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of r ibo f l av in ,  l umi f l av in  a n d  second  U V - m a x i m u m  of Iumi-  
c h r o m e  ref lec t  t r a n s i t i o n s  b e t w e e n  t h e s e  orb i ta l s .  T h e  
f ac t  t h a t  t h e  ca lcu la ted  v a l u e  for  t h e  pos i t ion  n e a r  U V -  
m a x i m u m  of l u m i f l a v i n  is of lower  f r e q u e n c y  t h a n  
m e a s u r e d  e x p e r i m e n t a l l y  is m o s t  p r o b a b l y  caused  b y  
us ing  r i bo f l av in  molecu la r  o r b i t a l  energies  ( these  two  
c o m p o u n d s  h a v e  no t  exac t l y  t h e  s a m e  spec t ra ) .  A n  oppo-  
s i te  i r regu la r i ty ,  h o w e v e r  in  h i g h e r  degree,  is o b s e r v e d  
for  l u m i c h r o m e  second  U V - m a x i m u m .  I n  b o t h  cases, t h e  
effect  of specific i n t e r a c t i o n  w i t h  d i o x a n e  c a n n o t  be  ex-  
cluded.  I n  add i t ion ,  pos i t ions  of cons ide red  m a x i m a  of 
b o t h  c o m p o u n d s  are s l igh t ly  ove r  t h e  l imi t s  p e r m i t t e d  for 
such  ca lcu la t ions% I n  t he  s o l ven t  used,  m e a s u r e d  posi- 
t ions  of longes t  w a v e l e n g t h  m a x i m a  of two  of t he  com- 
p o u n d s  cons ide red  are  sh i f t ed  a l i t t le  t o w a r d s  s h o r t e r  
wave l eng th s .  Pos i t ions  of th i s  m a x i m u m  ca l cu l a t ed  f rom 
energies  of h i g h e s t  fi l led a n d  lowes t  e m p t y  mo lecu l a r  or- 
b i t a l s  are  n o t  e x a c t l y  t he  s a m e  (Table) .  

Zusammen/assung. Der  Einf luss  o rgan i s che r  L6sungs -  
m i t t e l  au f  die E r h 6 h u n g  de r  L i c h t e m p f i n d l i c h k e i t  u n d  a u f  
die F o r m e n  de r  A b s o r p t i o n s k u r v e n  y o n  R ibo f l av in ,  L u m i -  
f l av in  u n d  L u m i c h r o m  w u r d e  un te r suchL;  dabe i  w i rd  
eine deu t l i che  r J b e r e i n s t i m m u n g  d e r  zwei l~ngs twel l igen  
M a x i m a - P o s i t i o n e n  in  D i o x a n l 6 s u n g  u n d  de r  t h e o r e t i s c h  
b e r e c h n e t e n  P o s i t i o n e n  fes tgeste l l t .  
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Inf luence of Ioniz ing  Radiat ion  on Prote in  P r o -  
duct ion  by  HeLa Cells  in Culture 

The  p r o d u c t i o n  of p ro t e in s  b y  t t e L a  h u m a n  c a r c i n o m a  
ceils in  cu l tu re  ha s  b e e n  s tud ied  b y  r a d i o c h e m i c a l  m e t h -  
ods. The  ceils were i n c u b a t e d  in a m e d i u m  c o n t a i n i n g  
14C-leucine, t h e  so luble  p ro t e in s  f o r m e d  were s e p a r a t e d  
i n to  f r ac t ions  b y  phys i co -chemica l  a n d  i m m u n o l o g i c a l  
m e t h o d s ,  t h e s e  f r ac t ions  were  b u r n e d ,  a n d  t h e i r  r ad io-  
a c t i v i t y  e s t i m a t e d  w i t h  t h e  gas  c o u n t e r l - K  

W e  h a v e  n o w  e x a m i n e d ,  b y  t h e  r a d i o c h e m i c a l  m e t h o d ,  
t h e  in f luence  of ion iz ing  r a d i a t i o n  on  t h e  s y n t h e s i s  of 
(soluble a n d  insoluble)  p ro t e in s  b y  HeLa .  T h e  ques t i on  
of t h i s  in f luence  is of in te res t ,  a m o n g  o t h e r  reasons,  in  
v iew of t h e  we l l -known  i n h i b i t i o n  of a n t i b o d y  f o r m a t i o n  
b y  i r r a d i a t i o n  of whole  an imals .  A d d i t i o n a l  i n f o r m a t i o n  
on  t he  m e c h a n i s m s  respons ib le  on  t h e  level  of t h e  cell is 
des i rable .  

The  cells were  g rown  in  f l a t - b o t t o m e d  f lasks  as m o n o -  
layers  in  10 ml  of a m e d i u m  cons i s t ing  of Gey  so lu t ion ,  
h u m a n  cord  s e r u m  a n d  h y d r o l y z e d  l a c t a l b u m i n .  0.5 #c 
D,L-radio leucine  were  a d d e d  as a p r e c u r s o r  of p ro te in .  
F o r  i r r ad i a t i on ,  t h e  m e d i u m  in  t h e  f lasks  c o n t a i n e d  va r ious  
q u a n t i t i e s  of t r i t i a t e d  wate r .  R a d i o i n c u b a t i o n  l a s t ed  
e i t h e r  24 or  48 h.  The rea f t e r ,  t h e  cells were  t a k e n  off t h e  
wa l l  of t h e  f l ask  w i t h  complexon ,  a n d  a n  a l i q u o t  p a r t  of  
t h e  cells was  c o u n t e d  in  t h e  h e m o c y t o m e t e r .  T h e  cell  
su spens ion  was  t h e n  used  to d e t e r m i n e  t h e  n e w l y  syn-  
thes ized  p ro te in ,  i.e. t h e  p r o t e i n  c o n t a i n i n g  r a d i o c a r b o n .  
I n  a n u m b e r  of pa ra l l e l  flasks,  cell  c o u n t s  were m a d e  for 
t he  t i m e  of t he  s t a r t  of t he  i r r ad ia t ion .  

To i so la te  t h e  soluble  p ro te ins ,  cells a n d  m e d i u m  were  
cen t r i fuged  a t  low speed (giving s u p e r n a t a n t  I), t h e  cells 
b r o k e n  b y  freezing,  a n d  t h e  f r a g m e n t s  s e p a r a t e d  b y  cen- 
t r i f uga t i on  (giving s u p e r n a t a n t  I I )  a n d  w a s h e d  w i t h  NaC1. 
The  s u p e r n a t a n t s  I a n d  I I  a n d  t h e  w a s h  so lu t ions  were 
combined ,  i n a c t i v e  leucine was  i n t r o d u c e d  as  a h o l d - b a c k  
carr ier ,  t r i ch lo roace t i c  acid (TCA) was added ,  t he  prec ip i -  
t a t e  f reed f rom the  so lu t ion  b y  c e n t r i f u g a t i o n  a n d  t h o r o u g h  
w a s h i n g  w i t h  TCA, b u r n e d ,  a n d  t h e  r a d i o a c t i v i t y  of t he  
CO~ m e a s u r e d  w i t h  t h e  gas  c o u n t e r  ~,~. T h e  cell debr is ,  
c o n t a i n i n g  t h e  inso lub le  p ro te ins ,  were  d i sso lved  in  w a r m  
n N a O H ,  a l i quo t s  of t he se  so lu t ions  were  n e u t r a l i z e d  

w i t h  HC1, b u r n e d ,  a n d  m e a s u r e d  i n d e p e n d e n t l y .  All  va l -  
ues in  t h e  Tab le s  are  m e a n  va lues  f rom 2 or  3 f lasks ;  t h e  
e r rors  are s t a n d a r d  errors .  

Table I. Cell counts per flask (" 10 -~) 

Activity of 
tritium 
(me/10 ml) 

Start After 24 h After 48 h 

0 3.25 ~ 0.15 4.61 ~= 0.40 5.94 ~ 0.39 
0..5 3.25 i 0.15 4.28 ~- 0.47 6.06 ~= 0.54 
5 3.25 4- 0.15 5.88 ± 0.23 5.01 :L 0.53 
50 3.25 -4- 0.15 3.17 i 0.31 2.61 i 0.37 

Table II. Protein production per flask 

Activ- Activity of protein (14C) (dpm) 
ity of 
tritium After 24 h After 48 h 
(me/ 
10 ml) soluble insoluble soluble insoluble 

0 9680~ 570 11620~ 840 
0,5 9130=t=1160 10980~- 850 
5 9430-t- 790 11720~1080 
50 8340:t- 780 11510i1000 

17140~1280 20300dc 570 
15 390 ~ 1020 20680 :t- 2020 
15900 t:: 1110 20670+1050 
13890 ~ 1860 19680±2950 
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The  r a d i a t i o n  doses were compu ted  from the  known 
a c t i v i t y  of t h e  t r i t i um,  t he  m e a n  energy of i ts be ta-  
r a d i a t i o n  (5.7 keV 6) a n d  t he  du ra t ion  of the  exper iment .  
I t  was  29.2 r a d  pe r  d a y  for  1 me/10 ml. The  range of the  
t r i t i u m  b e t a - r a y s  is so smal l  t h a t  the  loss of energy in the  
wails of t he  f lasks  c a n  b e  neglected.  On the  o the r  hand ,  i t  
is large e n o u g h  to  p rov i de  a pract ica l ly  un i fo rm rad ia t ion  
dose o v e r  t h e  whole  of t he  sys tem of cells + medium,  
w h a t e v e r  t h e  d i s t r i b u t i o n  of the  t r i t i u m  wi th in  the  cells e. 
The  c o n t r i b u t i o n  of t h e  r ad ioca rbon  to the  dose is negligi- 
ble. I n  T a b l e  I t he  cell  counts ,  and  in Table  I I  the  radio-  
c a r b o n  c o n t e n t s  of t h e  p ro t e in  are g iven  as funct ions  of 
a m o u n t  of t r i t i u m  a n d  i r r ad ia t ion  t ime.  

I t  is seen t h a t  t he  cell c o u n t  is s ignif icant ly  affected b y  
i r r ad i a t i on  a t  t he  level  of 5 me/10 ml. However,  t he  in- 
c o r p o r a t i o n  of rad io leuc ine ,  i.e. t he  synthesis  of protein ,  
is n o t i c e a b l y  depressed  only  a t  the  50 me/10 ml level. 
Because  of t h e  h i g h e r  sens i t iv i ty  to rad ia t ion  of cell 
c o u n t  c o m p a r e d  w i t h  p ro te in  product ion,  the  average  
a m o u n t  of p r o t e i n  syn thes ized  per  cell shows an  increase 
w i th  inc reas ing  dose (Table  I I I ) .  The  cell number s  used 
for  c a l cu l a t i ng  T a b l e  I I I  are no t  the  number s  at  the  end  

Table III. Mean protein activity per cell (relative values) 

of the  r e l evan t  t ime  in te rva l s ,  b u t  ca lcu la ted  ave rage  
n u m b e r s  du r ing  these  in te rva l s .  

I t  has  been  shown before, b o t h  b y  colony c o u n t i n g  v 
and  b y  celi coun t ing  8, t h a t  cells in cu l tu re  are r e m a r k a b l y  
sensi t ive  to r ad i a t i on  in respect  of t h e i r  c a p a c i t y  for d ivi -  
sion. The  me tabo l i sm of the  ceils is a f fec ted  m u c h  less~,L 
Our  result ,  t h a t  p ro te in  syn thes i s  goes on  w i t h  l i t t l e  
change  while cell d ivis ion is largely inh ib i t ed ,  is in  agree-  
m e n t  w i th  these  earl ier  f indings.  T h e  resu l t s  sugges t  t h a t  
the  suppress ion of a n t i b o d y  h ) r m a t i o n  b y  r a d i a t i o n  occurs  
b y  inh ib i t ion  of fo rma t ion  of ac t ive  cells r a t h e r  t h a n  b y  
inh ib i t ion  of pro te in  syn thes i s  b y  the  c o m p e t e n t  ceils t% 

Zusamu,en[assung. BEi der  Z i i ch tung  yon  H e L a - K r e b s -  
zellen in t r i t i u m h a l t i g e r  Ni ihr l6sung wl ihrend 48 h wurde  
festgestellt ,  dass  die Mi tosera te  d u r c h  viel k le inere  S t r a h -  
lendosen nachwe i sba r  he rabgese t z t  wird als die radio-  
chemisch  gemessene Ra t e  t ler P ro t e insyn these .  

G. KELLNER, S. J.  FRIMMEL, 
R. KRAUZE, a n d  E. BRODA 

Histologisch-Embryologisches Institut der Universittit Wien 
und lnstitut [iir Physikalische Chemic der Universitiit IVien 
(Austria), August 7, 196.t, 

Activ- 
ity of 
tritium After 24 h After 48 h 
(me/ 
10 ml) soluble il~soluble soluble insoluble 

0 100.04- 8.0 100.0± 9.0 100.0!10.6 100.04-11.6 
0.5 98.8 ± 14.1 98.6 ± 10.0 92.7 i 11.2 105.0 4- 15.I 
50 107.6 ::~ 10.0 111.5 ~ 11.2 107.0 4- 11.1 117.0 4- 10.9 
5 105.5 4- 11.3 121.2 ZiZ 12.6 122.0 ~ 19.0 146.0 4- 25.8 
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A D e m o n s t r a b l e  L o c a l  a nd  G e o m e t r i c  I n c r e a s e  
i n  t h e  C h r o m o s o m a I  D N A  of  C h i r o n o m u s  

I n v e s t i g a t i o n s  on  t h e  i nco rpo ra t ion  of HS-thymMine in 
t he  s a l i v a r y  g l a n d  c h r o m o s o m e s  of Chiro~iomus thummi 
h a v e  s h o w n  t h a t  local  D N A  syn thes i s  begins  approxi-  
m a t e l y  s i m u l t a n e o u s l y  in all  bands ,  and  t h a t  thick,  DNA- 
r ich  b a n d s  r equ i re  s o m e w h a t  more  t ime  to complete  
r ep l i ca t ion  t h a n  do t h i n  ones  w i t h  tess D N A  c o n t e n t L  
These  a u t o r a d i o g r a p h i c  f indings  were conf i rmed b y  micro- 
s p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  of D N A  con t en t  in  
s a l i va ry  g l a n d  c h r o m o s o m e s  of d i f ferent  size classesi.  
These  fac ts  are  u n d e r s t a n d a b l e  if i t  is a ssumed t h a t  the  
b a n d s  enclose sec t ions  of t he  c h r o m a t i d s  in which DNA 
syn thes i s  p roceeds  i n d e p e n d e n t l y  of one another .  F r o m  
s imi la r  o b s e r v a t i o n s  of Ha - thymid ine  au torad iography ,  
TAYLOR 3 conc luded  t h a t  long mi to t i c  chromosomes  are 
composed  of m a n y  such  subuni t s .  

KEYL a n d  PELLING 1 t ook  a d v a n t a g e  of the  special si tua- 
t ion  in t h e  s a l i v a r y  g l and  chromosomes  of hybr ids  be tween  

the  two subspecies,  Ch. th, thummi ant i  Ch. th. piger, viz. 
the  occurrence of s t ruc tu ra l ly  d i f ferent ,  unpa i r ed  regions,  
to s t udy  tim re la t ionsh ip  be tween  the  a m o u n t  of DNA a n d  
the  du ra t ion  of I )NA synthes is .  W i t h i n  the  u n p a i r e d  seg- 
ments ,  homologous  b a n d s  occur  in precisely t he  same  se- 
quence  as in pa i red  segments ,  Nonetheless ,  t h e  homolo-  
gous chromosomes  can  be  d i s t ingu i shed  f rom one  a n o t h e r  
because of d i s t inc t  differences in t h e i r  d imens ions  ~,s. Tim 
chromosomes  of Ch, th. thummi possess n u m e r o u s  b a n d s  
whose appea rance  suggests  t h a t  t h e y  c o n t a i n  a la rger  
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