Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



THE 19-HyproxyLATION OF

CorTEXoLONE By THE Funecus

Pellicularia filamentosa

A thesis presented in partial
fulfilment of the requirements for the degree
of Doctor of Philosophy

in Biotechnology at Massey University

THOMAS ALAN CLARK
1982



ABSTRACT

The microbiological 19-hydroxylation of steroids was studied
to investigate the feasibility of a microbial process to produce
19-hydroxysteroids. These are important precursors of the
valuable 19-norsteroids. At present, in industrial processes,
19-hydroxylation is performed by chemical synthesis.

Fungi, selected from the genera Pestalotia (25 strains) and
Pellicularia (5 strains), were screened for their steroid-
hydroxylating activities. Thps, hydroxylation of the substrates
progesterone, 4-androstene-3,17-dione, and cortexolone
(17a ,21-dihydroxy-4-pregnene-3,20-dione) was studied. Of the
organisms tested, only PeZ_ZicuZaria filamentosa f.sp.
microsclerotia IFO 6298 and Pellicularia filamentosa f.sp. sasakii
IFO 5254 were found to perform 19-hydroxylation. Thus, both
fungi could produce 19~hydroxycortexolone from cortexolone, with
the former organism the more active in this respect.
Hydrocortisone (11lB-hydroxycortexolone) was also produced by both
organisms. Neither organism, however, could similarly hydroxylate
progesterone nor 4-androstene-3,17-dione. With these substrates,
products other than the 19-hydroxylated derivatives were formed.
Thus a degree of substrate specificity was recognised for
steroidal-19-hydroxylation by these fungi. None of the Pestalotia
species tested could 19-hydroxylate any of the three substrates,
despite claims in the literature, but instead were very active
in 11 o-hydroxylation. In particular, many species were able to
11 a-hydroxylate progesterone (0.5 g/l concentration) in greater
than 90% (Y/w) yield.

Using P. filamentosa f.sp. microsclerotia IFO 6298, in batch
fermentation, at a cortexolone concentration of 0.5 g/l yields of

19- and llB-hydroxycortexolone totalled approximately 40% M/a) of
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the consumed substrate. The ratio of the two products, typically,
was approximately 1.2:1 (19:11R). Only small variations in this
ratio were ever observed. The steroid losses which were observed
did not proceed via the hydroxy products as intermediates, but
via a degradation pathway, from cortexolone, parallel to the
hydroxylation reactions.

The 11B- and 19-hydroxylase enzyme-system of P. filamentosc
f.sp. microsclerotia IFO 6298 was shown to be inducible by

cortexolone. By using the protein synthesis inhibitor,
cycloheximide, in fermenter culture the effects-of dissolved
oxygen tension (DOT) on enzyme induction and enzyme expression were
separately investigated. .For both hydroxylations, an optimum DOT
for induction was shown at 15% of saturation, while the optimum for
expression is at 30% of saturation. Thus, maximum rates of
hydroxylation were achieved when induction was performed at low
DOT, followed by elevation to ensure maximum expression.

The effects of specific glucose consumption rate and specific
growth rate were investigated using chemostat cultures, under
automatic DOT control (at 30% of saturation). At a constant
specific growth rate, the importance of glucose metabolism to the
hydroxylation process was demonstrated. Thus, with glucose-limited
cultures, decreasing specific hydroxylation rates were observed
with decreasing specific glucose consumption rates, possibly as a
result of the restricted availability of NADPH, which is required
for hydroxylation to occur. Conversely, with nitrogen-limited
cultures, it was observed that the hydroxylase system is subject to
glucose repression. Thus, with high specific glucose consumption
rates, cultures showed low levels of hydroxylation activity.
Maximum activity was obtained at a point, which apparently

represents a balance between sufficient glucose metabolism to
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maintain full expression of activity and a condition of excess
glucose uptake resulting in repression of activity. This finding
may be of considerable significance for fungal steroid-
hydroxylation processes in general, since relief of repression,
when it exists, could give several-fold increases in specific
hydroxylation rates as observed in this stﬁdy. Over the range

1

of specific growth rates studied (0.028 h—1 to 0.119 h ) no

significant effect on specific hydroxylation rates was observed.
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xvii

STEROID NOMENCLATURE AND STRUCTURE

The trivial names used for steroids are given, followed by the
abbreviations (if any) employed, in brackets, and their systematic
chemical names (I.U.P.A.C.-I.U.B., 1969).

Numbering of the steroid ring system and side chain groups is as

follows:

Androstenedione (AD)

Estrone

Cortexolone (Co)
Hydrocortisone

Norethisterone

Oestradiol

Progesterone (Pr)

Pregnenolone Acetate

16

(82}

R Stem Name
-H androstane
20 21
-CH2—CH3 pregnane

4-androstene-3,17-dione

3B-hydroxy-19-nor-1,3,5(10)~
androstatrien-17-one

170, 21-dihydroxy-4-pregnene=3, 20-dione
118,170,21-trihydroxy-4-pregnene-3,20-dione

17a-ethynyl-178-hydroxy-19-nor-4-androsten-
3-one

3B,17B-dihydroxy-19-nor-1, 3,5 (10) -
androstatriene

4-pregnene-3,20-dione

3B~hydroxy-5-pregnen-20-one acetate

The following figure shows a Dreiding Model of substituted progesterone.
The axial and equatorial nature of the various substituent bonds, around
the ring system, can be clearly seen.
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Dreiding Model of Substituted Progesterone

Rl = R2 = R, = OH, R3 H 19-hydroxycortexolone

R, = R2 = R, = OH, R4 H 11lB-hydroxycortexolone
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xix

DESIGNATION OF STERIOCHEMISTRY

o (alpha) designates a bond below the plane of the ring system

B (beta) designates a bond above the plane of the ring system

£ (xi) designates a bond of unknown steriochemistry



ABBREVIATIONS

Abbreviations of Units

atomic mass unit
degrees Celsius

day

gram

hour

litre

meter

mole/litxe
millimole/litre
mass:charge ratio
minute

milligram

millilitre

nanometer

pounds per square inch
revolutions per minute
second '
micro Farad

Ohm

Kiloohm

Other Abbreviations

AcO-
ADP
AMP
An.
ATCC
ATP
AUFS
B.P.

CAMP
Cyt-P450

DNA
DO
DOT
DW
EtOH
HOAC
HOBr
hplc
I.D.
IFO
IMI
IPA
I.R.
MDW
MeOH
MNC

acetyl

Adenosine diphosphate
Adenosine monophosphate
Acetone

American Type Culture Collection
Adenosine triphosphate
Absorbance Units Full Scale
Boiling Point

Capacitor

cyclic AMP

Cytochrome=Pyg0

Dilution Rate (h~1l)
Deoxyribonucleic acid
Dissolved Oxygen

Dissolved Oxygen Tension
Dry Weight (g/1)

Ethanol

Acetic Acid

Hypobromous Acid

High Performance Liquid Chromatography

Internal Diameter
Institute for Fermentation, Osaka

Commonwealth Mycological Institute

Isopropyl alcohol
Infra-red

Mycelial Dry Weight (g/1)
Methanol

Mycelial Nitrogen Concentration (g/1)

XX



XxX1

m.p. Melting Point

MPN Mycelial Percentage Nitrogen (% w/w)

mRNA messenger RNA

m.s. Mass Spectrum

N Nitrogen

NADH Reduced Nicotinamide Adenine Dinucleotide

NADP Nicotinamide Adenine Dinucleotide Phosphate

NADPH Reduced Nicotinamide Adenine Dinucleotide Phosphate

NBA N-Bromoacetamide

NMR Nuclear Magnetic Resonance

PDDCC Plant Diseases Division Culture Collection (N.Z. D.S.I.R.)

pTsOH para-Toluene sulphonic acid

Py Pyridine

d19 Specific Rate of 19-Hydroxylation (mg/g N.h)

9118 Specific Rate of llB—Hydroxylation (mg/g N.h)

dg1 Specific Glucose Consumption Rate (g/g N.h) (g/g DW.h)
Resistor

Rf Tlc mobility of a compound relative to the solvent front
mobility

RNA Ribonucleic Acid

rRNA Ribosomal RNA

Re Hplc Retention time (min)

S Glucose concentration in the fermenter (g/1)

So Feed-medium glucose concentration (g/l)

TCA Trichloroacetic acid

THF Tetrahydrofuran

tlc Thin Layer Chromatography

uv Ultra-violet

u Specific Growth Rate (h'l)



