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Immuncchenical Studies on the Tryptophan-mcdified Cobrctoxin

Trie two-dimensional structure of cobrotexin has recently been established and permit 2
( a study of structure-activity relationships. Preceding studies °n the chemical modifi

' cation of cobrotoxin sugpested that either the intact Tyr-25, Lys 47, or Giu-21 is
nssential for full activity of the toxin. The importance of tie zingle Trp-residue at
position 29 for the lethality of cobrotoxin as well as several nesurotoXins isclated
from the venoms cf sea snakes have been reported. The imaunodiffusion of these Trp-
modified toxins showed similar precipitin lines to tnose of rative toxins, However,

as for inducing the production of antibodies in animals by Lmmunization witn “hese
modified derivatives and the detail immunochemical studies on these products have not
vet beern undertaken,

In this study, the single Trp-residue in cobrotoxin has been converteu into .- -formy
Lhynurenine by ozonization, oxidized to oxindole derivative with h-bromosuccinimide an
also modified by reactions with 2-hydroXy-5-nitroberzyl (HLB) bromid: and 2-nitrc -
prenylsul fenyl chloride. An important” feature of the investigation :c t< determine
whether the chemical modilication would affect ¢rn the antigenic specificity of the
texdn.,

Tach nodified derivavive pave a single fused preocipitin Line i c-hrotonin o
lamunodiffusicn apainst eitlier anti-cobro'.uxkin or anti-ihfi-couro o Ao
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heterclogeus prenipitin reactions, no significant decreases in antigenic astivity
of the medified derivatives were cbserved when they reacved with anii..ccbrotoxin
sera, In the production of antibodies in rabbits by immunizat.i- with these
modified derivatives (except for ozonized toxin), we have cbtained 1.3 times mere
potent antisera in only one-half the time by using HNB-cobrstoxin ingtead cof
native toxin, Therefore, HNB-cobrotoxin is superior to native L:xdn feor the
production of antibody ir animals. These results suggest tha'. slthough the Trp-
residue in cobrotexin is essential for lethal toxdcity, it may not be involved

i1. the antigenic specificivy of the toxin. (Author)
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STRUCTURE-ACTIVITY RELATIONSHIPS AND IMMUNOCHEMICAL
STUDIES ON COBROTOXIN

Immunochemical Studies on the Tryptophan-modified Cobrotoxin

The single iry.:iophan residue in ceobrotoxin has been converted
into N-formylkynurenine by ozonization in formic acid, oxidized
to oxindcle derivative with N-bromosuccinimide, and also modified
by reactions with 2ehydroxy-5-nitrobtenzyl bromide and 2-nitrophenyle~
sulfenyl chloride. The modified toxins lost almost completely the
lothal *oxicity and showed that besides tryptophan, all other amino
acld residues remained intact. However, the derivative oxidiszad
with N-bromosuccinimide, in sddition to tryptophaa, one mole of
tyrosine and histidine were also modified,

Each modifiaed derivative gave a single fusod precipitin line
with cobrotoxin on immunodiffusion against either anti-cobrotoxin
or anti-HNS-cobrotoxin sera. In heterologous precipitin rea-
etiona, no significant decreases in antigenic activity of the
modified derivatives were observed when they recacted with anti-
cobrotoxin sera. However, a slight decrease of precipitation
eccurrecd for ozonized cobrotoxin. In the produciion of anti-
bodies in rabbits by immunization with taese modificd derivatives
{except for ozonized cobrotoxin), we have obtained 1.3 times more
potent antisera in only one-half the time by using HNB-cobrotoxin
instead of native toxin. Therefora, HNB=cobrotoxin iz superior
to native toxin for the production of antibody in animals. These
results suggest that although the tryptophan residue in cobrotoxin
is essential for lethal toxicity, it may not be involved in the
antigenic specificity of the toxin.
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ABSTRACT

Jumunochomical Studies on the Tryptophan-modified Zobrotoxin

The two-~dimensional astructure of cobrotoxin has recentiy been
established and permits a study of structure~activity relationshipse.
Preceding atudies on the chemical modification o cobrotoxin sugg-
asted that either the intact Tyr-25, Lys-47, o G u-27 is essential
for full activity of the toxin., The importance «f the sinyle Trp-
residue at position 29 for the lethality of cobiuvio:iiin &« wcil as

saveral neurotoxins isolated from the venoms of sea sualze: L:ve
been reported, The imnmunodiffusion of these Trp-modiilnsd %teilins
showed similar precipitin lines to those of native toxins, e

ever, as for inducing the production of antibodies in aniunis uw
{mmunization with these modified dorivatives and the deZail inauno=-
chemical studies on these products have not yet been underiakone.

In this study, the single Trp-residue in cobrotoxin has becn
converted into N'~formyl kynurenine by ozonization, oxidized to
oxindole derivative with N-bromosuccinimide; and also modified by
reactions with 2~hydroxy=-5-nitrobenzyl (HNB) bLromide and 2-nitro-~
phenylsulfenyl chloride. An important fcature of the investi-
gation is to determine whether the chemical modification would
affect on the antigenic specificit: of the toxin.

Each modificed derivative gave a single fused precipitin line
with cobrotoxin on immunodiffusion against either anti-cobrotoxin
or anti-HNB-cobrotoxin sera, In heterologous precipitin reactions,
no significant dccreases in antigenic activity of the modified
derivatives were obierved when thoy reacted with anti-cobrotoxin
sera, In the production of antibodies in rabbits by immunizatien
with these modified derivatives (except for ozonized toxin), we
have obtained 1.3 times more potent antisera in onl:r one-half the
time by using HNB-cobrotoxin instead of native toxin. Therefore,
HNB-cobrotoxin is superior to native toxin for the production of
antibody in animals. These results suggest that although the
Trp~residue in cobrotoxin is essential for lethal toxicity, it may
not be involved in *%e antigenic snecificity of the toxin.
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Table 14 Amino acid composition of cohrotoxin and Page 9
tryptophan-modified derivatives.

Table Il. Comparison of the production ef antibody to 10
cobrotoxin by immunization with cobrotoxin and trypto~
phen-meodificd derivatives in rabbitas.

Table IIl. Comparison of specific neutralizing capacity 11
of anti-cobrotoxin and anti-tryptophan~modified cobrotoxin
sera against cobra venom and cobrotoxin,

Fige 1. Relationship between the formation of N-foruyle 12
kynurenine and the lethal toxicity of cobrotoxin as a
function of time of ozonization.

Pig. 2. Chang:. of absorbance and decrease of lethal 13
toxicity or cobrctoxin after oxidation with NBS. To the
solutions of cobrotoxin (3 mg) in 2 ml of 0.1 M acetato
buffer (pH L.0), varying molar equivalents of i E£S in 1.0

ml of the same buffer were added dropwvise, A280 nm (1-cm
light path) vslue and lethal toxicity were plotted against

the amounts of NBS after the rcaction had proceed for 30

min,

Fig. 3. Alkylation of tryptophan residue in cobrotoxin 14
withh HNB-Br and decrease of lethal toxicity, To the
selutions of cobrotoxin (1 p mole) in 2 ml of 0.18 M acetic
acid (pH 2.7), various molar excess of HNB~Br in 0.2 ml

of dry acetone were added. After vigorous stirring for

1 h at room temperature (27°C), the mixture was desalted
by passage through a Sephadex G~25 column (2 » 33 ¢ia) and
eluted with 0.2 M acetic acid. The protein fiactions

were pooled and lyophilized. The mole of typtoshan
modified was detoermincd spectrophotometrically on ary
sample dissolved in 0,05 M sodium carbonate buffer (ph
10.0), using a value of 18,905 for the molar extinctiion
coefficient at 410 nm (15).
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Beb PFig. %. Sulfenylation of tryptophan residue in Pago 15
cobrotoxin with NPS-Cl and decrease of lethal toxicity.
To the solutions of cobrotoxin (1 j mole) in 2 ml of
30 % ~cetic acid, various mel- - excess of NPS-Cl in
1 @l of glucial accetic acid were added. After stirring
for 1 h at room temncraturce {27YC), tho modified toxin
was separatcd from ihe reageut Ly passage through a
Sep'iadex G-25 colurin (2 : 33 em) and eluted with 0.2 M
acetic acid. The protein fractions were pooled and
lyophilized, The NPS=tryptophan was determined spectro-
photometrically on tlLe dry soample dissolved in 0.2 M
acetic acid, usin: a valuc of 4,000 for the molar extin-
etion coefficient 2% 365 nm (11).

B-3 Fipe 5. Absorption spcctra of cobrotoxin and its Trpe 16
modified derivacives. 3 mg of cobrotoxin and 2 ng of
modified derivatives wore dissolved in 6 ml of 0.2 M
acetic acid, respectively, except for HNB-cobrotoxin
which was dissolved in 0.05 M sodium carbonate buffer

- {pH 10.0). Cbt, cobrotoiin.

B~6 Fig. 6. Quantitative precipitin reactions of cobrotoxin 17
a:*d the Trp-modified derivatives with anti-cobrotoxin
sera. 0.5 ml of the pooled antisera from Tousr rabbits
were used in each determination., Cbt, cobrotouin.

B=7 PFige 7. Quantitative precipitin recactionc of cobsyotoxin 18
and the Trp-modified derivatives with anti-Trp-modificd
cobratexin sera. 0«5 ml of the pooled untisera firer four
rabbits were used in each determination. @—~-=, cobro-
toxiny 4——4, homologous modified cobrotoxin.

P8 Fig. 8. Immunodiffusion in agar gel. Central wells: 19
(A) Antiecobrotoxin sern; (B) Anti-HNB~cobrotoxin sera.
Surrounding wells: (1) Cobrotoxin; (2) HNB-cobrotoxinj
(k) NPS«cobrotoxiny (5) Czonized cobrotoxin.

B~9 Fige 9. Gel filtration patterns of ccbrotoxin, HNB~cobre- 20
toxin, and &-chymotrypsin on Sephadex G-50. The coluamn
was equilibrated with M/15 phosphatce buffer (pH 7.4) te
the constant height (2 x 85 c::). Each samnle (10 mg)
disgolved in the same buffer was applied inte tho column
and eluted .sith the same buifer, 5 ml of fractions were
collected at a rate of 25 ul per b and tae protein con-
centration was cdetermined by the method of Lowry et al,
(21). +——9, cobrotioxin; 4—-—4, HiB-cobrotoxing r-=e-e,
s=chymotrypsin.
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Immunochemical Studies oi the Tryptophan-modified Col:ioioia

1. Introduction

Precaeding studieg on the chemical moedificatien of cobretoxin
suggested that cither the intact Trp~29 (1), Tyr-25 (2), Lys-47 (3),
or Glu-21 (3,4) is essential for full activity of tke toxin.

Mosi snake venom neourotoxins whesz amine acid sequences have
been established centain only ene tryptophan residue lscated at ths
fhiemelogous positions (5). By mecu: of chemical medification, the
impertance of tryptophan residue for the lethal toxicity ef neuro~
texins isolated from the vonmas of sen snakes have also been
reported (6-9). Phe faounndlffusion of these tryptephan-madified
texing shewed sinilor nirecipitin lines te those of native {toxins.
Hesqavey, as for th: inducing the production of antibodies in
aninals by immunization with these modified derivatives and the
detail immunochemical studios on these products have net yet keen
undertaken.

In this study, the single tryptophan residuc in cobrotexin
has been modified by four different reapents and the effects eon
the antigenic specificity of the toxin vere investigated. The
medified derivatives although lest alrost cempletely the lethal
texicity, but the antigenic spocificity remained unchanged signi-
ficantly, Among the modified texins, HNB~cobrotexin is the most
superior te native toxin for inducing thc production of antibody
in animals.,

Abbreviatiens: HNB-~Br, 2~hydroxy~S-nitrobensyl bronmide;
NPS«Cl, 2-nitrophenylsulfenyl chloride; NBS, ll-Lrouovsn2cinimideg
tiNB=cebrotoxin, NPS=cebratexin, and NBS=cobrotoe:zin r: 2 cobroloxin
derivatives which were modified with {INB-Br, NPS=Cl, ana 1iBS,
respectively,

II. Materials and Metheds

Cebretoxin was prepared frow Talwan cobra (Naja naja atra)
venem as proviously described (10). Reagent grade of HNB-Br was
purchased frem Seikagaku Kogyo Ce., Japan. NPS~Cl was obtained
frem Sigma Chemical Ce., and NBS frem Pierce Chemical Ce. NBS
was recrystallized frcm weter beforoe use.

Alkylution of cobrotoxin with HHE-Br and ozonization ef
eebretoxin in foermic aocid were carsied out as previously
desgcribed (1),

et
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l1e Sulfenylation of cobrotoxin

Sulfenylatien was carried out easentinlly according to the
method of Sceffene et al. (11) To a solution ef cobretoxin (50 mg)
in 2 ml of 30 % acetic acid a 10-feld molar excess of NPS-Cl in
1 ml of glacial acetic acid was added. The recactien was allewed
to proceed at room temperature (27®°) fer 1 h and the mizture was
desalted by pas=zage through a "..nhadex G~25 celumn (2 x 50 cm)
equilibrated with 0.2 M acotic acid, The protein fractions wore
peoled and lyonaylized.

2o Oldztion of cobretexin with NBS

Oxidation oi cobrotonin with NBS was performed essentially
according te the procedure deceribed by Freisheim and Huennekens
(12} Te a soluiion of corotoxin (50 mg) in 2 ml of 0.1 M
acetcte huffer (pH 4,0} a 4-Fold melar excess o7 HBS in 1 ml of
the same buffer was added diopitises  After stirring at 272 fer
30 min the modifled tozin was soparated from the excess reagent
by passage thi'ough a Sephadox G-25 column (2 x 50 cm) equilibrated
with 0.2 M acetic acid. The pretecin frectioens were pocled and
lyopnilized.

3. Preparation of mutisora

Anti-cobretoxin cerun was preparad in rabbitc as previously
described (13). Each anti-Trp~mcdificd cobrotoxin serum vas
prepared by injecting increasing amounts ol tihc lvnoiagous modie
fied toxin (excapt Per ozonized cobrotoxin) WJLh ifreund’s adjuvant
{cemplete) inte rabbits woighing 2.0 $0 2.5 sirty pa to 2,5
mg per kg body welght were injuciod wubcuvrnguuguy into the right

and left thigh alternating at weekly intervals during a period ef
two months and the animals were bled 9 days after the Tinal
fnjection,

Anine acid analysis, messurements of lethal texicity and
immunological procedures were performed essentially the same as
previously described (2,13).

III. Regulis

de CaemLoq1~pod:’ cation of trypliophan residue
1u cobyotonin

. Pmaremsnt - o otrad

The extcent ol ononiuation was followed by the increasing
abserbancy at 270 1 corresnonding to the formation ef N-formyl-
kynurenine (i:). Lus chova in ig. 1y with increasing ameunts
©f N-isruylityaurcnine foined, the lethal toricity docrease




progressively and finally dropped te }.1 % ef cebrotexin after
ezonizatien for 8 min, No further changes in the abserbancy at
320 nm and the lethality were observed after 8 min,

The exidation of tryptophan by NBS leads te decrease in
abserbancy at 280 nm. As shown in Fig. 2, the Aygg py (1-cm light
path) value of the mixture decreased as the ameunts ef NBS increased
within 3 molar excess ever cobrotexin and then went up again with
a gentle slope. The lethality of cobrotoxin decreased markwdly
and finally lost almest completely wvhen all tryptephan residue was
medified,

For the reaction of cobrotoiin with HNB~Br er NPS«Cl, the extents
ef modification vere dotermined gpectrophetometrically based on
the molar absoibance ceefficients (¢M) of 18,000 and 4,000 at 410
nm (15) and 365 uam (11), rospectivoly. As shown in Figs., 3 and &4,
the lethalitr deercascd pirogrcassively and finally dropped to 6.2 %
and 3.1 % of cobroto;in, respectively, as all tryptophan rosidue
was nmedified,

2. Choractexicetion of tho modified derivatives

As shown in Fig. 5, tho absorption spectra of HNB-cebretexin
and NPS-cebiroetoxin, which showed the characteristic peaks at 410
mm and 365 nm, respectively, were practically tho same as those
of HNB~proteins and NPS-protaeins reported by Barman and Keshland
(15) and Scoffone ot al. (11), respectively. Spectral dester-
mination of the oxtenis of modification based en the molar
abserbance coafficients of 18,900 and 4,000 at 410 nm and 365 nm
indicated that 0,92 mole and 0,98 mole of tryntophan had reacted
with HNB-Br and NPS-Cl, rescpectively.

The amino acid analyses of tho modified derivatives showed
that, besides tryptophan, all other amino acids remained essen-
tially intact (Table I). However, the dorivative exidized with
NBS, in addition te tryptephan, one mole of tyrosine and his-
tidine had also been modified.

3. Antigenic activity of the modified derivatives

As shovn in Fig. 6, no significant decreases in antigenic
activity of the mwodified derivoatives were ebserved in the
heterologous precipitin reactions when they reacted with anti-
cobrotozin sera. Howevor, a nlicht decrease of precipitation
sccurred for oczonized cobrotexine.

Inducing the production of antibodies in rabbits by immuni-
sation with those riodified derivatives (except for ozonized
cobretoxin) vwas carried out. Due to tiio low toxicity of the

3




kg body weicht instead of 6 pg and completed in only one~half time
ol that with cobrotexin (Table II). The antibody contents in the
pooled immune sera were determined by quantitative precipitin
reactions using cobretoxin as an antigen (Fig. 7). As shown in
Table XTI, thie amount of antibody precipitated from anti~HNB-cobroe
toxin sera by cobrotoxin was 8.5 p~ cent more than that of anti-
cobrotoxin sera. However, the aniibedy centent in the anti~NBS-
gobrotoxin sora wers only ouc~half that of anti-cobrotoxin sera.

ke Nentralizning capacity of antisora

Cowparisen of spocific noutralizing capacity of anti-=Trp-
medified cobrotoxin an anti-cobroteoxin serc are ashown in Table Il
It 18 seen that the relative capacity of the anti«HNB-cobrotoxin
sera was 1,3 tiwes higher than that of anti-~cobrotoxin sera, but
anti-NDS~cobrotoxin gcra was only one-third that ef anti-~cobrotexin
aera. The antibody content and specific neutralizing capacity of
anti~NPS~cobrotoxin sera were almost tho same as those of anti=-
cebrotoxin gerae

5. Immunediifusien

Practically the =zamec patterns of immunodiffucion were ebserved
for both anti=cobrotoxin (Fig. 8-~A) and anti-ilND-cobrotoxin asera
(Fig. 8-B) against cobrotoxin and Trp-~mecified derivatives. Each
modified texin gave a single fused precinitin line with cobrotexin
againat cither anti-cobrotoxin or anti-iiliD~cobiotoxin sera,
indicating that the all modified toxins were imnunochemically
hemogenacus as cobrotoxin,

The al ove results indicate that although the single Trp-29
which igs commun to all neurotoxins iselated frem snake venoms is
essential fer lethal texicity, it is not essential for the anti-~
genic gpecificity of the toxin. Therefore, the less toxic HND=-
cobrotoxin is gsuperior to native toxin fer inducing the productien
of antibody in animals. In fact, we have ehtained 1.3 times more
potent antifera in only one-half the timc by using HNB-cobroiexin
instead of native toxin.

IV. Digpcussion

o m——

Tryp:ie:ian has Paen rasigned ru important role in determining

and gtehili: fug <he U ~ti-vy structurro of protein hy its interae
ctioen with otiio:r hydirophobic residues. In this stugdy, four
different iexgentr +i7el Vore hean renoried as zhecific fer the

tryptonhan rosicucs in proteins were used for the modification ef
the ginglo {ryptonhi: resicduc in cobrotoxin and the effect on the
antigenic cpeecilinity of the toxin was investigated, The data
froo aning acid cnaivses of the modificd dorivaltives indicated




that these reactiona de not affect the ether amino acids, except
fer NBS=cebrotexin which showed besides tryptophan, one mole of
tyrosine and histidine vore algo mndified (Table I)e These
medifications lead to the almost cowplete loss of lethal toxicity,
indicating that the tryptophan residuv in cebrotoxin is essentiel
for the lethality, The rasults are in good agreement with those
of neurotoxins iselated from the venoms of sea snakes (6~9). It
is noteworthy that nost snake venom neurotexine contain only one
tryptophan rosjdue located at the homolegeus positions in the
saquences (5) and this invariant tryptophan residus plays impertant
rela in the structural features for the leothal toxicity of toxin.

It i3 of interesat to note that vwhile the tryptophan residue is
essential for the toxic action, it is not involvod in the antigenie
activity of toxins. In the immunodifiusion study and heterogous
precipitin reactions, no significant differences were observed
between cobrotoxin and its modified derivatives., Morever, by
using HNB-cobrotoxin as an antigen for immunization, we have
obtained more petent antisera in oenly one~half the timeo instead
of native toxin (Table IX and XII). This strongly indicates
that thetre ia essontially no change in antigenic specificity efter
tryptophan medification.

In comparisen eof antigenic activity among the nodifivd derie
vatives, it showod that HNB-cobretoxin is the moot antigonic and
NPS-cobrotoxin, NBS-cobrotoxin, and ozonizad cobrotoxin follow in
decroasing order (Fig. 6 and Table II). These regults jindicate
that the effects of the four specific reagents on the immuno-
legical properties of cebrotoxin are somewhate different. The
slight decrease in antigenic activity of cobrotoxin after oxid-
ation with NBS er ozonizmation may be attributed to the change ef
gross conformation.

Karlssen and Eaker (16) have recently reported that modifie
catian of the single tryptophan residue in siamensis 3 toxin
isolated from the venom of Naja naig»siamenETs-witE HNB=Br
resulted in that the toxin polymerizes thereby easily. Trimers
and higher aggrogates are non-toxic while dimers are slightly
toxic. Thrie monomeric, toxic deri-ratives were isolated Ly
gradient chromatography on Bio-Rex 70. Thus, they concluded
that tryptophan residuc is not functionally cssential and is a
structurally essential group. By immunochemical study on
erabutoxins, neurotoxic proteins obtained from a seca snake
Laticauda semifasciatr, Scto ot al. (17) have recently reported
that the formaldehydc-trected erabutoxins are antigenic altheugh
they have no lethal toxicity. It is of intoerest that the
modified erabutorin b is ultracentrifugally monedisperse and has
a molecular weight of 68,800, about ten times that of the native
texin, In order to determine whether the HNB-cebrotoxin is «lse
forming a polymer, the molecular weight was oestimated by g=!




filtration on Sephade:: G~50 equilibrated with /15 phosphate buffer,
pH 7.4. In compari: - with cobrotoxin and a~chymotrypsin (Fig. 9),
all preparations waero ovealed as a single peak and the a~chymo-
trypsin (mol. wt., 22,000) emerged in the void volume and HNB-
cobrotoxin an well as cobrotoxin in almust the same volumae of
eluate, indicating that tiNBecobrotoxin is a monomer.

The results from previous studies on the chemical modification
of cobrotoxin have suggesied that a variety of functional groups
are esscential fer biological activity ef the texin and the changes
in lethal toxicity and antigenic activity had occurred concurraently
(2,3,18). However, from the result of prescnt study and that of
exhaustive fluorescein thiocarbanmylation of cobrotoxin through its
free amino groups suggest that theso modifications resulted in
pronounced decrease in lethal toxicity without affecting the
antigenic specificity of the toxin (19,20). These results
suggest that the antigenic pitos of cobiotoxin arc cifferent from
the active site(s) of toxicity. The similar obscrvetions were

. also made on the sea snake naurotoxins (6,7,17). In “act, these
3 less toxic preparations can be uged as a good tool in thie pre=~
duction of antibodies in animals.

V. Conclugion

The single tryptophan rgsidue in cebrotoxin has been convertecd
into N-formylkynurenine by ozonization in formic acid, oxidized to
oxindole derivative with N-bromosuccinimide, and also modified by
reactions with C-hydroxy-5~nitrobenzyl bromide and Z=nitrophenyl=
sulfenyl chloride, The modified toxins lust almest completely the
lethol toxicity and showed that besides tryptophan, all other amine
acid rosidues remaired intact. Howevor, the derivative oxidized
with N-bromosuccinimide, in addition -o tryptophan, one mole of
tyrosine and histidine wecre also mocdliied,

2 Each modiliod cderivativo gave a single fused precipitin line
with cobrotiorin cu Iumunodil?fusion against cither anti-cobrotoxin
e 1 EQI. Ti1 heterologous nrocipitin reactions,

or anti~liil-coLunTo
no significoi> ceoienses In antigenic activity of the modified
derivetiven werc obneivod whon they rescted with anti-cobrotoxin
sera. oweras, a slight decroase of precipitation occurred ior
ozonized cobiotoin, In the nroduction of antibodies in rabbits
by immunization with thesc nodified derivatives (except for
ezenized cobrotoxin), we have obtained 1.3 times more potent
antisera i only one-half the time by using HNB-cobrotoxin instead
of mmtive itoxin. Therefore, HNB~=cobrotoxin ia superior to native
toxin for ithe preduction of antibody in animals, Thesa results
suggest that although the tryptorhan residue in cobrotoxin is
essential for lethal tosxicity, it may nnt be involved in the
antigenic specificity of the toxin.
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APPENDIX -1

Tablo 1

Anino rcld composition of cobrotoxin and tryptophan-modified derivatives

Residues per mole of protein

Amino acid

Cobrotoxin Ozonized HNB~ NP5~ NBS=-
cobrotoxin cobrotoxin cobrotoxin cobrotoxin

Aspartic acid 8 8.4 8.2 7.8 7.6
Threonine 8 7.5 7.9 7.6 7.3
Serine L 3.3 3.9 3.8 3.7
Glutamic acild 7 7.1 7.3 6.8 73
Proline 2 2,0 2.3 2.2 1.9
Glycine 7 7.2 73 7. 73
Alanine - - - - -
Half-cystine 8 8.3 7.9 8.3 3.1
Valine 1 1.0 1.1 1.0 1.9
Methionire - - - - -
Isoleucine 2 2,0 2.1 1.8 2.2
Leucine 1 1,0* 1,0 1.0 1.0
Tyrosine 2 1.7 2.1 1.8 0.90
Phenylalanine - - - - -
Lysine 3 3.0 3.1 2.9 3.0
Histidine 2 1.7 1,8 1.9 0.93
Arginine 6 6.1 6.3 5.9 6.3
Tryptophan 1 0.0 0.0 0.0 0.0
Kynurenine - 0.75 - - -
HNB-tryptophan - - 0.,92*+ - -
NPS~tryptophan - - - 0.98¢¢ -

* All values are expressed as molar ratios based on Jcucine a 1,0,

*+ Dotormined spectrophotomeotrically at 410 nm and 365 nm for HNB-
tryptophan and NPS-=tryptophen, respectively,




APPENRIX A-2

Table II

Comparisen of the preduction of antibody to cobretexin by imnunization
with cobrotexina and tryptophan-modified derivatives in rabbita

Antigen Lathality (oo meay Immnisation Loy, e
weight) sera (%)
Cobretexin 100 5.118 113 100 (2.59)*
HNB=-cobrotexin 6.2 5.970 58 108.5 (2.81)
NPS-cebretexin 3.1 5.970 58 90.8 (2.36)
NBS~cebretoxin 1.6 5.970 58 52.3 (1.35)

* Numbers in parentheses denotc the antibedy centents in per cent in
the peeled immunc sera from four rabbits.
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APPENDIX 4-3

Tablo IIX

Coumparisen of specific neutralizing capacity of anti-
cobrotoxin and anti-tryptophan-modified cobrotoxin
sera against cobra venom and cobrotoxin

Specific neutralizing Relative
Antimera® capacity (LDSO/mg N)ss capacity
Anti-cebrotoxin 16.1 1.0
Anti-HNB~cobretoxin 21.7 1.3
Anti«NPS~cobrotoxin 15.5 0.95
Anti-NBS-cobrotoxin 5.0 0.35

®* The pooled antisera from four rabbits were used in each
measuremont.

*® The amou: ts of 1 LD o for cobra venem and cobrotoxin
are 7.4 and 1.1 Po+ respectively. The specific
neutralizing capacity obtained was of the same order
for both cobra venom and cobrotoxin,
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Fig. 1. Relationship betwonn the formation of Ne-formyl-
kynurenine and tho lethal toxici:!:: of cobrotoxin as a functien
of time of ozonization.
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Fig. 2. Change of absorbancce and decrease of lethal toxicity
of cebretexin after oxidation with NBS.

Te tha solutions of cobroto:xin 3 rng) in 2 m1 of 0.1 M
acetate buffer (pll 4.0), varying mol:i cquivalents of NBS in 1,0
al of the sane hu.f{c: wers rdded dropwise. Asgg nm (1-cm
1ight path) valio cad lothal texicity wore plotted against the
amounts of NBS : Jt.:* tihe reaction had procecd for 30 min.
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Fig. 2. Change of absorbance and cdecrease of lcihal torxicity
of cebretexin after oxidation with NBS.

Te the solutions of cobretoxin (3 mg) in 2 ml of 0.1 M
acetate dusrfer (pH &.0), varying molar equivalents of NBS in 1.0
ml of the same huffer were added dropwise, A2g80 nm (1-cm
light path) value and lethal texicity wecre plotted apainst the
amounta ¢f NBS after the reaction had proceed for 30 min.
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. Fig. 3. Alkylation of tryptophan residue in cobiotoxin

with HNB~Br and decrease of lethal toxicity,

To the solutions of cobrotexin (1 Jn mele) in 2 ul of 0.18 M
acetic acid {(pH 2.7), various molar cicees ofi 1iI-Or in G.2 mi
of dry acetone were added. After vigorous stirring for 1 h
at reom temperature (27°C), the mixture was desalted by paooage
through a Sophadex G=25 column (2 x 33 c¢m) and eluted with 0.2 M
acetic acid. The protein fractions were pooled and lyophilized.
The mole of tryptophan modified was determined spectroyhoto~
metrically on dry sample dissolved in 0.05 M godium carbouate
buffer (pH 10.0), using a value of 18,90C for the molar extin-
ction coefficient at 410 am (15).
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Fig. &. Sullcnylation of tryptephan residue in cobrotexin
P with NP5-Cl and decrease of lethal toxicity.

To the solutions of cobrotoxin (1 p mole) in 2 ml of 3O %
acotic acid, various molar excess of NPS-Cl in 1 ml ef glacial
acetic acid were added. After stirring for 1 h at reom
temperature (27°C), the modified toxin was separated frem the
reagont by passage through a Sephadex G-25 column (2 x 33 cm)
and eluted with 0.2 M acetic acid. The protein fractions
were pooled and lyophilized. The NPS~tryptophan was deterained
spectrophotometrically on the dry sample dissolved in 0.2 M

acetic acid, using a valua of 4,000 for the moelar extinctien
cesificient at 365 nm (11).
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Fig. 5. Abgorption spectra of cobrotoxin and its Trp-
modified derivatives,

3 mg of cobrotoxin and 2 ng of modified derivatives wvere
dissolved in 6 ml of 0.2 M acetic ncid, respcctiively, except
for HNB=cobretoxin which was dissolved in 0.05 M sodium carbonate
buffer (pH 10.0). Cbt, cobrotoxin,
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APPENDIX B=6
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Fig. 6. Quantitative precipitin reactions of cebreteoxin

and the Trp-modified derivetives with anti-cobrotoxin sera,

0«5 ml of the pooled antiscra from four rabbits were usen

in each determination,
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Fige 7. Quantitative precipitin rcactions of cobrotoxin
and the Trp~-modifiod derivativoz with anti-Trp-modiried cobrutoxin
serae.

0.5 ml of the pooled antiécra from four rahbité were used
in each determination. ®—~—g, cobrotoxiny #~~4, homologous
modified cobrotoxin,
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APPENDIX B-8

Fig. 8. Inmunodiffusion in agar gel,

Central wells: (A) Anti-cobrotoxin sera; (U) Anti-HNB-
cobrotoxin sera. Surrounding wells: (1) Cotrotoxing (2)
HNB-cobrotoxing (3) NBS-cobrotoxin; (&) NPS~cobioto::inj (5)
Ozonized cobrotoxin.
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Fig. 9. Gel filtretion patterns of cobrotoxin, HNB-cebro-
toxin, and «-chymoirypsin on Sephadey G=50.

The column was equilibrated with M/15 phosphate buffer (pH 7.4)
to the constant height (2 :x 85 cm). Eech sample (10 mg) diasolved
in the samo buffer was applied into the column and eluted with the
same buffer, 5 ml of fractions werce collected at a rate of 25 ml
per h and the protein concentration vas deatermined by the method
of Lowry et al. (21). 99, cobrotoxin; 4—~——4, HNB-cobrotoxinj;
===~p, g~-chymotrypsin.
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