
The effect of phosphate and folic acid on cream xanthine oxidase. 
0.1 /~M xanthine, 0-005 /*M relic acid (FA), xanthine oxidase 
(Diluted 1:100 in Tris), as indicated. For dye reduction, 0.1 ml of 
~2,6-Dichlorophenol indophenol (30 mg]100 nil). Completed to 3.0 ml 
with 0.05 M Tris, pH 7.8, or with 0.1 M phosphate, pH 7.8. Values 
correspond to the change in optical density ( × 1000) at 298 m~-- in  
assays @ 6 and 7 change in optical density at 600 m/z--for the 
first 10 min after the addition of substrate. All reactants, except 
xanthine, were preincubated for 5 min at 24°C. Assay temperature: 

24 ° C. All values are averages of three determinations. 

Assay :~ 
Tris Phosphate 

Enzyme 

0-5 ml fresh 258 
0.5 ml aged 203 
0.5 ml aged 168 
0.3 Inl fresh 207 
0.3 ml fresh 160 

0.5 ml fresh 201 
0.3 ml fresh 150 

154 258 191 
86 244 139 
44 222 128 

106 237 126 
79 190 99 

175 140 126 
129 103 94 

1.0 

Y Severa l  o t h e r  i n s t a n c e s  of t h e  effect  of o r t h o p h o s p h a t e  
on m e t a l l o f l a v o - p r o t e i n s  h a v e  been  repor ted .  ~VIACKLER 
et al)  s t a t e d  p h o s p h a t e  to  be r equ i red  for r e d u c t i o n  of one-  
e lec t ron  a c c e p t e r s  b y  c r e a m  x a n t h i n e  oxidase .  D P N H -  
pe rox idase  is i n h i b i t e d  b y  p h o s p h a t e * ;  t h i s  is also t r u e  for 
D P N H - c y t o c h r o m e  c r e d u c t a s e L  MAHLER et al. s a t t r i b u t e  
t h i s  i nh ib i t i on  to a ' c o o r d i n a t i o n  of p h o s p h a t e  w i t h  t h e  
i ron  of t h e  e n z y m e  d u r i n g  t h e  c a t a l y t i c a l  process ' .  

T h e  p r e s e n t  d a t a  ind ica te  t h a t  the  processes  of loss 
of e n z y m i c  a c t i v i t y  due  to a g i n g  or mi ld  hea t ing ,  t h e  in-  
h ib i t i on  b y  relic acid,  a n d  t h e  effect  of o r t h o p h o s p h a t e ,  
are all c o n c e r n e d  w i t h  t h e  s a m e  si te  of c r e a m  x a n t h i n e  
ox idase ;  it  is l ikely, t h a t  t h e  si te  a f fec ted  is t h e  m o l y d e -  
n u m  or iron, or  b o t h  me ta l s .  T h e  d a t a  i nd ica t e  fu r the r ,  
t h a t  t h e  level of o r t h o p h o s p h a t e  d e t e r m i n e s ,  w h i c h  p a t h -  
w a y  of e lec t ron  t r a n s p o r t  is f avo red  for x a n t h i n e  ox idase  
a c t i v i t y  in a g iven  s y s t e m .  P h o s p h a t e  s h u n t s  e n z y m i c  
a c t i v i t y  a w a y  f r o m  t h e  ' d y e  p a t h w a y '  in f resh  e n z y m e .  
T h e  a g i n g  process  c a n  be i n t e r p r e t e d  as a g r a d u a l  re- 
m o v a l  of e n d o g e n o u s  p h o s p h a t e  f r o m  a n  ac t ive  site, a n  
effect  w h i c h  c a n  be p a r t i a l l y  r eve r sed  b y  t h e  a d d i t i o n  of 
o r t h o p h o s p h a t e .  
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Zusammen/assung 

Die E i n w i r k u n g  y o n  O r t h o p h o s p h a t  a u f  die Milch- 
X a n t h i n o x y d a s e  w u r d e  u n t e r  v e r s c h i e d e n e n  e x p e r i m e n -  
te l len B e d i n g u n g e n  u n t e r s u c h t .  P h o s p h a t  h e m m t  e iner-  
se i t s  die ~3ber t r agung  des  mob i l i s i e r t en  W a s s e r s t o f f e s  a u f  
2 , 6 - D i c h l o r o p h e n o l - i n d o p h e n o l  m i t  f r i schen  E n z y m -  
P r A p a r a t e n  u n d  a k t i v i e r t  a n d r e r s e i t s  die A k z e p t o r f u n k -  
t ion  des  Sauers to f fes  bei gea l t e r t en ,  oder  a n d e r w e i t i g  in- 
a k t i v i e r t e n  P r i t pa ra t en .  

3 B. MACKLER, H. R. MAHLER, and D. E. GREEN, J. biol. Chem. 
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H e m e - H e m e  I n t e r a c t i o n  

i n  th e  O x y g e n  E q u i l i b r i u m  of  

R e c o n s t i t u t e d  H e m o g l o b i n s  1 

Objec t  of t h i s  n o t e  is to  d e m o n s t r a t e  effect ive  heme-  
h e m e  i n t e r a c t i o n  in t h e  0 2 e q u i l i b r i u m  of r econs t i t u t ed  
h e m o g l o b i n  (Hb) a n d  to i n v e s t i g a t e  t h e  role p l a y e d  in the 
i n t e r a c t i o n  b y  t h e  v i n y l  side c h a i n s  of t h e  p o r p h y r i n .  

A p o h e m o g l o b i n  w a s  p r e p a r e d  b y  acid ace tone  spl i t t ing 
of h u m a n  H b ,  as r e p o r t e d  e l sewhere  2. P r o t o h e m i n  I X  was 
f u r n i s h e d  b y  B D H ;  c rys t a l l i ne  d e u t e r o h e m i n  I X  and 
m e s o h e m i n  I X  were p r e p a r e d  acco rd ing  to  FISCHER n. The 
r e c o m b i n a t i o n  of h e m e s  w i t h  t h e  g lobin  a n d  o t h e r  physico-  
chemica l  p roper t i e s  of r e c o n s t i t u t e d  H b s  will be described 
elsewhere.  T h e  O 3 d i ssoc ia t ion  c u r v e s  were d e t e r m i n e d  by 
t h e  s p e c t r o p h o t o m e t r i c  m e t h o d  deve loped  b y  us  4. T h e  O 3 
c a p a c i t y  of r e c o n s t i t u t e d  f e r ro -Hbs  is t h e  s a m e  as t h a t  of 
n a t i v e  Hb .  
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Fig. 1.--Oxygen equilibrium of reconstituted = o and native ~ × 
protoHb (2 × 10 -4 31 as Fe). 20°C; Tris (trishydroxymethyl-amino- 
methane) buffer 0.1 M, pH 7-4. Jr" -- fractional saturation with oxy- 

gen. log p = log oxygen pressure (at 20 °) in mm Hg. 

Reconstituted protoHb. I t  c a n  be seen  f r o m  F igu re  1 tha t  
t h e  0 2 d i s soc ia t ion  c u r v e s  of n a t i v e  a n d  r e c o n s t i t u t e d  Hb 
are a l m o s t  iden t ica l  to each  o t h e r  w i t h  n = 2.6-2-7 (in the 
Hil l  empi r i ca l  equa t ion ) .  

I n  t h e  p lo t  of Y v e r s u s  log p t h e  c u r v e  o b t a i n e d  for the 
two  p ro t e ins  a p p e a r s  to be s y m m e t r i c a l .  I n  recons t i tu t -  
ed H b  (as in n a t i v e  Hb)  the re  is a s l igh t  decrease  of inter- 
ac t ion  in t h e  absence  of sa l t s  (in p h o s p h a t e  bu f fe r  0.016M, 
p H  7.6 n = 2-2). For  b o t h  p r o t e i n s  we f o u n d  w i t h  u rea  and 
p a r a - c h l o r o m e r c u r y b e n z o a t e  r e s p e c t i v e l y  n = 1.7 a n d  1.5. 

Reconstituted deuteroHb. T h e  O 2 d i ssoc ia t ion  c u r v e  of 
d e u t e r o H b  (Fig. 2) is st i l l  s igmoid '  in t h e  s h a p e  b u t  it is 
m u c h  less inf lec ted  t h a n  t h a t  of p r o t o H b ,  w i t h  n = 1.7 
( ins tead  of 2.7 as in r e c o n s t i t u t e d  p r o t o H b ) .  In  different 
c o n d i t i o n s  of t e m p e r a t u r e ,  p H  a n d  c o n c e n t r a t i o n  of the 
p i g m e n t ,  t h e  v a l u e  of n was  f o u n d  r a n g i n g  between 
1.5-1-9 (mos t  f r e q u e n t  va lue  1-7). T h e  sa l t  ef fect  on the 
s h a p e  of t h e  c u r v e  is a n a l o g u e  to  t h a t  obse rved  for 
p r o t o H b  (in p h o s p h a t e  buf fe r  0-016 M p H  7-6 n =  1.4). The 
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addit ion of reduced  g lu ta th ione  does no t  mod i fy  the  shape  
of the  curve  in d e u t e r o H b .  

7 ' 0 .  
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Fig. ~2.-Oxygen equilibrium of reconstituted deutero lib (2 x 10 -4 3I 
as Fe) curve 1 and meso Hb (1 × 10 -4 M as Fe curve ~). 30°C; 

Trisbuffer 0-1 M, pH 7-7. 

Reconstituted mesoHb. The resul ts  ob t a ined  wi th  meso-  
Hb (Fig. 2) are s imilar  to  those  ob t a ined  wi th  deu t e roHb .  
For  t he  curve  r epo r t ed  in t he  Figure,  t he  value of n in t he  
Hill equa t ion  is 1.5. 

The resul ts  r epo r t ed  above  d e m o n s t r a t e  t h a t  reconst i -  
tu ted  p r o t o H b  shows the  same h e m e - h e m e  in te rac t ion  as 
the na t ive  p igment .  The  behav iou r  of deu te ro-  and  meso- 
Hb po in t s  ou t  the  role of the  v inyl  groups  of the  po rphy r in  
in h e m e - h e m e  in te rac t ion .  

The oxygen  equi l ib r ium of the  r econs t i t u t ed  Hbs  in 
different  condi t ions  of t e m p e r a t u r e ,  pH,  etc. and  the  
discussion of these  resul ts  will be r epo r t ed  in extenso in 
another  publ ica t ion .  

A. ROSsI-FANELLI and  E. ANTONINI 

venom.  E lec t rophore t i c  s epa ra t ion  a t  p H  8-6 revealed  t h a t  
the  venom is composed  of a t  least  6 p ro te in  f ract ions  
(Fig. 1 and  2), th ree  of t h e m  of ca thod ic  mobi l i ty .  The 
relat ive concen t ra t ions  of the  p ro te in  f rac t ions  var ied 
s o mew h a t  wi th  d i f ferent  v e n o m  pools,  t he  anodic  frac- 
t ions  A~ and A,,  as well as t he  ca t h o d i c  f rac t ion  K~, 
being affected in par t icular .  These  va r ia t ions  s eemed  to  
be caused by  differences in compos i t ion  of pa r t s  A and  B 
of the  venom.  On the  o the r  hand ,  t he  p ro t e in  p a t t e r n  
ob ta ined  af ter  d i rect  app l ica t ion  of t he  v e n o m  f rom scor- 
p ion 's  telson to  the  fi l ter  p a p e r  was  essen t ia l ly  t h e  s ame  
as wi th  freeze dried venom.  No l ipopro te ins  were  d e t e c t e d  
on v e n o m  e lec t ropherograms  s t a ined  wi th  Oil Red  0, 
while a feeble spot  ref lect ing p ro t e in -bound  c a r b o h y d r a t e  
appeared  at  the  site of the  K2 f rac t ion af ter  periodic acid-  
Schiff s ta iningL 

i .... 

z, o & 
Fig. 1.-- Paper eleetrophoretic separation of pooled Bulhus ~udaicus 
venonl. The venom was separated on Whatman 3 MM filter paper in 
the apparatus of K61w, X, VALLENIUS, and GR()NWALL 2, in barbital 
buffer pH 8.6 and ionic strength 0.05. The strips were stained with 
Anfido Black and scanned in an automatic photoelectric recorder 
(Spinco Analytrol). The relative concentrations of the fractions were: 
AI: 11-0%, ,4~: 9"9%, O: 21"1%, Na: t9-8%, K2: ~3-1%, arid Kl: 

15.1%. 

The venom was also separa ted  p r epa ra t i ve ly  by  electro-  
phoresis  on fil ter paper.  P re l imina ry  assays  of t he  e lu ted  
f ract ions  on mice indica ted  t h a t  m o s t  of t he  t o x i c i t y  
resided in the  ca thodic  f rac tkms of  the  venom.  
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Riassunto 

s ta to  d i m o s t r a t o  che nel la  p ro toemoglob ina  r icost i tui-  
ta l ' in teraz ione  Ira gli emi  ~ iden t ica  a quella della emo- 
globina na t i va  m e n t r e  ~ fo r t emen te  d iminu i t a  nella deu-  
tero e mesoemoglobina .  

Electrophoresis of the Venom and Haemolymph 
of the Scorpion Buthus Judaieus E. S. 

During w o r k  on  the  tox ic i ty  of t he  b lack  scorpion 
which occurs  c o m m o n l y  in the  Medi t e r ranean  regions of 
Israel, a s t u d y  of the  p ro te in  c o m p o n e n t s  of its v e n o m  
was under t aken .  Spec imens  of the  v e n o m  were ob ta ined  
by electric s t imu la t ion  of l abo ra to ry -kep t  scorpions.  The 
first clear  d rop  was  col lected a p a r t  f rom the  r ema inde r  
of the secre ted  venom.  The  v e n o m  par ts ,  deno ted  A and  
B respect ively,  were del ivered  in to  small  quant i t i es  of 
distilled w a t e r  and  s tored  a t  4°C unt i l  freeze drying.  The 
total  p ro te in  of t he  fresh v e n o m  as e s t ima ted  by  b iure t  
reaction was 8-7 g/100 ml and  a m o u n t e d  to  abou t  50% of 
the dr ied venom.  No m a r k e d  difference in the  pro te in  
content  was  obse rved  be tween  pa r t s  A and  B of the  

Fig. 2.--Descending boundary pattern of pooled Buthus judaicus 
venom analysed in Perkin-Elmer electrophoresis apparatus at total 
protein concentration of about 1%, barbital buffer pH 8.6, ionic 
strength 0't and I°C. The venom was dialyzed for 24 h prior to 
analysis. The mobilities of the five fractions from left to right, are 
in cm 2. V-is -1 × 10-5:A1:--3.36, Az:--l.57, K3:+0.58 , K~t:+l-9 
and K l: + 2.2. The arrow indicates the position of the boundary at 
start. The non-moving 0 fraction encountered in paper electrophero- 
gram was not discernible in the moving boundary pattern. The 
distended peaks of the cathodic fractions indicate their heterogeneity. 

The pro te in  p a t t e r n  of Buthus judaicus h a e m o l y m p h  
as shown in Figure  3 does no t  reveal  any  s imi la r i ty  w i t h  
t h a t  of the  co r respond ing  venom.  I t  is in te res t ing  t h a t  t he  
albumin-l ike main  pro te in  f rac t ion of the  h a e m o l y m p h  
comprised  a t  least  3 componen t s .  On p a p e r  e lectro-  
pherogram,  th is  f rac t ion con ta ined  also 46% of h aemo -  
l y m p h  g lycopro te in  (total  c o n c e n t r a t k m  170 mg/100 mP).  
Only t races  of l ipoprote in  s ta in ing  mater ia l  were d e t e c t e d  
a t  t he  origin of h a e m o l y m p h  e lec t ropherogram.  
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