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The Stereochemistry of Hydrogen Elimination at C-6, C-22, and C-23 during 
Ergosterol Biosynthesis by Aspergillus furnigatus Fres. 

BY T. BIMPSON, L. J. GOAD,* and T. W. GOODWIN 
(Department of Biochemistry, The University of Liverpool, P.O. Box 147, Liverpool, L69 3BX) 

SEVERAL reports have appeared concerning the stereo- 
chemistry of hydrogen elimination during double bond 
formation in various stero1s.l We have described1"Pd the 
stereochemistry of hydrogen elimination from C-22 and C-23 
during introduction of the 22-trans-double bond into pori- 
ferasterol by the phytoflagellate, Ochronzonas nzalhamensis. 
\T-e used mevalonic acid (MV-4) labelled stereospecifically 
with tritium a t  either C-2 or C-5. We now describe the 
results of similar studies on the biosynthesis of ergosterol by 
Aspergilrzbs fuunigatws Fres., and show an interesting and 
unexpeci;ed difference between this fungus and the alga, 
0. mali umensis, in the stereochemistry of hydrogen 
eliminat: ons during the elaboration of the 22-double bond. 

Three cultures of A .  fumigatzis were grown2 in the presence 

(2R)-2-3H1] MVA (11; 2 pc of 14C), and (3R)-[2J4C-(2S)-2- 
3Hl] MVA (111; 2 pc  of "C), respectively. After 6-7 days 
the cultures were harvested and the non-saponifiable lipids 
extracte 3. 

Chromatography of the non-saponifiable lipid from the 
(3R)- [2-14C-(5R)-5-3H1]MVA incubation gave squalene (3H : 
14C = 11-31) and ergosterol (V), which was further purified 
by AgXi3,-silica gel t.1.c. and then crystallised to constant 
specific activity after the addition of carrier ergosterol 
(3H : 14C = 13.56 ; 3H : 14C atomic ratio = 5.99 : 5). A portion 
of the labelled ergosterol was converted by chromic acid 
oxidation into 5a-hydroxyergosta-7,22-diene-3,6-dione3 
(m.p. 229-237"; 3H :14C = 11-55; 3H :14C atomic ratio 
5-10 : 5 ) .  The drop in the 3H : 14C ratio upon introduction 
of the 6-keto-group proves that tritium was present a t  C-6 
in the ergosterol and is in agreement with previous reports 
that the 6cc-hydrogen atom of a precursor sterol (e.g., IV) is 
lost du--ing &double bond formation.lb Ozonolysis of a 
second portion of the labelled ergosterol gave 2,3-dimethyl- 
butyraldehyde, isolated as the dimedone derivative (m.p. 
149"; 1 1  :14C = 13-69; 3H :14C atomic ratio = 1.21 : 1). The 
preseno: of a tritium atom in the 1,2-dimethylbutyraldehyde 
demonstrated that the 5-pro-R-hydrogen atom of MVA, 

Of (3R)-[2-14C-(5R)-5-3H1j MV-3. (I; 4 ~,LC Of "C) ; (311)-[2-,,C- 

which becomes the 23-pro-R-hydrogen of the sterol is 
retained in the terminal portion of the ergosterol side chain, 
presumably a t  C-23.4 It therefore follows that the 23-pro-S- 
hydrogen atom must be eliminated4 from an ergosterol 
precursor to produce the A22-bond. 

The stereochemistry of hydrogen elimination at  C-22 was 
investigated by degradation of the ergosterol biosynthesised 
in the presence of 3R-[2-14C-(2R)-2-3H1] MVA (11) and 3R- 
[2-14C-(2S)-2-3Hl] MVA (111), respectively. The ergosterol 
samples were first purified by AgN03-silica gel t.l.c., 
crystallised after addition of carrier ergosterol, and then 
degraded according to the following ~equence.~ Oppenauer 
oxidation gave ergosta-4,7,22-trien-3-one (m.p. 131-133") 
which was isomerised with dry HC1 to give ergosta-4,6,22- 
trien-3-one (rn.p. 105--106"). Reduction of the latter 
produced ergosta-4,22-dien-3-one (m.p. 128-130°) which 
was ozonised to give 3-oxobisnor-4-cholen-22-al (m.p. 153- 
155"). Finally, oxidation with chromic acid gave 3- 
oxobisnor-Ccholenic acid (m.p. 263-265", decomp.) . The 
3H : 14C ratios are given in the Table. In  the degradation 
of the ergosterol biosynthesised from 3R- [2-f4C- (2R) -2-3H,] 
MVA, oxidation of the aldehyde to the acid resulted in a 
large drop in the 3H : 14C ratio, demonstrating the presence of 
a tritium atom a t  C-22 of the ergosterol. By contrast, there 
was a relatively small decrease? in the 3H :14C ratio upon 
oxidation of the 3-oxobisnor-4-cholen-22-al derived from the 

TABLE 

(3R) - [2-'4C-(2R) - 
2-3Hl]MVA 

d.p.m. of 
3H : d.p.m. of l4C 

MVA 8.58 
Ergosterol 4-06 
Ergosta-4,7,22-trien-3-one 3.83 
Ergosta-4,6,22-trien-3-one 3.77 
Ergosta-4,22-dien-3-one 3.95 
3-Oxobisnor-4-cholen-22-al 3.82 
3-Oxobisnor-4-cholenic acid 2.55 

(3R) -[2-l4C-( 2s)- 
2-3HJMVA 
d.p.m. of 

3H : d.p.m. of l4C 
8-59 
3.20 
3.02 
3.15 
3-08 
2.75 
2-46 

t In the  present work with (3R) -[2-14C-(2R)-2-3H1]MVA and (3R)-[2-l4C-(2S)-2-3H1]MVA, loss of tritium accompanied by some 
A similar result has previously been noted in 0. malhamensis incubation randomisation of the stereospecific label was observed. 

(ref. 1 c) and ascribed to the reversibility of the isopentenyl pyrophosphate-dimethylallyl pyrophosphate enzymic isomerisation. 
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ergosterol labelled with 3R- [2-14C-(2S)-2-3Hl] MVA. These 
results, which are complementary, provide evidence that the 
22-pro-S-hydrogen atom, which is derived from the 2-pro-S- 
hydrogen atom of MVA, is lost from a sterol precuror 

malhamensis was used, in which the 22-pro-R- and 23-pro-R- 
hydrogen atoms are lost during poriferasterol biosynthesis. 
It is interesting to speculate whether these differing stereo- 
chemical eliminations are (a) determined by the nature of the 

H3C ,OH o)I 
). f+ CHR~R~.--, =e"r CI-I 1 1 ~ 1 2 ~  

I? IP + w 

HOzcP- 
(11) R'==T, R2=H (VI) R*=T, R ~ = H  (VIII) l?:=T, R2=T, R3=H 

(VII) R'=H, R2=T (IX) R'==H, R2=H, IC3=T (111) R'=H, R~=T '  

Cpartial structures (VI) and (VII)] during formation of the 
C-22-C-23 double bond of ergosterol [(VIII) and (IX)]. 

The present demonstration that the 22-pro-S- and 23-pro- 
S-hydrogen atoms are eliminated during 22-double bond 
formation in ergosterol by A .  fumigaks Fres. is in direct 
contrast to  our previous when the alga 0. 

C-24 alkyl group (b) general to all fungi and algae, respect- 
ively, or (c) vary from one genus (or even species) to another. 

We thank Dr F. W. Hemming for a culture of A .  fumigatus 
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