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Effects of N 2, OV-dibutyri l  cycl ic  GMP on the nuc leos ide  phosphotrans ferase  act ivi ty  of the ret ina 
of the chick e m b r y o s  

G. Tesoriere,  G. Calvaruso and  IR. Ven to  

Institute o~ Biological Chemistry, University o/ Palermo, 1-90127 Palermo (Italy), 27 October 1976 

Summary. In  the  re t ina  of the  chick embryo,  2 d i f fe rent  forms of nucleoside phospho t r ans fe ra se  take  p a r t  in the  phos-  
phory la t ion  of t hymid ine .  One is an uns tab le  form wi th  h igher  molecular  weight .  The o ther  wi th  lower m. w t  is a s table 
form. This pape r  shows t h a t  N ~, OV-dibutyr i l  cyclic GMP causes a ma rk ed  dec remen t  of the  ac t iv i ty  of the  uns table  
nueleoside phospho t rans fe rase .  

The phosphory l a t i on  of t h y m i d i n e  is ca ta lyzed  in m a m -  
mal ian  t issues and  E. coli by  th imid ine  kinase. In  p lan t s  
and  in cer ta in  microorganisms  ~-5, th is  reac t ion  depends  
upon  ano the r  ac t iv i ty ,  a nucleoside phospho t r ans fe r a se  
which  ca ta lyzes  the  reversible t r ans fe r  of es ter  p h o s p h a t e  
f rom nucleoside m o n o p h o s p h a t e  or d i p h o s p h a t e  to  
nucleoside.  
Previous ly  6 we found  in the  re t ina  of the  chick embryos  
2 d i f fe ren t  forms of nucleoside phospho t r ans fe ra se  
which are able to phospho ry l a t e  thymid ine .  B o t h  these  
forms have  a non-specif ic  ac t iv i ty  and t h e y  prefer  the  
nucleosides m o n o p h o s p h a t e  as phospha t e  donors .  The 

Effects of N 2, O2'-dibutyril cyclic GMP (DBcGMP) on the thymidine 
phosphoryIating activity of the chick embryo retina 

Substrate Thymidine phosphorylated nmoles/mg of protein 
DBcGMP 
1 mM 2 mM 

No addition 0.18 ~- 0.02 0.15 zJ= 0.02 0.10 J= 0.02 
ADP 1.18 =t_ 0.12 1.41 zt= 0.14 1.65 =~ 0.18 
AMP 1.65 :~ 0.18 2.24 ~_ 0.25 3.08 ~ 0.30 
UDP 2.85 -L 0.30 1.99 j= 0.22 1.56 ~ 0.17 
UMP 3.60 ~c 0.26 1.90 zL 0.18 1.58 J- 0.19 
GMP 3.30 ~z 0.24 2.21 zt= 0.20 2.14 ~_ 0.18 
CMP 3.10 j= 0.28 1.86 ~_ 0.20 1.52 ~ 0.17 
TMP 3.75 =t_ 0.32 2.25 ~= 0.24 1.76 ~_ 0.20 

Data are the mean i SE of 6 separate experiments. 
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Fig. 1. Gel filtration pattern of the nucleoside phosphotransferase 
activity on a Sephadex G-200 column. For this experiment, a 
homogenate was obtained from 40 retinas and the resulting 105,000 g 
supernatant was applied to a column (32 • 2 era) of Sephadex G-200. 
The column was equilibrated and Muted with 5 mM tris-HC1 buffer 
(pH 8.0) containing 0.2 mM UTP and 2 mM MgCI~. Fractions of 5 ml 
were collected. 200 [xl of each fraction were utilized for the xneasure- 
ment of the nucleoside phosphotransferase activity by using as 
substrate UMP (�9169 or AMP (O--O). 

fo rm w i t h  a h igher  m . w t  is ve ry  uns tab le  to dilution,  
s torage and  gel f i l t ra t ion,  and  i t  is unable  to utilize the  
adenine  nucleot ides  as p h o s p h a t e  donors.  U T P  seems to 
p ro t ec t  th is  form by  the  inac t iva t ion .  The o the r  form 
wi th  lower m . w t  is s table  and  utilizes also the  adenine  
nueleot ides  as p h o s p h a t e  donors .  AMP seems to be the  
subs t r a t e  more active.  In  th is  paper ,  we examine  the  
effects of N2, O2'-dibutyri l  GMP (DBcGMP) on the  
nucleoside phospho t rans fe ra se  ac t iv i ty  of the  chick 
embryo  ret ina.  
The re t inas  were rap id ly  r emoved  f rom 12-day-old chick 
embryos ,  washed  gen t ly  in cold 0.1 M tris-HC1 buffer  
(pH 8.0) and homogenized  in P o t t e r - E l v e h j e m  in the  
same med i u m (0.25 ml/re t ina) .  The ho lnogena te  was 
cent r i fuged at  105,000 • g for 30 mill and  the  s u p e r n a t a n t  
was ut i l ized for the  incuba t ion  samples.  The s t an d a rd  
react ion mix tu re  conta ined,  in a final volume of 500 ~xl, 
40 mM tris-HC1 (pH 8), 5 mM MgC12, 10 mM subs t ra te ,  
20 FM (0.5 vCi) (Me-3H) t h y m i d i n e  and 200 F1 of the  
enzyme ex t rac t .  Af ter  incuba t ion  a t  37~ for 1 h, the  
reac t ion  was s topped  by  boil ing the  samples  for 3 Inin. 
For  the  eva lua t ion  of the  t h y m i d i n e  nucleof ides  formed,  
we have  employed  columns (3 x 1 cm) of Dowex-1 for- 
mate ,  p r ep a red  according to H u r l b e r t  e t  al.L At  first  
t h y m i d i n e  was  e luted f rom the  co lumn b y  38 ml of 2 N 
formic acid. Successively the  t h y m i d i n e  nucleot ides  
were e lu ted  by  10 ml of 1 N a m m o n i u m  formate-4  N 
formic acid. This last  f rac t ion was evapo ra t ed  ' in vacuo '  
a t  10 ~ and  the  residue was dissolved in 0.5 ml  of wafer.  
Al iquots  were eva lua ted  for r ad ioac t iv i ty  in a Nuclear-  
Chicago scint i l la t ion counter .  Correct ions for quenching  
were made  by  using ex te rna l  s t andard iza t ion .  As deter-  
mined  by  ch roma tograph ic  procedure ,  thymidi l i c  acid 
accoun ted  for a t  least  95% of the  p h o s p h o r y l a t e d  pro- 
ducts .  
D a t a  r epo r t ed  in the  table  show the  effects  of D B c G M P  
on the  t h y m i d i n e  phosphory l a t i ng  ac t iv i ty  when  the  
reac t ion  was measured  in the  105,000 g supe rna t an t .  

D B c G M P  causes an i nc r emen t  of th is  ac t iv i ty  when  
A D P  and  par t i cu la r ly  A1V~P are employed  as phospha t e  
donors,  while i t  has  an inhib i t ive  effect  us ing the  o ther  
subs t ra tes  r epor ted  in the  table.  This  inh ib i t ion  is greater  
when  U M P  was employed.  The e lut ion p a t t e r n  of nucleo- 
side phospho t r ans fe ra se  on Sep h ad ex  G-200 column is 
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r epo r t ed  in f igure  1. Fo r  t h i s  expe r i m en t ,  t h e  S e p h a d e x  
was swelled a n d  e lu ted  w i t h  a so lu t ion  of 5 m M  tris-HC1 
buf fe r  (pH 8.0) c o n t a i n i n g  0.2 mM U T P  a n d  2 m M  
1V[gCl~, because  Mg ++ a n d  p a r t i c u l a r l y  U T P  s tabi l ize  t h e  
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Fig. 2. Effects of DBcGMP on the 2 forms of nucleoside phospho- 
transferase of chick embryo retina. Peak I (tube numbers 11-15) 
and peak II (tube numbers 19-23) were collected separately and 
200 ill of each peak were utilized for the incubation sample. The 
activity was measured by using as phosphate donor UMP (�9169 
for peak I and AMP (D--O) for peak II. Data are the means ~ SE of 
6 separate experiments. 

u n s t a b l e  fo rm of nucleos ide  p h o s p h o t r a n s f e r a s e  6. The  
f igure  shows 2 peaks  of a c t i v i t y :  t h e  f i rs t  corresponds ,  
as p rev ious ly  d e m o n s t r a t e d  6, to  t h e  u n s t a b l e  nucleos ide  
p h o s p h o t r a n s f e r a s e  a n d  i t  prefers  U M P  as p h o s p h a t e  
donor ,  whi le  t h e  second  i s  r e p r e s e n t e d  b y  a s t ab l e  fo rm 
w h i c h  employes  p re fe ren t i a l ly  A M P  as subs t r a t e .  
As shown  in f igure  2, D B c G M P  m a r k e d l y  i n h i b i t s  t he  
nucleos ide  p h o s p h o t r a n s f e r a s e  of p e a k  I, whi le  a n y  
s igni f ica t ive  effect  was  n o t  obse rved  for  t he  a c t i v i t y  of 
p e a k  I I .  P r e v i o u s l y  ~ we h a v e  h y p o t h e s i z e d  t h a t  t he  
nucleos ide  p h o s p h o t r a n s f e r a s e  is p r e s e n t  in t h e  ch ick  
e m b r y o  r e t i n a  a t  l eas t  in  2 d i f fe ren t  forms,  w h i c h  could 
be  a n  express ion  of t h e  same e n z y m e  a t  d i f fe ren t  aggre-  
g a t i o n  s ta tes .  
I t  is possible  t h a t  D B c G M P  fac i l i t a tes  t h e  conve r s ion  of 
t h e  fo rm w i t h  h igher  m . w t  in to  a d i saggrega ted  s ta te .  
Th i s  s t a t e  could  be  r ep re sen t ed  b y  t h e  s t ab le  nucleos ide  
phospho t r ans f e r a se ,  a n  e n z y m a t i c  a c t i v i t y  wh ich  is able  
to  ut i l ize  as p h o s p h a t e  donors  also t h e  aden ine  nucleo-  
t ides .  These  cons ide ra t ions  cou ld  exp l a in  w h y  t h e  
D B c G M P  causes  an  i n c r e m e n t  of t h e  t h y m i d i n e  phos-  
p h o r y l a t i n g  r a t e  w h e n  t h e  r eac t ion  is measured ,  b y  us ing  
A M P  as p h o s p h a t e  donor ,  in  t he  105,000 g s u p e r n a t a n t .  
F u r t h e r m o r e ,  because  i t  seems t h a t  t he  nucleos ide  
p h o s p h o t r a n s f e r a s e  t akes  p a r t  in  t h e  con t ro l  of t he  
endogenous  pools  of nucleosides  a n d  nucleot ides ,  t he  
effects  of D B c G M P  on th i s  a c t i v i t y  could ind ica t e  t he  
p a r t i c i p a t i o n  of th i s  c o m p o u n d  in  t he  r egu la t i on  of 
nuc leo t ide  me tabo l i sm .  

Absorption andlbiotransformation of L( t + ) v t _ a r t a r i c , ~ a c i d  in rats 
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Summary. Oral  or p a r e n t e r a l  doses of m o n o s o d i u m  l * C - L ( + ) - t a r t r a t e  (400 mg/kg)  are r ap id ly  exc re ted  b y  r a t s  a n d  a 
p r o p o r t i o n  comple t e ly  m e t abo l i z ed  to  CO v T he  oral  dose was wel l -absorbed .  

T a r t a r i c  acid a n d  i ts  sa l t s  are used in medic ine  a n d  in t he  
food i ndus t ry .  I n  h u m a n s ,  t h e  acid is t h o u g h t  to  be  
poor ly  a b s o r b e d  1 a n d  w h e n  g iven  oral ly,  to  be  m e t a b o -  
l ized b y  t h e  gu t  f lora  2, 3, s ince i t  is r ead i ly  m e t abo l i z ed  b y  
mic roo rgan i sms  such  as P s e u d o m o n a s  p u t i d a  ~ a n d  Peni -  
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Cumulative excretion of radioactivity in the urine ( I ,  0) and ex- 
pired air (D, C) of rats dosed orally or i.v. respectively with mono- 
sodium 14C-L(+)-tartrate (400 mg/kg). 

c i l l ium charles i i  5, wh ich  c o n v e r t  i t  to  g lycera te  and  CO v 
S tudies  in  dogs and  r a b b i t s  h a v e  s h o w n  t h a t  oral  doses of 
t a r t a r i c  acid were excre ted  in t h e  u r ine  as u n c h a n g e d  
c o m p o u n d ,  t he  p r o p o r t i o n  of w h i c h  decreased  w i t h  
inc reas ing  doses 6. Much  of t he  t a r t a r i c  acid used is 
o b t a i n e d  as a b y p r o d u c t  of wine  m a n u f a c t u r e  and  is 
the re fo re  t h e  n a t u r a l l y - o c c u r r i n g  L ( + )  f o r m L  T h u s  the  
a b s o r p t i o n  a n d  b i o t r a n s f o r m a t i o n  of t a r t a r i c  acid ha s  
been  e v a l u a t e d  us ing  t h e  14C-L(+) form.  
Materials. (1,4-1*C)-DL-Tartaric acid c~f specific a c t i v i t y  
2-10  mCi /mmoles  was o b t a i n e d  f rom The  R a d i o c h e m i c a l  
Centre ,  A m e r s h a m ,  E n g l a n d ,  a n d  was  resolved in to  t he  
L( + ) - i s o m e r  s. The  resu l t ing  m o n o s o d i u m  14C-L(+)-  

1 L. S. Goodman and A. Gilman, The Pharmacological Basis of 
Therapeutics, 4th ed. Macmillan, London 1970. 

2 F.P.  Underhill, F. I. Peterman, T. C. Jaleski and C. S. Leonard, 
J. Pharmac. exp. Ther. 43, 381 (1931). 

3 P. Finkle, J. biol. Chem. 700, 349 (1933). 
4 L.D. Kohn and W. B. Jakoby, J. biol. Chem. 243, 2465 (1968). 
5 K.P.  Klatt, P. D. Rick and J. E. Gander, Archs Biochem. Bio- 

phys. 134, 335 (1969). 
6 F .P .  Underhill, C. S. Leonard, E. G. Gross and T. C. Jaleski, J, 

Pharmae. exp. Ther. 43, 359 (1931). 
7 M. H, M. Arnold, Acidulants for Food and Beverages. Food Trade 

Press Ltd., London 1975. 
8 J. Read and W. G. Reid, J. Soc. chem. Ind. 47, 8 (1928). 


