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s u b s t r a t e  (15.00 mg  Na2ATP,  3.54 mg  MgSO 4, 2.08 m g  
NaF ,  6.50 mg  caffeine,  in a 0 . 0 5 M  Tris buffer ,  p H  7.2)7. 
The  r eac t ion  was al lowed to proceed  a t  37 ~ for 15 min,  
a t  w h i c h  t i m e  i t  was  s t opped  b y  p lac ing  t he  t u b e  con t a in -  
ing t he  r eac t ion  m i x t u r e  in to  boi l ing  w a t e r  for 3 m i n  a n d  
t h e n  in to  an  i c e -ba th  for 10 rain.  In  c e r t a i n  of t he  exper i -  
men t s ,  3 ~xC of SH-Na2ATP was added  to  t he  r eac t i on  
mix tu re ,  a n d  t he  a m o u n t  of cyclic A M P  formed  m e a s u r e d  
b y  rad io- i so top ic  m e t h o d  s . Th i s  p rocedure  involves  t he  
r e m o v a l  of t he  d e n a t u r e d  p r o t e i n  m a t e r i a l  b y  cen t r i fuga-  
t i on  fol lowed b y  pa r t i a l  s epa ra t i on  of t he  r e a c t a n t s  a n d  
p r o d u c t s  on a sho r t  Dowex-50  column.  Af te r  t h i s  t h e  
f r ac t ion  c o n t a i n i n g  t he  p a r t i a l l y  s epa ra t ed  cyclic A M P  
is t r e a t e d  w i t h  b a r i u m  h y d r o x i d e  and  zinc sulfa te  wh ich  
f u r t h e r  sepa ra tes  t he  cyclic A M P  b y  coprec ip i t a t i ng  t he  
c o n t a m i n a t i n g  mate r ia l s .  Af te r  coprec ip i t a t ion  and  cent r i -  
fuga t ion ,  a n  a l i quo t  of t he  s u p e r n a t a n t  a c t i v i t y  is mea-  
sured  b y  l iquid  sc in t i l l a t ion  count ing .  The  a m o u n t  of 
cyclic A M P  fo rmed  is g iven  in t e r m s  of coun t s  of t r i t i a t e d  
cyclic A M P / m i n / m g .  

Results and discussion. The  s t i m u l a t o r y  effect  of epine-  
p h r i n e  (4.4 • 10-5M) r epo r t ed  ear l ier  9 was no t  obse rved  
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Bar graph relating tissue source and experimental conditions to 
amount of cyclic AMP formed. 

w h e n  N a F  was p re sen t  in  t he  i n c u b a t i o n  m i x t u r e  of 
e n z y m e  f rom e i the r  n o r m a l  or h e p a t o m a  tissue. W e  
assume,  p r i m a  facie, t h a t  N a F  can  s t imu la t e  a d e n y l  
cyclase m a x i m a l l y  and  t h a t  ep inephr ine  has  no f u r t h e r  
s t i m u l a t o r y  effect.  However ,  ep inephr ine  does m a r k e d l y  
f u r t h e r  s t i m u l a t e  ac t i v i t y  of h e p a t o m a - d e r i v e d  enzymes  
in t he  absence  of NaF.  Severa l  i n t e r p r e t a t i o n s  of th i s  
o b s e r v a t i o n  are  possible.  One thes i s  is t h a t  a s t r u c t u r a l  
a b n o r m a l i t y  of t h e  e n z y m e  molecule  occurs  in  the  t u m o r s  
s tud ied  a n d  t h a t  is r e l a t ed  to  t h e  increase  in the  a c t i v i t y  
of t he  e n z y m e  a n d  t he  dif ference in response  in ep inephr ine  
in t he  presence  a n d  absence  of NaF .  However ,  t he  possibi-  
l i ty  also exis ts  t h a t  the  v a r i a t i o n  in response  to ep inephr ine  
is r e l a t ed  to t h e  s t a t e  of d i s r u p t i o n  of t he  enzyme-  
m e m b r a n e  complex  and  t h a t  t h e  v a r i a t i o n  in the  d is rup-  
t ion  of th i s  comp lex  is a f u n c t i o n  of w h e t h e r  or no t  one 
has  n o r m a l  t i ssue  or h e p a t o m a  t i s s u e %  

Zusammen/assung. Die in v i t ro  S t i m u l a t i o n  der  Adenyl -  
Cyclase d u r c h  E p i n e p h r i n  zur  B i l dung  der  zykl i schen  
A M P  is t  im H e p a t o m g e w e b e  s ign i f ikan t  h6he r  a!s in  der  
n o r m a l e n  R a t t e n l e b e r .  Sod iumf luor id  h e m m t  in b e i d e n  
Fgl len  die S t imu la t i on .  
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Effect of P r o t e i n s  on the R e v e r s i b i l i t y  of the T h e r m a l  Inac t iva t ion  of Bacil lus subtil is  a - A m y l a s e  

Since t he  p r ec ip i t a t i on  wh ich  occurs  upon  h e a t  
d e n a t u r a t i o n  of p r o t e i n  is p r o b a b l y  due  to  n o n c o v a l e n t  
in te r -  a n d  i n t r a c h a i n  associat ions,  and  since such  in te r -  
ac t ions  are be l ieved  to be  d issocia ted  b y  u r ea  or guanid ine-  
HC1, a t t e m p t s  were m a d e  to  rega in  a c t i v i t y  f rom hea t -  
d e n a t u r e d  p r ec ip i t a t ed  e n z y m e  b y  d i s sohdng  i t  in e i t he r  
guanidine-HC1 or u r ea  a n d  t h e n  r e m o v i n g  t he  l a t t e r  b y  
di lu t ion .  This  was  successful  w i t h  Escherichia coli 
galac tos idase  1 a n d  luciferase"2 I t  is k n o w n  t h a t  bac t e r i a l  
a - amylase  can  recover  a c t i v i t y  a f t e r  t r e a t m e n t  w i t h  h igh  
c o n c e n t r a t i o n  of u rea  a. 

E x p e r i m e n t s  w i t h  u r ea  or  guad id ine  t r e a t m e n t  were 
car r ied  out .  Crys ta l l ine  am y l a s e  was d issolved in 8 M u rea  
or 6 M  guan id ine  a n d  k e p t  for  6 m i n  a t  r oom t e m p e r a t u r e .  
The  p ro t e in  so lu t ion  was t h e n  d i lu ted  1000-fold w i t h  
buffer ,  as below, a nd  t h e  r ecove ry  of a c t i v i t y  was v e r y  
close to  100%. To c om par e  w i t h  t he  d i lu t ion  expe r imen t ,  
the  s ame  sample  was d ia lysed  aga ins t  successive d i lu t ions  

of d e n a t u r i n g  agen t s ;  in  b o t h  cases, r ecovery  was lower 
t h a n  a f t e r  d i l u t i ng  sample.  I t  is k n o w n  t h a t  amylase  once 
i n a c t i v a t e d  b y  u r ea  is no t  r e a c t i v a t e d  b y  dialysis  4. I t  was  
the re fore  t h o u g h t  i n t e re s t ing  to t e s t  w h e t h e r  t h a t  enzyme,  
f i rs t  d e n a t u r e d  b y  hea t ,  could  recover  i ts  ac t ive  conf igura-  
t ion  a f t e r  be ing  exposed to guanidine-HC1 or urea.  

Crys ta l l ine  e -amylase  (EC 3.2.1.1) f rom Bacillus subtilis 
(S igma Type  I I A )  was d issolved in p h o s p h a t e  buf fe r  
0 . 1 5 M  p H  6.8 w i t h  0 . 0 5 M  NaC1 a n d  0.052tf NaF .  
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A c t i v i t y  was  a s s a y e d  b y  an  amyloc la s t i c  m e t h o d <  
0.25 ml  s a m p l e s  (1 mg /ml )  were d e n a t u r e d  by  h e a t i n g  in 
a boi l ing b a t h  for 3 rain. The  wh i t e  p rec ip i t a t e  wa s  dis-  
persed  an d  s u s p e n d e d  to  t ake  samples .  Less  t h a n  2 • 10 -a 
of t h e  a c t i v i t y  or ig ina l ly  p r e sen t  r emained .  T h e  p ro t e in  
s u s p e n s i o n s  were  t h e n  cen t r i fuged  and  s u p e r n a t a n t s  dis- 

Table I. Recovery of activity (% of initial activity) of heat de- 
natured c~-amylase 

Treatment oa Recovery 

Precipitate suspended in phosphate buffer 0.2 

Supernatant (discarded) 1-2 

Precipitate dissolved in 8 M urea, then diluted 15 
in phosphate buffer 

Precipitate dissolved in 6 eli guanidine-HC1, 19 
then diluted in phosphate buffer 

Table II. Effect of various proteins on renaturation of heat de- 
natured ~-amylase 

I'rotein added % Recovery 

Nature pHi Concentration 
(mg/Inl) 

XAqthout protein - - 19 

Equine acidic 2.3 0.0l 27 
~-L-glycoprotein 0.1 31 

Human serunmlbumine 4.9 0.01 22 
0.1 34 

Lysozyme 10.5 0.0 t 17 
0.1 15 

Protaminc 12 0.01 15 
0.1 8 

carded.  The  p rec ip i t a t e s  were d isso lved  e i ther  in 0.25 mi  
8 M  urea  or 0.25 ml  6 M  guanidine-HC1.  Af te r  6 rain, t he  
p r e p a r a t i o n s  were cen t r i fuged ,  some  insoluble  m a t e r i a l  
was  d i sca rded  a nd  clear  a nd  colourless  s u p e r n a t a n t s  
were d i lu ted  1000-fold w i t h  buffer .  E n z y m a t i c  a c t i v i t y  
was  m e a s u r e d  a f t e r  1 h a t  r o o m  t e m p e r a t u r e .  Expe r i -  
m e n t s  i l l u s t r a t ing  resu l t s  o b t a i n e d  u n d e r  suc h  cond i t ions  
are p r e se n t e d  in Tab le  I. 

I n  a n o t h e r  e x p e r i m e n t ,  one - s t ep  d i lu t ion  of gua n id ine -  
HC1 w i t h  buf fe r  was  c o m p a r e d  to  d i lu t ion  w i th  buf fe r  con- 
t a i n i n g  p ro t e ins  (Table II).  Some  acidic a nd  basic  p ro te ins  
were t e s t e d  a t  2 concen t r a t i ons ,  0.01 m g / m l  a nd  0.1 rag/  
ml ;  a t  h ighe r  concen t r a t ions ,  t he  p ro te ins  in ter fered  w i th  
t he  amyloc l a s t i c  m e t h o d .  

Yrom the  above  e x p e r i m e n t s  i t  m a y  be seen t h a t  
guan id ine-HC1 and,  to  a lesser  ex t en t ,  u rea  could reverse  
d e n a t u r a t i o n  b y  hea t .  T h e  p resence  of acidic p ro te ins  
acce le ra ted  t he  r a t e  of r e a c t i v a t i o n  w h ic h  was  found  to 
d e p e n d  on p ro t e in  concen t r a t ion .  

Tile s a m e  resu l t s  were ob t a ine d  w i th  luciferase,  b y  
15"RIEDLAND a n d  HASTINGS 2, us ing  bov ine  s e r u m a l b u m i n e .  
Th i s  p ro te in  is no t  an  a bso lu t e  r e q u i r e m e n t  for r e n a t u r a -  
t ion,  b u t  it  e n h a n c e s  t he  process.  YUTANI et  aI. 6 obse rved  
t h a t  acidic p ro t e ins  acce le ra ted  t h e  r e a c t i v a t i o n  of u rea  
d e n a t u r e d  bac te r ia l  a m y l a s e ;  t h e y  conc luded  t h a t  B S A  
in t e r a c t e d  revers ib ly  w i th  un fo lded  po lype p t i de  cha in  of 
d e n a t u r e d  e n z y m e s  a nd  p r o m o t e d  d i rec t ly  the  r e f o r m a t i o n  
of t he  n a t i v e  s t ruc tu re .  EPSTEIN et  al. 7 r epor t ed  t h a t  the  
r e n a t u r a t i o n  of d e n a t u r e d  l ac t a t e  d e h y d r o g e n a s e  was  
a c c ompl i she d  in r e n a t u r a t i o n  m e d i u m  c o n t a i n i n g  IBSA to 
p r e v e n t  phys i c a l  s ide- reac t ion  such  as a d so rp t i on  of 
p ro te in  to glass. 

To e x a m i n e  th i s  poss ibi l i ty ,  glass  beads  were a dde d  to 
t he  so lu t ion  of d e n a t u r e d  a m y l a s e  in t he  course  of 
r egenera t ion .  As s h o w n  in Tab le  I I l .  t h e  a m y l a s e  a c t i v i t y  
t h a t  was  recovered  was  increased  w h e n  H S A  was  a dded  
in the  ear ly  s t age  of regenera t ion .  

The  resu l t s  of the  p r e se n t  stud?,  are c o m p a t i b l e  w i th  the  
t h e o r y  t h a t  a mino -a c id  sequence  d e t e r m i n e s  s e c o n d a r y  
a nd  t e r t i a r y  s t r u c t u r e  of pro te in .  H i g h  d i lu t ion  of a m y l a s e  
is neces sa ry  du r ing  the  f i rs t  s t age  of the  r e n a t u r a t i o n .  
D u r i n g  th i s  process,  d e n a t u r e d  molecu les  t e nd  to be 
adso rbed  on the  wall  of t he  glass  vessel ;  acidic p ro t e ins  
p r e v e n t  th i s  adsorp t ion .  T h e  i nh ib i t o ry  effect  of l y s o z y m e  
a nd  p r o t a m i n e  m a y  be due  to the i r  bas ic  charac te r .  I t  
p r e se n t s  a s imi l i tude  w i t h  the  inhibitor?,  effect  of glass  
sur face  which  could be of ionic na tu re .  

Unfolding agent : guanidine- HC1 6 31. 

Table IlI. Effect of glass surface on recovery of activity r}f heat 
denatured 0~-amylase 

Glass surface (cnl 2) 25 45 60 96 240 

Z usammet@zssung. Dic R e a k t i v i e r u n g  yon  t h e r m i s c h  
desak t iv i e r t e r  ~ -A myla se  aus  Bacillus subtilis d u r c h  
Zusa t z  yon  Guan id in -HC1 oder  H a r n s t o f f  oder  v o n  
G u a n i d i n  m i t  Zusa t z  ve r s c h i e de ne r  P ro te ine  w urde  un te r -  
such t .  
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% Recovery after dilution with: 
Phosphate buffer 19 18 17 14 9 

Phosphate buffer containing 34 20 24 21 16 
0.1 mg/ml HSA 

Unfolding agen t : guanidilm-HC1. 
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