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Abstract-Ergosterol, episterol, 4a-methyl-5cc-ergosta-8,24(28)-dien-3/l-o1 and 24-methylene-24,25_dihydrolano- 
sterol, isolated from Phycomyces blakesleeanusgrown in the presence of methionine-[methyl-2H3], each contained 
two deuterium atoms; lanosterol, however, was unlabelled. The r4C:‘H atomic ratio of the following sterols iso- 
lated from P. blakesleeanus grown in the presence of mevalonic acid-[2-‘4C,(4R)-4-‘H,], was: ergosterol, 5:3: 
episterol, 5:4; ergosta-5,7,24(28)ltrien-3fi-ol, 5:3; 4cc-methyl-5cc-ergosta-8,24(28)-dien-3fi-o1, 5:4; 24-methylene- 
24,25-dihydrolanosterol, 6:5; lanosterol, 6:5. The significance of these results in terms of ergosterol biosynthesis 
is discussed. 

INTRODUCTION 

We have recently shown that in P. blakes- 
leeanus [l], as in Saccharomyces cereuisiae [2,3], 
the C-24 methyl group of ergosterol arises from the 
S-methyl group of methionine in a process which 
involves the loss of one of the methyl hydrogen 
atoms and the transfer of hydrogen from C-24 to 
C-25. This indicates that a 24-methylene sterol is 
a precursor of ergosterol in both organisms. The 
presence of 24-methylene-24,25-dihydrolanosterol 
in P. blakesleeanus [4, 51, in contrast to S. cerevi- 
siae [6], suggests that alkylation at C-24 takes place 
at the lanosterol level [4]. Here we show that the 
labelling patterns of some sterols isolated from P. 
blakesleeanus grown in the presence of either meth- 
ionine-[methyl-2H,] or mevalonic acid-[2- 
’ 4C,(4R)-4-3H J are consistent with the route pro- 
posed [4] for the conversion of lanosterol into 
ergosterol in this fungus. 

RESULTS 

Incorporation of methionine-[methyl-2H3] 

The ionic compositions of the molecular ion 
(M+) clusters of peaks in the MS of the sterols of 
P. blakesleeanus grown in the presence of meth- 
ionine-[methyl-‘H,] are shown in Table 1. Each 

sterol also had a M+-Me and a M+-H20 frag- 
ment ion cluster of almost identical composition to 
that of its M+ cluster. The most abundant ion in 
the M+, M+-Me and M+-H20 clusters in the MS 
of all the sterols, except that of lanosterol, was two 
mass units greater than normal. This was, how- 
ever, not the case in the clusters of fragment ions 
devoid of the side chain; here the most abundant 
ion was at the m/e value expected for the equival- 
ent ion in the MS of the unlabelled sterol. Apart 
from the differences in the Mf, M+-Me and M’- 
H,O ion clusters mentioned above the MS of all 
the sterols were identical with those obtained pre- 
viously [4,5], thus confirming their identity. 

Incorporation of mevalonic acid-[2-‘4C,(4R)-4- 

3W 

The results of the radioassay of the squalene and 
sterols isolated from P. blakesleeanus grown in the 
presence of mevalonic acid-[2-‘4C,(4R)-4-3HI], 
along with that of a sample of the doubly-labelled 
mevalonic acid, are shown in Table 2. The dime- 
done derivative of 2,3_dimethylbutanal, derived 
from the side chain of a sample of the ergosterol 

, (52900 dpm 14C) by ozonolysis, contained 
10500 dpm of 14C. 
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Table I. Ionic composition of the molecular ion cluster ofpeaks in the MS of sterols biosynthesized in the presence of methioninc- 
[methyl-‘H,] 

- 

Lanostcrol /rz;‘e Value 426 427 428 4’9 430 
Abundance* 100 33.5 5.6 0 0 

24-Methylene-34.25- WZ~P Value 440 441 442 443 444 
dihydrolanosterol A bu ndancc* 27.x 36.6 100 33.1 5.5 

Ir-Methyl-5r-ergosta- /)I.t’ Value 412 II .J 413 415 416 
X.24(28)-dien-i/&o1 Abundance* 27.0 36.5 100 31.9 6.3 

Episterol f)l,lC Value 39X 399 400 401 JO2 
Abundance* loo 51.5 Sl.2 23.2 4% 

Ergosterol w/r’ Value 396 397 3911 3Y9 400 
Abundance* 15.6 30.8 100 X.4 5.9 

* The abundance of each ion is expressed as a percentage of the most abundant ion in the molecular ion cluster which is taken 

The major ion in the M+, M * -Me and M’- 
HZ0 ion clusters of 24-methylene-24,25-dihydro- 
lanosterol. 4r-methyl-5rA-ergosta-8,24(28)-dien-3P- 
01, episterol and ergosterol is two mass units 
greater than normal indicating the presence of two 
‘H atoms. Since the major ions of the fragment ion 
clusters which have lost the side chain are at nor- 
mal rn/c~ values, the extra ‘H atoms must be in the 
side chain in each of these sterols. Moreover, since 
it is known that the S-methyl carbon atom of 

methionine is incorporated exclusively into C-28 
of these sterols [4], there is little doubt that the 2H 

atoms are located on C-28. The mole per cent of 
each ionic species in the M - ion cluster, calculated 
from relative peak heights and taking account of 
the natural abundance of 13C, is almost the same 

for 24-methylene-24,25-dihydrolanosterol and 4x- 
methyl-5~-ergosta-8,24(28)-dien-3/&ol as it is for 

ergosterol (undeuterated, 1X,3”>;: monodeuterated, 
16.29;; dideuterated, 655”,, and trideuterated, 0”J. 
where the relatively large quantity of the mono- 
deuterated species (-CH,‘H) has been consider- 
ed [7] to arise by the reversibility of reaction (1) 
operating at a late stage in ergosterol biosynthesis, 
rather than by random loss of ‘H from the S- 

Table 3. Radioassay of squalene and the sterols isolated from Phycor~yws h/nkeslcwms grown m the presence of mevalonic acid- 
[2-14C,(4R)-4-3H,] 

14C dpm* 3H dpm* 

lJC:3H 

dpm ratio 

‘JC:“H 

atomic ratio? 

Mevalonic acidf 

Squalenc 

Lanosterol 

24-methylene-24.25. 
dihydrolanosterol 

4%.Methyl-5r-ergosta- 
8.24(28)-dien-3/1-ol 

Episterol 

Ergosta-X7,24(28). 
trien-3b-01 

Ergosterol 

51x4 

562 

247 

353 

160 

373 

223 

179 

51956 

5613 

2107 

2923 1:8.2X 

1289 I : 8.06 

2905 

13’1 

1144 

I : IO.02 

I : 9% 

1 : 8.50 

I : 7.78 

I :592 

I:638 

l:I 

6:5.9X 
(6:6) 

6:5+x 
(6:s~ 

6:4.95 
(6:51 

i : 4.02 
(5:J) 

5 : i x 8 
15:‘Q 

<,?.Yi _._ 
(5:31 
5:3.1x 
(5:3) 

* Each sample. along with 14C. “H and Blank standards, was counted for a period sufticient to give a statistical accuracy of 
at least 95”;,. nine times. The figures given are the mean values of these counts. 

t The experimentally observed ratio is given above the rounded off ratio which appears in parenthesis. 
$ Mevalonicacid-[3R,2-“C + ?S.2-14C] i mevalonic acid-[3R.4R-3H, + 3S.4S-3H,] mixture used in the P. hlakeslrcw~us cul- 

ture medium. 
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HO& 

the 3H atom on C-5 as the As-double bond is in- 
troduced and therefore explain their “C:3H ato- 
mic ratios of 5:X. 

The labclling patterns of the sterols examined in 
this paper. biosynthesized in the presence of either 
tncthioninc-[methyI-‘H,1 or mevalonic acid-[I- 
“C,(4R)-4-“H ,I, are shown in Scheme 1 placed in 
a sequence consistent with the biosynthetic route 

from lanosterol to ergosterol in P. hlakrslecwnus 

proposed previously [4] largely on the basis of the 
stcrols shown to be present in the fungus. This 
work therefore provides further evidence for the 
operation of this pathway. 

I:.XPF:RIMESTAI 

Two 100 ml cultures (A and B) of P~w,I~~Jw.~ hic~lrslrerr~s 

BurgcH: (- ) strain were gr-obvn from spores on a medium [ IY] 
containing 101) mg Illethlonlnc-[methyl-‘H,I (A) and meva- 
tonic acid-[ 2-“Cy.(4Rj-1-‘H ]] (B). The lahclled me~alonic acid 

consisted of a I: IO mixture of mevalonic acid-r3R.I!-“C + 

3.S.2-‘“CJ (5 10) and mevalonic acid-[3R.3R-“H, + iS.JS- 
.‘H,] (50 ,tCi) obtain& from the Kadiuchcmicnl Centre. Amsr- 
sham. Since only the 3R ibumet-s can he utilbed for terpcnoid 
biosynthesis [20~]. the rifc‘ctivc quantities of the lJC ;inti “H spc- 
ties present in growth medium B were 2.5 /fCi and 25 //C‘i rc- 
spectivell. The myelium (\vct u t: ?~5ig.A: 1.1 I g. H) was har- 
vcstcd after 5 days and saponilied. The unsaponifinhle lipid 

(30.85 mg. A: j5.l I mg. B) was chromatographcd on alumma 

(Brockmann Grade 2) and the O”,, (v, V) Et20 in petrol (E ‘Pt 
fraction (0.53 mg, A: 06 I mg. 13) and W., F P fraction (0.25 mg. 
A: 5.23 mg. B) collected. The petrol fraction (3.31 mgl of unsa- 
ponlfiablc lipid B was also collected. The I.&dimeth!l stcrols 
(R, 0~20) and -Vdemcthyl rtcrnls (I$ (140) \%crc isolated from the 

9 and W’;, E,‘P fractions b! TLC’ on sjlica gel G imprcgnatcd 
with Rhodaminc hG [?I] and dcbeloped with CHCl,. Squale~ 
(R, 041 was isolated from thy’ petrol ft-action h! TLC on silica 
gel G imprcgnatcd 16 lth R hodamine CiG and de~loped u~th 

petrol LX]. The 4.4~dimeth~l \tcroI ftraction\ WI-U shown h! 
GLC‘ on I”<) SE-30 [~I] to contain i main componcntz b4ith 
retention timc$ rrlatl\e to cholcstane (RR,) of 3.05. Z 27 and 
3.7X: the latter 7 co-chromatogr~~pheti with authentic lanozterol 

and 24-meth~~lenc-13.~S-di~~~drolarrostcr~~l and the form?!- M Ith 
3 sterol prc\iousIy identified [4] ah 4sr-mctll)I-.i-/-crensta- 
X.Z4(‘X)-dien-i~~-ol. The I-dcmcthjl tractions UCI’L’ shou n h\ 
GLC‘ on I”,, SE-30 [ I] to contain thl-ce components ~\irh RR, 
values of 7.75. _ - ‘.3X and 7.77 which had previousI> hccn 

shown IJ.S.9 1 to hr cr~osterol. crfostu-5.7,2il~S)-tric~~-3/1-o1 
and cplstcrol. 

The -I.+dimeth!l and 4-dcmeth!i stcrol fractionz, from the 

methioninc-lmcth?l-~H~] euperlment Mere then huhjcctcd to 
GC MS [I 1. Ho~cvcr thcsc liactlons from the mcvalonic acid- 
[_?-‘“<‘.(JR)&-‘H,] cxpcrimcnt wcrc separated into their mdi\l- 
dual sterol components by preparative GLC on I”,, SE-30 1 I] in 
the case of the 4.4dimelh~l stcrol> and al.gclitatloll-TLC‘ [9J 

followed by preparati\c GI.(‘ on I”,, SE-30 [I J in the CIX of 
the 4-dcmcthyl stcrols. Squalcne N\;~s also purllicd b> prcpara- 
tive GLC‘ on I ‘I/, SF.-30 The pul-it! of the samples collected after 
pi-cparativc GLC \bas confirm& h) analytical GLC. .A sample 
of the crgosterol purified 13) arpcntation-TLC‘ ( 1.9: mp. 
52900 dpm) was suhJccted to o/onol~ si.r and the resulting 3.3. 
dimethylhutanal isolated ;IS It> ~111nxio11e dcri\atl\c and 
radioassajcd as described prcx iousl\ [I]. The ampIes (sterols. 

squalcnc and dlmcdonc derivative oi 
:,, 

_..l-di,,,ctll!Ihut~inal) wxc 
then dissolved in IO ml aliquots of NF 260 Iquid acintillatol 
and rcpctltivcl! counted (9 x ) in an VE X.3 IO liquid xintlllation 
counter along %ith I’<‘. ‘H and Blank standards for it pcrmd 

sufficient to give at least 95”,, statistical sccur:q foi- each count. 
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