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ABS TRACT

Chemical Modification of Cobrotoxin with Bifunctional
Reagent !s ,4’-.Difluoro—3,3’ —dinitro—diphenylsulfone

- 

The two—dimensional structure of cobrotoxin has been
established which permits a study of’ structure—function
relationships . Previous studies on the chemical modifica-
tion of cobrotoxin suggested tha t either the intact disu.lfide
bonds or Tyr-25 are structurally important for maintenance
of the active conformation of the toxin and at least two cati—
onic groups held at certain distances in the molecule are
functionally important for its neuromuscular blocking
activity .

During the last decade , bifunctional reagents have been
used for the study of prote in st ruc ture in solution and also
for the measurement of the distance between the sites which
are cross-linked . The bifunctional reagent , 4,14’—difluoro—
3,3 ’ -dinitro-diphenylsulfone (FNPs), has been introduced into
various biologically active .proteins. It reacts prefer-
entially with £—NH2 of’ lysine and phenolic OH group of Tyr—
residues in the high pH reaction medium (pH 9.4 to 10.7).

‘
~~The reaction of cobrotoxin with 4,4’-difluoro—3,3’-.

dinitrodiphenylsulfone (FNPS) was studied in an attempt to
introduce new tertiary bonds into toxin. At pH 10.5,
cobro~,oxin was reacted with a 10—fold molar excess of FNPS
at 25 C for 8 h. Dimers and higher molecular weight
derivatives arising from intermolecular reactions were
separated from intramolecularly cross-linked monomeric
derivatives by gel filtration on a Sephadex G—50 column .

The monomer ic f rac t ion F III was fur ther  purif ied by
chromatography on CM-cellulose column . Six peaks were
obta ined , of which three fractions , lila , Ilib and Ille ,
were proved to be NPS—containing cobrotoxin derivatives and
were all bifunctionally cross-linked with FNPS. The results
of amino acid analyses of these derivatives revealed that
the modification resulted in the cross—linkage between
phenolic OH group of’ Tyr-residue and N-terminal ~ -NH2 group
(lila), and between Tyr—residue and ~.—NH2 group of Lys-
residue (nIb and Ilic). The lethality of’ IIIa~, Ilib and
Ilic decreased to 4 %, 4 % and 13 % with a concoMitant’
increase in antigenic activities to 106.1 %, l23~9 % and
131.3 %, respectively.

- —



- -.—

~~~~~~~~~~~~~~~~

-

~~~~~~~~~

Table of Contents

Chemical Modification of Cobrotoxin with Page 1
Bifunctional Reagent , 4 , t 4 ’ .~D if l uo r o~~3,3 ’ _
dinitro—diphenyleulfone

I. Introduction 1

II. Materials and Methods 2

1. Reaction of cobrotoxin wi th  FNPS 2

2. Separation and pur i f ica t ion of 2
NPS—cobro toxin

3. Disc electrophoresis 3

LI . SDS—gel electrophoresis 3

5. Amino acid analysis 3

6. Measurements of lethal activity 4

7. Immunological procedures 4

III. Results 4

1. Chemical modification of cobrotoxin
with FNPS

2. CM-cellulose chromatography of NPS— S
c obro toxin

3. Characterization of the FNPS modified 6
cobrotoxin derivatives

4. Amino acid composition of’ FNPS 6
modified cobrotoxin derivatives

IV. Discussion 7

V. Conclusion 10

Literature Cited 11

— iii —



Page J 14

I I o t  Put) 1 j (~~~ ti  ~f l M  25

I , ! .~~ I ~ ~Zt I t t f ’ r ~~t~~ 28

I ) 1 . ’~~t I J E , U t . 1 O I 1  L~~st

[IL) 1’ ( ’ J . ’III 1.~~7’3

— 1 v • 

—



A— i Table I . The yields of FNPS modified Pete 14
toxin derivatives in three
d i f f e r e n t  condi t ions

A—2 Table II. Le tha l i t y  and antigenic a c t iv i t y  15
of monomer f rac t ions  obtained
from CM—cellulose chromatography

A— 3 Table III . Amino acid composition of’ 16
cobro toxin and MPS-cobrotoxin
derivat ives

B-i Fig. 1. Gel filtration of’ the FNPS reacted 17
cobro toxin on Sephadex G-50.

B—2 Fig. 2. SDS-gel electrophoresis of FNPS 18
modified toxin derivatives.

B—3 Fig. 3. Electrophoretic mobility of 19
marker proteins .

B-1I Fig. 14. CM—celluLose column chromatography 20
of’ F III from Sephadex G-50 run
shown in Fig. 1.

B—S Fig. 5. Disc electrophoresis of F III 21
and six fractions from CM—
cellulose column shown in Fig.4—B .

B—6 Fig. 6. Quantitative precipitin reactions 22
of FNPS modified derivatives with
anti—cobrotoxin serum as compared
with cobrotoxin.

B—7 Fig. 7. Absorption spectra of Ilic from 23
CM—cellulose column chromatography
at pH 1.5 and pH 11.5.

B—8 Fig. 8. Structure of cobrotoxin 24

— v -



,~~~~~ L~~~~i±_ S. ~ -

I l I ’’ i i ~~~~. . ‘i d i t ’  l i l t  - . ~~~
‘ • t ~ro t i x Ll ~ l~~h I3ttui ~~ t~~uii~i1

i < ’ ;l~~l~l I t I. ~~~— L ) i  ~ ~~~~ r —  ~~, 
)~~~ J I l l i  I .i—d l 1 ) } I . ~~i Y 1 _~‘I ) . 1 I

I

J’ t t ~ i \ ~~; — J  I . ’ :~~ t l i t.  T~~~’ t l I .’i c l  C O t ) J o ) O X J~~1,  c i ’ v~~ t t j ~ i r ~ ’
IIVUI  01 ~~\ 1 ~

),i () t II .-. (1 1 l ull) t} ~~ - V ’I1OIl) ul’ f~~ W . i I l  CObI’~i
\a j.~ L I l t J  t a I ; ( “~‘ O~ E .  . ~~ 3 ) , h ~ b e n  s t ab 1 ~;h~~d ( Y an g  p~I ° ( 9 ,  1~~7O) Wh ~~C l )  pc’ i rn i i s  a s t u ds  u l  s t r t l c I u r e — f u f l C tl o r I

i e l . t i i i — l i i p s . Pr’ r’~ i’.us ~— t udies on I .l io c1iurn~~c a I  m o d i f ,L c ’ l —
t i O l l  01’ c u lu ’ot x ~ it  M U ~~, 5 0 ( i  I h L t  (“1 t t I ( l’ ( l ie  I U I  ; t C t  di~~ulfjdo
bo nds  UI i \ L — ~~ T~’ ( Y ai t~~, 19~.7; Cliant-~ e l . a t .  . l ’~) 7 l a ) a r e
S t  1 11’ t I l l il l v  )tII ~~~.~~rl;i) Ii  for m a l u tc n a t i c ’ o of t l l C ’  a r t  IV (’  c a n to r —

jUL1 1 ~~~ l 01 t l ~ l O X ) ) )  ; 1 I ) & 1  a t  1( ’aS( t W t  e a t  J ( > i l i ( ’  ~‘~i o u ps  h e ld
a t  ( 3 ~ ta i i)  d i s~ ; i i I c I :~ i f l  I l i e  mo i.”cule r~~ f i .inc~ i oaal ly
L m po  I t  m i  I I or I I S I l eU r o f l iU s o  ul at  1) 1 t I ck  n~~ ac I V I t y ( Ch ar ig
c t  a l . ,  .~~7Lb ; Y ; ii~~ ~~ t a l  , 1974 ; Y~i I I ~~ tuid Chan~~. 197~~) .

1ai~ i .nt ~ the I is twenty years , b i  tun c I ion a l  r e agent  ~
h ave beeii  used !. o r  l i i i  s t u d y of pro  e in  t r u c  I u t o  in SO l u t  i on
and a lso  l o r  the m e a su i emen t of the dis t anec b e tw e e n  t h e
s i t e s  w h i c h  are ctosl ~— lLtt kCd (%~old . l t ~7l . 1 7 2 ) .  The
ext  i nc  t i o n  c o e f f i  c ip r i t . of th e  r e s u l te d  dci i V i ) ’  ~ ve s  , e i t h e r
in t r ar n ol e cu l ir lv  or  l I l t  e i ’moiecu la i ’ l’  cj o s s — lj f lk e d , in
maXimum ab s o i p ;  ion ~~~t s  . t l s o  w e l l  d e f t~~ed ( Tawdt ’ c t  a l.
1963;  M a r fey  a t  u l .  , 19 ( 5 ;  G i lt  e t  . 1 .  , 1968 )

The bif’unc I i ona l  re ;l~~c n  ~ , , 4 ‘ —d ~ f I uo lo— , 3 —d m i t  r o—
d ipheny i . su l fone  ( i~’~~ps ) . has  been in  ) ‘ idU C~’d I I )  t o Va i L o u S
b ioio~~ica I l y  U C I  ] V 1  p r o t e  in s  such as boy ui” serum a lbumin
(Tawde et al. . l9t ~, 3  ‘~ u i d , I 9hla . l9b lb )  . Ly s o zy m e  ( St e v e n s
and Long, 19o 9) , hw i iu i i  CO hemog.Lobi a (Macicod and Hi I.
1970) , and s t ap h y i o c o c c ;t l  I IU C IP a S C  (Cua t ‘ t s i e -4  01  a L .
1969) .  In these  m u d i f i c i t i o i i  processes , FNJ’S reacts
p re fer e r zt i a llv  w i t h  ~—N IL~ of t y s i ne  and p hen o l ic  OH group
of Tyr —r e s id ue s  in  the  bT~ h pH reac t ion medium (pH 0~~ ~ to
10 .7 ) .

In t h is  s j u d y , t h e  t a r  L i on  o f  cOb r a  L o x  in w i t h  FNPS was
c arr  i ad o u t  in n u  t tenipt t o  l i Lt  roduc’r new I cr 1  i ar y  bond s

Ab b r ev i ; j  t. i ons  : FNP~ , 4 • ‘ — di t i .  tiot’o— 3, j ’  —d in i t r o — d  i phenv i  —

s ul fo n e  ; NPS— , 3 ,  3 ’  —d in I ro—d i pheny lsul  [‘ony l  : ~ [JS , sodi urn
dodecyl  s u l f a t e .
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In t i’ i t i i i t ~ I ecu L . r l  V r i o  s’-. — I t t iked  II1u1lj rnc ’ r c’ dc i’~ v a t  i ‘ ‘1-. we r e
separated f i o r n  dimeis :~ id i1i( ~ltrr mo l ’cu t a i ’  w e i g h t  po l v n i e z s
ar is in 1’ rum ~ n I ermo lee ul  a i’ r ’eac I s by gel  V i  I t i I i on
on Sephztdex G—5() column . the mol lome i- i c  f o r m s  wei’c f ur L  t ic  r
pur il  led b y c h r om a t o gr a p hy  on C M — c e l l u l o s e  co lumn and the
p h y sic o c h e r n i c al  p r o p e r t t e~ - :as w e l l  i t s  t h e  b i o l o g i c ; t .l
a c t i v i t i e s  of t h e  N P S — c o b i o t o x i n  d e r i va t i v e s  were  s t u d i ed .

I I . Ma t e l  1 a I s ~t ad Met hod s

Cobr o  t o x i n  used in  t h i s  study was prepared f r o m  T a iw an
cobra (Na_ja naja at r a )  venom as pi’ev i ous i  v descr  i bed ( Y a n g ,
1965). 4 , ’4 ’ — I i i f l u o r o — ’3,3’ — d i n i t ro—d i ph en y lsu l f on e  (FNPS),
sodium dodecyl  s u l f a t e  ( s D s ) ,  N , N ’ — m a t h i y t en e b is acry l ap i ic i e
and constan t boi ii  ug ) i v dr o c h l o x - i  r a c i d  w er  e purchased f rom
Pierce C h e m i c a l  Company . ~—Al aniite , gIve  i , B rum p h e nu l
blue , acrylamide and N , N ,N ’  , N ’ — t e t r a m n e t h y le th ylened i am in e
were ob t a ined  f r o m  Canal  Iiidus I r i td  C o r p .  , C o o ma s s ie
b r i l l i a nt b l u e  H f r o m  Tokyo Cliem cal  indus  t r y  C o .  , and
Amidoblack 10 B f r o m  Fluka  Ag .  Co . ,  Swi t zej ’ I anct . Tryps in
and chynio t r y p s i n  were the products of’ W o r t h i n g t o n  B i o c hem i c a l
Corp . Reagent .  grad e ~ —I f l e .t’ e~ t p to e  t h ano i  and iodoace  t ic a c i d
obta ined  f r o m  M a t he son  and C o l e m an  Co . were  used . Bov ine
serum a l b u m i n , ov a lb u nm in , r ny o g i  oh i  I’L , C M — e e l  lu l o se  and
Sephadex G — ;2 5 ,  0— 50 w er e  p u r c h a sed  f rom Sigma C h e m i c a l  Co .
and urea was it Miii l inckr od t t ’ eage l i t  . Al I other reagents
were of a n a ly t i c a l  g r a d e .

R e a c t  ion of Ca h i ’o to xin  wi  t b  FNPS

35 mg of cobro t oxin (5  ) .uno le )  was  d i s s o l v e d  in 5 ml of
1 % NLI .J CO :3 s o l u t i o n  ( p1-I 1O.~~ ) .  A 10—fold molar exce~.s of
FNPS in O.~4 m l  ace tone  wa s  added dr o p w i se  a t  25 C over  a
30 mm peri od w i t h  c o n t i n u o us  s t i r r i n g  by us ing  a ma~~n e t Ic
s t i r r e r .  The r e a c t i o n  was a l l o wed  t o  proceed a t  25 C f o r
8 h , then .Lyoph:i lized .

2 . S e p a r a t i o n  and P u r i f i c a ti o n  of N P S — c o b r o —
t OX Ifl

The f r e e z e - d r i e d  m i x t ur e  was ge l  f i l t e r e d  on ii 2 . 2  x

I
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125 cm co lumn of Seh O ~~~ “I ~;_ 5 i i  •~~~i~ j l  ‘1 r~~ ’ (’(I :.l r y f  r 1u t c ’d  w i t h
0 .0~I N ammoriiujn a c et , ~ t a , 10 Ti~ -’2- . t- i r h  Ti ml f r a c t i o n  was
collec ted i t t  a ra ~.e 01 2(1 p”r h . Upt ical denslt\ a t
280 nm was measured by using a E o r k n i a r t  Mode L 25 spec tro—
photometer. The f r a c t i o n s  of ea ’- l t  peak were pooled and
lyophilized . The monomer ic  f r a c t i o n, ~~

‘ 1. 11. wa s f u r ther
purified by CM—cellulose chromatography . The lyophilized
material was dissolved in 2 ml . of’ 0.01 M ammonium acetate
buffe r ,.pfl 5.8  and applied onto a 2 x 26 cm column of CM—
cellulose equilibrated with the same buffer. After
complete adsorption , elution was conducted with a grad ient
of increasing salt concentration and pH from 0.01 N ammoni um
acetate , pH 5.8 to 0.5 M ammonium acetate , pH 6.8. Each
5 ml fraction was collected at a I’ate ol 25 ml per h .
Absorbance at 280 urn was recorded automatically by ISCO
Model UA—5 absorbance monitor. Six peaks were obtained
and the fractions of’ each peak were pooled and lyophilized .

3 .  u s c  E lect roph ore s is

Disc electrophoi’esis on polyaerylaniide gels was
performed according to the method of’ Reisfeld et al. (1962).

1 4 .  SDS—ge l E lec t rop h ore sis

SDS—gel electrophoresis foi’ the determination of
molecular weigh t by using 10 per cent polyacrylamide gels
was performed e sse n t i al l y  a c c o r d i ng  to the method  of Veber
and Osborn (±969). The mobilities were plotted against
the molecular weights  of’ some standard proteins (bovine
serum albumin , 68 ,000; ovaibumin , 143,000; chymo trypsin ,
214,000; myoglobin, 17,200 and cobro t oxin , 6 , 9146 ) on a semi-
logarithmic scale and the molecular weight of unknown
substances could be estimated by interpolation.

5. Ainirro Acid Analysis

About 50 nmoie o protein samples were hydrolyzed with
constant boiling MCI (5 .7 N) at 110°C f or 214 Ii in evacuated
sealed tubes. Amino acids were dete r mined on a JEOL JLC-
6AM fully automatic amino acid analyzer according to the
procedure of Spackman et. al. (1958).

— 3 - .
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o. ‘l c as i ir eru c i i t s  al L .cihai A c t  i v i  l y

Le ~iali  ~.y wa s  meas ured by in t ~~a pe r i  ioneal injection of
a Sen a 2 — f o l d  0 j Ut  [Of l  of’ i ox in  i nt o  m t ce ( 16— 18 g)  wi  lb
the amoun t of 0.~ ml j u ’r  mouse as previously described
(yang , 19614). Six m:ice ol’ both sexes were used for each
dilution , and the LiiTio was calculated .

7. Immunological. Procedures

Double diffusion in agar gel was perf ormed by
OuchterlozLy ’s technique as previously described (Chan~ and
Yang , .1969). The quantitative precipitating reactions were
carried out as described by Kabat and Mayer (1961).
Increasing amounts of toxin (5—45 )lg) in 0.02 N Tris-HC I
buf f e r  (pH 7 .5)  c o n t a i n i n g  0.15 M NaCJ - were added to a
c o n s t a n t  amoun t (0.3 m l )  of anti sera in t o t a l  volume of I ml.
The tubes were incubated for 30 mm at 37°C and then left
overnight  at  14°c. The precipitates were washed 3 times wi th
cold 0.15 N NaCl , after which they were dissolved in 3 ml of’
0.1 N NaOH, and the ~bsorbances  were measured at 280 nm.

iii . Results

1. C~i em i c aj .  m o d if i c a t i o n  of’ cobrotoxin w i t h
FYPS

Cobro t ox~ n 35 mg (5 pmol.e) in 5 ml of I % Na2CO1
solution (pH 10.5) was :-eacted w ith  a 10—fold molar excess
of FNPS at  25°C f o r  8 h , then gel f i l t e r e d  on a column of
Sephadex 0—50 . The first three fractions shown in Fig. 1
contained pro te in  and the m a t e r i a l s  e l ut i n g  a f t e r  360 ml
(F Iv) consisted of low molecular weight reagents and buffer
Constituents.

In a cont rol ~xperimeztt , cobroto xin was exposed to the
sam e buffer at pH iO .5 for 8 h without FNPS . The
subsequent gel filtration on Sephadex 0—50 gave a single
peak corresponds to that of’ the native cobrotoxin (Fig. i),
indicating that no aggregation had occurred . F III eluted
at the same efftur’nt volume as those of native cobrotoxin
and control experiment is , therefore , monomeric forms which
accoun t f o r  60.1 per cent of the protein. F I and F II
are the dimex’s and polymerized derivatives arising from

L. ..
~~~~~~~~~~~~~~~~~ , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the i n t e rm o Ie c u l .~ x ~~‘a ’ t i c ’ ’~ ’~ 1 i ’ t w ~~ e~~ ~ uh r ’ o t o X ~~ii and FNPS .

As seen f r o m  Vig . 2 , t he  cO’S—ge I. alec trophom’es.i s
p a t t e r ns  show ~~l.~~~ t 1 ’~ t l c t 1he main c omponen t s  of F Ill are
monomeric forms , a l t h o u gh a trace amoun t of dimeric
d e r i v a t i v e s  e x i s t .  On the oI l ie r  nand , the  main components
of F II are dimers w i t h ~ s m a l l  amoun t of monomeric
derivatives and some higher molecular weight polymers .
Similarly, F I consisrs of polymeric derivatives with the
major molecular weigh t populations of 23,000, 29,000 and
36 ,000 with a s ma ll  amoun t of’ other h i g her  molecular weigh t
polymers and a trace amoun t of dinners , as estima ted by
interpolation on eiectrophore’ic mobility of’ marker proteins
(Fig. 3).

2. CM—cellulose chroma t ography of NPS—
cobro toxin

The combined  e ,lu a t es  of the  F III c b t —  ~aed from
duplicate Sephadex G—50 (cobz’otoxin 70 mg, 10 )nmole)
chroma tography were freeze—dried and applied on a 2 x 26 cm
column of CM-c€ ’iiulose. As shown in Fig. 4—B , six peaks ,
lila , Ilib , IlIc , 1110 , lIle and 1111’. were obtained .
Under the same cond ition , con trol experiment on cobrotoxin
gave a main peak corresponding to the po sition of rative
cobrotoxin and two addit ional peaks in the anodic side
(Fig. 14—A) . Thes th r e e  peaks jus t correspond w i t h  the
peaks, h Id , JIb and Ilif , on the CM-cellulose chromatogram
of F III ( F ig .  ‘4 — B ) .  T h et e t or e , h i d , Ille and ITIf are
the non—reacted tox &Ii l i a c t  ions and lila , Ilib and Ilic
migh t be the NP S—c’ a a ining tox a derivatives.

It is  our de sin e to get higher yield of monomeric
forms of’ NPS—toxini d em ’ i v a t i v e s  and less polymerized form s
and non—reacted toxin fractions . For t h i s  reasons , several
condi t ions  were t r i e d . The CM-cel lulose  chx ’omatographi c
profiles of the monomeric forms derived from three different
experimental conditions are shown in F ig .  4 and the yields of
each f r a c t i o n  are presen ted  in Table I .  It  is obv i. r .zs that
the most favourable condition to get higher yield oi ‘he
monomeric forms of’ NPS-cobrotoxiri derivatives is to reac t
cobrotoxin with FNPS in 5 ml of’ 1 % Na.,C01 buffer (pH io .5)
at 25 C for 8 h.

-
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j. Ch:~ ~~~c ( az ’ J ; ; ~~ I un ~,n 1~~i~~’ l-NPS m o d i fi e d
oxini du in Va iv’ ’

As seen f rom Fit’:. 2 . .,i thu ’i ‘h the F I I  I showed a faint
bL ad a t  the p o s i ti o n  i- o~~r~’spontd s to  d m m e r i c  derivatives
besides the mal  a band of monomei ic f orms , the  six f r a c t i ons
(lila , hlIb , Ilic , 1110 , TIle and lilt ) o b t ain e d  from CM—
cellulose chromatography all revealed as a single band on
the same position as n at i v e  c o b i o t o x i n  on SDS—polyacrylaniide
gels. This indicates that lila . Ihib and llIc’ are
i n t r a m o l e c u l ar ly  cross—linked monomeric derivatives.

As ~shown in Fig. 5, f’r ac t ion s  lila through  Ilif all
revealed as a s~ndle band on po!vacx’ylamide gels at pH 4.5.
The position of each fm ’action appeared ott the gel was also
well correspondent to the chronnatographic profile of CM—
cellulose column , in addition , the combined mixture of
IhIf’ arid native cobrotoxini gave a single band on the gel ,
show i t s  identity to na t ive cobrotox in.

It is very interesting to note that although the
lethality of the NPS—cobrotoxin derivatives , lila , Ilib and
IhIc , retained only 14 %, 14 % and 13 % ,  respectively, their
antigenic activity increased to 106.1 %. 123.9 ~ and 131.3 %,
respectively (Table II, Fig. 6). However , lilt retained
essentially full lethality and antigenic activity. h I d
and Ille showed somewhat decrease in lethality and antigenic
activity . F 1 fi-otn Sephadex G—50, the higher molecular
weight polymers , gave none of precipitate s in i mmune precipi—
tin reaction and lost almost completely the lethality,
however , F II gave e v e n t  a little increase iii precipitifl
reaction and retained about ~t % of’ letha l activity.

t .  Amino ac id c o m p o s i t i o n  of FNPS modified
cobrotoxin d~~ni’vativos

The amino acid composition of the FNPS modified toxin
derivatives are compared with t h a t  of c o b r ot o x i n  ( Table iii)
and the r e s u l t s  are  as fo l lows :

l I la :  0 .81 mo ia  of 1cucin ~ and 0 .9 7  m ole of Tyr—residu e
are m d i  V ied , s u g ge s ti ng  t h a t  t h e r e  i s a covalent
c r o s s — l i n k a g e  b e t w e e n  a ph en o l i c  OH group of
t yr o s i r n e  and the ~~-NI i 2 

group o f’ N-terminal leucine .



I Jib : Onto  ma I e e : t c  ~i of’ l v  s — ar id Tv r— re s r due s are
m od 1’ i ~‘ cI , ~in ,~ges I r ig t h a  t. t iter e s - i covalent
ct us s—Linkage between ! vros inc and ~ —NH 2 group
of Lvs rx& e .

hlIc : 1.15 moles of’ lysine and 0.85 mole of Tyr—residues
are modified , suggesting that there are possibi—
lilies of covalent cross—linkage between lysine
and tyrosine and also , in part , between two
groups of Lys—residues in a probable ratio of
0.85 to 0.15.

h I d  and Ille : There are a significan t decrease in
aspartic content (2.5 residues in h i d  and 2 in
hlie), suggesting that a possible destruction of
Asn-residues in cobrotoxin (6 Asn—residues) may
occur at high PH reaction medium .

Ilif: The amino acid composition of Ilif is essentially
identical to that of’ native cobrotoxin , suppor ting
the evidence of’ IlIf is the wtreacted cobrotoxin.

IV . Discussion

The results of SDS-gel electx’ophoresis revealed that
the reaction products of b i fu n ct i on a l  chemica l  modificat ion
are very complex. The complexity was found to be dependent
on the molar ratio of the reactants , protein and FNPS,
volume of reaction rnixtut ’e , arid the reaction time and
temperature . The reaction of human CO hemoglobin with FNPS
was recommended to c a r t -v  out in 300 ml of reaction mixture
(Macleod and Hill , 1970), the reaction o bovine pancreatic
ribonuclease A with l ,5-difluoro—2 ,4— dinitrobenzene in 1.8
1 of NaHC O 3 (Na n cy et  a l .,  1965). and the reaction between
FNPS and lysozym e was proceeded in 3 .5 1 of 1 % Na2CO3
(Stevens and Long , 1969). The experimenta l condition used
in this study was chosen in such a manner to get a high er
yield 0 intramolecularly cross—linked monomeric d e r i v a t i v e s .
When c ompared the several different  cond it ions tr ied for
the reaction of cobrotoxin wi th  FNP S ( Table 1) ,  the best .
condition was found to be in a small volume , 5 ml , of 1 ~
Na2CO3 at 25 C for 8 h .

The polymers produced in the reaction of’ bovine

- 7 - -
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p ax r C n~~~~m 1  ~ r i b om i u c l e e”’ \ w i t h  , i f  ,,~o— ? ,.4— tinjtrOben z Pfle

ar e  h u l  i o v ~~c 1 t o  ~~f’ t i at i ” o ~~ u i c n i~ ~ ‘ ‘r~ ’’~fl~ ‘5 ; t i o r at ed  h~ t ire
lyoph i 1 i za r ott ( ~~;t . t 1 uv et ~ . , I ~? ‘ 5  ) . l i O w e V r ’V  • Ito rrggrega tes

were fe :ned itt  (lie I t  art of ub r~~ tOX1 ii with te trani t ro—
met h a n e  and t i ’j n i  t r ob en ~~en~’ ‘~u 1 t  om ~~ ‘‘ ( Chang et a l.  , 1971a
197lb) and al.so during the c e n t r a l  experiment of’ cobrotoxi it
i n  t h i s  s t u dy .  These t’oets sugges t  t h a t  t he  f o r ma t i o n  of
dinners anc h i g h e r  m ol ec u l a r  wel  ~ h t  polymers  d u r i ng  the
reac t ion between cobro lox iii and FNPS is due t o  the  j f l t~~rnit ’ it ’ —

cu l at  c r o s s — l i n k a g e  by FNPS .

The spectra of l i l a , 11Th and bile i i i  the i antg’~ Jf

360 t o 42 t )  am are the  same in th e  ex t . r’ emne a c i d  ( pfl I . 5
and alkaline medium (pH 11.5) ( F ig .  7) and t i m e  spec tra
remain unchanged upon stand ing in the alkaline medium at

pH 11.5 for  10 h.  This  i nd i ca t e s  t h a t  b o th  f l uo r i n ’~ u t out s

of FNPS are  substituted bifunctionally in the above rhi- ec

cross- linked derivat±ve~’t (M arfey et at ., 1965). The
othe r three frac tions , h I d , Ihle and lilt’, appear to be
non—reacted toxins . Their  spec t ra  in  the r og i ox i  b e t w e en
260 and 3’.)( )  rim are almost identical to tha t of the n a t iv e
cobrotoxin.

Ihe b i o l o g i c a l  a c t i v i t i e s of t h e  six t r a c t i on i s  from
CM—c e l l u l ose  column are d i f f e r e n t .  The non—reactt’d
f r ac  t ion , u h f  is al most  f u l l y  act ive ~t s  n a t i ve  c o b r o t o xi n .
However , h I d  and I1.le showed s o m e w hat  dec rease  in t h e i r
biological uctivit ip s (Table II). The pronounced decrease
of lethality of’ t h e  NPS—cobrotoxin der ivatives , lila , ilib
and Il ic , and their concomi t ant. increase in antigenic
activity may be attributab le 1.0 a direct interference with
the toxic site (s) in c u r r e d  by th e introduction of the NPS—
group (s) and to a confommatiorma l change occurred to the
molecule.

Bifunc ti.onal reagent , FNPS , r e ac ts  preferentially
with amino groups and tyr ’osi.ne p hen o l  IC OH groups , but
sulfhydryi and i in dazole groups can also rear t (Wold , 1972).
However , tu e pica values of these groups are 10.53 (i—NH ,, ot’
lys.ine), 10.07, P .5, and 6.0, respectively. Therefore~
the reaction between pro l p i n  and FNPS is favored to the
amino and phenolir OH groups under h i g h  pH (above 10)
reaction medium (Tawde ot a . ,  19h3: Wold , 1~~~1a , l~~61h;
Stevens and Long , l9h9~ Mac .~.eo’~i and Hi ll , 1970; Cua tz’ecasa~
et  a l .  , 1969) . The resull .s ol’ ;f lnj f le  acid analyses of’ t ire
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l x i  _ i ’tii’ , t~~ ~ I~’ t ’ r ¶ ~ l i .~ ami, o a c i d  t e s i d ues  x’eaeted
w i t h  F P . . t t ~~’ in~~i i ~ ‘ 1  t e  ~~\ , I t  i v r~~~ w er e  d i g es t ed  wi th
t i v  p~ iii a I c i’ i a ’  u c t t  i a t  t S — c - i  rbo~~ m e t  liv 1. a i on . The
d j g ’  t s x~ o r e  se ‘- i  ra t. - I I . ‘.- omb in  t i ott ‘ 1 Ii i gli — vol t age
pap e t e I cc t t op i to  • ‘ — . ~ u id ~h i ’  ‘-(C i ’i i c l  x m ig  pape r elm r ’oma t ography
The N P S — p e p t .  Olet -  on t h e  pep ’.  ide map we t-c c i  t i t  ed (‘or ami no
a ci d  arui I vs i s a nd t Im ~ w o r k  i s now ii i  p r -ogre ss

V .  C o i m e  l u s  I on

The reaction of c o b r o t o x ir j  w i t h  )4 , !4’ _ d i fl u o r o_ 3 , 3 ’ _
(1 i r t i  t rod i ph eny ls u.l l one (FNPS ) was s t u d i ed in an at  tempt ( 0

A n t  r - oduce new t e r t i a rv  bonds i n t o  t o x i n .  A t  p14 10.5,
c o br ’ o tox in  was  reac t ed w i t h  a 1 0 — f o l d  mo l ar exces s  of FNPS
a t  25°C f o r  8 I i .  1)imers and h i g h e r  m o l e c u l a r  weigh t
der~ v a t  i yes  an sing t rom m n i t e m m o l e cu l a r  reac tions were
s ep ar a t e d  f ron t  intramolc’cularlv c r o s s— l i n k e d  mo n~omer i c
der’i v a t  i vo s  by gel f’ i I t ra t i o n  ott a Sephadex G—~ 0 colum n

The mor zom c t ’ i c  t r a c t  i o u  F 11] was  f u r t h e r  p u r i f i e d  by
ch r o m a t o g r a p h y  ott CM- .’e l l u i os e  column . Six peaks were
oh tz t  i ned , of win ich  I hi’ee f rac  t i ons  , -i h a  . I b ib  and h l ic
were  p roved  to be NPS—con t.a i ring c ob v o ( ox i  xi d e r i v a t i v es  and
were a l l  b i fu n c t io n a l  I y cr o ss— l i n k e d  W i  t i x  FNPS . The r e s u l t s
of a m i n o  a c i d  a n a ly se s  of i hese d en  iv a t  ive s  revealed tha t
t h e  mod i i ’ ica  t ion x’ -su I ted i it the r i - o s s—  1 inkage be tween
phenoli c  OH g r o u p  oF rvx - — r e s  i due and N — t e r m i n a l ~~—N 112 group
( l i l a) ,  ~uid b e t w e e n  fy r — r e ~~idue and ~—N H 2 g roup  of Lys—
r e s i d u e  (11Th ar id Ji .Tc) . The l e t h i a l i  tv of l I l a .  Ilib and
Ilic decreased to ‘i ~~ , i ~~ and 13 ~~, w i l I t  a c o n c o m i t a n t
increase in Atrltigeni (- act :i v i t i c s  to  106.1 % . 123 .9 % and
131.3 %. respect ively.
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Tab l t ’- I

The Yields of FNPS Mcdi lied Toxin i)er.iva I ives

in Three Different Conditions

in 5 ml in 5 ml in 350 ml
Experimental af.  25 °C at: 4°c at 211°C
condition fo r 8 h for 8 h for 24 h

Yield (%) Yield (%) Yield (%)

Gel Filtration F I 2 1 .3  35.3  10.0
on Sephadex G-50

F II 10.3 16.8 22.3

F III 6o . i . 40.8 67.9

Chromatography lIla 5.7 0.3 4 . 14
of F III on
CM—cellulose h I P  4 .2  0.1 —

hlic ‘~.l 0.3 6.1

h I d  13 ’4 13.0 —

lhl.c 3 .5  3 .2  38.0

JIl l’ 2 .2 ih . t; l9.~4
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Table 11

Lethali ty and Antigenic Act ivi ty of Monomer Frac ti ons
Obtained from CM-cellulose Chromatography

Antigenic
Lethality

Fractions activity
(%) (%)

lila 14 106.1

IlIb 14 123.9

Ilic 13 1)1.3

hId 87 65,.5

hhIe 87 73.3

u h f  96’  
‘ 96.1

- 1 5 -
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Table I I I

Amino Acid C o m p o sIt i o n  at ’ C a h r ”  t o x i n  and NPS—cob rotoxin Derivatives

Re sidue s per mole of protein

Amino Acid Cobrotoxin NPS-cobrotoxin

Z~IIa IhIb Ilic h I d  h I d  hlle

Aspartic acid 8 7.81 7.93 7.92 5.50 6.00 8.02

Threonine 8 7.91 7.91 7.94 8.08 8.02 8.O~.
Serine 4 .‘;03 4.08 4.ii 11.o~ 4.03 11.01

Glutamic acid 7 7.1.4 7.09 7.10 6.94 7.05 7.03

Proline 2 2.21 2.05 2.09 2.0~4 1.89 1.92

Glycine 
- 

7 7.08 7.05 7.03 7.03 7.09 7.02

Alanine - - - - - - -

HaIf—cystine 8 8.10 ‘7.93 7.95 8.10 8.04 8.10

Valine 1 1.03 1.02 1,20 0.98 1.23 1.02

Methionine - - - - - -
Isoleucine 2 2.00* 2.00 2.00 2.00 2.00 2.00

Leucine 1 0.19 1.02 1.00 1.04 1.00 1.07

Tyrosine 2 1.03 1.01 1.15 2.05 2.10 1.94

Phenylalan ine - - - — - - -

Lysine 3 2.b5 2.01 1.83 3.03 3.02 3.03

Histidine 2 1.98 1.98 ‘ 2.01 2.00 1.92 1.99

Arginine 6 6.02 5.91 5.98 5.97 5.98 6 .03

* All values are expressed as molar ratios based on isoleucine 2

— 1 6 -
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Fig. 2. SDS-’y’t r ’lcn  t I ’ C C P l C C I n ’ S I S  of’ FNPS modified toxin
derivatives.

The SDS-ge l e . l ectropJ io resi s  was performed in 10 ~
polyacrylamide ~e1s . I 1 . -clrophoresis WaS run at 8 mA per gel
for 4 h. The amount 01’ protein applied to each gel WftS 25,

30, 10, 10 and .1,0 p~. r e spe cliv e ly. for F I , F II , F III , IIIc
and cobrotoxin.
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Fig. 3. Electrophoretic mobility of’ marker protein s .

Determination of the molecular weight of FNPS—modiuied toxins
by SDS-ge l. electrophoresis was performed in 10 % polyacrylamide
gel.. as described in Fig . 2. Nob ilities were oalcul~ ted as
follows:

distance of pro tein migration length before staining
Mobility = 

- x
distance of dye migration length after destaining C

The ’ mobilit iee were plotted against the molecular weights or the
stanliard proteins (bovine serum albumin, 68 ,000; ovai.bumin , 43, 000?

chymotryps’in , 24 , 000 ; myoglobin , 17, 200 ; cobrotoxin , 6 , 9149) on a
semi—logari thmi c scale and the molecular weigh t of the FNPS—modified
toxins were estimated by interpolation .
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Fig . 5. Disc electrophoreSts of F III and six fractions from

OM—ce llulose column shown in Fig. 4— B. -

Disc electrophoresis in 7 % po lyacrylamid e gel was carried
out in small glass tubes , 5 x 75 nun . After the prerune by
applying a current of 1.5 mA per gel for 30 mm , the protein sample
(10 jig) mixing with a trace of tracking dye was applied and
stacking ran 2 mA per gel for 30 m m .  The electrophoresis was

performed at 15 C by applying a current of 8 mA per gel for 145
miii until the dye moved to the buttom of the gel tubes.
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