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ABSTRACT

steroids are a div

derivatives charactex

system. Two importaic

ersified class of oxygenated tetracyclic isoprenoid
“ized 'y a cyclopentanoperhydrophenonthrene ring

groups of steroids are the sterols, of which cho-

lesterol is the most important, and bile acids, which aie ccaverted from
holesterol
Commercia iotechnology operations dealing with steroids, centre around
the use of microorganisms for transformations of steroid substrates into
useful intermediates and final products. One group of bacteria capable
of the before mentioned are nocardiform bacteria. Cloning the genes
these organisms for the interconvertion of steroids and bile acids to
pharmacologically portant intermediates by complementation of the ap-
propriate ¢ ition was the main interest of this work. Mutagenesis using
U.V.; NTG and EMS a itagens, and the modified penicillin selection
te ie, resulted in several mutants, notably KD 1, which had lost its
abil to utilize several carbon sources. The identification and deter-
iation of the suitability of these carbon sources was performed. Con-
ditions of transtormation of this mutant were optimized.
I'he availability of a snitable vector led to the partial construction of
a library of nocardioform chromosomal DNA in £.coli to clone the
gene/genes of interest,
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1.0 INTRCOUCTION

The steroids belong Lo a class of lipid compounds called terpenoids (and
other names such as terpenes, polyisoprenoids or isopentenoids). They are
a diversified class believed to be derived from isoprene, CgHg, and are

haracterized by the cyclopentanoperhydrophenanthrene ring system of

Figure 1, I'he steroid ring system. Smith 1984

The sterols, a subgroup of steroids, are a class of crystalline alcohols

)7

containing between 27 and 30 carbon atoms. They all possess a 3B- hydroxy

group and an endocyclic double bond, usually in the 5,6 position, together
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with a side chain which exhibits various degrees of branching and unsat-
uration., (Templeton 1969),

[he sterols are widely distributed in nature and are present in practi-
cally all living organisms including bacteria. Cholesterol is the most
important and widespread of the sterols. It is the precursor of the bile
scids and the sex and adrenccortical hormones. The most abundant plant
sterol is stigmasterol, first isolated from the Calabar bean but more
plentifully available from soybean oil. Sitosterol is also a sterol.
(Templeton 1969). Nther sterols include campesterol and ergosterol.

See Figure 2 for structures of some sterols.,
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steroid nucleus con=

acids with a

Bile acids are C-24 to C-28 carboxylic
taining hydroxylic substituents and part or all of the side chain of
SB=cholestane. (Whiting 1986). Bile acids contain hydroxyl groups, which
ire substituted at position C=3, C=7, C=12 of the steroid nucleus, The
three major bile acids are cholic acid, chenodeoxycholic acid and
deoxycholic acid. Usually bile acids are enzymatically conjugated with
either of the amino acids glycine or taurine in human bile. There are thus
six major bile acids in man, namely the glycine and taurine conjugates
of cholic acid, chenodeoxycholic acid and deoxycholic acid., The bile acid

sodium taurocholate was used in the work for this thesis.

Steroids are vital in many ways to life of eukaryotic organisms. The
sterols are precurseors of other steroids and are essential for membrane
stability and cell grow.h. The bile salts are essential for lipid di-
gestion and absorption. Additionally there are two classes ol hormones
that are steroidal in nature, namely the sex hormones and the
idrenocortical hormones, It is the pharmacological interest in these
hormones which prevails in current applications of biotechnology to the
steroids. (Smith 1984),

The sex hornones fall into three chemically and physiologically distinct
tlasses, The estrogens and progestogens regulate various functions of
the female reproductive system and the androgens are male hormones.

The adrenocortical hormones are produced by the cortex of the adrenal
gland. They are vital in the metabolism of water, proteins and carbo-
hydrates, There are seven corticoid hormones of which cortisone has im=

portant medicinal applications.
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Microbial transtormation of specific aroid substrates is the centre of
commercial biotechnology operations dealing with steroids and has re-
sulted in major contributions to technology, medicine and science, There
are currenti, two major biotechnological applications dealing with the
steroids. These applications involve the use of microorganisms for proce-
essing raw materials iato useful intermediates for general steroid pro-
duction and that of specific transformations of steroid intermediates to
finished products., (Smith 1984).

The first successful application of biotechnology to the preparation of
useful steroids had to do with the synthesis of the adrenocortical
hormones and their more powerful and therapeutically selective synthetic
airalogs. (Charney and Herzog 1967), Cortisone has a powerful antiinflam-
matory activity which was discovered in 1949. Synthesis of cortisone did
not include microorganisms inftially. However, Murray, Peterson, Perlman
and Fried laid the basis for the application of microbiology to the syn-
thesis of antiinflammatory steroids. (Charney and Herzog 1967).

The world market for finished steroids appears to be increasing both in

amount of production and in monetary value, Sales of antiinflammatory

storoids in the USA of §120 million in 1959 increased to $215 million by
1968, Markets for other steroids iucluding male and female sex hormones,

aunabolic agents, anesthetics, antialdosterone agents, anticancer agents
and antiandrecgenic agents also continue to grow. (Smith 1984). Three

general processes are used to produce fi, ished steroid products,

L. Direct isolation from natural sources such as the recovery of conju=
gated estrogens from horse urine and of cardiotonic steroids from the

plants Digitalis.
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Partial synthesis from steroid raw materials of animal and plant ori-
gins. The partial svathesis of steroid hormones and their analogs is the
most important process with respect to microbial biotechnology.

3. Total synthesis from non steroidal materials.

All three of these processes are commercially operated but it is only the

second two that use microbial transtformations.(Kieslich 1980, Smith 1984)

There is a diversity of enzymic reactions accomplished by microorganisms
on steroids.

The most important category of microbiological transformations is
oxidation. There are four oxidation reactions of commercial importance,
hydroxylation, alcohol oxidation, 1 - dehydrogenation and carbon - carbon
bond scission.

Microbial hydroxylations at almost every possible position in the steroid
nucleus are known including 10 = hydoxylation of 19 - norsteroids and
14B- hydroxylation of synthetic 14 - steroids. (Smith 1984). There are
three microbial hydroxylations of commercial importance, 1lla = ;118 - and
16a = hyvdroxvlations,

Microbial scissions of carbon = carbon bonds are very important, as
cleavage of sterol side chains to useful €, intermediates and of
progesterone side chain to testololactone derivatives are commercial
processes,

Microbial reductions of ketones are also of commercial interest whereas
other reactions such as isomerizations and conjugations are of little

commercial importance,

i
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Cholesterol and deoxycholic acid from slaughter house animals were used
originally as starting material for . hial transformations., For rea-
sons of cost additional raw materials ar:  used. These include Solasodine
and Tomatidine derived from Solanum sypr 1es, Smilagenin from Agave spe-
cies and Hecogenin from sisal plants. The phytosterols diosgenin from
Mexican and other Diescorea plants and stigmasterol from soybeans give
useful C;, intermediates from the finished C,4- C,4= and C,, - steroids
ire manufactured today.

Cholesterol, from wool grease and soybean sitosterol are used for
microbial degradations of the sterol side chains yielding useful C,q
steroid intermediates. Microbial degradations of sitosterol and of cho-

lesterol yield C,, steroids used for production of othaer C,, steroid sex

hormones and anabolic agents. (Kieslich 1980, Smith 1984).

[t has been known since 1913, that numerous microorganisms can utilize
sterols such as cholesterol and B-sitesterol as sole source of carbon.
However, they have a serious drawback as they do not only degrade the side
chair, by the mechanism of B oxidation, but also cleave the steroid
skeleton by 9 a hydroxylation, which is undesirable and of no commercial
value. (Kieslich 1980). In 1965, Sih and workers elucidated the degra-
dation method and described a method for avoiding the undesirable re-
ictions described above. A suitable cholesterol-like substrate such as
19-hydroxy=-cholesterol was used as a substrate and the side chain was
degraded to a 17 ketosteroid to yield estrone. (Charney and Herzog 1967,

Kieslich 1980).

Three different methods have been developed to selectively cleave the side

chain of sterols by microorganisms. These processes are based on the
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tion ot the key enzymes C=1(2)=!ehydrogenase and 9 a hydoxylase

od in steroid ring degradation,

cthods employed to inhibit one or more of these enzymes are the

tural moditfication of the substrate as described by S.h and e
ited in Charnoy and Herzog 1967) preventing enzymic attack on e
systen, Some sterols with chemically modificd structures are 19+

sterols, 19 = norsterols and 4 hydroxycholestenone,

se of chemical enzyme inhibitors.

esses for the selective side chain cleavage of sterols em= %
*

: cyme fnhibitors have been developed. Chemicals used as enzyme -
™
) \ ! : b
s included lipophilic chelating agents such as aa’' Dipyridyl %
®
et al 1980), autoxidizable redox dyes, inorganic SH reagents - |
14l ns [
\
ition of the microorganisms \
ol
canisms have been produced by mutagenesis that are capable of se- : \ {
'\'
ely  degrading the sterol side chain, These mutaats are % ‘
illy blocked from degrading the nuclens and can be used to ef- )
A
ly produce steroids from sterols without the necessity of modify- |
)
p ibstrate or of adding chemical inhibitors. These mutants have ‘
imd  to have potential industrial use, efficiently converting |
to products some of which are useful as intermediates in the
icture of medically important steroids. Several researchers have
ted the degradation of sterols by mutants to industrially important |
rmediates,. Woveha et al 1978, Hill et al 1982, Nakamatsu et al 1983,
crreira et al 1984 re just a few of the researchers using this {

v oof selective side chain degradation,
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oral contraceptives of 1ich two are

ling progesterone. Two forms
ived from testosterone by replacing

19 itom with 1 hydrogen atom

ed from 17 - acertoxy proges

.erone.

y are norethisterone, lynestrenol,

wsterone

0Ov«
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e distributed in a wide range
, molds and yeasts. Some of the
teria, Arthrobacter, Streptomyces,

r of cholesterol decom=

rm bacteria whereas in the othex

nocardioform bacteria was extremely

rgey s manual, the nocardioform bac-

genus Nocardia was poorly defined and
in commen. In the late seventies ef-
;

shing a better classification of the

ified into 10 families and 30 genera,

hemical and spore characteristics.
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