
2 . 2 . 1 2 . 1  O P T I M I Z A T I O N  OF THE PEG T R A N S F O R M A T I O N

Tin* pro. edure tlosii.rlbnd in 2.2.13 w.is th< general procedure used but it 

w is necessary to determine the optimal conditons fur the transformation. 

Firstly, the ulture of Kl) 1 diluted 1/100 times was grown up at 26°C with 

agitation and every 12 hours i lml aliquot was removed. An absorbance 

reading it r>40nm was taken and the transformation < irried out in order 

to determine the growth stage which gave the best transformation effi­

ciency. Other aliquots or the culture were removed and frozen at 80°C for 

subsequent work. The following variables were also changed:

Lysoayme time

Final concentration ol P PF.G

The amount ot Kt) I cells

The amount of pi)A 10 DNA

The turn' 11 arsenate/arsen i te underlay

Tranformation using these variables were carried out changing only one 

parameter it a time, keeping the others constant as described in 2.2.13. 

These variables will be discussed in the results section.



3 .0  RESULTS

3.1 CHOICE OF ORGANISMS

The nocardioform bacteria .no noted for th» diversity in their catabolic 

.1 tivitios ia 1 ly tor inter, onvert ing steroids. They were therefore

attractive candidates tor this work.

I- i. spt- !< s it n;n nl'ot >rm b i teria of t he genus Rhodococcus wore chosen 

and will bo retorted to a* strains ATCC 12674, 4277, 14H87 >nd 23593. The 

(xono«i( names ol these bacteria are given in 2.1,

It was ot ne. f-ssity to dole :it,e the qua'ity of growth of those organisms 

-m minimal mo'iia and any idditional growth requirements.

!'w s e t s  of minimal media plates wer< prepared, one set containing glucose

• nly, is tin irbon source and the other set containing glucose and 

supp 1 .'mentso of sodium glutamate and thiamin (vitamin Bl).

The insults are shown in Table 2.



TABI.E 2: DKTK.k'MNATION iK Will AND GROWTH RI‘.(}U IREMENTS OF 

Kh 'doroccus SPEC IKS ON M'-fMAI, MEDIA

GROWTH

ORGANISM MINIMA!. MEDIA MINIMAL MEDIA +

+ glucose GLUCOSE, GLUTAMATE, 1)1

12674 ++ +++

4277 +♦+ +++

K 8 8 7 +++

25593 + +

KEY. +++ Very "| growth ++ Good growth + moderate growth +/- Slight 

growth +/-- Very slight growth

tamate 11 be utilized is I < irbon source by the bacteria, 

vl" ri i !(■ ATCC I~b74 which requires ghit.ini.iii> and HI for growth would not 

' ■ suitable to use in this work. Tho strains 14887 and 4277 wore chosen 

for this work is they grow >.nll on minimal media and did not have addi­

tional growth requirements. Of these two, 14887 was chosen specifically 

for the steroid work.
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3 .2  PREPARATION OF HIGH LEVEL R E S IS T A N T  S TR E PT O M Y C IN  AND  

RIF AN* •’ 1C IN M U T A N TS

To olimin.i'e tho growth ot contaminants during the long periods of incu­

bation and manipulation of th<> bacteria, it was desirable to have a mutant 

of the strain, wliic.' had a high lovel of resistance to a particular an­

tibiotic. This antibiotic could then be included in plates or liquid 

. ilturos ol the resistant strains, it in appropriate concentration, thus 

minimizing the risk of contamination.

Approximately o h : ;h level resist.nit mutants of both 4277 and 1267* to

i (ration of .: 11 vg ml streptomyi in resulted. However, only 2 14887

streptomycin resistant mutants resulted, one of which was a low lovel 

resistant mutant the other a slow growing high level resistant mutant. 

Neither jf these were suitable..

Hi I.imp i<. in was used is an alternative mtibiotic. One high level resistant 

rifampii in mutant was selected and was designated 14887-1.

3 .3  CARBON SOURCES

The sterols, cholesterol, 0-sitostorol and stigmasterol and the bile 

acid, sodium taurocholate wore used as carbon sources in an attempt to 

obtain mutants. These were to be used for cloning of the gene/s respon­

ds
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sible for Intereonvert i■" ‘ he above stc'roiil compounds into substances of 

pharmacological inlet >su

A major problem w is tin- insolubility ol the sterols In water. Four dlf- 

11'rent approaches to prepai ing choleslerol wore attempted, namely

1. Solubilizing cholesterol in the presence of Tween 80.

2. Solubl I iziny cholesterol in hot ethanol.

3. Solubilizing cholesterol in DMSO.

4. M iking an aqueous suspension and homogenizing by sonication. These 

four ipproaohes ire discussed in sections 3.3.5 - 3.3.8.

Suitable concentrations of both the cholesterol and the solvent had to 

!*<• ietf rmiried. It was .ils > essential to determine whether those solvents, 

namely Tween fce, ethanol and DMSO could themselves be used by ATCC 14887-1 

as sole carbon source.

3 .3 . 1  AGAR AS A CARBON SOURCE

Some microorganisms possess an agarase gone which enables them to utilize 

■gar as a carbon source. It was therefore necessary to determine whether 

the above was true for the organisms 14887, 4277 and 12674. These 

organisms were streaked on minimal media lacking glucose. All were able

I
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t ' grow on tlii-. media thvef o r e  ii was assumed that they possessed an 

iii.isr gene. Thus agar.ise mutants had to he made, using agar noble.

P . w e  different types of agai were' availabli' in the laboratory, each 

differing in purity. A colleague, B.Gowan showed that growth of 14887 

i: ! m ^77 on the purest agar, Difco agar noble was the poorest and there- 

ii■ ie this agur w.is suitable for incorporation into minimal media plates.

3 . 3 . 2  C I T R A T E  AS A CARBON SOURCE

■ ite w is present in the A - \ stock described in 2.1.2.1. The ability 

if Kfl87*l to >.t i 1 i/.e this compound as sole carbon source was investi-

it I'd.

.! id minimal ivdia cultures were prepared containing A - N stock with 

((.ailed st"ck 1) and w .thout citrate (known as stock 3). The 

' re./.i'ii •, mr- • w is NH*C1 . Glucose was added to one set of liquid cul*

t ; r i • s .

■ results were as follows.
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TA3LR 3: INVKST1CATION OF THE UTILIZATION OF CITRATE AS SOLE 

CARBON SOURCE BY 14887-1 IN LIQUID MINIMAL MEDIA

'

*

MINIMAL MEDIA CULTURES GROWTH OF 14887-1

Stock 1 + glucose +++

Stock 3 + glucose ++

Stock 1 - glucose +

Stock 3 - glucose
v -

r..;

*

Those results wore scored after 5 days.

' imiliar results were obtained for 4277 by B.Cowau. A spot vest on minimal

• eli i I ites m td«* with A * N stocks ! ind 3 confirmed that 14887 ,4277 

m d  12b74 were ible to utilize citrate. From these results it was evident 

tti.it citrate in he iso.d as sole carbon source by these Rhodococcus spe* 

i.ies, although less efficiently than glucose.

/
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3 . 3 . 3  OP TIM AL C O N C E N T R A T IO N S  OF TWEEN 80, ETH A NO L  AND DMSO 

TO BE USED AS SOLVENTS

The optimal concentr it ions ot Tweer. 80, Kthanol and DMSO that would either 

enhance or inhibit growth of 14887 and 4277 wore ascertained.

Separate experiments were performed for each solvent. The organisms were 

spotted onto minimal media plates containing glucose and the various 

concentrations of solvent.

The optimal concentrations ol ea h solvent it which growth was not in ­

h i b i t e d  were the following. 

FABLE 4: i i  i ' :;' I C ' JENTRATI JNS OF THE SOLVENTS TWEEN 80,

AND DMSO FOR 1-887 AND 4277

SOLVENTS OPTIMUM C NCI.STRATION 

FOR 14887 AND 4277

Tween 80 

Ethano1 

DMSO

l”o

2-* o

no

*• O
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3 . 3 . 4  U T I L I Z A T I O N  OF SOLVENTS AS bO|_E CAR BON SOURCES

The in 1 i. u  ion ot Tween 80, ethanol .ind DMSO as carbon sourccs by 1488' 

-1 was investigated. Liquid minimal media cultures wore necessary to 

perform these experiments due. to the lack of a 14887 ag;>rase utant. 

Glucose w: eliminated l oro the cultures m d  replaced w.t.h either Tween 

80, ethanol or DMSO.

Control cultures including glucose ,.s s ole carbon source were set up. 

Results were recoil'd liter *♦ days incubation at 26°C. The results of 

three separate experiments are summarized in table S.



1‘AHI.K ■>: UTILISATION 01' TWEEN 80, ETHANOL AND DMSO BY 14887-1 

IN LIQUID MINIMAL MEDIA AT 26°C

CAKBON SOURCE GROWTH OF 14887

0.5\ glucose +++

(control)

1*. Tween 80 ++

0.2“. Tween SO ++

0.02*. Tween 80 +

0.002*. Tween 80
+/-

2.5*. Ethanol ++

1*. DMSO -

"he growth of 42 77 on 1"., Tween HO and 2.S*0 ethanol was also investigated. 

It appeared that 1488/ could utilize 1 Tween 80 better than 4277 but 

t here was 3 difference in the growth between tho two organisms on 2.5°0 

ethanol plates.

The solvents DMSO and Tween 80 at concentrations of I”, and 0.002°, re­

spectively wore not used by 14887 as sole carbon source.



3 . 3 . 5  S O L U B IL IZ IN G  CHOLESTEROL WITH TWEEN 80

T w p o i i  HO was used in an attempt to solubilize cholesterol by trying to 

avoid the problems of aggregat loll.

Several c.oncentrattons of cholesterol in combination with a number of 

concentrations of Tween 80 were attempted.
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TABtiK «: COMBINATIONS OF CIIOLEnIT.KUi. AND TWEEN 80

0. r„ cholesterol in 1°« Twoeti 80 

0.2°o cholesterol in r„ Tween 80 

1* cholesterol in r„ Tween 80 

1“» cholesterol in 10°,, Tween 80

Well dissolved 

Partially dissolved 

Suspens ion 

Suspens ion

The ldi'.il :ombination of 0.1 cholesterol in 1".. Tween 80 was unsatisfac- 

t >ry i : Tween hi' above a c oncentration of 0.00i!°o could be utilized 

.is sole carbon source by 14887. (see table 5).

A ,iid minimal media culture of 14887 with the addition of 0.1“„ cho­

lesterol and O.f’01!' Tween 80 w is prepared. A control culture lccking tho 

14h87 was also set up in order to determine whether the cholesterol prn- 

ipltated 'iiit of solution. This was the case, causing both tho control 

and the culture to be turbid. This turbidity could therefore not be at­

tributed to the growth of 14887.
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3 . 3 . 6  S O L UB IL IZ IN G  CHOLESTEROL IN HOT E THA NOL

A 20", suspension of cholesterol in ethanol w.is prepared mid heated gent ly 

ovi-r a f I uni* in order to dissolve the cholesterol. As soon as the solution 

cooled, it solidified.

If this method had been successful, attempts would have been made to ob- 

i ethanol mutants.

3 . 3 . 7  S OL UBIL I Z ING CHOLESTER OL IN DMSO

A liquid culture of !4K87 was set up as described in 3.3,6 to which 0. 1°., 

(.1 nlesti rol and 1". DMSO u.is added. A control culture lacking 14887 was 

also prepared, which served the same purpose is in '}. 3.6. After incubation 

it 2»°t: both the control and culture were, turbid indicating that choles­

terol hod prei ipit.ated out of solution. Growth of 14887 could not there­

fore |>e distinguished.

, * 1 
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3 . 3 . 8  S O N IC A T IO N  OF CHOLESTEROL

A 1”, and 0.1% suspension of cholesterol in sterile water was made and 

sonicated for several seconds. The cholesterol was dispersed in both 

c.ises, but the 0.1% cholesterol was dispersed better.

Sonication was therefore the best approach to solubilizing cholesterol.

Minimal media plates were made with tuo incorporation of the sonicated 

cholesterol su? pens ions to a final concentration of 0.1% and 0.01“„. 

Plates containing 0.01% cholesterol wore better dispersed than those 

containing 0.1%.

It was very difficult to observe differences in the quality of growth of 

organisms on piates containing either 0.1% or 0.01% cholesterol and 

therefore alternative sterols were sought.

3 . 3 . 9 ^ - S ITOS T E RO L  AND STIG MAST ERO L AS A L T E R N A T I V E  STEROLS

Liquid minimal media cultures worn set up to determine whether 1h 8B7-1 

could utilize two alternative sterols, namely (5-s itostorol and 

stIgmasterol, A culture containing cholesterol was also incubated for 

comparison. All sterols were sonicated and the concentration of all was 

0 . 1%.
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The results are shown in table 7.

TABLE 7: UTILIZATION OK STEROLS BY 14887-1 IN' LIQUID 

MINIMAL MEDIA

STEROL TURBIDITY OK CULTURE

No C control +++

Glucose control +++

0.1°. St igm.isterol + ceils +++

0.1°. Stigmasterol - cells ++

0.1% 3-sitosterol + cells +++

0,1% 0-sitosterol - cells ++

0.1% cholesterol + cells +++

0.1% cholesterol - cells ++

KEY: +++ Very turbid ++ Turbid

The sterols precipitated out ol solution resulting in the turbidity ob­

served in the no cells control. However there was a slight difference 

butweon the cells controls and no cells cont'ols, There was no difference 

in turbidity between the cultures of the different sterols.

This experiment was repeated with lower concentrations of sterols, namely

0 .0r 0 but no growth was observed.
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3 . 3 . 1 0  SODIUM T A U R O C H O L A T E  AS AN A L T E R N A T I V E  ST E R OI D

Sodium taurocho .i*o, a bile acid and steroid compound has a slmiliar 

structure to cholestorol and was very freely soluble in water. This was 

therefore i suitable alternative to the sterols mentioned previously.

The optimum concentration ot sodium taurocholaLe for 14887, 4277 and 

12o74, which did not inhibit growth, was 0.02”„. The bile acid was also 

utilized as solo carbon source by 14887 at this concentration.

3 .3 .1 1  A L T E R N A T I V E  CARDON SOURCES,  SODIUM BENZOATE AND  

H VD R O X YB E N Z O A T E

Sodium benzoate and hydroxybenzoate ware tested as possible carhon 

sources in liquid minimal media cultures oi 14887-1

78
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TABLK 8: UTILIZATION OF SODIUM BHNZOATE AM) HYDROXYBENZOATE 

AS CARBON SOURCES FOR 14887-1

CARBON SOURCES GROWTH OF 14887

No C control
+/-

0.1% Sodium benzoate
+/-

0.1% Hydroxybenxoate ++

Those rosults were recorded .ift«*r throo days incubation at 26°
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TABl.i% *»: COMPARISON OK UTILIZATION OK THE CARBON SOURCES 

TESTED BY 148B7-1 LIQUID CULTURES AND PLATES

SOLE CARBON 

SOURCE

LIQUID CULTURE MINIMAL MEDIA 

PLATES

Glucose +++ +++

Citrate +/- - +
Not tested

Agar i i o d I o Not tested +/--» +

0.2% Tween 80 ++ ++

Ethanol + +++

l“„/2% DMSO -
+/-

0.01% Cholesterol • +

0.01°, Stlgmasterol - +

9.01°,, &-s i lostnrol -
+/*

0. Sodium benzoate
+/-

+/■

0.1% Hydroxyber.zoate +++ +++

0.02",, Sodium 

taurocholate

++ +++

Ktli.ino 1, hydroxybenzoate and sodium taurocholate worn utilizud by 14887 

-1 r. i»r'!l as glucose. Those throo wnrn bettor carbon sources than Tween 

8 0 . Cholesterol, [i-s itostisrol and stlgmasterol were not good carbon 

•.our-.os. Citrate and agar noble warn poor carbon sources, whereas DMSO 

m d  sodium benzoate can not be utilized by 14887-1 as sole carbon source.
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3 .4  ISOLATION  OF PHAGE TO BE USED FOR T Y P IN G

Tim nocardioform bacteria 12o74, 4277 and 148.S7 are closely related and 

there arc no specific markers that distinguish between the strains.

A useful means of distinguishing and identifying 14387 from the other 

strains and from contaminants is by phage typing.

Phages were prepared from e soil sample as described in 2.2.7. The filter 

sterilised soil supernatant was mixed with 14887 which was allowed to grow 

on TYMC plates. After 2 days incubation at 26°C, 3 definite plagues and

2 possible plagues were observed in the luv>.. of 14887.

Fich plague was removed and treated as in 2.2.7. A lawn of cells of each 

of the four organisms 14887, 4277, 12674 and 448 were grown up on TYMC 

plates. O n c e  the lawn had grown up, each of the plaguas prepared above 

wertt spotted onto it.

The results were as follows:

‘ ■~*4 V ,
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TABLE 10: LYSIS OF ORGANISMS BY PHAGES ISOLATED FROM SOIL

ORGANISM PHAGES

K1 K2 K3 K4 K5

12674
+/ *

+
+/- +/*

+

14887 + + + + +

4277
+/-

4-
- - +

448 - - - +/- -

KEY: + Lysis - No Lysis +/- Turbid plaques

I

i s

All five phages isolated fiom the soil lysed 14887-1.One of the phages, 

known as K3 wis more specific than the other four phages in lysing 14887. 

It appeared that there were four kinds of phages namely:

1. K2 and K5

2. K4

3. K3

4. K1

These results also showed that 14887, 12674 and 4?.77 are closely related 

whereas 448 Is not.

The five phages were tested on a series of plates (see 2.2.7) to determine 

their divalent ion requirements.
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TABLE It: DETERMINING THE DIVALENT ION REQUIREMENT OF THE 

FIVE PHAGES SPECIFIC FOR 14887-1

PHAGES PLATES

TYA TYMC TYM TYC

PHAGE K1 - +
+/- +/-

PHAGE K2 + +
+/*

+

FI!AGE K3 - + +
+/-

PHAGE K4 - +
+/- +/-

PHAGE KS + +
+/*

+

KEY: + Lysis - No Lysis +/- Turbid plaques/slight lysis

TYA = TY and Agar TYMC = TYA + CaCl, and MgC 12 TYM = TYA MgSO„ TYC =

TYA + CaClj

Thesn results showed that pit ago K3 was a calcium dependent phage, there­

fore calcium was added to media in all subsequent work with the phage .

K'J proved to be very useful in identifying several mutants of 14887 which 

had quite different growth properties than the parent.
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2 . 5  MUTAGENESIS

The ultimate aim of this work was to clone the genes for converting 

sterols into substances ot pharmacological importance by complementation 

ot the appropriate mutation. It was therefore essential to obtain mutants 

which had lost the ability to utilize the carbon source of interest, 

namely sodium taurocholate.

3 .5  1 OPTIMUM C O N D I T I O N S  FOR NTG MUTAGENESIS

; : imi/.it inn of NTG mut agent's is was carried out by a colleague, B.Gowan, 

with 01, a derivative of 12674. She reported that the following conditions 

were optimum for NTG mutagenesis of (

S4



TABI.K 12: OPTIMUM CONDITIONS FOR NTG MUTAGENESIS

CONDITIONS OPTIMUM

pH ol buffers pH 8

Concentr.it ion ol NTG I00yg/ml

Med 1 a T2

Vigorous vortexing 80 seconds

Sonication 3-b seconds

(with medium tip)

3 . 6  MUTAGENS

Thu different mutagci.s used for mutagenesIs are listed in 2.1.9.

Most mutagens act virtue of in ability cither to act on a particular 

base of DNA or to become incorporated into the nucleic acid.

N-methy1- S ' -nitro-N-nitrosoguanidino or NTG Is a powerful mutagen that 

acts by alkylation. It alters a base that is already Incorporated in DNA 

and thereby changes its hydrogen-bonding specificity.

Ethyl methane sulfonate (EMS) is also an alkylating agent that reacts 

primarily with guanine.
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Ultraviolet light is a (airly potent mutagen. It causes thymine dimers. 

Acridine orange and e t h i d h m  bromide are intercalating substances. They 

Insert between bases and cause frameshift mutations.

The generation of mutants was assayed by the production of auxotrophs. 

From a series of experiments a total of 8869 colonies growing up after 

mutagenesis wore patched (2.2.8.1.1). Of these, a total of 33 auxotrophs 

resulted from the different mutageneses. (0.37% auxotrophs).

TABI.K 13: COMPARISON OF THF. DIFFERENT MUTAGENS BASED ON THE 

NUMBER OF AUXOTROPHS PRODUCED

’'r it = number of

From the table it can be seen that ultraviolet light was the best mutagen, 

producing the highest percentage of auxotrophs. However subsequent rounds 

of mutagenesis using ultraviolet light as a mutagen did not yield very 

many colonies and the reason for this problem was not found.
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MUTAGEN PERCENTAGE AUXOTROPHS

COLONIES

PATCHED

AUXOTROPHS 

FROM NTG

PERCENT

NTG 5853 22 0.37

EMS 1828 5 0.27

U.V. 1 182 6 0.50

ACRIDINE ORANGE 6 0 0



Nitrosogtianit!ino (NTG) produced tin- second highest number of auxotrophs, 

with EMS i close third. However tho NTG mutagen was used in subsequent 

rounds of mutagenesis.

No comment can be made on acridino orange as a mutagen. Sen 3.6.4

3 .6 . 1  N - M E T H Y L - N' -N  I T R O - N  N IT RO SO G U AN  IDINE ( N T G )

In order to determine the optimum time of exposure of the cr'is to NTG,

i culture of 14837*1 was grown up in T2 and was subjected to NTG for 30 

minutes, 1 hour, 2 hours ind 3 hours.

The number vf auxotrophs per mutagenesis was recorded.



TABI.K 14: OPTIMUM TIME OF EXPOSURE OF 14887-1 TO NTG

TIME OF EXPOSURE PERCENTAGE AUXOTROPHS

NUMBER

COLONIES

PATCHED

NUMBER

OF

AUXOTROPHS

PERCENT

#30 minutes 164 0 0

1 hour 406 3 0. /3

2 hour 305 3 0.98

3 hour 267 0 0

The i/ptimum ti*o of exposure of 14887-1 to NTG was between 1 and 2 hours. 

Exposure for 30 minutes and 3 hours wd.s unsuitable.

A comparison between mutagenesis of exponentially growing cells and sta­

tionary phase cultures was made. The growth phase was determined by ob­

servation only, and the efficiency of mutagenesis assayed by the 

production of auxotrophs.
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