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RIBOFLAVIN AS A PHOTOCATALYST AND HYDROGEN CARRIER 

IN PHOTOCHEMICAL REDUCTION* 

by  

J O S E P H  R. M E R K E L  AND W A L T E R  J.  N I C K E R S O N  

Institute o/Microbiology, Rutgers University, New Brunswick, New Jersey (U.S.A .) 

The importance of chlorophyll and carotenoids in photosynthetic reactions and 
visual excitations has been stressed in many publications. Various biological pigments 
such as phycobilins, flavones, and anthocyanins have also received attention as partici- 
pants in various light reactions. Little attention has been directed to the possible im- 
portance of riboflavin, another almost universally distributed biological pigment, in 
photo-biological reduction. Recently we have reported that the photochemical reduction 
of colourless tetrazolium salts in an aqueous system containing a metal chelating agent is 
catalyzed by riboflavin (NIcKERSON AND MERKEL1).  The present paper extends our 
studies' on the non-enzymic, photoreduction system, defines some of the limits thereof, 
and outlines the role played by riboflavin in the reduction. The importance of metal 
complexing agents in the regulation of biological reactions may be made more evident 
through studies on the "relatively simple" non-enzymic photochemical reaction which 
is described. 

MATERIALS AND METHODS 

For  in tense  i l lumina t ion  a 375 wa t t ,  Sy lvan ia  f lood-l ight  a t  d i s t ances  of  lO- I5  cm was  used.  
To filter o u t  inf rared  w a v e s  t he  l igh t  b e a m  was  first  passed  t h r o u g h  4 cm of an  a q u e o u s  copper  
su l fa te  solut ion (2 %). General ly ,  however ,  a h e a t  filter was  no t  used  for ve ry  shor t  per iods  of ir- 
*,adiation. Dupl ica te  e x p e r i m e n t s  o m i t t i n g  r iboflavin f rom the  s y s t e m  were used  to  correct  for non-  
specific pho to lys i s  and  pho t o r educ t i on  found  w i t h  some  of t h e  dyes  used.  For  more  control led 

.J i r radia t ions ,  t h e  reac t ions  were carr ied ou t  in P y r e x  b rand ,  16 m m  tes t  t u b e s  in a L u m e t r o n  colori- 
m e t e r  (Model  4oi)  u s ing  a 42o m/~ filter. T he  reduc t ion  of r iboflavin in t h e  pho to reac t ions  was  
e s t ima t ed  spec t ropho tome t r i ca l l y  (Model D U  B e c k m a n  Spec t ropho tomete r )  and  b y  m e a n s  of a 
po l a rog raph  (Fisher,  m a n u a l l y  ope ra ted  Elecdropode) .  Po t en t i a l  m e a s u r e m e n t s  were m a d e  wi th  
a B e c k m a n ,  Model G, p H  me t e r  w i t h  ex te rna l ,  shielded electrodes.  The  r educ t ion  of dyes  was  followed 
visual ly .  The  source  of t he  r e agen t s  used  in t he  p r e sen t  s tud ies  ha s  been  m e n t i o n e d  in t he  p rev ious  
pape r  1. 

EXPERIMENTAL 

Light-absorption studies. The time course for the reduction of 2, 3, 5-triphenyl- 
tetrazolium chloride (TTC) in a Lumetron colorimeter with a 420 mr* falter is shown in 
Curve A of Fig. x. In this experiment a solution containing Io-3MTTC, 4.io-S M 
riboflavin, 3" lO-8 M disodium ethylenediamine-tetraacetate (Na~EDTA) and i drop of 

* W o r k  suppor t ed  in p a r t  by  a g r a n t  f rom t he  Na t iona l  I n s t i t u t e s  of Hea l th ,  Publ ic  H e a l t h  
Service, U.S. 
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Fig. I. Photoreduct ion of 2,3,5-tr iphenyltetrazolium chloride (TTC). Curve (A): i .  lO -3 M TTC, 
4" IO-5 M riboflavin, 3'  lO-3 M Na3EDTA, i drop of Tween 80, in a total  volume of 6 ml of M / I  5 
phospha te  buffer at  p H  7.38; reduction carried out  in a Lume t ron  photoelectric colorimeter (Model 
4Ol) using a 420 m/~ filter. Curve (B) obtained wi th  the same solution used for Curve (A), bu t  reduction 
was achieved with a 375 w a t t  Sylvania flood-light at a distance of 15 cm; TTC reduct ion measured 
in the Lumet ron  using a 53o m/~ filter (to avoid addit ional photoreduct ion while the measurements  

were made), 

Tween 80 (to keep the reduced TTC in suspension) in a total volume of 5.o ml of M/I5 
phosphate buffer (pH 7.35) was irradiated in the colorimeter. The tube was shaken 
between readings. Reduction could be detected within 60 seconds at this light intensity, 
and was essentially complete after 12 minutes. When a similar system was irradiated 
with a 375 watt lamp at a distance of 15 cms, reduction of TTC could be detected within 
25 seconds and was complete within 60 to 75 seconds (curve B). The apparent "induction" 
period could be virtually eliminated by bubbling N 2 through the solution for several 
minutes before irradiation to expel oxygen from the system. Dissolved oxygen not only 
interfered with the photoreduction of riboflavin, it also protected the riboflavin from 
destruction by light in the absence of NaIEDTA. 
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Fig. 2. Absorpt ion  spectra  of riboflavin and photoreduced riboflavin. • . . . . .  2. lO -3 M disodium 
versene (Bersworth Anal., Na2EDTA ) ; - -  "4" lO-5 M riboflavin (B3) or B 3 + 2. lO -3 M N a E D T A  3 
(which is the same as riboflavin or riboflavin phosphate  alone); . . . . .  l ight-reduced riboflavin 
phospha te  in the presence of Na3EDTA; . . . . .  riboflavin reduced wi th  sodium hydrosulfite.  All 
solutions were made in phospha te  buffer, p H  7.o-7.4. The solutions to be irradiated were removed 
from the spec t rophotometer  after  every thi rd  reading and placed under  the 375 wa t t  lamp for 
approximate ly  3 ° seconds. Methylene blue (MB) was  added to the solutions receiving light to re tard 

the oxidat ion of photoreduced riboflavin. 
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No reduction of TTC was observed in the colorimeter with 490 m/x or 53o m/, filters 
after io minutes of irradiation; reduction proceeds very slowly in the ultraviolet range. 
The action spectrum for the reduction has not yet been determined, but, with the 
filters employed, is presumably equivalent to the absorption spectrum of riboflavin in 
the visible range. I t  is the 44 ° and 37o m~ absorption peaks which disappear upon 
irradiation of a riboflavin-Na2EDTA solution (Fig. 2). 

The reduction of riboflavin to the leuco form could be observed visually when a 
solution of riboflavin and Na2EDTA was irradiated. If a dye, such as methylene blue 
or toluidine blue, is also included in the system one observes first the reduction of the 
dye upon irradiation, followed by the complete disappearance of the riboflavin colour. 
When the completely reduced system is removed from the strong light and aerated 
gently, the yellow colour of the riboflavin reappears first, followed immediately by the 
reappearance of the colour of the oxidized dye. The air oxidation of photochemically 
reduced riboflavin was followed in the spectrophotometer; the 37 ° and 44 ° m~ peaks 
reappeared unchanged within IO minutes*. 

Polarographic studies. Since riboflavin gives a well-defined polarographic reduction 
wave (BRDI~KA AND KNOBLOCH2; LINGANE AND DAVIS a) it proved feasible to follow its 
photoreduction polarographically. At pH 7.3 welt-defined waves were obtained for the 
reduction of riboflavin with an average half-wave potential (E5)  (for a large number of 
measurements) of --0.450 volts vs the saturated calomel electrode (S.C.E.) or a redox 
p o t e n t i a l  (KOLTHOFF AND LINGANE 4) of --0.208 volts VS the normol hydrogen electrode 
(N.H.E.)**. At pH 7.o the redox potential was calculated to be --o.194 volts. The half- 
wave potential for the polarographic reduction of riboflavin varied with the pH of the 
solution and between pH 6.8 to 7.8 the expected shift in E ~  was observed (o.o54 volts 
compared to the theoretical value of o.o59 volts vs S.C.E.). At pH values below 7.3 a 
small "prewave" or "anomalous" wave (BRDI~KA AND KNOBLOCH 2) appeared in the 
current-voltage curves. As the pH was lowered the "prewave" became larger and more 
distinctly separated from the main wave (Fig. 3)***. At pH 2.18 in glycine/HC1 buffer two 
distinct and identical waves appeared in the curves. These waves remained distinct even 
in the anodic curve for light-reduced riboflavin. The existence of a semiquinone inter- 
mediate in the chemical reduction of riboflavin can readily be demonstrated. The condi- 
tions necessary to observe semiquinone formation are similar to those required to 
obtain a separation of the "anomalous" wave from the main wave, i.e., acid conditions. 
At low pH values a red intermediate is formed in the chemical reduction of yellow 
riboflavin to the colourless, reduced form (KUHN AND WAGNER-JAUREGGn; MICHAELIS 

* I t  appears  t h a t  this reaction can be used to s tudy  the rates  of diffusion of O 3 into various 
solutions. We have been able to use this method  to demonst ra te  the rate of diffusion of O 3 into 
agar  by  adding agar  (2 %) to a solution of riboflavin, Na2EDTA and methylene blue. The agar  is 
dissolved and solidified in a 16 m m  culture tube  and strongly irradiated until  the colour has completely 
disappeared. The tube  then  is immediately placed in an upr ight  position in the dark. The diffusion 
of O 3 into the agar  medium can be followed by  the appearance of oxidized methylene blue. 

** Using a value for sa tura ted  calomel (0.242 v) which, according to LATIMER 5, is generally ac- 
cepted. 

*** According to ]3RDI~KA AND KNOBLOCH the " a n o m a l o u s "  wave is the result  of adsorpt ion of 
reduced riboflavin to the mercury  drops. BRDI~KA AND KNOBLOCH did not  observe an increase in 
the height of the "anomalous"  wave wi th  decreasing p H  (only a more distinct separat ion from the 
main wave), and the occurrence of the  double wave was  not  a t t r ibuted  to semiquinone formation.  
Fu r the r  studies of the polarography of the  photoreduct ion  of riboflavin in the presence of metal  
chelating agents are in progress to determine if the reduct ion process is actually separated into 2 
distinct steps (semiquinone formation) or whether  these are artefacts  due to adsorption.  
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et al.,~; HAASS). In the system employed in the present study the red intermediate 
cannot be demonstrated because extremely acid conditions are inhibitory to the photo- 
reduction process; however, the red intermediate has been very clearly demonstrated in 
the back reaction (reduced riboflavin --+ riboflavin). If a solution containing riboflavin 

and Na~EDTA (pH3-8) is irradiated 
pH 2.2 (dark) 

pH Z8 (dark) 
pH 6.5 (dark) 

pH 6.5 (light) 
"- pH 7(8 (b'ght) 

011 0.'2 0'3 0.'4 0.'5 0:6 0.'7 O.L8 
Eo.~. (Volts vs. S.C.E.) 

Fig. 3. Polarography of riboflavin and reduced 
riboflavin (several representat ive curves). Each 
solution contained lO -4 M riboflavin and O.Ol 3 M 
N a , E D T A  in either phospha te  buffer (pH 6.5) or 
glycine buffer (pH 2.2 and 7.8). Deoxygenated 
solutions of riboflavin were irradiated for 3 ° 
seconds wi th  a 375 wat t  lamp, and a 1oo wat t  
Bausch and Lomb microscope lamp was shown 
on the solutions while the polarograms were being 
obtained. All determinat ions were made at 25 ° C 
wi th  the realization tha t  irradiation usually caused 
the t empera ture  of the solutions to rise to 28-30 ° C 
by the end of a run. One drop of methyl  red (o. 5 %) 
was used as a m a x i m u m  suppressor,  and oxygen- 
free nitrogen was used to deoxygenate the solu- 
tions. Sat 'd  KC1/HgzC12 reference electrode used. 

until the solution is practically colour- 
less, and concentrated HCI is then added 
to drop the pH below I, the solution 
turns a red-orange colour. On standing 
the red-orange colour intensifies slightly 
and gradually returns to the yellow colour 
of riboflavin starting from the top of the 
tube and moving to the bottom as oxygen 
diffuses into the solution. We have been 
able, with some difficulty, to determine 
the absorption maximum for the red 
compound. Our approximate value of 
480 mr* compares well with the value of 
49 ° mt~ reported by KUHN AND WAGNER- 
JAUREGG s. 

From Fig. 3 it is clear that  the po- 
larographic reduction of riboflavin is 
reversible. Similar cathodic curves were 
obtained for solutions of riboflavin and 
riboflavin + Na~EDTA. Irradiation of 
the solutions containing only riboflavin 
did not affect the polaxographic wave, 
however, irradiation of a solution con- 
taining riboflavin and Na~EDTA caused 
reduction of the riboflavin, and an anodic 

wave was obtained which had a wave height almost equal to that obtained for oxidized 
riboflavin (there is some loss of riboflavin during irradiation under these Conditions 
because nitrogen must be bubbled through the solutions). The half-wave potential 
remained essentially the same (Fig. 3). 

E * (KOLTHOFF AND LINGANE 9) as tests for reversibiJity Plots of log ( i / i d - i )  vs a.e. 
were made for most of the current-voltage curves obtained. The average of all the slopes 
was o.o7I volts with extremes of 0.045 and 0.095 volts (0.059 volts is the theoretical 
value for a one electron reduction). The values obtained indicate that  the reaction is 
probably proceeding stepwise in one electron transfer. The variation obtained can 
probably be at tr ibuted to the same factors which cause the strange type of "prewave" 
observed in the current-voltage curves. 

KAYE AND STONEHILL 1° have studied the polarographic reduction of some natural 
hydrogen carriers, including riboflavin. They reported that  the polarographic reduction 
of 4" lO-4 M riboflavin in phosphate buffer at pH 7.38 gave a single wave with an index 
potential equivalent to a one electron transfer. Utilizing as the diffusion coefficient (D) 

• i = current  flowing at  a part icular  applied potent ial  (Ed.e.) ; i a = limiting current  or wave height.  
For an explanat ion of the symbols generally used in polarography see KOLTHOFF AND LINGANE4, 9. 
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the value obtained by BREYER et al. 11 for acridine in borate/HC1 buffer at pH 9 ill the 
Ilkovic equation 1~ (i~ ~- 6o7nCD½m~'~t~), these authors obtained n ~ 2. Therefore, the 
reaction was assumed to proceed by 2 overlapping one electron-transfer steps. Using 
the value for D 5 (2.75.1o -~) utilized by KA~'E A~¢I) STONEHILL we obtain values for 
n ranging from 1.5-1. 7. There is no assurance that the diffusion coefficient for acridine 
in borate buffer can reasonably be substituted for riboflavin in phosphate buffer with a 
substance (Na2EDTA) which may be chelated with it. The value of n to the closest 
whole number is 2. 

Assuming that n = 2 for the reduction, and with the following experimentally determined 
values: rn~ = 2,16; t¼ = 1.2; C = o.I raM/l; i s = 0.8 microamps; T = 25 ° C; 2.o ml M]I 5 
Na2HPO4-KH2PO4; pH 7.3; 2.o ml of 0.05 i~/ Na2EDTA; total volume of 6.0 ml with distilled 
water, I drop methyl red as nlaximum suppression in 3.0 ml soln., we obtain the value D½ -~ 
2.58. lO _3 . 

With the evidence at hand we feel reasonably certain that the reduction of riboflavin 
is actually proceeding by 2 simultaneous one-electron reduction steps. These steps can 
only be separated at very low pH values where the life of the semiquinone is sufficiently 
long to give a detectable intermediate. At higher pH values the life of the semiquinone 
must be extremely short. 

Metal-riboflavin complex. Neither the polarographic data nor the spectrophotometric 
data gave any indication of complex formation between riboflavin and Na2EDTA, but 
since we have not been able to activate the photoreduction by first extracting the ribo- 
flavin and the dyes with 8-hydroxyquinoline and o-phenanthrolene in CC14 and CHC13, 
we are not yet ieady to dismiss the possibility of complex formation. In addition to 
being inhibited by various metals (Fe +2, Cu +~, Zn+2), the light reaction can be inhibited 
with 2,4-dinitrophenol, p-nitrobenzaldehyde or sodium azide. Inhibition by the latter 
can be reversed by increasing the amount of riboflavin. It  seems likely that riboflavin 
may already be associated with a metal and a mixed chelate, riboflavin-metal-Na~EDTA, 
is necessary for the photoreduction. This point will be clarified when metal-free riboflavin 
is obtained for starting material. 

Photoreduction potentials. I t  is clear that  riboflavin has two functions in tile photo- 
chemical reactions described--one, absorbing light and, two, acting as an intermediate 
carrier of hydrogen and electrons for the reduction of dyes or other reducible substances 
placed ill the system. To establish the limitations of riboflavin in this system, a series of 
dyes with different redox potentials was employed as hydrogen acceptors. Reduction 
was observed visually with adequate controls to insure that the disappearance of dye 
colour'was not due to photolysis of the dye. Other hydrogen- or electron-acceptors which 
were found to be reduced by the light reaction included iodine, HgC12, and o-dinitro- 
benzene. A potential limit in the photoreduction with the riboflavin-NazEDTA system 
is met slightly below the redox potential of rosinduline 2B (E o' ---- - -  0.122 v) which is 
reduced rather slowly. Phenosafranin (E o' ----- - -  0.252 v) was not visibly reduced after 
5 minutes irradiation with the 375 watt light. The limiting potential, as suspected, is 
close to the reduction potential of riboflavin. 

Potentiometric measurements of the photoreduction reaction were made to define 
the limits of the reduction. The data shown in Fig. 4 were obtained on irradiating 50 ml 
of the given solution in Fisher titration jars; in some runs the system was deoxygenated 
by continuous flushing with oxygen-free nitrogen. Temperature corrections were made 
as the reaction proceeded. In the absence of Na2EDTA and oxygen, riboflavin solutions 
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irradiated under the above conditions produced a potential; however, under these 
conditions a large part of the riboflavin was irreversibly destroyed. Solutions containing 
riboflavin and Na2EDTA which had not been deoxygenated developed the same 
)otentiM as found in solutions which had been flushed with nitrogen. Aerated solutions 

" 82/err 

82 ,Na2EOTA/a i~ r  o . - - . .o 
I I I I i I I I I ~  ¢ 
~0 gO 30 40 50 60 70 80 90 $00 120 ~0 ~0 

Time ( sac )  

Fig. 4. D e v e l o p m e n t  of r educ t ion  po ten t i a l s  
in i r rad ia ted  sys t ems .  M e a s u r e m e n t s  were 
m a d e  on 50 ml  of so lu t ion  con t a i n i ng  
4" I ° - s  M riboflavin in F i she r  t i t r a t ion  jars .  
The  so lu t ions  were magne t i ca l l y  st irred.  
Those  m a r k e d  N 2 were f lushed wi th  oxygen-  
free n i t rogen  before and  du r ing  the  ir- 
r ad ia t ion  per iod ; t he  o ther  so lu t ions  were no t  

deoxygena ted .  

containing only riboflavin did not develop a 
reduction potential when irradiated. This finding 
indicates that Na~EDTA may combine with a 
light activated form of riboflavin thereby pre- 
venting loss of the activated compound by oxida- 
tion or dimerization. 

In the absence of Na2EDTA the spectrum 
of riboflavin phosphate has been found to change 
slightly (Fig. 5) upon irradiation. A closer study 
of this change may supply additional evidence 
for the formation of light activated riboflavin 
intermediates and the possible function of 
Na~EDTA in extending the life of such active 
intermediates. 
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Fig. 5. Absorp t ion  spec t ra  of r ibof lavin-5-phos-  
pha t e  and  pho to reduced  r ibof lav in-5-phosphate .  

Photocatalytic activity el riboflavin. The true capacity of riboflavin as a hydrogen 
carrier ill the photoreduction system has not been determined. After one minute of 
irradiation with the 375 watt lamp, values for the amount of reduction per mole riboflavin 
have varied from 2 : I to 15 : I, and in some instances higher ratios were obtained. Fig. 6 
shows the rate of methylene blue reduction with a given amount of riboflavin and 
Na2EDTA. TTC and HgC12 have been reduced in this light system but quantitative 
determinations were made difficult by the production of insoluble lightscattering 
particles upon reduction, and by the further breakdown of the reduced products. 

In all the photoreductions investigated in the present study we were not able to 
demonstrate the production of gas, however, in the reductions involving hydrogen 
transfer, a small increase ill the pH of the reaction medium was always noted. Studies 
are now being carried out to ascertain our belief that water is split in the photoreduction 
process. 
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Fig. 6. Photoreduction of methylene blue. ~ Methylene blue plus 0.005 M Na~EDTA irradiated 
(375 watt) with a 4 cm CuSO 4 solution (2 %) interposed between the sample and the light source (a). 
O Methylene blue plus 0.005 M NazEDTA irradiated without a filter (b). ~ (a) plus 4"IO-S M 
riboflavin. × (b) plus 4" 1°-s M riboflavin. All solutions were irradiated in 16 mm Pyrex test tubes 
with oxygen-free nitrogen bubbled through the solution i minute prior to irradiation and during 
irradiation. Concentrations of methylene blue assume ioo % purity of the reagent (Merck, U.S.P., 

zinc-free). 

DISCUSSION 

Riboflavin apparently plays a dual role in the photoreduction system. Riboflavin 
absorbs light in the range 370-45 ° mF and, in the presence of a suitable metal-chelating 
agent, is reduced to the leuco form. From the polarographic analyses, this reduction 
occurs in two one-electron steps. The reduced riboflavin then transfers its hydrogen and/ 
or electrons to an oxidizing agent which lies within its potential range. The exact 
function of the metal-chelating agent in the photoreduction system has not yet been 
determined. By virtue of the strong metal-chelating tendencies of such substances as 
Na,EDTA one might assume that a metal is involved in the photochemical reaction, or 
in the inhibition of the reaction. Exactly which metal and the function of the metal and 
metal-chelating agent are yet to be determined. Na2EDTA can be substituted by other 
chelating agents such as cysteine, ethylenediamine, mercaptosuccinic (thiomalic)* and 
carboxymethylmercaptosuccinic acids (Evanacid 3CS)*. Considerable specificity is 
required of the metal chelator and our inability to activate riboflavin by first extracting 
with metal-complexing agents suggests that the chelator is involved directly in the 
reaction and does not function merely by removing a metal from riboflavin. The inhibitor 
studies also lend some substance to the argument that Na2EDTA must combine with 
riboflavin (through a metal?) to produce a complex molecule that can be activated by 
light, or alternatively, Na,EDTA might combine with a light-activated riboflavin 
molecule (metal present) allowing the activated molecule to be reduced. The results 
obtained for the photolysis of riboflavin and the inhibition of this destruction of riboflavin 
by Na,EDTA would support the latter view. The relatively large amounts of NaaEDTA 

* Samples kindly supplied by Evans Chemetics, Inc., Waterloo, New York. 
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necessary for maximum reduction probably mean that some metals are also associated 
with the dyes and must be removed to permit maximum reduction. 

To summarize these relationships we tentatively propose the following "working" 
scheme : 

O2 ~ r  B2-B2 (dimer) 

hv I \.----a~ • ~ , , . .  r,~ ('~ oxidized dye 
B~(M) -. ~ ~ B2*(M) ~ (metal  removed)  <--] 

k NaN3 ] l~,{ I L 2  
B2H e - -~  

reduced (lye 

(B~ = riboflavin,  B2* = ac t ive  in te rmedia te ,  M = me ta l  ion, D N P  = 2,4-dini t rophenol)  

Just what significance this reaction may have in biological systems remains to be 
shown. Certainly it seems that riboflavin should not be ignored when considering photo- 
biological reductions. The overall abundance of riboflavin in biological substances, and 
the presence of many natural metal chelators which could serve to control these reactions, 
speaks in favour of riboflavin playing some role in light-activated reactions. 

S U M M A R Y  

I. I n  t he  presence  of cer ta in  me ta l -che la t ing  agen t s  r iboflavin was revers ib ly  reduced  b y  visible 
l ight .  Th i s  r educ t ion  has  been followed visual ly ,  spee t ropho tomet r i ca l ly  and  polarographica l ly .  

2. R i b o f a v i n  no t  on ly  absorbs  t he  l ight  b u t  is reduced  in the  process,  and  in t u r n  can  t r ans fe r  
i ts  e lec t rons  to  su i tab le  h y d r o g e n  acceptors  added  to t he  sys t em.  

3- Po la rograph ic  d a t a  were used to  es tab l i sh  t he  revers ib i l i ty  of t he  pho to r educ t i on  sy s t em.  
S e m i q u i n o n e  fo rma t ion  was s t rong ly  sugges ted .  
: 4. F r o m  the  ha l f -wave  po ten t i a l  (E½) for t he  po la rographic  reduc t ion  of r iboflavin,  t he  reduc t ion  
po t en t i a l  a t  p H  7.3 was  ca lcu la ted  to  be - - 0 . 2 o 8  volts ,  and  - - o . 1 9 4  vol ts  a t  p H  7.o. 

5. O x y g e n  inh ib i ted  t he  pho t o r educ t i on  of r iboflavin and  also p ro tec ted  t he  r iboflavin f rom 
photo lys is .  N a 2 E D T A  no t  on ly  p ro tec ted  r iboflavin,  b u t  also p romo ted  t he  pho to reduc t ion .  

6. Cer ta in  m e t a l  ions, d in i t rophenol ,  p -n i t robenza ldehyde ,  and  sod ium azide inh ib i ted  the  
p h o t o r e d u c t i o n  of r iboflavin.  Th i s  inh ib i t ion  could be reversed  by  excess  r iboflavin.  

7. Ev idence  po in t s  to a m e t a l - m e d i a t e d  complex  be tween  r iboflavin or l i gh t - ac t iva t ed  r iboflavin 
and  t h e  m e t a l - c h e l a t i n g  agent .  

R£SUMg 

I. E n  pr6sence de cer ta ins  agen t s  c o m p l e x a n t  les m 6 t a u x  pa r  ch61ation, la r ibof lavine es t  r6dui te  
r6vers ib lement  pa r  la lumi~re visible. Cet te  r6duc t ion  es t  suivie  pa r  e x a m e n  direct ,  p a r  spec t ro-  
pho tom6t r i e  e t  p a r  polarographie .  

2. La  r ibof lavine absorbe  la lumi6re,  se t r ouve  r6dui te  de ce fa i t  et  p e u t  ~ son t o u r  t ransf6rer  
ses 61ectrons ~, des  accep teurs  d ' hyd rog~ne  convenab le s  a jout~s  au sys t~me.  

3. Les  donn6es  po la rograph iques  on t  pe rmis  d '6 tab l i r  la r6versibil i t6 de la pho to r6duc t ion .  I1 
es t  v ra i semblab le  qu ' i l  se forme une  s emiqu inone .  

4. L a  va leur  du potent ie l  de r6duct ion,  calcul6e A pa r t i r  du potent ie l  (E½) observ6 au  cours  
de la r6duc t ion  po la rograph ique  de la r iboflavine,  est  de - - o . 2 o 8  vol t  ~ p H  7.3 et  de - - o . 1 9 4  vol t  
5, p H  7.o. 

5. L ' o x y g ~ n e  inh ibe  la pho to r6duc t ion  de la r iboflavine et  pro tege  en m~me  t e m p s  la r iboflavine 
con t re  la pho to lyse .  N a I E D T A  protege  la r iboflavine et, en  outre,  p rovoque  la pho tor6duc t ion .  

6. Cer ta ins  ions m6ta l l iques ,  le d ini t roph6nol ,  la p -n i t robenza ld6hyde  et  l ' azo tu re  de sod ium 
i n h i b e n t  la pho to r6duc t i on  de la r iboflavine.  Cet te  inh ib i t ion  p e u t  ~tre suppr im6e  en pr6senee d ' u n  
exc~s de r iboflavine.  

7. Les  r6su l t a t s  ob t e nus  p e r m e t t e n t  de suppose r  l ' ex i s tence  d ' u n  complexe  en t r e  la r ibof lavine 
ou la r iboflavine act iv6e pa r  la lumi~re et  l ' agen t  comp l exan t ,  form6 pa r  l ' in te rm6dia i re  du  m~ta l .  
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Z U S A M M E N F A S S U N G  

I. In  Anwesenhe i t  von  gewissen Meta l l -Komplex-]3 i ldern  wird Ribof lavin  du rch  s i ch tba res  L ich t  
reversibel reduzier t .  Diese R e d u k t i o n  wurde  visuell  spek t ropho tome t r i s ch  und  po la rograph i sch  
verfolgt .  

2. Ribof lavin  absorb ie r t  n ich t  n u r  L ich t  sondern  wird  auch  gleichzeitig reduzier t  u n d  u m g e k e h r t  
k a n n  es se inen E l ek t ronen  auf  passende  Wassers to f f -Acceptoren ,  die dem S y s t e m  zugese tz t  werden ,  
i iberft ihren. 

3. Die Revers ib i l i t~ t  des  P h o t o r e d u k t i o n s s y s t e m s  wurde  po la rograph i sch  festgestel l t .  Die 
B i ldung  yon  Semich inon  wurde  als nahe l iegend  erwogen.  

4. Aus  d e m  Ha lbwe l l enpo ten t i a l  (E½) der po la rog raph i schen  R e d u k t i o n  des  Ribof lavin  wurde  
das  R e d u k t i o n s p o t e n t i a l  bei p H  7.3 zu - - 0 . 2 0 8  Volt  u n d  bei p H  7.0 zu - - o . 1 9 4  Vol t  be rechne t .  

5- Sauers toff  h e m m t  die P h o t o r e d u k t i o n  des Ribof lavin  u n d  scht i tz t  a u c h  das  Ribof lavin  vor  
der Photo lyse .  N a ~ E D T A  schf i tz t  n ich t  n u t  Ribof lavin  abe t  f6rder t  auch  die P h o t o r e d u k t i o n .  

6. Gewisse Meta l l - Ionen,  Din i t rophenol ,  p - N i t r o b e n z a l d e h y d  u n d  N a t r i u m a z i d  h e m m e n  die 
P h o t o r e d u k t i o n  von  Riboflavin.  Diese H e n l m u n g  k a n n  durch  einen ~ b e r s c h u s s  yon  Ribof lav in  auf-  
gehoben  werden .  

7. Anze ichen  d e u t e n  auf  e inen Metal l  v e r m i t t e l n d e n  K o m p l e x  zwischen Ribof lav in  oder  L ich t  
a k t i v i e r t e m  Ribof lavin  u n d  Me ta l l -Komplex -b i ldne r  bin.  
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