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erythvopolis and Rhodococcus rqui wore capable of utilizing 0.1% w/v 

citric acid as sole carbon source at a frequency of 100",. Rhodococcus 

rubropertinctus could utilize it at a frequency of 92% whereas R. 

austral is was unable to utilize citrate as sole carbon scurce.

It was therefore necessary to use A - N stock without citrate for making 

up minimal media. This is in contrast to E.coli for which A - N stock 

w.’s developed.

Cholesterol and the other sterols, stigmasterol and fi-sitosterol were 

very poorly soluble in water. Cholesterol has a maximum solubility in 

aqueous solutions of 1.8 Ug/ml and undergoes thermodynamically reversible 

monomer micelle equilibrium. (Huberland and Reynolds 1973). Several ap­

proaches to solubilizing these sterols have been suggested in tho li 

ature.

4.2.3 TWEEN

Tween is a non ionic detergent and a surface active agont. It has been 

used by several researchers in an attempt to solubilize sterols by trying 

to avoid problems of aggregation. Wovcha et al (1978) included 0.1“. Tween 

80 in a culture of a Mycobacturium fortuitum containing (3-sitosterol. 

Nakamatsu et al (1983) added 0.0i% Tween 80 to a culture of a mutant 

Nocardia coral Iina strain in order to solubilize cholesterol (bolow 7%). 

These authors found that Tween 80 had a marked stimulative effect on the 1
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conversion rate of the sterol to the intermediate HIL. They believed that 

Tween stimulated sterol degradation not by improving the s.ibstrate sus­

pension but by providing a fatty acid component for biosynthesis of sur­

face active cell wall lipids. (Nakamatsu at nl 1983). Ferreira et al

(1984) prepared sterol suspensions in a 2% Tween 80 solution and the 

sterol and Tween were added to a final concentration of 2g/1 respectively. 

This was used for the production of 11IL from cholesterol by a mutant 

strain of Rhodococcus mistral is. Ferreira and Tracey (1984) showed that 

Hhodococcus mistral is was able to hydrolyse both Tween 20 and Twl. i i 80 

very efficiently. Hhodococcus coprophilus used these less efficiently. 

T.n i ,)k ( 1976) reported that Tweens 20, 4u, 60, and 80 were hydrolyzed by 

certain Nocard ia and Hhodococcus species.

Three mutants I isolated in this work were unable no utilize Tween 80 as 

sole carbon source.

4.2.4 ETHANOL

Cholesterol was reported to be slightly soluble in alcohol but more sol­

uble in hot alcohol. (Merck Index Tenth edition). It is also soluble In 

benzene. Solublll; ng cholesterol In cold and hot alcohol was not suc­

cessful and when tested as a carbon source, proved to be very suitable 

for 14887 and 4277.
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According to Ferreira and Tracey (1984) Hhodococcus erythiopolis, 

rubrupertinctus, australis and equi can all use butanol, octanol, 

propanol and amylalcohol very efficiently as carbon sources.

The results obtained with the growth of 14887 and 4277 in the presence 

ol ethanol is sole carbon source are in agreement with this report.

•1.2.5 DMSO

DMSO has been used to dissolve sterols in order to obtain finely dis- 

tributed substrate suspensions. (Martin 1984). DMSO at a concentration 

ot I*,, was not used ,is a carbon source by 14887 which was a very promising 

result. However growth in the presence of cholesterol and DMSO was very 

pcor.

4.2.6 SONICATION OF STEROLS

This means of solubilizing sterols gave the best results. Nakamatsu ot 

al 1983 and Vatanabe ot al 1987 both used homogenization of cholesterol 

by sonication for the microbial degradation of the sterol to the inter­

mediates cholesten-3-one, ADD and MIL.



4.2.7 SODIUM BENZOATE AND HYDROXYBENZOATE

Ferreira and Tracey (1984) have shown that Rhodococcus cqui can utilize 

2,5 - dihydroxybenzoic acid very efficiently as a carbon source whereas 

benzoic acid is not utilized as well. The results obtained in this work 

showed that 14887 was able to utilize hydroxybenzoate at a concentration 

of 0.01°, efficiently whereas very little giuwth occurred in the presence 

of sodium benzoate it the same! concentration.

4.3 PRODUCTION OF MUTANTS

Mutants were produced by NTG at a much lower frequency in nocardioform 

bacteria than in Escherichia coli where 60 -K0°o of colonies, after heavy 

NTG mutagenesis, can be auxotrophs. (E. Dabbs personal communication). 

Conditions of NTG mutagenesis for the Rhodococcus species wore optimized. 

Optimization of conditions specifically for NTG and EMS mutagenesis of 

14887 was also carried out. Auxotrophs were produced in this organism at 

a frequency of 0.37°,,. This was lower tliua the frequency obtained for 4277
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wlitc.h was 1.8 • 2.5*. (B.Gowan). Tln> frequency of auxotrophs was 1 - 2°,, 

for I2b74. (P. Anderson).

Ultraviolet I iRhu was more effective as a mutagen than NTG and F.MS, 

producing the highest percentage of auxotrophs. However the most suitable 

mutant arising from my work, KD 1 was produced by NTG mutagenesis. This 

mutant was unable to utilize several of the carbon sources mentioned 

above, notably sodium taurocholate and agar.

The enrichment procedure for production of mutants was a modification of 

the penicillin selection technique of K.coli. This procedure resulted In 

approximately double the number of auxotrophs produced by NTG mutagenesis 

alone in 14887, It was therefore a superior method of obtaining 14887 

auxotrophs. A greater number of mutants w'.h reduced ability to utilize 

sterols, sodium taurocholate and other carbon sources also resulted from 

this procedure compared with the non enrichment mutageneses.

4.4 ACTION OF MUTAGENS

NTG acts b/ alkyl at ion moaning on alkyl group Is added to N-7 of the 

purine ring (either guanine or adenine). This alkylation weakens the N- 

glycosylic botul which is hydrolyzed resulting in depurination. 

(irelfolder 1983). Bacteria carrying an NTG induced mutation often have 

additional mutai ions in the same gone and in other genes. This is possibly 

true for Ki) 1 which was unable to utilize several carbon sources. The
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mutations a re clustered in genea that are adjacent In t lio genetic map and 

the explanation for this phenomenon is that. NTG exerts Its effect in a 

replication fork. Therefore mutations are clustered in tho region of the 

UNA that was traversed by the replication fork during exposure to tho 

mutagen. (Froilelder 1983).

KMS is also an alkylating agent which causes transversions. This is a 

substitution of a purine for a pyrimidine or vice versa.

I'ltrav iolet irradiation causes thyi.'.ine dimers. These cause inhibition of 

tho advance of tho replication fo’-k.

Acridine orange and •thidium bromide form stacked arrays in aqueous sol­

ution and are able to stuck with a base pair. This is done by insertion 

between two base pairs, known is intercalation. The intercalation causes 

adjai ent base pa * rs to move apart ('suiting in frameshift mutations.

4.5 MICRODIAL TRANSFORMATION OF STEROLS AND DILE ACIDS

The pathway of microbial degradation of cholesterol is as follows: 

Cholest^rol-*cholest-4-uu-3-one-*cholosta-1, 4-dien-3-one> 3

oxobisnorchola-1,4-dien-22-oic acid*androsta-1,4-di une-3,17-dione

(ADD)>3-hydroxy-'), 10-secoandrosta - 1 ,3,5 (10)-tr icne-9 ,17-d ione->3aa-H-*a 

-1 31 - propion ic acid ] -7afS-mothy lhexahydro-1,5, indaned ione (IIIL)

*5-mothyl-4*oxooctane-l ,8-dioi.c acid *succinic acld-*C02 ll20. (Nakamutsu 

at nl 1980).
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The pathway ot micro! f;i! degnu’. tlon of bllo acids to OGj and water is 

not known although studios on the metabolism of the bile acids by 

microorganisms has been carrind out.

A variety of metabolites ol these compounds have been Isolated and iden­

tified, which would enable researchers to predict possible pathways for 

bile acid degradation.

Research on microbial degradation of steroids has demonstrated that se­

veral species ot microorganisms are able '.o degrade some steroidal com­

pounds to a common intermediate, 1111. from ADD (see above). Jl is possible 

that bile acids such as cholic acid are degraded to this Intermediate via 

ADD (Hayakawa 1973). A hypothesis as to why the mutant KD 1 was unable 

to utilize cholesterol, stigmastcrol, B-sitosterol and sodium 

tain ocholate based on this information could bo made. It Is possible that 

the gei.e/s coding for the enzyme necessary for the microbial reaction 

responsible for the degradation of ADD to Hit. was altered during 

mutagenesis .

It does not however, o.rplaln why KD 1 was unable to utilize the other 

carbon sources excluding glucose. It is possible that the gene sequence/s 

tor some enzyme/s common to the degradation pathways of all these carbon 

sources was altered due lo the action of NTG.
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1.6 OPTIMIZATION OF POLYETHVLENEGLVCOL TRANSFORMATION

Optimization of the efficiency of nocardioform transformation was based 

in part on work done by Bibb ot til 1‘178 on streptomycetes.

The growth phase which gave the optimum number of transformants for Kl) 1 

was log phase. This differed from 01 and 4277 whose optimum phases wore 

Dost exponential / pre stationary and post stationary phase respectively. 

The DNA concentration of pDAiiO was apparently not a limiting factor on 

the frequency of transformants of KD 1.

The length oi Incubation before arsenic challenge was 12 hours for 01 and 

4277 whereas 18 - 24 hours was the optimum for KD 1.

The Cj.timum PEG 6000 concentration appeared to be 25"» for KD 1 and 01 and 

j0*„ for 4277. This Is probably not a significant difference. Diphasic 

growth of transformants was observed with 01 when PEG concentrations were 

varied. Initial growth of 01 exposed to 10°o PEG on regeneration plates 

gave the best number of t rans forniants/pg DNA. Ilowover, with continued 

incubation at 26°C, smaller colonies grew up on plates of cultures exposed 

to higher concent rat Ions of PEG. (A.Daffey).

The optimum time of exposure to lysozyme Was 60 minutes for all three 

organ isms.

These results from nocardioform transformations of 01 and 4277 were ob­

tained from A.Daffey and B.Go«ran respectively. It is evident that each 

of these nocardioform bacteria and their derivatives had specific optimal 

conditions for transformation.
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4.7 CONST UCTION OF THE E.COLI L IDRARY

The estimated genome size, of mycobacteria is 3 x 109 iliiltons. (Pao at al 

1988). This is equivalent to 6,3 x 10s bp. The average insert size, in the. 

library was 5,46 Kb. Therefore in order to cover the entire chromosome 

of 01, a total of 3433 clones would be necessary. The number of clones 

presently in the library is 1811 of which have inserts. Once tho 

library was complete, plasmid DNA would be extracted from this bulk pool 

and used to transform into KD 1. Complementation of the mutation would 

be sought. Before this approach to cloning could be attempted, a re­

striction minus mutant would have to be obtained to pruvent the re­

striction of the K.coli DNA by the nocardioform bacterium,
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5.0 CONCLUSION

Although the cloning of the gene/s tor the interconversion of storols to 

compounds of pharmacological Interest was unsuccessful, several essential 

sti'ps towards this aim were achieved. Mutagenesis resulted in the p o-

■ tue.tion of a number of mutants, notably KD 1, which had reduced ability 

ti uti'tze several carbon resources. Conditions of nocardioform trans­

it : mat. ion for tliis mutant wi re optimized, which was essential for the

nitinuation of this work. The phage 1 3 specific for 14887 , was isolated

■ lid successfully used in the identification of 14887 derivatives, spo­

il; illy the faster growi.ig derivative KD 2.

'in ilternatlv approach to cloning was considered. To this aim, an E.coli 

ibr iry containing 1811 clones was constructed. These clones contained 

1 :hroraosomal DNA. A future objective would be to obtain the remaining

■ Iniii's to complete the librai covering the 01 chromosome. Successful 

i Inning into the nocardioform KD 1 would require a restriction minus

•itant. The generation of a recombination minus mutant would also bo ad- 

. int. igoous. These must therefore bo obtained in ordor to pursut this 

u k. Oik the gene/s for either sterol or sodium taurocholate intercon- 

m  is ion have bet i cloned, Jin degradation products of the recombinants 

will be analyzed. This will be achieved via thin layer chromatography. 

It is hoped that theso int mediates will be of pharmacological impor*

i .nice.

j
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