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Short Communicat ions 

The in vitro inhibition of acetyl phosphatase by thyroxine 
A s tudy of tile properties of purified acetyl phosphataso  1, an enzyme first described by IAP,~tA,XN 2, 
demonst ra ted  tha t  it is a hydrolase with specificity for acyl phosphates .  Radioisotope and chemical 
studies indicated tha t  it does not possess acetyl- or phosphotransferase  activity.  The possibility 
t ha t  an enzyme whose function leads to the loss of high energy phosphate  compounds  may  take 
par t  in the cellular mechanisms regulating growth  and metabol ism has led to a s tudy  of this 
enzyme in varying metabolic states. I t  was also though t  to be of interest  to s tudy  the effect 
of hormones  on the activity of purified preparat ions.  This communicat ion  deals with the inhibition 
of acetyl phosphatase  by L-thyroxine. 

Enzvlnic activity was measured by incubating "-,o/Lmoles ace.tyl phosphate ,  loo t imoles  
sodium acetate buffer, p t t  .5.4, and enzyme in a final volume of i.o ml for 2o rain at  36`, C. One 
unit  is defined as tha t  amoun t  of enzyme catalyzing the hydrolysis  of io pmoles  of acetyl phos- 
phate,  under these conditions, as measured by the hydroxamic  method of LIPMANN AND TUTTLE a. 
Little effect of 5' to S,ll i .-thyroxine on the enzymic activity could be obtained if both subs t ra te  
and L-thyroxine were added at the same time. However,  upon preincubation of o.32 units of 
the enzyme with 5' To 5.1f L-thyroxine for 3 ° rain at  36~ (', complete inhibition of the hydrolysis 
of added acetyl phosphate  resulted, as shnwn in Table I. The enzyme used was purified 4o0 fold 
from a water extract  of horse skeletal muscle. 

TA BIA'; I 

EFFECT OF PREINCUBATION OF L-THYROXINE ON ACETYL PHOSPHATASE ACTIVITY 

% 
activity 

. . . . . . . . . . . . . . . . . . . . . .  

Enzyme z o o  

I:.nzyme -1- L-thyroxine 02 
Enzyme ~- L-thyroxine 

preincubated 3 ° min, 3~'  C, p H  6.0 o 

Concentrat ions:  L-thyroxine = 5"1o"5M; Enzyme = o.32 units. 
Test  conditions: 20 pmoles acetyl phosphate,  ioo pmoles  sodium acetate, pH 5.4, vol. t.o ml, 
36° (', 20 rain. 
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F u r t h e r  e x p e r i m e n t s  wi th  va ry i ng  concen t ra t ions  of e n z y m e  and  L- thyroxine  indicate  an  
a p p a r e n t  s to ichiometr ic  inhibi t ion  of the  enzyme.  As can be seen in Table  II,  a p p r o x i m a t e l y  
o.06 uni t  of enzyme  was  inhibi ted by o.ox/~mole L- thyroxine  unde r  the  tes t  condi t ions  used.  Both  
DL-3 ,3 ' ,5 - t f i iodothyronine  and  DL-3,5-di iodothyronine  a t  the  same  concen t ra t ion  inhibi ted the  
e n z y m e  bu t  were 6 o %  as effective as thyrox ine .  No effect was obta ined  from 5 . 1 o - 5 M  NaI.  
Benzoic acid, 2 ,4-dini t rophenol ,  L-tyrosine, DL-phenyla lanine  did not  inhibi t  a t  a concen t ra t ion  
of 5" I ° - * M .  At  6- I o - 4 M  an  inhibi t ion resul ted from these  c o m p o u n d s  which was 30 % as effective 
as 5" t ° - S M  L-thyroxine.  E xcep t  in the  case  of benzoic acid, this  inhibi t ion did no t  depend  upon  
p re incuba t ion  with the  enzyme.  

T A B I . E  II 

A P P A R E N T  S T O I C H I O M E T R I C  R E L A T I O N S H I P  B E T W E E N  L - T H Y R O X I N E  A N D  A C E T Y L  P H O S P H A T A S E  

uni ts  inhibited 
Enzyme added L-thyroxine added ° o by o .a l  ~moles 

units /*moles inhibi t ion L -thyroxine" 

0.85 o.°5 37 o.064 
0.59 0.05 5 '  o.o62 
o.32 o.o 5 I oo 0.o64 
o.3z o-o25 44 o.o56 
o.32 0.009 20 0.07 ° 

* Pre incuba t ion  for 3 ° min  a t  36 ° C, p H  ~ 6.o. Tes t  condi t ions  as in Table  I. 

The  m e c h a n i s m  of the  inhibi t ion is unde r  investigation. Inhibi t ion  by b inding  of a necessa ry  
me ta l  was sugges ted  by the  s t rong  me ta l - complex ing  proper t ies  of t hy rox ine  4. However ,  all 
a t t e m p t s  to show a meta l  r equ i r emen t  for th is  enzyme  have  been unsuccessful .  The  following 
did no t  inh ib i t  t he  e n z y m e :  o.ol M e thy lened iamine te t r aace t a t e ,  o . o 1 M  NaF,  o . i M  NaCN, 
o . o o i 6 M  a,a-dipyr idyl ,  o.ool M sod ium d i e t hy l d i t h i oca rbama te  and  o.oox M o-phenanthrol ine .  
The  las t  two c o m p o u n d s  were reported by VALLEE 5 to inhibi t  alcohol dehydrogenase  p r e s u m a b l y  
by complex ing  with the  zinc t igh t ly  bound  to the  enzyme.  Dialysis  of acetyl  p h o s p h a t a s e  aga ins t  
dist i l led and  deminera l ized  wate r  resul ted in a loss of 20 % of t he  specific ac t iv i ty ,  which could 
no t  be res tored by  o.ooi  M MgCI v MnC1 v Cu(NOa) v CoCI v FeCla, Zn (acetate)g, FeSO4, CaC19 
or  by  the  concen t ra ted  dialysate .  Addi t ion of o.oo~ M Zn (acetate)2 to the  p re incuba t ion  m i x t u r e  
a t  zero t ime  prevented  inhibi t ion by thyrox ine ,  bu t  addi t ion  a f te r  the  p re incuba t ion  period did 
no t  reverse the  a l ready  es tab l i shed  inhibi t ion,  nor  was o.oox M MnCI 2 or MgCla able to reverse 
t he  inhibi t ion.  

Addi t ions  of up to 4 ° pmo l e s  acetyl  p h o s p h a t e  a f t e r  p re incuba t ion  of t hy rox ine  and  e n z y m e  
wi thou t  subs t r a t e  had  no effect in revers ing  the  a l ready  es tab l i shed  inhibi t ion.  However ,  addi t ion  
of 5 p m o l e s  acetyl  p h o s p h a t e  in the  p re incuba t ion  period was effective in p r even t i ng  5o % of 
the  inhibi t ion.  The  subs t r a t e  therefore  pro tec ts  the  enzyme,  pe rhaps  by combin ing  wi th  the  
suscept ib le  si te  and  p reven t ing  inac t iva t ion  by thyroxine .  Zinc, on the  o ther  hand ,  m a y  pro tec t  
t h e  e n z y m e  by binding with the  t hy rox ine  and  p reven t ing  it f rom reac t ing  with the  enzyme.  

Li t t le  can  be said abou t  the  physiological  role of the  inhibi t ion in vitro. F u r t h e r  e luc idat ion  
of the  m e c h a n i s m  of the  inhibi t ion and  of the  possible role of acetvl  p h o s p h a t a s e  in regu la t ing  
glycolysis  and  respirat ion m a y  cas t  fu r ther  l ight  on these  problems.  

Th i s  inves t iga t ion  was suppor ted  by research grant ,  E- t457,  f rom the  Nat iona l  I n s t i t u t e s  of 
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