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The synthesis of deoxyribose by the chick embryo 

The  conclus ion  ha s  been  d r a w n  f rom t race r  e x p e r i m e n t s  i n  v ivo  t h a t  the  ra t  can  t r a n s f o r m  pyr imi -  
d ine  r ibosides  (or r ibotides)  to py r imid ine  deoxyr ibos ides  (or deoxyr ibot ides)  w i t h o u t  r u p t u r e  of  
t he  glycosidic l inkage 1-4. Th i s  c o m m u n i c a t i o n  d e m o n s t r a t e s  t he  ex is tence  of a s imi lar  reac t ion  
in t he  chick e m b r y o  and  p re sen t s  evidence t h a t  t he  t r a n s f o r m a t i o n  t akes  place a t  t he  nuc leo t ide  
level. 

E x p e r i m e n t s  i n  v i tro  were carr ied ou t  wi th  minced  5-day  old chick embryos  5. On incuba t ion  
wi th  un i fo rmly  labelled 14Cg-cytidine, it was  found  t h a t  bo th  t he  r ibonucleic acid (RNA) and  
t he  deoxyr ibonucle ic  acid (DNA) of t he  cells rap id ly  became  labelled. By  isolat ion and  degrada t ion  
of t he  py r imid ine  r ibosides  f rom R N A  and  t he  pyr imid ine  deoxyr ibos ides  f rom D N A  4, it  was  
found  t h a t  t he  i so tope rat io,  py r imid ine / suga r ,  was  t h e  s ame  in t he  isolated c o m p o u n d s  as in 
t he  admin i s t e r ed  precursor .  Th i s  is s imilar  to t he  earlier f indings in different  ra t  o rgans  2-4, and  
d e m o n s t r a t e s  t he  i n t ac t  convers ion  of r ibose b o u n d  to pyr imid ine  to deoxyr ibose  b o u n d  to  
pyr imid ine .  

Next ,  t he  influence of t he  presence  of non-label led deoxycy t id ine  and  deoxycy t id ine -5 ' -  
p h o s p h a t e  on t h e  labell ing of R N A  a n d  D N A  f rom 14Cg-cytidine was  de te rmined .  I n  t he se  
e x p e r i m e n t s  t he  a m o u n t s  of isotope in c o m p o u n d s  of t he  acid-soluble  f rac t ion  (cytidine,  cyt id ine-  
5 ' -phospha te ,  deoxycy t id ine  and  deoxycy t id ine -5 ' -phospha te )  were also de t e rmined  by  a combi-  
na t i on  of i on -exchange  and  pape r  c h r o m a t o g r a p h y  e. T he  presence  of t he  deoxyr ibosidic  c o m p o u n d s  
clearly did no t  apprec iab ly  influence t he  incorpora t ion  of cy t id ine  into RNA,  while re la t ive ly  
smal l  b u t  definite di lut ion effects were observed  in t he  case of t he  D N A  pyr imid ines  (Table I). 

T A B L E  I 

Counts/min/~mole 

Expt No. : x 2 3 4 5 6 

R N A  : 
Cyt id ine  34 ° 12oo 415 138o 34 ° lO2O 
Uridine 250 61o 280 520 2 io 580 

D N A :  
Deoxycy t id ine  12o 47 ° 62 420 58 33 ° 
T h y m i d i n e  i 15 31 22 

In  each  e x p e r i m e n t  I g of m i nced  chick e m b r y o s  was  i ncuba t ed  in 2 m l  of Ty rode  so lu t ion  con-  
t a in ing  0. 3 / , m o l e  x4Cg-cytidine (82,ooo coun t s /min / / ,mole )  a t  37 ° for e i ther  45 min  (Expts .  i ,  3 
a n d  5) or 3 h (Expts .  2, 4 and  6). 

Addi t ions :  Exp t s .  i a n d  2: none  
Exp t s .  3 and  4 : 1 .5 / ,mo les  deoxycy t id ine  
Exp t s .  5 and  6: 1. 5 #mo l e s  deoxycy t id ine -5 ' -phospha t e .  

I n  t he  acid-soluble  f ract ion,  a qu i te  rap id  a c c u m u l a t i o n  of 14C~-cytidine-5 '-phosphate and  
a decrease  of cy t id ine  was  found  in all cases. I n  E xp t s .  3 -6  (pools of non-label led deoxyr ibosidic  
c o m p o u n d s  p r e sen t  du r ing  incuba t ion) ,  a defini te a c c u m u l a t i o n  of 14Cg-deoxycytidine wi th  t ime  
could be d e m o n s t r a t e d .  I n  t he  absence  of t h e  deoxyr ibos ide  pool (Expts .  i and  2) m u c h  smal ler  
a m o u n t s  of th i s  c o m p o u n d  were formed.  Scarcely s ignif icant  a m o u n t s  of 14Cg-deoxycytidine- 
5"-phosphate  were fo rmed  in aU six exper imen t s .  

The  ve ry  smal l  d i lu t ion  effects obse rved  t e n d  to exclude free deoxycy t id ine  as an  in ter-  
med i a t e  in D N A  fo rma t ion  f rom 14Cg-cytidine. I t  is ve ry  unl ike ly  t h a t  t h e  resu l t s  were inf luenced 
to a n y  large e x t e n t  by  a pe rmeab i l i t y  barr ier  for t h e  added  deoxycyt id ine ,  especial ly  in view o f  
t h e  observed  incorpora t ion  of i so tope in to  t he  deoxycy t id ine  pools in E x p t s  3-6.  

The  well k n o w n  i m p e r m e a b i l i t y  of ceils for mononuc leo t ides  s, however ,  m u s t  be  considered 
in t h e  i n t e rp re t a t i on  of E x p t s .  5 and  6. Af te r  3 h a l mos t  all added  deoxycy t i d ine -5 ' - phospha t e  
h a d  d i sappeared  a n d  had  to a large e x t e n t  been  t r a n s f o r m e d  to  deoxycyt id ine .  I t  seems  likely 
t h a t  on ly  t he  dephospho ry l a t ed  c o m p o u n d  en te red  t he  cells and  t he  e x p e r i m e n t s  therefore  d o  
no t  exclude t he  i n t e rmed ia t e  f o rma t i on  of deoxycy t i d i ne -5 ' - phospha t e s  du r ing  D N A  fo rma t ion  
f rom cyt idine.  

Pos i t ive  evidence for the  fo rma t ion  of a deoxyr ibo t ide  f rom a r ibot ide has  been  ob ta ined  
in p re l imina ry  e x p e r i m e n t s  wi th  h o m o g e n a t e s  a n d  "h igh - speed  s u p e r n a t a n t s "  of homogena tes .  
f rom chick embryos .  W h e n  2-14C-uridine-5 ' -phosphate  was  i ncuba t ed  wi th  such  preparat ions~ 
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a c o m p o u n d  was  fo rmed  wh i ch  on a Dowex-2 - fo rma te  c h r o m a t o g r a m  m o v e d  t oge the r  wi th  
u r id ine -5 ' - phospha t e  a n d  h a d  t h e  abi l i ty  to  replace v i t a m i n  BI~ du r ing  t h e  g r o w t h  of L. leichmannii 
3137.. On  pape r  c h r o m a t o g r a p h y ,  r ad ioac t iv i ty  was  found  in t he  d e o x y u r i d i n e - 5 ' - p h o s p h a t e  area.  
Af ter  dephospho ry l a t i on  wi th  p h o s p h a t a s e  t he  r ad ioac t iv i ty  was  found  in t h e  deoxyur id ine  area.  
These  resu l t s  t e n t a t i v e l y  ident i fy  t h e  c o m p o u n d  fo rmed  as deoxyur id ine -5 ' -phospha t e .  

No  such  c o m p o u n d  was  fo rmed  when  2-14C-uridine was  used  as s u b s t r a t e  i n s t ead  of 2-z4C - 
u r id ine -5 ' -phospha te .  

I t  is bel ieved t h a t  all t hese  e x p e r i m e n t s  are bes t  expla ined  by  a reac t ion  sequence  of t he  
following t y p e  : 

~ syn thes i s  
de novo 

p y r i m i d i n e  r iboside ( ~ pyr imid ine  r ibot ide > R N A  

• I 

pyr imid ine  deoxyr ibos ide  ~ > py r imid ine  deoxyr ibo t ide  - -~  D N A  

In  th i s  s cheme  the  r ibose ----> deoxyr ibose  t r a n s f o r m a t i o n  t h u s  t ake s  place a t  t h e  nucleot ide  level, 
while r ibosides  a n d  deoxyr ibos ides  en te r  t he  reac t ion  sequence  via side react ions ,  e.g. of t he  
k inase  type .  
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The inhibition by glutamine of glutamyl transferase formation 
in cultures of human cells 

The  specific a c t i v i t y  of g l u t a m y l  t r ans fe ra se  I in cu l tu res  of h u m a n  cells can  v a r y  s t r ik ingly  wi th  
t he  g r o w t h  m e d i u m .  Th i s  is a p r e l imina ry  accoun t  of t he  effects of L-glu tamic  acid (GA) and  of 
L-g lu tamine  (GM). 

I n  our  e x p e r i m e n t s  repl icate  cu l tures  of H e L a  (cervical carc inoma)  cells were g rown  in i-1 
Blake bot t les  in EAGLE'S m e d i u m  s s u p p l e m e n t e d  wi th  2 m M  GM, 20 m M  GA or both .  The  ave rage  
genera t ion  t ime  a t  37 ° was  abou t  3 ° h. A t  in te rva l s  du r ing  growth ,  cu l tures  were dra ined  and  
washed  wi th  ice-cold Ear le ' s  saline. The  cells were scraped  f rom the  surface  of t h e  glass  in to  
ice-cold o.85 % NaC1 wi th  a r ubbe r  po l i ceman  and  collected by  cen t r i fuga t ion  a t  15oo × g. The  
cell suspens ions  ( i -  3 ml) in sealed p las t ic  t ubes  were f loated in wa te r  in the  c h a m b e r  of  a io  KC 
R a y t h e o n  Sonic Oscil lator  a n d  were t r ea t ed  for I5 -3o  rain. The  ex t r ac t s  were cent r i fuged  a t  
25,ooo × g for 3o rain. More t h a n  90 % of t he  p ro te in  r ema ined  in t h e  s u p e r n a t a n t  fluids, which  
were used  for e n z y m e  assays .  Growth  was  expressed  as t he  to ta l  a m o u n t  of p ro te in  formed by  
the  cul tures .  

G l u t a m y l  t r ans fe ra se  effects t he  reac t ion:  

L-g lu tamine  + N H 2 O H  ~ ~ , -g l u t amy l hyd roxama te  + N H  3 

The  reac t ion  requi res  ca ta ly t ic  a m o u n t s  of ADP,  p h o s p h a t e  or a r sena te  1, and  Mn ++. Our  a s s ay  
m i x t u r e s  con ta ined  in i .o  ml :  imidazole  buffer,  p H  7.4, 5o /*moles ;  L-glutamine,  4o /*moles ;  
neu t ra l i zed  N H 2 O H . H C 1  , 1oo/*moles ;  MnC12, 5 /*moles ;  ADP,  o .1 /*mole;  neu t ra l ized  K3AsO4, 
2 5 / , m o l e s ;  protein,  o .5-2 .o  mg.  The  reac t ion  was  s topped  af te r  6o m i n  a t  37 ° b y  t he  add i t ion  
of i .o  ml  of lO% FeC18.6H20 dissolved in a m i x t u r e  of o.7N HC1 and  o . 2 N  t r ichloracet ic  acid. 
I n  such  mix tu r e s ,  1 .o/*mole  of syn t he t i c  g l u t a m y l h y d r o x a m a t e  h a d  an  ex t inc t ion  a t  54o m/* of 
o.425 in a I cm  cell. The  t r ans fe r a se  ac t iv i ty  of our  p r epa ra t i ons  requi red  t he  jo in t  presence  of 


