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Abstract—The green microalga Botryococcus braunii race B accumulates two types of triterpenoid hydrocarbons, botryococcenes
and tetramethylsqualene. Both triterpenoids are synthesized via the non-mevalonate pathway.
© 2003 Elsevier Ltd. All rights reserved.

Botryococcus braunii is a unicellular green microalga
that produces a substantial amount of liquid hydrocar-
bons and is classified into three races A, B and L,
depending on the types of hydrocarbons produced.1

The B race produces two types of triterpene hydrocar-
bons, botryococcenes (CnH2n–10, n=30–37), as the
major hydrocarbon component and small amounts of
methylated squalenes.2 This race is promising as
resources for renewable fuels or fine chemicals because
the total amount of these triterpenes accounts for from
10 to 86% of algal dry weight.3 There are various
homologues of botryococcenes which are derived from
the parent C30 botryococcene (1) by successive methyla-
tion up to C34 with S-adenosylmethionine.4 Both botry-
ococcene and squalene are derived from the isoprenoid
pathway with a common backbone of two C15 farnesyl
residues. While it is well established that squalene (2) is
derived from the condensation of two molecules of
farnesyl diphosphate (FPP), the actual farnesyl precur-
sors for 1 are not known.5 Nevertheless the B race of B.
braunii must have a system to efficiently supply isopen-
tenyl diphosphate (IPP) and its isomer dimethylallyl
diphosphate (DMAPP), the universal precursors for
isoprenoid biosynthesis, to produce such a large
amount of triterpenes.

IPP and DMAPP are synthesized either via the classical
mevalonate (MVA) pathway or the non-mevalonate
pathway in which 2-C-methyl-D-erythritol 4-phosphate
(MEP) is the first committed intermediate.6 In higher
plants and several algae there is a compartmentation of
isoprenoid biosynthesis.7 The MVA pathway is used to
produce triterpenes or sterols in the cytosol, whereas
the non-mevalonate pathway is used for the production
of isoprenoids like carotenoids and phytol in the plas-
tids. Green algae such as Scenedesmus obliquus,
Chlamydomonas reinhardtii and Chlorella fusca, how-
ever, generally possess only the non-mevalonate path-
way which is utilized to synthesize sterols.8 B. braunii is
also a member of green algae. Though the level of
incorporation of MVA into botryococcenes was low in
an earlier study, it is not known whether this alga
utilizes only the non-mevalonate pathway for the mass-
production of its specific triterpenes.9 Thus we investi-
gated which pathway of IPP biosynthesis is utilized for
the production of botryococcenes and methylated
squalenes. One of the B race of this alga, the Berkeley
(Showa) strain, was fed with [1-13C] glucose and the
labeling pattern of these triterpenes from the alga was
analyzed by means of 13C NMR spectroscopy.10–12 The
labeling pattern of 1 indicated that all carbon atoms
derived from C-1 and C-5 of IPP and DMAPP were
labeled with a mean isotopic abundance of 5.2%.13 Such
a labeling pattern corresponded to the isoprenoid
biosynthesis from [1-13C] glucose via glycolysis and the
non-mevalonate pathway (Fig. 1). We also analyzed
13C-labeling pattern of a C34 botryococcene (3) that was
the most abundant component in the Berkeley strain.
All carbon atoms derived from C-1 and C-5 of IPP and
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Figure 1. Biosynthesis of botryococcenes and tetramethylsqualene from D-[1-13C] glucose via glycolysis and the non-mevalonate
pathway.

DMAPP in this compound were labeled with a mean
isotopic abundance of 1.9%.14 The level of enrichment
by [1-13C] glucose found in 3 was rather lower than that
in 1. A possible explanation for this low enrichment is
that compound 3 is an end product in this strain that
has already accumulated in the algae before the feeding
experiment started. Thus the newly synthesized
molecules of 3 from [1-13C] glucose represented less of
the total 3 purified. We also analyzed 13C-labeling
pattern of tetramethylsqualene (4). All 13C NMR sig-
nals corresponding to C-1 and C-5 of the isoprene units
were significantly enhanced with a mean isotopic abun-
dance of 1.8% in a similar way to 3.15 The relatively less
isotopic abundance could be explained by the same
reason as for 3. Thus, 4 was also synthesized via the
non-mevalonate pathway (Fig. 1).

We could not detect contribution of the MVA pathway
to the biosynthesis of these triterpenes in the B race of
B. braunii under the conditions in this study. It is

interesting that B. braunii supplies all isoprene units to
produce such large amounts of triterpenoids by only
the non-mevalonate pathway since this pathway is com-
posed of many more reaction steps than the MVA
pathway. B. braunii might have a particular mechanism
in order to produce IPP units efficiently. These IPP
units are synthesized from solar energy and environ-
mental carbon dioxide because this alga is a photosyn-
thetic organism. Thus the particular mechanism in this
alga to produce IPP units might be very useful for
green sustainable chemistry.
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