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Abstract: The idea of association of bacteriochlorophyll a (BChl a) with protein in chlorosomes of the

photosynthetic green anoxygenic filamentous bacterium Osc.trichoides, member of the family
Oscillochloridaceae, was probed by low-temperature fluorescence spectroscopy and sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) analysis of alkaline-treated and untreated chlorosomes. Alkaline
treatment of Osc.trichoides chlorosomes resulted in disappearance of BChl a band in their fluorescence spectra.
The determination of BChl ¢ and BChl a content confirmed the removal of BChl a from Osc.trichoides
chlorosomes upon alkaline treatment. Based on the data obtained, we concluded that alkaline treatment of
chlorosomes destroys the BChl a in the baseplate while leaving BChl ¢ in a form that is spectrally
indistinguishable from that in untreated chlorosomes. It was shown that upon alkaline treatment, only the 5.7 kDa
CsmA protein was removed from the chlorosomes among five proteins detected by SDS-PAGE analysis,
concomitantly with the disappearance of BChl a fluorescence emission. Based on these results, we suggest that
CsmA protein is associated with BChl a in the baseplate subantenna in the chlorosomes of the photosynthetic
green bacterium Osc. trichoides. Comparison of the data for the three families of green photosynthetic bacteria is
relevant to assessing the universal principles of optimal antenna organization preserved in evolution despite

marked changes in antenna size and structure.
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Introduction

The photosynthetic apparatus of green anoxygenic
bacteria has a particular molecular organization and
contains chlorosomes, unique extra membrane light-
harvesting antennae structures that are attached to the
inner surface of the cell membrane (Bryant and
Frigaard, 2006). Chlorosomes are ellipsoid bodies
(70-260 nm long, 30-100 nm wide and 10-30 nm
thick) that are surrounded by a monolayer lipid—
protein envelope. The bulk of light-harvesting
pigments, bacteriochlorophylls (BChl) c¢/d e and
carotenoids, is located within chlorosomes. These
BChl c¢/d/e oligomers form either rod-(with a diameter
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of 5-10 nm) (Stachelin ez al., 1978, 1980) or lamellar-
like structures (PSencik et al., 2004, 2006, 2009),
arranged parallel to the longer chlorosome axis. A
minor amount of BChl a pigments, absorbing at
795-800 nm, is also present in the chlorosome. This
BChl a is located in the baseplate, observed in freeze-
fracture electron-micrographs of chlorosomes from
Chloroflexaceae and Chlorobiaceae species as a
5—6 nm thick paracrystalline layer (Stachelin et al.,
1978, 1980). This BChl a serve as an intermediate
antenna component, transferring excitation energy
from chlorosomal BChl c/d/e to membrane-bound
BChl a (Blankenship, Matsuura et al., 2003).

The baseplate is believed to be a pigment-protein
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complex that is located at the base of the chlorosome
(Bryant and Frigaard, 2006). Chlorosomes from the
green filamentous bacterium Cf . aurantiacus have
been reported to contain three major proteins, CsmA,
CsmM and CsmN, with molecular masses 5.7, 11 and
18 kDa (Sakuragi et al., 1999). CsmA is the smallest
and most abundant of these proteins. In green sulfur
bacteria (Chl. tepidum, Chl. vibrioforme, and Chl.
phaeobacteroides) ten chlorosome proteins have been
identified. The 6.2-kDa CsmA accounts for about half
of the protein present in the chlorosome (Bryant and
Frigaard, 2006).

In this work, the idea of association of BChl a
with protein in chlorosomes of Osc. trichoides was
probed by low-temperature fluorescence spectroscopy
and SDS-PAGE analysis of alkaline-treated and
untreated chlorosomes. We showed that the baseplate
BChl a subantenna does exist in Oscillochloridaceae
chlorosomes as a complex of BChl a with the 5.7 kDa
CsmA protein.

Materials and Methods

Osc. trichoides DG-6, the type strain of the
species Osc. trichoides (327 KM MGU), was grown
as described earlier, in batch cultures with stirring
under anaerobic conditions at 30 °C on a modified
DGN medium at a moderate light intensity (50 fE m*s ')
from incandescent lamps (Taisova et al., 2002).

Chlorosomes were isolated from Osc. trichoides
cells through two successive continuous sucrose
gradient (55%—-20% and 45%—15%) in the presence of
10 mmol sodium ascorbate and 2 mol sodium
thiocyanate as described earlier (Taisova et al., 2002).

Absorption spectra were recorded at room
temperature with a Hitachi-557 spectrophotometer
(Japan). Fluorescence emission spectra were measured
at liquid nitrogen temperature (77 K) with a Hitachi-
850 spectrometer. Excitation wavelength was 720 nm.
The absorbance of the samples of chlorosomes was
0.2 at 750 nm. Before fluorescence measurements the
chlorosomes were incubated 60 min with 20 mmol
sodium dithionite at 4 °C to ensure strongly reduced
conditions (up to —400 mV).

Quantitative BChl a and BChl ¢ contents were
determined according to the method developed by
(Feick et al., 1982).

Chlorosomes were treated with alkali according to
the method developed by Van Walree ef al. (1999).

Proteins from alkaline-treated and untreated
chlorosomes were separated by SDS-PAGE analysis.
Chlorosome samples were extracted with 1.4 ml of
acetone at —20 °C overnight. Proteins were collected
by centrifugation and dissolved in sample buffer
[50 mmol Tris-HC1 (pH 8.6), 24% (v/v) glycerol,
8% (w/v) SDS, 2% (v/v) 2-mercaptoethanol, and
0.1% (w/v) bromophenol blue]. The samples were
boiled for 1 min before being loaded onto gels
containing 16.5, 10 and 4% acrylamide as separating,
spacer and stacking gel, respectively, as described by
Schigger and van Jagow 1987. After electrophoresis,
the gels were stained with Coomassie brilliant blue R-
250 (CBB).

Results and Discussion

To degrade selectively the baseplate BChl a in
Osc. trichoides chlorosomes we applied the method of
alkaline treatment (Van Walree et al., 1999). Fig. 1
shows the effect of alkaline treatment (dotted line) on
the absorption spectrum of the Osc. trichoides
chlorosomes. Obviously, that the absorption bands of
BChl ¢, the main light-harvesting pigment in Osc.
trichoides chlorosomes, were not affected by alkaline
treatment.
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Fig. 1 Absorption spectra of untreated (solid line) and alkaline-
treated (dotted line) Osc. trichoides chlorosomes in 50 mmol
tris-buffer (pH 8.0).

In contrast to absorbance spectra, BChl a emission
could be discerned in the fluorescence emission
spectra of Osc. trichoides chlorosomes at 77 K (but
not at room temperature) (Taisova et al., 2002).
Additionally, it was shown by us that the light-
harvesting Osc. trichoides chlorosome antenna
exhibited a highly redox-dependent BChl ¢

fluorescence similar to Chlorobiaceae species
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(Taisova et al., 2002). For this reason, fluorescence
emission spectra of untreated and alkaline-treated
chlorosomes were measured at 77 K under reducing
conditions (dithionite, 20 mmol) after excitation in the
Qy-band of BChl ¢ at 720 nm.
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Fig. 2 Fluorescence emission spectra of untreated (solid line)

and alkaline-treated (dotted line) Osc. trichoides chlorosomes

at 77 K under reducing conditions.

Fig. 2 shows that alkaline treatment of Osc.
trichoides chlorosomes resulted in disappearance of
BChl a band in the 821 nm spectral region in their
fluorescence spectra measured at 77 K (dotted line).
The determination of BChl ¢ and BChl a content
confirmed the removal of BChl a from Osc. trichoides

chlorosomes upon alkaline treatment (data not shawn).

We conclude that alkaline treatment of chlorosomes
destroys the BChl @ in the baseplate while leaving
BChl ¢ in a form that is spectrally indistinguishable
from that in untreated chlorosomes.

The effects of alkaline treatment on Osc.
trichoides chlorosomal proteins were analyzed by
SDS-PAGE analysis. Study of protein composition of
Osc. trichoides chlorosomes were carried out in
comparison with Cfx .aurantiacus chlorosomes. Five
proteins (three major and two minor) were detected in
native Osc. trichoides chlorosomes (Fig. 3A, lane 2).
It was shown that upon alkaline treatment, only the
5.7 kDa CsmA protein was removed from the
chlorosomes among five proteins detected by SDS-
PAGE analysis (Fig. 3, lane 3), concomitantly with
the disappearance of BChl a fluorescence (Fig. 2,
dotted line), leaving BChl ¢ unchanged spectrally. The
protein composition of native Cfx. aurantiacus
chlorosomes and its changes after alkaline treatment
are shown in Fig. 3B. It is seen, that protein profiles
of untreated and alkaline-treated Osc. trichoides and

Cfx. aurantiacus chlorosomes were very much alike.
In view of this, we designated the proteins of
Osc.trichoides chlorosomes similarly to the proteins
of Cfx.aurantiacus chlorosomes: CsmA (5.7 kDa),
CsmM (11 kDa) and CsmN (18 kDa). Selective BChl
a and 5,7 kDa protein disappearance should be
expected only in case when both of them are located
out of the BChl ¢ body. Based on the results obtained,
we suggest that CsmA is associated with BChl a in
the baseplate subantenna in the chlorosomes of the
green photosynthetic

mesophilic  filamentous

bacterium Osc. trichoides, member of the new family

Oscillochloridaceae.
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Fig. 3 CBB-stained SDS-PAGE of untreated and alkaline-
treated Osc. trichoides (A) and Cfx. aurantiacus chlorosomes
(B). A: Lane 1, molecular markers. Lane 2, untreated Osc.

trichoides  chlorosomes; Lane 3, alkaline-treated Osc.

trichoides chlorosomes; B: Lane 1, molecular markers. Lane 2,
untreated Cfx. aurantiacus chlorosomes; Lane 3, alkaline-
treated Cfx. aurantiacus chlorosomes. All Cfx. aurantiacus
samples were adjusted to contain 4.5 ng BChl ¢, while Osc.
trichoides samples were adjusted to contain 18 pg BChl c.

The presented results support the idea that the
baseplate subantenna, representing a complex of BChl
a with a ~6 kDa CsmA protein, is a universal interface
between the BChl ¢ subantenna of chlorosomes and
the light-harvesting BChl a subantenna of the
cytoplasmic membrane in all three known families of
green bacteria

anoxygenic photosynthetic

(Chloroflexaceae, Oscillochloridaceae and
Chlorobiaceae). The group of chlorosome-containing
bacteria with this type of baseplate organization was
enlarged by the recently discovered new phototrophic
chlorosome-containing organism Candidatus
Chloracidobacterium thermophilum from the phylum

Acidobacteria (Bryant et al., 2007).
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