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%bstract 

The fluorescence properties of tryptophan and tryptophan-retinal Schiff base are investigated in a reverse micellar matrix of sodium bis (2- 
~thylhexyl)sulphosuccinate, a membrane mimetic system. The results are discussed in terms of energy transfer interaction between retinal 
and tryptophan in the native protein and the conformational aspects of tryptophan residues in the protein. 
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1. Introduction 

Bacteriorhodopsin (bR) is a photosensitive protein in the 
purple membrane ofHalobacterium halobium [ 1 ]. This pro- 
!ein in its light-adapted form has an all-trans-retinal chro- 
~nophore which forms the Schiff base bond with a lysine 
residue in the protein. The structural and functional features 
af bR are a reflection of the sensitivity of the Schiff base 
,:hromophore to the environment provided by the surrounding 
apoprotein. Thus the Schiff base chromophore undergoes 
mimate interactions with the amino acid residues at the active 
site. The three-dimensional structure of bR reveals that sev- 
~.ral amino acid residues line the retinal pocket in bR, with 
ixyptophan (Trp) being the maximum (four residues: Trp86 

(C helix), Trpl38 ( E  helix), Trp|82 and Trpl89 ( F  helix)) 
[2]. While side-chains of Asp, Arg, Tyr, etc. can be directly 
tmplicated in the active site electrostatic interactions and pro- 
:on channelling in bR, the role of the Trp residues is far from 
:lear. It is known that Trpts2 is located above the central 
polyene chain whereas Trpl89 lies below the fl-ionyl ring. A 
~andwich is formed by Trp|82 above and both Trp86 and Trpl89 

lying below the retinal chromophore. 
Some early studies have indicated the involvement of 

:harge transfer interaction between retinal and Trp residues 
[3,4]. Shirane [5] and Bensasson et al. [6] highlighted the 
role of Trp by reporting the detection of the radical cation of 
l'rp when visual protein rhodopsin was irradiated. The reti- 
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nal-Trp interaction was further underlined by Johnston et al. 
[7] when they noted a striking resemblance between the 
retinal-indole reaction products and the chromophore of bR. 
Fluorescence studies on bR have indicated that there can be 
energy transfer between retinal and Trp [8-12]. Very 
recently Fourier transform IR (FTIR) difference spectro- 
scopic studies on bR labelled with indole-~5N-Trp have indi- 
cated the perturbation of Trp in the L intermediate of bR and 
suggested that Trp residues are involved in H bond interac- 
tions to Asp residues at the active site of bR [ 13 ]. Mutation 
of Trp~82 has been found to decrease the rate of L-to-M 
reaction in bR, suggesting its importance [ 14]. 

Thus it is patently clear that Trp residues play an important 
role in the structure and function of bR. However, the exact 
nature of the interactions between retinal and Trp and between 
Trp and other amino acid residues is not fully understood. 
The present paper deals with the fluorescence properties of 
tryptophan (1) and retinal-tryptophan Schiff base (2) (Fig. 
1) in a membrane mimetic medium of sodium bis(2-ethyl- 
hexyl) sulphosuccinate (aerosol-OT, AOT) reverse micelles. 

In this study we have adopted an approach in which a 
suitable retinylidene Schiff base containing Trp residue is 
incorporated in a membrane mimetic system followed by 
fluorescence spectroscopic studies of the immobilized chro- 
mophore to derive information about its location and bimo- 
lecular interactions. In this regard the availability of a novel 
retinylidene Schiff base chromophore containing a trypto- 
phanyl residue prompted the present study [15]. An added 
novelty came from the fact that the model Schiff base can be 
constituted in an AOT reverse micellar matrix which is 
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Fig. 1. Structm'e of compounds 1 and 2. 

known to mimic the active site of enzymes containing non- 
polar and polar pockets. 

2. Experimental details 

AOT was purchased from Fluka and purified before use. 
all-trans-Retinal was obtained from Sigma. L-Tryptophan 
was purchased from SRL, India and used as received. Reti- 
nal-tryptophan Schiff base was constituted in the micelle as 
described earlier [ 15 ]. n-Heptane of spectroscopic grade was 
obtained from Spectrochem, India and dry distilled before 
use. Doubly distilled deionized water was used throughout 
the studies. 

Steady state fluorescence measurements were performed 
on a Spex Spectrofluorolog equipped with a 16810.22 m 
spectrometer as the single-grating excitation monochromator, 
a 16800.22 m double spectrometer as the double-grating 
emission monochromator and a 450 W xenon lamp as the 
light source. Samples were adapted to normal room temper- 
ature (25 °C) prior to measurements. All the samples were 
excited at 280 nm and the emission spectrum was scanned 
from 300 nm. 

Fluorescence lifetime measurements were carried out 
using single-photon technique. The excitation light source 
was a tunable picosecond dye laser pulse derived from a 
cavity-dumped dye laser pumped synchronously by the fre- 
quency-doubled output (532 nm) of a mode-locked 
continuous wave (CW) Nd-YAG laser from Spectraphysics 
Inc., USA. The visible tunable excitation, 580--640 nm, was 
achieved with rhodamine 6G, with a typical pulse width of 4 
ps and a pulse energy of 10-60 nJ. The dye output (power 
20-30 mW) was further frequency doubled to get UV pulses 
via an angle-tuned potassium diphosphate (KDP) crystal. 
The UV pulses were used to excite the sample held in a quartz 
cuvette of 1 cm 2 cross-section. The emitted fluorescence was 
detected by an MCP PMT R2809 U01 (Hamamatsu) instru- 
ment and amplified by an HP 8447F preamplifier. The exci- 
tation wavelength used was 290 nm. The instrument response 
had a full width at half-maximum of 80 ps. 

3. Results and discussion 

3.1. Steady state fluorescence studies in reverse micellar 
system 

The steady state fluorescent emission studies were carried 
out for tryptophan (1) and retinal-tryptophan Schiff base 
(2) in a reverse micellar matrix of AOT/n-heptane of varying 
water pool size (w = [H20] / [AOT] = 0-20). The results 
are given in Table 1. 

It is observed that the fluorescence properties of both tryp- 
tophan and its retinal Schiff base are dependent on its micro- 
environment. While in water tryptophan showed an emission 
maximum at 363 nm, in AOT medium the emission spectrum 
was found to be blue shifted. However, as the water pool size 
was increased from 0 to 20, the emission maximum 
approached that in water. This wavelength dependence indi- 
cates that the indole ring of tryptophan is located in an envi- 
ronment less polar than water. 

3.2. Fluorescence lifetime (~'y) measurements in AOT/n- 
heptane 

The lifetime measurement studies on both tryptophan (1) 
and tryptophan-retinal Schiff base (2) show a triple-expo- 
nential decay (Figs. 2 and 3; Table 2). 

A systematic investigation of tryptophan decay kinetics in 
aqueous solution as a function of pH and buffer compositions 
has led to interesting results [ 16]. Below pH 7.0 the decay 
appears to be double exponential with a subnanosecond com- 
ponent, confirming earlier findings, whereas at pH > 7.0 the 
decay becomes triple exponential with the appearance of a 
long component whose contribution to the total emission 
intensity increases rapidly with increasing pH. In analogy 
with these findings it can be inferred that the appearance of 
T 3 in our experiment is due to the anionic form of tryptophan. 
Since the lifetime measurements for the tryptophan/AOT 
system were carried out in basic media (pH > 7.0), the tryp- 
tophan molecules will predominantly exist in anionic form 
besides having the zwitterionic components. Thus the two 

Table 1 
Emission wavelengths (Amax) for tryptophan (1) and tryptophan-retinal 
Schiff base (2) in AOT/n-heptane system a 

w Am,x (rim) 

Tryptophan ( 1 ) Schiff base (2) 

0.01 M 0.025 M 0.01 M 0.025 M 

0 337.0 335.0 341.5 343.5 
5 353.0 349.5 355.0 356.5 
8 355.5 353.0 355.0 360.0 

10 355.0 353.5 355.5 360.0 
15 356.0 356.0 357.5 364.5 
20 357.5 357.0 359.0 365.0 

a [AOT] = 0.01 and 0.025 M; w =  [H20] / [AOT] .  
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Fig. 2. Typical triple-exponential fluorescence decay curve of tryptophan 
1)  in AOT/n-heptane system (w=20) at 25 °C. 
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Fig. 3. Typical triple-exponential fluorescence decay curve of tryptophan- 
retinal Schiff base (2) in AOT/n-heptane system (w= 15) at 25 °C. 

shorter componen t s  ~'~ and 72 are due to the zwit terionic 

species. 

Al ternat ively ,  the exis tence  o f  t r iple-exponential  decay for 

the f luorescence l i fe t ime measurements  for t r y p t o p h a n / A O T  

can also be expla ined  on the basis o f  another  mode l  proposed 

earl ier  [17] .  The  presence  o f  mul t i -exponent ia l  decay is 

explained in terms o f  the ro tamers  o f  tryptophan. W h e n  tryp- 

tophan is in the zwit ter ionic  form,  it can exist  in the conform- 

ers shown in Fig. 4. At  p H  > 7 there exists another  form of  

tryptophan (anionic)  in addit ion to the above-men t ioned  one. 

The rotamer  for this form is shown in Fig. 5. 

As  has been reported earl ier  [ 18 ], the mos t  electrophil ic  

group nearer  to the indole r ing will  show a shorter l i fet ime;  

thus rotamers A and B should have  a longer  l i fe t ime than 

rotamer C. The latter has two groups (NH3 + and C O 0 - )  

whose  contribution to the e lectrophi l ic i ty  is more  than in the 

case o f  ei ther the A or B form. Thus the shortest  l i fe t ime ~'1 

can be assigned to rotamer  C. Rotamers  A and B contr ibute 

to ~z. Even  though the electrophi l ic i ty  of  N H  3 + and C O O -  

is not equivalent ,  both o f  them give a resultant l i fe t ime value 

Table 2 
Fluorescence lifetime (Tf) data for tryptophan (1) and tryptophan-retinal 
Schiff base (2) in AOT/n-heptane system 

Sample -rf (ns) 

Zm ~'2 L~ X 2 

Tryptophan (1) 

w = 0 0.372 1.63 4.33 1.02 
w = 5 0.481 1.94 4.71 1.25 
w = 8 0.349 1.63 4.03 1.06 
w= 10 0.356 1.52 4.28 1.15 
w= 15 0.400 1.64 4.39 1.15 
w = 20 0.355 1.71 5.08 1.17 

Trp-retinal Schiff base (2) 

w = 0 0.333 1.63 4.44 0.99 
w = 5 0.562 1.82 4.42 1.13 
w = 8 0.562 1.90 4.57 1.37 
w= 10 0.350 1.59 4.13 0.95 
w= 15 0.408 1.61 4.07 1.12 
w = 20 0.366 1.70 4.62 1.12 

Ind Ind Ind 

H NH3 GOOC H H3N COO 

H" ~ . H  H /  ' ~  "H H"  "----~ "H 

CO0 ~ NH 3 H 

A B C 

Fig. 4. Conformation of tryptophan (1) rotamers in AOT/n-heptane system 

Ind 

H Z P H ~  H H 

CO0- 
D 

Fig. 5. Conformation of tryptophan rotamer (anionic form) in AOT/n- 
heptane system. 
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Fig. 6. Conformation of tryptophan-retinal Schiff base (2) rotamers in 
AOT/n-heptane system. 

emission by retinal as a result of differences in the relative 
orientation of the emitting tryptophan molecules with respect 
to the retinal transition moment direction. 

Energy transfer interaction between retinal and tryptophan 
in the native protein is possible. This interaction is dependent 
upon the conformational aspects of tryptophan residues. It 
will be interesting to investigate the emission properties of 
bR and its photocycle intermediates by time-resolved tech- 
niques. 

~'2 due to fast exchange in the position of NH3 + and COO- 
groups. However, at pH > 7 there exists the anionic form of 
tryptophan whose contribution predominates over the zwit- 
terionic forms. Thus the component ~'3 which is observed in 
our experiments and which has the longest lifetime is due to 
this anionic form (D). 

Both the models described above can explain the existence 
of three different lifetimes in the tryptophan/AOT system in 
basic media. Although the rotamer model reported earlier 
does not take into consideration the anionic form of trypto- 
phan, it can be used here to account for the various lifetimes 
obtained. 

The fluorescence lifetime measurements of tryptophan- 
retinylidene Schiff base (2) also showed the existence of 
triple-exponential decay. In this case also the rotamer model 
could be used for explaining the fluorescence decay profile. 
However, in this case the three rotamers of the Schiff base 
can exist irrespective of the pH of the medium (Fig. 6). 

Here all the rotamers are in anionic form, since a zwitter- 
ionic form is not possible owing to the presence of the N- 
retinylidene (N-ret) chain. Accordingly, the existence of a 
new rotamer (D')  at higher pH as in the case of the trypto- 
phan/AOT system can be ruled out. In fact, this unreacted 
rotamer D' is the same as rotamer C'. 

Rotamer C' has - COO-  as well as N-retinylidene groups 
in proximity to the indole ring, whereas in each of rotamers 
A' and B' only one of the substituents, -COO-  and N-reti- 
nylidene respectively, can be adjacent to the indole ring. 
Accordingly, the longest lifetime ~'3 is assigned to B' owing 
to the electrophilic criteria, while the shortest lifetime ~'1 is 
due to the conformer C'. The third lifetime ~'2 is due to the 
remaining conformer A'. 

4. Conclusions 

The observed differences in the lifetimes obtained reflect 
the differences in the quenching probability of tryptophan 
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