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Interphase differential sensitivity to protein synthesis inhibition 

G. Garc i a -Herdugo  

Instituto de Biologta Celular, C. S. I. C., Veldzquez 144, Madrid-6 (Spain), 21 March 1977 

Summary. The  effect  of p r o t e i n  syn thes i s  i n h i b i t i o n  d u r i n g  i n t e r p h a s e  of Allium cepa L. roo t  m e r i s t e m  cells was  s tud ied .  
A n i s o m y c i n  a n d  cyc lohex imide  were used in i n t e r m i t t e n t  t r e a t m e n t s  d u r i n g  i n t e r p h a s e  of a s y n c h r o n o u s  cell sub-  
p o p u l a t i o n  label led  as b inuc l ea t e  b y  caffeine, and  t he  de lays  in  r each ing  p r o p h a s e  were recorded.  H i g h  s ens i t i v i t y  to  
p ro t e in  syn thes i s  i n h i b i t i o n  was de tec ted  in G~ and  in t he  S/G~ b o u n d a r y ,  while  p ro t e in  syn thes i s  in mos t  of t he  S and  
G~ phase  was n o t  r equ i red  for t he  n o r m a l  t i m i n g  of n e x t  p rophase .  

The  role of p r o t e i n  syn thes i s  in  t he  d i f fe ren t  s tages  of 
t h e  cell  cycle h a s  b e e n  s tud ied  b y  m a n y  m e t h o d s  a n d  in 
m a n y  biological  ma te r i a l s  d u r i n g  t he  las t  years .  Ef fec ts  
on  mi to t i c  prophase~,  2, on  nucleologenesis  3,4 a n d  on 
rep l i ca t ion  5 h a v e  been  recorded  in cells of p l a n t  mer i s tems .  
The  a im of t h i s  work  is to  s t u d y  t he  d i f fe ren t ia l  s ens i t i v i ty  
of l a te  mi tos i s  a n d  of t he  d i f fe ren t  i n t e r p h a s e  per iods  to 
i n h i b i t i o n  of p ro t e in  syn thes i s  as ref lec ted  in a l eng t hen ing  
of t he  i n t e r p h a s e  wh ich  is m e a s u r e d  b y  a de lay  of mitosis .  
Material and methods. T he  m a t e r i a l  used  was t he  roo t  
m e r i s t e m  of Allium cepa L. The  on ion  bu lbs  were g rown 
in t he  d a r k  a t  a c o n s t a n t  t e m p e r a t u r e  of 15~ • 0.5~ 
in cy l indr ica l  receptac les  of 70 ml  capac i ty ,  w i t h  t a p  
w a t e r  wh ich  was r enewed  eve ry  24 h a n d  ae ra t ed  con-  
t i n u o u s l y  b y  b u b b l i n g  a t  10-20 ml  a i r /min .  Fo r  t he  
cyto logica l  analysis ,  t h e  roo ts  were f ixed in a 3 : 1 m i x t u r e  
of e thano l - ace t i c  acid, a n d  t he  spec imens  were p r e p a r e d  
b y  s t a in ing  t he  roo ts  w i t h  acet ic  orcein accord ing  to t he  
t e c h n i q u e  of Tjio a n d  L e v a n  6. 
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Fig. 1. Delays in reaching prophase induced by cyeloheximide treat- 
ment at different of the cell cycle. Horizontal lines represent the 
2-h-length of the treatments with inhibitor. The vertical column 
represents the 1-h-caffeine labelling period during which 'sponta- 
neously synchronous' cells traversing telophase become binucleate. 
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Fig. 2. Delays induced by 4-h-anisomycin treatment during mitosis 
and different segments of interphase. 

To e v a l u a t e  i n h i b i t o r  efficacy, d i f fe ren t  bu lbs  were in- 
c u b a t e d  w i t h  0.02 ~Ci/ml,  10 -4 M 14C-leucine (wi th  a 
specific a c t i v i t y  of 34.4 ~Ci/mM). T h e y  were cons idered  
con t ro l  bulbs ,  whi le  o the r s  were i n c u b a t e d  a f t e r  l abe l l ing  
in t he  same  w a y  in so lu t ions  c o n t a i n i n g  inh ib i to r sK 
Results and discussion. To s t u d y  t he  s ens i t i v i t y  of cells 
to  p r o t e i n  syn thes i s  i n h i b i t i o n  d u r i n g  d i f fe ren t  per iods  
of t he  cell  cycle, we h a v e  used  a s y n c h r o n o u s  cell popu l a -  
t ion  label led  in t e lophase  as b inuc lea tes  b y  1 h t r e a t m e n t  
w i th  0 .1% caffe ineL W e  h a v e  conf i rmed  t h a t  in our  
e x p e r i m e n t a l  cond i t ions  (15 ~ t he  b inuc lea t e  cells r e a c h  
p r o p h a s e  22 h a f t e r  t he  caffe ine t r e a t m e n t .  
D i f fe ren t  i nh ib i t o r s  of p ro t e in  syn thes i s  (cyc loheximide  
a n d  an i somycin)  wh ich  h a v e  been  p rev ious ly  e v a l u a t e d  
in our  m a t e r i a l  5 were appl ied  for sho r t  per iods  a t  va r ious  
s tages  of t he  cell cycle. B o t h  of t h e m  i n h i b i t  t he  p ro t e in  
syn thes i s  b y  more  t h a n  90% a t  a 1 vg /ml  concen t r a t i on .  
The  poss ible  effect  on t he  whole i n t e r p h a s e  shou ld  be  
de t ec t ed  as a de l ay  in t he  t i m e  w h e n  t he  f i rs t  b i n u c l e a t e  
cells r e a c h  the i r  p rophase .  
F igu re  1 shows t h e  de lays  in  r each ing  mi tos i s  wh ich  are 
p roduced  b y  2-h t r e a t m e n t s  w i t h  cyc loheximide ,  appl ied  
a t  d i f fe ren t  phases  d u r i n g  i n t e r p h a s e  as well as i m m e -  
d i a t e ly  before  i n t e r p h a s e  i n i t i a t i on  (expressed as h - 3  
to  -1  before  caffeine labe l l ing  in f igure  i).  There  is a 
genera l  t h o u g h  n o n u n i f o r m  sens i t i v i t y  to  cyc lohex imide  
d u r i n g  in t e rphase .  A s l igh t ly  g rea te r  s ens i t i v i t y  seems 
to ex i s t  to  t r e a t m e n t s  d u r i n g  G~ t h a n  in those  d u r i n g  
ear ly  a n d  mid  S, whi le  t he re  is a h igh  s ens i t i v i t y  zone 
in la te  S. F ina l ly ,  t he  G~ appea r s  n o t  to  be sens i t ive  to  
cyc loheximide .  
F igure  2 shows t he  effects  of t he  d i f fe ren t  3-h a n y s o m i c i n  
t r e a t m e n t s .  This  f igure essent ia l ly  shows the  same  zones 
of h i g h  sens i t iv i ty .  However ,  t he re  are s t r i k ing  di f ferences  
w i t h  r e spec t  of t he  sha rpness  of t he  response.  W h e n  
us ing  an i somyc in  pr io r  to  t he  i n i t i a t i o n  of i n t e r p h a s e  
(from 5 h to 1 h before  t he  end  of t he  caffeine t r e a t m e n t ) ,  
t he re  is no p ro longa t i on  of t he  n e x t  i n t e r p h a s e  whi le  
cyc lohex imide  induced  a large de l ay  (13 h). Since b o t h  
drugs  i n h i b i t  p ro t e in  syn thes i s ,  we can  i n t e r p r e t  t h e s e  
resu l t s  in  t he  sense t h a t  p ro t e in  syn thes i s  b y  la te  mi tos i s  
is no t  necessa ry  for n o r m a l  d e v e l o p m e n t  of t he  n e x t  
i n t e rphase ,  and  t h a t  cyc lohex imide  e i the r  shows add i t i on -  
al side effects  or i t  h a s  a s t rong  res idua l  effects, t h a t  is to  
say, i t s  effect  is r e v e r t e d  a t  a m u c h  s lower  ra te .  
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The sens i t iv i ty  of G 1 to p ro te in  syn thes i s  inh ib i t ion  
agrees  wi th  previous  resul ts  s which  showed t h a t  t he  
in i t ia t ion  of t he  S per iod  depends  on previous  p ro te in  
synthes is .  The lack of sens i t iv i ty  of the  ear ly  and middle  
S per iod to  p ro te in  syn thes i s  inh ib i t ion  was no t  expec ted  ; 
a l though  comple t ion  of D N A  repl ica t ion  does no t  require  
concur ren t  p ro te in  synthes is ,  it  was logical to assign a 
role in mitosis  to  protein(s)  syn thes ized  dur ing th is  period.  
The p resen t  resul ts  sugges t  t h a t  p ro te ins  syn thes ized  
dur ing  th is  per iod are no t  s t r ic t ly  requi red  to  reach  the  
n e x t  division. On the  o ther  hand ,  some protein(s)  m u s t  be 
syn thes ized  a t  t he  S/G, t r ans i t ion  in order  to t r igger  the  

n e x t  prophase ,  as shown b y  the  grea t  de lay  recorded 
a f te r  such t r e a t m e n t s .  
In  conclusion,  G 1 and  S/G~ boundar ies  appea r  as phases  
h ighly  sensi t ive to p ro te in  syn thes i s  inhibi t ion,  while 
m o s t  of S and G 2 do no t  require  p ro te in  synthes is  for 
t he  no rma l  t iming  in reaching  the  n e x t  prophase .  Last ly,  
th i s  t echn ique  is p roposed  as a s imple m e t h o d  to  analyze 
the  cycle by  specific metabol ic  inhibi tors .  
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The dependence  of heart  rate and l o c o m o t o r  act ivi ty  on water  t empera ture  
in the carp (Cyprinus carpio L.) 
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Summary. Long- t e rm m e a s u r e m e n t s  of hea r t  ra te  and locomotor  ac t iv i ty  in re la t ively  free moving  carps  d e m o n s t r a t e d  
dependence  on wa te r  t empera tu re .  U n d e r  these  condit ions,  the  hea r t  r a te  has a c i rcadian  and  c i rcannual  r h y t h m.  

As fish are po ik i lo - thermal  animals ,  the i r  body  t em-  
pe ra tu re  reponds  to changes  in t he  t e m p e r a t u r e  of 
the  env i ronment ,  a l though  l i t t le is known of the  actual  
na tu r e  of the i r  b o d y  t e m p e r a t u r e  main tenance .  The 
env i ronmen ta l  t e m p e r a t u r e  and  all organic funct ions  
of po ik i lo- thermal  animals  show pos i t ive  corre la t ion *-4. 
R u e t h  5 found a h igh  posi t ive  corre la t ion of hea r t - r a t e  
and  b o d y  t e m p e r a t u r e  w i th  env i ronmen ta l  t empera tu re ,  
in amphib ians .  Up  to now these  relat ions have  ha rd ly  
been  inves t iga ted  in the  case of carps.  Ir iki  et  al. ~ carr ied 
ou t  t he rma l  s t imula t ion  of t he  spinal  cord and thus  hear t -  
r a te  in some cypr in id  fish. A l b r e c h t :  was able to show 
t h a t  t e m p e r a t u r e  has  an inf luence on cer ta in  physiological  
changes  in inner  organs.  Li t t le  behav ioura l  analysis  of 
t e m p e r a t u r e - d e p e n d e n c e  has  been  carr ied out,  a l though  
such analysis  could clarify var ious  ecological ques t ions  
and  p rob lems  in f ishery research 8-1~ Field observat ions ,  
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Fig. 1. a Arrangement of the electrodes in the fish: h heart; e, electrodes, b Recording system: u, turn back rollers' a, activity receiver; 
th, theread suspension; 1, lever; p, plug connection; v, voltmeter; P, power source, c Measuring and processing device for the locomotor 
activity (schematic); c, current coil; ind, induction coil. 


