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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. ‘
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Branéhed Alkanes From Blue-Green Algae

by Jerry Han and Melyin Calvin

Department of Chemistry, Space Séiences'Laboratory and
Laboratory of Chemical Biodynamics, University of
Californla, Berkeley, California 94720

,SQmmary: ’Branched alkanes from blue-green algae were'separated on a

. 750 feet high resolution capillary gas chromatographic column. The mixture

was found to be 90% of 1:1 ratio 7-metﬁy1, and 8-methyl-heptadecane,-and 10%

- of 6-methy1heptadeqané, An optical rotation of +2.5 1_0,5 was obtained on

a Smg of mixture.



The hydrocarbon composition of the blue-green algae is apparently very

1-4

simple. The pattern shows normal hydrocarbons in the C]5 to CZO range |

with a predominance of n-C]7. TheﬂlsoprenOId hydrocarbons, pristane (2,6,:

10,f44tetramethylpentadecane), and phytane (2;6,10;14-tetremethy1hexadeeane) :

are absent in algae, but are generally present in higher plants and animals:

' B’Ioch4

5

and Hamfdton fsolated two sterols from blue-green algae in small amount.

Their results showed that very harsh methods had to be used to extract the

sterols from the algae, suggesting that sterols might be bound very tightlyr"

within the procaryotic cells

Methyl-branched a1kanes seemed to be of particular signif1cance becausev

)"J the methyl branches are not iso- and antevso- structures They appear to

occur uniquely in b]ue green algae and are absent from phofosynthetxc and

non-photosynthetic bacteria.§ These hydrocarbons have not been found in the

green a]gee;?’ﬁ

relatively primftive _
| Instrumental ana1yses and synthesis of 7,9- dimethylhexadecane and of

7- and 8—methy1heptadecanes proved that the branched hydrocarbon first found

eonsisted of a mixture (l:l)hof 7- and'8-methy1heptadecane, which previous]y f

could not be separated by g.i.c.2

and tritiated cis-vaccenic acid (cis-A"—C']8 acid)‘to form 7- and 8-methylhep- -
tadecane 1ndicated that the methionine methyl group was specif1cally added to

the double bond of vaccenic acid. Thjs was followed by decarboxylat1on to

\
yield the 7- and 8- thylheptadecane.7

‘reported the absence of sterols in procaryotic cells. However, Reitz .

which are_more advanced than blue-green‘algae, but are still .;f-

‘The incubation d;\t-methionine-methyl~]4C H'




We now describe a further fdentfficatibn.and optical activity measure-'
‘ment of the branched- C]B hydrocarbons from blue-green algae. The dried cells

(Nostoc muscorum) were treated w1th 3:1 benzene and methanol. The extracted'

material ‘was transferred to the top of an alumina column previously washed
with n-heptane; it was then eluted w1th.three solvents, n-heptane, benzene,
and methanol. The first fraction (n-heptanéﬁfractioﬁ)’COntainin§'the total
aliphatic hydrocarbons, was used for the:fsllowing analyses. The total ali-
phatic hydrocarbon fractidn'(zug) was analyzed on an Aerograph Model 204 gas -
3 _'chromatograbh equipped with the high resolution ;apillary column and flame
jonization detector. A high resolutfon v.p.c. co}umn, 750-ft., 6.02 inch
“inside diameter, was made fn'this_iébdrafory. It was coated with 5% of 1:1

8 9

Igepal CO-880 and GE SF-96 1n'ethér and acetone. Thé'c01umn exhibited effi-

| ciencies in excess of 350 000 theoretical plates for branched- CIB peaks eluting

| ‘ after 12 hours.

The brapched,clé hydrocarbon mixture was indeed separatéd into equal
amounts of 7-methy1hep§adecane (Figure, peak 'b‘) and 8-methy1hebtadgcane
(Figure, peak ‘'a'). However,,approximater 10% of peak 'c' was also separated
by this high resolhtion v.p.c.. Peak 'c' was identified as.G-methylheptadecaﬁe
by its'maSS'spéctrum. The mass spectrum was taken using a éombination of én,
Aerograph 204 gas chrohatbgraph'and an A.E.1. MS-12 mass spectrometer.

| Fivé mg. of total branched-cl8 hydrocarbons viere 1solated from the total
a1iphatic hydrocarbon fraction'obfained‘frOm 30gms. of dried cells by preparative
v.p.C. on an Aerograph Mode] A-90-P. The total hydrocérbon fraction was chroma- f;

tographed on a temperature~programmed 25ft. x O. 25 in 3% SE=30 column. The



;optlcal activity was studied on an ETL-NPL- Automatwc Polarvmeter Type 143A
Hw1th the sodium D line, 10 chm load 5 cm cell 1ength and 90 mv sca]e }An
optical rotation of +2.5 + 0.5 was obtained on a n—hexane so}ut1on at 20°c.

We therefore believe that the enzymic methylation of cis-vaccenf; acid
was a stekeoepecific reaction. It is entirely possible that the methyl group
could be added stereospecifica]ly on the open side of the double bond _The'
methy]ation reaction was fo]]owed by decarboxy?ation to yield the optically -
active branched C18 hydrocarbons. No further attempt has yet been made to ‘f-'
designate the exact stereochemistry or abso1ute configuration at the asym- '
metric center.. - | |

This work was supporfed in oart hy the National Aeronautics and Space .
'Administratjon, grant NSG 05-0035003,'and in part by'the_U.S. Atomio Energy‘v
Commission. S ‘.: S . -
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Figure = : Gas chromatographic Separat1on of branched-(:,‘8 hydrocarbons, A
| ' stainless steel tdbing.750 ft"x 0.02 in. coated with 50% Igepal-
7.€0-880 and 50% of GE SF-96. Aerograph model 204 ‘gas chromatograph
.”Hiwas equ1pped with a f]ame ionization detector. Helium pressure
 "30 psi, no split Isothermal at 125°C " Peaks a, b, and C were
. identified as 8-methyheptadecane 7-nethy1heptadecane and 6 -methy1- |
'.heptadecane respective1y by GC-MS..
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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