26}becenber 2006 -1 THERAPEUTI C MOLECULES FIELD OF T%b&gg{g‘g%ﬂhe
present invention relates generally to peptide nol ecul es an 0
derivatives, honol ogues, anal ogues and m netics thereof capable of

i nducing or facilitating analgesia or partial anal gesia alone or in

conbi nation with other anal gesic nol ecuj es. The present invention also
contenpl ates a nethod of inducing or facilitating anal gesia or parti al

anal gesi a by the adni ni st ra?%ﬁRgﬂ)Eéj%MQfeEGUlisderi vative, honol ogue,
anal ogue or mnetic thereof. The ami no acid sequence of the peptide

nol ecul es of the present invention are derived fromor based on am no acid
sequences of snake venomtoxins, and, in particular, a-neurotoxins.
BACKG?CIJ%]%CF THE | NVENTI ON The i ncreasi ng dermand for inproved and nore
ef fi caci SUELRARN JdHE INVENHQNi ding the incentive for the pharnaceuti cal
industry to consi der new approaches for identifying and designing new

t herapeutic nol ecul es. One source considered to be of potential interest

in the qUhstprtent niavephar MEeeyt igtall@Ien plide Frﬂ@le&ﬁ?ﬁta’ '?&‘tde?ﬂaﬁx‘;

nol ecul es fromthe natural envirsnnent including no ecul es” from T Fe forns
in the efVnolegiesnenalogyes andhfimeticsi theneoficapeblngf spimning drifecitifading anglgesia
screenin tJ vi_ronnents iver beds, coral, plants, mcroorgani sns
and hi gh(grrIsaa gﬁ"lﬁrfaanglgg l%rafor%toéﬁ? FQIFIF’WH%W&H oty @Bplgesic mplgeyles s ebhegmesest of t en
ref err edinbéntids AlfRicohRpRiQd hBek; ; of .pj.odi versity in
the Asian and Austral a5|pan&r g;’?l%‘ﬁgé %?Qi\'rh é%g -agpie)fgélﬁégltlﬁlgagﬂa?geulge fngfP&Yget
for nat wnalgesiprivdibet adseinisemiiony of Repiptide sorad dedvgivef hoh®ldPudeshalbideeof Or M5
on earth_of whjch _na,i s forma particularly interesting group. Mny
venomoud™¥ifike e’P?Ser ﬁ%l%’ép 2ol Fealpicscel Bl ReRiide amolgculpe wf dhoxiresenivhi ch

are hi ghhyeneibhi &gl iBvdd filoRFUE bRGd%d ARER hia @&ijure%e%g(i)fc saxllakgyv%{lgrrﬁcttoixl%g,s '

and, in particular, a-neurotoxins.

'BACKGROUND OF THE INVENTION

The increasing demand for improved and more efficacious analgesics is providing the
incentive for the pharmaceutical industry to consider new approaches for identifying and
designing new therapeutic molecules. One source considered to be of potential interest
in the quest for new pharmaceutical agents is the identification of molecules from the
natural environment including molecules from life forms in the enviromment. Much
effort is now being spent, therefore, on screening aquatic environments, river beds,
coral, plants, microorganisms and higher animals for potentially useful molecules.’ This
search is often referred (o as "natural product screening”. The level of biodiversity in

the Asian and Australasian regions provides a particularly useful target for natural

product screening.

Reptiles are one of the oldest life forms on earth of which snakes form a particularly
interesting group. Many venomous snakes have evolved toxin molecules such as. o

neurotoxins which are highly effective in inducing a range of neurological dysfunctions.
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I F r 26 December 2006 -2 \Wereas snake venom has beﬂbé&eﬁﬂ%ﬁébo%o t he
extent of producing antidotes and antivenene, snakes have not been

extensively studied as a potential source of therapeutic nolecules. In
work leading up to the present invention, the inventors studi ed snake venom
froma -particularly venonous snake, t4ie-King cobra (Ophi ophagus hannah).
This snake is broadly distributed in India, Burma, Thail and, WMl aysi a,

| ndochi na, Southern China, Indonesia, Japan and the Philippines (Tin et

al, 1991Whef&sdgfaRe vein v | fromthe Ki

cobra venom (Joubert, ?g?%@?%%ﬁ%é%%?&i?@t§56§ﬁ9%0&§?,@£ﬁﬁg T%%ﬁ3 ?4tt|e
however , 3W§QWﬁEMﬁmﬁ£Shﬁe:pdennemkngvﬂghmﬁkﬁp@&ipﬂﬁmﬁﬂs@h@@@fﬂﬁ%ﬁﬂﬁﬁcThe
|nventor ggve now surprisingly determ ned that peptide nol ecul es having an
am no Sﬁuence or derived fromor based on portions of snake venom

t oxi ns have anal gesic properties. SUMVARY OF THE | NVENTI ON One aspect of

t he present invention provides a peptide conprising a sequence of am no

aci ds haln workaleadiegsip 60%e giredeh@ainvepion R FOEMERCRuME] @ﬂ&id%ove%indﬁoﬁlré)m a
portion of .a %{_iom n from snake venom and whi ch peptide is capabl e of

i nduci ngPBHHAY] VPRURGUgSIRkel diesKang eebra @phiopaesnseharmib| OBlis, snalealogue or
T e B 0 SRS oA L ©

a peptide conprising a sequénce of

~si mi | ar iIngortesiaafapaniand tﬁ@PﬁxliﬁpﬁM@ (Ei€ e LP WQ@IEO%' e, Qfix g?l?ler gor%@ﬁ]g% RhXI N

from venom from a snake of the fanmily of snakes sel écte apli dae,
Vi per i da¥en eglatash fremethe kirgr enbad iverzen dlodbertyi 1973 pepigler s 19emasim @,

i nduci n r iLitatin nal r a derjvative, honol ogue, anal ogue or
m met i qu %salltﬁ? HASPEY 93 %%qmgﬂ%lhﬁé‘ arg@ﬁ@@gm@fprpg@rum ekdinse ouinsntion i s
directed to a peptide corrprl sing the am no

The inventors bave now surprisingly determined that peptide molecules having an amino

acid sequence or derived from or based on portions of snake venom toxins have analgesic

properties.

SUMMARY OF THE INVENTION

.One aspect of the present invention provides a peptide comprising a sequence of amino
acids having at least 60% similarity to a sequence of amino acids from a portion of a
toxin from snake venom and which peptide is capable of inducing or facilitating analgesia

or a derivative, homologue, analogue or mimetic of said peptidé.

Another aspect of the present invention relates to a peptide comprising a sequence of
amino acids having at least 60% similarity to an amino acid sequence from a portion of
an o-neurotoxin from venom from a smake of the family of snakes selected from
- Elapidae, Viperidae, Colubridae or Crotalidae and which peptide is capable of inducing

or facilitating analgesia or a derivative, homologue, analogue or mimetic of said peptide.

| Yet another aspect Qf the present invention is directed to a peptide comprising the amino




gé"’Decenber 2006 -3 acid sequence NP F P T [SEQ I D NG dekeiB démk(:h
/peptide is capable of inducing or facilitating analgesia or a derivative,

“honol ogue, anal ogue or nminetic of said peptide. Still yet another aspect
~of the present invention provides a peptide having the am no acid sequence
NP FP TX,B; IéRX3X4[§E§| D NO 2] wherein-¥- X2, X3 and X4 nay be the sane or
differed CHERCY AYPaAMSEQ a0l HO: (eS| .wherein said peptide is

capabl e qgcih&g#éiaﬂ;g or_facilitating an]:%dggﬁlézﬂ@rep%ée HetaPalie iof dndusommbogue,
anal ogue or m netl CEDTe U Gefb‘@ﬁw,dmmdlogqeehnﬁﬁgfehﬁrmmﬁg%tf of the present

; . . ; X h sayd

i nvention, there is provided a peptide having an am no acrd° S&fifence

sel ect edgé omt h&p' ist consisting of. NPFPTWRKRP[ SEQ DNO 3]; NP

FPTRKRP[ SEQIYShenofher aqpRp DARERRE SERkNGLS] »and, NP FPTVWKRKH SEQ DNO: 6] ; or a
derivati K%ueﬁ&m)' ogue, anal ogue or ni né(?‘% El%(‘)’fdeﬁﬁé’eﬁﬁlderr%%V@g)ﬂleﬁEQd RO 2,
SEQ IDNGO4, SEQID NOS5 or SEQ ID NO 6 and wherein said peptide is
capable of inducing or facilitating anal gesia. The present invention also
provi des a conposition conprising a peptide as defined above alone or in
conmbi nati on with one or N®rEPoh& BRGEW i-C3 ceptable carriers and/or

di l uents and/or one or nore ot her ég‘fe?v}& k ﬁ@ Q@¢h as an anal gesic

nol ecul e or conpound. Still another aspect of the present invention

cont enplvteeginax ek hogd of 4 anduci or facilitating anal gesia said nethod
~conprising adm ni stering a+pept Sg ea§am@m'mﬁ%ﬂr&d?&cﬁ%%ﬁy%ﬁnigg%%d

residue wherej i ide i
10 said peptide is capable of inducing or facilitating analgesia or a

derivati
| elrlvatlve, homologue, analogue or mimetic of said peptide

p g

amimno acid sequence selected from the list consisting of:

NPFPTWRKRP[SEQIDNO:3];
NPFPTRKRP[SEQIDNO:4];
NPRPTWRKRP[SEQIDNO:S]; and
NPFPTWKRKH[SEQIDNO:S];




-4 defined for a tinme and under conditions sufficient %@%ﬂ&@
relief. Even yet another aspect of the present |nvent|on |s I'r ed to the
use of a peptide as hereinbefore defined in the manufacture of a

medi canment for inducing or facilitating analgesia. The present invention
further extends to antibodies to the pegtldes as hereinbefore defined. In
anot her aspect of the present inventionhy there is provided a derivative,

honol ogugsfinedrtal AGMe: Afd UHIBELIRitRhs 3icREP T Hﬁu%gq"a% fijpp to the invention
and said derivative, honol ogue, anal ogue or IC said peptide is

capabl e of inducing or facilitating analgesia in a host In yet anot her
aspect gé‘bt he i nventjon, there is provided a corrp05|t| on useful of

i nduci ng”~paEl He asg%ﬁt BB Wﬁe@&ﬁ’pﬁslfgfeﬁﬁddoﬁ%tuﬁ%lé’ coR@tidsi asg t he
ani no a%éi‘emﬁ@l‘ék@ 'ElEﬁnéﬂ R E’le mank2ERd B I}pm%lircaliﬁ@rgdfo? ORPTn eé Qfﬁaﬁq&f?@r

conprising one or nore. p arnaceutlcal y acce |'e carr

di | uent sanalgespet anot her aspect of the present invention, there is provided
a conposition useful of inducing pain relief, said conposition conprising
a peptide conprising the amno acid sequence NPFPTXtX2KRX3X4[SEQID«)Z]

am no acy Pragh e KedeEdol ity 1 Dl vileRcr Bttt Y e

present definght i on, there is provided a conposition useful of- i ndu0| ng pain
relief, said conposition conprising a derivative honol ogue, anal ogue or
m netic of any peptide of the invention, said conposition further

conpri SI 0
Al 1 %hndther aspemt) o% the present invention, there is provided a derivative, homologue,

analogue or mimetic of any peptide according to the invention and said derivative,
homologue, analogue or mimetic of said peptide is capable of inducing or facilitating

analgesia in a host.

In yet another aspect of the present invention, there is provided a composition useful of
inducing pain relief, said composition comprising a peptide comprising the amino acid
sequence N P F P T [SEQ ID NO:1], said composition further comprising one or more

pharmaceutically acceptable carriers and/or diluents.

In yet another aspect of the present invention, there is provided a composition useful of
inducing pain relief, said composition comprising a peptide comprising the amino acid
sequence

NPFPTX; X; KR X; X4 [SEQ ID NO:2)
wherein X, X5, X3, and X4 may be the same or different and each is any amino acid

residue,




pharmaceutically acceptable carriers or diluents. The 2%015 C%ﬁ_l
present invention are referred to as "anal gesic" peptides roué%out thls

speci fication, unless the cont ext requires othermﬁse, the word "conprise",

or variations such as "conprises” ‘conprising”, will be understood to

inply the inclusion of a stated eleﬁ%nt or integer or group of elenents or

i ntegers but not t he exclu5|on of any other elenent or integer or group of
ils of the publicat.ions

el emeng s ers bI|o hIC det ferred to
by aut oy anoltist Ssisgt P HecRierh R bt b B et E&oewama?n figful of
descri ptian. Sequ n e | entlégl NunbersélgSEQlD NGs. r thegza)p no acid
sequen YCIRg Ay ComR E%&P‘P’PE g ghdeetiyetio 451 PBRPERS Phe
bi bl i ography. . Single an three | etter abbreyiations used throughout the
speci fEBEHCOR AP Abhci venfian) §id cCOmBOTRRTLHEBFT SUDRFISEE PREOLMPTeS; ngl e
and three letter am no acid abbreviations Amno Acid Three-letter
One- | ephagmacenpallsiacsentdne syrpsior Ajlugithe Ala A Arginine Arg R Aspar agi ne
Asn N Aspartic acid Asp D Cysteine Cys C dutamne Gn Q Qutainic acid
Gu E dycine Ay G-

The peptides of the present invention are referred to as "analgesic" peptides.

Throughout this specification, unless the context requires otherwise, the word "comprise",
or variations such as "comprises" or "comprising”, will be understood to imply the
inclusion of a stated element or integer or group of elements or integers but not the

exclusion of any other element or integer or group of elements or integers.

Bibliographic details of the publications referred to by author in this specification are

collected at the end of the description.

Sequence Identity Numbers (SEQ ID NOs.) for the amino acid sequences referred to in

the specification are defined following the bibliography.

Single and three letter abbreviations used throughout the specification are defined in

Table 1.




H'stidine Hs H Isoleucine Ile | Leucine Len L Lysi ﬂ.ll%cs § ﬁ)%hi oni ne
Met M Phenyl al anine Phe F* Proline Pro P Serine Ser o] Thr T

\ Tryptophan Trp W Tyrosine Tyr Y Valine Val V Any residue Xaa x 26
Decenber 2006 -6 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is graphical
representation of typical tracings showing that the addition of 10g of
anal gesi c peptide had no effect on the contractile (twitch) responses of
the chick - biventer nmuscle evoked by'ABEEtlrical field stimulation (25V, 5Hz
x 10s, 1 nms pulse wd e 0 . Elhgure 2. is a graphical
representation showi ngs{ﬁﬁlee [ﬁﬁﬁ;l)‘%eagg&'l‘ ﬁ?]é'ﬁ’c?%g thf%’?”éﬂ’('ﬁpen bar) and 3h
after (hatched bar) admnistration of the analgesic peptide i.v. (72ng/ Q)

or p.o. (360ng/g). Data represent nmean val ues of l|atency tine SEM
*Signifiecantby—different fromcontrol p<0 05, Student's two-tailed

t-test. KinQHE &cdi IS @ graphi gpﬁllee_l%{%[]esent ation show r}%}%_iggghot -plate

| at enci es before (open bar) and after (hatched b m ni stration of

~the anal gesic peptide al one AB)re@tigm t h Symbol
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamine | Gln Q
Glutamic acid Glu E
Glycine Gly G
~ Histidine His H
Isoleucine - Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine _ Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp: W
‘Tyrosine Tyr Y
Valine Val A%
Any residue Xaa X




nal oxone together (P+N) or with L-NAVE t oget her (P+L). é%q? nt mean
val ues of latency tine SEM The peptide was given at 72ng é}e %er%@%%Ong/g
(p.o.) wth nal oxone (6ng/kg) or L-NAME (20ng/kg). *Significantly
different frombefore admnistration, P <0.05, Student's two-tailed
t-test. DETAILED DESCRI PTI ON OF THE | NVENTI ON The present invention

provi des_a peptide or a derivative, honol ogue, analogue or mnetic thereof
whi ch coﬁBﬁEE&E%ﬂRMHéNéEF(T}H%QMWéNﬂ& chis at least 60%sinilar to a
sequence of amino acids in a toxin and, nore particularly, an a-neurotoxin
from snake venom and which peptide is capable of inducing or facilitating

anal gesi Higuh® ipgpphel iepresORRUBANAPSEMN, trdcthgls SAbREEINATthE b.'didiﬂ‘id}rfgf ‘i@,%g“ The
term"anal gesia” is used in its broadest sense to include any form pai n
relief ehngigryicr peptideohasl ae esffeeimon dhe ebniparitite ((vikchy eeiporswts tdfethk estatk of

pain. T Ln_rel.ief be consi ed a redu sensibjlity to pain
wi t hout lg‘glgerofnug%lﬁs%viogg@r{?ésg‘?cw f?f-ﬁ ﬁtl%la@%e&%g(r & 10sy Iy g1 Bilsermy be

| ocal i zeglidai, ¥t QWsg- Pain includes acute pain, sharp |ocalised pain, nore

centralized pain and any other form of sensation which contributes to

di sconfort. An "analgesic" is considered herein to be a nol ecul e which

i nduces anal g}ﬁsi a. The %Ebﬂ) ect of the analgesia is generally a warm bl ooded
r

ani mal  or W S & SRARCA) FEPIRtAlpn fhewige tthe Aonplaignlaicpeipsrhefere (dpeadrskk
i mal . ; . i | on. ap . _dog,
oy R e IRk RN bR RinONRYor B Hhaie SOTRAMCOL 2072FRie) b .01

hanst er }(36Gmpg)i vBatal legreaaitmatan(edues A dhtendyotihe 88RO "*Siig’r&ificfaﬁgy dp@deRt ) and
poultry bird (eg. chicken, duck, pheasant, goose, turkey). Preferably, the

subj ect & gomtaR <0-B%.i Hudeat'stwetdilsd tvgst.m bl ooded manmal . Most pref erably,
the subject is a human. The term "pepti de" enconpasses a protei naceous
nol ecul e conprising fromabout 2 amno acid residues to about 50 am no

aci d redigires. isPr efhaal YepréReaiGPSAdAnE WP hbSHSte latencies before (open bar)
and 3 h after (hatched bar) administration of the analgesic peptidc alone (P) or with |
naloxone together (P+N) or with L-NAME together (P+L). Data represent mean
values of latency time +SEM. The peptide was given at T2ng/g (N) or 360ng/g (p.o.)
with naloxone (6mg/kg) or L-NAME (20ng/kg). *Significantly different from before
administration, P <0.05, Student's two-tailed t-test.

DETAILED DESCRI.PTION OF THE INVENTION

‘The present invention provides a peptide or a derivative, homologue, analogue or
mimetic thereof which comprises an amino acid sequence which is at least 60% similar to
a sequence of amino acids in a toxin and, more particularly, an c-neurotoxin from snake

venom and which peptide is capable of inducing or facilitating analgesia. The peptide is

conveniently, in isolated or purified form.

The term "analgesia" is used in its broadest sense to include any form of pain relief
| ranging frpm complete removal of pain to a reduced the level of pain. The pain relief

- may be considered a reduced sensibility to pain without loss of consciousness. The pain




from about. 3 ami no acid residues to about 40 am no aci czlﬁr e%lel%g gofven nore
preferably, the peptide conprises fromabout 4 am no acrd residues to about
30 amino acid residues. Particularly preferred enbodi nents incl ude

pepti des conprising from about 4 am no acid residues to about 20 am no
acid residues such as from4 to 15 and-A to 10 ami no acid residues.

Al t hough the am no acid sequence of the anal gesic peptides is derived from
or basedrebal may &e henatintdosn gysfermion Paiakiaclvéasairyteiphirg GRarpriotalised paid, tmord he

full length ﬁ r&eur.ot oxin bgﬁ rtat her. only to a part thereof, The anal gesic
pepti de %ﬁ‘&tfa EAhAR 309 ARy QS Oﬂﬂd?ff@%’g‘%tv\élﬁdhﬁ%t’a?mﬁsa&ﬁ gRemf%t-a Atnge

of ot herBlseal Bofilaad bl Rhe DAMREuRTIRLRRINI G ARo00! at ed to the

pepti de such as amno acids, lipids, carbohydrates or er peptides,

pol ypeptides or proteins. Reference hereinafter to a "peptide” includes a
pepti de ,g‘gen*gur I.Si n? a sequence of amno acids as well as a peptide

associ at bigst OF Hsramgpesia b genesaibha yurmhlonsicd @pimal aribiidisich asdrbony dr at es
or ot hery; kdes Vi Ld p i t rposes.of th

pr esent WAEe! oGkl MRERKE: SROha] D%, Rl G B, Pioue so

anmi no acjotigpanivn ahgalr ¢gd dag, aaphepibbeieory Tl anAhNES Gn@RB! e gutleatfig
present invention may be produced by chemical synthetic 26 Decenber 2006
- 8 techripbibshagisterh capiévepyid daien! K2 rdsen fbin agedDNAl fage pabO gyd pouldivs cussed

further .. W, ;.0 P i des y . also. b r nts of | arger. a-neurotoxin
ol ecul ebs%gﬂe mcg;rgg%é ﬁ@%’n&%asﬁ’eg?%ﬁg%%yé ﬁ%ﬁﬁ@’ﬁﬁa@ﬁ rS&_[’ tBct EPV’?‘FPQ

f r agmentygingdte gL BGEANREN BIoBE mARIAN MK pRITSGLERS BR suBREL isdamfsn. N dases,
| ysins or other enzynes as well as by sonic disruption, heat, chem cal

di sruption and/or shearing. The am no acid sequence of the anal gesic

peptides.of the,present invention are considered, to be derjved from or
based orlT8 EHAY P Blon PRGRITISSER Gt PHPIBASARY MANCHIA GOMBLSIAG JFOD BIOHE 2Thi s i s

not tO iaffhy acil PUEHRS 1o bWBEL: S EmRISIRT FERPEPPIAEILRT Bhe GRS Lidp¥ises
| ‘from about 3 amino acid residues to about 40 amino acid residues. Even more
preferably, the peptide comprises from about 4 amino acid residues to about 30 amino

acid residues.  Particularly preferred embodiments include peptides comprising from

-about 4 amino acid residues to about 20 amino acid residues such as from 4 to 15 and 4

to 10 amino acid residues. Although the amino acid sequence of the analgesic peptides is

derived from or based on an o-neurotoxin from snake venom, it does not extend to the

full length o-neurotoxin but rather only to a part thereof.

The analgesic peptide may be glycosylated or unglycosylated and/or may contain a range
~of other molecules fused, linked, bound or otherwise associafed to the peptide such as
amino acids, lipids, carbohydrates or other peptides, polypeptides br proteins. Reference
hereinafter to a “"peptide” includes a peptide comprising a sequénce of amino acids as
~well as a peptide associated with other molecules such as amino acids, lipids,
carbohydrates or other peptides, polypeptides or proteins. For the purposes of the
present description, a molecule comprising a sequence of at least about 50 amino acids is

~regarded as a peptide.

The analgesic peptides of the present invention may be produced by chemical synthetic




derivatives of naturally occurring snake venom toxins SsRemBiddopy! arly
useful peptides are, in accordance with the present invention, chemcally

synt hesi sed based on the amino acid sequence of a |arger snake venom
toxin. Preferred snakes include snakes fromthe famly Col ubridae,
El api dae, Viperidae and Crotalidae sugh as species of the genera Naja,
Dendr oaspi s,. Bungarus, Pseudechis, Ophi ophagus and Henachat us.
Par t i cul BEPRiqyss effemay desprafecsdarye récombirtahie DNFitdcynolBE ppis diigcussed hfugthedut  not
limted i cabr. hi ohagus hannap); True cobras (Naja spp); Asian
or I ndi a%a%‘gbﬁgle(ﬂ%g’mﬁeéj(r% ;al%b@%&P%‘He%BEii*fi%.G"E*Faljf%t)){ﬂﬂswﬁlil?ﬁgfre@b%ke( N.
ni gri col $dphin. o b , X cobr.a (N. nivea);
Gold' s t reem E'ggfgr a%l‘g?x@ﬁ%’gﬁ?ﬁﬁa&(ﬂ;{é‘lﬁr :S)Eélﬁgg% Zﬁrdgﬁé?tggg%gﬂ%{ggg %(Y\/@F 699 nesi a
spp); Shifelptbtersse pemideses, (afsipisds| &psnss pP)othdabeiynk@bia syl ABbHET sosnakes
( Boul eng(gri na s%g) ; Black manba (Dendroaspis polylepis); Manba (D.
angust i COPEPUOReIgR, shapigplalipmphgmaniosshsaringy i ental  coral snakes
(Cal l'i ophis spp); Long-glanded coral snakes (Maticora spp); American coral
snakes (M curus spp); Southern coral snake (M frontalis); Eastern coral
‘snake orThetanineqeidnequeakeof e ahitlewdic foptid¥é st BE Pr&ehiahvaiidkSird %rﬁf&é & des
spp); Arizona coral snake (M euryxanthus); Death adder (Acanthophis
ant ar ct it@ U9 depied feam 07 basgdron rrakkeake YeuomeEtis aWp) morn gadicstarlyl i an
copperh nisgnia s .. The present invention is exenplified with
respect %[%gm%ge;{g?‘i S Bsag‘gtgl)oo’ﬁqgﬁa QVGERotRRL thsprpisried dippdeshasrpasessaalyi s
par ti culdafilytiveX @fphit : " ' ped tows
toxin a, toxin b antélfr%lgg?{ldh?@\%)inl %gﬁg\rﬁﬁ ﬂﬁ%gﬁe %%%ﬁ%gwe@%%géée er
2006 _9re,dh acc9dBice Sothgheprasbnt ih9Qdion Peheaticaly, sya®88)ed tHRWE YR the himoPr esent
i nvention extends %o any toxin and nore particularly a-neurotoxin fromthe
venom ofl SCHIEARGAL & LT g alEs venoppipkithe venom of any ot her snake such as
fromthe famly El apidae or the famlies of Colubridae, Viperidae and
Crotal i dae. ‘

Preferred snakes include snakes from the family Colubridae, Elapidae, Viperidae and

Crotalidae such as species of the genera Ngja, Dendroaspis, Bungarus, Pseudechis,
Ophiophagus and Hemachatus.  Particularly preferred snakes are from the family
Elapidae such as but not limited to King cobra (Ophiohagus hannah); True cobras (Naja
spp); Asian or Indian cobra (N. naja); Egyptian cobra (N. haje); Spitting cobra (N.
nigricolli); Black-lipped cobra (N. malenoleuca); Cape cobra (N. nivea); Gold's tree
cobra (Psez;dohaje goldii); Desert black snakes (Walterinnesia spp); Shield-nose snakes
{(Aspidelaps spp); Water cobras or water snakes (Boulengefina spp); B.Iac.k mamba
ﬁDendroaspis polylepis); Mamba (D. angusticeps); Kraits snake (Bungarus spp); Orientﬁl
coral snakes (Calliophis spp); 'Long—glanded coral snakes (Maticora spp); American coral
snakes (Micurus spp); | Southern coral snake (M. frontalis); Eastern coral snake or
Harlequin snake (M. fulvius); Western coral snake (Micruroides spp); Arizona coral
snake (M. euryxanthus); Death adder (dcanthophis antarcticus); Australian tiger snakes

{Notechis spp); and Australian copperhead (Denisomia spp).

The present invention is exemplified with respect to peptides based on snake venom
. toxins from O. hannah and is particularly exemplified from- O. hannah venom a-

* meurotoxins referred to as toxin a, toxin b and toxin (CM-11 (Joubert, 1973; Change et




4

According to a particularly preferred enbodi nent of thelﬁ%&segl@%%db§enti on,

there is provided a peptide conprising a sequence of amno a f from

~ about 2 to about 50 residues having at |east about 60%simlarity to a

sequence of ami no acids froma a- neurotoxin isolatable from snake venom
froma snake within the famly El api daggwherein said peptide is capable of
inducing or facilitating analgesia in a manmal or a derivative, honol ogue,,
anal ogue dr 1983méong ebrl, S9d; Pept ubld998br Hoparés, chd prebant itveatE! €8s to

i nvention c nt.eggl ates a {I)e tide conprising fromabout four to about 30

am no aci*QY FEUf A8 AN CFeusotoNin fTosm test venee ebQudatraas well dseast

about 60% 54 M &l - IN.fro anhah ;snake venom and
wher ei n sai d epi%n!tolf%gf ?Iﬁgg%lgrs Elga'#é g Eal.é(ﬁ(%lsl frgpe@egﬂ%pﬁ@?péd‘fenora&‘ﬁgﬁwglff’.s (%he
per cent ag®@lidiridabaVipeyidomyndErggienter than 60% such as at | east about 70% or

at | east about 8% or at |east about 90% of higher. Reference herein to a
| ow stringency at 42C includes and enconpasses fromat |east about 1% v/v

to at le u 5%.v, rmayn de and fro | east about 1M to at | east
about Z%I%E%rlapﬁf E)Or Jahé%)r){ﬁ{%lﬁégtI?IS{‘Irlfrggned“%ﬁd“P@g]s% Hi5oBtesan PEeniion) dBge isbout
2M sal t = providbashbegtideCOmbridi@ns sef¥ch@ BALIMYS) Sdifd Gﬂ%g%atﬁﬁpé' fol [%: ¥BY be
appl i ed where necessary, such as nedium stringency, I ch includes and

enconpaskBEluEy daviag 4t deast abeidi0 % 6%aiarity tto asequbmasdf abinutacBRUrohva o-

f or mam de_and fr.o(?%% | east about 0.5Mto at |east about 0.9Msalt for
hybri di sBE48xIngsfataple from snalsqignom fsm asnake wishisrthe fenily Blapidne atherdior

washi ng gendidie | [ AEY.. ' .ncl udes and encanpasses
from at Ieagtﬁtabgﬁfa i \% g{a}[lgih%{ﬁ%%gs mn%’g%a:fé%ska o%f%gnwp%?ﬁi%ﬂggté‘ﬁd from
at | easthahdogud) aBdibptoonimiheisdf saldpepti@e. 15M salt for hybridisation, and

at | east about 0.01Mto at |east about 0.15Msalt for washing conditions.
26 Decenber 2006 10 Preferred a-neurotoxins from O hannah include toxin

a, toxi qv[]lar@ g % . V&?‘fr a-neur ot oxi ns_such as. those havi ng an

Nt er i e partic 51%1. dﬁg@gg%g%né 618\; fgn, con emp?at[es a peptﬁ'é comprising fom aabout
four to about 30 amino acid residues wherein all or a portion of the sequence has at least
about 60% similarity to an c-neurotoxin from Q. hannah snake venom and wherein said

peptide induces or facilitates analgesia in a mammal.

The percentage similarity may be greater than 60% such as at least about 70% or at least

about 8% or at Jeast about 90% of higher. .

Reference herein to a low stringency at 42°C includes and encompasses from at least about
1% v/v to at least about 15% v/v formamide and from at least about 1M to at least about.
2M salt for hybridisation, and at least about 1M to at least about 2M salt for washing
conditions. Alternative stringency conditions may be applied where necessary, such as
medium stringency, which includes and encompasses from at least about 16%. v/v to at
least about 30% v/v formamide and from at least about 0.5M to at least about 0.9M salt for |
hybridisation, and at least about 0.5M to at least about 0.9M salt for washing conditions, or
high stringency, which includes and encompasses from at least about 31% v/v to at least
about 50% v/v formamide and. from at least about 0.01M to at least about 0.15M salt for

hybridisation, and at least about 0.01M to at least about 0.15M salt for washing conditions. |




i hcl udes the am no acid sequence C C S Xa X. wherein Xagd 06K, 1S D
or T, and X is Nor K One particularly useful groupa%ﬂ§?§§§¥¢é§960f t he
present invention have anal gesic properties inhibited by nal oxoneand
N'-nitro-L-arginine methyl ester (L-NAVE). Although in no way intending to
limt the present invention to any ong jjpheory or nmode of action, this
inplies the invol venent of the opioid and nitric oxide systens,

respect i VE¥f§rred scnayreiprigh \fronadt remnaptiefleder eoireabtotink rind E M He apoage nt
invention?Brovides aggegﬁgde having the follow ng characteristics: (i)

i nduces OF°F LEPFHTPRE | §eWPOSE PAVIRE AAaierming} Proasn sl sequence nvkipbut 2

to about; } L d.1res) ~ &l ¥ )~ anal gesic ability is capabl e of
i nhi biti gﬁﬁlggéfggﬁaggg%gmgﬁsga%;{‘é{gl\%ga %hgﬁfrfe% conprises an am no acid
sequence of which at |east four am no acid residues are comon to the

am no acjd. sequence ot an a-neurotoxin from O hannah; or a derivative,
honol ogués 15ah&F &gue or minetic of said peptide: A particularly preferred

pepti de %Tﬁgb% Br.eggnt invention conprises the amino acid sequence NP F P
T [SEQ I D' NG f] ’and even nore preferably the amino acid sequence NP F P
T X X2 XK BX3r[KSEQ | D NO 2] wherein X' X2, X3 and X4 nmay be the sanme or
different and each is an amno acid residue. Preferably, X is absent or is
W X2 is absent or is R X3 is Por Kand X4 is absent or is Gor H Most

prefera the. peptid conprises the amino acid sequences: 26 Decenber

2006 - b@‘hﬁﬁ%%ﬂ%%&p&%ﬁb . é? ; PER{dps r@rpp&? BECRenR ’Iﬂgffél?@ ﬁ@%@!@g@sw
properties inhibited by naloxone and NY-nitro-L-arginine methyl ester (L-NAME).
Although in no way intending to limit the present invention to any one theory or mode of

action, this implies the involvement of the opioid and nitric oxide systems, respectively.

Accordingly, another preferred embodiment of the present invention provides a peptide

having the following characteristics:

(1) induces or facilitates analgesia in a mammal;

(ii) comprises from about 2 to about 50 amino acid residues;

(i)  its 'cinalgesic ability is capable of inhibition by naloxone and or L-NAME; and

(iv)  comprises an amino acid sequence of which at least four amino acid residues are

common to the amino acid sequence of an «-neurotoxin from Q. hannah;
or a derivative, homologue, analogue or mimetic of said peptide:

- A particularly preferred peptide of the present invention comprises the amino acid
sequence N P F P T [SEQ ID NO:1] and even more preferably the amino acid sequence
NPFPTX, X, KR X3 [SEQ ID NO:2] wherein X,, X,, X, and X, may be the same or
differ_ent and each is an amino acid residue. Preferably, X, is absent or is W, X, is
absent or is R, X, is P or K and X, is absent or is G or H. Most preferably, the peptide

comprises the amino acid sequences:




NP-PPTWKRP[SEQIDNOS5}; and NP FPTWKRKH [Z%%IDNC}Q&}?; or
derivatives, honol ogues, anal ogues or m netics thereof.”"Re °§F‘é’ﬁ% ereinto
"derivatives" includes parts, fragnents and portions of the subject

anal gesi c peptides. A derivative also includes a single or multiple am no
acid substitution, deletion and/or addition. Honol ogues include
functionally, structurally or steroch fical | y simlar peptides fromvenom

from t he NsRFeP Ip@&CR €SRAF GSisakePNd:3pm W thin the sanme genus or famly of
snake. For_exa a honol ogue woul d include a peptide having, for

| e
exanpl e, N%@%%ﬁ’qé{ Bdl BPEQLHRHREIN P F P from anot her a- neurotoxin from
anot her gﬁiﬂﬁ% i mly. Alternatively, the amno acids NP
F P may be rep@%%@%@@@ﬁ@&h ing a simlar charge,
st er eochBnP $1P ¥, W K ®KH [SEHAD Q0O g)ept i de conformation influencing ability.
Al'l such honol ogues are contenplated by the present invention. Anal ogues

and m netics include nol ecul es which include nol ecul es which contain non-
nat ur al | ccur.ring am no acids or whi.ch _do not contain am no acids but
never t hef'e%8'"e ‘é?‘?aggmf’nt.?ﬁﬁ‘?si’ SRUPEYES oh dmEHes therephe peptide. Natural product
screening i s one useful strategy for identifying anal ogues and m neti cs.
Al t hough, anal ogues of the subject peptides contenplated herein include
modi f i caRéforesce bereqi the "ddnavarises" i inclodgopatsi ¢ngaitnt At poTAbNAST e @Bjeds
and/or thejr derivatives durj n9 peptide synthesis and the use of

crossl i rﬂPél’g’gmﬁnB@ for  detdistalivii Ay ingledss otingle net irowsple eonat ragidnt s on

the peptd.dg; r i | o am)j. es .of  .si chain
nodi f i ca%u?%;}g@%gﬁit&eeﬁg ar ggﬁb{(}dﬁﬁg' prﬁgglglﬁ)tg@%ngglﬁﬁ? W%tlﬁgﬁﬁdgtm%mnfyi Tat i ons
of am notgochepscalycdimisr Pyptided Uedrh venamkith@at i Rafy s?@@l% bPRnMet & ABm

a

al dehyde fall owed by reduction with NaBH4; arnidination with

met hyl acvéﬁhlmﬂaf‘aﬁ@}e gowpsy damaly ofomake. - For example, a homologue would include a
- peptide having, for example, the amino acid sequence N P F P from another a-

neurotoxin from another member of the Elapidae family. Alternatively, the amino acids
N P F P may be replaced by amino acids having a similar charge, stereochemistry,
conformation or peptide conformation influencing ability. All such homologues are

contemplated by the present invention.

Analogues and mimetics include molecules which include molecules which contain non-
naturally occurring amino acids or which do not contain amino acids but nevertheless
behave functionally the same as the peptide. Natural product screening is one useful

strategy for identifying analogues and mimetics.

- Although, analogues of the subject peptides contemplated herein include modifications to
side chains, incorporation of unnatural amino acids and/or their derivatives during peptide
synthesis and the use of crosslinkers and other methods which impose conformational

. constraints on the peptide molecule or their analogues.

Examples of side chain modifications contemplated by the present invention include
~ modifications of amino groups such as by reductive alkylation by reaction with an

| _aldehyd.e followed by 1‘edu0tion with NaBHy; amidination with ‘methylacetimidate;




acylation with acetic anhydride; carbanoylation of am ng SsQMBS: YMokh
cyanate; trinitrobenzylation of amno groups with 2, 4, 6-trinitrobenzene
sul phonic acid (TNBS); acylation of am no groups with succinic anhydride
and tetrahydropht halic anhydride; and pyridoxylation of lysine with

pyri doxal - 5- phosphate foll owed by reducti.on with NaBH4. The guani di ne
group of 4 rlgtiiorH ne. resie&kjes lrrgé be nodified by the formation of heterocyclic
condensafTon Bt odiie t &off + Aivahgentcarbapenlatian 2013 amiranguipnewitbheymbig] yoxal
and gl yoxaitrobelR€lag& 3 D f 1 by carbodiim.d ctivation
via 0-acylisour egl ki orgﬁé%ﬁill%ggé@ gP i g\%ﬁd? %;’/%ls)%glsué)gg%zﬁt{e a'ZIPF?}}“f i‘f‘@&@é}%ﬁ%; or
exanpl e, agxationceframgsp grdips gyithnsudeinic Bty drivedind lteteihHRPLIIBN: RehydRELf gl by
nmet hods such as_ car gt)x methyl ation with iodoacetic acid or iodoacetani de;
per f or ni BVAEPH RN LB Wb Rgsiosslos-pleqsahate Slowed op rasfuction witk 8Bissul phi des
wi th other thiol conpounds; reaction with mal eimde, naleic anhydride or
ot her substituted nal eim de; formation of nercurial derivatives using 4-

chl or omeTEdsHBRD =Ghl: i phenyl.sul phonic aci d, phenyl nmer cur
chi or  der ENBRIECEE of a G ATRLEMAPRSIXY R RER ErdfionarRocrbyelRy T

car banoytaadeemation prodogtandthaeienalskel aitsrB=;3-b@tﬁhede@éPﬁl%?%’I&dx%P&n@ﬁ?%)ﬁEEy be
nodi fi ed by, for exanple, oxidation with N- bronosuccinimde or" al kyl ation

of the indole ring with 2-hydroxy-5-nitrobenzyl brom de or suiphenyl
hal i des.ThEY ¢8%b ' n t her hand, .may be altered by nitration
with tetranit r%ﬁmgﬁghgﬂg % o}ﬁrﬂﬁgﬁe\% Eft?agtf%raflgléﬁé‘cﬂwlp{}a‘f’f’vg.‘a"muﬁacat i on
of the iffinaticnl fellowabbosulaediest deivitafi Qs iKY, B ALY

oXy

al kylation with iodoacetic acid derivatives or N-carbet tiron with
di et hyl pyrocar bonat e. Exanpl es of incorporating unnatural am no acids and

derivat igy L i de synt [ include, but are not limted to, use
of norl eugfhﬁrgi,y 4%}%?3(;2&%?) §r%8d£§“-| d,Ey dpﬁfﬁ?%o-s@-h Ay dreehgryBLegivtatiph peithanoi ¢
acid, 6iaduaoatexane 6dset@mide; PGl VRl GidABL YRLI R8e 189. PEGETRET 2006
| mixed disulphides with other thiol compounds; reaction with maleimide, maleic anhydride
or other substituted maleirriide; formation of mercurial derivatives using 4-
chloromercuribenzoate, 4-chloromercuriphenylsulphonic acid, phenylmercury chloride, 2-

chloromercuri-4-nitrophenol and other mercurials; carbamoylation with cyanate at alkaline
pH. |

Tryptophan residues mdy be modified by, for example, oxidation with N-
bromosuccinimide or alkylation of the indole ring with 2-hydroxy-S-nitrobenzyl bromide

or sulphenyl halides. Tyrosine residues on the other hand, may be altered by nitration with

tetranitromethane to form a 3-nitrotyrosine derivative.

Modification of the imidazole ring of a histidine residue may be accomplished by

alkylation  with  iodoacetic acid  derivatives or N-carbethoxylation  with

diethylpyrocarbonate.

Examples of incorporating unnatural amino acids and derivatives during peptide synthesis
include,_ but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-

h’ydroxy-5-phenyipentangic acid, 6-aminohexanoic acid, t-butylglycine, norvaline,




-13 phenyl gl yci ne, ornithine, sarcosine,
4- am no- 3- hydr oxy- 6- net hyl hept anoi ¢ aci d, 2-thienyl alzgrger?gmg%r Ogrﬁ
D-isomers of amino acids. A list of unnatural am no acid contenpl ated
herein is shown in Table 2. 26 Decenber 2006 -14 TABLE 2 Non-conventi onal
Code Non-conventional Code am no aci diﬁm no acid a-am nobutyric acid Abu
L- N-net hyl al ani ne Nmal a a-aniino-a-nethyl butyrate Mabu L- N nethyl argi ni ne
Nnar g anPlisaz\gbicdiss epuhine, epewine., famsnhiihadpay dginntbyINeptsmic acidpRyhiahy

L- N- et i.c id N ._am noi sohutyric acid Aib L: N-nethy| cysteine
NnTys Q%in&ﬁgéh)%{l or ]njsll%gmﬁﬁﬁs %IRE ﬁﬁ‘{flﬁyﬁg?‘ﬁ& éﬁd‘]ﬁ?“ﬁﬁlg"i“ﬂmoé'ﬁ gyeEplated. N- et
yl gl ut atlréin acidwNTBTYRIeoyCl ohexyl al ani ne Chexa L-N-net yl histidiae Nmhis
cycl opentyl al ani ne Cpen L-N-nethylisolleucine Nmle D-alanine Dal
L-N-nmethyl l eucine Nmleu D-arginine Darg L-N-nethyllysine NmMys D-aspartic
acid Dasp L-N nethyl methi oni ne Nmmet D-cysteine Dcys L-N nethyl norl euci ne
Nmle D-glutamne Dgln L-N-nethylnorvaline Nmva D-glutanic acid Dglu

L- N-net hyl ornithine Nmorn D-histidine Dhis L-N nethyl phenyl al ani ne Nnphe
D-isoleucine Dile L-N-nethyl prolizne Nnpro D-leucine Dieu L-N-nethylserine
Nnser _




D-lysine Dys L-N-nethylthreonine Nnthr D-nethionine Dyget
L-N-nmet hyl trypt ophan Nmtrp D-ornithine Dorn L-N-nethyl tyr%cgfllr?gr%\?nqéyr
D phenyl al ani ne Dphe L-N-nethylvaline Nrwal D-proline Dpro

L- N-net hyl et hyl gl ycine Nnetg D-serine Dser L-N-nethyl-t-butylglycine

Nt bug D-threonine Dthi L-norleucine-M&.- D-tryptophan Dtrp L-norvaline Nva
26 Decenber 2006 -15 D-tyrosine Dtﬁ,r - et hyl - am noi sobutyrate Mai b

D-val i ne Dval a-nethyl-y-am nobutyr r‘j‘éﬂvkg‘ébu D a- net hyl al ani ne Dmal a

a- met hyl cycl ohexyl al ani ne Mchexa D-a-nethyl argi ni ne Drarg

a- met hyl cyl copent yl al ani ne Mepen— D a-Tethytasparagrne—brash
a- met hy| NIV eRioAklani ne Maflage D- a- nEbhybasptsiaat € Dmasp Code
a- et hyl L.ci.l.l,am ne Mpen D-a-nethyl cysteine Dntys

N- (4- ai n%gﬁta{:}fi) glycine Nglu D a- met#pogiagidani ne” Dngl n

N- (2-am noet hyl ) gl yci ne Naeg D-a-nethyl histidine Dnhis
N- (3-am nopropyl ) glycine Norn D-a- met hytTsotetcine—brite
N- ami no- &=aninpiptiyie saidt e Nmaabu  D- a- neieltgliginng Dl eu a- napthyljal ani ne
Anap D a-nethyllysipe Dnlys N benzyl gl yci ne Nphe D a-nethyl methioni ne
" Dnunet AE(HEPB%%*E@W &“Wﬂtﬁgll\ﬂé?% Ng| ?xL thyBtdiginor ni t hi ne Dndimarg

N-(carb - cine D- a- net byl phenyl al ani ne he
N- E 2- ca?%glgg%&hﬁl%%néci ne mg(%ﬁo D a- %‘ﬁyﬁnggéﬁ%/%a%r 0 o Nmasn

N- ( car boseybretytapt ) gl yci ne Nasp L-N-methylaspartic acid Nmasp
aminoisobutyric acid Aib L-N-methylcysteine Nmcys
aminonorbornyl- Norb .L-N-methylglutamine Nmgin
carboxylate ' L-N-methylgtutamic acid Nmglu
cyclohexylalanine Chexa L-N-methylhistidine Nmihis
cyclopentylalanine Cpen - L-N-methylisolleucine Nmile
D-alanine Dal L-N-methylleucine Nmlieu
D-arginine _ Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methylmethionine Nmmet
D-cysteine Deys L-N-methylnorleucine Nmnle
D-glutamine ‘ Dgin L-N-methyinorvaline Nmnva
D—glutamic acid .Dglu L-N-methylornithine Nmorn
D-histidine Dhis . L-N-methylphenylalanine Nmphe
D-isoleucine Dile 'L-N-methylproline Nmpro
D-leucine Dleu L-N-methylserine  Nmser
D-lysine | Diys ' L-N-methylthreonine Nmthr

_ D-methionine Dmet L-N-methyltryptophan . | Nmtrp
D-ornithine Dorn L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine Nmetg

- D-serine . Dser L-N-methyl-t-butylglycine ' Nmitbug
D-threonine Dthr ~ L-porleucine : Nle

D-tryptophan _ - Dttp . L-norvaline Nva




D-a-net hyl serine Dnser N-cycl obutyl gl yci ne Ncbut D-a-ngt éf:l i Qfﬁﬁ@i ne
Dt hr N-cycl oheptyl gl yci ne Nchep D a-nethyltryptophan 5

N-cycl ohexyl gl yci ne Nchex D-a-nethyltyrosine Dmy N cyclodecyl gl ycine
Ncdec D-a-nethylvaline Dmwal N-cylcododecyl gl yci ne Ncdod

D- N- et hyl al ani ne Dnnmal a N-cycl ooct yl gljgci ne Ncoct D-N-net hyl ar gi ni ne
Dnmarg N-cycl opr ppyl gl yci ne Ncpro D- N-net hyl asparagi ne Dmmasn

N-cycl oubli (’:'?ﬁ“gfl yci ne Neund DEIN- et hyt-amgshl tastinoiBriwggple Maib

N (2, 2-dip | et hyl ) gl yci ne hrn D N net hyl cyst.ei ne Dnntys

N- (3, 3-d%ﬂ"g% propyl ) gl yci ngw%bhe DW%EIE}HW HPANTAE Dnngl n Meabu

( 3- guabi-dimapylajpying gl yci neDMalag D- Nziﬂi?étﬁm&ﬁhdhteﬁﬂﬁitaﬁinpﬂm| U " Mchexa

(1- hydroxyet hyl )gl ycine Nt hr D-N-net hyl hi sti di ne Dimhi s
(hydr okyetPshyl3gies ne NsePmamx N- netdryietindésdenpentslabmind e Mepen
(

I m dagp | | ycine Nhis D N-methylleucine Dnnl eu
N-(3-i nd@l@%@%@ﬂ%ﬁ%@i}ci ne l\ﬁfnraf)n 26 Dt -oopRpghy alagng. N- et M4TYsi ne
Bnm_y_s {\?n?\,ﬁﬂ%ﬂhylyspmtggﬁut y{g;n%lﬂ: ng?ﬁwf“e%%’?"‘t‘j hjﬂ‘)ﬂll ¢l ohexyl al arﬂk&% Nnthexa

iie met hi oni ne mre me ornithine nor n

N net hyl @;/fé:'lﬂ'@ﬁm}sﬁt@éneani ne Noopen N ﬁé{#}-ﬁh@lo}bﬂiyﬂlﬁlyﬂ'&iea Nglu
D- N- et hyl herl?/l I%ﬁﬁne Dnrrplléue N- et hyl am noi sobut yrate Nmai b
D- N- et %rﬁgﬂﬁt TEUBHT 0 N-PMelet hyl pYéppmyngeelalemil e D N- mbleRg | ser i ne
Drunser DN (RuRtiiR opy! >qb|\1§a§ffne N W‘éﬁ‘?ﬁﬁf"%bg@%gl ne Dyt b

N-
N-
N-
N-

D- N-net hyl tryptophan Dmtrp -nmeth
D- N- net ilot-yrtsiipeciint yr  N-Diloy| a- naphhyad anmasipmean Nmaabu

D-o-methylleucine Dmleu . a-napthylalanine Anap

 D-a-methyllysine Dmlys N-benzylglycine Nphe
D-a-methylmethionine Dmmet N-(2-carbamylethylglycine Ngln
D-a-methylornithine Dmorn N-(carbamylmethyl)glycine Nasn

- D-a-methylphenylalanine Dmphe . N-(2-carboxyethyl)glycine Nglu
D-c-methylproline Dmpro N-(carboxymethyl)glycine Nasp
D-o-methylserine Dmser N-cyclobutylglycine Ncbut
.D-oc-methyithreonine Dmthr ~ N-cycloheptylglycine Nchep
D-a-methyltryptophan Dmtrp N-cyclohexylglycine Nchex
D-a-methyltyrosine Dmty N-cyclodecylglycine Nedee
D-ca-methylvaline Dmval N-cylcododecylglycine Nedod
D-N-methylalanine Dnmala N-cyclooctylglycine Ncoct
D-N-methylarginine Dnmarg N-cyelopropylglycine _ | Ncepro
D-N—methylasparaginé Dnmasn N-cycloundecylglycine Necund

' D-N-methylaspartate Dnmasp N—(Z,Z-diphenylethyl)glycine Nbhm

 D-N-methylcysteine Dnmcys N-(3,3-diphenylpropyl)glycine Nbhe
D-N-methylglutamine ~ Dnmgln - 7N-(3~guanidinop.ropyl)glycine Narg
D-N-methylglutamate Dnmglu N-(1-hydroxyethyl)glycine - Nthr
D-N~1ilethylhistidine _ Dnmhis N-(hydroxyethyl))glycine ' Nser
D-N-methylisoleucine Dnmile N~(imidazolylethy.1))g[yéine ' Nhis

D-N-methylleucine - Dnmleu N-(3-indolylyethyl)glycine ~ Nhtrp




D-N-net hyl val i ne Dnmval N-nethyl penicillanm ne Nrnpen y>@amblghul ¥sjec aci d
Gabu N-(p-hydroxyphenyl)glycine Nntyr L-1-butylglycine Tbug
N-(thionethyl)glycine Ncys L-ethylglycine Etg penicillamne Pen

L- homophenyl al ani ne Hphe L-a-net ylalanine Mala L-a-nethylarginine Marg

Mser L- aNmibihyldaih 6o
Carba hyl i rbamy! methyl)
c
Klﬁir)? ag%/ E&F@%ﬁ%g%yﬁ?yﬁﬁne%@ 0 !
~stabili sg-ﬁ%&gﬁn{rﬁ%ﬂg@h&l{)ns, B

t he _bi functi on

L- a- net hyl aspar agi ne Masn
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groups with n=1 to n=6, glutaral dehyde, N hydroxysuccinjm de est and
het ero- bifunctional reagents which usually contain anryg:@?%r-ng raﬁoigve

noi ety such as N hydroxysuccini m de and anot her group specific-reactive
noi ety such as naleimdo or dithio noiety (SH or carbodiimde (COOH). In
addi tion, peptides can be conformatiamglly constrained by, for exanple,

i ncorporation of C. and Na-nethylam no acids, introduction of double bonds
between C. and Cn atons of am no acids and the formation of cyclic

pepti des porvamal i nt ing c bonds such- as fornming an

am de bondn\lbfgt’\/\/ladcgl:é\m:t(?1 lgh?éi!)landﬁ\%gthglr m ni w@ég]\h%gw%ﬂ}ﬁprgpﬁg chai nsl{%kglebet ween
a side chdamyandhyljgydhor C term nus. cabnPrRE8MlyicHyent i on further

cont enpl g\t egzt cher’ra' cal . anal ogues of the subject peptides capable of acting
as ant agomEio¥YdrZagwned- oNmbge anal gesi c peptides. Chenical anal ogues
may not @@lg,%gg(g)ic%{%&gpggri ved fromthe peptides thensel ves but may share
certain conformational "simlarities. Alternatively, chem cal anal ogues nmay
be specifically designed to mimc certain physiochem cal properties of the

peptides. Chem cal analogues nay.be chericalTy Synthesised or may be
detected follow ng, for exanple, natural product screening. Al these

t ypes of Lfications may be inportant taq.stabilise the subject peptide if
adni ni stgiﬁgeggihl{légpsaEgénugfe%st > ﬁ)sr %’{;E}Pi% Yrekalise; BB prIpeimpEens f uding: hopes ent
i nvent i obifigfegionts efrbdslihRers ROME 28 IhObithAGiohht Bhi 008, ;18
anal gesia in a subject such ag alma}rmal ° eig.ﬁltuggﬁe&r?regsng%gﬁgggﬁéﬁhﬁp@geranot her

aspect ofrotype vithesent td MeNlL@RaHeRfRM-aL &S xFulBhigd. Cgsteirﬁ%kiﬁi Rero- .
anal gesi a_in a subject said nethod conprising admnistering to sai d subj ect
a pain funstonid i isaceafs edticly aseatyunonteh an pepinbdeacase hesieiynbefioe ®efi ned

for a tijym, underd conditjons sufficient to induce ‘anal gesia or to
ot herwi s8 F'g u%cémjtlwé g %‘Q}:QF“ erp%pp'p Specilic-reactive molety such as maleimido or

dithio moiety (SH) or carbodiimide (COOH). In addition, peptides can be

conformationally constrained by, for example, incorporation of C, and N_-methylamino
acids, introduction of double bonds between C, and C; atoms of amino acids and the
formation of eyclic peptides or analogues by introducing covalent bonds such as forming
an amide bond between the N and C termini, between two side chains or between a side

chain and the N or C terminus.

The present invention further contemplates chemical analogues of the subject peptides
capable of acting as antagonists or agonists of the analgesic peptides. Chemical
analogues may not necessarily be derived from the peptides themselves but may share
certain conformational similarities. Alternatively, chemical énalogues may be specifically
designed to mimic certain physiochemical properties of the peptides. Chemicél analogues
may be chemically synthesised or may be detected following, for example, natural

product screening.

All these types of modifications may be important to stabilise the subject peptide if

administered to a subject.

As stated above, the peptides of the present invention are useful in inducing or facilitating




I‘D-"r_ef erably, the peptide adm nistered conprises an am NesJsdcemp&IHRACE

havi ng at | east about 60%simlarity to an a-neurotoxin fromO. hannah or
is a derivative, honologue, analogue or mnetic thereof. In accordance
with this method, nore than one type of peptide nay be adm nistered or the
pepti de may be co-adm nistered with a Knhown anal gesi ¢ conpound or nol ecul e.
By "co- LNl st.e ".ls,.nmeant sinultaneous admnistration in the sane

f or mul ata?glﬁk%%ﬁﬁanguf%{%g éug%lf?%rnéaﬂm%?%ﬁl MaBhs via the same or different
routes or sequential adm nistration by the same or different routes. By
"sequential" admnistration is nmeant a tine difference of from seconds,

m nut es A%eidiEls rengtgs atpeeinelethe tivesenidimventanr @hteatplats & ecthowof jesingf

pepti de . he pepti.de and t nown anal gesi ¢ conpound or nol ecul e. The
pept i degn‘%%eswﬁ% apg%}%’?c e dn?r\}ﬁ%‘tn‘foﬁ‘ﬁﬁﬁﬁ%sq%@l%‘é‘i?ﬁéﬁn@ #id mwbiseturepaiay be
adm ni saBéegtiigNcifdlive ARMBA: oRAWBEIOEs MR ALESM kAcl wde byt are not
limted to intravenously, int r?i)egri ti %ngfagrlﬂleﬁ)g%ggﬁg%ngdgu%ﬁ%fg "im;]é[ 'rnéierrani al ,
i nt r adeeerditionsisuftisrons tuinduce dnatgesio otitoartherivveraduee €@ leveliofipiacer ebral 1y,

intranasally, infusion, orally, rectally, via iv drip, patch and inplant.
I ntravenous and intraperitoneal and anal routes are particularly preferred.

Anot her pR$REQY, 8k JR8dP 'é&ﬁl?rﬁgtielieﬁvc%%r@& B %I\{lllr(lj eeslcig e%&irl? 23 gél’ﬁgr% (ﬁﬁgfs gr e

i nduci ng or acilitating anal gesia“conprising a
def i nedatzdl 66%esimilarityr © anpharcarteit ifeal Oy /et £4GRHie! Fordldhey
f ¥

2

di luents. The conposition may also conprise two different types ©

‘pept i dedalfEus OpRENEtthasal a known anal gesi ¢ compound or nol ecul e. 26
Decenber 2006 -19 Conpositions suitable for injectable use include sterile
~aqueous solutions (where water soluble) and sterile powders for the

ext enpdnaedsnce vaahal heBo®f méle@hdd Shel (PhHEGH &g]{ige nﬁiglblétzf-dﬂgﬁisteg-elaecx dist be
stabl e under the conditions of manufacture and storage and nust
peptide may be co-administered with a known analgesic compound or molecule. By '
"co-administered" is meant simultaneous administration in the same formulation or in two
different formulations via the same or different routes or sequential administration by the
same or different routes. By "sequential" administration is meant a time difference of
from seconds, minutes, hours or days between the administration of the two types of

peptides or the peptide and the known analgesic compound or molecule. The peptides or

the peptide and known analgesic compound or molecule may be administered in any

order.

Routes of administration include but are not limited to intravenously, intraperitioneal,
subcutaneously, intracraniall, intradermal, intramuscular, intraocular, intrathecal,
intracerebrally, intranasally, infusion, orally, rectally, via iv drip, patch and implant.

Intravenous and intraperitoneal and anal routes are particularly preférred.

Another aspect of the present invention provides a cbmposition for use inducing or
facilitating analgesia comprising a peptide‘ as hereinbefore defined and one or more
pharmaceutically acceptable carriers and/or diluents.  The composition may also -
comprise two different typés Qf peptides or a peptide and a known analgesic compound

or molecule.




be preserved agai nst the contaminating action of nicro nlsgszﬁﬂgh as
bacteria and fungi. The carrier can be a solvent or 32 S8 ium
cont ai ning, for exanple, water, ethanol, polyol (for exanple, gl ycerol,
propyl ene glycol and liquid polyethylene glycol, and the like), suitable
m xtures thereof and vegetable oils. The_preventions of the action of

m cr oor gani sns can be brought about by various antibacterial and antifungal
agents, for exanple, parabens chlorobutanol phenol , sorbic acid,

thirmer O@al!ng@ﬂgoﬁshﬁu abf)%efm n?e&gbrlg ulsg i cﬁu Oﬁ'ﬁr&‘fﬁ‘:aqgﬁ;ﬂuﬁ r foﬁé,?\gke to I nCl ude

i sotoni c agents, for

absor pt i suhulgé) the stelﬂikeqio&bb@ ﬁmn@sextdnsmalﬁ@urb B QHe r &Q@l@tuﬂ:&‘, ablée use
in the conpositions of agents del aﬁl ng absorption, for exanple, }um num

monost eafAEEOnNgENd hee P ‘PP stéhlennder thopeditis of seinuficons ast soppepat edsby
s in.the. required anbunt in the

appropr 1 ot ERgesE aBihi e GRPPOUR EE' et S P PR GaTereS oot
above, afingieqiiid @erierl ahlHRVEM IRt of HspE¥BARRiunt LodtShipt 85 éxlml%gfe' QAeePf

sterilization by other appropriate neans Di spersions” are

- cont enpl ehasgl, arodyof HEweexampleh elyweepbaprepylotwy glydeloamaoliqtid pglytetslanardpiss,
sterilize c(. e|n redi ents. int sterile_vehicle which contains the
basi ¢ m%%é‘? gl sy s hereo d e eietle R Thegprewnéinns of the astidiode

enumer atlﬁférc??%)aa?smsl (Ehnt lt)'hebl%@%l?c z%foug beLhli&us dﬁ%?{j‘c&gx Oaf*idta?lﬁﬁ%r %P%ﬁ S; ﬁon of

sterile inj ble solutio referre Fepar ¢l udes

vacuum dryinplg, amﬂbwmgdﬂmeéumﬁ@ryhﬁglsbﬂmhmnquﬁuwﬁhﬁblMkﬁﬁﬁlmepqmﬁﬂmyof t he
active ingredie pI us_any additional desired ingredient froma previously
steril e f%t Er%f b1 Rigierble Wélwhtdﬁelsa@tmv@mﬁg feid Bxampe.asugassupt sdsliym

pr ot ect e [ n jnert

di | uent %glron\%lmg rdg’]ﬁ’ggg g‘lb%{l?! (%)?/%ﬂgg:ilﬁ%ozébg%rg ITI%OrS%O&S P %Vugﬁg atebﬁ}f s@ﬁ in

hard or usefin sheldongrishions 6RREYME, dElhyihg ABMRRNC OFP! £898fe,! qu‘ﬁuﬁlﬁ?l ets.
For oral therapeutic admnistration, the active conpound may

i ncor pornesesipictang gelagpent s and used in the form of |ngest|ble tabl et s,
buccal tablets, troches, capsules, elixirs, suspensions, syrups, 26
EEcenber 2006

Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients
enumerated above, as required, followed by, for example, filter sterilization or sterilization
by other appropriate means. Dispersions are also contemplated and these may be prepared
- by incorporating the various sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the required other ingredients from those
- enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, a preferred method of preparation includes vacuum drying and the freeze-drying
technique which yield a powder of the active ingredient plus any additional destred

ingredient from a previously sterlle filtered solution.

‘When the active ingredients are suitably protected, they may be orally administered, for
example, with an inert diluent or with an assimilable edible carfier, or it may be enclosed in
hard or soft shell gelatin capsule, or it may be compressed into tablets. For oral therapeutic
administration, the active compound may be incorporated with excipients aﬁd used in the

form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups,




-20 wafers, and the like. Such conpositions and prepar aigpdspeesdgd contain

at least 1% by weight of active conpound. The percentage of the

conpositions and preparations may, of course, be varied and may

conveni ently be between about 5 to about 80% of the weight of the unit.

The ampunt of active conpound in such t#erapeutically useful conpositions

n__such vdfat, st ikl Supsasgoutibl e ARLANSY RFLELLEd GOMPGS) i ons or
,

preparations according to the present invention aré prep ¥ an
oral dosdtfeeief ectvsroormsnedi e pdretnieerofabotdmdsitongadiste g ¥ BS oACti ve
conpound, The btea‘glriga?gd troches,. Bi |1s, capsules and the |ike may al'so
contain the Gonpohentad B2y Conehignily b beivrear about |5 tp gbout SQ¥hoftbe gisight afaci a,
corn st atehwot. Teé adhbiiat iR ' i.cal ci um phasphate; . a .

di si ntegrating agent1 such as cgé}ﬁnﬁ%l%gﬁgﬁ,aa}oggﬁ %utg;?& 8%?‘%5?0&?%55‘03&“6 and

the |ikesuch thabe wﬁablesmshgeawﬂmﬂgnemmmsth@feafe@;coaa@@jsiao&\f\@ﬁ%?éﬂa%oﬁ@e”t
such a SUgrpse, thact_ose or saccharin may be added or a flavouring agent
such as pepperi ht™® Bfienbmverfiontas grepered serthefparergl ddsageounit figm MWhesing he

dosage UmdivedDEBBuL B.18¢ GAP LEY contain, in addition to naterials of
the above type. a Iiquid %(gjroﬁrll%?fa qg}réicg?}go'ﬂ}dher materials may be present

as coatings or to otherwi se nodify the physical formof the dosage unit.
For insﬁanc ' tablets, pills, or capsules may be coated w th shellac,
sugar or' BofRCSAleehesoPil. capulssiand thy likomepiako tchetamathe vemparmalnd;steucr 0se

as a sWaRl&eRpo . | ~and propyl parapens as. preservatives, a dye
and flavouri r?g s%gﬁﬂaaeé C lté%ygugf’ %:raglﬁgggrfnl %F%Rro.r geiip, rexeipieals susbaasi n

- prepar i rcagiymddnagatdind dishepaisbaukd saen Rhay ticall ure.and .
subst ant i gl |y non-toxic in t he a%ngnltss enpl o§*g§‘%e°ﬁhf50§§8fﬁ“§"‘n??%% Gdtive
conpound?s)hidire; e lubsisant poelate dndgntsusustaitae hnded ensReriMLAgEALONg and

for mul at},99 o Iél(':@(%e%g_ggc%ﬁér. i nveg%gliﬁfgc[z3 al so_ extends to forns surtable for

t opi cal “application SUCH 4s™&Y d or gl]ayaaringragepietueh a3 peppehin, oilng, t he

s gecvenmsptaiopony s, WO SR ALY coBRRrLiol B! ™
i ncl udethpddidew toainptey als wé tesabove type, a liquid carrier. Various other materials may be
present as coatings or to otherwise modify the physical form of the dosage unit. For
instance, tablets, pills, or capsules may be coated with shellac, sugar or both. A syrup or
elixir may contain the active compound, sucrose as a.sweetening agent, methyl and
propylparabens as preservatives, a dye and flavouring such as cherry or orange flavour.
Any material used in preparing any dosage unit form should be pharmaceutically. pure and

substantially non-toxic in the amounts employed. In addition, the active compound(s) may

be incorporated into sustained-release preparations and formulations.

The present invention also extends to forms suitable for topical applicaﬁon' such as creams

lotions and gels. In such forms, the analgesic peptides may need to be modified to permit

penetration of the surface barrier.

Pha.rmaceutically acceptable carriers and/or diluents include any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents and the like. The use of such media and égents for pharmaceutically active

.s_ubstances 1s well known in the art. Except insofar as any conventional media or agent is




di spersion nmedia, coatings, antibacterial and antifungal ents,,J.sotonic
and absorption delaying agents and the |ike. The use §PIE%FW£W§%P§ and
agents for pharmaceutically active substances is well known in the art.
Except insofar as any conventional nedia or agent is 26 Decenber 2006 -21
i nconpatible with the active ingredi en]l-use thereof in the therapeutic
conposi t {{RPSp! i ary .act | i.ngr-edi ents .can.al so be
ncor por apoqpitule SR BRDARYE dnpPRR, SF BALY A abt SRor e hPRoRUEE 0

f or nul at eontemplatedr alSuppleposiatyi @tisvd inglefiage dafi disd WeMueOFporL&E an@f the

adm nistration.and uniformty of dosage. Dosage unit formas used herein
refers tP"HE ¢al |y discrete units suited as unitary dosages for the
manmal i an subjects to be treated; each unit containing a predetermn ned
guantity of active material calculated to produce the desired therapeutic

effect ilninepociaby bdanwietdusttbgomagaie He@nRRACIREEME 3 do&RE uhRfornd A&
specification for the novel dosage unit forns of the invention are dictated
by and 9% Rtdnyinisipaenenstunaterpidy of Aesagni Qowee huit fchersivsed baeifrefenetoact i ve
mat eri al hey. rticular therapeutic effect to be achieved and (b) the
limtat i%ﬁgﬂf‘l?%?r‘%%te e e £ &lﬁargpﬂ?f%‘??dﬁ’hg}h% W%%l%ﬁ#‘%}@t%@ i al for
i nduce afeafedgi bdchaddinGorAdlAinges bR dbRrhinkd %ﬂatﬁHflo?%Eﬁve nﬁ{efrﬁftc%lgfﬂa%mgm s of
analge5|c(§§pt|des contenpl ated by the present invention Wl T vary

dependi WgoBisctthe desivest teyapetitia hffeqiainnasodatidnewitkaht hequigd agerahcdutieal
recipien ner terns, effective amounts may vary from 0.01 ng/kg

. Lnage ff y. .
. body vveictamer‘t J%SBB?H 1RGN )t B‘g;ﬂosfv%@i%ﬁtfm‘% Afehé HvERROTaRS Wit iated BE| ude
for abouhd Qidkcidg/déBerARRlY oVed)Ofit te) i&9or RRdy.veight . gr, frem 1.0

ng/ kg body vei R S b%%agag&é/g% ot BRHEAVE kg A B8 o
t he pr eperiiculanyirepeutic icffedi et didved and i(B the dinitBiohd enterdi 66 thdaptdrdes
and their derivativgs, honol ogues, anal ogues and m netics. Such antibodies
may be CHHROEIBMAFUCHA Feiypapraal foy indugseor dagdlitalerie apmtgesia peprindeubjctthese may
first need to be associated with a carrier nolecule.

Effective amounts of analgesic peptides contemplated by the present invention will vary

depending on the severity of the pain and the health and age of the recipient. In general

terms, effective amounts may vary from 0.01 ng/kg body weight to about 100 mg/kg body

weight. Alternative amounts include for about 0.1 ng/kg body welght about 100 mg/kg

body weight or from 1.0 ng/kg body weight to about 80 mg/kg body weight.

- Still another aspect of the present invention is directed to antibodies to the subject peptides
and their derivatives, homologues, analogues and mumetics. Such antibodies may be

monoclonal or polyclonal.
In the case of small peptides, these may first need to be associated with a carrier molecule.

The antibodies of the present invention are particularly useful as therapeutic or diagnostic
agents. For example, specific antibodies can be used to screen for peptides using -
immunoassays or used as antagonists to inhibit peptide activity under certain éircumstances

- such as where temporary analgesia is only required. Techniques for such IMmMunoassays

are well known in _ﬂ1e art and include, for example, sandwich assays and ELIZA.




The antibodies of the present invention are particul arly psefBkr Bh6

t herapeutic or diagnostic agents. For exanple, specific antibodies can be
used to screen for peptides using immunoassays or used as antagonists to
inhibit peptide activity under certain circunstances such as where
tenporary analgesia is only required. -Teehni ques for such i nmunoassays are

wel I kno i e d.include,, for exa e, sandw ch assays and, ELI ZA
26 Dece e?%%sg% Ofiiéémﬁ%o&ﬁvgféggm&f bepéglpf)%%‘glpggepé’nﬁ‘érwgbé?e‘it%o HREWOr
noni t or i p@tozelst ai N t herapeutic protocols. Antibodies to the peptides (or

their derivatives, honol ogues, anal ogues or mnetics) of the present
i nvention may be nonocl onal or polyclonal. Alternatively, fragnments of

ant i bodi gs.. e used .such as.Fah fra nts. Furthernore, the present

i nventi o%ﬁtélg)?%er?gg thet%ep}:@%so@bﬂﬁgr‘f@”&ﬁﬂ’egy REUES- AR LB cE LimsHCY 0T it | body
hybr i ds. présens Y dh@hh @t bd aebhoci ; hengfaliferd N rggnent s
and hybr?rdsenof ant i Boldni gs. As ?{?gﬁgdggg%“\)g?&%geci ﬁijg&gﬁ??%og{ag@g%%n e used

t o screemibodics ey babjattuchept adsgmeite Furdictrasreythu lpebshie ihvpaos agtbadsf or
exanpl e,, as_a.neans for screening~for |evels of peptides in a cell extract

or ot herBFSIBEFCAF T PRRFIEA PR IyPA P pedorydxbudide bynhebonitedst isteans
from cul doukiBe o4 REX ﬂ%qﬂﬁwﬁé H&ﬁ?enkstanid% #g{lmﬁéltg%(g?gope of this invention to

i ncl ude any secong ant | bodi es” (nonocl onal or fragnents of
anti bodi es or synthetic antibodies) directed to the first nentioned
anti bodi es di scussed above. Both the first and second anti bodi es may be
used i rf\%gﬁt@aﬁ’gwﬁ 8BS apfibogliesjcan be xsed bvasrearalpr ke sbiast weptidea. The

- i i - bul | tibody. .An, anti body .

cont anpll ML S RIPLS RREAN TN A0L Btk e SRR K 4Rl B

pept i de ceBaikha@alrysth@nbiolcpndl MARDE pmaﬂyi@nﬁ%bﬂeé amdang BiAbinAR! Ged¥
e

i mmuni zation with the enzyme or protein an ither type is utilizable for
i munoaday sulturh snsEaksd Sluisk

It 1s within the scope of this invention to include any second antibodies (monoclonal,
polyclonal or fragments of antibodies or synthetic antibodies) directed to the first
mentioned antibodies discussed above. Both the first and second antibodies may be used
i detection assays or a first antibody may be used with a commercially available anti-
immunoglobulin antibody. An antibody as contemplated herein includes any antibody

specific to any region of peptide.

Both polyclonal and monoclonal antibodies are obtainable by immunization with the
enzyme or E)rotein and either type is ufilizable for immunoassays. The methods of
obtaining both types of sera are well knowﬁ in the art Polyclonal sera are less preferred .
but are relatively easily prepared by injection of a suitable laboratory animal with an
effective amount of peptide, or antigenic parts thereof, collecting serum from the animal
and isolating specific sera by any of the known immunoadsorbent techniques. Although
antibodies produced by this method are utilizable in virtually any type of immunoassay, -

they are generally less favoured because of the potential heterogeneity of the product.

The use of monoclonal antibodies in an immunoassay is particularly preferred because of




* obtaining both types of sera are well known in the artZGE%“%ﬁ&g@@pﬁsera are

| ess preferred but are relatively easily prepared by |nje8 Iron-or a

suitable | aboratory aninmal with an effective anount of peptide, or
antigenic parts thereof, collecting serumfromthe animal and isolating
specific sera by any of the known i mmungadsorbent techni ques. Although
anti bodi es produced by this nethod are Utilizable in virtually any type of
i mrunoas gwyability Heyproduse dene imldrge §ewstiéawalithehobegansty afthe peodpot efbe al
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sensitized against the i mmunogeni c preparation can be done by techni ques
which are well known to those who are skilled in the art. Another aspect of
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peptide in a ogl ca roma su or culture sup t flow

or ot her pgide ¢e a tselogicaetdngle GORN hibjdtd of eika@s isufgnaaitdidw oF ogke dursanpl e
with an antibody specific for said peptide or its derivative, honol ogue,
anal oguesast Metlfsk pampréting centapbing waid ralogicak saeple ivoHsas aftilody enecifiefomn

or esonce P B 0P TR fiyidhe’ ToMhANt REROHH°S kel 16 € e e a5,
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techni ques are available as can be seen by reference to US Patent Nos.

4,016, 043mpic424, 279 and 4, 018, 653. These, of course, include both
single-site and two-site or "sandw ch" assays of the non- conpetitive
types, as well as in the traditional conpetitive binding assays. These

assays BleSfeidied UA8 pdhiRGhaPbOMBHAELAR haP/Ihed #UWab Dotk 4D LHEL -
'Sandwi ch assays are anong the nost useful and comnmonly used assays and are
f avour edlotting and ELISA procedures. A wide range of immunoassay techniques are available
as can be seen by reference to US Patent Nos. 4,016,043, 4, 424,279 and 4,018,653. These,
of course, include both single-site and two-site or "sandwich" assays of the non-
competitive types, as well as in the traditional competitive binding assays. These assays
“also include direct binding of a labelled antibody to a target.
Sandwich assays are among the most useful and commonly used assays and are favoured
© for use in the present invention. A number of variations of the sandwich assay technique
exist, and all are intended to be encompassed by the present invention. Briefly, in a typical
forward assay, an unlabelled antibod_y is immobilized on a solid substrate and the sample to
be tested brought into contact with the bound molecule. After a suitable period of
incubation, for a period of time sufficient to allow formation of an antibody-antigen
.complex, a second aﬁtibody specific to the antigen, labelled with a reporter molecule
‘capable of producing a detectable signal is then added and incubated, allowing time
sufficient for the formation of another complex of antibody-antigen-labelled antibody.
Any unreacted material is washed away, and the presence of the antigen is detefmined by
observation of a signal produced by the reporter molecule. The resulté may either be
qualitati*;fe, by simple observation of the visible.signai', or may be quantitated by cornpa.ring

- with a control sample containing known amounts of hapten. Variations on the forward




for use in the present invention. A nunber of variati ong 9f:clner fgdw ch
assay technique exist, and all are intended to be enconpassed by the
present invention. Briefly, in a typical forward assay, an unl abelled
antibody is inmobilized on a solid substrate and the sanple to be tested
brought into contact with the bound melRéecul e. After a suitable period of
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t hose Skgubhggfrbﬁa&h%uﬁ{]}e,_ including any mnor variations as wll be
readily apparent. In accordance with the present invention the sanple is

one which might contain an anal gesic peptide including cell extract,
cul ture super nat ngt‘ tissue bjopsy, serum saliva, nucosal secretions,
| ynph, tIP4RPIcR] prgardrianiepiapsay ot frst pfibady hﬁ@ngmtf‘ecniy&or teerpfidre,

: [ 1 | o fl.uid.but..al t end
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for the peptlde or antigenic parts thereof is either covalently or
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‘The sol isdlitable for conducting an 1m1nunoassay. The binding processes are well-known in the art
and generally consist of cross-linking covalently binding or physically adsorbing, the
polymer-antibody complex is washed in preparation for the test sample. An aliquot of the
sample to be tested is then added to:the solid phase complex and incubated for a period of
time sufficient (e.g. 2-40 minutes or overnight if more convenient) and under suitable
conditions (e.g. from room temperature to about 37°C) to allow binding of any subunit
present in the antibody. Following the incubation period, the antibody subunit solid phase
is washed and dried and i'racubatedii with a second antibody specific for a portion of the
“hapten. The second antibody is linked to a reporter molecule whlch is used to indicate the

blndmg of the second antibody to the hapten.

An alternative method involves immobilizing the target molecules in the biologidai sample
and then exposing the immobilized target to specific antibody which may or may not be
labelled with a reporter molecule. Depending on the amount of target and the strength of
the reporter molecule signal, a bound target may be detectable by direct labelling with the
antibody.  Alternatively, a second labelled antibody, specific to the first antibody is

~exposed to the target-first antibody complex to form _a' target-first antibody-second




supports may be in the f or m of tubes, beads, discs of nicropl at or any
ot her surface suitable for conducting an i nmunoassay. @fﬁ%ﬁ‘:g@ﬁﬂ?ﬁaﬁ

processes are well-known in the art and generally consist of cross-linking
covalently binding or physically adsorbing, the polyner-antibody conpl ex
is washed in preparation for the test sanple. An aliquot of the sanple to
be tested is then added to the solid phase conplex and incubated for a
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conveni entoa alnd under suitable conditions (e.g. fromroomtenperature to
about 378)"F8°al | ow bi ndi ng of any subunit present in the antibody.

Fol |l ow ng the incubation period, the antibody subunit solid phase is
washed and dried and incubated; with a second anti body specific for a
portion BY "tdpertermaplceric” Fhesed ¢ drchrasehi spedficdtion| isnkedt b endecupohitigrby

mol ecul e, whi ch is used ta i ndi%gble, t he  binding of the second antibody to
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the reporter nol ecule signal, a bound target nmay be detectable by direct
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specific to the first antibody is exposed to the target-first anti body
conplex to forma target-first antibody-second 26 Decenber 2006 -25

ant i bodyIntike tasarof a6 @Ry 8% imklioLeaR ag%nryind Rt @afRdied)o tiescshanalivend t t ed by
- the reporter nolecule. By "reporter nolecule" as used in the present
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Iytically identifiable signal which allows the detect] .
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assay are either enzynes, fluorophores or tadionuclide contalning

mol ecul duciferase glycack okisloten hewygatacthstlasmidduatkadrecsinsplmmsecath@sst others.

The substrates to be used with the specific enzymes are generally chosen for the

production, upon hydrolysis by the corresponding enzyme, of a detectable colour change.
Examples of suitable enzymés include alkaline phosphatase and peroxidase. It is also
| possible to employ fluorogenic substrates which yield a fluorescent produét rather than the
chromogenic substrates noted above. In all cases, the enzyme-labelled antibody is added to
the first antibody-peptide complex, allowed to bind, and then the excess reagent is washed
away. A solution containing the appropriate substrate is then added to the complex of
antibody-antigen-antibody. The substrate will react with the enzyme linked to the second
antibody, giving a qualitative visual signal, which may be further quantitated, usually
spectrqphotometrically, to give an indication of the amount of hapten which wés present in
the sample. "Reportér molecule" also extends to use of cell agglutination or inhibition of

'a_gglutination such as red blood cells on latex beads, and the like.

Aitemateiy,' fluorescent compounds, such as fluorescein and rhodamine, may be
chemically coupled to antibodies without altering their binding capacity. When activated
by illumination with light of a particular wavelength, the fluorochrome-labelled antibody

adsorbs the light energy, induéing a state to excitability in the molecule, followed by




I'n the case of an enzyne inmunoassay, an enzyme i s conj %C%%bglgzddée second
anti body, generally by neans of gl utaral dehyde or peri®© wil |
readily. recogni zed, however, a wide variety of different conjugation
~techni ques exist, which are readily available to the skilled artisan.
Commonly used enzynes include horseradpgh peroxidase, |uciferase glucose
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. particularly bSeful nucleic acid molecule is one WhICh encodes or is complementary to
a sequence which encodes a peptide amino acid sequence N P F P R [SEQ ID NO:1j,
said peptide capable of inducing or facilitating analgesia or a derivative or homologue of

said peptide.

Even more preferably, the nucleic acid comprises a nucleotide sequence encoding or

complementary to a sequence encoding the amino acid sequence
NPFPTX, X, KR X, X, [SEQ ID NO:2]

where X, X;, X; and X, may be the same or different and each is any amino acid
residue, said peptide capable of inducing or facilitating analgesia or a derivative or

homologue of said peptide.

Still yet more particularly, the nucleic acid molecule comprises a sequence of nucleotides

encoding or complementary to a sequence encoding an amino acid sequence selected

from:




then exposed to the |ight of the appropriate wavel engt e f]lugyescence
observeg i ndi cat es thg presence o?pthg hapt en of in?eagigxamtagkﬁg
| mmunof | uorescene and EI A techniques are both very well established in the
-art and are particularly preferred for the present nethod. However, other
reporter nolecules, such as rad|0|sot02 chem | um nescent or
bi ol um nescent nol ecul es, may al so be ﬁployed. The present invention
further contenpl ates reconbi nant anal gesi ¢ peptides. Accordingly, another
aspect of the,gresent i nvention provides a nucleic acid nol ecul e

BPs

comprisiM FuEnk & BASHAIPNO: Hes encodi ng or conplenentary to a
sequence s herei nbefore defined or a derivative or

honol ogulge?ﬁgg‘rg?K gpﬁgﬁh@f}\@s@ useful nucleic acid-nolecule is one which"
encodes NIP FP TONH EMRPLEEY IPN@3Eaayence whi ch encodes a peptide am no
acid sequence NP F P R[SEQID NO 11, said peptide capable. of inducing

or faci | NtBaFithg WriaRged] BhE I Nerilvat i ve or honol ogue of said peptide.
Even nore preferably, the nucleic acid conprises a nucleotide sequence
encodi ng or conplenentary to a sgquence encodi ng the am no acid sequence
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same or different and each is any amno acid ™ residue, said peptide capable
of i ndualsty compfise iatiditiaal nglcmaﬂg%qwmc 1af0danmaza1fuwé dmkem(motbtbgueseof sai d

peptide. Still more particul arl t he nuclelc e conprises a
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vector. The latter embodiment facilitates production of recombinant forms of the subject

peptides which forms are encompassed by the present invention.

The present invention further encompasses host cells for the subject nucleic acid
molecules and which are used to produce recombinant peptides. The host cells may be
prokaryotic cells or eukaryotic cells. Ekamples of prokaryotic cells include E. coli,
' Bacillus sp, Psewdomonas sp amongst many others. Examples of eukaryotic cells
include mammalian cell lines (eg. CHO cells), yeast cells, fungal celis, insect cells, plant
cells and reptilian cell lines. The ability to produce recombinant peptides of the present
invention permits the large scale production of vast qualities of peptides for commercial
uses. As stated above, the peptide may need to be produccd as part of a large peptide,
polypeptide or protein which may be used as is or may first need to be processed in order
to remove the extraneous proteinaceous sequences. Such processing includes digestion
with proteases, peptidases and amidases or a range of chemical, electrochemical, sonic or

mechanical disruption techniques.

Notwithstanding that the present invention encompasses recombinant peptides,

chemically synthetic techniques are particularly preferred in the synthesis of the peptides.

The peptide fragments such as those set forth in SEQ ID NO:3 to 6 are conveniently

synthesized bascd on larger toxin molecules isolated from snake venom. Isolation of the




N*PFPTWRKRP [ SEQ D NO 3]; and NPFPRWKRKH SEQ DNO: 4] . %B{}% I‘HH&'Z%-P§ acid

nol ecul e of the present invention is generally in isolate ?orm may

al so conprise additional nucleotide sequence information fused, |inked or

otherwise associated with it either at the 3' or 5 termnal portions or

at both the 3' and 5 termnal portiong. The nucleic acid nol ecule may

al so be part of a vector, such as an expression vector. The latter

enbodi mertEdraixin traeleenipy aeiyc e orccofmplighied by nauyt shicabies mdant haichuly et

pept i descl\ﬂ,hi ns ar eg&nco assed by the, pr eé i nventjon. The present
h

fo nt
i nventi on ﬂlr%{g}ﬁﬁalp EncSAPELOBs Adst SEUMlE fusng SEHVERSE nigdl efxchanged
mol ecul eshramgiophiphl RIBwWHS o) ts‘apﬂilideﬁéu(%g (RSO NRIBAM fiﬁ’t%@%oh‘.jeSMa{[ NE RSt
| ukar S. anpl es of

cells may be prokaryotic célls or e yotic ce
pr okar yofeFlnigesis| ac iaveilabdie ifgluding HPL(BaPAGEUsn@pst Bhetsdomameapusificdnrgst

. many ot hers. anpl es of eukaryotic_cells include manmalian cell |ines
(eg. CHOCEW G20y e%@y S@B‘Ffl“&?é g‘éﬂh@‘éf”%@@ﬁ%?”ﬁﬂ@é@tﬂd@é@’q diregslyasta sopedel s and

reptili 8(51“_Eﬁ:ﬁ{ihes!dl‘r!i@%-telﬁplt%tealt&kéie;}t)’dets nfitgduce reconbi nant peptides of the
S
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The present invention further extends to the use of the subject peptides in the

manufacture of a medicament for inducing or facilitating analgesia.

Preferred peptides are those which comprises the amino acid sequence N P FP T [SEQ
ID NO:1], and more preferably the amino acid sequence

NPFPTX X, X, X, [SEQID NO:2]
wheremn X, X,, X;, X, may be the same or different and each is any amino acid.
Particularly preferred peptides are selected from:
 NPFPTWRKRP G [SEQ ID NO:3j;
'NPFPTRKRP [SEQ ID NO:4]:
NPEFPTWRKRP [SEQ ID NO:5; and

NPFPTWEKRK H [SEQ ID NO:6].

Yet another aspect of the present invention provides an agent useful or inducing or )




-28 larger toxin nolecul es may be acconplished by any i.t abl s such
as by chromatographic separation, for exanple using C%l%c[%ﬁclaﬂﬁgg%%lgon

exchange chronmat ography foll owed by Sephadex (eg. G50 colum) filtration.
Many ot her techniques are avail able including HPLC, PAGE anpongst others.
Once purified, the toxin can be part[ab[y sequenced and/or fragnents
produced and used directly as a source™ of peptides or as a tenplate for
peptide gyiitagd malgesiplcbMpasinBY popticyRtHrashizgerekyfisal. i d phase synthesis
using F-noc chem stry as described by Carpino et at (1991). The peptide
and fragnents thereof may al so be synthesized by alternative chem stries

i ncludin li.nite - Bo .StI i I Stewaart et
at (1985?11%5}&%3&2%‘{%@& E:ﬁ fglgﬁs]?fc%tsclﬁoeet%hbﬁ&ggngﬁ}qv%%ﬁ(&gg%ggngq%%&pﬁ e synt hesi s.
The synt hesi zed peptides are conveniently tested for analgesic activity in
a hot-plate test (see Exanples). The present invention further extends to
the use of the subject peptides | EXNMPIFahuf acture of a nedi canent for

i nducing or facilitating anal gesia. ,Preferred peptides are those which
.conprises the amno acid sequenceLNAI9 aE T[SEQ ID NO 1], and nore
preferably the am no acid sequence NP F P T XI X2 X3 X4 [SEQ I D NO 2]
wherein Xi, X2, X3, X4 may be the sane or different and each is any am no
aci d. Rewiss clivine | mpicpr @émale edS3@pg) des abrimsd| fomethef Yoiversity Laboratory

- NPFPTV\RKRP: 1 3] , . FPT RKRP [ SEQ |.D NO 4], NPFPTWRKRP[ SEQ DNG 5] ;
and NPMSP%ME%WGW Oggb‘%%[z?@?reaéﬁ’géﬁorﬁf the present invention
provi des an agent useful or inducing or 26 Decenber 2006

EXAMPLE 2
Peptide Synthesis

The peptide fragments

H,N-NPFPTWREKRPG - COOH [SEQ ID NO:1]
H,N-NPEP TRKRP - COOH [SEQ ID NO:2];
ILN-NPFPTWRKRP - COOH [SEQ ID NO:3}; and
H,N-NPFPTWEKRK H- COOH [SEQ ID NO:4J;

were synﬂ1esized based on the 72 amino acid sequence of hannalgesin (Pu et al, 1995)
and the corresponding homologous sequences in toxin a and toxin b (Joubert, 1973).

The first 10 amino acids of peptide -N-P-F-P-T-W-R-K-R-P is homologous or shows a
high degree of homology with the terminal portions' of the King cobra toxins; the last
amino acid, glycine, has '1_10 signiﬁcance as it was part of the synthetic protein fragments
used to synthesize the peptide. The peptide was synthesized by solid phase synthesis
using F-moc chemistry as described by Carpino. Table 3 provides a comparison of

amino acid sequences from the peptide fragment.

The synthesized peptide was tested for analgesic activity in the hot-plate test. The

neurotoxic effects was also tested on the chick biventral.




-29 facilitating anal gesia conprising a peptide as her ef o ned.
The present invention is further described by the foll g\?ﬁﬁ éf}fﬁ%ﬁ'l ting
Exanples. EXAMPLE | Aninals L Swiss albino mce (fenale, 18-22 g) were
obtained fromthe University Laboratory Animal Centre, National University
of Si ngapore, Singapore. EXAMPLE 2 Pe (il de Synthesis The peptide
fragments H2N- NPFPTWRKRPG- COCH[ SEQ DN'()Jé H2N- NPFPTRKRP- COOH[ SEQ DNO: 2] ;
H2N- NPFPTWRKRP- COOH[ SEQ DNG: 3] ; and H2N- NPFPTV\KRKH— COOH SEQ DNG. 4]; were
synt hesi zed based on the 72 am no acid sequence of hannal gesin (Pu et al,
1995) and the correspondi ng honol oB&dSVIE nces in toxin a and toxin b

(Joubert, 1973). The first 10 a of ide -N-P-F-P-T-WR-K-R- P
i s honol ogous or shows a high %%aﬁéeéfg%’%rgﬁg&wth t he term nal

portions of the King cobra toxins; the last amno acid, glycine, has no
significance as it was part of the synthetic protein fragments wused to
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test. The neurotoxic effects was al so tested on thé chi biventral. 26
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Electrical field stimulation (EFS:25V, 5Hz x 10 S, 1 MS pulse width, every 100s) was
applied to produce contractile responses of the oesophagi. Responses were recorded on a
Grass polygraph via a force displacement transducer (model FT03, Grass). After the
contraction of oesophagi reached stability, the synthesized peptide (10uG) was added to

see whether it blocked the contractile response.

As shown in Figure 1, after adding an analgesic peptide, the contractile response of chick
biventer showed no change. Therefore, the peptide had no neurotoxic effect on the

. peuromuscular junction.

EXAMPLE 4
Hot-plate test

Mice were placed on a hot plate (55°C+0.5°C) and confined in an area of 4 x 6 inches
by a 5-inch tall transparent plastic wall. The latency time was measured from the time
the mouse was put o.n the hot plate to the time when it first jumps or licks its hindlimb.
The hot-plate test was carried out before and after drug administration by i.v. (in vein,

72 ng/g) or p.o. (per oral, 360ng/g).

Compared to the saline-administered controls, the peptide administered i.v. (72ng/g) or
p.o. (360ng/g) produced significant increases in hot-plate latency time (Figure 2). The
latency times obtained before and after i.v. or p.o. ad_ministfation were sigh_iﬂcantly

different. The synthesizéd peptide, therefore, has analgesic activity.




-30 EXAMPLE 3 Chick Biventral Experiment Local donesti O hbet Sk US
donesticus) of 5 to ten days old were killed with COs; the upper

oesophagus up to the crop was renoved and nmounted under 1 g tension in 6 m

Krebs solution, maintained at 32C and aerated with 5 %v/v CO in oxygen.
Electrical field stinulation (EFS:25V, 35Hz x 10 S, 1 M5 pul se width, every
100s) was applied to produce contractile responses of the oesophagi.
Responses were recorded on a G ass polygraph via a force displ acenent
transducer (nmodel FT03, G ass). Aft h contracti on of oesophagi reached
stability, the synthesized peptide M%s added to see whether it

bl ocked the contractile respqgRis 3000 athLEN%WI 1, after adding an
anal gesi c peptide, the contractile response of chic bi vent er showed no

change. Therefore, the peptide had no neurotoxic effect on the

neur omusgul ar juncti on, MPLE 4 Hot-plate test Mce were placed on a hot
pl ate (5@%5? %’6%3 %??&edgﬁ’ﬁhil%ﬁéael?t}?edn‘“aﬁté‘QSEéfofﬂzﬁg/@-i Adted .5 hythg aice vete t al |

t ranspar gidcidal 28t &fn Waldxond e Was sured fromthe ti t he
nouse vvasﬁggut on the hot pi gﬁt?%é/?%f%%th%iHﬁzgp%eetneglgﬁm?rﬁpﬁgoflﬂ?rﬂ)@n%mrlgggks its

hi ndl i mbminuTdsdatant - pl ate test was carried out before and after drug
~admnistration by i.v. (in vein, 72 ng/g) or p.o. (per oral, 360ng/g).
Conpared to the saline-adm nistered controls, the peptide adm nistered i.v.

(72ng/ 9) AR nhiPitR- 0, QEUG si.gni fi t inc in hot-plate

latency ti rlren?F(?goufﬁlgézi}gﬁ%%%%%gtnéﬁg?rglﬁ%@egﬁfq 'SF%&L%@‘S@{?@, PR UL B i v,

or p. 0. dedminiieswhethelONOMBAE iSioiidf inCB thhinaldisfl BB anfRBcisyoRes]

peptide, therefore, has anal gesic activity.éi’JZé1 Decenbenr 2((:)10%{%9‘ M
were (reated i.v. with the peptide (72ng/g), and 1.5 hours later, injected i.v. with L-

NAME (20mg/kg). The hot-plate tests were performed another 30 minutes ater.

Naloxone effectively attenuated the analgesic effects of the peptide as shown in Figure 3.
Similarly, the coadministration of L-NAME with the peptide also significantly decreased
the analgesic effect induced by the peptide (Figure 3).

As both naloxone and L-NAME blocked the analgesic effect of this peptide, the

involvement of the opioid and nitric oxide systems is suggested.




EXAMPLE 5 Effects of nal oxone and L-NAME Mce were tre %251 Eh 2‘tplag pepti de
i.v. at doses of 72ng/g. After 1.5 h, the mce were %] e wth

nal oxone (6ngy/ kg) and the hot-plate tests were perforned anot her 30

mnutes later. An inhibitor of NO synthase, L-N-nitro arginine nmethyl ester
(L-NAME), was used to determ ne whether NO was involved in the hannal gesin
i nduced antinociception. Mce were treated i.v. with the peptide (72ng/g),
and 1.5 hours later, injected i.v. with L- NAME (20ng/kg). The hot-plate
tests were perforned another 30 mnutes |ater. Nal oxone effectively
attenuated the anal gesic effects ofTABEE@epti de as shown in Figure 3.
Simlarly, the coadm nistratio NAMVE w th the petlde al so
significantly decreased %“@ﬂ?ﬂyg}gg@ﬂﬁ PéE"t‘d‘?% by t he peptide
(Figure 3). As both nal oxone and L- NAMVE bl ocked the anal gesic effect of
this peptide, the involvenent of the opioid and nitric oxide systens is

suggested. 26 Decenber 2006 -32 TABLE 3 Honol ogy of Simlar Peptide
Segments—Syn. Peptide NP FPTWRKRP(G CM11 NP ERPT RRPRP Toxin-a

NP FPTVIR,RPpesTXi N -b NP F P T WK R|Ky@) ‘FEpel wikiig anmi pop asy ds, |in

par ent heésés Those skilled in the art Will appreciate that the inventfon
descri b¢d herein 1s susceptible to vdriations and nodifications otheér than
t hose spédfililcal | y described. It is tdg Ne undePdt oo® BPhat fR invention
i ncl udes$—aH—suveh—vafri-at-+-ons—and—rodifi-cati-ons—7Fhe

Toxin - a NP FPTWRK RP

Toxin -b NP FPTW K R K (H)

*Excluding amino acids, in parentheses

Those skilled in the art will appreciate that the invention described herein is susceptible
to variations and modifications other than those specifically described. It is to be
understood that the invention includes all such variations and modifications. The
invention also includes all of the steps, features, compositions and compounds referred to
or indicated in this specification, individually or collectively, and any and all

combinations of any two or more of said steps or features.




invention also includes all of the steps, features, comgqsidiBps2qad
conpounds referred to or indicated in this speC|f|cat|on individually or
collectively, and any and all conbinations of any two or nore of said
steps or features. 26 Decenber 2006 33 BIBLIOGRAPHY 1. Tin, M, Rai, M
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2006 -34 SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (1) APPLI CANT: NATI ONAL
UNI VERSI TY OF SINGAPORE (ii) TITLE OF I NVENTI ON: THERAPEUTI C MOLECULES
(ii1) NUMBER OF SEQUENCES: & (iV) COQR%?PO\IDENCE ADDRESS: (A) ADDRESSEE:

| NDUSTRY & TECHNCOLOGY RELATI ONS OFI CETCFNTRO) (B) STREET: 10 KENT RI DGE
CRESCENT SBATIEDNAE LENITMERSI TY OF SI NGAPORE (C) CITY: SI NGAPORE (D) STATE:

SI NGAPORE (E) COUNTRY: SINGAPORE (F) zZIP: 119260 (v) COVPUTER READABLE
FORM (A) MEDI UM TYPE: Fl oppy disk (B) COVWPUTER: | BM PC conpatible (O

OPERATI N (D) SOFTWARE: Patentln Rel ease #1.0,
Ver si on ﬁf%@_’g‘%{“ Iﬁ%@%ﬁ (Q%LI CATI ON DATA: (A) APPLI CATI ON NUMBER: (B)
FI LI NG DATE A&C}JI CLASSI FI CATI ON

CANT: NATIONAL UNIVERSITY OF SINGAPORE
(11) TITLE OF INVENTION: THERAPEUTIC MOLECULES

(iii) NUMBER OF SEQUENCES: 6

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: INDUSTRY & TECHNOLOGY RELATIONS OFICE (INTRO)
(B) STREET: 10 KENT RIDGE CRESCENT
: NATIONAL UNIVERSITY OF SINGAPORE
(C) CITY: SINGAPORE
(D) STATE: SINGAPORE
(E) COUNTRY: SINGAPORE
(F) ZIP: 119260

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: APPLIED RESEARCH CORPORATION
(C) REFERENCE/DOCKET NUMBER: PAP(78

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: +65 7755822
(B) TELEFAX: +65 7730924
(C) E-MAIL: arc@pacific.net.sg




(Viii) ATTORNEY/ AGENT | NFORMATI ON: (A) NAME: APPLI ED T!CN
(C) REFERENCE/ DOCKET NUMBER: PAP0O78 (ix) TELECOVMMUNI CATI I | ON:
" (A) TELEPHONE: +65 7755822 (B) TELEFAX: +65 7730924 (C) E-MAIL: _
arc@acific.net.sg 26 Decenber 2006 35 (2) |NFORMATION FOR SEQ I D NO 1:
(1) SEQUENCE CHARACTERI STICS: (A LENGEH: 5 am no acids (B) TYPE anlpo
acid (C) ,STRANDEDNESS: single (D) TOPAOGY: | i near (i1) MOLECULE TYPE:
peptide (%1 )" SEOUENCE F9B BFINN2: SEQ ID NO:1: Asn Pro Phe Pro Thr 5 (2)
| NFORVATI ON F, Q NQ 2: é%% SEQUENCE CHARACTERI STICS: (A) LENGTH 10
ami no aci ds ‘(Qg)ﬁz%’% g@"’* TEE Igi%é)s STRANDEDNESS: single (D) TOPOLQOGY:
linear (ii) MOL gﬁ; ok 0ebti 8

(C} STRANDEDNESS: single

(D} TOPOLOGY: linear

(ii} MOLECULE TYPE: peptide

L )

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asn Pro Phe Pro Thr
5

(2} INFORMATION FOR SEQ ID NO:2:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 10 amino acids
(B) TYPE: aminoc acid
{C) STRANDEDNESS: single

(D} TOPOLOGEY: linear

(ii) MOLECULE TYPE: peptide

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:2:

Asn Pro Phe Pro Thr Xaa, Xaa, Lys Arg Xaa, Xaa,
‘ 5 10

(2) INFORMATION FOR SEQ ID NO:3:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
. (B} TYPE: amino acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

" Asn Pro Phe Pro Thr Trp Arg Lys Arg Pro Gly
5 _ 10




(xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: Asn Pro Phe Pr I}hrgﬁ%@%%%aaz Lys
Arg Xaa3 Xaa4 5 10 (2) | NFORMATION FOR SEQ ID NO 3: (i SE
CHARACTERI STICS: (A) LENGTH: 11 amino acids (B) TYPE: am no acid (O
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 3:. Asn Pro Phe Pro Thr Trp Arg Lys
Arg Pro Ay 5 10 - ------ fee e 36— 26 December 2006 -36 (2)
| NFORVATI ON FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 9
am no aci ds) i"B)rVMEYREN rFarigeo acind:{C) STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: peptide 4 (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 4: Asn Pria) HRQUENGE THARASFERISFSCArg Pro

() LENGTH: 9 amino acids

(B) TYPE: awmino acid

{C) STRANDEDNESS: single

(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide
L.

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Asn Pro Phe Pro Thr Arg Lys :Arg Pro
5 9

(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 10 amino acids
{(B) TYPE: amino acid
{C) STRANDEDNESS: single

(D) TOPOLOGY: linear

{ii} MOLECULE TYPE: peptide

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:5:

Asn Pro Phe Pro Thr Trp Arg Lys Arg Pro
5 10

(2) INFORMATION FOR SEQ ID NO:6:
{i} SEQUENCE CHARACTERISTICS:
(&) LENGTH: 10 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: single

(D) TOPCLOGY: linear

(ii) MOLECULE TYPE: peptide

{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:6: -

~ Asn Pro. Phe Pro Thr Trp Lys Arg Lys His




59 (2) INFORVATION FOR SEQ ID NO'5: (i) SEQUENCE O@E@%@ng@%l (A% o
LENGTH: 10 amno acids. (B) TYPE: amno acid (C) STRAN sing ?CN
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (xi) SEQUENCE DESCRI PT o
SEQ ID NO 5: Asn Pro Phe Pro Thr Trp Arg Lys Arg,Pro 5 10 (2) INFOR "
FOR SEQ ID NO 6: (i) SEQUENCE CHARACTERIZSTICS: (A) LENGTH. 10 anino acids
(B) TYPE:CBAIMS acid (C) STRANDEDNESS: single (D) TOPOLOGY: !lnear P(I i ?Dh
MOLECULE TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 6: Asn Pro Phe

' - 1. An
Thr Trp Lys Ar s Hs 5 10 26 December 2006 -37 CLAIMS
Fggl at (ra‘d-lipgpt %d‘e‘scégtﬁ‘t)?@/?@!dﬁgomﬁ@s*ammﬁﬁmbdCldéqunoee NP FP T [SEQ ID NO 1J

NPFPTI[SEQ ID NO:1]

and which peptide is capable of inducing or facilitating analgesia in a host.

5 2 An isolated peptide comprising the amino acid sequence
NPFPTX, X, KR X, X, [SEQ ID NO:2]
wherein X, Xz, X; and X, may be the same or different and each is any amino acid

residue and which peptide is capable of inducing or facilitating analgesia in a host,

3. An isolated peptide according to claim 2 wherein
10 X, is absent or is W;
X, is absent or is R;
X;is Por K; and

X, is absent or is G or H.

4. An isolated peptide according to claim 3 comprising the amino acid sequence
15 NPFPTWRKRPGI[SEQID NO:3).
3. An isolated peptide according to claim 3 comprising the amino acid sequence

NPFPTRKR P[SEQID NO:4).

6. An isolated peptide according to claim 3 comprising the amino acid sequence
NPFPTWRKRP[SEQ ID NO:5].

20 7. An isolated peptide according to claim 3 comprising the amino acid sequence
| NPFPTWKRK H [SEQ ID NO:6].

8. A derivétive, homologue, analogue or mimetic of any peptide according to any of
the preceding claims and said derivative, homologue, analogue or mimetic of said peptide

is capable of inducing or facilitating analgesia in a host.

25 9. An isolated peptide accordmg to claim 1 or claim 3 wherein the analgesic

properties of the peptide are inhibited by naloxone and/or L-NAME.

10.  * An antibody specific for the peptide according to any one of claims 1 or 2 or 3 or




and which peptide is capable of inducing or facilitati jad N a
host. 5 2. An isolated peptide conprising the am no a%ﬁ%@é@gﬁ%®6

NPFPTXj X2KRX3X41SEQ DNO 2] wherein X'-32, X3 and X4 may be the sanme or
different and each is any amino acid residue and which peptide is capable
of inducing or facilitating analgesia in a host. 3. An isolated peptide
accordi n,gmltjg)op ﬁwz wherein 10 X, is absent or is W X2 is absent or is
R X3is or K 'and X4 is absent or is Gor H 4. An isolated peptide
according to claim3 conprising the amno acid sequence 15 NP F P T WR K
R P G [3HQ | AN@n8bodyd acAitdingOlAREmP 8Pt WAG AC ¢ Ay .cl.a rising
the am no acid sequence NPFPTRKRP[ SEQ DNO 4]. 6. gﬁociy:é aat g‘ghg%l% z%T[(::I)e
accordi r?é‘“??fiyel aim3 conprising the amno acid sequence NPFPTWRKRP
[SEQID NO5]. 20 7. An isolated peptide according to claim 3 conprising
the am n@ acixd EP.TWKRKHI[ISEQIDNQG6]. 8. A
derivative, oﬁtﬁ)ﬁggﬁg&éﬁa (f))golﬁemg\’c"?ﬁ PRY Felisf. saf (PEHOSHER LOFIEINggat 0 any
of  ®he poptidzembinmygisitgatheamandaGd schudfdei N @t peg s!Etg'PJbW% '
mnmetic of said peptide is capable of ‘i nduci %g r faci ?’istgﬂoﬁg’gg\lﬁgﬁgesi a
in a hodttthes somprisipe pagermes nhepnacgetically ecatptayle earméranmd/dr diliestsai m 3
wherein the anal gesic properties of the peptide are inhibited by nal oxone
and/ or LgNAMg. . Ao speci fic for. the.peptide.according to any
one of ciaims 1 of 2 oOf rﬁgéﬂg?%féﬁﬁcgﬁeéwgglp ?6'6% Szi_ltg)§%mp031t10n comprising a

peptide comprising the amino acid sequence

NPFPTX, X,KRX, X, [SEQ ID NO:2J

10 wherein X, X,, X; and X, may be the same or different and each is any amino acid

residue,

14. A composition according to claim 13 wherein
X, is absent or is W;
X, is absent or is R;
15 X,is P or K: and

X, is absent or is G or H.

15. A composition according to claim 13 wherein the peptide comprises the amino -

acid sequence
NPEPTWRKRPG [SEQ ID NO:3].

20 16. A composition according to claim 13 wherein the peptide comprises the amino

acid sequence
NPFPTRKRP[SEQ ID NO:4].

17. A composition according to claim 13 wherein the peptide comprises the amino

acid sequence

5 : . NPEPTWRKRP [SEQ ID NO:5].




4 or 50or 6 or 7. 11. An antibody according to claiml1 r.el
anti body is a nonoclonal antibody. 12. A conposition stée %ﬁe%lggr%drﬁuci ng

pain relief, said conposition conprising,a 5 peptide conprising the am no
acid sequence NP F P T [SEQID NO 1], said conposition further conprising
one or nore pharmaceutically acceptable carriers and/or diluents. 13. A
conposi tion useful of inducing pain relief, said conposition conprising a
pepti de cBhprikicagpesidomasaveding itel chximuthodheidn BR FoptidX2okipRsBths4nissEQ | D
NG 2] 10 wher?cﬁg%ﬁe X2, X3 and X4 may be the sanme or different and each is
any am no aci resrdue. 14. A conposition according to claim 13 wherein

X, is absent or is W X2 is absent or is R 15 X3 is Por K and X4 is
absent or is Gor H 15. ANC[OFF}O?iWiIQRﬁ(H:({Sﬁbg@ N@.@I,ai m 13 wherein the
peptide conprises the amino acid sequence NP F P TWRKRPGI[SEQID

NG 3]. 1Q0.16. A conpaqgsition,according to claim 13 wherein the peptide
conpri sesd’t he AafPRPOsiHen wsefsh 06 HaducingP pRinPrelieR} #6iR cBmipBEifbh Robdpridng al7. A

conpogi tigA j o.claim 13 wherein the peptide conprises the am no

aci d sequen‘é@%@‘ﬁ#‘ﬁ%ﬁ%ﬁ@%b@@? %63%E grasoigoglaims 1 to 7, said.
composition further comprising one or more pharmaceutically acceptable carriers or
diluents.

20. A composition according to any one of claims 12 or 13 or 14 or 15 or 16 or 17 or

18 19 wherein the analgesic properties of the peptide or derivative, homologue or

10 analogue or memitic are inhibited by naloxone and/or L-NAME.




-39 18. A conposition according to claim13 wherein th I ri ses
the amno acid sequence NPFPTWKRKH [ SEQ DNO 61. 19. Aggaﬁg%gﬁgﬁgﬁggseful
of inducing pain relief, said conposition conprising a 5 derivative

honol ogue, anal ogue or mnetic of any peptide as in clains 1 to 7, said
conposition further conprising one' or-4vore pharmaceutically acceptable
carriers or diluents. 20. A conposition according to any one of clainms 12
or 13 or 14 or 15 or 16 or 17 or ABSTRA&EBrein the anal gesic properties of
t he peptide or derivative, honol ogue or 10 anal ogue or nemtic are

i nhi bi ted by nal oxone and/or L-NAME. 26 Decenber 2006 -40 ABSTRACT
THERAPEUTI C MOLECULES The PFHERAPEUGYVEDNMORECRIRSS generally to peptide
nol ecul es and to derivatives, honol ogues, anal ogues and m netics thereof

capabl e i i . facilitating,anal gesij or rtial anal gesia al one
or Ioi n co%? ngtg #gltn q\%l\nvé}{%mgt Fleé?te%\rﬁﬂl@%gy c%rrgﬁe@é‘?ﬂ droleq ;?P@s@ntdeglwﬁiﬂéﬁt i on

al so conhengibgiesamlogetat Rimetid Yrirser &Paﬁl%i‘ kﬂdh@ig,'g%g f&'ﬁﬂhﬁ’ﬁgg%;lfalori partial
anal gesi a by .the adm njstration of a peptide or a rivative,® ho eTS('Slgue,
anal ogueoro?a%‘%%]laglg%a? F &6fn cambinalinmwith ithtr saagesic mobkulehe The pidsee

nol ecul g o h I i.n i On are.derived. f.r.om or based on amino acid
seqUencggvg;n??ngﬁcg C\S/lztﬁgl lattéosx%{ﬁg%thgyné& miilhm%ﬂ %ﬁ‘a{l‘%{lﬁ é‘-“i’l‘gﬁli‘)t%xﬁ’%@l Fig. 2
is to bemnglggsindiethe administration of a peptide or a derivative, homologue, analogue or

mimetic thereof. The amino acid sequence of the peptide molecules of the present

mvention are derived from or based on amino acid sequences of snake venom toxins, and,

in particular, o-neurotoxins.

Fig. 2 is to be published




