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Abstract-2-Hydroxy acids were believed to be absent zn algae untzl this study, zn which the analysis of mzcroalgae 
belongmg to Chlorophyta (Chlamydomonas reznhardtzz and Chlorella pyrenozdosa), Rhodophyta (Cyunzdzzun caldarzzznz 
M-8 and Cyanzdzum caldarzum RK-1) and Cyanophyta (Anbaena varzabzhs, Anacystzs nzdulans, Osczllatorza species and 
Phormzdzumfoveolazwm) 1s reported 2-Hydroxy aczds with carbon cham lengths of C16-CZ6 were found m all the algal 
samples studied, rangzng m concentrations from 40 to 32Opg/g dry alga. The dommant constituents are 2- 
hydroxyhexadecanoic, 2-hydroxynonadecanoic, 2-hydroxyhexacosanoic and a branched 2-hydroxy-Clg aczd The 
dlstrzbutzon patterns of the aczds differed szgmlicantly among the algal samples Hence 2-hydroxy aczds may be useful 
for the classdicatzon of algal speczes as well as being an important source of 2-hydroxy aczds m the natural envzronment 

INTRODUCIlON 

2- and 3-hydroxy aczds occur in a wzde varzety of mzcro- 
orgamsms, such as bacterza, actznomycetes, fungz and 
yeasts, anunal tissue and plants, and they are often 
intermediates zn the a- and j?-oxzdatzon pathways of fatty 
aczd degradatzon [l-14] However, they had not been 
found m algae, except for certain Cyanophyta [ 151, until 
we recently found norznal and branched (zso and/or 
antezso) 3-hydroxy aczds wznth carbon cham lengths of 
C,-C,, zn eight species of microalgae belongzng to 
Chlorophyta, Rhodophyta and Cyanophyta [16] We 
report here the occurrence of normal and branched 2- 
hydroxy aczds zn some mesophzles of Chlorophyta and 
Cyanophyta, ana zn thermophzles of Rhodophyta, and 
discuss their taxonomzcal and geochemzcal szgnzficance 

RESULTS AND DISCUSSION 

Normal 2-hydroxy aczds wzth carbon cham lengths of 
C,,-C,, were found zn all the algal samples studzed (Table 
l), a branched 2-hydroxy aczd was detected only zn 
Osczllatorza species Then mass spectra had all the charac- 
terzstzc peaks of 2-hydroxy aczd trzmethylszlyloxy ether 
methyl esters at m/z [M- 15]+, M-59]+, 159, 129, 
103,89 and 73 (Table 2) [3, 10, 11 5 The concentratzons 
of the acids rangzng from 40 to 320 pg/g dry alga 
were conszderably lower than those of 3-hydroxy aczds 
zn the same algal samples (36-23OOpg/g) [16] 2- 
Hydroxyhexadecanozc aczd was the mam component m 
Chlorophyta (Chlamydomonas reznhardtzz and Chloretla 
pyrenozdosa) and Cyanophyta (Anabaena varzabzlzs, 
Anacystzs nzdulans and Phormzdzumfoveolarum) Anacystzs 
zs unique because zt contazns only the C,, aczd. Thermal 
Rhodophyta (Cyanzdzum caldarzum strams M-8 
and RK-1) and Cyanophyta (Osczllatorza spews) 
contazned abundantly 2-hydroxyhexacosazzozc, 2-hy- 

droxynonadecanozc and branched 2-hydroxy C,, aczds, 
respectively Even/odd carbon ratzos for normal 2-hy- 
droxy aczds show that the even-carbon numbers are more 
abundant than the odd ones (> 9 6) zn the algae except for 
Cyanzdzum RK-1 (12, Table 1) The low even/odd ratzo for 
Cyanzdzum RK-1 zs consistent wzth that of normal alkanoic 
aczds (unpubhshed results) 

The ratios of hzgher (nC,,-nC,,) to lower (nC,,-nC,,) 
MW 2-hydroxy aczds differed considerably among the 
algal speczes tested (Table 1) Cyanzdzum M-8 shows the 
highest value (6 l), while Anabaena and Anacystzs show 
zero 

Morpholog& studies and carbohydrate analysis of 
Cyanzdzum have shown that Cyanzdzum strain M-8 may 
belong to a different genus (Chroococcrdzopszs) [17-191 
The major hydroxy aczd constztuents of Cyanzdzum RK-1 
and M-8 are considerably different from each other, zn 
addztzon to the marked differences of the even/odd and 
higher/lower ratios (Table 1) These results also support 
the zdea that Cyanzdzum M-8 zs different at the genus level 
from Cyanzdzum RK-1 

Of speczal interest 1s the abundance of 2-hydroxyhexa- 
cosanozc aczd zn Chlamydomonas and Cyanzdzum M-8 
Norznal C,, alkanozc and/or alkenozc aczds were not 
found zn the fatty aczd fractions from the algal materzals 
(unpubhshed results) Our results zndzcate that 2-hydroxy- 
hexacosanozc aczd does not derzve from a-oxzdation of the 
corresponding alkanozc and/or alkenozc aczds, and thus 
suggest that some synthetic pathway of long&am 2- 
hydroxy aczds occurs exchzswely 111 the rmcroalgae 

2-Hydroxy acids have been found zn contemporary 
lacustrme and marme sediments [3,4,10,11,13,14] They 
are beheved to be denved from mzcro-organisms except 
for znzcroalgae, zn which they have not been found Our 
results suggest that mzcroalgae are one of the important 
sources of 2-hydroxy aczds, as well as 3-hydroxy aczds, zn 
the natural environment [16] 
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Table 2 Typical mass spectra data of Zhydroxy actd methyl- 
sdyloxy ether methyl esters found m nucroalgae 

Fragment 1011 m/z, relattve abundance (%) 

Compound 73 89 103 129 159 [M -591’ [M- 151’ 

100 59 23 16 19 47 
+ + + + + + 

100 61 35 23 19 92 
100 36 25 25 14 74 
100 47 32 24 15 76 
+ + + + + + 
95 46 34 26 16 100 
+ + + + + + 

100 41 33 27 17 95 
89 38 28 32 13 100 

100 41 29 31 14 94 
74 30 22 13 9 100 

51 

ii 
28 
26 
+ 
42 
+ 
36 
31 
38 
40 

l Mtxture of 2- and 3-hydroxy a&s. 
tA.lthough then mtenslties were weak, the mass spectra showed 

character~s~ peaks of 2-hydroxy aud tnmethylsdyloxy ether 
methyl esters 

+, Fragment ions were present 

EXPERIMENTAL 

Chlamydomonas rernhurdtu C-8 and Chlorella pyrenotdosa C-28 
(Chlorophyta), Cyan&urn caldarrum M-8 and RK-1 (tentatively 
mcluded m the Rhodophyta), and Anabaena varrab~lts M-3, 
Anacystu nuiulans M-6 and Phomndhm~ foveolarum M-43 
(Cyanophyta) were obtamed by laboratory axemc cultures 
Oscrllatorla sp (Cyanophyta) was collected from a natural pond 
Algal sources and culture methods were as reported premously 
[la-181 

The extraction procedures and some analyttcal methods have 
been descrtbed elsewhere [16] Brtefly, wet alga was dtrectly 
sapomfied anth 0 5 M KOH-MeGH soln After acuhiication, 
hydroxy acids were extracted wtth EtOAc The extracts were 
chromatographed on a sdn~ gel column (180 x 5 mm 1 d , 100 
mesh, 5 % H,O). Hydroxy acuis were eluted with C,H,-EtOAc 
(1 1) afier the elutlon of hydrocarbons, fatty suds and alcohols 
Hydroxy acid fracttons were methylated wtth BF,-MeGH soln 
and then exammed by s&a gel TLC developed anth 
hexane_EtOAcHOAc (65 35 1). ZHydroxy arzds (R, 078- 
069) were scraped, extracted snth C,H,-MeGH (3 2), and 
tnmethylstlylated wth N,O-hs(tnmethylsdyl)tanude+MeCN 
soln 

2-Hydroxy acid TM& Me esters were analysed by GC/EIMS 
[16]usmgaglasscolumn(2mx3mm~d)packedwtthl%OV-1 
on Chromosorb W AW DMCS or a GC/MS system eqmpped 
vntha03mmld x25mfusedstbatcapdlarycolumncoatedwitb 
SE 54 Oven temp was programmed from 70” (mamtamed for 
0 5 mm) to 130” at U)“/mm and then to 300” at 8”/mm Temps of 

inJector and ion source were 300” and X0’, respectwely The flow 
rate of the tamer gas (He) was 15 ml/mm, sphtless mode The 
iomzatton energy was 70 eV 

ZHydroxy auds were ~dentdied by the comparison of R, and 
MS wrth those of au&en&z s-ens and pubhshed ht. and were 
quanttfied by the peak ht on the mass chromatogram camed at 
m/z [M - 59]+, which IS a characte-mtlc peak of 2-TMB Me 
esters (Table 2, [3, 10, 111) In order to check the analflcal 
&ah&y, splLed expts of authentic 2-hydroxyhexadecanolc acid 
showed recovenes of 66 % (s d 8 6 %) Analysis of blank culture 
medm mdcated that possible contaminants of 2-hydroxy acids 
were each less than 0 2 pg per culture 
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