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F R A C T I O N A T I O N  O F  V E N O M  F R O M  T H E  R I N G H A L S  C O B R A *  
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l~sHhfte o/ l~iochemistrv, Unii'ers~lv .J (,'pp.~ah*, Uppsala (SwerleJO 
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z. Venom from the  South  African ringhals cobr,~ (Hema6l~atus ha.emachates) has 
been s tudied b y  c h r o m a t o g r a p h y  on !)EAt~ cellulose and  by  column etectrophoresis ,  
with special regard to the  isolation and purif ication of cer ta in  el ,zymcs. 

2. In prepara t ions  of the venom obta ined  by common ly  used procedures  at  
least two ch romatograph ica l ly  different phosphodiesterases  have been found, one 
of them being pa r t l y  t r ans fo rmed  into the  o the r  on au to- incuba t ion  of the venom. 

3. Chromatograph ic  analysis has shown tha t  the  me thod  of collecting and drying  
the venom at  room t empe ra t u r e  does not  give a well-defined mater ia l ,  but  ¢l~at 
such a mtJ'terial can be ob ta ined  by a rapid freeze-dryinv ':!, ~hod. 

4- Chromatograph ic  f rae t ionat ions  of o.5 g of freeze-dried venom have  been made  
showing a comple te  separa t ion  of the  phosphodie:; terase from acetylchcl_ine esterase 
and  leei thinase A. Tox i c i t y  te.~ts have reveafled the exiotence of two well-separated 
toxins .  

5. ]33" electrophoresis  all the  three  enzymes  ment ioned  ha~,e been separa ted  
from eacb otl~¢,r, 

6. The enzymic  proper t ies  of the phosphodies terase  are discussed. 

[ N C R O D U C T I O ~  

Biological s tudies of snake venoms have been made  for several  hundreds  of years ;  
a t  the  end of the n ine teen th  c e n t u r y  immunologis ts  obta ined  the first an t ivenom 
sera. The prote in  na tu re  of the venom was demons t r a t ed  in x86o, and  forty-f ive years  
la ter  LODECKE recognized the hemoly t ic  agent  t a  be an enzyme which degrades 
leci thin 1, References to older  work as well a_s to different  proper t ies  of venoms can 
be found  in two recent  books'-'. =. 

Most invest igators  have used venoms from rat t le-snakes or cobras.  An electro- 
phoret ic  examina t ion  of different  cobra  veitoms has linen carr ied out  by POLSON,  

JOt'BERT AND H A I G  4, and GRASS.M.XN AND [-[ANN[(;  r~ h a v l ~  compared  crude venoms 
from Viperides and  Colubrides by  the  samt, me thod .  No extens ive  s tudy,  however,  
has been devo ted  to the  venom from the South  African ringhals cobra,  trIe~acl~gD¢s 
haemachates (form, My called Sepedo~ haemacl~ates), "although the publicat ions cited 
conta in  some impor t an t  informat ion abou t  it. 

Recent  chromatograph ic  i,~vestigations carr ied out  a t  this Ins t i tu te  showed 

* A  p r e h m m ~ r y  r ep~ r t  o( t h i s  w~,rk was r ead  a t  the. m e e t i n g  of t he  Swcdi.~h H;ioehen~ica| 
Soc ie ty  in [ 'pp.~ala, . [ taw ~ 7th. ,~jS,q. 
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tha t  the  phosphodiestera~e ac t iv i t y  in the  venom of a ra t t le-snake,  Crotalus adamar~- 
lous, was heterogeneous  and  t h a t  all the  enzyme  fract ions isolated were act ive t oward  
macromoleculax deoxyr ibonucle ic  acid (DNA) 6. I t  was suggested by  LASKOWSKI et el.  7 
t ha t  the  diesterase should  be an  exonueleot idase  and  tbis  hypothes i s  has ve ry  e legant ly  
been verified by  RAZgELL AND KHORANA $. The  work  ~,n snake venom phosphodies terase  
has been reviewed by  H E P P E L  AND RABINO~,¥ITZ I~. 

I t  has been found fair ly  f r equen t ly  t ha t  enzyme  prepara t ions  from snake venoms 
are difficult to  reproduce  from one l abo ra to ry  to  ano the r  or  even from one ba tch  to  
another .  This can p robab ly  be expla ined b y  differences in the pro teo ly t ic  au todiges t ion  
which occurs  dur ing  the  collection of the  venom (6/.a), The present  work was under -  
t aken  in order  to  s t u d y  the influence of au todiges t ion  upon  t}~e he te rogene i ty  of 
the phosphodies terase  and  if possible to  find a reproducible  p rocedure  for the  purifica- 
t ion of phosphodies terase ,  Iecithinas¢ A and  acetylchol ine  esterase.  

MATERIALS AND METHODS 

TI, v b u y e r  sys tems  used were t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e - h y d r o c h l o r i c  acid 
(THAM-HCI)  in the  ch romatograph ic  exper iments ,  and  the  volat i le  buffers t r i e thy l -  
a m m o n i u m  ca rbona te  (TEA-COs)  and  t r i e t h y l a m m o n i u m  ace ta te  ( T E A - H A c )  in 
the electrophoresis  TM. Buffer  concent ra t ions  are given as molari t ies  of T H A M  or TEA.  

T h v  r inghals  venom 

A numbe r  of different  preparationT, of venom from the  Sou th  Afr ican r lnghals  
cobra,  H e m a c t m t u s  haemachates,  were invest igated.  For  two of them,  which had  
been s tored for several  years  in a refr igerator ,  no detai ls  of the collect ion p rocedure  
were avai lable;  t h e y  are here called H I  and  H2. The  o the r  p repara t ions  used were 
ob ta ined  f rom Dr. J .  H. MASON, the  South  African Ins t i t u t e  for  Medical Research ,  
Johannesburg .  One of these, called Mr,  was p repa red  in the " o r d i n a r y  w a y " ,  t ha t  is, 
the  venom was dried over  CaC1 z at  room temperatLtre (or a higher  t empera tu re ) .  
The  others,  designated "f reeze-dr ied  VeilOnl", were colMcted in the  following way  
according to Dr. MASON : The  snakes were milked over  a conical  flask which was sur- 
rounded  b y  ground d r y  ice. As the venom ran down the glass, it froze. The  flask was 
immedia te ly  t ransfer red  to  a f reeze-drying appa ra tu s  and  this was run for 18 h. I h e  
dried venom was quickly  (but only roughly)  g round  in a m o r t a r  (to minimize the  
up t a ke  of water)  and t rans fe r red  to  a d ry  bott le .  

Solutions of the venom were a lways made  up  immedia te ly  before  use. For  chro-  
ma tog raphy ,  concent ra t ions  higher than z or  3 % should be avoided.  When  the  venom 
w a s  dissolved in o.oo5 M T H A M - H C I  of p H  8. 9, the  p H  had to be ad jus ted  b y  the  
addi t ion  of I M T H A M  (about  xoo /L1/IOO mg venom).  A very  small pa r t  of the  
venom did not  dissolve and  was r emoved  with e~ glass rod when f loat ing on top  of 
the solution, 

The  different  batches w e r e  s tored  in a des iccator  over  P~Oa in a cold room at  
abou t  4% 

A n a l y t i e a l  metl~ods 

The es t imat ion  of prote in  content ,  of phosphodiesterase,  DNAase ,  and leei- 
thinase A activit ies,  and  of chloride concent ra t ion  have  recent ly  been described in 
detail  6. 
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T h e  acetylckoline este.rasa ac~,vities (ACh E) were  d e t e r m i n e d  wi th  a s l ight  v a r i a t i o n  
of  an  i n d i c a t o r  m e t h o d  (vL n) desc r ibed  ear l ie r  t-~. Th e  s u b s t r a t e  so lu t ion  h a d  t h e  
fo l lowing c o m p o s i t i o n :  o . o i  M N a  ba rb i t a l ,  0.02 M [~[{2PO4, o. 3 M KC1, o . o o l  4/]ff 
HC1, o. 133 M ace ty l eho l ine  b romide ,  and  o.oo5 % b r o m . t h y m o l  blue.  Of th is  so lu t ion  
z ml  were i n c u b a t e d  wi th  ~5 t *1 from, t e e  d i f fe ren t  f rac t ions  for 2 tt a t  37 °. B y  the  use 
of a s t a n d a r d  c u r v e  the  d i f fe rence  in op t i ca l  d en s i t y  a t  6~o m/z before  a n d  a f t e r  
i n c u b a t i o n  was c o n v e r t e d  to  m m o l e s  of l i be ra t ed  acet ic  acid per  l i t re  of  i n cu b a t i o n  
m i x t u r e .  

7"he chromatographic technique 

D i e t h y l a m i r t o e t h y l  ( D E A E )  cellulose,  p r e p a r e d  ,.¢ccording to  PE'rEI~SON AXD 
~ O B E R  13 WaS u s e d  as  a d s o r b e n t .  T h e  n i t rogen  e o ~ t e n t s  were  9.x a n d  xx,6 mg/g  of 
v a c u u m - d r i e d  ion e x c h a n g e r ,  a n d  u n d e r  iden t i ca l  condition:~ the  same chromatogr~.m~ 
were  o b t a i n e d  f r o m  b o t h  p r e p a r a t i o n s .  Before  p ack in g  a c o l u m n ,  the  D E A E  cellulose 
was  s u s p e n d e d  in a b o u t  2o t imes  i ts  v o l u m e  of w a t e r  a n d  a l lowed  to  s t a n d  for I - 2  h, 
a f t e r  wh ic h  the  s u p e r n a t a n t  was  d e c a n t e d  in o rde r  to  r e m o v e  the  smal les t  par t ic les ;  
t he  suspens iou  was  t h e n . d e a e r a t e d .  The  c o l u m n  was p a c k e d  u n d e r  a w a t e r  p ressure  
of a b o u t  twice  i ts  l eng th .  R e g e n e r a t i o n  was car r ied  ou t  b y  wa_shing the  c o l u m n  wi th  
1 %  N a O H  a n d  t h e n  w i th  2 o - 3 o  t imes  the  d e a d  v o l u m e  of s t a r t i n g  buffer .  Befo re  
a p p l y i n g  the  v e n o m  so lu t ion  it was  ahvays  checked  t h a t  t he  ef f luent  f r o m  th e  c o l u m n  
h a d  t he  c o r r e c t  p H .  

T h e  c h r o m a t o g r a m s  h a v e  been  o b t a i n e d  b y  one - s t ep  d e v e l o p m e n t  ~*. Af t e r  
equ i f i b r a t i ng  the  c o l u m n  wi th  o.oo5 M T H A M - H C 1  of p H  8. 9 ( the s t a r t i n g  buffer ,  
in  wh ic h  also t he  v e n o m  was  d isso lved) ,  e lu t ion  was p e r f o r m e d  w i th  o.33 M T b IAM-  
HCI of  the  s a m e  p H .  The  f r ac t ion  v o l u m e s  were  a b o u t  I / IO of the  d e a d  v o l u m e  for  
t h e  I 9 - m l  c o l u m n s  a n d  in t he  large-scale  e x p e r i m e n t s  I / I 3 ~ I ! 3 5  of the  d e a d  vo lume .  
E x c e p t  for  t he  first  r un  on  a c o l u m n  wi th  u n u s e d  ion e x c h a n g e r ,  t h e  r ep ro d u c ib i l i t y  
was good,  a n d  we u sed  the  same c o l u m n  for more  t h a n  IO e x p e r i m e n t s .  

A f r a c t i on  co l l ec to r  work ing  o ' l  a t ime  bums was e m p l o y e d ,  a n d  t h e  abscissa  in 
t h e  fig'xrcs i nd i ca t e s  t u b e  n u m b e r .  All the  e x p e r i m e n t s  were  ca r r i ed  ou t  in a co ld  
r o o m ,  m a i n t a i n e d  a t  4 ° . 

Zone ele~trophoresis was p e r f o r m e d  in c o l u m n s  ~to9 ~:< 2 cm  a n d  92 ~< 2 cm) 
p a c k e d  w i th  e t h a n o l y s e d  cellulose,  p r e p a r e d  accord ing  to  FLODIN AND KVPI,IE v~, 
us ing  t he  t e c h n i q u e  desc r ibed  b y  PoI: ~-rn x~. T h e  c o l u m n s  h a d  d ead  vo lumes  of a b o u t  
23o ml a n d  195 ml  r e spec t ive ly .  The  a p p a r a t u s  was p laced  in a co ld  room a n d  in 
a d d i t i o n  c oo l e d  w i t h  a j a c k e t  w i t h  c i r cu l a t i ng  i c e -w a t e~  

RESULTS 

Chromatography o] different w~om preparations 

Figs.  r e ,  xb a n d  2a  show c h r o m a t o g r a m s  e l  th ree  d i f fe ren t  p r e p a r a t i o n s  of  r inghals  
v e n o m .  Ail t he  ~xpe r imer t t s  were  p e r f o r m e d  in the  same  w a y  w i th  3 ° m g  of v e n o m  
on a c o l u m n  (2 4 ;< i cm) wi th  19 ml  of D E A E  ce l lu lose . . rn  these  a n d  t h e  fo l lowing 
f igures ,  o p e n  c i rc les  r e p r e s e n t  e x t i n c t i o n  a t  z8~ mr2, c rossed  circles  show p h o s p h o d i -  
e s t e r a se  act in ' i ty ,  c rossed  sql lares  s t a n d  for  DNAa~e  a c t i v i t y  a n d  t h e  t r i ang les  d e n o t e  
t he  ch lo r ide  c o n c e n t r a t i o n .  

T h e  f igures  show t h a t  t he  c h r o m a t o g r a p h i c  b e h a v i o u r  of  the  p h o s p h o d i e s t e r a s e  

Re/e~enees p. 5z4. 
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Fig. i. Ch,t)matog.-ams of two dilfcrcnt preparat ions of ringhats venom, ~II (Fig. in) and Hat 
(Fig. t l;]. 30 m~ of venom on a 19-n3l column tff I ) E A E  cellulose, Start ing huller ~.oo 5 3 [ T H A I ~ I -  
HC1, i)lq 8. 9. I)evelo0ing buffer o.33 _l/ TH:\M--H( 'I  of the same 1)[t. Fract ion volumes abaut  
o.S mt in the npptw chromate,gram, about  1-.o -'.ql [n the lower chromatogram.  Plmspht~diesterase 

act ivi ty  (,7~: . . . . . .  ,'-) is given in mmoles of substrate split/l incubation mixture.  

w a s  q u i t o  d i f f e r en t  in t h e s e  t h r e e  p r e p a r a t i o n s .  I n  one  o f  t h e  s a m p l e s  (ME, F i g .  I n )  
m o s t  of  t h e  d i e s t e rane  w a s  r e c o v e r e d  in  t h e  f i rs t  p e a k  w h i c h  a p p e a r e d  d i r e c t l y  a f t e r  
t he  d e a d  v o l u m e ;  [n t h e  s e c o n d  one  (H2,  17ig. ~b) t h r e e  d i f f e r e n t  z o n e s  o f  d i e s t e r a s e  
w e r e  o b t a i n e d ,  w ' f i lc  for  t h e  t h i r d  o n e  (l-ii ,  F ig ,  2a) o n l y  o n e  z o n e  w a s  o b t a i n e d ,  w h i c h ,  
h o w e v o r ,  w a s  woll  s¢~paratcd f r o m  t h e  f i rs t  z o n e  o f  u l t r a v i o l e t - a b s o r b i n g  m a t e r i a l ,  
T h e  r e c o v e r y  o f  t h e  d i e s t e r a s e  a c t i v i t y  w a s  a b o u t  8o  % in all t h e s e  e x p e r i m e n t s .  

T lu '  h y p o t h e s i s  w a s  m a d e  t h a t  t h e  d i f f e r e n c e s  m i g h t  be  d u e  t o  -'.m u n c o n t r o l l e d  
a u t o d i g e s t i o n  o c c u r r i n g  d u r i n g  t h e  c o l l e c t i o n  of  t h e  v e n o m .  F o c  t h e  p u r p o s e  o f  t e s t i n g  
th i s  p o s s i b i l i t y ,  a u t o i n c u b a t i o n  w a s  p e r f o r m e d  w i t h  p r e p a r a t i o n  H I .  30  m g  of  v e n o m  
wa.~ d i s s o l v e d  in r .5 m l  0 .o05  : l l  T H A M - H C I  o l  p H  8.9 a n d  k e p t  a t  37  ° f o r  4 h.  T h e  
s o l u t i o n  was  t h e n  d i a l y s e d  o v e r n i g h t  a g a i n s t  t h e  s t a r t i n g  b u f f e r  (at 4 °) a n d  c h r o m a t o -  
g r a p h e d  in t h e  s a m e  w a y  as d e s c r i b e d  a b o v e  (Fig.  2b).  Whep- the  e x p e r i m e n t  w a s  
r e p e a t e d  u n d e r  t h e  s a m e  c o n d i t i o n s  b u t  w i t h  a n  a u t o i n c u b a t i o n  t i m e  o f  15 h, t h e  

R~/~rence.~ p .  5 1 4 .  
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t |reparation 111. ~o m~,ofrin~-,h:d~ vLmomon~ tg-m] column of I)E.\E 
cel]uhx~e. ,'Starting hurter muo 5.11 TIIA.M If(I, l)tl :0 lh,~elopmg buffer o.33-I! T|LXM l[(l 
o f  t h e  s a m e  p [ t .  [ ' h~s ] )h ( ,d ieg te ra .~ t .  a c t i v i t y  (:.;  (:;~ i.~ f f i ven  in  rnntoh'-~ o f  .~ t lhg t ra te  vplit,": 
i n c u b . ~ t i o n  m i x t u r e ,  D N A a . ~ e  a c t i v i t y  [ ~  • ~ )  a s  l i b e r a t e d  e x t i n c t i o n  ~ t  26<) m : , ,  a n d  chh~r ic ie  
c o n c e n t r a t i o n  (/~ . . . . .  .~.) i n  t , c , [ u i v _ / m l .  [ : ig.  2a  : c h r o n t a t o g r a p h y  wi~|z<mt p r e t r e a t m e n t  o;f 
f i l e  v e n o m ,  l ; r a c t i o n  v o ] n m e s  o . 6 - o _ 8  m l ,  F i g .  z b :  ch r t+m;~ t~gra i}h  b- a f t e r  a t t t o i n c ~ £ b a t i o n  o f  t h e  
v e n o m  fo r  4 h .  F r a c t i n n  v o h t m e s  a b o , t t  ! o m l .  Fig .  - 'c;  c h r o m a t o g r a p h  V a f t e r  P . u t o i n c u b a t i o n  

o~ t h e  v e n o m  t~r  15 h.  l Z r a c t i o n  v o h t m e s  a b o u t  t . o  m l .  
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Fig.  3, R e - _ h r o n a a t o g r a p h y  on  a I~_;-ml c o l u m n  o[ D E A E  cel lulo~e of t h e  f i r s t  (Fig.  3a) a n d  t h e  
s e c o n d  (Fig,  3b)  d i e s t e r a s e  zones  f r o m  a l a r ge - s ca l e  c h r o m a t o g r a m  of  p r e p a r a t i o n  H'~. S t a r t i n g  
b u f f e r  o.oo5 31 T H A , ~ I - H C [ .  p H  8.q. l ) e v d o p i n g  b u f f e r  0.33 M T H A M - H C I  of  t h e  s a m e  p H .  
F r a c t i o n  v ~ l u m e s  a b o u t  I ,o  ,,:al. P h o s p h o d i e s t e r a s e  a c t i v i t y  ( ® - - - - @ )  is g i v e n  i,a m m o l e s  of  

s ~ h s t r a t e  sp l i t j i  i n c . b a t i o n  m i x t u r e  a n d  c h l o r i d e  c o r t c e n t r a t i o n  ( , ' ~ - - - 2 ~  } i n  i~ectuiv./ral .  

chromatogram sh. 'wn in Fig. 2c was obtained.  Dur ing the dialysis the u.v.-absorbing 
material  decreased with  ~5-3o% and  the diesterase ac t iv i ty  wi th  ~bout z5% (no 
diesterase ac t iv i ty  was found outside the dialysis membrane) ,  The recovery of the  
ac t iv i ty  in the chromatogram was in bo th  cases about  80% when corrected for 
the loss during dialysis, 

In  order to collect su t tk ient  amoun t s  of diesterase from the different peaks a 
large-scale chromatographic  experiment  was made  with  preparat ion H2. This gave 
a good yield of the first and the second diesterase zones but  only  a small amoun t  
of the th i rd  zone. The tota l  recovery of diesterase ac t iv i ty  was about  60%. The 
tubes from the first and  the second diesterase zones were pooled, dialysed, freeze- 
dried and redissolved, and  af terwards chromatographed  under  the condit ions de- 
scribed. The results are given in Fig. 3, where the upper  part  shows reehromatography  
of the first diesterase zo~e, and  the lower part  r echromatography  of the second 

R e / e r e n c e s  p.  5 z 4 .  
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F ig .  4- C h r o m a t o g r a n l  o f  f r e e z e - d r i e d  r i ~dha l ~  ven~Jm_ 537 nag e l  v e n o m  o n  ~ 3 8 o - m l  c o l u m n  ~f 
D E A E  c e l l u l o s e .  S t d r t i n g  b u f f e r  o . o o  5 l I  " F H A 3 L - H ( ' I .  pF[  ~q.c~. I ) e v e l o p i n g  b u f f e r  0.33 31 Tb tAM- -  
H C I  o I  t h e  s a m e  p H .  A f t e r  '-85 ml  h,~.,[ p a s s e d  t h e  c(flt~mn, f r a c t i o n s  w e r e  col lected~ F r a c t i o n  
v o l u m e s  5-() 6.2 ml .  P h o s p h o d i e s t e r a s e  a c t i v i t y  12~.. - ~6) is g i v e n  in m m o l e ~  of  s n b s t r a t e  s p l i t / I  
i n c u b a t i o n  in iXt l , re ,  l ec i th ina . se  : \  a c t i v i t y  { < .... :.: ) ,as l i b e r a t e d  e x t i n c t i o n  a t  54 o mt t  (hc=mo- 

g l o b i n )  a n d  c t f lo r ide  c o n c e n t r a t i ( m  (/.. ..... ~ )  in t ~ e q u i v . / m l .  

d ies t e rase  zone.  I n  these  e x p e r i m e n t s  the  r e c o v e r y  of p h o s p h o d i e s t e r a s e  ~tctivity 
w a s  a p p r o x i m a t e l y  i o o  %.  

T h e  c h r o m a t o g r a m  ~;hown in Fig.  4 was o b t a i n e d  w i t h  557 m g  of  f reeze -dr ied  
v e n o m  on  a 380-ml  c o l u m n  (84 × 2-4 cm) ,  ar.d m o s t  of t h e  d ies te rase  a c t i v i t y  ap -  
p e a r e d  as a wel l -def ined z tme ( tubes  56-6t~) t o g e t h e r  w i th  a r a t h e r  h igh  p e a k  of u .v . -  
a b s o r b i n g  ma te r i a l .  D i f f e ren t  b a t c h e s  of  f r eeze -d r i ed  v e n o m  g av e  t h e  same results .  
W h e n  I g - m l  c o l u m n s  a n d  I8o-ml  co lunms  were  used,  however ,  t he  p r o t e i n  p a t t e r n  
was  a b o u t  t he  s.~rne as  it1 Fig. 4 (if the  lower  degree  of r eso lu t ion  on  the  smal le r  

T A B I , E  I 

T O X I C I T Y  T E S T S  O N  C I t R O M A T O G R A P H I C  F R A C T I O N g  ( ) F  R I N G I I A L S  V E N O M  F R O M  T H - ~  

C H R O M A T O G R A . M  S H O t ,  V N  I N  P I G .  4 

T h e  f r a c t i o n s  w e r e  d i l u t e d  w i t h  0 .005 3 I  THA,XI-FIC1 of  pI-I 8.9 t o  a n  u . v . - e x t i nc t i o r ~  of  a p p r o x i -  
ma te l . v  0. 3 a n d  t e s t e d  b y  .~ttl~ct~tantzott$ in jec  ,Lon o n  mice .  E a c h  t e s t  g r o u p  c o n s i s t e d  of  4 ~t o anilaal_'~ 

Tttbd Jlut~lber 
(see Fig. 41 LDr,~, mt.'kg Dilution Nymploms 

t I 4 - 5  I / I ~ ~ D e c r e a s e d  p o w e r  of  b a l a n c e  
i 8  z - 2 . 5  114 ~ S p a s m o d i c  m o v e m e n t s  
27 t o - 1 2  N o  d d u t i o u  i ( ' I on i c  ¢ r a r a p  
38 ~> -'5 N o  ( l i l u t i on  
6z 6 -  7 I [5 ,ks a b o v e .  I n  a d d i t i o n ,  p ,  i n t w i s e  a p p e a r i n g  

m a c r o s c o p i c  p u l m o n a r y  h a e m o r r t a a g e s  
78 t5  20 1/5 l h d m ~ m a r y  h a e m o r r h a g e  
g o  > 25 2/5 

T $~1 T H A M - i - [ U I  ~.-~ "5 
o[  t..Lt 8 .9  
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5-.5- ( ' o l t ,  w~II SiZe IO~) bl 2 c n l .  \ b o t l t  84  ° m A - h  passed t h r t ) l ~ g h  t h e  c , ~ l ~ m n ,  ] r r [ lC t lO l l  %'olnlTl¢s  
a|>ou± 3.5 ml. [ ' h o s p h o t l i e s t e r , ~ s t ,  ( ~  . . . . .  0_)) and cholinesterase (Ii  . . . .  II) activities are ~iven 

i l l ~ l n m t d c s  of snl,sirnte splitjl incubation mixture. 
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]-'i,~. *~. I . A c c t n q ~ h c r o / r a m  *~f , o o  m ~  o~ f r e e z e - d r i e d  r i n g h a l s  v c n ~ m ~  i n  o+o 5 ~ !  T E A - - C O ~  a t  p t t  8,7". 
~ ' ~ d u m n  s i z e  9 2  .: 2 c m ,  A b l a u t  I :~.~0 t ] l A - h  I)~tssed t h r o u g h  t i l e  ¢ohl~r l r t .  F r ~ t c t i o n  v o l u m e s  a l ) t , n t  
.~.~, r i l l .  l*hosl'. |lo(|i{:.qlcw[I.~,( ' (+_'2 ..... ~-)) a~ . t |  c t ' t l ) l t n e s t e T a s l ~  { I  . . . . .  I )  a c t i v i t i l , s  ltTl~ g~.VOll Jn  
m m ~ d e s  ~ f  s u l , s t r a t c  s p l i t / l  i n c u b a t i o n  m i x t u r e ,  a n t i  l e c i t h i n a s e  A a c t i v i t y  ( :,:-= - :4 i a s  l i b e r a t e d  

e×tincti,m at 54o mp (hemoglol~in). 

c o l u m n s  is t a k e n  in to  a c c o u n t ) ,  b u t  6 5 - 7 0  % of  t i le p h o s p h o d i e s t e r a s e  r e c o v e r e d  
was  f o u n d  in t h e  p e a k  c o r r e s p o n d i n g  to  t h e  t u b e s  2 6 - 2 8  in Fig .  4 (see ~nscuss to , - , ) .  
T h e  f igure a lso  shows  t h a t  t h e  cho l i ne s t e r a se  a n d  the  ] ec i th inase  A a p p e a r  m i x e d  
in t h e  s a m e  zone  b u t  c o m p l e t e l y  s e p a r a t e d  f r o m  the  d i e s t e r a se  a c t i v i t y .  

T h e  r e su l t s  of  t o x i c i t y  t e s t s  ( p e r f o r m e d  b y  Dr ,  R.  ELIASSON, I n s t i t u t e  of  P h y s -  

R ~ ' # r e n c e s  p . . 5 1 4 .  
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iology, Karolinsk& Ins t i tu te r ,  Stockholm) on the chromatograph ic  fractions in Fig. 4 
a re  shown in "Fable I. 

Wi th  Dr, MAso~'s assistance we have also been able to  invest igate  freeze-dried 
venom from five different  rin~hals individuals a~ld from the  same individual  a t  
different  t imes.  Wi th  the except ion  of one case, where the snake died soon af te r  the 
milking, no significant differences were found in the  ehromatogranas between a n y  
of  these venom samples. 

Zone  electrophoresis o//r~,eze-dried venom 

Fig. 5 shows an e lee t ropherogram of ioo  mg of Jreeze-dried venom in o.o5 3I 
T E A - H A t  at  pH 5-5. The cholinesterase migra ted  towards  the anode,  where~s both  
t he  phosphodies tcrase  and the leeithinase A moved  towarck~ the  ca thode,  the la t te r  
a t  the higher rate .  In addi t ion,  a t  lea_st two protein peaks left the  column, one in 
each  direction.  In  o.o5 M TEA-CO~ at  pH  8.7 (Fig. 0) the  eholinesterase was still 
more  effect ively sepa ra ted  from the  o the r  two enzymes,  t le re  these over lapped  to  
some ex ten t ,  bu t  mos t  of the  phosphodiestcrase  was ent i re ly  free f rom l ec i t h in~c  A. 
Two prote in  componen t s  were observed t~ migr~tt6 into the ca thode vesse l  In no 
case was the purif icat ion of the diest.era~e be t te r  than  in the chromatograms .  

DISC USSION 

The chromatographic meBmd 

When  working wi th  anion exchangers  a t  an alkaline pH,  one cannot  avoid .~o,,rLe 
in terac t ion  wi th  the  carbon dioxide from tilt: air, unless special precaut ions  are taken. 
The  use of sodium hydrox ide  in the  regenera t ion  cycle increases the  difficulties, ~.nd 
unde r  cer ta in  condi t ions this will give rise to a b icarbonate  zone in the  chro rnatogram'L 
This  zone is accompanied  b y  an increase in the  pH and an anomalous  s tep in the 
concen t ra t ion  of the  developing agent  (see Figs. 2a and 3a and b). Ev iden t l y  such a 
compl ica ted  s i tua t ion m a y  result  in the spli t t ing up of a homogeneous compomld  
into two components ,  one appear ing immedia te ly  before and  the o ther  immedia te !y  
af te r  the  b icarbona te  zone. Thus  the second anti the th i rd  phosphodies terase  peaks 
in the Figs. xb and 2b and  c might  represefft only  one single enzyme  form. I t  should 
be observed,  however ,  tha t  in ~ome cases this effect m a y  cont r ibu te  considerably  
t o  the purif icat ion of a cer ta in  component  

A t e nde nc y  to  use p ropor t iona te ly  more sodium hydrox ide  in the  regenerat ion 
of the  smaller  columns is to be expected.  This would lead to a more p ronounced  
b icarbona te  zone on the  smaller columns than  {m the bigger ones, and  so the  differ- 
ences fotmd between the ch roma tog rams  from columns of different sizes could be 
explained.  In Fig. 4 it cart be seen tha t  there  is on ly  a small " b u m p "  in the chloride 
concen t ra t ion  of the  diesterase zone, while on the Ig-ml columns (using the same 
p repa ra t ion  of venom) the  character is t ic  anomalous  chloride step is f lanked by  two 
dis t inct  diesterase peaks. One fact, however ,  which does no t  fit rote the scheme 
ske tched  here, is tha t  on the  z8o-ml columns the separa t ion  of two diesterase peaks 
is even a little be t t e r  than  on the xg-ml columns.  Unfor tuna te ly ,  chloride concen- 
t r a t ion  d a t a  f rom these experime.nts are lacking, 

"1"1~ rD~ghals venom 

A comparison of Figs. Ia,  Ib  and eL shows tha t  the composi t ion of venom 
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collected and  dried a t  room tempera ture  varies considerab!y from one ba tch  to  
another  and  tha t  consequent ly  this product  is not  a suitable s ta r t ing  mater ia l  for a 
reliable purification procedure. The salt contents  of the cotTesponding preparat ions  
were de termined by  ashing (2.26 %, 2.3~ % and 2.28 % for preparat ions  MI, H2 a n d  
HI ,  respectively), and  as no significant differences were found this cannot  explain 
the variat ions between the chromatograms The assumpt ion tha t  the he terogenei ty  
of the phosphodiesterase depends on autodigest ion of the venom is s t rongly  suppor ted  
by the results given in Figs. 2b and  c. There it can be seen tha t  the single phosphodi- 
esterase zone in Fig. 2a on au to incubat ion  is split up  into three peaks (diesterase a, 
b and  ¢) and tha t  the first one of them,  whieb was only sl ightly - - i f  a t  a l l - - a d s o r b e d  
on the column, seems to represent the last s tage of the t ransformat ion .  There is an 
evident  s imilar i ty  between these chromatograms  and comparable results from a 
s t u d y  of a commercial ly  available rat tM-snake venom 6. 

Chromatography  of dialysed but  not  incuba ted  venom showed tha t  the diestera.se 
a peak was not  a product  of the  dialysis. As regards the other  two ac t iv i ty  peaks, it 
has a l ready been pointed out  t h a t  t hey  might  possibly be identical~ but  there are 
several facts which are con t ra ry  to this  supposition. Rech roma tog raphy  of diesterase 
b from large-scale chromatograms  of both  preparat ion H 2  (Fig. 3b) and  the  freeze- 
dried venom gives p redominan t ly  diesterasc b, while r eehromatography  of diesterase 
c gives p redominan t ly  or exclusively diesterase c. Moreover, au to ineubat ion  of 
diesterase b seems to  t ransform it  in to  diesterase c, whereas incubat ion of the  l a t t e r  
component  with or wi thout  the  addi t ion of crude venom does not  change its behaviour .  
As, howe vet, the chloride concentra t ion was not  de te rmined  in most  of these experi-  
ments,  we cannot  form a definite opinion of the i ,  sigrAficance. All tha t  can be said a t  
present is tha t  the rechromatogTaphy expeciment~ shown in Fig. 3 mus t  be regarded 
as conclusive evidence for the  existence of at  least two chromatographica l ly  different  
phosphodies~erases in preparat ion H2. 

On the o ther  hmld,  chromatograms  of different batches of freeze-dried venom 
showed a very good reproducibil i ty,  and  no diesterase a was obta ined  (see Fig. 4), 
which simplifies ~.he purification procedure. Autoincuba$ion of the freeze-dried venom 
gave a diesterase a peak in the chromatogram,  bu t  as the incubat ion t ime required 
was much  longer than  for preparat ion H I ,  the  original diesterase oI the  freeze-dried 
venom seems to be more stable than  the  active components  of the " o r d i n a r y "  prep- 
arations. Fur thermore ,  its specific ac t iv i ty  in the crude venom (defined as the ra t io  
of enzyme ac t iv i ty  to ext inct ion at  28o m/~) is about  5o % higher t h a n  the value 
for the venom :ollected and  dried at  room temperature .  

I t  is thus  obvious tha t  for the f ract ionat ion and  purification of enzymes,  freeze- 
dried snake venora offers considerable advan*-ages when compared  wi th  venom 
collected in the " o r d i n a r y "  way. 

When the venom was exposed to a prolonged dialysis, about  3o % of the  mater ia l ,  
including a large par t  of the  iecithinase A, passed through the membrane .  In  the  
ul t racentr i fuge the remainder  was also shown to be of a ra ther  low molecular  weight. 
Tiffs is a d isadvantage  for the purification of lecithinase A. since the chromatographic  
fractions cannot  be desalted by dialysis. Another  difficulty met  wi th  is the  loss of 
ac t iv i ty  of the phosphodiesterase during dialysis and  free,e-drying,  which is no t  so 
striking for the crude venom but  m a y  amoun t  to more t han  80 % of the  ac t i v i t y  
for the  purified fractions. I t  would consequent ly  be of great  value if favourable  
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conditions could be found for f ract ionat ion of the venom in volatile buffers. Some 
prel iminary a t t empts  wi th  ch romatography  in TEA-CO~ have not been successful, 
bu t  this work will be continued.  

Coiumn electrophoresis wi th  volatile buffers provides a good separat ion of 
acetylcholine esterase from phosphodiesterase and  iecithina_~e A. as demons t ra ted  in 
Figs. 5 and 6. However,  the cholinesterase ac t iv i ty  is susceptible to  a considerable 
inact ivat ion during experiments in TEA-CO z of pH 8. 7 (Fig. 6), while the same is 
t rue  for phosphodiesterase in. T E A - H A c  of pH 5-5 (Fig. 5). The recovery of cholin- 
esterase ac t iv i ty  a t  pH  8. 7 was only 40 % of tha t  obtained at  pH 5-5, while for the 
phosphodiesterase the corresponding value was z3o %. A similar comparison of the 
specific activit ies at  pH 8.7 and  pH 5-5 gives the figures 70 % for the cholinesterase 
and  420 % for the phosphodiesterase.  As no suitable volatile buffers were found in 
the range between pH 6 and  pH 8, the eleetrophoretic purification of the two enzymes 
could not  convenient ly  be carried out  in the same run. 

Fig. 4 shows tha t  ch romatography  on D E A E  cellulose can he uzed as a suitable 
s tep for the  f ract ionat ion of as much as b.alf a gram of venom. The toxic i ty  tests (see 
Table I) indicate  t ha t  two different neurotoxins are present in the r inghals venom; 
one of t hem was eluted in the first two peaks, with the highest specific ac t iv i ty  in the 
very  narrow zone a round  tube 18, while the other  neurotoxic factor was found in 
tube  62 (a[. 2, pp. 189-196 ). Our main interest  has been concentra ted  on the phos- 
phodiesterase zone (tubes 56-68), which is well separated from the cholinesterase 
and  the lecithinase A but  still contains 5'-nucleotidase and  the toxin ment ioned 
above.  Freeze-drying of this zone from an experiment  similar to tha t  shown in Fig. 4 
nave a d ry  weight  as high as about  33 mg/ml.  This is in accordance with results from 
ch roma tog raphy  of ra t t le-snake venom ~, and  probably most  of the substance is 
T H A M  buffer material .  

Several  a t t emp t s  have been made to puri fy  different chromatographic  prepara- 
t ions of phosphodiesterase by column electrophoresis. A fur ther  two-fold purification 
was effected at  bo th  pH 5-5 and  pH 8. 7, and  it was demons t ra ted  tha t  the diesterase 
peak corresponding to tubes 56-68 in Fig. 4 is composed of a t  least four different 
u.v.-absorbing components .  During the dialysis preceding the electrophoresis, how- 
ever, a large par t  of the  diesterase ac t iv i ty  has a lways been lost. A good separat ion 
has also required long experiments  result ing in a troublesome zone-broadening. 

Chromatography  of phosphodiesterase purified by column electrophoresis has 
only given the same purification as obta ined  direct ly  with ch romatography  of .t_~ I .LI I~  

crude venom. 

E~zy~ffa prolbertles o/ th~ 7hhosphodiesterase preparatio~ 

For  the use as an analyt ica l  tool, phosphodiesterase should not be con tamina ted  
with  5'-nucleotidase, Unfor tuna te ly ,  these two enzymes have always appeared 
together  in the chromatograms (the 5'-uucleotidase act ivi ty  being detelxt.,ined by a 
semi-quant i ta t ive  spot test). They have been separated by  zone electrot~horesis a t  
pH 8.o and  8.7, bu t  the large zone-broadening has brought  about  a considerable 
dilution of the fractions. 

The parallelism previously reported for a ratt le-snake venom ~ Between phos- 
phodiesterase and  DNAase activities, the la t ter  being determined as the acid- 
lanthanum-soluble  material  liberated, has also been observed in chromatograms of 
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the ringhals venom (see Fig. 2b), When the hydrolysis of D N A  was fo.llowed at different 
tim~.s both by the method mentioned above and by the viseosimetrie method,  the 
liberation of low-molecular nueleotides was initially found to be very rapid, while 
there was ahnost no change in tile viscosity during the same time. This indicates 
that the phosphodiesterase from the ringhals venom is an exonucleotidase like the 
other snake-venom diesterases so far investigated~,L 

Some preliminary experiments have been made in order to study the influence 
of metals on the digestion of D N A  with phosphodiesterase is. This work has shown 
that ethylenediaminetetyaacetic acid (EDTA) complete ly  inhibits the enzyme and 
that both cMcium and magnesium may be involved in the enzymic action. An 
interesting fact is also that all the diesterase fractions tested have had a pyrophos- 
phatase activity toward adenosinetriphosphate (ATP) and diphosphopyridine nueleo- 
tide (DPN).  It is thus possible that the pyrophosphatase achvit ies  earlier found in 
snake venoms x are due to the phosphodiesterase. 
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