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Abstract-Eight sterols were observed m Chforella elhpsoldra and the four major components were identified 
as ergosterol, 5r-ergost-7-en-3fl-ol,22-trans-ergosta-5,8(9),22-trlen-3fl-ol and ergosta-5,8(9)-dlen-38-01 This IS the 
first report of the latter two sterols from green plants 

INTRODUCTION 
SEVERAL recent pubhcatlons have indicated that sterol composltlon may be of value m dls- 
tmgulshmg between closely related species of a genus m some green algae was well as pro- 
vldmg vdluable mslght into the reldtionshlps between the classes df green dlgne ’ a Sterol 
composition may also aid m the placement of algal species m which the dlvlslonal status 
1s m doubt 5 Work with Chlorella has indicated that the genus can be dlvlded mto three 
groups based on the presence of either A5-, A’-, or A5 ‘-sterols m the organism 4 There 
are only two Chlorella species containing A5-sterols, C elllpsotdea and C saccharophzla ’ 
Since the Indiana culture collection of algae had another isolate of C elhpsoldea (No 246) 
m addition to the one studled previously (No 247) it was of interest to us to determme 
the sterol composltlon of No 246 which 1s supposedly quite similar or even identical to 
No 247 In addition, Otsuka has reported’ ergosterol and some A’-sterols from her C 
elllproldea (origin unknown) This 1s another area where blochermcal data may aid m the 
taxonomy of a difficult genus 
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RESULTS AND DISCIJSSION 

The appearance of Chlorrllu ellzpwmfw, Gerneck, Indiand Culture Collection No 246 
m culture was markedly different from that of C rlllp~rlra Gerneck IndIana Culture Col- 
lectlon No 247, which wds previously exdmmed for sterol composltlon ’ The No 246 CL& 

ture was of d darker green color, foamed less durmg culturmg dnd appcdl ed to gl ou much 
more rapldly than the No 247 cultme The obvious visual differences rn these orgdmsms 
and the pronounced blochemlcal differences described m this paper, mdlcate that ful ther 
work may show that these orgdmsms should be regarded as 5epdrate species 

StCI’Ol dCCtdtCS SE30 
CrLC \y,tclll\l 

QFI HlEff%BP PMPF 

Ergostd-5,8(q) 22-T11en-3/I-o1 32 6 I 14 I 07 
RR, I 22 03 1 22 1 22 
Ergosterol 34 8 1 22 I 22 
k-Ergosta-7 22-dlen-3B-ol 22 1 25 1 20 
Ergost+5,8(9tdlen-3/?-ol 98 I 33 1 28 
RR, 1 38 24 I 18 1 16 
Ergosta-5 7-dlen-3/Gol 08 I 42 1 46 
Ergost-7-enc-3/j-ol 17 1 I 47 1 42 

* Reldtrve retention txne of sterol acetate ds compdred to cholesterol acetate 
t Condo tlons ns described prewouvlv ’ 

1 17 
I 17 
I 76 
1 32 
1 VI 
1 70 
1 64 
1 60 

I 15 
I 17 
I 33 
1 37 
I 36 
I 64 
1 58 
I 63 

The dlgltomn-precipitated sterol from No 246 made up 0 24”, of the dry weight of the 
organism which 1s about normal for unicellular green algae A GLC analysis on SE30 
revealed four peaks with retention times relative to cholesterol of I 14 1 22 I 33 and 1 46 
Column chromatography on Woelm Grdde II alummd failed to revedl ‘mj sterol\ \\lth 
methyl groups dt C-4 Acetylatlon and column chromatography on hdsll B (Andldbs 
Hambden, Corm ) followed by repeated chromatography on AgNO,- slhca gel columns 
produced the four maJor sterol acetates m mcreased purity m the followmg order from 
the latter column RR,s 1 46, 1 33, 1 14 and 1 22 Also from the AgNO,-sIhcd gel column 
durmg this separation, other sterols were observed with RR,s of 1 42, 1 38, 1 25 1 22 (a 
different sterol from the original sterol with RR, 1 22 dnd with d different elutlon volume 
on AgNO,-silica gel column) All members of this second group of sterols were pre,ent 
m much smaller quantities than those of the first group The GLC characterlstlcr of the 
8 sterols observed along with their relative quanhty m the plant die prescntcd ln Table 
1 

The first sterol acetate eluted from the AgNO,-sllicd gel column wds ldentlfied ds 
ergost-7-en-3fi-acetate and had a RR, of 1 46 on an SE30 column dnd Its RR,s on other 
GLC systems (Table 1) agree with those previously pubhshed for these systems 7 Its phvsl- 
cal chdrncterlstics [x& 0 , m p 159 160 
data 2X 

dnd its MS \vele <11so In ‘tccotd with puhh\hed 

The second sterol acetate eluted had a RR, of 122 dnd wds contaminated with d sterol 
acetate with a RR, of 1 33 It is Interesting that this sterol acetate (RR, 1 23) has a RR, 

- PATTI RSO~ G W (197 I ) lmd C‘h~r 43. I I65 
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identical to ergosterol acetate on an SE30 or QFl column but exhibited significantly lower 
retention times on the more polar columns, mdlcatmg it to be a less polar sterol acetate 
than ergosterol acetate These GLC retention times do not match that of any known sterol 
A GC-MS of the sterol acetate indicated it to be a C-28 sterol with a saturated side chain 
and one nuclear double bond The location of this double bond has not been determmed 
since insufficient material was available for further work but GC and MS data indicates 
that it 1s not located at the 5(6), 7(8), 8(9) or 8(14) positions 

Only a small amount of the sterol acetate with a RR, of 1 33 was obtained m pure form 
since it was difficult to separate from the previous compound and it was also readily 0x1- 
dlzed to more polar metabohtes GC-MS analyses indicated that it also was a C-28 sterol 
with a saturated side chain and a dlunsaturated nucleus, although no ConJugated double 
bond could be detected by UV spectroscopy The presence of a 5(6) double bond was sug- 
gested by the lack of a significant molecular ion when the acetate was analyzed by GC- 
MS 9 Its GLC characterlstlcs matched that of no known sterol acetate, but they differed 
from that of the sterol acetate with a RR, of 1 14 (on SE30 column) only by a factor caused 
by the presence of a 22(23) double bond m the latter ’ Both compounds will be discussed 
later 

The sterol acetate next eluted from the AgNOJ-silica gel column had a RR, of 125 
(Table 1) and was identified as Sa-ergosta-7,22-dlen-3j-acetate by comparative RR,s and 
MS with authentic compound The compounds with R&s of 1 14 and 1 40 were eluted 
next and could not be completely separated by column chromatography The GLC data 
for the peak with RR, of 140 were very slmdar to those of 5c(-ergosta-7,24(28)-dlen-3/?- 
acetate and ergosta-5,7-dlen-3/I-acetate,’ and the GC-MS of this peak indicated that this 
peak probably consisted of an CQ 1 1 rmxture of these sterol acetates 

The sterol acetate, RR, 1 14 and representing about 33% of the total sterol from the No 
246 culture, recrystallized from methanol gave a sample of 97”/, purity by GLC analyses 
Its GLC characteristics were slrmlar but not identical to those of brasslcasterol acetate 
and its RR,s were noticeably higher on the more polar columns GC-MS analysis of this 
acetate showed the lack of molecular ion but with major peaks at m/e 378 (M-MeCOOH), 
363 [M-(MeCOOH + Me)], 253 [M-(MeCOOH + C9H17)] and other significant peaks 
above m/e 200 at m/e 337, 313, 237 and 211 The physlcal properties of this compound 
are acetate, m p 127-130”, [aID -23”, free sterol 127-129”, [aID -7” The compound 
showed no UV absorption above 220 nm Its IR spectrum showed absorption bands at 
967 cm- l (dlsubstltuted double bond) and 808 cm-’ (trlsubsfituted double bond, though 
at lower frequency than the normal 837 cm- ’ typical for a As-bond) The NMR spectrum 
further confirmed these olefimc protons m that the trans olefimc protons appeared at 6 5 25 
and the proton of the trlsubstltuted double bond at 6 5 47 Since neither the NMR nor 
the MS indicates the presence of a cyclopropane rmg, a tetrasubstltuted double bond must 
be present m the sterol because the MS shows a molecular ion at m/e 396 for this CZ8 
sterol The fragmentation pattern further supports the presence of a C,H,, side chain con- 
taming a A 22-band Since the large M-60 peak m the MS of the acetate derivative and 
the NMR and IR spectra suggest the presence of a As-bond (9) and UV analyses indicate 
no conjugated dlene system, then the third double bond can only be at the 8(9) or 8(14) 
position A catalytic reduction of the acetate with PtO, m a 1 1 rmxture of cyclohexane- 
acetic acid yielded ergost-8( 14ten-3fi-acetate (confirmed by GLC, NMR, IR and MS analy- 
ses) The NMR spectrum of the acetate of the free sterol exhibited the methyl resonances 
9 KNIGHTS, B A (1967) J Gas Chromatog 5,273 

PHYTO 13:1--M 



194 G W PATTERSON. M J THOMPZOV and S R DUTKY 

almost m ldentlcal posItIons ds those for 22-trans-ergosta-4,7.22-tnen-3-one except for the 
shift further downfield of 2-4 Hz for the C-19 and C-18 methyls, respectively The calcu- 
lated values” for the C-18 and C-19 methyl resonances for an ergosta-5,8(9),22-tnen-3/I-ol 
of 60 650 (39 Hz) and 1 166 (70 Hz) respectively were m agreement with the observed 
values of 60 666 (40 Hz) and 1 192 (71 5 Hz) while the calculated values for 
ergo&-5,8(14),22-tnen-3fi-ol were grossly different Furthermore, the RR,s of 22-trurzh-er- 
gosta-5,8(9),22-tnen-3/&ol calculated by the method of Clayton” on our four GLC sys- 
tems m Table 1 are m agreement with the values obtamed with the lsoldted compound 
while the values calculated for 22-tvans-ergosta-5,8(14),22-tnen-3/I-ol do not agree with 
those of the Isolated compound The data definitely Indicate that the sterol with a RR, 
of 1 14 IS 22-trans-ergosta-5,8(9X22-tnen-3B-ol 

The compound with d RR, of lb33 and which was shown by GLC analyses to differ from 
the sterol with RR, of 1 14 only m the absence of the A22-bond IS then ldentlfied as 
ergosta-5,8(9Fdlen-3fi-o1 The GC-MS of this sterol supports the assigned structure The 
last two sterol acetates eluted from the AgNO,-slhca gel column were 22-dlhydroergos- 
terol acetate (RR, 142) and ergosterol acetate (RR, 1 22) These identifications were made 
on the basis of GLC RR,s (Table 1) and on the physical characterlstlcs of ergosterol dnd 
ergosterol acetate which agreed with those of authentic ergosterol 

The A7- and A5 ’ -sterols, with or wlthout side chain double bonds isolated here are 
common m many Chlorella species and m many fungi However, previous work with 
Chlorella ellzp,ozdea Gerneck, Indlana Culture CollectIon No 247. described that 
organism as containing only A’-sterols ’ The sterol composlbon for No 246 Just described 
1s further endence of the blochermcal differences m these orgamsms 

Ergosta-5,8(9),22-tnen-3fi-ol was recently ldentlfied for the first time m the fungal com- 
ponent of a hchen I2 To our knowledge It has not been previously reported to occur m 
green plants The occurrence m nature of ergosta-5,8(9)-dlen-3/?-ol 1s reported for the first 
time The presence of A 5 “‘‘-sterols m Chlorella ellzpsozdra Indiana culture collectlon No 
246 mdlcates a pathway of blosynthesls different from that now thought to occur m most 
plants or ammals studied 

EXPERIMENTAL 

Chlorella ellrpsoldea Gerneck, Indtdna Culture CollectIon No 246 was grown on basal morgamc medium sup- 
plemented with 0 5% glucose as described previously 1 3 Lipids were extracted from freeze-dried cells dnd CHCI, 
MeOH (2 I) and saponified The non-saponifiable fractiqn was precipitdted by dqqtonm and the qterol recovered 
as described by Doyle er al I3 GLC analyses were made on the total fraction usmg 3%” SE30 followed by chromd- 
tography on Woelm Alumma as described by Doyle et al I3 The free sterols were then acetyldted overmght using 
AcZ@pyridlne-C,H, (5 3 2) The sterol acetates were then separated usmg AgNO, -sIhcd gel column chromato- 
graphy GLC analyses were made on Glowall Model A-l 10 dnd Model 3 10 gas chromatographs Sterols Isolated 
were Identified by using GLC RR,s on four columns relative to cholesterol acetate for acetate dercvatlves or cho- 
lesterol for free sterols and the RR+ were the sdme m either case ’ M ps of the sterols and their acetate derlvdtlves 
were obtained on a calibrated Fisher-John s m p apparatus NMR spectra were recorded at 60 mQ wtth a Varlan 
A-60A NMR spectrometer usmg CDCI, as the solvent dnd TMS ds dn mterndl standard MS were recorded 
on dn LKB Model 9000 GC-MS The compounds were introduced into the *on chamber or mto the Ion chamber 
through the GLC column which wds 0 75”; SE70 The lomzdtton energq was 70 eV 
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