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Values estimated Control group Experimental group 

No. of rats 8 8 

Significance 

Blood glucose mg% 

Glycogen 

Liver g% 
Muscle g% 

Lactic acid 

]31ood rag% 
Liver rag% 
Muscle mg% 

Pyruvic acid 

Blood mg% 
Liver mg% 

Coenzyme A liver 

109.60 4- 4.25 103.30 :t: 2.23 P >  0.05 

2.530 -Jr- 0.085 0.309 ~ 0.030 P < 0.001 
0.442 + 0.028 0.271 4- 0.023 P < 0.00I 

13,72 -4- 0.76 13.55 4- 0.66 P > 0.05 
11.89 ± 0.75 15.36 :tZ 0.72 P < 0.01 
32.36 4- 3.50 51.61 =[z 2,80 P < 0.001 

0.265 4- 0.012 0.366 4- 0,019 P < 0.001 
0.296 4- 0.002 0.400 4- 0.021 P < 0.001 

17.27 4- 1.03 5,05 4- 0.27 P <0.001 

t r a t i o n  in l iver,  whi le  i ts  level  in  musc le  was  decreased  
Only s l igh t ly  t h o u g h  sti l l  s ign i f i can t ly  ( P  < 0.001). The  
glucose a n d  l a c t a t e  level  in  b lood  d id  n o t  c h a n g e  signifi- 
can t ly .  However ,  t h e  level  of lac t ic  acid in l iver  and  musc le  
was increased.  T h e  level  of p y r u v i c  acid inc reased  too,  
m o s t l y  in  l iver.  T h e  c o e n z y m e  A va lues  a re  exp re s sed  in 
mg  of a c e t y l a t e d  4 - a m i n o a z o - b e n z e n e  r e l a t ed  to  100 g of 
fresh l i ve r  t issue.  These  levels  a re  s t r o n g l y  dec reased  in  
t he  e x p e r i m e n t a l  g r o u p  ( P  < 0.001). 

These  r e su l t s  seem to  p o i n t  to  a d i s t u r b a n c e  of g lycide  
m e t a b o l i s m  a c c o m p a n y i n g  inc reased  s u p p l y  of a l u m i n i u m  
salts.  T h e  m o s t  p r o n o u n c e d  changes  were  t h e  decrease  of  
g lycogen c o n c e n t r a t i o n  in  l iver  a n d  inc rease  of p y r u v i c  
a n d  lac t ic  ac ids  levels  i n  t h e  s a m e  t issue.  T h e s e  c h a n g e s  
h a v e  p e r h a p s  a c o m m o n  cause,  i.e. t h e  d i s t u r b a n c e  in 
P h o s p h o r u s  m e t a b o l i s m  p r o v o k e d  b y  excess doses of 
a l u m i n i u m  salts .  The re fo re  i t  c an  be  a s s u m e d  t h a t  t he re  
is dec reased  glucose a b s o r p t i o n  f rom t he  gut .  T he  resu l t s  
Correlate wel l  w i t h  t h e  o t h e r  e x p e r i m e n t s  in  w h i c h  t h e  

i n c o r p o r a t i o n  of s~P in to  va r ious  p h o s p h a t e  f r ac t ions  
u n d e r  t h e  in f luence  of a l u m i n i u m  was s tud ied .  T h e  in-  
c o r p o r a t i o n  of  3~p in to  phospho l ip ids ,  tZNA a n d  D N A  in  
e x p e r i m e n t a l  a n i m a l s  was  found  to  be  s ign i f i can t ly  
lowered 3. 

Zusammenfassung.  Bei  I n t o x i k a t i o n  v o n  V e r s u c h s r a t t e n  
d u r c h  A l m n i n i u m s a l z e  w u r d e n  S t 6 r u n g e n  im Glyz id-  
M e t a b o l i s m u s  fes tges te l l t .  E r  e r g a b  s ich e in  G lykogen -  
riickfM1 in  L e b e r  u n d  Muske lgewebe  u n d  eine E r h S h u n g  
des  B r e n z t r a u b e n s ~ u r e -  u n d  Mitchsi iurespiegels .  E s  w i rd  
a n g e n o m m e n ,  dass  die b e o b a c h t e t e n  V e r g n d e r u n g e n  m i t  
S t 6 r u n g e n  des P h o s p h o r m e t a b o l i s m u s  u n d  de r  P h o s -  
phor i l a t ions reM~t ionen  d u r c h  die  A l u m i n i u m t o x i k a t i o n  
z u s a m m e n h g n g c n .  

J .  KORTUS 

Research Institute o /Hygiene ,  Bratislava 
(Czechoslovakia), 21st March 1967. 

The M o d e  o f  T i m i n g  o f  D N A  R e p l i c a t i o n  and  of  

M i t o s i s  i n  C u l t u r e d  A n i m a l  Cel ls  1 

I t  h a s  b e e n  p o s t u l a t e d  r epea t ed ly ,  w i t h  l i t t l e  or  no  
SUpport f r o m  e x p e r i m e n t a l  evidence ,  t h a t  t h e  D N A -  
syn thes i s  pe r iod  (S-period) ,  t h e  G2-per iod  a n d  t h e  pe r iod  
of o b s e r v a b l e  mi tos i s  (M-per iod)  of t h e  m i t o t i c  cycle h a v e  
each  f ixed  d u r a t i o n s ,  a n d  t h a t  the re fore ,  d i f fe rences  in  
gene ra t ion  t i m e  are  due  to  e x p a n s i o n  or  c o n t r a c t i o n  of 
the  G l - p e r i o d  a lone~-L  E v i d e n c e  in  f a v o u r  of a n  a l t e r -  
n a t i v e  m o d e  of t i m i n g  of D N A  rep l i ca t i on  a n d  of mi tos i s  
l~as b e e n  o b t a i n e d  in ca re fu l ly  p l a n n e d  a n d  execu t ed  
e x p e r i m e n t s  w i t h  2 e s t ab l i s hed  (heteroploid)  mouse  cell 
Strains, P 8 1 5 Y  a n d  L929, g r o w n  in f luid suspens ion  a t  
r aany  d i f f e ren t  e x p o n e n t i a l  r a t e s  in  c h e m o s t a t  a n d  cy to -  
genera to r  6-8. O b s e r v a t i o n s  i n d i c a t i n g  t h a t  exposu re  of 
an ima l  cells to  exogenous  t h y m i d i n e  a l t e r s  t h e  pre-  

e s t ab l i shed  r a t e  of D N A  s y n t h e s i s  a n d  s u b s e q u e n t l y  
modif ies  t h e  n o r m a l  c h r o n o l o g y  a n d  d u r a t i o n  of t h e  cell-  
d ivis ion-cycle ,  forced  me  to  a b a n d o n  t h e  s t a n d a r d  pro-  

1 This investigation was supported by the Office of Naval Research 
under contract No. Nonr-266(76) and by the Health Research 
Council of the City of brew York under contract No. 1-428, and 
was carried out at Columbia University (Department of Bio- 
chemistry). 

2 H. QUASTLE~, Ann. N.Y. Acad. Sei. 90, 580 (1960). 
a j .  E. SmKEN and R. KINOSlTA, J. biophys, biochem. Cytol. 9, 

509 (1961). 
4 V. DEFENDI and L, A. MAson, Nature 798, 359 (I963). 
5 I. LIEBERMAN, R. ABRAMS, N. HUNT and P. OrE, J. biol. Chem. 

238, 3955 (1963). 
8 H. MOSER, Bull. N.Y. Aead. Med. d2, 414 (1966). 
7 H. MOSER, S. GRAFF and 1L LUM, Aeta biotheor., in press. 
s H. MOSER, S. GRAFF and O. •ASTNER, Acta biotheor., in press. 
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cedures used for the  de t e rmina t ion  of S-period,  Gl -pe r iod  
and genera t ion  t ime,  and to replace these  me thods  by  an 
indirec t  m e t h o d  of analysis  of the  mi to t i c  cycle ; a m e t h o d  
which does no t  by  itself a f fec t  or  a l te r  t he  pa rame te r s  to  
be measured.  The  indi rec t  m e t h o d  is based on a popula-  
t ion mode l  of asynchronous  an imal  cell cul tures  s and on 
3 m a t h e m a t i c a l l y  fo rmula ted  relat ionships,  n a m e l y  those 
expressing (I) du ra t ion  of the  G2-period (G,) as a funct ion  
of doubl ing t i m e  (z*) of cell  cultures,  (2) mi to t i c  index  
(JM) as a func t ion  of  specific g rowth  ra te  (k*) of  t he  
cultures,  and (35 D N A - s y n t h e t i c  index  (i.e. ins tan taneous  
thymidine-HS-cel l  labell ing index,  Js) as a func t ion  of 
specific g rowth  ra te  ~,x0 

(I) Theory. On the  basis of cer ta in  general  assump-  
tions~, x° and specif ical ly for the  condi t ions  of exponent ia l  
cu l ture  g rowth  (exponent ia l ly  expand ing  and s teady-s ta te  
cell cultures) only, I h a v e  der ived  theore t ica l  expressions 
for t he  3 cr i t ical  funct ions,  (15 G'~. = ](¥*), (2) fM = /(k-*), 
and  (3) , ~  = l(k'~). The  i 11 general  forms of these  express  ons 
are ,  

( (G2)0 = constant ,  

E(ln2)/A~] + ~ * ,  

- - [ 7~* + ~ ) 
f ~  = (;~. + ~,~ IM~ _ ~) ~ *  ¥ ~ + & (2) 

( ~ * + A =  ) 
f s  -- (e ~" + ~,1 c~, + ~)) (ec~" + ~,) I~ _ ~) ~ ~ ~ + ~ (3) 

in which there  is: ~ = dura t ion  of observable  mitosis,  in 
h, a cons t an t  (~4o) or  a var iab le  (e.g. ~ = C~ X 7 = con- 
s t an t  x ¥ ) ;  G-'~ = dura t ion  of the  G2-period in h, a con- 
s t an t  ((Ga)0) or  a var iab le  (e.g. ~ = ~ s x f =  con- 
s t an t  x 7) ; S = dura t ion  of the  DNA-synthes i s  period in 
h, a cons t an t  (~ )  or  a var iab le  (e.g. S - =  ~ X f = con- 
s t an t  × ~5; ~ = G~ + S + Gz + /~r = genera t ion  t i m e  of 
prol i fera t ing  or  R-cells, in h (Gx = dura t ion  of the  post-  
mi to t i c  DNA-presyn the t i c  phase) ;  /T* = specific growth  
ra te  i.e. doubl ing ra te  of  cell cul ture ,  per  h = (ln2)/~* 
( 7 * =  doubl ing  t i m e  of cell cu l ture  in h) ;  ~.x----specific 
ra te  of spontaneous  t rans i t ions  of prol i fera t ing (or R-) 
cells into ma in tenance  (or M' - )  ceils, per  h, a cons tan t ;  
2a = specific ra te  of spontaneous  t rans i t ions  of ma in ten -  
ance ceils in to  senescent  (or/I/I"-) cells, per  h, a cons tan t ;  
k-* + 2x = k ' =  (ln 2)/7__= specific cel t -bir th  ra te ,  pe r  h, a 
variable,  (k* + A~)/(k* + Az + A~) = ~ = f rac t ion of 
prol i fera t ing  (or R-) cells in the  cul tures  (approx imat ion  
val id  for exponent ia l ly  growing cul tures  of P815Y and 
L929 ceils where  the  f ract ion of senescent  cells is negl igibly 
small),  a var iable .  

E x a m i n a t i o n  of these 4 theore t ica l  funct ions  has  re- 
vea led  the i r  po ten t ia l  for discr iminat ion,  b y  compar ison  
of thei r  p red ic ted  forms wi th  t he  expe r imen ta l  curves,  
be tween  a l t e rna t ive  modes  of  t im ing  of D N A  synthes is  
and mitosis  in an imal  cells. Numer ica l  analysis has shown 
t h a t  c lear-cut  d is t inct ion is leasable  be tween  the  following 
a l t e rna t ive  t iming  modes:  (a) Gz = cons t an t  and G-~ ~ 7 
( , -~=  'p ropor t iona l ' ) ,  on  the  basis of t he  func t ion  
Ga = / ( ¥ * )  ; ( b ~ -  = cons t an t  a n d / ~  ~ ¥ ,  on the  basis of 
the  funct ion JM = ](k-*) ; (c) g = cons t an t  and g ,-~ f,  on 
the  basis of the  funct ion ~ = ](k-*). In  addi t ion  to this  I 
h a v e  shown t h a t  conf i rmat ion  of resul ts  or  supp lemen ta ry  
in format ion  regarding  the  t iming  mode  m a y  be gained 
by  examina t ion  of the  corre la t ion be tween  mi to t ic  index  
and concomi tan t  D N A - s y n t h e t i c  index,  ~(~)  = / ( ~ ( 0 ) .  

(II) Experimental analysis. Fluid-suspension cul tures  
wi th  s table exponen t i a l  g rowth  character is t ics  (exponent i -  
a l ly  expand ing  and stable s t eady-s ta te  cultures),  of  mouse  

ascites mas t  cells (clone P815Y) and of L929 mouse  cells 
(clone NCTC929), were  p roduced  in t he  U- tube-ba tch -  
cul ture-sys tem,  the  cy togene ra to r  and  the  chemos ta t  1~. 
P815Y cul tures  were  grown a t  doubl ing  t imes  ranging 
f rom 7" ~ 12 h (specific g rowth  rate ,  k-* = 0.0578 h -z) 
to ~* = inf in i ty  (k* = 0 h-Z), L929 cul tures  f rom 7" = 26 h 
(k-* = 0.0267 h -~) to  7" ----- 124 h (k-* = 0.0055 h-~). Meas- 
u rement s  were  m a d e  of the  dura t ion  of the  G2-period 
(-G2), the  D N A - s y n t h e t i c  index  (j~) and the  mi to t i c  index  
(-JM), e i ther  on whole cul tures  (G-~, Js) or  on smal l  samples  
thereof  (fM, ~ ) .  ~ was de te rmined  d i rec t ly  f rom the 
t ime  of appearance  of the  first  w a v e  of t h y m i d i n e - H  s 
labelled mitosis  in TdR-I-I  s exposed cultures.  ~ was 
de te rmined  b y  T d R - H  s pulse label l ing of cells and  au to-  
rad iography,  and ~M b y  count ing  the  n u m b e r  of  mitosis  
in cell  suspension samples  p re t rea ted  wi th  hypoton ic  
saline ~. 

(IIa) The empirical Jorm o/G2----f(7*) in celt strai*¢ 
P 8 I S Y .  W h e n  ~ is a va r iab le  (case A) and is assumed to  
be d i rec t ly  p ropor t iona l  to genera t ion  t ime  (G~ = ~s × {, 
' p ropor t iona l  t iming '  mode),  t hen  the  t heo ry  p~edicts 
(see 1) a l inear  re la t ionship  be tween  Y = 1]G= and 
x =  1/~*, Y = a  t + b  l x x ,  wi th  slope b I = 1 / ~  > 0 a n d  
an o rd ina te - in te rcep t  ax = )u/((ln 2) × Us) > 0. If, on the  
o the r  hand,  G--~ is a cons tan t  (case B), then  the  slope of 
the  p lo t  of y versus  x mus t  not  dev ia te  s igni f icant ly  f rom 
zero (b z ---- 0). L inear  regression of t he  p lo t  of t h e  experi-  
m e n t a l  values,  yj ---- I/G2j, versus  xj = 1/~*~ yie lded a 
regression line wi th  the  slope bt = l[Ua --- 5.278 (s tandard 
devia t ion,  s(bx)= :1::0.723) and an o rd ina te - in te rcep t  
a t = Az/(0.693 X C-s5 = 0.383 h -x (see F igure  1). Accord-  
ing to  S tuden t ' s  t - test  t he  slope b is h igh ly  s ignif icant  
( P  < 0.001) ; t hus  ff~ is n o t  a constant .  Fu r the rmore ,  the  
F - t e s t  for equa l i ty  of var iances  shows t h a t  the  experi-  
men ta l  p lo t  is indeed a l inear  one (F  < F~ ~ 0.0~). 

Thus,  ~'e increases wi th  increasing genera t ion  t ime  
homogenous- l inear ly  (case A of t iming) ,  and hence,  ~ 

10[ P815Y / 

%F 

l /~p [ (  L ] 

Fig. 1. Duration of the G2-period as a function of the doubling time of 
cultures. (a) Linear least-squares plot of 1 ]'G'~j versus 1]'~*j, conforming 
to case (A} of timing of the G2-period ( ~ j  = ~ × 7j = 0.189 ×~1 
h). (b) Theoretical curve calculated on the assumption of case (B) of 
timing of the G2-period (G--=j =constant =/~(G--=j)= 1,81 h}. 
(G-"2j = mean value of ~ for a large sample of proliferating PS15Y 
cells in a culture growing at a fixed doubling time ~*j ; s v x = standard 

error of estimate of y = I/G=j on x = 1/~*j.) 

9 H. MosEs, Acts biotheor., in preparation for press. 
lo H. MOSER, Acta biotheor., in press. 
11 The 'bar' over any of the mathematical symbols, x, signifies ,value 

of x under conditions of exponential culture growth only'. 
z2 H. MOSBR and G. V~ccmo, Experientia 23, 120 (1967). 
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Fig. 2. Mitotic index, of asynchronous PSlSY cultures, as a function of 
Specific growth rate. (a) Least-squares plot of ~ versus ~ conform- 
ing to case (A) of timingof the mitotic period (M = C a x {= 0.03911 × 
h). (Bars indicate standard error of estimated ~M; broken lines 
indicate the 99% confidence interval of JM, est.') (b) Theoretical 
Curves )-M = J('~*) calculated on the basis of the assumption of case 

(B) of timing of the mitotic period (M = M 0 = constant). 
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Fig. 3. DNA-synthetic index (instantaneous thymidine-H a cell 
labelling index), of asynchronous PS15Y cultures, as a function of 
specific growth rate. (a) Least-squares plot of J-s versus ~ conforming 
to case (A) of tinting of the S-period (S = C a x ~ 0 . 8 1 8 × ~  h). 
(Bars indicate the standard error of estimated JS; broken_ lines 
indicate, the 99% confidence interval of Js.est:} (b) Theoretical 
cu~vesTs = 1~*) calculated on the basis of the assumption of case 

(B) of timing of the DNA-synthesis period (S'-~ constant = S-~). 

COmposes a lways  the  same propor t ion  of genera t ion  t ime,  
Ca = G,/~ = constant .  Averag ing  of t he  p a r a m e t e r  esti-  
mates  ob ta ined  f rom G-,j '= ]({*~) and its l inearized form, 
1 / ~ t  = [(1/~*j), y ie lded  for t he  p ropor t iona l i ty  cons t an t  
~ and for the  specific t rans i t ion  ra te  2t in cell s t ra in  
P 8 1 5 Y t h e  values,  C-s = 0.1683 4- 0.0262 and  ~x = 0.0428 =~ 
0.0086 h -1. 

(II  b, c) The empirical/orms o/ YM =/(-k*) and-~ =/(k*) 
in cell strain P815Y. W'hen M,  ~s and S a r e  each  var iab les  
(case A) and are  assumed to  be  each d i rec t ly  p ropor t iona l  
to genera t ion  t i m e  (M = C~ × ~, G,  = Cs × ~, S = C,  × ~), 
then  the  t heo ry  predic ts  for the  funct ions  J-M = / ( h * )  and 
~s ~ ] ( ~ )  the  par t icu la r  forms,  

J-M = 2~'M ((k-'* + ~2)/( ~-* + /tl + 42)) (4) 
and 

i s  = ~ s  ((k* + ~t~)/ff* + ~ + Z~)) (5) 

ia  which 

~M = e(la2) ~- 1 

and 
Ks = e 0"2) (~"+~*) (e (~2) ~ -  i)  

are constants ,  wi th  the  ranges,  0 > KM < 1 and 
0 > KS < 1. I n  this  case b o t h  the  mi to t i c  index  and  the  
I~NA-synthet ic  index  are expec ted  to increase, w i th  in- 
c r e a s i n g d o u b l i n g r a t e  of  the  cultures,  f rom an  ini t ia l  
~ l u e ,  JM(O) = KM × (12/(~l + 2,)) > 0 and 7s(0} = 

s (k j ( l~  + i 2 ) ) >  0 respect ive ly ,  mono ton ica l ly  to  an  
asympto t i c  m a x i m u m ,  yM(eO)= ~'M and  ~ ( o o ) = / ~ s  
respect ively.  I f  on  the  o the r  hand,  M - a n d  ~ are  assumed 

to be cons tan t s  ra ther  t h a n  var iables  (case B),-jM and-Js  
are expec ted  to  increase exponen t i a l ly  wi th  increasing 
k-*, a t  an  ever  increasing ra te  i.e. w i t h o u t  reaching  a 
f in i te  m a x i m u m .  Our d a t a  h a v e  m a d e  possible a c learcu t  
d is t inc t ion  be tween  these theore t ica l  a l te rna t ives .  The  
expe r imen ta l  plots  of fM and Js  versus  k'* conform to  
equa t ions  4 and 5 (see F igures  2 and  3). This  was  ver i f ied  
b y  r igorous s ta t i s t ica l  tes ts  L P a r a m e t e r  eva lua t ion  of (4) 
and  (5) y ie lded  for the  cons tan t s  K--M and  R s in cell  s t ra in  
P815Y the  averaged  leas t -squares  es t imates ,  J~M = 0.02747 
and /Ts = 0.88142 ( s ( K . M )  = 4- 0.00326; S(-~S) = 
4- o . lo33 i ) .  

Conclusions. The  indi rec t  expe r imen ta l  ev idence  clear ly  
indica tes  t h a t  t he  DNA-syn thes i s  period, t he  G2-period 
and the  mitosis  per iod are no t  of f ixed dura t ions  in 
PS15Y cells, and  tha t ,  therefore,  expans ion  or con t rac t ion  
of genera t ion  t i m e  is n o t  due to  expans ion  or  con t rac t ion  
of t he  Gl -pe r iod  alone. The  d a t a  are  cons is ten t  w i t h  t he  
hypothes i s  tha t ,  unde r  condi t ions  of exponen t i a l  cell  pro-  
l i ferat ion (and p r o b a b l y  on ly  under  such conditions}, 
expans ion  or  con t rac t ion  of t he  genera t ion  t i m e  is due  to  
c o n c o m i t a n t  expansions  or  con t rac t ions  of each  of the  
charac ter i s t ic  phases of the  mi to t i c  cycle. Since ~ t  (if 
present) ,  S, G v and 2 ~ a r e  each homogeneous- l inear  func-  
t ions of genera t ion  t ime,  exponen t i a l ly  mu l t i p ly ing  cells 
a lways spend the  same fixed f rac t ions  of the i r  genera t ion  
t ime  in D N A  synthesis  (C-2 = ~-/~) and in mitosis  
(C4 = i~i/~), i r respect ive  of the i r  r a te  of pro l i fe ra t ion  
( 'p ropor t iona l  t iming '  mode).  Because  of this,  a l t e ra t ion  
of (exponential)  cell dupl ica t ion  r a t e  (k) wi th in  i t ' s  l imi ts  
(ln 2/~i < ~ < ~'max) does n o t  modi fy  the  specific t e m p o r a l  
order  of  charac te r i s t i c  even t s  of t he  mi to t i c  cycle, 

, Ex, IE~, 

I-- 
Ui IG~ + N 

, cons t an t  cons t an t  

iEs, !E4, / 
= I U I + U s + ~  - -  ' -  + = -  

]~i+~ +~ i~+~ +~+/r = i = -- _ -- ; ¥ 

iconstant iconstant 

(/~l = ' onse t  of D N A  synthesis '  ; E~ = ' t e rm ina t i on  of D N A  synthes is '  ; E8 = 'onse t  of observable  mi tos is '  i.e. ch romo-  
some separa t ion ;  E 4 = ' comple t ion  of cell  divis ion ') .  



916 Specialia EXPERIENTIA 23/11 

S imi la r  conc lus ions  h a v e  b e e n  d r a w n  f rom exper i -  
m e n t s  c o n d u c t e d  ear l ier  w i t h  L929 m o u s e  cells v,s. ' P ro -  
p o r t i o n a l  t im ing ' ,  of m a c r o m o l e c u l a r  e v e n t s  in  cell dupl i -  
ca t ion ,  is p r o b a b l y  a c h a r a c t e r i s t i c o n  of a n i m a l  cells in  
t he  e x p o n e n t i a l  s t a t e  of cell p ro l i f e r a t ion  ~3, a p p l y i n g  to  
b o t h  n o r m a l  a n d  h igh ly  neop las t i c  cells ~ ,~ .  

Zusammenfassung. E i n e  i n d i r e k t e  M e t h o d e  de r  Ana lyse  
des  m i t o t i s c h e n  Zel l -Zyklus  w u r d e  a n  ve r s ch i eden  rasch,  
j e d o c h  s t e t s  e x p o n e n t i e l l  w a c h s e n d e n  Suspens ions -Ku l -  
t u r e n  yon  n e o p l a s t i s c h e n  Maus -Mas t -Ze l l en  des  S t a m m e s  
P 8 1 5 Y  u n d  K u l t u r e n  yon  L929 Maus-Ze l len  geprt i f t .  Die  
e x p e r i m e n t e l l e n  K u r v e n  (Daue r  de r  G2-per iode  als F u n k -  
t i o n  d e r  K u l t u r e n - V e r d o p p l u n g s z e i t ,  m i t o t i s c h e r  I n d e x  
als F u n k t i o n  de r  spezi f i schen ~ r a c h s t u m s g e s e h w i n d i g k e i t  
de r  K u l t u r e n ,  u n d  D N A - s y n t h e t i s c h e r  I n d e x  als  F u n k t i o n  
de r  spezi f i schen W a c h s t u m s g e s c h w i n d i g k e i t )  s ind  m i t  de r  
H y p o t h e s e  im E i n k l a n g ,  n a c h  de r  die D a u e r n  de r  GI- ,  
S-, G2- u n d  der  M - P e r i o d e  h o m o g e n - l i n e a r e  F u n k t i o n e n  
de r  G e n e r a t i o n s d a u e r  r e s p e k t i v e  de r  G e s a m t d a u e r  des  
Zel l -Zyklus  s ind.  Demzufo lge  s ind  u n t e r  B e d i n g u n g e n  
s t r e n g  exponen t i e l l en  K u l t u r e n w a c h s t u m s  die D N A -  
Syn these -Pe r iode ,  die G2-Per iode  u n d  die Mi tose -Pe r iode  
n i c h t  yon  k o n s t a n t e r  Dauer ,  wie i ib l icherweise  a n g e n o m -  
m e n  wird.  Die  e x p e r i m e n t e l l  e r z w u n g e n e  Ver l / inge rung  

ode r  V e r k i i r z u n g  de r  G e n e r a t i o n s d a u e r  de r  s ich  in  de r  
IZul tur  t e i t e n d e n  Zellen (R-Zellen)  wi rd  s o m i t  n i c h t  a l le in  
d u r c h  die G1-Per iode  b e s t i m m t ,  s o n d e r n  d u r c h  gleich- 
zei t ige u n d  p r o z e n t u a l  gleichmitssige E x p a n s i o n  oder  
K o n t r a k t i o n  a l ler  v ie r  c h a r a k t e r i s t i s e h e n  P h a s e n  des Zell- 
Zyklus .  

H. Mos~g ~* 

Station de Zoologic expdrimentale de l' Universitd, 
7200 Gen~ve (Switzerland), 7 March 1967. 

la In the experiments with P815Y cells growth rate was in all likely- 
hood limited (controlled) by the O 2 concentration in the culture 
medium. The possibility that  the timing mode is altered under 
different conditions of growth control, therefore, cannot be ex- 
cluded at present. 
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A t y p i c  C h r o n o l o g y  o f  the  Mi to t i c  C y c l e  o f  N e o -  
p l a s t i c  M o u s e  M a s t  C e l l s  x 

The  life cycle of  a c t i v e l y  p ro l i f e ra t ing  m a m m a l i a n  cells 
is c h a r a c t e r i z e d  b y  t h e  ex is tence  of a n  ex t ens ive  G1- 
per iod  a n d  b y  a G2-per iod  wh ich  e x t e n d s  f rom 1 0 - 2 0 %  
of t h e  gene ra t ion  t ime .  T y p i c a l  example s  are  d ip lo id  
h a m s t e r  cells ~, h u m a n  H e L a  cells 3 a n d  mouse  L929 cells 4. 
M y  s tud ies  w i t h  P 8 1 5 Y  cells ~-7 revea led ,  for  t h e  f i r s t  
t i m e  in a m a m m a l i a n  cell s t ra in ,  a t y p i c a l  b e h a v i o u r  of 
t h e  mi to t i c  cycle. Conclus ive  ev idence  ha s  been  o b t a i n e d  
t h a t  mouse  asc i tes  m a s t  ceils, w i t h  a n  e x p o n e n t i a l  s t a t e  
of p ro l i fe ra t ion ,  l ack  a d e t e c t a b l e  G l - p e r i o d  in  t h e i r  cell- 
d ivis ion-cycle .  Ca lcu la t ion  of t h e  i n v a r i a n t  f r a c t i o n s  of 
g e n e r a t i o n  t i m e  s p e n t  in  o b s e r v a b l e  mi tos i s  (C4=M/¥, 

= d u r a t i o n  of t h e  m i t o t i c  cycle i.e. g e n e r a t i o n  t ime ,  
M = d u r a t i o n  of o b s e r v a b l e  mitosis)  a n d  in  D N A  syn-  
thes i s  (C2 =-g /~ ,  ~ =  d u r a t i o n  of t h e  D N A  s y n t h e s i s  
per iod)  s b y  so lv ing  t h e  e x p o n e n t i a l  equa t ions ,  

e Iln2)~' - 1 = -gM = 0.02747 (1) 
a n d  

e0n2) I~+~)(e( la2)c ' - ,_  1) ----- R s  = 0.88142,  (2) 

in  w h i c h  Ca = Gz/¥ = 0.16821 (Gz = d u r a t i o n  of t h e  G2- 
per iod) ,  y ie lded  ~'a = 0.03911 a n d  C2 = 0.81838. F r o m  
th i s  I de  r ivedfo r  ~'1 = G"I/{ = 1 -- (Cl + C'a + ~ )  ( ~  = 
d u r a t i o n  of t h e  Gl -pe r iod)  t he  v a l u e  Cx = -- 0.0257 w i t h  
a s t a n d a r d  d e v i a t i o n  of s(C-1)= :k0 .07704,  wh ich  is, 
acco rd ing  to  S t u d e n t ' s  t - t e s t  n o t  s ign i f i can t ly  d i f f e ren t  
f rom C-t = 0L Since  ~3 = G~/7 = 0.16821 is p r o b a b l y  a n  
o v e r e s t i m a t e  (for r ea sons  of m e t h o d o l o g y  5,,), t h e  specif ic  
c h r o n o l o g y  of t h e  m i t o t i c  cycle of e x p o n e n t i a l l y  r rmt t ip ly-  
ing  P S I S Y  cells, expressed  in % of g e n e r a t i o n  t ime ,  is 
m o s t  l ikely t h e  fol lowingg:  

100(? 
= (0%, 81.84%, 14.25%. 3 .91%) .  

Thus ,  in  P 8 1 5 Y  cells, D N A  s y n t h e s i s  c o m m e n c e s  w i th in  
m i n u t e s  a f t e r  ceil d iv is ion ,  p r o b a b l y  in a s ingle  ch romo-  
some  p a i r  a n d  in a specific nuc l eo t ide  sequence .  Repl ica-  
t / on  of c h r o m o s o m a l  D N A  is t e r m i n a t e d  when t h e  cell 
has  passed  t h r o u g h  a p p r o x i m a t e l y  82°/o of i t s  t o t a l  life 
span,  p r o b a b l y  also a t  a specif ic  s i te  in a specific ch romo-  
some pa i r  1°. Since P 8 1 5 Y  cells do h a v e  a G2-per iod 
(C3 > 0), a n d  s ince t h e  d u r a t i o n s  of t h e  G2-per iod a n d  of 
mi tos i s  are of a m a g n i t u d e  wh ich  is t yp i ca l  for  m a m m a l i a n  
cells, t h e  D N A - s y n t h e s i s  pe r iod  is e x p a n d e d  en t i r e ly  a t  
t h e  expense  of t he  Gl -pe r iod .  
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approach to steady-state etc,) cell proliferation is non-exponential. 
Under such conditions the chronology of the ceil-division-cycle is 
expected to deviate from it's uniform exponential characteristicS. 
I t  is possible therefore, that under such conditions P815Y cells 
may manifest Gl-pcriods of variable durations. 

~o The replication periods of specific chromosome pairs are not 
identical and overlap each other 2. As a rule chromosomes which 
begin replication early in the S-period complete duplication late, 
and chromosomes which start late complete DNA-synthesis earl)' 
(Y. K1KUCHI and A. SANDBERG, J ,  natn. Cancer Inst. 32, I109 
(1964)). The duration of the S-period is, therefore, determined bY 
at least 1 chromosome pair, the chromosome pair with the most 
extensive replication period. Preliminary observations indicate 
that this ordered asynchrony of chromosomal replication alsO 
applies to P815Y ceils. 


