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ABSTRACT

Progress in the investigation of unocardioform bactecia,
which are of considerable commercial value, has been
hampered by the absence of resistance plasmids suitable for
development into a <cloning vector. A primarily genetic
approach succeeded in generating a set of readily detectahkle
plasmids which between them carried four resistance
determinants, to sodium arsenate, sodium arsenite, cadmium
chloride and chloramphenicol. These plasmids have since been
reduced in size and only confer resistance to arsenate and

arsenite.

The method of generating these plasmids was repeated in an
attempt to obtain plasmids conferring resistance to
chlorampenicel or cadmium chloride. Five transductants were
obtained of varying phenotype. All transductants were
resistant to arsenite. Only one transductant had resistance
to chloramphenicol. Further analysis 1indicated that chis

resistance was not plasmid born.

Size determinations of the existing plasmids weie made:
pDA20 was found to be approximately 70 kb, pDA40
approximately 100 kb and, pDA 30 approximately 14 kb. An
attempt was made to reduce the plasmids pDA20, pDA22 and

pDA30 in size in order to create a set of small plasmids



suitable for cloring vectors, but no reduced plasmids were

obtained.

pDA22 and pECNR251 were ligated together at their BamHI
sites in order to devalop a shuttle vector. Two
orientations (A and B) of shuttle vector were expected.
Both orientations proved to be viable. Orientation A
subsequently proved to be more suitable for cloning

purposes.
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1. INTRODUCTION

1.1 Development of cloning vectors

Nocardioform bacteria of the genus Rhodococcus are a group

of soil-dwelling gram-positive microorganisms with the
ability to degrade toxic compounds such as acrylamidr. (Arai
et al., 198l; cited in Dabbs, 1987), phenolic compounds
(Haider et al., 1981; citad in Dabbs, 1987), and
insecticides (Ferguson et al., 198l). Rhodococcus spp. also
have the capability of synthesizing antibiotics such as
hygromycin (Wakisuki et al., 19f0) and rifamycin (Cross,
1982). In addition, they have the propensity for
interconverting steroid compounds, for example, converting
cho. =terol to substances which are the precursors of
steroid .. mones or oral contraceptives (Ferreira et al.,
1984). They are therefore of considerable commercial
importance. 1Individual species are also the aetiological

agents of tuberculosis, leprosy and nocardiosis.

Progress in the invescigation of nocardiofcrm has been
hampered by the absence of resistance plasmids suitable for
development into a cloning vector. Plasmids have been
identified in severzl strain. (Kasweck et al., 1982), but no
phenotype has been ascribed to these. Another approach has
been based on attempts to develop the lytic bacteriophage

@QEC into a cloning vector (Brownell et al., 1982).



PTITTEIIRR———

To obhtain resistance plasmids for a well-characterised
nocardioform, Rhodococcus erythropolis ATCC 12674, an
alternative approach =~ primarily venetic =~ was adopted in
this work (Dabbs and Sole, 1988). Among the streptomycetes
as a whole there is evidence of 1low copy number plasmids
which have been identified on the basis of their phenotype
rather than oy the presence of a plaswnid band in a gel. Two
examples are plasmid SCPl of Streptomyces coelicolor (Chater
and Hopwood, 1983]) and a plasmid of S. fradiae (Stonesifer
et al., 1986). No plasmid band was detected in R.
erythropolis strain ATCC 12674 but it was hypothesized that

a similar situaticn might preva.i in this organism.

The following strategy was adopted to investigate and
exploit this (Dabbe and Snle, 1988). The level of
resistance of strain ATCC 12674 to a range of antibiotics
and heavy metal compounds was determined. The organism was
then grown in the presence of any of a number of plasmid
curing agents, after which all resistance phenotypes were
again determined. Any spontaneous reductions in resistance,
as assayed by screening a large number of clones, were also

monitored.

On the assumption that reductions 1in resistance might
reflect loss of plasmid-coded genes, the parental strain was
then used to select mutants with increased resistance to any

of the compounds for which rduced resistance was identified
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in the “"putative" cured strain. It was possible that in
some cases increased resistance might arise as a result of
increased copy number of the supposed plasmid, rendering it
detectable on agarose gels. This strategy was successful in
producing a set of related plasmids bearing several genes of
resistance to heavy metal compounds (arsenate and arsenite,
and cadmium chloride) or an antibiotic (chloramphenicol).
The plasmids (designated pDA20 and pDA40) were large,
migrating more slowly than chromosomal DNA in agarose gels,
and were made up of resistance determinants (including Q4
immunity) from the host organism together with part of the
genome (probably the replicon) of nocardiophage Q4. The
plasmid pDA20 has since been reduced 1in size by a series of
digestions and ligations, and its two derivatives, pDA22 and
pDA30 confer only resistance to arsenate and arsenite.

{¥8n. Yl.1)s
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Figure 1.1 Schematic representation of the relationship
between Q4 nocardiophage and the davelopment of
cloning vectors for nocardioform bacteria. The
derivation of plasmids pDA22 and HDA30 from
pPA21 by a series of digestions and ligations
is shown. The resistance conferred by the
various plasmids is indicated in brackets.



1.2 The Nocardiophage 04

Q4 is a generalised transducing bacteriophage isolated from
soil, and it has been shown to mediate the transduction of a

number of wunlinked chromosomal markers in Rhodococcus
erythropolis (Dabbs, 1987).

1.2.1 The role of Q4

As mentioned, there is evidence in other actinomycetes of
very low copy number plasmids undetectable or very hard to
detect in plasmid screens but manifesting themselves by
their phenotype (Chater and Hopwood, 1983; Stonesifer et al
1986). It has been hypothesised that these plasmids
integrate into the chromosome and much of the time do not
exist as autonomously replicating units. In RBacillus
stearothermophiluyg a plasmid has been identified which goes
from being an autonomous unit to being integrated into the
chromosome when the organism is stressed by raising the
temperature to near the maximum for growth (Koizumi et al.,

1986).

on the assumption that an analogous situation exists in R,
er thropolis strain ATCC 12674, attempts were made to
disrupt the normal structure of a putative plasmid to
prevent it from integrating into the chromosome. The agent

of disruption was the generalised transducing phage Q4



(pabbs and Sole, 1988). This virus would be expected to

package host plasmid DNA as well as host chromosomal DNA.

A Q4 1lysate of the wild type was used as a simultaneous
donor of arsenate and arsenite resistance (100mM and 10mM,
respectively) into strain CW22 (a spontancously cured
derivative of ATCC 12674). No colonies grew up on these
selective plates when the cells of CW22 alone weie plated.
Four transductants, td 1 - td 4, were selected from plates
where the cells had been exposed to a lysate of Q4. These
transductants showed no evidence of a plasmid band.
ilowever, when strains td 1, 2, 3 or 4 were plated on higher
concentrations (50mM) of arsenite many of the resulting
putative copy number mutants showed an additional band in

agarose gels.

By the nature of the selection all transductants had
increased arsenate/arsenite resistance, compared with strain
CW22. Three additionally had increased cadmium resistance
but unchanged chloramphenicol resistance, while one had
increased chloramphenicol resistance but unchanged cadmium
resistance. Therefore, though the resistances are linked,
arsenate/arsenite, cadmium, and chloramphenicol can
segregate from one another. Furthermore, arsenate was
constitutively expressed in ATCC 12674 and its derivatives
whereas arsenite resistance was inducible, suggesting that

more than one gene product was responsible for resistance to



these related compounds, as s been shown in other
organisms (Mobley et al, 1984), . ltogether therefore, four
resistance determinants are pt.: "ly located on the DNA

segment which is spontaneously lost from strain ATC” 12674.

The occurrence of detectable plasmids only following a
transduction step supported the interpretation that the
plasmid of the wild - type strain may be integrated in the

chromosome much of the time.

The relationship between Q4 phage and the development of the

resistance plasmids is summarised in figure 1.1.

1.3 Requirements for cloning vectors

The requirements for a good cloning vector are

1) A replicon which is stably maintained in the
organism.

2) A means of selection for the vector, that is, a
resistance determinant.

3) A means of selecting cloned fragments into the
vector.

4) A method of screening cloned DNA for the
desired gene,



Meeting these requirements in rocardioform

1) A replicon derived from the generalised
transducing phage Q4.

2) Arsenic resistance determinant obtained from an
unstable genetic element in a nocardioform.

3) The Egcherichia goli suicide vector pECOR251.

4) Bacterial mu “nts unable to utilise compounds
as sole carbon, itrogen sources.

By combining 1 and 2 (see i.l.1.; fig. 1l.l); nocardioform

resistance plasmias have been obtained.

1.4 Aims

To repeat the transduction experiment described above
with Q4 phage in crder to obtain plasmids conferring
resistance to chloramphenicol and cadmium chloride.

To combine the nocardioform resistance plasmid, pDA22,
conferring arsenate and arsenite resistance, with the E,
coli suicide vector pECOR251.

To determine the size of the nocardioform plasmids
pbDA20, pDA30 and pDA40.

To optimise nocardioform transformation conditions.

To digest and ligate the nocardiofcim resistance
plasmids pDA20, pDA22 and pDA30 so as to reduce them in
size, and to transform them into a suitable recipient.



2. METHODS AND MATERIALS

2.1 Bacterial strains

Rhodococcus grythropolis ATCC 12674

- parental strain

01 - "cured" parental strain

01l - 01 with streptomycin resistance

Escherichia coli MM294

AMM294

2.2 Plasmids

PECOR251 - Escherichia coli suicide

pDA20

pDA22

pDA30

pDA40

pDA27

pDA28

vector

Nocardioform plaswmid with
resistance to arsenate/arsenite
and cadmium chloride

Nocardioform plasmid with
resistance to arsenate/arsenite

Nocardioform plasmid with
resistance to arsenate/arsenite

Nocardioform plasmid with
resistance to arsenate/arsenite
and chloramphenicol

Putative shuttle vector
(Orientation A)

Putative shuttle vector
(Orientation B)

Source

N. Ferreira
E. Dabbs

H. Golob

Source

E. Dabbs

E. Dabbs

E. Dabbs

E. Dabbs

This work

This work



10

2.3 Media

Luria Broth
1% Tryptone
0.5% .east Extract

0.5% NacCl

Luria Agar
1% Tryptone

0.5% Yeast Extract
0.5% Nacl

15 g/1 Agar

Minimal Media Agar

Minimal media agar was prepared in two flasks as follows:
Flask 1 - 50 ml 10 x A - N stock

0.5 g NH,C1

200 ml H,0

Flask 2 - 250 nl H,0
7.5 g Agar

2.5 g Glucose

The flasks are autoclaved separately, and mixed. Bl and
glutamate are each added to a final concentration of 0.1

ug/ml.




hE §

10 x A-N Stock

91.7 g K,HPO, .3H,0

26.8 g KH,PO,

5 g sodium citrace

1 g MgSO, .H,0

The volume is made up to 1 litre with H O. The pH of the
solution should be 7.9. Since the solution is not
autoclaved, chloroform is added to keep it free of

contaminants.

Protoplast buffer

Sucrose 10.3 g

K, 80, 0.025g

MgCl; .6H,0 0.202

Distilled H20 to 80 mls.

Autoclaved.

10 ml TES (N=tris (hydroxymethyl) methyl-2 amino
ethanesulphonic acid) buffer (0.25M, adjusted to pH 7.2) is
added. The provoplast buffer is then dispensed into 9.75 ml
aliquots and frozen until required. Immediately before use,

250 ul of 1M CaCl and 100 ul of 0.25M KH,PO,are added.
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Regeneration plates

0.9 g NacCl
2 g Tryptone
1.5 g Yeast Extract
35 g Sucrose
The sucrose is allowed to dissolve. The volume is then made
up to 280 ml.
4 g of agar is added.
After autoclaving 6 miL 1M CaCl, and
10 ml TES buffer (0.25M, pH 7.2) are

added.

IY
1% Tryptone

0.5% Yeast Fxtract

TY Agar
1% Tryptone

0.5% Yeast Extract

15 g/l Agar

pade]
1% Tryptone

0.5% Yeast Extract

1 - 1.2 % Glycine
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