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ABSTRACT

pactetia dre i ical agents in snveral human diseases
including tuberculosis, leprosy and nocardiosis. Tuberculosis is of ma-

jor epideniological importance in South Africa as it is a major cause of

desth. There has been a rise in resi of fou

to the antibiotic rifampicin. Rifampicin is one of the most effective
drugs used in the treatment of tuberculosis. Recently a navel inducible
rifampicin inactivation mechanism has been described in & strsin closely
related to #.tubercuiossis, this is Rhodococcus erythropolis strain ATCC
12674. With the air of ultimacely cloning the gene(s) responsible for the

inducible rifampicin tivati fem by the con-

ditions for this have been aptimi

Mutants bave bsen made which lack the inducible rifampicin inactivation
machenism, These mutants will be used as recipients of D¥A from a genomic
library containing the gene(s) for the inducible rifsmpicin inactivation
mechanism. The DNA isolated from clones in vhich the inducible rifampicin
inactivation sbility is restored should concain genes of the inducible

inactivation machanism.

Transfornation conditions in nocardioforn bacceria have heen optimised,

resulting in 1S 000 cransformants per microgram of plasmid DNA.

A genowic library from a closely related strain ATGC 4277 which inscti-
vates rifampicin in a similar way has been formed after the transformation

conditions for £.coli strain W 294 had buen optimised.
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1.8 INTROOUCTION

1.1 NOCARDIOFORM BACTERIA AND DISEASE

Nacardioform bacteria are the cause of several human diseases, the most

vell kuown being Tob, losis is of major 1
importance and avises as & rosult of infection with Hycobacterium
turberculosis. In Bouth Africa tuberculosis is a major cause of death
with ten people dying every day of this condition.' On average 60 000 new
cases are reported annually ond over 200 000 pationts ave undergoing
treaiment at any one time,' In 2 publication of tha WHO commemorating the
contenary of the discovery i the tuberculosis bacterium by Rebert Koch
in 1882, it was revealed that tuberculosis is the cause of at jeast three
mililon deaths evsry year, the world over. Each year there are four or
fise million new, highly contsgions cases and, an average two ous of threa
patients die within two years, The health staristics coupiled from third

worid counlrics tend o serlously undevestimate the prevalence of ail

diseases, including tuberculosis. The cotal number of cases of

tubcrculosis has doubled in the lsst three

ccades, due to the doubling
of the population.?

H.tubsrculosis almost sluays gains access to the body through inhalation
or ingestion, Characteristically tubereles form in the tissues where They
may grow and caseate or regress and heal, The wost common primary site
of [pfuction {s the lung, but other organs or tissues may be involved.
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The disease may run an acute course but is usually a chronic proces:
Other mycobactarial species have heen implicated in human dissase.
H.leproe is the cavsative organism in lrpros, and H.kansaif,
#.intracellulsre, H.scrofulaceun, M.marinuw, X.ulcerans aud H.chelonei
have been isplated from patients with sysiemic disease and superficial
lesions. The organs most commonly infected are the lungs, lymph glands

and skin.”

Nocardiosis is primarily a pulwonary infection that frequently dissem-
inates by way of the blood stream and \ymphatics to other parts of the
body. It may also be & primary disease of the central nervous system,
kidneys, heart, eyes and other organs. Clinically and psthologically
nocardiosis may be extremely vasiable prosenting as pyogeaic infections,

encapsulated abscesses or even gramulomas. The strains commonly assoc:

ated with noccrdiosis are Mocardia  asteriodes and  Nocardia

brasilicesic

1.2 NOCARDIOFORM BACTERIA

Nocardioform dctinomycetes are branching bacteria whose reprodustion

takes the Furm of fragmoutation of the hyphae into bacillae and coccoid

elements.® [t hss been recognised cthat the genus Nocardfa had been poorly

defined and contained bacteria that had little in common Much effort
has been directed in the past few years towards establishing a better
classification of actinomycetes. There has been revision ond tighter de-
finitions given to established generas and now genera have been proposed.
It is into one of these newly defined genera that the bacteria of this
study have been classified. The gemus is Rhodococcus. The proposed mini
definition of Rhodococcus is Gram positive, sercbic, non-sporulating
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actinomycetes that are pleiomorphic but often form a primary mycelium that
soon fragments into rod and coceoid elements. A secondary mycalimm is not

produced but strains contain mycolic acius and have a wall of chemotype

9%

IV, end the G#C content of their DNA ranges from 59

.3 CHEMOTHERAPY IN TUBERCULOSIS

In the past 25 years the treatment of tuberculosis has been revolutjonised
by the advent of povent entibacterial drugs. In fact modern chemotherapy
is almost always capable of curing the condition if the disease is
recognised sufficiently eirly and effective drug regimens are preseribed

and taken long enough. The secret to the success of this treatmont has

been due to the prevention of sle emergence of drug-resistant tubercle
bacteria by the use of combined chemotherapy, in whick more than ane drug
is given to the patient, av least in the original momths of the
regimen.'® The most widely used antituberculous drugs at present are
isoniazid (isonicotinic acid hydrazide), rifampicin, othambutel and
streptomycin. Other drugs including ethionamide, pyrizinamide, viomyin
snd cycloserine gre less Frequentiy employed bacause of their pronounced

side effects.’

The development during the last decade of short-course regimens has
greatly reduced the period of tredtment necessary to abtain
bac:eriologically quiescent status.'! The most important of these drugs
is rifampicin, which is sxcellent both as a sterilising drug vhich kills
the last few semidormant organisis in the lesion and in praventing growth
of organisms throughout the lesfons and thus the emergence of resistance

to & companion drug. Pyrazinamide is almost as good ds a sterilisirg drug,

e but is much less effective than rifampicin in prevemting the emergence
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Of resistance. Bthambutol appears to be of no value as a sterilising
drug, but is moderately effective in preventing resistance. Clinical
cures can now be achieved in 6-12 months. Rifampicin is usvally admin-

istered as & single dose of 450600 mg daily.

1.4 RIFAMPICIN RESISTANCE IN MYCOBACTER|UM TUBERCULOS1S

- the treatment of mycobacterial diseasc, drug resistance can emerge to
all of the antibacterial drugs used. Resistance occurs most commouly when
a drug is given alone and when the viable bacterial pupulation in lesions
15 large. In tuberculosis, it first appsars after an interval of at least
two weeks but more commonly ane to four meaths aftor the commencement of
- hemotherapy. The davelopment of drug resistance is videly thought to be
the result of the overgrovth of sonsitive organisms by matant resistant
bacteria present in wild straias before they ever come intoe coptact With
the drug concerned. In the fluctvation test of Luria and Delbruck the
muzation rate in M.iuberculosis were found to be about 2x107° for re-

sistance to isoniazid and streptomycin, 2e10%'°

for rifampicin amd 1x10
=7 for ethambutol.’' In a more vecent study the following probabilities
of the incidence of drug resistant mutants was published:'? Rifampicin -
07

isoniazid, streptomyein, echambutol, kamamyein apd p-aminosalicylate -
18 7°, ethionamide, enviomycin, cycloserine, capreomycin, viemycin and

thiacarone - 1077

It is in the bacterial chromosomes that mutation to drug resistance is
thought to oceur. The isolation of plasmids from mycobacteria hds been
described. 317 Aminoglycoside resistance has boen associared with these
plasmids, buc the avidence is not conclusive. It has seomed ressonsble
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to assume that resistance to {sonlazid, rifawpicin, pyrazinamide, dapsone
and other non-sminoglycoside drugs is alvays chromosomal and that re-

sistence to in and other ami in tubercle haeilll

is probably also chromosomal. In the treatment of tuberculosis the pattern
of amergence of resistance suggests little linkage between unrelated
drugs, even among sminoglycosides, cthough there are several well estab-
lished paLierns of cross-resistance botween closely related drugs. Those
species of mycobacteria well adapted to a parasitic roll in wman,
H.cuberculosis, H.africamw, M.bovis and H.leprae, all exist within
closed lesions in human or snimal hosts and do not come Into comtast vith
other bacteria including other strains of mycobacteria, which might
transmit plasmids to them. So a plasmid mediated resistance system could
ot readily be exploited by these bscter{a to increase their genetic

variabality.'"

Rifampicin is considered to be the mosi valuable and effective
chemotherapeutic agent afier isontazid and is widely used in the first
line of antitubernuloms drugs. [t was noted that rifampicin, having a
different chemical stucture from isoniazid, has an independant
bacteriocidal action, and in wild strains of H.tuberculosis, the inei-
dence of rifampicin resistant mutsnts was appreciably lower, while the
serum level attained on standard oral dosage was nuch higher than
ison{azid.?® It was previously steted that the pattern of resistance de-
veloped to rifampicin of tubercle bacilli fs an obligatory “single-step”
pattern. Ouly une phenotype 1o resistance to rifempicin was described.
Tubercle bacilli were doscribed as being either susceptible or rosistant

to this antibiotic.’® This obligatory "si " pattern has been ob-

served in tubsrcle becilli in respect to rifemyein SV, ethambutol and

capreomycin. ¢

In the past decade there bas been a significant increase in the prevalence
of primary antitubarculosis drug resistence,'®) *7 especislly for
1

isoniazid and streptomycin.’’ Primary resistance to rifampicin and
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py-azinanide hes only recently heen deseribed.’' The salient finding in
this report was the increase in primary drug resistance to rifampicin fn
the last period of study (198141984) as compared to the previous ciree
study periods (1969-1980). It hos also becn noted that the prevalence of
rifampicin resistance among treatment failure and velepse cases of
pulmonary tuberculosis increased significantly. In a recent study
rifampicin resistance in Gujeret, India increased from 2,8% in 1980 to

37,3% in 1986. in opprosimately 95% of the rifampicin reslstant strains

thare wes also resistance to isoniazid or streptomynin, or both, resist-
ance t» isoniazid was detected in wore than 90% of the strains.?” This
resistance to isoniazid in rifampicin resistant strains has been found
.

by other workers,®® whers all the rifampicin resistant strains (55 re-

sistant strains) that were studied were found to be isoniazid resiscant.

1.5 RIFAMPICIN

The rifamycins are a group of tlosely related antibiotics, produced by
Streptoayces moditerranei.'’ Thoy weve originally isolated in 195¢ snd
showed preferential activity against prokaryotes, particularly Gram pos-
itive bacteria including #.twberculosis. OF the natural rifamycins,
rifawyuin B has proved to be most faternsting. In aerated agueovs sol-
utions it undsrgoes inactivalion as the result of the farmation of a da-
rivative called rifamycin §, which is more active than rifamyain B. During
the process rifamycin B is oxidised to rifamycin O, which is in torn
hydrolysed to rifamycin §. Rifamycin S can casily be reduced to rifamycin

SY.  (Fig.2.1) Rifempicin is a semi ic, highly active

of rifamycin B. It is one of 500 derivacives prepared by Ciba of Basel

and Lepetit of Milan in collaboration.’’
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RIFAMPICIN
Figure 1. Structural formuize of various rifamycin
derivatives: Sysbols: -, chemical reactions; -,

biosynthetic pathways,

The rifamycins together with the streprovericins and polypomycins form
2n unusual clsss of antibiotics. A1l of them are ansa compounds containing
an aromatic ring system which is spanned by an aliphatic bridge.
Rifamycins  can  be  described  as  derivatives  of  an

u-aminonaphthohydroguinone. '
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Rifampicin is a tasteless reddish-brown crystalline powder that is only
very slightly soluble {n water but freely sotuble fn chloroform, ethyl

acatate and methanol.'®

Rifonpicin is bacteriocidal against OUram positive bacteris and
i .ruberculosis'®s " and against Some Gram negative bacteria including
Reisseria govorrhoese. Tt has no offect on lungi, but Is active at high
concontyations against some viruses.'® Thero is a variance ln mirimuwm
inhibitory concentrations with the medium used, but Gram positive
organisms ere usually Inhibited by betweon 0,002 and 0,3ug/ml,
mycobacteria by 0,005 to 2,0ug/ml, and Gram negalive organisws by 1,0 to
10,0ug/ml. It has been found that simultancous administration with other
ancibiotics may enhance the bacteriocidal activity of rifsmpicin. &s with
other sntituberculous compounds resistant mycabacleria rapidly emerge if
rifampicin is used alone. However there does not appear to be cross-
resistance apart From that batween rifampicin and ather rifamycins. Re-

sistant gonococei, meningococei and staphlocoeci have been reported.'®

Rifampicin is used for the inltial treatment or retreatment of pulwonary
tuberculosis in association with other antisubareulous agents and in the
elimination of meningococci from carriers. [t has also been used n &
variety of conditions causad by other susceptible organisms especially
leprosy and gonorrhoeaa. The antibiotic has also been shown to have an

impunosupprasive ackion.'r??

This drug penctrates polymorphs from patients with chronic granulomatous

disease, having a bactoriocidal offect on the bacteria inside the

polymorphs. Used in combination with tetracycline it has & beneficial
offect on acre. Othar conditions that have been effectively treated with
- rifempicin include atypical mycobacterial cervical adenitis, branchitis,

brucell

, end ditis and gast itfs caused by Salmoneiia.'®




Rifampicin is usually well tolerated. It mppears as if the schedule of

idence  of  side  effects.

adninistration  {nflvences  the
Gastrointestingl side offecls include nauseq, vomiting, diarrhoea and
anorexia and have sometimes been sovere enough to nceessitste withdrawal,
This antibiotic produces abnormalities of fiver function, Jaundice is

wssally associated with the simultanecus use of other agoents, especially

isoniazid, and fatsliries have been reporiwd n paticats with pre-
existing liver disorders or who have takon other potentially hepatotoxic
agents.?! Influenza-like symptoms and febrile reactions have also been
reported.?? Alteration in kidney furction and ren al failure have occurred

and are considered to be due to hypersensitivity.?% 2% Skin rashes,?'t 2%

‘ n

urticaria,?' eosinophilia,’® leucopents, thrombocycopenta,??s 27
purpura, ?* and haemolysis®® have becn reported. Other side effects in-
clude confusion, drowziness, woakness, ataxia, dizziness, peripheral
uenropsthy, blurred vision, trsusient hearing loss and menstrual irreg-
slarities. ! In & test for carcinogenicity, high doses of rifampiuin
given to mice were not carcinogenic.?® Hyperlipidaemia has been reported

s & ‘ompiication of rifampicir '°

It 1s imporcant chac patients with faundice shauld not be given rifampicia
and patients with impaired liver function should nmot have the drug ad-

in with isoniazid. It has been found to induce

microsomal liver enzymes and to decrease the offectivencss of
carticosteroids, commarin aenticoagulants, oral contraceptives and
tolbutanide. As a result of admin{siration of rifompicin favces, saliva,

sputum, sweat, tears and urine may be coloured orange-rel.




1.6 1 PANISM OF ACTION OF RIFAMPICIN

Rafampizin Invhibits Uhe synthesia of cellular RNA (n suscoptible bacteris
while DNA syathesis remains wmeffecved.*® [t forms ralatively stable
conplexes with RNA polymerase.'' In studles of the subunits of RNA

polymerase from botl semsitive striing sud resistant mut

o it was found
that reconsticucion of the insensitive B subunit from resistant strains
with « aud $' subunits of the sensitive cnzyme yesulted in a core enzyme
which did not interaet with the antibiotic. Those resulis indicated Lhat
the B sahunit is inactivated by the interiction with rifampfedn. dnalysis

of the rifimplcin molerule and ics interaction with RNA polymerase re-

vealod that changes in the aromatic part of the moleculs have little sf-
fect whereas modifi wions of the aliphatic bridge {ufluence the

inhibitory potencies. fhanges leading to an sltercd stereochemistry on

the ansa ring may imiir tie fit of the mofecule to the geceptor site on
the enzyme. With further study it was concluded that the correct shape
af .ae ansa ring and the swbstituents in positions 20 and 21 (fig.1) saem
to ba *he most importunt for the potoncy of the binding enzyme.“? The
nature of the bonds holding together the the rifampicin-enzyme complex
is unknown. The binding although tight, is reversible and thus no covalent
linkage is invelved. The hypothesis is that the oxygens ac 1,8,21 and 23
ire fn some way invelved in the formation of hydrogen bonds with specific
cnzyme functional gronps in agreement with knogn data’®. The assumption
that the side of the mulrcule where the oxygons at carbns 1,8,21 and 23
lie is fuvolved in the scsachmwent to the cuzyme oxplains very well why
moudifications at positions 3 and 4, whick are on the opposite side of the
aromatic ring, almast invariably give active compomnds. The naiure af the
substiruents ac these positions, hovever, modulates the an(bacterial
activity on intact ells, wichin wide limits. It is gonerally assumed that
transport through bacterial wall and membrane is Lhe main “hing influenced
by these substitutions. In fact, rifanycins apparently entor bacterial
colls by passive diffuw fou'® and thus their physiochemical properties,
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espectally lipophillicity, are expected to be major factars in the ability
to crose cell envelopes. In the study of throe rifampicin rosistant
mutsuts of fscillus swbtillis he rosults suggested that the mutants
possess an altered resistant RNA polymorase and that the location of a
probable structurai gene for this anzyme is close to the resistance

markers for the 30s ribosome wait.'?

The RNA polymerase rasction can be roughly divided into four phases: 1.
the binding of the enzymo to the D¥A; 2. the initfation phase; 3. the
elnigation phase, 4. the terminstion phase. Studies on the individusl
steps of enzymic RVA synthesis suggest that once chain initiation has been
accomplished, BNA synthesis becomes resistant to rifampicin.** Rifempicin
does not prevent the binding of RNA polymersse to DNA but rathe. inhibits
the binding of purine ribonuclesside triphosphate, whick forms the
5'-terminus of the nascent RNA chainm. It has been postulated that
rifampicin only biads to free enzyme or to a trausient enzyme-DNA complex
before a conformational change to an activated cnzgme-D¥A complex has
taken place, which causes tight binding of the enzyme to the DN template
and allows RNA chalns to be initiated.'® The investigations on the
dependance on rifampicin binding to RNA polymerase on the confermation
of the enzyme led Lill and Hartmsn'® co sssume thar during chain
elongation che confotmation of RNA polymerase {s altered in such a way

that it is no more accessable to the aniibioric,

1.7 RIFAMPICIN INACTIVATION BY NOCARDIOFORM BACTERIA

R.erptiropolis strain ATCC 12674 possesses the ability to overcome the

B

iphibitory effects of rifampicin by inactivating the drug.®’ QOcher
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nocardioforms have been identified as possessing a similar capacity, al-

though to n lesser extent than strain ATGC 12674.%7

The ability to {nactivate rifampicin becams apparent when cultures of
strain ATCU 12674 had been challonged with ricampicin at & concenrration
of berween 0,05 and 2,0ug/ml. The cultures showed a cessation of growth,
but after a lag of 6-8 hours growth resumed. ingle wolonies isolated From
these cultures showed the same level! of rifampicin resistance, frrespec-
rive of whether they had been challenged with rifsmpicin or not. With this
and the shortness of time before growth resumed after the challenge of
the antibiotic, it wes suggested that the resuaption of growth was ua-
likaly ke bs the result of the selection of rifowpicin resistant mutants.
Instead it seemed possible that this organism possessed some sort of
inducible resistance mechanism. The possibilities inciuded retuced celi “

wall permesbility, modification of RNA polymerase co avoid inhibition, ,
and conversion of the active drug to the ingctive derivative. The last .

would be distinguishable from the former mechanisms by reduction in

vifampicin concemtrarion in cultures of strain ATCC 12674 before

resumption of growth.

This was indeed found to be ibe case, during the log phase rifampicin was

inactivated. This seggested that this aceivity was inducible rathar than *
constitutiva. Thus protoin synthesis was blocked fn a culture of the .
stradn, it was challenged with che sntibiotic snd the result was cthat the i

culture did not act on the vifampiciu molecule in wamner previously ob-

servad. Other uxperiments vuled ont the possibilitios of cell wall

varmeability or a modification in Lbe RNA polymorase mechanism, as being

the cause of rifampicin-rasistance,

Several other Rhodococcus spocies hiove boen Lested for their response to
rifampicin, Similar results wers obtained, although the rates of inacti-
vation were invariably lower than those found with ATCC 12674,
. smegnat fc was also tested and behaved in a similar monner bo the spacies
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of the genus Rbodocceeus, although in accordance with the slower growth

vate of the organism the time scale was several times greator.

It has been due to the ahsence of suitable clonlng vectors that research
in this fleld has been hamperad, However a resistance plasmid has been
in.loted from Rhodococous erythropolfs strain ATCC 12674 carrying genes
conferring resistance to sodius arsensce snd arsenite, cadmium chloride
aud chloramphenicol.*®

The plaswids vere large, migvating more slowly than the chromosomal DNA
in agarose gels. These plasmids have bean ongincered to be smaller and
with further development will function as cloning vestors, greatly en-

hancing the quality of rescarch into these organisms.

1.8 THE AIMS OF THIS PROJECT

AL present the components of the mechauism of inducible rifampicin tnac-
tivation (irf) have not been estnhlished. The purpese of this work is to
develop the techniques that will be required in an attempt to clons the
gene(s) lnvolved in this systom. The approach I decided to adopt was to

atiempt to isolate mutants which had lest the ability Lo inactivate

rifampiein, since the presence of the inducille inectivation system
yreatly increases the cffective level of resistance to this antibiatic.
It is anticfpated that mutants which bad lost the ability to inactivate
rifampicin would reveal the phenotype of increased sensitivity to the
antibiotic. Attempts to slone the gene(s) invalved would therefere be

pursued on tho basis of re:

storation of wild type levels of resi

stance.

Thus the primery aim of this work were to produce hypar-sensitive mutants
f for complementation; to atiempt to charactorise these mitants; te in-
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crease the efficiency of transformatjon of plasmid DNA both into .coli,
for the construction of a libravy. and into nocardioform bacteria so that
ultimately vestoration of inducible rifampicin inactivation mechanism

will be achieved.

o
o,

s
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7.0 MATERIALS AND METHODS

2.1 STRAINS

Soth the nocardioform strains, Rhodococcus erythropolis ATCC 12674 and
ATCC 4277, were obtained originally from N.Ferreira. OF 22 was obtained
from E.Dabbs as a nutant of strain ATCC 12674 that had been “cured” of
resistance to sodium arsenate and sodium arsenite, cadmium chloride and
chloramphenicol. Arthrobacter oxydans strain Cl was obtained by screening
contaminants for high sensitivicy to rifampicin; it was identified by the
DS, the German Collection of Microorgenisms, fscherichia coli strain MM
294 was obtained from E.Dabbs; it lacks the £.col/ DNA restriction systea.

A X lysogen of this strain vas develaped by E.Dabbs for this work.

Resistant mutants made from these strains inm the course of this work had
an addiziona) number "1" sdded to the designated number. They are OF 22-1
which is streptomycin resistant, ATCC 4277-1]1 which is acrylamide re-
sistent, and MM 294-1 which is rifampicin resistant. The rifampicin
hypersensitive mutants were assigoed with the designation Rif * where *

was the number of the mutant.
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2.2 MUTAGENESIS

2,21 N-METHYL-N'-NiTRO-N-NITROSO-GUANIDINE MUTAGENESIS IN
BUFFER

Mutagenesis was carried out using two differing sets of buffer conditions.
Strain OF 22 was grown to exponential growth phase in Sml of T2 medium
containing 1% tryptome (Oxoid,U.K.), ©0,5% yeast extract (Oxiod,U.K.},
3wt sodium chleride, doM calcium chloride and 10mM magnesiwa chloride. &
1ml aliquot of the cells was pelleted and resuspended in 0,9wl of one of
two buffers, Tris-HCL pH 8,0 or Tris-acid maleate-sodiun hydroxide pH 4.8,

and 0,lml of @ lmglm} stock selivien of

methyl-§' -nitro-N-nitraso-
guanidine (NTG) dissolved in the ssme buffer, yielding s fimal concen-

tratio, of 100ug/ml NTG. The cells wore incubated for two hours at 37°C

ter which they were washed in the original buffer. The mutagenised cells
were outgroun in T2 media ac 28°C. The cells were sonicated for Ss using
an HSE ultrasonic power unit with a medium tip, to reduce clumping before
being diluted to 107 in sterile distilled water. 0,1ml of the 10  di-
lution wes spread onto TYA plates contajning 1% tryptone, 0.5% yeast ex-

tract and 1.5% ical agar (derck,D dt) to obtain siugle

colontes. The single colonins obrained were patched onto Tespective media

plates to obtain the various mutants as well as uexotrophs.
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2.2.2 N-METHYL-N'-NITRO-N-NITROSO-GUANIDINE MUTAGENESIS OF
A GROWING CULTURE,

Bacteris of the strain C¥ 22 were grown in T2 medium for 3 hours before
NTG was added to a final concentrativn of 100pg/ml. The cells wore growa
for & furcher 2 hours. The cells wnre washed in the aforementioned
Tris-HC1 pH 8,0 buffer. When these kad grown up in T2 medium they were

diluted to single colonies and plated as bofore,

2.3 SELECTION OF MUTANTS HYPERSENSITIVE TO RIFAMPICIN.

ALl the single colonios from the mutagenesis experimenc that grew up were
patched  omto  TYA  plates  containing O lpg/ml  rifampicin
(Boehringer-Nannhein,West Germany) as well as plain TYA plate and 8 min-
imal medis plate (see Appendix 1). These were incubated for several days
at 28°C. Where no growth occurred on the rifsmpicin place but growth oc-
curred on the TYA plate, cells were streaked to single colonies bofore a
single colony was taken for replica plating onto TYA places containing
0,1ug/ml, 0,2ug/ml and 0,3ug/ml rifampicin as well 8% a TYA plate. Thase
colenies that grew up on the TYA plate buc mok on the rifampicin con-

taining plates were considered to be hypersensitive mutants.

Cultures of OV 22 and its derivatives wore grown up and spread on TYA
plates containing 100ug/ml rifempicin. Rifawpicin resistant mutants grew

up and were stre

d ov a rifampicin platd to purify.
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2.4 RIFAMPICIN INACTIVATION ASSAYS.

The sbility of the different mutants to inactivate rifamplein was assayed
using two related techniques. Both the tochniques began n the same way.
& preculture of sach strain was grown In TY modium (1% tryptone and 0,5%
yesst extract) for 24 lhours or unill it reached stationary phase. An
aliguot of 200n1 of this preculture was incculated into Smis of frosh T¥
medivn and an optics] dopsity {OD) rosding taken. These cultures were
sllowed to grow for 4 hours at which stage they had more than doubled
their OD and were in exponcntial phase. THe OD was detormined at 540mm.
The Ols were edjusted by removing some of the culture and replacing it
with the same volume of TY medium so that cach euiture had the same OD.
At this stage the entiblotic was added. For hypersensitive strafns
7,0ug/ml rifsmpicin as added and for the resistamt strains 20ug/ml
rifampicin was added. The time when the antibiotic was added was taken
as time zero and assays were carried out at various time intervals sfter

that. It is here whera two different methods were employed.

2.4.1 RIFAMPICIN INACTIVATION ASSAY USING ASSAY PLATES.

& streptomycin resistant derivacive of 4.oxpdams, C1S, was used as an

assay orzanism, as {t is seu

icive Lo rifamplcin within the required range
of concentrations. A 1001 aliquol of this organism which had been grown
in TY medium was spraad on a plate containiug 1% tryptone, 0,5% yeast
extract, 0,5% bacteriological agar (this is less than the nspal comeen-
tracion alloving for more even diffusion of the vifampicin) and 200ug/wl
streptomycin. Wells were cut into the agar with the blunt end of a pasteur
pipette. These wells worc each filled with 60l of culture and the plates
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{ncubated for two days ai 28°C when the zones of inhibition became ap-

parent.

2.4.2 QUANTITATIVE RIFAMPICIN INACTIVATION ASSAY.

At the time of cthe assay Iml of the culture was harvested, the OD decer-
nined at 590um and the Iml aliquot pelleted in a Hagar microfuge. The
supernatants were removed snd stored at ~20°C until an assay using
aliquots from each time interval could bo undertaken. The supernatants
wers then thayed and each added to a different test-tube containfng éml
T¢ medium with 200ug/ml streptomycin and a 1 in 500 dilutien of C15. &
set of standards were also organised in the same way ocontaining known
concentrations of rifampicin in place of supernatant. The turbidity of
the cultures was measured by detormining the OD at S90nm over the next
three days. The OD was determined using o  Spectromic 601
spectrophotometer. A standard curve wos constructed of the O of strain
CIS versus rifampicin standazds ond the concentretions of rifampicin in
the supernatants of the oxperimental strains vas determined by reading

off the curve.

2.5 PRELIMINARY STUDY OF SUPERNATANT PROTEINS

The parental strain ATCC 12674 was prown in T2 medium. An aliquot was
teken from the preculture apd inoculated into 30wl of T2 medium. Yhen the
culture was in exponential phase the antiblotic was odded at a concen-
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tration of lug/wl. At time intervals after that of 24 hours, 48 laurs and
72 hours, 10wl aliquobs were pelletod ot 15 000 rpm for 15 minutes in a
Beckman J2-21 centrifuge. The protoin in the supernatants was precipi-
tated by addiug on aversge 6,.4g of amonium sulphate or as much 8s would
saturate the supornatant, This sample wos then centrifuged av 20 000 rpm
for 20 minutes and the supernatants discarded. The proteins were vesus-
pended in 750 ul ok storile disLilled water and -lialysed againsc distilled
water overnight to remove the ammonius sulphate. The sample wes decanted
and frozen st -BO°C before bejng lyophilised overnight on & Virtis
lyophiliser. Each sample was resuspendod in 60ul of sterile diszilled

wter before an aliquot was taken for loading onto a polyacrylamide gel.

Separating gels containing 10% acxylomide and stacking gels containing
% scrylanide were prepared from a stock solution of 30% acrylamide and
0,8% N,N'-bis- methylene acrylamide which had been filtered. The final
concentrations in the separating gel were as follows: 0,375N Tris pH 4,8
and 0,1% sodiun dodecyl sulptiate (SDS). The final concentyations in the
stacking gels were 0,176M Tris pk 6.8 and 0,1% $BS. The gels were
polymerised by the addition of 0,035% by velume of N,N,N',N' tecramethyl
cthylene diamine (TENED) and 0,025M ammonium persuiphate. Ten contlmetre
separating gols were pourcd of thickness (,5wm wich a stacking gel of
2,5cm. The electrode buffor contained 0,023 Tris, 0,192 glycine and 0.1%

$DS. The sample loading buffer was made up of 0,0625N Tris-HCi (pH 6.8),

2% SDS, 10% glycoral, 5% and 0,001% 1 blue
(Sasrchem, South Africa) as a dye. The samplc leading buffor was added
a5 an equal volume to the sample. The protelns were dissoslated by boiling
the sagple in the sample loading buffer for § minutes. Electrophoresis
was carried out at a constant voltage of 120V until the bromephono! blue
marker réached the bottom of the gel (in about 6 hours). The gels were

stained overnight with a 0,1% coomasie brilliant blue solution R25D made

up in & solution of methanol 5 distilled water : acetic acid, The
gols wore destained by repeated washing in o S:1:4 solution of methanol

+ acetic gcid : distilled water.




2.8 DNA EXTRACTION

2.6.1 EXTRACTION OF PLASMID ONA FROM E.COL!

An overnight culture of strain Mi 29¢ containing pbA 27 (see fig. 7) the
putative shuttle vector farmed from pECOR 251 and the nocardioform
plasmid pDA 22 was grown in 250ml of Luria broth (IB) containing 1%
tryptone, 0,5% yeast exttact and 0,5% sodtum chioride as well es the an-
tibiotic ampicillin with a Einal consentration of 50ug/ml. The stationary
phose culture was gelleted at 6 000 xpm for 10 minutes. The pellet was
resuspended in 10u] of cold TE (10mM Tris, L0mY EDTA, pH 6,0) and pelleted
s beforo. The cells were then resuspended in Zml of a cold 25% sucrose,
50mlt Tris-HC1 pH 8,0 solution to which 0,25ml of a fresh lysozyme solution
(10ng/ml) lysozymo was added and swirled gemtly on fce for 15 minuces.

Aftervards 0,25m1 of 0,59 EDTA pi 8,0 was added and swivled for a further

5 minutes on ice. To promote lysis 2,5ml of u cold detorgent solution

containing 0,2% Triton % 100 (Sigwa, St. Louis, M0}, 62,5m EOTA pH 6,0

was

vas

added and swirled for an additienal 10 mumtes until partial clearing

achieved. This was centrifuged at 18 000 rpm for 45 minutes befors

the supernatant was decaited and the volume measured. Caesium cofiloride
was added at 0,95g/ml of supernstant. Ethidium bromide (Boshringer-
Mannheim, West Germany) in a luag/ml solutlion in wator was added at 0,071
per wl of cleared lysato, The rofractive index, measured on &
refrantometer (ALego Co. Jopan), was adjusted to 1,392 before luading the
sample into Beckman quickseal ultracontrifuge tubes. These samples wore
centrifuged for 16 hours at 40 000 rpm ln a V.Ti 65,2 vertical rotor in

a Beckman L7-55 ultracentrifuge. Plasmid bands were

nalised mnder GV
Iight and extracted using a syvinge. The nthidium bromide was removed by
nizing with TG sacurated with butanol in equal volumes (1:1), The plasmid
DNA was diluted three fold with TE apd stored at -20°C.
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2.6.2 PREPARATION OF CHROMOSOMAL DNA FROM NOCARDIOFORMS

Organisms were grown for 2-3 days In 250ml of TYG medium (TY medium with
1,5% glycine). Harvesting of the organisms was achieved by centrifugation
st b 000 rpw for 15 minutes, Cells wore resuspended in 10m} of 10m Teis
pH 8.0, 10% sucrose to which 50-100mg of lysozsme in Smi of Tris-sucrose
was added. This was incubated at 37°C for 2 hours. The cells were pelleted
st 12 000 rpm for 15 minutes nnd resuspended in 8wl of TE with 1-2ng
proteinsse K (Boehringer-Nannheim) dissolved in it, To this was added
0,8l TE comaining 10% SDS or as much as was neaded to achieve paretal
¢laaring. Following a 2 hour incubation at 37°C the lysate was censrifuged
in 2 507Ti rotor In a Beckwan L5-50 ultracentrifuge at 35 000 rpm for 30
minutes. DNA was decanted off and 1g/ml caesium chloride wes sdded and
dissolved. A clearing centrifugation was performed at 18 000 rpu for 15
minutes and the DNA carefully pourcd out from undor the scum. Ethidium
bromide was sdded and the refractive indox adjusted to 1,390 befora the
Becknan quickseal ultracencrifuge tubes were loades, sealed and placed
ingo the V.T1 83,2 vertical roter and centrifuged for 14 honrs av 45 000

s decolourised wsing

pm. After extrocLing the chrowosomsl bund, Lhe DNA v
4 131 solution of TE : butanol solutfon. The DNA was dislysed against T€
for & minipum of 4 hours whercafter the concentration of DNA was deterw
wined by spectrophotomatrit measurement at 260mm (ODygp of 1,0 = SOug/ml

dsDNA).,




2.6.3 EXTRACTION OF PLASMID DNA FROM NOCARDIOFORMS

This was performed in a similar way to the extracticn o chromosamal DNA
except that the refractive Index was adjusted to 1,592 and the nrucess

cantinwed as bofore.

2.7 DNA CUTTING AND LIGATIONS

Both chromosomal DNA and shuttle vi-tor INA which aad hesn stored at
-80°C in TE was ethanol precipitated dvivd and resnspended {n Medium
dutfer (Bochringer-Nanoheim, West Gy avi. Chromosomal DNA was digested

with 0,09 units of Bgl IT (Boorhing: <~ uheim, Wast Germany) er micro-

gram of DNA for 3 hours at 37°C while sluitle veetor UNA was di sested with

9 unies of B3l I1 per microgram of DY) ¢ = 1,5 hours nt 37°C. The digested

DNA was treated with TE-saturaic w0l and chlorolorn : iscomyl

alosholed (24:1) to remove the resiiic wyme botore . ng precipiv

tated, dried ond resuspended fn 1in s Sor .20 Tris. =% magnesion
chioride, 10m¥ dithicthreitol an. v 2 1. In wach | :ilon 0,15
of Bgi I1 digested shuttle ve.tor Wi ii.od o multiple. of 0,175 of
chronosonal BNA extracted fram &G -’ =i 1, tais was wade up 6o o valume
of 50pl with ligation buffer, o  i. ! it in 1 i of T% ligase
(Boerhinger-Nannhain, West Gor %+ wov i .o The ligation mixice wis

then incubated at 14°C overright




2.8 TRANSFORMATIONS

2.8.1 TRANSFORMATION OF DNA INTO E.Cv

100nl of L was inoculated with lal of an overnight culture derivative
OF MM 294~1. The cells wece grown with vigorous shaking at 37°C to a
dansity of approximately 5 x 107 cells/ml or an DD resding at S40nm of
0,2 (this uswally took 2 hours). The culture wss chilled on ice far 10
minutes before being centrifuged at 6 000 rpm for 10 minutes at 4°C in a
precaoled rotor. The cells were resuspended in half the original culiure
volune of sn ice-cold, sterile solution of 50mt calcium chioride and lom
Tris-HC1 pi 8,0, This coll suspension was placed in an ice water bath
for 15 minates and then centrifuged at & 000 rpm for 10 minutes at 4°C.
The supernatant was discarded ond the cells resuspended in 1/15 of the
original volume of tha Tris-HC1 caleium chloride selution. This was dis-
persed into 0,2ul aliquots into pre-chilled oppendovf tubus where it was
kept for an hour on ice. The DNA in ligation buffer or T was added and
gently mixed in with the cells wherenfter it wos transfered to a water
bath preheated to 42°C for ono minute. One millilitre of LB was added to
cach tube and inenbated for ane hour without shaking. The cells were then
peliated and tle supernatant disearded. The cells were vesuspended in the
res{dual LB and then spread extrumely gently onto Luria agar plates (LB
+ 1% agar) containing 60ug/ml ampicillin., These plates were placed at
37°C for no longer than 18 hours before the colemies were counted. The
colonies were washed off the plate with LB containing 60ug/ml ampicillin

and stored in & container at -80°C,
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2.8.2 TRANSFORMATION OF PLASMID DNA INTG NOCARDIOFORM
BACTERIA

A precaltare of OF 22 was grown in TYG medium from which Iml was taken
nd fnoculated tnto 100wl of TYG medfwn. When the culture reached a post
expournial prostationary phase it was divided Into tmi aliquots and
Frozen at ~80°C until it was needod. The sells were thewed slowly by
placing ar 4°C. They were pellated and resuspended in lml of P buffer (See
Appendix 1) with Smg of lysoayme dissolved in Lb. This was incubaled sk
31°C for one hour without agitation. The cells were then washed with iml
of ¥ buffer and gen  vesusi-uded in 0,501 of P buffer. The cells wers
dispensed fato 75ui eliguets fo which 0,lug of plasnid pDA 30 was added.
4 50% weight per volume solution of Polyexhylenc glycol 1000 in P buffer
was added (80RD) mixed and left for 4-5 minutes. Before bolng gently
spread on protoplast regeneration plates (0,33% sodium chivride, 1%
tryptone, 0.5% yeast extract, 12,5% sucrose and 1% sgor) and incubated
for 5-10 days at 28°C. Eight hours after tha spreading of the plates 0,5ml
Af 34 arsenate (Saarchem, SA) 0,5M arsemite (BDH Chemicals, Faole, UK)
which had been filter sterilized was underlaid. After diffusion in the
2imi of plate modium this gave f£inal concentracious of 60mY arsenare ond

310 md acseatte.




2.9 PLASMID SCREENS

2.8.1 PREPARATION OF PLASMID FROM E.COLI

Single colonies were inotulsted into 3@} of LD containing 60ug/ml
ampieillin and incubated overnight at 28°C with acration. Iml of evernight
culture was pelleved in a microfuge and cells resusponded in 100M1 of
solution 1 (50mf§ Tris p 6,0, 10m¢ EDTA). This remsined at room temper-
ature for 5 minutes befors 200ul of solution 2 (0,2Y sodium hydroside,
10% SDS) was added and gantly mixed. This stood on ice for 5 minutes
whereafter 1501l of a precooted solutian 3 (SN porassium acetate pil 8,0)
was gently mixed in. After 5 minutes on ice this mixvure was centrifuged
for 1 minute and the supernatant removed Lo a sterile eppendorf to which
an aqual volume of isopropanol was added. This was left to sispd at room

temperature for 5 minutes. was precipitated by centrifuging for 5
minutes. The DNA was washed with cold 95% echanol by spinning for 5 min-
utes. The pellet was dried and resuspended in 12y} TE containing lmg/ml
ribonuclease (Boehringer-Mannheim, West Gerwsny). To chis 2u} of sample
loading buffer (0,25% bromophenol blue, 40% (¥/V) sucrose) was added to
be loaded on an agarose gel. Agarose gals were prepared using Seachem NGT
agarose at 0,4% weight for volum: {. TBE buffer (0,089M Trisborate, 0,089
Boric acid and 0,020 EDTA pil 8,0) and 0,4pg/ml ethidium hromide, These
gels were set in the gel apparatus of the Biarad Yinisubmarine Agercse
Gel Unir. The electrode buffer used was TOE made from a 5x stock with
0,073ug/ml ethidium bromide added. Bleciraphesis wos carried out at a
constant voltage of BOV until the tracking dye reached the end of the gel
(1,5~2 hours) before the bands were visvalised by placing the gel on an
Gliraviolet Products transilluminator model HE 33. Photographs were taken
using & camera with Polaroid E665 film. To detormine the size of the in-
serts in the plasmids this procedure was followsd through. The difference
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came in the resyspending of the DNA however. The DNA was resuspended in
1501 of a stock solution of 17Sui sterile water, 20ul }0x medium buffer,
5pl Bgl 1T and 1ul ribonuclease. This was loft to resuspend and digest
at 37°C overnight before it was loaded with sample londing buffer on &

gel.

2.9.2 PREPARATION OF PLASMID FROM NOCARDIOFORMS

Strains were groun ia TY medium supplemented with 1.5% glyeine. Aliquots
of lal vere then resuspended in the same volume of 0,5¥ sucrose, 100md
Tris, pH 8.0, to which Sng of lysozyme had been added, and incubated for
1 hour st 37°C with shaking. They were then pelleted and resuspended in
2601 of TE, after which 4,0p] of 10% SDS in the same buffer was added.
Mixing with gentle inversion. After 15 minutes at room temperature, 40pl
of 4,54 sodfum acetate, pH 6.0 was added, and mixed in the same manner.
Sawples wire placed on ice for 1 hour then centrifuged in o microfuge for
20 minutes. The supernstant wes extracted once with phenol and once with
24:1 chloroform : iseamyl alcohol, then the nuclelc acid was ethanol
presipitated. Alfter alr drying it was redissolved in 20ui of TE buffer
contatning lmg/m) ribomncisase. Mixed with loading buffer, samples were

analysed by electrophoresis at SOV in 0,4% agarose gels buFfeved with TBE.
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3.0 RESULTS

With the aim of cloning Lhe gene(s) of the novel, inducible rifampicin

inactivating mechsnism (irt) it has been necessary to prepare basis of
this work. This included msking tha mutants thot will be necessary for
cloning by complementation, studying their iatctivation as well as

{sing the conditions for an table level of ef-

ficiency.

3.1 THE PRODUCTION OF MUTANTS.

‘utants are not produced in nocardioform bacteria as readily as they are
in organisms, such as Escherichis coif. It has been showa that auxotrophs
can be produced i £.cels at a frequency of 60-80% after NTG mutagenesis

{E.Dabbs, personal communication). Wowever in this work, tho Frequency

of auxotroph production in nocardioform bacteria was approximately 2%.
Lt had been still lower but various steps were £aben to increase the ef-
ficlency. The difference in mutagenic ufficieny could be due to the
absense of an error prone repair mechanism in noeardioforms, amd slso
becsuse these bacteria are mycelial and form syneytia. Thus colonies that
grov up after mutagenesis may not be calonies of bacteria possessing a

single mutation but colonies containing several mutant bacteria.

To reduce the clumping the following steps were taken: the TY medium was

supplemented with Im¥ sodium chloride, 3m¢ calcium chioride and 10my
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magnesium chloride, as it was found that this increased the colony forming
units per OD resding by botween 10 and 50 fold (%.Dabbs, psrsonal commu-
nication). In addition to the change in medium some cultures wers
sonicated for 5s with & medium tip. The pH of the buffers for NTG
mutagenesis was altered as this might affect the permeabilicy af the cell
wall at a result of different lonisation at differing pH. & p of 4,8 is
nost affective for the mutagenesis of Gram negative bacteria particularly
E.coli. It is possible that & pH of 8,0 would be more effective against

sctinonycetes.”

From the NTG mutagenesis underteken, 14 mucants were found to be
hypersensitive to rifampicin ot 0,lug/ml. The First pive mutants were
isolated from O 22 while the following five were isolated from the
stzepromycin resistant derivative of OW 22, Cf 22-1. Eight mutants, Rif
1 to Ref 8, had been isolated prior to the commencement of thus study by
E.Ceobs. I isalated mutants Rif 9 to Rif 14 after screening 1189 colo-
nies. The conditions under which these mutants were formad is tabulated

below.
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ot cateune |

dutant | Pocent Stain| Bl of NTO | Growth Phose of Caltuse
Rif9 | o2 7 80
RiE 10 | oF 22-1 50 Logarirhmic
wif 2 | oow22-d a0 |
Rif 12 | o¥ 2271 we | i
Rif 13 W 22-1 8,0 logarithmic ‘
Rif 14 1 CW 22-1 8,0 stationary

A

Tsble 1.1 Comditions that resulted in lhe production of rifampicin

bypersensitive mutants.

Approximstely 1000 colonies from the mutagencsis of o related strain

R.equi ATCC 14887 were screened hut no hypersensitive mitants were found.

3.2 RIFAMPICIN INACTIVATION ASSAYS

The first assays that were doue, used the plain assay mothod. In this way
it could be easily seon if the culture had inactivated the antibiotic or
not, by the presence or abscuse of the zomes of inkibition. Originally
these tests were carried out wsing Uhe hypersensitive mutants of OF 22
and CW 22-1 and the sessitive strains ss controls, Tt w&s important that
the assays were testing the actjon of the inducible rifampicin inacti-
vation mechanism and not thet mechanism in addition Lo the offects of cell

wall permeability and other intrinsic factors. For this reason the

E .30 -
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rifampicin rosistant mutants were made and assayed, so inactivation of the

aptikiotic would be the result of the indueible inactivation mochanism.

o 22

NTG Mutsgenesis

Rizawpicin Hypersensitive Hutants

Selection on 100pg/ml
Rifsmpicin Plates '

Rifampicin Resistant Derivatives

Figure 2. Flov disgram: demonstrating the relationship of the

mutants to one another.

Each of the mutants which had been isolated wes essayed in this way. The

sssay organism that ves used was & strepromycin resistant derivative of

Arthrobacter oxydons, G18, The purpose of using a streptomycin resistant »
derivative was to decresse the possibility of contaminstion with the ad-

vantage that the supernatants did not need to be filter ster{lised because

O 22 and its derivatives are streptomycin sensitive. A.oxydans wds chosen .

as it showed sensitivity to rifampicin across the range of concencrations

of the antibiotic vequired for this study. The strepromycin resistaat

derivative of CW 22, OW 22-1 was proposed as & candidate assdy organism
but was found to be i

across the cof range reguired.
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Tablo 2.1 A reprosentative rifampicin inaccivation assay of rifampicin
resistant derivatives of CN 22 and mutants hypersensitive to rifampicin.
The ¥ indicates the prosence of rifampicin in the supernatants of the

cultures. Rifampicin was added to an imitlal convantration of 20ug/ml.

It beceme apparemt that three of the mutants wers not inactivating the
antibiotic, namely Rif 7, Rif 8 and Rif 14. Four of the mutants namely
Rif 1, Rif 5, Rif 6 and Rif 9 were found to fnsctivate rifampicin more
slowly than the parauctal straln CW 22. The other mutants seemed to inac-

tivate the antibiotic at a similar rate to the parental strain.




Figure 3.

Rifenpicin  inactivation revealed by  zomes  of
inhibitior: Rifampicin remainisg in the culturas of CW
22, Rif 1 and Rif 8, assayed by zones of inhibition on &
iaun of strain C15. At 0, 15 and 24 hours afrer addition
of 20pg/ml of the drug. 60l aliquots were removed and
plsced in wells of a TYA plate containing 200ug/ml
strepto Jein.
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To ascertain if the rate of Inactivation varfed with different rifampicin
resistent mutants of a particular rlfampicin hypersensitlve strain,
rifempicin inactivation assags were carried out with seversl different
colonies of rifampicin resistont mutanis of each rifampicin

hypersensitive strain.

Table 2.2 A reprosentative rifampicin inactivation assay of rifempicin
resistant mutents, where several colonlos of aach mutast wers assayed to
determine whethor the inactivation paztern was a function of the colony
or of the mutant frself. In sach case the ¥ (ndicates the continned pre-
sense of rifampicin in the supernatants 6f tho cultures revealed by zones

o £ fobibition,

It was difficult to determine the concentriation of vifsmpicin in the
supernatants of the cultures using the pleze method os the standard curves
produced, when varying known soncentrations of rifampicin wers placed in
the wells, were very steep and would show great {naccurcy in concens
tracion detormination. ¥or Uhis reasow o liquid assay was doveloped to
quantitatively doormine the residual rifempicin concemcration in
supernatancs. This assay also used A.osydans, C1S. It was decided thac
one mutant from edch putative class of hyperscnsitive muiants i.6. one
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that did not inactivate rifampicin, one that scemed to inactivate the
antibiotic slower than the parcntal strain and the parental strain itself
would be used in the new assay. As a result O 22, Rif 1 and Rif 8 were

used.

Coneentration of Rifempicin (in g/ml)
8

Concentration of residual rifampicin remaining in the
suparnatants of OV 22 (@), Rif 1 () and RiE 6 ( o)
eoltpres sfter 0, 3, 6, Y, 12 and 21 hours, & one tenth
dilution of a late logarithmic phase culture was resus-
pended (at T=0) in fresh TY medium. After observation of
increass in turbidity culture, rifampicin was added to
a final conceatracion of ~.g/ml. Cultures incubated at
28°C with agitacion and the supernatants assayed using the
1iquid assa, technique.

- 35 -

026
0.00
[ 3 6 e 2 ® i a
Time {in hours)
Figure 4. A i i i ivatjon assay: Assay of
rifampicin hypsrsensitive wutants of OW 22 and ¥ 22.




It is clear from the data presented that both LW 22 and Rif 1 had terslly

in in & hours of the challenge while Rif

inactivated the rifampicin w

§ had not insctivsted the rifampicin.

2000 .

.50

500

1250 ~ ~

10.00

Concentration of Rifamupicin (in sig/mi)
\

Time (in hours)

Figure 5. A quantitative rifawpicin insctivation asssy: Assey of
rifemplein  resistant  derivatives  of  rifampicin
hypersensitive mutants of OV 22 and Oy 22. Concentration
of residusl rifampicin remaining in the supornatants of
the cultuzes of rifamplein resigtant derivatives of G 22
(P ), RIEL (&3, RiE 8 (0) and a cell free contral
(< ). A ome tonth adtueton. o o ‘Tace logarichmic phase
Sufraretuas resuspended (at T=0) in fresh TY modium. Aftar
the observation of the increase on turbidity of culture,
rifanplcin vas added to a £inal concentration af 20ug/ml.
Cultures incubated at 28°C with agitation and the
supeTnatants assayed using the new liquid assay techniqua.
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Proa the data prosented above it appears that Rif 1 does indeed inactivate
the antibiotic ot a rate sloyer than OV 22 and thal Rif § doas not imace
vivate vifampicin, A cell free centrol was used to determine what effect
the media had on rifampicin over a poriod of Cime, when Uhis control curve
is compared with the curve For RIf 8 there appears to be little differ-

Rif 8 is a candidate mutant Lo be used as 1 vecipient in the transforma-
tion of ONA frow a gemomic livrary. The DN of the genomic library should
be of 4 strain closely related to GW 22. [L necls to ha slightly Alffer-
out, to pravent reintegration of the library inte the host chromoseme
through recombination. The library DNA shotid come from a straln that
inactivates the drug in the same way as OF 22. Thus the gene for inducible
rifampicin insctivation when iU ix transformed into Rif & will restore
its abllity to inactivate rifampicin. It was found that ATUC 4277 was sble
to insctivate rifampicin. An acrylamide resistant matant of ATCC 4277,
ATCC 4277-1{t, bad been made (B.Gowan) so these two strains were compared

for rifampicin ingctivation ability.

i T ]
i s wai 2w son]
3. - | |
‘ [T
| aTCC 4277 * e ‘
| '

ioatoe a277-101 J % “ ; !
i

Table 2.3 A comparisou af rifaepicin lmactivation betwaen ATCC 4277 and
au acrylumide vesistant derivative, ATCC 4277-1[1. In each case the con-
tinwed prasence of rifompicls in the superastant s indicated by o % in

the table and & zone of inhibition on the plate.

As there appears to be na differonce betweon the abllity of ATEE 4277 and

its acrylamide resistunt derivaiive to inactivate rifampicin, the
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acrylamide resistant derivative was wsed to comstruct a gemomic library

in §.coli,

3.3 PRELIMINARY STUDY OF SUPERNATANT PROTEINS

The supernatant proteins from cultures of ATCC 12674 exposed to
rifampicin, were extracted by swmonium sulphate precipitation as cell

froe inactivation of rifampicin had been previously shown. In this step

the volome in which the protein was dissolved was reduced from l0ml to

,5ul, To concentrate the proteins still further the protein that had heen ~
resuspended in G,5mi of water after ssmonium sulphate precipitation was -
Iyophilised and resuspended (n 60ul of water. OF this 15p1 was loaded on

polyacrylamide gels. Studies were done varying the times of harvest of

the supernatant after addition of the antibiotic. Cultures were L rvested

after 26, 48 and 72 hours, each with a control to which no antibiovic had

been added. Comcentrations of rifampicin ranging becween O and 2ug/mi

were added to different cultures and chen harvested at the same time.

CUnfortunately these did not offer « clear result. It did appear however .
that the bacterfai cells could have lysed when treated with 2ng/ml

tifampicin for 48 hours. Iu also oppeared s if the rifampicin inacti-

vating protein could have been released into the supernatant cfter 48

hours,

.38 -




o

iy

i F

s oo

3.4 THE CLONING VECTOR

& new cloning vootor was devaloped for this work by A. Daffey (unpub-
lished). The vector was constructed [rom two plasmids, one originating .
in E.colf and the other in K. erprhropolis ATCG 12674, The pnrpose was co

produce a shuttle vector so that clening could be performed in an £.coli

background and the cloned DNA to

The E.colf plasmid that vas used was the wulclde voctor pECOR 251. This
plasmid {s 3346 base pairs largs and contains the gese for ampicillin
resistance and the gene encoding the rostriction endonuclease Bco RI. The
E.coli origin of replication allows it to replicate in £.colz. In the
Eco RI gene is a unique Bgl 11 site. If thr suicide vector is cleaved with -
Bgl IT and exogencus DNA is ligated into the site it prevents the Eco RI

gene being transcribed. If no exogenous DNA s Introduced and the veetor '
self ligates, the Eco RI gene is transcribed and the endonuclesse cleaves

the host's DNA, killiag the host. The Eco RI gone is under the control

of a lanbda repressor so the plasmid can be maintained in a strain con-

taining a lambda lysogen.
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Figure 6. ODiagramstic representacion of the shurtla vector pDA
27: Amp=Gene for ampicillin resistance; ( m )=Origin of

replicatian

The nocardioform plasmid used was pDA 22. This plasmid is approximstely
10,3kb in size and contains an origin of replication, genes conferxing
resistance to both arsenste and arsenite and a single Bam HI sits. The
shuttle vector was formed by joining pECOR 251 and pDA 22 in their single
Bam HI sites and has been named pDA 27.

Spontaneous nocardioform mutants have been obtained which are resistent
to either arsemate or srsemite, but not to both. Thus these bacteria
trensformed with pDA 22 and grown up on selection media containing both
arsenate and arsenite would prove to be transformants and not resisvant

mutants.
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3.5 THE CHROMOSOMAL DNA IN THE GENE LIBRARY

The chromosomsl DNA used for creating the library was estracted from an
acrylamide resistant derivative of ATGC 4277, ATCC 4277-1j1, wbich had
also been shown to inactivate rifampicin (Table 2.3). This was DNA di-
gested with Bgl II. There are other restriction endonucluases that can
be used thet will produce cohesive ends having the same conmsecurive base
sequence as Bgl II. These are Bam HI, Ml I and Sau 3A. These onzymes
do not have the seme recognition sequence, The recognition sequonces are
similar in respect to the central four basas but differ at the outer
bases. This is the case with Bgl II, Baw NI and Bel I. Sau 34 is a four
base pair cutter and cleaves DNA more often than the six base pair eut-
ters, as the frequency of the recognition sequence is higher. Ligation
of DNA cleaved with two different cnzymes yielding cowpatsble cobesive
ends would occur but the restriction endonuclease recognition sequenca
would be eliminated. Bgl IT was used to cleave both pld 27 and chromosomal
DNA so that the recognition saquence could be maintaimed. In this way
digestion of the construct with Bgl 11 ond subsequent agerose gel

eleccrophoresis would enable the determinacfon of the insert size.

The chromosemal DNA was only partially digested as there may be a Bgl [T
site in the gene of interost. By usually portially digested ™/, such a
site would only be cleaved part of the time. To determine the amount of
Bgl 11 to use, digestions of chromosomal DNA was dowe with serial di-

lutions of Bgl If.

L. .4 -




Size (base pairs)

23 130
9 416
& 557
4 361

2 322
2027

Figure 7. The digestion of ATCC 4277-1]1 DRA with serial dilutjons
of Bgl II: 1lug DNA was digested with 9; 0,9; 0,09 and
0,009 units of ¥gl I1 for 3 houts at 37°C (lanes 2-5).
Ing DNA was not digested (lane 1) and lambda IT DNA mo-
Tecular wolght markers (lane 6) were loaded to observe the
manner of separation of the gal.




From the above data it wss decided Lo use 0,09 units per microgram of DNA

for 3 hours at 37°C.

3.6 TRANSFORMATION INTO E.COLI

In an attempt to increase tho efficlency of the caleiun chloride tvans-
formation of Maniatis et al®® I varied the parameters Involved, These

included the length of time calcium chloride trcated cells were left on .
tce, the length of time for which the competent colls were heatshocked
and the ratio of chromosomal DNA to vector INA that provided the most
transformants. For the first six conditlons a lambda lysagen of MM 204

(Dabbs, unpublished) was transformed with the suicide vector of pECOR 251. .

Initially & difference was made of heatshocking competent cells st 42°C
for 03 1,5 and 3 minutes. This was simulcancovsly compared with competcnt

cells that hed had DNA added at tipe=zero and compecent cells that had

been incubated in g caleium chloride solution en ice for one hour brfare
the ONA was sdded, 1t became spparent aac hestshosk at 42°C and incu- 12
bation on lce are necessary for increased tronsformacion efficiancy. The

ells were transformed with lug of DNA.
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Heatshock (min)

Incubation ()

Table 3.1 A comparison of trausforsation cEficiency for cells incubated
in the calcium chloride solution For one hour and for those which lad ot
been incubated, varying the time of heatshock between O and 3 minutes.
The numbers in the table indicate the number of colonles that grew up on
Luria Agar plates containing 30ug/mt ampicillin afier 16 hours at 37°C.
It had been menci: d by other authors®® hat it wes beneficlel to in-
cubate competent cells on ice for 24 hours. This was compared with incu-
bation for 1 hour and for 2 hours on ice, with heatshocking at time

tatervals varying 0 and 3 minues.

}
loatshock (min}
'

|
r O i*—v«l

Table 3.2 A comparison of two conditfons varied in & cateium chlorlde
transformation of WM 294 with PECOR 251. The one condivion was the varied
time that the calcium chlortde treated cells sat -w fce, wamely i, 2 and

fod Lime of heatrlock w325

26 fiours. The other conditiow was the vi

0f 0, 1, 2 or 3 minutes of the compatent cells aftwr thu plasmid had twon
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added. The numbers in the table indicate the mmbor of colonfes that grew

up an Lurla agar containing 30ng/ml mmpic{ilin after 16 hours a 37°C.

It is elear Erom these results that o ons hour {ncubation on ico with @
one minuto heatshock yielded the highest trausformation efficiemcy. The
transfornations that followed were porformed using this new set of con-

ditions.

3.7 LIGATION OF pDA 27 DNA AND ATCC 4277-1]1 DNA

An attempt was made to optimise the ratic of the shuttls vector pDA 27
cons .ructed by A. Daffey (unpubliched) and ATCC 4277-1[1 DNA. The compe-
tent colls wore transformed with shuttle vector rhae contalned no chro-
mosomal NA end ratlos of 1:1, 1:2, 1:4 and 138 shutele vector to

chronosomal DNA,

S5 -




No of Transformatiens

Figure 8.

Relio of ATCCAR77-1 DNA: Shultle Vector DNA

Assey of ligation and transformation efffuiency: These
results yere obtained at increasing retios of ATCC
4277-1{1 DNA to pDA 27 DNA. In each ctramsformation 0,3ug
pDA 27 DNA ligated with 0; 0.3; 1,2 and 2,4ng ATCC
6277-3}1 DNA wes transformed inta MY 294 cells that had
boen incubsted in & celcium chloride solution for 1 hour
on ice and heatshocked for | min at 42°%

prassion oceurred by incubation in LB for 1 hour at 37°C,
Cells were pelloted and spread on LA plates containing
60pg/ml ampicillin and incubated at 37° for 16 hours.

&1




Tt can bo seen that the ratio of chromosomal to shuttle vector ONA of 8:1

. Ins comparing ra-

yielded the most
tios of 8:1 and 16:1, it was found that an B8:1 rotio yiclded more
transformants than a 16:1 ratio. The experiment was done in triplicace
and the 8:1 ratio plstes ylelded o» average 162 transformants while tha

16:1 ratio plates vielded an average of 128 transformants.

Plasnid scraens were dove to dagermine whetber the coloniss that grew up
conteined plasmids with inserts. Plasnid DNA was digested with Rglll.
The NNA wes eloctrophoresed on 0,4% agarose along with A TT DNA molecular
weight markers, The lasort sizes were found ta be 6,92 on svorage. A
gonome size for R.erythropolis could not be found so caleulacions wera
basad on the size of i.tubsrculosis {3510° Daltons),®! 2344 clones would
be noaded to yiald & probability of B5% thar any particnlar geno kil be
present in the library. However it appears as if only approximately one
third of the transformants have detectable inserts. Thus a library of
at least 7032 would be ideal. & library was constructed using the condi-

ize is at present 3552 clones.

tions that had been optimised. The iibrary s
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Size ‘(base pairs) 4 5 6 L

23 130

6 557
4 361

2 322
2 027

Figuro 9. Plasmid soroon of M 294-1 Ces ‘transtorned with pOA
27: DNA containing Bgl 1T digested ATCC 4277-1f1 insercs
Tamhda 1 DNA moleculsr woight markers (lane 1) show tho
manner of separation of the gel. Purified shuttle vector

(laue 2}, D¥A ostracted from tramsfovmancs {lanes 5-8).




Size (base pairs)

23 130
9 416
6 557

4 361

2322
2027

Figure 10,

insert sizes of ATCC

to determine
0,3ng Shuttle vector having been digested with
Bgl 11 was ligated with 0,3ug of Bgl 1I partially digested

Plasmid
w2771 1

screen

ATCC 4277-1|1 DNA,  To excise the inserts the plasmids
were extracted from the transformants and . :gestod with
1 11 (lanes 3-8). Lambda II DNA molecular
weight markers (lane 1) fof size determination (for Y
sizes see Appendix 1). Shuttle vector digested with Bgl
11 (lane 2) a control with no insert.
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Size (base pairs)

23 130

4 361

Figore 11.

2 322
2 027

416
557

Plasmid screen to determine insert sizes of ATCC
5277-111: 0,3ug Shutile vector having boen 2igested oich
Bg1 i1 was ligated to 0,3ug (lanes 3, #) and 2,kug (lanes
557) Bgl 11 digested ATCC 4277-1|1 DNA and transformed
into MA 294-1. The DNA from the transforments was di-
gested with 12 units Bgl IT to determine insert sxzeA

determination (for W sizes
shuttle vecror digestsd with Bgl IT (lane 2) is 4 no in-
sert control.
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Figure 12.

Plasmid  screem to determine insert sizes of ATCC

4277-1{1:  0,3ug Shuttle vector having been digested with

Bgl 1 was 1igoted ro 2 iug ATCC 4277- 1]1 DVA and trans-

forned into competent MM 104-1 cells. The plasmids ex-

tracted were dige:\:ed with Bgl 1T to determine the insers
bda 11 DY

size. Lam N4 molecular weight markers (lane 1)
(for IV size see Appendix 1) used in s “rmination.

Shuttle vector digested with Bgl II (1. no fnsert
control. Plasmids digested with Bgl I ¢ o . 3-8).
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3.8 TRANSFORMATION INTO STRAIN CW 22

The effici: of the i ion is very low in compar-

ison to that of £.coll so several parameters were varied to achisve
greater transformation frequency. The recipient strain that wes used was
OV 22 and the transforming plasmid pDA 30. The plasmid pDa 36 s a de-
rivative of the plasmid orlginally isolated from ATCC 12674, The paxeme-
ters that were varied iaclude the growth phase of the bacteria, the
presemnce ond sbsence of agltation of the cells during the lysozyme
treatment, the time of the arsenate/arsenite underlay, the concentration
of the arsenite, the number of protoplasts and the smount of DNA for

transfcrmation.

Tt was found that agitatton of the cells for one hour at 37°C in the
presence of lmg/ml of lysozyme in P buffer was detrimental to the

topl as fower grev up on ion plates than

on the regeneration plates spread with protoplasts that had mot been ag-
itated but had stood at 37°C for | hour. Samples had been taken at dif-
ferent stages in the growth of the organism and transformarions were
performed with these samples. This study was done in collaboration with

4. Daffey and B. Golob.
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Agitavion

0D(5400m) | Yes | No

ke [ 11 5 7

30 2,76 [ 13

28 5,16 3 6

46 3,37 2 10
d

Table 4.1 Transformation of CW 22 protoplasts with 0,1ug pDA 30 DNA with
end without agitation of the lysozyme incubation step, incubation 1 hour

at 37°C. Result taken after 5 days i of i ~

plates at 28°C. The numbers in the last two columns indicate the number -

of transformants.

4 post-exponential, pre-stationary phase culture was found to yield the
greatest number of transformants. A bulk culture of 100ml of CN 22 was
inocvlated with Iml of preculture. This wes grown for 14 hours at which
time twenty Iml aliquots were pipatted into eppendorf tubes and stored
st -80°C. This was repeated every eight hours te 46 hours. One tube of .
protoplasts from each sampling was thawed slowly at 4°C and transi-
ormations performed on protoplasts from differemt stages of the growth
phase. This study was done in collaboration with A. Datfey and K. Golob.

The following results wers obtainsd.




Time (h) | OD st 540nm | No. Transformants
+
1% 0,82 [ l
12 I 1,9 5 z
0 13,33 [ |
38 3,89 20 ‘
46 [ e 9 |
i — )

Table 4.2 Transformstion of CW 22 protoplasts with 0,lug pDA 30 at dif-
ferent stages in the growth phase of recipient cells, Results token after

5 days i of fon plates at 28°C.

Arsenite has boan found to be approxinately ten times as toxic as arsente
so it was decided to vary the concentration of arsenite, Erem a Final
concentration of 10mM to & final concentration of 20md, to observe if
there was any difference in the number of transformants that grew up,
Simultansously the time at which the arsenave/arsenite {final concen-
tration of 60mlf arsenate) solution was underlayed was varied to fird the
time that yielded the maximm mimbar of colonies. The arsenate/arsenite
solution is underleyed to allow time for cell wall re-formacion from

1 and for of resistance genes.

.54 -




Tine of unaerlay (hours)

Arsenite | 4| 8] 12

10m o3 &
20wl ; 3|3 3

Table 4.3 Transformation of Cf 22 protoplasts with 0,ipg pd 30 varying
the time and concentrarion avsenste/ersenite underlay. The protoplast

regeneration plates weve underlayed with 0,5ml of & solucion zontalning

3M arsenate and either 0,5M arsenite or I,0M arsenite at times 4, 8, 12,

16 snd 20 hours. Resvit taken after § days incubation of protoplast re- ~
generation plates at 78°C, The numbers in the tsble indicate tha number -

of transformants.

There appesred to be no difference in the numbers of transformants with
the concentrations of arsenite used. It did hovever appear as if underlays
after 12 hours yere less effective. The regeneration plates wore incubated
for a further 5 days as other colonies grew up aftar 10 days. Colonies
from both phases of this biphasic growth vere found to be transformants .

whon patched on TYA plates containing 60my arsenate and 10mi arsenite. 4

AR ~ 55 -
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Time of underlay (n)

-[ ]
Arsenite 4 8 12

10 30 7% 33

Table 4.4 The increased number of transformants obgained from the

protoplast regenerstion plates of Table '.3 after a further S days of

incubation at 28°C is indicated in the table.

Reflecting on che results in Table 4.4 it was docided that & stock sol-
ution of 3M arsenate and 0,5 arsenite would be used to underlay regoner-
ation plates giving a final concentration of 60mM arsenato and 10mY
srsenite. It was alsc spparent that the optimal time for underlay was
between 8 and 12 hours after spreading the protaplests on regeseration

plates.

Previously 75ul of protoplssts from the stock had been used for each
transfommation. To oxamine if this was an optinal nusbar of protoplasts
different volumes were aliquoted ond wade np to a standard volumn of
100u1 with P buffer. To each 0,lug phA 30 was odded. The number of
transformants using 7561 of cells was significantly pore than with other

volumes after 5 days.

¥l Protoplasts i oas | so 1 75100
1

No. Transformants 41 1] 1o
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Table 4.5 The number of transformants of GW 22 prodvced when 0, lug of phA
30 was transformed inte ve umes of cells varying as 12, 25, 50, 75 and

100ul and kncubated at 28°C for S days is indicated in the table.

The regencration plates were incubated for a furcher 5 days to allow ex-
pression of the biphastc transformants. There was a very great increase

in the number of tramsformants, These were checked by patching sn 60w

arsenate 10mM arsenjte plates snd all were found to be transformamts.

SN i
ot - 57 ~
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Number of Transformations
H

200

100

100

Valume of Protoplasts {in ul)

Figure 13, Transformation varyiug protop-sts: 0,lug pDA 30 DNA was
transformed inta differcut v.iumes, 12, 25, 50, 75 and
100k} of Ow 22 protoplasts and e’ number  of
transforqants assayed by determinition of the number of
colanies on the pritoplast regemeratisn plates underlayed
with 0,5 ml of 34 arsenate, 0,5M arsenjte after § hours,
after incubation at 28°C for 10 days.
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As the smount of DNA can also be varied, 1t was decided Lhat differing
gquantities of DNA would be added Lo a constant volume of cells. Thus to
50u1 of cells From 0,0 to 0,2)/g of DNA was added, After 5 days of in-

cubation it appeared as if ©,1ug of DNA wss an optimel amount.

e
DA in g l 0,0

No, Transformancs | &

l

Table 4.6 Trans format ion of pDA 30 DNA in varying ameunts of 03 0,053 9,13
9,15 and 0,2ug vas Introduced into constant volumas of 50Kl of recipient

oy 22 lasts, The mumber of Lransf is by tha muabier

of colonies on protoplast regeneration plates after 5 doys at 28°C.

To allow for the hiphasic colonins to grov up the regeneration plarss wers
incubated for a total of 10 days. Tha transformants that grew up » the
latter 5 days were tostet and found to b true transformints, both through
patching on 60mM avsenate 10m¥ arsenite plates and by a plasmid screen
{Fig.14). The transformation efficiuncy obrained here s 15 000
transformants per microgram of plasmid DN& (Pig13), This is a dvamatic

increase resulting from the optimising of condirions.

TN




1000

No of Transtormants

280 005 010 018 020 025

Concentration of pDA30 (in)ag)

|
Pigure 14, T varying DSA i e volume of
rocipient CW 22 protaplasts remained comstant at at
D
t

50u1. The amount of pD4 30 DN& added was 0; 0,05; 0,1;
0,15 and 0,2pg, The number of rransformants was deter-
mined by the number of colonies on the protoplast regen-
eration plates underlayed with 0,5ml of 3§ arsenate, 0,5
arsenite after 8 hours, after incubation for 10 days,

e : - 60 -




Size (bese pairs)

23 130
9 416
6 557
& 361

2 322
2 027

Figure 15. Plasmid  screen  of  ON 22 trans formed
cells; Transformants selected from plates (results re-
corded in Fig.14) were subjected to extraction of their

i NA. Lambda If DNA moleculaf waight markers (lane 1) show

in lane 3. OV 22 transformed with 0,lug DNA is lanes &
4’5, CF 22 transformed with 0,15ug DNA in lanes 6 and
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The efficiency of the transforwarion hes beea increased to approximately

15 000 tramsforments per microgram PNA n  approximately 23
transformants per microgram. A genomic library of ATCC 4277-1]1 DN i+
being produced. Rifawpicin hypersensitive mutants of OV 22 th.t will <
used as recipients for cloning the gene(s) for the inducible rifampicin
inactivation mechanism have been made. Thus conditions seem to have been

optimised for gene cloning.
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4.0 DISCUSSION

Nocardioform bacteria have not been the subject of such intense research
as have organisms, such as £.co/i and B.sebtilis . Numerous very clear
esperimental prototsls for £.coli and B.subfilis exist, but ot nearly
as many for work with norcardioform bacteria, This has necessitated the

optimisation of condit’ons for many of the undertakings of this wark.

Mucagenesis of £.coli has been very clearly defined and optimised spe-
cifically in respect to concentrations of muragens with respective pH and
temperature considerarions.®® Much of the vork on nocardicform bacteria
has been based on the conditions used with Streptomyces by Hopwood et 2l
(1985).* NTG has been found to cause cluster lssions in DNA in various
organisms and very often to induce additional unwanted mutations. This
effect s not well documented in Streptomyces. The effact of a chemical
mutagen such as NTG depends on a complax interaction between time and
conditions of treatment, with respoct to pK, temporature and comcen-
tration of the mutagen. Hopwood er 21*® usad a pH of B,0 for mutagenssis

with NTG.

Work done in our laboratory confirms that for necardicforms & pi 8.0 is
preferable ta pif 4,8 and that mutagenesis conducked on a growing culture

in exponential phase yields a higher proportion of ausotrophs (Il Golob

and B. Gowan).

€W 22 is sensitive to vifampicin, that is, it has & sensitive B subunit

of RNA palymerase (rpobt) amd the indwcible rifsmpicin imsctivation

. mechanism (iri+}. The rifampicin resistant derivative of OW 22 is rpof-

. and iri+. The hypersensitive mutants that were produced, for esample Rif
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7 and Rif & are rpoPt snd iri-. These were assayed for their ability to
ingctivate rifempicin. Then rifompicin resistant derivatives of these
hypersensitive mitants which sre rpof- and iri- were essayed for their

ability to inactivate the antibiotic.

The purpose of using these mutants for cloning by complementarion would

be to restore the iri function to an iri- muuant.

Cultures needed to be inoculated from ¢ fresh preculture in order to ob=
tain reproducible results. It was also necessary to standardise the 0D
of the cultures at tho time of the antibiotic challenge to within 0.01
of each other in ordar to obtain meaningful compavisons. Several of the
mutants were excluded from further study in this work. Rif 2 showed a much
greater tendency to clump then the wild type or any mther of the mutants

and Rif 5 proved To be an very slow grower.

The asssying for rifampicin insccivation using the liquid technique was
found to be far more reproducible and accurate than the plate assay and
also alloved for masier quantitavion of the resfdual rifampicin concen-

tration in the supernatants of the cultures.

Although numercus assays were carried out only some reprosentative assays

ercation. Each mucant was assayed several

have been included in this d
times to obtain reproducible results and then several (3 or 4) rifampicin

resistant dexivatives were assayed from each mutant.

The probles encountered with the study of the supernatant proteins was
not. found an the isolation of the protsins, but rather {n the prejaration
of the pulyacrylamide gel. These gels were mor fractionsting oprimally
as even the molecular wolght markers were not showing sufficiently sharp
bends. This continued to occur even after mew solutions had been made and
filtered and advics sought from staff ond students who perform
polyacrylamide gel electrophoresis regularly.
P




Bulk plasmid DNA praporations were carried out usiug standard techniques
for E.coli. The plasmids extracted were pECOR 251 which was used in the
optimisation of conditions fo. transformation inte 5.coli and for con-
struction of the shuttle vector pDA 27 which was also extracted in the
same way. The chromosomal DNA of the nocardioform bacteria was extracted
using a mothod modified by E.Dabbs. This protocol included the growch
of bacteris in the presence of glycine and incubution with proteinse K,
primarily becavse of the cell wall structure of nocardioforms. —The
glycine interferes with the synthesis of gly-gly cross-linke, weakening
the cell wall, and proteinase K enzymatically digests the cell walls
components. Ribonuclease was added te decrease DNA contamination with

RNA.

Both chromosomal donor DNA and vector

A had been digested with Bgl Il
and ligated with T4 ligase for transformation into MM 294. In ds DNA,
T4 ligase cavalyses the repair of single strand nicks with adjecent 3'
hydroxyl and S' phosphoryl termini. As a consequence the enzyme will
catalyse the joining or ligution of vector and donor DNA fragments with
complementary staggered or blunt ends vo form recombinant D¥A molscules.
The afficiency of a ligation reaction deponds groatly on the concentration
©of DNA termini in the reaction mixture. The termini may undevgo inter-
or intra-moleculsr ligation to produce oligomeric limear or circular
ligation products respectively. The relative yields of these structurally
different products depends on the total concentration of DNA termini. For

this reason I assayed

ie ligation officicncy varying the quantity of
chromosonal DNA and kesping the quentity of vostor D¥A constant. It was
found that when 8 times as much chromosomal DNA was added to vector DNA

the greatest numoer of Lransfarmants grew up.

The calcium chloride treatmant generally used with &#.cold permits one to

obtain compstent cells which yleld over 10° transformants per microgram
P 8]

of pBR 322 DNA'®. & more complex procedure involving treutment of cells

with rubidium, in addition to calciun chloride, has been reported,* in
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which over 107 trausformants wore obtained per microgram of DNA. The
method used in this work was s modification of Maniatis ec of (1982)°°.
The modifications that were made in direct variance with the findings of
other warkers. Cells were found to be most competent after a one hour
incubation on ice in & calelwm chloride solution, this contrasts cthe
findings of Dagert and Evhrlich (1979)%° who found Z.cold colls to have
inproved compatence after 24 hours on ice. Hy findiugs shewod that
heatshock at 42°C increased the trapsformation officiancy wheress same
other authors®® have found that cransformation efficiency decreased ¢ith

heatshock.

Several authors have investigated tho

influencing the trans-
foruation efficiency in Streptomycetes®®®? Of special importance are the
growth phase of the mycelium at the time of protoplasting, the temperature
at which the mycelium and regenerating protoplasts ave incubated, the

number of protoplasts used per

the FEG the
dryness of the regencration plates and of course the vomposition of the

medium.

1n this work I tested several parameters. Inlzially it was important to
discover the best stage in the grouth phase for transformation. This was
established to be & prestationary-postexponential stage. Once this had
been recogised a bulk preparation of aliquots af cells for procoplasting
was pevformed and the cells stored at -80°C. These same cells ware used
in 81l subsequent experimenis. The conditions originally used werc a
modification by E. Dabbs of the methed of Bibb et & (1978)°'. It became
spparent that no agitstion of the cells during incubation with lysozyme
was an improvement on the techpique., The time allowed for phenotypic
expression of the srsenate/arsenite resistance conferred by the plasmid
DA 22 was also varied. It was found that a period of 16 hours or lenger
was not useful &s few transformants grew up, but that a time between §
and 12 hours maximised the protoplast regencravion efficiency. Changing

the concentration of the arsenite did not change the trapsformation ef-

- 66 -

.



i
"

=

R

¥ L.

FRS

ficiency. In determining the velative concertration of DNA to protoplasts
an optimal proportion of 0,lug of pUA 22 DNA to SOul of cells was dater=
mined. This produced an efficiency of 15 000 transfatmants per microgram
of DNA, This resulc was achieved after prolanged incubrtion of tha
protoplast regencration plates whera 4 biphasic production of

transfornants became apparent,

Several other experiments were conducted simultaneously with this work.
One was an actempt to awplify a stretch of DNA that spamned resistance
decerminanzs for rifampicin, fusidic acid and erythromycin {conducted in
collaboration with H. Golob), amother involved an mttempt to isolate
phages from soil to other related mocardioform bacteris, in the hope that
these phages Wwould be of use in phage typing and in the development of
cloning vectors. However no phoges wore found highly specific to the

bacteria used in this study.

This work has been to further the frontiers f the molecular biology of
nocardioforms. It has in effect provided o springboard for this work to
be carried through inte my Ph.D. It is hoped that chis work will wlri-
metely lead to greater kaowledge of rifampicin resistance in
Hycobacterium tuberculosis and from there to a greater sbility to combat
this disesse that causes to much death and destruction not only in South

Africa but worid wids.
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5.0 APPENDIX

5.1 ANTIBIOTIC SOLUTIONS

Rifampicin wes made up in methanol in stock solutions of 10, 1,0 and
0, 1ug/fwl.

Streptomycin was dissolved in water and filter sterilised. It was stored
as a stock solution of 100ug/ml.

Fusidic acid was dissolved in ethanol et o concentration of 10mg/ml.

Erythronyein was dissolved in othanel at & concentration of IOug/mi.

5.2 MINIMAL MEDIA

4N Buffer Stack: Finel concentration in g/l
458,55 K,HPO, ,3H;0 9,17
136,05 KH,PO, 2,0

25,0g Tri-sodiumacetate. 24,0 0.5
5,ug NgSG, . THyO 0.t
-dissolve in 51 distilled water(ph 7,6-7,1) - do not sutoclave

-keep sterile by the addiiion of S0ml chloroform
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100m1 &N stock
1g Mol +
400m1 water
-auroclave separately then mix

-add suppliments before panning

5.3 P BUFFER

Make up the following basal solution:

Sucrose 103,00
K380, 0,255
HgOl,. 64,0 2,028
Distilled vater to 800 ol
TES buffer(5,73% g7 7) 80 ml

500m] water
15¢ agac

sg glucose

Dispense in 30nl aliquots and autoclave

Before use, add to each flask:
KH,P0,(0.5%)
€aCly. 2H0(3,68%)

10 mb
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5.4 LAMBDA i1 MOLECULAR WEIGHT MARKER
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