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ABSTRACT

Rifampicin is one of the major antibiotics used in the treatment
of Mycobacteri ',WI tuberculosis. This organism causes tuberculosis.
Other related nocardioform bacteria which include the snoaooocai:
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
rhodococcal strains and five other related and unrelated
bacteria. This work describes the cloning of the gene responsible
for rifampicin inactivation from two of the rhodococcal strains,
Rhodococcus erythropolis and Rhodococcus equi. A Rhodococcus-
.E. coli shuttle vector wac constructed and used to build a genomic
library of Rhodococcus 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 Rhodococcus equi 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 sequence th~t is homologous to flavoprotein
monooxygenases involved in antibiotic biosynthesis and
raonooxyqenaaes involved in the degradation of aromatic compounds.
The enzyme was expressed in E.coli and was shown to need FAD and
utilise NADPH as a cofactor. The presense of this gene may have
implications for the correct diagnosis and treatment of
Rhodococcus equi infections with particular relevance to the
third world.
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Ask and it will be given to you; seek and you will find;
knock and the door will be opened to you. For ever-yone who
asks receives; he who seeks finds; and to him who knocks,
the door will be opened. (Matthew 7:7-8)
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people die every day as a result of tuberculosis. There are five
first-line drugs currently used in treatment: isoniazid,
rifampicin, streptomycin, pyrazinamide and ethambutol. of these
Lacn Laz i.dand rifampicin are the most effective. Random mutations
in a population of dividing cells occasionally produce a strain
that is resistant to a particular drug. For this reason patients
are treated with a combination of drugs to prevent drug resistant
strains arising.

Leprosy, a disease frequently mentioned in biblical narratives,
is the result of M.leprae infection. The onset of leprosy is
insidious. It is the cooler issues of the ~ody that are
affected: skin, superficial nerves, nose, pharynx, larynx, eyes
and testicles. Neurological disturbance~ can be seen from nerve
infiltration and thickening with resultant anaesthesia and
related sympto"t\:"'.M.leprfile has not been cultivated in vitro
however inocuJ ;).t:edarmadillos develop extensive lepromatous
leprosy. Armadillos spontaneously infected with leprosy have been
found (quoted in Jawetz et al, 1982). The 2 drugs used
effectively against infeotion are dapsone and rifampicin.

Several other mycobacterial strains are opportunistic pathogens
often found in immunosuppressed patients, especially HIV
patients. These include M.avium-intracellulare complex,
M.scroiulaoeum, M.marinum and M.uloerans.

Nocardia species, specifically N.aster:iodes and N.brasiliensis,
are the main causes of nocardiosis. This is an opportunistio
pulmonary disea~c of humans that may spread to the re~t of the
body. These organisms may produce mycetoma. Usually infection
produces pneumonia but in some cases it is SUb-clinical. If the
bacteria spread through the blood to the brain abscesses are
likely to form. Nocardiosis is more common Ln i)lln\un'.:>compromised
individuals (Jawetz at al, 1982).

RhOQococt;:us strains can }Je pathogenic to humans, anf.mnl.e or
plant',I.R.faBc.ians causes witchco"broom or leafy galls in



need two hydroxyl groups on the ring to perform this function.
The monooxygenases recognise acyclic compounds that contain at
least one hydroxyl group and then hydroxylates another carbon
either oxtztio or para to the first one. Nearly all bacterial
pathways for the degradation of aromatic compounds traneforIn
initial substrates into intermediates 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 diuxygenases occurs either
between the hydroxyl groups (intradiol cloavage) or at a bond
proximal to one of the two hydroxyl groups (extradiol cleavage) .
Most systems that have been described involve cleavage of ortho
hydoxylated compounds I however a few have been desc:dbed for para
hydroxylated compounds. In these cases ring clElavage occurs
between the proximal hydroxyl and the next su.batituent (Harayama
et al, 1992).

Pathogenio nooardioforms

Several species of noaardioform bacteria are pathogenic to humans
or animals or plants. The mycobacteria and the diseases they
cause are most well known, 'l'heyare pathogenic in many organisms
including humans , guinea pigs, fowls anticattle.

Tuberculosis, as mentioned earlier, is caused by Mycobacterium
tuberoulosis. Other baotE1>riathat cause tuberCUlosis-like disease
include M.bovi» and M.kansasii (Jawetz et «l , 1.982). TheSe
organisms are spread most commonly in droplets throug!'l.coughing
and srlee2:ing and to a lessor excent; through oorrcact; with
contaminated objects. 'l.lhosemost at risk [Ire thea poor I ·the
homel~ss, thOSe with su.ppressed immunity and those who care for
them (Benetar, 1991). Tuberoulosis kilJ.s more people than any
other infectious disease with about 3 million deaths each year.
Another one billion people are believed to be infected (strebel
and Seager, 1991). These people have a 10% chance of developing
the clinical disease in B life time, however if they are HIV
positive the risk increases by a~~pet' annum. In South Africa 36



R. srythropolis. The type strain ATCC427'l does not clump
significantly. ovar 60 traits have been used in t~ledevelopment
of a linkage map (Adams and Brownell, 1976).

serological methods show antigens common with Corynebacteria,
Mycobacteria and Nocardia and that ribosomes account for many of
the cross reactions. All members grow well on standard media,
they also grow well on simple media using amino acids and nitrate
as nitrogen sources and a host of sugars and organic acids as
carbon sources.

1.1.3 Uses

The Rhodococci are extremely versatile in their metabolic
capabilities. Of pharmacological interest is the ability of these
organisms to convert cholesterol into substances which are the
precursors of steroid hormon~s or oral oontT.ace.ptives(Ferreira
et s.1., 1984). These organisms also utilise some unusual compounds
such as acyclic hydrocarbons, nitroaromatic compounds and
polyoyclic hydrocarbons. !n a study of soil and marine
envJ.ronmentsin Kuwait these bacteria were most abundant and more
efficient than other baotpria known to be active 011 degraders
(Sorkhoh et al, 1990). They are also known for their ability to
degrade lignin-related ccmpcunds and humic acid, as well as
sUrfactants (MacDonald et al, 1981), pesticides (Fergu~on and
Kate, 1981) and acrylamide (Ar~i at aI, 1981). The degradation
of phenol (Houder at aI, 1981) and pyrene (Walter at al, 1991)
has also been described.

The ability to degrade cyclLc compounds is dependent, on enzymes
that are able to cleave ring structures. There are several ways
in which this might happen. Tho ring may be direotly cleaved or
it may be modified Hrat, providing a substrate for tho enzyme
that is involved in cleavage. The enzymes involved are usually
oxygenases I eithor mcncoxyqenaaea or dioxyganases Which
incorporate one or two molecules of oxygen into the substrate.
Dioxygonaseo arc tho enzymes t:.hat cl.eavethe tU:'omatlcring. They



mycelia, which in some case.s is short lived and breaks up into
bacillary or coccoid eleme.nts, that may be flagellated. These
bacteria can be divided into two types - the oxidative forms
which are soil dwellers and the fermentative types that occur in
the natural cavities of man or animals. The cell walls contain
meso-diaminopimelic =c Ld, tuberculostearic aoid and myoolic aoids
of variable carbon-chain length.

The genus Rhodooocaus was resurrected and continues to provide
a niche for aotinomycetes previously assigned to such genera as
Arthrobaoter, Brevii>aoterium, corynebacterium, Myaobactel~it1m, and
Nocardia (Goodfellow and Cross I 1984). The genera which are
currently classified as nooardioform actinomycetes include
:Nycobactr!:!ria,corynebacteria, Nocardia, aoraone , Z'sukamurel1a and
Rhodococcus (Goodfellow, 1986).

one of the strains used in this study, Rhodococcus erythropolis
has previously been designated Jonsenia canicruria which was once
included in Mycobacterium rhoc1ochrous, Nocardia calcarea,
Nocardia erythropolis and Nocardia globula (Goodfellow and
Minnikin, 1977). RllOdococotls equl. \lIasoriginally assigned to the.
genus corynebacterium, it spent a brief time in the genus
Mycobacterium ur'der the nane f.f, equ:L before being :r:eassignedto
the Rhodoooccus.

The taxon Rhodococcus currently acccmmcda+as 14 specLas according
to the 1986 edition of Be.rgeyfs man~al of systematic
Bacteriology. The Rhodococcus species are Gram posit:i.ve,
partially aoid fast, aerobic, chemo"organotrophic, catalase
positive and have a high CO ratio of 63 - 72%. They are non
motile. and some strains produoe feeble aerial hyphue. They have
no distinctive morphologiQal features other than the ability to
.form hyphae and fragment into rods and cocci , Considerable
het~rogeneity is evident.

Genetic studies have been h.ampered by slow growth and the
tendency cf the organism to clump, thus work has centred around

3



NOCARDIOFORM BACTERIA

:1..1.1 Habitat

Noaardioform bacteri~ are predominantly soil dwelling
microorganisms, found across the spectrum of soil types. They
have been associated with the roots of'dune plants, in virgin and
ploughed land as well as in forest soil and peat bog (cross et
aI, 1976). Some species possesD ~aohanisms that enable them to
degrade humic acid and hydrccarbon.. which suggests that they arc
able to degrade certain plant materials including leaf surface
waxes.

Although most nocardioforms are non-pathogenic, the soil is
thought to be a reservoir of some pathogenic forms. These result
in cutaneous infections on the feet, actinomycetoma pedis, or on
the back from carrying soil contaminated saoks. These bacteria
have also been isolated fr(')mfresh water but in low numbers. They
are present in cow dung, pasture grass and in activated sludge
and there is some evidence for marine nocardioforms. other
species have a symbiotio relationShip with blood sucking
arthropods. Studies suggest that these inseots do not reach
sexual maturity in the absence of t~he hacteria. These bacteria
have been isolated from their alimentary tracts (Cross et aI,
1976) •

Taxonomy

Nooardioform bacteria have a checkered taxonomio history. They
are classified as actinomycetes. However the same strain,
de}?ending on the ebserver , may be classified in the genus
corynebacterium, ArtJJobactor,Mycobacterium or Nocardia. This was
the per:ception of Gordon in 19G6. sinco then mcz-e in depth
studies have baen carried out resulting in the refining of the
taxonomy.

The actinomycetes arc filamentous bacteria. They generally form
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of.the active drug to an inactive derivative. The last of these
would he characterised by the reduction in rifampioin
ooncentration in the media containing R.erythropolis cultures
prior to resumpti.on of growth.

The results of the experiments suggested that this nocardioform
species had a means of inactivating rifampicin. Further
experiments were performed to exclude the ~ossibility that the
antibiotic was simply being absorbed out of the medium by the
cells. Changes in the absorption spectrum of the drug during the
course of the putative inactivation were monitored.

This approach was facilitated by the isolation of a spontaneous
mutant of R.erythropolis resistant to high levels of rifampicin,
ATCC12674Rl. Changes in the absorption spectrum were much eosier
to monito:.:'when more rifampicin was present in the medium, than
when the wild~type strain was employed. The mutant inactivated
the antibiotic faster than the parental strain probably because
the inhibitory effects of rifampicin were absent in the mutant,
allowing a faster rate of synthesis of the putative inactivating
enzyme. Results of experiments done on acscrpt Lon speotma
demonstrated that tl•.:a redl.l.ctionin bacteriostatic activity was
not principly the result of the antibiotic b'eingabsorbed out of
tae medium by the cells of the nocardioform.

A lag was invariablY observed before a culture challenged with
rifampicin started to inactivate the compound, suggesting that
this activity wa~ inducible rather than constitutive. The
possibility was investigated by adding ohlorampheniuol, an
inhibitor of pl:otein synthesis, to R.e1.~ythropolis strain 12674Rl
cultures at the same time as rifampioin.

It was found that a culture of nocardioform in which protein
synthesis was blooked did not act on the rifampicin molecule in
the manner previously observed. This also strongly suggested that
the activity responsible was inducible rather than constitutive.
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~rotcin synthesis by the drug
* alteration of membrane proteins leading to decreased

penetration of the antibiotic or an efflux mechanism .hat
results in decreased accumulation in the cell

* an increased production of antibiotic sensitive protein
* an increased production of a metabolite that antagonises

the antibiotic
* the introduction by a plasmid of a gene coding for a bypass

to a blocked metabolic step
* the diversion to an alternate pathway circumventing

blockage by the antibiotic

1.4 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 susceptible bacteria to survive in the presence of the drug
to an inducible detoxification mechanism. Later Dabbs (1987)
identified a rifnll\picL\ inactivation mechanism in some
nocardioform species.

Most of his work waa done on Rbodococciis eryth.ropolis strain
ATCC12674. This work showed that cuIture:s of this organism
challenged with rifampicin stopped growing. However, after a lag
phase of 6-8 hours, growth resumed. The same level of rifampicin
resistance was observed in single colonies isolated from cultures
of this orl;1anism,irre~;peotive of whether they had been exposed
to this antibiotic or not. This, together with the shortness of
'the lag phase that occurred before growth resumed after the
antibiotic ohallenge, suggested that the seleotion of rifampicin
resistant mutants was unlikely.

Dabbs (1987) dedu~ed that this orgbnism p~ssessed some sort of
inducible resistance mechanism. Several mechanisms were possible
including reduced cell permeability to the drug, modificatlon of
DNA-dependant RNA polymerase to avoid inhibitj'n and conversion
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bacillus, if we do not adopt better ways of arresting the trend
towards :resistance.than those in current use.". (Lowbury and
Ayliffe I 1974)

Tileare halfway through those forty years and the publicity of the.
south African National Tuberculosis Association (SANTA) now
carries the slogan "Help us cure Tuberculosis while its st::'ll
curable".

Resistance to antibiotics seems to have been around for as long
as the antibiotics themselves. In the absence of antibiotics a
mutation to resistance is generally disadvantageous to the cell.
In some cases essential proteins are altered so as not to be
affected by the drug I resulting in some cases in a lC'lsSof
efficiency. A case of resistance to antiseptics was reported as
far back as 1887 when Bacillus subtilis became "acolimatised!! to
mercuric chloridn and boric acid (Kossiakoff MG, 1887) •
Resistance to arsenicals in trypanosomes was detected in 1907
(Ehrlich P, 1959) and parafuchsLn resistance in these same
organisms in 1909. The use of sulfonamides in chemotherapy saw
resistant pneumococci by 1940. In 1941 penicillin proved
ineffective in the treatment of some patients and by 1944
streptomycin resistant meningococci and gonococci had appeared
(KochI 1981).

The studies done on the mechanisms of x;'esistanceshow i:.hatthese
are based on genetic changes that induce or alter specific
proteins that can be found on pla.mids, transposons or in the
chromosome. Koch (1981) classifies the biochemical bases of
antibiotic resistance into nine categori~s :

* enzymatic detoxif.ication
* genetic alteration of an enzyme so that is no longer binds

to the antihiotic and it therefore not inhibited by it
* genetic :-.l.terationof a p).·ot~incomponent of protein

synthetic machinery so that is fails to bind the antibiotic
* .lteration of rRNA by methylation preventing inhibition of

16



the drug of choice in the treatment of tUberculosis (Maggi et al,
1966). It is not usually administered alone but in conjunction
with one or two other antitubercular drugs. The druJ has boen
used against M•Lepre« , stllpllylocofwus aureus I .Bacteroides and
Neisseria qonoxraoee ; It has also been successfully used in cases
of chronic granulomatous disease, mycobacterial cervical
adenitis, acno, bronchitis, brucellosis, gastroenteritis,
meningitis, Legionella pneumonia. It is also an antj-trachoma
agent, but has no effect on fungi. High doses given to mice show
no carcinogenic effects (G1az, 1974).

The incidence of side-effects is usually influenced by the
administration level. The toxic effects that have been reported
aae many and vt1ried (Wade A, 19'79). r;astro intestinal side-
effects include nausea, vomiting, diarrhoea, anorexia and
abnormalitie~ in liver function. Fatalities have been reported
after administration to patients with pre-existing liver
disorders. Altered Kidney function and renal failure have been
l:'epol:'t~ddue to hyparsel"lsitivity.Other side effects include skin
rashes, urticaria, eosinophilia, leucopenia, thrombocytopenia,
purpura, hat':llUoptysisas well as confusion, drowsiness, weakness,
ataxia, dizziness, peripheral neuropathy, blurred vision,
transient haaring loss and menstrual irregularities.

ANTIBIOTIC RESIST1~CE

The discovery of antibiotics and their subsequent upplication
to the chemotherapy of bacterial disease revplutionised clinical
medicil"le..However, i~he rise in drug resistant otr(;\i~"E;lof many
pathogenic bacteria has heralded warnings such as this one :

"We have good reason to be anxious about the future. It seems
likely that in forty yoars time a doctor may recall the lifespan
of antibiotic therapy as a ahcz-t episode in the long art of
medicine; that, at loast, miqht become the outcome for certain
bacteria, such aa stulIJJylocmcm(ls aureus and the tubercle



Resistance to rifampicin is conferred by the mutational
altaration of the ~-subunit of RN~ polymerasc. The mutation rate
from sensiti.vity to resistance is of the order of 10']. 'l'his
resistanoe is due to a chromosomal DNA mutation. Rifampicin is
one of the few chemotherapeutic agents for whioh no transferable
resistance has baen observed.

studies on the arowth inhibitory effects of rifampicin have lead
~omero at al (1971) to the conclusion that resistant strains may
not always contain resistant RNA polymerascs. They reckon that
overall. resistance is due to resistp.nt RNA polymerase and
permeability ~f the cell.

Rif~mpi.cin has also been found to deplete levels of cellular
glutath,'!-onein M. smegmatis. Glutathione functions in the
detoxificatiQn of various xenobiotics (Kumar at al, 1991).

Rifampioin in ohemotherapy

Rifampicin is well absorbed after oral administration. It is
widely distributed through the body with 75-88% being bound to
plasma p~oteins. It can cross into the cerebrospinal fluid, enter
bone, crcvs the pl.acenca nnd is found in milk. ,:n vivo it is
deacetylated to form desBcetylrifampicin which has antibacterial
aotivity. The antibiotic is excreted in bile ana ao it is used
to treat biliary infections.

Rifampicin induces drug metabolising enzymes in the liver. It is
also :t'esponsible for the increased metabolism of ol"al
contraceptives, hydrocortizono, hexobarbitone, tolbutamide and
its own metabolism. This drug may also reduce the activity of
anticoagulants, corticosteroids, oral hypoglycaemic drugs,
anticonvulsants and oral contraceptivBs.

Rifampicin is activo against both oxtrac('?,l1ularand intracellular
organism~J. It if';effecti ve al;Jainst G:r:ampositive baoteria
especially against the mycobacteria. For many years it has been
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It has a ohemical.formula C43 H58 N4 012 and a moleoular weight
of 823,0. It is also 3- (4-methylpiperazin-1-yliminomethyl)
rifamyoin SV.

This oompound is an odourless red-brown crystalline powder that
is Sll.ghtly soluble i1'\ water and aoetone 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.

Antimicrobial action of rifampicin

Rifampicin is an inhibitor. of DNA-dependant-RNA polymerase. It
binds to the enzyme induoing a oonformational change in the
enzyme (Wehrli and Staehelin, 1970). The antibiotic has little
effect on the formation of the first phosphate diester bond but
it.does inhibit the synthesis of the next bond by interfering
with the binding of t.heincoming purine nuoleoside triphosphate
to the active site of the enzyme. However, onoe the synthesis of
the RNA chain progresses beyond the second or third phosphate
diester bonds, further chain elongation is insensitive to the
action of rifampicin. The drug does not preven:: the binding of
RNA polymerase to DNA (Sippel and Hartmann, 1970).

It is not known what bonds hold the rifamycin-enzyme complex
together. Although the binding is tight it is reversible so no
covalent linkage is involved. Known data seems to suggest that
the oxygene at ca , C8, 021 and C23 may be involved in the
formation of hydrogen bonds with specif ic enzyme functional
groups. Modificatj,ons made at C3 and C4, which are. on the
opposite side of the aro"'!lt.:i.cring, give aertLve ccnpcunds (Horn
and De Ranter, 1084). It is the structure of the substituents
that alters the antibact.erial activity anelthe transport: through
the baoterial wa_l and membrane. As the rifamyoins enter the
cells by passive di.ffusion their physiochemical properties,
especially their lipophilicity, are expected to be major factors
in their abilities to croas the cell barrier.
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Table 1.1 Ansamycins and their producer organisms

Producer

Napthalenic chromaphore
Mioromonospora halophitica

Streptomyces tolypophorus

S·treptomyces coll:inus

Halomycin A,B',C
Tolypomycin Y
Napthomycin

streptomyces X12384 Napthomycin

streptomyces E784 Actamycin

streptomyces aohromogenes Rubradir:i.)1s

Antibacterial
Antibacterial
Antibacterial,
Antifungal
Antibacterial,
Antifungal
Antibacterial,
Antifungal
Antibact.erial

---------------------~----------------------------~--------
----------.----.ProdUcer Product Activity

Benzenic chromophore
streptomyoes hygrosoopious Geldanamycin

HE:\rbimycj,nsA Ia

Nocardia C1S00;)

Nocardia C14919
An~;amj.tocins
Macbecins I,n Ant1tumour

Chemioal aspects of :rifampicin.

AntiprotozoaJ.
Antitumour
Herbioidal

Antitumour

Rifampioin is tho name accepted by the World Health organisation
(WHO) I however rifampin in the name recognised in the 'United
states of Amel;~ica. This scmi·-synthetic antibiotic if: one of the
500 derivatives prepared by eiba of Basol and Lepetit of Milan
in collaboration with anB anothBr (Kradofler, 19G8).
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prevalent and streptovaricin C is less GO. These compounds bind
to prokaryotic RNA polymerase and have also been shown to inhibit
the reverse transcriptaso of oncogenic viruses. Pox virus
replication is inhibited by the straptovnricins which are also
active against a mouse leukaemia virus. streptovaricin is both
tUberculostatic and tUberculocidal. studies have shown
satisfactory treatment in animals but not in humans (Kersten and
Kersi::.!;'n,1974).

M.l
fK)"

Mt)Ct)C
""...

f) t,)Clvie
:1
I)

Strcptcwmicin .A.. CH OH COCH; CH
"' H 1 COCHJ OH
." H OH H OH\.~

0 Ii ()H H 1"1
E H ,.() H OH
G CH OH I" OH
J H C(;(ICHJ rl QH

Figure 1.2 Structures of streptovaricine

1.2.1,3 Other nnsamycins

Bt'low is ,\ tablE' of ot.hcr known anaamyc irro their producer
organisms and their activitioc (Laneini, 19B3).
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RIFAMYCIN B RIFAMYCIN S

FllrW-1yCIN SV
fllFAMYCIN YS

.,

Rlf·AMP1CIN

Figure 1.1 structures of rifamycins

1.2.1.2 streptovaricins

'l'hisis a complex of seven components produced by streptomyces
spectabilis. 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 orqan Lam was later classified as
Nooardia mediterranei and more lcecently as AJrtyoolatopsis
medi cexrenei., The first rifamycin bJ be isolated was rifamycin
B. Later it was shown that through mlLd oxidation and hydrolysis
of this compound rifamycin S was produced. In turn the mild
reduction of rifamycin S resulted in the production of rifamycin
SV.

The rifamycins are structurally made up of a naphthohydroquinone
nucleus fused to a five member rin9 and a 17 membered ansa chain
connected to C2 and C12.

Rifamycin sv was introduced into clinical practice in 1961. It
is strongly active against acid"'fast bacilli including M.leprae.
The drug is not ~ctive against resting bacteria but exerts a
bactericidal effect on multiplying bacteria. It :isaocLve against
most Gram positive bacteria including s. aureus but is less
strongly active against Brucella and pasteurella species and
Gram negative organisms. The antibiotic inhibits RNA polymerase
by forming stable complexes wit.h it. However the RNA polymerase
of eukaryotes is insensitive to the antibiotic. It is poorly
absorbed through the gastro-intestinal tract.

Rifamycin B and rifamycin S were used to prepare a number of
semi-synthetic rifamycins. Of all the semi-synthetic derivatives
produced rifampicin is the most widely used. ••

9



RIFAMPICIN

1.2.1 Ansamycins

Rifampioin belongs to a class of antibiotics known as the
anaamyc i.ns, This name was proposed by Prelog and Oppolzer (1973).
Ansa means handle in Latin. These antibiotics have a
characteristic chemical struct·.ureof an aromatic moiety spanned
by an aliphatic bridge (or handle). 'l'hisbridge joins the
aromatic moiety at 2 non-adjacent positions. Of 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 compounds produced by bacteria. By
1983 twenty ansamycin producers had been independently isolated
(Lancini, 1983).

The structural differences in these antibiotics clearly
correspond to the differences in their biological activity. The
naphthalene ansamycins include the rifamycins, streptovaricins,
actamycin, napthamycin tolipomycins and halcmycins (Perlman D,
1977). These are antibacterial agents that act, for the most
part, by inhibiting RNA polymerase. The' benzene ansamycins
include geldamycin and herbmycins, these are active on eukaryotic
cells where they interfere with the cell replication mechanism.

'.'
The rifampicins are the only ansamycins that are industrially
produced. Most of the studic~ t
been done on this g~oup and
streptovaricins and galdamycin.

rave been carried out: have
n lesser degree on the

1.2.1.1 Rifamycins

There are many rifamycins. The first producer organism to be
identified was then classified as streptomyces mediterranei
(Hargalith and Beretta, 1960). !t was isolated from soil samples

8



dicotyledonous plants and the malformation of bulbs in
monocotyledonous plants (Miller et aI, 1980). Very few cases of
human disease caused by rhodococcal strains have been reported.
n .ruoropextz uiocu» was isolated from a patient with a
tUberculosis-like disease (Hart at aI, 1988). In a study
conducted in Germany from 1979-1991 only .one case of u .equ :
infeotion and 7 cases of R.erythropclis infection were tr~ated
(Schaal and Lee, 1992).

In total 30 caSE~S of R.equi had b~en documented in 1991 (Harvey
and Sunstrum, 1991). This organism is a w....~U. known animal
pathogen first described by Magnusson in 1923 (cited by Emmons
et aI, 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 aI, 1982). Horses over 3 months usually survive
the infection (smith, 1966). R.equi is also reported to cause
urogenital infections, ulcerative enteritis and med Last ina I lymph
adenitis (Wilson, 1955) I cervical adenitis in pigs (Smith, 1966)
pneumonia, urogenital infectionEl and lymph adenitis in cattle and
fatal septicemic infections in sheep (Dennis and Bamford, 1966),
These organisms are only moderately pathogenic in laboratory
animals (Lipsky et aI, 1982). The bacteria are found in the soil
of animal runs where they survive for about a year.

The first human infection with s .equ : (Golub E3t all was reported
in 1967 and the first case in an HIV patient (Sane and Durack)
in 1986. Infection occurs mainly through the respiratory route
with pneumonia as the commonest manifestation. As it often forms
abscesses treatment is by antibiotics and sometimes by surgical
resec:tion. Of the reported cases, only one patient was not
Immunocompromd.sed and there was an overall mOlC't.alityrate of 20%.
Rifampicin demonstrates excellent activity against isolates in
vitro but very few drugs have been studied in vivo (Harvey and
Sunstrum, 1991).
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Following D 30 minute incubation at 3~OC the lysate was
centrifuged in 3 50Ti rotor at 40 000 rpm for 30 minutes. DNA was
decantea off iUlI\ 4,4<;1caesium chloride tolasa~d(;d and dissolved.
After centrifngation at J.5 000 rpm fo:!:.·.lSInuccc , to,heDNA
solution was poured out fl~omunder the scum. Ethidium bromide was
added and the refractive index adjusted to 1,391-2 before it was
loaded into Quickseal tubes and centrifuged for 16 hours at 40
000 rpm in a VTi65.2 vertical rotor. After Dxtracting the DNA
band, it was decolorised using a TE saturated butanol solution.
The DNA was diluted with 1,6 volumes of TEland precipitated. The
precipitate was dried and r.esuspendectin TE.or 3mM Tris I pH 8,0
and stored frozen.

t~rge scale preparation of plasmid from B.aoli

Bacteria were grown in 100ml of IJB containing lOOMg/ml ampicillin
to maintain t.he plasmid. Fellated cells were resuspended in
3,25ml of Solutil")n1 and incubated at room temper1;)turefor 5
minutes then u,5ml of Solution 2 was added and the contents mixed
well. After 15 minutes at room temperature 5ml of Solution 3 was
added, vigorously shaken and placed in an ice-water slurry for
10 minutes. The preparation wao centrifuged for 15 minutes at 16
000 rpm a.ndthe decanted supernatant warmed to room temperature.
Isopropanol (0,6 volumes) was mixed in and nucleic aoid pellcted
by cen ..dfugation for 10 minutes at 15 000 rpm at room
temperature or above. Thio DNA was washed with 5ml of ethanol and
dried in a vanuum desiccator for 15 minutes. To the nucleic acid
resuspended in ',2ml TE, 4,4g of caesium chloride and O,4ml of
ethidium bromide were added, the refractive index adjusted to
1,389"1,390 and the prepar!:\tionloaded into a Quickseal tube
whioh was centrifuged for 16 hours at 40 000 rpm in a V1~65.2
rotor. Tho plaomid band was illuminated under long wave ll'.ngt.h
ultra-vialet light and extracted usin, a wide bore needle. The
ethj,dium bromide was removed with TE...suturated butanol and th~
DNA was diluted with 1,G volumes of 'l'E and precipitated with 2,5
volumes ethanol. The precipitate was vacuum dried than
roouspendecl in either '1'1'; or 3mM rrris, pH 8.0. 'r'lle DNA solutions
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1~1 each of required co~factora at varying cDncon~ratlons. These
reactions were allowed to proceed from 2 hourc to overnight. The
aative drug was assayed using the plate baaed method.

2.5 SELECTION OF SPONTANEOUS MUTANTS

Bacteria were grown to stationary phase, 10D~1 of cultur~ was
spread on an LA plate containing a high cioncentration of the
drug. These were incubated fat' 4 to 5 days. Colonies that grew
up were streaked onto the appropriate antibiotic containing
plates.

Some of the nooardioform strains did not natul;'allymaintain some
of the smaller plasmide. Spontaneous mutants able to maintain
these plasmids were obtained by transformi~g these ctcains with
the plasmid DNA. The number of transformante was dramatically
reduoed. Tho transformante that then grew up were cured by
growil1g in the presence of 40~ItUml ethldium bromide. These cells
were washed and diluted 10 fi before lOOMI was spread on an LA
plate. The oolonies wore patched out on LA and a plate containing
the selective pressure for the presence of the plasmid. Those
colonies that gra~ only on the broth plate wore subjected to
plasmid screon analysis for the presence of the plas~id.

DULX ISOLATION OF DNA

Large ,!3Clale prepar21 tion of DNA from nOdardioforms

organisms weJ::egrown for 2-', days in TYG broth. HarvDsting of tho
cells was achieved by centrifugation at 6000 rpm for 10 minutes.
'rheseware resuspended in Sml lOmM Trio, 10,'1;sucrose with 5mg/ml
lysozyme and lncubated at 37DC for 30 minutes. The cells were
pelletcd at 8000 rpm for!) minutes and resuspended in 4ml TE with
lmg proteinase K dioso1 vcd in it. Iro thim waG added 'l'Econtaj,ning
10% SDS or us much as was neode~ to achieve partial clearing.



QuantitativI;) a.ssay

At the time of assay lml of the culture was harvested. The
supernatant was ramoved after aontrifugatioh, boiled and stored
at -200C until an assay using aliquots from each time interval
~ould be undertaken. Of the thawed supernatants lOO~l was a~ded
to a test··tube containing 4 I 9ml L8, a 1: 100 dilution of the assay
organism and the appropriate concentratiol~ of the antibiotio to
which it 'was resistant. A set of standards was set up in the same
way containing known concentrations of antibiotic in place of the
supernatant. The turbidity of the cultures was measur-ed by
de~~«~rminingthe 00 at fi40nm ever the next few days. 'l'he00 was
det(~rminod usin9' e:. spcctr(mic (;01 spectrophotometer. A standard
curve was constru.oted of the 00 of the assay organism versus the
conC:len'crationin the antibiotic standards and from this the
oonc:entrat:.oflin che supernatanto of tht~experimental stt'ains was
detE:1rmined.

Itate df.lternd.nation

samples of the supernatant of inactivating cultures were taken
avery 20 - 30 minutes. The concentration of rifampicin in each
sample was determine.d. 'I'hesevalues were plotted on a se.mi-log
graph against time. The :t:'utClof inaoti,vation could be dcter.-mined
by measuring the slope of the graph.

Call extract was prepared by harvDsting 25ml of E.coli culturu
contail'lingappropriate pliH.1mids.The cells were washcld twioe in
aesay buffer. They were resuspended in 2,5ml of assay buffer Bnd
sonicated for 3x 30 seconds on ice. The cell extract was then
used directly in in vitro UMSUYS or Btar~d in 30% glycerol at -
ao-c .. Aosays were dene in ,1 fil1u1. volume of 200J,k1.Inolud.cd in
this mix WLU1 lOlll cell Clxtl'uCt., 2-201.'1 l:'ifill\1pic~J,nin methanol and



2.4 ANTIBIOTIC INACTIVATION ASSAYEI

ALL RECIPES FOR SOLUTIONS CAN BE FOUND IN APPENDIX A

The ability of different strains and plasmid containing mutants
to inactivate rifampicin and related antibiotics was assayed
using two techniques, one a plate assay and the other a liquid
lssay. A preculture of each strain was grown to stationary phase

"'Y broth. An aliquot of 1001"1 of this preculture was
inoculated into 5ml of fresh TY broth. 'l'hesecultures were
allowed to grow into exponential phase when the.optical density
was determined at 540nm. The cultures wet'e equilibrated to the
santeoptical density and then chaal.enqedwith the antibiotic. For
hypersensitive strains 2,OMg/ml was added and for resistant
strains 20,ug/mlwas added. The t.imewhen tM~ antibiotic wao added
wos taken as time zero and assays carried out at various times
after that. Various assay organisms were used, each containing
an antibiotic resistance and each sensitive to rifampicin or the
related antibiotics. These organisms include a spectinomycin,
streptomycin resistant mutant of Arthrobacter Qxydans, elSS; a
spectinomycin resistant Bacillus subt:Ll.is, lA3-1.

Plate assay

A 100,ulaliquot of the assay orga.nismwhich had been grown in Ll3
was spread on an LA plate containing a thil'd of 1:he normal
concentration of agar to allow for easier diffusion of the
antibiotic and an appropriate concentration of the antibiotic to
which the assay organism was rcoistant. Wells were cut Lnne the
agar with the blunt end of a pastou:c pipette. These wells were
each filled with SOMl of tho culture being tested. Each sample
was boiled to denature any protein t6at could continue
inactivating the drug after sampling. Tho plates were inCUbated
at 4°0 to allow for diffusion of the a.ntibiotic. Subsequently
they were placed at 37°C until the zones of inhibit'on became
apparent,
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Shuttle plasmids

These were stored frozen in E.coli lambda lysogens. This was in
33% glycerol at -700C. Purified shuttle vectors were stored in
TE or 3mM Tris, pH 8,0 at -20oC.

'l'able2.7 Shuttle plasmicis

--------- ----,,-------
Plasmid size Charaoteristics origin

pDA26
pDA29
pD.A37
pOA38
pDA71

14,5kb
14,5kb
14,!;.kb
14,4kb
8,8]<:1:>

Aslt, Ampll
Aslt, Ampll
ASll, Amplt I EooRJ.
Asl\, Ampl\,zoos:
emit I Ampll,BaoRl

E.Oabbs
E.Dabbs
This work
This \>/ork
Dabbs and Quan

All solut.ions not specified in the text are listed in the
appendix.

2 • 3 lmAGES

The phages used were all derivatives of M13. They were stored as
phage supernatants at 4DC. They were propagated by inOCUlating
phage supernatant into LB with B 1:100 dilution of an overnight
culture of JM101. These were grown with vigorous aeration for 5
hours. The supernatants were then harvested.

Table 2.8 Bacteriophages

Phage . origin

N13KO"l

M13mp18

M13mp19

M .1<1takawa
v.Mizrahi
V,Mizrahi



PLASMIDS

No~ardioform plasmids

These were stored at -700C in the appropriate nocar<:lioform
strains. Once the DNA had been purified from the strain it was
resuspended i11TE or 3mM Tris I pH8,O or in water and kept frozen
at -200C.

Table 2.5 Nocardioform plasmids

Plasmid Size Characteristics origirl

pDA21 15,Okb ASR E.Dabkls
pDA30 11,2kb ASll E.Dabbs
139 9,5kb ASR E.Dabbs
8cl-2 8,2kb em" E.Oabbs

2.2.2 E.coli plasmids

These were maintained frozen in thair host strains at -70°C. Once
they had been purified from the strain they were stored frozen
at -200C in TE or 3mM Tris, pH8,O, or water.

'rabJ.e2. IS E.coli plasmids

Plasmid ('.,~racteristios origin

pAC'lC184
pBR322
pEooR251
pUC1l8
pW'::19
);lGEM+3(f)

,~ . :3JI~b
4,4kb3 I 3k')
3,2kb
2,7kb
2,9kb

emil,Ampll
TOR, Ampll
Ampll,EcoRl
Ampll,M13 I lacZ
Ampll, lacZ
Ampll, iecs

E.Dabbs
13oehringer-Mar.\nheim

E.Dabbs
M .l<itake,wa
E.Dak>bs
H.Venter



Table 2.3 E.coli strains
------------------,_._--

originstrain Relevant characteristics
---------------------------------
MM294
AMM294
MM294-1
GM161-1
GM2929-1

JM10l
JM109
CSR603

enoAl, thi-l, hsdR17,
)-..lysogenof MM394
MM294 , Rifit
dam-4, supE44, hsdSl, Riflt
dcm-51 daml3::Tn9, recF143
hsdR2, supE44 I Rifll
supE44, endAl, ~(lac-proAB)
recAl, supE44, endAl, hsdR17,A (lac-proAB)
recAl, uvrA6

B.Bachmann
E.Oabbs
E.Oabbs
B.Bachmann
B.Bachmann

M. Kita)<awa
M.Kital<awa

-----------------,-------------
2.1,.3 Bacillus subtilis strain

These were stored in 33% glycerol at ·'700C and on old dried
plates. They were grown overnight at 37°( with vigorous aeration
in LB or on LA plates. Fresh cultures ~ere always used.

Table 2.4 B.subtilis strain

strain originChar.acteristics

lA3-1 cysA14, purA26, trpC2, Spell Bacillus Genetic
stock Center

------------------------
Replica plating

In order to monitor the growth rosponse of specifio isolates on
sevoral platss which oaoh contained different additives, single
bacterial colonies were replica plated.
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CW22 was produced by curing ATCC12674 of its: large plasmid.
Subsequently muticnt.s were made of t.h i s at.r a i.n that were
hypersensitive to rifampicin. These are tabled below.

Table 2.2 Rifampicin hypersensitive mutarts

Mutant Characteristics Origin

Ril
Ri2
Ri3
Ri4
RiG
Ri7
Ria
Ri8-lRig
RHo
Rill
Ri12
Ri13
Ri14

ASIl, Cdlt, cmlt, rifHs

rifHs

rifHS
rifHs
1:'ifBS

1r1"
1r1"
1r1" t smll
rifHS, Smll
r ifHS, Smlt
rifHs, sm"rifHS, smR
rifHs, sm"
1r1", SmR

E,Dabbs
E.Dabbs
E.Dabbs
E.Dabbs
E.Dabbs
E.Dabbs
E.,Dabbs
This work
S.Andersen
S.Andersen
S.Andersen
Sl.Andersen
S.Andersen
S.Andersen

where :1.r:1.' lacks the ability to inactivate rifampicin and is
hypersensitive to it.

Rifampicili resistant mutants were made of all. nocarcUoform
strains.

2.3 .• 2 Escherichia coli sta!ns

All E.(."lol:1. strail1~were stored In 33% gl:,'oerolat -70°C and grown
on LA or in LB. strains WClre usua lL; ''''ownat 37 0 C overnight.
However lambda lysogens of the strains were grown at no higher
than 33°C to prevent the induotion of the lytic cyole.
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2.1 BACTERIAL STRAINS

2.1.1 Nocaraioform bacteria

The strains used in this study were stored at -70°C in 33%

glycerol. They were recovered by streaking onto tryptone-y~ast
agar (TYA) plates or Luria-Bertani agar (LA) plates. These plates
were incubated at 28°C for between one and three daYD. When the
stra.i.nswere 'grown in liquid culture single colonies were
inoculated into TY or LB broth. The cultures were aerated on a
rota!';'cit" 'm ..'\troom temperature, If bulk cultures were grown the
flaskp wer~ placed in a rotary water bA~6 at 28°C. In some cases
0,5% Tween 80 was added to decrease C' umpLnq ,

'l'able2.1 Nocardioform bacteria

strains Characteristics ori.gin

Amycolatopsis mediterranei
DSM46095
Arthrobaater oxydans C1
Mycobaoterium smegma tis
DSM43756

Rifamycin
Producer

Get'man cul t.ur e
Collection
E.Dabbs
German CuIt~ure
Collection

streptomyc:es
lividans '.(1K 54
speotabilis DSM40512 streptovaricin

Producer
E.Dabbs
German culture
Co11ecl::ioo

Rrwdocoocus
australis

A418
A554

equi ATCC148B7
e.t:ythropolis

ATCC4277
ATCC12674

CH22
DSM1069

N.Ferrei'ca
N.Ferreira
N.Ferrelra

ASR I CdR. cmll
AsS I CdH; Cms

N.FerreLra
N.Ferreira
E.Dabbs
German Cul-tureCoUeci.::ion
ocrman culture
Collection

f!!tscians
DSM20669

rubropertitJctus
ATCC25594 N.Fen'eil'a
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2.0 METHODS
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to inactivate rifampicin. By selecting for the complementation
of the mutation the gene could be isolated.

However, cloning v~ctors for these strains at the beginning of
this work had not been well developed or characterised so this
was also done.
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Several other Rhodococcus spec ies were t.ested to see if their
response to rifampicin x'eslembled th.3.t of strain ATCC12674.
Similar results we~e obtained, although rates of inactivation
were invariably slower than those found with s1'.1:ainATCC12674.
M.smegmatis was also tested, a nocardioform which is not a member
of the genus Rhodococcus. '1'his strain behaved similarly with
respect to rifampicin excepc the time scale was several times
greater, which is in accordance with t.he slower ~rrowth rate of
this organism.

Thus this work showed that R.erythropol:is stl:'clin ATCC12674
possessed the ability b, overcome the inhibitory effects of th(~
antibiotic rifampicin by inactivating the dz'uq. Some other
nocardioforms appeared to possess a similar capacity, although
to a lesser extent that at.ra Ln ATCC12674.The approximate 50-fold
increase in resistance resulting from the presence of this
activity is comparable to that conferred by rifampicin resistance
mutations in organisms such as E. coli and B. subti.lis (Wehrli and
Staehelin, 1971; Halling et al, 1977). The gene responsible for
this was designated iri for inactivation of rifampicin.

1.5 AIMS OF'T~IS WORK

This work follows on directly from the \Y'orkof Dabbs (1987) ,::ited
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 knowl.edqe (::If rifampicin
resistance in the mycobacteria which in ~urn could lead to the
modification of rifampicin or the use of appropriate DNAfor
deteotion of drug resistance genes.

If

The approach used in this work was to use mutants of
R.ery~hropolis strain ATCC12674that were unable to inaotivate
rifampicin as recipients. These recipients would be transformed
with a genomi....:DNAlibrary construote1 from a strain that is able
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k1.1~.5 Analysis of coding funotion

At th~ rar Lcuu stages in t.he (;upolonin9' pz-ocedur e tho 11"1'mutant
that had been transformed with each subclonB of the original
fragment in a vecto:r: f was pabchad on t:.c, a T"A, plate contia i.ni n'1 4DmM
arsenate or 40M9/ml em and onto another similar plate that also
contained O,3Mg/ml rifampicin. The complementation of the
rifampicin hypersensitivity mutation was taken as an indicmtion
that hhe coding region had still peen maintained in this latest
constrllct. An absence of complementation indicated that a portion
of the coding r~gion Was no longer present. On occasion a
rifampicin inactivation assay was performed to verify the
presenc~ or absence of inactivation activity.

2.14 ~OLYACRYLAMIDE G~~ ELECTROPHORESIS

separating gels containing 10% acrylamide an« stacking gels
containing 6%acrylamide were pr.epared from €I. stocJt solution of
30% acrylamide and 0 I ail; bis"'~1cl"ylamide whi.ch had been :Pil teredo
The ge1s were polymerised by the aClditi.on of TEMEDand ammonium
persulpbltt:" Ten ccntimetl~c separuting gels of 1, SlUmthiclmess
were poured with a stacking gel of 2,Scm. An equal volume of
sample loading dye '1::'0 sample was added. Tho pl':otoins wore
dissociated by ba.i.ling the sample in the sample loading buffer
for 6 minutes. Elect.rophoresis WaS oarried out at a constant
voltage of l20V until the bromophenol blue marker reached tho
bottom of the gel (in about G hOUl':S). The gols were stained
overnight with a 0,1% coomasie brilliant blUe solution R25~ made
up in a 5:4:1 solution af methanol: distilled wuter: acetic acid.
The gels wore destained by repeated washing on a 5:1:4 solution
of menthol: acetic acid: distille~ water.
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ligation. The ligated DNA was t.ransformed Irrco MM294-1 and
transformante screened. The DNA isolated by plasmid Bcrssn was
digested with either BeoR! or Asp718 to determined whether the
fragment had been deleted. These digestions were run on agarose
gels and 'J'\~\.1.a1isedunder UV light.

2.13.3 Exonuoleasa digestion

Exonuclease Sa131 acts on linear DNA. Plasmido were linearis~1
by digestion with either l3glII or Hind!!! using the B buffer
supplied by 13oehringor-Mannheim. Digestions were done in a volume
of 201.£1. After digestion the foll.owing components were added to
make up the buffer for Ba13I exonuclease: lB~l B buffer, lOO~l
1M NaCl, 60 ~l dH20, 2~1 1M cacr., 0, Sunito of the exonuclease was
added and the digestion proceed for 2 hours at room temperature.
The Ba13I was then removed by phenol-chloroform extraction. The
salta of the buffer were removed through ethanol precipitation.
The DNA was resuspended in ligation buffer, ligated overnight and
transformed into the nocardioform strain the next day.

Insertion of restriotion fra<;tmants into other
VElctoZ'fJ

pDA37 was Hot the only veotor used in the suboloning approach.
Nocardioform plasmids that had unique restriction sites in non-
essential raglons of the plasmid were also uood. These plasmids
wel.~eprepared using the bull~preparation protocol. 'l.'heseplasmids
ware digested in the appropriate buffers. They went through a
routine phenol-chloroform extraction, preoipitation and
resusponsion in ligation but'fu.... Restriction fl:agments wel~C
prepared by 10011:\tion from low gelling ngaroee gels. Theso
fragments were restrictod with the GBmO enzymos as the vectors
or with enzymes thaJc produced !"10mpatibleeehce Iv« ends. 'rheso
wore ligatod into tho voctors and tranDformed into the
nooardioform.
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l,5ml Eppendorf. This waf; washed w it.h phenol and chloroform
seve.ral times to l"emov~~ unwanted aqar'oac , Tho DNA was
precipitated, dried and resuspe.nded for turther use.

2.12.3 F.llectroelution

Purified DNAwas restricted and separated on an agarose gel. ThG
fragment of interest was excised from the gel in the samo manner
as previouflly doscribed. This gel fragment was placed in dialysis
tubing in TBE buffer. Th1D was returned to.the electrophoresis
chamber where it was subjected to a further 100V for 15 minutes.
The current was thon reversed for 30 seconds to dissociate tho
DNAfrom the dialysis tubing. Tho TBEcO}itaining the DNAwas then
tra.nSferred frolil the dialysis tubing to a sterile Eppendorf where
.:l.t was washed with pheno I and rhloroform. The DNA was
precipitated, dried and rosuspended in T~ for further une.

SUB CLONING

By inser.tion of fraqrnents into the Bgol!! site of pDA37

13glII digested DNAproduces compatible sticky ends for ligat.ion
with 1311mIlX, 13elI, Bst~I and Sau3.A. 'rhus DNAdigested by any of
these enzymes could be li.gated into the BglJI site of pDA37. This
ligated DNAwas transformed into II:. coli. 'rho insertions were
visualised after plasmid screen analysis.

Elim.ination of specific rest:r:iotion fr""qmant:s

A cloned BglII fragment was isolated on low golling agarosa. ':t'h.is
purified fragmont which was rOliuspondl..d in the appropria.te
rost:t:'iction enzymo buffer waG cligootad with either IlJcoRI or
Asp718. After 2 hours of digestion, the enzyme was removed using
phenol and chloroform. Tho precipitated DNAwan resuspended in
ligation buffer and ligatccl oV{~l.·night. pDA')')'wu'" treated in the
B,me manner. A ratio of 4:1 inDerl to pOA31 was used for the
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two or three other enzymes,

RECOVERY OF DNA FROM AGA~OSE GELS

2.12.1 From low melting agarose

Low gelling agarose was made up in TBE and later 'l'AE at a
concentration of 0 I 8%'. Digested DNAwas run on the. gels until the
relevant band was clearly separated from the other bands. Gels
were run at 4QC at lOO-150V. The bands of interest ~'ere cut out
of the gel using a scalpel blade whilst viewing in UV light. Tht';)
pieces of agarose were placed in Eppendorf tubes and melted at
600C for 15-30 minutes. These were then extracted 4 times with
phenol and :~nce with chloroform. '.rho first phenol spin was done.
at room temperat.ure and all the subsequent oentrifugation steps
were done at 40 C. The DNAwas then ethanol precipi tatod and
resuspended in an appropriate buffer.

2.12.2

This is a modification of the m~thod described by Tautz and Renz
in 1983. DNAthat had been purified on a CsCl gradient and
subsequently digested was s~parated on an agaroE.c gel. The
appropriate fragment Was cut out of the gel using a scalpel. blade
whilst viewing under UV light. The fr~lgment was equilibrated in
the dark wi.th 10 volumes of 0 I 3M sodlum acetate (pH 7 I 0)
contaitling 0, lmM EDTA. This was done for 30-45 minu'tes with
occasional shaking.

Once it had been equilibrated the gel slice was tr~nsferred to
a 0 I Gml Eppendorf tube which had bean punctured in th(:l bottom and
plugged with glass wool. The 'cube had also been washed by placing
it in a 1,5ml Eppendorf tube togci~hur with 1501-'1 of sterile water
and microfuging i.t. These tubea containing tho gel sliCes were
frozen at -2QoC for 1. hour. 'I'hey wor~1 then centrifuged
immeciitltely at 1\ 0 c for 6 minl.lt(3s. '.rho DNAcou l.d bE) 'found In the
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was transformed using the nocardioform method into Ris...1. A
representative number of transformants (for a greater than 95%
probabili't~yof obtain.i.ngtbe gene of interest) were obtained and
these colonies were washed off the plates with 1-2ml of IJB
containing 40mM arsenate. As a control Ri8-1 colonies containing
pDA30 Were washed off in a similar manner. These transformants
were shaken at: room temperature for 2 hour s to disperse the
clumping. They \'ere diluted serially from 10 I to 10.6 and roou;
was spread on LA plates containing 40mM arsenate and O,3J,tg/ml
rifampicin. cultures wer~ equilibrated to similar optical
densities. only the colonies growing up would contain the .iri 4-

gene as O,3Mg/ml rifampicin is inhibitory to Ri8-1 alone. The
colonies that grew up were screened for the preSel'1Ce of a
plasmid. A control of a strain carrying the vector alone was
done.

2.11 CONSTRUCTXON OF A RESTRICTION MAP

The DNA to be mapped was digested using various enzymes. Enzymes
that cut the DNA only once or twice and in some cases three times
were used to construct the map. Single digests using only one
enzyme were compared with double digests of the DNA. If possible
all combinations of enzymes were used in double digestions. Each
time a double diger~ was done, single digests of each of the
enzymes used were performed simultaneously. All digestions were
run on agarose gels. Gels with a concentration of 0,4% were used
to more accurately size larger fragmonts (>2kb) when compared
with ~II markers. Gels of 1,2% were used to size the smaller
fragments «2kb) relative to ~III markers (for sizes of ~
fragments see appendix).

The sizes of the fragment.s were obtail'H:lclby reading the SiZBS off
a standard curve drawn from the distanco moved of the ~ markers.
A comparison of tho fragments that wore maintainacl in clouble
digests with thoso that were not, led to the elucidation of tho
re~triction map. Most sitos wore placed on the map relative to
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dispensed in o,2ml aliquots into prechilled Eppendorf tubes then
kept for 2 hours on ice. The DNA in ligation buffer or TE was
added to the cells an'"'" ibatied at OOC for a further 30 minutes
with occasional agitation. After heatshocking at 42°C for one
minuts, O,5ml of LB was added. These were incubated at 37UC for
one hour without shaking. The cells were then spread gently on
LA containing 200Mg/ml ampicillin. These plates were placed at
37 e C overnight whereafter the number of colonies were counted and
fUrther manipulations carried out.

When the recipient strain contained the temperature sensitive
lambda lysogen all the steps previously carried out at 37°C were
performed at 33°C.

2.9.3.2 with phage

The preparation of cells was similar to the calls prepared for
plasmid. However the preculture of JM101 had to be grown in
minimal media to maintain the F' factor. The first wash of the
cells was with O,~M MgCl2 and then with cacl'las before. For each
transformation O,2ml of competent colls were used. M13 clones in
~ were added, mixed and left at 4°C for O,5~2 hours. The cells

J heat-shocked at 42°C for 2 minutes just prior to plating.
'].'0 the heat-shocked cells O,2m1 of a 3-4 hour gro\ltthof JM10l
(grown from a 3.: 100 dilut'.ionin LB) was added together with 3ml
salt agar that had been kept liquid at 4GOC. This was gently
mixed and poured onto a prewarmod LA plate. These were left to
set on a flat surface for 15 minutes before being placed at 37°C
overnight. For colour ~election X-gal Bnd IPTG were added to the
agar before plating.

2.10 CLONING BY COMPLEMENTATION

The R. erythl·opo.lis ATCC12674 mutant 1~i8-1 which conbaLncd the
i1'i" mutation served as a heat , The Ubrnry of tho wild type.
il.·.t"" R. ory1:;IJropolit; ATCC4277 which had been built up in 1:.'. coli
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counted and further manipulations carried out.

Electroporation of nocat'r:lioforlUs

cultures of 100ml were grown to an OD~u of a,s. These cella were
centrifuged at 6000 rpnl for 10 mLnutiea , 'l'hesupernatant 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 lml of 30% PEG 6 000. Aliquots of lOO~l
were frozen at -70°C. Samples were thawed on ice before
electroporation. only 2/-ltlof DNA was added to each sample, f'''' ,:;. i

and incubated on ice for a further 5 minutes. These were tuLn
electroporated under the folluwing conditions:

0,2 cm cuvettes; 2,5kV; 25~F1 400n

One millilitre of LB was added immediately after electroporation,
the sample was t~ansferrad into an Eppendorf tube and left to
recover at 26°C for an hour. 100Ml was then plated on an LA p1
containing 200~g/ml streptomycin and 20~g/ml kanamycin. A'

five hours the plates were underlayed with chloramphenicol at a
final concentration of 40Mg/ml. colonies were vis:i.ble i.n 2-3
days.

Com.petent oell transforma.tion of E.aol:i.

with plasmid

A volume of O,5ml of an o\""~night preculture of MM294"'1 was
inoculated j,nto !:sOmlLB. .:.ilO cells we.re t;3rown\.;ithvigorous
shaking at 37°C to a density of approximately 5xl07 colls/ml or
an OD~4()of 0,2, thl'3nchilled on ice for 10 minute!~ and
centrifuged at GODO rpm for 10 minutes at 4°C in a prachilled
rotor (r~eckman JA-20). The cells wet'e resuspended in half the
original culture V01UffiO in an ice-cold lolution of Tris-c(;C12,
placed in an ioe water bath for 15 minutes and then centrifuged
again. 'l'heaupcz-nanarrtwas diBoat'ded and tho oalls resuspended
in one fifteenth of the original volume i~ TriB-Cn~l, whirh was



ruierofuge and the cells resuspended in SOMl of solution 1. This
remained ...t room t~ml?eratur(lfor 5 minutes before 160Ml of
Solution 2 was added and mixed. 'rhis stood at room temperature
for 5 minutes whereafter 120Ml of Solution 3 was vigorously mixed
in. After 5 minutes on ioe this mixture was centrifuged for 1
minute and the supernatant removed to a fresh Eppendorf tube to
which an equal volume of isopropanol was added. This was left to
stand at room temperature for 5 minutes. DNA was precipitated by
microfuging on the bench top for 5 minutes. The DNA was washed
with cold ethanol. It was dried and resuspended in 20Ml of 3mM
Tris, pH 8,0 containing lmg/ml ribonuclease. After resuspension
the volume was .increased to lOOMl and 15J1.1 was loaded on an
agarose gel. The rest WaS stored frozen for further examination
with restril.::tione.ndonucleases. These digestions were ca:r.riedout
overnight.

2.9

protoplast tra:nsformat:l.on of noca:r:dioforms

Cultures were grown in TYGS broth to B post-exponential pre-
stationary phase when they were divided into 1 ml aliquots and
either used immediately or stored frozen for future use. The
oells were pelleted and resuspended in l? buffer containing 5mg/ml
lysozyme. This was incubated at 37°C for 30 minutes. The cells
were then washed in 0,Bml l? buffer and gently resuspended in
a,Sml P buffer. These were dispensed in 80Ml aliquots to which
1-10Ml of plasmid. DNA in TE was added, A 50% weight per volume
solution of polyethylene glycol 1000 in ~ buffor was m~je; 80Ml
of this was mixed in wit~hthe cells and the DNA and left for 4-5
minutes before being gently spread on protaplast regeneration
plates. These plates were incubated at 28°C for 10 hours after
which O,5ml of a sodium arsenate-sodium arsenite solution wus
introduced beneath the agar in the plate. The f1nal concentration
in each plate was GOmM arsenate and 10mM arsenite. The plates
wore incubated for a further 5-10 days at 28°C. The colonies were



the gels. AIl markers were run 0n 0,4% gels and AlII 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
size of fragments. The concentration of DNA was determined by
visual comparison with a known concentration and size of one of
the A fragments (see Appendix for formula).

2.7.7.2 Photography of agarose gels

Gels were viewed and ..photographed on a UV transilluminator using
a polaroid camera and polaroid 667 black and white film.

2.8 PLASMID BCREENEI

2.8.1 small scale propa.ration of DNA from nocllrdioforJlts

strains were grown in TYG broth containing 40mM arsenate.
Aliquots of lml were harvested and resuspended in the same volume
of Triswsucrose to which Smg of lysozyme had been added. The
cells were Lnoubabed for 1 hour at 37°C with agitation. They were
then pelleted and resuspended in 280Ml TE to which 40Ml of 10%
SOS in the same buffer was added and gently mixed. After 15
minutes at room temperature, 40Ml of 4,5M sodium acetate pH 5,6
was added and gently mixed. Samples were placed on ice fo~ 30
minutes then micrpfuged for 20 minutes at 4°0. The supernatant
was extracted once with phenol and once with chloroform then the
nuoleic acid was ethanol precipitated. After air drying it was
resuspended in 20Ml TE containing lmg/ml ribonuclease. Mixed with
loading buffer, samples viera anal.yaed by electrophot'esis in
agarose gels buffered with TBE.

2.8.2 Small scale preparation of DNA from E.coli

Single colonies were inoculated into 5ml of LB containing
100,,,,g/mlampicillin and incubated over night at 37°C with
aeration. A millilitrc of overnight culture was pelleted in a



minutes at 37DC. This was then extracted once with phenol and
chloroform to remove the enzymu. The phosphatased DNA was then
precipitated and resuspended in ligation buffer.

2.7.5 Blunt ending of DNA

DNA was blunt .Jed using the Klenow fragment of DNA polymerase
I. This enzyme fqnctlons in most buffers and so could be used
after restriction endonuclease digestion of the DNA or prior to
ligation. A mixture of the four deoxynucleotide-triphosphates was
added and one unit of l<lenow enzyme. This was incubated at room
temperatuke or at 30DC for 30 minutes. Extraction of ~De enzyme
wit.h phenol and chloroform could then follow.

2.7.6 Tdgation of DNA

DNA which had been previously digested and had had the enzyme
removed was precipitated and resuspended in lx ligation buffer
provided by Boehringer-Mannheim. Ligations were performed in a
final volume of 20Ml containing all the DNA to be ligated. In
most cases O,3Ml of T4 DNA ligase was sufficient to ligate the
DNA in 17 hour.s when it was placed at 14QC. This DNA was then
used in transformations.

2.7.7 Agarose gel electrophoresis

Agarose was prepared in 0,5x'lIBEbuffer at concentrations of 0 14 i

0,8 and 1,2%. Gels were prepared using 25ml of agarose to which
1,5Ml of 10mg/ml ethidium bromide was added , These were set,
level, at 4DC. Samples had 2i"1 of sample loading dye added
before they were loaded into the wells of the gel. The running
buffer was 0,5XTBE containing 0 16 pIg Iml ethidium bromide. Gels
were run at between 80V and 120V at room temperature.

Fragment size determination and quantification

Digested DNA was run together with molecular weight markers on



enzyme was removed. The DNA was treated with TE-saturated phenol
and then with chloroform: is()amyl alcohol '(24:1) before being
precipitated, dried and resuspended in an appropriate buffer.

with Exonuclease ~a131

The plasmid DNA was first linearised using endonucleases Bgll ..
or HindIII in 20Ml medium buffer (Boehringer-Mannheim). To this
was added 18Ml B buffer (Boehringer-Mannheim), lOOMl 1M NaCl,
60Ml water, 2Ml 1M CaCl2 and 0,5 units Ba131. 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
pr~cipit.ated, dried and resuspended in ligation buffsr
(Boehrinqer-Mannheim).

Phenol-chloroform extractions

To remove enzymes and other contaminating proteins from DNA
solutions, including agarose, they were subjected to extraction
with phenol and chlorol'orm. The phenol used had previously been
saturated wi·th TE. Between 80Ml and 200Ml of phenol was added to
the solution and inverted several times. This was microfuged for
5 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
equal to that of the phenol was added. This was well mixed before
being microfuged for 30 scuonds. The upper layer was aspirated
once again.

Dephosphorylation

DNA was linearised by digestion with an appropriate enzyme. This
was phenol and chloroform extract.ed to remove the enzyme
dfterwards. The DNA was precipitated and resuspended in 50MI of
CIP buffer obtained from Boehringer-Mannheim. A microlitre of
calf intestinal phosphatase Was added and Lncubat.ed for 30
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were stored frozen at -20°C.

Chromosomal DNA extraotion from E.coli

The pvooedur e followed was similar tc that for total DNA
extraction from nocardioform bacteria, except that cscr was
dissolved before the 50Ti centrifugation step thus eliminating
the clearing centrif.ugation step.

DNA MANIPULATIO~JS

DNA precipitation

In order to precipitate the DNA, NaCl was added to the DNA
solution at a final concentration of lOOmM. T\,IOand a half
volumes of cold ethanol were added and then centrifUged for 20
minutes in a microfuge at 4°C. The supernatant wae then ddsoar'ded
and the tubes blotted on paper towel. These II/eredried under
vacuum in 15 minutes. The DNA was then r'esuapended in either TE,
3mM Tris pH 8,0 or restriction enzyme buffer.

2.7.2 ~igestions

with EndonuoleBses

DNA which had been stored at -200C in TE was precipitated, dried
and resuspended in the appropriate restriction enzyme buffer
provided by t.he suppliers of the enzymes. Chromosomal DNA was
digested for between 3h and 1Gh at the specified tempera cur e ,
mostly 37QC, and plasmid DNA was restricted for between lh and
3h. Double and triple digBst~ons were performed simultaneously
where possible in a common bu~fer. Where the procedure had been
done for the purpose of det~~rmining fraglnent size.s or the
existence of enzyme sites thes(';digestions were loaded onto
agarose gels. Where the prooess had been carried out for
subsequent ligation or treatment ~.,ithalkaline phosphatase the
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Figure 3.2 Inactivation of rifampicin by rifampicin
resistant strains of A'I'cc12674 ( ") and
ATCC4277 <+), where (..) is a media control.

3.1.3 In;!LctivZltion of rifampicin by other str~dn9

As higher concentrations of rifampicin could be more accurately
measured using zone diffusion assays, all the st<:ainsused were
made resistant to lOOM9/ml rifampicin. These were spontaneous
resistant mutants.

Log phase cl.llturesof the raampicin l."esistantmutants were
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Fig\}J"o 3.1 Inactivatlon Qf rifampicin by twe rifampicin
ccno i.tLvc R,ot,"vt;hl.·oE\Jlis ~:itt'.1in:.) ATCC12fj74 (¢II)
and ATCC427'l ('(~) I ;vht.:!,·'3 (~\7) Lj ~~ll\t1lHa c~r.;,ntro1.



ANSAMYCIN INACTIVATION BY NOCAROIOFORM BAC~ER!A

3.1.1 Sensitivity of str.ains to ansamycins

I investigated the ability of strains of nocar~ioform bacteria
available in our ~aboratory to inactivate ri£ampicin, rifamycin
SV anc streptovaricin.

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

Table 3.1 sensitivity of various strains to ansamycin
drugs. Growth of bacteria is indicated with +.

Rifampicin Rifamycin SV streptovaricin
:strain L.A 0,1 1 10 0,1 1 10 0,1 1 10 /19/mJ.

---
N.J:'CC12674+'1-+ +++ +·H· +++ +++
CW22 +++ 1<++ +++ +++ +++
A'l.'CC4277 +++ +++ +++ +++ +++
ATCC14a87 +++ +++ +++ +++ +++
CiS +++ +++ +++ +++ +++

---
3.1.2 Inacti va t,ion of rifampicin by R. erythropolis

Previous worle, for my M. se , thesis (1989), revealed that the
R. G:Z."Y't1iropolis strains grew well on plates containing a maximum
concentration of O,3/J,g/ml of rifampicin. It was also shown
previously that through spontaneous mutation to rifampicin
resistance of greater than jOO/1g/ml, the inactivation remained
unaffected. This is tho result of the resistance mutation
oocurring in the J.·poD gene and not in the gene rosponsible for
inaoti.vation. This can be seen in the following graphs, these
experiments were repeated f~r this work.



3.0 RESULTS
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container and the pH adjusted to 2-3 with 2N Hel. To this lml of
ethyl acetate was added and the resulting mixture was vortexe.d
and centrifuged. 0,5ml of this extract was transferred to a fresh
tube and dried under vacuum. The pe.llet was dissolved in 20Ml
acetone. 10Ml was spotted onto TLC plates (Merck 5715.001
Precoated silica gel 60F~4)' The liquid phase for running was
chloroform:methanol 4:1 or methanol:chloroform 9:1.

2.19 MAXICELL ~ROTEIN EXPRESSION SYSTEM

E.coli, strain CSR603, containing appropriate plaai 1s were grown
overnight in 1< medium at 37°C. An Lnoculum of O,lml of the
preculture was introduced into 10ml of 1< medium containing
ampicillin and grown at 37°C until an ODS4U of 0 1:3 tlae r(lached.
The culture was then tranSferred to a petridish and expos('d to
tJVirradia-t:.ionin a tJV stratolinker 1800, Stratagene. The cells
were then transferred into flasks and a~rated at 3?OC. After an
hour O,lml of a lOmg/ml cycloserine solution in phosphate buffer
was added to the irradiated ':e11s and the incubation continued
over night at 28°C. The iri gene was expressed to a significant
level at 28°r, and in the presence of Bl. All the media in this
experiment contained 131. The cells were washed 'twice with
Hershey's salts before being resuspended in 1,5ml of Hershey's
medium. The cella were starved in this medium for 90 minutes
before 3Ml of HS-methionine was added at 15MCi/ml. Incubation
oorrtLnued for 90 minl.l.tesat 28°C. Cells were harvested and
resuspended in 60Ml of water to which 30Ml of 3x leading buffer
was added. Each sample was boill)dfor 4 minu~es prior to loading
on an aDS PAGE gel. The rell.'!tof the aampl.ewas stored at -;woC.
The gel was stained and destains(.lbefore being dried and
autoradiographed.
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Lncubatied at room temperature £'or 2-5 minutes. 3,51-£1 of the
labelling reaction was added to each terminati.on tube and
oontinued to incubate at 37°C for 5 minutes. The reaction was
stopped by adding 41-£1of stop solution. Samples wer~ heated to
750C for 2 minutes immediately before 31-£1 was loaded.

In order to read sequence close to the primer lM1 of Mn buffer
was added at the labelling step. r,rhepresence of Mnl+ ions
reduc~~sthe average length of DNAayrrchesu sed 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.

Electophoresis of lA~elled DNA

Gels were run using the Hoeffer Pokerface II gel system. They
were run at conscant,power of 100 Watts against a TBE buffer. 6%
acrylamide gels were poured using the flat ,gel method of Chang
and WU (1992) that utilises capillary act Len to draw the
acrylamide solution between the plates. This method did not need
taping of the plates and there was no leaking of gels. Shor't:runs
(until the bromophenol blue came off) and longer runs (until the
xylene cylanol or more came off) were performed. The gels were
transferred onto blotting paper and dried under vacuum f.or40
minutes. They were t.henplaced in an X-Ray cassette wit.han X..Ruy
film. The films were developed between 1 and 7 days later. The
procedure involved 5 minutes in developer, 1minute in water and
a further 5 minutes in fixer. The f.ilmswere then washed and air
dried. The sequences were read manually over a light box, The
data was analyzed using several different softw&re packages.

"

2.10 THIN-LAYER CHROMATOGRAPHY OF RXE:AMPICIN INACTIVATED
PRODUCTS

The supernatant of a culturA chal]pnged with 30~9/ml rifampicin
was obtained by c~ntrifugRtion. 2ml were decanted into a fresh
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resuspended ~n 10~1 water. Of this 1~1 was analyzed on an agarose
gel and the remainder used for 2-3 sequencing reactions.

2 •17•2 Sr.!quenc~.ngreactions

2.17.2.1 t~ing a pUC sequencing kit (Boehringer-Mannheim)

Double stl'anded DNA was denatured using NaOH and EDTA for 5-10
minute!;.This was neutralised and precipi t.at.ed by adding 3M NaAc
and ethanol. To the dried DNA, 15Ml water, 1~1 of sequencing
primer (2,5pmol), 1,5~l of lOx reaction buffer and 2~1 lGMCi
[35S]dATP-a:-S was added and incubated at 37°C for 15 minutes.
Meanwhile 2Ml of each of the corresponding dNTP/ddNTP mixtures
were pipettec( into tubes (A,C,G,T). TClthe DNA primer mix 2 units
of Klenow enzyme was added and mixed. 3Ml of this was pipetted
into each of the four (A,C,G,rr) tubes.' TheSe were placed
immediately into a water bath at 37°C for 20 minutes. The
reaction was chased by adding 1,51-'1of a dideoxynuoleotide
mixture to each tube and incubating at the sama temperature for
a further 15 minutes. The reaction was tetminated by addi1g 4~l
of formamide buffer. Immediately before lo~1ing the samples on
the sequenoing gel they were heated for 3 minutes at 95°C and
quick cooled on ice. 2~l was loaded into each slot.

2.17.2.2 Using a saquenase version 2.a Jdt (t1nited states
Biolab9)

If double stranded DNA was used it was denatured as above. For
annealing of primers to templatq DNA l~l of primer was added to
7~1 of DNA with 2"1 of reaction bUffer. This was heated at 65°C
for 2 minutes and then allowed to cool for 15-30 minutes until
the temperature was below 35°C. This was thl...:nplaced 01'1. ice.
While ~ooling 2,5~1 of termination mixture was added to
appropriate tubes' (A,C,G,T). Both dGTP and dITP reactions were
carried out 011 this GC rich DNA. To the ice cold anneal.adloixture
l~l O,lM OTT, 2~1 diluted labelling mix, O,5~1 [~SJdATP and 2Ml
of diluted Sequenase polymerase was Rdded. This was mixed and
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2.17.1.2 single ~tranded phagemid DNA

overnight cultures of pUC118 clones in JM109 were grown in LB
containing lOOMg/ml ampici llin. 30J,Llof culture was added to 301.£1
of M13K07 lysate (titre> 1010 pfu/ml) and incubated at 37°e for
20 minu·tes. subsequently 3m1 of 2xYT broth was added and this was
incubated at the same temperature with good aeration for 14-18
hours. After the first hour of incubation 10oMg/m1 ampicillin and
70W;J/ml kanamycin were added, Cells were collected by
centrifuging the culture at 4°C. The supernatant walltransferred
to a sterile Eppendorf ar.d 200M1 of a PEG-NaCl solution was
added. This was mixed thoroughly by vortexing and left at room
temperature for 15 minutes. Phage particles'lt/erecollected by a
5 minute centrifugation at 4°C. The supernatant was discarded.
Care was taken to remove all traces of PEG. The pellet was
resuspended in lQO!,t.lTE by vigorous vortexing. Thls was then
extracted with phenol and chloroform aud precipitated with 10%
3M sodium acetate (vol/vol) and ethanol. DNA was wash~d with 70%
ethanol and dried under vacuum. The DNA was resuspended in 20Ml
of TE.

2.1'l.1.3 Sir.gle stranded DNA from M13 clones

M13 clones in JM10l were grown for 5 hours in 2xYT medium. Phage
containing supernatant from l,5ml of cultur.e was obtained by
centrifugation. This was poured into a tube containing 200Ml of
the PEG NaCl solution which was mixed well and placed on ice f.or
10 minutes. To precipi.tate the phage, sampies were centrifuged
for ro minutes and the PEG solution carefully removed. The pellet
was resuspended in lOOMl TE and placed on ice for 10 minutes.
This was cE,mtrifuged again for 5 minutes to precipitate LnaoLub Le
bacterial degradation products. The s\",parnatantwas drawn off and
transferred to a fresh tube containing 10Ml of 3M NaAc and 250Ml
phenol./chloroform (1:1). This was vortexed thorOUghly and
cEmtrifuged. tl'hetop phase was ca.refullyremoved and re-extracteil
vd.th phenol/chloroform eind again with chloroform. The DNA was
p:l:'ec;:lpitatedwith etha!10l and dried under vacuum. DNA was

47



2.16.4 washing

Membranes were. washed twice for 5 minutes at room temperature in
solution 1 and twice for 15 minutes at 68~C in solution 2.

2.16.5 Immunologioal deteotion

The membranes were washed for 1 minute in buffer 1. The antibody
conjugate was diluted to 150mU/rul in buffer 1 and the membrane
was incubated i11z omt of the diluted antibody-conjugate solution
for 30 minutes. The membrane wus washed twice with buffer 1 for
15 minutes to remove any unbound antibody-conjugate. 'rhemembrane
was equilibrated .s= 2 minutes in 20ml of buffer 3 and then
Lncubabed In the dark with 10ml of the colour solut.ion in a
plastic container. Bands were visible from between 10 minutes and
20 hours after the addition of the colour solution. Once tte
bands had developed ·the membrane was placed in TE for 5 minutes
and then air dried. '1'hemembr-ane could be phobcqz aphad or
photocopied.

2.17 DNA SEQUENCING

preparation of DNA for sequencing

2.17.1.1 Double stranded DNA

DNA was prepared,using the method of alkaline lysis. 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 occasions DNA was precipitated with PEG. DNA that had been
precipitated with ethanol was resuspended in 27~l of water. To
this 4Ml of a 4M NaCl and 9~l of a 30% PEG solution was added.
'l'heDNA was placed on ice for 20 minutes and the centrifuged at
4DC for the same length of time. The PEG solution was aspirated
and the pellet WAS washed with 70% ethanol before it was dried
in a vacuum desiccator.
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membrane was then placed in sterile distilled water. The gel was
remcved from the neutralising solution and placed on the support
in an inverted position. The wet nitrocellulose filter was placed
on the g~l. 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 300g weight 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 soaked in
6xSSC for 5 minutes to remove residual aqaz'oae , The membrane was
allowed to dry on paper towel for 30 minutes at room temperature
before it was baked between 2 pieces of Whatman 3mm paper at 80°C
for 2 hours under vacuum to fix the DNA to the filter.

2.16.2 Probe labelling

Linearised DNA was purified with a phenol-chloroform extraction
and an ethanol precipitation. The DNA was resuspended in 15ml
sterile water. single stranded DNA was obtained by boiling the
sample for ill minutes in a water bath and then chilling quickly
in an ice-water slurry. 2~1 of dNTP labelling mixture was added
to th.e freshly denatured DNA. A n,icrolitr.eof I<lenow enzyme was
added. The reaction mixt.ur-e was incubated 2(t37°e ovarn i.qfrt . In
the morning 3~1 of 0,2M EDTA pH 8,0 was; added to stop the
reaction. The DNA' was then precipitated with 2,5JJ.l4M Liel and
75JJ.lprechilled ethanol, dried under vacuum and zesuspended in
50JJ.lTE.

2.16.3 Hybridisa'tion

Membranes were prehyb:ddised for between :2 and 4 hours at 68°C
in 20 ml of hyb"idisation solution. This solution was agitated
from ti~e to time. The prehybridisation solution was removed and
replaced with 5rulof fresh hybridisation solution containing the
single stranded, labelle~ 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 60Ml of water to which 30Ml of 3x loading dye
was added. Each sample was mixed vigorously to achieve lysis of
the cells. The samples were boiled tor 5-10,minutes before they
were loaded onto the gel.

2 .16 sot~THERN n:YIlRIDISATIOm

In this procedure a non-radioactive DNA labelling and detection
kit was used. This was supplied by Boehringer-Mannheim. The probe
was labelled by random primed incorporation of digox:i.genin-
labelled deoxyur-Ld Lne triphosphate. Immunologica: 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 5-bromo-4-chloro-3-indalyl phosphate (x-phosphate) and
nitroblue tetrazolium salt (NBT).

2.16.1 Blotting

DNA was blotted onto nitrocellulose membranes in the described
manner by Sambrook 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 briefly in sterile water before being placed in lOOml of
neutralising solution for 30 minutes. The gel was soaked for a
further 15 minutes in fresh neutralising solution with constant
agitation. The transfer apparatus was prepared while the qel was
soaking. This comprised of a piece of perspex, wider and 1" .ger
than the gel, supported on u plas~ic dish. The dish was filled
with transfer buffer (10xSSC). A wick of Whatman 3mm paper was
placed over the perspex and suspended in the transfer buffer. At
each s·tage in the proceedings as different things were plaood on
the perspex they were smoothed out using a pipette. A piece of
nitrocellulose filter was cut out to the size of the gel. This
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2.15 PREPARATI01~ OF SAMPLES FOR PAGE

2.15.1 Frolr.supernatant

The parental strain ATCC12674was grot1n in TYmedium. An aliquot
was 'taken from the preculture and inoculated into 30ml of TY
med i.ura. When the culture was in exponential phase the arrt Lb i.o't i.c

was added at a concentration of IMg/ml. At time intervals of 24
hours, 48 hours and 72 hours, loml aliquots Were polleted at
15,000 rpm for 15 minutes in a Beckman JA-20 centrifuge. 'l'he
protein in the supernatants wac precipitated by adding em average
6,4g of ammon i.u-a sulphate or as much as would saturate the
supernatant. This sample was then centrifuged at 20 000 rpm for
~l0 minutes and the supernatants discarded. 'rh.e proteins were
resuspended in 750Ml of sterile distilled water and dialysed
e.gainst distilled water overnight to remove the ammonium
su lphat.e . The sample was; decanted and fJ.:'ozen at -BOOC before
being lyophi.Lised overnight on a V.i.rtis Lyoph iLi.ser-, Each sample
was resuspended in 60Ml of sterile distilled water before an
aliquot was taken for loading onto a polyacrylamide gel.

2.15.2 From E.cCtli

Extracts of proteins from E. coli were prepared from l,5ml of
stationary phase cult.ure. The cells were harvested by
centrifugation. Each sample was resuspended in 60Ml Of water to
which 30Ml of 3x loading dye was added. The samples were mixed
and boiled for 5-10 minutes before 20Ml of each was Loaded on the
gel.

2.15.3 From nocardioforms

In order to weaken the cell walls to facilitatel lysis the
cultures were grown in TYGwith an appropriate antibiotic if
necessary. When the culture was in late log phase 20Mg/ml
ampicillin was added to further weake,\ the walls. At stationa.ry
phase the cells we:re harvested by centrifugation and resuspend~d



ATCC14887 was digested with either Bal.I. or Bgl:rI or BamUI and
ligated to pDA30. These constructs were transformed into CW22.

Table 3.7 pDA30 as a cloning vector
__ w •__ ,~.~ •••~~. •__ · __ • _

Plasmid Number of Transforroants--------.-.~
None
pDA30 + BgIXI 14887
pDA30 + Boll 14887
pDA30 + BamHX 14887

2
4
8150

------------------.----------~
Plasmid screens of transformant.s confirmed that DNA had been
inserted into pDA30.

CW22 ohr omosoma I DNA dil;jestedwith BgIXI w,as ligated into the
BgIX.r site of pEcoR251. Numerous transformants containi,ng lnserts
were obtained.

3.2.1.5 survival of E.ooli plasmid DNA in nocardio(u~ms

In earlier work (Andersen, M.Sc dissertation, 1989) mutants were
made of C'W22.'rhoaemutants we.rehypersenaLtLve to rifampioin and
some of them were unable to inactivate the antibiotjn. Since they
might possess a restriction system it was necessary to determine
the fate of plcoR251 in CW22. pDA2G, which is plccR2S1 with a
nocardioforro pla;3mid ligated into the Bg.lII site, had been
oonstructed by Dabbs (unpublished). CW22 was transformed with
this Chimaera.
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ATCC14687 was digested with either 13011 or BgIII or BamHI and
ligated to pDA30. These constructs were transformed into CW22.

Table 3.7 pDA30 as a cloning vector.'

Plasmid Number of Transformante
,----- - ----------_.

None
pD1\,30+ BglII 14887
pDA30 + BalI 14887
pDA30 + BamHI 14887

2
4
8

1.50

---------------------------------
Plasmid screens of transformants confirmed that DNA had been
inserted into pDA30.

CW22 chromosomal DNAdigested with J3g1II was ligated il'lto the
BgIII site of pEcoR251. Numerous transfol:mants containing :lnserts
Wel.·eobtained.

3.2.1.5 survivQl of E.ooli plasmid DNA in nocardioforms

In earlier work (Anderson, M.Sc dissertation, 1989) mutants were
made of CW22. Tht,;se mutants were hypersensitive to rifampioin and
some of them were unable to inactivate the antibioti.c. Since they
might posseSS a res~riction system it was neoessary to determine
the fate. of pEcoR251 in CW22. pDA2G, which is pEcoR251 with a
nocardioform plasmid ligat.F"ad into the BglII sitt.~, had been
constructed by Dabbo (unpublished). CW22 was transformed wi.th
t,his chimaet'a.
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structural integnity of the endonuclease was destroyed. They
showed that it was useful as a positive selection cloning vehicle
which could be employed for regulated over ~roduction of hybrid
proteins. pEcoR2S1 was made by combining the above two
approachef\. It is a plasmid of 3346 bp that contains th~ BooRI
endonuclease gene fusl3dto a portion of the aro gene of )..under
the control of the A pr-omot.er , The plasmid also contains an
E.ooli origin of replication and a gene for ampicillin
resistance.

EcoRI

pl~coR251
3.3 kB

c .....

BamHI
'9

Figura 3.4 Rostriction map of pEcoR251
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Figure 3.3 Restriction mnp of pDA30

3.2.1.3 origin of pEcoR2B1

pEcoR251 is a positive selection or suicide vector. It ~roduco~
a (';feneproduct that is let.hal for ccr-t ai.n bacterial hosts.
Howeve:r. insertion l.")f a foreign segmeI1t of DNA j.nto the; gOnt,~

inactivates it. The production of this vector waD based on work
done by Zabeau and Stunley (1982) and work done by Cheng and
Modrich (1983).

Znbaau and Stanley produced a vector which enhanced exp:r.oDsion
of a cl'o$-galacto$ida~;c f ue ion pt'otcins under the control of the
PR pl.·omotor of badtct'ic)phnqe f.... '.I.'hio pll1nmid wan made by join' ng
DNA ocgmcnto carrying the PR promotor and the sturt of the erc
gone of f... to the lac Z gene fragment c~r~iQcl by another plasmid.
Recombininant pltU1mi.dB which dil:octcd t.he syrrchcsLs l:Jf' high
levels of n-galnctooiclaoG wore conditionally lethal and could
only be propagated whon tho PR promoter Was raprosGod.

Cheng and Hodrich produced a plasmid which cont~inad the EeaRI
cnclonuc1.caoo gone down stro,lln from tho 1\ promotl.)r of f..., It did
not yield, tr'lMClf<n:ul,mt.G after int:r:CJd.uctiol'l inno E. Gt'l.l.l un lODG thll
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nocardioform species R.erythropolis strain ATCC12674 and the
other plasmid, pEcoR251, from E.coli. Neither of these plasmids
are naturally occurring. They are both the result of considerable
genetic manipulation.

3.2.1.2 origin of pDA30

A large plasmid of about 120kb Was isolateQ by r~bbs and Sole
(1987) fro'nATCC12G74. This was done using .,priwsrily genetic
approach. An uns'table genetic element was ideiltified which
conferred resistance to cadmium chloride, chloramphenicol, sodium
arsenate 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, plasmid DNA was packaged using the generalised
tranaducing nocardiophage Q4 (Dabbs I 1987). These were transduced
into a derivative of ATCC12674, CW22 f which had been
spont.aneousIy cured of rfilsistanceto those heavy metals and
chloramphenicol. Transductants were selected for increased
resistance and these showed plasmid bands on agarose gel
electrophoresis. These plasmids were chimeras of the unstable
genetic element and part of the Q4 phage genome.

A plasmid was transformed into a r(~lated Rhodoaoacu,'3strain
ATCC14897 (R.equJ, :t:'estrictsATCCJ2674 DNA and is not lYl30dby Q4
phage). This produo~d a lot of smaller plasmids. The smallest
being pDA21. When thio plasmid was transformed into CW22 it
showed resistance to sodium arsenate and sodium arsenite and it
retaimad the Q4 phage immunity. A rElstriction map !fIBB made of
pDA21 and it was shown to be lS,3kb in size. pDA?l was further
reduoed in siza by digesting it with a number of restriction
enzymes and then lig~\ting them. !to was found that an EaoRI
t'ragm(mtand B couple of Bam"'I f'ragmcntGwere not essential. The
resulting plasmid was pDA30 and was about 11,2kb in sizB (Dabbs
at all :l990).



These conditIons included optimal growth phase, the absence of
agitation at the lysozyme step, the volume of protoplasts, the
concentration of the selective agents - arsenate and arsenite -
and the time of addition of the selective agents.

The glycine concentration of the broth also needed to be
ol?timised.Glycine weakens the cell wall by interfering with the
glycine - glycine bonds in the cell wall. A preliminary tolerance
experiment, where CW22 was grown with glycine concentrations
varying between 0 and 8%, showed that the optimum concentration
Hes between 2% and 6-i;. Cells were prepared in 3% ,4% and 5%

glycine for trar.""formation. A 1:100 inoculum of a stationary
phase culture was introduced and samples were taken at regular
intervals over a 78h period. The samples were frozen. Af.ter all
the samples had been taken, they were thawed and transformed \
0, 11~9of pDA30. After 6 days the fallowing r~sul ts were obtairled.

Table 3.5 optimisation of glycine concentration for
trans for-mation

Number of Transformants
Time (h) 3% gly 4% gly

18 0 0
30 0 0
42 24 4
54 112 183
66 173 214
78 2l.5

."._,.___ ._...

5% gly------
o
o
10
272
500
254

The greatest number of transformante were obtained from cells
grown far 6Gh in 5% glycine OD~u of 3,05. A bulk culture of CW22
in T'i+ 5% glycine was grown to an 00.1•10of 3,00. One mil1ilitro
aliquots ware frozen for futuro use.

The approach that was followed to construct the Rhcdoaoccus -
~.coli shuttle vector involved the ligation of two plasmids af
different origins. One plasmid, pDA30, was derived from a
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samp Les exposed to rifampic~in. Sodium tauracholate samples showed
an extra low molecular weight band whi.l.eampicillin samples
showed an extra high mole.cular weight band.

Additional experiments were done including using the protease
inhibitor PMSF. These failed to make the situation any clearer.
As the orJgi.nal experiment by Dabbs (1987) required the oulture
to be in stationary phase for at least 40 hours, the cells were
probably be.inglysed by this time. This presented the possibi li t.y
that the enzyme was aotually an intraoellular enzyme.

3.1." Non-inadtivating mutants

'1'0 clone the gene 1:e.sponsiblefor inactivation by oomplementation
a non-inaotivating mutant was naeded , In work done prior to this
thesis, 14 Dutants were prod~ced by E.Dabtis and myself. These
were hypersensitive to rifampicin and three were clear non-
inactivating mutants: Ri7, RiB a~d Ri14. These mutants Were of
strain CW22 a derivative of R.erythropolis ATCC12674.

In this work the. other R.erythropoli6 strains ATCC4277 and
DSM1069 whLch had been mutagenised were screened for
hypersensitive mutants. Of 224 ATCC4277 coJonies soreened no
mutants were obtained. Three potential hypersansitive mutants
were obtained from DSM1069. On replioa plating only one of the.se
proved to be hypersensitive .•However inactivation assays of this
mutant, Ri15, showed that it still inactivated rifampioin.

3.2 SHUTTLE VECTOR CONSTRUCTION

Preliminary Experiments

Optimisation of Nocardiofcrm Transformation

Most of th'~ conditions for transformation of CW22 had been
optimised previously (Anderson SJ, M,Sc. Dissertation, 1989).
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Attempts were made to identify this protein. Protein was isolated
from the super-natiarrts of rifampicin challenged and non-challenged
cultures and separated on polyacrylamide. gels. It had been
reported by Dabbs (1987) that inactivation of the drug was
detectable only with supernatants from cultures maintained in
stationary phase for at least 40 hours. For this reason
supernatants were prepared. from cuLt.az-es at varying times in
order to detect when this protein was released.

Samples of lOml 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. After staining and destaining
very faint bands could be seen. However more sample was needed
if any differences were to be determined.

Larger samples of' 20ml were taken and processed. No bands were
seen in the samples from supernatants of cultures not exposed to
the antibiotic. Many bands were seen in the samples exposed to
rifampicin. In fact it appeared as though the samples had been
lysed.

cultures were exposed to other agents that lyse cells. These
Lnc Luded lOJ,L9/ml ampicillin, lOJ,Lg/ml fusidic acid and 0,02%
sodium tauracho1ate. Supernatants of cultures exposed to these
agents during log phase were harvested 8 hours later. After
centrifugation no pellets were visible, however water was added
to resuspend low concentrations of protein. These samples Were
dia1ysed but not lyophilised before electrophoresis. The gel was
blank except for the lane from the amp:i,cillinchallenged culture
which showed definite bands. Repetition of this experimen·t.
indicated that the samples needed to be concentrated further.

Lyophilisation of the samples incceased the protein yield with
bands appearing in most lanes. ~he lanes that were blank were
those not exposed to any additional agent. Although it war;
difficult to determine, no extra bands could be identified in the
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Table 3.4 Zone inhibition assay to identify the antibiotic
released by DSM40512

Assay organism:
---------------,----------------------------------------
50Mg/ml stv in LB: large zone
DSM40512 supernatant: small zone

no ZOl'l€l
small zone

no zone
small zone

This shows that the substance being produced is not
streptovaricin for if it was there would be no zone on the plate
assayed with the Stv(\assay organL3m. Checking the DSM catalogue
it became apparent that DSM40512 produces two products other than
streptovaricin: actinospectacin and prodigiocin were therefore
p:t:obablyresponsil:>lefor producing the small zones of inhibition.
There also appeared to be a cross resistance between rifampicin
and streptovaricin in B.subtilis.

3.1.5 Non~inaetivation of streptolydigin

Another antibiotic that also inhibits RNA polymerase is
st.reptolydi9in. Attempts were made to see if the drug was
inactivated. Bo~:hA.oxydans and B.subti.Zis did not give zones of
inhibitl0n at similar concentrations to the ansamycins. Zones
appeared at 500MgIml on B.subtilis lawns. This concentration
inhibited the growth of most strains tested and none of them gave
any indication
R.erythropolis,

of inactivation. Those tested included
R.rubrapertinctus,R.australis, R.fascians,

s.speotabilis, S •.i.iviaene and M.smegmat.is.

Protein isolations from nooardioform supernatants

Previous work done in this laboratory by Dabbs (1987) showed that
the supernatants of cultures challenged with sub-inhibitory
ooncentrations of rifampicin were able to inactivate the drug.
'rhisseemed to indicate that a protein was being rraleased into
the supernatant that had inaotivating ability.
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and R,iascians. These were then tested for streptovaricin
inactivation and better definition of zones were obtained. These
revealed that bot.h A554 and R. iascians totally inactivated
streptovaricin.

Illcoctivation by ansamycin producing orqanisms

ThF:"antibiotic producing organisms I Amycoll!-top,,-j;;medi terranei
(rifamycins) and streptomyces spectabilis (streptovaricins) I were
tested fo~ the presence of inactivation mechanisms.

A.mediterranei was tested for its level of resistance to
rifampicin. AS reported by Hardisson et al, (1984) this strain
was found to be resistant to at least 100~g/ml rifampicin. The
st~:,ain was grown under the same cortdi,tions as the other
nocardioforms. Once the strain had entered log phase it was
challenged with 20/.Lg/mlrifampicin. Assay of th(~ supernatant 20
hours later showed that there had been no Lnacrt.L vation of the
antibiotic.

S.speotabilis DSM40512 was grown to stationary phase and seeded
on a broth plate containing 100/.Lg/mlstreptovaricin. A lawn of
b>-\cteriagrew up showing that the organism was resistant to the
antibiotic it produced.

Inactivation assays showed t.hat most of t.he antibiotic was
inactivated. Howe~er 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 seemed to indicate that an antibiotic was
being produced. To determine whether t.he product was
streptovaricin, assay organisms resistant to rifampicin (Rif) and
one resistant to streptovaricin (stv) were made. The assay was
repeated using the regular spectinomyein (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 also be used to assay
for Lnact.Ivat ion with i.'lesedrugs.

Rifamycin SV was assayed under the same conditions as rifampicin.
These conditions were not optimal for streptovaricin. No zones
of inhibition could be seen using lO~g/ml streptovaricin.
optimisation showed that 50f.l,g/mlstreptovaricin and either a 10.2

dilution of CiS or B.subtilis were more definitive.

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

strain lOf.l,g/mlRSV 50~g/ml STV

R.erythropolis
A'rCC12674
ATCC4277
DSM1069

R.equi
R.rubropertinatus
R. austra.Iis

A448
A554

R.fascians
A.oxydansC1S
B.subtilis

YES
YES
YES
YES
NO

NO
NO

YES
NO
NO

YES
YES
YES
YES
NO

NO
YES
YES
NO

YES

M .smegmatis was also tested. This is a much slower growing
strain. The cell free control containing LB and the antibiotic
was hydrolysed befol'e any detectable differences were cbsez vad ,

surprisingly the B.subtilis strain which was able to inactivate
rifampicin was not able to inactivate rifamycin SV, but was ab~e
to inactivate streptovaricin. This was repeated more than three
times using the plate assay and twice using a quantitative assay
in 1Lqn i.d culture. In each caae the result was conf irmed,
B.subtilis lA3-1 did not inac~ivate rifamycin SV.

As the zones of inhibition were not as clear for these
ansamycins, streptovaricin resistant mutants were made of A554
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challenged with 20Mg/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
twice.

Table 3.2 Inactivation and decolorisation of 2oMg/ml
rifampicin by various strains of bacteria

strain Inactivated Decolorised

R. erythropoli.s
ATCC12674
ATCC4277
DSM1069

H.equi
R.ru.b.1:'opertinctus
R.australis

A448
A554

R.tasoians
)~.oxydcms C1S
S.Liv isieiu:
M.sme~Tmatis
B.subt;ilis
B.coli

YES
YES
YES
YES
NO

YES
YES
YES
YES
NO

YES
YES
YES
YES
YES
YES
YES
YES

NO
NO

,. J·r TESTED
YES
NO

YES
NO

YES

Of all 'che strains tested only R.rubropertinctus did not
inactivate rifampicin under the same conditions as the others.
This assay consistently obtained the same result. Most of the
strains also deoo Lcr-Laedthe antibiotic, notable exceptions being
the R.australis strains A44:8and A554, S.lividans and B.subti.Iis.

3.1.3 Inactivation of other ansamycins

We assayed these strains for their ability to inactivate other
ansamyo i.n antibiotics, rifamycin SV (RSV) and streptovaricin
(STV). Both are naturally occurring antibiotics with rifampicin
being a semi-synthetic derivative of the rifamycins and
streptovaricin being a different class of ansamycin.

Replica plating revealed that resistance to rifampicin at the
rpoB locus also increased the level of resistance to both
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there is a 100% clfficiency of l.igation of inserts. In this case
where there has been a 72% efficiency, N = 7922. So a library of
a minimum of 8000 transformants was ccnatirucced,

During the construction of the library plasmid screens of
tr.;msformants weI''!'!!regularly done to determine the number of
inserts and the size of the inserts. The origin of the inserted
DNA was also verified by blot.tingBgIII 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 Bgl.rI. This DNA was separatec'lon a O,B% low
melting agarose gel. The inserts were purified and labelled with
non-radioactive digoxygenin. The kit used was the "DNA labelling
and detection kit" from Boehringer-Mannheim. These fraqments of
DNA were used to probe nitrocellulose membranes onto which
digested MM2,94-1 and ATCC4277 DNA had been blotted. Hybridisation
wC'(sdetected usil1gthe immunological visualisation pz-ocedur-e , All
the probes bound to the ATCC4277 D~lAand none to tho MM294-1 DNA
confirming the origin of 'i.heinsert~d DNA.

A library of 20 500 transformants was constructed with an average
insert size of 3,3kb. Of the transformants 79% contained
detectable inserts I thC1tis inserts greater than 200bps. Thus the
probabil:ity of any gema being present in this library is gt'eater
+han 97 I 5%.

Transformants were welshed off the plates using Ll3 containing
50Mg/ml ampicillin and 30Mg/ml ritampicin. Aliquots were stored
in glycerol at ·700C and an aliquot was inoculated into 200ml of
the above media in order to do a bulk extract.Lon of t.helibrary.

3.3.2 Isolation of DNA carrying iri+ gene

As the method of cloning WBI3 by complementation I a mutant unable
to inactivate rifampicin would be the recipient strain. In
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Figure 3.3 BglII Jige~tQd DNA from pl~emid acrUGns of lGx
tran~fcr~an~~, ldna 1: molecular weight marker

lig~ticn and in 13 out 0E 1 t~nn8[ormants from thn lGx ligation.

VCl\:t.or to l.nC301''t i Tlw \';'n',\·'I" itl:.",(J:rt. ,j L:~c~ i:lt t;, 1,l t,t,;;;t~ '''':1:..1

determin~d, to bo :}I 'J:; kb . I'h L~ t' iCfUl;~i:3 j,~; n>:i1i'lCladto dotlJl~m ino tlw
appr ox.ima t:t~ nllmbn' o t t r 1no r !n·m,.Hit~) n':l,Kkd I:or ;;\ 1. U:n' u,"'!
(Appcmdi:<) .
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Figure 3.8 5,,;':':': di'J(:!:;t"Jd DN,\ J:T.'()nl pl::lsmid. Gcre-cm:::, of l.,'jx
tranGfOrm3n~s, lane 1: molecular weight marker

Inae~ts were detactad in 5 out of 13 tranuformantc Crom the ~x
ligati.on an.I in 13 ,jut: uf 1:.1 tr::ln;}r;'l)rmant::,~ rom tlv} l'1x lLg,:\tion.
All subsequtmt l\.i''Ftt.ionG ',';..1!:O p(',l':t()r'~'(2d '..;1th a ;..'atii' \,jf L:~1,

vcct.cr t.o 1.n:..,(')):':t:. .. 'l'lw ,'1vcr 1',;Ll in~:'I,u:'t 8 i::~,~of tho 1..1t ben' ....',~~::.3
determined to be J,J~kb. rhi~ tiqur8 is needed to det8rmine tho
app.r.oximat.l' numl'JI,T ':'1: tr ln~3t()l':mant.:::; nomlod ter ,1 1.H~r;u,'y
(Appcrid i.x) •
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3.3 pDA37 IN THE CLONING OF AN iri GENE

In principle, the source of DNA used to construct the library
which was to be transformed into the mutRnt Ri8 could be its
parental strain. However the presence of a xeo syst.em in
nocarc1ioforms would lead to recombination between plasmid-borne
DNA and homologous sequences in the chromosome. To reduce such
recombination, a libl"ary was constructed from another
nocardioform strain ATCC4277. This strain was also round to
inactivate rifampicin with the concomitant changes in the
absorption s~ectrum of the antibiotic. DNA from this strain was
subjected '1:.0 partial digestion with BglII and li.gatedwith pDA37
DNA digested with the same enzyme. The vector was not treated
with alkal~ne phouphatase to prevent recircularisation because
of the positive selection function of.the plasmid.

construction of the qenomic l.ibrary of ATCC4277 DNA

In order to establish optimum conditions tor ligation, varying
amounts of chromosomal DNA were J.igatedinto a unIform amount of
pDA37 and the number of transformants determined.

Tahle 3.13 optimisation of DNA ratios for ligation

-------- .....--------.--------------------------------------------
DNA Number of 'rransfol'mants

-----------,---_._-,---
None
pDA37
pBR322
PDA37 cut and.ligated
pDA37 + 2 x chromosomal
pDA37 + 4 x chromosomal
pDA37 + 8 x ohromosomalpDA37 + 16x chromosomal

1
o

10"
2

23
14
2(5
20,---------~-------------

Plasmid soreens of colonies from both the 2x and l6x chromosomal
plates were performed to evaluate the sizes of the inserts in
each case.
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Tab.lo :3. l:~

1:4
pDA37 + insertG

~l/trnneformation
Numb~r of transformante
Concentration of DNA
Transformante/~gDNA

1
3
9/1J1Q/p,1

.3 ,3 ()

100
101£3
117,4.ng/J,J.l
87

Asp718 "'~, PvuIT EcoRI
Ji.,~

PvuII-~

Figure 3.7

pDA37
14.6 kB

EcoRI

Rootriction map of pOA37

"~'Asp718

-".,~,. pDA30
t:::. :J pEcoR
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Table 3.11 ShV15 as a cloning vector
---,-_._-,-------" ----~.-'------

Plasmid Number of transformants

NonepDA30
SlW15
ShV15 + 14887

2
1164
105
450

Plasmid screens of transformants confirmed that there were
inserts in ShVl and ShV24.

On the basis of these results it was decided to use ShV24 as a
cloning vector. This orientation was given the designation pDA37
and the other orientation pDA38.

A transformation with DNA isolated from both nocardioform and
E. coli bacJ<grounds was done using both MM294 and AMM294 as
recipients. This wa~ to determine if the EcoRI endonuclease gene
was still functionnl. Many colonies were obtained in the lambda
containing strain while none were obtained in MM294. The number
of transformants were relatively 10w1 so significant compnrison,
resulting from the strain fr~m which the DNA was axtracted, could
not be made. In order to determine the efficiency of
transformation in the nocerdIorcrms , the conoentration of the DNA
was determined and compared with the number of transformants
obtained, this wa.sdetermined relative to a known concentration
of DNA on an'agarose gel.



migrated faster in aqaroae gels. If these could be used as
effective shuttle vectors it would be advantageous as they are
6ma.'.1e1::plasmids. Each isolate was prepared in bulk and purified
on a CsCl gradient. These were transformed into MM294 and the A
lysogen of the strain. The transformation re.sults showed that the
EooRI endonuclease gene was still functioning. In order to
determine if these vectors could be used to build libraries a
representative of each orientation, ShVl and ShV4, as well as the.
smaller ShV3 and ShV15 were digested with BglII. chromosomal DNA
from ATCC14887 digested with BglII was ligated into these. They
were subsequently transformed into MM294. Plasmid screens of the
transformants showed that each vector contained some inserts and
that ShV1 contained more thaI')the others. DNA from this pool of
clones was trans,formed into ATCC4277. After ten days, the
following re.sults were observed.

Table 3.10 ShVl, ShV3 and shV 4 as cloning vectors

------------------------------
DNA Number of transformants

None
pDA30
ShVl
ShVl + 14887
ShV3
ShV3 + 14887
ShV4
ShV4 <I- 14887

2
700+
3

3.23
2175
3

1015

-----_._-----------,-----
Similar concentr~\tions of DNA had ben used, indicat:tngthat there
was som9 advantage in using ShV4, thls could be due to
orientation.

A transformation of ShV15 + ohromosomal DNA and ShV15 alone,
where the concentration of ShV15 was increased ten fold, produced
the following results after ten days.
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Figure 3.5

1 2 53 4 6 .,

.t\garosegel of 13amHI and BgIII digests of putative
shuttle vectors,showing different orientations.
Lape l:~III roolecular weight marker

2: ShVl uncut
3: ShVl digested wi,th 13amHI and Egll'I
4: ShVl digested with pvuII
5: ShV24 uncut
6: ShV24 digested with 13amHI and 13g1II
7: ShV24 digested with PvuII
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be useful for positive selection vector construction.

After the original plasmids were digested with the appropriate
enzymes an aliquot of each sample was run on a gel to verify
complete digestion. The pEcoR251 was phosphatased before being
ligated to pDA30. An equal volume of uncut pEcoR251 was passed
through the alkaline phospha.tase treatment to determine the
amount of DNA lost through this process. Several different
ligation mixtures Were prepared. Half of each was transformed
into ~MM294. Results are shown below.

Table 3.9 Transformation of ~MM294 with pEcoR251 ligated DNA

Ligation Mixture Number of
Transformants

--------------------------------------------------------------
No DNA
pEcoR251 uncut
pEcoR251 uncut, phosphatased
pEcoR251 cut
pEcoR251 cut, ligated
pEcoR251 cut, phosphatased
pEaoR251 cut, phosphatased, ligated
pEcoR251 cut, phosphatased, ligated

to pDA30

o
-1244
-484

27
~7'50

2
7

7

The 7 colonies tl;latpotentially carried shuttle vectors were
screened to determine their plasmid content. There was one
putative shuttle vector (ShV4). When the other half of the above
ligation mixtures were transformed into ~MM294 68 colonies grew
that potentially contained shuttle vectors. 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 BglII to determine the orientations
of the plasm ids and both were found.
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Table 3.8 Transformation of CW22 with pDA30 and pDA26

Plasmid Number of Transformants

No plasmid
O,lJ,.LgpDA30
O,l,ug pDA26

o
564
550

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

Some of these transformants were replica plated onto LA plates
containing different concentrations of ampicillin. pDA30 :Jrew
well at 10~g/ml while pDA26 thrived at 15,ug/ml. There was no
increase in resistance to arsenate or arsenite in E.coli.

A.HM294 grew on 2jJ.g/mlampicillin but not on 5jJ.g/ml.However
A.MM294 containing pEcoR251 grew well on lOo·OJ,.Lg/mlampicillin.

construction of pDA37 and pOA3B

pDA30 contained a unique BgIII site in a non-essential region of
the plasmid. pEcoR251 had a unique BamHI site that did not
interrupt any of the critical regions of this plasmid. These
plasmids were digested with these e~' ~es which produce
compatible cohesi va ends, phosph?tctsed igated. They were
subsequently transformed into \MM294 and t:t'lr!sformantsscreened
for inserts. Initially doublets and tripletE of pEcoR251 as well
ar deletion mutants were obtalned. The 14 del~ted plasmids wec~
screened 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 both their
BamHI and BgIII sites. This indicated that the deletions had
occurred within the endonuclease gene. ThAse plasmids would not
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Table 3.8 Transformation of GW22 with pDA30 and pDA26

Plasmid Number of Transformants

No plasmid
0/1,Ug pDA30
O/l,Ug pDA26

°564
550

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

8ume of these transformants ,,,,erereplica plated onto LA plates
containing different concentrations of ampicillin. pDA30 grew
well at lO,Ug/ml while pDA26 thrived at 15,Ug/ml. There was no
increase in resistance to arsenate or arsenite in E.coli.

}..'MM294grew on 2,Ug/ml ampic~illin but not on 5,Ug/mL However
}..MM294containing pEcoR251 grew ylell on 100'Of,tg/mlampicillin.

3.2.2 construction of pDA37 ane, pDA38

pDA30 contained a unique BgIII site in a nan-essenti~l region of
the plasmid. pEcoR251 had a unique BamBI site that did not
interrupt any of the critical regions of this plasmid. These
plaemids were digested with these enzymes which produce
compatible cohesive ends, phosphat.aaed and ligated. They were
subsequently transformed into }..MM294and transformants screened
for inserts. Initially doublets and triplets of pEcoR251 as well
as deletion mutants were obtained. The 14 deleted plasmids were
screened with various enzymes to identify the missing region. A
smaller functional plasmid would facilitate construction of a
smaller shuttle vecbor. All the plasmids had lost both their
BamBI and BgIII sites. This indicated that the deletions had
occurred within the endonuclease gene. These plasmids would not
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The above figure demonstrates clearly the colour change that was
identified by Dab~s (19B7) I and confirms that this colour change
is coded for by the same p'J.dsmidthat is :r:osponsible for.
rifampicin inactivation.

BUBCLONING OF 'rHE l:d GENE FROM R.erythz·opol.is

3.4.1 constructing a restriction map

The clone used in developing the restriction map was #6. Fragment
sizes from the gels comparing #3 and #6 were.determined. Because
these digestions were of the insert still in the vector it was
difficult to identify the fragments in the' insert. Thus I3g1II
digested plasmid was separated on a low melting agdrose gol and
both the inserte.d fragments wore purified. Single and double
digests using the,fallowing enzymes were done: BaoRI, HindIII,
pvuII, BarnEI and Asp718. These were soparatQd ~n both 0,4% and
1,2% gels in order to size the fragments more accurately. It was
noted if certain bands were maintained or cut by the. €looond
enzyme. The sizes were determined and a pre.liminary map
constructed. The insert size was 8,5kb. As there were several
spaces in the map more enzymes were tried in order to fill the
gaps. Attempts were meldeusing enaymcs that had only one Or two
sites in the fragment. Of the following enzymas EcoRV and stu!
cut once, Not! cut twice and Drat and SaaI did not cut. These
sites were mapped.

-.........
't:l
t::

4 .... """""'~

~~h~
IIXlIXl

II __ IILI 111 • ...IJ

1"igura :1.13 Preliminary reDtriction map of #6



Table 3.18 Rates of Lnacbivation by R.erythropolis .

strain/Plasmid Rate of Inaotivation

ATCC4277
ATCC12674
#6 in Ri8-1

47nq/min
55ng/min

135ng/min

A distinot ooJ.our change was noted with the inactivation of the
antibiotic. Rifampioin is soluble in chloroform and chloroform
is not missable with water but separates from it. Bulk cultures
of Ri8-1 containing ~ither pDA30 or #6 were gruwn and challenged
with 50M9/m' of rifampicin. After 20h the antibiotio was
extracted by addin9 5ml of. chloroform and shaklng well. The
chloroform was then aspirated from under the culture meclium.

F'igure 3.1.2 chloroform extraction of rLcampicin and rifampicin
degradation products in the prcncncc and absencn
of the 1x'1 9('ne



density and challenged with lOJ..L9/mlof the antibiotic. Samples
were ~en evary half hour for the first four hours and then
every two hours up until 10 hours. The inactivation curves are
shown in the figure below.
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J2i:C 2
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o
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Ino.ctivation of rifampioin by R.orythropolis
otrains t'csir.l'cantto t'ifnmpioin. (....) - 116, (0) ..
CN22, CA) - A'l'CC4277, (III) - 001.1 frao control.

Valuos for the conoentrations of rifampicin prcserrt in a specific
cultut'o at a given time were plotted on semi-log graph paper. By
measuring the gradients of these lines the rates of inactivation
could be determined.
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FigurE~:3.10 Inactivation of rifampicin by R.erythropolis.
(+) - 116, (.) - A'l'CC4277, LA) - RiS-l, (M) -
cell free control.

The plasmid bearing strain carrying the iri gene was
inactivat:i.ngthe rifampicin more quickly than the wild type
strains. This could be ascribed to a copy number effect with
multiple copies of the plasmid in each cell.

Similar expe:dments w('.redone using higher concentrations of
rifampicin and rifampicin nudstant mutants of the strains.
cultures in log phase were equilibrated with respect to optical
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wozk had used B.subt.ilis lA3-1 (spect.Lnomyo i.n resistant). This
organism gave larger zones of inhibition at low antibiotic
concentrations, hence it was used as an assay organism for liquid
culture. This was not successful. In retrospect, it could be seen
that this organism was sensitive to long/ml rifampicin and the
concentrations of rifampicirl to be measured were an order of
magnitude. or two greater. This organism had also been useful
because of the spectinomycin resistance marker. The streptomycin
resistance marker of A.oxydans C1S was no longer usefuJ as Ri8-l
now contained a similar resistance. For this reason a
spectinomycin resistance mutation was irltroduced into A.oxydt."'Ills
C1S by selecting for a mutant spontaneously resistant to 200j.kg/ml
spectinomycin. This mutant was designated A.oxydans ClSS and it
was used in all subsequent quantitative assays.

cultUres of #(5"ATCC4277 - the organism from Which the DNA was
cloned, ATCC12674 - t parental strain of RiS-l and RiB-l were
grown to log phase. rhese were equilibrated to similar cell
density before being challenged with lj.kg/mlrifampicin. Samples
were taken at regular intervals. Initially a useful time scale,
that included inactivation by the strain with the slowest rate,
was ascertained. In other words when the slowest inactivating
culture had completely inactivated the antibiotic. After
repeating this experiment four times taking samples every hour
or every two hours for 1(5hours it was clearly shown that Ri8-1
did not inactivate rifampicin in this time period. It was also
clear that most o~ the inactivation took place in the first two
hours and tailed off from 4h to Bh. The experiment was repeated
taking samples every half hour for the first two hours and every
two hours after that. The results of this are reoorded in the
figure below.
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To ensure that the rifampicin inactivation was due to the
presence of the plasmids, cultures of each were cured of the
plasmid by growth in the presence of 20J.l.g/mlof ethidium brom i.de ,
These cultures were then assayed for inactivation of the
antibiotic in parallel with those still containing the plasmids.
These results are shown below.

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

strain/Plasmid Oh

No cell control *#1 '*#3 *#4 *#5 *#6 *cured: #1 *#2 *#3 *#4 *#5 *

4h 8h

* *

*****

*'II'
***

where * indicates the presenoe of rit~mpicin in the culturemedium.
These results confirmed that the abUity to Lnao ...ivate rifampioin
was enooded by genes on the reoombinant plasmids. The plasmid in
transformant #6 was chosen for more detailed investigation into
the prooess of inaotivation. To do this an assay was used that
would quantitate the oono~ntration of rifampicin in tha culture
at a given time. This assay worked on the same principle as the
plate assay method, hovevcr it {,';"O don" in l:tquidculture so that
spect::ophotometric readin~s cl",,\.41.1btl r.aken .)f the gro\'lthof the
assay organiam in order to ~eter~jne the drug conoentration.

Previously (S.Andersen, M.Sa Di3sertation 1989) a method had been
developed uG:Lng A, oxyd(i[ls CiS (streptomycin re$istant) as an
assay organism. This strain has been used for both plate and
liquid asoays. The plate assays carried out in this part of the
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Table 3.15 Resistance to rifampicin conferred by #1-#6
------

Rifampicin in fJ.g/ml
strain LA 0,1 0,2 0,3 0,4 0,5 0,6

ATCC12674 ++4 +++ +++ +++ .
pDA30 in Ria +++
pDA37 in Ria +++
#1 +++ +++ +++ +++ +++ +++
#2 +++
#3 +++ +++ +++ +++ +-1-+ +++
#4 +++ +++ +++ +++ +++ +++
#5 +++ +++ +++ +++ +++ +++
#6 +++ +++ +++ +++ +++ +++

where +++ indicates growth; all plates contained 40mM arsenate
for plasmid maintenance.

Assays revealed that strains carr.ying thE~seplasmids inactivated
rifampicin.

3.3.3 Rifampicin inactivation by the oloned gene

Rifampicin inactivation assays ware carried out on sever aI of the
transformants. Sample.s of the supernatants were assa:r~d every 2,5
hours for 7,5 hours. The cultures were chall.enged ty{.thJ.J.L9/ml.
rifampioin. The following results were. obtained.

Table 3.16 Inaotivation of rifampioin by complementing
transformants

--------,
strain/Plasmid Oh 2,5h 5h 7,5h

No oell oontrol
pDA30
ATCC12674
#1
#2
#3
#4
1.15

***'),:,~
'II

**

***
***

**

* * *
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An agnr~se gel of transformante #1-16,
1'D,\37 in lc1n'.1Ci1 and ::;,tr,:mformant.n #1-#13 in
lnnt'::s3-8

The 1'lasmids were all extracted Jnd pu~ifiad on csCl gradients
for further analysis. Aitor digestion with Bg111 and separation
on an agarosa gal it ~ecame evident that OBch contained the sam~
sized inserts excQpt for ens which did not have an insert. Each
had t'.vQ 13g1Z1 fra~Jmen\:"G im50l':t'.eci Irrcc pDA37, erie ':Jt a.bout'. )kb md

the other about O,2kb.

Two of these plas~idG were ch008n ~or further analY6is ~: ~nct #6.
Identical digaf;tL?n~l wert,) d(~no oJ.: each ono : ~~l.nt:r1f'l and dcub 1,')



transform the genomic library. The transformation efficiency was
53 100 transformants/ J,.tgof pDA30. As heterologous DNA reduces the
transformation efficiency on average 100 fold, 531
transformants/J,.tggenomic library DNA coulq be expected.

To check for reversion in Ri8-1 aliguots of cultures of the
strain and the same containing pDA30 were spread on broth plates
supplemented with 0,3 or 0,6 or l,OJ,.tg/mlrifampicin. The plates
spread with the plasmid containing strain were also supplementod
with 40mM arsenate. After three days at 26°C no colonies had
appeared on the plates thus showing a clear mutant.

About 34 000 tr~nsformants -esistant to arsena.e and arsenite
were obtained. ~hese were washed into broth supplemented with
60mM arsenate. From this suspension a ,lml (containing aXlos
colony forming units) was spread on a plate supplemented with
40mI>larsenate and O,3J,.t9/mlrifampJ.c:Ln. As a oontrol, a similG:lr
amount of oells of straj.n Ri8-1 transformed with pDA30 was spread
on an identical plate.

After 72h of incUbation at 26°C, there were 38 oolonies on the
plate spread wlth cells transformed with the library but no
oolonies were observed on the plate spr ead with cells transformed
with pDA30.

cultures were grown from six: of these oolonies and screened for
plasmids. In each case, the plasmid was of a similar size and
migrated substantially slower in agarose gels than the vector
itself. Half. of the DNA prepared from the plasmid screens was
transformed baok into E.Geli. This was to ensure that We still
had the plasmid in case it reintegi:ated into the host chromosome.
DNA prepared from E.coli was also easier to manipulate.
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transform the genomic library. The transformation effioiency was
53 100 transformants/,ug of pDA30. As 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-l ali.qucbs of cultures of the
strain and the same containing pDA30 were spread on broth plates
Gupplemented with 0,3 or 0,6 or l,O,ug/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 transformants resistant to arsenate and arsenit~
were obtained. These were washed into broth supplemented with
60mM arsenate. From this suspension o,lml (containing 8xlOs
colony forming units) was spread on a plate supplemented with
40mM arsenate and O,3,ug/ml rifampicin. As a control, a similar
amount of cells of strain Ri8-l 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 transfo:t'med with the library but no
colonies were observed on the pla'c.espread wH:h cells tranSfot'lUed
with pDA30.

cultures were grown from six nf these colonies and screened for
plaslUids. In each case, the plasmi~ was of a similar size and
migrated substantially slower in agarose ge,s than the vector
itself. Half of the DNA prepared from the plasmid screens was
transformed back into E.ccli. This was to ensure that we still
had the plasmid in case it reintegrat~d into the host chromosome.
DNA prepared from E.coli was also easier to manipulate.



previous work by Dabbs and Andersen (M.Sc. Dissertat.ion, 1989)
14 mutants of CW22 hypersensitive to rifampicin were isolated
after screening 4000 colonies. On checking their inactivation
profiles three classes of mutants were identified. Those that
inactivated the antibiotic at the same rate as the wild type,
tbose that inactivated slower than the wild type and three of
them Ri7, Ria and Ri14 that did not inactivate rifampicin at all.

Representati ves from each class were streaked out frc:!:',glycerol
stocks and their levels of hypersensltivity to rifampicin were
checked by replica plating. The wild type strain ATCC12674 was
also plated. They were all spotted onto a broth plate and broth
plates containing different concentration of the antibiotic.

Table 3.14 Sensitivity of strains to rifampicin

Rifampicin in J.l.g/ml
strain LA 0,1 0,2 0,3 0,4

ATCC12674 +++ +++ +++ +++
Ril +++
Ri6 +++ +++ +++
Ri7 +++
Ria +++
RilO +++

where +++ indicates growth

Ria was chosen as 1;he recipient strain. As it did not have any
other: antibiotio resistant marker Ria was made resistant to
200J.l.9/mlstreptomycin by selecting for spontaneous mutant on a
streptomycin containing plate. This mutant Was designated RiB-l.
It was still hypersensitive to rifampicin and did not inactivate
it.

Bulk cultures of Ri8-1 Were groi>Jhup in T':lGScontaining 3% or 5%
glycine. Twenty-four l~l samples were taken every 24 hours. An
aliquot from each sampling was transformed with lOng of pDA30 to
find the most tl;'ansformable batch. These would be used to
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there is a 100% efficiency of ligation of inserts. In tnis case
where there has been a 72% efficiency, N '""7922. So a library of
a minimum of 8000 transformants was constructed.

During tha corstruction of the library plasmid screens of
transformants were regularly done to determine the number of
inserts and 'the size of the Lnaer t.a, The origin of the inserted
DNA was also verified by blotting 1:3qlII 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
tr~nsformants with BglII. This DNA was separated on a 0,8% low
melting agarose gel. The inserts ~/ere purified and labelled with
non-radioactive digoxygenin. The kit used was the "DNA labelling
and detection kit" from Boehringer-Mannheim. These fragmehts of
DNA were used to probe ni.trroceLl.uLoee membranes onto which
digested MM294-1 and ATCC4277 DNA had been blotted. Hybr:idisation
was detected us Lng the immunological visualisation procedure. All
the probes bound to the ATCC4277 DNA and none to the MM294-1 DNA
cl:mfirming the origin of the inserted DNA.

A library of 20 500 transformants was constructed witi1 an average
insert size of 3,3kb. Of the transformants 79% contained
detectable inserts, that is in~erts greater than 200bps. Thus the
probability of any gene being present in this library is greater
than 97,5%.

Transformants were washed off the plates using LB containing
50M9/ml ampicillin and 30Mg/ml rifampicin. Aliquots were stored
in glycerol at -70°C and an aliquot was inoculated into 200ml of
the above media in order to do a bulk extraction of the library.

Isolat.ion of DNA oarrying iri+ gene

As the method of cloning was by complementation, a mutant unable
to i.nactivate rifampicin would be the recipient strain. In
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3.4.10 Insertion v, he Bam11I~BgIII fragment into pDA71

The advantages of insel',ting the 5kb fragment into pDA71 were
twofold. Fire:;tly,. as there has peen a r educt.Lon In s Lze of the
plasmid there are more unique restriction sites as restriction
sites have been lost from the vector, Seoondly, ohloramphenicol
seleotion in nooardioform transformations facilitates the growth
of transformants in halt the time of arseniu selections.

The 8, :31<:b original fragment was separ:ated from pDA37 by BgIXX
digestion and electrophoresis on a low melting agaros€! gel. This
fragment was uigested with BamHI and ligated to BgIXX digested
pDA71. Recombinants oould therefore contaLrt any of four
fragments. The appropriate one woulCl be ~.dentified by the
presence of the Asp718 fragment.

When 1'10 transformante were obtained and alJ appropriate oontrols
showed that the transfot'mation was working lit appeared as if the
problem lay with the ligation. Several timos the procedure was
repea ced with now phenol, different numbers of phenol
extractions, increasing the ligase concentration and increasing
the ligation time to 48 hours. The insert DNAwas also digested
with DraX In addition to BgII.r and 13amI1I. DraI out£; throe times
in the S,3kb fragment but not once in the 5kb fragment. This
would theoretical1:.' cut down on the number of unwanted inaorts.

'1'h(;\ litol'oture seomod to inclicate that: a combination of TBE
bl.lffer, eth l.dium lJromide and I~hort wave length UV light X'oduocd
ligation efficiency 1000 times (Snmbroak ot aI, 19&9) So tho
transition was made to 'l'AE:buHor I cthidium bramic~o and long wave
length UV light. Tho first attempt undo)."those condit-ionn yielded
13 transt:ormant,D. only to,We> had sizable insortions wh.toh on
digestio~ were ah~wn to be dimarB. HowevlW eu~oDquent
tran~formatiorls of DNApurified and l,igatccl in "':howay dc.~scrib(~d
above yielded many transf:ormanto. lJf;' the:;"o 40 wore ooroened in
..Jrde:r. to get tho fragment imJCrtod in both o'l:'ientatiC'l'w.
'l'rili1sfc.)J.:'mantawere f'irfJt aczcencd lor the pl'O,Dcnc:e ICl:t tho lwp'l18
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'..'hese plasmid cont,aining strains were eubsequerre l.y cured of these
plasmids by growing them in the presencQ of 20~9/ml ethidium
bromide. 'l'he stationary phase culture was diluted 10,6 and spread
on an LA plate. Of the 44 colonies that grew up only one grew
when patched onbo tho selective plate. 'l'he absence of the
plasmids was confirmed bJ screening.

NUlnerous attempts were made to ino(~rt the above mentioned
fragments into pDA64. Tho inserts were purified on low molting
agarose and ligated to phosphatased pDA64. None of these were
successful. Several changes were made to both the agarose
purification and phosphatasing procedures, but without success.

pDA64 was cut down further by Quan and Dabbs, 1992, and ligatecl
to pEooR251 to produce an S/Skb positive selection shuttle vector
that was maintained with chlo:r::amphenicol in the nocardioform.
This plasmid was dosignated pDA71•

.to'igu):'o:J. 10
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was used. pDA64 is a plasmid of tho aame lim'~age flU pDA30's
predecessor, pDA21. It had a chloramphenicol rosistance gene
inserted and the arsenic genes deleted. This vector also contains
a unique ClaI site, a BsiwI eito, an Asp718 sita and a blunt
ending XmnI site in a non essential region. It wCluld therefore
be possIble to insert the PvuII-NarI fragment into the cla.I-XmnI
region and the St'uI"'NarI fragment into the ClaI site as aU
produce compatible sticky ends. It should also be possible to
introduce the SluI-SmaI fragment as SmaI produces a blunt end.
A PvuJI"SmaI fragment which has blunt ends at both ends would be
more difficult to ligate in.

Howavcl)~before!any'of those procedures could be carl::iodout Ria"'l
had to made highly transformable to chloramphenicol reslstance
plasmid9. RiS-l was transformed with a large plasmid known ..;9RV-
Sea which io not easily maintained in this strain.

1234567

A plasmid nereen of Ri8-1 containing R~ Soa



inserting it into several vectors other than pDA37.

The fin1t ilttcmpt was with the EceRI fragment that extended from
the site In t.he fragment: through the Asp718 sites to the EcoRI
in the pEcoR251 portion of pDA37. This fragment was to be ligated
to the EcoI\l site of pDA30. The vector containing the 5kb BamHI-
BglII fragmcI1t \<'.15 digested with EceRI and separated on a regular
agarose gel. The appropriate fragment was cut out of the gel and
elet:JtroclutlJ(J in dialysis tubing. pDA30was cut and phosphanaaed ,
Ligation mixtures 'were transformed into Ri8-1. Many tiny colonies
grew tha t uhowcd no growth on patching. Howevez one patched
colony grew up but was unable to grow in the presence of o,3Mg/ml
rifal11pioln.

No plasmid wus seen initially on B screen of the unout DNA.When
the DNAVhiD digested with EceRI an insert of a.pproximately 7kb
was obr.lol'YmLSince this was large:t." than expect.ed, the experiment
WaSropuatuJ obtaining the fragment by the freeBn-sqUeeze method
This W,iD nov nuecossful.

The sucoud il:ngmant to be used was the PvuII-NarI fragment. The
strategy \'I,iD to clone this into the EcoRV and claI sites of
pACYC184. N.u"I nnc.~alaI produce compi;\tible cohus Lve ends and
J?VLlII and ]':C(,]\'\l pz-oduce blunt ends. Insertion would be determim.,d
by sensitivity £~ tetracycline. This recombinant would be
digestclI.l wlt.h BOlm!it and ligated to the BglII of pDA30. This
......combInunt vou t d be tranSfOl"med into the nocardioform and tested
for inact.lvit1'in~J ability.

This WHO duno twice using 4 times as much insert as vector that
had bocn i~ORllly isolated. Each time plasmid scraens of
tranSfot'llHIl\l',:l uliowcd no inserted DNAalthough '!::hevector h~'ldbeen
phospho t.lf~I'\.l.

To el i.mi I1dt", tIl!' +wo step l.')rocedure of clon:l.rtg first into an
E.I'O.U Vl'I'Lul' .\11\1 then ligating it a nocardioform plasmid, pDA.64
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reaotions were oarried out using BgIII digested DNA and HindIII
digested DNA in tandem.

These plasmids were treated with Bal31, lig~ted and transformed
into Ri8-1. Only 7 transformants grew, one from a BglII digested
plaslnid and G from HindIII digested plasmids. Af'ter plating onto
1.A plates oontainil'lg40mM nrsenate ;dth and without 0,3p,g/ml
rifampioin, growtli.Showed that 5 "f the 7 still oomplemented the
mutation whereas two did not. Further analysis of these plasmids
showed tha'tthe two deleted plasmids had lost both EeeRI and both
Asp718 sites.

Another transfor.mation of Ri8-1 with 13£'11.'31tl:'eatedplasmids
yielded 4 colorlit~sfrom HindIII digested plasmids and more than
eo 0010n1es from BglII digested pl.asmfda, Of these 21 were
analyzed further by extracting the plasmids using the miniprep
method and then di~1esting with vae Icus enzymes inclUding Asp718 ,
BcoRI I NarI, noe«, PV11II I SfuI and SmtJ.I.

To summarise the results of these digestions: Plasmids linearised
with 1:lindIII and then sub:}ected t.o Ba.2'31 were unable to
inactivate rifampicin when they had lc)stthe Asp718 fragment and
the SmaI site. Si~es found before the Asp718 sitas were checked
and found to be missing. Those that were able to inactivate the
antibiotic had lost one EeoRI site but not the pvuII site.

Plasmids linearisod with 13']111 and th,'Zlntreated w.ith 13a13:l were
unable to inaotivate rifampicin when they had lost the Asp718
sites and those preceding them. Those that were able to
inactivate the drug ~ad lost the one Notl site and ~.~ NarI
sites.

As tho plasmids r'lj'ltainedfl~om this process had 01the1:'boen
signifioantly dige.o'(-,t.!Jor hardly digested they cQI1f.i.rmed.tho
significanco of the region containing tho Asp718 fragmont but
they did not succeod in establishing the boundaries for the DNA
involved in rifampicin inactivation.
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An attempt Was made to insert the NotI fragment into pDA21. pDA21
was a 15kb predecessor of pDA30 that contained a unique NotI site
in a non-essential region. The NotI fr ~ was separated on a
regular agarose gel and subsequently electroeluted. After
ligation the mixture was transfor~ed into Ri8-1. The colonies
that grew were very small and howad no growth on patching.
Another attempt was made to insert the fragment. It was pUt'ified
using a freeze-squeeze method. This was insert:edinto pDA21 which
had a chloramphenicol resistance introduced into jt. It proved
unsuccessful. This experiment was not repeated as one Nott site
is found within the Asp7l8 fragment which appeared to be in the
gene. Therefore it would not yield additional information.

3.4.8 Exonuolease Ba131 deletions

Exonuclease digestions of the plasmid were done to locate the
region of the plasmid responsible for the inactivation of
rifampicin. Because of the nat1.1reof Ba131 unique restriction
sites needed to be present on either side of the fragment. The
plasmid WaD then ·linearised at that position and subjected to
endonuclea~e digestion. The 5kb fragment in pDA37 has a unique
BgltI site which r "lld be used. Unfortunately there was no unique
site on the other - of the fragment. Digestion of this plasmid
with Hilld!!I sbcwed two S1'1::.9S Sl<bapart ,one an the vector and
one in the insert. However with Ba131 digestion, both ends of the
DNA is digested. This means that the plasmid linearised with
Bg1I.f and digested \'11thBal.'31 could lose the HindII.! site '\.~hat
is found adjacent to the BgIII site in the insert. If this was
recl.n,clllar:i.sedthere would be only one HindIII left on the
plasmid, on the other end of th~ insert. Thus plBsmids would be
availab\e for Ba131 digestions from both sides.

Plasmid screens of transformants in E. coli showed 'thaton HilldIII
digestion 50% had lost one HindIII site.

One of tho~m plasmids which had lost a IIilldIII !:l.ito was extraoted
in hulk t\l'vlpur if led on a csci gt·adient..Subsequently Ba131
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cloned DNAfragment •

3.4.7
.

NotI :fragment

As there were no Not! sites in pDA37 and :2 in the fragment no
phosphatasing was necessary. The vector containing the 5kb insert
was digested with Not! and then ligated. Of the transformants
that were screened 64% had lost the Not! fragment.

1 3 3 4 5 6 7 a 9 10 11 12

Figure 3.1G Not! deletions of the fragment
lanes 1, 5, 6, 8, 10, 12

One isola'to of the del,)ted pla~mids wae transformed into 'Ri8··1.
Tho mutation was net; complemented and the plasmid war.;unable to
induce inactivation or dccolorioation of rifampicin.



1 2 3 4 5 G 7 8 9

n~luro .3. Hi lwp718 tlnlctod plallmitl - Lane :2

Thin plasmid wac transformod into RiB-i. It did not complement
the mutation neithor did it innctivntn nor decolcrisc rifampicin.
Thio gave tho firot indicatJon Qf tho position of tho gena on tho



Hinipreps from this organism yields a sUbstantially greater
amount of DNA than equivalent 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, EcoRI, HindIII and PvulI.

They all still contained the HindIII sit~, but had lost sites
from the other end of the fragment. FUrther digestions showed
that the Asp718 , EcoRI and NotI sites were maintained. The
smallest had lost both pvuIX sitea. Rifampicin inactivation
assays of these sUbclones showed that all inactivated the drug.

From this information it appeared that the largest BamHI-BgIII
fragment contained the gene.

Large BllmHI-BglII fll:'agment

The large BglII fragment in pDA37, #6, was digested with BamHI
and BglII. These fragments were separated on a low melting
agarose gel and the 5kb fragment extracted. This DNA was ligated
into the BgIII site of pDA37 and transformed into MM294-1. An
Asp71B digestion showed the characteristic.presence of the 300bp
fragment. This construct facilitated inactivation and
decolorisation of rifampicin.

llsp718 fragment

Not all the EtunHI-BgIII fragmf.mt:.isolated for the previous
exp, iment WaS used. The remaining fragment was phosphatased,
phenol.ed, chloroformed, p:r:ecipitatecland resuspended in B buffer.
It was then digested ~ith Asp7l8. This was later resuspended in
l1g(\tion buffer and l.igat(~dto BgIII digested pDA37. Only 7
transformants were obtained, however one of these had lost the
small Asp718 fragment.
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plasmid complemented the Ria mutation. Rifampicin was still
inactivated and decolorised so this fragment was not involved.

Elimination of a further 1,7Skb

As BamBI and Bell produce compatible cohesive ends to BglII,
These enzymes were used to digest the 8,3kb fragment that had
been purified from low melti) agarose. The intention was to
ligate these fragments into the BglII I~iteof pDA37 and to select
for complementation of the Ria mutation. Several attempts with
each enzyme did not yield the desired result. The low ligation
efficiency was shown later so be affected by the use of TBE
buffer.

Another attempt was made by partially digesting the large
fragment with Sau3A. This four base pair cutter also produces
cohesive ends compat.i.blewith BglII. 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 4,5kb and
smaller than 2kb. These fractions were purified and ligated into
pDA37. A large number of colonies grew on the control transformed
with cu+, and self ligated pDA37. This occur-red when digested
plasmid was prepared in large quantities and just thawed when
needed . By prepar ing DNA afresh each time the problem was
overcome. Fresh phenol was also prepared for ~~e removal of the
agarose from newly digested fragment.

Eventua lly 71 transforn1ants were obtained. These were then pooled
and used to inoculate a bulk culture. DNA was purified on a cscl
gradient and later dialysed against TE. This pool of inserts was
eventually transformed into Ri8-1. Seventy colonies grew up on
the regeneration plates. These Were patched onto the LA plates
containing 40mM arsenate with and without o,3p,g/ml rifampicin.
Of these 20 grew up on the antibiotic containing plate. Plasmid
screens showed that all contained large inserts. The 8 s~al1est
were examined further. These were transformed into E.coli.
Miniprepu from this organism yields a substantially gl·eater
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1 3 4 5 6

Figure 3.14 HindIII fragments from different complementing
clones

Of the 10 tested 7 had 750bp fragments and 3 had 500bp fragments.
No plasmids were found inserted in the opposite direction.
purified DNA of #6 was digested with HindIII. After phenol and
chloroform were used to remove the enzyme, the DNA was
precipitated to remove the salts and was resuspended in ligation
b\.\ffer.This digested DNA was ligated over night and transformed
into E. coli MM2 94-1. Transformante were screened and some were
found that no longer contained the small llindIII fragment. This
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In order to sequence the iri gene it would be helJful if the
region on this fragment could be narrowed down and surplus DNA
cut away. The approach most often used waS? deletion mapping.

In each case of deletion or insertion the following checks were
made: 1. Did the new plasmid complement the Ri8 mutation?

2. Did the new plasmid cause inactivation of rif~,ffipJ.cin?
3. bid the new plasmid cause decolorisatLm of the drug?

3.4.2 Small BgIII fragment

The large BglII fragment was inserted into pDA37 and transformed
into E. aol.L, Plasmid was purifil?<:lby csor gradient centrifugation
and transformed into Ri8-i. This fragment complemented the
mutation - thus the small fragment was not necessary. The small
fragm8nt was nevertheless pUrified, ligated and transformed. On
its own it did not complement the mutati.on. The large fragment
still inactivated and decolorised rifampicin.

3.4.3 JLi.ndIII fragment

Digestions of 10 of the clones originally isolated showed that
all contained a small ninai>: fragme11t. There was however a
difference in the sizes of these fragments. Some were about 750bp
in size and others about 500bp. However this had 110 effect on the
ability to inactivate rifampicin, ind:icating 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 Increase ~n rifampicin resistance conferred to Ri
mutants tv cloned DNA

.--"~ _",..--..__.- .._" -" -" --" --
Rifampicin in !J,g 1m 1.

strain LA 0 1 0,3 0,5 1,0 1,5 2,0
------ '-""--'

Bc12 in Ri7 +++
#16 in Ri7 +'1-+ 'H+ +++ +++ +++ +++
pDA71 in Ria +++
#16 in Ria +++ 01++ +++ +++ +++ +++
Bcla in RilO +++
#16 in Rilo +++ •.++ +++ +++
Bcla in Rilt +++
j~16 in Rill +++ '1--1-+ +++ +++ +++ +++
Bcl~. in Ri12 +++ 1-++
#16 in Ri12 +++ r++ +++ +++ +++ +++
Bc12 in Ri13 +++ H+
#16 in Ri13 +++ +++ +++ +++ +++ +++
Bc12 in Ri:l4 +++
#16 in Ri14 +++ +++ +++ +++ +++ +++
Bc12 in CW22 +++ +++ +++
#16 in CW22 +++ -1-++ +++ +++ +++ +++~.--
wh! e +++ indicates growth; each plate contained 40J,.£9/mlohl.)ramphenicol for plasmid maintenanoe.

In each case the presmnce of the cloned DNA increased the level
of resistance to rifampicin at least 10 fold.

3.5.2. 'rho effel.,t of :tri'i' DNA on sensitivity to other
antiJ;lil')tic~

Pr.:evloUsstudies in our lab showed that an increase In ):"ifampj,cin
resistance in .RhodoCloccus produced a concomi t.ant increase in
resistance to fusidic ucid and erythromycin. This study,
(H.Golob1 M,Se dissertacion, 1989) showed that the Ri mutants
used here still inactivated fusidic acid. It was decided that the
original strain and the Ri8-1 mutant, bot.hc!,)l"Itaj,ningeither i1:1.'·
or iri- plasmids be screened for increased resistance to other
antibiotics.

First of all i~heanaamyc Lna were tested and the foll()wing results
obtained.
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Table 3.21 Rifampicin inactivation by DNA complementing the
Ri14 mutation

strain Inactivation

Ri14 + pDA30
Ri14 + #6(Used previously)
Ri14 + 8,3kb + 4kbRi14 + 8,3kb + 4kb
Ri14 + 8,3
Ri14 + 8,3kb + 4kb

NO
NO
YES
YES
YES
YES

These results seemed to indicate that the 8,3kb fragment did
cause rifampicin inactivation. It. \'Tasdecided '1::.0 check the
plaSl'llidcontained in the original Ri14 transformant, the one used
in the earlier experiments. since no plasmid was isol.ated from
Ri14 it must have been a spontaneous arsenate resistant mutant.

Thus the presence of the 8,3kb fragment conferred the ability to
inactivate rifampicin. All the mutants inactivated rifampicin
faster if they contained the plasmid of cloned DNA. This hcwevar
could be due to a copy number effect. Several of these mutants
were screened for complementation of the hypersensitivity and for
increased resistance to rifampicin. For these replica plate
experiments, muta~ts were transformed with pDA?l containing the
5kh BamHI-BgIII fragment, #16. The control Was a nocardioform
Plasmid containing a chloramphenj resistance, Bc12. The
results are contained in the table , ....LOw.

lO~



using higher concentrations of the drug. The challenge was made
using lo,ug/ml rifampicin. All the rest besides Ri14, showed
faster inactivation in the presence of the cloned DNA than in its
absence.

This seemed to indicate that the mutation in the Ri14 was not
complemented by the genes on #6. ThUS it should be possible to
pull out a complementing clone if the ATCC4277 BglII library was
transformed into Ri14. This was done and 34 000 transformants
were obtained. They were washed off, pelleted and resuspended in
LB containing 40mM arsenate. ThJ.swas serially diluted to 10'sand
spread on LA plates containing 40mM arsenate and 0,3,ug/ml
rifampicin. An equivalent dilution of pDA30 in Ri14 was spread
on similar plates as a control. Of the colonies that g"ow up 51
were patched onto LA plates containing 40mM arsenate with and
without o,3,ug/ml rifampicin. Some colonies of Ri14 transformed
with pDA37 were ~lso patched. All 51 grew on the rifampicin
containing plate but none of the pDA3? did. This indicated that
the hypersensitive mutation had been complemented.

DNA was prepared from several colonies and then transformed
directly into E.coli. DNA was then extracted from these bacteria
and subjected to restriction enzyme analysis. In each case a
control of the previous\y cloned DNA WaS digested and run
alongside these digestions. Of 10 tran~formants examined, all
contained an 8,3kb BglII fragment and 3 contained an additional
41{.bBglII fragment. The digestion patterns of the plasmids
containing the 8,3kb insert were identical to the previously
cloned DNA after restriction with EcoRI and'NotI.

It appeared as if the same fragment had been cloned again. In
order to sec i~ this extra 4kb insert was important for
rifampicin inactivation, assays were done using tho pair or Ri14
plasmid containing strains used earlier and four of the newly
isolated plasmids. Of tho four, three contained the extra 4kb
fragment and one only the 8,31<0 fragment. The, results are
presented below.
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Table 3.20 inactivation of rifampicin by hyper sensLtive
mutants containin!.jthe iri+ clone

--_. _'-'

Mutnnt Plasmid Oh 2h Gh

Ri2 pDA37 * *Ri2 #6 * * *Ri3 pDA37 * *Ri3 #6 * *Ri4 pDA37 * *Ri4 #6 * * *Ri6 pDA37 * *RiG #6 ~.

Ri? pDA37 * * *Ri7 #6 *Ri9 pDA37 *Ri9 #6 *RilO pDA37 * 'II

kilO #6 * *Rill pDA37 * *Rill #6 *R:tl2 pDA37 *Ri12 #6 *Ri13 pDA37 *RiD #6 * *Ri14 pDA37 * * *Ri14 #6 * * *Cell free control * .': *
* indicates the pres~ ~e of the drug due to a zone of inhibition
on a lawn of b.subtilis.

RiG, Ri7, and Rill showed faster inactivation in the pr~senoe of
1r1+ DNA. Ri3, Ri9, RilO and Ri12 showed inactivation at similar
rates. To overcom,e this the experiment would be repeated with
samples sing taken more frequently. Ri14 did not inaotivate
during the time period sampled. Ri:,2I Ri4 and Ri13 showed results
in tha reverse of what was expect(~d'

On the repeat of the experiment Ri12 and Ri13 LnactLvatiedfaster
than the control. For the others this was not olear. For this
reason rifampioin resistant mutants were made of plasmid
contdning strainf?lso inuc.:tivaticmassays could be carri.ed out
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From these figures it can be seen that approximately 5,akb has
been exoluded from the fragment as being non essential for the
inactivation of rifampicin and that the region responsible has
been narrowe.d down te·2, 5kb.

3.5 FURTHER WOlU~ WITH iri + CLONED DNA

3.5.1 complementation of other rifampicin hypersensitive
mutants by oloned DNA

Earlier it was mentioned that several mutants had bean made that
were hypersensitive to rifampioin. In order to see if these
mutations were comp l.enent.ed ny the cLoned DNA, plasmids were
transformed into them. In addition the vector was also
transformed into them to ~e umed as a control. The following
mutants were used: Ri2, Ri3, Ri4, RiG, Ri7, Rig, RilO, Rill,
Ri12, Ri13 and Ri14. Ril had been made from ATCC12674 which is
arsenio resistant and $0 oould not be used to select for plasmid
containing oolonies. Ri5 was very slow growing and RiB had been
used in the cloning of the gene. All of these mutants Were
hypersensitive although some inactivated rifampicin. Soms
inactivated at uhe same rate as wild type otherf1linactivated more
slowly (Andersen SJ, M.Sc.Dissertation, 1989).

Subsequently rifampicin inactivation assays werc done on each
pair of mutants. Samples ware taken at regular intervals to Soe
if the oLone contClining mutants inactivated faster than the
vector alone containing mutants. Cultures were equilibrated to
the same optical density before they woro challenged with 2Mg/ml
rifampicin. The results az'el.·opresentedbelow.
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Figure 3.22 Deletions of the 5kl;)BamHI-13g1I:t fragment and
there concomitant phenotypic expression. Blocksindicate deletions.
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summary of subcloning exper.iments
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.. '~..-.,.---.
___..--=_ ..-~ ~_____ using l<lenow enzyme, to pDA37, the BgIII si"te-having been

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

The SfuI fragment was in$erted into the ssus site of pDA71. 'rhis
plasmid in Ri8-1 and Ri8-1R confirmed that the SfuI site between
the Agel· and ASp718 sites is within the gene responsible for
rifampicin Lnact.dvac i cn , There was no comp Lemerrt.at Lort ,

inactivation or decolorisation.

3.4.13 Eliminat:i.on of ,two BelI si.tes

Thus it appeared that most of the DNA on the AgeI side of ASp718
fragment was necessary for fUnction whereas the distal end had
not been clearly defined between the Asp718 and the NarI sites.
Three BelI sites w.ere located in this region. Mapping of .the ecii
sites shows that it should be possible to insert the larger BclI
fragment into pDA71.

Firstly #16 was digested with HindIII, this produced a 5kb
fragment which was purifled on low melting agal:ose. This fragment
was then digested with BcII. pDA71 was digested with both BgIIY
and HindIII. The digested fragment was then ligated into pDA71
and transformed into E. ool.i . Transformants were screened for
plasmids containing the characteristic Asp718 fragment. These
were then screened to ensure that the other Elel! sites had been
eliminated. One of these was transformed into Ri8-1 and Ri8-1R.
This construct complemented the mutation, inactivated and
decolorised rifampicin.
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lost or were still maintained .
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Figure 3.20 Detailed restriction map of 5kb llamHI-CiaI
fragment

3.4.12 Removal of AgaI I BsiWl' and ClaI fragments and the
insertion of an SIU.r fragment

As can be seen from the previous restriction map there are two
Agel sites, two BsiWI sites and two Cial sites. None of these
enzymes cut pDA71. It W1S therefore r~lativaly simple to make
deletion mutants using these enzymes. Plasmid DNA was digested
with the above enzymes, then the enzyme was removed by phenol and
chlorofol':mextractions. The DNA was ligated and transformed into
E.coli. Transformante were screened and the DNA digested with the
origin,al enzyme to determine the presence or absence of the
fragment. In eauh case several transformants were found to have
lost the fragment'and so tne deletion mutant was formed.

These were the transformed into Ri8-1 and Ri8-1R, the rifampicin
resistant strain. None of them complemented tha mutation, ~one
inactivated or decolorised rifampicin. In each case part or all
of the gene had been delated.

Attempts to ligate the BsiWI fragment, that had been blunt ended
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DdeI many
DraI 0
BagI many
EeoRI 2
EcoRV 1
EeoR4711I 0
FspI 0
HaeZII many
HindII many
HindIII 1
HpaI 0
MluI 0
MsaI 2
NaeI many
NarI 2
NcoI 1
NdeI 0
Nhe! 0
Not! 2
NruI 3
NsiI 0
PilMI 0
PvuII 1
PstI 1
RsrII 0
SalI many
Sau3A many
ScaI 0
stiI 0
stuI 2
5maI 1
SnaBI 0
SnoI many
SpaI 0
SphI 0
SspI 0
StuI 0
StyI many
SwaI 0
Tag! many
Xba! 0
XemI 0
Xho! 1

***
*
*

**
*
* **
***

*

***
*
**

***
***

**
*

*

*
*

** **
* **
* ** * ,1'

* *'I< 'I<

* ** *

Most of the enzymes that cut once, twice or three times were
mapped onto the fragment. Initially digestions were done using
the vector f10ntaining the fragment. However for finer mapping the
fragment was purified on low melting agarose and then subjected
to further restriction. single and double digests aided in the
formation of the map. L,ater enzyme sites were confirmed by
digesting deletion and Lnser-ti.cnmutants to see if sites had been
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3.4.1:1 Mapping of more restriction sites within the BamHI-
BgIII fragment

As the amount of DNA in this plasmid has been significantly
reduced from 23,lkb 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 t~e sites were
found in the fra9ment or in ,t)DA71,both pDA71 and #39 were
digested with the same enzyme and run in parallel on a gel so the
number of fragments could be compared. At various stages of this
work different enzymes were tested the results are reeord~d in
the table below.

Table 3.19 Restriction enzyme analysis of the fragment
containing the rifampicin inactivating gene from
ATCC4277. * indioates strain background.

Enzyme Number of sites dam' demo

Aatl.t many * *Accl many * *Aye I 2 * *AlwnI 3 * *AIuI many * *ApaI a * *AscI a *AspI many * *Asp718 2 * * -,
AvaI many * *AvaIl many * *AvrIl a *BamHI 1
BanI many * *BbrPI 3
Bell 3 *BgII many * *BgIII 1
BpmI 1 * *BsaBI a *. *BsiHIG many * *BsiWI 2 *Bstl107l a * *BstEl 1 * *Bsu361 a *Clal 2 'I\"
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fragment. These samples were then digested with BglII to ensure
that there was only one site and the B, 3kb fragment had not been
inserted. These samples were then digested to make sure the that
t!1.eEeoRI fragment was present and to see if both orientations
were present. It was however the HindIII digestion that gave
conclusive evidence of both orientations. The orientation that
had a 5kb HindIII fragment was sample #16 and the other
containing a 500bp HindIII fragment was sample #39.

BumHtll3gll1
Hindl:1 I EcoRIEcoRI

Asp71S
Asp718

-HindI!! # 39 EeoR!

-BglIl BamHlfBgtn

Figure 3.19 Both or Lent.atLons of the Ba.mHI-BglII fragment
ligated into pDA7'
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Table 3.26 comparative numbers of restriction sites in 5kb
inserts from R. E.'rythropol t.a and R. equ i.

------------------------<-----
Enzyme

Number of sites in 5k~ fragment from
R.erythr.opolis R.equi

AgeI
AlwnI
Asp718
BalI
RpmI
BsiWI
Bst}.'I
CIaI
EcoRV
MscI
NarI
NcoI
NotI
PvuII
Pst:r
ssia
SmaI
XhoI

2
3
2
3
1
2
2
2
o
2
2
1
2
1
o
1
1

2
3
2
3
1
2
2
2
o
2
2
1
2
o
o
2
1
1

Interestingly there is no pvuII site in the R.equi insert. A
restriction map of the 5kb fragment was made by doing doubl(:\
digestion with various of the above enzymes'and then confirming
the places by digesting the fragment alone I which had beet}
purified from low Inelting agarose. owing to the high degroe Qf
similarity betweeJ.1the two fragments it would not Ioeunexpected
if the enzyme sites were in similar places.

ELl ~ 00.... t2_'<l ~~. 'Cil ;;: .........~ '<l rp,~ B '0; BeEt:<! JlJl~;gU til ~ ~<t:O IJ.l -< IJ.ltll<, I I I II I I I I I II I
IZFT RIA I .... nn ...... nac: -

..~."--1
I kG

..... '0':1 'Cil "a ~~ z*' 0 f5l &r...0......... I' 1."1I~_. I 1J

Figure 3.27 Restriotion m,l!? of 5kb· complementing DNA
fragment from R,equi
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All the complementing plasmids had an skb insert and one
contained another larger BglII fragment. 'I'hese were also dig(~stE:d
with Asp718 and EcnRI to see if the Bkb plasmid was the same in
each plasmid. Identical banding patterns were found for each Bkb
insert. A small Asp718 fragment similar to the characteristic
Asp718 fragment found in R.erythropol.is gene was identified as
well as a similar sized Ec:oRI fragment. 'fhis prompted comparative
digestions of the R. erythropolis and R. equi clones with different
enzymes. These inserts Were very s.i.milar. '1'he characterist:"c
Asp718 fragment is the same size in both ae is the Ec:oRI
fra.gment. 130th have <.'I. small HindII1 fragment but it is smallm:
in the R. equi clone. The R. equi: clone has a different banding
pattern with FvuII but has a similar banding pattern with stut.

To ensure that these are really different pieces of DNAthey Wel;-e

digested with enzymes that cut f:r.equently. Different bandi;.1g
patterns were obtaine>d with d.i.gestions by AvaI, Sal.!, SmF.tIand
styI.

3.6.4.1 Constructing a restriution map

As these fragments were so similar knowJ,edge gained from mapping
the previous clone would be used to map this fragment and
localise the gene on it. A double digestion of both fragments
with BamHI ~;\l'ldBglII showed that the R. oqu: olone alma oOl1tained
a 5kb BamHI~BgIII fragment. Thio fragment was purified on low
melting agarose and ligated into pDA71that had baen oleaved with
BglII. Of seven transformants (a-g) soreened only one oontained
the 5kb insert ... c. Thl.s plasmid was extracted in bulk from
GM2929, a dam' and denr strain, and purified em a csci gradient.
This DNAwas then digested with enzymes that cut only once, twice
or three times in #39 - tho equivalent insert :CromR.orythropolis
in pDA71. The following results were obtained.
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complemented the mutation in RiB-l. Pl&smids were extracted from
cultures inoculated from the patched transformants. The DNA was
transformed into E. coli and then s!(tracted for ft\rther analysis.
Digestions were done with BglII as this enzyme should cut the
insert out of the vector. Seven of the transformants 1:'8:1:"8

analyzed in this manner.

123 4 S 6 7 S 9

FigU7e 3.26 R.~qu.i complementing DNA digested with .BglII.
Lane 1: pDA37Lanas 2-8: complementing plasmids
r.ano .9: DNA molecular wei.ght nlarkers
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42 hours. This could mean that the inserted DNA was part of
anothe;,.'gene involved in rifampicin resistance, either rpo13 or
some component of. the cell wall.

3.6.3 :From R.eryth:ropolis DSIU069

This 13amBI library was constructed by 5.Moola for her M. sc,
dissertation, 1992. This library was extracted from E.coli and
transformed into Ri8-1. 16 000 transformante were obtained. These
were washed off, pelloted and resuspended. Serial dilutions were
spread on selective plates. One set of selective plates contained
40mM arsenate and 0, 31lg/mlrifampicin. Another set contained 40mM
arsenate and 2,51lg/ml streptovarioin. This seoond set of plates
were used in an attempt to seleot for a streptovaricin
inactivating gene as well. Initially one transformant was
observed. Lat.er more nocardi.oform colonies grew all the selective
plates, however they hactalso begun to grow on the pDA30 control
plates. Some of these were isolated and grown up for plasmid
screens. DNA was extracted and transfcrmed into E.coli. As this
library had been constructed from BamHI digested DNA l:Lga'tedinto
the BgIII site of pDA37, these pl&smids could not be digested
with BgIII to deterl.,inethe p:r:esenceof inserts. Digestions were
done with Asp718 and pvuII. Neither en~yme revealed any oxtra
bands or an increase in size ~f existing bands. No inserts were
found.

3di.4 From R.equi ATCC14007

This EglII library had baen constructed by a.Gowan for har Ph.D
thesis, 1994. The DNA was also extrac1:ed from E.coli and
tranSformed into RiB-i. 20 000 transformante were washed off the
platns, diluted and spread on eelection plates together with the
pDA30 revertant control. After three days numerous colonies had
grown up amongst the concami nantia, These ~/ere patched onto 40mM
arsenate with and without o,31lg/ml rifampicin. All the colonies
grew on b~th plates. Their plaemids contained DNA that
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1 2 J 1 567 8 9

Figure 3.25 Transformants from Cl library complementing the
BiB-l mutation. Lanes 1-7: the seventransformants, lane 8: pDA37, all digested with
rssaxri and I3amfiI I lane 9: DNA MW markers.

This gel shows that some DNA has been inserted into the BglXI
site. The insert is probably only 1GObp in size. Some of the
original cu1tur,~ in RiR"'lwas plated on a 40mM arsenate plate.
containing 501-L~ /m1 rifampicin to produce resistant munarrtie,
Inactivation assays of these calls showed no inactivation after
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tlml= as i:he revertants it was qui.te possible that the plasmid was
pDA37alone.

3.5.2 From A.oxydans C1

This BgJII library had been constructed by S.Brown for her M.Sc
Dissertation (1990). This library was extracted from E.co1i and
transformed into Ri8-i. I~itially two transformations yielded B
700 and 7 700 colonies respectively. These were spread on
selection plates but nothing grew up. Later another
transformntion yielded a further 1 200 transformants. These \.,rere
spread on selective plates and after 3 days many colonies had
grown up and none on the control plates. There were 685 colonies
on the plate where the cultu:r,e had been diluted 10'1, 80 colonies
on the 10~ plate and 5 colonies on the 10~ plate. Beven :hese
colonies together with #6, as a cOl1trol, were grown up and had
t.heir plasmids extracted. These were immediately transformed into
.Ii..'. coli. MarlYcolonies grew up. These were scraped off the plntos
and a plasmid screen was done of them. The uncut plasmid ran
togeth(~r w:i,th pDA37. A BgIII digestion showed that there was no
detectl:lble insert. As these all appeared to be similar a few were
chosen for further analysis. They showed similar banding patter"",
to pDA37with Asp71B, Bg1II, BamBI, pvurx and Stul, although
there was some indication that a band may.be slightly larger.
However digestion with EcoRl gave an extra band.

As there was a HindIrl site close to the BglIr insertion site in
the vecccr as well as a BamHI site on thH other side - this is
the pDA30portion of the vector - a double digestion of these
transformants was done.
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Hybridising sequences were identified in R.australis but not in
M.smegmatis. Even when washing conditions were made less
stringent and considerably more DNA was loade~ on the gel 10

clear band of hybridisation could be seen.

So it was concluded that the DNA encoding the rifampicin
inactivat.ing ability from ATCC4277 has homo Ioqy with other
rhodococcal strains but.not with M.smegn:at.isor E.coli under t.he
experimental conditions used.

3.6 CLONING iri+ DNA FROM OTH~R NOCARDIOFORMS

As most of the nocardioforms .inaotivated rifampicin, and a
genomtc libraries of others had been built by other workers in
our laboratory, these were used to select for other inactivating
genes.

3.6.1 From R.australis A554

This organism jnactivates rifampicin but does not decolorise it.
A BgIII library was constructed. by A. Goldman
(M.Sc.Dissertation,1991). This library was extracted fronlE.coli
and transformed into Ri8~1. The first transformation yielded 10
050 transformal'1ts. These were washed ot:fand spread on selective
plates. One colony grew up but it looked like a streptomycete.
The library in Ri8~1 was spread again. Once again no
complementing clones were obtained. Another transformation of
this library into Ri8-1 yielded 4 200 transformante. After
spreading these on selective plates only one colony grew up. It
grew up at the same time as revertants on the pDA30 control. A
plasmid screen did not show the presence of a plasmid. To be
certain DNA 'las extracted again and tt'ansformed into E. coli .
Transfol:'mantsgrew up. These were screened fot'plasmid. Digestion
of tho plasmid DNA with J3g1II showed one clear band the same size
as pDA37. No insert was detected. Either there was no insert or
the insert was very small. As this originally gl:ew up at the aame
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It is clear that there is a cons Ldar abj e deg::Ee of homology
bet'tleen the R.erythl"Opol.is strains ATCC12674 and 1'.rrCC4277. It if,
also apparent that DNA is found on differ8nt sized BgIII
fragments. No hybri'disati.on was detected wit1 th(~ E.cn]i. strain.

Next DNA was extracted from R. au.st.r\:llis A448, the non-
d€!co1orising inactivator I and H .smegmatis •. Thi8 was digested and
once again gels were run to determino ~he relative concentrations
of DNA. The pr-obe that was used was 61 3J(b pvuI1.-Na.rI fragment:.
This included the critical region containing the Asp7.18 fragment.
It was purified from low melting agarcsB and labelled as befor;.
DNA was blotted, hybridised and visualised.

1 2 ...
.,) 4 6 1 2 :3 4 5 6

(a) (b)

Figure 3.24 Hybdd.i.sation of iri+ DNA to R.erytll.~opolis,
R.australis, M.smegmatis and' E.coli DNA.
a)O,8~ agnrose gQl that was blotted
b)Nitrocallulosa membrane
Lane 1:t..MM294i Lane 2!ATCC12G74i lane 3: ATCC4277i
lane 4:A448; Lane s 5 and 6:M.smcgmdtis
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1 2 3 5 6 1 2 3 4 5 6

_-

(a) (b)

Figure 3.23 Hybridisation of R. erythropolis DNA and E. col:i.
DNA with the. 8,3kb fragment.
a) ),8% agarose gel that was blotted
b)Nitrocellulose filter
lane l:DNA molecular weight marker; lane 2:
ATCC12674; lane 3:ATCC4277; lane 4:AMM294;
lane 5:pDA37; lane 6:#6
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oha Ll.anqed with 5p,g/ml erythromycin. Samples taken once daily for
two days showed on assay that the erythromycin had been
inactivated.

A prelimirlary Lnves t Lqat Lon showed that erythromycin was almost
completely inactivated in 3 hours by late log phase cultures, and
that the mechan i sm was independent of the cloned DNA.

Table 3.25 Inacti vat ion of erythromycin loy R. el~yth:t'opolis.
Relative zone sizes are indicated and blanks show
no visible zones.

strain 311 5h , 7h

No cells control Large Large Large
CW22+ pDA30
Ri8-1 + pDA30 Small
Ri8-1 + #6
ATCC12674 Small

Another series of experiments carried out using the cloned DNA
involved probing other DNAfor homologous sequences.

3.5.3 Homology w'it;h DNAfrom other strains

In the preliminary experiments the entire 8,3kb fragment was
purified from low melting agarose. This was labelled with
digoxygenin using the IINon-radioactive DNA labelling and
detection kit" from Boehringer-Mannheim. chromosomal DNA was
prepared from ATCC12674t ATCC4277and >-.tvIM294.The chromosomal DNA
was digested with BgIII over night. Aliquots of the DNAwere
separated on a. 0, R% agarose gel to ascertain their relative
concentrations. A gel was loaded with similar concentrations of
chromosomal DNA, pDA37 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

streptolydigin in f.Lg/ml
strain LA 2,5 5,0 7,5 10,0 12,5 15,0 17,5

pDA30 in CW22 +++ +++ +++ +++ +++ +++ +++
#6 in CW22 +++ +++ +++ +++ +++ +++ +++
pDA30 in Ri8 +++ +++ +++ +++ +++ +++
#6 in Ri8 +++ +++ +++ +++ +++ +++ +++

where +++ indicates growth; 40rnMarsenat~ - 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'ions: DDS (dapsone) 100 f.Lg/ml

Erythromycin O,2f.Lg/ml
Fusidic acid O,7f.Lg/ml

Isoniazid > 300 f.Lg/nl
Kasugamyr·· > 500 f.Lg/ml
Nalidixic acid 40 f.Lg/ml

When testing with kanamycin as increase in resistance was noted
in both plasmid containing strains of RiB-i. Both Ri8-i and CW22
carry streptomycin resistance mutations. These were introduced
separately and so could be due to different mutations. As
streptomycin and kanamycin are both aminoglycoside antibiotics
it is possible that the resistance introduced into RiB-i
increaseS resistance to kanamycin.

It was concluded that the cloned DNA was not responsible for the
concomitart increases in resistance to fusidic acid or
erythr"mycin. As inacti vat.Lon of fusidic acid had.been previously
shown an investigation into the fate of erythromycin was
undertaken.

A preliminary investigati0n showed that 5f.Lg/mlof the antibiotic
produced a well defined zone of inhibition on the lawn of
E.subtilis. Nocardioform strains were grown into log phase and
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Table 3.23 Resistance conferred by iri+ DNA to ansamycins.
It can be seen that the presence of the iri+ DNA
increases resistance to the ansamycins
rifampicin, rifamycin SV and streptovaricin.

a) Rifampicin

R:Lfampicin in.,ug/ml
strain LA 0,1 0,3 0,5 1,0 1,5 2,0

pDA30 in CW22 +++ +++ +++
#6 in CW22 ++:1- +++ +++ +++ +++ +++
pDA30 in RiB +++
#6 in Ria +++ +++ +++ +++ +++ +++

b) Rifamycin SV

Rifamycin SV in ,ug/ml
strain LA 1 2 4 5

pDA30 in CW22 +++ ++1- +++
#6 in CW22 +++ +++ +++ +++ +++
pDA30 in RiB +++ +++
#6 in RiB +++ +++ +++ +++ +++

c) streptovaricin

strain LA 1
streptovaricin in ,ug/ml
2 3 4 5

'f
6

pDA30 in CW22 +++ +++ +++ +++ +++ +++
#6 in CN22 +++ +++ +++ +++ +++ +++
pDA30 in RiB +++ +++ +++ +++
#6 in Ria +++ +++ +++ +++ +++ +++

._----
where +++ indicates growth; each plate contained 40mM arsenate
for plasmid maintenance.
Testing with another inhibitor of RNA poLymer-aae . streptolydigin,
the following results were obtained.
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progressivalY wor~e so other conditions were altered. The
termination reactions were carried out at higher temperatures
420C and 50°C. Times for elongation were shortened from 5 minutes
to 4 and then 3 minutes. In spite of this banding across all four
lanes was consistently being aChieved.

A method for sequencing "dirty" DNA was discovered and tried
(Disde11 et al, 1992). This was a modification of the sequenase
protocol. The annealing reaction was at 100°C for 2.-3mil1utes and
then snap cooled. The standard labelJ.ing "cocktail" was added and
mixed. T.1is labelling reaction was immedjately split and
aliguoted into the appropriate termination mix. These were
incubated at 37QC before the stop solution was added. This method
was not that successful.

Further reading and communications seemed to indicate that
single-stranded sequencing was far more efficient than double-
btranded sequencing.

3.8.3 Sequencing single-stranded templates

As some of the subclones w€~e in the phagemid pUC118, sing1e-
stranded DNA was prepared from theae. High' yields of DNA were
Obtained but the X-rays were blank.

Although it would r.equire further subcloning I decided to reclone
everything into M13mp18 and M13mp19. This was not without its
difficulties aa twc of the four subclones proved. hard to
subclone. The sequences obtained were a dramatic improvement un
all previous attempts. From this point on conSistently decent
sequences were obtained reading 250'-360 bps wi~h only one or two
stops across all four lanes. On the rare occasion no stops were
obtained.

The reactions were always loaded on the gel in alphabetioal order
ACGT. As this DNA has a high GC content these reactions were run
side by side. Parallel dGTP and dITP reactions wel:;erun to
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DNA was prepared using the standard method of alkaline lysis.
Initially the X-ray films we~e totally blank. Various strategies
wete adopted for obtaining sequencing ladders. TheBe included
different conditions for annealing the pr Imer-o, 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°C as suggested in
the sequenase kit. This produced a faint blur on the
autoradiograms. Next fresh solutions of denaturation buffer were
used. !n addition'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 binding
so reactions were carried out us ng the forward primer as well
as ones using the !:."eVerseprimer. There was not much change in
the state of the of the autoradiograms. No difference was noted
if the urea was leached out of the gels before drying or not.
Also extra phenol extractions and chloroform 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 longer available from,Boerhinger-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.
Howe'~r ~s these tracks were unclear it was decided that other
makes. of film should be used. Two other makes of film that were
ava;tlable in the department were expos ad to see if better
resolution was obtained. This was not the case. The film was then
exposed for longer time, up to 5 days. This increased the banding
marginally. Next comparisons were made using primQrs from both
kits as these primers bind at different plaoes. Faint banding
could be seen with both of these. However banding across all foUr.
Lanna occurred quite regularly. DNA was purified using more
phenol extraotions and PEG precipitations. since banding was
still not of acceptable quality DNA was purifiel.l on a CsCl
gradient. ~his iielded the best rgsult~ to date with about 100
bp being read at a stretch. All the subclones were purified in
this manner and parallel dGTP and dITP reactions were run on the
sequencing gels. However the s(,quencing resul ts became
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decision was made on which one would pe sequenced. As R.equi is
emerging as an opportunistic pathogen in AIDS patients and these
people are being treated with rifampicin, the gene from this
organism was the one chosen far sequencing.

A pUC asquenrtinq .kit (Boehringer-Mannheim) had been obtained
previously. This was a kit for sequencing double stranded DNA.
For this reason all the subclones that were made were ligated
into puc vectors. The two vectors that were available in our
laboratory were the phagemid pUCl18 and the plasmid pUC19.

3.8.1 ProQuction of su):)clone!J in pUc vectors

Analysis Of the ± 2kt BalI-ClaI fragment showed four potential
sites for subcloning into the multiple. cloning site of the pUC
series of vectors, These sitels would produce fragments of
approximately the following sizes:
AgeI-Asp718 fragment of 520bp inserted into' Ava! and Asp718,
Asp718-Asp718 fragment of 320bp inserted into the Asp718 site,
Asp718-EaoRI fragment of 365bp inserted into the same sitas and
EcoRI-BclI fragment of 750bp inSH~rted into the BamHI'-EaoRI sites
of both pUCl18 and pUC19 vector~.

The vectors were prepared by usu.a l methods with only the Asp718
digest being phosphatased to prevent religation. None of tho
other digestions would cause the formation of compatible cohesive
ends. constructs were transfl:>rmed into JM109. This would
facilitate single stranded DNA isolation should that be needed
at some stage.

3.9.2 sequelloing of puc sul:lolones

HSdATP was used for labelling the DNA. It has a longer half-life
so would be more cost effe.Jtiver the bands on autoradiograms were
reported to be sharper than wi'/;h:l2p and the lower energy of the.
~-particles provided greater safety.
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of t.he pBR322 incertcci p l.aami d rovo,\l(}d that the! ,.;belle, cua
fragment had bean inserted.
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Figure 3.30 summary of tho dolot.iorw made c.:>f sikb I:.lamlIJ-B<jll'I

fragment from R.oqui. Blocks indicato delations

3.8 SEQUENCING A RIFAMPICIN INACTIVA'l':Ji:ON GEN1~

As r.ifaml:'lici.n inactivati,nc] (Jemo:.:; h,ld l;;()(;'!1 1.•~lon(\d t'n:lll1 two
diffOl,~ant Rlwdc,lcClGCU3 epec ica - lX.t.'l'i + In'opc'Zi[1 I:lfiLl l\.uqui i1
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enzyme. The pDA'll was t.reated wit.h alkaline phosphatase t.o
prevent. s(.llfligation. Subsequently both DNA segment.s were
ligated and transformed into B.eol1. Transformante were screened
for inserts. Sixteen of forty transformante screened contained
inserts larger than pDA7l but smaller than pDA7l containing the
Cla:t fragment. Initial.ly these were digested with BeoRI. These
aU exhibited three sitN'l.rl'hntis what.would be expected if the
DNA contail1ing the cri1:ical region had been i.nserted. However
none of these contained the Asp718 fragment.

Irhisprocess was repeated, the only difference was that pDA71 was
~igest" with Sful before being blunt ended. Only six

l'~fo):'mantswere obtr.ined and none of those had plasmids
.'ain1ng the Asp718 fragment.

This precipitated the second strategy: pBR322 was transformed
into a 0':\11»", c1Cl111' E. ooli strain and subsequently pur ified from it.
This was neoessary as it was later cut with methylation sensitive
Claro It was also cut with EooRV a blunt end producing enzyme.
This was ligated to the Clal fragment that had been cut with
Sma ..r. This may have been more succeaaru l as only one blunt end
ligation was involved. These were transformed into E.ooli. The
transformante were patched onto LA plates oontaining 35Mg/ml
chloramphenicol with and without 35Mg/ml tetracycline. When DNA
is inserted into the E,'ooRV-Cla.r sites of pBR322 it inaotiv;,"".es
the tetraoycline resistance gene. All the 'l ,~ansformants wer~ only
able to grow on the chloramphenicol plate. Ten of these were
screened for plasmids containing the Asp718 fragment. They all
had it. Blunt end oloning has a low efficiency and affeoted the
success of these Bxperiments.

simultaneo1.ls1y pDA30 had been digested with EgIII and
phosphatased. One of the Asp718 containing plasmids was digested
at its unique BamBI site and ligated to pDA30. This ligation
mixture was transformed into 1\18-1 by electroporation. l1'ho
transformation directly into the nocardioform would seleot for
pDA30 containing an insert. Unfortunately further investigation
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decolorise rifampicin. This fUrther reduced the area of interest
to 21<b.

Attempted deletion of BstYI fragment

An attempt was made in order to determine the significance of the
~stYI site that is internal to the BalI site. BstYI produces
cohesive ends compatible with BglII. Thus an approach similll to
that of BelI was undertaken. After the ClaI fragment had been
purified on low melting agarose it was digested with BstYI. 'lhis
was ligated into the BglIt and SluI sites of pDA71. Tht:lligation
mixture Was split, with 2Ml being electroporated into RiB-l and
18Ml being transf<?rmed into a dam"I dcm· strain of E. coli. BstYI
is sensitivH to methylation. In E.coli, 7 transformants were
obtained as against 181 transformante from Ri8-i. The E. coli
transformants were screened. Three of the seven contained Asp718
fragments, these however also maintained their BstYl' fragment.
As these had not yielded fUrther information the Ri8~1 colonies
were analyzed. These were first patched onto chloramphenicol
pl.ates with and wit:hout O,3JLg/ml rifampicin. Of tl'le 56
transformants patched 36 complemented the mutation. Sixteen of
these were screened, half'complementing the mutation the others
not. All the complemontins pla~mids contained the entire ClaI
fragment. Most of the non-complementing transformante nontained
the vector alone. One of these however showe'dan Asp718 fragment
and an extra BstYl sit.eover and above t.he two prese.nt in the
ClaI fragment. FUrther digestions did not unravel this
rearrangclnent. So,the SmaI site was targeted.

Insertion of SmaI"Cl.aI fragment

s~vBral strategies wel'S adopted to clone this fragment from
1~.equ i ,

The fll"st:the ClaI fragment was purified on low melting aqaz-oae
and digested with SmaI. At the same t.imepDA7i was digested with
BglII. Doth pi.ecea of DNA were made bl,unt ended with Klenow



In order to eliminate non-essential DNA the following experiments
were done.

Elimination of the two BclI sites

For the purpose of establishing the relevance of the BclI site
closest to the critical region the following process was
undertaken.

The ClaI fragment was purified from low melting agarose. This was
digested with Bcl.I and ligated into the BgIII and SiuI sites of
pDA71. Only eight transformante were obtained. These were
screened first of all for the absence of the BalI tiny fragments.
Of the eight, f\ve had lost the tiny fragments. As two different
BclI"ClaI fragments Were generated by this digestion it was
necessary to identify which fragments had been ligated in.
Digestion with Asp718 woUld identify the plasmids that contained
the critical region. One of these contained the Asp718 fragment.
However when the plasmid was digested with ClaI, NotI and SiuI
and run on a gel in parallel with plasmid c digestions, similar
banding patterns were observed that seemed to indicate an
undeleted fragment.

As ths zeascns for this were unclear the whole process was
repeated. Over 100 transformants Were obtained. Of these several
were oClraened for 'the presence of plasmids larger than pDA71 but
smaller than the vector containing the ClaI fragment. Several
contained smaller inserts that also had Asp718 fragments.

'f

'i'hevector contain,ing thE!BclI-Cl{H fragment was transformed into
Ris ...l by elt~ct:t'oporation. T:t'ansformants w~re patched onto LA
plates containin9 20jJ.g/mJ.ohloramphenicol with and without
o (3jJ.g/ml rifampic.in. The plasmids complemented the
hypersensitivity mutation. A culture was grown and spread on a
5C~g/ml rifampicin plate containing chloramphenicol selective
pressure in order to obtain rifampioin resistant mutantG of RiB-l
containinq the plasmid. 'l'hesewere shown, to inactivate and
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Table 3.27 complementation of the rifampicin hypersensitivity
mutation in Ri8-1 by deletion and insertion
plasmids of R.equi DNA

Plasmid complementation o£ rif~ mutation

Plasmid c
ilAge
Msp
~Cla
ilNot
+Cla

YES
NO
NO
NO
NO

YES

Ri8-1R transformants were grown in LB and 20Mg/ml
chloramphenicol. When the cultures were in exponential phase they
were challenged with 20M9,/ml rifampicin. Supernatants were
assayed for :t:ifampicin inactivation using the plate method, in
order to determine whether inactivation had occurred. The
decolorisation or Lack thereof was also recorded for each
culture,

Table 3.28 Inactivation and deco Lor-Lsat.Lon of rifampicin
mediated by deletion and insertion plasmids of
R.equi DNA

Plasmid Inactivation Decolorisation

Plasmid c
Mge
Msp
~Cla
ANot
+Cla

YES
NO
NONv
NO

YES

YES
NO
NO
NO
NO

YES

,

This set of
portion of
rifampioin.

experiments have resulted in the homing in on the
the fragment involved in the inactivation of
This runct Lon was to be found on the 3,5kb ClaI

fragment. A st:J:'otchof about 5<50bp that was 'part of the gene was
identified. 'rhie:lis between the innermost Age.t site and the
Asp718 site furthest from it.
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restriction map.

These deleted plasmids were transformed into Ri8-1 and its
rifampicin resistant derivative. Transformante were screened for
the presence of the plasmid by doing a miniprep of DNA. They all
contained the plasmids.

Insertion of the ClaI fragment into pDA71

Anothp.r plasmid was also prepared, an insertion plasmid. The ci«:
fragment was purified from low melting agarose and inserted into
the S:EuI site of pDA71. These enzymes produce compatible cohesive
ends. Eight transformants were obtained. These were screened for
plasmids.

The plasmids were digested with EcoRI. These Were separated out
on an agarose gel. The insertion would have to have one EcoRI
site less than plasmid c and have fragment sizes adding up to the
equivalent of pDA71 and t.heClaI fragment combined (12,3kb). Of
the eight plasmids screened two contained ClaI inserted
fragments. The in~erted plasmids were transformed into Ri8-1 and
the rifampioin resistant derivative of it.

3.7.3 complementation, inactivation and decolorisation
studies on newly construoted plasmids

The Ri8-1 transformants of both inserted and deleted plasmids
were patched onto 20p.9/ml chloramphenicol plates with and without
O,3p.g/ml rifampicin, together with transformante containing the
intact plasmid c. 'fhis was to test for the comp lementiatLon of the
hypersensitivity mutation.
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Figure 3.29 Plasmid c screened for deletions of Agel',
Asp718, Clal and Notl fragments.
Lanes 1-6: Potential AAge cut with Agel

7-12: Potential AAsp cut with Asp718
13-18: Potential ACla cut wich Asp718
19-24: Potential ANot cut with Notl

The potential ~Cla plasmids were digested with Asp718 as the
strain into which these ligation mixtures were transformed was
dam+. Clal is methylation sensitive and WOI.lld not cut DNA
isolated from this strain. Thus an enzyme was chosen which had
sites within the ClaI 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 sites on the restriction
map. The loss of an BcoRI in ACla confirmed that one BooR I site
could be found on either side of a ClaI site. Digestion of AAge
wIth BeoRI and stuI confirmed the presence of these sites within
the AgaI fraqment. The lass of a NotI site in AASP and the loss
of an Asp718 site in ANot SUbstantiated their positions on the
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Figure 3.28 Inactivation of rifampicin by two cloned i:d genes
from Rhodococcus species. (L) -from
R.erythropolis, (~)-from R.equi, (~)-Ri8-1
containing pDA71, (S)-cell free control.

3.7 SUB CLONING OF R. equi. FRAGMENT

3.7.1 Elimination of AgeI, Asp/18, claI and NotI fragments

AS Agel, Asp718, claI :;.ndNotI each cut the fragment twice and
as there are no sites for these enzymes in the vector, they could
be used to makQ deletions of the insErt.

The purified plasmid c was aliquoted ana d "d with each of
the four enaymee . The enzyme was removed xt.raot.Lon t1ith
phenol and chloroform. The DNA was ligated and transformed into
E.coli. As many colonies as were obtained sever~l were screened.
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3.6.4.2 Inactivation of ansamycins by the R.equi clone

The 5kb EamHI-BgIII fragment in pDA71 or plasmid c was
transfor.med into the rifampicin resistant derivative of Ri8-1.
This facilitatrad more accurate determinat.ion of antibiotic
inactivat.Lon. A culture was grown to stationary phase and then
subcul tured into four tubes. These were grown into log phase
befora being challenged wit.h the following antibiotics: lOMg/ml
rifampicin, 10/.lg/mlrifamycin SV, 50/.lg/mlstreptovaricin and
50/.lg/mlstreptolydigin. A cell free control was prepared for each
antibiotic. After 20 hours samples were taken and Lnact.Lvat.Lon
determined using the plate assay. Plasmid c caub~d the
inactivation of rifampicin and rifamycin SV. This is consistent
with previous data
inactivated. This
streptolydigin did

obtained for R.equi. streptovaricin was not
is also consistent with previous data.
not cause zones to be formed on the assay

plates, not even 'on the cell free control. This confirms that
B. eubtii.l.L« is not an effective assay organisnl for this drug.

Quantitative rifampicin assays were done comparing inactivation
by the R.erythropolis and R.equi clones. The plasmids Used in
this experiment were both pDA71 carrying the 5kb EamHI-BgIII
fragment from each clone. 'l'heywera also inserted in the same
orientation. Samples of cultures challenged with 20Mg/ml
rifampicin were taken over a 6 hour period. During this time the
antibiotic was decolorised. There was not a significant
difference in the rates of inactivation as can be seen in the
graphs below. The cultures had been equilibrated to similar
optical densities b~fore being challenged.

.,
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in anyone specific construt..!t.It was possible that the
introduction of an inducing agent may alter this sicuat Lcn , A new
range of concentratiom; viasused including a ooncentn.at.t cn l?elow
10Mg/ml. These were 5, 10 and 20Mg/ml rifampicin. All t: plates
were spread with IPTG before the strains were patched out on
them. All grew at !iM9/ml rifampicin. Several of the transformants
grew at loMg/ml, namely, AAsp, BalI-ClaI in pDA71, ClaI-ClaI In
pUC118 and c in pDA71. There was one that grew at 20Mg/ml and
that was BalI-claI in pDA71. It did not grow very well but there
was some growth. This was unusual as I)?TG should not induce the
lambda promoter.

Shifting reading framos in BolI-claI

A pOSSibility existed that the gene was not in frame with the
B.coli fusion gene. This would prevent expression of the gene.
To alter the reading frame the following steps were taken. BclI-
ClaI anc'lc both in pDA71 were linsarised at the unique HindIlr
site that is found in the vector. Eac~ plasmid was made blunt
end~d with Klp-now enzyme and then ligated. This induced a frame
shift. 1<lenow enzyme works in a variety of buffers includdng most
that are commonly used for DNA manipulation. Twice the 1<lenow
enzyme was introduced into ligation bUffer 30 minutes before
ligation. The reactions were carried out at 300C and 37('C. These
failed to produce and transformants. Instead of introducing the
1<1enow enzyme iI~O ligation buffer it was added to the
restriction digest mixture when the restriction should have
reached completion. ~hese transformants were patched onto
rifampicin containing plates. There was no increase in resistance
to the drug. In order to check if there had in fRct been a frame
shift as proposed, DNA was extracted from these transformante.
'1'his DNA w~s digested with H,indIII and Asp71.8. '1'hedouble
digestion was also carried out on the original plasmids that had
not been subjected to frame shift attempts. It was necessary to
do a dOUble digestion in order to show lOBS of the site rather
than no cnt.ting if only HindIIJ had been used. rrha~~edigests
showed that soma had lost the site while others had not. There
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I'ROTEIN EXPRESSION AND CHARACTERISATION OF .ir:i GF.NE

Cheoking existing plasmids for overexpression

Previously an ir.i <JeneI which had beon cloned from M. snlogmllt.i.s,
,~s found to be expressed in l.oo1i (Quan, unpublished). This
gE~I'le increased the level of resistance of E. coli to rifampicin.
The gene product was also soem as a. dist.inct band on a PAGE gel.
With this in mind the following experiments were undertaken. At
this stage the gene Was in the process of boing sequenced and the
orientation of the gene. on the fragment was unknown as well as
the positions of the start and stop codons.

Various fragments of the original cloned DNA were ligated into
different plasmids that contained different I. coli promoters. The
5kb BamHI-BgIIX and the 2kb BclX ...Cla.r in pDA71 were under tho
possible oontrol of the PI.promote)" of lambda. The ClaX"ClaI
f:r:agmentwas inserted into ptJC1l8 which has a ];\~promoter. 'rhe
BolI~ClaI fragment was also cloned into pGEM3(f)+ also having a
P~ promoter. These plasmids all had different segments inserted
into different sites (the multiple oloning sites of pUCl18 and
pGEM3(f)+ are different).

control plasmids in this series of experiments included
pGEM3 (Z) f+ and the deletion mutant of c Map. These plasmids were
all transformed i'nto a rifampicin sensitive strain of E. coli,
JM101. The transformante wet'e thon patched onto LA pla'tes
containing lOO~g/ml ampicillil1 and var Ious concontl:'ationE{of
rifampicin.

In the first sorics plates containinCd 10, 20 and 30ftg/ml of
rifampicin wore used. All the transformants grew at lO~lg/ml but
not on either of the others. '1'horange was nart'owed down to 10,
12, 14, 16 and la~g/ml of the drug. All the transformante grew
on tho control plato but not on any of the plates containing
rifampicj,n. Although thore was no growth at the lowest
concentration, there Was also no notable increase in resistance
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All the BLAST results at both the nucleotide and amino acid
levels showed homology to hydroxy lases which are also referred
to as monooxygenasem, These enzymes are flavin-dependant. The
highest scoring similarities were to hydroxy lases involved in
polyketide biosynthetic pathways followed closely by those
involved ill the degradation of aromatic compounds,

'rheearliest sequence ccmpaz-Lson studies attempb"ldto produce end
to and alIgnments of complete sequences, also known as global
alignn\Emts, However, it has been recognised that.1,\OstgenGs and
proteins are modular and mosaio structures often oonsisting of
several distinct domains and/or repeated copies of domains, the
order of Which may be rearranged by several genetio mechanisms,
'rhusattention has shifted to algorithms for LocaI alignment, and
virtually all database search strategies today seek local
alignments, Once the BLAST programs have fOUl'ldsome a1i.gned
segments, the segments are COl1sideradin their totality for their
statistical significance. The ST..AS'1'search algorithm seeks a type
of local alignment called a high-scoring segment pair CHSP). An
HSP is a pair of sequence segments, one dr~wn from the query
sequence dnd the other from the database oequence, that may be
aligned without gaps to achieve a high soore, In order to be
reported by BLAST, the score must meet or exceed a scor-e
threshold. The Smallest Sum Probability scores would be 0,00 for
identical sequenoes, very similar sequences have p~obabilitias
that tend towards' zero.

The local nlignments ide.ntifiad, with the queried iri gene and
its translated produot, two major regions of homology and three
minor regions.
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Homo Loqv searches were conducted using the BLAST series of
programs. The results of the BLASTN nucleotide search are
recorded be Low ,

Table 3.29 BLASTN results of similarity to iri gene

Sequences producing High-scoring Segment Pairs:
dbjID38214L~~£!Q
emblX870931SFURDABCF
.9EJ.Y..?£~~:le2
sz!Wj80,,_ -~'MTCHEl.
g_b IM9855',;cVi3PENTA
gblul04051SPU10405
gb I L044 881TOf"\,I?HD
gbIM35097IP~P1FDCD
gb1U321881PPU3~168
emblX684381PnOBA
.9E I M2 317 ~ I p'g~31'iOBA

Streptomyces aureofacicns cts4, ctsS •••
s.f.radiac uedE,r,A,S,C,D genes 672
Streptomyces v~nezuelae C-16 hydroxy •••
Streptomyces glaucescens tem operon.
Flavobacterium 5p. pentiach l.cecpheno.I•••
Streptotllycespuzpunas eena ATCC 25489 •••
Trichosporon cutaneum phenol hydroxy •••
Plasmid pJP4 (from Alcaligenes cutro •••
Pseudomonas putida plasmid pEST4011 •••
P.fluorescens pobA gene for p~hydrox .•.
P,aeruginosa p-hydroxybenzoate hydro .••

Smallest:
Sum

High Probability
Score P(N) N

770
4.60-55
SG6
447
4()5
295
295
289
213
199
199

9.3e-5& 2
3
3.2t!-38 2
1.0e-26 2
1.0e-22 1
4.6e-16 2
1.5e-13 1
4.90-13 1
1.10-06 1
1.Se-OS 1
1.Se-OS 1

The results of the BLASTP amino acid ali~nments are recorded
below.

Table 3.30 BLASTP results of similarity to Iri polypeptide
smallest

Sum
High Probability

Score PIN) NSequences producing High-scoring Segment Pairs:
putative oxygenase (streptomyces f •••
ctsO [Streptomycos (luroofaciens]
C-16 hydroxylase (streptomyces vio •••
F EN'rACHt,OHO PHf,NOt 4 -NONOOX'lGENAS Ii: •••
pentachlorophanol-4-monooxygcnnse ".
hydroxyluse [Streptomyces 91(1uOOII0 •••
TETRJl.CE:NOMYCIN Pot,YI<ETIOe SYN'fW:1SI.,.
PUTATIVE pOt,YKgTIDE HYDROXYLASE (E •••
selle protein - Stroptomyc:cs hn1stedU
RdmB [St~eptomycca purpurasccno]
PHENOL 2-MONOOXYGF:NASg rsc 1.14.13 •••
phenol hydroxylasc ['l'richosporonc •••
PHENOl, 2- MONQOXYGEN/\SE(E<: 1.:t4 .13 •••
phenol monecxyqcnase (Plal.l!1tidp!~S'l'•••
:~, 4-DICIII,O!<Of'm;Nc)!, IH'IONOOXYGIl:NASE •••
aklavintml' (>11 hydroxylase (St: rep •••
2,4"ciichlor:(.lphnnol hydroxylase (£Is •• ,
akluvinorH' Cbll hydroxylase (Strop •••
Vm:NC)L 2wMONOOX'fCmNASE (~iC 1.14.13 •••
phenol 2~l1\(ll\ooxyg!lnase (EC 1.14.13 •••
4~hydr()xyb(!nz(J'It;e 3-monooxygenano .,.
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383
370
285
261
261
221
221
223
214
195
lI.'I3
173
172
172
187
161
16t3
144
142
\42
9S

9.20-113
2.8e'107
6.70-54 5
L 10-44 5
1.1e-44 5
1.ge-37 4
2.20·,37 4
2.5e~36 5
5.0e-35 5
2. 9l~-33 4
1.8e~31 6
1.Oe-31 6
3.00-31 5
3.10-31 5
1.ge-30 5
6.3e-29 4
1.6~-26 5
1.70-26 4
3.40-14 2
3.·e~14 2
4.7e-11 3



42bp down from the stop codon and the other 128bp away. The Frame
Program seems to suggest that there may be at\othe~ open reading
frame starting downstream of the stop codon. No obvious Shine~
Delgarno sequences were identified upstream of potential ATG or
GTG start codons.

atcatnncqcqq9~CCC9qg9c~tgcg2caagqccccg9tqnt9Qtg~~~C9tct9ctqcgagCQ~gcaaangcct .gcocgn~2~~ 270
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- M S 0 VI! V o " o P 'I' G " Ii L 1\ GEL H L Q ,; V 0 V 27
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V V VOl< 0 t: E P T Q F v II /I {, G ~ It VIIS ;r: ElM E Q l! G 57

t tqctqg(lC.1 Il') t tcctcgc,)cacgqcc<]ctlnqta tccgc:tcg<l t')'l(l t tct'CC,)cQ9'l1J1l tCO'loannecQ(JcM:cc'1cC)cacctcqa t 540
L L 0 x f' L II II U II K y t> L G 0 ~ I' /I GIS l< P II P II II L 0 07

u ct'lcgca CC)(J<)MC<JtC:ct'l'l'lca tllcctcn,)cccg':H1,1 tr.q,1 CnlJlJa t \:ctt'JcOC]Mca tgc:cQ.cc<J~a9 tcgrrC')GC]')dca t tClIq 6~O
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II G l< 1\ V V " r !( Q fJ '1' 0 N V /I /I E L 0 0 0 '1' 'I' L Ii II H \:' L 14?
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'.Igc'.l~1I<ItQ'3llcq cl'J~eca t'lCCI:(lO ..(I tgMct'JIJCc,)cegt ~(JtC()CCCJll 40 tOCf!<;J'.Inl.lilcgCllclI3(1cgn t tCQ,)n\ltc'l'1tr;co 900
(.1 e MDV ~' HI''' 0 E 1, II II V V 1\ E tHE 'I' If I( H F 0 V G l' 207

,)ccrJ'1callclJ'lt<)cttttc:q\;.l)tC'lt<)'Jtccct'Jc\lgcclJ.l"'lctgr:ctJoe'Jqtc'lctJ(!lIncnco'JacoaC\1c:tC')(I'~(16cdtcO!lQe(la 090
/I G N 0 /I F II V V V P /I " E V /I 0 a H II '1' P 'I' T L 0 0 X K Q 237

cn'Jl't~ c t<J(Jt:~ln t t'lCC'l<,tM:Ct],1Ct. tca,) t') t'lGJctcqcC'lCtJ'J tq'l~ tctC')CIjCt. tC\1ClcgncqccncteQ tc tqqe'lqaeg ae 1080
Q L L " l /I J TOP c V II G P H W 1, r, II ~' 0 0 /I TilL /I 0 0 267

t ..l<':CfJg<:'1C'J,1l1C'l'lgto t t tl."tC,]4·CgQcgM:I)CCIJC,lC'OC'! t ,"C,l C<':CIIC(;')!ItlJ<)CJC<1'ltcMII9tcCOQ(I tc::te,]l) t'] t'1c1I91JOC 11'/0
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(jC::Qttcnrlc::ctccJ()ct,'tJnagctC(JCC:90cgI\9at.eaM~gq(:t~q'JgcIICC:<J']t9')CJCClt,)ctCQnclIcCJtacgoatcC)g(')(lCggCQtccq 1260
" F N L C; W K L II II E I II c W " I' V C; L L 0 'I' Y e I) £ H 1\ \' ~27

9 tlJlJct\7cc~lIc9t'Jct,)<JQCnar.Hic.'lCI'JC(lCC(lag(lC(l(l~9 t tga tctcC,'Ccllct·9ccqCj(')c!Ql\cn agc'l')tqO(Jqcqcttqll tct(lC 1~SO
V /I II I) l' L o II 'r H /I Q II E I, 1. G 'I' It II (1 !l Q II V HilL I S 307

,)O<;Jct.<;I(ItlJ\l(l ~'. tcg 110')M')tcoa,)cqcta t t tCJUCCllUl)ontJO tCl\ct<;l c\ln tete,)a t. ttlf)ctaC(jd tttc')qr.'l!l~')l1c'laf::!Jac H 40
II L M E F E 0 Y K It Yo '" TEl< I '1' " I S :t 1\ '! I) f' G r. GOO ~D?

ote'~tecJ\l t (.(l'l~'l(lct')cqrJn(\ca tC'lC11t tgilcqClJc(lt]cn ncctl) tllGljaCct\JQ tqcqn ~ccgqoc'lc'J')~ct tot t;otc,)ncc!l\l 1610
I, L G It 1\ L H II I II L 'I' l< (J N 1, 'I II 1. Ii It fl (J H G L r, L 0 Q U 1

'l~ t,)CJCC/l~Gtl) tee,) t.c'1a tt)'l t t'I'JlIqcQ IItC'lt:(jccqi\(;(ln t~ t'J'l t c,)aeac!lJ'1cllctgllU t tlJ'Jall'Jctcc'l9(ltgtcct')c t t lG20
(J G Q L !J V D (i W IJ i> H II 0 II 1 V 0 T S 'r I: L s " I' II V ), L 441

r;qqcc')ll :wq'l t,c" t'J tCl'lC() tQ'l,l tCI)CJ'J<J" t<)')(J (Wj'le'l'J.1 'J t cq'J" tilc';caqctq MC.:ICi) tCJ'1t.tC()<)CC'lq tCgqCC]MJI)')dC l? 10
K P 0 () II V /I WIG D /I Q II B LOT Q L S T W F a It s ~ It 0 471

C'1C'lc·~t') no,)ct tc')~ t. tI:CIJ<JI:MCcl/MJcncc<J t'lacacctCl,)'11J tqcactaccg t t(Jcc<)t t ta t'l"'l nCIl/HI'j" ttg,)l'Jgcll'1d t; t600
II /', • 400

c:.9C'JCCC'ICCJ'lcctt'l iltc,)ccqtcgq!l'l t 'Jotgn tnctcllc'J')C}llt'l<lOr;:(Jnl!c~n t'Jt.I!I) ~tIJt<JCCI'J~I)<J"cn t t tqctCJccncn ttl fl Q 0;

2040

The sequence of t.ho.iri geno and flanking regions.
Thn Shinc-Delgarno sequence is underlined twioe
and the -35 Bnd -10 DcquencBs once.
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In a study analyzing DNA up~tream of start codons in streptomyces
a conserved Shine-Delgarno sequence was identified. This
sequence, (a/g)GGAGG, was identified from 5-12 nucleotides
upstream 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 is recorded as 1 and the nucleotide
preceding it is designated -1). This was in keeping with the
streptomyces model. Analysis of the sequence upstream of other
Nrc or GTG codons on either side of 'theputative start codon did
not have any similarity to the Shine-Delgarno motif. This study
showed that 0111y 29 of 139 promoters that were studied belonged
to a group which was similar to those recognised 1.1:' eubacterial
RNA polymerases containing a7()-like subunits. 'l'heother 110

putative promoter regions contained a wide diversity of
sequences. Potential promoter sequences were also identified: -35
sequence TTGCGG and the -10 sequence CACACT which were -35 and -
10 relative to each otshar . This would make the C at 242 a
potential transcription start site. It has also been reported
that the DNA within the promocer regions of several
streptomycetes has significant potential for forming secondary
structures like hair-pin lOOps (Sincla1r Rand Sibb MJ, 1989;
Murakami T et al, 1989; Pulido at al, 19RO; Rebollo at al, 1999).
The upstream region of this gene was analyzed for hair-pin loops.
A possible hair-pin loop was identified tr.a:"~n·:ompassed the ...35
region that had been identified as a possible promoter site:

9 c gat
/goaag ooc ggt

9 --...,----- ---
\ogttc ggg coa

9 a ggg

No comprehensive study ha~ ~~en made of mycobacterial or
rhodococcal promoters at the time of writing.

Analysls of the sequence downstream of the stop codon was
undertakDn. Searches for possible stem-loop structures that may
act as terminators revaal~d two possibilities. The one beginning
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3.8.6 Computer aided analysis of sequenced DNA

'rhe sequence had been entered onto the computer using che Esee
Version 3.0 package (Eric Cabot, 1987 and 1994) and initial
analysis done using the Frame program which was designed for
streptomyces. Since there is an evolutionary relationship between
the stl:'epomycetes and rhodococci showing similar GCcontent this
package seemed appropriate to use for analysis.

The DNAsequence was 2042bp in length with a GC content of 63%.
The Frame prograh! offered 5 codon usage tables over a range of
60-75% GC conten". The appropriate codon usage table for 60~66%
was used. This was used by the computer to translate the sequence
into the six different reading f:...amesand look for open reading
frames. The codon usage analysis identified the open reading
frame as running from the Bell site towards the CIaI site. The
start codon Was identifi>3d as an ATGat 280bp and the stop codon
TGAat 171Gbp. The open reading frame was 143Bbp encoding a
pOlypeptide of 479 amino acids.

F'igur',1 :).:J:'1

1·\ 0



These constructs run in parallel with dITP reactions eliminated
all but one of the compressions and stops that were producing
frameshift~; in this region. By sequencing both ~;tr:andG I had
hoped to eliminat~ that one stop. In order to eliminate it DMSO
was added to annealing and labelling reactions for both dGTP and
dITP based samples. This succeeded in unravelliny th~ secondary
structure that had prevented elucidation of this sequen~e in the
past.

The BelT-ClaI fragment had now been sequenced 415 far as the AgeI
site. There still remained ± 150bp between Ager and ClaI.
The ClaI-EcoRI fragment containing t.het1ge! site was cloned into
'113mp18 and sequenced from the CIa! site. This provi:1Eldthe last
section of the DNA as well as the overlap with the Aga! junction.
The sequence showed the prssence of the stop codon confirming
that it was not just a shift in reading frame. Each subclone that
was used in the construction of the entire sequence was sequenced
between 2 and 8 times in order to eliminate error .

.--~-__::".
'''_:''__'_'-))I--.~

-""'''<''--~'''''-'-=J)
-""'--~_"""""",."

HU"", ""'.[.,,,"".4-:1·:·-- .,"'-" ~.,." :~"~",,:. ~

~,..,,':' -"."" ,,' ~""""""''"--",.,~.''"

~..'4,," '''''''_'''''''£'''''-~''.'_'' "'.~::."~".<:_""'"

>(>~_ .•." "''''',-~,..".,.'''' _J....
'-".."",.,, ,,',"

Figure 3.31 Diagrammatic rcpresonta '""
strato9Y

of aequcnc inq

139



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 Bcll-Asp718 fragment. Also there
was a change in reading frame near the Agel site.

3.8.5 Bubclones lnl!ldewith Sacl and CIaI

within the BclI-Asp718 fragment sequence analysis revealed the
presence of a Saol site centrally placed on the fragment. Sacl
is present in the multiple cloning site of M13. Earlier analysis
of the sequence for extra cloning sites hacl shown no Saol sites.
The dige!:.>',iOll\-7a3pet'formed again and shewed no sites. An
isoschisom~r i E~1136 was available. Thi .. enzyme produces a
blunt end. Digestion with this enzyme conf Lrmed the aequence data
that a Saol site was present. However cloning attempts with the
blunt ending Lsosch i.somer was not suooeus ru i . NE;IW ssot was
obtajned.

Plasmid o extracted fronta dam" strain was digE3sted with ClaI and

the gene containing fx:agment was purified on a low melting
agarose gel. In order to sequence both strands between the Saol
and Asp71J sites where the mistakes were, the DNA had to be
cloned into both M13mp18 and M13mp19. The Clal fragment was cut
with SaoI and cloned into the Sacl and Aco! sites of M13mp19 -
sequencing from the Sacl site. This cloning produced two
different products sequencing out in both directions from the
Sacl site. This gave data for the critical region as well as
confirming sequence at the beginning of the contig. The Clal
f:t'agmentwas also digested with Saol and EooRI and ligated .i.nto
those sites in Ml,31uP18,Only the internal SacI-EooRI fl.~agmentwas
expected however there were two different sized inserts
identified on agarose gel electrophoresis of the single stranded
DNA. The larger one was shown to be the result of the Clal sites
ligating to each other producing a Sac!-EooR! fragment which
enabled the sequencing of the first part of the contig en 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 sequences.

As the importance of sequencing on both strands had been made
clear by the resu1ts from the EcoR1-Asp718 subclone and the need
to orientate the Asp718 fragment another approach was employed.

3.8.4 sequencing of Sau3A partial digests

The Agel fragment was purified on a low melting agarose gel. This
fragment is ± 910bp long and covers the EcoR1 junction of
sUbcloneB. It also spanned the area of the EcoRI-Age1 fragment
that was producing multiple bands. The purified fragment was
digested with Bau3A a 4 base cutter and inserted into the
phosphatased BamBI site of M13mp18. Twenty four plaques were
picked and the DNA sequenced from these. The sequences were
aLigned by eye. It proved useful to have a frame work from which
to work in aligning the sequences. However the digestion with
Bau3A was more complete than partial. This was seen by several
different SaU3A fragmentf-) from different places being cloned
together. For this reason the sequence following each GATe (the
recognition sequence of Sau3A) junction was never assumed as
bl':!ingthe sequence that r~ally followed the preceding sequence.
These sequences were verifi(~d by the frame work sequence provided
by the original subclones. .,
The BclI-EcoR1 fragment, that included the Asp718 fragment, was
purified on low melting agarose and d' :;Iestedwith a diluted
concentration of Sau3A to achieve partial digestion. These were
ligated into M13mp18 at the BamHI site. This fragment was chosen
as the sUbclone junctions of three of the fragments were
encompassed and the other strands of both the large 750bp B011-
Asp718 and the Asp718 might be sequenced. A fUrther twenty four
clones were sequenced and the sequences aligned by eye. These
sequences allowed 'for the contig to be arranged. However when the
sequence was analyzed, usin0 a program designed esp3cially for
streptomyces (Frame program by Gary Kleman, Department of
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labelling reactions. Se~uenase Version 2.0, in the presence of
Mn++ ions, reduces the ave~age length of DNA synthesised at the
termination step, intensifying bands corresponding to sequences
close to the primer. As the fragment was ± 365bp almost all of
it overlapped and confirmed the sequence.

The Bc1I-Asp718 fragment was too long (± 750bp) to achieve any
reliable overla~. Reading the sequence at over 300bp was more
difficult with the bands closer t( jether. There were also stops
present. This fragment of,DNA contained an XmaI site ± 200bp in
from 'che BalI site. An XmaI-EcoRI fragment was ligated into the
same sites of M13mp18. several of the insert containing phages
were sequenced and more data obtainod.

The EcoRI-AgeJ sequence could be read clearly from the AgeI site
inwards, however from the EcoRI site there were multiple bands
at each level of the sequencing ladder I nome darker than others
but not significant enough to give certaLlty to the sequence. DNA
was extracted several times and cleaned more intensely, dITP
reactions were also run however there was not much increased
resolution. A possibility could have been that there was more
than one phage present in the stock carrying a different
sequence,

Another factor that seemed to affect the clarity Qf 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
sample 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 sl.i.ght.lythi()ker (O,4mm versus 0 I 25mm) and
nearly twice as wide were used the bands became much sharper and
the sequence data more reliable.

On examining the sequence data that had bean collected thus far
seversl restriction sjtes we~e identified. To test the accuracy
of the sequence data these fragments in the pUC clones were
digested with som~ 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 ACGT set Was loaded into the first fo~r 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 samples 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 ryap between
each reaction set making it 8asier to read (Nelson and Krawetz,
1994). In order to increase the number of bases read off a gel,
wedges of 4cm of additional spacer were used. These were placed
on top of the existing spacers at the bottom of the gel.

Each of the 4 subclones were sequenced from both ends as they had
been cloned into M13mp18 and M13mp19, except for the Asp718
fragment. This fragment could not be directionally cloned as it
had the same sites on each end. Thus cloning into both M13mp18
and M13mp19 would not increase the chances of both orientations.
For this reason I used the better phosphatased M13mp18 for
cloning and decided to screen many of the white plaques in order
to find both orientations. This procedure was repeated twice and
24 plaques were screened each time. These phages either contained
no insert or just the fragment in consistently the same
orientation. The only known rest.riction sHe in this fragment was
a NotI site which had been mapped to the one end. This ~ite is
100% GC rich - GCGGCCGC. As there were several compressions and
stops in this sequence initially this site could not be
identified. Running a dITP reaction in parallel to the normal
reaction resolved some of the compressions but not all. This was
~7hen 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 EcoRI-AspI fragment was sequenced on both strands. In order
to determine the sequence close to primers Mrl++was added to the
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modified dt"

Analysis of these products using 't'I,C showed the unmodified
rifamycin SV and the rifampicin moving off the origin When a
solvent system of 4:1 chloroform:methanol was used. However the
modified products remained on the origin. Alteration of the
solvent system to 9:1 methanol:chloroform (Quan 8, unpublished)
moved the products off the origin.

The rifamycin 8V products migrated together. The decolorised
rifampici.n product was hardly detected. 'I'he products using
phosphorylated rifampicin migrated '':.oge.ther. The ribosylated
product that had not been exposed to c(ills but just to mediumran
slower than those extracted from broth containing cells. The
others howevur did not run differ~otly.

It appears as if' the iri + DNA9roduces the most s.igaificant
phenotypical effect on rifampicin. It is puzzling that it dOes
not decolorise the other inactive forms as they have bec,\r
modified on the ansa bridge and not on the chromaphore. This may
be che result !.Jf the steric effect of the modificat.ion which
al ters binding of the enzyme. since rifampicin is riot 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 grl~ater
affects on substrate binding or substrate-enzyme. interaction.
These resulcs can be seen in the figure below.
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l\bsorption opoctra of r....fumycin cempcunds , 1.
Rifnmycin BV, 2. Rif~mpicin, 3. Rifompicln-phoophorylatoa, 4. Rifa~picin-ribosylDtoa, a) from
n\CcUum, b) from iri', c) from ix',i.+

Rifamycin SV showed no oignifico.nt chango in aboorption specnrum,
'l'his wan tfloto(l ;f;'cr il1nctivation and was founa to bo mootly
inactivated. Rifampicin showed tho laos of lt~ 47Snm poak (Dabbs,
1987). 'I'hot'cwas no chanqe in the spoeuz-a for the other two



',liable3.34 Decolorisation of rifamycin compounds by Iri

compound Decolorisation

Rifamycin SV NORifampicin YES
Rifampicin-phosphorylated NO
Rifam~icin-ribosylated NO
-----------_._. __ .. _._-------
Rifampioin was the only compound to be deool.oz-Laed, AS tht'
modified products were inactivated already assays to this effect
would have been redundant. In order to asoertain if the iri geno
product was affecting tho drug in a pl.ace other than the
ohromaphore the following experiments were done.

The products of these and similar cultures were extracted with
ethyl acetate. The ribosylated form of the antibiotic could not
be extracted in this way ao the supernatant was lyophilised :and
the resuspended in .ethanolf in which this oompound was ~oluble.
scans to determine chanqes in their a.bsorption spectra were
undertalcel1.
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used for the assay included TE, l?H8,0 and a phosphate buffer .f:J.1

7 f 3 both with DT'1',This phosphate buffer was uaed in the pr'evLcua
Pseudomonas work. 'two other hydroxy lases had been characterised
from Rbodococcus (Armstrong and Patel, 1993; straube G, 1987) -
a phenol hydro>=ylase and a resorcinol hydroxylase with pH optima
of 7,9 and 7,0 respectively. Luter a Tria, pH 9,0 buffer was
used, this also allowed inactivation without inhi,bition.

Next the effect of methimazole on Rhodococcus was investigated.
cultures containing recombinant p lasmi.ds were grown into lo~
phase before the addition of the inhibitor. Between 15 and 30
minutes later 30!-'g/ml of rifampicin was added. A range of
concentrations of methimazole were studied. Rifampicin was
deoolorised in the pz eaance of 50mMof the inhibit.or although the
growth rate was retarded, At 200!-'g/ml growth was inh:J.bited.
Indicating that other vital flavin- dependan~ enzymes had been
inhibi terl. In each cane a control s'l:rain just bearing the vnctor
was \.\61;>..1.

3.9.10 Effeot of Xri on rifamyoin derivatives

'1'he effect of the i,d gene product were tested on the following
compounds for Which the structures were known: rifamycin s»,
rifampicin, rifampicin that had been phosphorylated (Dabbs at al,
1995b) and rifampicin that had been ribosylated (Dabbs at al,
1995a). The antibiotics were ~ssayed for decolorisation, change
in absorbance over the range of 200-550nm and altered mobility
using thin layer ohromatography.

cultures of :Ria containing eithor pDA71or the BclI"'ClaI inserted
vector were grown into log phase before being challenged wit.h·
30~g/ml of the different antibiotics.



inactivated lOll-g/rolrifampicin while the insoluble fraction
inactivated some of the antibiotic relative to the control. This
was probably the effect of Lncomp l.et.e disruption of all
,Rhodoaoocus cells present. The cell wall structure of these
bacteria makes th~m tar more difficult to disrupt than E.coli.

Inhibition studies with methima~ole

At the ti.me this work was done the sequence that showed the
greatest homology on BLAST scanning was a pentachlorophenol-4-
moncoxyqenaae from Flavobacterium (Orser CS at al, 1993). This
enzyme contained the FAD binding ~ite and also required NADPH for
catalysis.

Tomasi et al, (1995) proposed the use of methimazole (MMI) as an
inhibitor of bacterial monooxygenases. This compound was known
to have a hi(1h aff inity for mammalian flavin-containing
monooxygenases and to be selectively oxidized by this enzymatic
system in the presence of cyccchrcme P-450 (Ziegler, 1993). These
authors used me.thimazole to inhibit the mebabo lLsm of
polychlorinated ~':)henolzin PseuCiomonas oepaai:e , The inhibitor was
added at a concentration of O,5mM and inCUbated with the. cells
for 15 min at 28°C before the addition of the substrate.

In vi tro assays were carried out as before. with a 15 md.nut;e
preinoubation of o,SmM methimazole before the addition of
rifampicin. Various combinations of cofactors were al~o added
before. the :l nhibi tor: FAD, !<'AD+ NADIr and FAD -1' NADPH. Those
containing NADPH were inactivated and the rest were not. At this
concentration methimazole had no sffeCl on inactivation.
Concentrations were incrt:lIasedas high as 10mM w:l.thoutany effect.
':rhetime of adding the c(,)l;actol:.'S,before or after preincubatiofl,
had no effect. Decreasing the amount of enzyme present while
increasing the amount of methimazole did not prevent inactivation
and neither did pcaincubating for up to an hour. The Pseudomonas
work had been done on whole cells rather than extracts, whole
cells could not be inhibited either. The buffers that had beon
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due to a oontaminant the cultures were checked for contamination.
There was only E.coli growin ~he cultures. Thus there may
have been no contaminant or an E.coli contaminant of differing
phenotype to CSR603.

Cofactors required by Iri for funotion

Preliminary DNA sequence data had indicated the presence of an
FAD binding region wi thin the protein. The sequence also
confirmed the presence of an aspartate within the binding motif
at position 278. This has been conserved in FAD binding proteins
and is responsible for forming hydrogen bonds with the o-~ of the
ribityl moiety of the bound FAD cofactor (Egg-ink G at al, 1990).

To confirm this data in vitro rifampioin inaotivation assays \Olere
done on E. col 1. extracts of ir.i containing strains in the pzeaence
of various cofactors. 1'hey were assayed using 'the plate method.

Table 3.33 Cofactor r~quirements of !ri

Pl :nid Cofactors Inactivation

pDA71,;!::
eois-cua
Bol.7. -al aI
BcJI ...alaI
BelI-alaI

O,OSmMFAD
O,05mMFAD'" O,5mM NADH
O,05mMFAD + O,5mM NADPH YES

These results were reproducible with up to 20M9/ml rifampicin.

IntraceUular location of enzyme

The sonicated cO.l1 extract was separated into soluble and
insoluble phases by centrifugation. Each phase was QXamined fo~
its ability to inactivate the drug. The soluble phase carried the
enzyme. Enzyme prapared from R}JodoCloccus carrying Url il~.iplasmid
was also saparated into Boluble and insoluble phases. Assaying
both fl'actions it wa1'-\shown t.hat the sol.ublc phase totally



autoradiographs showed that all the cellular proteins had been
labelled. Energy l.....vaLs were increased to 80 and 120J/m? and
~ti1l all the proteins were labelled. It seemed possible since
the irradiative burst was happening OVer just a few seconds that
some of the cells were being protected in the aqueous film by
thosB overlying them. Cells were then exposed to 5 successive
bursts (Jf 20J/m2 with agitation of the cells .inbetween. All the
proteins Were still labelled. As the chromosome was clearly not
being damaged sufficiently another look at the serlSitivity of the
strain to UV damage was required.

Cells were grown for 3 hours befora bein(j exposed to successive
bursts of 50J/m2 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 1m2

----_._---------
Number of bursts

o
10
15
20

7 I 6 X 107

± 2400
± 672
± 29-----------_ .._,-. ----_._----

This revealed a 0,00038% survival after 20 bUrsts of 50J/m2• As
this seemed to be knocking out mo., ~ of the cells it would
thertafo1:'eprevent mo~~t bacltgrol.md r" sin expression off the
ohromcsome from occurring. Since there we~e still viable. co11s
present even after 20 bursts tho next experiment exposed cells
to eithel~ 20 or 40 bursts. Tho autorndiograph showed that a stl.'lte
had been reached when there. wasn't any protein expression at all.
1t was nO~1 possible to f ina the place in between !tIhero the
plasmj.d was exproased and the ohroncaome not. b.<posurc to 7
bUrsts showed t.ha.tall proteins were boing labellerl. subsequerrt l.y
exposure to 14 bursts produced all l.abelled proteins ,in the
control and no protein in the experiment. AD thit-;could havn br'''q
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interest can be v~sualised ~fter bai~q separated on a gel and
autoradiographed.

Bol.T-C.laI in pDA71 and pDA71 containing at tiny insert, to
pl.~vent production of a functional endonuclease, were transformed
into CSR603. The transformants wore patched onto selective pJ.ates
to check for phenotypic eXpression of the 1r1 gene. once this had
l:.\::~nconf irmed these transformants were used in order to optimise
UV conditions.

The transformants were gr.own in 1< medium fat' :3 hours before being
serially diluted onto LA plates and exposed to different energies
of UV light. These were inCUbated overnight to determine
survival. A range of energies from 0-703/m2 in increments of 10
were used to narrow down the range. At dilutions of 10~, 104 and
10-6' there was growth only on the I) plates. This was repeated at
0, 10 and '2. OJ1m2 at dilutions of 10 I, 10·}., 10.3 and 10-4. There was
evi.dence of Slight growth on the :1.0·tplate of 103/m2 and none on
the others. Thus 1OJ 1m2 was selectod as the first energy level to
irradiate the cells with for the maxicell experiment.

The maxicell experiment was conducted according to the protocol
of San car et ~l, (1979). More bands than could account for just
plasmid encoded pl'oteins W6l'e present. '1'hi6indicated that a
higher level of irradiation should be used. The protocol also
called for all Lncubat.Lcns to occur at 37°C while expz-essLcn of
the 1r1 gene has peen optimised at lower temperatures. So this
procedure was r£lpeated with exncaure to 20J 1m2 and the Lncubati ion
of cells after axpo~ure at room temperature. Autoradiographs
still showed too many proteinsl. Freshly labelle.d methionine
arrived (that used previously WnS quite old). I tried doing all
procedures at 28°0 in stead of 37°C with and without low levels
of rifampicin present - l~g/ml (in case the protein needed to be
uprsgulatad). However the growth was extremely slow. Next the
cells were grown at 37°C until the cyoloserine was added one hour
after irradiation this time with 40 or 60J/m2• After 30 minutes
o,2~g/ml rifampicin was addod Ear the overnight inCUbation. The



Table 3.31 Expression of 1.1:'1 genes in E.oo11

Plasmid LA+Amp LA+Amp+2oMg/ml Rif

pDA71
sci i-cuu
ClaI-ClaI
#16
#39

+++
+++
+++
+++
+++

+++

where +++ indicates growth

This indicated tha't neLbhar the .R. equ1 clone nor the
R.erythropo.1is clone was being expressed off its own promoter in
£.e011. However the plasmid with the smallest insert which was
inserted in the correct orientation for gene expression was being
expressed off the lambda promoter. Later expression was shown to
be temperature sensitive rather than IPTG inducibl.e. sLnce it had
now been shown that the 1.1:'1 gene was now expressed in E.e011 and
previous experiments had shown that this constr\lct did not show
an overexpressed protein on a gel a maxicell system was employed.

3.9.6 Protein expression using maxicells

The maxicell system ut.ilises a DNA repair deficient host strain,
CSR603. The strain is transformed with the appropriate plasmids
and the subjeoted to DNA damage with ultra viQlet irradiation.
The ohromosome is unable to repair itself. However as the
plasmids are so muoh smaller and numerous per oell these are not
as easily damaged. Sinoe the protein maohinery of the cell is
still funotional, plasmid replication oan continue. By adding a
radio labelled amino acid after starving the ce l.Ls , the only
proteins transcribed will be plasmid encoded. Thus by performing
this on a transformant that contain the vector alone and another
that oontains the same vector that now contalns the gen~ of
interest that is expressed in the host, the polypeptide of
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For the purposes of checking all the reading frames this plasmid
was digested with XmaI to linearise i~. Portions of ttis
digestion were either subjected to treatment with Klenow enzyme
which would fill in the overhang and thus sh~ft the reading frame
or treated with Mung bean nuc Laase wh Lc, would cut off the
overhang thus shifting the reading frame in the opposite
direction. These were i in ligated and transformed into E. col.i .
Plasmids were extracteQ from the transformants and screened for
loss of the xmaI site by digestion with isoschisomer SmaI. only
the Klenow treatment had succeeded in introducing a frame shift.
These constructs were analyzed by PAGE as described previcusly.
No overexpression of the fusion protein was seen. optimisatio~
of mung bean nuclease function was required. This was carried out
in various restriction enzyme buffers as well as ligation buffet'.
Fresh enzyme waS obtained as the other aliquot had expired. The
buffer suggested by the manufacturers was made up and tried,
efforts were also made to use short treatments of Ba131. None of
these were suoceas ru.l. Some of these were screened by pat.ching
onto LA plates containing 100}.Lg/mlampicillin and 10}.Lg/mlB1 with
and without 20}.L/mlrifampicin. These w~re grown at 28°C as this
had been shown to enhance phenotypic expression of the Bclt-ClaI
fragment in pDA71 (Dabbs ER, personal communication). This had
been alluded to in a previous experiment t.hat showed a slight
increase in resistanc. with this plasmid. However none of t~ese
had increased resistance to rifampicin.

3.9.5 Enhanoed expression of iri in E.Doli

To check for expression leading to increased resistancp of ether
constructs in pDA71 the following plasmids were transformed into
rifampicill sensitive MM294-4 and grown at 28QC on pLatiaa
containing 81.
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of interest and lacZ did not prevent t~anscription of the gene
of interest after induction with IPTG.

The BclI-ClaI fragment was prepared from p~asmid c and inserted
into the BamHI an9 Acc1 sites of PGEM3(f)+. This would place it
under the control of the lac promoter. The map Of pGEM3 (f)-
indicated that insertion into the BamHI and AceI sites would
place the fragment into the orientation where it would not be
expressed for this reason it was i.nserted into pGEM3 (f) +.

E. coli was transformed with this construct and "the c011trol of
pGEM3 (f)+ alone. At an OD540 of 0,5 0 I 03mM IPTG was added and
induction continued for 2 hours. Cells were then harvested and
resuspended in loading bufrer and separated on a 10%

polyacrylamide gel. Pre-im1uction samples were also loaded on the
gel. The only extra bands that were seen were those indicating
host ,6-galactosidase. On checking the map for pGEM3(f)+ it became
evident that the differences bett-leenthe two vectors was nO'1:the
orientation of the multiple cloning site (as in the case of the
pUC vectors) I but, the phage origin which affected wh i.ch strand
would be sequenced if these vectors were used for that purpose.

Or analysis of the multiple cloning sites of the pUc vectors the
fragment needed to be cloned into pUC118. A construct already
existed of the claI fragment inserted into this vector. If it was
correctly orientated deletion of the XmaI fragment would produce
the requi:!:'Eldconstruct. However XmaI and EcoRI digestions
revealed that it was inserted in the other direction. Although
the direction was incorrect the plasmid could still be used to
extract the XmaI fragment. This was purified on low melting
agarose. Insertion of this fragment into the XlIIaIsite of the
multiple 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 cloning
site on the XmaI fragment. The fragmerlt was verified by the
presence of the Asp718 fragment.
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was no phenotypic difference between these. Mung bean nuclease
was used to shift the reading frame in the other direction with
a paralled lack of success.!t 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 pl~pared from
E.coli carrying 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. Cells
were lysed with SDS and t.he contentc· separated on a 10%
polyacrylamide gel. No distinctive band was present in either of
the iri+ containing cells.

3.9.3 Checking for overexpression in Rbodococcus

As the gene is definitely expressed in Rhodococcus this was used
as the next host for these plasmids. The plasmids were introduced
into these rifampicin resistant cells by ele~troporation~ The
transfor.mants were tested for their ability to inactivate
rifampicin. The iri+ plasmid containing cells decolorised 30/.Lg/ml
of rifampicin while the pDA71 containing cells were unable to
decolorise any of it. These bacteria were then grown in TYG with
rifampicin. The stationary phase cultures were harvested. One
millilitre of culture W3S pelleted and resuspended in 0,5ml Tris-
sucrose with 5mg/ml lysozyme. These were incubated at 37°C for
30 minutes. The cells were harvested again and resuspended in
10mM Tris, pH 8,0 I that also contained 1% SDS and traces of RNAse
and DNAse I. This was also incubated for 30 minutes at 37°C.
Sample loading dye was added and they were boiled for 5 minutes
before being loaded on the polyacrylamide gel. No distinct band
was seen indicating the presence of the Iri polypeptide.

construotit)n of further plasmids for overelcpression

By this time the orientation of the gene on the BclI-ClaI
fragment had been determined and the start codon seemed to be
Lnber ne l, to the XmaI site. It seemed to be the experience of
others in our laboratol:y that upstream sequence between the gene
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transpose.

Insertion elementa are more well described in the mycobacteria.
One of these, 186110 which is specific to the M.tuberculosis
complex is used in DNA fingerprinting for epidemiological studioD
(Cave at al, 1991). Analysis of isolates from some patients have
shown the acquisition of more IS elements through the course of
an infection (Warr~n at al, 1995). Insertion sequences have been
associated with virulence in M.avium (Kunze at al, 1991). Martin
at al (1990) were the tirst to describe the transposition of an
antibiotic resistance element in mycobacteria. They cloned and
sequenced a fragment of DNA responsible for sulphonamide
resistance in M.iortuitum. This region also contained an open
reading frame homologou3 to a site specific integrBse of the Tn21
family. The mycobacterial resistance element was flanked by
repeated sequences of 880bp similar tw the insertion elements of
the rSG family. r~ was also shown to transpose to different sitco
in M. smegma tis . This data indicates that' tr~lnsposable elements
are present in this group of bacteria, that their ability to
transpose has bean proven and that they have been shown to
transpose genes that confer antibiotic resistance. Examination
of R.equi isolates from patients with rifampIcin resistance could
be. testod for transposition by Southern blotting with the iri
gene.

The evidence seems to suggoEt that low lavel antibiotic
resistanoe to rifampicin may be possible I'lnd significant in
nocardioform bacteria.

4.3 RIFA}1PICIN INACTIVA'rION

The search for the gene responsible for rifampicin inactivation
had been init.illtt,dafter. tho discovery that l:ifampicin was
inactivated. and decc.11orised.by Rhodoc,x:ctlS '.J:t:ytllrol'olilJ.rrhis led
to tho screening of all available strains for their ability to
Lnacc ivabe and d(H~olorisc tho ansnmycd ne , It. WCl:::; notod that



site of illfection in the body it is at low concentration.
Therefore any mechan ism that allows the bacteria to overcome
these low concent:r:ations of the drug is an antibiotic resistance.
These become more ::lignificantwith long term infections. Recently
a low level rifampicin-resistance gene was cloned from
M.smegmatis (Dab}:)!;and Quan, unpublished). This gene allows for
the inactivation (,f rifampicin by ADP-ribosylation of the drug.
other mechanismG of rifampicin inactlvation have been described
in Noca.'I:'dia: glucosylation (':lazawa et al, 1993) and
phosphorylation (':lazawaet al, 1994). Inactivation caused by
degradation of the drug was also found in Nocardia (':lazawaat al,
1993). 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 bacteria Ul1less it is a repressed
gene and a mutation occurs in the repressor. However, as it has
been shown in this work, the presence of multiple copies of the
g9ne (in this case, plasmid encoded) may give rise to increased
resistance. A resistance that is able to cope with the
concentrations of the drug received in vavo ,

A possible mechanism for this would be Lnc IusLon of one of these
genes into a transposon. The presence of antibiotic resistance
genes in transposons is well documented. Transposons that carry
genas encoding drug resistance range in size from 2,5 to 23kb.
Some transposons with termi"~l inverted repeat sequences are
capable of independent J .mont and are called insertion
sequences (Lupski, 1987). Insortion sequencas have been described
in most of the ;t0cardioforms. Demome and Young (1995) have
identif Led t.wo putati ve Lnaar-t Lon sequence (IS) elements in
Rhodoaocaus. In the strain studied 4 copies of the insertion
sequence were found. A mutant of the strain was found to have 5
copies which indicated an ability to transpose. Juger at- e:
(1995) isolated an element from R.tasaians as well as from
A1:throbf.wter I Breviba.cterium and Corynebacterium. ':laoet e:
(1994) describe an IS element in Nocardia asteroides in which 9
copies were found in the genome. They showed its ability to
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4.2 RIFAMPICIN RESISTANCE

Rifampioin resistance in most cases of baoterial resistance has
been associated with the mutatiotlal alteration of 'the{j-subunit
of RNA polymerase. The entire rpoB getlesof M.leprae (Honore et
al, 1993) and M. tuberculosis (Miller et al, 1994) have been
sequenced; and several mutations associated with rifampicin
resistance Ln both species have been idetltif~ed (Honore and cole,
1993; Telenti et al, 1993). In a reoent study, Williams et al
(1994)I aneLyzed a 305bp fragmetlt of the rpoB gEme from 110
rifampicin resistatlt and 10 rifampioin susceptible strains of
M.tuberoulosis frbm different parts of the world. In 102 of 110
resis1:ant strains 16 mutations effecting 13 amino acids were
observed. No mutations were observed in susr~ptib~e strains.
These authors observed that 8 of their resistant strains showed
no mutaticm in this area. Telcmti at al (1993) Showed that 2 of
66 resistant isolates alao lacked mutations Ln this region. 'Nlis
seemed to indicate that other mutatiotls outside of the 305bp
region may have been responsible. Two othor mutatirms to
resistance were known to occur outside this region in EJ. coli (Jin
and Gross, 1988). Sequencing of one of these regions in
M. tzubeiraul.oe i s showed no mutational alteration, the othe:r.region
had not been sequenced at the time of publication. This does hint
at another possible weGhanism of resistanoe to rifampicin. This
possibility has been postulated by Mizuguohi at al (1995), who
analyzed high level, intermediate level and low level resistance
to rifampicin in °M.tuberoulosis. In their analyses they found
that in more than 50% of the intermediata or low level l::asi.stant
strains there was no mutation in rpoB. Guerrero et a1 (1994)
report that the most frequent meohanism of resistance to
rifampicin among clinioal isolates of M.avlum and
M.intraoe1lulare does not involve alterations of the {j-subunit
of RNA polymerase. They propose that an (:,1terative mechanism must
be responsible. for resistance.

It would not be true to say that only high level resistance is
clinically significant. By the time the antibiotic reaches the
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.•e s t.hat the combination of erythromycin and rifampicin or
imlpenam and teicoplanin were the most e£fective treatments of
R.equi infections. Emergence of rifampicin resistance was noted
by Clave at a1 (1991). Reou:t'rentpneumonia due to a rifampicin-
resistant R.equi was identified in a patient infected with HIV
(Nordmann at al, 1992).

The apparent increase in the Lnc.Idenceof rhodococcal infections
that has developed over the past c'l.ecadecould be due 1:.0 several
factors. It is most likely the result of tht::H!.V epidemic but
could also 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 t.erms.It is interesting to see that aU
the statistics concezn inq R. equ.:L infection come from l~irst world
countries. It is prObable that the incidence is greatly increased
in third world communities, sInce th:lsorgan.tsm is found in the
soil or obtained from animals. The incidence of HIV infection is
also greater in thesa parts of the wot'ld.,It is also possible
that sinoe infection resembles tuberouloid dlsease it could make
up a peroentage of patients diagnosed with tuberCUlosis. This is
more likely in places where diagnosis is made on clinical
symptoms .ather' than by miorobic'logical investigation.
consultation with the tuberculosis diagnostic facility of the
South African Institute for Medical Research confirms that this
scenario is quite possible. As the drug regimens that are being
recommended for R.oqui include.onl.yone anti-myoobaoterial drug,
rif:alnpicin, it is possible l:hat treatment of R.equ.:L with
antituberouloid drugs would be equivalent to monotherapy with
rifampicin. In turn rifampicin monothorapy is a protocol .f:Ol~ the
development of:resistanoe to this antibiotic. Thus an accurate
determination of R.oqui especially in tho third world is
neoessary. Following on from this identification of rifampicin
resistanoe and the mutation involved will help in the effective
treatment of infected individ~alB.
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Of these patients 6 also had bacteraemia and 3 had died of
disseminated R.equi infection. Less than 5%of the isolates were
resistant to erythromycin, rifa.mpicin,' tetracycline and
trimethoprim-sulfamethoxazole.

FUrther analysis. of 15 isolates confirmed as R. eqiii: from 13
patients showed 11 different rRNAgene patterns on ribotyping.
There was no discernable difference observed in isolates from lilV
and non-HIV patients (Lasker at al, 1992). There was al~o no
geographical clustering of the ribotype patterns.

Baoauae of the low number of patients d.iagnosled with R.equi,
there had not been much opportunity to develop effective
treatment regimens. rn vitro stucU,es were done with seVeral
strains of R.equi on numerous antibiotics. Two of these studies
came to the following conclusions: crave at ul: (1991) found
imipenem and caftriaxone to be the most effective beta-lactams
studied. The lOWest MICsWere noted with vancomycf.n, teicoplanin,
erythromycin, cJ.arithromycin, rifampicin, gentamycin and
doxycycline. A J.ongitudinal survey, including three strains
isolated from the same patient, showed the emergence of
rifampicin resistance and a marked increase an the MIC of
imipenE'lm. Nordmann and Ronco (1992) showed the most active
antibiotics in vi tl,"O were amiKacin, gentamycil1, netilmicin,
erythromycin, clarithromycin, roxithromycin, ciprofloKBcin,
sparfloxacin, rifampicin, vancomycin, teicoplanin, doxycycline,
minocyclina, imipenem, meropenem and trimethopriml
su Iphemebhcxaac Le , Four comf>inaticms were sYl.ergistic:
rifampicin-erythromY(jin, rifampicin-minocycline, Q,rythromycin-
minocycline and imipensmwamikacin.

.,

l'n vivo stucUoa using a nude mouse model found vancomycin,
imipensm Bnd rifampicin to be most effective in monotherapy and
su(~gested that the most usoful combinations would be those
in1::luding vancomycin (Nol:'clmanncit: ei , 1992). They also showed
that tho presence of functional T-cells was necessary for
clearing the info(:'l:.ion. 't'he experience of MaocelJ..1.noat a1 (1994)
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4 • 1 RllOdoaoccus equi

The focus of this work was Rhodococcus equ i , As this is primar ily
an animal pathogen it has been an object of investigation for
veterinary medicine. Because of the relatively high mortality
rates in foals from chronic bronchitis attempts have been made
to develop vaccines. Crude whole cell extracts have been used
which have had limited success. The efficacy of such vaccines has
been uncertain. Several possible virulence factors have been
investigated. Mycolic-containing glycolipide of R.equi have been
introduced into mice resulting in granuloma formation and liver
damage (Gotah et aI, 1991). studies of virulent and avirulent
strains suggested a role for 15- and 17-kilodalton antigens
(Takai et aI, 1991). ~hese authors subsequently went on to show
that these antigens were plasmid encoded and preliminarily mapped
onto the S5kb plasmid (Kanno at aI, 1993).

R.equi was first descdbed as a respiratory pathogen in live
stock in 1923. Sfnce then there have been reports of clinical
illness in humans. Most report cavitatint..pulmonary invasion
resulting in pneumonia and lung abs~esses (Emmons et all 1991).
Non-pulmonary inf€ctions such as endophthalmitis, osteomyelitis,
and brain, kidney and pelvic abscesses have been reported (van
F'~ta ei: aI, 1983). R.er;tui, like the myoobacuer ia , is a
facultative intracellular organism that has been isolated from
alve~lar macrophages (Mascellino at al, 1994). Recently it has
been implicatec:l as a cause of prreumoni.a, bacteraemia and
disseminated infection in HIV patients (Emmons et: al, 1991).
Analysis of isolates received by the CDC, Atlanta, over the
perioj of January 1973 through to December 1990 was carried out
by Me,Neil ana Brown (1992). Evaluation was of 107 iSOlates (101
patient and 7 animal) from blood (32 isolates), sputium (30
isolates), lung tissue (13 isolates) and 32 from other sites.
Before 1983, when'the first R.equi isolate from an HIV infected
patient was received, CDC received a total of 52 patient
isolates. In the final two years of the study 29 out of 35
idolatea were from HIV infected patients with R.equi pneumonia.
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4.0 DISCUSSION
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Figure 3.36 Southern blot analysis for homology with iri and
the rifemycin producer organism.
(a) A.mediterranei ONA
(b) R. erythl"Opolis DNA
(c) M.smegmetis DNA
Rhodococcal probe: iri from R.equi
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 rhodoooccal probe did bind
to the R. erythropolis DNA. If the gene responsible for rifampioin
inaotivation had arisen from the producer organism a relatively
high level of h.:>mologywould be expected, however this is not
seen. This suggests another origin for a rifampicin ina~tivating
gene or that rifampicin is an alternative substrate for n
Rhodoaoacus enzyme that usually has a different function within
the cell.
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Subsequent 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 liquid minimal medium.

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

3.9.12 A.mediterranei and iri+ DNA

The final BLAST searches have revealed another set of enzymes
that iri has greater homology to than the phenol hydroxylaseS.
These are hydroxy lases involved in antibiotic biosynthetic
pathways. Although it had ulready 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 iri gene was a
functional homologue of an A.mediterx'anei gene or whether that
organism was not responsible for an evolutionary ancestor
homology was tested by South~rn blotting.

Chromosomal DNA was extracted from A.mediterranei and
R.e,:t;'ythropolis and digested with BgIII. R.erythropolis had been
shown to be in a similar genomic context which suggested a common
ancestor. Therefore it would make a good control. After the DNA
ha~ been separated by electrophoresis it was Southern blotted
onto a nitrocellulose membrane. The blot was probed with the 5kb
BamHI-BgIII fragment of R.equi that had been cold labelled dith
DIG.
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3.9.11 Effedt of Iri on various aromatic compounds

At the time these e:xperiments were undertaken homology searches
indicated the highest hits with phenol hydro:xylases. It seemed
probable that rifampicin was just an alternative substrate for
an enzyme that had another function within the cell. This
function could have been the degradation of some phenolic or
other aromatic compound.

Ri8 ahouLd be defective in this degrc.dative fUnction. Thus Ris
containing pDA71 should show less or no growth than Ris
containing BclI-ClaI when these compounds were the sole carbon
source.

ATCC12674 f from which Ria was derived, was not enti1:ely
prototrophic. It had minimal requirements for glutamate and
vitamin Bl. Thus Ri8 and the strain from which it was deriv~d
were replica plated onto the following minimal media plates:
1Mg/ml glutamate and 1Mg/ml B1
O,lMg/ml glutamate and O,lMg/ml B1
O,olMg/ml glutamate and O,olMg/ml Bl
0,05% p-hydroxybe~zoate
0,05% p-hydro:xybenzoate 1Mg/ml glutamate and 1Mg/ml B1
0,05% p-hydro:xybenzoate, O,lMg/ml glutamate and O,lMg/ml B1
0,05% p-hydro:xybenzoate, O,OlMg/ml glutan,ate and O,olMg/ml B1
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 citrate that
acted as a carbon source. This did imply that B1 and glutamate
were not essential for growth.

Replica plating wa~ repeated using plasmid ~~rrying strains of
Ria. There was no scdium ~itrate present and the carbon sources
used included phenol and p-hydro:xybenzoate: Growth occurred on
the control lacking a carbon souroe. The selective pressure for
maintaining the plasmids was chloramphenicol and this had been
dissolVed in ethdnol. Ethanol was a good carbon source.
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Figure 3,35
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3 4
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TLC analysis of rifamycin compounds. 1. Rifamycin
SV, 2. Rifampicin, 3. Phosphorylated rifampicin,
4. ADP-r4~?sylated rifampicin. Extracted from a)
medium, •\ irio strain, c) iri + strai.n.
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Many of the dioxygenases, which catalyse the incorporation of 2
atoms of oxygen into substrates, are multicomponent enzymes that
also require cofactors. These cofactors are capable of reacting
with dioxygen. Concerted reactions are spin forbidden between
paramagnetic dioxygen with 2 unpaired electron spins, and ~arbon
in organic compounds existing in a s~nglet state.

In thf; aerobic
are degraded
dioxygenases.

degradation of aromatic
via the cleavage of
Substrates of the

hydrocarbons, substrates
the aromatic ring by
aromatic-ring-cleavage

dioxygenases possess two hydroxyl groups on the aromatic ring,
either artzbo or par« tel each other. One of the first steps in the
degradation of the aromatic compound involves the introduction
of one or two hydroxyl groups on the aromatic ring. The
introduction of the single hydroxyl groups on the aromatic ring
is carried out by monooxygenaSes. Most hydrox.ylases fall into a
45-8GkDa range. Some monooxygenases incorporate a new hydroxyl
grouj;. para to an existing OH but most catalyse ortho
hydroxylation.

The strongest sequence oonservation is observed in and adjacent
to the FAD-binding regiol1S. The local sequence si.mi1arities
between the hydroxylases are observed in two regions. In the
first of these, at the amino-terminal region, a conserved amino
acid sequence pattern forms an ADP-binding fingerprint associated
with a {3a{3 fold (Wierenga et al, 1986). In p-hydroxybenzoate
hydroxyl.ase the conserved amino-terminal binds the ADP portion
of FAD (Sohreuder et al, 1988). The seoond region of homology
among the hydroxylases may be involved in the binding of the
flavin moiety of FAD. The 3 dimensional structures of p-
hydroxybenzoate hydroxylase show an FAD-b;i.nding{3-strand (Eggink.et al, 1990). The sequenoe homology among the flavoprotein
monooxygenases ex.tends beyond this {3-strand.

Homology searohes of databases oonstantly produoect hits in two
regions of the iri translated protein. These were in the amino-
terminal and in the region that shows homology to flavin binding.
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The homology searches were performed using several of the
facilities available on the World Wide Web, including BLAST I

FAS'rA and the BCM Search Launcher I all produced matches with
hydroxylases that contained conserved FAD binding regions.

4.7 MONOOXYGENASES

The flavoprotein hydroxylasaG are all monooxygenases; one atom
of 02 is introduced into the substrate as an hydroxyl moiety, tho
other ends up as water. Many of the enzymes are bacterial in
origin and are often induced to high levels by growth of the
organism on aromatic substrateo as major or sole carbon source.
These enzymes are ,Simpleflavoproteim::in the sense that no other
detectible organic coenzymes of transition metal elements are
required for catalysis. They do require an NAD(P)H oofactor as
a reducing agent. lJ'hesubstrates are aromatic or heteroaromatic
and are usually act!vated by some function such as a pre-edstintj
hydroxyl group. The role of the reduced nicotinamide cofactor is
to gel'leratethe enzyme"'FADH21 which is the reactive species
combining \'/ith 02 to form the act!va hyciroxylating agent. The
generalised stoichiometry is:

E-FAD
S..H + 02 + XH2 --------- ... -> S-OH + H20 + X

where S is the substrate and XH2 the reducing agent.
The enzyme reaction is separated into 2 steps the oxidation of
NAD(P)H to generate 2 reducing equivalents and the hydroxylation
of the aubstrate~ ~lavoprotein hydroxylases that catalyse the
monohydroxylation of the aromatic ring carry out these reaotions
on a single polypeptide cha In , Although most of the
monooxygenases are single oomp4n~nt enzymeo, some mUltioomponent
monooxygenases su~h as toluene-4-monooxygenase have also bean
found (Bryne at al, 1995). Other monooxygenases are the mixed
function oxidases that includo the P-450 cytochromes. Theso a11
have a broad substre.'cespeoific,i.tyand are involved in )-
metabolism.
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subclone junctions using overlapping fragments. It would allow
fur easy sequencing of the iri gene frrm RiB to determine its
exact mutation. It would also allow for sequencing mutants of iri
that show increased resistance to rifampicin, if such mutants
were made.

The approach that was used is the type that has now been used for
sequencing the entire genomes of H•influenza and M.genitalium by
The Institute for Genome Research (Fraser et al, 1995 and
Fleischmann et al, 1995). Softw~re capable of aligning shot-gun
sequences was developed to cope with constructing the contigs
needed. Although the extent of this sequencing was not nearly as
great, there was no access to software that was able to align
sequences. Alignment was all done by eye which is very time
consuming. This approach rather than primer exteneion sequencing
would have been the one to adopt if an automated sequencer was
being used. In automated sequencing the cost of the fluorochrome
attached to the primer is considerable. However better quality
sequence is obtained using labelled primers rather than
incorporating label into the extension reactions. Thus using the
same unive:t:salprimer for all sequencing is recommended as long
there is softWare to align fragments.

The change to sequencing single stranded' templates was the
turning point. Double stranded sequencing of GC rich DNA could
be enhanced if a thermostable polymerase waS used or 5ing1e-
stranded"'binding protdn was introduced into the reactions or if
glycerol tolerant gels were run. These may have aided in the
elimination of se~ondary structures that seem to be harder to
sequence through on a double stranded template than a single
stranded template. The use of dITP reaction mixes provided in the
Sequenase kit was 'lseful for eliminating compressions. However
secondary st~ucturea that produced stops across all four lanes
were aocentuated in dITP reactions. DMSO was found to be the
answer to these problems as it seemed to make secondary
structures available for sequencing.
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subcloning of the R.equi gene that the decolorising and
inactivation functions were complemented by the same fragment of
DNA. It 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 ~ould 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 rifampi'cin resistance increased above the control
indicatin£ that another gene lower down in a cascade could not
have been knocked out as the organisms were still protected. It
is most likely that 'thehydroxylated rifampicin is an alternative
substrate for a dioxygenase present in the Rhodococci. It is also
most probable that iri and the dioxygenase gene are not found in
the same chromosomal context i.e. immediately adjacent to each
other on the 5kb fragment.

In addition to increasing the level of rifampicin resistance, the
presence of the iri gene increases resistance ,to the other
ansamycdns but not to representatives of some of the major groups
of other antibiotics. A m~chanism of resistance, like those found
to aminoglycosides, where the drugs have another chemical group
attached to them ~ay have had an affect on other antibiotics.
Since this mechanism seems to be the :t'esult of degradation of the
antibiotic due to its aromatic nature this result is not
surprising.

4.6 SEQUENCING

The lack of sequencing experience in our laboratory and financial
limitations 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 retrospect, it may have be~n
better to sequenoe by synthesi~ing primers 'along the length of
the sequence , This would have obviated the need to verify
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were hypersensitive but inactivated the drug at the same rate as
the parental strain, Ri2, Ri3, Ri4, RilO, Rill, Ri12 and Ri13.
In spite of the difference in inactivation ability the
transformation nf these strains with Lri:" pl.asmide (from both
R. erythrolm Lin and R. equ.:i.) led to restoration of the sensi ti ve
r"'lenotype. This may have been due to a gene dosage effect because
the gene Wf;lS encoded on a multicopy plasmid and may not have been
because the or ig inal lUutatiwn had actually been complemented.
Hypersensitivity may h.rve oc'curred at the rpo13 level but the
presence of an inactivatillg enzymema~'have been able to overcome
the effect of 'the low doses of rifampicin. As this restoration
of sensitivity 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 R:I.8was selected as the host for complementation. As
was demonstrated later, Ri14 proved to be an equally good host
as the same is: if gene fragmelit (from R. eryt~lropol is) was pulled
out using both host systiems, The sUght difference between
hypersellsitivity and sensitivity Of O,2,ug/ml of rifampioin did
not hinder the seleotion of complemented olones. All the
transformants that were screened contained the same DNAfragment
exoept for one whioh was shown later to oontain a deletion. 'rhis
oould have been the result of spontaneous mutation to resistance.
The deleted plasmid did not oode for any inaotivating enzyme. The
inactivating a:~;.ility was oonfirr,\ed to be plasmid borne by the
ouring of the plasmids and the SUbsequent loss of act~vity. By
transforming this plasmid into a rifampioin resistant mutant of
niB a higher dosage of the drug could be administered without
endal'lger.i.ngthe viability of the oell. After ohallenging oultures
of these organisms with doses of 50Jjg/ml of the drug inactivation
was seen to be simultaneous with the daoolorisation of the
antibiotio. This indioated that the fragment. of DNAthat had been
cloned elcoded both these functions.

Subsequent sUbo10ning confirmed that these two functions were due.
to the aotion of a single gene. It was also confirmed by the
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Rhodol.]oac:us chloramphenicol resistance gene out it down to half
its original size. The process of cutting down increased the
number of uniq\le sites that were available for cloning from one
to four, J3g11I, HindII!, Pst! and stur. This vector, still a
positive-selection shuttle v€ctor, had an increased copy number
and was named pDA71. This was useful for the subcloning and
expression of the R.equi gene.

4.5 CLoNING iri GENES

As the possibility exis'tedthat a l.i.brarybuilt from one strain
and transformed back into a mutant of the same strain may result
in homologous recombination between plasm~~ and chromosome, DNA
was cloned from one R.erytll1:opolis ATCC42. "JutWas transformed
j,ntomutants that were dar!vatives of R. e:r:ythropol.is ATCC12 674.

The library of n.erythropolis ATCC4277 that was built was
oomprehensive. It was calculated that there was a 97,5%
probability that any gene was present in it. This faoilitated the
relatively easy selection of mutants that had had their
disfunotion reotified.

Cloning by complementation of a mutation of known phenotype
seemed to be the most appropriate method to fOllow. Cloning using
an expression system \,/asfaulted as the protein was unknown.
Cloning using degenerate PCR primers was faulted because the gene
was unknown. Thus taking the availability of several mutants
unable to inaotivate rifampioin that were hypersensitivG to the
antibiotic, complementation seemed the best route.

The Ri (rifampioin hypersensitive) mutants had been made in
earlier work, Ril-8 had been made by E.Dabbs and Ri9-14 by myself
(Andersen SJ, 1989) and briefly characterised for my M,Sc •• These
mutants fell into three categories: those that did not inaotivate
the antibiotic, Ri7, Ria and Ri14; those that inactivated at a
rate slower than wild type, Ril, Ri5, RiG and Rig; the rest that
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thiostrepton resistant transformants in s.lividans.

Although positive selection vectors are us ,ful for the
construction of genomic libraries I saving time ai.d expense, they
do have several draw backs. The number of unique cloning sites
are usually limitGd. The plasmids often lack other desirable
features lil<.eM13 origins of replication. They also require
specialised host cells for maintenance of the plasmids. However
once a recombinant plasmid containing the desired insert has been
selectad this can be cloned into another vector ·t.hatis user
friendly for additional manipulations.

pDA37 was the seoond Rhodococcus-E. coli s11utt.levector to be
deve Lcped , The first was made by singer and Fin11erty (1988). This
was lnade Up of a 3,skb HindIX! fragment taken from a crypt Lc
Rhodococcus plasmid oontaining an origin of replication. It was
cloned into pIJ30; a 6,3kb pBR322 derivative that also contained
a streptomyces gene for thiostrepton resistanoe. There were two
potential unique sites for oloning I Egl:tI and sphl. similar
transformation efficiencies Were reported for R.erythropolis to
those that we have reported (Dabbs at al, 1990). The disadvantage
of the first shuttle vector is the absence of any funotion that
allows f01:' selection of recombinant plasmids.

pDA37 proved to be Vel.AYuseful in selecting for recombinant
plasmids with >79% having an insert of over 200bp. The size of
the vector - 14,6kb, seems large yet it did not prevent insertion
of relatively large fragments of over 20kb being inserted. It
proved to be mos c effective fo)."our purposes (Andersen and Dabbs,
1991). It has been used by several others to successfully clone
Rhodococcus genes, (BroWn, 1990 i Goldman I 1991.; Heiss at al, 1993 i
Gordhan, 1994). The draw backs of this vector include the use of
toxic SUbstance like arsenate and arsenite for selection in
Rhodococaus and the: presence of 'Only one site, Eg.lII, in the
suicide gene for cloning.

Quan and Dabbs l;eplaced the heavy metal resj.stances with a
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The mUltipurpose plasmid, pBR322 (Bolivar et 13.1, 1977b), has
formed the starting material for the construction of several
positive selection vectors. :i,<;;: of the original plasmids was
pTR262 (Roberts et ~l, 1980). It encoded the tetracycline
resistance gene under the control of a lambda promoter. Also
present in 'this vector was the or gene which encodes the lambda
repressor. The repressor bOU,ld 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 if DNA was inserted into the or gene at the unique
HindI!I or BclI sites the repressor would nOt be tranf:'...:ribedand
thus the resistance phenotype would be expressed. in this way
selection on tetracycline plates favoured recombinant clones.

Another vector, pVT25 (Vernet et al, 1985) used inactivation of
the lethal colioin E3 by the insertion af foreign DNA into the
aolE3 gene to exert positive selection. This plasmid was
maintained in host cells in the presence ~f another plasmid,
pVT26, which carried gene, imm, which expresses colicin E3
immunity. cloning could be done into unique ClaI Or BglI sites.

other workers used genes that encoded for methylases and
restriction endonucleases for positive selection. As previously
mentioned it was one of these plasmids, pEcoR251, containing the
EdoRI endonuclease gene that was used in this work for the
oonstruction of pDA37.

A different approach to positive selection veotors Was adopted
by Elhai and Walk' (19B8). This was based on ths prinoiple that
plasmids containing long palindromic sequences we;e not viable
in most strains of E.aoli. They transform at very loW frequenoy.
If DNA was inseJ:ted into the centre of tile palindrome they were
transformed at a much higher frequency. To maintain these
pl<lsmids palindrome tolerant strains were developed. This concept
of palindrome based vectors was used by Kieser and Melton (1988).
They used a streptomyces broad-hast-range plasmid pIJ101 to
construct their veotor. The vector, pIJ699, gave rise to
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4 • 4 CI.ONING VECTORS

AS the muthod chosen for cloning was by complementation t.heneed
arose for a cloning vector that could be maintained in
RhoaococdUS. At t.his ti'me only one cloning vector had been
proposed, this was the lysogenic actinophage ¢EC. Brownell et al
(1982) suggested that it could be used to transfect
R.erythropolis protoplasts. They had previously shown that it
could exist either as a plasm~.d or as an integrated element
(Adams and Brownell, 1976). Very few nocardioform plasmids had
been reported. Kaswesk at a1 (1982) screened plasm ids from
N.asteroides and could not ascribe phenotypes to them. This
hampered their USe in the development as vectors. Sensfuss et al
(1986) identit'ied two large plasmids in a Rhodococcus sp .

(N.opaca) of 110kb and 140kb. Of the 26 antibiotics and 18 heavy
metals they s::lreenedonly one heavy metal resistance was fOl.lnd
to be plasmid ~orne. 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 constru~tion of pDA37.

To facilitate DNA manipulations an E.co1i origin of replication
and a selective resistance gene 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 not give an accurate determination
of insertion either arising from frameshift mutations or small
deletions. To overcome this problem researchers :i.:westigatedways
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 termed positive selection or
suicide vectors.
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literature searching it appeared that this was a commcn problem.
This parallel project was thus shelved for a while.

However 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 aI, 1995b).

only two strains were found to inactivate the other ansamycin,
streptovaricin, under these conditions. other students in our
laboratory have been able to refine the oonditions 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 organisms. Rifampicin was not inactivated by
A.mediterranei. This is consistent with the findings of Blanco
et al (1984) who studied the resistance to inhibitors of RNA
poLymrai !:lein the strains that produce them. The inconsistency
lies in the fact that I was able to show that S.spectabilis was
c~pable of inactivating streptovaricin. These workers had been
unable to demonstrate the presence of any inactivating enzymes
in any of the producer strains. They were able to isolate a
mutant of S .spectabilis which was sensitive to streptovaricin
having a sensitive RNA polymerase. 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' media (YEME) and grew the cultures at iOC where as
mine were grown in LB at 2BOC. Thus there may have been enzyme
induction at lower temperatures or inhibition at higher
temperatures that may have been more optimal for antibiotic
production.

with the understanding that ansamycin inactivation was more wide
spread than had been previously known the focus shifted from the
general to the specific - the cloning of one of the genes
responsible for inactivation.
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several of the strains inactivated but did not decolorise the.
drug. Subsequent work done by Mikami et al at the University of
Chtba, Japan shows that several mechanisms of inactivation are
operating in the nocardioform bacteria. These include
phosphorylation (¥azawa et all 1994) , glucooylation (Yazawa et
aI, 1993) I ribosylation (Dabbs et all 1995) and a decomposition
mechanism (Yazawa et al, 1993). The addition of various chemical
groups have been shown to be attached to the ansamycin bridge at
C21 and C23 in place Of an hydroxyl. The additions of these
groups does not lead to decolorisation. similar systems are
probably operativ8 in the strains tested here that did not
de.colorise the antibiotic, R.australis, S.lividans and non-
nocardioforml B.subtilis. It was subsequently demonstrated that
the mechanism of inactivation in B.subtilis was phosphorylation
(Dabbs et all 1995b). R.rubrapertinctus showed no abi.lity to
inactivate any of the ansamyci.ns\ This WaS confirmed by the
sabbatical work of E.Dabbs and Y Mikami (unpubl~~hed). Recently
this strain has been rec,' ...ied as ~oeinq a member of Gardana
(quoted in Finnerty, 1992). None of the other strains in this
group have been, tested for their ability to inactivate
rifampicin.

The analysis of t.he inactivation of the naturally occurring
rifamycin SV revealed that in almost every case where rifampicin
had been inactivated So was this antibiotic. This indicates that
it is 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 tc inactivate rifampicin and streptovuricin but not
rifamycin sv.
I began a similar project in parallel with the current work,
producing two rifampicin hypersensitive mutants of B.subtilis
1A3. I also procluced a shuttle vector from pEcoR251 and pC194
that was maintained in both E.coli and B.subtilis hosts. However
a genomic library of an inactivating B.subtilis strain showed
extensive spontaneous deletions ot the insert~d DNA. On further
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the incJ:"Nlscd intracellular concentration of KRM 1648. These
autihor s p lan to :1f>quence the rpoB gene from this ol'ganism ('!irata
et al, l~)!)'J).

4.10 CONCLUC!ON

This work hn s r esti l ted in the cloning, aequenc i.nq and expt'ession
of an hyd r o..;ylaf'." rjorie from Rllodococcus. This gene is t'esponsible
fot' the hydr-oxy 1 " ion of :t'ifampicin which in turn inacti vanes the
antibioth~. Thir1 m'IY play an important role in rifampicin
resistance in AIDS patients infected with R.equi, especiallY if
they have b(.~enmisdiagnosed with tUberculosis.

The next stups in this project would be to sequence the rest of
the oLcned DNA. '1'lli9 would identify the chromosomal context of
the gr,1l10, <.!lltlblJ ~ 'I compar i9011 with homolgous mcncoxyqenaae gene
contiext.u , Uif~l.·U: ! on of the gene by homologous recombination
would Ill...,lp in ~ ,0 further characterisation of the gene and
biochomit..:al an.. I /,~is would aid in identifying the natural
substl"i:.ltv 1; tlv' »nayme ,

since the ll,lt;.urnl '~~ubstrate of the enZ.llne has not been determined
arid rif<lmpidn .i'~ used as a substrate by this enzyme it shows a
broaden' (;ul):~t:ril' l'i1nge. Engineering of monooxygenases has been
aoocmp l Luu..u , .it
ability til on'.!
envirollJ\wllt;\J. 1l)

'ISing substrate range (Abril et al, 1989). The
'or such modifications may be useful in
"t..~·t.ionefforts . Recalcitrant pollutants of ten

resembln tllil n.r j ; ~d1 subs·crat.es of microbial enzymes. This has
been Cl~H\\c.lll:~trntl.!drepeatedly in the Rhodoooaai , Thus further
investlt.F\t iun 1n t '.1 rhodococcal enzymes may not only reveal
antibiut: 1(: lv:1i:'! ncae but aid in envi.r J'.mental protection.
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These are showing sUfficient promise to warrant further
evaluation (Dholpe and Ibanez, 1995). They have been found to
have MICs lower than rifal\1.plcinfer most of the mycobacteria as
well as S. auz-eus, s .epidermis, stJ:ep. pneumonia and strep. pyoganes
(Fujii et al, 1994). Pharmacokinetic studies have indicated that
the concentrations 0/ KRM compounds in plasma are lower than that
of rifampicin. However the concentrati.ons in certain organs (lung
and spleen) are comparable or even greater (Tomioka at 131, 1992).
It has also been shown that KRM 1648 and K:RM 1657 exhibit fewer
toxic effects than rifampicin in mice (saito at 131, 1991).

The benzoxazinorifamycin that seems to have the greatest effect
against M.tuberou,losis and other organisms is KRM 1648. MICS
(MICso and MIC90) determined for rifampicin and t\RM 1648 show
values of 4 and 128Mg/ml for rifampicin using the 8ACTEC 460 TB
System and 0,016 and 2Mg/ml for KRM 1648. This study showed there
was cross re~istance between the two drugs which they believed
Was occurring at the RNA polymerase level. It was also shewn that
the KRM 1648 had a markedly increased permeability into the
mycobacteria through the cell wall. This indicates that the
activity of KRM 1648 is largely dependant upon its Increaaed
ability to accumulate at the target sites inside bacteria
(Klemens et 131, 1994).

These drugs Were tested against a rifampidin resistant strain
that had an MIC of 8Mg/ml. The other reference strain was
resistant to 128Mg/ml. The first strain is exhibiting a low level
rifampicin resist.ance. KRM 1648 was much more effective than
rifampicin on sensitive strains of M.tuberoulosis. The findings
also indicated that both KRM 1648 and rifampicin Vlere less
effective against the low level resistant strain. KRM 1648 still
significantly reduced the incidence of lung lesions in animals
infected with this strain, while rifampicin had no effect. KRM
1648 did not have any effect against the high level resistant
strain. It could be the case that an inactivation mechanism is
present in the low level resistant strain and that the
differential effeotiveness of the two antibiotics is a result of
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rifamycin S. It has been shown to have good in vitro activity
against most mycobacterial species. In animal models it ~as more
nctive against both M.tuberculosis and M.laprae than rifampicin.
Some studies have shown it to be active against some rifampicin
resistant strains of both species (O'Brien et al, 1987). Neither
of th~se strains have yet been shown to have rifampicin
hydroxylatL g enzymes so this ability to .overcome resistance
using rifabutin mayor 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 CGP27557, against
rifampicin sensitive and rifampicin resistant strains of
M.tUberculosis and the M.av.ium-J.ntraaellulare-scrofulaaeum
complex (Dlckinson and Mit~hison( 1987).

The most recent development are the novel benzoxazinorifamycins,
the KRM series.

CHI CH, CH,

R I
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KRM-1640 KRM-16S7

Figure ,1. 3 structures of l<RM1648 and KID1 1657
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4.9 RIFAMPICIN AND OTHER RIFAMYCINS

The s\ldel"lceseems to point to rifampicin being hydro){ylated in
some way, probably on one of the aromatic ri~gs. This may produce
a oompound that CBn be used as a substrate by one of the numerous
dioxygenases that are found in the Rhodococci.

The homologue from Flavobacterium has been shown t(:>remove
several different groups from aromatic rings and replace them
with hydroxyls, these include hydrogen, chloro, nitro, amino and
oyano groups at the para position in relation to the hydroxyl of
phenol. 'Ihetwo adjacent rings on rifampicin have three hydroxyls
attaohed at positi'~s Cl, C4, and C8. The possible groups that
the enzyme could be aoting on are a methyl group ii\tC7 i a
nltrogel"lat C2 which attache$ the aromatic group to the ansa
bridge or the group attached to C3. It is to C3 that the
semisynthetic portion of rifampicin is attached, in rifamycin SV
this is a hydrogen. Further investigation could be carried out
en the ability of R. equi to inactivate. some of the newar
rifamyoin derivatives that are in trials at the moment. If the
susceptible group has been ::nodif.iedso that it is no longer
available to be hydroxylated this drug would most probably be
effeutive against'iri mediated rifampicin resistance.

The rifamyoins are another 9rouP of antibioti~s which are peing
modified to p40duce new generation drugs. Although rifampicin is
still the stalwart of anti-mycobacterial therapy new
modifications have been introduced resulting in rifabutin,
rifepantine, the CGP series and the RRM series.

Bermudez at al (1994) state that the majority of rifamycins that
have peen investigated thus far both in vitro and in vivo are not
active or have reduced ac'tivity against the M.avium-
intraaellulare complex. This highlights the reality that although
many variations are tried few are effective.

Rifabutin is a semisynthetic spiropiperidyl derivative of
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A database search of Genbank for other hydroxylases/
monooxygenases fro~ streptomyces, Nocardia, Gordona,
corynebacteria, Mycobacterium and Rhodococcus only identified 2
sequences that have not been previously mentioned. These are a
lactate monooxygenase from M.smegmatlsi which does not appear to
have significant homology with this enzyme and an alkene
monooxygenase from R.rhoaochrous. This monooxygenase is one of
the multiple subunit types and it has not beel ~ublished.

Although no othel" hydroxy lases have been clor.ed and sequenced
ft'om Rhoc1ocoaaus species several enzymes have beC'lnpurified to
varying degrees of purity. A phenol-hydroxylase was purified from
Rhodocoacus species P1 that used phenol as sale carbon source
(straube, 1987). Rhodococcus species BPG-8 has had a resorcinol
hydroxylase (Armstrong and patel, 1993) and a phloroglucinol
hydroxylase (Armstrong at al, 1993) partial~y purified f~om it.
The NADH dependent monohydroxybenzoate moncoxyqene se was purified
from R,arythropolls (suemori at aI, 1994) and R.rhodochrous had
a steroid monooxygenase isolated to homogeneity. This enzyme
catalysed the oxidation of progesterone to produce testosterone
acetate. The enzyme is 60kDa in the monomeric form with a pI of
4,9. The prosthetic group of this enzyme was FAD and the reactic~
utilisf)d NADPH (Miyamoto et «i , 1995). The predicted size of tht,
ir.i translated protein is 52kDa with a pI of 5,32.

At this stage there is no evidence that this enzyme cal'!cause the
utilisation of phenol, catechol or p-hydroxybutyrate as sole
carbon source. So the natural substrate of this enzyme has not
been identified. FUrther aromatic substrates could be tested
including pigment precursor moleoules. As Rhoc1ococcus is known
for its ability to degrade cyclic compounds an assumption was
made that this enzyme's natural substrate would be degraded. 'l'he
sequence homologies have introduced the possibility of this
enzyme beLn« a biosynthetic enzyme under normal circumstances,
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from these strains. It would be expected that enzymes 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
was identified these genes could be used in the production of
hybrid polyketides. For this to happen these genes would need to
be transformed into Streptomyces and that the promoters would be
recognised by the host RNA polymerase.

The predicted promoter for the J.d. sequence is baaed on homology
and sequence analysis of promct.ers in streptomyoes. The -10
region (CACACT) is identical to the -10 region of another
streptomyoete gene mPlc-p (Buttner, 1989). It has been shown by
analysis of many streptomycete promoters that the T in the 6th
position is invariant and therefore critical (Strohl, 1992). The
-35 region ('L'TGCGG) is sinli.larbut not identical to other
promoters. Analysis sho~s that the TTG in the first 3 positions
occur more than 86% of the time with the G being invariant. The
other three bases CGG have all been described at theSe positions
in streptomycete promoters. This eaquence formed the apex of a
stem-loop structure. These structures have been found in
streptomycete promoters. The position of the sequenoe on the loop
would facilitate binding to the promoter. The positions of these
sequences, which were -35 and -10 to each other, were identified
with the help of transcriptional analysis that had been carried
out on the tetracenomycin gene cluster. The transcriptional start
site of the tcmG gene had been found using Sl nuclease mapping
(Decker and Hutc~inson, 1993), The consensus sequence for the
Shine-Delgarno in streptomyces is a/gGGAGG. A putative Shine-
Delgarno sequence AGGAGG was identified -8 to -13 upstream of the
start codon of J.rJ.. 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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rifampicin resistance gene was clone using RiB (Quan and Dabbs,
unpublished) that inactivates the drug by a totally different
mechanism, it cannot be confirmed that the mutation to
hypersensitivity is found in the 1r1 gene. The probability is
high t.hat it is in the i:d gene as thE\other obvious possibility
would be the rpoB gene. Since I have shown that the 1r1" strains
can be made spontaheously resistant to high levels of rifl.:lmpicin,
which is indicative of mutation to rpoB, and Eltill retain the
ability to inactivate the drug it excludes this a the mutation
site.

This could be investigated by interrupting the 1r1 gene with an
antibiotic resistance marker and using this construct to do
homologous recombination in the wildtype strain. A double
crossover event would effectively exchange the wildtype gene for
the inactivated one. A comparison of phenotypes COUld then be
undertaken.

MorA recent work on these clustered regions have identified
furlher genes. These genes are upstream of the hydroxylase and
are transcribed in the opposite direction of~ divergent
promoters. They have been identified in the jadomycin B cluster
(¥ang at al, 199 I and in the elaunorubicin cluster (otten at al,
1995). The deduced amino acid sequences of these genes have' been
sbown to be homologous to other known repressors. The JadR! N-
terminal ):'egionresembles ~trR from Neisseria qonorrhoee« and
EnvR and AcrR from E.coli. These oontrol tandemly linked genes
that mediate resistance. to struoturally eliver-se agents by an
efflux mechan~sm (Nikaido, 1994). If 1r1 was found to be pdrt of
a oluster that is repressed, mutations in the repressor oould
lead to increased rifampioin resistance.

The streptomycetes are studied chiefly because of their
antibiotic biosynthetic capabilities. For this reason it is not
surprising that, with the exception of the pigment genes, the
hydroxy lases cLonad from this group thus far are inVOlved in that
process. No hydroxylases involved in degradation have bee.ncloned
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(Grimm et al, 1994) I urdamycin (Decker and Haag, 1995) and
jadomycin a (Han et aI, 1994) have been cloned. They strongly
resemble each other with respect to their geneti~ organisation
and deduced amino adid sequences of the products responsible for
the assembly of the polyketide chain (Katz and Donadio, 1993).
In addition polyketide synthase genes from different gene
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, 1993).

All of the gene clusters characterised sc far have an hydroxylase
as the first ORF in the cluster. The iri gene does not seem to
have an ORF in the 280bps that have been sequenced upstream of
the start codon. 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.

01.~herpo Iyke ti.de substances that have been characterised in
streptomyces are spore pigments. The wbiE cluster from
S.coelicolor (Davis and Chater, 1990) and the scb cluster from
S.balstedii (Blanco et aI, 1992; Blanco et aI, 1993) both contain
a core set of homologues of 4 genes characte~istic of polyketide
synthases. Blanco et al (1993) examined the upstream regions of
these clusters only to find an ORF whose deduced amino acid
sequence resembled sequences of aromatic hydroxylases. They were
able to show that' disruption of these genes affected the spore
oolour. In S.balstedii normally green ~pores became lilac.
Rbodococaus species do pr oduce pigments, R.erytbropolis and
R.equi are salmon pink in colour and R.fasaians is bright yellow.
Thus the iri gene oould be involved in pigment production. This
could be substantiated by sequencing the down stream region of
DNA. Alternatively degenerate PCR primers designed from ccnsezved
regions ot'other cluster genes could be used to amplify sequences
from the 8, 3kb fragment. Interestingly the irio mubarrcs are no
different in colour from the wildtype. However it has not been
established what the mutations in these mutants are. As another
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were three other regions that produced homology with the other
streptomycetes and flavobacteria. These were in the r~gions of
residues 86-136; 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 POLYKETIDEHYDROXYLASES

The homologues identified include hydroxylases involved in the
biosynthesis of polyketide antibiotics (Bibb et al, 1989; Decker
and Haag, 1993; Han et al, 1994), polyketide pigments (Davis and
Chatc~, 1990; Blanco at al,1992) and the degradation of phenolic
compounds (orser et al, 1993).

Polyketides form a large group of natural products synthesised
especially by bacteria I fungi arid plants. Many important.
antibiotics such as tetracyclines, eryti,romycin, adr Lamyc In I

rnonensin, rifamycin and avermectins are poJyketides. In their
biosynthesis multifunctional synthases catalyse condensation of
thia-esters derived from acetate, propionate or butyrate to yield
aliphatic chains of varying length and carrying various alkyl
sUbstituents. Subsequent modif~cations, including aromatic or
macrolide ring closure of specific methylations of
glycosylations, generate further chemical diversity.

The greatest homology was found with an hydzoxy l.aae used in
urdamycin synthesis. The urdamycins are aromatic polyketides
produced by S.fradiae that exhibit antitum<:>urand antibacterial
activity. They belong to a large group of anguacycline
antibiotics which comprise more than 100 natural compounds with
many pharmacological Bctivities (Rohr and Thiericke, 1992).

poJ.yketide synthase genes responsible for the production of
actinorhodin (Fernandez-Moereno et el , 1992) I tetracenomycin
(Bibb et alf 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 irl gene

ident
simil
!Rt 267
URD 266
SIW 252
SVE 184
PCP 289
TeM 313
OTC 279
SCH 304
TFD 302
PHE 320
PHi:'349
HBH 277

* *** * * * * * * *
** W**~****** * * **** * * *** ******_* * * ***** 'jI(*YRRDRVFLAGDAAHIHPPMGGQGLNLGVQDAFNLGWKLAAEINGWAPVGLLDTYESERR
YRRGRVLLAGDAAHIHLPAGGQGMNTGIQDAVNLGWKLAAVLRGTAsESLLnSYHSERH
YRLGRVLLAGDM.HIHLPAGGQGLNLGFQDAVNLGN!<LAAVVRGHGTEELLDSYC1l..t:RR
YRDGRVLWAGDAAHQQMPIGGQALNLGLQDAVNLGWKLAAVVRGTAPDGLLDTYHDERH
YRKGNVFLAGDAAHCHSPSGGSGMNVGMQDAFNLGWKIAHVERGEAKPDLLDTYHTERT
YRSGRVFLAGDAAHVHPPAGAFGANGGIQDAHNLAWKLAAVLKGTAGDALLDTYEQERL
RDGRVLLAGDACHIHLPAGGQGLNLGFQDAVNLG\'IKLGATIAGTAPPELLOTYEAERR
RAGRVF't.J\GDSAHEMSPTGAFGSNTGIQDAHNLAWK1..AAVLGGWAGDGLLD'l'YDAERR
QQGRVFCAGDAVHRHPPTNGLGSNTSIQDSFNLAWKIAMVLNGTADESLLDTYT1ERA
QKGRVCCAGDA!HKRPPSHGLGSNTS1QDSYNLCWl<LACVLKGQA, .."ELLETYSTER.)\
KDERVFIAGDACHTRSPKAGQGMNTSMMDTYNLGN~GLVLTGRA1. (D!LK'l'YEEERH
QHGRLFLAGDAAH1VPP'l'GAKGLNLAASDVS!LYRLLLKAYRE. GRGEI.,LERYSAICL

The aspartate (D) 277 forms hydrugen bonds with the 0-3 ribityl
moiety of the bound FAD cofactor. This residue is conserved
through different classes of flavin binding enzymes including
reductases and dehydrogenases from both prokaryoteo and
eukaryotes (Eggink et al, 1990). This residue is also present in
the protein under inVestigation.

site directed mutagenesis of p-hydroxybenzoate hydroxylase
introducing an N300D mutation changes the catalytic propertier,,'
of the enzyme (~~lfey et ai, 1994). This asparagine is highly
conserved (Figure 4.2). In the wildtype enzyme residue 300 is in
contact with the isoalloxazine ring of the active-site FAD. In
the mutant this side chain has moved about 5 angstroms altering
the protein strclcture. The flavin of the p-hydroxybenzoate
hydroxylase is reduced by NADPH in the first of the catalysis.
The mutation decreased this rata 330-fold, apparently by
affecting the rsact.i.vec "'ation of the Lsoa'l.LoxazLne and
pyridine rings. A~ d rasuL. ·oxylation was 50-fold slower in
the mutant than in the wild type. This residue is also present
in the protein translated fro~ iri.

Thus it can be shown that the protein under inVestigation does
contain all the essential residues that have been identifie~ thia
far for the binding of FAD. Expression of this pr~tein in E.coli
showed that FAD and NADPH arB needed for e~2yme function. There
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Most of the high scoring hits were ,with hydroxylases/
l11onooxygeni9.ses.

Figure 4.1

ident
simil
IRI 4
URD ~
SAU 1
OTC S
PCP 17
TCM 19
SCH l7
WHr 23
DNR lO
TFD 10
PHE 38
PRY l'
HSH 5

comparison of deduced amino acid sequences of
the aminoterminal of the iri gene

* * ****t* ***** * * ** 'II'll * *
VI IVGAGP!CGLMLAGELR ••••• LQGVDVVVVDKDEEPTQirvR 4l
VIVJ\GAGPTGLMLAGELR ••••• LAGVDVIVLDRLAER!l:GE:CR 42
M\TVl\GAGPTGLALACELA ., •• LGGARAVVVERRREPEKIilSK 38
VVI/\GAGPTGLMLAC:e:LR ••••• L,!\GARTLVLERLAERVDF'SK 42
VI,I,rGGGTTGLlAAN1:>JLL ••••• RRGVSCRMIDRLPVAHQTSK 54
VLIVGGGLTGLSMLFLS ••••• QHGVSCRLVEItHRGTTVLTR 56
VLV\7GGsLVGLSTSV11l,G ••••• RLGVRHMLVERHAGTSVHPR 54
VLVVGGSLVGLSTSVFLG ••••• RLGVRHTLVERHA:~SIHPA 60
VLVVGGGLGGLSTALF'LA ••••• RRGARVLLVERHMT;-,V,IPR 47
VLVVGTGPAGASAGALLA ••••• RYGVRTMLINKYNWTAPTPR 47
VLTVGSGPAGSSAAMFLS ••••• TQGISNIMI'rKYRWTANTPR 75
VLIVGAGPAGIMMRVLSmYVRQKPOLKVRIIDImSTI{VYNGQ 53
VAIIGAGPSGLLLGQLL., ••• HKAGIDNVILERQTPDY,\TLGR 42

where ident are identities and simi1 are similarities in most of
the sequenc~s examined:
IFI - hydroxylase from R.equi
TJRD - hydroxylase from S ..fradiae
SAU - hydroxylase from S.aureotaciens
SVE - C-16 hydroxylase from S.venezuela
OTC - anhydrcoxytetraclycline monooxygenase from S.rimosis
pcp - pentachlorophenol-4-monooxygenase frc)mFlavobacterium
TCN - tetracenomycin hydroxylase from S.glaucescens
SCH - pigment hydroxylase frorns.halstedii
NHI - pigment hydroxylase. from S. coel:i.color
DNR - hydroxylase duanorubicin biosynthesis from S.peucetius
'lIFD - 2,4 ...dichlorophenol hydroxylase Alcal.igenes eutrophus
PHE - phemo), mcncoxyqenase from Pseudomonas
Pi\1Y- phEmol hydroxylase from Trichosporon cucaneum
H13H - 4-hydroxybenzoate hydroxylase from' P. t'luorescens.
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Ribonuclease
RifampJ.cin
Ri.fa'nycin SV
SDS
Seguenase version 2.0

DNA seguenci~g kit
spectinomycin
streptolydigin
Streptomycin
stl:E:!ptovaricin
Sucrose
T4 Ligase
TES
Tetracycline
Thiamine chloride
Tl·is
Tryptone
Tween-SO
Urea
X·'gal
Yeast extract

Boehringer-Mannheim
Boehr il'l~ier"'Mannhe.im

BDH

USB
Unmarked
Upjohn
Boehringer-Mannheim
Upjohn
Saarchem
Boehringer-Mannheim
Sigma
Boehringer-Mannheim
Merck
BDH
Oxoid
Merck
IoN
Sigma
oxoid

APPENDIX C

Formula for calculating number of clones for a g~nomic library

N = lD..!.1.::ElInCl··a/b)

N = number of clones required
P ..:probability (e.. g. a 95% probability that any gene is
pl.·esent)
a = average size of DNA fragment lnserted into ve~to~
b = total size of genome
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Hybond-c
p-Hydroxybutyrate
IPTG
Isoniazid
Isopropanol
l<asugamycin
K2HP04

KHzP04

K2804

K acetate
1< chloride
Low ~elling agarose
Lysozyme
Mal<'licacid
Methanol
3sS-methionine
MgC12

M~S04
Molecular weight ~arkers

Na acetate
Na arsenate
N,".larseni1.....:
NaCl
NADH
NAOPH2

NaOH
Na taurocholate
Naladixic acid
Phenol
Polaroid film 667
poly~thylene glycol (PEG)
Proteinase 1< ,
pUc sequencing kit
Restriction ~nzymos

Amersham
Sigma
sigma
Sigma
Saarchl?m
~oehringer Mannheim
Merck
BOH
BDH
Merck
Saarchem
FCM Bioproducts
BOehr inger-Ma'nnheim
Merck
BDH
Amersham
Merck
Saarchem
Boehrin~er-Mannhoim
Biorad
Sflarlecompany
saarchem
Sigma
Saarchem
Boehringer-Mannheim
Boehringer-Mannheim
Saarchem
BDH
Sigma
BDH
polaroid
Sigma
Boehringer-Mannheim
Boehringer-Mannheim
Eoahringor-Mannheim
New England Bi~labs
Amersham
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Acrylamide
l>.gar

Agarose
Ammonium chlor,tde
Ampicillin
35S-dATP
Bis-acrylamide
aoric acid
Butanol
CaC12

Calf intestinal phosphatase
Casaminoac:ids
catechol
Chloramph(micol
Chloroform
coomassie blue R250

O-cycloserine
ODS (Oaps,one)
Dichlorodimethylsilane
Dimethyl formam ide
Dimethyl sulphoxide (OMSO)
Dithiothreitol (OTT)
DNA labelling & detection kit
EDTA
Erythromycin
Ethambutol
Ethanol
Ethidium bromide
Ethyl acetate
FAD
Fe chloride
Fusidic acid
Glucose
Glycerol
Glycine
HC1

Merck
OXoid
Merck
FCM Eioproducts
Merck
Boehringer-Mannheim
Al\\ersham
BOH
Sigma
BOH
Merck
Boehringer-Mannheim
Difco
Sigma
Boehringer-Mannheim
ACE
Saarchem
Sigma
sign\a
Merck
Ana1yticals
Sigma
Boehringer-Mannheim
Boehringer-Mannheim
Sigma
Boehringer-Mannheim
Sigma
Several sources
Boehringer-Mannheim
~aarcham
Sig-ma
Merck
Unmarked
SOH
BOH
BOH
Silarchem/BOH
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5g NaCl
109 NH"Cl

pH to 7,5 with N~OH
Water to 1 litre and autoclave

He.t"sbe~i"s sa! ts
5,4g NaCl
3,Og
l,lg

15mg
O,2g
0,2mg

87mg
12,lg
litre

KCl
NH4Cl
CaC12·2H20
MgC12·6h20
Fec13·6h20

KH2P04

Trizma base, adjust pH to 7,4 with HCl, water to 1

Hershey's Medium
100ml Hershey's salts
lomg threonine
10mg leucine
20mg proline
20mg arginine
20~1 vitamin 81 (5mg/ml)

After autoclave add
O,aml 50% glucose

Cyoloserine solution
10mg/ml D-cycloserine in O,lM phosphate buffer pH a,o prepared
freshly.

Acetic aoid
Acetone

APPENDIX 13

Sources of Media and Chemioal Reagents

Associated Chemical Enterprises
SMM chemicals
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Extraction of single stranded DNA
20% PEG
2,5M Nael

3,0M sodium acetate
pH5 2 with glacial acetic aoid

Denaturing double stranded DN~
0,2M NaOH

0,2mM EDTA pH8,0

Polyaorylamide gels
33,69 urea
:L2ml 38: 2 aorylamide: bis-acrylamide
16ml TBE 5x
24m1 wate.r

nUl'l.ningbuffer
TBE lx

Maxioell solutions

K medium
19
0,021\\1

10m1
90m1
Add aft.er
0,2m1

50%
0,021\\1

Casaminoacids
Vitamin Bl (51\\g/m1)
l.ox M9 stock
water
autoclaving
1M 1\\9'804

Gl,ucoso
o ,5M ceC12

lOx M9 stoak
1519 Na2HP04' 2H20
30g l<H2P04

200



0,035% TEMED
25mM ammonium persulphate

Separating qel
10% acrylamide
0,38M Tris pH 8,8
0,1% SDS
0,035% TEMED
25mM ammonium persulphate

Electrode bUffer
25mM Tris
O,2M qlycine
0,1% SDS

Sample
63l11M

2%

lOIlld.inqbuffer
Tris -Hel pH 6,8
SDS

10% glyoerol
5% .e -meircapcoat.nano l
0,001% bromophenol blue

stain
0,1% coomassie blue R2S0

5:4:1 methanol: water: acetic acid

Deatain
5:4:1 methanol water acetic acid

Sequenoing solutions

Slue/Nhit3 oolour seleotion
2% X~gaJ in dimethyl formamide (30Ml/plate)
100mM IPTG in water (30Ml/plate)
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lmM EDTA

20X SSc
3M NaCl
O,3M sodium citrate
pH 7,0

Wnshing solutions

",1% SDS
2x sse

0,1% SDS

O,lX sse

Non-radioactive labelling

Buffer 1
O,lM Tris pH 7,5.
O,15M NaCl

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

Buffer 3
O,lM Tria pH 9,5
a,lM NaCl
0, a5M MgC1.2

polya~rYlamide gel electrophoresis

stacking gel
6% acrYlamide (stock
0/176M Tria pH 6,8
0,1% SDS

30% acrylamide and 0,8% bis-acrylamide)
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TE with 10% SDS

4,5M sodium acetate pH 5,6

!1'ransforma tions

In E.coli

50ll\MCaC12

10mM Tris-HCl pH 8,0

In nocardioforms

protoplast buffer
The following basal solution was made up in 87,5ml water
10,3g sucrose
0,0259 K2S04

0,~029 MgC12• 6H20
After autoclaving 10ml of O/25M TES pH7,2 was added
Aliquots of 9,75ml were stored frozen at -200C
Just before use the following were added to each aliquot:
0,25ml 1M CaC12

0,1ml 0,5% I<112PO"

southern Dlotting

Denaturing solution
1,5M Nacl
0,5M NaOl-!

Neutralising solution
1,5M NaCl
O,5M Tris pH 8,0
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Running buffer
180ml water
20ml 5x TBE
15Ml ethidium bromide (lomg/ml stock in water)

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

Solutions for plasmid preparations of E.coli

solUoI-.;ion1
50ruM glucose
10mM EDTA
25mM Tris-Hel pH 8,0
A 20% glucose stock solution was autoclaved separately and added
afterwards

Solution 2
O,2M NaOH
1% SDS

solution :3

5M potassium acetate pH 4,8
Dissolved in 8a,5ml water
11,5ml glacial acetic acid added

Ribonuclease
lOmg/rol in TE or ~mM Tria or water
Diluted 1:10 for working solution
Boiled for 10 minutes before use

DNA prepar&tions from nocardioforms

lomM TriS-HCl pH 8,0
10% sucrose
Srog/rollysozyme - fres~:y added
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protoplast regeneration plates
O,9g NaCl
3,09 tryptone
1,5g yeast extract
35g sucrose
Dissolved in 200ml water and the volume made up to 280ml
49 agar was added
After autoclaving the following were added
6ml 1M cacr,
lOml D/25M TES pH 7,2 (N-tris(hydroxymethyl)methyl-2amino

ethal1esulfonic)
Each regeneration plate contained 22m1 of media

Puffers and solutions for agarose gel eleotrophoresis

TEl

10mM Tris pH B,O
1.0mMEDTA

TBE Sx
O,89M Tris
O,OB9M boric acid
O,002M EDTA pH 8,0

'rAE

O,04M Tris-acetate
O,DOlM EDTA

Agarose gels
o,Bg (0,4%) or 1,6g (0,8%) or 2,4g (1,2%) agarose
180ml water
20m! 5x TBE

25ml of the above were used per gel
1/5Ml ethidium bromide (10mg/m1 stock)
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'1'YA
TY
1,5% agar

'1'2
TY
3mM CaC12

3mM NaCl
10mM MgS04

Luria-Bertani Brot.h (LB)
TY
0,5% NaCl

LA
LB
11:;}% agar

1/3 LA
LB
0,5% agar

'1':'lG
TY
1% glycine

TYGB
TY
2% glycine
10,3% sucrose

2XY'l'
1,6% tryptone
1~ yeast extract
0,5% NaCl
pH 7,6 with NaOH
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APPENDIX A

stoCY Solutions

Antbiotic Stock Solutions
Ampicillin loomg/ml in 1:1 ethanol:wa+er
Chloramphenicol: 4mg/ml in ethanol
DDS (Dapsone) loomg/ml in 1:1 ethanol:water
Erythromycin lmg/ml in ethanol
Ethambutol 10mg/ml in 1:1 ethanol:water
Fusidic acid 10mg/ml in ethanol
Isoniazid 100mg/ml in 1:1 ethanol:water
Kanamycin 10omg/ml in water (filter sterilised)
Kasugamycin 100mg/ml in water (filter sterilised)
Naladixic acid lOmg/ml in ethanol
Rifampicin lomg/ml in methanol
Rifamycin SV 10mg/ml in methanol
Spectinomycin 100mg/ml in water (filter sterilised)
Streptolydigin 10mg/ml in methanol
streptomycin 100mg/ml in water (filter sterilised)
streptovarid.n 10mg/ml in methanol
Tetracycline 10mg/ml in methanol

Arsenical Solutions
2M sodium arsenate in water (autoclaved)
3M sodium arsenate; O,SM sodium arsenate in water (autoclaved)

10% Tween SCI

1ml Tween SO
4ml water
5ml ethanol

Media

TY
1% tryptone
0,5% yeast extract
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Formula for calculating DNA concentration from agarose gels

lambda : fragment size x amount of DNA per lane
genome size = y

plasmid plasm:i.dsizE! x
fragn\ent size

y amount of plasmid DNA lane

sizes of molecular weight markers

AII . 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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