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BACTERIAL REACTION CENTERS WITH PLANT-TYPE PHEOPHYTINS

Hugo Scheer, Michaela Meyer, and Ingrid Katheder

Botanisches Institut der Universit&t Munchen,
Menzinger Str. 67, D-8000 Minchen 19

SUMMARY

The exchangeability of the bacteriopheophytins at sites HA and HB with
modified (bacterio)pheophytins (=(B)Phe)*) was tested in reaction centers
(RC) of Rhodobacter spheroides R26. An exchange at both sites is possible
with Pyro-BPhe a lacking the 132-COOCH3 group, and with three plant-type
pheophytins: Phe a (which contains a 3-vinyl-group), 132-hydroxy-Phe a
(which contains in addition a hydroxy group), and [3-acetyl]-Phe a (which
differs from BPhe a only by the unsaturated ring II). In all cases, the

exchange appears to be easier at the H_-site. An exchange only at this

B
site, was obtained with BPhe a in which the esterifying phytol is repla-

ced by geranyl-geraniol, and with 132-hydroxy—Phe a. Environment-induced
red-shifts (EIRS) are observed with all pigments, and they are in the
range of the ones known for the native BPhe a. Strong optical activity is
induced in most pigments. Shifts in the absorptions of the monomeric BChls

at sites BA B indicate an interaction with the BPhes sites HA B’ or an
’ b

indirect structural effect.

INTRODUCTION

In reaction centers (RC) of Rhodobacter spheroides (Rb.), the tetra-

pyrrole pigments at the sites B B ("monomeric" bacteriochlorophylls,

Al

*) Abbreviations: Chl = chlorophyll, Phe = pheophytin, BChl = bacterio-
chlorophyll, BPhe = bacteriopheophytin; the subscripts refer to the
esterifying alcohols ("p" or none for phytol, "gg" for geranylgera-
niol), RC = reaction centers, Rb. = Rhodobacter, cd = circular
dichroism, P = primary donor site, B = site of monomeric BChl, H = site
of BPhe in RC. The subscripts "A" and "B" refer to the active ("L") and
inactive branch ("M"), respectively, of the electron transport chain.

The Photosynthetic Bacterial Reaction Center Il
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BChl-BA’B) and HA B (bacteriopheophytins, BPhe-HA,B) are exchangeable

against chemicall§ modified pigments. BChl-BA could be exchanged with a

variety of modified BChls, but neither with pignt-type chlorophylls (Chl),
nor with bacteriopheophytins (BPhe) or plant-type pheophytins (Phe)
(Struck et al., 1990). The exchangeability of the bacteriopheophytins at
sites HA,B has been studied less. Struck (1990) has shown, that they are
exchangeable against some modified BPhes, but not against any Mg-contai-
ning (B)Chls. The selectivity of the sites according to the presence or
absence of the central Mg-atom, rsp., corroborates results from site-
directed mutagenesis (Coleman and Youvan, 1990; Woodbury et al., 1990;
Schenck et al., 1990). However, little is presently known on the influence
of the reduction level (chlorin vs. bacteriochlorin) or the peripheral
substituents of (B)Phes on the exchangeability. We wish to report exchange
experiments with BPhes modified at C-132 and C-l74, and in particular with

plant-type Phes containing an unsaturated ring II.

Pigment Ry R, Rj
Phe a CHCH, | COOCHy | H
Phe a’ CHCH,, H COOCH4

[3-Acetyl ]-Phe a COCH4 COOCH4 H

2 *
13“~0H-Phe a CHCH COOCH OH
wCOOPhy Ry 2 2
174

Plant-type Pheophytins

*) Epimer mixture
Pigment Ry R, Ry
BPhe ap, H COOCH3 | C5pH3q
BPhe agy COOCH; | H CyoHi3
Pyro-BPhe a | H H CooHag

Bacterial-type Pheophytins
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MATERIALS AND METHODS

RC of Rb. spheroides R26 were prepared from chromatophores by repeated
solubilization with increasing concentrations of LDAO and NaCl (modified
after Feher and Okamura, 1978) and purified on DEAE-cellulose (Struck,
1990).

BPhe ap, BPhe agg and Phe a were extracted from Rb. spheroides 2.4.1,
Rhodospirillum rubrum G9 and Spirulina gleitleri (SOSA Texcoco), rsp., by
standard procedures and purified on DEAE-cellulose (Satoh and Murata,
1978). Demethoxycarbonylation of BPhe a_ to Pyro-BPhe a_ was done
according to Pennington et al. (1963). [3-acetyl]-Phe a was made from Phe
a (Smith and Calvin, 1966). 132—hydroxy-Chl a was obtained as a by-product
during the isolation of Chl a and pheophytinized according to
Rosenbach-Belkin (1988). Structures of the pigments were verified by
VIS-NIR absorption, lH-NMR and mass spectroscopy.

The conditions for the exchange experiments of BPhe a against the modified
pigments as described by Struck (1990), were optimized. The incubation
temperature of the RC was increased to 43.5°C. The modified pigments were
added in a 10-fold excess, the solvent for the pigments was 100% acetone,
its final concentration 10%. After incubation, the excess of free pigments
was removed by repeated chromatography on DEAE-cellulose.

Extraction of the pigments from RC was done with CHClS/CHBOH = 5:1 (v/v).
The extract was dried under a stream of argon, dissolved in toluene, and
then subjected without delay to HPLC-analysis according to Watanabe et al.
(1984).

RESULTS

Three plant-type pheophytins were tested: i) [3-acetyl]-Phe a, which dif-
fers from BPhe a only by the unsaturation of ring II. ii) Phe a, which has
in addition the 3-acetyl- replaced by a vinyl-group. iii) 132-hydroxy-

Phe a, which contains furthermore an OH-group instead of the enolizable

132—proton.

The absorption spectra of Phe a and 132-hydroxy-Phe a are essentially

identical (Fig. 1). In comparison to BPhe a, there are two characteristic
blue-shifted QX-bands for the two plant-type pheophytins, and the QY-bands
are blue-shifted by 70-80 nm, too. Unlike Phe a, [3-acetyl]-Phe a shows a
split Soret-band as do the bacteriopheophytins. Providing the same assign-
ments, they are red-shifted by 24 nm (BX)and 28 nm (BY). The main peak of
the Soret-band of Phe a is red-shifted by =52 nm compared to BX of BPhe a.
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Absorbance

400 600 800
Wavelength {nm]

Fig. 1. Absorption spectra of pigments in ether solution: Bacteriopheo-

phytin a (BPhe a, bottom), pheophytin a (Phe a, center) and
[3-acetyl]-pheophytin a ([3-acetyl]-Phe a, top).

Table 1. Exchange rates of some plant-type pheophytins and bacterial-type

pheophytins
Pigment exchange-rates (%)
BPhe agg k]:}
Pyro-BPhe a 35 (1) 68 (2)
Phe a 80 (1) 95 (2)
(3-Acetyl)-Phe a 68
132-0H-Phe a 3s
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400 600 800
Wavelenglh [nm]

Absorption spectra of reaction centers with modified pheophytins:

in tris-HGl buffer (20 mM, pH 8) containing LDAO (0.1%). Native RGC
from Rhodobacter spheroides R26 (bottom), RC after double exchange
of BPhe a against Phe a (center), and RC after single exchange of

BPhe a against [3-acetyl]-Phe a (top). Spectra were normalized to

the same absorption at the dimer band (=865 nm).
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Fig. 3.

400 600 800
Wavelength [nm]
Circular dichroism spectra of reaction centers with modified pheo-
phytins, in tris-HCl buffer (20 mM, pH 8) containing LDAO (0.1Z%).
Native RC from Rhodobacter spheroides R26 (bottom), RGC after
exchange of BPhe a against Phe a (center), and RC after single

exchange of BPhe a against [3-acetyl]-Phe a (top). Spectra were
normalized to the same absorption at the dimer band (=865 nm).
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The absorption spectra of the three bacteriopheophytins tested (BPhe ap,
BPhe agg and Pyro-BPhe ap) are nearly identical and not shown.

The exchange-rates of these (B)Phes are summarized in Table 1. Phe a and
[3-acetyl]-Phe a exchange readily to >50%, e.g. they exchange both in HA-
and HB-sites of the RC. The HPLC-chromatogram of RC after repeated (dou-
ble) exchange of BPhe a against Phe a (Fig. 4), shows only traces of the
former (> 90% exchange). Because of the dehydrogenation of ring II, Phe a
has a shorter retention time than BPhe a.

The absorption spectra of the RC modified with plant-type pheophytins
(exchange rates >90%) show distinct changes as compared to the native
ones. These changes follow the differences in the solution spectra of the
respective pigments (Fig. 2). The QX(O—l)-band shows a blue-shift of about
22 nm (Phe a) or 14 nm ([3-acetyl]-Phe a) and the QX(O—O)-band a red-shift
of about 7 nm (Phe a) or 17 nm ([3-acetyl]-Phe a), as compared to the cen-
ter of the BPhe a-band QX(O-O) in native RC. The QY-band of BPhe a (Amax =
758 nm in native RC) is replaced by a strongly blue-shifted one. Comparing
RC containing Phe a and [3-acetyl]-Phe a, the relative band positions of
the solution spectra are preserved. The QY-band of the latter is in parti-

cular red-shifted compared to the former.

In the cd-spectra, the bands assigned to BPhe a are diminished. RC contai-

ning Phe a show instead a distinct, s-shaped feature at the position of

A [nm]

800

s00  Time [s] 1000

Fig. 4. HPLC chromatogram of RC after repeated exchange of BPhe a against
Phe a: (chromatography system of Watanabe et al. (1984), detection
with HP diode array). The detection wavelengths are given on the
right-hand side of the individual trages. Peak assignments:

A: Phe a, B: BPhe a, C: BChl a, D: 13" -hydroxy-BChl a

54



Table 2. Absorption maxima [nm] of (bacterio)pheophytins in ether solution,
of the same pigments in the H-sites of RC, and thg resulting
environment-induced red-shifts (EIRS) (nm and cm

Pigment Ether [nm] Protein (nm] red-shift [nm] (cm-!)
& Qv Qx Qv x Qv
BPhe ap 524 750 | 537 758 | 13 (462) 8 (141)
BPhe agg 524 749 | 539 758 | 15 (531) 9 (159)
Pyro-BPhe a 527 749 538 757 | 11 (388) 8 (141)
Phe a 504/533 | 667 | 509/542 | 674 | 5/9 (195/312) | 7 (156)
[3-Acetyl]-Phe a | 510/541 680 | 516/544 | 689 | 6/3 (228/102) 9 (192)
132-0H-Phe a 502/531 | 667 | 506/539 | 673 | 4/8 (157/280) | 6 (134)

the QY-band of the newly introduced pigment, but the latter is not obvious
in the spectrum of RC containing [3-acetyl]-Phe a. It is noteworthy, that
there is also an effect of the cd assigned to the monomeric BChl, e.g. a
decrease of the exciton band of the monomeric BChls in the Qx-region and
at about 380 nm (Fig. 3).

DISCUSSION

All (B)Phes investigated, exchanged selectively into the H-binding site(s)
of BPhe a. The presence or absence of the central Mg-atom again (Struck et
al., 1990) then seems to determine whether the pigment is accepted in HA,B
or BA,B’ rsp. This complements site directed mutagenesis of amino acids:
BPhe replaces BChl if a suitable ligand (his, glu, ser, thr) is introd-
uced, and vice versa (Schenck et al., 1990; Woodbury et al., 1990; Coleman

and Youvan, 1990).

Compared to the structural variations allowed for exchange of BChls into
the BA,B binding sites, the results indicate that the H A B sites allow for
considerably more extensive structural changes. It is partlcularly note-
worthy, that there is a ready exchange possible with the plant-type Phes
in the HA,B binding sites, because the plant-type Chls (= Mg-complexes)
were not accepted in previous experiments in the BChl-binding sites
(Struck, 1990). The efficiency of the exchange with Phe a is greater than
with 132—hydroxy-Phe a and [3-acetyl]-Phe a (Table 1). Remarkable is also
the preference of Phe a (= 3-vinyl) over all other pigments containing the
3-acetyl-group, which is characteristic for the native BPhe a. Although
exchangeability is strictly an operational criterion, these results indi-

cate a greater structural plasticity at the H- than at the B-sites.
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Most of the pigments investigated, showed exchanges amounting to >50%,
which by repeated incubation led to replacements <95%. This clearly shows
that both binding sites are accessible to these pigments. The asymmetry
introduced by glu-100, has then generally not a strongly selecting influ-
ence. BPhe a is an exception. This pigment has a more unsaturated est-
erifying alcohol (four double bonds instead of one), which changes the
flexibility, polarity and spatial structure of this part of the molecule.
It should be noted, that the different arrangement of the esterifying
alcohols of BPhe—HA and BPhe-HB is one of the distinctive symmetry braking
elements in RC, which indicates a specific function of the alcohol in bin-
ding. No such specificity was observed in BChl exchanges at the B sites

A,B
(Struck, 1990), and neither is there a comparable asymmetry.

At the BA B-sites, differential exchange kinetics were observed, with BB

exchanging more rapidly that By. A similar difference was seen in earlier
BPhe exchange experiments. The present results with plant-type pheophytins
indicate no obvious difference with these pigments, but due to band-over-

lap in the QX-region this result needs further studies, e.g. at low tempe-

rature.

Comparing the pigments in ether solution and in the RC environment, an
environment-induced red-shift (EIRS) of the QX and QY-bands in the protein
is found for all pigments. This shift shows only relatively small varia-
tions (Table 2). It is not clear if this is a result of protein-chromo-
phore or protein-protein-interactions (Scherz et al., 1990), or both. At
least in Phe a, there is also a concomitant increase in optical activity.
Both effects are compatible with a non-planar distortion of the macro-

cyclic system.
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INDEX

Absorption spectra
low temperature, 247, 359-360
ground, excited and radical pair states, 193
primary electron donor, 63
polarized light, 13
ABNR ( Adopted Basis Newton-Raphson), 45
ADMR ( Absorption Detected Magnetic Resonance)
67
Amino acids sequence, 1
Alanine
M246, 357
M247,357
Arginine
1217, 8,368, 391, 405
H177, 368
Asparagine
L173, 405
1213, 8, 364, 375, 405
1210, 368, 405
Aspartic acid
1213, 164
M43, 8
Antenna complexes, 33, 67, 173
ATP, 313

Bacteriochlorin, 34

Bactcriopheophytin
crystalline, 43

Biexponentiality
charge recombination, 210, 292, 331
charge separation, 173, 174, 220, 229, 292

Carotenoid, 2
Charge recombination
between
P*BA-, 27
P*HAS, 27
P*QA-, 27, 156, 331, 341, 375
P*QR-,166, 341, 375, 399
electric effect on, 278
mutation effect on, 27
Charge transfer states, 254, 291
CHARMM, 44, 205, 404
Chloroflexus aurantiacus,193
Chromatium minutissimum, 246
Chromophorc exchange, 33

Circular dichroism, 53
Completely Neglected Differential Orbital, 112
Configuration Interaction (CI), 81, 193
Crystals, 1, 13, 43, 89,99, 114, 183
Cytochrome, 133, 165

bs559,1 66,411

c,151, 245,313

¢s553, 314

€559, 313

electron transfer, 313

Decay Associated Spectra (DAS), 220

Ectothiorhodospira sp, 59
Electric field
effect on quantum yield, 253, 261, 271
fluorescence lineshape, 257, 277
fluorescence yield, 255,274
pulse, 313
reverse electron transfer, 313
Electrochromism, 38, 193
Elcctron transfer rates, 7, 245
pH dependence, 378
protein dynamics, 378
quinone reduction, 321, 341, 355
recombination,
P*Qa", 27, 321, 331, 341, 399
P*Qp-, 166, 341, 375, 399
Electron Nuclear DOuble Resonance (ENDOR),
26, 89; see also Magnetic resonance
Elccuron-phonon coupling, 242
Electron Spin Echo Envelope Modulation (ESEEM)
89
EXAFS, 33
Exciton band
high energy, 37, 63, 194, 241, 249

Femtosecond flash photolysis, 27, 60, 209, 227,
237,253

Fluorescence

lifeime, 209, 219, 255, 271

Franck-Condon factor, 118, 191, 257, 261, 283,
288,293

Fourier Transform Infrared Spectroscopy (FTIR),
26, 87, 105, 141, 155, 163

FourierTransform Raman (FT Raman) see Raman
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Glutamic acid

H173, 368

H177,8

L104, 8,125

L212, 8, 163, 326, 347, 353, 368, 375,

391,405

1213, 353

L225,353

M232,5

M234, 368, 405
Glycine

M188,2
Halobacterium halobium, 390
Heliobacterium chlorum, 67,35
Heliobacterium gestii, fasciculum, 35
Heliobacillus mobilis, 35
Helix exchange, 21
Heme, 2, 44
Heterogeneity, 173, 209, 221, 234
Heterodimer HL(M202), 81, 103
Highest Occupied Molecular Orbital (HOMO), 37,

79,104, 116, 200

HFC'S electron nuclear hyperfine coupling, 99
Histidine

Cl124,4

L131, 101, 141

L153,21

L168, 26, 105, 112, 131, 141, 147

L173,7,123

L190, 5,364

1230, 5,364

M160, 26, 101, 101, 141

M200, 7, 142

M202, 120

M217,5

M264 .5

M280, 193
Hole burning, 173, 233, 292
Huang-Rhys S value, 174, 184
Hiickel MO, 104, 110

Intermediate Neglect of Differential Overlap
(INDO), 35,90, 112,193, 342
Inter-subunit suppressor, 21
Isoleucine
L229, 396
Iterative Extended Hiickel (IEH) see Hiickel

Langmuir-Blogett films, 29, 262
Lennard-Jones potential, 44
Linear dichroism, 13, 142, 152, 193, 241
Lowest Unoccupied Molecular Orbital (LUMO),
37,79, 118,200
Low temperature
absorption spectra of native reaction center,
247,359
absorption spectra of Photosystem 11, 414
ADMR, MIA, 68
electron transfer in model systems, 308
femtosecond kinetics, 27, 60, 209, 227, 237, 253
inverse temperature dependence on p* decay, 28
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Low temperature (con'd)
P*QA" recombination, 27, 88, 156, 331, 341, 375
phototrapping, 61
Raman, 121
Lysine
H130, 368

Magnetic resonance
ENDOR and TRIPLE, 87, 89, 99, 109
EPR, 20, 36, 60, 67, 89, 99, 114, 141
NMR, 356 51
Meial binding site, 33
Methyl-bacteriopheophobide, 43
Methionine
1248, 147
MOPAC, 45
Mutants
around P, 25, 99, 141, 147,211, 276
around QA or QB, 33, 321, 353, 375, 395
around Bchl and Bph, 33, 50, 216
DrL. 237,253,271, 292
helix, 21

Néwton Raphson Minimisation Algorithm, 45
Non-monoexponentiality, 233, 272, 331

Oscillation features, 230, 237, 292

P* electronic transition, 19, 89
Pigments exchange, 33, 231
Phenylalanine

L181, 147,210

L183,292

L241,7

M197, 105, 141, 147

M210, 147
pH effect on electron transfer rate, 378
Phospholipid monolayer, 321
Photosystem I (PSI), 36, 67
Photosystem II (PSII), 25, 74, 185, 389, 411
Phototrapping, 59
Plant type phcophytins, 49
Proton transfer, 363, 375, 389, 403

Quantum yield
temperature dependence, 416
Quinonc
binding, 352
characterization, 134
clectron transfer between, 163, 341
time resolved FTIR, 147

Radical pair, 278, 283
Raman spectroscopy, 34, 119, 127, 133, 183, 240
Reorganization energy, 29, 212, 284, 288, 294
Rhodobacter capsulatus, 21, 87, 101, 125, 184, 193,
209, 237, 253, 292, 341, 352, 395
Rhodobacter sphaeroides, 13, 25, 49, 60, 74,
80-81, 89, 99, 109, 119, 127, 141, 147, 155,
173, 184, 193, 219, 228, 237, 261, 271, 321,
331, 341, 351, 363, 375, 389, 395, 403



Rhodocyclus gelatinosus, 131, 133

Rhodopseudomonas viridis,1, 35, 73, 80, 89, 109,
127,156, 163, 174, 193, 228, 241, 245, 253,
267,292,301, 313, 331, 341, 351, 365, 375,
389, 395

Rhodospirillum rubrum, 51, 95, 101, 132, 331, 371

RHF-INDO/SP, 90, 105, 110

RINDO, 194

Rydberg state, 194, 203

Salt effect, 381
Serine
1223, 9, 364, 391
1224, 123, 143, 147
Spin Boson Theory, 301
Spirulina gleitleri, 51
Spontaneous emission, 209, 246, 292
Stark effect, 38, 87, 184, 202, 216, 254, 261, 279,
342
Stimulated emission, 209, 229, 239, 246, 253, 292
Superexchange mechanism, 174, 214, 227, 237,
261,272, 288, 291

Temperature dependence
electron transfer rates, 326, 336
Terbutryne, 395

Bayerische
Staatsbibliothek

Miinchan

Threonine
L226; 366, 396
Triplet sate
electric effect on quantum yield; 278
Tryptophane
L100, 8
M250, 8
M266, 8
Tyrosine
L162,8
M195, 7, 147
M208, 7,210
M210, 155,292

Unidirectionality, 222, 234, 259

Valine

1220, 391
Van de Waals forces, 6, 44
Vibronic coupling, 185

Zeners parametrization, 194
Zero-Phonon line, 178, 183, 233, 292
Zero-Phonon hole, 176
Zero-Field-Splitting parameters, 68
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