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E a r l y  R e p l i c a t i n g  D N A  o f  P h y s a r u m  is  Denser  than  Late Repl icat ing  D N A  

T h e  m y x o m y c e t e  Physarum polycephalum can  be  g r o w n  
as p lasmodia ,  in  w h i c h  m o s t  nuc le i  go t h r o u g h  n a t u r a l l y  
s y n c h r o n o u s  mi toses  z. T he  m a i n  nuc lea r  D N A  is r ep l i ca t ed  
d u r i n g  a 3 h per iod  i m m e d i a t e l y  fol lowing mi tos i s ;  u n d e r  
t he  cond i t ions  used here  t h e  whole  i n t e r m i t o t i c  t i m e  is 
a b o u t  9 h.  I t  h a s  been  s h o w n  p rev ious ly  t h a t  D N A  mole-  
cules t h a t  r ep l i ca te  in  a s ub f r ac t i on  of one  S-per iod  aga in  
rep l ica te  in  t h e  co r r e spond ing  s u b f r a c t i o n  of t h e  fol lowing 
S-per iod ~. Th i s  shows t h a t  D N A  molecules  a re  r ep l i ca t ed  
in a specif ic  t i m e  sequence,  a t  l eas t  u n d e r  s t a n d a r d  
g r o w t h  condi t ions .  The  fol lowing e x p e r i m e n t  shows t h a t  
D N A  rep l i ca t i ng  a t  d i f fe ren t  t imes  of t h e  S-per iod  has  a 
s o m e w h a t  d i f fe ren t  dens i ty .  

Sur face  cu l tu re s  of Physarum were  g rown  b y  r o u t i n e  
m e t h o d s  a n d  t h e  t i m e s  of  mi tos i s  d e t e r m i n e d  b y  p h a s e  
c o n t r a s t  microscopy.  T h r e e  cu l tu re s  were p re l abe led  f rom 
inocu la t i on  of sur face  cu l tu re s  u n t i l  3 h a f t e r  mi tos i s  2 
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Cesium chloride gradients of pulse labeled DNA. Cultures were pre- 
labeled with I-I~-thymidine, then allowed to continue growth in 
unlabeled medium and pulse-labeled for 10 min with C~a-thymidine 
at the following times during the S-period: a) from 10 min after 
mitosis 3 to 20 min after mitosis 3; b) from 50 min after mitosi~ 3 
to 60 rain after mitosis 3; e) from 90 rnin after mitosis 3 to 100 min 
after mitosis 3. ~ - - ~ ,  Ha-radioactivity; O---O, CZa-radioaetivity; 
x ... ×,  density. Bottom of gradients at the left. 

w i t h  H 3 - t h y m i d i n e  (0.5 ~tC/ml) a n d  t h e n  t r a n s f e r r e d  to  
a n  un labe led  m e d i u m .  Af te r  mi tos i s  3, cu l tu res  were pulse 
labe led  a t  d i f fe ren t  t i m e s  of t h e  S-per iod  w i t h  Cl*-thy - 
m i d i n e  (2 ~C/ml).  I m m e d i a t e l y  fol lowing t h e  label ing,  
nuc le i  were  isolated,  D N A  e x t r a c t e d  a n d  ces ium ch lor ide  
g r a d i e n t s  p r e p a r e d  b y  m e t h o d s  desc r ibed  p rev ious ly  2. 
I t  c an  be  seen f r o m  t h e  F igure  t h a t  H 3 a n d  C ~4 do  n o t  
b a n d  a t  t h e  same  pos i t ion  a t  al l  t imes .  D N A  rep l i ca t ed  
ea r ly  in  t h e  S-per iod  is dense r  t h a n  b u l k  D N A  (F igure  a) 
a n d  D N A  rep l i ca t ed  l a t e  in  t he  S-per iod is s o m e w h a t  less 
dense  t h a n  b u l k  D N A  (Figure  c). A l t h o u g h  nuc l ea r  
sa te l l i t e  D N A  (dens i ty  1.714 g/ml)  does no t  r ep l i ca te  
t o g e t h e r  w i t h  t h e  b u l k  nuc lea r  D N A  (dens i ty  1.702 g/ml) ,  
i t  c a n n o t  h a v e  a n y  in f luence  on  t h e  o u t c o m e  of these  
e x p e r i m e n t s  3. T h e  nuc lea r  sa te l l i t e  D N A  r e p r e s e n t s  on ly  
2 %  of t h e  t o t a l  D N A  a n d  i t  r ep l i ca tes  f rom the  midd le  of 
t h e  S-per iod to t h e  end  of t he  G-2-per iod  4. 

Fo r  m a m m a l i a n  cells in  cu l tu re  v e r y  s imi l a r  resu l t s  
h a v e  been  o b t a i n e d :  D N A  rep l i ca t ed  ear ly  in  t h e  S-phase  
has  a h i g h e r  G + C c o n t e n t  t h a n  D N A  rep l i ca t ed  la te  in  
t he  S-phase  ~-L I t  follows t h a t  in  v e r y  d i f fe rcn t  e u k a r y o t i c  
o rgan i sms  D N A  rep l i ca t ion  proceeds  in  a well  de f ined  
t i m e  sequence  a t  l e a s t  u n d e r  s t a n d a r d  g r o w t h  cond i t ions .  
W h e t h e r  t h i s  sequence  is also m a i n t a i n e d  d u r i n g  differ-  
e n t i a t i o n  r e m a i n s  to  be  es tab l i shed .  I t  is n o t  c lear  w h a t  
f u n c t i o n a l  s ignif icance th i s  f ixed t i m e  sequence  of repl ica-  
t ion  has ,  n o r  b y  w h a t  m e c h a n i s m  i t  is con t ro l l ed  : conceiv-  
ab ly  a c t i v a t i n g  p ro t e in s  m a y  induce  t he  r ep l i ca t ion  of 
one s e g m e n t  a f t e r  a n o t h e r  s 

Rdsumd. Le D N A  du  m y x o m y c e t e  Physarum poly- 
cephatum a 6t6 m a r q u 6  p e n d a n t  des  t e m p s  de  10 m i n  
d i f fdrentes  & a p e s  de  la p h a s e  S. L ' a n a l y s e  sur  g r a d i e n t s  
de dens i t6  p rdpa ra t i f s  de ch lorure  de  cds ium a m o n t r 6  
q u ' u n e  p a r t i e  de ce DNA,  r e p r o d u i t  t h t  d a n s  la p h a s e  S 
es t  p lus  dense  que  le res te  du  DNA,  celui-ci  6 r a n t  lui- 
m & n e  plus  dense  que  le D N A  r e p r o d u i t  t a r d i v e m e n t .  
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T h e  E f f e c t  o f  Pressure  Changes  on  Ester i f icat ion  of Choles tero l  and H y d r o l y s i s  of Choles tero l  E s t e r s  

in Rat  Aorta  and S e r u m  

E n z y m e  a c t i v i t y  in  t h e  t i ssues  m a y  be in f luenced  b y  
va r i ous  factors .  I t  is k n o w n  t h a t  t h e r e  is a d a p t a t i o n  of 
e n z y m e s  on  a l t e r a t i o n s  in  t h e  d ie t  1, a f t e r  t he  a d m i n i s t r a  - 
t i on  of h o r m o n e s  2, d rugs  3, etc. I t  was  found  p rev ious ly  

t h a t  also t he  a c t i v i t y  of e n z y m e s  es t e r i fy ing  a n d  h y d r o -  
lyz ing  choles tero l  es ters  in  v a s c u l a r  wa l l  a n d  b lood  se rum 
is a f fec ted  b y  d ie t  changes  4. W h e n  s t u d y i n g  o t h e r  fac tors  
wh ich  could  con t ro l  t h e  a c t i v i t y  of these  e n z y m e s  in t he  
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Esterification of [4-1~C] cholesterol and hydrolysis of [7-Sill cholesterol palmitate in rat aorate and blood serum under elevated pressure 

Group (pressure) No. of Esterification/eholesterolesters Hydrolysis 

animals saturated 1 = 2 = 3,4 = X = < free cholesterol < 

Aortae 
Controls 
(atmospheric) 
(200 mm Hg) 

Blood serum 
Controls 
(atmospheric) 
(200 mm Hg) 

11 0.69 0.82 0.32 0.18 0.10 2.13 14.27 
4- 0.075 + 0.14 4- 0.068 4- 0.042 4- 0.002 4- 0.31 ± 1.30 

I0 0.58 0.60 0.22 0.11 0.07 1.42 b 9.58 u 
4- 0.074 4- 0.010 4- 0.063 4- 0.030 4- 0.025 ± 0.50 4- 1.18 

10 0.55 0.74 1.41 4.00 0.71 7.84 2.56 
4- 0.12 4- 0.21 4- 0,75 4- 1.24 4- 0.30 4- 1.54 4- 0.97 

10 0.71 0.82 2.44 4.45 0.94 9.37 ~ 0.98 A 
4- 0,09 4- 0.16 4- 0,36 4- 0.48 4- 0.29 4- 0.99 4- 0,09 

Values represent % of the total activity in the tube esterified (or hydrolyzed) per 2 h (mean + S.D.). 
1 =,  Mono-unsaturated choIesterol esters; 2 =,  Di-unsaturated cholesterol esters; 3,4 = ,  Tri- and tetra-unsaturated cholesterol esters; X ~ ,  

Poly-unsaturated cholesterol esters; ~ Total cholesterol esters. , P < 0.05. b p < 0.01, statistically significant difference vs. controls. 

a r te r ia l  wall,  t he  effect  of  pressure  changes  has  been  
e x a m i n e d  in t h e  p resen t  exper iments .  E n z y m e s  in the  
r a t  a r te r ia l  b lood and /o r  wall  are work ing  under  t he  
pressure  of a b o u t  100-150 m m  Hg, whi le  t h e  measure-  
m e n t s  of enzyma t i c  ac t iv i ty  have  been  done  previous ly  
unde r  o rd ina ry  l abo ra to ry  condi t ions ,  i.e. a t  a tmosphe r i c  
pressure.  

Norma l  female Wis t a r  ra t s  on s t a n d a r d  d ie t  were  
used. The b lood was ob ta ined  by  decap i ta t ion .  Then  the  
aor tae  were  r emoved ,  the  tun ica  a d v e n t i a  was d i sca rded  
and  the  weighed  t issue (40 mg) was  cut  in to  smal l  pieces 
w i th  scissors and  incubated .  The  incuba t ion  m e d i u m  was  
p h o s p h a t e - a c e t a t e  buffer  to  which  was  a d d e d  Mg 2+, 
A T P  and  c o e n z y m e  A 5 toge the r  wi th  a t r ace r  dose of 
[4A~C] choles terol  or [7-3H] cholesterol  p a l m i t a t e  (Radio-  
chemica l  Centre,  Amersham)  in 0.1 ml  ace tone  to  2 ml  
incuba t ion  mix tu re .  The  contro l  samples  of ao r t a  and /o r  
s e rum were  i ncuba t ed  a t  a tmosphe r i c  pressure.  The  
expe r imen ta l  samples  were  incuba ted  in  a he rme t i ca l ly  
closed c h a m b e r  unde r  s t r ic t ly  ident ica l  condi t ions ,  b u t  
dur ing  the  whole  incuba t ion  per iod  (2 h) t he  pressure  was 
e leva ted  to  200 m m  Hg. I m m e d i a t e l y  a f t e r  t he  incuba t ion  
the  reac t ion  was s t o p p e d  by  l ipid ex t r ac t i on  according  to 
FOLCH et  al. e. The rad iochemica l  procedures  were descr ib-  
ed prev ious ly  L 

F r o m  the  Table  i t  follows t h a t  unde r  h igh  pressure  
condi t ions  in ra t  aor t ic  t issue the  es ter i f ica t ion of the  
cholesterol  is inh ib i t ed  and there  is also s ignif icant ly  less 
[7-3H] cholesterol  p a l m i t a t e  hydro lyzed  when  comp a r e d  
wi th  t he  aor tae  i ncuba t ed  unde r  lower (a tmospher ic)  
pressure .  

I t  is also ev iden t  t h a t  in t he  case of blood se rum the re  
was  also decreased hydro lys i s  of cholesterol  pa lmi t a t e ,  b u t  
s igni f icant ly  e leva ted  es ter i i ica t ion  of cholesterol .  

I t  is of some in te res t  tha t ,  in t he  case of r a t  aor t ic  
t issue,  t he  es ter i f ica t ion in s a tu r a t ed  and  m o n o - u n s a t u r a t -  
ed cholesterol  es ters  p redomina tes ,  whi le  in se rum t h e  tr i-  
and  t e t r a u n s a t u r a t e d  esters  prevai l .  W h e t h e r  t h e  d i f fe ren t  
p a t t e r n  of cholesterol  es ters  is invo lved  in t he  d i f fe ren t  
r esponse  of cholesterol  es ter i f ica t ion  in  t h e  se rum a n d  
aor t ic  t i ssue  to the  pressure  e leva t ion  awai t s  fu r the r  
s tudies .  

Assuming  t h a t  eholes te ro l ,es te rKying  a n d  choles tcrol-  
e s t e r s -hydro lyz ing  enzymes  are  working  in blood and  
aort ic  wall  in v ivo  under  s imilar  pressure  cond i t ions  (i.e. 
100-200 m m  Hg) as has  been  s imula ted  in our  exper i -  
ments ,  t h e n  p re sen t  resul ts  m a y  serve to  exp la in  t he  

m a r k e d  dif ference be tween  the  fas te r  hydro lys i s  t h a n  
es ter i f ica t ion ra te  in our  previous  work  4. F u r t h e r m o r e  
the  add i t ion  of coenzyme  A in incuba t ion  m e d i u m  in 
the  p re sen t  e x p e r i m e n t s  a p p a r e n t l y  also fac i l i ta ted  
es ter i f ica t ion  of cholesterol  s. 

The reasons w h y  a rise in pressure  a l ters  the  s tud ied  
processes  are no t  clear a t  present .  The changed  accessi- 
b i l i ty  of subs t r a t e s  to  the  enzymes  under  pressure  condi-  
t ions  c a n n o t  be excluded.  I t  is also possible  t h a t  steric 
conf igura t ion  of enzymes  molecules (with respec t  to ac t ive  
sites) is modif ied  under  the  inf luence of e leva ted  pressure.  
These and  o the r  possibi l i t ies  are cu r ren t ly  under  s t u d y  in 
th is  l abora tory .  

I t  can  t h u s  be s u m m e d  up t h a t  unde r  t he  presence  of 
200 m m  Hg  t h e  hydro lys i s  of  choles terol  p a l m i t a t e  in r a t  
aor t ic  wail  and  blood se rum is inh ib i t ed  whi le  t he  ester-  
i f icat ion of cholesterol  in t h e  b lood serum is increased.  

Zusammenfassung. E x p e r i m e n t e  in v i t ro  zeigen, dass  
u n t e r  ~ b e r d r u c k  yon  200 m m  H g  die Hydro ly se  yon  
Cho les t e ro lpa lmi ta t  in den  Aor ten  und  im B lu t s e rum yon 
R a t t e n  g e h e m m t  wird:  Die Es te r i f ika t ion  yon  Cholesterin,  
in Aor t en  ebenfal ls  erniedr igt ,  zeigt  im Serum einen 
deu t l i chen  Anst ieg.  
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