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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 

C. Engetbrecht ,  L .  Lewan and  T. Yngne r  

InstitUte O/Zoophysiology, University O/Lu~d, Helgonaviigen 3B, S-223 62 Lund (Sweden), 73 September 1976 

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 



15. 3. 1977 Specialia 303' 

Radioactivity recovered from the peritoneal cavity after i.p. injection 
of [14C]orotic acid and the ratio i.p./s.e, of cpm/g (wet Wt) liver in 
the acid soluble and RNA-fraetions 

Time after Radioactivity Ratio cpm/g liver after i.p. injection 
injection recovered from cpm/g liver after s.c. injection 
(min) the peritoneal 

cavity Acid RNA-fraction 
(% of injected soluble fraction 
dose) 

2 31.8 6.62 5.44 
10 - 1.61 1.46 
20 1.6 1.17 1.26 
60 - 0.98 1.08 

Each value represents the mean of 2 or 3 animals. 

s.c. in ject ion and whe the r  the  s.c. admin i s t e red  orotic 
acid was  effect ively t aken  up by  the  blood and incorpora t -  
ed in to  the  liver, we measured  the  r ad ioac t iv i ty  in  the  
liver RNA-f rac t ion  and in the  acid soluble f ract ions of the  
l iver and of blood sampled  at  the  brachial  vessels 2-60 min 
af ter  i.p. or s.c. in ject ion of [l~CJorotic acid. 
Mater ia ls  and methods. Male N M R I  mice (Anticimex,  
Stockholm,  Sweden),  weighing 26-28 g, were used for 
the  exper iments .  They  were kep t  under  cons t an t  condi-  
t ions  regarding l ight  and  t empera tu r e  and were given 
s t a n d a r d  food and  wa te r  ad l ibi tum. The radionucl ide  
[6-14C~orotic acid (spec. act  61 mCi/mM, Amersham,  
England)  was admin is te red  in 75 ~1 0.9% NaC1 (1.75 ~zCi) 
e i ther  i.p. or s.c. in the  neck. The animals  were killed a t  
2, 10, 20 or 60 min af ter  injection.  2 min  pr ior  to t issue 
sampling,  the  animals  were anaes the t i zed  in an e ther-  
oxygen  a tmosphere  4. The per i toneal  cav i ty  was opened 
and blood was then  sampled  at  the  brachia l  vessels 5. The 
exposed  liver was rap id ly  removed,  frozen be tween  pre- 
cooled a lumin ium blocks and immersed  in l iquid ni t ro-  
gen. The blood samples  were al lowed to coagulate  and 
the  se rum was isolated and acidified wi th  PCA. The 
liver t issue was homogenized  and f rac t iona ted  into an 
acid soluble and a RNA-f rac t ion  according to  Munro and 
Fleck 6. In  an expe r imen t  designed to measure  the  a m o u n t  
of radionucl ide  remaining  in the  per i toneal  cav i ty  af ter  
i.p. inject ion,  the  animals  were killed by  decap i t a t ion  2 

or 20 min af te  r inject ion.  Fol lowing exsanguina t ion ,  the  
per i tonea l  cav i ty  was opened,  washed  3 t imes  wi th  1 ml  
dist i l led wa te r  and  the  r ad ioac t iv i ty  i n  the  pooled wa te r  
was measured.  All r ad ioac t iv i ty  m e a s u r e m e n t s  were 
made  in a Pack a rd  T R I  Carb l iquid scint i l la t ion spect ro-  
meter .  
Results  and discussion. The [14C]orotic acid was rap id ly  
d i s t r ibu ted  in the  blood of b o t h  the  i.p. and the  s.c. 
in jec ted  groups of animals  and  the  levels of r ad ioac t iv i ty  
in se rum sampled  at  the  brachia l  vessels were similar  in 
bo th  groups (figure, A). The t e n d e n c y  towards  a h igher  
level of r ad ioac t iv i ty  in se rum af ter  s.c. inject ion could 
poss ibly  be expla ined by  the  shor t  d is tance  be tween  the  
site of inject ion and the  site of b lood sampl ingL  Alter-  
na t ive ly  since the  orotic acid would reach the  l iver cells 
more  di rec t ly  af ter  i.p. admin i s t ra t ion ,  it  m a y  be more  
rap id ly  e x t r a c t e d  f rom the  blood due to the  p ronounced  
abi l i ty  of the  l iver  t o  accumula te  orotic acid s. The l iver 
acid soluble r ad ioac t iv i ty  a t  2 and  10 min a f te r  i.p. 
in jec t ion  was well above t h a t  a f ter  s.c. inject ion (figure, 
B). This  observa t ion  could be expla ined  by  a con t amina -  
t ion of the  liver and /or  a more  effect ive incorpora t ion  of 
the  Lp. admin is te red  radionucl ide  into the  liver cells. An 
enhanced  incorpora t ion  into the  liver cells seems to be 
dominat ing ,  as indica ted  by  the  h igher  level of radio- 
ac t iv i ty  in the  liver RNA-f rac t ion  at  2 and  10 rain af ter  
in ject ion (figure, C). Since pene t r a t i on  into t issues by  
diffusion is considered to  be r a the r  slow 9, it is p robable  
t h a t  the  i.p. admin i s t e red  radionucl ide,  by  en te r ing  the  
per i toneal  capillaries, was more  d i rec t ly  and rap id ly  
d i s t r ibu ted  among  the  liver cells by  the  por ta l  vessels 
t h a n  the  s.c. admin is te red  radionuclide.  
2 min af ter  i.p. inject ion,  abou t  30% of the  admin is te red  
rad ioac t iv i ty  could be re t r ieved  by  washing  the  peri-  
tonea l  cav i ty  w i th  dist i l led wa te r  (table). Less t h a n  2% 
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129, 445 (1966). 
5 L. Young and T. R. Chambers, Lab. Anim. Sci. 23, 428 (1973). 
6 H.N. Munro and A. Fleck, Analyst 91,428 (1966). 
7 C.G. Potter, Experientia 30, 25 (1974). 
8 R.B. Hurlbert and V. R. Potter, J. biol. Chem. 209, ~ {1954). 
9 S.R. Pelt and T. C. Appleton, Nature 205, 1287 (1965). 
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(C) after i.p. (O) and s.c. (O) injection of [lq2] 
orotie acid. Each point represents the mean of 
2 animals. Highest and lowest values are indicated 
or within the symbols. Semilogarithmic scale. 
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of t h e  a d m i n i s t e r e d  r a d i o a c t i v i t y  was r e t r i eved  20 min  
a f te r  in jec t ion .  I t  seems l ikely t h a t  the  h i g h  level  of l iver  
acid soluble  r a d i o a c t i v i t y  2 m i n  a f te r  i.p. i n j ec t ion  p a r t l y  
depends  on  a c o n t a m i n a t i o n  b y  u n a b s o r b e d  radionucl ide .  
Th i s  is s u p p o r t e d  b y  t he  20% difference be t w een  t he  
ra t ios  of i.p. to  s.c. a d m i n i s t e r e d  r a d i o a c t i v i t y  in  t he  l iver  
acid soluble  and  R N A - f r a c t i o n s  (table).  A l t h o u g h  t he  
i n c o r p o r a t i o n  of labeled  orot ic  acid in to  t he  RNA-f r ac -  
t ion  a f t e r  s.c. i n j ec t ion  lagged b e h i n d  t h a t  a f t e r  i.p. 
i n j ec t ion  on ly  a m i n o r  dif ference was found  b e t w e e n  t he  
levels r eached  a t  60 m i n  a f t e r  i n j e c t i o n .  Th i s  shou ld  
d e p e n d  on  t he  h i g h  capac i t y  of t he  mouse  l iver  to  accu-  

m u l a t e  orot ic  acid ~. Our  resu l t  show t h a t  in  o rder  to  
avo id  c o n t a m i n a t i o n  of t he  l iver  acid soluble  f r ac t ion  and  
of i.p. s ampled  b lood b y  u n a b s o r b e d  rad ionuc l ide  a f te r  
s h o r t  pulse-per iods ,  i.p. i n j ec t ion  shou ld  be avoided .  I t  is 
e v i d e n t  t h a t  s.c. i n j ec t ion  in t h e  neck  is p re fe rab le  as i t  in 
a d d i t i o n  to  a n  effect ive  i nco rpo ra t i on  of r a d i o a c t i v i t y  in to  
t h e  l iver  cells also allows i.p. s ampl ing  0f blood, a f ac t  t h a t  
is of g r ea t  i m p o r t a n c e  w h e n  h y p o x i a  m u s t  be  min imized  
d u r i n g  l iver  t i s sue  s amp l ing  1~ 

10 R.P .  Faupel, H. J. Seitz and W. Tarnowski, Archs Biochem. 
Bi0phys. 184, 509 (1972). 

Keto ac ids  and free a m i n o  ac ids  dur ing  leaf  Rrowth  i n  Bauhin ia  p u r p u r e a  L. 

D. M u k h e r j e e  1 and  M. M. L a l o r a y a  2 

Department o/Botany, University o/Allahabad, Allahabad (India), 20 September 1976 

Summary. The  b iosyn thes i s  of ke to  acids and  free amino  acids was s tud ied  du r ing  t he  g r o w t h  of B a u h i n i a  p u r p u r e a  
leaves,  a -KGA,  OAA, p y r u v i c  acid and  P E P  are t he  i m p o r t a n t  ke to  acids obse rved  a t  va r ious  stages.  The  f i rs t  2 me ta -  
bol i tes  show a progress ive  increase  and  P E P  -+ OAA p a t h w a y  is v e r y  ac t ive  du r ing  t he  process  0f g rowth .  

The  i n v o l v e m e n t  of a m i n o  acids and  ke to  acids in  in te r -  
r e l a t ed  me tabo l i c  p a t h w a y s  ha s  been  i nd i ca t ed  since 
long 3. Changes  in t he  amino  acids and  p ro t e ins  w i t h  t he  
g r o w t h  a n d  d e v e l o p m e n t  of t h e  leaves  h a v e  been  worked  
o u t  in  detai l ,  b u t  l i t t le  is k n o w n  a b o u t  t he  changes  in ke to  
acids in  m a t u r i n g  leaves.  T he  p r e s en t  s t u d y  is a imed  a t  
s t u d y i n g  changes  in ke to  acids c o n c e n t r a t i o n s  and  cor- 
r e l a t i ng  w i t h  t h a t  of amino  acids d u r i n g  leaf  m a t u r a t i o n .  
Material and methods. B a u h i n i a  p u r p u r e a  p l a n t  growing  
in t h e  U n i v e r s i t y  c a m p u s  ha s  been  selected for th i s  s tudy .  
Leaves  of d i f fe ren t  s tages  (2-, 4-, 6-, 9-, 12- a n d  15-day- 
old) were p lucked  f rom t he  t ree,  b r o u g h t  to  t he  l a b o r a t o r y  
and  ana lyzed ,  
The  m e t h o d  descr ibed  b y  S teward ,  W e t m o r e ,  T h o m p s o n  
a n d  Ni t sch*  ha s  been  fol lowed for amino  acid ex t rac t ion .  
2 -d imens iona l  p a p e r  c h r o m a t o g r a p h y  h a s  been  used for 
t h e i r  sepa ra t ion .  The  de ta i led  p rocedure  is same as t h a t  
descr ibed  b y  Pa l  a n d  Laloraya~.  Mil l igrams of d i f fe rent  
a m i n o  acids are  ca lcu la ted  in t e r m s  of glycine, us ing  a 
K l e t t  pho toe lec t r i c  color imeter .  
Ke to  acids h a v e  been  e x t r a c t e d  as 2 , 4 - d i n i t r o p h e n y l  
h y d r a z o n e s  (2 ,4 -DNP's )  as descr ibed b y  K a u s h i k  e a n d  
M u k h e r j e e n S .  F o r  t he  s e p a r a t i o n  of ke to  acids also, 
2 -d imens iona l  p a p e r  c h r o m a t o g r a p h y  ha s  been  employed.  
Mil l igrams of d i f fe ren t  ke to  acids are ca lcu la ted  in t e r m s  
of 2, 4 - D N P  of a - k e t o g l u t a r a t e  (a-KGA) us ing  a K l e t t  
pho toe lec t r i c  co lor imete r  f i t t ed  w i t h  b lue  filter.  
Results. The  figure shows t h a t  w i t h  t he  d e v e l o p m e n t  of 
leaves  t he  level  of a s p a r a g i n e  shows a g r a d u a l  decl ine 
a f t e r  t h e  s tage  I I ,  whi le  g l u t a m i n e  is p r e s e n t  on ly  in t r ace  

1 Department of Botany, Kurukshetra University, Kurukshetra, 
India. 

2 Department of Life Sciences, Indore University, Indore, India. 
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4 F.C. Steward, R. H. Wetmore, J. F. Thompson and J, P. Nitsch, 
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B. purpurea; Showing levels of amino acids and keto acids in diffe- 
rent stages of leaves, a Amino acids : Leu & Phe, leucine and phenyl- 
alanine; Val, valine; 7-ABA, y-amino butyric acid; Pro, proline; Ala, 
~r Glu, glutamic acid; Asp, aspartic acid; Gly & Ser, glycine 
and serine~ Asp.NH~, asparagine, b Keto acids: Gly, glyoxylic acid; 
OAA (F), oxaloacetic acid (fast-moving isomer); ~-KGA, ~-keto- 
glutaric acid, urea; Pyr, pyruvic acid; PEP (F), phosphoenolypyruvic 
acid (fast-moving isomer). 


