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Summary

The absorption and circular dichroism spectra of the B800–850
complex from Chromatium minutissimum before and after the Tri-
ton X-100 treatment were simulated by means of standard exciton
theory, taking into account inhomogeneous broadening. To explain
the spectral changes of the B800–850 complex treated with Triton
X-100, we have assumed that all bacteriochlorophyll pigments ab-
sorbing at 850 nm exhibit the same additional rotation of « 20±

around the axis perpendicular to the membrane plane. This has
been suf� cient to � t the transformation in absorption and circular
dichroism spectra induced by detergent treatment of the B800–850
complex.
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INTRODUCTION
Detergents as well as solvents, salts, and other agents are well

known to affect the spectral properties of the peripheral light-
harvesting pigment–protein complex (LH2 or B800–850)3 from
purple photosynthetic bacteria (1–4). In particular, the spectral
position of the long-wavelength absorption band of the B800–

850 complex may be tuned within the 830–850 nm range by
detergent treatment (3, 4).
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In this paper we have simulated the absorption and circular
dichroic (CD) spectra of the B800–850 complex from Chro-
matium minutissimum before and after treatment with Triton
X-100 detergent. As in our previous publications (e.g., [5, 6]),
we use the standard exciton theory, taking into account inhomo-
geneous broadening.

EXPERIMENTAL PROCEDURES
The pigment–protein complex B800–850 from C. minutissi-

mum (strain MSU) was isolated by means of preparative elec-
trophoresis in polyacrylamide gel as described previously (7, 8).
Absorption spectra were measured with a Model UV-160
Shimadzu spectrophotometer. CD spectra were monitored with
a homemade spectrometer.

MODEL OF THE LH2 ANTENNA
The LH2 complexes contain two polypeptides, a and b ,

which bind bacteriochlorophyll (BChl) (9). We suppose that
the pigment organization in LH2 of C. minutissimum is anal-
ogous to that of the LH2 antenna from Rhodopseudomonas aci-
dophila (10). For a model of an antenna unit, we consider two
concentric circular aggregates that lie in two planes parallel to
the membrane plane. The � rst aggregate consists of n strongly
coupled BChl850 molecules and has the Cn /2-symmetry with
a dimeric unit cell. The second ring consists of n /2 weakly
coupled BChl800 molecules and has the Cn /2-symmetry with
a monomeric unit cell. We assume n = 18. The Qy transition
dipole moments of two BChls in a dimeric unit cell form angles
w 1, w 2 with the ring plane and angles } 1, } 2 with the tangent
to the circle. The energies of electronic transitions of these two
BChls are E1 and E2, respectively. The corresponding param-
eters for BChl800 pigments are w 0 , } 0 , and E 0 . The Mg–Mg
distances between BChls were taken to be the same as for LH2
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Figure 1. Absorption (top) and CD (bottom) spectra of the
B800–850 complex from C. minutissimum in phosphate buffer,
pH 8.0, at room temperature. Points, experimental data; dashed
curve, calculated absorption and CD pro� les; solid lines, cal-
culated absorption line shapes for individual exciton com-
ponents.

of R. acidophila. In our simulations of the B800–850 absorp-
tion and CD spectra, we have taken into account the interactions
between the Qy transitions of BChls, neglecting their mixing
with Qx , By , and Bx transitions as well as the charge transfer
states.

The interaction energies were calculated in the dipole–dipole
approximation by supposing that the monomeric dipole strength
is equal to 40 D2. The nearest neighbor interaction energies were
reduced by 20% because of deviation from the dipole–dipole
approximation at short distances. The site inhomogeneity of the
antenna was described by uncorrelated perturbations d E 0 and

Figure 2. Same as in Fig. 1, but experimental spectra obtained
after treatment of the B800–850 complex with 0.8% Triton
X-100. Calculated spectra were obtained by supposing each
BChl850 molecule rotated at « 20± around the axis perpendi-
cular to the membrane plane (and with adjusted line-broadening
parameters; see text).

d E of electronic energies of BChl800 and BChl850 pigments,
E 0 and E . We assumed that d E 0 and d E have a gaussian distri-
bution. The width (full width at half-maximum, FWHM) of this
distribution is r 0 and r .

To calculate absorption and CD spectra, we used the method
of direct numerical diagonalization of one-exciton Hamiltonian
and Monte Carlo averaging over a random distribution of dia-
gonal energies modeling the site inhomogeneity. We used the
standard Hamiltonian for the Frenkel exciton in the Heitler–
London approximation for two-level molecules (11). To cal-
culate the homogeneously broadened spectra (for each set of
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diagonal energies), we assumed the Lorentzian line shape. The
homogeneous line widths (FWHM) are C M for exciton levels of
the B800 band, and C 1L ( C 1H) for the lowest (higher) exciton
levels of the B850 band.

RESULTS AND DISCUSSION
The measured and calculated spectra are shown in Figs. 1

and 2. The best � t for the B800–850 complex (Fig. 1) was ob-
tained for w 1 = 2±, w 2 = ¡ 2±, } 1 = 195±, } 2 = 25±, w 0 = 9±,
} 0 = 185±, E1 = ¡ 470 cm ¡ 1, E2 = ¡ 270 cm ¡ 1, E 0 =
¡ 250 cm ¡ 1 (transition energies are calculated from the tran-
sition energy of a BChl a monomer, which corresponds to k =
777 nm), C M = 160 cm ¡ 1, C 1L = 250 cm ¡ 1, C 1H = 340 cm ¡ 1,
r = 500 cm ¡ 1, and r 0 = 340 cm ¡ 1.

To � t the spectra for the B800–850 complex treated with
1% Triton X-100, we supposed that both BChl850 pigments in
a dimeric subunit show additional rotation of « 20± from the
tangent to the circle; that is, } 1 = 215±, } 2 = 45± (all other
parameters are the same). This is suf� cient to describe the ab-
sorption and CD spectra transformation after the detergent treat-
ment. A better quantitative � t may be obtained if we suppose
also some increase of static and dynamic disorder (increase of
inhomogeneous and homogeneous broadening), which yields
C M = 190 cm ¡ 1, C 1L = 320 cm ¡ 1, C 1H = 420 cm ¡ 1, r =
560 cm ¡ 1, r 0 = 440 cm ¡ 1 (see Fig. 2).

A hypothetical scheme for the conformational transitions in
the B800–850 complex from C. minutissimum when treated
with various agents including Triton X-100 has been pro-
posed previously (4). According to that scheme, the spatial ar-
rangement of the C-terminal ends of a -helices bearing BChl
molecules is altered by Triton X-100 treatment, which results
in disturbance of pigment interactions inside the BChl long-
wavelength spectral form. The calculations presented here show
that the corresponding spectral changes may be modeled by
the small rotation of each BChl850 molecule in the B800–850
complex.
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