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Abstract—A biopolymer highly resistant to non-oxidative treatments (PRB B) occurs in the outer walls of the B race of
Botryococcus braunii. PRB B accounts for ca 10% of the total algal biomass and fulfils the usual requirements to be
regarded as a sporopollenin; however, the structural information obtained indicate it does not derive from carotenoids.
A complete lack of relationship was also noted between PRB B and the isoprenoid hydrocarbons produced in large
amount by the B race. The PRB B structure is based upon saturated, normal, hydrocarbon chains up to C,; these
chains are probably linked by ether bridges. PRB B also comprises ester and hydroxyl groups protected from external
attacks by the polymeric network. PRB B and PRB 4 (the resistant biopolymer isolated from the outer walls of the 4
race of B. braunii, which produces non-isoprenoid hydrocarbons) are not identical. Nevertheless they show the same
major structural features and belong to the same group of resistant biopolymers (probably derived from the
polymerisation of very long chain fatty acid derivatives). Analogies between PRB A and PRB B would have resulted in

the formation, via fossilization of 4 and B races, of kerogens with a similar structure and a high oil potential.

INTRODUCTION

Several species of microalgae possess an outer wall
unusually resistant to non-oxidative chemical treatments
[1-17]; it is generally assumed that such walls contain a
sporopollenin-like material. Sporopollenins are highly
resistant biopolymers, building up the outer walls, exines,
of spores and pollens [18-22] and derive from the
oxidative polymerization of carotenoids and/or caroten-
oid esters [2, 23-32]. The supposed relationship between
resistant algal outer wall constituents and sporopollenins
is usually based upon the following common features:
resistance to drastic treatments including acetolysis,
UV fluorescence, similarities in the IR spectra of the
acetolysis-resistant residues. Furthermore, in the case of
several Chlorococcales, a close connection was noted in
various strains, including mutants, between the ability to
produce secondary carotenoids and the presence of a
resistant outer wall [3, 33, 34].

A high content of resistant material, termed PRB A, was
observed [13] in the outer walls of the A race of the
hydrocarbon-rich green alga Botryococcus braunii (The A
race exclusively produces non-isoprenoid hydrocarbons
with odd carbon number from C,; to C;5; see below for a
discussion on the different races of B. braunii). PRB A
fulfilled all the usual requirements, listed above, to be
considered as a sporopollenin. The chemical features,
however, of PRB A indicated that its structure is based
upon long, unbranched, saturated hydrocarbon chains
[13, 35, 36]. Accordingly PRB A does not derive from caro-
tenoids and should not be considered as a sporopollenin.
These findings were ascertained by feeding experiments
that indicated that PRB A4 may originate from the
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polymerization of unsaturated hydrocarbons or of very
long chain unsaturated fatty acid derivatives [35]. PRB 4
thus provided what seemed to be the first example of a
new class of resistant biopolymers distinct from sporopol-
lenins. It also appeared that the criteria generally used for
identifying the resistant materials of algal walls as ‘sporo-
pollenins’ were not sufficient by themselves. (More re-
cently, resistant constituents different from sporopollen-
ins, and possibly related to PRB A, were identified in the
outer walls of lichen phycobionts [16] and in higher plant
cuticles [37].)

The first studies on B. braunii lipids [38-44] revealed
that some samples (collected in Nature and from labo-
ratory cultures) contained only odd carbon numbered,
C,3—C;,, dienic and trienic, unbranched, non-isoprenoid
hydrocarbons. In sharp contrast other samples, collected
in Nature, exclusively contained isoprenoid C;4—Cj;,
hydrocarbons, termed botryococcenes. Such differences
were initially assumed to be related to physiological state:
green actively growing cells would produce non-isopren-
oid hydrocarbons, whereas brown resting ones would
only contain botryococcenes [40]. However, on the basis
of this assumption, the complete lack of non-isoprenoid
hydrocarbons in the botrycoccenes-containing samples
seemed surprising. B. braunii being unable, under various
culture conditions, to efficiently degrade its non-isopre-
noid hydrocarbons [45]. In addition, all attempts at
obtaining botryococcene formation, by starting with
laboratory cultures producing non-isoprenoid hydrocar-
bons, were unsuccessful, even after prolonged resting
stages [46]. On the other hand green apparently actively
dividing colonies, exclusively containing botryococcenes,
were observed in Nature [47]. Finally, it was demon-
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strated that laboratory cultures of several strains, derived
from botryococcene-containing samples, formed only the
latrer hydrocarbons whatever their physiological stage,
including exponential growth [48]. These findings indi-
cated the existence of two distinct races of B. braunii,
differing in the nature of the hydrocarbons they produce
in large amounts: non-isoprenoid hydrocarbons in the A
race, botryococcenes in the B. These two races show a
similar general morphology; however the ultrastructure
of the outer walls, where hydrocarbons are formed and
stored [49], is sometimes substantially different [48-50].

In the present work the occurrence of a resistant wall
constituent was tested in the B race of B. braunii. Its
chemical structure was examined using FT IR, solid state
13C NMR and pyrolysis (spectroscopic study of pyrolysis
residues and identification of pyrolysate constituents).
Our purpose was to determine whether the major differ-
ences, in hydrocarbon chemical structure and biosyn-
thetic origin in A and B races, are paralleled by differences
in resistant wall constituents.

RESULTS AND DISCUSSION

Occurrence, localization and abundance of resistant bio-
polymer

Direct acetolysis of the algal biomass has been com-
monly used as a simple way of testing for the presence of a
resistant material in numerous species [1, 3, 6-12, 14, 15,
17]. This method affords a large amount of residue from
B. braunii, B race. However, it recently appeared that
acetolysis has two important drawbacks, (i) it may
produce artefacts, via polymerization of carotenoids and
other constituents into resistant clumps [16] and (ii) it
results in the partial acetylation of the isolated material
hampering discusston and comparison of IR spectra [13].
Therefore we employed the successive treatments, already
used for isolating PRB A from the A race [13], which
completely eliminates all the usual algal constituents
except the resistant biopolymers.

These treatments were carried out both on algae
collected in Nature (Lake Darwin, Australia; lakes
Paquemar and La Manzo, French West Indies) and from
laboratory cultures. The occurrence of a resistant consti-
tuent, termed PRB B, was demonstrated in all these
samples of B. braunii B race. (Weight losses, as % of the
initial biomass, due to the different chemical treatments
(extraction with organic solvents, saponification, action of
concentrated HyPO,) were respectively ca 45%, 30% and
15%.) Ultrastructural observations by transmission elec-
tron microscopy (Fig. 1) showed that PRB B is located in
the outer walls. The latter retain their initial shape
following the drastic chemical attacks required for isolat-
ing the resistant material, while the other colony elements
are entirely eliminated. PRB B is always a major consti-
tuent of the biomass (9-12% of the initial algal dry wt).
Similar amounts were previously obtained for PRB A4
with B. braunii, A race [13], but they are markedly higher
than the levels of resistant material reported for other
algae: 0.6% in Chiorella fusca [3] and 0.3% in Prototheca
wickerhamii [51]. These differences are consistent with the
occurrence, in the latter species, of only a single very thin
outer wall around each cell.

Silica is a major constituent of some algal walls and is
sometimes associated with a resistant organic material
[3, 52]. The complete degradation of PRB B by a strong
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Fig. 1A. A part of an untreated colony of Botryococcus braunii,

B race. Each cell is enclosed in a thin polysaccharidic inner wall

(i). The thick outer walls are aggregated, forming the general

matrix (M) of the colony. The basal part of each cell is occupied

by a chloroplast crowded with starch (Cg). The apical part of the
cells bears polysaccharidic fibrils (p). G: x 2100.

% .

! f ¢ :
e
N 5 s
By
( E ¥
4 é‘ v "
prd g ":":"\um"
A
- 4
5 " h‘f -
4
2 M - - &
—— §
]
B
18 - .

Fig. 1B. After the chemical treatments required for isolating

PRB; all colony constituents, but the outer walls, have dis-

appeared. The original organization of the matrix (M) is retained

and the original positions of the cells, now emptied, are still well
recognizable (E). G: x 4800.
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oxidizing agent, chromic actd, shows it is chiefly com-
posed of a resistant organic biopolymer. The absence or
very low level of silica in PRB B is also confirmed, see
below, by IR spectroscopy and elemental analysis.

UV fluorescence of PRB B was observed both after
treatment with primuline (secondary fluorescence) and
from untreated samples (auto-fluorescence). Following
excitation at 300-400 nm, PRB B fluoresces in the range
450-600 nm.

According to the above features, resistance to non-
oxidative treatments and UV fluorescence; PRB B may
be related either to sporopollenins or to PRB A. The
chemical structure of PRB B was therefore examined with
different methods suitable for such an insoluble and
chemically resistant material.

Chemical structure of PRB B

PRB B contains a low level of ash so that a significant
oxygen determination can be carried out [29]. The
oxygen content is markedly lower than that observed in
classical sporopollenins (Table 1) while it is similar to that
of PRB A. In fact the resistant biopolymers isolated from
the two races of B. braunii show parallel elemental
compositions, with low oxygen and high hydrogen contri-
butions. A low level of nitrogen and phosphorus is
retained in PRB B, as well as in PRB A, even after
prolonged H,PO, treatments. This may be the result of
PRB deposition on surfaces promoting polymerization
and composed, as in the case of exines [53-62], of
lipoproteins, lipopolysaccharides and mucopolysacchar-
ides. These minor constituents would be protected from
external agents by accumulations of the resistant material.

FT IR and solid state 1*C NMR observations are in
agreement with the lack of relationships between PRB B
and sporopollenins, whereas close spectroscopic features
are noted relative to PRB 4. When compared with
sporopollenins the FT IR spectrum of PRB B is character-
ized by a lower content of hydroxyl groups, a lower
content of CHj relative to CH, and the presence of long
(CH,), chains. In addition FT IR indicates the presence in
PRB B of other oxygenated functions (ether, carbonyl
and/or carboxyl) and of cis unsaturations. On the other
hand, the spectra of PRB A and PRB B are almost
identical (see [13] for PRB A FT IR spectrum and for a
complete discussion of the attributions of the different
bands).
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High resolution *C NMR (dipolar decoupling, cross
polarization and magic angle spinning) confirms the
above findings. The PRB B spectrum appears again to be
closely related to that previously described for PRB A [13,
35]). Low levels of unsaturation and of oxygenated
functions are detected. The spectrum is dominated by a
broad band at 10-50 ppm corresponding to saturated
carbons not linked to heterosubstituents. This band
shows a sharp maximum at 29 ppm (long methylenie
chains) and two shoulders centered at 15ppm and
45 ppm. However these shoulders attributed to Me
groups and to tertiary or quaternary carbons, respect-
ively, seem slightly more important in PRB B compared
to PRB A (Fig. 2).

All the above spectroscopic observations, added to
elemental composition, point to a close relationship
between the structures of PRB B and PRB A. However,
these methods only afford gross information on the nature
and relative abundance of the different functions, so a
more precise comparison was required. This was obtained
by analysis of the complex mixture obtained on pyrolysis
of PRB B.

—1 L !
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Fig. 2. Solid state '>C NMR spectrum of PRB B. A: saturated
carbons not linked to heterosubstituents; B: C—O of alcohols and
ethers; C: olefinic carbons; D: C=0 of esters.

Table 1. Elemental composition (%) of PRB B, comparison with PRB A and sporopollenins*

C H (¢} N P Ash Formulat
PRB B} 75.1 113 8.6 04 0.5 4 CyoH,6,04
PRB 4 7135 103 8.8 052 038 8 CgoH, 5605 [13]
Lycopodium clavatum spores 629 8 263 § § 3 CgoH,350,4 [13]
Lilium henryii pollen 60 79 32 § § § CooH 142036 [2]

*Only classical sporopollenins, which formation via carotenoid derivative polymerization was supported
by structural and/or biosynthetic studies, were considered here for comparison.

11In order to make easier comparison with previous results, the formulae are arbitrarily based on a Cy unit
(19) and the low levels of N and P detected are not taken into account.

I Average values, the resistant biopolymers isolated from the different samples (collected and laboratory
grown) of B. braunii, B race, showed close elemental compositions.

§Not determined.
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To derive significant structural information from pyrol-
ysis experiments it was necessary to achieve an efficient
fragmentation of the biopolymer while minimizing
secondary reactions of the products formed. This was
obtained by heating the sample at 400° under a helium
flow. The material was first heated at 300° to eliminate
products possibly adsorbed on PRB B and not removed
by the chemical treatments. The subsequent heating at
400° resulted in extensive fragmentation that yielded a
weight loss corresponding to ca 85% of the initial organic
material. The medium and low volatility products so
generated accounted for ca 45% by weight of the starting
biopolymer. (Similar quantitative observations were ob-
tained [36] by 400° pyrolysis of PRB A.) No attempt was
made to analyse the high volatility products, also formed
in large amounts, since they provide little significant
structural information.

FT IR of the pyrolysis residue shows, as expected from
the large weight loss achieved at 400°, very important
variations relative to unheated PRB B, viz., a complete
elimination of carboxyl and/or carbonyl functions (the
residual oxygen is located in ether and OH groups) and a
major decrease in both Me and CH, groups (the
720 cm ™ ! absorption due to (CH,), chains disappears), an
important aromatization. These observations are consist-
ent with a large decrease in the H/C atomic ratio of the
residue (0.46 vs 1.74 in PRB B) and with the nature of the
trapped products.

The crude pyrolysate shows a very complex compo-
sition and was first separated into three fractions by
column chromatography. These were composed, as
shown by IR and 'H NMR, of hydrocarbons, ketones and
polar compounds (chiefly fatty acids). The three fractions
account for 64, 22 and 14%, respectively, of the
pyrolysate. A similar distribution was noted in the
case of PRB A [36].

The GC trace of the total hydrocarbon fraction was still
complex, with a background of relatively minor peaks
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dominated by a regular series of doublets. A further
fractionation was therefore carried out using TLC on
AgNO,-silica gel and afforded three subfractions whose
constituents were identified (Table 2). The highest R,
subfraction (I) is exclusively composed of saturated
hydrocarbons. It is dominated (Table 2) by a regular series
(series 1) of C,;—C,, n-alkanes with a regular decrease in
intensity from C, 4 and no odd/even predominance. Series
2 shows a maxima at C,g and corresponds to a cyclo-
hexane substituted by a Cg—C,; n-alkyl chain (base peak
m/z 83 or 82). A minor series (series 3), was also detected by
selective ion detection (SID) at m/z 97 and probably
corresponds to a cyclohexane substituted both by a
methyl and a C,—C,, n-alkyl chain; however the relative
position of these two substituents was not determined.

The IR and 'HNMR spectra of the intermediate
subfraction (II) indicate the presence of aromatic struc-
tures and of trans-unsaturations. The predominant series
(series 4) was identified as C,;—C,, trans n-alkenes and
shows a maximum at C,, with no odd/even predomi-
nance. SID revealed two minor series, attributed to other
n-alkenes with a different position of trans-unsaturation.
Series 5 and 6 correspond to a cyclohexane and a methyl
cyclohexane substituted by a C4—C,s n-alkenyl chain,
respectively. Three series of alkylbenzenes (series 7-9)
were also detected. The first one (base peak m/z 91 or 92)
corresponds to monosubstitution by a normal, C¢-C,,
alky! chain. The others (base peaks m/z 105 and 106,
respectively) are attributed to an aromatic ring sub-
stituted both by one methyl and a C,—C,, chain [63].

The lowest R subfraction (III) is mainly composed of
olefins with a terminal double bond. It is dominated by a
regular series (series 10) of C,;—~C,, n-1-alkenes with a
smooth decrease in intensity from C,, and no odd/even
predominance. Several minor series attributed to other n-
alkenes were also noted, resulting from positional isomer-
ism of the double bond. Taking into account the R of (III)
this unsaturation is probably cis. Series 11 corresponds to

Table 2. Nature and relative abundance of the hydrocarbon homologous series identified in PRB B pyrolysate*

Subfraction Series Structure Carbon number range CPI{ Relative abundance}
I 1 n-Alkanes C,3Cy, 0.98 1
2 n-Alkylcyclohexanes Ci4Cyo 048
3 Methyl-n-alkylcyclohexanes Cis—Cyo 0.11
11 4 n-Alkenes (trans) C,3Cys 1.0t 0.17
5 n-Alkenyl (trans) cyclohexanes CiaCy 0.025
6 Methyl-n-alkenyl (trans) cyclohexanes C,sC,, 0.02
7 n-Alkylbenzenes Ci4Cis 0.03
8 Methyl-n-alkylbenzenes Ci4Ciya 0.03
9 Methyl-n-alkylbenzenes CiaCis 0.04
111 10 n-1-Alkenes C3Cys 1.04 0.81
11 n-1-Alkenylcyclohexanes Ci6C,2 0.23
12 Methyl-n-1-alkenylcyclohexanes C16~Cyo 0.2

*Identifications were carried out using IR, HNMR, GC and GC-MS. In some cases the analyses were also performed after
inclusion in molecular sieves and/or hydrogenation. See [36] for a complete discussion of the mass spectra of series 2, 10 and 11. Some
additional minor series were identified (corresponding to position isomerism of the double bond in cis and trans-n-alkenes) but their
carbon number range and relative abundance could not be accurately determined.

tCarbon preference Index (CPI), allowing to detect a possible odd/even predominance in the n-series, was calculated according to
[80]. In the series containing a substituted cyclohexane or benzene it is noted that the alkyl or alkenyl chains also show no odd/even

predominance.

1 The relative abundance of each homologous series was calculated, within the corresponding carbon range, with respect to the

dominant series 1.
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a cyclohexane substituted by a C,—C, ¢ n-alk-1-enyl chain.
Finally SID also disclosed a series (series 12) where the
ring is substituted, in addition, by a methyl group (m/z 97).

The nature, distribution and relative abundance of the
major hydrocarbons generated by pyrolysis provide
further information on the structure of PRB B. Taking
into account the functions identified in the biopolymer
and in its pyrolysis residue, by FT IR and !3C NMR, such
hydrocarbons may derive from the rupture of either esters
or of C—C bonds. However, different distributions would
be obtained in these two cases, ester pyrolysis would
mainly afford n-alkanes with an odd predominance
{decarboxylation of the fatty acid moiety) and n-1-alkenes
with an even dominance (alcoho! dehydration) [64-70].
However, such distributions are not.observed in series 1
and 10 which largely dominate the total hydrocarbon of
the PRB B pyrolysate. Moreover, as shown below in the
study of the polar products, no decarboxylation of the
fatty acids released by PRB B takes place under the pyro-
lytic conditions employed. Cracking of C—C bonds gener-
ates radicals which would undergo chain reactions. From
saturated hydrocarbon chains, including cross-linked
structures, the resulting hydrocarbon series (alkanes and
monounsaturated alkenes with mainly a terminal double
bond) would be characterized by (i) a smooth decrease in
intensity with carbon number, (ii) a maximal length < to
that of the initial chains, (iii) the lack of odd/even
predominance [71-76]. Normal alkanes and alkenes are
also released by C-C cracking from polycondensed
cyclohexyl structures. However, in this case, products
with specific carbon numbers (6 + 4n) dominate the differ-
ent series [77].

In the present work the lack of odd/even dominance
was noted for the different series of n-alkanes and n-
alkenes generated by PRB B pyrolysis. But their distri-
butions (maxima located in the range C,,—C,,, followed
by a smooth decrease) seemed to be different to that
expected for C—C cracking. However, the maxima merely
reflect the loss of shorter hydrocarbons during the
different steps of the fractionation. Indeed, direct analyses
of PRB B pyrolysis products, by PY/GC, clearly show a
regular decrease in intensity of the major alkane and
alkene series with carbon number. So it appears that most
of the hydrocarbons released by PRB B derive from
cracking of C—C bonds in long hydrocarbon chains. These
chains, probably cross-linked by ether bridges, are satura-
ted (as indicated by a lack of dienic hydrocarbons in the
pyrolysate) and normal, with carbon number up to C;,.
Some cyclohexanes and aromatic rings are also detected
in the hydrocarbon fraction; however, they are always
associated with long, saturated, or monounsaturated
unbranched alkyl chains. Moreover some of the aromatic
structures may have been formed by olefin cyclization and
aromatization during the heat treatment. So it appears
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that the bulk of the carbon atoms of PRB B are located in
long (CH,), chains and that the structure of the bio-
polymer is most likely based on the cross linking of such
chains.

The carbony! fraction of the pyrolysate shows a very
complex chromatogram. Furthermore, no separation in
subfractions containing a limited number of homologous
series was obtained by CC or TLC. Nevertheless, the
presence of C,,—C,s normal, saturated or monoenic
ketones, was detected. In addition some of these series
were shown, on the basis of MacLafferty rearrangement in
their mass spectra, to correspond to methyl ketones. The
formation of aliphatic ketones was observed in the
pyrolysis of different materials, including kerogens [70]
and PRB 4 [36] (the same types of ketones occur in the
pyrolysates of PRB 4 and PRB B), but thejr origin and
relationship to the initial structure are not clearly estab-
lished. Nevertheless, the formation of such ketones is
consistent with a very large contribution of long (CH,),
units in the structure of the biopolymer.

The polar fraction is chiefly composed of fatty acids
whose distribution (Table 3) is characterized by the
exclusive occurrence of even fatty acids and the lack of
very long chain (> C,,). Mono and polyunsaturated fatty
acids with cis double bonds make a substantial contri-
bution and the fraction is dominated by oleic acid.
Previous observations on model compounds [78], added
to the differences discussed above between the spectra of
unheated PRB B and pyrolysis residue, indicate that such
acids originate from the cleavage of ester bonds occurring
in PRB B. cis-Unsaturations were detected in PRB B, by
spectroscopic methods. It appears that they are located in
fatty acyl chains simply bound to the polymeric network
and not in bridging structures.

PRB B contains ester functions able to survive the
drastic saponification and acidic treatments required for
its isolation. This is probably related to steric protection
of esters by the 3-dimensional network of the biopolymer.
A similar protection takes place for the hydroxyl groups
which do not undergo dehydration during the prolonged
H,PO, treatment.

All the structural information obtained account for
the very high resistance of PRB B to chemical degra-
dation. In fact this biopolymer is based upon long,
saturated, unbranched hydrocarbon chains, probably
cross-linked by ether bridges. PRB B contains few
functions which are protected from external attacks by the
polymeric network.

Comparison of the pyrolysis products from PRB A and
PRBB

The resistant biopolymers isolated from the two races
of B. braunii show several similar spectroscopic features.

Table 3. Nature and relative abundance (%) of the fatty acids of PRB B pyrolysate; comparison
with PRB 4 [36]

Fatty acids

12:0  14:0 16:0 16:1* 18:0 18:11 18:2f 18:3§
PRBB 2 2 10 2 6 51 8 19
PRBA 4 7 25 6 8 38 4 8

* Palmitoleic acid. +Oleic acid. {Linoleic acid. §Linolenic acid.
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This relationship was confirmed by identification of the
major constituents of the pyrolysates. The same types of
ketones and the same fatty acids are released from the two
biopolymers. Some differences in relative abundances of
fatty acids are noted (Table 3), although oleic acid is
always predominant. Regarding hydrocarbons (Table 2),
alkylbenzenes (series 7-9) and methylcyclohexyl deriva-
tives (series 3, 6, 12) are detected from PRB B but not from
PRB A. These series comprise ca 14% of the total
hydrocarbons released from PRB B. Their formation
reveals structural differences and is consistent with the
variation detected by '*CNMR, viz,, more important
shoulders corresponding to methyl and to tertiary or
quaternary carbons in PRB B spectrum. However, the
major hydrocarbon series released on pyrolysis of the two
biopolymers are the same and, furthermore, they show
identical distribution and carbon number ranges. Taken
together these observations indicate that PRB 4 and PRB
B, while not identical, probably belong to the same family
of resistant biopolymers. This is in agreement with the
results of a study [79], involving feeding experiments and
lipid analysis in the two races, suggesting that both PRB 4
and PRB B are produced via polymerization of very long
chain fatty acid derivatives. These feeding experiments
also pointed to the lack of relationships between PRB B
and the terpenic constituents of the alga (including
carotenoids and botryococcenes). The present obser-
vations on the structure of PRB B, especially the domi-
nance of unbranched saturated hydrocarbon chains,
confirms that it derives neither from carotenoids (and so
cannot be considered as a sporopollenin) nor from
botryococcenes.

The presence of resistant biopolymers with fairly close
structures, in the two races of B. braunii, may have
important implications for the formation of some algal
kerogens exhibiting a high oil potential. A comparative
study [35, 36] of PRB 4, isolated from laboratory grown
B. braunii, and of an immature Torbanite (kerogen chiefly
composed of the fossil remains of Botryococcus colonies)
indicated important similarities in chemical structure.
Thus, it appeared that Torbanites were generated via the
selective preservation of the resistant biopolymer, present
in the sedimentated algal biomass, while the other consti-
tuents including hydrocarbons were almost entirely de-
graded. Accordingly due to the analogy between PRB A
and PRB B, the fossilization of the 4 and B races of B.
braunii should result, in spite of major differences in some
of the initial biomass constituents, to kerogens with quite
similar structures.

EXPERIMENTAL

The description of the samples collected from Lakes Darwin
(Australia), Paquemar and La Manzo (French West Indies), the
isolation of unialgal strains of B race from Paquemar and La
Manzo samples, the growth conditions of laboratory cultures,
were as previously reported [46, 48, 49]. .

Ultrastructural observations, isolation of PRB B by drastic
chemical treatments, direct acetolysis of the algal biomass,
oxidative degradation of PRB B, UV fluorescence, spectroscopic
studies (FT IR and CP-MAS !3C NMR), pyrolysis under a He
flow, fractionation and identification of pyrolysis products, were
carried out as previously described [13, 35, 36, 49, 50].
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