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Reaction centers (RC's) with cither onc or both light-harvesting complexes attached (RC/LH - or RC/LH, /LH | complexes),
have been isolated from the photosynthetic purple bacteria Ectothiorhodospira mobidis.  Rhodopseudomonas palusern and
Rhodobacter sphaeroides. using ionic and non-ionic detergents. The isolated compleses were analyzed with respect to their
physical and functional propertics using low-temperaturc (77 K) absorption. circular dichroism and fluorescence spectroscopy.
The stability of the association between the antenna complexes and the RC. and consequently the functional interaction of the
RC/antenna complexes after isolation, differed among the bacteria investigated in this study. particularly with respect to
detergent seasitivity. By using the non-ionic detereent octyl glucoside we were able to isolate functionally intact RC/ antenna
complexes from E. mobilis, while for the isolation of these complexcs from Rps. palustris and Rb. sphacrores the ionic detergent
cholate had to be uscd. In the RC/ antenna complexes from E. mobilis, the cnergy transfer between LHyy and the core antenna
was sensitive to detergents, as judged by an increase of the LH); fluorcscence at 77 K. A strong increase in the LH, and LH,;
fluorescence in RC/ antenna complcexes isolated with octyl glucoside from Rb. sphacroides. indicated that in this organism the
functional interaction between both LH |, and LH,. as well as beiween LH, and the RC was casily disrupted. In Rps. palustris.
the functional association between the antenna complexes and the RC was stronger compared to the other two investigated
specics.

Introduction

The photosynthetic apparatus of purple bacteria is
composed of secveral light-harvesting (antenna) pig-
ment-protein complexes that surround and intercon-
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nect the membranc-spanning reaction centers {RC's)
[1). and resides in specialized domains of the ovtoplas-
mic membrane [2]. The light-harvesting complexes are
composed of bacteriochlorophyll (BChl) and carote-
noids. which are spatially arranged by small poly-
peptides (see Ref. 3 for a review). Light cnergy is
absorbed by the carotenoids and BChI's and the encrgy
is rapidly transferred from the light-harvesting com-
plexes to the photechemical reaction center. where
charge separation can take place (see Ref. 4 for a
recent review).

The antenna complexes of the purple bactena can
genctically and physiologic.ily he divided into two ma-
jor types: (i) a core complex antenna (LH, or BRIS:
B8O BRIO), which is shown to be in final contact with
the RC and always present in a fixed LH,/RC stoi-
chiometry [5]. and: (i) a peripheral antenna comple«
(LH,, or B8OO/850), which is assnciated with the core
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complex and synthosized in variable amounts. Both
types of light-harvesting complex can be found in rep-
resentatives of both purple sulfur (c.g., Ectetliorho-
dospira mobilis) and purple non-sulfur bacteria (c.g..
Rhodopsendomonas palustris and  Dhodobacter sphac-
roides).

In Rb. sphacroides both LH, and LHy arc com-
posed of two different polypeptides. the a- and g-sub-
units, which arc present in an 1: 1 ratio (C2e Ref. 6 for
a recent review). The antenna polypeptide composition
of Rps. palustris is more heterogenous. The individual
complexes in this organism appear to be composed of
at least two different a- and B-polypeptides. For some
complexes (i.c.. in low-light LH,, complexes) they con-
sist of four «- and B-polypeptides in a molar ratio of
1:1:1:1{7.8]. For £ mobilis. hardly any information is
available on the pigment-binding antenna  poly-
peptides. but in the closely related organism Ectothio-
rhodospira halophila. it has been demonstrated that the
core antenna consists of two a- and two  B-poly-
peptides. For the LH,, antenna of E. lalophila. only
one a-polypeptide could be detected until now {91

Rescarch on anoxygenic photosynthesis is predomi-
nantly focused on species belonging to the a-subdivi-
sion {10] of the purple bacteria. Much less is known
about the molecular detaifs of the photosynthetic appa-
ratus in representatives of the Ectothiorhodospiraceae
[11]. bacteria that Gin contrast to the Chromatiaceae)
deposit clemental sulfur extracelularly (see Ref. 12 for
a review). Ectothiorhodospiraceae normally grow under
extreme saline and alkaline conditions [13]. These ex-
treme growth conditions will ¢nforce adaptations in the
photosynthetic and bioencergetic machinery of the weils.

In this paper we describe the functional properties
of isolated RC/antenna complexes from three well-
characterized organisms.  Ectothiorhodospira  mobilis
BN 9903, Rhodopseudomonas palustris NCIB 8288 and
Rhodobacter sphacroides 2.4.1. These latter two organ-
isms were not only chosen for comparison. but also
because a detailed spectroscopic analysis of RC/
antenna complexes from these organisms (isolated with
the aim of reconstitution of these complexes into lipo-
somes), as well as investigation of the effect of mild
detergents on the functional coupling between the an-
tenna complexes and the RC. has not yet been per-
formed.

The use of harsh detergents, which may disturb the
delicate interaction between the antenna complexes
and the RC. was avoided. Mild detergents, with a high
critical micclle coneentration (i.c., casily removable by
dialysis), were used to solubilize RC/antenna com-
plexes. Such complexes offer the possibility to study
cnergy transfer in reconstituted RC/LH,/LH,, lipo-
somes. Sucrose-gradient centrifugation was used to iso-
late the RC/antenna complexes. Either a non-ionic
detergent was used. as reported for Rps. palustris by

Molenaar ¢t al. [14] or an ionic detergent, as reported
for Rb. sphacroides [15].

We report on the spectroscopic propertics. cnergy
transfer and functional interactions between the RC/
antenna complexes as studied with low-tcmperature
(77 K) absorption, CD and 1luorescence spectioscopy.

Materials and Methods

Growth conditions and isolation of intracellular mem-
branes

Ectothiorhodospira mobilis strain BN 9903 was ob-
tained from J.F. Imhotf (Rheinischen Friedrich-
Wilhelms-Universitit, Bonn, Germany) and Rhodo-
psetidomonas palustris strain NCIB 8288 from D.J. Kelly
(University of Sheffield. UK). Rhodobacter sphaeroides
strain 2.4.1, E. mobilis and Rps. palustris were grown
anacrobically under low light intensity at 30°C. The
medium for E. mobilis was prepared as reported previ-
ously [16]. Rps. palustris and Rb. sphaeroides were both
grown in the medium as described by Lascelles [17]
Exponentially growing cclls were harvested and washed
twice in solubilization-buffer (A, B and C; scc below
for the composition of the different buffers used).
Intracellular membranes were isolated according to
Ref. 16. They were resuspended in solubilization-buffer
(A. B or C, sce below) at a concentration of 1| mM
BCh! «. These chromatophores were kept on ice until
further usc.

Isolation of pigment-protein complexes

Pigment-protein complexes were isolated with non-
ionic and /or ionic detergents, modified from proce-
dures as previously reported for Rps. palustris [14] and
Rb. sphaeroides [15], respectively. The use of sucrose-
gradient centrifugation during isolation of RC/ antenna
complexes yields information about the physical associ-
ation between LHy; and RC/LH, complexes, since
both complexcs band at different positions in a sucrose
gradient when their association is disrupted. To isolate
RC/LH,/LH,; complexes, with physically, as well as
functionally, associated LH ;. we applicd only the min-
imally required concentrations of octyl glucoside or
cholate and EDTA and minimized the solubilization
time.

Non-ionic.  RC/LH;/LH,, complexes were  ex-
tracted from membranes of Rps. palustris and Rb.
sphaeroides with 30 mM n-octyl B-p-glucopyranoside
(octyl glucoside) in 10 mM Tris (pH 7.6) (buffer A) plus
20 mM K-EDTA for 10 min (Rps. palustris) or 1 h (Rb.
sphacroides) at 0°C. RC/LH,/LH,; complexes from
E. mobilis membrancs were extracted with 30 mM octyl
glucoside in 50 mM Hepes (pH 8.0), 500 mM NaCl, 5
mM MgC'., 65 mM Na.,S (buffer B) plus 7 mM
Na-EDTA lor 10 min at (0°C.

lonic. RC/LH,/LH,, complexecs were cxtracted
from the mcembranes of Rps. palustris and  Rb.



sphaeroides with 1% cholate in 50 mM potassium phos-
phate (pH 7.6), S0 mM KCL 8 mM MgCl,. 107/
sucrose (buffer C) plus 20 mM K-EDTA tor 10 min
(Rps. palustris) and 1 h (Rb. sphacroides) at °C. For
the isolation of the RC/LH,/LH |, complexes from E.
mobilis, 1% cholate in bufter B plus 7 mM Na-EDTA
was uscd for 10 min. For the isolation of RC/LH,
complexes from this organism, a second (ionic) deter-
gent had to be added during the cxtraction of the
complexes from the membrancs, to separate LH,, from
RC/LH, complexes. The extraction was performed
using a combination of 30 mM octyl glucoside plus 19
sodium dcoxycholate and 20 mM Na-EDTA (instead of
7 mM) for | h.

Solubilization and sucrosc-gradient centrifugation
were performed as described previously [14-16). The
isolated RC/ antenna complexes were kept on ice untii
further use within two days.

Low-temperature spectroscopy

Samples for low-temperature  spectroscopy  were
prepared in 66% (v /v) glycerol, diluted with the appro-
priate solubilization buffer. For the RC/LH,/LH
complexes isolated with non-ionic detergents from Rps.
palustris and Rb. sphacroides, buffer A was used. while
for E. mobilis buffer B was used. with omission of
MgCl, and Na,S. For the RC/LH,/LH,, complexes
isolated with ionic dctergents from Rps. palustris and
Rb. sphaeroides. butfer C was used. with omission of
MgCl, and sucrose. In case of E. mobilis buffer B was
used, with omission of MgCl, and Na.S. When cens
and chromatophores of L. mobilis were analvzed.
buffer B was used, with omission of Na,S.

Low-temperature (77 K) measurcments were per-

formed on a home-built spectrophotometer [18]. Ab-
sorbance and fluorescence spectra at 77 K were meas-
ured in 1 cm acrylic fluorescence cuvettes. CD at 77 K
was measured in 2-mm cells, as described previously
[18]. Samples were cooled in the dark [18). and con-
tained 1 mM sodium ascorbate and 10 uM N-methyl-
phenazonium methosulfatec (PMS) to keep the primary
donor of the RC reduced. During fluorcscence meas-
urements, the absorption of the samples was kept
below 0.2 to prevent distortion of spectra by self-ab-
sorption. Fluorescence-excitation spectra were  cor-
rected for spectral intensity variations of the light-
source emittance. Fluorescence-emission spectra were
not corrected for the spectral response curve of the
photomultiplier (S1-EMI 9684). because it was essen-
tially indepcndent of the wavelength in the region
used. All data were analyzed on a SUN3/SUNJ com-
puter system.

Analytical procedures
BChl a was determined by the method of Clayton
[19}, using an extinction coefficient at 770 nm of 75
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mM 'em inacctone / methanol (7:2.v /v) The RC
concentration was caleulated from the Hight-indueed
absorbance difterence at 6053-5340 nm using an extine-
tion coctficicnt of 37 mM ' em ' [20].

Results

Absorbance spectra

The most direet way 1o investigate how the proper-
ties of RC/antenna comnlexes are affected by differ-
ent isolation procedures and /or different detergents is
to follow changes in the absorbance characteristics of
the various pigments involved. In the past [14.15] such
studics were performed at room temperature. which
has the disadvantage that the complexes display broad.
partially overlopping. absorption peaks. Theretore, we
decided to perfoom the spectral investigations at 77 K.
which allows @ much better comparison between native
and isolated complexes.

Fig. 1A shows the ncar-infrared (NIR) absorbance
spectra of cells, chromatophores and isolated RC/
LH,/LH,, complexes from E. mobilis. taken at 77 K.
It is clear that besides minor differences. all spectra
were very similar with respect 1o peak position and
relative peak intensities. In the 77 K absorbance spec-
trum of RC/LH,/LH, complexes. isolated with
cholate, a small blue-shift (1-2 nm) of the absorption
peaks of B850 and B8Y0 /RC could be observed (com-
pared to cells). In all samples the B8OO displayed an
absorption maximum at 795 nm (which was at the same
position as the absorption peak observed at room tem-
perature: ¢f. Ref. 16). In the RC/LH,/LH, com-
plexes isolated with octyl glucoside. the iow-tempera-
ture absorption maxima of B850 and BSY0/RC were.
respectively. 6 and 155 nm red-shifted compered o
their position at room temperature (cf. Ref. 16).

In Fig. IB tihe NIR absorbance spectra of
RC/LH,/LH,, complexes isolated from Rps. palustris
using cither octyl glucoside or cholate. are <hown. The
77 K absorbance spectrum of RC/LH,/LH com-
plexes isolated with cholate. was identical to the low-
temperature absorbance spectrum of intact cells (not
shown). The spectra implicd that the B3%0)/RC ub-
sorption peak in RC/LH,/LH |, compleses isolated
with octyl glucoside. has been blue-shifted.

The 77 K absorbance spectra of RC/LH,/LH,,
complexes isolated from Rb. sphacroides with cither
octyl glucoside or cholate. arc shown in Fig. 1C. The
spectrum of complexes isolated with cholate was simi-
lar to the 77 K absorbance spectrum of cclls (not
shown). RC/LH,/LH,; complexces isolated with octy!
elucoside displayed a somewhat distorted spectrum, as
indicated by a red-shift (5 nm) ot the BR75/RC ab-
sorption maximum and a small bluc-shift of the B850
absorption band. No changes in the peak position of
B&OO were observed in the presence of the detergenis
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fig. 1 Lowaemperature (77 K absorbance spectra in the NIR.

Pancl (AL E mobilis: Panel (B). Rps. pulustris: Panel (C), Rb.

<

sphacroides. Tntact  cells ( ). chromatophores € - - - - - ),
RC/LH, /LH,; complexes isolated with octyl glucoside (------ )
and RC/LH, /LH,; complexes isolated with cholate (— — —).

Samples weie prepared as deseribed in Materials and Mcthods.,

tested. This was comparable to the situation observed
tor E. mobilis (Fig. 1A) and Rps. palustris (Fig. 1B).

Fluorescence-emiission spectra
Absorbance spectra measured at low temperature
are indicative for changes in the arrangement of the

pigments and/or proteins that may occur during the
isolation of RC/ antenna complexes from the photo-
synthetic membranes. To acquire information about
the functional changes that might occur during this
isolation, fluorescence spectroscopy was used. In order
to study the energy transfer from B800 via B850 and
B880 to the RC, emission spectra were recorded with
excitation of the samples set at 800 nm. All samples
were cooled in the dark to suppress RC fluorescence.

Fig. 2A shows the NIR fluorescence-emission spec-
tra of cells, chromatophores and RC/LH,/LH; com-
plexes isolated from E. mobilis, taken at 77 K. Cells of
I mobilis displayed a fluorescence spectrum with a
peak at 927 nm duce to emission from LH,. In chro-
matophores, weak additional fluorescence was ob-
served around 890 nm, due to uncoupled LH,,. The 77
K fluorescence spectra of RC/LH,/LH,; complexes
isolated from E. mobilis with either octyl glucoside or
cholate (Fig. 2A) displayed two maxima, at 889 and
around 922 nm, due to emission from LH; and LH,,
respectively.

Similar spectra of RC/LH,/LH,, complexes from
Rps. palustris, isolated with either octyl glucoside or
cholate, are shown in Fig. 2B. In both spectra a maxi-
mum at 918 nm could be observed, due to LH, fluores-
cence cmission. In the spectrum of the complexes
isolated with octyl glucoside, a weak LH ; emission was
just visible. partly hidden in the blue wing of the LH,
emission peak.

In Fig. 2C the 77 K fluorescence-emission spectra of
RC/LH,/LH,; complexes isolated from Rb. spha-
eroides with either octyl glucoside or cholatc are shown.
Strikingly, in the complexes isolated with octyl gluco-
side, a very high flucrescence-emission peak at 912 nm,
duc to LH, emission. could be observed. The LH;
emission was clearly visible o a shoulder at the blue
side of the LH, cmission peak. In the spectrum of
RC/LH,/LH,, complexes isolated with cholate, a
much lower fluorescence was observed at 907 nm (due
to LH, emission). Compared to the complexes isolated
with octy! glucoside, the fluorescence-emission of LH,
in complexes isolated with cholate. was S nm blue-
shifted. The LH,, emission was barely visible in the
complexes isolated with cholate. which is indicative of
a tight coupling between LH, and LH ;.

Fluorescence-excitation spectra

Fig. 3A presents the 77 K fluorescence-excitation
spectra of different samples of E. mobilis. To avoid
detection of emission due to detached LH,,, the fluo-
rescence was recorded at 945 nm (or at 930 nm for the
complexes isolated with octyl glucoside). which is in the
red wing of the LH, cmission peak of E. mobilis (see
Fig. 2A). The shape of the fluorescence-excitation
spectra shown in Fig. 3A was in good agreement with
the absorbance spectra observed at 77 K (Fig. 1A). In
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Fig. 2. Low-temperature (77 K) fluorescence-emission spectra in the

NIR. Panel (A). E. mobilis: Panel (B). Rps. palustris: Panel (C). Rb.

sphaeroides. Intact cells ( ). chromatophores (- - - - - - ).
RC/LH; /LH; complexes isolated with octyl glucoside (- - )
and RC/LH; /LH,, complexes isolated with cholate (— — —).

Excitation wavelength 800 nm. The spectra were normalized on the
basis of absorbance at 800 nm. Samples were prepared as described
in Materials and Methods (a.u.. arbitrary units).

the fluorescence-excitation spectra of RC/LH,/LH,,
complexes isolated with cholate, the contribution of
both B800 and B850 was decreased. compared to cells
and RC/LH,/LH,, complexes isolated with octyl glu-
coside, indicating that the complexes isolated with
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cholate had a decreased efficiency of cnergy transfer
between LH and LH,. This decreased cfficiency was
consistent with the higher LH |, fluorescence emission
of these complexes (Fig. 2A).
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Fig. 3. Low-temperature (77 K) fluorescence-excitation spectra in the
NIR. Panel A, E. mobilis. emission detected at 945 am (except for
octyl glucoside-RC/LH /LH ;, complexes. at 930 nm): Panel (B).
Rps. palustris. emission  detected at 930 nm: Pancl (C). Rb.
sphacroides . emission detected at 930 am. Intact celbs ( )
RC/LH, /LH complexes isofated with octyl glucosde €+ - )
and RC/LH,  LH; complexes molated with cholate (— — —).
Samples were prepared as described in Materials and Methods (au..
arbitrary units),
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In Fig. 3B the low-temperature NiR fluorescence-
excitation spectra of RC/LH, /LH,, complexes iso-
lated from Rps. palustris with either octvl glucoside or
cholate. are shown. The fluorescence was detected at
930 nm, which was in the red wing of the LH, emission
maximum (sce Fig. 2B). The tluorescence-excitation
speetriin Fig. 3B closcly resembled the corresponding
absorbance spectra at 77 K (Fig, 1B) and indicated
close to perfect excitation energy transfer from LH, to
L.H, in both preparations.

The low-temperature NIR  fluorescence-excitation
speetra of RC/LH;/LH ) complexes isolated from
Rb. sphacroides with cither octyl glucoside or cholate,
are shown in Fig. 3C. The fluorescence was detected at
930 nm. In complexes isolated with octyl glucoside. the
relative contribution of LH,, was much lower, com-
pared to RC/LH,/LH,, complexes isolated with
cholate, indicating that. in addition to the disturbed
energy transfer between LH, and the RC (see Fig. 2C),
the cenergy transfer between LH,, and LH, also vas
strongly disturbed.

Luergy transfer

Since the encrgy transfer between BROG and BR830 is
more than 95 cfficient and unidirectional at 77 K
[21.22}. the fluorescence and absorbance data pre-
sented in the previous sections can be used to calculate
the extent of energy transfer between LH ), and LH, at
77 K. Sincc. in most investigated samples. the coupling
between LH, and the RC was intact. as judged by a
low LH, fluorescence-emission (see Fig. 2). the same
data can be used as an illustration of the degree of
chergy transfer between the peripheral antenna and
the RC. The only exception are the data presented for
the RC/LH,/LH,; complexes isolated with octyl glu-
coside from Rb. sphaeroides, which showed a consider-
able disturbance of the energy transfer between LH,
and the RC, as judged by the high LH, fluorescence-
cemission (see Fig, 2C),

In Table 1 the extent of energy transfer at 77 K
between BR3U and LH, (and. thercfore. between LH
and the RC, see above) of different samples is pre-
sented. The relatively intense B850 fluorescence-cmis-
sion observed for RC/antenna complexes from  E.
mobilis in Fig. 2A was duc to an uncoupled fraction of
LH,,. with a correspondingly high fluorescence vield.
The spectra may be taken to suggest that the extent of
cnergy transfer between LH |, and LH, has remained
almost unaltered (91) in the RC/LH,/LH,, com-
plexes isolated with octyl glucoside from E. mobilis. In
RC/LH,/LH,, complexes isolated with cholate, a
lower encrgy transfer of 7577 was observed.

In the RC/LH,/LH,; complexes isolated from Rps.
palustris. the extent of cnergy transfer between LH,
and LH, was high (up to 93%) and nearly independent

TABLE 1

Tramer efficiencies between BS30 and LH, in different samples from
I mobilis. Rps. palustris and Rb. sphaerotdes

Efficiencics are estimated by comparison of the B850/LH; peak-
height ratios in the fluorescence-excitation spectra (normalized on
basis of the absorbance at 800 nm) and in the absorbance spectra
(base-line corrected). The emission was detected at 945 am for F.
mobilis and at 930 nm for Rps. palustris and Rb. sphaeroides.

Samples Transfer efficiency
BX50 — LH,
(¢}
L. mobils
Cells 97
Chromutophores 98
Octyl-glucoside-RC/LH, /LH Y, 91
Chotate-RC/LH, /LH, 75
Rps. palustris
Octyl-glucoside-RC/LH, /LH 93¢
Cholate-RC/LH, /LHY, oo
Rb. sphacroides
Octvl-glucoside-RC/LH, /LH 63
Cholate-RC/LH, /LY, 94

* Due to overlapping absorption bands of B850 and RC/LH, in
these complexes (see Fig, 1B). the caleulated efficiency may be less
aceurate.

of the detergents used during isolation of the com-
plexes (Table 1.

The RC/LH,/LH,; complexcs isolated with octyl
glucoside from Rb. sphacroides had a remarkably low
cnergy transfer cfficiency between LH, and LH,
(637 ). This corresponds to the pronounced shoulder in
the emission spectrum upon 800 nm excitation (see Fig.
2C). The connection between LH, and the RC has also
been lost. as can be concluded from the high LH,
cmission peak. All these effects were undone by replac-
ing octyl glucoside for cholate. which yiclded a func-
tionally intact RC/LH,/LH,, unit.

CD spectru

CD spectra were measured to detect minor changes
in the interactions between the chromophores that
might have occurred during the isolation of RC/
antenna complexes from E. mobilis.

The 77 K CD spectrum of RC/LH, complexes
isolated from E. mobilis (Fig. 4A) showed two biphasic
signals with zero-crossings at 805 and 905 nm, respec-
tively. The CD signal with a zero-crossing at 805 nm
was duc to the monomeric B80O bacteriochlorophyll in
the RC. whercas the signal with a zero-crossing at 905
nm was, presumably. due to the BChl dimer in LH,.

The 77 K CD spectrum of RC/LH,/LH,; com-
plexes isolated from E. mobilis with octyl glucoside
(Fig. 4B). showed scveral additional features. Besides
the CD signals centred around 805 and 905 nm, due to
RC and LH,. two additional double CD bands from



LH,, with zero-crossings at, respectively, 796 and 8635
nm, could be observed. In this spectrum, the ratio of
the positive and negative signals due to RC and LH,
differed from the RC/LH, complexes, but this is
largely due to convolution of the CD bands in the
RC/LH,/LH,, complexes. This convolution of narrow
biphasic signals enhances changes in a CD spectrum
reflecting only small changes in position and internsity
of the individual bands. It also prevents a direct esti-
mate of the absolute increase or decrease of individual
bands.

These cffects might also account for the small dif-
ferences obscrved between the 77 K CD spectra of
cells, chromatophores and cells exposed to 1% octyl
glucoside for 30 min (Fig. 5). Compared to the CD
spectrum of RC/LH;/LH,, complexes (Fig. 4B}, in
the CD spectrum of intact cells of E. mobilis (Fig. 5,
upper trace) the negative CD signal, with a trough at
799 nm, was less pronounced. Furthermore, the zero-

_— i, i i i
E) e
< A
—
e
=
= L
}
-
-
< =
b
4
| o
'
o
[
A
;
;
2 ; 5
;
________________ hd e A
SI T L] T ¥
680 0 800 880 20 900
2 L 1 A .-
C-B -
o o
—
3
= ] i
— i
e
o
-
i
g 3 B
—
-
? L T I v
- 0 00 "0 [ "
Vavelength (am)

Fig. 4. Low-temperature (77 K) NIR absorbance and CD spectra of
(A) RC/LH, complexes and (B) RC/LH, /LH,; complexes isolated
from E. mobilis. Absorbance spectrum (------ ). CD spectra
( ). Samples were prepared as described in Matenials and
Methods (the RC/LH, /LH,, complexes were isolated with octyl
glucoside). The intensities of the CD spectra were normalized on the
basis of A s, = 1. the error in the intensities is approx. 1577 (au.,
arbitrary units).
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Fig. 5. Low-temperature (77 K) NIR CD spectra of cells and chro-

matophores of E. mobilis. Cells ( . upper trace). chromato-~

phores (-- - - - - . middie trace), cells treated with 197 octyl glucoside

(- — -~ lower trace). Sumples were prepared as described in Materi-

als and Methods. The intensities of the CD spectra were normalized

on basis of A, = 1. the error in the intensities is approx. 157
Ca.u.. arbitrary units).

crossing of the LH, CD signal was observed at 911 nm
in cells, instcad of 905 nm, as observed in the
RC/LH,/LH,, complexes. Since both changes were
also observed when cells of E. mobilis were exposed to
1% octyl glucoside for 30 min (Fig. 5, lower trace),
these cffects probably reflect changes that occurred
when the complexes were solubilized by detergent. In
chromatophores (Fig. 5, middle trace), an intermediate
situation was observed for both the CD signal with a
trough at 799 nm, as well as for the position of the
zero-crossing of the LH,; CD signal. In chromato-
phores this zero-crossing was observed at 908 nm,
instead of 911 nm, as observed in intact cells of E.
maobilis.

Discussion

Absorbance- and fluorescence spectra

In this paper the spectral properties at low tempera-
ture (77 K) of RC/antenna complexes from three
purple bacteria E. mobilis BN 9903, Rps. palustris
NCIB 8288 and Rb. sphaeroides 2.4.1 are described. By
using the non-ionic detergent octyl glucoside, we are
able to isolate RC/LH,/LH,, complexes from E. mo-
bilis which are functionally intact as judged by both the
77 K absorbance spectrum and the cnergy transfer of
up to 916 between the peripheral antenna complexes
and the RC, as well as by the observed CD spectrum
that in many details closcly resembles the 77 K CD
spectrum of intact cells. To isolate functionally intact
RC/ antenna complexes from Rb. sphaeroides and Rps.
palustris, the ionic detergent cholate turns out to be a
better detergent than octyl glucoside. In Rb. sphaeroides
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octyl glucoside induces a blue-shift of the LH; ab-
sorbance band and a decoupling between LHy, and
LH, and between LH| and the RC. Thesc data further
underline that the interaction between the antenna
complexes and the RC is different among the diverse
bacteria. For the isolation of functionally intact RC/
antenna complexes from different species, therefore,
different detergents and solubilization conditions will
have to be used. The results presented in Fig. | indi-
cate that isolation with both types of detergent yiclds
RC/LH,/LH,; complexes from E. mobilis with 77 K
absorbance spectra comparable to those of intact cells
and chromatophores. This in contrast to the situation
obscrved for Rps. palustris and Rb. sphaeroides. In the
RC/antenna complexes isolated with octyl glucoside
from these latter organisms, noticeable blue- and red-
shifts can be observed.

Distinct differences can be observed between the
complexes isolated with different detergents when
low-temperature fluorescence ¢mission of the various
samples is measured (Fig. 2). The RC/LH,/LH,
complexes isolated with octyl glucoside from E. mobilis
display less LH |, fluorescence emission compared to
the compiexes isolated with cholate. In spite of the
relatively intense LH |, emission in the octyl-glucoside-
isolated complexes, compared to cells and chromato-
phores of E. mobilis, the functional uncoupling be-
tween LH;, and LH, does not exceed 10% (Table D).
The relatively high intensity of the LH; fluorescence is
due to the high intrinsic fluorescence of LH;, com-
pared to LH, [23]. The occurrence of some LH,; fluo-
rescence in the (very gently) isolated chromatophores
of E. mobilis (Fig. 2A) indicates that the functional
association Letween the peripheral and the RC/core
antenna complexes is casily disturbed in this organism.

The strong increase of LH, and LH, fluorescence
in RC/LH,/LH,, complcxes isolated from Rb.
sphacroides with octyl glucoside (Fig. 2C), shows that,
during isolation of these complexes. the functionai
coupling between LH;, and LH, as well as between
LH, and the RC. is disrupted. The red-shift of the
fluorescence-emission peak of LH,. observed in the
complexes isolated with octyl glucoside (Fig. 2C), might
be due to detergent-specific enlargement of the aggre-
gation state of LH, (Van Mourik. F. ¢t al.. unpublished
results).

Functional interaction between LH,, and LH, in Rps.
palustris

From the low-temperature absorbance and fluores-
cence spectra of the different RC/LH,/LH., com-
plexes (Figs. 1-3), it can be concluded that the tight-
ness of the association of the antenna complexes to the
RC is stronger in Rps. palustris than in Rb. sphaeroides
and E. mobilis. The functional coupling between the
antenna complexes and the RC remains up to about

93¢ in the RC/ antenna complexes from Rps. palustris
isolated with octyl glucoside (see Table 1). Addition of
up to 0.5% of the ionic detergent sodium dodecyl
sulphate to these complexes revealed no increase of
LH, or LH, fluorescence before denaturation oc-
curred (Leguijt, T. and Visschers, R.W., unpublished
results), indicating that the coupling between the an-
tenna complexes and the RC ic very strong in this
organism.

This conclusion contradicts earlier results reported
by Molenaar ct al. [14]. They concluded that the LH
antenna from RC/LH,/LH,, complexes isolated from
the same strain of Rps. palustris, did not significantly
transfer excitation energy to the RC's. Additionally,
the maximal oxidation rate of cytochrome ¢ by the
RC’s of the RC/ antenna complexes from Rps. palus-
tris as described by Molenaar et al. [14], was only 10%
of the oxidation rate we measured with RC/LH,/LHy,
complexes from this organism (Leguijt, T. et al., unpub-
lished results). The contrasting results might be due to
prolonged storage of the chromatophores and the iso-
lated RC/antenna complexes in liquid nitrogen by
Molenaar et al. Preliminary experiments showed that
the functional association between LH, and LH, as
well as the maximal cytochrome ¢ oxidation activity of
our RC/LH,;/LH,, complexes was disrupted after
freezing of these complexes in liquid nitrogen.

CD spectra

Comparison of the 77 K CD spectra of intact cells,
cells exposed to 1% octyl glucoside, chromatophores
(see Fig. 5) and RC/LH,/LH |, complexes (Fig. 4B) of
E. mobilis, clearly shows that they are very similar. No
major changes in the interactions between the BChl a
pigments can be detected, only some minor differences
in the 800 nm region are visible. In this latter region,
the CD signal from the B800 pigments of LH,, is
superimposed on the CD signal from the BS800
monomeric pigments of the RC.

The 77 K CD spectrum of RC/LH, complexes from
E. mobilis is comparable to room-temperature spectra
of RC/LH, complexes isolated from Rps. palustris and
Chromatium rinosum [24,25). The absorbance maxima
of the antenna complexes and the RC are, however,
red-shifted in our experiments due to sharpening of
the absorption bands at 77 K. The double CD band
with a zero-crossing at 905 nm is presumably due to the
BChl dimer of LH,, comparable to the signal observed
in RC/LH, complexes from Rps. palustris and Chr.
rinosum {24,26] and the B890 antenna from Rhodospir-
illum rubrum [27], although it is also possible that the
CD signal of the RC is superimposed on the CD signal
of the B890-BChl’s, as reported for Rps. palustris [25).

Since the intensity of the CD signals from the B850
and B890 pigments appear to be affected by detergent
treatment, it would be interesting to investigate whether



these changes can be reversed after dialysis of the
detergent and incorporation of the complexes into lipo-
somes.

The data presented in this paper demonstrate that,
for the isolation of functionally intact RC/antenna
complexes, different detergents have to be used, since
the tightness of the interaction between the antenna
complexes and the RC is different among the investi-
gated organisms. With the procedure described here,
we are able to isolate functionally intact RC/ antenna
complexes from three well-characterized photo-
synthetic purple bacteria: E. mobilis BN 9903, Rps.
palustris NCIB 8288 and Rb. sphaeroides 2.4.1. As
mentioned in the Introduction, Ectothiorhodospiraceae
grow under extreme saline and alkaline conditions. We
did not find adaptations however, in either the struc-
tural (cf. Ref. 16), or the functional, properties of the
RC/antenna complexes of E. mobilis, that can be
directly related to these extreme growth conditions.

This study introduces the possibility of reconstitut-
ing the isolated RC/ antenna complexes from E. mo-
bilis into liposomes, which gives us the opportunity of
obtaining a more detailed insight in the photosynthetic
and bioenergetic machinery of the Ectothiorho-
dospiraceae.
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