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Two fract ions  with phosphol ipase  A 2 activity have been isolated f rom the venom of the Centra lAs ian  
cobra by f i l tration through Sephadex G-75 gel  fol lowed by ion-exchange  chromatography on CM-ce l lu lose  
[1, 2]. The f irst  - phosphol ipase  A2I - according to the resul t s  of rechromatography,  horizontal  e l e c t r o -  
phores l s  in s tarch and po lyacry lamide  ge ls ,  and disk e l e c t r o p h o r e s i s ,  proved to be homogeneous  with a 
m o l e c u l a r  weight of 12,000 (determined by gel  f i l tration [3]). The second - phosphol ipase  A2II - was a l so  
an individual substance according to the cr i t er ia  mentioned above,  but it was  l e s s  act ive and had a m o l e c u -  
lar  weight of 19,000; it is  a s sumed  that the phosphol ipase  A2II fract ion contains  a component  not separated 
by the use  of the ordinary preparat ive  methods  and poss ib ly  inhibiting the e n z y m e  [2, 4]. Below we give 
the amino-ac id  compos i t ion  of both phosphol ipases  A 2 of the venom of the Central  As ian  cobra.  

The resul t s  of the invest igat ion of the amino-ac id  compos i t ion  of the e n z y m e s  iso lated from the 
venom of the cobra are given in Table 1. The mean values  of three determinat ions  are given.  The m o l e -  
cule of phosphol ipase  A2I cons i s t s  of 115-117 amino-ac id  res idues;  the m o l e c u l a r  weight calculated on this  

TABLE 1. Amino-AcidComposi t ion  of Phospholipases A~ of the 
Central  Asian Cobra 

Amino acid 

~i sine 
stidine 

Arginine 
Aspartic acid 
Ttireonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
112 Cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Tryptophan 
Total number of amino acids 
Mol. wt,: 

24 48 

6,2 ' 5,9 
0,7 i0,88 
4,3 4,25 

19,7 ]16,9 
4,6 ! 4,5 
6,2 5,9 
7,4 ~ 7,8 
5,1 15,5 
84 1 :4 

10,0 
12,7 14,7 
3,9 3,38 
1,2 1,32 
3,4 4,3 
5,8 5,9 
8,1 7,6 
3,8 3,45 

Time of hydrolysis, h 
phospholipase Azl phospholipase Azll 

rounded - 
72 offmeam ~4 48 

5,3 5--6 9,4 9,3 
0,9 1 2,34 3,7 
4,1 4 7,2 7,6 

16,7 19 21,6 21,4 
4,3 5 10,1 10,4 
5,6 6 16,7 16,7 
7,3 7--8 18,1 17,(J 
5,4 5 10,4 10l] 
8,8 9 11,0 11,3 

ll,5 II l l , l  l lfi  
14,1 14 12,0 13,~ 
4,2 4 16 8,8  
1,32 2,4 2,17 

4.5 t 5,9~ 5,9 4 3,4 8.8 8,1 
8 9 8 8,8 7,55 

4,1 4,31 

115-117 

12000 
11370--11627 

8,7 I .tl 
3,16] 2--3 
6,92 / 7 

21,4 I 21 
9,981 I~1 

14,8 / 17 
18,5/ 18 
10.7 ] 10 
11,0 | 11 
1o,~51 11 
13,5/ 13-14 
8,9 8--9 
3,15 2-3  
5,5 I 5 9,9 9 
8 9 8--9 
4:3 4 

3 
168--173 

19000 
18553--19186 

a) by gel filtration 
b) from the amino-acid composition 

Note. The n u m b e r s  of r e s i d u e s  of ind iv idua l  a mi no  ac ids  w e r e  ob-  
ta ined  by ex trapo la t ion  to ze ro  t i m e  ( threonine ,  s e r i n e ,  t y ros ine ) ;  
fo r  va l ine ,  l euc ine ,  and i so l euc ine  the r e s u l t s  of the 72 - hou r  h y d r o l -  
y s i s  were  taken  as a b a s i s .  
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Fig. 1. Absorp t ion  spec t r a  of pbos -  
p h o l i p a s e s  A s of the venom of the Cen-  
t r a l  Asian c o b r a  (0.05% solution of the 
enzymes  in 0.05 M t r i s  hydrochlor ide 
buffer,  pH 7.5 containing 6 Mguanidine 
chloride):  F r  B) phosphol ipase A2I; 
Fr  D) phosphol ipase A2II. 

bas i s  i s  11,370-11,627. In phosphol ipase A2II we found 168-173 
res idues ;  its mo lecu l a r  weight is h igher :  18,553-19,186. We 
have es tabl i shed that  phosphol ipase  A2I contains l e s s  than 0.1 
mole of f ree  sulfhydryl  groups  p e r  mole of prote in .  Conse-  
quently, the 14 semicys t ine  res idues  in phosphol ipase A2Iform 
seven disulfide bonds.  We have been  unable to de te rmine  the 
number  and state of the SH groups in phosphol ipase A~II. Ac-  
cording to the amino-ac id  analysis ,  this  enzyme contains 13- 
14 semicys t ine  res idues ,  but one must  cons ider  the poss ibi l i ty  
of the p re sence  in the enzyme p r e p a r a t i o n  of another  pro te in  
(or peptide) [2, 4]. The two phosphol ipases  A 2 are  distinguished 
by the i r  contents of individual amino acids,  pa r t i cu l a r ly  hy- 
droxy amino acids (serine,  threonine) and lysine,  arginine 
and glutamic  acid. If it is a s sumed  that some of the d icarbox-  
yl ic  amino acids a re  p resen t  in the amide form,  the difference 
in the i r  i soe lec t r i c  points - about 4.0-4.5 for  phospholipase 
A2I and 8.0-9.0 for  A 2 I I -  becomes  unders tandable .  

The absorpt ion  spec t r a  of phosphol ipases  A2I and II of the venom of the Centra l  Asian cobra  a r e  shown 
in Fig. 1. We obse rved  an absorp t ion  m a x i m u m  at a wavelength of 280 nm and a min imum at 257-258 nm. 
The m o l a r  extinct ion of phosphol ipase A2I calculated for  a mo lecu la r  weight (mol. Wto) of 12,000 is 2.2 • 
104 and that of A2II (tool. wt. 19,000) is 2.88" 104. The coefficient of m o l a r  extinct ion of phosphol ipase A 2 
f r o m  bee venom (tool. wt. 18,500) is 3.6" 104 [5], which is c lose to our values .  The E 1% values of phos -  

c 
phol ipases  A2I and II of the venom of the Centra l  Asian cobra  a re  15.2 and 18.2, respecn~Lvely. For  com-  
par ison ,  we may  ment ion that E l~0 of the phosphol ipase A~ with a mo lecu l a r  weight of 18,500 is 19.9 and 
that of the phosphol ipases  A2I anC~-H f r o m  the venom of the rat.tlesnake Ag. halus blomhoffii  is 14.9 for  a 
mo lecu l a r  weight of 13,800 ~- 500 and 15.1 for  a mo lecu l a r  weight of 13,700 • 500 [6]. The phospholipase 
A2II of this venom is the c loses t  to the phospholipase A2I that we have isolated in a number  of p rope r t i e s .  

Table 2 gives ,  for  compar i son ,  informat ion  on the amino-ac id  composi t ions  of phosphol ipases  A 2 

f r o m  a number  of different snakes,  for  bee venom, and for  the enzyme of porc ine  pancrea t i c  gland. The 
phosphol ipase  A~I with a m o l e c u l a r  weight of 12,000 that we obtained is s imi l a r ,  in its quantitative amounts 
of individual amino acids,  to phosphol ipases  A 2 having molecu la r  weights within the same l imi t s  - f r o m  
11,100 to 14,600 - and, pa r t i cu la r ly ,  to the phospholipase A 2 f r o m  the venom of the cobra  Najanaja  a t r a  
[7]. For  the two phosphol ipases  A 2 f rom the venom of the cobra  N_. naja, the amino-acid composi t ion was 
calculated for  a mo lecu l a r  weight of 24,000, and for  the venom of the ra t t lesnake  Cr .  adamanteus  for  a 
mo lecu l a r  weight of 30,000 [8, 9]. Never the less ,  it has been shown that the mo lecu l a r  weight of 24,000- 
30,000 de te rmined  by u l t racent r i fugat ion  is the molecu la r  weight of the enzyme in a d imer ic  form;  the 
molecu la r  weight of phosphol ipase A 2 m o n o m e r  is 11,000-15,000 [10, 11]. Consequently, for  compar i son  
we halved the f igures  for  the amounts  of individual amino acids in the phosphol ipases  A~ of the venoms 
of N. nasa and Cr.  adamanteus  (the resu l t s  of this opera t ion are  given in pa ren theses  in the appropr ia te  
columns of Table  2). In this way it was poss ib le  to show that, calculated to the mo lecu l a r  weights of the 
monomers ,  all the phosphol ipases  A 2 have s i m i l a r  amino-ac id  composi t ions .  A common fea ture  of them 
is a high content of semicys t ine  (more than 10% of all the amino-ac id  res idues) .  The number  of semicys t ine  
res idues  va r i e s  f r o m  12 to 15, but for  the major i ty  of phosphol ipases  A 2 it is 14. In none of the enzymes  
were  f ree  SH groups  found, i.e.,  all the semicys t ines  a re  bound by disulfide b r idges .  Consequently, odd 
numbers  a re  unsuitable as indices of the semicys t ine  content. Also cha rac t e r i s t i c  for  the phosphol ipases  
A 2 are  high amounts of a spa r t i c  and glutamic acids,  ty ros ine ,  and lysine,  and also glycine and pro l ine .  The 
l a t t e r  is respons ib le  for  the pronounced stabi l i ty  of the pro te in  molecule  of the enzyme.  Small var ia t ions  
in the amounts of methionine may be due to e r r o r s  of de terminat ion and calculat ion.  In any case ,  the c loses t  
to phospholipase A2I of the venom of the Centra l  Asian  cobra  in its p rope r t i e s  and composi t ion  are  the 
phosphol ipases  A2II of the venoms of N_ nigr icol l i s  and of N__~. naja a t ra ;  the venom of the sea  snake Lat.  
s emi fa sc i a t a  also has one methionine res idue in i ts  composi t ion.  In the major i ty  of phosphol ipases  A 2 two 
to three t ryptophan res idues  have been found spec t rophotomet r ica l ly  [12]; only in the phosphol ipase A2II 
of the cobra  of N._: ni~ricol l is  were  five res idues  found, but in this case  a different method of calculat ion 
was used [13]. 

The f igures  for  the amino-ac id  composi t ion  of the phospholipase A2II cannot be d iscussed  in depth, 
since the ma te r i a l  was poss ib ly  contaminated with another  p ro te in  for  the separa t ion  which a specia l  p r o -  
cedure is requi red  [4]. Never the less ,  tendencies  a re  observed  that a re  c h a r a c t e r i s t i c  for  phosphol ipases  
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A 2 in general :  high amounts of cysteine,  aspar t ic  and glutamic acids, lysine, prol ine,  and glycine. In its 
molecu la r  weight and numbers  of amino-ac id  res idues  phospholipase A2II is close to the phospholipase A 2 
of bee venom, the polypeptide chain of which consis ts  of 183 res idues  and has tool. wt. 18,500 [5]. How- 
ever ,  l a t e r  work has shown that the phospholipase A 2 of the bee venom contains 129 amino-acid  residues 
and its molecu la r  weight calculated on the basis  of the composi t ion is 14,629 [17]. The d i f ferences  in the 
molecu la r  weights are  due to the p resence  of ca rbohydra tes  in the phospholipase A 2 of bee venom [5, 17]. 
It is not excluded that carbohydra tes  may also be presen t  in the phospholipase A2II that we have investigated. 

Analysis of the N-terminal  amino acids has shown the puri ty  of both the f rac t ions  with phospholipase 
act ivi ty isolated f rom cobra  venom. Using the f luorodini trobenzene method, asparagine was isolated when 
phospholipase A2I was chromatographed;  the dansyl method enabled asparagine to be identified at the N- 
end. Asparagine has been isolated f rom the N end of phospholipase A 2 of the venom of N. naja a t ra  [7]. 
Lysine was found at the N-end of phospholipase A2II by the f luorodini trobenzene method. In connection 
with the hypothesis of the p resence  of another  component in this fraction,  the N- terminal  amino acid of 
phospholipase A2II requ i res  confirmation.  

EXPERIMENTAL METHOD 

The preparations of phospholipase A 2 were obtained from the venom of the cobra by a method de- 

scr ibed previously;  t he i r  pur i ty  was checked by horizontal e l ec t rophores i s  in s ta rch  and polyacrylamide  
gels at various pH values,  by disk e lec t rophores i s ,  by rechromatography,  and by te rmina l  amino-acid  
analysis  [1, 2]. 

The amino-acid  composit ions of the phospholipases A 2 were determined on a AAA-881 amino-acid  
ana lyzer  (Czechoslovakia). The prote ins  were  hydrolyzed twice with redis t i l led hydrochlor ic  acid in tubes 
sealed under  vacuum. Hydrolysis  was pe r fo rmed  at 105°C for  24, 48, and 72 h. The amounts of t ryptophan 
were  de termined  on a Specord UV-Vis spec t rophotometer  by Edelhoch's  method [12]. Solutions of the 
native prote in  with concentra t ions  of 0.1 and 0.050% in 0.05 M t r i s  hydrochloride buffer  (pH 7.5) containing 
6 M guanidine chloride were  used. The amount of f ree  SH groups was measured  by amperome t r i c  t i t ra t ion 
[18]. The amino acids at the N end were  identified by the f luorodini trobenzene and dansyl methods [19, 20]. 

SUMMARY 

1. The amino-acid compositions of two phospholipases A2 isolated from the venom of the Central 
Asian cobra have been determined. It has been shown that phospholipase Azl has no free sulfhydrylgroups. 
The molecule of phospholipase A2I consists of a single polypeptide chain stabilized by seven disulfide bonds. 

2. The absorption spectra of the phospholipases A 2 isolated have been recorded. The absorption 
maxima of both phospholipases are located at a wavelength of 280 nm and the minima at 257-258 nm. The 
coefficient of molar extinction of phospholipase A2I is 2.2.104 and of A2II 2.88- 104. 

3. Asparagine has been identified at the N end of phospholipase A21 by the fluorodinitrobenzene and 
dansyl methods. The amino acid at the N end of phospholipase A211 is probably lysine. 
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