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INTRODUCTION

P r o te in  k in a se s  may a c t  a s  t h i r d  m essengers in  th e  r e g u la t io n  

o f  g ly c o g e n o ly s is , g lycogen  s y n th e s is ,  l i p o l y s i s ,  and p r o te in  syn­

t h e s i s  (6 8 ). The p h o sp h o ry la tio n  o f  p h o sp h o ry lase  k in a s e  (7 6 ) , 

g lycogen  sy n th a se  (7 7 ) , and h o rm o n e -se n s it iv e  t r i g l y c e r i d e  l i p a s e  

(37 ,38 ) i s  m ed ia ted  by a  c y c l ic  A M P-stim ulated p r o te in  k in a s e .  These 

p h o sp h o ry la te d  enzymes r e g u la te  g lycogen  breakdown and s y n th e s is  and 

l i p o l y s i s .  P h o sp h o ry lase  k in a s e  and l i p a s e  a r e  a c t iv a t e d  by phosphory­

l a t i o n  w h ile  g lycogen  s y n th a s e  i s  in a c t iv a te d  by p h o s p h o ry la t io n .

S in ce  l i p i d ,  p r o te in  and c a rb o h y d ra te  m etabo lism  a re  abnorm al in  th e  

d i a b e t i c ,  h y perg lycem ia  and o th e r  m e ta b o lic  a b n o rm a li t ie s  may be 

a s s o c ia te d  w ith  an a b e r r a n t  p r o te in  k in a s e  sy stem . M oreover, hormone 

and c y c l ic  AMP c o n c e n tr a t io n s  a f f e c t  g ly c o g e n o ly s is  and g lu c o n eo g en es is  

th ro u g h  p r o te in  k in a s e s .  For exam ple, g lucagon and c a te c h o la m in e s , 

by  in c re a s in g  c y c l ic  AMP p ro d u c tio n , and exogenous c y c l i c  AMP 

a c t iv a t e d  g ly c o g e n o ly s is  and g luco n eo g en esis  in  p e r fu s e d  r a t  l i v e r s .

I n  c o n t r a s t ,  i n s u l i n  d e c re a se d  i n t r a c e l l u l a r  c y c l ic  AMP l e v e l s  and 

an tag o n ize d  th e  e f f e c t s  o f  g lucagon , c a te c h o la m in e s , and exogenous 

c y c l ic  AMP cau s in g  a  d e c re a se  in  g lu c o se  o u tp u t (2 2 ) . T h is  su g g e s ts  

th a t  in s u l i n  d ec re ase d  g lu c o se  p ro d u c tio n  by lo w erin g  c y c l ic  AMP » 

le v e l s  i n  l i v e r .  The h y p erg ly cem ic , h y p o in su lin em ic  d ia b e t i c  an im al 

may e x h ib i t  h ig h  c y c l ic  AMP le v e ls  and co n seq u en tly  a  more a c t iv e  

p r o te in  k in a s e  w hich i n  tu r n  in c re a s e s  b a s a l  g lu c o n e o g e n e s is . T h is 

m e ta b o lic  a c t i v i t y  w ould c o n t r ib u te  to  th e  abnorm ally  h ig h  b lood

1
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su g a r  l e v e l s  in  d ia b e t i c  an im a ls . In  summary, p ro te in  k in a s e  

a c t i v i t y  i s  a f f e c te d  by changes in  c y c l ic  AMP c o n c e n tra t io n s .  G lucagon 

and ca tech o lam in es  in c re a s e  c y c l ic  AMP c o n c e n tra tio n s  and p r o te in  

k in a s e  a c t i v i t y  and in s u l i n  d e c re a se s  c y c l ic  AMP c o n c e n tra tio n s  and 

co n seq u en tly  p r o te in  k in a se  a c t i v i t y .

An abnorm al p r o te in  k in a s e  sy stem  m ight b e  c a s u a l ly  r e l a t e d  to  

th e  abnorm al m etabo lism  found in  th e  d ia b e t ic  s in c e  in c re a s e d  b a s a l  

a n d /o r  c y c l ic  A M P-stim ulated p r o te in  k in a s e  a c t i v i t y  in  th e  l i v e r  

m igh t b e  ex p ec ted  to  in c re a s e  g ly c o g e n o ly s is  and g lu co n eo g en es is .

T h is  breakdown o f  g lycogen  and in c re a s e  in  th e  p ro d u c tio n  o f  g lu c o se  

co u ld  c o n t r ib u te  to  abnorm al b lo o d  su g a r  l e v e l s  in  th e  d ia b e t ic  

an im al.

A h y p e rin su lin e m ic  o r  h y p o in su lin em ic  s t a t e  cou ld  r e s u l t  in  

abnorm al p r o te in  k in a s e  a c t i v i t y .  In  th e  fo rm er, h ig h  le v e l s  o f  

p lasm a in s u l i n  red u ce s  i n t r a c e l l u l a r  c y c l ic  AMP c o n c e n tra tio n s  p re ­

sumably by s t im u la t in g  p h o sp h o d ie s te ra se  (1 8 ,7 8 ) . Thus b a s a l  p r o te in  

k in a s e  a c t i v i t y  in  th e  h y p e r in su lin e m ic  anim al would b e  d ec reased  due 

to  th e  d ep re ssed  c y c l ic  AMP c o n c e n tr a t io n .  T h is  appea rs  to  b e  th e  ca se  

i n  a d ip o se  t i s s u e  o f  th e  db/db m utan t o f  th e  C57BL/KsJ mouse. These 

d ia b e t ic  m ice a r e  a  h y p e r in s u lin e m ic , obese  l i n e  d u rin g  th e  e a r ly  

p a r t  o f  t h e i r  l i f e  span b u t become h y p o in su lin em ic  l a t e r  i n  l i f e .  

K up ieck i and Adams (46) re p o r te d  t h a t  th e  young h y p e rin su lin e m ic  

db/db mouse e x h ib i te d  low er jm  v i t r o  b a s a l  p r o te in  k in a se  a c t i v i t y  

in  ep id idym al f a t  pads compared w ith  c o n t ro l s .  Thus h ig h  plasm a 

in s u l i n  le v e ls  may have reduced  c y c l ic  AMP le v e l s  in  th e  db/db m ice 

w ith  a  concom itan t d e c re a se  i n  b a s a l  p r o te in  k in a se  a c t i v i t y .
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A lso th e y  re p o r te d  an  e le v a t io n  in  in  v i t r o  c y c l ic  A M P-stim ulated 

p r o te in  k in a s e  a c t i v i t y  in  ep id idym al f a t  pads i n  th e s e  m ice . The 

in c re a s e  in  c y c l ic  A M P-stim ulated a c t i v i t y  may su g g e s t an in  v iv o  

com pensatory in c re a s e  i n  p r o te in  k in a s e  s y n th e s is  i n  th e s e  an im als  

a llo w in g  them to  fu n c tio n  b e t t e r  i n  s p i t e  o f  d e c re a se d  c y c l ic  AMP 

l e v e l s .  Thus when p r o te in  k in a s e  a c t i v i t y  was m easured in  v i t r o  

th e  db/db mouse e x h ib ite d  g r e a t e r  a c t i v i t y  when compared w ith  th e  

c o n t ro l .  I f  t h i s  in c re a s e d  c y c l ic  A M P-stim ulated a c t i v i t y  a ls o  

o ccu rred  i n  v iv o  in  l i v e r ,  g lu c o n e o g e n e s is  and g ly c o g e n o ly s is  would 

b e  a c t iv a te d  w ith  a  concom itan t e le v a t io n  in  b lo o d  su g a r.

When plasm a i n s u l i n  l e v e l s  a r e  d ep re ssed  i t  i s  c o n c e iv a b le  th a t  

c y c l ic  AMP l e v e l s  would in c r e a s e  b eca u se  in s u l i n  would n o t  i n h i b i t  

c y c l ic  AMP fo rm a tio n . J e f f e r s o n  e t  a l . (40) r e p o r te d  t h a t  i n  l i v e r s  

from a l lo x a n - d ia b e t ic  r a t s  c y c l ic  AMP le v e ls  w ere in c re a s e d  tw o -fo ld  

o v er n o n d ia b e tic  c o n t r o l s .  An in c re a s e  i n  b a s a l  p r o te in  k in a s e  

a c t i v i t y  i n  t h i s  ty p e  o f  d ia b e t i c  an im al m ight b e  ex p ec ted  when com­

p ared  w ith  n o n d ia b e tic  c o n t r o l s .  Thus, in c re a s e d  p r o te in  k in a s e  

a c t i v i t y  i n  th e  d ia b e t i c  w ould a c t iv a t e  g lu co n eo g en esis  and g ly co ­

g e n o ly s is  and would c o n t r ib u te  to  an  e le v a t io n  in  b lo o d  su g a r .

I n s u l in  n o t o n ly  r e g u la te s  i n t r a c e l l u l a r  c y c l ic  AMP le v e l s  b u t  

i t  a ls o  ap p ea rs  to  in f lu e n c e  p r o te in  k in a se  s y n th e s is .  Zapf and h i s  

a s s o c ia te s  m easured p r o te in  k in a s e  a c t i v i t y  in  v i t r o  in  n o n d ia b e tic  

and s tre p to z o to c in - in d u c e d  d ia b e t i c  r a t s .  T h e ir  d a ta  in d ic a te d  th a t  

in  th e  l i v e r  from th e  d ia b e t ic  th e  b a s a l  and c y c l ic  A M P-stim ulated 

a c t i v i t y  was d ec re a se d  by 35%. B asa l and c y c l ic  A M P-stim ulated 

a c t i v i t y  in  a d ip o se  t i s s u e  from  d ia b e t ic s  was red u ced  by 30%. They
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su g g e s te d  th e  d e c re a se  was due to  d e p re sse d  p r o te in  k in a s e  syn­

th e s i s  w hich r e s u l t e d  from  in s u l in  d e f ic ie n c y  (9 4 ). However, o th e r  

work by Zapf et a l .  (93) showed no c o n s is te n t  t i s s u e - t o - t i s s u e  

change in  b a s a l  o r  c y c l ic  A M P-stim ulated p r o te in  k in a s e  a c t i v i t y  

caused  by d ia b e te s .  They exam ined ad ip o se  t i s s u e ,  l i v e r  t i s s u e ,  

h e a r t ,  and s k e l e t a l  m uscle  from s.txep tazo to .c in -induced  d ia b e t ic  r a t s  

in  t h i s  s tu d y . T h is su g g e s ts  t h a t  d ep re ssed  p r o te in  k in a s e  s y n th e s is  

r e s u l t i n g  from  in s u l in  d e f ic ie n c y  may n o t accoun t f o r  th e  d i f f e r e n c e s  

in  p r o te in  k in a s e  a c t i v i t y  in  a l l  t i s s u e s .

Weber e t  a l .  (89) su g g e s te d  th a t  th e  in s u lin /g lu c a g o n  r a t i o  was 

im p o rta n t in  r e g u la t in g  p r o te in  k in a se  a c t i v i t y .  T h e ir  s tu d ie s  showed 

t h a t  i n  l i v e r  t i s s u e  from  a llo x a n - in d u c e d  d ia b e t ic  r a t s  c y c l ic  AMP- 

s t im u la te d  p r o te in  k in a s e  a c t i v i t y  was d e c re a se d . I n  th e  d ia b e t ic  

an im als  th e  in s u lin /g lu c a g o n  r a t i o  was d e c re a se d . T h is  m ight su g g es t 

t h a t  i n  v iv o  b a s a l  p r o te in  k in a s e  a c t i v i t y  would n o t b e  w e ll  r e g u la te d  

a s  a  r e s u l t  o f  low in s u l i n  l e v e l s .  C onsequen tly , b a s a l  p r o te in  k in a se  

a c t i v i t y  m ight keep g lu c o n eo g en es is  and g ly c o g e n o ly s is  a c t iv e .  This 

sy stem  would acco u n t f o r  th e  d ec re a se d  c y c l ic  A M P-stim ulated p r o te in  

k in a s e  a c t i v i t y  m easured in  th e  d ia b e t ic  s in c e  a  p o r t io n  o f  th e  p ro ­

t e i n  k in a s e  i n  th e  d ia b e t ic  w ould a lre a d y  b e  a c t iv a te d  in  th e  b a s a l  

s t a t e .

The in v e s t ig a t io n s  d e s c r ib e d  i n  t h i s  t h e s i s ,  u s in g  th e  d ia b e t ic  

C hinese h am ste r as  th e  e x p e rim e n ta l an im a l, w ere an  a tte m p t to  d e te r ­

mine i f  any d if f e r e n c e s  e x i s t  i n  th e  p r o te in  k in a s e  a c t i v i t i e s  in  

v a r io u s  t i s s u e  e x t r a c t s .  T h is in fo rm a tio n  cou ld  p ro v id e  c lu e s  on 

f a c to r s  ca u s in g  a b n o rm a lit ie s  in  c a rb o h y d ra te , l i p i d  and p r o te in
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m etabo lism  i n  th e  d ia b e t i c  an im a l. T h is  e x p e r im e n ta tio n  was 

d iv id e d  in to  two p a r t s .  The f i r s t  p a r t  in v o lv e d  th e  d e te rm in a tio n  

o f  some a s sa y  c o n d it io n s  f o r  p r o te in  k in a s e  in  t i s s u e s  o f  th e  C hinese  

h a m ste r . T h is  in v o lv e d  e v a lu a tin g  th e  e f f e c t  o f  ATP c o n c e n tra t io n  

and s u b s t r a t e  p re fe re n c e  w ith  t i s s u e  hom ogenates. The second p a r t  

o f  t h i s  t h e s i s  in v o lv e d  a  com parison  o f  p r o te in  k in a se  a c t i v i t y  in  

th e  d ia b e t i c  and n o n d ia b e tic  C hinese h a m ste r .

The assu m p tio n  was made th a t  p r o te in  k in a s e  a c t i v i t y  m easured 

i n  v i t r o  w ith  non-enzym e s u b s t r a te s  i s  a  v a l id  m easure o f  in  v iv o  

p r o te in  k in a s e  a c t io n  on endogenous enzyme s u b s t r a t e s .  This 

assu m p tio n  w hich h as  been  made by o th e r s  a p p e a rs  to  b e  re a so n a b le .

F or exam ple, W alsh e t  a l .  (87) showed t h a t  a  p a r t i a l l y  p u r i f i e d  

p r o te in  k in a s e  from  r a b b i t  s k e l e t a l  m uscle  p h o sp h o ry la te d  p h o sp h o ry lase  

k in a s e  a s  w e ll  a s  p ro tam in e  and c a s e in .  More r e c e n t ly ,  S ingh and 

Wang (73) showed t h a t  a  c y c l i c  AMP-dependent p r o te in  k in a se  from  

r a b b i t  s k e l e t a l  m uscle  p h o sp h o ry la te d  p h o sp h o ry la se  k in a s e ,  c a s e in  

and h i s to n e  to  a  s im i la r  e x te n t .
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The c l i n i c a l  symptoms o f  d ia b e te s  m e l l i tu s  w ere re c o rd e d  o v er 

3500 y e a rs  ago i n  E g y p tian  c u l tu r e  (2 4 ). However i t  was n o t  u n t i l  

t h i s  c e n tu ry  t h a t  any r e a l  p ro g re s s  was made i n  d e s c r ib in g  th e  

m e ta b o lic  and m o rp h o lo g ica l a b n o rm a lit ie s  and consequences o f  th e  

d ia b e t ic  s t a t e s .  D ia b e te s  m e l l i tu s  i s  commonly c h a r a c te r iz e d  a s  a  

m e ta b o lic  d is o r d e r  a s s o c ia te d  w ith  r e l a t i v e  o r  a b s o lu te  in s u l i n  de­

f ic i e n c y .  T h is  i n s u l i n  d e f ic ie n c y  m a n ife s ts  i t s e l f  by im p a ir in g  

l i p i d ,  p r o te in  and c a rb o h y d ra te  m etabo lism .

A lthough many m o rp h o lo g ica l and m e ta b o lic  changes in  d ia b e t ic s  

have b een  d e s c r ib e d ,  we a r e  s t i l l  u n ab le  to  p re v e n t i t s  o c c u rre n c e . 

Renold and  D ulin  (60) have  su g g e s te d  th a t  any f u r th e r  u n d e rs ta n d in g  

o f  th e  d ia b e t ic  syndrome i s  dependent on p ro g re s s  in  fo u r  c r i t i c a l  

a r e a s .  These a r e  1) know ledge o f  g e n e t ic  tr a n s m is s io n ,  2) number o f  

p rim ary  d e f e c t s ,  3) r e l a t i o n  o f  environm ent and d ia b e te s ,  and 4) 

r e l a t io n s h ip  o f  d ia b e te s  to  m e ta b o lic  and m o rp h o lo g ica l a b n o rm a li t ie s .

The im p o rtan ce  o f  f in d in g  answ ers to  th e s e  q u e s tio n s  i s  obv ious 

s in c e  d ia b e te s  w ith  i t s  c o m p lic a tio n s  ran k s  b eh in d  h e a r t  d is e a s e  and 

can c e r a s  th e  t h i r d  m a jo r cau se  o f  d e a th  i n  th e  U n ited  S ta te s  (9 6 ).

The p e rc e n ta g e  o f  d ia b e t ic s  in  th e  p o p u la tio n  o f  th e  U n ite d  S ta te s  in ­

c re a se d  50% betw een 1965 and  1973 so th a t  now d ia b e te s  a f f e c t s  f iv e  

p e rc e n t o f  th e  t o t a l  p o p u la tio n . Today th e r e  i s  b e t t e r  th a n  a  one in  

f iv e  chance t h a t  a  baby b o m  in  th e  U n ited  S ta te s  w i l l  e v e n tu a lly  

develop  d ia b e te s  (9 6 ).

6
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The s tu d y  o f  d ia b e t ic  m e ta b o lic  d is o rd e r s  and  t h e i r  p ro g re s s io n  

in  man have b een  d i f f i c u l t .  No s c re e n in g  method f o r  d ia b e te s  has 

been  developed  to  d is t in g u is h  p e rso n s  p re d isp o se d  to  d ia b e te s .  Con­

s e q u e n tly  r e s e a r c h e r s  have s tu d ie d  d ia b e t ic  d is o rd e r s  a f t e r  th e  

m e ta b o lic  a b n o rm a li t ie s  have become m a n ife s t .  R esearch  in  r e ta r d a ­

t i o n  and r e v e r s a l  o f  d ia b e t ic  symptoms a t  t h i s  s ta g e  i s  d i f f i c u l t  i f  

n o t  im p o ss ib le . A lthough th e  n o n d ia b e tic  i d e n t i c a l  tw in  w ith  a  

d ia b e t i c  tw in  s i b l i n g  i s  g e n e t ic a l ly  p re d isp o se d  to  develop  d ia b e te s ,  

th e  developm ent o f  d ia b e t ic  symptoms in  th e  n o n d ia b e tic  tw in  may 

ev o lv e  o v er a  lo n g  p e r io d  o f  tim e i f  th e y  ev o lv e  a t  a l l .  M oreover, 

g e n e t ic ,  c u l t u r a l  and env iro n m en ta l p a ram e te rs  a r e  im p o ss ib le  to  

r e g u la te  f o r  human s u b je c ts  (2 0 ,2 1 ) . These c o n s id e ra t io n s  make th e  

s tu d y  o f  p re v e n t io n ,  p ro g re s s io n  and r e t a r d a t i o n  o f  b io ch em ica l and 

m o rp h o lo g ica l c o m p lic a tio n s  a s s o c ia te d  w ith  d ia b e te s  ex trem ely  d i f f i ­

c u l t .  T h e re fo re  an  an im al model exhibiting a  com parable mode o f  in ­

h e r i t a n c e  and d ia b e t i c  symptoms a s  w e ll  a s  a  s h o r t  l i f e  span would 

b e  ex trem ely  v a lu a b le .  An an im al model would a llo w  f o r  c o n t ro l le d  

e n v iro n m e n ta l, d i e t a r y  and b re e d in g  s tu d ie s .  T hree sym posia (61, 

6 2 ,6 3 ) on sp o n tan eo u s d ia b e te s  in  la b o ra to ry  an im als  and s e v e ra l  

rev iew s (1 ,7 4 ,8 1 )  on d ia b e te s  in  an im al m odels have been  p re se n te d  

i n  th e  l i t e r a t u r e .

C hinese H am ster

The C hinese h am ster (C r ic e tu lu s  g r i s e u s ) may b e  th e  most s u i t ­

a b le  an im al model w ith  w hich to  s tu d y  d ia b e te s .  G en e tic  d ia b e t ic  

and  n o n d ia b e tic  l i n e s  have ben developed . M oreover a  p r e d ia b e t ic
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an im al can b e  produced by m ating  two k e t o t i c  an im a ls . These p re ­

d ia b e t i c s ,  d i a b e t i c a l l y  asym ptom atic , w i l l  e v e n tu a lly  develop  

d ia b e te s  w ith in  a  s p e c i f i c  tim e in t e r v a l .  S econd ly , th e  C hinese 

h am ste r e x h ib i t s  a  d ia b e te s  w hich i s  s im i la r  to  th e  d ia b e te s  o b served  

in  man (2 1 ,2 4 ) .

A p o ly g e n ic  in h e r i ta n c e  scheme h as  been  proposed  f o r  th e  C hinese 

h am ste r (7 ,8 ,2 1 )  s im i la r  to  th a t  p roposed  f o r  man. The tim e  o f  o n se t 

i s  v a r ia b le  (67) and b o th  sex es  a r e  a f f e c te d  (3 2 ). B eta  c e l l  g ran ­

u la t io n  i s  d ec re a se d  in  th e  d ia b e t ic  (9 ,5 0 ,5 1 ,5 6 ,7 2 ,8 0 ) .  I n s u l in  

s y n th e s is  in  v ivo  i s  a ls o  d ec re a se d  in  th e  d ia b e t ic  h am ste r (1 0 ).

I n s u l in  re sp o n se  to  a  g lu c o se  s tim u lu s  in  th e  d ia b e t ic  h am ste r i s  

d ec re ase d  in  v iv o  (25 ,30 ) and in  v i t r o  (2 3 ,3 5 ) . Plasm a and p a n c re a t ic  

in s u l in  i s  g e n e ra lly  d ec re a se d  in  th e  d ia b e t ic  (1 9 ,2 0 ,3 5 ,5 2 ,9 1 ) .  The 

h e p a t ic  g luconeogen ic  enzymes a r e  in c re a s e d  in  th e  d ia b e t ic  w h ile  th e  

g ly c o ly t ic  enzymes a r e .d ec re ase d  (1 1 ). G lucose p ro d u c tio n  from p y ru v a te  

i s  in c re a s e d  in  th e  d ia b e t ic  an im al (1 1 ). The g lu c o se  u t i l i z a t i o n  in  

m uscle and l i p i d  a r e  th e  same f o r  b o th  d ia b e t ic  and n o n d ia b e tic  

an im als (20 ,30) and th e  h am ste r i s  n o t  obese  (2 5 ). S im ila r  m o rp h o lo g ica l 

changes to  th o s e  ob serv ed  in  human d ia b e t ic s  have been  o bserved  in  

d ia b e t ic  C hinese h a m ste rs . T h is in c lu d e s  changes in  th e  r e t i n a  (24 , 

7 9 ,8 0 ) , k idney  (6 9 ,7 0 ,8 0 ) ,  nervous system  (5 3 ,6 6 ) ,  v a s c u la r  system  

(5 2 ) , and s k e l e t a l  system  (7 0 ,7 1 ) . L ik ew ise , m e ta b o lic  changes have 

been  observed  in  th e  v a s c u la r  system  (1 2 ,1 3 ) . L ik e  man, m ild  d ia b e t ic s  

respond w e ll  to  s u lfo n y lu re a s  w h ile  s e v e re  d ia b e t ic s  do n o t (2 9 ) . 

R e s t r ic te d  d i e t  and d i e t  c o n te n t can a m e lio ra te  d ia b e t ic  symptoms
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and s e v e r i t y  (2 1 ,2 4 ,2 5 ,2 6 ,2 7 ,3 1 ) .  D eath i n  th e  d ia b e t ic  h am ste rs  

has  been  a s s o c ia te d  w ith  co m p lic a tio n s  a r i s i n g  from k e to s i s  (3 2 ).

P ro te in  K inase

Hormones s e c r e te d  by s p e c i f i c  t i s s u e s  a r e  r e le a s e d  in to  th e  

v a s c u la r  system  e x e r t in g  t h e i r  m e ta b o lic  e f f e c t s  on a  s p e c i f i c  t a r ­

g e t t i s s u e .  S in ce  p o ly p e p tid e  hormones a r e  in c a p a b le  o f  p e n e t r a t in g  

th e  r e c e p to r  c e l l  membrane in  th e  t a r g e t  t i s s u e  th e  m essage m ust be  

t r a n s m it te d  to  th e  i n t e r i o r  by some o th e r  m ethod (3 4 ,4 9 ,8 4 ) .  One 

such m ethod by w hich th e s e  i n t r a c e l l u l a r  m e ta b o lic  e f f e c t s  a r e  

i n i t i a t e d  in  th e  t a r g e t  t i s s u e s  i s  by s t im u la t in g  th e  p ro d u c tio n  o f  

c y c l ic  AMP (3 4 ,4 9 ,6 8 ) .

S u th e r la n d  and h i s  a s s o c ia te s  d e sc r ib e d  c y c l ic  AMP as  a  second 

m essenger, s in c e  th e  hormone ( th e  f i r s t  m essenger) a f t e r  i n t e r a c t in g  

w ith  th e  r e c e p to r  s i t e s  in  th e  p lasm a membrane would p roduce a  change 

in  th e  i n t r a c e l l u l a r  l e v e ls  o f  c y c l ic  AMP. B ecause t h i s  change in  

i n t r a c e l l u l a r  l e v e l s  o f  c y c l ic  AMP was r e l a t e d  to  su b seq u en t m e ta b o lic  

ch an g es, c y c l ic  AMP was c h a ra c te r iz e d  a s  an  i n t r a c e l l u l a r  m essenger 

o r  a  second  m essenger (3 4 ,4 9 ,5 9 ,8 4 ) .

C y c lic  AMP i s  sy n th e s iz e d  from  ATP by th e  a d e n y la te  c y c la s e  

sy stem  in  th e  c e l l  membrane. C y c lic  AMP c o n s is t s  o f :  a b a s e ,

ad e n in e ; a  f iv e -c a rb o n  su g a r , r ib o s e ;  and a  p h o sp h a te  group 

a t ta c h e d  to  th e  3 ’ and 5 ' p o s i t io n  on th e  su g a r  m o ie ty . An 

enzyme, p h o s p h o d ie s te ra se , in a c t iv a te s  c y c l ic  AMP by b re a k in g  

th e  p h o s p h a te - r ib o se  r in g  to  form 5 'AMP. T h is  d e g ra d a tio n  p ro c e ss  

can b e  in h ib i te d  by p h o sp h o d ie s te ra se  i n h i b i t o r s  a s  c a f f e in e  and th e o -
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p h y l l in e  (3 4 ,4 9 ) .

C y c lic  AMP-dependent p r o te in  k in a s e s  a r e  in v o lv ed  i n  many 

system s w hich a r e  a c t iv a te d  by c y c l i c  AMP such  a s  th e  p h o sp h o ry la se  

k in a s e  g lycogen  s y n th e ta s e ,  and h o rm o n e -se n s it iv e  t r i g l y c e r i d e  l i p a s e  

system s (3 7 ,4 8 ,4 5 ,5 4 ,6 8 ,7 7 ) .  Reviews have d e s c r ib e d  p r o te in  k in a se s  

in  v a r io u s  v e r t e b r a t e  and in v e r t e b r a t e  s p e c ie s  and t i s s u e s  (4 4 ,4 5 ) . 

P r o te in  k in a s e  a c t i v i t y  has a l s o  been  r e p o r te d  in  b a c t e r i a  (43) and 

in  R auscher M urine leukem ia  v i r u s  (8 3 ).

C y c lic  AMP-dependent p r o te in  k in a s e s  a c t  a s  a  l i n k  betw een  th e  

c y c l ic  AMP produced  by th e  a d e n y la te  c y c la s e  system  and th e  c e l l u l a r  

m e ta b o lic  ch an g es. When a c t iv a t e d ,  p r o te in  k in a s e  a c t i v a t e s  o th e r  

enzymes by t r a n s f e r r i n g  th e  gamma p h o sp h a te  from  ATP to  s e r in e  o r  

th re o n in e  r e s id u e s  (3 4 ,4 2 ,4 9 ,6 8 ,8 5 ) .  I t  i s  th e s e  p h o sp h o ry la te d  

enzymes w hich th e n  m odify s p e c i f i c  c e l l u l a r  a c t i v i t y .

R e c e n tly , many in v e s t ig a to r s  have a tte m p te d  to  e lu c id a te  th e  

mechanism th ro u g h  w hich c y c l ic  AMP e x e r t s  i t s  e f f e c t  on i n t r a ­

c e l l u l a r  m etabo lism  v i a  p r o te in  k in a s e s .  These in v e s t ig a t io n s  

i n d i c a te  c y c l ic  AMP-dependent p r o te in  k in a s e s  c o n s is t  o f  two sub­

u n i t s :  a  c a t a l y t i c  (C) s u b u n it  and c y c l ic  n u c le o t id e  b in d in g  (R)

s u b u n it .  The enzyme i s  a c t iv a t e d  when th e  c y c l ic  n u c le o t id e  b in d s  

to  th e  R s u b u n it  r e le a s in g  th e  C s u b u n it .  T hus, th e  b in d in g  causes 

th e  d i s s o c ia t io n  o f  th e  holoenzym e in to  two s u b u n its  and th e re b y  th e  

r e le a s e  o f  th e  c a t a l y t i c  s u b u n it  from  in h i b i t i o n .  The p roposed  

scheme by w hich t h i s  d i s s o c ia t io n  o c c u rs  i s  diagrammed below  (2 ,3 ,  

1 4 ,1 5 ,1 7 ,3 3 ,3 4 ,4 1 ,4 2 ,4 9 ,5 9 ,8 2 ,8 5 ) .
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CR + c y c l ic  AMP------------------- ^  C + R -c y c lic  AMP

in a c t iv e  a c t iv e

Q
a c c e p to r  p r o te in  + A T P ----------------------^  a c c e p to r  protein-P+ADP

P r o te in s  w hich s e rv e  a s  s u b s t r a te s  f o r  mammalian p r o te in  k in a s e  

in c lu d e  h is to n e s  ( 3 ,1 4 ,1 6 ,3 4 ,4 2 ,4 7 ,5 7 ,8 6 ) ,  p ro tam in e  0 3 4 ,4 5 ,5 7 ,8 5 ,8 6 ,

8 7 ) ,  c a s e in  (3 ,1 4 ,1 6 ,3 4 ,8 6 ,8 7 ) ,  p h o sp h o ry la se  k in a se  (1 4 ,1 6 ,3 3 ,6 8 , 

7 7 ,8 5 ,8 7 ) ,  g lycogen  s y n th e ta s e  (1 4 ,6 5 ,7 6 ) ,  and hormone s e n s i t i v e  

l i p a s e  (3 8 ,6 8 ) .  When p h o sp h o ry la se  k in a s e  and hormone s e n s i t i v e  

l i p a s e  a r e  p h o rp h o ry la te d  th e y  a r e  c o n v e rte d  from  an in a c t iv e  form  

to  an a c t iv e  form . W hile p h o sp h o ry la t io n  o f  g lycogen s y n th e ta s e  

c o n v e r ts  th e  enzyme from  an a c t iv e  to  an  i n a c t iv e  form .

The fo llo w in g  s e c t io n  i s  a  b r i e f  rev iew  o f  l i t e r a t u r e  on th e  

m e ta b o lic  s ig n i f i c a n c e  o f  p r o te in  k in a s e s  in  a  number o f  mammalian 

t i s s u e s  and s p e c ie s .  Evidence d e s c r ib in g  th e  mechanism th ro u g h  w hich 

c y c l ic  AMP a c t iv a t e s  th e s e  p r o te in  k in a s e s  w i l l  be  c i t e d .  C y c lic  AMP- 

dependen t p r o te in  k in a s e  a c t i v i t y  was exam ined in  f iv e  t i s s u e s  (h e a r t  

and s k e l e t a l  m u sc le , l i v e r ,  b r a in  and ep id idym al f a t )  i n  my re s e a r c h .  

T h e re fo re  t h i s  l i t e r a t u r e  rev iew  w i l l  em phasize s ig n i f i c a n t  in v e s t ­

ig a t io n s  w hich have  c o n tr ib u te d  to  e lu c id a t in g  p r o te in  k in a se  a c t i v i t y  

in  th e s e  t i s s u e s .

B ra in

An ad en o s in e  3 ’ , 5 '-m onophosphate dependent k in a se  was e x t r a c te d  

from  r a b b i t  b r a in  by Miyamoto e t  a l . (5 7 ) .  Miyamoto and h i s  c o lle a g u e s  

p a r t i a l l y  p u r i f i e d  a  c ru d e  p r o te in  k in a s e  e x t r a c t  from  b r a in  and o b ta in e d  

a  1 5 0 -fo ld  in c re a s e  i n  s p e c i f i c  a c t i v i t y .  A com parison o f  s u b s t r a te s
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f o r  th e  p a r t i a l l y  p u r i f i e d  p r o te in  k in a s e  showed p ro tam in e  s u l f a t e  to

be  more e f f e c t iv e  a s  a  p h o sp h a te  a c c e p to r  th an  e i t h e r  h is to n e  o r

p h o s v i t in .

L iv e r

S u th e r la n d  and R a il  (84) c i te d  ev idence  f o r  th e  a c t iv a t io n  o£. 

p h o sp h o ry la se  k in a s e  by c y c l ic  AMP in  th e  l i v e r .  F urtherm ore  th ey  

su g g e s te d  th a t  t h i s  a c t iv a t io n  was m ed ia ted  by a  p r o te in  k in a s e  w hich 

t r a n s f e r r e d  a  p h o sp h a te  group from ATP to  in a c t iv e  p h o sp h o ry lase  

k in a s e  and th e re b y  a c t iv a t e d  i t .

Langan (47) p u r i f i e d  a  p r o te in  k in a se  from  l i v e r  hom ogenates 150- 

fo ld .  W ith t h i s  p r o te in  k in a s e ,  h e  o b ta in e d  a  f o u r - s ix  f o ld  in c re a s e  

o v e r c ru d e  e x t r a c t s  when h is to n e  was used a s  th e  s u b s t r a t e .

Kumon e t  a l .  (41 ,42 ) showed th a t  th e  c y c l ic  AMP-dependent and in ­

dependent p ro te in  k in a s e s  o b ta in e d  from r a t  l i v e r  w ere d i f f e r e n t  forms 

o f  one k in a s e .  They o b ta in e d  th r e e  f r a c t io n s  u s in g  a  d ia ly z e d  calc ium  

p h o sp h a te  g e l  e lu a te  p a sse d  th rough  a  DEAE c e l lu lo s e  column. One 

f r a c t i o n  was th e  holoenzym e and was s tim u la te d  by c y c l ic  AMP. The o th e r  

two f r a c t io n s  w ere th e  r e g u la to ry  (R) s u b m i t  and th e  c a t a l y t i c  (C) sub­

m i t .  T h is  work su g g e s te d  th a t  th e  holoenzyme was a c tu a l ly  a  complex o f  

th e  r e g u la to ry  s u b m i t  and c a t a l y t i c  s u b m i t .  In  a d d i t io n ,  th e s e  r e s u l t s  

su g g e s te d  th a t  c y c l ic  AMP was in v o lv ed  in  i t s  r e g u la t io n  and a c t iv a t io n .

C y c lic  AMP-dependent p r o te in  k in a se  a c t i v i t y  in  l i v e r  homogenates 

from  s tre p to z o to c in - ir id u c e d  d ia b e t ic  r a t s  was r e p o r te d  by Zapf and h is  

a s s o c ia t e s .  T h e ir  work was m ain ly  concerned  w ith  c h a r a c te r iz in g  some 

o f  th e  p r o te in  k in a s e  p a ra m e te rs . For exam ple, p r o te in  k in a s e  phos-
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p h o ry la t io n  o f c a s e in  in  th e  p re se n c e  o f  10 ^ M c y c l ic  AMP was 

l i n e a r  f o r  7-10 m in u te s . However, d ia b e t i c  l i v e r  hom ogenates 

compared w ith  n o n d ia b e tic  hom ogenates e x h ib i te d  a  35% d e c re a se  in  

b a s a l  and c y c l ic  A M P-stim ulated a c t i v i t y  and a  30% d e c re a se  in  c y c l ic  

AMP b in d in g  a c t i v i t y .  They su g g e s t t h i s  d e c re a se  cou ld  b e  a t t r i b u t e d  

to  d e p re sse d  p r o te in  k in a se  s y n th e s is  w hich r e s u l t e d  from  in s u l in  

d e f ic ie n c y  (9 4 ). More r e c e n t ly  (9 3 ) , th e y  have su g g es ted  th a t  th e  

b a s a l  p r o te in  k in a s e  a c t i v i t y  was n o t s i g n i f i c a n t l y  d i f f e r e n t  in  

d ia b e t i c  and n o n d ia b e tic  an im als  b u t  t h a t  c y c l ic  A M P-stim ulated 

a c t i v i t y  was red u ced .

P r o te in  k in a s e  a c t i v i t y  in  l i v e r  hom ogenates from  a l lo x a n -  

induced  d ia b e t ic  r a t s  was examined by Weber e t  a l .  (8 9 ) . They found 

c y c l ic  A M P-stim ulated a c t i v i t y  was low er in  th e  d ia b e t ic  an im al com­

pared  w ith  n o n d ia b e tic  c o n t r o l s .  T h e ir  d a ta  f u r th e r  su g g es ted  th a t  

th e  in s u lin /g lu c a g o n  r a t i o n  was im p o rta n t i n  r e g u la t in g  p r o te in  k in a s e  

a c t i v i t y .  Low in s u l in  le v e l s  m ight a llo w  g lu c o n eo g en es is  and g ly c o ­

g e n o ly s is  to  rem ain  a c t iv e .  S ince  a  p o r t io n  o f th e  p r o te in  k in a s e  i n  

th e  d i a b e t i c  m ight be a c t iv a t e d ,  c y c l ic  A M P-stim ulated a c t i v i t y  

would b e  lo w er.

The p r o te in  k in a se  system  ap p ea rs  to  b e  a b e r r a n t  in  th e se  

d ia b e t ic  an im a ls . T his ab n o rm a lity  in  th e  p r o te in  k in a s e  may th e r e ­

f o r e  c o n t r ib u te  to  an abnorm al m etabo lism  in  th e  d i a b e t i c .

S k e le ta l  and c a rd ia c  m uscle

G ly co g en o ly sis  in  s k e l e t a l  m uscle  has been  c h a ra c te r iz e d  ex­

te n s iv e ly .  Glycogen breakdown to  g lu c o se  i s  a c t iv a te d  by e p in e p h r in e
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and g lucagon v i a  r e c e p to r s  in  th e  c e l l  membrane, I n t r a c e l l u l a r l y ,  

g ly c o g e n o ly s is  i s  m ed ia ted  th ro u g h  an enzyme c a l l e d  p h o sp h o ry la se . 

P h o sp h o ry la se  e x i s t s  in  an a c t iv e  (p h o sp h o ry la se  b )  and an  in a c t iv e  

(p h o sp h o ry la se  a )  form . A c tiv a te d  p h o sp h o ry la se  i n  th e  p re se n c e  

o f  ATP p h o sp h o ry la te s  th e  I I  -*■ 4 ] g ly c o s id ic  l in k a g e  y ie ld in g  

g lu c o s e - l-p h o s p h a te  le a v in g  th e  g lycogen  c h a in  w ith  one l e s s  

g lu c o se  m o ie ty . P h o sp h o ry lase  a c t iv a t io n  in  tu r n  i s  m ed ia ted  by 

a  p h o sp h o ry la se  k in a s e .  P h o sp h o ry lase  k in a s e  l i k e  p h o sp h o ry lase  e x i s t s  

in  two fo rm s: an  a c t iv e  form (p h o sp h o ry lase  a  k in a s e )  and an in ­

a c t iv e  form  (p h o sp h o ry la se  b k in a s e ) .  The a c t iv a t e d  p h o sp h o ry lase  

k in a s e  c a ta ly z e s  th e  t r a n s f e r  o f  th e  gamma p h o sp h a te  from  ATP to  

p h o sp h o ry la se  and th e re b y  a c t iv a t e s  p h o sp h o ry la se . T his phos­

p h o ry la s e  k in a s e  i s  a c t iv a te d  by a  c y c l ic  AMP-dependent p r o te in  

k in a s e ( s ) .  C y c lic  AMP-dependent p r o te in  k in a s e ( s )  i s  s t im u la te d  by 

in c re a s e d  l e v e l s  o f  c y c l ic  AMP. In  summary, when c y c l ic  AMP le v e l s  

r i s e  v ia  e p in e p h r in e  o r  g lucagon in t e r a c t io n  w ith  th e  c e l l  membrane, 

th e  p r o te in  k in a s e  a c t iv a t e s  p h o rp h o ry la se  by t r a n s f e r r i n g  th e  gamma 

p h o sp h a te  from  ATP to  p h o sp h o ry lase  k in a s e  (4 9 ,5 4 ,6 8 ,8 4 ) .

More r e c e n t ly ,  ex p e rim en ta l ev id en ce  h a s  c h a r a c te r iz e d  th e se  

p r o te in  k in a s e s  in  s k e l e t a l  and c a rd ia c  m u sc le . The mechanism 

th ro u g h  w hich p r o te in  k in a s e ( s )  i s  a c t iv a te d  i n  s k e l e t a l  and c a rd ia c  

m uscle  w i l l  b e  d is c u s s e d .

W alsh, P e rk in s ,  and Krebs (87) c h a ra c te r iz e d  a  p a r t i a l l y  p u r i f i e d  

ad en o s in e  3 * ,5 'm onophospha te-dependen t p r o te in  k in a s e  from  r a b b i t  

s k e l e t a l  m u sc le . These r e s e a rc h e r s  su g g es ted  t h a t  t h i s  c y c l ic  AMP- 

dependent p r o te in  k in a s e  m igh t s e rv e  as  a  l i n k  betw een horm onally
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a c t iv a te d  ad en y l c y c la s e  and p h o sp h o ry la se  k in a s e .  T his c y c l ic  

AMP-dependent p r o te in  k in a s e  c a ta ly z e d  th e  t r a n s f e r  o f  th e  l a b e l l e d  

gamma p h o sp h a te  from  ATP to  c a s e in  and p ro ta m in e . P ro tam ine  phos­

p h o ry la t io n  o c c u rre d  a t  a  r a t e  f i v e  to  e ig h t  tim es  g r e a t e r  th a n  ob­

se rv e d  w ith  c a s e in .  O ther c y c l ic  and n o n c y c l ic  n u c le o t id e s  w ere 

u n s u c c e s s fu l s u b s t i t u t e s  f o r  c y c l i c  AMP. P h o sp h o ry la tio n  o f  

p h o sp h o ry la se  k in a s e  was enhanced when th e  p a r t i a l l y  p u r i f i e d  c y c l ic  

AMP-dependent p r o te in  k in a s e  was in c u b a te d  w ith  p h o sp h o ry la se  k in a s e .

Reimann e t  a l . (59) and B rostrom  e t  a l .  (3) p ro v id ed  ev id en ce  

on th e  mechanism th ro u g h  w hich c y c l i c  AMP a c t iv a t e d  p r o te in  k in a s e  

by c a u s in g  a  d i s s o c ia t io n  o f  th e  holoenzyme into a  r e g u la to r y  sub­

m i t  (R) and a  c a t a l y t i c  s u b m i t  (C) in  r a b b i t  s k e l e t a l  m u sc le .

Reimann and h i s  group (59) showed th a t  th e  holoenzym e s e p a ra te d  in to  

c a t a l y t i c  and r e g u la to ry  s u b u n its  in  th e  p re se n c e  o f  c y c l ic  AMP.

C y c lic  n u c le o t id e  dependence was r e s to r e d  w ith  th e  a d d i t io n  o f  th e  

r e g u la to ry  s u b m i t  to  th e  c a t a l y t i c  s u b m i t .  B rostrom  and h i s  

cow orkers (3) p re s e n te d  ev id en ce  s u g g e s tin g  th a t  when th e  holoenzym e 

d is s o c ia te d  in  th e  p re s e n c e  o f  c y c l ic  AMP th e  r e g u la to ry  s u b u n it  was 

in  th e  form  o f  an  R -c y c l ic  AMP com plex. The a d d i t io n  o f th e  c a t a l y t i c  

s u b m i t  to  th e  R -c y c l ic  AMP com plex r e le a s e d  th e  bound c y c l i c  AMP.

P r o te in  k in a s e  a c t i v i t y  in  s k e l e t a l  m uscle  from  n o n d ia b e tic  

and s tr e p to z o to c in - in d u c e d  d i a b e t i c  r a t s  h a s  b een  r e p o r te d  (9 3 ) .

A lthough c y c l i c  A M P-stim ulated p r o te in  k in a s e  a c t i v i t y  i n  s k e l e t a l  

m uscle  was th e  same in  d ia b e t i c  and n o n d ia b e t ic ,  b a s a l  p r o t e i n  k in a s e  

a c t i v i t y  was low er f o r  th e  d i a b e t i c  a n im a l. They su g g es ted  p r o te in  

k in a s e  was s t im u la te d  to  a  g r e a t e r  e x te n t  w ith  c y c l i c  AMP i n  th e
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d ia b e t ic  an im a l. T h is abnorm al p r o te in  k in a s e  s t im u la t io n  th e n  may 

have an  e f f e c t  on th e  m etabo lism  in  th e  d ia b e t ic  an im a l.

C y c lic  A M P-stim ulated p r o te in  k in a s e  h a s  been  im p lic a te d  in  

b o th  c h ro n o tro p ic  and in o t r o p ic  e f f e c t s  o f  ca tech o lam in es  and a ls o  

in  th e  r e g u la t io n  o f  g ly c o g e n o ly s is  in  th e  h e a r t .  I t  h as  been 

su g g e s te d  th a t  th e  r e g u la t io n  o f  g ly c o g e n o ly s is  in  c a rd ia c  m uscle  

and s k e l e t a l  m uscle  i s  s im i la r  (4 9 ,6 5 ,6 8 ,8 4 ) .

B rostrom  e t  a l .  (2) o b ta in e d  a  2 5 0 -fo ld  p u r i f i c a t i o n  o f  a  c y c l ic  

A M P-stim ulated p r o te in  k in a s e  from bov ine  c a rd ia c  m uscle  u s in g  

ammonium s u l f a t e  f r a c t io n a t io n  and column chrom atography. T h is 

p r o te in  k in a s e  p h o sp h o ry la te d  c a s e in  and h is to n e .  The r e a c t io n  

was s p e c i f i c  f o r  and was enhanced by c y c l ic  AMP compared w ith  o th e r  

c y c l ic  n u c le o t id e s .  More r e c e n t ly ,  two p r o te in  k in a se s  from bo v in e  

h e a r t  m uscle  h av e  been re s o lv e d  (6 5 ) . The p a r t i a l l y  p u r i f i e d  p r o te in  

k in a se  co u ld  be  re s o lv e d  in to  two p r o te in  k in a se s  v i a  p o ly ac ry lam id e  

g e l e l e c t r o p h o r e s i s ,  u l t r a c e n t r i f u g a t i o n  o r  s to ra g e  a t  4°C. Both 

forms w ere c y c l ic  AMP-dependent and w ere composed o f  th e  same two 

k in d s  o f  s u b u n its .  These in v e s t ig a t io n s  have p ro v id ed  in fo rm a tio n  

w hich su g g e s t t h a t  in  h e a r t  and s k e l e t a l  m uscle  c y c l ic  AMP a c t iv a t e s  

p r o te in  k in a s e . They f u r th e r  s u g g e s t t h a t  c y c l ic  AMP b in d in g  to  th e  

re g u la to ry  s u b u n it  r e le a s e s  th e  c a t a l y t i c  s u b u n it  from  in h i b i t i o n .

Z ap f’s work w ith  p r o te in  k in a s e  a c t i v i t y  in  h e a r t  m uscle from 

n o n d ia b e tic  and s tre p to z o to c in - in d u c e d  d ia b e t ic  r a t s  in d ic a te d  th a t  

c y c l ic  A M P-stim ulated a c t i v i t y  was d e c re a se d  compared to  th e  non­

d ia b e t i c .  Whereas b a s a l  p r o te in  k in a s e  a c t i v i t y  was n o t s i g n i f i c a n t l y  

d i f f e r e n t  in  e i t h e r  group (9 3 ). T h is  d i f f e r e n c e  i n  th e  p r o te in
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k in a s e  system  i n  th e  d ia b e t ic  may c o n t r ib u te  to  i t s  abnorm al 

m etabo lism .

E pid idym al f a t  pads

C y c lic  AMP-dependent p r o te in ( s )  a r e  in v o lv e d  in  th e  r e g u la t io n  

o f  l i p o l y s i s  in  a d ip o se  t i s s u e .  I n i t i a l  s tu d ie s  showed th a t  in s u l in  

had  an a n t i l i p o l y t i c  e f f e c t  on a d ip o se  t i s s u e  by lo w erin g  i n t r a ­

c e l l u l a r  c y c l ic  AMP le v e l s  w hereas e p in e p h rin e  had  a  l i p o l y t i c  e f f e c t  

by in c re a s in g  i n t r a c e l l u l a r  c y c l ic  AMP le v e l s  ( 5 ,6 ,9 5 ) .  These 

changes in  c y c l i c  AMP le v e l s  in f lu e n c e d  th e  a c t i v i t y  o f  hormone-  

s e n s i t i v e  l i p a s e .  T his l i p a s e  e x i s t s  i n  an  a c t iv e  and an in a c t iv e  

form . When c y c l ic  AMP le v e l s  a r e  in c re a s e d  th e  h o rm o n e -se n s itiv e  

l i p a s e  i s  p h o sp h o ry la te d  and th e re b y  a c t iv a te d  (7 6 ) . Evidence 

s u g g e s ts  a  c y c l i c  AMP-dependent p r o te in  k in a s e ( s )  m ed ia te s  l i p a s e  

a c t iv a t io n .  I n t r a c e l l u l a r  in c re a s e s  in  c y c l ic  AMP a c t iv a t e  th e  

p r o te in  k in a s e ( s ) .  T h is  a c t iv a te d  p r o te in  k in a s e  c a ta ly z e s  th e  

t r a n s f e r  o f  th e  gamma p h osphate  from  ATP to  th e  l i p a s e  and th e re b y  

a c t iv a t e s  i t  (4 ,4 9 ,8 2 ) .

Corbin and K rebs (16) showed a  c y c l ic  AMP-dependent p r o te in  

k in a s e  was in v o lv e d  in  th e  r e g u la t io n  o f  l i p o l y s i s  when they  d e sc r ib e d  

a  c y c l ic  AMP-dependent p r o te in  k in a s e  in  p a r t i a l l y  p u r i f i e d  e x t r a c t s  

from  r a t  ep id idym al f a t  pads. The p r o te in  k in a s e  e x h ib ite d  a  f iv e - f o ld  

in c re a s e  in  h i s to n e  p h o sp h o ry la tio n  in  th e  p re se n c e  o f  c y c l ic  AMP.

These p a r t i a l l y  p u r i f i e d  e x t r a c t s  w ere a ls o  e f f e c t iv e  in  p h o sp h o ry la - 

t i n g  c a s e in  and p h o sp h o ry lase  k in a s e .

H u ttunen , S te in b e rg ,  and Mayer (38 ,39 ) showed th a t  a c y c l ic  AMP-
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dependent p r o te in  k in a se  (p h o sp h o ry lase  b k in a s e  k in a se )  from r a b b i t  

s k e l e t a l  m uscle  c a ta ly z e d  th e  ATP-dependent and  c y c l ic  AMP-dependent 

s t im u la t io n  o f  l i p o l y s i s  in  r a t  ad ip o se  t i s s u e  e x t r a c t s .  L ip o ly s is  

was enhanced 44-93% in  th e  5 .2P  f r a c t io n .  When th e  p r o te in  k in a s e  o r  

th e  c y c l ic  n u c le o t id e  f a c t o r  was ab se n t a c t i v i t y  was e i t h e r  s ig n i ­

f i c a n t ly  d ep re ssed  o r  a b s e n t.

H uttunen and S te in b e rg  (37) p a r t i a l l y  p u r i f i e d  th e  l i p a s e  from  

r a t  ep id idym al f a t  pads 80-120 f o ld .  T h e ir  w ork c o rro b o ra te d  th e  

r e s u l t s  c i t e d  i n  p re v io u s  experim en ts  (1 6 ,3 8 ,3 9 ) .  L ip ase  a c t i v i t y  

was examined in  fo u r  d i f f e r e n t  p u r i f i c a t i o n  f r a c t io n s .  I n  th e  f i r s t  

two s te p s  o f  p u r i f i c a t i o n  l i p a s e  a c t i v i t y  was n o t  dependent on added 

s k e l e t a l  m uscle  p r o te in  k in a s e  w hereas in  th e  t h i r d  and fo u r th  p u r i ­

f i c a t i o n  s te p s  l i p a s e  a c t i v i t y  was dependent on a d d i t io n  o f  p r o te in  

k in a s e . T h is  may in d ic a te  th a t  endogenous p r o te in  k in a se  had  been  

s u c c e s s fu l ly  removed in  th e  t h i r d  and f o u r th  s t e p s .  The a c t iv a t io n  

o f  th e  l i p a s e  p a r a l le l e d  i t s  p h o sp h o ry la tio n  by ATP. These r e s u l t s  

su g g es ted  th a t  th e  a c t iv a t io n  o f  ad ip o se  t i s s u e  l i p a s e  was m ed iated  

by c y c l ic  AMP le v e l s  and th a t  a  p r o te in  k in a s e  m ed ia te s  t h i s  

a c t iv a t io n .

C orbin  e t  a l .  (14) in v e s t ig a te d  th e  mechanism th ro u g h  which 

ad en o sin e  3 ' , 5 ' -m onophosphate re g u la te d  th e  p r o te in  k in a se  e x t ra c te d  

from  ad ip o se  t i s s u e .  The p r o te in  k in a s e  was p a r t i a l l y  p u r i f i e d  on 

a  h is to n e -S e p h a ro se  column and was s t im u la te d  1 0 - fo ld  when c y c l ic  

AMP was added to  th e  r e a c t io n  m ix tu re . The p a r t i a l l y  p u r i f i e d  

f r a c t io n s  p h o sp h o ry la ted  h is to n e ,  c a s e in ,  s k e l e t a l  m uscle phos­

p h o ry la se  k in a s e  and s k e l e t a l  m uscle g lycogen  s y n th e ta s e  in  th e
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p re se n c e  o f  c y c l ic  AMP. U sing c a se in -S e p h a ro se  column chrom atography 

w ith  c y c l ic  AMP bound to  th e  colum n, a  c y c l ic  AM P-independent f r a c t io n  

( c a t a l y t i c  s u b u n it)  was e lu te d .  When r a b b i t  m uscle r e g u la to ry  s u b u n it 

(R) was added to  t h i s  c y c l ic  AMP-independent s u b u n it  in  th e  absen ce  o f  

c y c l ic  AMP a c t i v i t y  was in h ib i te d .  However, i f  th e  r e g u la to ry  su b u n it 

was added to  th e  c a t a l y t i c  s u b u n it  in  th e  p re se n c e  o f  c y c l ic  AMP a c t i v i t y  

was n o t  in h ib i t e d .

C orbin  e t  a l .  (17) a tte m p te d  to  c h a r a c te r iz e  p r o te in  a c t i v i t y  by 

m easuring  th e  d eg ree  o f  p r o te in  k in a se  a c t iv a t io n  in  c ru d e  enzyme 

e x t r a c t s  from  r a t  ep id idym al f a t  p a d s . Chromatography o f  th e  c rude  

e x t r a c t  on Sephadex G-100 re s o lv e d  two p r o te in  k in a s e  p eak s . One 

peak  co rresp o n d ed  to  th e  holoenzym e and was s t im u la te d  f o u r - f o ld  by 

c y c l ic  AMP, w h ile  th e  second peak  co rresponded  to  th e  c a t a l y t i c  

s u b u n it  and was c y c l ic  AM P-independent. T h is  r e s e a rc h  in d ic a te d  

t h a t  th e  p r o te in  k in a s e  i s  composed o f  two s u b u n its :  a  r e g u la to ry

s u b u n it  w hich b in d s  w ith  th e  c y c l ic  AMP and th e re b y  r e le a s e s  th e  

c a t a l y t i c  s u b m i t  from  i n h i b i t i o n .

S o d e r lin g  e t  a l . (77) in v e s t ig a te d  th e  horm onal e f f e c t s  o f  

e p in e p h r in e  and in s u l i n  on c y c l ic  AMP-dependent p r o te in  k in a s e  

a c t i v i t y  in  c ru d e  enzyme e x t r a c t s  from r a t  ad ip o se  t i s s u e .  A c t iv i ty  

was m easured a s  a  p r o te in  k in a se  a c t i v i t y  r a t i o  ( - c y c l ic  AMP/+cyclic 

AMP). When ep id idym al f a t  pads w ere in c u b a te d  w ith  e p in e p h r in e  th e  

p r o te in  k in a s e  a c t i v i t y  r a t i o  in c re a s e d  from 0 .2 1  to  0 .6 3 . The in ­

c re a s e  i n  c y c l ic  AMP induced  by e p in e p h rin e  co rresponded  to  th e  

m easured in c re a s e  in  c a t a l y t i c  u n i t  fo rm a tio n . Ten m inu te  in c u b a tio n  

w ith  e p in e p h r in e  and in s u l in  produced  a  70% in h i b i t i o n  in  th e  p r o te in
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k in a s e  a c t i v i t y  r a t i o  in  hom ogenates. T h is  e f f e c t  was a s s o c ia te d  

w ith  a  d e c re a se  i n  c y c l ic  AMP and w ith  th e  r e l a t i v e  d e c re a se  in  

c a t a l y t i c  s u b u n it  fo rm a tio n . T h is  d a ta  s u g g e s ts  t h a t  horm onal 

m o d if ic a t io n  a f f e c t s  c y c l ic  AMP c o n c e n tra t io n s  w hich th en  a l t e r  

p r o te in  k in a s e  a c t i v i t y .

Zapf e t  a l .  (94) in v e s t ig a te d  c y c l ic  AMP-dependent p r o te in  k in a s e  

a c t i v i t y  in  ad ip o se  t i s s u e  from  s tr e p to z o to c in - in d u c e d  d ia b e t ic  r a t s .  

T h e ir  r e s u l t s  showed th a t  l a b e l l e d  phosp h a te  in c o rp o ra t io n  in to  

c a s e in  i n  th e  absence  o r  p re s e n c e  o f  c y c l ic  AMP was l i n e a r  f o r  7-10 

m in u te s . M oreover, th e  p r o te in  k in a s e  a c t i v i t y  in  th e  d ia b e t ic  f o r  

b o th  b a s a l  and c y c l ic  A M P-stim ulated a c t i v i t y  was reduced  35% and c y c l ic  

AMP b in d in g  was d e c re a se d  30%. They a t t r i b u t e d  t h i s  d ec re a se  i n  p r o te in  

k in a s e  a c t i v i t y  to  d ep re ssed  p r o te in  k in a s e  s y n th e s is  due to  hypo- 

in s u lin e m ia  i n  th e  d ia b e t ic  an im a ls .

The db/db  m utan t o f  th e  C57BL/KsJ mouse e x h ib i te d  reduced  l i p o l y t i c  

a c t i v i t y  in  com parison to  c o n t ro l  an im a ls . K up ieck i and Adams (46) 

in v e s t ig a te d  th e  p h o s p h o d ie s te ra se , c y c l ic  AMP-dependent p r o te in  

k in a s e  and a d e n y la te  c y c la s e  sy stem s in  th e  young h y p e r in s u lin e m ic , 

hyperg lycem ic  db/db mouse f o r  p o s s ib le  a b n o rm a li t ie s  which w ould 

e x p la in  t h i s  reduced  l i p o l y t i c  a c t i v i t y .  Both h ig h  and low Km 

p h o sp h o d ie s te ra se  a c t i v i t y  i n  f a t  c e l l  g h o s ts  w ere s im i la r  i n  th e  

db/db  mouse and  i t s  c o n t ro l .  E p in ep h rin e  and sodium  f lo r i d e  (NaF) 

s t im u la te d  ad en y l c y c la s e  a c t i v i t y  i n  f a t  pad  hom ogenates in  th e  

db/db  mouse and c o n t ro ls  to  th e  same e x te n t .  I n  c o n t r a s t ,  b a s a l  

p r o te in  k in a s e  a c t i v i t y  was low er i n  th e  db/db mouse compared w ith  

i t s  c o n t ro l  w h ile  s t im u la te d  a c t i v i t y  was g r e a t e r  in  th e  db/db  mouse
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compared w ith  i t s  c o n t r o l .  T h is  su g g es ted  th a t  p r o te in  k in a s e  

a c t i v i t y  in  th e  db/db mouse was more s e n s i t i v e  to  c y c l ic  n u c le o t id e  

s t im u la t io n  (4 6 ) .
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MATERIALS AND METHODS

A nim als

C hinese h am ste rs  w ere o b ta in e d  from The Upjohn Company co lony  

in  K alam azoo, M ich igan . These an im a ls  came from h ig h ly  in b re d  l i n e s .  

D ia b e t ic  h am ste rs  from  th e  L l i n e  and n o n d ia b e tic  h am ste rs  from th e  

M l i n e  w ere used  in  t h e  e x p e rim e n ta tio n . The h am ste rs  ranged  from  

th r e e  to  n in e  m onths o f  ag e . A ll  an im als  w ere in d iv id u a l ly  housed 

in  s t a i n l e s s - s t e e l  cages  i n  a  r e g u la te d  environm ent m a in ta in ed  a t  

2 4 °C. A nim als w ere a llow ed  w a te r  and food  (P u rin a  Mouse B reeder 

Chow, R a ls to n  P u r in a  C o ., S t .  L o u is , MO) ad  l ib i tu m . H am sters w ere 

c l a s s i f i e d  as  d i a b e t i c  and n o n d ia b e tic  on th e  b a s is  o f  u r in e  g lu c o se  

as  m easured by th e  TesTape® ( E l i  L i l l y  and C o ., I n d ia n a p o l is ,  IN) 

m ethod. D ia b e t ic s  e x h ib i te d  TesTape v a lu e s  o f  +3 and +4 w h ile  non­

d ia b e t i c s  r e g i s t e r e d  no TesTape v a lu e s .  N o n d iab e tic s  e x h ib ite d  a 

ran g e  o f  n o n fa s t in g  b lood  su g a r v a lu e s  from  110 to  125 m g/d l w hereas 

d ia b e t i c s  p re s e n te d  a  ran g e  o f  n o n fa s t in g  b lo o d  su g a r  v a lu e s  from  

235 to  400 m g/d l (s e e  T ab le  2 ).

The an im als  w ere w eighed i n  a  M e tt le r  to p  lo a d in g  pan b a la n c e  

p r io r  t o  s a c r i f i c e .  U rin e  was ex p re ssed  from  each an im al a t  t h i s
fa

tim e  and was im m ed ia te ly  t e s t e d  w ith  TesTape and K e to s t ix  (Ames 

C o ., E lk h a r t ,  IN) f o r  u r in e  g lu c o se  and u r in e  k e to n e s , r e s p e c t iv e ly .  

The an im als  w ere k i l l e d  by o r b i t a l  s in u s  e x sa n g u in a tio n  (6 4 ).

22

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



2 3

Blood Sugar and Plasm a I n s u l in  M easurement

Blood su g a r and p lasm a in s u l i n  w ere m easured f o r  a l l  th e  an im als 

used  i n  th e  com parison s tu d ie s .  Blood was c o l le c te d  v ia  th e  o r b i t a l  

s in u s  in  a  c h i l l e d  12 x  75 mm d is p o s a b le  t e s t  tu b e . The t e s t  tu b e  

c o n ta in ed  ap p ro x im ate ly  0 .0 5  ml t r a s y l o l  (Mobay Chem ical C o rp .) f o r  

every  1 .0  ml b lo o d  c o l le c te d .

Twenty m ic r o l i t e r s  o f  w hole b lo o d  was th e n  p la c e d  in  a  Technicon 

A u to an a ly zer v i a l  c o n ta in in g  1 .0  ml o f  2.5% sodium f lu o r id e .  Blood 

g lu co se  was q u a n t i ta te d  u s in g  th e  Technicon A u to an a ly zer (Technicon 

In s tru m en t Company, Chauncey, NY) u s in g  a  m ic ro g lu co se  p ro ced u re  (28) 

w hich was a  m o d if ic a tio n  o f  th e  method c i t e d  by Hoffman (3 6 ).

The rem ain ing  b lood  sam ple was c e n tr ifu g e d  to  s e p a r a te  th e  p lasm a. 

Plasm a in s u l i n  was de term ined  on 0 .1 0  ml o f  thawed p lasm a. A ra d io ­

immunoassay method u s in g  a  c e l lu lo s e  s lu r r y  to  s e p a ra te  f r e e  i n s u l in  

from bound in s u l i n  was u sed  (9 2 ). A Packard  T ri-C a rb  l i q u id  s c in ­

t i l l a t i o n  sp e c tro m e te r  was u sed  to  count r a d io a c t i v i t y .

Crude Enzyme P re p a ra t io n

Im m ediately  a f t e r  th e  h am ste r had e x p ire d  i t  was t r a n s f e r r e d  

to  a  c le a n  s u r fa c e  and th e  abdom inal, c r a n i a l  and p le u r a l  c a v i t i e s  

w ere exposed. The fo llo w in g  t i s s u e s  w ere e x t i r p a te d :  m uscle from

one h in d  le g ,  h e a r t ,  ep id idym al f a t  p ad s , b r a in  and l i v e r .  The 

l i v e r  was p e rfu s e d  by in j e c t i n g  c h i l l e d  0.01M sodium g ly c e ro l  phos­

p h a te  b u f f e r  w ith  0.001M EDTA, pH 6 .5 ,  in to  th e  h e p a t ic  p o r t a l  

v e in  p r i o r  to  i t s  rem oval. The t o t a l  e x t r a c t io n  tim e  v a r ie d  w ith
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each  an im al b u t  g e n e ra l ly  to o k  5-10  m in u te s . As th e  in d iv id u a l  

t i s s u e s  w ere removed, th e y  w ere p la c e d  in to  a  b e a k e r  submerged in  

a  d ry  ic e -a c e to n e  b a th  and th u s  w ere q u ic k ly  f ro z e n . The t i s s u e s  

w ere l e f t  in  th e  b e a k e r  f o r  ap p ro x im a te ly  5-15 m in u tes  a f t e r  w hich 

tim e  th ey  w ere p la c e d  in  in d iv id u a l  la b e l le d  v i a l s  and s to r e d  in  a 

f r e e z e r  a t  - 2 4 °C.

The c ru d e  enzyme e x t r a c t s  w ere  p re p a re d  by a  p ro ced u re  des­

c r ib e d  by R u p ieck i and Adams (4 6 ) . The t i s s u e s  w ere removed from th e  

f r e e z e r  and p la c e d  in  ic e  to  keep  them  c h i l l e d .  The t i s s u e s  w ere 

w eighed in d iv id u a l ly  and th e  w e ig h t was re c o rd e d . The t i s s u e  was th e n  

t r a n s f e r r e d  to  c h i l l e d  P o tte r -E lv e h je m  a l l - g l a s s  hom ogenizers.

Sodium g ly c e ro l  p h o sp h a te  b u f f e r ,  0.01M, w ith  0.001M EDTA, pH 6 .5 ,  

was added in  th e  a p p ro p r ia te  volum e :w eig h t (v:w) r a t i o  g iv en  in  th e  

fo llo w in g  l i s t :  l i v e r  ( 5 :1 ) ,  h e a r t  ( 4 :1 ) ,  b r a in  ( 3 :1 ) ,  ep id idym al

f a t  pad ( 2 :1 ) ,  and s k e l e t a l  m uscle  (3 :1 ) .  These d i lu t io n s  ensu red  

a  f i n a l  p r o te in  c o n c e n tra t io n  w hich co u ld  be a c c u ra te ly  m easured 

s p e c tro p h o to m e tr ic a l ly .  The t i s s u e s  w ere homogenized u s in g  a 

V ari-S peed  s t i r r e r  (P re c is io n  S c i e n t i f i c  C o ., model #65730) u s in g  

5-10+ up and down s t r o k e s ,  depend ing  on th e  t i s s u e ,  a t  th e  low est 

sp eed .

The in d iv id u a l  hom ogenates w ere t r a n s f e r r e d  to  c h i l l e d  c e n t r i ­

fu g e  tu b e s .  These tu b e s  w ere p la c e d  i n  th e  c h i l l e d  r o to r  head o f  a  

Damon IEC B20A c e n t r i f u g e  (Damon, IEC D iv is io n , Needham H ts . ,  MS).

The hom ogenates w ere c e n tr ifu g e d  a t  2°C f o r  15 m in u tes  a t  9000 x  £ .

The s u p e rn a ta n t was c a r e f u l ly  removed w ith o u t d is tu rb in g  th e  p e l l e t  

o r  th e  s u r f a c e  f i lm  u s in g  a  P a s te u r  p i p e t t e .  The in d iv id u a l  su p e r-
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n a ta n ts  w ere a g a in  t r a n s f e r r e d  to  c h i l l e d  c e n t r i f u g e  tu b e s  and  w ere 

c e n tr i fu g e d  a t  18 ,000  rpm a t  2°C fo r  30 m inu tes (4 6 ) . The c ru d e  

enzyme e x t r a c t s  w ere th e n  a n a ly z e d  f o r  p r o te in  c o n c e n tr a t io n s  s p e c tro -  

p h o to m e tr ic a lly  (8 8 ).

P r o te in  K inase  Assay

P r o te in  k in a s e  a c t i v i t y  was d e te rm in ed  u s in g  a  m o d if ic a t io n  o f  a

method d e s c r ib e d  by C orbin  et_ a l . (17) and K up ieck i and Adams (4 6 ).

-2The r e a c t io n  m ix tu re  c o n ta in e d  1 .6 7  x  10 M p o ta ss iu m  p h o sp h a te ,
A —-9

pH 6 .5 ,  5 x  10" M l-m e th y l -3 - i s o b u ty lx a n th in e ,  10 M sodium f lu o r id e ,

5 x  10 ^ M c y c l ic  AMP ( 3 ',5 * -a d e n o s in e  c y c l ic  p h o sp h a te , g rad e  A, MW 

32 9 .2 , C alb iochem ), 1 x  10- ^ M ATP (ad en o sin e  5 ’- t r i p h o s p h a te ,  d i­

sodium s a l t  from eq u in e  m u sc le , S igm a), 0 .4 0  mg c a l f  thymus h is to n e

(Sigma, Type IIA ) and 0 .080  mg p r o te in  in  a  volume o f  0 .22  m l.

32R a d io a c tiv e  P-ATP was p u rch ased  a s  ad en o sin e  5 ’- t r i p h o s p h a te ,  t e t r a -

32(triethylam m onium ) salt-gam m a- P from  New England N u c lea r .

The r e a c t io n  m ix tu re s  w ere m a in ta in e d  in  i c e  u n t i l  th e  r e a c t io n  

was i n i t i a t e d  by th e  a d d i t io n  o f  ATP and enzyme e x t r a c t .  The r e ­

a c t io n  tu b e s  w ere th e n  in c u b a te d  a t  30°C fo r  16 m in u te s . P ro te in  

k in a s e  a c t i v i t y  was m easured i n  t r i p l i c a t e .

The m o lar c o n c e n tra t io n  o f  ATP was d e term ined  a s  d e s c r ib e d  by 

M b re ll and Bock (5 8 ) .

C hrom atographic A n a ly s is

The m easurem ent o f  gamma—p h o sp h a te  in c o rp o ra t io n  in t o  th e  s u b s t r a te  

fo llo w ed  a  p ro ced u re  d e sc r ib e d  by L i and Felm ly (4 8 ) . Twenty—f iv e  m i c r o l i t e r
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a l iq u o t s  w ere w ithdraw n from  th e  r e a c t io n  m ix tu re s  a t  s p e c i f i e d  tim es 

d u r in g  th e  in c u b a t io n  p e r io d  and w ere  p ip e t te d  on to  Whatman 31 ET 

chrom atography p a p e r  (C u r tis  M atheson S c i e n t i f i c ,  I n c . ,  E lk  G rove,

IL ) .  Gamma-phosphate in c o rp o ra t io n  in to  p r o te in  was m easured by 

co u n tin g  th e  r a d io a c t i v i t y  on th e  p ap er in  15 ml B ray ’s  s o lu t io n  

u s in g  a  P ackard  T ri-C a rb  l i q u id  s c i n t i l l a t i o n  sp e c tro m e te r .

W hile t h i s  work was in  p ro g re s s ,  a  s im p le r  and more e f f i c i e n t  

method to  m easure  gam m a-phosphate in c o rp o ra tio n  in to  p r o te in  was 

re p o r te d  by W itt  and R oskoski (9 0 ) . T h is method was u sed  th ro u g h o u t 

th e  rem a in in g  ex p erim en ts  s in c e  com parable v a lu e s  w ere o b ta in e d  u s in g  

t h i s  p ro c e d u re . W ith t h i s  m ethod, tw enty  m i c r o l i t e r  a l iq u o t s  from 

th e  r e a c t io n  m ix tu re s  w ere p ip e t t e d  on to  c e l lu lo s e  p h o sp h a te  p ap er 

(Whatman, P 8 1 , S c i e n t i f i c  P ro d u c ts )  a t  s p e c i f ie d  i n t e r v a l s  d u rin g  

th e  in c u b a tio n  p e r io d .  R a d io a c t iv i ty  on p ap e r was coun ted  im m ediately  

a f t e r  s u c c e s s iv e  washes w ith  w a te r ,  a ce to n e  and p e tro leu m  e th e r .

S t a t i s t i c a l  A n a ly s is

Com parisons o f  p r o te in  k in a s e  a c t i v i t y  betw een t i s s u e s  from non­

d ia b e t i c  and d ia b e t i c  h am ste rs  w ere  c a lc u la te d  u s in g  a  one-way a n a ly s is  

o f  v a r ia n c e  program  (75).
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RESULTS

P re lim in a ry  s tu d ie s  w ere conducted  on s u b s t r a t e  a f f i n i t y  and ATP 

c o n c e n tra t io n  u s in g  t i s s u e s  from  n o n d ia b e tic  ham ste rs  to  e s t a b l i s h  

c o n d i t io n s  w hich have l i n e a r  r e a c t io n  k in e t i c s  and to  p ro v id e  in f o r ­

m a tio n  w hich a llo w ed  q u a n t i ta t io n  o f  p r o t e i n  k in a se  a c t i v i t y .  The most 

e f f e c t i v e  s u b s t r a t e  and ATP c o n c e n tra t io n s  w ere th e n  used i n  th e  com­

p a r is o n  s tu d y  o f  p r o te in  k in a s e  a c t i v i t y  i n  d ia b e t ic  and n o n d ia b e tic  

h a m s te r s .

The assum ption  was made t h a t  s a tu r a t in g  c o n c e n tra tio n s  o f  s u b s t r a t e

w ere u sed  b ased  on ev idence  c i t e d  in  th e  l i t e r a t u r e  (1 6 ,4 7 ) . S u b s tra te

s p e c i f i c i t y  was examined u s in g  0 .4 0  mg p ro tam in e  s u l f a t e  (N u tr i t io n a l

Biochem. C o rp .) ,  0 .40  mg h is to n e  (Sigma, Type IIA ) and 0 .60  mg c a se in
-4

(Sigma) i n  th e  f i n a l  r e a c t io n  m ix tu re . C o n c e n tra tio n s  o f  0 .2 5  x  10 

M ATP and 5 x  10- ^ M c y c l ic  AMP w ere u sed  i n  th e s e  a s sa y s . The r e s u l t s  

o f  th e s e  s tu d ie s  a re  p re s e n te d  in  T able 1 .

P r o te in  k in a se  e x t r a c t s  from s k e l e t a l  m uscle , h e a r t  m uscle  and 

ep id idym al f a t  pads c o n s i s te n t ly  e x h ib i te d  more p h o sp h o ry la tio n  w ith  

h i s to n e  th a n  w ith  e i t h e r  c a s e in  o r  p ro tam in e  s u l f a t e .  P hosphory la­

t i o n  o f  p ro tam in e  s u l f a t e  was sm a ll when compared w ith  h is to n e  

p h o sp h o ry la t io n  f o r  th e s e  th r e e  t i s s u e s  i n  th e  two ex p erim en ts .

H e a rt m uscle  e x t r a c t s  p h o sp h o ry la ted  c a s e in  to  a  sm a ll e x te n t  in  

com parison  to  h is to n e .  In  one experim en t ep id idym al f a t  pad and 

s k e l e t a l  m uscle  e x t r a c t s  p h o sp h o ry la te d  c a s e in  to  a  sm all e x te n t  

w h ile  i n  a n o th e r  experim ent c a s e in  p h o sp h o ry la tio n  was ap p ro x im ate ly  

o n e -h a l f  t h a t  observed  w ith  h is to n e .

27
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TABLE 1 . P r o te in  k in a s e  a c t i v i t y  m easured  w ith  d i f f e r e n t  s u b s t r a t e s  f o r  f iv e  t i s s u e s  
from  n o n d ia b e t ic  h a m s te rs .  Each number r e p r e s e n t s  th e  mean o f  t r i p l i c a t e  
d e te rm in a tio n s  w ith  s u b s t r a t e  and c y c l i c  AMP o v e r a  p e r io d  o f  fo u r  m in u tes

PROTEIN KINASE ACTIVITY 
32EXPERIMENT pm oles P in c o rp o ra te d /m g  p r o te in

TISSUE NUMBER H is to n e  C ase in  P ro tam in e  S u l f a t e

E pid idym al
F a t Pad 1 2177 1067 923

2 1309 222 3491

S k e le ta l  M uscle 1 2883 487 724

2 1968 12221 -90

H e a rt M uscle 1 3195 399 524

2 6533 373 -772

L iv e r 1 1273 424 786

2 1079 11581 -9 5

B ra in 1 2334 1435 5004

2 2682 1793 5253

•’■Number r e p r e s e n t s  th e  mean o f  d u p l i c a te  d e te rm in a tio n s

t ooo
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G re a te r  s u b s t r a t e  p h o s p h o ry la t io n  o c c u rre d  w ith  h is to n e  compared 

to  p ro tam in e  s u l f a t e  u s in g  l i v e r  enzyme e x t r a c t s .  When c a s e in  was used  

a s  th e  s u b s t r a t e  e q u iv o c a l r e s u l t s  w ere o b ta in e d . In  one experim ent 

c a s e in  was p h o sp h o ry la ted  to  a  g r e a te r  e x te n t  th a n  was h is to n e  w h ile  

in  a n o th e r  experim en t c a s e in  was p h o sp h o ry la ted  o n ly  o n e - th i rd  a s  

much a s  h is to n e .

B ra in  enzyme e x t r a c t s  e x h ib i te d  th e  b e s t  s u b s t r a t e  p h o sp h o ry la tio n  

w ith  p ro tam in e  s u l f a t e .  P h o sp h o ry la tio n  o f  p ro tam in e  s u l f a t e  was 

tw ic e  a s  g r e a t  a s  th e  p h o sp h o ry la tio n  o f  h is to n e .  C asein  was phos­

p h o ry la te d  ap p ro x im ate ly  o n ly  h a l f  a s  much as  h i s to n e .

S in ce  e x t r a c t s  from  a t  l e a s t  th r e e  t i s s u e s  e x h ib i te d  b e t t e r  

p h o sp h o ry la tio n  w ith  h is to n e  th a n  w ith  th e  o th e r  two s u b s t r a t e s ,  

h is to n e  was used th ro u g h o u t th e  o th e r  p re lim in a ry  s tu d ie s  and th e  

com parison s tu d ie s  o f  p r o te in  k in a s e  a c t i v i t y  in  d ia b e t ic  and non­

d ia b e t ic  t i s s u e  e x t r a c t s .

A p re l im in a ry  s tu d y  was done to  exam ine th e  e f f e c t  o f  two ATP

-4  -4c o n c e n tra t io n s  (1 .0  x  10 M and 0 .25  x  10 M ATP) to  a s s u re  l i n e a r i t y

o v er a  s u i t a b l e  tim e  p e r io d  s in c e  i t  was shown by Zapf et^ a l .  (89)
_3

th a t  o n ly  a  1 .0  x  10 M c o n c e n tra t io n  produced l i n e a r  p h o sp h o ry la tio n

f o r  up to  th r e e  m in u te s . F ig u re  1 th ro u g h  F ig u re  5 show r e s u l t s  f o r

p r o te in  k in a s e  a c t i v i t y  w ith  two ATP c o n c e n tra t io n s  u s in g  enzyme

e x t r a c t s  from f iv e  t i s s u e s .

P r o te in  k in a s e  a c t i v i t y  w ith  b r a in  e x t r a c t s  e x h ib i te d  a  g r e a te r

d eg ree  o f  l i n e a r i t y  f o r  b o th  s t im u la te d  and u n s tim u la te d  h is to n e

-4p h o sp h o ry la tio n  o v e r a  12 m in u te  in c u b a tio n  p e r io d  w ith  1 ,0  x  10 M 

ATP compared w ith  th e  low ATP c o n c e n tra tio n  ( s e e  F ig u re  1A and IB ).

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
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F ig u re s  2A and 2B show th a t  b o th  c o n c e n tra t io n s  o f  ATP y i e ld  l i n e a r  

p h o sp h o ry la tio n  f o r  16 m in u tes  u s in g  h e a r t  e x t r a c t s .  The cu rv es  

a r e  n o t  s t r i c t l y  l i n e a r  p ro b ab ly  due to  th e  sm a ll number o f  e x p e r i­

m ents used  to  c a l c u la t e  th e  mean. F ig u re s  3A and 3B show th e  e f f e c t s  

o f  h ig h  and low ATP c o n c e n tra t io n s  on s u b s t r a t e  p h o sp h o ry la tio n  u s in g  

s k e l e t a l  m uscle  enzyme e x t r a c t s .  P h o sp h o ry la tio n  i s  l i n e a r  th ro u g h o u t 

th e  16 m in u te  in c u b a tio n  p e r io d  u s in g  0 .2 5  x  10 ^ M ATP (se e  F ig u re  3A). 

S u b s tr a te  p h o s p h o ry la t io n  u s in g  1 .0  x  10 ^ M ATP i s  l i n e a r  f o r  12 

m in u tes  and t h e r e a f t e r  ap p ea rs  to  d im in ish  s l i g h t l y  ( s e e  F ig u re  3B ).

The number o f  ex p erim en ts  may acco u n t f o r  t h i s  s l i g h t  v a r ia n c e  from 

l i n e a r i t y  a f t e r  th e  f i r s t  12 m in u te s . F ig u re s  4A and 4B r e p r e s e n t  

s u b s t r a t e  p h o sp h o ry la tio n  u s in g  enzyme hom ogenates from  l i v e r  t i s s u e .  

B asa l and c y c l ic  A M P-stim ulated h is to n e  p h o s p h o ry la t io n  was l i n e a r  

th ro u g h o u t th e  16 m inu te  in c u b a tio n  p e r io d  w ith  h ig h  ATP and low ATP 

c o n c e n tra t io n s .  S u b s tr a te  p h o s p h o ry la t io n  u s in g  ep id idym al f a t  pad 

hom ogenates w ith  h ig h  and low  ATP c o n c e n tr a t io n s  i s  shown i n  F ig u re s  

5A and 5B. A gain b o th  ATP c o n c e n tr a t io n s  gave l i n e a r  p h o sp h o ry la tio n  

a llo w in g  f o r  th e  l im i te d  number o f  ex p e rim en ts .

T ab le  2 l i s t s  p e r t i n e n t  c h a r a c t e r i s t i c s  o f  n o n d ia b e tic  and 

d ia b e t ic  h am ste rs  used  in  th e  com parison  s tu d ie s  o f  p r o te in  k in a s e  

a c t i v i t y  i n  d i f f e r e n t  t i s s u e s .  The c h a r a c t e r i s t i c s  o f  th e  in d iv id u a l  

h a m ste rs  a r e  l i s t e d  i n  th e  d e s ig n a te d  column and a  mean and s ta n d a rd  

e r r o r  a r e  g iv en  when a p p ro p r ia te .

U rin e  TesTape v a lu e s  f o r  d ia b e t ic s  p r io r  to  e x p e r im e n ta tio n  w ere 

+3 and +4 w h ile  th e  n o n d ia b e tic s  r e g i s t e r e d  +0 v a lu e s  fo r  u r in e  g lu c o se . 

U rin e  k e to n e s  m easured w ith  K e to s t ix  (n o t l i s t e d )  w ere n e g a t iv e  f o r

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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F ig u re  1 . A com parison  o f  th e  e f f e c t  o f  ATP c o n c e n tr a t io n s  on th e  r e a c t io n  r a t e  i n  th e  
p r o te in  k in a s e  a s s a y  u s in g  b r a in  hom ogenates. F ig u re  1A and F ig u re  IB show th e  e f f e c t  o f
0 .2 5  x 1 0 " 3 M ATP and 1 x  10“ 3 M ATP, r e s p e c t iv e l y .  The e f f e c t  was exam ined in  r e a c t io n
m ix tu re s  w ith o u t s u b s t r a t e  ( ©------ ©  ) ,  w ith  h i s to n e  ( # -----0  ) and w ith  h i s to n e  and c y c l ic
AMP ( ------A  ) .  The means o f  th r e e  ex p e rim e n ts  u s in g  low ATP c o n c e n tr a t io n s  and  th r e e
ex p e rim en ts  u s in g  h ig h  ATP a r e  p l o t t e d  a t  each  tim e  i n t e r v a l  u n le s s  o th e rw is e  in d i c a te d .

1A IB
11

10

✓—*
CO
O
i—1

a)4Jn)V-4oP.HOO
•S

c>j
CO

CO<UH
§
P*

4 8 160 12 4 8 160 12

Time (m in u te s ) Time (m in u tes)

1Mean calculated from two values recorded at that time interval
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F ig u re  2. A com parison  o f  th e  e f f e c t  o f  ATP c o n c e n tr a t io n s  on th e  r e a c t io n  r a t e  in
th e  p r o t e i n  k in a s e  a s s a y  u s in g  h e a r t  hom ogenates. F ig u re  2A and F ig u re  2B show th e  e f f e c t
o f  0 .2 5  x  10“ 3 M ATP and  1 x  10“ 3 M ATP, r e s p e c t iv e l y .  T h is  e f f e c t  was exam ined in  r e a c t io n
m ix tu re  w ith o u t s u b s t r a t e  ( © ------©  ) ,  w ith  h i s to n e  ( • -------#  ) and w ith  h i s to n e  and c y c l ic
AMP ( A  A  ) .  The means o f  th r e e  e x p e rim e n ts  u s in g  low ATP c o n c e n tr a t io n s  and th r e e
ex p e rim en ts  u s in g  h ig h  ATP a r e  p lo t t e d  a t  each  tim e  i n t e r v a l  u n le s s  o th e rw is e  in d ic a te d .

2A

10

/—s
COO
rH

a)•M<d
O
&oo
.5
PH

c\l00
CO0)

rH
I
P<

168 1240 16124 80

Time (m in u te s ) Time (m in u tes)

1Mean calculated from two values recorded at that time interval



F ig u re  3. A com parison  o f  th e  e f f e c t  o f  ATP c o n c e n tr a t io n s  on th e  r e a c t io n  r a t e  in  th e  
p r o te in  k in a s e  a s s a y  u s in g  s k e l e t a l  m u sc le  hom ogenates. F ig u re  3A and F ig u re  3B show th e  
e f f e c t  o f  0 .2 5  x 10" 3 M ATP and 1 x 10“ 3 M ATP, r e s p e c t iv e l y .  T h is  e f f e c t  was exam ined
in  r e a c t io n  m ix tu re s  w ith o u t s u b s t r a t e  ( ©------ © ) ,  w ith  h i s to n e  ( # ------ #  ) and w ith
h is to n e  and c y c l i c  AMP ( A  A  ) .  The means o f  th r e e  ex p e rim e n ts  u s in g  low ATP con­
c e n t r a t i o n s  and fo u r  e x p e rim e n ts  u s in g  h ig h  ATP a r e  p lo t t e d  a t  each  tim e  i n t e r v a l  u n le s s  
o th e rw is e  in d i c a te d .

3A 3B
11

10

CO
OrH

rtf
0)+Jno
&oo
.5

oo

4 12 1680 4 80 12 16

Time (m in u te s ) Time (m in u tes)

1Mean calculated from three values recorded at that time interval.
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F ig u re  4 . A com parison  o f  th e  e f f e c t  o f  ATP c o n c e n tr a t io n s  on th e  r e a c t io n  r a t e  i n  th e  
p r o te in  k in a s e  a s s a y  u s in g  l i v e r  hom ogenates. F ig u re  4A and F ig u re  4B show th e  e f f e c t  
o f  0 .2 5  x  10~3 M ATP and 1 x 10“ 3 M ATP, r e s p e c t iv e l y .  T h is  e f f e c t  was exam ined in
r e a c t io n  m ix tu re s  w ith o u t s u b s t r a t e  ( © ------ ©  ) ,  w ith  h i s to n e  ( 9 ------ 9  ) and w ith  h is to n e
and c y c l i c  AMP ( A  A  ) .  The means o f  th r e e  ex p e rim e n ts  u s in g  low  ATP c o n c e n tr a t io n s
and fo u r  ex p e rim e n ts  u s in g  h ig h  ATP a r e  p l o t t e d  a t  each  tim e  i n t e r v a l  u n le s s  o th e rw is e  
in d ic a te d .

CO
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4A
11
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4

3

2

1

0

168 1240

4B

164 1280

Time (m in u tes)

1Mean calculated from two values recorded at that time interval

Time (m in u te s ) OJ



F ig u re  5 . A com parison  o f  th e  e f f e c t  o f  ATP c o n c e n tr a t io n s  on th e  r e a c t io n  r a t e  in  th e  
p r o te in  k in a s e  a ssa y  u s in g  ep id id y m a l f a t  pad  hom ogenates. F ig u re  5A and F ig u re  5B show 
th e  e f f e c t  o f  0 .2 5  x 10” 3 M ATP and 1 x 10“ 3 M ATP, r e s p e c t iv e l y .  T h is  e f f e c t  was exam ined
in  r e a c t io n  m ix tu re s  w ith o u t s u b s t r a t e  ( ©------ ©  ) ,  w ith  h i s to n e  ( O  •  ) and w ith  h i s to n e
and c y c l i c  AMP ( A  A  ) .  The means o f  t h r e e  ex p e rim en ts  u s in g  low ATP c o n c e n tr a t io n s
and th r e e  ex p e rim en ts  u s in g  h ig h  ATP a r e  p l o t t e d  a t  each tim e  i n t e r v a l  u n le s s  o th e rw is e  
in d ic a te d .

5A 5B
11

10

CO

•H

rH

0 4 8 12 16 0 4 8 12 16

Time (m in u te s )  Time (m in u tes)

1Mean calculated from two values recorded at that time interval
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T ab le  2 . C h a r a c t e r i s t i c s  o f  d i a b e t i c  and n o n d ia b e t ic  C h in ese  h a m ste rs  u sed  in  com­
p a r is o n  s tu d i e s  o f  p r o te in  k in a s e  a c t i v i t y  in  c ru d e  enzyme p r e p a r a t io n s

LINE MD 
NUMBER SEX

TESTAPE
VALUE

AGE AT 
SACRIFICE 

(d ay s)

NONFASTED 
BODY WEIGHT 

(gram s)

NONFASTED 
BLOOD GLUCOSE 

(m g/d l)

NONFAi 
PLASMA ! 

(pU /1 .0  nf

N o n d ia b e tic
M12-90 F +0 420 24.46 114 55
M00180 M +0 278 31 .49 120 63
Ml3-58 M +0 367 34 .77 125 90
M00176 M +0 275 33 .96 110 78
M00190 M +0 263 29.52 125 52
Ml 3-48 F +0 424 29 .11 112 54

MEM ± STMDARD ERROR1 30 .55  ± 1 .5 3 120 ± 3 .5 6 5 .3  ± I

D ia b e t ic
L28-60 M +4 234 33.25 327 72
L00118 M +3 283 42 .46 235 96
L28-38 M +4 241 36.31 400 29
L28-59 M +4 249 35.17 345 57
L00125 M +4 262 35 .66 260 135
L28-66 M +3 248 38.32 235 155

MEM ± STMDARD ERROR 36 .94  ± 1 .3 0 2 310 .3  ± 2 4 .4 3 9 0 .6  ± 1 9 .5k

1
The mean ± s ta n d a rd  e r r o r  was c a l c u la te d  f o r  n o n fa s te d  body w e ig h t ,  n o n fa s te d  b lo o d  g lu c o se , 
and n o n fa s te d  p lasm a i n s u l i n  f o r  each  e x p e r im e n ta l g roup .

2
p <0.010 P v a lu e  v s .  n o n d ia b e t ic

3
p <0.000 P v a lu e  v s .  n o n d ia b e t ic

4
p <0;245 P v a lu e  v s .  n o n d ia b e t ic

<Jo<y>
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b o th  g ro u p s .

A s i g n i f i c a n t  d i f f e r e n c e  (p <0 .001) in  th e  mean b lood  g lu c o se  

l e v e l  betw een  th e  two groups was m easured . The mean n o n fa s te d  b lood  

g lu c o se  f o r  d ia b e t i c  and n o n d ia b e tic s  was 310 m g/d l and 120 m g /d l, 

r e s p e c t iv e ly .

The mean n o n fa s te d  p lasm a in s u l in  m easured in  yU/ml was n o t 

s ig n i f i c a n t l y  d i f f e r e n t  betw een th e  d ia b e t ic  and n o n d ia b e tic  g ro u p s,

A w ide ran g e  o f  v a lu e s  was ob serv ed  in  b o th  g ro u p s. P lasm a in s u l in  

m easurem ent f o r  n o n d ia b e tic s  ranged  from  52 to  90 yU/ml and fo r  

d ia b e t ic s  ran g ed  from  29 to  155 yU/ml. The mean and s ta n d a rd  e r r o r  

f o r  n o n d ia b e tic s  and d ia b e t i c s  was 6 5 .3  ± 6 .2  yU/ml and 9 0 ,6  ± 19 .5  

yU/ml, r e s p e c t iv e ly .

The r e s u l t s  o f  th e  com parison  s tu d ie s  on p r o te in  k in a s e  a c t i v i t y  

in  f iv e  t i s s u e s  from  d ia b e t i c  and n o n d ia b e tic  h am ste rs  a r e  graphed 

in  F ig u re  6 th ro u g h  F ig u re  10 . In  th e s e  f ig u r e s  r e s u l t s  a r e  

e x p ressed  as  p icom oles o f  p h o sp h a te  in c o rp o ra te d  in to  s u b s t r a t e  ov er 

a  s ix te e n  m in u te  in c u b a tio n  p e r io d . The d a ta  shows o n ly  b a s a l  and 

c y c l ic  A M P-stim ulated a c t i v i t y  becau se  p h o sp h o ry la tio n  o f  endogenous 

p r o te in  was n o t  e v id e n t ( s e e  F ig u re  1 th ro u g h  F ig u re  5 ) .  A com­

p a r is o n  o f  b a s a l  p r o te in  k in a s e  a c t i v i t y  f o r  each  t i s s u e  from  

d ia b e t ic  and n o n d ia b e tic  h am ste rs  u s in g  a  one-way a n a ly s i s  o f  v a r ia n c e  

showed no s i g n i f i c a n t  d i f f e r e n c e  f o r  b a s a l  a c t i v i t y  betw een d ia b e t ic s  

and n o n d ia b e t ic s .  M oreover, no s ig n i f i c a n t  d i f f e r e n c e  i n  c y c l ic  

A M P-stim ulated p h o s p h o ry la t io n  o f  h i s to n e  was e x h ib i te d  betw een 

d ia b e t ic s  and n o n d ia b e t ic s .
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F ig u re  6 . P r o te in  k in a s e  a c t i v i t y  in  t i s s u e  hom ogenates o f  b r a in .  F ig u re  6A shows 
p r o te in  k in a s e  a c t i v i t y  o f  n o n d ia b e t ic  h a m ste rs  and F ig u re  6B shows p r o te i n  k in a s e  a c t i v i t y
o f  d i a b e t i c  h a m ste rs  w ith  b a s a l  ( 6 ------ •  ) and c y c l i c  A M P-stim ulated  ( 0 -----©  ) a c t i v i t y
p lo t t e d  f o r  b o th  a n im a ls . The means and s ta n d a rd  e r r o r s  a r e  p l o t t e d  a t  each  tim e  i n t e r v a l .  
The number in  p a re n th e s e s  d e n o te s  th e  number o f  an im a ls  u se d . N e ith e r  u n s tim u la te d  (p < 0 .60) 
and s t im u la te d  (p < 0 .78 ) p r o t e i n  k in a s e  a c t i v i t y  was s i g n i f i c a n t l y  d i f f e r e n t  betw een  ex­
p e r im e n ta l  g ro u p s .
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F ig u re  7. P r o te in  k in a s e  a c t i v i t y  in  t i s s u e  hom ogenates o f  h e a r t  m u sc le . F ig u re  7A 
shows p r o te in  k in a s e  a c t i v i t y  o f  n o n d ia b e t ic  h a m ste rs  and F ig u re  7B shows p r o t e i n  k in a s e
a c t i v i t y  o f  d i a b e t i c  h a m ste rs  w ith  b a s a l  ( # ------ •  ) and c y c l i c  A M P-stim ulated  ( ©------ ©  )
a c t i v i t y  p lo t t e d  f o r  b o th  a n im a ls . The means and s ta n d a rd  e r r o r s  a r e  p l o t t e d  a t  each  
tim e  i n t e r v a l .  The number in  p a re n th e s e s  d e n o te s  th e  number o f  an im a ls  u se d . N e ith e r  
u n s tim u la te d  (p < 0 .3 5 ) and  s t im u la te d  (p < 0 .10 ) p r o te i n  k in a s e  a c t i v i t y  was s i g n i f i c a n t l y  
d i f f e r e n t  betw een  e x p e r im e n ta l g ro u p s .
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F ig u re  8 . P r o te in  k in a s e  a c t i v i t y  in  t i s s u e  hom ogenates o f  ep id id y m al f a t  p a d s . F ig u re  8A 
shows p r o te in  k in a s e  a c t i v i t y  on n o n d ia b e t ic  h a m ste rs  and F ig u re  8B shows p r o te in  k in a s e
a c t i v i t y  o f  n o n d ia b e t ic  h a m ste rs  w ith  b a s a l  ( # ------ #  ) and c y c l i c  A M P-stim ulated  ( © ------©  )
a c t i v i t y  p lo t t e d  f o r  b o th  a n im a ls . The means and s ta n d a rd  e r r o r s  a r e  p l o t t e d  a t  each  
tim e  i n t e r v a l .  The number in  p a r e n th e s e s  d e n o te s  th e  number o f  an im a ls  u se d . N e ith e r  un­
s t im u la te d  (p < 0 .2 1 ) and s t im u la te d  (p < 0 .22 ) p r o te in  k in a s e  a c t i v i t y  was s i g n i f i c a n t l y  
d i f f e r e n t  betw een  e x p e r im e n ta l g ro u p s .
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F ig u re  9 . P r o te in  k in a s e  a c t i v i t y  in  t i s s u e  hom ogenates o f  l i v e r .  F ig u re  9A shows p r o te in  
k in a s e  a c t i v i t y  o f  n o n d ia b e t ic  h a m ste rs  and F ig u re  9B shows p r o te in  k in a s e  a c t i v i t y  o f
d i a b e t i c  h a m ste rs  w ith  b a s a l  ( # ------#  ) and c y c l ic  A M P-stim ulated  ( ©------ ©  ) a c t i v i t y  p lo t t e d
f o r  b o th  a n im a ls . The means and s ta n d a rd  e r r o r s  a r e  p l o t t e d  a t  each  tim e  i n t e r v a l .  The 
number in  p a re n th e s e s  d e n o te s  th e  number o f  a n im a ls  u se d . N e i th e r  u n s tim u la te d  (p < 0 .55 ) and 
s t im u la te d  (p < 0 .5 7 ) p r o t e i n  k in a s e  a c t i v i t y  was s i g n i f i c a n t l y  d i f f e r e n t  betw een  e x p e r im e n ta l 
g ro u p s .
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F ig u re  10. P r o te in  k in a s e  a c t i v i t y  in  t i s s u e  hom ogenates o f  s k e l e t a l  m u sc le . F ig u re  10A 
shows p r o te in  k in a s e  a c t i v i t y  o f  n o n d ia b e t ic  h a m ste rs  and F ig u re  10B shows p r o te in  k in a s e
a c t i v i t y  o f  d i a b e t i c  h a m ste rs  w ith  b a s a l  ( 9 ------ 9  ) and c y c l ic  A M P-stim ulated  ( G ------ ©  )
a c t i v i t y  p l o t t e d  f o r  b o th  a n im a ls . The.m eans and s ta n d a rd  e r r o r s  a r e  p l o t t e d  a t  each  
tim e  i n t e r v a l .  The number in  p a re n th e s e s  d e n o te s  th e  number o f  a n im a ls  u se d . N e ith e r  
u n s tira u la te d  (p < 0 .1 6 ) and s t im u la te d  (p < 0 .5 3 ) p r o te in  k in a s e  a c t i v i t y  was s i g n i f i c a n t l y  
d i f f e r e n t  betw een  e x p e r im e n ta l g ro u p s .
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DISCUSSION

P ro te in  k in a s e ( s )  r e g u la te  c e l l u l a r  a c t i v i t i e s  th ro u g h  th e  

p h o sp h o ry la tio n  o f  p ro te in s  such  a s  enzymes (6 8 ). In  choosing  a  

s u i t a b le  s u b s t r a t e  w ith  w hich to  m easure p r o te in  k in a se  a c t i v i t y  we 

make th e  assum ption  t h a t  th e  s u b s t r a t e  p h o sp h o ry la tio n  r e f l e c t s  th e  

i n t r a c e l l u l a r  p r o te in  k in a s e  a c t i v i t y  in  t i s s u e s .  T h e re fo re  p re ­

lim in a ry  ex p erim en ts  w ere conducted  on th r e e  s u b s t r a te s  to  d e te rm in e  

w hich one would e x h ib i t  ad eq u a te  p h o sp h o ry la tio n  f o r  a l l  f iv e  t i s s u e s .

T hree p r o te in s  a r e  commonly used as  s u b s t r a te s  f o r  p r o te in  k in a s e  

h is to n e ,  c a s e in ,  and p ro tam in e  s u l f a t e .  In  an exam ination  o f  sub­

s t r a t e  a f f i n i t y  w ith  ep id idym al f a t  pad hom ogenates from th e  f a t ,  

C orbin  and K rebs (16) re p o r te d  t h a t  g r e a te r  p h o sp h o ry la tio n  o ccu rred  

w ith  h is to n e  th a n  w ith  c a s e in .  In  a n o th e r  p a p e r , c a s e in  was re p o r te d  

a s  a  s u i t a b le  s u b s t r a t e  i n  p a r t i a l l y  p u r i f i e d  f a t  pad hom ogenates from 

r a t s  (9 4 ). Walsh and h i s  a s s o c ia te s  (87) in d ic a te d  th a t  h is to n e  was 

p h o sp h o ry la ted  to  a  g r e a te r  d eg ree  th a n  pro tam ine s u l f a t e  by r a b b i t  

s k e l e t a l  m uscle  e x t r a c t s .  C ase in , p ro tam ine  s u l f a t e ,  and h is to n e  

have  been  r e p o r te d  a s  s u i t a b l e  s u b s t r a te s  f o r  m easuring  p r o te in  k in a s e  

a c t i v i t y  u n d er v a r io u s  a ssay  c o n d itio n s  w ith  b o v in e  h e a r t  m uscle  (3 , 

6 5 ). Langan (47) re p o r te d  t h a t  c a l f  l i v e r  hom ogenates p h o sp h o ry la ted  

h is to n e  w h ile  l i t t l e  p h o sp h o ry la tio n  was observed  w ith  p ro tam in e  

s u l f a t e .  W ith b r a in  e x t r a c t s  from  r a b b i t ,  Miyamoto e t  a l .  (57) 

showed p ro tam in e  s u l f a t e  was p h o sp h o ry la ted  to  a  g r e a te r  e x te n t  th an  

h is to n e .  These r e s u l t s  su g g e s t th a t  p r o te in  k in a se s  from d i f f e r e n t
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t i s s u e s  have s p e c i f i c i t i e s  f o r  th e  exogenous non-enzyme s u b s t r a te s  

th e y  p h o sp h o ry la te . T h is i s  n o t s u r p r i s in g  s in c e  th e  endogenous 

s u b s t r a te s  a r e  l i k e l y  to  v a ry  from  t i s s u e  to  t i s s u e .

The r e s u l t s  o f  experim en ts  r e p o r te d  in  t h i s  th e s i s  in d ic a te d  

t h a t  s k e l e t a l  m u sc le , h e a r t  m u sc le , l i v e r  and ep id idym al f a t  pad 

e x t r a c t s  from  th e  C hinese h a m ste r  p h o sp h o ry la ted  h i s to n e  to  a  

g r e a t e r  e x te n t  th a n  th e  o th e r  two s u b s t r a t e s .  C asein  appeared  to  

be  a  s u i t a b le  s u b s t r a te  f o r  l i v e r  e x t r a c t s  from  th e  C hinese h a m ste r .

T h is  su g g e s ts  t h a t  h is to n e  was s t r u c t u r a l l y  s im i la r  to  th e  endogenous 

s u b s t r a t e  in  s k e l e t a l  m u sc le , h e a r t  m uscle and ep id idym al f a t  pads 

and co n seq u en tly  b e t t e r  p h o sp h o ry la te d  th a n  was c a s e in  o r  p ro tam in e  

s u l f a t e .  These r e s u l t s  a r e  s im i la r  to  th o s e  c i t e d  in  th e  l i t e r a t u r e  

and d isc u sse d  above w hich in d ic a te d  t h a t  h is to n e  was p h o sp h o ry la te d  

to  a  g r e a te r  e x te n t  in  ep id id y m al f a t  p a d s , s k e l e t a l  m u sc le , and 

l i v e r  from  d i f f e r e n t  a n im a ls . I n  c o n t r a s t ,  p ro tam in e  s u l f a t e  se rv e d  

as  th e  b e s t  s u b s t r a te  f o r  b r a in  hom ogenates from th e  C hinese h a m ste r . 

R abb it b r a in  hom ogenates showed th e  same s p e c i f i c i t y  f o r  p ro tam in e  

s u l f a t e  (5 7 ). T h is  s u g g e s ts  t h a t  p ro tam in e  s u l f a t e  i s  more s im i la r  

to  th e  in  v iv o  s u b s t r a t e  f o r  b r a in  th a n  e i t h e r  h is to n e  o r  c a s e in .

F or th e  conven ience o f  a s s a y in g  f o r  p r o te in  k in a se  a c t i v i t y  in  f i v e  

t i s s u e s  o f  th e  C hinese h a m ste r , h is to n e  was used  th ro u g h o u t th e  

com parison s tu d ie s  d e s p i te  th e  f a c t  th a t  p ro tam ine  s u l f a t e  was 

p h o sp h o ry la te d  b e t t e r  by b r a in  hom ogenates.

In  re g a rd  to  th e  ATP c o n c e n tr a t io n s ,  Zapf and h i s  cow orkers 

ach iev ed  l i n e a r i t y  o f  s u b s tra te "  p h o sp h o ry la tio n  u s in g  10 ^ M c y c l ic
_3

AMP and 1 x  10 M ATP f o r  7-10 m in u tes  in  ep id idym al f a t  pad ex­
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t r a c t s  from  d ia b e t ic  and n o n d ia b e t ic  r a t s .  But when c o n c e n tra t io n s

-4  -5low er th a n  1 mM (2 x  10 and  5 x  10 M) ATP w ere u sed  th e  r e a c t io n  

r a t e  became n o n l in e a r  a f t e r  2 -3  m in u tes  (9 4 ). The r e s u l t s  from  ex­

p e rim e n ts  r e p o r te d  i n  t h i s  p a p e r  (F ig u re  1 th ro u g h  F ig u re  5) in d ic a te

-4  -4t h a t  0 .25  x  10 mM and 1 x  10 M ATP c o n c e n tra tio n s  p ro v id e  r e ­

l a t i v e  l i n e a r i t y  f o r  a t  l e a s t  12 m in u tes  f o r  p r o te in  k in a s e  a c t i v i t y  

in  t i s s u e s  from  d ia b e t i c  and n o n d ia b e tic  h a m ste rs . T h e re fo re , th e  

h ig h e r  ATP c o n c e n tra t io n  was u sed  in  th e  com parison s tu d ie s  o f  p r o te in  

k in a s e  a c t i v i t y  in  t i s s u e s  from  d ia b e t i c  and n o n d ia b e tic  h a m s te rs .

The com parison s tu d ie s  o f  p r o te in  k in a se  a c t i v i t y  (F ig u re  6 

th ro u g h  F ig u re  10) i n d i c a t e  t h a t  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

betw een d ia b e t ic  and n o n d ia b e tic  b a s a l  and c y c l ic  A M P-stim ulated 

p r o te in  k in a s e  a c t i v i t y  in  th e  f iv e  t i s s u e s  examined from  th e  

C hinese h am ste r . In  t h i s  r e s p e c t ,  th e  C hinese h am ste r i s  u n l ik e  

o th e r  d ia b e t ic  an im a ls . T h is  was s u r p r is in g  s in c e  p r o te in  k in a s e  

a c t i v i t y  in  b r a in ,  s k e l e t a l  m u sc le , h e a r t  m u sc le , ep id id y m al f a t  

pad and l i v e r  e x t r a c t s  from  th e  d ia b e t ic  and n o n d ia b e tic  C hinese 

h am ste r was ex p ec ted  to  d i f f e r  s in c e  r e s e a rc h  c i t e d  in  th e  l i t e r a t u r e  

has  shown a  d i f f e r e n c e  i n  p r o te in  k in a se  a c t i v i t y  from t i s s u e s  in  

th e  sp o n tan eo u s ly  d ia b e t i c  db /db  mouse and in  th e  c h e m ic a lly -in d u c e d  

d ia b e t ic  an im als  and t h e i r  c o n t ro l s  a s  c i t e d  in  th e  in t r o d u c t io n .  

However, i f  i n s u l i n  i s  im p o r ta n t in  r e g u la t in g  p r o te in  k in a s e  a c t i v i t y ,  

th e s e  r e s u l t s  a r e  n o t s u r p r i s in g  s in c e  plasm a in s u l i n  l e v e l s  w ere n o t 

d i f f e r e n t  in  th e  d ia b e t i c  and n o n d ia b e tic  C hinese hamster. A f u r th e r  

d i f f e r e n c e  betw een th e  C hinese h am ste r and a l l  o th e r  d ia b e t i c  an im als 

s tu d ie d  in  th e  l i t e r a t u r e ,  w ith  th e  e x c e p tio n  o f  th e  db/db m ouse, was
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t h a t  th e  C hinese h am ste r  was sp o n ta n e o u s ly  d ia b e t ic .  T h e re fo re ,  i t  

i s  su g g es ted  t h a t  t h e r e  a p p e a rs  to  b e  no c o n s is te n t  r e l a t io n s h ip  

betw een p r o te in  k in a s e  a c t i v i t y  and d ia b e te s  in  d ia b e t i c  an im als  and 

co n seq u en tly  i t  may n o t  p la y  an  im p o rtan t r o le  i n  th e  r e g u la t io n  o f  

b lo o d  su g a r  i n  d ia b e te s .
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SUMMARY

1. The p r o te in  k in a s e  a c t i v i t y  was compared in  f i v e  d i f f e r e n t  
t i s s u e  e x t r a c t s  o f  th e  d ia b e t i c  and n o n d ia b e tic  C hinese  h a m ste r .

2 . P r o te in  k in a s e  a c t i v i t y  was de term ined  u s in g  a  m o d if ic a t io n  o f  
a  m ethod d e s c r ib e d  by C orbin  e t  a l .  (17) and K u p ieck i and Adams 
(4 6 ).

3 . P re lim in a ry  s tu d ie s  w ere conducted  on s u b s t r a t e  a f f i n i t y  and
ATP c o n c e n tra t io n  u s in g  t i s s u e  e x t r a c t s  from  n o n d ia b e tic  h am ste rs  
to  e s t a b l i s h  c o n d it io n s  w hich have l i n e a r  k i n e t i c s  and  to  p ro ­
v id e  in fo rm a tio n  w hich a llow ed  q u a n ta ta t io n  o f  p r o te in  k in a s e  
a c t i v i t y .

4 . B ra in  enzyme e x t r a c t s  e x h ib i te d  th e  b e s t  s u b s t r a t e  phosp h o ry la ­
t i o n  w ith  p ro tam in e  s u l f a t e .  S k e le ta l  m u sc le , h e a r t  m usc le , 
and ep id idym al f a t  pads c o n s i s te n t ly  e x h ib i te d  m ore phospho ry la­
t i o n  w ith  h i s to n e  th a n  w ith  e i t h e r  c a s e in  o r  p ro tam in e  s u l f a t e .  
L iv e r  e x t r a c t s  p h o sp h o ry la te d  h is to n e  and c a s e in .

5 . L in e a r i ty  o v e r a  s u i t a b l e  tim e  p e r io d  was o b ta in e d  w ith  0 .25
x  10“4 M and 1 .0  x  10“ ^ M ATP f o r  th e  f i v e  t i s s u e  e x t r a c t s  from 
n o n d ia b e tic  and d ia b e t ic  C hinese h a m ste rs .

6. P lasm a in s u l i n  le v e ls  and n o n fa s te d  body w e ig h t w ere  n o t 
s ig n i f i c a n t l y  d i f f e r e n t  betw een d ia b e t ic  and c o n t ro l  an im als 
w hereas n o n fa s te d  b lo o d  g lu c o se  was s i g n i f i c a n t l y  d i f f e r e n t  
betw een d ia b e t ic  and n o n d ia b e tic  an im a ls .

7. A com parison  o f  p r o te in  k in a s e  a c t i v i t y  o f  f iv e  t i s s u e  ex­
t r a c t s  from d ia b e t i c  and n o n d ia b e tic  h am ste rs  re v e a le d  no 
s i g n i f i c a n t  d i f f e r e n c e s  in  b a s a l  a c t i v i t y .  C y c lic  AMP- 
s t im u la te d  p r o te in  k in a s e  a c t i v i t y  o f  th e  d ia b e t ic  and non­
d ia b e t ic  C hinese h am ste rs  was n o t s ig n i f i c a n t l y  d i f f e r e n t  in  
f i v e  t i s s u e  e x t r a c t s .
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