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A B S T R A C T  

Chinese hamster cells in the mitotic and G1 phases of the growth cycle wcre incubated for 30 
or 60 rain in suspension tissue culture and pulse-labeled with tritiated uridine. After ap- 
propriate chases, washes, and extractions, it was found that all incorporation into the 
nucleic acid may be accounted for by those cells in interphasc. An average of 410 counts 
was found for incorporation into the cell population (approximately 2.0 X 105 cells) of 
which over 80% of the cells was initially in mitosis. The increasing number of cells leaving 
mitosis and entering interphase during the 30 min incubation was theoretically able to ac- 
count for 470 counts. In addition, short-pulse labeling experiments have shown a consistent 
linear relationship between the percentage of cells in division and the incorporation of the 
isotope, which strongly suggests that, if 100 % of the cells were in mitosis, the counts would be 
essentially zero. Thus, the cntire label may be attributed to those cells in interphase where 
portions of the chromosomal material are known to be already cxtcnded. 

I N T R O D U C T I O N  

It has become generally accepted by cell biologists 
that the condensed chromosomes of mammalian 
mitotic cells are incapable of appreciable nucleic 
acid synthesis (2, 10-12, 24, 25, 35, 36). Reports, 
however, continue to persist of some minimal in- 
corporation of isotopically labeled nucleotides into 
chromosomes during various stages of meiosis and 
mitosis. These reports of studies include inVestiga- 
tions on tissue culture cells (17, 20), the spermato- 
genesis stage of the locust (9) and grasshopper 
(21), and on synchronized cultures of Physarum 
polycephalum (3, 18, 19). In addition, a few studies 
continue to show a low level of cytoplasmic RNA 
synthesis in the mitotic cell (8, 14, 22). 

All of the previous studies with mammalian 
cells have utilized radioautographs in the investi- 
gation of incorporation of label into chromosomes. 
The development of techniques to synchronize 
mammalian cells, both with (34) and without the 
use of drugs (27, 36), has made it possible to study 
incorporation of nucleic acid precursors through- 

out the mitotic and interphase periods. Recent 
investigations have shown a general increase in 
uridine uptake in the G1 period (31) and two 
maximum peaks in RNA synthesis in the GI and 
G~ periods (3, 16, 19). One report has shown con- 
tinuous increase in RNA synthesis through the S 
period with a constant level maintained through- 
out G2 (6). In all these studies, the first determina- 
tions were made after the cells had proceeded into 
interphase. 

It  is the purpose of this paper to demonstrate the 
pattern of incorporation of labeled uridine into 
RNA in synchronized Chinese hamster cell popu- 
lations, particularly in the short time period during 
and immediately following mitosis. 

MA TERI A LS  AND METHODS 

Chinese hamster cells (Cricetus griseus) (Strain Dede, 
CHL48, from T. C. Hsu), were grown at 37°C in a 
CO2 incubator with Ham's F-10 medium (13) 
(Hyland Laboratories, Los Angeles, Calif.) enriched 
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with  3 %  newborn  calf s e rum and  1% hear t  infusion 
broth.  24 plastic bottles (250 cc capacity)  were  
seeded, each wi th  4 )< 106 ceils in 10 cc of med ium.  
20 hr  later the  m e d i u m  was decanted,  the mono-  
layers were washed  twice with saline, and  10 cc of 
calcium-free F-10 m e d i u m  were added  to each cul- 
ture.  After an  addit ional  2 hr  of  incubat ion,  the  
mitotic cells were shaken off the  surface of the  mono-  
layers by the  methods  of Robbins  and  Marcus  (27) 
and  Te ras ima  and  T o l m a c h  (36). 

T h e  released mitotic cells were centr ifuged at 800 
r p m  for 5 rain and  the  pellet was resnspended in 1 ml  
of  p r e w a r m e d  F-10 m e d i u m  plus ca lc ium at p H  7.4. 
C l u m p e d  cells were dispersed by repeated pipet t ing 
wi th  a fine-bore pipette. O n e  drop of the  cell sus- 
pension was s ta ined with aceto-orcein, and  300 cells 
were counted  for a mitotic index. An  addit ional  
drop was util ized for a cell count  in a s t andard  hemo-  
cytometer ,  and  yields ranged  from 7.5 )< 105 to 3 X 
10 ~ cells per  an  average total of  24 bottles. 

T h e  centr i fuged mitotic cells were diluted in com-  
plete m e d i u m  to a final cell concent ra t ion  of 2 )< 105 
cells per  cc, and  the  cells were divided into two 

groups:  (a) the  To samples,  in which  greater  t h a n  80 % 
of the  cells was in mitosis and  in wh ich  ur id ine  in- 
corporat ion was immedia te ly  measu red  (0.1 # e / m l  
uridine-3H, specific activity 1.9 c / m m o l e ,  Sehwarz  
BioResearch Inc.,  O rangebu rg ,  N.Y. for 30 min  in-  
cubat ion) ,  a n d  (b) theT30 samples,  w h i c h w e r e  al lowed 
to proceed t h rough  mitosis unti l  over 80% of the  ceils 
was in interphase,  at  which  t ime a similar incorpora-  
t ion s tudy  wi th  u r id ine  was carr ied out. After i ncuba -  
t ion wi th  uridine,  the  cells were centrifuged, the  
isotope solution was removed,  the  cells were washed,  
and  the  pellet was resnspended  in chase m e d i u m  (1 
m g / m l  un labe led  ur id ine  in F-10 med ium)  for an  
addi t ional  30 rain. At  the  end  of the  chase per iod the  
pellet was washed  once wi th  1 m g / m l  ur id ine  in 
saline, twice wi th  saline alone, a n d  finally resns-  
p e n d e d  in 0.5 ec of  cold 5 %  triehloroaeetic acid and  
extracted overn ight  at  4°C. T h e  following morning ,  
the  cells were washed  twice in fresh, cold tr ichloro- 
acetic acid, once in  cold acetone, pe rmi t t ed  to air- 
dry, a n d  dissolved in 0.5 cc of  H y a m i n e  hydroxide  
(Packard I n s t r u m e n t  Co., Inc. ,  Downers  Grove,  
Ill.). T h e  H y a m i n e  was dissolved in [9.5 cc 0 . 4% 

FIGURE 1 Synchronized Chinese hamster  cells, 80-86% in mid-mitosis. Aeeto-oreein. X 1650. 
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T A B L E  I 

M'itotic Index during the 1st Hr of Incubation 

Each value represents a count  of 300 cells. The  
time of incubat ion corresponds to the t ime 
after the cells were shaken off the monolayer,  
wi th  a short  lag dur ing which the ceils were 
centrifuged. 

Time of incubation Ceils in mitosis Cells in mterphase 

0 88 12 
5 84 16 

10 60 40 
15 41 59 
20 29 71 
25 26 74 
30 17 83 
45 12 88 
60 8 92 

2,5-diphenyloxazole and 0.01% 1,4-bis-2-(4-methyl- 
5-phenyloxazolyl)-benzene in toluene, scintillation 
counter fluid, and samples were counted for 10 man 
in a Packard Tri-Carb Model 3003 liquid scintilla- 
tion spectrometer. 

In a second series of experiments, mitotic cell popu- 
lations obtained in the same manner were centrifuged 
at 2200 rpm for 1 rain and the pellet was resuspended 
in prewarmed F-10 medium plus calcium at pH 7.4. 
The cell suspension was maintained at 37°C for 1 
hr. At appropriate times (e.g., 0, 10, 20, and 60 min 
after synchronization), approximately 2 X 105 cell 
aliquots were removed and mitotic indices scored. 
These cells were then incubated in 1 ml of uridine-St-I 
(10 #c/ml,  specific activity 1.9 c/mmole, Schwarz) 
for 60 see. All subsequent centrifugations were done at 
2200 rpm for 1 rain at 4°C. The cells were washed 
twice with 10 cc ofF-10 medium containing I mg/ml  
unlabeled uridine at 4°C, once with I0 cc of saline at 
4°C, and once with 2 cc of cold saline, after which the 
pellet was extracted overnight in 5% cold trichloro- 
acetic acid and counted as in the To and T:~0 experi- 
ments. 

RESULTS 

Chinese hamste r  cells, synchronized in the de- 
scribed manner ,  yield cell populat ions with greater  
than  80 % of the cells in the metaphase  stage (Fig. 
1). After  re turn ing  the cells to complete m e d i u m  in 
a CO:  incuba tor  at  37°C, the cells rapidly pro- 
ceeded into the GI period of interphase.  After 30 
min,  only 17 % of the cells remained  in mitosis and  
after 60 min  only 8 %  of mitot ic  figures remained  
(Table  I). 
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FIGURE ~ Mitotic index during initial (To) 30 min 
period of incubation. 

An  exponential  g raph  of the percentage of cells 
no t  in mitosis versus t ime was plotted from the 
values obta ined (Table  I)  for the region of interest,  
0 -30  min  after shaking. The  equat ion for this  
curve is P = 100 (1 - - e  -°'°5745t) where  P re-  
presents the percentage of cells not  in mitosis a n d  
t, time. W i t h  this graph,  the percentage of cells: 
not  in mitosis a t  any  point  in the 30 rain t ime 
period may  be  easily est imated (Fig. 2). 

The  incorporat ion of uridine into Chinese h a m -  
ster cells in mitosis and  interphase is recorded in 
Table  II .  Each exper iment  represents a single 
populat ion of cells, ha l f  of which were incuba ted  
immediate ly  with uridine-SH for 30 min  (1 a -6  a), 
and half  of which were allowed to progress in to  
interphase before the 30 min  incubat ion  wi th  iso- 
tope was ini t iated (1 b-6 b). I t  was seen in six ex 
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T A B L E  I I  

Incorporation of Tritiated Uridine into Synchronized 
Chinese Hamster Cells during (To) and after 

( T3o) Mitosis 

C h i n e s e  h a m s t e r  cells were  i n c u b a t e d  at  37°C 
for 30 ra in  e i ther  i m m e d i a t e l y  (1 a -6  a), or  
af ter  a 30 m i n  i n c u b a t i o n  pe r iod  (1 b-6 b), 
w i t h  0.1 # c / m l  u r id ine -3H specific ac t iv i ty  
1.9 c / m m o l e ,  8 c h w a r z  BioResea rch .  T h e  cells 
were  washed ,  cha sed  for 30 m i n  w i t h  1 m g / m l  
u n l a b e l e d  u r id ine ,  w a s h e d  aga in ,  a n d  ex- 
t r a c t ed  in 5% T C A  at  4°C.  T h e  ex t r ac t ed  m a -  
te r ia l  was  w a s h e d  twice  in f resh  5% T C A ,  once  
in  ace tone ,  d issolved in H y a m i n e  hyd rox ide ,  
a n d  c o u n t e d  for 10 m i n  in a P a c k a r d  T r i -  
C a r b  sc in t i l l a t ion  coun t e r .  Va l ue s  r e p r e s e n t  
coun t s  pe r  m i n u t e  pe r  2 X 10~ cells. 

Cells in Cells in No. of cells cpm per 
Exp. No. division interphase (X10 5) 2 X 10~ cells 

% % 

To e x p e r i m e n t s  (80-86% cells in i t ia l ly  in mitosis)  
1 a 80 20 1 .9  439 
2 a 86 14 2 .0  420 
3 a 86 14 2 . 0  427 
4 a 80 20 2 . 0  366 
5 a 81 19 2.1 405 
6 a 85 15 2 .0  403 

A v e r a g e  83 17 2 .0  410 

T~0 e x p e r i m e n t s  (80-87% cells in i n t e rphase )  
1 b 19 81 1 . 9  761 
2 b 13 87 2 .0  806 
3 b - -  - -  2 . 0  699 
4 b 14 86 2 .0  924 
5 b 20 80 2.1 758 
6 b 15 85 2 .0  701 

A v e r a g e  16 84 2 .0  775 

Con t ro l  i n c u b a t i o n s  (4°C for 0 a n d  30 m i n  
respec t ive ly)  

7 2 98 2 .8  13 
8 2 98 2 .8  28 

p e r i m e n t s  t h a t  the  ini t ia l  p e r c e n t a g e  of  cells in 

mi tos i s  v a r i e d  b e t w e e n  80 a n d  86 %. Af te r  30 m i n -  

u t e s '  i n c u b a t i o n  the  p e r c e n t a g e  of  cells in mi tos i s  

v a r i e d  b e t w e e n  13 a n d  2 0 % .  T h e  n u m b e r  of  c o u n t s  

pe r  m i n u t e  pe r  c o n s t a n t  n u m b e r  of  cells in e a c h  

p a r t i c u l a r  pe r iod  of  mi tos i s  a n d  i n t e r p h a s e  was  

r e m a r k a b l y  s imilar .  T h e  con t ro l  e x p e r i m e n t s ,  in  

w h i c h  cells were  i n c u b a t e d  a t  4 ° C  for 0 a n d  30 

T A B L E  I I I  

Theoretical Calculations of Counts of Tritiated 
Uridine Incorporation into Nucle/c Acid of 

Interphase Cells 

Time 

Estimated 
Estimated contribu- 
% not in Estimated tion to 
mitosis Estimated count for count Cumulative 

at end of average constant during contribu- 
time % not in % not in 5-min tion to 

period mitosis* mitosis:~ period~ count (C) II 

m~ 

0-5  25 13 l l 4  22 22 
5-10 43 35 308 51 73 

10-15 59 51 449 77 150 
15-20 68 64 564 96 246 
20-25 76 72 634 107 353 
25-30 82 79 696 117 470 

29-30 82 722 
30-60 88 775 

* E a c h  va lue  r ep re sen t s  the  e s t i m a t e d  average n u m -  
ber  of  cells w h i c h  h a v e  p roceeded  ou t  of  mi tos is  a n d  
into t he  G1 per iod  o f  i n t e r p h a s e  in any  g iven  5 m i n  
t ime  per iod.  See Fig. 2 a n d  T a b l e  I. 
:~ T h e  e s t i m a t e d  c o u n t s  for t he  ini t ia l  30 rain  
t ime  per iod  h a v e  been  ex t r apo la t ed ,  u s ing  as t h e  
re fe rence  v a l u e  the  e x p e r i m e n t a l  d a t u m  tha t  88% 
of  cells in i n t e r p h a s e  i n c o r p o r a t e d  775 cpm.  See 
Tab l e s  I and  II .  
§ T h e  e s t ima t ed  c o n t r i b u t i o n  to c o u n t  d u r i n g  each  
5 m i n  t ime  per iod  was  also c a l c u l a t e d  f rom the  
re fe rence  va lue  o f  775 c p m  for 88% of  cells no t  in  
mitosis .  88 X 30 (min)  ~ 2640 uni ts ,  w i th  each  u n i t  
w o r t h  a c o u n t  of  0.29356 (775/2640). T h e  i n t eg ra -  
t ion of P = 100 (1 -- e -°'05745t) be tween 0 and  30 
re_in, yielded 1601 uni ts  which  conver ted to a final 
theoretical coun t  of 470 (1601 X 0.29356). 
I[ T h e  c u m u l a t i v e  c o n t r i b u t i o n  to c o u n t  (C) was  
found f rom the  normal ized  integral  C = 
26.1163 It -I- 17.4064(e -°-°5745t -- 1)] 0 < t < 30 
T h e  cumula t ive  contr ibut ion for the  30 rain per iod 
is equa l  to 470, c o r r e s p o n d i n g  to t he  e x p e r i m e n t a l  
ave rage  o f  410. See T a b l e  I I .  

m i n  to asce r ta in  the  deg ree  of  nonspec i f ic  a b s o r p -  

t ion,  showed  negl ig ib le  q u a n t i t i e s  of  i so tope  b o u n d  

to the  samples .  
I t  was  found  t h a t  the  ave r age  n u m b e r  of  c o u n t s  

i n c o r p o r a t e d  in to  cells of  the  mi to t i c  s a m p l e  
was  410 e p m ,  whi le  the  ave r age  n u m b e r  of  c o u n t s  

in t he  i n t e r p h a s e  cell s a m p l e  was  775 c p m  ( T a b l e  

I I ) .  T h e  ini t ia l  p e r c e n t a g e  of cells in mi tos i s  w a s  

8 0 - 8 6 % ;  however ,  d u r i n g  the  30 m i n  i n c u b a t i o n  
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TABLE IV 

Incorporation of Tritiated Uridine into Synchronized 
Chinese Hamster Cells Entering G1 Period 

of Interphase 
Synchronized Chinese hamster  cells were in- 
cubated,  as they proceeded into G1, at 37°C 
for 60 see wi th  10 /zc/ml uridine-SH specific 
activity 1.9 c/mmole,  Schwarz BioResearch. 
The  cells were washed twice with unlabeled 
uridine in F-10 medium, once wi th  unlabeled 
ur idine in saline, and once with saline alone; 
all washes were done at 4°C. After washing, 
the cells were extracted in 5% trichloroacetic 
acid at 4°C. The extracted material was washed 
twice in fresh 5% trichloroacetic acid the 
following day, once in acetone, dissolved in 
Hyamine hydroxide and in 0.4% 2,5-di- 
phenyloxazole and 0.01% 1,4-bis-2-(4-methyl- 
5-phenyloxazolyl)-benzene in toluene, and 
counted for 10 rnin in a Packard Tri-Carb 
scintillation counter. 

No .  of  

Exp .  T i m e  af ter  Cells  in  cells  c p m  p e r  c p m  p e r  
No .  shake  d iv i s ion  ( X  10s) s a m p l e  2 ;K 106 cells 

min % 
1 15 80 2.3 138 120 

40 27 2.3 704 612 

2 15 79 2.1 134 128 
30 56 2.1 274 261 

3 10 60 2.25 254 226 
20 47 2.25 337 300 
60 12 2.25 1066 948 

4 10 59 2.2 316 287 
20 47 2.2 326 296 

5 10 68 2.2 211 192 
20 51 2.2 355 323 
60 14 2.2 908 825 

6 10 67 2.1 274 261 
20 34 2.1 598 570 
50 15 2.1 863 822 

7 10 61 1.9 238 251 
20 45 1.9 296 311 
60 11 1.9 926 975 

8 0 84 1.9 108 114 
10 62 1.9 256 269 
20 46 1.9 382 402 

9 0 86 1.9 103 108 
10 74 1.9 190 200 
30 51 1.9 358 377 
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FmURE 3 Incorporation of uridine-3H during initial 
30 min period of incubation. 60-sec pulses at  10-rain 
intervals as synchronized cells proceeded out of mito- 
sis and into GI. 

with  uridine,  increasing numbers  of cells pro- 
gressed out  of mitosis into interphase.  At  the end 
of 30 min,  only 17 % remained in mitosis (Table  I). 
T h e  average n u m b e r  of counts for incorpora t ion 
dur ing  the interphase period of incubat ion  was 
775 cpm (Table  II) ,  and  this was correlated wi th  
an  average 12% of cells still in mitosis, i.e., 16% at  
30 rain an d  8 %  at  60 min.  Wi th  this value of 
775 cpm for 12% of cells in mitosis, as well as the 
exponent ia l  graph of the cells as they progressed 
out  of mitosis (Fig. 2), i t  was possible to examine 
theoretically the n u m b e r  of counts con t r ibu ted  by  
the ceils per  un i t  t ime as they proceeded into 
interphase and  increased their  u r id ine  incorpora-  
t ion (Table  I I I ) .  

In  the first 30 min  incubat ion  period, as the 
cells proceeded from a m i n i m u m  of 2 to 79 aver- 
age per  cent  no t  in mitosis (Fig. 2), the es t imated 
cont r ibut ion  to the count  dur ing  each 5 min  per iod 
varied between 22 and  117 cpm, and  the total  
cont r ibut ion  to counts totaled 470 cpm (Table  
I I I ) .  This  equates well with  the exper imenta l  
value of 410 cpm (Table  I I )  and  strongly suggests 
tha t  all of the counts incorpora ted  into the nucleic 
acid can be accounted for by cells a l ready in or 
just  enter ing the interphase period. 
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The  results of short-pulse labeling experiments  
wi th  synchronized hamste r  cells are shown in 
Tab le  IV. The  cell popula t ion  had  been incuba ted  
wi th  uridine-3H (100 times the concentra t ion used 
in the To and  T30 experiments)  for 60-see pulses 
a t  10-rain intervals dur ing  the first 60 rain after 
synchronization.  The  fitting of a general model  for 
these da ta  was accomplished by the least squares 
procedure  wi th  unt ransformed counts, where 2" 
equals the observed count  and  X equals the per- 
centage of cells not  in mitosis. Dur ing  the first 30 
min  period, a l inear  relat ionship through the ori- 
gin Y = 6.48X was found between the percentage 

T A B L E  V 

Mitotic Indices during the 1st Hr of Incubation 

Chinese hamster  cells were synchronized in 
calcium-free F-10 medium by an  adap ta t ion  of 
centrifugal  force shaking techniques (27, 36). 
Cells were stained wi th  aeeto-orcein and mi- 
totic indices were scored at 10- and 20-rain in- 
tervals dur ing the 1st hr  of incubat ion.  Each 
value represents 200-300 cells scored. 

Cells in Cells in Calls in 
Exp. Time after me ta -  ana-telo- inte~ Cdls in 
No. shake phase ph~e phase ~vi~on 

m~ % % % % 

1 0 65 20 15 85 
10 61 5 34 66 
20 44 4 52 48 
40 13 5 82 18 
60 6 4 90 10 

2 0 62 25 13 87 
10 62 6 32 68 
20 37 8 55 45 
40 22 3 75 25 
60 10 2 88 12 

3 0 66 20 14 86 
10 61 4 35 65 
20 41 5 54 46 
40 40 3 57 43 
60 28 5 67 33 

4 0 63 18 19 81 
10 59 2 39 61 
20 41 4 55 45 
40 32 2 66 34 
60 18 3 79 21 

5 0 62 16 22 78 
10 48 4 48 52 
20 35 3 62 38 
40 33 2 65 35 
60 22 3 75 25 

of cells in mitosis and  the incorpora t ion of isotope 
(Fig. 3). Theoret ical ly  then, if 100% of the cells 
was in mitosis, one would expect the counts 
incorporated into nucleic acid to be nearly 0. 

Addi t ional  da ta  analysis, uti l izing a breakdown 
in the mitotic indices into mid-mitot ic  ( true 
metaphase)  and  late-mitotic (anaphase  and  telo- 
phase) values (Table  V),  gave no indicat ion tha t  
differences in mitot ic  stages would suggest any  
other  in terpre ta t ion  of the data.  

Thus,  the evidence from these short-pulse 
labeling experiments  also strongly suggests tha t  all 
of the incorpora t ion into nucleic acid can be ac- 
counted for by cells in the interphase period. 

D I S C U S S I O N  

The  growth pa t te rn  in m a m m a l i a n  cells has been 
divided into four phases of activity, i.e., R N A  and  
protein synthesis most  p rominen t  dur ing  G1 and  
G2, nuclear  D N A  synthesis only dur ing  the S 
period, and  cessation or depression of all synthetic 
activity dur ing  the short period of actual  mitosis, 
M. The  period of mitosis (approximately 30 rain 
in  many  m a m m a l i a n  cells) is one in which the 
chromosomes are coiled and  contracted to thei r  
greatest  extent  (26). Al though Cooper has pro- 
vided evidence tha t  he terochromat ic  regions of 
chromosomes in Drosophila may  not  be entirely 
iner t  (5), i t  has been  strongly suggested, f rom 
studies of Diptera  and  the l ampbrush  loops of the 
newt  oocyte, tha t  a state of flux exists between the 
contracted,  relatively inert  state and  the extended 
active state of the helical D N A  strands. The  
chromosomal  mater ia l  of phage and  bac ter ia  may  
be physically extended at  all t imes and  thus 
potential ly capable  of activity, a l though other  
control  mechanisms in these instances may  or may  
not  allow the genetic activity to be expressed. 

Despite the weight  of evidence tha t  contracted 
chromosomes incorporate  no D N A  precursors and  
little R N A  or amino acid components,  there are 
several reports which provide controversy. In  
some instances the radioautographic  experiments  
may  be disregarded because of insufficient acid 
washes to remove soluble pools of radioactive 
nucleotides. In  others, the opposite may  o b t a i n - -  
acid extraction may  remove low molecular  weight  
R N A  synthesized on mitot ic  chromosomes. 
Konrad ' s  careful study on hamster  cells (17) con- 
t inued to show a minimal  incorporat ion of uri-  
dineJ4C (13-16 % of the interphase counts) du r ing  
mitosis. O t h e r  studies, repor t ing the sedimenta t ion 
pa t te rn  of labeled R N A  in synchronized myxo- 
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mycetes, show a definite minimal incorporation of 
uridine-SH into RNA during mitosis, albeit on the 
lighter side of the gradient (3, 19). The latter 
authors suggest that the shift may be due to con- 
tinued synthesis of soluble RNA. The studies on 
spermatogenesis in the locust (9) and grasshopper 
(21) are also inexplicable in terms of complete 
cessation of RNA synthesis. 

In addition to the problem of direct synthesis of 
RNA on the contracted DNA, there has arisen 
the question of RNA synthesis in the nucleolus. 
Hsu has demonstrated the persistence of nucleoli 
during mitosis in 90-98 % of mitotic cells in three 
strains of Chinese hamster cells (15), and ultra- 
structural studies have shown such persistent 
nucleolar masses to be less compact and to possess 
more widely dispersed granules than nucleoli of 
interphase cells (4). Arrighi, however, has shown 
in short-pulse labeling experiments that Chinese 
hamster metaphase and anaphase cells are com- 
pletely free of label, despite the presence of per- 
sistent nucleoli. He has concluded that it is highly 
unlikely that synthesis of new nucleolar material 
takes place during the mid-mitotic stages (1). 

Radioautographic studies comparing the rates 
of RNA synthetic activity in the chromatin and 
nucleolar fractions during mitosis have been done 
in root tips of Allium and Nigella, in which there are 
no persistent nucleoli (7). While the activity de- 
creased in the condensing chromatin during pro- 
phase, the rate of synthesis in nucleoli remained 
constant until they disappeared in late prophase; 
in addition, synthetic activity resumed faster in 
the pronucleolar bodies than in the uncoiling 
chromatin of late telophase. 

Polyribosomes, in association with messenger 
RNA molecules, are the site of nascent protein 
synthesis in many cell systems (33). In the mamma- 
lian metaphase cell, in vitro studies have shown 
that a rate-limiting component in protein synthesis 
involves the degree of aggregation of the ribosomal 
population. It is possible to effect a marked sup- 
pression of protein synthesis, as duplicated in an 
in vitro amino acid incorporating system, when 
ribosomes from metaphase cells are substituted for 
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