
VOL. 19  (1956) BIOCHIMICA ET BIOPHYSICA ACTA 153 

CORRELATION BETWEEN COz AND tt2S PRODUCTION 

BY ENDAMOEBA HISTOLYTICA* 

by 

E R N E S T  KUN**, J O H N  L. BRADIN,  JR. AND J. M. D E C H A R Y  

Departments o/ Medicine (Division o/ Tn/eelious Diseases), Tropical Medicine and Public Health, 
Tulane University, New Orleans, La. (U.S.A.) 

It has been previously reported (KuN AND BRADIN 1) that the anaerobic fermentation 
of glucose by suspensions of Endamoeba histolytica is greatly stimulated by cysteine. 
Simultaneously an increased reduction of S to H2S occurs when glucose is added. It 
was suggested that the explanation of this unusual type of anaerobic oxidation process 
is a coupling of the reduction of a reactive form of sulfur with the dehydrogenation of 
triose phosphate. This type of reaction may be of general biological interest; there- 
fore a more detailed presentation of experimental methods and results appears to be 
justified. 

I t  is possible tha t  technical difficulties, so often encountered during the culturing of E. histolytiea 
will make it impractical  to use this protozoon as the source of isolated enzyme systems, which 
would permi t  a s tudy  of enzymic reactions in detail. The mechanism of reactions proposed in 
this paper  may  be considered as a working hypothesis  suggesting fur ther  investigations along 
these lines in other organisms or tissues. 

EXPERIMENTAL 

I. Preparation and properties o /A  moeba suspensions 
Endamoeba histolytica of clone 222 were cultured in aqueous egg yolk infusion medium 3 in the 
presence of a mixed bacterial flora, associated with this s t ra in  of amoebae. This method  of 
cul turing yielded the largest number  of protozoa. For  comparison,  metabolic studies were also 
carried out  wi th  s train lO3, obtained th rough  the courtesy of Dr. C. W. REES (National Micro- 
biological Inst i tute ,  Bethesda 14, Maryland, U.S.A.) and occasionally wi th  bacteria free cul tures 
grown on embryonic  fluid 4. There was no biochemical difference among these various amoeba 
cultures. 

o/ CO2) 24 hours prior to the The cultures were flushed with N 2 (pure or containing 5 /o 
manometr ic  exper iment  and kept  in the incubator  at 37 ° C. At the t ime of the exper iment  the 
nat ive cultures were quickly t ransferred into chilled centrifuge tubes  (o ° to 4 ° C) and the s tarch 
granules separated by  immersing the tubes  into an ice ba th  for io minutes. The superna tan t  
fluid, containing the amoebae and associated bacteria, was carefully pipet ted off and centrifuged 
at  600o × g for 15 minutes  at o to 4 ° C. The superna tan t  fluid after this centrifugation consisted 
of the nut r ient  medium and almost  all of the associated bacteria. The sedimented amoebae were 
resuspended in ice cold salt solution (ioo par t s  per volume of o.15 M NaC1, 4 par t s  of o.15 KC1, 
i pa r t  of o . i 5 M  MgSO 4 and 21 par ts  of o . I M  phospha te  buffer of p H  7.4) and washed free of 

* This invest igation was suppor ted  by research grants  (HG-98o) from the National  Hear t  
Ins t i tu te  of the National  Ins t i tu tes  of Health,  Public Health Service, Bethesda 14, Maryland, 
and from the Lilly Research Laboratories (Eli Lilly Company, Indianapolis  6, Indiana).  

** Present  address: The Universi ty  of Wisconsin, Ins t i tu te  for Enzyme Research, Madison 5, 
Wisconsin, U.S.A. 
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adsorbed  bac te r ia  by  cen t r i fuga t ion  a t  o to 4 ° C. Microscopic e x a m i n a t i o n  of the  sed imented  
a m o e b a e  showed t h a t  t oge the r  wi th  the  in tac t  pro tozoa  a var iable  a m o u n t  of a m o e b a  f r a g m e n t s  
se t t led  a t  the  cent r i fugal  force used  for separa t ion .  These  cell f r a g m e n t s  con ta ined  measu rab l e  
a m o u n t s  of enzymic  ac t iv i ty .  Cen t r i fuga t ion  at  lower speeds  resul ted  in the  re ten t ion  of cell 
f r agmen t s  in the  a m o e b a  free s u p e r n a t a n t  fluid ; consequen t ly  mis lead ing  resul ts  m a y  be ob ta ined  s 

W h e n  cent r i fuga l  wash ings  are carr ied ou t  a t  37 ° or even a t  room tempera tu re ,  the  washed  
amoebae ,  a l t hough  morpholog ica l ly  intact ,  do no t  exhibi t  glucose f e r m e n t a t i o n ;  glucose fe rmen-  
t a t i on  appears  only  af ter  io 15 hour s  of anaerobic  incuba t ion  wi th  cysteine.  This  reversible 
inhibi t ion  is due  to the  inac t iva t ion  of hexokinase .  Cen t r i fuga t ion  does not  a l ter  t he  physiological  
behav ior  of E. histolytica e. 

2. Chemical methods and preparations 
Manomet r i c  m e a s u r e m e n t s  were carr ied ou t  in conven t iona l  W a r b u r g  vessels  of ~5 to I8 nal 
vo lume  unde r  N z a t m o s p h e r e  (or 95 % N2 + 5 % CO2) a t  37 ° C. The  length  of expe r imen t s  var ied 
be tween  3 ° m i n u t e s  and  a m a x i m u m  of 2 -  3 hours .  At  the  end  of the  m a n o m e t r i c  m e a s u r e m e n t  
0. 3 ml  ioo % tr ichloroacet ic  acid was t ipped  in f rom the  side a rm in order  to l iberate  dissolved 
H~S f rom the  ma in  c o m p a r t m e n t .  H y d r o g e n  sulfide was t r apped  as CdS in t he  cen te r  well (con- 
ra in ing  0.2 ml  s a t u r a t e d  sol. of Cd ace ta te  adsorbed  on a s t r ip  of filter paper) .  The  CdS was 
q u a n t i t a t i v e l y  t rans fe r red  to 5 ° ml  g r adua t ed  tubes  (with stoppers) ,  t h e n  5 ml  of a f resh ly  
p repared  solut ion of p - a mi nod i me t hy l an i l i ne  hydrochlor ide  (0. 4 g dissolved in ioo ml  of t v o l u m e  
of 3 6 %  HCI + I vo lum e  of HzO) is added  toge the r  wi th  i ml  of f resh solut ion of FeC13 (0.27 g 
dissolved in 5 ml  of i : 5 d i lu ted  HC1 of the  above -men t i oned  HC1 solution).  The  vo lume  is m a d e  
up  to the  m a r k  wi th  H 2 0  , t he  t ubes  quickly  s toppered,  shaken  and  left s t a n d i n g  for i hour .  
The  opt ical  dens i ty  of the  m e t h y l e n e  blue solut ion 7 is read  a t  670 m# .  The  m e t h o d  was ca l ibra ted  
wi th  an  accura t e ly  s t andard ized  solut ion of Na2S, placed into the  ma in  c o m p a r t m e n t  of the  
\Va rbu rg  flasks and  t r ea ted  as t he  expe r i men t a l  ones. Recover ies  r un  be tween  80 to 9o %. Lact ic  
acid was de t e rmined  according to BARKER A N D  S U M M E R S O N  8, p y r u v a t e  as descr ibed by  FRIEDE- 
MANN A N D  H A U G E N  9, thiols  by  a s l ight ly  modif ied procedure  of ARSON 1°. 

Unless  specified, r eagen ts  of ana ly t ica l  pu r i t y  were used.  The  ca lc ium sal t  of f ructose-  
1 ,6-d iphosphate  (HDP) was purified by  ion exchange  according to ]VIcCREADY AND HASSID 11. 
Bis-(o- and  p ) - ca rboxypheny l  disulfide 1~, b i s - (m) -ca rboxypheny l  disulfide I3, d i th iobenzene  14, and  
N b is - (o) -aminophenyl  disulfide I5 were syn thes ized  as descr ibed in the  l i tera ture .  Coenzyme  I 
(DPN 90 %), coenzyme  II  (TPN, 60 %), ATP,  cocarboxylase ,  pyr idoxine ,  and  c o e n z y m e  A were 
ob ta ined  f rom S igma  Chemical  C o m p a n y .  

RESULTS 
The evolution o /C02  and H~S 

W h e n  s u s p e n s i o n s  o f  E. histolytica, t r e a t e d  w i t h  t h e  p r e c a u t i o n s  d e s c r i b e d  a b o v e ,  a r e  

i n c u b a t e d  w i t h  g l u c o s e  (55 t z M )  a n d  c y s t e i n e  (32 t z M  o f  f r e s h l y  n e u t r a l i z e d  c y s t e i n e  

h y d r o c h l o r i d e )  u n d e r  N 2 a t m o s p h e r e ,  a r a p i d  e v o l u t i o n  o f  COz  a n d  H 2 S  o c c u r s .  A s  

s h o w n  in  T a b l e  I ,  t h e  r a t e s  a r e  r o u g h l y  p r o p o r t i o n a l  t o  t h e  n u m b e r  o f  p r o t o z o a .  W i t h  

v e r y  l a r g e  n u m b e r s  o f  a m o e b a e  ( 5 - 7 "  1 °5 p e r  f l a sk )  t h e  C O ~ / H 2 S  r a t i o  i s  g r e a t l y  in  

f a v o r  o f  C O  S, w h i l e  w i t h  d i l u t e  s u s p e n s i o n s  i t  a p p r o a c h e s  t h a t  o f  2 t o  3 /~M C O  S p e r  

I / z M  H ~ S .  

T A B L E  I 

C O R R E L A T I O N  B E T W E E N  T H E  

N U M B E R  OF A M O E B A E  A N D  T H E  

RATES oFCO2AND H~S E V O L U T I O N  

Micromoles o/ 
Number o/ C02 HzS 
A moebae* 

Per 60 minutes 

2. lO 4 2.8 o.90 
4' lo4 7.0 1.92 
8. lO 4 15 . i 3.62 

* The  amoebae  were s ed i men t ed  
pens ion  in sa l ine -phospha te .  

Re]erences p. x59. 

The isolated bac te r ia  did no t  f e rmen t  glucose to CO 2 nor  
did t h e y  evolve H2S f rom cyste ine .  W h e n  the  mixed  bac-  
terial  flora af ter  sepa ra te  cu l tu r ing  were re inocula ted  to a 
cul ture  of amoebae ,  t h e y  aga in  suppor t ed  amoebic  g rowth .  
I t  appears  to be ev iden t  t h a t  t he  g r o w t h - s u p p o r t i n g  pro-  
pert ies  of cer ta in  bac te r ia  cons t i t u t e  a separa te  problem,  
which  ha s  no a p p a r e n t  connect ion  wi th  the  biochemical  
reac t ions  s tud ied  in t he  course  of th i s  work. 

T h e  C O  2 y i e l d i n g  r e a c t i o n  w a s  f o u n d  t o  b e  t h e  

d e c a r b o x y l a t i o n  o f  p y r u v a t e ,  w h i c h  is  t h e  p r o d u c t  

o f  g l u c o s e  f e r m e n t a t i o n .  T h e  C O  a e v o l v e d  c o u l d  n o t  

by  one cen t r i fuga t ion  and  used i m m e d i a t e l y  af ter  resus-  
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be derived from bicarbonate since it occurred equally well in its absence. In suspen- 
sions of amoebae pyruvate  was reduced to lactate only to a negligible extent (0. 5 to 
1.5 %) and even this slight reduction could be due to residual bacterial contaminants. 
The reduction of pyruvate  to lactate by protozoon free bacteria was observed but not 
studied in detail. 

The rate of decarboxylation of pyruvate  was dependent on the type of amoeba 
preparation used. While 2.5.1o 4 amoebae (washed 3 times) evolved 18.3 /xM CO2 
from glucose, under identical conditions (with cysteine present) only IO.I /xM CO s 
was produced from equimolar amounts of pyruvate. When the suspension of amoebae 
was ground in a tight fitting glass homogenizer (at o °) the resulting "broken cell" 
preparation decarboxylated pyruvate  at the same rate as it produced CO s from 
glucose (21.6 /~M CO s from glucose, 19. 5 /~M CO s from pyruvate). With intact cells 
2/xM of pyruvate  disappeared per I ~M CO 2 while in broken cells a 1:1 ratio was 
approached. There is no evidence which would indi- 
cate that  in E. histolytica pyruvate  is metabolized 
by an enzyme system similar to the Krebs cycle of 
many  aerobic organisms. The products of decarbo- 
xylation were isolated as the 2,4-dinitrophenyl- S~bst,ate Activity 

hydrazine derivatives of acetaldehyde and biacetyl. 
No other a-keto acid besides pyruvate  was de- Glucose ~oo 

Mannose IOO 
carboxylated by  E. histolytica. The accumulation of Galactose 88 
pyruvate  fromglucose could not be readilymeasured Sucrose 86 
in these preparations, since most of pyruvate  was Fructose 58 

Raffmose 57 
decarboxylated as soon as it was formed. Arabinose 43 

A comparison of various sugars as sources of Ribose 36 
Xylose 29 

COs is given in Table II.  All experimental conditions Trehalose io 
being constant, the rate of CO s evolution from glu- Sorbitol 9 
cose was taken as Ioo and all other rates were corn- No added substrate 9 
pared as per cent activities. 

The mechanism of sugar fermentation cannot 
be studied in suspensions of intact protozoa. Homo- 

TABLE II 

OF T H E  R A T E S  OF C O  2 C O M P A R I S O N  

E V O L U T I O N  F R O M  V A R I O U S  

S U B S T R A T E S  

Each flask contained 3" lO5 amoebae 
separated by centrifugation. 

genized amoebae still fermented glucose to pyruvate,  but cells which were completely 
disrupted by gently freezing and thawing (in acetone dry ice mixture) did not 
act upon glucose. Addition of ATP, however, temporarily activated fermentation, 
although the high phosphatase activities of these preparations interfered with the 
measurement of hexokinase. Suspensions of E. histolytica, which were subjected to 
lysis by freezing and thawing, still decarboxylated pyruvate  and fermented fructose- 
1,6-diphosphate (HDP) at a fair rate. The appearance of alkali-labile P from H D P  was 
considered evidence for aldolase. This enzyme was also assayed by the method of 
SIBLEY AND LEHNINGER 16. The fermentation of HDP via pyruvate  to CO 2 required 
the presence of cysteine (or cystine), while the production of H2S from cysteine (or 
cystine) occurred at a maximal rate only upon addition of HDP. Pyruvate  did not 
stimulate HsS formation. Similarly the decarboxylation of pyruvate  was unaffected 
by cysteine. The mutually activating effect of cysteine and glucose (intact cells) or 
H D P  in lyzed cells is summarized in Table I I I .  Since the suspensions of E. histolytica 
used in these experiments were freshly harvested from native cultures, they contained 
considerable amounts of endogenous substrates. I t  could therefore not be expected 

Re/erences p. ::59. 
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that  "all or none" interdependence between H2S evolution from added cysteine and 
CO s evolution from glucose (or HDP) would be demonstrable. When suspensions of 
washed amoebae were kept for some time (o.5 to 2 hours) under anaerobic conditions, 
most of the endogenous substrate was exhausted. Such cell suspensions did not 
ferment glucose unless cysteine (or cystine) was present, and did not produce H2S 
from cysteine in the absence of glucose. The drawback of this "starvation" was a 
considerable loss in intact amoebae (up to 7o% in I hour). 

TABLE III 
THE MUTUALLY ACTIVATING EFFECT OF GLUCOSE (OR HDP) 

AND CYSTEINE ON C O  2 AND H i S  EVOLUTION 

Substrates 
Intact cells Lysed cells 

CO 2 H2S CO2 H2S 

None 0 . 2  0 . 3 2  O,O o . o i  

G l u c o s e  9.5 0 .60  0.2 * o .3 I  * 
Cysteine 0. 4 2. io 1.1 1.8o 
Glucose 

+ cysteine 16.o 3.3 ° 3.6* 2.42 * 

• H D P  ( I o - 2 M  as  N a  sa l t )  as  s u b s t r a t e .  
T h e  r e s u l t s  in  T a b l e s  I I I  t o  V a r e  e x p r e s s e d  in  t e r m s  of  m i c r o m o l e s .  

As seen in Table I II ,  both CO s and H2S evolution by lysed amoeba preparations 
were considerably below those of the intact cells. Since these experiments were carried 
out simultaneously with amoebae harvested from the same culture (8. lO 4 cells per 
flask) they are exactly comparable. The activity of lysed preparations could be raised 
almost to the level of the intact cells by a boiled extract of an acetone powder of rat 
liver homogenate (60 mg of acetone powder was extracted with 5 ml o.I M phosphate 
buffer, then deproteinized by immersion into boiling H~O for Io minutes, followed by 
filtration). This effect is shown in Table IV, which represents an experiment fully 

T A B L E  I V  

THE EFFECT OF RAT LIVER EXTRACT ON H 2 G  AND C O 2  

B Y  L Y S E D  CELL PREPARATIONS 

EVOLUTION 

Substrates CO2 HoS 

None o,o  o ,o  
H D P  0. 3 0.2 
H D P  + e x t r a c t *  i o . o  r . o  
C y s t e i n e  r .o  1.6 
C y s t e i n e  + e x t r a c t *  8 .0  2.5 
C y s t e i n e  + H D P  4.0  2. 4 
C y s t e i n e  + H D P  + e x t r a c t *  14.o  2. 4 

L y s e d  p r e p a r a t i o n  as  in  T a b l e  h i .  
o. 3 rnl  o f  t h e  l i v e r  a c e t o n e  p o w d e r  e x t r a c t  w a s  a d d e d  t o  e a c h  ves se l .  

comparable to those summarized in Table III .  The components of the liver extract re- 
sponsible for the reactivation of lysed cells have not been identified yet. There is some 
indication that water-soluble substances related to amino and keto acids may be 
involved. Our work was limited by the rather small number of amoebae available for 

Re#fences p. x59. 
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test systems. The activating component(s) cannot be replaced by any of the known 
coenzymes (DPN, TPN, ATP, cocarboxylase, flavin nucleotides, pyridoxal-phosphate 
coenzyme A). 

The production of HsS from cysteine by E. histolytica is a different reaction than 
the cysteine desulfhydrase, studied by FROMAGEOT and co-workers 17-21. There is no 
net oxidation involved in the reaction catalyzed by the desulfhydrase, while in E. 
histolytica apparently a dehydrogenation with S as hydrogen acceptor occurs. No NH.~ 
was formed, and the production of alanine was established as determined by paper 
chromatography. No pyruvate  was formed from cysteine alone when added to starved 
whole cells or lysed amoebae. Both cysteine and cystine were equally effective in sup- 
porting H2S and CO 2 evolution. The thiol and disulfide form of this aminoacid came 
to a rapid equilibrium, when either of them was added to suspensions of E. histolytica 
under anaerobic conditions. For instance, in a typical experiment (with 8.1o 4 cells 
per flask) with excess glucose present (52/*M) out of 12.7/*M of added cysteine lO. 7 
/*M (determined as - S H  compound 1°) disappeared in 6o minutes, while Io /*M of CO s 
and 4 / , 3 I  of H2S evolved. Under comparable conditions when eysteine was replaced 
by the disulfide at the end of I hour 15 to 2o OJ/o was present in the thiol form. A con- 
tinued linear rate of CO s evolution beyond this period indicated that  this equilibrium 
is optimal for conditions of glucose fermentation. Only glutathione was equivalent to 
cysteine in supporting both H2S and C02 evolution. Dithionate and bis-(o-)-carboxy- 
phenyl disulfide were only 6o-8o % as effective while thioglycolate, cysteic acid, tau- 
rine, thiamine, thiourea, homocysteine, ethionine and methionine were ineffective 
and were not desulfurated. Bis-(o-)-aminophenyl disulfide proved to be a powerful 
inhibitor (8o% inhibition at lO .2 M concentration), while bis-(m and p)-carboxy- 
phenyl disulfides inhibited 2o to 3o %. A comparison of the reduction of these synthetic 
aromatic disulfides is summarized in Table V. I t  is apparent that  in order to be re- 
duced and support HsS as well as activate CO s evolution a carboxy substitution in 
ortho position, with respect to the sulfur substituted C atom is required. Enzymic 
reduction to the - S H  form occurs when the CO0-  is in meta or para position, while 
CO 2 evolution is unaffected (the same amount of C02, i.e., 3 t,M, was produced without 
any added disulfide). Diphenyl disulfide was neither reduced nor it altered endogenous 
CO s evolution. 

TABLE V 

Disulfide substrate 
H2S -..SH CO, 

in micromole~ 

B i s ( o r t h o - c a r b o x y p h e n y l )  disulf ide 1.8 2.o 5-o 
Bis(meta  - c a r b o x y p h e n y l )  disulf ide o 2. 7 3.o 
B i s ( p a r a - c a r b o x y p h e n y l ) d i s u l f i d e  o 2.4 2.5 
D ipheny l d i su l f i d e  o o 3.4 

E a c h  vessel  c o n t a i n e d  3 ° m i c r o m o l e s  of disulfide,  5 ° m i c romo le s  of g lucose  a n d  8" lO 4 of f r e sh ly  
h a r v e s t e d  a m o e b a e ,  s u s p e n d e d  in 2. 5 ml  of sal ine p h o s p h a t e .  The  r e a c t i o n  was  s t o p p e d  a t  6o ra in  
b y  t i p p i n g  in  0. 3 ml  ioo  % TCA a n d  a t  o '  for  in i t ia l  con t ro l s .  The  in i t ia l  - S H  c o n t e n t  a t  o '  w a s  
O.Ol-O.O 3 m i c r o m o l e s  p e r  flask. 

Re/erences  p. I59 .  
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DISCUSSION 

I t  was shown that  E. histolytica, isolated under certain conditions exhibit a rea- 
sonably fast rate of metabolism in vitro, which is readily distinguished from that  of 
associated bacteria. I t  was concluded that  a phosphorylative glycolysis takes place 
and glucose is converted to pyruvate via HDP. The available evidence also suggests 
that  the oxidative step of fermentation, i.e., the dehydrogenation of phosphoglycer- 
aldehyde is coupled with the reduction of S to H2S. We have already pointed out 1 that  
the optimal growth of E. histolytica occurs in cysteine-containing medium, where 
E h is - -14  ° millivolts, an E h which is exactly that  of a system where equilibrium be- 
tween S and H2S exists (--141 millivolts). The experimental work described above 
offers a biochemical interpretation of these observations. 

I t  is noteworthy that  a DPN requirement of the triose phosphate dehydrogenase 
system of E. histolytica could not be demonstrated. The H acceptor is a disulfide 
(cystine, or bis-(o-)-carboxyphenyl disulfide) which is reduced to the thiol form. The 
further steps leading to H2S must involve several reactions. We suggest that  the anae- 
robic oxidation of the thiols proceeds through a labile intermediate (source of a reac- 
tive form of sulfur). This process is similar to the oxidation of cysteine by sulfur, which 
is derived from the desulfuration of fl-mercaptopyruvate as described by MEISTER, 

FRAZER AND TICE ~2, yielding pyruvate,  H2S and cystine. This interpretation also sug- 
gests the role of a "cofactor ' ,  i.e., the boiled extract of liver acetone powder. Thio- 
pyruvate is known to arise by the transamination of a-ketoglutarate and cysteine 
as described by CAMMARATA AND COHEN 23, yielding glutamate as one of the end 
products. I t  is also known that  thiopyruvate reacts enzymically with glutamate (and 
glutamine) to yield S, which can then be reduced to H2S in the presence of a H 
donor (cysteine or thioethano122). The overall reactions may be summarized in the 
following equations: 

I. cysteine + pyruvate --+ alanine + fl-thiopyruvate 2s,23 
2. fl-thiopyruvate + 2 cysteine --+ HsS + cystine s2 + pyruvate (to COs) 
3- 112 HDP + cyst ine--+ glycerophosphate + 2 cysteine 

(to pyruvate --+ COs) 

Both CO S and H2S formation are determined by factors influencing all three 
reaction sequences. I t  also follows that  the COJHzS ratio may vary accordingly (see 
Tables I I I  and IV), and approaches 2/zM COs: I / ~ M  H,S. 

The deproteinized extract of rat  liver probably contains a-ketoglutaxate and glu- 
tamine, and thus activates CO~ and H ~S production in lysed cells, where these compo- 
nents are diluted. I t  should be mentioned that  chromatographic analyses revealed 
an SH containing keto acid in extracts of E. histolytica, which observation supports 
the proposed hypothesis. Since E. histolytica is not a suitable microorganism for enzyme 
isolation studies, we are in the process of studying these reactions in other cells which 
may  enable us to obtain a clearer picture of the interrelationship between carbohydrate 
and sulfur metabolism. 

SUMMARY 

I. Suspensions of Endamoeba histolytica form CO~ and H2S under anaerobic conditions from 
sugars in the presence of cysteine (or cystine). 

2. Evidence was obtained which indicated that  glucose is phosphorylated and HDP is 
fermented to pyruvate which is then decarboxylated. 

Relerences p. x59. 
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3. I t  was shown  t h a t  dur ing  t he  f e rmen t a t i on  of glucose (or H D P  in b roken  cells) t r iose  
p h o s p h a t e  is oxidized by  cys t ine  (or ano t he r  or tho  s u b s t i t u t e d  a romat ic  disulfide). The  ox ida t ion  
of the  resu l t ing  thiols  occurs  by  way  of a "labile S c o m p o u n d "  ( /~-thiopyruvate or a de r iva t ive  
of it) which  is enzymica l ly  desu l fu ra ted  and  t he  S reduced  to HaS. 

Rt~SUMt~ 

I. Des suspens ions  d'Endamoeba histolytica produisent ,  en ana6robiose,  CO a 5  ̀ par t i r  des 
h y d r a t e s  de carbone  et HaS 5. par t i r  de la cyst6ine.  

2. I1 appa ra i t  que  les hexoses  son t  t ransform6s ,  v ia  le f ruc to sed iphospha t e  et le tr iose- 
p h o s p h a t e  en acide p y r u v i q u e ;  ce dernier  es t  ensui te  d6carboxyl6.  

3. Au cours  de la f e rmen t a t i on  ana6robie,  l ' oxyda t i on  du t r i o sephospha te  est  li6e 5  ̀ une  
r6duc t ion  e n z y m a t i q u e  de la cys t ine ;  celle-ci peu t  6tre remplac6e par  un  disulfure  a r o m a t i q u e  
syn th6 t ique ,  subs t i tu~  en posi t ion " o r t h o " .  L ' o x y d a t i o n  ul t6rieure des thiols  form6s es t  due  5~ u n  
compos6 labile, p r o b a b l e m e n t  l 'acide f l - th iopyruvique  ou un  corps voisin, lequel  es t  d6sulfur6 
en e n g e n d r a n t  HaS. 

Z U S A M M E N F A S S U N G  

I. Suspens ionen  yon  Endamoeba histolytica entwicke ln  u n t e r  anae roben  U m s t ~ n d e n  CO 2 
u n d  HaS in Gegenwar t  von  Glukose  und  Cystein.  

2. Es  wurde  bestAtigt  dass  in d iesem Pro tozoon  eine phosphoro ly t i sche  Glykolyse  s t a t t f inde t .  
F r u k t o s e d i p h o s p h a t  wird v ia  Tr iosephosphors~ure  zu Brenz t raubens i iu re  fiberfiihrt,  die d a n n  
deka rboxy l i e r t  wird. 

3. Wi ihrend  des anae roben  Z ucke rabbaus  oxidier t  das  Cys t in  Glyce r ina ldehydphosphor -  
sXure; Cys t in  k a n n  auch  d u t c h  ein syn the t i s ches  o r thosubs t i t u i e r t e s  a romat i sches  Disulfid e rse tz t  
werden.  In  einer zwei ten Phase  reagieren die in der ers ten  Reak t i on  e n t s t a n d e n e n  Thiole m i t  S, 
das  aus  einer labilen Schwefe lve rb indung  (wahrscheini ich f l -Thiobrenz t raubens~ure  oder  dessen  
Derivat)  du rch  Desu l fu r i e rung  en t s t eh t .  Dabei  wird das  Disulfld regener ier t  u n d  das  S zu HaS 
reduziert .  
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