BIOCHIMICA
ET BIOPHYSICA ACTA

MANAGING EDITORS

L.L.M. van Deenen (Utrecht)
(Chairman)

EDITORS

J. Amesz (Leiden)

H.R.V. Arnstein (London)

J. Barber (London)

|. Bjorkhem (Huddinge)

S.L. Bonting (Nijmegen)

B. Borgstrom (Lund)

J. Brachet (Brussels)

A.E. Braunstein (Moscow)

J. Bremer (Oslo)

R. Burgess (Wisconsin)

E. Carafoli (Zurich)

J.E. Cleaver (San Francisco)
C. Crane-Robinson (Portsmouth)
J.W. Daly (Bethesda)

J.G. Demaille (Montpellier)
S. Ebashi (Tokyo)

A. Ehrenberg (Stockholm)
L. Ernster (Stockholm)

S. Ferguson (Birmingham)
J. Gergely (Boston, MA)

F. Gibson (Canberra)

W.B. Gratzer (London)

M. Hamberg (Stockholm)
T.E. Hardingham (London)
J.L. Harwood (Cardiff)

E. Heinz (New York)

E.J.M. Helmreich (Wurzburg)
S.B. Hladky (Cambridge)

T. Honjo (Kyoto)

P. Borst (Amsterdam)
P. Cohen (Dundee)
K. van Dam (Amsterdam)

M.D. Houslay (Glasgow)
R.C. Hughes (London)
J.B. Jackson (Birmingham)
0. Jardetzky (Stanford)

P. Jollés (Paris)

P.L. Jorgensen (Aarhus)
Y. Kagawa (Tochigi-ken)
K.-A. Karisson (Gothenburg)
M. Kates (Ottawa)

Y. Kaziro (Tokyo)

R. Kinne (New York)

C. Klee (Bethesda)

A. Kleinzeller (Philadelphia)
B. de Kruijff (Utrecht)

A.G. Lee (Southampton)
D.M. Lee (Oklahoma City)
F. Maley (Albany, NY)

V. Massey (Ann Arbor)

M. van Montagu (Ghent)
D.J. Morré (Lafayette)

J.F. Morrison (Canberra)
L.E. Mortenson (Linden)
D.G. Nicholls (Dundee)

P. Nicholls (St. Catharines)
C. Nicolau (Orleans)

Y. Nishizuka (Kobe)

R.C. Nordlie (Grand Forks)
S. Numa (Kyoto)

ELSEVIER SCIENCE PUBLISHERS B.V.

AMSTERDAM

R.A. Flavell (London)
G.K. Radda (Oxford)
E.C. Slater (Amsterdam)

C. Pace-Asciak (Toronto)

D. Papahadjopoulos (San Francisco)
P.G.W. Plagemann (Minneapolis)
P. Randle (Oxford)

A. Razin (Jerusalem)

A.M. Scanu (Chicago)

H.J. Schatzmann (Bern)

J. Seelig (Basel)

N. Sharon (Rehovot)

D. Shugar (Warsaw)

W.D. Stein (Jerusalem)

J.M. Tager (Amsterdam)

T. Taniguchi (Tokyo)

J.P. Thornber (Los Angeles)
I. Tinoco (Berkeley)

K.F. Tipton (Dublin)

I.P. Trayer (Birmingham)

|. Trowbridge (San Diego)
C.L. Tsou (Beijing)

D.E. Vance (Vancouver)

T. Vanngard (Gothenburg)
C. Weissmann (Zurich)
M.K.F. Wikstrom (Helsinki)
R.J.P. Williams (Oxford)
R.G. Williamson (London)
C. Wraight (Urbana)

K. Wathrich (Zurich)

R.F.A. Zwaal (Maastricht)



BIOCHIMICA
ET BIOPHYSICA ACTA

INTERNATIONAL JOURNAL OF BIOCHEMISTRY AND BIOPHYSICS

bioenergetics

807 (1985)
(B71)

&1 Oy )§° '\L

7

ELSEVIER SCIENCE PUBLISHERS B.V.
AMSTERDAM



278

BBA 41749

Biochimica et Biophysica Acta 807 (1985) 278-284
Elsevier

Characterisation of a B800 /1020 antenna from the photosynthetic bacteria
Ectothiorhodospira halochloris and Ectothiorhodospira abdelmalekii *

R. Steiner and H. Scheer **

Botanisches Institut der Universitat, Menziger Strasse 67, 8000 Miinchen 19 (F.R.G.)
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An antenna fraction designated B800 /1020 according to its near-infrared absorption maxima has been
isolated from the bacteriochlorophyll 5-containing photosynthetic bacterium, Ectothiorhodospira halochloris.
It contains five polypeptides (approx. 4.5, 6.0, 6.5, 15.5 and 35 kDa), at least five strongly interacting BChl 5
chromophores and no carotenoids. Energy is transferred from the chromophores absorbing around 800 nm to
the ones absorbing at 1020 nm. The B800 /1020 fraction as well as chromatophores, sphaeropiasts or whole
bacteria are reversibly transformed with acid to form B800 /960 with a pK value of approx. 6.3. Circular
dichroism and low-temperature fluorescence data of the ‘low-pH form’ indicate only little structural
rearrangement of the chromophores and a retention of the energy transfer.

Introduction

Ectothiorhodospira halochloris and Ectothiorho-
dospira abdelmalekii are alcalophilic and extremely
halophilic photosynthetic bacteria [1,2] belonging
to the few organisms containing bacteriochlo-
rophyll b (BChl b) [3-6]. In both Ectothiorho-
dospira species, it is esterified with the unusual
alcohol 2,10-phytadienol [7]. The two species show
the extremely red-shifted absorption maximum
(1020 nm) common to all BChl b-containing
bacteria, and in addition an unusually structured

* Part of this work has been published in the Proceedings of
the 6th International Congress on Photosynthesis, held in
Brussels, August 1983, see Advances in Photosynthesis
Research (Sybesma, C., ed.), Vol. 11, pp. 221-224, Martinus
Nijhoff/Dr. W. Junk Publishers, Dordrecht, The Nether-
lands

** To whom correspondence should be addressed.

*** The membranes isolated from E. halochloris do not form
closed vesicles. They are termed here chromatophores for
convenience only, but are rather thylakoid stacks.

Abbreviations: BChl, bacteriochlorophyll; CD, circular dichro-

ism.

near-infrared band peaking at 800 and 830 nm,
which are both due to BChl b [8]. There are
several reports on the preparation (e.g., refs. 9-11)
and even the crystallisation [12,13] of reaction
centers from BChl b-containing bacteria, but there
is less known about the light-harvesting complexes
of these species [14]. Here we wish to report about
the isolation and spectroscopic properties of a
BChl b-containing antenna fraction (B800,/1020)
from E. halochloris, and a reversible pH-induced
absorption change of its 1020 nm component.

Experimental

E. halochloris and E. abdelmalekii were grown
anaerobically in 10-1 bottles at 35°C in the medium
of Imhoff and Truper [1} modified by removal of
sodium sulfate and the vitamine solution.
Rhodopseudomonas viridis was grown anaerobi-
cally at 28°C in Gloe’s medium [15]. The cells
were disrupted by French press treatment (Aminco,
U.S.A.) and chromatophores *** were isolated by
the method of Okamura and Feher [16]. Spherop-

0005-2728 /85/$03.30 © 1985 Elsevier Science Publishers B.V. (Biomedical Division)



lasts were isolated according to a modified method
of Michels [17]. For the fractionation of the an-
tenna pigment proteins, chromatophores (A4,,,, =
50) were treated with 1% Triton X-100 (Serva,
Heidelberg), dialysed overnight against 0.1% Tri-
ton, and fractionated on a DEAE cellulose column
(DE 52, Whatman) with a NaCl gradient (0-300
mM). The B800/850 antenna complex of
Rhodopseudomonas sphaeroides strain 2.4.1 was
prepared by the method of Cogdell [18]. Electro-
phoresis was done on SDS-polyacrylamide slab
gels modified from Laemmli {19], with a linear
gradient from 11.5 to 16.5% acrylamide, and a 25%
layer on the bottom [20]. Buoyant densities were
determined in a sucrose density gradient in a
preparative ultracentrifuge (100000 X g, Hitachi
WKF). Absorption spectra were recorded on a
model ZWS 11 (Sigma, Berlin) or a model DMR
22 (Zeiss, Oberkochen) photometer. Fluorescence-
emission spectra were kindly provided by Dipl.
Phys. A. Angerhofer in the group of Prof. H.C.
Wolf (Stuttgart). They were obtained on a home-
built fluorimeter equipped with a liquid-helium
cryostat, and are uncorrected. Circular dichroism
spectra were obtained on a dichrograph V (ISA,
Unterhaching) equipped with a silex data-handling
system (Leanord, Lille) with a modified software.

Peptide composition

Two fractions with identical absorption spectra
were obtained upon column chromatography of
the chromatophores dissociated with Triton X-100.
According to SDS gel electrophoresis, the fraction
eluting with 0.3 M sodium chloride (Fig. 1) has a
composition similar to whole chromatophores. It
contains three sharp bands and a topmost diffuse
one in the molecular weight range of 20 kDa or
more, which were assigned in analogy to Rps.
viridis [9-12] to the reaction center. In the low-
molecular-weight range, there are two intense
bands corresponding to sizes of 13.5 and 13 kDa,
if calibrated with a standard set of globular, hy-
drophilic proteins. When compared with two an-
tenna complexes of Rps. sphaeroides 2.4.1, the two
bands move between the 6.8 kDa band of B875
and the 5.4 kDa band of B800,/850, and have an
estimated weight of 6.5 and 6 kDa, respectively.
The electrophoresis also shows three additional,
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Fig. 1. Polypeptide pattern of chromatophores (from E.
halochloris) (a, upper trace) and the antenna complex eluting
with 0.15 M NaCl from DEAE cellulose (b, lower trace).
Densitometric scan of SDS-polyacrylamide gels stained with
Coomassie blue. The position of hydrophilic marker proteins
are given on the abscissa.

weakly stained bands in this range. One moves at
approx. 12 or 4.5 kDa, respectively, depending on
the calibration standards as discussed above. It
should be noted, that a peptide of similar size has
been found too in another BChl b-containing
species, e.8., Rps. viridis [14). The two others have
weights of 15.5 and 18 kDa.

The fraction eluting at 0.15 M NaCl has essen-
tially the same polypeptide composition in the
range up to 20 kDa, with the exception of the 18
kDa band, but contains generally only one larger
polypeptide with an apparent weight of 35 kDa
(Fig. 1). A peptide of this weight is unusual for
bacterial antennas. From a comparison with SDS-
polyacrylamide electrophoresis gels of chromato-
phores and of the 0.3 M NaCl fraction, this band
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rather appears to be the ‘H’ subunit of the reac-
tion center.

The polypeptide pattern of chromatophores in
the 20-40 kDa range and the light-induced near-
infrared absorption changes (data not shown) are
rather similar in E. halochloris and Rps. viridis,
but all attempts to isolate the reaction centers
from E. halochloris by standard procedures were
unsuccessful. It then appears, that the ‘H’ subunit
is retained with the antenna rather than the reac-
tion center in the former.

Absorption spectra

The two fractions obtained from DEAE-cel-
lulose chromatography of the dissociated
chromatophores are identical with respect to their
absorption spectra. Like the whole cells and
chromatophores, they have near-infrared absorp-
tion maxima at 1018, 830 and 800 nm (Fig. 2a).
According to the SDS gel analysis, the fraction
eluting with 150 mM NaCl is designated as an-
tenna fraction.

When whole cells, sphaeroplasts or chromato-
phores of E. halochloris or E. abdelmalekii, or
isolated antenna fractions of both bacteria are
titrated with acid in the pH range between 7.5 and
5.7, the 1018 nm absorption is gradually replaced
by a new absorption peaking at 964 nm (Fig. 2b).
The 830,/800 nm band is essentially unaffected by
this treatment, the minor increase being due to
scattering. In chromatophores, the pH-induced ab-
sorption change is accompanied by an increase in
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Fig. 2. Titration of the isolated antenna fraction of E. halochloris
(Ayg20 = 0.6) with hydrochloric acid in the pH range from 8.0
to 5.7 (a). Back titration in Fig. 2a with NaOH to pH 8.0. The
time elapsed from the beginning of experiment (a) to the end of
experiment (b) was approx. 30 min.

buoyant density from 1.04 (pH 7.5) to 1.08 (pH
5.7).

Whereas the ‘high-pH form’ (Amax = 1020 nm)
is stable over extended times, the ‘low-pH form’
(Amax = 960 nm) is unstable, in particular upon
addition of more acid. The decrease of the 960 nm
band is accompanied by the evolution of a new
band around 680 nm (data not shown), which is
typical for the oxidation products of BChl 4 [21].
If judged from the spectra in the range of the Q,
band (500-600 nm) no bacteriopheophytin is pro-
duced during the degradation, nor has it been
present in the original preparations. This is in
agreement with earlier observations on free BChl
b, where the demetalation is generally slower than
the reactions involving ring b.

The 800,830 nm band is again unaffected un-
der these conditions. At pH 5.7, the species ab-
sorbing at 960 nm has a half-life of approx. 1 h. If
excessive decay of the ‘low-pH form’ is avoided by
an immediate back titration with base, the spec-
trum of the 1020 nm ‘high-pH form’ is at least
partially restored (up to 70%) (Fig. 2b). The ob-
served pigment losses are then probably due to the
instability of the 960 nm form during the titration.
The instability interferes also with a precise de-
termination of the pK of the transformation, which
is estimated in the range 6.3-6.5 from rapid titra-
tion experiments.

Fluorescence spectra

The natural ‘high-pH form’ (pH 8.0) has an
emission band peaking at 1066 nm (T =5 K). The
acid induced ‘low-pH form’ (pH 5.7) has its emis-
sion maximum blue shifted to 1007 nm. Stokes’
shift is similar in both forms (approx. 46 nm).
Both bands have the same excitation spectrum
below 920 nm. It is characteristic for BChl b
(Soret band, Q, band at 600 nm) and includes in
particular the 800,/830 nm band system, which is
well resolved at low temperatures. Since the flu-
orescence spectra are uncorrected, a quantitative
evaluation is not possible. We estimate, however,
from the identical relative intensities in both forms
a similar efficiency of the energy transfer from the
BChl b chromophores absorbing around 830 nm
to the ones absorbing at more than 900 nm.

Both ‘low-’ and ‘high-’ pH forms contain an
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Fig. 3. Fluorescence excitation (b, d) and emission spectra (a, ¢) of the isolated antenna fraction of E. halochloris in the ‘high-pH
form’ (a, b) and the ‘low-pH form’ (c, d), determined at 5 K. The spectra are not corrected for the intrument response.

additional emission band of varying intensity at
900 nm, the low pH form has also one at 800 nm.
The latter has a BChl b excitation spectrum, and
is probably due to some dissociated pigment. The
emission band at 900 nm has a very unusual
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Fig. 4. Circular dichroism spectra of the ‘high-pH form’ of the
isolated antenna fraction of E. halochloris at ambient tempera-
ture (A330 = 03)

excitation spectrum in which the Q, band in the
500-600 nm range is greatly reduced in intensity.
A component of this type has been found in whole
cells of this and another organism (Rps.
sphaeroides) and assigned to a bacteriopheophytin
aggregate (Angerhofer, A. and Wolf, H.C., per-
sonal communication). Detergent complexes with
a reduced Q, band have also been observed with
bacteriochlorophyll a derivatives [22,23], and
treated theoretically [24].

Circular dichroism

The CD spectrum (Fig. 4) of the ‘high-pH
form’ shows an ‘M’-shaped pattern * in the
780-850 nm range, and a wing of a positive band

* The long-wavelength wing of the ‘M’ is superimposed by an
inflection of varying size in different preparations. It can
grow to an ‘S’-shaped pattern dominating the near-infrared
part of the spectrum. In such preparations, a minor band
around 900 nm becomes noticeable in the absorption, too. It
is thus likely, that this inflection is due to a minor, but
strongly Cd-active contaminant.
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Fig. 5. Circular dichroism spectra of E. abdelmalekii chromato-
phores.

extending beyond 1010 nm (which is the limiting
wavelength of our dichrograph). It is more com-
plex than that of Rps. viridis membranes, and
resembles the CD spectra of BChl a-containing
bacteria with a complex antenna structure, e.g.,
Chromatium [25]. The spectrum of the closely re-
lated E. abdelmalekii containing also BChl b is
very similar (Fig. 5).

The complexity reflects the complex absorption
spectrum of E. halochloris, in addition to the
spread-out absorption range typical for BChl b-
containing bacteria. The ‘M’-shaped pattern
around 800 nm can arise either from strong exci-
ton coupling among several (three or more) chro-
mopbhores, or from a variety of isolated, non-inter-
acting chromophores being situated in different
environments. The former is more likely from the
magnitude of the signals. Monomeric
bacteriochlorophylls give only very weak signals
(anisotropy, approx. 6 - 107%), which upon aggre-
gation become strongly anisotropic and complex
due to exciton coupling [22]. The anisotropy of the
E. halochloris antenna (positive extremum at 783
minus negative extremum at 812 nm) is 5.7 - 1074,
This is similar to Chromatium [25], but smaller
than the most strongly CD-active complexes [22,23]
of light-harvesting proteins containing BChl a (see,
e.g., Refs. 26 and 27).

The shape of 800 nm band system of E.
halochloris is similar, but its anisotropy is some-
what reduced (4.6-107%) in the ‘low-pH form’

5.000E-5
AE
0 )\fi\\w

7.500€ 700.0 8000 900.0 1000. 1100. NM

Fig. 6. Circular dichroism spectra of the ‘low-pH form’ of the
antenna of E. halochloris; Egg = 0.25, corresponding to Ejgy,
= 0.42 in the original preparation.

(Fig. 6). The region above 900 nm is dominated by
an ‘S’-shaped band centered around 974 nm (ani-
sotropy 1.9-107* taken from the extrema at 987
and 942 nm). The spectrum can be rationalized by
(at least) a pair of strongly interacting
bacteriochlorophylls absorbing around 960 nm,
and a minimum of three interacting pigments in
the 800,/830 nm region. The CD data indicate
only moderate changes among the chromophores
absorbing around 800 nm. No conclusions can be
drawn with regard to the redmost absorbing chro-
mophores, since the wavelength range of > 1010
nm or more was inaccessible to us, thus precluding
a CD study of the 1020 nm band of the ‘high-pH
form’.

Discussion

The BChl b containing antenna complex
B800,/1020 isolated from E. halochloris has an
absorption spectrum very similar to that of whole
cells and chromatophores of this species. It re-
tained in particular the absorption in the 800 nm
range, which is typical for E. halochloris and the
closely related E. abdelmalekii. Complex near-in-
frared absorption bands are common for BChl
a-coniaining bacteria, but have not been observed
in the (few) other species with BChl 5.

In the species containing BChl a, the complex
absorption reflect a complex composition with
generally two types of antenna present: one is



formed in a fixed ratio to the reaction centers (see,
e.g., Ref. 29) and has a single absorption band at
approx. 870 nm; the second is formed in variable
amounts and has already a structured near-infrared
maximum at approx. 800 and 850 nm. It seemed
then possible, that the antenna systems of the two
Ectothiorhodospira species are more closely related
to BChl a-containing than to other BChl b-con-
taining species, only with the near-infrared absorp-
tions spaced further apart to gap the strong water
absorption around 960 nm.

We did not observe any variations in the ratio
of the absorptions at 1020 and 600/800 nm in E.
halochloris during fractionation, and it has not
been possible to fractionate the antenna by chro-
matography on ion exchange cellulose into forms
with different absorption spectra or polypeptide
patterns. There are also distinct differences to the
variable B800,/850 type BChl a-containing light-
harvesting complexes, which have already by
themselves two near infrared absorptions. These
are in particular the larger number of polypeptides
and interacting chromophores, the absence of
carotenoids *, and the acid lability of B800,/1020.

While these data tend to disprove a close rela-
tion of E. halochloris with these species, a definite
conclusion is presently difficult. We may well be
dealing with antennas which are similar in their
chromopeptides, but have differently strong as-
sociations within the membrane. Such an unusual
fragmentation of the E. halochloris photosynthetic
membrane is indicated by the preferential reten-
tion of the 35 kDa peptide in the antenna fraction,
which is tentatively assigned to the ‘H’ subunit of
the reaction center. It is known from cross-linking
studies in several bacteria, that the ‘H’ subunit is
associated with both antenna and the reaction
center polypeptides [27-30], but is generally iso-
lated as a subunit of the latter. The increased
affinity to the antenna could at the same time
explain the lability of the reaction centers in E.
halochloris, because the ‘LM’ complex of the reac-
tion center devoid of the ‘H’ subunit is less stable
than the integral reaction center [16].

* The two Ectothiorhodospira species have a low carotenoid
content (Refs. 1 and 2, and references cited therein). In the
antenna complexes, the spectra region from 400 to 550 nm is
devoid of carotenoid absorptions (data not shown).
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The native form of the B800,/1020 antenna is
stable at a pH of 7 or more, but is reversibly
transformed at lower pH to a form absorbing at
960 and 800,830 nm (B800,/960). This ‘low-pH
form’ has an increased buoyant density and
changed interactions among the chromophores,
which points to structural rearrangements within
the membrane. The apparent pK value of the
transformation is approx. 6.3, which is close to
that of histidine (6.8), or possibly carboxylic acid
side chains (pK = 4.7). Attempts to modify histi-
dine residue(s) with the hydrophilic reagent a-
bromopropionate and also with its more lipophilic
methyl ester [32,33] did neither affect the ‘high-pH
form’ (1020 nm) nor the ‘low-pH form’ (960 nm),
nor the interconversion of the two. This tends to
argue against the participation of histidine, but
further experiments with other modification re-
agents are required to resolve this question.

The pH-dependent spectral changes are not only
observed in the isolated antenna fractions, but also
in whole cells, sphaeroplasts (namely, right-side-
out vesicles’) and chromatophores. Whichever
group is affected appears therefore to be accessible
from either side of the membrane. Biological mem-
branes are, however, fairly permeable to protons.
It has therefore been attempted to induce similar
changes by other means than pH. Preliminary
results show that proteolysis with, e.g., trypsin has
the same effect, but works with chromatophores
only, and not with sphaeroplasts. If the low pH
and proteolysis are acting at the same site, this
would indicate that it is located on the cytoplasmic
side of the membrane in a hydrophilic environ-
ment.

There is evidence from several bacteria, that
only approx. 20 amino acids of each antenna
polypeptide are actually within the hydrophobic
interior of the membrane, and that both the N-
and the C-terminal parts are in a hydrophilic
environment (see Ref. 31 for a recent review). It
has furthermore been shown in Rhodospirillum
rubrum, that the N-terminus is on the cytoplas-
matic side of the photosynthetic membrane and
subject to proteolysis [34]. Those parts of the
membrane peptides extending into the aqueous
phase may then play a rather crucial role in the
association of the antenna complexes to their na-
tive structures.
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The (low-temperature) fluorescence data indi-
cate for both the high and low pH forms an
efficient energy transfer from the chromophores
absorbing in the 830 nm region to the ones at
longer wavelengths. While this makes large struct-
ural changes among the two forms unlikely, short
range rearrangements from a tightly to a weakly
coupled state are indicated by the CD spectra.
One possible explanation would be the assignment
of the 1020 and the 800,830 nm band to two (sets
of) BChl b-polypeptides, which are in close associ-
ation. Only the long wavelength absorbing chro-
mopeptide is sensitive to acid. This is again remi-
niscent of B800,/850 from BChl a-containing
bacteria. In the complex from Rps. spheroides, the
two absorptions are assigned to one and two chro-
mophores, respectively, bound to two poly-
peptides. The spectrum and energy transfer in this
complex are sensitive to various treatments
[26,27,35,36]. These do not include acid, however,
since the absorptions and CD maxima (although
not the relative absorptions and CD signal magni-
tudes) of the two bands are acid insensitive down
to pH 1.7 (Steiner, R., unpublished data). The
increased sensitivity of E. halochloris to low pH
may reflect a specific adaptation to the high pH
value (approx. 11) prevailing in its natural en-
vironment.
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