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SUM.\mA R1

Homogenseous cyt-otoxiuus 1 and II witis highs tytotoxirity to \oshida sarooma arid iucpa-
toma tells were isolated fnons the venuom of list Inudian (Obra Naja na/a. The anusino acid

sequenoc of tyt-otoxius II wtss determined wit-is flue aid of t-nyptic digest ions anud eloavage by

cyanogen bronuido. Althiouugh their pharmacological actionss are qunt-c differenst, f hue aminso

acid sequenuces of oytotoxins were similtsr to those of tobra nscunotoxinss.

uNTROI)UCTION

Cisensiral ansd phsttrnsacologicttl studies of

snake vensom insdicah-e time puesensce of ma-nsy

active pninuciples, i nuoludi nsg usourotoxinu , tar-

diotoxin, direct lyt-it factor, connbramiiucs,

and ph()sph0li�)ti5e A. It is gcnucnally believed

b-hat the Eltipidac, of whirls Vaja- toaja alra is

oaue 51)001(5, tonstaius ti highuly potenst toxins,

oobnattoxi is, ss’hio Is causes pen �ohst’ral nespi na-

to)rv I)tLuttl’�’5iS (1-- 4). The venioni also tons-

tttiius ctiu’diotoxirm, wisiohu produocs oardio-

vasculan ohsn-usgos ansd is nesponusible fon local
nsocnot.io lesiouns (5, (i) Thse ottudiot-oxins is
phsarmaoo)Ioogically inudlistiniguisisable fuons b-hue

direct lytic factor or combnamninse B (7, 8).

Iii tise tol�ut.sO’0)f (oUt stutlit’s O)ti thse punifica-

tions of biologioally nsoh-ive pninsoqplo’s in the

vcnonu of .Vaja naja, b-woo btssic iuonsogcnscous
protcinus were isolated by gel flit-nut-ions tins

Sephadex G-50 tsnsoi G-75 unit! by cismonsa-

tognaphsy tons oamboxymethsyl cellulose (9).

‘Fliis svoon’k svas aioleob ito IaOi’t boy a gn’amiu fn’ootmi

lit I’slimiist m’� out’ I�bmuoat immmi.

i ‘Eu s�’bmoonns imio�tuin’io’s abommut I lois ott itit’ sliuoitlib

be di mootool -

In 1967 Brttgansta et a-i. (10) reponfod thua-t a

basio proteins iso)lat-cd fromis HClOi-treab-ee!

oobra vcnons I)tossesse(l ovhotoxicitv to)

Voshuida saneomts tells. Aocordi nsgly, we

exansinued tlue o�totoxititv o)f our basic pro-

teius atcording to t-hsoin nisothuod. Two pnofeinss

svoro found ho huave hsigls oytofo)xio’ity to

Vosisida sanconsti- ans(! asti to’s isepafooma tells

(1 1) , ausd were usanit’d o�’ttotoxins I atsd II.
ins t-hsei n j)hsannlsaoologioa-b )roipelt-ieno t-iuo’y
rosenible cardiot-oxins .�

(‘vtotoxin II ooussists of 60 amusinso nuoid
uosiducs, cross-husked by four disulfido

bridges. This ptiper tiesonibos b-hue ausuino aoid

seoiluensoo’ of ovtotoxin II nsuud tonspares it

wit is thsoose of oaudiotoxius (1 2) auud ii obrat-oxins

(1:�).

SIATERnALS ANI) \nETHOD’

C�’t-otoxinu II was prepared f runs flue

vensonsi oof the Insdiars oobna aceordinsg to b-lie

mct-hsod of Xakai ci al (9). Homsuogenseify

was asct’rt-ained by c-list gol olectrophoresis

amid tnt! group ss-nsalysis. Ammnso arid anstulyso’s
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Nmmniloms mi l)1m’t’tit buses ti’Ion’ts(mit tiO’20t’I’st ui000’go’mo. Iii my) mit ouxumm I I . t bn’ v;olimu’ if �obio’mi�l:mb:iimiumo’ s�:is

takemi as 1.0; in fm’agmioetits (‘13-1 atiob (‘13-1 I I, t boo’ v:olito’ uI glsu’itmo sv:is t:oko’ti as 1 .0; :omiol iii fmagtiio’mmt

(�I3-1I, use valor of tym’oosimim’ was tako’mm as 1.0.

.-\.mslimi() acid (�totoxiri 11 R(’ \1 -cvtotomxims II
(‘B-I

(‘N Br fragtiscnts

(‘B-Il (13- III

CM-o’vsteimoo’ 7.6(8 5 2.5(3) :3.7(5)

Aspan’t 0’ io’iol 01.5(6) 01 1 - 9(2) 3.5 -i

FInm’eoomoimou’ 3.1(3 3 0.9(1) l.0i)2

Semimoo’ 1.9(2 2 (0 1.9(2

( aunt ammiio ao’iub 0 0 0) (0

Pruolimoo’ 5.3(5 5 1.01)2) 1 .9:3

Ulvcinio’ 2.2(2) 2 1.0(1) 1.0)1

Alaniinit 2.2(2) 2 1.1(1) 0.5(1

%alinoe 01.6(7) 7 1.2(1) 5.1(01)

Met hiooni i moe 2.0(2) 2 0 t’iOe t t’ao’i’

Isoleuo’imit’ 1.1(1) 1 0 0.7(1)

Letmoinio’ (1.0(01) (1 :3.01(4) 2.0) (2)

Ts’moosinoe 4.0(4 4 1.5(2) 1.0(1) 1.3(1)

Phemivlalanii toe I .0(1) 1 0.01(l) I macu’ 0)

Trvptophaui 0 0 0 0)

IIaIf-tvst inc 7.5(8 ) 0 0 (0

Lssimio’ 8.o1(9 9 4.2(S 3S(-1

1Iistiolinoo 0 0 (0 0)

IIoumoosen’imoe 0 0 01.01(1) 1 .1(1) 0)

Amginoimie 2.0(2) 2 (0 1.7(2)

cY’m’t)’l’(oXmN um imnoosm nNmom.uN o’oomtmo 4-fl.

oof b-iso’ fooxins amid po’pf-itios oobt-ainno’o! by o’yamuo-

go’ns broonsido’ clo’tsvago’ tot tnypfio digo’stiooms of

tiuo’ roduocd, rarbox�’miio’t-isvlatod ovtootooximi
II went’ 0�5ttiO’(! oount b�’ stans(lald! nit’tiiods.

Sotiusenstitsl dlcgra(latio)mss ��ero ooouid!uuot id by
fist modified Fdnstsns pno)oodluro (14, 15), aunt!

t-hso l)hst’mn�lhs�d1anstooiui aniiuioo nsoit!s svo’no’ io!o’un -

t-ifled by bisims-lns�’o’r ohsroomnnsf.oogmtsphv in so’v-

era! solvemif- sysfonss (16- 1$). (‘auboxypo’pti-

(:1050’ digt’st-iootss \�o’mo’ po’rfoom’nso’l aeooudi nig too

st-ansdarc! Pn000(dtiros ( 19) . (�‘nsnnogens bm’oomiside

olcavage (20) oof 20 pniitolo’i of neduced, ounboox-

vnnctluvlato’d cvfotoxinm I I �nss oarnied tout imi
70 �‘ ftrniio aoid, timid! tlso’ rosultinig p(pti(lo’s

\v(no fnaotionnafod tons So’phsnsdo’x (-25 ins 0.2 sm

acet-it tsti(l. ‘Fist’ fnagnuenst-s obfa-inio’d wo’n’o’

funthuer Pusn’iflo’(l ofli ts oo)lusnlmi of l)l,-\,1-
ocliulose. Tt’iu’l)f-it P(’l)fidlt’s s�o’no’ so’panat o ti by

higis-voolfago’ ptsper o’loot rophsoro’sis at pFI

3.6, auid by ptspou ohironiatoogrtspiiv ins a

solvcmsb svsb-cni tof I -but-aunol- -aoet it :soid

s�’at-en, 4: 1: 5(v xv), tom imn wato’r-snot-mmnato’d

PhsC’tsOl

1/Es1�m.’i0s .5 xmo Dls(USsmoN

(‘�‘tootooximn II, wisiohs sv:ss isoflio)go’mmo’oom?S 1)\
oliso go’! o’lo’otnooplsoom’o’sis, \\t15 tohitiimnt’tI inn a

yio’lo! to!’ 13.5 � ; f’nomii enudo’ vo’mmoonsi. \\isorm

imsjo’ctosi inntraia’mitoomno’aliv. o\toutooximi II
simoo�vo’oluio lo’tis;slo’fl’o’rfsinn mane svitimimn2

Ii I a I a (10)50 ‘ 0 of’ 10 �.og j o(’n tnt oust , as to mni -

Panod! ssitis the I�I):mu of’ 0.7 �.og mm niiuoo’ loom’
eniutlo’ vo’nsooni. (1�’toUoxioilv olata, o!o’to’n’mnimmo’o!

by f mo’ miuofhsootl ( of 1-#{176}om’:tgtimsc:tci al ( I 0) , oxco ‘jot

thunut t m\pa-mi blue \\:ss ttst’ti imssfoa-oi oof Iissti-

muimno’ guo’o’ui, mo’vo’nslo’d 1 iiaf- (‘\f-ootooxmmsi I amsol I I

ant’ aotivo’ tit a oo)mmoommtnatiooms tot’ 1 1ug miii toni

\�o oshsio In santo onisa tumid ast’i to’s hsej onst ooninm to ‘IIs

(II).
‘��i�’hiu’ nisooieouulan �voigInt to!’ oytoob-ooximm I I sv:o-

o’stimi�tfoth b�’ go’I filtmnotioonn too bo’ 70(X). h3:iseol

omi this vahtuo’ ams(1 toni tine amnimnoo nuitl ammalvsos.

I nit mIt cm Ic oil’ oytoot ooxi ii I I ooomnfaiums 6() a mi-si mnoo
aoitl no’sk!uo’s : -#{176}%.sj),(o ; ‘Fisn’, 3 ; Scm, 2 ; ( � tm, 0:

Pmoo, i: (lx’, 2; ;�hi, 2 (‘u’s. 8; \al, 7; \Io’t, 2;

lIe. I; lout, 6; Tyn, 4; Pin I ; Tmp, 0: Lvs, 9,

His, 0; Ang, 2.

T�mun.m: I



uum.m� 2

- I oooo 1000 - I (1(1 0)001 p(051li0000 ((/ / I!,!” Or in-pt oilo-s �( (�fl_J

Tbo’ v:olmuu’s uI biu’ mimi mom im’ids ito bmmbolf:mo’o’ 0 \pO’ ‘veto’ t ako’im as 1.0. lboe tiutnibo’ns iii

son) I boo’ t io’a most oil o’go’ms -

.�nsinmm acid 1-1 1-2 1-3 T4 1-5

om to’t i too’so’sn’e�oto’-

1-6 (B-I

(‘M-o’ysto’imoo’ 1.1(1) 1.0(1) 1.0(1) 3

Asjoam’tio’ aciol 1.1(1 1.1(1) 2

‘I’bon’eoouiimio’ 0). #{182}0(1) 1

Senimoo’ 0

( at amtiic :om’ool (0

Pm’omlimio’ 1.0(1) 0.8(1) 2

lvo’itio’ 0.9(1 ) 1

Alaiiimoo’ 0.9(1) 1

\alitit’ 0.8(1 ) 1

\Io’tlitmutoitoo’ 0

Isomleuio’i moo’ 0

Lemuo’iioo’ 1.2(1) 2.0(2) 1.1(1) 4

Tvn’m,sioio’ 0.9 (1) 0.9 (1) 2

Phrmivlalamiimme 0.8(1) 1
Tn’vpl iipboaum 0

Lvsitoe 1 (0(1) 1(0(1) 1.0(1) 1.0(1) 10(1) 5

Ilislidinmo’ 0

Iloomoiooso’m’i too’ I (0 (1) 1

.\mgttiitot’ 0

44S IA kEollu El AL.

‘l’he abbreviat iouiis mused are: I �(‘M , ueduo’ed

cam’b uxvmiirt u -Iat rob ( ‘M - ma rho mxvmnoet bsvl - -

‘fwo’mnty-o’igist stejnviso’ Edmisaus degrnsdts-

tiouss oof R( ‘ :\ I -ovtofoxims I JI r(’vea-led b he

tunsinso-tounsinsal seojuo’mioe to be : I1-Leu--1�’s--

(�vs-Asun--L�’s--I�o’u --\-‘al - Pno-Leus--Phse--Tyr-
L\’s-’Fhsu�-(1\s�-Pno -Alnu ( �ly --Lys--Asnu-- Lo’is-
(1vs-Tvu’-- L\’s---.\ I ot -T\’m-- \ I cf- \-Ta!---Ala----. TIse

oanboxyl-t-o’irssiustu! so’o�uo’nsot ssas o’xamsiinseti! by

the uso’ of oanbox\’pepfiolnsso’s A auitl B, anud

by so’ptinafions oof f-iso’ tuypt it P0’I)tidt’ deniveti
fuonns fist onsmboox�’I-tennisinsa1 so’o � Tise

ansuiusto ao’iol ooonuposit-ioomn (of fist’ 1)O’I)bidlt svas

fouuso! too bt (‘)ul -(�‘sAs1o, 1 .0 : 1 . I . ()n the

basis t)f t-isese uesulfs t iso’ oarbooxvl-ten’nsiustul

se(Iu(’msrt \\-nts (!o’to’unllimno’ol too bo’ -

(‘ys-Asus-( )H.

Noxf, H(1)�I -o\’fot-toxims II svas oleaved by

oytsuso)g(’ul buoon�ido’ inn 70 #{176} fomnsio tsoid foot’

24 1st nut 37#{176}(20), tomsol f-lit’ ro’suslt-imsg pt’pfidt’s

wont’ fn’aotioonsated by go’! filtnafiooun dons a

OO)lUn51n5 of Sephatio’x ( �-25. Tisu’o’e majom

fragnso’nsts, (‘B--I, (‘B-Il, timid C B- Ill, were
fuu’tiso’n puun’iflo’tl by o’Iin’oonisatoguaphy tons a

ooluunus oof l)1�A F�-ro’lhuloso’. T1’ise tsminimuo aoid

oomposit-ioms oof fluese frtsgnso’nsfs is giveus mi

Tablo’ 1 . ‘flue o’ts-rbooxl-fenminnal fragnienut,

(‘ B-i I I , f’mousu whuiths isoomsuoseminne s�as nsbso’unt,

ooomstaimno’d 34 tumitso siohl ro’siduo’s. Sfo’pwiso’

luk!ms�sns do’gntuoit-s-t.ion gtsve fIst first 29 tsnsiuao

tsoit! u(’siduses, viz \-Tnul----Ala-Tisr-- Pno-i�’s�
Va!�Pno-\’ns1--i�ys-Au’g-(ly -(‘ys- lIt’ -Asp

Val--C�’s--Pmo--L�’s-So’r-So’n--- Lou - Val - Len--

L\’s-T\’u--Vtll--(’\’s--C\’s---Asns-. Tise rt’msbrai
fuagnisenuf-, (1B-II, loorafed bo’two’eis fIst amiuioo-

tumsol otsrboxvl-tornuinnal fuagmousbs, wtis a tli-

Pt’I)fidt’, t\’ros\’lisoomooso’uinie.

l’ragnso’nsts (1B-I unit! (‘B-Ill s�tno thomi
dmgesft’d by fmvpsini, tsusd the io’sultinig pep-

bides s�o’no’ so’pa-natetl by isigh-volfnuge I�sI)o’u

o’Io’tf tt)IillO ono’sis amnol by i)ttI)0t oisntoniit-sf og-

naI)isv. ‘flit’ ansimno atid tonuposifioti t)f fist’

J)O’j)f-idt’s s\-as (lef(’nmiuso’d by sftunsdtsud
iiiethtds tmms(! is sistayni ins ‘ITtublo’s 2 tiludl 3.

( )nn I-hue basis tot’ tiu(’so’ m’(’sulfs the I)m’iulsauY

sfnuotun’ oil’ oytootoxins I I (tins titO\\ be (‘X-

pu’osso’d as siuO)#{188}\ti inn l’ig. 1 . ‘lisene is a no’-

miuau’ktuhlo’ similarity witlu oyfo)foxims I (21)

amsol otsrdiofooxims isoolabo’d froom tlut’ vo’mnouis of

flit’ l”ommisoosann o’ohua (_Vaja naja a-ira) (12).

Ins pant iouulam, ovtoob oxins II differs fuoomii ctsudi-

ofoxinu (otil\’ imi flit’ pro’so’noo’ of a bynosinc ins

j)ltUt’ tof no jolso’nn�s’1nslausinio’ residuit’. Alt-boughs

t iso’ ttnsimsoo aoiol ooonupoositiouu diffo’us fmoonu bhsaf



‘1’.�tmmE 3

.-lnolno aoul u-onopo.s’mtiooo of ir�jpiou- pep/ides o)f GB-Il!

The vaimmes of the amsiimiuoaoids innboldfao’e lype wemo takemi as 1.0. The mmmmnibers mi parent bioses repro’-
semit- the nmearest imitegers.

‘l”-3 T’4

2.0(2)

1.2(1)

1 .0(1)

1 .8(2)

1.1(1) 0.9(1)

1.0(1)

1 .0(1)

1.1(1) 1.0(1) 1.0(1)

0.9(1)

2.2(2)

1.0(1) 1(0(1)

0

3

1.1(1) 6

0

0.9(1 ) 0

0

0

1.0(1) 4

(0
0

1.0(1)

Amino acid T’-l

CM-cyst-eine

Aspamtic acid
‘Fhreomii tie

Serine

(;hutaniiio, acid

Prolinie 1 .0(1)

(3vcine

Alamninne

\-‘alimme 1.8(2)

Met hiomni moe

Isoleunci moe

Leumci moe

Tv roosi nse

Phenn�’laIamui nse

Trypt t)phan
L�’sinie 1.0(1)

list idinme

Ilomoseri no’

Argininie 1.1(1)

(‘B-Ill

3.4(3) 5

3.6(3) 4

1.2(1) 2

-� -� -� -� -� -� -� -� -� -� -� -� -� -�

H-Leu. Lye . Cys . Aen. I�ys #{149}Leu#{149}Val #{149}Pro #{149}Leu#{149}The Tyr Lye Thr� Cys#{149}
*-Tl---� �-T-5---� ( T-2 --> �

CB-I

-� -� � _ -� -� -� -� -� -� -� -� -�

Pro. Ala. Gly. Lye. Asn. Ieu. Cys’ Tyr� L�ys. Met#{149}Tyr� Met#{149}Va1� Alas
T-3

1’ �-CB-I�

-� -� -� -� -� -� -� -� -� -� -� -� -

Thr.Pro.Lys.Val.ProValLysArgGly.Cys’Ile.Asp.Val.Cys.

T’-2 T’-l >�

-�-CBIII

- - - - -- - -� -� -� -� -�

� -� -� -k �

Pro.Lys.Ser.Ser.Leu.Val.Leu.rjs.Tyr’Val.Cys.Cys.Asn.Thr”
T’-3 T’-5

�- �- �- �-

A�. Arg . Cys .Asn. �{

Fno;. 1. .1 ito-mo ticool.S’eqolelooOof c/I/o/oIl ,o- II Jo’oooo India,o cobra (.\‘aoa na,joz I vcooootm

llo)rizont a! arroows aboove and belo-vo’ amnimio aCi(! residues denote t bme seolumomlces of CNBm fragments

olemived from 13C�l-tooxims amid t rvpt ic pel)t itles. flight - amid left--hamnded arrows siioow that the seqmmence

was elucidated, respect ivelv, by Edmniamo degmatlat ioomo �or by I he not ioommoof o’ambuoxvpopt itlasos A ammo! B,

T :mnstl T’ represent petit ides proooltmco’ol liv t mvp) 0’ oligest ioonm of fmagmmotmit s (‘13-I atiol (‘B-Ill, ro’spoctivelv.
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F mom. 2. 5/,- otol 00 /0.9 ol o///om/om.O 000 1 (/2 1, m!/io/ooJOn II (_\ 00/01 1001/01), 000 /0/0 mm/oo.o’Ooo ( .\i/t 100/01 a/ito) (IC’, �/3

(100 il the iou” ,‘ooiouj’iim ‘ iouh ‘u /om.ro 00 ‘ ‘ (.Voo,�oo ,ua,ja at o’a ) (14’

oil (ho nna�on uicunootoxins, to)ximi A,’’ oil f-iso’

vonsoom oil tisc Imsdiauu to obma (22), bIstro is

still cooun�iderttblc ovemlap ins fist ts-minoo turk!

soq uonsoo ‘s tof f-Iso’ f-woo vo’msooniss. Inst crest inugly

omit nigh, t-lue oyst-emmse n sidues ins fist ni mary
struofuno’ out’ cvtootooxinss amsol msouurofooxinns tout
loooat.co! ins siusuilam’ Poositioonss (12 13, 21 -27).

l”iguno 2 shows fist’ so’oblio’mioo’s oof oyt-tofoxinss

I, II, can’oliooto)xmni, anal a mio’usmo)to)xmms (‘‘oobua-

tooxinn’’) oil’ the vonnoonus tot’ f-lit l”oornsoostsns ooibra.

1

\ forcover, tue rin’cuslan dirhsroisnss sport rusnis
o)f ovfooboxinis I unit! II closolv resembled tistut

oil oobrat-oxmns, whioh was t1uifo’ differenst from

tisat of ordmmiany Pmtofcinss (28). However,

f.isein piuammiuaooologionsl pmoiportios difloned

nisankt’dlv : tiso’ modo of’ nseusroonssusoulau bltotk-

mug toot ioomu of to obma nseurotoxmmi is similar to

bluaf of ounuano, altluouiglu tise foormer turts

misuth misoone sloowlv aunt! loss no’versiblv thti.n

tise latter (1 --4). ( )mi fist tot lion’ humid, oard!ioo-

10
Cytotoxin I H-Leu. Lye .Q�.Aen. Lye. Leu. lie. Pro. Leu .Ala . Tyr. Lys.

Cytotoxin II H-Leu. Lye. �. Asn. I�ys . Leu. Val #{149}Pro. Leu. Thee Tyr. Iys�

Cardiotoxin

Cobratoxin

H-Leu. lye 2�’ Asn. Lye . Leu. Val. Pro. Ieu. The .Tyr. Lye.

H-Leu . Glu. � His . Asn . Gin. Gin. Ser.Ser .Gin .Thr Pros

Thr.

Thr.

Thr.

20

#{149}#{231}�.Pro .Ala. Gly. Lye .Aen #{149}Leu. �.Tyr. Lye. Met #{149}Tyr.

.Cys.Pro.A1a.G1y�Lys’Asn’Ieu.�#{149}Tyr#{149}Lys#{149}Met#{149}Tyr#{149}

.�. Pro#{149}A1a#{149}G1y� Lye .Asn#{149}Leu��#{149}Tyr#{149} Lye ‘Met’ The’

Thr.Thr.Thr.G1y’��.Ser’Giy.G1y’Giu.Thr.Asn.��.Tyr. Lye’ I�y’s.A�’g.

30 40

Met’ Va3.#{149}Ser Aen. Lye ‘Thr’ Va].#{149}Pro’ Val’ Lye . Avg. Gly ‘#{231}j�. lie ‘Asp. Val’

Met’Val#{149}AlaThr’ Pro’ Lye ‘Val’ Pro.Val.Lys ‘Arg’G1y’�. lie ‘Asp’ Val’

Met#{149}Val#{149}Ala’Thr’ Pro’ Lye #{149}Vai#{149}Pro Val’ L�ys #{149}Arg’Giy’��’ lie ‘Asp’ Val’

Trp’Arg’Asp His .Arg’G1y.Tyr.Axg.Thr.Giu.Arg.Giy.Q�.G1y.

50

.Pro.Lys’Asn’Ser.IEu.Vai.Ieu’Is.Tyr.Glu’�.Q�.Asn.Thr.Asp’

Pro. Lye . Ser #{149}Ser. Leu #{149}Vai #{149}Leu’ Lye ‘Tyr . Val � ‘Thr. Asp.

Cys. Pro. Lye . Ser #{149}Ser. Leu. Val. Leu. Lye .Tyr . Val � Asn ‘Thr .Aep’

Cys.Pro.Ser.Vai.Lys.Asn.G1y.Iie.G1u.I1e.ASn’��’�.Thr.Thr’ASp’

60
Arg.Q�.Asn’ OH

Arg.�.Asn. OH

Arg’#{231}�’Asn’OH

Arg. Q�.Asn .Asn #{149}OH
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toxins causes unusrultir tomutrartitons as well as

neuromuscular blockade by depolarizi tug

hot-hi muscle and nerve fibers (5, 6) . Also, blue

pharmaoologioal j)ro)pcrtics of f iso oytoboxitus

resembled tisose of rardiot-oxinu �2 Tise phuar-
nnacologiral diffcreusros anuong ot)bn’tlt oxins,

cardiotoxin, ansd oyt-otoxiuus nsay depend on
the repito-censuenut of lvsino residues 2, 18, 35,
and 50 by glut-arnie arid residues.
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