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The iteroids are a diversi:iod cl.iss of oxygenated tetracyclic isoprenoid 

derivatives characterized 1 y i ayclopentat.aperhydrophenonthrene ting 

system. Two iaportaui. groups oi steroids are tin sterols, of which cho­

lesterol is the most important, and 1 > i1 <■ acids, which aie converted froir 

cholestero1

Coamer< ial biotechnology operations dealing with steroids, centre around 

the use of microorganisms for transformations of steroid substrate* into 

useful intermediates and final products. One group of bacteria capable 

of the before mentioned are the nocaidiform bacteria. Cloning the genes 

of these organisms for the interconvertion of steroids and bile acids to 

pharmacol <gically important intermediates by complementation of the. ap­

propriate mutation was the main interest of this work. Mutagenesis using 

U.V ; \TG and EMS is mutagens, and the modified penicillin selection 

te h: :ic, resulted in several mutants, notably KD 1, which had lost its 

ability to utilize several carbon sources. The identification and doter- 

minati u of the suitability of these carbon sources was performed. Con­

ditions of transtormation of this mutant were optimized.

The availability of a suitable vector led to the partial construction of 

a library of nocardioforrn chromosomal I'NA in E . c o l i to clone the 

gene/genes of interest.
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1.0  I N T R O D U C T I O N

The steroids belong U' i i lass of lipid compound* called terpenoids (and 

other names such a* terp.nes, poly i sopreno i ds or i sope-itenoids). They are 

i diversified class believed to be derived from isoprene, C 5H,, and are 

characterized by the eyelopont.inoperhydrophenanthrene ring system of 

1 igure 1.

Figure 1. The steroid ring system. Smith l‘>84

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

containing between 27 and 30 < irbon atoms. They all possess a 3&- hydroxy 

group and an endocyclic double bond, usually in the 5,b position, together



with .1 siiio chain which exhibits various degrees of brandling and unsat­

uration. (Templeton l‘)o')).

The sterols are widely distributed in natures 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 

acids and the sox and adrenocortical hormones. The most abundant plant 

siorol is st. igmasterol, first isolated from the Calabar bean but more 

plentifully available from soybean oil. Sitosterol is also a sterol. 

(Templeton 1969). Other sterols include campesterol and er&osterol.

See Figure 2 for structures of some iiterols.
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Figure 2. Structures of some sterols
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Hi Ip acids aro C-24 to C-28 carboxylic acids with a steroid nucleus con­

taining hydroxyl ic. substituents and part or all of the side chain of 

C'- bolestane. (Whit ins 1 **Ho ">. Bile acids contain hydroxyl g.oups, which 

ire substituted at position C-3, C-7, 0 1 2  of the steroid nucleus. The 

three major bile acids are cholic acid, chonodeoxycholic acid and 

denxycholic n.ul. Usually liili> acids aro enzymatically conjugated with 

either lit the amino acids glycine or taurine in human bile. There are thus 

six major bile a<ids iu man, namely the glycine and taurine conjugates 

t cholic i. i i, chenodeoxycho 1 ic a*, id m d  deoxycholic ncid. The bile acid 

sodium taurocho1 ate was used in the work for this thesis.

Steroids ire vital in many ways to life ot eukaryotic organisms. The 

sterols are precursors ot other steroids and ire essential for membrane 

stability and cell grow.h. The bile salt:-: are essential for lipid di­

gestion and absorption. Additionally there are two classes o l hormones 

that are steroidal iu nature, namely the sex hormones and the 

idrenocortical hormones. It is the pharmacological interest in these 

hormones which pre/ails in current ipplications of biotechnology to the 

steroids. (Smith 1084).

The sex hormones fall into three chemically and physiologically distinct 

(.lasses. The estrogens m d  progostogens 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 

gl md. They are vital it, the metabolism of water, proteins and carbo- 

hydrates. There are seven corticoid hormones of which cortisone has im­

portant medicinal applications.



Microbial tiMtisforin.it ion of specific ••void substrates is t-lio contra of 

commercial biotechnology operations dealing with steroids and has re­

sulted in major contributions to technology, medicine and science.. Tlmro 

ire urrenti two major biotechnological applications dealing with the 

steroids. These applications involve the use ot microorganisms for proc­

essing raw materials i.ito useful interlin'd iat es for general steroid pro­

duct: in ami that of >pecilic transformations of steroid intermediates to 

finished products. (Smith 1984),

■ first M..-..e;.', t'ul .tppl i i.at i • *n ol biotechnology to the preparation of 

useful steroids had to do with the synthesis of the adrenocortical 

hormones ind their more powerful and therapeutically selective synthetic

tisone has a power1ul a m  Lin 

"it ry i .t t y w..: was di • • ov.-red in 1 '149. Synthesis of cortisone did 

not : Hi ’ '.do mi i • .; at: sn.., initially. However, Murray, Peterson« Perlman 

and m  icd laid the hi. . *..r the application of microbiology to the syn- 

thesis ol tntiinflammacory steroids. (Charney and Herzog 1')67).

The world n irlnt foi fin ■. 11<'d steroids appears to be increasing both in 

amount <f pr< iu'tlon m d  in moaetary value. Sales of antiinflammatory 

si to ids in the ISA of S120 i.i: 11 i n in 1959 increased to $215 million by 

i Markets f i tliei steroids including male and female sex hormones, 

anabolic agents, anesthoti i, intialdosterone agents, anticancer agents 

and antiandr^.genii. igei.t:. also continue to grow. (Smith 1984). Three 

general processes are used to produce f., I.shed steroid products.

1. Direct isolation from natural sources such as the recovery of conju­

gated estrogens from horse urine and of cardiotonic steroids from the 

plants D ig i t a l i s .



«
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Z. Partial synthesis from steroid r.iw materials of animal find plant ori­

gins. Tlio pa rt i a I syithes is of steroid hormones and thoir analogs is the 

most important process with respect to microbial biotechnology.

3. Tot.il synthesis from non steroidal materials.

All thro** of these pro« esses are commerc i a 11 y operated but it is only the 

second two that use mu.robial tran*format ions.(K1os 1ich 1980, Smith 1984)

There is i iiversity i>t enzymic reactions accomplished by microorganisms 

on steroids.

Tin- nu’st Important category ot microbiological transformations is 

oxidation. There ire four oxidation reactions ot commercial importance, 

hydroxylation, alcohol oxidation, 1 - dehydrogenation and carbon - carbon 

bond scission.

■ i every possible position In tha steroid 

nucleus ire known inclniing 1"6 - hydoxylation of 19 - norsteroids and 

1*B- hydroxy 1 at ion of synthetic 1*0 - steroids, (Smith 1984). There are 

hydroxylations n\ commercial importance, 11a - ,113 - and 

16a - hydroxylations.

Micobial si.issions of <. irbon - carbon bonds are very important, as 

leavage of sterol side chains to useful C,, 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 isomori/.ations and conjugations are of little 

commerci a 1 importance.



Cholesterol and deoxychol ic acid from slaughter house animals wore used 

originally .is starting material for . hial transformations. For rea­

sons nt cost additional raw materials ai used. These include Solasodinn 

and Tomatidino derived from Solarium sp ' tes, Smilagan in from Agava spe-

i ios and Hocogeniri from sisal plants. The phytosterols diosgcnin from 

Mexii in m d  other D io sco ron plants and stIgmasterol from soybeans give 

useful Cj| intermediates from the finished C,,- C .,- and C t , - steroids 

are manufactured today.

Cholesterol, from wool grease and soybean sitosterol are used for 

microbial degradations of the sterol side chains yielding useful C 19 

steroid intermediates. Microbial degradations of sitosterol and of cho­

lesterol >iold C,, steroids used for production of other steroid sox 

hormones and anabolic agents. (Kioslich 1 ‘J 8 0, Smith 1984).

It has boon known since 1913, that numerous microorganisms can utilize 

sterols such is cholesterol and B-sitcsterol as solo source of carbon. 

H wover, they have a serious drawback as they do not only degrade the side 

chair, by the mechanism ot B oxidation, but also cleavo the steroid 

skeleton by 9 a hydroxy 1 ation, which is undesirable and of no commercial 

vilue. (Kioslich l’J80). In 1965, Sih and workers elucidated the degra­

dation method and described a method for avoiding the undesirable ro- 

ictions described above, A suitable cholesterol-1 ike substrate such as 

19*hydroxy-cholosterol was used as a substrate and the side chain was 

degraded to a 17 ketosteroid to yield estrone, (Charney and llorzog 1967, 

Kioslich 1980).

T h r e e  different methods have been developed to selectively cleave the side 

chain of sterols by microorganisms. These processes are based on the



i

1 1 t i >11 ot ilip key enzymes C-IC1)-'.ehydrogenaso mid 9 a hydoxylase 

wni'il in steroid ring degradation.

methods employed to Inhibit one or more of those enzymes are the

1.1 I Ol. 1n>;:

: i tural modification of thu subslratn as described by Sib and

■ s i. iii'ii iii Charney and Herzog 1967) preventing enzymic attack on 

system. Some s t e r o l s  with chemically modified structures are 19- 

sii'M ls, 19 * norsterols and 4,hydroxycholestenona.

!. ise of chemical enzyme inhibitors.

is pi. , esses t r the selective side chain cleavage of sterols em* 

i vine Inhibitors have been developed. Chemicals used as enzyme 

■s i in. I • idl’d lipophilic chelating agents such as a a 1 Dipyridyl 

H s u  o l i l  19 0 ), mt ox id i z lb le redox dyes, inorganic Sll reagents

ii i ’•‘i ll ions.

‘ini.ii ion of the microorganisms

i ; mi sms have been produced by mutagenesis that are capable of se- 

• ly degrading the sterol side chain. Those mutants are 

illy blocked from degrading the nucloii;, and can be used to of*

• iii 1 y produce steroids from sterols without the necessity of modify-

• he nbstraie or ol adding chemical inhibitors. Those mutants have

.ud to have poionti.il industrial use, efficiently converting 

. to products some ol which arc useful as intermediates in the 

i: lai.ture of medically Important steroids. Several researchers have 

1 1 ed the degradation of sterols by mutants to Industrially important 

i ■ i mi'd i lies. Wovcha ot / i ! 1978, Hill ot n \ 1982, Nakamatsu of. a l 1983, 

i 'I 1' iroira ot a ! '984 re just a few of tin researchers using this 

: io.es, of selective side chain degradation.
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The sterols play a vital role In oral contraceptives of which two are 

generally ava i' ab le namely the combined pill and the gestagen pill. These 

products consist of an estrogei and/or a gestagen which is a synthetic 

substance having biological effects resembling progesterone. Two forms 

of gestagens are available: those derived from testosterone by replacing 

the methyl group of the carbon 19 atom with a hydrogen atom 

(19-nortcstosterone) and those derived from 17 - acetoxy progesterone. 

The 19-norto.stosterone:-i in use today are norethisterone, lynestrenol, 

ethynodiol diacetate and d-norgestrel. Only one 17-acetoxyprogesterone 

is currently available for contraception and this is medroxyprogesterone 

acetate. (Llewellyn - Jones 1978)

Cholesterol decompos ing Microorganisms are distributed in a wide range 

of genera of act ir.omycet'-s, other bacteria, molds and yeasts. Some of the 

genera include I'soudomonas, C o ry r ie b a c L e ria , A r th r o b a c te r, S tro p to in y c e s, 

fly c o b a c tc r :u m , N oca rd ia and R hodococcns. A number of cholesterol decom­

posing strains belong to the genera M yco b a c te rium , N o ca rd ia and 

Rhodococcu-. known as th ■ nocardioform bacteria whereas in the other 

genera, the decomposing strains appear incidentally.(Arima e t a l 1969).

In previous years the taxonomy of the nocardioform bacteria was extremely 

I'jor. In the seventh edition of Bergey's manual, the nocardioform bac­

teria were classified in the genera N o ca rd ia and A c tin o m yce te s belonging 

to the family Actinomycetaceae. The genus N o ca rd ia was poorly defined and 

contained bacteria that had little in common. In the late seventies ef­

forts were directed towards establ ..tiing a better classification of the 

actinomycetes. They have been classified into 10 families and 30 genera, 

based primarily on morphological, chemical and spore characteristics.
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