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A b s o r p t i o n  S p e c t r a  of  R i b o f l a v i n ,  L u m i f l a v l n ,  
a n d  L u m i c h r o m e  i n  O r g a n i c  S o l v e n t s  

Using  organ ic  so lven t -wa te r  m ix tu re s  for e lu t ion  of ad-  
s o r b e d  r i b o f l a v i n  on  a pheno l - fo rma ldehyde  ca t ion  ex- 
changer ,  a s t age  inc luded  in t h e  m e t h o d  of r ibof lav in  
d e t e r m i n a t i o n  in Ioods tu f f sLL considerable  changes  in 
f luorescence  i n t e n s i t y  a n d  shape  of abso rp t ion  spec t ra  of 
r i b o f l a v i n  were  stat~ed 3. I n  t he  course of ex tens ive  in- 
v e s t i g a t i o n s  on  organ ic  s o l ven t  effect  on  f luorescence 
emiss ion  a n d  a b s o r p t i o n  spec t ra  of r ibof lav in  and  lumi-  
f t av in  4 i t  was  found  t h a t  r ibof lav in  in absolute  e thanol ,  
ace tone ,  a n d  1 ,4 -d ioxane  mix tu re s  w i th  water ,  and  also 
l u m i f l a v i n  in  t i le a b o v e - m e n t i o n e d  pure  solvents ,  are 
severa l  t imes  more  r ap id ly  pho todecomposed  when  illu- 
m i n a t e d  w i t h  v is ib le  l igh t  t h a n  in aqueous  solutions,  B y  
m e a n s  of p a p e r  p a r t i t i o n  c h r o m a t o g r a p h y  in n -bu tano l -  
ace t ic  a c i d - w a t e r  (4:1 : 5) and  spec t ropho tome t ry ,  lumi-  
c h r o m e  was found  as a m a i n  p r oduc t  of photodecomposi -  
t ion .  I t  c an  be  cons idered  f rom the  shape  of absorp t ion  
spec t r a  of these  th ree  c o m p o u n d s  in so lvents  inves t iga ted  
t h a t  t he  p h o t o l a b i l i t y  increase  is a resu l t  of decrease of 
d i s soc ia t ion  a n d  assoc ia t ion  degree of r iboflavin,  lumi-  
f lavin ,  a n d  l u m i c h r o m e  w i t h  so lven t  moIecules. In  com.  
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Light absorption spectra of riboflavin ( ) in 98% dioxane mix* 
ture with water (v/v), lumiflavin ( - - - ) ,  and tnmichrome ( . . . .  ) in 
pure dioxan. Concentrations of all compounds are 10 pglml. Spectra 
were taken with Unicam Model SP-700 recording spectrophotometer, 

1 cm silica absorption ceils. 

pa r i son  w i th  spec t ra  of these  c o m p o u n d s  in aqueous  
solut ions,  s igni f icant  sh i f t s  of nea r  U V - m a x i m u m ,  as t h e  
resul t  of so lven t  polar i ty ,  and  for r i bo f l av in  a n d  lumi f l av in  
decrease of a b s o r b a n c y  in th i s  m a x i m u m  as t h e  r e su l t  of 
so lven t  associa t ion  degree, were obse rved .  In  add i t ion ,  
in l umichrome  s p e c t r u m  a new m a x i m u m  a p p e a r s  a t  ap -  
p rox ima te ly  248 m #  b a n d  a n d  increases  a b s o r b a n c y  in 
the  longest  w a v e l e n g t h  m a x i m u m .  

I t  c an  be a s sumed  t h a t  o b t a i n e d  a b s o r p t i o n  s p e c t r a  of 
r ibof lav in  in 98% dioxane ,  lumi f l av in ,  a n d  l u m i c h r o m e  in 
pure  d ioxane ,  which  has  t he  lowest  po l a r i t y  a m o n g  sol- 
v e n t s  i nves t i ga t ed  (none of these  c o m p o u n d s  dissolves  in 
ine r t  solvents) ,  are a lmos t  the  t rue  spec t r a  of these  com-  
pounds  near ly  undissoc ia ted  and  m i n i m a l l y  assoc ia ted  
wi th  so lven t  molecules. REcent ly  KAm~EMAN~ 6 pub l i shed  
d a t a  deal ing wi th  successful use of energies  of h ighes t  
filled and  lowest  e m p t y  molecula r  o rb i ta l s  c o m p u t e d  for 
r ibof lav in  and  its radicals  for ca lcu la t ing  pos i t ions  of 
the i r  longest  wave l eng th  abso rp t ion  m a x i m a ,  us ing  a fac- 
tor  g iven by  Is]~.mw.Rc, a n d  GV~RGY 8 equa l  to  fl = 3.26 
eV = 75,000 cal /mol .  These  ca lcu la ted  posi t ions  of max i -  
m a  cor respond closely to the  e x p e r i m e n t a l l y  obse rved  
wave length .  

Concern ing  all p recau t ions  and  l im i t a t i ons  for such  
es t imat ions ,  i t  seems qu i t e  p r o b a b l e  t h a t  wavElEngths  
observed in our  invest . igat ion for sh i f t ed  nea r  U V - m a x i m a  
of all th ree  c o m p o u n d s  can  be  p roved  b y  c o m p a r i n g  t h e m  
wi th  values  ca lcu la ted  in an  analogica l  way.  As t he  on ly  
p robab le  values  were o b t a i n e d  w h e n  t a k i n g  in to  a c c o u n t  
energy of the  second filled and  lowest  e m p t y  o rb i t a l s  7 
(Table), i t  seems to be possible t h a t  the  nea r  U V - m a x i m a  

Positions of near UV and the longest wavelength maxima of ribo- 
flavin, hnniflavin, and hnniehronle (second UV maximum) experi- 

mentally measured and calculated 

Compound and 
solvent 

Positions of maxinla in mlt 

Near UV Longest wavelength 

?,lens- Calcu- Meas- Caleu- 
ured lated ured lated 

Riboflavin in 
98% dioxan 344 337 440 454 

l.mniilavin in 
pure dioxan 333 337 440 454 

Lumichrome in 
pure dioxan 329 313 382 376 
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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 .  

J. KOZlOL 8 
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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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