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A B S T R A C T

P r o g r e s s  in the i n v e s t i g a t i o n  of  n o c a r d i o f o r m  b a c t e r i a /  

w h i c h  a r e  of c o n s i d e r a b l e  c o m m e r c i a l  valu e ,  has b e e n  

h a m p e r e d  by  the a b s e n c e  of r e s i s t a n c e  p l a s m i d s  s u i t a b l e  f o r  

d e v e l o p m e n t  i n t o  a c l o n i n g  v e c t o r .  A p r i m a r i l y  g e n e t i c  

a p p r o a c h  s u c c e e d e d  in g e n e r a t i n g  a s et of r e a d i l y  d e t e c t a b l e  

p l a s m i d s  w h i c h  b e t w e e n  t h e m  c a r r i e d  f o u r  r e s i s t a n c e  

d e t e r m i n a n t s ,  to s o d i u m  a r s e n a t e ,  s o d i u m  a r s e n i t e ,  c a d m i u m  

c h l o r i d e  a n d  c h l o r a m p h e n i c o l .  T h e s e  p l a s m i d s  h a v e  s i n c e  b e e n  

r e d u c e d  in s i z e  a n d  o n l y  c o n f e r  r e s i s t a n c e  to a r s e n a t e  a n d  

a r s e n i t e .

T h e  m e t h o d  of  g e n e r a t i n g  t h ese p l a s m i d s  w a s  r e p e a t e d  in a n  

a t t e m p t  to o b t a i n  p l a s m i d s  c o n f e r r i n g  r e s i s t a n c e  to 

c h l o r a m p e n i c c l  or  c a d m i u m  c h l o r i d e .  F i v e  t r a n s d u c t a n t s  w e r e  

o b t a i n e d  of  v a r y i n g  p h e n o t y p e .  A ll t r a n s d u c t a n t s  w e r e  

r e s i s t a n t  to a r s e n i t e .  O n l y  o n e  t r a n s d u c t a n t  h ad r e s i s t a n c e  

to c h l o r a m p h e n i c o l .  F u r t h e r  a n a l y s i s  i n d i c a t e d  that ..his 

r e s i s t a n c e  w a s  n o t  p l a s m i d  born.

S i z e  d e t e r m i n a t i o n s  o f  the e x i s t i n g  p l a s m i d s  woi e  m a d e :  

p D A 2 0  w a s  f o u n d  to be a p p r o x i m a t e l y  70  kb, p D A 4 0  

a p p r o x i m a t e l y  100 k b  and, p D A  3 0  a p p r o x i m a t e l y  14 kb. An 

a t t e m p t  w a s  m a d e  to r e d u c e  the p l a s m i d s  p D A 2 0 ,  p D A 2 2  a n d  

p D A 3 0  in s i z e  in o r d e r  to c r e a t e  a s et of s m a l l  p l a s m i d s



s u i t a b l e  f o r  c l o n i n g  v e c t o r s ,  b u t  no r e d u c e d  p l a s m i d s  w e r e  

o b t a i n e d .

p D A 2 2  a n d  p E C O R 2 5 1  w e r e  l i g a t e d  t o g e t h e r  a t  t h e i r  B a m H I  

s i t e 3 in o r d e r  to d e v u l o p  a s h u t t l e  v e c t o r .  T w o  

o r i e n t a t i o n s  (A a n d  B) of  s h u t t l e  v e c t o r  w e r e  e x p e c t e d .  

B o t h  o r i e n t a t i o n s  p r o v e d  to be v i a b l e .  O r i e n t a t i o n  A 

s u b s e q u e n t l y  p r o v e d  to be m o r e  s u i t a b l e  f o r  c l o n i n g  

p u r p o s e s .
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1. I N T R O D U C T I O N

1.1 D e v e l o p m e n t  of c l o n i n g  v e c t o r s

N o c a r d i o f o r m  b a c t e r i a  of the g e n u s  R h o d o c o c c u s  a r e  a g r o u p  

of s o i l - d w e l l i n g  g r a m - p o s i t i v e  m i c r o o r g a n i s m s  w i t h  the 

a b i l i t y  to d e g r a d e  t o x i c  c o m p o u n d s  s u c h  as acrylamid'. (Arai 

e t  al., 1 9 81; c i t e d  in D a b b s ,  1 9 8 7 ) ,  p h e n o l i c  c o m p o u n d s  

( H a i d e r  e t  al., 1901; c i t j d  in Dabbs, 1987), a n d  

i n s e c t i c i d e s  ( F e r g u s o n  e t  al., 1981). R h o d o c o c c u s  spp. a l s o  

h a v e  the c a p a b i l i t y  of s y n t h e s i z i n g  a n t i b i o t i c s  s u c h  as  

h y g r o m y c i n  ( W a k i s u k i  et  al., 19P0) a n d  r i f a m y c i n  (Cross, 

1 9 8 2 ) .  In a d d i t i o n ,  t h e y  h ave the p r o p e n s i t y  f o r  

i n t e r c o n v e r t i n g  s t e r o i d  c o m p o u n d s ,  f or e x a m p l e ,  c o n v e r t i n g  

choj. ->terol to s u b s t a n c e s  w h i c h  a r e  the p r e c u r s o r s  of 

s t e r o i d  .. -nones o r  o ral c o n t r a c e p t i v e s  ( F e r r e i r a  et al., 

1 9 8 4 ) .  T h e y  a r e  t h e r e f o r e  of c o n s i d e r a b l e  c o m m e r c i a l  

i m p o r t a n c e .  I n d i v i d u a l  s p e c i e s  are a l s o  the a e t i o l o g i c a l  

a g e n t s  of t u b e r c u l o s i s ,  l e p r o s y  a n d  i i o c a rdiosis.

P r o g r e s s  in the i n v e s c i g a t i o n  of n o c a r d i o f o r m  h as b e e n  

h a m p e r e d  by t he a b s e n c e  of r e s i s t a n c e  p l a s m i d s  s u i t a b l e  f or 

d e v e l o p m e n t  i n t o  a c l o n i n g  v e c t o r .  P l a s m i d s  h ave b e e n  

i d e n t i f i e d  in s e v e r a l  s t r a i n s  ( K a s w e c k  e t  al., 1982), b u t  no 

p h e n o t y p e  h as b e e n  a s c r i b e d  to these. A n o t h e r  a p p r o a c h  h as 

b e e n  b a s e d  on a t t e m p t s  to d e v e l o p  the l y t i c  b a c t e r i o p h a g e  

© E C  i n t o  a c l o n i n g  v e c t o r  ( B r o w n e l l  et  al. ,  1982).



To  o b t a i n  r e s i s t a n c e  p l a s m i d s  f or a w e l l - c h a r a c t e r i s e d  

n o c a r d i o f o r m ,  R h o d o c o c c u g  e r v t h r o p o l i s  A T C C  1 2 674, an  

a l t e r n a t i v e  a p p r o a c h  - p r i m a r i l y  o e n e t i c  - w a s  a d o p t e d  in 

t h i s  w o r k  ( D a b b s  a n d  S o le, 1 9 88). A m o n g  the s t r e p t o m y c e t e s  

as  a w h o l e  t h e r e  is e v i d e n c e  of l o w  c o p y  n u m b e r  p l a s m i d s  

w h i c h  h a v e  b e e n  i d e n t i f i e d  on  the b a s i s  of t h e i r  p h e n o t y p e  

r a t h e r  t han oy the p r e s e n c e  of a p l a s m i d  b a n d  in a gel. T w o  

e x a m p l e s  a r e  p l a s m i d  S C P 1  of S t r e p t o m y c e s  c o e l i c o l o r  ( C h a t e r  

a n d  H o p w o o d ,  1983) a n d  a p l a s m i d  of S^ f r a d i a e  ( S t o n e s i f e r  

e t  al., 19S6). N o  p l a s m i d  b a n d  w a s  d e t e c t e d  in R . 

e r y t h r o p o l i s  s t r a i n  A T C C  1 2 6 7 4  b ut it w a s  h y p o t h e s i z e d  tha t  

a s i m i l a r  s i t u a t i o n  m i g h t  p r e v a i l  in thi s  o r g a n i s m .

T h e  f o l l o w i n g  s t r a t e g y  w a s  a d o p t e d  to i n v e s t i g a t e  a n d  

e x p l o i t  this ( D abbs a n d  S o l e ,  1 9 8 8 ) .  The l e vel of 

r e s i s t a n c e  of s t r a i n  A T C C  1 2 6 7 4  to a r a n g e  of a n t i b i o t i c s  

a n d  h e a v y  m e t a l  c o m p o u n d s  w a s  d e t e r m i n e d .  T h e  o r g a n i s m  w a s  

t h e n  g r o w n  in the p r e s e n c e  of a n y  of a n u m b e r  of p l a s m i d  

c u r i n g  a g e n t s ,  a f t e r  w h i c h  a l l  r e s i s t a n c e  p h e n o t y p e s  w e r e  

a g a i n  d e t e r m i n e d .  A n y  s p o n t a n e o u s  r e d u c t i o n s  in r e s i s t a n c e ,  

a s  a s s a y e d  by s c r e e n i n g  a l a r g e  n u m b e r  of  c l o n e s ,  w e r e  a l s o  

m o n i t o r e d .

O n  the a s s u m p t i o n  tha t  r e d u c t i o n s  in r e s i s t a n c e  m i g h t  

r e f l e c t  l oss of p l a s m i d - c o d e d  g e n e s ( the p a r e n t a l  s t r a i n  wa s  

then u s e d  to s e l e c t  m u t a n t s  w i t h  i n c r e a s e d  r e s i s t a n c e  to a n y  

of the c o m p o u n d s  f or w h i c h  r e d u c e d  r e s i s t a n c e  w a s  i d e n t i f i e d
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T o  o b t a i n  r e s i s t a n c e  p l a s m i d s  f o r  a w e l l - c h a r a c t e r i s e d  

n o c a r d i o f o r m ,  R h o d o c o c c u s  e r v c h r o p o l i s  A T C C  12674, a n  

a l t e r n a t i v e  a p p r o a c h  - p r i m a r i l y  g e n e c i c  - w a s  a d o p t e d  in 

tnis w o r k  ( D a b b s  a n d  S o l e ,  1 9 88). A m o n g  the s t r e p t o m y c e t e s  

a s  a w h o l e  t h e r e  is e v i d e n c e  of low c o p y  n u m b e r  p l a s m i d s  

w h i c h  h a v e  b e e n  i d e n t i f i e d  on the b a s i s  of t h e i r  p h e n o t y p e  

r a t h e r  than b y  the p r e s e n c e  of a p l a s m i d  b a n d  in a gel. T w o  

e x a m p l e s  a re p l a s m i d  S C P l  of  S t r e p t o m y c e s  c o e l i c o l o r  ( C h a t e r  

a nd H o p w o o d ,  1983) a n d  a p l a s m i d  of S^  f r a d i a e  ( S t o n e s i f e r  

e t  al., 1 9 86). N o  p l a s m i d  b a n d  w a s  d e t e c t e d  in R . 

e r y t h r o p o l i s  s t r a i n  A T C C  1 2 6 7 4  b u t  it w a s  h y p o t h e s i z e d  t h a t  

a s i m i l a r  s i t u a t i o n  m i g h t  p r e v a i l  in t h i s  o r g a n i s m .

T h e  f o l l o w i n g  s t r a t e g y  w a s  a d o p t e d  to i n v e s t i g a t e  a n d  

e x p l o i t  this ( D a b b s  a n d  Sole, 1 9 8 8 ) .  The l e vel of 

r e s i s t a n c e  of s t r a i n  A T C C  1 2 6 7 4  to a r a n g e  of a n t i b i o t i c s  

a n d  h e a v y  m e t a l  . o m p o u n d s  w a s  d e t e r m i n e d .  Th e  o r g a n i s m  w a s  

t h e n  g r o w n  in the p r e s e n c e  of a n y  of a n u m b e r  of p l a s m i d  

c u r i n g  a g e n t 3 ,  a f t e r  w h i c h  a l l  r e s i s t a n c e  p h e n o t y p e s  w e r e  

a g a i n  d e t e r m i n e d .  A n y  s p o n t a n e o u s  r e d u c t i o n s  in r e s i s t a n c e ,  

a s  a s s a y e d  by s c r e e n i n g  a l a r g e  n u m b e r  of c l o n e s ,  w e r e  a l s o  

m o n i t o r e d .

O n  the a s s u m p t i o n  tha t  r e d u c t i o n s  in r e s i s t a n c e  m i g h t  

r e f l e c t  los s  of p l a s m i d - c o d e d  g e nes, the p a r e n t a l  s t r a i n  w as 

t h e n  u s e d  to s e l e c t  m u t a n t s  w i t h  i n c r e a s e d  r e s i s t a n c e  to a n y  

of  the c o m p o u n d s  f or w h i c h  r e d u c e d  r e s i s t a n c e  w a s  i d e n t i f i e d
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in th e  " p u t a t i v e "  c u r e d  s t r a i n .  It w a s  p o s s i b l e  t h a t  in 

s o m e  c a s e s  i n c r e a s e d  r e s i s t a n c e  m i g h t  a r i s e  a s  a r e s u l t  of 

i n c r e a s e d  c o p y  n u m b e r  of  the s u p p o s e d  p l a s m i d ,  r e n d e r i n g  it 

d e t e c t a b l e  on  a g a r o s e  g e l s .  T h i s  s t r a t e g y  w a s  s u c c e s s f u l  in 

p r o d u c i n g  a s e t  of r e l a t e d  p l a s m i d s  b e a r i n g  s e v e r a l  g e n e s  of 

r e s i s t a n c e  to h e a v y  m e t a l  c o m p o u n d s  ( a r s e n a t e  a n d  a r s e n i t e ,  

a n d  c a d m i u m  c h l o r i d e )  o r  a n  a n t i b i o t i c  ( c h l o r a m p h e n i c o l ) .  

T h e  p l a s m i d s  ( d e s i g n a t e d  p C A 2 0  a n d  p D A 4 0 )  w e r e  larg e ,  

m i g r a t i n g  m o r e  s l o w l y  tha n  c h r o m o s o m a l  D N A  in a g a r o s e  g e ls, 

a n d  w e r e  m a d e  up of r e s i s t a n c e  d e t e r m i n a n t s  ( i n c l u d i n g  Q4 

i m m u n i t y )  f r o m  the h o s t  o r g a n i s m  t o g e t h e r  w i t h  p a r t  of the 

g e n o m e  ( p r o b a b l y  the r e p l i c o n )  of n o c a r d i o p h a g e  Q 4 . T h e  

p l a s m i d  p D A 2 0  has s i n c e  b e e n  r e d u c e d  in s ize by a s e r i e s  of 

d i g e s t i o n s  a n d  l i g a t i o n s ,  a nd its two d e r i v a t i v e s ,  p D A 2 2  a n d  

p D A 3 0  c o n f e r  o n l y  r e s i s t a n c e  to a r s e n a t e  a n d  a r s e n i t e .  

(Fig. 1.1).
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F i g u r e  1.1 S c h e m a t i c  r e p r e s e n t a t i o n  of the r e l a t i o n s h i p

b e t w e e n  Q4 n o c a r d i o p h a g e  a n d  the d e v e l o p m e n t  of 

c l o n i n g  v e c t o r s  for n o c a r d i o f o r m  b a c t e r i a .  The 

d e r i v a t i o n  of  p l a s m i d s  p D A 2 2  a n d  />DA30 fro m  

p D A 2 1 b y  a s e r i e s  of d i g e s t i o n s  a n d  l i g a t i o n s  

is s h o w n .  T he r e s i s t a n c e  c o n f e r r e d  by the 

v a r i o u s  p l a s m i d s  is i n d i c a t e d  in b r a c k e t s .
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1.2 T he N o c a r d i o p h a g e  Q4

Q 4  is a g e n e r a l i s e d  t r a n s d u c i n g  b a c t e r i o p h a g e  i s o l a t e d  f r o m  

s o il, a n d  it h a s  b e e n  s h o w n  to m e d i a t e  the t r a n s d u c t i o n  of  a 

n u m b e r  of u n l i n k e d  c h r o m o s o m a l  m a r k e r s  in R h o d o c o c c u s  

e r v t h r o o o l i s  ( D a bbs, 1 9 8 7 ) .

1 . 2.1 T h e  r o l e  of Q4

As m e n t i o n e d ,  t h e r e  is e v i d e n c e  in o t h e r  a c t i n o m y c e t e s  of 

v e r y  l o w  c o p y  n u m b e r  p l a s m i d s  u n d e t e c t a b l e  o r  v e r y  h a r d  to 

d e t e c t  in p l a s m i d  s c r e e n s  b u t  m a n i f e s t i n g  t h e m s e l v e s  by 

t h e i r  p h e n o t y p e  ( C h a t o r  a n d  H o p w o o d ,  1983; S t o n e s i f e r  e t  al 

1 9 8 6 ) .  It h a s  b e e n  h y p o t h e s i s e d  t h a t  t h e s e  p l a s m i d s  

i n t e g r a t e  into the c h r o m o s o m e  a n d  m u c h  of the t i m e  d o  n o t  

e x i s t  a s  a u t o n o m o u s l y  r e p l i c a t i n g  u n i t s .  In Eac i ! lu s 

s tea r o t  he r m o p h i l u  j a p l a s m i d  h a s  beer, i d e n t i f i e d  w h i c h  g o e s  

f r o m  b e i n g  an a u t o n o m o u s  u n i t  to b e i n g  i n t e g r a t e d  i n t o  the 

c h r o m o s o m e  w h e n  the o r g a n i s m  is s t r e s s e d  by  r a i s i n g  the 

t e m p e r a t u r e  to n e a r  the m a x i m u m  for g r o w t h  ( K o i z u m i  et al., 

1 9 8 6 )  .

O n  t he a s s u m p t i o n  t h a t  a n  a n a l o g o u s  s i t u a t i o n  e x i s t s  in 

o r  t h r o o o l i s  s t r a i n  A T C C  1267 4 ,  a t t e m p t s  w e r e  m a d e  to 

d i s r u p t  the n o r m a l  s t r u c t u r e  of  a p u t a t i v e  p l a s m i d  to 

p r e v e n t  it f r o m  i n t e g r a t i n g  i n t o  the c h r o m o s o m e .  T he a g e n t  

of d i s r u p t i o n  w a s  the g e n e r a l i s e d  t r a n s d u c i n g  p h a g e  Q4
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( D a b b s  a n d  S o le, 1988 ) .  T h i s  v i r u s  w o u l d  be e x p e c t e d  to 

p a c k a g e  h o s t  p l a s m i d  D N A  a s  w e l l  aa  h o s t  c h r o m o s o m a l  DNA.

A Q4 l y s a t e  of  the w i l d  t y p e  w a s  u s e d  as a s i m u l t a n e o u s  

d o n o r  of a r s e n a t e  a n d  a r s e n i t e  r e s i s t a n c e  ( l O O m M  a n d  lOmM, 

r e s p e c t i v e l y )  into s t r a i n  C W 2 2  (a s p o n t a n e o u s l y  c u r e d  

d e r i v a t i v e  of A T C C  1 2 6 7 4 ) .  N o  c o l o n i e s  g r e w  up on t h e s e  

s e l e c t i v e  p l a t e s  w h e n  the c e l l s  of C W 2 2  a l o n e  w e . e  p l a t e d .  

F o u r  t r a n s d u c t a n t s ,  td 1 - td 4, w e r e  s e l e c t e d  f rom p l a t e s  

w h e r e  the c e l l s  h a d  b e e n  e x p o s e d  to a l y s a t e  of Q 4 . T h e s e  

t r a n s d u c t a n t s  s h o w e d  n o  e v i d e n c e  of a p l a s m i d  b a n d .  

H o w e v e r ,  w h e n  s t r a i n s  td 1, 2, 3 o r  4 w e r e  p l a t e d  on  h i g h e r  

c o n c e n t r a t i o n s  (50m M )  of  a r s e n i t e  m a n y  of the r e s u l t i n g  

p u t a t i v e  c o p y  n u m b e r  m u t a n t s  s h o w e d  an  a d d i t i o n a l  b a n d  in 

a g a r o s e  gels.

By the n a t u r e  of the s e l e c t i o n  a l l  t r a n s d u c t a n t s  h ad 

i n c r e a s e d  a r s e n a t e / a r s e n i t e  r e s i s t a n c e ,  c o m p a r e d  w i t h  s t r a i n  

CW22. T h r e e  a d d i t i o n a l l y  h ad i n c r e a s e d  c a d m i u m  r e s i s t a n c e  

b u t  u n c h a n g e d  c h l o r a m p h e n i c o l  r e s i s t a n c e ,  w h i l e  o ne h ad 

i n c r e a s e d  c h l o r a m p h e n i c o l  r e s i s t a n c e  but u n c h a n g e d  c a d m i u m  

r e s i s t a n c e .  T h e r e f o r e ,  t h o u g h  the r e s i s t a n c e s  a r e  linked, 

a r s e n a t e / a r s e n i t e ,  c a d m i u m ,  a n d  c h l o r a m p h e n i c o l  c a n  

s e g r e g a t e  f r o m  o n e  a n o t h e r .  F u r t h e r m o r e ,  a r s e n a t e  w a s  

c o n s t i t u t i v e l y  e x p r e s s e d  in A T C C  1 2 6 7 4  and its d e r i v a t i v e s  

w h e r e a s  a r s e n i t e  r e s i s t a n c e  w a s  i n d u c i b l e ,  s u g g e s t i n g  tha t  

m o r e  t h a n  o n e  g e n e  p r o d u c t  w a s  r e s p o n s i b l e  f o r  r e s i s t a n c e  to



7

t h e s e  r e l a t e d  c o m p o u n d s ,  a s  s b e e n  s h o w n  in o t h e r  

o r g a n i s m s  ( M o b l e y  e t  al, 1984 ) .  [ t o g e t h e r  t h e r e f o r e ,  f o u r  

r e s i s t a n c e  d e t e r m i n a n t s  a re p u :  ly l o c a t e d  on  the D N A  

s e g m e n t  w h i c h  is s p o n t a n e o u s l y  l o s t  f r o m  s t r a i n  A T C "  1 2 6 7 4 .

T h e  o c c u r r e n c e  of d e t e c t a b l e  p l a s m i d s  o n l y  f o l l o w i n g  a 

t r a n s d u c t i o n  s t e p  s u p p o r t e d  the i n t e r p r e t a t i o n  t hat the 

p l a s m i d  of tne w i l d  - type s t r a i n  m a y  be i n t e g r a t e d  i.n the 

c h r o m o s o m e  m u c h  of the time.

T h e  r e l a t i o n s h i p  b e t w e e n  Q4 p h a g e  a n d  the* d e v e l o p m e n t  of the 

r e s i s t a n c e  p l a s m i d s  is s u m m a r i s e d  in f i g u r e  1 .1 .

1 .3 R e q u i r e m e n t s  f or c l o n i n g  v e c t o r s

T he r e q u i r e m e n t s  for a g o o d  c l o n i n g  v e c t o r  a r e

1) A r e p l i c o n  w h i c h  is 3 t a b l y  m a i n t a i n e d  in the 

o r g a n i s m .

2) A m e a n s  of s e l e c t i o n  f o r  the v e c t o r ,  tha t  is, a 

r e s i s t a n c e  d e t e r m i n a n t .

3) A m e a n s  of s e l e c t i n g  c l o n e d  f r a g m e n t s  into the 

ve c t o r .

4) A m e t h o d  of s c r e e n i n g  c l o n e d  D NA f o r  the 

d e s i r e d  g e ne.



M e e t i n g  t h e s e  r e q u i r e m e n t s  In ’o c a r d i o f o r m

1) A r e p l i c o n  d e r i v e d  f r o m  the g e n e r a l i s e d  

t r a n s d u c i n g  p h a g e  >34.

2) A r s e n i c  r e s i s t a n c e  d e t e r m i n a n t  o b t a i n e d  f r o m  an  

u n s t a b l e  g e n e t i c  e l e m e n t  in a n o c a r d i o f o r m .

3) T h e  E s c h e r i c h i a  coli s u i c i d e  v e c t o r  p E C O R 2 5 1 .

4) B a c t e r i a l  mi. ' n t s  u n a b l e  to u t i l i s e  c o m p o u n d s  

a s  s o l e  c a r b o n ,  i t r o g e n  s o u r c e s .

By c o m b i n i n g  1 a n d  2 (see fig. 1.1,.- n o c a r d i o f o r m

r e s i s t a n c e  p l a s m i d s  h a v e  b e e n  o b t a i n e d .

1.4 A i m s

1. To r e p e a t  the t r a n s d u c t i o n  e x p e r i m e n t  d e s c r i b e d  a b o v e  

w i t h  Q4  p h a g e  in o r d e r  to o b t a i n  p l a s m i d s  c o n f e r r i n g  

r e s i s t a n c e  to c h l o r a m p h e n i c o l  a n d  c a d m i u m  c h l o r i d e .

c. T o  c o m b i n e  the n o c a r d i o f o r m  r e s i s t a n c e  p l a s m i d ,  p D A 2 2 ,  

c o n f e r r i n g  a r s e n a t e  a nd a r s e n i t e  r e s i s t a n c e ,  w i t h  the E . 

c o l i  s u i c i d e  v e c t o r  p E C O R 2 5 1 .

3. T o  d e t e r m i n e  the s i z e  of the n o c a r d i o f o r m  p l a s m i d s  

p D A 2 0 ,  p D A 3 0  a n d  p D A 4 0 .

4. T o  o p t i m i s e  n o c a r d i o f o r m  t r a n s f o r m a t i o n  c o n d i t i o n s .

5. T o  d i g e s t  a n d  l i g a t e  the n o c a r d i o f c v m  r e s i s t a n c e

p l a s m i d s  p D A20, p D A 2 2  a n d  p D A 3 0  so as  to r e d u c e  t h e m  in 

s i ze, a n d  to t r a n s f o r m  t h e m  i n t o  a s u i t a b l e  r e c i p i e n t .
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2. M E T H O D S  AND M A T E R I A L S

2 .1 B a c t e r i a l  s t r a i n s

R h o d o c o c c u s  e r v t h r o p o l i s  A T C C  1 2 6 7 4

- p a r e n t a l  s t r a i n

01 - " c u r e d "  p a r e n t a l  s t r a i n

O i l  - 01 w i t h  s t r e p t o m y c i n  r e s i s t a n c e

E s c h e r i c h i a  coli M M 2 9 4

A M M 2 9 4

2 . 2  P l a s m i d s

p F C O R 2 5 1  - E s c h e r i c h i a  c o l i  s u i c i d e

v e c t o r

p D A 2 0  - N o c a r d i o f o r m  p l a s m i d  w i t h

r e s i s t a n c e  to a r s e n a t e / a r s e n i t e  

a n d  c a d m i u m  c h l o r i d e

p D A 2 2  - N o c a r d i o f o r m  p l a s m i d  w i t h

r e s i s t a n c e  to a r s e n a t e / a r s e n i t e

p D A 3 0  - N o c a r d i o f o r m  p l a s m i d  w i t h

r e s i s t a n c e  to a r s e n a t e / a r s e n i t e

p D A 4 0  - N o c a r d i o f o r m  p l a s m i d  w i t h

r e s i s t a n c e  to a r s e n a t e / a r s e n i t e  

a n d  c h l o r a m p h e n i c o l

p D A 2 7  - P u t a t i v e  s h u t t l e  v e c t o r  

( O r i o n t a t i o n  A)

S o u r c e

N. F e r r e i r a  

E. D a b b s  

H. G o l o b

S o u r c e

E. D a bbs

E. D a b b s  

E. D a b b s  

E. D a bbs

T h i s  w o r k

p D A 2 8  - P u t a t i v e  s h u t t l e  v e c t o r

( O r i e n t a t i o n  B) T h i s  w o r k
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2.3 M e d  ia

L u r i a  B r o t h  

1% T r y p t o n e  

0 . 5 %  ,.east E x t r a c t  

0 . 5 %  N a C l

L u r i a  A g a r  

1% T r y p t o n e  

0 . 5 %  Y e a s c  E x t r a c t  

0 . 5 %  N a C l  

15 g / 1  A g a r

M i n i m a l  M e d i a  A g a r

M i n i m a l  m e d i a  a g a r  w a s  p r e p a r e d  in two f l a s k s  as f o l l o w s :  

F l a s k  1 - 50 ml 10 x A - N s t o c k  

0 . 5  g NH(,C1 

200 ml H 20

F l a s k  2 - 25 0  il H 20

7 .5 g A g a r

2 . 5  g G l u c o s e

Th e  f l a s k s  a r e  a u t o c l a v e d  s e p a r a t e l y ,  a nd m i x e d ,  

g l u t a m a t e  a r e  e a c h  a d d e d  to a f i n a l  c o n c e n t r a t i o n  

u g / m l .

B 1 a n d  

of 0 . 1
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10 x A - N  S t o c k

9 1 . 7  g K j H P O ^ . 3 H aO

2 6 . 8  g K H jPO^

5 g s o d i u m  c i t r a c e  

1 g M g S 0 u . H 2 0

T h e  v o l u m e is m a d e  up t.o 1 l i t r e  w i t h H 0. The pH of the

s o l u t i o n  s h o u l d  b e  7 . 9 . S i n c e the s o l u t i o n is n ot

a u t o c l a v e d , c h l o r o f o r m  is a d d e d to k e e p it free of

c o n t a m i n a n t s .

P r o t o p l a s t  b u f f e r  

S u c r o s e  1 0 . 3  g 

^ S O ^  0 . 0 2 5 g  

MgCla-SH^ 0.202 
D i s t i l l e d  H ^ O  to 80 mis.

Au  t o c i a v e d .

10  m l  T E S  ( N - t r i s  (h y d r o x y m e t h y l ) m e t h y l - 2  a m i n o  

e t h a n e s u l p h o n i c  a c i d )  b u f f e r  (0.25M, a d j u s t e d  to pH 7.2) is 

a d d e d .  T h e  p r o t o p l a s t  b u f f e r  is then d i s p e n s e d  into 9 . 7 5  ml 

a l i q u o t s  a n d  f r o z e n  u n t i l  r e q u i r e d .  I m m e d i a t e l y  b e f o r e  use, 

2 5 0  ul of 1M CaClj a nd 1 0 0  ul of  0 . 2 5 M  K H ^ P O ^ a r e  a d d e d .
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R e g e n e r a t i o n  p l a t e s  

0 . 9  g N a C l

3 g T r y p t o n e

] . 5  g Y e a s t  E x t r a c t  

35 g S u c r o s e

T h e  s u c r o s e  i3 a l l o w e d  to d i s s o l v e .  T h e  v o l u m e  is t hen m a d e  

u p  to 2 8 0  ml.

4 g of  a g a r  is a d d e d .

A f t e r  a u t o c l a v i n g  6 mi 1M C a C l ^  a n d

10 ml T E S  b u f f e r  (0.25M/ pH 7.2) a re 

a d d e d .

T Y

1% T r y p t o n e  

0 . 5 %  Y e a s t  F x t r a c t

T Y  Aga r 

1% T r y p t o n e  

0 . 5 %  Y e a s t  E x t r a c t  

15 g / 1  A g a r

T Y G

1% T r y p t o n e  

0 . 5 %  Y e a s t  E x t r a c t  

1 - 1 . 2  % G l y c i n e



13

T Y M

1% T r y p t o n e

0 . 5 %  Y e a s t  E x t r a c t

M g S O ^  is a d d e d  a f t e r  a u t o c l a v i n g  to a f i nal c o n c e n t r a t i o n  of 

l O mM.

T Y M A

1% T r y p t o n e

0 . 5 %  Y e a s t  E x t r a c t

15 g / 1  A g a r

A f t e r  a u t o c l a v i n g ,  MgSO^. is a d d e d  to a f i n a l  c o n c e n t r a t i o n  

of  l O mM.

T Y M C A

1% Trypto.ne

0 . 5 %  Y e a s t  E x t r a c t

15 g / 1  A g a r

A f t e r  a u t o c l a v i n g ,  M g C l ^ a n d  C a C l ^  a r e  e a c h  a d d e d  to a f i nal 

c o n c e n t r a t i o n  of l O m M .

T Y M K A

1% T r y p t o n e  

0 . 5 %  Y e a s t  E x t r a c t  

15 g / 1  A g a r

A f t e r  a u t o c l a v i n g ,  M g S O ^  a nd k a n a m y c i n  a re a d d e d  to f i nal 

c o n c e n t r a t i o n s  of l O m M  ai.d 15 u g /ml, r e s p e c t i v e l y .


















































