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The third hemoprotein isolated in the hydroxylapati te chromatography (cyto- 
chrome b-562) could better  be purified from the soluble fraction obtained from the 
sonicate of intact cells by DEAE-cellulose column chromatography followed by 
ammonium sulfate fractionation and hydroxylapati te  column chromatography. As 
shown in Fig. 2, the pigment thus purified showed absorption bands at 562 m# (a), 
532 m# (/3) and 427 m# (Soret) in the reduced form and at 420 m# (Soret) in the 
oxidized form. These spectra i esembled those reported for "cytochrome b" of Bacterium 
anitratum 11. The prosthetic group of this cytochrome was identified as protoheme from 
its pyridine hemochromogen spectrum. This pigment was definitely different from 
cytochrome b I (ref. 7) not only in its spectral properties but also in its unusual non- 
autoxidizability. Cyanide and CO again showed no affinity to this cytochrome. 

The three soluble cytochromes described in this paper seemed to be present also 
in E. coli B, E. coli var communior and Serratia marcescens grown under similar 
conditions. 
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CitryI-CoA and the citrate condensing enzyme 

Previous work from this laboratorya, 2 has shown that  a preparation of synthetic 
citryl-CoA which was cleaved by the citrate cleavage enzyme to acetyl-CoA and 
oxaloacetate, inhibited the citrate condensing enzyme. I t  is the purpose of this 
paper to extend our earlier observations and present evidence which indicates that  
the inhibition by  citryl-CoA is competitive for both acetyl-CoA and oxaloacetate. 
I t  is further shown that  the slow cleavage of citryl-CoA catalyzed by condensing 
enzyme, which was first reported by EGGERER A N D  REMBERGER 3, occurs at the 
same site as acetyl-CoA and oxaloacetate condensation. 

Abbrevia t ion:  DTNB,  5,5'-dithio-bis-2-nitrobenzoic acid. 
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ELLMAN 4 has reported that  when DTNB reacts with free sulfhydryl groups 
2-ni t robenzoate mercapt ide is formed which has a s trong absorpt ion m a x i m u m  at 
412 m/~. I f  DTNB is added to a reaction mixture  conta in ing  condensing enzyme and 
its substrates,  the rate of appearance of CoASH can be assayed spectrophotome- 
tr ically by  observing the rate of change of absorpt ion at 412 nl/zs, 6. 

Since the conversion of DTNB to the mercaptide has an isosbestic point  at 
355 m/z, it is possible to follow the ut i l izat ion of oxaloacetate generated from malate,  
NAD + and  mala te  dehydrogenase (EC 1.1.1.37) by  the appearance of NADH at 
355 m/, and  s imul taneously  the appearance of CoASH by  its reaction with DTNB 
at  412 m/~. Table I shows the change in absorbancy occurring s imul taneously  at 

TABLE I 

I N H I B I T I O N  OF C O N D E N S I N G  E N Z Y M E  B Y  C I T R Y L - C o A  

Cuvettes contained ioo#moles Tris-HC1 (pH 8.1), ioo/~moles potassium malate, o.4Ftmole 
NAD +, o.i unit malate dehydrogenase, o. 12/~mole acetyl-CoA, 0.o 3 pmole DTNB, and o.o i i unit 
condensing enzyme in a total volume of i ml. Citryl-CoA, prepared by reacting the mixed an- 
hydride of citric acid with CoASH ~, was purified using the CoA chromatography method of 

MOFFATT AND K H O R A N A  8. Citryl-CoA was assayed using the citrate cleavage enzymC. 9. 

AA per rain 
Contents of cuvette 

412 ma 3 ~  m,* 

Complete system o.155 0.034 
+ 6 m/tmoles citryl-CoA O.Ol 5 o.ooo 

412 m/, and  355 m#  in a citrate condensing enzyme assay system. Upon the addit ion 
of citryl-CoA an inhibi t ion of oxaloacetate ut i l izat ion and CoASH liberat ion occurs. 
These results are in agreement  with our early work x,2 and with the data  reported by  
EGGERER AND REMBERGER 3. The data  shown in Table I I  confirm the observations 
of these authors  t ha t  in the presence of large quant i t ies  of condensing enzyme a 
hydrolysis of citryl-CoA occurs. The rate of this reaction is about  one- tenth  the rate 
of the citrate condensing reaction. 

As pointed out by  EGGERER AND REMBERGER 3 one would expect the Vmax for 
hydrolysis of citryl-CoA to be at least as high as tha t  for the condensing reaction. 
Since the chemical synthesis of citryl-CoA leads to the formation of diastereomers 

TABLE II 

HYDROLYSIS OF CITRYL-CoA BY CONDENSING ENZYME 

Cuvettes contained 2o0/*moles of Tris-HC1 (pH 8.i), o.i #mole DTNB and water to make i ml. 

Enzyme Citryl-GoA AA per rain 
(units) ( ml tmoles ) (412 ml~ ) 

0.35 12 0.560 
0.35 3.0 0.095 
0.35 1.2 0.030 
0.035 3.0 0.033 
o.o35 2. 4 o.o28 
o.035 1.8 o.o17 
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and since the condensing enzyme is highly stereospecific, these results could be ex- 
plained if the unnatural  isomer is an inhibitor for the reaction. 

The results in Table I I I  show that  inhibition of condensing enzyme reaction by  
synthetic citryl-CoA can be overcome by increasing either the acetyl-CoA or oxalo- 
acetate concentration. The synthetic citryl-CoA preparation contains, therefore, not 
only a substrate but  a potent competitive inhibitor for both substrates. 

T A B L E  I I I  

EFFECT OF ACETYL-CoA AND OXALOACETATE ON CITRYL-CoA INHIBITION 

C u v e t t e s  c o n t a i n e d  in  a d d i t i o n  to  t h e  c o m p o n e n t s  l i s ted  2 0 0 / , m o l e s  T r i s - H C 1  ( p H  8. I ) ,  o. I / , m o l e  
D T N B  a n d  0.oo 7 u n i t  c o n d e n s i n g  e n z y m e  in a t o t a l  v o l u m e  o f  I ml .  

Acetyl-CoA Oxaloacetate Citryl-CoA Rate Inhibition 
(izraoles) (l~raoles) (raktmoles) (zJA at 4r2 rat~ (%) 

per rain) 

0.06 O.I O.O O.130 - -  
0 .06 O.I 6.0 0 .037 72 
0.06 I .O O.O O. 175 - -  
O.O6 I.O 6.0 O.O53 7 ° 
0. 3 O.I O.O 0.280 - -  
0.3 O.I 6.0 O.145 48 
0. 3 I.O O.O 0.34 ° - -  
O. 3 I .O 6.0 0 .335 1. 5 

By allowing large amounts of citrate condensing enzyme to cleave consecutive 
aliquots of citryl-CoA the natural  diastereomer is hydrolyzed and one can accumulate 
the "unnatural"  isomer, The results of such an experiment shown in Table IV 
indicate the accumulation of an inhibitor, since each successive addition of citryl- 
CoA is hydrolyzed more slowly than the preceding one. 

Further  evidence which shows that  the site that  catalyzes the condensation 
reaction is probably the same as the site which catalyzes the hydrolysis of citryl- 
CoA. The crystalline condensing enzymes from moth muscle and pigeon breast 
muscle 5,e also catalyzed the hydrolysis of citryl-CoA. The ratios of the rate of 
condensing enzyme reaction to the rate of citryl-CoA hydrolysis for the three en- 
zymes are very similar. Condensing enzyme is inactivated under mild acetylation 

T A B L E  I V  

C U M U L A T I V E  I N H I B I T O R Y  E F F E C T  OF CITRYL-CoA ON ITS HYDROLYSIS 

C u v e t t e s  c o n t a i n e d  o.175 u n i t  o f  c o n d e n s i n g  e n z y m e ,  2 0 o / * m o l e s  T r i s - H C 1  a n d  o . I  # m o l e  D T N B  
in a t o t a l  v o l u m e  o f  i ml :  I n  e a c h  ca se  t h e  r e a c t i o n  p r o c e e d e d  to  c o m p l e t i o n  b e f o r e  t h e  n e x t  

a d d i t i o n  o f  s u b s t r a t e .  

Cit~l-CoA 
Time for 
0.050 AA 
at 4z2 ralt 

(see) 

F i r s t  a d d i t i o n ,  6.0 m/*moles  35 
S e c o n d  a d d i t i o n ,  6.0 m/*moles  53 
T h i r d  a d d i t i o n ,  6.0 m/*moles  85 
F o u r t h  a d d i t i o n ,  6.0 m/*moles  155 
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c o n d i t i o n s .  W h e n  3 - 4  a c e t y l  g r o u p s  a re  i n t r o d u c e d  p e r  m o l e  of  e n z y m e  t h e  con-  

d e n s a t i o n  a c t i v i t y  is r e d u c e d  7 0 % .  I n a c t i v a t i o n  o f  c o n d e n s i n g  e n z y m e  b y  a c e t y -  

l a t i o n  r e s u l t s  in  a pa r a l l e l  loss of  c o n d e n s i n g  e n z y m e  a c t i v i t y  a g a i n s t  a c e t y l - C o A  

a n d  o x a l o a c e t a t e  a n d  a g a i n s t  c i t r y l - C o A  ( T a b l e  V). 

I n  a r e c e n t  r e p o r t  f r o m  t h i s  l a b o r a t o r y  we h a v e  s h o w n  t h a t  e i t r y l - C o A  is c l e a v e d  

b y  t h e  c i t r a t e  c l e a v a g e  e n z y m e  9. T h e  r a t e  o f  c l e a v a g e  of  c i t r y l - C o A  to  a c e t y l - C o A  

a n d  o x a l o a c e t a t e  w a s  s l i gh t l y  g r e a t e r  t h a n  t h e  r a t e  o f  t h e  ove ra l l  r e a c t i o n  f r o m  

c i t r a t e ,  A T P ,  a n d  CoA. I n  t h e  c l e a v a g e  of  c i t r y l - C o A  b y  c l e a v a g e  e n z y m e  n o  e v i d e n c e  

was  o b t a i n e d  for  a n  i n h i b i t i o n  b y  t h e  u n n a t u r a l  d i a s t e r e o m e r .  

T h e  r e s u l t s  i n d i c a t e  t h e r e f o r e  t h a t  c i t r y l - C o A  c a n  se rve  as a s u b s t r a t e  for  b o t h  

TAt tLE V 

L O S S  O F  C O N D E N S I N G  E N Z Y M E  A C T I V I T Y  A N D  C I T R Y L - C o A  H Y D R O L Y S I S  A C T I V I T Y  

B Y  A C E T Y L A T I O N  O F  E N Z Y M E  

Acdic 
a~lhydride Condensing Citryl-CoA 

addition* enzyme hydrolysis 
(Izl) (% activity) (% activity) 

0 I00 I00 

3 ° 35 27 
4 ° 2t I3 
5 ° 9 2.o 
60 1.5 1.5 
7 ° o,o o.I 

" Diluted 1:25 in tetrahydrofuran.  

t h e  c i t r a t e  c l e a v a g e  a n d  c i t r a t e  c o n d e n s i n g  e n z y m e s .  T h e r e  is n o  d i r e c t  e v i d e n c e ,  

h o w e v e r ,  t h a t  i n d i c a t e s  i t  is a n  i n t e r m e d i a t e  in  t h e  c a t a l y z e d  r e a c t i o n s .  

I w o u l d  l ike  to  t h a n k  Mrs. L. GONEN a n d  Mrs.  B.  TORP for  t e c h n i c a l  a s s i s t ance .  

T h i s  w o r k  w a s  s u p p o r t e d  in  p a r t  b y  a g r a n t  f r o m  t h e  U.  S. P u b l i c  H e a l t h  Se rv ice  

(H5328) .  

Department of  Biological Chemistry, 
The University of Michigan, 
A n n  Arbor, Mich. (U .S .A . )  

PAUL A. SRERE* 

1 G. W. KoSIcKI, Ph.D. Dissertation, The University of Michigan. 
i p. A. SRERE AND G. W. K O S I C K I ,  Abstr. of the 5th Intern. Congr. Biochem., Moscow, 296±, 

Pergamon Press, Oxford, I96I. p. 125. 
a H. EGGERER AND U. REMBERGER, Biochem. Z., 337 (1963) 202. 
4 G. ELLMAN, Arch. Biochem. Biophys., 82 (1959) 7 o. 
5 p. A. GRERE AND H. BRAZIL, Federation Proc., 21 (1962) 253. 
6 p. A. SRERE, H. BRAZIL AND L. GONEN, Acta Chem. Scand., 17 (1963) 5129 . 
v p. A. SRERE, J. Biol. Chem., 236 (1961) 5 o. 
a j .  G. MOFFATT AND H .  G. KHORANA, J .  Am. Chem. Sot., 83 (1961) 663. 
9 p. A. SRERE, Biochim. Biophys. Acta, 73 (1963) 523 • 

R e c e i v e d  A u g u s t  5 th ,  1963 

* Present  addres: Universi ty of California, 
ratory, Livermore, Calif. (U.S.A.) 

Bio-Medical Division, Lawrence Radiat ion Labo- 

Biochim. Biophys. Acta, 77 (1963) 693-696 


