
472 

The Very Long Chain Fatty Acids of the Green Alga, 
Chlorella kessleri 
TOM~,.~ REZANKA and MILOSLAV PODOJI L*, Institute of  Microbiology, Czechoslovak 
Academy of  Sciences, Prague 4, 142 20 Czechoslovakia 

ABSTRACT 

Fatty acids of the fresh-water green alga, Chlorella kessleri (heterotrophically cultivated), were 
fractionated (as methyl esters) using high performance liquid chromatography (HPLC). A fraction of 
fatty acids with chain lengths longer than 28 carbon atoms was analyzed by gas chromatography-mass 
spectrometry (GC-MS). The very long chain fatty acids, ranging from 31 to 36 carbon atoms, were 
found for the first time in a green alga. 
Lipids 19:472-473, 1984. 

I N T R O D U C T I O N  

In our previous communication ( l) ,  we des- 
cribed the distribution of fatty acids of a 
collection of fresh-water green algae, e.g., fatty 
acids with up to C30 chain lengths in Chlorella 
kessleri cultivated heterotrophically. The de- 
tector response indicated the presence of higher 
homologues but they could not be precisely 
analyzed because of the low proportion. 

This study was aimed at separating a fraction 
of very long chain fatty acids with more than 
28 carbon atoms from the whole complex of 
fatty acids and determining the composition 
of fatty acids in this fraction. 

E X P E R I M E N T A L  METHODS 

A sample of fatty acids (3,500 mg) from the 
fresh-water green alga, C. kessleri, was con- 
verted to methyl esters by boron trifluoride- 
methanol reagent (2). 

High performance liquid chromatography 
(HPLC) of fatty acids was performed using a 
SP 8000 instrument (Spectra Physics, USA) 
with a Separon SI CI column 50 cm • 6 mm 
i.d. (Laboratorntpl'tstroje, ~SSR); mobile phase- 
linear gradient (2 ml/min) from the mixture 
methanol/water (80:20) into methanol (30 
min), followed by methanol (60 min), then 
detection in a UV detector at 210 nm. The 
column efficiency was 8,700 theoretical plates, 
V o 4 ml and t R of the methyl ester of octaco- 
sanoic acid (28:0) was 27.13 min. In 7 runs 
(500 mg each), 3,500 mg of a mixture of very 
long chain fatty acids was chromatographed. 
The separation was achieved by collecting 
fractions with retention time of more than 
27.13 min and pooling fractions from twice 
repeated HPLC. After evaporation of the mo- 
bile phase, the total yield of a mixture of fatty 
acids with the chain longer than 28 carbon 
atoms was 32.2 rag. 
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These were separated and identified on a 
Hewlett-Packard 5992 B ( U S A ) g a s  chrom- 
tograph-mass spectrometer (GC-M S) instrument 
with a SCOT glass capillary column (SGE, 
Australia) 77 m • 0.5 mm i.d., with SE-30 
stationary phase. The operating conditions of 
the instrument were: ionization energy 70 eV, 
scan speed 690 amu/s, mass range 4-600 amu; 
data were processed with a HP 9825 A compu- 
ter connected online with the GC-MS. For the 
separation of very long chain fatty acids, the 
capillary column oven temperature was pro- 
grammed from 100-290 C (2 min isothermally, 
ballistically to 240 C, then at a rate of 2C/rain 
to 290 C, and further isothermally 50 min). 
The flow of carrier gas (helium) was 1.5 ml/min. 
The t R of methyl ester of octacosanoic acid 
was 9.15 rain and that of the methyl ester of 
hexatriacontenoic acid (36:1) 57.21 min. 

RESULTS A N D  DISCUSSION 

The usual fatty acids of the fresh-water 
green algae (regardless to branching) range from 
Cl4 to C22 (3). Fatty acids with longer chains 
have been described in mycobacteria (up to 70 
carbon atoms) (4); Saccharomyces cerevisiae 
(5,6); marine algae, Botryococcus braunii (7) 
and Emiliana huxleyi, (unsaturated fatty acids 
36:2 and 36:3) (8); higher plants (fatty acid 
esters up to 60 carbon atoms) (9,10). 

Table 1 shows the percentage representation 
of very long chain fatty acids in the whole 
complex of fatty acids of C. kessleri. The fatty 
acids found were saturated and monounsat- 
urated from C29 up to C36, odd and even 
numbered, most of them with a straight chain. 
Only one fatty acid (C:9) was branched. ]'he 
ratio of saturated and unsaturated fatty acids 
changes with the number of carbons; in the C29 
acids, the saturated fatty acids predominate; in 
the C30 acids, the unsaturated acid predo- 
minates and in the higher homologues, the 
saturated fatty acids are missing. 
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TABLE 1 

Percentages of Very Long-chain Fatty Acids of the Alga, C. kessteri (Heterotrophically 
Cultivated), and MS Fragments Imp tant for Identification 
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Methyl ester Percentage a M M-29 M-31 M-32 Other ions Base peak 

29:0 br 2 3.6 452(13) 423(1) - - 381(1) 325(1) 269(2) 88 
29:1 6.3 450(1) -- 419(7) 418(18) 376(2) b 334(2) c 74(43) 55 
29:0 9.9 452(17) 423(1) 421(1) 367(1) 311(1) 255(2) 74 
30:1 60.0 464(1) 435(1) 433(5) 432(5) 390(1) b 348(1) c 311(1) 55 
30:0 17.0 466(20) 437(1) 435(1) 423(4) u 367(2) 311(1) 74 
31:1 3.9 -- -- -- 426(13) 404(2) b 362(2) c 199(2) 55 
32:1 14.6 -- -- 461(5) 460(10) 418(1) b 376(1) c 199(2) 55 
33:1 1.8 -- -- 475(3) 474(5) 432(2) b 199(7) 143(10) 55 
34:1 2.6 -- -- 489(3) 488(6) 199(8) 143(12) 74(56) 55 
35:1 2.0 -- -- 503(2) 502(3) 199(7) 143(8) 74(32) 55 
36:1 2.1 -- -- 517(1) 516(3) 199(3) 143(12) 74(58) 55 

aIn the whole complex of fatty acids (10-2). 
bIon M-74. 
Clon M-116. 
dIon M-43; br 2 -branching on carbon C 2 ; figures in parenthesis-percentage of intensity of the base peak. 

The unsa tura t ion  of  very long chain fa t ty  
acids might  improve the  t ranspor t  across the 
m e m b r a n e  in Saccharomyces ,  as descr ibed by  
Welch and Burlingame (5), by bringing d o w n  
the  melt ing po in t ;  for  example ,  the  f a t t y  acid 
w i th  one  double  b o n d  mel ts  22 C lower  than  
the  cor responding  sa tura ted acid. The dif f icul ty  
in analyzing the  very long chain fa t ty  acids in 
t he  whole  complex  of  f a t ty  acids was elimi- 
na ted  by  separating lower  fa t ty  acids (up to C2s) 
using the  HPLC me thod .  Even though  the  pro- 
po r t i on  of  very long chain fa t ty  acids (higher 
t hen  C30) drops  dramat ical ly ,  under  the  experi-  
men ta l  cond i t ions  given, the  C36 is also detec-  
table a l though only  10 -2 % of  tota l  f a t t y  acids. 

Table 1 also shows that  in m o n o u n s a t u r a t e d  
me thy l  esters of  fa t ty  acids above C31, the  
molecular  ions were no t  found .  For  their  
de t e rmina t ion ,  the  ions M-31 (M-MeO) and 
M-32 (M-MeOH) b e c o m e  impor t an t ,  as well as 
the  ions M-74 and M-116. The in tens i ty  of  the  
lat ter  goes d o w n  wi th  the  increasing n u m b e r  of  
ca rbon  a toms.  The c o m m o n  peak,  m/z  55 
(C4 H7 ) (1 1 ), was found  in all m o n o u n s a t u r a t e d  
m e t h y l  esters of fa t ty  acids. 

We prefer red  the  ident i f ica t ion  o f  f a t ty  acids 
as me thy l  esters ra ther  than  TMS derivatives for 
the  fol lowing reason:  at the  opera t ing  co lumn  
t empera tu r e  (280 C), percept ib le  evapora t ion  
o f  s ta t ionary  phase (me thy l  si loxane) already 
takes  place,  making the  e m p l o y m e n t  of  the  
SIM m e t h o d  for  ion 73 impossible  (it or iginates 
by  decompos i t i on  of  s ta t ionary  phase,  SE-30). 
The use of  SIM m e t h o d  for  m/z  74 (MacLaffer ty  
rea r rangement  of  me thy l  ester o f  f a t ty  acid) 
enabled scanning the  spec t rum in the m o m e n t  

of  m a x i m u m  ion current .  
The data summar ized  in Table I, and by  

l~ezanka et al. (1), indicate  tha t  the  co n t en t  o f  
very long chain fa t ty  acids was inf luenced by  
the  m o d e  of  cul t ivat ion.  In the  au to t roph ica l ly  
cult ivated C. kessleri, only fa t ty  acids up to  C28 
were  found .  Under  these condi t ions  the  elonga- 
t ion  of  the  carbon chain p robab ly  does no t  take 
place. 
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