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directed b y  nucle ic  acids,  a re  in f luenced  b y  t h e  p h o t o -  
dynamic  a c t i o n  of dyes.  P h a g e  i n d u c t i o n  c a n  t h e n  be  
expla ined  in t he  s ame  way.  

Af ter  t h e  e x p e r i m e n t s  desc r ibed  a b o v e  h a d  b e e n  
finished, t he  p a p e r  of GEISSLER a n d  WACKER 11 appea red .  
These a u t h o r s  obse rved  i n d u c t i o n  of b a c t e r i o p h a g e  ~ in 
E. coli K12 b y  m e a n s  of t h i o p y r o n i n e  on ly  a f t e r  v is ib le  
l ight  i r r ad ia t ion .  I n  c o n t r a s t  to  AO, i t  is well  k n o w n  t h a t  

i ° p y r o n i n e  p h o t o o x i d i z e s  t h e  g u a n i n e  res idues  in  t h e  
A molecule .  

Zusammen/assung. Es  wird  f iber E rgebn i s se  bei  de r  In -  
duk t ion  de r  P h a g e -  u n d  Col i c insyn these  in E. coli (S ta tu re  
18) d u r c h  p h o t o d y n a m i s c h e  W i r k u n g  des A c r i d i n o r a n g e  

be r i ch t e t .  D e r  P h a g e n t i t e r  w u r d e  1 l m a l ,  de r  Col ic in t i t e r  
k a u m  2mal  e rbSh t .  A c r i d i n o r a n g e  zeigte  o h n e  B e l i c h t u n g  
ke inen  d e u t l i c h e n  Ef fek t .  
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Charge-Transfer Complexattons among 
Btochemically Reactive Compounds: 

The  t h e o r y  of c h a r g e - t r a n s f e r  s pec t r a  was  deve loped  
b y  M:JLLIKEN* a n d  a r ev i ew p u b l i s h e d  b y  ORGEL ~. As 
po in ted  o u t  b y  KOSOWER 4, a necessa ry  consequence  of 
the  ex i s t ence  of e l ec t ron  d o n o r - a c c e p t o r  complexes  
Stabil ized b y  cha rge  t r a n s f e r  is t he  ab i l i ty  of t he  g r o u n d  
s t a t e  to  a b s o r b  l ight ,  u n d e r g o i n g  a n  e lec t ronic  t r a n s i t i o n  
to a n  exc i ted  s t a t e  for wh ich  t h e  m a j o r  c o n t r i b u t i n g  form 
is t he  complex .  

S tud ies  on  t h e  c o m p t e x a t i o n  of f l av ins  h a v e  b e e n  re- 
v iewed b y  ]~EINERT 5. Complex ing  r eagen t s  cause  a de-  
crease of i n t e n s i t y  a n d  a s l igh t  b a n d  sh i f t  t o w a r d  longer  
Wavelengths  in b o t h  a b s o r p t i o n  a n d  f luorescence spec t r a  
of f lavins .  Indeed ,  c h a r g e - t r a n s f e r  i n t e r a c t a n t s  in  bio- 
c h e m i s t r y  inc lude  pu r ine  a n d  p y r i m i d i n e  de r iva t ives ,  
a r o m a t i c  a m i n o  acids,  ho rmones ,  v i t a m i n s  a n d  coen-  
zymes,  a n d  a g e n t s  w h i c h  a re  k n o w n  to uncoup le  e lec t ron  
t r a n s p o r t  f r om o x i d a t i v e  p h o s p h o r y l a t i o n L  

The  p r e s e n t  work  was  d o n e  to e x t e n d  genera l ly  our  
recogn i t ion  of t h e  p h e n o m e n o n  of c h a r g e - t r a n s f e r  com-  
p lexa t ions  a m o n g  b iochemica l l y  s ign i f i can t  c o m p o u n d s ,  
especial ly  in  t h e  p r e s e n t  case w i t h  complexer s  of t h e  
v i t amin ,  r ibof lav in ,  w h i c h  p a r t i c i p a t e s  as c o e n z y m e  forms 
m ox ida t ions  ca t a lyzed  b y  f l avopro te ins ,  a n d  w i t h  com- 
plexers  of a r e c e n t l y  recognized  u n c o u p l e r  of ox ida t i ve  
p h o s p h o r y l a t i o n ,  1,1, 3 - t r i c y a n o - 2 - a m i n o - l - p r o p e n e  7. 

Experimental. 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  were 
Inade  w i t h  a B e c k m a n  Mode l  D.U.  w i t h  p h o t o m u l t i p l i e r  

t u b e  us ing  fused  sil ica c u v e t t e s  a t  room t e m p e r a t u r e ,  The  
w a v e l e n g t h s  se lec ted  for n o t i n g  changes  in op t ica l  d e n s i t y  
of a n y  g iven  c o m p o u n d  were  those  n e a r  a cha r ac t e r i s t i c  
c h r o m o p h o r e  whe re  m a x i m a l  decreases  were  seen u p o n  
c o m p l e x  f o r m a t i o n .  

T h e  r e l a t i ve  m a g n i t u d e  of c o m p l e x a t i o n  of seve ra l  re- 
p r e s e n t a t i v e  c o m p o u n d s  w i t h  r i bo f l av in  is s h o w n  b y  t he  
d a t a  in  t h e  Table .  Mos t  of t he  c o m p l e x i n g  r eagen t s  s h o w n  
are  p r e s u m e d  to  u n d e r g o  z b o n d  i n t e r ac t i ons .  T h o u g h  ~, 

complexes  p r o b a b l y  p r e d o m i n a t e ,  n, ~ i n t e r a c t i o n  is also 
possible  in  c e r t a i n  in s t ances .  As is t r ue  w i t h  c h a r g e - t r a n s -  
fer  complexes  in  genera l ,  t h e  degree  of a ssoc ia t ion  of these  
complexes  is t e m p e r a t u r e  d e p e n d e n t .  

T h e  spec t r a l  c h a n g e s  w h i c h  a c c o m p a n y  c o m p l e x a t i o n  
of r i b o f l a v i n  w i t h  1, 1, 3 - t r i c y a n o - 2 - a m i n o - l - p r o p e n e  a re  
s h o w n  in F i g u r e  1. As seen  in  p a r t  A of t h e  Figure ,  ab -  
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Complexation of various compounds with D-riboflavin ~ 

Complexing compound 
64/tM compound alone 130/*M riboflavin added 
~m~ O.D. O.D. A O.D. % decrease 

a-Tryptophan 275 0.36 0.03 0.33 92 
P'Aminobenzoic acid 265 0.90 0.22 0.68 76 
Triethylenemelaminc 225 2.70 11.64 2.06 76 
Flavianie acid 225 1.27 0.43 0.84 67 
Pieric acid 220 0.89 0.30 0.59 66 
*n'Dinitrobenzene 240 0.97 0.52 0.45 46 
Caffeine 275 0.60 0.33 0.27 45 
°'Phenylenediamine 290 0.20 0.14 0.06 31 
3, 5-Ditfitrosalicylic acid 215 0.76 0.6 l 0.15 20 
A~:thranilic acid 210 1.45 1,16 0,29 20 
Carbonylcyanide p-chlorophenylhyd razone 230 0.50 0.41 0.09 18 
L'Phenylalanine 205 0.55 0.52 0.03 5 

Values for 2m/~ and O.D. of complexing compounds were measured in 0.1M sodium phosphate buffer, pH 7, against a buffer blank. 
Vahms for O.D. of complexing compounds in the presence of riboflavin were measured in the buffer against a buffer plus riboflavin blank. 
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s o r b a n c y  of t he  a l loxanoid  p o r t i o n  of r ibo f l av in  a t  266 mt ,  
is m a r k e d l y  d imin i shed  a n d  sh i f t ed  to a longer  w a v e l e n g t h  
of t he  complex  t owards  280 m#.  Similar ly ,  in p a r t  B can  
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Fig. 1. Spectral changes accompanying eomplexation of D-riboflavin 
with I, 1,3-tricyano-`2-amino-l-propene in 0.1 M sodimn phosphate 
buffer, pH 7. In part A, the spectrum (solid line) of 301~M riboflavin 
in buffer against a buffer blank is compared with the difference 
spectrum (dashed line) of 30 #M riboflavin plus 430/~M trinitrilc in 
buffer against a buffer plus trinitrile blank. In part B, tbe spectrum 
(solid line) of 64#M trinitrile in buffer against a buffer blank is com- 
pared with the difference spectrum (dashed line) of 64/2M trinitrile 
plus `260~M riboflavin in buffer against a buffer plus riboflavin blank. 
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Fig. '2. Complexation of various compounds wiLl] l, 1,3-trieyano-2- 
amino-l-propene in 0.1 M sodium phosphate buffer, pH 7. Decreases 
in O.D. of buffered solutions of trinitrile were measured in the 
presence of varying concentrations of eomplexing compounds against 
blanks of buffer plus eomplexing compounds. The same relative de- 
creases were found for trinitrile concentrations as high as 100/~M 
below which Beer's law is obeyed. Tbe compounds shown are: 1, 
flavin mononucleotide; 2, flavin adenine dinucleotide; 3, folio acid; 
4, leucovorin; 5, caffeine; 6, diphosphopyridine nueleotide; 7, L- 
tryptophan; 8, 5,6-dimethylbcnzimidazole; 9, thiamine; 10, orotic 
acid; 11, thymine; 1'2, eytidylic acid; 13, uracil; 14, 6-azauracil; 

15, 6-mercaptopurine; 16, barbituric acid. 

be  seen t he  decrease  in a b s o r b a n c y  of t he  t r in i t r i l e  at  
274 mt ,  a n d  t h e  sh i f t  t o  Ar~a~ of t h e  c o m p l e x  n e a r  285 m#. 
Since t he  complex  species is e x a m i n e d  b y  difference 
spec t ra ,  t he  poss ible  s l igh t  c o n t r i b u t i o n  f rom fluorescence 
or  l i gh t  s c a t t e r i n g  of r i b o f l a v i n - c o n t a i n i n g  so lu t ions  is 
obv i a t ed .  

C o m p l e x a t i o n  of severa l  b iochemica l s  w i t h  t he  tri-_ 
n i t r i l e  is s h o w n  b y  t h e  d a t a  in F i g u r e  2. F l a v i n  a n d  
p t e r i d i n e  de r i va t i ve s  are v e r y  r eac t i ve  as c o m p l e x  formers.  
Caffeine a n d  t r y p t o p h a n ,  wh ich  are  good complexer s  
w i t h  I lavins ,  also a re  fa i r ly  r eac t i ve  as  a re  d iphospho-  
p y r i d i n e  nuc leo t ide ,  t h i a m i n e ,  a n d  d imethy lbenz imidaz . -  
ole found  in v i t a m i n  a n d  c o e n z y m e  forms  of B12. Py r iml -  
d ine  ana logues  are s o m e w h a t  less av id  c o m p l e x i n g  re- 
agents .  Severa l  o t h e r  c o m p o u n d s  e x a m i n e d  do n o t  com- 
p lex  s ign i f i can t ly  w i t h  t h e  t r i n i t r i l e  u n d e r  these  condi-  
t ions .  These  inc lude  h i s t id ine ,  imidazole ,  cys te ine ,  nico- 
t i n a m i d e ,  d ihydrourac i l ,  a l l an to in ,  urea,  a n d  c y t o c h r o m e  c. 

Discussion. Tile u b i q u i t y  of c h a r g e - t r a n s f e r  r eac t ions  
a m o n g  b iochemica l  c o m p o u n d s  t e n d s  to  tend some  diffi- 
c u l t y  to  a c lear  u n d e r s t a n d i n g  of a n y  specific role m a n y  
such  complexes  play.  However ,  t h e  n a t u r a l  occurrence  
a n d  func t i on  of c e r t a i n  c h a r g e - t r a n s f e r  complexes  is well 
recognized.  A m o n g  t h e  l a t t e r  m a y  be  m e n t i o n e d  t h e  in t r a -  
mo lecu l a r  r e a c t i o n  of i soa l loxaz ine  a n d  pu r ine  moie t ies  in 
f l av in  a d e n i n e  d inuc l eo t ide  as s t u d i e d  in  some de t a i l  b y  
WEBER s. T h e r e  is also suff ic ient  i n f o r m a t i o n  on  pyr i -  
d i n i u m  sys t ems  to cons ider  t h e  role of cha rge  t r ans f e r s  in 
di-  a n d  t r i p h o s p h o p y r i d i n e  nuc leo t ides  4. T h e  in te r -  
mo lecu la r  r eac t ions  of t h e  py r id ine  nuc lco t ide  coenzymes  
w i t h  t he  f l av in  c o e n z y m e s  m a y  be p a r t i a l l y  u n d e r s t o o d  
f rom t h e  s t a n d p o i n t  of t h e i r  c h a r g e - t r a n s f e r  compIexa-  
Lions wh ich  a l low these  coenzymes  to  i n t e r a c t  in the  
t r a n s f e r  of h y d r o g e n  a n d  e lec t rons  in b iological  sys tems.  
T h e  role w h i c h  c h a r g e - t r a n s f e r  i n t e r a c t i o n  a n d  r e sonance  
coupl ing  m a y  p l a y  in the  func t ions  of p r o s t h e t i c  g roups  
of f l avopro te ins  a n d  o t h e r  o x i d a t i v e  e n z y m e s  h a s  re- 
ce ived  some s t u d y  "-~2, a n d  c e r t a i n l y  more  i nves t i ga t i ons  
on  these  sy s t ems  shou ld  be fo r thcoming .  T h e  sugges t ion  
ha s  b e e n  m a d e  t h a t  i n t e r e s t i n g  poss ib i l i t ies  ex is t  in  rela-  
t ion  to e l ec t ron  t r a n s p o r t - c o u p l e d  p h e n o m e n a  such  as 
o x i d a t i v e  p h o s p h o r y l a t i o n  6, A l t h o u g h  m u c h  specu la t ion  
on  th i s  p o i n t  would  be  p r e m a t u r e ,  i t  is p e r h a p s  no te -  
w o r t h y  t h a t  m a n y  of t he  uncoup le r s  of o x i d a t i v e  phos -  
p h o r y l a t i o n ,  such  as some of t h e  pheno l s  a n d  ni t r i les  
s tud ied  here in ,  a re  r ead i ly  ab le  to  form c h a r g e - t r a n s f e r  
complexes  w i t h  t h e  in i t i a l  c o m p o n e n t s ,  p y r i d i n e  nucleo-  
t ides  a n d  f lavins ,  in  t h e  e l ec t ron  to o x y g e n  t r a n s p o r t  
s y s t e m  of l iv ing  o rgan i sms .  

Zusammen/assung. Bei  v ie len  b i o c h e m i s c h e n  Stoffen 
wird  die m i t  L a d u n g s t r a n s f e r  v e r b u n d e n e  Komplex -  
b i l d u n g  d u r c h  V e r ~ n d e r u n g e n  im g e m e s s e n e n  Absorp-  
t i o n s s p e k t r u m  angezeig t .  Die mdgl iche  B e d e u t u n g  e iner  
so lchen  K o m p l e x b i l d u n g ,  i n s b e s o n d e r e  bei  ~¥assers toff-  
u n d  E l e k t r o n e n t r a n s p o r t  i n n e r h a l b  b io logischer  Sys teme,  
wi rd  d i sku t i e r t .  
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