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UNUSUAL P R O P E R T I E S  OF AMPHIFLAVINS I N  A BINARY SOLVENT 

Key words: amph i f l av ins .  s e l f o r g a n i z a t i o n .  a b s o r p t i o n  

and f l u o r e s c e n c e  s p e c t r a  of f l a v i n s  

Zbigniew J .  Wieczorek and Regina Drabent  

Department of Phys ic s  and B iophys ic s ,  I n s t i t u t e  of Food 

B i  o technology.  Academy of A g r i c u l t u r e  and Technology, 

10-957 01 s z t y n  , Pol and 

SUMMARY 

The i n t e r a c t i o n  of amphi f 1 a v i  n s  i n o r g a n i c  sol  v e n t s  

and a b i n a r y  Cethanol /water>  s o l v e n t  has  been s t u d i e d .  

The a b s o r p t i o n  s p e c t r a ,  s t e a d y  s t a t e  and phase  s e n s i t i v e  

f l u o r e s c e n c e  s p e c t r a ,  l i f e t i m e s ,  a n i s o t r o p y  and  quantum 

y i e l d  of f l u o r e s c e n c e  have been measured. I n  a b i n a r y  

s o l v e n t  t h e  i n t e r a c t i o n  between t h e  a m p h i f l a v i n  

molecules  and t h e  microenvironment of d i f f e r e n t  p o l a r i t y  

leads t o  t h e  s e l f o r g a n i z a t i o n  of a m p h i f l a v i n s .  A s  a 

r e s u l t  o rgan ized  s t r u c t u r e s  of a m p h i f l a v i n  molecules  

appea r .  

I NTRODUCTI ON 

I n  n a t u r a l  b i o l o g i c a l  s t r u c t u r e s  f l a v i n s  are bound 

t o  f l a v o p r o t e i n s  or t h e y  occur  i n  t h e  f r e e  s t a t e .  Both 

biochemical  p r o p e r t i e s  and t h e  b i o l o g i c a l  a c t i v i t y  of 

f l a v i n s  a r e  s i g n i f i c a n t l y  a f f e c t e d  by p h y s i c a l  -chemical 

13 

Copyright 0 1990 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



14 WIECZOREK AND DRABENT 

p r o p e r t i e s  of t h e i r  microenvironment .  F l a v i n s  u s u a l l y  

have two c h a r a c t e r i s t i c  a b s o r p t i o n  bands C a t  abou t  330nm 

- t h e  S2 peak and 440nm - t h e  S1 peak3. which are v e r y  

s e n s i t i v e  t o  s o l v e n t  p o l a r i t y .  S t u d i e s  on t h e  s o l v e n t  

e f f e c t  on a b s o r p t i o n  s p e c t r a  had been unde r t aken  i n  t h e  

1960’s 11-41. By comparing t h e  a b s o r p t i o n  s p e c t r a  

measured i n  po la r  and non-polar s o l v e n t s  i t  can  be 

g e n e r a l l y  s t a t e d  t h a t  i n  non-polar s o l v e n t s  t h e  S1 band 

exh i  b i  ts a s l i g h t  hypsochr omi c e f f e c t  and i ts vi broni  c 

s t r u c t u r e  is r e v e a l e d ,  whereas  t h e  S2 band h a s  a h i g h  

hypsochromi c e f f e c t  C 20-40nml and e x h i  b i  ts a n  

i n s i g n i f i c a n t  hypochromic e f f e c t  on ly .  For numerous 

f l a v o p r o t e i n s  a b s o r p t i o n  s p e c t r a  are a lmos t  i d e n t i c a l  

w i th  f l a v i n  s p e c t r a  i n  non-polar s o l v e n t s .  Thus i t  c a n  

be assumed t h a t  t h e  active c e n t r e  of t h e s e  f l a v i n s  is 

hydrophobic C5.61 .  S i m i l a r  spectra  are o b t a i n e d  f o r  

D-amino a c i d  ox idase  C71 and l a c t o s e  o x i d a s e  C81 a f t e r  

b ind ing  , i n h i b i t o r s .  I n  a l l  t h e s e  c a s e s ,  however, t h e  

hypsochromic e f f e c t  of t h e  S2 band is not  as s t r o n g  as 

i n  t h e  case of f l a v i n s  i n  non-polar s o l v e n t s .  The 

f o r  m a t i  on of hydrogen bonds w i  t h  sol ven t  mol e c u l  es or 

wi th  p r o t e i n s  can  a l s o  be observed  on t h e  b a s i s  of 

a b s o r p t i o n  s p e c t r a  of f l a v i n s  C9-111. Both t h e o r e t i c a l  

c a l c u l a t i o n s  and t h e  r e s u l t s  of expe r imen t s  show t h e  

d i sappea rance  of t h e  S1 band f i n e  s t r u c t u r e  and a s h i f t  

of both bands C e s p e c i a l l y  S3 towards longe r  wavelengths  

when compared t o  s p e c t r a  i n  non-polar s o l v e n t s  C121. 

The s o l v e n t  e f f e c t  on a f l u o r e s c e n c e  spec t rum i s  

most o f t e n  c o r r e l a t e d  wi th  t h e  changes  of t h e  a b s o r p t i o n  

spec t rum.  Absorpt ion band s h i f t s  towards  longer  

wavelengths  u s u a l l y  r e s u l t  i n  f l u o r e s c e n c e  s h i f t s  i n  t h e  

s a m e  d i r e c t i o n .  The s t r u c t u r a l i z a t i o n  of t h e  S1 band i s  

most of t e n  accompanied by  s t r u c t u r a l i z a t i o n  d e t e c t e d  i n  

t h e  f l u o r e s c e n c e  spec t rum.  Also ,  when moving from po la r  

t o  non-polar s o l v e n t s  a c o n s i d e r a b l e  growth of quantum 
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AMPHIFLAVINS IN A BINARY SOLVENT 15 

y i e l d  and f l u o r e s c e n c e  decay  t i m e  is observed .  The 

f o r  m a t i  on of hydrogen bonds w i  t h  sol ven t  mol e c u l  es or 

w i t h  p r o t e i n s  c a u s e s .  as i n  a b s o r p t i o n ,  t h e  

d i sappea rance  of t h e  f l u o r e s c e n c e  spec t rum vi  b r o n i c  

s t r u c t u r e  as w e l l  as a d e c r e a s e  of quantum y i e l d .  

Very i n t e r e s t i n g  r e s u l t s  of s t u d i e s  on a m p h i p h i l i c  

de r  i v a t i  ves of f 1 a v i  n s  have been p r e s e n t e d  by Shi nkai  

C13.141. H e  ob ta ined  t h e  f i n e  s t r u c t u r e  of t h e  S1 band 

of 3-methyl -1 0-dodecyl i soal l  oxaz ine  i n  aqueous 501 u t i  on 

which had never  been observed  f o r  a n y  o t h e r  f l a v i n s .  

T h i s  phenomenon has  been a s c r i b e d  by t h e  a u t h o r s  t o  be 

t h e  r e s u l t  of t h e  format ion  of s t a c k i n g  a g g r e g a t e s  of 

t h i s  compound, and hydrophobic i n t e r a c t i o n  of l o n g  

hydrocarbon c h a i n s  is s u g g e s t e d  t o  be t h e  f o r c e  l e a d i n g  

t o  aggrega t ion .  

The a i m  of t h e  p r e s e n t  work w a s  t o  i n v e s t i g a t e  t h e  

i n t e r a c t i o n  of s e l e c t e d  a m p h i f l a v i n s  i n  a b i n a r y  s o l v e n t  

of var i ous pol a r i  t y .  Mol e c u l  ar absor  p t i  on and 

f l u o r e s c e n c e  spec t roscopy  have been a p p l i e d .  

EXPERIMENTAL 

The f ol 1 owi ng i s o a l l  oxazi  ne der  i v a t i  ves have been 

used f o r  t h e  experiment  CFig. 1): 

C 1) 1 0-dodecyl i soall oxazi  ne C D I  A) 

C23 10-oc tadecy l i soa l loxaz i  ne C 01 A )  

C 33 

DIA and MDIA w e r e  p repa red  by Dr. P.F .  H e e l i s  CSchool of 

Natura l  S c i e n c e ,  North E .  Wales, G r e a t  B r i t a i n ) .  OIA w a s  

s y n t h e s i s e d  by D r .  2. Kazimierczuk CDepartment of 

Biophys ics ,  U n i v e r s i t y  of W a r s a w )  acco rd ing  t o  t h e  

method d e s c r i b e d  by Shinkai  e t  a l .  [141 .  

3-methyl -1 0-dodecyl i s o a l  1 oxazi ne C MDI A3 

The appl  i ed  sol v e n t s  C car bon t e t r  ach l  or i de  , 

chloroform,  e thano l3  were s p e c t r a l l y  pure  or pure  for 

a n a l y s i s  and were ob ta ined  from POCh CPoland3. The 

exper iments  w e r e  c a r r i e d  ou t  a t  10pM amphi f l av in  
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16 WIECZOREK AND DRABENT 

0 

(1) R1=H. R z = ~ - C , ~ H ~ ~  
(2) R1 =H. R2=n - CI8 H37 
(3) R1 = CH3. R =n - C12H25 

FIG. 1. Formulae of a m p h i f l a v i n s  used:  
C 1 >  - 10-dodecy l i soa l loxaz ine  CDIA3, 
C23 - 10-octadecylisoalloxazine C O I N ,  
C33 - 3-methyl-10-dodecylisoalloxazine CMDIA3. 

c o n c e n t r a t i o n s .  Amphif lavin s o l u t i o n s  i n  b i n a r y  s o l v e n t s  

were o b t a i n e d  by mixing w a t e r  w i th  e t h a n o l  dye 

s o l u t i o n s .  The maximum dye c o n c e n t r a t i o n  i n  e t h a n o l  a t  

room t empera tu re  w a s  approx.  equa l  t o  O . 2 m M  for D I A  and 

0.lmM for OIA and MDIA. T h i s  l i m i t e d  t h e  p o s s i b l e  r ange  

of c o n c e n t r a t i o n s  i n  b i n a r y  s o l v e n t s .  The i n v e s t i g a t e d  

amph i f l av ins  were found t o  be i n s o l u b l e  i n  wa te r .  

Absorpt ion s p e c t r a  w e r e  measured wi th  t h e  PMQ-I1 

spec t rophotometer  w i th  a Zeiss MM-12Q double  

monochromator CFRG3 and wi th  t h e  M - 4 0  spec t rophotometer  

CC. Ze i s s - Jena .  GDR3. Measurements w e r e  c a r r i e d  o u t  a t  

room t empera tu re .  F luo rescence  s p e c t r a ,  t h e  quantum 

y i e l d  and a n i s o t r o p y  of f l u o r e s c e n c e  w e r e  measured w i t h  

a typical a r rangement  set up i n  our l a b o r a t o r y .  The 

quantum y i e l d s  have been d e t e r  m i  ned u s i  ng f 1 uor escei n 

C 2  x lo-% c o n c e n t r a t i o n 3  i n  0 . 1 N  N a O H .  The f l u o r e s c e n t  

s t a n d a r d  has  a quantum y i e l d  of 0 . 9 2  [151 .  F luo rescence  

decay  ti m e s  and phase-sens i  ti ve f 1 uor e scence  spectra  

were measured wi th  a 12MHz phase  f luo romete r  C16.171. 

F luorescence  decay  c u r v e s  were o b t a i n e d  u s i n g  a p u l s e  

f luorometer  C181. 
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AMPHIFLAVINS IN A BINARY SOLVENT 17 
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F I G .  2. Absorption and f luorescence s p e c t r a  of 10-dodecyl- 
i soa l loxaz ine  i n :  carbon t e t r a c h l o r i d e  - Ca>, chloroform 
- Cbl. ethanol - Ccl,  95% water / 5% ethanol - Cdl. 
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18 WIECZOREK AND DRABENT 

RESULTS AND D I S C U S S I O N  

The r e s u l t s  of i n v e s t i g a t i o n s  of e l e c t r o n i c  

a b s o r p t i o n  s p e c t r a  CFig. 2 ,  Tab. 12, f l u o r e s c e n c e  s p e c t r a  

CFig. 2 ,  Tab. 23 ,  quantum y i e l d s  CTab. 3 3  and f l u o r e s c e n c e  

decay  , t i m e  CTab. 33 of a m p h i f l a v i n s  i n  carbon 

t e t r a c h l o r i d e .  chloroform and e t h a n o l  show t h a t  t h e  

behaviour  of t h e  i n v e s t i g a t e d  s p e c t r a l  p r o p e r t i e s  i n  t h e  

f u n c t i o n  of s o l v e n t  p o l a r i t y  change is  typical f o r  most 

f l a v i n s .  I n  carbon t e t r a c h l o r i d e ,  as i n  most non-polar 

s o l v e n t s ,  t h e  v i b r o n i c  s t r u c t u r e  of a b s o r p t i o n  and  t h e  

f l u o r e s c e n c e  s p e c t r a  of a m p h i f l a v i n s  are v e r y  d i s t i n c t  

CFig.2a3.  The l i f e t i m e s  i n  t h e  e x c i t e d  s t a t e  and t h e  

quantum y i e l d  of f l u o r e s c e n c e  are t h e  g r e a t e s t .  On 

p a s s i n g  t o  a s l i g h t l y  less po la r  s o l v e n t .  such  as 

ch loroform,  t h e  s t r u c t u r a l i z a t i o n  of s p e c t r a  becomes 

less d i s t i n c t  CFig.2b3. and t h e  decay  t i m e s  and quantum 

y i e l d  of f l u o r e s c e n c e  d e c r e a s e .  Ne i the r  carbon 

t e t r a c h l o r i d e  nor ch loroform form hydrogen bonds w i t h  

amph i f l av ins .  These s o l v e n t s  p e r f e c t l y  s o l v a t e  a l l  t h e  

hydrophobic r e g i o n s  of t h e  i n v e s t i g a t e d  molecu le s ,  

p r e v e n t i n g  t h e  s o - c a l l e d  s t a c k i n g  i n t e r a c t i o n s  between 

amphi f l av in  molecules .  The observed  s t r u c t u r a l i z a t i o n  of 

spectra is typical when i n t e r a c t i o n s  between s o l v e n t  and 

t h e  d i s s o l v e d  molecules  are w e a k .  

On p a s s i n g  t o  e t h a n o l  a1 most complete  d i s a p p e a r a n c e  

of s p e c t r a  s t r u c t u r a l i z a t i o n  c a n  be observed  CFig. 2c1 ,  

as  w e l l  as a f u r t h e r  s l i g h t  d e c r e a s e  of quantum y i e l d  

and f l u o r e s c e n c e  decay  times. Ethanol  forms hydrogen 

bonds wi th  amph i f l av ins .  The i r  fo rma t ion  accelerates t h e  

d i sappea rance  of t h e  a b s o r p t i o n  and f l u o r e s c e n c e  s p e c t r a  

vi broni  c s t r u c t u r e .  Exper iments  w i t h  phase-sens i  ti ve 

spectra  and f l u o r e s c e n c e  decay  t i m e s  of a m p h i f l a v i n s  

have shown t h a t  i n  each  of t h e  s o l v e n t s  used  o n l y  one 

type of f l u o r e s c e n c e  c e n t r e s  e x i s t s .  
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AMPHIFLAVINS IN A BINARY SOLVENT 19 

TABLE 1. 
Absor p t i  on m a x i  m a  C nml of amphi f 1 a v i  n s  i n var i ous 

sol v e n t s .  

DI A 01 A MDI A 

s2 s1 s2 s1 s2 s1 
Sol vent  

41 4 41 4 41 7 carbon 
325 439 325 439 326 440 

464 464 466 
t e t  r ac hl or i de  

420 420 420 

ch loroform 334 441 334 441 338 443 

465 ' 465 ' 467 

e thano l  333 436 334 436 332 437 

425 425 430 95% w a t e r ( *  

5% e thano l  
348  443 349 444 351 448 

473 473 480 

C o n c e n t r a t L o n  of a m p h r f l a v r n s  v e r e  10pM. S d e n o t e s  
s h o u l d e r ,  ( *  O I A  a n d  M D I A  c o n c e n t r a t ~ o n  v a s  5pM. 

TABLE 2. 

F1 uor e scence  maxi m a  C nm> of amphi f 1 a v i  n s  i n var  i ous 

s o l  v e n t s .  

Sol vent  DI  A 01 A MDI A 

carbon 495 495 496 
t e t r a c h l o r i d e  520 520 521 

502 502 504 
ch loroform 526 526 528 

e thano l  528 528 530 

95% w a t e r  ( *  51 0 51 0 51 0 
5% e thano l  534 534 535 

~ o n c e n t r a t r o n  of a m p h r f l a v r n s  v e r e  10pM. 
( *  O I A  a n d  M D I A  c o n c e n t r a t ~ o n  v a s  5pM. 
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20 WIECZOREK AND DRABENT 

TABLE 3. 
Decay t i m e s  C r 1  and quantum y i e l d s  C r ) ]  of amph i f l av ins  

i n or gani  c sol v e n t s .  

DI A 01 A MDI A 
Solven t  

rCns1 r) rCns1 r )  TCnsl r) 

6.7 0. 49 6.7 0. 49 6.6 0. 48 carbon 
t e t r a c h l o r i d e  

ch loroform 6.0 0. 39 6.0 0.39 5.9 0.37 

e thano l  5.5 0.31 5.4 0.32 5.2 0.30 

T h e  e r r o r  of T m ~ a ~ u r e m ~ n i s  w a s  L R S P  t h a n  0 .  i n s .  
T h e  e r r o r  of r) m e a r u r e m s n t s  vas ~ R S S  t h a n  0 .  ot. 

TABLE 4. 
F1 uor escence  a n i  s o t r  opy of amphi f 1 a v i  n5 i n bi  n a r y  

sol v e n t .  

D I  A 01 A MDI A 

334 0. 03 0.10 0.10 
435 0. 06 0. 15 0.15 

334 0.11 0.16 0.15 
435 0.14 0.21 0.21 

334 0.16 0. 19 0.18 
435 0.21 0. 25 0.27 

334 0.18 0.21 0.22 
435 0.23 0. 32 0.34 

L X  
conc. e thano l  

CphD C %  v o l . >  Cnml 

5 40 

10 40 

20 40 

40 40 

334 0.19 - 
435 0. 27 - 80 40 

334 0.14 0.18 0. 17 
435 0.20 0. 25 0. 26 

334 0.18 0.22 0. 23 
435 0.24 0.33 0. 35 
334 0.19 - - 
435 0.26 

10 20 

10 10 

10  5 

T h e  e r r o r  of a n i s o t r o p y  m m a s u r r m e n t s  w a s  L O P S  C h a n  0 . 0 2 .  
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AMPHIFLAVINS IN A BINARY SOLVENT 21 

S u r p r i s i n g  r e s u l t s  have been o b t a i n e d  f o r  

a m p h i f l a v i n s  i n  a b i n a r y  s o l v e n t  Cwater /e thanol>  CFig. 3, 

Tab. 4.  Tab. 51. From t h e  s p e c t r a l  i n v e s t i g a t i o n  p o i n t  of 

view e thanol /water  mix tu res  cannot  be c o n s i d e r e d  as o n l y  

s o l v e n t s  w i t h  a d j u s t e d  p o l a r i t y ,  depending  on t h e  

p ropor t ion  of t h e  mix tu re  components. Our expe r imen t s  

i n d i c a t e  t h e  p re sence  of some p r o c e s s e s  l e a d i n g  t o  a 

sel f o rgan i  z a t i  on of amphi f 1 a v i  n molecules  i n a b i n a r y  

s o l v e n t ,  s i m i l a r l y  t o  t h e  case of l i p i d s  i n  w a t e r .  

S o l v a t i o n  of a long  hydrocarbon c h a i n  i n  t h e  NC10> 

p o s i t i o n  and of t h e  i s o a l l o x a z i n e  r i n g  benzene p a r t  of 

t h e  i n v e s t i g a t e d  a m p h i f l a v i n s  by w a t e r  is  e n e r g e t i c a l l y  

v e r y  i n c o n v e n i e n t .  Hence, s e l f o r g a n i z a t i o n  of f l a v i n s  

i n t o  s t r u c t u r e s  i n  which dye molecules  g e t  i n t o  a c l o s e r  

c o n t a c t  may occur .  T h i s  assumpt ion  is conf i rmed by t h e  

n a t u r a l  t endency  of even  po la r  f l a v i n s  t o  form s t a c k i n g  

s t r u c t u r e s  i n  water [19-221. I t  is a l s o  conf i rmed by  t h e  

p r a c t i c a l  i n s o l u b i l i t y  of t h e  i n v e s t i g a t e d  a m p h i f l a v i n s  

i n  w a t e r .  However, r e s u l t s  p r e s e n t e d  by Sh inka i  C13.141 

f o r  3-methyl -1 0-dodecyl i s o a l  1 oxaz i  ne C MDI A3 a t  a 50pM 

c o n c e n t r a t i o n  i n  w a t e r  are incomprehens ib le .  

I nso l  ubi 1 i t y  of si m i  1 ar i s o a l l  oxaz i  ne de r  i v a t i  ves  i . e .  

7 . 8 , l O - t r i  methyl -3-oc tadecyl i  s o a l l  oxaz i  ne and 3-methyl - 

10-octadecylisoalloxazine w a s  a l s o  observed  by  F reh land  

C 2 3 1 .  Absorpt ion s p e c t r a  i n  e thano l /wa te r  m i x t u r e s  of 

low e thano l  c o n t e n t  p r e s e n t e d  by Sh inka i  are i n  

agreement  wi th  our r e s u l t s  184,251. The observed  changes  

i n  M D I A  a b s o r p t i o n  s p e c t r a  i n  a b i n a r y  s o l v e n t  are 

a s c r i b e d  by Sh inka i  t o  t h e  fo rma t ion  of s t a c k i n g  

s t r u c t u r e s  of t h e  d i n e r ,  t r i m e r ,  t e t r a m e r ,  e tc .  t y p e .  

Our i n v e s t i g a t i o n s  of a b s o r p t i o n  spectra and 

f l u o r e s c e n c e  s p e c t r a  CFig. 31, a n i s o t r o p y  CTab. 4 3 ,  decay  

t i m e s  CTab. 51 and f l u o r e s c e n c e  quantum y i e l d  CTab. 53 of 

a m p h i f l a v i n s  i n  a b i n a r y  s o l v e n t  do  not  n e g a t e  S h i n k a i ' s  

t h e s i s  b u t  show t h e  n e c e s s i t y  f o r  i ts  s u b s t a n t i a l  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1
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10- 

E 
E man 
- 

1.0 - 
- 

F I G .  3. Absorption and f luorescence  s p e c t r a  of 10-dodecyl-  
i s o a l l o x a z i n e  i n  60% water / 40% ethano l .  Dye concen- 
t r a t i o n s :  5pM - Cal. 10pM - Cbl. 40pM - C c 3 .  80pM -Cdl. 
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TABLE 5. 

Average decay  t i m e s  and quantum y i e l d s  of amphi f 1 a v i  n s  

i n  b i n a r y  s o l v e n t .  

conc .  e t h a n o l  DI A 01 A MDJ A 
cpm C %  v o l . )  

TCns3 I) ~ C n s >  r) ~ C n s 3  r )  

5 40 4.8 0.21 4.4 0.16 4.2 0.14 

1 0  40 4.5 0.15 3.3 0.12 3.1 0.10 

20 40 3.4 0.11 2.6 0.08 2.4 0.07 

40 40 2.6 o. oa 1.3 0.04 1.3 0.03 

ao 40 1.8 0.05 - - - - 

10 1 0  2.5 o. oa 1.4 0.04 1.3 0.03 

10 5 1.5 0.05 - - - - 

The  e r r o r  of  T r n r a s u r e m e n t s  v a s  less t h a n  O.inr. 
T h e  error of r) m e a s u r e m e n t s  v a s  less t h a n  0 .01 .  

modi f i ca t ion .  The occur rence  of a s t r u c t u r a l i z e d  

f l u o r e s c e n c e  band of a m p h i f l a v i n s .  s l i g h t l y  s h i f t e d  

towards  longer  wavelengths  i n  r e l a t i o n  t o  non-polar 

s o l v e n t s  and e t h a n o l ,  cannot  be t h e  r e s u l t  of s t a c k i n g  

c o n f i g u r a t i o n s  and are non- f luo rescen t  i n  m o s t  c a s e s .  

Yet ,  i t  can  be assumed t h a t  observed  f l u o r e s c e n c e  comes 

from si ngl  e mol e c u l  es of amphi f 1 avi n s  found i n var  i ous 

f l u o r e s c e n c e  c e n t r e s .  The r e s u l t s  of expe r imen t s  w i t h  

s m a l l  ' e f fect ive '  c o n c e n t r a t i o n s  Cconcen t r a t ion  i n  

e thano l  b e f o r e  mixing wi th  w a t e r )  of a m p h i f l a v i n s  i n  a 

b i n a r y  s o l v e n t  show t h a t  one t y p e  of t h e s e  c e n t r e s  is 

made up by  chromophores s o l v a t e d  most ly  by  e t h a n o l  

CFig. 3). The i n c r e a s e  of e f f e c t i v e  c o n c e n t r a t i o n  c a u s e s  

t h e  i n c r e a s e  of t h e  number of molecules  t a k i n g  p a r t  i n  

s e l f o r g a n i z i n g  s t r u c t u r e s .  becoming ano the r  k ind  of 

f l u o r e s c e n c e  c e n t r e  wi th  p r o p e r t i e s  d i f f e r e n t  from t h e  
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24 WIECZOREK AND DRABENT 

p rev ious  one. I t  s e e m s  t h a t  f o r  g i v e n  r a t i o s  of w a t e r  t o  

e thano l  t h e  number of c e n t r e s  s o l v a t e d  main ly  by  e thano l  

is c o n s t a n t ,  and t h e  amphi f 1 a v i  n concen t r  a t i  on i n c r e a s e  

c a u s e s  t h e  dominance of f 1 uorescence  comi ng from 

molecules  t a k i n g  p a r t  i n  o r g a n i z e d  s t r u c t u r e s .  This 

conf i rms  t h e  observed  i n c r e a s e  of a n i s o t r o p y  CTab. 43 ,  

t h e  quantum y i e l d  d e c r e a s e  CTab. 53 and t h e  s h o r t e n i n g  of 

f l u o r e s c e n c e  decay  t i m e s  CTab. 53 a l o n g  wi th  t h e  i n c r e a s e  

of amph i f l av in  c o n c e n t r a t i o n  i n  s o l u t i o n .  The 

c o n s i d e r a b l e  i n c r e a s e  of f l u o r e s c e n c e  a n i s o t r o p y  a l o n g  

wi th  t h e  i n c r e a s e  of a m p h i f l a v i n  ' e f f e c t i v e '  

c o n c e n t r a t i o n  is caused  by t h e  fo l lowing  t h r e e  e f f e c t s :  

Ci3 - when forming  s t r u c t u r e s  a m p h i f l a v i n  molecules  are 

t i g h t l y  packed and o rde red  t h i s  l i m i t i n g  t h e i r  thermal  

movements, C i i 3  - t h e  i n c r e a s e  of c o n c e n t r a t i o n  

quenching of f 1 uorescence  d i  m i  n i  s h e s  t h e  par  ti ci  p a t i  on 

of depol a r i  zed f 1 uor e scence  of mol e c u l  es s e c o n d a r i  1 y 

e x c i t e d  as t h e  r e s u l t  of e n e r g y  t r a n s f e r ,  C i i i l  - t h e  

i n c r e a s e  of t h e  number of molecules  t a k i n g  par t  i n  

s e l f o r g a n i z i n g  s t r u c t u r e s .  

The s e l f o r g a n i z a t i o n  r e s u l t s  i n  t h e  i n c r e a s e  of 

1 oca l  c o n c e n t r a t i o n  of amphi f 1 avi n s  which, a1 ong w i  t h  

molecule o r d e r i n g ,  d i m i n i s h e s  C a s  a c o n c e n t r a t i o n  

quenching r e s u l t 3  t h e  l ifetime i n  t h e  e x c i t e d  s t a t e  and 

t h e  f l u o r e s c e n c e  quantum y i e l d .  Since s e l f o r g a n i z a t i o n  

may l e a d  t o  t h e  fo rma t ion  of d imers  and h ighe r  o r d e r e d  

s t a c k e d  a s s o c i a t e s ,  non-ac t ive  a b s o r p t i o n  of e x c i t a t i o n  

ene rgy  by t h e  a s s o c i a t e d  molecules  is q u i t e  p o s s i b l e .  

I n v e s t i g a t i o n s  of phase-sens i  t ive  f l u o r e s c e n c e  

spectra d i d  not  b r i n g  a n y  d e c i s i v e  r e s u l t s  abou t  t h e  

e x i s t e n c e  of v a r i o u s  f l u o r e s c e n c e  c e n t r e s .  However, t h e  

r e s u l t s  of f l u o r e s c e n c e  decay  t i m e  measurements w i th  t h e  

p u l s e  method show t h e  m u l t i e x p o n e n t i a l  c h a r a c t e r  of 

observed decays. I t  s h o u l d  be assumed t h a t  

s e l f o r g a n i z i n g  s t r u c t u r e s  are no t  homogenous. and  
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amphi f l av in  molecules  i n  such  s t r u c t u r e s  may occur  i n  

v a r i o u s  microenvironments .  T h i s  b r i n g s  abou t  t h e  

poss i  b i  1 i t y  of e x i s t e n c e  of many v a r i o u s  f 1 uorescence  

c e n t r e s ,  s o m e  of them be ing  amphi f 1 a v i  n s  s o l  v a t e d  mai n l  y 

by e thano l  , o t h e r s  - amphi f 1 a v i  n s  invo lved  i n  o rgan ized  

s t r u c t u r e s .  D i s t i n c t  s p e c t r a l  p r o p e r t i e s  of amphi f l a v i  n s  

invo lved  i n  v a r i o u s  molecular  s t r u c t u r e s  show how 

s i g n i f i c a n t  is t h e  i n f l u e n c e  of f l a v i n  i n t e r a c t i o n  wi th  

t h e  microenvironment on t h e i r  s p e c t r a l  p r o p e r t i e s  and 

microenvi  ronment o r g a n i z a t i o n  i n  mu1 t icomponent sys tems.  

I t  shou ld  by emphasized t h a t  t h e  observed  

a b s o r p t i o n  and f l u o r e s c e n c e  spectra i n  a b i n a r y  s o l v e n t  

a r e  v e r y  s i m i l a r  t o  t h o s e  observed  f o r  s o m e  

f l a v o p r o t e i n s .  S t r u c t u r a l i z a t i o n  of t h e  S1 band of 

f l a v i n s  i n  f l a v o p r o t e i n s  used  t o  be a t t r i b u t e d  t o  t h e  

active c e n t r e  hydrophob ic i ty ,  b u t  t h e  p o s i t i o n  of t h e  S2 

band,  i ndi  ca t i  ng an  i nc reased  po la r  i t y  of t h e  

microenvironment .  s e e m s  t o  c o n t r a d i c t  t h i s .  T h i s  may be 

e x p l a i n e d  by s t r o n g  Cfrom t h e  p o l a r i t y  p o i n t  of view3 

h e t e r o g e n i t y  of p a r t i c u l a r  r e g i o n s  of t h e  f l a v o p r o t e i n  

active c e n t r e  and of coenzyme s t i f f e n i n g  i n  t h i s  c e n t r e .  

The p r e s e n t e d  r e s u l t s  of our expe r imen t s  c l e a r l y  show 

how s o l v e n t  p o l a r i t y  f o r c e s  amph i f l av in  molecules  t o  

p rov ide  themse lves  wi th  t h e  e n e r g e t i c a l l y  most 

advantageous  m i  c r  oenvi ronments , 1 e a d i  ng t o  amphi f 1 a v i  n 

s e l f o r g a n i z a t i o n .  I t  is a t y p i c a l  case of f eedback .  I n  

t h e  case of b i o l o g i c a l  s y s t e m s  i t  may be s t a t e d  t h a t  t h e  

s t r u c t u r e  of t h e  f l a v o p r o t e i n  active c e n t r e  t a k e s  i n t o  

account  t h e  i n f l u e n c e  of coenzyme on t h e  p r o p e r t i e s  of 

i ts d i  r ec t m i  c r oenvi r onment . 
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