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Our exper imenta l  resul ts  fit an equat ion of the form (3), and, therefore, agree with the theory 
of t e rna ry  comp!exes consist ing of enzyme-ace ta ldehyde-coenzyme or enzyme-subs t r a t e -ac t i -  
vator,  according to the variables chosen. 

Vmax/V = z + KA/[A ] + KB/[B] + KAB/[AB_ ~ (3) 

In  equat ion  (3), A and 13 are subs t ra tes ,  or subs t ra te  and act ivator ,  respectively. KAB , the 
complex constant ,  could be measured directly and the value obtained agreed well wi th  the value 
of the  p roduc t  KA × KB whichever  were the  pai r  o ! variables Chosen. The dissociation cons tant  
of each enzyme-subs t r a t e  or enzyme-ac t iva to r  compound  is not  affected by the presence of the  
o ther  r eac tan t s  and therefore r a n d o m  format ion  of the  active complex could take place if the  
sys tem were operat ing in equil ibrium conditions. Nevertheless,  the possibili ty of compulsory  order  
of binding of subs t ra tes  under  s teady-s ta te  conditions cannot  be ruled out  entirely. The poin t  
will be discussed in more  detail elsewhere. 

This  work  has been suppor ted  by  the Rockefeller Foundat ion,  E. R. Squibb & Sons, Argen- 
tina, and IVA, Indus t r i a  Vidriera Argentina.  
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The enzymic synthesis of &aminolevulinic acid* 

&Aminolevulinic acid has been demons t ra ted  to be an intermediate  in the synthesis  of por- 
phyr ins l ,  2 and the porphyrin- l ike moiety of v i tamin  B12 3. This aminoketonic  acid arises bio- 
logically f rom the condensat ion of "ac t ive"  succinatO and glycine. However,  the details of this 
condensat ion have not  yet been elucidated. This communica t ion  repor ts  our finding tha t  the 
s u p e r n a t a n t  fluid obtained on centr i fugat ion of an ext rac t  of the photosynthe t ic  bac te r ium 
Rhodopseudomonas spheroides for 3 ° rain at lOO,OOO × g is capable of catalyzing the net synthesis  
of d-aminolevulinic acid f rom succinate and glycine on addit ion of cofactors or f rom succinyl- 
coenzyme A and glycine. 

LASCELLES has  demons t ra ted  ~ tha t  not  only are porphyr ins  synthesized by R. spheroides 
by the route  previously elaborated for other  cells, bu t  also tha t  porphyr ins  and porphobil inogen 
accumula te  in the medium. We were encouraged to invest igate this bac te r ium for the enzymes 
responsible for the  synthesis  of b-aminolevulinie acid, for we found tha t  6-aminolevulinic acid 
was  also present  in the medium after  the cells were suspended in medium I of LASCELLES 5. 
LAVER AND NEUBERGER 6 recently reported t ha t  a par t iculate  fraction obtained from erythrocytes  
of phenylhydlaz ine- t rea ted  chicks was capable of synthesizing this compound from succinate and 
glycine and tha t  the a m o u n t  synthesized was increased 2.5 fold on addition of bo th  coenzyme A 
(CoA) and pyridoxal  phosphate .  

The s t ra in  241 C of R. spheroides, obtained f rom Professor R. Y. STANIER, which originally 
came from Professor C. V. VAN NIEL'S collection, was grown in medium S of LASCELLES. After 
abou t  36 h, the bacteria were harvested and washed several t imes with 0.9 % saline. The ceils 
were ground with alumina,  extracted with o. I M phospha te  buffer, pH 6.9, containing 0.9 % NaCI, 
and centrifuged for 3 ° rain at  5000 × g. The supe rna t an t  fluid was then centrifuged for 30 min 
at  IOO,OOO × g, and this lat ter  supe rna t an t  fluid was then used as the initial enzyme system. 

" This work was aided by gran ts  from the Nat ional  Ins t i tu tes  of Health,  United States Public 
Health Service (A-t i o t), f rom the American Cancer Society, and from the Rockefeller Foundat ion.  
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On incubation of this fraction with glycine, succinate, CoA, and pyridoxal  phosphate ,  both  
~%aminolevulinic acid (e.g., 0.o5 to o. 1 ffmole/mg protein/hi  and porphyr ins  accumulated.  Omission 
of the cofactors diminished the synthesis  about  lo-fold. The aminoketonic acid was determined 
by the  method of SHUSTER 7 and fur ther  identified by' paper  chromatography.  Surprisingly, the 
addition of a-ketoglutara te  to the complete sys tem inhibited the formation.  The synthesis  is 
markedly  increased by  the addit ion of ATP and also s t imulated by the admission of light. Cysteine 
inhibits the synthesis.  

b-Aminolevulinic acid synthesis  was  also demonst ra ted  by the isolation of a derivative of 
this acid af ter  the addition of non-radioact ive &aminolevulinic acid to the complete sys tem which 
contained either radioactive glycine or succinate. However,  in contras t  to the avian sys tem of 
LnVER aND NEUBERGER, the addit ion of the acid to our  enzyme sys tem at the s ta r t  of the incu- 
bat ion resulted in the isolation of d-aminolevulinic acid as the 2-methyl-3-carbethoxy-4-(3-pro- 
prionic acid) pyrrole ~, whose radioact ivi ty was low (I 6 counts/mini ,  whereas the derivative isolated 
from the incubat ion mixture  to which d-anunolevulinic acid was added after  the incubation period 
was highly radioactive (150o cotints/min). The radioactivity agreed with the calculated value. 

I t  appears  tha t  the "ac t ive"  succinate is succinylcoenzyme A, for the rate  of ~5-aminolevulinic 
acid format ion is markeilly greater  from succinylcoenzyme A than  from the components  (succinate 
and CoA), even on adilition of ATP (Fig. I). Fur ther ,  a part iculate  fraction (9.;5 mg protein), 
obtained by centrifugation fl)r 2.5 h at loo,ooo x g, which synthesizes very little porphyrin,  
formed, in 45 min, o.~76 ffmole &aminolevulinic acid from succinytcoenzyme A, whereas o.o31 
Hmole were synthesized from succinate, CoA and ATP, and o.ooO/~mole from succinate and CoA. 

I t  seems tha t  par t  of the enzyme sys tem responsible for &aminolevulinic acid synthesis  is 
in very small particles, for on centrifugation of the above-described superna tan t  lhlid for another  
90 rain at  i oo,ooo >; g, the bo t tom half was more enzymically active than the top half. However,  
the top fraction is still appreciably active after centr ifugat ion for 3 h at lOO,OOO :.: g. \Ve also found 
tha t  extracts  of Rhodospirilhnn rubrum catalyze the  net synthesis  of 6-aminolevulinic acid. 
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Fig. 5. Rates  of synthesis  of d-aminolevulinic acid (O-ALAC) : Each flask contained glycine (15o 
ffmoles), MgC12 (I 5 ffmoles), pyr idoxal  phospha te  (o.75 ffmole), 4-5 ml o.i M phospha te  buffer 
(pH 6.9) and 3.o lnl of extract  (8o.2 mg protein). In  addition, flask I contained succinate (]sffmoles) 
and CoA (I 5 [mloles), flask I I  contained succinate (15/tmoles),  CoA (15 pmoles) and ATP (5.o 
ffmoles), and flask I I I  contained suecinylcoenzyme A (I5 timoles). Final vohlme, 9 ml. (a) The 
solid lines represent  determinat ion of free d-aminolevulinic acid and the dotted lines the a m o u n t  
of the compound as porphyr in .  (b) The lines represent  the total  amoun t s  of ~-aminolevulinic acid. 
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