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SULFHYDRYL GROUPS OF CHOLINE ACETYLASE* 

b y  
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Inh ib i t o r s  of su l fhydry l  groups  have  been found to  block the  enzyma t i c  a c e t y l a t i o n  of chol ine  
in so lu t ions  p repa red  from r a t  or gu inea  pig bra ins  (NACHMANSOHN AND MACHADO1). Af ter  LYNB~¢ 
et al. 2 ident i f ied an SH group as a func t iona l  group of Coenzyme-A (which is necessa ry  for the  
ace ty l a t i on  of choline3), the p rob lem arose w he the r  the effect should be a t t r i b u t e d  to  the  inh ib i t i on  
of the  su l fhydry l  g roup  of the  coenzyme,  or whe the r  the  enzyme  too has  such a group  essent ia l  
for i t s  ac t iv i ty .  

T A B L E  I 

E F F E C T  O F  S H  I N H I B I T O R S  ON C H O L I N E  A C E T Y L A S E  A C T I V I T Y  

The t e s t  m i x t u r e  con ta ined  the  fol lowing componen t s  in #1~/per  ml :  choline chlor ide 2o; ace ty l -CoA 
3.5; K-phospha te  buffer p H  7.0 IOO; T E P P  o. i3 .  I nh ib i t o r  as indica ted ,  o .oi  ml  enzyme,  c o n t a i n i n g  
15o/ ,g  protein,  was  added  to the  t e s t  m i x t u r e  which  had  a final vo lume of 0. 5 ml. W h e n  iodoace t a t e  
was  the  inh ib i to r  the t es t  m ix tu r e  con ta ined  in add i t ion  4 / ~ M  per  nil  E D T A ;  in case of p-chloro-  
mercur ibenzoa te  and  iodosobenzoate  2 t zM/ml  ; no E D T A  in case of CuSO 4. The ace ty lchol ine  formed 
was  de t e rmined  by  biological  assay  s. The a c t i v i t y  of the  control  was a b o u t  8 0 / , g  ace ty lchol ine  formed 
in IO min  and abou t  17o/~g in 3 ° rain. The enzyme,  inhibi tor ,  buffer, and  E D T A  were p r e i ncuba t ed  

a t  3 °o C for 3 ° min, and  the  comple te  sys t em incuba ted  a t  3 °0 C. 

Compound M conc. 

I odoace t a t e  

p -Chloromercur ibenzoa te  

Iodosobenzoa te  

CuSO 4 

Inhibition per cent 

zo' incub. 3o" incub. 

5 " I O - - 5  0 0 

5 , i O  4 3 5  2 7  

5 ' 1 o  -3 60 64 

5"1o -a 36 20 
1 . 5 . i o  3 63 48 
4 .5 '1o  -3 78 64 

4"IO -s 96 94 
2 " 1 0  - 4  I O O  I O O  

1"1o -3 IOO too 

4 .1o  7 12 6 
2"1o -6 4 ° 18 
I • lO -5 69 48 

I ' I O  5 48 3 4  

1"1o-4 63 5 ° 
1 .1o -3 7 ° 65 

I ' I O  6 16 12 
I . I O  5 50 39 
I ' i O  -4 69 62 

I • I O  - t  1 3  I O  

I .  IO -~ 8o 83 
I ' I 0  - 4  I 0 0  1 0 0  

2. 5. IO s 38 30 
5 '  IO-S 60 59 
I • IO -5 84 86 

* This  work  was  s u p p o r t e d  by  the  Div is ion  of Research  Gran t s  and  Fe l lowships  of the  N a t i o n a l  
I n s t i t u t e s  of Hea l th ,  H-74o , Uni ted  S ta t e s  Publ ic  H e a l t h  Service. 
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Exper iments  with purified choline acetylase 4 prepared from Squid head ganglia with a specific 
activity of about  5 ° / * M  acetylcholine formed per mg protein per hour  indicate tha t  SH groups are 
necessary for the action of this enzyme. In  these experiments  acetyl CoA (prepared by  acetylat ing 
CoA (Pabst) with acetic anhydride) '~ and choline were used as substrates,  The enzyme act ivi ty was 
found to be depressed by  all sulfhydryl inhibitors tested. The results are summarized in the Table. 

Addition of ethylene diamine te t raacetate  (EDTA) to the reaction mixture  in phosphate  buffer 
increased the CoA liberated up to 4 ° % ; with t r i s (hydroxymethy l )aminomethane  buffer recrystallized 
twice froul alcohol the act ivi ty was increased 45 ° °/o. The act ivi ty was the same with either buffer 
in the presence of EDTA.  Apparen t ly  traces of metal  inhibit  the enzyme and are removed by complex 
format ion with EDTA,  In  these exper iments  the enzyme act ivi ty was assayed by  a modified nitro- 
prusside test  for l iberated CoA ~. 

The au thor  would like to thank  Dr. DAVID NACHMANSOHN for his advice and interest  in this 
work. 
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OXIDATIVE PHOSPHORYLATION BY HEART MUSCLE MITOCHONDRIA 

by 
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The yields of oxidative phosphory la t ion  by  hear t  muscle mitochondria  for a number  of sub- 
s t ra tes  of the KREBS' cycle were reported in a recent communica t ion  1. The one-step oxidation of 
a-ketoglutarate  to succinate was  examined in par t icular  detail in this investigation. On the basis 
of this  s tudy  it was concluded tha t  the P I e  ratio for the oxidation of u-ketoglutara te  to succinate 
was more t han  3. This result  was in agreement  wi th  t ha t  obtained by  other  invest igators  using 
tissue prepara t ions  different from heart2-L At about  the same time a repor t  on the same subject  
appeared by  SLATER AND HOLTON s. These au thors  used a method for the prepara t ion  of hear t  particles 
somewha t  different t han  tha t  employed by  us e, and obtained a P/O of below 3 for the oxidation of 
a-ketoglutara te  in the presence of malonate.  SLAT]~R AND HOLTON s expressed the belief t ha t  the 
P/O values of above 3 for this step obtained with liver mitochondria  by  COPENHAVER AND LARDY 3 
were in error because pre incubat ion of the  Warbu rg  flasks for 5 minutes  was inadequate  to insure 
thermal  equilibration, result ing in underes t imat ion  of the oxygen consumpt ion  during the test  period. 
(I t  should be emphasized tha t  COPENHAVER AND LARDY specifically s ta ted t ha t  the 5 minute  pre- 
incubat ion period was adequate  for thermal  equil ibration under  their  conditions.) Since a 5 minute  
pre incubat ion period was also used in our exper iments  wi th  hear t  mitochondria,  the same criticism 
might  be applied to our results. I t  was  demonst ra ted  with hear t  muscle mi tochondr ia  t ha t  the rates  
of oxygen consumpt ion,  a-ketoglutara te  disappearance,  and phospha te  uptake  were approximate ly  
linear when measured at  5 minute  intervals  during an incubat ion period of 20 minutes  (c]. Fig. i1). 
This suggested t ha t  thermal  equil ibration was adequate  in our  exper imental  procedure. Nevertheless,  
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