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Pyrimidine Utilization by Exponentially Growing and Starved Cells of Rhodotorul e gracilis 

R a d i o a c t i v e  p recursors  are  wide ly  used in e v a l u a t i o n  
of t he  r a t e  of syn thes i s  a n d  b r e a k d o w n  of nucleic  acids 
a n d  in a u t o r a d i o g r a p h i c  t echn iques .  T he  i n t e r p r e t a t i o n  
of t h e  d a t a  t h u s  o b t a i n e d  is com p l i ca t ed  b y  t he  f ac t  t h a t  
the  p recursors  are k n o w n  to  be  i n t e r c o n v e r t e d  in to  
var ious  nuc leo t ides  or to  be  degrade  d 1-5. T he  p r e s en t  work  
s tud ies  t he  d i s t r i b u t i o n  of t he  r a d i o a c t i v i t y  fed as 3H a n d  
t4C orot ic  acid and  u r id ine  in to  t he  nucleic  acids a n d  o the r  
mac romolecu l a r  f r ac t ions  in  t h e  yeas t  Rhodotorula 
gracilis u n d e r  two  d i f fe ren t  m e t a b o l i c  cond i t i ons :  a) 
d u r i n g  e x p o n e n t i a l  g r o w t h  ; b) u n d e r  cond i t ions  of g r o w t h  
l imi ted  b y  t h e  r e m o v a l  of n i t r ogen  or c a r b o n  source. 

Material and methods. The  yeas t  Rhodotoruta gracilis, 
s t r a i n  P a n  (ATCC 26217), was  cu l tu red  in to  a glucose 
m i n i m a l  m ine ra l  m e d i u m  a t  30 ~ w i t h  eccen t r ica l  r o t a t i v e  
a g i t a t i o n  ~. For  labe l  e x p e r i m e n t s  were used e x p o n e n t i a l l y  
growing  cu l tu res  a t  a dens i t y  of 3 • 107 cel ls /ml  or cu l tu res  
u n d e r  cond i t ions  of v e r y  l imi t ed  g rowth ,  o b t a i n e d  b y  
t r a n s f e r r i n g  for 1 h t h e  e x p o n e n t i a l l y  growing  cells in to  a 
f resh m e d i u m  m i n u s  c a r b o n  source (glucose) or n i t r ogen  
source  (NH4+). R a d i o a c t i v e  orot ic  acid or u r id ine  were fed 
a t  t h e  c o n c e n t r a t i o n  of 5 • 10 -4 M (5-3H ur id ine  and  5-3H 
orot ic  acid 0.4 ~zCi/~zmole, 6-1ac orot ic  acid 0.2 [zCi/~zmole). 
Af te r  15, 30, 60 min  of i ncuba t ion ,  t he  cells were h a r v e s t e d  
b y  f i l t r a t ion  a n d  r ap i d l y  s tored  a t  - -20~ Lip ids  were 
o b t a i n e d  f rom freeze-dr ied  m a t e r i a l  a t  r o o m  t e m p e r a t u r e  
w i t h  c h l o r o f o r m - m e t h a n o l  (1:1) accord ing  to  PEDXRSXN 7 
and  were pur i f i ed  b y  di f fus ion accord ing  to  FOLCK et  al. s 
Acid soluble  compounds ,  RNA,  DNA,  acid hydro l i zab le  
po lysacchar ides  a n d  a lka l i  soluble  p ro t e in s  were e x t r a c t e d  
a n d  f r a c t i o n a t e d  accord ing  to  t he  m e t h o d  of GEBICKI and  
FREED 9 modi f i ed  b y  C ocucc I  1~ R a d i o a c t i v i t y  was  
d e t e r m i n e d  also i n to  a res idua l  f r ac t i on  co r r e spond ing  to  
non -ac id -hydro l i zab l e  po lysacchar ides  a n d  a lka l i  inso luble  
pro te ins .  The  r ibonuc leo t ides  f rom R N A  were pur i f i ed  
accord ing  to  GEBICKI a n d  FREED 9 a n d  were ana lyzed  
accord ing  to RANDERATtt 11 on  p o l y e t h y l e n e i m i n e  cellulose- 
p r e c o a t e d  shee t s  ( P o l y g r a m  cel 300 P E I ,  Mache rey  
Nage l  and  Co., Dtiren,  Ge rmany) .  R a d i o a c t i v i t y  was 
assayed  in a P a c k a r d  l iqu id  sc in t i l l a t ion  counter .  

Results and discussion. T he  F igure  shows t h e  d i s t r ibu -  
t ion  of r a d i o a c t i v i t y  in to  t h e  m a i n  cel lular  f r ac t ions  e i t he r  

of e x p o n e n t i a l l y  growing  cells or of cells u n d e r  l imi t ed  
g r o w t h  cond i t ions  d u r i n g  1 h e x p e r i m e n t s  w i t h  6-14C 
orot ic  acid or  5-3H orot ic  acid or 5-3H ur idine.  Orot ic  acid 
is Mways i n c o r p o r a t e d  a t  a r a t e  ca. 50% h ighe r  t h a n  
ur idine.  In  e x p o n e n t i a l l y  growing  cells (Figure  A), t h e  
r a d i o a c t i v i t y  of t he  ac id-soluble  f r ac t ion  resu l t s  i m m e -  
d i a t e ly  equ i l ib ra t e  w i t h  orot ic  acid, whereas  i t  increases  
l inear ly  in  t i m e  w i t h  u r id ine ;  t h e  i n c o r p o r a t i o n  of t h e  
r a d i o a c t i v i t y  in  t he  mac romolecu l a r  f r ac t ions  is a lways  a 
l inea r  f unc t i on  of t i m e ;  a b o u t  90% of t h e  r a d i o a c t i v i t y  is 
found  in  RNA,  regard less  of t he  label led  p recu r so r  used. 
W h e n  the  p recursors  are  fed t o  n i t r ogen  source dep r ived  
cu l tu res  (Figure B), t h e  a m o u n t  of labe l  i n  t h e  acid- 
soluble  m a t e r i a l  resu l t s  a t  l eas t  la rger  t h a n  in t h e  expo- 
nen f i a l l y  growing  cells, sugges t ing  a n  expans ion  of 
nuc leo t ide  pools  in  sp i te  of t h e  d imi shed  r a t e  of R N A  
syn thes i s  1; u n d e r  these  cond i t ions  t h e  r a d i o a c t i v i t y  of t he  
n o n - R N A - a c i d - i n s o l u b l e  f rac t ions  is cons i s t en t ly  increas-  
ed, co r r e spond ing  respec t ive ly  to 30% w i t h  6-1tC orot ic  
acid, to  90% w i t h  5 - an  orot ic  acid a n d  to  60% wi th  
5-3H ur id ine  of t he  t o t a l  mac romolecu l a r  f ract ion.  
F igu re  C shows t he  resu l t s  of t he  i n c o r p o r a t i o n  of radio-  
ac t ive  precursors  in  c a r b o n  source dep r ived  cul tures .  The  
ac id-soluble  f r ac t ion  resu l t s  i m m e d i a t e l y  equ i l i b r a t ed  
w i t h  e i the r  orot ic  acid or ur idine,  p r o b a b l y  as a conse- 
quence  of t h e  d imi shed  r a t e  of R N A  synthes i s .  The  acid- 
inso luble  f r ac t ion  accoun t s  for on ly  20% of t he  t o t a l  
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Table I. Percentual distribution of radioactivity incorporated into macromolecular fractions different from RNA from cells incubated for 
1 h with labelled pyrimidine precursors 

Exponentially growing cells 

6A4C 5-3H 5-3H 
orotic acid orotic acid uridine 

Cells under limited growth 
conditions by depletion of 
nitrogen source 

Cells under limited growth 
conditions by depletion of 
carbon source 

6.14C 5-3H 5-3H 6.14C 5.3H 5-ZH 
orotic acid orotic acid uridine orotic acid orotic acid uridine 

DNA 14.7 9.8 11.3 28.1 0.7 2.9 30.2 5.9 22.6 
(50.8) (33.6) (13.8) (64.9) (13.8) (18.3) (21.6) (9.5) (14.5) 

Lipid fraction 20.6 34.7 38.3 20.6 89.8 71.5 16.6 46.7 31.7 
(70.9) (118.8) (46.7) (47.6) (1711.0) (450.0) (11.8) (75.6) (20.3) 

Polysaccharides (hot acid 54.6 44.7 42.3 43.9 4.2 9.7 47.2 33.9 37.6 
hydrolyzable fraction) (188.6) (153.2) (51.5) (101.4) (78.6) (61.1) {33.7) (54.8) (24.1) 
Proteins (alkali 0.23 0.06 0.9 0.3 0.6 0.58 1.2 1.2 2.7 
soluble fraction) (0.8) (0.16) (1.07) (0.8) (10.9) (3.7) (0.85) (2.0) (1.7) 
Residual fraction 9.5 10.6 7.2 7.0 4.6 15.3 4.6 12.2 5.1 

(32.8) (36.4) (8.86) (16.1) (88.6) (96.4) (3.25) (19.8) (3.3) 
Total (343.9) (342.2) (121.9) (230.8) (1902.9) ( 6 2 9 . 5 )  (71.25) (161.7) (63.9) 

The data are the average of 3 experiments; the values in parenthesis are the nmoles incorporated/g fresh weight. 
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Table II. Pereentual distribution of 6-14C orotie acid radioactivity in 
the bases of RNA after 1 h poulse 

UMP CMP AMP G~P 

Exponentially growing cells 52,2 40.0 4.8 5.0 

Ceils under limited growth 
conditions by depletion of 
nitrogen source 76.2 10.0 10.3 4.0 

Cells under limited growth 
conditions by depletion of 
carbon source 71.8 12.2 12.0 7.0 

The data are the average of 2 experiments. 
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Radioactivity distribution as a function of time in the main cellular 
fractions of ceils fed with pyrimidine precursors of RNA. A) Expo- 
nentially growing cells. B) Cells under limited growth egnditions by 
depletion of nitrogen source. C) Cells under limited growth conditions 
by depletion of carbon source. O--O, acid soluble fraction; � 9  
RNA; O--O, other macromoleeular fractions. 

r a d i o a c t i v i t y  assumed,  showing  t h a t  t he  p recursors  are 
ut i ] ized a t  a slower ra te .  I n  t he  e x p e r i m e n t s  w i t h  5-3H 
orot ic  acid a n d  5-8H ur idine ,  40% a n d  55% respec t ive ly  
of the  t o t a l  acid inso luble  labe l  is found  in t he  f rac t ion  
d i f fe ren t  f rom IRNA; w h e n  6-t~C orot ic  acid is used, on ly  
28 %. The  d i s t r i b u t i o n  of t he  r a d i o a c t i v i t y  i nco rpo ra t ed  in  
t h e  mac romolecu l a r  f r ac t ions  d i f fe ren t  f rom R N A  u n d e r  
t he  va r ious  e x p e r i m e n t a l  cond i t ions  is shown  in Tab le  I. 
I n  t h e  e x p e r i m e n t s  w i t h  5-SH ur id ine  and  5-~H orot ic  acid, 
mos t  of t h e  r a d i o a c t i v i t y  (about  80%) of t he  n o n - R N A -  
insoluble  f r ac t ion  is equa l ly  d i s t r i b u t e d  be tween  l ipids  
a n d  polysacchar ides ,  excep t  for n i t rogen  source dep r ived  
ceils in  wh ich  more  t h a n  80% of the  r a d i o a c t i v i t y  of t he  
n o n - R N A - i n s o l u b l e  f r ac t ion  is f ound  in to  t he  l ipidic  
f rac t ion.  W h e n  6-t~C orot ic  acid is used, t he  more  heav i ly  
labe l led  f r ac t ion  u n d e r  all  e x p e r i m e n t a l  cond i t ions  is t h a t  
co r re spond ing  to po lysacchar ides  ( abou t  50% of t he  t o t a l  
r a d i o a c t i v i t y  i nco rpo ra t ed  in to  t he  n o n - R N A - i n s o l u b l e  
f ract ion) .  

The  presence  of ~H label  in  t he  l ip id  a n d / o r  in  t he  
po lysacchar ides  f r ac t ions  is in a g r e e m e n t  w i t h  t h e  p a t t e r n  
of d e g r a d a t i o n  of orot ic  acid a n d  ur id ine  t h r o u g h  t he  
f l -alanine ace ty l -CoA p a t h w a y  12. I n  a d d i t i o n  some of 
aI-I labe l  can  be  lost  to  t r i t i a t e d  w a t e r  in  t he  convers ion  
of p y r i m i d i n e  precursors  to  T M P  ~3. The  d i s t r i b u t i o n  of t he  
r a d i o a c t i v i t y  of 6-14C orot ic  acid can  be exp la ined  b y  
a s s u m i n g  t h a t  1~CO 2 de r iv ing  f rom i ts  b r e a k d o w n  is 
i nco rpo ra t ed  t h r o u g h  r educ t ive  ca rboxy la t ion .  

The  d a t a  of Tab le  I I  show the  d i s t r i b u t i o n  of radio-  
a c t i v i t y  of 6-~4C orot ic  acid in  t h e  R N A  bases  u n d e r  all  
e x p e r i m e n t a l  condi t ions .  The  r a d i o a c t i v i t y  is d i s t r i b u t e d  
to t he  same  e x t e n t  in  ur idyl ic  acid and  cy t idy l ic  acid in 
t he  IRNA f rom e x p o n e n t i a l l y  growing ceils, whi le  t he  
ur idy l ic  acid appea r s  more  heav i l y  label led in t he  1RNA 
f rom ceils u n d e r  l imi ted  g r o w t h  condi t ions .  These  f ind-  
ings sugges t  t h a t  t h e  a m o u n t  of label led  p recursor  incorpo-  
r a t e d  in ur idyl ic  acid or cy t idy l i c  acid of t he  R N A  
depends  on  t he  n u t r i t i o n a l  condi t ion .  The  d a t a  emphas i ze  
t he  s t rong  l i m i t a t i o n s  wh ich  are m e t  for b iochemica l  or 
a u t o r a d i o g r a p h i c  s tudies  in us ing  p y r i m i d i n e  precursors  to  
1RNA syn thes i s  in  a n  o rgan i sm such  as Rhodotorula 
gracilis, especial ly  u n d e r  n u t r i t i o n a l  cond i t ions  of l imi ta -  
t i o n  due to  t h e  def ic iency of n i t r ogen  or c a r b o n  source in 
t he  med ium.  

Riassunto. L'uso  di  p recursor i  p i r imid in ic i  m a r c a t i  in 
s t ud i  b ioch imic i  o au to rad iogra f i c i  del ia  s in tes i  di  1RNA 
r i su l t a  nel  l iev i to  Rhodotorula gracilis f o r t e m e n t e  l i m i t a t o  
specie in  condiz ioni  di  c resc i ta  r a l l e n t a t a  pe r  d i fe t to  di 
fon te  di ca rbon io  o di azoto.  
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Transcription Products Synthesized by Purified Calf Thymus DNA-Dependent RNA 
Polymerase on Shope Papilloma Virus DNA 

The  recen t  pur i f i ca t ion  of m a m m a l i a n  D N A  d e p e n d e n t  t he  e luc ida t ion  of t he  p ro t e in s  coded b y  these  viruses.  
R N A  po lymerase  has  p rov ided  a tool  for t he  s t u d y  of W e  r epor t  here  on t he  R N A  p r o d u c t s  fo rmed  b y  t h e  
m a m m a l i a n  D N A  viruses  1. T he  in v i t ro  t r a n s c r i p t i o n  of t r a n s c r i p t i o n  of Shope  p a p i l l o m a  v i rus  (SPV) D N A  us ing  
t he  smal l  oncogenic  D N A  viruses  can  be t he  f i rs t  s tep  in pur i f i ed  calf t h y m u s  R N A  po lymerases  A and  B. 


