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S T U D I E S  ON T H E  B I O S Y N T H E S I S  OF H E M I N  
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by  
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INTRODUCTION 

The observation that root nodules of leguminou s plants contain a hemoprotein is of 
interest since the prosthetic group of this chromoprotein is indistinguishable from that of 
hemoglobin1, 2. Hemin synthesis in animal tissues involves the utilization of certain 
intermediates of the Krebs tricarboxylic acid cycle s,4. Since it has been shown recently 
that the Krebs cycle and oxidative phosphorylation occur in plant and animal tissues a, 6, :, 
it is conceivable that similar intermediates may be involved in the biosynthesis of the 
tetrapyrrole nucleus in plant and animal systems. In this investigation we have en- 
deavored, (I) to determine whether soy bean root nodules are able to incorporate the 
carbon atoms of glycine and acetate into the tetrapyrrole skeleton of hemin and, (2) to 
characterize the root nodule system as to some of its requirements for in v#ro operation. 

EXPERIMENTAL 

:14aterials 
Soy bean root nodules. Nodules  were ob t a ined  from the  roots  of soy bean  p lan t s  whose seeds 

had  been inocu la ted  w i t h  " N i t r a g i n  . . . .  a t  the  t ime  of p lan t ing .  The roots  were h a r v e s t e d  when 
the  p l an t s  were a b o u t  s ix  weeks  old. In  order  to avoid  the  loss of nodules,  the  field was flooded*** 
so t h a t  the  p l an t s  could be pul led  out  w i th  ease. After  the  roots  were washed  free of the  adher ing  
soil, the  nodules  were removed,  i m m e d i a t e l y  frozen in a carbon d iox ide-ace tone  b a t h  and  s tored 
at  a b o u t ,  t5 ° un t i l  used. In  a few ins tances  fresh nodules  were employed.  

Isotopic materials. Glycine-t-14C and 2JIC, and  acetate-i-14C and  2-1~C were used wi th  a specific 
a c t i v i t y  r ang ing  from ~7 25/~c per mg +. Sodium carbonate-14C wi th  a specific a c t i v i t y  of 28/~c 
per  mg  was e m p l o y e d ~ .  

~llelhods 
Measurement o/ radioactivity. Samples  of a p p r o x i m a t e l y  2 mg each were weighed ou t  on copper  

foils and  spread  un i fo rmly  wi th  a su i t ab le  so lven t  over  the  en t i re  surface of the  foil. The samples  
were then  dried, and  coun ted  in a flow coun te r  in the  p ropor t iona l  region us ing me t hane  as the 

* This  pape r  is based  on work  per formed unde r  c o n t r a c t  w i th  the  U.S. Atomic  E n e r g y  Commiss ion 
a t  the  Unive r s i ty  of Roches te r  Atomic  E n e r g y  Pro.ject, Rochester ,  New York. 

** This  m a t e r i a l  was a m i x t u r e  of legume bac te r i a  p repared  by  The Ni t r ag in  Company,  Inc., 
Milwaukee,  \Visconsin.  

*** The au tho r s  are i ndeb ted  to the  Fire D e p a r t m e n t  of the  Ci ty  of Roches te r  for ca r ry ing  ou t  
this  opera t ion .  

Labe led  glycine  and  ace t a t e  were ob t a ined  from the  Nuclear  I n s t r u m e n t  and Chemical  Corpo- 
ra t ion ,  Chicago, I l l inois.  

~t O b t a i n e d  from the  I so tope  Divis ion,  Oak  Ridge  N a t i o n a l  I . abora tory .  Oak Ridge, Tennessee.  
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flow gas. A plateau and background count for each of the chambers used were determined at least 
once a day. 

Preparation and incubation el nodule homogenales. Portions of approximately 25 g (wet weight) 
of thawed nodules were ground in a \Varing blender or with mortar and pestle. The medium was 
o.2 M phosphate buffer pH 7.1 in o. 3 .ll sucrose and in sonle instances phosphate buffer alone: 
approximately the same results were obtained with both media. 

Aliquots equivalent to 5 g of nodules were incubated in modified Warlmrg vessels s at 25 for 
2io minutes. The vessels were equipped with two sidearms containing [ ml of 2 .\' sulfuric acid and 
1 ml of 2 N potassium hydroxide respectively. Experiments carried out at temperatures ranging 
from 18-37:: indicated that  the temperature optimum for a 21o minute incubation period was ap- 
proximately 25 '. 

All additions of substrates, cofactors and inhibitors to the incubation media were made after 
the grinding operation with the exception of sodium fluoride which was added to the media befl~re 
grinding the nodules in order to inhibit phosphatases and peroxidases. 

lsolalion o/ heroin. After completion of the incubation, the potassium hydroxide was removed 
from the \Varburg vessel and stored under xylene, and the incubation mixture was centrifuged. 
The residue was washed twice with 25 ml of 5o°;) (v/v) acetone-glacial acetic acid, and the washings 
were combined with the supernatant ttuid obtained in the above mentioned centrifugation. This 
mixture was poured into an equal volume of acetic acid containing i m g  of heroin. This hemin was 
added to facilitate isolation and purification and did not influence the pattern of results obtained. 
Heroin was isolated and purified as previously described 'a. In some instances o.I N HC1 was used 
instead of acetic acid for the hydrolysis of the hemoprotein. Usually 2 to 5 mg of hemin were isolated 
in each experiment. In order to ascertain that  the porphyrin component present in the hemin isolated 
was protoporphyrin IX, a sample of pyridine hemochromogen was converted to protoporphyrin IX 
dimethyl ester according to the procedure of (;RINSTEIN 10. The millimolar 14C-activity of the proto- 
porphyrin IX dinlethyl ester was identical with that  of the pyridine hemochromogen. 

[solalion o/lhe evolved carbon dioxide. Carbon dioxide was collected in 2 N potassium hydroxide 
present in one side arm of the incubation vessel. The carbonate was precipitated with a saturated 
solution of barium hydroxide. The barium carbonate thus obtained was washed three times with 
water, once with methanol and once with acetone, and then dried in vacuo. Samples of this salt 
were used for measuring radioactivity. 

RESULTS AND DISCUSSION 

The  r e su l t s  to  be  r e p o r t e d  are  a v e r a g e  va lues  o b t a i n e d  f r o m  3 to  7 e x p e r i m e n t s  in 

each  p a r t i c u l a r  case.  The  e r ro r  in  t h e s e  e x p e r i m e n t s  is less t h a n  =k 2O°o if not  s t a t e d  

o t h e r w i s e .  T h e  va lues  o b t a i n e d  are  r e p r o d u c i b l e  to  w i t h i n  85 % or b e t t e r  if s a m p l e s  oi 

nodu l e  h o m o g e n a t e s  are  c o m p a r e d  u n d e r  s imi la r  cond i t i ons .  The  v a r i a t i o n  w i t h i n  t h e  

g r o u p  of t h r e e  to  s e v e n  e x p e r i m e n t s  m e n t i o n e d  d id  n o t  e x c e e d  25 %. The  e x p e r i m e n t s  

s h o w  t h a t  s o m e  ot t h e  r e a c t i o n s  l ead ing  to  h e m i n  f o r m a t i o n  in p l a n t  a n d  a n i m a l  s y s t e m s  

h a v e  s imi la r  m e t a b o l i c  c h a r a c t e r i s t i c s ,  e x c e p t  in t h e i r  r e s p o n s e  to  t h e  a d d i t i o n  of s o d i u m  

f luor ide .  

E~ect  o~ Substrates and Co~actors. T h e  a l p h a  c a r b o n  a t o m  of g lyc ine  a n d  t h e  c a r b o n  

a t o m s  of a c e t a t e  were  i n c o r p o r a t e d  in to  h e m i n  to  a p p r o x i m a t e l y  t h e  s a m e  d eg ree ;  i.e. 

a p p r o x i m a t e l y  40.  lO 3 d i s i n t e g r a t i o n s  p e r  rain pe r  m m o l e  per  i,e of g lyc ine  or a c e t a t e  p e r  

5 g of n o d u l e s  as is s h o w n  in Tab le  I. The  c a r b o x y l  c a r b o n  a t o m  of g lyc ine  was  incor -  

p o r a t e d  to  a c o n s i d e r a b l y  sma l l e r  e x t e n t .  Th i s  f ind ing  is d i f f e ren t  f rom t h a t  o b t a i n e d  in 

an ima l  t i s sues  w h i c h  do no t  u t i l ize  a m e a s u r a b l e  a m o u n t  of t he  c a r b o x y l  c a r b o n  a t o m  of 

g lyc ine  for heroin  s y n t h e s i s  n .  The  s l igh t  b u t  m e a s u r a b l e  a c t i v i t y  f o u n d  in hero in  i so l a t ed  

f rom nodu l e  h o m o g e n o t e s  i n c u b a t e d  w i t h  c a r b o x y l  l abe l ed  g lyc ine  m i g h t  be i n t e r p r e t e d  

as i n c o r p o r a t i o n  via an  i n d i r e c t  m e t a b o l i c  r o u t e  or by  car l)on d i o x i d e  f ixa t ion  or b o t h .  

In o r d e r  to  a s c e r t a i n  t he  r e l a t i ve  i m p o r t a n c e  of (~O., f ixa t ion  in th i s  p rocess ,  t h e  

h o m o g c n a t e s  were  i n c u b a t e d  in the  p r e s e n c e  of 1RMabeled  c a r b o n a t e .  The  resu l t s  

o b t a i n e d  using l abe led  c a r b o n a t e  a n d  those  o b t a i n e d  us ing  glycine or a c e t a t e  a re  

c o m p a r e d  in Tab le  1. 

h'cfl'rcm,'., p. 55. 
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T A B L E  I 

T H E  I N C O R P O R A T I O N  O F  T H E  C A R B O N  A T O M S  O F  G L Y C I N E  A N D  A C E T A T E  A N D  O F  T H F .  C A R B O N  A T O M  

O F  S O D I U M  C A R B O N A T E  I N T O  H E 3 I I N  A N D  T H E I R  C O N V E R S I O N  T O  C A R B O N  D I O X I I ) E  

Labeled compound q~o Radioactivity* % Radioactivity ~ 
in heroin in lhe evolved CO~ 

( ; l yc ine -2 -14C i oo i oo  
G l y c i n e -  1 14(- 1o 1 ()o 
A c e t a t e - 2 - 1 4 C  t 20 E 20 
A c e t a t e -  I - laC 9o  8 5 
S o d i u m  c a r b o n a t e  ** 1 ,2-  lO ~ 

* T h e  % r a d i o a c t i v i t y  is e x p r e s s e d  as  t h e  % of  t h e  v a l u e  o b t a i n e d  u s i n g  a-14C l a b e l e d  g l y c i n e .  
* *  Less  t h ~ l n  I o ~ .  

The resul ts  show tha t  the  a lpha  carbon a t o m  of glycine and the  carbon a toms  of 
ace ta te  were incorpora ted  into hemin to a p p r o x i m a t e l y  the  same degree, while only a 
ve ry  sl ight  amoun t  of carbonate  carbon was ut i l ized.  The d a t a  for the  evolved carbon 
dioxide  indicate  t ha t  the ac t iv i ty  in the evolved carbon dioxide  arising from carbona te  
was IOO t imes  grea te r  t han  tha t  aris ing from the carbon a toms  of glycine and aceta te .  

Tables  I I  and  I I I  show the effects of wtrious subs t ra tes ,  cofactors,  and combina t ions  
of these subs tances  on the incorpora t ion  of the  a lpha  carbon a toms  of glycine and 
ace t a t e  into hemin*.  

The Krebs  cycle acids s tudied,  subs tances  conta in ing su l fhydry l  groups,  and 
adenosine t r iphospha te  (ATP) alone inh ib i ted  to a slight degree or had  no marked  
effects, whereas  eoenzyme A (CoA) had  a marked  inh ib i to ry  effect. Most combina t ions  
of the compounds  s tudied  had  also a depress ing effect, whereas combina t ions  of CoA and 
suceinate,  or of oxaloace ta te ,  CoA, ATP,  and ace ta te  using labe led  ace ta te  had  a s t imula-  
to ry  effect. Magnesium as well as ace ta te  and  glycine p roduced  a marked  s t imula t ion  as 
i l lus t ra ted  in Table  IV which shows the resul ts  ob ta ined  upon add i t ion  of var ious  con- 
cen t ra t ions  of glyeine and aceta te .  The enhancement  observed on add i t ion  of glycine to  
soy bean  nodule homogena tes  when labeled glycine was employed  is in agreemenL with  
tha t  r epor ted  by  SHEMI~," el al .  I2 using duck blood, and  D~F.SH. AND FALK la using 
hemolyzed  avian  e ry throcy tes .  Similar  resul ts  were ob ta ined  on add i t ion  of glycine when 
labeled  ace ta te  was used. 

The augmen ta t ion  produced  by  ace ta te  deserves  some comment  since members  of 
the ci tr ic acid cycle such as a lpha -ke to -g lu t a ra t e  and  oxa loace ta te  were inh ib i to ry  and 
succinate  was wi thout  effect. Tha t  added  succinate  was wi thout  effect might  be ex- 
p la ined  by  assuming t ha t  there  is a deficiency in the  enzyme sys tem which is necessary 
for the  ac t iva t ion  of succinate .  The enhancing  effect of ace ta te  on the o ther  hand  might  
be due to the conversion ot ace ta te  to act ive succinate  I~. Thus in the  l a t t e r  case ac t i va t ed  
succinate  would he responsible for the effect observed for aceta te ,  whereas in the former  
the  added  succinate  lacks ac t iva t ion ,  and  there iore  cannot  be ut i l ized.  This  in te rp re ta -  
t ion is appl icable  to exper iments  in which e i ther  labe led  ace ta te  or labe led  glycine was 
used. The s t inmla t ion  observed when an excess of glycine was added  might  be in te rp re ted  
to mean e i ther  the  invo lvement  of a coenzyme der iva t ive  which p lays  a common role in 
the  ac t iva t ion  of glycine *a and t r ansamina t ion  reac±ions, .6 or enzyme sa tura t ion .  Af te r  

* T h e  s a m e  g e n e r a l  p a t t e r n  o f  r e s u l t s  w a s  o b s e r v e d  u s i n g  c a r b o x y l  l a b e l e d  g t y c i n e  a n d  a c e t a t e  
b u t  f o r  t h e  s a k e  o f  b r e v i t y  t h e s e  r e s u l t s  a r e  n o t  r e p o r t e d .  

Re/erences p. 55. 
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ml ~,/ :,.i .11 
ml o/ 1. .  3I ~-keh}- 

succinah, o taloacehztc 
added ~lularah' added 

added 

- .I ~ 8  

5 3 I  

-' 4 f 43 
-' 5 4 35 

-' -' 5 4 - ~ 34 
t 8 2  

-' 5 4 180 
1 t 4 o  

I {) O 

"1".\ BIA,2 11I 

E F F E C T  O F  S U B S ' I ' R A T E S  A N D  CO-FACTORS ON T H E  I N C O R P I } R A T I O N  OF T H E  ( I -CARBON ~ T O M  

O F  A C E T A T E  INTO ttP2MIN IN SOY B E A N  N O I I U I . E  ItOMOGI~2NATES 

ml o/ o.~ M ml o/ . . l  3l mg o~ m~' o~ % o/ 
• adenomne ml o~ ,).: M ml o/ (.  l 3I :hc conlro I 

pvruvalc coenzvme A lriphosphah" 3Iz~ ( l , c vstet~tc 
addal <¢dded added- added radwaclivllv 

added in hcmin 

TA BI.E IV 

I*FFECT OF T H E  C O N C E N T R A T I O N  OE G L Y C I N E  A N D  A C E T A T E  ON T H E  I N C O R P O R A T I O N  Ot; 

T H E  ( l - C A R B O N  ATOM OF G I A ' C I N E  INTO H E M I N  IN SOY B E A N  N O D U L E  H O M O G E N A T E S  

Molar concentration Molar ¢oncL'nlralton Radioactivity in heroin 
ca[ sodium acetate t~dded o~ glycb e added % o~ control value 

0 .  O [ 0 . 0 0  5 ° 

0 . 0 1  0 . 0 0 5  7.5 

O.OI O.O1 Q5 

O.Ol 0 . 0 2  1 2 2  

O.O I O , { }  3 1 2 0  

0 .  O 1 O.  0 5  I OO 

0 . 0 0  0 . 0 2  0 5  

0 . 0 0 2  O.O1 (1{) 

0 . 0 0 4  0 . 0 5  I O() 

O.O 1 0 . 0 2  1 3 4  

O.O2 0 . 0 2  1 2 0  

* Approximately [.o mg of glycine containing ~2 tzc of labeled glycine were also added in each 
experiment.  

t h e  a d d i t i o n  of  a l ar g e r  a m o u n t  of  g l y c i n e  m o r e  of t h i s  c o e n z y m e  d e r i v a t i v e  for tilt' 

a c t i v a t i o n  of  g l y c i n e  w o u l d  be  r e q u i r e d  w h i l e  at  t h e  s a m e  t i m e  t h e  a m o u n t  of t h i s  

d e r i v a t i v e  available for t r ansamina t ion  reactions would be  d e c r e a s e d .  T h u s ,  a greater 
q u a n t i t y  of keto acids would be available for the formation of the in tcrnwdia te  which is 
d e r i v e d  from the Krebs acid cycle and  is required for heroin formation.  Conversely the 
addi t ion of an excess of a lpha-ketoglutara tc  mav result in the ut i l izat ion ot the coenzyme 
which is required tor the ac t iva t ion  of glycine. This assumption might explain the inhibi- 
tion observed on addi t ion of a lpha-ketoglutara te  as shown in Tables II and I II. 

The co(?llZVille der ivat ive l]eCCssarv for the act ivat ion of glycine and t ransaminat ion  
reactions involving keto acids of the I(rebs cycle has been shown to l)v a pyridoxal 
derivativel.-,, la. It has been demonst ra ted  recently that the inetn-poration of iron into the 
tetrat,yrr(He s t ructure  is inhibi ted in blood obtained from birds which had been fed 
desoxypyridoxal% thus i l lustrat ing that pyridoxal plays a role in heroin svnttwsis. 
lgecause of tlw small ~ul/otll/l of ]lvlllill formcd and ttw rath(,r largt, <lttantit> ' {)f glycinc 
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a d d e d  i t  seems unl ike ly  tha t  the phenomenon  observed can be expla ined  by  enzyme 
sa tu ra t ion .  The enhancement  in isotope incorpora t ion  into hemin  brought  about  bv  
CoA, ATP,  ace ta te  and  oxa loace ta te  wi th  labeled ace ta te  is p robab ly  due to the forma-  
t ion of c i t r a tO s which would fac i l i ta te  the  opera t ion  of the Krebs  cycle. 

I t  is of in teres t  t ha t  CoA and succinate  s t imula ted ,  whereas CoA alone or succinate  
alone inh ib i ted  or had  no effect. 

I t  might  be po in ted  out t ha t  the  effects observed upon add i t ion  of CoA could be 
reproduced  using two CoA prepara t ions  of different degrees of pur i ty .  The same effect 
was observed  upon add i t ion  of a crude pork  l iver  CoA prepa ra t ion  (2o°o pure)~ or upon 
add i t i on  of a CoA prepa ra t ion  from yeas t  (7O°o pure). Equ iva len t  amoun t s  of CoA were 
equa l ly  effective, no tw i th s t and ing  the source. 

The effect of CoA and succinate  indica tes  tha t  these subs tances  are invo lved  in the 
format ion  of succinyl-CoA which has been shown to occur in p lan ts  as and which has been 
pos tu la t ed  bv  SHE.raN et ,~l.l.q,2o as the  in t e rmed ia t e  involved  in hemin synthesis .  The 
effect observed  when CoA or succinate was used singly indica tes  tha t  enhancement  or 
inhib i t ion  is a funct ion of the  re la t ive  concent ra t ion  of these substances .  An enhancement  
was also observed when magnes ium was added.  This  f inding might  be exp la ined  by  the 
recent  observa t ions  by  ~ { I L L E R D  A N D  B O N N E F ~  TM t ha t  magnes ium is necessary for the  
format ion of acetyl -CoA and succinyl-CoA. 

The resul ts  ob ta ined  on add ing  ATP might  be i n t e rp re t ed  to mean  tha t  the  sys tem 
a l r eady  conta ined  sufficient amoun t s  for hemin format ion,  or t ha t  the  added  ATP is 
ineffective. The observa t ion  tha t  the  add i t i on  of fluoride and ATP has no effect indica tes  
t ha t  some of the  ATP is not  decomposed under  these condi t ions.  The same i n t e r p r e t a t i o n  
inight be offered for the  inh ib i to ry  ac t ion of CoA alone. I t  could be assumed tha t  the  
inhib i t ion  is the consequence of d i rec t ing  the  react ion in o ther  pa thways ,  e.g. those 
involved in fat metabol ims.  The inh ib i to ry  ac t ion of subs tances  conta in ing  su l fhydry l  
groups could also be due to the ac t iva t ion  of CoA. 

Effect o~ Inhibitors. The effect of inhibi tors  is p resen ted  in Table  V. Sodium azide, 
and  malona te  showed a s t rong inh ib i to ry  effect, whereas  2 ,4-dini t rophenol  did  not  in- 
fluence m a r k e d l y  the incorpora t ion  of the a lpha  carbon a tom of glycine into hemin.  
Sodium fluoride and  sodium hydrosulf i te  had  a m a r k e d  s t i m u l a t o r y  act ion.  

TA BLE V 

E F F E C T  O F  S O M E  I N H I B I T O R S  O N  T H E  I N C O R P O R A T I O N  O F  T H E  ( / - C A R B O N  A T O M  

O F  G L Y C I N E  I N T O  H E M I N  1N S O Y  B E A N  R O O T  N O D I Z L F  H O M O G E N A T E S  

,Substances added l¢ctdio:wtivity in heroin 
°o o/ control vahle 

o . o  e 31 S o d i u m  i l u o r i d e  I 8 o  
o .o  r M S o d i u m  h y d r o s u l f i t e  ~5 ° 
o . 0 4  31 M a l o n a t e  .5 ° 
o . o I  31 S o d i u m  a z i d e  3 ° * *  
o . o o  5 ~11 2 , 4 - D i n i t r o p h e n o l  90  
O.Ol M r S o d i u m  f l u o r i d e  

a n d  o . o l  3 I  M a g n e s i u m  c h l o r i d e  2o0  

* A ten-fold dilution of the inhibitors did not change the effects observed. 
** This measurement was carried out with a probable error of approximately 3 ° %. 

§ We wish to thank the Armour Laboratories, Chicago, for a gift of this preparation. 

Re/erences p. ,55. 
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The act ion of malonate ,  sodium hydrosulf i te  and  sodium fluoride mer i t s  some com- 
ment .  The inh ib i to ry  act ion of malona te  in soy bean nodule homogena tes  resembles  tha t  
observed  in animal  t issues '~. ~HEMIN AND Nt;MIX have suggested a scheme of t )orphyrin 
synthes is  based  on obserwtt ions  made  with  avian  blood cells i ncuba ted  with methylene  
and carboxyl  labeled succiuate  in the presence and absence of malona te  l~a. I t  is difficult 
to compare  the  resul ts  of these au thors  with the resul ts  repor ted  here which were ob ta ined  
using soy bean nodule homogeuates  incuba ted  in the  presence of a lpha-uC-la l )e led 
glyeine. I t  should be ment ioned  tha t  ma lona te  inh ib i ted  the incorpora t ion  of glycine-2- 
14C into heroin in the  presence of added  succinate and coenzyme A in all ins tances  
observed.  This  finding is s imilar  to tha t  ob ta ined  using bone marrow homogena tes  9. 

I t  indica tes  t ha t  ma lona te  tflocks the format ion of the required succinyl i n t e rmed ia t e  
or i ts u t i l i za t ion  for hemin synthes is  or both.  Al though the mechanism of the inh ib i to ry  
effect p roduced  b y  malona te  has not  been e lucidated,  the following l)ossibilities nfight be 
considered.  

(I) Malonate  m a y  inhib i t  react ions  o ther  than  the conversion of succinate to 
fumara t e  ''~ name ly  the  fo rmat ion  of succinyl-CoA from suecinate or the condensa t ion  of 
succinvl-CoA witl l  a glycine der iva t ive .  Malonate  m a y  compete  with suceinate for CoA 
and  the malonyl -CoA formed m a y  also intfibit  the condensat ion  of glycine with 
suecinyl-CoA. 

(2) rl'he inhibi t ion of the  t ransformat ion  of succinate to f lnnara te  by  m a l o n a t c  m a y  
resul t  in the accumula t ion  of a lpha -ke togb l t a r a t e  which has been ment ioned  above.  

(3) The inhibi t ion  of the  Krebs  cycle by  malona te  m a y  decrease the  amoun t  of 
energy avai lab le  for heroin format ion.  

The s t i nmla to ry  effect of sodinm fluoride m a y  be the consequence of one or several  
of the  following factors.  Sodium fluoride might  inhibi t  the peroxidases  present  in soy 
bean nodule homogenates ,  and consequent ly  prevent  the decomposi t ion  of t i le newly  
formed as well as of the  a l r eady  exis t ing hemoprote in  ~. Sodium fluoride might  also inhibi t  
the  phosphatasesS,  v present  in the prepara t ion ,  and  consequent ly  increase the amount  
of phosphory la t i ve  energy avai lab le  for heroin formation.  The add i t ion  of magnes ium 
d id  not  reverse the effect of fluoride. This might  indicate  tha t  fluoride forms a s table 
complex  with ti le hemoprote in  ra the r  than complexing  with dissociable magnesium. 

The s t imula t ion  observed in the presence of sodium hydrosulf i te  might  be re la ted  to 
the reducing act ion of this  comt)ound on ferr ihemoglobin  or on peroxidasesL2a. This 
reduct ive  ac t ion would tend  to prevent  the decomposi t ion  of the henloprote in  since 
fe r rohemoprote ins  are more s table  than  ferr ihemoprote ins .  

.\C I,iN()WlJ{ l)t ;EbIEN TS 
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SUMMAR'V 

Soy bean nodule homogenates are able to incorporate the carbon at()ms of acetate and glycine 
into hemin. Acids of the Krebs cycle, malonate und sodium azide inhibited tile incorporation of 
the a-carbon at()m of glycine into heroin. CoA and substances containing sulfhydryl groups also 
inhibited the above reaction. Magnesium, acetate, glycine, hydrosulfite and fluoride stimulated. The 
effects of various combinations of these substances were also investigated. Some implications o[ 
t h e  r e s u l t s  o b t a i n e d  are  d i s c u s s e d .  

Re[erences p..55. 
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RI~SUMI~ 

Les homogdnats  de nodosit6s de soja incorporent  les atonaes de carbone de l 'acdtate et du 
glycocolle dans l 'hdmine. Les acides du cycle de Krebs, le malonate  et l 'azoture de sodium inhibent  
l ' incorporat ion de l 'a tome de carbone ~ du glycoco!le dans l 'hdmine. Le CoA et des substances ren- 
fe rmant  des groupenlents  sulrhydryle inhibent  dgalement cette r6action. I . 'ac6tate,  le magnt~sium, 
le glycocolle, l 'hydrosulfite et le fluorure la st imulent.  I. 'action de diverses combinaisons de ces 
substances  a dtd dgalement dtudi~e. Quelques unes des consdquences des r6sultats ~btenus sont  
discutdes. 

Z U S . \ MME N FA SSUNG 

Holnogenate aus Sojabohnenkn611chen sind imstande, die Kohlenstoffatome des Nat r ium-  
acetats  und des Glykokolls in Hfimin einzuverleiben. S~uren des Krebs Zyklus, Malonat und 
Natr iumazid hemmen die Einverleibung des a-i(ohlenstoffaton~s des Glykokolls in Hfimin. Coenzym 
.\ sowieVerbindungen die Sul fhydrylgruppen aufweisen hemmen diese Reaktion ebenfalls. Magnesium, 
.\cetate, Glykokoll, Hydrosulf i t  und Fluorid beschleunigen sie. Die Wirkung verschiedener Mischungen 
dieser Substanzen wurde ebenfalls un te rsucht  und etliche, zu den erhaltenen Ergebnissen in Be- 
ziehung stehende Fragen, er6rtert.  
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