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STRUCTURE-ACTIVITY RILATIONSHIPS AND IMMUNOCHEMTICAL
“ON_COBROTOXIN

Stuiies on the Status of Arginine Residues in Cobrotoxin

Cobrotoxin is a basic protein having six arginine residues
at the positions 28, 30, 33, 36, 39 and 59 in the sequence,
In this study, selective and stepwise chemical modification of
arginine residues were conducted with a gioup specific reagent,
phenylglyoxal, at varying pH and the degree of modification in
relation to the lethal activity and antigenic specificity has
been studied in details,

Reaction of cobrotoxin with phenylglyoxal at pH 8.0
resulted in almost complete loss of lethal activity and
four of the six arginine residues were modified consequently,
However, the rate of inactivation was decreased significantly
when the pH of the reaction was lowered, Only one arginine
residue at pusition 28 was modified at pH 6.0 and the product
retained tull biological activity. Arg-33 is the next one
modif.ed when the reaction was carried out at pH 6.7 and the
lethality drope precipitously, but the antigenic activity
was not altered significantly. However, the lethal activity
lost 2lmost completely and the antigenic activity decreased
about 30 % when an additional arginine residue at position
30 was modified at pH 7.5,

These results indicate that Arg-30 and Arg-33 are
essential for the lethal)l activity and Arg-30 and Arg-36 are
more closely related to the antigenic specificity of the
toxin. The possible mechanism of neuromuscular blocking
activity of sneke neurotoxin is discussed.
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Cobrotoxi:, » newurotoxic cryvstalline protein, was isolated
tfrom the venom of Taiwan cobra (Naja naja atra) and was proved
to be the main toxic prntein in cobra venom. The two-dimene
sivnal structure of the toxin has recently been established,
permits a study of structure-function relationships. Preceding
.studies on the chemical modification of the single tryptophan,
tvrosyl and histidyl residues, free amino and carboxyl groups
in cobrotoxin suggested that either the intact Trp-29, Tyr-25,
His=32, g¢-amino group of Lys=47 or v-carboxyl group of Glu-21
is essential for full activity of the toxin.

Cobrotoxin is a basic protein having s.x arginine residues
at the positions 28, 30, 33, 36, 39 and 59 in the sequence.
In this study, selective and stepwise chemical modification of
arginine residues were conducted with a group specific reagent,
phenvlglyoxal, at varying pH and the depgiree of modification in
relation to the lethal activity and antigenic specificity has
been studied in details.

Reaction of cobrotoxin with phenylglvoxal at pH 8.0
resulted in almost complete loss of lethal activity and
four of the six arginine residues were modified consequently.
However, the rate of inactivation was decreased significantly
when the pH of the reaction was lowered. Only one arginine
residue at position 28 was modified at pH 6.0 and the product
retained full biological activity. Arg-33 is the next one
modified when the reaction was carried out at pH 6.7 and the
lethality drops precipitously, but the antigenic activity
was not altered significantly. However, the lethal activity
iost almost completely and the antigenic activity decreased
abou: 30 % when an additional arginine residue atv position
30 was modified at pH 7.5.

These results indicate that Arg-30 and Arg-33 are
essential for the lethal activity and Arg-30 and Arg-36 are
mcre closely related to the antigenic specificity of the
toxin, The possible mechanism of neuromuscular blocking
activity of snake neurotoxin is discussed. '
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Studies on the Status of Arginine Residues in Cébrdtdklnf

I. Introduction

Cobrotoxin, a neurotoxic crystalling proteln, was :
isolated from the venom of Taiwan cobia (Noji naja qua) (1,,WJ
and was proved to be the main toxic protein in cobia venom: (2>-
The two-dimensional structure of the toxin has recently been
established (3,4), permits a study of structurc-function -
relationships. Preceding studies (5-9) on the chemical
modification of the single tryptophan, tyrosyl and tht1dy1
residres, free amino and carboxyl groups in cobrotoxin svggested>

that either the intact Trp-29, Tyr-25, His-32, ¢-amino group.
of Lys-47 or y-carboxyl group of Glu-21 is essential for full
activity of the toxin. .

Cobrotoxin is a basic protein having six arginine residues
at the positions 28, 30, 33, 36, 39 and 59 in the secquence
(Fig. 1). Modification with 1,2-cyclohexanedione (10,11) in

strong alkaline solution (0.2 N NaOH), all arglnlne'“e51dues
were modified and lethal activity disappeared completelv.,
If the reaction was conducted in 0.1 M triethylamine buffer
(pH 10), .four residues were modified and lethality ‘decreaseu
to 1.6 % (unpubllshed observatlons) The reaction condltlons
required, however, are not mild enough for the bxolog:cally :
active protein and the reagent appears to react w1th e*amlno'
group of lysine residue easily.

Recently Takahashi (12) has repoited that a group specific.
reagent, phenylglyoxal, can react highly specifically with *
guanidino group of arginine residue in protein under mild o
conditions. In this study, selective and stepwise chem1cal
modification of arginine ‘residues were conducted with. phenyl- o
glyoxal and the degree of modification in relatirn to“the R
lethal activity and antigenic specificity has been qtudled
in details., From the results of this investigation, the
arginine residues which are essential for tlie biological
functions of cobrotoxin have been differentiated, and the
positions of these residues in the amino acid sequence have
also been established.

II. Materials and Methods

Cobrotoxin used in this study was prepured from Taiwan
cobra (Naja naja atra) venom as previously described (1).

e T st § ARAMARA MNP Ikt e e e 4 A = L O, o de S Eﬁ"‘l“;’-ﬂ”iﬂﬁ




prvilysiglyoxas nydrare was puicnased €rem Seikagaku Kogyo Co.,
Ltd. cnd F-ehtylmorpholine from Naks:ni Chemicals, Ltd.
Trypsin and chymotrypsin were the products of the Worthington
Biochemical Corp. Reagent grade f-mercaptoethanol and iodo-
acetic acid obtained from Matheson and Colsman Co. were used.
Sephadex G-25 and CM~cellulose were purchased from the Sigma
Chemical Co. and urea was a Mallinckrodt reage 't. All other
reagents were of analytical grade.

1. Reaction of phenylglvoxal with cobrotoxin

Modification of arginine residues in cobrotoxin with
phenylglyoxal was performed essentially according to the
method described by Takahashi (12). To a solution of cobro-
toxin (4 pmoles) in 0.5 ml of 0.2 M N-etbylmorpholine acetate
buffer (pH 8.0), a 100-fold molar excess of phenylglyoxal in 3
ml of the same buffer was added, and the reaction was allowed
to proceed at room temperature (27°C) for 1 h. Reactions at
pH values other than 8.0 were carried out in the same way,
but with other buffers, The mixture was passed through a
column of Sephadex G-25 (2.5 cm x 40 cm), followed by ion
exchange chromatography on CM=cellulose with a gradient of
increasing salt concentration from 0.005 M to 0.5 M ammonjium
acotate, pH 5.8 to 6.8 (Fig. 2). The fractions of the main
protein peak were lyophilized and desalted by passage through
a column of Sephadex G-25 (2.5 cm x 50 cm) equilibrated with
1 % acetic acid. The protein fractions were then pooled
and lyophilized.

2, Identification of arginine residues modified
by phenylglyoxal

In order to differentiate the "essential" arginine residues
in the amino acid sequence of cobrotoxin, the toxin was reacted
with phenylglyoxal at varying pH and the modified derivatives
were reduced and S-carboxymethylated (RCM) by the procedure
described by Crestfield et al. (13), followed by chymotryptic
digestion. The RCM-derivatives were dissolved in 0.1 M NHyHCO4
buffer (pH 8.2) to give a 1 % solution, and chymotrypsin was
added (50 : 1). Digestion was carried out at 27°C for 5 h and
the digest was dried over Pp0s in a desiccator under vacuum.

‘Arginine-containing peptides from chymotryptic digests
were separated by a combination of high voltage paper electro-
phoresis at pH 5.4 with pyridine-acetic acid-water (20 : 7 :
973, by vol.) and descending paper chromatography with n-butanol
-acetic ac d-water-pyridine (15 : 3 : 12 : 10, by_xo}. ), as
previously described (6). Peptides on the map were developed
initially with 0.2 % ninhydrin in acetone and thereafter with
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Sakaguchi reagent to detect arginine-containing peptides. L
In this procedure, the arginine-containing peptides from : :
chymotryptic digests can be completely separated each other

und obtained in a good yieid,

3. Amino acid analysis

About 0.2 pmole of protein sample waus hydsolyzed in
1 ml of constant-boiling HClL (5.7 M) at 110°C tor 24 h in
evacuated sezled tubes,. Amino ucids were determined on a
Technicon amino acid autocanalyzer, using norleucine as an
internal standard,

4. Measuremerts of lethal activicty

Lethality was measured by intraperitonezl injection of
a progressively diluted toxin sclution into mice (lo-18 g),
as previously described (14). Four mice of bo'l sexes were
used for each dilution, and the LUgg was culcululed according
to the 50 % end-point method f Reed and Mueuch (15).

35, Immunological proceuures

Double diffusion in agar gel was pertformed by Ouchterlony's
technique (L6) as previously desciibed (2). The quantitative
precip.tation reactions were carried out as described by Kabat

e

and Mayer (17). Increasing amounts of antigen in 0.02 M Tris-HCl

buffer (pH 7.5) containing 0.15 M NaCl were added to a constant
amount of antisera in a total volume of 1 ml. The tubes vere
incubated for 30 min at 37°C and then left overnight at 4°C,
The precipitates were washed 3 times with cold 0.15 M NaCl,
after which they were dissolved in 3 ml of 0,02 M NaOH, and

the absorbances were measured at 280 nm.

111. Results

l, Chemical nodification of urginine residues in
cobrotoxin

Changes of lethal activity of cobrotoxin by reaction with
rhenylglyoxal at varying pH values ure shown in Fig. 3. The
lethal activity decreased rapidly when the reactions were
performed at pH 7.5 or higher pH and the lethality lost almost
completely after 60 min. However, the rate of inactivation
was derreased signiticantly when the pH of the reaction was
lowered. The lethal activity remained unchanged when the
reaction was proceeded at pH 6,0 even for 30 mir,
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2. ldentiflication of arginine residues modified

by phenylglvoxal

The results ot amino acid analysis of the modified
deravatives (Table 1) showed that four of the six Arp-
residues in cobrotoxin were modified when the reaction wus
carried out at pH 8.0, However, unly one arg-residue was
modrfied when the reaction was curried out at piH .0 and
essentially two and three Arg-residues werer modif'ied by the
reactions at pH 6.7 and pH 7.5, respectively. All other
amino acids remained essentially unchanged.

In order to determine the pousition of Arg-residues
modified, the modified derivatives were digested with chymo-
trypsin after reduction and S~carboxymethyvlation, Peptide
maps prepared from chymotryvptic digests by a combination v
of high voltage paper electrophoresis and paper chromatography
were compared with that of native toxin (Fig. 4). ‘The
Arg-containing peptides were detected by Sakaguchi reagent
and the position of Arg-residue which was selectively modified
with phenylglvoxal at pH 6.0 was identified as Arg-28 (Fig.
4-B). Two of the six Arg-residues which were modified at
pH 6.7 were identified as Arg-28 and Arg-33 (Fig. 4-C).

It can be seen in Fig. 4-D, an additional Arg-residue modified
at pH 7.5 was Arg-30.

As shcwn in .the peptide map (Fig. 4-E) of RCM-Arg-modified
toxin {at pH 8.0), three Arg-59 containing peptides {C-1, C=3
and C-11, ref., Table II) and one Arg~36 & 39 containing
peptide (C-13, ref.  Table II) are positive for Sakaguchi test,
The result of amino zvid analysis (Table I) shows that four
Arg-residues were modilied, This suggests that either Arg-36
or Arg-39 was also modified besides Arg-28, 30 and 33.
Therefore, the Arg-36 & 39 containing peptide, C-13, was cut
out, eluted with 1 M acetic acid and dried. The dried
material was dissolved in 0.2 ml of 0.1 M NHLHCO4 (pH 8.2)
and 0.05 ml of trypsin solution (3 mg/ml) was added.

After the mixture was incubated at 27°C for 2 h, the pll of
the solution was lowered. The solution was taken to dryness
for paper electrophoresis at pH ..4 along with authentic
arginine, asparagine and glutamic acid., The paper
electrophoretogram shown in Fig., 5 gave three spots; two at
cathodic side, of which one spot just corresponds to aspur-
agine, and one at anodic side, No free Arg-residue wus
appeared, Since the peptide C-~13 has the following amino
acid sequence (ref. Table II),

26 10 . . , 4“8
A g-Thr-Glu-AfgiGly-Cys-Gly-bys-Pro-ber-Va1-Lyszsn
1) T
4
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ana if only Arg-3u was modi‘ied, the following two peptides
and a free asparagine will be given oft after trypiic digestion,

36
Arg-Thr-Glu-AQg
Gly~Cy8=Gly-Cys=-Pro-sSer-.L1l-:vs
Asn

of which Arg-239 containing peptide gives a pesliive coulor
reaction with Sakaguchi reagent. Indeed, it happened and the
results indicate accordingly that Arg=36 was also modified
besides Arg-28, 30 and 33 ut pH 8.0.

3. Characterization of the modified derivatives

As shown in tig. 6, the ultraviolet ubsorption spectrum .
of cobrotoxin changed extensively by reaction with phenylglyoxal.
However, only Arg-28 modified derivative showed u similar spectrum
around 280 nm as that of native toxin.

Almost complete loss of lethal aqtivity (Table II1) and
pronounced decrease of antigenic accivity (Fig. 7 and 8) were
observed when four Arg-residues, Arg-28, 30, 33 & 36, in
cobrotoxin were modified. However, Arg-28 mocified derivative
retained essentially full lethality and antigenic activity,
suggests that the \Arg-28 which is most uccessible to
modification is not essential for biological funciions of
cobrotoxin.. The lethal activity of Arg-28 & 39 wmodified
toxin drops preciplitously, but the antigenic activity was not
altered significantly. However, the lethality lost almost
completely and the antigenic activity decrcased 30 % wher. an
additional Arg-residue at position 30 was modified. These
results indicate that Arg-30 and Arg-33 are essential for the
lethal activity and Arg-30 and Arg-36 are more closely related
to the antigenic specificity of the toxin.

In order to determine whether the Arg-modilied derivative
forms a polymer, gel filtration on Sephadex G-30 was performed
(Fig. 9). In comparison with cobrotoxin (mol. wt.,, 6,949)
and -chymotrypsin (mol. wt., 22,000), both the Arg-28 & 33
modified tcxin and Arg-28, 30, 33 & 36 meditied derivative
revealed significant amount of polymerized forms and the
amount of polymers increased in parallel with the degree
of Arg-modification. After gel tiltration of Arg-28 & 33
modified toxin, the fractions emerged in the same volumes
of eluate as those of cobrotoxin aad &« -chymoirypsin,
corresponding to the monomeric and polymerized forms were
pvoled for the uetermination of biological activities.

The lethality and ontigenic activity were measured after

-5"'




the fréctions were desalted and lyophilized. As shown in
Table IV, the lethal activity and antigenic activity of the
monomeric form is almost the same as those of the modified

- derivative, Although no pronounced decrease of antigenic ;

activity is noted, the polymerized form is completely
non-toxic.

IvV. Discussion

Arg-28 was tound tov be the most accessible to the reaction
with phenylglyoxal, and it is the only one modiried at pH 6,0
without alteration in biological activity of cobrotoxin.
Arg-33 is the next one modified when the reaction was carried
out at pH 6.7. An additional residue modified at pH 7.5 was :
found to be the Arg-residue at the position 30. Areg-30 and
Arg-33 are essential for the lethal activity and Arg-30 and
Arg-36 are more closely related to the antigenic specificity
of the toxin.

There are three moles of arginine in toxin a and twe in
toxin b of lLaticauda semifasciata. Only c.e Arg-residue
was modified in both toxins after reaction with 1,2-cyclo-
hexanedione (18). The modification did n>t alter the lethality
of the toxins, confirms that at least one of the Arg-residues
is not essential for the lethal activity of snake neurotoxins,
Siamensis 3 toxin of Naja naja siamensis (1Y) contains five
arginine residues at the positions 2, 33, 37, 68 and 70.
Digestion of the toxin with protease from Arthrobacter removed

~
the C-terminal tetrapeptide, Agg-Lys-Afg-Pro, and the resulting
molecule ia half as toxic as the intact toxin, The result
indicates that neither Arg-68 nor Arg-70 is essential for
lethality. However, the toxin was inactivated by reaction
with phenylglyoxal and the inactive monomeric derivative,
having only one arginine residue modified, was separated.

Pharmacological properties of postsynaptic neurotoxins
are the same as Lhouse of d-tubocurarine, except for the slowness
of onset and the lower reversibility of the paralysis (21, 22),
The latter difference is probably due to the larger molecular
size of basic polypeptides in comparison to d-tubocurarine.
Both short and long neurotoxins (23) show a great affinity to
the acsatylcholine receptor on the motor endplate (24-28),
Although one cannout at present, exclude the possibility that
the apparently irreversible toxin-receptor interaction might
involve the formation Ui a covalent bond, for example, by
disulfide interchange, it still seems likely taat the




Nowes

cationic groups present in snake neurotoxins might be
directly involved in the interaction with the receptors.
Probably, as in the case of d-tubocurarine (Fig. 10), at

least two basic groups with positive charge held at a certain
distance in the molecule may be responsible for their . '
geuromuscular blocking activity.

«,.- Chemical moditication of Lys=+7 witn group specific
reagents resulied in complete loss oi lethal activity without
change of the conformational properties (9,29), suggest that
the positive charge contributed by the g-imino group of
Lys-47 (or guanidino group of arginine resiuue) which present
in all sequence of snake neurotoxins (Fig. 11) is functionally
essential for the biological activity of neurotoxins. The
results of selective and stepwise urginine modification with
group specific reagent, phenylglyoxal, at varyving pH suggest
that at least the Arg-residue at position 28 in cobrotoxin
is not essential. However, when an additional Arge-residue
at position 33 was modified the lethal activity drops
precipitously, and the lethality even lost almost completely
when a third Arg-residue at the same region was modified.

This indicates that the cationic groups contributed by guanidino
groups of Arg-residus are also functionally essential.

This functionally essential cationic group located in the loop
containing the sole Trp-residue; namely, the region between
positions 25 and 40 (Fig. 1) which contains most of the basic
residues and aromatic functional residues, and this uncross-
linked loop possibly protrude outward from the molecule

because of its hydrophilic properties. All postsynaptic

neurotoxins sequenced so far have a sequence A?Q-G?? occurs
at the same or homologous positions (Fig. 11), If there
should exists an additional essential cationic group, this
may be a guanidino group of Arg-33.

Therefore, it seems likely that the positive charges of
the g-amino group of Lys-47 and of the guunidino group of Arg-33
probably form salt bridges with the anionic sites of the
receptors which recognize the quaternary ammonium ion of
acetylckoline, The definite answer will have to await the
isolation of the toxin receptors and the identif'ication of
the essential basic residues which are misked by selective
chemical modification in the neurotoxin-re:eptor complex,
and the structure analysis by X-ray crystallography may
provide a basis for consideration of structure~function

relationship for cobrotoxin and the studies are now being
undertaken.
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V. Conclusion

Cobrotoxin is a basic protein having six oarginine residues
at Lihe positions 28, 30, 33, 36, 39 and 59 in the sequence.
In this study, selective and stepwise chemical modi“ication of
arginine residues were conducte¢ wilir a4 group specific reagent,
phenylglyoxal, at varying pH and t'.e degree o) modification in
relation to the lethal acvivity and ‘uitigeunic specificity has
been studied in details.

Reaction of cobrotoxin with phenylglvoxal at pH 8.0
resulted in almost complete loss of lethal activity and
four of the six arginine residues were modified consequently,
However, tlie rate of inactivation was decreased significantly
when the pH of the reaction was lowered. Only one arginine
residue at position 28 was modified at pH 6.0 and the product
retained full biological activity. Arg-33 is the next one
modified when the reaction was carried out at pH 6.7 and the
lethality drops precipitously, but the antigenic activity
was not altered significantly, However, the lethal activity
lost almost completely and the antigenic activiiy decreased
about 30 % when an additional arginine residue -t position
30 was modified at pH 7.3.

These results indicate that Arg-30 and Arg-33 are
essential for the lethal activity and Arg-30 and Arg-36 are
more closely related to the antigenic specificity of the
toxin. The possible mechanism of neuromuscular blocking
activity of snake neurotoxin is discussed.
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Amino acid compositicn o
arginine-modified derivatives

leule

APPENDIX A-1

cibroasoxin and

Residues per mole of protein

Amino acid

Cobrotoxin

Modified derivatives

pH 6.0 pH 6.7 pH 7.5 pH 8.0
Aspartic acid ] 8.1 8.0 8.1 &§.0
Threonine 8 7.8 7.9 7.9 7.9
Serine 4 3.9 3.8 3.9 4.0
Glutamic acid 7 7.0 7.1 7.1 7.0
Proline 2 1.8 1.8 1.9 1.7
Glycine 7 7.1 7.2 7.0 7.1
Alanine - - - - -
Half-cystine & 8.1 8. 7.9 .
Valine 1 0.9 1. 0.9 .0
Methionine - - - - -
Isoleucine 2 1.9 2, 2, 1.9
Leucine ‘ 1 1.0 1. 1. 1.0
Tyrosine 2 2.0 1. .0 1.9
Phenylalanine - - - - -
Lysine 3 3.0 2.9 3.0 2.9
Histidine 2 2.0 1.9 1.9 1.9
Arginine o 5.1 b 2.9 2.1
Tryptophan 1 1.0 1.0 1.0 1.0

* All values are expressed as molar ratios based

on leucine
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APPENDIX A-2

Table 11
Amino acid sequence of clymetiypiic peptides from reduced
and S-carbvoxymethylated cobrotoxin
Peptides Amino acid sequence Arg-residues
c-1 H-Cys=-Cys-Thr-Thr-Asp-Arg-Cys-Asn-Asn-OH  Arg-59
C=-2 H-Gly-(Cys-Ser-Gly=Gly-Glu-Thr-Asn-Cys-
Tyr-0OH
c-3 H-Glyv-Ile-Glu-Ile-Asn-Cys-Cys-Thr-Thr- Arg-59
o Asp-Arg-Cys-Asn-OH
c-4 H-Thr-Gl y-C)"s-Ser-Gly-'Gl} -Glu-Thr-Asn-
Cys-Tyr-OH
C-5 H-Cys-Tyr-OH
c-6 H-Asp-OH
C=7 H-Leu-~Glu=-Cys~-His-OH
C=-8 H-Gly-Ile-Glu-Ile-Asn-OH
c-9 H-Leu-Glu=Cys-His=-Asn-Gln-Gln-0OH
C-11 . H-igg-Cys-Asn-Asn-OH Arg-59
, ' C-12 H-Ser-ser-Gln-Thr-Pro-Thr-OH
o c-13 H-arg-Thr-Glu-Arg-Gly-Cys-Gly-Cys=-Pro- Arg-36 & 39
)-#2 \ Ser-Val-Lys-Asn-OH
: Cc-14 H-Arg-Gly-Tyr-0H Arg=33
C-15 H-égg-Asp-His-égg-Gly-Tyr-OH Arg-30 & 33
2=16 H-Lys-Lys-Arg-Trp-Arg-Asp-OH Arg-28 & 30
c-17 H-Lys=-Arg=-Trp-OH Arg-28
C-18 H-Lys-Lys-Arg-Trp-OH Arg-28

- 12 =
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APPENDIX A-)

Table I¥11

Stepwise modification of uarginine residues in cobrotoxin
with phenylglyvoxal at varving pll

Arg-residues Lethality Antigenic
modified accivity‘
(%) (%)
Cobrotoxin None 100 100>
At pH 6.0 . Arg-28 100 98
pH 6.7 Arg-28 & 33 22.6 . oLy
pH 7.5 Arg-28, 30 & 33 3.1 70
pH 8.¢C Arg-28, 30, 33 & 36 1.6 34

-13-
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APPENDIX A-4

Table IV

The lethality and antigenic activity of monomeric
and polymeric forms separated from Arg-28 & 33 modifled
derivative by gel filtration on Sepbadex G-50

Lethality Antigenic activity
(%) (%)
Col:rotoxin 100 100
Arg-28 & 33 modified 22.6 94
derivative
Monomeric form 25 95
Polymerized form 0 78

- 14 -



APPENDIX B-1

-r

Fig. 1. Structure of cobrotoxin. Two-dimensional schematic
diagram showing the arrangement of the disulfidec Londs and the
sequence of the amino acid residues.
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APPENDIX B-2
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Fig, 2. Chromatography of Arg-mudificd cobrotoxin
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APPENDIX B3

% RESIDUAL TOXICITY

TIME (min)

Fige 3. Changes of lethal toxicity of cobrotoxin LYy
reattion with phenylglyoxal at varying pH values,.

6 mg of cobrotoxin was dissolved in 0.5 ml of buffer
solution and a 100-fold molar excess of phenylglyoxal in -
1.5 ml of the same buffer was added. Reaction was allowed
to0 proceed at 27°C. After suitable intervals of time,
aliquots were taken for determination of lethal toxicity.'

Butfer solutions. used. were: 0.1 M _acetate, pH 6.0; 0.1 M.

or pH 7.5 and 0.2 M- N-ethylmorphollne
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APPENDIX B-4a
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Fig. 4. Peptide maps of the chymotrvptic hydrolysates

) of RCMecobrotoxin and RCM=Argemodified derivatives at varying
‘ pH. RCM-cobrotoxin: A; RCM-Arg-modified toxins: at pH 6.0,

By at pH 6.7, C; at pH 7.5, D; at pH 8.0, E.
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APPENDIX B-5

¢ o0 O Tryptic digests of C~i3
Arg
’ 2 11 O
Asn
O
Glu

; 1+ | o
- | Start | +
| pH 5.4, 40 V/em, 70 min
~
Pyridine-Acetic aci_d-Water (20:7 . 973)

-3

Fig. 5. Paper electrophoretogram of the tryptic digests
of C-13 (Arg-36 & 39 containing peptide) from chymotryptic
hydrolysates of RCM-Arg-modified cobrotoxin (at pH 8.0).
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APPENDIX B-6

I.zz‘ .\3“q. hj.,”_ e e
1.0} Arg-28,30,33 8 36
5Arg-28.30&33
G 0.8
g ™ Arg-28 8 33
o
@ OS| \|Arg-28
o
170
a
< 04t
02} Cbt
1 1 | -l [
240 260 280 300 320 34
WAVELENGTH (nm)
Fig. 6. Absorption spectra of cobrotoxin (cbt) and
Argemodiried derivatives, Each sumple (2 mg) was

dissolved in 4 ml of 0,01 M ammoniwn bicarbonate. Arg-2%,
represents the Arg-28 moditfied toxin; Arg-2% & 33, Arg-28
& 33 modified toxin; Arg-28, 30 % 33, Arg-28, 30 & 33 modi-
tied toxin; Arg-2X, 30, 33 & 36, Arg-28, 30, 33 & 306 modi~
fied toxin,
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APPENDIX B-7

Q25F

c) |
ANTIGEN (pg)

Fige. 7. Quantitative precipitin reactions
of copbrotoxin and its Arg-modified derivatives with

anti-cobrotoxin serum.

0.4 ml of antiserum was used in each case.
e——e, cobrotoxinj &——4, Arg-28 modified to;xn
(at pH 6.0); &—a, Arg-28 & 33 modifieq Fox1n .
(at pH 6.7)3 x—xX, Arg-28, 30 & 33 modxfxe? ?oxxn
(at pH 7.5); o——o0, Arg-28, 30, 33 & 3¢ modified
toxin (at pH 8.0).
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APPENDIMN B-b

Fig. B. Immunodiffusion in agar gel. Central
well: anti-cobrotoxin serum. Surrounding wells: C,
cobrotoxin; 6.0, Arg=28 modified toxin (at pH 6.0); 6.7,
Arg-28 & 33 modified toxin (at pH 6.7); 7.5, Arg-28,

30 & 33 modified toxin (at’ pH 7.5); 8.0, Arg-28, 30,
13 & 36 modifiec toxin (at: pH 8.0).
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APPENDIX B-9

o
[|

ABSORBANCE ci 660 nm

0 20 30 40 5
FRACTION NUMBER

Fig. 9. Gel filtration patterns of cobrotoxin, Arg-
modified derivatives and &-chymotrypsin on Sephadex G-50.
The column was equilibrated with 0.067 M phosphate buffer
(pH 7.4) to a constant height (2 cm x 83 cm). Each
sample (10 mg) dissolved in the same buffer, was applied
onto. the column and eluted with the same buffer. 5 ml
fractions were collected at a rate of 25 ml per h and the
protein concentration was determined by the method of Lowry
et al. (30). e, cobrotoxin; sm——=x, Arg-28 & 33 modified
toxin; e——a , A2g-23, 30 33 " 36, modified toxin: s ..
¢..chymotrypsin. '



APPENDIN B-10

CH
"‘c\,,/ 3 HO OCHj

HgCO HO

d- Tubocurarine

g, 10, a-Tubocurarine
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APPENDIX B-11

(cobrotoxin)

haje haje u.; N. nivea §

nigricollis (toxin «)
melanoleuca (toxin 4)
haemachatus (toxin IX)
haemachatus (toxin IV)
nivea (toxin @)
polylepis (toxin «)
schistosa (toxin 4)
schistosa (toxin 5)
womifasciata {erabutoxin a)
cemifasciata (erabutoxin b)
semifasciata  (erabutoxin c)
naja siamensis (toxin 3)

wija naja ({black cobra toxin)
waja naja {(toxin 3)

naja naja (toxin 4)

naja (toxin A)
melanoleuca (toxin b)
nivea (toxin )
hannah (toxin a)
hannah {(toxin b)
jamesonii (toxin II)
polylepis {toxin )
polylepis (to-'n §)
multicinctus {t~-bungarotoxin)

AT B [

‘Co’v"‘v (e o
r@gzuir?yx~“

) - 28 30 | 3
-Tyquya}LyslArgITrp Arg-Asp-His*Ar
~TyrtLys§Lys§ArgyTrp ArgLAsp-His-Ar
~Tyr4Lysf§LystVal-TrpiArgtAsp-His{Ar,
-Tyr{Lys§Lys$Gln-Trp-Ser-Asp-HisAr
-Tyr-AsniLys§Arg] TrpAsp-His« Ar
-Tyr4Lys§Lys$Giln-Trp-Ser-Asp-His$Ar:
~Tyr4LysiLys ‘l‘rp Arg}Asp-His$Ar.
~TyriLys{Lys¢Tyr-TrpiArgsAsp-HisqAr
~Tyr{LysiLys}Thr-Trp-Ser-Asp-His+$Ar
~Tyr$Lys{4LystThr-Trp-Ser-Asp-His{Ar
~Tyr-Asn{Lys¢Gln-Trp-Ser-Asp-PhedAr.
-Tyr-His{Lys¢Gln~-Trp-Ser-Asp-Phe4Ar:
-Tyr-His4{Lys$Gln~Trp-Ser-Asp~PhefAr
-Tyr-~Thr4Lys+Thr-~Trp-CyS-Asp~ - $Ar
-Tyr-Thr4LystThr~-Trp-CyS-Asp~ - {Ar
~Tyr-ThriLys$+Thr-Trp-CyS~-Asp- - $Ar
-Tyr-ThriLystThr-Trp-CyS-Asp- = {Ar
~Tyr-Thr4Lys¢+Thr-Trp-CyS~-Asp- -~ $Ar
~Tyr-Th~}Lys¢Thr-Trp-CyS-Asp- - {Ar
-Tyr-ThriLystMet~Trp-CyS-Asp- - {Ar
-Tyr-Thr=Glu~Thr-Trp-CyS~Asp- - $Ar
-Tyr-Thr Thi=Trp-CyS-Asp- - {4Ar
-Tyr-Thr Thr-Trp-CyS-Asp- = fAr
~Tyr~Thr3 Thr-Trp-CyS—-Asp- -~ {$Ar
~Tyr-ThrJ Thr-Trp-CyS-Asp- -~ 4{Ar
-Tyr Met-Trp-CyS-Asp- - {Ar

Fig. 11. Amino acid seque

(Showing the region betwee
most of the basic residue
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28 30
Arg¢TrpiArgtAsp-His
ArgsTrpiArgsAsp-His
Val=-Trp{ArgtAsp-His;
Gln-Trp-Ser-Asp-His:
Arg TrpAsp-Hi--

n=-Trp-Ser-Asp-His:
Arg}Trp{Arg}asp-His,
Tyr-Trp{ArgtAsp-His;
Thr-Trp-Ser-Asp~-His-
Thr-Trp-Ser-Asp-His:

Gln-Trp-Ser-Asp-Phe{

Gln-Trp-Ser-Asp-Phe{

Gln-Trp-Ser-Asp-Pﬁeq

Thr-Trp-CyS~-Asp-
Thr-Trp~-CyS-Asp-
Thr-Trp-CyS-Asp-
Thr-Trp-CyS-Asp-
Thr-Trp-CyS-Asp-
Thr=Trp-CyS-Asp=-
Met-~-Trp-CyS-Asp-
Thr-Trp~-CyS-Asp- -
‘Thi-Trp-CyS-Asp-
Thr-Trp-CyS-Asp-
Thr-Trp-CyS-Asp-
Thr-Trp-CyS~Asp-~
‘Met-Trp-CyS-Asp-

110

33

36

Arg

- {Arg<
+Arg1
Arg
Arg/
Arg
Args
Arg;
Arg
Argw
TArgq
1 J‘.rg-
< Arg.
L Arg‘

P VY W WY T W

Argi
Argd
AT Q-
Args
PAX Q-
ArgQH
Arg4
Args-
tAY g4
tAY Q1
Arg9d
Arg-

Gly-Terhr-Glu

tGly~Thr
+Gly~ThrH

Arg
Arg

tGly{Lys{Arg

Gly-Ser-Ile-Thr-Glu{
Gly~-Thr-Ile~Ile-Glus:
Gly-Thr-Ile~Ile-Gluf
Gly-Thr-Ile-Ile-Glud
tGly=-SerfArg} Thr-Glu;
}Gly-Thr-Ile-Ile~-Glu-
tGly-Thr-Ile-Ile-Glul
} I1e~Glus-
Ile-Glu{
}|Gly-Thr-Ile-Ile~Glu{
tGly-Thr-Ile-Ile-Glu{
1Gly-Thr-Ile-Ile~GlufArg:

39

Argi
Argd
Args-
LAY O
ArgH
Arg
PArgq
ArgH
Arg
LAY g+
Arod
Arg9

A
Gly-CyS- Gly-Cys-Pro-Ser—ValoLy%lAsn-Gly-
Gly-CyS-Gly-Cys-Pro-Ser-Val+Lys Gly~
Gly-CyS-Gly~CyS-~ Pro-Thr-Val4 Lys¢Pro-Gly~
Gly-CyS-Gly-CyS- Pro-Ser-Val+LysGly-
Gly-CyS-Gly-CyS-Pro-Thr-Val¢Lys¢Pro-Gly-
Gly~-CyS~Gly-CyS-~ Pro-Thr-Va1+LysfPro-Gly-
Gly-CyS-Gly-CyS-Pro-Ser-Val+Lya Gly-
Gly-CyS~Gly~CyS- ProVal-:-LySfPro-Gly-
Gly~-CyS-Gly-CyS-~ Pro-Gln-ValoLys»Pro-Gly~
Gly~-CyS-Gly-CyS- Pro-Gln-Va1+LystSer-Gly-
Gly~-CyS~Gly-CyS- Pro-Thr-ValoLysOPro-Gly-
Gly-CyS-Gly-CyS~- Pro-Thr-Val+LysoPro—Gly-
Gly-CyS-Gly-CyS- Pro-Thr-ValoLysvpro-Gly-

“Gly1
bG1yH
+Gly
1G1y
LGy
bGly-\
-Gly«
tGly
}G1y
-Gl y
Gl y

Lys«
Lys;
Lys
Lys;
Lys
Lys;
Lysy
Lys;
Lys:
Lys
Lys
Lys

Arg/

Arg
Arg
Argd
Arg
Arg
Arg4
Argi
Args
Arg

tVal-Asp-Leu-Gly-CyS-

Val-Asp-Leu-Gly~CyS-

Val-Asp-Leu-Gly-CyS-
tVal-Asp-Leu-Gly-CyS-
tVal-Asp~-Leu~Gly-CyS-
tVal-Asp-Leu-Gly-CyS-
tVal-Asp~Leu-Gly-CyS-
tVal-Asp-Leu-Gly-CyS~-
tIle-Asp-Leu~-Gly-CyS-
tVal~Glu-Leu-Gly-CyS-
tVal=-Glu~Leu-Gly-CyS-
tIle-Vat-Glu-Leu-Gly~CyS~
tVal-Val-Glu~-Leu-Gly-CyS~

Amino acid sequence of snake neurotoxins

- <CyS-~ Pro-Thr-Val&Lys0Thr-Gly-

-Cyb-Pro—Thr-Val+Lys?Thr-Gly-
-CyS~ Pro-Thr-Va1+Arg0Thr-Gly-
-CyS-~ Pro-Thr-ValoArgvThr-Gly-
~CyS~ Pro-Thr-ValfArg?Thr-Gly-
-CyS- Pro-Thr-Va1+Lys+Pro-Gly-
~CyS- ProVa1+Ly37Pro -Gly-
~CyS- Pro—Ile-ValoLySfPro -Gly~

~-CyS-Pro4lLys
-CyS-Pro4Lys
-CyS~Pro4Lys¢
-CyS~Pro4Lys¢

ValtLystro-Gly-
rVa]OLyszhr-Gly-
ValoLySfAla-Gly-
ValoLySOAla-Gly—

~CyS-Pro-Sers

wing the region between positions 25 and 49 which contains
it of the basic residues).

Lys Lys&Pro-Tyr-
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Biochemical studies on the toxic nature of snake veﬁom.
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Biochim, Biophys. Acts 147 (1967) 600,
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Optical rotatory dispersion and circular diciiroism of

cobrotoxin. Biochim, Biopkys., Acta 168 (1968) 373

Amino acid composition and end group analysis of cobrotoxin,
Toxicon 7 (1969) 43 '

Immunochemical studies on cobrotoxin.
J. Immun. 102 (1959) 1437
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Biochim. Biophys. Acta 188 (1969) 65
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The Snake 2 (1970) 1
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Studies on the status of tyrosyl residues in cobrotoxin.
Biochim. Biophys. Acta 236 (1971) 164

Studies on the status of free amino and carboxyl groups in
cobrotoxin. Biochim. Biophys. Acta 251 (1971) 334

Photooxidation of cobrotoxin.
| J. Formosan Med. Assoc. 71 (1972) 383

Iodination of cobrotoxin.
Toxicon 11 (1973) 39

Immunochemical studies on the tryptophan-modified
cobrotoxin. Biochim, Biophys. Acta 295 (1973) 595
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