
Tho nocardioform bacteria can bo classified, on this basis, into 7 fami­

lies and JO genera. Tho family of Interest in this work was the 

Socardiaceae consisting of 3 genera, H ic ro p o ly s p o r a , N o c a rd ia and 

.V.’-. occus t ■>• m.* r I v tin* "rhodoe.hrous" complex, M ycobacte rium  rhodoch rous  

or P ro a c t jn o in yco ti’s (cited in fJoodfellow and Minnikiu l‘J77).

Tho tio»-ardiotor::i li itin i i are act inomycet o s . They aro branching bacteria 

that reproduce by fragmentation of their liyphae, into bacilli and coccoid 

elements.

It has been suggested that the term nocardloform is merely one of con­

venience and that tho bacteria in this group should bn regarded as a 

ill. tion of individual genera and species Therefore one can define the 

two genera of interest in tho family Nocardlacea as follows.

The genus Rhodococcus are aerobic, notisporing actinomycetes that are 

pleiomorphic but often form a primary mycelium that soon fragments into 

rod and coccoi 1 elements. The strains contain mycoli- acids and have a 

wall chemotype IV. The complex structure of the will, consisting of a 

peptidoglyi in, lipid constituents and other polysaccharide or polypeptide 

•^npounds, an bo divided into chomotypes on tho basis of the major sugars 

and amino acids found in the wall. Chemotype fV strains contain major 

amounts of meso-diaminopime1ic acid, arabinose and galactose. The G + C 

content of the Rhodococcus DNA ranges from 59°u - 6 9 V

I he genus N ocard in is now a relatively homogeneous taxon and are 

aerobic, gram - positive actinomycetes that produce a primary mycelium 

that fragments into rod - and coccoid - like elements. Aerial hyphae are 

usually formed, strains contain mycolic acids and have a wall chemotype



IV. Tin* I! + C content of their !)NA ratines rroin t)4", - ( definitions

from Goodfellow and Minnikin 1977).

In .iddition to their jbility lo fnterconvort steroid compounds such as 

cholesterol to precursors of storoid hormones and oral contraceptives, 

tin- nocardioform bai.terirt of the genus Rhodococcus a m  able to degrade 

toxic compounds such as acrylatnidr , insecticides and phenolic compounds, 

.hey are aiso ible to degrade 1ij>n in and capable of synthesizing antibi­

otics (citrd in Dabbs l‘>87).

S o m  individual i p t c i n  are th< aetiologica 1 agents of tuberculosis, 

leprosy and nocardiosis.

Four strains of n .cardioform bicteria were of particular interest for the 

work in this thes .s. They ire, in order of relatedness, Rhodococcus

• - ii d ■*. 77, Rhodococcus e g u i ATCC l s s 7, 

Rhodococcus rub rapertJn<  tu s  ATCC 25593 m d  Rhod :occus a u s t r a l i s  A448 and 

534.

The introdm.tion of new steroids fnto commerce is limited and so new de- 

%■<■] ;pments in microbial biote< hnology of steroids is restricted. New de- 

V f . pmi'nts ::i the older manufacturing protocols for the important steroid 

h n nej and inalogs are not rec< iving much attention. Some present in­

terests include the preparation of isotopically labelled steroids for 

metabolic studies and production of enzymes that transform steroids. The 

microbial enzyme; can I" used in assay procedures for clinical estimations 

such as that of plasma cholesterol.

Die literature dealing with the microbial transformation of steroids is 

considerable. This includes individual journal articles and specialized 

reviews. Additionally, a substantial patent literature exists. However
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there is no report in tin' litoraturo of cloning the genes for intercon­

verting steroids to pharmacologically important substances in the 

Hoc irdiolorin b. 1. t or i .1 . This was the major aim of the work for this thesis. 

Cloning of the genes would bo l>y complementation of the. appropriate 

mutation. The first priority of this work therefore was to make mutants 

incapable of utilizing the steroid of choice, such as cholesterol, as 

the >,ile carbon source. Mutagenesis using mutagens such as N-methyl-N* 

nitro-N-nitr.jiOguanidine (NTG) and ultraviolet light would be carried out 

in order to make these mutants. Mutagenesis would be assayed by auxotroph 

: nee mutants had been olt a ined, nocardioform chromosomal DSA 

.■mid be 1 loned into i suitable vector and transformed into these mutants. 

Complementation of mutations would be observed on minimal media plates 

containing the steroid of choice such as cholesterol.

A suitable cloning vector for nocardioform bacteria had to be developed. 

The requirements for 1 j;ood cloning vector were the following :

1 A replicon that was stably maintained in tin organism. This requirement 

wa* nn!t by the repl icon derived from the generalised transducing 

bacteriophage for Rhodococcus e r y t h r o p o l i s , Q 4 .

2. A means of select 1; for the vector. This was achieved by the arsenic 

farsenatc and arsenite) resistance determinant obtained from an unstable 

genetic element in a nocardioform bacteria.

'i. A means of selecting cloned fragments in the vector. The E s c h e r ic h ia  

c o l i suicide vector pEcoR25l is digested If DNA Is not cloned in to the

E . c o l i endonuclease gene at the unique Ilgl 11 site. The presence of a X 

repressor also turns off the transcription of the endonuclease hence
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ptev i'll t i ii.i; tilt' suicide "I llif |) I .(.‘.ni id. How-Vi i in the ibsenre of a X 

rcprosnoi m d  a cloned tnwort, the vector will not <tuv iv«.

. A me t hod D| si leenifsg the <. ] < 1 r i <*>! D\A fur the des i red gene involves the 

I .U't o r i .1 1 sr.it.nils .suable to 1 11 i 1 i : < • tin* compound nl fnleivsl is 111 <* solo 

srbou/nltrogen atonice.

\ ■ • wi ■■ bt lined by Hnhlning the resist*

•nice determinants (rom <h /••’• i\ »<.•»• i<:yz hra\.<)l i \ ATCC 12f>'4 uni part of

• . v : a • ■ • J4. (Dabbs m d  Sole 138? I. (See I & 2 ). These

v■ •. • id iii t i .... R25 I to generate a shuttle

vo..lor, pDA-' -..oust r«! tod by A. D.ii'f.-y.

•ous DNA wou Id !><• pref-

m■•'ii! : a 1 '■ .i Ion lug ■ v. 1 •• *'>'»••• •• )( 1 v-'< .-.i.b jn.it ion minus stra in to

. 1  ■; «(>infiiR with that of the host. The

iln ivi '-t l ight hyporsons it t v i ty . A minor 

■ ■ ■ l 1 was t 1■ 1 1: 1 Rbi itrain of

Rtnxtocaccu* t>qu i . Tl.«* iv-ii lal>i 1 f •• v I thi ■> Roc strain would therefore 

tate of logons no irdioform UNA Into a nocardioform

mutant.

The ij-j.1 1 !< • ..... ' h' .*•••••• 1 • • ■ 1 1 s r .  o .....  T.ird inform mutant

involved the construct ion of 1 library 0 1  no< nrdiofvrm chromosomal DNA 

in r ect was to uxti in I, the pi ism id from the bulk pool and

use it to transform into the in. irdiolorm mutant and observe for 

comp lenient at Ion However before this . in be acli ioved, a restriction minus 

mutant must b<* obtained since nor. irdioform •> s teria rests i d  E schor ich  in  

r .o l i  DNA.
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Two typos of transformations will bo necessary, namely transformation 

Into the K .co I j strain and the nocardioform mutant. It is essential to 

optimize tno conditions ol transformation in order to obtain the maximum 

number of transformants.

'no- i be gene s h id been < loned into the mutant the product resulting from 

the ciexr.iil.it ion of the steroid ol interest would have to be characterized. 

This would be done by biochemical studies such as thin layer 

chromatography.

!'l.» auxni rojihs obtained by mut i&onesis could oe user! to carry out genetic 

mapping of the organism.



2.1 M A T ER IA L S

2 .1 . 1  ORGANISMS

2 . 1 . 1 . 1  NOC ARDIOF ORM  B A C T E R IA

ORGANISMS STRAINS

Khodococcus c r y th ro p o l is  ATCC I2b74

01

Khodococcus nqit i  ATCC 14887

14887-1 

KD 1

2.1 1.2 Escherichia coll

STKAI\

ORIGIN

N.Ferriera 

K .Dabbs

N .Ferrei ra 

F.. Dabbs 

K .Down ing

OKI ('.IN

MM 1!‘)4 F.. Dabbs





ORIGIN

K .Downing

t’lll'.SilTYI'K ORIGIN

Kit impit:in resistant S.Andersen

Ritampicin rnsistnnt K.Dabbs

Sodium taurocholatf mutant K.Downing 

Agarose mutant.

Faster grower K.Downing

Rifampicin resistant E .Dabbs

nocardioform p 1 asm 1 E.Dabbs 

conferring arsonic 

res isl,men

17
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pF,coK251 + pl)A22 A.Daffey

pI)A27 chromosomal K.Downing

i nsi>rts

Plasmid from K > 7 4  With E.Dahhs 

with arson It resistance.

2 . 1 . 2  MEDIA.

2 . 1 . 2 . 1  A - N STOCK.

r -

458, 5g K,HP0*.3H,0

134,Og KH,POt

»

•

25.Og tri sodium citrate - 2il20

5g MgSOi, - 711,0

-

Tins was made up to 51 with distilled water. This stock was not nutoclaved 

but 1O m 1/1 chloroform was added to prevent contaminant growth.

A - N STOCK W I T H O U T  C I T R A T E
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■''111' A \ stock without 1 itr.ito was used most frequently for making min­

im,il minii/i to which various carbon sources worn to bo adtied. It Wiis made 

up as in 2.1.2.1 eliminating tri sodium citrate. This slock was known 

A - N - citrnto or ST3. The modi a list'd worn the following:

2 . 1 . 2 . 2  MI NIMA L MF.DIA A (MM) (Hopwood.  et al 1985)

Minimal modi,i A was prop in il in two separate Erlenmynr flasks , autoclaved 

separately , t lii'ti i ho contents of ono flask transferred into tho other 

f lask.

Flask 1 contained :

100ml A - N stock (sec 2.1.1)

lg NH»Cl

400ml Distilled H20

Flask 2 contained :

12-13g Agar Noble (Difco) 

r>t? glucose

500ml 11,0 

This makes up 11 of mudla.

The glucose was usually loft out of all minimal media when used in con­

junction with olhr- • carbon sources and, if noi 'ssary, tho required con­

centration was added from a 20",, stock of glucose.
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I'i s ptonp 0X0ID ENGLAND

ViMst extract 0X011) KNQLAND

TV AND AGAR ( T V A  ).

■ ! A>;tr 1-wictcriologicdl ^r.ido 0X0ID ENGLAND

T) T2 (Dabbs personal communication) .
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2 . 1 . 2 . 9  T V C

TY plus 

lOmM CaCl,

2 . 1 . 2 . 1 0  LURIA BROTH ( L B )

0 . 5*. Yeast extract 

0,5*. NaCl

2 . 1 . 2 . 1 1  LURIA AGAR ( L A )

LB plus

l'Jg/1 Aijar b.tcteriolcgic.il grade 0X011) ENGLAND

■
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2 . 1 . 2 . 1 2  REG ENERATION MEDIA

0.‘»g NaCl 

3g Tryptone 

1.5g Yeast extract 

35g sucrose

A sm.il 1 volume of distilled water was added to dissolve the sucrose. The 

volume w in m ni»; lip to 2H)ml with distilled water to which 4g of a gar was 

added. After mtt ■>. 1 av ing 6ml 1M (’aCl, and 10ml TKS buffer (2.1.4.13) were

n plati nt lined 25ml ol Regr'. iration Media.

2 . 1 . 3  A D D I T I O N A L  GROWTH REQUIREMENTS FOR NOC AR DI OF OR M  

B A C TE R IA

2 . 1 . 3 . 1  GL UTA MATE

0. 2yg/n>l OF A 10% STOCK.
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2 . 1 . 3 . 2  V I T A M I N  D1

OF A lOOmg/tnl STOCK.

2 . 1 . 4  DUFFERS

2 . 1 . 4 . 1  DUFFERS FOR MUTAGENESIS

T R I S  HCI pH 8 .0

lOmN Tris to {>11 S.O uith HCI

T R I S  HCL pH 7 .0

iOmM Tris to pH 7.0 with HCL

SODIUM A C E T A T E  DUFFER pH 4 .8

23ml 1M acetic nci<i (filter sterlizod) 

10ml 1M N.iOH
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2. 1 .4 . 2  T R I S  E D I  A DUFFER ( T E )  (Mamatis  e t al 1982)

lOmM Tris 

lOmM KDTA

2 . 1.-1.3 T R I S  EDTA BUFFER PLUS IO"„ SDS

2 . 1 . 4 . 4  T R I S  HCI WITH 10\, SUCROSE

lOmM Tris HCI pH 8.0 with 10". SDS

2 . 1 . 4 . 5  D E T E R G E N T  SO LU TI ON  FOR DNA P REP ARA TI ON

0.25ml 20”o Triton X100

3.125ml 0.5N EDTA pH 8

1.25ml 1M Tris HCI pH 8.0

20.3 75ml sterile lijO



2 . 1 . 4 . 6  ELCCTROPHORESIS DUFFER T R I S  BOR ATE  ( T S A )

Working solution

0.089M Tris borate 

0.08'JM Boric acid 

0.002M EOTA

Concentrated stock solution (per liter)

5X:

54g Tris borate 

27 5g Boric acid 

20m! 0.5M KDTA pH 8.0

2 . 1 . 4 . 7  RUN NING DUFFER FOR ELE CTROPHORESIS

40 ml 5X TBK

!60ml sterile HjO liyl of a lOmg/ml stock of ethidium bromide.
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2 . 1 . 4 . 8  GEL LOADING BUFFER (Maniat is et  al 1982)

Bui t «■* f typo III  (10ml)

0.2S b r o m o p h e n o l  blue 

30* glycerol ill w,it‘<r

St o r a g e  te m p e ra tu re  w.is -.“C

2 . 1 . 4 . 9  BUFFERS FOR E.coli  PLASMID SCREEN (Maniat is a t al)

S OLUTION 1

5>)mM gluc<'‘ ■ autoc 1 ived separately 

2>mv1 Trls pll 8 .0  

lOmM EOT A

SOLUTION 2

0 .2  N NaOll 

10”. SIJS

SOLUTION 3

i
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2 . 1 . 4 . 1 2  PROTOPLA ST  (P)  DUFFER

The following basal solution w.is made up:

10.38 

0 • 025*5 

MgCl,.oH,0 0.202g 

Distilled water to 87.5ml

This v ,*» into laved and 10ml 0.25 M pH 7 TICS buffer was added. This was 

tlmn dispensed into 10 illquots of 9.75ml each and stored at -80°C. Just 

before US'* , 2 rii’ul 1M CaCl} .2H20 and 100u 1 KlljPO,, wore added to oncli 

a 1 iquot.

2 . 1 . 4 . 1 3  TES ( N - t n s ( h y d r o x y m e t h y l ) m e t h y l - 2 a m i n o  e thanesul fonic)

0.25M pH 7.2

&
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2 . 1 . 5  A N T I B I O T I C S

2 . 1 . 5 .  I S T R E P T O M Y C IN  BOEHRINGER M.W.  1457.4

Concentration of the stoik s o 'ulion was a lOOtng/ml of H 70

2 . 1 . 5 . 2  R IF AM PI CI N  BOEHRINGER

Concent rat. ion of stock solution was 30mg/ml made up with mothanol 

Concentration added to cultures and plates : 20mg/ml.

2 . 1 . 5 . 3  AMPIC ILL IN SODIUM S AL T SIGMA

Concentration of stock solution was 30mg/ml made up with 0.5ml H 20 and 

0.5ml ethanol.

Concent rat ion added to cultures and plates : 60 yg/ml.

30
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2 . 1 . 6  AGAROSE GELS

0.4“,, igarose go Is wore1 used and made up .is follows:

O.flg Agarose (Seakcm FMl i 

160ml HjO 

40ml 5 x TBF.

Ethidium bromide 1rom a lOrog/ml stoi.k (1.5 ul) was addod.

2 .1 . 7  TOP AGAR

1*. Tryptonn 

0.5% Yeast extract 

0.5 » Agar
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: M  .8 CAR BON SOURCES

P O L Y O X Y E T H Y L E N S .  J I T A N M O N O O L E A T  (T W l:.EN 80) MERCK.  

D I M L T M Y E S U L ' O X I D E  (DMSO)

C HO LE S TE R OL  UNII..AB M.W.  386.66  

B S IT O S T E R O L  FLUK V. 414.72  

S TI GM AS T ER OL  FLUKA M.W. 4 ) 2 . 7 0 .

SODIUM BENZOATE MERCK M.W.  144.11.

UN D R O X Y B E N Z O IC  A C I D  E.C.<~ M.W. 138.12.

2 1 9 MUTAGENS

SODIUM T A U R O C H O L A T E  BDH CHEMICALS Ltd.

? I 9.1 N -M E T H Y L  N - N I T R O - N - N I T R O S O G U A N I D I N E  ( N T G )

14 in 2.Sml buffer either pH 8 (4.4.1) or pll 4.8 (4.4.3)

iiil'’ boat was necessary to dissolve the NTG.
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2 . 1 . 9 . 2  M E T H A NE S UL F O N IC  A CI D  E T H Y L  ESTER (F.MS) SIGMA

1*. or 2“o made up with pH 7 buffer (4.4 

The volume made up was usually 2mls.

’ R IDIN '

n :k c o m of iib'g/nil made up wi.ii sterile ll20

’ 1 . i F T H ' ^ V I  BROMIDE

Sto.k concentration of lOmg/ml made up u th bterili H 20.

2 . 1 . 9 . 5  U L T R A V I O L E T  L IG H T
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2.2  METHODS

2.2 . 1  CHO ICE  OF ORGANISMS

Two sets ot minimal media plates were prepared, one set with and tho other 

with, it glutamate and Dl. Each plate contained approximately 22ml of me ­

dia. The nocardioform organisms referred to by their ATCC (American Type. 

Culture Colie ti classification numbers as 25593, 4277, 14887 and 

I2n7« wore grown on both sets of plates at 26°C.

2 .2 . 2  P REP ARA TI ON OF HIGH LEVEL R E S I S T A N T  S TR E PT O MY CI N  

MLH A NT S

In order to spontaneously induce mutants with a high level of resistance 

to tin- antibiotic streptomycin in the two organisms 14887 and 4277, a 

loopful of each was added to *iml of T2 and placed on a shaker at 2b°C for 

24-48 hours. When each organism had grown up, 0.1ml of each of the cul­

tures was plated on a TYA plate containing streptomycin to a final con­

centration of 200)ig/ml. The plates were incubated at 26°C.
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2 . 2 . 3  PRE P AR AT IO N  OF HIGH LEVEL R E S IS T A N T  R IF AM PI CI N  

M U T A N T S

The procedure described in 2 . 2 . 2 was used to obtain mutants with a high 

level of resistance to the antibiotic rifampicin. The. TYA plate contained 

rifampicin to a final concentration of lOOyg/ml.

2 . 2 . 4  CARBON SOURCES

2 . 2 . 4 . 1  METHODS USED TO S O L UB IL IZ E  CHO LES TER OL

Cholesterol is insoluble in water, therofore attempts were made to 

solubilize it in the following:

TWEEN 80

The concentrations 0.1°o, 0.2“,, and 1°« cholesterol were added to 1°„ Tween 

80 solutions prjpared with sterile water.
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