRSRENIIpg titie fisienupeptitié aid IRF'G and analyzed by
SDS-PAGE. Total protein prepared from bacterial culture after IPTG induction showed an
increased expression of a band with an approximate molecular mass of 20 kDa (expected size of
the fusion protein), when compared to that of the total protein from the uninduced culture
(Figure 164).

The soluble fusion prdtein was purified from the total protein using a Ni-NTA column under
non-denaturing conditions (Figure 16B). The total yield of the fusion protein was approximately
50 mg/l bacterial culture. The purified fusion protein was subjected to thrombin cleavage (Figure
16C). The yield obtained from thrombin cleavage was relatively higher than that obtained from
CNBr cleavage. Recombinant pro-ohanin was purified using RP-HPLC (data not shown). RP-
HPLC profile showed two distinctly separated peaks corresponding to the fusion peptide and the
pro-ohanin, respectively. ESI-MS was used to determine the precise molecular mass and the

homogeneity of pro-ohanin. Biospec Reconstruct spectra indicated that pro-ohanin was
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of 12.5 pMBYCRarenesiPIREER Sdear st MeRFEsMR-aldt

pro-ohanin, respectively. ESI-MS was used to determine the precise
molecular mass and the homogeneity of pro-ohanin. Biospec Reconstruct
wepseerdohediicated that pro-ohanin was WO 2006/068625 PCT/SG2005/000429
PCT/SG2005/000429 -55 homogenous with a molecular mass of
19277.27 2.32 (Figure 17). The-Beterminal sequence of the first eight
residues of pro-ohanin was GSMSPPGN as determined by Edman
homo gem%e\g{ﬁdéﬁfleﬁeéﬁgy@ﬁ%rf@ mfﬁﬁljpﬂe]_‘lﬁe m‘gmewyhd@&yzm@mmax sequence of
_N-tenninal sequence of pro-ohani gl%} Y, an asextra ..o dation
the first cightimsidiqeR bEr-REMIthEHr ﬁll’ vaaﬁe%%{%ég%cgé&s}%?ﬁctuye%g& ?
sequencing.reﬁﬂmgéaﬁgﬁdér eekBaINIResItacY Nﬁmﬂiﬁ_‘lbmem@ﬁﬁpth@hmm wiid Gly,
pro-ohanin were measured at the %cl)xnc%ntr%iig)arb of 12.5 M by CD
Ser and Mek 36 SifHaIEHH{RTgHE AT BT OF Bfianin shows a negative
ellipticity extrema near 215 nm, indicating the presence of (3-sheet
Secendarysttuetimees(Fixeecnttinans pxo@aHEbt, 45 % random coil) (Figure 18B).

Secondary Unlike 2P asifethe . ChhaPesiH#Taf pre-ehanin shesadGuaddttie afncentration

secondary structural profile consisting of 22 % a-helix, 29 %.n-;!-leet and .
(SRR ¥ hegatve

riciey BTopeptide pags LinRR: R A riREreasApilsacheliaaheentonts @ahelix, 48 %
ellipticity éczxotg%lfl\gen in |gure[11’11§%i %rotlh%har%rﬁ and p?)g-sghanin adopt -50 % random
B-sheet, 450l sidoturesHGigtiorARn dradiiseishaoin oherE B faRfTID ThEBuHREN shows
) pro-ohanin was investigated for its_in yiv Gity in mice;dtayas apacdlaieks %
a mixture g fSC?Hga&ﬁgB‘f%ﬁn%ﬂgggw Oélﬁlaﬁl\?gnog ?( Th%:ere weré no oba?ious signs
random co@lf $lgeishiesseas mtﬁbﬁl[ﬁdswfhog@m@m@ﬁ%ﬁ@%ﬁhmfpwa%hmln
injected. In addition, no detec&e%glﬁ

h h ' in.
increase 5 aNhGAHE R B CRTRGSLIL AN A0 e By G M st =0

y visual inspection
o, randomWhERdhermige were sacrificed after 24 h (data not shown). 20 Effect of

pro-ohanin on locomotor activity As described in the previous chapter,

G q%a%mg%gﬁ & Sslepgnrant and statistically significant
Functiondy Siocomotion ag)(e?r%%p. injection (F3,30 = 5.787, p< 0.01) (34). The

The puriﬁ\g/%ci;%%%ch%gfﬁ %@Q&%@&i&&%@ﬁﬂ%tm aohvity eithenmice: wasvexastidethal up to

. Injection at the doses of 0.1 mg/kg, 1 mg/kg and 10 mg/kg. The
the dose ofbtal miigrnir aivns. of leisnERA 4 @?&ﬁgﬁ@&*&&f@@%}%&x%mm@wd
to those o&ggﬁeW%ﬁeﬁpﬂrﬁW@ﬁ%M@% gI%ggté’&hiﬁh Aagieamparidetiblthatidtorhage or

e controls (1942 147). Thus it is clear that pro-ohanin.does not cause ection
necrosis vaery dighificinth tﬁb’flﬁbrﬂ@ﬁ Eh@%ﬁ??ﬁ?%h%’@?ﬁe?’ﬂa ghYST |EP( ce SR
when the @8&%&%’%&%@&@%& 04aR) AFigHEevh9B) as compared to ohanin

igure .

Effect of pro-chanin on locomotor activity

As described in the previous chapter, ohanin induces a dose-dependant and statistically
significant hypolocomotion after ip. injection (F330 = 5.787, p< 0.01) (34). The effect of pro-
ohanin on the locomotor activity of the mice was examined via Lp. injection at the doses of 0.1
mg/kg, 1 mg/kg and 10 mg/kg. The total movement counts of pro-ohanin at the highest dose (10
mg/kg dose) were approximately 2048 £ 225 which was comparable to that from the controls
(1942 + 147). Thus it is clear that pro-ohanin does not cause any significant inhibition on the
mobility of the experimental mice after i.p. injection (F35 = 0.251, p> 0.05) (Figure 19B) as
compared to ohanin (Figure 19A).

?ro—ohanin was also used to assess its direct effect on locomotion upon i.c.v. injection. Like
wise. the doses used for i.c.v. injection were approximately 1000-fold lower than the doses used

for ip. injection. Interestingly, even at low dose (0.3 pg/kg; p= 0.000), the total movement
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Pro-ohanin was also used to assess its direct effect on locomotion upon
I.c.v. injection. Like 30 wise, the doses used for i.c.v, injection were
wappsexirsately 1000-fold lower than the doses used for i.p. INBCHGE2005/060429
Interestingly, even at low dose (0.3 .sg/kg; p= 0.000), the total movement
WO 2006/068625 PCT/SG2005/000429 -56 counts of the mice
decreased to 190 43 as compared with the control mice (2109 264%.
counts of thdenee deaeakahin exMibHEhhigpstehayiih hricRMe HEIdabMotioRTh Henee
. mige, after,Lc.v. injectian for; all ;3 : and; 1ijection for
Pm"’hamnﬁ'd%k‘&%ﬁ%,}ﬁlg 'l%'é%,nﬁ:l @dﬁ%ﬁi@%%%%ﬂ%lk%é%%ggéﬁect ofJ
2l the dosBIQDhAN|N:EhYnarkigesia Blmiksd Bharin3 frsestect GPRMR-herrs diD and
hot plate experiment was assessed 15 min after the injections.
19C). Pro-ohanin, when given intraperitoneally, shows neither dose dependent
nor U-shaped dose response curve as compared to that of the

Effect of pahzalianctdy RFEYSESID8 = 0.922, p> 0.05) (Figures 20B and 20A).

When injected intracerebroventricularly, pro-ohanin produces V%?H‘gﬁl 18@1* the
Similar to shwniﬂatbﬁ@ﬁmﬁ_éﬁ‘éfoaﬂhh@%%é@h%@ﬁe@Fgeﬁﬁﬂ?&fI §°3nato . }%
injections. $EOMRMCAR S LARIHBAUR? BGbysnse b )igSiglipea0B). ndJ-shaped

yperalgesic effect was significant only at doses qf 0.3 g

f and ro
dose respape GEE)RT HOTOBENERNE b TGRLHBH BN SREL T o ot e 007

(Figures 2855I PAILAIGARANIGEERID pusiffpeproasitidhlaphasradeiogigabdetisrsletively
ohanin and’pro-ohanin. Ohanin induces 15 hypolo otignand - ed to its

short latedmi@mg‘bsiaﬂﬁb@u&rﬁ%’t‘ﬁ%éoﬁ‘).%i.&.ﬁﬁgﬁﬁuqr@&%?&%iﬁséfea pro-

controls ( g%rﬂﬂﬁ?ﬂ%%%@ﬂb?gh&i\m)mmeﬁ?pmgeﬁmu{afty. Southprfiiot only at

ridization’As mentioned above, there are two mRNA subtypes for
doses of Ochagikg kndasuthtdrsst 28termine whether these two mRNAs are

products of two independent genes or derived through alternative 20 | .
The obscSplicing. Asna fissbsiepowexerommédtie keindtale IsRNRETIdR A CsU1S
. experiment.,King cobra genomi PI\J@ wasgipestad wishEaaR!, Bipeilh, induces
dlﬁerence%amH%Efndﬂf{ﬁ?é S Ir%[el?.&#ﬁlese genomic DNA giygesj[s were
hypolocomptitdizad litalgestaivDighidodiclipioharbsiy HetIREHO MBS iggereas pro-
.. 31910 616 of its eDNA erved-aisingle band in all four digests
ohanin is gajy, AT WA lg%%ﬁ%ﬁt%ga%%ﬁgnin iscen%g%ed by a single gene in the
king cobra gengme. 25 Cloning and sequencing of ohanin gene To
Seutherndes FiREl ﬁ'é'ﬁomic organization of ohanin gene, genomic DNA PCR

and ‘genome walking' h . Ohanj : .
As mentiQngd gég@%hﬁgs%égt%;gﬁm ﬁtelgt\y,ypee:rsefgg’ 3 amn.aq{nvgalg NASRAUE NS Ketermine

whether these two mRNAs are products of two independent genes or derived through alternative

splicing. As a first step, we performed the genomic Southern hybridization experiment. King
cobra genomic DNA was digested with EcoRl, Hindill, BamHI and Ndel, separately. These
genomic DNA digests were hybridized with a 297-bp DIG-labeled probe designed from
nucleotide 319 to 616 of its cDNA). We observed a single band in all four digests (Figure 21),

suggesting that ohanin is encoded by a single gene in the king cobra genome.
Cloning and sequencing of ohanin gene

To determine the genomic orgamization of chanin gene, genomic DNA PCR and ‘genome
walking® approaches were used. Ohanin ¢cDNA sequence was used to map the exon-intron
boundaries. In the first amplification, gDNAsigpep and gDNAstop were used to amplify its
coding region. The resultant fragment was ~1.9 kb (data not shown). Our attempts f0 PCR
amplify the 3°-UTR region of the genomic DNA yielded another ~750 bp band.
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boundaries. In the first amplification, gDNAsigpep and gDNAstop were
used to amplify its coding region. The resultant fragment was -1.9 kb
w{datanetaehown). Our attempts to PCR 30 amplify the 3'-UTR cagianoof/o00429
the genomic DNA yielded another -750 bp band. WO 2006/068625
PCT/SG2005/000429 -57 We triestd to amplify the 5'-UTR region from the
genomic DNA using primers designed from the transcription start site to
We tried to g;tltqu@tq@e?ﬁpg%q@d rg%m; .ﬁ»@wﬁg{;norbﬁrﬂm aﬁbm&d@ eggt@ssmaﬁom the
~ attempts. This led us to syspect that.our primer % DAve, BESNA afier several
transcnphoﬁrﬁ@mﬁé‘t%éo@%ﬁ@ﬁ%@@ﬂ@é‘”‘o’fe%‘%nl%sW(%’ ?ﬁ’ent%érn%r%al cycling profile used X
attempts. TH/EFMn@! Qurisakibesee pgaromeaydikes Sibranesrwred EorSFUBEsgnCe ©

The ‘genome walk' was performed using.antisen im QDQ!%' T Rikik
intron(s) o%ﬂ%?g%%b?ﬁﬁé‘gﬁﬁﬂ%%&g’g orv‘f)ahsmsegrizl 8/{) 1 ggnl %P%%lr%rh the kit. -
libraries wiie desulanid1 hekboagmentwaiks fuths spepdericed. VWnpbgisgse primers,

_another -1.8 kb further upstream by a P 1P<a£f&)rmeg USIRY the kit. The
gDNASU 1%&@8?5@%5?\5&%%‘1‘?5251%* -8%’?%%%%%5 gned from the 5'-regic;n of
resultant ~ 138 &P N4vardithepreviousived@dbtained -1.65 kb genomic DNA
fragment (data not shown). With the optimized thermal cycling profile, we
We obtaindd"HHEHAENSI QS %ﬁﬁﬁ@fdp@gﬂ:ﬁ}]mtw a- AN, R gpofidingdosing primers 1-
transcription start _site regio the cDNA using primer DNAGHT Reevious
eDNASUTEn GBSO A Rt SHE i e ve oLtaed ot of
obtained ~ 17fg§%lp Q&Béﬁﬁ: Sﬂ?ﬂlﬁ %ﬂ?ﬁﬁ%ﬁ&gﬁmid@mm Wub'r;p mp%m@q@% gycling
of ohanin cDNA (Figure an Se n i the §P!i%ﬁ < tion start
profile, wejidapEsnrarteq S4BREH 'ﬁ%%‘?%%%%] 'ﬁ]éqgggr%%gﬁ%t{r}(%s of ohanin
site region (T 8IZFA)udihe gmefmmmwgmw-gwmwéhom.
boundaries conform with the rule that intron begins with GT and ends with
Thus, we 1’%96 Qfﬁ%ﬂgﬁ%ﬁ@g@%tm fbﬁ}(ﬁ)msgaﬂﬂ S‘ﬂizgjldma;;rssc’:lMg)fm o%EHR to 37~
Identified, the_coding region o nin,is made 0
UTR regions 2brs/e sE0US RO 7 ST TEUIONTHIELI TR s e

s
nteresti is

determinedz%iicgg t éﬂc?ﬁﬁaﬁiﬁ thersaR Nfé\o%u]?iﬂﬂé%(ﬂ?hiéglcﬁr@m andaeyepigsplice
comprises of the remaining 5'- egio . RE'W B0and ends’
sites of mWﬂmt@T@ﬁtbamﬁﬂslS%m&gﬂﬁé@?r Ak OB SIOBEL BERAK BT hnd ends

X encodes for ohanin
with AG. SERRNGHOTRSIIER S e aiticlprcpep Me@eggﬁﬁgf@@mﬁ ﬂeﬂﬂfe‘L the
] sequence cotresponding to the 3'- igur IR e RiIAding.UTR
coding regi@idyf GPEREL AT SUSASHR ?)&Oﬁ}é&i%&%‘%’%ﬁ' yxél%tﬁé%ggm(?t%roactivjty g mice
region. IiBRWEIDaERGIdbapiicad b drotanint 26 exibi sbbsyes (Figure 1C, 4B and

hypolocomotign effect upon Le.\.dgjection. PLO; inowithdhehe first eicht
40). EXO“I%é’Rg@’rﬁf?e‘?? gh‘-‘tﬁ%‘%‘fgﬂ% i% aﬁ%’%ﬁ%%gﬁi&irgﬁé@%ﬁg%?? alsvegts first testod -
mino acifOrdEiakilisy nbind Brdrairnstdes farnvilreniRigereniug fom reddiesshin 107 the

oropeptide mament a9 ol ot b Y RRE IR ISR to the 3'-UTR (Figure 22 and 23).

In vitro binding study of His-pre-ohanin

A previous study on the locomotor activity of mice showed that both ohanin and pro-ohanin
exhibit potent hypolocomotion effect upon i.c.v. injection. Thus pro-ohanin with the His-tag
fused at the N-terminal (named His-pro-ohanin) was first tested for its ability to bind on brain
slices in vitro (Figure 24). Our results show that His-pro-ohanin binds specifically to the
hippocampus and cerebellum regions of the brain as shown in Figure 25. The other regions of
the brain slice remain unstained. Similarly, control experiments without pre-incubation with His-

pro-ohanin showed no fluorescence staining (Figure 25).
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hippocampus and cerebellum regions of the brain as shown in Figure 25.
The other regions of the brain slice remain unstained. Similarly, control
wexparim@ts without pre-incubation with His- 30 pro-ohanin sirowed:nms/ 006429
fluorescence staining (Figure 25). WO 2006/068625 PCT/SG2005/000429
58 To further confirm its specificif-a competition binding control assay
was performed (Figure 26). The brain slice was pre-incubated with native
To further ahmm iﬁdl@p@d‘rbyﬁls-mmmamn bisfdies staminh aFuoeaE asERERgH (Igure

een to be redy e?eé ! nh %T&'ﬁ]ﬂ}" RIS %@'%@—ﬁ!ﬁbhwm before
ot

26). The brﬁ}% g?anmaélﬁdﬂs'nslﬁ%m cally rain and this interaction appears to be
staining. Fmefhaiembmswmﬂs@emagmwdm%ﬁm%?&ﬂeﬂ W PR Bl His-

pro-ohanin gh% s s%g naﬁnq dk -RI2:o0aR IR N exle WG BQUELIRGoNiing MR IEIhrough the

nin an ro-ohanin crosses the blood-brain barrier to exert the

region in thebseimmdapmamnacologlcal actions (Figure 28). Thus His-ohanin and
His-pro-ohanin were injected via i.p. and [c. v. routes, and the presence

In vive bin@idbe Rreteinsin-tebiains] Eitapre-bhadiffierent concentrations, were
detected using immunofluorescence. Figure 29 shows that His- ohanin

Next, we sc%‘x%ﬁ% t(j%p&ﬁﬁfféiﬂjﬂmﬂﬂﬁ eBsabeiudicnddigpocampeseinie blood-brain barrier to

ose-dependant marmer in. vivg Howe en 0-0
exert the ofgeRneR BRIFNAHIS I?%%%Fc@%%mmé v:/lia% oglsise_rve A #3pro-obanin

n the sam
were injeck@0AAS; (FiaHe;30). AﬁmyghdhlﬁsjbmmmabfbtbeqhammsouI&hpdgglme at three

blood brain barrier, jt should he noted tha the amount B{:thgn h that His-
different copfeRiiatiaRy Wﬁ?ftfﬁ?tﬁgﬁg%l rut%an "the hig £ Y renorted

est p eV|oust reporte
ohanin bm@/@i;feéﬂ@cmg/lw)me %k@heﬁmpemdmnpm@ﬁmmmmé%dﬁﬁql@@éwm in

_ obtained supparts our previous report that ohani ifs £iegtS i
vivo. HowRgeHinghRB R&%‘“ﬁ @f’%us sysfi@fnma] rgct?g, %gﬁgﬁﬁagﬁrﬁ&é able %gggg s
observed 1&&@@@6&@%@@@@%@6Oyrammsghmshhwaﬁmtéﬁac@lﬂwa&@ﬁ rpass the

Iso,s at the ’ PRt 1000-fold
blood bral?rﬁ‘?ﬂg’fsigﬁgoe% c:lenﬂy,g?E t%l t?E”lgure 495 @%ﬂgg%}l{llﬁ%ve dentiied

higher thtfe Riasendghedta pevdbpshteirepdttican dm@i@alﬂfble&ﬂ%aﬁ udigw proper
a initial screening of king cobra venom by LC-MS (Figure 1). Here we
imoounoflyprEseiic s Rfication and characterization of this protein, ohanin. The

complete amino acid sequence of h ni Was eferm &y M@Lhtine th
Results obfpigrdysterPTie 1748 Qfﬁﬂg}}ﬁr{gm{t PESIHURE Wit S" s£|ng e%%telngﬁesmuéng ©
central nefigiyesRiddarsatgt have similahigrito anypldftiresvethestitnidfhsain barrier and

transverse];g%qélrlfﬁaogﬂgﬁ.}a %gviz%%o n) arcﬁlgxsl -%:cha EOO%QS%H‘M#&{ Qgéﬂrgﬁamm, pro-

1é first mem
ohanin, cannot transverse as efﬁmently, if at all (Figure 30).

DISCUSSION

We identified the presence of a novel protein with an unusual molecular mass using initial
screening of king cobra venom by LC-MS (Figure 1). Here we describe the purification and
characterization of this protein, ohanin. The complete amino acid sequence of ohanin was
determined by Edman degradation. It has 107 amino acid residues with a single cysteine residue
(Figure 3). It does not have similarity to any of the well established families of snake venom
proteins. Thus ohanin and Thai cobrin (isoform reported from Thai cobra) are the first members
of a new family of snake venom proteins. The unique feature of the members of this family
appears to be the low content of cysteine residues (<1 %). In contrast, the members of all the
other snake venom protein families have multiple disulfide bonds and high contents of cysteine

residues (generally more than 8 to10 %).
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of a new family of snake venom proteins. The unique feature of the
members of this family appears to be the low content of cysteine residues
wWa)ssm2eéontrast, the members of all the 30 other snake veRomy§gsoteH 00429
families have multiple disulfide bonds and high contents of cysteine
residues (generally more than 81810 %). WO 2006/068625
PCT/SG2005/000429 -59 Ohanin and B30.2-litre domain proteins CDD
Ohanin andBach-dueddadtinapoHemin shares similarity with the PRY-SPRY
domains (Figure 5). Three copies of SPRY domains were first identified in
CDD scarclilferaminaliehanianddine seodptty (RYRYsuBEYeSPRAsdsmamn (§igs 5-
. present in three copies in a dual-specificity ki SPl4a Wine receptor
Three copidh gt LS ORI A ChTS s e pepate B AR P
(RyR) subtsRUENsRSataathésefisreprefente thres SPRSS domair{28ycifa SIsRgpe, sPLA,
. __domain_has been identified a - in withi 0. gyéesgkgmgéeg are
found in D zfé}zﬁﬁﬁfr%’fgf.a?ﬂceogﬂﬂﬁ? o %‘?ﬁ#&ﬁ%%?n%gregglﬁ%rﬁ%@%%ﬁke domain,
thercfore refiased deleti PR Yhdohhin(lingl Flagioh Y sdnmaising Rssbidiaihers 2 sub-

i withix [nIIRIR.WAIGH compyl O-fgsidiasyhas,almaxmbeen fauneiato the
domain Mtg\g ﬁﬁ%@h%ﬂ%eg%lm%%g@%?%ggﬁ (-110 to 120 residues). H nc%,1 PRY
B30.2-like baitsRRMSPERYctomaifeddutihiasbirds Hds dHiSTaTMER B EHE™ 1

. 1B30.2-like.domains, The: B30.2, domiain is geeRneanee: rirteidamainefion of
domain, wiEgh COMPEETS 4 O%aom%ﬂ% acids whicéhllgiz encoded by a single

n,
SPRY dommiappihiPvistHiAQresiduinsinEress bﬂkt%%&n%%%ﬂi@f‘é%‘ﬁ?p@ﬁﬁﬂﬁ gegarded as

. regian ( Yesaqtherefore, named after the B30.2 exon in the MHC |
Sw"domamr%éﬁﬁﬁr%w '|§ch 15%%(\25 originally identified. The B30.2-like domain
Ofcurs Innclear, QUPRIAAIC mBraRe18hSECIgiPRiRtelaRls which is
The B30.2 aﬁyaa%(fﬁséée%(glﬁﬁ?n%ﬁga%%?% these proteins are classified |
encoded bpecaiditly txtine typppéngi/vittie thactumer I\pﬂéﬁmﬁwﬂ@@ﬁm@&tﬁ 1§pomplex
(MHC) regé%le AN 1%%5%904%& g E’rkﬁgﬁeﬁ SHRSQLOHRING (RealyHatonesting Hewin which

inger pfoteins with BBox and coiled-coil domain. The second .
it was osiategidyy chentifisds GFBTBIBGHsphilAaHY tRECEIN 37 20SFRI3 pTigRIBS™IC
roteins with two i n lin-like folas Qi vanable{ta\Y hanehesnptaniins are
transmemb a‘t?g%ff)e%f/é}ég i %gi’r(? %ﬁ%&org comprises of s{toq'nﬁ%{toxin, ?;é%thﬂ toxn, o
classified dsolatiogromhee o aidsm Hefidnsyam e rsmiaal FPmididal: 21)- 1he brs

category col nterophiling, RO RO (RuARLeaRerlay dkdieGRignAfingdandicins with BBox
g1y SitAm-K-depends

min-K-dependent gamma carboxylases families also contain the

and coiledRaU. 2dikein CHhgiNeapHIct SR HABINEHO L W{Noﬁ?jﬁyﬂ%’% Fg he BTN
a3 insarefounchin 2o siversaispesias ane-driatifée(Ri pratkiconstant 1

BIN3 pm%g‘ﬁ?z&tg?ét%egfunction(s) of_thégBSO.Z-like domajn_is,not .cleag%e fr

I
(1gC1) typemdBhstdut yatyaory 2 ompassS SRSt LRTiISH, SR e "e“"m_"f
stonefish 9%”9{3?3 358W,. In addition, enterophilins, SOCS box (suppressor of cytokine

signaling) and vitamin-K-dependent gamma carboxylases families also contain the B30.2-like

domain at their C-terminal regions. Althongh the B30.2-like domain proteins are found in
diverse species and in different protein contexts, the function(s) of the B30.2-like domain is not
clearly understood yet (20, 21). Based on the structural similarity, we include ohanin as a new
member of the rapidly expanding B30.2-like domain family. However, it appears to be unrelated
to any of the other classes of proteins containing the B30.2-like domains. It is interesting to note
that ohanin has a relatively short N-terminal region of only 8 amino acid residues as compared to
that of other proteins containing B30.2-like domains. In addition, ohanin also has a shorter C-
terminal region, lacking the 50 to 60 amino acid residues at the C-terminal region of the B30.2-
like domain. Similar C-terminal truncation in the B30.2-like domain is also found in KIAA0129
isolated from human cell line KG-1.(gb: D50919) and Staf50 (gb: ¥82200) (Figure 5).
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member of the rapidly expanding B30.2-like domain family. However, it
appears to be unrelated to any of the other classes of proteins containing
wheB30s82ke domains. It is interesting to note that ohanin haga/sG2005/000429

relatively short N-terminal region of only 8 amino acid residues as

compared to 30 that of other preé@ins containing B30.2-like domains. In

addition, ohanin also has a shorter C- terminal region, lacking the 50 to 60
Biological fﬁﬁyﬁ@[ﬂg(ﬂ,feﬁlﬁlﬂﬁﬁ at the C-terminal region of the B30.2- like domain.

Similar C-terminal truncation in the B30.2-like domain is also found in

Ohanin lndM%%%d§MQE%fﬁg%wmmalllm@ .(gb: iD500dD)iar dtafSependent
2003@!@%1 re 5). WO 2006/068625 PCT/SG;&'QOS/OOOA'Z?@ 6poamcularly
manner (Flwoékaﬁtfﬁ (85 FURANAOREHRIREESE Ry Polocomotion In
important 1ﬁxﬁﬁlﬁm§§?laﬁl9§1§’)ﬂf @kmf@ﬂu@ﬂmmiasdc@%}dé“pnemdﬁnwhnﬁWnemf(mgun@duces
It should be

noted that neurotoxins in snake v s are (EI %@be ¢
blocking Oﬁﬁmﬁfﬁllﬁqmﬁﬁ%ﬁ?éwgo& SRRt m%%&Sz {J[‘ 80tlglgetr C?1et er
cervicis ner@@-@%@dfé%&%%&r@thiﬁ@KlﬂB@NMﬂ[@iﬁﬁkﬂmmﬂaﬁj@nbmjntm/dlrect twitch
response ofﬁ%ﬁmf? ctan Jﬁgl%?gﬁhécgrp grrléero%%@é' 350 oy %Jﬁphed agomsts,

SREpOely
iN"pOsSesseSs no ef ect 0 e direct twitch
such as ACIESONSEOKOE(@BENMugihulaiviveemwetias.oN. e keopsiese o Hodgson,

and R M. B e aor e p i Best A adréafh 20 Sfelife € bt of both

gson, and R. Kini,
presynapticUdiiu bh@ﬁ?da@h@ﬂuﬂt@ﬂ%ﬁm’ﬁh&hﬂg%ﬁﬂ@m@m&tﬁmﬁ B sdﬁé%}’d igfected

bath 10 pre and postsynanptic tgxi &% EYRIONISIEN- th tral
ohanin intor & %‘i%v Ee{g’ty mﬁ‘gct%edgo%&nln ?r)mét(? vgntrl cles of the mice toe cone
nervous sygvéﬁmmﬁaﬁmbwmaedle@ﬁﬂ%ﬂmm%@@@ﬁr@?@ﬁ?@ﬁ@%&ﬂwm% when
injected i \%222 Ir:?ﬁgzca{le é‘!e 0 590 tlm 168 OO L YR CIRERIO YRR AGHNIHESn that is

i .Y com are to i. p. injections. Thus, ohanin induces
presumablshypaiteinbtion thatds aptesummalthe m@uraiea%yoalﬁuﬁ§§ieabtlgﬁr3W&h%udles are
underway t\%é] %ral nervoﬂetﬁgrs tem..Further siidigs A/ @:din YAGRIWaY to determine

8Fohanin crosses the blood-brain barrier. In hot plate assay, both

In hot piat?e%sﬁ%sgoﬁ%@g (z\l{:ér}f)eg Qn rogt_?éécﬁm% u n?l!:ﬂlrcydsi@iﬂﬁgap@ﬁ?ﬁaped dose-

oug ower and intermediate
response cS%@%QM@fh?ﬂ@%Vﬂhg?@dmt%m%msz@@ ﬁﬁ}?v@@?ﬁd shorter
ifferences in the latency time bet 9SaS ERSRES NS hich
average latgyRy, HICH, tg m%%ﬁggesl Tat Tjéefg:tss o%comotﬁlﬁmpawment 20
doses and qwaggdwmammwseam b@mamsmgc@a thetethoneBigsitivigleremetqdgnpairment

from. hot te,assa UDCHQNINLEatehy which
caused by g%?étﬁ‘nn e w‘?cer(ggs%l in the r %ﬁ%@ &%ﬁg&%ﬁg%ses of ohgﬁn y e
is dependend mmmm@mtgagg@mm@gmmwﬂ% time at higher
doses of OHATYL oK rfqe}%lst-rh %%%éfrehg?% RUES Wauld @@’t 08 80Ieipd8RANGN the movements.

pain experienced
Therefore, the mice would not be able to respond immediately to the thermal pain experienced.

Again, the ability of the protein to elicit a response at greatly reduced doses for i c. v. injection
as compared to systemic administration in the hot plate assay strongly suggests that ohanin
probably has a direct effect at the central pervous system. However, the exact mode of action of

ohanin is yet to be investigated.

Butyrophilin is involved in the budding and release of milk-fat globules during lactation (24, 26).

Its B30.2-like domain interacts with xanthine dehydrogenase/ oxidase and this interaction

appears to be important for its function (26, 27). Based on the assumption that proteins
containing similar domains exert their functions through similar protein-protein interaction and

mechanisms, Henry et al. (20, 21) proposed a mechanism for the hypotensive action of SNTX
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Again, the ability of the protein to elicit a response at greatly reduced
doses for i. c. v, injection 25 as compared to systemic administration in the
whabplats@ssay strongly suggests that ohanin probably has arditest Bffesto429
at the central nervous system. However, the exact mode of action of
ohanin is yet to be investigated.-Butyrophilin is involved in the budding
and release of milk-fat globules during lactation (24, 26). Its B30.2-like
that is mediSRMBIR NG IREE Mt xdrthintdahyetoyenbsaioid dsdar(gmhebly NO or NO-
o interaction 30 gppears important fax its functi with
yilding su RGN TEpr OIS COAMIND SImTar TomonG e e o

emns contaming simi omains exert their

canthine oxidastigngthigughsiniiarcprokbiseprotbinehietibiibmdNthaxpikarsmihis in tum
Henry et al. (20, 21 sed am T t potansive.astiary ofhani
wola et ) SRARARL B CAERBRER 2 4 ey ey i

that is mediated
did not exhiBoughstei fieleaseredtendotiblio-phesvizd e RpaRYEERSH (BrotaISRIIeY Tats

or NO- yielding,substances). Accordingly, thy it5,B80Molk@halz, and
up to the d%&mﬁ#ﬂ%@%%ﬁ?&%&‘{%%ﬁs&%ﬁ?ﬁﬁ%ﬂ%gs'sg re |é%ri(r?§g[hme xanthine : ? “
R. M. KiniOxigastismediatecinhibiiombhN@isyihase nvhrarinas Wedigerdptegetion of

.. Jncreased synthesis of N ' dBOWE xanthine
ohanin Wltgt at% %r%fll&fsicﬁu \Hgtpergﬁi %?ﬁ/%gﬁ%‘%frﬁ%f&%ﬁsi%db ood pressure
oxidase. In anaesthetized Sprague-Dawley rats up to the dose of | mg/kg when

given intravenously (Y. F_ Pung, S. M. Atan, S. Moochhala, and R. M.
Design of HhidkysiRetligbee ahbelvations) ohlthbugh we have not examined the
direct interaction of ohanin with xanthine oxidase, we propose that
We are in%@é%@ﬂ[siﬁuﬁgi%dg i?ﬂ%ﬁ@ﬁ%@éﬁf@iﬁétmmﬂeﬁonm.of(BEééignfbﬁmf@l venom
synthetic gene and cloning of ohanin We, are interested |
oo b heion BmoR SRR (BT et o
for drug dSgkasd AhFanihiesgsttiist: whidhdephto theabedforerdninietbinpaicns 15

models for drug design and anti-venoms, a relj ﬁﬂgei@ﬁéﬁﬂeﬁk?h/ lid-phase
needed. OpgeRRbiigh ng?ﬁné)fh%bmgﬁléhi% prﬁce)tegglesdl.SC%%Sl %)otentiql methoﬁg? P
peptide syRRiB4NNGENEoRIBIRIRS 15l (olpratnge therrcosig sslickphesisel :igbgddis to over-

synthesis and combinatorial chemistry. p 'M%ﬁlaeég%jf the
express thegygigiaie Bapirsil %ﬁ’é‘ﬁ PHER R eﬁé‘%ﬁg%%%@%%ﬁ&rﬁgle%uﬁa{ biolm .
pmducﬁoﬁeg@;mﬁg iﬁ%pthﬁiﬁg epﬁrmrfh én thischpptionchf gzﬁiﬁ@%e@%w
] approach. In this approach, either sin IPQ, agigliar LAt LB
protein do%‘ﬁémaﬂﬁ%ﬁa&sb aﬁ%ola &5 yvge%rﬁﬁe%elgpggg é[g)fr‘% p%red '[%%DN?A ge?uence
(30). The synthetic gene was designed as follows: first, t N0 &cifl, ani
The Syﬂt@é‘&uéﬁﬁe‘ﬁ?%ﬁﬁﬁﬁ%?SZ%ﬁl@\)‘ésrs i-rf%ar{[s%t%tg%?oaﬁb%lgo ﬁ‘zlgt-glsequencaé11n e

reverse-trARERHENIHIE Hegcotihesitplaiodnossth m@mombstrﬁé@mé}mﬁf@? ggffur most
ﬁequentl_y(:i%r} )E.Sc%?? FSdlja Stgég{l}gaf 5 Zotal Of §1X restriction Sies WG RAGer LA 3t the 5-

and 3°- region of the synthetic gene for easy sub-cloning into a wide range of expression vectors.

9 )
or entire

Third, 10 unique restriction sites were introduced, without changing the encoded amino acid
sequence, into the sequence for future cassette-based mutagenesis. The goal was to produce a
nucleotide sequence which contained restriction sites that for a variety of restriction enzymes
would cleave the gene only once. In addition, the restriction sites flanked conserved sequence
motifs of B30.2-like domain and cysteine residue of the gene, and were present approximately
every 20 to 45 bp.. Such a construction would permit the easy manipulation of the encoded amino
acid sequence by digestion with two restriction endonucleases, removal and ligation of the
replacement DNA segment. Fourth, codons for Met-Ala residues were incorporated at the N-
terminal of ohanin to facilitate CNBr cleavage from the fusion protein after expression as ohanin

does not contain any Met residue in its amino acid sequence. Fifth, a stop codon was introduced
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and 3'- region of the synthetic gene for easy sub-cloning into a wide range
of expression vectors. Third, 10 unique restriction sites were introduced,
weitheutssbEnging the encoded amino acid sequence, into thegensenas /600429
for future cassette-based mutagenesis. The goal was to produce a 25
nucleotide sequence which contdifed restriction sites that for a variety of
restriction enzymes would cleave the gene only once. In addition, the
after the ld@shiigtion sités#kdkedcotsge tred tsagiainge Divsass. of BadY? -k WeRare Was
and cysteine residue of the g t i c8VB¥Yvisual
checked R o MO 4 e ot oLl e ey eeotien o
inspection fheusdlesilet msnintonsitesegdartentyl difestraswrRoRspestCes (Figure 8).
. . nucleases, removal igati : )NFhe recombinant
Using this G B A e mratod oL e N
ohanin resdiebhindhohalenmdsiabiitaéotimrand fuagionsmdrsuged BrotdmGrre 11
. . _.expression ; t ' residuglinisrapoineacd future
and biotos G B e 6 20061086008
study on thPE&TUSG20D500042Btisshine pRbisE e EEd residue to stop the
translation process. Finally, the sequence was checked by various
Physiclogiegmplia) pfagrams such as DNAman and DNAsis followed by visual
inspection for undesired restriction sites and potential for excess _
Snake venéfﬁoﬁ‘éa&éﬁgléﬁtlﬂlﬁﬁ&(ﬁi@ﬂ r@ﬁhﬂh&?h@i&éﬂﬁ%&ﬂﬁrﬂiipgﬂh@g wadproeligtesd  They
the recombinant ghanjn in E,. coll. The recombinant |
play impoRgt 415 SpPIBUIS Fol g e A Heteh et o G (Ligire e &

unction as determlned ) (Figure
neurotoxinﬂr,lﬁrtc)ﬁﬁﬂr&if&dgicgh@?iﬂﬁg (H@m]@%il’fhﬂ%é@ﬁg@ﬂy?ﬁ@i @r@(ﬁg‘s may
. will be important for future study on the st re-function;relationship )
be involveghja iges %ﬂéﬁrﬁﬁ%ﬁ%&beﬁ%%%@%? gﬁ%r% ﬁﬁ % %Ig%(%?\{/%no%s are y Ownfg
down the ©eBIHEXoMNiktUpeepfaphdretmooitg gityractiVeegartdsesitigiretengy Phroyhelp in
10 play impartant role in both.offensi n siye fpClionteSameetded o
the defensiyg ?B?Sin , érlljd(; 748 %‘Hré?oﬁ%%%gé i%\]/o \%Zyd ir}:%aralyzi_ng the prey,
clarify the Wildebirer inshudingphytititytio she pthesapmpopenin wsrieat i dRFestgn-
the prey animals. We propose that ohanin could contribute by slowing

TmplicatidiRVT the propliviad tognpeny enpirbalpidniits capture. The hyperalgesic

.. effect may also help in the defensjve function induci @@Ag 1 propeptide
Ohanin is HBESHANIH AL IS SR A e A e%lb%AfSV‘glari the role pldyed 'p
segment (BYLRRANINYN Tekation detikotsanicomparentspresarpintite serfgmharbouring a

.. Implications of the propeptide segment 0-ohanin Ohanin is
propeptide e Aot Gy S Sl e e

protein’in eNenom glands with a C-terminal
poeo e e B 5 S Do
is obtainedAWBHEOLBIAbIe protein, in constrast to recombinant ohanin which is insoluble after
the expression despite efforts made to increase its solubility. Hence it is clear that the presence of
propeptide segment helps to sclubilize the mature protein after the large scale expression in k.
coli. However, it is not clear whether the propeptide segment aids to increase the solubility and/
or the proper “folding of the mature protein in the venom gland cells or Jumen. It should be noted

that mature protein is present in trace amount in the crude venom. Thus this may suggest that the

propeptide segment may not be required for the solubility of ohanin in the venom.

Similar to ohanin, pro-ohanin was also assessed for its biological functions in mice. It should be
noted that analyses from both the Jocomotor activity and hot plate assay strongly indicate that
pro-ohanin did not exhibit similar pharmacological actions in intraperitoneally-administered

mice as compared to the mature ohanin. But pro-ohanin- shows potent hypolocomotion and
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20 Proprotein was expressed and purified from E. coil for characterization.
Recombinant pro-ohanin is obtained as highly soluble protein, in contrast
wibamemasbsant ohanin which is insoluble after the expressioredesyitmoes/000429
efforts made to increase its solubility. Hence it is clear that the presence of
propeptide segment helps to soluilize the mature protein after the large
scale expression in E. coll. However, it is not clear whether the .
hyperalgesifQ rl%ﬁ@@@(?%ﬁ@g mﬁmtadﬂsimdﬂgriaise e mobebirptaatis2d by tﬁégﬁréb’ﬁlrgmdf or
_folding o ature protein in C d-
conformatig R AL AT GTLeT o e b gy o o i bloo
brain barriaeReM bRttt Ay entigesttHatatetipropériawlsegite REatHy bt he cenral
required for the, solubility,of.ohanin. i - Simi iRy the abilitv of
nervous Syfﬁ?g}o 'ﬁ'iﬁSWé%%lgogé)s hs%gﬁ%%ga %ri&o?c%{é?cig flﬂ%ﬁ%%%ﬁ%ﬁ}ggi fﬁ gll‘?ould ¢
ohanin to dBGssnbtetithal auilybesitoin totntes IbeahomnaelagichREe pldghanin at the

, assay strongly indic ih DYO- 'i&%ﬂl%wﬁ%i@ihfdfei tent than ohanin
central ne%%é%%g%e#‘ g‘c}’ﬁ%‘?\}g %ﬁﬁ%&lﬁpﬁ%ﬂ%alIy-adminis_tered mice@;s )
when the 5@ &€l db/thevindtune mwiﬁuﬂhem@rghmrpgmgtpggeﬁg/kg dose is able to

hypolocomotion and WO 2006/06 Q l%g%T@ggO%/OOMZQ -63
block ~90 %yﬁfg?é? QSRR RS W nO?n%éec%ég irectly into the mice ventricles. The
large size and/ or conformation changes of the proprotein may have

Origin of ¢XBMited pro-ohanin from crossing the blood- brain barrier and
subsequently preventing its interaction with molecular target(s) at V.

We have absniat VCHRA NSRBI ESHGl, BBV et %%%ﬁcé‘%ﬁ’etﬂ’%_ the PX

SPRY andRePlide seemeptiphibitsdsabiiteal robavinteatoss tseoblddebienof the

barrier, it enhances the pharmacological effects of ohanin at the .central .4 1,
introns. OnetevEy sSEhEAl BHBAIETHEh ST TR %l}%efapn%g?g%oten%n _e
introns reﬁ%@rﬁ’ hapigavhenuhe.diedian [SYjvahyistia heonteinfurthdainorates that split
_“pro-ohanin at 0.3 g/kg dos% is able to blockf-g g/o O{ﬁ? ICRMPt e first theory
genes arispdioTy GHIHETBINER FRIRRDNIDS. BIRRCBrExEhS % /¢ 'have also shown
i R e
' i i , imilarity in
second thoRElSBRRATES oifighnBF tﬁgeﬁ(i‘ﬁ’gn%f SRS TReSry axon early, states that. Y
organizati§¥QASRECHESRE pERNE At ABCignL ihigeprobaiy dvelved drsydhrasam ancestral

the spacing between the 2)..The qther theory, i - tates thats
e A oo
in Line with taiekdhe ditstteeyy 15 suggests that exons represent discrete

functional or structural units of protein, whereas the second theory

MechaniSHIFSHADR ML Psarlmiaf introns is somewhat random. The similarity
In organization in pro-ohanin gene indicates that it has probably evolved

Localiza e e Moot o
nature of the protein to exhibit the hypolocomotive cffects. The hippocampus has been shown to
affect the metabolism, which indirectly affects the locomotive ability of the animals. Indeed,
neurons in the hippocampus were implicated in the hyperlocomotion caused by phenylcycliprin
and cocaine. It could be possible that ohanin acts on the same receptors as an antagonist to show
its hypolocomotive effects. On the other hand, cerebellum was implicated in the overall balance
of the animal. Previous experiments using amphetamines show that the newrons in the
cerebellum are affected, and show hyperlocomotion as a result of amphetamine administration.
It could be also possible that the same neurons are also involved in ohanin interaction. It is yet

unknown if the neurons which affect balance may be affected by ohanin, although the lack of

balance might induce a lack of overall locomotive abilities.
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in line with the exon early theory. 20 Mechanism of ohanin and pro-ohanin
Localization of ohanin and pro-ohanin to the hippocampus and cerebellum
suggests the exact nature of the protein to exhibit the hypolocomotive

woB6Lcdd3€ hippocampus has been shown to affect the mgganglisik/eeo429
which indirectly affects the locomotive ability of the animals. Indeed,
neurons in the hippocampus wefé-implicated in the hyperlocomotion
caused by phenylcycliprin 25 and cocaine. It could be possible that ohanin
acts on the same receptors as an antagonist to show its hypolocomotive
effects. On the other hand, cerebellum was implicated in the overall
balance of the animal. Previous experiments using amphetamines show
that the neurons in the cerebellum are affected, and show

CONCLURYPg{locomotion as a result of amphetamine administration. It could be

also possible that the same neurons are also involved in ohanin

We have JAISIARIORuItASYahaGuneknauy itiheciedrohs which pffetnbolanie ey king

be affected_by ohanin, although the | lance mightinduge asiaskefiof
cobra vengige AIBECRITE E’I‘i’t?%"s‘?‘wqb°§c?88€;§§%%ﬁ%%crlse2_005/0004291 -64

ohanin adﬁ@%t@“:&)@l@l& w\r/]iemwe mimggm%mggma %ﬂ%ﬁﬁé&‘i&ﬁ%ﬂ its
_ a novel protein, ohanin.fram king, IR MESORBri AN RciRdUSeSstem cannot
action thﬂfﬂ%o oecg%l% &)%%‘ﬁ%[%hg pgeralgesi; |gn mice. The ,effectivensss. of Rg%lis cture
be ruled oativniBteradsbyestablisherbt RS HHS SHPGSRSHE RdRiifistration
and functiag onghsuggesisls Brlinmtvovdiesesfaliapusdysient dthoglular
the role of peripheral nervous system cannot be ruled out. We have also
level is cussmibligRd’T BEGTIERR gene expression system for its future structure

and function relationship studies. The detajled mechanism, of agti
fn additimmmawqw@m@@mﬁnﬁse@wcﬁdc%ﬁém e RS S o) %fNA
sequence?)?ﬁ:g?@gﬁ]‘ﬁ’%gf\%ﬁsaﬁ@ ﬁ%ﬁg?ﬁﬁégﬁtqﬂwmw@ﬂwémmwfoﬁéhm%ﬂmﬂﬂ-
ull-length ¢ sequence - inwi
Recombi%%ﬁgﬁ@ggmw(%?tﬁ{‘e Eg%?é} 228 by, encodes ior pieRra-phaninuitibwhen

rminal. 'Recombinant pro-ohanin shows Th
injected P@tENhefatontiocemetiontwivercinpididerithe YioRAHbARMEN by, the
.. B hus maturation appeays i b cuisiakiordhsbialagisal aeibeisy bferestingly,
genomic Mfgiﬁﬁfqﬁﬁlécﬁggué%%%c DNE[ sequencing indicates the%Pregeﬂﬁe of five 4inos
the secongxans andofbing e o suRreREaA GREIOTHE TSR neoding fﬁe_
together RAAIARSIAIRAAegIARJS alpranively,spiiBsd Ak ihdse dindings rogstiter
indicate that ohanin forms a new subfamily of B30.2 domain-containing
proteins. WO 2006/065625 PCT/SG2005/000429 -65-
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(e) (i) an allelic variant of a protein according to (a), (b), (c) or (d); (ii) a
functional equivalent of a protein according to (a), (b), (c), (d) or (e)(i)
which functional equivalent retains the ability to induce at least one of
hypolocomotion or hyperalgesia, or which functional equivalent has an
antigenic determinant in common fth a protein according to (a), (b), (c),

cLAvs (d) or (e)(i); (iii) an active fragment of a protein according to (a), (b), (c),

1.

| ]

1sd

(d), (e)(i) or (e)(ii) which active fragment retains the ability to induce at
U?Sa?srtaéf{gtﬁphﬁéﬁqmigﬁ’§F°H9;5‘é?ﬂ§l§%%$a9%r which active fragment
(ahas anpantgeinpeisminanieaypoNWD ajprotein according to (a),
b), (c), (d), (e)(i) or (e)(ii); or (iv) a fusion protein comprising a protein
(bzi\ccoﬁ)ﬁ’ﬁ%‘z‘l‘(.r)l 633%2’655§?§)t 5?’%(85?(}?,6 %@}@N@xﬁn, for manufacture of a
{cmedicamoerit fonmiséag ehsedatbiee X HdseoRa@nsicleic acid molecule
hich encodes the protein defined i im .1, for manufacture of a
(dmedi%grrﬁ)eeﬁ? or Use 1§§§h€sé%ualf?\?§?§f%@erﬂo%}§ \/se“c%r that contains the
(ehucldic acicamaiebuteadefingithipreteima;datimeaniifactbire cpbald);

medi ent f tive. 4, Use of a host cell transformed wi :
the vgﬁgr dﬁeﬁ%ﬁﬁ%ﬁﬁ %% or rrqglr{i1 u?é(()?[ﬁ}lrie of grdr%iédﬁ%gﬁféz@ro?%’ségisg F e

a seddtigb. 5. Use of an antibody vyhich binds to the protein d.efined in
claima;n&%m%@gw{ﬁ&%sm@diﬁﬂmﬂatimu9§§ze}éa§t %ﬁg%{}r‘ﬁ?pgloy(%%oqon or

an antivenom effective against the protein defined claim 1, for = . _
maniRRAMESFa PhelitadHt fiptzk ae iy dedative. WO2GGeNi68ERSminant in

PCT/SG2005/0 4 - equense,idNo.l SPPGNW
QKADVT F'gpél %\1&’%&?%%&%&?\{/& 3%3@[)5}?@@\)}1%%9\/ GVPKGYV

P D §¥ E RFPgigedreaayi ol rpay porordies i (R B KdY I Qrre)(i)
E W ANcakiife GdermeM KeRids Gevabiltylid/iRiEcEaRidY one of hypotocomotion or
hyperalgesia. or which active fragment has an antigenic determinant in common
with a protein according to (a), (b), (c}, (d), (e)(1) or (e)(ii); or
(iv)  a fusion protein comprising a protein according to (a), (b), (¢}, (d). (e)(i),
{eX(ii) or (e)(iii),
for manufacture of a medicament for use as a sedative.
Use of a nucleic acid molecule which encodes the protein defined in claim 1, for
manufacture of a medicament for use as a sedative.
Use of a vector that contains the nucleic acid molecule defined in claim 2, for manufacture
of a medicament for use as a sedative.
Use of a host cell transformed with the vector defined in claim 3, for manufacture of a
medicament for use as a sedative,
Use of an antibody which binds to the protein defined in claim 1, for manufacture of a
medicament for use as a sedative.
Use of an antivenom effective against the protein defined claim 1, for manufacture of a

medicament for use as a sedative.



QKGLWWL Sequence id No 2
TCACCTCCTGGGAATTGGCAGAAAGCTGATGTGACGTTTGACTCAAA

CACAGCAT7TGAA
WECABTSEF TGTGTCACCAGACAAGAAGACTGTGGAAAATUTEAGTGMH2Y

CCCCAAGGGTGTG s
CCAGACAGTCCAGAGAGATTCAGTAGCAGCCCCTGTGTGCTGGGGT

CTCCTGGATTCCGA
BRAGCATTTCTTTGAAGTGAAGTATGGGACACAAAGGGAATG

%@%&H REPTTA

GGAAGTCTGTGAAGAGAAAAGGGTACCTGAGACTTGTCCCCG

LACGAACEGATTIGG, CARAAGGGECTCTGGTGGCTT Sequence id No
ML WRTL £k RARQENGGKA KA SPPGNWQKADVTF
DS PAREFSLVVYEPWEKKTVENY®VPKGV PDSPERF
SESMEVLECGSPGCFR 6K WPAREWY KYGTQREWAVGL

ABKSESVKRRKGEYLRLY P EERIWIQKGLWW L Sequence id

NE4E L W WL
ATGCTCCTGTFCACACTATGCTNTITGCTGACCAGGAAMTGGTGGAA

AGGCTCTGGCT
Segwcrlid NF B GGAATCGGCAGAAAGCTGATGTGACGTITGACTCAAA

CACAGCATTTGAA ﬂ
R T S T S T A K R R RS A A R e TEBNAAATG TGGGTGT

TEHCETAACIEaEa AR Az ArGACTETEGAAAATGTGBGTBTCCCCAAGEGTGTG
CCAGACAGTCCAGAGAGATTCAGTAGCAGCCCCTGTGTGCTGGGGT

CEAD A CpGICA A AT [RAG A CCABCOCCTRTGTGCTGEBGTCTCOTEGATICCGA

TACAIASEAR TS ABTCI ST A I ARCHRER AT AT 1AM ACAAAGGGAATG

GGCTGITGGGTTA
B R R T T e R R R R AR S S PR ERGAQTTGTCCCCG

cAAGAREGEARETFGG CMAAGGGCCTCTGGTGGCTT SUBSTITUTE
SHEET (RULE 26) WO 2006/068625 PCT/SG2005/000429 2/5

- Sequence idNO5SPPGNWQKADVTFDSNTAFE SLVVS
PDKKTVENVGVPKGVY PDSPERFSSSPCVLGSPGF

- SEEGeHdNFF EVKYGTQREWAVGL

TLOCFFADQEWHNGGI KALA
D VT FDSHNT

i
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‘Sequence id No 4
ATGCTCCTGTTCACACTATGCTTTTTTGCTGACCAGGAAAATGGTGGAAMBGCTCTGRET
TCACCTCCTGGOAATTGBCAGAMBCTGATGTGACGTTTGACTCAACACAGCATTTGAA
TCACTGGTTGTGTCACCAGACAAGAAGACTGTGGAAMATGTGGGTGTCCOCAAGGGTGTG
COAGACAGTCCAGAGAGATTCAGTAGCAGCCCCTBTRTGCTGGGGTCTCCTGGATICCGA
TCAGGGAAGCATTTCTTTGAAGTGAAGTATGGEBACACAAAGGGAATGEGCTGTTGGGTTA
GCTECGAAGTCTGTGAAGAGARMGEGTACCTCAGACTTGTCOCCOAGAACGRATITEE

CAAAAGGGCCTCTGRTGECTT
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AGKSVKRKGYLRLVPEERIW QKGLWWLRRLETDS
DKLQKG SGKIIVFLDYDEGKVIFDLD GEVTTIQAN
FNGEEVVPFYY IGARVSLAN L Sequence id No 6 -
WCRBOTEETGGCAATTGGCAGAAAGCTGATGTGACG T TTCIAGTOAMAI29
CACAGCATTTGAA 215
TCACTGGTTGTGTCACCAGACAAGAAGACTGTGGAAAATGTGGGTGT
CCCCAAGGGTGTG
EMCNECSCAGAGAGATTCAGTAGCAGCCCCTGTGTGCTGGGGT

CTC gqﬁA TCGGA

Cﬁ GGA QA(T];TQT,TEQM,GJQAAQTATGGGACACAAAGGGAATG

eGCIGIEGEETIA s P c vi G s P 6 F R
eGIGGGAAGEGT G TGAAGAGAAAKGGGETACCTCAGACTTGTCCCCG

AAGAAEGGATTRFGEY L R L VP E E R T W
@AsAAsA@GG@CLT@T'GGT%G@T?C@AC’T@G?&ACACGGATTCTGACAAGCT
?CSAASAAJ&GKBE:L DY DEG KV F D
chrG’GMAbRT”rﬁ:‘T‘rd‘r@T?T"d‘G‘&;KTErACéATGAGGGAAAAGTGATT
IréatdTséat © ‘
GGTGAAGTCACTACCATCCAGGCCAATTTCAATGGGGAGGAAGTTGT
ACCGTTTTACTAT ATAGGGGCACGTGTTTCACTCGCAAATCTT
SeqprntedddR6 7TMLLFTLCFFADQENGGKALA SPPGN
_vmchADVTFDSNTAFE SLVVSPDKKTIVENVGVPKG

B PR R E S S TV L CSPCFR SGKHFFEVKYGTQ
R M ANCE G AR SN RACE LRI RAEER W Q K G LW W

RRLETDSDKL GKVIFDLD G
T AN e Ry VPRV Y TE ARV S TAN L Sequence d

klad@eanccary 1‘CT‘i‘TGAAGTGAAG‘I‘ATGGGACACBAAGGGAA‘}?GGGCTGTTG‘GG‘I‘TA

%}%%E%%G%TE&&%&I&I%@&I&I&I&QQAQ%GMMTGGTG GA
TEACCTICETGEEAATTCGCAGRNRGETCATEFEACGTTTGACTCAAA
g %&é‘l&l‘g‘éé‘fﬁGkrTMGATGAGGGBAAAGTGA‘E‘TTTTGACCTGGAT

TCACTGGTTGTGTCACCAGACAAGAAGACTGTGGAAAATGTGGGTGT
CTEESAASCO TGRS BYBTFFSTESHEETRUERIE) WO 2006/068625

e iRGLORRI0042 3 nnncos

Sequence id No 7

[ 3 = - A
max oo g ™o
PLRerRO <O

®

Seguence ldNo 8

ATGCTQCTGTTCACZ&DTA’IPGCTT'I"I‘TTGCTGACCAGGAARMGGTGGAAAGGCTCTGSCT
PORACCTCCTEGER AT TCGCAGRAAGCTCATGTERACCT T TEALTCARACACAGCRTTTERAA,

AL TEGT AT CACCAGACAREARGACTCLGEARAATETGEGTETCCCCANGEGTETE
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3/5
CCAGACAGTCCAGAGAGATTCAGTAGCAGCCCCTGTGTGCTGGGGT
CTCCTGGATTCCGA

WEREOERAG CATTTCTTTGAAGTGAAGTATG GGACACARBTRSERH0G29
GGCTGTTGGGTTA
GCTGGGAAGTCTGTGAAGAGAAAAGGGTACCTCAGACTTGTCCCCG
AAGAACGGATTTGG
R R R R e B G T B CC F CC R T CRRRCGEATTCTGACAAGCT
FEAAA AT S T T enn CTGARGTATGEGACACARAGGGARTGCECTS T TREETTA
TCTG AE @é\ﬁ;\g é{TAT'@Jg&&%{L&B ch éJ:;FQGCAgc@TGAG GGAAAAGTGATT
CHEIEAACTESACTACECATCEAGECOARTEFTCAMARSEGCGAGGAAGTTGT
ACSOTIITACTAT ATAGGRRCACGTEIICA GIRECAMATCTT
Sequence Id No 9
SRS PTIPFGATOCACACRAGKRGACASTOTGOTBBACTCATTATTGAAA
AGRRGAGISECR canarcrr

ATCGGATCCTGCACAATAGTTTTATCTCCCTAGGGAAAAAAAATATTC
AAGAGAAAATTT
GAATAAAGGAAG CTAGAGTTTGTAATGGTCATGTCCCTTTCTG CTGG

CTTCCAATTTAGT
TTGAACTTCCAACAAACAAAGAAAGTCCTGCGGAAGCTCACAGGAGT
ErepydEio

AL G G AL AT ARG L L REERRL AR CAAAATCGTGGA
AAGGCTCTGGCT

R T RS B R A T TS C RS ARG TCATSTEECGTTTGACTCAAA
S ARLAT AL BB ranrcarcararcecrTrerecraserrccanrrraGT
TCACTGGTTGTGTCACCAGACAAGAAGACTGTGGAAAATGTGGGTGT
EWWTCCTGCGGAAGCTCAEAGGAGTC‘I‘CTTGC
A6l F e AFOGAI AT AL A e et TG TGCTGGGGT
CTCCTGGATTCCGA
FEACCBRARCCRP T CT T TCARE TC ARG TATEECARCACAAAGGGAATG
%J&EI&M&MG&CTETGMTGTGGGT GTCCCCARGGGTETE
GCTGGGAAGTCTGTGAAGAGAAAAGGGTACCTCAGACTTGTCCCCG
ﬁ@%%A%@@GCA@CCCTGTGTGCTGGGGTCTCC’I‘GGA‘I‘TCCGA
ARGt fafad oLl b e G Ao AAAEEEATTCTGACAAGCT
TCAAAAAGGC
T S AR A P A P P T P T S AT T A S AT B ARG GGAAAAGTGATT
m&&&@%&@;&;& CE£ECEACTEGAAACGCATTCTGACARGCTTCARAARAGEC
GGTGAAGTCACTACCATCCAGGCCAATTTCAATGGGGAGGAAGTTGT
R P T AT A R A B S C A T BT T TCACTRGECAAATCTTTAA
CAGETLIACAATECTECATIAAAACAGGCCAGTEGEC TCTACAGTCTTT
GCAATGCCTGTT
AB‘K%ESE&WM?WE?&%GCTTTGGGAGAATAATCATG CACAGGTA
b O EEAC T T AN CAGEESACTTCTC T CTACAGTCTITGCABTGCOTETT
AT O T TAGT GG LT T I TGAGTTACAACGECACTGGAMA
c@éﬁ&?ﬁ&ﬁﬁ@k@ﬁﬁﬁﬂiﬁﬁ@@@&@@%@kﬁﬁ@@%ﬁGTCACGTG GTCA
AAAAACA

C‘FFEK‘&W&é*@&%%ﬁ“ﬁﬁﬁ%‘ﬁ%&tﬁaéﬂéﬁﬁ%%cCAG CATCATG

T EATCAGCTFITT AT GACEET TECCETETCCCAGCATCATGTGAT CAGCTTTT
G TTAC CTTCTGAGAAG CAAAATCAGTGGGGAAGCCAGATTCACTTAA

'I‘ACCTT TCAGTGGGGBAGCCAGATTCACT TARCAACCATCNTACT
ATCTTA

W@Wﬁ@ﬁm@#@f@ﬁﬁ'@#@m&@@ GCTAGAAAGGTC

Aéléé!%;[!\cp\@ GTTTCACTTARCARACAGARTTTCEGECTCARTTGTEC

AAAACTCACTTAACAACTGTTTCACTTAACAAC(Z:A%AATTTGGGGCTCA

ATTGTGCTCATA SUBSTITUTE SHEET (RULE 26)
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AGTCGAGGACTACCTGCATCATGTGTCCTTCTCCATCCCCAAACTGC

CAACAGCATTTAA
W TEOABATGTATAAGGGTTGTTGCCATACACTTTACACTOGTHRRGTI429
TAAACAATATTG 473

CATCCTTTTCCCCTTAGACCCATAAAAGTTTCTTGAAGGGAATTACGG
CAAGGCCATATT
GARG G T T e RS TR T AT A AR R T T I T AR TC AATTGGACAAA
AGGAATGATATE TETASTAGTAALIARAGTETOACEGTTAGT
Sequenseld N1 LEAGCTCCTCOOANTTCGCAGAAG
GGTAAGAGATGGCTTAAATAAGAGTGTCCTTCTCCAGGATCAGTCGG
G T@WWACWATCTG%‘ TTMTCAMTGGACAMAGGRMCATATC
TAAMEGEGAGAGAATITCATEGS
CCTGGCCTCCT
TTGTATGATCCAACAAGAGTACTCCTAACATCAGAGTCTCTTGTTGAG
ATAGAAATCAAA |
TAAATAAATCTATTGTGGATGGAAGGGAGAACAGAGCCATGTGAAAT
TTM’C
ATHBGEFFEHGEEAGET TGCACCTCACTATAGCTTCAGCTGTGTGGGC
ATTTT %&9 g TTATT CTTCPCCACGITCAGTCGEET
CTGACACTGTATAAGCTGTCAGGAGTCATCT TGGTGAGATGGGTGGC
G W%ﬁ‘@i‘:@qﬂ;ﬁ%ﬂp@ CRATTAAGT‘I‘TGGATTTGCTAGATATT’;‘CCTGGCC‘I‘{:C'I'
AATLAAAIAARTALAGICABSLG Il GAGAIGIATAAGGTCTGCT
AGGCTTTGTCAT A
CTC ARG RE A T T A AT TS T A T TR G RE TGCAGAATAGT
T T T RAAAT GGG coTeACTATAGC T TCAGCTGTGTGEGCAT T T CCOTTATT
A AT AC AN ANACACTGCAAGACTGACCRGATAACTETAGGE
AGCCCAAGTCTC
TWTEW@N&WW@%@@@WWWMMGWTTGAAMCTAA
CQ@%I@]%’B&ACCTCTGCTAGTTGGAGTGCRGMTAGTTTTTTRARTGGGC
AATTACTTGCAAAAAAAAAGGGTAGTGGTAAAAATGAACCATATTGGA
G WE@WGTGCAACAGTGRCCCCATARCTGTAGGCAGCCCAAGTCTCC
ACAGEATIFGTRGCETEATAGCAATAGBARIGGEAT TTAGACTTATAC
A%Rgrég‘;gl -MAAAACAC ' GTRALBAALTCEARCCATATTCGAG
CACTCTCT ARG T T A R A R R TS B CCCAACAATCTG
G @:FWWWG CAATRAGCARTGGCATTTAGCGACT TATACACCACTTTACAC
cm@&@%@%&%&%@@@%@ LGAGCCTGGTGA
GAATCGAACTTCAG
G A R N P B TR KA T RECE AT TEFACCCACTGTGTC
AG@A@A@t@éﬁ@ﬁcﬁﬁcmmccccmrwmcmﬁmmwcaccacmcmnm
ATATACATGAGGGTGTGCCTAAACATACATTATTTTACATTACA

T '& H?.‘KC&[‘&%%\831‘GCCTAAACATAGATTATTTTACATTACBTACTGTA%C

AFFATTCTRTFGIROATRAATCECACTATIRGBERBAGAAGTGTGAGG
G &H&g&l-EJS'BCTCTTACCTRCC&CTCCACTTTTGACTZGTTTTAGGAGAG
TAGAAAGCCACAGTGCACCTCTTACCTACCACTCCACTTTTGACTTGT
. TWA%W@@ MGAAGCAGTCAGCCTTTA.TT‘GCACTA'IATATCTTTRCAT‘A

CAGIdIhAGANM AR AT LAAAA LALLM RLEET TATTGCACTATA
TATCTTTACATA

ARBE T AT T R AR T TG TE T TTA T BCATCATRTAAATATGTAGA
A GAATGEAGH AT IECTCT GO AGAGT TISC T TTGCCT LCTGATETECTAT
Tg%%é&,&GAAG CCGGGATATTTTGTGGCCTTTCTTGCCCCTTTAATT
TGAGGTGGGTGG

G AT AR A T T F A T S R T P TE T PO TRGAG T T TGGTTTGGCTT
CTGATGTTCTAT CTTTCTCTCTGCA
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GCTGATGTGACGTTTGACTCAAACACAGCATTTGAATCACTGGTTGT
GTCACCAGACAAG SUBSTITUTE SHEET (RULE 26) WO 2006/068625
PCT/SG2005/000429 5/5
W&A@@A@F@TGGAAAATGTGGGTG;rg:CCCAAGGGTGTGC&‘A@SA%M‘*P&‘”
CAGAGAGATTCAGT
AGCAGCCCCTGTGTGCTGGGGTCTCCTGGATTCCGATCAGGGAAGC
ATTTCTTTGAAGTG
R B e R B R RS e R T S T A R R T T AGC TGGGAAGT

CHOTGAAGAGARAACCT AT ICCEATCRGEEARGCATTICTTIGAAGTG
GGGTACCTCAGACTTGTCCCCGAAGAACGGATTTGGCAAAAGGGCC

ﬁpﬁ?&%%ﬁﬁf%’és CTETTEEGT TAGCT GEGAAGTOTG TGRRAGAGRARS
ESACTESEARACECEATRTCTEACAAGESTITTOAAARASGECTCTG GA A A G AT

TATTGICITTICTG TCTGGABAGATTATTGTCTTTCT

éﬁc Tix CGGATTCTGACMGC

GATGAGGGAAAAGTGATTTTTGACCTGGATGGTGAAGTCAC
@A@@A@F@@Qg@@@@wmGACCTGGMGGTGBAGTCACTACCATCCAGGCC

AL GGGEAGGAMELIGIALGRILIIAGIAT ATAGGGGCACG

TGTTTCACTCGCA AATCTT SUBSTITUTE SHEET (RULE 26)

ARPCTT
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