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ABSTRACT

Rifampicin is one of the major antibilotics used in the treatment
of Mycobacterium tuberculosis. This organism causes tuberculosis,
Other related nocardioform bacteria which include the Rhodococed
are opportunistic pathogens in AIDS patients, These organisms
cause tuberculosis-like disease and are currently treated with
rifampicin and other drugs. The presence of a low level
rifampicin resistance mechanism was identified in seven
rhodococecal strains and five other related and unrelated
bacteria. This work describes the cloning of the gene responsible
for rifampicin inactivaticn from two of the rhodococecal atrains,
Rhodococcus erythropolis and FRhodococcus egui. A Rhodococcous-
E.coli ghuttle vector was constructed and used to build a genonic
library of Rhodoceccus erythropolis ATCC12674. The gene was
cloned by complementation of a non-inactivating mutant. The gene
from Rhodococcus equi was cloned in the same way. The subcloned
DNA From Rhodogocous agul was sequenced and shown to contain an
open reading frame (ORF) of 1437bp with an ATG start codon.
Regulatory sequences similar to those found in Streptomyces were
identified upstream of the start codon. The ORF encoded a 479
amino acid seguence that is homologous to flavoprotein
nonooxygenases  involved in  antibiotic biesynthesis and
monooxygenases involved in the degradation of aromatic compounds.
The enzyme was expressged in F.coli and was shown to need FAD and
utllise NADPH as a cofactor. The presense of this gene may have
implications {for the correct diagnosis and treatment of
Rhodococcus equi infectlons with particular relevance to the
third world.



Ask and it will be given to you; seek and you will find;
xnock and the door will be opened to you. For everyone who
agks receives; he who seeks finds; and to him whe knocks,
the door will be opened. (Matthew 7:7-8)
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peopla dile every day as a result of tuberculosis. Thare are five
first~line drugs currently used in treatment: lsoniazid,
rifampicin, streptomycin, pyrazinamide and ethambutol. Of these
igoniazid and rifampicin are the mogt aeffective, Random mutations
in a population of dividing cells occasionally produce a strain
that is resistant to a particular druyg. For this reason patients
are treated with a combination of drugs to prevent drug registant
strains arising. '

Leprosy, a disease fregquently mentioned in biblical narratives,
ig the result of M.leprae infection. The onset of leprosy is
insidious. It is the cooler .lssues of the body that are
affectad: skin, superficial nerves, nose, pharynx, larynx, ayas
and testicles. Neurological disturbances can be seen from nerve
infiltration and thickening with resultant anaesthesia and
related symptonws., M.leprae has not been cultivated in vitro
howaver inoculited armadillos develop extensive lepromatous
leprosy. Armadillos spontanesously infected with leprosy have haen
“found (guoted in Jawatz et al, 1282). The 2 drugs usead
effectively against infection are dapsone and rifamnpicin,

geveral other mycubacterial strains are opportunistic pathogens
often found in immunosuppressed patients, aspecially HIV
patients. These include N.avium-intracellulare  complex,
M.scrofulaceun, M.marinum and M.ulcerans.

Nocardia specles, speclfically N.asterdodes and N.brasiliensls,
are the main causes of nocardiosis, This ls an opportunistis
pulmonary disease of humans that may spread o the rest of the
body. These organhisme may produce mycetoma. Usually infection
produces pneumonia but in some cages it is sub-olinical, If the
bacteria spread through the blood to the brain abscesses are
likely to form. Nocardiosis iz mors common in inmunoeconpronised
individuals (Jawetz et al, 1982).

Rhodosocous stralins can be pathogenic o humans, animals or
planty, R.fasaians wauses witches-broom or leafy galls in

6



need two hydroxyl groups on the ring to perform this function.
The monooxygenases vecognise acyclic compounds that contain at
least one hydroxyl group and then hydroxylates another carbon -
either ortho or para to the first one. Nearly all bacterial
pathways for the degradation of aromatic compounds transform
initial substrates intec intermadiates that carry two or more
hydroxyl groups on the aromatic ring. If two of the hydroxyl
groups on a substrate are in the ortho position relative to each
other, the ring cleavage by the dioxygenases ogours elther
between the hydroxyl groups (intradiocl cleavage) or at a bond
proximal to one of the two hydroxyl groups (extradiol cleavage).
Most systems that have been described involve cleavage of ortho
tiydoxylated compounds, however a few have been described for para
hydroxylated compounds. In these cases ring ocleavage occurs
between the proximal hydroxyl and the next substituent (Harayama
et al, 1992). '

Lel.4 Pathogenic nocardioforms

Several spccles of nocardioform bacteria are pathogenic to humans
or animals or plants. The mycobacteria and the diseases they
gause are most well known, They are pathogenic in many organisms
including humans, guinea pigs, fowls and cattle.

Tuberculosis, as mentioned earlier, is caused by Mycobacterium
tubsroulosls. Othey bacteria that cause tuberculosis-like disease
include M.bovis and M.kansasilil (Tawetz et al, 1982)., These
organismes are spread most commonly in droplets through coughing
and sneezing and to a lesser excent through contact with
contaminated objects. Those momt at risk are the poor, the
homeless, those with suppressed immunity and those who care for
them (Benetar, 1991). Tuberculosls kilis more people than any
other infectious disease with about 3 million deaths sach year.
Another one billion people are belleved to be infected (Strabal
and Seagey, 1991), These people have a 10% chance of developing
the clinical disemse in a life time, howaver if they are HIV
poaitive the risk increases by 8% per annum. In South Africa 36



R. erythropolig, The type strain ATCC4277 does not clump
significantly. Over 60 traits have been used in tie development
of a linkage map (Adams and Brownell, 1976).

Serological methods show antigens common with Corynebacteria,
Mycobacteria and Nogardia and that ribosomes account for many of
the cross reactions. All mexbers grow well on standard media,
they also grow well on simple media using amine acids and nitrate
as hltrogen sources and a homt of sugars and organic acids as
carbon sourceas.

1.1.3 Uses

The Rhodocogel are extremely versatile in theilr metabolic
agapabilities. Of pharmacological interest is the ability of these
organisms to convert cholesterol into substances which are the
precursgors of sterold hormones or oral contraceptives (Ferrelxa
et al, 1984). These organisms also utilise soie unuaual cempounds
such as acyclice hydrocarbons, nitroaromatic compounds and
polycyclic hydrocarbons, In a study of soill and narine
environments in Kuwait these bacteria ware most abundant and more
efficlent than other hacteria known to be active oil degraders
{Sorkhoh st al, 1920). They are alse Xnown for their ability to
degrade lignin-related compounds and humic aold, as well as
gsurfactants (MacDonald et al, 1981), pesticides (Ferguson and
Kate, 1981) and acrylawide (Aral et al, 1981). The degradation
of phenol (Houder et al, 1981) and pyrene (Walter et al, 1991)
has also been desaribed.

The ability to degrade ecyclic compounds ls dependent on snzymes
that are abkle to cleave ring atructures, There are sevaral ways
in which this might happen. The ring may be direatly cleaved or
it may he modified £irst, providing a substrate for the enzyme
that is involved in ¢leavage. The enzymes involved are usually
oxygenases, aither monooxygenases or diloxygenases which
incorporate one or two melacules of oxygen into the substrate.
Dioxygenasen are the enzymes that cleave the aromatic ring. They



mycelia, which in some cases is short lived and breaks up into
pacillary or coccoid elements, that may be flagellated. These
bacteria can be divided inte two types - the oxidative forms
which are soil dwellers and the fermentative types that occour in
the natural cavities of man or animals. The cell walls contain
meso-dlaminopinelic acid, tuberculostearic acid and mycolic acids
of variable carbon-chain length.

The genus Rhodococcus was resurrected and continues to provide
a niche for actlnomycetes previously assigned to such genera as
Arthrobacter,Brevibactarium,Cbrynebacteriuh,Mydobacterium,and
Nocardia (Goodfellow and Cross, 1984). The genera which are
surrently olassified as nocardioform actinomycetes Iinclude
Mycobacteria, Corynebacteria, Nocardia, Gordona, Teukamurella and
Rhodoonecous (Goodfellow, 1986),

one of the strains uzed in this study, Rhodococcus erythropolis
has previously been dasignated Jensenia canicruria which was once
included in Myecobacterium rhodochrous, Nocardla calcarea,
Nocardla erythropolis and Nocardia globula (Goodfallow and
Minnikin, 1977). Rhodococcus egul was originally assighed to the
genus  corynebacterium, it spent a brief time in the genus
Mycobacterium urder the name M.equd before being reassigned to
the Rhodocoagous.,

The taxon Rhodococcus currently accommedates 14 species according
to tha 21986 edition of Bergay’'s mancal of BSystematic
Bacterloleyy. The Rhodococous species are Gram positive,
partlally acld fast, aeroble, chemo~organctrophic, catalase
positive and have & high ¢ ratioc of 63 - 72%. They are non
motile and some strains produce feeble aerial hyphae., They have
no distinctive worphological features other than the ability to
form hyphas and fragment into rods and cocei. Considerable
heterogenality ie evident.

Genetic studies have been hampered by slow growth and the
tandency <f thea organism to clunp, thus work has centred around



1.1 HOCARDIOFORM BACTERIA
1.1.1 Hahitat

Nooardioform Dbacteria are predominantly soil dwelling
microorganisms, found across the gpectrum of soll types. They
have been assoclated with the roots of dune plants, in virgin and
ploughed land as well as in forest goil and peat bog (Cross et
al, 1976). Soma species possecss sachanisms that enable them to
degrade humic acid and hydrocarbon: which suggests that they aro
able to degrade certain plant materials lncluding leaf surface
waxes.

Although most nocardioforms are non-pathogenic, the soil is
thought to be a reservolr of some pathogenie forms. These result
in cutaneous infections on the feet, actinemycetoma paedis, or on
the back from carrying soll contaminated sacks. Thase bacteria
have also hesn lsolated from fresh water but in low numbers. They
are presgent in cow dung, pasture grass and in activated sludge
and there iz some avidence for marine nocardioforms, Other
species have a symblotic relationship with blood sucking
arthropods. Studies suggest that these Insects do not reach
sexual maturlty in the absence of the bacteria. These bactaeria
hava baen lgzolated from thelr alimentary tracts (Cross et al,
1978) .

l.1.2 'I'a.!l‘onamy

Nocardioform bacteria have a choeckered taxonomic history. They
are olassified as actinomycetes, However tha same strain,
depending on the observer, may be classified in the genus
Corynabacterium, Arthobacter, Mycobacterium ox Nocardia., This was
the percaption of Gorden in 1966, Since than more in depth
gtudles have bheen carried out resuiting in the refining of the
taxonony .

The actinomycetos are filamentous bacteria. They generally form
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of the active drug to an inactive derivative. The last of these
would bhe characterised by  the reduction in rifampicin
concentration in the media containing R.erythropolis cultures
prior to resumption of growth.

The results of tha experimente suggested that this nocardloform
species had a means of inactivating rifamplein. Further
experiments were performed to exclude the possibility that the
antibiotic wag simply being absorbed out of the medlum by the
gells. Changes in the absorption spectrum of the drug during the
course of the putative inactivation were monitored.

Thig approach was facilitated by the isolation of & spontaneocus
nutant of R.erythropolis resistant to high levels of rifampiecin,
ATCC12674R1. Changaes in the absorption spectrum were much easiar
to monitor when more rifampicin was present in the medlum, than
when the wild-type sgtrain was epployed. The mutant Ilnactivated
the antibilotic faster than the parental strain probably becauss
the inhibitory effects of rifamplein were absent in the mutant,
allowing a faster rate of synthesis of the putative inadtiVating
enzyme. Resutlts of experiments dJQone on absorptlon spectra
denonstrated that ths reduction in bacteriostatic activity was
not principly the result of the antiblotic being absorbed out of
tne madium by the cells of the nocardioform.

A lag was lnvariably observed before a culture challenged with
rifampicin started to inactivate the compound, suggesting that
this activity was inducible rather than constitutive., The
possibility was investlgated by adding chloramphenicol, an
inhibitor of protein synthesis, %o R.erythropolis strain 12674R1
cultures at the same time as rifampilcin.

It was found that a culture of nocardioform in which protein
synthesie wasg blocked did not act on the rifampicin molecule in
the manner previously obkserved. This also strongly suggested that
the activity responsible was inducible rather than constitutive.
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protein synthesis by the drug

* alteration of nembrane proteins leading to decreased
penetration of the antibiotic or an efflux mechanism * hat
results In decreased accumulatlion in the cell
an increased production of antibiotic sensitive protein
an increased production of a metabolite that antagonises
the antibilotic

* the introduction by & plasmid of a gene codinyg for a bypass
to a blocked metabolic step

* the diversion to an alternate pathway cireunmventing
blockage by the antibiotic

Lod INACTIVATION OF RIFAMPICIN

In work by Koch and Gross (1979) evidence was presented for the
inactivation of rifampicin by E.coli. They attributed the ability
of susaaeptible bacteria to survive in the presence of the drug
to an inducible detoxification mechanism. Later Dabbs (1987)
identified a rifampicia inactivation mechanism In some
nocardioform species.

Most of his work. was done on Rhodococcus erythropolis strain
ATCC12674. This work showed that cultures of this organisn
challenged with rifampicin stopped growing. However, after a lag
phase of 6~8 hours, growth resumed. The same level of rifampiecin
rasistance was observed in single colonies isolated from cultures
of this organism, irrespective of whether they had been exposed
to this antlblotic or not. This, together with the shortness of
the lag phase that occurred before growth resumed after the
antiblotle challenge, suggested that the selection of rifampicin
reslstant mutants wag unlikely.

Dabhs (1987) deduced that this organism pussessed some sort of
inducible resistance mechanism. Several mechanisms were possible
including reduced call permeability to the drug, medification of
DNA~dependant RNA polymerase to avoid lnhibiti-n and gonversion
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bacillus, if we do not adopt better ways of arresting the trend
towards resilstance than those in current use'". (Lowbury and
Ayliffe, 1974)

We are halfway through those forty years and the publicity of the
South African National Tuberculosis Associlation (SANTA) now
carries the slogan "Help us cure Tuberculosis while its stlill
curable".

Resistance to antiblotice seams to have been around for as long
as the antibiotics themselves, In the absence of antiblotics a
mutation to resistance is generally disadvantageous to the cell.
In some cases assential proteins are altered =0 as not to be
affected by the drug, resulting in sowe cases in a loss of
efficiéncy. A case of resistance to antiseptics was reported as
fay hack as 1887 when Baclllus subtills became “acolimatised? to
wmercuria chloride and boric acld (Xoasiakoff MG, 1887).
Registance to arsenicals in trypanosomes was detected in 1807
(Ehriich P, 1959) and parafuchsin resistance in these same
organisme in 1909. The use of sulfonamides in chemotherapy say
rasistant pneumococel by 1940. In 1941 penicillin proved
ineffective in the treatment of some patients and by 1944
streptomycin resistant meningococel and gonococci had appeared
{Kaoh, 1981).

The studies dene on the mechanisme of resistance show that these
are pased on genetic changes that induce or alter specific
proteins that can be found on plasmids, transposong or in the
chromosome. Koch (1981) classifies the biochemical bases of
antibiotic resletance into nine catagories :

* enzymatic detoxification

* genetic alteration of an enzyme so that is no longer binds
to the antihiotic and it therefore not inhibited by it

# genetic alteration of a protein component of protein
synthatic machinery so that is fails to bind the antibiotic

® ¢ 1teration of rRNA by methylation preventing inhibition of
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the drug of choice in the treatment of tuberculesis (Maggi et al,
1966) . It iz not usually administered alone but in conjungtion
wlith one or two other antitubercular drugs. The druyg has been
used against M.leprae, Staphylocoscus aureus, Bacteroides and
Nelgseria gonorrheea, Lt has also been successfully used in cases
of ochronic granulomatous disease, mycobacterial cervical
adenitis, acne, bronchitis, brucellosis, gastroenteritis,
meningitis, Leglonella pneumonia. It is also an anti-trachoma
agent, but has no effect on fungi. High doses given to mice shaow
no carcinogenic effects (Glaz, 1974).

The incidence of side-effects is usually influenced by the
administration lavel. The toxic effeats that have keen reported
aie many and varied (Wade A, 1979). Zastro intestinal side-

effegts JInolude nausea, vomiting, diarrhoea, anorexia and

abnormalities in liver function, Fatalities have bean reported

after administration 4to patients with pre-existing 1liver

disorders. Altered kidney function and renal failure have been
reported due to hypersensltivity. Other side effeuts lnelude skin

rashes, urticaria, eosinophilia, leucopenia, thrombosytopenla,

purpura, haemoptysis as well as confusion, drowsiness, weakness,

ataxia, dizzinesa, peripharal neuropathy, blurred vision,

transient haaring loss and menstrual irregularities,

1.3 ANTIBIORIC RESILSTANCE

The dlscovery of antiblotics and their subsequent application
to the chemotherapy of bacterlal disease revolutionised elinical
medicine, Howaver, the rilse ln druy resistant sbralis of many
pathogenic bacteria has heralded warnings suoh as this one

"ila have good roason to be anxious about the future. It scems
likely that in forty years time a doctor may recall the lifespan
of antikiotic therapy as a short eplsode in the long art of
medicine; that, at least, mighit bacome the outcome Ffor caertain
bacteria, such as Staphyloooccus aureus and the tubargle

15



Remistance to rifampicin is c¢onferred by the mutational
altaration of the S-subunit of RNA polymerase., The mutation rate
from sensitivity to resistance is of the order of 107. This
resistance is due to a chromosomal DNA mutation. Rlfampicin is
one of the few chemctherapeutic agents for which ne transferable
regigtance has heen observed.

studies on the growth inhibltery effects of rifampieln have lead
Ropero et al (1871) to the conclusilon that resistant strains may
not always contain resistant RNA polymerases. They reckon that
overall rasistance is due to resistant RNA polymerase and
permeability of the call.

rifampicin has alse heen found to deplete levels of cellular
glutathione in M.smegmatis, Glutathione functions in the
detoxification of various xeénobiotics {(Xumar et al, 1991).

l.2.4 Rifampioin in chemotherapy

Rifampicin is wall abserbed after oral administration, It isg
widely distributed through tha body with 75-88% heing bound to
plasma proteins. It can cross into the cerebrespinal fluid, enter
bona, oroJe the placenta and is found in milk. n wive it is
deacatylated to fornm desacetylrifampicin which has antibacterial
activity. The antibiotic is excreted In bile ane so it is used
to treat biliary infections,

Rifampioln induces drug metabolising enzymes in the liver, It is
also responsible for the increased wetabolism of oral
contraceptives, hydrocortizone, hexobarbltone, tolbutamide and
its own metabollism. This drug may alse reduce the activity of
anticoagulants, corticosterolds, oral hypoglycasmic drugs,
anticonvulsants and oral contraceptives.

Rifamploin is active against both extracelliular and intracellular
organisme., It is effective against Gram positive bacteria

especlally against the nycobacteria. For many years it has been

14



It has a chemical.formula C43 H58 N4 012 and a molecular weight
of 823,0. It is also 3~ (4-methylpiperazin-l-yliminomethyl}
rifamyein sv.

Thig compound is an odourless red-brown crystalline powder that
is slightly soluble in water and acetone but is soluble in
chloroform and methanol. In a 1% suspension it has a pH of 5-6,5.
At pH 7,4 it has broad poorly defined maxima at 237, 254, 334 and
475nm.

1.2.3 Antimicrobial action of rifampicin

Rifampicin is an inhibitor of DNA-dependant-RNA polymerase, It
binds to the enzyme inducing a conformational change in the
engyme (Wehrli and Stashelin, 1970). The antibiotic has little
effect on the formation of the first phoaphate diester bend but
it does inhibit the synthesis of the next bond by interfering
with the binding of the incoming purine nucleoside triphosphate
to the active site of the enzyme. However, once the synthesis of
the RNA chain prograsses beyond the second or third phosphate
diester bonds, further chain elongation is insensitive to the
action of rifampicin, The drug does not praven: the binding of
RNA polymerase to DNA (Sippel and Hartmann, 1970).

It ig not Kknown what bonds hold the rifamycin-enzyme complex
together. Although the binding lg tight it 1ls reversible so no
govalent linkage is involved. Known data seems to suggest that
the oxygens at Cl1L, ©B, €21 and €23 may ba Involved in the
formatlion of hydrogen bonds with specific senzyme functional
groups, Modifications made at €3 and €4, which ara on the
opposlte side of the arcvatde ring, glve active compounds (Horn
and De Ranter, 1084). It is the structure of the substituents
that alters the antibaoterlal actlvity and the transport through
the bacterial wa.l and membrane., As the rifamycing enter the
vells by passive diffusion their physiochemical properties,
especially their lipophilicity, are oxpected to be major factors
in thelr abllitles to crogs the cell barrier.

13



Table 1.1 Ansamycins and their producer organisms
Producer Product Activity
Napthalenic chromaphore
HiafamonosPora halophitica Halomycin A,B,¢ Antibacterial
streptomyces tolypophorus Tolypomycin Y Antibacterial
$treptomyces collinus Napthomyein Antibacterial,
- Antifungal
Streptomyces ¥12384 Napthomycin Antibacterial,
' : Antifungal
Streptomyces E784 actamyoin Antibacterial,
Antifungal
Straptomyeces achromogenes Rubradiring Antibacterial
Producer Product Activity
Behzanic chromophore
Streptomyces hygroscopicus Geldananycin Antiprotozoal
Antltumour
Horbinycing A,B Herblcidal
Necardla CL5003 ansamitocins Antitumour
Nocardia C14919 Macbecing L,1I Antitunmour

1.2,2

Chamical aspects of rifamplcoin

Rifampicin is the name acoeptad by the World Health Organisation
(WHO) , however rifampin is the name reccgnised in tho United

Stataes of Amerlicoa.

This seml-synthetle antibiotlic iz one of the

500 derivatives propared by Ciba of Basel and Lepetit of Milan
in gollaboration with one another (Kradofler, 1968).

12



prevalent and streptovaricin ¢ is less so. These compounds bind
to prokaryotic RNA polymerase and have alse been shown to inhibit
the reverse transcriptase of oncogenlc viruses, Pox virus
replication is inhibited by the streptovaricing which are also
active against a mouse leukaemia virus. streptovarieln is both
tuberculestatic and tuberculeocidal. gtudies have shown
satisfactory treatment in animals but not in humans (Kersten and
Kersten, 1974).
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Flgure 1.2 Structures of straptovaricine
1.2,1,3 Other ansamycing
Balaw is a takle of other known ansamyecins, thelr producer

organisms and thelr activitlas (Lancini, 1983).
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1.2.1.2 Streptovaricing

This is a complex of seven components produced by Streptomyces
spectabills. This microorganism was originally isolated from soil
samples collected in Dallas. Streptovaricins A and B are most
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collected in France. This organism was later clamsified as
Nooardia mediterraneli and wmore recently as Amycolatopsis
mediterranei. The first rifamycin to be isolated was rifamycin
B. Later it was shown that through wlld oxidation and hydrolysis
of this compound rifamycin S was produced. In turn the mild
reduction of rifamycin 8 resulted in the production of rifamycin
BV.

The rifamycins atre structurally made up of a naphthohydrogquinone
nucleus fused to a five member ring and a 17 membered ansa chain
connected to €2 and Clz.

Rifamycin SV was introduced into clinical practice in 1961, It
is strongly active against acid-fast bacilli including M.leprae.
The drug is not active against resting bacteria but exerts a
bactericildal effect on multiplying bacteria. It is active against
mogt Gram positive bacteria including S.aureus but ig less
strongly active against Brucella and Pasteurella species and
Gram negative organisms. The antibiotic inhibits RNA polymerase
by forming stable complexes with it. However the RNA polymerase
of eukaryotes is insensitive to the antibiotic. It is poorly
abaorbaed through the gastro-intestinal tract.

Rifamycin B and rifamycin B were uszed to prepare a number of
semi~synthetic rifamycins. Of all the semi-synthetie derivatives
produced rifamplcin ig the most widely used.



l.2 RIFAMPICIN
1.2.1 Ansamycins

Rifampicin belongs to a class of antibiotics known as the
ansamycing. This name was proposed by Preloy and Oppolzer (1973}).
Ansa means handle in Latin., fThese antibiotics have a
characteristic chemical structure of an aromatic moiety spanned
by an aliphatic bridge (or handle). This bridge joins the
aromatic molety at 2 non-adjacent positions. 0t all the
ansamycins discovered so far only two different aromatic moieties
have been identified. Some have a naphthalene moiety and the
others have a benzene origin.

These ansamycins are natural compouhds produced by bacteria. By
1983 twenty ansamycin producers had been independently isolated
(Laneini, 1983). ' :

The structural differences in these antibiotics clearly
correspond to the differences in their biclogical activity. The
naphthalene ansamycins include the rifamycins, streptovaricins,
actamycin, napthamycin tolipomycine and halomycins (Perlman D,
1977). These are antibacterial agenta that act, for the most
part; by inhibiting RNA polymerase. The benzene ansamycins
include geldamycin and herbmyeins, these are active on eukaryotic
ecells where they interfere with the cell replication mechanism.

The rifampicine are the only ansamycins that are industrially
produced. Most of the studigs | \ave been carried out have
been done on this gioup and - a lesser degree on the
streptovaricine and geldamycin.

1.2.1.1 Rifamycins
There are many rifamycins. The First producer organism to ke

identified was then colassified as Streptomyces mediterranei
(Margalith and Beretta, 1960). It was isolated from soll samples



dicotyledonous plants and the malformation of bulbs in
monocotyledonous plants (Miller et al, 1980). Very few cases of
human diseage caused by rhodococcal strains have been reported.
R.rubropertinctus was isolated from a patient with a
tuberculosis-like disease (Hart et al, 1988). In a study
conducted in Germany from 1979-1991 only .one case of R.egui
infection and 7 cases of R.erythropclis infection were trzated
(Schaal and Lee, 1982). '

In total 30 cases of R.equi had been documented in 1991 (Harvey
and Sunstrum, 1991). This organism is a wcoll known animal
pathogen first described by Magnusson in 1923 (cited by Emmons
et al, 1991) as the cause of pneumonia in foals. Foals infected
in the first 2 months of life usually develop lung abscesses and
die (Lipsky et al, 1982). Horses over 3 months usually survive
the infection ({Swmith, 1966). R.equi is also reported to cause
urogenital infections, ulcerative enteritis and mediastinal lymph
adenitis (Wilson, 1955), cervical adenitis in pigs (Smith, 1%66)
pneumonia, urogenital infections and lymph adenitis in cattle and
fatal septicemic infeations in sheep (Dennis and Bamford, 1966).
These organisms are only moderately pathogenlic in laboratory
animals (Lipeky et al, 1982}). The bacteria are found in the eoil
of animal runs where they survive for about 2 year.

The first human infection with R.equi (Golub et al) was reported
in 1967 and the first case in an HIV patient (Sane and Durack)
in 1986. Infection cccurs mainly through the respiratory route
with pneumonia as the commonest manifestation. As it often formsz
abscesses treatment is by antibiotics and sometimes by surgical
resection. Of the reported cases, only one patient was ﬁot
. immunocompromised and thers was an overall mortality rate of 20%.
Rifampicin demonstrates excellent activity against isolates in
vitro but very few drugs have been studied in vivo (Harvey and
Sunstrum, 1891).



Following a 30 minubte incubation at 37°C the lysate was
centrifuged in a 50Ti rotor at 40 000 rpm for 30 minutes. DNA wag
decanteda off and 4,49 caesium chloride was added and dissolved,
After centrifngation at 15 000 rpm for L5 inutes, the DN2
golution was poured out from under the scum, Bthidium bromide was
added and the refractive index adjusted to 1,391-2 bafore it was
loaded into Quickeeal tubesa and centrifuged for 16 hours at 40
000 rpm In a viies5.2 vertical rotor. After extracting the DNA
band, it was decolorised using a TH saturated butanol solution.
The DNA was diluted with 1,6 volumes of TE and precipitated. The
pracipitate was dried and resugpended in TE or 3mM Tris, pH 8,0
and stored frozen.

2.6.2 Large scale preparation of plasmid from E.coll

Bacteria were grown in 100ml of LB containing 1L00ug/ml ampiaillin
£o malntain the plasmid. Pelleted cells wers resuspsnded in
‘3,25m] of Solutilsn 1 and incubated at room tenmperature for 5
minutaes then &,5ml of Sclutlon 2 wap added and the contents nixed
well. After 15 minutes at room temparature 5mnl of Solution 3 wase
added, vigorously shaken and placed in an ilce-water slurry fov
10 minutes. The praparation was centrifuged for 15 wminutes at 16
000 rpm and the decanted supcrnatant warmed to room temporature.
Isopropancl (0,6 velumes) was mixed in and nuclele acid pelleted
by ecen.wifugation for 10 mninutes at 15 000 rpm at room
temperature or above., This DNA was washed with 8nl of ethanol and
dried in a vasuum desiccator for 15 minutes. To the nucleic acld
resugpended in “,2ml TE, 4,49 of cassium chloride and 0,4ml of
athidium bromide were added, the refractive index adjusted to
1,389~1,390 and the preparation lvaded into a Quickseal tube
which was caentrifuged for 16 hours at 40 000 rpm in a Vii65.2
rotor. The plasmid band was llluminated under long wave length
ultra~violet light and extracted using a wide bore needle. The
ethidium bromide was removed with TE-gaturated butanol and tha
DNA was diluted with 1,6 volumes of TE and precipitated with 2,8
volumes ethanel. The procipitate was vacuum drled then
rasuspended in either TE or 3mM Tris, pH 8.0. The DNA solutlons
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1ul each of required co-factors at varying concentratlons. These
reactions wore allowed Lo procveed from I hours to overnight. The
active drug was assayed using the plate based method.

2.5 ABLECTION OF BPONTANAOUS WUTANTS

Bacteria were grown to stationary phase, 100ul of culture was
gpread on an LA plate contalning a high concentration of the
drug. These were incubated for 4 to 8 daye. Colonies that grew
up were streaked onto the appropriate antiblotic containing
plates. '

doma of the nocardioform strains did not naturally maintain some
of the smaller plasmids. Spontanecus mubants able to maintain
thase plasmlde were obtained by transforming these eteains with
the plasmid DNA, The number of transformants was dramatically
rediuced. The transformants thalt then graw up were oured by
growihg in the presenge of 20ug/ml ethidium bronmide. Thase cells
were washed and diluted 10" before 1004l was apread on an LA
plate, The coleonies ware patched vut on LA and a plate contalning
the selective prassure for the pregence of the plasmid. Those
colonies that grew only on the broth plate were subjected to
plasmid screen analysis for the precenca of tha plasmid,

2.6 BULK ISOLATION OF DNA
2.6.1 Large scals preparation of DNA from nocardioforms

¢rganiems were grown for 2~3 daya in TYE broth. Harvesting of the
calls wag achleved hy centrifugation at 6000 rpm for 10 minutas.
Thege ware resuspended in Sml 10mM Tris, 10% sucrose with Smg/ml
lysozyme and incubated at 37°C for 30 minutes, The tells were
pellaeted at 8000 wpr for 5 minutes and resuspended in 4ml TE with
Img proteinape K disscolved in it, To thles was added TE containing
10% 8DS or as much as was needed to achlove partlal slearing.
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2.4.2 Quantitative assay

At the time of assay 1lml of the culture was harvested, The
supernatant was romoved after centrifugatioh, bolled and storad
at =20°C until an assay using aliguots from each time interval
could be undertaken, Of the thawed supernatants 1004l was added
to a4 test-tube containing 4,9ml LB, a 1:100 dilution of the assay
organism and the appropriate concentratior of the antiklotlic to
which it was resistant. A set of gtandards was sat up in the game
way containing known concentrations of antibiotic in place of the
supernatant. The turbidity of the ocultures was measured by
determining the OD at H40nm over the next few days. The OD was
determined using & Spectronle 601 apeatrophotometer.'A_atandard
curve was conastructed of the OD of the assay organism versus the
goncentration in the antibiotic standards and from this the
concantration in the supernatants of the experimental straing was
detarmined.

2.4.3 Rate detarmination

Samplea of the supernatant of inactivating cultures were taken
avary 20 - 30 minutes. The conhcentration of rifampicin in cach
sanple was determined. These values wexe plotted on a semi-log
graph agalinst time. The rate of inawtivation could be determined
by measuring the slope of tha graph.

2ad o4 In vitro assaya

Call extraot wag propared by harvesting 25ml of E.coli eculture
containing appropriate plasmids. The cells were washed twice in
agsay buffer. They ware raguspended in 2,5ml of assay buffer and
sonleataed for 3x 30 meconds on ige. The cell extract was then
used dlreoctly in In vitro assayse or stored in 20% glyserol at -
20°C, Asmays were done In a final volume of 20081, Included in
this mix was 10ul cell extract, 2-20ul vifampicin in methanol and
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2.4 ANTIBIOTIC INACTIVATION ASSAYH
ALL RECIPES FOR SOLUTIONS CAN BE FOUND IR APPENDﬂX A

The ability of different strains and plasmid containing mutants
‘to inactivate rifampicin and reiated antibloticy was assayed
using two techniques, one a plate assay and the other a liquid
isgay. A preculture of sach strain was grown to statlonary phase

my broth. An aliquot of 1l00pl of this preculture was
inoeulated into Sm)l of fresh TY broth. These cultures were
allowed to grow inte exponential phase when the optival density
was determined at 540nm. The cultures were eguilibrated to the
sane optical density and then ahailenged with the antibiotic., For
hypersensitive strains 2,0ug/m)l was added and for resistant
strains 20ug/ml was added. The time when the antiblotic wae added
was taken as time zZero and assays carried out at various times
after that. Various assay organisms were used, each containing
an antibiotle resistance and each sensitive to rifawpioin or the
related antibictios. These organisms include a spactinomycin,
streptomycin resistant mutant of Arthrobacter oxydans, QL88; a
spectinomycln resistant Bagillus subtilis, 1A3=1.

2.4.3 Plate assay

A 1004l allguot of tha assay organism which had been grown in LB
was spread on an LA plate contalning a third of the normal
concentration of agar to allow for sasier diffusion of the
antiblotic and an appropriate concentration of the antiblotic to
which the assay organiem was reslstant., Wells were cut into the
agar with the blunt end of a pasteur pipetta. These wells were
each f£illed wlth 60pl of the culture being tested., Each gample
was bolled te denature any bprotein +hat could econtinue
inactivating the druy after sampling. The plates were lncubated
at 4°C to allow for diffusion of the antibiotic. Subsequently
they were placed at 37°C until the zones of inhibit'on beocame
apparent.,
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2.2.3 shuttle plasmids

Thege ware stored frozen in E.coli lambda lysogens. This was in
33% glycerol at ~70°C. Purified shuttle vectors were stored in
TE or dmM Tris, pH 8,0 at -20°C.

Table 2,7 Shuttle plasmids

plasmid gize Characterigtics origin
pDA26 14,5%b  As®, Amp® E.Dabbs
pDA2Y 14,5kb As?, Amp® E.Dabbse
pDA3Y 14,5kb As®, Amp*, EeoRl This work
phA3S 14, 4kb As®, Amp", EcoR2 This work

PDATL 8,8kb om®, ampt, FooRl Dabbe and Quan

Al)l solutions not specified in the text are listed in the
appendix.

R.3 PHAGES

The phages usad were all derivatives of M13. They were stored as
phage supernatants at 4%C, They were propagated by ilnoculating
phage supernatant into LB with a 1:100 dilution of an overnight
culture of JIM101. These were grown with vigorous asration for 5
heurs. The supernatants were then harvested,

Table 2.8 Bacteriophageos

Phage " Origin
Mi13KaQ? : M.Kitakawa
Mliinpls V.Mizrahi
Mi13mpi9 V.Mizrahi

b
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2,2 PLASMIDS
2,2.1 Nodardioform plasmids

these were stored at -~70°C in the appropriate nocardioform
strains. Once the DNA had been purified from the strain it was
resuspended in TE or 3mM Tris, pH8,0 or in water and kept frozen
at ~20°C.

Table 2,5 Nocardioform plasmids

Plasmid size Characteristios origin
pDA21L 1.5, 0kb ast E.Dabbs
phA30 11, 2kb ast E.Dabhs
B9 g, 5kb ag® E.Dabbs
Bel-2 8,2kh Cuk E.Dabhks
2.2.2 E.coll plagmids

Thase were maintained frozen in thely host strains at -70°C. Once
they had heen purified from the strain they were stored frozen
at -20°C in TE or 3nmM Tris, pH8,0, or wvater,

Table 2,6 B.ooll plasmids

Plasmid slze ¢.aracteristics origin
PACYCLEB4 4.3kb cm®, Amph E.Dabbs
pER322 4,4kb TeR, AmpR Boehringer-~Marnhein
pPECOR251 3,3k anp®, FcoRl E.Dabba
pucils 3,2Kb ampf, M13, lacg M.Kitakawa
puULLY 2,7kb ampt, lacz E.Dabbe

WEEM+3 (£) 2,9kb AmpR, lacz H.Vanter




Table 2.3 E.coll strains

gtrain Relevant characteristics Origin
MM294 endAl, thi-1, hsdR17, B.Bachmann
AMM294 Alysogen of MM294 E.Dabbs
MM29 41, MM294, Rifh _ E.Dabbs
GM161~1 dam-4, supk44, hsdsi, RifR . B.Bachmann
GMR2529-1 doum~6, damii::Tn9, reciidld

hsdR2, supBd4, Rift B, Bachmann
JH1l01l supk44, endil, A(lac-proAb) :
JML09 racAl, supk44, endAi, hsdRiz,

A{lac~proAB) M.Kitakawa
CSRE0D3 recal, uvrae M.Kitakawa
2.1.3 Bacillus subtilis strain

These were stored in 33% glycerol at -70°C and on old dried
plates. They were grown overnight at 37°¢ with vigorous aeration
in LB or on LA plates. Fresh cultures were always used,

Tabla 2.4 B.subtilis styain

gtrain Characteristics Origin

1A3~1 cysAld, purd26, trpcz, Spc®  Bacillus Genetio
Stock Center

2.1.4 Raplica plating

In order to monltor the growth response of specific isolates on
saveral plates which each contained diffarent additives, single
bacterial colonies wera replica plated.
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CwW22 was produced by curing ATCC12674 of its large plaspiq.
Subsequently mutznts were nade of this strain that were
hypersensitive to rifampicin. These are tabled below.

Table 2.2 Rifamploin hypersensitive mutarts
Mutant Characteristics Origin
Ri1 ast, cd®, cuf, rif® E.Dalglb)_s

i E.Dabbs
gig iigﬂ“ E.Dabbs
Ri4 righs E.Dabbs
RieG rlgh B.Dabbs
Ri7 i:d' E.Dagbs
Ris pir E,Dabbs
Ri8-1 iri;i, Smt This work
Ri9 rif® - gnt 8.Andersen
Rilo o rif gyt S.Andersen
Rill rif™, snf &.Andaersen
Ri12 : rigts, smb _ 8.Andersen
Ril3 righs, spt &.andersen
Rils iris, sm® 8.Andersen

whexe Jrd" laocke the ability to inactivate rifampicin and is
hyparsensitive to it,

Rifampiain resistant mutants were made of all nocardioform
gtrains,

2,5.2 Escherichla coll stains

All E.coll strains were stored ln 33% glycercl at -70°C and grown
en LA or in LB, Strains wore usually '~own at 17°C overnight.

However lambda lysogens of the strains were grown at no higher
than 33°C to prevent the induction of the lytic oycla,
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2.1 BACTERIAL STRAINE
2.1.3% Nocardicform bacteria

The strains used in this study were stored at -70°C in 33%
glycerol. They were recovered by streaking onto tryptone-yeast
agar (TYA) plates or Luria-Bertani agar (LA) plates. These plates
were incubated at 2B°C for between one and three days. When the
straing were grown in liquid culture single colonles were
inoculated intoc TY or LB broth. The cultures were aerated on a
rotap' dy °m At room temperature, If bulk cultures were grown the
flaske were placed in a rotary water ba*h at 28°C. In some cases
0,5% Tween 80 was added to decrease ¢ unping.

Table 2.1 Nocardioform bacteria
Strains Characteristics Origin
Amycolatopsis mediterranel Rifamyain German Culture -
DSM4 6095 Producer Collection
Arthrobavter pxrydans Cl E.Dabbs
Mycobacterium smegmatls German Culture
DSM427588 Colleation
Streptomyces
lividans UK 54 E.Dabbs
spectabllls DSMAOBL2  Streptovaricin German Culture
Proguger Collaction
Rhodococous
australis
A448 N.ferreira
AB54 N.Perreira
squl ATCCL48B7Y N.Ferreira
arythropolis
ATCC4277 N.Farrelra
ATCC12674 ast, cd®, cmf H.Ferreira
oWz2 As®, cd’, ont E.Dabhs
D8ML069 German Culture
Qoliaction
Eagelany Garman Culture
NEM20669 Collaection
rubropartinctus
ATQC25594 N.PFerraira
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2.0 MRETHODS
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to inactivate rifampicin. By selecting for the complementation
of the mutation the gene could be isclated.

However, cloning vectors for these strains at the beginning of

this work had not been well developed or characterised so thisg
was also done.

20



Several other Rhodococous spaclies were tested to see iFf thelr
response to rifampicin resembled that of strain ATCC12674.
Similar results were obtained, although rates of inactivation
were invariably slower than those found with stirain ATCCL2674.
M.smegmatls was also tested, a nocardioform which is not a member
of the genus Rhodococous. This strain behaved similarly with
respect to rifampicin except the time scale was several times
greater, which is in accordance with the slower growth rate of
this organisw.

Thus this work showed that R.erythropelis strain ATCC12674
posgessed the abllity to overcome the inhibitory effects of the
antiblotic rifampicin by inactivating the drug. Some other
nocardioforms appeared to possess a similar capacity, although
to a lesser extent that strain ATCC12674. The approximate 50-fold
increase in resistance resulting from the presence of this
activity is comparable to that conferred by rifamplcin resistance
mutations in organisme such as E.coli and B.subtilis (Wehrli and
Stashelin, 1971; Halling et al, 1977). The dene responsible for
this was designated iri for inactivation of rifampicin.

1.5 AIMB OF THIS WORK

This work follows on directly from the work of Dabhs (1987) oited

-above., The purpose has been to investigate this novel rifampicin

inactivation mechanism in the hope that these findings would aid

in our understanding of rifampicin resistance in nocardioform

bacteria. This may then enhance the knowledge of rifampicin

resistance in the mycobacteria which in vurn could lead to the

modification of rifampicin or the use of appropriate DNA for -
detection of drug resistance genes.

The approach used in this work was to use mutants of
R.eryvhropolls strain ATCC12674 that were unable to inactivate
rifampicin as reciplents. These recipients would be transformed
with a genomic DNA library construocted from a strain that is able
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2.13,5 Analysis of coding funetion

At the rarious stages in the subcloning procedure the fri mutant
that had been transformed with each subelone of the orilginal
fragment in a vector, was patehed onte a LA plate containing 40mM
argenate or 40ug/ml Cm and onto another similar plate that also
contained 0O,3ug/ml rifampicin., The ocomplementation of the
rifampicin hypersensitivity mutation was taken ag an indication
that the coding reglon had stil) been maintained in this latest
constiuct, An absence of complementation indicated that a portion
of the ogding reglon was no longer present. On occasion a
rifampiain inactivation assay was performed to verify the
presence or absence of lnactivation activity.

2.14 YOLYACRYLAMIDE 624 ELEGTRCPHORESIS

Separating gels containing 10% acrylamide ami stacking gels
sontaining 6% avrylamlide wexe prepared from a stock solution of
30% acrylamide and 0,8% ble-acrylamide which had been filtered,
The ¢gels were polymerised khy the addition of TEMED and ammonium
persulpl:ate. Ten centimetre separating gels of 1,5wm thickness
were poured with & stacking gel of 2,5em. An agual velume of
pample loading dye to sample was added. The protains worae
dissoclated by hoiling the sample in the sample loading buffer
for B minutes, Electrophoresis was carried ocut at a constant
veliage of 120V untll the bromophenol blue marker reached the
bottom of the gel (in about 6 hours). The gels were stalned
overnight with a 0,1% coomasic briltliant blue solution R28" made
up in a 8:4:1 solution of methanol: distilled wuiter: acetie acid.
The gels wera dastained by repeated washing on a 5:1:4 solutien
of menthol: acetie aceld: distilled water.
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ligation. The ligated DNA was transformed Iinte MM294~-1 and
transformants soreened. The DNA isclated by plasmid sereén was
digested with either FcoRT or Asp?l8 to determined whether the
fragment had been deleted, These digestions were run on agarose
gels and visuallsed under UV light.

2.,13.3 Exonucloasa digestion

Exonucleasa Bal3l acts on linear DNA, Plasmids were lineavis-+
by digestion with either BglIr or HindIII using the B buffar
supplied by Boehringer-Mannheim. Digestions were done in a volunme
of 204), After digestion the following components were added to
make up the buffer for Balll exonuclease: 18s) B buffer, 1004l
1M NaCl, 60 pl dH,0, 2pl M CaCl;. 0,5units of the exonuclease was
added and the digastion proceed for 2 hours at room temperature.
The Bal3l was then removed hy phenol-chloroform extraction. The
salts of thea buffer wers removed through ethanol precipltation.
The DNA was resuspended in ligation buffer, ligated overnight and
transformed lnto the nocardloform strailn the next day.

2.13.4 Ingertion of restriction fragments intoe othar
vactors

PDA37 wag unot the only vactor used in the subcloning approach.
Nocardlioform plasmids that had unigue restrletion sites in non-
egsential reglons of the plasnid wore also used. These plasnmids
were prepared uslng tho bulk preparation protocel. These plasmids
were digested in the apprepriato buffers. They went through a
routine phenol~chlereoform  axtraction, precipitation and
resuspansion in Jligation buffur, Restriction fragments ware
prepared by isolation from low gelling agarose gels., These
fragmonts ware restrictod with tha same onzymes as the vectors
or with onzymes that produced compatlble wohesive ends. These
wore ligated inte tha vectors and trancformed inte <the
nosardloforn,
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1,5ml Eppendorf. This was washed with phenol and chloreform-
several +times to ramove unwanted agarose, The DNA was
precipitated, dried and resuspended for further use.

2.12.3 Electroelution

Purified DNA was restricted and separated on an agarose gel. The
fragment of interest was excised from the gel in the same manner
ag previocusly described. This gel fragment was placed in dlalysis
tubing in TBE buffer. Thls was raturned to.the alectrophoresis
chamber where it was subjected to a further 100V for 15 minutes,
The current was then raeversed for 30 sesonds to dissociate the
DNA from the dialysls tubing. The TBE containing the DNA was then
trangferred from the dlalysis tubing to & sterile Eppendorf whars
it was washed with phenol and chloroform. The DNA was
preciplitatad, dried and resuspendad in T8 for further use,

2.13 BUSCLONING
2,13.1 By insertion of Eragments into the BglITl site of phA3?

BgllTl digested DNA produces compatible sticky ends for ligation
wlth BamHI, BelIl, Bet¥YI and Sau3A. Thus DNA digestad by any of
these enzymes could be ligatod into the BgliZl site of pDA3Y7. This
ligated DNA was transfermed inte F.coli. The insertions were
visualised after plasmid screen analysis.

2.33.2 Blinination of spacific restrictlion fragments

A cloned Bglll fragment was lsclated on low galling agarosa, This
purified fragment which was resuspendid in thae appropriate
reptriction enzyme buffer was digested with edther BHcoRI or
Asp718. After 2 hours of digestion, the enzyme wes removed using
phenol and chloroform. The precipitated DNA wae resuspended in
ligation buffor and ligated overnight. pdAI7 wa~ treated in the
same mannoer, A ratio of 4:1 ilnsort to poA37 was used for the
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two or three other enzymes,

2,12 RECOVERY OF DNA FROM AGAROSE GELS
2.32.1 From low melting agarose

Low gelling agarcse was made up in TBE and later TAE at a
concantration of 0,8%. Digested DNA wae run on the gels until the
relevant band was clearly separated from the other bhands. Gels
ware run at 4°C at 100~150V., The hande of interes® were cut out
of the gel using a scalpel blade whilst viewing in UV light. The
pleces of agarose were placed in Eppendorf tubes and melted at
§0°C for 15-30 minutes. These were then extracted 4 times with
phanol and sne¢a with chloroform. The flrst phensl epin wae done
at room tamperature and all the subseguent sentrifugation staps
waere done at 4°C, The DNA was then ethanol precipitataed and
resuspended in an appropriate buffer.

2.42.2 Freeza-gquaege method

This 1ls a modification of the method described by Tautz and Renz
in 19583, DNA that had been purifisd on a CsCl gradient and
subsequently digested was soparated on an agarose gel., The
appropriste fragmant was cut out of the gal using a scalpel blade
whilat viewing undex UV light. The fragment was equilibrated in
the dark with 10 veolumas »f 0,3M sodium acetate (pPH 7,0)
sontalning 0,imM EDTA, Thls was done for 30-45 minutes with
oucasional shaking.

Once it had been eguilibrated the gel slice was transferred to
a 0,6ml Eppendorf tube which had been punctured in the botitom and
plugged with glass wool. The tube had also heen washed by placing
it in a 1,5n]1 Eppendorf tube togehhor with 1504l of sterile water
and microfuging 1lt. These tubes containing the gel slices were
frazen at =~20°C for 1 hour., They wers then centrifuged
immediately at 4°C for 5 ninutes, The DNA could be Ffound in the
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wae transformed using the nocardioform method inte Ris=1l., A
representative number of transformants (for a greater than 95%
probabllity of obtaining the gene of interest) were obtained and
these colonies were washad off the plates with 1-2ml of LB
containing 40mM arsenate. As a control Ri8-1 colonies containing
pDA30 were washed off in a similar manner. Thess transformants
were shaken at room temperature for 2 hours te disperse the
c¢lumping. They ‘rare diluted smerially from 101 to 10°® and 100pl
was spread on LA plates containihg 40mM arsenate and 0,3ug/ml
rifamplein. Cultures were equilibrated to simllar optical
densities. only the ocolonies growing up would contain the ird*
gena as O,Sug{ml rifanpleoin is inhibltory to Rig-~1 alonae. The
oolonies that grew up were screened for the presence of a
plagnid., A control of a gtrain carrying the vechor alone was
dona.

2.1 CONSTRUCTION OF A RESYRICTION MAP

The DNA to ke mapped was digested uaing various enzymes. Enzynes
that cut the DNA only once or twice and in some cases three times
wore used to construet the map. Single digests using only one
enzyme were compared with double digesta of the DNA. If possible
all combinations of enzymes were used in double digastions. Each
time a double digest was done, single digests of each of the
enzymes used were performed simultaneously. All digestions were
un on agarosae gals. Gals with a goncentration of 0,4% wera used
to mors accurately slze larger fragments (>2kb) when compared
with AXI markers. Gals of 1,2% were used to size the smaller
fragments (<2kb) wralative to AIIX markers (for slges of )\
fragnents see appendix).

The sizes of the fragments were obtained by reading the sizes off
a standard curve drawn from the distance moved of the A\ markers.
A comparlson of thoe fragments that were maintainad in double
digesta with those that were not, led to the olucidation of the
reatriation map. Most sltas wore placed on tho map relative to
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dispensed in 0,2ml aligquots into prechilled Eppendorf tubes then
kept for 2 hours on ice. The DNA in ligation buffer or TE was
added to the cells an® ' bated at 0°C for a further 30 minutes
with occasional agitation. After heatshocking at 42°C for one
minute, 0,5ml of LB was added., These were incubated at 37¢C for
one hour without Ehaking. The cells were then spread gently on
LA contailning 200ug/ml amplicillin. These plates were placed at
37°C overnight whereafter the number of colonies were counted and
further manlpulations carried out,

" When the recipient strain contalned the témperature sensitive
lambda lysogaen all the steps previocusly carried out at 37°C were
performed at 33°C,

2,9.3.2 With phage

The preparation of dglls was eimilar to the cells prepared for
plasmid, However the preculture of JIM10L had to ba grown in
minimal media to maintain the F! factor, The first wash of the
cells was with 0,1M MgCl, and then with CaCl, as before. For each
transformation 0,2nl of competent cells were used. M13 clones in
i were added, mixed and left at 4°C for 0,5~2 hours. The cells
+ heat-gshocked at 42°C for 2 minutes just prior to plating,
To the heat-shocked cells 0,2ml of a 3~4 hour growth of IM101
{grown from a 1:100 dilution in LB) was added together with 3ml
salt agay that had been kept ligquid at 46°C, This was gently
mixed and poured onto a prewarmed LA plate. Thesa were left to
set on a flat surfaca for 15 minutes kefore being placed at 37°C
ovarnlght. For colour salegtlon X=gal and IPTG were added to the
agar hafore plating.

2,40 CLONING BY COMPLEMENTATION

The R.erythropelis ATCCL2674 mutant Rig-1 which contained the
1rd nutation served as a hoast., The library of the wild type
iri* R.orythrepollis ATCC4277 which had been bullt up in EF.coll

37



counted and further manipulations carried out,
2.9.2 Elecﬁroboration of nocardiceforms

Cultures of 100ml were grown to an ODy, of 0,5. These cells were
centrifuged at 6000 rpm for 10 minutes. The supernatant was
discarded and the cells resuspended in 50ml of sterile water.
These were centrifuged again, as before, to eliminate any salts,
They were resuspended in iml of 30% PEG 6 000. Aliquots of 1004l
were frozen at -70°C. Samples were thawed on ioe before
elactroporation, Only 2ul of DNA was added to each sample, e d
and incubated on ice for a further 5 minutes. These were ticen
eleotroporated under the following conditions:
0,2 om cuvettes; 2,BkKV; 25uF; 4000

one millilitre of LB was added immediately after electroporation,
the sample was transferred into an Eppendorf tube and left to
recover at 26°C for an hour. 1004l wae then plated on an LA pi -
gontaining 200pg/ml streptomycin and 20pg/ml kanamycin. A’
five hours the plates were underlayed with chloramphenicol at a
final concentration of 40pg/ml., Colonles were visible in 2-3
days.

2.9.3 Conpetent cell transformation of E.coli
2,9,3.1 With plasmid

A volume of 0,5ml of an ovesnight praculture of MM294~1 was
inoeulated inte 50ml LB. <(ne cells were yrown with viworous
shaking at 37°C to a donsity of approximately 8x10’ cells/ml or
an ODyy of 0,2, than chilled on ice for 10 minutezx and
gentrifuged at 6000 rpm for 10 minutes at 4°C in a prechilled
rotor (Beckman JA=20), The cells ware resuspended in half the
original culture velume in an ice-colda selutlon of Tris-cacl,,
placed in an ice water bath for 18 minutes and then centrifuged
again, The supornatant was digecarded and the cells resuspanded
in one fifteenth of the original velume in Tris-~Casl, which was
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microfuge and the cells resuspended in 80ul of Solution 1. This
remained =t room temperature for 5 minutes before 1604l of
golution 2 was added and mixed. This stood at room temperature
for 5 minutes whersafter 12041 of Solution 3 was vigorously mixed
in., After 5 minutes on ice this mivture was centrifuged for 1
minute and the supernatant removed to a fresh Eppendorf tube to
which an equal volume of iscpropancl was added. This was left to
stand at room temperature for § minutes. DNA was precipitated by
microfuging on the hench top for 5 minutes. The DNA was washed
with cold ethanol. It was drled and resuspended in 204l of 3mM
Tris, pH 8,0 containing img/ml ribonuclease. After resuspenslon
the volume wag increasad to 1004l and 15ul was loaded on an
agarose gel. The rest wus stored frozen for further examination
with restriction endonucleases. These digestions were carried out
overnight,

2.9 TRANSFORMATIONS
2.9.,1 Protoplast transformation of nocardicforms

Cultures were grown in TYGS broth to a post-exponantial pre-
stationary phase when they were divided into 1 ml aliguots and
elthar umed immediately or stored frozen for fubture use. The
cells warse pelleted and resuspended in b buffer containing Smg/mi
lysozyra., This was incubated at 37°C for 30 minutes. The cells
ware then washed in 0,5ml P buffer and gently resuspended in
0,5ml P buffer. These wera dispensed in 80zl aliguots to which
1-10p) of plasmid DNA in TE was added, A 50% weight per volume
solution of polyethylene glycol 1000 in F huffor was mrde; 80ul
of this was mixed in with the cells and the DNA and left for 4-~5
minutes before beilng gently spread on protoplast regeneration
plates, These plates were incubated at 28°C for 10 hours after
which 0,5nl of a sodlium arsenate-sodium arsenite solution was
introduced bengath the agar in the plate. The final concentration
in each plate was 60nM arsenate and 1omM arsenilte, The plates
ware incubated for a further 5-10 days at 28°C, The colonies were
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the gels., AII markers were run un 0,4% gels and ALIY markers were
run on 1,2% gels. A standard curve of molecular weight versus
distance from the wells was drawn which was used to determine the
slze of Ffragments. The concentration of DNA was detarmined by
vigual comparison with a known concentration and size of one of
the N fragments (See Appendix for formula).

2.7.7.2 Photography of agarose gels

Gels were vieswed and photographed on a UV transilluminator using
a Polarold camera and Polaroid 667 black and white f£ilm.

2.8 PLASMID SCREENS
2.8.1 Small scale preparstion of DNA fron nocardioforms

Strains were grown in TYG broth containing 40mM arsenate.
aliguots of iml were harvested and resuspended in the gsame volume
of Tris-gsuorese to which 5mg of lysoczyme had been added, The
cells were incubated for 1 hour at 37°C with agitation. They were
then pelleted and resuspended in 280yl TE to which 4o0ul of 10%
8D8 in the same buffer was added and gently mixed, After 15
minutes at room temperature, 40pl of 4,5M sodium acetate pH 5,6
was added and gently mixed. Samples were placed on lce for 30
ninntes then microfuged for 20 minutes at 4°C. The supernatant
was sxtracted once with phenol and once with chloroform then the
nualelo acld was ethanol precipitated. After air drying it was
resuspended in 20ul TE containing img/ml ribonuclease. Mixed with
loading buffer, samples were analyzed by electrophorssis in
agarose gels buffered with TBE.

2,8.2 Small scale preparation of DNA from E.coll
gingle colonies were inoculated inte 5ml of LB oontailning

100ug/ml anpielllin and incubated over nilght at 37°¢ with
aeration, A millilitre of overnight culture was pelleted in a
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minutes at 37°C. This was then extracted once with phenol and
chloroform té remove the enzyme, The phosphatased DNA was then
precipitated and resuspended in ligation buffer.

2.7.5 Biunt ending of DNA

DNA was blunt .ded using the Klenow fragment of DNA polymerase
1. This enzyme functiong in most buffers and so could be used
after restriction endenuclease digestion of the DNA or prior to
ligation, A mixture of the four deoxynucleotide~triphosphates was
added and one unit of Klenow snzyme. This was incubated at room
temperature or at 30°C for 30 minutes. BExtraction of the enzyme
with phenol and chloroform c¢ould then follow.

2.7.6 vwigation of DNA

DNA which had been previously digested and had had the enzyme
removed was precipitated and resuspended in 1x ligation buffer
provided by Boehringer—uannheim. Ligations were performed in a
final volume of 20xl containing all the DNA to be ligated. In
mogt cases 0,3ul of T4 DNA ligase was sufficient to ligate the
DNA in 17 hours when it was placed at 14°C. This DNA was then
uged in transformations.

2.7.7 Agarovse gel electrophoresis

Agarose was prepared in 0,5%TBE buffer at concentratlons of 0,4;
4,8 and 1,2%. Gels were prepared using 25ml of agarose to which
1,541 of 10mg/ml ethidium bromlde was added. These were set,
level, at 4°C. BSamples had 2ul of sample loading dye added
before they were loaded into the walls of tha gel. The running
buffer was 0,5xTBE contalning 0,6 pg/ml ethidium bromide. Gels
wara run at betwesn 80V and 120V at room temperature.

2.7.7.3 Pragment size detarmlnation and guantification

Digested DNA was run together with molecular weight warkers on

13



enzyme was removed. The DNA wag treated with TE-saturated phenol
and then with chloreform:isvamyl alcohol '(24:1) before kheing
precipitated, dried and resuspended in an appropriate buffer.

With Exonuclease Bal3ll

The plasmid DNA was first linearised using endonucleases Bgll.
or HindIII in 204l medium buffer (Boshringer-Mannheim). To this
was added isul B buffer (Boehringer-Mannheim), 100sl 1M Nacl,
60u) water, 24l 1M CaCl, and 0,5 units Bal3l. This was incubated
at room temperature (25°C) for 15 minutes to 2h. The enzyme was
removed through treatment with phenol and chloroform before being
precipitated, dried and resuspended in ligation buffer
(Boekringer-Mannhein) .

2.7.2 Phanol«ghloroform extractions

To remove enzymes and other contaminating protelns from DNA
solutions, including agarose, they were subjected to extraction
with phencl and chloroiorm. The phenol used had previously been
gsaturated with TE. Between 80pl and 2004l of phenol was addeq to
the solution and inverted geveral times. This was microfuged for
S minutes when the upper layer was aspirated. On the occasions
when more than one phenol wash was necessary a few microlitres
of 1M Tris pH 8,0 was added to increase the pH, to prevent DNA
being lost at the interface. Afterwards a volume of chloroform
ecqual to that of the phenol waes added. This was well mixed before
being microfuged for 30 sBevonds. The upper layer was agplrated
once agaln.

2.7.4 Daphosphorylation

DNA was linearised by digestion with an appropriate enzyme. This
waa phenol and chloroform extracted to remove the enzyne
afterwards. The DNA was precipitated and resuspended in 50u) of
CIP buffer obtained from Boshringer~Mannheim. A microlitre of
calf intestinal phosphatase was added and incubated for 30
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were stored frozen at -20°C.
2.6.3 Chromosomal DNA extraction from E.coli

The procedure followed wasg similar tc that for total DNA
extraction from nocardioform bacteria, except that C€sCl was
dizsolved before the 50Ti centrifugation step thus eliminating
the clearing centrifugation step.

2.7 DNA MANIPULATIONS
2.7.1 DNA precipitation

In order to precipitate the DNA, NaCl was added to the DNA
solution at a final concentration of 100mM. Two and a half
volures of cold ethanol were added and then centrifuged for 20
minutes in a microfuge at 4°C, The supernatant was then discarded
and the tubes blotted on paper towel. Thesge were dried under
vacuum in 15 minutes. The DNA was then resuspendsd in either TE,
3nM Tris pH 8,0 or restriction enzyme buffer.

2.7.2 Yigestions
With Endonucleasas

DNA which had been stored at ~20°C in TE was precipitated, dried
and resuspended in the appropriate restriction enzyme buffer
provided by the suppliers of the enzymas.'Chromosomal DNA was
digested for between 3h and 16h at the specified tempere:ure,
mostly 37°C, and plasmld DNA was restricted for between 1h and
3h, Deuble and triple digestions were performed simultaneously
where possible in a common buffer. Where the procedure had been
done for the purpose of determining fragment sizes or the
existence of enzyme sites theses digcstions were loaded onto
agarose gels. Where the process had been carried out for
subsequent ligation or treatment wlth alkaline phosphatase the
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Figure 3.2 Inactivation of rifamplecin by rifampicin
resistant strains of ATCCl2674 ( @ ) and
ATCC4277 (@), where (W) is a media control.

3.1.3 Inactivation of rifampicin by other strains

As higher concentrations of rifampicin could be more accurately
measured using zone diffuslon assays, all the girains used vere
made resistant to 100ug/ml rifampicin. These were spontaneous
resistant mutants.

Loy phase ocultures of the rifamplein resistant mutants were
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3.1 ANSAMYCIN INACTIVATION BY NOCARDIOFORM BAGYERIA
3.1.1 Bensitivity of strains to ansamycins

I investigated the ability of strains of nocardioform bacteria
available in our laboratory to inactivate rirampicin, rifamycin
8V anc streptovariain.

To establish the sensitivity range of these organisms to these
antibiotics, some of these strains were replica plated onto LA
plates containing different concentrations of the drugs.

Table 3.1 Senaitivity of varlous strains to ansamycin
drugs. Growth of bacteria is indicated with +.

Rifamploin Rifamycih Bﬁ Streptovaricin

Strain LA 0,12 1 10 0,1 1 10 0,1 1 10 ug/ml
ADCCL2674 bt ek ok b oo

cwzz R e derforke b bt
ATCCARTT ek bk R o
ATCCLABET ki b oo T

cis shepete oo e gk ek

3.1.2 Inactivation of rifampicin by R.eryvthropolis

Previouns work, for my M.Sc. thesls (1989}, revealed that the
R.erythropolis strains grew well on plates contalning a maximum
vonocentration of 0,3uy/wl of »ifampicin. It was alse ghown
previously that through spontaneous mutation to rifamplcin
regigtance of greater than J100pg/ml, the inactivation remained
unaffected, Thim lg the result of the resistance mutation
euourring in the rpoP gene and not in the gane respongible for
inactivation. This can be meen in the following ographs, these
experiments were repeated fur this work.
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container and the pH adjusted to 2-3 with 2N HCl. To this 1ml of
ethyl acetate was added and the resulting mixture was vortexed
and centrifuged. 0,5ml of this extract was transferred to a fresh
tube and dried undexr vacuum. The pellat was dissolved in 204l
acetone. 104l was epotted onto TLC plates (Merck 5715.001
Precoated silica gel 60F,). The ligquid phase for running was
chloroform:methanol 441 or methanol:chloroform 9:1.

2.19 MAXICELL PROTEIN EXPREESION SYBTEM

E.cold, strain CSR603, containing appropriate plas s were grown
overnight in K medium at 37°C. An inoculum of 0,iml of the
preculture was introduced inte 10ml of X medium containing
ampieillin and grown at 37°C until an 0Dy of 0,3 was reached,
The culture was then transferred to a petridish and expesrd to
UV irrediation in a UV Stratolinker 1800, Stratagene. The cells
were then transferred Into f£lasks and aarated at 37%d. Afteyr an
hour 0,1nl of & i1omg/ml oycloserine solution in phosgphate buffer
was added to the lrradlated sells and the inoubation continued
over night at 28°C. The iri gene was expressed to a significant
lavel at 28°C and in the presence of Bi, All the meadia in this
experiment contained Bi. The cells were washed twice with
Hershey’s salts before being resuspended in 1,5ml of Hershey’s

medium, The cells were starved in this medlum for 90 minutes
before 3ul of Vg-methionlne wag added at 15uCi/ml. Incubation
contlnued for 90 minutes at 28°C, Cells were harvested and
resuspended in 60u) of water to which 304) of 3x loading buffer
was added. Each sample was holled for 4 minutes prlor to loading
on an 8DS PAGE gel. The rest of the sample was stored at -202¢,
The gel was stained and destained befors being dried and
auvtoradlographed.
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incubated at room temperatura for 2~5 minutes. 3,54l of the
labelling reaction was added to each terminaticn tube and
continued to incubate at 37°C for 5 minutes. The reaction was
stopped hy adding 4ul of stop solution. Sampleg wery heated to
78°n for 2 minutes immediately before 3ul was loaded.

In order to read sequence close to the primer 1ul of Mn buffer
was added at the labelling step. The presence of Mn®* ions
reducés the average length of DNA synthesised at the termination
step intensifying bands corresponding to sequences close to the
primer. These samples were loaded onto gels that were run until
the bromophenol blue was 80% of the way down the gel,

2.17.3 Blectophoreain of lakelled DNA

Gels were run using the Hoaffer Pokerface II gel system. They
ware run at constant power of 100 Watts agalnst a TBE buffer. 6%
acrylanide gels were poured using the flat gel method of Chang
and Wu (2992) that wukilises caplllary action to draw the
acrylamide solution ketween the plates. This method did not need
taping of the plates and there was no leaking of gels. Short runs
(until the bromophenol blue came off) and longex runs (until the
xylene oylanol or more came off) were performed. The gels were
transferred onto blotting paper &nd dried undex vacuum for 40
minutes. They were then placed in an X-Ray cassette with an X-Ray
£ilm. The films were daveloped bhetween 1 and 7 days later. The
procedura involved 5 minutes in developer, 1 minute in water and
a further 5 minutes in fixer. The films were then washed and air
dried., The sequences were read manually over a light box. The
data was analyzed using saveral different software packages.

2.18 THIN-LAYER CHROMATOGRAPHY OF RIFAMPICIN INACTIVATED
PRODUCTH

The supernatant of a culture challenged with 3J0ug/ml rifampicin
was obtained by centrifugation. 2ml were decanted into a fresh
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resuspended in 10pl water. Of thie 1ul was arialyzed on an agarose
gel and the remainder used for 2-3 sequencing reactions,

2.17.2 8ngquencing reactions
2.17.2.1 Using a pUC sequancing kit (Boshringer-Mannheinm)

Double stranded DNA was denatured using NaOH and EDTA for 5-10
minutes. This was neutralised and precipitated by adding 3M Nahc
and ethanol. To the dried DNA, 18ul water, 1pl of seguencing
primer (2,5pmol), 1,541 of 10x reaction buffer and 2ul 1euci
(¥5]dATP~a~§ was added and inoubated a% 37°C for 15 minutes.
Meanwhile 2ul of esach of the corresponding ANTP/dANTP nixtures
were pipetted into tubss {A,C,G,T). To the DNA primer mix 2 units
of Klenow enzyme wasg added and mixed. 3ul of this was pilpetted
into each of the four (a,C,6,T) tubes. Thesa were placed
immediately into a water bath at 37°C for 20 ninutes. The
reaction was chased by adding 1,58l of a dideoxynuclesctide
mixtura to each tube and incubating at the same temperature for
a further 15 minutes. The reaction was terminated by addiig 4ul
of formamide buffer. Immediately before losling the samples on
the sequencing gsl they were heated for ¥ minutes at 95°C and
gquick cooled on ice. 2x1 was loaded into eaoh slot,

2.17.2,2 Using a Seguenase Version 2.0 kit (United B5States
Biolabs)

If double stranded DNA was uged it was denatured as above. For
annealing of primers to templata DNA 1ul of primer was added to
7pl of DNA with 24l of reactlon buffer. This was heated at 65°¢C
for 2 minutes and then silowed to cool for 15-30 minutes until
the temperature was bhelow 35°C, This was thun placed on loe.
Wwhile <¢ooling 2,5ul of termination mixture was added to
appropriate tubes: (A,C,¢,T). Both dGTP and dITP reactions were
carried out on this GC rich DNA. To the ice cold annealed wixture
1xl 0,1M DTT, 2ul diluted labelling mix, 0,54l [MSIdATP and 24l
of diluted Sequenase polymerasa was sdded. This was mixed and
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2.17.1.2 8ingle stranded phagemid DNA

overnight cultures of pUCL18 clones in JM109 were grown in LB
containing 100ug/ml ampicillin. 304l of culture wae added to 30ul
of M13K07 lysate (titre > 10" pfu/ml) and incubated at 37°C for
20 minutes. Subsegquently 3ml of 2xYT broth was added and this was
incubated at the same temparature with good aeration for 14-18
hours, After the first hour of incubation looug/ml ampicillin and
70ug/wl  kanamyocin were added. CCells were collected by
centrifuging the culture at 4°9C. The supernatant was tranaferred
to a sterile Eppendorf and 20081 of a PEG-NaCl solution was
added. This was mixed thoroughly by vortexing and left at room
temperature for 15 minutes. Phage particles’ were collected by a
5 minute centrifugation at 4°C. The supernatant was discarded.
Care was taken to remove &ll traces of PHEG. The pellet was
resuspendaed in 10041 TE by vigorous vortexing. This wae then
extracted with phenol and chloroform aud precipitated with 10%
3M sodium acetate (vol/vol) and ethanol. DNA wae washed with 70%
ethanol and dried under vacuum. The DNA was resuspended in 20ul
of TE.

2.17.1.3 8ingle stranded DNA from ML3 clones

M13 clones in JML101 were grown for 5 hours in 2xYT medium. Phage
containing supernatant from 1,5ml of culture was obtained by
centrifugation. This was poured into a tube containing 2004l of
the PEG NaCl solution which was mixed well and placed on ice For
10 minutes. To precipitate the phags, sampies were centrifuged
for 10 minutes and the PEG solution carefully ramoved, The pellet
was resuspended in 100pl TE and plaved on ice for 10 minutes,
This was cantrifuged again for 5 minutes to precipitate insoluble
bacterial degradation products. The suparnatant was drawn off and
trangferred to a fresh tube containing L0ul of 3M NaAc and 2504l
phenel/chloroform (l:1l). This was vortexed thoroughly and
gentrifuged. The top phase was carefully removed and re-sxtracted
with phenol/chloroform and again with chloroform, The DNA was
precipitated with ethanol and dried under vacuum. DNA wag
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2.16.4 washing

Membranes were washad twice for 5 minutes at room temperature in
gsolution 1 and twice for 185 minutes at 68°C in solution 2.

2.16.5 Immunological detection

The membranes were washed for i minute in buffer 1. The antibody
conjugate was diluted to 150mU/ml in buffer 1 and the membrane
was incubated in 20ml of the diluted antibody-conjugate selution
for 30 minutes. The membrane was washed twice with buffer 1 for
15 minutes te remove any unbound antibody~conjugate. The membrane
was equilibrated for 2 minutes in 20ml of buffer 3 and then
incubated in the dark with 10ml of the colour solution in a
plastic container. Bands were visible from between 10 minutes and
20 hours after the addition of the colour solution. Once the
hands had developad the menbrane was placed in TE for 5 minutes
and then air dried. The mnembrana could be photographed or
photocoplied.

2.17 . DNA BBQUENCING
2.17.1 Preparation of DNA for sequencing
2.17.1.1 Double stranded DNA

DNA was prepared using the method of alkaline lysim. However
because of the need for very clean DNA, samples were extracted
with phenol between 1 and 4 times and once with chloroform., On
some occasiong DNA was preciplitated with PEG. DNA that had been
precipitated with ethanol was resuspended in 27ul of water., To
this 4ul of a 4M NacCl and 9ul of & 30% PEG solution was added.
The DNA was placed on ice for 20 minutes and the centrifuged at
408 for the pame length of time. The PEG solution was aspirated
and the pellet was washed with 70% ethanol befors it was dried
in a vacuum desicecator,
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membrane was then placed in sterile distilled water. The gel was
removed from the neutralising solution and placed on the support
in an inverted position. The wet nitrocallulose filter was placed
on the gel., Upon this were placed 2 pieces of 3mm Whatman paper
that had been soaked in 2xSSC. A stack of paper towels, cut
slightly smaller than the gel were placed on top of the filter
paper. A 300y welght was balanced on a glass plate on top of the
stack of towels. DNA transfer proceeded overnight. In the morning
the upper layers were removed, the positions of the wells marked
on the membrane with a ball point pen and the filter sovaked in
6x55C for 5 minutes to remove residual agarose. The membrane wasg
allowed to dry on paper towel for 30 minutes at room temperature
before it was baked between 2 pieces of Whatman imm paper at 80°C
for 2 hours under vacuum to f£ix the DNA to the filter.

2,16.2 Probe labelling

Linearised DNA wae purified with a phenol-chloroform extraction
and an ethanol precipitation. The DNA was resuspended in 15ml
gterile water. Single stranded DNA was obtained by boiling the
sample for 1u minutes in a water bath and then chilling guickly
in an ice~water slurry. 2ul of ANTP labelling mixture was added
to the freshly denatured DNA. A mioroliltre 6f Klenhow enezyme was
added. The reaction mixture was incubated at 37°C overnight. In
the morning 3zl of 0,2M EDTA pH 8,0 was added to stop the
reaction. The DNA' was then precipitated with 2,541 4M LiCl and
7541 prechilled ethanol, dried under vacuum and resuspended in
504l TE.

2.16.3 Hybridisation

Membranes were prehybridised for between 2 and 4 hours at 68°C
in 20 ml of hyb-idisation solution. This solution was agitated
From tima to time. The prehybridisation solution was removed and
replaced with 5ml of fresh hybridisation solution containing the
single stranded, labelled DNA. This was incubated at 68°C
overnight.
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in Tris~sucrose with lysozyme. This was incubated for 1 hour at
37°C. The cells were washed twice to remove the lysozyme. They
were resuspended in 60ul of water to which 30ul of 3% leading dye
was added. Edch sample was nmixed vigorously to achieve lysis of
the cells. The samples were bolled for §-10, minutes before they
were loaded onto the gel.

2.16 SOUTHERN wYBRIDISATION

In this procedure a non-radicactive DNA labelling and detection
kit was used. This was supplied by Boehringer-Mannheim. The probe
was labelled by random primed incorporation of digoxigenin-
labelled deoxyuridine triphosphate. Immunological methods were
used to detect this labelled sequence, An antibody conjugate of
antidigoxigen alkaline phosphatase was used. Visual detection of
the probe was obtained by an enzyme catalysed colour reaction
with S5-bromo~4-chloro~3-indalyl phosphate (x-phosphate) and
nitroblue tetrazolium salt (NBT}.

2.16.1% Blotting

DNA was blotted onto nitrocellulese membranes in the described
manner by Sambronﬁ et al (1989). After electrophoresis, the DNA
in the gel was denatured by soaking the gel for 45 minutes in
100ml of denaturing solution on a rotary platform. The gel was
rinsed brisfly in sterile water before being placed in 100ml of
neutralising solution for 30 minutes. The gel was soaked for a
further 15 minute=z in fresh neutralising solution with constant
agitation. The transfer apparatus was prepared while the gel was
soaking., This comprised of a pilece of perspex, wider and i-nger
than the gel, supported on a plastic dish. The dish was filled
with transfer buffer (10x88C). A wick of Whatman 3Imm paper was
placed over the perspex and suspended in the transfer buffer. At
each stage in the proceadings aa different thinces were placed on
the perspex they were smoothed out using a pipette, A plece of
nitrocellulose filter was cut out to the size of the gel. This
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2.15 PREPARATION OF BAMPLES FOR PAGE
2.15.1 Fror supernatant

The parental strain ATCC12674 was grown in TY medium. An aliquot
was taken from the preculture and incculated inte 30ml of TY
medium. When the culture was in exponential phase the antibiotic
was added at a concentration of lug/ml. At time intervals of 2¢
hours, 48 hours and 72 hours, loml aliguots were pelleted at
15,000 rpm for 15 minutes in a Beckman JA-20 centrifuge. The
protein in the supernatants was precipitated by adding on average
6,4@ of ammonium sulphate or as much as would saturate the
supernatant. This sample was then centrifuged at 20 000 rpm for
20 minutes and the supernatants discarded. The proteins were
resuspended in 750ul of sterile distilled water and dialysed
against distllled water overnight to remove the ammonium
gulphate. The sample was decanted and frozen at -80°C bhefore
being lyophiiised overnight on a Virtis lyophiliser. Each sample
was resuspanded in 604l of sterile distilled water before an
aliguot was taken for loading onto a polyacrylamide gel.

2.15.2 Prom E.coli

Extracts of proteins from F.coll were prepared from 1,5ml of
gtationary phase culture. The cells were harvested by
centrifugation. Each sample was resuspended in &60ul of water to
which 304l of 3x loading dye was added. The samples were mixed
and beiled for 5-10 minutes before 204l of each was loaded on the
gel.

2.15.3 Frog nocardicforms

In order to weaken the cell walla to facilitate lysis the
cultures were grown in TYG with an appropriate antibiotic if
necessary. When the culture was in late log phase 20ug/ml
amplcillin vas added to further weaker the walls. At stationary
phase the cells were harvested by centrifugation and resuspended
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ATCC14887 was digested wilith elther Bell or Bglil or BamHI and
ligated to phA30. These constructs were transformed into CW22,

Table 3.7 pDA3C as a c¢loning vector
Plasmid : Number of Tranasformants
None 2
PPA30 + BglIl 14887 4
pBA30 + Bell 14887 8
PDA3O + BamHI 14887 150

Plasmid secrsens of transformants confirmed that DNA had been
insertad into pDA30.

CW22 chromosomal DNA diyested with BglXr was ligated into the
BglIl site of pEcoR251. Numerous tranaformants containing lnserts
were obtained.

3.2.1.5 survivai of E.coll plasmid DNA in nocardiliofurms

In earlier work (Andersen, M.Sc digsertation, 1989) mutants were
made of CW22, These mutants were hypersensitive to rifamploin and
some of them were unable teo inactivate the antibliotia, 8ince they
night possess a restriction system it was necessary to determine
the fata of pEcoR251 in CW22, pDA2G, which is pEooR252 with a
nocardioform plasmld ligated into the BylIl site, had been
sonstiructad by Dabbs (unpublished). CW22 was transformed with
this chimaers,
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ATCCL4587 wag digested with either Boll or BglII or BamHI and
ligated to pDA30. These constructs were transformed inteo CwW2z,

Table 3.7 pDA30 as a cloning vector
Plasmid : Number of Transformants
None . 2
pDA30 + BglITl 14887 4
pDA3C + Bell 14887 g
pPDA30 + BamHI 14887 150

Plasmid screens of transformants confirmed that DNA had bheen
inserted into phA30.

CW22 chromosomal DNA digested with BgllI was ligated into the
BgllII site of pRaoRZ51., Numerous transformants containing inserts
ware obtained,

3.2.1.8 survivai of B.coll plasmid DNA in nocardicforms

In earller work (Andersen, M.Sc dissertation, 198%9) mutants were
made of CW23. Thuse mutants were hypersensitive to rifamplcin and
some of them were unable to inastivate the antibiotic, Singe they
nlght possess a restriction systom 1t was necessary to detarmine
the fate of pEcoR251 in OW22, pDA26, which ls pEcoR251 with a
nogardloform plasmid lLligated into the BglII site, had been
congtructed by Dabbsz (unpubllshed}. CW22 was transformed with
this chimaera.
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structural integrity of the endonuclease was destroyed. They
showed that it was useful as a positive selection cloning vehicle
which could be employed for regulated over production of hybrid
proteins. pEcoR251 was made by combining the above two
approaches. It is a plasmid of 3346 bp that contains th: EcoRI
endonuclease gene fused to a portion of the cro gene of A under
the controel of the A promoter. The plasnid alse contains an
E.coll origin of replication and a gene for ampicillin
resistance.

EcoR]

Bglll

EcoRI

Amp

pEcoR251
3.3kB

™ BamHI

Flgure 3.4 Rastriction map of pEcolr2sl
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Figure 3.3 Rastriction map of pbLAIQ
3.2.1.3 Origin of pEcoR251

pEcoR281 is a positive salection or suicide vector. It producedn
a aene product thai ia lethal for certain bacterial hosta.
Howaver ingertion of a foreign sagment of DNA into the gene
inactivates it, The production of this vector was based on work
done by Zabeaw and Stanley (1982) and work done by Cheng and
Modrich (1983).

Zabeau and Stanley produced a veetor which anhahced expression
of a crofi-galactosidasa fusion protaina under the control of the
Py premoter of badteriophage A. This plasmid wao made by jeoining
DVA segmants carrying the by prometer and tha start of the ore
gena of A to the lac¢ Z gene fragment carried by another plasmid.
Recombininant plasmids which dirceted the gsynthesis of high
lavels of f-galactosidases were cconditionally lethal and could
only be propagated when the Py promoter was repreuaed.

Chang and Medrich produced a plasmid which contained the EcoRI
endonuclease gone down atream from the I, prometer of A. It did

not yield transformants after introduction Into E.cold unless the
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nocardieform species R.erythropolis straln ATCC12674 and the
other plasmid, pEcoR251, from E.coli. Neither of these plasmids
are naturally cocurring. They are both the result of considerable
genetic manipulation.

3.2.1.2 Origin of pDA3QC

A large plasmid of about 120kb was isolated by Iabbs and Bole
(1987) from ATCCL2674. This was done using .- priwvarily genetic
approach. An unstable genstic element was ideatified which
conferved resistance to cadmium chloride, cshloramphenicol, sodiunm
argenate and sodium arsenite, No plasmids were visible on agarose
gels and this was thought to be the result of integration of the
plasmid with the chromosome, To disrupt the integration of the
elements, plaswid DNA was packaged using the generalised
transducing nocardiophage Q4 (Dabbs, 1987). These were transduced
into & derivative of ATCCL2674, CW22, which had been
spontaneously cured of resistance to those heavy metals and
echloramphenicol. Transductants were selected for increased
registance and these showed plasmid bands on agarose gal
electrophoresis., These plasmids were chimeras of the unstable
genatle element and part of the Q4 phage genome,

A plasnld was transformed inte a related Rhodocooous strain
ATCC14887 (R.equi restricts ATCCI2674 DNA and is not lysed by Q4
phage). This produced a lot of smaller plasmnids. The smallest
being pDA21. When this plasmid was traneformed into <W22 it
showed resistance to sodiuvm arsenate and sodium arsenite and it
ratained the Q4 phage Immunity. A restriction map was made of
phA2L and it was shown te be 13,3kb in size, pDA2L was further
reduced in size by digesting it with a number of restriction
enzymes and than ligating them. It was found that an EcoRI
fragment and a couple of BamHI fragmenta wera not assential. The
resulting plasmid was pDA30 and was about 11,2kb in size (Dabks
et al, 1990),
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These conditions ilncluded optimal growth phase, the absence of
agitation at the lysozyme step, the volume of protoplasts, the
concentration of the selective agents - arsenate and arsenlte -
and the time of additlon of the selective agents.

The glycine concentration of the broth alse needed to be
optimised. Glycine weakens the cell wall by interfering with the
glycine - glysine bonds in the cell wall. A preliminary tolerance
axperiment, whare CW22 was grown with glycine concentrations
varying betweeri 0 and 8%, showed that the optimum concentration
‘1ies between 2% and 6%, Cells were prepared in 3%,4% and 5%
glycine for tran.formation, A 1:100 inoculum of a stationary
phase oulture was introduced and samples were taken at regular
intervals over a 786h period. The samples were frozen. After all
the samples had been taken, they were thawed and transformed: .
0,119 of pDA30. After 6 days the following results were obtained.

Tabla 3.5 Vptimisation of glycine concenhtration for
transformation

Number of Transformants

Time ¢(h) 3% gly 4% gly 5% gly
18 0 . 0 0

30 0 0 o

42 24 4 10

54 112 183 272

66 173 214 500

78 ! 216 254

The dgreatest number of transformants were obtained from cslls
grown for 66h in B% glyaine 0Dy, of 3,05. A bulk culture of CWaz
in TY + 5% glycine was grown to ah ODg, of 3,00. One millilitre
aliguots were frozen for future use,

The approach that was followed to construct the Rhodocogcus -
#.coll shuttle vector involved the ligation of two plasmids of
different origins. One plasmid, pDA3C, wae derived from a
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samples exposed to rifampicin. Sedium tauracholate samples showed
an extra low molecular weight band while ampleillin samples
showad an axtra high molacular weight band,

Additional experiments were done including using the protease
inhibitor PMSF. These falled to make the situation any clearer,
As the original experiment by Dabbs (1987) required the culture
+o be in stationary phase for at least 40 hours, the cells were
probably being lysed by thie time, Thie presented the possibility
that the enzyme was actually an intracellular enzyme.

3.1.7 Non-inactivating mutants

To clohe the gene responsible for inactivation by vomplementation
a non-tnactivating mutant was needed. In work done prior to this
. thesis, 14 mutants were preoduced by E.Dabbs and myself, These
were hypersensitive to rifampicin apd thiee were clear non-
inactivating mutants: Ri7, RiB arnd Ril4. These mutants were of
strain CW22 a derivative of R.erythropolis ATCC12674.

In this work the other R.erythropelis strains ATCC4277 and
DEML06%8 which had beean mutagenised were scresned for
hypersensitive mutants, OFf 224 ATCC4277 wcolonies scresned no
mutants were obtained. Three potentlal hypersensitive mutants
were obtalned from DEM1DAS. On replica plating only one of thase
proved to be hypersensitive. However lnactivation assays of this
mutant, R115, showed that it still inactivated rifamplcin.

2,2 S8HUTTLE VECTOR CONSTRUCTION
8.2.1 Preliminary Experiments

3.2,1.1 Optimisation of Nocardlioform Transformation

Most of the oconditions Ffor transformation of CW22 had been
optimised previously (Andersen 8J, M.Sc. Dissertation, 1989).

60



Attempts were made to identify this protein. Protein wae isolated
from the supernatants of rifampicin challenged and non-challenged
cultures and separated on polyacrylamide gels, It had bheen
reported by Dabbs (1587) that inactivation of the drug was
detectable only with supernatants from cultures maintained in
stationary phase for at Jleast 40 hours. For this reason
supernatants were prepared from ocultares at varying times in
order to detect when this protein was released.,

Samples of 10ml were taken after 2 days and every 12 hours for
a further 2 days. After preparing the samples half of each was
loaded on a polyacrylamide gel. Aftey staining and destaining
very faint bands could be seen. However more sample was needed
1f any differences were to be determihed,

Larger samples of' 20ml wete taken and procassaed. No bandg were
saan in the samples from supernatants of cultures ﬁct axposed to
the antibioti¢. Many bands were seen in the samples expused to
rifamplcin, In fact it appeared as though the samples had been
lysed,

¢ulturss were exposed to other agents that lyse cells. These
included 10ug/ml ampicillin, 10ug/ml fusidic acid and 0,02%
sodium tauracholate, Bupernatants of cultures exposed to these
agents during log phase were harvested 8 hours later. After
cantrlfugation no pellets were visible, however water was added
to resuspend low concentrations of protein, Thaese samples were
dialysed but not lyophilised before alectrophoresis. The gel was
blank except for the lane from the ampicillin challenged culture
which showed definite bands. Repetition of this experiment
indicated that the samples needed to be concentrated further,

Lyophilisation of the samplee incceased the protein yleld with
bands appearing in most lanes. The lanes that were bhlank were
those not exposed to any additional agent. Although it wan
diffloult to determine, no axtra bands could be identiflied in the
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Table 3.4 zone inhibition assay to identify the antiblotic
released by DBM40512

Assay organism: ' opat RiER stvt
sopg/ml stv in LB: large zone no zZons noc zone

DSM40BE12 supernatant: small zone small zone snall zone

This shows that the substance being produced is not
streptovaricin for Lf it was there would be no zone on the plate
assayed with the Stv® assay organism. Checking the DSM catalogue

it became apparent that DSM40512 produces two products other than

streptovaricin: actinospectacin and prodigiocin were therefore
prokably responsible for producing the small zones of inhibition.
There alsc appeared to be a cross resistance between rifampicin
~and streptovaricin in B.subtilis.

2.1.5 Non~inacstivation of streptolydigin

Another antiblotic that also inhibits RNA polymerase is
streptolydiyin, Attempts were made to see i1f the drug was
inactivated, Boh A.oxydans and B.subtilils did not give zones of
inhibition at similar concentrations to the ansamycins. Zones
appeared at 500ug/ml on B.subtills lawns. This concentration
inhibited the growth of most strains tested and none of them gave
any indication of inactivation. Those tested included
R.erythropolls, R.australle, R.fasclans, R.rubrapertinctus,
§.spectabilis, S.lividans and M.smegmatis.

3.4.6 Protein isolations from nocardioform supernatants

Previous work done in this laboratory by Dabbs (1987) showed that
the supernatants of cultures challenged with sub-inhibitory
concentrations of rifampicin were able to inactivate the drug.
This seemed to indicate that a protein was being released into
the supernatant that had inactivating ability.
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and R.fascians. These were then tested for streptovaricin
inactivation and better definition of zones were obtained. These
revealed that both AB54 and R.fasclans totally inactivated
streptovaricin. '

3.1.4 Inuctivation by ansamycin producing organisms

The antibiotic producing organisms, Amycolatopr~is mediterranei
(rifamycing) and streptomyces spectabilis (streptovaricins), were
tested for the presence of inactivation mechanisms.

A.maditerranei wids tested for its level of resistance to
rifamploin. As reported by Hardisson et al, (1984) this strain
was found to be resistant to at least 100ug/ml rifampicin. The
strain was grown under the same conditions as the other
nocardioforms. Once the strain had entered log phase 1t was
challenged with 20ug/ml rifampicin. Assay of the supernatant 20
hours later showed that there had been no inactivation of the
antibiotic.

S.spectabilis DSM40512 was grown to stationary phase and seeded
on a broth plate containing 100ug/ml streptovaricin., A lawn of
bacteria grew up showing that the organism was resistant to the
antibiotlec it produced,

Inactivation assays showed that most of the antiblotic was
inactivated. However a small zone of inhibition on the B.subtilis
lawn was consistently observed., A culture was grown and assayed
without the addition of the antibiotic and the small zone was
still present., This seemad to indicate that an antibiotic was
being produced. To determine whether the product was
streptovaricin, assay organisms resistant to rifampicin (Rif) and
one resistant to streptovaricin (8tv) were made. The assay was
repeated using the regular spectinomycin (Spc) resistant organism
and both the newly made mutants.
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rifamycin SV and streptovaricin. Thus the rifampicin resistant
mutants produced for the earlier work could alsec be used to assay
for inactivation with these drugs.

Rifamydin 5V was assayed under the same conditions as rifampicin,
Thegs conditions were not optimal for streptovaricin. Ne zones
of inhibition could be seen using 1l0pg/ml etreptovaricin.
Optimisation showed that S0ug/»l streptovaricin and either a 10%
dilution of €18 or B.subtillis were more definitive.

Table 3.3 Inactivation of rifamycin SV and streptovaricin
by various strains of bacteria

strain 10pg/ml RSV 50pg/ml STV

R.esrythropolis

ATCCl2674 YES NO
ATCCA277 YES NO
DEM1069 YES YES
R.equl YES NO
R.rubropertinctus NO NO
R.australis
- h44g YES ' NO
ABB4 YES YES
R.fasolans YES YES
A.oxydansCls YES NO
B.subtilis NO YEY

M.smegmatis was also tested. This is a much slower growing
strain. The cell free control containing LB and the antibiotic
wag hydrolysed before any detectable differences were observed.

Surprisingly the B.subtilis strain which was able to inactivate
rifampilecin was not able to inactivate rifamycin 8V, but was able
to inactivate streptovaricin. This wae repeated more than three
times using the plate assay and twice using a quantitative assay
in liguid culture, In each nase the result was confirmed,
B.gubtilis 1A3~-1 did not inactivate rifamycin 8V.

Az the zonee of inhibition were not as clear for these
ansanycins, streptovaricin resistant mutants were made of AB5B4
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challenged with 20ug/ml of the antibiotic then monitored for one
or two days. In this time inactivation assays were performed and
colour changes observed, Each of these was repeated at least
tw.ice»

Table 3.2 Inactivation and degolorisation of Z20ug/ml
rifampicin by various strains of bacteria

Strain Inactivated Decolorised

R.,erythropolis :
ATCC12674 YES YES

ATCC4A277 YES YES

DSM1069 YES YES
R.equi YES - YES
R.rxubropertinctus NO NO
R.australis

Ad48B YES NO

ASB4 YES NG
R.fasclans : YES * o1 TESTED
A.oxydans C18 YES YES
8.1lividans : YES NO
M.smegnatis YES YES
B.subtiliz YES NO
E.ooll YES YES

Of all the strains tested only R.rubropertinectus did not
inactivate rifampicin under the same conditions as the cthers.
This assay consistently obtained the same result. Most of the
strains also decolorised the antibiotic, notable exceptions being
the R.australls strains A448 and A554, S.llvidans and B.subtilis.

3.1.3 Inactivation of other ansamycins

We assayed these stralns for their ability to inactivate other
ansamyein antiblotics, rifamyein 8V (R8V) and streptovaricin
(8TV}. Both are naturally occurring antibiotice with rifampicin
being a seml-synthetic derivative of the rifamycins and
streptovaricln being a different class of ansamyecin.

Replica plating revealed that resistance to rifampicin at the
rpoBE locus also increased the level of rezistance to both
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there ig a 100% «fficliency of ligation of inserts. In this casa
where there has been a 72% efficiency, N = 7922. 8o a library of
a minimum of 8000 transformants was constructad.

buring the construction of the library plasmid screens of
transformants were regularly done to determine the number of
inserts and the size of the inserte. The origin of the inserted
DNA was also vaerifled by blotting BglIl digested DNA from MM294-1
and ATCC4277 and probing with the DNA inserted into pDA37 from
several of the transformants.

Probes were prepared by digesting the plasmids obtained from the
transformants with BglII, This DNA was separated on a 0,8% low
melting agarcse gel. The ineerts were purified and labelled with
non-radicactive digoxygenin. The kit used was the "DNA lakelling
and detection kit" from Boehringer-Mannheim, These fragments of
PNA were uamed to probe niltrocalluless mgmbranes onto which
digested MM294~1 and ATCC4277 DNA had been blotted. Hybridisation
was detected using the immunclogical visualisation procedurs. All
the probes bound to the ATCC4277 DMA and none to tha MM284~1 DNA
confirming the origin of ihe inserted DNA,

A library of 20 500 transformants was constructed with an average
insert size eof 3,3kb. ¢f the transiormants 79% contalhed
detectable lnserts, that is inserts greater than 200bpe, Thus the
probability of any gens being present in this library is greater
than 87,5%,

Transformants weras washed off the plates using LB contalining
50ug/ml empicillin and Jo0ug/mi rifampicin., Aligquots were storad
in glycerel at =70°C and an aliguot was lnoculated Into 200ml of
the above media in order to do a hulk extraction of the library.

3,3.2 Isglation of DNA sarrying iri* gene

As the method of dloning wae by complemsntation, a mutant unable
to Lnactlvate rifampicin would be the reciplent strain, In
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Figure 3,3 Bylll digested DNA from plasmid screens of Lox
trancforaanta, Lang 1@ molacular welght narker

Inzerts were doteustad in § ocut oY 1) transformants fram the §x
ligatien and in L3 sut of 13 tvanstformants from tha 15x Ligation.
Al) subksagquent kigationa wore pexformed with a ratio of 112
vegtor to wnasart: The avarage insert size of v, lattar was
detarmined £o be 3,92kb. This flaure is neaded to dstormine the
approximate number of  transiormants neaded  for o a library
(Appendlix) .
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Figure 3.3 Folll digested DNA frem plasmid screens of ldéx
transformants, lane L3 moleoular walght marker

Inserta wara'detact&d in 8§ aoun of 12 transformants Crom the 2%
Ligatien and in 13 out of 19 transtformants from the Léx Ligation.
All subsequent kigationa worm parforsed with a gatio of 132
vactor to insert. The aviaramy lnsert sirze of tho latter was
dsternined teo be 2,J2kb., This figure i3 needed to determine tha
approximate number of trangformants needed foer a  library
(Appandiz) .
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3.3 pDA37 IN THE CLONING OF AN iri GENE

In principle, the sourde of DNA used to construct the library
whioh was to be transformed into the mutant Rig8 could be its
parental strain. However the presence of a rec system in
rnocardloforms would lead to recombination between plasmid-borne
DNA and homologous sequences in the chromosome. To reduce such
reconbination, a library was constructed from another
nocardicform strain ATCC4277. This strain was alsgo tound to
inactivate rifampicin with the concomitant changes in the
absorption spectrum of the antibiotic. DNA from this strain was
subjected to partial digestion with BglIT and ligated with pDA37
DNA digested with the same enzyme, The vector was not treated
with alkal’ne phouphatase to prevent reclroularisation because
of the positive selection function of the plaswid.

343,1 Gonstruction of the genomic library of ATCC4277 DNA
In order to establish optimum conditions tor 1igation, varying

amounts of chromosomal DNA vere ligated inte a unlform amount of
pbA37 and tha number of transformante determined.

Tahle 3.13 Optimisation of Dia ratios for ligation
DNA . Number of Transformants
None 1
pDA3? 0
pER322 107
pPRA3T cut and ligated 2
PDA3T + 2 ¥ chromosomal 23
pPA3T + 4 % chromosomal 14
PDAIT7 + 8 % chromosomal 26
PDA37 + 16x chromosomal 20

Plasnid soreens of colonlss from beth the 2x and 16% chromosomal
plates were performed to evaluate the slzes of the Iinserts in
@ach ocasa,
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Tahle 1.13 ELficlency of pDA37 »n transformation

- i a e sz

i:4

pLAL? pPDA37 + lngarts
sl /transformation ] 160
Number of transformants 3 ) 1018
Concantration of DNA 9 Ang/ild : 117,4ng/ud
Transformants/sgiNA 1349 g7

Asp718,. Pwll EI'coRI
. '“”"\

Pvull

Blll

EeoRI

Plgure 3.7 Regtriction map of phialy
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Table 3.11 5hvlis as a cloning vector

Plaﬁmid Number of transformante
None 2
pDA30 1164
8hwvis 1056
Shv15 4 14887 . 450

Plasmid soreens of transformants oonfirmed that there were
inserts in Shvi and shv24.

On the bamiz of these results lt was degided to use shV2d as a
oloning veotor., This oxrientation was given the designation pDA3Y
and the other orientation pDA38.

A transformation with DNA isolated from both nocardioform and
B.coll backgrounds was done using both MM294 and AMM294 as
recipients. This was to determine if the EooRI endonuclease gene
wag still functional. Many colonies were obtained in the lambda
containing strain while none were obtained in MM2594. The number
of transformants were relatively low, so slghificant comparison,
resulting from the strain from which the DNA was extracted, could
not be made. In order to determine the effiolency of
transformation in the nocardloforms, the congentration of the DNA
was determined and compared with the number of transformants
obtained, thils was determined relative to a known congentration
of DNA on an'aqarosa gal,
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migrated faster in agarose gels. If these could be used as
effective shuttle veotors it would be advantageous as they are
smaller plasmids. Fach igsolate was prepared in bulk and purified
on a CsCl gradient. These were transformed into MM294 and the A
lysogen of the strain. The transformation results showed that the
FooRI endonuclease gene was still functioning. In order to
determine if these vectors could be used to bkuilld libraries a
rapresantative of each orientation, shvi and 8hv4, as wall as the
smaller shV3 and shvis were digested with ﬁgiII. Chromosonal DNA
from ATCCIL4887 digested with BglIl wae ligated into thase. They
were subsegquently transformed into MM294. Plasmid screens of the
transtormantas showed that each vector contained some inserts and
that ShVi contained more than the others. DNA from this pool of
clones was transformed inte ATCC4277. After ten days, the
following results were observed.

Table 3.10 shvi, $hv3d and ShVv 4 asg cloning vectors

DNA Number of transformants
None 2

pDA30 700+

8hvl ) 3

shvi + 14887 123

BhV3 2

Shv3 + 14887 178

8hv4 3

shvé + 14887 1018

Bimilar concentrations of DNA had ben used, indicating that there
wag some advantage in uslng 8&hv4, this could be dua to
oriantation,

A transformation of 8hvis + chromosomal DNA and 8hvlis alona,

where the concentration of Shvis was increased ten fold, produced
the following results after ten days.
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Figure 3.5 Bgarose gel of BamHI and Bglll digests of putative
shuttle vecters,showing different orilentations.
Lane 1:AIXI molecular welght marker

21 8hvl uncut

5hvl digested with Bam#l and BgllIl

Shvl digested with Pvulrl

£hv24 uncut

Shva4 digested with Bam#l and Bglil

shva4 digested with Pvull
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be useful for positive selection vector construction.

After the original plasmids were digested with the appropriate
enzymes an aliguot of each sample was run on a gel to verify
complete digestion. The pEcoR251 was phosphatased before being
ligated to pDA30. An egual volume of uncut pEcoR251l was passed
through the alkaline phosphatase treatment to determine the
amount of DNA lost through this process, Several different
ligation mixtures were prepared. Half of each was transformed
into AMM294. Results are shown belaow. '

Table 3.9 Transformation of A\MM294 with pEcoR251 ligated DNA
Ligation Mixture Rumber of
Transformants
No DNA 0
pEceR251 unout ~1244
pEcoR251 uncut, phosphatased ~484
pEcoR2E1 cut 27
pEcoR251 out, ligated ~750
pEcoR281 cut, phosphatased 2
pECcOR251 cut, phosphatased, ligated 7
pEcoR251 out, phosphatased, ligated
' to pDA30 7

The 7 colonies that potentially carried shuttle vectors were
screened to determine their plasmid content. There was one
putative ghuttle vector (8hv4). When the othaer half of the above
ligation mixtures were transformed into AMM294 68 colonies grew
that potentially contained shuttle vectoras. Twenty~four
transformants were screened for plasmids, of these 6 contained
putative shuttle vectors: shV¥’/s 1, 3, 5, 11, 15 and 24. The DNA
was digested with BamHI and BglTl to determine the orientations
of the plasmids and both were found.
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Tabhle 3.8 Transformation of CW22 with pDA3¢ and pDAZE

Plasmid Number of Transformants
No plasmid 0
0,1ug pDA30 564
0,1lug pDA2G 550

There did not appear to be a significant decrease in the number
of transformarits. So it was decided that the mutants already wade
could be used without the introduction of any further mutations.

Some of these transformants were replica plated onto LA plates
containing djifferent concentrations of amplcillin. pDA30 rew
wall at i0pg/ml while pDA26 thrived at 15ug/ml. There was no
increase in resistance to arsenate or arsenite in E.coli.

AMM294 grew on 2ug/ml ampicillin but not on Spg/ml. However
AMM294 containing pEcoR251 grew well on 1000ug/ml ampileillin.

3.2.2 Construction of pDA37 and pDA3g

phDA30 contained a unique BglII site in a non-essential region of
the plasmid. pEcoR251 had a unigque BamHI site that daid not
interrupt any of tha critical regions of this plasmid. These
plasmids were digested with +these e~ wes which produce
compatible coheslvae ends, phosphatased . lgated., They wera
subsequently transformed into hMM294 and toansformants scoreenesd
for inserts. Initially doublete and triplets of pEcoR251 as well
ar deletion mutante were obtained, The 14 delsted plasmids were
screened with various enzymes to identify the missing region. A
smaller functional plasmid would facilitate construction of =&
gmaller shuttle vector. All the plasmids had lost both their
Bam#I and BglII sites. This indlcated that the deletlons had
sccurred within the endonuclease gene, Thase plasmids would not
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Tabla 2.8 Transformation of ¢W22 with pDA30Q and pDAzé

Plasmid Number of Transformants
No plasmid 0
0,1lug pDA3D 564

D, 1o pDA26 550

There Jdid not.appear to be a significant decrease in the number
of transformants., So it was decided that the mutants already made
gould be used without the introduction of any further mutations.

Scme of these transformants were replica plated onto LA plates
containing different concentrations of ampicillin. pDA30 grew
well at 10pg/ml while pDA26 thrived at 15ug/ml, There was no
increase in resistance to arsenate or arsenite in E.cold.

AMM294 graew on 2pg/ml ampleillin but not on Bug/ml. However
AMM294 wcontaining pEcoR251 grew well on 1000sg/ml ampicillin,

3.,2.2 Construction of DPDA37 and pDA3S

pDA30 contained a unigque Bglil site in a nun-essential region of
the plasmid. pEcoR251 had a unigue BamHI site that did not
interrupt any of the oritical regions of this plasmid. These
plasmids were digested with these enzymes which produce
compatible cohesive ends, phosphatased and ligated. They were
subseguently transformed into AMM224 and tranaformants screened
for inserts. Initially doublets and triplets of pEcoR251 as well
as deletion mutants were obtained. The 14 deleted plasmids were
soreened with various enzymes to identify the missing region. a
smaller functional plasmid would facilitate construction of a
smaller shuttle vector., All the plasmids had lost koth their
BanHI and BglIT sites. This indicated that the deletions had
cccurred within the endonuclease gene., These plasmids would not
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The above figure demonstrates clearly the colour change that was
identified by Dabks (1987), and confirms that this colour change
is coded for by the same piasmid that is responsible for
rifampicin inactivation,

3.4 BUBCLONING OF THE frl GENE FROM R.erythropolis
3.4.1 Congtructing a restriction map

The clone used in devaloping the restriction map was #6. Fragment
sizes from the gels comparing #3 and #6 were determined. Becausa
these digestions were of the lnsert still in the vector it was

diffionlt to identify the fragments in the insert. Thus Bglll
| digested plasmid was separated on a low melting agarose gel and
both the inserted fragments were purified. Single and double
digaeste using the, following enzymes were done: E¢oRI, HindIII,
Pvull, BamiI and Asp7l1&. These were separated on both 0,4% and
1,2% gels in order to slze the fragments more accurately. It was
noted if certain bands were mailntained or cut by the sesond
enzyme, The sizes were determined and a preliminary map
gongtructed, The insert slze was 8,5Kh. As there were several
spaces in the map more enzymes were triad in order to fill the
gaps. Attempts were made using enzymes that had only one or two
sites in the fragment. Of the following enzymes EcoRV and Stul
cut onoe, NobtI cut twloe and Dral and Scal did not cut, These
gites were mapped.
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Figure 3.13 Prelipinary restriction map of #6
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Table 3,18 Ratas of inactivation by R.erythropolis.

strain/Plasmid Rats of Inactivation
ATCC4277 47ng/min
ATCCL2674 gang/min
#6 in Ris-1 12%ng/nin

2 distinet colour change was noted with the inactivation of the
antiblotic, Rifampicin is soluble in chloroform and chloroform
il not missable with water but separates from it. Bulk cultures
of Rig~l containing alther pDA30 or #6 were grown and challenged
with Soug/m’ of rifamplain., After 20h the antibiotic wase
extracted by adding Sml of chloroferm and shaking well. The
chlaroform was then aspirated from under the culture meuiun.

e m e e e o -

E - 13
-
E 3

Flgure 3.12 Chlorofom oxtraction of rirfampicin and rifampicin
degradation products in tha presance and aksenco
of the Iri gene
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dansity and challenged with 10ug/ml of the antibiotic, Samples
ware .ken every half hour for the first four hours and then
avery two hours up until 10 hours. The inactivation curves are
shown in the figure below, |
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Time (hours)

Rifampicin concentration (ug/mi)

Figure 3.1 Inactivation of wifampicin by R.erythropolis
straing resistant to rifampicin, (A‘J ~ {6, (@) ~
W22, (A} - ATCC4277, (@) =~ call frae control,

Values for the concentrations of rifampiloin present in a spacific
culture at a given time were plotted on semi-log graph paper. By
measuring the gradiants of these lines the rates of iractivation
could be determined.
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1.2

Rifampicin concentration (ug/mi)

Time (hours)

Figure 3.10 Inactivation of rifamplein by R.exythropolis.
(@) ~ 46, (@) - ATCC4277, (A) - Ris=1, (m) -
cell f£ree contrel.

The plasmid bearing strain carrying the Jdri gene was
inactivating the wifampicin wore quickly than the wild type
gtrains., This could be ascribed to a copy number effect with
multiple coples of the plasmid in each cell,

similar experimentes were done using higher concentrations of

rifamplein and rifampicin resistant mutants of the satrains,
culturas in log phase were equilibrated with respect to optical
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work had used B.subtilis 1A3-1 (spectinomycin resistant). This
organism gave larger =zones of inhlbition at low antiblotic
conagentrations, hence it was used as an assay organism for liguid
¢gulture. This was not sugcessful. In retrospect, it could be sean
that this organism wae sensitive to l0ng/ml rifamplcin and the
conoentrations of rifampicin to be measured were an order of
magnitude or two greater, This organism had also been useful
because of the spectinomycin resistance marker. The streptomyein
resistance marker of A.oxydans Cl8 was no longer usefu] as Ris-l
now cohtained a similar resigtance., PFor this reason a
gpectinomycin resistance mutation was introduced into A.oxydans
€18 by selecting for a mutant spontaneously resistant to 200ug/ml
spectinomyein, Thils mutant was designated A,oxydans €188 and it
wag uged in all subseguent guantitative assays.

Cultures of #6, ATCC4277 - the organism from which the DNA was
cloned, ATCCL2674 - t -« parental gtrain of Rig-1 and Ri&~1 were
grown to log phasa. Ihese were equilibrated to similar cell
denslty before being challenged with lug/ml rifampicin. Samples
ware taken at regular intervals. Initially a useful time scale,
that inoluded inactivation by the ptrain with the slowest rate,
wag ascertained. In other words when the slowest lnactivating
culture had completely inactivated the antibiotic. After
repeating this experiment four times taking samples aevery hour
or every two hours for 16 hours it was clearly shown that Rig~1
did not inactivate rifampicin in this time peried. It was alse
clesr that most of the inactivation took place in the first two
hours and talled off from 4h o 8h. The experiment wag repeated
taking samples every half hour for the First two hours and every
two hours after that., The results of this are recorded in the
Elgure halow.
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To ensure that the rifamplein inactivation was due to the
presence of the plasmids, cultures of each wsre cured of the
plagmid by growth in the presence of 20ug/ml of ethidium bromide.
These oultures were then assayed for inactivation of the
antibiotic in parallel with those still containing the plasmids,
These rasults are shown below,

Table 3.17 Comparison of rifampicin inactivation between
culture contalning recombinant plasmids and those
cured of these plasmids

Strain/Plasmid oh 4h gh

No cell control * * *

#1 %

#3 *

#4 *

#86 ¥

#6 *

Curad:#1 * * *
#2 % % *
#3 *® * *
#4 * * *
#5 * * *

where % indicates the presence of rifampicin in the culture
medium. _

Thase results confirmed that the abllity to inac.ivate rifampicin
was enooded by genes on the recombinant plasmids. The plasmid in
tranaformant #6 wae chosen for more detailled investigation into
the procasg of inactivation. To do this an assay was used that
would guantitate the concentration of rifampicin in the culture
at a glven time, This assay worked on the same principle as the
plata assay method, howaver it wsg donrs in liguid culture so that
gpactrophotometric readings cuuld be taken >f the growth of the
agsay organism in order to ceternine the drug concentration.

Previously {8.Andersen, M,Sc Dissertation 1989) a method had been
developed using A.oxydans Cl8 (streptomyecin reaistant} as an
agsay orgenism. This straln has been used for both plate and
Ligquid asuays. The plate assays carried out in thls part of the
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Table 3.15 Resistance to rifampicin conferred by #1-#6

Rifamplein in ug/ml
Strain LA 0,1 0,2 0,3 0,4 0,5 g,6

ATCC12674 oefee} el ot odeir
pDA30D in Rig doboe
pDA37 in Ri® opesfuspe

#i erfer o ot Aerfe dopobe oeeferde
#2 ek

#3 L b LEES gt frefeede dofeke oot
#4 e e ot oot ol o
#5 ohoferte ke ookt feefort oot ook
#6 : okt dedede e b bt ot

where +++ indicates growth, all plates contained 40mM arsehate
- for plasmid maintenance.

Assays revealed that strains carrying these plasmids inactivated
rifamploin.

3.3.3 Rifampilein inactivation by the cloned gene

Rifampicin inactivation assays were carrled out on several of the
transformants. Samples of the supernatants were assayid every 2,5
houre for 7,5 hours. The cultures were challenged with lug/ml
rifampicin. The following results were obtained.

Table 3.16 Inactivation of rifampicin by complementing
transformants

gtrain/Plasmid

=
=

2, 8h &h 7,.8h

No ¢aell contrel
PpPA30

ATCCL2674

#1

%
% o % X o ¥ F ¥
*

- ]

1.

where % indicater the presence of rifampicin,
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Flgure 3.9 An agarass gel of transformants #l-#8,
pDA37 in lanes 1 and 2, tranformants #l-#4 In
lanag 3-3

The plasmids were all axtracted and purified on Cecl gradients
for further analysizs. Aftaer digestion with 3glil and separation
on an agarosae gal it bacame evident that 2ach coentained the same
slged inserts except for che which did not have an insarec., Each
had two BgllII fragments insoarted lnto pDA37Y, one of akout Jkb and
the ether about 0,Ikk,

Two of these plasmids wers chouan for Further analysis #3 and #6,
Identical digestlions wara denc of qach one: 3ingle and doubla
digests with BgllT, HindlI?r, EcoRrI and Pvull, Thero wiag no
glgnificant differance betwoesn thase plasmids,

Whan several of these alongs wers tastad for incraased raslatancs
to rifampLax v Wi found thit the level of rosigtancs had
inereaged § feld oavar Bidel. It wag 1lac neras thag tvice tha
lavel »f reosistancr 1 nhe wild oypo ATSCLLuYw. Thiaz 13 net
surprising aa i enc g mow Loeatod om0 plagmid,

probahly in multiple coples in the onll,

R
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transform the genomic library. The transformation efficiency was
53 100 tranaformants/ug' of pDA30, Ag heterologous DNA reduces the
transformation efficiency on average 100 fold, 531
transformants/ug genomic library DNA could be expected.

To check for reversion in Ri8-1 allgquots of ocultures of the
gtrain and the same containing pDA30 were spread on broth plates
supplemented with 0,3 or 0,6 or 1,0ug/ml rifampicin. The plates
. spread with the plasmid containing strain were also supplemented
with 40mM arsenate. After three days at 26°C no colonies had
appeared on the plates thus showing a clear mutant.

About 24 000 transfurmants “esistant to arsens .e and arsenite
were ohtained. These were washed into broth supplemented with
 60mM arsenate. From thie suspension 0,1iml (containing 8x10°
colony forming units) was spread on a plate supplemented with
40mM arsenate and 0,3ug/inl rifampicin. As a control, a similar
amount of celle of strain Ris-1 transformed with pDA30 was spread
on an identical plate.

After 72h of incubatlon at 26°C, there were 38 colonies on the
plate spread wlilth cells transformed with the 1library but no
colonles were observed on the plate spread with cells transformed
with pDA30.

Cultures were grown from six of thesge colonies and scoreened for
plasmids. In each case, the plasmid was of a simllar size and
migrated substantially slower in agarose gela than the vector
itself. Half of the DNA prepared from the plasmid screens was
transformed back into EF.coli. This was to ensure that we still
had the plasmid in case it reintegrated inteo the host chromesome.
DNA prepared from E.coll was also easier to manipulate,
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transform the genomic library, The transformation efficiency was
53 100 transformants/ug of pDA30. As heterologous DNA reduces the
transformation efficiency o average i00 fold, 531
transformante/ug genomic library DNA could be expected.

To check for reversion in Rig-1 aliquotes of cultures of the
strain and the same containing pDA30 were spread on broth plates
supplemented with 0,3 or 0,6 or 1,0pug/ml rvifampicin. The plates
spread with the plasmid containing strain were also supplemented
with 40mM arsenate. After three days at 26°C no colonies had
appesared on the plates thue showing a clear mutant.

About 24 000 transformants resistant to arsenate and arsenite
were obtained. These were washed into broth supplemented with
60mM arsenate. From this suspension 0,1ml (containing 8x10°
colony forming units) was spread on a plate supplemented with
40mM arsenate and 0,3ug/ml rifamplicein. As a control, a similar
amount of cells of strain Ri8-1 transformed with pDA30 was spread
on an identical plate. '

After 72h of incubation at 26°C, there were 38 colonies on the
plate spread with cells transformed with the library but no
colonies were observed on the plate spread with cells transformed
with pDa3o.

Cultures were grown from six nf thesa colonles and screaened for
plasmids. In each case, the plasnid was of a similar size and
mlgrated substantially slower in agarose ge.s than the vector
itself. Half of the DNA prepared from the plasmid screens was
transformed back into E.cnli. This was to ensure that we still
had the plasmid in case it reintegrated into the host chromosome.
DNA prepared from E.coll was also easier to manipulate.
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previous work by Dabbs and Andersen (M.Sc. Dissertation, 1989)
14 mutante of CW22 hypersensitive to rifampicin were isolated
after screening 4000 colonies, On checking their inactivatioen
profiles three classes of mutants were identified. Those that
inactivated the antibiotic at the same rate as the wild type,
those that inactivated slower than the wild type and three of
them R17, Ri8 and Ril4 that did not inactivate rifampicin at all.

Representatives from each class wera streaked out frowm glygerol
stocks and their levels of hypersensaitivity to rifampicin were
checked by replica plating. The wild type strain ATCCL2674 was
algo plated. They were all spotted onto & hroth plate and broth
plates containing different concentration of the antibiotiec.

Takle 3,14 Sensitivity of strains to rifampicin
Rifampicin in ug/ul .

Strain Ta 0,1 0,2 a,3 0;4

ATCC12674 o ot e et

Ril ook

Ris el e et

R17 +++

RiS8 bt

Rilo et

where +++ indicates growth

Ri8 was chosen as the recipient strain, As it did not have any
other antibiotio resistant marker Ri8 was made resistant to
200ug/ml streptomycin by selecting for spontansous mutant on a
streptomycin containing plate. This mutant was designated Ris-1.
It was still hypersensitive to rifampicin and did not inactivate
it.

Bulk cultures of Rig-1 were grown up iln TYGS containing 3% or 5%
glycine, Twenty-four Iml samples were taken avery 24 hours. An
aliguot from each samplihg was transformed with 1Ong of pDA30 to
find the most transformable batech, These would be used to
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there is a 100% efficlency of ligation of inserts. In tnis case
where there has been a 72% efficiency, N = 7922. Bo a library of
a minimum of 8000 transformants was constructed.

puring the corstruction of the library plasmid soreens of
transformants were regularly done to determine the number of
ingerts and the size of the inserts. The origin of the inserted
DNA was alsc verified by blotting BglII digested DNA from MM294-1
and ATCC4277 and probing with the DNa inserted into pDA27 fronm
several of the transformants,

Probes were prepared by digesting the plasmids obtained f£rom the
transformants with BglII. This DNA was separated on a 0,8% low
melting agarose gel, The inserts were purified and labelled with
non~radloactive digoxygenin. The kit used was the "DNA labelling
and detection kit" from Boehringer-Mannheim. These fragments of
DNA were used to proke nitrocellulose membranes onto which
digested MM294~1 and ATCC4277 DNA had been blotted. Hybridisation
was detected using the immunological visualisation procedure. A1l
the probes bound to the ATCC4277 DNA and none to the MM294-1 DNA
confirming the origin of the insarted DNA.

A library of 20 500 transformants was constructed witi an average
insert size of 3,3kb. OF the transformants 79% contained
detectabls inserts, that is inserts greater than 200bps. Thus the
probabllity of any gene being present in this library is greater
than 97,5%.

Transformants were washed off the plates using LB contalning
soug/ml ampicillin and 3oug/ml rifampicin., Aliguots were stored
in glyocerocl at -70°C and an aliguot was inoculated into 200ml of
the above media in ordar to do a bulk extraction of the library.

3,3.2 Igsolation of DNA carrying Jiri* gene

2 the method of dloning was by complementation, a mutant unable
to inactlvate rifampicin would be the reciplent etrain., In
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3.4.10 Insertion o. ‘he BamiI-BgllX fragment into pDA71

The advantages of inserting the Skb fragment into pDA7IL were
twofold. Firstly,,as there has besen a reduction in size of the
plasmid there are more unigque restriction sites as restriction
sitas have been lost from the vactor. Secondly, chloramphenicol
galection in nocardicform transformations facilitates the growth
of transformants in half the time of arsenic selectlions.

The 8,3kb original fragment was separated from pDA3I7 by BHglll
digestion and electrophoresis on a low melting agarose gel. This
. fragment was digested with BamHI and ligated t.o BglITl digested
pba7l. Recombinants could therefors contain any of four
fragments. The appropriatec one would ba l‘dentified by the
presenae of the Asp7l8 fLragment,

When o transformants wers obtained and all appropriate controls
showed that the transformatieon was working, it appeared as if the
problem lay with the ligation, Several times the procedura was
repeataed with new phanol, differant numbeks of phenol
extractions, lncreaming the ligase conwentration and inorasasing
the ligation time to 48 hours., The insert ONA was also digested
with Drel in addition to BglIIl and BamiI. Dral outs three times
in the 8,3kb fragment but not once in the 5kb fragment. Thie
would theoratically cut down on the nunber of unwanted inperts.

The literatura sesmed to indieate that a combination of TBE
baffer, cethidium bromide and short wave length UV light rxeduced
ligation efficiency 1000 times (Sambrook ot al, 1989) 8o tha
transition was made to TAE buffar, athidium bromide and long wave
langth UV light. The flrst attompt under these conditions yieldod
13 transformants. Only twe had sizable insortions which on
digeetior wera shown to be dimera. However subseguent
tranuformations of DNA purified and ligated in %he way described
above ylelded many transformanto. Uf these 40 werce scraened in
Jrder to get the fragment inserted in both orientotions.
Tranaformante wore first scrcened for the prosence of tho Asp718
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'"hese plasnid containing strains were subsequently eured of these
plasmids by growing them in the presence of 20ug/ml ethidium
bromide. The stationary phase culture was diluted 10° angd spread
on an LA plata. 0f the 44 colonies that grew up only one grew
when patched onto the selective plata., The absence of the
plasmids was confirmed by screening.

Numerous attempts were made to insert the above mentioned
fragments into pDAG64, The inserts were purified on low malting
pgarose and ligated to phbsphatasad phAG4. None of thesme were
guccesaful. Savaral changes were made to both tha agarosa
purification and phosphatasing proceduraes, but without success.

pDAG4 wae cut down further by Quan and Dabhg, 1992, and ligated
to pEcoRZS1 to produce an 8,8kb positive selection shuttle vector
that was maintained with chloramphenicel in the nocardioform.
This plasmid was decignated pDA71.
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Mogure 3,18 Dlagrammatic representation of phA7L
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was used., pbAs4 is a plasmld of the same linsage as pDA30’s
predecessoy, pDA21. Tt had a chloramphenlcol resistance gene
inserted and the arsenic genes dolated, Thie vector also contains
a unigue Clal site, a BsiWI site, an Asp7l8 site and a blunt
ending XmnI site in a non easential region. It would therefore
be possible to insert the Pvull-Nar) fragment into the Clal-XmnI
region and the Sful-Narl fragment into the ¢lal site as all
produce compatible sticky ends. It should also be possible to
introduce the sful-smal fragment asg Smal produces a blunt end,
A Prull-sSmal fragment which has blunt ends at hoth enda would bhe
more difficult to ligate in,

However before any of thase procedures could be carried out Rig-1
had to made highly transformable to chloramphenicol resistance
plasmids. Ri8-1 was transformed with a large plaamid known us RV=
Sca which is not easily maintained in this strain,

12 2 4 5 6 ¢

Plgure 3.17 A plasmid gereen of Rig-1 containing RV Sca
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ingertiny it intc several vectors other than pDA37.

The f£irst attempt was with the EFeoRI fragment that extended from
the site in the fragment through the Ag¢p718 sites to the EcoRI
in the pEcuR251 portion of pbDA37. This fragment was to be lilgated
to the EcoRl site of pDAZ0. The vector containing thae Bkb BamHI-
BglIT fragment was digested with EcoRI and separated on a regular
agarcse yel, The appropriate fragment was cut out of the gel and
elestrocluted in dialysig tubing., pDA30 was cut and phosphatased.
Ligation mixtures were transformed into Ris~1. Many tiny colonies
grew that showed no growth on patching. However one patched
colony grew up but was unable to grow in the presence of 0,3ug/ml
rifamploln, |

No plaomid was seen inltlally on a soreen of the uncut DNA. When
the DNA woo digosted with EeoRI an insert of approximately 7kb
was obsorved. Since this was larger than expected, the experiment
was repuatud obtaining the fragment by the freszn-squeeze method
This waa not succasaful.

The secoud Lragment to be used wag the Pvull-Narl fragment. The
étrategy was to clone this into the EcoRV and Clal sites of
PACYCLE4. NuarI and Clal produce ocompatible coheslve ends and
Pyull and HeohV produce blunt ends, Insertion would be determined
by sensitivity ta tetracycline., This recombinant would he
digestad with BamHT and ligated to the BglIT of pDa30. This
swcomblnant would be trangformed into the nocardioform and tested
for inactivating abliity. '

This wag done twice using 4 times as much insert as vector that
had heon fLroshly ilsolated, Each time plasmid ascoreens of
transfornants showed no lnserted DNA although the vector had been
phesphatasaed,

Po sliminate the +*wo step procedurs of aleoning f£irst into an
B.zall vectur and then ligating it a nocardioform plasmid, pDaG4
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reactions were carried out using BgllI digested DNA and HindITT
digested DNA in tandem.

These plasmids were treated with Bal3l, ligated and transformead
into Ri8~L. Only 7 transformants grew, one from a Bglil digested
plasmid and 6 from HindIIX digested plasmids. After plating onto
LA plates containing 40mM arsenate with and without 0,3ug/mi
rifamploln, growth showed that 5 of the 7 still complemented the
mutation wherean two did not. Further analysle of these plasmids
showed that the two deleled plaswids had lost both E¢oRI and both
Asp718 sites.

Another transformation of R18-1 with Bal3l treated plasmids
yielded 4 colonies from HindIIT digested plasmids and more than
80 colonies from Bylll digested plasmids. O0f thesa 21 were
analyzed further by extracting the plasmids using the miniprep
methed and then digesting with various enzymes lncluding Asp7i8,
BEOooRI, Narl, NotI, pPvuIl, Sful and Smal.

To sumnarise the results of these digesticns: Plasmids linearised
with HindIZT and then subjected to Balill were unable to
inactivate rifampicin when they had lost the Asp718 fragment and
the Smal aite. Sites Found before the Asp718 sites were chacked
and found to ba missing. Those that were able to inactivate the
antibiotic had lest one FeoRI site but not the Pvull sitae.

Plasmids linearlsed with BglII and then treated with Balldl were
unable to lnactivate rifamplein when they had lost the Asp?is
gites and those preceding them., Those that were able to
inactivate the drug had lost the one Notl site and *' 2 Narl
slites,

As the plasmids ahtained from this process had olther been
significantly digestued or hardly digeated. thay cenfirmed tho
significance of the region centaining the Asp718 fragment but
thoy did not sucoeced in establishing the boundaries for the DNA
involved in rifampicin inactivatlen.

94



An attempt was made to insert the Notl fragment into pDa2i, pDAzl
wag a 15kb predecessor of pDA30 that containéd a unigue NotI slte
in a non-~essential reglon. The NotlI fr & was separated onh a
regular agarose gel and subseguently electroeluted. After
ligation the mixture was transformed into Ris~l. The colohies
that grew were very emall and howed no growth on patching.
Another attempt was made to insert the fragment., It was purified
using a freeze-squeeze method. This was inserted into pbDa2l which
had a chloramphenicol resistance introduced into it. It proved
unsuccessful. This experiment was not repeated as one NotI site
is found within the Asp?18# fragment which appeared %o be in the
gene, Therefore it would net yleld additional information.

3.4.8 Bxonuclease Bal3l daletions

Exonucleasa digestions of the plasmid were done to locate the
region of the plasmid respongible for the inactivation of
rifampiein, Because of the nature of Balil unlgue restriction
sites needed to be present on either slde of the fragment. The
plagmid was then -linearized at that position and subijected to
endonuelease digestlon. The 5kb fragment in pDA37 has a unlque
Bglll site which r *11d be used, Unfortunately there was no unique
gite on the other = of the fragment., Digestion of this plasmid
with HindIII showed two sites 5kb apart, one in the vector and
 one in the insert. However with Bal3l digestion, both ends of the
DNA is digested. Thls means that the plasmid linearised with
Bglll and digested with Bal3l could lose the HIndIII site that
is found adjacent to the BglIZ site in the insert. If this was
recircularised there would he only ona HiIndIIX left on the
plasnid, on the other end of th: insert. Thue plasnids would he
available for Balll dlgestions from both sides.

Plagnmld soreens of transformants in F.colld showed that on Hindrrr
dlgestion 50% had lost one HindIlI site.

cne of these plasmids which had lost a HindIIT site was extractad
in bulk and purified on a CuCl gradient, %ubsequently Bal3al
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cloned DNA fragment.
3.4.7 NotI fragment

As there were ne Notl sites in pbA37 and 2 in the fragment no
phosphatasing was necessary. The vector containing the 5kb insert
was digested with NotI and than ligated. Of the transformants
that were screened 64% had lest the Notl fragment.

1 2. 3 4 B 5 7 8 9101112

Flgure 3.16 Notl daletions of the fragment
lapes 1, 6, 6, 8, 1t, 12

One isolate of tha deleted plasmids was transformed into Ris-i.

The mutation was not complemented and the plasmid was unable to
induce inactivation ox decolorisation of rifamplain,
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Figurs 3,19 Agp718 dnleted plaomid « lane 2
This plasmid wag transformed into Ri8~i, It did not complement
the mutntion nelther did it lnactivate nox decolorise rifampicin.

Thia gave the fivst Indicatlon of the positlion of the gang on the
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Minipreps from this organism yields a substantially greater
amount of DNA than aguivalent preparations from nocardioforms.
This DNA was then digested with various enzymes to determine the
extent of DNA that had been eliminated, these enzymes Included
BamHI, BooRI, HIndIII and Pvuall, '

They all still contained the HindIIZ site, but had lost sites
from the other end of the fragment. Further digestions showed
that the Asgp718, EcoRI and NotI sitee were maintained. The
gmaliest had lost both Pvull sites. Rifampiein inactivation
assays of these subclones showed that all inagtivated the drug.

From this information it appearad that the largest BamHI-BgllIl
fragment contained the gene.

3.4.5 Large BamHT-BglII fragment

The large BglXI fragment in pDA37, #6, was digested with BamfI
and BglII. These fragments were separated on a low melting
agarose del and the 5kb fragment extracted. This DNA was ligated
into the BglIT site of pDA37 and transformed into MM284-1, An
Asp7la8 digestion showed the characteristic.presance of the 300bp
fragment, This construot Ffacilitated inactivation and
decoloxisation of rifampicin,

3.4.6 Asp718 fragment

Not all the BamHI-BglIr fragment Iisolated for the previous
exp: cinent was used., The remaining fragment was phosphatased,
phenocled, chloroformed, precipitated and resuspended in B buffer,
It was then digasted with Asp?18. This was later resuspended in
ligation buffer and ligated to BglIT digested pDA37, Only 7
transformants were oktained, however one of these had lost the
small Asp718 fragment,
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' plasmid complemented the Ri8 mutation. Rifampicin was still
inactivated and decolorised so this fragment was not involved.

3.4.4 Blimination o¢f a Ffurther 1,75kb

As BamHI and Bell produce compatible cohesive ends to Bglll,
These enzymes were used to digest the 8,3kbk fragment that had
been purifled from low melti: . agarose. The intention was to
ligate these fragments into the BglII site of pDA37 and to select
. for complementation of the Ri8 mutation. Several attempts with
each enzyme did not yield the desired result. The low ligation
effleiency was shown later so be affected by the use of TBE
buffer.

Another attempt wae made by partially digesting the large
fragment with Sau3ad. This four base palr cutter also produces
cohesive ends compatible with BglIT. These digests were separated
on low melting agarose. The DNA was cut out in three sections
according to size: greater than 4,5kb, between 2kb and 4,5kbh and
smaller than 2kb. These fractions were purified and ligated into
pDA3T7. A large number of coleonies grew on the control transformed
with out and self ligated pDA37. This occurred when digested
plasmid was prepared in large quantities and just thawed when
needed. By preparing DNA afresh each time the problem was
overcome, Fresh phenol was also prepared for ihe removal of the
agarose from newly dlgested fragment.

Eventually 71 transformants were obtained. These were then pooled
and used to inoculate a bulk cultura, DNA was purlfied on a CsCl
gradlent and later dlalysed agalnst TE. This pool of inserts was
aventually transformed into Ris-1, Seventy colonies graw up on
the rageneration plates. These were patched onto the LA plates
containing 40mM arsenate with and without 0,3ug/ml rifamplcin.
Of these 20 grew up on the antibiotle containing plate. Plaamid
screens showed that all contained large ingerts. The § smallest
ware exanined further. These were transformed inte E.¢oll,
Minipreps from this organlsm yields a substantially dreater
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Figure 3.14 HIindIrr f£ragments from différent complementing
clones

Of the 10 tested 7 had 750bp fragments and 3 had S00bp fragments.
No plasmids were found inserted in the opposite direction.
Purified DNA of #6 was digested with HindIIT. After phenol and
chlorcform were used to remove the enzyme, the DNA was
precipitated to remove the salts and was reshapendad in ligation
puffer. This digested DNA was ligated over night and transformed
inta E.coli MM294-1. Tranaformants were screened and some were
found that no longer contained the small HindIII fragment. This
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In order to sequence the iri gene it would be helpful if the
region on thie fragment could be narrowed down and surplus DNA
cut away. The approach most often used was deletion mapping.

In sach case of deletion or insertlon the following checks were
made: 1. Pid the new plasmid compiement the Rig8 mutation?
2. Did the new plasmid cause inactivation of rif.mpicin?
3. Did the new plasmid cause decolorisation of the drug?

3.4.2 8mall BglIX fragment

The large BglII fragment was inserted into pDA37 and transformad
into Z.eold, Plasmid was purified by CsCl gradient centrifugation
and transformed into RiB-1., This fragment complemented the
mutation - thus the small fragment was not necessary. The small
fragment was nevertheless purified, ligated and transformed. On
its own it did not complement the mutation. The large fragment
still inactivated and decolorised rifampicin.

3.4.3 HindIXII fragment

Digestions of 10 of the clones originally isolated showed that
all contained a small HipdITI fragment. There was however a
difference in the sizes of these fragments. Some were about 750bp
in gize and others about 500bp. However this had no effect on the
ability to inactivate rifampiecin, indicating that ¢the DNA
contained in the HindIII fragment was not part of the gene or its
regulatory elements.
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Table 3,22 Inorease .n rifampicin resistance conferred to Ri
mutants by cloned DNA

Rifampicin in pg/ml
8train La D1 0,3 0,5 1,0 1,5 2,0

Bel2 in R e

#16 din RI7T A b o ek b bk
pDA7L in Ri8 4+
#16 in RI1B b of ke NI ot o e

Baoiz in RiLO oo
#16 in R110 4 woopee e b
Bal? in R111 4

Bel: in RIL2 4 JRRS
#16 in Ril2 e e dek ek ek ko

Pal2 in Ril3 eoferke " ket

#16  in Ril3 et doeferfs oo oo oo peoeefe
Bel2 in Ri14  obdek :

#16 in Ril4 shrufeats spenferfe ofesfeets e Hrferte hfop
Balz in cw22 b ek oot

#16 in QW22 kbt b et e oo bbb

wht & <4+ indicates growth; seach plate contained 40pg/nl
chlorampheniool for plasmid maintenance.

In each case tha presence of the cloned DNA Increased tha level
of resistance to rifamploin at least 10 fold,

3.5.2, The eaffent of Jri* DNA on senajtivity +o other
antibiletiosn

Previous studies in our lab showed that an inocrease in rifanplocin
resistance in Rhodococoug produced a concomitant incresase in
reglatance to fusidic acld and erythromyeln. This study,
(H.Golob, M.5c dissertatcion, 1989) showed that the RI mutante
uzed here still inactivated fusidic acid. It was decided that the
original strain and the Ri8-~1 mutant, both onntaining elther fri*
or iril plasmide be screened for increased resistance to other
antikiotics.

Flrst of all the ansamycins were tested and the following results
obtained.
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Takle 3.21 Rifampicin inactivation by DNA complementing the
' Ri14 mutation

strain Inactivation
Rild4 + pDA3Q NO
Ril4 + #6(used praviously) NO
Riid + 8,3kbk + 4kb YES
R114 + 8,3kb + 4kb YES
Rii4 4+ 8,3 VES
R114 + 8,3kb + 4kb YES

These results seemed to Indicate that the 8,3kb fragment did
cavge rifamplein inaotivation. It was deoclded to check the
plasnid contained in the original Ril4 transformant, the one used
in the earlisr experiments. Since no plasmid was isolated from
Ril4 it must have been a spontaneous arsenate resistant mutant.

Thue the presenoe'of the B,3kb fragment conferred the abllity to
inactivate rifampicin. All the mutants inactivated rifampicin
faster if they contained the plasmid of cloned DNA. This howaver
~could be due to a copy number effect, Several of these mutants
were screenad for complementatlon of the hypersensitivity and for
increased resistance to rifampicin. For these replica plate
experiments, mutants were transformed with pDA71 containiny the
5kh BamHI-BglII fragmant, #16. The control was a nogardioform
plasmid oontaining a chloramphen’ registance, Bal2. The
results are contained in the table . .LoW.



using higher concentrations of the drug. The challenge was made
using 1opg/ml rifamplein. All the rest besides Ril4, showed
faster inactivation in the presence of the cloned DNA than in its
absence.

This seemed te indicate that the mutation in the Ril4 was not
complemented by the genes on #8, Thus it should be possible to
pull out a complementing clone if the ATCCA277 BglIl library was
transformed intc Ril4. This was done and 34 000 transformants
were obtained. They wers washed off, pelletad and resuspended in
LB containing 40mM arsenate. Thus was serially diluted te 1079 and
spread on LA plates containing 40mM arsenate and 0,3ug/ml
rifampicin., An equivalent dilution of pDA30 in Rild was spread
on similar plates as a contyxol. Of the colonies that g¢grow up 51
were patched onto LA plates contalning 40mM arsenate with and
without 0,3ug/ml rifampicin. Some colonies of Ril4 transformed
with pDA37 were also patched. ALl 51 grew on the rifampicin
contalning plate but none of tha pDA37 did. This indicated that
the hypersensitive mutation had been complemented.

DNA was prepared f£rom several ocolonles and then transformed
directly into E.coll, DNA was then extracted from these bacteria
and subjected to restriction enzyme analysis. In each case a
control of the previoualy cloned DNA was digested and run
alongside these digestions. 0f 10 transformants examined, all
aontalned an 8,3kb Bglll fragment and 3 centalhed an additional
Akb BylII fragment. The digestion patterns of tha plasmids
gontaining the 8,3kb insert were ldentical teo the previocusly
cloned DNA after restriction with EeoRI and Notlr.

It appeared as if the same fragment had been cloned agaln, In
order o ses If this extra 4kb insert was important £or
rifampicin inactivation, assays were done ualhg tha pair or Riis
plasmid containing strains used ecarlier and four of the newly
lsolated plasmids. Of the four, three contained the extra 4kb
fragment and one only the 8,3kb fragment. The results are
presented helow.
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Table 3,20 tnactivation of vrifamplcin by hypersensitive
mutants containing the iri* clone

Mutant Plasmid Oh 2h Gh

Riz pDA3? * *

Ri2 #8 * * #

Ri3 pDA3T * *

Ria #6 * *

Ri4 pDA37? * *

Ri4 #6 * % %

Ris pDAYYT * %

Rig #6 *

R17 pDA3Y * * *

Ri7 #6 *

Ri9 pDA37 *

Rig * #6 *

Rilo pDA37? * *

hiio #6 % &

Riil pDA3I? * *

Riil #é *

Rilz pDA3T *

Ri12 #6 *

Ril3 pDA3T *

RiL3 #6 % *

Ril4d pDA3Y * * %

Ril4 #6 * * *
Call free control * u %

* indicates the prese 8 of the drug due to a zone of inhibitien
on a lawn of p.subtilis.

Ri6, Ri7, and Rill showed faster inactivation in the presence of
dri+ DNA, R13, Ri9, RIL0 and Ril2 showed inactivation at similar
rates. To overcome this the experiment would be repeated with
pamples eing taken wore frequently., Ril4 did not inactivate
during the time period sampled. Ri2, Ri4 and Ril3 showed results
in the reverse of what was expected.

On the rapeat of the experiment R1l12 and Ril3 inactivated Faster
than the control. For the others this was not colear. For this
reason rifamplcein resistant mutants were made of plasmiad
containing strains so lnactivation assays could be carried out
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From these figures it can be seen that approximately 5,8kb has
been axcludad from the fragment as being non essential for the
inactivation of rifampicin and that the reglon responsible has
been narrowad down to 2, 8kb, '

3.5 FURTHER WORK WITH iri* CLONED DNA

4.5.1 complementation of other rifampicin hypersensitive
mutants by oloned DNA '

Earlier it was mertionsd that several mutants had been made that
were hypersensitive to rifamplein. In order to see if these
mutations were complemented hy the cloned DNA, plasmids were
transformed inte them. In addltion the veotor was also
transformed into them to ke used as a control. The following
mutants were used: Ri2, R13, Ri4, Ris, Ri7, RI19, RilO, Rill,
Ril2, Ril3 and Rii4. Ril had been made from ATCCL2674 which i
arsenic resletant and so ocould not be used to select for plasmid
containing colonies. Ri5 was very slow growing and RiB had bean
uged in the c<loning of the gena., All of these mutants wera
hypersengitive although some inactivated yifampicin, Sonme
lnactivated at the sama rate as wild type others inactivated more
glowly (Andersen 87, M.Se.Dissertation, 1989).

Subsequently rifampilcein inactivation aessays were done on each
palr of mutants, samples were taken at regular intervals to see
if the oleone oontalning mutante Inactivated faster than the
vector alone contalhing mutants. Cultures were eguilibrated to
the same optlcal density before they weres challenged with 2ug/ml
rifampicin., The resulbts are represented balow,
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D.4.14 Bummary of subclening experiments
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Figura 3,21 Daletions of +tha 8,3kb fragment and there
voncomitant phanotypic expression, Blocks indicate
deleted regions.
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¢#-**"73;;;g Klenow enzyme, to pDA37, +the BglII éTbe-—having been

similarly treated, failed. Since the Agel deletion revealed that
at least one Agel site was involved in the gene the information
obtainable from the BsiWI ligation would not increase the
knowledge already obtained.

-

The Sful fragment was inserted into the sful site of pbDA71. This

plasmid in Rig~1 and Ri8-1R confirmed that the Sful site between

the AgeI and Asp7l8 sites is within the gene responsible for
rifampicin inactivation, There was no complementation,
inactivation or decolorisation,

3,4.123  RBlimination of two BclI sitas

Thus it appeared that most of the DNA on the Agel aide of Asp718
fragment was necessary for function whereas the distal end had
hot been clearly defined betwean the Asp718 and the Narl sites.
Three Boll sltes were located in this region., Mapping of the Bell
sltes shows that it should be possible to insert the larger Boll
fragment inta pDAT71,

Firstly #1656 was digested with HindIIX, this produced a S5kb
tragment which wag purified on low melting agarose. This fragment
was then digested with Bcll. pDA71 was dlgested with both BgllIr
and HindIXX. The digested fragment was then ligated into pba71
and transformed into EF.coll. Transformants were scresned for
plasmids containing the characteristic Asp718 fragment. These
were then soreened to ensure that the other Hell sites had been
eliminated. One of these was transformed into Rig8-i and Ris-1R.
This construct complemented the mutation, inactivated and
decolorised rifamplcin,
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lost or werae stlill maintained.
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Figure 3.20 Detailed restriction map of Bkb BRamHI-Clal
Eragmant :

3.4.,12 Removal of Agel, BeiWI and Clal fragments and the
ingertion of an Sful fragment '

As can be sean from the previous restriction map thare are two
Agel sites, two BsiWI sites and two Clal sites. None of these
enzymes out pDA71. It was therefore relatively simple to make
delation mutants using thesae enzymes. Plasmid DNA was digested
with the above enzymes, then the enzyme was remdved hy phenol and
chloroform extractlons. The DNA was ligated and transformed inte
E.coll. Transformants were screened and the DNA digested with the
orlginal enzyme to determine the presence or absence of the
fragment, In each case geveral transformants werse found to have
lost the fragment'and se the deletlion mutant was formed.

These were the transformed into Rig-1 and Ris~1R, the rifamplein
resistant strain, None of them complemented the mutation, nons
inactivated or decolorised rifampicin. In each case part or all
of the gene had heen delatad,

Attempte to ligate the BgiWl fragment, that had bean blunt ended
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Most of the enzymes that cut once, twice or three times were
mapped onto the fragment. Initially digestlions wers done using
the vector rontaining the fragment. However for finer mapping the
fragment was purified on low melting agarose and then subjected
to further restriction. 8Single and double digests aided in the
formation of the map. Later enzyme sites were confirmed by
digesting deletion and insertion mutants to see if gites had been
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3.4.13 Mapping of more restriction sites within the BamAI-
' BglIT fragment

As the amount of DNA in this plasmid has been significantly
reduced from 23,1kb to 13,8kb, the number of restriction sites
would also be significantly reduced. If unique sites or pairs of
sites could be determined further analysis of the fragment would
be facilitated. In order to determine whether the sites were
found in the fragment or in pDA71, both pDA71 and #39 were
digested with the same enzyme and run in parallel on a gel o the
number of fragments could be compared. At varicus stages of this
work different enzymes were tested the results are recorded in
the table below.

. Table 3.19 Restriction ehzvme 'analysis of the fragnent
containing the rifampicin inactivating gene from
ATCC4277. * indicates strain background.

Enzyne Number of sites danr demw
AatIl many * *
Accl many * *
Agel 2 * %
Alwnl 3 ] *
Alul many * *
Apal . 0 * ¥
AscI 0 *

Aspl many ® W*
Asp7i18 2 ® *
Aval many L] *
Avall mahy #* *
AvrIX Q *

BamHI 1

BanI many * *
BbrPI 2

Bell 3 ®

Bgll many % *
BglIl 1

BpmI 1 * *
BsaBY 0 % *
BsilHKI many * *
BsiWI 2 %

Bstl1107T1 0 * *
BstREI 1 * *
Bsu3eél o *

cial 2 *
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fragment. These samples were then digested with BglIl to ensure
that there was only one site and the 8,3kb fragment had not been
inserted. These samples were then digested to make sure the that
he EcoRI fragment was present and to see lf both orientations
were present. It was however the HindIII digestion that gave
conclusive evidence of both orientations. The orientation that
had a S5kb HindlII fragment was gample #i6 and the other
containing a 500hp HindlIY fragment was sample #39.

BamHi/Bglls
Hindlll | BeoRigopy

Hind1ll Bsflll Hindiil

Figure 3.19% Both orientations of the BamHI-BglII fragment
ligated into pDAT7*
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Table 3.26 Comparative numbare of rastriction sites in Bkb
ingerts from R.erythropolis and R.equi

Number of sites in Bkb fragment from

Enzyme R.erythropolis R.equi
Agel 2 2
Alwnrx 3 3
Asp718 2 2
Ball 3 3
BpmI 1 1
Besiwl 2 2
Bastyr 2 2
Cclar 2 2
EcoRV 0 0
Msol 2 2
Narl 2 2
Neol 1 1
NotI 2 2
Pvull 1 Q
PstX o 4]
sfur 2 2
Smal 1 1
Xhol 1 1

Interestingly there is no pPvull site in the R.equi insert., A
restriction map of the Skb fragment was made by doing double
digestion with various of the above anzymes' and then confirming
the places by digesting the fragment alone, which had been
purified from low melting agaross. Owing to the high degree of
gimilarity batween the two fragments it would not he uhexpected
if the enzyme sites were in similar places.

BamH]
EcoRI
~Clai
—Agel
—EonRE
Sful
—Agel
—Asplis
—Notl
—Asc7i8
Smal
--BstY]
Bell
~Bell
Hell
—Neol
~—Noii
—Clal

Figure 3.27 Regtriction map of Bkb . complemsnting DNA
fragment from R.equi
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21l the complementing plasmids had an 8kb Insert and one
contained ancther larger Bglll fragment, These were also digested
with Asp718 and EonRI %o see if the 8kb plasmid wasz the same in
each plasmid. Identical banding patterns were found for each 8kb
insert. A small Asp?18 fragment similar to the characteristic
Asp718 fragment found iIn R.erythropolis gene was jdentified as
well as a similar eized ZooRI fragment. This prompted comparative
digeations of the R.erythropolis and R.egul clones with different
- enzymes. These inserts were very similax. The characteristic
Asp718 fragment is the same =ize in bhoth as i1s the ZFecoRI
fragment. Both have a small HindIil fragment but it is smaller
in the R.equi clone. The R.equi clone has a different banding
pattern with Pvull but has a similar banding pattern with sful.

To ensure that these are really different piecea of DNA thay were
digested with enzymes that cut frequently. Different banding
patterns waere obtalned with digestions by Aval, Sall, Smal and
Stylr. -

3,6.,4.1 Constructing a restriction map

As thesa fragments wera so gimilar knowledge gained from mapping
the previous clohe would be used to map this fragment and
looalise the gene on lt, A double digestion of both fragments
wilth BamHI and BgllI showed that the R.oqul clone alse eontained
a 5kb BampI-BgllIl fragmenht. This fragment was purified on low
maltihg agarose and ligated into phDA7l that had been cleaved with
Bgllr, Of seven transformants (a~g) scraeenad only one contalned
the 5kb insert ~ . This plasmid was axtracted in bulk from
GM2929, a dam and dem atraln, and purified on a CsCl gradient.
This DNA was then dlgested with enaymes that out only onoe, twice
or three times In #39 - the equivalent insert lrom R.erythropolis
in pDA71. The followlng rasults were obtained.
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complesiented the mutation in Ris-1, Plasmids were extracted from
cultures inoculated from the patched transformants. The DNA was
transformed into E.c‘oii and then sxtracted for further analyeis.
Digestions were done with BglII as this enzyme should cut the
. insert out of the vector. Seven of the transformants vere
analyzed in this manner.

1 2 3 4 5 6 7 8 9

Figwe 3,26 R.equi complementing DNA digested with AglIX.
Lane 1: pRA3Y
Lanes 2-8: Complementing plasmids
Lane 8: DNA molecular welght wmarkers
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42 hourg. This could mean that the inserted DNA was part of
another gene involved in rifampicin resistance, either rpoB or
some component of, the cell wall.

3.6.3 From R.erythropolis DEM1069

This BamHI library was constructed by S.Moola for her M.Sc.

dissertation, 1992. This library was extracted from E.coli and

transformed into Rig-1l. 16 000 traneformants were cbtained, These
were washed off, pelleted and resuspended. Serial dilutions were
spread on selactive plates. One set of eselective plates contained
40MM arsenate and 0,3ug/ml rifampicin, Another sat contained 40mM
arsenate and 2,5ug/ml streptovaricin., This second set of plates
were used In an attempt %o select for a streptovaricin
inactivating gene as well. Initially one transformant was
observed. Later more nogardieform colonies grew o the selective
plates, however they had also begun to grow on the pDA30 control
plates. Some of thesa ware lsolated and grown uvp for plasmid
gcreens. DNA was extracted and transformed inteo E.coll, As this
library had baen congtructed from BamHI digested DNA ligated into
the BglII site of pDA37, these plasmids could not be digested
with Bglll to detariine the presence of inserts. Digestions were
deone with Asp718 and Pvull, Neither endyme revealed any oxtra
bands or an inorease in size »f existing bands. No inserts ware
found.

A.6.4 From R.equi APCC14887

This BglIX library had been constructed by B.Gowan for her Ph.D
thesisg, 19%4. The DNA wag also extracted from E.coll and
transformed into Rig-1. 30 000 transformants were washed off the
platnes, diluted and spread on selection plates together with the
pDA3C revertant contrel. After three days numerous ¢olonies had
grown up amongst the contaminante. These were patched onte 40mM
arsenate with and without 0,3sg/ml rifampicin., All the colonies
grew on  beoth plates. Thelr plasmids contalned DNA  that
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Figure 3,235

Transformante from €1 library complementing the
Rig~1 mutation. Lanes L7 the savean
tranaformants, lane 8: pDA37, all digested with
FindIII and BamiI,lane 9: DNA MW markers.

This gel shows that some DNA has been inserted inte the Bglir
site, The insert is probably only 160bp in size. some of the
origina)l culture in Rifs-1 was plated on a 40mM arsenate plate
containing Boge/ml rifampicin to produse resistant mutants.
Inactivation assays of these calls showed no inactivation after
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tine ag the revertants it was quite possible that the plasmid was
phA37 alone. '

3.5.2 From A.oxydans Ci

Thig BglIT library had been constructed by 8.Brown for her M.Sc
Dlssertation (1990). This llbrary was extracted from E.coll and
transformed into Ris-1. Irnitially two transformations yielded 8
700 and 7 700 oolonies respectively. These were spread on
gelaction plates but nothing grew up. Later another
transformation ylelded a further 1 200 transformante. These were
spread on selective plates and after 3 days many colonies had
grown up and none on the control plates. Thera were 685 colonies
on the plate where the culture had been diluted lo4, 80 colonles
on the 10° plate and 5 colonies on the 10° plate. Seven ‘hese
colonles together with #6, as a control, were grown up and had
their plasmnids extracted. These ware immediately transformed into
E.coll, Many colonies grew up. These were scraped off the plutes
and a plasmid screen was done of them. The uncut plasmid ran
together with pDA37. A BglIX digestion showed that there was no
datectable insert. As these all appeared to be gsinmilar a faw were
chosen for further analysias. They showed similar banding patter.as
to pDA37 with Asp718, BgllII, BamiI, PvuIl and Sful, although
there was some indication that a band may be slightly largerx,
However digestlon with EcoRI gave an extra band,

As there was a HindIII site close to the BglIT insertion site in
the vector as well as a BamHI site on the other slde = this la
the pbA30 portion of the vector - a double digestion of these
transformante was done,
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Hybridising seguences were identified in R.australis but not in
M.gmegmatis, Even when washing oconditions were made less
stringent and considerably more DNA was loadeu on the gel 10
clexr band of hybridisation could be seen,

8o it was concluded that the DNA encoding the rifampicin
inactivating ability from ATCC4277 has homology with other
rhodocoacal strains but not with M.smagmatis or &.coll under the
experimental conditions used.

3.6 CLONING jiri* DNA FROM OTHER NOCARDIOFORMS

Az most of the nocardleforms inactivated rifampiein, and a
genomic libraries of others had been built by other workers in
our laboratory, these were used to select for other lnactivating
genas,

3,6.1 From R.australis 2554

This organism inactivates rifampicin but does not decolorisze it.
A RglIX library was congtructed ., by A.  Goldman
(M.Sc.Dimsertation,1991). This library was extracted from %,coll
and transformed into Rig-1. The first transformation yielded 10
050 transformants, These were washed off and spread on selectlve
plates, One colony grew up but it leoked like a streptomycete,
Tfhe library iIin Ris~1 was spread again., Once again no
complementing alenes were obtained. Another transformation of
this library into RIS-i yilelded 4 200 transformants. After
spreading these on selective plates only one colony graw up. It
grew up at the same time ag revertants on the pDA3Q contrel. A
plasmid screen did not show the presence of a plasmid, To be
certaln DNA was extracted agaln and transformed into F.coli.
Transformante grew up. These were scraened for plasmid, Digeastion
of the plasmid DNA with BgllT showad one clear band the same size
ag pDA37. No ingert was detacted., Eithar there was ne insert or
the insert was very small. As this orilginally grew up at the same
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It is c¢clear that there 1s a considerable deyree of homology
between the R.erythropolis strains ATCC12474 and ATCC4277. It is
alse apparent that DNA iz found on different sized BglrTl
fragments, No hybridisation was detected witi the E.coll strain.

Next DNA was extracted from R.australls A448, the non-
decolorising lnactivator, and M.smegmatis., This was digested and
onca again gels were run to determine the relative toncentrations
of DNA. The probe that was used was a 3kb Pvull-Narl fragmant.
This included the critical region containing the Asp?18 fragment.
It was purified from low meliing agarose and labelled as befor:,
DNA was blotted,_?ybridised and vigualised,

1 2 3 4 5 6 1 2 3 4 5 6

(a) (b)

Figure 3,24 Hybridisation of iri* DNA to R.erythropolis,
R.australis, M.umegmatis and E.coli DMA,
a)0,8% agarose gal that was blotted
b}Nitrocellulose membrane
Lane 1:A\MM294; lane 2:ATCCL2674; lane 3: ATCC4277;
lane 4:A448; lanes 5 and 6:M.smegmatis
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(a) (k)

Figure 3.23 Hybridisation of R.erythropolis DNA and E.coll
DNA with the 8,3kb fragment.
a}7,8% agarosae gel that was blotted
b)Nitrocellulose filter
lane 1:DNA moelecular weight marker; lane 2:
ATCCL2674; lane 3:ATCC4A277; lane 4:\MM294;
lane B:pDA37; lane 6:#6
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challenged with Sug/ml erythromycin. Samples taken once daily for
two days showed on assay that the erythromycin had been
inactivated,

A preliminary investigation showed that erythromycin was almost
completely inactivated in 3 hours by late log phase cultures, and
that the mwechanism was independent of the cloned DNA.

Table 3.25 Inactivation of erythromycin by R.erythropolis.
Relatlve zone sizes are indicated and blanks show
no visgible zones.

Strain . 3h Sh . 7h
No cells control Large = Large Large
CW22 + pDA30

Rig-1 + pDA30 . Small

Rig-1 + #6 :

ATCCI2674 Small

Another =meries of experiments carried out using the ¢loned DNA
involved probing other DNA for howologous sequences.

3.5.3 Homology with DNA from other strains

In the preliminary experiments the entire B8,3kb fragment was
purified from low melting agarose, This was labelled with
digoxygenin using the "Non-radloactive DNA labelling and
detection kit"* from Boehringer-Mannhelm. Chromosomal DNA was
prepared from ATCCL2674, ATCC4277 and AMM2924, The chromosomal DNA
was digested with BglII over night. Aliguote of the DNA were
separated on a 0,B% agarose gel to agcertain thely relative
concentrations. A'gal was loaded with similar concentrations of
- chromosomal DNA, pbAai7 and #6. This was blotted overnight onto
nitrocellulose. The nitrocellulose filter was hybridised with the
8,3kb fragment.
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Table 3.24  Sensitivity to streptolydigin

Streptelydigin in pg/ml
Strain LA 2,5 5,0 7,5 10,0 12,5 15,0 17,5

PpDA30 in CW22 +4++ bt Fhb bE A bbb bt

#6 in Ccwa2 I A G = = T & B & R 4
PDA30 in Ri8  +h++ 4+ bk kb ke bt
#6 in RiB ot ot o S +44 et ot

where +++ indicates growth; 40mM arsenate - plasmid maintenance.

other -antibiotics were tested over a range of concentrations and
no difference in resistance was found. The following drugs were
tested and the strains found to be resistant to the following
concentra "jons: DDS(dapsone) 100 ug/ml

Erythromycin 0, 2ug/ml
Fusidic acid _ 0,7ug/ml
Isoniazid © > 300 pug/nl
Kasugamy« * - > BOO0 pug/ml
Nalidixic acid 40 ug/ml

When testing with Kanamycin as increase in resistance was noted
in both plasmid containing strains of Ri8~1. Both Ri8~1 and CW22
carry streptomycin resistance mutations. These were introduced
separately and so could be due to different mutations, As
straptomycin and kanamycin are both aminoglycoside antibiotics
it is possible that the resistance introduced into Rig~1
increases resistance to kanamycin.

It was concluded ﬁhat the cloned DNA was not responsible for the
concomitart iIncreases in resistance to fusidic acid or
erythromycin. As inactivatlon of fusidic acid had been previously
shown an investigation iInte the fate of erythromycin was
undertaken.

A preliminary investigation showed that Sug/ml of the antibiotic

produced a well defined zone of inhibition on the lawn of
B,subtilis. Nooardloform strains were grown into log phase and
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Table 3.23

a) Rifampicin

Registance conferred by iri* DNA to ansamycins.

It can be seen that the presence of the iri* DNA
increases
rifampicin, rifamyeclin 5V and streptovaricin.

resistance

to the ansamycins =~

Rifampicin in, pug/ml

Strain LA 0,1 0,3 0,5 1,0 1,8 2,0
pOA3D in CW22 +++ 4 e

#6 in CW22 +++ e+ bt et e e

pDA30 in Ri8  +++

#6 in RiB +++ b et ot e -t

b} Rifamycin SV

Rifamycin SV in ug/ml
2 .

Strain 1 4 5
pDA30 in CW22 44+ e b
#6 in CWa2 bt Ft 4+ eeere e
pDA20 in Ris b ot
#6 in Ris b e At b ++4
¢) Streptovaricin

Streptovaricin in ug/ml
Strain LA 1 2 3 4 5 6
pDA3C in CW22 +++ et e ot bt bk
F6 in cwa2 ot ot ekl oot bt e
pDA30 in RiB  +++ b et ek
#6 in Ris ot bk At A Pk +4++

where ++t+ indlecates growth; each plate contained 40mM arsenate
for plasmid maintenance,

Testing with another inhibitor of RNA polymerasa. streptolydigin,

the following results were obtained.
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progressively worse so0 other conditions were altered. The
termination reactions were carriled out at higher temperatures
42°¢ and 50°C. Times for elongation were shortened from 5 minutes
o 4 and then 3 minutes. In spite of this banding across all four
lanes was consistently being achiaved,

A method for sequencing "dirty" DNA was digcovered and tried
(Disdell et al, 1992), This was a modiflcoation of the Sequenase
protocol. The annealing reaction was at 100°C for 2-3 minutes and
then snap cooled, The standard labelling "aocktail® was added and
mixed, This labelling reaction was immediately split and
aliguoted into the appropriate termination mnix, These ware
incubated at 37°C before the stop solutlon was added. This method
was not that successful.

Further readinyg and communications seamed to indlcate that
gingle~-stranded sequencing wag far more efflclient than double-~
stranded seguencing.

3.8.3 Segquencing single-stranded templates

Az some of the subcloner were in the phagemid pUCLl8, single-
gtranded DNA was prepared from these, High yislds of DNA were
ohtained but the X-rays were blank.

Although it would reguire further subcloning I decided to reclons
everything into Miimpls and Mi3mpl9. This was not without its
difficulties as twc of the four subclenes proved hard to
subclona, The seguencea sbtalned were a deamatic lmprovement on
all previcus attempts. From thie polnt on consistently decent
sequences were cbtained reading 250~360 bps with only one or two
gtops across all four lanes. On the rare occasion no stops were
obtained,

The reactions weres always loaded on the gel in alphabetical order
ACGT. As this DNA has a high G¢ content these reactlons were run

side by side. Parallel dGTP and dITP reactions were run to
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DNA was prepared using the standard method of alkaline lysis.
initially the X-ray films were totally blank, Various strategiecs
wera adopted for obtalning sequencing ladders. These included
different conditions for annealing the primers. The kit suggested
15 minutes at 37¢°C. This was changed to 65°C for 2 minutes with
a gradual decrease in temperature to below 35°CQ as suggested in
the Bsquenase Xkit. This produced a faint blur on the
antoradiograns. Next fresh solutions of denaturation buffer were
uged. In addltion time periods of 5, 10, 15 and 30 minutes were
tried for denaturation as well as stepping up the temperature to
37°C. The possibility existed that the primers were not bhinding
so reactions were carried out using the forward primer as well
as onas using the reverse primer. There was not much change in
the state of the of the antoradiograms. No difference was noted
if the urea was leached out of the gels bhefores drying or not.

Also extra phenol extractions and chloreform extractions were

carried out to make sure that the DNA was clean. Klenow enzyme
from different sources was also used.

Since this kit was no lohger available from, Bosrhinger~Mannheim
the Sequenase Version 2.0 kit was obtained from United States
Biolabs, Using this kit tracks could be seen on the X~ray film,
Howaever as thesse tracks were unclear it was decidad that other
makes, of £ilm should be used. Two other makes of £1ilm that were
avallable in the department were exposed to see 1f better
rasolution was obtained, This was not the caze., The £ilm was then
axposed for longer time, up to 8 days. This increased the handing
marginally. Next comparilsons were made using primers from both
kits as these primers bind at different places, Faint banding
could ba saen wlth both of these. However banding across all four
lanes ocourred gquite regularly. DNA was purified using more
phenol extractions and PEG precipitations. Since banding was
s£il)l not of acceptable guality DNA was purified on a CsCl
gradient. This ;ielded tha best rasults to date with about 100
bp being read at a stretch. All the subcdlones were purified in
this manner and parallel dGTP ard dITP reactlons were run on the
sequencing gdels, However the secquencing resulte became
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dacislon was made on which one would be sequenced. As R.egqul is
emerging as an opportunistic pathegen in AIDS patients and thesge
people are being treated with rifampicin, the gene from this
organism was the one chosen for sequencing.

A pUC sequencing. kit (Boehringer-~Mannheim) had been obtained
previouely. This was a kit for sequencing double stranded DNA.
For this reason all the subclones that were made were ligated
into pUC wvectors. The twe vectors that were available in our
laboratory were the phagemid puUclig and tha plasmid plcio,

3.8.1 Preduction of subclones in puC vecdtors

Analysis of the * 2kk BelI-Clar fragment showed four potantial
sites for subcloning into the multiple cloning site of the puC
series of vectors. These sites would produce fragments of
approximately the following sizes:

Agel~Asp7l8 fragwent of 520bp inserted into avarl and Asp718,
Asp718~-Asp7is fragment of 320bp inserted into the Agp7le site,
Asp7l8~EooRI fragment of 365bp inserted into the same sites and
EcoRI~Bell Eragment of 750bp inserted into the BamHI-FooRT sites
of both pUC118 and pUCLS veotors.

The vectors were prepared by usual methoda with only the Asp718
digest being phosphatased to prevent religation. None of thae
other digestions would cause the formation of compatible cohesive
ands. Constructs were +trangformed inte JIM10%. This would
facilitate single stranded DNA iseclation should that be needed
at soma stage.

3.8.2 Baquehcing of pUC subelonen
¥SAATP was used For labelling the DNA. It has a longer half-life
go would be meora cost effestive, the bands on autoradiograms were

reported to be sharper than with ¥p and the lower energy of the
f-~particles provided greator safety.
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of the pBR322 ingerted plasmid roevealad that the whele Olal
fragment had been inserted.
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Figure 3.30 Summary of the deletiong made of YKb BamHI-BglIX
fragment from R.egui. Blocks indicate deletienw
3.8 SEQUENCING A RIFAMPICIN INACTIVATION GENE

As rdifampiein inactivating genes had heen cloned Xrom twn
differant Rhodococcus specivg - R.erythropolls and R.equd a
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anzyme. The pDA?i was treated with alkaline phosphatase to
pravent s¢lf ligaticn. Subseguently both DNA sogmente were
ligated and transformed into ®.coll, Transformants were screened
for inserts, Sixteen of forty transformants gcreened contained
inserts larger than pDA7L but smaller than pDA71 containing the
claYy fragment, Inltially those were digested with BcooRI. These
all axhibited threo sites, That is what would be expected if the
DNA eontaining the critical region had been inserted. However
hona of these contained the Asp?ls fragment.

. Thie process was repeated, the only difference vas that pDA71 was
igested with &ful before being blunt ended, Only six

Congformants were obtrined and rene of these had plasmide
. aining the Asp7l8 fragment.,

This precipitated the sacond strateyy: pBR322 was transformed
into a Jdam, dom F.¢oli stralh and subsequently purified from it.
This wag necessary as 1t was later ocut with methylation sensitive
Clay. It was also aut with FcoRV a blunt end producing enzyme.
Thig was ligated to the Clar fragment that had been cut with
Smal. This may have been more successful ag only one blunt end
ligation was inveolved., These were transformed into F.coll. The
transformants were patched onto LA plates contalning 3Sug,/ml
chloramphenicel with and wlthout 35ug/ml tetracycline. When DNA
is inserted inte the FcoRVv-Clal sites of pBR322 it inactiva“es
tha tetraoyeline resistance gene. All the 1 rangformants wers only
able to grow on the chloramphenicol plate. Ten of these were
soreaned for plasmids containing the 3Asp716 fragment., They all
had it. Blunt end clonlhg has a low afficlency and affacted the
supcess of these experiments,

Simultaneocusly pDA30 had been digested with BglIl and
phogphatased., Ohe of the Asp7la containing plasmids was digested
at ites unigue BamHI site and ligated to pDA30. This ligation
mixture was transformed Inte RI18~1 by electroporation. The
transformatien directly into the nocardioform would select for
pPA30 containing an lnsert. Unfortunately further investigation
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decoloriéa rifamplein., This further reduced the area of Ilnterest
to 2kb,

3.7.5 Attempted desletion of BstYI fragment

An attempt was made ln order to determine the significance of the
AstyYr site that is internal to the Bell slte., Bst¥I producas
cohesive ends compatible with BgllIZ. Thus an approach sinile: to
that of Boll was undertaken. After the Clal fragment had heen
purified on low melting agarose it was digested with BstyI, This
was ligated into the BglIl and Sful sites of pDA71. The ligation
mixture was split, with 24l being electroporated into Ris-1 and
18pl being transformad into a dam, dem strain of F.coli. BstYr
is sensitive to methylation. In Z.coli, 7 transformants were
obtained as against 181 transformants from Ris-1., The E.coli
transformants were screened. Thrae of the seven contained Asp71g
fragments, these however alsc maintainhed thelr Bst¥l fragment.
As thase had not yilelded further information the Rig-1 colonies
were analyzed. These were first patched onto chloramphenicol
plates with and without 0,3ug/ml rifampicin, Of the 56
transformants patched 36 complemented the mutation. Sixteen of
thase ware screened, half complementing the mutation the others
not. All the complementine plasmids contained the entire Clal
fragment. Most of the non-complementing transformants contained
tha vector alone. One of these however showad an Asp7l8 fragment
and an extra Bst¥I site over and ahove the two present in the
¢lal fragment, PFurther digestions did not unraval this
rearrangement. So.the Smal site was targeted.

3.7.6 Insertion of SmaI-Clal fragnent

Saveral strategles were adopted to clone this fragment from
R.equi.

The firet: the Clal fragment was purified on low melting agarose
and digested with Smal. At the same time pDA71 was digested with
BglIT., Both pleces of DNA were made blunt ended with Klenow
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In order to eliminate non-essential DNA the following experiments
ware done.

3.7.4 glimination of the two Bell sites

For the purpose of establishing the relevance of the Bell site
closest to the critical reglon the following process was
undertaken. '

The clal fragment was purified from low nelting agarose., Thie was
- digested with Bell and ligated into the BglIl and &ful sitas of
pbA7i. Only eight transformants were obtained. These wers
goraened flrst of all for the absance of the Bell tiny fragments.
of the eight, five had loszt the tiny fragments. As two different
BelI-Clal fragments were generated by this digestion it was
necessary to itdentify which fragments had been ligated in.
Digestion with Asp718 would identify the plasmids that contained
the critical reglon, One of these contalned the Asp718 fragment.
However when the plasmid was digested with clar, NotI and Sful
and run on a gel Iin parallel with plasmid o digestions, =imilar
banding patterns were obhserved that seemed to indicate an
undelated fragment.,

ag the reasons for this wers unclear the whole procass was
rapeated. Over 100 transformants were obtalned, Of these several
were soraened for the presence of plasmida larger than pDA7L but
smaller than the vector containing the Clal fragment. Several
contained smaller Iinserts that also had Asp718 fragments.

The vector containing the Bell-Clal fragment was transformed into
Rig=1l hy electroporation. Transformants were patched onto LA
plates containing 20ug/ml chloramphenicol with and without
0,3ug/ml rifampicin, The plasmids corplananted the
hypersensitivity mutation. A culture was grown and spread on a
50ug/ml rifampicin plate containing chloramphenicol selective
pressure in order to obtain rifamplcin resistant mutants of Ris~1
containing the plasmid. These were shown to lnactivate and
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Table 3.27 Conplementation of the rifampicin hypersensitivity
mutation in Ri8-1 by deletion and insertion
plasmids of R.equi DNA

Plasnid Complementation of rif*® mutation
Plasmid c YES
Adge NO
AAsp . NO
Acla NO
ANot; NO

+Cla YES

Ris~1R transformants were  grown in LB and  20ug/ml
chloramphenicol. When the oultures were in exponential phase they
were challenged with 20ug/ml rifampicin, Supernatants were
assayed for rifampicin inactivation using the plate method, in
order to determine whather inactivation had occurred. The
decolorisation or lack thereof was also reoorded for each
aulture. '

Pable 3.28 Inactivation and decolorisation of rifampicin
mediated by daletion and insertion plasmids of
R.equl DNA

Plasmiad Inagtivation Dacolorisatlion

Plagmid ¢ YES YES

ARge NO NO

ARsh NO NO

Afla NG NO

ANot NO : NO

+Qla YES YES

This set of experiments have resulted in the homing in on the
portion of +the fragment involved in the inactivation of
rifampicin, This function was to be found on the 3,5kb Clar
fragment. A stretch of ahout B80bp that was part of the gene yas
identified. This 1s between the innermost Aagel site and the
Asp718 site furthest from it,
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restriction map.

These deleted plasmids were transformed inte Rig~1 and its
rifampicin resistant derivative, Transformants were screened for
the presence of the plasmid by doing a miniprep of DNA. They all
contained the plasmids.

4.7.2 Insertion of the Clar fragment into pDA71

Another plasmid was also prepared, an insartion plasmid. The Clarl
fragment was purified from low malting agarose and inserted into
the Sful mite of pDA71. These enzymes produce compatible cohesive
ends., Eight transformants were obtained. These were screaned for
plasmids,

The plasmide were digested with EZcoRI. These were separated out
on an agarose gel. The insertion would have to have one BooRI
glte less than plasmid ¢ and have Eragment sizes adding up to the
equivalent of pDA71 and the Clal fragment combined (12,3kb). Of
the elght plasmids screened two contained ¢lal inserted
fragmants, The inserted plasmids were transformed into Rig-1 and
the rifampicin resistant derivative of it.

3,7.3 Complementation, inactivation and decolorisation
studies on nawly constructed plasmids

The RiB-1 transformants of both inserted and deleted plasnids
were patched onto 20ug/ml chloramphenicol plates with and without
0,3ug/ml rifampicin, together with transformants contalning the
intact plasmid o. This was to test for the complementation of the
hypersensitivity mutation.
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Figure 3.29 Plasmid ¢ screened for deletions of Agel,
Asp718, Clal and Notl fragments. '
Lanes 1-6: Potential AAge cut with Ager
7-12: Potential AAsp cut with Aspr7is
13-18: Potential ACla cut witvh Asp7ls
19~24: Potential ANot cut with NotI

The potential ACla plasmids were digested with Asp7le as the
strain into which these ligation mixtures were transformed was
dam*. clar is methylation sensitive and would not cut DNA
isolated from this strain. Thuz an ensyme was chosen which had
sites within the ClaX fragment so its presence or absence could
be established in this way. All the four enzymes used produced
deleted plasmids. '

These plasmids were used to confirm the zites on the restriction
wap. The loss of an EcoRI in ACla confirmed that one BooRI site
could be found on elther side of a Clal site. Digestion of AAge
with EcoRI and Sful confirmed the presence of these sites within
the Agel fragment. The loss of a NotXI site in AAsp and the loss
of an Asp7ls =ire in ANot subsgtantiated thelr positions on the
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Figure 3.28 Inactivation of rifampicin by two cloned iri genes
from Rhodococous specles. (A )-from
R.erythropolis, ( @ )-from R.equi, { 4 )-Ris~1
containing pDA7, (X )-cell free control,

3.7 SUBCLONING OF R.equi FRAGMENT
3.7.1 Elimination of AgeXl, Aspr18, Clal and NoiI fragments

As Agel, Asp718, Clal and NotI each cut the fragment twice and
as there are no sites for these enzymes in the vector, they could
be used to make deletlons of the insert.

The purified plasmid ¢ was aliquoted ana & ad with each of
the four enzymes. The encyme was removed .. xtraction with
phenol and chloreform. The DNA was ligated and transformed into
E.coll. As many colonies as were obtained severa. were screened.
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3.6.4.2 Tnactivation of ansamycins by the R.equi clone

The 6kb BamHi-3glIX fragment in pDA71 or plasmid ¢ was
transformed intc the rifampicin resistant derivative of Ris-i.
This facilitated more accurate determination of antibiotic
inactivation. A culture was grown to stationary phase and then
subcultured into four tubes. These were grown into log phase
before being challenged with the following antiblotics: loug/ml
rifampicin, 1opg/ml rifamycin 8V, 50ug/ml streptovaricin and
50ug/ml streptolydigin. A cell free control was prepared for each
antibiotic, After 20 hours samples were taken and inactivation
determined using the plate assay. Plasmid ¢ ocaus+d the
inactivation of rifampicin and rifamycin 8V. This is consistent
with previous data obtained for R.equi. Streptovaricin was not
inactivated. This is also consistent with previous data.
Streptolydigin did not cause zones to be formed on the assay
plates, not even on the cell free control. This confirms that
B.subtilis is not an effective assay organism for this drug.

guantitative rifampicin assays were done comparing inactivation
by the R.erythropolls and R.equi clones. The plasmids used in
this experiment were both pDA71 carrying the 5kb BamHI-BglIl
fragment Erom each clone. They wer: also inserted in the same
orientation. Samples of oultures challengad with 2049/ml
rifampicin were taken over a 8 hour peried. During this time the
antibiotic was decolorised., There was not a signifisant
difference in the rates of ipactivation as can be seen in the
graphs below. The cultures had been eguilibrated to similar
optical densitles bufore being challenged.
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in any one specific construct, It was possible that the
introduction of an inducing agent may alter this situation, & new
range of concentrations was used including a conaentiaticn helow
lopg/nl. These ware 5, 10 and 20ug/ml rifamplicin. All €I plates
were spread with IPTG before the strains were patched out on
them. All grew at Sug/ml rifampicin., Several of the transformants
grew at 10ug/ml, namely, AAsp, BelIl-clal in pDA7l, Clal-clal in
pUCLLE and © in pbDA7L. There was one that grew at 20pg/mi and
that was BelI-Clal in pDA71. It did not grow very well but there
was some growth. This was unusual as IPTE should not induce the
lambda promoter.

3.9.2 shifting reading frames in BelI~clal

A possibility existed that the gene was not in frame with the
B,c0li fusion gene. This would prevent expression of the gene.
To alter the reading frame the following steps were taken., Boll-
Clal and ¢ both in pDA7l1 were linearised at the unigue HindIIT
glte that ls found Iin the vector, Each plasmid was made biunt
ended with Klenow enzyme and then ligated. This induced a frame
shift. Klenow enzyme works in a variety of buffers including most
that are commonly used for DNA manipulatien. Twice the Klenow
enzyme wag introduced inte ligation buffer 30 minutes before
ligation. The reactions were carried out at 30°C and 27°C., These
failed to produce and transformanis. Instead of inktroducing the
Klenow enzyme inte ligation buffer it was added to the
restriction digest mixture when the restriction should have
reached oconpletion. f%hese transformants were patohed aonto
rifampliein containing plates. There was no increase in resistance
to the drug. In order to check if there had in fact heen a frama
shift as proposed, DNA was extracted from these transformants,
This DNA was digested with HIndITI and Asp?718, The double
digestion was also carrisd out on the orlginal plasmids that had
not bheen subjected to frame shlft attempts. It was necessary to
do a double digestion in order to show loss of the sits rather
than no outtlng if only HindIIT had been used. These digests
showed that some had lost the site while others had not. There
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3,9 TROTEIN EXPRESSION AND CHARMCTERISATION OF iri GUNE
3.9, Checking existing plasmids foi overaupression

Previously an irl gene, which had been cloned from M.smegmatis,
wag found to be expressed in E.coll (Quan, unpublished). This
geta increased the level of resistance of F.cold to rifamplcin.
The gene product was also geen as a distinct band on a PAGE gel.
Wwith this in mind the following experiments were undertaken, At
this stage the gene was in the process of being sequenced and the
orlentation of the gene on the fragment was unknown as well as
tha poslitions of the start and stop codons.

Varioue fragments of the orlginal cloned DNA were ligated inte
differenc plasmids that contained different E.cold promoters. The
Skb BamHI-BglII and the 2kb BelI-~¢lal in pDA71 wera undexr the
possible control of tha P; promoter of lambda. The Clal-clal
fragment was inserted inte puUC1l8 which has a P, promoter. The
BolI=¢laXl fragment was also cloned into pGEM3(£)+ alse having a
Py promoter. These plasmids all had different segments inserted
inte different sites (the multiple cloning sites of puCLis and
PGEM3 (£)+ are different).

Control plasmids in this series of expariments inoluded
PGEM3{2) £+ and the deletion mutant of o AAsp. These plasmids ware
all trarsformed into a rifamploin sensitive strain of E.oold,
JM10L, The transformante wera then patched onte LA plates
sontaining Llooupg/ml ampleiliin and various concentrations of
rifamploin,

In the first series plates containing 10, 20 and 30ug/ml of
rifamploln were used, All the transformants grew at 1oug/ml but
not on elther of the others. The range was narrowed down to 10,
12, 14, 16 and 18ug/ml of the drug. All the transformants yrew
on tha contrel plate but not on any of the plates containing
rifampicin. Although there was no g¢growth at the lowast
concantration, there was also ho notable increase in resistance
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All the BLAST results at both the nucleotlde and amine acid
levels showed homology to hydroxylases which are also referred
to &8s monpoxygenaszes, These enzymes ave flavin-dependant. The
highest sooring similarities were to hydroxylases involved in
polyketide blosynthetic pathways followed clogely by those
involved in the degradation of aromatic compounds.

The sarliest seguence comparison studies attenpted to produce end
to end alignhmente of complete segquences, also known as global
alignments. However, it has been recognised that most genus and
proteins are modular and mosalec structures often coneisting of
sevaral distinct domains and/or repeated coples of domalns, the
order of which may ke rearranged by several genetic mechanilsms.
Thug attention has shifted to algorithms for local alignmant, and
virtually all database search strategles today seek losal
alignments. Once the BLAST programs hava found some allghed
segments, the segments are considered in their totality for their
- gtatistlcal significance, The BLAST search algorithm seeks a type
of local alignment called a high-gscoring segment pair (HSP). An
HEP is a palr of seguence segments, oné drawn from the guery
gaguence and the othar from the database gequence, that may be
alignad without gaps te achieve a high score. In order to be
reportad by BLAST, the score must meet or excesd a score
threshold. The Smallest Sum Probabkllity scores would be 0.00 for
ldentical sequences, very similar seguences have probabilitles
that tend towarda' zero.

The logal allgnments identified, with the queried irl gene and

ite translated product, two major regions of homology and three
minor regions.
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Houology searches were conducted using the BLAST series of
programs., The results of the BLASTN nuclectide esearch are

recorded balow,

Table 3,29 BLASTN results of similarity to iri gene
Smallest
Sum
High Probability
Sequences producing High-scoring Segment Pairs: Seure P{N} .
dbi|p38214 | STMCYS Streptomyces aureofacicns etad, ctsé... 770 9,3e-55
emp|X87093| SFURDABCF  S.fradiac¢ uedE,F,A,8,C,D genes 672 4,6e-55 3
gblUZBLB2[8SVU2EIB2 Straptomyces venszuelae C-16 hydroxy... 566 3.20~38
gb|M80F ~ “TMTCREP Streptomyces glaucescens tom operon. 447 1,0e-286
g [MGA557 ; e VBEENTA, Flavobacterium sp. pentachlorephenol... 445 1.0e~22
ghlULDA05 | $PUL0408 Streptonyces purpurascena ATCC 25469... 285 {,6n=16
gbi 104488 | TORPKD Trichosporon cutaneum phanol hydroxy... 288 l.5e~13
gb IMI5097 | PJETFDCD Flasmid pJF4 (from Alcaligenes eutro... 289 4.8p413
gblUa2188 1 FeU3Z1688 Pgeudomonas putida plasmid pEST401l ... 213 1,le-06
amb | X68436 | PEPOBA P.fluorescens pobA gene for p-hydrox... 199 1. 5a~05
gb|M2317 2| PSEPGBA P,aeruginosa p~hydroxybenzoate hydro... 199 1.5e-05
The results of the BLASTP amino acid allgnments are recorded
below.
Table 3.30 BLASTP results of similarity to Iri polypeptide
Smallagk
Sum
High Probablliity
Sequencas producihy High-seoring Segment Palisy Yoore F(N) N
gp)#E7093} SFURDABCE 1 putative oxygenase [Streptomyass f£... asa 9.2e-%13
gplb3Bald | STMCTS 1 ctald [Streptomycas aureofaclens) 378 2.Ba 107
gplU28382|8VU2H392 2 =16 hydroxylase (Stroptomyces vic... 28% 6,7e~54 &
splp4a83561 PCOR FLASP  FENTACHLOROPHENQL 4-MONOQOXYGENASE ... 261 lile-44 8
plr|AL0640]AA0640 pentachlarophenol~4-monooxygenase ... 261 l.le~44 &
ap {M80GTA | BTMICREP 4  hydroxylase [Streptomyces glausesa... 221 1.8e~37 4
splP3sags | TOMG STRGA  TETRACENOMYCIN POLYKETIDE SYNTIUESE... 221 2.20+-37 4
splQO53sB | HYDL STRHA  PUTATIVE POLYKETIDE HYDROXYLASE (E... 223 2.%~36 5
piriB49916(B49918 schC protein - Streptomyens halstedid 214 5.0a~35 &
aplilee05:8PU10405 8 RdwE [Ytreptomyces purpurascens) 195 2.90-33 4
spir15245%) PHYM TRICU PHENOL 2-MONQOXYGENASE {BC 1.14.13... 113 1.80-3) &
oplLO44B8{ TORPHD 1 phenol hydeoxylase [felchosperen ... 178 1.80-31 &
splE31020| PHEA PSESP PHENOL 2~MONGORYGENASE (BC 1,14.13... 172 3.0e~31 &
gplIMSTS0DIBL2PHEAR 3 phenol monooxygenase {Plasmdd pEST... 172 3,le-31 5§
apl P27130 | TEPB ALCEU 2, 4=DICHLOROGPHENGQT, G-MONCOXYGENASE, .. 187 1.9e-30 &
qolULB0BR | SPULE0D2 2 aklavinone C~11 hydrorylase (Strep... i1l 6.32~25 4
gplU32188| ppU321es 2 2,4-dichloraphonel hydrexylase {Ps.., 166 1.6e~28 5
gpluouR44isPUGaBEd 1 aklavinone C~11 hydroxylase [Strep.,. 144 1.7e~26 4
splQOISE1 (THUD PSEPT  PHENOL 2-MONOOXYGENASE (HC 1.14.13... 142 3.4e-14 2
pLrA4S7301A45730 phenol 2-monooxygenase {BC 1.14.13... 142 3.%e~i4 2
pirl8370511837001 4A~hydroxybunzoate 3-monooxygenase .,. 85 4,7e~11 3
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42bp down f£rom the stop codon and the other 128bp away. The Frame
Program seems to suggest that there may be another open reading
frame starting downstream of the stop codon. No obvious Shine~
Delgarno seguences were identifled upstream of potential ATG or
GTG start codons.
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FPigure 3.33 The saguence of the irid gene and flanking regions,
The Shine-~Delgarnc sequence is underlined twice
and the ~35 and ~10 sequences Qnce,
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In a study analyzing DNA upstream of start codons in Streptomyces
a oconserved Shine-Dalgarno sequence was ldentified. This
sequence, (a/g)GGAGE, was Ildentified from 5«12 nuclsotides
upgtream of the initiation codon (Strohl WR, 1992). A similar
sequence, AGGAGG, was found to extend from -13 to -8 (where the
A of the start codon 1 recorded as 1 and the nucleotide
preceding it is designhated -1)., This was in keeping with the
Streptomyces model. Analysis of the sequence upstream of other
ATG or GTG codons on either side of the putative start codon did
not have any similarity to the Shine-Delgarno motif. This study
showed that only 29 of 139 promoters that were studied belonged
to a group which was similar to those recoghiszed by eubacterial
RNA polymerases containing o™-like subunits. The other 110
putative promoter .reglons contained a wide diversity of
sequences, Potential promoter sequences were also identified: -3§
gaquence TTGCEG and the -10 sequancé CACACT which were ~35 and -
10 relative to each other. This would make the C at 242 a
potential transcription start site, It has algo been reported
that the DNA within the promoter reglons of several
streptomycetes has significant potential for forming secondary
ptructurca like halr-pin loops (Sinclair R and Bibb MJ, 1989;
Murakami T et al, 1989; Pulldo et al, 1980; Rebollo et al, 1989).
The upstream region of this gene was analyzed for hair-pin loops.
A possibla hailr-pin loop was ldentified thal zn-ompassed the ~35
region that had heen identified as a possible promoter site:

g ¢ gat
Jgoaay coo ggt

] By

\egtto ggg cca
g <« g9d

Ne oomprehensive study had beoen made of mycobacterial or
rhodosoccal promoters at the time of writing,

analysls of the sequence downstream of the stop codon was
undertaken, Searches for posslble stem~loop gtructures that may

act as terminators revealad twe possibilities. The one beginning
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3.8.6 Computer alded analysis of sequenced DNA

The segquence had been entered onto the computer uging the Esee
Version 3.0 package (Brig Cahob, 1987 and 1994) and inielal
analysisg dong using the Frame program which was designed for
gtreptomyces. Since there is an evolutionary relationship between
the strepomycetes and rhodococcl ghowing similar GC content this
package seemed approprlate to use for analysis,

The DNA sequence was 2042bp in length with a GC content of 63%.
The Frame prograw offered 5 codon usage tables over a range of
60-75% GC conten’:, The appropriate dodon usage table for 60-66%
was uged, Thig was used by the computer to translate the sequence
into the pix different reading fiames and leook for open reading
frames. The codon usage analysis identified the open reading
frame as running from the Boll site towards the Clal site. The
start codon was identifiad as an ATG at 280bp and the stop codon
TGA at 17lébp., The open reading frame wasg 1438bp encoding a
polypeptide of 479 aming acgids, |

el 4 f'-’r:_\;:y bl A
H - H "
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Flgure 3,32 Qpan raading rroame in Bell-olar
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These constructs run in parallel with 4ITP resactisns eliminated
all but one of the compressions and stops that were producing
frameshifts in this region. By sequencing both strands I had
hoped to eliminate that one stop. In vrder to eliminate it pMso
was added to annealing and labelling reactions for both dGTP and
QITP based samples. This succeeded in unravelling the secondary
structure that had prevented elucidation of thig sequence in the
past. )

The BelI-Clal fraément had now been sequanced as far as tha Agel
site. There still remained £ 150bp between Agel and clarl.

The ClaI~EcoRI fragment containing the AgeI site was cloned into
¥1impls and sequenced from the Clal site. This provided the last
section of the DNA as well as the overlap with the Agel junction.
The sequence showed the prassence of tha stap codon confirming
that it was not just a gshift in reading frame. Each subeclone that
was used in the construction of the entire seguence was saguenced
between 2 and 8 timeeg in order to eliminate errcr.
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Microbiology, Ohio State University, 1993) based on their codon
usage, it showed that the gene was jumping out of reading frame
in several places in the large Bell-Asp718 fragment. Algo there
was a change in reading frame near the Agel site. '

3.8.5 Subclones made with Sacr and Clar

Wwithin the BeolI-Asp?718 fragment sequence analysis revealed the
presence of a Sael site centrally placed on the fragment. Sacl
is present in the multlple cloning gite of M13. Earlier analysig
of the sequence for extra cloning gites had shown no Sacl sites.
The diges.'.lol, was performed again and showed no sites, An
igsoschisomer , Fe¢ll36 was available. Thi. sanzyme produces a
blunt end. Digestion with this enzyme confirmed the sequence data
that a SacI site was present, However cloning attempts with the
blunt ending isoschisomer was not successful. New Sacl was
obtained,

Plasnid ¢ extracted from a dam strain was digested with ¢larl and
the gene containing fragment was purified on a low melting
agarose gel. In oxder to sequence both strands between the Saol
and Asp7l3 sites where the mistakes were, the DNA had to be
aloned into both Mi3mpls and M13mpl9. The ¢lal fragment was cut
wlth Sael and cloned into the Sacl and Accl sites of Milmpl9 -
seguenclng from the SaclI site, This cloning produced two
different products sequencing out in both directions from the
Sacl site. Thig gave data for the critical region as weall as
confirming sequence at the beginning of the contig. The Clarl
fragment was also digested with SacI and EZooRI and ligated into
those sites in Mi3wmpi8, Only the internal SacI-EcoRI fragment was
expected however ‘there were two different sized inserts
identified on agarome gel electrophoresis of the single stranded
DNA. The larger one wag shown to be the result of the Clal sites
ligating to each other producing a Sacr-EcoRI fragment which
enabled the sequencing of the first part of the ocontlg on the
other strand once again confirming data already collected,
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cut within the sequence indicating that alot of refining needed
to be done to the =seguences.

As thea importance of sequencinhg on both strands had been made
clear by the results from the EcoRI-Asp718 subclone and the need
to orientate the Asp718 fragment another approach was employsd.

3.B.4 Heguencing of Sausja partial digests

The Agel fragment was purified on a low melting agarose gel. This
fragment is + 910bp long and covers the EooRI junction of
subalones, It also spanned the area of the EcoRI-Agel fragment
that was producing multiple bands. The purified fragment was
digested wlth Sau3d a 4 base ocutter and insertad into the
phosphatased BamiI site of Ml3mpls, Twenty four plaques ware
pioked and the DNA seguenced from these., The seguences were
aligned by eye. It proved ugeful to have a frame work from which
to work in allgning the segquences, Howaver the digestion with
Sau3i was more complete than partial. This was seen by sevaral
different Sau3ad fragments from different places beinyg cloned
together. For this reason the sequence following each GATC (the
raanghition sequence of Sau3d) Jjunctlon was never assumed as
being the sequence that really followed the preceding sequence.
These seguences were verified by the frame work seguence provided
by the orilginal subolones. '

The Boll-FooRI fragment, that included the Asp7l8 fragment, was
purified on low wmelting agarose and 4’ jestad with a diluted
concentration of Sau3d to achleve partial digestion. These were
ligated into M13mpl8 at the BamiI site. This fragment was chosen
as the subolone jJunctions of three of the fragmente were
encompassed and the other strands of both the large 750hp Ball~-
Asp718 and the Asp718 might be sequenced., A further twenty four
clonas were seguenced and the saguences allgned by eye, These
sequences allowed for the contig to be arranged. However when the
seguence was analyzed, using a program designed espaclally for
Streptomyces (Frame Program hky Gary Kleman, Department of
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labelling reactions. Sejuenase Versjon 2.0, in the presence of
Mn** ions, reduces the aveiage length of DNA synthesised at the
termination step, intensifying hands corresponding to sequences
close to the primer. As the fragment was * 365bp almost all of

it overlapped and confirmed the segquence,

The BolI-Asp718 fragment was too long (& 750bp) to achieve any
reliable overlap. Reading the sequence at over 300bp was more
difficult with the bands closer tr;ether. There were als=o stops
present. This fragment df‘DNA contained an Xmal site + 200bp in
from the BelXI site. An XmaI~EocoRI fragment was llgated inte the
same gites of M13mpls. several of the insert containing phages

wers seguenced and more data obtairned.

The EcoRI-AgeI sequence could be read clearly from the Agel site
Inwards, however from the EcoRI silte there were multiple bands
at each level of the sequencing ladder, usome darker than others
but not significant enough to give certaluty to the sequence. DNA.
wag extracted several times and cleaned more intensely, dITP
reactions were also run however there was not much Iincreased
rasolution. A possibility could have been that there was more
than one phage present in the stock ocarrying a different
sequence,

Another factor that seemed to affect the clarity of ‘the sequence
was the width of each lane on the gel. The combs supplied with
our apparatus produced very narrow wells with the result that the
sanple filled most of the wells and the concentrating of it in
a small area seemed to produce bands that were a bit fuzzy. Later
when combs that were slightly thilcker (0,4mm versus 0,25mn) and
nearly twice as wide were used the bandg became much sharper and
the sequence data more reliable,

on examining the sequence data that had been collected thus far
gaverdl restrictlon sjtes were identified. To test the accuracy
of tha sequence data these fragments in the pUC clones were
digested with some of the enzymes. Of eight enzymes used only two
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elucidate compressions in the DNA, In order to obtain a maximum
number of tracks on a gel and still facilitate easy reading of
the sequences reaction sets were loaded alternately. For example,
the first ACCT set was loaded into the first four wells on the
gel. The next four lanes were skipped and the third reaction set
was loaded., When all the odd-numbered samples were loaded with
the 4 lanes left open between them, these samplas were
electrophoresed into the gel for 5 minutes. The remaining even-
numbered samples were then loaded into the open wells and the
electrophoresis completed. This produced a distinct gap between
each reaction set making it easier to read (Nelson and Krawetz,
1994). In order to increase the number of bases read off a gel,
wedges of 4c¢m of additional spacer were used. These were placed
on top _of the existing spacers at the botton of the gel.

Each of the 4 subclones were sequenced from both ends as they had
bean cloned into MLl3mpl8 and M1l3impl®, except for the Asp7lé
Fragment, This fracment could not be directionally cloned am it
had the same sites on each end. Thus cloning inte both M13mpls
and M13mpl9 would not Iinorease the chances of both orientations.
Tor this reason I used the better phosphatased Mi3mpls for
cloning and decided to screen many of the white plagues in order
to find both orientations. This procedure was repeated twice and
24 plaques were soreened each time. These phages either contained
no insert or just the fragment in consistently the =ame
orientation, The only known restriction site in this fragment was
a NotI site which had been mapped to the one end. This site is
100% GC rich - GCGGCCGC, As there were several compreasions and
stops in this sequence initially this site ocould not be
identified. Running a AITP reaction in parallel to the normal
reaction reaolved some of the compressione but not all., This was
when the subcloning of the Asp718 fragment was repeated for the
second time in order to get either the other strand or the same
strand form the opposite end.

The E¢oRI-Aspl fragment was sequended on both strands. In order
to detarmine the sequence close to primers Mn** was added to the
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modified dr. .

Analyeis of these products using TILC showed the unmodifled
rifamycin SV and the rifawpicin moving off the origin when a
solvent system of 4:1 chloroform:methanol was used. Howevar the
modified products remained on the origin. Alteration of the
golvant system to 9:1 methanol:chloroform (Quan 8, unpublished)
moved the products off the origin.

The rifamycin SV products migrated together. The decolorised
rifampicin product was hardly detected., The products using
phosphorylated rifampioin migrated together. The ribosylated
product that had not been exposed to cells but just to medium ran
mlower than those extracted from kroth containing cells. The
others however did not run differcatly.

It appears as if the iri* DNA produces the most siguificant
phenotypical effect on rifawplein. It is puzzling that it dves
not deccolorise the other inactive feorms as they have bheer
modlfied on the ansa bridge and not on the chromaphore. This may
be the result »f the steric effect of the wmodification which
alters binding of the enzyme. 8ince rifampicin is not the natural
substrate of this enzyme it may have a weaker affinity for it.
Thus slight changes in the shape of the drug may have greater
affects on substrate binding or substrate~enzyme intervaction.
These resuics can be seen in the figure below.
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Figure 3.34 Absorption speectra of r.famyeln compounds. 1.
Rifamyedn 8V, 2. Rifampleln, 3. Rifampicin-
phosphorylated, 4. Rifarpicin-ribosylated, a) from
medium, b) from ird, ) from iri*

Rifamyoin sV showed no significant chango in absorption gpectrun.
This wag tasted fer inactivation and was found to be mostly
inactivated. Rifampicin showed the loas of ilts 4785nm peak (Dabba,
1987). Thorae was no ¢hange in the speetra for the other two
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Table 3,34 Decolorisation of rifamycin compounds by Iri

Compound Dacelerigation
Rifamyein SV ' NO
Rifampicin YES
Rifampiain-phosphorylated NO
Rifanpicin~ribosylated - NO

Rifampicin was the only compound to be decolorised., As the
modifled products were inactivated already assays to this effect
would have bean redundant, In order to ascertain if the drd gene
product was affecting the drug in a plage other than the
chromaphore the following experiments were done.

The products of these and simllar cultures were extracted with
athyl acetate. The ribogylated form of the antibhiotic could not
he extracted in this way go the supernatant was lyophilised and
the resuspanded in * athanol, in which thils compound was soluble,
Scans to determine changes in their absorption spectra weare
undertaken.
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used for the agsay included TE, pH 8,0 and a phosphate buffer pd
7,3 both with DTT. This phosphate buffer was used in the previous
Pseudomonas work. Two other hydroxylases had been characterised
from Rhodooocous (Armstrong and Patel, 1993; Straube G, 1987) -
a phenol hydrevylase and a resorcinol hydroxylase with pH optima
of 7,9 and 7,0 respectively. Later a Tris, pH 59,0 buffer was
used, this also allowed inactivation without inhibition.

Next the effect of methimazole on Rhodococcus was investlgated,
Culturas containing recombinant plasmids were grown into loyg -
phase before the addition of the inhibitor. Between 15 and 30
minutes later 30pug/ml of rifampicin was added., A range of
coheantrations of methimazole were studied. Rifamplein was
decolorised in the presence of 50nM of the inhlbitor although the
growth rate was retarded. At 200ug/ml growth was lnhibited,
Indicating that other wvital flavin- dependant enzymes had been
inhibited. In each cape a control strain just hearing the vactor
was used,

3.9.10 Bifact of Iri on rifamyoin derivafivaa

The effect of the lri gene product were tested on tha following
compounde for which the structures were known: rifamycin 8V,
rifamplein, rifampicin that had been phosphorylated (Dabbse et al,
1995h) and rifampicin that had been ribosylated (Dabbs et al,
1995a) . The antlblotlics were agsayed for decolorisation, change
in absorbance over the range of 200~550nm and altered mobility
using thin layer chromatography.

culturas of Ri8 wontaining eithex pDATL or the Boll-clal insarted
veckor were grown into log phase baefore being challenged with:
30ug/ml of the different antibletics.



inactivated 10pg/ml rifampicin while the insoluble fraction
. inactivated some of the antibiotic relative to the control. This
was probably the effect of Incomplete disruption of all
Rhodococcus cells present. The cell wall structure of thase
bacteria makes them rar more diffloult to disrupt than E.coll.

3.9.9 Inhibition studies with methimagzoie

At the time this work was done the sequence that showed the
greatest homology on BLAST soanning was a pentachlorophenol-d-
moncoxygenase from Flavobacterium (Orser C8 et al, 1993). This
enzyme contained the FAD binding site and also required NADPH for
catalysis, :

Towasl et al, (1998) proposed the use of methinazole (MMI) as an
inhibitor of bacterial monocoxygenases. This compound was known
to have a high affinity for mammalian £lavin-containing
monooxygenases and to be salectively oxidised by this enzymatic
system in the presence of eytochrome P-4580 (Ziegler, 19923). Thase
authors used wmethimazola to inhibit the metabolism of
polychlorinated phencls in Pseudomonas cepacia. The inhibitor was
added at a concentration of ¢,5mM and ilncubated with the cells
for 15 min at 28°C before tha addition of the substrate.

In vitro assays were carried out ag before with a 15 minute
preincubation of 0,5mM methimazole before the addition of
rifamplecin, various combinations of cofactors were also added
hefore the inhibitor: FAD, FAD + NADH and FAD + NADPH. Those
containing NADPH were lnactivatod and the rest were not. At this
cohcantration methimazele had no effecy on  inactlvation.
Conaentrations were inoraased as high as 10mM without any effect.
The time of adding the cofactors, bhefore or after preincubatilon,
had no affect. Decreasing the amount of enzyme present while
increasing the amount of methimazole did not prevent inactivation
and neither dld preincubating for up to an hour, The Pseudomonas
work had been done on whole cells rather than extractg, whole
‘eells could not be inhibited either. The buffers that had been
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due to a contaminant the sultures were checked for contamination.
Thera was only E.coll growin thz ocultures, Thus there mnay
have been no contaminant or an E.cold contaminant of differing
rhehotype to CBR603.

3.9.7 Cofactors regquired by Iri for function

Preliminary DNA sequende data had indicated the presence of an
FAD binding region within the protein., The seguence also
confirmed the presence of an aspartate within the binding motif
at position 278. This has been consarved in FAD binding protainsg
and is responsible for forming hydrogen bonds with the 0-3 of the
ribityl moiety of the bound FPAD cofactor (Eggink ¢ et al, 1990).

To sonfixm this data in vitro rifampicin inactivation aSEAYS wWere.
done on BE.coll extracts of ird contalning strains in the presence
of various cofactors. They were assayed using the plate method.

Table 3,33 Cofactor reguiremants of Iri

Pl  aid Cofactors Inactivation
pDA71% - -
BolInClaX - -
Bell-Clal 0, 05mMFAD -
BelI-clarl 0,05mMFAD + 0, 5mM NADH -
BelI-Clarl 0,05mMFAD + 0,5nM NADFH YES

These resultsg wers reproducible with up to 20py/ml rifampicin.
3.9.8 Intracallular location of anzyme

The sonicated cell extract was separated into smoluble and
insoluble phases by centrifugation. Each phase was examlned foi
itas abllity to inactivate the drug. The seluble phase carried the
enzyme. Enzyme prapared frow Rhodosocous carrying aen ird plasmid
was also separated into soiuble and inscluble phasea. Assaying
both fractlons 1t was shown that the soluble phase totally
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autoradiographs showed that all the cellular proteins had been
labelled, Energy l-vels were increased te 80 and 1200/n? and
still all the proteine were labelled, It seemed possible since
the irradlative burst was happening over just a few saeconds that
some of the oells were being protected in the aqueous film by
those overlying them. Cells were then exposed to 5 successive
bursts of 207/m® with agitation of the cells in between. ALL the
proteins were still labelled., Ag the chromosome was clearly not
baing damaged suffliciently another look at the sensitivity of the
strain to UV damage was reguired,

Cells were grown for 3 hours before beiny exposed to successive
buysts of 50J/m® with agitation in between. Samples were removed
and plated after 0, 5, 10, 15 and 20 bursts.

Table 3,32 sensitivity of CSR603 to successive bursts of
50J/m? _
Numbar of bursts CFUs/100ul
0 7,6 % 107
10 4 2400
15 + 672
20 + 29

This revealed a 0,00038% survival after 20 burste of 50J/n’. As
this seemed to be knogking out mo.:. of the cells it would
tharefore prevent most background pr - eln axpression off the
chromosome from occurring. Since there were still viable ocells
present even after 20 bursts the next expariment exposed cells
to elther 20 or 40 burste. The autoradiocgraph showed that a state
had been reached when thare wasn't any protein expresslon at all.
It was now possible to find the place in between where the
plasmid was expressad and the chromosome not, kiposure to 7
bursts showed that all proteins wore baing labelled. Subsequently
exposure to 14 burste produced all labelled proteins in the
control and no preotein in the experiment. As this could have besn
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interest can be visualised after beinry separated on a gel and
auntoradiographed.

Belr-olal in pDA71 and pbDA71 contalning at tiny insert, to
prevent production of a functional endonuclease, were transformed
into CER603, The transformants were patched onto selective plates
to check for phenotyplc expression of the iri gene, Onoe this had
kuen confirmed these transformants were used in order to optimise
UV conditions,

The transformants were grown in K medium for 3 hours before being
sarially diluted onto LA plates #nd exposad to different energles
of UV light. These were incubated overnight to determine
survival, A range of energles from 0~70J/m in inorements of 10
were used to narrow down the range. At dilutions of 107, 104 and
10-6 there was growth only on the 0 plates. This was repeated at
0, 10 and 203/m® at dllutions of 101, 10%, 10° and 10~4. There was
evidence of alight growth on the 10" plate of 10J/m? and nene on
the others. Thus 10J/w was gelected as the firat energy level to
irradiate the oells with for the maxicell experiment.

The maxicell experiment was conducted according to the protocol
of Sancar et al, (1979). More bands than could account for just
plasmid encoded proteins were present, Thie indicated that a
higher level of irradlatlon should be used. The protocol also
called for all incubatlons to ocour at 37°C while axpression of
the Jri gene has bean optimlsed at lower temperatures. So this
procadura was ropeated with exnosure to 20J/n® and the incubation
of cells after exposure at room tewperature, Autoradiographs
gtill showed too many proteins. Freshly labellad methionine
arrived (that used praviously was quite old)., I tried doing all
procedures at 289¢ Iin stead of 37°C with and without low levels
of rifampicin present - lpg/ml (in case the protein needed to be
upregulated) ., However the growth was extremely slow. Next the
valls wera grown at 37°C until the gycloserine was added one hour
after irradiation thisg time with 40 or 60J/m’., After 30 minutes
0,2ug/ml rifampicin was added Ffor the overnight incubatlon. The
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Takle 3,31 Expression of irl genes in X.coli

Plasmid LA+Anp La+amp+20ug/ml RLL
pDAT71 oo
BelI-clar et : o
Clar-clar e
#16 _ bl

#39 ey

where +++ Ilndicates growth

This indicated that neither the R.equi c¢lone nor the
R.erythropolig slone was being expressed off lts own promoter in
E.coll. Howsver tha plasmid with the smallest insert which was
ingerted in the correct orientation for gene expression wvas belng
expressed off the lambda promoter. Later expresslon was shown to
be temperature sencitive rather than IPTG inducible. Since it had
now been shown that the iri gene was now expressed in E.coll and
previous experiments had shown that this construct did not show
an overexpressed protein on a gel a maxlcell systen was employed.

5.9.6 Protein expression using maxicells

The maxlcell systém utilises a DNA repair defilclent host strain,
CSR6U3. The strain ls transformed with the appropriate plasmids
and the subjected to DNA damage with ultra vieplet irradiation.
The chromosoma is unable to repair ltself, However as the
plasmids are so much smaller and numerous per cell these are not
aps easlily damaged. Since the protein machinery of the cell is
still functional, plaemid replication can continue. By adding a
radiclabelled amino acid after starving the cells, the only
proteins tranassribed will be plasmid encoded. Thus by performing
this on a transformant that contain the vector alonhe and another
that contains tha same vector that now contains the genes of
interest that 1s expressed iIin the host, the polypeptide of
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For the purposes of checking all the reading frames this plasmid
was digested with Xmalf to linearise it. Portions of ¢tLis
digestion were elther subjected te treatment with Klenow enzyme
which would £ill in the overhang and thus shift the reading frame
or treated with Mung bean nuclease whic, would cut off the
overhang thus shifting the reading frame in the opposite
direction. These were ! mn ligated and transformed into E.coll.
Plasmids were extiractea from the transformants and soreened for
logs of the Xmal site by digestion with lsoschisomer Smal. Only
the Klenow treatment had succeeded in introducing a frame shift,
These constructs were analyzed by PAGE as described previously.
No overexpression of tha fusion protein was seen. oOptimisation
of mund bean nuclease function was required. This was carried out
in various restriction enzyme buffers as well as ligation buffer.
Fresh enzyme was obtained as the other aliguot had expired. The
buffer suggested by the manufacturers was made up and tried,
efforts were aleo made to use short treatments of Bal3il., None of
these were successful, Some of these were screened by patching
onto LA plates containing 100pg/ml ampicillin and 10ug/nl Bl with
and without 20u/ml rifampicin. These were growh at 28°¢C as this
had been shown to enhance phenotyplc expression of the BolI-glal
fragment in pbA71 (Dakbs ER, personal communication). This had
been alluded to in a previous experiment that showed a siight
increase in resisptance with thls plasmid. However nona of these
had increased resistance to rifampicin.

3.9.5 Enhanced axpression of Jri in F.colil
To check for expression leading to increased resistance of other
congtructs in pDA71 the following plasmlds were transformed into

rifampicin sensitive MM294~4 and grown at 289C on plates
containing Bi. -
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of interest and lacZ did not prevent transcription of the gene
of interest after induction with IPTG.

The BelI-Clal fragment was prepared fronm plasmid ¢ and lnserted
into the BamHI and Accl sites of pGEM3(f)+. This would place it
under the control of the lac¢ promoter. The map of pGEMI(f)-
indicated that insertion into the BamNI and Acol sites would
place the fragment into the orientation where it would not be
- expressed for this reason it was ihserted into pGEM3(£}+.

E.coll was transformed with this construct and the control of
pGEM3 (£}+ &lone. At an ODgy; of 0,5 0,03mM IPTG was added and
induction continued for 2 hours. Cells were then harvested and
resuspended in leoading buffer and eeparated on a 10%
polyacrylamide gel. Pre-induction samples were also loaded on the
gel, The only axtra bands that wera seen were thoze indicating
host f-galactosidase. On checking the map for pGEM3(f£)+ it hecame
evident that the differences between the two vectors was not the
orientation of the multiple cloning site (as in the case of the
pUC vectors), but. the phage origin which affected which strand
would be seguenced if these vectors were used for that purposa.

on analysis of the multiple cloning sites of the pUC vectors the
fragment needed to be cloned into pUCiig8. A construct already
existed of the clarl fragment inserted into this vector. IFf it was
correctly orientated deletion of the Xmal fragment would produce
the reguired construct, However Xmal and EcoRI digestions
revealad that it was inserted in the other direction. Although
the direction was lncorreect the plasmid could still be used to
axtract the Xmal fragment. This was purified on low melting
agaroge. Insertion of this fragment into the Xmal site of the
muiltiple cloning site would not be directional it would also
prevent future manipulations that may need to be done to alter
the reading frame. So this fragment was cloned as an XmaI-BamHI
fragment, where the BamHI site was founa in the multiple aloning
site on the Xmal fragment. The fragment was verified by the
presence of the Asp7ls fragment.

148



was no phenotypic difference between these. Mung bean nuclease
was used to shift the reading frame in the other directiom with
a paralled lack of success.Tt could have been the case that the
gene was being transcribed and translated but lacked modification
to make it functional in E.coli. Thus protein was ptepared frowm
E.coll carryving plasmid with the gene in both orientations and
the vector alone., These strains had also been exposed to
rifampicin in case that induced expression of the gene. Cellsy
were lysed with SD8 and the contentr separated on a 10%
polyacrylamide gel. No distinctive band was present in either of
tha i;i* containing cells.

3.5.3 Checking for overexpression in Rhodococcus

As the gene ls definitely expressed in Rhodococcus this was used
as the next host for these plasmids. The plasmids were introduced
inte these rifamplcin resistant cells by elewtroporation, The
tranaformants were tested for their ablility to inactivate
rifamplein. The iri* plasmid containing cells decolorised 30ug/ml
of rifamploin while the pDA7l cortaining cells were unable to
decolorise any of it. These hacteria wers then grown in TYG with
rifampicin. The stationary phase oultures were harvested. One
millilitre of culture was pelleted and resuspended in 0,5ml Tris-
sucrose wilith Smg/ml lysozyme. These were incubated at 37°C for
30 minutes, The cells were harvested agaln and resuspended in
10mM Tris, pH 8,0, that also contained 1% SDS and traces of RNAse
and DNAse I. This was algo lncubated for 30 minutes at 37°C.
Sample loading dye wag added and they were bolled for 5 minutes
before being loaded on the polyacrylamide gal. No distinct band
was seen indicating the presence of the Iri polypeptide.

3.9.4 Constructinon of further plasmids for overaxpreséion
By this time the orientation of the gene on the BelI-~Clarl
fragment had been determined and the start codon seamed to be

internal to the Xmal site. It seemed o be the experience of
others in our laboratory that upstream seguence between the gene
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transpose,

Insertion elements are more well described in the mycobacteria.
one of these, I56110. which iz epecific to the M.tuberculosis
complex is used in DNA fingerprinting for epidemiological studies
(Cavea et al, 1991). Analysis of isoclates from some patients have
shown tha acguisition of more IS elements through the course of
an infaction (Warran et al, 1995), Insertion segquences have been
associated with virulance in ¥.avium (Kunze et al, 1991). Martin
et al (1990) were the tirst to describe the transposition of an
antibiotic resistance element in mycobacteria. They cloned and
gequenced a fragment of DNA responsible for sulphonamide
resistance Ln M.fortuitum. This region also wentained an open

Ireading frawme homologous to a site specific integrass of tha Tn2l

family. Tha wnycobactarial resistance element was flanked by
repeated seguences of 880bp similar te the insertion elements of
the Isé family. It was alse shown to transpose to different sites
in M.smegmatlis., Thils data indicates that transposable elements
are present in this group of bacteria, thal their ability to
transpose has been proven and that they have been shown %o
transpeose genes that cenfar antibiotic resistance. Examination
of R.equi lsolates from patients with rifampicin resistance could
ba tested for transposition by Southern blotting with tha ird
gana,

The avidence seenms %o suggegst that low level antibiotic
raglptance to wifamplcin may be possible and significant in
nocardliofornm bacteria.

4.3 RIFPAMPICQIN INAQTIVAYION

The search for the gene responsible for rifampicin inactivation
had been initiated after the discovery that rifamplein was
inactivated and decolorised by Rhodocscous wrythropalis. This led
to tho soreening of all avallable strains for their ability to
lnactivate and desclorise the ansamyeins. It wag noted that
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gite of infection in the body it 1s at low concentration,
Therasfore any wmechaniszm that allows the bacterla teo overcome
these low concentrations of the drug s an antiblotic resistance.
These become more significant with long term infectlons, Recently
a low level rifampicin-resistance gene was cloned from
M.smegmatis (Dabbs and Quan, unpublished). This gene allows for
the inactivation of rifampicin by ADP-ribosylation of the drug.
other mechanisms of rifampicin inactivation have been described
in Nocardia: glucosylation (Yazawa et al, 1993) and
phosphorylation (vazawa et al, 1994). Inactivation caused by
degradation of the drug was also found in Nogardia (Yazawa st al,
1923}, None of these genes have been cloned.

The presence of a single copy of one of these genes probably does
not confer resistance to these bactaria unless it is a repressed
gene and & mutation occurs in the repressor. However, as it has
been shown in this work, the presence of multiple coples of the
gene {in this case, plasmid encoded} may give risge to increased
resigtance, A resistancge that is able to cope with the
cencantrations of the drug recelved in vivo.

A possible mechanism for this would be inclusion of one of these
genas into a transposon. The presence of antiblotic resistance
genas in transposone is well documented. Transposons that carry
genes ancoding drug resistance range in size from 2,5 to 23kb.
Some transposons with termiral inverted repeat sequences are
capable of independent 1 .ment and are called insertion
sequences (Lupski, 1987), Insertlion sequences have been dascribed
in most of the nocardioforms. Denome and Young (1995) have
identified two putative insertion sequence (I8) elements in
Rhodocaaous. In the straln studied 4 coples of the insertion
pequence were found. A mutant of the strain was found to have 5
voples which indicated an abllity to transpose. Jager et al
{1995) isolated an elewent from R.fasclans as wall as from
Arthrobacter, Brevibacterium and Corynebacterium. Yao et al
(1994) desoribe an I8 element in Nocardia asteroildmsg in which 9
coples were found in the genome. They ahowed iis abllity to
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4.2 RIFAMPICQIN REBISTANCE

Rifampicin resistance in most cases of bhacterial resistance has
been asgoclated with the mutatlonal alteration of the f-subunit
of RNA polymerase. The entlre rpoB dgenes of M.leprae (Honore et
al, 1993) and M.tuberculosis (Miller et al, 1994) have baan
sequenced, and several wmutations associated wilth rifampicin
resistance in both species have been identified (Honore and Cole,
1993; Telenti et al, 1993). In & racent study, Willilams et al
(1594}, ahalyzed a 308bp fragment of the rpoB gene from 110
rifamplein resistant and 10 rifampicin susceptible strains of
M. tubsroulosis frowm different parts of the worlid. In 102 of 110
regligtant strains 16 mutations effecting 13 amihne acids were
observed. No¢ mutatlions wera observed in susr;ptib}e strains.
These authors observed that & of their resistant strains showed
no mutation in this area. Telenti et al (1993) showed that 2 of
66 realstant isolates also lacked mutations in this region. This
geemed to indlcate that other mutations outside of the 308bp
region may have been responsible. Two other mutatione to
registance were known to ocour outside this region in E.coli (Jin
and Gross, 1988). Seguencing of one of these regiong in
M.tuberculosis showed no mutational alteration, the other region
had not been seguenced at the time of publicatlion., This does hint
at another possible wechanism of resistance to rifampicin. This
posgibllity has been postulated by Mizuguchi et al (1995), who
analyzed high level, intermediate level and low level resistance
to rifampicin in M.tuberculosis. In thelr analyses they found
that in moxe than 50% of the intermadiate or low leve)l resistant
strains there was no mutation in rpoB. Guerrsro et al (1994)
report that the most Ffreguent mechanism of resistance to
rifampicin  among  clinieal isolates of M.avium and
M.intragellulare does not lnvolve alterations of the S-subunit
of RNA polymarase. They propose that an alterative mechanism must
be redponsible for resigtance.

It would not bhe true to say that only high lavel resistance is
clinically significant, By the time the antibiotic reaches the
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«&3 that the combination of erythromycin and rifamplein or
imipenem and teicoplanin were the most aelfective treatments of
R.equi infections. Ewmergence of rifampicin resistance was noted
by Clave et al (1991}. Recurrent pneumonia due to a rifampicin-
resistant R.equi was identified in a patient infected with HIV
(Nordmann et al, 1992). ' :

The apparent increase in the incidenhca of rhodococcal infections

that has developed over the past decade could be due to several

factors. It is most likely the result of the HIV epidemic but
gould alsoe be the result of better diagnostic methods for
identifying gram positive bacteria in the clinical environment
or an enhanced awareness of opportunistic gram positive pathogens

by medical personnel. It would be difficult to determine the

‘actual increase in real terms. It is interesting to see that all

the statistics concerning R.equi infectien cone from first world

gountries. It is probable that the incidence 1s greatly incraaged
in third world communities, since this organism is found in the

soll or obtained from animals. The incidence of HIV Infection is

also greater in these parts of the world, It ls alsgo possible

that since infection resemblaes tuberculold disease it could make

up a percentage of patients dlagnosed with tuberculosis, This isa

more likely in places where diagnosis 1s made on clinical

synptoms ather' than by microbiclegical investigation,

consultation with the tuberculesis diagnestic facility of the

South African Institute for Medical Research conflrms that this

scenario is quite posaible. As the drug regimens that are heing

recommended for R.equi lnclude only one antimycobacterial drug,

rifampiein, it is possible that treatment of R.egul with
antituberculoid drugs would be equivalent to monotherapy with
rifamplicin. In turn rifampiein menotherapy is a protocel for the

dovelopnent of resistance to this antibletic. Thue an accurate

determination of R.eguil especially in the third world is

necessary. Following on from this ldentiflcation of rifampicin

reglatance and the mutatlon invelved will help in the eoffective

treatmant of infected individuals.

166



Of these patients 6 also had bacteraemia and 3 had disgd of
disseminated R.equi infection. Less than 5% of the lsolates were
resistant to erythromycin, rifampicin,’ tetracycline and
trimaethoprim-sulfamethoxazole.

Further analysis .of 15 isolates confirmed as R.equi from 13
patients showed 11 different rRNA gene patterns on ribotyping.
There was no discernable difference observed in izolates from HIV
and non-HIV patients (Lasker et al, 1992). There was alco no
geographical clustering of the ribotype patterns.

Because of the low number of patients dlagnosed with R.equd,
there had not been much opportunity to develop effective
treatment regimens. In vitro studies were done with several
stralns of R.ogqul on numerous antiblotles;. Two of these studies
came to the following concluglions: Clave et al (1991) fFfound
imipenem and caftriaxone to be the most effectlve beta-lactams
gtudied. The lowest MICe were noted with vancomyoin, teiceplanin,
exythromycin, clarithromycin,  rifampicin, gentamyecin and
doxycycline, A longitudinal survey, including threes stralns
lsolated from the same patlent, showed the emergsnce of
rifampicin resistance and a marked increase in the MIC of
imipenem. Nordmann and Ronco (1992} showed the most active
antibiotics in witre were amikacin, gentamycein, netilmicin,
erythromyeldn, clarithromycin, roxithromycin, eciprofloxacin,
sparfloxacin, rifumpicin, vanoomyein, teicoplanin, doxyeyecline,
minoeygline, imipenen, meropenam and trimethoprin/
sulphamethoxazole, Four combinations  were - sylergistio:
rifamplein~erythromyoln, rifampieoin-mincoycline, erythromycin~
ninocycline and imipenem-amikacin,

In vivo studles using a nude mouse model found vancomyoin,
imipenem and rifampicin to be mest aeffective in monotherapy and
sugyested that the most useful combinations would be those
ingluding vancomycin (Nordmann ef al, 1922). They also showed
that the presence of functional T-cells was necessary for
clearing the infection. The experience of Mascellino et al (1994)

165



Of these patients 6 also had bacteraemia and 3 had died of
disseminated'ﬁ.equi infection. Less than 5% of the isoclates were
resistant +to erxythromycin, vrvifamplein,’ tetracycline and
trimethoprim-sulfamethoxazole,

Further analysis  of 15 lsolates confirmed as R.egui irom 13
patients showed 11 different rRNA gene patterns on ribotyping.
Thare was no digcernasble differsance observed In isolates from HIV
and non-HIV patients (Lasker et al, 1993}, There waz also no
geographical clustering of the ribotype patterns. -

Barcause of the low number of ratients diagnosed with R.egqud,
~ there had not bean much opportunity to develop effective
treatiment regimens., In vitro studies were done with several
strains of R.equl on numerous antibiotics, Two of these studies
came to the Ffollowing conclusions: cClave et al (1991) found
imlpenem and ceftriaxone to be the most effective bata-lactams
gtudied. The lowest MICs were noted with vancomyein, teicoplanin,
erythromyoin, elavithromyein, rifampicin, gentamyein and
doxycoycline, A longltudinal survey, ineluding three strains
isolated from the same patient, showed the ewmergence of
rifamplein resistance and a marked increase ih the MIC of
imlpenam., Nordmann and Ronco (1992) showed the most active
antibiotics in vitre were amikacin, gentamyein, netilmiecin,
erythromycin, alarithremycin, roxithromycin, ciprofloxacin,
gparfloxaain, rifampicin, vancomycih, telooplanin, doxycycline,
minocycline, imipenem, meropanam and trimethoprim/
sulphamethoxazole. Four combinations were  synergistic:
rifampicin—arythrcmycin, rifamplein-minocyeline, erythromycin-
minocycline and imipenem~amikacin,

In vive studies using a nude mouse model =Lound vancomycin,
imipenem and rifampicin to be most effective in monstherapy and
suggested that the most useful gombinations would bhe those
including vancomyein (Nordmann @t al, 1992), They also showad
that the prezence of functional T~cells was vnecessary for
clearing the infection. The expericnce of Mascellino ot al (1954)
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4.1 Rhivdococous egui

The focus of this work was Rhodococcus equi. As this is primarily
an animal pathogen it has been an object of investigation for
vetarinary medicine. Because of the relatively high mortality
rates in foals from chronic bronchitis attempte have been made
to develop'vaacines. Crude whole cell extracts have bean used
which have had limited success. The efficacy of such vaceines has
been uncertain. Several possible virulence factors have heen
investigated, Mycolic-containing glycolipids of R.equi have bheen
introduced into mice resulting in granuloma formation and liver
damage (Gotah et al, 1291i). Studies of virulent and avirulent
ptrains suggested a role for 15~ and 17-kilodalton antigens
(Takal et al, 1991). These authors subsequently went on to show
that these antlgens were plasmid encoded and preliminarily mapped
onto the 85kb plasmid (Kanno et al, 1893).

R.equi was first described as a respiratory pathogen in 1live
gtock in 1923. Since then there have been reports of oclinical
1llness in humans. Most report cavitatine pulmonary invasion
ragsulting in pneumonia and lung abscesses (Emmons et al, 1991).
Nen=pulmonary infections such as endophthalmitis, osteomyelitis,
and brain, kidney and pelvic abscesses have bhaen reported (van
F.ta et al, 1983}, R.equl, 1like the mycobacteria, is a
facultative intracellular organlsm that has been isolated from
alve.lar macrophages (Mascellino eb al, 1994), Recently it has
baen implicated as a cause of pneumonla, bacteraemlia and
digaeminated infection in HIV patlents (Emmons et al, 1991).
Analysis of isolates received by the ¢DC, Atlanta, over the
perlod of January 1973 through to December 1990 was carried out
by McNell and Brown {1992). Evaluation was of 107 isolates (101
patient and 7 animal} from bloed (32 isolates), sputum (30
isolates), lung tissue (13 isolates) and 32 from other sites.
Before 1983, when the first R,equd isclate from an HIV infected
patient was received, CDC recelved a total of 52 patient
isolates. In the final two years of the study 29 out of 35
inolates were from HIV infected patilents with R.equi pneumonia.
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thushococcal mycabo
prabe prulye

Figure 3.36 Southern blot analysis for homology with ird and
the rifemycin producer organism.
{a) A.mediterranei DNA
{b) R.erythropolis DNA
(¢) M,smegmetis DNA
Rhodosoceal probe: iri from R.equl
Mycobaoterial probe! ADP-ribosylating DNA
{Dabbs and Quan)

Under the conditions used here there' was no binding of either
probe to the A.mediterranei DNA. The rhodocoacal probe did bind
to the R.erythropelis DNA. If the gene responsible for rifampicin
inactivation had arisen from the producer organism a relativaly
high level of homology would be expected, however this is not
seen. This suggests another origin for a rifamplein inastivating
gene or that rifampicin is an alternative substrate for =a
Rhodogoacus enzyme that ugually has a different function within
the cell.
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Subsegquent experiments with the antibiotic in methanol still gave
growth on the no carbon source control. Since the agar was also
a potential carbon source, the following experiments were carried
out in ligquid minimal medium.

The plasmid containing Ri8 strains were grown in rich broth and
washed before inoculation into the minimal medium that gontained
various concentrations of the following potential carbon sources:
glucose, catechol, phenol and p-hydroxybenzoate. Naphthalane
could not be used as it only soluble in DM50 which is a carbon
source. The concentrations used were 0,01%, 0,05% and 0,1%. After
more than 2 weeks the only growth obgerved was in the glucose
montaining cultures and there was no difference ag a result of
the iri dene. These did not appear to substrates for the iri gene
product.

3,9.12 A.mediterranei and iri* DNa

The final BLAST searchas have revealed another set of enzymes
that iri has greater homology to than the phenol hydroxylases.
Thege are hydroxylases involved in antiblotlc blosynthetic
pathbways, Although it had s¢lready been shown that the rifamycin
producer organism did not inactivate rifampicin this did not
preclude the existence of a mutated or non-functional or
repressed gene. To determine whether the Jiri gene was a
functional homologue of an A.mediterranel gene or whether that
organism was not responsible for an evolutionary ancestor
homology was tested by Southern blotting.

Chromosomal DNA was extracted from A.mediterranei and
R.erythropolls and digested with BglII. R.erythropolis had been
shown to be in a similar genomic context which suggested a common
anoaestor, Therefore it would make a good control. After the DNA
had¢ been separated by élactrophoresis it was BSouthern blotted
onto a nitrocellulose membrana. The blot was probed with the Bkb
BamHI-BglIT fragment of R.equi that had been cold labelled with
pIG, ' '
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3.9.11 Bffect of Iri on various aromatic compounds

At the time these experiments ware undertaken homology searches
indicated the highest hits with phenol hydroxylases. It seemed
probable that rifampicin was just an alternative substrate for
an engzyme that had another function within the cell. This
function could have been the degradation of asome phenolic ov
other aromatic coﬁpound.

Ri8 should be defective in this degradative function. Thus Ris
containing pDA71 should show less or no growth than Ris
gontaining BelI~Clal when these compounds were the sole carbon
| source. '

ATCCl2674g from which Ri8 was derived, was not entirely
prototrophic., It had minimal regquirements for glutamate and
vitamin BLl. Thus Ri8 and the strain from which it was derived
were replica plated onto the following minimal media plates:
1ug/ml glutamate and luyg/ml Bl

0,1pg/ml glutamate and 0,lug/ml Bl

0,01iug/ml glutamate and 0,01ug/ml Bl

0,05% p-hydroxybenzoate

0,05% p~hydroxybenzoate 1lug/ml glutamate and 1lug/ml Bl

0,05% p~hydroxybenzoate, 0,1lpg/ml glutamate and 0,lupg/ml Bl
0,05% p~hydroxybenzoate, 0,0lpg/nl glutanate and O,0lpg/ml Bl
Growth was found on all these plates as well as on naphthalene
plates over a range of 0,01% -~ 0,1%. The reason was soon
apparent, the minimal medium used contained sodium oltrate that
acted as a carbon source. This did imply that Bl and glutamate
were not essential for growth.

Replica plating waes repeated using plasmid currying strains of
Rig. There was no scdium citrate present and the carbon sources
used inciuded phenol and p-hydroxybenzoate, Growth cocurred on
the control lacking a carbon sourze. The selective pressure for
maintaining the plasmids was chlorvamphenicol and this had heen
dissolved in ethanol. Ethanol was a good warbon source.
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Figqure 3.35

TLC analysis of rifamycin compounds. 1, Rifamycin
8v, 2., Rifampicin, 3. Phosphorylated rifampicin,
4. ADP-ri . nmylated rifampicin. Extracted from a)
medium, i} iri- strain, @) dri* strain.
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Many of the dioxygenases, which catalyse the incorporation of 2
atoms of oxygen irto substrates, are multicomponsnt enzymes that
also require cofactors. These cofactors are capable of reacting
with dioxygen. Concerted reactions are spin forpidden between
paramagnetic dloxygen with 2 unpaired electron gpins, and carbon
in organic compounds existing in a s!nglet state.

Tn the aercbic degradation of aromatic hydrocarbons, substrates
 are degraded via the oleavage of the aromatic wxing by
dioxygenases, Substrates of the aromatic-ring-cleavage
dioxygenases possess two hydroxyl groups on the aromatic ring,
either ortho or para +o each other. One of the first steps in the
degradation of the aromatic compound involves the Introduction
of one or two hydroxyl groupe on the aromatic ring. The
introduction of the single hydroxyl groups on the aromatic ring
is carried out by monooxygenases. Must hydroxylases fall into a
45-80KDa range. Some monooxygenases incorporate a new hydrexyl
group para to an existing OH but most catalyse ortho
hydroxylation.

The strongest sequence conservation is observed in and adjecent
to the FAD-hinding regions. The logal sequence similarities
between the hydroxylases ars observed in two regions, In the
first of thesa, at the amino-terminal region, a conserved amino
acid sequence pattern forms an ADP~binding fingerprint associated
with a faf fold (Wierenga et al, 1986). In p-hydroxybenzoate
hydroxylase the conserved amino-terminal binds the ADP portion
of FAD (Schreuder et &l, 1988). The sscond reglon of homology
ameng the hydroxylases may be inveolved in the binding of the
flavin moiety of FAD. The 3 dimensional structures of p-
hydroxybenzoate hydroxylase show an FAD-binding f~strand (Eggink
et al, 1890). The sequence homology among the flavoprotein
moncoxygenases axtends hayond this f-strand.

Homology searches of databases constantly produced hits in two
ragions of the iri translated protein. These were in the amino-

terminal and in the reglon that shows homology to £lavin binding.
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The homology  searches were performed using several of the
facilities available on the World Wide Web, including BLAST,
FASTA and the BCM Search Launchey, all produced matches with
liydroxylases that contained consexved FAD binding regions.

4.7 MOROOXYGENRAES

The flavoprbtein hydroxylaser are all monooxygenases; one atom
of 0, is introduced into the substrate as an hydroxyl moisty, the
other andg up as water. Many of the enzymes are bacterial in
orlgin and are often induced to high levels by growth of the
organism on aromatic substrates as major or sole carbon source,
These enzymes are gimple flavoproteins in the sensge that no other
detectible organic coenzymes of transitlon metal elewments are
required for catalysis. They do reguire an NAD(P)H cofactor as
a reducing agent. The substrates are aromatic or heterocaromatic
and are usually activated by some function such as a pre-eplsting
hydroxyl group. The role of the reduced nicotinamide cofactor is
to generate the enzyme-FADH,, which is the reactive species
combining with 0, to form tha active hydroxylating agent. The
generalised stolchiometyy is:
E~FAD
8=H + O; + XH; ws—memmwan~> -0 + H,0 + X

whare & ie the substrate and XH; the reducing agent.

The enzyme reaction ls separated into 2 stepz the oxidation of
NAD(F}H to genarate 2 reducing equivalents and the hydroxylation
of the oubstrate. Flavoprotein hydroxylases that catalyse the
monohydroxylation of the aromatic ring carry out these reactions
on & single polypeptide chain. Although most of the
monooxygenases are single compeneant enzymes, sgoms multicomponent
nonocoxygenases such as toluene-4-moncoxygenase have alse been
found (Bryne et al, 1995}. Other monooxygenases are tha mived
function oxldases that include the P-450 gytochromes., These a1l
have a bhroad substrats aspecificity and ave involved in -
-metakollisn,
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subclone junctions using overlapping fragments. Tt would allow
for easy sequencing of the irl gene frrm Ri8 to determine its
exact mutation. It would also allow for seguencing mutants of ird
that show increased resistance to rifampicin, 1f =such mutants
ware made.

The approach that was used ig the type that has now been used for
gequencing the entire genomes of H.influenza and M.genitalium by
The Institukte for Genome Regearch (Fraser et al, 1995 and
Fleischmann et al, 1995). Software capable of aligning shot-gun
seguences was developed to cope with constructing the contigs
nesded., Although the extent of this sequencing was not nearly as
graéat, there was no acceses to software that was able to align
goquendes. Allgnment was all done by eye which is very time
consuping. This approach rather than primer extension seguencing
would have been the ane to adopt if an automated meguencer. was
being used. In automated sequencing the cost of the f£luorochrome
attached to the primer iz considerable. However better guality
sequence is obtained using labelled primers rather than
incorporating label into the extension reactions. Thus using the
same universal primer for all sequencing is recommended as lony
there is software to align fragments.

The change to seguencing single stranded templates was the
turning point. Doubls stranded sequancing of GC rich DNA could
be enhanced if a thermostable polymerase was used or single-
gtrandad-binding protuin was intreduced into the reactions or if
glycerel tolerant gele were run. These may have aided in the
elimination of secondary structures that seem to be harder to
sequence through on a double stranded tenmplate than a single
stranded template, The usa of dITP reaction mixes provided in the
Sedquenase klt was useful for eliminating compressions., However
secondary structures that produced stops across all four lanes
were accentuated in QITP reactlons. DMSO was found to be the
anawar to these problems as 1t seemed to make secondary
structures avallable for seguancing.
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subcloning of the R.equd gene +that the decolorising and
inactivation functions were complemented by the same fragment of
DNA. Tt must be said that the iri gene may not be responsible for
the decolorisation of the drug, it may be responsible for
producing the substrate that another enzyme decolorises. These
processes would not be distinguished in a mutant that had only
an altered iri gene.

The transformation of the other mutants had revealed that the
level of rifampicin resistance increased above the control
indicating that another gene lower down in a cascade could not
have bean knocked out ag the organisme were still) protected., It
is most likely that the hydroxylated rifampicin is an alternative
gubstrate for a dioxygenase present in the Rhodococei, It is aleo
most probable that ird and the dioxygenase gene are not found in
the same chromosomal context i.e. lmmediately adjacent to each
other on the 5kb fragment.

In addition to increasing the level of rifampicin resistance, the
presence of the ird gene increases resistance to the other
ansanycins but not to representatives of some of the major groups
of othex antiblotics. A& wachanism of registanca, like those found
to anlnoglycosides, where the drugs have ancother chemical group
attached to them may have had an affect on other antibiotics,
Since this mechanism seems to be the result of degradation of the
antikhiotic due to Jits aromatic nature this result ig not
surprising.

4.6 S8HQUENCING

The lack of sequencing exparience in our laboratory and financial
limitatlone resulted in a less than optimal approach to analysing
the iri gene. An alternative approach to the one adopted here
that may have been more useful. In retrospeckt, 1t may have been
batter to sequence by synthesising primers-alonyg the length of
the seguence. This would have obviatad the need to verify

. 17



L3

were hypersengitive but inactivated the drug at the same rate as
the parental strain, Ri2, Ri3, Ri4, Rilo, Rill, Ril2 and Riis,
In spite of the difference in inactivatlen ability the
transformation of these strains with iri* plasmids (from both
R.erythropolin and R.equi) led to reptoration of the sensitive
r'ienotype. This may have been due to a gene dosage effect because
the gene wes encoded on a multicopy plasmid and may not have been
because the original mutation had actually been complemented.
Hypersensitivity may have occurred at the rpoB level but the
presence of an inagtivatisg euzyme may have been able to overcome
the effect of the low doses of rifamplcin. As this restoration
of seneitivity occurred in all cases it does not fit the scenario
that other genes in a pathway had been mutated as this would not
have rasulted in the restoration of sensitivity.

The mutant Ri8 was selected as the host for conplementation. As
was demonstrated later, Ril4 proved to be an equally good host
as the same {iri* gene fragment (from R.erythropolis) was pulled
out using both host systems. The slight difference between
hypersensitivity and sensitivity of 0,2ug/ml of rifamploin did
not hinder the selection of complemented clones. All the
traneformants that were screened contained the same DNA fragment
except for one which was shown latar to contain a deletion. This
could have been the result of spontaneous mutation to resistance,
The deleted plasmid did not code for any inactivating enzyme. The
inactivating akility was conflruwed to ke plasmid borne by the.
curing of the plasmide and the subseguent lossg of activity. By
transforming this plasmid into a rifamplcin resistant mutant of
RiE a higher dosage of the drug could ba adminlatersed without
endangering the viabllity of the call., After challenginyg culturas
of these organisms wilth doses of 50ug/ml of the druy inactivation
was seen to be simultanecus with the decolorisation of the
antibiotic., This indicated that the fragment. of DNA that had been
gloned erdoded both these functions.

Subsequent subgloning confirmed that these two functions were due
to the action of a single gene. It was also confirmed by the
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Rhodogoceus chloramphenicol resistance gene cut it down to half
ite original size. The process of cutting down increased the
nunber of unigue sitez that were available for cloning from one
to four, BglIl, HindIII, Pstl and Sful., This vector, still a
positive~selection shuttle vector, had an increased copy number
- and was named pDA71. Thiz was useful for the subaloning and
expression of the R.egul gene,

4.5 CLONING iri GENES

As the possibility existed that a library bullt from one strain
ant transformed back irto a mutant of the same strain may result
in homologous recombination between plasmic and chromosome, DNA
- was cloned from ona R.erythropolis ATCC42. »ut was transformed
into mutants that were derivatives of R.eryithropolis ATCCL2674.

The library of R.erythropolis ATCC4277 that was bullt was
conprehensive, Tt was oaloulated that there wae a 97,5%
probabllity that any dene was present in it. This fasilitated the
relatively easy selection of mnmutants that hrad had their
disfunction ractified,

Cloning by complementation of a mutation of known phenotype
geamed to be the most approprliate method to follow, Cloning using
an expression system was faulted as the protein was unknown,
Cloning using deganerate PCR primers was faulted because the gene
was unknown, Thus taking the avallabllity of several mutants
unable to inactivate rifampicin that were hypersensitive to the
antiblotic, complementation seemed the best route.

The Ri (rifampilein hypersansitive} mutants had been magde in
sarlier work, Ril~8 had been made by E.Dabbs and R19-14 by nyself
{Andersen 57, 1989) and briefly characterised for my M.Sc¢.. These
nutants fell into three categorles: those that did not inactivate
the antibiotie, Ri7, Rig and Rild; those that inactivated at a
rate slowar than wild type, Ril, RiS5, Ri6 and Ri9; the rest that
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thiostrepton resistant transformants in S.lividans.

Although pogitive selection vectors are wus:.ful for the .
construction of genomic libraries, saving time ai1d expense, they
do have several draw backs. The number of unique cloning sites
are usually limited. The plasmids often lack other desirable
features 1like M13 orlgins of replication. They also require
specialised host cells for maintenance of the plasmids. However
onge a recombinant plasmid containing the desived insert has been
selectad this can be clonsd into another vector that is user
friendly for additional manipulations,

pDA37 was the second Rhodococcus~E.cold shuttle wvector to be
developed. The first was made by Singer and Finnerty (1988). This
was made up of a 3,8kb HindIXI fragment taken from a cryptic
Rhodococeus plasmid containing an orxigin of replication. It was
oloned into pIJa0, a &,3kb pBR322 derivative that also contained
a Streptomyces gena for thiostrépton resistance, There were two
potential unigue sites for cloning, Bgllr and Sphl. Similar
transformation efficiencies were reported for R.erythropolls to
those that we have reported (Dabbs ot al, 1990). The disadvantage
of the first shuttle vector ils the absance of any function that
allows for selection of racombinant plasmids.

phA37 proved to be very useful in selecting for recomblnant
plasmids with >79% having an insert of over 200bp, The silze of
the vector ~ 14,8kb, seens large yet 1t did not prevent insertion
of relatively large fragments of over 20kb being inserted. It
proved to be most effactive for our purposes (Andersen and Dabbs,
1991}, It has been used by several others to successfully clone
Rhodococcus dgenes (Brown, 1990; Goldman, 1991; Heiss et 2l, 1993;
Gordhan, 1994). The draw backs of this vector include the use of
toxic substance like arsenate and arsenite for selection in
Rhodococeus and the presence of only one site, BglII, in the
guicide gene for cloning.

Quan and Dabbs replaced the heavy metal resistances with a
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The multipurpose plasmid, pBR322 (Bolivar et al, 1977b), has
formed the starting material for the construction of several
positive selection vectors. Zue of the original plasmids was
PTR262 (Roberts et al, 1980)., It encoded the tetracycline
resistance gene under the control of a lambda promoter., Also
present in this vector was the ¢I gene which encodes the lambda
repressor, The repressor bLouad to the promoter and prevented
transcription of the antibiotic resistance gene. These clones
would not survive in the presence of high levels of tetracycline.
However 1f DNA was inserted inte the ¢I gene at the unigue
- HIndIITI or Becll sites the repressor would not be transuribed and
thues the resistance phenotype would he expressed. In this way
salection on tetracycline plates favoured recombinant clones.

another vector, pvr25 (Vernet et al, 1985) used inactivation of
the lethal colicin E3 by the insertion of forelgn DNA into tha
colE3 gene to exert positive selection. This plasmid was
maintained in host cells in the presence of another plasmid,
pvT26, which carried gene, imm, which expresses colicin E3
immunity. Cloning could be done into unique Clal or Bgll sites,

Other workers used genes that enceded for methylases and
restrictlion endonucleasaes for positive selection. As previously
mentioned it was one of these plasmids, pBEeoR251, containing thes
EowRI endonuclease gene that was used in this work for the
gonstruction of pDA37. '

A different approach to positive selectlon vectors was adopted
by Elhai and Wolk: (1988). This was based on the principle that
plasmide containing long palindromic sequences were not viable
in most strains of E.coll, They transform at very low frequency.
If DNA wag Iinserted into the centre of tiw palindrome they were
transformed at a much higher frequency. To maintain these
plasnids palindrome tolerant strains were daveloped. This concept
of palindrome based vectors was used by Kleser and Melton (1988},
They used a Streptomyces kroad-host-range plasmid pITL0l to
congtruct their veotor. The vector, plTéss, gave rise to
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4.4 CLONING VECTORS

As the mathod chosen for cloning was by complementation the need
arose for a cloning vector that could be malntained in
Rhodocogceus. At this time only one cloning vector had been
proposed, this was the lysogenic actinophage ¢EC. Brownell at al
(1982) suggested +that 1t could be used to transfect
R.erythropolis protoplasts. They had previously shown that it
could exist either as a plasmid or as an integrated element
(Adams and Brownell, 1976). Very few nocardioform plasmids had
been feported. Kaswesk et al (1982) screened plasmids from
N.asteroides and could not ascribe phenotypes to them. This
hampered their use in the development as vectors. Sensfuss et al
(1986) ildentified two large plasmids in a Rhodococcus sp.
(N.opaca) of 110kb and 140kb. Of the 26 antibiotics and 18 heavy
metals they soreened only one heavy metal resgistance was found
to be plasmld sorne. Dabbs and Sole (1988) described an unstable
genetic element in R,erythropolis that conferred resistance %o
arsenate, arsenite, cadmium and chleoramphenicol. This they used
in the construction of a series of plasmids. One of these would
be used in the construction of pbailv.

To facilitate DNA wanipulations an E.cocll origin of replication
and a selective resigtance gene would increase the usefulnesgs of
a vector. Another draw back to wmany vectors was that the
pcreening of transformants for inserts was often time consuming,
even blue-white selection does not give an accurate determination
of insertion either arising from frameshift mutations or small
deletions. To overcome this problem researchers investigated ways
of insuring that transformants contained recombinant plasnmids.
one of the esolutions was of non-recombinant plasmide producing
proteine that were lethal to the cell resulting in the non-
viability of the ocell, DNA could be cloned into the lethal gene
and this would prevent transcription and translation of the
lethal protein, These vectorxs were termed positive selection or
suigide vectors,
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4.4 CLONING VECTORE

As the method chosen for cloning was by complementation the need
arose for a cloning vector that could be wm:intained in
Rhodococcus. At this time only one cloning vector had been
preoposed, this was the'lyaogenic actinophage ¢EC. Brownell et al
(1982) ©suggested that it ocould be 1used to transfect
R.erythropolis protoplasts. They had previously shown that it
could exist either as a plasmid or as an integrated element
{(Adame and Brownell, 1976}. Very few nocardioform plasmids had
been reported. Kaswesk et al (1982) acreened plasmids from
N,asterpoides and could not ascribe phenotypes to them. This
hampered their use in the development as vectors. Sensfuss et al
(1986) lidentified two large plaemids in a Rhodococous sp.
(N.opaca) of LL0kb and 140kb. Of the 26 antibictice and 18 heavy
metais they screened only one heavy metal resistance was found
te be plasnid borne. Dabbs and Sole (1988) described an unstable
genetic element in R.erythropolis that conferred resistance to
arsenate, arsenite, cadmium and chloramphenicol. This they used
in the construction of a series of plasmids. One of these would
be used in the construction of pDA37. '

To facilitate DNA manipulations an B.,coli origin of replication
and a seleotive resistance gena would increase the usefulness of
a vector, Another draw back to many vectors was that the
screening of transformants for inserts was often time consuming,
even blue-white selection does hot give an accurate determination
of insertion eilther arising from frameshift mutations or small
deletions. To overcome this problenm researchers iavestigated ways
of insuring that transformants contained recombinant plasmids.
one of the solutions was of non-recombinant plasmids producing
proteins that were lethal to the cell resulting in the non-
viability of the cell. DNA could be cloned into the lethal gene
and this would prevent transcription and translation of the
lethal protein. These vectors were termad positive selection r o
sulcide vectors,
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literature searching it appeared that this was a common problem.
This parallel project was thus shalved for a while.

Howevar the hypersensitive, non~inactivating mutant was used in
the analysis of B.subtilis inactivation by E.Dabbs and Y Mikami.
From this it was shown that the mechanism by which the organism
inactivates rifampicin was phosphorylation (Dabbs et al, 1995b}.

Only two strains were found to lnactivate the other ansamycin,
" streptovaricin, under these conditions. Other students in our
laboratory have been able to refine the conditions and have been
able to show inactivation of this drug by more of these
 nocardioform bacteria.

An interesting observation was made studying the antibiotic
producer organismg. Rifampicin was not inagtivated by
A.mediterranel. This is consistent with the findings of Blanco
et al (1984) who studied the resistance to inhibitors of RNA
polynal #e in the straing that produce them. The incensistency
lies in the fact that I was able to show that S.spectabilis was
capable of 1lnactivating streptovaricin. These workers had been
unable to demonstrate the presence of any inactivating enzymes
in any of the producer strains. They were able to isclate a
mutant of &,spectabilis which was sensitive to streptovaricin
having a sensitive RNA polywerasa. My findings are unusual in the
sense that under the conditions I used this strain was capable
of destroying its own product. Blanco et al cultured the organism
in richer wedia (YEME} and grew the cultures at  i1°C where as
mine were grown in LB at 28°C. Thus there may have been enzyme
induction at lower temperatures or inhibition at higher
temperatuyres that may have been more cptimal for antibiotic
production.

With the understanding that ansamycin inactivation was more wide
spread thar had been previously known the focus shifted from the
general to the specific -~ the cloning of one of the genes
‘rasponsible for inactivation.
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saveral of the strains inactivated but did not decolerise the

drug. Subsequent work done by Mikaml et al at the University of

Chiba, Japan shows that several mechanisms of inactivation are
operating in the nocardioform bhacteria. These include
phosphorylation (Yazawa et al, 1894) , glucogylaticn (Yazawa et
al, 1993) ;, ribosylation (Dabbs et al, 1995) and a decomposition
mechanism (Yazawa et al, 1993). The addition of varioue chemical
groups have been shown to be attached to the ansamycin bridge at
c2l and €23 in place of an hydroxyl. The additions of these
groups does neot lead to decolorisation. Similar systems are
probakly cperative in the strains tested here that did not
-decolorise the antiblotic, R.australis, s.lividans and non-
nocardioform, B.subtilds. It was subseguently demonstrated that
the mechanism of inactivation in B,subtilis was phosphorylation
(Dabbs et al, 1985h)., R.rubrapertinctus showed nho ability to
inactivate any of the ansamycins., This was confirmed by the
gabbatical work of E.Dabhz and Y Mikami (unpublished). Recently
this strain has been rec’ +ied as being a member of Gordona
{gquoted in Finnerty, 1992). None of the other strains in this
group have been, tested for their ability to inactivate
rifampicin. N

The analysis of the inactivation of %the naturally occurring
rifamycin SV revealed that in almost every case where rifampicin
had been inactivated so was this antibiotic. This indlcates that
"1t 1ls not the semisynthetic addition to rifampicin that is the
target of inactivation but a section distant from it. The one
strain that was not consistent with this was B.subtilis. This was
able t¢ lnactivate rifampicin and streptovuricin btut neot
rifamycin sv.

I began a similar project in parallel with the current work,
producing two rifampicin hypersensitive mutants of B.subtills
iA3. I also produced a shuttle vector from pBooR251 and pClo4d
that was maintained in both E.coli and B.subtilis hostd. However
& genomic library of an inactivating B.subtilis strain showed
axtensive spontaneous deletions ot the insertsd DNA. On further
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the increased intracellular concentration of KRM 1648. These
authors plan to soquence the rpod gene from this organism (firata
et al, 1luouu).

4.10 CONCLUSION

Thig work has resmilted in the cloning, sequencing and expression
¢f an hydroaiylas qone from Rhodocoocus. This gene is responsible
for the hydroxyl.* ioh of rifamplain which in turn inactivat:s the
antibloti¢, Thie may play an important role ln rifampioin
resistance in AIDS patients infected with R.equi, especially if
they have Luoen misdiagnosed with tuberculosis.

The next steps in this project would be to sequence the rest of
the cloned DNA. This would identify the chromosomal context of
the gene, vnabling comparison with homolgous monooxygenase gene
contexts. Ulsri; ' fon of the gene by homologoua ecombination
would hulp in the further characterisation of the gene and
biochemical anaiysis would aild in ildentifying the natural
substrute of the enzyne,

since the nitural substrate of the enzyme has not been determined
and rifampicin i+ used as a substrate by this enzyme it shows a
broader subntra' - range, Bnglneering of moncoxygenases has been
accomplishod, §t neing substrate range (Abril et al, 1989), The
ability to eng. -»er such modifications may be useful in
environmental pr - ootion efforts. Recaleitrant pollutants often
resemble tha nad seal substrates of microbial enzymes. This has
bean demonstrated repeatedly iIn the Rhedocoael. Thus Further
invgstlgatjun intu rhodococoal enzymes may not only reveal
antibiotle rasis nees but ald in enviy:smental protection.
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These are showing surficlent promise to warrant further
evaluation (Dholpe and Ibanez, 19%85). They have been found te
have MICs Jower than rifampicin for most of the mycobacteria as
well as §.aureus, S.epidermis, Strep.pneumonia and Strep.pyogenes
(Fujli et al, 1994). Pharmacokinetic studies have indicated that
the concentrations of KRM compounds in plasma are lower than that
of rifampicin. However the concentrations in certain organs {(lung
and spleen) are comparable or even greater (Tomioka et al, 1992},
It has also been shown that KRM 1648 and XRM 1657 exhibit fewer
toxiec effects than rifampicin in mice (Salto et al, 1991).

The benzoxazinorifamycln that seems to have the greatest effect
against M,tuberculosis and other organisms is KRM 1648. MICs
(MIC;, and MIC,) determined for rifampicin and wRM 1648 show
values of 4 and i28ug/ml for rifampicin using the BACTEC 460 TB
System and 0,016 and 2ug/m) for KRM 1648, This study showed thare
was oross reeistance between the two drugs whioh they bellieved
was occurring at the RNA polymerase level. It was also shown that
the KRM 1648 had a markedly increased permeability into the
mycobacteria through the oell wall, This indicates that the
activity of KRM 1648 is largely dependant upon i1ts incresased
ability to accumulate at the target sites inside bacteria
(Klemens et al, L994).

These drugs were tested against a rifampicin rasistant strain
that had an MIC of B8ug/ml. The other reference strain was
resistant to 128ug/ml. The first strain is exhibiting a low level
rifampicin resistance. KRM 1648 was much more effective than
rifampicin on sensitive strains of M.tuberculosis. The findings
also indicated that both KRM 1648 and rifampicin were lass
effective against tha low level regigtant gtrailn, KRM 1648 gtill
pignificantly reduced the incidence of lung lesions in animals
infected with this strain, while rifampicin had no effect. KRM
1648 did no%t have any effect against the high leval realstant
strain. It could be the case that an inactivation mechanism is
present 1In the low level resistant strain and that the
differential effectiveness of the two antibiotics is a result of
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rifamyocin S. It has been shown to have good in vitro activity
against most mycobacterial species. In animal models it was more
active against both M.tubsroulosis and M.leprae than rifamplodin.
Bome studies have shown it to be active against some rifamplcin
resistant strains of both species (O/Brien et al, 1987). Neither
of thuse strains have yet bheen shown to have rifampicin
hydroxylati.g enzymes so this abllity to .overcome resistance
using rifabutin may or may not be relevant to R.equi.

Other studies carried out in the same year on other
derivatives confirmed increased sensitivity to rifabutin as well
as to rifapentine, CGP29861, CGP7040 and COGP27557, against
rifampiein sensitive and rifamploin resistant strains of
M.tuberculosis and the M.avium-intracellulare-scrofulaceun
aomplex (Dickinson and Mltehison, 1987).,

The mogt recent development are the nhovel benzoxazinorifamysins,
the KRM series,

R 4
Gy 7\
N NCHCH | N NOH,0H:0H
\OHa ./ T
KAM—1840 KRM~1687
Flgure 4.3 Structures of KRM 1648 and KRM 1657
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4.9 RIFAMPICIN AND OTEER RIFAMYCINS

Tha ev.idence seems to point to rifampicin belng hydroxylated in
some way, probably on one of the aromatic rings. This may produce
a compound that can be used as a substrate by one of the numerous
divxygenases that are found in the Rhodococel,

The homoloyuae from Flavebacterlum has bheen shown 4o remove
several different groups from aromatic rings and replace them
with hydroxyls, these include hydrogen, chloro, nitrs, amine and
cyano groups at the para positien in relation to the hydroxyl of
phenol, The two adjacent rings on rifamplcin have three hydroxyls
attachzd at positicas €1, ¢4, and C8, The possible groups that
tha enzyme ocould be acting on are a methyl group at €7; a
nitrogen at ¢2 which attaches the arvomatic group to the ansa
bridge o¢r tha group attached to €3, It is +to €3 that the
senisynthetic portion of rifampicin is attached, in rifamycin sV
this is a hydrogen., Furthar investigation could be carriesd out
on the ability of R.egqul to inactlvate .some of the newver
rifamyoln derivatives that are in trials at the moment. If the
gugceptible group has been nmodified so that it 1s ne longer
avallablée to be hydroxylated this drug would most probakbly be
effevtive against iri mediated rifamplcin resistance.

The rifamycins ars another group of antibiotivs which are being
modified to produce new generation drugs. Although rifampicin is
still = the stalwart of anti-mycchbacterial therapy nevw
nodifications have been introduced resulting in rifabutin,
rifapentine, the CGP series and the XRM series.

Barmudesz et &l (1924) state that the majority of rifamycins that
have been investigated thus far both in vitro and in vive are not
active or have reduced activity against the M.avium~
intracellulare complex. This highlights the reality that although
many variations are tried few are effective.

Rifabutin is a somlsynthetic spiropiperidyl derivative of
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A database search of Genbank for other hydroxylages/
nonooxygenasas fror Streptomyces, Nocardia, Gordona,
Corynebacteria, Mycobacterium and Rhodococous only identified 2
sequences that have not been previously mentioned, These are a
lactate monocoxygenase from M.smegnatis; whioch does not appear to
have significant homology with this enzyme and an alkene
nonooxygenase from R.rhodochrous. This monooxygenase is one of
the multiple subunit types and it has not bheer published.

Althouglt no other hydroxylases have beaén cloned and seguenced
from Rhodocoocus speclies several enhzymes have besn purified to
varying degrees of purity. A phenol-hydroxylase was purified from
Rhodocaccus species Pl that used phencl as sole carbon source
{Straube, 1987). Rhodococous aspecies BPG~8 has had a rescrcinol
hydroxylase (Armstrong and Patel, 1993) and a phloroglucinel
hydroxylase (Armstrong et al, 1993) partially purified from it.
The NADH dependent monohydroxybenzoate monooxygenase was purified
from R.erythropolis (Suemori et al, 1994) ‘and R.rhodochrous had
a steroid monooxygenase lsolated to homogeneity. Thisg enzyme
- catulysed the oxidation of progesterone to produce testosterone
acetate. The enzyne is 60kDa in the monomeric form with a pl of
4,9, The prosthetic group of this enzyme wag FAD and the reacticn
utilised NADPH (Miyamoto et al, 1995). The predicted size of the
ird translated protein is B2kDa with a pI of 5,32,

At this stage there is no evidence that this enzyme can cause the -
utilisation of phenol, catechol ox p-hydroxybutyrate as =sole
carbon source. So the natural substrate of this enzyme has not
been identified. Further aromatic substrates could be tested
including plgment precursor molecules. As Rhodococcus is known
for ites ability to degrade cyclic compounds an assumption was
made that this enzyme’s hatural substrate would be degraded. Tha
sequence heomologies have introduced the possibility of this
enzyme bein+ a bi?synthatic enzyme under normal clrcumstancas.
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from these strains, It would be expected that enzaymes from
bacteria from the same grouping would have greater homology to
one another than to strains out side of the group. Thus
similarity may be a result of conserved binding sites and
evolutionary relatedness of the strains rather than on the
natural substrates of the enzymes. However further sequencing of
the downstream DNA could reveal a cluster that is homologous to
the other polyketide synthases. However, if a similar cluster
wag identified these genes could be used in the production of
hybrid polyketides, For this to happen these ganes would need to
be transformed into Streptomyces and that the promoters would be
recognised by the host RNA polymerase.

The predicted promoter for the izl sequence'is baged on homology
and sequence analysis of promoters in Streptomyces. The =-10
region  (CACACT) is identical to the -10 region of another
straptonycete gene mPle-p (Buttner, 1989), It has been shown by
analyeis of many streptomycete promoters that the T in the &th
position is invariant and therefore oritical (Strohl, 1992). The
-35 reglon (Treces) is simllar but not didentical to other
promoters. Analysls shows that the TTG in the first 3 positlons
ococuy more than B6% of the time with the 6 belng invarient. The
other three bases CGG have all been desoribed at these positions
in streptomycete promoters. This gaguence formed the apex of a
stem-loop structure. These structures have bean found in
streptomycete promotexs. The posltion of the sequence on the loop
would facllitate binding to the promoter. The positions of these
sequences, which wers -35 and ~10 to each other, were identified
with the help of transcriptional analysis that had been carried
out on the tetracenaomycin gene cluster. The transcriptional start
site of the tomé gene had been found using S1 nuclease mapping
(packer and Hutchinson, 1993). The consensus sequence for the
shine-Delgarno in Streptomyces is a/gGGAGG. A putative Shine-
Delgarno seguence BAGEAGE was ldentified -8 to ~-13 upstream of the
gtart codon of ird. This is exactly the same sequence in exactly
the same position as the shine-Delgarno of the urdE gene from
S.fradiae (Decker and Haag, 1995),
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rifamploin resistance gene was c¢lone using Ri& (Quan and Dabbs,
unpublished} that ilnactivates the drug by a totally different
mechanism, it oannot be oconfirmed +that the mutatien to
hypersensitivity is found in the iri gene. The probability ls
‘high that it lg in the iri gene as the other obvious possibility
would be the rpoB gene. Since I have shown that the iri strains
can be made spontanecusly resistant to high levels of rifampicin,
which 1s indicative of mutation to xrpoB, and otill retain tha
ability to inactivate the drug it excludes this a the mutation
site.

This could be investigated by lhterrupting the izl gene with an
antiblotic resistance marker and using thie construct to do
homologous recombination in the willdtype strain. A - double
orossover event would effectively exchange the wildtype gane for
the lnactivated one, A comparison of phenotypes could then be
undexrtaken.

More recent work on thesge clustered regions have ldentified
further denes. Thesie gehed are upstream of the hydroxylase and
are transcoribed in +the opposite direction off divergent
promoters. They have been identified in the jadomydin B cluster
(Yang et al, 19%.) and in the daunorubicin ciuster (Otten et al,
1995) . The deduced amino acid sequences of thease genes have begen
ahown to be homologous to othar known repressors. The JadR; N-
terminal region resembles PtrR Ffrom Nelgserla gonorrhoeae and
EnvR and AcrR from F.coll. These control tandemly linked genes
that mediate rasistance to structurally dlverse agents by an
efflux mechanism (Nikaido, 1994), If iri was found to be pari of
a cluster that is repressed, mutations in the repressor could
lead to increased rifampleln resistance.

The streptomycetes are studied chiefly because of thelr
antibiotic biosynthetic capabilities. For this reason it is not
surprising that, with the exception of the pigment genss, the
hydroxylases cloned from thiz group thus far are invelved in that
process., No hydroxylasaes involved in dagradation have been cloned
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(crimm et al, 1994), urdamyain (Decker and Haag, 1995} and
jadomycin B (Han et al, 1994) have been cloned. They strongly
resemble each other with respect to their genetis organisation
and deduced amino acid sequences of the products responsible for
the assembly of the polyketide chain {(Katz and Donadio, 1983).
In addition polyketide synthase genes from different gens
clusters can form active enzyme complexes and express hybrid
enzymes in a heterologous host, This can lead to the production
of novel polyketide compounds (Katz and Donadio, 1953},

All of the gene olusters characterised so far have an hydroxylase
as the flrst ORF in the cluster. The iri gene does not seem to
have an ORF in the 280bps that have been seguenced upstream of
the start dodon., This may indicate that this is the first gene
in a cluster as there appears to be a second ORF downstream of
the gene. This has been partially sequenced and no identification
has been made on data base searches.

othey polyketide substances that have been characterised in
Streptonmyces are spore pigments. The whiF cluster from
S.ceellcolor (Davis and Chater, 19%%0} and the zsch cluster from
S.halstedil (Blanco et al, 1992; Blanco et al, 1993) hoth contain
a core set of homologuas of 4 genes characteristic of polyketide
synthases, Blanco et al (1993) examined the upstream regions of
these clusters only to find an ORF whose deduced amino aciad
sequence resembled sequences of aromatic hydroxylases. They were
able to show that’ disruption of these genes affected the spore
colour. In S.halstedlil normally green spores became lilac,
Rhodococcus speclies do produce plygments, R,erythropolis and
R.equi are salmon pink in colour and R.fasclans is bright yellow.
Thus the irl gene could be involved in pigment production. This
could be substantiated by sequencing the down stream region of
DNA, Alternatively degenerate PCR primers deslgned from conserved
regions of other cluster dgenes could be uged to amplify sequences
From the 8,3kb fragment, Interaestingly the Jiri  mutants are no
different in colour from the wiidtype. Howaver it has not bkeen
established what the mutations in these mutants are. As ancother
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were three other reglons that produced hemelogy with the other
streptomycetes and flavobacteria. These were in the regions of
residues B86-136; residues 140-160, which contained mostly
identities, and 444-458, which also contained many identities.
However no functional significance has been discovered for these
sequences at this stage.

4.8 POLYRETIDE HYDROXYLABES

The homologues identified include hydroxylases involved in the
biosynthesis of polyketide antibiotics (Bibb et al, 1989; Decker
and Haag, 1995; Han et al, 1994), polyketide pigments (Davis and
Chatcr, 1990; Blanco et al,1992) and the degradation of phenolic
compounds {Orser et al, 1993},

Polyketides form a large group of natural products synthesised
especially by bacteria, fungi and plants. Many diwportant
antibiotics such as tetracyelines, erytiromyein, adriamyecin,
monensin, rifamycin and avermsctins are polyketides. In their
biosynthesis multifunotional synthases catalyse condensation of
thio-esters derived from acetate, propionate or butyrate to yield
aliphatic chains of varying length and carrying various alkyl
substituents. Supsequent modifications, including aromatic or
macrolide ring colosure of .specifie methylatlons of
glycosylationa, generate further chemlecal diversity,

The greatest howmology was found with an hydroxylase used in
urdamycin synthesis. The urdamycins are aromatic polyketldes
produced by S.fradiae that exhibit antitumour and antibacterial
activity. They belong to a large group of anguacycline
antiblotics which comprise more than 100 natural compounds with
many pharmacologlical activities (Rohr and Thiericke, 1992),

Polyketide synthase genes responsible for the production of
actinorhodin (Fernandez-Moereno at al, 1992), tetracenomycin

(Bibb et al, 1989), granaticin (Sherman et al, 1989), doxorubicin
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Figure 4.2 Comparison of deduced amino acids from the
flavin binding region of the iri gene

idant * E 2 * % * * * ok
aimil KW AR R AN AR ko RWNR A K kAR WRHRNANN LI LEL L L T

IRI 257 YRRDRVFLAGDARHIHPPMGGOGLNLGVRDAFNLGWKLAAEINGWAPVGLLDTYESERR
URD 2664 YRRGRVLLAGDAAHIHELFAGGRGMNTGIQDAVNLGWRLAAVLRGTASESLLDSYHSERY
SAU 252 YRLGRVLLAGDAMRHIHLPACGQGLNLGFQUAVNLGWRLAAVVRGHGTEELLDSYC SRR
EVE 184 YRDGRYLWAGDAAHQOMKE IGERALNLGLODAVNLGWRLAAVVRGTAPDGLLDTYHDERE
PCR 289 YRRGNVFLAGDAAHCHSPSCUGSGNNVEMQDAFNLGWR IAMVERGEAKPDLLDTYHTERY
TCM 313 ¥YRSGRVFLAGDARHVHPPAGAFGANGGIQDAENLAWKLAAYLKGTAGDALLDTYEQERL
OTC 279 RDGRVLLAGDACHIHLPAGGQGLNLGFQDAVNLGWRLGATIAGTAPPELLDIYEAERR
8CH 304 RAGRVFLAGDSAHEMSPIGAFGSNTGIQDAHNLAWRLAAVLGGWAGDGLLDITYDAERR
THED 302 QQGRVFCAGDAVHRHPPTNGLGSNTSIQDAFNLAWKIAMVINGIADESLLOTYTIERA
PHE 320 QKGRVCCRGDAIHREPPSHGLASNTSIQNSYNLOWKLACVLKGOA: "ELLETYSTERA
PHY 349 KDERVPIAGDACHTHSPKAGQGMNTSMMDTYNLGWKLGLVLTGRAY WILKLYERERY
HBH 277 QHGRLFLAGDARHIVPPTGAKGLNLAASDVSTLYRLLLKAYRE.GRGELLERYSAICL

The aspartate (D) 277 forms hydrugen bonds with the 0-3 ribityl
molety of the bound FAD cofactor. This residue is conserwved
through different classes of flavin binding enzymes ineluding
reductases and dehydrogenases from bkoth prokaryotes and
eukaryotes (Eggink et al, 1990}, This residue is also present in
the protein under investigation.

8ite directed mutagenesis of p-hydroxybenzoate hydroxylase
introducing an N300D mutation changes the catalytic properties
of the enzyme (Palfey et al, 1994). This asparagine is highly
congerved (Flgure 4.2). In the wildtype enzyme residue 300 is in
gontact with the iscalloxazine ring of the active-site FAD. In
the mutant this side chain has moved about 5 angstroms altering
the proteln structure. The f£flavin of the p-hydroxybenzoate
hydroxylase is reduced by NADPH in the first of the catalysis.
The mutation decreased this rate 330-fold, apparently by
affecting the reactive ¢ “ation of the isoalloxazine and
pyridine rings. As a4 resul. - -oxylation was 50-fold slower in
the mutant than in the wild type. This resldus is also present
in the protein translated fron iri,

Thus it can be shown that the protein under investigation does
contain all the essential residues that have besh identified this
far for the binding of FiD. Expression of this protein in I.coll
showed that FAD and NADPH are needed for enzyme function. Thera
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Most of the high scoring hits were .with hydroxylases/
MONOOXYYENAses .

Figure 4.1 Comparison of deduced amino acid sequences of
the aminoterminal of the iri gene

ident * ® *

simil LT AT T T I *x LT L

IRI 4 VIIVGAGPTGLMLAGELR. . . . LQGVDVVYVDRDEEPTQFUR 41
URD b VIVAGAGPTGLMLAGELR. + » + » LAGVDVIVLDRLAMRIGEGR 42
SAb 1 MYVAGAGPTALALACELA ,...LOGARAVVVERRREPEKHSK 38
eliys 5 VVIAGAGPRGIMLACELR, » «» . LAGARTLVLERLAERVDFEK 42
Pcp 17 VLIVOGGTTELIARNELL. . . . .RROVSCRMIDELPVAHQTSK 54
TCK 1% VLIVGGGLTGLSAALILE. . .. .QUGVSCRLYERHRGTTVLTR 56
8CH 17 VLVVOGELVOLATSVPLG. + » « « RLOVRHMLYERHAGTSVHPR 54
WHI 23 VLYVGGSLVELETSVFLG. + » + « RLOVRHTLVERHAS™SIHEA BO
BNR 10 VLVVGEBLGGLSTALFLA, « « » JRRGARVLLYERHAGTHVIPR 47
TFD 10 VLVVGTAPAGASAGALLA. . . . JRYGVRTMLINKYNWTAPEPR 47
PHE 38 VLTVGSGPAGSSAAMFLE, , . . .TQUIENIMITKYRWTANTPR 75
PHY ir VLIVOAGPAGLMAARVLSEYVRQKPULKVRIIDKRSTKVYNGR 53
RBH 5 VAIJGAGPSGLLLGRLL. . .. . HKAGIDNVILERQTPDYVLECR 42

where ldent are identitles and simil are similarities in most of
the sequences examined: |
IRI - hydroxylase from R,equl

URD - hydroxylase from S.fradiae

SAU - hydroxylase from S.aureofaciens

SVE ~ C~16 hydroxylase from S.venezuela

ore - anhydrooxytetraclycline moncoxygenase from S.rimosis
PCP ~ pentachlorophenol~4~monooxygenase from Flavobacterium
TCM ~ tetracenomycin hydroxylase from S.glaucescens

8CH ~ plgwment hydroxylase from-S.halstedil

WHI « plgment hydroxylase from S.coslicolor

DNR - hydroxylase duanorublcin biosynthesls from &.peucetius
TFD =~ 2,4~dichlorophenol hydroxylase Alcaligenes eutrophus
PHE = phenol monooxygenase from Pseudomonas

PHY = phenol hydroxylase from Trichosporon cutaneum

HBH -~ 4-hydroxybenzoate hydroxylase from P.fluorescens.
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Ribonuclease Boehr inger~Mannhein
Rifampacin Boehiringer~Mannheim
Rifanycin 8V Siyne
508 BDH
Sequenase version 2.0

DNA sequencing kit use
Spectinomycin Unmarked
Streptolydigin Upjohn
Streptomycin Boehringer-Mannheim
Streptovaricin Upjohn
Suorose Saarchen
T4 Ligase Boehringer-Mannhain
TES Sigma
Tatracyclina Boehringer-Mannhein
Thiamine chloride Merck
Trisg - BDH
Tryptone Oxoid
Twean=-80 Merck
Urea ICN
X~gal Signa
Yeast extract , oxolid

APPENDIX C©

Formula for calculating number of clones for a genonic library

N = ln(i=p)
In(l~a/b)

N = number of clones reguilred

P = probabllity (e.g.a 95% probability that any gene ls
pregent)

a = average size of DNA fragment inserted into ventor

b = total slze of geshome
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Hybend-C
p=Hydroxybutyrate
IPTG

Isonlazid
Isopropanol
Kasuganycin

K,HPO,

KH, PO,

X, 50,

K acetate

K chloride

Low gelling agarose
Lysozyme

Malale aold
Methanol
¥g~methionine

Mgcl,

Myso,

Molecular welght markers

Na moetate

Na arsenabe

Na arsenita

Nadl

NADH

NADPH,

NaOH

Na taurocholate
Naladixic acid
Phenol

Polaroid f£ilm 687
Polyethylene glycol (PEG)
Proteinase X .
pUC seguencing kit
Restriction enzynes

Amersham

Sigma

Sigma

Sigma

Saarchan

Loehringer Mannhheinm
Merck

BDH

BDH

Merck

Saarochem

FCM Bloproducts
Boghringer~Mannhein
Merck

BDH

~Amershan

Marck

Baarchem
Bozhringer~Mannhaeim
Biorad

Searle Company
Saprchem

Sigma

Saarahem
Boehringer~-Mannheim
Boghringer~Manphaim
gaarchem

BDH

Slgma

BDH _

Pelaroid

Sigma

Boehringer~Mannhelin
Boehringer-Mannheimn
Boehringor~Mannhelm
New England Blelabs
Amarsham
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Acrylamide
Agar

Agarose

Ammonium chloride
Anpieillin

B5=-daTp

Big~gorylamide

Boric asild

Butanel

caClg

calf intestinal phosghatase
Casanincacids

Catechol

Chloramphenicol
Chloraform

coonaselie blue R250
D-oycloserine

DDS {Dapsone)
Dichloredimethylsilane
Dimethyl formamide
Dimethyl sulphoxide (DMEO)
Dithiothreitol (DTT)

DNA labelling & detection kit

EDTA
Erythronmyeln
Ethanbutol
Ethanol
Ethidium bromide
Ethyl acatate
FAD

Fe ¢hloride
Fugidic acid
Glusoga
Glycereol
Glyeine

HCl

¥erck

Oxoid

Merck

FCM Bioproducts
Merck
Boehringer~Mannhein
Amersham

BDH

Sigma

BDH

Marok
Boghringer-Mannheim
Difeo

Sigma
Boehringer-Mannheln
ACE

Saarchem

Siana

8igma

Merok

Analyticals

Sigma
Boehringer~Mannhainm
Boehringer-Mannheim
8igma
Boehringer-Mannheim
Sigma

Several sources
Boehringer~Mannheim
Baarchan

Sigma

Marek

Unmarked

BDH

BDH

BDH

Saarchem/BDH
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5g Nacl
10g NH,CL
pH to 7,5 with NAQH
Water to 1 litre and auvtoclave

Hershey’s saita

5,49 Nacl
3,0q KCl
1,1¢ NHC1
18my CaCl,y. 2H,0
0,29 MyCly. 6hy0
0,2my FeCl,;.6h,0
87y RH,PO,
12,1y  Trizma base, adjust pH to 7,4 with HCl, water to 1
litre

Harghey’s Madiom

1o0ml Hershey's salts
10ng threonine
10wy leucine
20mg proline
20mg arginine
o204 vitamin Bl (5mg/ml)
After autoclave add
0,8ml 50% glucose

¢yclosarine solution
10my/ml D-oycloserine in 0,1M phosphate buffer pH 8,0 prepared
freshly.

APPENDIX B

Sources of Media and Chemiocal Reagents

heetlo acld Associated Chemical Enterprises
Acetone EMM Chenicals
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Extraction of single stranded DNa
20% PEG
2,54 Nacl

3,0M sodium acetate
pHS 2 with glaclal acetic acid

Denaturing double stranded DMNA
0,3 NaoOH
0,2nM EBPA pHS, 0 ,

Polyacrylamide gels
33,69 urea

:2ml  38:2 acrylamidetbis~acrylanide

isml TBE 5
24ml  water

Running buffer

Maxicell solutions

TBE 1x
R medium .
lyg Casaninoasids
0,02ml  Vitamin Bl (Smg/ml)
loml 10k M9 stook
90ml water

Add after autoclaving
0,2ml 1M myso,
50% Glucesa
0,02ml 0,5M CcaCl,

10x M9 stook
151y Na;HPO,, v 2H,0
30¢ _ KH,PO,
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0,035% TEMED
25mM  ammonium persulphate

Separating gel

10% acrylamide

0,38M Tris pH 8,8

0,1% SDS

0,035% TEMED

25mM  ammonium persulphate

Blectroda buffer
25mM Tris

0,24 glycine
0,1% sps

Bample leoading buffer
63mM Tris -HCLl pH 6,8

2% 8D8
10% dlycerol
5% f~mercaptoethanol

0,001% bremophenol blue

stain

0,1% coomassie blue RI34

5i4:1 methanol : water : acetic acid

Destain

5:431 methanol : water @ acetic acig
Beguencing solutions

Blue/white oolour selestion

2% X=~gal in dimethyl formamide (3o0ul/plate)
100mM IPTA in water (30ul/plate)
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lmM EDTA

202 BBC

M Nacl

0,3M sodium citrate
pH 7,0 :

Washing solutions

", 1% 5D8
2x g8sc

0,1% SDS
0,1x 88C

Non~radioactive labelling

Buffer 1
0,14 Tris pH 7,5,
0,15M KacCl

Buffer 2
0,5% (w/v) blocking reagent in buffer i
Praepared 1 hour before use

Buffer 3

0,14 Tris pH 9,5
0,1 NaCl

0,05M Mgtl,

Folyacrylamide gel electrophoresis
gstacking gel
6% acrylamide (stock ¢ 30% acrylamide and 0,8% bis-acrylamide)
0,176M Tris pH 6,8
O,1% SD&
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TE with 10% EDS

4,5M sodiun acetate pH 5,6

NUransformations
In E.coli

509M Caclg
10mM Tris-HCL pH B,0

In nocardicforms

Protoplast buffer

The following basal solution was made up in 87,Bml water
10,39y sugrose

0,0258g K,80,

0,202g MdCl,.&H,0

After autoclaving i1oml of 0,25M TES pH7,2 was added
Aliquots of 9,75ml were stored frozen at ~20°C

Just before use the following were added to each aliquot:
0,25m1 1M CacCl,

0,1ml 0,5% KH,PO,

Bouthern blotting
Denaturing salutibn
1,5M Nacl
0,5M NaoOH
Neutralising solution
1,5M Nacl

0,54 Tris pH 8,0
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Running buffer

180ml water

20ml Sx TBE

1541 ethidium bromide (i0mg/ml stock in water)

Loading buffer
30% glycerol in TE
0,025% bromophenol blue

Bolutions for plusmid preparatiocns of E.coll

Bolukicn 1

s0mM glucose

10mM EDTA

25mM Tris-HCl pH 8,0

A 20% glucose stock solution was autoglaved separately and added
aftervards

solution 2
0,2M NaOH
1% 8D8

8olution 3

5M potassium acetate pH 4,8
Dissolved in 88,5ml water

11,5ml glacial acetile acid added

Ribonuclease

10mg/ml in TE or 3mM Tris or water
Diluted 1:10 for working solution
Bolled for 10 minutes before use

DNA preparations from nocardieforma
10mM  Tris-HCl pH 8,0
10% sucrose

Bmg/ml lysozyme -~ fresh.yv added
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Protoplast reqanerétion plates

0,9g Nacl

3,0y tryptone

1,5q yeast extract

35g sugrose

Dissolved in 200ml water and the volume made up to 280ml

44 agar was added

After autoclaving the following were added

6ml 1M CacCl,

10ml 0,258 TES pH 7,2 (N-tris(hydroxymethyl)methyl-2amino
ethanesulfonic)

Fach regeneration plate contained 22ml of media

Buffers and solutions for agarose gel electrophoresis

TE
10mM Tris pH 8,0
10mM EDTA

TBE 5x

0,895M Tris

0,089M boric acid
0,002M EDTA pH 8,0

TAH
0,04M Trip-acetate
0,001M EDTA

Agarose gels

0,8y (0,4%) or 1,6g (0,B%) or 2,4y (1,2%) agarosme
180m) water

20ml &% TBE

25m1 of the asbove were used per gel

1,541 etnidium bromlde {(lomg/ml stock)
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TYA
Y
1,5% agar

T2
TY
3amM  Cacl,
3mM NacCl
10mM MgsO,

ﬁuriannertani Broth {LB)
TY
0,5% NaCl

LA
LB
1,5% agar

1/3 LA
LB
0,5% agar

™G '
Y
1% glycine

Y68

TY

2% glycine
10,3% suoyrose

ZRYT

1,6% tryptone

1% yeast extract
0,5% NacCl

pH 7,6 with NaOH

194



APPENDIX A
Btock Beolutions

Antbiotic Btock Bolutions

Ampieillin : 1oomg/ml in 1:1 athanol:water
chloramphenicol:  4mg/ml in ethanol

bps (bapsone) 100mg/ml in 1:1 ethanol:water
Eyythromycin : img/ml in ethanol

Ethanbutol : 10mg/ml in 1:1 ethanoliwater

Fusidic acid : 10mg/ml in ethancl

Isonjazid t 100mg/ml in 1:1 ethanoliwater
Kanamycin : 1o00mg/ml in water (filter sterilised)
kasugamycin 100mg/ml in water (filter sterilised)

Naladixie acid : - 1lomg/ml in ethanol

Rifampicin s 1omg/ml in methanol

Rifamyecin 8V H Tomg/ml in methanol

Spectinonyoin i00mg/ml in water (filter sterilised)
Streptolydigin : 1omg/ml in methanol

Streptomycin H 100mg/ml in water (filter sterilised)
Streptovaricin :  I10mg/ml in methanol
Tetraoycline : iomg/ml in methanol

Arsenical Belutions
2M sodium arsenate in water (autoclaved)
3M sodium arsenate; 0,5M sodium arsenate ln water (autoclaved)

i0% Tween BC
iml Tween 8¢
4ml water
5ml éethanol

Media
Ty
1% tryptone .

0,5% yeast extract
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Formula for calculating DNA concentration from agarcse gels

lambda : fragmepnt size =x anmount of DNA per lane = ¥
genome gize

plasmid ¢ plasmid slgze % y = amount of plasmid DNA lane
fragment size

gizes of molecular weight markers

ALT ¢ 23.0 kb ALII & 23,0
' 9.4 kb 5.0
6.6 kb 4.2

4,4 kb 3.5

2.2 kb 2.0
2.0 kb 1,9
1.6

1.3

1.0

0.8

0.6
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