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_ggparunﬁ ACTIVITY RELATIONSHIPS AND IMMUNOCHEMICAL
STUDILS ON COBROTOXIN

Th tion of Dipulfide Bonds in Cobrotoxin

w ’Tho anino acid saquence of cobrotoxin has recently been ests=
diished its_our loderstory. However, in consideration that the
; dianlfiﬁﬁ bonds src the major bends whichk maintein the protein in
g is native configuration and that the integrity of the disulfide
| bonds is important for the venom toxicity, it is therefore emsential
i that each palr of the half-cystinyl rouiduen-&audetormined, 'to
' " essist in the elucidation of the two-dimensional atructure of

Dl cobrotoxin.
N ;f; Cobrotoxin was digested with acid protease A and the rasulting
' * . five cystine peptides wers separated by high-voltage paper slectro-

- g; 4 phoresis. The identification of the disulfide bridges was made

: i , by detarmining the amino acid composition of the corresponding

i ; cystele acid poptider obitained after the oxidation of the single

i P _cystine peptiﬁau.“*&ha\double cystine peptide which containas the

! i ; ~CyB8-CyS- linkage in sequence from the acid protease A digest was

! further partially hydrolyzed with acid under conditions in which

; ! . the dlizulfide bonds were stable. ~Five cystine peptides were

‘ : . obitalined from which the twe remmining disulfide bridges wers ¢sta=
bilzhed., The spacificity of the acid protease A, the selectivity
of acid hydrolysis, and the structura of cobrotoxin wore discussed. !
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ABSTRACT

The Position of Disulfide Bonds in Cobrotozin

The amino acid sequence ¢f cobrotoxin has recently deen esia~
bliated in our laboratory. However, ir consideration that the
digulfide bonds are the major bopnds which maintain the protein in
its native configuration and that the integrity of the disulifide
bonds is important for the venom toxicity, it ip therofore essential
that each pair of the half-cystiny) residues ip determined, to
assist in the elucidation of the two-dimensional stiructure of
cobrotoxin. .

The fragmentation of protein in the study of disulfide bridges
is usually carried out with pepsin under acidic pH. However,
cobrotoxin is not attacked by pepsin and is alsc not cleaved to
ningle cystine peptides by either trypsin or chymotrypsin or the
combination of both. Consequently, the fragmentation of the toxin
was carried out with acid protease A.

Cobrotoxin was digested with acid protease A in 5 % acetie
acid and the resulting S<containing peptides were peparated by
kigh-voltage paper slectrophoresis. The identification of the
digulfide bridgeos was made by determining the amino acid compositien
of the corrasponding cysteic acid peptides obtained after the
sxidation of the single cystine peptides. However, peptide AIR
gave the regsult indicating that it represents the gequence from
positions (42)-43 tn 61-{52) of cobrotoxin., Hence it is a “ocuble
cystine peptide which contains the -CyS-CyS- linkage in sequance
was not cleaved by the acid proteass A, Therefore, ithe pontide
was further subjected to partial acid hydrolysis at 37° for 10 days
with 10 N H,S0, in 50 % rcetic acid containing thioglycollic acid.
Pive cystine peptides were obtained from which the tweo remaining
disulfide bridges wers established.

The result of this study was summarized in Fig. &, which gave
the complete structure of cobrotoxin showing. the position of tha
disulfZide bonds and the pequence of the amine acid residues. The
rogion of the molscule frow residues 25 to 40 contains wost of the
bagic and the functional rasidues in close crder and is completsly
free of prolyl and eystinyl residueas. This uncrosg-linked loeop,
projecting outward from the molecule because of its hydrsphilic
character. It is the only region in the molecule where potentially,
a considerable degree of f-helical structure could be present and
may play an important iole in toxicity.

ii
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The Position of Disuifide Bonds in Cobrotoxin

Y, Introduction

The amino acid sequence of cobrotoxim has recently baen asta-
blished in our leboratory (1). However, in consideration that the
disulfide bonds are the major bonds which maintain the protein in
1ts native configuration (2, 3) and that the integrity of the
disulfide bonds is importsnt for the venom toxicity (4), it is
therefore esseniial that each palr of the half-cystinyl reasldues
is dotermined, to epsist in the elucidation of the two~dimensional
structure of cobrodosive

Conplderadlo work hag besn dope successfully with this preblem

'15-83 and the diagonal electrophoretic technique of Brown and

Martloy (7, 8) has been proved to be a very convenient mathod.
The aexperiment to be describved indicates thait the separation of
cystine and cysteic acid peptides from the digest oXf cobrotoxin
was achieved by this method and of Ryle et al. (5), and that the
partial fragmentation of cobrotoxin was carrisd ouit s.ccessfully
by using the combination of acid protease A and acid hydrelysis
under the condition used by Ryle et al. (5).

The ifdentificaiion of disslfido bonds was made by detsrmining
the amine acid compesition of thae correspending cysiele acid
peptidas. From the results of this investigation, the Iour disul~
fide Donde in cobroloxin have been estabiished.

IZ. Mgterials and Mathods

: Cobretozin used in this situdy was prepared from Formssan cobra
{Nals najs ptra) vemom as previously described (9). Acid protease
Ay, PAP.2, was the product ef Seikegaku Kogye Company, Japan.

Dowex 2-X 8 (acetate form, 200-400 mesh) was obtained from Bio-Rad
Company and thieglycellic acid was purchased from Sigma Chemical .
Ceompany. All ether reagents ware ef analytical reagent grade.

. te Digestion of cebretoxin

Cobrotoxin was dissolved in 5 % acetic acid {pH 2.3} to make
a 1% solution end acid pretesse A (10 t 1) was added. Digestien
was perfoermed at 37° for 24 h and the digest was taken to dryness
under vaccum in a desiccatar.

2. Imolation of cystine peptidss

Cystine peptides from acid protease A digest wors ssparatad
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»y highevoltage paper slectrupheresis at pH 5.4 viih pyridine.
acatic acid-vatar (20 1 7 1 973, by vol,) (1) on a 30 x 7h c= sheet
of Whatman Ne. 3 MM paver. Aftsr drying, 7 cm strips were cut eunt
from boih sides of the elsctrephoretogram and developed with CN-

nitroprusside reagent {(10). The main neutral band was cus out and .

stitzhed to a fresh sheet for the sscond electrophoretic purifi-
cation at pH 1.9, All cystine peptide bands were cut cut, siuted
with 1 ¥ acetic acid and the eluates were subjectsd te exidstien
with perfermic acid,

3. Oxidation eof cystine peptides

The exidation was carrisd out by adding a fuw drops o2 &
selution of performic acid freshly prepared by mizing 1 vol. of
33 % Hy0, with 9 vol. of formic acid. Oxidation was allowed to
proceed for 30 min, a few drore of water were then added and the
solutions vers taken te drymess. The residues wers subjected to
payer slectrephoreais at pH 5.4 aud the cysteic acid peptides were
developed with 0.2 % ninhydrin in acetonse.

k., Amino acid analysis

The cysteic acid peptide bands cut out frow the electrophorss
tegram were elutsd with constant boiling HCL (5.7 N) and hydrolyzed
at 1109 for 24 h in evacuated sealed tubes. The amino acids were
detarnined on a Technicon amino acid autocanalyzer using & 0.3 x 7%
cm colum and 50 pm flow cell to increase the senaitivitv to detect
anine acids in concentratiens as low az 5 nanomcles.

5. Partial acid hvdrolysis ef the doubls cystine
paptide which centains th@ =Cy5-CyS= 1iue -am

The peptide vazs partiLlly kydrolyzed at 37° for 10 days with
10 H 8,50, in 50 % acetic a:id (2 m1) containing thisglycellic acid
(.32 mg)., The hydrolysatﬂ wae freed from H.80; by passage
through a colum: of Dowex 2-% 8 using 20 % ucatic acid az an slusnt.
The eluate was evaporated to dryness and the residuve was subjocted
to electrepheresis for the jdentification ef cystine and cyateic
acid peptides as descrited shove,

IXXI. Results

1. Digestion of cobrotoxin by acid preteaszas A

The fragmentation of protein in the study of disuifide bridges
i usually carried out wiih pepsin ander acidic pH. However,
¢obrotoxin is not attacked by pepsin (11) and is also not clested
te mingle cystine peptides by either irypsin or chyrstrypain or thas
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combination of both (1}, Cousequently, the fragmsntation of the
toxin was carried cut with acid protease A,

Pilg. & showe the distribution of cyatine peptides after
elactrophoresls of the acid protease A digest of cobrotoxin at
pH S.4. Five peptide bands were obtained, of which the neutral
band ALY was resractiorated by electropioresis at pH 1.9. 4Ae
shown in Fig. 2, the band was resolved into one major band A¥Ia and
two minor bends ALIb and Allc. All cystine peptides were oxidized
by perfoermic acid and the repulting cysteic acid paptides were
separsted by electrophoresia at the same pH (Fige. 1 and 2). The
cystale acid poptides sufficient enough to give results were aluted
for amino acld analyais. The amins acid composition and the mogt
posaible seguence of the peptidas are presanted in Table I.

Band AI: TFive cystelc acld peptides were resulted from this
fraction as shown in FPig. 1. A7y gave an initial yellow caler in
ninhydrin reaction and had an amino acld compositiv=n of Cyso3ul,
Ampi, Thri Gluq, Gly which could only reprerents the sequence of
Gly-uly-Glu‘rhr»Asp~Cy50 H in cobrotoxin. Aspartic acid, not
asparagine, was present ?n this peptide g3 comparing the wobility
with Alb. The occurrence of aspartic acid in this peptide Iindie
entaz that asparagine Sriginally pregent a+ the position had
partially converted to aspartie acid during 24 h incubation at ?’
in 5 % acetic acid. Alb gave the compogition as indlcated in
Table I, supgesting that it is 2 mixturs of two peptides, one of
which is Ac since it ran partly overlapped with thie paptide.

Upon deduction, the other peptide must be the sequence of Gly-Gly- N
Glu-Thr-Asn-CySCqH, which differs from Ala only im haviug one awide
group and therefore being lesz acidic. Alec was detorminaed te be
the gequence of Leu-Glu-Cy80.H-Hig, since thesz Zour amine acids

dn nnt occcur tugether elsewhers in the molecule. 314 and Als were
still impure at this stage, anc since these peptides had no eyastele
acid, no attempt was made to puriiy them. From the compositior of
peptides Ala and Alc, it clearly indicates that the tws cysteic acid
peptides arcas from a single cyutine peptide of

Lou-Glu-CyS-Hig
Gly=-Sly-Glu-Thr-lsn-Cy5S

Band AIZ: It is a neutrai veptide at nl! 5.4 and can be
ceparated into one major band snd tve minor bands at pH. 1.9 {(Fig. 2}.
On pxidation, the major band ALla resolved into ac least eight
eysteic acid peptiden. The major cysteic acid peptides, Allgq and
Allan, were ciuted for emina acid analyses without further purifi-
cation. Allayq pave the result (Teble I) indicating that it
represents the sequence from the positicn (42-)43 to 61(-62) of
cobrotoxin. Hence it is a double cysztine peptidey of which the

!
1
!
|
|




«Cy8-CyS- linkage in sequonce was not cleaved by acid proteass A.
AIIna was still a complex mixture as indicated from its ccmposition
and may probably represent the same sequence with different sansymie
cleavages. In order to establish the containing two disulfides
bridges, Alla was furthor subjected to partial acid hydrolysis as
dascribed later,

Band AIIXs It was otaincd only weakly with Clenitroprusside.
AXIIXa gave the composition of CyS03Hy, Aspy and Arg, on amino acid
analysis and probably contained two anpartyi residues as Judging
from its mobility at pll 5.4, Thorefore, the scquence of the
peptide might be Arg-CySOBH-Asp-Aap. AIIIb and AlIflc were still
lmpure at this stage. They nay also represent thia sequence from
position 42 to 63 with o contamination of other cyateic acid
peptides from diffaorcent cystine peptides, Since these banda only
represented a mixture of winor varieties of the sequence which
containad at least three disulfide bonds, it was not further doalt

< with,

Band AIV: Only two cysteic acid peptides appeared on performie
acid oxidation (Fig. 1). AIVa was stained initially yellow with
ninhydrin and had one net negative charge at pH 5.4, The compo~
sition was determined as given in Table I which repreoascnts the
sequence of Thr-Pro-Thr-Thr-Thr-Gly-Cysosﬂ-Ser, since these residues
only occur together in the sequence i cobrotoxzin. AlVb was
neutral snd had the composition :o be the sequence of Arg-Gly-
CySOSH-(Gly). So it is clear that these two cystsic acid peptides
arose Ifrom a single cystine peptide of

Thr-Pro-Thr-Thy«Thr«Gly-CyS-Ser
Arg-CGly-CyS-(Gly)

y : Band AV: Four cysteic acid peptides arose from this band on
‘ oexidation. AVa was identical with Alc. AVDb and AVc had the same

composition and represent the mame sequence. However, AVc had one
moro lysyl rcsiduc than AVL, this may account for AVc which migrated
more toward the cathode than AVb. AVd had an unknown spot (behind
aspartic ccid) on electrophoretogram at pH 1.9, it is prebably
suggestive of oxidized tryptophan, Thus, these cysteic acid
peptides must be arose from a zingle cystine sequence by differsnt
enzymic cleavage and the cystine pepiids would be

Leu-0lu.-CyS-Hig

7

CyS-Tyr-Lyc-Lys-Arg-{Trp)

The presence of thrce basic rosiducs may account for this peptide
meving furthest teoward cathode.
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paptide kIIﬂ

Partial aeid hydrolysias was p«rtormmd with Alla isolated from
400 mg ef cobrotoxin under the conditions deseribed in Mothods.
Filg. A=A phows ths olectrophorntic separation of eystimo peptides
from acid hydrolysates of Alla, Band PI was considered too weak
to give any results after oxidetion, so it was not further dealt
with, The remeindsr of the bands were oxidiged with performic
acid and separated by elesctrophoresis at pH 5.4 (Fig. 3-B)., From
their sloctrophoretic mobilities and composition, i1t is possible
to deduce the structure of these cysteic acid peptides and the
regults are given in Table II.

Band PIX: B8ix cystelic acid poptides aroas from this band.
Pl Pllg and PIIg represented the samo seguence at different
acig clenvags. in which aspartyl residuc was pregent rathesr Cthan
asparaginyl as comparing the mobility with FIIIZG P123 which
gave an inltial yellow ninhydrin color had only Cyﬂﬂ3ﬂ and Gly,
indicating to be the sequetice of Gly:Cy&@;ﬂ locatoad at the posie

" tions 42 and 43. PIly and PII4 were too weak to give results.’

Thua, sll of these cyateic acid peptides must arose from the aingle
cystine peptide of

Gly-CyS
Glu-Ile~Aap-Cy

Band PIIZ: It gave five cystele acid peptides. PIIZ, was
probably a mixturs of CySOjH-Asp and CySOBH, nince both wum?d
expact to move at the same distance, vhereas Aup~CySO3H~Cy3®33
noved faster as shown in PIV5. PIIIﬁ has a structure ef Ils-Glu-
Ile-aan-Cy8J4H-CyS04H. = As compared the mobility with PIV,,
aspartyl residue would be presgnt zs an amide form. . PIII vaa a
dipeptide of CyBOqH-Agn, as judging from its mobliity, and was’
probably not Asn-éyﬁu H from e positions 53 and 54, since the
amlde group would expect to go off befere claavage of the Lle-Asn

iinkage. PIIIa and PIII4 have tha sequence of Glu-Ile-Apn~-CyB04H

and Gly-Ile-Glu-Ile-Asn-CySO4H, respectively. The farmer has the
same compoesition as PII,, but with different mobility suggesting

the presence of asparaginyl residuse. Thus, these cysteic acid
peptidesn probably arese from twoe cystine peptides. One of which is

Cys

Gly=Ile-Glu~Ilp=-Asn-CyS

o i e 65 S TR e o S
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and the ether is Cy8
Ilo-@lu-!lo-hna«CyB—CyZ.
Cy3-Asn

Band PIV: It geve five cystolc acid peptides on perforaie
acid exidatioen. PIVJ, PIVy, and PlVg represected the pame saguomes
at different acid cleavage and the -gyB-CyS- linkage atill rezained
intact. . PIV; was identical wich PIII,. PIV4{ wan prodably a
mixture of tws peptides Gly-Cy30,H-Pro and CySOgH-Asn-Asn, sinece
these residues sheuld not eccur 2ogethar in thes sequence,
Therefore, the cystine peptide would be

Gly-CyS-Pro

Gly-Ile-Glu-Ile-Asp-CyS-CyS
CyS-Asn-Asn’

Band PVt Three ~ysteic acid peptides arvse from this band en
oxidatien. PV and PVa were dipeptidas of CyS80.H-Pro and Gly-
c,so,n, reapectively. PV3 contained only CyS0.H, Thersfere,
the cystine peptides would probably be

Gly-Cy5S CyS-Pro
and
CyS CySs

. Band PYI: This dband yilelded only crsteic acid afisr parfermic
acid oxidation. 8¢ the band could be the fres cystine which
probably represents the residues st the positions 55 snd &0, since
the cleavage of the linkages CyS-Thr, CyS-Asn and Arg-Cy8 would be
expected to be easier than those of -CyS-CyS- and Ile-Apn-CyS
linkages.

IV. Discussion

. . The specificiiy of acid protease A for codroiexin was edserved
in this study. .The enzyms was apparently to split the bdonds that
are amino terminal to arginins for peptides AIIla, AIVd, AVo, A¥d
and non-cysteic acid peptide Arg-Gly-Tyr (not racorded). With
relatively high receveries of peptides Alc, AIVa and AVa, it alse
indicated to split the bonds that are carboxyl terminal te histi-
dine or glutamine or serine. An intersasting result waas obtained
with peptides Ala-b and AVb-d, in which the enzyme attacked either
side of the cystinyl residue, A similar result waz alse obmerved
with peptide AIVb, in which ths enzyme attacked one side of the
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cystinyl csesiduss at the positicza b1 and 43,

The solectivity of partisl zeid hydvolysisz undsr ¢he condition
uzed in this experiment was obasorved with the double ecystine
paptido Alls which contains the «CyB-CyS~ 1inkage in ssqusnce.
The largest peptide fsolated Zrom the hydrelysate was poptide PIV
which strongly suggests that extensive cleavage at ths linksges
o? Pro-fer (b&-bﬁ?, Asn-Gly (48-48), CyS-Thr (55-56) and Arg-Cy3
{39-60) mad occcurred. The izclation of peptides PII and PIII in
bigher amount indlcated that cleavags of the -CyS-CyS. linkags in
sequancs had cccurred before the cleavape of linkages betwoen 50
o S5b which iz sterically hindered by two isoleucyl residues.

The absence eof cystinyl-aspartic acid alsge indicated that aspara~
gine at the position 61 was released before the cleavapge of =-CyS-
Cy8~ limkage. This would account for the fact that free cystine
{PVI) was present in appreciadble amount and that no cystine
poptides were detacted to confirm the position of the fourth
digulfide bridge.

Of tetal cystine peptides isolated from the hydrolysate, abeut
60 % was obtained without the presonce of -CyS-CyS- linkage inm
sogquence;, and most of the cystoinyl residus at the position 463 wes
still labaeled with elther glycyl os grolyl residuc. This would
snable us to oestablish the third disulifide bridge, eand ths fourth
which wunpt thorefors be Jolned together. ’

The rerult of this study was summarized in Fipg. &, which gave
the compledts sitrustuare of cobrotozin showing the position of the
¢izullide bends and the gequonce of the amine scid residuca. It
is closr that the seguence from the position 35 to 40 1is exposed
cutwardly on the protsinm. This was anticipated as described im
the proceeding paper {1). An iantereating featurs of the structure
is that 41t contains a 3ing, in which the disulfide bond in posi-
tiens 55 to &3 is inciluded. This ring {3 the same size as the
sloiler disullide ring found in exytocin, vasopressin and insulin
(5) which suggests that 1t may have a possible structural er
biocloglical significances, .

It is also significant that cobroloxin,; having only 62 amino
acid regidues, contains four disulfide bonds and that its fuil
activity depends the imtagrity of thess four disulfide bonds (h4).
20 that the confermation of cobrotozin iz very important to its
bivleglcal funciions. Since cobrotozin is richly composed of the
hydrophilis amine acids, it must dbe relied en ths digpulfide bonds,
to maintain its native conformation (2, 3). This may account for
the foet that four disulfido bonda are present out of 62 residues,
and the fact that, in the presence of 8 M ures, its sctivity is
still fully retained (4).
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, The position of four digulfide donds in cobretexin was inves-
tigated. Cobrotexin was digasted with acid prateass A and the
resulting. five cystine peptides were soparated dy high-voltiage
paper electrophorsasis. Tho ldentificatien of the disulfide
bridges was made by determining the amine acid cemposition ef the
correasponding cysteic acid peptides obtained after the oxzidation
of the single cystine peptides. The double cystine peptide vhich
containg the -CyE8-Cy8- linkage in sequence from the acid protsase
A digest was further partially hydrolysed with acid under coandi-
tions in which the disulfide bonds ware stable. Five cystine
poptides were obtained from which the two remaining disulfide
dbridges were entablished. The specificity of the acid protsase A,
the selectivity of acid hydrolysis, and the structure of cobretexin
were discussed. .
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APPENDIX A-1

Table J
Amino acid composition and the moci posnibles ssquonce ef cvasteie aci
poptides from acid protease A dlgest of cobrotoxin

Probadle sagueace of
Peptides Amino acid composition ‘ the peptides

Ala Cy803 1.0° Aapi.o, Thro_g, Gluo.G‘ G;yi.a Gly-Gly-Glu—fhrm&up%

AId c;aos 2‘3, Aapo.g, Thri.o, Glu1.7, Glyi.2 Leu-Gln-CyﬂO,H-His i

Lﬁ\li 3 [} Hi 51 3 ) IY.GIY-GIH'WOO\M

Ale cysojai.a, Gl“i.o’ Leuo.B, Hini.o ' Leu-Glu»CySO,ﬂ—ﬁiu

AII¢1 Cy803H$.6, Aaps‘g, Thrz.o, Seri.a, Glu
. Cly, .50 Valy o0 Tley gy Lysy o Arg, 4
Alla, CySO4H, g1 Aspg 44 Thr, ., Sery g4 Glu,

R

1'°f {42)-43 61-(

1

3 ? 5

6171.0’ Val°.7, 1181.6’ Ly'i.o’ Ar91°° %

L L LB L L L L L Ll LT T 1Y S e B NS On EP G B AP WP we M D 4D G OB EB WS WY Y D P OB U Gu G GO D N TS D N G ©0 oy N 0B 4B ‘i
AIlIa cy303 1.1° Aspz‘i, ArgO.G : ArgoCysojﬂ-AnpnA@r E
AlIlb Cyg03ﬂz 20 Asph.o, Thrs_o, Seri.s, 61“1.1’ ’ %
Gly; o0 Valy gv 11ey oy Lys, o1 Arg, i

AIITc CyS0H, ., Asp, o Thr, ., Ser, ., Glu, ., ﬁ
3 2.4 2.0 3.0 1.5 1.7 ? ?

Gly, or Tleg o0 Leuy oy Argy o

T T P R e D P P L R L ) e €10 €3 A B W R DD T W B AD U G D W B B

- e e ]
1

}
AlVa CySO Hl.o' Thrk.o, Seri.o, Proi'o, Glyi‘o Thr-Pro-Thr~Thr-Thr-

3 |

« Gly-CyEOJH-Bor 5

AIVb  CySOH, ., Gly, 5 Arggy o Arg-Gly-Cy20 a-(e1y)
--'.-—‘-----:--q-f.—----c-._-----—g -------- - - - - h&
i

AVa cysojni.o, Gluo_9§ Leuo.a, Hia1.o Leu-Glu-CySOBH-Bit i
. b }

AVDb CySOBHl.O, Tyri.o, Lysi.o . cysoja Tyr-Lys ;
. - - - - b

AVe Cyso3ui‘o, Tyzi.o, L}sz.o | Cysosﬂ Tyr-Lys-Lys i
AVd Cy803ﬂi'o. Tyri.o, pyaa.o, Argi.o, CySO,H-Tyr—Lyn-Lyg-ﬁ
ox. Trp ox. Trp )

|

!

10 i
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hkpine scld compomitiun and pr@bmbly u@qwmmc@ of cystelec acid pmptidoa
obtained from acid hydrolysates of the ﬁmublu cymtlne p@wtiﬂa Alla

APPENDIX A-2

. Table 11

Probable saguoncs of

e et it e BBt e Bt i T IR e e b o

Peptides Amino acid compogitiom | the peptidos
|
‘ |
FIIG _ Cy&@a 1. P, Aapioo % ABp-CyﬂOBH
FIEs Cyﬁoj 3 O’ Aspioo, 1100.? E Ile-Asp-cyﬂﬁjﬂ
PII& Cy30331 b” Aupz.a, Gluy o 1101.0 % Glunliamﬂmpocysmﬂﬂ k
PIKB Cyﬁﬂj 1.0° G].y‘m’9 | Gly-Cy503H i
. ‘ i i
Priz, - f - )
5 Cyﬁosuza&, Asp, f Cyﬁ@aﬂ + Cyﬂb HB-Asp
PIIIa Cyﬁajﬂa.o, Aapﬁ.m, Qlﬂ0.7’ Ileaoo ! Ile~GluuIla—Aan-Cywﬂjﬂ-CWﬁﬁj\
PIII, Cyﬁﬁjﬂnao, Ampﬁ°0 Cyﬂ@aﬂaﬁnn | {
PIIIm Cyﬁmﬂﬂxaa, %mmi“@, ﬁﬂmi.o, Klmo ) ﬁﬂm—Ile-Aan-Cy&mjw |
i ey Ghe - - . @ o {3 B '
sziﬂ ﬁ?“mgmﬂqm“ Ampa o Biug 49 Glyu g? Gly=1le-Clu=lig=Asn-Cyf % }
Tlez.0 }
!
R .
‘ ¢ O :
PIVs y%@aﬂa.o, &mpﬂnﬁ jﬁapuCyﬁnjﬁ Cyﬁﬂjﬂ ;
PIW& Cyﬂcjﬂa.o, A“ngo’ Glmo'_,w Ilmi.a 11&@~Glu«llw~Amp~Cyﬂ@ HaCyl0 q
PIVB cy503ﬂﬂﬂ0' Aspﬂ.@' kai‘o, Glyb.&‘ GlymII&-Glunxlm»Aap-Cyﬁbjwn L
11@2‘0 : Cyﬂ@ H “
PIVa tyﬁ@s 1.0' Ampabg Cyﬂojﬂ-Amn i
P3V1 Cysojﬂa 1% Aap3~o, Proi.o, Glyloo ;Gly-Cy503H~Pro + Cy80 ﬂm&ﬂ@aAT
PY Cy80 4. 3
a Cy&ﬂs 1.0° Glyi;o 1Gly-Cy503H |
lf' g :
wvi. yﬁOB 1.0° Proi.i ‘Cyﬂogﬁ Pro ﬁ
PVI,  CysoH Cy50 H :
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™ Acid Protease A !
Bigest %

- |
!

i

A . ;

- ALIZ g

i

AlV }

AV x

L L 1 ‘

<30 0 LD em - i

Pige 1. Blectrophoretic sesparation of cjmtixm peptides {

s from acid protease A digest of cobrotoxin (pH 5.4, 48 V/cm, ‘

90 min) and of cysteic acid peptidea from the cyatine j

peptides (pH 5.4, 48 V/cm, 60 min). {;
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AlI ]

Fige 2.,. Blectrophoresis of the neutral band ALI at pH 1.9
and the separatien ef cystoic acid veptides from Alla ’
{pH 1.9, %6 Y/em, 20 min).
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APPENDIX B-3. {
|
r
T
¢ k20 {}q‘ ) xo 20 30 cm —
i ; .
(8) |
Be!orence_ ]
PII )
P11 |
1 344 .
PY 1
PVI I
)
| i
— 0

Pige 3. Slsctropborstic separation of (A)'cyuiiﬁé peptides
from scid hydrolysates.of.AXla (pH 5.4, 46 V/cm, 90 min) and
of (B) the oxidatior products of the cyatine peptides

4

(pﬂ 5 l‘, 46 V/D!B, 60 Iﬁiﬂ.’t R ’
!

Refarencest 1, Reduced GSH; 2, Glu; 3, Aap; 4, Cyso3
5, Oxidized GSH. ‘
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Fig. he Structure of cobrotozin,.

cyowdisansional schematic diagra= showing the srrangement of the disulfide

bondsé and the sequence of the amino scid residuss.
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' Biochemical studies on the toxic nature of snake venom.
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Col. VIII, 1 (1967).
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Study on 1131 labeled cobrotoxin.
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Biochim. Biophys. Acta, 188 (1969} 63.

Biochemical and immunochemical studies on cobrotoxzin.
Toxicon, 8 (1970)
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The amino acid sequence of cobrotoxin has recently been established in our 1abora~
tory. However, in ccnsideration that the disulfide bonds are the major bonds which |
maintain the pro*ein in its native configuration and that the integrity of the dlsuh
fide bonds is important for the venom toxicity, it is therefore essential that each :
pair of the half-cystinyl residues is determined, to assist in the elucidation of tH

two--dimensional structure of cobrotoxin, )
The fragmentation of protein in the study of disulfide bridges is usually carried '

out with pepsin under acidic pH. However, cobrotoxin is not attacked by pepsin and |
i3 also not cleaved to single cystine peptides by either trypsin or chymotrypsin or
the combination of both. Consequently, the fragmentation of the toxin wns carried

ou* with acid protease A. %
)

Cobrotoxin was digested with acid protease A in 5 § acetic acid and the resulting
S-containing peptides were separated by high-voltage paper electrophoresis, The 1
identification of the disulfide bridges was made by determining the amino acid compd
sition of the corresponding cysteic acid peptides obtained after the oxidation of th
single cystine peptides, However, peptide AII gave the result indicating that it ?
represents the sequence from positions (42)-43 to 61-(62) of cobrotoxin, Hence it i
a double cystine peptide which contains the -CyS-CyS- linkage in sequence was not

(Con'd)
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cleaved by the acid protease A, Therefore, the peptide was further
subjected to partial acid hydrolysis at 37%for 10 days with 10 N
K280, in 50 ¢ acetic acid containing thioglycollic acid, Five cystine
peptides were obtained from which the two remaining disulfide bridges

were established,

i — T T e

The result of this study was summarized in Fig. 4, which gave the
complete structure of cobrotoxin showing the position of the disul-~
fide bonds and the sequence of the amino acid residues. The region
of the molecule from residues 25 to LO contairs most of the basic
and the functional residues in cl>se order and is completely free of
prolyl and cystinyl residues. This uncross-~linked loop, projecting
outward from the molecule because of its hydrophilie character, It
is the only region in the molecule where potentially, a considerable
degree of %-helical structure could e present and may play an
important role in toxicity. (Author)
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