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T H E  ROLE OF SULFUR IN T H E  METABOLISM OF 
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Suspens ions  of in vitro cul tures  of Endamoeba histolytica produce  CO 2 u n d e r  anaerobic  condi t ions  
f rom glucose,  fructose,  and  m a n n o s e  a t  equa l  ra tes  and  f rom sucrose  and  ga lac tose  a t  a lower ra te  
in t he  presence  of cysteine,  w i th  t he  s i m u l t a n e o u s  evolut ion  of H2S. I t  can  be shown  wi th  a m o e b a  
cul tures ,  s t a rved  for 14 hour s  in N 2 a t mosphe re ,  t h a t  t h e  CO 2 and  H2S produc t ion  are  i n t e r d e p e n d e n t  
reac t ions ,  i.e. no H2S is p roduced  f rom cys te ine  un less  hexose  is added,  and  no CO 2 is p roduced  
f rom hexose  un less  cys te ine  is present .  Paral lel  bac ter ia l  controls  show t h a t  t he  bac te r i a  neces sa ry  
for t he  g rowth  of a m o e b a e  in cu l ture  do no t  in ter fere  wi th  these  metabol ic  m e a s u r e m e n t s .  W i t h  
p y r u v a t e  as s u b s t r a t e  t he  ra te  of CO~ produc t ion  by  in t ac t  amoebae  is two- th i rds  of t h a t  f rom glucose.  
W h e n  a m o e b a e  are  qu ick ly  g round  in a glass  gr inder ,  p y r u v a t e  becomes  equ iva l en t  to hexose  as 
s u b s t r a t e  for CO~ produc t ion .  Dur i ng  t he  deca rboxy la t ion  of p y r u v a t e ,  however ,  no HzS is fo rmed 
f rom cys te ine .  W h e n  t he  cell s t r uc t u r e  of t he  a m o e b a e  is des t royed  by  quick f reezing and  thawing ,  
no H~S and  CO 2 are formed wi th  glucose and  cys te ine  as  s u b s t r a t e s  unless  a hea t - s t ab le  e x t r a c t  
of r a t  l iver ace tone  powder  1 is added,  in wh ich  case  t h e  ra te  of gas  evolut ion  is equa l  to or g rea t e r  
t h a n  t h a t  f rom suspens ions  of i n t ac t  s t a r v e d  cells. Control  m e a s u r e m e n t s  on t he  bac te r i a  p re sen t  
in a m o e b a  cu l tures  show t h a t  t he  reac t ion  d e p e n d e n t  on t he  l iver coenzyme  occurs  exc lus ive ly  in 
t h e  protozoa.  The  l iver coenzyme  p repa ra t i on  canno t  be replaced by  coenzyme  I, coenzyme  II,  
d i p h o s p h o t h i a m i n e ,  pyr idox ine  4 - a d e n o s i n e  t r i phospha t e ,  or coenzyme  A. N a H 2 A s O  4 (lO -3 M) 
inh ib i t s  CO~ p roduc t ion  f rom glucose b u t  no t  t h e  s i m u l t a n e o u s  H2S fo rmat ion  f rom cyste ine .  A 
va r i e t y  of che la t ing  a g e n t s  (8 -hydroxyquinol ine ,  a - a '  b ipyr idyl ,  KCN,  N a N  3, Chel 242L (Alrose 
Chemica l  Co.)) inh ib i t  bo t h  CO~ and  HzS produc t ion .  Aged cyto lyzed  p repara t ions ,  wh ich  lose t he  
ab i l i ty  to ca ta lyze  CO 2 fo rma t ion  f rom glucose in t he  presence  of cys te ine  and  t he  l iver coenzyme,  
are  still able to use  f ruc tose - i , 6 -d iphospha t e  as a s u b s t r a t e  for CO 2 p roduc t ion  and  to suppo r t  H2S 
evolu t ion .  Such a p repa ra t ion  can  deca rboxy la t e  p y r u v a t e ,  b u t  w i t h o u t  s i m u l t a n e o u s  H2S fo rmat ion  
f rom cys te ine .  

These  e x p e r i m e n t s  sugges t  t h a t  Endamoeba histolylica conta ins  a tr iose p h o s p h a t e  oxidase  which  
t r an s f e r s  h y d r o g e n  to t h e  sulfur  a t o m  of cyste ine .  A meta l lo -pro te in  e n z y m e  and  a cofac tor  (or 
cofactors) p re sen t  in t he  l iver coenzyme  p repa ra t ion  are cons t i t uen t s  of th i s  ca t a ly t i c  sy s t em.  The  
mola r  ra t io  of CO 2 and  H~S var ies  be t ween  io to 20 moles  of CO 2 to i mole of H2S. The  ra te  ot 
f o rma t ion  of H2S is considered as a m e a s u r e  of t he  efficiency of t he  ox ida t ion  of t r iose p h o s p h a t e  
which  is coupled wi th  desu l fura t ion  of cyste ine .  In  t he  course of th i s  reac t ion  thiol  radicals  2 are 
l ikely to be formed which  e i ther  reac t  w i th  o the r  i n t e rmed ia t e s  or, depend ing  on condi t ions ,  appear  
as H2S. The  par t i c ipa t ion  of thiol  radicals  is sugges ted  by  t he  s t rong  inh ib i to ry  ac t ion  of cer ta in  
s emiqu inones  (0. 3 ~ M  pyocyan i ne  per  ml  causes  comple te  inhibi t ion) .  The  reac t ion  can  be directed 
towards  H~S p roduc t ion  by  smal l  a m o u n t s  (0.03 l ,M per  ml) of 2 ,3-d iaminophenaz ine .  Previous 
obse rva t ions  3 d e m o n s t r a t e d  t h a t  op t ima l  g rowth  of Endamoeba his/olytica occurs  when  t he  E h of the  
cys t e ine -con ta in ing  m e d i u m  is be tween  - - 1 2 o  and  - - 1 4 5  mill ivolts .  Th i s  E h va lue  agrees  closely 
wi th  t h a t  of su l fur  be tween  t he  ox ida t ion  s t a t e s  of o and  - - 2 ,  i.e. - - I 4 i  mi l l ivot ts  4. 

Since it  is k n o w n  t h a t  o the r  mic roo rgan i sms  exh ib i t  s t imu la t i on  of H2S produc t ion  upon  ad- 
di t ion of c a r b o h y d r a t e s  5, i t  is possible  t h a t  t he  t ype  of biological ox ida t ion  observed  in cu l tures  ot 
a m o e b a e  is of a more  genera l  na tu re .  F u r t h e r  inves t iga t ions  will show w h e t h e r  or no t  t he  desulf- 
h y d r a s e  of m a m m a l i a n  l iver is a p a r t  of a s imi lar  ca ta ly t i c  sy s t em.  

A deta i led  accoun t  of th i s  work  will be pub l i shed  later .  

* This  inves t iga t ion  was  suppor t ed  by  a research  g r a n t  (HG-98o) f rom the  Na t iona l  H e a r t  I n s t i t u t e  
of t he  Na t iona l  I n s t i t u t e s  of Hea l th ,  Publ ic  H e a l t h  Service, and  by  Eli Lilly and  Co. and  Chas. 
Pfizer  and  Co., Inc.  
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ON T H E  P O L Y S A C C H A R I D E  OF F I B R I N O G E N  AND F I B R I N  

by 
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I t  has been observed in the course of amino acid analysis of fibrin hydrolysates  t ha t  a very  
marked Molisch reaction could be obtained. In  connection wi th  this observat ion fibrinogen of high 
pur i ty  was prepared from bovine p lasma and from plasma of other  mammal ians  by  a modified 
method of our own 1. Conversion of fibrinogen into fibrin was carried out  wi th  bovine th rombin  
(Hoffman la Roche and Richter) under  special conditions 2 in order to facilitate elimination of other  
protein molecules and of non-protein contaminants .  The clot was washed wi th  distilled water,  ethanol 
and ether, and dried in vacuo over CaC12 to constant  weight. 

For paper  chromatography,  the fibrin thus  prepared was hydrolysed in a water  ba th  at  IOO ° C 
with N/2 HzSO 4 for 6 to 8 hours.  After neutralising with an aqueous solution of bar ium hydroxide,  
the resulting BaSO 4 was filtered, the filtrate was evaporated in vacuo, and the residue dissolved 
in a small amoun t  of water  was subjected to chromatography.  Chromatograms were run on Macheray- 
Nagel paper  No. 214 according to the method of PARTRIDGE 3 with butanol-acetic acid and dried. 
After repeating this process the sugars were located with anisidine phosphate  4. 

Three reducing sugars were identified, the spots  corresponding to mannose,  galactose and 
glucosamine, respectively 5. The same three reducing sugars  were identified in chromatographic  
examinations of fibrins of other  mammal ians  (man, horse, sheep and rabbit) .  

Fibrinogens of different species have also been studied wi th  chromatography.  The solutions 
of fibrinogens containing 95-95 % of clottable protein were freed from salts by  dialysis against 
distilled water. The precipitated fibrinogens were washed,  dried, and hydrolysed by  the method 
described above. Chromatography  showed the presence of the same three sugars  as in the case of 
fibrin. 

Al though ch roma tography  had shown no quali tat ive difference between the polysaccharides 
of fibrinogen and fibrin, the quant i ta t ive  determinat ion of hexose 6,7 and glucosamine 7 has revealed 
marked differences between the corresponding fibrinogen and fibrin of all species studied. 

TABLE I 

I I E X O S E  A N D  G L U C O S A M I N E  C O N T E N T  I N  ~o O F  D R Y  W E I G H T  

n+ Hcxose % n+ Glucosamine % 

Bovine fibrinogen 4 1.64 ±0 .02*  2 0.56 ~ o . o 2 "  
Bovine fibrin 4 1.33 ± 0.04 2 0.54 ± o.oi 
Rabbi t  fibrinogen 4 1.98 ± 0.03 2 0.59 ± o.o3 
Rabbi t  f b r i n  4 1.66 -d= 0.02 2 0.60 ± o.o2 

n + No. of determinat ions;  * Standard deviation 


