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TABLE II 

Paper Chromatography of Bile Acids” 

Substance RJ 

Cholic acid 0.19 
Trihydroxycoprostanic acid 0.43 
Peak B 0.43 
Deoxycholic acid 0.61 
Peak A 0.73 
Lithocholic acid 0.88 

5 Stationary phase, acetic acid-water (70:30); moving phase, isopropyl ether- 
heptane (60:40). 
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1 Work done during the tenure of an Established Investigatorship of the American 
Heart Association. 

The Microbial Reduction of A4-3-Ketone Pregnene Compounds 
by a Fungus, Alternaria bataticola 

Numerous studies on microbial reduction of steroids were carried out many years 
ago by Mamori and others (1). However, those papers dealt mostly with C&steroids, 
namely, androstenedione, testosterone, and others. Only a few reports on microbial 
reduction of pregnene compounds have been published. 
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Among these, microbial reductions of double bonds of pregnene compounds were 
demonstrated (2) in a small amount of by-products of microbial hydroxylation. 
Camerino and co-workers (3) reported reduction of the a-ketone of pregnane com- 
pounds by yeast. According to their results, pregnane compounds without oxygen 
function at C-11 were not reduced to 3-hydroxyl, and the presence of a 17ol-hydroxyl 
or 21-hydroxyl group prevented reduction of the 3.ketone. 

During the course of an extensive investigation on microbial transformations of 
steroids, we have found that one of the fungi, Alternariu bataticolu, is capable of re- 
ducing both double bond and the a-ketone of pregnene compounds with or without 
an oxygen at C-11, namely, progesterone, deoxycorticosterone, corticosterone, Reich- 
stein’s Compound S, cortisone, hydrocortisone, etc. The double bonds of these ste- 
roids were reduced at first to the corresponding pregnane (normal series) compounds 
and then the 3-ketones were reduced to 3-hydroxyl by this microorganism. When pro- 
gesterone, deoxycorticosterone, or Reichstein’s Compound S were used as substrates, 
it was found that the corresponding 3-ketopregnane was produced at first, and after 
an additional period of incubation both isomers, 3cu- and 3&hydroxypregnane com- 
pounds, were obtained. 

In contrast when corticosterone, cortisone, hydrocortisone, or lla-hydroxyproges- 
terone were used as substrates these steroids were converted to the corresponding 
pregnane compounds as mentioned above, but only one isomer, the 3a-hydroxypreg- 
nane compound, was produced after an additional incubation. 

In our experiment reported here, Alternmiu bututicolu was incubated in modified 
Czapek media containing 1.5% potato starch in place of sucrose. After incubation at 
26” for a period of 48 hr. on a reciprocating shaker, 1.0 g. of steroid dissolved in meth- 
anol per 2 1. of medium was added and the incubation was allowed to proceed an 
additional 48 or 96 hr. The products were extracted with ethyl acetate and the ex- 
tracts concentrated to dryness. The converted compounds were isolated from the 
extracts by alumina or Florisil partition chromatography. Identification of these 
compounds was made by physical constants, and by behavior on paper partition 
chromatography or infrared spectra. These results are given in Table I. 

TABLE I 

Microbial Reduction of CZ~ Steroids 

Substrate 

Progesterone 
Deoxycorticosterone 
Compound S 
17a-Hydroxyprogesterone 
Corticosterone 
Cortisone 
Hydrocortisone 
lla-Hydroxyprogesterone 

Product? 
(Corresponding derivatives) 

J-keto- 3a-hydroxy- J&hydroxy- 
plXglX3E pW?XUE plTgIlalle 

+ + + 

+ + + 

(1, (1, CT, 
+ + - 

+ + - 

- 

n ( ): Not isolated, estimated by paper chromatography; f: produced; -: not 
produced. 
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The physical constants of the isolated compounds are given below. 
Pregnane-3,20-dione (I). m.p. 120-122”, [~l]~ -t-124”, I.R. = identical.’ 3a-Hydroxy- 

pregnane-20..one (II): m.p. 142”, [a], +96”, I.R. = identical. &-Acetate of (II): 
m.p. 98-lOl”, [01]~ +140”, I.R. = identical. 3p-Hydroxypregnane-20.one (III) : m.p. 
E&192”, [aID +90”. a&Acetate of (III) : m.p. 140-144”, I.R. = identical. 21.Hydroxy- 
pregnane-3,20-dione-21.acetate:2 m.p. 145-150”, [LY]~ +lOO”, I.R. = identical. 3~,21- 
Dihydroxypregnane-20.one (IV) : m.p. 139-145”, I.R. = identical. 3a,21-Diacetate of 
(IV) : m.p. S-87”, [cY]~ +lOO”. 3p,21-Dihydroxypregnane-20-one-3,21-diacetate:zm.p. 
99-107”, [a],, +85”. 1701,21-Dihydroxypregnane-3,20-dione (V): m.p. 185190”, [CY]~ 
$40”. al-Acetate of (V): m.p. 186-191”, [01]~ +60”. 3a,l7cu,21-Trihydroxypregnane-2@ 
one (VI) : m.p. 203-205”, [oI]~ +62”. 3a,21-Diacetat)e of (VI) : m.p. 19%201”, [alu +82.5”, 
I.R. = identical. 3P,17a,21-Trihydroxypregnane-20-one (VII) : m.p. 215225”, [LY]~ 
$48”. Yp,21-Diacetate of (VII): m.p. 14%150”, [oI]~ +44”, I.R. = identical. llp,Zl- 
Dihydroxypregnane-3,20-dione-21-acetate:z m.p. 153-155”, [alo +128’, I.R. = identi- 
cal. 3a,llp,21-Trihpdroxypregnane-ZO-one (VIII): m.p. 196-197”, [a],, +88”, I.R. = 
identical. 3ol,21-Diacetate of (VIII): m.p. 90-96”, [01]” +80”. 17a,21-Dihydroxypreg- 
nane-3,11,20-trione (IX): m.p. 214-217”, [01]~ +92”. 21.Acetate of (1X): m.p. 221”, 
[alo +72”, I.R. = identical. &,17a!,Zl-Trihydroxypregnane-11,20-dione (X): m.p. 
18&191”, [LY]~ +60”. 3a,21-Diacetate of (X): m.p. 227-231”, [cY], +95”, I.R. = identical. 
11/?,17ar,21-Trihydroxypregnane-3,2@dione (XI): m.p. 192-198”, [a], +94”. 21-Ace- 
t,ate of (XI): m.p. 19&205”, [cY]~ +80”, I.R. = ident,ical. 3~,11@,17ol,21-Tetrahydroxy- 
pregnane-20-one-3,21-diacetate:2 m.p. 200-210”, [ollo +82”, I.R. = identical. 

The order of increasing polarity of these free compounds on paper partition chro- 
matography was: XP-Hydroxypregnane > Swhydroxypregnane > 3-keto-A’-preg- 
nene > 3-ketopregnane. Microanalytical data showed that these compounds incurred 
no change in the oxygen content when compared to the original A4-3-ketosteroids. 

In these microbial reductions we have found that both t,he 4,5-double bond and 
the carbonyl of the conjugated ketone of pregnenes, with and wit,hout 21., l’icu-hy- 
droxy or 11.oxygen, could be reduced to the corresponding 3-hydroxypregnane analo- 
gous. 

And it is notable to state that this fungus, Alternaria ba@ticola, reduced pregnene 
compounds which have DO oxygen frmct)ion at C-11 to both the 301. and S/3-hydroxy- 
pregnane derivatives, but those which have an oxygen at C-11 were reduced to the 
3a-hydroxypregnane only. From these results, it appears t,hat an oxygen function at 
C-11 of steroids influences the stereochemistry of the hydrogenation of pregnane com- 
pounds to 3.hpdroxyl by this microorganism. 

We are greatly indebted to Dr. K. Tsuda, Dr. T. Asai, Professors of the University 
of Tokyo and Mr. M. Matsui, Director of this laboratory for their helpful advice and 
constant guidance throughout this work. 
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Sequence of Components in the Succinic Chain of the 
Mitochondrial Electron Transport System 

In the electron transport chain of beef heart mitochondria, electrons can enter 
the chain through two entry points: (1) succinate + flavoprotein of the succinic de- 
hydrogenase (fs); and (2) DPNH + flavoprotein of the DPNH dehydrogenase (fn). 
fs and fn are not linked directly one to the other but are independently linked to the 
electron transfer chain (1). 

In a companion communication (2) it has been shown that the cytochromes are 
not obligatory components in the reduction of coenzyme Q by the succinic flavopro- 
tein. In the present communication evidence will be presented bearing on the nature 
of the components involved in the reoxidation of reduced coenzyme Q (&Hz), and on 
the over-all sequence of components in the segment of the chain between succinate 
and oxygen. 

The observation of Hate6 (3) which was independently confirmed by Pumphrey 
and Redfearn (4) that the cytochrome c-dependent oxidation of &Hz by oxygen was 
completely inhibited by antimycin A, suggested that coenzyme Q preceded cyto- 
chrome cr in the electron transfer chain. In the SDC preparation of Rabinowitz and 
de Bernard (5), known to be free of cytochromes c and a, &Hz reduces only cyto- 
chrome cr , and this reduction is antimycin-sensitive (cf. Fig. 1). Cytochrome b does 
not appear to be required for the reaction between &Hz and cl . 

A particle (fsfnclc), essentially free of cytochrome b, catalyzing the reduction of 
cytochrome G by &Ha or succinate can be prepared by repeated extraction of the suc- 
cinic dehydrogenase complex @DC) (1) with 10% isobutanol at 15”. After this treat- 
ment the particle contained 3.2 mpmoles cytochrome cl , 1.0 mpmoles cytochrome c, 
0.15 mpmoles cytochrome b, and 1.21 mpmoles flavin per mg. protein. Thirty five per 
cent of the flavin was released only after tryptic digestion. With cytochrome c as the 
electron acceptor the fsfnclc particle catalyzed the antimycin-sensitive oxidation of 
0.8 pmoles succinate or 0.6 pmoles &Hz per min. per mg. protein. While there was a 
ten-fold decrease in the cytochrome b in going from the SDC to the fsfnclc, the suc- 
cinate-cytochrome c activity dropped by less than half, and the &HZ to cytochrome 
c activity increased (6). The &HZ ---f cytochrome c reaction appears to be a function 
of the cytochrome cl , not the cytochrome b, content of the particle. It has been 
shown (2) that cytochrome b is not required for the reduction of coenayme Q by suc- 
cinate, and the data given above suggests that cytochrome b does not participate in 
the reoxidation of &Hz . Since it has been shown that coenzyme Q is an essential com- 
ponent in the antimycin-sensitive oxidation of succinate by oxygen (7), these ob- 
servations lead to the following formulation: fs + Q + cl . 


