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Qlaritication of the status of sulfur bonde in the biologiw
¢ally~actlve protein is very important not only for the establish~
ment of siruoture but also for the olucldation of their rolatioen

to the blologleal activity. The total content of half cystine
Plup oysteine of cobrotoxin was measured to be 12.0 by disulfide
intexrchange reactions. No sulfhydryl groups were detected by
spectrophotometrio titration with pecliloromercuribenzoate and
Neethylmaleimide even after cobrotoxin was treated with 8 M urea.
8ines no methionine was found on amino asid analysis, the sulfurs
in cohrotoxin were proved to bhe exclusively in the form of dlsul~
fide bo~ds.  On reduction with g-mercaptoethancl, cobrotoxin
dieplay 1L.6 to 12.0 sulfhydryl groups and loses 1ts lethulity
sonsurrently. However, the inert, fully reduced cobrotoxin
¥lolds blologleally active product with complete lethality and
antigenledty, specifio rotation closse to the rative value, and
an infrared spectrum identical to native cobrotoxin on reoxida=
tion. The »remulis clearly indicate that the integrity of the
disulfide bonds in cobrotoxin is essential for lethality.

IX. Qptlecal Robatoxy Disperedon Study of Cobrotoxin

The present cormunication deals with the optical rotatory
dispersicon (ORD) study of the native, redused and reoxidized
gobrotoxin preparations in the wavelength range 220-300 mu,

and the dlscovery of a positive Cotton offect at 233 mu for
cobrotoxd The meain residue rotvation gorrected

the natdvs cobrotoxin,

for the refractive index of the solvent at 233 mn was found to
be 41,25¢, suggests that cobrotoxin contains about 22 % of the
left~handed ot~-helix in the molect’o. This 18 a very distinct
feature for a hatural protein consisting of I~smino aedds *o
have a left-handed helical structure. In contrast, the ORD
suxve of the reduced cobrotoszln manifests simple dispercion
eurve with negative value of mP 233 (=2,100%), indicates that
¢obrotoxin loses lefi-handod helix and becomes random structure
after the reductive c¢leavage of its disulfide bondsz. However,

the reooxidizod cobrotoxin gave essonticlly the same ORD ocurve
as the native cobrotoxin, asiiows that correct reformation of
left~handed o=holix occuried by alr-oxication of the roduced

cohrotoxin.
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XII. Atudles on Fluoregasnt Cobrotaoxin

The present study wns inltiated to investigate tho propexe
tie0 of fluorescent cobrotoxin after fluorsscein thlocarbamy=
lation, and appllded the lmmunofluorescent prosedure to dafine
and determine quantltatively any residual antigen that might
ba adherent to tho supposedly puridfied antibody. Three to
gour moles of fluorescein wero incorporated inte sash molecule
ef cobrotoxin when the toxin was allowed %0 react with more
than 4~fold wolar excess of fluorssceiln isothiooy.nate, In
this systom none of tho cobrotoxin rsmained unlabeled. The
UV vaximun of the fluoreacent cobrotoxin is shiftved to the
sherter wavelength wnd the lethality decreased to 1/7.5. while
the erose-reaction with anti-~cobrotoxin sora was not aluvcred,
It suggests that inh cobrotoxdin the antigenic wsites are dlfferent
fron the active slte(s) af toxdclty whioh was blockad by
fluoresseln thiocarbouaylatlon, Fluorescant cobrotoxin was
usod to define ~ud deternine the degree of separation of the
antigen from its antibody, Tho lmmune precipltates were
completely dissolved auad dlgeociated in 0.53 M formic acld-=0.15 M
NaClt complete separoiion of flrarescent antigen from the abntis
body was cchieved on Sepiadox (-100 column in the same solvent,
The purified antil.ody was proved to be frec from faint traces
of antigen and 100 % precipitable with codrotoxin as measured
by quantitatlve preclpitin reaction.
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1. Ihn Digulfide Bonds of Cobrotoxin and thelr Relationehbp
e Lothality.

Lo Introgiction

8inco tho hiph sulfur content in the toxle ingredieunts of
snake verom and itw posslble roelationship to the venom toxlelty
wera. dlascovered, many studies on the nature of the sulfur in shoke
vohoms have been carried out (l-3). However, the nature of the
sulfur bonds and thelr asacolation vith the toxlolty of suake
vonoms remain unitnown.

Clarification of the status of sulfur bonds in the dbieloglw
sally active proteins is very important not only for the establishe
nent of atruc ire but slao for tieo sluocidation of thelr rolation
to the blolegical activity. In this study the sulfur distribue=
tion of the crystalline toxin, cobrotoxin, was established and
the integrdty of the disulfido bonde for its lethality wes

proved,

2. a 4 104

Cobrotoxdn was prepared from Formosan oobra (Najs naja atra)
venom a8 previously desoribed (7). NNt'eDl=DNPal~oystine and
N-ethylmaleimide were obtained from Siema Chemical Company.

Urea was & Mallinckrodt reagent, and was recrystallized from
agqueous ethanol, EDTA was a Iechor certified reagent,

A commerclal prepsration of PCMB was purified according to
the prosedure af Beyer {8), A portion (20 mg) of tho well-dried
preparation was completely clssolved in 1 md of 1 N NaOH and
&liuted with 0,05 M sodum pyrophosphate buffor (pH 8.1),  Stook
solutions thus prepared were standardlzed by measurement of the
absorbance at 222 mp at pH 2,0 aftor appropriate dllution, DBlos
Gel P-2 was purchased from Bio-Rad Laboratories, and g-mercapto-
othanol was n product o2 Bustman fopandle Chemloals.

o Q. t
santont of sobrotoxin

' The equilibrium concentration ¢f the mixed disulfide was
determined by the mothod of Glazer and Smith (9); in the protein
eonagentratlon range of 0.033 to 0.2 umele/ml of reaction mixture.
The rato of lnterchangs was followed until the rate of ¢hange of
abgorbance of thoe agueous phase as 337 mun becams constant. A4
the ond of 2) days the equilibrium wrs roached, and the amount of
mono~DNP~cystine presented was determined., The ratios of amoloes
of mono-DNP-systine/nuoles of protein were plotted agalnat the *
protein concentration, and the total content of half~oystine

plus oystolne was obtained by oxtrapolation to zere protein
songentration.
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b, Dotepwdrtion or LNIlhydryl gontent

(1) NeEthylmaleizmida: Detormlnstiono lnvolﬂ.ng
Neothylmaloimide were carriod out by the method of Adlexandur (10).
Tho reaotion vge oarried oui ir 0.1 M phonphato bpffer (pH 6.8)
with 1,2 x 1077 M Negthylmaleimide and 0,83 x 10~4 M gobrotoxin
which had boen protreated with 8§ M urou for 20 h at roum tompera~
tare, The rosotion mixture duveid of N=othylmaleimide sorved ao
a blanl, and tho speotrophotomatrio maasurcmenta wore made ib
l-ci matohod alliow 00113 in the 3eckman Modol DKp recording
speotrophotomoter. Tho differencu Sa absorbanco at 300 mu
betnoen tho reactod and unreactoed N-ethylmaloimido solutions was
divided by tho molar extinection coefiizieni of 620 for the
calealation of entehwawyl sonfiente,

(2) FgMY4: Thoe spectrophotomotric mothod of
Boyer (8) was wmployed for thave determinnticns.

(a) Thiravion of } m%..p%" wsﬁrpm
Foxr this purpose inoremonta of FUMB were added to the colls
sontaining the protein in 0,025 M Tris-H01-8 M urea (pi 8.0).

8pectrophotometric moasurements wora made in the conveontional
wanhor with the Model DU Bookman spectrophotometer at 250 mu.

(b) Mt on_o wi b Py .
Identical lucrements of the protein solution were added to a
0ell contalning 3 ml of buffered PCMB and to a blank celld
sontaining the some volume of O.05 M phosphate buffor (pi 7,0)
alone, The contents were mixed by irversion of each ocell
coverod with a piuso of Parafilm, and Lie absorbance at 230
vag road aftor cach addltlon, Tre obuervea absorbahos was
sorrested for dilution, and plotted sgeinst tho volume of protein
addad, Thoe ondpoint was obteined foow the intorgection of the
two linos, and vhe sulfhydryl content was caloulatoed.

a. \t ' obaxin v oo 1y

Reduotion was carried out gsseniially casoordint to the
procedure of Anfinsen and Haber (ll). In a represiniuiive
sxporinent, 100 mg of ocobrotoxin was diszolv:id in 5 nl of &
freshly-prepared § M gsolution of recrystallizasd urcz, :ad 0.1
ul of gemercaptoethanol (1 nl/mz of protoin) vis added. The
glass~gtoppered tube was Ilushed with Mp mud left ae room
tomperatuxre for # h, The pH was then adjuctol %o 3.5 with
glacial acoti¢ acid, and the entire roluticn uwzc appllad to a
column (2 ¢m x 52 om) of Dlo-~@al w2 which kad previously been
equilidbrated with 0,1 M acetie acld centalning 1 vl =D0A. "he
column was devoloped with the msame sol' i, Twaction: of 7 ml
wore collected, and tho absorbarca at 290 wp v weacured.

The redused cilrebt xdn enerz:z: An tho vold voluu: | s a nayeaw
pealc In fractione #-ix but the odor of g-mercaptocihanol wvas fivat
detectod in fract 51 18; tho remaining »cazants wero olited in

v ik
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fractions 18-22, The reduced cobretoxin was extromely stadble
at pH 3 in 0.1 M acetic acid contaiuning 1 mM EDTA: it could be
stored in a refrigerater fex soveral davs without decrease of
the sulthydryl content.

4. Reoxidation of reduced cobrotoxin

An aliquot of reduced cobretoxin in 0,1 M acetic acid was
applied to a Bio-Gol P-~2 columa (2 om x 52 cm), pre~oquilidrated
with 0.05 M phosphate buffer (pH 7.)) containing 0.1 M NaCl, and
eluted with the same buffer. Redusced cobrotoxin, ncw in
phosphate buffer pH 7.1, was allowed to stand, without shaking
or budbdling, in a tube open to the air at room temperature
{25~27°). After suitable intervals of time, aliquots were
taken for determination of lethality and free sulfhydryl groups,

e, &n‘ tost

About 0,08 ml of rabbit enti~cobrotoxin sera vas plpetted
into a series of tubes (3 mm x 7?0 mm). The precipitin ring at
the interface was odbserved at 30 min and 1 h after an equal
volume of two-fold ¢iluted cntigen solution was overlald.

f. Infrared asbsorption sgpectra

Infrared spectra of cobrotoxin preparations were recorded
with the Perkin~Flmer Model 1357 infrared spectrophotometer with
a spectral slit width of 25 mm. The infrared pellets were
prepared “rom 1 mg of cobrotoxin mixed with 300 mg of KBr.

€. Lethality

Venom lethality was measured by intraperitoneal injesction
of the venom solution into mice, N.I.H. strain, as previously
described (12). 1In the mice weighing 138 + 1 g, the L.D.50 of
the cobrotoxin was approximately 0.065 mg/kg body veight.

3. QResults
a. Sulfur dietributiop of cobrotoxin

The total content of half-cystine plus cysisine of cobrotexin
was measured by the disulfide interchange reaction (9), with the
results shown in Fig. 1. The number of group: canable of undere
going intorchange with di-DNP-cystine in couc. kKJ1 was 12.0.

No froe sulfhydryl groups were detected by spectrophotometric
titration with PCMB even after cobrotoxin was truated with 8 M
urea, Tue rosults of spectrophotometric assays using N-athyle

maleimide (10) also showed that sulfhydryl groups were abgent
from cobrotoxin. The half-cystine content of 12 mqlea therefore

>



indicates the preccnce of 6 disulfide bonds in each molesule eof
cobrotoxin.

b. Reduction of cobrotoxin

in order to examine the possible relation of the digulfide
bonds in cobrotexin to its lethality, cobrotoxin waes dissolved
in 8 M urea solution, and a reducing agent, gemercaptoethansl,
wag added to split the disulfidc bonds. Cobrotoxin im 8 M
ureca solution retains full lethality even after exposure fer
24 h. HBowever, oa adéition of s-mercaptoethanol, the lethallity
decreased immediately, and after 1 h almoat all the lethality
was lost. The rosults reveal the cssentiality of the intact
disulfide bonds for the venom toxdcity.

In the experimont doscribed in METHODS, reduced cobretoxin
was separated from urea and reducing agent by passing it threugh
a column of Bio-Gel P-2, equilibrated with 0.1 M acotic acid
contalning 1 mii EDTA (pE 3). The sulfhydryl content ef the
reduced cobrotoxin was then titrated spectrvophotom¢irically
with PCMB and li-ethylmaleimide, and wes found to contain 11.6
and 11.8-12.0 residues per molccule respoctively. The values
show that reduction with p-mercaptoothanol was easentially
complete under t.:e conditions used.

c. Oxidation of reduced cobrotoxin

The lcthality of cobroto:in was lost almost completely
after reductive cleav-z> of disulfide bonds in concentrated
urea solutio.i. liowever, the possibility of some accompanying
side reaction wzes not excluded. ZIf we could reform the disul-
fide linkagos and »nectadlish the active co.formation of codbree
toxin, i.e. restorc the toxicity, by gentle oxidation, it weuld
be certain tliat the loss of lethality of cobrotoxin dy reduction
is not cue to any side-offects but to the specific cleavage of
the disulfide bords into sulfhydryl groups. Recently, reacti-
vation cf the reduced enzymez by oxidation with air has been
succoessful for poncreatic ribonuclease (13,14), taka~-amylase A
(15), lysozyme {16~18), trypein (19), and several other enzymes.
Thercofore, it is of interest to determine if the inert, fullye
reduced cobrotoxin could regain lethality by oxidation with air.

Roduced cobrotoxin in 0.05 M phosphate buffer (pE 7.l) was
allowed ©o stand in alr, without shaking or bubbling. The
rosults illustrated in Fig. 2 show a gradual increase in
lethality during a 3-day poriod, which was accompanied by a
decroase in sulfhydryl content. Conversion of sulfhydryl
groups in reduced cobrotoxin to disulfide bonds proceeds
rather slowly and linearly at pH 6.39 as shown in Fig. 3, and
the rate beccmes faster at high pH values.

The effect of protein concentration on the reastivatien eof
reduced cobrotoxin was studied over a protein concentratien
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range of 0.11 to 2.5 mg/ml at pH 7.1, .3 seen frou Tadle I,
the reactivation vroceedsd gradually st almost the same rate
between vrotein concentrations »f 1.2 snd 2.5 mg/ril, and the
lethality waz slmost recovered after 5 dayis expocurc to sir.
However, tho recovery of lethality was found much lower with
decreages in protoin conccntration. This pheromeaon was alsd
observcd with reduced ribonucleansc T1 by Kesul (20)., This uay
be due to the adsorption of the protein on the surfacc of the
container,

As shown in Table II, a large incroase in levorotatlion
was abserved on reduction 6f codbrotodn. A similar change
was also observed on oxidation of cobroto:'n with performic
acid. Tuese obgervatioac apparently rcflect the destruction
of the sccondary structure. Howaver, the specific rotation
returned closely to the native value on oxldation.

The decreaced cross-raaction witn antisera to cobrotoxin
of the reduced cobrotoxin alsv rcrerted to the native aiter
reoxlidatisa, Reduced ané performic acid-oxidized cobrotoxine
ghowed infrared cpecira distiact from that of native cobro-
toxin, while rcoxidized cobrotoxii rot only regained the com-
plote letirality % U al=w reverled a spectrum nracticolly
identical with that o: native cobrcotoexin.

4., Diecoclo

e’ g et

In tiic pr :cent studies, the disulitde bonda of cobrotoxin
were cleuvcd completely with g-mercaptoethianol in the presence
of O M ures. The sulfhydryl zrourss resulting were estimated
to be 11,6-12.0 moles/molecule »f cobrotoxin in accord with the
value obiained fron disulfide intarchange reactions for the
total half-cystine content of 12.0. However, no sulfhydryl
group could be detected in the native cobrotoxin, even after
cobrotoxin hod beon treated with 3 M urea. Those facts
indicats that cobrotuxin containe six digulfide bonds and 1c
dovoid of sulfhydryl groups, Since nv methionine was found
on amino -cid analysis, it appears that tho sulfur in cobretexia
1s present oxclusively in tho foim of disulfide bonds.

Tho presence of disulfide bonds maintains the specific
secondary ntructure of the toxin, cond may also stabilize the
structure against the effects of 8 M uroa; it is significant
that no loas of lcthality was detected when the cobrotoxin was
treated with this reagont. However, when the disulfide bonds
ara brokea with a roeducing agent, the characteristic secondary
ntructure is lost, with a concurrent incroase in levorotation,
and the cobrotoxin is completely inactivated. Nevertheless,
by gentle reoxidation in air, complete reac tivation occurs with
resumption of full lethality, indicating that corréct reforma-
tion of disulfide bonds occurs.
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During the course of the oxidation ef reduced cedbreterin,
the lethality returned gradually while the sulthydryl groups
dlsapperred. liowever, the rate of restoration of the lethality
dd not proceed in parallel with the decrease in sulfhydeyl
@oupa: only 23 % returned after 72 & of sulfhydryl groups had
dleeppeared (Flg., 4), but it returned mere quickly thereatter,
Complote lethality was regained when the protein concentrations
were in an appropriate vange. The resulte suggest that reforw
mation of all the orisinal dimultide bonds is neceasary for the
recovery of full lathality of cobrotoxin.

At

ik s

Michoel and 8lotta studied the nature of sulfur in the
active principle of snake venom, and found that the sulfur in
the toxic proteina played an important role in the toxicity of
venom. Slotta and coworkers (2,4) during their erotoxin
studles suggested that the sulfur in all sneake venoms oceurs
iu simple disulfide bonds, and that the integrity of the
disulfide bonds is essential for their toxic activities,
Rowever, Micheel and Schnitz detected ne disulfide bonds in
their neurotoxin obtained from cobra (Nals £lava) ‘venon,

The high sullur content and the presence of oystine-form
sulfur in Formosan cobra venom were also observed by Sato,
Hirano end Takine (5) and Sasaki (6). However, no conclusive
evidence for the nature of the sulfur in toxic protein has
been providsd so far, and their assoqiation with venom toxicity
regaing to be establighed, In this study, the direct evidence
foxy the nature ¢f the sulfur, presented exslusively in the form
of disulfide bonds, is provided. ‘The results also give firm
support to the suggestion of flotta that the integrity of the
disulfide Londs is essential for the vencm toxiecity.

5. Conglusions

Cobrotoxin contains six diasulfide donds, and 18 devoid of
sulfhydryl groups. On reduotion with g-mercaptosthanol,
cobrotoxin displays 11.6 to 12,0 sulfhydryl groups and loses
1ts lethality concurrently. The inert, fully raduced cobro=-
toxin yields biologically active toxin on oxidation. The
_ rate of oxidation and reetoration of lethality is dependent
upon the pH and the protein concentration. The cross-reaction

with antisera to codbrotoxin, infrared spectrum, and levorota~
tion are restored to their original values upon reoxidation of
i the reduced cobrotoxin, The rosults of the present study
] ¢learly indicato that the integrity of the disulfide bonds in
1 cobrotoxin is essential for laethality., '
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I, ¢ C to ersiox £ Cobroto

This section deals with the optical yotatory dispersion
(BRD) study of the native, reducoed and reoxi<ized cobrotoxin
proparations in the wavelength rango 223+300 mn, and the
d.scovery of a posltive Cotton offeet at 233 mu for native
and reoxidized cobrotoxin. The ORD of the codrotoxin preparas
tions and the circular dlohroiem (CD) measurements were performed
with a Jasco spectropolaxrimeter model ORD/DV-S with a circular
dlchroism aktachment.

A8 shown in FPig. 5, the native cobrotoxin has a positive
Cotton effect with peak at 233 mp and the mean resldue rotatiern
corrected for the refractive index (21) of the solvent, 0.95 M
sodium acetate buffer, pH 5.9, «t 233 mu ((nf) 233) was found to
be +1,250° In general, the ORD curves of pro%ein and poly=
peptide having right-handed d~helix have a negative trough at
233 ma, and the lcft-handed d~hellx of poly-D~glutamie acid
shows a positive peak at 233 mu. ‘THerefore, it suggests that
cobrotoxin containg left-handed «=hollx in the molecule. In
eontrast, both the ORD curvea oif the reduced cobrotoxin and of
the reduced-carboxymethylated (CM) cobrotoxin manifest simple
dispersion curves with negative value of g? and do not show
a negative trough at 233 mp.  The values (» a{ for these
proteins are found to be =2,200 which is olose fo go value of
«l,700° for randomly~coiled polypeptido chalh consisting of
l~amino acids {(22)., ‘This indicates that cobrotoxin loses
left-handed helix and become random structurs after the reductive
cleavage of its dieulfide bonds. Howsver, the reoxidized cobree
toxin gave essentially the same ORD curve as the native cobdrow-
toxin. It indicates that correct reformation of leftwhanded
s-helix ocoured by ailr-oiidation of the reduced protein, If
ve assume a value of gmg 233 = +15,000° for the loft-handed
d~helix (23) and -1, for the random coil of L-amino acid
pelypeplide, the value of 41,250° for cobrotoxinm would mean

a4
that cobrotoxin containa about 22 ¥ of the left~banded «-helix.

Natdive gobrotoxin reveals a negative CD spectrun with a
Binimun at 285 mu, but not in reduced and CM cobrotoxin.
Therefore, the CD band of native cobryotoxin in this reglon - :*
reflects assymmetry in the environuent of aromatic amino acids
in the native protein.,

As seen 1in Fig. 5, the ORD curvae of cobrotoxin in the
presence of 7.5 M urea (pH 6.0) also roveals a positive dbut
somewhat lower pealt at 233 mn. Eowevey, thoe CD spectrum at
285 mp remained unchanged., The difference speotrum of cobro~
toxin in Q.1 M sodium acetate buffer, pH S.4, o0ntaining 8 M
Wrea weferred to the protein in the same buffexr but without
ures shows a red sialft and have positive pedakts at 285 and 292
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Fig. 6 shows the effect of 2-chloroethanol on the ORD
curve of cobrotoxin. In the prenence of 5 % 2=chloroethanol,
the peak at 233 mu 1s decreased and by 10 % 2=chloroethanol,
the value of (mY) hecomes negative, however, a maximum is still
obgerved at 233 mu. In the presence of more than 20 ¥ of the
reagent, the ORD becomes simple dispersion curve and the value
°‘:§m9'232 was found to be -1,900° This indicates that the
helical structure in the codrotxin molecule destroyed in the
presence of more than 20 ¥ of 2-chloroethanol. In this caee,
the negative CD spectrum due to the aromatic amino acid residues
at 285 mu was not abolished dbut only diminished slightly. This
1~ the diffcrence between the effect of 2~chloroethanol to
cobrotoxin and the reductive cleavage of the disulfide bonds in
cobxrotoxin with g-mercaptoethanol. When 2-chloroethanol was
added to CM-cobrotoxin to 50 % or 75 %, a negative trough
appeared at 233 mn, . - This shows that CM=co.rotoxin,
which is devoid of disuliide bonds, forms right-handed helix
in the presenc. of 2-chloroethanol, The same results are
usually obtained for the most of proteins.

On the basis of these fac’.:, it is strongly suggested that
the cobrotoxin has a left~handed e~helical portions in the
nolecule. It i: a very distinct feature for a natural protein
econsisting of L-amino acids to have a left~-handed helical
structure. .

III. Studies on Fl :

1. Introduction

The crystalline toxin, cobretoxin (?7), was ebtained frow
Formesan cobra venom and was »roved to be the main toxie
protein in the venom., The anti-cobrotoxin sera were also
prepared by injecting increasing doses of cobrotoxin with
Freund's adjuvant into rabbits. The antibody was isolated
end purified by ammonium sulfate precipitation, gel filtration
and subsequent specific precipitation.

The present study was initiated to investigato the proper-
ties of fluorescent cobrotoxin after fluorescein thiocarbamy-
lation, and applied the immurofluorescent procedure to define
and determine quantitatively any residual antigen that might
be adherent to the supposedly purified antidedy.

2. Materials snd Methods
8. LRabelling of cobrotoxin. Two umoles of
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cobrotoxin were allowed to react with a varying molar ratio of
flworoscoin dsothiogyanate (FITC, Nubtritional Blochemical
gorporation). The latter was lnitlally dissolved in acetene
ad allowed o react with the toxin in 0.5 M carbonate dbuffer
(pH 9.0) at 4*, under continuous stirring for 4 h. Cewplete
s paration of fluoressent cobrotoxin from unreacted fluorascein
was achieved on a column of Blo-~Gel P~2 (2 x 49 c¢m) in 0,005 M
phosphate-0,)X M NaCl buffer, ph 7.2,

b, Jmomupization, Rabbits, welghing 2 to 2.2
kg, were ilmmunized with cobrotoxin in complete Freund!s adjuvant.
The increasing doges, from 6 mg to 1.6 wg/kg body welght, were
injected subcutaneously at the dorsal region over & day intervals
for 3 montha, Ten days after the last injection, the animals
were blad. r=Qlobulin was prepared from pooled iumune sera hy
two precipitations wlth decreaning concentration, 4O % and 33 ¥
saturation, of (NHy)280,, followed by gel filtration through
a column of Sephadex G-200 in 0,02 M Tris-H3) buifer, pH 7.5,
¢ontaining 0.15 M NaCl. The product showed only one band,
charactaristic of r=globulin, when tested by paper electyrow
pboreais. 6.48 % of the protein was precipitadle by an
optinal smount of codrotoxin.

c. Separation of flworescent antigen from
antiwcobrotoxin gntibedy. Ir-Glqbulin of anti=cobrotoxin was
allowed to react with fluorescent cobrotoxih at the predeterw
mined equivalence point. Preclpitates were washed 3 times
with cold 0.15 M NaCl, dissolved in minimum ameunt of 0,53 M
formic¢ acid~0,15 M NeCl, and applied to a Sephadex @G=100
colunn (2 x 47 em) equilibrated with 0.53 ¥ formic acid-0.15 N
NaCl. The column was developod with the same solvent and
emch 5 ml fraction was collected at a rate of 18 ml/h.
Protein concontration was determined by Folin method (24) and
fluorescent intensity wac measured in an Aminco-Bowman
apectrophotofluorometar, employing an exciting wave length of

8 mn and an emission wave length of 520 mu, after noutra-
lization of the e¢ffluent fractions, The fluorescent ¢obro=
toxin preparation used in this experiment (which was ellowed
to react with 4=fold molar excess of FITC) could be detected
at levels of 0.01 ng/uml.

d. Precipitin reaction. The quantitative
precipitin roactions were porformed essentially according to

the procedure of Heidelberger and Kendall &s described by Kabat
and Mayex (25). Increasing amounts of antigen were added to a
constant amount of antibody in a total volume of 1,0 ml 0,02 M
Tris-ACL buffer, pH 7.5, contailning 0.15 M NaCl. The tubes
were incubated for 30 min at 37* and overnight in the
rogrigerator. The precipitates were washod 3 times with 0.5 ml
of cold 0.15 M Naol, after which they were dissolved in 2,0 ml
of 0,02 N NaOH and a suitable aliquot was taken for the
detormination of protein by Folin method.
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Paper e¢loctrophoresin was garried out ascording to the
procedure for sexrum protein w'th Spinco Model R Paper
Floctrophoresis Celd, After fixation and eolor deveiopment,
electropherogrean was taken by Spinco Model RB analytel with
filter 500 mu, Fluoroscent band oa paper strip was observed
under Long wave ultraviolet detector, Model 8L 3660, Ultra=
violet Producta Ine., South Pasadena, Galif.

The spectrophotometric measurements were made either with
Beckman Mode) DU oy Model DK2 recording spectrophotometer.
Lethality measurements and ring tosts wero performed as
proviously descridbed (12,26).

3. Resulls snd Disgugsion

Cobrotoxin was flusresceinated undex the condition descrided
in METEOD with varying molar ratlio, from 0.5 %2 16 eof FITC.
Spectrophotometric analysis at 495 mp and pretein conteut
neasurement indicated that as high as 3 to 4 moles of fluorescelin
reacted/molecule of cobrotoxin (Table II)., Papar elestroe
phoretic separation of fluorescent cobdrotoxin from unlabelled
gobrotoxin was obtained with veronal buffer, pH 8.6. Gobiroe
toxin migrated towards cathode while the fluorescent cobrotoxin
414 nat migrate eithexr to cathodo ox anode and romainied én the
peint of applileation. 4As scen from Fg. 7, no fres cobriteoxin
laft vhen it had baen allowed to react witd) 4-fold melar excess
of PITC. In all fluoresceinated preparations none of the frae
II1C ware detocted on paper electrophoresios, proved that complete
;Ipuati.;: of unreacted FITC wao achioved by ge) filtration on

enlel 3-

. The UV absoxption maximum of the fluoxresccnt coabrotowin ix
shdftad to shardar wavelength from 277+278 mp to 273275 mu.
As shown in Tadble IXX, although the pronounced desrease in
lothality was obgerved, the crossereaction with antisera to
sebrotoxin resaine intast., It suggests that antigenic sites
ape different from the active nite(s) of toxicity and the
fluorescein thiocardbamylation of the toxic protein through
froo amino groups did not alter the integrity of antigeale
apecificity, by which the major toxic site(s) would be dblocked
vith retaining only the residual lothality. Theretore, the
fluoressent oobrotoxin might not only bde used to detect the
trace amounts of antigen which might remaining in combination
with supposedly purified antibody, but also a very valuable
toe) for the production. of antibody because of its low toxicity.

Fig. 8 shows the separation of fluorescent cobrotoxin from
mti~cobrotoxin on Sephadex G~100 in 0,53 M formie acid.
Coaplete separation of fluorescent antigen from anti-cobrotexin
was ashioved under the oonditiong desoribed. 97.0 % of the
fivoressanss was rocovered it the antigen pesk, while,
fluoressence was barely dotoskable in the antibody pesk.
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The effluent f:actions on antidody pealt wexe pooldod and dialyved
asmn‘ gold 0'02 M T.I'S.Q-MJ. Ntter’ pH ?05, Oont&ining 0015 | §
NaCl fox 2 days. Atter retoval of the small amount of
proecipitates which appeared, no fluorescensce wae detectabls in
the purified antibody preparation. Tho yleld of antibody from
r~globulin fraction was 5.96 ¥%.

Ap Lllustrated L Fig. 9, the purified antibody was 100 %
precipitable with cowrotoxin as measured by quantitative
precipitin reaction. Therefore, 0.53 M formic acid not only
dissolved the immune preeipitates at room tomperature but alao
dipsociated antigen~antibody complexes and elution from Sephadex
=100 with 0.53 M formic aelid rosulted in a complete separation
of antigen from antidody.

Using the fluorescent tagging technlque for quantltative
dotorminations of the degree of soparation of fluorescent
antigon from its antidbody, Bennett and Haber (27) found that
great difficulty wao ehcountored in the preparation of the
antigen-froo antibody when deaiing with protein antigens.

From the ¢cmees studled, they coneluded that only when a
structural change in antigen is produced, can complete dlsso=
elation be ohgerved., @ivel gt al. (28) have soparated egg
white lysoryme from its antibcdy on Sephadex G=-?5 at pH 1.8.
In this system 15 % of the antigon romalned with the antlbody
and was nondissociable,  Approximately 95 % of the contami-
nating antigen was then preodpitated by adjusting the pH to
7.0 and antibody containing only 0.06 % antigen was recovered
in 60 % yield. It 1¢ fortuitous, however, in the anti-
cobrotoxin purdfication, total separation was achloved at room
temperature in 0.53 M formic acide0,15 M NaOl without alteration
of native configuration of cobrotoxin, 100 % precipitable
antibody was recovered in 92 % ylodld from p-globulin fraction,
which contained §.48 % antibody, ae shown in Fig, 9,

The importanco of conformation in the roeactivity of RNase
with anti-RNace hao been omphasized by Mills and Haber (29),
wvho demonstrated that disulfide interchange, without other
¢ovalent altoration, would completely arter the antigenic
1dontity, Oxidation of RNasc with reszultant melecular
disruption has also been shown to0 abolish resctivity with anti-
RNase (30). It waz alsgo demonstrated in ocur provious studies
(26,31) that when the dlsulfido donds in cobrotoxin are broken
with a roducing agont, the characteristic secondary atructuxre
18 loct with econcurrent inactivation. However, by gontle
reoxidation in adr, complete reactivation ocours with resunption
¢f full lethality and antigenicity, indicating that the intogrity
0f the secondary structure is essential for tie antigenic
specifleity.
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Throe %o four solea of flucesceln wore ingorpo-ated inte
ook molesule of cobrotoxin when the toxin wes alloved to react
with more than 4~tfold molar excess ¢ flvoremsccln isothiogcyanate.
Yo this syatem nono of the obrotoxin remained unlabelled. The
UV maximun of the fluoresceut cobro.oxin ig shiftad to the
ahorter wavelength and the lethality decreased to 1/7.5, while
the oross~reaction with anti-cobrotoxin sora was not altoered.

IV suggesta that in cobiotoxin the antigenioc slites are dlfferent
from the active site(s) of toxislty whioch was blociie. U
fluorescein thiocarbanylation.

Fluorescent cobrotoxin was used to define and debtermine the
degree of separation of a tigon from its antibody. The imuune
precipitates were completely dissolved and diseocisted in 0,53 M
formic aold~0415 M NaCl; completoe separation of fluorescent
antigen from the antlbody was achleved on Sephadex G»100 oalumn
in the samo solvent. The purified antibody was proved to be
£3'00 Iron faint traces of antigen and 100 % precipitable with
sodrotoxin as measured by quantitative procipiiin reaction,
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APPFNDIX A=l

Table I

Iieet of the concantration of reduced cobrotoxin on the rate
and extent of recodivation

Roduced eodrotoxin % Regadn of lethelity aftex rooxidation
( mg/ml ) ah | 61 |2yh | 48h | P20
2.5 8.3 1.9 66.3 7221 |
108 7!1 1208 '}?06 8001 ‘ 95‘3

1.2 7.9 34.0 66.3 | ?8.9

0.6 2.7 9.9 66,3

C.4 51 8.4 536 674

0.26 2.0 3.9 3.2 35.6

0.1} 5.1 7.1 28.3 0.0
L
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AFPENDIX A-2

Table II

Relation of SH content, lethality, end optical rotatien of
cobrotoxin in varionarstaten

SH Qontant Lethality ( 0{.)‘7
mol oo/ moke % D

Native aobrotoxin ) 100 w3
Redused sobrotoxin 1.8 2.6 «82*
Reoxidlzad cobrotoxin Q 1Q0 -7*

Pertformic acid oxidized .
eobrotoxin 0 0 73
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APPENDIX A-3

Table IIL

§ Propertien of Jluorescont ocobrotoxin

nolar ratio of FILO
to cobrotoxin ¢ 0 1 a b 8 16

Males of fluorescoln reacted/

moloculs of sobrotoxin o 0.25) 1.85 12,3 |3.3 13.74 3'?3"
Tate oleatrophoreste~( 5 ) | O | 2P| 764 |89.3 |200 100 200
UV abgorption maxioum ( wa ) | 277« (75| 273« [ 203~ | 273w | 273 12732

278 220 276 | 275 | 275 | 2%5 | ars
Lothaldity ( %) 100 100 | 53.6 {42.0 | 13.4 (134 [13.4
mtigonieldy ( ¥ ) 100 - 100 100 100 100 100 100

16




o et = — -

APPEIIDIX B~

f :
Q
E * OE
1 -
; 7))
>
H Ol =z
i % Y s ' 11
i = 2 Q.
i Zz |-
: o g
: o
- e |®
El 2
; ol ©
r R
2 b
B BN
«{
E . 1 i\ ' i
0 0.05 0.1l 0.15 0.2
“Bmya
N mole COBRROTORIN/mY
Fiz. 1. Pquilibrium values for the formation of mono-INP-
cystine in 9.6 N 01 at 39" as a function of sobrotoxin
concentration.
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APPENDIX B2
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Fig. 2. Restoration of the lethality and disappearance of
free sulfhydyyl groups on oxidation of reduced cobroteoxin in
alr. The sclution of redused cobrotoxin (1.8 mg/ml) in 0.05 M
phosphate buffer (pH ?.1) containing 0.1 M NaCl was stood at
room temperature (25-27°).  ~—— e~~~ SH groups;

~we~ X = lathality.
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Fig. 3. Effect of pH on the reoxidation of reduced cobrotoxin.
Reduced cobrotoxin was allowed *0 stand at room temperature in
0.05 M phoaphate butfey containing 0.1 M Nall at a protein
concentration range of 1.2 to 2.5 mg/ml.
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APPENDIX B-f
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Flg. §. Tho lethality of cobrotoxin at various stages of
reoxidation. ’
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APPENDIX B~5
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Fig. 5. Optical rotatory dispersion surves.native, rcduced
and reoxidized cobrotoxdn preparations, OCurve 1, hative
cobrotoxin; ¢urve 2, roduced-carboxymethylated c¢obrotoiin
and curve 3, roeoxidized cobrotoxin in 0.05 M sodium acotate
buffer, pH 5.9. Curve 4, reduced cobrotoxin in an aqucous
solution and curve 5, cobrotoxin in the 0.05 M sodiun
acotate buffer containing 7.5 M urea.
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Mg, 6. RBitest of 2~chlarosthanol on the optical rotatory
digpersion of sobrotoxin.
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APPINDTX B-?
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FMg. 7¢  Paper electrophoretid
soparation of fluoressent co~ ) 5
brotexin from unlabolled cobre~ n
Woxin. EHogvrophoresis toolk
rlace at room temperature in
veranal buffexr; pd 8.6,
)1:!0.075 fox 16 h ot 245 1a4.
The molar ratio of FITO to
¢obrotoxin in l, 2, 3, 4, 8, |
6 and 7 are 0, 0.5, 1, 2, 4, )

. 8 and 16 roespeatively as ' 6
‘ indicatod in Tablo®. The
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APPENDIX B.8
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Fig. 8. Separation of fluorescent cobrotoxin from anti-
cobrotoxin on Sephadex G-100 in 0.53 M formic acid. The
antigen~antibody precipttates were diassolved In 0.6 ml of

Q.53 M fornilc asid-0,2Y M Nagl and eluted with the same
solvent,

==, Dprovein coutcat
x=-wX, fluoresgencc In arbitrary units.
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APPENDIY B~9
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i Pig. 9. Procipitin reactions of fluorcscent cobrotoxin
with r-globulin fraction from rabbit anti~cobrotoxin sera
and of ¢odbrotoxdin with tho puriiled antibody. r=GlobulineN
(848 ng) and the purified antibody~N (84.5 ug) were used,
As Indlcated in theo text, the rx-glodulin fraction contained

6.48 % antibody and the purified sntibody wae 100 %
: praclpitable,
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ﬁtop {he natlve cobrotoxin, ' The mean residue rotation corrected for
the refractive index of the ant at 233 mp was found to be +1,250%,
wuggests that ¢obrotoxin oon 8 about 22 X of the leftwrimnded ofhelix
in the molecule., This is a very distinot feature for a natural protein
consisting of I~smino aolde to have s left~handed helloal structure,

In contrast, the ORD ourve of the redused oobrotoxin manifeste simple
diczouim curve with negative value of (h;) 233 (=2,100%), indiocatee
that cobrotoxin loses left-handed helix and becomes random atructure
after the reductive cleavage of its dieulfide bonds., However, the
reoxidised cobrotoxin gave essentially the same QRD ourve aa the native
oobrotoxin, shows that correot reformation of left-handed ge-hslix ooccurred by
aireoxidation of the reduced cobrotoxin, (Author)
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