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The  biological  s ignif icance of these  resu l t s  is n o t  read i ly  
a p p a r e n t .  In  man ,  add i t i on  of G S H  in inc reas ing  a m o u n t s  
to  e i t he r  whole  b lood or h a e m o l y s a t e s  resul t s  in  a pro-  
gressive decrease  in t he  oxygen  a f f in i ty  of t he  h a e m o -  
g lobin  13, t h u s  p roduc ing  a n  effect  s imi la r  to  t h a t  p roduced  
b y  2, 3-DPG. W h e t h e r  th i s  same  m e c h a n i s m  exis ts  in  
sheep is no t  known.  However ,  since the  difference in G S H  
c o n c e n t r a t i o n  be tw een  G S H  I~ a n d  G S H  L sheep m a y  be 
3- or  4fold, i t  is possible  t h a t  t he  h igher  levels of 2,3- 
D P G  obse rved  in G S H  L an ima l s  are c o m p e n s a t i n g  in 
some way, as ye t  u n k n o w n ,  for t he  effect  of these  low 
G S H  levels, in  m a i n t a i n i n g  the  pos i t ion  of t he  oxygen  
d issoc ia t ion  curve .  The  d a t a  suggests  a nega t i ve  correla-  
t i o n  b e t w e e n  G S H  and  2 , 3 - D P G  and  in fac t  overa l l  
r = - -0 .44  (p < 0.05). However ,  w i t h i n  G S H  types  th i s  
r e l a t ionsh ip  is no t  cons t an t ,  r = -- 0.47 (p < 0.05) w i t h i n  
G S H  H and  0.09 (NS) in G S H  L an imals .  
Tos t e son  15 r epo r t ed  a n  increased  a c t i v i t y  of sod ium-  
p o t a s s i u m  a c t i v a t e d  adenos ine  t r i p h o s p h a t a s e  (S-ATPase)  
in r ed  blood cell m e m b r a n e s  f rom H K  sheep.  E a t o n  e t  al. TM 

showed t h a t  H K  red blood cells had,  on  average,  31% 
h i g h e r  levels of A T P  t h a n  did  L K  red b lood cells and  

c o m m e n t e d  t h a t ,  w i t h  an  increased  level  of S - A T P a s e  
ac t iv i ty ,  H K  red  cells would  be  expec ted  to  h a v e  less 
A T P  t h a n  L K  cells because  of t he  increased  u t i l i za t ion  
of A T P  for t he  e lec t ro ly te  p u m p .  Our  f ind ing  t h a t  H K  
red  b lood cells h a v e  h igher  levels of ye t  a n o t h e r  i m p o r t a n t  
organic  p h o s p h a t e  c o m p o u n d  raises t he  poss ib i l i ty  t h a t  
2, 3 -DPG m i g h t  also, d i r ec t ly  or indi rec t ly ,  be  assoc ia ted  
w i t h  ion t r a n s p o r t  in t he  sheep red b lood cell. This  sug- 
ges t ion  is s t r e n g t h e n e d  b y  the  obse rva t i ons  of Gardos  1~ 
and  P a r k e r  18 who h a v e  sugges ted  t h a t  in  man ,  2, 3 - D P G  
plays  a role in p o t a s s i u m  t r a n s p o r t ,  poss ib ly  b y  way  of 
2 ,3 -d iphosphog lyce ra t e -phospha t a se ,  t he  e n z y m e  t h a t  
b reaks  down 2, 3-DPG.  F u r t h e r  i n v e s t i g a t i o n  in to  t h e  
role of 2, 3 -DPG in the  sheep red blood cell shou ld  be  of 
significance.  
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Summary. The  p r o t e i n  k inase  b i nd i ng  as say  for c A M P  was modif ied  b y  s u b s t i t u t i o n  of a d s o r p t i o n  b y  Q A E  cellulose 
for t h e  m e m b r a n e  f i l t ra t ion .  This  mod i f i ca t ion  obv i a t e s  t h e  v a r i a t i o n  of r ecovery  of c A M P  w i t h  t he  v o l u m e  of buf fe r  
used to  wash  t h e  fi l ter.  T he  assay  is r ep roduc ib le  a n d  t echn ica l l y  s impler  t h a n  those  c u r r e n t l y  employed .  

Introduction. One of the  mos t  sens i t ive  m e t h o d s  for t he  
d e t e r m i n a t i o n  of t he  c o n c e n t r a t i o n  of adenos ine  3 ' , 5 '  
cyclic m o n o p h o s p h a t e  (cAMP) employs  c A M P - d e p e n d e n t  
p ro t e in  k inase  b ind i ng  ~-4. Of all these  me thods ,  t he  
m e t h o d  descr ibed  b y  Gi lman2  is p e r h a p s  the  m o s t  pop-  
ular .  However ,  t he  use of cellulose ace t a t e  m e m b r a n e  
f i l ters  in  th i s  m e t h o d  to s epa ra t e  c A M P  b o u n d  to  p r o t e i n  
k inase  f rom the  free nue leo t ide  p resen t s  severa l  p rob lems .  
M e m b r a n e  f i l t r a t i on  is t i m e  consuming ,  and,  more  im-  
p o r t a n t l y ,  we found  t h a t  the  r ecovery  of b o u n d  c A M P  
va r i ed  w i t h  t he  v o l u m e  of p h o s p h a t e  buf fe r  used for 
wash ing  the  samples .  
Materials and methods. 2 assay  sys t ems  for t he  d e t e r m i n a -  
t ion  of c A M P  b y  t he  p ro t e in  k inase  b i n d i n g  m e t h o d  were 
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Fig. 1. Typical displacement pattern of (3H)-eAMP from protein 
kinase by increasing concentration of unlabelled cAMP. Free cAMP 
was separated from protein kinase bound cAMP by QAE cellulose 
suspension as described in the text. 

employed.  The  f i rs t  was  iden t ica l  to  t h a t  descr ibed  b y  
G i l m a n  ~. Typica l ly ,  d i f f e ren t  a m o u n t s  of c A M P  were 
i n c u b a t e d  w i t h  4 ~zg of c A M P  d e p e n d e n t  p r o t e i n  k inase  
(S igma Chemica l  Co., St. Louis,  Mo.);  28 [zg of p r o t e i n  
k inase  i n h i b i t o r  (S igma Chemica l  Co., St. Louis ,  Mo.);  
2 pmoles  of (aH)-cAMP w i t h  a specific a c t i v i t y  of 27.5 Ci/ 
m m o l e  (New E n g l a n d  Nuclear ,  Bos ton ,  Mass.) a n d  50 m M  
sod ium ace t a t e  buffer ,  p H  4.0 in a t o t a l  vo lume  of 0.1 ml .  
The  assay  m i x t u r e s  were i n c u b a t e d  a t  0 ~ for 60 min .  I n  
t he  or ig ina l  m e t h o d  ~ mi l l ipore  f i l ters  were used to  sepa-  
r a t e  free f rom b o u n d  nuc leo t ide .  Th i s  s tep  was p e r f o r m e d  
exac t ly  as descr ibed,  b u t  t he  v o l u m e  of sod ium p h o s p h a t e  
buf fe r  used to  wash  t he  m e m b r a n e  was var ied .  I n  t h e  
p r e sen t  m e t h o d  a 5% (dry  wt /vol )  Q A E  cellulose (N ,N-  
d i e t h y l - N - 2 - h y d r o x y p r o p y l a m i n o  cellulose;  exchange  ca- 
pac i ty ,  0 .55-0.52 m e q / g ;  Biorad ,  R i c h m o n d ,  Calif.) suspen  - 
s ion in w a t e r  was  a d d e d  to  t h e  a s say  m i x t u r e  to  s e p a r a t e  
free c A M P  f rom c A M P  b o u n d  to p r o t e i n  kinase .  
Since Q A E  cellulose is a s t r o n g l y  basic  ion-exchanger ,  i t  
can  adso rb  va r ious  a n i o n s  inc lud ing  cAMP.  However ,  
ne i t he r  p r o t e i n  k inase  no r  c A M P  b o u n d  to  p ro t e in  k inase  
is adso rbed  b y  t he  cellulose a n d  th i s  p r o p e r t y  of t he  ex- 
change r  ha s  b e e n  exp lo i t ed  to  s epa ra t e  free c A M P  f rom 
b o u n d  cAMP.  Before  use, t h e  Q A E  cellulose was soaked  
in w a t e r  a t  l eas t  for 24 h a t  r o o m  t e m p e r a t u r e .  The  cellu- 
lose suspens ion  (2 ml) was  t h o r o u g h l y  mixed  w i t h  t h e  
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assay m ix tu r e  and r e s u s p e n d e d  a t  intervals  for 5 rain a t  
0 ~ Free  c A M P  adso rbed  onto  the  cellulose was r emoved  
by  cen t r i fuga t ion  a t  800 • g for 10 min a t  0~ One ml of 
the  s u p e r n a t a n t  was mixed  wi th  10 ml of Aquasol-2 (New 
Eng land  Nuclear,  Boston,  Mass.} and rad ioac t iv i ty  was  
measured  in a Packa rd  Tr icarb  Scint i l la t ion Counter  w i t h  

coun t ing  of effiaiency~of 4 5 %  as de t e rmined  wi th  an 
ex te rna l  s t anda rd .  

Effect of washing the sample with different volumes of phosphate 
bluffer on the retention of protein kinase bound cyclic (ZH) AMP by 
the membratie filter 

Vol. of phosphate, buffer (ml) Radioactivity 
(cpm} 

5 12774 
~0 11621 
15 11421 
20 10235 
25 9108 
30 8951 
35 8887 
40 8230 

Cyclic ZH AMP (2 pmoles 2%5 Ci]mmole) was incflbated .with 4 ~g 
of protein kinase; 28 [~g Of protein kinase inhibitor in 50 mM sodium 
acetate buffer, pH 4.0 in a-total volume of 0.1 ml at 0 ~ for 60 min. 
After incubation, 1 ml of 20 mM sodium phosphate buffer pH 6.0 
was added to the reaction mixture and the mixture was allowed to 
equilibrate for 5 mill at 0~ The diluted reaction mixture was then 
filtered over a Millipore filter (25 mM diameter; catalogue No. 
HAWP. 025}. After washing the sample with different volumes of the 
buffer, the membrane was dissolved in 1'.0 ml of Cellosolve mixed 
with 10 ml of Aquasol 2 and the radioactivity was measured. 
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Fig. 2. Effect of protein kinase concentration on the amount of 
cAMP bound to the enzyme. Varying amounts of protein kinase was 
incnbated in 2 [zM labelled cAMP as described in the materials and 
methods section. Enzyme bound and free cAMP were separated by 
QAE cellulose suspension. 

Results. In the  table,  t he  effect  of va ry ing  the  vo lume  of 
p h o s p h a t e  buf fe r  on the  bound  cAMP is t abu la ted .  As 
can be seen, the  labelled c A M P  decreases  progress ively  
wi th  the  vo lume of the  buffer  employed.  This f inding 
indicates  t h a t  a cons iderab le  error  can be in t roduced  by 
relat ively small  changes  in th is  p a r t  of t h e  procedure .  

The resul ts  of a typ ica l  d i sp lacemen t  e x p e r i m e n t  using 
the  Q A E  cellulose to  r emove  free cAMP are shown in 
figure 1. As expected ,  the measured  rad ioac t iv i ty  de -  
creased as the  unlabel led c A M P  concen t ra t ion  increased 
and  showed an excel lent  corre la t ion  on a double  loga- 
r i thmic  plot.  These resul ts  are in good ag reemen t  w i th  
the  d a t a  of Gi lman 2. 

In  a fu r the r  exper iment ,  increasing a m o u n t s  of p r o t e i n  
kinase were incuba ted  With 200 pmoles  of (aH)-cAMP 
(50,000 cpm) in o therwise  iden t i ca l  mix tu re  descr ibed 
above.  After  incuba t ion  a t 0  ~ for 60 ra in ,  prote in  kinase 
bound  cAMP was separa ted  b y  mix ing  QAE cellulose 
suspension wi th  the assay mi x t u r e  and  the  r ad ioac t iv i ty  
of t h e  s u p e r n a t a n t  was de te rmined .  Figure 2 shows the 
re la t ionship  b e t w e e n  the  ~zg of p ro te in  kinase added  zo 
the reac t ion  mix tu re  and  the  a m o u n t  of t r i t ium labelled 
cAMP bound  to  the  enzyme.  I t  was no ted  t h a t  the  a m o u n t  
of c A M P  bound  to t he  pro te in  increases wi th  t he  con- 
cen t ra t ion  of prote in  kinase. At  a cAMP concen t ra t ion  
of 2 aM, 1.18, 1.98 and  2.81 pmoles  of c A M P  would b ind  
to 1 ~g of p ro te in  in the  presence  of 4, 8 and 16 ~g of the  
enzyme  in t h e  assay mix ture .  

Discussion. The unexpec ted  f inding t h a t  the  vo lume  of 
wash ing  buffer  affects  an assay for c A M P  led t o  a ques t  
for a more  reproducible  and  technica l ly  s impler  me thod .  
Separa t ion  of p ro te in  b o u n d  c A M P  f rom the  free nucleo- 
t ide  by  QAE cellulose suspens ion  is quan t i t a t ive ,  and  
more  easi ly pe r fo rmed  t h a n  b y  m e m b r a n e  f i l t ra t ion and,  
unlike the  m e m b r a n e  f i l t ra t ion  technique ,  the  QAE cel- 
lulose adsorp t ion  m e t h o d  does not,  need  any special ap-  
para tus .  Like QAE cellulose, ac t iva ted  charcoal  coa ted  
wi th  bovine  se rum a lbumin  or d ex t r an  has also been 
employed to separa te  free cAMP from prote in  kinase 
bound moie tyK However ,  t h e  ex t en t  of adsorp t ion  o f  the  
free cAMP over  cAMP bound  to  p ro te in  kinase b y  several  
commercia l ly  avai lable  a c t i v a t e d  charcoal  varies con- 
s iderably  and  t h e  select ion of the  charcoal  has  to  b e  care-  
fully m a d e %  The var ia t ion  of recovered counts  in re- 
pl icate  samples  u s i n g  t h e  Q A E  me t h o d  is minimal .  The 
t echn ique  h a s b e e n  successful ly  uti l ized for the  de t e rmin -  
act ion of c A M P  concen t ra t ions  in h u m a n  pla te le ts  and  
lymphocy tes .  

S e r u m  a n d  l iver :radioactivity leVels:in mice  after intraperi toneal  a n d  subcutaneous  inject ion 
of [~4C]orotic acid 1 
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Summary. [~4C]Orotic. a c i d  was  r a p i d l y  d i s t r ibu ted  i n  b l o o d  af ter  b o t h  i . p .  a n d  s;c. i n j e c t i o n  bu t  was not  comple te ly  
absorbed  f rom the  per i toneal  cavity~unti l  20 m i n  af ter  injection.  S ic .  i n j e c t i o n  should  b e a n  accep tab le  a l te rna t ive  t o  
i;p. in ject ion a l though  t h e  incorpora t ion  into t he  l i v e r  acid s o l u b l e - a n d  R N A : f r a c t i o n s  was  s o m e w h a t  de layed af ter  
the: s:,c. inject ion.  

I n , p r e v i o u s  s tudy ,  i .p.  admin i s t r a t i on  was Shown t o  be as 
effect ive a s  i : v .  a d m i n i s t r a t i o n : a s  regards  i n c o r p o r a t i o n  
0I [14C]orotic a c i d  in to  t o t a l  a c i d  :soluble and  :RNA- 
fract ions i n  v a r i o u s  m o u s e  organs  2. A p r o b l e m  aris ing 
during the  analys is  Of r ad ioac t iv i ty  levels i n  m etabol i tes  
af ter  a d m i n i s t r a t i o n  of rad ionuc l ides ,  i s  t h e  poss ib le  

interference b y  :unabsorbed radionucl ide  a t  t h e  site of 
injection~, 8. An i;p. i n j ec t ion  m a y  resul t  in a : con tamina-  
t ion of t h e  l i v e r  :and :other :peri toneal  organs and  i:p. 
sampled  b l o o d  i s  l ike ly  t o  b e  c o n t a m i n a t e d  'to=a certain 
ex t en t  b y  :unabsorbed nuclide.  In  order  t o  ascertain 
whe the r  t h e s e  p r o b l e m s  could b e  overcome b y  us ing  a 


