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EFFECT OF IONIC ENVIRONMENT ON THE PROTEIN FLUORESCENCE
OF BACTERIORHODOPSIN

The protein fluorescence spectra and polarization of
bacterjorhodopsin excited at 293 nm and at room temperature
was investigated in solution containing chlorine-, acetate-
and rhodanide-ions as quenchers of fluorescence in Sorensen
and Britton-RKobinson buffers in the pH-range from 4 to 10.
These quenchers did not affect the fluorescence and polari-
zation spectra but considerable effect of the composition
of buffers was found especially on the fluorescence pola=
rization spectrum. The changes indicate that some of the
buffer constituents (citric acid, acetic .acid, phosphate
ions) may exert an effect on the tertiary structure of bac-
teriorhodopsin in addition to the direct pH-effect.

Bacteriorhodopsin (BR) is a purple protein-pigment complex in
the cell membrane of several halobacteria [11, 12], which forms
the molecular basis of a new type of photophosphorylation [14].
Upon illumination BR undergoes a rather complicated photochemi-
cal cycle with a number of photometrically defined states [181].
It works simultaneously as a light driven proton-pump [171s. .8
photoelectric generator of current [1], and a delicate regulator
of the light-induced membrane potential [6]. All these functions
are connected among others with conformational changes in the
protein moiety., Since the conformational change of the protein is
initiated by light-quanta absorbed by the retinal chromophore,
an energy exchange between the retinal and the protein moiety
should be assumed [4]. Attempts to reveal the routes and mecha-
nism of thisg energy-exchange process have recently bheen made,
by méﬁsuxing certain fluorescence characteristics of the retinal
pigment complexed with the protein [13, 7].

Seweral systematic studies have been carried out concerning
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the role of the tryptophan residues in the molecular mechanisms
of different functions of BR [15, 10]. In this report, in order
to monitor the states and interactions of aromatic amino acid re-
gidues, especially those of tryptophans, protein fluorescence
properties of BR were investigated in solutions containing C17,
CN™, SCN™ ions as fluorescence quenchers at different pH-values.

Materials and methods

Purple membrane patches containing BR were isolated from
Halobacterium halobium strain N,M, by standard procedures of
extraction and purification [16]. The membrane patches were sus-
pended in Sorensen or Britton-Robinson buffers at pH=values
between 4 and 10 and containing quenchers (KSCN, KClO4, CHBCOOK)
in 0,25, 0.5 and 1 M concentration. The BR concentrations of
the samples were adjusted to an optical density of 0.3 at
285 nm,

The absorption speotra were measured with a UNICAM SP 1800
recording spectrophotometer, The fluorescence spectra and po-
larization degrees were recorded with. a PERKIN~-LLMER MPF-44A spe-
ctro-fluorimeter wusing 1 cm stoppered quartz cells. The half-
-widths of exciting and observation bands were 5 nm. The spec~
tra were corrected for the spectral transmission of the emission
monochromator and for the spectral sensitivity of the detector.
Corrections of fluorescence gspectra for reabsorption were also
made; secondary fluorescence effects were negligible. The influ-~
ence of light-scattering could not be eliminated, no selective
goattering occured which could have falsified the spectral cha-
racteristics measured. All measurements were made on samples of
the same BR extract, at room temperature.

Kesults and discussion

The relative absorption spectrum of native BR has two main
bands centered at 280 nm (with two shoulders), and with maximum
at 567 nm (Fig. 1). A small, practically oconstant absorption
within the 300-450 nm region is probably due to light-scattering.
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Fig. 1. Relative absorption spectrum of BR
in S6rensen buffer pH = 7

Widmo réznicowe pochtaniania bakteriorodopsyny (BR)
w buforze Sdrensena, pH = 7

OTHOCHTENbHHU cmekTp norxomeHns Gaxrepuoponomncusa (BP)
B 6ypepe CopeHcenHa, pH = 7

The ultraviolet band consists mainly. of contributions from
tyrosine and tryptophan. The exact number of tryptophans and ty-
rogines in the complex formation is not known (see e.g. [81]).

Considering the spectral properties of phenylalanine, tyro-
gine and tryptophan Fig. 1 indicates that oscillators absorbing
at 290 nm are primarily electronic transitions of tryptophan,
rather than those of the other two aromatic amino acid residues.

The fluorescence emission spectrum depends upon the wavelength
of excitation (Fig. 2). At 265 nm excitation the emission spec-
trum displays a maximum at 300 nm and a shoulder at 312 nm, For
280 nm excitation emission with maximum® 305 nm and a shoulder at
314 nm is characteristic, while with 293 nm the emission maxi-
mum is located at 311 nm and a shoulder appears at 320 nm. The
fluorescence spectra are shifted towards shorter waves as compa=-
red to the wusual protein fluorescence.

Very slight influence of ions usually functioning as quenchers
could be observed on the emission properties even at high (about
1 molar) concentration.

pH affected the protein fluorescence, especially its polari-
zation properties (Fig. 3). These spectra have minima in the
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Fig., 2. Relative fluorescence gpectra of BR in Sdrensen buffer
‘pH = 7, at different excitation wavelengths

Widma rdéznicowe fluorescencji BR w buforze Sorensena, pi = 7,
dla rdznych diugosoi fal sSwiata wzbudzajgcego

OrHocHTenbHHE cHexTpu (PayopecuneHuusu BP B Gyjepe Copencena, pH = 7,
NpHd PasAMYHHX NIMHAX BOJAH BO3Oyxnawmero cpera,

degree of polarization above 310 nm and maxima in the 370-390 nm
region. The polarization spectra exhibit fine structure as well.,
Scattering exerts its influence primarily near the exoitation
wavelength.,

Sorensen and Britton-Robinson buffers do not influence appre-
ciably the absorption in the ultraviolet but altér the polari-
zation pattern (Fig. 4).

On the basis of the absorption and fluorescence emission
spectra in the ultraviolet region, one may attempt to indentify
the absorbing and emitting centers. '

The ultraviolet absorption band consists mainly of contribu-
tions from tryptophan and tyrosine. Tyrosine, which absorbs in
part in the same spectral region as tryptophan, emits a single
band with maximum at 303 nm in aqueous solutions, but its fluore-
gscence is generally quenched by tryptophan if the latter is
present in the protein [9]. It is more plausible to assume an
anomalously blueshifted tryptophan-fluorescence than an unusual
tyrosil fluorescence which dominates the room-temperature pro=-
tein fluorescence of native BR. In proteins which contain tryp-
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Fig. 3. Polarization spectra of protein fluorescence of BR at

different pH., Buffer composition: pH = 4: 0,055 M CgHgOy, 0.275 M

NaOH, 0.045 M HCl; pH=T7: 0,027 M KH,PO, 0,040 M Na Hi’o‘; pH = 10:
0.065 M G,HgON, 0.065 M Nacl, 0.035 M NadH

Widma fluorescencji biazkowe] BR w »éznych wartoSciach pH. SkZad

bufordéw: pH=4: 0,055 M Ceﬂﬁ%, 0,275 M NaOH, 0,045 M HCl; pH=T:

0,027 M KH,PO,, 0,040 M Naa L 8H = 10: 0,065 M C,HgON, 0,065 M
Na C1, 0,035 M NaOH

Cnexrpu Genxosoi ¢ayopecueHuuu BP B pasanumux pH. CocraB  OBypepos:

fle = 43 0,055 M CgHgO7, 0,275 M NaOH, 0,045 M HCls pH = 7: 0,027 M

H,P0,, 0,040 M Na,HPO,; pH = 10: 0,065 M C,HgON, 0,065 M NaCl,
0,035 M NaOH

tophan, the emission spectrum is thought to be a strong function
of the environment of the tryptophans [2]. Ei singer and
N avon [3]have shown that in non-polar environment the emis-
gion maximum moves by about 10-20 nm towards shorter waves. This
shift can be explained by the presence of tryptophan residues
situated in a low-polarity environment, and interacting with
their surroundings through their iminogroups via hydrogen bonds.
Such conditions may be easily attained in the sack formed by the
protein in which the polyene chain of the retinal chromophore
is nested, and the proteins are not accessible to simple quencher
ions even if they are present in high concentration. pH seems to
effect H-bonds which are not directly involved in the formation
of the purple complex, at least in the pH-range 4-10. The struc-
ture may be considerably affeocted by the composition of the buffer
even if the pH is kept constant. ‘
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Fig. 4. Polarization spectra of protein fluorescence of BR in

different buffers, Buffer composition, Sérensen: 0,027 M KH,PO,,

0.040 M Na,HPO,; Britton-Robinson: 0,026 M C,H,0, 0,026 M H,Bro,,
0,026 M HaPO[., 0.069 M NaOH

Widma polaryzacji fluorescencji biatkowej BR w réznych buforach.

Skiad bufordw: bufor Siérensena: 0,027 M KH,PO,, 0,040 M Na,HPO, ;

bufor Brittona-Robinsona: 0,026 M C,H,0, 0,026 M H4Br0,, 0,026 M
H4P0,, 0,069 M NaOH .

CnexTpu nonapusanuu GenkoBod dnyopecuernuu BP B pasauuHux Oydepax.

CocraB Gypepos . Bypep Copencena: 0,027 M KH,PO,, 0,040 M Na,HPO,;

Bypep Bpurrona-PoGuucona: 0,026 M C,H,0, 0,0Zé M HqBr0O,, 0,026 M
_ H4PO,, 0,069 M NaOH

With the use of P 1l at t’® 8 notations [19] the probable
clagsifications of the relevent absorption and emission trangi=
tions of tryptophan, we propose that the tryptophans of BR exist
in at east two different states, one of them reflects the pre-
sence of an extremely low-permittivity microenvironment, and the
structure of the emission spectra is in part due to the two-le-
vel fluorescence of tryptophan [5]. Their polarization properties
are different and of opposite sign. Our final conclusion is that
the retinal chromophore of bacteriorhodopsin exists in an extrem-
ly hidrophobic environment which is lined by- functionally im=-
portant tryptophan residues. It is possible, that excitation re-
distribution takes place within excited tryptophans.
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WPZYW SRODOWISKA JONOWEGO
NA FLUORESCENCJE BIALKOWA BAKTERIORODOPSYNY

Badano widma fluorescencji biaikowej 1 polaryzacji fluore-
gcencji bakteriorodopsyny przy diugosci Swiatia wzbudzajacego 293
nm, w temperaturze .pokojowej, w roztworach zawierajgcych Jjony
chlorkowe, octanowe i rodankowe jako wygaszacze fluorescencji, w
buforach ébrensena i Brittona-Robisona, w zakresie pH 4-10, Wyga-
szacze nie miaty wpiywu na widma fluorescencji i polaryzacje flu-
orescencji, lecz stwierdzono znaczny wptyw skiadu buforowego,
zwtaszoza na widmo polaryzacji fluorescencji. Otrzymane wyniki
wykazuja, ze niektdére skzadniki bufordw (kwas cytrynowy, kwas oc-
towy, jony fosforanowe) moga wpiywaé na trzeciorzgdowg strukture
bakteriorodopsyny niezaleznie od bezposredniego efektu pH,

OpxeGer Banuur, Bena Kapsanu, 3o0abTaH BapKOHHH

BIAAHUE AOHHOK CPEIH HA BEIKOBY ®IYOPECLEHLMO BAKTEPUO PONONCHHA

Hcenenosanu chnexrpa GeaxoBod QayopecueHUUH U NOAAPH3ALKK DIyo-
pecneHna GaKTepHOPONONCHHA NpH Boa3OyxneHun B 293 HM, OPH KOMHAT~
HOH# Teumeparype, B pacTBOpPaX COJLEpXAMMAX XJIOpPUCTHE, aueTaTHHEe H
PONAHKOBHE HMOHH B KayecTrBe Tymurene#, B Gypepax CopeHceHa u Bpu-
TTOHAa-Po6UHCOHA, B ob6xactn pH 4-10, Henoab3oBaHHHE TYmUTENd  He
BIMANY HAa QAyopecuUeHUH W OOXApUsaiuMio QayopecueHuud Ho OypepHoR
COCTAB OKABWBAJ CyMEeCTBEHHOE BJIMAHUE Ha CHEKTPH NONApU3ANUUA PAyO=
pecueHnuu, DTU U3MEHEeHHA O3HayawT, YTO HEKOTOpHe KOMIOHeHTH Oyhe-
poB (JNMMOHHAA KHCNOTA, yKCycHasa kuciaora, d¢ocpaTHHe HOHH) MOT'Y'T
BAUATH HA TPETUUHYH CTPYKTYpy OGakTepAoponOlNCHHA HE3ABUCHMO OT He-
TocpencTBeHHOro BAMAHMA DH. ;



