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Bacteriochlorophyll-c Formation via the Glutamate C-5 Pathway in Chlorobium

Bacteria
Kevin M. Smith* and Michael S. Huster

Department of Chemistry, University of California, Davis, California 95616, U.S.A.

Using carbon-14 and carbon-13 labelled glycine and glutamate, biosynthesis of 8-aminolevulinic acid in Chlorobium
vibrioforme (strain D), a bacteriochlorophyll-c producing bacterium, is shown to proceed via the so-called C-5
pathway; glycine is incorporated into the bacteriochlorophylis-c, but only into the meso-methyl and 4- and

5-side-chains by way of methionine.

There now exists abundant evidence to confirm that &-
aminolevulinic acid (ALA) is biosynthesized via the C-5
glutamate pathway for incorporation into plant chlorophylls,
rather than by the ALA synthase (EC 2.3.1.27) ‘Shemin’
pathway via glycine and succinate precursors.! Indeed,
exclusive operation of the C-5 pathway in tetrapyrrole
biosynthesis in plants has recently been demonstrated,? and
ALA has been shown to be derived from glutamate in certain
algae.3 ALA synthase activity has been demonstrated in a
variety of photosynthetic and non-photosynthetic bacteria,*
but recently bacteriochlorophyll-a (BChl-a) formation in
Chromatium has been shown to proceed via the C-5 pathway.>
In this paper we further demonstrate the biosynthetic similar-
ity between plants and bacteria, and show that biosynthesis of
BChl-c (1) in Chlorobium vibrioforme (strain D)6 occurs also
via the C-5 glutamate pathway.

The Chlorobium bacteria were cultured in the normal way’
in the presence of either L-[1-14C]glutamate or [2-14C]glycine
to give the BChl-c. Incorporation of C-1-labelled glutamate or
C-2-labelled glycine, through ALA, into the BChl-c should
give labelling of the carbon atoms circled in (2). Both
glutamate (1.6%) and glycine (0.6%) were incorporated? into

+ Chlorobium vibrioforme normally produces BChl-d, but the U. C.
Davis strain has undergone¢ a light-dependent adaptation/selection
such that it now produces mostly (>85%) BChl-c (1). Approximate
h.p.l.c. analysis shows that 14% of the BChl-c pigments in the Davis
strain have R = Et, 64% R = Prn, and 22% R = Bui.

} Incorporation = 100 X (counts isolated/counts fed)%. These
carbon-14 feedings were not further optimized.
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Figure 1. Carbon-13 n.m.r. spectra (90 MHz; Nicolet NT-360), in CDCls, of the Bmph-c§ from Chlorobium vibrioforme (Strain D) grown (a)
without any carbon-enriched source; (b) with 99% enriched p,L-[1-13C]glutamate; (c) with 99% enriched [2-12C]glycine. Incorporations of
carbon-13 are indicated with black circles for C-1 of glutamate and black squares for C-2 of glycine on the appropriate spectra. Multiple
enriched peaks in the glutamate spectra are due to the presence of three pigments varying in the 4-substituent (R = Et, Prn, or Bui), and by
minor amounts (<15%) of the Bmph-d.t Assignments are based on previous literature work8.® and on proton coupled spectra. Assignments of
enriched peaks in Figure 1(c) are 4-CH,CH(CH,),, 23.21; &-meso-CH,, 20.47; 5-CH,CH,, 16.82; 4-CH,CH,CH,, 14.46. The
enhanced peak in Figure 1(c) at 30.76 is assigned to the terminal methyl groups of a 5-neopentyl substituent,? but final confirmation of this

assignment must await h.p.l.c. separations.

the methyl bacteriopheophorbides-c [Bmph-c, (3)] isolated$§
from the feeding experiments.

These apparent incorporations indicated the possible opera-
tion of a dual pathway. Since incorporations were significant,
the two experiments were repeated with 99% b,L-[1-13C]-

§ The cells were filtered off on Celite and treated with acetone to
release the pigments which, after evaporation, were treated with 5%
sulphuric acid in methanol to give (3) after chromatography.

glutamate and 99% [2-13C]glycine (ICN Biomedical). Figure
1a shows the natural abundance carbon-13 n.m.r. spectrum of
the mixture of Bmph-c produced by this strain of bacteria.
Figure 1b shows the spectrum from the carbon-13 enriched
glutamate feeding; on the basis of our previously published
carbon-13 assignments8. it is clear that the 1-carbon of
glutamate is incorporated into the macrocyclic carbon skele-
ton (2) of the BChl-c, and therefore, via the C-5 pathway, into
ALA. In contrast, the glycine feeding resulted (Figure 1c) in
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enrichment8.9 of only the meso-methyl, the terminal carbons
of the 4-propyl and 4-isobutyl, and the terminal carbon of the
5-ethyl group [structure (4)]. In expanded spectra, no
evidence for incorporation of the C-2 of glycine into the
skeleton [meso or quaternary carbons, as in structure (2)] was
apparent.

Incorporation of glycine into the (methionine derived)
10-methoxycarbonyl methyl ester of BChl-a in Chromatium
has previously been demonstrated.5 Since we have already
shown?® by carbon-13 labelling that the extra methyl groups in
the BChl-c are derived from methionine, our present work
represents yet another example of incorporation of the
2-carbon in glycine via methionine, and an extremely efficient
(Figure 1c) cross-over between these two one-carbon meta-
bolic pathways in the Chlorobiaceae.

Added in proof: Oh-hama and coworkers (Eur. J. Bio-
chem., 1986, 159, 189) have very recently demonstrated that
the BChl-c from Prosthecochloris aestuarii are derived by the
C-5 pathway, in accord with our findings for Chlorobium
vibrioforme. However, they state, contrary to our findings
(Figure 1c), that methionine biosynthesis from the C-2 of
glycine is not operating in Prosthecochloris. Work in hand will
reveal whether the difference in results is due to experimental
conditions or due to differences in the strains of bacteria used
in the two separate studies.
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