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- The nature nf the hght-mduced red-shift of the ma- '

jor infrared merprmrt aad of bzcmrmmxcrmphyﬂ ‘
in photosynthesizing purple bacteria {1, 2] is'widely
discussed. Some auilors assastats fus spoctoat staft
with chenticat reactions of the pigment {35}, while

otners welale it {o pajmcﬁ‘d*mmf i dmnges in the pig- B

ment Surmunjmws [2.6-81.

. The bactemm.himopilyﬁ md—s‘tn&{ is mmhzied by un-
couplers {4, 7—9] and can be induced in the dark by
the addition of ATP, PP; and KCI to R. rubram chro-

“matophores in the presence of valinomycin [9]. After
light Hlumination or such energizing chemical treat-
ment the electric potential difference is generated.
across chromatophore membrane [1G] , which sug-
gests that the bac Eene-hiumnhyii md-smfx is the result
of the clec..nn field action on the pigment mol&:ﬁuks
{Stark or electrochromic effect}.

The lighi-induced electric field includes ﬂan lasal
component closely associated with the photochemi- -
vl separation of electric charge in the reaction cen-
ires and thz transmembrane component related to
the proton gradient formation across the membrane.

“Dur paper is concerned with the contribution the
ibove mentioned electric ficld components make 1o

€ bacteriachloraphylt specteal shift. Te clear up

- this problem absorption difference spectra (light
minus dark) of R..rebrum chromatophores were in-
vestigated und_g[ different mmgefature conditions in

“the prea-em;e or absence of the electron donor -

(N, N, N', N'-tetrame thyl-p-phenylenediamine,

;Vaftﬁ-ﬂgiiédd Puwis!:mg Compahy — Amsterdany

TMPDEL, L 1& is the purpase of ths preteni communi-
cation to demonstrate that the bacterioghlorophylt
red-shift observed at 207°K in the presence of TMPD-
¥y B8 due wiamly to the eramembrare electrle Heldl
We will also show that at 297 K without TMPD-H,
and at 307K, whether TMPDH , s present vr ot in
the yeaction mixture, diffevence spaotes demonsinte
shusrhance changes nhich corrdspond both to the
oxidatios of the photoactive bacteriochlorophyl and
the red-shift in the absorption band of butk bacterio-
chtorophyll B 880 caused by tocal field of as;mmmd ‘
Llectm, chazrge in the reaction centres.

2. Materials 2nd methods

Methods for cuitivation of R rubrim bacteria
celis and preparation of a chiromatophore fraction

have been described etsewhere {10} . Tncubation mix- -

ture coniained .25 M sucrose, S0 mM Tris-HCl buff-
er {pH 7.6} and 5 mbdt MgCh,. M N, N Nastra.

‘methyl-p-phenylenediamine reduced by 0.1 mM of

ascorbate was used as the exogenous election donor.
 Light-induced absorbance changes were measured
in a single-beam difference spectrophotcmeter with a -
5 msec tesponse time {113, The apparatus was
equipped with a low wmpemmre attachment {12].

in afl emps,nmems at 297 °K ths intensity of the mono-
chromatic me:asurmu light beam did not exceed 5 erg
cm—2 sac1, The increase of the measurirg light in-
tensity due 1o the decrease of the transmiftance of
frozen sampws leads both to the undﬂremumnon of
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Fig. 1. hb,mpuon dxffﬁrence spectra ‘!;ght minus dark) of R. mbmm th rcmamphnms A} No ddd;tzon, ﬂ} in the ymscm.e o{
TMPD-{E>. Open citcles — at 297°K; closed c:rdes ~ BO°K; triangles — at 80K measured with the monochromator placed between
the sdmpk_ ang the phofomuluplmr., The reaction mixture contained: 0.03 mi of stéck’ achmmatephore suspens:on i the incuba-
tion medium, 0.4 mi of 20 mM TM?DJ-]-, :ota! sample vn!ur*se was sdjusted to 2 ml with Tris-HCl baffex (pH r.6)- Sample absor-

bance 2.5 at 88& am. Actinic light intensity 10° erg con "% e

the rewrded absmptmn ch:mges md to the fhmres- :

cence induced by measuring light f13]. To reduce the
losses of light in low temperatuse experiments <oncen-

trated suspensions of chromatophores {Aggg =+~
= I 'mm ') placed if1 a thin cuvetté (2 mm optical -
path) were used. The freezing procedure took not less
than 15 oein for the liquid to dense phase transition
to occur completaly. As a result, the intensity of the

measuring lighs beam at 80°K did nox exceed i00erg '

em™2 sec 1,

The ESR measirements weré made wnth an X~
range specirometer. The L,izmmawphore suspension
contained within a flat sample cell was placed.in a
Dewar flask which was held inside the microwave
cav:ty Small volume (0.008 mi} of the used sam;ﬂe 3
cell allowed to minimize nonresonance ahsorption .
and to compare izght—mduccd ESR mgxta!s at differem
iempsratures

3. Results

In the e%ecimn dermr deﬁclent medium at 29}' K )
?;gh E»mduced absnrpnon uhaﬁges sf chmm“tophozes
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{"Gﬁ i 100 am).

(E' i l) are ch.zracte;ézed by the blue-shift at 800 am
(A A, 795 gy2) referdng to the oxidation of bacterio-
chiamphyﬂ in the reaction centees { 14} and by ‘the
bleaching at 865 nm (AA_g¢s5). The observed changes
saturate at the actinic light intensity of 5 X 103 erg
cm—2 sec— ! half-times {‘E 2) Crf theu' dark recovery’

‘ Ahcmg 250 msec.

In the presence of Thﬂ?D*E'lz {ﬁg 1&} the nagti-
mde of AhA95.812 absorption changes decrenses
“whereas the red- shift in the absorption band of bulk
bacteriochlorophyll B 880 (A_ggs +ggg) bécomes.
pronounced. Under these conditions the. sammtmg R
light intensity and the dark recovery haif-time values.
foi AA, 195 . g1y absorption changes were 10% erg
c2 sec— 1 and 60 msec, respectively. Contrary to
that, corresponding characteristics of AA gss +900
- 35330:9!103 changes were quite (Exﬁ'emm. 5 X 10%ery
em~? sec”t and 10sec:
- These two types of speciral changes can bs QE!‘
wwed sepawtely ot together at different TME’D»HQ E
. concentrations and actinic light intensities.” -
Difference specira of chroma!ophozes at 807K
- demonstiate noAA_ 865, 200 shift, but tmiy .
-aﬁﬁgs 3{3 and AA 880 ahs.:srpimn chamges whi
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Fig. 2. Kineti¢ curves of light-induced eptical abmrbance
chasges at 733 nm {A) and those of £SR signal (8) in R.
rebrum chromatophores, No addition — {—-TMPD-H3); in the
presence of exogenous electron donor — (+TMEDH, ). D at
97°K: 2).at 80° K. Sample composition and ev.penmem,_l
condm{ms were the same asin fig. |

do not depend on the presence of TMPD-H in the
suspension (tig. 1). A!!hough such low. tempemtuse
spectra are similar in many respecis to those obtained
2t 297°K in the absence of TMPD-H, their peculiar
features are the pronounced broadening of the bleach-
irg peak and 15 nm shift of ltS piaximum posumn to
longer wavelenaths. :

. Instruments applied allowed to measure fow tem-
pf:'mture difference spectra in the 750-850 nnt re-
gion with the sebond monochromator placed between
the sample cuveétie and the photomultiplier. [t great-
ky impmvcd the resolytion of transmitted light from
bacteriachlorophyll fluorescence. The fact that all re-
stlts obtained by meaas of such tecnmque proved to

“be in a good agreement with those discussed above
(fig. 1} cleary indicates that no ewrors due to the
ﬁuorescﬁﬂce influenced the recorded dlffei'eﬁte spec-
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ESR measurements of the concentration of the

— ‘phé)‘tooxidizedreaction centre bacteriochlorophyil

confirms spectrophotometric data. Fig. 2 shows that

" amplitude and kinetic parameters of the optical ab-
“sorbance changes centered at 795 nm and those of
~the ESR signal strictly co:rclate undc. different e-:-

y 'pcrzmcnta! ccmdﬁmns- .

4. Discussion

In R. mbrum 'chromatophmcs sitpplied with
TMPD-H, at 297°K actinic fight llumination indices ‘
the electron flow awompamsd by generation of the
transmembrane potential {10]. It appears reasonable
in this case to ascribe AA_ggs , gpg Spectral changes
mainly to the red-shift in the absorption band of the
hacteriochlorophyll B 880 produced by the transmem-

- brane electiic field. In fact under these conditions the
- steady-state values of the AA _g;7 4795 absorption

changes and ESR signal are rather smajl thus indicat-
ing to the relatively low concentration of photooxi-
dized resction centre bacteriochlorophyll. Hence

thiere can be no substantial spectral shifts due to the
small local field of the separated electric charges. The
cessation of the electron flow under the €XOREnous
electron donor deficiency or temperature lowering re-
sults in decrease of the transmembrane potentiz! and
therefore minimizes the z;orrespondmu spoctral shift.
On the other hand such tréatments are favourablie for
the complete phetoqm{mtmn of the reaction centie”
bacteriochlorophyll and, hence, for the devefopment
of the local electric fields. Spectral changes AA_ggs
(_XA gso at 80°K) observed under these conditions
were usually attributed 1o photooxidative bleaching
of the reaction céntre pigment, absorbing ground 870
nm, potwithstanding the fact that the major ahsorp-
tion band of the bulk bdct&ﬂGLhiO*Oph}’ﬂ was located
at semewhat {onger wavelengths in cells of the bacteri-

" um studied. The possible contribution 10 the AA_ggs

spectral changes of the B 880 band :.hnﬁ due to the
action of local electric fields was neglected. Une of us
{V.D.S.), however. has recently shown that AA_ggs5

* changes are caused by the overlapping of the photo-

oxidative bleaching of the reaction cenlre bacterio-

" chlorophylt zbsorption band centered near 890 nm

with red-shift in the absorption dand of the bulk
B 880 bacteriochlorophyll induced by the lacal elec-
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cari_ ba ti},é net result.of 2n mterference of ﬁle absnrgl- —‘f"_" 15 | 5. Okeyamms, T.

' tmn decrease near 89(} nm and absorptmn mca'ease

due to the: red-shift of B 880 band in the same speo-- ; R

tral reglon Spectm{ position of the maximum of -

AA__ ggs changes corresponds to.the maximal de- .
-crease of absorption, results from the B 836 band

shift, and displaces to 880 nm as temperatute lowue :'. 8] AA. Eononenke, P.S, Venedikiov, E.P. Lukasiev and

down to 80°K. The latter is consistent with well
known data on the fow temperature longwave sintf.

of the B 880 absorbance band. Furthcmmfe anomna-

fous broadening of the AA_ _ges band at 80K isan -
zmd;tmna! sign of its cn*‘rplew structuw. c
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