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SUMMARY

Fatty acids of the alga Chlorella vulgaris (pyrenoidosa) were analyzed by the
gas-liquid chromatography of their methyl esters.”" By use of two (polar and non-
polar) stationary phases, comparison with standards and bromination C,,~C,, fatty
acids were detected and identified. In addition to the major acids (palmitic, oleic,
linoleic and linolenic) the alga lipids contain 7-14:0, 14:1, 14:2, I4:3, #-15:0, ai-15:0,
16:1, 16:2, 16:3, n-17:0, ai-1x7:0, n-18:0, n-1g:0 and #n-20:0 fatty acids at
levels in excess of 0.1 %. The results obtained are of importance in the analytical
control of the radiochemical purity of 4C-labelled higher fatty acids prepared from
the alga. The presence of odd (straight-chain and branched) acids is interesting from
biochemical viewpoint.

INTRODUCTION

‘The lipids of Chiorella vulgaris (pyrenoiciosa) contain four well-known rnajor
fatty acids (FA) of the C,q and C,, series (16:0, 18:1, 18:2, 18:3) and several minor
componentsl—5 Not all of these minor components have been identified satisfactorily.
A basic study in this field was made by MANGOLD AND SCHLENK2, who found in Chlorel-
la pyrenoidosa the followmg fatty acids: one 12:0, 14:0, I4:1, I4:2, 1I4:3, I5:0,
16:0, 16:1, 16:2, 16:3, two 17, one 18:0, 18:1, 18:2, 18:3, 19, three 20, two 22 and
one 24. The attention of JAMEs?, HARRIS AND Janies?, NICHOLsS®? DBARRON!® AND
MivAcuI!! was drawn to the biosynthesis and metabolism of fatty acids. Other
publications!2.13 contain few details. '

In recent years a new technique has been used in the analysis of lipids: the
combination of thin-layer (TLC) and gas-liquid chromatography (GLC). With this
combined chromatographic technique whole lipid classes were analyzed (first separated
by TLC and then chromatographed by GLC, e.g. ref. 14) or a detailed analysis of FA

was performed. So KorN?% analyzed the fatty acids of Euglena gratilis. He showed that
some overlapping occurs during GIL.C and after elimination of this by use of TLC he
was able to detect over fifty fatty acids.

‘(I’ERIMENTAL

Tor the purpose of analy51s of the algae and the control of radiochemical purity
of 1C-labelled fatty acids (prepared from radioactive algae!®) we used a technique
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usually applied to the analysis of more complex mixtures of volatile compounds:
GLC of methyl esters on two stationary phases. We tried to identify all Chlorella
fatty acids with a relative abundance higher than o.5 %. A polar polyester diethylene

glycol succinate (DEGS) and a non-polar grease, Apiezon-L, were chosen as stationary
phases.

Microorganisms

A pure culture of the alga Chlovella vuigaris No. 82 from the collection of auto-
trophic organism, Czechoslovak Academy of Sciences, Prague, precultivated as re-
ported by BASLEROVA AND DVORAKOVAL?, was grown under conditions similar to those
for cultivation in an atmosphere of 14CO, (ref. 16).

Chemicals

Myristic, palmitic*, stearic, oleic, linoleic* * and linolenic* * acids were supplied by
Lachema (CSSR), Reanal (Hungary)* and Fluka (Switzerland)** and 14-methylhexa-
decanoic acid was obtained thanks to the kindness of Dr. J. HRADEC of the Oncological
Institute, Prague.

Preparation of fatty acid methyl esters

After centrifugation of Chlorella cells and washing free of nutrient medium,
lipids were extracted with hot g6 % ethanol and with an ethanol-diethyl ether mixture
(3:1). The remaining part of the sugars was removed from the lipid extract by water
extraction; the dried lipids were then transesterified with methanolic hydrochloric

acid. After the extraction of methyl esters by petroleum ether they were purified by
vacuum sublimation.

Gas-liquid chromatography

This was carried out on a column of length 2 m and I.D. 4 mm filled with 15 %
DEGS on Chromaton N-AW-HMDS 60/8o (Lachema), in a Packard Chromatograph
7409 with an argon-ionisation detector (AID) and on a column of length 1.5 m and
I.D. 3 mm filled with 15 % Apiezon-L on Chromaton N-AW-NMDS 60/8o (Lachema),
in a Becker-Delft Chromatograph C-ASTGV with a flame-ionisation detector (FID).

For the labelled fatty acids the simultaneous determination of radioactivity,
after combustion in Tricarb furnace Packard 325, was carried out by a 2-ml gas
proportmnal counter. The counter unit consisted of a Berthold LB 80074 pream-

plifier with high voltage supply, an amplifier and a Berthold LB 242K dual-channel
rate meter.

RESULTS AND DISCUSSION

We identified in the Chlorella valgaris lipids n-fatty acids with even numbers of
carbons saturated (14, 16, T8 and 20), mono-, di- and tri-unsaturated acids (14, 16
and 18) and #- and anfeiso-fatty acids with odd numbers of carbons (15, 17, 19). As
was expected, we found the overlapping!® of peaks of Chlorella fatty acid methyl
esters. This is obvious from the semi-logarithmic plots of retention times of. the
fatty acid methyl esters determined in Chlorella versus number of carbons in chain

(Fxgs I and 2). Itis also ewdent from the GLC analysis of Chlorella fatty acids shown
in I‘1gs 3 and 4. :
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The identification of individual compounds was carried out by comparison with
standard substances or by bromination (the unsaturated acids then disappearing
on GLC). The minor components, with the exception of x4-methylhexadecanoic acid
which was isolated from lanolin, were identified using the regularities of their reten-
tion times. The position of the double bond in unsaturated acids was not verified
and the position of the methyl group was verified only for 14-methylhexadecanoic
acid (a component of carcinolipin) by its biochemical behavicur!®-20, The other
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Fig. 1. The retention time of fatty acid methyl esters versus the equivalent chain length (polar
phase). x, straight-chain saturated; W, anfeiso saturated: @, mono-unsaturated; -, di-un-
saturated; A, tri-unsaturated.

Fig. 2. The retention time of fatty acid methyl esters versus the equivalent chain length (non-
polar phase). X, straight-chain saturated; W, anéeiso saturated.
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Fig. 3. Gas chromatogram of fatty acid methyl esters, prepared from triglyceride fraction of
Chlorella lipids (TLC) on diethylenc glycol succinate at 190°, Carrier gas: argon (30 ml/min),
Argon ijonisation detector. Column: length 2 m X 4 mm I.D. Esters: 1 == 12!0; 2 == 14:0;

= 14:1 and ai-15; 4 = 1§:0; § = 14:2; 6 = 16:0; 7 = 16:1I, @i-17 and 14:3; 8 = 17:0;
0= 16:2;10= 18:0; 11 == 18:1, 16:3 and aé-19; 12 = 19:0; 13 = 18:!2; I4 = 20:0; 15 == 18:3,
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TFig. 4. Gas chromatogram of Chlorella fatty acid methyl esters on Apiezon-L at 230°. Carrier gas
nitrogen (30 mil/min), Flame ionization detector. Column: length 1.5 m X 3 mm I.ID. Isters

1= 12:0; 2= 14:1,14:2and 14:3; 3 = 14:0; 4 = ai-15, 5== 15:0; 6= 16:0, 16:1 and 16:2
7 =ai-17; 8 = 17:0; 9= 18:0, 18:1, 18:2 and 18:3; 10 = @i-1Q; 11 == 19:0; 12 == 20:1, 20:2

13 = 20:0; 14 == 22:0; 15 = 23:0.

TABLE 1
COMPOSITION OF Chilovelln FATTY ACID METHYL ESTERS

Methyl ester Weight (%)
of acid

12:0 0.1
14:0 0.1
14:1 0.5
14:2 0.1
14:3 0.1
ai-15 0.1
15:0 0.5
16:0 15~-18
16:1 0.5—1
16:2 3-5
16:3 10-12
ai-17 1-1.5
17:0 0.5
18:0 35
181 20-25
18:2 13-18
18:3 13~18
ai-19 0.2
19:0 o.1
20:0 0.1-0,2
20:1 0.2
20:2 ' 0.2
higher acids -

than Cyq traces
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anteiso-acids (Fig. 2) originate evidently from biosynthesis, as do the straight-chain
odd- and even-numbered acids. The results obtained agree generally with the work
of SCHLENK AND MaNGoLD2, who discussed the possibility of the presence of odd-
numbered acids. We found these acids in the bacteria-free culture of Chlorella as well
as in the MC-labelled fatty acids‘of Chlorella vulgaris and identified them more
precisely. The quantitative composition of Chlorella fatty acids (Table I) differs in-
significantly from published data2. The representative separation of Chlorella fatty
acid methyl esters on DEGS is shown on a typical radio-gas chromatogram in Fig. 5.
The composition of Chlorella fatty acids is important to the biosynthetic preparation
of 1C-labelled fatty acids and their isolation (combination GLC-TLC or two-phase
GLC) and analysis. It is evident (Figs. 1 and 2) that for example in oleic acid separated
on DEGS, 16:3 and ai-rg9:0 acids can also be present when TLC or separation on
Apiezon-L or a similar phase was not carried out. This fact is naturally 1mportant for
the choice of an isolation method. )

|
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IFig. 5. Radio-gas chromatogram of Chlorella fatty acid methyl esters labelled with 14C on diethylene
glycol succinate, using proportional counter detection (209, CHy, 80%, Ar). A composition equi-

valent to that of inactive algac-is found (16:0,16:2, 18:1, 18:2 and 18: 3 are the main components,
see Fig, 3).

CONCLUSIONS

A gas chromatographic separation of the Chlorella higher fatty acids as their
methyl esters is achieved only by chromatography on polar and non-polar stationary
phases. In Chlorella vulgaris were found: (1) even-numbered straight-chain fatty acids
as follows: saturated (C,4~Cy), mono-unsaturated (C,,~C,g), di-unsaturated (C,,—
C;s), tri-unsaturated (C, ,~C,;); (2) odd-numbered saturated fatty acids (C,4;~C,,), both
straight-chain and their anteiso derivatives.

ACKNOWLEDGEMENTS

This research was supported by the Czechoslovak Atomic Energy Commission,
Prague. We thank Dr. J. HRADEC from the Oncological Institute for a kind gift of
r4-methylhexadecanoic acid, Dr. J. DvoRAkov4, CSAV, Prague, for discussions of

our results and Dr. J. KoLinA, UVVVR, Prague, for kind supply of cultivated Chlorelia
vulgaris.

REFERENCES
1 H. K. ManGoLp AND H, ScHLENK, J. Biol. Chem., 229 (1957) 731.

2 H. Scurenk, H. K. MAnGoLD, J. L. GELLERMAN, W, E. LInNK, R. A, MorrisserTE, R, T, HoL-
MAN AND H. Haves, J. Amer. Oil Chem. Soc., 37 (1960) 547.

J. Chromatogr., 65 (1972) 371~376



376 M. MATUCHA, L. ZILKA, K. SVIHEL

[ X5} S W

7
8

9

10
I1
12
13
14
I5
16
17

18
19
20

N. PrrLicK, R. S. HENLY, R, F, SWEENY AND M, MILLER, J. Amer, Oil Chem. Soc., 40 (1963) 419,
M. KARASEK AND J. PoLAKOVA, Einige Evkenntnisse ibey die gas-chivomatographische Trennung
radiokohlenstoffmarkierter Fetisduren, Arbeitstagung Angewandte Radioaktivitit, Leipzig, 1966.
R. T, PASCHKE AND D, H. WHEELER, [, Awmer, Qil Chem. Soc., 31 (1954) 81.

A. T. JamEs, The Biosynthesis of Unsaturated Fatty Acids in Photosynthelic Systems in Lowey
and Higher Plants, Proceedings of the 4th Meeting of FTEBS, Oslo, 1967, Academic Press,
New York, 1968.

R. V. HARRIS AND A. T. JamEs, Biochim. Biophys. Acta, 106 (1965) 465.

B. W. NicnoLs, A. T. JAMES AND J. BRENER, Biochem. J., 104 (1967) 486.

B. W. NicuorLs AND A. T. JAMESs, in L. REINHOLD AND Y. CH. LiwscHITZ (Editors), Progress
in Photochemistyy, Vol. I, Wiley, New York, 1968, p. 1.

E. J. BARRON AND L. A, MoOONEY, Biochemisiry, 9 (1970) 2143.

S. M1vacHI AND S. MivacHi, Plant Physiol., 41 (1966) 479.

A. G. VERESCAGIN AND G. L. KLjAlKko-GURVIE, Biokhimiya, 30 (1965) 543.

I. MasLov, Vestn. Leningr. Univ., Ser. Biol., 21 (1966) 102,

P. PoHL, H. GLASL AND H, WAGNER, J. Clhromalogr., 49 (1970) 488,

E. D. KorN, J. Lipid Res., 5 (1964) 352.

Z. NejEDLY, J. FILip, J. KKoLiNA, J. EXL AND D. GRUNBERGER, Czech. Pat., 121808, 1966.
M. BASLEROVA AND J. DvoRARovA, Algarum, Hegaticarum Muscorumgue in Culturic Collectio,
CSAV, Prague, 1962,

J. HrADEC, Oncological Institute, Prague, private communication.

J. HraDEC, J. Chvomatogr., 32 (1968) 511,

J. HrapEC AND L. DoLEIS, Biochem. ., 107 (1968) 120,

J. Chromatogr., 65 (1972) 371—376



