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On the mechanism of amylase synthesis 
The increase of amylase activity in a soluble sys tem from acetone-dried pigeon pancreas was 
reported previously 1. The detailed account  of this work  2 and fur ther  results3, 4 are in press. Owing 
to external  difficulties in the publicat ion of these papers, we wish to summarize  our recent findings. 

In  the  soluble sys tem referred to above, amylase act ivi ty increases if ATP, the salts of a 
Krebs  saline solution and a mixture  of amino acids are added. The amino acid mixture  can be 
replaced by  o. 5 mg/ml  L-arginine + o. 5 mg/ml  DL-threonine. Addition of other  amino acids did 
not  fur ther  influence the  increase of amylase activity (Table I, Expt .  i). I t  is remarkable  tha t  
the increase in amylase activity is inhibited by  the addition of minimal  amoun t s  of D(--)-threo- 
chloramphenicol,  p-fluorophenylalanine,  or ribonmclease (Table I, Expt .  2-4). In  our  opinion, 
amylase is synthesized in this sys tem from a precursor  protein. The two amino acids are used 
for this  synthet ic  reaction and it will proceed only in presence of a ribonucleic acid. The precursor  
seems to be adsorbed on this surface, as is indicated by  the p-fluorophenylalanine inhibition. 

T A B L E  I 

React ion mixture :  0. 4 ml wa te r  ext rac t  of acetone-dried pigeon pancreas + 0.6 ml incubat ion 
mixture .  The lat ter  contained i ml IO % neutral  ATP solution, 3.2 ml of doubly-concentrated 
Krebs-saline solution and 0. 3 ml amino acid mixture.  The mix ture  was incubated at  37 ° C. 

Amylase act ivi ty is expressed in Smith and Roe units.  

Expt. No. Inhibitor 
A mylase units/ml mixture 

At zero t ime  Change in 45 rain 

i a. Casein hydrolysate  - -  495o + 56o 
b. Threonine + arginine --- 393 ° + 60o 

2 a. Threonine + arginine --- 415 ° + 95 ° 
b. Threonine + arginine Chloramphenico] (i l,g/inl) 4360 290 

3 a. Threonine + arginine - -  3590 2_ 590 
b. Threonine + arginine p-Vluorophenylalanine ( too/ tg /ml)  381o - -  12o 

4 a. Threonine + arginine - -  454 ° + to6o 
b Threonine + arginine R~bonuclease (16 ~g/ml) 4700 - -  80 

We found tha t  the observed synthesis  of amylase in a granular  fraction ("mi tochondr ia")  
of pigeon pancreas  5 requires the same const i tuents :  ATP, salts, threonine and arginine. HOKIN ~ 
has already found the synthesis  of amylase in pancreas  slices to suffer more by  the absence of 
threonine and arginine, than  by  the absence of the other  amino acids. 

I t  seems likely t ha t  this secretory enzyme is formed in vivo in at least two steps, the second 
step being a part ial  synthesis  from precursor  protein and arginine + threonine. 
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Molecular interaction between purines and steroids 
A discussion of the results of WEIL-~-~ALHERBE 1, and of ~,7~EBER2 concerning the ability of purines 
to form molecular complexes wi th  polycyclic aromat ic  hydrocarbons  and riboflavin led to the 
suggestion tha t  purines might  also form complexes wi th  steroid hormones.  Dur ing the  pas t  few 
years explora tory  exper iments  have  been conducted, and we wish to describe here the  results  
of these experiments .  A more detailed s tudy  of one of the  observed interactions has been recently 
completed in collaboration wi th  Dr. ALLAN V. MUNCK and will be reported separately.  

The method  of invest igation has been to measure  the  solubility of steroids in buffered aqueous 
solutions of purine compounds.  Finely divided solid steroid was added to pur ine  solutions and 
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af ter  pro longed m i x i n g  a t  a fixed t e m p e r a t u r e  the  excess solid r e m a i n i n g  was  r emoved  by  f i l t ra t ion  
t h r o u g h  u l t ra f ine  s in te red  glass filters. In  o ther  e xpe r im en t s  the  solid was  a lways  confined w i t h i n  
a sac of d ia lys i s  m e m b r a n e  d u r i n g  s a t u r a t i o n  of the  solut ion.  The  t o t a l  s teroid p resen t  in so lu t ion  
was  e x t r a c t e d  w i t h  a su i t ab le  immisc ib le  so lven t  (CHC13, CHIC1 v or cyclohexane)  in which  the  
pu r ine  is insoluble.  The  concen t ra t ions  of s teroid and  of pur ine  were t h e n  de t e rmined  b y  ul t ra-  
v io le t  ab so rp t i on  of t he  separa te  solutions.  The a s s u m p t i o n  is m a d e  t h a t  the  dissolved s teroid 
in excess  of t h a t  p re sen t  in aqueous  buffer alone represen t s  s teroid held in solut ion by  v i r tue  
of complex  fo rma t ion  wi th  the  purine.  

In  ear ly  s tud ies  i t  was  found t h a t  the  solubi l i t ies  of progesterone,  deoxycor t icos te rone ,  and  
t e s to s t e rone  were def in i te ly  increased in the  presence of adenine,  adenosine,  and  the  isomers  of 
adenos ine  monophospha te .  

The i n t e r ac t i on  of t e s tos te rone  wi th  adenosine  was  chosen for a more careful  s t u d y  of the  
re la t ion  of s teroid  so lub i l i ty  to  pur ine  concent ra t ion .  The resul t s  of th is  s t u d y  are p resen ted  in 
Fig.  i.  I t  is ev iden t  f rom the  l inear  re la t ion  be tween  concen t ra t ions  of s te ro id  and  adenosine  
t h a t  only one mole of adenosine  is invo lved  per  mote of complex.  Since the  concen t ra t ion  of 
s te ro id  in th i s  s y s t e m  c a n n o t  be var ied  independen t ly ,  the  mole ra t io  of adenosine  to s teroid 
could no t  be es tabl ished.  Assuming,  however ,  t h a t  the  mole ra t io  is I : 1, one can wr i te  
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Fig. i. Solubi l i ty  of tes tos te rone  in 
O . o l M  phospha te  buffer, p H  7.o as a 
func t ion  of adenosine  concent ra t ion .  
Lines  d rawn from the  regression equa-  
t ions g iven in the  figure, which  were in 
t u r n  ca lcu la ted  from the  corre la t ion  
coefficient. [T] is t o t a l  t es tos te rone  in 
solut ion (To + T o fTA) ;  [A] is adenosine 

in solution. 

where  Ts is solid tes tos terone ,  To unbound  tes tos te rone  in solution,  A is unbound  adenos ine  in 
solut ion,  and  TA is the  complex.  In  the  presence of an excess solid, T,, will  be the  s a t u r a t i o n  
concen t r a t ion  of tes tos te rone .  

Le t  the  s t a n d a r d  s t a t e  be solid s teroid  a t  20 ° and  assume t h a t  the  a c t i v i t y  of the  solid 
changes  i n a p p r e c i a b l y  over  the  range  IO ° to  20 °. The  ac t iv i t i e s  of Ts and  To are  therefore  u n i t y  
a t  these  t empera tu r e s .  I t  is reasonable  to  assume t h a t  in the  d i lu te  so lu t ions  invo lved  here  the  
a c t i v i t y  coefficients of adenos ine  and  of complex  are essen t ia l ly  uni ty .  Moreover,  since the  a m o u n t  
of adenos ine  bound  as complex  is smal l  compared  w i t h  t he  free adenosine  we m a y  t h e n  wr i te  
for the  equ i l ib r ium c o n s t a n t  of the  in t e rac t ion  

N -  [TA]/[A]. 

\ ¥ i t h  these  a s sumpt ions  and a p p r o x i m a t i o n s  the over-al l  A H  of bo th  equ i l ib r i a  g iven above  m a y  
be ca lcu la ted  from the  d a t a  in Fig. i .  This  was  found to be - - I .  5 kca l /mole .  The hea t  of solut ion 
for t e s tos te rone  can  also be ca lcu la t ed  from these  d a t a  and  is found to be + 4.2 kcal /mole ,  which  
is in good ag reemen t  wi th  the  va lue  found by  BISCHOFF AND STAUFFER a. The difference of these  
two  zlH's, the  hea t  of the  complex  format ion ,  is - -  6 ~ 4 kcal /mole .  The  s t a n d a r d  error was 
ca lcu la t ed  from the  s t a n d a r d  error  of the  regression coefficients (equi l ibr ium cons tants ) .  The 
so lub i l i ty  va lues  for t e s to s t e rone  ([A] = o) were no t  inc luded in the  ca lcu la t ion  of the  cor re la t ion  
coefficient, in order  to  t e s t  the  e x t r a p o l a t i o n  of the  regression line to  the  in te rcept .  

The so lub i l i ty  cha rac te r i s t i c s  of t e s tos te rone  are such 4 t h a t  i t  is qu i t e  easy  to  ob t a in  super-  
s a t u r a t e d  solut ions  under  some condi t ions  of equi l ib ra t ion .  F u r t h e r  evidence for complex  for- 
m a t i o n  was ob ta ined  by  s t u d y  of the  d i s t r i bu t i on  coefficients of t e s tos te rone  be tween  cyc lohexane  
and  buffered aqueous  so lu t ions  of adenosine.  The  resul t s  are g iven  in  Table  I. In  these  expe r imen t s  
the  concen t r a t ion  of t e s tos te rone  was  far be low sa tu ra t ion .  

This  s t u d y  was  i n i t i a t e d  w i t h  the  idea  t h a t  should  the  complex- fo rming  proper t ies  of pur ines  
ex t end  to  the  s tero ids  i t  was conceivable  t h a t  the  phys io log ica l  effects of the  s teroids  could be 
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T A B L E  I 

EFFECT OF ADENOSINE ON DISTRIBUTION COEFFICIENT OF TESTOSTERONE BETWEEN AQUEOUS 
BUFFER AND CYCLOHEXANE 

Adenosine concentration 
mM k 

o lO. 3 
9.50 8.05 

17.5 6.44 
35 .0 4.49 

Tempera ture  25 ° C. Phosphate  buffer o.oi M, p H  7.0. 

concn, testosterone in cyclohexane 
k =  

conch, testosterone in aqueous phase 

mediated by  format ion of complexes with purine nucleotides. The behavior  of coenzymes con- 
taining such nucleotides, the nucleic acids, or bo th  might  thereby be altered. The results described 
in this paper  afford evidence of complex format ion between some steroids and compounds  con- 
taining purines.  A t t empt s  to demonst ra te  complex format ion between deoxynucleic acid and 
testosterone were inconclusive because of the difficulty of separat ing finely divided solid testo- 
sterone from the high polymer.  

Recent  work by  MARCUS AND TAL3LAYS, 6, LANGER AND ENGEL ?, and RYAN AND ENGEL 8 
on several enzyme sys tems which utilize steroids as substrates ,  and by  VILLEE 9, and VILLEE 
AND GORDONI0,11 on the rate-accelerating effect of estrone and estradiol on an isocitric dehydro- 
genase sys tem derived from placenta and uterus  are of considerable interest. All of these reactions 
require pyridine nucleotides and it is not  clear whether  the subs t ra te  specificity or the effect on 
the reaction rate  is dependent  on the enzyme, the coenzyme, or a combinat ion thereof. 

A subsequen t  paper  will present  the effect of small changes in either the steroid or the 
purine s t ruc ture  on the equil ibrium cons tant  of complex formation.  This informat ion forms the 
rat ional  basis for an exper imental  approach to the biochemical significance of such complex 
formation.  
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