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by  BALLS' unit at 37 ° When actually assayed by  the method of BALLS at 37 °, however, 
specific activity of the washed crystals was 234 units/rag dry weight The cause of the 
lower activity obtained by  this assay method rather than by  that  of BALLS lS being 
mvest lgated When the activity was assayed with o o2% Triton X-Ioo, no difference 
was observed between both methods 

The crystals were readily soluble in salt solutions but less soluble in pure water 
The crystalhne fl-amylase suspension could be stored at 4 ° for 3 months without 
appreciable loss of activity The crystalhne enzyme was homogeneous usmg the 
criterion of disc gel electrophoresIs (21o/zg protein in gels at pH 7 5 and 8 3, stained 
by  1% Amldo black in 7 % acetic acid) 

a-Amylase activity was assayed by  reacting 20 8/~g of the pure enzyme on 4 mg 
of potato amylopectln in 2 ml of o o 5 M acetate buffer (pH 4 8) at 37 ° for 4 h. 30 rain 
after the onset of incubation, the hydrolysis reached 56 %, and no hydrolysis occurred 
in the prolonged incubation Therefore, the enzyme preparation was free from a- 
amylase The contammant  acid phosphatase activity (Table I) was as little as the 
other preparation 3 

THOMA et al 5 reported that  the pure Ê-amylase, crystalhzed twice from (NH4)~SO 4 
solution, Included the colored material having an absorption peak at about 35 ° m# 
The present preparation was free from the material as confirmed by  the absorption 
spectrum 

We wish to thank Miss Yoshle Aburada and Mr Jun  Kusuda for their technical 
assistances 
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Reversible disaggregation of Escherichia coli succinyI-CoA synthetase 

ImmunodlffUSlOn experiments with homogeneous succinyl-CoA synthetase 
(succmate CoA hgase (ADP), EC 6 2 i 5, formerly known as sucemmc thloklnase) 
from Escher,ch, a col, have shown the presence of three molecular species of the enzyme 
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I t  has been found tha t  Merthiolate  (ethylmercurl thlosahcylate)  present in the agar 

diffusion medium as a preservat ive,  caused the dissociation of the enzyme into sub- 

units, most  hkely by  react ion with sulfhydryl groups of the protein* Enzymat i c  

ac t iv i ty  was lost in the process but  could be restored in large par t  by  the addi t ion of 
dl thiothrel tol ,  wi th  the concomitant  res torat ion of  an lnlmunodiffUSlOn pa t te rn  con- 

ta inlng a single precipi ta t ion line 

Succlnyl-CoA synthetase  was prepared from E c o h  as previously described i 

The assay system of KAUFMAN et al  ~ was used for de te rmina t ion  of enzyme act ivi ty ,  

except  tha t  dl thiothrei tol  (o 15 raM) was subst i tu ted  for GSH Prote in  was es t imated  
by the method  of  LOWRY et al  3 with bovme serum albumin as s tandard  

Merthiolate was obta ined from Eli Lilly and Co 

Serum was obta ined by lmmumza t ion  of two New Zealand white rabbi ts  with 

succlnyl-CoA synthetase  Two doses of  anhgen  (containing o 5 mg of enzyme, specific 

ac t iv i ty  IOOO) in Freund ' s  ad juvan t  were given two weeks apart  at mult iple  mte rde rmal  

and subcutaneous sites An mt ravenous  inleet lon of enzyme alone was given one week 

tater Blood was drawn 7 days af terwards 

Immunod~ffusion exper iments  were performed as described by OUCHTERLONY 4 

in 60 m m ×  20 mm petri  dishes with o 8% agar in o 05 M potass ium phosphate,  o 05 M 
KC1, o ooi  M E D T A  (pH 7 2) Succinyl-CoA synthetase  (specific ac t iv i ty  IOOO) was 

used at a concent ra tmn of o I mg/ml  in all exper iments  The wells contained o I -ml  

samples Exper iments  were incubated overnight  at room tempera tu re  There was no 

observed immunological  react ion between enzyme and serum obtained from the 
rabbi ts  before immuniza t ion  

Fig  I Il lustrates the effect of Merthiolate on the lmmunodlffUsion ofbucclnyl-CoA 

synthetase  The addit ion of  this reagent  (Wells B and C) was seen to drast ical ly affect 

the characteris t ic  pa t te rn  of the na t ive  enzyme (Well A) The single precipi ta t ion line 

observed with un t rea ted  enzyme vi r tua l ly  disappeared at the higher Merthiolate level 

tes ted (Well C), and new hnes which were closer to, and concave towards,  the serum well 

Fig I Immunodlffuston of succmyl-CoA synthetase No Merthiolate was added to the enzyme 
in Well A The concentration of Merthiolate m the enzyme was o 0625 mM in Well B and i 25 mM 
in Well C The center well contained serum Other condmons are described m the text 

Fig 2 Ihe effect of Merthiolate concentration on lmmunodlfluslon The enzyme contamed Mer- 
thiolate at the following concentrations Well A, none, Well B, o 025 raM, Well C, o 0625 mM, 
Well D, o 125 toNI, Well E, o 187 mM "Ihe center well contained serum Other conditions are 
described in the text 

* In a personal communication from Dr LAV, RENCE LEVINE we ha~e learned that E colt 
a~partate transcarbamvlase undergoe~ a similar reaction with Merthiolate (unpubhshed results) 
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Fig  3 I n h i b i t i o n  o f  s u c c l n y l - C o A  s y n t h e t a s e  a c t i v i t y  b v  M e r t h i o l a t e  E n z y m e  (o I m g ,  specif ic  
a c t i v i t y  iooo)  w a s  p r e m c u b a t e d  w i t h  M e r t h i o l a t e  a t  t h e  c o n c e n t r a t i o n s  i n d i c a t e d  for  15 m m ,  37 °, 
in a f inal  v o l u m e  o f  o i ml  A h q u o t s  o f  t h e  p r e l n c u b a t l o n s  w e r e  t h e n  a s s a y e d  as  d e s c r i b e d  in  t h e  
t e x t  

F ig  4 R e v e r s a l  o f  t h e  e f f ec t  o f  M e r t h i o l a t e  on  l m m u n o d l f f U s l o n  Wel l  A c o n t a i n e d  u n t r e a t e d  
e n z y m e  Wel l  B c o n t a i n e d  e n z y m e  p r e m c u b a t e d  w i t h  o 125 m M  M e r t h i o l a t e  for  15 m m  a f t e r  
w h i c h  a n  excess  o f  d l t h l o t h r e l t o l  w a s  a d d e d  W e l l  C c o n t a i n e d  e n z y m e  a n d  o 125 m M  M e r t h i o l a t e  
Wel l  D w a s  t h e  s a m e  as  W e l l  A W e l l  E w a s  t h e  s a m e  as  B e x c e p t  t h a t  t h e  M e r t h i o l a t e  c o n c e n -  
t r a t i o n  w a s  I 25 m M  W e l l  F w a s  t h e  s a m e  as C e x c e p t  t h a t  M e r t h i o l a t e  c o n c e n t r a t i o n  w a s  
i 25 m M  T h e  c e n t e r  wel l  c o n t a i n e d  s e r u m  O t h e r  c o n d i t i o n s  a r e  d e s c r i b e d  In t h e  t e x t  

were observed  ImmunodIffUSlOn exper iments  wi th  two reagent  t roughs  at  r ight  
angles 4 ind ica ted  t ha t  these new lines corresponded to enzyme dissociat ion p roduc t s  
of  molecular  weights  approx  35 ooo and  7 ° ooo The na t ive  enzyme has a molecular  
weight  of abou t  I4O ooo (ref 5) 

I t  was of  in teres t  to  de te rmine  the  concent ra t ion  range at  which Mer th io la te  
affected succmyl-CoA syn the tase  At  concent ra t ions  be tween o 025 and o 187 mM 
this  reagent  t i t r a t e d  the  na t ive  enzyme,  as can be seen in F ig  2 Similar  levels of  

T A B L E  I 

R E V E R S A L  O F  M E R T H I O L A T E  I N H I B I T I O N  B Y  D I T H I O T H R E I T O L  

Merth,olate % Actzwty % Act*v,ty % Act,wty 
zn after after after 
prezncu- pre,ncu- zmtzal extended 
batzon batzon* reversal*" reversal*** 
(raM) 

N o n e  i o o  i o o  i o o  
o 3 ° 8 60 79 
t 5 ° o 55 69 
2 25 o 46 54 

* D u p h c a t e  e n z y m e  s a m p l e s  (o o i  mg ,  specafic a c t i v i t y  IOOO) were i n c u b a t e d  w i t h  Mer -  
t h i o l a t e  a t  t h e  c o n c e n t r a t i o n s  i n d i c a t e d  in o o85 m] fo r  5 m i n  a t  37 ° O n e  s a m p l e  of  e a c h  p a i r  
w a s  t h e n  a s s a y e d  as  d e s c r i b e d  in  t h e  t e x t  

** T h e  r e m a i n i n g  s a m p l e  o f  e a c h  p a i r  f r o m  * w a s  m a d e  to  15 m M  m d l th lo th rex to l  in a f inal  
v o l u m e  o f  o I m l  T h e s e  s o lu t i ons  w e r e  t h e n  i n c u b a t e d  a t  37 ° fo r  i o  m l n  A h q u o t s  w e r e  t h e n  w i t h -  
d r a w n  f r o m  t h e  s a m p l e s  a n d  a s s a y e d  as d e s c r i b e d  in t h e  t e x t  

*** T h e  i n c u b a t i o n s  f r o m  ** w e r e  k e p t  a t  o ° fo r  5 h A h q u o t s  o f  t h e  s a m p l e s  w e r e  t h e n  
a s s a y e d  as  d e s c r i b e d  m t h e  t e x t  
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Merthiolate, when incubated  with the enzyme, resulted in losses of enzymatic  act lvl ty  
(Fig 3) The reaction of Merthiolate with the ealzyme reaches equlhbr lum after IO rain 
Thus, it would appear tha t  Merthiolate dissociates the enzyme Into subunl ts ,  and that  
the subumts  are not  active 

i mole of thlosahcylate (RSH) is formed when I mole of Merthiolate ( R - S - H g  
Et) reacts with a protein sul ihydryl  group The reaction follows the course shown in 
Eqn  I 

R-S-Hg-Et + enzyme-SH-+ IRSH -4- (subumt(s)) S Hg-Et (i) 

Reversal of this reaction by  sulfhydryl groups would be predicted To test  this possl- 
blhty,  excess dl thlothrel tol  was added after pre lncubat lon  of the enzyme with Mer- 
thiolate 

The da ta  In Table I and  Fig 4 indicate tha t  the reaction of succlnyl-CoA syn- 
thetase with Merthiolate was reversible The subunl ts  reassoclated to an active form 
(Table I) tha t  was serologlcally similar to the na t ive  enzyme (Fig 4) The fact tha t  
full act ivi ty  was not  restored may  simply indicate tha t  the rate of reaggregatlon was 
very  slow under  the condit ions employed 

The effect of Merthiolate on succlnyl-CoA synthetase  may  be similar to tha t  of 
p-mercur lbenzoate  I t  has been observed tha t  p-mercur lbenzoate  dissociates the 
phosphorylated form of the enzyme into phosphorylated and nonphosphoryla ted  
subumts  5, al though details describing this finding are not  yet  at hand  I t  is impor tan t  
now to estabhsh whether the Merthiolate subunl t  of tool wt 7 ° ooo is un ique  or IS a 
dlmer of subunl t s  of tool wt 35 ooo, and it will be of Interest to determine which of 
these subunl ts  is (are) phosphorylated 
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Preparation of aminoacyl synthetases from higher plants* 

Although the preparat ions of mixed amlnoacyl  synthetases (amino acid t R N A  
hgases (AMP)) from bacter ia  I and  individual  synthetases from yeast and  from animal  

* Technical Paper No 2604 from the Oregon State University Agricultural Experiment 
Station 
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