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STRUCTUE-ACTIVITY RA"LATIONSHIPS ND IMMUNOCHEMICAL
STUDIES5 ON COBROTOXIN]

Stulies on the Status of Arginine Residues in Cobrotoxin

Cobotoinis a basic protein having six ariginine rsde

at the positions 28, 30, 33, 36, 39 and 59 in the sequence. 1
In this study, selective and stepwise chemical modification of
ar rinine residues were conducted with a group 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 phenyl{lyoxal at p11 8.0
resulted in almost complete loss of lethal activity auid
four of the six arginine residues were modified consequently.
However, the rate of inactivation w;s decreased sienificantly
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 full biological activity. Aru-33 is the next one
modified when the reaction was carried out at pH 6.7 and the
lethality drops precipitously, but the antiGenic a(tivity
was not altered significantly. However, the lethal activity '
lost almost completely and the antigenic activity decreased
about 30 1 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 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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Studies oi, .\.t'-iine ,si.tues in Cobroxoxin

Cobrotoxia, a nei4rotoxic crystalline protein, was isolated
f'iom the venom of Taiian cobr-a (Nja U2, atra) and was proved
to be the main toxic protein in cobra venom. The two-dimen-
siunal structure of tht toxin has recently been established,
permits a study of structure-function relationships. Preceding
studies on the chemical modification of the single tryptophan,
tyrosyl and histidyl residues, free amino and carboxyl groups
in cobrotoxin suggested that either the intact Trp-29, Tyr-25,
His-32, 6-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 sequence.
In this study, selective and stepwise chemical modification of
arginine residues were conducted with a Group specific reagent,
phenylglyoxal, at varying pH and the decree 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 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 activity decreased
abouz 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 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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Studies on the Status of Arginine Residues in Cobrotoxin

I. Introduction 4,

Cobrotoxin, a neurotoxic cry.3talling protein, was
isolated from the venom of Taiwan cobra (Nl U2 Lra)(1)
and was proved to be the main toxic protein in cobra venom (2).
The two-dimensional structure of the toxin hlas recently been
established (3,4), permits a study of structure-function
relationships. Preceding studies (5-9) on the chemical
modification of the single tryptophan, tyrosyl and histidyl
residues, free amino and carboxyl groups in cobrotoxi.n suggested
that either the intact Trp-29, Tyr-25, His-32, 6-amino group
of Lys-47 or -- 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 sequence
(Fig. 1). Modification with 1,2-cyclohexanedione (0,i) in
strong alkaline solution (0.2 N NaOH), all arginine residues
were modified and lethal activity disappeared completely.,
If the reaction was conducted in 0.1 M triethylamine buffer
(pH 10), four residues were modified and lethality decrea.eG
to 1.6 % (unpublished observations). The reaction conditions,
required, however, are not mild enough for the biologically
active protein and the reagent appears to react with I-amino
group of lysine residue easily.

Recently Takahashi (12) has repoi-ted that a group specific.
4 reagent, phenylglyoxal, can react highly specifically with•",

guanidino group of arginine residue in protein under mild..
conditions. In this study, selective and stepwise chemical
modification of arginine residues were conducted 

with phenyl-

glyoxal and the degree of modification in relatirn to the.
lethal activity and antigenic specificity has been studied 1
in details. From the results of this investigation, the
arginine residues which are essential for the biological
functions of cobrotoxin have been differentiated, and the
positions of these residues in the amino acid sequence have
also been established.

IX. Materials and Methods

Cobrotoxin used in this study was prepured from Taiwan
cobra (Naja naja atra) venom as previously described (I).
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ry)dra.e was ju~c: s f'rcm Seikagaku Kogyo Co.,
Ltd. iind .-etylmorpholine from Nakni.az Cheiviicals, Ltd.
Trypsain and chymotrypsin were thie products of the Worthington
Biochemical Corp. Reagent grade -mercaptoethanol and iodo-
acetic acid obtained from Natheson and Coleman 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 phenylglyoxal 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 (270 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 ammonj-zz
a(otate, 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 "issential" 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 NH4HCO 3
buffer (pH 8.2) to give a 1 % solution, and chymotrypsin was
added (50 : 1). Digestion was carried out at 270 C for 5 h and
the digest was dried over P205 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 1-water-pyridine (15 : 3 : 12 : 10, by. .,x . ), 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. .4
In this procedure, the arginine-containing peptides from-
chymotryptic digests can be completely separated each other
und obtained in a good yield.

3. Amino acid analysis

About 0.2 pniole of protein sample was hydrolyzed in
1 ml of constant-boiling HCI (5.7 M) at 110 0 C for 24 h in
evacuated sealed tubes. Amino acids were determined on a
Technicon amino acid autoanalyzer. using norleucine ae an

internal standard.

4. Measurements of lethal acti%.'

Lethality was measured by intr-tpericoneal injection of
a progressively diluted toxin solutiou into miet (16-18 g),
as previously described (14). Four mice of botlh sexes were
used for each dilution, and the LU 5 0 was calcul-tted according
to the 50 % end-point method f Reed and Mueuch (15).

5. Immunological proce ,ures

Double diffusion in agar gel was performed by Ouchterlony's
technique (16) as previously desci:ibed (2). The quantitative
pxecip,.tition reactions were carried out as described by Kabat
and Mayer (17). Increasing amounts of antigen in 0.02 i Tris-HCI.
buffer (pH 7.5) containing 0.15 ti NaCI were added to a constant
amount of antisera in a total volume of 1 ml. The tubes were
incubated for 30 min at 370 C and then left overnight at 40C.
The precipitates were washed 3 times with cold 0.15 M NaCl,

after whi4h they were dissolved in 3 ml of 0.02 M NaOH, and
the absorbances were measured at 280 run.

111. Results

1. Chemical nodification of arginine residues in
cobrotoxin

t
Changes of lethal activity of cobrotoxin by reaction with

phenylglyoxal at varying pH values are shown in Fig. 3. Thelethal accivity 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 decreased significantly when the pH of the reaction was
lowered. rhe lethal activity remained unchanged when the
reaction was proceeded at pH 6.0 even for 80 min.



2. Id.icificarion of arginine residues modified
by phenylglyoxa l

The results o.t' munino acid analysis of the modified
derivatives (Table 1) showed that four of tbe six Art'-
residues in cobrotoxin were modified when the reaction w.s
2±atried out at pH 8.0. However, only oise Arg-residue was
wodified when the reaction was cirr'ied out at pl 5.0 and
essentially two and three Arg-residues were modi'ied by t.le
reactions at pH 6.7 and p1T 7.5, respectively. All other
amino acids remained essentially unchanged.

In order to determine the position of' Arg-residues
modified, the modified derivatives were digested with chymo-
trypsin after reduction and S-carboxymethylation. Peptide
maps prepared from chymotryptic digests by a combination
of high voltage paper electrophoresis and paper chromatoeraphy
were compared with that of native toxin (Fie. 4). The
Arg-containing peptides were detected by Sakagchi reagent
and the position of Arg-residue which was selectively modified
with phenylglyoxal at pH 6.0 was identified as :Irg-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 shown 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-I, ref. Table II) and one Arg-36 & 39 containing
peptide (C-13, ref. Table II) are positive for Sakaguchi test.
The result of amino Vid analysis (Table I) shows that four
Arg-residues were modified. 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 NH4HCO 3 (pH 8.2)
and 0.05 ml of trypsin solution (5 mg/ml) was added.
After the mixture was incubated at 270 C for 2 h, the pl of'
the solution was lowered. The solution was taken to dryness
for paper electrophoresis at pH ,.4 along with authentic
arginine, asparagline and glutamic acid. The paper
electrophoretogram shown in Fig. 5 gave three spots; two at
cachodic side, of which one spot just corresponds to aspr-
agine, and one at anodic side. No free Arg-residue wts
appeared. Since the peptide C-I has the following azniijo
acid sequence (ref. Table II),

6 "4 , 8
A g-Thr-Glu-A!'g Gly-Cys-Gl y-Cys-Pro-Ser-Val-Lys-Asn

t Tr
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"nzu If on1 Arg-3u was inod!ied, the followine two peptides
and a free asparagine will be given oft' after tryptic digescion,

Arg- Thr-G lu-AU

Asn

of which Arg-39 con~taining peptide givet, ' pcs.t.%e culor
reaction with Sakaguchi reagent. Indeed, it happened and the
results indicate accordingly that Ar,-V-36 was al~so modified
besides Arg-28, 30 and 33 at pH 8.0.

3. Characterization of Lite miodified derivatives

As shown ini Fig. 6, the ultraviolet absorption spectrum
of cobrotoxin changed extensively by,. reaction with pheriylglyoxal.
However, only Arg-28 modified derivative showed ,,. similar spectrum
around 280 nim as that of native toxin.

Almost complete loss of lethal ac tivity (Table III) and
pronounced decrease of antigenic accivity (Pig. 7 and 8) were
observed when four Arg-residues, A.rg-28, 30. 33 & 36. in
cobrotoxin were mtocified. However, Are-28 modified derivative
retained essentially full lethality and antigenic activity,
suggests that the Arg-28 which is most accessible to
modification is not essential for biological funct~ions of
cobrotoxin., 'rhe lethal activity of Arg-28 & 33 modified
toxin drops precipitously, but the antigenic activity was not
altered significantly. However, the lethality lost almost
completely and the antigenic activity decreased 30 ?o whern an
additional Arg-residue at position 30 was modified. These
results indicate that Arg-30 and ArIT-33 nre essential for the
lethal activity and Arg-30 and Are-36 are nioro closely related
to the antigenic specificity of the toxin.

In ordor to determine whether the Ar;.,-modif'ied derivative
forms a polymer. gel filtration on Sepkladez G-30 was performed
(Fig. 9). In comparison with cobrotoxin (mol. wt., 6,949)
and at-chymotrypsin (mol. wt., 22,000), both the Arg-28 & 33
modified toxin and Arg-28, 30, 33 8. 36 troified derivative
revealed significant amount o1' polymeizea f'orms and the
amount of polymers increased in parallel. with the degree
of Arg-modification. After gel filtration of Arg-28 & 33
modified toxin, the fractions emerged in the same volumes
cof eluate as those-of cobrotoxin a~~id a(-chymo'4rypsin,
corresponding to the monomeric and polymerized forms were
pooled for the 6etermination of biological activities.
The lethality and. cantigenic activity were measured after



the fractions were desalted and lyophilized. As shown in I
Table IV, the lothal activity and antigenic activity of the
monomeric form is almost the same as those of the modified I
derivative. Although no pronounced decrease of antigenic
activity is noted, the polymerized form is completely
non-toxic. 

A

IV. Discussion

Arg-28 was found to be the most accessible to the reaction

with phenytglyoxal, and it is the only one modLiied at pH 6.0
without alteration in biological activity of cobrotoxin. A
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. Are-30 and
Arg-3j are essential for the lethal activity and Arg-30 and
Arg-36 are more closely related to the antigenic specificity
of the toxin.

t There are three moles of arginine in toxin a and two in
toxin b of Laticauda semifasciata. Only c.:- Arg-residue
was modified in both toxins after reaction with 1,2-cyclo-
hexanedione (18). The modification did sit alter the lethalityof 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 n siamenuis (19) contains five
arginine residue& at the positions 2, 33, 37, 68 and 70.
Digestion of the toxin with protease from Arthrobacter removed

68 "O 0
the C-terminal tetrapeptide, Arg-Lys-A~g-Pro, and the resulting
molecule is 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 artinine residue modified, was separated.

Pharmacological properties of postsynaptic neurotoxins
are the same as those of d-t'ibocurarine, except for the slowness
of onset and the lower reversibility of the paralysis (21, 22).
The latter difference is probably due to Lhe larger molecular
size of basic pol)peptides in comparison to d-tubocurarine.
both short and long neurotoxins (23) show a great nffinity to
the acetylcholine receptor on the motor endplate (24-28).
Although one cannot at present, exclude the possibility that
the apparently irreversible toxin-receptor interaction might
involve the formation :4 a covalent bond, for example, by
disulfide interchange, it still seems likely t.iat the
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cationic groups present in snake neurotoxins might be
directly involved in the interaction with the receptors.
Probably, as in the case of d-tubocurarine (FJg. 10), at
least two basic groups with positive charge held at a certain
distance in the molecule may be responsible for thir
neuromuscular blocking acti',-ity.

.Chemical modil'ication o.0 Lyi-47 wtirh ,roup specific
reagents resulted in complete loss o' lethal activity without
change of the conformational properties (4,29), suggest that
the positive charge contributed by the Z-amino group of
Lys-47 (or guanidino group of arginine resiciue) which present
in all sequence of snake neurotoxins (Fig. 1i) is ftctionally
essential for the biological activity of neurotoxins. The
results of selective and stepwise arginine modification with
group specific reaecnt. phcnylglyoxail. at varying pH suggest
that at least the Arg-residue at position 28 in cobrotoxin
is not essential. However, when an additional Arg-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-residu! 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. i) 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 y 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 &-amino group of Lys-47 and of the guanidino group of Arg-33
probably form salt bridges with the anionic sites of the
receptors which recognize the quaternary ammonium ion of
acetylcholine. The definite answer will have to await the
isolation of the toxin receptors and the identification of
the essential basic residues which are masked 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 tiaving six ztrpinine residues
at tile positions 28, 30, 33. 36, 39 and 504 in the sequence.3
In this study, selective and sepwi-r.* el.eica.] modification of
arginine residues were condu ,.w: ..-. a' ngroup specific reagent,
phenyiglyoxal, at varying, pli ard v. ci el-e Oj ModIicto in
relattion to the lethal activity anu :Lige11Jc speificity has
been studied in details.

Reaction of cobrotoxin with phenylg1yoxal lat pIT 8.0
resulted in almost complete loss of' letha. activ-itv and
four of the six arginine residues were modified consequently.
However, the rate of inactivation was decr'eased sienificantly
when the pH of the reaction was lowered. Only one arginine
residue at position 28 was modified at pif 6.0 and the product
retained full biological activity. Arg-33 is the next one

4' modified when the reaction was carried out at pH1 6.7 and tile
lethality drops precipitously, but'the antigeniQ activity
was not altered significantly. However, the lethal activity
lost almost completely and the antigenic activizy decreased
about 30 % when an addition~al arginine residue -,t position
30 was modified at pH 7.-5.

These results indicate that Arg--30 and Arr-33 are
essential for the lethal actiVity and Arp,-30 und 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.

4
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APPENDIX A-]

Amino acid cornposit3Qn o'c~i:'oiiau
arginine-modified 6cri i t ives

Residues per mole of protein

Amino acid Cobrotoxin Mod'.fied derivatives

pH 6.0 pH 6.7 pH 7.5 PH 8.0

JAspartic acid 8 8.1 8.0 t4.1 8.0

".9"

Threonine 8 7.8 7.9 7.9 7.

Seririe 4 3.9 3.8 3.9 4.0

Glutamic acid 7 7.0 7.1 7.1 7.0

Preline 2 1.8 1.8 1.9 1.7

Glycine 7 7.1 7.2 7.0 7.1

Alanine - - --

Haf-cystine 8 8.1 8.0 7.9 7.9

Valine 1 0.9 1.0 0.9 1.0

Methionine - - - - -

Isoleucine 2 1.9 2.0 2.0 1.9

Leucine 1 1.0* 1.0 1.0 1.0

Tyrosine 2 2.0 1.9 2.0 1.9

Phenylalanine - - - - -

Lysine 3 3.0 2.9 3.0 2.9

Histidine 2 2.0 1.9 1.9 1.9

Arginine 2 b1 4. 2.9 2.1

Tryptophan 1 1.0 1.0 1.0 1.0

n All values are expressed as mlal ratius based

on leucine 1.0.
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APPENDIX A-2

Amino acid sequence of cli)Ituct yp'12c popti.dos from reduced
and S-carboxyme thy1ated cob'o toxin

Peptides Amino acid sequence Arg-residues,

C-1 H-Cs -Cys-Thr-Thr-Asp-A-Cys-A s:n-A sn-OH Arg- 59

c-2 H-Glv--C vs-Ser-Gly-Gly-Glu-Thr-Asfl-Cyh -

?y r- 9H

C-3 H-l.,l-l-l-snCsCsT--ri. Argo-59
Asp-Arg-C ys Asn-OH

c-4i H-Thr-Gly-CYs-S er-Gly-GI' -Giu-Thr-Asfl-
Cys -Ty r-OH

C-5 H-Cys-,Tvr-Oll

c-6 H-Asp-OH

C-7 H-Leu-Glu-Cys-His-OH

C-8 H-Gly-Ile-G1u-Ile-Asfl-OH

C-9 H-Leu-Glu-Cys-His-Asn-GlGln-Oll

C-11 H-ArgCy-Asfl-Asf-OH Arg- 59

C-12 H-Se1'-Ser-Gln-Thr-Pro-TU'-OH

C-13 H-r-h-l-r-lyCsGyCsPo Arg-36 & 39
Ser-Val-Lys-Asn-OH

C-14 H-Arg-Gly-Tyr-OH AT-9-33

C-iS I-jU-Asp-Hi s-Artg-G1 y-Tyr-OH Arg-30 & 33

"-6HLsLy-r-r-AgApO Arg-28 & 30

C-17 H-Lys-Ar-Trp-OlH Arg- 28

C-18 H-Lys-Lys-Arg-Trp-OH Arg-28

-12-



APPENDIX A-3

TrabI e 'l-I

Stepwise modification of' "t-.;..ie z esidues in cobrotoxin
with phenyliglyoxal at var"ying pHl

Arg-residues Lethality Antigenic

modified activity

Cobrotoxin None 100 100

At pH 6.0 Arg-28 100 98

pH 6.7 Arg-28 & 33 22.6 94

pH 7.5 Arg-28, 30 & 33 3.1 70

pH 8.0 Arg-28, 30, 33 & 36 1.6 34

13



APPENDIX A-4

Table IV

The lethality and antigenic activity of.monomeric
and polymeric forms separated from Arg-28 & 33 modified
derivative by gel filtrntion on Sephadex G-50

Lethalit% An t igenic activity
(o)(%)

Cotkro toxin 100 100

Arg-28 & 33 modified 22.0 94

derivative

Monomeric form 23 95

Polymerized form 0 78
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APPENI)IX B-2
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Fig. 2. Chromatography of Arg-mudified cobrotoxin
t il 8.0) o.n CM-cellulose column.
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APPENDIX B-:3

100 __ _

pH 6.0

s0

2£

X 600

20-

7.5

020 40 60 80
TIME (min)

Pig* 3. Changes of lethal toxicityr of cobrotoxin by
reastion with phenyiglyoxal at varying pK values.

6 mg of cobrotoxin was dissolved in 0.5 ml of buffer
solution and a 100-fold molar excess of phenyiglyoxal in
'1.5 ml of the same buffer was added. Reaction was allowed
to proceed at 270C. After suitable intervals of time,
ali~quots were taken for determination of lethal toxicity.,

'J zU$;r- Sol-at4.oi us*4 were: ..1 N a-cotate4 pH.Q~O~H
-phosphtate, pH 6..7'or pH . 5' and 0. H -e ~ylm' r'pfoline
Sacetate, j.o
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APPENDIX B..4A

fig. 4-A

RCM-Cobrotoxin J3
C -- i I

C- 17Ar-M

~W Ar t ) 3 C 6
CC18 0  ]

C')C- I
C- 1 - C-3 C- I (

Fig. 4. Peptide inaps of the ChYMOUtryptic hydrolysates
of RCM-cobrotoxin and RCM-Arg-rnodified derivatives at vatrying

p11. RCM-cobrotoxin: A; flCM-Arg-modified toxins: at pH1 6.0,

B; at pH 6.7, C; at PH 7.,D; at pH 8,0, F,



Fig. 4-B -
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Fig. 4-D 'i

pH 7,5

0 0 00 0o 0 ; ]
0

0 o-I loJf ' ) Ar -I

i~ - "'"+ I
oI

Fig. 4-E

pH 8.0

Li i

"".' "t!000 -

Aiq-)6 ' 31 Arg-59

2o--
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APPENDIX B-5

0 Q Tryptic digests of 0-i.,

Arg

Asn

0
GIu

pH 5.4, 40 V/cm, 70 min
Pyridine-Acetic acid-Water (20:7 : 973)

Fig. 3. Paper electrophoretogram of the tryptic I igests
of C-l3 (Arg-j6 & 39 containing peptide) from chymotryptic
hydrolysates of RCM-Arg-modified cobrotoxin (at pH 8°0Y.
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APPENDIX B-6

-1 2

1.2

1.0 / Arg-28,30,33 8136

( Arg-28,30 8133

.( 0.8 Arg-28 8 33

0: 0.6 Arg-28
0i co

c~0.4

Cti

0.2-

K" 0
240 260 280 300 320 340

WAVELENGTH (nm)
Fig. 6. Absorption spectra of cobrotoxin (Cbt) and

Arg-modified derivatives, Each sawnple (2 mg) w.is
dissolved in 4 ml of 0.01 N anwioniwin bicazrbonite.
represents the Arg-28 modified toxin; Arg-2'- & 3-3, Arg-28

& 33 modified toxin; Arg-28, 3 0 33, Arl;-28, 30 & 3) mnodi-
fied toxin; Arg-2 , 30, 33 & 30, Ar-,-28. 30, 33 & 36 modi-
fied toxin.
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APPENDIX B-7

025
Cbt pH 6.0

CDi pH .5 -__

/* 0.155

0.105"

I pH 8.0

C 10 20 30 40 50

ANTIGEN (pg)

Fig. 7. QuIntitative precipitin reactions

of coorotoxin an6 its Arg-modified derivatives with

anti-cobrotoxin serum.

0.4 ml of antiserum was used in each case.

--- , cobrotoxin A--A, Arg-2
8 modified toxin

(at pH 6.0); 4-, Arg-2 8 & 33 modified toxin

(at pH 6.7); x-----x, Arg-2 8 , 30 & 33 modified toxin

(at pH 7.5); o----- Arg-2 8 , 30, 33 & 36 modified

toxin (at pH 8.0).
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Fig. S d. 
Ce t

well : a r~ti - o r t x n a r m Su r u d n e l : C

cobrotoxin; 6. ,Arg-28 mo if e to i a"H6 0 ; 6 7

Arg-28 & 33 modified toxin 
(a pH6 7 ;7 , r -8

30 &33 odiiedtoxin (at" PH 7.5); 8.0, Arg-28, 30,

33 & 36 modified3 &t3m di i d oxin (at- PH 8.0).
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APPENDIX B-9
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Fig. 9. Gel filtration patterns of cobrotoxin, Arg-

modified derivatives and ot-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). Bach
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). , cobrotoxin; ";--, Arg-28 & 3j modified

toxno- Arg-2 0 3 36, :,nc triee tnxin..
or.chymo trzypsin.
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APPENDIX B-i]j

28 30
N. naja atra, (cobrotoxin) -Tyr Lys Lys Arg Trp4XiiI. Asp-Hisl Ar
N. haje hajo et,s N. nivea 6 -Tyr-Lys Lys Ar Trp jArg Asp-His. Ar
N. ni Oricollis (toxin at) -Tyr-Lys Lys Val-Trp AzjJ Asp-His Ar.
N. ielanoleuca (toxin d) -Tyr-Lys Lys Gln-Trp;-Ser-Asp-His. Ari
H. haemachatus (toxin 11) -Tyr- An Lys Arg Trp rgApHi0r
H. haemachatus (toxin IV) -Tyr.,Lys Lys Gn-Trp-Ser-Asp-His.Ar!
N. nivea (toxin #a) -Tyr.-Lys Lys ArgTrpXr~Asp-His. Ar
D. polylepis (toxin .) -Tyr.-Lys Lys Tyr Trp~qAsp-His Ar
E. schistosa (toxin 4) -Tyr.-Lys Lys Thr-Trp-Ser-Asp-His. Ar
E. schistosa -(toxin 5) -Tyr Lys Lys Thr-Trp-Ser-Asp-His.Ar
L. ..,mifasciata (erabutoxin a) -Tyr-Aan1 Lys Gln-Trp-Ser-Asp-Phe.Ar

;,e:mifasciata (erabutoxin b) *-Tyr-His Lys Gln-Trp-Ser-Asp-Phe, Ar,
L, -,cmiifas'ciata (erabutoxin c) -Tyr-His Lys Gln-Trp-Ser-Asp-Phe Ar,

!%ja siamonsis (toxin 3) -Tyr-Thr Lys Thr-Trp-CyS-Asp- - ,Ar
.1.tja naja (black cobra toxin) -Tyr-Thr Lys Thr-Trp-CyS-Asp- - Ar
,,j naja (toxin 3) -Tyr-Thr Lys Thr-Trp-CyS-Asp- - Ar

iinaaja naja (toxin 4) -Tyr-Thr Lye Thr-Trp-CyS-Asp- -Ar

N. riaja (toxin A) -Tyr-Thr Lys. Thr-Trp-CyS-Asp- - Ar
N. mielanoleuca (toxin b) -Tyr-Th.- Lyse Thr-Trp-CyS-Asp- -Ar

N. nivoea (toxin cc) -Tyr-Thr La NMet-Trp-CyS-Asp- -Ar

0. hannah (toxin a) -Tyr-Thr-GJlu-Thr-Trp-CyS-Asp- -Ar

0. hannah (toxin b) -TrTr-y,'h TpCSAp - Ar
D. jamesonii (toxin II) -Tyr-Thr4Lys-Thr-Trp-CyS-Asp- - Ar
D. polylepis (to'xin 7) -Tyr-Thr-Lys-Thr-Trp-CyS-Asp- - Ar
D. polylepis (tn- n 6) -Tyr-ThrjLyajThr-Trp-CyS-Asp- - Ar
B. multicinctus (o-bungarotoxin) -Tyrf~~~ Lys-r N~et-Trp-CyS-Aap- - Ar

Fig. ii1. Amino acid seque

JLOJP~a a(Showing the region betvee
U. aa COmost of the basic residue
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a8 30 3639 4Arg Trp Ar Asp-His Arg Gly-Tyrf a Thr.GluAr~g~rpArt~u Hs rgGly-Sr-1,Thr-.Glu Arg G1y-CyS-Gly-CyS-ProSrVal4.Lya AnnGly-
Gln-Trp-Er-Asp-His Arg Gly-Thr-Ile-The..Glu Arg Gly-CyS-Gly-CyS-Pro-Ser.ValLys LYB (Uy-
Val-Trp Arg Asp-His Arg Gly-Thr-ile-Ie-.Glu Arg Gly-CyS-Gly-CyS-Pro-Thr-V.al ys: ro..Gly
Gin-Trp-Ser-Asp-Ris Arg Gly-TherfXe-Ir..G1u Arg Gly-CyS-Gly-CyS-Pro-hrVa+y y a .Gly
ArgoTrpf Asp-His Arg.,Gly-Thr.Ie.Ile-Glu Arg Gly-CyS-Gly-CyS-Pro-Ter-.Val+Lyo+Lye Gly-
Thr-Trp-Ser-Asp-His Arg. Gly-Thrf~rg Ile-Glu Arg Gly-CyS-Gly-CyS-Pro-Thr-Va1l+TystPro.Gly.

IG nTrp-Sr-gAsp-Phe Arg, -Gy-Thr-Ilfe-Ile-Glu Arg-Gly-CyS-Gly-CyS-Pro-Thr-Val 0 Ls LysroGly-
Gln-Trp-Ser-Asp-PHie Arg Gly-Thr-Ile-Ile-Glu Arg Gly-CyS-Gly-CyS-Pro-Thrn-VaI LyerPro-Gly..
Tlr-Trp-Ser-Asp-PHe Arg.-Gly-Thr-Ile-Ile-Glu Arg Gly-CyS-Gly-CyS-Pro-hr-Va*,LysProGy.

Thr-Trp-CS-Asp-Hi- Arg. Gly-TLy le -Glu-Va -AreuGly-CyS-G- -CyS-Pro-Thr-Val+Lys Thr-Gly-
Ghr-Trp-CS-Asp-Ph- Arg.-Gly Lys rg Va-l-GlAsp-euGly-CyS-G- -CyS-Pro.-Thr-Val4Lya4r-Gly-

Thr-Trp-CS-Asp-Ph- Arg Gly Lye rg le-Ap-GLu-Gly-CyS-G- -CyS-Pro-Thr-Val.Argst~ro-Gly-
Thr-Trp-CyS-Asp- - Arg Gly-Lys Arg .Val-Asp-Leu-Gly-CyS - - -CyS-Pro-Thr-Val4Arg;Thr-Gly-
Thr-Trp-CyS-Asp- -Arg Gly-Lys Arg.-Val-Asp-Leu-Gly-CyS - - -CyS-Pro-Thr-Val+Jys;Thr-Gly-
Thr-Trp-CyS-Asp- - Arg Gly ,Lye Arg -Val-Asp-Leu-Gly-CyS - - -CyS-Pro-Thr-Val;Arg.Pro-Gly-
Mth-Trp-CyS-AsP- 7 Arg .Gly ,Lye Arg-Val-Asp-Leu-Gly-CyS - - -CyS-Pro-Thr-Val;y4rg+h-Gly-
*Thr-Trp-CyS-Asp- -Arg.-Gly Lys Arg Val-Asp--Leu-Gly-CyS - - -CyS-Pro-Ile-Val*Lys..Pro-Gly-
Thr-Trp-CyS-Asp- -Arg -Gly. Lys Arg ale-Asp-Leu-Gly-CyS - - -CyS-Pro fihr Va14 Lys:Pro-Gly-

*Thr-Trp-CyS-Asp- - Arg Gly Lys Arg Vl-Gl-Leu-Gly-CyS - - -CyS-Pro4Lys-Val4LysIhro-Gly-
*Thr-Trp-CyS-Asp- - Arg -Gly Lye Arg Val-Glu-Leu-G1)-CyS - - -CyS-Pro-jLys-VaJlLy:jTla-Gly-

*Thr-Trp-CyS-Asp- - Arg -Gly-Lys Ile-Vai-Glu-Leu-Gly-CyS - - -CyS-Pro 4Lys-.Val*LyseAla-Gly
*Het-Trp-CyS-Asp- - Arg. Gly Lye Val-Val-Glu-Leu-Gly-CyS - - -CyS-Pro-Ser Lys Lys*Pro-Tyr-

1. Amino acid sequence of snake neurotoxins

,wing the region between positions 25 and 49 which contains
it of the basic residue&).
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