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Insights into Pigment Binding

Philippe R. R. Sauer Friedrich Lottspeich, Esko Unget, Reinhard Mentel€,and Hartmut Michel*

Max-Planck-Institut fu Biophysik, Abteilung Molekulare Membranbiologie, 60528 Frankfurt/Main, FRG,
Max-Planck-Institut fu Biochemie, 85152 Martinsried, FRG, Ludwig-Maximillian-Wersita, 80336 Munchen, FRG, and
Universitd Bremen, Fachbereich NW1, 28359 Bremen, FRG

Receied Narember 29, 1995; Résed Manuscript Receéd March 11, 1998

ABSTRACT: A B800—850 light-harvesting complex (also called LH2) deficient strairRbbdospirillum
molischianumwas constructed by replacing a portion of the LH2 gene cluster by a kanamycin resistance
gene cartridge. The LH2 deficient strain was characterized spectroscopically and by Southern blot analysis.
Surprisingly, pseudorevertants were obtained which express a-BBcomplex which could not be
observed in the wild type. This B86@20 complex was isolated and characterized. It consists of an

and ag-subunit with 56 and 45 amino acid residues, respectively. The amino acid sequences of both
subunits are extremely similar to those of the corresponding B860 complex. Resonance Raman
spectroscopy shows that in the BSO8R0 complex the two 2-acetylcarbonyl groups of the bacteriochlo-
rophyll a (BChl a) molecules absorbing at 820 nm are free from hydrogen bond interactions, whereas one
of the two 2-acetylcarbonyl groups of the pair of BChl a molecules absorbing at 850 nm of the-B800
850 complex is involved in hydrogen bonds. These different prefgigment interactions are due to the
replacement oftTrp43 in the B806-850 complex by a Phe in the B806820 complex. Comparison of

the amino acid sequences of the B8@50 and B806-820 complexes ofks. molischianumand
Rhodopseudomonas acidophitaveals a conserved motif comprised of three amino acid residues.
Molecular modeling using the known LH2 structureRybs. acidophiléAc10050 indicates that this motif
might be important for the precise structural arrangement of the native complex and fine tuning of its
spectroscopic properties.

The purple non-sulfur bacteria can grow either chemo- oligomers ofa,5-heterodimers with bound bacteriochloro-
heterotrophically in the dark or photoheterotrophically in the phyll and carotenoid molecules. In contrast to that of the
light under anaerobic conditions. When growing pho- core antenna complexes, the expression of the peripheral
totrophically, two major proteirpigment complexes are  antenna complexes is subjected to a more complex regulation.
found in the photosynthetic membranes, namely the reactiona|| peripheral antenna complexes are synthesized in varying
center (RC) and light-harvesting (LH) antenna complexes. - stoichiometry with respect to the RC, depending on the
All purple non-sulfur bacteria express a core antenna enyironmental conditions like light intensity, temperature,
complex (LH1), absorbing at 870 nm or longer wavelengths, 5.4 oxygen, concentration (Aagaard & Sistrom, 1972).
which is tightly bound to the RC in a fixed stoichiometry. g0 species, likRhodobacter sphaeroides Rhodobacter

Additionally, most species also express a peripheral antenna, ;
; apsulatusexpress one single type of B86850 complex
complex (LH2) absorbing at 800 and 850 nm, the so-called onry. In otherz such a%hod%psgﬁdomonas paluslsi:fain

B800—-850 complex. However, some species synthesize a2.1.6, the expression of two different types of BS@S0

second peripheral antenna complex, B880. A range fcomplexes with different.- andS-polypeptides is observed,

of peripheral antenna complexes from several species o . S . i .
purple non-sulfur bacteria has been isolated and characterdepending on the light intensity (Evans et a!., 1_990’ Hayashl
et al., 1982). A further degree of complexity is found in a

ized. They all contain am- and af-subunit comprising

45—-60 amino acid residues each. The native complexes aredifferent strain ofRps. palustris 1e5 (Tadros et al., 1993;
Tadros & Waterkamp, 1989). The genome of this organism
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Table 1: Bacterial Strains and Plasmids

strain/plasmid relevant characteristic(s) source/reference

E. coli

JM83 F, ara, L (lac-proAB), rpsL¢80dlacZAM15 Yanisch-Perron et al., 1985

S17-1 recA,pro,res ,modt, Tp',Snmi,RP4-2-Tc::Mu-Km::Tn7 Simon et al., 1983
Rs. molischianum

DSM119 wild type DSM, Braunschweig, FRG
plasmids

p9/11 pBluescript Il KS derivatet 2300 bp ofRs. molischianundNA Germeroth et al., 1993

pDVL pSup202SacB derivate 2300 bpRs. molischianurdNA this study

pRK404 RK2 derivate-mohTc' Ditta et al., 1985

pRKL pRK404 derivatet sacR-sacB cartridge this study

pSup202 pBR325-mahAp",Cml, T Simon et al., 1983

pSup202SacB pSup202 derivatesacR-sacB cartridge this study

puM24Cm pUC derivate- sacR-sacB cartridge Ried & Collmer, 1987

The structure of the B80G8350 complex fromRps. In this report, we describe the deletion of the LH2 gene

acidophilaAc10050 has recently been determined by X-ray cluster ofRs. molischianum Unexpectedly, one out of 20
crystallography at a resolution of 2.5 A (McDermott et al., of the deletion mutants expresses a B8820 complex that
1995). The native complex consists of nm@-heterodimers  is not expressed in the wild type. This B86820 complex
which bind nine bacteriochlorophydl (BChl a) molecules  was isolated and characterized biochemically and spectro-
absorbing at 800 nm and 18 absorbing at 850 nm. The ninescopically. The amino acid sequences of theand the
o- and -subunits form two concentric cylinders. The 18 S-subunit of this B806-820 complex are extremely similar
BChl a molecules absorbing at 850 nm are located betweento those of the B8006850 complex. Thus, th&®s. molis-
the inner and the outer cylinder, forming a continous chianumB800—820 complex offers the possibility to deter-
overlapping ring. The Mg atoms of the nine BChl a mine which amino acid residues are involved in the blue
molecules absorbing at 800 nm are liganded by the N- shift of its absorbance maximum compared to that of the
terminal formylmethionines of the-subunits. corresponding B806820 complex. The sequence data,
The structure of the LH2 provides much insight into the resonance Raman spectroscopy, and model building indicate
mode of the pigment binding. However, the precise pretein that differences in hydrogen bonding either directly or
pigment interactions which are responsible for the specific indirectly by causing slight structural rearrangements are
absorbance characteristics of the antenna complexes remainesponsible for the blue shift of B86@20 complexes.
to be determined. Brunisholz and Zuber (1988) proposed
that the interaction of conserved aromatic residues is EXPERIMENTAL PROCEDURES
responsible for the observed red shift of the bound BChl a Media, Strains, Plasmids, and Growth Conditions. Rs.
in the antenna complexes with respect to the absorption molischianumDSM119 was grown photoheterotrophically
maximum of monomeric BChl a. Fowler et al. (1992) found in M27 medium at 28C as described previously (Germeroth
a progressive blue shift of the B850 BChl a molecules from et al., 1993). Théescherichia colistrains JIM83 and S17-I
theRb. sphaeroideB800—850 complex when mutating the  were grown in LB medium at 37C. Antibiotics were added
highly conserved residuesTyr44-Tyr45 to Phe-Tyr (838  where appropriate in the following concentratiorts: coli,
nm) and to Phe-Leu (826 nm), respectively. Itis more likely ampicillin (100ug/mL), tetracycline (2@g/mL), kanamycin
that it is the hydrogen bond capability of the tyrosine residues (50 ug/mL), streptomycin (5@&g/mL), chloramphenicol (50
and not the aromatic character which caused the blue shift.ug/mL); Rs. molischianuntetracycline (1Qug/mL), kana-
Fourier transform (FT) resonance Raman studies demon-mycin (20u«g/mL), chloramphenicol (2@g/mL). Bacterial
strated that the blue shift in the mutants is accompanied by strains and plasmids are listed in Table 1.
a loss of the hydrogen bonds to the two 2-acetylcarbonyl Materials. All restriction endonucleases and nucleic acid-
groups of the 850 nm-absorbing BChl a pair (Fowler et al., modifying enzymes were obtained from New England
1994). However, an absorbance spectrum corresponding taBioLabs (Beverly, MA) or Gibco BRL (Eggenstein, FRG).
that of an authentic B8G6820 complex was not observed, All antibiotics were purchased from Sigma (ktthen, FRG).
suggesting that more parameters contribute. Fractogel TSK HW-55(S) was obtained from Merck (Darm-
A similar blue shift was observed in a LH1 mutant. Olsen stadt, FRG) and LDAO (30% solution) from Fluka-Chemie
et al. (1994) changed the highly conservetrp43 in the (Neu-Ulm, FRG). All other chemicals were of analytical
LH1 of Rb. sphaeroideto Phe. The absorption maximum grade and were purchased from local distributors.
of this mutant shifted from 876 to 853 nm. FT resonance DNA Isolation and Manipulation.Standard recombinant
Raman studies confirmed a loss of a hydrogen bond to theDNA techniques were performed according to Maniatis et
2-acetylcarbonyl group of the 876 nm-absorbing BChl a. al. (1989), if not indicated otherwise.
Thus, site-directed mutagenesis demonstrated that the re- Genomic DNA was prepared as described by Laussermair
moval of one hydrogen bond to BChl a leads to a shift in and Oesterhelt (1992). Southern blot analysis was performed
the absorption maxima of more than 20 nm. with chromosomal DNA transferred to a nylon membrane
The B80G-850 complex oRhodospirillum molischianum  (Biodyne A, PALL, Portsmouth, U.K.) by capillary actions.
DSM119 is unusual. Its amino acid sequence and its For labeling of probes and detection of DNA, the nonradio-
resonance Raman spectrum are partly similar to those ofactive DNA-labeling and detection kit from Boehringer-
B870 complexes, while the absorbance characteristics areMannheim (Mannheim, FRG) was used.
similar to those of other B806850 complexes (Germeroth The E. coli strain S17-1 was used to mobilize plasmid
et al., 1993). DNA into Rs. molischianuras described elsewhere (Davies
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et al.,, 1988). The addition of phage T4D as described in A Bam HI  Eco NI Eco 47l Bam HI
that protocol was omitted. When the expression ofshe
B gene was required, the bacteria were plated on selective [P] AT] A2—A3]
medium supplemented with 5% sucrose. L — !
Isolation and Purification of the B808820 Complex.The A Gene Probe _
o- and g-subunits of the B806820 complex fromRs. WT Gene Probe -
molischianumwere isolated and purified according to the
protocol of Germeroth et al. (1993) except that the solubilized
. ", . m HI Bgl I Bam HI
antenna complex was subjected to an additional anion-
exchange chromatography step (MonoQ 10/10, Pharmacia) X
prior to molecular sieve chromatography. | 1500p | o |
Amino Acid Sequence AnalysiBrotein sequencing was L 3337bp [
performed on an Applied Biosystems gasphase sequencer R brobe >

477 A equipped with an on-line 120 APTH analyzer Ficure 1: Modification of theRs. molischianurhH2 gene cluster
according to the mstruc_tlons of the mqnufacturgrs. The arrows indicate the positions of the probes useg for the Southern
Spectroscopy Screening for LH2 deficient strains &s. blot analysis. The numbers show the size of the restriction

molischianunwas performed with a microscope-photometer endonuclease fragments. (A) The 2.38dTHI genomic fragment
(Zeiss Microscope UEM, Photometer 03) interfaced with a from plasmid p9/11 containing the promotor (P) and the structural

. genes B1 and B2 coding for the subunitsand, and A1-A3
computer (HP 300 series) and controlled by th&can coding for the subunite;—as. (B) The 3.3 kb fragment resulting

software package (Zeiss). Slit width and step width were 1 f,om deletion of the 770 bcoA71I/EcoN fragment and replace-
nm each. Absorption spectra were measured with a SLM ment with the 1.8 kb Km resistance gene.

Aminco DW-2000 spectrophotometer with an optical band o ] ] ]
width of 2 nm. recombination cartridge was cloned into tBarH| site of

the suicide plasmid pSup202SacB in order to generate
plasmid pDVL. The vector pSup202SacB was constructed
by cloning the 2.6 kisacR-sacB cartridge from pUM24Cm
into thePst site of pSup202.

The Raman measurements were carried out at room
temperature with CW excitation provided by antAaser
(Spectra Physics, model 2020-05). The excitation wave-

length used was 363.8 nm (Ataser) with a laser power of > . L
20 mW. The laser beam, polarized perpendicular to the The plasmid pDVL was transferred inRs. molischianum

scattering plane, was focused by a cylindrical lens with a via conjugatic_)n. In order to §elec'tdirec§tly for double cross-
10 cm focal length onto the sample which was situated in a V€' recombinants, the conjugation mixture was plated on
cylindrical quartz cuvette. The scattered light was recorded Medium containing 5% sucrose. _

in backscattering geometry. It was collected by a camera _Sindle cross-over recomblnfnts would be predicted to
objective (Astro objective, 75 mm, effectivé2.5) and show th.e phenotype Ki@GnfLH2*, while double cross-over
imaged on the entrance slit of the spectrometer (Spex 1401)recomb|nants should show the phenotype "€miLH2".

equipped with a CCD camera (Photometrics, SDS 9000) Fourr of the 4.5x 10° colonies obtained displayed a
containing a SITE chip (TK 512 CB). The data were Km'CmiLH2 phenotype, while all other transformants showed

collected digitally with a computer, which also controlled the phenotype predicted for single cross-over mutants (see

the spectrometer. Figure 3A,B). _ .
Southern blot analysis of the genomic DNA of the LH2
RESULTS deficient mutants confirmed that the chromosonpaic

operon was interrupted by the Km resistance gene by a

Effect of sac B Expression in Rs. molischianum Cells. double cross-over recombination (see Figure 2). Hybridiza-
Deletion of the Rs. molischianumLH2 genes was ac-  tjon with the Km probe demonstrated the integration of the
complished using the conditionally lethsdcB gene from 1.8 kb Km resistance gene and the absence of the 770 bp
Bacillus subtilis(Ried & Collmer, 1987) ThesacB gene  Eco7IIl/EcoNI fragment of the LH2 gene cluster, resulting
codes for a 50 kDa levansucrase whose expression is induce¢h a 3.3 kbBanH| and a 2.2 kbBanHI/Bglll restriction
by sucrose. Growth dRs. molischianurwild type was not  fragment, respectively. The predicted 1.2 BanH1/Bglll
influenced by the addition of 5% sucrose to the medium. fragment was not detected by the Km probe because the

After conjugational transfer of the vector pRKL, which overlap between the Km probe and this 1.2 kb fragment
was constructed by cloning the 2.6 Kbst restriction comprises only 110 bp (see Figure 1). This 1.28dwHI/
endonucleassac R-sac B cartridge from pUM24Cm into  Bglll fragment was detected using the wild type gene probe.
the Pst site of the broad host range plasmid pRK404, no No hybridization signal was observed with the pSup probe,
transformants could be obtained on medium containing 5% demonstrating that the suicide vector had not been integrated
sucrose, but about 1@olonies could be observed on medium into the chromosome. Using the smaller A gene probe
without sucrose. This result indicates that the expressioninstead of the 2.3 kb wild type gene probe, two weaker
of the sacB gene is lethal irRs. molischianum. additional bands at 2.8 and 8.0 kb for the digestion with

Construction of a LH2 Deletion Strain of Rs. molis- BanHI and at 1.8 and 3.5 kb foBanHI/Bglll digestion,
chianum. A vector for the deletion of the LH2 genes was respectively, are observed, indicating that the genomic DNA
obtained by replacing a 770 dpcod711I/EcaNl restriction contains at least two gene clusters with sequence similarities
endonuclease fragment (converted to blunt ends) of the 2.3to the deleted LH2 gene cluster.
kb BanHlI restriction endonuclease genomic fragmenRef Expression of the B8068820 Complex. Three days after
molischianumcontaining the LH2 gene cluster, with a 1.8 the LH2 deficient strain oRs. molischianurwas plated on
kb kanamycin resistance cartridge (see Figure 1). This solid medium containing Km, dark red colonies grew on the
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Ficure 4: Elution profile of theRs. molischianunB800—-820
complex, separated by reversed-phase HPLC. The reversed-phase
12 3 4 12 3 4 12 34 R123 4 HPLC was performed using a Vydagg&olumn with a continuous

gradient from starting solvent (acetonitrile/water/TFA, 1:1:0.001
v:v:v) to elution solvent (2-propanol/TFA, 1:0.001 v:v) applied for
60 min at a flow rate of 2 mL/min. Peaks 2 and 3 correspond to
the 8- and theo-subunit as shown in Figure 5; peaks 74 contain
pigments as shown by their spectra.

FIGURe 2: Southern blot analysis of the LH2 deficient strain
confirming the replacement of a 770 bp fragment of the LH2 gene
cluster with the 1.8 kb Km resistance gene. Lanes 1 and 2 contain
digested genomic DNA of the wild type strain, while lanes 3 and
4 contain those from the deletion strain. The DNA was digested
with BanHI in lanes 1 and 3 and witBanHI/Bglll in lanes 2 and

4. Lane R contain the plasmid pSup202. As shown in Figure 1, the 1 2 3 4
wild type gene probe was the 2.3 IBamH|I genomic fragment
containing the LH2 gene cluster; the Km probe was the 1.8 kb Km
resistance gene. The A gene probe was a 13SabEcoA7IlI
fragment from p9/11, and the pSup probe was a 1543 &g
Puull fragment of pSup202. The position of the DNA markers is 21.0 kba = =
indicated on the left.
12.5 kDa — —
c 6.5 kDa — !
8 ‘
£ B
=
=]
é FIGURE 5: Tricine—SDS-PAGE of thea- and -subunits from
theRs. molischianunB800—820 complex [separating gel, 16% T,
6% C; spacer gel, 10% T, 3% C; stacking gel, 4% T, 3% C
according to Sctgger and Jagow (1987)]: lane 1, standard proteins
A with molecular mass markers on the left; langsZubunit of the
B800—820 complex (corresponding to peak 2 in Figure 5); lane 3,
o-subunit of the B806-820 complex (corresponding to peak 3 in
Figure 5); lane 4, B806820 complex incubated at 10C for 5
(IR RN N SN TN SN YA NN TV SN S S [N S TR SO T A S | mln
700 750 800 850 900

fractions which show identical absorption spectra and the
same electrophoretic mobilities (data not shown).
FiIGURe 3: Near-infrared spectra of thes. molischianurwild type The separation of the two subunits was achieved by

(A), the Rs. molischianunmutant strain deficient of the B860 d-oh HPLC. S K b d
850 complex (B), and theRs. molischianumdeletion strain ~ FEVersed-phase . Seven peaks were observed (see

expressing a B806820 complex (C). Figure 4). Peaks 2 and 3 correspond to ihe and
a-subunits, respectively, as shown by SBPAGE (see
orange-colored LH2 deficient colonies. Spectroscopic char- Figure 5). Peaks-47 correspond to pigments as shown by
acterization of these dark red colonies demonstrated that theytheir spectroscopic properties (data not shown). The absorp-
synthesize a B806820 complex (see Figure 3C). Southern tion spectrum and SDSPAGE confirmed that peak 1 does
blot analysis using the A gene probe is performed for both not contain protein (data not shown) and might be an artifact
genomic DNA from a LH2 deletion strain expressing a due to the elution solvent at the beginning of the gradient.
B800—-820 complex and those from a LH2 deletion strain  The amino acid sequences of the and -polypeptides
not expressing a B8G820 complex. Both samples show were determined by automated Edman degradation (see
the bands at the same positions, indicating that the expressiorrigure 7). The complete sequence of {hesubunit was
of the B806-820 complex was not due to recombination determined by degradation of the intact chain. The N-

Wavelength [nm]

events within the LH2 gene cluster (data not shown). terminal sequence of the-subunit (up to position 31) was
Purification of the Natie B800-820 Complex and Isola-  determined by sequencing the intact chain, the C-terminal
tion and Sequencing of the and 8-Subunits. The B800- sequence by sequence analysis of peptides obtained after

820 complex was purified by molecular sieve chromatog- partial digestion with pepsin.
raphy and by anion-exchange chromatography. The B800 Electrospray mass spectroscopy of both subunits yielded
820 complex elutes from the anion-exchange column in two molecular masses of 6083 Da and 5116 Da, respectively,
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Raman intensity (A.U.)

820 complex are shown in Figure 6. This region of the
resonance Raman spectrum is dominated by an intense band
at either approximately 1600 or 1615 cin This band arises
from the methine bridge-stretching mode of the BChl a and
is sensitive to the coordination state of the central Mg ion
(Cotton & Van Dyne, 1981). Its position at 1600 chn
indicates the existence of two axial ligands, whereas at 1615
cm %, it indicates the existence of only one external ligand.
In the range from 1620 to 1700 cty bands are found
resulting from the stretching modes of the carbonyl groups
which are in conjugation with the delocalized tetrapyrrole
system, namely, the 2-acetyl and 9-ketocarbonyl groups.
When these groups do not interact with hydrogen bond
donors, the corresponding bands are observed at 1660 and
1700 cnt?, respectively. Upon formation of hydrogen
bonds, these bands shift down up to 40 wavenumbers,
depending on the strength of the hydrogen bonds formed
(Robert & Lutz, 1985).

The resonance Raman spectrum of g molischianum
B800—-820 complex shows two bands at 1612 and 1663
cm . The band at 1612 cm can be assigned to the methine
bridge-stretching mode of the BChl a, indicating that the
cental Mg ion is pentacoordinated. The band at 1663'cm
can be attributed to an unbound 2-acteylcarbonyl group or a
bound 9-keto carbonyl group. The corresponding bands for

B800-820

B800-850

1600

1620 1640 1660

Raman shift (cm1)

FiIGURE 6: Resonance Raman spectra of the B8820 and B806-
850 complexes dRs. molischianumecorded at room temperature
with an excitation wavelength of 363.8 nm.

‘ the B80G-850 complex lie at 1612, 1642, and 1665¢m
1680 1700 The assignment of these bands was done by Germeroth et
al. (1993). The band at 1642 cis attributed to a bound
2-acetylcarbonyl group and the band at 1665 tio a free
2-acteylcarbonyl group. The bands for the 2-acteylcarbonyl
and the 9-ketocarbonyl groups of the 800 nm-absorbing BChl
a are not detectable in the resonance Raman spectrum

which are in agreement with the molecular masses calculatedbecause of their intrinsic weakness under these conditions
from the amino acid sequences. which are in agreement withof excitation (Germeroth et al., 1993). Consequently, the
the molecular masses calculated from the amino acid band at 1663 crt in the resonance Raman spectrum of the
sequences.
Resonance Raman Spectroscopihe high-frequency  carbonyl group. This demonstrates that the two 2-acetyl-
regions (1606-1700 cn?) of the resonance Raman spectrum carbonyl groups of the 820 nm-absorbing BChl a pair are
obtained from both the B866B50 complex and the B8O free from hydrogen bond interactions. In contrast to this,

Rs. molischianum B800-820 o
Rs. molischianum B800-850 o
Rs. molischianum B870 o

Rps.
Rps.
Rps.
Rps.
Rps.
Rps.
Rps.
Rps.
Rps.
Rps.

acidophila
acidophila
acidophila
acidophila
acidophila
acidophila
acidophila
acidophila
palustris

Ac7050 B800-820 o
Ac7750 B800-820 o
Ac7050 puc 1 o
Ac7050 puc 2 o
Ac7050 puc 3 o
Ac7050 puc 4 o.
Ac7050 B800-850 o
Ac7750 B800-850 o
B800-850 ca

palustris 2.6.1. B800-850 o
Rb. sphaeroides B800-850 o

Rb. sphaeroides B8T0 o

Rb. capsulatus B870 o

Rps. marina B880 o

Rs. molischianum B800-820
Rs. molischianum B800-850 B

FiGurRe 7: Amino acid sequences of tle andfS-subunits of theRs. molischianunB800—-820 complex compared to those of other core
and peripheral antenna complexes of other non-sulfur purple bacteria. Conserved residues discussed in the text are marked bold.

B800—-820 complex can be assigned to an unbound 2-acteyl-

5 10 15 20 25 30 35 40 45 50 55

SNPKDDYKIWLVINPSTWLPVIWIVALLTAIAVHSFVLSVPGYNFLASAAAKTAAK
SNPKDDYKIWLVINPSTWLPVIWIVATVVAIAVHAAVLAAPGFNWIALGAAKSAAK

MWKIWTLYDPRRTLSGLFTFLTVLGLLIHFLLLSTDRFNWLDGAREAHNV
MNQGKIWTVVPPAFGLPLMLGAVAITALLVHAAVLTHTTWYAAFLQGGVKKAA
MNQGKIWTVVNPAVGLPLLLGSVAITALLVHLAVLTHTTWEF PAFTQGGLKKAA
MNQGKIWTVVDPAVGIPLLLGSVAVTALLVHLAILONTTWFPAFMQGGLKKAAAIVQVVG
MNQGKIWTVVNPAVGFPLLLGSVAITALLVHLAVLTHTTWFPAFMOGGLKKAAAIEHVVG
MNQGKIWTVVNPAIGLPLLLGSVAITALLVHLAVLTHTTWFPAYMOGGLKKAAATEHVVG
MNQGKIWTVVNPSVGLPLLLGSVTVIAILVHLAVLSNTKWFPAYWOGGLKKAAATIETTIVG
MNQGKIWTVVNPSVGLPLLLGSVTVIAILVHAAVLSHTTWF PAYWQGGLKKAA
MNQGKIWTVVNPAIGIPALLGSVIVIAILVHLAILSHTTWEF PAYWQGGVKKAA
MNQARIWTVVKPTVGLPLLLGSVTVIAILVHFAVLSHTTWEF SKYWNGKAAAIESSVNVG
MNQGRIWTVVNPGVGLPLLLGSVTVIAILVHYAVLSNTTWFPKYWNGATVAAPAAA. . .
MTNGKIWLVVKPTVGVPLFLSAAFIASVVIHAAVLTTTTWLPAYYQGSAAVAAE

MSKFYKIWMIFDPRRVFVAQGVFLFLLAVMIHLILLSTPSYNWLEISAAKYNRVAVAE
MSKFYKIWLVFDPRRVFVAQGVFLFLLAVLIHLILLSTPAFNWLTVATAKHGYVAAAQ
MWKVWLLFDPRRTLVALFTFLFVLALLIHFILLSTDRFNWMQGAPTAPAQTS

1 5 10 15 20 25 30 35 40 45
AERSLSGLTEEEAVAVHDQFKTTFSAFILLAAVAHVLVWIWKPWE

AERSLSGLTEEEAIAVHDQFKTTFSAFIILAAVAHVLVWVWKPWEF
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one of the two 2-acetylcarbonyl groups of the 850 nm- Under high light conditions, only a B86(B50 complex was
absorbing BChl a pair is involved and the other one is not expressed. When the light intensity was lowered, in addition
involved in intermolecular H bond interactions. to this B80G-850 complex, a B806820 complex was
DISCUSSION synthesized. When the light intensity was decreased, the
i ) BB800—-820 complex was expressed to a greater extent than
In this report, the deletion of a B86®50 complex gene  the B800-850 complex. When the temperature was de-
clustgr iNRs. molischianunDSM119 is described. To our  creased (at low light intensities), only the expression of a
surprise, frequently, pseudorevertants are obtained whichggoo-820 complex could be observed. Thus, the conditions
synthesize a B806820 complex. The expression of this  for the expression of light-harvesting complexes are different
complex could not be observed in the wild type. However, among the various species of non-sulfur purple bacteria.
a B800-820 complex is formed inRs. molischianum  Those ofRs. molischianurare most comparable to those of
DSM120, depending on the temperature and/or light intensi- Rps. acidophila,but in contrast to the lattetRs. molis-
ties (unpublished results). chianumDSM119 seems to have lost the capacity to express
In contrast to the construction of the corresponding LH2 the B800-820 complex in the wild type. The exact
deletion strain oRb. sphaeroide@Burgess et al., 1989), all  mechanism responsible for the activation of the silent genes
attempts to obtain an LH2 deletion strainRd. molischianum  coding for the B806-820 complex in the deletion strain of
without using further selection pressure failed. First, we Rs. molischianurhas not been determined in this study. As
attempted to obtain a LH2 deletion strain by conjugational judged from the results of both Southern blot analysis and
transfer of a suicide plasmid not coding for thecB gene.  PCR studies (unpublished data), a recombinational event can
All transformants obtained were single cross-over mutants be excluded. The ratio of one colony of the deletion strain
which showed a LH2 phenotype. We tried to select for expressing a B808820 complex per 10suggests that the
double cross-over mutants by exposing single cross-overactivation could be due to a single point mutation in the
mutants to light of wavelengths longer than 870 nm. Even regulatory region of the gene cluster coding for the B800
under these conditions, where the growth rates of Lkiad 820 complex.
LH2~ strains should be equal, only single cross-over mutants  The protein sequences of both the B8®20 and the
could be observed. Only application of the technique of Ried B800—850 complex fromRs. molischianundisplay a high
et al. (1987) led to the deletion of the LH2 gene cluster. degree of similarity (see Figure 7). Tifesubunit of the
Four out of 4.5x 0° transformants growing on a medium B800-820 complex even has the same length and, apart from
containing 5% sucrose after conjugational transfer of the three amino acid residues, the same amino acid sequence as
deletion vector were phenotypically deficient in LH2. This the 8-subunit of the corresponding B86850 complex. All
corresponds to an efficiency of:0 10%%. This efficiency  three amino acid residues are very similar in size and
is significantly lower than the efficiency reported by Cai et hydrophobicity, and thus, th&-subunits of both the B8G0
al. (1990), who deleted theif D gene inAnabaenasp. 850 complex and the B866820 complex are identical in
applying the same technique. They observed double crosscharge distribution, hydrophobicity, and potential hydrogen
over mutants with an efficiency of 95%. In contrast to our bond formation. The amino acid sequencesxesubunits
experiments, the deletion of thef D gene was achieved  of both antenna complexes are slightly more different. Both
under conditions where this gene is not expressed. are equal in length; their N-terminal amino acid sequences
The absence of the LH2 genes was shown by Southernare identical up to position 26, and their C-terminal amino
blot anaysis and the absence of the B8860 complex by acid sequences are almost identical. Significant differences
optical spectroscopy. Southern blot analysis using a shortin the amino acid sequences of both complexes are formed
hybridization probe indicated that the genomeRst molis- in the a-subunit between positions 27 and 48 where 10 amino
chianumcontains at least two additional genomic fragments acid residues are exchanged. The high homology in the
with sequence similarities to the 2.3 kb genomic fragment protein sequence of the B86850 and the B806820
coding for the expressed wild type B806850 complex. complex ofRs. molischianurpermits conclusions about the
When grown phototrophically, about one out of tdlonies contribution of indicated amino acid residues to the specific
of the B806G-850 complex deficient strain produced a B8BO0  absorption of the corresponding antenna complexes.
820 complex. The expression of this B8OB20 complex Resonance Raman spectroscopy demonstrates that in the
was not observed in wild type, either under different light B800—820 complex ofRs. molischianunthe two 2-acetyl-
or under different temperature conditions. The formation carbonyl groups of the 820 nm-absorbing BChl a pair are
of a B800-820 complex which is not produced in the wild not involved in hydrogen bond interactions, whereas in the
type under various growth conditions after deletion of the corresponding B806850 complex, one of the two 2-ace-
B800-850 complex has not been observed in other speciestylcarbonyl groups of the 850 nm-absorbing BChl a pair is
of non-sulfur purple bacteria. Some bacteria likb. involved in hydrogen bond interactions. The absence of any
sphaeroidegKiley et al., 1987) andRb. capsulatugYouvan hydrogen bonds to the 2-acteylcarbonyl group of the 820
et al., 1985) only express one kind of B88850 complex. nm-absorbing BChl a can only be due to an amino acid
In contrast iRRps. palustristrain 1e5, five genes were found residue acting as a hydrogen bond donor in the B8EED
coding for a B808-850 complex (Tadros et al., 1993; Tadros complex that is replaced by an amino acid incapable of
& Waterkamp, 1989). These genes were alternatively forming a hydrogen bond in the B86820 complex. The
expressed, depending on the environmental conditions,only candidate isxTrp45 of the B808-850 complex which
especially the light intensity. A different regulation of the is replaced by Phe in the B86@20 complex.
expression of peripheral antenna complexes was found in  Recent work with mutants from light-harvesting complexes
Rps. acidophila All known strains of this species were able of other non-sulfur purple bacteria showed that a loss of
to express a B806850 as well as a B866820 complex. hydrogen bonds to the 2-acetylcarbonyl groups of the BChl
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a leads to a blue shift in the absorption maxima. Fowler et
al. (1992) constructed two double mutants of tRé.
sphaeroide8800—850 complex. They mutateTyr44 and

aTyr45 to Phe-Tyr and Phe-Leu, respectively, and observed Thr A24
a blue shift in the absorption maximum from 850 to 839

and 826 nm, respectively. FT resonance Raman studies on

these mutants demonstrated the loss of one or two hydrogen

bonds, respectively, to the 2-acetylcarbonyl group of the 850 Thr A26

nm-absorbing BChl a (Fowler et al., 1994).

However, it is noteworthy that the amino acid sequence
of thea-subunit of theRs. molischianurB800—820 complex
as well as that of the corresponding BS&b0 complex is
more similar to those of the B870 complexes of other species.
Thus, as shown in Figure 7, all known B86850 complexes,
except that fronRs. molischianugrdisplay a motif consisting
of two aromatic amino acids capable of forming hydrogen
bonds at position 4445 of thea-subunit Rb. sphaeroides

number_lng corresponding to po_S|t|on§ 47 and 48Rl Ficure 8: Partial model of the LH2 structure &ps. acidophila
molischianuqu  These two aromatic residues form hydrogen Acl10050 where the residue Ala26 was exchanged with Thr

bonds to the two 2-acetylcarbonyl groups of the 850 nm- (modeled with computer program O). The helix on the right
absorbing BChl a pair as shown by resonance Ramanrepresents a part of the backbone of ¢hsubunit and the helix on

spectroscopy (Fowler et al., 1994; Sturgis et al., 1995) and the left that of the3-subunit. Between the two helices, a 850 nm-
as shown by the X-ray structure determination of the B800 absorbing bacteriochlorophydltetrapyrrole ring forming a hydro-

- . gen bonding to the residugThr26 is shown. The length of the
850 complex fromRps. acidophilaAc10050 (McDermott  ossiple hydrogen bond between the donor and acceptor is indicated

et al., 1995). In the corresponding B86820 complexes, in angstroms. The coordinates of the LH2 complex fr&ps.
these two aromatic residues are replaced by one aromaticacidophilaAc10050 were obtained from R. J. Codgell.

residue, incapable of forming a hydrogen bond, and one sponding to position 29 irRs. molischianuinand the
aliphatic residue. Thus, the two 2-acetylcarbonyl groups of carbonyl oxygen of the methyl ester carbonyl group of ring
the 820 nm-absorping BC_hI a pair of' these complexes arey; iy the BChl a molecule (see Figure 8). However, the
free from H bond interactions (Sturgis et al., 1995). The pyqrogen bond would be a rather long and weak one without

C-terminal amino acid sequences of thsubunits for both gt ctural rearrangements. The importance of this methyl
the B80G-850 and the B808820 complexes oRs. molis-  ggter carbonyl group for the formation of native light-

chianumdo not display these conserved amino acid residues harvesting complexes was demonstrated by Loach et al.
but are more similar to the amino acid sequences of the 8870(1990)_ They established a method to form native LH1 by

complexes of other species. Moreover, only one 2—ac_:et_y|— reassociating-- andf-polypeptides with free BChl a. They
carbony! group of the 850 nm-absorbing BChl a pair is t5ijeq to obtain native LH1 complexes when using modified
involved in hydrogen bond interactions. This strongly gchi a molecules where the methyl ester carbonyl group
suggests that the presence or absence (_)f hydrogen bonds tg replaced by either a hydrogen atom or a hydroxyl group.
the 2-acetylcarbonyl groups of BChl a is only one factor rpig methyl ester carbonyl oxygen is not in conjugation with
contributing to the shifts of the BChl a absorption maxima {he delocalized electron system of the tetrapyrrole ring, and
up to 30 nm relative to each other. , thus, a hydrogen bonding to this carbonyl oxygen is not
A sequence comparison of thesubunits of the peripheral  gyhected to influence directly the absorption maximum of
antenna complexes frofRps. acidophilaand Rs. molis-  he antenna complex. On the other hand, this potential
chianumindicates a conserved three-amino acid motif located hydrogen bond might be important for structural reasons. It
in positions 2729 of Rs. molischianuniresidues 2426 is known from in vitro work that different aggregation states
in Rps. acidophilarespectively; see Figure 7). THDS.  c5yse blue shifts in the absorption maxima of bound BChl a
acidophilasequencepuc 1 to puc4 were recently obtained (yjisschers et al., 1991). This result implies that the precise
by Gardiner (personal communication). The absorption grjentation and the distances between the BChl a molecules

characteristics of the encoded antenna complexes can béyfj ence the absorbance characteristics of the light-harvest-
assigned from residues 44 and 45 as discussed above. Thu§,,,lg complexes. Thus, the hydrogen bond in the motif

puc4 codes for a B80B850 complex, wheregsuc 1, puc discussed above for the B806820 complex could cause a

2, andpuc3 code for B806-820 complexes. As seen from  gjight reorientation of the BChl a molecules absorbing then
Figure 7, in bottRs. molischianurandRps. acidophilathe at 820 nm and contribute indirectly to the blue shift of
complexes absorbing at 850 nm display the motif Thr absorption maxima.

followed by two hydrophobic residues, whereas complexes

absorbing at 820 nm show the motif Thr preceded by two ACKNOWLEDGMENT
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