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.. ABSTRACT

'The neutral lipids of nine species of methanogenié bacteria, two
thermoacidophiiés, two alkalinophiles and:20 algal samples were analyzed.
The majér components were C;Q, Cos, and/or Cy¢ acyclic isoprenoid hydro-
carbons with a continuoﬁs range of hydroisoprenoid>homologueé. The
_range or acyclic isopfenoids detected_weré from C;j4 to C3p. The neutral
lipid composition from these bactéria, man& of which éxist in environ-
mental conditions like those described for various evolutiénary stages
of the archaen ecology, resemblebthe isoprenoid distribution isolated
from ancient sediments and petroleum. “Therefore, these findings méy
have major implications to biologicalland biogeochemical evolution. In
this congection, samplés and céres from ancient sediments and future-
fossil fuel source beds are being aﬁalysed for these neutral lipids as
well a; the more polar isopranyi glycerol¥éther lipids. Thé derivation
of fossil fuels and the biomass accumﬁlationé are the focal points of
this phase of the study.

Anéient and recent sediments, future source beds and.local estu-
raries, are being enriched for microorgénisms to establish a range and
capability profile for hydrocarbon production.. Diverse mixtures of
algae and baéteria have been isolatedi Only a relatively small percent
of the microorganismé isolated demoﬁstrated the ability to synthesize
hydrocarbons; however, one particﬁlar algal iéolate demonstrated, in
ﬁreliminary studies, that it can synthesizé hydrocarbons while in a
green physiological stage that can account for more that 107 of i1its cell

weight. Greater production is expected in the brown phase of growth.




Hydrocarbon biosynthesis studies were conducted in an attempt to

‘better understand the conditions réquired to maximize hydrocarbon pro-

duction. The program involved physical-and chemical parameters as well

‘as assays of specifically labelled precusors (Ketones, secondary alcohols,

aldehydes, different glycerol ethers and perbxides) with a cell free

enzyme system to measure their conversions to hydrocarbons. The results

- have indicated a complex one enzyme system is involved in condensation

and reduction of two fatty acids into hydrocarbons.




. Purpose

The proposed research was directed tbwgrds establishing a basis
for the development of a microbiél system for the commercial‘production
of oily hydrocarboﬁs. The proposed study consists of fhree parts: that
dealing with screening of microorganisms for those that have the higheét
hydrocarbon producing potential; that dealing with physical-éhemical
factors on efficiency of hydrocarbon production; and the genetic basis

of hydrocarbon production.

Progress Report

The efforts of our first two years of our proposed four year

_ program have been concentrated on screening of microbial systems for

hydrocarbon producers and on the efficiency of hydrocarbon production.
This report will, therefore, concentrate on these two parts.
A.  Screening of microorganisms for hydrocarbon ﬁroduction;

A'portion of the results obtained frdm the analyses of neutral
1ipid contents of microorganisms has been published (reprints enclosed),
and the detailed data will not be repeated here.'

The significance of the data reported in the five (5) publications
is visualized in the similarities of ;he isoprenoid patterns of the
Archaebacteria (Methanogens,.Halophile and.the;moacidopﬁiles) to those
found in ancient sediments and fossil fuels. These data provide evidence
that many and perhaps all of the isoprenoid markers in sediments were
synthesized by microorganism and fhét these markers were probably not
derived via geological maturation. |

The following data are being compilea in manuscript form for

consideration for publications. The emphasis 1s on the detalled struc-
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tural characterization of the neutral lipid components and the compari-
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son of the structures to those isolated from sediments. The methyl
lbranched hydroéarbons extracted frgm the'micfoorganisms aré listed in
Taﬁle 1. The genealogical and biochemical significance of some of these
findings has been reported in the enclosed reprints. In the following
lines we‘will discuss the mass Speétral evidence showing that the iso-
'prenoids in sediments and petroleum could have been directly synthesized
by methanogens, thermoacidophiles, halobacteria as well as other related
microorganisms. |

The mass spectrum of the CjsH3, isoprenoid hydroéarboﬁ, isolated
from Thermoplasma, is shown in Fig. 1. The major fragments indicate a
regular head to tail structure. The mass spectrum is identical to a
Ciys-isoprenoid isolated from‘the Windy Knoll bitumen (Derbyshire,
England) and 1at§r identified as‘2,6;10—triméthyldodecane. A regular
head to tail structure is also assigned to the CjgH3, isoprenoid (Fig.
2).. A-C16 isoprenoid monoene, isolated from Sulfolobus, was found to
have also the regular head to tail skeleton. In addition, a Cig—iso
alkane was isolated from Thermoplasma (Fig. 3b). The mass spectrum of
this compound is comp;red with a Cjg—iso alkane standard (2-methylpen-
tadecane) (Fig. 3a.). |

The mass spectrum of4a C17—isoprenoid isolated from a Sulfolobus
sﬁ. is shown in Fig. 4. There are indications that this isoprenoid has
a regular head to tail structure correSponding to a 2,6,10-trimethyl-
tetfadecane}

The mass spectrum recorded in Fig. 4 is very similar to those

reported for C)y-isoprenoids isclated from petroleum and sediments. A



017—isoélkane was identified in the neutral lipids content of Thermo-

plasma (Fig. 3d). 1Its mass spectrﬁﬁ'is compared to a standard Cj;7-iso

“alkane (Fig. 3c).

!

The GLC retention values and the mass spectra of the Cjg~isoprenoids

isolated from Sulfolobus and Thermoplasma were identical. A C1g compound

" obtained from M. vannielii howevér,Ahad different mass spectral charac- -

téristics, the results Qf which érg not fully understood. The fragmen-
tation pétﬁern of the standard norp?istane and of the C)g-isoprenoids
from Thermoplasma and Sulfolobus are shéwn in Figs.‘5 (a-c). The
doublet at m/e 98 and 99, indicating the presence of a long straight
chain and the ﬁajor fragments at m/e'113; 169 and 183, are consistent
with the structure of 2,6,lO—trimethylpentadecane. The fragmentation

patterns presented in Fig. 5a-c are very similar to those reported in

the literature for Cj;g-isoprenoids isolated from shales and oils. ..

" Pristane (2,6,10,14—tetraﬁéthylpentadecane) was detecfed in the
neﬁfral lipid coﬁtent of Thermoplasma, Sulfolobus, Sulfolobus sp.,
M;’Qanniélii!énd M. strain PS. The identification of the Cj g-isoprenoids
was done by éompafisoﬁ of GC retention and mass spectral data with those
of authéntic pristane; ‘in addition,lmass“spectral evidence for a Cjgqo-

iso-alkane from Thermoplasma was obtained (Fig. 3e). Phytane (CpqHy)

was detected in the extracts of M. strain M.0.H. and Thermoplasma. A

variety of other unsaturated (or cyclic) Cao-isoprenoids were also iso-
lafed.

A Cp1-1isoprenoild was isolatedAfrém Sulfolobus, and its mass spec-
tfum is given in Fig. 6. The mass spectra of the isopfenoids is similar

to that identified in Precambrians sediments, except that the head to

‘tail structure showed a fragment at m/e 253, which cannot be formed from
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the tail to tail structure (2,6,10, 15-tetramethylheptadecane). On the
basis of‘the m/e 253 peak, which is clearly preseht in the mass speétrum

of the Cz%-isbprenoid from Sulfolobus, we suggest the structure 2,6,10,24~

tetramethylheptadecane. This same stfucture, was assigned to the Cj;-

isopfenoid isolaﬁed from Precambrian sediments..

The mass séectrum of the Cay-isoprenoid isolated from Sulfolobus'
is presented in Fig; 7. 1Its fragmentafion pattern is practically iden-
ticai to those reported in the literature for a regular Coy-isoprenoid.

The mass spectra of the C25—isopfenbid of M. thermoautotrophicumv
and M. barkeri are practically idenfical and are shown in Fig. 8b and
Fig. 8c. The major fragments of the Sulfoldbgs isoprenoid seems to be a
regular héad to head structure.

| The structure of 2,6,10,15,19—pentaﬁethylcosane was assigned to
the fragmenfation pattern of the 0251136prenoids.in Figs. 8b and 8c.
The monounsaturated Czs;isoprenoid isoiated from M. barkeri cbnsists of a
2,6;1b,15,19—pentametbylcoséne skeleton.

The mass spectrum of the C,g-isoprenoid, isolated from Sﬁlfolobus,
is presented:in Fig. 9. 'On the basis of the intense m/e peaks, a
regplar head to tail structure was assigned. The Cyg-isoprenoid (Fig.
10) is also believed to have the regular head to tail skeleton. For the
saturated ng;isoprenoid from Sﬁlfolobus; there is only chromatographic
evidence; however, a mass spectrum of tﬁe corresponding Cjg-monoene was
obtained. It showed intense peaks at m/e 56, 126, 196, 266, 336 and 406
which are an indication of a regular héad to tail‘s£ructure.

From the large number of mass spectra obtained for various C3g-

- isoprenoids, we selected a few for discussion. 1In Fig. 1la is the mass

spectrum of ‘the C3p-isoprenoid from Sulfolobus. The fragmentation
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supports a regular head to tail structure. On the basis of arguments

developed earlier for the regular Cys-isoprenoid (Fig. 8a), a 2,6,10,

B TP A T TTE, TPy

14,18;23-hexamethyltetracosane skeleton can be ruled out since a peak at
m/e 379 (M-43) i; not obser§ed. Thus, a regular head to tail structure
seems likely for the C3g-isoprenoid. The mass spéctrum of the Cj3q-
isobfenoid monoene, isolated from the-same source, shows a strong molecu-
» lar ion peak gt m/e 420 and major fragménts at m/e 126, 140, 196, 210,
252, 266, 280 and 336 suggesting also a 2,6,10,14,18,23-hexamethyltetraco~
sane skeleton.

The mass spectrum of squalene (2,6,10,15,19,23-hexamethyltetracosane)
is shown in Fig. 11b. The coﬁpound exhibits the expected fragmentation
ﬁattern. Thé mass spectrum of the-correéponding Cgo—isoprenoid monoene
isolated from M. ruminantium M-1 revéals a 2,6,10,15,19,23-hexamethyltety-
acosane.

' There was solid evidence that the phytol side chéin of chlorophyll

is a biological precursor to phytane, one of the abundant isoprenoids

found in sed&ments and petroleﬁm._ The formation of the lower isoprenoids
from phytol waé believed to occur through a series of oxidation, reduc-
tion or cracking mechanisms, which was assumed to be prevalent in the
geological environment. Although it is known from diagenesis experiments
that microbial activity or high subsurface temperétures can alter the
‘chemical integrity of compounds such as pﬁytol, therelié no experimental
evidence which assesses the role of these factors on the distribution of
iséprenoids in sediments and pegroleum. Our present study shows that

the méjority of these isoprenoids are pfesentAas neutral lipids or

intermediate metabolites in the microorganisms.




In Table 2, the cellular lipids are compared to a éeries of iso-
prenoids isoiated from geological samples up'to 2.7 X 10° years old.
The isoprenoids of both groups are in the same carbon range. All com-
pounds listed (Table 2) have a reéulaf head to tail'structure except for
squalane or sdualene which have resulted from a tail to tail condensa-
tion of two farnesyl residues. |

Squalene and hydrosqualenes are the major isoprenoid in most
methanogenic bacteria (Table . Thé fully hydrogenated form, squalane,
has been identified in Nigeriah~petroleum. Squalane is one of the few
isoprenoids in sediments or petroleum known to have a tail to tail
skeleton like thdse predominantly found the methanogens. A C30—isopfenoid
structure with a reguiar head to tail skéleton was reported in Bell
Creek crude oil. Compounds structura}ly similar to this are synthesized
by‘SﬁlfoloBﬁs. The identified isoprenoids. from Sulfolobus in the range
from C;g to C3g are of the reéular Heéd to taill skeleton; there was no
evidencesAfor the formation of the irregular tail to tail structure. Of

further interest is the isolation of a Cjy-isoprenoid from Sulfolobus

sp. as well as from ancient sediments. This hydrocarbon is less likely

to be generated from phytane in a diagenetic pathway because it would
invoive the cleaﬁage of two carboﬁ—carbon bonds.

As minor éomponents, several'iso—alkanés héve beén iéolated from
Thermoplasma (iso-Cj¢,~C;7,-C19). These compounds which are also known
to occur in algae have‘beén detected in various sediments. Besides the
branched hydrocarbons, which are the major constituﬁents of the examined
microorganisﬁs, several other groups of subétances were detected.
Various samples contained a sequence of methyl branched fatty acids;
cyclic terpenoids, wereAfound in two samples, as well as an entire

series of methyl branched alkylbenzenes.



In conclusion, this phase of our study shows that the majority of
isoprenoids detectéd in sediments and petro;eum are also present as
cellular products or intermediate metabolites in methanogens and in
specific thermoacidophiles. The fact that these microorganisms may
have dominated thé biosphere in the early history of our planet suggests
that many isoprenoids isolated from ancient geological samples may
actually have been‘synthesized‘By microorganisms as those described
here. It also suggests that current anaerobic enviromments, such as the
geopressurized natural gas zones of the Gulf of Mexico, and other spe;ial
environments, are the abode of theée unique and interesting microof—

ganisms currently called Archaebacteria.
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Fig. 2: Mass spectrum of a Cie—isoprenoid isolated from Thermoplasma.

standard Cj)giso—-alkane (2-methylpentadecane).
Ci1g~iso—alkane isolated from Thermoplasma.

Cj 7- iso~alkane (2-methylhexadecane).

C; 7-iso-alkane isolated from Thermoplasma.

C) g-iso-alkane isolated from Thermoplasma.

Fig. 3a: Mass spectrum of
Fig. 3b: Mass spectrum of
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CLSHJG 1.0
C H“ ! 1.2
C”H <0,1 0.7 0.5 2.6 0.5 6.4
C19H 0.3
Czonu \\0.1 .8 0.8 1.2 15.1
czou <0.1 .0 1.9 <0.1
C "38 2.8 0.3 <0.1 0.5
C H36 1.5 1.0 <0.)
Czob <0.1 1.0 1., 3.1
c2l" 5.0
T Hso 2.1
C“H‘8 0.5
CZSH 39.5 6.8
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CMH48 <0,.1 , 13,5
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C3oHsgp 64,0 82,0 41.5 24.° 69.0 64.0 2.5 88.0 . 34,0
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TABLE 2

Cis - C39 ISOPRENOIDS FOUND IN ANCIENT OIL-SHALES AND PETROLEUM, AND

THEIR ‘OCCURRENCE IN METHANOGENS, AND THERMOACIDOPHILES.

Squalane has been identified only in M. thermoautotrophicum, however,

most methanogenic bacteria contains squalene and various squalene ana-

logs only in degree of hydrogenation.

- (38)

ISOPRENOID GEOLOGICAL SAMPLE ISOPRENOID MICROORGANISM
Cis - Cag Green River Shale (40) Cy5 - Cyp Thermoplasma
Cis - Coy Nonesuch Shale (5, Cigs C1s = C2p Sulfolobus
36, 41) :
Cig» C1g - C21; Antrim Shale (5,36) Ci7 - Ca3 Ferrobolus
Cig - C23 Soudan Shale Cigs Ci19 M. Vannielii
Ci1g, Ci% e M. M.o.H.
Ca0 M. PS? M. AZ
C2; - Cos African Cretaceaus Co1 Ferrolobus
Shale .
' C3o (Squalaﬁe) (10) Coy, Co5s Sulfolobus
C3p (Squalene) Methanogens
Cop - Cos Bell Creek Crude -Coy,y C25 Sulfolobus
0il (8)
Coy, C25, Cog Costa Rican Seep Coy, C25, Cog Sulfolobus
C3p 0i1 (12) C3o
C30 (Squalene) Nigerian Petroleum C30 (Squalene) Methanogens
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Studies also in progress are attempting to determine the biomass
of'sediments, through an analytical procedure, developed in our Labora-
tory, for detecting isoprenyl ether lipids of cores from peat bogs of

Great Lakes, Green river shale, coal, algal mat sediments of Baffin Bay

Texas, Great Salt Lake sediments; Monterey shale, Texas Rock (15 cores '

from 3 counties in central Texas) and a wide variety of sediments col-

‘lected around the world by Dr. R. Wolfe. Although the studies are only

in the initial stages, the preliminary findings are sufficient to predict

that data will be obtained to substantiate the degrees of involvements
of microorganisms in sediment formations. These findings may well

iﬁfluenceaand change the present thoughts on geoldgic markers and bio-

geology. These studies are vital to a better understahding of the endo--

genous microflora that existed in petroleum deposits and those that may

be involved in the formation~of futurelsoﬁrce beds. |
Enrichment of many of these same sediments for recovery of the

endogenous population is iﬁpgrtant to establish a range and capability

profile for hydrocarbé% f¥bitiction. Our approach to screening micro-

organisms has ceﬁtegéé:oQ:(aoéeipopulations contained within sediments
jhdged as future foSsii;f;éi;ééérce beds.

Affangeménté ﬁéveuﬁge;'madé with Dr. J.H. Weber of DOE, Laramie
Wyomiﬁg for specific saﬁéles from different 1ocation§ under the control
of the Laramie Energy Technology Center. Although they have not been
received, it is antiéipated that thgy will be availlable in the near
fufure. These are cfitical sanples in our program in view of our pre-

vious findings from studies onm 0il shale. This was reported to DOE in

our Progress Report for period August 1977 to July 1978.
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The following samples have been obtained from Shell Development
Company, Belaire, Texas Research Center after considerable. communica-
tions and negotiations:

Baffin Bay, Texas, Algal Mat Sediments (Rebent)

| 1) 78TXKK-3-400. 40-80cm depth section of our core #3. Mostly
f mud and poorly preserved algal mats.
{ 2) 78TXKK-6. Composite sample of surface (top 1.0cm) algal
‘ mat just above mud interval deposited during
: hurricane Beulah in 1967. _
3) 78TXKK-9. First algal mat below Beulah mud. 3-6cm depth.

Great Salt Lake Sediments, North Arm (Recent)

4) Rosel Point mud, surface sediments in shallow water (<1' water
depth). Possible contamination with oil from
nearby seepage. ‘

5) Little Valley Harbor bottom mud, about 8' water depth.

California Rock Sample

6) CAL-S-609. Monterey Shale (Miocene). Core sample from Shell
: Security Fee #39 at 5750-5756'8" depth, Santa
Barbara County. A marine source rock at a very
early stage of organic diagenesis (Vitrinite
Reflectance 0.44). B .

Texas Rock (Coal) Sampie

7) HA~-S-314D. Yegua Formation (Eocene) outcrop sample, fayette
County. At a very early stage of organic
diagenesis (Vitrinite Reflectance 0.31).
These'sampleé were received in late summer and work on enrichments for
microorganisms have barely begun; therefore, no definitive data has been
obtained.
We are also negotiating with an Illinois Geological Survey group .
which is conducting an evaluation of methanogens in bogs and other
‘ seéiments. They have agreed to send us representative sémples to survey
the microblal population with the exception of the methanogens. Hope-

fully, these samples will, be in our laboratory in the next couple of

weeks.
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Since much of our attempts to obtaiﬁ representative source bed
samples‘héve'been greatly delayed;'we chose an area proposéd by Colorado
Geological Survey to be rich iﬁ organic deposits as a site for nicrobial
enrichments. The areé of Colorado was sampled two times a month for
four months by undergraduate students under the auspices of special
studies iﬁ microbiology under'tﬁe direction of ﬁr; William Boyd of our
‘Department of Microbiology. From a randomized sampling, five feet core
samples were taken and enriched for microorganisms;

The methodologies employed for all samples obtained for microbial
- enrichment studies included procedures for obtaining thermophiles,
mesophiles, psychrophiles,_acidophiles and alkalinophiles that are
either autotrophs or heterotrophs. This program also included the
enrichments for algae and cyanobacteria. From this program, 14 ther@o-
philes, 62 mesophiles, 5 psychrophiles, 3 algae and 9 éyanobacteria'were
isolated. Cell preparations of each isolate were extracted for total
lipids, which wererfractioﬁated by column chromatography on silicic acid.
Both the hexane eluates (acyclic non—isoprenoid’hydrocarbons) and benzene
eluates (cyclic and acyclic isoprenoid hydrocarbomns, esters, acids) were
saved for gas chromatographic analyses. No components were detected in
the hexane fractions of the Thermoéhiles; the 5enzene eluates have not
yet been examined. From the collected 62 mesophiles, only the hexanes
from 40 of thém have been analyzed. Of these 40 cultures, 6 of them had
aliphatic hydrocarbon contents. This was duite significdnt in that the
coﬁtents were higher than 1% of dry cell weight (exact amounts are being
determined) and that the cultures were Gram—positive or Gfam-negative,
;ods, cocci or branching filaments. Each of the hydrocarbon profiles

were distinctly different from the other. In the case of isolate M-16,




N YA« s e

.21

the range of components was from Cyg to C3g with major componeﬁt of Czq,
C3g, C31 and C34;’ Rough estimates put the conteht at >37% of cell dry
weight. For isolate M-22 the>hydrocarbons consisted of C39, C32 and
Cgu; for isolate M-25 the contents were 625, Cogs Cog and C30;Afof
isolate M~26 it was a family of branched isomers of Cyg9; for isolate M~

27 the hydrocarbon component was only a Cyg9; for isolate M-27 the hydro-

 carbon component was only a Cpg; and for M-32 contents consist of Cog

and C29. The exact structural détails have not 'yet been determiﬁed. .
None of the benzene fractioﬁs have yet been characterized.

The cultivation of the psychfophiles and the extractions and
fractionations have been performed but the samples have not yet been
analyzea.

Approximately 15 aigél sémples enriched from the Mirror Lake’
region.are currently being cultivated;

Since the initiation of this coﬁtract period in February 1979, we
had also looked at Poudre River algae and diatoms. None of these 20
sémples contained appreciable quantities ofAstraight chain éliphatic
hydrocarbons. Ho&ever, the isoprenoid contents were readily measurable.
The C3gp, C25, ahd C39 isoprenoids and hydroisoprenoids were ideptified.
These components related'to the types found in the archaebacteria
(methanogens, thermoacidophile, and halophiles). These élgal'Samples,
however, did not contain the glycerol-ether derivative that are a charac-

teristic chemical markers of the archaebacteria.

Alkalinophiles were examined to determine if these bacteria were

generically similar to the archaebacteria. These organism growing optimal-

ly at pH's above 10 are classified as bacteria from an extreme or unusual

enviromnments, a property shared by most archaebacteria. Lipid analyses
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showed tﬁe isopfenoid marke:s similar to that found in‘the archaebac-
teria, and whicﬁ are apparently coﬁmqn to most micréorganiéms but they
did ﬁdtbcontain measurable amounts of alipﬁatic hydrocarbons and no
Aéiycerél—ether lipids.

Attempts to.secure a variety of straips of Botryococcus braunii
have been unsuccessful. There have been no respoﬁses to our letters and
.phone calls to laboratories supposedly classifying these algae; We are
still seeking information, through inquiries, on thoseAiﬁvestigators
that have Botryococcus straiﬁs. We have been frustrated by the absence
of this algalin'local estuaries. Botryococcus blooms usually frequent
the ponds and wells of northern Colorado; however, we are continuing the
) search for this alga in local ponds and wells. Perhaﬁs these blooms may
appear more prevalent this fall. A problem we have encountered, how-
ever, iS*the=poisqning of lakes, ponds and*wells by farmers to elimiﬁate“
algal'bloéms.

The most fréquent.isolate being collected from 1oca1'estuaries are
the blue green algae. The second most common ére mixtures of green and
golden brown aigae. Twenty~five'representative samples have been col-
lected, most of them subcultured and analyzed. All but two isolates
prodﬁced detectable quaﬁtities of aliphatic hydrocarbons. It was grat-
ifying to find typical chrométbgraphic profiles that delineated the
identity of most algal samples. Four specific chromatographic patterns
were observed for the blue green algaé; these patterns were methylated
17;0 and 17:1; methyl branched 15:0; 20:6 (polyunsaturated); and, a
mixture of methylated 17:0, 17:1; 15:0 and 15:1. All of these type

patterns and their identities have been previously reported, however,

'
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one'pbtentially interesting fact was revealed. While the reported
hydrocarbon content of these algae are typically in the range of 0.005

to 0.6% of cell dry weight, we found that the hydrocarbon content for

"all the blue green algae was 0.8 to 2.5%. We are tentatively attri-

buting this incréase in yield to our preparatory and handling procedure.
We are taking the active green bhaée of ;he cells‘and cooling them down
in a refrigerant unit éccdmpanied by shortened photoperiods. 1In essence,
we are attempting td bring tﬁe cells out of the green phase and into the

brown or "resting" phase. Our rationale is simply taking from what has

~ been observed for hydrocarbon yields for B. braunii which showed an

increase of five times the hydrocarbon content by converting from.greén
active phase to-brown reéting-phase. This is an area we are going to
pursue further with the coming of fall and winter. I suspect, if we can
find the algae, that the bfown phase will reveal the true hydrocarbéﬁ
producing potential of all algae.
The algae samples other than the blue-greens were also analysed.

The hydrocarbon profiies are in the range from C;4 to C3o. Most of the
hydrocarbon contents were négligible with the exceﬁtion of sample Ag—S.
This particular one provided us with hydrocarbons in the 10% dry cell
weight range with a complex of components in the range of Cyqp - C3g.
The major component cochromatographed with a branched C27 standard. The
components have not yet been fully identified. We are now attempting to
identify this alga for further studies.

| -The acyclic.iéoprenoid hydroparbonlcontent of all the present
isolates are ready for analysis, however, only one GLC is available in

our laboratory for analysis, and we must work into the entire laboratory
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schedule. Over 100 hydrocafbon fractions are ready for analysis but on
an average, only seven samples can be adequately .surveyed in a 14 hour
work period.

frogress has been séﬁewﬁaf slower than we expected but, nonthe-

less, encouraging at this early state of the screening with one of the

samples isolated with high hydrocarbon'éontent.

B. Effecfs of ;hemical—physical factors on hydrocarbon production.
The alteration of growth phases by 1) lowering temperature, 2)
reducing gfowth rates through limiting growth factors, and 3) maintain-
ing viable cells in mineral medié that will support metabolism but not
rapid cell growth and replicatipn have provided for enhanced hydrocarbon
production by aléae and bacteria. The only explanation for these
occurrences, at this stage of the investigations is that 1) a fluid
membrane must be maintained and at reduced: temperatures the-biosynthesis'
of lipids in specific cells are switched to the formatibn of more hydro-
carbon oils which preservé the fluid property and which maintain an eH
potential (for more defailed explanation, see enclosed feprints, T. G.

Tornabene, J. Mol. Evol. 11:253-257, 1978); or 2) increased production

- of free fatty acids which induce enzymes for coupling'of two acids into

a less toxic hydrocarbon form. We feel.that these types of studies,
many of which are in progress, are very important to our understanding
of thg hydrocarbon producing poténtial of microorganisms.

The prevention of ﬁydrocarbon biosynthesis through heavy metal
poisoning resulted in ketone synthesis whose branching characters were
equal to those of the hydrocarbons. Reduction of fatty acid biosynthesis
resulted in neither hydfocarbon or ketone accumulationsﬂ In an attempt

to better understand the hydrocarbon bilosynthesis process, extensive
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effofts have been conduéted to define the specific precursor forms in
the mechanism. In this. study we have synthésized in our laboratory
specifically rédioactively labeléd keﬁbnes, secondary alcohols, aldehydes,
fatty acids, phytanyl glyceryl ether, hexadecyl-l-enyl ether, epoxides,
and peroxides to test for their suitability to be incorporated into
hydrocarbons. One sequence of experiﬁeﬁté involving reductive extraction
of precursors is still in progress. Hopefully, the experiments in
progress will enable us to terminate this phase of the project by the
end of the current contract period. At that time we will formulate in
manuscript form the exact findings of our hydrocarbon synthesis studies
and submit it to DOE.
C. Personnel.
1. T. G. Tornabene, principal investigator, three—fourths of time has

been devoted to this project. Approximately two-thirds time will .~

be devoted from September to January 31,

2, S. Wu-Hunter, post-doctoral person, full time.

3. - P. S. Eastman, graduate student, one-half time.

4, R. Lloyd, graduate student, oné—half time.

5. Others who have participated or collaborated on the project are:
a. T. A. Langworthy, University of South Dékota, cultivation of

thermoacidophiies and polar lipid characterization.

b. R. Wolfe and W. Balch, University of Illinois, cultivation
of methanogens.

C. G. Holzer, University of Houston, mass spectral analyses and
:interpretation¢ .
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