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Summary:  A soluble  cycl ic  AMP-dependent  p ro te in  k inase  has been p a r t i a l l y  pur i f ied  
f rom bovine s t a l k - m e d i a n  eminence  t i s sue .  Its ac t iv i ty  was s t imula ted  max ima l ly  by 
low concent ra t ions  of cyc l ic  AMP. The kinase  ca ta lyzed  the phosphoryla t ion  of 
h is tones  and of n e u r o s e c r e t o r y  granules  (NSG), p r e p a r e d  f rom bovine p o s t e r i o r  
p i t u i t a ry  glands,  but not of o ther  snbce l tu l a r  f rac t ions .  The k inase  a lso  ca ta lyzed  
the phosphory la t ion  of a deamidase ,  f rom porc ine  hypothalami,  that inac t iva tes  
thyro t rop in  r e l e a s i n g  hormone.  Monoamines known to be p r e s e n t  in the hypothalamus 
(dopamine, norepinephr ine  and 5 -hydroxy t ryp tamine)  inhibi ted pro te in  k inase  ac t iv i ty  
at  concent ra t ions  of 0.1 and 1:0 raM. These  r e su l t s  sugges t  the pa r t i c ipa t ion  of p ro te in  
k inases  in :mechanisms of neuroendocr ine  regu la t ion  in the hypothalamus.  

Recent ly ,  evidence has been p r e sen t ed  that  r egu l a to ry  events  in the m a m m a l i a n  

nervous  s y s t e m  may be med ia ted  by cycl ic  AMP-dependent  p ro te in  k inases  (1, 2). While 

r e p o r t s  have appea red  on the pur i f i ca t ion  of a soluble  cyc l ic  AMP-dependent  p ro te in  

k inase  f rom whole b ra in  (3, 4, 5), the i so la t ion  of the enzyme f rom spec i f ic  b r a i n  regions  

has not ye t  been r epo r t ed .  This  would be of i n t e r e s t  s ince  i t  is  p r e s e n t l y  unc lea r  

whether  soluble  cycl ic  AMP-dependen t  p ro te in  k inases  a r e  iden t ica l  in a l l  t i s sues  o r  

whether  there  ex i s t  var ia t ions  in fo rms  of the enzyme which might  subse rve  the needs 

of var ious  spec ia l i zed  t i s sues  o r  reg ions .  

Because  of our i n t e r e s t  in b iochemica l  mechan i sms  opera t ive  in neuroendocr ine  

regula t ion ,  we have pa r t i a l l y  pur i f i ed  and c h a r a c t e r i z e d  a cycl ic  AMP--dependent p ro te in  

k inase  f rom bovine s t a l k - m e d i a n  eminence f ragments .  The median eminence  of the 

hypothalamus is an impor tan t  s i te  of r egu la to ry  ac t iv i t i es  in neuroendocr ine  in tegrat ion,  

c o m p r i s i n g  a point of convergence  of se t s  of n e u r o s e c r e t o r y  neurons which produce  

the hypothalamic  r e l e a s i n g  hormones  (6), which regu la te  a n t e r i o r  p i tu i t a ry  sec re t ion ,  
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and the neurohypophys ia l  hormones  which regula te  whole body osmot ic  ba lance  (7). 

In this  communica t ion  we r e p o r t  on the p a r t i a l  pur i f i ca t ion  and p r o p e r t i e s  of a cyc l ic  

AMP-dependen t  p ro te in  k inase  i so l a t ed  f rom bovine s t a l k - m e d i a n  eminence  t i s sue  and 

on the in te rac t ion  of this enzyme with hypothalamic  subs t i tuen ts  known to be involved 

in neuroendocr ine  r egu l a to ry  phenomena in the hypothalamus.  

MATERIALS AND METHODS 

The p ro te in  k inase  was pur i f ied  f rom 200 bovine s t a l k - m e d i a n  eminence 
f r agmen t s  (Pel  F r e e z  Biologica ls ) .  The c rude  e x t r a c t  was p r e p a r e d  as d e s c r i b e d  
by Miyamoto et  al.  (3) for  the enzyme f rom whole bra in .  Subsequently,  the enzyme 
ac t iv i ty  was co l lec ted  in the 0 - 25% (w/v) ammonium sulfa te  p r e c ip i t a t e ,  which was 
d i a lyzed  aga ins t  5 mM po ta s s ium phosphate  buffer ,  pH 7.0,  and then ch romatographed  
on a column (1.5 x 5 cm) of Whatman DEAE ce l lu lose  (DE-52), equ i l i b ra t ed  in 5 mM 
p o t a s s i u m  phosphate,  pH 7.0,  which was washed with 0.1 M po t a s s ium phosphate and 
eluted with a l i nea r  g rad ien t  (200 ml) of f rom 0.1 - 0.5 M po ta s s ium phosphate,  pH 7.0.  
The f rac t ions  showing both phospho t r ans f e r a se  and cycl ic  AMP binding ac t iv i ty  were  
concen t ra ted  by Amicon PM-30 d ia f i l t r a t ion  and then ch romatographed  on a column 
(2.5 x 95 cm) of Sephadex G-200 equ i l ib ra ted  in 50 mM po ta s s ium phosphate buffer,  
pH 7.0 .  

A s s a y  of p ro te in  k inase  ac t iv i ty  was c a r r i e d  out using ~ ' k 3 2 - p J A T P  in the 
incubat ion mix tu re  d e s c r i b e d  by Miyamoto e t  a l .  (3) and de te rmina t ion  of p ro te in-bound 
phosphate  as  d e s c r i b e d  by Tao and Hacket t  (8). Cycl ic  AMP binding was a s s a y e d  by a 
modi f ica t ion  (9) of the method of Gi lman (10). P ro te in  concent ra t ion  was de t e rmine d  
by a m i e r o - F o l i n  p r o c e d u r e  (11). Na dodecyl  sulfa te  a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  
was c a r r i e d  out as  d e s c r i b e d  by Maizel  (12) on 5% gels .  

Subce l lu la r  f rac t iona t ion  of f r e s h  bovine p o s t e r i o r  p i t u i t a ry  glands was c a r r i e d  
out by d i f fe ren t i a l  cent r i fugat ion  by a modif ica t ion  of the method of I sh i i  (13). 

ATP,  GTP and al l  cyc l i c  nucleot ides  were  obtained f rom Sigma, as were  cal f  
thymus his tone,  l y s i n e - r i c h  his tone,  a r g i n i n e - r i c h  h i s tone  and casein .  Bovine s e r u m  
albumin was f rom Pentex.  Dopamine, norep iaephr ine ,  5 -hydroxy t ryp tamine  (creat in ine  
sulfa te  sa l t )  were  f rom Regis Chemica ls .  Synthetic oxytocin and arg in ine  v a s o p r e s s i n  
were  the kind gif ts  of Dr. Vic tor  Hruby. Synthetic t h y r o t r o p i n - r e l e a s i n g  hormone (TRH) 
was f rom Peninsula  L a b o r a t o r i e s  and synthet ic  lu te iniz ing h o r m o n e - r e l e a s i n g  hormone 
(LRH). was the gift  of Dr .  Roger  Guil lemin.  Pur i f ied  TRH deamidase  (14) was kindly  
p rov ided  by Dr.  Kar l  Bauer ,  and bovine b r a i n  S - t00  p ro t e in  by Dr.  Steven Pfe i f fer .  
Bovine neurophys ins  I and II were  pur i f i ed  f rom p o s t e r i o r  p i t u i t a ry  powder  as  
p r e v i o u s l y  d e s c r i b e d  (15). _ / ' ~ ' 3 2 p J A T P  and cyc l i c  E 3 H J A M P  were  f rom New England 
Nuclear .  

RESULTS 

Iso la t ion  of Cycl ic  AMP-Dependent  Pro te in  Kinase .  Fig .  1A shows the elut ion 

p rof i l e  r e su l t ing  f rom DE-52 anion exchange ch romatography  of the s t a l k - m e d i a n  
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eminence protein kinase activity, subsequent to precipitation with 25% ammonium 

sulfate. Two peaks of phosphotransferase and cyclic AMP-binding activity emerged 

ia the 0.1 M potassium phosphate wash. The first peak comprised 30% of the total 

% 
× 

I 
7- 

eo 

r~ 

% 
x 

co 

o_ 
U 

30 

26 

22 

18 

14 

10 

6 

2 

4 

AA_ 

:0.1M / / ~ 05 

~ . ~ J  0.3 

0.1 

8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 

FRACTION NUMBER 

-20 

15 

2.6 

-2.2 

. 1 . 8  

- 1 . 4  

-1.0 

-0.6 

• 0 . 2  

I 
% 

x 
E 
o_ 
u 

r7 
w 

a _  

U 
Z 

e~ 

12 

2"5 75 125 175 2 2 5  275 

ml EFFLUENT VOLUME 

A 
r -  
('~ 

12 ]> 
"o 

c 
Z 

8 W 

x 

4 ~ 
v 

I 

56 



Vol. 65, No. 1, '1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

p h o s p h o t r a a s f e r a s e  and 41% of the total  cyc l ic  AMP,binding ac t iv i t i e s ,  and the second 

peak c o m p r i s e d  5% of the total  phospho t r ans f e r a se  and 8% of the total  cyc l ic  AMP 

binding ac t iv i t i e s .  These  peaks  were  pooled and saved for  fu r the r  cha rac t e r i za t ion ,  

and the peak  which eluted at  0.15 M po ta s s ium phosphate  in  the gradient ,  compr i s ing  

65% of the to ta l  phospho t r ans f e r a se  and 49% of the total  cyc l ic  AMl=~binding ac t iv i t i e s ,  

was pooled,  concen t ra ted  by Amicon  PM-30 d ia f i l t ra t ion ,  and sub jec ted  to gel  

f i l t r a t i on  on Sephadex G-200. As seen in Fig.  1B, a s ingle,  s y m m e t r i c a l  peak  of 

over lapp ing  p h o s p h o t r a n s f e r a 6 e  and cycl ic  AMP binding ac t iv i t i e s  was observed .  This 

peak was pooled and concen t ra t ed  and used for  the s tudies  subsequent ly  de sc r i be d .  The 

spec i f i c  ac t iv i ty  of this peak was 3820 pmoles  ~ - 3 2 p j  t r a n s f e r r e d  f rom ~ '~ 3 2 p J A T P  

to r e c o v e r e d  p ro te in  in 5 min.  a t  30 ° p e r  m i l l i g r a m  pro te in  and was 100 fold i n c r e a s e d  

over  that  of the c rude  ex t rac t .  20% of the phosp ho t r a ns f e r a se  ac t iv i ty  and 0.19% of the 

p ro t e in  p r e s e n t  in the crude  e x t r a c t  were  r e c o v e r e d  in this f rac t ion .  

Kinet ic  P roope t i e s  of the S ta lk-Median  Eminence P ro te in  Kinase.  The 

phospho t r ans f e r a se  ac t iv i ty  of the pro te in  k inase  was dependent  on ATP as a phosphory l  

donor.  In expe r imen t s  in which UTP, CTP, GTP or  dTTP  were  ( separa te ly)  added to 

incubat ion mix tu re s  together  with L ' - ~ ' 3 2 p J A T P  in m o l a r  r a t i o s  of f rom 20 - 100, X T P / A T P ,  

no inhibi t ion of phosphory la t ioa  of cal f  thymus histone was detec ted .  Moreover ,  negl igible  

F i g u r e  i .  A. DE-52 eh romatography  of the 25% (w/v) ammonium sulfa te  

ammonium sul fa te  p r ee ip i t a t e  f rom the 18, 000 g superna tan t  

of an homogenate  of 200 bovine s t a l k - m e d i a n  eminence  f r a g -  

ments ,  o - - o ,  A 280 nm; ~ - -o ,  p ro t e in  k inase  ac t iv i ty  with 

ca l f  thymus his tone as subs t r a t e ;  x - -x ,  ~-3H_7 eyel ic  AMP binding. 

B. Sephadex G-200 ch romatography  of the m a j o r  peak of p ro te in  

k inase  ac t iv i ty  f r o m  A. • e, p ro t e in  k inase  act ivi ty;  

o---o, cyc l i c  AMP binding. 
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amounts  of radioactivi ty were incorporated w h e n / ' F  3 2 p f f G T P  was used as phosphoryl 

donor over a r a n g e  of f r o m 5  - 5 0 p M  GTP. The K m f o r A T P w a s  1 . 0 x  10 - 5 M i n t h e  

p resence  and 3.9 x 10 -5 M in the absence of 5 x 10 -6 M cyclic AMP. Mg 2+ ion was 

requi red  for activity (Kin 10 mM at 5 ~M cyclic AMP). Cyclic nucleotide t i t ra t ion  

(range 0. 025 - 50 pM) revealed that cyclic GMP, cyclic CMP and cyclic UMP exhibited 

s igmoidal  sa tura t ion  curves with concentrat ions for ha l f -maximum st imulat ion in 

excess  of 5 x 10 -5 M. Cyclic TMP had li t t le effect on activity. Both cyclic AMP 

(Kin 5.9 x 10-8M) and cyclic IMP (Kin 3 .0  x 10 -7 M) exhibited hyperbolic sa tura t ion  

curves .  Under appropriate  assay conditions (5 }lg enzyme,  5 ruM cyclic AMP, 10' at 

22 °) cyclic AMP exhibited a 40 fold s t imula t ion  of enzyme activity. Both calf thymus 

histone (Kin = 0.48 mg/ml)  and F2 a histone (Kin = 0.5 mg/ml)  were good subs t ra tes  for 

the enzyme while arginine r ich  histone and casein  were much less  active.  The pH 

optimum, using calf thymus histone as subst ra te ,  was broad with a max imum at 7 .0 .  

Phosphorylat ion of Macromolecules  P resen t  in Stalk-Median Eminence Region of 

Hypothalamus. As shown in Table 1, ce r ta in  macromolecules  known to be presen t  in 

the s t a lk -median  eminence region - neurosec re to ry  granules ,  S-100 prote in  and 

TRH deamidase - served as subs t ra tes  for the s t a lk -median  eminence prote in  kinase 

with s ignif icant  degrees of effect iveness,  based on compar ison  to calf thymus histone, 

the mos t  effective exogenous subst ra te  for the enzyme. The major  prote in  consti tuents 

of the neurosec re to ry  granules,  neurophysins I and 17, did not se rve  as subs t ra tes ,  while 

4 protein  species  of the neurosec re to ry  granule membrane  underwent  phosphorylation, 

as revealed  by Na dodecyl sulfate gel e lec t rophores is  of solubil ized granule membranes  

(data not shown). 

Effect of Stalk-Median Eminence Substituents on the Activity of the Hypothalamic 

Prote in  Kinase.  The median eminence  of the hypothalamus is a te rminat ion  site both for 

hypothalamie peptidergic neurons,  and for monoaminergic  neurons implicated in the 
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Table 1 

PHOSPHORYLATION OF MACROMOLECULES PRESENT IN HYPOTHALAMIC 
STALK-MEDIAN EMINENCE BY HYPOTHALAMIC CYCLIC AMP DEPENDENT 
PROTEIN KINASE 

Macromoleeule* 

Pos t e r io r  p i tu i t a ry  Subcel lular  Frac t ions  
L~32p~ Incorporated,  % of Equal 

Concentrat ion of Calf Thymus Histone 

Neuroseere to ry  Granules** 50 ~g protein  63 
" " 100 ~g prote in  72 

Mitochondria 300 pg prote in  1 
Crude Nuclei 300 ~g protein  1 
Synaptosomes 300 ug prote in  3 
Neurophysiu I 50 - 500 ~g prote in  2 
Neurophysin II 50 - 500 ~g prote in  1 
S-100 Prote in  50 ~g protein  30 

100 ug prote in  28 
TRH Deamidase 50 pg prote in  116 

100 pg prote in  121 

* All subs t ra tes  incubated in the s tandard  assay  mixture  in the p resence  of 
5 pM cyclic AMP and 5 pg hypothalamic protein kinase.  Comparison made 
to incubat ions with an equivalent  amount of calf thymus histone as subst ra te .  

** Corrected  for endogenous phosphorylation.  

regulat ion of re lease  of hypothalamic peptide hormones (16). At the present  time, 

it  is not known whether monoamines  and hypothalamic re leas ing  hormones occur 

together in the same neuron in this region of the bra in .  To examine the possibi l i ty  

of i n t r ace l lu l a r  si tes of action of neurohormones  in the modulat ion of peptidergic 

neuronal  activity, the effect of monoamines  and hypothalamic peptide hormones 

on the activity of the hypothalamic protein  kinase was tested. As shown in Table 2, 

the monoamines  norepinephrine ,  dopamine and 5-hydroxytryptamine inhibited the 

phosphorylat ion of calf thymus histone by the enzyme at concentrat ions of 0.1 and 

1.0 raM. Although not shown here, both cyclic AMP st imulated and nonst imulated 

activity was inhibited, and the p resence  of the monoamines  lowered the Vma x for 
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Table 2 

EFFECT OF CERTAIN MONOAMINES AND 
HYPOTHALAMIC PEPTIDE HORMONES ON 

PHOSPHORYLATION OF CALF THYMUS HISTONE 
BY HYPOTHALAMIC PROTEIN KINASE* 

Addition % Activi ty  

none 

norepinephrine 

dopamine 

0.1 mM 

1.0 mM 

0.1 mM 

1.0 mM 

5-hydroxyt ryptamine  0.1 mM 

1.0 mM 

TRH 10 n M -  l u M  

LRH 10 n M -  1 uM 

oxytocin i - 10 uM 

arginine vasopres s in  1 - 10 uM 

100 

8O 

66 

72 

51 

6O 

43 

98 

99 

101 

93 

- J  

* All additions made to the s tandard assay mixture  in 25 ~1 or  less  
and preincubated for  5 min in the p re sence  of enzyme and 5]uM cycl ic  
AMP. / 

ATP, but did not change the Kin. Nei ther  the neurohypophysial  peptide hormones,  

oxytocin and vasopress in ,  nor the hypothalamic re leas ing  hormones  TRH and LRH, 

had any effect  on enzyme act ivi ty  at concentrat ions of f rom 10 -8 -10 -5 M. 

DISCUSSION 

The hypothalamic cycl ic  AMP dependent pro te in  kinase desc r ibed  here was of 

the same specif ic  act ivi ty as the enzyme puri f ied f rom whole bovine brain,  using 
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the same assay incubation mixture  (3), but the kinetic proper t ies  of the two enzymes were 

not identical .  For  the hypothalamic enzyme, there was a much s m a l l e r  effect of cyclic 

AMP on the Km for ATP, a broader  pH optimum and a difference in the nature  of the 

response  of the enzyme to cyclic nucleotides.  A ful ler  unders tanding of possible 

differences between whole b r a in  and hypothalamic enzymes awaits the completion 

of s tudies  on molecular  proper t ies  of the hypothalamie enzyme, now in p rogress .  

The p resen t  studies have shown that macromolecu les  and organeUes operative 

in neuroendocr ine  p rocesses  in the hypothalamus can se rve  as subs t ra tes  for a 

hypothalamic protein  kinase.  Fur the r  studies on the effect of phosphorylat ion on these 

s t ruc tu re s  may implicate  cyclic nucleotides in the regulat ion of the packaging, 

sec re t ion  and turnover  of hypothalamic peptide hormones .  

The abil i ty of ce r ta in  monoamines  presen t  in the hypothalamus to influence 

the activity of the hypothalamic prote in  kinase may point to the possibi l i ty  of 

i n t r ace l l u l a r  s i tes  of act ion of monoamines  in the modulation of the function of the 

endocr ine  hypothalamus. While high concentrat ions of monoamines  (0.1 - 1.0 mM) 

were requi red  for s ignif icant  inhibi t ion of enzyme activity,  i t  should be noted that 

s tudies on single inver tebra te  neurons (17) imply that monoamine concentrat ions can 

be of the o rder  of f rom 1 - 5 mM in the cel l  body and f rom 10 - 100 t imes  grea te r  in 

nerve  t e rmina l s .  An ex t raves icu la r  pool of f rom only 1 - 10% of the total could provide 

concentra t ions  of monoamines  sufficient  to influence protein  kinase activity. Moreover,  

a recen t  r epor t  (18) has suggested that the cyclic AMP activation of tyros ine  hydroxylase may 

media ted  by a cyclic AMP dependent protein  kinase.  The abil i ty of monoamines  to 

inhibi t  prote in  kinases  could se rve  as an additional negative s ignal  in the regulat ion of 

monoamine biosynthes is .  
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