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A new thermophilic bacterium Chlorobium tepidum contained

two major bacteriochlorophyll ¢ components whose periphery
substituent at 4-position was either an ethyl or a propyl
group. Both components possessed ethyl groups at 5-position

and the ester alkyl groups at 7-position were farnesyl groups.

Recently a thermophilic green sulfur bacterium has been found and

1)

named "Chlorobium tepidum". Green photosynthetic bacteria are character-

2-3)

ized by a unique antenna complex known as a chlorosome. Chlorosomes
contain bacteriochlorophyll (BChl) ¢ as the major pigment and also have
proteins, carotenoids and a small amount of BChl a.w) BChl ¢ of chloro-

somes isolated from the thermophilic green bacterium Chlorobium (C.) tepi-

dum has an absorption maximum at 740 nm, which is greatly red-shifted from
668 nm of BChl c¢ in polar organic solvents. This may be attributable to

the aggregation structure of the pigments.4’5)

Recently, varieties in the
structures and structural adjustment for environmental conditions, which
result in spectral red shifts in the near infrared band, have been report-
ed.4s5) BChl c¢'s in chlorosomes are known to be a mixture of several

homologues.6_8)

We have analyzed the pigment composition and identified
structures of the major components of BChl c¢'s in chlorosomes from the
thermophilic green sulfur bacterium C. tepidum.

C. tepidum was grown and its chlorosomes were isolated by using meth-
ods similar to those previously reported.1'9) BChl ¢ was extracted with
methanol (or chloroform) and purified as previously described.8'1o) HPLC
(Toso Bio-LC system ) with ODS (TSKgel ODS—SOTM) column was used for
fractionation to the components. The elusion solvent was composed of

1

methanol and water with a volume ratio of 96 : 4. H NMR spectra were re-

corded on a Bruker MSL400 FT NMR spectrometer equipped with a dual probe
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1

for 'H and 13C.

Figure 1 shows an elusion
profile of the pigment solu-
tion after extraction from
freeze-dried cell' and purifi-
cation by hexane precipita-
tion. Two major components
exist with numerous minor
components. The two major
(called HPLC1
this letter),
two relatively larger peaks
(designated by @ and @ )

spectra

fractions and

HPLCZ2 1in and

showed absorption
which are characteristic of
BChl c¢
(Figure 2 for HPLCI
not shown for HPLCZ,
@ and @ ). Thus all four frac-
tions
at 668.5 and 435.0 (+ 0.5) nm.

indi-

in methanol solution
and data

fractions
have absorption maxima

These absorption peaks
cate that all four fractions
have the fundamental BChl c
conjugate systems. Many other

minor components also showed

similar absorption maxima.
Therefore it revealed that the
chlorosomes from the thermo-
philic green sulfur bacterium
C. tepidum have two major
BChl ¢ components with many
minor ones.
One dimensional and two

(cosy) 'H NMR

spectra were observed for

dimensional

structural determination of

HPLC1 and HPLC2Z2, the
results were shown in Figs. 3
and 4 for HPLC1.

(data not shown).

and

Tables 1

Fig.

1.
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Fig. 2. Absorption spectrum for HPLC1.
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Fig. 3. H NMR spectrum of the HPLCI

sample in deuterated methanol.

and 2 summarize

% Homonuclear decoupling NMR spectra were also observed

Ty NMR assignments obtained
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from all these data along with those in literature.

trates the structures

derived from them.

8)
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Fig. 4. 'H COSY NMR of the HPLCI Fig. 5. Structures of BChl c's.

sample in deuterated methanol.

Table 1. 'H NMR Assignment for HPLC1 Table 2. 'H NMR Assignment for HPLC2
Chemical Multi- Assignment Chemical Multi- Assignment
shift(ppm) plicity shift(ppm) plicity

9.57 * s a-H 9,57 * S a-H

9.37 * s B-H 9,35 * s B-H

6.21 * g 2a-CH 6,22 * % 2a-~CH
5.03 * A 10-CH, 5.05 * A 10-CH,
4,91 m £f2-CH 4.90 m £2-CH
4.82 m £6,f10-CH 4.83 m £6,£10-CH
4,50 * o] -CH 4,51 * q -CH
4.20 m £1-CH, 4.22 m f1-CH,
4.00 * dd 7-CH 4.02 * dd 7-CH
3.92 q 5a-CH, 3.93 q 5a-CH,
3.70 * s §-CHZ 3.72 * s §-CH3
3.66 * q 4a-CH; 3.62 q 4a-CH3
3.21 * S la-CH3 3.24 * S la-CH3
3.15 * s 3a-CH3 3.15 * s 3a-CH3
2.35 x m 7b-CH> 2.39 * m 7b-CH3
2.07 * m 7a-CH5 2.08 * m 7a-CH5
1.97 * d 2b-CHS 2.08 5 4b-CH5
1.82 m f£4,f5,£9-CH; 1.99 * d 2b-CH%
1.77 t 5b-CH% 1.83 m £4,£5,£9-CHy
1.70 m £8-CH> 1.78 t 5b-CH3
1.60 * t 4b-CHZ 1.72 m £8-CH>
1.44 s f7a—CH3 1.48 S f7a—CH3
1.42 s f3a-CH3 1.42 s f3a-CHx
1.40 * d 8a-CHz 1.40 * d 8a-CH3
1.37 s £11a-CH3 1.37 s f1la-CH3
1.33 s £12a-CH3 1'?% % £12a-CH3
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The 'H NMR signals with * signs in Tables 1 and 2 are in agreement

with those from BChl ¢ of Chloroflexus (C.) aurantiacus chlorosome fraction

1.8) Our results are also consistent with the present "H NMR observation of
COSY, homonuclear decoupling and integration values of the signals. Hence
these data demonstrate the presence of the basic BChl ¢ conjugate struc-
tures in HPLC1 and HPLC2. Differences in structures among BChl c¢'s from C.
aurantiacus, and C. tepidum were observed in the substituents at 4-, 5-,
and 7-positions. The substituent at the 4-position in HPLC1 was determined
as an ethyl group from the signals at 3.66 ppm (guartet) 4a-CH, and 1.60
ppm (triplet) 4b—CH3. While the substituent at the 4-position in HPLC2 was
TH NMR signals at 3.62 ppm
(triplet) 4a-CH,, 2.08 ppm (quintet) 4b-CH,, and 1.15 ppm (triplet) 4c-CHjy.
The substituents at 5-position for both HPLC1 and HPLC2Z were revealed to be

found to be a propyl group on the basis of the

ethyl groups from the signals at 3.92 (3.93) ppm (quartet) 5a-CH, and 1.77
(1.78) ppm (triplet) 5b—CH3. The candidates for the alcohol group which
esterified with the propionic acid at the 7-position are farnesyl, phytyl,

stearyl. Only a farnesyl group gives the 1

H NMR signals which are consist-
ent with the observed signals with assignments given in Tables 1 and 2 like
f2-CH (farnesyl number 2 carbon CH) etc.

In conclusion we have shown that the thermophilic green sulfur bacte-
rium C. tepidum has two major BChl c¢ components in its chlorosomes with
TH NMR investigation disclosed that HPLC1

and HPLC2 have the basic BChl ¢ conjugate structures with a farnesyl ester

several minor BChl ¢ fractions.

at the 7-position, and an ethyl group at the 5-position. At the 4-position
HPLC1 possesses an ethyl group and HPLC2 has a propyl group.
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