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Bacterial Carotenoids

VIII.* A Structural Scheme for the

Biosynthesis of Coloured Carotenoids
in the Photosynthetic Bacterium

Rhodospirillum rubrum
SYNN@VE LIAAEN JENSEN

Institutt for Organisk Kjemi, Norges Tekniske
Hggskole, Trondheim, Norway

In the present paper the chemical struc-
tures of some bacterial carotenoids,
already discussed in & series of papers
(Bacterial Carotenoids I—VII) in this
journal 177, are correlated with the results
of biosynthetic studies,

By kinetic studies of the carotenoid bio-
synthesis in the photosynthetic purple
bacterium Rsp. rubrum performed by
Stanier and his associates 8, it was demon-
strated that spirilloxanthin was formed at
the expense of the lycopene group (lyco-
pene and OH-lycopene) and the P481 group
(P481 and OH-P481) in a manner strongly
suggesting the sequence:

lycopene
——> P481 —>
OH-lycopene

When the present work was started the
following structures for three of these
carotenoids, namely for lycopene (I), OH-
lch}l)mene assumed to be identical with lyco-
xanthin (IT)%1° and spirilloxanthin (I1I),1,12
were largely accepted.

The transformation from lycopene (I) to
spirilloxanthin (III) through a reasonable
number of simple chemical reactions via
lycoxanthin (II) and the unknown com-
ponents P481 and OH-P481 is not easily
envisaged. The aim of the present investi-
gation therefore was to check the correct-
ness of the previously assigned structures
and to establish the structures of the un-
known components of this series. Recent
work has led to the establishment of chemi-
cal structures for spirilloxanthin (IV)213,
monodemethylated spirilloxanthin (OH-
spirilloxanthin) (V)?, rhodovibrin (OH-

* No. VII of this series Acta Chem. Scand. 14
(1960) 952.
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P481) (VI or VII)1Hs and rhodopin (OH-
lycopene) (VIII) 34, The available data for
P481 %1814 indicate the structures (IX) or
(X) for this carotenoid. From the formal
relationship between rhodovibrin (VI or
VII)and P481 (IX or X), the denomination
anhydro-rhodovibrin is suggested for P481.
Additional evidence for the identity of
lycopene from Rsp.rubrum end authentic
lycopene (I) has been provided by & quan-
titative comparative study of the iodine

spirilloxanthin
OH-P481 —>
OH.-spirilloxanthin

catalyzed equilibrium mixtures of the two
carotenoids ¢,

A structural interpretation of the bioche-
mical reactions leading from lycopene to
spirilloxanthin has been attempted by
Barber, Jackman and Weedon 13, Some of
the structures favoured by these authors,
however, were later shown to be incor-
rect 5,

The establishment of chemical structures
for the carotenoids participating in these
transformations, makes possible a more
definite interpretation in chemical terms
of the reactions involved in later steps of
carotenoid biosynthesis in Rsp. rubrum.

From the chemical structure of rhodopin
(VIII) compared to that of lycopene (I) and
anhydro-rhodovibrin (IX or X), the posi-
tion of rhodopin in the biosynthetical
sequence can be settled with reasonable
assurance. A similar inference can be made
for monodemethylated spirilloxanthin (V),
which is obviously an intermediate between
rhodovibrin (VI or VII)and spirilloxanthin
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(IV). The final biosynthetic sequence can
then be represented in the manner given
above.

The intermediate (XI or XII)ishypothetic,
and has not been isolated.

Based on the scheme depicted above the
biochemical events leading from lycopene
to spirilloxanthin can be envisaged in terms
of three simple reactions, the sequence of
which reflects the relative rates with
which they proceed:

A. Addition of H,0 to an ¢sopropylidene
double bond with the formation of a tertiary
alcohol,

B. Introduction of an additional double
bond either in conjugation with the double
bond chain at the same side as the hydro-
xyl group, or as an q,w-dehydrogenation.
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C. Methylation of the tertiary hydroxyl
group.
To explain the formation of rhodopin, it is
assumed that reaction A is faster than reac-
tion B. The kinetic evidence?® further
reveals that the reactions B and C proceed
with very similar rates. Thus neither pro-
ducts of the type (XI or XII), expected as
intermediates if reaction B were faster than
reaction C, nor a methylated rhodopin
(XIII) or methylated rhodovibrin (XIV or
XYV), predicted as intermediates in the
opposite case, have been isolated. More-
over, monodemethylated spirilloxanthin
(V) has been isolated only in very small
amounts.
The compounds (XI or XII), (XIII), and
(XIV or XV) would, however, in the non-
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crystalline state be difficult to distinguish
from rhodovibrin, lycopene and anhydro-
rhodovibrin respectively. The given sequ-
ence of the successive steps B and C is
based on the isolation of monodemethylat-
ed spirilloxanthin, The suggestion that the
methylation reaction C, which is dependent
on the availability of intracellular methyl
donors is slower than the oxidation reac-
tion B, seems also the more plausible.

Biological hydroxylation mechanisms
have been discussed by Hunt, Hughes
and Lowenstein ¥ and by Massart and
Vercauteren 18, Analogies for the net reac-
tion (addition of H,O to a carbon-carbon
double bond) involved ir the hydroxyla-
tion of lycopene and anhydro-rhodovibrin
can be found among the common metaboli-
tes such as the transformation of fumaric
to malic acid and the conversion of cus-
aconitic acid to citric acid or #socitric acid.
Another example is the hydroxylation of
nicotinic acid in Pseudomonas fluorescens?s,
In the cases mentioned as examples above
the oxygen atom of the hydroxyl group is
derived from water (another possibility is
gageous oxygen), and at least in the two
first cases well characterized enzymes ?
are responsible for the transformation,.

It can be concluded that the supernumer-
ary carbon atoms in the methoxyl groups
of anhydro-rhodovibrin, rhodovibrin, mo-
nodemethylated spirilloxanthin and spi-
rilloxanthin are introduced by methyla-
tion of preceding hydroxy intermediates.
It is of interest in this respect to note that
transmethylation is a well-known and wide-
spred biological reaction %, contrary to
transmethoxylation which apparently has
not been demonstrated. Recent investiga-
tions using labelled carbon have revealed
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that the methyl moiety of the methoxyl
groups in the alkaloid ricinin (Ricinus
communis) *, in the lignin of tobacco leaves
and barley 2 and also in mycophenolic acid
(Penicillium brevi-compactum) *! are synthe-
sized in vivo by transmethylation. These
observations are taken to indicate a rather
universal occurrence of this type of reaction
in living organisms. Braithwaite and Good-
win 2 have also favoured the view that the
methoxyl groups of spirilloxanthin were
introduced by transmethylation,

The establishment of chemical structures
for the carotenoids participating in the
biochemical transformation of lycopene to
spirilloxanthin, unfortunately does not give
any hint to the general mechanism for
extension of the conjugated double bond
chain, The oxidation reaction B seems to
proceed rapidly, leaving no detectable
intermediates behind.

A discussion of the path of carotenoid
biosynthesis in Athiorhodaceae in general
will be published elsewhere.
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Moss Anthocyanins
GERD BENDZ and OLLE MARTENSSON
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and Pharmacia, Research Laboratories,
Uppsala, Sweden

Jrom the red moss, Bryum cryophilum O.

Mart. (B. obtusifolium Lindb.) two cry-
stalline anthocyanins have been isolated
and by means of cellulose column chroma-
tography separated from each other. One
of these anthocyanins occurs in about
0.5 9% of the dry weight of the moss whereas
the other one occurs in & much smaller
concentration, hence the latter has been
investigated mainly chromatographically.

On acid hydrolysis, the two anthocyanins
yield the same aglycone (identical absorp-
tion spectra, chromatographic data and
colour reactions) and, according to the
paper chromatogram, only one sugar, viz.
glucose. The aglycone has been identified
as luteolinidin  (3/,4,5,7-tetrahydroxy-
flavylium chloride) 2, by comparing its
spectral and chromatographic data as well
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as its characteristic colour reactions with
those of a synthetic sample 2,

By treating the anthocyanin occurring
most abundantly with hydrochloric acid
for a few minutes, a mixture of pigments
is obtained. When this mixture is chroma-
tographed on paper in 1 % of hydrochloric
acid it gives three spots, one of which has
the same Rp-value as the unchanged pig-
ment (0.44) and another the same as the
anthocyanidin (0.03). The third spot has
the same Rp-value (0.13) and the same
colour as those of the other isolated antho-
cyanin. Furthermore, this latter gives on
partial hydrolysis only two spots having
Rp-values of 0.13 and 0.03, corresponding
to the unchanged pigment and to the agly-
cone, respectively. These facts indicate
that the first anthocyanin is a bioside and
the second one is the corresponding mono-
side 4,

According to Harborne ¢, anthocyanins
with a free hydroxyl group in the 5-position
have higher absorption intensity in the
region 410—450 my than those having a
substituted hydroxyl group in this position.
Since the ratios of the optical density at
440 mu compared to that at the wave-
length of maximal absorption (H/Fpax)
for the isolated anthocyanins are only half
those of the corresponding anthocyanidins,
the two anthocyanins ought to be luteolini-
din-5-diglucoside and luteolinidin-5-mono-
glucoside.

A detailed report will appear later else-
where.
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