
AD

REPORT No. J-262-4 (vinal Report No. 2)

CONTRACT No. M-92-5"7-flC-3950o9

2I0CMMCAL STUDI2S ON THE TOXIC NATUR, OF =KA= W N

by

Chen-chung Yang, D. Ned. 5.

Professor of Diochemistry
Kaohsiung medical College
Kaoeiung, Taiwan
Republic of China

may I!

FAR EAST ..,....

APO San Franisco 96343

eAproduced by the

CLE|ARINGHfOUSE
for Federal Scientific & Technicall ,

i sV. 2211J I



ASj LAKiml NOITCl

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



RPORT No. J-262-4 (Final Report No. 2)

CONTRACT No. DA-92-557-F1C-39509

DA Project/Task Area/Work Unit No. 2N014O0I171D 00 0631n

BIOCHEMICAL STUDIES ON THS TOXIC NATURS OF OR= VINOM

by

Chen-chung Yang, D. Ned. So.
'--a

Professor of Bloobemistry
Kohasiung Medical College
Kaoholung, Taiwan
Republic of China

may 19"

U. S. ARMY2333A*M AND MBV3LQPIIT OM3
PAR EAST

APO San Francisco 96343

This document has been approved for public
release and sale; its distribution is unlimited.



ABSTRACT

I. Studies on 1131 Labeled Cobrotoxin.

By taking an autoradiogram, Sumyk and co-workers found that
most radioactivity concentrated in the renal cortes after injection
of rad4b4odine labeled cobra venom into mice. Lee and Tieng also
used I labeled cobra and krait venoms for their distribution
and mechanism of toxicity studies. They found the highest con-
centration in the kidneys and the lowest in the brain, and concluded
that the venom passed the brain-blood barrier with difficulty;
therefore, the respiratory paralysis in mice after injection was
actually peripheral in origin. Since the crystalline toxin, cobro-
toxin obtained from Formosan cobra venom is thought to be the main
toxic protein in the venom, the plq!ent study was initiated to in-
vestigate the properties of the I labeled cobrotoxin, Its distri-
bution and its excretion following injection.

The exhausted iodination of cobrotoxin, the ciptalline toxic
protein obtained from Formosan cobra venom, with I resulted in
the maximum incorporation of 4 moles iodine per mole toxin without
changing its lethality or antigenicity. After intravenous injection
of a sublethal dose of the labeled cobrotoxin into a rabbit, about
70 % of the radioactivity was excreted in urine within 5 hours.
Most of the radioactivity excreted in the urine after 20 minutes
injection was shown to be in the intact cobrotoxin fraction by gel
filtration, paper electrophoresis and the toxicity test. In the
urine collected 4 hours after Injection, half of the radioactivity
appeared in the free iodine fraction.

The scanogram of rabbits in both conditions, immunised and
non-immunized, showed marked different pattern in distribution
of radioactivity. In the immunised rabbit the radioactivity
was first shown in the region of the chest then gradually shifted
in the abdominal region. Sixty-six per cent of the injected
radioactivity was demonstrated in the liver of the immunized
rabbit, sacrified 5 hours after injection of the labeled toxin.
And most of the radioactivity was found in the soluble portion
after cell fractionation. In the non-immunized rabbit the
radioactivity was localized in the bladder 2 hours aftef 3 injection.
The excretion of the radioactivity after injection of I -cobro-
toxin was much slower in the immunized rabbit than in the non-
immunized rabbit.
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I1. Optical Rotatory Disperioon and Circular Diohroim of
Cobrotoxin

In a previous paper, we have reported the optical rotatory
dispersion (ORD) of a crystalline toxic/protein, cobrotoxin,
obtained from Formosan cobra venom, over a wavelength range of
230 to 300 mu. It was found that the 0RD curve of cobrotoxin
is quite different from those of the usual proteins having right-
handed ot-helical structure and has a large positive peak at 233
up. The present paper describes the studies on the ORD and
Circular dichroinm (CD) of cobrotoxin over a wavelength range of
200 to 300 p.

The ORD curve of the native cobrotoxin had a positive peak
at 207 op, a negative trough at 222 mu, and a positive peak at
2.33 wp with a tmj value of + 3, 400, 1,300 and + 1,300 respecti-
vely. The vey unusual ORD curve with a positive peak at 233
7 and a negative trough at 222 nU has been observed so far only
or avidin and erabutoxin a. The CD apectrum of cobrotoxin had

negative maxima at around 285 MP and 215 m¶, and positive mazima
at 228 up and at around 201 TP* It is known that the CD spec-
trum of s-structure of poly-L-lysine shown a negative band at
217 su and a positive band at 195-197 )p and that the protein
having 0-structure give a CD spectrum with a negative maximum at
around 217 mu. Thus it is suggested that the cobrotoxin
molecule contains b-structure. The origin of the positive CD
maximum at 228 up, which corresponds to the positive ORD Cotton
effect with the peak at 233 Vj, is not clear at present.
Cobrotoxin contains two tyrosyl, one tryptophanyl and eight
half-cystine residues per molecular weight of 6848. It is
possible that these residues contribute to the CD band at 228

On reduction or oxidation of the disulfide bonds, the ORD
__ and CD curves changed greatly. The ORD curve of RCM-cobrotozin

had two troughs at 208 and 226 mp. Performic acid-oxidised
cobrotoxin gave a similar ORD curve with two troughs at 210 and
230 m). Corresponding with this, the CD spectrum of performic
acid-oxidized cobrotoxin had a negative maximum at 202 mu and a
shoulder at around 222 up. These ORD and CD curves are not
characteristic of the completely random conformation, but
closely resemble the calculated ORD curves of a mixture of a
large amount of random coil and a small amount of +-helix or
6-structure.
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I. studies on 1131 loabeled Sobrotexim.

1. Introduction

By TAKMIG an autoradiogram, BPINK and co-wveskers (1) feed
that most radioactivity concentrated in the renal cortex after in-
jection of radioiodinfnlabeled cobra venom into mice. Leo and
TseMg (2) also used I labeled cobra and krait venems for their
distribution and mechanism of toxicity studies. They found the
highest concentration in the kidneys and the lovest in the brain,
and concluded that the venom passed the brain-blood barrier with
difficultyl therefore, the respiratory parilysis in mice after is-
Section was actually peripheral in origin. I

Since the crystalline toxin, cobrotoxin (3) obtained from
Formosan cobra venom is thought to be the main toxic protein in
the venom, the presei study was initiated to investigate the

-. properties of the I labeled cobrotozin, its distribution and
its excretion following injection.

2. Materials and Methods

Cobrotoxin used in this study was priparied from Formosan 131
cobra, Naja naja atra, venom as previously described (3). Nal1 31

was purchased from Chin-Hoa University. The standard Iodine
monochloride solution (4), consisting of 0.02 N of ZCI, 2.0 M of
NaCl, 0.02 N of KCI and 1.0 M of HCI, was prepared as follows*
21 al of concentrated MCI was added to a solution of 0.555 g U,
0.3517 g KI0 and 29.2 g NaCI. The final volume was brought up
to 250 ml with water. Any iodine which had separated out was
removed by repeated shaking of the solution with carbon totrachelo
ride. The residual carbon tetrachloride was removed by passing
steam through the solution. One al of this standard XCI solution
contained 2.55 mg o0 iodine. The labeling solution was prepared
by adding I mc of I" to a maximum of 0.38 to 0.18 of the stand-
ard iodine monochloride solution.

a. Labe•ing t chnlaue

14UGLIS method (4) of labe.7.nc orum albumin was applied with
minor modifications. The procedure was as followas 6.6 ag of
the toxin in I ml of I M glycine buffer (pH 9) was Injected into
the labeling solution. After 10 m=in, the free iodine was removed
by passing through a Bephadex 0 25 column (1.1 z 20 cm), which
was washed with water. The effluent wav collected by gravity
every 1.5 al. 9,,.-95 per cent of the lodinatedI xIn was collected
in fractions NKo. 5-8. The radioactivity of I was counted with
a well-type scintillation counter. Protein was determined by the
biuret method (

1 4
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b. HyraI rnis.o! Zho laeed oobroto~in (6,Z

Vivo mg of tyrosino, diioCoR1j-oaino, and monoiodotyrosine,
and 200 mg of NaOn wore dissolved in I ml of iodinated toxin
solution containing about 380 ug of protein, which had a maximu
iodination, i.e. 4 mole iodine/mole cobrotoxin. This solution
was transferred to a small pyrex test tube, which was then sealed
and put into boiling water Oor about 20 hr. After hydrolysis,
COv was passed through the solution to bring the pH to about 9.0.
It was kept in an ice-box. 0.01 ml of the hydrolysate, contain-
ing radioactivity of 0.1 to 0.4 $c, wag applied to Whatman No. I
filter paper for paper chromatography.

c. Paper chromatographnnd nutorandiogaKhX

An ascendina one-dimensional technigue was used with Whatuan
No.1 filter paper. The solvent systems used wores (a) collidin*
-H 0 (125 s 44) with a small beaker containing concentrated NMR
placed in the bottom of the glass jar to provide an atmosphere3

of ammonia (6)1 and (b) butanol-acetic acid-HfO (200 £ 30 8 75)
(8). The samples applied were protein hydrorysate and urine
collected from rabbits at various periods after the injection of
the labeled toxin. Development of the chromatogram wax stopped
12 hr later. After drying at 25 ± 2 + the paper wva brought into
contact with a piece of Kodak X-ray film. After I to 3 weeks'
exposure, the film was developed. When protein hydrolysate was
used as a sample, amino acid was alao detected by spraying with
0.1 per cent ninhydrin alcohol solution (9).

d. Paper electrophoresis and autoradiooraghw

A Beckman Model R electrophoresis apparatus was used.
Methods employed were those commonly used for serum albumin with
slight modificationa. 0.01 ml of urine was applied to Whatmsn
No. I filter paper. After electrophoresiw, the paper was dried
and brought into contact with an X-ray film. After I to 3
weeks' exposure, tie film was developed.

e. Ring tent

About 0.08 ml of rabbit anti-cobrotozin serum was pipetted
into a series of tubes (3 = 70 mm). The precipitin ring at the
interface was observed at 30 uln and 1 hr after an equal volume
of tw~fold diluted antigen solution was overlaid (10).

f. Lethality

Venom lethality was measured by i.p. injection of the venom
solution into mice of a H.I.H. strain (11). In the mice weigh-
ing 18 t I g, the LD.o of the cobrotoxin was approximately 0.065
mg/kg body wt.

2



3. Results an¶ Dis,. -snion

a. Iodination of cobrotoxin with 11

Under the conditionn described, about 80 per cent iodine was
incorporated into the cobrotoxin. By chromatographic detection
of free iodine, using Whatman No. 1 filter paper and methanol,
the R values of cobroto=in and iodine were 0 and 0.5-0.6 respec-

£tively. The labeled cobrotoxin preparation was found to containless than 1 lme per cent free iodine.

As shown in Fig. 1, the exhausted iodination of cobrotoxin
with increasing amounts of ICI resulted in a maximum incorporation
of 4 moles iodine/mole cobrotoxin. It has been reported that in
iodination of some proteins, such as lactogenic horenne (6), sein
(12) and insulin (13), only tyrosine is iodinated. However,
histidine can also be iodinated by the method (4i).

Therefore, the possibility of iodination of amino acids
other than tyrosine in cobrotoxin was studied. The labeled co-
brotoxin, which had a maximum iodination, i.e. 4 moles of iodine
/mole of the toxin, was hydrolyzed with alkali in a sealed tube
in the presence of tyrosine, monoiodotyrosino and diiodotyrosine.
After 20 hr hydrolyeis at 100 0, paper chromatography and subsequ-
ent autoradiography were performed. The major spot on the au-
toradiogram was identified an diiodotyrosine, and two minor spots
as monoiodotyrosine and free iodine. However, not even a trace
of iodinated histidino was found. It is likely that the small
amounts of the monoiodotyronino and free iodine result from the
decomposition of diiodotyrosine, which resulted from the exhausted
lodination of the cobrotoxin. Tyrosine residues in cobrotoxin
were, therefore, estimated to be 2 moles/mol. wt. of 6,800.

As shown in Fig. 2, the u.v. absorption curve of the labeled
cobrotoxin was as changed as that of the iodinated serum albumin
(14). However the lethality and antigenicity of the cobrotoxin
remained unchanged oven after exhausted iodination (Tables I and
II), suggesting that tyrosine was not involved in the active sites
of the toxicity and antigenicity. After iodination of crude
venom, Lee et al. (15) found that the toxicity was reduced to 69
per cent and tho curare-like activity remained unaffected. On
the other hand, Yang in his early paper (16) showed that the
lethality of cobrotoxin remained only 1.8 per cent after iodina-
tion using the same procedure. The results of the lethality
of the cobrotoxin after iodination shown in the present paper
and those of Yang's early study are contradictory; however the
difference might be attributable to the different procedure of
lodination used.

b. Excretion of 1131 labeled cobrotoxin in rabbit
urine

em~m~emm3



Male rabbits weighing from 2 to A.3 kg were given 50 ml of
normal saline solution by stomach tube and injected Intravenously
with 25 ug of the labeled cobrotozin. veory C ml of urine was
collected by catheterisation. Radioactivity of each fraction
was counted by a well-type scintillation counter. Am shown in
,ig. 3, about 70 per cent of the radioactivity was excreted In
the urine within 5 hr. But RISA (iodinated serum albumin) was
excreted in amounts less than 10 per cent.

The urine of the fraction No. 3, collected 20 min after In-
Jections and of the fraction No. 1.01 collected 4 hr after mnjeae
tions, were passed through a Sephadex G-25 column. An shown in
Fig. 49 the majority of the radioactivity In fraction No. 3 was
in large molecule, while in the urine collected in fraction No.
Wt, the radioactivity appeared in two peeks of equal msie, one
large, the other a small molecule.

In order to investigate the properties of the radioactive
compounds excreted in the urine, the following experiments were
done. 0.01 al urine of fraction Nom. '10 and 11, collected 4
hr and 2 hr after injection, were applied to Whatman No. 1
filter paper. After chromatography, the radioactive compounds
were separated Into two spots; one at the starting point as the
labeled cobrotoxinj the other located as free iodine. In an-
other experiment, 2 ml of urine, containing 4 pc of radioacti-
vity, wore collected between 13 and 20 mmn after injection of
800 pg labeled cobrotoLin. 0.6 ml of the same urine was in-
Jected into 2 mice, which died within 2 hr, while the injection
of the same amount of urine collected before injection of the
toxin did not kill mice. However, the LD of the excreted
toxin was not determined. After electrop•gresio of the same
urine for 16 hr, the radioactive substance showed one band,
slightly toward the cathode. This position wes almost identical
to that of the labeled cobrotoxin. It has been reported (17)
that protein with a moljewt. of 70,000 appeared in the glomerular
filtrate, but some protein such as serum albumin (mol.wt. 67,500)
is reabsorbed from the tubule lumen, whereas hemoglobin (mol.wt.
76,000) is excreted only when its concentration in blood exceeds
a smaller amount than normal.

In the present experiment, only a small amount of the
toxin (25 itg) was injected. The reason why the toxin was ex-
creted so rapidly in urine is obscure at the present time.
However, two roasons might be suggestods the toxin might freely
pass through the glomerular filter without reabsorption from
the tubule lumen, since the molecular weight is small (3) (18);
or, the toxin might have aoce toxic action in the kidney and
effect excretion (19).

In order to know whether cobrotoxin has any toxic effect
on the renal function, radioiodinated serum albumin was

4



II

injected into rzi'.ito with and without non-labeled cobrotoxin
and urine wau collected. The excretion of radiolodinated
serum albumin in turine within 5 hours after injection was 5-6%.
Cobrotoxin does not affect the excretion significantly (Fig. 5).
Analysis of creatinine, uric acid, sugar and total nitrogen in'
urine show no difference before and after injection of cobro-
toxin. It seems that cobrotoxin does not affect the renal
function in our experimental condition. Theref205 1 It is
concluded that rapid excretion of the injected I labeled
cobrotoxin is not likely due to the change of renal function
by cobrotoxin.

c. Distribution of I113 labeled cobrotoxin in im-
munized and non-i.mmunized rabbits

Male rabbits weighing from 2.0 to 2.5 kg were immunized
by injecting increasing doses of cobrotoxin with Freund's
complete adjuvant. Six to 360 pg per kg body weight were
"injected subcutaneously into the footpads at 6-day intervals
during a period of two months. Six to 15 a after the last
shot, the immunized rabbits were injected I -labeled cobro-
toxin (500-750 ug) intravenously,

The scanograms of the whole immunized rabbits after injec-

tion of the labeled toxin (500 )1g) were shown in Fig. 6.
Radioactivity was first revealed in the region of the chest

(Fig. 6 a), 3 hours after injection, then gradually shifted in
the abdominal region (Fig. 6b, c, d). On the contrary, in
the non-immunized rabbit, the radioactivity wes localized in
the bladder 2 hours after injection of 40 pg of the labeled
toxin. (Fig. 7).

Five hours after injection, a rabbit was sacrified and the
radioactivity in each organ was measured. As seen from Table
I11, 66 % of the injected radioactivit mys demonstrated in the
liver, while, sploen has the J•hest I -count per am tissue
basis. It is obvious that I ' content in lim was observed
on the chest re0ion in the scanogram whereas I content in
Kidney and bladder was observed in the abdominal region. As
shown in Table IV, most of the radioactivity were found in the
soluble fraction after cell fractionation. Small amounts
found in microsomes, nucleus, and mitochondrial fractions may
be due to the contamination of soluble fraction during
fractionation.

The scanogram of rabbit 4 hours after injection (Fig.
6b), showed radioactivity in the neck region, which demonstra-
ted that deiodjtion took place in the immunised rabbit aftr
injection of I labeled cobrotoxin.

The excretion of radioactive substances after injection



of 1 1 3 1 -labeled toxin was much slower in the immunized rabbits
than in non-immunized rabbit. In non-immunized rabbit,
approximately 70 % of the injected radioactivity was excreted
in the urine within 5 hours, while in the immunised rabbit, only
5-7 % of the injected radioactivity van excreted in 4 hours, and
60-70 % of the radioactivity was excreted within 4 days (Fig. 8).

12 3 1 -labeled serum protein have been used in the study of
the fate of protein after injection Into the Immunized and non-
Immunized rabbits. It was demonstrated that the only trace
amount of the labeled protein remained in blood for several
hours after i!ction into the non-immunized rabbits, but the
most of the I -labeled serum protein was removed from the
blood soon after the Mection to the immunized rabbits. It
is interpreted that I labeled serum protein-antibody' complex,
which formed in the immunized animal is phagocited by the
liver or spleen cells. Phagocytosis of radioiodinated serum
albumin-antibody complex was also found in mouse peritoneal
cell. AppareY 1 prolonged retention of the radioactivity after
injection of I -labeled cobrotoxin in the immunized rabbits
than in non-immunized rabbit was demonstrated in this experiment.

4. Conclusion

The exhausted iodination of cobrotoxin, the crystaljlie
toxic protein obtained from Formosan cobra venom, with I
resulted in the maximum incorporation of 4 moles iodine per
mole toxin without changing its lethality or antigenicity.
After intravenous injection of a sublethal dose of the labeled
cobrotoxin into a rabbit, about 70 % of the radioactivity was
excreted in urine within 5 hours. Most of the radioactivity
excreted in the urine after 20 minutes injection was shown to
be in the intact cobrotoxin fraction by gel filtration, paper
electrophoresis and the toxicity test. In the urine collected
4 hours after injection, half of the radioactivity appeared in
the free iodnc fraction.

The scanogram of rabbits in both conditions, immunized and
non-immunizod, aiot~od marked different pattern in distribution
of radioactivity. In the immunized rabbit the radioactivity
was first shown ii the reoion of the chest then gradually
shifted in the abdominal region. Sixty-six per cent of the
injected radioactivity was demonstrated in the liver of the
immunized rabbit, sacrifiod 5 hours after injection of the
labeled toxin. And most of the radioactivity was found in the
soluble portion after cell fractionation. In the non-immunized
rabbit the radioactivity was localized in the bladder a hours
after injectio T 1  The excretion of theradloactivity after
injection of I -cobrotoxin was much slower in the Immunized
rabbit than in the non-immunized rabbit.

6



"II. Otical Rotatory Dispersion and Circular Dichroim f
Cobrotoxin

S~1. Introduction

In a previous paper (20), we have reported the optical rotatory

dispersion (ORD) of a crystalline toxic protein, cobrotoxin,
obtained from Formosan cobra venom, over a wavelength range of
230 to 300 su. It was found that the ORD curve of cobrotoxin is
quite different from those of the usual proteins having right-
handedd-helical structure and has a large positive peak at 233 m-.
The present paper describes the studies on the ORD and circular
dichroism (CD) of cobrotoxin over a wavelength ranoe of 200 to 300

2. Materials and Methods

Cobrotoxin used in this study was prepared from Formosan
cobra (NaJa naJa atra) venom as previously described (W).

a. Preparation of the reduced and S-carboxymethy-
lated cobrotoxun

Reduction and alkylation of cobrotoxin was performed accord-
ing to the method described by Crestfield, Moore and Stein (21).
300 ng of cobrotoxin was dissolved in 10 ml of O.S N Tris-HCI
buffer (pH 8.2) containing 8 N urea and 0.3 ml of 6-mercaptoeth-
anol was added. The glass-stoppered tube was flushed with N
and left at room temperature for 4 h. For alkylation, 900 ma
of iodoacetic acid in 2.3 ml of 2 N NaOH was added with constant
stirring and the pH of the solution was maintained at pH 8.6 with
the aid of 2 N NaOH. After 30 win the solution was placed on a
column (2 x 52 cm) of Sephadex G-25-80 for desalting. The reduced

__• and S-carboxymethylated (RCM-) cobrotoxin emerged in the void
volume was pooled and lyophil.zed.

b. Performic acid-oxidized cobrotoxin

Performic acid-oxidized cobrotoxin was prepared as previously
described (16). 30mg of cobrotoxin was dissolved in I ml of the
mixture of 88 % formic acid and 30 % H 0 (9 2 1, v/v), which was
preincubated for I h at room temperatue 2 then at 0 for 30 win,
the mixture tas then incubated for 3 h at 20 to 4 . After 10 ml
of ice cold water was added, the mixture was lyophilized. The
dried material was redissolved in 3 ml of water and was again
lyophilised.

c. ORD and CD measurements

ORD and CD measurements were made using a Jasco spectropola-



rimeter model ORD/UV-5 with a CD attachment. The ORD data wore
expressed in terms of the reduced mean residue rotation ((ml) )
Molecular ellipticity, Q9) I was obtained by the equation, ( 3300
(•. ,2), where (. - ') is the difference between the solar
e inotlon coefficients Yor left and right circularly polarized
light, The average residue weight was used in calculation of

3. Results anAd Discussion

fig. 9 shows the ORD and CD curves of the native cobrotoxin
over the wavelength range of 200 to 310 mp. The ORD curve had
a positive peak at 207 npa, a negative trough at 222 mpg and a
positive peak at 233 mp with a to') value of + 3,400, - 2,350
and + 1,300 respectively. The OIRD of this protein above 230 up
has already been reported in a previous paper (2o). The very
unusual ORD curve with a positive peak at 1-35 mu and a negative
trough at 222 msp has been observed so far only for avidin (22)
and erabutouin j. The ORD and CD of the latter protein will be
reported in an accompanying paper. The CD spectrum of cobrotoxin
had negative maxima at around 285 )I ((o) = - 300), and 215 v
(QO) * - 1,350) and positive maxima at 228 mu ((0) - 4 4,800) and
at around 201 map (up a 10,000). It is known that the CD
spectrum of $-structure of poly-L-lysine shown a negative band at
217 up and a positive band at 295 - 197 mp (23, 24) and that the
protein having $-structure suQh as Bance-Jones proteins (25) and
silk fibroin (26) give a CD spectrum with a negative maximum at
around 217 up. Thus it is suggested that the cobrotoxin molecule
contains $-structure. The origin of the positive CD maximum at
228 mu, which corresponds to the positive ORD Cotton effect with
the peak at 233 mu, is not clear at present. The positive CD
band at 228 mp was also observed for Kunits trypsin inhibitor (27)9

aDnce-Jones proteins (25),0(-Bungarotoxtn (28), orabutoxin a (29),
.- and avidin (22). In the case of Kunits trypsin inhibitor T3O)

and Bence-Jones proteins (31), it is found that the CD band at
228 mp is the most sensitive index for a conformational change
among the CD bands. Cobrotoxin contains two tyrosyl, one try-
ptophanyl nnd eight halscystine residues per molecular weight of

6848 (32). It is possible that these residues contribute to
the CD band at 228 p (30, 33).

Fig. 1 0 shows the ORD and CD curves of RCK-cobrotoxin and
performic acid-oxidized cobrotoxin in aqueous solutions. On
reduction or oxidation of the disulfide bonds, the ORD and CD
curves changed greatly. The ORD curve of RCM-cobrotoxin had two
troughs at 208 and 226 ap. Performic acid-oxidized cobrotoxin
gave a similar ORD curve with two troughs at 210 and 230 up.
Corresponding with this, the CD spectrum of performic acid-
oxidized cobrotoxin had a negative maximum at 202 m? and a shoulder
at around 222 Op. These ORD and CD curves are not characteristic

8



of the completely random conformation. The ORD curves shown in
Fig. iO closely resemble the calculated ORD curves of a mixture of
a large amount of random coil and a mall amount ofO(-holix or

4-structure (34).

4. Conclusion

The ORD curve of the native cobrotoxin had a positive peak at
207 mup, a negative trough at 222 91, and a positive peak at 233 up
with a (am') value of + 3,400, - 1,350 and + 19300 respectively.
The very unusual ORD curve with a positive pealc at 233 op and a
negative trough at 222 mp has been observed so far only for avidin
and erabutoxin a.

The CD spectrum of cobrotoxin had negative maxima at around
285 op and 215 up, and positive maxima at 228 up and at around
201 up. It is suggested that the cobrotoxin molecule contains
$-structure.

On reduction or oxidation of the disulf1de bonds, the ORD
and CD curves changed greatly. The ORD curve of RCK-cobrotoxin
had two troughs at 208 and 226 up. Performic acid-oxidized
cobrotoxin gave a similar ORD curve with two troughs at 210 and
230 up. Corresponding with this, the CD spectrum of performic
acid-oxidized cobrotoxin had a negative maximum at 202 P and a
shoulder at around 222 Tp. These ORD and CD curves are not
characteristic of the completely random conformation, but closely
resemble the calculated ORD curves of a mixture of a large amount
of random coil and a small amount ofe,-helix orl8-structure.

9



III. Amino Acid Composition of Cobrotoxin

Amino acid composition of cobrotoxin has been determined by
the use of Technicon amino acid Autoanalyzer. As seen from
Table V, cobrotoxin is composed of 15 kind of the common amino
acids and in devoid of alanine, methionine and phenylalanine.
Although a molecular weight of 11,000 was determined formerly
by the method of Archibald for cobrotoxin, the minimal molecular
weight calculated from amino acid analysis (61 residues of amino
acids) is close to 6,800. It in noteworthy that with the
exception of crotamin (Table V, last column) all the neurotoxins
obtained from snake venoms contain 4 disulfide bridges and possess
almost the same number of amino acids in the molecule.

The N-terminal amino acid was determined to be leucine by
DNP- and PTC-methods. The C-terminal amino acid was identified
as asparagine by the selective tritium-labelling procedure of
Natsuo et al. and carboxypeptidase digestion.

The work on the amino acid sequence determination Is in
progress. The reduced and S-carboxymethylated toxin was digested
with trypsin DCC (Diphenyl carbamyl chloride) and chymotrypsin in
0.1 N NH HCO at pH 8.5. After 6 hours the reaction was stopped
by freezing.' The freeze-dried material was dissolved in a
starting buffer solution and was loaded on a column (1.5 x 27 cm)
of Dowex 50 z 2. The column was developed with the buffer
linearly increasing the pH and the ionic strength from 0.2 N
pyridine-formate of pH 3.1 to 2.5 4 pyridine-acetate of pH 5 by
the aid of an Autograd consisting of 9 chambers. The flow rate
was adjusted to 70 ml per hour and the appropriate tubes under
the chromatographic peaks wore pooled and lyophilised (Fig. 12).

Homogeneity of the peptide fractions obtained by column
chromatography was examined by both paper chromatography and
paper electrophoresis (Fig. 12). The heterogeneous fractions
were further purified with 2 % pyridine acetate buffer at pH 5.4
by high voltage paper electrophoresin. The peptides finally
obtained in homogeneous state were used for structure studies.
Amino acid composition (Table VI and VI1) was determined on the
Technicon amino acid Autoanalyzer, and the amino acid sequence
of the peptides are being determined by the degradation procedure
of Edman.

to



Literature Cited

1. G. Sumyk, H. Lai and I. J. Hawrylevics, Fed. Proc., 22 (t963)
668.

2. C. Y. Lee and L. F. Teeng, Toxicon, 3 (1966) 281.
3. C. C. Yang, J. Biol. Cheo.,20r169) 1616.
4. H. Hugli, Vienna IXntrnational Atomic Energy Agency, (1965) 7.
5. E. Layno, Acadesic Press, 3 (1957) 450.
6. C. H. Li, V. R. Lyons and H. H. Evans, J-- Biol. Chem. 139

(1941) 43,
7. J..V. H. Lugg, Biochew. J., 32 (1938) 775.
8. A. Taurog, V. Tong and 1. L. Chaikoff, J. B1ol. Chem., 184

(1950) 83.
9. 3. L. Bailey Elsevier (1962) 18.

10. C. C. Chang and C. C. Yang, J. Formsouan Ned. Ass., 63 (1964)
455.

11. C. C. Yang, J. Formosan Nea. Ags., 63 (1964) 325.
12. A. Neuberger, .B.ches. J., 28 (1934) 1982.
13. C. R. Harington and A. Neuberger, igoches. J., 30 (1936) 809.
14. V. L. Hughes, Jr. and R. Straemsle, J._Am. Chem. $o©., 72

(1950) 452.
15. C. Y. Lee, C. C. Chang and C. Su, J. Formosan Ned. Ass., 59

(1960) 1065.
16. C. C. Yang, T , 3 (1965) 19.
17. L. 3. Baylo, M. Phyllis, T. Kerridge and D. S. Russell,

.J.. hysiol., 77 (1933) 386.
18. D. B. Brewer, Proc. (1y. Soc. Med.,4 (1951) 561.
19. W. Raab und Z. Kaiser, Wise. Z. Inn. Mod., 47 (1966) 327.
20. C. C. Yang, C. C. Chang, K. Ikeda, K. Hayashi and T. Susuki,

J. Siochen., 61 (1967)272.
21. A. Creatfield, S. Moore and V. Stein, J. Biol. Chem., 238

(1963) 622.
22. N. M. Green and N. D. Nelamed, Big9em. J., 1oo (1966) 6t14
23. R. Townend, T. F. Ku•osinski, S. V. Timasbeff, B. D. Fames

and B. Davidson, Bigchein. 3eB 's. aff. Com., 23 (1966) 163.
24. P. K. Sarkar and P. Doty, P 55 (1966) 981.
25. K. Ikeda, K. Hamaguchi and S. Nigita, J. Ploches.,
36. Z. lizuka and J. T. Yan,,go. N. A. 5., 35 (1966) 1175.
27. K. llcoda, K. Hamaguchis N. Yamamoto and T. Ikenaka, J. BIOR O.O

63 (1968) 521.
28. K. Hamaguchi, X. Ikeda and C. Y. Lee, J. Biochem.,
29. N. Sato, I. Tamiya, K. Ilzeda r.nd K. Hamaguchl, to be publish"*
30. H. Bitba, K. Ifamnguchi and T. tkenaka, J. Diochem.,
31. T. Hirai, K.. Hamaguchi and S. l-figita, to be published.
39. C. C. Yang, C. C. Chang, K. Hayashi and T. Suzuki, to be

pubtiohud.
33. S. foychoh, Science, 154 (1966) 1t28.
34. H. Grecafield, 3. Davidson and G. D. Fasman, Biochemistry,

6 (1967) 1630.

It

- -- -



APPEZNDIX A-1

Table I

Lethality of tho 1%3% labeled cobratoxin in mica.

Number-• of mica sg Do Do

DoDe (Survived at this (Died at this -8-Dond groaeter dooe and emaller dome) .(0 mortality_)

0.9 0 11: 4 0

1.8 4 0 o 4 100

Z4, 4 0 0 4 100

LD calculated from above data by Reod-Nuench method was 0.07 mg/kg

body wt.

APPENDIX A-2

Table II

Ring tests of rabbit ant-i-cobrotoxin sera with 1131 labeled and
unlaboled cobrotoxin.

Dilution factor Cobrotoxin 1131 labeled cobrotozin

256x + +

512x + +

7G8:c .4 +.

+- +

The conccntrat.ozi of ant'iuzn was I mU/ml and the dilution factor was S2
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APPENDIX A-3

Table III

Distribution of radioactivity in various organs of on

immunized rabbits after intravenous injection of

31 labeled cobrotoxin

Organ Wet weight C3M/organ C3I/gm d(o•)distribution

Speen 2 0.2 x 10 4 6.8 x 104 2.1"

Liver 48 2.6 = 106 6.1 r to0' 66".6
Bladder* 47 3.G x 105 7.5 x iO3 9-3

Kidney 15 9.3 = 1.0 6.2 x 1o3  2.4
4 3Heart 5 1.3 x 10 2.6 x 10o 0.33

Lymph node 2 6.2 r. %03 3.1 x 103 015

Total 80.88

* including urine

e including blood
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APPENDIX A-4

Table IV

"Distribution of radioactivity in aubeellular fractions

of liver and opleon of an immunied rabbit after intravenous

injection of 720 ro of 1131 labeled cobrotomin

Subcellular % Distribution ot radioactivity

fraction liver spleen

Supernatant 73 61

Microcome 13

Mitochoncs 8 18

*acleus 9

______________ _____________ ________ilk_



APPENDIX A-5

Table V

Amino acid composition of the nouratoxina isolatod from snakce venoms

14aja H~ain Laticauda L. lati- Ancdroctonus Crotalus

nainj atra nigricollis remifaaciata caudatu australis terrificus

(Cobro- (Tomine 00 (REabutonin), (Latico- (:.4eurotoxin) (Crotamin')

tozin) a b toxin a) I iI

a.r t i C Ci 8 7 5 4 9 9 3

vn.7i'flfl 7 8 5 54 2 3

4 2 7 7 5 6 92 3

*it~icacid 7 6 8 8 7 - 4 k

P:ic2 54 56 3 4

7 55 556 7 5

.- arlinc--

iiaif-cystine a 8 8 a 8 8 8 4

Valine 12 2 2 1 4k 4

Methionine -- - - - - - I

I.holcucine 2 34 4 2 3 1 1

2.~cn 1 1 1 4 21

Tyrusine 2 1 1 1 1 3 71

L-ic3 6 4 4 4 6 5 it

s ~t id ine 2 a 2 2 1 2

Arcl-'nine 6 3 3 3 5 2 3 2

'rrypt-ophan I I I I I 1 1 3

To tanl 61 61 61 61 61 63, 64 46

Mi~n. mol. wt. 6848 6787 6750 6770 6880 6822 7249 5450
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AppIzDrX A-6

Table VI

Aminao acid compozition of tryptic peptidec from RCM-cobrotoxin

Poptiders Amino acid componition rTidota

T-1 (C.-Cys 0.8; Aap2.0)

T-2 (C4-cyn 1.5 " Ap 2.9; Thr 2.0  Glu 160  Gly 1.1

102.0 )-Arg1.2  12

T-3 (CM-Cys 2.5; Its.)1.9  Thr 4.7; Sor2.8 1 01u30 ;

Pro1 .,; Gly 3.0 ; Lou1.0 ; Tyr 0 .9 ; His1.0 )-Lys1.0  n5

T-4 (C?4-cys1.9 - 8cr 0.9; Pro1.1; Gly 2 .0; Val00 9 )-Lys1.0  8

T-S (Thr 1.0; Glu 1.0 )-Irg1.0  3

T-6 Manp1.0 ; His 1.0 )-Arg1.0 3

T-7 (Gly 0.9; Tyr,,3 )-Arg1 00 3

T-8 Trp, -Arg 2

T-9 Lyn 1.1; Arg1.0  2

T-10 Gly; Tyr (olectrophoresia) 2

T-11 Arg I

26I



IAPPENDIX A-7

Taibla VII

Amino acid compoaition of chymotryptic peptides from RCI4-cobrotoxin

Peptides Amino acid composition rTotdal

c-1

C-2 (CM-cys 1-3  Asp 1.4 1 Thr1 0 ; Sew0o,; 41U 2* Q1 G, 3)
-Tyr0 .8 10

C- 3
C-4* (CM-cyS.818 A.ssp 10 Th11 8 ; Sera*, Gll2 0l2739)

-Tyro 171I

C-5

c-6 Asp

C-7 CN-cys0 8 ; Glu0.9 1 L6OU .1g010; 4

C-8 Asp1.0;1 Gu 1.0 1 0170.6; 102.0

C-9 C4-cys0.8 1 Aspl.0; Glo 3.0 1 Lou. 8 1 His too 7

C- 10

C-Il

C-12 Thr 2.0 ; cr 2.0; Oluu1 ; Pro1.0  6

C-13 CM-cys 2.2; Asp. 8; Thr1 1%; 8cr1 0 ;l G01u1 O; ro1*2
Gly 2 1 1 Vv. 1*0  LYS1.0 ; Arg 1 9  1,

C-i4 (Gly 1.0;- Arg 0 .5)-Tyr 0.8  3
C-15 (n 1 ;Glyl.0; 4io 0.9 1 4rg,1 8 )_Tyro 4  6

C-i6 Asal.0; LyD2.0 ; Arg1 9g; Trp, 6

C-i7 (Ly.1.0; I.rg 1.2 )-Trlp+ 3
C-18 (Lyj2.0 ; Arg 1 . )-Trp +

17



APPENDIX B-1

0.8

0.6

o.4

0.2

0
0.6 1.2 1.8 2.4

pNOLE OF ICL IN REAICO f1X11

fig, lo Exhausted Lodination of cobrotozin with various umsts
of £0M solution.
Reaction was carried out at 25 ± 2° for 30 ming in 1. al. Wine
buffer (pH 9), containing 0.2 p mole of cobrotozin, 1 po I , and
various amounts of ICI solution. One ml aliquot was then passed
through a Sephadex G-25 column (1.2 x 20) and eluted with water.
Every 1.5 ml of the effluent was collected by gravity. About
92 to 95 per cent of. protein was obtained in fractions Nos, .$-&.
Percentage of incorporation was estimated by comparing the radio-
activity before and after passing through the column.
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APPENDIX 3-2

200

80
A

0a 60 2

oU 4b
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20

0-
230 250 270 --go 310 330 3"

WAVE LENGIX (m'i)

Fig. 2. Ultra-violet absorption curve of iodinated cobretexiA
and cobrotoxin plotted vith a Beckman DM-a aptctrophotonoters
(a) lodinated cobrotoxin, 4 moles iodine/male toxin.
(b) lodinated cobrotoxin, 2 m'oles iodine/solo toxin.
(c) Unlabeled cobrotaxin.



APPENDIX n-3

80 - 4)0;

Sooo

60

0 20 o0 -

Fig.1 31  Excretion of Radi~oa.c;-'ivity in urine after injc:>*.*,a.

of I labeled cobrotoxi..
Urirk was collected f mle- i cnthtrization -
diatcly after injection of 25 jig toxini with 5 uc radirnu;tJvity.

- - : radioactivity .-- ,crotcc.
- ml, of urine c:.croteL.



APPiNDIX B-4.

a4.oo

S 1800

aoo ' ' I

**

0 4 8 12 16 30 04-

FRACTIOI MWIJM (I. ml/13&CIOSU)

Fig. 4. Sephadex a 35 coluft chromatography of urine.
1 ml of the urine was applied to 4 Sephadoz G *5 column (14 a
20 cm) and then eluted with water.

"8urine of fraction No. 3.
-----------. urine of fraction No. 20.
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APPE-NDIX 0-5

6

Sg b)

0=
34

Fig. 3. Exrto.frdociiyi rn fe neto

of 2.6 mg radioiodinated merum albualn with Wb or without (a)

cobrotoxin (30 puo).
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to l It I I

It~~ I t I,

I .04 l flit of

I II I

S I
%o 0 I L ,

i ,',m•"-"

]pig. 6. llcannaram of immmse& rabbit after lnjection of

labelled toxin.SW g of labeled cobrotoftim wag Injected Into 2 kg rabbit
and scan were tc-cons as oUrml b, 5 hours; c. hoS rl
di. 26 hours aftoe Inm•clso.
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APPENDIX B-7

z1 r

- ' ,,

IP1g* 7. Soalrmoron of non-immuniz-Od rabbit after
injection of labeled cobrotuo=in.
40O pg of labeled cobrotoxin wAs injeacted Into 2.5 kq
of rabbit and scanogram waa taken after 2 hours.
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APPENDIX B-8

S6o

kA
$4

Hcb~o

TI'vC (DAY)

FiO I. sEZCLetlo1 of radioiqtivitY In urine, of imsunized

rrbbitts nfter injection of I A ~oadcboozn 3
c,-) r~iio~rab'.it (:kg,, injocated witi, 500p 0.o

lo,,);cobra tc::5n. 13
(b) I:i& -a~cbblt (;.Z. hr,) , i.'-Quctoce with 700 pgof 13
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APPENDIX B-9
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cel .. 0 __7 % or "c call, .ct .1 _ %1 Beo 21 -a
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(c = .. 1

ce c0.0 , or 0.%-cm, B elo210 , 0.071 ; From 215 ta 225 007, o0.1-cm

cell, c =0.71 , or 1-cm coil, c .0.25 ,; Baby ai• *1 , 0.1-cm
cell, c -- O.03C or" O.01/. %.
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0.071 '; F.-o:: z&O to 220 rnu, 0.2-.'.1 c-il, c a 0.1 0? 0.071 %;
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Fig. 10. ORD ( .... ) and CD C--) of RCM- and performic acid..-oxidizcd cobrotoxin. Curve 1, ItCR4-cobretozin in phosphate bufferat pfl '.9, ionic strength gels Curve -•- perforuko acid-ozidized

cobrootoxin in 0.1t M aCi.
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APPENDIX B-11

51000

5,000

13000)r

0

-j V VI VII VIII IX

H

500 i

0
so 0 60 ISO 100 120 140 160

FR,'CT1cJ1 NU1MrAt

Pig. 11 Chromatographio fractionation of the poptides obtained by the tryptic
hydrolysis of CM-cobrotozJn.

The peptides from 10 so of the protein were loaded on a column (1.5 x 27 cm)
of Dowex 50 i 3 (BOO-40 mesh), which was equilibratod with 0.1 M pyridine-
formats buffer, pHt ).25- The column we" developed with the buffer linea~rly
increr.oing the pH and the ionic strength from 0.1 N pyridine-forwcate of p::
3.1 to M.5 K pyridino-acotate of pH 5 by the c.Aid of an .utoorad censir.Liiii of
9 chambetrs. The flow rmte was adjuated to 710 ml par hour and thte effluent
was collected in 5.5 ml ffactions. Alituots from~ each tube ware anxly"-ud by
the ninhydrin method.
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QC M ~C
Giu (• ) C ly 0 L
Glu0 0 0 0

0j 0

III

0 0 VI

00 VII

00 VIII

~Ix

8 6 2 02 6 0 I2.

Fig. 1_. Paper electrophoregram of peptide fractions obtained by the column
chrormatography (Fig.'.).

The cn1octropiioxsin wam carried out. at 2 '00 volts per 36 in.longth of paper
for 60 mi:uten with pyridina-acotic acid-water (7:2s490, v/v) of pH! 5.4 an
the clectrolytc.
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