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Local ización de un "s i t io t ó x i c o " en fosfolipasas A 2 

de venenos de serpientes 

E U G E N I O A R R I A G A D A and H I L D A CID 

Departamento de Biología Molecular, Facultad de Ciencias Biológicas y de Recursos Naturales, 
Universidad de Concepción. Casilla 2407, Concepción, Chile. 

Secondary structure predictions on nine snake venom phospholipases A 2 by the Chou and 
Fasman and Cid et al. prediction methods, have led to the location of two possible "toxic 
sites", responsible for the neurotoxic and myotoxic action of the basic snake venom P L A 2 , 
respectively. The accessibility to the neurotoxic site is blocked by the presence of a small 
helical structure (helix D in the bovine P L A 2 ) . The role of lysine residues is found to be 
decisive in the venom's toxicity. 

All p re synap t i c snake v e n o m n e u r o t o x i n s 
show a P L A 2 ac t iv i ty which has been 
re la ted t o their specific ac t ion . In general , 
t h e y presen t mu l t ip l e p o l y p e p t i d e chains , 
wi th different degrees of tox ic i ty a n d , at 
least o n e of these chains is a P L A 2 . T h e y 
are n e u r o t o x i c , m y o t o x i c , ca rd io tox ic or 
show an t icoagu lan t act ivi ty . Their le thal i ty 
is variable , and it has been found t o be 
d e p e n d e n t o n t h e basic charac te r of t h e 
t o x i n : basic p resynap t i c n e u r o t o x i n s , 
n o t e x i n and no tech i s II-5 and t h e m y o -
tox in f rom Enhydrina schistosa p resent 
a high le tha l i ty ( 1 , 2) , on t h e con t r a ry , 
neu t ra l o r acidic phospho l ipases from snake 
venoms present a scarce or null t ox i c i t y (3) . 
On Table 1 are listed the charac ter is t ics 
of n ine PLAs ob ta ined from snake v e n o m s 
used in t h e p resen t s t u d y , t o g e t h e r wi th 
t hose of t h e bov ine pancreas P L A 2 . All 
of t h e m be long t o G r o u p I of P L A accord
ing t o t h e classification of Heinr ikson 
etal. (4) . 

Snake-venom phospho l ipases show great 
similarities a m o n g t h e m and wi th t h e 
m a m m a l ' s PLAs : all have a b o u t 120 a m i n o 
acid residues and seven disulfide br idges; 
the i r sequences p resen t a b o u t 50% of 
h o m o l o g y . A r emarkab l e fea ture in t h e 
snake v e n o m and m a m m a l ' s P L A 2 is t h e 

invariant pos i t ion of t h e 7 disulfide b o n d s 
(wi th t h e on ly excep t ion of t h e ^ - b u n -
ga ro tox in which has 6 ) , wh ich gives a 
ra ther rigid c o n f o r m a t i o n t o t h e molecu le . 
It is t h e n reasonable t o assume tha t t h e 
coarse folding of t h e p o l y p e p t i d e chains 
of all snake phospho l ipases should be , 
n o t on ly similar a m o n g t h e m , b u t also 
wi th t ha t of P L A 2 ob t a ined from m a m 
mals. Resul ts f rom circular d ichro i sm 
m e a s u r e m e n t s pe r fo rmed in six PLAs 
ob ta ined from Elapid snake ' s venoms 
indicate a high degree of s imilar i ty in their 
secondary s t ruc tures (5) . 

Chemical modi f ica t ion of m a m m a l i a n 
and snake PLAs wi th p - b r o m o p h e n a c y l 
b r o m i d e shows a n o t h e r close re la t ionship 
b e t w e e n the i r s t ruc tu res . T h e modif ica
t ion of o n e his t id ine res idue which caused 
t h e loss of phosphol ipas ic act ivi ty in the 
pig P L A 2 (6 ) also p r o d u c e d t h e s imul ta
neous loss of the phosphol ipas ic and 
n e u r o t o x i c activities in t h e PLAs ob ta ined 
from t h e snakes Notechis scutatus scutatus, 
Bungarus multicintus, Naja naja atra, 
Naja nigricollis and Hemachatus haema-
chatus (7-9) . 

However , t he re la t ionship b e t w e e n tox 
icity and ca ta ly t ic ac t ion of t h e t o x i c P L A s 
is by n o m e a n s es tabl ished, main ly d u e to 

* A preliminary report was presented at the 2 3 t h Annual Meeting of the Sociedad de Biologia de Chile, held in Vina 
del Mar, Chile, in November 1980. Final results were reported at the 2 9 t n Meeting of the Sociedad de Biologia de 
Chile held in Pucon, Chile, in November 1986. 

Abbreviations: PLA 2 , phospholipase A 2 
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t h e lack of i n fo rma t ion o n t h e t e r t i a ry 
s t ruc tu re of these p re synap t i c t ox ins . 
On ly t h e crystal l ine s t ruc tu re of a d imer ic 
P L A 2 f rom t h e venom of Crotalus atrox 
has been d e t e r m i n e d t o 2.5 A reso lu t ion , 
b u t t h e detai ls of th is s t ruc tu re are n o t 
sufficient t o loca te t h e sites responsib le 
for tox ic i ty (10) . 

In t h e absence of a detai led knowledge 
of t h e t e r t i a ry s t ruc tu re , t he secondary 
s t ruc tu re could provide a b e t t e r p a t t e r n t o 
c o m p a r e t h e snake e n z y m e s a m o n g t h e m 
selves and w i th t h e m a m m a l phospho l ipases 
t han t h e p r imary s t ruc tu re . The te r t i a ry 
s t ruc tu res of bov ine and pig pancrea t i c 
P L A 2 have been d e t e r m i n e d t o a high 
reso lu t ion ( 1 1 , 12) . T h u s , a compar i son 
of t h e s t ruc tu ra l differences a t t h e secondary 
s t ruc tu re level could lead first, t o an 
exp l ana t i on of t h e r emarkab l e differences 
in specific ac t ion b e t w e e n snake venom 
and m a m m a l P L A s in spi te of t h e great 
s t ruc tu ra l conserva t ion , second , t o t h e 
loca t ion of t h e regions of t h e p o l y p e p t i d e 
chain respons ib le for t h e t ox i c ac t ion , 
and finally t o a b e t t e r c o m p r e h e n s i o n of 
the l inks b e t w e e n t h e phospho l ipas ic and 
t h e n e u r o t o x i c activit ies in t h e snake 
v e n o m e n z y m e s . 

METHODS AND RESULTS 

The reversible character of denaturation-renatura-
tion experiments on proteins, is an indication 
that the nature and sequence of the amino acid 
residues determine to a great extent both the 
secondary and tertiary structures of these macro-
molecules (13) . This fact is the central idea of a 
great number of methods devised to attempt a 
prediction of the secondary structure of proteins 
based on the information contained in their primary 
structures. Two methods, which have been report
ed to give 80% reliability have been used in this 
work; these are the Chou and Fasman's method 
and the method by Cid etal. (14, 15). 

The Chou and Fasman's method is based on 
empirical probabilities: it defines conformational 
parameters, Pa, Pfi and Pt, for each of the 20 
natural amino acids, which represent the normaliz
ed frequency of occurrence of each amino acid 
residue in a particular type of secondary structure, 
as obtained from a data base of 29 fully determined 
protein structures. An average < P j > greater than 
1.0, obtained for a group of amino acids taken in 
sequence (6 for a helix, 5 for a (3-strand and 4 for 
a |3-turn) is an indication that the structure type 
j is likely to occur in that region of the sequence. 

A modification that replaces the average of the 
conformational parameters by their product, in 
order to improve the sensitivity of the method in 
the vicinity of the limit value 1.0 has been used in 
this work (16) , as well as another modification 
that considers 4 conformational parameters for 
each amino acid residue in a turn structure (17) . 

The method by Cid et al. (15) combines phy-
sicochemical measurements of solubilities of 
amino acids in polar and non-polar solvents, 
with information obtained from a data base of 
21 known protein structures (18) . It gives the 
relative position of the polypeptide chain with 
respect to the protein surface, since it has been 
shown that a linear correlation exists between 
this distance and a hydrophobicity coefficient 
defined by Ponnuswamy etal. (18) . The "hydro
phobicity profile" of a protein is simply a plot 
of this coefficient < H f > , versus the amino acid 
number in the sequence. Four basic profiles have 
been defined for four types of secondary structure: 
helix, 0-turn, buried and exposed (3-strands (15) . 
The identification of xthese patterns in the hydro
phobicity profile of the protein yields the predict
ed secondary structure. 

The prediction of the secondary structure was 
done independently by both methods. For a 
joint prediction, when discrepancies were found, 
the results from the hydrophobicity profiles' 
method were preferred, if the profile resembled 
precisely one of the four typical profiles described 
in (15) , otherwise, the Chou and Fasman predic
tion was accepted. 

The predicted secondary structures of all the 
snake venom PLA 2 listed in Table 1, compared 
to the experimentally determined secondary 
structure of the bovine pancreatic P L A 2 , are 
schematically illustrated in Fig. 1. The predicted 
secondary structure of the mammalian phospho-
lipase, compared to that determined from the 
tertiary structure, gave an estimation of the relia
bility of the method: 90% in this case (15) . 

A comparison of the hydrophobicity profiles 
allows the aligning of the sequences and a detailed 
differentiation of the secondary structures. On 
Fig. 2a are shown the profiles for all the PLA 2 

listed in Table 1, up to amino acid 60, displaying 
the similarity of these profiles in this constant 
region. Fig. 2b shows the rest of the sequences 
aligned according to the shape of the profiles. The 
presence of important lysine residues are marked 
with an asterisk in the profiles. 

In order to facilitate the comparison, a com
mon numbering for all the sequences, as proposed 
in (5) but considering the bovine PLA 2 without 
deletions has been used in Figures 1 and 2. 

DISCUSSION 

T h e p red ic ted s econda ry s t ruc tu res for t h e 
n ine PLAs schemat ized in Fig. 1, ind ica te 
t h a t t h e secondary s t ruc tu re is pract ical ly 
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TABLE 1 

Some characteristics of 9 snake-venom PLAs and of bovine pancreas PLA 2 

99 

Phospholipase A 2 
AA Residues Character Activity L D S 0 

JUg/g mouse 
Reference 

1. Bovine pancreas PLA 2 123 Basic Non toxic -
2. Notexin 119 Basic Neurotoxic & 0.017 a (1) 

Myotoxic 
3. Notechis II-5 119 Basic Neurotoxic & 0.045 a (1) 

Myotoxic 
4. Notechis II-l 119 Neutral Non toxic (1) 
5. Enhydrina ¡chistosa PLA 2 119 Basic Myotoxic & 0.040 a (28) 

Neurotoxic 
0.020-0.030 b 6. 0i-bungarotoxin (chain A) 120 Basic Neurotoxic 0.020-0.030 b (23) 

7. Naja nigricollis PLA 2 118 Basic Moderately 0 .63 a (9) 
toxic 

8. Naja naja atra PLA 2 119 Acidic Weakly toxic 8.6 a (9) 
9. Taipoxin 7-subunit 125 Acidic Non toxic - (29) 

10. Hemachatus haemachatus PLA 2 119 Neutral Weakly toxic 8.6 a (9) 

Intravenous. 
Intraperitoneal. 

RESIDUE NUMBER 

1 Bovine pancreas P L A 2 

2 Notexin 

3 Notechis II - S 

i Notechis 11-1 

B Enhydnno schistosa myotoxin 

6 Pfl - bungarotoxin (Chain A ) 

7 Najo nigricollis P L A 2 

8 No/o nojo olrq P L A 2 

9 Taipoxin I f - subumt ) 

10 Hemachatus hoemochatus Pt_A2 

1 Bovine pancreas PLA 2 

2 Notexin 

3 Notechis 11-5 

Í Notechis l l - l 

5 Enhydrina schistosq myotoxin 

6 p( - bungarotoxin (Cham A ) 

7 Naja nigricollis P L A 2 

8 Naio naja at ra PLA 2 

9 Taipoxin I f - subunit) 

10 Hemachatus hoemochatus PLA 2 

Fig. 1: Structural relationships between snake-venom and mammalian phospholipases. The predicted secondary struc
tures of nine snake venom phospholipases A 2 are compared with the secondary structure of the bovine enzyme obtain
ed from its known tertiary structure. Helical zones are represented by springs and regions of extended structure by 
stippled blocks. The position of helix D is marked in the bovine PLA 2 secondary structure. 
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Enhydrina schistosa myotoxin 

Na ja nigricollis PLA2 

Naja naja atra PLA2 

1 01- * * 
Hemochatus haemachatus PLA¿ 

I 1 1 1 1 1 1 I 1 I 1 1 1 

1 5 10 15 20 25 30 35 ¿0 45 50 55 60 
RESIDUE NUMBER 

Fig. 2: Hydrophobicity profiles of bovine and snake-venom PLA 2 aligned to best fit. A five residue deletion after 
residue 61 is observed in the snake-venom PLA 2 , with the only exception of 7-Taipoxin. The position of the lysine re
sidues has been marked with an asterisk. Note the similarity of the profiles for the first 60 amino acid residues (Fig. 2a). 
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< H f > 
B o v i n e phospho l i pose A 2 

Notex m 

* * * 
Notechis 11-5 

* •» * 
Notechis I I - 1 

Enhydrina schistosa myotoxin 

f^-bungarotoxin (Chain A ) 

Na ja nigricollis PLA2 

Naja naja atra PLA2 

-/VA. 

6t 65 70 75 80 85 90 95 
RESIDUE NUMBER 

100 105 110 115 120 125 
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invariant for t h e first 6 0 a m i n o acid re
sidues, a region wh ich is involved in t h e 
phosphol ipas ic act ivi ty of t h e e n z y m e s 
( 1 9 , 20) . If we c o m p a r e these p red ic t ions 
to t h e schemat i c r ep re sen ta t ion of the 
s econda ry s t ruc tu re of bovine P L A 2 as 
d e t e r m i n e d from X-ray diffract ion m e t h 
ods- shown in Fig. 3 ( redrawn from Fig. 3 
of reference 5 ) , helices A and B are p resen t 
in all phospho l ipases s tud ied , as well as 
t h e t u r n - t u r n z o n e stabi l ized by disulfide 
bridges co r re spond ing t o t h e a m i n o acid 
sequence 22 t o 3 5 . T h e l igands of t h e 
C a + 2 ion , w h i c h enhances t h e p h o s p h o 
lipasic ac t iv i ty , are loca ted in th is last 
invar iant zone . After this z o n e , t he r e is 
a n o t h e r helical region, t h a t in m a m m a l ' s 
phospho l ipases inc ludes helices C and D 
(Fig. 3) . In m o s t o f t h e phosphol ipases 
ob t a ined from snake venoms , due t o a 
de le t ion of 5 a m i n o acid res idues , hel ix D 
is absen t , t h e on ly e x c e p t i o n k n o w n so far 
be ing 7 - t a ipox in (5 ) . In hel ix C is loca ted 
His -48 , an a m i n o acid essential for the 
phospho l ipas ic ac t iv i ty . 

After a m i n o acid res idue 6 1 , there are 
clear differences b e t w e e n t h e secondary 
s t ruc tu res d e t e r m i n e d for bov ine P L A 2 

and those p red ic ted for t h e snake-venom 
e n z y m e s (Figs. 1 and 2b) . These differences 
are larger w i th t h e basic snake venom 

Fig. 3: Secondary structure of the bovine phospholipase 
A 2 , in the cyllinder-and-arrow representation, redrawn 
from Fig. 3, reference (5). Note the location of helix D 
absent in most snake-venom phospholipases. 

P L A 2 ( row 2 , 3 , 6 , 7 ) t han wi th the acidic 
and neu t ra l e n z y m e s ( rows 8 t o 10). The 
i m p o r t a n c e of t h e basic res idues in t h e 
phospho l ipas ic act ivi ty has been conf i rmed 
by e x p e r i m e n t s t ha t d e m o n s t r a t e t ha t 
r ep l acemen t of some a m i n o acid res idues 
by o the r s of basic cha rac te r enhances t h e 

TABLE 2 

Distribution of basic amino acid residues in two sites of the phospholipase sequences 

Phospholipase A 2 60 90 

* * * 
Bovine pancreas PLA 2 

K K L D S C K V L V S S E N N A C E A F 
Notexin G * 

K 
* 
K 

G C F P # 
K M R N I # 

K 
* 
K 

# 
K C L R F 

* * * N * * * Notechis II-5 E K K G C S P K M R N I K K K C L R F 
Notechis II-l T # 

K 
* 

S Y S C T P Y W - D S * 
K 
* 

T 
* 

G 
* C Q R F 

* 
Enhydrina schistosa PLA 2 E K - Q G C Y P K M R N V K K K C N R K 

(3 rbungarotoxin (chain A) E # 
K 

# 
K H * 

K 
C N P k T Y G A A G T C G R I 

Naja nigricollis PLA 2 G K M - G C W P Y L S G G N S k C G A A 
Naja naja atra PLA 2 E K I s G C w P Y F K G G N N - c A A A 
Taipoxin -y-subunit G # 

K L S A C # 
K S V L N D D N D E c K A F 

Hemachatus haemachatus PLA 2 E K. I s G C R p Y F K E G N N E c A A F 

Bars indicate deletions introduced to provide proper aligment of the sequences with respect to the position of the half-
cystine residues. All snake venom PLA 2 with the exception of 7-taipoxin have a 5-residue deletion in this region after 
AA 63 with respecto to the bovine PLA 2 , not indicated. The position of the lysine residues are shown by asterisks. The 
IUPAC one-letter notation for amino acids is used. 
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affinity of t h e e n z y m e for l ipidie aggregates 
(21) . 

It has also been r e p o r t e d (3 ) t ha t presy
nap t i c n e u r o t o x i n s f rom snake v e n o m s 
are e i ther basic P L A 2 or , at least con ta in 
one subun i t t ha t fullfils th is r e q u i r e m e n t : 
for e x a m p l e , in t h e t a ipox in c o m p l e x , 
a - ta ipoxin is a basic phospho l ipase A 
whereas 0 and 7 - ta ipoxin are neu t ra l and 
acidic phospho l ipases respect ively . Myone-
cro t ic t o x i n s are also basic PLAs. Table 2 
shows a c o n c e n t r a t i o n of basic res idues in 
the vicini ty of pos i t ions 60 and 90 of t h e 
bovine P L A 2 sequence . In t h e first region, 
n o t e x i n and no tech i s II-5 have th ree lysines 
in a s t r e t ch of 7 a m i n o acid res idues ; chain 
A of 0i - bunga ro tox in has four lysines in 
the same region. T h e rest have o n e or 
t w o lysine res idues , wi th t h e excep t ion of 
bovine P L A 2 t h a t has th ree . Accord ing 
t o Table 1, these th ree t ox ins have t h e 
s t rongest n e u r o t o x i c charac te r , b e t w e e n 3 0 
t o 3 0 0 fold higher t h a n the rest . 

It is in teres t ing to ana lyze the t ox i c i t y 
and t h e presence of lysines in n o t e x i n , 
no tech i s II-5 and no tech i s I I -1 , t h ree 
P L A 2 o b t a i n e d from t h e v e n o m of t h e 
same snake , N. scutatus scutatus. T w o o u t 
of th ree lysines of t h e first site have been 
replaced by T y r in no tech i s I I -1 , P L A which 
does n o t present n e u r o t o x i c o r m y o t o x i c 
act ivi ty (22) . A n o t h e r compara t ive s tudy 
on p ro t e in s ob t a ined from t h e same snake 
venom has been d o n e o n the b u n g a r o t o x i n s 
ob t a ined f rom B. multicintus (23) . The 
A chain from 0 i - b u n g a r o t o x i n (Table 2) 
differs from tha t of 0 S - b u n g a r o t o x i n in 
on ly 9 a m i n o acid residues; of these , lysines 
5 7 , 58 and 6 0 have been replaced by Ala, 
He and Asp, respect ively. T h e n e u r o t o x i c 
charac te r of 0 S - t o x i n is at least o n e o rde r 
of m a g n i t u d e smaller t han t ha t of 0 i -
b u n g a r o t o x i n . 

The second site which shows a cluster 
of Lys residues is in t h e vicinity of a m i n o 
acid 90 (Table 2) . No tex in , no tech i s 
II-5 and P L A 2 f rom E. schistosa p resent 
in this region a sequence of Lys-Lys-Lys, 
which is n o t p resen t in any o t h e r of t h e 
PLAs s tudied here . It is in teres t ing to 
po in t ou t t ha t on ly these th ree e n z y m e s 
present a s t rong m y o t o x i c act iv i ty . No te 
chis II-1 has lost t w o of these lysine re

sidues and does n o t present m y o t o x i c 
act ivi ty. 

The exis tence of a " t o x i c s i t e " (defined 
as an affinity site t o p resynap t i c m e m 
brane ) , different f rom t h e "phospho l ipas i c 
s i t e" , has been d e m o n s t r a t e d exper imenta l ly 
for t h e A chain of 0 -bungaro tox in : after 
the t ox in was t r ea ted wi th e t h o x y f o r m i c 
a n h y d r i d e (which reacts wi th Lys and His 
res idues) , in t h e presence of d i h e x a n o y l 
lec i th in , it loses its t o x i c ac t ion b u t re ta ins 
its phosphol ipas ic act ivi ty (24 ) . The 
c o m p l e m e n t a r y e x p e r i m e n t was pe r fo rmed 
by Abe et al. ( 25 ) w h o showed t ha t w h e n 
0 -bungaro tox in is modif ied w i th p - b r o m o -
phenacy l b r o m i d e , it loses its phosphol ipas ic 
act ivi ty w i t h o u t prevent ing its b inding 
to the a x o n m e m b r a n e . 

Even t h o u g h the e n z y m a t i c act ivi ty of 
snake venom PLAs is i n d e p e n d e n t of the 
tox ic ac t ion , t h e reverse is no t t r u e : s tudies 
of inh ib i t ion of ace ty lcho l ine release by 
t h e ac t ion of 0 -bungaro tox in , shows tha t 
when t h e t ox in has been exposed to 
S r 2 + or has been modif ied w i th p - b r o m o -
phenacy l b r o m i d e in o rde r t o suppress its 
e n z y m a t i c ac t ion , the inh ib i t ion is t rans ien t , 
con t r a ry ' t o w h a t is observed wi th t h e 
nat ive t ox in , where t h e effect is irreversible. 

A secondary s t ruc tu re s tudy on 32 phos
phol ipases A 2 , 29 of t h e m ob ta ined from 
snake v e n o m , has been d o n e by Duf ton et 
al. (5) . The pred ic t ion m e t h o d used is a 
modif ied version of t h e C h o u and Fasman ' s 
m e t h o d , and it was c o m p l e m e n t e d wi th 
s tudies of circular d ichro i sm and relative 
interface h y d r o p h o b i c i t y . Thei r conc lus ion 
is t ha t in all phosphol ipases t h e helical 
s t ruc tu re is p r e d o m i n a n t , and t ha t the re are 
fundamenta l ly similar secondary and 
ter t ia ry s t ruc tu res in all PLAs. T h e pos
sibility t h a t t h e snake v e n o m e n z y m e s 
could present 0-s t rands in add i t ion of 
t hose t w o descr ibed for t h e bovine P L A 2 , 
is n o t m e n t i o n e d ; however , Fig. 4 of this 
reference shows t h a t snake venom PLAs 
present a higher p robab i l i ty for 0 - s t ruc ture 
t han t h e m a m m a l i a n PLAs. Accord ing t o 
ou r p red ic t ion , snake venom p h o s p h o 
lipases, specially the basic ones , present 
m o r e zones wi th 0 -s t ruc ture in t h e last 
par t of their sequences , t h a n t h e m a m m a l i a n 
PLA (Figs. 1 and 2). It should be r e m e m b e r -
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ed t ha t t h e C h o u and F a s m a n ' s m e t h o d 
t ends t o overpred ic t helical zones , and t h a t 
the CD m e t h o d gives i ts bes t resul ts also in 
the d e t e r m i n a t i o n of helices. The role of 
helix D in t h e n e u r o t o x i c i t y of snake 
venom PLAs is also emphas ized in reference 
(5) . 

A sequence a l ignment of seven snake-
venom phosphol ipases , t h ree n e u r o t o x i c 
and four n o n - t o x i c , m a d e in (27 ) , suggests 
t h a t fifteen a m i n o acid residues could have 
a role in t h e t o x i c p roper t i e s of these 
P L A 2 . Ten o u t of these fifteen res idues 
are conserved on ly in t h e t h r ee n e u r o t o x i c 
PLAs. A m o n g these res idues are m e n t i o n e d 
one lysine in t h e vicinity of pos i t ion 6 0 , 
and t w o o u t of t h e cluster of th ree lysines 
in t h e n e i g h b o r h o o d of pos i t ion 9 0 , (see 
Table 2 ) . Since t h e t h r e e n e u r o t o x i c phos
phol ipases chosen by t h e a u t h o r s are also 
m y o t o x i c , n o a t t e m p t is m a d e to re la te 
t h e res idues m e n t i o n e d w i th a specific 
func t ion . It should be m e n t i o n e d however 
t h a t n o n e of t h e ten conservat ive res idues 
is present in the sequence of |6 i -bungaro-
tox in (cha in A) , and only th ree of t h e m 
(G 8 3 , K 94 and A 118) are found in t h e 
Naja nigricollis P L A 2 , t w o n e u r o t o x i c 
snake venom PLAs (Table 1). 

In s u m m a r y , we p ropose t h e following 
clues t o expla in t h e behaviour of snake 
venom PLAs , as c o m p a r e d t o t h e non
tox i c m a m m a l i a n e n z y m e s : 

(1) T h e p re synap t i c n e u t o r o x i n s mus t 
b ind t o t h e nerve t e rmina l m e m b r a n e by 
m e a n s of a special r ecogni t ion site ( 24 , 
25 ) . This site is n o t accessible w h e n hel ix 
D (Fig. 3 ) is p resen t , as it is in t h e m a m 
malian P L A 2 ( 1 1 , 12, 5) . Sequence align
m e n t (5) and t h e secondary s t ruc tu re 
p red ic t ion m a d e in this w o r k , show t h a t 
helix D is absen t f rom all snake venom 
PLAs , wi th t h e only e x c e p t i o n of Tai-
pox in 7 - subuni t . 

(2) The presence of t h e posit ively charg
ed lysine res idues plays a fundamen ta l role 
in t h e n e u r o t o x i c p roper t i e s of t h e snake 
v e n o m PLAs. This fact m a y a c c o u n t for 
t h e observed lack of tox ic i ty of s o m e 
venom phosphol ipases wh ich d o n o t have 
such lysines, even t h o u g h helix D is absent . 
This fact is m o r e s t r iking when t h e re la t ion 
b e t w e e n tox ic i ty and t h e r ep lacemen t 

of lysines is observed in i soenzymes ob ta in 
ed from t h e same snake venom ( 2 2 , 23) . 

(3) It is possible t o ident i fy t w o dif
ferent sites re la ted t o t h e t o x i c ac t ion of 
snake venom P L A 2 , be longing to g r o u p I 
( 4 ) ; one of t h e m , preferent ia l ly involved 
in the n e u r o t o x i c ac t ion would be located 
in the region 58 t o 65 of t h e basic P L A 2 

sequences ; t h e second " t o x i c s i t e " could 
be assigned to t h e region in t h e neigh
b o r h o o d of pos i t ion 9 0 where t h r ee con
secutive lysines occur in t h e sequences of 
t h e v e n o m PLAs which p resen t a m y o 
tox ic act ivi ty . Bo th sites coincide wi th t h e 
loca t ion of some of t h e fifteen res idues 
t ha t could have a role in t h e t ox i c p roper t i es 
of snake v e n o m PLAs, m e n t i o n e d in (27 ) . 
The " n e u r o t o x i c s i t e " p roposed here would 
m a t c h par t of t h e in ter face recogni t ion site 
m e n t i o n e d in (27) . 

(4) T h e " t o x i c s i t es" p roposed here , 
are cons i s ten t wi th a several s tep t ox i c 
m e c h a n i s m , where t h e a t t a c h m e n t of the 
t o x i n t o t h e m e m b r a n e via a recogni t ion 
site wou ld be t h e first s tep . T h e p h o s p h o -
lipasic act ivi ty could be involved in t h e tox ic 
ac t ion as a s u b s e q u e n t s t ep . T h e m y o 
tox i c ac t iv i ty , if p re sen t , could also cont r i 
b u t e t o enhance n e u r o t o x i c i t y . 
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