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1.0 INTRODUCTION

1 .i NOCARDIOFORM BACTERIA AND DISEASE

Xocaidioform ba cte ria  ara  the cause of several human d iseases, the most 

w all known being tube rcu lo sis . Tuberculosis is  o f major epidemiological 

importance and a ris es  as a r e su l t of in fec tion  with ItycobattecJm  

turhercu lo sis . In South A frica tube rcu lo sis  Is a major cause of death 

with len people dying every day o /  th is  con d itio n -1 On overage 60 000 new 

cases are reported annually and over 200 000 p a tien ts  are undergoing 

treatment a t any one Lime.1 In a publication  of the WHO commemorating the 

centenary of the discovery \ the tubercu losis bacterium by Robert Koch 

in 1862, i t  was revealed th a t tubercu losis is  the cause of a t le as t three 

m illion deaths every year, the world over. Each year there are four or 

: i ,'c m illion new, highly contagions cases and, on average two out of three 

p a tien ts  din w ithin two years. The. health  s t a t i s t ic s  compiled from th ird  

vnr'ui cuuiilrlus tend to se riously  underestimate the prevalence of a l l  

d iseases, including tube rcu lo sis . The to ta l number of cases of 

tubercu losis has doubled in the la s t  th ree  decades, due to  the doubling 

of the popula tion .8

11 tubercu losis  almost always gains access to the body through inhalation  

or ingestion . C h a rac te ris tica lly  tubm cles form in the tis su es  where they 

may grow and caseate or regress and h e a l. The most common primary s i t e  

of Infection  is  the  lung, but other organs or tis su es  may be involved.
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o f  re s is tan c e . Ethambutol appears to  be of no value as a s te r i l i s i n g  

drug, but is  moderately e ffec tiv e  in preventing resis tance . C lin ica l 

cures can now be achieved in 6-12 months. Rifampicin is  usually  admin­

is te red  as a sing le  dose of 150-600 mg da ily .

1,4 R1FAMP1CIN RESISTANCE IN MYCOBACTERIUM TUBERCULOSIS

Ii- the  treatment o f mycobacterial d isease, drug resis tan ce  can emerge to 

a l l  of the  a n tib a c te ria l drugs used. Resistance occurs most commonly when 

a drug is  given alone and when the v iab le  b a c te ria l population in lesions 

is  la rge . In tub e rc u lo sis , i t  f i r s t  appears a f te r  an in te rval of a t le as t 

two weeks but more commonly one to  four months a f te r  the commencement of 

-hemotherapy. The development of drug resis tance  is  widely thought to  be 

the r e su l t of the overgrowth of s e n s itiv e  organisms by mutant r e s is ta n t 

b acte ria  present in wild s tr a in s  before they ever come in to  contact with 

the  drug concerned. In the f luc tuation  to s t of Luria and Delbruck the 

mutation r a te  in H .tuberculosis  were found to  be about 2x10"' for r e ­

s is tan ce  to  ison iaz id  and streptomycin, 2 '1 0 " "  for rifam picin and 1x10 

*7 for ethambutol.11 In a more recent study the following p ro b ab il itie s  

of the  incidence of drug r e s i s ta n t mutants was published :,2 Rifampicin -

ison iaz id , streptomycin, echamtmcol, kan.mycin and p-am inosalicylate - 

10 ethionamide, enviomycin, cycloserine, capreomycin, viomycin and 

thiacatone  - 1 0 ''

I t  is  in the b a c te ria l chromosomes th a t mutation to  drug resis tance  is 

thought to  occur. The iso la tio n  of plasmids from mycobacteria has been 

described. "  i "  Aminoglycoside resis tance  has been associated with these 

plasmids, but the evidence is  not conclusive. I t  has seemed reasonable



ion-aminoglycoside drugs is  always chromosomal and th a t r e ­

streptomycin and other aminoglycosides in tuberc le  b a c i l l i
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py-azinamide has only recen tly  Keen descvibod- ”  The sa lie n t finding in 

th is  report was the  increase in primary drug resis tan ce  to  rifam pic in in 

the  la s t  period of study (1981-1984) as compared to the previous three 

study periods (1969-1980). I t  has also been noted th a t the prevalence of 

rifam picin resis tance  among treatm ent fa ilu re  and relapse  cases of 

pulmonary tubercu losis increased s ig n ific a n t ly . In a recent study 

rifam picin resis tance  in Ghjevat, India increased from 2,8% in 1980 to 

37,3% in  1986. in approximately 95% o i the rifam picin r e s i s ta n t s tra in s  

there  was a lso  resis tance  to  ison iaz id  or streptomycin, or both, r e s i s t ­

ance to  ison iaz id  was detected in more than 90% of the  s t r a in s , 37 This 

resis tance  to  ison iaz id  in rifam picin re s is ta n t s tr a in s  has been found 

by other workers, 33 where a l l  the  rifam picin r e s i s ta n t s tr a in s  (55 re ­

s is ta n t  s tr a in s )  th a t were studied were found to  be ison iaz id  r e s is ta n t .

1.5 RIFAMPICIN

The rifamycins are a group of c losely  re la ted  a n tib io tic s ,  produced by 

Stveptomyces M odJlerranel. 1z They were o rig in a lly  iso la te d  in 1959 and 

showed p re fe ren t ia l a c tiv i ty  against prokaryotes, p a rtic u la rly  Cram pos­

itiv e  ba cte ria  including H .tuberculosis. 01 the na tu ra l rifam ycins, 

rifamycin B has proved to  be mosr In teresting . In  aerated aqueous so l­

u tions ic undergoes m u d iv a lio u  as the re su l t o f the formation of a de­

r iv a t iv e  ca lled  rifamycin S, which is  more ac tive  than rifamycin B. During 

the process rifamycin B is  oxidised to  rifamycin 0, which is  in turn 

hydrolysed to  rifamycin 5. Rifamycin S can easily  be reduced to  rifamycin 

SV. (T ig .2.1) Rifampicin is  a sem isynthetic, highly ac tive  d e riva tive  

o f rifamycin B. I t  is  one of 500 de riva tives  prepared by Clba of Basel 

and L epe tit of Milan in c o llab o ra tio n .1’
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1.6 m: -.HANISM OF ACTION OF RIFAMPICIN

Rifampicin in li .tiits  the synthesis o f c e llu la r  RNA In suscoptlb lc  bflctoria 

w hile DMA syathusis remains lineifi-cted. 1 “ I t  forms ro la tiv o ly  s tab le  

complexes with RNA polymerase.^1 hi stud Ins o f the subunits of RNA 

polymerase from both se n sitiv e  s i r  mu, ami lu sis t.ii.t mutaat;., ic  nas found 

tha t reco n stitu tio n  o f  the in sensitive  B subunit from r e s is ta n t s tra in s  

with a and 8' subunits of the se n sitiv e  enzyme resu lted  in a core enzyme 

which d id  not in te rac t with the a n tib io tic . These r e su l ts  indicated that 

the B subunit is inact ivated by the in te rac tio n  w ith rifam pic in. Analysis 

of the rifam picin molecule and i t s  in te rac tio n  with RNA polymerase r e ­

vealed th a t changes ir. the  aromatic p a rt of the molecule have l i t t l e  ef- 

le c t whereas modifi. rtions of the a lip h a t ic  bridge influence the 

inh ib ito ry  potencies. Changes loading lo  an a lte re d  stereochem istry on 

the  ansa ring may imp n r  t i e  f i t  of the molecule to  the acceptor s i t e  on 

the enzyme. Vitli fu rther study i t  was concluded th a t the co rrec t shape 

of ue ansa ring  and the substituen ts  in positions 20 and 21 ( f i g .11 seem 

to  be "he most important for the potency of the binding enzyme Z '  The 

nature of the bonds holding together the the rifampicin-enzyme complex 

is  unknown. The binding although t ig h t ,  is  reve rsib le  and thus no covalent 

linkage is  involved. The hypothesis is tha t the oxygens a t 1,8,21 and 23 

irv in some way involved in the formation of hydrogen bonds with specific  

i nzyni' functional groups in agreement with known d a ta " '. The assumption 

tha t the side o f the molecule where the oxygens tit ourbw.s 1,3,21 and 23 

lie  is  involved In the attachment to the enzyme explains very well why 

m odifications a t positions 3 and A, which arc on the opposite side of the 

aromatic r ing , almost invariably give active compounds. The nature of the 

substituen ts  a t these p ositions, Uowevnr, modulates the a n tib ac te ria l 

a c tiv i ty  on in ta c t c e i is ,  w ithin wide lim its , i t  is  generally  assumed that 

transport through ba c te ria l wall and membrane is  the main -hing influenced 

by these su b s ti tu tio n s . In f a c t,  rifamycins apparently en ter b a c te ria l 

c e lls  by passive (liffu. ion15 and thus th e ir  physiochemico 1 p ropertie s,



espec ia lly  l:.poplU llicU y, are expected to  be major factors' in the a b il i ty  

to  cross c e l l  envelopes. In the study o f  throe rifam pic in  r e s is ta n t 

mutants o f  Sgc itlu s  su b ti l lJ s  the r e su l ts  suggested th a t the mutants 

possess an a lte re d  r e s i s ta n t RNA polymerase and th a t the location of a 

probable s tru c tu ra l gene for th is  enzyme is  close to the resis tance  

markers fo r the 30s ribosome u n i t .111

The RNA polymerase reaction can be roughly divided in to  four phases; 1. 

the  binding o f  the  enzyme to  the DMA; 2. the In i t ia t io n  phase; 3. the 

a llig a tio n  phase, 4. the term ination phase. Studios on the Individual 

s teps of enzymic RNA synthesis suggest th a t once chain in i t ia t io n  has been 

accomplished, RNA synthesis becomes r e s i s ta n t to  r ifam p ic in .1* Rifampicin 

does not prevent the binding of RNA polymerase to DNA but ra th e i Inh ib its 

the  binding of purine ribonuclcoside triphosphate, which forms the 

5 '-term inus of the nascent RNA chain. Ic has been postu lated  th a t 

rifam picin only binds to  free  enzyme or to  a tran s ien t onzyme-DNA complex 

before a conformational change to an a c tiva ted  onzyme-DNA complex has 

taken p lace , which causes tig h t binding of the enzyme to  the DNA template 

and allows RNA chains to  be in i t ia t e d .11 The investiga tions on the 

dependence on rifam picin binding to RNA polymerase on the conformation 

of the enzyme led b i l l  and Hartman*6 Co assume th a t during chain 

elongation che conformation of RNA polymerase is  a lte red  in  such a way 

th a t i t  is  no more accessable to  the a n tib io tic .

1.7 RIFAMPICIN INACTIVATION BY NOCARDIOFORM BACTERIA

K.ocyihropoU s s tra in  ATCC 12674 possesses the a b i l i ty  to overcome the 

inh ib ito ry  e ffec ts  of rifam picin by inactiva ting  the d rug .1'  Other
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nocurdiofotms have been id e n tif ie d  as possessing a s im ila r capacity , a l ­

though to  a lessor extent than s tr a in  ATCC 12674.*’

The a b i l i ty  to  inactiva te  rifam picin became apparent when cu ltu res  of 

s tr a in  ATCC 12674 had been challenged w ith ric'ampicin a t a concentration 

o f between 0,05 and 2,0ug/ml. The cu ltu res  showed a cessa tion  of growth, 

but a f te r  a tag of 6-8 hours growth resumed. Siw&le .-clonics iso la ted  from 

these cu ltu res  showed the same level of rifam picin re s is tan c e , irresp ec ­

tiv e  o f  whether they had been challenged with rifam picin or no t. With th is  

and the shortness of time before growth resumed a f te r  the challenge of 

the a n tib io tic ,  i t  was suggested th a t the resumption of growth was un­

l ik e ly  to  be the r e s u l t  of the se lec tio n  of rifam pic in r e s i s ta n t mutants. 

Instead i t  seemed possible th a t th is  organism possessed some so r t of 

inducible resis tance  mechanism. The p o s s ib i l i t i e s  included reduced c e ll 

wall perm eability , m odification of RNA polymerase to  avoid in h ib itio n , 

and conversion of the active drug to  the inactive  de riv a tiv e . The la s t 

would be d istingu ishable  from the former mechanisms by reduction in 

rifampicin concentration  in  cu ltu res  of s tr a in  ATCC 12674 before 

resumption of growth.

This was indeed found to  be the case, during the log phase rifam picin was 

inactivated . This suggested th a t th is  a c tiv i ty  was inducible ra the r than

c o n s titu t iv e . Thus protein synthesis was blocked in  a cu ltu re  o f the

s t r a in , i t  was challenged with the a n tib io tic  and the re su l t was tha t the 

cu ltu re  did not act on the rifam picin molecule in manner previously ob­

served. Other experiments ruled out the p o s s ib i l i t i e s  of c e l l  wall 

perm eability  or a modification in the UNA polytnoraso mechanism, as being 

the cause of r ifam p ic in-resistance.

Several other Rhoctococcus species hove been te sted  for th e ir  response to 

r ifam picin. Sim ilar re su l ts  were obtained, although the ra te s  of in a c t i­

vation were invariably lower than those found with ATCC 12674.

H, smegmat ic  was a lso  tested  and behoved in a s im ila r manner to the species
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2.0  MATERIALS AND METHODS

2.1 STRAINS

Both the  nocardiaform s tra in s ,  Rhotjococcus e ryth ropo lis  ATCC 1267L and 

ATCC 4277, Mere obtained o r ig in a lly  from S .F e rre ira . CW 22 Mas obtained 

from E.Dabbs as a mutant o f s t r a in  ATCC 12674 th a t had been "cured” of 

resis tan ce  to  sodium arsenate and sodium a rse n ite , cadmium ch loride  and 

chloramphenicol. Arthrobaccer oxydans s t r a in  Cl was obtained by screening 

contaminants for high s e n s itiv i ty  to rifam picin; i t  was id e n tif ie d  by the 

DSH, the German C ollection of Microorganisms. Escherichia c o l i  s t r a in  MM 

294 was obtained from E.Dabbs; i t  lacks the E.colX  DSA re s t r ic t io n  system. 

A 1 lysogen o f  th is  s t r a in  Mas developed by S.Dabbs fo r th is  Mork.

R esistan t mutants made from these s tr a in s  in the course o f th is  work had 

an add itiona l number " l” added to  the designated number. They are CW 22-1 

which is  streptomycin r e s i s ta n t , ATCC 4277-1| 1 which is  acrylamide r e ­

s is t a n t ,  and MM 294-1 which is  rifam picin r e s i s ta n t .  The rifam picin 

hypersensitive  mutants were assigned with the designation Rif * where * 

was the  number of the  mutant.
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2 .2 .2  N-METHYU-N'-NITRO-N-NITROSO-GUANIDINE MUTAGENESfS OF 

A GROWING CULTURE.

B acteria o f  the s tr a in  Cti' 22 usee grown in T2 medium for 3 hours before 

NTS was added to  a f in a l concentration of lOOpg/mt. The c e lls  wore grown 

for a fu rther 2 hours. The c e lls  were vaelipri in the aforomentioned 

Tris-HCl pH 8,0 buffer. Wien these had grown up in T2 medium they were 

d ilu ted  to  sing le  colonies and p la ted  as before.

2 .3  SELECTION OF MUTANTS HYPERSENSITIVE TO RIFAMPICIN.

All the sing le  colonies from the mutagenesis experiment th a t grew up were 

patched onto TYA p la te s  containing 0, lyg/nil ri/am picin 

(Boehringer-Mannheim,West Germany) as well as p la in  TYA p la te  and a min­

imal media p la te  (see Appendix 1). Those wore incubated for several days 

a t 28°C. Where no growth occurred on the rifam picin piece but growth oc­

curred on the TYA p la te , c e l ls  were streaked to  sing le  colonies before a 

sing le  colony was taken for rep lica  p la tin g  onto TYA p la tes  containing 

0 , lug/m l, 0,2hg/ml and 0,3ug/ml rifam picin as well as a TYA p la te . Those 

colonies tha t grew up on the TYA p la te  but not on the rifam picin con­

ta in in g  p la tes  were considered to  be hypersensitive  mutants.

Cultures of CW 22 and i t s  de riva tives  were grown up and spread on TYA 

p la tes  containing lOOug/ml rifam pic in. Rifampicin re s is ta n t mutants grew 

up and were streaked on a rifam picin p la te  to  purify .



2.4 RIFAMPICIN INACTIVATION ASSAYS.

The a b i l i ty  of the d if fe re n t mutants to inactiva te  rifam picin was assayed 

using two re la ted  techniques. Both the techniques began in the same way. 

A preculrure  of each s tr a in  was grown in TV medium (l°o tryptonc and 0,5% 

yeast e x tra c t)  fo r 24 hours o r u n til  i t  reached s ta tio n a ry  phase. An 

a liquot o f ZOOyl of th is  p recu ltu re  was inoculated in to  5mls o f  fresh TV 

medium and an op tica) density  (OD) reading taken. These cu ltu res  were 

allowed to  grow for 4 hours a t which stage  they had more than doubled 

th e ir  OD and were in  exponential phase. Tile OD was determined a t S40nm. 

The CDs were adjusted by removing some of the cu ltu re  and replacing i t  

w ith the  same volume of TV medium so chat each cu ltu re  had the  same OD. 

At th is  stage the a n tib io tic  was added. For hypersensitive  s tra in s

2,Dug/ml rifam picin was added and for the r e s i s ta n t  s tra in s  ZDpg/ml

rifampicin was added. The time when the a n tib io tic  was added was taken

as time zero and assays were carried  out a t various time in te rv a ls  a fte r

th a t. I t  is  here where two d ilte r zn l  methods were employed.

2.4.1 RIFAMPICIN INACTIVATION ASSAY USING ASSAY PLATES.

A streptomycin re s is ta n t derivative  of A.oxyd.ns, CIS, was used as an 

assay organism, as i t  is  se n sitiv e  to rifampicin w ithin the required range 

of concen tra tions. A lOQpl a liquot of th is  organism which had been grown 

in TV medium was spread on a place containing 1% tryp tonc , 0,5% yeast 

e x tra c t , 0,5% bacte rio log ica l agar ( th is  is  loss than the usual concen­

tra t io n  allowing for more even d iffusion  of the rifam picin) and 200ug/ml 

streptomycin. Wells were cut in to  the agar with the b lunt end of a pasteur 

p ip e tte . These w ells were each f i l le d  w ith dtipi o f cu ltu re  and the p la tes
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incubated for two days a t 28°C when the zones of inh ib itio n  became i. 

p arent.

2 .4 .2  QUANTITATIVE RIFAMPICIN INACTIVATION ASSAY.

At the  time of the assay 1ml of the cu ltu re  was harvested, the OD d e te r­

mined a t 590nm and the 1ml a liquo t pe lle ted  in a Hagar microfuge. The 

supernatants were removed and stored n t -20°C u n ti l  an assay using 

a liquots from each time in te rv a l could ho undertaken. The supernatants 

were then thawed and each added to  a d if fe re n t te s t- tu b e  containing 4ml 

TV medium w ith 200tig/sil streptomycin and a 1 in '00  d ilu tio n  of CIS. A 

se t  of standards were also organised in  the. same way containing known 

concentrations of rifampicin in place of supernatan t. The tu rb id ity  of 

the  cu ltu res  was measured by determining the  OD a t SDOnm over the next 

three days. The OD was determined using a Spectronic 601 

spectrophotometer. A standard curve was constructed of the  OD of s tra in  

CIS versus rifam picin standards and thn concentrations of rifam picin in 

the supernatants o f the experimental s tr a in s  was determined by reading

2.3 PRELIMINARY STUDY OF SUPERNATANT PROTEINS

The paren tal s tr a in  ATCC 12674 wns grown in T2 medium. An a liquot was 

taken from the preculture  and inoculated into 30ml of T2 medium. When the 

cu ltu re  was in exponential phase the a n tib io tic  was added a t ,1 coucpn-
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2 .6  DMA EXTRACTION

2.6.1 EXTRACTION OF PLASMID DNA FROM E.COLI

An overnight cu ltu re  o f s tr a in  MM 294 containing pDA 27 (see fig . 7) the 

p u ta tive  sh u tt le  vector formod from pECOR 251 and the nocardioform 

plasmid pDA 22 was grown in 250ml of Lurid broth (LB) containing 1% 

tryp tone , 0,5% yoa.it ex trac t end 0,5% sodium chloride as well ss  the an­

t ib io t ic  am picillir, w ith a f in a l concentration of 5Gug/ml. The sta tiona ry  

phase cu ltu re  was pe lle ted  a t 6 000 tpm for 10 m inutes. The p e l le t  was 

resuspended in  10ml of cold TE (lOmM T vis, lOmM EOTA, pK 6,0) and pe lle ted  

as before. The c e lls  were then resuspended in 2ml of a cold 25% sucrose, 

50mH Tris-HCl pH 8,0 so lu tion  to  which 0,25ml of a fresh lysozyme so lu tion  

(lOmg/ml) lysozyme was added and sw irled gently  on ice  for 15 minutes. 

Afterwards 0,25ml of 0,5M EDTA pH 8,0 was added and sw irled for a fu rther 

5 minutes on ice. To promote ly s is  2,5ml of o cold detergent solution 

containing 0,2% T riton  X 100 (Sigma, S t. Louis, MO), 62,5mH EOTA pH 6,0 

was added and sw irled fo r an additional 10 minutes u n t i l  p a r t ia l  c learing 

was achieved. This was centrifuged a t 18 000 rpm for 45 minutes before 

the supernatant was decanted and the volume measured. Caesium chloride 

was added a t 0 ,95g/ml of supernatant. Ethidium bromide (Boahringer- 

Mannhcim, West Germany) in a lumg/ml so lu tion  in water was added a t 0,'l7ml 

per ml of c leared lysato. The re f ra c tiv e  index, measured on a 

refractom etsr (Alego Co. Japan), was adjusted to  1,392 before loading the 

sample in to  Beckman quickseal uU racontrifuge  tubes. These samples wore 

centrifuged for 16 hours a t 40 000 rpm in a V.Ti 65,2 v e rtic a l ro tor in 

a Beckman L7-55 u1tracon trifnge . Plasmid bands were v isua lised  under UV 

lig h t and extracted using a syringe. The nthidlum bromide was removed by 

mixing with TE sa turated  with butanol in equal volumes (1 :1). Thn plasmid 

DNA was d ilu ted  three fold with TE and stored  a t -20°C.



2.6 .2  PREPARATION OF CHROMOSOMAL DNA FROM NOCARDIOFORMS

Organisms wpre grown Cor 2-3 duys in 250ml of TYG medium (TY medium with 

1,5". g lyc ine). Harvesting of the organisms was achieved by cen trifugation  

a t o 000 rpm for 15 minutes, C ells were resuspondad in 20ml of lOmM Tris 

pH 8,0, 10% sucrose to  which 5Q-100mg of lysozyme in 5m1 of T ris-sucrose 

was added. This was incubated a t 37eC for 2 hours. The c e l ls  were pe lleted  

a t 12 Q0U rpm for 15 minutes and resuspended in 6ml o f  TE with 2-2mg 

pro teinase  K (Boehr inger-Mannheim) dissolved in i t .  To th is  was added 

0,8ml TE containing 10% SDS or as much as was needed to achieve p a r tia l 

c lea ring . Following a 2 hour incubation a t 37*0 the lysa te  was centrifuged 

in a 507i ro to r  in a Beckman L5-50 u ltra cc n trifu g e  a t 35 000 rpm for 30 

minutes. DNA was decanted off and Ig/ml caesium chloride was added and 

dissolved. A c lea ring  cen trifugation  was performed a t IS 000 rpm for 15 

minutes and the DNA carefu lly  poured out from under the scum. Ethidium 

bromide was added and the re f ra c tiv e  index adjusted to  1,390 before the 

Beckman quickseal u ltracon trifugo  tubes wore landau, scaled and placed 

in to  the V.Ti 65,2 v e rtic a l ro tor and centrifuged for 14 hours a t 45 000 

rpm. A fter ex trac ting  the chromosomal bund, the UNA was decolourised using 

a 1:1 so lu tion  of IT. : butanol so lu tion . The DNA was dia lysed  against TE 

for a minimum of 4 hours whereafter the concentration of DNA was d e te r­

mined by spectrophotometric measurement i t  2o0iim (0D2C, of 1,0 = SOug/ml 

risDNA).



/





2.8 .2  TRANSFORMATION OF PLASMID DNA INTO NOCARDIOFORM 

BACTERIA

A p-v-iulture of CW 22 was grown in TYU medium from which 1ml was taken 

iml inoculated Into 100ml of TYG medium. When the cu ltu re  reached a post 

exponential p rcstationa ry  phase i t  was divided in to  1ml a liquo ts  and 

frozen a t -60eC u n til  i t  was needed. The c e l ls  were thawed slowly by 

pi.iciug ,u  4°C. They were p e lle ted  imd resuspondad in 1ml of lJ buffer (See 

Appemiix 11 with 5mg of lysozyme dissolved in I t .  This was incubated a t 

V°C for one hour without a g ita tio n . The c e lls  were then washed with 1ml 

of I' buffer and gen- resusi -nded in 0,5ml o f  P buffer. The c e l ls  were 

chwpenKori Into ?5pi a liquo ts  to  which O.lyg of plasmid pDA 30 was added. 

A SO', weight per volume so lu tion  of Polyethylene glycol 1000 in P buffer 

w.n added (8QiU) mixed and le f t  for 4-5 minutes. Before being gently  

sprvad on p ro top last regeneration p la tes  (0,33'. sodium ch loride, 1°. 

i ryptone, 0,5*. yeast e x tra c t , 12,5°. sucrose and 1*. agar) and incubated 

for 5-10 days a t 28°C. Eight hours a f te r  thn spreading of the p la tes  0,5ml 

of DM arsenate (Saarchem, SA) 0,5M arsen itn  (BDH Chemicals, Poole, UK) 

which had been f i l t e r  s te r i l iz e d  was underlaid. A fter d iffu sion  in the 

21 mi of p la te  rondium th is  gave f in a l concentrations of dOm.'J a rsenate and 

i'; m'l a rson ite .
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came in  the resuspending of the DNA however. The DSA was rosusponded in 

15ul of a stock so lu tion  of 17Sui s t e r i le  e a te r, 20ul lOx medium buffer, 

5nl Bgl I I  and lu l ribomicloase. Tliis was le f t  to  resuspend and d igest 

a t 37°C overnight before i t  wns loaded with sample loading buffer on a 

gel.

2 .9 .2  PREPARATION OF PLASMID FROM NOCARDIOFORMS

S tra ins were grown in TY medium supplemented with 1.5'= g lycine. Aliquots 

o f 1ml were then resuspended in thn same volume o f  0,5?l sucrose, 2<Xto.N 

T ris , pH 8 ,0 , to  which 5mg of lysozyme had been added, and incubated for 

1 hour a t 37°C with shaking. They were then p e lle ted  and resuspended in 

2S0ul of TE, a f te r  which 4,0yl o f 10% SDS in the same buffer was added. 

Nixing with gentle inversion. A fter 15 minutes a t room temperature, 40pl 

of 4,5M sodium a ce ta te . pH 6.0 was added, and mixed in  the  same manner. 

Samples Wire placed on ice for 1 hour then centrifuged in e microfuge for 

20 a inu tes . The supernatant was extracted  once w ith phenol and once with 

24:1 chloroform : isoamyl a lcohol, then the nucleic  acid was ethanol 

p rec ip ita te d . A fter a ir  drying i t  was rcdissolved in 20uI o f  TE buffer 

containing  lirg/ml ribouuc 1 ease . Mixed with loading bu ffe r, samples were 

analysed by elec trophoresis a t BOV in 0,4% agarose gels buffered with TBE.



3.0 RESULTS

With the aim of cloning the gene(s) of the novel, inducible v ifatnpicin 

inactiva ting  mechanism ( i r i )  i t  has been necessary Co prepare basis of 

th is  work. This included making the mutants th a t w ill be necessary for 

cloning by complementation, studying th e ir  im c tiv a tio n  as well as 

optim ising the  conditions fo r on acceptable level o f transform ation e f ­

ficiency.

3.1 THE PRODUCTION OF MUTANTS.

Mutants are not produced in nocardioform bacte ria  as read ily  as they are 

in organisms, such as Escherichia c o i i .  i t  has been shown th a t auxotrophs 

can be produced in E .co lj  a t a frequency of 60-80°. a f te r  STG mutagenesis 

(E,Dabbs, personal communication). However in th is  work, the frequency 

of auxotroph production in nocardioform ba cte ria  was approximately 2%. 

I t  had been s t i l l  lower but various steps were tn ten  to  increase the  e f ­

ficiency . The difference  in mutagenic effic icny  could be due to  the 

absense of an e rro r prone repa ir  mechanism in nocardioforms, and also 

because these bacte ria  aro wycolial and form syncytia. Thus colonies tha t 

grow up a f te r  mutagenesis may not be colonies of ba cte ria  possessing a 

sing le  mutation but colonies containing several mutant bacte ria .

To reduce the  clumping the following s teps were taken: the TY medium was 

supplemented with 3mN sodium ch loride, 3m,'f calcium chloride and lOmM
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magnesium ch lo ride , as i t  was found th a t th is  increased the colony forming 

un its per OD reading by between 10 and 50 fold (E.Dabbs, personal commu­

n ication) . In  add ition  to  the change in  medium some c u ltu res  were 

sonicated for 5s w ith a medium t ip .  The pH of the bu ffe rs  fo r X7C 

mutagenesis was a lte re d  aa th is  might a ffec t the perm eability  o f  the c e ll 

wall as a r e s u l t  o f  d if fe re n t ion isa tion  a t d if fe r in g  pH. A pH of 4,8 is  

most e ffec tiv e  fo r the mutagenesis of Gram negative bacte ria  p a rticu la rly  

E .co li-  I t  is  possib le  chat a pH of 8 ,0  would be more e ffe c tiv e  against 

ac tinooycetes.* '

From the  NTG mutagenesis undertaken, 14 mutants were found to  be 

hypersensitive  to  rifam pic in a t O.lpg/ml. The f i r s t  nine  mutants were 

iso la ted  from CW 22 while the follow ing fiv e  were iso la te d  from the 

streptomycin r e s i s ta n t  d e riva tive  o f  CW 22, CW 22-1. Eight m utants, Rif 

1 to  R if 8 , had been iso la te d  p r io r  to  the  commencement o f thus study by 

E.Daubs. I iso la te d  mutants R if 9 to  R if 14 a f te r  screening 1189 colo­

n ie s . The conditions under which these  mutants were formed is  tabulated
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Table 2.1 A represen ta tive  rifam picin inactiva tion  assay of rifampicin 

re s is ta n t de riva tives of CW 22 and mutants hypersensitive  to  rifam picin. 

The *> ind icates the presence of rifam picin in the  supernatants o f the 

c u ltu re s . Rifampicin was added to  an i n i t i a l  concentration of COyg/ml.

I t  became apparent th a t th ree  of the mutants were not inactiva ting  the 

a n tib io tic ,  namely Rif 7, Rif 8 and Rif 14. Four of the mutants namely 

Rif 1, Rif 5 , Rif 6 and Rif 9 were found to  in a ctiv ate  rifam picin more 

slowly than the paroiitnl s t r a in  CW 22. The o ther mutants seemed to inac­

tiv a te  the a n tib io tic  a t a s im ila r  rate  to  the paren tal s tr a in .





To a sce rta in  i f  the r a te  of inactiva tion  varied with d iffe re n t  rifampJcin 

r e s i s ta n t mutants o f  a p a rtic u la r  rlfam picin hypersensitive  s tr a in , 

rifam picin inactiva tion  assays were carried  out w ith several d if fe ren t 

colonies of rifam picin r e s i s ta n t mutants o f each rifam picin 

hypersensitive s tra in .

Table 2.2 A represen ta tive  rifam picin inactiva tion  assay of rifampicin 

r e s i s ta n t mutants, where several colonies o f oacli mutant were assayed to 

determine whether the Inactiva tion  pa ttern  was a function of the colony 

or o f  the mutant i t s e l f .  In each case the * Indicates the continued pre- 

sense of rifam picin in the supernatants ol the cu ltu res  re v n le d  by zones 

o f inh ib ition .

I t  was d i f f ic u l t  Co determine the concentr.lt ion of rifam picin in the 

supernatants o f the cultu res using tita piece method as Win standard curves 

produced, when varying known concentrations of rifam picin wore placed in 

the w ells , were very steep and would show g reat Inaccuracy in concen­

tra t io n  determ ination. 1'or th is  reason a liquid assay was developed to 

q u a n tita tiv e ly  determine the residual rifam picin concentration in 

supe rna tan ts. This assny a lso  used /I. axyrians, CIS. I f  was decided tha t 

one mutant from each pu ta tive  c lass o f hypersensitive mutants i.e .  one
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die  daC3 proscnted sbovn i t  oppcdrs Ui.it. Ri E 1 doiis indeed inactiva te  

the a n tib io t k. a t a ra te  slower than CW 22 and tha t Rif S dons not inac- 

i iv.itc rifam picin. A c e ll froo control was used to  determine what e ffec t 

I lie media had on rifampicin over a period o F time, when th is  control curve 

is compared w ith the curve for Rif 8 then  appears to be l i t t l e  d lf fo r-

K i f 8 is a candidate mutant to be used as i  rec ip ie n t in the transforma­

tion of DiVA from a genomic lib ra ry . The DNn of the genomic lib ra ry  should 

111' of a s tr a in  c losely re la ted  to CW 22. I t  nncJs to be s lig h tly  d i f f e r ­

en t, to  prevent re in teg ra tion  of the  lib ra ry  in to  the host chromosome 

through recombination. The lib ra ry  PNA should come from a s tr a in  th a t 

inactivates the drug in the same way as CW 22. Thus the  gone for inducible 

rifam picin inactivation  when i t  is  transformed into Rif S w ill resto re  

i ts  a b i l i ty  to  inactivate  rifam picin. I t  was found th a t ATCC 4277 was able 

to inactiva te  rifam picin. An acrylamide r e s i s ta n t mutant of ATCC 4277, 

ATCC 4277-1(1, had been made (B.Cowan) so these two s tra in s  were compared 

for rifam picin inactivation  a b i l i ty .

Table 2.3 A comparison of rifnmpicin inactivation  bcwoon ATCC 4277 and 

in aery 1 amide re s is tan t de riv a tiv e , ATCC 4277-111. In each case the  con­

tinued presence of rifam picin in  the supernatant is indicated by a * in 

the tab le  and a zone of inh ib ition  on the p la te .

Ah thvra appears to be no d ifference  between the a b i l i ty  of ATCC 4277 and 

its  acrylamide re s is ta n t de riva tive  to  inactivate  rifam pic in, the



3 .3  PRELIMINARY STUDY OF SUPERNATANT PROTEINS
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3 .4  THE CLONING VECTOR

A new cloning vector wfls developed for th is  work by A. Daffey (unpub­

lished) . The vector was constructed from two plasmids, one o rig ina ting  

in E -co li and the other in R ■irychropoi is  ATCC 12674. The purpose was Co 

produce a sh u ttle  vector so tha t cloning could be performed in an E .co il 

background and the cloned DMA transfe rred  to  nocardloform background.

The E .oo ll plasmid th a t was used was the su ic ide  vector pECOR 251. This 

plasmid is 3346 base p a irs  large and contains the gene for am picillin  

resis tance  and the gene encoding the re s t r ic t io n  endonuclease Eco RI. The 

E -coli o rig in  of rep lica tio n  allows i t  to  r ep lica te  in E .co li. in the 

Eco RI gene is  a unique Bgl II  s i t e .  If  the su icide vector is  cleaved with 

Bgl II  and exogenous DMA is  liga ted  in to  the s i t e  i t  prevents the Eco RI 

gene being transcribed . I f  no exogenous DMA is  introduced and the vector 

s e lf  lig a te s , the Eco RI gene is  transcribed  and the endonuclease cleaves 

the h o s t 's  DMA, k ill in g  the host. The Kco SI gene is  under the control 

of a lambda repressor so the  plasmid can bo maintained In a s tr a in  con­

ta in ing  a lambda lysogen.
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Figure 6, Oiagramatie rep resen ta tion  of the  sh u tt le  vector pDA

27: Amp=Gene for am p ic illin  r e s is tan c e ; ( *  )=Origin of

The nocardioform plasmid used uas pDA 22- This plasmid is  approximately 

10,5kb in  s ize  and contains an o rig in  of r e p lic a tio n , genes conferring 

resis tance  to  both arsenate  and arsen ics  and a s in g le  Bam HI s i t e .  The 

sh u tt le  vector was formed by jo in ing  pECOR 251 and pDA 22 in  th e ir  sing le  

Bam HI s i t e s  and has been named pDA 27.

Spontaneous nocardioform mutants have been obtained which are  re s is ta n t 

to  e i th e r  arsenate or a rse n ite , but not to  both. Thus these  bacte ria  

transformed with pDA 22 and grown up on s e lec tio n  media containing both 

arsenate and a rse n ite  would prove to  be transform ants and not r e s is ta n t 

m utants.



3 .5  THE CHROMOSOMAL DMA IN THE GENE LIBRARY
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3.7 LIGATION OF pDA 27 DNA AND ATCC 4277-111 DNA



Ratio of ATCC-i 277-1 DMA; Sbuttie Vector DNA

Figure 8. Assay of lig a tio n  and transform ation e ffic iency : These
resu l ts  were obtained a t increasing ra tio s  of ATCC 
4277-111 DNA to  pDA 27 DNA- In each transform ation 0,3yg 
pDA 27 DNA liga ted  with 0; 0 .3 ; 0 ,a ; 1,2 and 2,4pg ATCC 
4277-1)1 DNA wes transformed in to  MM 294 c e l ls  th a t had 
been incubated in a calcium ch loride  so lu tion  for 1 hour 
on ice and heatshocked for 1 min a t 42°C. Phenotypic ex­
pression occurred by incubation in L8 for 1 hour a t 37°C. 
Cells ware pe lle ted  and spread on LA p la tes  containing 
60pg/ml am picillin  end incubated a t 37° for 16 hours.
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I t  can bo soon th a t the r a tio  o f chromosomal to stnilU c vector DNA o f  8:1 

y ielded eha most trausfonnants. In o subsequent experiment comparing ra ­

tio s  of 8:1 and 16:1, i t  was found tha t an 6:1 r a tio  yielded more 

trnnsform ants than a 16:1 ra t io .  The experiment was done in t r ip l ic a te  

and the 8:1 r a tio  p la tes  y ielded on average 162 transformants while the 

16:1 ra tio  p la tes  yielded an average of 128 transformants.

Plasmid screens were done to da tsm ine  whether the colonies th a t grow up 

contained plasmids with in se r ts . Plasmid DNA was d igested with PgU I. 

The DNA was eloctrophoresed on 0,4% agarose along with X II  DNA molecular 

weight markers. The in se r t s iz es  were found to be 6,92 on overage. A 

genome siz e  for R .erytbropolis could not be found so ca lcu lations were 

based on the s iz e  of N .tuberculosis  (3x10s D a lto n s ) , '1 2344 clones would 

be needed to y ie ld  a p robab ility  o f 93% tha t any p a rticu la r  gene w ill be 

present in the  lib ra ry . However i t  appears as i f  only approximately one 

th ird  of the transformants have detec tab le  in se r ts . Thus a lib ra ry  of 

a t le a s t 7032 would be ideal. A library  was constructed using the condi­

tions th a t had been optim ised. Thu lib ra ry  siz e  is  a t p resent 3552 c lones.
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Size (base pa irs )

Plasmid c e l ls  transformed

27: DMA containing Bgl II  d igested ATC(I 4277-1 (I in se rts

Lambda i ;  DNA molecular weight markers (lane 1) show tlio 

manner of separation of the gel. P urified  sh u ttle  vector 

(lime 2), DNA extracted from irons formants (lanes >-S).
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Figure 10. Plasmid screen to  determine in se r t s iz es  of ATCC 
A 27/-1|1: 0,3ug Shuttle  vector having been digested with
Bgl I I  was liga ted  with 0,3vg of Bgl I I  p a r t ia l ly  digested 
ATCC 4277-111 DSA. To excise the in se r ts  the plasmids 
were ex tracted  from the transformants ancK rgnstod with 
12 u n its  Bgl II  Clones 3-8). Lambda II  DNA molecular 
weight markers (lane 1) for siz e  determ ination (fo r MW 
sizes see Appendix 1). S huttle  vector d igested with Bgl 
II  (lane 2) a con tro l w ith no in se r t.
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3.8  TRANSFORMATION INTO STRAIN CW 22

The effic iency  o£ the  nocardinform transform ation is  very low in  compar­

ison to  th a t of E.colJ. so several parameters wore varied to  achieve 

g rea ter transform ation frequency. The rec ip ie n t s tr a in  tha t was used was 

CW 22 and the  transforming plasmid pDA 30. the plasmul pOA 3C is  a de­

riv a tiv e  of the plasmid o rig inal ly iso la ted  from ATCC 1267't. The parame­

te rs  th a t were varied include the growth phase of the b acte ria , the 

presence and absence of ag ita tio n  of the c e lls  during the lysozyme 

treatm ent, the time of the a rsenate /a rsen ite  underlay, the  concentration 

of the ars e n ite , the number of p ro top lasts and the  amount o f DMA for 

transitrm ation .

I t  was found th a t ag ita tio n  o f  the c e l ls  fo r one hour a t 37°C in the 

presence of Img/ml of lysozyme in P buffer was detrim ental to  the 

p ro top lasts  as fewer transformants grew up on regeneration p la tes  than 

on the regeneration p la tes  spread with protop lasts th a t had not been ag­

ita te d  but had stood a t 37°C for 1 hour. Samples had been taken a t d i f ­

feren t stages in  the  growth of the organism and transform ations were 

performed with these samples. This study was done in collabora tion  with 

A. Sa lley  and H. Golob.
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Time of underlay (hours)

Table 4 .3  Transformation of CW 22 p ro top lasts with O.lyg pOA 30 varying 

the  time and concentration o tsenate /a rsen ite  underlay. The protop last 

regeneration p la tes  were underlayed with 0,5ml of a so lu tion  containing 

3H arsenate and e ith e r  0,5?! a rse n itc  or 1,0?! ersen ito  a t times 4, 8, 12, 

16 and 20 hours. Result taken a f te r  5 days incubation of p ro top last re ­

generation places a : 28°C. The numbers in the tab le  ind icate  the  number 

of transformants.

There appeared to  be no d ifference  in the numbers of transformants with 

the concentrations of a rse n ite  used. I t  did however appear os i f  underlays 

a f te r  12 hours were less e ffec tiv e . The regeneration p la tes  wore incubated 

for a fu rther 5 days as other colonies grew up a fte r  IQ days. Colonies 

from both phases of th is  b iphasic growth were found to  be transformants 

when patched on TYA p la tes  containing 60in?l arsenate and iOmM arsen itn .





Tflble 4 ,5  Hie number of transformmUs of CW 22 produced when 0, Ipg of pPA 

30 was transformed into vc ernes of c e lls  varying as 12, 25, 50, 75 and 

lOOyl and Incubated a t 28°C for 5 days is  indicated in the tab le .

The regeneration p la tes  were incubated for a fu rther 5 days to  allow ex­

pression of the  biphasic transform ants. There was a very g rea t increase 

in the  number of transform ants. These were checked by patching on filMI 

arsenate lOmfl arsen ite  p la tes  and a l l  were found to  be transformants.



V o iu m a  of Protoplasts (inyjl)
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As the amount e t DMA can also be vnricd, i t  was decided th a t d iffe rin g  

qu an titie s  o f DSA would be added lo a constant volume, of c e l ls .  Thus to 

50nl of c e lls  from 0,0 to  0,2u/g of DNA was added. A fter 5 days of in ­

cubation i t  appeared as i f  0 , lug of DNA was an optimal amount.

No. Transformants

Table 4 .6  Transformation of pDA 30 DNA in varying amounts o f 0; 0,05; 0 ,1 ; 

0,15 and 0,2ug was Introduced in to  constant volumes of 5Qp1 o f  rec ip ien t 

CW 22 pro top lasts . The number of transformants is  determined by the number 

of colonies on p ro top last regeneration p la tes  a f te r  5 days a t 2S*C.

To allow for the biphasic colonies to  grow up the regeneration p la ins were 

incubated for a to ta l  of 10 days. The transformants tha t grew up n the 

la t te r  5 days were te sted  and found to  b true  trsnsform .uits, both through 

patching on 60mM arsenate IOmM arsen ite  p la tes  end by a plasmid screen 

(T ig .14). The transform ation e ffic iency  obtained here is  15 000

transformants per microgram o f  plasmid DMA ( fjg , 13). This is  a dramatic 

increase resu ltin g  from the optim ising of cond itions.
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Concentration of pDA30 (in^ig)



S i2B (base pairs) 1 2  3  4  5  6  7

Plasmid screen of CW 22 transformed
c e lls : Transformants se lec ted  from p la tes  ( re su lts  r e ­
corded in F ig .11) were subjected to  ex traction  of th e ir  
PNA. Lambda II DNA molecular weight markers (lane 1) show 
the  manner of separation of the g e l. The p u rified  plasmid 
is  in lane 2. DNA of CW 22 th a t was not transformed is  
in  lane 3. CW 22 transformed with O.lyg DNA is  lanes 4 
end 5. CW 22 transformed with Q,!5ug DNA in  lanes 6 and
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The e ffic iency  of the trsn s fom a tlcn  has been increased to  approximately 

15 000 transformants per microgram DNA f- n approximately 25

transformants per microgram. A genomic lib ra ry  of ATCC 4277-1] 1 Df.’A i • 

being produced. Rlfampicin hypersensitive mutants of CW 22 t h . t  f i l l  -u 

used as rec ip ien ts  fo r cloning the genets) for the  inducible rifampicin 

inactiva tion  mechanism have been made. Thus conditions seem to  have been 

optimised for gene cloning.



1.0 DISCUSSION
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ficiency . In determining the r e la tiv e  concu '■•ation of DNA to  p ro top lasts 

an optimal proportion of 0, lug of p'JA 2- DNA to  SOtil o f c o lls  was d e te r ­

mined . This produced an eEficiancy of 15 000 transformants per microgram 

of DNA, This r e su l t was achieved a f te r  prolonged incub/ticn  of the 

p ro top last regeneration p la tes  where a biphasic production of 

transformants became apparent.

Several other experiments were conducted simultaneously with th is  work. 

One was an attempt to  amplify a s tre tc h  of DNA tha t spanned resistance  

determinants fo r r i/a o p ic ln , fusidic  acid and erythromycin (conducted in 

collabora tion  w ith H. Golob), another involved an attempt to  iso la te  

phages from so il to  other re la ted  nocerdiofortn b acte ria , in the hope tha t 

these phages would be of use in phago typing and in the development of 

cloning vectors. However no phages «oro found highly specific  to  the 

bacte ria  used in th is  study.

This work has been to fu rther the f ro n tie rs  of the  molecular biology of 

nocardiofcrms. I t  has in e ffec t provided a springboard for th is  i-ork to 

be carried  through into my Ph.D. I t  is  hoped th a t th is  vock w ill u l t i ­

mately lead to  g rea ter knowledge of i i  fampiciu resis tance  in 

ttycobicteriusi tuberculosis and from there to  a g rea te r  a b i l i ty  to  combnt 

th is  disease th a t causes to  much death and destruction  not only in  South 

A frica but world wide.
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