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r ibosomal  R N A  f rom t he  r i bosoma l  s u b u n i t s  a n d  t he  
d e t e r m i n a t i o n  of i ts  specific r ad ioac t iv i ty ,  h a v e  been  
descr ibed  previous ly6,  ~~ T he  ra t e  of nuc lea r  a n d  mi to -  
chondr i a l  D N A  syn thes i s  was e s t i m a t e d  b y  a d m i n i s t e r i n g  
(SH-methyl)  t h y m i d i n e  (15 Ci /mmole ;  22 ~zCi/250 g b o d y  
wt.) to  t h e  r a t s  a t  25 h, t h e n  r e m o v i n g  t he  l iver  a t  26 h 
pos t -opera t ive .  The  specific r a d i o a c t i v i t y  of t he  D N A  
(cpm/~xg of deoxyadenos ine)  in  t he  pur i f ied  nuc lea r  a n d  
m i t o c h o n d r i a l  f r ac t ions  ~ was d e t e r m i n e d  as p rev ious Iy  
descr ibed 6, t he  D N A  be ing  e s t i m a t e d  w i t h  d i p h e n y l a m i n e  
r eagen t  us ing  deoxydenos ine  (AdR) as s t a n d a r d .  

Results and discussion. The  ra t e  of r ibosome f o r m a t i o n  
which  is m a x i m a l  a t  19 h a f t e r  pa r t i a l  h e p a t e c t o m y  
r ema ins  e l eva t ed  t h r o u g h o u t  p~ak  D N A  syn thes i s  wh ich  
occurs  a t  a p p r o x i m a t e l y  25 h pos t -opera t ive .  The  
d e p e n d e n c y  of the  e l eva ted  r ibosome  f o r m a t i o n  on  
nuc lea r  D N A  syn thes i s  (Table  I) was e s t i m a t e d  b y  
a d m i n i s t e r i n g  a single dose of hyd roco r t i sone  (40 m g / k g /  
dose of hydroco r f i sone  sod ium succinate)  a t  19 h, or 
2 doses of e i t he r  h y d r o x y u r e a  (250 mg/kg/dose)  or 
cy tos ine  a r ab inos ide  (250 m g / k g  dose) a t  19 h a n d  23 h 
followed b y  the  m e a s u r e m e n t  of t he  r a t e  of D N A  syn thes i s  
over  t he  i n t e r v a l  25 to  26 h a f t e r  pa r t i a l  h e p a t e c t o m y .  
H y d r o x y u r e a ,  cy tos ine  a rab inos ide  and  hyd roco r t i sone  
i n h i b i t e d  D N A  syn thes i s  b y  a p p r o x i m a t e l y  70%,  80% 
a n d  63%,  respect ively ,  t h r o u g h o u t  t he  19 to  26 h per iod  
of obse rva t ion .  Desp i te  th i s  m a r k e d  i n h i b i t i o n  t he re  was 
no  s ign i f ican t  effect  on e i t he r  r ibosome  fo rmat ion ,  or 
m i t o c h o n d r i a l  D N A  synthes is .  

The  effect  on  nuc lea r  D N A  synthes is ,  of i n h i b i t i n g  
m i t o c h o n d r i a l  D N A  syn thes i s  (Table  I I )  was  t e s t ed  b y  

a d m i n i s t e r i n g  a single dose (1-3 mg/kg/dose)  of e t h i d i u m  
b romide  a t  19 h pos t -opera t ion .  These  dosages  gave  a 
m a x i m a l  i nh ib i t i on  of 50% over  t he  6 h period,  a va lue  
which  is c o m p a r a b l e  to  t h a t  o b t a i n e d  in cell cu l tu re  
sys t ems  ~2. However ,  despi te  th i s  s ign i f ican t  inh ib i t ion ,  
nuc lea r  D N A  syn thes i s  was  unaf fec ted .  

O t h e r  e x p e r i m e n t s  (results  n o t  shown) i nd i ca t ed  t h a t  
the  above  resul t s  were no t  s ign i f i can t ly  af fec ted  b y  pool 
d i lu t ion  effects s ince s imi la r  d i f fe ren t ia l  effects  were 
obse rved  w h e n  6-14C orot ic  acid was used as t he  single 
labs l led  p recursor  for  b o t h  D N A  and  R N A  syn thes i s  as 
p rev ious ly  descr ibed  S, % mi to t i c  coun t s  a t  31 h pos t -  
ope ra t i on  also para l le led  t h e  r e l a t ive  ra tes  of D N A  
syn thes i s  as m e a s u r e d  b y  t r i t i a t e d  t h y m i d i n e  incorpora-  
t ion  5. I n  conclusion,  t h e  e n h a n c e d  synthes is ,  p rocess ing  
a n d  t r a n s p o r t  of r i bosomal  IRNA in t he  r egene ra t i ng  l iver  
proceeds  i n d e p e n d e n t l y  of nuc lea r  D N A  synthes is .  
F u r t h e r m o r e ,  m i t o c h o n d r i a l  and  nuc lea r  D N A  syn thes i s  
are no t  t i g h t l y  coupled,  in  a g r e e m e n t  w i t h  a n  ear l ier  
s t u d y  ~ based  on t he  d i f fe ren t ia l  effect  cyc lohex imide  on  
these  2 processes;  h o w e v e r  some fo rm of loose coup l ing  
m u s t  ex is t  to  m a i n t a i n  a r e l a t ive ly  c o n s t a n t  n u m b e r  of 
m i t o c h o n d r i a  pe r  cell ~4. 

Zusammen/assung. I n  der  r egener i e renden  R a t t e n l e b e r  
wi rd  eine besch leun ig te  B i l dung  yon  R i b o s o m e n  u n d  eine 
v e r m e h r t e  Syn these  yon  m i t o c h o n d r i a l e m  D N A  beobach-  
tet ,  welche u n a b h / i n g i g v o n  der  n u k l e a r e n  D N A - S y n t h e s e  
f iber eine 6 s t f indige Per iode  der  S -Phase  erfolgt.  W / i h r e n d  
dieser  Zei t  geh t  die nuk l ea r e  D N A - S y n t h e s e  u n a b h ~ n g i g  
yon  der  m i t r o c h o n d r i a l e n  D N A - S y n t h e s e  vor  sich. 

I~. V. DORMAN a n d  T. E. WEBB 

Table II. Dependence of nuclear DNA synthesis on mitochondrial 
DNA synthesis 

Treatment Mitochondrial DNA Nuclear DNA 
(cpm/{zg AdR) (cpm/~g AdR) 

Controls 26.5 ~: 4.6 1~01.5 ~ 15.0 

Ethidium bromide 
1 mg/kg 18.9 --4- 4.1 103.0 j= 11.4 
2 mg/kg 14.7 =t= 2.4 99.0 i 14.6 
3 mg;kg 13.7 J: 0.4 105.4 ~ 8.7 

The values (~  standard errors) are based on 5 15 rats. 

Department o~ Physiological Chemistry, Ohio State 
University College o/Medicine, Columbus (Ohio d3270, 
USA), 25 June 7973. 

10 A. J. RIzzo and T. E. WEBB, Eur. J. Biochem. 27, 136 (1972). 
11 A. T. HEFFLER, ]~. CRESKOFF, S. W. LUBORSKY, V. MCFARLAND 

and P. T. MORA, J. molec. Biol. dS, 55 (1970). 
~2 M. M. I~. NASS, Proc. natn, Acad. Sci., USA 67, 1926 (1970), 
13 L. I. GROSSMAN, E. S. GOLDRING and J. MARMUR, J. molec. Biol. 

d6, 367 (1969). 
1, Acknowledgement. This work was supported by Grant No. 

CA12411-01 from the N.C.I..and Grant No. DRG1163 from the 
Damon Runyon Memorial Fund for Cancer Research. 

Nucle ic  Acids  and Prote in  Synthes i s  in Mice T u m o r  and N o r m a l  Cells after Irradiat ion at 
365 n m  in the Presence  of Psora len  

The  ceils of some e x p e r i m e n t a l  mice tumors ,  such  as t he  
E h r l i c h  asci te  c a r c i n o m a  or t he  Graff i  v i rus  l eukaemia ,  
lose t h e i r  ab i l i ty  to  t r a n s m i t  t he  t u m o r  b y  t r a n p l a n t a t i o n  
in to  ~uscept ible  a n i m a l s  when  i r r ad i a t ed  w i t h  long wave  
u l t r a -v io le t  l i gh t  (365 nm)  in t h e  presence  of skin-  
pho tosens i t i z ing  fu rocoumar in s  1,2. These  drugs  yield a 
photo-C4-cyc loaddi t ion  to the  p y r i m i d i n e  bases  of t he  
nucleic  acids, D N A  and  R N A  3-~, b e h a v i n g  b o t h  as mono-  
func t iona l  and  b i f u n c t i o n a l  r eagen t s  ~. Us ing  t he  E h r l i c h  
asci te  t u m o r  as  a model ,  we h a v e  p rev ious ly  e s t ab l i shed  
t h a t  t he  cells so t r e a t e d  b e h a v e  l ike t he  cont ro l s  w i th  
r ega rd  to s o p r a v i t a l  s t a ins  a n d  oxygen  u p t a k e  s, whi le  on 
t he  c o n t r a r y  t h e i r  nucle ic  acids a n d  p ro t e in  syn thes i s  are  
s t rong ly  i n h i b i t e d  9, lo. 

W e  h a v e  now e x t e n d e d  these  e x p e r i m e n t s  to  o t h e r  
t u m o r  a n d  n o r m a l  cells of t he  mouse,  s t u d y i n g  t h e  macro-  

molecu la r  syn thes i s  a f te r  U V - i r r a d i a t i o n  in t h e  presence  
of t h e  f u r o c o u m a r i n  psora len ,  t he  p a r e n t  compound .  The  
cells e x a m i n e d  are t he  Ehr l i ch  t u m o r  and  t he  s a r coma  
37, b o t h  in asci te  form and  t r an s f e r r ed  in to  NCL mice, 
t he  P 1 5 3 4  a n d  Graff i  v i rus  l eukaemias ,  t r a n s p l a n t e d  in to  
DBA/~ a n d  C57tBL/6 mice respect ively ,  a n d  t he  spleen cells 
of these  las t  two m i c e  s t ra ins .  

The  m e t h o d s  are t he  same  as p rev ious ly  descr ibed  ~, ~0 
The  cells (2 x 106/0.1 ml  in  b a l a n c e d  sal ine so lu t ion  coi1- 
ta ini 'ng t he  psoralen)  were i r r a d i a t e d  on c rushed  ice w i th  
a Phi l ips  H P W  125 l a m p  (365 n m ;  i r r ad i a t i on  i n t e n s i t y  
1.07 • 10 ~5 quanta/cm2/sec); a f t e r  washing,  t he  cells were 
i n c u b a t e d  a t  37~ (4 • ml  in  H a n k ' s  solut ion)  in  
t he  presence  of t h e  su i t ab l e  r ad ioac t ive  p recurso r  (3 ~,.Ci/ml 
of aH- tbymid ine ,  2 Ci/mM, or of ~H-uridine,  4.6 Ci/m214; 
0.5 aCi /ml  of a n  equ imo la r  m i x t u r e  of four t een  14C-amino- 
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acids, 10 mCi/mM; the Radiochemical Centre, Amersham, 
England). 

The nucleic acids were extracted by the hot 10% 
sodium chloride method after 30 rain of incubation and 
their specific activity determined using a modified Bray's 
fluid ~ with a Beckman LS-150 liquid scintillation counter 
and the diphenilamine ~2 or orcinoU s reactions. 

To study the protein synthesis, aliquots containing 
about 1 nag of protein (evaluted according to LOWRY ~a) 
were removed at fixed times from the incubation mixture, 
precipitated with 5% trichloroacetic acid on Wathman 
GF/C filters and counted in a t01uene-based solution. 

The results obtained by studying the nucleic acids syn- 
thesis are summarized in Table I ;  as may be observed, 
the psoralen exhibits different photosensitizing activity 
upon the DNA synthesis. I t  is to be noted that  the greater 
diversity occurs between cells arising from mice of different 
strains. On the contrary, psoralen inhibits the RNA syn- 
thesis with practically the same strength; only in the 
Graffi leukaemia cells it is suppressed even at small 
radiation doses. 

Indeed, these ceils behave in very singular way; their 
DNA synthesis is considerably resistant and is depressed 
only at higher psoralen concentrations. In actual fact, 

Table I. Photosensitizing effect of psoralen on the nucleic acids 
synthesis 

Cells Psoralen DB0 D s o DNA 
concentration (quanta • 10 -is) Ds ~ RNA 

~g/ml [xg/10~cells DNA RNA 

Ehrlich tumor 3.7 0.18 9.8 14 0.7 
20 1 1.5 

Sarcoma 37 3.7 0.18 8.5 9 0.94 
Graffi Ieukaemia 3.7 0.18 78 1.7 45.8 

20 1 9.5 
P 1534 leukaemia 3.7 0.18 18 8 2.25 
CsTBL/~ spleen cells 3.7 0.18 58 13 4.46 
DBA]2 spleen cells 3.7 0.18 20 11 1.82 

it contains the Graffi RNA tumor virus~5 and therefore 
the observable molecular events are the result of both 
cellular and viral activity. I t  is possible that  this peculiar 
situation may be related to the different results obtained 
by the psoralen photosensibilization. 

Table II  shows the data related to the protein synthesis ; 
as we have already observed, high psoralen concentrations 
and large radiation doses are required for the protein 
synthesis inhibition. With the Ehrlich carcinoma, the 
sarcoma 37, as well the Cs7 BL/6 and DBA/~ spleen cells, 
significant values of inhibition are obtained; by contrast, 
in the Graffi and P1534 leukgemia cells the protein 
synthesis is entirely unaffected by psoralen. 

In these experiments ~4C-aminoacid incorporation was 
observed in the absence of RNA synthesis; in IacL at 
psoralen concentrations and radiation doses used to study 
the protein synthesis, in all examined cells the RNA syn- 
thesis is fully abolished. In this situation, the ~4C-amino- 
acid incorporation shouId be directed by pre-existing and 
not degraded messenger RNAs ; therefore their inhibition 
appears related to a damage to ribosomes, very probably 
by psoralen photobinding to RNA, and not to an inter- 
ference in the transcription process. 

At present we are investigating whether the failed 
inhibition of protein synthesis observed in the leukaemic 
ceils is in any way related to cell transformation. 

In conclusion, the results show clearly that  to study a 
skin-photosensitizing furocoumarin it is necessary to bear 
in mind not only its photochemical behaviour but also the 
properties of the biological substrates employed. 

Riassunto. L'irradiazione a 365 nm in presenza di 
psoralene, furocumarina fotosensibilizzatrice cutanea non 
sostituita, influisce in modo diverso sulla sintesi macro- 
moleculare in alcune cellule tumorali  e normali del topo. 
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The cell suspensions containing psoralen were irradiated with 
graded doses of UV-radiation (365 nm) and then incubated with 
3H-thylnidine or aH-uridine; the nucleic acids were extracted with 
10% NaC1 and their specific act ivi ty determined. The D~0 is the 
UV-radiation dose, calculated by probit analysis, that  at  a fixed 
psoralen concentration, yields a 50% inhibition. 

Table II. Photosensitizing effect of psoralen on the protein synthesis 

Cells Inhibition • P 
standard error (%) 

Ehrlich tumor 65 • 1.33 < 0.001 
Sarcoma 37 46 ~ 2.3 < 0.001 
Graffi leukaemia 5 =t= 2.5 > 0.05 
P1534 leukaemia 6 i 0.58 > 0.05 
C57BL spleen cells 31 ~ 1.04 < 0.001 
DBAs spleen cells 63 ~ 0.34 < 0.001 

The cell suspensions containing psoralen (20 vg/ml;  1 ~zg/10 ~ cells) 
were irradiated at  365 nm (39• 10 is quanta) and then incubated 
with l 'C-amino-acid mixture; the TCA-precipitable radioactivity 
was then deterlIlined. P has been calculated according to the Students 
t-test. 
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