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The p ro te in  f l u o r e s c e n c e  s p e c t r a  and p o l a r i z a t i o n  o f  
b a c te r io r h o d o p a in  e x c i te d  a t  293 nm and a t  room tem pera ture  
was i n v e s t i g a t e d  in  s o l u t i o n  c o n ta in i n g  c h l o r i n e - ,  a c e t a t e -  
and r h o d a n id e - io n s  aB quenchers o f  f l u o re sc en o e  in  Soren sen  
and B r i t to n -R o b in s o n  b u f f e r s  in  the pH-range from 4 to  10. 
These quenchers d id  not a f f e c t  the  f l u o re sc e n o e  and p o l a r i -
z a t io n  s p e c t r a  but c o n s i d e r a b l e  e f f e o t  o f  the c om p osi t ion  
o f  b u f f e r s  was found e s p e c i a l l y  on the f l u o r e s c e n c e  p o la-
r i z a t i o n  speo trum . The changes i n d i c a t e  th a t  some o f  the 
b u f f e r  c o n s t i t u e n t s  ( c i t r i c  a c i d ,  a c e t i c  a c i d ,  phosphate 
i o n s )  may e x e r t  an e f f e c t  on th e t e r t i a r y  s t r u c t u r e  o f  bac- 
te r io rh o d o p a in  i n  a d d i t i o n  to the d i r e o t  p H - e f f e c t .

B a c t er io r h o d o p a in  (BR) i a  a  p u rp le  p ro te in -p ig m en t  complex in  
the  c e l l  membrane o f  s e v e r a l  h a l o b a c t e r i a  [11 ,  12'], which forms 
the m oleo ular  b a s i s  o f  a  new type o f  p h o top h o sp h or yla t ion  [ 1 4 ] .  
Upon i l l u m i n a t i o n  BR un dergoes  a  r a t h e r  c om p l ic ated  photochemi-
c a l  c y c l e  with  a number o f  p h o to m et r ic a l l y  d e f in e d  s t a t e s  [ 1 8 ] ,  
I t  works a im u ltan eo ua ly  a s  a l i g h t  d r iv e n  proton-pump [ 1 7 ] ,  a 
p h o t o e le c t r i o  g e n e r a to r  o f  c u r re n t  [ 1 ] ,  and a  d e l i c a t e  r e g u l a t o r  
o f  the  l i g h t- i n d u c e d  membrane p o t e n t i a l  [ 6 ] ,  A l l  th e se  f u n c t io n s  
a r e  connected  among o th e r s  with  c o n fo rm a tio n a l  changes in  the 
p r o te i n  m o ie ty .  S in c e  the c o n fo rm a t ion a l  change o f  the  p ro te in  i a  
i n i t i a t e d  by l i g h t - q u a n t a  abaorbed by th e r e t i n a l  chromophore, 
an energy exchange between the r e t i n a l  and the p r o te i n  moiety 
sh o u ld  be assum ed [ 4 ] .  A ttem pts to r e v e a l  the r o u t e s  and mecha-
n ism  o f  t h i s  energy-exch an ge  p ro c e s s  have r e c e n t l y  been made, 
by m easu ring  c e r t a i n  f lu o re a c e n c e  c h a r a c t e r i s t i c s  o f  th e  r e t i n a l  
pigment complexed w ith  the p r o te in  [13» 7 ] .

Sew eral  s y s t e m a t i c  s t u d i e s  have been c a r r i e d  out con cern ing



the r o l e  o f  the t ry p top h an  r e s i d u e s  in  the m oleoular  meohanisms 
o f  d i f f e r e n t  f u n c t io n s  o f  BR [ 15 , 1 0 ] .  In  t h i s  r e p o r t ,  i n  order  
to  m onitor the s t a t e s  and i n t e r a c t i o n s  o f  a rom at ic  amino a c i d  r e -
s i d u e s ,  e s p e c i a l l y  th o se  o f  t ry p to p h a n s ,  p r o te in  f lu o re so e n c e  
p r o p e r t i e s  o f  BR were i n v e s t i g a t e d  in  s o l u t i o n s  c o n t a i n i n g  C l " ,  
CN“ , SCN”  io n s  a s  f lu o r e s c e n o e  quenchers a t  d i f f e r e n t  p H -va lu es .

M a te r i a l s  and methods
=  ■■ ■ '' ' " "!.. ^

P u rp le  membrane p a tc h e s  c o n ta in in g  BR were i s o l a t e d  from 
H a lob a cte r iu m  halobium  s t r a i n  N-jM-| by s ta n d a rd  p r oc e d u re s  o f  
e x t r a c t i o n  and p u r i f i c a t i o n  [ 1 6 ] •  The membrane p atoh es  were s u s -
pended in  Soren se n  or B r i t to n - R o b i n s o n  b u f f e r s  a t  pH -values 
between 4 and 10 and c o n ta in in g  quench ers  (KSGN, KCIO^, CH^COOK) 
in  0 .2 5 ,  0 .5  and 1 M c o n c e n t r a t io n .  The BR c o n c e n t r a t io n s  o f  
the sam p les  were a d ju s t e d  to  an o p t i c a l  d e n s i t y  o f  0 . 3  a t  
285 nm.

The a b s o rp t io n  s p e o t r a  were m easured w ith  a  UNICAM SP 1800 
r e c o r d i n g  sp e c t ro p h o to m e ter .  The f l u o r e s c e n c e  s p e c t r a  and po-
l a r i z a t i o n  d e g r ee s  were re c o rd ed  w ith  a  PERKIN-LLMER MPF-44A sp e -  
c t r o - f l u o r i m e t e r  u s in g  1 cm s to p p e re d  q u a r tz  c e l l s .  The h a l f -  
-w id th s  o f  e x c i t i n g  and o b s e r v a t i o n  bands were 5 nm. The s p e c -
t r a  were c o r re c te d  f o r  the  s p e c t r a l  t r a n s m i s s i o n  o f  th e  e m iss io n  
monochromator and f o r  the s p e c t r a l  s e n s i t i v i t y  o f  th e d e t e c t o r .  
C o r r e c t i o n s  o f  f lu o r e so e n c e  s p e c t r a  f o r  r e a b s o r p t io n  were a l s o  
made; second ary  f l u o r e s c e n c e  e f f e c t s  were n e g l i g i b l e .  The i n f l u -
ence o f  l i g h t - s c a t t e r i n g  c ou ld  no t be e l i m i n a t e d ,  no s e l e c t i v e  
s c a t t e r i n g  occured  which c ou ld  have f a l s i f i e d  the  s p e c t r a l  cha-
r a c t e r i s t i c s  m easured. A l l  m easurem ents were made on sam p les  o f  
the  same BR e x t r a o t ,  a t  room te m p er atu re .

R e s u l t s  and d i s c u s s i o n

The r e l a t i v e  a b s o r p t i o n  spectrum  o f  n a t i v e  BR h a s  two main 
bands c e n te red  a t  280 nm (w ith  two s h o u l d e r s ) ,  and w ith  maximum 
a t  567 nm ( F i g .  1 ) .  A s m a l l ,  p r a c t i c a l l y  c o n s ta n t  a b s o r p t io n  
w ith i n  the 300-450  nm r e g i o n  i s  p robably  due to  l i g h t - s c a t t e r i n g .



F i g .  1. R e l a t i v e  a b s o r p t io n  spectrum  o f  BR 
in  Sorensen  b u f f e r  pH = 7

Widmo różnicowe  p o c h ła n ia n ia  b a k te rio rod op sy n y  (BR) 
w b u f orz e  So ren se n a ,  pH = 7

OTHOCHTeJibHbiti cneKTp norJioneHHH OaKTepHopononcHHa (BP) 
b Óy$epe CapeHceHa, pH =* 7

The u l t r a v i o l e t  band c o n s i s t s  m ain ly ,  o f  c o n t r i b u t i o n s  from 
t y r o s i n e  and t ry p to p h an . The exao t number o f  t ry p top h an s  and ty -
r o s i n e s  i n  the  complex fo rm a t ion  i s  n o t known ( s e e  e . g .  [ 8 ] ) .

C o n s i d e r in g  the s p e c t r a l  p r o p e r t i e s  o f  p h e n y la la n in e , ty ro -
s i n e  and try ptoph an  F i g .  1 i n d i c a t e s  th a t  o s c i l l a t o r s  a b so rb in g  
a t  290 run a re  p r im a r i ly  e l e c t r o n ic  t r a n s i t i o n s  o f  t ry p top h a n , 
r a t h e r  than  th ose  o f  the  o th er  two a rom at ic  amino a c i d  r e s i d u e s .

The f l u o r e s c e n c e  e m iss io n  sp ect rum  depends upon th e  wavelength 
o f  e x c i t a t i o n  ( F i g .  2 ) .  At 265 nm e x c i t a t i o n  the e m iss i o n  sp ec -
trum d i s p l a y s  a maximum a t  300 nm and a sh o uld er  a t  312 nm. For 
280 nm e x c i t a t i o n  e m is s io n  with  maximum'305 nm and a s h o u ld e r  a t  
314 nm i s  c h a r a c t e r i s t i c ,  w hile  w ith  293 nm the e m is s io n  maxi-
mum i s  l o c a te d  a t  311 nm and a sh o u ld er  a p p ea r s  a t  320 nm. The 
f l u o r e s c e n c e  s p e c t r a  a r e  s h i f t e d  towards  s h o r te r  waves a s  compa-
re d  to  the  u s u a l  p r o t e i n  f l u o r e s c e n c e .

Very s l i g h t  i n f lu e n c e  o f  io n s  u s u a l l y  f u n c t io n in g  a s  quenchers 
co u ld  be ob served  on the  e m iss io n  p r o p e r t ie s  even a t  h ig h  (about 
1 m o lar )  c o n c e n t r a t io n .

pH a f f e c t e d  the p r o t e i n  f l u o r e s c e n c e ,  e s p e c i a l l y  i t s  p o l a r i -
z a t i o n  p r o p e r t i e s  ( F i g .  3 ) .  These s p e c t r a  have minima i n  the



F i g .  2 .  R e l a t i v e  f l u o r e s c e n c e  s p e c t r a  o f  BR i n  So re ns en  b u ff e r  
pH = 7 ,  a t  d i f f e r e n t  e x c i t a t i o n  w ave len gths

Widma różnicowe  f l u o r e s c e n c j i  BR w b u fo rz e  S ór en s en a ,  pH = 7 ,  
d l a  różnych d łu g o ś c i  f a l  ś w i a t ł a  w zbudza jąceg o

Ot  h o  cHTejibHbie cn eKTpti (¿uiyopecueHuKH BP b  6 y $ e p e  O ap eH ceH a, pH =* 7 ,  
n pa  pa3Jn m H ux AJiHHax b o jih  B03 6yiKnaio[qero C B e ia .

d e gre e  o f  p o l a r i z a t i o n  above 310 nm and maxima in  the 370-390 nm 
r e g i o n .  The p o l a r i z a t i o n  s p e c t r a  e x h i b i t  f i n e  s t r u c t u r e  a s  w e l l .  
S c a t t e r i n g  e x e r t s  i t s  in f lu e n c e  p r i m a r i ly  near  the e x o i t a t i o n  
w av e le n g th .

S ore ns en  and B r i t to n -R o b in so n  b u f f e r s  do not in f l u e n c e  ap pre-
c i a b l y  the  a b s o rp t io n  in  the u l t r a v i o l e t  but a l t e r  the p o l a r i -
z a t io n  p a t te r n  ( F i g .  4 ) .

On the  b a s i s  o f  th e  a b s o r p t i o n  and f l u o r e s c e n c e  em iss io n  
s p e c t r a  in  the u l t r a v i o l e t  r e g i o n ,  one may attem pt to  in d e n t i f y  
the  a b s o rb in g  and e m i t t in g  c e n t e r s .

The u l t r a v i o l e t  a b s o r p t i o n  band c o n s i s t s  m ainly o f  c o n tr ib u -
t i o n s  from try ptop ha n  and t y r o s i n e .  T y ro s in e ,  which a b s o rb s  in  
p a r t  i n  the  same s p e c t r a l  r e g io n  a s  try p top h a n , em its  a s i n g l e  
band with  maximum a t  303 nm in  aqueous s o l u t i o n s ,  but i t s  f l u o r e -
sc en c e  i s  g e n e r a l ly  quenched by t ry p top h an  i f  the  l a t t e r  i s  
p re s e n t  in  the p ro t e in  [ 9 ] .  I t  i s  more p l a u s i b l e  to  assume an 
anom alous ly  b l u e s h l f te d  t r y p to p h a n - f l u o re s c e n c e  than  an u nu su al  
t y r o s i l  f l u o r e s c e n c e  which dom inate s th e room -tem p erature  pro-
t e i n  f l u o r e s c e n c e  o f  n a t i v e  BR. In  p r o t e in s  which o o n ta in  t ry p -
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P i g .  3 .  P o l a r i z a t i o n  a p e o tr a  o f  p r o t e i n  f l u o r e s c e n c e  o f  BR at  
d i f f e r e n t  pH. B u f fe r  c om p o s i t ion : pH = 4 :  0 .0 5 5  M CgHoOy, 0 .2 7 5  M 
NaOH, 0 .0 4 5  M HC1 ; pH = 7 :  0 .0 2 7  M KH2 P0, 0 .0 4 0  M Na2H P 0 ,; pH = 10: 

0 .0 6 5  M C2H5ON, 0 .0 6 5  M NaOl, 0 .0 3 5  M NaOH
Widma f l u o r e a c e n c j i  b ia łk o w ej  BR w różnych  w a r t o śc i a o h  pH. Sk ła d  
buforów: pH= 4:  0 ,0 5 5  M C6Hft0 7 , 0 ,2 7 5  M NaOH, 0 ,0 4 5  M HC1; pH = 7:  
0 ,0 2 7  M KH2P 0 ,,  0 ,0 4 0  M Na2HP0A; pH = 10: 0 ,0 6 5  M C7HcON, 0 ,0 6 5  M

Na C l ,  0 ,0 3 5  M NaOH
CneKipu Ó ejiK O B O ił <J>JiyopecijeHaHH BP b  p a 3 JiH q H H X  pH. CociaB t f y ^ e p o B :  
pH = 4 :  0 ,055 M CgHgOy, 0 ,275 M NaOH, 0 ,045 M HC1; pH = 7s 0,027 M 
KH,P0,,  0 ,040  M Na,HP0,5 pH = 10: 0 ,0 65  M G,HR0N, 0 ,0 6 5  M NaCl,

0,035 M NaOH

toph an , the  em iss io n  spect ru m  i s  thought to  be a s t r o n g  fu n c t io n  
o f  the  environment o f  th e  t ry p toph an s  [ 2 ] .  E i  a i  n g  e r  and 
N a v o n [ 3  ] have shown th a t  i n  n o n -p o la r  environm ent the emis-
s i o n  maximum moves by ab out 10-20 nm tow ard s s h o r te r  w av es.  This 
s h i f t  can  be e x p la in ed  by the p resen c e  o f  t ryp top ha n  r e s i d u e s  
s i t u a t e d  in  a  l o w - p o l a r i ty  env ironm ent, and i n t e r a c t i n g  with 
t h e i r  su rrou n d in g s  through t h e ir  im inogroups  v i a  hydrogen  bonds.  
Such c o n d i t i o n s  may be e a s i l y  a t t a i n e d  i n  th e  sa c k  form ed by the 
p r o t e i n  in  which the polyene  ch a in  o f  th e  r e t i n a l  chromophore 
i s  n e s t e d ,  and the p r o t e i n s  a re  not a c c e s s i b l e  to s im p le  quencher 
io n a  even i f  they a re  p r e se n t  i n  h ig h  c o n c e n tr a t io n . pH seems to 
e f f e c t  H-bonds which a r e  not d i r e c t l y  in v o lv e d  i n  the  fo rm at io n  
o f  the  p u rp le  com plex , a t  l e a s t  i n  the  pH-range 4 -1 0 .  The s t r u c -
tu r e  may be c o n s id e r a b ly  a f f e o t e d  by the  co m p os i tion  o f  the  buffer 
even i f  the  pH i s  k ept c o n s t a n t .
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P i g .  4 .  P o l a r i z a t i o n  s p e c t r a  o f  p r o te i n  f lu o re sc e n o e  o f  BR in  
d i f f e r e n t  b u f f e r s .  B u f f e r  c o m p o s i t ion . So rense n : 0 .0 2 7  M KH2P0<, 
0 .0 4 0  M Na2HP04 ; B r i t to n -R o b in s o n :  0 .0 2 6  M C2H /0, 0 .0 2 6  M H-,BrO/

0 .0 2 6  M H3P04 , 0 .0 6 9  M NaOH
Widma p o l a r y z a c j i  f l u o r e s c e n c j i  b ia łk ow ej BR w róż nyc h b u fo ra ch . 
S k ła d  buforów: b ufor Só ren se na :  0 ,0 2 7  M KH2P 0 , , 0 ,0 4 0  M Na2HP0,; 
b u for  B r i t to n a - R o b in s o n a : 0 ,0 2 6  M C7H ,0 ,  0 ,0 2 6  M H^BrO/ 0 ,0 2 6  M

H3P04 , 0 ,0 6 9  M NaOH
CneKTpH noJiHp03ai;nH 6ejiK0B0 it (fiJiyopecueHUHH BP b pasjiHMHUx Oytjiepax. 
CocTaB 6y$epoB . Ey$ep CapeHceHa: 0 ,027 M KH2P 0 , ,  0 ,0 4 0  M Na2HP04; 
Ey$ep BpHTTOHa-PoCHHcoHa: 0 ,026 M 02H/0, 0 ,02 6  M H3B r0 4, 0 ,026 U

H3P04, 0 ,0 6 9  M NaOH

With the u se  o f  P 1 a t  t ’ s  n o t a t i o n s  [19 ] the  prob able  
c l a s s i f i c a t i o n s  o f  the  r e l e v e n t  a b s o r p t i o n  and e m iss io n  t r a n s i -
t i o n s  o f  t ry ptop h an , we propose  th a t  the t ry ptop h an s  o f  BR e x i s t  
in  a t  e a s t  two d i f f e r e n t  s t a t e s ,  one o f  them r e f l e c t s  the pre-
sen c e  o f  an ex trem ely  lo w - p e r m i t t iv i t y  m icroenvironm ent,  and the 
s t r u c t u r e  o f  the e m iss io n  s p e c t r a  i s  in  p a r t  due to  the  tw o- le-  
v e l  f l u o r e s c e n c e  o f  t ry p top h an  [ 5 ] .  T he ir p o l a r i z a t i o n  proper tie s 
a r e  d i f f e r e n t  and o f  o p p o s i te  s i g n .  Our f i n a l  c o n c lu s io n  i s  that 
the  r e t i n a l  chromophore o f  b a o te r i o r h o d o p s in  e x i s t s  in  an extrem - 
ly  h id rop h ob ic  environm ent which i s  l i n e d  by f u n c t i o n a l l y  im-
p o r ta n t  try p toph an  r e s i d u e s .  I t  i s  p o s s i b l e ,  th a t  e x c i t a t i o n  r e -
d i s t r i b u t i o n  ta k e s  p la c e  w ith in  e x c i t e d  t ry p top h a n s .
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WPŁYW ŚRODOWISKA JONOWEGO 
NA FLUORESCENCJę BIAŁKOWĄ BAKTERIORODOPSYNY

Badano widma f l u o r e a c e n c j i  b ia łk ow ej  i  p o l a r y z a c j i  f l u o r e -  
a c e n c j i  b ak terio rod op ay ny  przy d łu g o ś c i  ś w i a t ł a  w zb ud za jącego  293 
nm, w te m p era tu rz e  p ok o jow e j , w roz tw orac h  z a w ier a ją c y c h  jony 
ch lork ow e, octanowe i  rodankowe ja k o  w ygaazacze  f l u o r e a c e n c j i ,  w 
b u fo rac h  SOrenaena i  B r i t to n a -R o b ia o n a ,  w z a k r e a i e  pH 4 -1 0 . Wyga-
a z ac z e  n ie  m iały  wpływu na widma f l u o r e a c e n c j i  i  p o la r y z a o ję  f l u -  
o r e a c e n c j i ,  l e c z  a tw ierdz ono  znaczny wpływ a k ła d u  buforowego, 
z w ła az o z a  na widmo p o l a r y z a o j i  f l u o r e a c e n c j i .  Otrzymane wyniki 
w y k az u ją ,  że n i e k tó r e  a k ł a d n i k i  buforów (kwaa oytrynowy, kwaa 00-  
towy, jony  foa foran ow e) mogą wpływać na t rz e c io r z ęd o w ą  a t r u k tu rę  
b a k terio ro d op ay ny  n i e z a l e ż n i e  od b e zp o śred n ieg o  e f e k tu  pH.

3pse6eT Esjihht , Ee;iH KapBajiH, 3ojibTaH BapKOHHH 

BJIHHHHE HOHHOli CPĘIlU HA BEJTKOBYK) iJiyOPECUEHHHlO BAKTEPHOPOHOnCHHA

HccaeflOBajm cneKTpa ÓejiKOBOfł (JjiyopecueHijHH h nojiHpH3ai;HH (Juiyo- 
pecueHuan CaKTepHopoĄonoHHa ripn B036y*^eHHH b 293 hm, npa KOMHai- 
.Hoft TeMnepaType, b pacTBopax cojtepxaiqHx x)iopncThie, aueiaTHue h 
po.naHKOBue HOHbi b KaqeciBe TymHTejieft, b 6yt>epax CapeHceHa a Bpa- 
TTOHa—PoÓHHcoHa, b oÓJiacTH pH 4 -1 0 . Hcn0Jib3 0BaHHtie TymHTejiH He 
BJiHAJiH Ha ¡JwiyopecueHUHio u nojinpH3aiiHio $jiyopecueHi<Ha ho ÓytJepHott 
cocTaB 0Ka3UBajx cynecTBeHHoe BJiHHHHe Ha cneKTpu noJiHpH3auHH ijuiyo- 
pecueHuHH. 3th  HSMeHeHHa o3Ha^aioT, mto HeKOTopue KOMnoHeHTbi Oyije- 
poB (jiHMOHHan KHCJiora, yKcycHsw KHCJioTa, 4)oci>aTHne hohu) MoryT 
BJiHHTb Ha TpeTHUHyw cTpyKTypy OaKTepaopo-noncHHa HesaBHCHMo o t ne- 
nocpeącTBeHHoro bjihhhhh pH.


