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Conversion of Steroids by Microorganisms®

By A. WETTSTEIN?, Basle

To begin with, reference should be made to the
existing recent and very valuable reviews on micro-
biological reactions in the steroid field, e.g. the ap-
propriate chapter in DorrMAN and UNGAR’s mono-
graph3, the papers by PETERSON?, FLOREY?®, FINCHS,
and Han¢?, and — last but not least — by FRIED ef al. 8,
Furthermore, PERLMAN? delivered at the same meet-
ing a lecture on the entire field of the modification of
organic compounds by microorganisms. I shall not try,
therefore, to give you another complete review but
rather to present the actual position of microbiolo-
gical processes, a field which is still in full development.

We cannot here go into the normal origin of sterols
in natural metabolism, for example ergosterol and
related substances occuring in ergot and yeast. We
have to limit ourselves to the transformation of steroids
added to microorganisms by means of the enzymes
contained in the latter. One should realize, therefore,
that we are dealing with artificial, more or less un-
physiological systems that have nevertheless acquired
great importance for preparative purposes. In parti-
cular, they permit the introduction of functional groups
typical of the steroid hormones, and crucial for the
biological effect, into natural or synthetic starting
materials, i.e. the substrates. They also enable us to
prepare analogs of the natural hormones, which may
lead to interesting conclusions about the relation of
chemical constitution and physiclogical activity.

The wmethod of microbiological conversion has to
compete with the chemical synthetic methods, and
with the conversion by animal tissue enzymes. In
comparison with pure chemistry, microbiology can, in

1 From a lecture at the 128" National Meeting of the American
Chemical Society, Minneapolis, Minn.; Symposium on Metabolic
Conversions of Steroids; September 16, 1955. Communication No.
136 “On Steroids”. No. 135 compare E. VISCHER, J. SCEMIDLIN, and
A. WeTTsTEIN, Exper. (in press).

2 Research Laboratories, CIBA Lid., Basle, Switzerland.

3 R. 1. Dorrman and F. UnNGar, Metabolism of Steroid Hormones
{Minneapolis, 1953}, p. 34.

4 D, H. PETERSON, Research 6, 309 (1953), — D. H. PETERSON in:
S. A. WAKSMAN, Perspectives and Horizons in Microbiology (New
Brunswick, N, J., 1955), p. 121.

5 K. FLorry, Chimia 8, 81 (1954).

8 C. A. FincH, Manufact. Chemist 25, 247, 548 (1954): 26, 120
(1955).

7 O. Haxé and E. Riepr-Tumova, Pharmazie 9, 877 (1954).

8 J. FriEp, R. W. Tuoma, D, Periman, J. E. HErz, and A.
BormaN, Rec. Progr. Hormone Res. 11, 149 (1955).

% D. PerLMmaN, Conference 1280 Nat. Meet. Amer. Chem. Soc.,
Minneapolis, Minn., September 14, 1955.
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certain cases, be employed very economically, since it
often allows the performance in a single but rather
complicated process of one or more changes in the
molecule for which quite a number of chemical reac-
tions are required. Compared with the use of animal
tissue enzymes, that is to say perfusion of intact organs
in situ or in vitro, and incubation of tissue slices,
homogenates or fractions thereof, the microbiological
method has great advantages, but also some disadvan-
tages. It is much simpler practically, but not physio-
logically specific in its results. One will therefore have
recourse to animal tissue enzymes for the elucidation
of problems of natural biosynthesis in the organism,
while for the preparation of hormones and especially
their analogs, it is advantageous to use, whenever
possible, enzymes of microbiological origin.

Our knowledge concerning the general reaction
mechanism of microbiological conversions is still very
meagre. It may be assumed, in analogy with the cur-
rent conception of enzymatic reactions, that in this
case too the attacking enzyme of protein character
forms intermediate complexes with the steroidal sub-
strates. The shape of the surface of the substrate mole-
cule is thus of primary importance, such that it allows
contact at three points at least, as required by the
polyaffinity theory. The linkages may consist in
anything from normal valence or coordination bonds,
hydrogen bonds, to such as caused by van der Waal’s
forces. For a sufficiently close approach so that the
latter can operate, the large almost planar rear side of
the steroid molecule ougth to be especially suitable. This
could explain the somewhat preferential attack of the
microorganism enzymes in the «-positions, although
the adrenal enzymes attack primarily in the f-posi-
tions, The chemical activation of the reactive bond, e.g.
by its being allyl to a carbon-carbon double bond or
vicinal to a carbonyl group, seems to be only of second-
ary importance. Because of this, a distinct though
limited substrate specificity is exhibited. Certain
substituents may sterically hinder the microbiological
reaction, or at least influence its steric course.

The principle of operation of the microbiclogical
conversions of steroids derives from known methods
of mold fermentation. These are the surface culture
processes, and, especially, submeérged fermentations
in shaking flasks or, on an industrial scale, in deep
culture fermenters with aeration and stirring as used
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in the manufacture of antibiotics, riboflavin, citric

acid etc.

In CIBA's pilot plant
just comingintooperationin
Basle we are using a series
of 10 gallon stainless steel
fermenters (Figure 1) with
built in partly automatic
and registering controls
of experimental conditions
(temperature, pH, air-flow,
etc.). Larger tanks (100
gallons and 1000 gallons)
have also been installed, the
design being such that by
means of the smallest tanks
(Figure 2, on the gallery,
upper right), the middle-
sized ones and from these
the large tanks can be
directly inoculated in sterile
conduits by gravity-feed,
maximal sterile function-
ing being of the greatest
importance.

The operational procedure
is briefly as follows: in-
oculation cultures of the mi-
croorganisms, mostly Phy-
comycetes, Fungt imperfecti
or bacteria are prepared,
and inoculated into a suitable sterile nutrient solution.
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After 1-2 days’ development of the organisms, a solu-
tion or a very fine suspension of the steroid precursor

Fig. 1.

in a water-miscible solvent such as acctone, alcohol or
dioxane is added under sterile conditions. The mixture
is now incubated aerobically for 1-10 days, the myce-
lium removed by filtration, and the solution and/or the
mycelium extracted with an organic solvent. Recently,
Roianp and WEINER! and our group? have also used
Basidiomycetes — fungi in common langnage — with
submerged fermentation conditions according to
Huwmrerp®, Cell-free enzyme solutions from micro-
organisms have only been used exceptionalily (in the
patent literature and by STapTMAN ¢f al.? working
with M ycobacteria); such experiments are interesting
because they should permit the purification and finally
the isolation of the enzyme systems (see also TArLa-
LAY ¢f al.®). Conversely, it has been found advan-
tageous to filter the mycelium from the microorganism

 J. F. Rovanp jr. and B. A. WrNeR, Science 121, 803 {1855},

2 E. ViscHer, CH. MEYSTRE, and A. WETTSTEIN, unpublished
work,

3 H. HuMmrELD, Science 167, 373 {1948). - H. Humrerp and T. F.
Svaraara, Mycologia 44, 605 (1952).

4 T, C. StaprmaN, A. Currgss, and Cu. B. Axrinsen, }. biol.
Chem. 206, 511 (1954).

5 P, Tararay, M. M. Dogrson, and D. F. TapLey, Nature 170,
620 (1952). — P. Tararay and Pu. 1. Marcus, Nature 173, 1189
(1954). — P. Tararay and M. M. Dorsox, J. biol. Chem. 205, 823
(1958). — P. Tararay, F. A. Loewus, and B. VENNESLAND, J. biol.
Chem. 212, 801 (1955).
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after its development, transfer it to a new nutrient or
to water, and only then to incubate it with the steroid
(WELsH and HEusGHEM!, and lately SHULL and
Kira?). The amount of the added steroid {mostly not
over 1 g per 1} is naturally of significance; higher con-
centrations, desirable from an economic point of view,
hardly suit the solubility conditions, and can, as in the
case of the bile acids, retard the growth of the micro-
organisms. Authors of the UprjoHN group have been
able to improve biological conversions very much by
the addition of alcohols® or of certain fatty acid ester
compounds*. Recently, the addition of zinc ions also
proved advantageous®,

The onset and nature of the transformation is
followed throughout by means of paper chromato-
graphy, for example according to ZAFFARONI or BUSH.
Besides the preparation of derivatives, physical meth-
ods such as IR. and UV. spectra (the latter also after
the action of H,S0,), as well as the molecular rotation
differences serve to identify and prove the constitution
of the compounds isolated. Paper chromatographic
and IR. measurements may be carried out, if necessary,
with amounts down to 1 or 5 ug.

The individual reactions carried out on steroids by
means of microorganisms and dealt with in this talk
are illustratcd in Table I. The dehydrogenation to
C=C double bonds will be considered in conjunction
with side chain degradations and ring cleavage to
lactones, since these reactions are frequently effected
by the same microorganisms.

Chronologically speaking {Table II), the first of these
microbiological transformations of steroids, apart
from hydrolyses, were oxido-reductions, carried out in

1 M. WeLsH and C. HEUSGHEM, C. t. Soc. biol. 142, 1074 (1948),

2 G. M. Suurr and D. A. Kira, J. Amer. chem. Soe. 77, 763
(1955).

3 K. M. Mann, F. R. Hanson, P. W, O'ConneLL, H. V. ANDER-
soN, M. P, Brunxser, and J. N. Karnemaar, J. appl. Microbiol. 3,
1 (1955).

4 P.W. OConnerr, K. M. Manxy, E. D. Nievsow, and F. R.
Haxnsown, J. appl. Microbiol. 3, 18 {1955),

5 E. L. Durangy, E. O. StapLEY, and Cu. Hravac, Mycologia
47, 464 (1955).
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Table I. — Conversion of steroids added to microorganisms
Hydrolysis: of esters, of ethers
Hydrogenation: of nxo-compounds, of Ca=C
Dehydrogenation: of secondary alcohols, of \CH—CH
Hydroxylation: of ~-CHy—, -CH,, CH-
Epoxydation: of C=C

Side-chain degradation:of ~CO-CH,, ~CO-CH,0OH

Ring cleavage to lactones

1937 by MamoLrr and VERCELLONE. In 1947 and 1948
followed the first microbiological side chain degrada-
tions and in 1949 a hydroxylation in the 7-position.
In 1952 PeTERSON and Murray made the extremely
important discovery of hydroxylation in the 11a-posi-
tion. Shortly afterwards a spate of papers appeared.

Hydrolysis

The hvdrolysis of steroid esters or ethers cannot be
discussed here in detail. In this context belong, for
example, the saponification of ketol-21-acetates and
3-acctates, occuring nearly always during other trans-
formations, the cleavage of estrogen sulfates, steroid
glucuronidates and glycosides such as the cardiac
active principles and the saponins.

Hydrogenation

Hydrogenations too belong to the common side-
reactions during other microbiological processes, even
in the presence of oxygen, and are naturally often
coupled with dehydrogenation reactions. Some ex-
amples of reductions of ketones and aldehydes are given
in Table II1. The complete classical work of MamoLr,
VERCELLONE, ERCOLI and others is amply dealt with
in the existing reviews. According to their findings,
yeast will not in general reduce the af-unsaturated
3-keto-group (4%3-ketones). Androstane-3,17-dione

Table 1T
Year Authors Conversion Microorganism
1937 Mawmotl and VERCELLONE! oxido-reductions veast and bacteria
1947 HorvATH and KrAmrr? Side-chain degradation Azotobacter
1948 TurFiTr® Side-chain degradation Progctinomyces
1949 KriAmri and HorvaATnt Hydroxylation in 7 Proactinomyces
1952 PrTtERson and MurrAY?® Hydroxylation in 11a Rhizopus
1952 PerLmAN, TiTUS and FriEDS Hydroxylation in 16a Actinomyces
1952 many additional papers

! L. Mamovr and A. VERCELLONE, 7. physiol. Cheni. 245, 93
(1937); Ber. dtsch. chem. Ges. 74, 470, 2079 (1937},

2 J. Howrvaru and A. Krimii, Nature 160, 630 (1947).

3 G. E. Turkirr, Biochem. J. 42, 376 (1948},

4 A. Krimut and J. Horviarn, Nature 162, 619 (1948); 163, 214
{1919).

30*

5 D. H. Peterson and H. C. MUrkay, J. Amer. chem. Soc. 74,
1871 (1952).

8 13, Perimaw, K. Trrus, and E. Frien, J. Amer. chem. Soc. 74,
2126 (1952},
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Table I111. — Reductions of Ketones and Aldehydes

Substrate Product Microorganism Authors
3-CO: androstane-3,17-dione . 38, 17 g-diol yeast MamoLt and VERCELLONE!L
androstane-3,17-dione . 3o-0l Pseudomonas TALALAY ef al.?
pregnane-3,20-dione . . unchanged yeast MamoL13
allopregnane-3, 20-dione unchanged yeast MawmoLi13
pregnane-3,11,20-trione . 3a-ol yeast CAMERINO ¢? alt
allopregnane-3,11, 20-trione. 3x-0l yeast CAMERINO ¢/ alt
pregnane-11le-ol-3, 20-dione . unchanged yeast CAMERINO ¢f al 4
allopregnane-11e-o0l-3, 20-dione 3f-o0l yeast CAMERINO ef al.4
3-keto-cholanic acid . unchanged yeast Ercoir1 and DE RUGGIERI®
3,6-diketo-cholanic acid . 3et-0l yeast Ercot! and pE RUGGIERI®
7-CO:  dehydrocholic acid .. 7-ol {slow!) B. coli Fuxu®
17-CO:  dehydroisoandrosterone . . 17p-0l yeast MamoL1 and VERCELLONE!
dehydroisoandrosterone 178-0l Pseudomonas TALALAY ef al.?
As%-androstene-3,17-dione. . . 178-01 yeast MamoLI and VERCELLONE’
At-androstene-3,17-dione. . 178-01 Pseudomonas TALALAY ef al.®
A'-androstene-3,17-dione. . 178-01 yeast BuTENANDTS
estrone . . . 178-0l yeast WETTSTEIN?
estrone-acetate . 174-01 yeast MamorL1l®
20-CO:  progesterone . 208-0l Streptomyces
lavendulae FRIED et al 11
17a-hydroxy-cortexone 208-0l Streptomyces
coelicolor VISCHER ¢f al.l?
22-CHO: A*-bisnorcholene-3-one-22-al . | 22-ol Rhuizopus nigricans MEISTER &t al. 13
{+ 11e-hydroxy)
{+68,11a-dihydroxy)

1 1. Mamorr and A. VERCELLONE, Z. physiol. Chem. 245, 93
(1937); Ber. dtsch. chem. Ges. 70, 470, 2079 (1937). ~ L. MawmoLi,
Ber. dtsch. chem. Ges. 71, 2278 (1938).

2 P. Taravay, M. M. Dosson, and D. F. TarLEY, Nature 170,
620 (1952). — P. Tararay and Pr. I. Marcus, Nature 173, 1189
(1954). — P. Tararay and M. M. Dosson, J. biol. Chem. 205, 823
(1953). — P. TaLaLay, F. A, Loewus, and B. VENNESLAND, J. biol.
Chem. 212, 801 (1955).

3 L. Mamoi1, Ber. dtsch. chem. Ges. 721, 2701 (1938).

4 B. Camerivo, C. G. ALBERTI, and A. VErRcELLONE, Helv, chim.
Acta 36, 1945 (1953).

& A, Ercoui and P. pE Ruccieri, Boll. Soc. Ital. Biol. Sper. 28,
611 {1952},

8 T, Fukui, J. Biochem. (Tokyo) 25, 61 {1937).

gives the 38, 17f-diol. TALALAY concentrated and
studied more thoroughly the dehydrogenase systems
of a Pseudomonas species that act with diphospho-
pyridine mnucleotide. He demonstrated, amongst
other conversions, the reversible change of andro-
stane-dione to androsterone (3wc-ol), but established
also a 3f-dehydrogenase. In the pregnane series,
other than in chemical reduction, it is not the con-
figuration at C-5 that determines the occurrence and
course of reduction with yeast at the 3-carbonyl, but
the presence and nature of a substituent in the 11-
position; thus, without an 11-substituent no reduction
takes place, in the presence of an 11-keto-group re-
duction to the 3a-hydroxy-group occurs, and with an
115-hydroxy group, reduction, if occurring, gives the
3f. Hydroxyl groups in the 17« and/or the 21 positions
hinder reduction?,

The 17-keto group is reduced every time to the 175-
hydroxyl group. In this way, for example the hormones

1 B. CaMERING, C. G. ALBERTI, and A. VERCELLONE, Helv, chim.
Acta 36, 1945 (1953).

7 L. Mamor1 and A, VERCELLONE, Ber. dtsch. chem. Ges. 70,
470 (1937).
8 A. Buresanpt and H. DANNENBERG, Ber. dtsch. chem. Ges.
71, 1681 (1938).
9 A. WrrtsTEIN, Helv. chim. Acta 22, 250 (1939).
10 1. MamoLr1, Ber. dtsch. chem. Ges. 71, 2696 (1938).
il J Friep, R. W. Taoma, and A. KLINGSBERG, J. Amer. chem.
Soc. 75, 5764 (1953).
12 B, Viscurr, CH. MEYsTRE, and A. WETTSTEIN, unpublished
work.
13 p D.MzisTtER, D. H. PETERSON, S. H. ErpstrIN, H. C. MURRAY,
L. M. REINEKE, A. WEINTRAUB, and H. M. Lewcu OsBORN, J. Amer.
chem. Soc. 76, 5679 (1954).

testosterone and estradiol are obtained by selective
hydrogenation.

FRIED et al. have observed reduction of the 20-
carbonyl group to a 205-hydroxyl group with a
Streptomyces species as a side-reaction. In the case of
REICHSTEIN's substance S, we obtained this con-
version specifically as the main reaction,

Hydrogenation of an aldehyde group was arrived at
in the course of 11a- and 68, 11a-hydroxylation with
Rhizopus.

From the earlier examples of hydrogenations of a
carbon-carbon double bond in conjugation with a keto-
group (Table IV), I should just like to mention the
transformation of androstenedione and testosterone
to the 58-dihydro-compounds. The hydrogenation of
progesterone to the 58- or Sa-dihydro-derivative was
observed as a side-reaction in connection with hydroxy-
lation in the 16~ or 11a-position. The saturation of the
16-double bond during the 1la-hydroxylation, form-
ing the 77x-progesterone derivative, is theoretically
interesting, in that a side-chain in the sterically “‘un-
natural” configuration is obtained.
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. AN e
Tabelle IV, — Hydrogenations of C=C(]
ydrog / N
Substrate Product Microorganism Authors
A4B A%-androstene-3, 17-dione. testane-3,17-dione Clostvidium Ercoii and Mamori?!
testosterone . . . . . . testane-17f-0l-3-one Clostridium MAMOLI et al.?
progesterone . . pregnane-dione-160-0l Actinomycele PERLMAN ¢f al.?
progesterone . . . allopregnane-dione-11a-ol Rhizopus nigricans PETERSON ¢t al.t
A16,17; 16-dehydro-progesterone 17x-progesterone-11¢-ol Ruzizopus nigricans MEISTER ¢f al.b

1 A. Ercont and L. Mamoirr, Ber. dtsch. chem. Ges. 71, 156
(1938).

2 1. Mamoir1, R. Kocn, and H. Tescuen, Z. physiol. Chem. 261,
287 (1939).

2 D. PeriMaN, E. Trrus, and E. Friep, J. Amer. chem. Soc. 74,
2126 (1952).

4 D. H. PEtERsoN, H. C. MUrray, S. H. EppsTEIN, L. M. REIN-
EKE, A. WEINTRAUB, P. D. Me1sTER, and H. M. LEiGH, J. Amer.
chem. Soc. 7¢, 5083 (1952).

5 P. D. MEistER, D. H. Peterson, H. C. Murray, S. H. Epp-
sTEIN, L. M. REINEXE, A. WEINTRAUB, and H. M. LeicH, J. Amer.
chem. Soc. 75, b5 {1953).

Table V. — Dehydrogenations of Secondary Alcohols

s

Substrate Product Microorganism Authors
OH
)
3-CH- cholesterol . . AL-3-ketone Proactinomyces roseus KrAMLI and HOrRVATH!
cholesterol . A%-3-ketone Mycobacterium (cell-free extract!)| STADTMAN ¢t al.?
coprosterol . . 3-ketone Proactinomyces evythvopolis TurriTT®
dehydrmsoandrosterone A4-3-ketone Corynebactevium mediolanum MaMori and VERCELLONE?
dehydroisoandrosterone A4-3-ketone Pseudomonas TALALAY ef al b
dehydroispandrosterone .| A4-3-ketone Proactinomyces erythropolis TurriTT?
AS-androstene-35,178- diol A4-3-ketone Proactinomyces erythropolis TurriTT?
Ab-androstene-38,178-diol | A4-3-ketone Flavobacterium dehydrogenans Ercovr1®
17-methyl-androstene-diol | A4-3-ketone Corynebacterium mediolanum Mamorr?
17—ethmyl-androstene -diol | A4-3-ketone Micvococcus dehydrogenans ErcoL1®
pregnenclone . A4-3-ketone Corynebacterium mediolanum Mamori?
pregnenolone . . . . . A%-3-ketone Streptomyces PERLMAN®
21- acetoxy-pregnenolone cortexone Corynebacterium mediolanum Mamorri!
OH
|
3+17-CH- A5-androstene-3§,17§-diol | androstene-dione | Corynebacterium mediolanum Mamort and VERCELLONE?
OH
!
17-CH- A5-androstene-38,178-diol| dehydroisoandro-
sterone Pseudomonas Tavavray et al.®
testosterone androstene-dione Pseudomonas TALALAY et al.b
estradiol . . . . . estrone Micrococcus dehydrogenans ArNaupIl?
estradiol . . estrone Actinomyces albus (mycelinm!) | WeLsH and HEusgueM!3®
OH
|
3+7+12-CH- cholic acid . triketocholanic acid| Alcaligenes faecalis HoOEEN ef al.14
HO OH OH
! !
——CH—CH, 4 possible stereoisomers unchanged Acetobacter suboxydans LarDON and REICHSTEIN1®
171 20 21

1 A. KrAmL1 and J. HorvAtH, Nature 162, 619 (1948); 163, 219
(1949).

2 T. C. StapT™MaN, A. Cuerxes, and Cun. B. AnrFiNseN, J. biol.
Chem. 206, 511 (1954).

3 G. E. TursITT, Biochem. J. 40, 79 {1946).

4 L. Mamor1 and A, VERCELLONE, Ber. dtsch. chem. Ges. 71,
154, 1686 (1938).

5 P. Tararay, M. M. Donson, and D. F. TarLeY, Nature 179,
620 (1952). — P. Tavraray and Pu. I. Marcus, Nature 173, 1180
{1954). — P. Tararay and M. M. Dosson, ]. biol, Chem. 285, 823
(1953}. — P. TaLarLay, F. A. Loewus, and B. VENNESLAND, J. biol.
Chem. 212, 801 (1955).

Dehydrogenation

Concerning oxidations, only certain functional
conversions are within the scope of this talk, not the
total oxidative degradation, which occurs in the

8 A. Ercoil, Z. physiol. Chem. 270, 266 (1941).

7 L. Mawmous, Gazz. chim. Ital. 69, 237 (1939).

8 A. Ercoi1, Biochem. Terap. sper. 28, 125 (1941).

® L. Mawmori, Ber. dtsch. chem. Ges. 71, 2701 {1938).

10 1. PErRLMAN, Science 115, 529 (1952).

11 1. Mamoui, Ber. dtsch. chem. Ges. 72, 1863 (1939).

12 C, ArNAuUDI, Boll. Istit. Sieroterap. Milanese 21, 1 {1942).

13 M. Wersn and C. Heuscuem, C. r. Soc. biol. 142, 1074 (1948).

14 W. M. Hoean, L., H. Scumipr, and H. B. Hucuss, J. biol.
Chem. 152, 59 (1944).

15 A, Larpon and T. Reicusrriy, Helv. chim. Acta 34, 760
(1951).

sterols generally by the opening of ring A to a ketoacid
and by side-chain degradation®. Here, I shall only
touch on the much-observed dehydrogenation of sec-

1 G. E. TurrmirT, Biochem. J. 42, 376 (1948).
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ondary alcohols to ketones by aerobic incubation (Table
V). The first of these reactions, apart from the oxidation
of coprosterol, represent the familiar transformation of
a A5-38-hydroxy-compound to a 44-3-ketone, which is
normally carried out chemically by an Oppenauver
oxidation. Especially worth mentioning to-day is
probably only the partial dehydrogenation of andro-
stenediol to testosterone, besides the use of cell-free
extracts of a Mycobacterium by STADTMAN referred
to previously. One of these transformations re-
presents an example of the simultaneous hydrolysis
of a 21-acetate. Several dehydrogenations of secondary
carbinols in other positions of the steroid nucleus are
shown also in Table V. Under this heading come again
TALALAY’s reversible interconversions with the DPN-
linked dehydrogenases from Pseudomonas. The con-
version of estradiol into estrone was carried out by
WELSH in a remarkable way with filtered mycelium
of an Actinomyces. During the dehydrogenation of
cholic acid, HOEHN ¢f al, determined long ago that
first the 7-, then the 12-, and lastly the 3-hydroxyl
reacted, the same sequence as observed during the
chemical oxidation.

A theoretically interesting oxidation experiment
was carried out by LarpoN and REeicHSTEIN, They
subjected to the action of Acefobacter suboxidans the
four possible stereoisomeric allopregnane- and 17ux-
allopregnane-38,17,20, 21-tetrols, the partial formulas
of which are shown. It was surprising that all four
remained practically unchanged, none of them giving
the desired dihydroxyacetone side chain structure by
oxidation at carbon atom 20. This negative result
probably is caused by the fact, that the steroid tetrols,
in contrast to the oxidizable sugar alcohols, have no
hydrogen atom on the third carbon atom, ie. in
posttion 17.

Hydroxylation

The biological Aydroxyiations which have been
observed using adrenals or adrenal preparations are
compared with those which have been effected by
microorganisms in Figure 3. Of the former, only this
year a 6o-hydroxylase has been found by MEYER efal.l,

l CHpem CHyw—

CHy c‘o CHy €O

Fig. 3.—Biological Hydroxylations

Adrenals:
6, 6f, 116, 17a, 18, 19, 21

Microorganisms:
68, 7o, 78, 88 or 9, 14x, 15z,
158, 160, 1la, 113, 170z, 21

1 A.S.MevERr, M. Havaro, M. C, LINDBERG, M. Gur, and O, G.
Ropcers, Acta endocrinol. 18, 150 (1955).
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an 18-hydroxylase by us!, which is interesting in
connection with the biosynthesis of aldosterone, and
a 19-hydroxylase, which attacks the other angular
methyl group, by no less than four teams, namely,
besides us?, by MEYER?, by Havano and DorRFMANS,
by ZAFFARONI ¢f al.%, and by LEvy and KUSHINSKY?,
The three- “natural” points of attack named are, at
the same time, precisely those for which a micro-
biological method has not yet been found. Micro-
organisms produce, apart from the other hydroxyla-
tions effected also by adrenals, i.e. those in the 68-,
1184-, 17a-, and 21-position, a whole galaxy of such
reactions in other, “unnatural” positions. These are,
up till now, the 7e-, 7f-, 8- or 9a-, 14e-, 150¢-, 158-, 160
and the very important 1le-position. This is an illu-
stration of what was mentioned in the introduction,
that a wide variety of possibilities exists with micro-
biological enzymes in comparison with those of ani-
mal tissues. _

Microbiological hydroxylations have been extensive-
ly studied with progesterone and cortexone, but also
with quite a number of other precursors. Most of them
give in this way analogous conversions, but a certain
substrate specificity is nevertheless apparent; thus
dihydroxylated derivatives have been observed par-
ticularly with progesterone. Very little is yet known
about the mechanism. Since FRIED ¢f al.® could not
bring about such transformations on 9,11-dehydro- or
16,17-dehydro-starting material with microorganisms
hydroxylating other precursors in the 1la- or 16a-
positions, these unsaturated compounds are ruled out
as intermediate products (¢f. also the microbiologi-
cal epoxydation below). From the assumption that
microbiological hydroxylations do not, on the whole,
proceed via an intermediate double bond, STONE ef al.?
suggest that the hydroxyl replaces directly a hydrogen.
atom of the precursor, the hydroxyl then arising in the
spatial position of the hydrogen.

Let us consider briefly hydroxylations in individual
positions. Table VI shows some examples of a favored
side reaction of many microbiological conversions,
68-hydroxvylation. It always takes place on A4-3-ketones
(I), i.e. in the allyl position. In progesterone, FRIED ¢
al. have described exclusive 6§-hydroxylation. The
Urjoun group found in Rhizopus arrhizus a micro-

! F. W. KauxT, R. NEHER, and A. WETTSTEWN, Helv, chim. Acta
38, 1237 {1955).

2 A. S. MEvEr, M. Havano, M. C. LinpBERG, M. GuT, and O. G.
Ropaers, Acta endocrinol. 18, 150 (1955). — A. S. MEYER, Exper. 11,
99 (1955).

3 M. Havawno and R. 1. DorFMAN, Arch. Biochem. Biophys. 535,
289 (1955).

4 A. Zarraroxi, V. TrRoncoso, and M. Garcia, Chem. Ind. 1955,
534.

% H. Levy and S. KusHiNsky, Arch. Biochem. Biophys. §4, 290
(1955).

¢ J. Friep, R. W. Tuoma, D. Perimaw, J. E. HErz, and A.
Borman, Rec. Progr. Hormone Res. 11, 164 (1955).

7 D. Srone, M. Havano, R. 1. Dorrman, O. HECHTER, C. R.
Rosixson, and C. DjerassI, J. Amer. chem. Soc. 77, 3926 (1955).
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H
JOVEVVIEY
O/ V4 . 0/\// O/\/ H !
CH :

Substrate Product hydroxylated in Microorganism Authors
progesterone . 64 Streptomyces aureofacigns FRIED ef al.l
progesterone 68, 11 (+ much 11x) Rhizopus arrhizus PETERSON ef al.2
progesterone 64, 11a Rhizopus cambodjae CAMERINO ef al.®
progesterone . . . 68,11 Aspergillus niger FRIED ef al4
progesterone-17x-ol . 6 Rhizopus arrhizus MEISTER ef al.b
progesterone-21-ol . 68 Rhizopus arrhizus EppsTRIN €f al.b
progesterone-21-ol . 6§ (+ much 17} Trichothecium voseum MEYSTRE ef gl.”
progesterone-21-ol 6 Lenzites abietina(Basidiomycetes) ViscHER and WETTSTEIN®
progesterone-21-0l 68, 17a Cephalothecivm roseum MEISTER ef al®
progesterone-17«, 21-diol 6 Rhizopus arvhizus PETERSON ef al.10
progesterone-17x, 21-diol 63 Helicostylum piviforme MEISTER éf al.lt
progesterone-16e-0l. 6 Aspergillus nidulans Fr18D ¢f all
androstene-3, 17-dione 66 (+1la) various Rhizopus sp. EPPETEIN ef al.12
androstene-3,17-dione 6 Aspergitlus niger FRIED e al.X
testosterone . . . . . . 64 (+ 11lx) (4 III) various Rhizopus sp. EppsTEIN ef al.12
testosterone-17¢-methyl 6f (+1la) various Rhizopus sp. EPPSTEIN ef al.1?

1 J. Friep, R. W, Tuoma, D. Perimaw, J, E. Herz, and A.
BormaN, Rec. Progr. Hormone Res. 11, 155 (1955).

2 D. H. Pererson, H. C. Murrav, S. H. Eppstey, L. M. REi-
NEKE, A. WeINTRAUB, P. D. MEISTER, and H. M. Leign, J. Amer.
chem. Soc. 74, 5933 (1952).

3 B. CameriNo, C. G. ALBERTI, A. VERCELLONE, and F. AMMAN-
NaTtl, Gazz. chim. Ital, 84, 301 (1954).

4 J. Frigp, R. W. Troma, J. R. Gerkg, J. E. HErz, M. N.
Donin, and . PERLMAN, J. Amer. chem. Soc. 74, 3962 (1952); for
configuration compare L.F. Fiesgr, J. Amer. chem. Soc. 75, 4378
(1953).

5 P. D. MestER, D. H. PETERSON, H. C, MURRAY, G. B. SPERO,
S. H. ErpstEIN, A. WEINTRAUB, L. M. REINEXE, and H. M. LeicH,
J. Amer. chem. Soc. 75, 416 {1953).

¢ S.H.EppsteN, P. D. Me1ster, D. H. PETersor, H. C. MUrraY,
H. M. Leiwgn, D, A. LytTLE, L. M. REINEKE, and A. WEINTRAUB,
J. Amer. chem. Soc. 75, 408 (1953),

organism which introduced a hydroxyl specifically in
the ‘6f-position of progesterone derivatives already
hydroxylated in the side chain. We have ourselves
recently established the occurrence of such a reaction
with a member of the Basidiomycetes. 68-Hydroxy-
lations have been performed also in the androstene
series. Characteristic for the reaction products, the
A%-3-keto-6f4-hydroxy steroids (II),is the UV, spectrum
which exhibits a shift to lower wave-length and a
decrease of the maximum absorption intensity. A
further characteristic is the allylic rearrangement in
mineral acid to the saturated 3,6-diketo-derivatives of
the Su-series (III), according to EHRENSTEINY, In the
case of 6f-hydroxy-testosterone this change has also
been observed under the influence of the hydroxylating
microorganism (EPPSTEIN ef al.). Very interesting, bio-
logically, are the discoveries of FIEsEr? concerning
the ability of 6f-hydroxy-cholestenone, and, to a much

1 P.T.Herzic and M. EHRENSTEIN, J. org. Chem, 16, 1050 (1951).
2 L. F. Figser et al., J. Amer. chem. Soc. 75, 4877, 4386, 4395
(1953); 77, 3928 (1955).

7 Cu. Mevstre, E. ViscHer, and A. WeTrsTEIN, Helv. chim.
Acta 37, 1548 (1954).

& E. Viscuer, Ci. MevsTRE, and A, WETTSTEIN, unpublished
work,

% P. D. MeistER, L. M. ReNexE, R, C. MeEks, H. C. MURRAY,
S. H. EppsteIN, H. M. LEIGH OsBorN, A. WEINTRAUB, and D. H.
PeTERSON, J. Amer. chem. Soc. 76, 4050 (1954).

18 D, H, PETERSON, S. A. EpPPSTEIN, P, D. MEISTER, B. J. MAGER-
LeIN, H. C. Murray, H. M. L1, A. WeINTRAUB, and L. M. REI-
NEKE, J. Amer. chem. Soc. 75, 412 (1958).

11 p D, MEISTER, S. H. EppsTEIN, D, H. PETERSON, H. C. MURRAY,
H. M. Leicu, A, WEINTRAUB, and L. M. REINEKE, Abstr. 123rd
Meet. Amer. Chem. Soc., Los Angeles, March 1953, p. 5¢.

12 g H. EepsteIN, P. D, MuisteEr, H. M. Lricu, D. H. PETERSON,
H. C. Murray, L. M. ReimNexkE, and A, WEINTRAUB, J. Amer, chem.
Soc. 76, 3174 (1954),

greater extent, 6(-hydroperoxy-cholestenone, to cause
fibrosarcomas when injected in oil into mice.

Only comparatively few observations on Aydroxy-
lation of carbon atoms 7, 8, and 9 are known (Table
VII). The previously mentioned hydroxylation of
KrAmrl and HorvATH in the sterically undefined
7-position, the first hydroxylation of any kind, belongs
here. The introduction of a 7e-hydroxyl was described
recently by us, that of the 78-hydroxylinto a saturated
precursor some time ago. The 7-hydroxylation of
MURRAY ¢f al. observed at that time was, not long ago,
assigned as attack also of the 7f-position. The 7-
hydroxy group in 44-3-ketones is very easily split off
to form the A46-dienes.

With hydroxylation in the 8- or 9-position, we come
for the first time to an attack on a tertiary carbon atom
{Table VIII}. An adequate constitutional and con-
figurational elucidation of the resulting compounds is
still not available, positions 8 or 9 being assigned on
the whole by exclusion of other possibilities. From
their reaction mechanism theory of microbiological
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hydroxylations, STONE e¢f al. have recently deduced

the formulation 8- or 9«- as the most probable, cor-

responding to the positions of the hydrogen atoms in
the precursors.

Table VII.— Hydroxylations in 7-Position

Reaction Substrate hy di?}izg din Microorganism Authors
Al|B
R cholesterol . . . . . . . 78 Proactinomyces voseus KrAmL: and HorvATH!
R : progesterone . . . . 7& (+158) Phycomyces blakesleeanus FRIED ¢t al.2
¢ cortexone . . Tot Pesziza and Curvularia sp. MEVYSTRE ¢f al.8
allopregnane-3 ﬂ 21-diol-
20-one . 78 various Rhizopus sp. KAHNT ot alt
B "(!\‘ H allopregnane-3§- _ol-20-one . 78 Rhizopus arrhizus MURRAY éf al.b

1 A. KrAMLI and J.
(1949).

2 J. FrieEp, R. W. Tuoma, D, Periman, J. E. Herz, and A.
Borman, Rec. Progr. Hormone Res. 11, 157 (1955).

3 Cu. Mevstre, E. Viscuer, and A, WerrsteiN, Helv. chim.

HorvATH, Nature 162, 619 {1948); 163, 219 4 F. W, Kannrt, Cu. MEYSTRE, R. NEHER, E. VIScHER, and A,
WETTSTEIN, Exper. 8, 422 (1852).

5 H. C, Murray, H. Corngrs, and D. H. Pererson, US. Pat.
2 602 769. — P. D. Meisrer, L. M. Remvexe, R. C. Merus, H. C.

Murrav, S. H. Eprsteiv, H. M. LricE OsBorN, A. WEINTRAUB,

Acta 28, 381 (1955).

and D. H. Perersox, J. Amer. chem. Soc. 76, 4050 (1954).

Table VIII. — Hydroxylations in 8- or 9-Position

Reaction

Substrate

Product
hydroxylated in

Microorganism

Authors

H

progesterone .
cortexone . .
cortexone .
cortexone .
substance S

A®-pregnene-3f-ol-20-one .

8&, 11e (+ 3-one)
8&or9&7? (+6f)
8f?

sp? |

8B or 9« [
8& (+ 11, + 14a)

identical

Rhizopus arvhizus
Streptomyces aureofaciens
Curvularia pallescens
Mucor pavasiticus
Neurospora cvassa
Helicostylum piviforme

MURRAY el al.l
FRIED ef al.?
VISCHER et al.®
MEISTERY
STONE et al.b
MURRAY éf all

1 H. C. MurrAay, H. CorNERs, and D. H. Pererson, US. Pat.
2 602 769.

2 J. Friep, R. W. Tuoma, D. PErLMAN, J. E. HErz, and A.
BorMaN, Rec. Progr. Hormone Res. 11, 156 (1955).

3 B, Viscuer, Cu. MEYSTRE, and A. WETTSTEIN, unpublished
work.

4 P, D, MEISTER, cited in5,

5 D. StoNe, M. Havavo, R. 1. Dorrman, O. HecHTER, C. R.
Rosivson, and C. Dyerassi, J. Amer. chem. Soc. 77, 3926 (1955).

Table 1X.— Hydroxylations in 14x-Position

Reaction Substrate Product hydroxylated in Microorganism Authors
c | D | |progesterone . 14a various Mucor sp. MEISTER ¢t al.l
L progesterone . 140 Buacillus cereus FrIED et al.?
H progesterone . . 14¢, 68 Mucor corymbifer CAMERINO ¢t al B
cortexone or acetate . 14a Mucor griseocyanus MEISTER ¢f al.l
‘ cortexone . 14a various Curvularia sp. VISCHER et al.®
g |cortexone or acetate . 140 Helicostylum piviforme MEISTER é¢f al.l
substance S . 4o (+ 11a,+ 68, + 8BE) Helicostylum piviforme MEISTER é&f al.t
N substance S . . . . 14a, 118 Curvularia lunata AGNELLO of al.t
1 testosterone . . . . . 140 Mucor sp. MEISTER ¢f al.l
/ H
Y o

1 p. D. MeistER, S. H. EppsTEIN, D. H. PeTERSON, H. C. MUR-
ray, H. M. LEicH, A. WEINTRAUB, and L. M. REINEKE, Abstr. 12374
Meet. Amer. Chem. Soc., Los Angeles, March 1953, p. 5¢.

2 J. Friep, R. W. THoma, D. PEriman, J. E. Herz, and A.
Borman, Rec. Progr. Hormone Res. 11, 157 (1955).

8 E.Viscuer,Cu. MEYSTRE, and A.WEeTTSTEIN, unpublished work.

4 E. ]J. Acnerro, B. L. Broowm, and G. D. Lavsach, J. Amer
chem. Soc. 77, 4684 {1955). ~ G. M. SruirL and D. A, Kira, J. Amer.
chem. Soc. 77, 763 (1955).

% B. Camerino, C. G. ALBERTI, and A. VERCELLONE, Gazz. Chim,
Ital. 83, 684 (1953},
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. Product
Reactions Substrate hydroxylated in Microorganism Authors
R
N
cC|D
‘L progesterone . 150 Colletotrichum anltirrhini FRIED ef al.l
R cortexone . 150 Gibberella baccata MEYSTRE éf al.?
OH
or
R
— progesterone . 156 (+78 Phycomyces blakeslecanus FRIED ¢f all
on cortexone . 158 Lenzites abietina MEYSTRE ¢t al.?
or progesterone 16w (+ 58-hydro- | Actinomyces sp. PERLMAN ¢f al.®
R genation)
AN cortexone . o 16 Streptomyces sp. VISCHER et al.*
cortexone . . 16 Didymella vodakii VISCHER et al.’
. cortexone . . 16a Streptomyces roseochromogenus | FRIED ef al.$
*OH| A4.androstene- 3 17-dione | 16e Strepiomyces roseochromogenus | FRIED ef al8
testosterone . . 16a Streptomyces roseochrvomogenus | FRIED ef al.b

1 J.Friep, R. W. Tuoma, D. PeriMaN, J. E. Herz, and A. Bor-

GREENFIELD jr., J. Bact. 69, 347 (1955).

MAN, Rec. Progr. Hormone Res. 11, 157 (1955), - J. Friep, R. W,
THoMma, P. GrasowicH, and J. R. GERkE, Chem. Ind., in press.

2 Cu. MevstrE, E. ViscHER, and A. WerTsteIN, Helv. chim.
Acta 38, 381 (1955).

3 D. PerLMAN, E. T1TUs, and E. FrIED, J. Amer. chem. Soc. 74,
2126 (1952), — . PErLMAN, E. O'BrIeN, A. P, Bavax, and R. B,

% E. Viscuer, J. ScumipLiN, and A, WETTSTEIN, Helv. chim.
Acta 37, 321 (1954).

5 E. ViscHER, CH. MEYSTRE, and A, WETTSTEIN, unpublished
work.

8 J. Frigp, R, W, TuoMa, D, PerLMAN, J. E. HERZ, and A. Bogr-
MAN, Rec. Progr. Hormone Res. 11, 153 (1955).

Table X1, — Hydroxylations in 1le-Position

Product
Reacti bstrat i i i
eaction Substrate hydroxylated in VYield Microorganism Authors
R
¢|D progesterone 110 10% Rhizopus arrhizus Pererson and MURRAY!
progesterone 11 459%, Rhizopus sp. MANCERA ¢t al.?
| progesterone e 409, Rhizopus sp. KAHNT ¢t al.®
progesterone 11 35% Aspergillus niger FRIED et al 4
progesterone e -959, Rhizopus nigricans PETERSON ¢f al.b
progesterone 1le -829% Aspergillus ochvaceus DULANEY et al.$
Many examples
/\\ with other
Precursors

1 D. H. Pererson and H. C. Murray, J. Amer. chem. Soc. 74,
1871 (1952).

2 0. Maxcera, A. Zarrarowi, B. A. RusiN, F. SONDHEIMER,
G. Rosenkranz, and C. DyErass1, J. Amer. chem. Soc. 74, 3711
(1952).

3 F. W. Kaunt, Cu. MEvsTRE, R. NEHER, E. VIiscHER, and A.
WEeTTSTEIN, Exper. 8, 422 (1952).

A better supported tertiary hydroxylation is the one
in the 74a~position (Table IX), because the products
may be identified by degradation to synthetic 14u-
hydroxy-androstene-3,17-dionel. These conversions

1 A, F. Sr. ANprRE, H. B. McPHiLLamy, J. A. NeLson, A. C.
Suasica, and C. R. ScHoLz, J. Amer. chem. Soc. 74, 5506 (1952).

4 J. Friep, R. W. TaoMa, ]J. R. Gerkg, J. E. Herz, M. N. Do-
Nin, and D. PerumaAN, J. Amer. chem. Soc. 74, 3062 {1952).

5 D. H. Pererson, H. C. Murray, S. H. EresteEIN, L. M. REI-
NEKE, A. WeinTrauB, P. D. MEisTER, and H. M. Loy, J. Amer.
chem. Soc. 74, 5933 {1952).

8 E.L.Duraney, E.O. STAPLEY, and C. Hiavac, Mycologia 7,
464 (1955).

take place quite specifically, except for the one on
Reichstein’s substance S. The latter, hydroxylated in
14a- and 118-position, shows activity as a glucocorti-
coidl,

1 E, J. AcNeLro, B. L, Broowm,-and G. D. LaveacH, J. Amer.
chem. Soc. 77, 4684 (1955).
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Hydroxylations in the 75«- and 758-positions have
been found independently by FRIED ¢f al. and by us
with progesterone and cortexone (Table X). In view
of the evidence brought forward by the first group, the
more easily esterified, more dextrorotatory compounds
ought to be associated with the 15x-configuration, so
that for owr derivatives, the configurations now as-
signed in the Table result.

Progesterone was substituted in the 76a-position by
PERLMAN ¢t al. as one of the first microbiological
hydroxylations; cortexone has been similarly substi-
tuted by us. This reaction, previously carried out by
Actinomycetes, we have now been able to effect by
means of a Didymella species.

The hydroxylations in the 11-, 17x- and 21-positions
about to be described are of interest particularly in
view of these substituents being met with in the
adrenal cortical hormones. The practical significance
of the microbiological hydroxylation in the 77a- and
11 B-positions, especially in connection with the produc-
tion of cortisone and hydrocortisone, cannot be over-
estimated. In this lecture, I shall have to limit myself
to citing a few of the more important contributions
{Table XI), and for the rest refer to the earlier reviews
(especially FRIED ef al.!). The merit of having been
the first to describe an 1le-hydroxylation (by means
of Rhizopus species) belongs toPETERsONand MURRAY 2.
Their U.S. Patent? is a mine of fundamental informa-
tion, and their discovery has been developed along the
most diverse ways by the UpJorN group* The initial
yield of 109, obtained from progesterone with Rhizo-
pus arrhizus®, has been raised to about 409, by three
other research groups using other RAzzopus species and
Aspergillus niger, and finally has been brought up to

1 J. Friep, R. W. THoMA, D. PERLMAN, J. E. HERZ, and A. Bor-
MAN, Rec. Progr. Hormone Res. 11, 160 (1955).

2 D. H. PetersoN and H. C. Murray, J. Amer. chem. Soc. 74,
1871 (1952).

3 H. C. Murray, H. Corners, and D. H. Peterson, US. Pat.
2 602 769.

4 D. H. Pererson, H. C. Murray, S. H. EppstEIN, L. M. REI-
NEKE, A. WEINTRAUB, P. D. MEISTER, and H. M. Leicx, J. Amer.
chem. Soc. 74, 5933 (1852). — P. D. ME1sTER, D. H. PeTERSON, H. C.
Murrav, S H. Eresteiv, L. M, ReE1NEKE, A, WEINTRAUR, and H.
M. LeicH, - J. Amer. chem. Soc. 75, 55 (1953). — S. H. EppsTEIN,
P. D. MEe1sTER, D. H. PeTERrRsoN, H. C. Murray, H. M. LeicH, D. A,
LyTtTLE, L. M. REINEKE, and A. WEINTRAUB, J. Amer. chem. Soc.
75, 408 (1953). — D. H. PETERSON, S. A. EppsTEIN, P. D. MEISTER,
B. J. MacerLEIN, H. C. Murray, H. M. LEicH, A. WrEINTRAUER, and
L. M. ReEiNeKE, J. Amer. chem. Soc. 75,412 (1953). — P. D, MEISTER,
D. H. Peterson, H. C, Murray, G. B. Spero, S. H. ErpsTEIN,
A. WEINTRAUB, L. M, RemnekE, and H. M. LeigH, J. Amer. chem.
Soc. 75,416 (1953). ~ D. H. PeTeERSON, A. H. NaTHAN, P. D. MEISTER,
S. H. EppstEIN, H. C. MURRAY, A, WEINTRAUB, L. M. REINEKE, and
H. M. LewgH, J. Amer. chem. Soc. 75, 419 {(1953}). — S. H. EppsTEIN,
D. H. Peterson, H, M. Leicu, H. C. MURRAY, A. WEINTRAUB, L.
M. Remeke, and P. D. ME1steR, J. Amer. chem. Soc. 75, 421
(1953). — 8. H. EppsTEIN, P. D. MEI1sTER, H. M. LEIGH, D, H. PETER-
son, H. C. Murray, L. M. REINEKE, and A. WEINTRAUB, J. Amer.
chem. Soc. 76, 3174 (1954). — P. D. Meister, D. H. PETERSON,
S. H. EppstEIN, H. C. MUrrAY, L. M. REINEKE, A. WEINTRAUB,
and H. M, LeicH Osporn, J. Amer. chem. Soc. 76, 5679 (1954).

5 D: H. Pererson and H. C. Murray, J. Amer. chem. Soc. 74,
1871 (1952).
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nearly quantitative by PETERSON ¢f 4l.! by means of
Rhizopus wigricans.

Still more elegant than the introduction of the 1le-
hydroxyl group, which occurs in the “unnatural” con-
figuration when compared to adrenal hormones, and
which must therefore be subsequently oxidized or con-
verted to an 77 B-hydroxyl group, is the dirvect hydroxy-
lation in the 118-position (Table XII). COLINGSWORTH
et al.?, also with UprJOHN, realized this reaction for the
first time in 1952 by the use of Strepiomyces fradiae in
a low percent vield. The same group succeeded in
converting 359, of substance S into hydrocortisone
using a Cunninghamella species. According to the latest
results, as I already indicated, a yield of up to 649 of
hydrocortisone may be obtained with addition of alco-
hol to the incubation mixture, and even up to 77%,
using a modified Czapek-Dox medium with dextrin
and a monoglyceride of castor oil. This illustrates the’
possibilities of improving the yield merely by system-
atic variation of the culture medium. Recently SHULL
and Krta (Prizer) have described 118-hydroxylation
of various starting materials with a maximum yield of
419, using the watery suspension of a damp mycelium
of Curvulavia lunata obtained by filtration of the
initial broth.

Hydroxylation of the important tertiary carbon
atom 17, and indeed in the 77a-position was published
within a short interval by our group (MEYSTRE éf al.3)
as well as by MEISTER ef al.* (Table XIII). It is an
amusing coincidence that not only do the names of
the authors in the first place both mean “master”
though with different spelling, but that the designa-
tion of the different species used by them could also
serve as synonyms, although the cultures showed a
difference in their action on cortexone especially.

An interesting fact is that the presence of a 21-
hydroxyl group in the starting materials does not
prevent the microbiological introduction of the 17e-
hydroxyl group, as it usually does in the adrenal
enzyme reaction.

At the same time we? described the microbiological
introduction, in high yield and quite specifically, of
the 27-hydroxyl group, a characteristic of all adrenal
hormones. This was also carried out not long ago by
another team?® utilizing an apparently less specific
species of the very versatile Aspergillus niger.

1 D. H. Pererson, H. C. MurrAy, S. H. EppsteIN, L, M. REIN-
EKE, A. WEINTRAUB, P, D. Meistegr, and H. M. LeweH, J. Amer.
chem. Soc. 74, 5933 (1952).

2 P. R, CormmgswortH, M. P, BRUNNER, and W. J. Hainegs,
J. Amer. chem. Soc. 74, 2381 {1952). — D. R. CorLiNgsworTH, J. N.
Karnemaar, F. R. Hanson, M. P. BrunNER, K. M. MaNN, and
W. J. Haixgs, J. biol. Chem. 243, 807 (1953}.

3 Cu. Mevstre, E. Viscuer, and A. WerrstEiN, Helv. chim.
Acta 37, 1548 (1954).

4 P. D. ME1sTER, L. M. Remveke, R. C. Meeks, H. C, Murray,
S. H. EppsTeIN, H. M. L. OsBorN, A. WEINTRAUB, and D. H. PETER-
sox, J. Amer. chem, Soc. 76, 4050 (1954).

5 A. Zarraroni, C. C. Cameiiro, F. Corposa, and G. RoOSEN-
KrANzZ, Exper. 11, 219 (1955).
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Table XII. — Hydroxylations in 118-Position

. Product , , .
Reaction Substrate h .| Yield Microorganism Authors
yvdroxylated in
R
N cortexone . . . . . . . .| 118 few 9,1 Streptomyces fradiae COLINGSWORTH ¢f al.l
i ¢ | p| |eortexone . . . . . . . .| 118 (4 various ? Curvularia lunata Savurr and Kital?
products)
substance S . . . . . . .| 118 few %,| Streptomyces fradiae COLINGSWORTH éf 4/
substance S5 . . . 118 (+11CO} | 359, | Cunninghamella blakesleecana | Hansox of al.3
& substance S (4 ethanol) B {+11CO) | 649% | Cunninghamella blakesleeana | Manw ef al.®
R |substance S
HO\/,\ {in modified Czapek- Dox) 118 (+11CO) | 779, | Cunninghamella blakesleeana | O'CONNRELL et al.b
Iv substance S . . . .1 118 419, | Curvularia lunata Suurt and Kita?
I {mycelium suspension)
N substance S . . . . . . .} 118 ? Coniothyrium sp. FRIED ¢f alb
other conversions . . . . SauLL and Kita?

1 D. R. CoringsworTH, M. P. Brunnger, and W. J. HaIngs, Hanes, J. Amer. chem. Soc¢, 75, 5369 {1953).

J. Amer. chem. Soc. 74, 2881 (1952). ~ D, R. CoLiNGswoRTH, J. N, 4 K. M, ManN, F. R, Hanson, P. W, O’ConNELL, H. V. ANDER-
Karnemaar, F. R. Haxson, M. P. BrunNer, K. M. Mann, and  son, M. P, BRUNNER, and J. N. Karnemaar, J. appl. Microbiol. 3,
W, J. Hamnes, J. biol, Chem. 2603, 807 (1953). 14 (1955).

2 G. M. SuurL and D. A. Krra, J. Amer. chem. Soc. 77, 763 5 P. W. O'ConNELL, K. M. Mawx, E. D. NieLson, and F. R.
(1955). Hansonw, J. appl. Microbiol. 3, 16 (1955).

3 F. R. Hanson, K. M. Maxn, E. D. NieLson, H. V. ANDERSON, 8 J.Friep, R, W, Tuoma, D. PErcMan, J. E. HErz, and A, Bor-

M. P. BRUNNER, J. N, Karnemaar, D, R, CoringsworTH, and W. J.  MaN, Rec. Progr, Hormone Res. 71, 164 (1055).

Table X11I. — Hydroxylations in 17x- or 21-Positions

Reacti Substrat Product Mic i Auth
eaclions unstrate hydroxyiated in 1croorganism uinors
R
|
CO
\]—f---H progesterone . , . . . . 17e, e Cephalothecium voseum MEISTER ¢f al.1
D
i
NS
R cortexone . . . . . . . . 17 {+ 683} Trichothecium rosenm MEYSTRE ¢f al.?
i | cortexone . . . . . . . . 17x, 11a+17a, 68 Cephalothecium voseum MEISTER ¢f al.l
CO
\i—{---OH
N corticosterone . . . . . . 17¢ (+ 11 CO) Trichothecium roseum MEYSTRE ef al.?
CH, corticosterone . . . 17« (+11 CO) Cephalothecium roseum MEISTER et al.l
| corticosterone-11- dehydro . 17e Cephalothecium roseum MEISTER ef al.l
co corticosterone-11-dehydro . 17c Trickothecium voseum MEVSTRE ¢! al.?
\1 ’---R
avd
CH,OH progesterone . . . . . . 21 Ophiobolus herpotrichus MEVYSTRE et al.?
progesterone . . . . . . 21 Aspergillus wniger ZAFFARONI et al.3
CO progesterone-11-one . . . 21 Ophiobolus herpotvichus MEYSTRE éf al.?
. .. progesterone-17¢-0l. . . . 21 Ophiobolus herpotrichus MEYSTRE el al.?
i cp. also other conversions . Aspergillus niger ZAFFARONI et al.3
/
1 P. D. MEISTER, L. M. Remveke, R. C. Meexs, H. C. Murray, 2 Ci. Mrvstre, E. Viscuer, and A. WerrstEir, Helv. chim.
S. H. EppsTEIN, H. M. L. OsBorN, A. WEINTRAUB, and D. H. PETER-  Acta 37, 1548 {1954).
soN, J. Amer. chem. Soc. 76, 4050 (1954). 3 A, Zarraroxny, C. C. CamriLro, F. Corpoea, and G. RoseEx-

kravNz, Exper. 11, 219 {1955}

By exclusive use of the microbiological hydroxy- through 21-, 17a- and 11g-hydroxylation. Connected
lations it is now possible in principle, to obtain adrenal  to the very smooth hydroxylation of progesterone in
cortical hormones in relatively few steps. Thus one the 1la-position, a number of technically significant
might, for instance, obtain from the readily available syntheses have been worked out for cortisone, hydro-
progesterone, hydrocortisone in three reactions, cortisone and its 9u«-fluorinated derivative which we
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cannot go into here (¢f. amongst others WETTSTEIN and
ANNER?, FRIED ¢f 4l.2, FiNcu 3, DJERASSIH).

Epoxydation

A theoretically most interesting transformation with
certain fungi was announced recently for the first time
by SruLL and Broom? at the International Congress
of Biochemistry in Brussels, epoxidation of steroids
containing an isolated double bond (Table XIV). 14-
Dehydro- or 9,11-dehydro-substance S were incubated
with a culture capable of introducing in corresponding
saturated compounds an axial hydroxyl group at the
site of the unsaturation. In this way the 14e, 15¢- and
95,118-epoxy derivatives respectively were obtained,
with none of the corresponding mono-hydroxylation
products, let alone dihydroxylation products, e.g. such
as were observed with aliphatic olefines (¢f. PERLMANS).
This result shows once more that microbiological
hydroxylation obviously does not go by way of these
unsaturated compounds.

Stde Chain Degradation and Dehydrogenation
in Ring A
With this we come to the side chain degradation of
steroids under the action of microorganisms. The very
early work showing that sterols and especially chole-
sterol are degraded in the metabolism of M ycobacteria,
Proactinomycetes, Azotobacter, Flavobacteria and even
molds cannot be discussed here {cf. the surveys of
Han¢? and ARNAUDI®), even moreso, since only quite

1 A. WerrtsteiNy and G. ANNER, Exper. 10, 410 (1954).

2 J. Friep, R. W. Tuowma, D. Perimax, J. E. Herz, and A. Bor-
MAN, Rec. Progr. Hormone Res. 11, 149 (1955).

3 C. A. Fincu, Manufact. Chernist 25, 247 (1954).

4 C. DjErassi, Vitamines and Hormones 11, 230 (1953).

5 G. M. Snurt and B. M. Broos, Communication 3¢ Internat.
Congress for Biochemistry, Brussels 1955, p. 48; J. Amer. chem,
Soc. 77, 5767 (1955). :

6 D. PerLMmAN, Conference 128%™ Nat. Meet. Amer. Chem. Soc.,
Minneapolis, September 14, 1955,

7 0. Han¢ and E. Rigpr-Tumova, Pharmazie 9, 877 (1954).

8 C. Ar~aupi, J. appl. Microbiol. 2, 274 (1954).
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exceptionally were intermediate products identified.
TurrITT! was able, for instance, to isolate 4%-3-keto-
etienic acid. Of greater practical interest was the an-
nouncement in 1953 of three groups of work (Table
XV). We were able to show at that time?, that by the
action of Fusarium species, the acetyl and hydroxy-
acetyl side chain e.g. in progesterone and cortexone
respectively (I} is degraded quite smoothly to the
17-ketone, when dehydrogenation in ring A to the
Ava-3-keto-diene (II) follows simultaneously. Both
reactions took place, though more slowly, with preg-
nenolone {1I1), and with saturated pregnane-20-ketones
{IV), in which the side chain is primarily degraded (V).
In androstene-3,17-dione {(VI) and in dehydroisoan-
drosterone where the side chain is lacking from the
beginning, only dehydrogenation of ring A to the diene
takes place. By prolonged action, a product of further
oxidation (VII) instead of androstadienedione (I1I) was
obtained from the unsaturated starting materials.
When incubating 17x-hydroxy-20-ketopregnenes, like
cortisone or substance S, we found that the side chain
remained intact but even so a transformation occurred,
which we shall come back to. Androstadiene-dione (IT)
is obtained in this way in only a single microbiological
operation from progesterone, instead of the large
number of reactions needed chemically. By aromatiza-
tion according to INHOFFEN, this may be converted in
only one step to estrone, which is therefore obtainable
by quite an easy route.

Shortly afterwards the teams of FrRiep? and PETER-
sON%, using other microorganisms, published inde-
pendently results similar to ours but extending them
considerably {(Table XVI). Friep also obtained in this
manner from progesterone but in low yield the A4

1 G. E. TurriTT, Biochem. J. 42, 376 {1948).

2 E. ViscHER and A. WerTsTEIN, Exper. 9, 371 (1953).

3 J. Friep, R, W, Tuoma, and A. KLINGSBERG, J. Amer. chem.
Soc. 75, 5764 (1953).

4 D. H. Pererson, S, H., EppsteIN, P. D. MEISTER, H. C. MUR-
rRAY, H. M. LEigH, A. WEINTRAUB, and L. M. REINEKE, J. Amer.
chem. Soc. 75, 5768 (1953).

Table XIV.— Epoxydation

Substrate

Product

Microorganism

Authors

I substance S-14-dehydro .
1I substance S-9,11-dehydro
substance S-9,11-dehydro

1V 14¢, 150-epoxido
V 98, 11f-epoxido
V 98, 11f-epoxido

Curvularia lunata and others
Cunninghamella blakesleeana
Curvulavia lunaia

SuuLL and Broom?!
SuuLr and Broom?!
SHurL and Broom!

II1 cubstance S-16-anhydro . . . . . . . unchanged Curvularia lunata Suurr and Broowm?!

CH,0H CH,0H CH,0H

| | R r

Co CO cO 1 — S
N on N -oH N ¢c|p > o

b O — D] /\N )\/\/
NS N / 1 v
I (oF v 11T

1 G. M. SxurL and B, M. Broom, Communication 3'% International Congress for Biochemistry, Brussels 1955, p. 48; J. Amer. chem. )

Soc. 7%, 5767 (1955),
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Table XV. -~ Side chain-Degradation and Dehydrogenation by Fusarium sp. (Viscuer and WETTSTEIN')

CH,R VII
do 4
_/\ 84 9 \]__,=0 Af\=0
| - L «— | )
AN K\wa\x (}/
o/L 7 1 AV AVERT o/ NN 1
CH, / I cH,
Lo do
w‘ AN =0 AN J
N /L/ { /\l/ AN

o

1 E. ViscHER and A. WETTSTEIN, Exper. 9, 371 (1953).

androstadiene-3,17-dione (II), besides the correspond-
ing 17B-alcohol and compound (IX), the latter through
simple reduction in the 205-position. The main reac-
tion, however, was elimination of the side chain with
simultaneous cleavage of ring D to testololactone
(VIII), with incidental dehydrogenation to (VII}.
PETERSON described simple side chain degradation to
androstene-3, 17-dione (VI), apart from lactone forma-
tion giving VIII, but in contrast, without any de-
hydrogenation in ring A. Corresponding conversions
have been observed, amongst others, from testosterone
to VII, from cortexone to VI, and contrary to our
results, from substance S by way of side chain degrada-
tion to VI, VII, and VIII. 17«-Hydroxy-progesterone

Table XVI.— Side Chain-Degradation, Lactone Formation and Dehydrogenation.

|
\A) 111 ()/ : v

also gave VIII, while 14a-hydroxy-progesterone was
degraded to 14e-hydroxy-androstenedione?, and 16«-
hydroxy-progesterone among other products to 16a-
hydroxy-testosterone® Lately, the conversion of pro-
gesterone into VI and VIII by means of a Cephalo-
sporium sp. has been described3,

The highly active synthetic glucocorticoides, 1-de-
hydro-cortisone and 1-dehydro-hydrocortisone, like-

1 P.D.MEISTER, S. H. Eprrstein, D, H. PeTersoxn, H. C. MURRAY,
H. M. Lewn, A. WewvtraUB, and L. M. Revexs, Abstr. 12374
Meet. Amer, Chem. Soc., Los Angeles, March 1953, p. bc.

2 J. Friep, R. W. Tuoma, D. Periman, J. E. Herz, and A,
BorMaN, Rec. Progr, Hormone Res, 11, 160 (1955).

3 A. Bopawnszky, J. Korronirsc, and G. Wix, Exper. 11, 384
(1955).

(Friep et al! and PETERSON ef al.2).

CH, CH3
Cco HOCH
~0 -
{
/(/l \ Stveplom yees (\( ‘ Streptomyces L
lavendulae (\:/\I/ N lavendulae /\’)\/
\/\/ o/ NS oI /
I 7% 1 IX
{+178-0l, 12%)
| Penicillium | or Aspergillus
| chrysogenum | or Mucor
% 70%, l -
‘ "
L N
Ao=o N0 —o
(\I NS /\;/| N ANAN T
o\ VII o/k/ NI OA// ) VI (+68-ol)

1 J. Friep, R. W. Tuom4, and A. KLINGSBERG, J. Amer. chem.
Soc. 75, 5764 (1953).

? D.H. PrrErson, S, H. EppsteIN, P, D. MEISTER, HY C. MURRAY,
H. M. LE1GH, A, WEINTRAUB, and L. M. REWNEKE, J. Amer, chem.
Soc. 7§, 5768 (1953).
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Table XVII.— Further Dehydrogenations in 1-Position

Reaction Products Microorganism Authors
L/ .
A Without degradation of side chain also in g;’;}i’jzfﬁ:: VISCHER, MEVSTRE, and
- _20- 1
o NS 17-desoxy-20-ketones Alteynaria WETTSTEIN
¢ Without degradation of side chain also in
17-desoxy-20-ketones P Corynebactevium simplex NOBILE ¢f al.2
/\{ Ve ¥ y P eta
}‘\ Without degradation of side chain also in ViscHER, MEYSTRE, and
o VAN AN 17-desoxy-20-ketones Didymella WETTSTEIN®

1 E. Viscoer, Cr. MevysTre, and A. WEerrsTtEIN, Helv. chim.
Acta 38, 835 {1955).

% A, NosiLe, W. CrarNEY, P. L. Prrivaw, H, L. Herzog, C. C.
PavNe, M. E, Turry, M. A. JEVNIK, and B, B. HERSHBERG, J. Amer,

wise represent A1i4-3-kefodienes. Their properties were
described in 1955 by HErzoG ef al.l, without any
method of preparation being given. We therefore
considered it advisable to publish the microbiological
production of a number of such 1-dehydro-hormones?.
We had been struck by the retention of the side chain
in the “further substances” we had observed from 17x-
hydroxy-20-keto-pregnenes in 1953 using a Fusarium
species, dehydrogenating usually in the 1-position3; it
was now apparent that the products represented the
corresponding 1-dehydro compounds. In species of the
genera Calonectria, Ophiobolus and Alternaria {Table
XVII) we found microorganisms? that were similarly
capable of smoothly introducing a 1,2-double bond in
ring A, but, in contrast to Fusarium solani, did not
degrade the side chain even in 17-desoxy-20-keto-
steroids like cortexone, corticosterone and progeste-
rone. Not long ago, NOBILE ef al.* announced the pre-
paration of these 1-dehydro-hormones by means of
Corynebacterium simplex which is supposed to give
excellent yields. In addition, 1-dehydro-cortisol and
1-dehydro-9«-fluoro-cortisol were obtained. The latter,
representing until now the most active glucocorticoide,
had been prepared by chemical means by TISHLER e
al.% and by FRIED ¢ 4l.%® and, using a combination of
microbiological and chemical methods, by Hoce et
al.”. Practically quantitative yields are achieved in the
1-dehydrogenation, according to our new results8, with

1 H. 1. Herzoc, A. Noswz, S. ToLksporr,'W. Cuarxgy, E. B.
Hersupere, P. L, PERLMAN, and M. M. PecHET, Science 121, 176
{1955). ;

2 E, ViscHER, CH, MEvsTRE, and A. WETTsTEIN, Helv. chim,
Acta 38, 835 (1955).

3 E. ViscHEr and A. WETTSTEIN, Exper. 9, 371 (1953),

4 A, NosiLe, W, CHARNEY, P. L. Periman, H. L. Herzog, C. C.
Pavne, M. E. TuLry, M. A. JevNik, and. E, B. HERSHBERG, J. Amer.
chem. Soc. 77, 4184 (1955); compare also ibid. pg. 4781.

5 R. F. Hirscamany, R, MiLLER, R, E. BEYLER, L. H. SARETT,
and M, TrsHLER, J. Amer. chem. Soc. 77, 3166 (1955).

§ J. ¥riep, K. FLorey, E. F. Saro, J. E. HErz, A. R. ReEsTIvVO,
A, Borman, and F. M. SiNGER, J. Amer. chem. Soc. 77, 4181 {1955).

7 J.A.Hogs, F. H. LincoLN, A. H. NaTHAN, A, R. Hanze, W. P,
Scuneiver, P, F. Beaw, and J. Korman, J. Amer. chem. Soc. 77,
4438 (1955).

8 E, VisCcHER, CH. MEVSTRE, and A, WETTsTEIN, Helv. chim,
Acta 38, 1502 (1955).

chem. Soc. 7?7, 4184 (1955).
3 E. Viscugr, Cu. MEvstre, and A, WerrsTtEIN, Helv. chim.
Acta 38, 1502 (1955).

strains of the genus Didymella, which we have em-
ployed recently to obtain the known I-dehydro-
compounds as well as a whole range of new ones; for
example, the corresponding derivatives of 17«-methyl-
testosterone, 17a-ethinyl-testosterone, 11-dehydro-pro-
gesterone and 11-dehydro-17¢-methyl-corticosterone.

Table XVIII.
The Most Important Microbiological Conversions of Steroids.
N NS | ]
CH C-OH CO CO
~H,
, S N I
+H, |
CH CH CH CH
AN VAN
+ H,0
v OH
-H 1
N co =5 ¢
s o]
/ A\ HHy N
C C
N\ AN

Concerning the microbiological introduction of the
1,2-double bond there exist in principle two possi-
bilities for the course of reaction: Hydroxylation in
position 1 and subsequent loss of water from the
resulting f-hydroxy-ketonel, or the typical aerobic
dehydrogenase mechanism. The analogy with the
many known microbiological hydroxylations sup-
ports the first explanation. The second explanation
would be more attractive if we were to consider the
fact that this dehydrogenation, as we have seen, often
but not always is associated with side chain degrada-
tion and ring cleavage to the lactone, reactions for
which peroxides resulting from the dehydrogenase
action might be responsible.

1 E. Viscuer, Cu. MevstrE, and A. WeTrsTEIN, Helv. chim.
Acta 38, 835 (1955), -
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To sum up, the most important microbiological con-
versions of steroids, are listed in Table XVIII.

Zusammenfassung

Die methodischen Grundlagen der Umwandlung von
Sterociden durch Mikroorganismen werden diskutiert,
insbesondere die apparativen Erfordernisse, die Kultur-
bedingungen sowie der Nachweis und die Isolierung der
Reaktionsprodukte. Die Umsetzungen mit Enzymen
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aus Mikroorganismen werden denjenigen mit Neben-
nieren-Enzymen gegeniibergestellt.

Von mikrobiologischen Reaktionen stehen Hydrie-
rungen, Dehydrierungen und besonders Hydroxylie-
rungen an verschiedenen Stellen der Steroidmolekel im
Vordergrund. Im weiteren wurde auch Abbau der
Seitenkette von Pregnanderivaten, der mit Ringspal-
tung und/oder mit Dehydrierung in 1-Stellung einher-
gehén kann, festgestellt. Die Einfiihrung dieser Doppel-
bindung wird speziell besprochen.

Bréves communications - Kurze Mitteilungen
Brevi comunicazioni - Brief Reports

Les auteurs sont seuls responsables des opinions exprimées dans ces communications. — Fiir die kurzen Mitteilungen ist ausschliesslich
der Autor verantwortlich. —~ Per le brevi comunicazioni é responsabile solo 'autore. — The editors do not hold themselves responsible for
the opinions expressed by their correspondents.

Further Measurements on the Bioluminescence
of the Seedlings

The introduction and the development of the photo-
multipliers in the technique of light detection has per-
mitted the counting of individual photons correspond-
ing to extremely feeble luminous fluxest.

This method of detection can be applied with ad-
vantage to the study of problems connected with feeble
luminous emissions; photons come directly from mole-
cules that take part in some reaction, chemical or bio-
chemical for instance, and can be very useful in furnish-
ing a clue to molecular processes.

By means of a very sensitive apparatus, some of us
have detected recently the emission of light in the
visible spectrum by various germinating plants2?. The
present work is concerned with specifying such prelimi-
nary results, discussing some further properties of
luminescence, giving a quantitative comparison of the
intensity of the emitted light for different plants and at
various ages during the germination, and showing that
the production of light is strictly connected with the
vital functions of seedlings.

(1) The apparatus used in the present research work
is the same described in previous papers®. It is possible
with this dispositive to detect the light coming from a
big emitting area or volume. The plants used for present
experiments belong to graminaceous and leguminous
families. The seedlings were grown in complete darkness
in order to avoid the formation of chlorophyll which, by
its luminescence, would have disturbed the measure-
ment,

The seedlings grew in humid surroundings at a con-
stant temperature of 25°C, Measurement were conduct-
ed both on whole plants and on cold water extract of the
plants or of the separate organs.

1 R, W. ENGgsTROM, J.O.8.A, 37, 420 (1947). ~'G. A. MorTON and
J. A. MircueL RCA Rev. 9, 632 (1948). —~ R. Westoo and T. WiED-
LiNG, Ark Fysik 1, 269 (1949).

2 L. Corrr and U. Faccuini, Nuovo Cimento 12, 150 (1954).

3 L. Corrr and U. FaccHint, Nuovo Cimento 12, 150 (1954). —
I.. Corrt, U. Faccuing, and A. Ross1, Nuovo Cimento 11, 255 (1954).

The extract is made by grinding a constant quantity of
seedlings (generally a few grams) or of their organs with a
corresponding quantity of a phosphate buffer solution of
pH 7-3 and centrifugating the ground mixture. This
pH value corresponds to the optimum value of the
luminescent intensity, The measurements are made on a
constant volume (10 cm?® of the transparent liquid
obtained which is collocated very close to the photo-
cathode of the phototube.

The abscnce of chlorophyll is checked by the lack of
red fluorescence of chlorophyll in the extracts.

{2) A first measurement was made for the purpose of
detecting the intensity of the light emitted by seedlings
in well established physiological conditions.

For such purpose a few tenths of 8 days old seedlings
were used, which were placed ordinately horizontally
under the phototube in such a way as to cover a surface
of about 100 cm?2.

Light intensity emitted by seedlings in physiological conditions

Pulses/min
Phototube backgrounds . 8000
Wheat . . . . . . .. 41 000
Beans . . . . .. 38 000
Lentils . . . . . 22000
Corm . . . . . . . ... 15600
Beans cut into pieces . . . 84 000

In the Table, the results obtained are set down. Both
the plant and the phototube were at room temperature
(20°C) throughout the measurement.

The results show clearly the existence of biolumines-
cence, and the activity observed is much greater than
the thermoelectronic background of the photomultiplier.
We should remark that the background is very stable
and reproducible for a period of months,

The measurements repeated many times show a
good reproducibility in a factor 2, but a measurement of
this kind does not make possible a precise comparison



