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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not neccssarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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CIRCﬁLAR DICHROISM AND ABSORPTION SPECTRA OF BACTERIOCHLOROPHXLL

PROTEIN AND REACTION CENTER COMPLEXES FROM CHLOROBIUM THIOSULFATOPHILUM

JOHN M. OLSON*, KENNETH D. PHILIPSON and KENNETH SAUER

Chemistry Department and Laboratory of Chemical Biodynamics, Lawrence

Befkeley Labofaﬁofy, University gj_California; Berkeley, California

94730 (U.S.A.)

SUMMARY .

A water soluble baéteribchiorophyll—protein (BChl—P) and a complex

"which also contained photochemically—active reaction centers (BChl1l-RC) -

were isolated from Chlorobium thioéulfatOPhilum. Thé prdcedures were’

similar to those QSedvpfeviouSiy on Chlorbpséudomonés eﬁhylica (FOWLER,
NUGENT AND FULLER,.1971), and the corresponding pompleXes frog the two .
organisms exhibit marked similarities. - They are characteriéed in terms"
of their absprption ébectra at 100 and 300°K, éircuiar dichroism spectra
at 300°K,'and, in thé case of the reaction center.compiexes,‘by the light-
or oxida;ionFinduced changes in the absorption and circular_dichroism

spectra, On the basis of exciton interactions observed in the circular

dichroism and low temperature absorption spectra, we conclude that the

" predominant pigment afrangement in the BChl—RC complex is distinctly

different from that in the BChl-protein.

*Present address: Biology Départment; BrdokhavenvNational Laboratory,

Upton, Long Island, N. Y. 11973 (U.S.A.).



INTRODUCTION

Green:photosynthetic bacteria contain aAsmall amount of bacterio-
chlorophyll a (BChl a) in addition to the prlnc1pal llght collectlng
plgment, chloroblum chlorophyll.1 In v1vo, chloroblum chlorophyll trans-
fers electronic excitation.energy to BChl a,2 whlch in turn‘transfers
the energy to. a spec1allzed reactlon center chlorophyll known as P84O 3
The photosynthetlc unit appears to be very large in green bacterla wlth
approxlmately 80 BChl a molecules ‘and of the order of: 1000 chloroblum
chlorophyll molecules per reaction center.

The‘photosynthetic apparacus of green bacteria is cootained withinj
eggﬂshaped vesicles,5 30—50 nm wide and 100-160 nm‘long, which are _
arrenged’inla_cortical layer adjecent to‘the.cytoplasmic membranel6_8
These vesicles are bounded'by a non-unit (single—layered) membrane
20-30 % thick, Thos, the green bacteria possess ; uoique'phocosyn—l
thetlc‘eoparatus which is not contained in'the.usual»unit—membrane
hilayer as in all other known photosyotheric‘organisms;

The forces which keep rhe vesicles:of green bacteria intact appear
to differ oualitetively from thosevholdiog together;rhe.photosynthetic
apoaratos in unir—membrane,systems. In the latter.cese derergents are
required to "dissolveﬁ the unit membranes ahd-to liberate chlorobh&ll—
- proteins and reaction center complexes,9 whereas in the formerﬁcase the
photosynthetlc unlts can be fractionated w1thout4the use of detergent.l.ﬁ

By centrlfugatlon of a broken ves1cle preparaL1on from Chloropseudomonas

ethylica in 35% sucrose at 400,000 x g, FOWLFR et al. é separated the
material into a "]lght fract1on (1.12 g—cm ) whlch contained chloroblum

chlorophyll and a "heavy'" fraction (1.18 g-cm ) which contained BChl a,
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caroten01d P840 and cytochrome. The "heavy fraction was photochemlcally
active as shown by the llght—lnduced oxidation of P840 (E 7.5 = +0 24V)
and cytochrome 553 (E n,7. 5 f +O.17V). This heavy fractlon, whlch will
be de31gnated henceforth as a BChl-Reactlon—Center complex (BChl—RC), has
a molecular weight in excess of 1.5 x 106 dalton.4

It had previously been shown that BChl a in the form of a water-
soluble BChl—protein'(M}W. = 152,000) could be obtaimed.from greeh bacteria
vby alkaline ektractioh followed by conventional methods of protein purifi-

cat:iontl’z’10 The BCthprotein'from Cps. ethylica has been characterized

most e#tensively. It is a globular protein consisting of four probably -
identical subunlts, each conta1n1ng f1ve BChl molecules wh1ch are bound
inside the protein by non-covalent forces.9 10 The BChl—proteih is com-
pletely free of chlorobium chlorophyll, caroten01d, cytochrome, P840 or

. any photochemlcal activity. The absorptlon spectrum at 80-K,10.and the

. circular dichroism (CD) spectra at either room temperaturelo’ll or 80°K,

12

give strong evidence‘for exciton.splitting'of bothithe Qx-.and Qy-transi-

tions of BChl in the. prote1n‘ For-the.Qy—transition the resolution of

4 components in the;absorptlon spectrum and of 5 components in the CD

:_Spectrum suggestS»that interactions between the’S_BChl molecules in each

subunit accoants fOrItheAéxciton splittin385;2 |

| In oroer to compare the pigment-pigment interaction inrthe BCh1-RC
complex to those invthe purified.BChl—protein,hthelpresent stody of CD

~and low temperature absorption characteristics was undertaken. To

broaden the biological scope of the investigation a different green bac-

terium was chosen as the sourée of BChl-protein and BCh1l-RC complex for

comparison with the previous preparations from Cps. ethylica.



- MATERIALS AND METHODS

BCh14protein from Cpé. eﬁhjlica* was prepared'at Brookhaven National
Laborétory10 and étored in the refrigerator as a precipitafe'in 30 g 
ammonium Sulfgté per 100 ml of oriéinél solution. Splutiéné of BChl-
proteinvwere prepared by centrifuging a few ml of stock suspension in
a gliﬁical ceﬁ;rifuge;,discarding the supernatant,;and dissolving'the,:

precipitate in an appropriate buffer.

Chlofobiﬁm'thiosulfatophilum,.strain 6230 (Tassajara) was obpained
frém Dr. Bob Buchahan.(Department:of Cell Physiolqu,,University of
Califofnia, Berkeley) énd>grow; anaérqbicallyiin 20 1 bottles ét 23°C.
Each bottle was illuﬁinated.by a 75~watt reflector flood lamp filtered‘
through épprok, 4 cmof water. After inoculation with approx. 51 of
cell.suspension, each bottle was allowed to stand oyerﬁight in dim lighﬁ
(50 V) withbut stirring. Then'the lamp voltage was‘increased to 100 .V,
and the magnetic stirrer under each bottle was turned on to activate the.
teflon—coéted stirfing bar inside the bottle; Growth. medium was prepared
from stockisoiutions which were autqclaved_separatgly, cooled, and then

nixed with the final pH adjusted to’6.8i0.2.A Stock solution I (50 ml)

supplied the fdllowing ingredients for 1 liter of completé,medium: KH2P04

(0.27 g), KC1 (0.35 g), CaCl, (55 mg), MgS0,-7 H,0 (0.49 g), Ni,Cl (0.80 g),

4

-7 HZO), and

37% HC1 (4.5 ml), Fe-EDTA (prepared from 20 mg of FeSO4

*Cultures of '"Cps. ethzlica" grown at Brookhaven National Laboratory and

elsewhere have been shown recently to consist of syntrophic mixtures of v

Chlorobium limicola and one or more colorless bacteria which function as

sulfate-reducers [Gréy, B. H., Fowler, C. F.,'Nugent,,N; A., Rigopoulos,
N., and Fuller, R. C. (1972) Int. J. Syst. J{_.‘-:]h(‘;l"‘_(’.‘_rj;(ll,__,‘ in press]. The
BChl-protein and the BChl-RC complex obtained from these mixed cultures

- should properly be attributed to C. limicola.

Ky
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MnCl 4 H O (1 8 mg), ZnSO

solution E (1.0 ml) which provided trace elements H BO4 (2.9 mg),

3

-7 H O (0.22 mg), CuSO —5 H, O (79 Hg),s

4
O (23 ug), and Co(NO ) -6 H 0 (49 ug) .

4

NaMoO,-2 H, 0 (0.25 mg),

4 4
Sodium acetate (0.5 g)‘and'Water (920 ml) were also mixed With solution
l-before autoclaving; Stock solutlon IT (30 nl) supplied the remalning
ingredientet. Na2C03 0 (5. 0 g), Na,$-9 H,0 (0. 12, g) and Na28203 5'H 0
(1.55 g); Bottles were halvested 4 or 5 days after inoculation by the
addition of alum (1,4 g-1 -1 of culture) to aggregate ‘the cells. The
aggregated'cells were packed by low speed centrifugation and then-frOZeh.

Undet this regime a Single,ZO 1 culture yielded approx. 100 to 150 g of

packed wet cells.,

'BChlgggptein from C. thiosulfatophilum

BChl—protein from C. thlosulfatophilum was prepared accordlng to the

pi‘oced'ure10 described for Cps. ethyllca with some steps omitted and
othere modified slightly. *The green pfeeipitate from step 2 ﬁas resus-
ptnded in 10 mM Tris, pH 8.0 and dlalyzed agalnst buffer to remove
ammonium sulfateq Step 3 was omitted The salt free suspen51on from
the dial&sis bag ﬁas~centr1fuged at 30,000 g to remove-undlssolved
material, and the dérk.green supernatant was run onto'a DEAE-eellulose,
column. The loaded column wae weshed with 10 mM Tris; and then eloted
with 0. 25 M NaCl lO mM - Tris, pH 8 0. A blue band was eluted from the
column and the peak fractlons were comblned. The BChl—protein thus

obtained was completely free of chlorobium chloroPhyll but was contami—

_-nated w1th some colorless proteln from the bacterla.' Partially purified

BChl -protein from two DEAE columns (2.5 cm x 40 cm and 2 5 cm x 90) was

concentrated by ullraflltratlon in a collodlon bag %uction apparatus
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(Schleicher-and'Séhﬁell), dialyzed.against.IO‘mM‘Tfis, pH 8.0, and.
rechromatographed 6n:DEAEEcellulqseQ A boﬁétan; grédient of‘iﬁcreaSiﬁg
NaCl (O t0'0§3 ﬁ) in 10 mM Tris was used to elute the BChl—perein.>
The peak tubes were coﬁbihed‘and concentrated épprox. 4—fbld‘§ithjpoly4
ethylehevglycpl,'énd then dialyzed against 0.25 M NaCl in 10 mM Tris.

The tail fractions were likewise combined, concentrated, and dialyzed.

BCBl—RC compiex‘from C. thiosulfatophilum
Crude'p:eparations of BChl-RC complex werefpfepafed from C. thio~-

sulfatophilum By_a'modifitafion of the procedure devised by FOWLER et

é}:ﬁ for Cps. ethylica. Frozen cells (approx. 100 g)_of'g; thiosulfato—
philum wére_thawed:and then resuspended (homégenized) in 200 ml of iO mM
Na/K phosphgte (pH 7.5). The suspénsibn was centrifuged at 10,000 x g
for 10 min to sédiment the cells, and the supernatant (wash) was dis—
carded. In this manner the cells wefe.washed 2 or 3 times to get rid

of the alum usea to harQest the cells. The supe;natanté from these washes
were dark greén and iﬁdicated cohsidérable cell breakage in fhe processes-
of freezing, théwing; and washing the cells. The Qash“d cells were aéaiﬁ'
resuspended in 10 vaphosphate; Solid Na'ascorbéﬁe-was added to a con-
centration of 10 mM, "and the cell suspension was passed through a French
pressure cell af 20,000 psi 2 or 3 times to'bréak.the.celis and also to
break ub‘thg.vesicles. vThe“effluent from the preséﬁre cell was cehtri—
fuged for'90 min at AO,QOO xg to sediment unbroken cells and intact
vesicles. The supernatant; which is enriched in BChl relative to chloro-
bium chlorophyll,.ﬁasAthen céntrifuged oﬁ a layer'of 40szucroée (10 ml)
in a Spinco swinging bucket rotor SW27 for 22 h ac'27,doo rpm to concen—

trate the BChl-RC complex in the 40%Z sucrose. Fraétiops (1 ml) were
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LEGAL NOTICE=

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for .the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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