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GENERAL INTRODUCTION



CHAPTER 1 ; GENERAL INTRODUCTION 

1.1 C h loram phenicol R es is ta n c e

1 .1 .1  R esistance to  a n tib io tic s

The s tra te g ie s  by which b a c te r ia  can  avo id  in h ib itio n  or k il l in g  

by a n tib io tic s  have been d iscu ssed  by D avis and  Maas (1952), and  

r e c e n t ly  re v ie w e d  (G ale e t ^ . , I 981). The b iochem ical b a s is  of 

re s is ta n c e  may be due to :

1 . M o d if ic a tio n  of th e  c e l l u l a r  t a r g e t  so th a t  b in d in g  of th e  

a n tib io tic  is  reduced  o r ab o lish ed ;

2. Reduction in  p h y s io lo g ica l im portance of th e  t a r g e t  by adoption  

of an  a l te rn a te  pa thw ay  w hich -bypasses i t ;

3 . D u p lic a tio n  of th e  ta r g e t  enzyme, th e  second v ersio n  b e in g  

r e s is ta n t  to  in h ib itio n ;

4 . P revention  of access to th e  ta r g e t  (by d ecreased  r a te  c f  e n try  or 

in c re a se d  ra te  cf efflux  of th e  a n tib io tic  ) ;

5 . In a c tiv a tio n  cf th e  a n tib io tic  by chem ical m odification .

All cf th ese  mechanisms h av e  b een  e n c o u n te re d  in  c l i n i c a l  

s itu a tio n s  (Gale e t a l . ,  I 981) and  fu rtherm ore  many of th e  genes fo r  

them a re  p lasm id -en co d ed , and  th u s  can  be p ro p a g a te d  by co n ju g a l 

t r a n s f e r .  T h is  f a c t  h a s  a c c o u n te d , in  la rg e  m easure, fo r  th e  

s tr ik in g  in c re a se  in  th e  inc id en ce  and  d issem ination  cf a n tib io tic  

r e s i s ta n c e  fo llo w in g  th e  w id e s p re a d  c l in ic a l  use of a n tib io tic s . 

Among g ram -n eg a tiv e  b a c te r ia ,  tra n sm iss ib le  re s is ta n c e  p lasm ids (R. 

p lasm ids) commonly c a r ry  d ru g  re s is ta n c e  de term in an ts  fo r  as  many 

as s ix  (or more) a n tib io tic s  s im u ltan eo u sly , and  consequen tly  th ey



hav e  become a  m ajor problem in  th e  tre a tm e n t of in fec tio u s  d iesases  

( f i r s t  review ed by W atanabe, I 963). G ram -positive b a c te r ia  can  a lso  

exchange  an tL b io tic -re s is tan c e  genes, b u t in  th e se  cases t r a n s f e r  is  

g e n e ra lly  m ediated by ph ag e  tra n sd u c tio n  r a th e r  th a n  co n jugation  

(L acey , 1975).

1 .1 .2  C hloram phenicol

C hloram phenicol (Cm) was f i r s t  iso la te d  in  19^7 from th e  so il 

b a c te r iu m  S tre p to m y c e s  v e n e z u e l a e  ( E h r l i c h  e t  a l .  , 1 9 ^ 7 ) .

S u b s e q u e n tly  i t  h a s  been found to  be produced by a  num ber of 

b a c te r ia  (rev iew ed by  Shaw, I 983). The s tru c tu re  of ch loram phenico l 

i s  shown in  F ig . 1 .1 . Of th e  fo u r  p o ssib le  stereoisom ers only  th e  

D (-) th reo  form i s  b a c te r io s ta t ic ,  and  indeed  th is  is  th e  only form 

syn th esized  by S. venezuelae  (Rebstock e t ^ . , 1949). The mode cf 

ac tio n  of ch lo ram phen ico l invo lves th e  in h ib itio n  of th e  p e p t id y l  

t ra n s fe ra s e  a c t iv i ty  of th e  70s ribosom es (review ed by Gale e t a l . ,

1981). Due to  i t s  sim ple s tru c tu re  th e  a n tib io tic  is  c u rre n tly  made 

on a  com m ercial sc a le  by chem ical sy n th es is  (review ed by E h rlich ,

1982), a lthough  i t  i s  no lo n g er w idely used in  c l in ic a l  s itu a tio n s  

because  of th e  p o ss ib le  s id e  effect of a p la s tic  an aem ia . V arious 

analogues of ch loram phen ico l have been sy n th es ized ; e lec tro n eg a tiv e  

group su b s titu tio n  a t  th e  p a ra  position  of th e  arom atic r in g  r e ta in s  

a n t ib a c te r ia l  a c t iv i ty ;  th e  d ichloroacetam ido group on Cg c a n  be 

a lte re d  and  a n t ib a c te r ia l  a c tiv ity  re ta in e d ; however l i t t l e  a l te ra t io n  

can  be to le ra te d  in  th e  p ro p an ed io l moiety (Gale ^  , I 981 ). I f  

th e  C3 h y d ro x y l group is  rep laced  by f lu o r in e , a n t ib a c te r ia l  a c tiv ity  

is  re ta in e d  (H ahn, I 98O), and  NMR s tu d ie s  h a v e  s u g g e s te d  t h a t



th is  p a r t  cf th e  molecule i s  im p o rta n t in  b in d in g  to  th e  ribosom e 

(T r itto n , 1979).

1 .1 .3  R esistance  to  C hloram phenicol

V arious m echanisms of ch lo ram phen ico l r e s i s ta n c e  h a v e  b een  

r e p o r t e d ,  a n d  h a v e  r e c e n t ly  b e e n  re v ie w e d  b y  S h aw , (1903). 

C hloram phenicol re s is ta n c e  h a s  been o b se rv e d  to  o p e r a te  b y  th e  

d e g ra d a tio n  of th e  a n tib io tic  in  F lavob  a c te r iu  m sp p . (Sussm uth e t 

a l . , 1979) > w hile C lostrid ium  acetobuty licum  can  red u ce  th e  a r y l  

n itro  g ro u p , which e ffec tiv e ly  in a c t iv a te s  ch lo ram phen ico l (O 'B rien  

and  M orris, 1971). Chromosomal lo c i have  been id e n tif ie d  in  E .co li 

w h ich  c o n fe r  low  le v e l  ch lo ram phen ico l re s is ta n c e , th e se  in c lu d e  

cmlA (re s is ta n c e  to  ch lo ram phen ico l and  te tra c y c lin e .  Reeve, 1968); 

and  Ion ( re s is ta n c e  to  ch lo ram p h en ico l. Reeve, I 968) . The m ar A 

locus (S tu a r t and  Levy, I 983) h as  been rep o rted  to  convey h ig h  le v e l  

re s is ta n c e  ( lOC^g/ml) to  ch lo ram phen ico l and  te t ra c y c l in e .  Some 

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

c h lo ra m p h e n ic o l re s is ta n c e  by a  mechanism th a t  does no t in v o lv e  

d ru g  in a c tiv a tio n  o r m odification  (G affney e t ^ . , I 98I ;  Kono and  

O 'H a r a ,  1 9 7 ^ ), w h e re in  r e s i s t a n c e  i s  m e d ia te d  b y  d e c re a s e d  

p e rm eab ility  of th e  c e ll envelope to  th e  d ru g . Such m echanism s may 

be in d u c ib l e ,  a n d  p o s t - t r a n s c r ip t io n a l ly  re g u la te d  (Dorman an d  

F o ste r , I 985) . The most common m echan ism  o f c h lo ra m p h e n ic o l  

re s is ta n c e  found in  c l in ic a l  is o la te s ,  how ever, i s  d ru g  in a c t iv a t io n  

by a  p lasm id  borne c a t  gene sp ec ify in g  th e  enzyme ch lo ram phen ico l 

a c e ty l tra n s f  e ra se  (CAT, EC 2 .3 .1 .2 8 ) .



F ig  1 .1  C hloram phenicol

The s tru c tu re  of ch lo ram phen ico l i s  shown (Rebstock e t  a l . , 

1949) . In  3-deoxyCm -H re p la c e s  -OH on C3 .

F ig  1 .2  The a c é ty la tio n  of C hloram phenicol c a ta ly se d  by  CAT 

Follow ing th e  i n i t i a l  a c é ty la tio n  cf th e  h y d ro x y l g roup  (C3 on 

t h e  p r o p a n e d i o l  s id e  c h a i n ,  see  a b o v e )  a  n o n -e n z y m ic  

iso m eriza tio n  o c c u rs  ( y ie ld in g  1 -a c e to x y  c h lo ra m p h e n ic o l)  

ex p o sin g  th e  p rim a ry  h y d ro x y l to  re -ace ty la tL on  and  fo rm ation  

c f  th e  1,3 d ia c e ty l d e r iv a t iv e .
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The f i r s t  s tu d ies  on th e  ch loram phenico l re s is ta n c e  de term in an ts  

sp ec ified  by such p lasm ids were made a f te r  co n ju g a l t r a n s f e r  of th e  

p la s m id s  from epidem ic s tra in s  in to  la b o ra to ry  s tr a in s  of B .coU f  

M iyam ura, 1964, rep o rted  th a t  E .coH  h a rb o u rin g  such tra n sm iss ib le  

elem ents fo r  ch loram phenico l re s is ta n c e  were ab le  to in a c t iv a te  th e  

d ru g . Shaw, 1967, and  Suzuki and  Okamoto, I 967, showed th a t  th is  

i n a c t i v a t i o n  w as d ue  to  a c é ty la t io n  o f ch lo ram p h en ico l on th e  

C3-h y d ro x y l (F ig s . 1 .1  and  1 .2 ) . In  th e  in a c tiv a tio n  scheme th e  

form ation  cf th e  3-acetoxyCm , which i s  in  non-enzym ic eq u ilib riu m  

w ith 1-acetoxyCm , i s  f u r th e r  a c e ty la te d  by CAT to y ie ld  th e  d iac e ta te  

(1 ,3 -d ia c e to x y C m  ) .  A ce ty la ted  ch loram phenico l was found  to  be 

in e ffec tiv e  as  an  a n t ib io t ic . .in vivo (Shaw , I 967) w h ile  v i t r o  

a s sa y s  dem onstrated  t h a t  ribosom es from E .c o li bound 20-fold le ss  

3-acetoxyCm th a n  ch loram phenicol (Shaw and  Unowsky, 1968). U ntil 

recen tly  th e  q u a te rn a ry  s tru c tu re  of CAT was b e lieved  to  be th a t  of 

a  te tra m e r cf fo u r id e n tic a l  su b -u n its  (Packm an and  Shaw , 1981 ). 

H ow ever, recen t hydrodynam ic and  c ry s ta llo g ra p h ic  s tu d ie s  (Shaw 

e t , 1985 m an u sc rip t in  p re p a ra tio n )  have  rev ea led  t h a t  CAT must 

be a  tr im e r .

1 .1 .4  CAT v a r ia n ts :  a  Survey

The c a t  genes of g ram -p o sitiv e  o rgan ism s s tu d ied  so f a r  encode 

a  fam ily  c f immunologic a lly  c ro s s - re a c t iv e  v a r i a n t s . They a r e  

a lm o s t a l l  in d u c ib le  by  c h lo ra m p h e n ic o l o r  se lec ted  an a lo g u es  

(review ed by Shaw, I 983). The o r ig in a l  o b se rv a tio n  of 'in d u c tio n ' 

(D unsm oor e t  ^ . , 1964) showed th a t  c e r ta in  iso la te s  of S . au reu s  

could be 'p r e - a d a p te d ' to grow in  th e  p resen ce  of ch lo ram aphen ico l



by  p r io r  incubati.on  with th e  a n t ib io t ic . Shaw an d  B rodsky ( I 968) 

showed th a t  re s is ta n c e  was due to  CAT; th e  spec ific  a c t iv i ty  of CAT 

u n d e r th e se  cond itions was found to  in c re a se  by as  much a s  lOC-fold 

upon in d u c tio n  w ith ch lo ram phen ico l or close s t r u c tu r a l  an a lo g u es  

(Shaw an d  W inshell, I 969) .

I so la te s  of S . a u reu s  t h a t  a re  ch loram phen ico l r e s i s ta n t  ty p ic a l ly  

h a rb o u r  c a t  g e n e s  on s m a ll  m u ltic o p y  p la s m id s  (S h a w , 1983) .  

C erta in  of such  p la sm id s , pC194 an d  pC221, can  a lso  re p l ic a te  in  

B ac illu s  s u b t i l i s , a n d  th e  c h lo r a m p h e n ic o l - in d u c ib le  r e s i s t a n c e  

p h e n o ty p e  h a s  b e e n  d e m o n s tra te d ' in  bo th  hosts  (E h rlic h , 1977; 

H orinouchi an d  W eisblum, I 982) . S im ila r ly ,  s t r a i n s  o f B a c i l lu s  

pum llus can  h a rb o u r  ch lo ram p h en ico l-in d u c ib le  c a t  g en es, w hich a re  

a lso  in d u c ib le  in  B. s u b ti l is  (D uvall e t , 1984; W illiams e t al. , 

1981). The mechanism of in d u c tio n  by ch lo ram phen ico l h a s  no t y e t 

been e lu c id a te d , how ever, th e  a v a i la b le  d a ta  su g g ests  t h a t  co n tro l 

may o p era te  p o s t- t r a n s c r ip t io n a lly ,  an d  fu rth e rm o re , t h a t  i t  may be 

d iffe re n t in  S . a u re u s  and  B .pum ilus (M ongkolsuk e t , 1984).

The c a t  g e n es  of g ra m -n e g a tiv e  en te r ic  b a c te r ia  h av e  been  

b ro ad ly  c la s s if ie d  in to  th re e  v a r ia n ts  (ty p e  I ,  H  and  I I I )  on th e  

b a s i s  o f a  v a r i e t y  o f p h y s ic a l ,  im m unological, an d  b iochem ical 

c r i te i la n  (Z a id en za ig  e t , 1979). CAT i s  p roduced  c o n s titu tiv e ly  

by  a l l  th re e  v a r ia n t s ,  a lth o u g h  th e  sy n th e s is  of th e  ty p e  I  v a r i a n t  

i s  u n d e r th e  p o s itiv e  c o n tro l  b y  cAMP a n d  th e  c a t a b o l i t e - g e n e  

a c t iv a to r  p ro te in  (CAP). The phenomenon of c a ta b o li te  re p re s s io n  

was f i r s t  dem onstra ted  in  v ivo by Harwood and  Smith (1971), an d



was su b seq u en tly  confirm ed ^  v itro  (de Crom brugghe e t , 1973; 

D ottin e t , 1973). P ositive  re g u la tio n  by th e  cAMP/CAP complex is  

d iscu ssed  in  section  1 .3 .1 .

T h e  o b s e r v a t i o n  t h a t  th e  ty p e  I  c a t  i s  th e  r e s i s ta n c e  

d e te rm in an t cf tra n sp o so n  Tn9 (w here i t  i s  f la n k e d  by th e  d ire c t 

re p e a ts  cf th e  in se r tio n  sequence IS]^, (Alton and  V apnek, 1979), may 

account fo r th e  predom inance of th e  ty p e  I  se q u e n c e  am ong c a t  

de term in an ts  p re se n t in  g ram -n eg a tiv e  b a c te r ia .

O ther g ram -n eg a tiv e  v a r ia n ts  have a lso  been exam ined, some of 

w h ic h  show  s i m i l a r  p r o p e r t i e s  to  t h e  t h r e e  m a in  v a r i a n t  

c la s s if ic a tio n s . The c a t  gene of Agrobacterium  tum efaciens is  un ique 

a s  i t  i s  t h e  o n ly  g r a m - n e g a t i v e  g e n e  to  be  in d u c ib le  by  

ch loram phenico l o r i t s  3-deoxy analogue  (Shaw, 1974). The CAT 

produced by Haem ophilus in flu en z ae  and  p a ra in f lu enzae a re  s im ila r  

to th e  ty p e  I I  v a r ia n t  (Shaw  e t  a l . ,  1978), w h ile  th e  CAT of 

P .m i r a b i l i s  i s  s im ila r ,  b u t no t id e n tic a l ,  to  th e  ty p e  I  v a r ia n t  

(Z a id en za ig  , 1979). The mechanism by which th e  ex p ress io n

of th e  c a t  gene is  co n tro lled  in  th e  s tr a in  P . m ira t i l l s  PM13 is  th e  

su b jec t cf th e  work in  th is  th e s is .

1 .2  C h loram phenicol r e s is ta n c e  In P .m ir a b i l i s  PM13: i n i t i a l  

o b se r v a tio n s

C hlo ram phen ico l-sensitive  b a c te r ia  u su a lly  co n ta in  no CAT, th u s  

se lection  fo r c h lo ra m p h e n ic o l-re s is ta n t m utants from  su ch  s t r a i n s  

in  v a r ia b ly  y ie ld s  ce lls  which have some a lte rn a t iv e  mechanism of 

re s is ta n c e  (George and  Levy, 1983). The s itu a tio n  i s  q u ite  d iffe ren t



f o r  th e  a p p e a r a n c e  o f c h lo ram p h e n ic o l re s is ta n c e  in  P . m ira b ilis  

PM13; s t r a in s  which show tra c e s  of CAT a c tiv ity  can  g ive  r is e  to  

co lon ies e x h ib it in g  h ig h  le v e l  re s is ta n c e  w ith concom itant in c re a s e  in  

enzyme p ro d u c tio n . T hus, when c u ltu re s  of P .m ira b il is  PM13 a re  

grown a t  37°C in  P e n a s sa y -b ro th  to  th e  m id -ex p o n en tia l p h a se , th e n  

p la te d  onto P e n a s s a y -a g a r  supplem ented  w ith ch lo ram phen ico l a t  a  

c c n c en tra tio n  cf r e s i s ta n t  colonies a p p e a r  a t  a  freq u en cy  of

betw een ICr^ to  10“ 5 p e r  c e ll  per. g e n e ra tio n . This phenom enon h a s  

been  term ed enhancem ent (S. H arfo rd  an d  W.V. Shaw , p re lim in a ry  

u n p u b lish e d  ex p erim en ts  ) .

The CAT enzyme re sp o n s ib le  h a s  been p u r if ie d  from c u ltu re s  of 

P . m i r a b i l i s  PM13 g ro w n  i n  t h e  p r e s e n c e  a n d  a b s e n c e  o f  

c h lo r a m p h e n ic o l ,  a n d  b io c h e m ic a l  p a r a m e te r s  c o m p a re d . This 

com parison is  p re sen te d  in  T ab le  1 .1 , and  su g g ests  t h a t  CAT p u r if ie d  

f ro m  c u l t u r e s  o f P .m i r a b i l i s  PM13 g row n in  th e  p r e s e n c e  o f 

ch lo ram phen ico l i s  in d is t in g u is h a b le  from th e  enzyme p u r if ie d  from 

c e lls  grown in  th e  absen ce  of ch lo ram ap h en ico l. This su g g es ts  t h a t  

ch lo ram phen ico l r e s is ta n c e  i s  m ediated  by an in c re a se  in  th e  am ount 

of CAT, r a th e r  th a n  to  an y  a l te r a t io n  in  th e  p ro p e rtie s  of th e  p ro te in  

o r th e  sy n th e s is  of a  second CAT v a r ia n t .

C h lo ra m p h e n ic o l r e s i s ta n t  co lonies which h av e  been iso la te d  

a f te r  grow th on c h lo ra m p h e n ic o l-a g a r  e x h ib it  a  novel pheno type  w ith 

re sp e c t to  ch lo ram phen ico l r e s is ta n c e .  When a  s in g le  colony grown 

on c h lo ra m p h e n ic o l-a g a r  (59^g/m l) is  t ra n s fe r re d  to  l iq u id  medium 

and  p ro p ag a ted  in  th e  absen ce  of a n tib io tic  fo r  I 50 g en e ra tio n s  a
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p o p u la tio n  cf p redom inan tly  se n s itiv e  ce lls  a r is e s ,  i . e .  th e re  i s  a  

p o p u la tio n  rev e rs io n  to  th e  ch lo ram p h en ico l-sen sitiv e  s ta te .  This 

d i s a p p e a r a n c e  of c h lo r a m p h e n ic o l - r e s i s ta n t  c e l ls  w ith  tim e  is" 

g ra p h ic a lly  p resen ted  in  F ig . 1 .3 . The effic iency  of p la t in g  of ce lls  

on ch loram phenico l a f te r  growth fo r  n -g e n e ra tio n s  is  p a ra l le le d  by a  

decrease  in  CAT a c t iv i ty ,  su g g estin g  th a t  th e  lo ss  of CAT a c tiv ity  is  

re sp o n s ib le  fo r  th e  lo ss  cf re s is ta n c e .



F ig . 1 .3

D isap p earan ce  of c h lo ram p h e n ico l-re s is ta n t ce lls  of F .m ira h ilis  

PMI3 from a  uniTormly r e s i s t a n t  p o p u la t io n  a s  a  fu n c t io n  

cf tim e

C ells  w ere co lle c ted  by cen tr ifb g a tio n  a f te r  grow th in  

P e n a ssa y -b ro th  c o n ta in in g  c h lo ra m p h e n ic o l (50 ;ag /m l) a n d ,  

a f t e r  w a s h in g , were resu sp en d ed  in  a n tib io tic -f re e  medium. 

Samples tak en  a t  a p p ro p ria te  in te rv a ls  were d iv ided  an d  tak en  

fo r  sim ultaneous p la t in g  on P e n a s sa y -a g a r  co n ta in in g  50pg cf 

ch loram phenico l p e r  ml and on p la te s  la c k in g  th e  a n t ib io t ic , 

and  fo r  ly s is  before m easurem ent cf th e  specific  a c t iv i ty  of 

CAT. The ex p erim en ta l po ip ts  g iv in g  l in e  (a ) re p re se n t th e  

effic iency  of p la t in g  (E .O .P .)  of ce lls  on ch lo ram phen ico l, and  

lin e  (b) dep ic ts  th e  p a r a l le l  and  ex p o n en tia l f a l l  in  CAT from 

th e  p o p u la tio n .
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1 .2 .1  How w idesp read  is  th e  phenomenon?

A dd itional re p re se n ta tiv e s  of P ro teus s p p . ,  M o rg an e lla  s p p . ,  

an d  P ro v id en c ia  sp p . were screened fo r th e  enhancem ent phenomenon 

d escrib ed  above, i . e .  th e  ap p ea ran ce  of c h lo ra m p h e n ic o l-re s is ta n t 

c e l l s  a r i s i n g  from  a  p re d o m in a n tly  c h lo r a m p h e n ic o l - s e n s i t iv e  

po p u la tio n  a t  h igh  f re q u e n c y  ( a p p ro x im a te ly  1 0 “ 5 p e r  c e l l  p e r  

g e n e ra tio n ) . T h irteen  cf 32 s tr a in s  from th e  N ational Collection of 

Type C ultu res (U nited Kingdom) showed th e  phenomenon (Table 1 .2 ) , 

w hereas only two produced CAT a t  h ig h  le v e l w ithout p r io r  exposure 

to  ch lo ram phen ico l.

1 .2 .2  D efinitions

In  th is  work I  re fe r  to  enhancem ent as  th e  phenomenon w hereby 

th e re  i s  an  in c re a se  in  th e  le v e l of CAT produced in  P . m ira b ilis  

PM13 ce lls  th a t  have been grown in  th e  p resen ce  of ch loram phenico l 

as  com pared w ith ce lls  th a t  have n o t. No mechanism is  im plied  by 

th is  term . The phenotype cf ce lls  c f P . m ira b ilis  PM13 grown in  th e  

p resence of ch loram phenico l is  re fe rre d  to  as  CAT+ w hereas th a t  of 

P . m irab ilis  PM13 cu ltu re d  in  i t s  absence i s  d esc rib ed  as  CAT". I t  

should  be noted th a t  th e  l a t t e r  do co n ta in  CAT a c tiv ity  th a t  can  be 

detected by th e  rad io m etric  a s sa y  (M ethods, 2 .3 ) ,  an d  p u r if ie d  by 

a.ffin ity  ch ro m ato g rap h y , b u t i t  i s  d ra m a tic a lly  low er th a n  in  CAT+ 

c e lls .



Table 1.2

SPECIES
NCTC
NUMBER PHENOMENON

Proteus mirabilis 10374 +

9559 +

6396 +

6197 -

3177 -

60 -
Proteus vulgaris 10376 -

10015 -

4175 -
Morganella morganii 10375 +

10041 -
7381 +

5845 +
2818 +
2815 ~+

1707 -

235 -

232 +

Providencia rettgeri 10377 C
8893 +
7481 +
7480 -

7479 -

7477 -

7476 +
7475 +

Providencia species 10318 c
10286 -

8113 -

8056 -
6345 -
2481 -

+ and - indicate presence or absence of the phenomenon, 
C indicates constitutive CAT production.
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1 .2 .3  Aims of th is  s tu d y

The aim s of th is  p ro je c t w ere: ( i)  to  exam ine th e  mechanism by 

w hich c h lo ra m p h e n ic o l-re s is ta n t colonies of P .m ira b ilis  PM13 arise" 

from a  p red o m in an tly  ch loram phenico l s en s itiv e  p o p u la tio n , and  ( ii)  

to  exam ine th e  f a te  cf such r e s is ta n t  ce lls  when th e  popu la tion  is  no 

lo n g e r  e x p o se d  to  th e  a n t i b i o t i c .  As t h i s  p r o je c t  u lt im a te ly  

ad d ressed  th e  m olecular m echanism (s) by which th e  ex p ress io n  of th e  

P . m ira b ilis  PM13 c a t  gene is  re g u la te d , i t  may be a p p ro p ria te  to  

review  b r ie f ly  th e  m echanisms by w hich  b a c t e r i a  r e g u la te  g en e  

e x p re ss io n .

1.3 R eg u la tio n  o f  b a c t e r ia l .g e n e  e x p r e ss io n

The m olecular m echanisms which e x is t  to con tro l b a c te r ia l  gene 

ex p ress io n  can  be d iv id ed  b ro ad ly  in to  two c la s se s :  ( i)  those  which 

o p era te  a t  th e  t r a n s c r ip t io n a l  le v e l, co n tro llin g  th e  ra te s  a t  which 

specific  RNA m olecules a re  sy n th esized  from a  DNA tem p la te , and  ( ii)  

those  which o p e ra te  p o s t- t r a n s c r ip t io n a lly ,.. co n tro llin g  th e  r a te  a t  

w h ich  mRNA m olecu les once sy n th esized  a re  t r a n s la te d  in to  th e i r  

po lypep tide  p ro d u c t. The follow ing review  is  only  concerned w ith 

g en es  w hich  g iv e  r i s e  to  mRNAs, r a t h e r  th a n  those  which a re  

t ra n sc r ib e d  in to  tRNA o r rRNA; th e  sy n th es is  of th ese  s ta b le  RNAs 

h as  been recen tly  rev iew ed (Lamond, 1985)-
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1 .3 .1  T ra n s c r ip t io n a l  co n tro l

The sy n th e s is  of RNA can  be re g u la te d  a t  a . v a r ie ty  of sp ec ific  

s ig n a ls  encoded in  th e  DNA, some of which specify  s t a r t  s i te s ,  an d  

o th e r s  w h ich  s p e c ify  s to p ,  o r  p a u se  s i te s .  R egu la tion  of gene 

e x p re ss io n  h a s  b e e n  d e m o n s tra te d  to  o c c u r  a t  e i t h e r  o f th e s e  

lo c a t io n s .

RNA po lym erase in i t ia te s  RNA sy n th e s is  a f te r  b in d in g  a t  s ite s  

known as  p rom oters , and  to  d a te  more th a n  100 of th e se  h av e  been 

're p o r te d  (Hawley an d  McClure, 1983) . Homologies betw een prom oter 

re g io n s  have been id e n tif ie d  (R osenberg and  C ourt, 1979) an d  h av e  

been used  to  com pile a  so -c a lle d  consensus sequence.

The c u r re n t  sequence (Hawley an d  McClure, I 983) i s :

[ - 35] [-10]

TTGACA -  N i5_ i9 -  TATAAT -  N^^y START

The c o n s e n s u s  seq u en ce  a p p e a rs  to  be m axim al in  prom oter 

s tr e n g th ,  i . e .  m utations which d ec rease  homology to  th e  consensus 

s e q u e n c e  a r e  ’ d o w n -p ro m o te r  ' m u ta tio n s , w hile m utations which 

in c re a s e  homology a re  ’u p -p ro m o te r ' m u ta tions. The sequences of 

b o n a  f id e  p ro m o te rs  in  E .c o l i  do n o t, how ever, a lw ay s  co n ta in  

s t r ik in g  homology to  th e  consensus sequence.



12

The c u r re n t  modal fo r  t r a n s c r ip t io n  in i t ia t io n  (W alter e t  a J .., 

1967; C ham berlin , 197^) i s  o u tlin e d  below :

KB NTPs

R + P r  :  R P c------------>RPq ----------------------  ̂RNA

k f

1) B ind ing  2) Iso m eriza tio n  3) Promoter c le a ra n c e

In  th is  scheme RNA polym erase  (R) b in d s  to  th e  prom oter (P) 

w ith a  b in d in g  c o n s ta n t  K g, to  form  a n  i n a c t iv e  in te r m e d ia te  

' c lo se d ' complex (RP^), The l a t t e r  isom erizes w ith a  r a te  c o n s ta n t 

k f  to  form th e  t r a n s c r ip t io n a l ly  a c tiv e  open complex (RPq) w hich , in  

th e  p r e s e n c e  o f n u c le o s id e  t r i p h o s p h a te s  (N T P s), im m e d ia te ly  

c a ta ly s e s  c h a in  e lo n g a t io n . The s t r o n g e s t  p ro m o te rs  h a v e  th e  

h ig h e s t  v a lu e s  o f Kg a n d  k f , a  h ig h  v a lu e  of Kg i s  g e n e ra lly  

a sso c ia te d  w ith a  good -35 consensus sequence, w hile th e  v a lu e  of k f 

d e p e n d s  on tw o p a r a m e te r s ;  th e  deg ree  of homology to  th e  -1C 

(Pribnow  box) seq u en ce , and  th e  d is tan ce  between th e  -35 an d  -1C 

sequences (S tefano an d  G ru lla , I 982) .

Changes in  th e  freq u en cy  of t r a n s c r ip t io n  i n i t i a t i o n  c a n  be 

ach iev ed  by m o du la ting  th e  e ffic ien cy  w ith which RNA polym erase  can  

recogn ize  and in te r a c t  w ith th e  prom oter (-35 and  -1C) reco g n itio n  

s i te s ,  o r th e  in te ra c t io n  w ith o th e r  effec to r m olecules can  p o s it iv e ly , 

o r  n e g a tiv e ly  co n tro l t r a n s c r ip t io n .

In  th e i r  operon model, Jacob an d  Monod ( I 96I ) ,  p roposed  th a t  

th e  re g u la tio n  o f th e  l a c to s e  o p e ro n  o c c u r re d  a t  th e  l e v e l  o f
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t r a n s c r ip t io n  of th e  mRNA sp e c ie s . In it ia t io n  of t r a n s c r ip t io n  was 

found to  be in h ib i te d  by th e  t ig h t  b in d in g  (Kd = I0 “ ^3m) o f a  

re p re s so r  p ro te in  to  an  o p e ra to r  s ite  on th e  DNA n e a r  th e  p rom oter. 

I f  an  in d u c e r  (a llo c to se ) b in d s  to  th e  re p re s so r , i t s  a f f in ity  fo r  th e  

o p e ra to r  i s  d ec re a se d , an d  t ra n s c r ip t io n  can  p roceed . Many o th e r 

re p re s so rs  h av e  now been d e sc rib e d , and  i t  h as  become a p p a re n t  

t h a t  th e r e  i s  c o n s id e ra b le  d iv e rs ity  both in  th e  a f f in ity  of th e  

re p re s so r  fo r  th e  o p e ra to r , an d  in  th e  lo ca tio n  of th e  o p e ra to r  s ite  

w ith re sp e c t to  th e  prom oter (R eznikoff and  A belson, 1978). In  most 

,c a s e s , how ever, th e  DNA sequence com prising  th e  o p e ra to r  h a s  been 

fo u n d  to  o v e r la p  th e  DNA sequences com prising  th e  p rom oter, an  

o b se rv a tio n  which h a s  le d  to  th e  p ro p o sa l th a t  a  bound re p re s so r  

s t e r i c a l l y  i n t e r f e r e s  w ith  RNA p o ly m e ra se  b in d in g .  S u ch  a  

mechanism h a s  been o b serv ed  w ith th e  b ac te rio p h ag e  \  system  w here 

th e  \  c l  re p re s so r  was dem onstra ted  to  in h ib i t  th e  r a te  of X Pg open 

complex form ation  by d e c re a s in g  Kg (Hawley ^  a l . ,  1984 as c ited  in  

von H ippel e t  a l . ,  1984).

P ro tein :D N A  in te ra c tio n s  pan no t only  decrease  t r a n s c r ip t io n  

r a te s ,  b u t a lso  s tim u la te  them  b y  th e  b in d in g  o f a n  a c t i v a t o r  

p r o te in .  The- lo c a t io n  o f a c t i v a t o r  b in d in g  s ite s  d is tin g u ish e s  

a c tiv a to rs  from re p re s so rs . All known a c tiv a to rs  b in d  n e a r ,  o r  

upstream  from th e  -35 re g io n . A com parison cf p o s itiv e ly  re g u la te d  

prom oters (R aibaud  and  S chw artz , 1984) from g ram -n eg a tiv e  b a c te r ia  

d e m o n s tra te d  t h a t  th e i r  sequences d iv erg ed  s ig n if ic a n tly  from th e  

consensus sequence of ty p ic a l  p rom oters. This d ev ia tio n  was most 

n o t a b l e  i n  t h e  - 3 5  r e g i o n ,  a n d  in  t h e  f i r s t  T i n  t h e



14

c o n s e n s u s  TATAAT in  th e  -1.0 r e g io n .  A v a r ie ty  of genes a re  

p o s i t iv e ly  r e g u la t e d  b y  CAP, th e  c a t a b o l i t e  a c t i v a t o r  p r o te in  

(rev iew ed  by de Crom brugghe e t , 1984). When cyclic  AMP (cAMP) 

le v e ls  a re  h ig h  in  resp o n se  to  g lucose s ta rv a t io n , CAP s tim u la te s  

i n i t i a t i o n  o f t r a n s c r i p t i o n .  The l a c P] p ro m o te r  i s  p o s itiv e ly  

s tim u la te d  by a  20-fold in c re a s e  in  Kg, th e  b in d in g  c o n s ta n t,  (M alan 

an d  Kolb, 1984) w hile th e  X - re p re s s o r  in c re a se s  th e  t r a n s c r ip t io n  

r a te  of th e  X P p^ p ro m o ter b y  a n  1 1 -fo ld  i n c r e a s e  i n  k f  ( th e  

iso m eriza tio n  s tep  ). These p o s itiv e  re g u la to ry  elem ents d iscu ssed  

above can  a lso  a c t  n e g a tiv e ly  on tr a n s c r ip t io n ;  cAMP-CAP b in d in g  a t  

th e  P2 p ro m o te r  o f th e  g a l  o p e ro n , (M usso e t  ^ . , 1977) an d  

X  r e p r e s s o r  p r e v e n t in g  th e  e s ta b l i s h m e n t  o f th e  l y t i c  p h a s e  

( re v ie w e d  b y  B ram m ar a n d  H a d f ie ld ,  1 9 84). R e p re s s o r s  a n d  

a c tiv a to rs  ty p ic a l ly  b in d  DNA as  dim ers (or h ig h e r  m u ltim ers). The 

s tru c tu re  of th re e  co n tro l p ro te in s  h as  been determ ined u s in g  X -ray  

c ry s ta l lo g ra p h y , and  models fo r  th e  sp ec ific  complexes betw een DNA 

a n d  c ^ , c ro  a n d  th e  CAP-cAMP com plex  h a v e  b ee n  p ro p o se d  

(rev iew ed  by de C rom brugghe ^ a l . , 1 9 8 4 ). A ll t h r e e  p r o te in s  

a p p e a r  to  b in d  r ig h t-h a n d e d  DNA by  th e  in te ra c tio n  c f  two (X - h e l ic a l  

p o ly p ep tid e  u n its  in  th e  m ajor groove cf th e  DNA. The bound DNA 

sequence v a r ie s  from l4  to  20-bp in  le n g th ,  and  often d isp la y s  a  

dy ad  a x is  of sym m etry.

1 . 3 .2  Term ination cf t r a n s c r ip t io n

C o n tro l o f th e  te rm in a t io n  of t r a n s c r ip t io n ,  a s  w ell a s  i t s  

in i t ia t io n ,  can  be im p o rta n t in  th e  co n tro l of gene e x p re ss io n . The 

p r i m a r y  f u n c t i o n  o f th e  te r m in a t io n  p ro c e s s  i s  to  p a r t i t i o n
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t r a n s c r ip t io n  in to  u n its  such th a t  genes or opérons may be re g u la te d  

in d ep en d en tly  cf one a n o th e r . Term ination s ite s  may a lso  be lo ca ted  

w ith in  genes or opérons where th ey  a re  known as  a t te n u a to rs . The 

e x p ress io n  cf th e  try p to p h a n  b io sy n th es is  operon (t r p -o p e ro n  ) in  

E .c o l i  i s  c o n tr o l le d  n o t o n ly  b y  a  re p re sso r  of t r a n s c r ip t io n a l  

a c t i v a t io n  (Z u b a y  e t  , 1972), r e q u i r in g  t r y p t o p h a n  a s  a  

c o - r e p r e s s o r ,  b u t  a ls o  by  a t t e n u a t io n ;  t h a t  i s  t r a n s c r i p t i o n  

te rm in a tio n  before th e  s ta r t  c f th e  s t r u c tu ra l  gene (Morse and  Morse,

1976; B ertran d  e t a l . , 1976; Y anofsky, I 98I ).

The re g u la to r  s ite  i s  c a lle d  th e  a t te n u a to r , and l ie s  w ith in  th e  

t r a n s c r i b e d  le a d e r  sequence—of 162 nucleo tides th a t  p recedes th e  

in i t ia t io n  codon of t r p E . The s tru c tu re  cf th is  a t te n u a to r  is  shown 

in  F ig . 1 .4 . When try p to p h a n  is  sca rce , ribosom es t r a n s la t in g  th e  

RNA le a d e r  sequence s t a l l  a t  th e  tan d em  T rp  codons due to  a

sh o rta g e  of tryptophanyl-tR N A  (B ertran d  and  Y anofsky, 1976). As 

sequence 1 can  th en  no lo n g er base  p a i r  with sequence 2, i t  i s  f re e  

to  b a s e -p a ir  w ith sequence 3 . This d is ru p ts  th e  form ation  of th e  

te rm in a to r  s tru c tu re  (3 p a ir in g  with 4 ) , and  tra n sc r ip tio n  is  allow ed 

to  proceed th ro u g h  th e  try p to p h a n  s tru c tu r a l  genes, g e n e ra tin g  f u l l  

le n g th  mRNA. This mechanism of an tite rm in a tio n  re lie s  upon th e

p h y s ic a l  d is ru p tio n  of th e  te rm in a to r .RNA s tru c tu re  ; an tite rm in a tio n  

dependen t on th e  in t e r a c t io n  of p ro te in  f a c to r s  h a s  a ls o  b een  

dem onstrated  a s  a  mechanism of t r a n s c r ip t io n a l  re g u la tio n . The b e s t 

c h a ra c te r iz e d  exam ple of th is  p ro te in -re g u la te d  a n tite rm in a tio n  i s  

p r o v i d e d  by  p h a g e  X . F o llo w in g  X  in f e c t io n ,  o r  p ro p h a g e  

in d u c tio n , th e  im m ediate e a r ly  genes N and  cro  a r e  t r a n s c r i b e d



FIG. 1 .4

Secondary s tru c tu re  of try RNA

The c e n tra l  f ig u re  shows th e  t rp  le a d e r  RNA with i t s  2 se ts  of 

in v e r te d  r e p e a ts .

(a )  In  th is  c o n fig u ra tio n  1 p a ir s  w ith 2, w hile 3 p a ir s  with 4 

form ing th e  stop s ite  ( a t te n u a to r ) .

( b ) I n  t h i s  c o n f ig u r a t io n  h in d e re d  ribosom es (K olter and  

Y anofsky, I 982) have  modified th e  mRNA s tru c tu re  so t h a t  2 

p a ir s  w ith 3* Note t h a t  the  te rm in a to r  s tru c tu re  is  no lo n g e r 

form ed.
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re sp e c tiv e ly  to  che le f t  an d  r ig h t  from th e  prom oters P l  an d  P r  by 

RNA po lym erase . This t r a n s c r ip t io n  stops a t  th e  end of genes N and  

cro a t  th e  rh o -d ep en d en t te rm in a to rs  t^% an d  tR%. The p re re q u is i te  

fo r  th e  f u n c t io n  o f th e  N p r o te in  i s  th e  p r e s e n c e  o f a  s i t e ,  

(p o sse ss in g  a  d y ad  a x is  c f  sym m etry), p ro x im al to  th e  te rm in a to r  

c a lle d  n u t (fo r N -u tiH zatio n  ) . Along w ith th e se  conserved  sequences 

a n o th e r  sequence, known as  th e  'Box A seq u en ce ' i s  r e q u ire d .  A 

num ber of b a c te r ia l  gene p ro d u c ts  a re  a lso  re q u ire d  fo r  N -pro te in  

fu n c tio n , among which a re  th e  p ro d u c ts  of th e  nusA an d  nusB genes 

(Luk e t a l . , I 982). D uring  e lo n g a tio n , RNA polym erase p a s se s  th e  

Box A elem ent of th e  n u t s i te .  At th is  p o in t th e  po lym erase ch an g es  

c o n fig u ra tio n , a llo w in g  th e  b in d in g  of th e  NusA p ro te in , follow ed by 

th e  s u b s e q u e n t  b in d in g  of N -protein  to  NusA. This m odification  

re n d e rs  th e  po lym erase u n resp o n s iv e  to  te rm in a tio n  s ig n a ls .

1 . 3 .3  R ecom binational co n tro l of gene ex p ress io n

Phase v a r ia t io n  in  Salm onella typhim urium  is  governed  by  th e  

a l te rn a te  ex p ress io n  of two n o n -a lle lic  genes fo r  f l a g e l l i n . The gene 

fo r  HI f la g e l l in  i s  on ly  t r a n s c r ib e d  in  th e  absence of t r a n s c r ip t io n  

of th e  H2 f la g e l l in  gene. This i s  b ro u g h t ab o u t a s  a  r e s u l t  of H2 

form ing an operon with th e  gene r h l  (encoding  a  re p re s so r  o f H I), 

th u s  th e  c o -o rd in a te  ex p ress io n  of th e  H 2-rh l operon e x p re sse s  H2 

and  re p re sse s  HI. The ex p re ss io n  of th e  H 2-rh l operon i s  r e g u la te d  

by a  prom oter c a r r ie d  on a  995-bp in v e r t ib le  DNA segm ent (Z ieg  an d  

Simon, I 98O). When th e  In v e r t ib le  segm ent is  in  one o r ie n ta tio n  

H 2-rh l is  e x p ressed ; in  th e  o th e r o r ie n ta tio n  th e  operon i s  sw itched  

o f f .  The i n v e r t i b l e  DNA se g m e n t i s  b o u n d e d  b y  tw o  l 4 - b p



17

in v e r te d  re p e a ts  and  co n ta in s  w ithin  i t  a  t r a n s - a c t in g gene, h in , 

th e  p ro d u c t of which is  re sp o n sib le  fo r  c a ta ly s in g  th e  in v e r s io n  

(Z ieg  a n d  S im on, I 980). Thus th e  o rie n ta tio n  of th e  in v e r tib le  

reg ion  determ ines in  cis w hether th e  H 2-rh l operon is  t r a n s c r ib e d , 

an d  th e  R hl p ro te in  determ ines in  t r a n s  w hether th e  HI gene is  

t ra n s c r ib e d  (F ig . 1.5)*

This s ite -sp e c if ic  recom binationa l co n tro l h as  been found  in  a  

num ber cf o rgan ism s wherein i t  con tro ls  a  v a r i e ty  o f u n r e la te d  

fu n c tio n s . T hus, in v e rs io n  of th e  G-loop, a  3000-bp in v e r tib le  DNA 

segm ent in  p h ag e  Mu, spec ifies  th e  host ra n g e  cf th e  p h a g e . In  one 

p h ase , th e  ' + ' o r ie n ta tio n , p ro te in  i s  encoded which allow s

p h ag e  Mu to in fe c t E .c o li K12, while th e  o ïie n ta tio n  encodes a

48k p ro te in  which allow s p h ag e  Mu to  in fe c t E .co li C an d  C itro b ac te r 

f r e u n d i i . The G-loop h as  50-bp in v e r te d  re p e a ts  a t  i t s  en d s , b u t th e  

gene resp o n sib le  fo r in v e rs io n , g in , l ie s  o u tsid e  th e  loop . Phage PI 

h a s  an  i n v e r t i b l e  s e g m e n t, th e  C -se g m e n t, w h ic h  i s  h i g h l y  

homologous to  th e  G-loop of p hage  Mu, and  i t s  s ite -sp e c ific  in v e rs io n  

is  con tro lled  by th e  cin  gene p ro d u c t. In v e rs io n  c f an  l800-bp 

reg io n , th e  P segm ent cf th e  e l4  p ro p h ag e  in  th e  E .coH  chromosome 

h as  recen tly  been rep o rted  to  be con tro lled  by th e  p in  gene p ro d u c t.

A ll t h e s e  i n v e r s i o n  r e a c t io n s  a r e  c lo s e ly  r e l a t e d :  th e  

elem ent-encoded recom binases -  Gin, Cin, Hin, and  Pin -  a re  h ig h ly  

homologous an d  can  complement each  o th e r . The recom bination  s ite s  

a lso  s h a re  hom ologous s e q u e n c e s .  The in  v iv o  a n d  m  v i t r o



FIG. 1.5

Phase v a r ia tio n  in  S. typhim urium

The h in  reg ion  of S. typhim urium  show ing both o rie n ta tio n s  of 

th e  in v e r tib le  segm ent. In  one o rie n ta tio n  th e  H 2-rh l operon 

is  tra n s c r ib e d , g iv in g  r is e  to  th e  f la g e l l in  p ro te in  H2, and  th e  

r e p r e s s o r  of H I, R h l .  When in v e rs io n  o ccu rs , th e  H 2-rh l 

operon i s  sw itched off, f re e in g  t ra n s c r ip t io n  of th e  f la g e l l in  

gene H I.
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a n a l y s i s  of in v e i 's io n  d ue  to  Gin (K ahm ann e t a l . ,  19 % ), Hin 

(Jo h n so n  a n d  S im on, I 9 8 5 ) a n d  C in (H u b e r a t  a l . ,  1985) h a s  

dem onstrated  th e  ex isten ce  of DNA sequences t h a t  a c t  a s  e n h a n c e rs  of 

s ite -sp e c if ic  recom bination . These r e g io n s  b e h a v e  in  a  f a s h io n  

fo rm ally  analogous to  eu k a ry o tic  t r a n s c r ip t io n a l  e n h a n c e rs , in  t h a t  

th ey  a c t  in  c is  in  a  d is ta n c e  and  o r ie n ta tio n - in d e p e n d e n t fa s h io n . 

(C ra ig , 1985).

There a re  a  num ber of o th e r  exam ples of DNA re a rra n g e m e n ts , 

d in s tin c t  from in v e rs io n s , which occu r a t  h ig h  fre q u e n c y , an d  can  

a ffe c t gene e x p re ss io n . One such  w e ll-c h a ra c te r iz e d  exam ple i s  t h a t  

of gene am p lifica tio n , a  phenomenon which occurs sp o n tan eo u sly  o v er 

a  w ide r a n g e  o f f r e q u e n c ie s  in  b a c te r ia ,  p h ag e , an d  p lasm id s  

(A nderson and  Roth, 1979; S ta rk  and  Wahl, 1984). Chromosomal c a t  

g en e  a m p l i f ic a t io n  h a s  a c c o u n te d  f o r  in c re a se d  ch lo ram phen ico l 

re s is ta n c e  in  E .c o li (Meyer and  l i d a ,  1979) an d  B. s u b tl l ls  (Young,

1984). Growth of P . m ira b ilis  h a rb o u rin g  th e  p lasm id  NRl in  th e  

p resen ce  cf ch lo ram phen ico l (o r any  of th e  a n tib io tic s  to  w hich th e  

r e s i s t a n c e - d e t e r m in a n t  ( r - d e t )  r e g io n  o f th e  p la s m id  c o n v e y s  

re s is ta n c e )  re su lts  in  an  in c re a se  in  copy num ber of th e  re s is ta n c e  

genes (Rownd and  M ichel, 1971; rev iew ed by B roda, 1979)* This 

se le c tiv e  am p lifica tio n  u s u a lly  p roceeds v ia  tandem  d u p lic a tio n  of 

th e  re s is ta n c e  genes (F ig . 1 .6 ) a s  a  consequence c f recom bination  

betw een d ire c t re p e a ts  of IS]^, which e x is ts  a t  e i th e r  end of th e  r - d e t  

re g io n .

I n  a d d i t i o n  to  t h e s e  r e l a t i v e l y  w e l l  c h a r a c t e r i z e d  

rea rran g em en ts  t h a t  re g u la te  gene e x p re ss io n , th e re  e x is ts  a  v a rx e ty



FIG. 1.6

Translti-onlng of RIQC (NRl) in  P .m ira b ilis : a  p o ssib le  scheme

The p lasm id  RlOO com prises a  re s is ta n c e  t r a n s f e r  frag m en t 

which co n ta in s  a  te tra c y c lin e  re s is ta n c e  d e te rm in an t (RTF-Tc) 

and  a  re s is ta n c e  d e te rm in an t reg ion  ( r -d e t)  f la n k e d  by ISl 
s e q u e n c e s .  G ro w th  o f  P . m i r a b i l i s  h a r b o u r in g  NRl in  

ch loram phenico l re su lts  in  th e  form ation cf poly r -d e t  reg io n s  

which in te g ra te  b ack  in to  NRl. This gene am p lifica tio n  re su lts  

in  in c re a se d  a n tib io tic  re s is ta n c e .

Growth c f s tr a in s  h a rb o u rin g  NRl (w hich h av e  undergone 

't r a n s i t io n in g ') ,  in  th e  absence cf ch loram phenico l re s u l ts  in  

t h e  l o s s  o f t h e  p o ly  r - d e t  r e g io n s .  A fte r B ro d a , I n  

"P lasm ids", (1979), W.H. F reem an.



1.712 g /c m ^  R plasm id  
with 1 r de term inan t

1.710 g /c m  
R T F -T c

1.718 g /c m ^  
r determ inant

2 r de term inants
3 r de term inan ts

1.714 g/cm ^ R plasm id  
w ith 3 r de term inan ts
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of exam ples of more complex ch an g es  (Simon and  S ilv e rm a n , 1984). 

Among th ese  a re  th e  m echanisms in v o lv ed  in  th e  re g u la tio n  of bo th  

th e  pD in (P) an d  o p ac ity  p ro te in s  (Op) in  N. gonorrhoeae (S tern  

^  a l . ,  1989). Colonies of N. gonorrhoeae can  g ive r is e  to  p i l ia te d  

(P+) a n d  n o n - p i l i a t e d  (P “ ) v a r i a n t s ;  th e  P+ to  P~ co n v ersio n  

o c c u rrin g  a t  much h ig h e r  f re q u e n c y  th a n  th e  r e v e r s e  P“ to  P+ 

sw itch . I t  h a s  been su g g ested  (Meyer e t a l . ,  1982; S eg a l e t a l . , 

1985) th a t  th e  ex p ress io n  of d iffe re n t su rfa c e  a n tig e n s  may depend 

on th e  movement of a  b a s ic  s i le n t  copy to  a  new s ite  (e x p re ss io n  

l in k e d  copy) r a th e r  l i k e  th e  s i t u a t i o n  d e s c r ib e d  f o r  a n t ig e n ic  

v a r i a t i o n  in  try p a n o s o m e s  (P a y s  e t  , I 983 ) o r  th e  y e a s t  

m a tin g -ty p e  in te rc o n v e rs io n  system  (H erskow itz, 1983) .

A n o th e r  c e l l  s u r f a c e  co m p o n en t o f N. g o n o r rh o e a e  w hose 

ex p ress io n  shows a  s im ila r  v a r ia t io n  is  th a t  of th e  o p a c ity  p ro te in s  

(O P ); 0P+ c o lo n ie s  c a n  g iv e  r i s e  to  OP" v a r i a n t s ,  a n d  v ic e  

v e r s a . In  th is  c a se , how ever, m inor sequence v a r i a t i o n s  r a t h e r  

th a n  gross genomic rea rran g e m en ts  h av e  been d e tec ted . S te rn  an d  

co -w o rk ers , I 989, concluded th a t  random  p o in t m utations a lo n e  could  

n o t account fo r th e  r e v e r s ib i l i ty  an d  freq u en cy  of o ccu rren ce  of OP 

v a r ia t io n ,  and  th a t  a  more l ik e ly  e x p la n a tio n  was th e  p o s s ib i l i ty  of 

recom bination  a n d /o r  gene conversion  a t  th e  s ite s  of OP e x p re s s io n .

1 . 3 .4  Changes in  su p e rh e lic ity  can  re g u la te  gene ex p re ss io n

I n  a d d i t io n  to  th e s e  m e c h a n ism s , gene ex p ress io n  may be 

re g u la te d  by th e  in se r tio n  of a  tra n sp o so n  (c a r ry in g  a  p rom oter)
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t h a t  can  d ire c t tra n s c r ip t io n  of a d ja c e n t genes ( l id a  e t , 1983; 

K leckner, I 983). T ransposon in s e r t io n  c a n  a ls o  m o d u la te  g en e  

ex p ress io n  by a l te r in g  th e  lo c a l conditions of su p e rh e lic ity , th u s  IS Î 

or IS^ in se r tio n s  n e a r  th e  c ry p tic  b g l genes in  E .c o li were found to 

m o d u la te  g en e  e x p re s s io n  (Di N ardo  e t ^ . , 1982), as  was th e  

in se r tio n  of th e  tra n sp o so n  gam m a-d e l ta  n e a r  to  th e  ebgA  g en e  

(Stokes and  H all, 1984).

1 . 3 .5  P o s t- tra n s c r ip tio n a l  re g u la tio n

P o s t - t r a n s c r i p t i o n a l  re g u la tio n  of gene ex p ress io n  h as  been 

described  fo r  a  v a r ie ty  of genes, and  h as  been observed  to o p e ra te  

by d iffe ren t m echanism s. The secondary  s tru c tu re  of th e  mRNA is  

im p o rtan t in  th e  in d u c ib le  re g u la tio n  of th e  ery throm ycin  re s is ta n c e  

genes of g ram -p o sitiv e  b a c te r ia  (review ed by Weisblum, 1984). A 

s ta b le  mRNA t r a n s c r i p t  i s  c o n s t i t u t i v e l y  p r o d u c e d  b y  th e  

ery throm ycin  re s is ta n c e  gene (Shivakum ar e t ^ . , 1980) , a lb e i t  in  an  

in a c tiv e  form (F ig . 1 .7 ) .  The 5' end of th is  mRNA species co n ta in s  

a  se t c f fo u r (num bered 1 to  4 in  F ig . I . 7 ) in v e r te d  com plem entary 

r e p e a t  s e q u e n c e s  w hich  a r e  c a p a b le  of a s su m in g  a l t e r n a t i v e  

c o n fo rm a tio n s . T hus 1 a n d  2 , a n d  3 a n d  4 can  p a i r  in  one 

conform ation, o r a l te rn a t iv e ly  2 and  3 can  p a i r  le a v in g  1 and  4 

f re e . The 1 + 2, 3 + 4 a sso c ia tio n  is  c h a ra c te r is t ic  of th e  in a c tiv e  

conform ation, as th e  ribosom e b in d in g  s ite  (S h ine-D algarno  sequence, 

SD-2) i s  seq u este red  in  th e  secondary  s tru c tu re  of th e  3 + 4 loop . 

When ery throm ycin  is  p re se n t, ribosom es t r a n s la t in g  th e  I 9 amino 

a c id  l e a d e r  s e q u e n c e  s t a l l .  T h is  r e s u l t s  in  th e  a l t e r n a t i v e  

c o n f o r m a t io n  o f  t h e  mRNA s t r u c t u r e  f o r m i n g ,  i n  w h ic h



FIG. 1 .7

Secondary s tru c tu re s  fo r  th e  Em^ gene RNA

The 5’ end of th e  mRNA encoding th e  Em^ m ethylase is  

shown w ith th e  fo u r  com plem entary in v e rte d  re p e a ts ;  1, 2, 3 

and  4 (an d  an a d d it io n a l se t A and  A' b ea rin g  no sequence 

s im ila r ity  to 1, 2, 3 o r 4 ) .

( a )  show s th e  1 + 2 , 3 + 4  co n fig u ra tio n . The mRNA is  

in a c tiv e  because th e  S h ine-D algarno  sequence fo r th e  m ethylase 

gene (SD-2) is  seq u este red  in  secondary  s tru c tu re .

( b )  r e p r e s e n t s  a n  a l te r .n _ a tiv e  c o n f i g u r a t i o n .  T h e  

c o n f o r m a t io n a l  r e a r r a n g e m e n t  r e s u l t s  from  th e  h in d e r e d  

t ra n s la t io n  of a  19 amino a c id  ' l e a d e r '  p e p t id e .  I f  th e  

ribosom es s ta l l  d u rin g  tra n s la t io n  th e  1 + 2 co n fig u ra tio n  is  

d is ru p te d , a llow ing  th e  form ation  of 2 + 3. The f ree  ribosom e 

b in d in g  s ite  (SD-2) is  th en  free  to b ind  ribosom es, an d  th u s  

t r a n s la te  th e  m essage.
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th e  in v e r te d  re p e a ts  2 + 3 p a i r ,  th u s  f re e in g  th e  S h in e-D alg arn o  

s e q u e n c e  (SD -2) w h ich  i s  th e n  c o n s e q u e n tly  f r e e  to  h i n d  to  

ribosom es, and  th u s  t r a n s la te  th e  m essage. This m echanism fo r  th e  

re g u la tio n  cf ery th rom ycin  re s is ta n c e  resem bles t h a t  in v o lv ed  in  th e  

t r a n s c r i p t i o n a l  a t t e n u a t io n  of th e  t r p  operon (see ab o v e ) , an d  

c o n s e q u e n t ly  h a s  b een  te rm e d  " t r a n s l a t i o n a l  a t t e n u a t i o n "  b y  

H oiinouchi and  Weisblum ( I 98I ) .

P o s t- tra n s c r ip tio n a l  re g u la tio n  can  a lso  occur as  a  r e s u l t  of th e  

in te ra c tio n  of a n ti-s e n s e  RNA. This RNA form s a  d u p lex  w ith  th e  

com plem entary mRNA th e re b y  p re v e n tin g  e ffic ie n t t r a n s la t io n .  This 

ty p e  c f t r a n s la t io n a l  co n tro l h a s  been rep o rted  to  p la y  a  ro le  in  th e  

r e g u la t io n  of th e  t r a n s p o s i t i o n  o f TnlO in  E .c o li  (Simons and  

K leckner, I 983). A s im ila r  mechanism h as  been proposed  (Mizuno 

e t a l . , 1984) to e x p la in  th e  re c ip ro c a l re g u la tio n  of ompF an d  ompC 

in  E .c o l i .

The p ro cess in g  of mRNA, r e s u lt in g  in  in c re a se d  o r d ec reased  

s ta b i l i ty  of th e  m essage can  a lso  r e s u l t  in  m o d u la tio n  o f g en e  

e x p r e s s io n .  An e x a m p le  o f t h i s  i s  g iv e n  b y  c le a v a g e  of th e  

b a c te r io p h a g e  X i n t  gene mRNA by  RNase I I I .  This c le a v a g e  r e s u l ts  

in  f a s t e r  d e g r a d a t io n  o f th e  mRNA r e la t iv e  to  th e  u n p ro cessed  

t r a n s c r ip t  and  th u s  low er le v e ls  of i n t  spec ified  p ro te in  s y n th e s is .  

(Schm eissner e t , 1984). A r e v e r s a l  of th is  s itu a tio n  occu rs  in  

b a c te r io p h ag e  T'7 mRNAs, most of w hich, when p ro cessed  by  RNase 

I I I ,  r e s u l t  in  a  more s ta b le  RNA species  (P an ay o ta to s  an d  T ruong ,

1985).
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R esults o b ta in ed  d u rin g  th e  course of in v e s tig a tio n s  in to  th e  

m o le c u la r  m e c h a n ism (s )  f o r  th e  c o n tro l  o f c a t  e x p r e s s io n  in  

P . m i r a b i l i s  PM13 w e re  r e v ie w e d  in  th e  l i g h t  o f th e  l ik e ly ” 

c o n trib u tio n s  made by one or more cf th e  m ech an ism s d e s c r ib e d  

ab o v e .



CHAPTER 2 

MATERIALS AND METHODS
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2 ,1  CHEMICALS AND ENZYMES

Most Chemicals were p u rc h a se d  from BDH or RLsons L td . a n d , 

u n le ss  o therw ise s ta te d , were of a n a ly t ic a l  g ra d e  p u r i ty .  A garose 

was from Miles L a b s . ,  ex cep t low m elting  tem p e ra tu re  a g a ro se , w hich 

was from BRL (Gibco L td . ) .  T ris  (TRIZMA) b a se , DTT, lysozym e, 

e th id iu m  b ro m id e , am ino  a c id s ,  n u c le ic  a c id s ,  D N ase, RNase, 

v itam in s  and a n tib io tic s  were p u rch ased  from Sigm a. S ephadex  G50 

an d  G25 were from P h a rm a c ia . T ry p tic a se  soya b ro th  was from BBL; 

B a c to try p to n e ,  t r y p to n e ,  y e a s t  e x t r a c t ,  P e n a s s a y - b r o t h ,  a n d  

P e n a s sa y -a g a r  were from Difco. R es tric tio n  enzymes were p u rc h a se d  

from BRL (Gibco L td . ) ,  Amersham o r P h a rm a c ia . DNA po lym erase  I  

(Klenow frag m en t)  and  T2| p o ly n u c leo tid e  k in a se  were from BRL; T4 

DNA l i g a s e  w as from  New E n g l a n d  B io l a b s ;  c a l f  i n t e s t i n a l  

p h o s p h a t a s e  (C IP ) w as from  B o e h r in g e r .  P ro n a s e  w as from  

Calbiochem . R ad io acH v ely  l a b e l l e d  n u c le o t id e s  ( * [ 3 2 p ] _  ATP, 

y  [ 3^P ] - d A T P ,  a n d  e< [ 3 5 s ] - d AT P  w ere s u p p l ie d  b y  A m ersham  

I n te rn a t io n a l .  N itrocellu lose  was from Anderm an & Co. L td .
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2.2  MATERIALS

L -bro th  (Lennox, 1955)

B acto tryptone lOgA

Y east e x tr a c t  5gA

Sodium C hloride lOgA

G lucose/Maltose Ig A

Magnesium S u lphate  2 .5 g /l

(A djust pH to  7 .0  with 5M NaOH)

L -a g a r

As above + 15 g /l a g a r  (Difco)

( A utoclave )

BBL-agar

T ry p ticase  (Baltim ore B io logical Labs) lOg/1 

Sodium C hloride 5gA

Magnesium C hloride 2 .5gA

a g a r  (Difco) 15gA

a g a r  (Difco) 6 .5 g A

M9 medium

6gA 

3gA 

o.5gA  

i.OgA

(P hage c u ltu re  

medium only)

(P la te s ) 

(Top la y e r )

Nag HPO4 

KHg PO4 

NaCl 

NH4CI

The pH was a d ju s te d  to 7 .4  and  th e  so lu tion  a u to c la v e d , a f te r  cooling 

th e  follow ing s te r i le  re ag e n ts  were ad d ed .

IM MgS04.7Hg0 2ml

20% Glucose 10ml

IM CaClg 0.1ml
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For P roteus m ira b ilis  M9 medium th e  fo llow ing  was a d d ed :

0.1% N icotinic ac id  4C(^1.

F o r  M9 m in im a l  p l a t e s  1 5 g / l  D ifco  a g a r  w as a d d e d  b e fo re  

a u to c l a v in g .  P ro te u s  m i r a b i l i s  s t a i n s  w ere g ro w n  i n  D ifc o  

P e n a ssa y -b ro th  a t  th e  recommended co n cen tra tio n  of l? .5 g A  of to ta l  

s o lid s , and  on P en assay  n u tr ie n t  p la te s .

A ntib io tic  so lu tions ( in  d is t i l le d  w ater ex cep t a s  no ted)

D -threo  ch loram phen ico l 50mg/ml in  e th a n o l

te tra c y c lin e  h y d ro ch lo rid e  12.5m g/m l in  50% e th a n o l 

a m p ic illin  20mg/ml

strep tom ycin  su lp h a te  20mg/ml

kanam ycin  s u lp h a te  20mg/ml

All a n tib io tic s  were s te r i l iz e d  by  membrane f i l t r a t io n  (0.2^m  pore 

s ize ) w ith a Swinnex Mi 111 pore f i l t e r ,  and  sto red  a t  -2CPC.

PBS2 b u ffer

NaCl 3 .2g

KCl 0 .8g

NagHPO^.THgO 4 .6 g

KH2PO4 0 . 8g

D is tille d  Water to  4C0ml

pH to  7 .5

TE B uffer

10mM T ris-H C l, pH 7-5 

ImM EDTA, pH 7-5
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T ils  Acetate (TA) E lec trophoresis  Buffer 

40mM T ris b a se  ^

20mM CH^ COONa (sodium a c e ta te )

ImM EDTA 

pH to 8 .2  w ith g la c ia l  ace tic  ac id  

T ris  Borate (TBE) E lec trophoresis  Buffer 

0.9M T ris b ase  

0.9M boric  ac id  

25mM EDTA 

1 X  SSC

0.15M NaCl 

15mM sodium c i t ra te  

pH to 7 .0  

20 X  SSPE

174g NaCl 

26.6g NaHg PO^.HgO 

7.4g  EDTA 

pH to 7 .4 . A djust volume to  1 U tre .

50 X  D enhardt*s so lu tion  

5g F ico ll

5g poly  v in y l p y rro lid o n e  

5g BSA (F rac tio n  V)

Make up to  500ml with s te r i le  w ate r. F il te r  s te r i l iz e  an d  freeze  

in  a l iq u o ts .
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10 X K inase Buffer

0.5M Tris-H C l, pH 7 .6

O.IM MgClg ' ' '

50mM DTT 

ImM sperm idine 

ImM EDTA 

10 X  Nick -  T ra n s la tio n  Buffer 

0.5M TrLs-HCl, pH 7 .5  

50m M MgClg

O.IM 2-m ercap toethanol 

Quench Mix

10mM Tris-H C l, pH 7 .5  

10mM EDTA 

0 . 5% SDS

Potassium  A cetate (for plasm id iso la tio n )

5M potassium  a c e ta te  60ml

g la c ia l  ace tic  ac id  11. 5ml

d is tille d  w ater 28. 5ml

DE PC T reated  Water 

0.1% DEPC 

( Autoclave )

H ea t-trea ted  r ib o n u c lease

20mg/ml rib o n u c lease  A (Sigma)

0.2M NaCl

The solu tion  was p laced  in  a  b o ilin g  w ater b a th  fo r 5 m ins. an d  th en  

allow ed to  cool to  room tem p era tu re  slow ly.
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S e lf-d ig es ted  P ronase

20mg/ml P ronase  (Calbiochem )

In cu b a ted  a t  37°C fo r 60 m ins. p r io r  to  u se .

[35s] dATP Klenow mix [fo r 8 clones]

[35s] -  dATP (Amersham) 5 p i

Klenow polym erase (BRL) 2 .5  p i  (5 u n i t s /  p i)

s te r i le  w ater 64 p i

Sequencing  dye mix

deionized form am ide IOC ml

x y lene  cy an o l FF 0 ,1  g

brom ophenol b lu e  O .lg

0 .5  M EDTA 2ml

O ligonucleotide dye mix

deionized form am ide 90ml

xy lene cyano l FF 0 .2 g

10 X  TBE 10ml

A garose -  ge l lo a d in g  b u ffe r  (10 X)

brom ophenol b lu e  0 . 25%

x ylene  cy an o l FF 0.25%

F ico ll ( ty p e  400 ) 25.0%

A crylam ide ge l mixes 

Stock Acrylam ide so lu tion

acry lam id e  38g

b is  ac ry lam id e  2g

d is t i l le d  w ater to  100ml

D e-ionize by th e  ad d itio n  of 5g of Monobed Resin-M Bl (BDH F ine 

Chem icals L td .)  and  s t i r  fo r  10 m inu tes. F i l te r ,  and  s to re  a t  4°C.
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1. 20% A crylam ide /  u re a  (for O ligonucleotide p u r if ic a tio n  )

38:2 acry lam ide  : b is  acry lam ide  25ml

u re a  ~ -  2 1 .5g

10 X TBE 5ml

d is ti l le d  w ater to  50ml

10% ammonium p e rsu lp h a te  0.3m l

TE MED 15pl

2. 6% A crylam ide /  u re a  (for g ra d ie n t sequencing  g e ls)

A) 0 .5  X TBE A crylam ide -  u re a  mix

38:2 ac ry lam id e  : b is  acry lam ide  150ml

10 X  TBE 50ml

u re a  430g

d is t i l le d  w ater to  1 l i t r e

B) 2 .5  X TBE A crylam ide -  u re a  mix

38:2 ac ry la m id e :b is  ac ry lam ide  150ml

10 X  TBE 250ml

u re a  430g

sucrose 50g

brom ophenol b lue  50mg

d is ti l le d  w ater to  1 l i t r e

Solutions (A) and  (B) a re  mixed (see C hapter 7) to  form th e  g ra d ie n t 

sequencing  g e l.

3. 15% P o lyacry lam ide Gels (P ro te in  Gels)

A) R unning-G el

30% (w /v) ac ry lam id e , 0.8% (w /v) b is  acry lam ide  9.2m l 

0.75M Tris-H C l, 0.2% (w /v) SDS pH 8 .0  13.5ml

d is t i l le d  w ater 3.3m l
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B) Stac kin g -g e l

30% (w /v) ac ry lam id e , 0.8% (w /v) b is  ac ry lam ide  0.8m l

0.25M Tris-H C l, 0.2%" (W v ) SDS pH 6 .8  5.0ml

D istilled  w ater 4.2m l

R unning B uffer (fo r 15% po ly acry lam id e  ge ls)

O.O25M Tris-H Cl 

0.2M Glycine 

0.1% (w /v) SDS 

pH to  8 .5

10 X P ro te in -g e l lo a d in g  b u ffe r 

0.125M Tris-H Cl pH 6 .8  

1.4m 2-m ercap to e th an o l 

20% (w /v) brom ophenol b lue  

4% (w /v) SDS

4. R estric tion  Endonuclease Buffers

H igh: lOOmM NaCl; 50mM Tris-H Cl, pH 7 .5 ; 10mM MgClg; ImM DTT

Medium: 50mM NaCl; 10mM Tris-H Cl, pH 7 .5 ; 10mM MgClg; ImM DTT

Low: 10mM Tris-H Cl, pH 7 .5  10mM MgClg; ImM DTT

Smal :  20mM KCl, 6mM Tris-H C l, pH 7 .8 ; 6mM MgClg

lOC^g/ml BSA; 6mM 2 -m ercap tce th an o l.

DNase B uffer 

50mM CH^COONa pH 5.6  

10m M MgClg 

2m M CaClg
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Coomassie StaLi (for O uchterlony p la te s )  

l6m l g la c ia l  ace tic  ac id  

134ml HgO '  -

50ml 0.1% (w /v) Coomassie B r i l l ia n t  Blue R250 dye (in  e th an o l) 

D estain  so lu tion

7% (v /v )  ace tic  a c id  

5% (v /v )  m ethanol 

P re h y b ild iz a tio n  mix 

6 X SSC

0.5% (w /v) SDS

5 X D e n h a rd t 's  so lu tion

100 }ig/ml d en a tu red  salmon sperm DNA 

H yb rid iza tio n  mix

6 X  SSC 

0.01 M EDTA

5 X D e n h a rd t 's  so lu tion  

0.5% (w /v) SDS

100 ^ g /m l d e n a tu red  salmon sperm DNA 

P ack ag in g  e x tr a c t  b u ffe r  A 

6mM Tris-H Cl (pH 8 .0 )

20mM MgClg 

O.lmM EDTA

30mM 2-m ercap toethano l
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P ack ag in g  e x tra c t  b u ffe r B 

6mM Tris-H Cl (pH 8 .0)

50m M sperm id ine 

50m M p u tre sc in e  

20mM MgClg 

30mM ATP

30m M 2-m ercap toethano l
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2.3  METHODS

G lycerol S torage C ultu res -

L -bro th  (5ml) was seeded with a  s in g le  E .coH  colony from a  

c u ltu re  which h ad  been checked p rev io u sly  fo r  i t s  genetic  m ark ers , 

and  in c u b a te d  o v e rn ig h t a t  th e  a p p ro p ria te  tem p era tu re  (37°C fo r  

most s tr a in s  and  31°C fo r te m p e ra tu re -se n s itiv e  s t r a in s  ) .  A fte r  

c e n tr ifu g a tio n  a t  3000rpm in  an  MSE C en taur 1 bench-top  cen trifu g e  

fo r  10 m inutes, th e  p e lle t was resuspended  in  850ul of 10mM MgSO^ 

in  15% g ly cero l and  s to red  a t  -200C.

Phage S torage

B a c te r io p h a g e  X s to c k s  w ere s to red  in  CsCl a t  4^0 a f te r  

rem oval from th e  b lo c k -g ra d ie n t-p u rif ic a tio n  c e n tr i fu g a t io n  s te p .  

No f a l l  in  t i t r e  of v ia b le  p hage  was detected a f te r  2 y e a r s ' s to ra g e . 

M13 phage so lu tions were stored  in  L -broth  a t  4^0.

P la tin g  Cells

A s in g le  c o lo n y  w as p ic k e d  in to  5ml L -b ro th  (co n ta in in g  

a p p ro p ria te  a n tib io tic s  i f  req u ired  fo r s e le c t io n )  a n d  grow n to  

s ta tio n a ry  p h a se . The ce lls  were co llected  by ce n tr ifu g a tio n  a t  

3000rpm fo r 10 m inutes in  a  bench-top  cen trifu g e  as above an d  were 

resuspended  in  5ml of 10mM MgSO^. The suspension  was s to red  a t  

4oc and rem ained v ia b le  fo r  up to  a  month.
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P la te  M atings

P la te  m a tin g s  w ere th e  method of choice fo r  th e  in te r  or 

in tra g e n e r ic  t r a n s f e r  of co rgugative  p lasm ids such a s  RIOO. - An 

a n tib io tic  -p la te  (co n ta in in g  such an tib io tic s  so as  to  se lec t fo r  th e  

p resen ce  of th e  p lasm id , and  coun ter se lec t th e  donor c e l l ) ,  was 

s p r e a d  o v e r  one h a lf  with a  th ic k  suspension  (109 ce lls /m l) of 

e ith e r  p a re n t.  When d ry , a  w ire loop in n o cu la ted  w ith th e  o th er 

p a re n t was s tre a k e d  from th e  c e ll- fre e  h a lf  of th e  p la te  in to  th e  

law n  of ce lls  on th e  o th er h a lf .  After o v e rn ig h t grow th a t  th e  

a p p r o p r i a t e  te m p e r a tu re  ( u s u a l ly  37°C ) t r a n s c o n j u g a n ts  were 

ev id en t only a t  th e  in te rsec tio n  of th e  2 s t r a in s .  Lack of grow th of 

e ith e r  donor or re c ip ie n t acts, as  a  con tro l in d ic a tin g  th a t  no p a re n t 

a lone can  grow on th e  p la te . In d iv id u a l  t r a n s c o n ju g a n ts  w ere 

p icked  from th e  p la te ,  and  re -s tre a k e d  tw ice fo r s in g le  colonies on 

th e  a p p ro p ria te  a n tib io tic  p la te s .
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P rep a ra tio n  cf Crude E x tra c ts  from B ac te ria  fo r  CAT a ssa y s

G enera lly , sm alL-scale c u ltu re s  were su ff ic ie n t fo r  CAT a s sa y s . 

Normally c u ltu re s  (10ml) of b a c te r ia  in  th e  ex p o n en tia l phase  of 

grow th (A550 = 0 .8 ) were h a rv es ted  in  an  MSE C en tau r 1 cen trifu g e  

a t  4,000 rpm fo r  10 m inutes. The ce ll p e lle t  was w ashed, and  

resuspended  in  1ml cf a  so lu tion  cf 10mM Tris-H Cl co n ta in in g  O.lmM

2 - m e r c a p to e th a n o l  (pH 7 .8 ) .  The c e l l  s u s p e n s io n  w as th e n  

tra n s fe r re d  to  a  1.5ml E ppendorf tu b e . Cells were d is ru p ted  by 

sonic a tio n  u s in g  an  MSE 100 w att u ltra so n ic  d is in te g ra to r  se t a t  

maximum am plitude , and f it te d  with a  m icro tip . The sam ples were 

son ica ted  with 4 x 15 second p u lses  w ith an  in te rv a l  c f 30 seconds 

between each p u lse  to  allow fo r cooling , o r u n t i l  th e  sam ple h ad  

c le a re d . The ce lls  were kep t on ice  th ro u g h o u t th e  p ro ced u re . Cell 

d eb ris  was rem oved from  th e  sa m p le s  by  c e n t r i f u g a t io n  in  a  

m icrofuge fo r 10 m inutes a t  4^0. The s u p e rn a ta n t was t ra n s fe r re d  

to a  s te r i le  1.5ml Eppendorf tu b e , and  kep t on ice  u n t i l  a s sa y e d . 

S am ples co u ld  be frozen  a t  -2CPC and  re ta in  th e i r  a c tiv ity  fo r  

se v e ra l m onths.
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O uchterlony Double D iffusion in  A gar

Double d iffu sio n  te s ts  were b ased  on th e  method of O uchterlony  

(1949). A s te r i le  p la s t ic  9cm P e tr i  d ish  was f i l le d  w ith  20ml of 

0 .7% (w /v) a g a r  in  PBS2 b u ffe r  (M ethods, 2 .2 ) .  When s e t ,  3mm 

d iam eter holes 7mm a p a r t ,  were c u t in  th e  ag a ro se  in  th e  form of a  

hexagon  u s in g  a  cork  b o re r . P lugs of a g a ro se  were rem oved to  form 

th e  w ells by u s in g  a  P a s te u r  p ip e tte  a tta c h e d  to  a  vacuum  so u rce .

Cell f re e  e x tr a c t  o r p u r if ie d  CAT was used  a s  a n t ig e n , and  

lOpl sam ples (co n ta in in g  from betw een 10 to  lOCpg of p ro te in )  were 

ad d ed  to  th e  o u te r  w ells. A ntibody to  CATj was o b ta in ed  from W.V. 

Shaw in  th e  form of a  c ru d e  im m u n o ^o b u lin  (m ostly IgG) f ra c t io n  of 

a  goat a n ti-se ru m . lOO/Jil o f  t h i s  IgG  w as c e n t r i f u g e d  i n  a  

m icrofuge fo r  2 m inutes, th e  s u p e rn a ta n t  removed to  a  c le a n  tu b e , 

and  d ilu ted  10-fold in  PBS2 b u f fe r .  10/jl of th is  d ilu te d  IgG was 

a p p lie d  to  th e  c e n tra l  w ells.

The P e tr i d ish  was in c u b a te d  o v e rn ig h t, o r u n t i l  a  p re c ip i t in  

l in e  was v is ib le .  U n p rec ip ita ted  p ro te in  was w ashed o u t of th e  g e l 

by  5 X 1 h o u r ch an g es in  PBS2 b u ffe r . The P e tr i  d ish  was th e n  

d ra in e d , and  a  s ta c k  of 10 9cm Whatman No. 1 f i l t e r s  p la ce d  on 

to p , w eighted down with a  b r ic k . A fter 2 hours b lo t t in g , th e  now 

th in  a g a r o s e  g e l w as rem oved  from  th e  P e t r i  d i s h ,  a n d  th e  

p re c ip itin  b an d  v isu a liz e d  by s ta in in g  in  a  Coomassie dye so lu tio n  

(M ethods, 2 .2 ) .
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D eterm inations of Protein C oncentration 

( Lowry e t , 1951 )

Three so lu tions were made up and  sto red  s e p a ra te ly  a t  4°C; 

so lu tion  A, 2% (w /v) sodium t a r t r a t e ;  so lu tion  B, 1% (w /v ) cu p ric  

su lp h a te  p e n ta h y d ra te , and  so lu tion  C, 2% (w /v) sodium c a rb o n a te , 

O.IM sodium h y d ro x id e .

A s ta n d a rd  cu rve  ( ra n g e  IQug/ml to  50Qpg/ml) was made from a 

Im g/m l stock so lu tion  of bovine serum album in  (BSA) f r a c t i o n  V 

sto red  a t  -20OC. Each s ta n d a rd  was made up to  a  f in a l  volume cf 

200pl. Three te n -fo ld  s e r ia l  du lu tions of each  p ro te in  sam ple were 

ta k e n  each  with a  f in a l  volu i%ie_ of 20C ^ .

Solutions A, B, and  C were mixed in  th e  p ro p o rtio n s  1:1:100 

re sp e c tiv e ly , 1ml of th e  m ixture was th en  added to  each  p ro te in  

sam ple. After te n  m inutes a t  room tem p era tu re  lOOpl of a  f re sh ly  

d ilu ted  50% (v /v )  aqueous so lu tion  cf Folin .and C io ca lteu 's  phenol 

re a g e n t was added  to  th e  m ixture and  le f t  fo r  a  fu r th e r  30 m inutes 

a t  room tem p era tu re  or o v e rn ig h t a t  4^0.

P ro tein  con cen tra tio n  was determ ined a t  Ay^Q in  a  Pye Unicam 

SPI800 d u a l beam spectrophotom eter a g a in s t  a  p ro te in -fre e  re a g e n t 

b la n k .
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Radiometric Detection of Chloramphenicol A cety ltransferase

The rad iom etric  a s sa y  describ ed  by Shaw (1975) was used  when 

th e  am ounts of CAT produced by b a c te r ia l  ly s a te s  were too low to  be 

detected  by th e  spectrophotom etric a s sa y  (see b e lo w ).

A sam ple (u su a lly  0,2ml) of an  o v e rn ig h t c u ltu re  was added  to  

2 m l o f  L - b r o t h ,  a n d  2 0 ;a l o f  a  s o l u t i o n  c o n t a i n i n g  

[14(3 ] -ch lo ram p h en ico l (lOOpCi/ml) and  u n lab  e lle  d ch loram phenico l 

(5 ig /m l)  was added in  a f in a l  volume of 0 .5m l. After o v e rn ig h t 

grow th a t  37°C th e  sam ples were tra n s fe r re d  to  1.5m l E ppendorf 

tu b es  and  c en trifu g ed  fo r  1 m inute  in  a  m ic ro fu g e . 750;u l o f 

su p e rn a ta n t was tra n s fe r re d , to  a  new la r g e  E ppendorf tu b e , an d  

e x tra c te d  w ith an  e q u a l volume cf e th y l a c e ta te . The e x tra c tio n  

p ro c e s s  w as r e p e a te d  tw ice  an d  th e  e th y l a c e ta te  s u p e rn a ta n ts  

pooled, and  ev ap o ra ted  to  d ry n ess  in  an  a i r  s tream . The sam ple 

was th en  resu sp en d ed  in  3Qpl of e th y l a c e ta te , and  spo tted  onto a  

s i l ic a  gel chrom atography  p la te  along  with a  co n tro l of 1-a c e ta te ,

3 - a c e ta te  a n d  1 ,3 - d ia c e ta te  s ta n d a rd s .  The sam ples were th e n  

su b jec ted  to  a scen d in g  chrom atography  in  chloroform  -  m e th a n o l 

(85 :15) and  th e  ra d io a c tiv e  acé ty la tio n  p ro d u c ts  id e n tif ie d  by th e i r  

RF v a lu e  r e la t iv e  to  known s ta n d a rd s .

Spectrophotom etric Assay of C hloram phenicol A ce ty ltran sfe ra se

CAT a c t i v i t y  w a s  r o u t i n e l y  a s s a y e d  u s i n g  t h e  

spectrophotom etric method of Shaw (1975)*



39

The a c é ty la t io n  o f c h lo ra m p h e n ic o l to  c h lo ra m p h en ic o l-3 -  

a c e ta te , uses a ce ty l CoA, and  g en era tes  CoASH. I t  i s  th e  reac tio n  

of th is  reduced  CoA with th e  compound 5 , 5 '-d i th io h is  (2 n itrobenzo ic  

ac id ) (DTNB) which is  th e  b a s is  of th e  spectrophotom eric a s s a y . In  

th e  above reac tio n  th e  mixed d isu lp h a te  of th io n itro b  en zoic ac id  and  

CoA, and  a  m olar e q u iv a le n t of fre e  5 - th io - 2 - n i t r o b e n z o a te  a r e  

p roduced . The l a t t e r  h as  a  m olar ex tin c tio n  coeffic ien t of 13600

litre /m o l cm a t  pH 7 .8  and i t s  co n cen tra tio n  can  be follow ed a t

4 l2 n m . ,  u s in g  a  Pye Unicam SPI800 dual-beam  spectrophotom eter 

f i t te d  w ith a  c h a r t  re co rd e r , and  a  w ater b a th  se t a t  30°C .

F or CAT a s s a y s ,  a . , f r e s h  s o lu t io n  o f DTNB was made by 

d isso lv in g  4mg of DTNB in  9 .6ml of 50mM Tris-H C l, ImM EDTA pH 

7 . 8 . Cuvettes c o n ta in in g  98OJL1I  of th is  so lu tion  were prew arm ed to  

3OOC in  th e  spectrophotom eter cham ber fo r  10 m inutes. Next IQul of 

10mM a c e ty l CoA was ad d ed , and  th e  so lu tion  m ixed. IQul of c ru d e

c e ll  e x tra c t  was ad d ed , th e  so lu tion  m ixed, and  th e  c h a r t  reco rd e r

sw itc h e d  on to  d e te rm in e  th e  b a c k g ro u n d  r a te  of a c é ty la tio n . 

F in a lly , 20pl of 5mM Cm (in  50mM Tris-H Cl, ImM EDTA, pH 7 .8 ) was 

ad d ed , th e  so lu tion  m ixed, and  th e  i n i t i a l  r a te  of ch loram phen ico l 

acé ty la tio n  follow ed on th e  c h a r t  reco rd e r. Rates were m easured fo r  

between 30 to  60 seconds, and  th e  CAT a c tiv ity  c a lc u la te d .
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P re p a ra tio n  of A cetyl CoA

A cety l CoA w as p r e p a r e d  in  th e  fo llow ing  w ay: 100mg of 

coenzyme A, (B oehringer) was d isso lv ed  in  7ml cold ( 4 ^ 0  d is t i l le d  

w a te r, an d  was mixed with 1ml of cold potassium  b ic a rb o n a te . A 

to ta l  volume of l 6p l  of ace tic  a n h y d r id e  was th e n  ad d ed  over a  

p e rio d  of f iv e  m inutes. A fter 10 m inutes on ice  th e  le v e l  of reduced  

CoA was estim ated  by  a d d in g  lOpl c f  th e  so lu tion  to  99Qpl of f re s h ly  

p r e p a r e d  ImM 5 ,5 '- d i th io b is (2 -n itro b en zo ic  ac id )  (DTNB) in  50mM 

Tris-H Cl (pH 7 .8 ) ,  O.lmM disodium  EDTA. The A^ig was th e n  re a d  

a g a in s t  a  DTNB so lu tion  b la n k  u s in g  a  Pye Unicam SPI80C' d u a l beam 

spectrophotom e'ter. I f  th e  so lu tio n  gave  an  ab so rb an ce  of g re a te r  

th a n  0.02 O.D u n its  f u r th e r  ace tic  a n h y d r id e  was a d d e d . When th e  

A4i2 re a d in g  h ad  dropped to  0.02 O.D u n its  th e  co n c en tra tio n  of 

a c e ty l CoA was de"termined.

Sm all Scale P u rif ic a tio n  of C hloram phenicol A c e ty ltra n sfe ra se

P u rif ic a tio n  of P . m irab iH s PM13 CAT was c a r r ie d  o u t u s in g  an  

a f f in i ty - c o lu m n  p ro to c o l (Z a id en za ig  e t a l . ,  1979; Packm an an d  

Shaw , 1981). The a f f in ity  re s in  "K2", (Packm an an d  Shaw , I 98I)  

was p re - tre a te d  by so ak in g  a  sam ple (5ml) in  a  so lu tio n  of 6M 

g u a n id in e  h y d ro ch lo rid e  a t  4°C fo r  1 h o u r . The re s in  was th e n  

w ashed w ith w ater follow ed by  w ash in g  with s e v e ra l  volum es of 

'CAT b u ffe r ' : 50mM Tris-H C l, O.lmM 2 -m ercap to e th an o l, O.lmM Nag 

EDTA pH 7 .8 . The w ashed re s in  was th e n  used to  p o u r a  colum n in  

a  1ml short-form  P as to u r p ip e tte  p lu g g ed  with s il ic o n iz e d  g la s s  

wool.
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A 50ml c u ltu re  of P. m ira b ilis  PM13, grown in  th e  p resen ce  of 

ch loram phenico l ( 50pg/m l) to  A550 = 0 .8 , was d is ru p te d  by sonic a tio n  

as  p rev io u sly  d esc rib ed . The re su lt in g  e x tra c t  was h ea t-sh o ck ed  

(by ho ld ing  th e  sam ple in  a  6CPC w ater b a th  fo r  10 m in u tes), th en  

cooled on ic e . The sam ple was th en  cen trifu g ed  in  a  m icrofuge fo r 

10 m inutes and th e  c leared  ly s a te  d ia ly sed  a g a in s t  3 ch an g es  of 

’CAT b u ffe r ' (d escrib ed  above) fo r  1 h o u r. The CAT in  th e  sam ple 

was assay ed  fo r a c tiv ity  by th e  spectrophotom etric m ethod . The 

c le a re d  ly sa te  was th en  added  to  th e  top of th e  a f f in ity  colum n, and  

unbound m a te ria l washed th ro u g h  by  th e  a d d i t io n  o f 5 colum n 

vo lum es of 0.3M N aCl, 50mM Tris-H Cl, O.lmM 2-m ercap toe thano l, 

O.lmM Nag EDTA (pH 7*8),^ The r e s u l t i n g  co lum n e lu e n t  w as 

monitored fo r th e  p resence of p ro te in  by follow ing th e  ab so rb an ce  a t  

280nm. When th e  ab so rb an ce  h ad  f a lle n  to  le s s  th a n  Aggg = 0.02 th e  

CAT was e lu ted  from th e  column in  a  b u ffe r c o n ta in in g  l.OM NaCl, 

5mM Cm. The e lu en t was collected  in  f ra c tio n s  and  a ssay ed  fo r  CAT 

a c tiv ity  by th e  spectrophotom etric a s s a y . Those f ra c tio n s  c o n ta in in g  

CAT were th en  d ia ly sed  a g a in s t  an  excess of ' CAT b u f f e r ' ( se e  

above) to  remove th e  s a l t  and  ch loram phenico l. P u rif ied  CAT was 

frozen  a t  -2CPC.

Polyacry lam ide Gel E lec trophoresis  of Protein Samples

P olyacry lam ide gel e lec tro p h o res is  was c a r r ie d  ou t u n d e r th e  

c o n d it io n s  d e s c r ib e d  by  L aem m li, (1970). T y p ica lly  15% (w /v) 

acry lam id e  gels were poured b e tw een  u p r ig h t  g la s s  g e l- fo rm e rs  

(150mm X  l40mm X  1.5mm). The 'ru n n in g -g e l ' (M ethods, 2 .2 ) was
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polym erized by th e  ad d itio n  of 750>il of a  f re s h ly  p re p a re d  so lu tion  

of 10% (w /v) ammonium p e rsu lp h a te  follow ed by Ôpl of TE MED, and  

th e  gel poured  w ithin  3cm of th e  to p . A b u ffe r s a tu ra te d  n -b u ta n o l 

so lu tion  was c a re fu lly  la y e re d  on top cf th e  ge l w hile i t  was se ttin g  

in  o rd e r to g en era te  a  f l a t  su rfa c e . After th e  gel h ad  polym erized 

th e  n -b u ta n o l la y e r  was poured off and  th e  ' s tac  k in  g -g e l’ (M ethods,

2 .2 ) ,  polym erized by th e  a d d itio n  of 25Qpl of th e  above ammonium 

p e rsu lp h a te  so lu tion  a n d  o f TEMED, p o u re d  on to p .  The

gel-form ing  comb was im m ediately in s e r te d , and  th e  ge l allow ed to  

se t. P ro tein  sam ples, in  a  maximum volume of 5Qpl, were mixed with 

10 X  lo a d in g  b u ffe r (M ethods, 2 .2) in  a  1.5m l E ppendorf tu b e , and  

were p laced  in  a  b o ilin g  w ater b a th  fo r  10 m inutes p r io r  to  lo a d in g . 

E lec trophoresis  was c a r r ie d  ou t in  a  g lycine  b u ffe r (M ethods, 2 .2) a t  

lOOV u n ti l  th e  sam ple had  en tered  th e  'r u n n in g -g e l ’ a t  which p o in t 

th e  v o ltag e  was red u ced , and  th e  sam ple ru n  a t  between 3-4v/cm 

o v e rn ig h t. A fter e lec tro p h o res is  th e  ge l was s ta in e d  in  a  so lu tion  of 

50% m ethanol, 10% acetic  a c id , c o n ta in in g -0.1% Coomassie Blue S tain 

R250. The s ta in e d  ge l was th en  d esta in ed  (in  a  so lu tion  of 10% 

m ethanol, 10% ace tic  ac id ) u n t i l  th e  d esired  am ount of unbound dye 

h ad  been rem oved.
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Phenol E x trac tio n  of DNA

Solid phenol (F isons) was p u rif ie d  by d is t i l la t io n ,  e q u ilib ra te d  

w ith O .5M T ris -H C l, pH 7*4, a n d  m ade 0.1% w ith  r e s p e c t  to  

8 -h y d ro x y - q u in o l in e .  The phenol was aH quo ted , and  s to red  a t

- 2 0 0 c .

For phenol ex tra c tio n  of DNA th e  T iis -e q u il ib ra te d  phenol was 

mixed with e q u a l volumes of ch loroform /isoam yl a lcoho l (2 4 :1 ). An 

e q u a l  vo lum e o f t h i s  phenol/ch lo ro fo rm /isoam yl a lcohol mix was 

added  to th e  DNA so lu tio n , and  th e  two p h ases  mixed by v o rtex in g  

f o r  2 b u r s t s  of 10 sec o n d s  d u r a t io n .  These ex tra c tio n s  were 

norm ally  perform ed in  la rg e -E p p e n d o rf  tu b e s , and  th e  o rg an ic  and  

in o rg a n ic  p h ases  were conven ien tly  se p a ra te d  by ce n tr ifu g a tio n  in  a  

m icrofuge fo r 2 m inutes. The u p p er aqueous p h ase  was rem oved, 

t a k i n g  c a r e  n o t to  d is tu rb  any  m a te ria l a t  th e  in te r fa c e ,  and  

tra n s fe r re d  to  a  s te r i le  Eppendorf tu b e . Normally only one phenol 

e x trac tio n  was c a r r ie d  ou t on a  DNA sam ple, b u t when sam ples had  

been sub jec ted  to  th e  ac tion  of th e  enzyme a lk a li  ne p h o sp h a ta se , 2 

phenol ex trac tio n s  were em ployed. T races cf phenol in  th e  aqueous 

p h ase  were removed by ex tra c tio n  with chloroform , follow ed by a  

d ie th y l e th e r e x tra c tio n .
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P réc ip ita tio n  cf DNA in  Cold E thanol Solution

E thano l p re c ip ita tio n  w as th e  r o u t in e  m ethod em ployed  to  

p r e c ip i ta te  DNA from  so lu tio n . One te n th  of a  volume of 2.5M 

sodium a ce ta te  (pH 5.6) was added  to th e  DNA s o lu t io n fo l lo w e d  by 

2 .5  volumes cf e th an o l. The m ixture was in cu b a te d  a t  -7QOC fo r  10 

m inutes in  a  d ry  ic e /e th a n o l b a th , o r o v e rn ig h t in  a  -7CPC fre e z e r , 

an d  cen trifu g ed  fo r  10 m inutes in  a  m icrofuge. The s u p e rn a ta n t 

was removed c a re fu lly  so as not to  d is tu rb  th e  p e lle t  which was 

th en  washed with 50C ^ of a  70% e th an o l (v /v )  so lu tio n . The DNA 

p e lle t was recovered  by cen trifu g a tio n  in  a  m icrofuge fo r  5 m inutes, 

d ried  u n d er vacuum , and  resuspended  in  th e  desired  b u ffe r .

P u rifica tio n  of DNA on Sephadex G-50 and  G-25 Columns

Sephadex G-50 (fine) and G-25 (fin e) were e q u il ib ra te d  w ith 

w ater (follow ing m anufac tu rers  recom m endations on sw e llin g ) , and  

th en  au to c lav ed . Two ty p e s  of 'm in i ' S ep h a d e x  co lum n w ere 

employed to p u rify  DNA, G-50 columns were used with DNA frag m en ts  

which had  been cu t from gels y w hereas G-25 columns were used  to  

p u rify  o lig o n u c leo tid es. The s lu r ry  was poured in to  a  1ml s te r i le  

d isp o sab le  s y rin g e , which h ad  been p lugged  with s te r i le  s ilico n ized  

g la ss  wool. The m ini-colum n was p laced  in  a  10ml d isp o sab le  tu b e , 

so th a t  the  lu g s  a t  th e  top of th e  sy rin g e  were sup p o rted  by th e  l ip  

of th e  tu b e .

The columns were cen trifu g ed  a t  2000rpm fo r  2 m inutes in  an  

MSE bench-top  c e n tr ifu g e . I t  is  im p o rtan t to  e q u il ib ra te  th e  column 

such th a t  th e  volume of sam ple loaded  on top of th e  column i s  th e
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same as  volume co llected  a f te r  c e n tr ifu g a tio n . To do th i s ,  lOOjjil of 

s te r i le  HgO was lo ad ed , and  th e  column cen trifu g ed  u n d e r id e n t ic a l  

co n d itio n s . When th e  volume lo ad ed  = volume co llec ted  (u su a lly  ”2 

to  3 s tep s) th e  DNA sam ple to  be p u rif ie d  was lo ad ed .

D enatured  Salmon Sperm DNA

The salmon sperm DNA was p u rch ased  from Sigma (Sigma Type -  

I I I  sodium s a lt )  and  was d isso lved  in  w ater a t  a  co n cen tra tio n  of 

lOmg/ml. The DNA was sh ea red  by p a ss in g  i t  th re e  tim es th ro u g h  

an  l 8-g au g e  hypoderm ic n eed le . The so lu tion  was th en  boiled  fo r  

10 m inutes, and  s to red  a t  -2CPC in  50Qpl a liq u o ts . J u s t  p r io r  to  use 

th e  DNA was boiled  fo r  5 m inutes and  quenched on ic e .
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L igation

The a b il i ty  of T4 DNA lig a s e  to  jo in  co v a len tly  le n g th s  of DNA 

in  v itro  is  of p rim ary  im portance in  th e  con stru c tio n  of recom binant 

DNA m olecules. The DNA s u b s tra te s  may e ith e r  have com plem entary 

s in g le -s tra n d e d  ex tensions (so c a lled  "stLcky-ends") o r  b lu n t en d s , 

a lth o u g h  fo r  b lu n t-en d ed  l ig a tio n  approx im ate ly  10 fold more l ig a se  

i s  re q u ire d . L igations were c a r r ie d  ou t in  re ac tio n  volumes of 

b e tw een  lO pl a n d  50pil c o n ta in in g  1 x l i g a t io n  b u f f e r  (50mM 

Tris-H C l, 10mM MgClg, 10mM DTT, 10mM ATP (pH 7 .0 ) ) .  The to ta l  

c o n c e n tr a t io n  a n d  r e l a t i v e  am o u n t c f each  DNA species in  th e  

re ac tio n  m ixture is  c r i t ic a l ,  and  conditions which m axim ize  th e  

f i n a l  y ie ld  of re c o m b in a n ts  c a n  be c a lc u la te d  from th e o re tic a l 

a n a ly s is  (D ugaiczyk e t a l . , (1975). In  p ra c t ic a l  term s how ever, a  

norm al p lasm id  l ig a t io n  reac tio n  consis ted  of a  th re e  fo ld  m olar 

excess c f th e  DNA frag m en t to be in se r te d  over th e  chosen vec to r. 

The r e a c t io n  was in c u b a te d  a t  12oc fo r  8-20 h o u rs , th e  enzyme 

in a c tiv a te d  with h e a t (7OOC, 5 mins) a n d  th e  re c o m b in a n t  DNA 

molecules recovered  by tra n sfo rm a tio n  o r ^  v itro  p a c k a g in g .

P h o sp h a tase  T reatm ent

In  a n y  c lo n in g  ex p e rim e n t co nstruc tion  c f recom binants is  

a id ed  by  th e  avo idance cf se lf  l ig a tio n  of th e  v ec to r. This can  be 

a c c o m p lish e d  by  t r e a t i n g  th e  v ec to r with a lk a lin e  p h o sp h a ta se  

which removes 5 ' -  te rm in a l pho sp h a te  g ro u p s. C irc u la r iz a tio n  of 

th e  v e c to r  can  th en  occur only  by in se r tio n  of u n -p h o sp h a ta se d  

fo re ig n  DNA, which p rov ides one 5 '- te rm in a l p h o sp h a te  a t  each  jo in .
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C alf in te s t in a l  p h o sp h a ta se  (GIF) "(C haconas and  Van de Sande 

1980) p u rch ased  from BCL as  an  ammonium s u lp h a te  p r e c ip i ta te ,  was 

p e lle te d , an d  re su sp en d ed  in  s te r i le  w ater before  u se . 0.01 u n its  

of GIF a re  re q u ire d  to  remove th e  te rm in a l p h o sp h a te  g ro u p s  from 

Ip  mole of 5 ' -e n d s  of DNA. R ou tinely  0 .5  u n its  of GIF were u sed  p e r  

microgram  of DNA, an d  was ad d ed  a t  th e  s t a r t  of a  r e s t r ic t io n  

d ig e s t .  The p h o sp h a ta se  was th e n  in a c t iv a te d  an d  rem oved a lo n g  

w ith  th e  re s tr ic t io n  endonuclease  d u r in g  phenol e x tra c tio n .

R estric tio n  D igests

Type I I  r e s tr ic t io n  enzymes a re  of g re a te r  p r a c t ic a l  u se  fo r  

M olecular B io logists th a n  th e  ty p e  I  o r ty p e  I I I  enzym es. They 

h a v e  an  ab so lu te  req u irem en t fo r  Mg^+ io n s , and  o th e r f a c to r s ,  su ch  

a s  NaGl co n cen tra tio n , pH, and  te m p e ra tu re  can  a ffe c t th e  r a te  of 

re a c tio n . A ssay b u ffe rs  which optim ize th e  r a te s  of re a c tio n  a re  

d esc rib ed  by th e  m an u fac tu re rs , an d  a re  often d iffe re n t fo r  each  

en zy m e. In  m ost c a s e s  s t a n d a r d  r e s t r i c t i o n  enzym e b u f f e r s  

c o n ta in in g  e ith e r  low , medium, o r  h ig h  c o n c e n t r a t io n s  o f NaGl 

(M ethod, 2 .2 ) were u sed  su c c e ss fu lly . D igests were in c u b a te d  fo r  

betw een 1 to  4 hours a t  37°C, e x cep t BstEI I  (6CPG) T aqI  (65°G) an d  

B e ll i  (50°G). • T y p ica lly  5 u n its  o f r e s tr ic t io n  enzyme (w here 1 u n i t  

i s  defined as  th e  am ount of enzyme re q u ire d  to c le a v e  1 ; jg  of 

p h ag e  X DNA to  com pletion in  1 h o u r)  were ad d ed  p e r  m icrogram  of 

DNA. D igests were c a r r ie d  o u t in  re a c tio n  volumes of from lOjul to  

5Qpl and  re ac tio n s  were ro u tin e ly  stopped  by pheno l e x tra c tio n  when 

su b seq u en t enzym atic m an ip u la tio n s  were to  be perfo rm ed , o r  by
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ad d itio n  of a  gel lo a d in g  b u ffe r (M ethods, 2 .2) co n ta in in g  EDTA. 

D igests c o n ta in in g  X  p hage  DNA were alw ays hea ted  to  65°C fo r  10 

m inutes p r io r  to gel e lec tro p h o res is  in  o rd e r to  d isso c ia te  th e  s tick y  

cos en d s . ■

DNA Size M arkers

The s ize  cf DNA fragm en ts  can  be deduced from th e i r  m obilities 

in  ag a ro se  ge ls  when com pared with s ta n d a rd s  of known m olecular 

w e ig h t.  To f a c i l i t a t e  t h i s  p ro c e d u re  a  co m p u te r  p rog ram m e 

(GELFIT, C. Boyd Ph.D . T hesis, U n iversity  c f  L e iceste r, 1983) was 

u sed . The program m e in co rp o ra te s  th e  re c ip ro c a l p lo t of Schaffer 

and  Sederoff ( I 98I ) ,  and  experience showed an  e r ro r  c f from 1 to  2% 

could  be expected  u s in g  th is  method. The size  of th e  \  -p h ag e  DNA 

b an d s used as  s ta n d a rd s  were derived  from th e  p u b lish ed  sequence 

(Sanger e t a l . , I 983).
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Agarose Gel E lec trophoresis

Both v e r t ic a l  and  h o riz o n ta l s la b  gels were used  in  th is  work, 

v a ry in g  in  s ize and  ag a ro se  co n cen tra tio n  depending  on th e  n a tu re  

of th e  sam ples to  be e lec tro p h o resed . Agarose co n cen tra tio n s  v a r ie d  

from 0.6% ( fo r  h ig h  m o le c u la r  w e ig h t DNA) to  1.5% ( fo r  low 

m olecular w eight DNA). AH ag a ro se  gel e lec tro p h o res is  was c a r r ie d  

ou t in  TAE e lec tro p h o res is  b u ffe r  (M ethods, 2 .2 ) .

V e r t i c a l  g e ls  (l4cm  w id e , 10cm h ig h ,  3mm th ic k )  w ere 

sup p o rted  by a  10ml p lu g  of cyanogum 4 l (Sigma) polym erized with 

50p l  of f re s h ly  p re p a re d  10% (w /v) ammonium p e rsu lp h a te  and  20u l  

of TEMED. These gels were used fo r  Southern t r a n s f e r  experim ents 

where th e  gel th ic k n e ss  (3mm) a id ed  ra p id  t r a n s f e r .  V ertica l gels 

were ru n  o v e rn ig h t a t  15V.

H o r i z o n ta l  s u b m a r in e  g e ls  w ere u se d  f o r  th e  b u lk  of 

e lec tro p h o resis  experim en ts, and  were cf two v a r ie t ie s .  Mini gels 

(30m l vo lum e) were used  fo r ra p id  v e r if ic a tio n  of DNA sam ples, 

w hereas l a r g e r  g e ls  ( 200ml vo lum e) w ere u sed  f o r  r e s t r i c t io n  

a n a ly s is .  Both la rg e  and  m in i-gels  were sea led  a t  th e  ends w ith 

au to c lav e  ta p e , and  sam ple w e lls  w ere fo rm ed  by  i n s e r t i n g  a  

p ersp ex  comb a t  one end cf th e  h o riz o n ta l gel fo rm er.

Agarose ( in  1 x TAE b u f f e r )  w as r o u t in e ly  m elted  i n  a  

m icrow ave oven  s e t  a t  medium-low (250W) fo r  15 m inutes. The 

Agarose-TAE b u ffe r was allow ed to cool to  6CPC before p o u rin g  in to  

th e  gel fo rm er.
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When th e  g e l h a d  s e t ,  th e  comb and  au to c lav e  ta p e  were 

rem oved, and  th e  ge l p laced  in  th e  a p p ro p r ia te  e le c t r o p h o re s is  

ta n k .  H orizontal gels were ru n  ju s t  subm erged in  1 x  TAE b u ffe r a t  

e i th e r  15OV fo r an  h o u r, or a t  20V o v e rn ig h t. Samples were loaded  

in to  gels in  lo a d in g  b u ffe r (M ethods, 2 .2 ) . After e lec tro p h o res is , 

th e  g e l was s ta in e d  in  2 .5^g /m l ethidium  brom ide fo r  15 m inutes, 

fo llo w e d  by  d e s ta in in g  in  w ater fo r  I 5 m inutes. A lte rn a tiv e ly , 

ethidium  brom ide was added  to th e  gel and  e lec tro p h o res is  b u ffe r 

( a t  a  c o n c e n tr a t io n  of O .^ g /m l)  p r io r  to a  ru n , so t h a t  only 

d e s ta in in g  was re q u ire d . Gels were viewed u n d e r long  wave UV. 

l i g h t  p ro v id e d  by a  Fotodyne 3-3000 tra n s i l lu m in a to r ,  an d  were 

pho tog raphed  on P o laro id  ty p e  55 o r 57 4"x5" lan d  film  u s in g  a  

Po laro id  MP-4 cam era f it te d  w ith a  Kodak W ratten no. 9 o ran g e  

f i l t e r .

P o lyacry lam ide Gel P u rif ica tio n  of O ligonucleotides

For p u r if ic a tio n  cf o ligonucleo tides a  20% a c ry la m id e /u re a  ge l 

was u sed , and  p re - ru n  fo r 30 m inutes in  1 x  TBE (Method, 2 .2 ) a t  

45 w atts p r io r  to lo a d in g  th e  sam ples. The g e l was ru n  u n t i l  th e  

brom ophenol b lue  dye (M ethods, 2 .2) was w ith in  2 in ch es  of th e  

bottom c f  th e  g e l. This ty p ic a lly  took from betw een 3 to 4 h o u rs , 

(u n d er th e se  conditions a  17-m er o ligonucleo tide was lo ca ted  in  th e  

middle of th e  g e l) .  The p la te s  were se p a ra te d  (the  ge l norm ally  

ad h ered  to  one of them ), and  th e  ge l t ra n s fe r re d  to  a  la y e r  of 

c lin g film . A second sheet of clingfilm  was p laced  over th e  g e l, and  

th e  o lig o n u c le o tid e s  v isu a liz ed  by UV. shadow ing . The desired  

b an d  was cu t from th e  ge l, and  p laced  in  an E ppendorf tu b e  with
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100^1 of w a te r ,  a n d  l e f t  f o r  betw een 2 and  12 hours a t  room 

te m p e ra tu re . The o ligonucleo tides were fu r th e r  p u r if ie d  by spun  

column chrom atography  'p r io r  to  use  as  sequencing  p rim ers  o r a s  

spec ific  h y b rid iz a tio n  p ro b es . t  ■
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In d u c tio n  of a  Therm osensitive Lysogen 

(H aseltine  and  M uller -  H ill, 1972)

An o v e rn ig h t culture<.of th e  therm o sen sitiv e  ly so g en  (grow n a t  

30°C ) was used  to  in o cu la te  250ml of L -bro th  in  a  2 l i t r e  baffled  

f la s k .  After grow th a t  30°C to  an  A550 = 0 .5  th e  c u ltu re  was 

tra n s fe r re d  to  an  o rb ita l  sh ak in g  w ater b a th  se t a t  45°C fo r  20 

m inutes, th en  to  a  sh ak in g  in c u b a to r  se t a t  38°C where i t  was 

grown w ith ra p id  sh a k in g . The A ^ ^  was m o n ito re d , a n d  w as 

observed  to r is e ,  th en  drop d ram a tic a lly  a s  th e  c u ltu re  ly se d  abou t 

1 hour a f te r  grow th a t  38°C. 1ml of chloroform was added  and  th e  

ly s a te  c lea red  by cen tr ifu g a tio n  a t  10,0C0rpm fo r 5 m inutes a t  4oc.

Phage L iquid  L ysates

B a c te r io p h a g e  la m b d a  w as p ro p ag a ted  on E .co li in  l iq u id  

c u ltu re , com prising  L -bro th  supplem ented with 10mM MgSOZ;. The 

inoculum  of p hage  was derived  from a  s in g le  p laq u e  grown on th e  

a p p ro p ria te  h o st, and  was p icked  (w ith  a  reg ion  of su rro u n d in g  

E .co li ce lls )  and  blown in to  200ml of L -b ro th , 10mM MgSO^. The 

c u ltu re  was shaken  v igo rously  to  g ive good a e ra tio n  (in  a  ro ta ry  

in c u b a to r)  a t  37*̂ 0 fo r ap p rox im ate ly  18 h o u rs . At th e  end of th is  

period  ce ll ly s is  was v isu a lly  a p p a re n t.  P rio r to  h a rv e s tin g  th e  

p h ag e , 1ml of chloroform was added  and  th e  c u ltu re  shak en  a t  37°C 

fo r  a  fu r th e r  I 5 m inutes. After th e  ce lls  had  been p e lle ted  th e  

phage  suspension  was s e r ia l ly  d ilu te d , and  th e  num ber of p hage  

ca lc u la te d  by "spo tting" onto in d ic a to r  p la tin g  c e l ls .  I f  a t  l e a s t  

IqIO p fu /m l were p re se n t, DNA was p re p a re d .



53

X Phage DNA P repara tion

A 200 ml c le a re d  liq u id  ly s a te  of a t  le a s t  10^0 p fu /m l (10^2 

p h ag e  g ives app ro x im ate ly  5Qug cf DNA) was made 2% with re sp e c t 

to  sodium ch lo rid e , and  in cu b a ted  on ice  fo r  1 h o u r. ' P o lyethy lene 

^ y c o l  8000 (Sigma) was added  to  10% and  th e  suspension  le f t  fo r  

an o th er h ou r o r o v e rn ig h t a t  4^0. Phage were recovered  from th e  

suspension  by c e n tr ifu g a tio n  a t  5000rpm fo r  4 m inutes a t  4°C . The 

s u p e r n a t a n t  was rem oved, and  th e  p e lle t  resu sp en d ed  in  1ml of 

p h ag e  b u ffe r .

A stock  caesium  ch lo rid e  so lu tion  was made by d isso lv in g  65g 

cf CsCl in  35g of HgO. This stock was u sed  to p re p a re  th e  fo llow ing  

so lu tio n s .

D ensity CsCl Phage Buffer

1.7g/cm 3 l4 .0m l 6 . 0ml

l*5g/cm 3 11. 1ml 8 . 9ml

1.3g/cm 3 7.7ml 12. 3ml

A cae s iu m  c h lo r id e  s tep  g ra d ie n t was p re p a re d  in  a  l4m l 

po ly-a llom er tu b e  by o v e rlay in g  4ml cf each  so lu tion  (c o n ta in in g  

l«7g/cm 3, 1 .5g/cm 3, and  1.3g/cm 3 C sC l).

The resu sp en d ed  p hage  suspension  was la y e re d  on top of t h i s ,  

and  th e  step g ra d ie n t cen trifu g ed  a t  24,000 rpm fo r  4 hours a t  4^0 

in  an  MSE SW 6x l4  H  ro to r . The p h ag e  b an d s  w ere fo u n d  a t
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th e  in te rfa c e  of tine 1.3g/cm 3 and  1.5g/cm 3 CsCl b lo ck s, an d  were 

removed w ith a 21-g au g e  needle in se r te d  th ro u g h  th e  tu b e .

The c o n c e n tr a te d  p h a g e  w ere d ia ly s e d  a g a in s t  TE b u ffe r  

(M ethods, 2 .2 ) fo r  2 hours to remove the  CsCl, th en  t re a te d  w ith 

RNase (20^g/m l f in a l  co n cen tra tio n ) fo r  1 hour a t  room te m p e ra tu re , 

with fu r th e r  d ia ly s is  a g a in s t  TE. P re -d ig es ted  p ro n ase  (M ethods,

2 . 2 ) was a d d e d , and  d ia ly s is  con tinued  a t  37°C fo r an o th e r h o u r, 

a g a in s t  p ro n ase  b u ffe r  (lOmM Tris-H Cl, O.lmM EDTA, 0.1% SDS, pH 

7 .4 ) .  These s tep s  were f a c i l i ta te d  by u s in g  a  d ia ly s is  c lip  a t  one 

end of th e  tu b in g  so a l l  a d d itio n s  could be conven ien tly  made in to  

th e  same p iece of tu b in g . The p hage  DNA was removed from th e  

b a g , and  su b jec ted  to  phenol e x tra c tio n , and  th e  DNA recovered  

from th e  so lu tion  by e th an o l p re c ip ita tio n .

\  CI26 p re p a re d  in  th is  fa sh io n  was d igested  s e p a ra te ly  w ith 

Hind l l l  and  double d igested  with Hind l l l  and  EcoRI  fo r  use  as  size  

m arkers in  ge l e le c tro p h o re s is .

XDB286, (Bram m ar, I 982) was p re p a re d  in  th is  fa sh io n  an d  was 

used  to  g en era te  A gene b a n k s .
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Iso la tio n  of High IViolecular Weight B a c te ria l DNA 

(Chow , 1977)

A 200ml c u ltu re  c f 'b a c te r ia  was grown to  th e  s ta t io n a ry  p h ase  

in  L -b ro th  o r P en assa y -b ro th  (Difco) and  th e  c e l ls  p e l le te d  by  

ce n tr ifu g a tio n  a t  10,000rpm fo r  5 m inutes a t  4^0. The ce lls  were 

washed tw ice w ith an  e q u a l volume of ice -co ld  10mM Tris-HCl pH 

y .9 ;  ImM EDTA, lOOmM N aC l, ( re s u s p e n s io n  b u f fe r )  and  th en  

resuspended  in  25ml of th e  same b u ffe r . 5ml of a  lOmg/ml lysozym e 

so lu tion  was ad d ed , and  th e  ce lls  in cu b a te d  in  a  w ater b a th  se t a t  

42°C fo r 10 m inutes. Cells were th en  ly sed  g en tly  by th e  ad d itio n  

of 30ml of th e  resu sp en sio n  b u ffe r made 2% with re sp e c t to  S arcosy l 

NL97 and  c o n ta in in g  20pg/m l RNase A. The so lu tion  was in cu b a te d  

in  a  w ater b a th  se t a t  42^0 fo r  1 h ou r a f te r  which tim e p ro n ase  

(M ethods, 2 .2 ) was added  to  a  f in a l  concen tra tion  of Im g/m l, and  

th e  4200 in cu b a tio n  con tinued  fo r  4 h o u rs . The ly s a te  by th is  tim e 

h ad  c le a re d , and  was phenol ex trac te d  3 tim es. The DNA w as 

recovered  from th e  aqueous p h ase  by e th an o l p re c ip ita tio n , (in  th is  

in s ta n c e  th e  chromosomal DNA was not p e lle ted  by c e n tr ifu g a tio n , 

b u t was "spooled" ou t of so lu tion  on th e  end c f  a  g la ss  p ip e t ie ) .  

The DNA was vacuum d r ie d ,  a n d  re s u s p e n d e d  in  a  TE b u f f e r  

(M ethods, 2 .2 ) , a  step  which took up to  3 days a t  4°C.

In  some c a se s , DNA produced in  th is  fa sh io n  c o u ld  n o t be 

d ig e s te d  w ith  r e s t r i c t i o n  e n d o n u c le a s e s , and  was th u s  fu r th e r  

p u r if ie d  by b u o y an t d en sity  CsCl c e n tr ifu g a tio n . The ty p ic a l  y ie ld  

was 2mg from 200ml of c e lls .
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L arge Scale Iso la tio n  of Plasm id DNA 

(Birnboim and  Doly, 1979)

10ml cf an  o v e rn ig h t- s ta tio n a ry  p h ase  c u ltu re  h a rb o u rin g  th e  

d e s ir e d  p la sm id  (g row n  in  L - b r o th  s u p p le m e n te d  w i th  t h e  

a p p ro p ria te  a n tib io tic  ) was in o cu la ted  in to  200ml of L -bro tli p lu s  

a n tib io tic  in  a  b a ffled  2 l i t r e  f la s k .  The c u l tu r e  w as s h a k e n  

v i g o r o u s l y  a t  37°C o v e r n i g h t ,  a n d  th e  c e l l s  p e l le te d  by  

c e n tr ifu g a tio n  a t  10,000rpm fo r 5 m in u tes  a t  4 o c . C e lls  w ere 

resu sp en d ed  in  8ml of ice  cold 25mM Tris-H Cl, pH 8 .0 , 10mM EDTA, 

pH 8 .0 , 50mM glucose , Im g/m l lysozym e (w h ich  w as a d d e d  j u s t  

before u se ) , and  le f t  on ice  fo r 5 m inutes. Lysis and  d é n a tu ra tio n  

of th e  b a c te r ia l  chromosomal DNA was ach ieved  by th e  ad d itio n  of 

l 6ml of a  so lu tion  cf 0.2M NaOH, 1% SDS a t  room te m p e ra tu re , which 

was sw irled  g en tly  in to  th e  c e ll  su sp en sio n . The tu b e  was kep t on 

ice  fo r  5 m inutes, and  a f te r  th e  ad d itio n  of 12ml of ice  cold 3M KAc, 

pH 4 .8  (M ethods, 2 .2) th e  m ixture was cen trifu g ed  a t  l6,000rpm  fo r 

20 m inutes a t  4oc with th e  cen trifu g e  b ra k e  off.

The c lea re d  ly s a te  was poured th ro u g h  a  s te r i le  s ilico n ized  

g l a s s  wool p lu g  to  t r a p  m ost o f th e  f lo c u la r  c o n ta m in a t in g  

chromosomal DNA, and  th e  p lasm id  DNA was th en  recovered  from 

s o lu tio n  b y  p r e c ip i ta t io n  w ith  th e  a d d it io n  of 0 .6  volumes of 

p ro p a n -2 -o l. The sam ple was c e n tr ifu g e d  a t  10 ,000rpm  f o r  20 

m in u te s  a t  room te m p e ra tu re , th e  s u p e rn a ta n t rem oved, an d  th e  

p e lle t  w ashed with 70% e th an o l th en  d ried  u n d e r vacuum . Once 

d ried  th e  DNA was d isso lved  in  7.4m l of TE b u ffe r , and  8 .4g  of CsCl 

were a d d ed . lOOpl of 10mg/ml Ethidium  Bromide was ad d ed , and  th e
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re fra c tiv e  in d e x  cf th e  so lu tion  m easured (a  v a lu e  cf betw een 1.392 

to  1.398 was ex p ec ted ). The f in a l  so lu tion  was p laced  in  a  10ml 

p o ly c a r b o n a te  tu b e ,  to p p e d  up  w ith  h e a v y  p a r a f f in  o i l  a n d  

cen trifu g ed  a t  40,000rpm fo r  40 hours a t  2CPC in  an  MSE 10 x  10 Ti 

ro to r . A lte rn a tiv e ly , th e  CsCl/DNA so lu tion  was p ip e tted  in to  a  5ml 

h e a t- s e a la b le  Beckman tu b e , and  cen trifu g ed  in  an  u p r ig h t  MSE 62.5  

ro to r a t  50,000rpm fo r between 8 and  I 6 h o u rs . The p lasm id  b an d  

(the low er, o r  more u su a lly  th e  only  ban d ) w as v i s u a l i z e d  b y  

i r r a d ia t io n  with sho rt-w ave  UV. l ig h t ,  and  removed from th e  CsCl 

g ra d ie n t w ith a  s te r i le  sy rin g e  and  need le . DNA banded  in  th e  

10ml p o ly carb o n a te  tu b es  could be removed from th e  top of th e  tu b e , 

w hile DNA banded  in  th e  5ml h e a t - s e a la b le  tu b e s  w as rem oved  

th ro u g h  a  hole p u n c tu red  in  th e  s id e . The ethidium  brom ide was 

removed by rep ea ted  e x tra c tio n s  with an  e q u a l  volum e o f CsCl 

s a tu r a t e d  iso p ro p an o l, th en  th e  so lu tion  was d ia ly sed  a g a in s t  2 

l i t r e s  of TE (3 ch an g es) a t  4oc to remove th e  caesium  c h lo r id e . 

This p rocedure  produced from 200 to  40Qug c f DNA p e r 200ml c u ltu re  

fo r  a  m ulti-copy p lasm id .
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P u rif ic a tio n  of DNA Fragm ents

I t  was often n ecessa ry  to p u rify  a  specific  DNA frag m en t p r io r  

to su b seq u en t m an ip u la tio n . The method cf choice depended upon 

s e v e r a l  v a r i a b l e s  su c h  a s  th e  s ize cf th e  DNA frag m en t to be 

p u r if ie d , th e  q u a n tity  of m a te ria l to be p u r if ie d , and  th e  n e x t stop 

i t s e l f .  I t  was found th a t  DNA could be recovered  q u a n ti ta t iv e ly  by 

most te c h n iq u es , how ever, th e  re c o v e re d  DNA w as o f te n  n o t of 

s u f f i c i e n t  q u a l i ty  fo r  l i g a t i o n .  L ig a tio n  in  th e  p resence of 

sperm id ine  was som etim es fo u n d  to  in c r e a s e  th e  f re q u e n c y  of 

reco m b in an ts.

Recovery of DNA by Electro-relution

The DNA frag m en t to  be p u rif ie d  was cu t from th e  a g a ro se  ge l 

and  p laced  in  a  tu b e  of s te r i le  d ia ly s is  tu b in g  c o n ta in in g  ju s t  

enough 0 .5  x TAE b u ffe r to cover th e  frag m en t. The ends of th e  

tu b in g  were clam ped with d ia ly s is  c l ip s , and  th e  assem bly  p laced  

in  a  m in i -g e l ta n k  c o n ta in in g  0 .5  x  TAE b u f fe r  and  O .^ g /m l  

eth idium  brom ide. I 50V was ap p lied  across  th e  d ia ly s is  tu b in g , 

a n d  m ig ra t io n  of th e  e th id iu m  b ro m id e  s ta in e d  DNA frag m en t 

m onitored u s in g  a  hand  held  UV. lam p (UVGL-58, UV P r o d u c ts ) .  

After 5 m inutes th e  DNA could be v isu a liz e d  as  a  narrow  f lu o re sc e n t 

b an d  a g a in s t  th e  w all of th e  d ia ly s is  tu b in g . The p o la r ity  of th e  

power p ack  was th en  rev e rsed  fo r  30 seconds to  reduce th e  adhesion  

of th e  DNA to th e  tu b in g , and  th e  TAE b u ffe r co n ta in in g  th e  DNA 

was removed w ith a  s te r i le  p la s tic  p a s te u r  p ip e tte . T y p ica lly  1ml 

of TAE buffer/DNA was recovered  from th e  d ia ly s is  tu b in g . This
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volume was reduced  by re p e a te d  iso -b u ta n o l e x tra c tio n s , which a lso  

rem o v ed  th e  e th id iu m  b ro m id e . The DNA w as t h e n  e t h a n o l  

p r e c i p i t a t e d ,  a n d  in  c a s e s  w h ere  l ig a t io n  was th e  n e x t s te p , 

su b jec ted  to p u r if ic a tio n  th ro u g h  a  Sephadex G-50 colum n.

Recovery of DNA by Compression

The a g a ro se  ge l m atrix  i s  easH y  com pressed a f te r  f re e z in g . 

T h is  o b s e rv a t io n  m akes i t  p o s s ib le  to  re c o v e r  th e  DNA a n d  

i n t e r s t i t i a l  b u ffe r  from a  g e l frag m en t by fre e z in g  th e  f ra g m e n t, 

th en  su b jec tin g  i t  to  a  c e n tr ifu g a l fo rce . The co n d itio n s  fo r  th is  

" f r e e z e - s q u e e z e "  m ethod h a v e  b een  optim ized (T au tz  a n d  Renz, 

1983), and  i s  u se fu l in  re co v e rin g  frag m en ts  of up to  1 0 -k b . The 

section  of a g a ro se  c o n ta in in g  th e  DNA frag m en t was c u t from th e  

g e l, trim m ed to  i t s  sm a lle s t d im ensions, and  p laced  in  an  E ppendorf 

tu b e  co n ta in in g  10 volumes of 0.3M sodium a c e ta te  pH 7*0 an d  ImM 

EDTA. After 30 m inutes th e  frag m e n t was t r a n s f e r r e d  to  a  sm all 

E p p e n d o rf  tu b e  which h ad  been p u n c tu red  in  th e  botiom w ith a  

21-gauge need le , and  p lu g g ed  w ith s te r i le  s ilico n ized  g la s s  wool. 

This assem bly was th en  frozen  in  l iq u id  n itro g en  fo r  5 m in u tes. 

Once fro zen  th e  s m a ll  tu b e  w as p la c e d  in  a  l a r g e  d e c a p p e d  

E ppendorf tu b e , and  c e n tr ifu g ed  in  a  m icrofuge fo r  10 m inutes a t  

room tem p e ra tu re . The e lu a n t  was pheno l e x tra c te d , and  th e  DNA 

recovered  by e th an o l p re c ip i ta tio n .
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Recovery cf DNA from low-m eltm g tem perature agarose

The su b s titu tio n  of h y d ro x y  e th y l  g ro u p s  in to  th e  a g a r o s e  

molecule cau ses  th e  ag a ro se  to g e l a t  30°C and  melt a t  65°C -  well 

below th e  m elting tem p era tu re  fo r  most DNAs. These p ro p e rtie s  a re  

e x p lo i te d  in  t h i s  te c h n iq u e  f o r  th e  recovery  of DNA from gels 

(W eislander, 1979)* The frag m en t of DNA to be p u r if ie d  was c u t 

from th e  g e l, and  p laced  in  an  E ppendorf tu b e  co n ta in in g  5 volumes 

of 20mM T ris -H C l, ImM EDTA (pH 8 .0 ) .  The tu b e  w as th e n  

t ra n s fe r re d  to a  w ater b a th  se t a t  65°C fo r  5 m inutes to  melt th e  

a g a ro se . The so lu tion  was th e n  s u b je c te d  to  r e p e a te d  p h e n o l 

e x t r a c t io n s  a n d  th e  DNA re c o v e re d  from th e  aqueous p h ase  by 

e th an o l p r e c ip i ta tio n .

Sucrose Density C entrifugation

S u cro se  g ra d ie n ts  a re  th e  method of choice when p re p a r in g  

la rg e  q u a n titie s  of frag m en t. The method was used  to  p r e p a r e  

b a c te r io p h a g e  \  DB286 a rm s , and  to s ize  f ra c tio n a te  p a r t ia l ly  

d igested  chromosomal DNA. Sucrose g ra d ie n ts  were poured  in to  17ml 

B eckm an p o ly  a l io  mer c e n t r i f u g e  tu b e s .  The two stock  sucrose  

so lu tions (10% and  40%) were p re p a re d  w ith BRL u ltra p u re  sucrose  

d isso lved  in  a  b u ffe r co n ta in in g  10mM Tris-H C l, 10mM Nag EDTA, 

an d  200mM sodium ac e ta te  (pH 8 .0 ) . ,  Up to  20(jLig of th e  DNA to be 

f ra c tio n a te d  was c a re fu lly  la y e re d  onto th e  top of th e  g ra d ie n t,  and  

th e  sam ple cen trifu g ed  a t  24k rpm fo r 24 hours a t  4°C in  a  Beckman 

SW27 r o to r .  A fter th e  ru n  h ad  f in ish e d  15-drop f ra c tio n s  were 

c o l l e c t e d  t h r o u g h  a  21- g a u g e  n e e d l e  i n s e r t e d  i n t o  t h e
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bottom of th e  tu b e . lOpl of every  th i rd  f ra c tio n  was su b jec ted  to 

gel e le c tro p h o re s is , and  th e  f ra c tio n s  co n ta in in g  th e  size ra n g e  of 

i n t e r e s t  w ere p o o led  and. d i a ly s e d .  The d ia ly se d  sam ple was 

co ncen tra ted  with iso b u ta n o l, and  th e  DNA re c o v e re d 'b y  e th a n o l  

p re c ip i ta t io n .
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B a c te r ia l RNA P re p a ra tio n

Any method of RNA p re p a ra tio n  must minimize th e  rib o n u c lease  

a c t iv i ty  d u rin g  th e  i n i t i a l  s ta g e s  o f i s o la t io n  a n d  a v o id   ̂ th e  

a c c id e n ta l  in tro d u c t io n  of t ra c e  am ounts of r ib o n u c le ase  d u rin g  

su b seq u en t p ro c e d u re s .

To en su re  th a t  th ese  requ irem en ts were met, a  ly s is  method was 

chosen th a t  d is ru p ted  th e  ce lls  and  in a c tiv a te d  nu c leases  (M iller, 

1972) . To en su re  th a t  no r ib o n u c lease  was in tro d u ced  d u rin g  th e  

e x tra c tio n  p rocedure  se v e ra l p recau tio n s  were ta k e n :

(a )  S te rile  d isp o sab le  p la s tiw a re  was used fo r  th e  p re p a ra tio n  

and  s te ra g e  of RNA w henever p o ssib le .

(b ) G lassw are was baked  a t  25CPC fo r  4 h o u rs .

(c) Solutions were tre a te d  with 0.1% d ie th y lp y  roc a r  b on a te  

(DEPC) fo r  12 h o u rs , and  th en  au to c lav ed . (T r is -b u ffe r  

so lu tions canno t be tre a te d  l ik e  th is ,  b u t can  be made in  

w ater which h as  been D E P C -treated).

Cells were ly sed  by th e  method described  by M iller (1972). 

5Qpl of an  o v e rn ig h t c u ltu re  of ce lls  were in o cu la ted  in to  10ml c f  M9 

medium (M ethods, 2 .2) and  grown to  A550 ^  th e  ra n g e  of 0.1 to

0 . 3 . An e q u a l volume of ice -co ld  M9 medium c o n ta in in g  0.02M NaN^ 

was ad d ed , and  th e  ce lls  p e lle ted  by c en tr ifu g a tio n  a t  3000rpm a t  

4oc fo r 5 m inutes. The ce lls  were washed with an  e q u a l volume of 

M 9/azide b u ffe r , and  th e  c e l l  p e l l e t  r e s u s p e n d e d  in  2 ml o f a  

so lu tion  of 0.02M Na a c e ta te  0.5% SDS and  O.OOIM Nag EDTA, pH 5 . 5 . 

The ce lls  were th en  added  to  4ml of pheno l-ch lo ro fo rm , v o rte x e d , 

a n d  h e ld  in  a  w a te r  b a t h  a t  60^0 f o r  5 m in u te s .  The
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sam ple was c en trifu g ed  a t  3000rpm fo f  5 m inutes in  an  MSE bench 

top c e n tr ifu g e  to  s e p a ra te  th e  p h a s e s , an d  th e  u p p e r aqueous p h a se  

rem oved with a  p la s t ic  s te r i le  P a s te u r  p ip e t te . The sam ple was 

re -e x tra c te d  w ith phenol-chloroform  as d escrib ed  above , a n d  th e  

n u c le ic  ac id  recovered  from so lu tion  by e th a n o l p re c ip i ta tio n .

RNA was p u r if ie d  aw ay from DNA by two methods d e s c r ib e d  

below .

1. A fter phenol e x tra c tio n , th e  c e ll ly s a te  was la y e re d  o v er 0 .2  

volum es of 5*7M caesium  c h lo r id e , O.IM Nag EDTA, pH 7-5 in  a  

poly  a lio  mer c e n tr ifu g e  tu b e , an d  to pped  up w ith l iq u id  p a r a f f in .  

The tu b e  was c e n tr ifu g e d  a t  25,000rpm , 20°C fo r  l 8 h o u rs  in  a  

Beckman SW27.1 ro to r . The p a ra f f in  an d  s u p e rn a ta n t were rem oved 

w ith  a  s te r i le  p la s t ic  d isp o sab le  p i p e t t e ,  c a r e  b e in g  t a k e n  to  

remove a l l  th e  DNA b a n d  ju s t  above th e  CsCl p a d . The rem a in in g  

CsCl so lu tion  was poured  aw ay , an d  th e  o p a le s c e n t  RNA p e l l e t  

re su sp en d ed  in  1ml of D EPC -treated w a te r (M ethods, 2 .2 ) .  The RNA 

w as re c o v e re d  from  s o lu t io n  b y  e th a n o l  p r e c i p i t a t i o n ,  a n d  

resu sp en d ed  in  O.OIM Tris-H C l, pH 7 .6 ; 0.4m NaCl, 0.02% SDS.

2. A lte rn a tiv e ly  DNA w as rem o v ed  from  th e  RNA s o lu t io n  b y  

in c u b a tio n  with RN ase-free DNase (BRL) in  a  b u ffe r  recommended by 

th e  m an u fac tu re rs  (M ethods, 2 .2 ) .

P u rif ied  RNA, p re p a re d  by  e ith e r  method was s to red  a t  -70°C in  

e th a n o l.



64

T ransfo rm ation  cf E .co li

Most m ethods f o r  E . c o l i  t r a n s f o r m a t io n  a r e  b a se d  on an  

o b se rv a tio n  of Man del and  H iga (1970), who dem onstrated  t h a t  th e  

u p ta k e  of p lasm id  DNA by ce lls  was enhanced  by  chem ical in d u ced  

competence b ro u g h t ab o u t by tre a tm e n t w ith calcium  c h lo r id e . Many 

v a r ia t io n s  of th is  b a s ic  tech n iq u e  h av e  since  been d e sc rib e d , a l l  

d ire c ted  tow ard  op tim izing  th e  effic ien cy  of tra n s fo rm a tio n . Two 

methods a re  d e ta iled  in  th is  th e s is ,  an d  th e  choice depended on 

w hether e ith e r  (a )  a  v e ry  h ig h  t r a n s f o r m a t io n  e f f ic ie n c y  w as 

re q u ire d  ( e .g .  fo r  th e  co n s tru c tio n  of gene b an k s) in  w hich ca se  

th e  MOPS/RbCl method was p re fe r re d , o r  (b ) a  la r g e  n u m b e r  o f

tra n sfo rm a tio n s  were to  be perform ed s im u ltan eo u sly , in  w hich c a se  

th e  CaClg te c h n iq u e  w as p r e f e r r e d .  (N . G r i n t e r  p e r s o n a l

com m unication ).

(a )  MOPS/RbCl Method

2ml of a  s ta t io n a ry  p h ase  c u ltu re  of th e  ce lls  to  be tran sfo rm ed  

were in o cu la ted  in to  50ml of L -b ro th  and  in c u b a te d  w ith  r a p i d  

a e ra tio n  a t  37°0 to  a  c e ll d en s ity  of ap p ro x im a te ly  5 x  107 c e lls /m l 

(A6oq = 0 .4 ) .  This u s u a lly  took from betw een 90 m in u te s  to  2 

h o u r s .  The- c u l tu re  was c h ille d  on ic e , and  1ml sam ples were 

d isp en sed  in to  la r g e  E ppendorf tu b e s , and  c en tr ifu g e d  fo r  1 m inute 

in  a  m icrofuge. The ce lls  were w ashed w ith 1ml of cold MOPS pH

7 .0 ; 10mM RbClg, th en  resu sp en d ed  in  500ul of cold 100mM MOPS pH

6 . 5 ;  50mM C a C lg ; lOmM RbCl (co m p e ten ce  b u f f e r ) ,  a n d  th e  

su spension  l e f t  on ice  fo r  30-60 m inu tes. The c e lls  were p e lle te d
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b y  c e n t r i f u g a t i o n  in  a  m ic ro fu g e  f o r  1 m in u te , a n d  g e n t ly  

re su sp en d ed  in  2C 0^ of com petence b u ffe r . 3pl of DMSO an d  10-200 

ng  of DNA (in  a  volume of lO ul o r le s s )  was ad d ed , an d  th e  c e lls  

allow ed to  s ta n d  on ic e  fo r  30 m inu tes. Follow ing a  h e a t-sh o c k  in  

a  w ate r b a th  a t  55°0 fo r  45 seconds (to  in d u ce  u p ta k e  of DNA) th e  

c e lls  were im m ediately  removed onto ic e ,  and  e i t h e r  p l a t e d  o u t 

im m ed ia te ly , o r  in c u b a te d  a t  37°0 fo r  1-2 hours in  1ml of L -b ro th  

( fo r  e x p r e s s io n ) .  A f te r  t h i s  t h e  c e l l s  w e re  p e l l e t e d  b y  

c e n t r i f u g a t i o n ,  a n d  p la t e d  o n to  a g a r  p la t e s  c o n ta in in g  th e  

a p p ro p r ia te  a n tib io tic .  R outinely  107 t r a n s f o r m a n ts  p e r  / ig  of 

su p erco iled  DNA were o b ta in ed  u s in g  th is  te c h n iq u e .

(b ) CaClp Method

50ml of lo g  p h ase  ce lls  were grown as  above , an d  p e lle te d  in  

25ml S te rilin  u n iv e rs a ls  a t  3,000rpm , fo r 10 m inutes in  a  bench  top 

c e n tr ifu g e  se t a t  4°C. Each p e lle t  was w ashed w ith 25ml of 50m M 

CaClg, p e lle te d , and  resu sp en d ed  in  one te n th  vo lum e o f 50mM 

CaClg. A fter 30 m inutes on ice  200u l  a liq u o ts  of c e lls  were p laced  

in to  la r g e  E p p e n d o rf  t u b e s ,  a n d  w ere  q u ic k - f r o z e n  in  l i q u i d  

n itro g e n . Competent ce lls  made in  th is  fa sh io n  were k e p t in  a  

-70^0 f re e z e r . When re q u ire d , th e  ce lls  were slow ly thaw ed  on ic e ,  

an d  th e  DNA (10-200ng) ad d ed  in  a  volume of lOpl o r l e s s .  C ells 

were th en  h ea t-sh o ck ed  as  d esc rib ed  a b o v e . The m ethod  g a v e  

ap p ro x im a te ly  105 tra n s fo rm a n ts  p e r  ug  of su p erco iled  v e c to r  DNA. 

A lthough le s s  e ff ic ie n t th a n  th e  MOPS/RbCl method, com petent c e lls  

c o u ld  be  f ro z e n ,  a n d  th u s  w as th e  m ethod o f choice fo r  M13 

tra n s fo rm a tio n s .
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For MI3 p hage  tran sfo rm a tio n  of JMlOl, im m ediately  a f te r  th e  

h e a t shock, transfo rm ed  ce lls  ( su ff ic ien t to  g ive ap p ro x im ate ly  100 

p laq u es  p e r p la te )  were added  to  1 0 0 ^  cf s ta tio n e ry  p h ase  JMlOl in  

a  S te r ilin  tu b e  co n ta in in g  3Qpl IPTG (24mg/ml in  HgO),' 3Qpl X-GAL 

(24m g/m l in  DMF), a n d  3ml of m olten  ( 50^0 ) to p  a g a r  (0.6% 

L -a g a r ) ,  mixed th o ro u g h ly , and  p o u re d  o v e r  th e  s u r f a c e  o f a  

L - a g a r  p l a t e .  F o r  a l l  t r a n s fo rm a tio n s ,  p o s itiv e  and  n e g a tiv e  

co n tro ls  were in c lu d e d , to  estim ate  th e  effic iency  of tra n sfo rm a tio n  

and  check fo r  con tam ination .
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T ransform ation  of P .m irab ilis

P . m ir a b i l i s  c e l l s  c o u ld  n o t be  e ffic ie n tly  o r rep ro d u c ib ly  

transfo rm ed  by e ith e r  of th e  methods employed to  tran sfo rm  E. c o ll . 

A method used  to  tran sfo rm  Pseudomonas sp . s t r a in s ,  how ever, was 

employed (R. Jeen es, U n iversity  of B angor, P erso n a l com m unication) 

more su ccess fu lly .

A 50ml c u ltu re  of P . m ira b ilis  ce lls  was grown as described  

a b o v e  f o r  E . c o l i  t r a n s f o r m a t io n s .  C e lls  w ere p e l l e t e d  b y  

c e n t r i f u g a t io n  a t  3jOCOrpm, 4°C, fo r  10 m inutes In  a  bench top 

c e n tr ifu g e . The p e lle t  was resu sp en d ed  in  25ml of s te r i le  O.IM 

MgClg, and  c e n trifu g ed  at__3,000 rpm , 4°C, fo r  10 m inutes. The 

s u p e rn a ta n t was rem oved, and  th e  ce ll p e lle t  resu sp en d ed  in  10ml of 

s te r i le  O.IM CaClg. After a  20 minute in cu b a tio n  on ic e , ce lls  were 

re -p e lle te d  by c e n tr ifu g a tio n  ( 3 , 000rp m , 4 ^ 0 , 10 m in u te s )  a n d

resu sp en d ed  in  2ml of O.IM CaClg. At th is  s ta g e  th e  DNA was 

a d d ed , th e  c e l ls  in c u b a te d  on ic e  fo r . 30 m in u te s , a n d  th e n  

h ea t-sh o ck ed  as d escrib ed  above. This method produced between 10 

an d  20 tra n sfo rm a n ts  p e r  microgram of s u p e rc o lle d  v e c to r  DNA. 

Plasm id DNA produced  by th e  m in i-prep  method was found to  be 

u n su ita b le  fo r  tra n sfo rm in g  P . m ira b ll is , only  DNA th a t  was p u rif ie d  

from a  CsCl g ra d ie n t could be used su ccess fu lly .

T ransform ation  of S .tvnhim urium

S .typhim urium  ce lls  could be transfo rm ed  u s in g  th e  methods 

o u tlin ed  fo r th e  tra n sfo rm a tio n  of E .c o li , th e  le v e l of tran sfo rm a tio n  

b e in g  in  th e  o rd e r of IcA p e r  )ig of superco iled  vec to r DNA.
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DNA P ack ag in g  E x trac ts

In  v itro  p a c k a g in g  of reco m b in an t lam b d a genomes in to  m ature 

p h ag e  p a r t ic le s  was c a r r ie d  ou t u s in g  th e  method d e s c r ib e d  b y  

S c a le n g h e  e t  , (1 9 7 7 ). C e ll e x t r a c t s  were made from two

ly so g en ic  s tr a in s  h a rb o u rin g  p ro p h ag es  w ith com plem enting c a p s id  

d e fe c ts . These p ro p h ag es  h av e  m utations in  th e i r  c l  genes w hich

make them h e a t- in  du c ib le  an d  m utations in  th e i r  S g en es , so t h a t  

in d u ced  ly  so gens f a i l  to  ly se  sp o n tan eo u sly  an d  th u s  accu m u la te  

p h ag e  p ro d u c ts  a f te r  in d u c tio n . The ^  dele tions p re se n t in  bo th  

p ro p h ag es  in a c tiv a te s  th e  p h ag e  a ttach m en t s ite  an d  b locks p h ag e  

ex c is io n  a f te r  in d u c tio n . Recom bination betw een  e x o g e n o u s  a n d  

endogenous p h ag e  DNAs i s  la rg e ly  e lim in a ted  by a  recA m utation  in  

th e  h o s t, and  by a  redB le s io n  in  th e  p ro p h ag e . The com plete 

genotypes of both  p a c k a g in g  s t r a in s  i s  l i s te d  in  Section 2 .4 .

(a )  P re p a ra tio n  of Freeze-Thaw  L ysate  (FTP)

5ml of an  o v e rn ig h t c u ltu re  of BHB2688 was added  to  each  of 3 

X  2 - l i t r e  f la s k s  c o n ta in in g  250ml of L -bro th  and  th e  c u ltu re s  grown 

a t  3CPC to an A530 0 .6 . 1ml of c e lls  were rem oved, an d  s to red  on

ice  fo r  th e  in d u c tio n  te s t .  The f la s k s  were th e n  t r a n s f e r r e d  to  a  

sh a k in g  in c u b a to r  se t a t  4o°C, a n d  250ml of L -b ro th , p re-w arm ed  to  

620c was added  to each  one. A fter 1 h ou r in d u c tio n , a  1ml sam ple 

was removed fo r  th e  in d u c tio n  t e s t .  A drop of chloroform  was ad d ed  

to  each  sam ple of in d u ce d , and  n o n -in d u ced  c e lls ,  (c e ll c le a r in g  in  

5 m inutes in d ic a te d  in d u c tio n ) . In d u ced  ce lls  were h a rv e s te d  by  

c e n t r i f u g a t i o n  a t  1 0 ,  OCOrp m a t  4°C  f o r  10 m i n u t e s .
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The s u p e rn a ta n t was rem oved, and  each  p e lle t was resu sp en d ed  in  

3ml of a  so lu tion  of 50mM Tris-HCl pH 7 .5 , 10% (w /v) sucro se , th e  

c e l l  su sp e n s io n s  were th en  pooled, and  t ra n s fe r r e d  to  2 x 10ml 

po lyp ropy lene  tu b e s . of a  2mg/ml lysozym e so lu tion  was added

to  each  tu b e , and  was g en tly  mixed in to  so lu tion  with th e  end of a  

3ml d isp o sab le  s te r i le  p la s tic  p ip e tte . The sa m p le s  w ere  th e n  

qu ick -frozen  in  l iq u id  n itro g e n , fo r  5 m inutes, and  allow ed to  thaw  

on ice  (1 h o u r) . 75^1 c f  p ack a g in g  b u ffe r B (M ethods, 2 .2 ) was 

m ix e d  in to  e a c h  tu b e  a s  d e s c r ib e d  a b o v e , a n d  th e  sa m p le s  

cen trifu g ed  a t  35,OOOrpm a t  4oC fo r  35 m inutes in  an  MSE 10x10 Ti 

ro to r . 75jJ l a liq u o ts  of th e  s u p e rn a ta n t were th en  t ra n s fe r re d  to  

2ml Nunc c ry o tu b es , and  .qu ick-frozen  in  l iq u id  n itro g e n . T h is  

method produced enough FTL fo r  l4  re a c tio n s , which were s to red  in  

a  -7CPC fre e z e r .

(b) P rep a ra tio n  cf Sonic E x tra c t (SE)

3 X 250ml c u ltu re s  of th e  p a c k a g in g  s t r a i n  BHB269O w ere 

grow n, in d u ced , and  p e lle ted  as  d escribed  above fo r  BHB2688. The 

c e ll  p e l le t s  w ere r e s u s p e n d e d  in  1ml o f p a c k a g in g  b u f f e r  A 

(M ethods, 2 .2 ) , th e  sam ples pooled in  a  s in g le  po lyp ropy lene tu b e , 

and  a  fu r th e r  2.6m l cf b u ffe r  A ad d ed . The c e ll su sp en siso n  was 

th e n  s o n ic a te d  w ith  I 5 b u rs ts  of, 5 second d u ra tio n  (w ith  a  30 

second pau se  between each  b u rs t)  a t  medium am plitude in  an  MSE 

100 w a tt u l t r a s o n ic  d is in te g ra to r .  Cell d eb ris  was p e lle ted  by 

centiifugLon a t  10,000rpm a t  4oC fo r lO m inutes, and  55^1 a liq u o ts  of 

th e  s u p e r n a ta n t  p laced  in to  Nunc cryo tubes and  q u ick -fro zen  in  

l iq u id  n itro g e n . This method produced enough SE fo r  l4  re a c tio n s , 

which were s to red  in  a  - 70°C fre e z e r .
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Test P ack ag in g  E x trac ts

After each  b a tch  cf p a ck ag in g  e x tra c ts  were made th e y  were 

te s te d  by p a ck ag in g  a  lam bda DNA sam ple of known c o n c e n tra tio n . 

The FTL a n d  SE e x tr a c ts  were removed from th e  -7CPC f re e z e r , 

thaw ed  on ice  fo r  10 m inutes, and  mixed in  th e  bottom of a  1 . 5ml 

E ppendorf tu b e  with th e  fo llow ing so lu tio n s:

Buffer A 7pl

X dNA I p l  (5pg/m l stock)

Buffer B Ip l

SE 3 .5 p l

FTL .... 5 .0/L

The components of th e  p ac k ag in g  reac tio n s  were in c u b a te d  a t  

room tem p era tu re  fo r 90 m inutes, and  th en  d ilu ted  by th e  ad d itio n  

of 250pl of phage b u ffe r (M ethods, 2 .2 ) . A s e r ia l  d ilu tio n  cf th e  

p h ag e  p re p a ra tio n  was made in  p hage  b u ffe r , and  spo tted  onto a  

law n  of C600 p la t in g  c e lls .  After o v e rn ig h t in cu b a tio n  a t  37°0 th e  

e ffic iency  of jji v itro  p ack ag in g  was c a lc u la te d , and  ex p ressed  as  

p fu /u g  of lam bda DNA. T yp ica lly  p a ck a g in g  e x tra c ts  produced  in  

th is  way gave 1- 2 .5  x lo8 phage/;ag  of A  DNA.
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Sm all-Scale P lasm id DNA P rep a ra tio n  (1)

I t  Is u n n ecessa ry  fo r  most p u rp o ses , to  p u r ify  la r g e  q u a n titie s  

o f p la s m id  DNA to  h o m o g e n e ity . F o r e x a m p le , c le a v a g e  with 

re s tr ic t io n  en d o n u cleases, l ig a t io n , tran sfo rm a tio n  a n d  ev en  DNA 

sequencing  (W allace e t a l . ,  1984) can  be c a r r ie d  ou t on re la t iv e ly

c ru d e  p re p a ra tio n s  o f p la sm id  DNA o b ta in e d  from  sm a ll  s c a le

c u ltu re s . T herefore, a  m odification (M aniatis  e t ^ . , I 982) of th e  

Birnboim and  Doly method (1979) was found to  be su ff ic ien t fo r  most 

p u rp o ses . 1 . 5ml of an  o v e rn ig h t c u ltu re  of th e  p lasm id  co n ta in in g

s tr a in  was p laced  in to  a  1.5m l E ppendorf tu b e , and  cen trifu g ed  in

a  m icrofuge fo r  1 m inute. The su p e rn a ta n t was rem oved, and  th e  

p e lle t  resuspended  in  lOQpl-of 25mM Tris-H C l, pH8.0, 50mM g lucose , 

10mM EDTA, pH 8 .0 , 5mg/ml lysozym e. The tu b e  was in c u b a te d  a t  

room tem p era tu re  fo r 5 m inutes, a f te r  w hich, 200p l  of a  f re s h ly  

p re p a re d  ly s is  so lu tion  (0.2M sodium h y d ro x id e , 1% (w /v ) SDS) was 

ad d ed . The contents were mixed by in v e r tin g  th e  E ppendorf tu b e  2 

to  3 tim es, and  th e  m ixture ch illed  on ic e  fo r 5 m inutes. Next, 

150p l  cf an  ice  cold so lu tion  c f  3M potassium  a c e ta te  was ad d ed , 

an d  th e  con ten ts mixed by f lic k in g  th e  tu b e . The sam ple was th en  

cen trifu g ed  in  a  m icrofuge fo r  5 m inu tes, a n d  th e  s u p e r n a t a n t  

t r a n s f e r r e d  to  a  new E ppendorf tu b e . The so lu tion  was pheno l 

e x tra c te d , and  th e  nucle ic  a c id  rem oved  from  th e  s o lu t io n  by  

e th an o l p re c ip ita tio n .
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Plasm id P re p a ra tio n  (2)

M any d i f f e r e n t  m ethods h a v e  b een  d e s c r ib e d  fo r p lasm id  

iso la tio n , and i t  h as  been noted th a t  a  method th a t  works well' fo r  

one species or s tr a in  does not n e c e ssa r ily  work well fo r  o th ers.'

N otw ithstand ing  th is  o b se rv a tio n , a  g e n e ra l m ethod fo r  th e  

iso la tio n  of la rg e  and  sm all p lasm ids was used  as  d escrib ed  by 

Kado and  Liu ( I 98I ) .  1.5ml of an o v ern ig h t c u ltu re  of th e  p lasm id

c o n ta in in g  s t r a i n  w as p laced  in to  a  1.5m l E ppendorf tu b e  and  

c e n t r i fu g e d  in  a  m ic ro fu g e  f o r  1 m in u te .  T he p e l l e t  w as 

re su sp en d ed  in  500pl of E b u ffe r , (40mM T r is -a c e ta te , 2mM Na2 EDTA 

(pH 7 . 9 )) and  1ml of ly s in g -so lu tio n  (3% SDS, 5mM T ris  (pH 1 2 .6 )) . 

The so lu tion  was th en  in c u b a te d  in  a  w ater b a th  se t a t  65°C. After 

20 m inutes th e  so lu tion  was phenol e x tra c te d , and  th e  DNA recovered  

from so lu tion  by e th an o l p re c ip ita tio n .
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C onstruction cf Genomic DNA l ib r a r ie s

Genomic l ib r a r ie s  w ere c o n s tru c te d  .in th e  p la sm id  v e c to r  

pAT153j and  th e  A rep lacem ent v ecto r ADB286, (Bram m ar, I 982).

For A gene b a n k s , b a c te r ia l  chromosomal DNA was p re p a re d  as 

p rev io u sly  d esc rib ed , an d  p a r t ia l ly  d igested  w ith Sau3A such th a t  

th e  h ig h e s t y ie ld  of frag m en ts  was in  th e  10- I 5-k b  s iz e  r a n g e .  

This size  ra n g e  was fu r th e r  p u rif ie d  by c e n tr ifu g a tio n  of th e  d ig est 

th ro u g h  a  10% to  40% sucrose  g ra d ie n t.

The DNA of th e  rep lacem en t vecto r \DB286 was d ig ested  to 

com pletion w ith BamHI a n d - S a l l . The BamHI d ig e s t removes th e  

c e n tr a l  frag m en t cf ADB286 DNA which is  rep laced  by genomic DNA 

in  recom binant m olecules. The S a il  enzyme cu ts  w ith in  th is  c e n tra l  

f rag m en t, m aking i t  e a s ie r  to  p u rify  th ese  sm all frag m en ts  aw ay 

from th e  le f t  and  r ig h t  X -arm s on a  sucrose g ra d ie n t.

P u rified  vecto r a rm s, and  genomic DNA were s e p a ra te ly  l ig a te d  

in  th e  m olar ra t io s  1 :3 , 1 :1 , and  3 :1 . Ipig of vec to r DNA was used  

fo r  a l l  th re e  l ig a tio n s  in  a  to ta l  volume of lO pl. Recom binant 

lam bda p a r tic le s  were re c o v e re d  by  m  v i t r o  p a c k a g in g  u s in g  

A CI26, and  p ac k a g in g  e x tra c ts  a lo n e , as  p o s itiv e  and  n e g a tiv e  

p ack ag in g  co n tro ls . The t i t r e  was estim ated  by s e r ia l  d i lu t io n  

follow ed by sp o ttin g  onto p la tin g  ce lls  of E. co li 5K an d  E .co li Q359 

(a  P2 lysogen  of 5K which only allow s growth of s p i-  recom binan t 

p h a g e ) .
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H yb rid iza tio n  Techniques

Many pro tocols have been developed fo r  th e  detection  of nucle ic  

ac id  bound to so lid  su p p o rts  u s in g  a  v a r ie ty  of ra d io a c tiv e , and  

n o n - r a  d io ac tiv e  p ro b es . Only ra d io  a c tiv e ly  lab e lled - DNA probes 

were used fo r work in  th is  th e s is .  The b e w ild e r in g  a r r a y  of 

p ro c e d u re s  a v a i la b le  can  now often be sim plified  (M einkoth and  

Wahl, 1984), and  th e  methods describ ed  below, while not n e c e ssa r ily  

optim ized , re p re se n t th e  most e ffic ien t tech n iq u es  a v a i la b le  a t  th e  

tim e.

Nic k - tra n s la t io n

N ic k - t r a n s la t io n  was_ c a r r ie d  ou t as  describ ed  by Je ffrey s  

e t a l . , 1980.

When one s tra n d  cf a  double s tra n d e d  DNA molecule is  n ick ed , 

E .co li DNA polym erase I  w ill e lim in ate  nucleo tides from th e  5' s ide  

of th e  n ick , and  se q u e n tia lly  add  nucleo tides to  th e  3 ' h y d ro x y l 

s id e  ( th u s  r e s u l t i n g  i n  m o v e m e n t  o f  t h e  n i c k ,  h e n c e  

n ic k - tra n s la tio n  ). I f  [8 2 p ]-lab e lled  nucleo tide  tr ip h o sp h a te s  a re  

in c lu d ed  in  th e  reac tio n  mix, th ey  can  be in co rp o ra ted  in to  th e  DNA 

tem p la te , g en e ra tin g  o ([3 2 p ]-lab e lle d  DNA.

The s ta n d a rd  reac tio n  mix was se t up as  fo llow s:

DNA (10C-200ng) 5 .0 p l

lOx Nick-mix (2 .2 ) 2 .5 p l

50pM dCTP 2 .0 p l

50|aM dGTP 2 .0 p l

50juM dTTP 2 .0 p l
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HgO 8 .5 ^ 1

8ng /m l DNase I  l .O p l

E .co li DNA Polym erase 1(4 u n i t s / ^ )  1 . ^p l - ' - -

These co n s titu en ts  were mixed to g e th e r on ic e , 20;uiCi ( 2.0_pl) 

o f  o( [ ^^P  ] -d A T P  a d d e d  a n d  th e  m ix tu re  in c u b a te d  a t  room 

tem p era tu re  fo r  60 m in u tes . The r e a c t io n  w as s to p p e d  b y  th e  

ad d itio n  of quench mix (M ethods, 2 .2 ) . Enzymes were removed by 

pheno l e x trac tio n  and  th e  la b e lle d  DNA was recovered  by e th an o l 

p re c ip ita tio n  in  th e  p resence of lOC^g of d en a tu red  salm on sperm 

DNA (as c a r r i e r ) .  A fter a  second e th a n d  p re c ip ita tio n , th e  DNA 

was d isso lved  in  ^OQpl of .TE b u ffe r  (M ethods, 2 .2 ) . The specific  

a c tiv ity  of probes la b e lle d  in  th is  way was in  th e  o rd e r  of I 08 

cpm /^g  DNA. Probes could be s to red  fo r up to two weeks a t  -2CPC.

End L ab ellin g  cf DNA

T4  p o ly n u c le o tid e  k in a s e  c a ta ly s e s  th e  t r a n s f e r  of th e  

y -p h o sp h a te  group from ATP to a  5 '-h y d ro x y l te rm inus in  DNA o r 

RNA (R ic h a rd so n ; 1971). When ^  [32p]_ATP i s  u sed , ra d io a c tiv e  

la b e l  is  in c o r p o ra te d  in to  th e  s u b s t r a t e  DNA m o lecu le . The 

follow ing protocol was used in  th is  work to  make o ligonucleo tides 

ra d io a c tiv e :

DNA (200ng) -kHgO 42pl

lOx k in a se  b u ffe r  p̂l

ï[32p]_dATP (20uCi) 2 ^

T4  po lynucleo tide  k in a se  I p l  (1 7  u n i ts /p l )
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The m ixture was in c u b a ted  a t  37°C fo r  30 m inutes an d  th en  

5ppl of 0 .6 m sodium a c e ta te  was added  to  stop th e  re a c t io n . The 

la b e lle d  o ligonucleo tide  was p u r if ie d  aw ay from th e  u n in co rp o ra ted  

y[32p]_ATP by p a ssa g e  th ro u g h  a  m ini G-50 column which h ad  been 

e q u ilib ra te d  w ith 0.5% SDS, 10mM Tris-HCl pH 8 .0 , ImM EDTA.

Single S tran d ed  Probes

S ingle s tra n d e d  probes were made by th e  o ligonucleo tide-p rim ed  

sy n th es is  method describ ed  by B urke, 1984.

A DNA sequence fo r  use as  a  spec ific  h y b riz a tio n  probe was 

f i r s t  cloned in to  M13mp8 on  M13mp9, a n d  s in g le  s t r a n d e d  DNA 

iso la te d . M13 sequencing  p rim er was an n ea led  (as  d escrib ed  in  th e  

sequencing  section) and  u n lab e lle d  deoxynucleoside t r ip h o s p h a te s  

dCTP, dGTP an d  dTTP added  to  a  f in a l  co n cen tra tio n  of lOCJuM in  a  

reac tio n  volume cf IC ^l. lOpmol (3QhOi) of o([^^P]-ATP (Amersham 

300001/mmol, 10mC i /ml) w as a d d ed  a long  w ith 1 .0  u n i t  of DNA 

polym erase I  Klenow f ra g m e n t  (B R L). O lig o n u c le o tid e -p r im e d  

sy n th es is  was c a r r ie d  ou t a t  room tem p era tu re  fo r  20 m inutes, and  

th e  reac tio n  "ch ased ” fo r a  f u r th e r  20 m inutes w ith "cold" dATP 

added  to  a  f in a l  co n cen tra tio n  of ImM. The re ac tio n  was stopped 

by h e a tin g  to  65°C fo r  15 m inutes, .and th en  cooling to  4^0. 10 x

r e s t r i c t io n  enzym e b u f fe r  was ad d ed , and  a  re s tr ic t io n  enzyme 

which cu t in  th e  "m ultic loning  s ite"  3 ' to th e  in s e r t  ad d ed , and  th e  

s o lu t io n  m ade up  to  l ÿ i l  w ith  s te r i le  H2O. The reac tio n  was 

in cu b a ted  a t  th e  a p p ro p r ia te  te m p e r a tu re  f o r  30 m in u te s , a n d  

stopped by th e  ad d itio n  of ^p l of 0.5M EDTA. The sam ple was
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d en a tu red  by th e  ad d itio n  of IM NaOH to  0.2M f in a l  co n cen tra tion  

follow ed by 15jJl of IM Tris-H C l, pH 4 .6 . The sam ple was lo ad ed  

onto a  1 . 2% ag a ro se  ge l and  ru n  fo r  1 h ou r a t  150V. The gel .was 

s ta in e d , and  th e  la b e lle d  s in g le  s tran d e d  DNA. fra g m e n t detected  by 

a u to ra d io g ra p h y . The probe frag m en t was rescu ed  from th e  gel (by 

one c f th e  methods d escrib ed  e a r l ie r )  and  used in  h y b rid iz a tio n  

ex p erim en ts .

H y brid iza tion  Techniques

Recom binant p lasm ids and  ph ag e  can  be id e n tif ie d  by m  s itu  

h y b rid iz a tio n  with specific  probes cf ra d io a c tiv e ly  la b e lle d  DNA.

S creening  of p h ag e  by H ybrid iza tion  

(a ) T ran sfe r cf p hage

The method of Benton and  Davis (1977) was used  to  probe \  
and  M13 recom binan ts. BBL p la te s  co n ta in in g  p hage  in  a  s o f t-a g a r  

(0 .6% w /v) o v e rlay  were p laced  a t  4oc for. 1 h o u r to h a rd e n  th e  top 

a g a r ,  th en  n itro ce llu lo se  f i l te r s  (S arto riu s  SM 4 l)  were p laced  in  

c o n ta c t  w ith  th e  p h a g e . For )\ p h ag e , th e  f i l t e r  was le f t  in  

co n tac t fo r  10 m inutes a t  4^0, while fo r  M13 p h a g e , 2 m inutes a t  

room tem p era tu re  was su ff ic ie n t fo r  t r a n s f e r .  The f i l te r s  were th en  

given  a lignm ent m arks, and  c a re fu lly  lif te d  from th e  a g a r  su rfa c e . 

D énatu ra tion  and  n e u tra liz a tio n  was ach ieved  by p a ssa g e  cf f i l t e r s ,  

phage side u p , over wetted p ad  assem blies which co n sis ted  cf a

s in g le  Whatman N o.l f i l t e r  p a p e r  p laced  in  th e  in v e r te d  l id  of a

p e tr i-d is h ,  and  co n ta in in g  3ml c f each  so lu tio n . The f i l te r s  were

p assed  over th e  fo llow ing p a d s :



78

0.5M NaOH 10 min s

l.OM Tris-HCl pH Y A  2 mins

l.OM Tris-H Cl pH 7 .4  2 mins '

l.OM Tiis-HCL pH 7 .4 /  1.5M NaCl 15 mins

S creen ing  of B a c te ria l Colonies by H ybrid iza tion

Recom binant p lasm ids were id e n tif ie d  by ^  s itu  h y b rid iz a tio n  

to  r a d io a c t iv e ly  la b e lle d  probes (G runstein  and  H ogness, 1975). 

Colonies to be screened  were p a tc h -p la te d  in  d u p l i c a te .  A fte r 

o v ern ig h t in cu b a tio n  one cf each  d u p lic a te  was s to red  a t  4°C w h ils t 

th e  o th e r was used fo r sc re en in g . N itrocellu lose f i l te r s  (S a rto riu s  

SM41) were gen tly  lo w ered .o n to  th e  su rface  of th e  a g a r  p la te ,  and  

a f te r  3 m inutes were rem oved. The f i l te r s  were th en  t re a te d  as 

described  fo r th e  phage sc reen in g  p ro toco l. The f i l te r s  were th en  

d ried  on a  shee t c f Whatman 3MM p a p e r  a t  room tem p e ra tu re , and  

b a k e d  fo r  a t  l e a s t  2 h o u rs  a t  SO^C in  W hatm an 3MM p a p e r  

en v e lo p es .

( b ) H y brid iza tion

H yb rid iza tio n s  were c a r r ie d  ou t in  h e a t sea led  p la s tic  b a g s , 

with a  volume of between 2 to  3 ml p e r  f i l t e r .  The i n i t i a l  s tep  of a  

h y b rid iz a tio n  experim ent is  p re -h y b r id iz a t io n , where s ite s  on th e  

n itro ce llu lo se  f i l t e r  th a t  b in d  DNA n o n -sp ec if ic a lly  become s a tu ra te d  

w i th  u n l a b e l l e d  s a lm o n  s p e rm  DNA ( a  c o m p o n e n t  o f  t h e  

p re -h y b r id iz a tio n  m ix). The f i l te r s  were w ashed a t  65°C fo r  a  

minimum of 2 h o u rs  in  a  s o lu t io n  c o n ta in in g  5 x  D e n h a rd t 's
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s o l u t i o n ,  SDS, a n d  d e n a tu re d  sa lm o n  sperm  DNA, a n d  th e n  

tra n s fe r re d  to  a  new h e a t- s e a la b le  b ag  c o n ta in in g  th e  h y b rid iz a tio n  

mix (M ethods, 2 .2) to  which th e  ra d io a c tiv e  probe h ad  been ad d ed . 

(The p robe was boiled  fo r  10 m inutes, then ' quenched -on ice  when 

double s tra n d e d  DNA was u se d ) . H y b rid iza tio n s  were c a r r ie d  ou t a t  

65°C o v e rn ig h t.

F or end la b e lle d  o ligonucleo tide  p ro b es , d iffe re n t cond itions 

were re q u ire d , and  p re h y b r id iz a tio n , and  h y b rid iz a tio n  s tep s  were 

c a r r ie d  ou t a t  30^0 .

(c) W ashing

After h y b rid iz a tio n  was com pleted, th e  f i l te r s  were w ashed 3-4 

tim es fo r  5-15 m inutes in  a  la rg e  volume (2Q0-500ml) of 2x SSC 

(M ethods, 2 .2) and  0.1% SDS, a t  room te m p e ra tu re . F i l te rs  were 

th en  washed tw ice fo r  2 hours each , in  200-500ml of Ix  SSC, 0.1% 

(w /v) SDS a t  65°C. I f  th e  background  was too h ig h , or w ash ing  a t  

h ig h e r  s tr in g e n c ie s  was re q u ire d , th en  th e  f i l t e r s  w ere f u r t h e r  

w ashed fo r  one hour a t  65°C in  a  le ss  co n cen tra ted  SSC so lu tion  

(O .lx  SSC, 0.1% (w /v) SDS was su ita b le  fo r  com pletely homologous 

p ro b e s) . Once no more probe was e lu ted  by w ash in g , th e  f i l te r s  

were b lo tted , d r ie d , and  sub jec ted  to a u to ra d io g ra p h y .

F o r o l ig o n u c le o t id e  p ro b e s ,  f i l t e r s  w ere w ash ed  a t  room 

tem p era tu re  in  2 changes of 3x SSC, 0.1% (w /v) SDS, follow ed by 

w ash ing  in  th e  same so lu tion  a t  3CPC fo r 30 m inutes. The f i l t e r  was 

th en  d ried  and  au to ra d io g ra p h e d .
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DNA tra n s fe r  by the method cf Southern

Specific DNA frag m en ts  can  be id en tip .ed  a f te r  e lec tro p h o res is  

th ro u g h  an  ag a ro se  gel and  t r a n s f e r  to  a'  ̂n itro ce llu lo se  f i l t e r  ̂  by 

h y b rid iz a tio n  to  an  tfX [32p]-labelled DNA probe (Southern^ 1975).

After e lec tro p h o res is  th e  gel was s ta in e d  and  p h o to g rap h ed , 

and  tra n s fe r re d  to a  p la s t ic  t r a y .  Unused p o rtions of th e  g e l were 

trim m ed aw ay , and  th e  section of in te re s t  im mersed in  a  so lu tion  of 

O.25M HCl a t  room tem p era tu re  fo r 20 m inutes. This d e p u rin a tio n  

step  (Wahl ^  ^ . , 1979) c leaves th e  DNA in to  sh o rt frag m en ts  which 

a re  more re a d ily  t r a n s f e r r e d .  The DNA was th en  d e n a tu re d  b y  

so ak in g  th e  gel in  two changes of 200ml of 1.5M NaCl, 0.5M NaOH, 

fo r  1 hou r (n itro ce llu lo se  b in d s  only to  s in g le - s t r a n d e d  n u c le ic  

a c id s ) .  The gel was th en  n e u tra lis e d  by so ak in g  in  IM Tris-H Cl pH 

8 .0 , I . 5M NaCl with s e v e ra l changes over 1 h o u r. F in a lly , th e  ge l 

was soaked fo r  5 mins in  20x SSC.

A g la ss  p la te  was supported  over a  p la s t ic  t r a y  c o n ta in in g  

500ml of lOx SSC. A double piece of Whatman 3MM p a p e r  which h ad  

been wetted with lOx SSC was p laced  over th e  g la ss  p la te  so t h a t

th e  ends of th e  p a p e r  d ipped in  th e  lOx SSC, th u s  s e rv in g  as  a

w ick. The gel was in v e r te d , p laced  on th e  damp 3MM p a p e r  and

th e  su rro u n d in g  b o rd er o r 3MM p a p e r was com pletely covered w ith

nescofilm . A piece of n itro ce llu lo se  f i l t e r  (S a rto riu s)  was c u t to  th e  

same dim ensions as th e  g e l, and  th en  wetted by im m ersing i t  in  a  

so lu tion  of 2x SSC.
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The wetted n itro ce llu lo se  f i l t e r  was p laced  onto th e  ge l and  a l l  

a i r  bubb les  tra p p e d  between th e  gel and  th e  f i l t e r  were removed by 

ro ll in g  a  p ip e tte  a long  th e  su rfa c e . Two pieces of 3MM, c u t to  th e  

same size as th e  gel an d  soaked in  2x SSC,- Were p laced  on top of 

th e  n itro ce llu lo se  a g a in  rem oving a l l  a i r  b u b b le s . A s ta c k  of p ap e r 

tow els (10cm h ig h ) w as p la c e d  on to p  of th e  3MM p a p e r  a n d  

w eighted down w ith a  b r ic k . The t r a n s f e r  was allow ed to  proceed 

fo r  12-24 hours a t  4^0.

The f i l t e r  was removed from th e  a p p a ra tu s ,  w ashed in  6x SSC 

a t  room tem p era tu re  fo r  5 m ins, th en  d ried  and  baked  a t  8CPC fo r  2 

h o u r s . F i l t e r s  co u ld  be—sto red  a t  room tem p era tu re  in  a  3MM 

envelope .

H y brid iza tion  to a  [ 32p ]- la b e lle d  DNA probe was c a r r ie d  ou t

a s  p rev io u sly  d esc rib ed .
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M13 Phage DNA P rep a ra tio n

The male specific  coH phage M13 (D enhard t e t a l . , 1978) h as  

been modified fo r  use a s ' a -c lo n in g  veh ic le  (-Messing e t a l . , 1977) by 

in se r tio n  of la c  p rom oter-opera to r re g io n , and  th e  f i r s t  145 codons 

of th e  N -te rm in u s  o f th e  ^ - g a l a c t o s i d a s e  g en e  w hich  c a n  be 

t r a n s la te d  to  y ie ld  th e  X p ep tid e . This sequence can  complement 

c e r ta in  ^ -g a la c to s id a s e  m utants such as th e  la c  ZAM15 d e le tio n , 

( ^ - c o m p le m e n ta t io n ) ,  a n d  h a s  b een  f u r t h e r  modified (M essing 

e t ^ . , 1981) by th e  in tro d u c tio n  c f in -p h a se  "m u lti-c lo n in g  s ite  

(MCS) o lig o n u c leo tid es" . Recom binant p h ag e , g en era ted  by in se r tio n  

o f  f o r e i g n  DNA i n t o  t h i s  MCS c a n  be  d e t e c t e d  b y  l o s s  

c f X-com p ie  m en ta tion , conven ien tly  follow ed by a  co lour c h an g e . On 

p la te s  co n ta in in g  th e  la c - operon in d u c e r  IPTG and  th e  chrom ogenic 

s u b s t r a t e  5 ~ b ro m o -4 -c h lo ro -in d o ly l-^ -D -g a la c to s id e  (X-GAL) b lue  

p laq u es  w ill be produced due to  th e  p roduction  of ch lo ro -in d o le . 

C loning in to  th e  MCS ab o lish es  -com plem entation and  g ives th e  

b lue  p laq u e  to  white p laq u e  penotypic ch an g e .

D u r in g  in fec tio n  of a  su ita b le  E .c o li h ost ( e .g .  JMlOl) th e  

in fe c tin g  s in g le  s tra n d e d  (ss ) DNA is  converted in to  double s tra n d e d  

(d s) c i r c u la r  r e p l ie ative-fo rm  (RF) DNA and  am plified  to  100-200 

copies p e r  c e l l .  The RF DNA s e rv e  a s  in te r m e d ia te s  in  th e  

p roduction  of p rogeny ssDNA which a re  th en  pack ag ed  and  ex tru d ed  

from th e  c e ll .  Both ssDNA ph ag e  and  dsDNA RF can  be p re p a re d  

from tra n s fe c te d  E .co li as  described  below .
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Phage p a r t ic le s  were p icked  from a  s in g le  p la q u e  (an  a re a  of 

slow grow ing in fec ted  E .c o li) in to  1ml of., p h ag e  b u ffe r  (M ethods, 

2 . 2 ) .  ' -

lOul of th is  phage  suspension  was th en  used  to tr a n s fe c t  E .co li 

s tr a in  JMlOl in  1.5ml of L -b ro th , and  grown o v e rn ig h t a t  37°C (5Qtil 

of a s ta tio n a ry  p h ase  c u ltu re  of JMlOl was su ff ic ie n t inoculum  fo r  

50ml of L -b ro th ). The ce lls  were p e lle ted  by c en tr ifu g a tio n  fo r  1 

min in  a  m icrofuge and  used  in  th e  sm all sca le  p re p a ra tio n  cf 

dsDNA c irc u la r  RF, as  described  fo r  p lasm ids (Method 1 ) . E x truded  

p h a g e  p a r t i c l e s  ( c o n ta in in g  ssDNA) were p re c ip ita te d  from th e  

su p e rn a n t by ad d itio n  of 0.25 volumes of 10% PEGSOOO (Sigm a) in  

2.5M sodium ch lo rid e . After in c u b a tio n  a t  room tem p era tu re  fo r  30 

m ins, p hage  were p e lle ted  by cen trifu g a tio n  fo r  10 m inutes in  a  

m icrofuge an d  used  e ith e r  fo r tra n s fe c tio n , or in  th e  p re p a ra tio n  of 

ssDNA tem plate  fo r  use in  DNA seq u en c in g .

M13 ssDNA s e q u e n c in g  tem p la te  was p re p a re d  by c a re fu lly  

rem o v in g  th e  PEG s o lu t i o n  f ro m  th e  p e l l e t e d  p h a g e ,  a n d  

rec en trifu  gin g th e  sam ple in  a  m icrofuge. R esid u a l PEG so lu tio n  

was removed with a  d raw n -o u t p a s te u r  p ip e tte . ( I t  i s  im p o rta n t to  

remove a l l  tra c e s  cf PEG, as  th e  s lig h te s t  con tam ination  in te r fe re s  

with sub seq u en t sequencing  re a c tio n s ) .  The p e lle t  was re su sp en d ed  

in  200^1 of s te r ile  HgO, phenol e x tra c te d , and  th e  ssDNA recovered  

by e th an o l p re c ip ita tio n . A 1.5m l cu ltu re  cf in fe c ted  E .co li JMlOl 

y ie ld e d  from  3 to  5/ig of ssDNA, w h ich  w as s u f f i c i e n t  fo r  4 

sequencing  re a c tio n s .
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F or la rg e  sca le  p re p a ra tio n  of RF DNA, 10ml of an  o v e rn ig h t 

c u ltu re  of JMlOl was used  to  in o c u la te  200ml of L -b ro th  in  a  2 l i t r e  

co n ic a l f la s k  an d  shak en  v ig o ro u s ly  a t  37°C fo r  ap p ro x im a te ly  2 

h o u rs . When th e  O.D550 m easured  0 .5  (lO ^cells/m l) p h ag e  p a r t ic le s ,  

w hich h ad  been resu sp en d ed  in  5ml of L -b ro th , were ad d ed  to  th e  

c u ltu re  a t  a  m u ltip lic ity  of in fe c tio n  c f  ap p ro x im a te ly  20:1 , an d  

i n c u b a t i o n  c o n tin u e d  f o r  90 m in u te s  to  a llo w  in f e c t io n  a n d  

conversion  to  RF. C hloram phenicol was th e n  ad d ed  (200pg/m l) and  

am p lifica tio n  of th e  RF MI3 p h ag e  o ccu rred  d u r in g  a  f u r th e r  90 

m inute period  of grow th . The c e l l s  w ere  l y s e d ,  a n d  th e  DNA 

e x tra c te d  and  p u r if ie d  a s  d esc rib ed  ab o v e . T y p ic a lly , y ie ld s  were 

0.5-2m g of RF p e r l i t r e  of tra n s fe c te d  E .c o li .
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DNA Sequencing

DNA s e q u e n c in g  w as c a r r i e d  o u t by th e  ch a in -te rm in a tio n  

method (Sanger e t , 1977) u s in g  <x[35s]-ATP, and  b u ffe r g ra d ie n t 

gels (B iggin e t , I 983). '

The 'K len o w ' f r a g m e n t ,  o r  l a r g e  f ra g m e n t  o f E .c o l i  DNA 

polym erase I ,  la c k s  th e  5' 3 ' exonuclease  a c tiv ity  of th e  in ta c t

enzyme and  w ill, in  th e  p resence of deoxynucleoside tr ip h o sp h a te s  

(d N T P s), e x te n d  DNA from  th e  3 ' - h y d r o x y l  t e r m i n u s  o f a n  

o ligonucleo tide  p rim er an n ea led  to  a  s in g le  s tra n d e d  DNA tem p la te . 

I f ,  d u rin g  th is  e x te n s io n , 2 , 3 -d id e o x y n u c le o s id e  t r ip h o s p h a te s  

(d d N T P s), w h ich  l a c k  3 ’- h y d r o x y l  g roup , a re  in c lu d ed  in  th e  

re a c tio n  mix, ch a in  te rm in a tio n  w il l  o c c u r .  T h is  te r m in a t io n  

re su lts  from th e  in c o rp o ra tio n  of a  ddNTP, which can n o t p a r t ic ip a te  

in  form ation  cf th e  n ex t p h o sp h o d ies te r  b o n d . D u rin g  s e q u e n c e  

a n a ly s is  4 reac tio n s  a re  c a /r ie d  o u t. Each reac tio n  is  su p p lied  

with a l l  fo u r dNTPs (one of which i s  [35s]- la b e l le d ), b u t only

one of th e  fo u r ddNTPs. By c o n tro llin g  th e  ra t io  c f dNTP to  ddNTP, 

ch a in  te rm in a tio n  w ill be random , r e s u lt in g  in  a  ' nested  s e t ' of 

DNA f ra g m e n ts  o f d i f f e r e n t  l e n g th .  T hese  f ra g m e n ts  can  be 

s iz e -se p a ra te d  on a  p o ly -ac ry lam id e  ge l to  p roduce a  ' l a d d e r '  . 

DNA sequence can  be re a d  from an  a u to ra d io g ra p h  of th e  gel by 

reco rd in g  th e  position  of b an d s across  th e  fo u r t r a c k s ,  as  each  

ban d  re p re se n ts  frag m en ts  d iffe r in g  in  s ize  by a  s in g le  n u c leo tid e .
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Sequencing R eactions

S ingle s tra n d e d  recom binant M13 p h ag e  was used  as  tem p la te . 

T h e  p r i m e r  w a s  th T e - 1 7 - m e r  ' u n i v e r s a l  p r i m e r '  5̂ ' -  

GTAAAACGACGGCCAGT-3' and  was su p p lied  by C elltech , and- J .F .  

Key te .  (U n iversity  of L e ic este r).

F o r th e  p r im in g  r e a c t io n  of th e  s in g le  s tra n d e d  DNA

tem plate  so lu tion  was mixed w ith 1;llL of TM b u ffe r , 2 .5ng  of th e  

p r im e r ,  a n d  m ade up  to  a  volum e of l(ÿ ü  with s te r i le  w ate r. 

P rim ing was c a r r ie d  ou t by in c u b a tin g  th e  reac tio n  mix in  a  65°C 

in c u b a to r  fo r  30 m inutes, and  th en  th e  sam ples were alLowed to  

a n n e a l by cooling to room te m p e ra tu re . Each prim ed DNA tem pla te  

w as th e n  s p l i t  in to  4 x  2p l  sam ples to  which th e  a p p ro p ria te  

d i-deoxynucleo tide  mix (see below) was ad d ed . A fter th e  ad d itio n  

o f  2;ul of an  cX [35s]-dA T P: Klenow p o ly m e ra se  mix (1 :2 :1 7 ;  

35s-dATP: Klenow: H2O) to each tu b e  th e  m ixture was le f t  a t  room 

tem p era tu re  fo r 20 m inutes, and  th en  ^ul of chase  mix (0 . 25mM of 

each dNTP) was added  and  th e  reac tio n s  l e f t  f o r  a  f u r t h e r  20 

m inutes. At th is  s ta g e  th e  reac tio n s  could be sto red  a t  -20^0 fo r  

su b se q u e n t a n a l y s i s ,  o r  a l t e r n a t iv e ly  2;a l of s e q u e n c in g  d y e  

(M ethods, 2 .2) was added  to  each  tu b e , and  th e  so lu tions in c u b a te d  

in  a  b o ilin g  w ater b a th  fo r 3 m inutes. A fter th e  sam ples h ad  been 

cen trifu g ed  fo r 30 seconds th ey  were lo ad ed  onto a  p o ly acry lam id e  

g e l  a n d  e le c t r o p h o r e s e d  a t  45W c o n s t a n t  p o w e r  u n t i l  t h e  

brom ophenol-blue dye reach ed  th e  bottom.
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D i-deoxynucleo tide  Sequen c in g  Mix

volumes in  p i

T c G; A '

0.5mM dTTP 25 500 500- '. -500

0.5mM dCTP 500 25 500 500

0.5mM dGTP 500 500 25 500

10m M ddTTP 50 - - -

10m M ddCTP - ' 8 - -

10m M ddGTP - - l6 -

10m M 

TE

ddATP

1000 1000 1000

1

1000

B u ffe r-g ra d ie n t P o lyacry lam ide Gel E lec trophoresis

Two sizes cf sequencing  g e l were ro u tin e ly  u sed , th e  choice 

depending  on th e  num ber of clones to  be sequenced  a t  a  g iven  tim e. 

A la rg e  fo rm at gel (30cm x  40cm) had  a  maximum c a p a c ity  fo r  8 

clones and  a  sm all fo rm at gel ( l 8cm x  40cm) h ad  a  c a p a c ity  fo r  4 

c lo n es. The follow ing conditions a re  described  fo r  th e  la rg e  fo rm at 

g e l.

Two g la s s  p la te s  (30 x  40cm) w ere s e t  up  w ith  0.4mm 

s e p a ra tio n , and  sea led  around  the, s ides and  bottom w ith yellow 

1.5" S e llo tap e . To in c re a se  th e  am ount of u se fu l d a ta  o b ta in ed  from 

each  ru n , an ion ic  g ra d ie n t was constru c ted  across  th e  g e l. 15ml 

of 2 .5  X TBE acry lam ide  mix (M ethods, 2 .2 ) and  60ml of 0 .5  x TBE 

acy lam ide mix (M ethods, 2 .2) were poured se p a ra te ly  in to  Buchner
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f l a s k s ,  a n d  90pl a n d  3^0pl o f f re s h ly  p re p a re d  10% ammonium 

p e rsu lp h a te  added  to each f la s k  re sp e c tiv e ly . The so lu tions were 

th en  sw irled  to  mix, and  degassed  fo r  5 m inu tes. and  l^ p l  cf

TE MED were th en  added  s e p a ra te ly  to each  f la s k ,  and  th e  so lu tions 

a g a in  sw irled  to  mix. The g ra d ie n t was made in  a  25ml p ip e tte  by 

d raw in g  up 8ml of th e  0 .5  x  TB E-acrylam ide mix follow ed by 12ml of 

th e  2 .5  X TB E-acrylam ide mix in  th e  same p ip e tte . The so lu tio n s 

were mixed by in tro d u c in g  4 a i r  b u bb les  in to  th e  p ip e tte , an d  th e

re s u lt in g  mix was poured  slow ly between th e  ge l p la te s .  The gel

was f i l le d  with th e  rem ain ing  0 .5  x  TBE acry lam id e  mix, and  th e  

f l a t  s id e  cf th e  sh a rk s  tooth  comb (BRL Ltd) in s e r te d . When th e  gel 

h ad  polym erized (= 1 h r)  th e  s h a r k 's  too th  comb and  th e  S ello tape  

c o v e r in g  th e  bottom  of th e  ge l were rem oved, and  th e  g e l was 

clam ped in to  a  v e r t ic a l  ge l t a n k  w ith  b u l ld o g  c l i p s .  The to p  

re se rv o ir  cf th e  "tank was f il le d  with 0 ,5  x  TBE b u ffe r  (M ethods,

2 .2 ) and  th e  bottom ta n k  was f i l le d  w ith 1 x TBE b u ffe r . The ge l

was h ea ted  by p re -ru n n in g  u n d e r a  co n s ta n t power c o n s tra in t  c f 

45W fo r  30 m inutes.

J u s t  p r io r  to lo a d in g  th e  sequencing  re a c tio n s , th e  s h a rk s  

■tooth comb was in se r te d  in to  th e  top cf th e  gel to  g en e ra te  th e  

w ells. These wells were th en  flu sh ed  o u t w ith b u ffe r , an d  th e  

sam ples loaded  u s in g  a  draw n ou t g la ss  c a p i l la ry  tu b e .

A fter th e  gel h ad  ru n , th e  p la to s  were s e p a ra te d , and  th e  g e l, 

which rem ained on th e  la r g e r  p lato^ was f ix e d  by im m ersion in  a  

so lu tio n  cf 10% m ethanol, 10% ace tic  ac id  fo r  20 m inutes. A fter
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excess so lu tion  was removed th e  ge l was tr a n s fe r re d  to  Whatman 

3MM p a p e r , and  d ried  down u s in g  a  BioRad g e l d r ie r  se t a t  80°C fo r  

40 m inu tes . The gel was then  sub jec ted  to  a u to ra d io g ra p h y .  ̂ •
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2.4 Bacterial Strains
E .co li
s tr a in

BHB2688

BHB2690

C600

5K

J53

JM83

JM101

JM103

Q359 

WJB 910

SK3430
S. typhimurium 
LT2

Genotype o r Comment

recA ; sup** ; ; c i t s  ; redB
Dam15; Sam?

recA ; sup® ; (Xi^ ; c i t s  ; redB
Eam4; Sam?)

,supE44 ; tonA; th r l  ; leuB6 ; t h i l  ; 
lacYl

C600, hsdR 

F” ; p ro ; met

s trA ; t h i l ; a r a ; ( la c -p ro ) ;
(080 A lacZM15)

^ ( la c -p ro ); supE; t h i l ; F ' traP 3 6 ; 
proA; l a d  ; ^^ lacZMIB

/ ^ ( la c -p ro ) ; supE; t h i l ; F * traP 3 6 ; 
proA; endA; sbcB; rpsL ; hsdR; l a d  ; 
A  lacZM15

SupE; tonA; hsdR; (P2)

recB ; recC; hsdR; supE; 
supF; metB; lacY l; g a lk ; galT 
th i l  aroD6, leuC

galE; (transfo rm ation  s tr a in )

Source or Reference 

Hohn & Murray, 19??

Hohn &iMurray, 19??

Appleyard, 1954

Hubacek & Glover, 19?0 

D atta e t  a l . , 19?4 

V ie ira  & Messing, 1982

v ia  A.R. Hawkins

v ia  A.R. Hawkins

Karn e t  a l . ,  1980 

Loenen & Brammar, 1980

A.R. Hawkins

v ia  R. Badawi

P.m ira b ilis  

PM13

PM2

Providencia 
s tu a r t i  Pb

Wild type, t e t '*'; c a t’’’ 

Wild type, te t"*"; c a t"

Wild type, tet'*’; c a t”

Coetzee & Sacks, I960 

NCTC 31?? and th i s  study

NCTC 8113 and th i s  study
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S tra in Genotype o r Comment

Pseudomonas aeruginosa
PAO1162

PA01161

PAO24U0

leu - 38 (transfo rm ation  s tr a in )

le u -38 (transfo rm ation  s tr a in )

Wild type (transfo rm ation  s tr a in )

Source o r Reference

Bagdasarian e t  a l . , 
1981 —  — '

Bagdasarian e t  a l . ,
1981

Bagdasarian e t  a l . ,
1981

M ethylophilus m ethylotrophus (AS1) 
OBI mmeA

Flavobacterium
CB60

CB6 I

CB67

Wild type, c a t '*' 

Wild type, c a t"  

Wild type, c a t"

C. Boyd
Ph.D. th e s is ,  1983

Sussmuth e t  , 1979 

Sussmuth e t  a l . , 1979 

Sussmuth e t  a l . , 1979
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Plasmid

pAT153

pBR328

pUC13

pIClOO

pICIOI

pIC200 ) 
pIC201 ) 
pIC202 ) 
pIC203 ) 
pIC204 )

pIC075

pIC025 

p Sa

NR1 (R100) 

R387 

R994 

pCB60

Relevant Genotype or Comment 

t e t  ; b la  

t e t ; b l a ; ca t

b la  -

pAT153 w ith P.m ira b ilis  c a t in  
P s t I  s i t e

pAT153 w ith P .m ira b ilis  c a t in  
Pst I  s i t e

pAT153 w ith P.m ira b ilis  c a t 
Pst I  s i t e

pUC13 with P .m ira b ilis  c a t in  
Hind I I I  s i t e

Ml 3 mp9 w ith pBR328 c a t in  AccI s i t e

type I I  c a t

type I  ca t

type I I I  ca t

type I  c a t

15.6-kb plasmid

Bacteriophage s tr a in s

Ml 3mp8 

M13mp9 

AdB286

Cloning/sequencing v eh ic le  

Cloning/sequencing veh ic le  

d e riv a tiv e  o f A L 47.1.

Source or Reference 

Twigg & S h e r ra tt ,  1980 

Soberon e t  a l . ,  1980 

V ieira  & Messing, 1982 

This study

This study 

This study

This study

This study 

v ia  J .  Keyte  

v ia  J .  Keyte 

v ia  J .  Keyte 

v ia  J .  Keyte 

This study

Messing, 1983 

Messing, 1983 

Loenen & Brammar, 1981
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CHLORAMPHENICOL RESISTANCE IN P .MIRABILIS PM13



93

CHAPTER 3 : C h loram phenicol R e s is ta n c e  in  P - T n i r a h i 1 i R  PM13

3.1 INTRODUCTION

In  C hapter 1, th e  o b serv a tio n s  which co n s titu te  th e  phenomenon 

cf th e  enhancem ent of ch loram phenico l re s is ta n c e  i n  P . m ira b ilis  PM13 

w ere in t r o d u c e d .  B r ie f ly ,  th e  i n i t i a l  o b s e rv a t io n s  were th a t  

ch loram phenico l r e s is ta n t  ce lls  a rose  spon tan eo u sly  from a  p o p u la tio n  

of p redom inan tly  se n s itiv e  ce lls  a t  h ig h  freq u en cy  (from 10“^ to  10“5 

p e r c e ll p e r g e n e ra tio n ) . When a  s in g le  colony from ch loram phenico l 

a g a r  was tra n s fe r re d  to  l iq u id  medium and  grown in  th e  absence of 

th e  a n tib io tic  fo r  150 g e n e ra tio n s , a  p o p u la tio n  of p re d o m in a n tly  

se n s itiv e  ce lls  a ro se . R esistance was dem onstrated  to  be m ediated 

by th e  concom itant a p p ea ra n ce  of h igh  le v e ls  of c h lo ra m p h e n ic o l  

a c e ty ltra n s fe ra s e  (CAT), and  th e  f a l l  off of re s is ta n c e  with tim e in  

th e  absence cf selection  was p a ra lle le d  by a  f a l l  in  CAT le v e ls .

The work in  th is  c h a p te r  was u n d e rtak en  to  c la r ify  th e  i n i t i a l  

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

ch loram phenico l re s is ta n c e  in  P . m irab ilis  PM13, an d  to  see how th e se  

o b se rv a tio n s  f it te d  in  w ith th e  c u rre n t p arad ig m s of gene re g u la tio n .

3 .2  RESULTS

3 .2 .1  A ppearance of ch loram phenico l r e s is ta n t  ce lls

In  C hap ter 1, th e  m echanism s by  w hich  th e  e x p r e s s io n  o f 

g ram -p o sitiv e  and  g ram -n eg a tiv e  c a t  genes can  be co n tro lled  were 

d iscu ssed , and  ran g ed  from gene am p lifica tio n  to  in d u c tio n . Two 

s i t u a t io n s  c a n  be e n v is a g e d  to  a c c o u n t f o r  th e  o r ig in  c f  th e  

enhancem ent of ch lo ram phen ico l r e s i s ta n c e  i n  P . m i r a b i l i s  PM13:
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( i)  The a d a p ta tio n  h y p o th esis , acco rd in g  to  w hich, every  c e ll may 

be induced  by ch loram phenico l to g ive th e  r e s is ta n t  pheno type . (A 

s itu a tio n  which ex is ts  fo r th e  in d u c tio n  of g ram -p o sitiv e  c a t  genes 

(see C hap ter 1 fo r  re fe re n c e s ) ) .  ' -• '

( i i )  The spontaneous m utation h y p o th esis , acco rd in g  to  w hich, every  

c e ll h a s  a  f in i te  p ro b a b ility  of m u ta tin g  from  c h lo ra m p h e n ic o l-  

s e n s itiv ity  to  re s is ta n c e .

L u r ia  a n d  D elb rück  (1943) dev ised  th e  " flu c tu a tio n  te s t"  to 

decide between th e se  two a lte rn a tiv e s  fo r th e  ap p e a ra n c e  of T% phage  

re s is ta n c e  among E .co li B c e lls ,  and  th e  te s t  i s  e q u a lly  a p p lic a b le  

fo r th e  ap p ea ran ce  of ch loram phenico l r e s i s t a n c e  i n  P . m ir a b i l i s  

PM13.

An im p o rta n t d ifference between th e  two s itu a tio n s  d escribed  

above i s ,  th a t  acco rd in g  to th e  a d a p tiv e  h y p o th esis , th e  p o p u la tio n  

of P .m ira b ilis  PM13 is  homogenous with re sp e c t to  ch loram phenico l 

re s is ta n c e  p r io r  to  exposure to th e  a n tib io tic .  A ccording to  th e  

m utation h y p o th esis , how ever, th e  popu la tio n  is  no t homogenous since 

m utation to  re s is ta n c e  can  occur a t  any  s ta g e  p r io r  to th e  a d d itio n  

of th e  d ru g . As a  consequence c f  th i s ,  th e  num ber of P .m ira b ilis  

PM13 ce lls  r e s is ta n t  to ch loram phenicol w ill depend on w hether th e  

f i r s t  m utation to re s is ta n c e  occu rred  a t  an  e a r ly  or la te  s ta g e  of 

grow th of th e  c u ltu re . According to th e  a d a p ta tio n  h y p o th esis , th e  

p ro b a b ili ty  cf any  P . m irab ills  PM13 ce ll becoming r e s is ta n t  a f te r  

c o n t a c t  w ith  c h l o r a m p h e n i c o l  s h o u l d  b e  e q u a l  f o r  a n y
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of th e  b a c te r ia  in  th e  c u ltu re . The n a tu r a l  ccroU ary  of th is  i s  th a t  

th e re  w ill be no la rg e  f lu c tu a tio n s  in  the., n u m b ers  of r e s i s t a n t  

b a c te r ia  from c u ltu re  to  c u ltu re  in  a  p a r a l le l  se rie s  of c u ltu re s  to  

which c h lo ra m p h e n ic o l i s  a d d e d .  In  f a c t , ,  th e  f lu c tu a t io n  o f 

r e s is ta n t  colonies a r is in g  should be no g re a te r  th a n  th a t  encountered  

in  a  s e r ie s  of s a m p le s  a l l  t a k e n  fro m  th e  sa m e  c u l t u r e .  

A l te r n a t iv e ly ,  I f  m u ta tio n  i s  re sp o n s ib le  fo r  th e  ap p e a ra n c e  of 

ch loram phenico l r e s is ta n c e , then  th e  tim e cf occurrence of a  m utation 

in  a  se rie s  of p a r a l le l  cu ltu re s  w ill be su b je c t to  random  v a r ia t io n . 

Those cu ltu re s  in  which a  m utation to  ch loram phenico l r e s i s ta n c e  

o ccu rred  a t  an  e a r ly  s ta g e  cf grow th w ill con ta in  la rg e  num bers of 

r e s is ta n t  co lo n ie s , w h ile  th o se  w hich  c o n ta in  c h lo ra m p h e n ic o l-  

r e s i s t a n t  m u ta n ts , which arose  a t  a  l a t a r  s ta g e  of grow th , w ill 

con ta in  few r e s is ta n t  c e lls .

The m u ta tio n  h y p o th e s is  p r e d ic t s  th a t  th e re  w ill be la rg e  

v a r ia n c e  in  th e  num bers cf c h lo ram p h e n ico l-re s is tan t m utants from 

c u l tu r e  to  c u ltu re  in  a  p a r a l le l  se rie s  of c u ltu re s , th a n  from a  

se rie s  of sam ples a l l  ta k e n  from th e  same c u ltu re . The ex p erim en ta l 

pro tocol fo r th e  f lu c tu a tio n  te s t  in v o lv es  determ in ing  th e  num ber cf 

ch loram phenico l r e s is ta n t  b a c te r ia  p re sen t in  two se rie s  of sam ples, 

one se rie s  from p a r a l le l  in d e p e n d e n t,c u ltu re s , and  th e  o th er se rie s  

tak en  from th e  same b u lk  c u ltu re .

T able 3*1 shows th a t  when th e  L u ila -D elb ru ck  te s t  is  ap p lied  to 

th e  ap p ea ran ce  of c h lo ra m p h e n ic d -re s is ta n t ce lls  of P .m ira b ilis  PMI3 

from  a  s e n s i t iv e  p o p u la t io n ,  th e  v a r ia n c e  between p a r a l le l  and
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In d ep en d en t cu ltu re s  is  g re a te r  th a n  th e  v a r ia n c e  between sam ples 

t a k e n  from  th e  sam e c u l tu r e .  T h is  s t r o n g l y  s u g g e s t s  t h a t  

c h lo r a m p h e n ic o l - r e s i s ta n t  c e l l s  of P . m ir a b i l i s  PM13 a r is e  from 

m utation r a th e r  th a n  as  a  consequence of in d u c tio n . E xperim ents to  

d iscover th e  p o ssib le  n a tu re  of th is  m utation even t a re  d esc rib ed  in  

C hap ter 6 .



Table 3.1 shows th e  r e s u l t  of a  ty p ic a l  L uria-D elb ruck  

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

c h lo ram p h e n ic o l-re s is ta n t ceMs from a  popu la tion  cf P . m ira b ilis  

PM13 c e lls . '

The v a r ia n c e  was c a lc u la te d  by :

V ariance  = (x -  x )^

n -  1

where x  = th e  mean of th e  observed  num ber of 

ch loram phen ico l r e s is ta n t  co lon ies.

X = th e  observed  num ber cf c h lo ra m p h e n ico l-re s is ta n t 

colonies in  each  sam ple.

n = th e  num ber of o b se rv a tio n s , i . e .  10

The la rg e  v a r ia n c e  is  in d ic a tiv e  cf a  m utation ev en t b e in g  

re sp o n sib le  fo r th e  a p p ea ra n c e  of ch loram phenicol r e s is ta n c e .



Table 3.1 (L u ila -D elb rü ck  f lu c tu a tio n  te s t)

Sample se t 1 Sample set. 2 '

( c h lo ra m p h en ic o l-re s is tan t ( C h lo ram p h en ico l-res is tan t

colonies from 10 in d ep en d en t colonies from 10 sam ples

c u ltu re s )  from th e  same c u ltu re )

1 0 200

2 0 210

3 0 211

4 0 168

5 0 214

6 1 2 233

7 2 6 7 190

8 0 193

9 6 167

10 5 204

V ariance 7010 328
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3 .2 .2  D isap p earan ce  of re s is ta n c e

The a p p e a r a n c e  of c h lo r a m p h e n ic o l - r e s i s ta n t  c e lls  from a  

po p u la tio n  of s e n s itiv e  cell& is  only one a sp ec t o f . th e  ' re s is ta n c e  

phenomenon ' in  P . m ira b ilis  PMI3 . Another fe a tu re  i s  h ig h lig h te d  by 

th e  o b se rv a tio n  th a t  a  popu la tion  of P . m ira b ilis  PMI3 , in  which 100% 

o f th e  c e l l s  a r e  p henoty p ic a lly  r e s is ta n t  to  ch loram phenico l may 

undergo  rev e rs io n  to  th e  c h lo ra m p h e n ic o l- s e n s i t iv e  s t a t e  d u r in g  

g ro w th  in  th e  a b s e n c e  of th e  a n t ib io t ic .  P lo ttin g  th e  lo ss  of 

a n tib io tic  re s is ta n c e  as a  fu n ctio n  of tim e re v e a ls  th e  r a te  of lo ss  of 

re s is ta n c e  to  be in  th e  o rd e r of 10-2 p e r  c e ll p e r g e n e ra tio n .

The r a te  of th is  decrease  in  th e  effic iency  of p la t in g  of ce lls  on 

a n tib io tic  a g a r  i s  too low to  co rrespond  w ith a  model w herein a  

p u ta tiv e  in t r a c e l lu la r  in d u c e r  i s  p r o g r e s s iv e ly  d i lu te d  by  c e l l  

d iv is io n . The a l te rn a t iv e  e x p la n a tio n , a  p ro g re ss iv e  red u c tio n  in  

th e  freq u en cy  of r e s is ta n t  ce lls  in  th e  p o p u la tio n , can  be seen to  

o p era te  by m utation or selection  o r some co n trib u tio n  of both fa c to rs .

Back m utation a t  a  very  h ig h  r a te  (from r e s is ta n t  to s e n s itiv e  

c e l l s )  w ould y ie ld  a n  in c r e a s e d  p roportion  c f  ce lls  which were 

s e n s itiv e  with a  concom itant reduction  in  th e  e ffic iency  c f p la t in g  on 

a n tib io tic -c o n ta in in g  m edia. E q u a lly , were se n s itiv e  ce lls  to  h av e  a  

se lec tiv e  a d v a n ta g e  over r e s is ta n t  ce lls  u n d e r con d itio n s  w h e re in  

a n tib io tic  was a b se n t, th ey  would be expected to  re p lac e  r e s i s ta n t  

ce lls  in  th e  p o p u la tio n , and  th e  effic iency  of p la t in g  would a lso  

dec line  with tim e.
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With b a c k  m utation , in  an y  sh o rt tim e p e rio d , St, a  sm all 

p roportion  u(ft, (w here u is  th e  back  m utation r a te  p e r  g en era tio n ) 

of r e s is ta n t  ce lls  would "m utate to  s e n s itiv e . - T hus, -if q i s  th e  

freq u en cy  cf r e s is ta n t  ce lls  in  a  p o p u la tio n ’ a f te r  a n y  num ber of 

g e n e r a t io n s  ( t ) ,  th e n  th e  i n t e g r a te d  e x p re ss io n  d e sc rib in g  th e  

phenomenon i s

Qt = qo ............ (1)

where qg is  th e  i n i t i a l  frequency  of r e s is ta n t  ce lls  in  th e  p o p u la tio n  

an d  q^ is  th e i r  freq u en cy  a f te r  t  g en e ra tio n s . The equ a tio n  p re d ic ts  

th a t  a  p lo t of In  (q^) or indeed  In  (effic iency  of p la tin g )  a g a in s t  

tim e should y ie ld  a  s tr a ig h t  l in e ,  i t s  slope be ing  e q u a l to th e  b ack  

m utation r a te .

The second a l te rn a t iv e  is  selection  a g a in s t  r e s is ta n t  c e l ls .  I f  s 

is  th e  se lec tiv e  coeffic ien t a g a in s t  r e s i s t a n t  c e l l s  th e n  su c h  a  

p rocess can  be q u a n tifie d  by im ag in in g  th a t  a  p roportion  c f th e  ce lls  

( s j t )  is  se lec tiv e ly  e lim inated  in  th e  sh o rt tim e period  co rresp o n d in g  

to  t  g e n e ra tio n s . Q u a n tita tiv e ly , th e  change  in  q in  a  tim e period  

t  i s  g iven by th e  form ula

(Tq = -s<Tt q ( l - q )

which when in te g ra te d  y ie ld s
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%

q t  ----------------------- . . . . . . .  (2 )

(1-qg)) e s t  + qg -, -- . -  - -  -

The eq u a tio n  p re d ic ts  th a t  a  p lo t of In  ’( e f f ic ie n c y 'c f  p la t in g )  

a g a i n s t  tim e  w ill  show an  i n i t i a l  v e ry  slow  re d u c tio n  in  th e  

effic iency  cf p la t in g , w ith th e  tim e cf th is  la g  be in g  dependen t upon 

how close qg i s  to 1. At th e  p o in t where n e a r ly  h a lf  of th e  ce lls  in  

th e  p o p u la tio n  a re  se n s itiv e , th e  p lo t becomes l in e a r ,  a f te r  which In  

(effic iency  cf p la t in g )  decreases with a  slope cf ~s.

In  r e a l i ty  i t  i s  l ik e ly  th a t  both selection  and  b ack  m utation  

p la y  a  p a r t  in  th e  phenomenon u n d e r d iscussion  and  th a t  r e s is ta n t  

ce lls  a re  not only u n d er th e  p re ssu re  c f a  se lection  coeffic ien t s ,  b u t 

a ls o  m u ta te  to s e n s itiv ity  a t  r a te  u . The compound e x p ress io n , 

co rresp o n d in g  to  (1 ) and  (2 ) in  such a  case  i s

qg (u + s)

q t = ---------------------------------------------  . . .  (3 )

(u + s (1-qg) )e (u + s)t + sqg 

The l a t t e r  reduced  to  p roduce (1) and  (2) as  sp e c ia l cases  when 

s and  u a re  zero re sp e c tiv e ly .

I r r e s p e c t iv e  o f th e  r e l a t i v e  c o n tr ib u tio n s  of m utation an d  

se lection  as t  becomes la r g e ,  th e  slope of In  (effic iency  of p la t in g )  

a g a in s t  t  goes to  - (u  + s ) .  The am ount cf se lection  determ ines th e  

tim e of th e  la g  before th e  slope becomes l in e a r .
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The shaded  reg ion  in  F ig  3.1 d escrib es  th e  g ra p h ic a l  U m its of 

p r e d ic t io n s  from  e q u a t io n  4 when (u  s )  i s  e q u a l  to  t h e  

e x p e r im e n ta l ly  d e r iv e d  s lo p e  o f - 0 . 044 . - The p o s i t io n  o f 'the  

e x p e r im e n ta l  p o in ts  b e tw een  th e  tw o b o u h d a ry  c o ,n 'd it io n s  o f  

b a c k - m u ta t io n  (lo w er b o u n d a ry )  a n d  c o u n te r - s e le c t io n  (u p p e r  

bo u n d ary ) su g g ests  th a t  b o th  b a c k -m u ta t io n  to  s e n s i t i v i t y  a n d  

se lection  a g a in s t  r e s is ta n t  ce lls  a re  l ik e ly  to  p la y  a  ro le  in  th e  lo ss  

of ch loram phenicol r e s is ta n t  ce lls  w ith tim e.

I  would l ik e  to  th a n k  J .  Brookfield (U niversity  c f L e icester) fo r  

p ro v id in g  th e  above m athem atical a n a ly s is .



FIG 3.1

D isap p earan ce  cf* c h lo ram p h e n ico l-re s is tan t ce lls  of P . m irabüLs 

PMI3 from a  uniform ly  r é s is ta n t  p o p u la tio n  ; a s  a  fu n c tio n  of 

tim e. The ex p erim en ta l po in ts  g iv in g  l in e  (a )  re p re se n t th e  

effic iency  of p la tin g  (E .O .P .)  of ce lls  on ch lo ram phen ico l, an d  

l in e  (b) dep icts th e  p a r a l le l  and  e x p o n e n tia l f a l l  in  CAT fo r  

th e  p o p u la tio n . Growth in  th e  absence cf ch loram phen ico l was 

follow ed fo r  120 g en era tio n s  by means of re p e a ted  d ilu tio n s  

(10”2 ) c f  la te -e x  p o n en tia l-p  h a  se ce lls  in to  f re s h  medium. The 

s h a d e d  a r e a  r e p re s e n ts  an  envelope co n ta in in g  a  ra n g e  of 

th e o re tic a l cu rves fo r  th e  f a l l  in  e ffic ien cy  cf p la t in g  as  a  

fu n c tio n  of grow th, such p lo ts b e in g  g en e ra ted  by so lu tions to  

th e  eq u a tio n  ( re fe r  to  te x t)  which re la te s  th e  e f f ic ie n c y  of 

p la t in g  to  p a ram eters  fo r  both se lec tion  and  m utation . For th e  

case  w herein th e  d isap p e a ran ce  c f  r e s i s ta n t  c e l l s  from  th e  

p o p u la tio n  is  so lely  due to se lection  a g a in s t  th e i r  p e rs is te n c e , 

th e  i n i t i a l  r a te  of reduction  in  th e  e ffic ien cy  cf p la tin g  should  

b e  lo w . F o r  t h e  o t h e r  e x tr e m e , w h e re in  th e  r a t e  o f 

b a c k -m u ta t io n  to  s e n s i t i v i t y  i s  th e  so le  d e te r m in a n t  o f  

d isa p p e a ra n c e  of c e l ls ,  an  im m ediate an d  e x p o n en tia l f a l l  in  

th e  effic iency  of p la tin g  is  p re d ic te d . The positio n  of th e  

ex p erim en ta l po in ts between th e  two extrem es d escrib ed  by th e  

b o u n d a r ie s  of th e  s h a d e d  a r e a  s u g g e s ts  t h a t  b o th  b a c k  

m utation to s e n s itiv y  and  se lection  a g a in s t  r e s is ta n t  ce lls  a re  

l ik e ly  to p la y  a  ro le .
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3 .2 .3  Are CAT lev(sls re la te d  to  ch loram phen ico l concen tra tjon?

C hloram phenicol re s is ta n c e  in  P . m irabüL s PMI3 is  m ediated by 

th e  enzyme c h lo ra m p h e n ic o l-^ c e ty ltra n s fe ra se , (CAT). When c u ltu re s  

of P .m ira b ilis  PMI3 were grown in  P e n a s sa y - b ro th  a t  37°C to  th e  

m id -ex p o n en tia l ph ase  and  th en  sp re a d  onto P en assay  a g a r  p la te s  

c o n ta in in g  ch lo ram phenico l, r e s is ta n t  ce lls  c o n ta in in g  CAT ap p e a red  

a t  a  freq u en cy  of between 10“^ to  10“ 5 p e r  c e ll p e r  g en era tio n  (see 

C hap ter 1 ) . I n i t i a l ly ,  c h lo r a m p h e n ic o l - r e s i s ta n t  c o lo n ie s  w ere 

se lec ted  on P en assay  a g a r  p la te s  c o n ta in in g  ch loram phenico l a t  a  

co n cen tra tio n  of 5Qpg/ml. In  o rd e r  to  t e s t  w hether or not in c re a se d  

ch loram phenico l co n cen tra tion  re su lte d  in  in c re a se d  CAT le v e ls ,  th e  

r e s u lt in g  colonies were tra n s fe r re d  to  a g a r  p la te s  c o n ta in in g  lOOpg 

of ch loram phenico l p e r ml, and  th en ce  stepw ise to  200 and  of

c h lo ra m p h e n ic o l p e r  m l. R e s i s ta n t  c o lo n ie s  w ere p ic k e d  in to  

P en assay  b ro th  supplem ented with th e  a p p ro p ria to  con cen tra tio n  of 

ch loram phen ico l, grown to  th e  m id -ex p o n en tia l p h a se , h a rv e s te d , and  

c ru d e  ce ll e x tra c ts  co n ta in in g  CAT p re p a re d  a s  d escrib ed  in  methods 

(2 . 3 ). Table 3 .2  com pares th e  sp ec ific  a c tiv ity  ( in  n m d es/m in /m g) 

of CAT p re p a re d  from cru d e  ce ll e x tra c ts  w ith th e  co n cen tra tio n  of 

ch loram phenico l in  th e  g ro w th  m edium . T h e re  i s  no a p p a r e n t  

in c re a se  in  th e  specific  a c tiv ity  of CAT iso la te d  from ce lls  grown in  

p ro g re ss iv e ly  h ig h e r  co n cen tra tio n s  cf ch lo ram phen ico l. This r e s u l t  

su p p o rts  th e  view th a t  th e  ap p e a ran ce  c f th e  re s is ta n c e  pheno type, 

i . e .  th e  enhancem ent phenomenon, i s  in d ep en d en t of th e  co n cen tra tio n  

of ch lo ram phen ico l.



Table 3 .2

Growth conditions 

(pig/ml ch loram phenicol)

Specific A ctiv ity  CAT 

(nmole min”l  m g"l)

0 0

50 124

100 150

200 134

500 118

T able 3 .2  com pares th e  specific  a c tiv ity  of CAT (in  c ru d e  ce ll 

e x tra c ts )  p rep a red  from P . m ira b ilis  PM13 c u ltu re s  grown in  d iffe ren t 

co n cen tra tio n s  c f ch loram phenico l.
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3 .2 .4  Absence of an  in d u c tio n  phenomenon

Experim ents were c a r r ie d  ou t to attem pt,.to  in d u ce  CAT sy n th es is  

in  P . m ir a b i l i s  PM 13 u n d e r  cond itions which in d u ce  sy n th es is ' in  

S taphylococcus a u re u s , (WinsheH and  S haw , ' I 969) , arid  B a c il lu s  

pum ulls (D uvall e t a l . , I 983) . In cu b a tio n  of P . m ira b ilis  PMI3 ce ll 

s u s p e n s i o n s  w ith  3- d e o x y - c h l o r a m p h e n i c o l , o r  3 - f l u o r o -  

ch loram phenico l (the  k in d  g if t  of S. S k in n er, U n iv ersity  of L eicester) 

was no t accom panied by s ig n if ic a n t in c re a se s  in  th e  specific  a c tiv ity  

o f CAT. Such r e s u l ts ,  a lth o u g h  n e g a tiv e , s tro n g ly  su g g est t h a t  

in d u c tio n  by chloram phenico l or i t s  ana logues is  u n lik e ly  to p lay  a  

ro le  in  th e  enhancem ent of ch loram phenico l re s is ta n c e  observed  in  

P .m ira b ilis  PMI3 .

3 . 2 .5  Absence cf concom itant in c re a se  in  re s is ta n c e  to  o ther

a n tib io tic s

C h lo r a m p h e n ic o l- r e s is ta n t  iso la te s  of P . m ira b ilis  PMI3 were 

te s ted  fo r in c re a sed  re s is ta n c e  to o ther a n tib io t ic s . One hu n d red  

in  d e p e n d e n tly - is o la te d  c h lo ram p h e n ic o l-re s is ta n t co lon ies, an d  100 

ch lo ram p h en ico l-sen sitiv e  iso la te s  were p a tc h - p la te d  o n to  L - a g a r  

p la te s  co n ta in in g  5Qtig/ml chloram phenico l and  20p g /m l te tra c y c lin e  

re sp e c tiv e ly . After o v e rn ig h t grow th a t  37°C th e  re su lt in g  colonies 

w ere r e p l i c a - p l a t e d  on to  L -a g a r  p la te s  co n ta in in g  th e  fo llow ing  

a n t ib io t ic s : -  am p ic illin  (5Qug/ml); kanam ycin  (2Qug/ml); n a lid ix ic  

a c i d  ( lO ^ g /m l)  ; s p e c tin o m y c in  (10()uig/ml) ; a n d  s tre p to m y c in  

(20pg /m l). After o v e rn ig h t grow th a t  37*̂ 0 th e  p la te s  were scored fo r  

r e s is ta n c e . C h lo ram p h en ico l-res is tan t colonies and  ch lo ram phen ico l- 

s en s itiv e  colonies rem ained e q u a lly  as se n s itiv e  to  a l l  th e  o th e r  

a n tib io tic s  te s te d .
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3 .3  SUMMARY

The re su lts  p resen ted  In  th is  c h a p te r  su g g es t th a t  th e  mechanism 

fo r  th e  phenomenon of th e  enhancem ent of ch loram phenico l re s is ta n c e  

in  P . m i r a b i l i s  PM13 i n v o l v e s  t h e  s e le c t io n  of p r e - e x i s t i n g  

spontaneous m utants in  th e  p o p u la tio n . Such m utan t ce lls  a r is e  a t  a  

freq u en cy  of between 10”^ and  10-5 p e r ce ll p e r  g en era tio n  an d  a re  

se lec ted  by exposure to  ch loram phenico l. The r e s i s t a n t  m u ta n ts  

p e r s i s t  in  th e  p o p u la t io n  fo r  as  long  a s  th e y  a re  su b jec ted  to  

ch loram phenico l se lec tio n . The m utation a p p e a rs  to  be an  " a l l  o r 

n o th ing" one, in  th a t  growth in  th e  p resence of h ig h e r  co n cen tra tio n s  

of ch loram phenicol does not le a d  to  a  fu r th e r  in c re a se  in  CAT le v e ls .

P opulations of P . m irab ilis  PM13 in  which 100% of th e  ce lls  a re  

p h en o ty p ica lly  r e s is ta n t  to ch loram phenicol undergo  a  rev e rs io n  to  

th e  ch lo ram p h en ico l-sen sitiv e  s ta te  d u rin g  grow th in  th e  absence of 

a n tib io tic , th e  ra te  of th e  process be ing  in  th e  o rd e r  of 10-2 p e r  c e ll 

p e r  g en era tio n . A nalysis of th e  sh ap e  cf. th e  cu rve p roduced  by 

p lo ttin g  th e  f a l l - o f f  of r e s is ta n t  ce lls  in  th e  p o p u la tio n  a g a in s t  tim e 

rev ea led  th a t  b a c k -m u ta tio n , combined with co u n te r-se lec tio n  a g a in s t  

r e s is ta n t  ce lls  was th e  l i k e ly  m ech an ism . The a p p e a r a n c e  o f 

c h lo r a m p h e n ic o l  r e s i s t a n t  c e l l s  in  P . m i r a b i l i s  PM13 w as n o t 

p a ra l le le d  by any in c re a se  to o th er a n tib io tic s  te s te d .
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CHAPTER 4  : HOMOLOGY OF THE P .MIRABILIS CAT WITH THE 

TYPE I  (Tng) VARIANT

4.1  INTRODUCTION “  ̂ ... -

In  C hap ter 1 th e  phenomenon of ch loram phenico l re s is ta n c e  in  

P .m irab ilis  PM13 was in tro d u ce d  an d  CAT, th e  enzyme re sp o n sib le  fo r  

r e s i s t a n c e ,  w as show n to  h a v e  p r o p e r t i e s  in  common w ith th e  

w e ll-s tu d ied  ty p e  I  (Tn 9) v a r ia n t .  The su b je c t of th e  experim ents 

in  th is  c h a p te r  was to  p u rsu e  th e  l ik e ly  homology, and  ex tend  th e  

com parison to th e  DNA le v e l  by h y b r id iz a tio n  experim en ts.

The u ltim a te  p la n  was to  is o la te  th e  c a t  gene of P . m ira b ilis  

PM13 by i ^  v itro  genetic  m an ip u la tio n  (see C hap ter 5)> and  as  a  

f i r s t  s'tep to  determ ine w hether th e  c a t  gene was p la sm id -lin k ed  o r 

lo ca ted  on th e  chromosome. The s t r a t e g y  a ssu m ed  a n y  DNA:DNA 

h o m o lo g y  r e v e a le d  by  su c h  e x p e r im e n ts  w ould be o f c e n t r a l  

im portance in  any  su b seq u en t c lo n in g  experim ents fo r  id e n tif ic a tio n  

of th e  P . m irab ilis  PM13 c a t  gene.

4 .2  RESULTS

4 .2 .1  Comparison cf th e  CAT c f P .m irab ilis  w ith o th er CAT 

varian-bs by O uchterlony im m unodiffusion

P . m irab ilis  PM13 CAT w as p u r i f i e d  on a f f i n i t y  co lum ns a s  

described  in  methods (2 .3 ) ,  an d  u sed  in  O uchterlony im m unodiffusion 

experim en ts. Three d iffe re n t CAT v a r i a n t s ,  p u r i f ie d  from  c e l l s  

h a rb o u rin g  th e  ty p e  I ,  I I ,  an d  I I I  enzymes (the  k in d  g if t  of A.D. 

B ennett, U n iv ersity  o f L e ic e s te r )  w ere u s e d  a s  c o n t r o ls .  The 

p h o to g ra p h s  in  F ig . 4a shows th e  p u rif ie d  P . m ira b ilis  PM13 CAT
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used  in  th e  im m unodiffusion experim ent F ig . 4b . A ntibody ra ise d  

a g a in s t  th e  ty p e  I  CAT (c e n tra l  w ell) c ro ss -re a c te d  w ith p u rif ie d  

ty p e  I  CAT, and  th e  P . m ira b ilis  PM13 CAT v a r ia n t .  The ju n c tio n  of 

th e  two p re c ip itin  b an d s produced a  ' s p u r  ' , '  in d ic a t iv e  of p a r t ia l  

homology; i . e .  an  a n tig en ic  d e te rm in an t p re se n t in  th e  ty p e  I  CAT 

which is  not p re se n t in  th e  CAT of P . m ira b ilis  PMI3 . None cf th e  

o th e r  CAT v a r i a n t s  show s u b s ta n t ia l  c ro s s - re a c tiv ity  a g a in s t  th e  

ty p e  I  a n tib o d y .

4 .2 .2  B inding  of trip h en y lm eth an e  dyes by CAT of P .m ira b ilis  PM13 

P roctor and  Rownd ( I 982) hav e  describ ed  a  p ro to co l f o r  th e  

d e te c tio n  of ch lo ram p h e n ico l-re s is ta n t colonies which d isc rim in a tes  

between th e  CAT+ and  CAT- phenotype on th e  b a s is  cf CAT b in d in g  

trip h en y lm eth an e  dyes, in c lu d in g  c r y s ta l  v io le t, com petitively  with 

re sp ec t to  ch loram phen ico l. Colonies p ro d u c in g  CAT in tr a c e l lu la r ly  

a re  s ta in e d  p u rp le  as a  r e s u l t  of d y e -b in d in g , w hereas CAT- colonies 

rem ain  co lo u rle ss . Of th e  commonly observed  CAT v a r ia n ts  found in  

en te ric  b a c te r ia ,  only th e  ty p e  I  enzyme b in d s  th e  dye (A.D. B ennett 

Ph.D th e s is ,  1984, U n iversity  c f L e ic es te r). The CAT of P . m irab ilis  

PM 13 w as te s te d  fo r  i t s  a b i l i ty  to  b in d  th e  dye c r y s ta l  v io le t. 

P e n a s sa y -a g a r  p la te s  co n ta in in g  c r y s ta l  v io le t, and  e ith e r  5Qpg/ml 

ch loram phenico l o r 20pig/ml te tra c y c lin e  were p re p a re d  as  d escrib ed  

in  methods (2 .3 ) . A s in g le  P . m ira b ilis  PM13 colony g ro w in g  on 

P e n a s sa y -a g a r , supplem ented with 2Quig/ml te tra c y c lin e , was p icked  

in to  200pl of P enassay  b ro th . H alf c f th is  sam ple was th en  sp re a d  

onto a  P e n a s sa y -c ry s ta lv io le t- te tra c y d in e  p la te ,  w hile th e  o th e r h a lf  

was sp re a d  onto a  P e n a s a y -c r y s ta lv io le t - c h lo r a m p h e n ic o l  p l a t e .
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Growth was scored a f te r  in cu b a tio n  a t  37°C fo r  48 h o u rs . Colonies 

grow ing on th e  P en assay -ch lo ram p h en ico l p la te  h ad  become p u rp le , 

p resum ably  as  a  r e s u l t  of<,CAT b in d in g  to  Æhe dye c r y s ta l  v io le t, 

while th e  co lo n ies  g ro w in g  on th e  P e n a s s a y - te t r a c y c l in e  p l a t e  

rem ained  unco loured . . ■, -

In  conclusion , th e  CAT of P . m ira b ilis  PM13 shows im m unological 

c ro s s - re a c tiv ity  and  s im ila r  d y e -b in d in g  c h a ra c te r is t ic s  to  th e  ty p e  

I  CAT v a r ia n t ,  su g g es tin g  th a t  th e  enzymes a re  lik e ly  to  sh a re  

s tru c tu r a l  fe a tu re s  a t  th e  enzyme su rface  and  n e a r  th e  c a ta ly t ic  

c e n tre , p ro p e rtie s  which su p p o rt a  h ig h  degree of homology.



FIG. 4.1

P u r i f i c a t io n  a n d  O uchterlony im m unodiffusion of P .m irah iliR  

PM13 CAT. " -  - . ... -

F ig . 4 .1 a  shows th e  p u rif ie d  P . m irab ilis  PMI3 CAT tr a c k  

(C) a f te r  p u r if ic a tio n  on an  a f f in ity  colum n. T racks (A), and  

(B) show t o t a l  p ro te in  from P . m ira b ilis  PMI3 grown in  th e  

p resen ce  and  absence of ch loram phen ico l. An a t te m p t w as 

made to  lo ad  th e  same amount of to ta l  p ro te in  onto th e  g e l, so 

a s  to  com pare th e  in c re a se  in  CAT le v e l s  in  t o t a l - p r o t e i n  

p re p a ra t io n s .

F ig . 4 .1b  shows th e  p u rif ie d  P . m ira b ilis  PMI3 CAT used  in  

an  O uchterlony doub le-d iffu sion  experim en t. Goat IgG ra ise d  

a g a in s t  th e  ty p e  I  CAT was p laced  in  th e  c e n tra l  w ell. The 

fo llow ing p ro te in s  were loaded in  th e  o u te r  w ells. (1) P u rified  

ty p e  I  CAT (50pg), (2) P u rified  P . m ira b ilis  CAT (5Qug), (3) 

P u rif ied  ty p e  I I  CAT (lO qpg), (4) P u rified  ty p e  I I  CAT (5Qug), 

(5) P u rif ied  ty p e  I I I  CAT (5<^g), (6) P u rified  ty p e  I I I  CAT 

(lOOpg).
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4 .2 .3  Homology a t  th e  DNA le v e l between th e  P .m irab ilis  c a t and

th e  ty p e  I  c a t

The p la sm id  p B R 3 2 8 -is  a  4 .$ k b  r e p l ic o n  co n ta in in g  genes 

s p e c i f y i n g  r e s i s t a n c e  to  a m p i c i l l i n ,  ' t e t r a c y c l i n e ,  a n d  

chloram phenicol (Soberon e t ^ . , I 980). The c a t  gene h a rb o u red  by 

th is  rep licon  is  a  ty p e  I  v a r ia n t ,  and th e  complete sequence h as  

been determ ined (Alton and  V apnek, 1979)* The e n tire  s tru c tu r a l  

gene (not in c lu d in g  th e  Sh ine-D aigarno  sequence) can  be iso la te d  

from pBR328 as  a  773-bp TaqI  frag m en t, an d  i t  was proposed to use 

th is  frag m en t as a  la b e lle d  probe in  h y b r id iz a t io n  e x p e r im e n ts  

a g a i n s t  th e  P . m ir a b i l i s  PMI3 c a t  gene. The s tra te g y  req u ire d  

p re lim in a ry  h y b rid iz a tio n  experim ents to a s c e r ta in  w hether o r not 

th e  773-b p  c a t probe m ight detect c a t  genes known to  d iffe r from th e  

ty p e  I  v a r ia n t .  Genes in  th is  ca teg o ry  a re  th e  ty p e  I I  and  ty p e  I I I  

c a t  d e te rm in a n ts  c a r r ie d  by p lasm ids pSa and  R387 re sp e c tiv e ly . 

O vernight cu ltu re s  of ce lls  h a rb o u rin g  th e  p lasm ids ( i)  R99^> (a  ty p e  

I  v a r ia n t) ;  ( ii)  pSA, (a  ty p e  I I  v a r ia n t ) ;  and  ( i i i )  R387, (a  ty p e  

I I I  v a r ia n t)  were sub jec ted  to th e  p lasm id  ly s is  method of Kado and  

Liu (M ethods, 2 .3 ) .  P la sm id s  were recovered  from th e  c lea re d  

ly sa te s  by e th an o l p re c ip ita tio n , loaded  onto a  0 .6% a g a ro se  g e l, 

and  sub jected  to e lec tro p h o resis  (M ethods, 2 .3 )•  F ig . 4 .2  shows (a ) 

a  pho tograph  of th e  ge l a f te r  ethidium  brom ide s ta in in g  an d , (b) an  

au to rad io g ra p h  of th e  t ra c k s  in  (a )  a f te r  t r a n s f e r  to  n itro ce llu lo se  

and  h y b rid iz a tio n  to  a  [3 2 p ]- la b e lle d  c a t  I  p ro b e .  U n d er th e  

h y b rid iz a tio n  and  wash conditions (3 x SSC, 65OC an d  0.1 x SSC, 

650c re sp ec tiv e ly ) h y b rid iz a tio n  can  only be detected  to th e  t r a c k  

co n ta in in g  th e  ty p e  I  c a t b e a r in g  p lasm id .
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4 .2 .4  Subcloning th e  ty p e  I  c a t in to  p h ag e  Ml] mp9

Two d iff icu ltie s  a ro se  from th e  iso la tio n  cf th e  c a t  probe as a  

773-bp TaqI  frag m en t, ( i)  -Digestion with T àq l often y ie ld ed  p a r t ia l  

d ig e s t p roducts  which confused iso la tio n  of th e  773- b p - b a n d ,  and  

( i t )  th e  b a n d in g  p a tte rn  of pBR328 d ig ested  to  com pletion w ith TaqI 

produced many b an d s in  th e  same size ra n g e  a f te r  e lec tro p h o res is .

To f a c i l i ta te  iso la tio n  of th e  773-bp frag m en t fo r  su b seq u en t 

Southern  h y b rid iz a tio n  experim ents i t  was decided to  sub -c lone  th e  

frag m en t in to  th e  AccI s ite  of th e  p h ag e  v ec to r Ml]mp9. Ipig of th e  

M13mp9 re p lic a tiv e  form (RF) DNA was d ig ested  w ith AccI in  th e  

p resence  cf c a lf  in te s t in a l  p h o sp h a ta se  as d e ta ile d  in  Methods (2 .3 ) . 

20ng  of cu t and  phosphased  vecto r was then  l ig a te d  with th e  773-b p  

TaqI  frag m en t ( iso la te d  from a  to ta l  TaqI  d ig e s t of pBR]28 by th e  

'f r e e z e - s q u e e z e  ' m e th o d  o f  T a u t  & R e n tz ,  ( 1 9 ^ 3 ) ) .  A f te r  

t r a n s f o rm a t io n  (M eth o d s, 2 .3 )  reco m b in an ts , id e n tif ie d  a s  white 

p la q u e s , were screened fo r th e  p resence cf th e  773-bp TaqI  frag m en t 

by re s tr ic tio n  d ig ests  of th e ir  re sp ec tiv e  RFs.

One such re c o m b in a n t, d e s ig n a te d  pIC 025 , w as ch o sen  f o r  

la rg e -s c a le  RF p re p a ra tio n  (M ethods, 2 .3 ) , and  a  P s t l - BamHI double 

d ig e s t used  to iso la te  th e  ty p e  I  c a t  gene as  a  773-bp frag m en t, 

which could e a s ily  be s e p a ra te d  from th e  7 . 8-kb  Ml]mp9 frag m en t 

(F ig . 4 .3 ) .



FIG. 4 .2

H y b r id iz a t io n  o f a  773 -b p  c a t  I  p ro b e  a g a in s t  p la sm id s  

h a rb o u rin g  th e  o th e r e n te r ic -c a t  genes -

(a )  E thidium  brom ide s ta in e d  ag a ro se  gel (0.6% w /v) show ing 

b a n d in g  p a t t e r n  p ro d u c e d  a f t e r  iso la tio n  of th e  fo llow ing 

p lasm ids by th e  method of Kado and  L iu, ( I 981). A, R387 

(h a rb o u iin g  a  ty p e  I I I  c a t  g en e). B, pSa (h a rb o u rin g  a  ty p e  

I I  c a t g en e). C, R99^ (h a rb o u rin g  a  ty p e  I  c a t g en e). T rack  

D was a  Hind l l l  d ig est cf X . In  t r a c k s  A, B, and  C, th e  low er 

cf th e  2 b a n d s  ( ru n n in g  w ith  th e  2 3 . 0-k b  s iz e  m a rk e r)  

c o r r e s p o n d s  to  ch rom osom al DNA, w h ile  th e  u p p e r  b a n d  

co rresponds to  th e  p lasm id .

(b) A utograph cf th e  DNA shown in  p a r t  (a )  a f te r  t r a n s f e r  to  

n itro ce llu lo se , and  h y b rid iz a tio n  to  an  cX [3 ^ P ]-lab e lle d  773-b p  

c a t l  p r o b e .  U n d e r  t h e  s t r i n g e n c y  c o n d i t io n s  o f th e  

h y b rid iz a tio n  ( re fe r  to te x t ) ,  homology i s  only r e v e a le d  in  

t r a c k  (C) co rre sp o n d in g  to the  p lasm id  h a rb o u rin g  a  ty p e  I  c a t  

gene.
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FIG. 4 .3

C onstruction of p lasm id  pIC025.
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4 .2 .5  H ybrid ization  of th e  ty p e  I  c a t to  P .m irab ilis  chromosomal DNA 

The ty p e  I  c a t gene iso la ted  from pIC025 was used  to  p robe 

to ta l  DNA iso la te d  from P .m irab ilis  PMI3 . A pproxim ately 3pg of to ta l  

DNA p re p a re d  e ith e r  from ce lls  grown in  th e  p resence (50pg/m l) o r  

th e  absence of ch loram phenico l were d igested  s e p a ra te ly  w ith P s t I , 

lo ad ed  onto a  0,7% (w /v) ag a ro se  g e l, and e lec trophoresed  a t  I 5OV 

fo r  2 h o u rs . A p o s itiv e  h y b rid iz a tio n  con tro l of pBR328 d ig ested  

w ith EcoRI was in c lu d e d , as  were s ize m arkers (a  Hind I I I  d ig es t of 

A DNA). After e lec tro p h o res is  th e  g e l was s ta in e d  with eth idium  

brom ide. F ig . 4 .4 (a )  shows a  pho tograph  of th e  b an d in g  p a tte rn  

p ro d u c e d  a f t e r  s t a i n i n g ,  w h ile  F ig . 4 .4 (b ) shows th e  r e s u l t  of 

h y b rid iz a tio n  of th e  t ra c k s  to th e  ty p e  I  c a t  probe a f te r  t r a n s f e r  to  

n i t r o c e l lu lo s e  p a p e r  (M ethods, 2 .3 ) . H ybrid ization  h as  o ccu rred  

e q u a lly  well to  an  8 .5 -k b  P s tI  f ra g m e n t  p r e s e n t  in  t o t a l  DNA 

p r e p a r e d  from  P . m ira b ilis  PMI3 ce lls  grown in  th e  p resence an d  

absence of ch lo ram phen ico l.



F ig . 4 .4 (a )  A garose (0.7%) gel e lec tro p h o resis  cf P s tI  d ig ests  

of DNA iso la te d  from (A) P . m irab ilis  PM2 (n eg a tiv e  c o n tro l) , (B 

and  C) P . m irabH is PM13 grown in  th e  p resence (50pg/m l) and  

absence cf ch lo ram phen ico l re sp e c tiv e ly , and  D, a  P s tI  d ig es t 

of p lasm id  pBR328 (p o sitiv e  c o n tro l) .

F ig . 4 .4 (b )  A u to rad io g rap h  of th e  DNA in  (a ) a f te r  t r a n s f e r  to  

n itro ce llu lo se  by th e  method of Southern and  h y b rid iz a tio n  with 

th e  c a t  I  p robe from pIC025.

H y b r i d i z a t i o n  h a s  o c c u r r e d  e q u a l l y  w e ll  ( a r ro w s )  to  

P .m ira b ilis  PM13 chromosomal DNA p rep a red  from ce lls  grown in  

th e  p resence and  absence of ch loram phen ico l.
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4 .2 .6  Use of th e  ty p e  I  c a t  'c a r t r id g e ' to  de tect th e  p resence of 

a  plasm id in  P .m irab ilis  PM13

The method of chromosome iso la tio n  used, in  th is  s tu d y  in  f a c t  

f ie ld s  to ta l  b a c te r ia l  DNA, th a t  i s ,  a  m ixture o r chromosomal DNA 

and  p lasm id  DNA, i f  p re se n t. S in ce  i t  h a d  b een  d e m o n s tra te d  

p rev io u sly  th a t  th e  ty p e  I  c a t p robe could id e n tify  a  specific  8 .5 -k b  

P s tI  frag m en t in  DNA p rep a red  in  th is  w ay, i t  was decided to  use 

th e  p ro b e  to  d e tec t a  p lasm id  h a rb o u rin g  a  c a t  gene. Specific 

p ro toco ls, designed  to iso la te  p lasm id  DNA h a v e  b een  d e v e lo p e d  

(review ed by B roda, 1979)» The method used  in  th is  experim ent was 

th a t  of Kado and  Liu ( I 98I ) .  O vern igh t cu ltu re s  of P .m ira b ilis  PMI3 

se p a ra te ly  h a rb o u rin g  th e  p lasm ids pBR328, and  RlOO re sp ec tiv e ly  

were grown a lo n g s id e  P . m i r a b i l i s  PMI3 grow n in  th e  p re s e n c e  

(5 0 p g /m l)  a n d  absence of ch lo ram phen ico l. P . m irab ilis  PM2 was 

grown as  a  n eg a tiv e  co n tro l, h av in g  been shown p rev io u sly  to  be 

CAT- b y  th e  s e n s i t iv e  rad io m e tric  a s sa y  (see C hapter 1 ) . The 

o v e rn ig h t c u ltu re s  were th en  su b je c te d  to  th e  p la sm id  i s o la t io n  

p r o c e d u r e ,  a f t e r  w h ic h  th e  DNA w as re c o v e re d  by  e th a n o l  

p re c ip ita tio n  and  e lectrophoresed  in  0.6% a g a ro se . (M ethods, 2 .3 ) .  

After e lec tro p h o res is , and  sub seq u en t t r a n s f e r  to  n itro ce llu lo se  p a p e r  

(see Methods, 2 .3 ) , th e  f i l t e r  was probed with th e  [3 2 p ]-lab e lled  

773-bp  c a t  ' c a r t r i d g e ' .  F ig . 4 .5  shows th a t  h y b rid iz a tio n  h as  

occurred  to th e  two p o sitiv e  co n tro ls , P .m ira b ilis  PMI3 h a rb o u rin g  

e ith e r  pBR328 o r RlOO. No p o sitiv e  h y b rid iz a tio n  s ig n a l is  p re se n t 

in  th e  tra c k s  co n ta in in g  DNA p rep a red  from P .m ir a b i l i s  PM2, o r  

P . m i r a b i l i s  P M I3 g r o w n  in  t h e  p r e s e n c e  o r  a b s e n c e  o f  

ch lo ram phen ico l. The p lasm ids pBR328 and  RlOO w ere ch o sen  a s
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p o s i t iv e  c o n t r o l s , a s  both a re  re p re se n ta tiv e  of th e  extrem es of 

v a r ia b i l i ty  in  size  and  copy num ber cf p la sm id s . The ra tio n a le  of 

th e  experim ent is  t h a t  i f  a  la rg e  low copy- num ber p lasm id  (RlOO! 

and  a  sm all h ig h  copy num ber (pBR328) p lasm id  can  be id e n tif ie d , 

th en  any  p lasm id  n a tu r a l ly  c a r r ie d  by P . m ira b ilis  ■ PM13 i s  l ik e ly  to 

be id e n t i f ia b le . The la c k  of any  d e tec tab le  h y b rid iz a tio n  s ig n a l  in  

th is  experim ent su g g ests  th a t  th e  c a t  gene of P . m ira b ilis  PM13 i s  not 

p lasm id  bo rne . F urtherm ore th e  p o sitiv e  h y b rid iz a tio n  s ig n a l  to  an

8 .5 -k b  P stI  frag m en t in  Southern b lo t experim ents in v o lv in g  to ta l  

b a c te r ia l  DNA p re p a ra tio n s  su g g est th a t  th e  c a t  gene is  chrom osom al.



FIG. 4 .5

A uto rad io g rap h  of p lasm id  DNA isolate^d from P . m ira b ilis  PM 13 

and  PM2 by th e  method of Kado and  Liu C198I ) ,  . a f t e r  g e l 

e le c t r o p h o re s is  {0,6%) and  t r a n s f e r  to  n itro ce llu lo se  by th e  

method of Southern  (1975). T rack  (A) PMI3 h a rb o u rin g  pBR328 

( p o s i t iv e  c o n t r o l ) ,  (B) PM2 (c a t - f r e e ,  a n d  p la s m id - f r e e

n e g a t iv e  c o n t r o l ) ,  (C) PM I3 g ro w n  i n  t h e  a b s e n c e  o f

c h l o r a m p h e n i c o l ,  (D) PM I3 g ro w n  in  t h e  p re s e n c e  of

ch lo ram phen ico l (50;Lig/ml) a n d  (E) PMI3 h a r b o u r in g  RlOO

(p o sitiv e  c o n tro l) .

The f i l t e r  was h y b rid ized  with an  (\ [ 32p ]- la b e lle d  ty p e  j  c a t 

gene iso la te d  from pIC025. H ybrid iza tion  h as  only occurred  to  

p lasm ids iso la te d  from th e  p o sitiv e  co n tro ls .
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4.3 SUMMARY

The work d escrib ed  in  th is  c h a p te r  dem onstrated  t h a t  th e  lik e ly  

s tru c tu ra l  homology between th e  ty p e  I  CAT and i t s  co u n te rp art^  in ' 

P . m ira b ilis  PMI3 can  be detected  a t  th e  DNA le v e l .  This homology 

prom pted DNAiDNA h y b rid iz a tio n  s tu d ies  which rev e a led  (a )  th a t  th e  

c a t  gene of P . m irabH is PMI3 i s  lo ca ted  on an  ap p ro x im a te ly  8 .5 -k b  

P stI  frag m en t and  (b) th a t  th is  c a t  gene was found in  DNA p re p a re d  

from c e lls  grown in  th e  absence of ch loram phenico l a s  well as  i t s  

p re se n c e .



CHAPTER 5 

CLONING OF THE P .MIRABILIS CAT GENE
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CHAPTER 5 : C lon in g  o f  th e  P . m ir a b ilis  c a t  gen e

5.1 In tro d u ctio n

The essence cf in  v itro  gene c lo n in g  i s  th e  jo in in g  -of a  stre tch" 

cf DNA cf in te re s t  to  a  v ecto r molecule which., a llow s; p ro p ag a tio n  

(a n d  am p lif ic a tio n ) cf th a t  DNA segm ent in  a  h o st c e l l .  There a re  

f iv e  requ irem en ts fo r  a  su ccessfu l i ^  v itro  gene c lon ing  experim ent: 

( i)  a  method cf g e n e ra tin g  DNA frag m en ts ; ( l i)  a  v ec to r to  c a r ry  th e  

frag m en ts ; ( i i i )  a  means of jo in in g  th e  vector and frag m en t to g e th e r; 

( iv )  a  method cf in tro d u c in g  h y b rid  molecules in to  a  h ost c e ll ,  and  

f in a l ly ;  (v) a  way cf id e n tify in g  th e  d esired  recom binan t. The 

m echan ism s by  w hich  f ra g m e n ts  a re  g en era ted  and  su b seq u en tly  

jo ined  to vecto r molecules a re  e q u a lly  ap p lic a b le  to a l l  m  v itro  

c lo n in g  s tra te g ie s .  However, the  choice of vecto r and  h ost depends 

upon th e  n a tu re  and  o rig in  of th e  frag m en t of DNA to be cloned . 

H o s t-v e c to r  sy s tem s  h a v e  now b een  d e s c r ib e d  fo r a  v a r ie ty  of 

g ram -p o sitiv e  and g ram -n eg a tiv e  b a c te r ia  (review ed by Thompson, 

1982). As P . m irab ilis  sp p . i s  c lo se ly  re la te d  to  E .c o li th e  same 

vectors can be em ployed, u n fo rtu n a te ly , those  P .m ira b ilis  s tr a in s  

te s te d  could not be transfo rm ed  to  h ig h  effic iency  (see C hap ter 8 ) , 

so a  se lf-c lo n in g  s tra te g y  was not v ia b le . I n i t ia l ly  i t  was decided 

to  a ttem pt to clone th e  P . m ira b ilis  PMI3 c a t gene in  an  E .c o li h ost 

as  o th e r w orkers (Beck and  Coetzee, 1983; E itn e r e t ^ . , 1982; E itn e r 

e t ^ . , 1983) h ad  rep o rted  success w ith th is  ap p ro ach .

In  p a r a l le l  with th e  e x p e r im e n ts  d e s c r ib e d  a b o v e , i t  w as 

decided to employ an a lte rn a tiv e  p ro ced u re  to  clone th e  P . m ira b ilis
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PM13 c a t  gene. This s tra te g y  inv o lv ed  sc reen in g  a  P . m ira b ilis  PMI3 

g en e-b an k  (made with chromosomal DNA p re p a re d  from ce lls  grown in  

th e  absence of ch loram phenicol) w ith an  o([3^P]- la b e lle d  c a t  p ro b e 7 

This experim ent was p r im a rily  u n d e rtak en  as  - a; b ack -u p  - s tra te g y  to  

a ttem pt to  clone th e  c a t  gene from th e  CAT- s ta te .b y  e x p re ss io n , a s  

conceivab ly  such an ap p ro ach  may have been u n su ccess fu l.
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5.2 RESULTS

5 . 2.1 Cloning of th e  P .m irab ilis  c a t  gene from ce lls  in

th e  CAT+ or CAT~ s ta te  by ex p ress io n  in  an  E .coH  host 

The s tra te g y  used to  clone th e  P . m ira b ilis  PMI3 c a t  gene(s) 

from  e i th e r  s ta t e  r e l ie d  on th e  hom ology observed  betw een th e  

P .m irab ilis  PMI3 c a t  and  th e  ty p e  I  v a r ia n t  (C hap ter 4 ) .  Southern 

h y b rid iz a tio n  of an  [ 32p ]- la b e lle d  ty p e  I  c a t  probe a g a in s t  P stI  

chromosomal d ig ests  of P . m irabH is PMI3 DNA (p re p a re d  from ce lls  

grown in  th e  p resence  or absence of ch loram phenico l) y ie ld ed  th e  

same un ique p o s itiv e  h y b rid iz a tio n  s ig n a l  in  both in s ta n c e s . This 

was in te rp re te d  as  evidence to su g g est th a t  th e  e n tire  s t r u c tu r a l  

gene fo r th e  P . m ira b ilis  PM13 c a t  was lo ca ted  w ith in  th e  8 .5 -k b  

f r a g m e n t .  The c lo n in g  s tra te g y  th e re fo re  in v o lv ed  th e  s e p a ra te  

l ig a tio n  cf P stI  d igested  chromosomal DNA (p rep a red  from ce lls  grown 

in  th e  p resence (5Qpg/ml) and  absence of ch loram phenicol) in to  th e  

P stI  d igested  dephosphory la ted  vec to r, pATI53 (Twigg and  S h e r ra tt ,  

1980). In  a  ty p ic a l  experim ent, Ipig of vec to r DNA was l ig a te d  to  

3pg of in s e r t  DNA, and  th e  lig a tio n -m ix  used  to transfo rm  com petent 

E .c o li SK3430 (M ethods, 2 .3 ) . A fter th e  h ea t-sh o ck , 1ml of L -bro th  

was ad d ed , a f te r  which th e  ce lls  were in cu b a ted  a t  37*̂ C fo r  1 hour 

to  allow  ex p ressio n  of th e  transfo rm ed  DNA. The ce lls  were th en  

p e lle ted  by c e n tr ifu g a tio n  in  a  m icrofuge fo r  1 m inute, resu sp en d ed  

in  200pl c f  L -b ro th , and  sp read  on I ^ a g a r  p la te s  co n ta in in g  e ith e r  

ch loram phen ico l (lO pg/m l) or te tra c y c lin e  ( 1 2 .5 ;a g /m l) . C o n tro ls  

in c lu d ed  in  th e  tra n sfo rm atio n  experim ent were: superco iled  v ecto r 

DNA; cu t and  p h o sp h a ta se  tre a te d  vecto r; c u t  a n d  p h o s p h a ta s e d  

v ec to r l ig a te d  to  i t s e l f  ; and  a  'b la n k ' of no DNA.
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A nalysis  of th e  con tro l experim en ts "allowed an  in te rp re ta t io n  of 

th e  lik e lih o o d  of success fo r th e  c lo n in g  s tra te g y  by  a p p lic a tio n  of 

th e  C larke  & Carbon g en e-b an k  eq u a tio n  (C larke  an d  C arbon , 1976). 

In  th e  summary a t  th e  end of th is  c h a p te r ,  th e  im p lica tio n s  of th is  

eq u a tio n  to  th e  P . m ira b ilis  enhancem ent phenomenon a re  d isc u sse d .

I f  a n a ly s is  of th e  c o n tro ls  r e v e a le d  t h a t  a  r e p r e s e n t a t i v e  

g en e -b an k  was lik e ly  to  have  been co n s tru c ted  th e  i-ecom b in  a n ts  were 

allow ed to  grow a t  37^C fo r  48 h o u rs . Any c h lo ra m p h e n ic o l-re s is ta n t 

c o l o n i e s  w e re  t h e n  p i c k e d  fro m  th e  p la te s  a n d  t e s t e d ,  b y  

r e p l ic a -p la t in g ,  fo r re s is ta n c e  to  a m p ic illin  (5Q pg/m l), te tra c y c lin e  

(1 2 .5 p g /m l), and  ch loram phen ico l (lO pg /m l). Those co lonies which 

were Cm^, Tc^, and  ApS were se lected  fo r  fu r th e r  a n a ly s i s . From 

th e  c lo n in g  e x p e r im e n ts  f iv e  Cm^, T c^, and  ApS co lon ies were 

iso la te d  from U g a tio n  mixes which in c lu d ed  chromosomal DNA is o la te d  

from ce lls  grown in  th e  absence of ch lo ram phen ico l, w hile 31 such  

c o lo n ie s  w ere i s o la te d  from  th e  p a r a l l e l  e x p e r im e n ts  w h e re in  

chromosomal DNA was p re p a re d  from c e lls  grown in  th e  p resen ce  of 

c h lo ra m p h e n ic o l .  R e s t r ic t io n  d ig e s t  a n a l y s i s  c a r r i e d  o u t  on  

m in i-p la s m id  p re p a ra tio n s  (M ethods, 2 .3 ) of each  of th e  p o s itiv e  

c o lo n ie s  r e v e a le d ,  in  a l l  c a s e s ,  a  com m on i n s e r t  b a n d  o f  

ap p ro x im a te ly  8 .5 -k b , a long  w ith th e  b an d  of 3-4kb co rre sp o n d in g  to  

l in e a r iz e d  v ecto r (F ig . 5 .1 ) .

S ev era l c r i te r ia  h av e  to  be fu lf i l le d  in  o rd e r  to  e s ta b l is h  t h a t  

th e  recom binan ts c a r ry in g  th e  8 .5 -k b  in s e r ts  a re  bo n a  f id e , th e se  

in c lu d e : ( i)  re s tra n sfo rm a tio n , to  dem onstrate  th a t  th e  d es ired  t r a i t



118

(ch loram phenicol re s is ta n c e )  is  c a r r ie d  by th e  recom binan t p lasm id ; 

(±L) enzyme a s sa y s  to  e s ta b lis h  th a t  ch loram phenico l re s is ta n c e  is  

m ediated by CAT r a th e r  th a n  a lte rn a tiv e  m echanism s, a n d . f in a l ly ,  

( i i i )  S o u th e rn 'b lo ttin g  to  show th a t  th e  in s e r t  DNA o r i^ n a te d  from 

th e  chromosome cf P . m ira b ilis  PMI3 r a th e r  th a n  any  o th er s t r a i n .

5 . 2 .2  R etransform ation

To e s ta b lish  th a t  th e  p lasm ids c a r ry in g  th e  8 . 5-k b  in s e r t  were 

in d eed  resp o n sib le  fo r th e  o b se rv ed  c h lo ra m p h e n ic o l r e s i s t a n c e ,  

p u r i f i e d  p la s m id  fro m  f o u r  o f t h e  8 .5 - k b  i n s e r t  c a r r y in g  

recom binants from each of th e  tra n sfo rm a tio n s  were p re p a re d . These 

p lasm id s were used to  s e p a ra te ly  transfo rm  E .coH  SK3430, an d  a f te r  

th e  h e a t shock ce lls  were sp read  onto P e n a s sa y -a g a r  supplem ented 

w ith  c h lo ra m p h e n ic o l a t  a  co n cen tra tio n  of 10;iig/ml. A random  

s e le c t io n  of c o lo n ie s  (100) c o r r e s p o n d i n g  to  e a c h  c l a s s  o f 

tra n sfo rm a n t were p a tc h -p la te d  onto P e n a s sa y -a g a r , grown o v e rn ig h t 

a t  37°C, and re p lie a -p la te d  onto P e n a s sa y -a g a r  co n ta in in g  e i th e r  

a m p ic i l l in  (50p g /m l) , te tra c y c lin e  (1 2 .5 p g /m l), o r ch loram phenico l 

(lO pg/m l). The re p lic a s  were exam ined (a f te r  o v e rn ig h t grow th a t  

37°C f o r  c o lo n ie s  in o c u la te d  on P e n a s s a y - a m p ic i l l in  a g a r  and  

P e n a s s a y - te t r a c y C l in e  a g a r ,  a n d  a f t e r  48 h o u rs  f o r  th o s e  on 

P en assay -ch lo ram p h en ico l) . All colonies proved to  be Cm^, Tc^, and  

ApS, th u s  dem onstra ting  th a t  th e  r e s is ta n t  de term in an ts  were each  

c a r r i e d  on th e  re c o m b in a n t p la s m id s ,  and  th a t  ch loram phenico l 

re s is ta n c e  was encoded by th e  8 .5 -k b  in s e r t .

One recom binant p lasm id  c a r ry in g  th e  8 .5 -k b  in s e r t  in  th e  same 

o r ie n ta tio n  from each  of th e  c lon ing  experim ents was se lected  fo r



FIG. 5*1 Plasm id co n s tru c tio n

C o n s tru c tio n  o f p la s m id s  pIClOO and  pIClOl , re fe r  to  te x t  f 

d e ta i ls .  - -, -
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fu r th e r  s tu d y . The p lasm id  cloned from chromosomal DNA p re p a re d  

from P .m irah H is  PM13 grown in  th e  p re se n c e  of c h lo ra m p h e n ic o l 

(CAT+ s ta te )  was d es ig n a ted  pIClOO, w hereas t h a t . c a r ry in g  in s e r t ' 

DNA p rep a red  from ce lls  grown in  th e  absence of ch loram phen ico l 

(CAT“ s ta te )  was d es ig n a ted  pIC lO l. Both recom binants c a r r ie d  th e

8 .5 -k b  in s e r t  in  th e  same o rie n ta tio n  in  pATI53 (F ig . 5 .1 ) .

5 . 2 .3  Assay of ch loram phenico l a c e ty ltra n s fe ra s e  a c tiv ity  

To confirm th a t  th e  chloram phenico l re s is ta n c e  ex p ressed  by E .co li 

SK3430 h a r b o u r in g  pIClOO o r pIClO l was due to ch loram phenico l 

a c e ty l tra n s f  e ra se  a c t iv i ty ,  a n d  n o t one o f th e  o th e r  r e s i s ta n c e  

mechanisms (d iscu ssed  in  C hap ter 1 ), th e  enzyme a c t iv i ty  of c ru d e  

c e ll e x tra c ts  were m easu red . I n i t i a l  a t te m p ts  to  m e a su re  CAT 

a c tiv ity  by th e  spectrophotom etric a s sa y  were u n su ccess fu l, and  th e  

more se n s itiv e  rad io m etric  a s sa y  h ad  to  be em ployed. E .c o li SK3430 

h a r b o u r in g  pBR32S, pIClOO, p IC lO l, o r  no p lasm id  were grown 

s e p a r a te ly  in  th e  p re s e n c e  of [ l^ C ] - l a b e l l e d  c h lo r a m p h e n ic o l  

(M eth o d s, 2 .3 )  a f t e r  w hich  e th y la c e ta te  e x tra c ts  of th e  growth 

medium were chrom atographed  on th in  la y e r  sh ee ts . F ig . 5 .2  shows 

an  a u to ra d io g ra p h  from such an  experim ent, show ing th a t  a c e ty la te d  

p ro d u c ts  (m arked with a rro w s) on ly  o c c u r  in  t r a c k s  c o n ta in in g  

pBR32S (p o sitiv e  c o n tro l) , pIClOO, and  pIC lO l. This dem onstrates 

t h a t  th e  8 .5 -k b  i n s e r t  en co d es  a  g e n e  f o r  c h lo r a m p h e n i c o l  

a c e ty l tra n s f  e r a s e .



FIG. 5 .2  M easuring CAT a c tiv ity  in  c ru d e  ce ll e x tra c ts  

R ad io m e tric  d e m o n s tra t io n  o f CAT a c t iv i t y  in  c ru d e  c e l l  

e x tra c ts  from E .co li SK3430 h a rb o u rin g  pIClOO (la n e  1 ), pIClO l 

( lan e  2) or pBR328 ( la n e  5 ). Lanes 3 and  4 co n ta in  n eg a tiv e  

con tro ls which co rrespond  re sp ec tiv e ly  to  e x tra c ts  from E .co li 

SK343O (no p lasm id ) an d  M eth y lo p h ilu s  m e th y lo tro p h u s , a n  

o b lig a te  m ethylotroph which h as  been dem onstrated to  la c k  both  

CAT a c tiv ity  and  a  c a t  gene. (Beschle e t a l . ,  1984).
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5 .2 .4  Southern b lo ttin g  of the  P .m ira b ilis  PMI3 chromosome

As a  means of v e rify in g  th a t  th e  8 .5 -k b  in s e r t  re sp o n sib le  fo r  

ch loram phenicol re s is ta n c e ” in  pIClOO an d  pIClO l o r ig in a te d  from th e  

P .m ira b ilis  PMI3 chromosome, Southern  h y b r id iz a t io n  e x p e r im e n ts  

were c a r r ie d  ou t u s in g  th e  n ic k - tra n s la te d  8 .5 -k b  f ra g m e n t, and  th e  

c a t  c o n se n su s  20-m er o l ig o n u c le o tid e  a s  p ro b e s  ( C h a p te r  1 ) .  

C hrom osom al DNA p r e p a r e d  from  P . m ira b il is  PMI3 grown in  th e  

p resence and  absence cf ch loram phenico l were s e p a ra te ly  d igested  

with P s t I , and  e lec trophoresed  th ro u g h  a  0.7% (w /v) a g a ro se  g e l. 

N egative con tro ls  of P s tI  d ig ests  of P . m irab ili s PM2, P ro v id e n c ia  

s t u a r t i  P6 a n d  M e th y lo p h ilu s  m e th y lo tro p h u s  (A Sl) DNA w ere 

in c lu d ed , and  th e  re su lt in g  frag m en ts  t ra n s fe r re d  to  n itro ce llu lo se  

by th e  method of Southern (Method, 2 .3 ) . The 8 .5 -k b  h y b rid iz a tio n  

probe was p re p a re d  by d ig estin g  p lasm id  pIClCX) w ith  P s t I , a n d  

s e p a r a t i n g  th e  i n s e r t  aw ay  from  th e  v e c to r  by e lec tro p h o res is  

th ro u g h  a  0.7% (w /v) ag a ro se  g e l. The 8 .5 -k b  in s e r t  b an d  was c u t 

from th e  g e l, th e  DNA recovered  by th e  optim ized "freeze-squeeze" 

method, and  s u b se q u e n tly  n i c k - t r a n s l a t e d .  The c a t  c o n s e n su s  

o ligonucleo tide was e n d -lab e lle d  with [32p] (M ethods, 2 .3 ) .  F ig .

5 .3  shows p h o tog raphs of a u to ra d io g ra p h s  produced by h y b r id iz in g  

th e  8 . 5-k b  probe (b ) ,  and  th e  c a t  consensus o ligonucleo tide  (c) to  

th e  n itro c e llu lo s e  f i l t e r .  H y b r id iz a t io n  h a s  o c c u r re d  in  b o th  

in s ta n c e s  to an  8 .5 -k b  frag m en t in  P . m irab ilis  PMI3 chromosomal 

DNA. This su g g ests  th a t  th e  8 .5 -kb  in s e r t  from p lasm id  pIClOO (an d  

by in fe ren ce  pIC lO l) o r ig in a te d  from P . m irab ilis  PMI3 . P erh ap s  not 

s u rp r is in g ly  th e  8 .5 -k b  P stI probe a lso  h y b rid ized  to an  e q u iv a le n t 

l o c u s  i n  t h e  c h r o m o s o m e  o f  P . m i r a b i l i s  PM2, h o w e v e r
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th is  chromosomal locus did not h y b rid iz e  to  th e  c a t  consensus ac tiv e  

s ite  o lig o n u c le o tid e  p ro b e , i n d i c a t i n g  t h a t  in  t h i s  s t r a i n ,  no 

fu n c tio n a l c a t  gene is  p re se n t. v, . - - ■ . ' »: ■

5 . 2 .5  R estric tion  m apping of pIClOO and  pIC lO l . ; • .. , -

The p lasm id s pIClOO and  pIClO l were d ig ested  w ith a  se rie s  of 

re s tr ic tio n  enzym es, and  e lec trophoresed  th ro u g h  e ith e r  0.7% o r 1.5% 

(w /v) ag a ro se  ge ls  (F ig . 5 .4 ) . A re s tr ic t io n  map fo r  both p lasm ids 

was co n s tru c ted , and  was found to be in d is t in g u is h a b le  fo r  those  

enzymes te s ted  (F ig . 5 .5 ) .



F ig . 5 .3  Southern b lo ttin g  of th e  P .m irab ilis  chromosome

(a )  P hotograph  of an  ethidium  bromide s ta in ed  a g a ro s e  g e l 

(0 .7%) show ing th e  b an d in g  -pattern  produced :When chromosomal 

DNA sam ples from th e  follow ing s tr a in s  were d ig ested  w ith th e  

re s tr ic t io n  endonuclease  P s t I : (B) ASl, (C) P rovidence s tra in  

P6 NCTC 8113, (D) P .m irab ilis  PM2, (E) P .m ira b ilis  PMI3 (50),

(F) P . m ira b ilis  PMI3 (CmO). F ig u res  in  p a ren th eses  re p re se n t 

th e  co n cen tra tio n  of ch loram phenico l ce lls  were grown in  p r io r  

to  l y s i s  a n d  DNA p r e p a r a t i o n .  T r a c k  (A) c o n ta in e d  

ph ag e  \DNA d ig ested  with Hind l l l  (a s  size m a rk e rs ) . T racks

(G) an d  (H) were P s tI  d igests  c f pIClOO and  were in c lu d e d  as  

h y b rid iz a tio n  and  v isu a liz a tio n  p o sitiv e  con tro ls  re sp e c tiv e ly .

(b ) A u to ra d io g ra p h  o f th e  DNA in  ( a )  a f t e r  t r a n s f e r  to  

n itro ce llu lo se  by th e  method of Southern , and  h y b rid iz a tio n  to  

th e  8 .5 -k b  n i c k - t r a n s l a t e d  P stI  in s e r t  frag m en t of pIClOO. 

H yb rid iza tio n  h as  occurred  to  P . m irab ilis  PMI3 ch ro m o so m al 

DNA ( tra c k s  E an d  F ) , and  to th e  taxonom ic a l ly  re la te d  s tra in  

PM2, a s  w ell a s  th e  p la sm id  p o s i t iv e  c o n tro l  (G ). No 

h y b rid iz a tio n  was seen to th e  chromosomal DNA from ASl or 

P rovidence p6.

(c) A u to rad io g rap h  of th e  DNA shown in  (a )  a f te r  t r a n s f e r  to  

n i t r o c e l lu lo s e ,  a n d  h y b r id iz a t io n  to  a  y  [ ] - l a b e l l e d  

c o n s e n su s  o l ig o n u c le o t id e  - d irec ted  a t  th e  h ig h ly  conserved  

a c tiv e  s ite  reg ion  of c a t . Both tra c k s  co n ta in in g  DNA iso la te d  

from PMI3 y ie ld  a  p o s itiv e  h y b rid iz a tio n  s ig n a l (E, an d  F) as 

d id  th e  p o s itiv e  h y b rid iz a tio n  con tro l (G) arrow ed .
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FIG.5 .4  Restriction d igests of plasm ids pIClOQ and pIClOl

(a )  P hotograph  of an  ethidium  brom ide s ta in e d  a g a ro s e  g e l

(0 .7 % ) sh o w in g  th e  b a n d in g  p a t t e r n  p ro d u c e d  w hen th e

p lasm ids pIClOO ( tra c k s  1, 3, 5, 7, 9> H ,  13, 15 and  17) and

pIC lO l ( tra c k s  2, 4, 6, 8, 10, 12, l4 , l6  and  l8 ) were d igested  

with th e  re s tr ic tio n  endonucleases Clal ,  BamHI, EcoRI , S a i l , 

H in f l, P s t I , H ind l l l ,  Xhol and  PvuI I .

(b) P ho tograph  cf an  ethidium  brom ide s ta in e d  a g a ro s e  g e l

(1.5% ) sh o w in g  th e  b a n d in g  p a tte rn  produced when pIClOO 

(tra c k s  2, 4, 6 and  8) and  pIClO l ( tra c k s  3, 5, 7 an d  9) were 

d ig e s te d  w ith  th e  enzym es C la l ,  H in f l, TaqI ,  an d  S au3A. 

T rack  1 was a  H infl d ig est cf p lasm id  pATI53 as  s ize m ark ers .

Both p lasm ids produced th e  same size re s tr ic tio n  frag m en ts  

when d ig ested  with th e  above enzym es. The s ig n if ic a n c e  cf th e  

re s tr ic t io n  d ig est p a tte rn  is  d iscussed  in  C hapters 6, 7 an d  8.
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FIG. 5 .5 Restrictj.on map cf pIClOO (an d  pIClO l)

The map was com piled u s in g  re s tr ic t io n  endonucleases Clal ,  

EcoRl, Hind l l l ,  P s tl  and  S a i l . The b la c k  box bounded by 

s ite s  fo r  EcoRl  and  Clal  rep re sen ts  th e  sm allest, r e s t r i c t io n  

frag m en t detected  by h y b rid iz a tio n  to  th e  consensus ac tiv e  s ite  

o ligonucleo tide  (C harles  e t a l . , I 985) .
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5 .2 .6  L ocalization  cf th e  c a t gene w ithin  th e  8 .5 -k b  in s e r t

The sequence around  th e  a c tiv e  s ite  reg ions of s e v e ra l d iffe re n t 

c a t  genes from g ram -n eg a tiv e  and  g ram -p o sitiv e  b a c te r ia  is  h igh ly" 

conserved  (Shaw , I 9 8 3 ) . A 2 0 -b a se  s y n th e t ic - .o l ig o n u c le o t id e ,  

com plem entary to  th e  coding  s tra n d  of th e  ac tiv e  site- reg ion  of th e  

gene fo r  a  ty p e  I  CAT h as  been used  (Beschle ^  a l . ,  1984) to  

i d e n t i f y  n o v e l ,  a s  w ell a s  know n c a t  e lem en ts  b y  DNA:DNA 

h y b rid iz a tio n . This sy n th e tic  o ligonucleo tide  5'-CCATCACAGACGGCAT 

GATG-3' was used  to lo ca te  th e  c a t  gene w ithin th e  8 .5 -k b  of cloned 

i n s e r t  o f p IC lO O . H y b r i d i z a t i o n  o f t h e  îf [ 3 2 p ] - l a b e l l e d  

o ligonucleo tide y ie ld ed  re su lts  which were in te rp re te d  as  ev idence 

fo r th e  lo c a liz a tio n  of th e  c a t  gene on a  500-bp frag m en t lo ca ted  

n e a r  one end of th e  in s e r t  (F ig . 5 .6 ) .



FIG. 5*6 L ocalisa tion  of th e  c a t gene in  pIClOO 

Agarose gel (0.7%) show ing en d o n u clease  d ig e s t  p a t t e r n  of 

pIClOO a f t e r  e th id iu m  b ro m id e  s ta in in g . ^ (a )  Lanes a f te r  

d ig estio n  with th e  fo llow ing enzym es: A, Clal  ; B, C lal  and  

P s t l ; C, Clal ,  P s t l , and  PvuI I ; D, C lal ,  P s t l , and  Hind l l l ;  

E, C lal ,  P s t l , EcoRI  and  S a i l , (b) A uto rad iog raph  of th e  DNA 

sh o w n  in  p a r t  ( a )  a f t e r  t r a n s f e r  to  n i t r o c e l lu lo s e  a n d  

h y b rid iz a tio n  with a  y - [3 2 p ]-la b e lle d  co n sen su s c a t  a c t iv e  

s ite  o ligonucleo tide .
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5 .2 .7  C loning th e  P .m ira b ilis  PM13 ca t  gene by use  of a  

h y b rid iz a tio n  probe

Chromosomal DNA iso la te d  from c e lls  of P . m irabH is PM13 grown 

in  th e  absence of ch lo ram phen ico l was d ig ested  w ith P s tl  and  l ig a te d  

in to  p lasm id  pAT153 a s  d esc rib ed  e a r l ie r  in  th is  c h a p te r .  Competent 

c e lls  of E .c o li SK3430 w ere t r a n s f o rm e d  w ith  th e  l i g a t i o n  m ix , 

(M e th o d s , 2 .3 ) ,  s p r e a d  o n to  L - a g a r  p la t e s  s u p p le m e n te d  w ith 

te tra c y c lin e  a t  a  co n cen tra tio n  of 2Qpg/ml, an d  were allow ed to  grow 

o v e r n ig h t  a t  37°C . The r e s u l t i n g  c o lo n ie s  w ere t r a n s f e r r e d  to  

n i t r o c e l lu lo s e ,  a n d  h y b r id iz e d  to  a n  x  [3 2 p ] - l a b e l l e d  p r o b e  

com pris ing  th e  e n tire  773-bp c a t  in s e r t  of plC025. F ive  s e p a ra te  

co lonies show ing p o s itiv e  h y b r id iz a t io n  s ig n a l s  ( F ig .  5 .7 )  w ere  

p ick ed  in to  M9 medium (M ethods, 2 .3 ) ,  d ilu te d , an d  re p la te d  onto 

te t ra c y c l in e -a g a r  p la te s  (20pg/m l) so as  to  g ive a p p ro x im a te ly  ICO 

colonies p e r  p la te .  A fter o v e rn ig h t grow th th e  colonies were once 

a g a in  tra n s fe r re d  to  n itro c e llu lo se  and  su b jec ted  to  a n o th e r  ro u n d  of 

h y b r id iz a tio n  to  th e  ^  [3 2 p ]- la b e lle d  773-bp c a t  in s e r t  from plC025 

(s e e  C h a p te r  4 ) .  An i n d i v i d u a l  co lo n y  s h o w in g  a  p o s i t i v e  

h y b r id iz a t io n  s ig n a l  from each  of th e  f iv e  s e p a ra te  iso la te s  was 

p ic k e d , and  grown o v e rn ig h t on a n  L -a g a r  p la te  supplem ented  w ith 

te tra c y c lin e  a t  a  co n cen tra tio n  of 2Qpg/ml. I n d iv id u a l  colonies from 

each  p la te  were th e n  grown o v e rn ig h t in  L -bro th  an d  su b jec te d  to  

th e  m in i-p lasm id  ly s is  p ro ced u re  d esc rib ed  in  Methods (2 .3 ) .  F ig .

5 .8  shows th e  r e s u l t  of d ig e s tin g  each  of th e  r e s u l t in g  f iv e  p lasm id s  

(nam ed plC2CX) to  plC204) w ith P s t l . In  each  c a se , an  8 .5 -k b  b a n d  

was id e n tif ie d , co rresp o n d in g  in  s ize  to  th e  P s tl  in s e r ts  in  plClOO 

and  p lC lO l.



F ig  5 .7  S creen ing  a  P .m irah iliR  PMI3 chromosomal DNA l ib r a r y  

The H b ra ry , co n stru c ted  in  th e  vector pAT153, was screened  

f o r  th e  p re s e n c e  o f th e  c a t  gene. In  th e  f i r s t  round  of 

s c r e e n i n g  f i v e  s e p a r a t e  c o lo n ie s  r e t u r n i n g  p o s i t i v e  

h y b rid iz a tio n  s ig n a ls  to  th e  [32p]- la b e lle d  8 .5 -k b  P s tl  c a t 

probe were p ick ed . In  each  case  th e  p resence of th e  c a t gene 

was v e rifie d  by re -sc re e n in g  (second ro u n d , num bered 1 to  5)« 

The re su ltin g  p lasm ids were named plC200, plC201, p iC 202, 

plC203, and  plC204 re sp e c tiv e ly .
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SECOND ROUND

J h ^ .



F ig . 5 .8  A nalysis of c a t-c o n ta in in g  recom binants by 

e le c tr  op ho r e s is

P ho tograph  cf an  eth id ium  bromide s ta in e d  ag a ro se  gel (0.7%) 

show ing ( tra c k s  1 to  5) f iv e  recom binants a r is in g  from th e  

sc reen in g  experim ent (see F ig . 5*7) d igested  w ith .P s t l . The 

band  a t  th e  top  cf th e  g e l re p re se n ts  a  p a r t ia l  d ig e s t p ro d u c t, 

and  i s  p ro b ab ly  lin e a r iz e d  p lasm id . The m iddle band  is  th e  

8 . 5-k b  c a t co n ta in in g  in s e r t  (found in  pIClOO and  p IC lO l), 

while th e  low er ban d  re p re se n ts  th e  vecto r pAT153«



s i z e  in kb
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5 .2 .8  Do th e  p lasm ids pIC200 to  pIC204 confer re s is ta n c e  to 

ch loram phenico l

In  o rd e r  to  t e s t  w h e th e r  o r no t th e - f iv e  p lasm ids pIC200, 

pIC 201 , pIC 202 , p IC 203 , a n d  pIC 204 c o n fe r r e d  r e s i s t a n c e  to  

c h lo ra m p h e n ic o l ,  r e p l i c a - p l a t i n g  e x p e r im e n ts  were c a r r ie d  o u t. 

S tr a in s  o f E .c o l i  SK3430 h a r b o u r in g  th e  a b o v e  p la s m id s  w ere 

re p H c a -p la te d  (a lo n g  with pIClO l as  a  p o s itiv e  co n tro l, and  th e  host 

s tr a in  alone as  a  n eg a tiv e  con tro l) from L -a g a r  p la te s  onto L -a g a r  

supplem ented with te tra c y c lin e  (20pg/m l) thence onto ch loram phenico l 

(lO pg/m l) and f in a l ly  c h lo ra m p h e n ic o l (5Q >ig/m l). The s t r a i n s  

h a rb o u rin g  th e  p lasm ids pIC200, pIC201, pIC202, pIC203, and  pIC204 

showed a  s im ila r  re s is ta n c e  p a tte rn  to  th e  s tr a in  h a rb o u rin g  pIClO l 

in  th a t  grow th was supported  on L -a g a r  p la te s  supplem ented with 

ch loram phenicol a t  a  concen tra tion  of lO pg/m l, b u t not on any  h ig h e r  

co n cen tra tio n s  of th e  a n tib io tic . This CAT ex p ressio n  d a ta  su g g ests  

th a t  th e  c a t genes h a rb o u red  by pIC200, pIC201, pIC202, pIC203, and  

pIC204 a re  in d is t in g u is h a b le  from those h a rb o u red  by pIClOO and  

pIC lO l.
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5.3 S um m ary

The c a t  g ene(s) of P . m ira b ilis  PM13 have  been cloned as  8 .5 -k b  

P s tl  frag m en ts  from chromosomal DNA iso la te d  from P .m ira b ilis  PM13 

g row n b o th  in  th e  p resence (pIClOO) o r th e  absence  (pIC lO l) of 

ch lo ram phen ico l. Id e n tic a l  re s tr ic t io n  maps were produced from both 

p lasm id s  when d igested  with th e  enzymes Clal ,  EcoRI , Hlnd l l l , P s tl  

and  S a i l .

T h e  c a t  g en e  w as a ls o  c lo n e d  by  a  s t r a t e g y  in v o lv in g  

h y b r id iz a tio n  of a  P . m ira b ilis  PM13 g en e-b an k  to  an  [3 2 p ]-lab e lled  

ty p e  I  c a t  p ro b e . The f iv e  recom binant p lasm ids iso la te d  (pIC200 to  

pIC204) were a l l  dem onstrated-±o co n ta in  an  8 .5 -k b  P s tl  in s e r t ,  and  

to  produce low CAT le v e ls ,  and  th u s  were in d is t in g u is h a b le  from 

pIClOO and  pIC lO l.

The ex p ress io n  cf th e  P . m ira b ilis  PM13 c a t  gene in  an  E .co li 

h ost was v ery  poor and  CAT could be detected only vjith th e  sen s itiv e  

rad io m etric  a s s a y . This in i t i a l ly  ra is e d  th e  query  as  to  w hether o r 

not th e  e n tire  coding and  con tro l reg ions fo r  th e  gene h ad  been 

c l o n e d .  H o w e v e r , r e s t r i c t i o n  m a p p in g  in  c o n ju n c tio n  w ith  

o lig o n u c leo tid e -d irec ted  actL ve-site  p ro b in g  lo ca ted  th e  a c t i v e - s i t e  

ap p ro x im ate ly  1 .5 -kb  aw ay from P s tl  s ite  a t  one end of th e  frag m en t 

( th is  was l a t e r  confirm ed by sequencing  (C hap ter 7 ) ) .  Based on th e  

know ledge of th e  s ize of o th e r c a t  genes, th is  was ju d g ed  to  be 

su ff ic ie n t DNA to  encode th e  r e s t  cf th e  s t r u c tu r a l  gene and  s t i l l  

l e a v e  e n o u g h  room f o r  t r a n s c r i p t i o n a l  i n i t i a t i o n  a n d  p o ss ib le  

t r a n s la t io n a l  con tro l elem ents. The absence of h ig h - le v e l ex p ress io n



126

of th e  P . m ira b ilis  c a t  in  E .coH  m ight be re la te d  to  th e  g en e ra l 

problem  of th e  an o m alo u s  e x p re s s io n  w hich  h a s  b een  o b s e rv e d  

re c ip ro c a lly  betw een genes in  E .coli and  P . m ira b ilis  (Baum berg > et- 

a l . , I 98O; Baum berg and  D ennison, 1975)* '

B ec au se  th e  e x p re s s io n  of th e  P . m ir a b i l i s  PMI3 c a t  gene 

h a rb o u red  by pIClOO and  pIClOl in  E .co li SK3430 (IClOO and  ICIOI 

re sp e c tiv e ly )  was v ery  low , a ttem pts were made to  in c re a se  c a t  gene 

ex p ress io n  by grow ing IClOO and  ICIOI on in c re a s in g ly  h ig h  lev e ls  

cf ch lo ram phen ico l. T hat i s ,  th e  s tra te g y  invo lved  a  re c a p itu la tio n  

o f th e  p ro c e d u re  u se d  to  d e te c t  th e  e n h a n c e m e n t phenom enon  

o r ig in  a l l y  o b s e rv e d  f o r  c h lo ra m p h e n ic o l re s is ta n c e  in  w ild -type  

P . m ira b ilis  PMI3 . Such e ffo rts  to  p roduce h ig h  le v e l ch loram phenicol 

re s is ta n c e  colonies f a i le d ,  a  r e s u l t  which su ggested  th a t  a lth o u g h  

th e  c a t  gene h a s  been cloned su ccessfu lly  from P . m ira b ilis  PMI3 in to  

E . c o li , th e  enhancem ent phenomenon h as  n o t.

The eq u a tio n  of C larke and  Carbon (1976) d escrib es th e  num ber 

of recom binan t clones re q u ire d  to  co n ta in  an  e n tire  genome in  any  

c lon ing  s tr a te g y .  The p ro b a b ility  (P) th a t  a  u n iq u e  sequence is  

co n ta in ed  w ithin a  se t c f N recom binant tra n sfo rm an ts  i s  g iven  by

P = 1 -  (1 -  f)N

where f  i s  th e  av e rag e  re s tr ic tio n  frag m en t s ize  as  a  f ra c tio n  cf 

to ta l  genome s iz e . This can  be re a rra n g e d  to  g ive

N = In  (1 -  P)

In  (1 -  f)
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In  th e  c lon ing  experim ent d escrib ed  fo r  th e  P . m irab ilis  PMI3 c a t  

gene, (fo r DNA p re p a re d  from c e lls  grow n, in  th e  p re s e n c e  a n d  

absence of ch loram phenico l) i f  an  av e ra g e  in s e r t  of app rox im ate ly  

4 .3 -k b  is  assum ed, and  th e  P . m ira b ilis  PMI3 genome is^ ta k e n  to  be 

th e  same size  as  th a t  c f E .c o li , th en  ...

N = In  (1- 0 . 99)___________  = 4 .6  X 1q3

In  [ l - ( 4 . 3/ 4 .3  X 1q3)]

T herefore , on a v e ra g e , 4 .6  x 1q3 recom binants must be screened  in  

o rd e r  to  hav e  a  99% chance cf c lon ing  th e  c a t  gene. Had th e re  been 

any  la rg e - s c a le  am p lifica tio n  cf th e  P .m ir a b i l i s  PMI3 c a t  g e n e , 

( c o n s i s te n t  w ith  th e  m a ss iv e  i n c r e a s e  in  CAT le v e l s  seen  in  

c h lo ra m p h e n ic o l-re s is ta n t ce ll  ̂ popu la tions ), th en  such a  phenomenon 

would be re flec ted  in  th e  ease  with which th e  gene m ight be expected 

to  b e  c l o n e d .  E x p e r i m e n t a l l y ,  f i v e  p o s i t i v e  c lo n e s  ( i . e . 

c h lo ra m p h e n ic o l r e s i s ta n t ) ,  were iso la te d  from DNA p re p a re d  from 

ce lls  grown in  the  absence of ch lo ram phen ico l, w hile 31 p o s i t iv e  

c lo n e s  w ere i s o la te d  from DNA p re p a re d  from ce lls  grown in  th e  

p resence cf ch lo ram phen ico l. This re p re se n ts  a  s ix -fo ld  in c re a se  in  

freq u en cy  of c lon ing  of th e  c a t  gene from DNA p re p a re d  with ce lls  

grown in  th e  p resence of ch loram phenico l com pared with those  grown 

in  th e  absence  of a n t ib io t ic . I t  i s  unknown w hether o r not th is  

s ix -fo ld  in c re a se  h as  any  s ig n if ic an ce  as  f a r  as  th e  enhancem ent 

p henom enon  i s  concerned . The h ig h e r  num ber c f  p o s itiv e  clones 

(ch lo ram phen ico l r e s is ta n t) ,  recovered  from ch loram phenico l r e s is ta n t  

P .m i r a b i l i s  PMI3 DNA i s ,  h o w ev er, more lik e ly  to  re p re se n t an  

u n re la te d  in c re a se  in  th e  e ffic iency  c f  l ig a t io n  a n d /o r  tran sfo rm a tio n  

in  those  ex p erim en ts.
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The question  cf gene am p lifica tio n  in  P .m irab ilis  PM13 a s  a  

p o ssib le  mechanism fo r  th e  enhancem ent phenomenon is  th e  su b jec t of 

experim ents in  C h ap te r 6. - . • -



CHAPTER 6

CHROMOSOMAL ORGANIZATION AND EXPRESSION 

OF THE P.MIRABILIS PM13 CAT GENE
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CHAPTER 6 ; CHROMOSOMAL ORGANIZATION AND EXPRESSION OF 

THE P , MIRABILIS PMIR CAT GENE

6.1  INTRODUCTION -  ‘ "

The e x p e r im e n ts  c a r r ie d  ou t in  C hapters '3 an d  "4 c la r if ie d  

c e r ta in  fe a tu re s  ab o u t th e  enhancem ent of ch loram phenico l re s is ta n c e  

in  P . m ira b ilis  PM13. The phenomenon a p p e a rs  to  in v o lv e  m utation , 

in  t h a t  p re -e x is t in g  m utan t ce lls  (w hich occur spon tan eo u sly  a t  a  

fre q u e n cy  of betw een 10-^ and  10” 5 p e r  c e ll p e r  g e n e ra tio n ) , a re  

se lec ted  by exposu re  to  ch loram phenico l and  a re  m ain ta ined  in  th e  

p o p u l a t i o n  f o r  so  l o n g  a s  t h e y  a r e  u n d e r  su c h  s e le c t io n .  

B ack-m utation  (estim ated  as  o ccu rrin g  a t  a  freq u en cy  of 10“2 p e r  

c e ll p e r  g en era tio n  ), p lu s  co u n te r-se lec tio n  a g a in s t  r e s is ta n t  ce lls  in  

th e  absence of ch lo ram phen ico l were ju d g ed  to  account fo r  th e  lo ss  c f 

r e s i s t a n t  c e l l s  from  a  p o p u la t io n  p ro p a g a te d  in  a n tib io tic -f re e  

medium.

S p o n ta n e o u s  p o in t  m u ta tio n s  which in a c t iv a te  gene fu n c tio n  

g e n e ra lly  occur in  b a c te r ia  a t  a  r a te  of betw een 10-8 a n d  10“ 7 

even ts p e r  locus p e r  g e n e ra tio n . B ack-m utations to  re s to re  gene 

fu n c tio n , may be more sp ec ific  and  occur ty p ic a lly  a t  a  10-fold low er 

r a te  (D rake, 1970). Whereas p o in t-m u ta tio n s  were b e lieved  form erly  

to be th e  p r in c ip a l  means of change  cf in d iv id u a l  genes, i t  h as  

becom e c l e a r  r e c e n t ly  t h a t  g en e  ex p ress io n  in  p ro k a ry o te s  and  

eu k ary o tes  may be m odulated by o th e r ty p es  of change  in  DNA, ones 

which may occur a t  h ig h e r  freq u en cy  th a n  p o in t m u ta tio n s. These 

in c lu d e :
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( i)  gene a m p lif ic a tio n ;

( il)  spec ific  and  re v e rs ib le  DNA in v e rs io n s ;

( i i i )  DNA in se r tio n s  an d  d e le tio n s  v ia  tra n sp o s itio n  even ts  ;

( iv )  gene c o n v e rs io n . ' -

Any of th e se  above m echanism s cou ld , in  th e o ry , accoun t fo r th e  

enhancem ent of ch lo ram p h en ico l r e s i s ta n c e  in  P . m i r a b i l i s  PMI3 . 

Since th e  c a t  gene h ad  been cloned (C h ap ter 5) from DNA p re p a re d  

from ce lls  grown in  th e  p resen ce  and  th e  absence of ch lo ram phen ico l, 

i t  w as d e c id e d  to  u se  them  a s  p ro b e s  in  S o u th e rn - b lo t  a n d  

he terodup lex  experim en ts  :

(a ) to  se a rc h  fo r  ch an g es in  th e  chromosomal o rg a n iz a tio n  cf 

DNA u n d er such co n d itio n s  a n d , in  p a r t ic u la r ,  fo r  ev idence of gene 

am p lifica tio n  a n d /o r  DNA re -a r ra n g e m e n ts , and

(b) to  exam ine th e  o rg a n iz a tio n  cf th e  8 . 5-kb  cloned frag m en t c f 

P . m irab ilis  DNA in  both  pIClOO an d  pIClO l by hetero  duplex  a n a ly s is .

The p o ssib le  co n tro l mechanisms noted above a l l  o p e ra te  a t  th e  

t r a n s c r ip t io n a l  le v e l ,  e i th e r  th ro u g h  in c re a s in g  gene ex p ress io n  v ia  

gene dosage (am p lif ica tio n ) o r by movement c f a  h ith e rto  sH en t copy 

of th e  gene to th e  co n tro l of an  effective  prom oter. In  p ra c tic e
I
I p o s t - t r a n s c r ip t io n a l  c o n tr o l  m ech an ism s c a n  a ls o  c o n tro l  g en e  

ex p ress io n  (see C hap ter 1 fo r  re fe re n c e s ) . To exam ine w hether or 

no t su ch  m ech an ism s p la y e d  a n y  p a r t  in  th e  e n h a n c e m e n t of 

ch loram phenico l re s is ta n c e  in  P . m irab ilis  PMI3 , "N orthern" DNAiRNA 

h y b rid iz a tio n s  were perform ed w ith RNA iso la te d  from c u l tu r e s  o f 

P . m i r a b i l i s  PM I3 g row n  in  th e  p re s e n c e  a n d  th e  a b s e n c e  of 

ch lo ram p h en ico l.
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6.2  RESULTS

6 .2 .1  Gene am p lifica tio n

Gene am p lifica tio n  is” & w idesp read  phenomenon in  p ro k ary o tes  

(A nderson and  Roth, 1977)» and  th e  freq u en cy  of am p lifica tio n  w ith in  

th e  genome often depends on th e  p resen ce  of a  system fo r  homologous 

reco m b in a tio n . P .m ira b ilis  sp . can  am plify  c a t  genes c a r r ie d  on 

p la s m id s  su ch  a s  NRl when g row n  in  h ig h  c o n c e n tr a t io n s  of 

ch loram phen ico l (Rownd and  N ickel, 1971), and  chrom osom al g en e  

am p lifica tio n  h as  accounted fo r  in c re a se d  chloram phenico l re s is ta n c e  

m ediated by CAT in  E .co li (Meyer and  l i d a ,  1979) a n d  a ls o  in  

B. s u b tl l is  (Young, 1984).

A process of re v e rs ib le  gene am p lifica tio n  can  be im agined  to  

accoun t fo r th e  a p p e a ra n c e  and th e  d isap p e a ran ce  cf ch loram phenico l 

r e s i s ta n c e  in  P . m i r a b i l i s  PM13. To t e s t  t h i s  h y p o th e s is , th e  

P .m ira b ilis  PM13 genome was exam ined by  S o u th e rn  b lo t t in g  f o r  

ev idence of se lec tiv e  am p lifica tio n  of th e  c a t  gene.

Chromosomal DNA was p re p a re d  (M ethods, 2 .3 ) from P .m ira b ilis  

I PM13 c e lls  grown in  0 , 50, 100 , 200 o r  500pg  of ch loram phen ico l p e r 

ml. E ach  DNA sam ple (3m§) was d ig ested  with P s tl  and  su b jec ted  to  

e le c t r o p h o re s is  th ro u g h  a  0.7% ( w /v) ag a ro se  ge l a t  I 5OV fo r  2 

h o u rs . A p o s itiv e ly  h y b rid iz in g  co n tro l of pIClOO d ig ested  w ith P s t l  

was lo ad ed  a t  a  con cen tra tio n  co rresp o n d in g  to  th a t  c a lc u la te d  fo r  a  

s in g le  copy cf th e  gene. Phage X  DNA d igested  w ith Hind l l l  was 

lo a d e d  as  size  m ark ers . When th e  g e l h ad  ru n , i t  was s ta in e d  with 

eth id ium  brom ide, p h o to g rap h ed , and  tra n s fe r re d  to  n i t ro c e llu lo s e
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p a p e r  (M ethods, 2 .3 ) . An <p< [3 2 p ]-lab e lled  p robe , com prising  th e  

e n tire  P . m irab iH s PMI3 c a t  gene on a  P s t l - Clal  frag m en t from pIClOO 

was used to  detect th e  p resence cf chromosomal c a t  genes [M ethods,

2 .3 ). E f fo r ts  w ere m ade to  e n s u re  t h a t  a n  e q u a l  - am o u n t o f 

c h ro m o s o m a l DNA w as l o a d e d  in  e a c h  of th e  t r a c k s .  The 

a u to ra d io g ra p h  in  F ig . 6 .1  show s t h a t  th e r e  i s  no s ig n i f i c a n t  

d i f f e re n c e  in  h y b r id iz a t io n  s ig n a l  i n t e n s i t y  in  th e  re s tr ic t io n  

frag m en ts  a r is in g  from DNA p rep a red  from c e lls  w hich  h a d  b een  

grown in  th e  p resence of ch loram phenicol as com pared with those  

which h ad  n o t. The h ig h e r f r a c t io n  o f h ig h  m o le c u la r  w e ig h t 

DNA-fragments in  la n e s  C, D and  E (m arked with a rro w s) in d ic a te s  

th a t  sam ples in  th ese  tra c k s  had  not cu t to com pletion. In  o rd e r  to  

f u r t h e r  c h a ra c te r iz e  th ese  h y b rid iza tio n  d a ta ,  th e  a u to ra d io g ra p h  

g e l t ra c k s  were scanned  a t  550nm u sin g  an SPI8OO spectrophotom eter 

f i t te d  with d en sity  t r a c in g  f a c i l i ty .  The re su lt in g  t ra c e  is  shown in  

F ig . 6 .2 . In te g ra tio n , and  summation of th e  m ajor and  minor p e a k s , 

a n d  c o m p a riso n  w ith  th e  n o tio n a l v a lu e  of u n ity  fo r  th e  pIClOO 

I co n tro l p roduces th e  v a lu e s  of 2 .5 :1 , 2 .4 :1 , 2 .6 :1 , 3 .0 :1  and  3 .1 :1  

; fo r  th e  tra c k s  C th ro u g h  G re sp e c tiv e ly . The re su lts  su p p o rt th e  

con ten tion  th a t  th e re  i s  no am p lifica tio n  c f  c a t  when P . m ira b ilis  

PMI3 i s  grown in  th e  p resence of ch loram phenico l.



FIG. 6.1

Agarose (0.7%) g e l e lec trophoresis  (a ) of P s tl d ig ests  of (A) 

pIClOO a t  h ig h  concen tra tion  fo r v isu a liz a tio n  with ethidium  

b ro m id e  a n d  (B) pIClOO a t  a  c o n c e n tra t io n  e s tim a te d  to  

co rrespond  to  app rox im ate ly  one copy of c a t p e r chromosome fo r  

c o m p a r is o n  w ith  s u b s e q u e n t  (C th ro u g h  G) lo a d in g s  o f 

chromosomal DNA. Lanes C th ro u g h  F were loaded  w ith P s tl 

d ig ests  of chromosomal DNA from P . m irab ilis  PM13 ce lls  grown 

in  th e  p resen ce  of ch loram phenicol a t  (C) 500, (D) 200, (E) 

1 0 0 , a n d  ( F ) 5 0 ^ g /m l.  Lane G w as a  P s t l  d ig e s t  o f

chromosomal DNA from s tr a in  PM13 grown in  th e  a b s e n c e  c f  

ch loram phen ico l, (b) A utorad iograph  of th e  DNA in  (a )  a f te r  

t r a n s f e r  to  n itro ce llu lo se  by th e  method of Southern ( M ethods,

2 .3 )  a n d  h y b r id iz a t io n  w ith  a  3 2 p ]-lab e lle d  c a t  probe

com prising  th e  1 .7 -kb  P s tl-C la l frag m en t c f pIClOO (M ethods,

2 .3  an d  F ig  5*5) • E fforts were made to  load  e q u a l am ounts of 

chromosomal DNA in  tra c k s  C th ro u g h  G. The h ig h e r  f ra c tio n  

c f  h ig h -m d e c u la r-w e ig h t DNA fragm ents in  la n e s  C, D an d  E 

and  th e  w eakly p o s itiv e  d isc re te  h y b rid iza tio n  s ig n a ls  (m arked 

with arrow s) su g g est th a t  the  correspond ing  P s tl d ig ests  may 

hav e  been incom plete. Scanning of th e  a u to ra d io g rap h  w ith 

i n t e g r a t i o n  a n d  sum m ation  of th e  m ajor and  minor p eak s  

y ie ld ed  th e  in te n s it ie s  of h y b rid iza tio n  fo r  com parison w ith th e  

n o tio n a l v a lu e  of u n ity  fo r th e  pIClOO con tro l. The r e la t iv e  

in te n s i t ie s  fo r  la n e s  C, D, E, F, and  G in  re la tio n  to  t h a t  of 

la n e  B were 2 .5 , 2 .4 , 2 .6 , 3 .0  and  3.1 re sp ec tiv e ly  (F ig . 6 .2 ) .
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FIG. 6.2

Fixed  w avelength  scan  of th e  a u to ra d io g ra p h  shown in  F ig . . 

6 .1 .  P eak s  r e p r e s e n t ' t h e  a b s o r b a n c e  vof . t h e  p o s i t i v e  

h y b r id iz a t io n  b a n d s , num bers u n d e r th e  peaks d e sc rib e  th e  - 

con cen tra tio n  cf ch loram phenico l ce lls  were grown in; p r io r  to 

DNA e x tra c tio n .
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6 .2 .2  DNA in v e rs io n s  and  o th e r re a rran g e m e n ts

Some m e ta  s ta b le  pheno types in  b a c te r ia  can  be a t t r i b u t e d  to  

s p e c i f ic  DNA r e a r r a n g e m e n t s .  For exam ple, p h ase  v a r ia t io n  in  

S .typhim urium  m ediated  by h in  (S ilverm an an d  Simon, l$ 8 o ) , G-loop 

i n v e r s io n  in  p h a g e  Mu m e d ia te d  b y  g in  (Kamp a n d  K ahm ann, 

1981 ; P la s te rk  e t ÿL, ,  1983), C-loop in v e rs io n  in  PI m ediated  by  c in  

( l id a  ^  ^ . , 1982), an d  P-regLon in v e rs io n  in  c e r ta in  s t r a in s  of 

E .c o l i , m ediated by  p in  (P la s te rk  ^  ^ . , 1983) form a  fam ily  of 

h ig h ly  c o n s e rv e d  i n v e r t i b l e  system s. The p re d ic te d  amino a c id  

sequences of th e  enzymes encoded by  p in , g in , h in , an d  c in  show 

homology with each  o th e r , an d  w ith t h a t  of TnpR, th e  re so lv a se  of 

tra n sp o so n  Tn3, and  a l l  show h ig h  f re q u e n c y  in v e r s io n s  (S im on 

e t , I 98O; P la s te rk , and  Van de P u tte , 1984).

A num ber of o th e r re a rra n g em en ts  hav e  been dem onsti’a te d  to  

a f f e c t  g en e  e x p re s s io n  d i r e c t ly . S ev e ra l tra n sp o so n s  h av e  been 

shown to  c a r ry  prom oters t h a t  a re  ab le  to  d ire c t t r a n s c r ip t io n  of 

a d ja c e n t genes fo llow ing  a  tra n s p o s it io n  ev en t ( l id a  e t  ^ . , 1983; 

K leckner I 983). T hus, th e  in s e r t io n  o f a  t r a n s p o s o n  w ith in  o r  

a d ja c e n t to a  c ry p tic  gene can  r e s u l t  in  t r a n s c r ip t io n  in i t ia t io n  by  a  

la te n t  prom oter c a r r ie d  on th e  tra n s p o s a b le  elem ent.

In  ad d itio n  to  such f a m il ia r  re a rra n g em e n ts  which r e g u la te  gene 

a c t iv i ty ,  a  v a r ie ty  of more c o m p le x , a n d  l e s s  w e ll u n d e r s to o d  

sy s te m s  h a v e  b e e n  d e s c r ib e d .  I n  N e is s e r ia  g o n o r r h o e a e , fo r  

exam ple, an tig en ic  v a r ia t io n  b ro u g h t ab o u t by  sw itch in g  "on" o r  

"off" o p ac ity  p ro te in s  (Op) i s  b e liev ed  to  be due to recom bination



134

a n d / o r  g en e  c o n v e rs io n  a t  th e  Op e x p re s s io n  s i t e .  Also in  

N .gonorrhoeae, püLn p h a s e  v a r i a t i o n  h a s , b een  c o r r e la te d  w ith  

rea rran g em en ts  in  chromosomal s tru c tu re ,  h u t  th e  p rec ise  mechanism 

is  no t known. ^

Because of th e  su p e rf ic ia l  s im ila r ity  between re v e rs ib le  gene 

ex p ressio n  system s, and  th e  phenom enon o f th e  a p p e a r a n c e  a n d  

d is a p p e a r a n c e  o f c h lo ra m p h e n ic o l r e s i s t a n c e  in  p o p u la tio n s  of 

P .m ira b ilis  PMI3 , i t  was decided to use Southern b lo ttin g  to de tec t a  

p o ssib le  change  in  o r ie n ta tio n  of c a t  DNA w ithin th e  chromosome. 

P . m ir a b i l i s  PMI3 c h ro m o so m a l DNA w as  p r e p a r e d  fro m  l a t e  

e x p o n e n t ia l  p h a s e  c u l tu r e s  g row n in  P en a ssay -b ro th  co n ta in in g  

e ith e r  no a n tib io tic  (CAT“ ) o r ch loram phenico l (500pg p e r ml, CAT+). 

Both DNA p re p a ra tio n s  were d igested  s e p a ra te ly  w ith P s t I , Hljnd l l l  

and  EcoRl ,  sub jec ted  to  ag a ro se  (0.7% w /v) g e l e le c t r o p h o r e s i s ,  

t r a n s f e r r e d  to  n itro c e llu lo se  sh ee ts , and  probed with th e  8 .5 -k b  

ck[32p]-labelled  P stI in s e r t  of pIClOO. F ig . 6 .3  show s t h a t  th e  

p a tte rn  of h y b rid iz a tio n  produced fo r  each  p a i r  of d ig ests  (CAT- and  

CAT+) is  in d is t in g u is h a b le , in d ic a tin g  th a t  a  DNA r e a r r a n g e m e n t  

canno t be detected  w ithin  th is  8 .5 -k b  c a t  frag m en t. In  th e  even t 

th a t  a  re a rran g em en t of th e  so rt d escrib ed  above is  re sp o n s ib le  fo r  

th e  ap p ea ra n c e  and  d isa p p e a ra n c e  of ch loram phenico l re s is ta n c e  in  

popu la tions of P . m ira b ilis  PMI3, i t  must be o cc u rrin g  a t  a  lo c u s  

o u tside  th e  c a t  gene and  o u tsid e  th e  f la n k in g  8 . 5-k b  of in s e r t  DNA.



FIG. 6 .3

Use of th e  cloned frag m en t c o n ta in in g  th e  c a t  of P . m irab ilis  

PMI3 to  probe chromosomal'DNA from ce lls  of s t r a in  PM 13 grown 

in  t h e  p r e s e n c e  ( + ) o r  a b s e n c e  ( - )  of c h lo ra m p h e n ic o l 

( 5 0 0 ^ g /m l)  a s  i n d i c a t e d .  ( a )  A g a r o s e -  CO. 7%) g e l  

e lec tro p h o resis  show ing d ig ests  of chromosomal DNA with EcoRI  

(C and  D), Hiiid l l l  (E and  F ) , and  P stI  (G and  H). (b)

A u to ra d io g ra p h  of th e  DNA shown in  (a ) a f te r  t r a n s f e r  to  

n itro ce llu lo se  and  h y b rid iz a tio n  with a  [3 2 p ]-lab e lled  p ro b e  

com prising th e  P stI  frag m en t from pIClOO (see F ig . 5*5 and  

M ethods, 2 .3 ) . Lanes A and  B co n ta in  P stI  d ig ests  of pIClOO. 

O n ly  th e  lo w e r  c o n c e n t r a t i o n  (B ) w as u s e d  f o r  t h e  

h y b rid iz a tio n  con tro l in  (b ) w here in  an  in te n s e  s ig n a l  a t  

approx im ate ly  8 .5 -k b  may be seen to  co rrespond  with th a t  in  

la n e s  G and  H fo r  th e  P s tI  d ig es t of chromosomal DNA.
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6 .2 .3  H eteroduplex form ation  between pIClOQ and  pIClOl

In  p a r a l le l  w ith th e  DNA:DNA h y b rid iza tio n s  designed to detect 

r e a r r a n g e m e n t s  w i th in ' t h e  ch ro m o so m e, o f  P . m i r a b i l i s  PM13 

(encom passed by th e  8 .5 -k b  c a t  c o n ta in in g  f r a g m e n t) h e te r o d u p le x  

experim ents between th e  p lasm ids pIClOO and  plG lO l were c a r r ie d  

ou t. P lasm id pIClOO (gen era ted  from P .m ira b ilis  PM13 chromosomal 

DNA iso la te d  from ce lls  grown in  th e  p resence of ch loram phenicol) 

was d igested  w ith P s t I , while p iC 101 (genera ted  from DNA iso la te d  

from c e lls  grown in  th e  absence of chloram phenicol) was d ig ested  

with BamH l. BamHl l in e a r iz e s  th e  p lasm id  pIC lO l, w hereas P s tI  

re sec ts  th e  8 .5 -k b  cloned in s e r t  of pIClOO from th e  v ec to r, (pAT153). 

H e te ro d u p le x e s  c a n  th u s  be d i f f e r e n t ia te d  from  s e l f - a n n e a l e d  

p lasm id s s ince  th e  form er must have  s in g le  s tra n d e d  en d s . The 

e lec tro n  m icrographs in  f ig .  6 .4  show two hetero  duplexes between 

p lasm id s  pIClOO and  pIC lO l. No "b u b b le s" , co rrespond ing  to reg ions 

cf non-homology a re  a p p a re n t a long  th e  len g th  cf th e  an n ea led  DNA, 

in d ic a t in g  th a t  th e re  a re  no gross rea rran g em en ts  w ithin th e  8 .5 -k b  

c a t in s e r t  c f  pIC 100 as com pared with th a t  cf pIC lO l.



FIG. 6 .4

Hetero duplex  form ation  betw een p lasm ids pIClOO an d  pIC lO l.

The e lectron  m icrograph  in  (a ) and  (b) show.: tw o s e p a r a te  

i s o l a t e s  o f h e te ro d u p le x e s  form ed between p lasm ids pIClOO 

(d ig ested  with P s tI  ) , a n d  p IC lO l ( d ig e s te d  w ith  BamHl ) . 

Hetero duplexes can  be d isc rim in a ted  from hom oduplexes as th e  

form er have s in g le  s tra n d e d  ends (m arked by a rro w s). F ig .

(c) re p re se n ts  a  U ne d raw in g  of th e  hetro d u p lex  in  (b ) .
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6 .2 .4  Q uan tifiea tio n  of c a t  in  RNA by DNA:RNA h y b rid iz a tio n

P o s t- tra n s c r ip tio n a l  re g u la tio n  o p e ra tin g  a t  th e  mRNA le v e l has 

been evoked as a  p o ssib le  means of con tro l o f.gene  ex p ress io n . Such" 

mechanisms may in v o lv e  (a ) " tra n s c r ip tio n a l a tten u a tio n "  of th e  so rt 

d e s c r ib e d  f o r  th e  t r p  operon (review ed by Y anofsky, I 98I ) , (b)

" tra n s la t io n a l  a tte n u a tio n " , as  is  th e  case  fo r  in d u c ib le  erythom ycin 

r e s i s t a n c e  in  th e  S ta p h y lo c o c c a l  p la sm id  pE194 ( re v ie w e d  by 

W eisblum , 1984), o r  (c ) p o s t  t r a n s c r i p t i o n a l  RNA p r o c e s s i n g  

(review ed by Gegenheimer and  A pirion , I 98I ) .

To te s t  w h e th e r  o r n o t th e  P . m ir a b i l i s  PMI3 c a t  g en e  i s  

re g u la te d  by th e  form ation  cf..a  s ta b le  c a t  mRNA sp e c ie s , which i t s e l f  

is  con tro lled  by th e  adoption  of a  secondary  s tru c tu re  fa v o u ra b le  to 

e x p re s s io n  (see  C hap ter 1 ), "N orthern" d o t-b lo t experim ents were 

c a r r ie d  o u t.

RNA was iso la te d  (M ethods, 2 .3 ) from ce lls  of P . m ira b ilis  PMI3 

grown in  th e  p resence (50Qpg/m.l) and  absence of ch lo ram phen ico l, 

and  from th e  s tr a in  P . m irab ilis  PM2 (w hich is  f re e  of a  d e tec tab le  

c a t  gene on th e  b a s is  c f  (a )  Southern h y b rid iz a tio n  d a ta  (C hap ter 4) 

and  (b) th e  se n s itiv e  rad iom etric  a s sa y  fo r CAT (C h ap ter 1 ) ) .

The RNA sa m p le s  p r e p a re d  from  P . m i r a b i l i s  P M I3 , a n d  

P . m ir a b i l i s  PM2 w ere sp o tte d  in  a  d ilu tio n  se rie s  (from 5pg to  

0*75pg) on to  n i t r o c e l lu lo s e  p a p e r ,  b a k e d ,  a n d  h y b r id iz e d  to  

a n  32 p ]-la b e lle d  1 .7 -k b  P s t l - C lal  frag m en t of pIClOO co n ta in in g  

th e  c a t  gene (M ethods, 2 .3 ) . A fter w ash ing , f il te r -b o u n d  counts
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were determ ined  by a u to ra d io g ra p h y  (F ig . 6 . 5 ) and  by s c in ti l la t io n  

co u n tin g . The g rap h  in  F ig . 6 .6  shows th a t  .h y b rid iza tio n  to th e  c a t  

probe h as  only  o ccu rred  with RNA e x tra c te d , from P . m ira b ilis  ' PM13 

grown in  th e  p resen ce  cf c h lo ra m p h e n ic o l. , y'/RNA e x t r a c te d  , from  

c u ltu re s  of P . m ira b ilis  PMI3 grown in  d ru g -fre e  c o n a tio n s  produce 

ap p ro x im a te ly  th e  same (background) s ig n a l  le v e l  as  RNA e x tra c ted  

from  P . m i r a b i l i s  PM2 which la c k s  a  c a t  gene by h y b rid iz a tio n  

c r i te r i a .  A lthough th e  c a t  gene h a s  been dem onstrated  to  be p re se n t 

in  P . m ira b ilis  PMI3 re g a rd le s s  of th e  p resence of ch loram phenico l, 

i t s  p ro d u c t is  only  observed  in  c e ll po p u la tio n s exposed to  (and  

allow ed to  grow in )  th e  p resence of th e  a n tib io tic .  Such a  re s u l t  

s tro n g ly  su g g ests  th a t  th e  c a t  gene of P .m ira b ilis  PMI3 i s  u n d er 

t r a n s c r i p t i o n a l  c o n t r o l ,  o c c u r r in g  a t  th e  le v e l c f in i t ia t io n  of 

t r a n s c r ip t io n , r a t h e r  th a n  a n y  p o s t - t r a n s c r i p t i o n a l  m echanism  

in v o lv in g  th e  secondary  s tru c tu re  of th e  mRNA. I t  is  a lso  u n lik e ly  

th a t  mRNA p ro cess in g  is  invo lved  as  a  mec*hanism of th e  con tro l of 

P . m ira b ilis  PMI3 c a t  gene ex p ress io n . In.. those  system s exam ined 

w h e re in  th e  p r o c e s s in g  o f mRNA a l t e r s  th e  m essag e  s t a b i l i t y  

( P a n a y o ta to s  a n d  T ru o n g , I 985 ) , th e  h a l f  l i f e  c f  th e  mRNA is  

a l te re d , a t  most, by a n  o r d e r  o f m a g n itu d e  (G eg en h e im er a n d  

A pirion , I 98I ) . Were th e  exp ression  cf c a t to  be u n d e r such co n tro l, 

th en  in te rm e d ia te  c a t - spec ific  mRNA le v e ls  m ight be expected , r a th e r  

th a n  th e  b a s a l  le v e ls  seen in  F ig . 6 .6 .



FIG. 6 .5

RNA 'd o t-b lo ts ' (DNA:RNA H y b rid iza tio n s)

( a )  A u to ra d io g ra p h  of RNA p r e p a r e d  fro m  c u l t u r e s  o f  

P . m i r a b i l i s  PM13 grow n in  th e  p re se n c e  a n d  a b s e n c e  cf 

ch lo ram phen ico l, and  P . m ira b ilis  PM2, a f te r  h y b rid iz a tio n  to a  

1 .7 -kb  P s t l - Clal  c a t  p robe . The dot of RNA a t  th e  top of th e  

au to ra d io g ra p h  re p re se n ts  20pg of to ta l  RNA, and  th e  d ilu tio n  

se rie s  decreased  th e  RNA con ten t in  each  sam ple by 50%. The 

RNA fo r th is  ' d o t-b lo t' was p u rif ie d  aw ay from co n tam in a tin g  

DNA by c e n tr ifu g a tio n  th ro u g h  a  5.7M CsCl 'p lu g ' (M ethods,

2.3)

The a u to r a d io g r a p h  in  (b )  i s  th e  r e s u l t  of an  id e n tic a l  

h y b iid iz a tio n  experim ent as  described  fo r  (a) above, however 

in  th is  c a se , RNA was p u rif ie d  aw ay from DNA by in c u b a tio n  

with 'R N ase-free DNase' (BRL).

In  both cases h y b rid iz a tio n  has only occurred  to RNA p re p a re d  

from cu ltu re s  of P . m ira b ilis  PM13 grown in  th e  p resence  of 

ch lo ram phen ico l.
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FIG. 6 .6

U tr a t ic n  of c a t  mRNA from P . m ira b ilis  s tr a in s  PMI3 and  PM2 

grown in  d iffe re n t co n cen tra tio n s  c f ch lo ram phen ico l. - F ig u res  

i n  p a r e n t h e s i s  (5 0 0  o r  0) d en o te  th e  c o n c e n tr a t io n  o f 

ch loram phenico l i n  ^ g /m l .  D e te rm in a tio n  o f -mRNA - w as b y  

h y b rid iz a tio n  cf to ta l  RNA to  a  1 .7 -k b  Clal - P s tl  frag m en t of 

plClOO co n ta in in g  c a t . A t i t r a t io n  s e r ie s  of RNA w as d o t 

b l o t t e d  on to  a  n i t r o c e l lu lo s e  f i l t e r ,  in c u b a te d  w ith  th e  

n ic k - tra n s la te d  p ro b e ,  w a sh e d , a n d  s p e c if ic  f i l t e r  b o u n d  

ra d io a c tiv ity  determ ined by s c in ti l la t io n  co u n tin g .
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6 .3  SUMMARY

The P . m irab ilis  PM13 chromosome has been exam ined by Southern 

h y b rid iz a tio n  fo r  ev idence of c a t  gene am p lifica tio n  y w ith th e  re s u l t  

th a t  th e re  is  no s ig n if ic a n t d ifference between th e  copy num ber of 

th e  c a t gene in  ce lls  from p o p u la tio n s  grown - ih  th e  p resence of 

c h lo r a m p h e n ic o l  a s  co m p ared  w ith  th o s e  n o t ex p o se d  to  th e  

a n tib io tic . Such a  r e s u l t  i s  c o n s is ten t with th e  re su lts  of c lon ing  

experim ents (see C h ap tsr 5) w herein th e  frequency  of iso la tio n  of th e  

c a t genes from DNA p rep a red  from ce lls  grown in  th e  p resence of 

ch loram phenico l was s im ila r  to  th a t  fo r  ce lls  grown in  a n tib io tic -f re e  

medium.

Southern b lo ttin g  experim ents a lso  rev ea led  no evidence cf DNA 

rea rran g em en ts  (i . e .  DNA in v e rs io n s , o r in se r tio n s  and  d e le tions) in  

th e  reg ion  of th e  P .m ira b ilis  PM13 chromosome spanned  by th e  8 .5 -kb  

of cloned in s e r t  in  pIClOO. Such a  re s u l t  does no t, how ever, ru le  

ou t a  rea rran g em en t o ccu rrin g  a t  a  d is ta n t  locus -  as  is  th e  case  in  

Salm onella p h ase  v a r ia t io n  (see C hap ter 1 fo r  re fe re n c e s ).

H e te r o d u p le x  s t u d i e s  o f t h e  tw o re c o m b in a n t p la s m id s  

co n stru c ted  with DNA p re p a re d  from ce lls  grown in  th e  p re s e n c e  

(CAT+) o r absence (CAT") of ch loram phenicol (pIClOO, and  pIClO l 

re sp ec tiv e ly ) re v e a l id e n ti ty  along  th e ir  le n g th , a t  l e a s t  w ith in  th e  

lim its  of re so lu tio n  of th e  tech n iq u e  (d ifferences as  sm all as 100-bp 

may be d e te c te d ,  P . M e.T urk  p e r s o n a l  c o m m u n ic a tio n ) . T h is  

a p p a r e n t  i d e n t i t y  o f pIClOO a n d  p IC lO l i s  in  a g reem en t with 

r e s t r i c t io n  map d a ta  (C h a p te r  5 ) ,  a n d  i s  r e f l e c t e d  i n  t h e
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o rg an iza tio n  of th e  gene w ithin th e  chromosome.

F in a lly , RNA ' d o t-b lo t ' experim ents have  dem onstrated  th a t  th e  

con tro l of c a t  gene ex p ression  i s  l ik e ly  to  ' 'occur a t  ' th e  le v e l cf 

in i t ia t io n  of t r a n s c r ip t io n . ‘ ■ I’ ' -, ■;
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CHAPTER 7 : DNA SEQUENCING

7.1 INTRODUCTION

There a re  two g e n e ra l methods fo r th e  sequencing  of DNA, th e  

chem ical method cf Maxam an d  G ilbert ( 1 9 7 9 ) which re lie s  on th e  

se lec tiv e  chem ical c leav ag e  cf bonds in  s in g le  s tra n d e d  DNA, and  th e  

enzymic methods developed by S anger and  co -w o rk ers . The f i r s t  of 

th e  enzymic methods was th e  so -ca lled  "p lus and  m inus" tech n iq u e  

(Sanger and Coulson, 1975), which was used  to  sequence th e  5386-bp 

genome of th e  DNA p h a g e ^ l7 ^ .  This te ch n iq u e  was superceded  by 

th e  dideoxy c h a in  te rm in a tio n  method (S anger e t a l . ,  1977) which 

re lie s  on th e  random  in co rp o ra tio n  of 2 ' ,  3 ' d ideoxynucleo tides in to  

a  grow ing DNA ch a in  and  th e  consequen t p rem atu re  te rm in a tio n  of 

ch a in  growth with such  ev en ts . With s u ita b ly  prim ed tem p la te , th e  

' Klenow' frag m en t of E .co li DNA polym erase I ,  w ill, in  th e  p resence  

of a l l  fo u r  deoxynucleoside tr ip h o s p h a te s , ex tend  DNA sy n th e s is  in  

th e  5' to  3' d ire c tio n . I f  th e  fo u r dideoxy a n a lo g u e s  (ddA T P, 

ddTTP, ddGTP, ddCTP) a re  in c lu d ed  in  s e p a ra te  se ts  of re a c tio n s , 

c h a i n  t e r m i n a t i o n  w i l l  r e s u l t  a t  t h e  p o i n t  a t  w h ic h  a  

d ideoxynucleoside is  in c o rp o ra te d . The ra tio  of deoxy to  dideoxy 

nucleo tide  is  c a re fu lly  co n tro lled , which re su lts  in  a  nested  se t of 

f ra g m e n ts  w here ch a in  te rm in a tio n  h as  o ccu rred  a t  each  dideoxy 

nucleoside . Such frag m en ts  can  th en  be s e p a ra te d  by e lec tro p h o res is
i
j th ro u g h  d e n a tu r in g  g e l s ,  w h ich  may be fo rm ed  w ith  an  ion ic  

g ra d ie n t to in c re a se  reso lu tio n  (B iggin e t , I 983). When th e  DNA 

is  made ra d io a c tiv e , fo r  exam ple by in c lu s io n  of [3 5 s]- ATP in  each 

reac tio n  mix (B iggin e t a l . , I 983) , th e  r e s u l t i n g  b a n d s  c a n  be 

detected  by au to ra d io g ra p h y  (F ig . 7 .1 ) .  The obvious d iff ic u lty  w ith
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th is  method i s  th a t  a  s in g le  s tra n d ed  tem pla te  must be o b ta in e d . 

H is to rica lly  th is  was overcome by sequencing  s in g le  s tra n d e d  p h a g e . 

^X17^ h as  a  double s tra n d e d  DNA re p lic a tiv e  fo rm , (RF DNA), which' 

can  be iso la te d  from th e  c e l l  a s  a  s u p e rc o i le d  p la s m id  o r  a s  

in fe c tiv e  p h ag e  com prising  s in g le  s tra n d e d  DNA. Sm all r e s tr ic t io n  

frag m en ts  of th e  RF DNA could be iso la te d , h e a t d e n a tu re d , and  

allow ed to  a n n e a l to  a  su ita b le  s in g le  s tra n d e d  DNA, y ie ld in g  prim ed 

s in g le  s tra n d e d  tem p la te . For success w ith th is  s tr a te g y , no t only  

must s in g le  s tra n d e d  prim er DNA be a v a ila b le ,  b u t a lso  a  d e ta ile d  

r e s t r i c t io n  map m ust be c o n s tru c te d  so a s  to  g e n e r a te  s m a ll  

f ra g m e n ts  a s  p r im e r s .  Such c o n s id e ra t io n s  have  been g re a tly  

sim plified  by th e  constructLpn of M13 ph ag e  vectors (rev iew ed by 

M essing, I 983) .



FIG. 7 .1

A u to ra d io g ra p h  o f a  se q u e n c in g  g e l. 4 clones a re  shown 

loaded  le f t  to  r ig h t  A T C G. The low er reg ion  of t r a c k  4 

i l lu s t r a te s  th e  h ig h  A+T con ten t of th e  P . m irab ilis  c a t  gene.
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Bacteriophage M13 Vectors

MI3 is  a  male specific  b ac te rio p h ag e  which ab so rb s  to th e  sex 

p i l i  p roduced by E .c o li  c e l ls  c a r r y i n g  (a n d  e x p r e s s in g )  ah- F 

p la sm id . (Reviewed by D enhard t e t , 1978). - A fte r  th e  s in g le  

s tra n d e d  (+ s tra n d )  h as  in fec ted  a  c e ll ,  th e  com plem entary s tra n d  is  

syn th esized  to form th e  double s tra n d e d  re p lic a tiv e  form . The l a t t e r  

i s  th en  used as  a  tem pla te  to  p roduce more '+ s t r a n d ' p h ag e  which 

a re  packaged  an d  ex tru d ed  from th e  c e ll .  The in fec tio n  of host ce lls  

w ith MI3 is  no t le th a l  b u t re su lts  in  a  2-3 fo ld  reduction  in  growth 

r a te ,  an  effect which is  observed  as  a  tu rb id  p la q u e  on a  law n  of 

in d ic a to r  c e lls . The life -c y c le  of MI3 h as  s e v e ra l  fe a tu re s  which 

make i t  d e s ira b le  as a  c lo rjin g /seq u en c in g  v eh ic le  : ( i)  The double 

s tran d ed  form can  be iso la te d  as  a  p lasm id , a n d  u se d  to  c lo n e  

s p e c if ic  re s tr ic tio n  frag m en ts ; ( i i )  th e  RF DNA recom binants th u s  

g en era ted  can  be used to transfo rm  E .c o li c e lls , which su b seq u en tly  

g ive r is e  to in fe c tiv e  p hage  p a r t ic le s ,  such phage  can  be p ro p ag a ted  

and  p ro c e s s e d  to  y ie ld  s in g le  s tra n d e d .,  DNA a s  a  s e q u e n c in g  

tem p la te ; and  ( i i i )  th e re  is  no defined lim it on th e  size of frag m en t 

which may be c loned , molecules with in s e r ts  of a d d itio n a l 'fo re ig n ' 

DNA sim ply y ie ld  lo n g e r p hage  f ilam en ts .

Messing and  co-w orkers have developed a  se rie s  of c lo n in g /  

sequencing  vec to rs  based  on MI3 (M essing, 1983; Y an isch-P erron  e t 

a l . , 1985). The phag es  in  th e  M13mp-series have a  b u il t  in  screen  

to allow  v is u a l  id e n tif ic a tio n  of recom binant p la q u e s . The vecto rs 

co n ta in  th e  f i r s t  l45 amino ac id s  of ^  -g a la c to s id a s e , which can  be 

t r a n s l a t e d  to  y ie ld  th e  s o -c a l le d  - p e p t id e .  This ^ - p e p t id e



143

complements th e  la c  AZM15 deletion  c a r r ie d  by an  F lac p lasm id  in  th e  

h o s t s tr a in  JM103. This F lac p lasm id  h as  been fu r th e r  modified and  

c a r r ie s  a  t r a P 36 m utation as a  sa fe ty  fe a tu re ,  a llo w in g -th e  ce lls  to  

m ake F p i l i ,  b u t  rem o v in g  t h e i r  a b i l i t y / t o  - t r a n s f e r  DNA b y  

co n ju g a tio n  (M essing ^  , I 981) . In fec tion  of c e lls  h a rb o u rin g

th e  F la c  p l a s m id  w ith  a n  M 1 3 m p -s e r ie s  p h a g e  r e s u l t s  i n  

-com p ie  m en ta tio n , and  th e  p roduction  of a c tiv e  ^  -g a la c to s id a s e . 

On p la te s  c o n ta in in g  th e  l a c  o p e ro n  in d u c e r  IP T G , a n d  t h e  

ch ro m o g en ic  s u b s tra te  X -g a l, b lu e  p laq u es  w ill be p roduced (see 

Methods, 2 .3 ) .  The M13mp-series cf vectors have h ad  an  a r r a y  of 

c lo n in g  s i te s  in t ro d u c e d  in to  codon s ix  of th e  -g a la c to s id a se  

^ -s e g m e n t. C loning in to  th is_ s ite  ab o lish es  -com plem entation, and  

p roduces th e  b lu e  to  white phenotypic change which can  e a s ily  be 

detected  by v is u a l  in sp ec tio n  of th e  p la te s . As a  consequence of th e  

c lon ing  s ite s  b e in g  c losely  sp aced , a  s in g le  sy n th e tic  p rim er can  be 

used  to prim e th e  sequencing  of a l l  cloned frag m en ts . A v a r ie ty  of 

s in g le  s t r a n d e d  p h a g e  v e c to rs  a r e  now., a v a i la b le  (rev iew ed by 

Thompson, I 982).
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Sequencing S tra teg ie s

The m ajor problem encountered  in  any  M13 sequencing  s tra te g y  

is  th e  g en era tio n  cf subclones which w ill enskble- the., e n tire  frag m en t 

of in te re s t  to be com pletely sequenced on both  s t r a n d s .  ' Two b road  

fam ilies  of tech n iq u es  have  been u ti l is e d  to  g e n e ra te ,-subclones : (a ) 

th e  random , o r "shotgun" ap p ro ac h , and  (b) th e  n on -random , o r 

" seq u en tia l"  ap p ro ach . Both fam ilie s  encom pass a  v a r ie ty  of enzymic 

a n d /o r  m e c h a n ic a l  o p e r a t io n s  to  g e n e ra te  s u b c lo n e s ,  a n d  th e  

selection  of any  p a r t ic u la r  method depends upon th e  frag m en t of DNA 

to  be sequenced .

Techniques based  on th e  random  ap p ro ach  re ly  upon th e  DNA to  

be sequenced to  be fragm en ted  by th e  ac tion  of re s tr ic t io n  enzymes 

(M essing, 198I ) , DNase (A nderson, 198I )  o r  sonic a tio n  (D ein inger,

1983). The subfragm ents th u s  g en era ted  a re  a r ra n g e d  in  se q u e n tia l 

o rd e r by f in d in g  o v erlap s  between th e  sequences, th is  p rocedure  can  

be com puter-a ided  (S taden , 1982). D ata a c c u m u la t io n ,  a l th o u g h  

r a p id  a t  f i r s t ,  te n d s  to  slow  down a s  th e  sam e r e g io n s  a re  

rep ea ted ly  sequenced .

The s im plest of th e  se q u e n tia l tech n iq u es  c u rre n tly  in  use s ta r ts  

w ith cloned double s tra n d e d  DNA which is  c leaved  a t  a  u n iq u e  s ite ,  

and  th en  shortened  by a  tim e-course  w ith Bal31 d ig estio n  (Poncz e t 

a l . , 1982) o r exonuclease I I I ,  follow ed by e ith e r  SI n u c lease  o r 

exonuclease  V II d igestion  to g en e ra te  b lu n t en d s . (Guo e t a l . ,  1983). 

With th ese  methods both in s e r t  and  vecto r sequences a re  d e le ted , 

th u s  th e  sho rtened  in s e r t  must be recloned  p r io r  to  seq u en c in g .
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Im provem ents on th is  method can  be used  when specific  s ite s  a re  

a v a ila b le  in  th e  Ml] poly l in k e r  ( th is  is  consequen tly  f a c i l i ta te d  by 

u s in g  th e  vec to rs  Ml]mpl8 a n d /o r  M13mpl9, which c u rre n tly  p ossess  

th e  la r g e s t  num ber of s i te s ) .  The tech n iq u e  re q u ire s  th e  •presence of 

tw o r e s t r i c t i o n  e n d o n u c le a s e  s i te s  t h a t  a re  not p re se n t in  th e  

frag m en t to be sequenced , b u t which do occur in  th e  p o ly  l i n k e r  

re g io n  of M l] . One cf th e  enzymes (th e  one n e a re r  th e  p rim er 

b in d in g  s ite )  m ust le a v e  a  3 '-o v e rh a n g  ( e .g .  P s t I ,S s t I ), a  frag m en t 

c u t in  th is  way is  r e s is ta n t  to  a t ta c k  from exonuclease I I I .  The 

o th e r re s tr ic t io n  enzyme must cu t between th is  s ite  and  th e  in s e r t ,  

a n d  le a v e  a  5 ' - o v e r h a n g ,  w hich  i s  s e n s i t iv e  to  a t t a c k  from  

exonuclease I I I .  The in se rt, frag m en t is  th en  se q u e n tia lly  d igested  

w ith exonuclease I I I  over a  tim e -co u rse , follow ed by d ig estio n  with 

SI n u c lease , o r  exonuclease V II (H enikoff, 1984; Y anisch-Peron  e t 

a l . , 1985). The b lu n t ends th u s  g en era ted  a re  l ig a te d ,  b r in g in g  th e  

p rim er b in d in g  s ite  (w hich was pro tected  from exonuclease I I I  by th e  

3 '-o v e rh a n g )  up a g a in s t  s e q u en tia lly  deleted, frag m en ts .

The above methods re q u ire  double s tra n d ed  DNA a s  s t a r t i n g  

m a te r ia l, an d  a re  lim ited  in  th e i r  u t i l i ty  by th e  requ irem en ts  fo r  

s p e c if ic  r e s t r i c t io n  s i t e s .  A r a p id  p ro c e d u re  f o r  g e n e r a t in g  

s e q u e n tia l  deletions in  a  cloned in s e r t ,  w ithout th e  p r io r  knowledge 

cf in te rn a l  re s tr ic t io n  s ite s , h as  been d escribed  (Dale e t ^ . , 1985). 

The tech n iq u e  employs s in g le  s tra n d e d  Ml] DNA as  a  tem pla te  to  

a n n e a l e ith e r  one of two specific  o lig o n u c le o tid e s . ( th e  ch o ice  of 

which o ligonucleo tide  i s  employed depends on which of th e  p a ir s  of
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M13 v e c to rs  w ere u s e d ,  i . e .  one o lig o n u c leo tid e  (RD29) can  be 

an n ea led  to mp8 , 10, o r l 8 , while th e  o ther,, (RD20) can  be an n ea led  

to  mp9, 11, o r  1 9 ) . The DNA i s  th e n  'c u t  w ith ' à  re s tr ic tio n  

endonuclease , th e  reco g n itio n  s ite  of which had  been g en e ra ted  by 

th e  an n ea led  o lig o n u c leo tid e . The s in g le  s tra n d e d  in s e r t  DNA can  

th en  be d igested  u s in g  th e  spec ific  3 '^ 5 ' exonuclease a c tiv ity  of T4 

DNA p o l y m e r a s e .  The d ig e s t io n  c a n  be c a r r i e d  o u t o v e r  a  

tim e-co u rse , th e  reac tio n  s topped , and  a  sh o rt poly A or poly G 

' t a i l '  a d d e d  to  t h e  3 ' e n d s  of th e  d ig e s te d  i n s e r t .  T h is  

hom opoly m eric t a i l  g e n e r a te s  a  co m p lem en ta ry  end  fo r  e i t h e r  

o ligonucleo tide  RD29 o r RD20, which can  be su b seq u en tly  rea n n e a led  

over th e  ends to  g en e ra te  a  c i r c u la r  m olecule. l ig a s e  i s  ad d ed , and  

th e  to ta l  l ig a tio n  mix used  to  transfo rm  JMI03. White p laq u es  can  be 

p ick ed , and  selected  acco rd in g  to  size on ag a ro se  g e ls  p r io r  to  

seq u en cin g .
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7 .2  RESULTS

7 .2 .1  Sequencing th e  P.m irabH Ls PM13 c a t

The method used  to  sequence th e  P .m ira b ilis  ,PM13 e a t  gen e  w as 

e s se n tia lly  t h a t  of th e  random  ("sh o t-g u n ") a p p ro ac h . ; The problem 

of g e n e ra tin g  complete sequence was g re a tly  s im p lified , how ever, by 

th e  use cf sy n th e tic  o ligonucleo tides as  spec ific  p rim ers . These were 

used to  g en era te  th e  o v e r la p s  in  r e g io n s  w here  no f a v o u r a b le  

re s tr ic tio n  s ite s  were p re se n t. O ligonucleotides were sy n th esized  by 

J .  Keyte on p a p e r  d iscs (M athes e t ^ . , 1984) u s in g  th e  m odification 

c f  B re n n e r  a n d  Shaw, I 985. Up to  80 o ligonucleo tides could be 

produced in  a  s in g le  round of sy n th e s is , and  th e  c rude  fu ll- le n g th  

o l ig o n u c le o t id e s  w ere p u r if ie d  aw ay from low er m olecular w eight 

components by e lec tro p h o resis  th ro u g h  a  20% p o ly a c ry la m id e  g e l 

(M eth o d s, 2 .3 ) .  F ig .  7 .2  show s a  p h o to g ra p h  o f th e  c rude 

o ligonucleo tides a f te r  UV. shadow ing of a  p o lyacry lam ide  g e l.

P re v io u s  e x p e r im e n ts  (C h a p te r  5) h a d  show n t h a t  a  c a t  

co n sen su s o l ig o n u c le o t id e  h y b r id iz e d  to  a  1 .7 -k b  P s t I  -  C la l  

frag m en t a t  one end cf th e  P stI  frag m en t c f pIClOO. This was th e  

presum ed s ite  c f  th e  c a t  gene, of P .m ira b ilis  PMI3 . The sequencing  

s t r a t e g y  in v o lv e d  th e  c lo n in g  of subfragm ents in to  M13mp8 and  

M13mp9. P lasm id pIClOO was double d ig ested  w ith H ind l l l  and  EcoRI, 

and  th e  re s u l t in g  fragm en ts  l ig a te d  with s im ila r ly  (EcoRI ,  H in d ll l )  

d igested  M13mp8 and  M13mp9. The r e s u lt in g  l ig a tio n  mixes were 

used  to tran sfo rm  E .co li JMIO3 . R ecom binants, id e n tif ie d  as  white 

p la q u e s , were spo tted  onto a  law n  of E .co li JMIO3 , grown o v e rn ig h t, 

a n d  t r a n s f e r r e d  to  n i t r o c e l l u l o s e  p a p e r  ( M e th o d s ,  2 . 3 ) .



FIG. 7 .2

P h o to g ra p h  o f 17-m er o lig o n u c le o tid e s  a f ^ r  e lec tro p h o resis  

th ro u g h  a  d e n a tu r in g  20% po lyacry lam ide  g e l. 'T racks 1 to  8 

re p re se n t d iffe re n t o ligonucleo tides which were-Used as  sjJecific 

sequencing  p r im e rs . The arrow  in d ic a te s  th e  position  of th e  

fu ll- le n g th  17-m er o lig o n u c leo tid es, which were cu t from th e  

g e l, and  fu r th e r  p u r if ie d  by G-25 spun-colum n chrom atography  

(M ethods, 2 .3 ) .
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F r a g m e n ts  c o n t a i n i n g  t h e  c a t  s e q u e n c e  w ere id e n t i f i e d  by  

h y b r id iz a t io n  to  th e  C la l  -  P s t I  f r a g m e n t  w h ic h  w as m ad e  

r a d io a c t iv e  by  n i c k - t r a n s l a t i o n  (M eth o d s, 5 .3 ) r In  a  s im ila r  

fa sh io n , pIClOO was d igested  with Sau3A, P s t I , -and Çlal  and- th e  

f ra g m e n ts  p ro d u c e d  se p a ra te ly  U g a ted  in to  M13ïnp9; d ig ested  with 

BamH l, P s t I , and  AccI re sp e c tiv e ly . After tra n sfo rm atio n  th e  c a t 

c o n ta in in g  recom binants were s im ila r ly  id e n tif ie d  by h y b rid iz a tio n  

(M ethods, 2 .3 ) .  Once th e  sequence d a ta  h ad  been compiled u s in g  th e  

in fo rm ation  g en era ted  u s in g  th ese  recom binan ts, specific  sy n th e tic  

o ligonucleo tides were made, and  p u r if ie d  (M ethods, 2 .3) fo r use as 

i n t e r n a l  p r im e r s  ( F ig .  7 .3 ) .  The com ple te  s e q u e n c e  o f th e  

P . m ira b ilis  PM13 c a t  gene i s  _shown in  F ig . 7 .4  Computer program s 

were employed to  exam ine th e  sequence, to  attem pt to  answ er some cf 

th e  questions of P .m irab ilis  c a t  gene re g u la tio n  ra ise d  in  e a r l ie r  

c h a p te r s .

Because cf th e  h igh  degree of s im ila r ity  between th e  c a t  g ene(s) 

of P . m ira b ilis  c lo n e d  in  pIClOO a n d  p IC lO l (i . e .  c lo n ed  from  

P . m ira b ilis  PM13 chromosomal DNA e x tra c ted  from ce lls  grown in  th e  

p resence  and  absence cf ch loram phenicol) i t  was decided to  in i t i a l ly  

only  sequence th e  c a t  gene from pIClOO. This decision is  d iscu ssed  

in  more d e ta il  in  C hap ter 8.



F ig . 7 .3  Sequencing S tra te g y . The heavy  d a rk  l in e s  re p re se n t 

pATI93 v ecto r DNA, and  th e  l ig h t  l in e s  re p re se n t in se r te d  DNA. 

A rro w s  r e p r e s e n t  DNA se q u e n c e s  d e te rm in e d  e i t h e r  from  

re s tr ic t io n  endonuclease  s ite s , o r from specific  o ligonucleo tides 

u sed  as  in te rn a l  p rim ers ( lis te d  below ). . ‘P - 7

OLIGONUCLEOTIDE CO-ORDINATES

a  3 '-GTACTTATTGTTTATA-9' 3 ' to  sequence

b 3 ' -GTCC AAAC TC ACC TTG-9 ' I 56I - I 576

c 3 ' -CGC ATATTATAAACGG-9 ' 1399-l4l4

d 3 ’-GTAGTACGGCAGACACTACC-5' c a t  ac tiv e  s ite  o ligonucleo tide  

e 3 ' -GTTCACGTAGTACGGC-9 ' l447-l462

f  3'-CCCCTGCTTTTCTTGT-5' 8226-942

g 3 ' -AGGTTTAAATTTAATT-5 ' 843-859

h 3 ' -TTAC TGAG AC AAT AAA-5 ' 696- 7I I

i  3 ' -TTTAC ATTAAT AC TAC-5 ' 526-541

j  3 ' -GTAGTATTAATGTAAA-5 ' 392-417

k 3 ' -ACCGTATACTTGAAAA-5 ' 392-417

1 3 ' -GTGC T ATTTTC GG AC C-5 ' 228-243

m 3 ' -GGTCCGAAAATAGCAC-5' 228-243



oo
o
a

</)
0
0
c
g
o

«
0

w
0
■g
o
0
ÜD
C
OU)

0 )  —

00 -

co

in —

Tl" —

CO —

c\j —

I ISd 

III P U !H

IW003

I B | 0

III P U |H  

III P U !H

lyoog _

I B I O  -  

I B | 0

I

I ISd - ,
-  I H 0 0 3

ve hbs
Id003

III P U !H  H

ve UBS

ve BBS -

laoog

vs UBS

O)

0

CO



F ig . 7 .4  N ucleotide sequence c f  th e  P . m ira b ilis  PM13 c a t  gene 

d isp la y e d  as  a  1,760 b a s e - p a i r  f r a g m e n t ,  a lo n g  w ith  th e  

p re d ic te d  amino ac id  sequence of CAT.

A nother open re a d in g  fram e of 132 b ase  p a i r s  a n d  i t s  

p re d ic te d  amino ac id  sequence i s  shown 5 ' to  th e  s t a r t  of th e  

c a t  gene. The u n d e rlin e d  n u c leo tid e  c lu s te rs  -35 an d  -10 a re  

th e  p u ta tiv e  RNA polym erase reco g n itio n  s i te s .  SD in d ic a te s  

th e  l ik e ly  lib o so m e-b in d in g  s i te .  O pposing arrow s i n d i c a t e  

reg io n s  with im perfec t dyad  a x is  c f  sym m etry. A nother dyad  

(om itted fo r c l a r i ty ) ,  sp an s  n u c leo tid es  817 th ro u g h  862. The 

in v e r te d  com plem entary re p e a t  sequence from n u c leo tid es  1645 

th ro u g h  1665 is  follow ed im m ediately  by  th e  f iv e  T re s id u e s ;  

t h i s  s t r u c t u r e  i s  c h a r a c t e r i s t i c  f o r  a  r h o - in  d ep en  d e n t  

te rm in a tio n  s ite .



10  20  30  40  50  60  70  80  90  100  110  120
CTGCAGGAATATTTAAACCTTCTTGAACATATTTAGTCACACAGGTCTCTGTTTTAGTCTGTGTACGACCGGTAATGAAATAAACAGTATCACCGCGTTTTAAGTGCATCTGAACAAGAT 

130  140  150  160  170  180  130  200  210  220  230  240
CGATACCGACTTGTTTAGGCATACTGAATTTATCCCATTCGTTGTTCATTTTTTCCAGAATTCTGGGTTTTTCAGATAACTGAAATCGTTTGGAGATATTCAGTTTACACGATAAAAGCC 

250  260  270  280  290  300  310  320  330  340  350  360
TPGGCTTGAGAACCAGAACGTGTCATCAATATCAAAACCTACCGCCATTGGTGCTTGGCCTTCTAAGCTTTTTTCAATTTCTGCAACAGAAACCCATTTAATTGGTTGCTGATGTGCAAG 

370  380  390  400  410  420  430  440  450  460  470  480
TTCAGTAACAGTAACCCTGGCTAACAACTTCTGGCATATGAACTTTTGCCATTGCTGCGCCATTTAAACTTAACGCCAACGCAATTGCACTAAGAGTAAGTGTGACTTTACGCATTCTCT 

490  500  510  520  530  540  550  560  570  580  590  600
TTCCTTTAATTTTTATATTAATCACAGAAGGTGATAATAATAAACATCATAATTACATTTAAATGAGATATAGCGCACGTTATTTTATTTAGGCTGGTACTCTTTTGTTCAGTTTACTTT

-3 5
610  620  630  640  650  660  670  680  690  , 700  710  720

CATTTTTTGATCTATCTACATTTGAAAAAAGAAAGCACTATCTACGAAAGCAGATAGCGCCGTTATTATCTAAGTCGTTCCCAAATGAACACATCAATGACTCTGTTATTTTTGAAACAT
HetThrLeuL«uPh*LtuLysHi«

—10 —35  —10
730  740  750  760  770  780  790  800  810  820  830  840

TTTTTGGTAAAAAATAAACATTTTAAAATTAGCCAAGAAAAACCTATTACCTATCATAGGTTATGGGTTTATCTACAGATAGAGGTTCGAAATTGTTTTAATAATTTATAAGTAATATAC 
PheLeuValLysAsnLysHisPheLysIl*SerGlnGluLysProIleThrTyrHisArgLeuTrpValTyrLcuGlnIleGluValArgAsnCysPKeAsnAsnLcu***

SO
850  860  870  880  890  900  910  920  930  940  950  960

AATTAATTTAAATTTGGATTAGAAAATAGGAAAGCTAATATGGACACAAAGCGCGTGGGTATATTGGTTGTTGATCTATCCCAATGGGGACGAAAAGAACACTTTGAAGCATTTCAGTCT
MetAspThrLyaArgValGlyll»LeuValValAspLeuSerGlnTrpGlyArgLy«GluHisPheGluAlaPhcGlnS*r

970  980  990  1000  1010  1020  1030  1040  1050  1060  1070  1080
TTTGCTCAATGCACCTTTAGCCAGACCGTTCAACTGGATATTACTTCATTATTAAAAACCGTAAAGCAAAATGGGTACAAATTCTATCCGACATTTATATACATCATTAGCCTATTGGTA 
PheAlaGlnCysThrPheSerGlnThrValGlnLeuA«pIleThrSerLeuLeuLysThrValLysGlnAsnGlyTyrLysPheTyrProThrPh»IleTyrIl*n«ScrLeuLeuVal

1090  1100  1110  1120  1130  1140  1150  1160  1170  1180  1190  1200
AATAAACATGCAGAATTCCGCATGGCAATGAAAGACGGGGAATTGGTGATATGGGATAGTGTTAACCCTGGGTACAATATCTTTCATGAACAGACCGAAACATTTTCATCTTTATGGAGT 
AsnLysHisAlaGluPheArgHetAlaMctLysAspGlyGluLeuValllaTrpAapSerValAsnProGlyTyrAsnllePhcHisCluGlnThrGluThrPheSarSerLauTrpScr

1210  1220  1230  1240  1250  1260  1270  1280  1290  1300  1310  1320
TACTACCACAAAGATATCAATCGTTTTTTGAAAACTTATTCAGAAGATATAGCACAATACGGCGACGATCTAGCCTATTTTCCAAAAGAATTTATCGAAAATATGTTTTTTGTGTCAGCA 
TyrTyrHisLysAspIleAsnArgPhaLeuLysThrTyrSerGluAspIleAlaGlnTyrGlyAspAspLeuAlaTyrPheProLysGluPhcIleGluAsnMetPhePheValSerAla

1330  1340  1350  1360  1370  1380  1390  1400  1410  1420  1430  1440
AATCCTTGGGTAAGTTTCACCAGTTTTAACTTGAATATGGCGAATATAAACAATTTCTTTGCCCCTGTATTTACAATAGGTAAATATTATACGCAAGGAGATAAAGTTCTGATGCCACTA 
AanProTrpValSerPheThrSerPheAsnLeuAanMetAlaAanIleA*nAsnPh*PhaAlaProValPheThrIleGlyLyaTyrTyrThrGlnGlyAspLysValLeuM*tProLau

1450  1460  1470  1480  1490  1500  1510  1520  1530  1540  1550  1560
GCAATTCAAGTGCATCATGCCGTATGTGATGGCTTCCATGTAGGCAGATTACTCAATGAAATACAGCAATACTGCGATGAGGGATGTAAATAATCAATGGGACTTAAAGCACATGTTTTT 
AlalleGlnV/alHiaHiaAlaValCyaAapGlyPheHiaValGlyArgLeuLeuAanGluIleGlnGlnTyrCyaAapGluGlyCyaLya***

1570  1580  1590  1600  1610  1620  1630  1640  1650  1660  1670  1680
GTTCCACTCAAACCTGTTCGGTATCCTCTGTTTCGCACTTTTATTGGATTATTTTAACATCGATATCGATATAAAATTGATGAGGGGCAATTAGTATTTCCCTTTTTATTGAGGGGTCAC 

1690  1700  1710  1720  1730  1740  1750  1760
GCTATAAAATTTGTACACTGATTTGTACTAATACGGTGATAAAATACTAATGCCATTACACTCATGAATAACAAATATAA
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7 .2 .2  Homology with th e  ty p e  I  (Tn Q) c a t

The DNA sequence of th e  P . m irab ilis  c a t , and  th e  ty p e  I  (Tn 9) 

v a r ia n t  were a l ig n e d , and  th e  homology betw een them is  -presented in  

F ig . 7 . 5 . This a lig m en t shows th e  h ig h  degree of homology • between 

th e  s t r u c tu r a l  gene sequences, 73 and  76% a t  th e  nucelotLde and  

amino ac id  le v e ls  re sp ec tiv e ly  (F ig . 7.6),

7 . 2 .3  Codon u sag e  in  P .m ira b ilis  c a t

Codon u sag e  is  be lieved  to be m ainly dependen t on th e  re la t iv e  

a m o u n ts  o f  i s o - a c c e p t in g  tRNA m o lecu les  p r e s e n t  in  th e  c e l l  

(Ik em u ra , I 98I ). The codon u sag e  fo r  th e  c a t  of P .m ira b ilis  is  

s im ila r  to t h a t  c f th e  ty p e  1. c a t  (F ig . 7.7)» and  is  c o n s is ten t w ith 

th e  codon u sa g e  of E .c o li genes which a re  not h ig h ly  e x p re s s e d  

(Grantham  e t a l . ,  I 98I ) .  How s ig n if ic a n t th e  E .co li codon b ia s  i s  to 

th e  exp ression  c f a  gene from P .m ira b ilis  is  not y e t known. The 

G + C con ten t c f P . m ira b ilis  is  39 ±  1.4% w hereas th a t  of E .co li is  

51% (Coetzee, 1972), and  a  d iffe ren t codon .usage may th e re fo re  be 

expected . In fre q u e n tly  used  codons (K onigsberg and  Godson, 1983) 

do occur more often in  th e  P .m ira b ilis  c a t  gene th a n  in  th e  ty p e  I  

v a r i a n t ,  a n d  t h i s  m ay c o n t r ib u te  to  some d e g re e  to  th e  poor 

expression  cf th e  P .m ira b ilis  c a t  in  E .co li (C hap ter 5 ) .



FIG. 7 .5

G raphic re p re se n ta tio n  of nucleo tide  s im ila r ity  betw een ty p e  I  

c a t  and  P . m ira b ilis  c a t . Each p o in t on th e  g ra p h  .rep re sen ts  ' 

th e  p ercen tag e  of n u cleo tide  homology p re s e n t in  a  wipdow o f  / 

49 n u c leo tid es. The two p a r a l l e l  l i n e s  across;, th e  g r a p h  

encom passes th e  le v e l of b ackground  homology th a t  m ight be 

expected  by ch an ce . The arrow  below th e  g ra p h  re p re se n ts  th e  

coding reg ion  of both c a t  genes. The num bering  co rresponds to  

th e  sequence shown in  F ig . 7 .4 .
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F IG . 7 .6  A m ino a c id  c o m p a r is o n  b e tw een  th e  ty p e  I  

ch loram phenico l a c e ty ltra n s fe ra s e  p ep tid e , encoded by Tn9 w ith 

th e  ch loram phenicol a c e ty ltra n s f  e ra se  c f P . m ira b ilis  PMI3 . The' ' 

76% id e n ti ty  (u n d e rlin ed  re s id u e s)  was deduced by in sp ec tio n .
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FIG. 7*7 Codon u sag e  of E .co li ty p e  I  (Tn9) c a t  com pared w ith 

th e  P . m ira b ilis  PM13 c a t . An a s te r is k  m arks th o s e  co d o n s 

which a re  sa id  to  be r a r e -  in  E .co li genes- (K onigsberg a n d ' 

Godson, 1983). - "



Codon usage for P.mirabilis cat and E.coli type I cat

Amino Codon Codons in gene Amino Codon Codons in gene
Acid P.mirabilis E.coli Acid P.mirabilis E.coli

Phe TTT 15 10 TERM TAA 1 1
TTC 5 10 TAG 0 0

Leu TTA 4 3 His CAT 5 7
TTC 5 0 CAC 2 5
CTT 0 2
CTC 1 1 *Gln CAA 8 6
CTA 4 1 CAG 4 7
CTG 2 6

*Asn AAT 10 6
lie ATT 3 5 AAC 3 4

ATC 4 1
* ATA 7 3 Lys AAA 11 7

AAG 2 5
Met ATG 6 9

Asp GAT 9 8
Val GTT 5 7 GAG 3 4

GTC 0 3
GTA 6 1 Glu GAA 10 6
GTG 4 5 GAG 1 6

Ser TCT 2 0 Cys TGT 2 4
TCC 1 1 TGC 2 1
TCA 4 3

* TCG 0 2 TERM TGA 0 0

Pro CCT 3 2 Trp TGG
\

4 5
CGC 0 2
CCA 2 0 Arg GGT 1 2
CCG 1 3 CGC 2 1

CGA 1 0
Thr ACT 2 2 CGG 0 1

ACC 5 8
ACA 4 0 Ser ACT 4 4

* ACG 1 3 AGC 2 0

Ala GGT 1 2 Arg AGA 1 1
GCC 3 8 AGG 0 0
GCA 6 2
GCG 1 3 Gly GGT 2 2

GGC 3 5
Tyr TAT 5 7 GGA 3 1

TAC 7 4 GGG 3 2
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7 .2 ,4  P u ta tiv e  re g u la to ry  sequences in  th e  P .m ira b ilis  PM13 c a t

The s tr ik in g  sequence homology between th e  c a t  of P . m ira b ilis  . 

and  th e  Tn9 c a t ended a b ru p tly  in  th e  5* and  3 ' f lan k in g , regions- 

(F ig .  7 .5 ) .  U n lik e  th e  ty p e  I  c a t , w hich  i s  u n d e r  - c y c l i c  

AMP-mediated c a ta b o lite  co n tro l, th e  c a t  of P . m ira b ilis  co n ta in s  no 

a p p a re n t com parab le  b in d in g  s ite  fo r  th e  cyclic  AMP recep to r p ro te in  

(b ased  on th e  absence of th e  consensus sequence (E b rig h t ^  a l . ,

1984)). Such an  o b serv a tio n  is  not s u rp r is in g , s in c e  c a ta b o l i t e  

rep re ss io n  of c a t  was not observed  in  P .m ira b ilis  (Smith e t  , 

1972). N e ith e r  i s  th e r e  a n y  e v id e n c e  of p o te n t i a l  s e c o n d a ry  

s tru c tu re  in  th e  mRNA in v o lv in g  th e  fo ld in g  of th e  ribosom e b in d in g  

s ite  (Shine, and  D algarno , 1974) as  is  found in  th e  g ram -p o sitiv e  

c a t  genes (Byeon and  Weisblum, 1984; D uvall e t a l . ,  1983 and  Shaw 

e t a l . , 1985) , a n d  w hich  i s  b e l ie v e d  to  p la y  a  p a r t  in  th e  

phenom enon of in d u c tio n  m ediated by ch loram phenicol and  c e r ta in  

an a lo g u es . The upstream  f la n k in g  reg ion  of th e  PM13 c a t  is  v ery  A 

+ T r ic h , and  co n ta in s  s e v e ra l n o tab le  fe a tu re s  5' to  th e  s ta r t  c f c a t  

a t  nucleo tide  880. These in c lu d e  th e  fo llow ing: ( i)  an  open re a d in g  

fram e from n u cleo tides 697 th ro u g h  828 with a  p red ic ted  p o ly p ep tid e  

ch a in  of 44 amino a c id s . ( ii)  S ev era l p o ss ib le  RNA p o ly m e ra se  

b in d in g  s ite s  fo r c a t . Of th e se , th e  two most l ik e ly  (p red ic ted  by 

th e  algorithm  d escrib ed  by H arr e t a l . , I 983) extend from nuc leo tid es  

712 to  7 4 i (prom oter 1) com prising  th e  p resum ptive  -35 sequence 

(5 ’-TTGAAA-3' ) and  th e  -10 (Pribnow  b o x ), (P ribnow , 1975) sequence 

(5'-TAAACA-3'), an d  from nucleo tides 813 th ro u g h  844 (prom oter 2 ), 

com prising  a  -3 5  se q u e n c e  ( 5 ' -T T G T T T -3 ') o r  th e  o v e r la p p in g  

c a n d id a te  ( 5 ' -TTTA A T-3' ) a n d  th e  -1 0  (P rib n o w  box) sequence
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(5'-TACAAT-3') . ( iü )  Two in v e rte d  com plem entary re p e a t  sequences, 

one from nucleo tides 75^ th ro u g h  795 ly in g  between th e  two b e s t- f i t  

RNA polym erase b in d in g  s ite s  (Rosenberg an d  C ourt, 1979)»= and  th e  

o th e r from nucleo tides 817 th ro u g h  862, co vering  th e  ;-̂ 35 a n d t - 1 0  

sequences cf p u ta tiv e  prom oter 2. ( iv )  Sequence homology (F ig . 7 .8 ) 

w ith th e  5' f la n k in g  reg ions of th e  f la g e l l in  genes HI and  H2 of 

Salm onella typ h im u riu m . These fe a tu re s  a re  sum m arized in  F ig . 7 .9 .

E xam ination  of th e  3 ' f la n k in g  reg ion  cf th e  P . m ira b ilis  c a t  

r e v e a l s  a n  in v e r te d  com plem entary re p e a t reg ion  which resem bles 

c a n n o n ic a l rh o -in  depen den t te rm in a tio n  sequences. (R osenberg an d  

C o u r t, 1979)» a  f e a tu r e  which i s  consp icuously  a b se n t from th e  

co rresp o n d in g  reg ion  of th e  Tn9 c a t .



FIG 7 .8

Comparison of conserved  sequences p re se n t upstream  from th e  

HI gene (a )  from S .typhim urium  an d  (b) th e  c a t  gene from 

P . m ira b ilis  PMI3 . A lignm ents, detected  by v is u a l  in sp e c tio n , t  

a re  u n d e rlin e d  and  th e  num ber of nucleo tides s e p a ra tin g  each  

block i s  in d ic a te d  in  p a re n th e s is .  The t r ip le t  ATG in  each  

case  co rresponds to  th e  s t a r t  codon f o r  th e  HI p r o te in  o r  

ch loram phenico l a c e ty l tra n s f  e ra se  in  (a )  and  (b) re sp e c tiv e ly .
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FIG. 7 .9  P u ta tiv e  re g u la to ry  sequences a t  th e  5 ' f la n k in g  

reg ion  cf th e  P . m ira b ilis  c a t  gene. The -10 and  -35 reg ions 

( lo c a te d  b y  th e  algorithm c-cf H arr e t a l . , ■ 1983) a re  sh o w n '' 

a long  with th e  p red ic ted  open re a d in g  fram e, and  the* d y a d ,/  

a x is  of sym m etry  (d e te c te d  u s in g  a  p ro g ram  w r i t te n  by 

D. B urt, U n iv ersity  of L e ic es te r). The a lig n m e n t o f th e  3 

bo xes s h a r in g  homology with th e  5' f la n k in g  reg ion  of th e  

g e n e s  Hl  ̂ a n d  H2 ( in v o l v e d  i n  p h a s e  v a r i a t i o n  i n  

S .ty p h im u riu m ) was by v is u a l  in sp ec tio n .
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7 .3  SUMMARY

The nucleo tide  sequence of th e  P . m ira b ilis  c a t  gene, in c lu d in g  

th e  5* and  3' f la n k in g  f e l o n s  h as  been d e term ined .- The coding 

sequence can  be a lig n ed  with th e  Tn9 c a t  (type I ) .  The two .^enes 

have s im ila r it ie s  of j6% a t  th e  amino ac id  le v e l .and  73% a t  th e  

n ucleo tide  le v e l,  su g g es tin g  th a t  th e  P . m ira b ilis  c a t  and  th e  Tn9 

ty p e  I  v a r ia n t  a re  l ik e ly  to have d iverged  from a  common a n ce s to r.

The 5 ’ and  3 ' sequences f la n k in g  th e  c a t  c f P . m ira b il is , an d  th e  

co rrespond ing  segm ents cf th e  ty p e  I  c a t  a re  d is s im ila r ,  which may 

account fo r  th e  poor ex p ression  of th e  P . m ira b ilis  c a t  gene in  E .co li 

(C hap ter 5 ).



CHAPTER 8

SUBCLONING AND EXPRESSION OF THE P.MIRABILIS 

PM13 CAT GENE
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CHAPTER 8 : SUBCLONING AND EXPRESSION OF THE P,MIRABILIS 

P M ll CAT GENE

The e x p e r im e n ts  d escribed  in  th is  c h a p te r  were-; c a r r ie d  o u t 

jo in t ly  w ith F iona  Scott whose p ro je c t on th e  -P .m ira b il is  c a t  system  

w as su b m itte d  (Ju ly  1985) fo r  th e  in te rc a la te d  '.degree (B .Sc.) in  

M edical S c ie n ce s . Ms. S co tt p e rfo rm ed  th e  CAT a s s a y s ,  a n d  I  

perform ed th e  v itro  genetic  m an ip u la tio n s.

8 .1  INTRODUCTION

The experim ents in  c h a p te r  5 dem onstrated  th a t  ex p ression  of 

th e  P .m ira b ilis  PMI3 c a t  gene (c a rr ie d  by pIClOO and  pIC lO l) was 

poor in  E .co li SK34-30, and  th a t  CAT a c t iv i ty  was detected  only  by 

use cf th e  se n s itiv e  rad iom etric  a s s a y . The work in  th is  c h a p te r  

w as u n d e r t a k e n  to  i n v e s t i g a t e  th e  ab o v e  o b s e rv a t io n  by  ( i )  

su b c lo n in g  th e  P . m ira b ilis  PMI3 c a t  gene in to  a  h ig h  copy num ber 

v ec to r, and  ( i i )  to exam ine th e  ex p ression  of th e  c a t  gene fo llow ing  

i t s  ré in tro d u c tio n  in to  th e  p a re n ta l  s t r a in ,  P .m ira b ilis  PM 13, as  well 

as o th e r re la te d  h o s ts .

I t  was hoped th a t  such a  s tra te g y  m ight d is tin g u ish  between th e  

p resence  cf a  d s - a c tm g  function  a sso c ia ted  with th e  P .m ira b ilis  c a t  

gen e  in  pIClOO o r  p IC lO l a n d  re q u ire d  fo r th e  enhancem ent c f 

ch loram phen ico l re s is ta n c e , and  th e  p o s s ib ili ty  th a t  a  h o s t-sp ec ific  

com ponent a c tin g  in  t r a n s  m ight be re sp o n sib le  fo r  m odulating  gene 

e x p re ss io n .
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8 .2  RESULTS

8 .2 .1  E xpression  of th e  P .m ira b ilis  PM13 c a t  gene in  a  c a t" s t r a in  of

P . m i - r A . b i l i R  . ' - . V   ̂ ^

In  C hapter 1 th e  P . m ira b ilis  s tr a in  PM2 - was -d e sc r ib e d . This 

iso la te  h ad  p rev io u sly  been shown to  be devoid o f "detectable CAT by 

th e  se n s itiv e  rad io m etric  a s s a y , an d  c a t -  by  Southern h y b rid iz a tio n  

experim ents (C hap ter 4 ) . In  o rd e r to  exam ine th e  ex p ress io n  of th e  

c a t of P . m irab ilis  PM13 in  an o th e r re p re se n ta tiv e  of P ro te u s . spp 

t r a n s f o rm a t io n  e x p e r im e n ts  w ere c a r r i e d  o u t to  in t ro d u c e  th e  

p la s m id s  pIClOO a n d  p IC lO l s e p a r a t e ly  in to  P . m ir a b i l i s  PM2. 

I n i t ia l ly  th e  tran sfo rm a tio n  p rocedure  describ ed  by K ushner, (1979) 

was used  in  an  a ttem p t to  tran sfo rm  P . m irab ilis  PM2 (w ith  e ith e r  

pIClOO o r p IC lO l), b u t  no c h lo ram p h en ico l-re s is ta n t colonies were 

recovered . However, th e  use cf a  protocol o r ig in a lly  d escribed  fo r  

th e  tran sfo rm atio n  of P se u d o m o n as . sp p  (M ethods 2 .3 ) ,  y ie ld e d  

c h lo ram p h en ico l-re s is tan t colonies a t  a  freq u en cy  cf between 5 and  

20 p e r  microgram of added  superco iled  DNA. S ep ara te  tran sfo rm  an ts  

of P .m ira b ilis  PM2 h a rb o u rin g  e ith e r  pIClOO o r pIClO l were grown 

o v e r n i g h t  on P e n a s s a y - a g a r  p l a t e s  s u p p l e m e n t e d  w i th  

ch loram phenicol a t  a  co n cen tra tio n  c f  lO pg/m l, and  th en  su ccessiv e ly  

r e p lic a -p la te d  onto P e n a s sa y -a g a r  p la te s  co n ta in in g  50, 100, 200 and  

500pg of ch loram phenicol p e r ml. No grow th was observed  on th e  

a g a r  p la t e s  c o n ta in in g  500;ug o f c h lo ra m p h e n ic o l p e r  m l, b u t  

P . m ira b ilis  PM2 h a rb o u rin g  e ith e r  pIClOO o r pIClO l were c a p ab le  of 

grow th on 200^g/m l, su g g es tin g  th a t  th e  c a t  gene c a r r ie d  by each 

p lasm id  was exp ressed  a t  a  s im ila r  le v e l in  s tr a in  PM2. To v e rify  

t h i s  o b s e rv a t io n  CAT a s s a y s  (M eth o d s, 2 .3 )  w e re  p e r fo r m e d
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on c e l l - f r e e  e x t r a c t s  p r e p a re d  from c u ltu re s  of P. m i r a b i l i s  PM2 

h a rb o u rin g  pIClOO or pIC lO l, and  grown e ith e r  in  th e  p resence  o r 

absence cf c h lo r a m p h e n ic o lT a b le  8 .1  sum m arizes th e  re s u l ts  from 

which i t  may be concluded th a t  (i)  th e  c a t  genes spec ified  by  th e  

p lasm ids pIClOO and  pIClO l a re  ex p ressed  a t  th e  same effic iency  in  

P . m ira b ilis  PM2, and  ( ii)  m easured CAT a c tiv ity  is  in d ep en d en t of 

th e  p resence of ch loram phenico l in  th e  grow th medium. The c a t  gene 

dose was assum ed to be id e n t ic a l  f o r  pIClOO a n d  p IC lO l s in c e  

plasm id  m ini p rep s  (M ethods, 2 .3) showed in d is t in g u is h a b le  le v e ls  of 

p lasm id  DNA (d a ta  not show n).



T able 8 .1 .

Com parison cf th e  ex p ress io n  cf pIClOQ an d  pIClO l In P .m irabllL s 

PM2 and E .coH  SK3430. - . - - »

Specific A ctiv ity  of CAT (nm oles/m in/m g) ■

s tr a in plasm id (a) (b)

PM2 — 0 0

PM2 pIClCO 85 87

PM2 pIClO l 88 85

SK3430 - 0 0

SK343O p i c 100 .._ n .d . n .d .

SK343O p i c 101 n .d . n .d .

(a )  ce lls  grown in  th e  absence of ch loram phenico l.

(b) ce lls  grown in  th e  p resence of lO pg/m l ch loram phenico l p r io r  to  

l y s i s  a n d  m e a s u re m e n t  o f th e  s p e c if ic  a c t i v i t y  o f c a t  (see  

Methods, 2 .3 ) .  n .d .  in d ic a te s  th a t  CAT a c tiv ity  was no t detected  by 

th e  spectrophotom etric a s sa y  in  th ese  cru d e  c e ll e x tr a c ts .
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8 .2 .2  S ubcloning  th e  P .m ira b ilis  PM13 c a t  gene

The in tro d u c tio n  of th e  p lasm ids pIClOO and  pIClOl in to  th e  

s tr a in  P . m ira b ilis  PM2 dem onstrated  t h a t  th e  xzat genes h a rb o u re d  by" 

e ith e r  p lasm id  were exp ressed  a t  a  s im ila r  le v e ls  su g g e s tin g  th a t  

both genes h ad  fu n c tio n  a l ly  id e n tic a l  prom oters v '.Hence, th e  i n i t i a l  

sub clo n in g  ex p erim en ts  w ere o n ly  p e rfo rm e d  w ith  th e  c a t  gene  

c a r r ie d  by pIClOO.

P . m ira b ilis  PM13 is  p h en o ty p ica lly  r e s is ta n t  to  te tra c y c lin e  and  

ch loram phenico l and  consequen 'tly , before th e  c a t  gene  c o u ld  be 

in tro d u ce d  in to  th e  p a re n ta l  s tr a in  i t  was n ecessa ry  to sub clone i t  

in to  a  vecto r c a r ry in g  an o th er se lec tab le  re s is ta n c e  m ark er. The 

p la sm id  pUC13 (V ie ira  a n d  M ess in g , I 982) was chosen fo r  "this 

p urpose as  i t  c a r r ie s  an  am p ic illin  re s is ta n c e  d e te rm in a n t. The 

v ecto r was d ig ested  with Hind l l l  [a  s ite  l ik e ly  "to l ie  o u tsid e  c a t  and  

f la n k in g  con tro l sequences] and l ig a te d  to H ind l l l  diges'ted pIClOO. 

The lig a tio n  mix was th en  used to  transfo rm  E .co li JM83, an d  th e  

r e s u lt in g  reco m b in an ts , id e n tif ie d  as  white co lon ies, were re p lic a  

p la te d  onto L -a g a r  pla-tes supplem ented with ch lo ram phen ico l a t  a 

co n cen tra tio n  of IQ pg/m l. Those colonies r e s is ta n t  to  both  am p ic illin  

(50 jag /m l) a n d  c h lo ra m p h e n ic o l (lO u g /m l) were su b jec ted  to  th e  

p lasm id  ly s is  p ro ced u re  described  in ,M ethods (2 .3 ) . One such  c a t 

h a r b o u r in g  p lasm id  (pIC075) was id e n tif ie d  by r e s tr ic t io n  enzyme 

a n a ly s is ,  and  was chosen fo r  su b seq u en t tra n sfo rm a tio n  ex p erim en ts.



FIG. 8 .1

C onstruction  of p i 01075» re fe r  to  te x t  fo r  e x p la n a tio n .
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d i g e s t e d  p U C  1 3

+  L i g a s e
H i n d l l l  d i g e s t e d  p I C l O O

P I C 0 7 5

H i n dill
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8 ,2 .3  T ransform ation  of P .m irab ilis  PM2, P .m i-rahiljs

PMI3 and  S .typhim urium  LT2 with pIC073«

T he s t r a i n s  P . m i r a b i l i s  PM2, P . m i r a b i l i s  -PM13 * ' a n d  

S .typhim urium  LT2 were s e p a ra te ly  tran sfo rm ed  (Method's 2 i3 K ^ i th  

e ith e r  p la sm id  pBR328 (So'beron e t  , I 98I )  o r  pIC075> a n d

m ain ta ined  on a g a r  p la te s  supplem ented with e ith e r  ch loram phenico l 

(5Qug/ml) or am p ic illin  (5Qug/ml) (Table 8 .2 ) .

The t r a n s f o r m a n ts  w ere grow n o v e rn ig h t in  P enassay -'b ro th  

supplem ented with th e  a p p ro p ria te  a n tib io tic , su b cu ltu red  in to  f re sh  

a n t ib io t ic -m e d iu m , a n d  h a r v e s te d  when a p p a r e n t  c e l l  d e n s i ty  

corresponded to  A550 = 0 .8 . .-HAT le v e ls  were a ssay ed  on c ru d e  c e ll 

e x tra c ts  as  d escrib ed  in  Methods (2 .3 ) .

The tran sfo rm atio n  experim ents were designed  to  a n s w e r  tw o 

q u e s t io n s :  ( i )  How w ell m ig h t th e  c a t  gen e  of P . m irab ilis  be 

expressed  in  th e  p a re n ta l  s tr a in  (P .m ira b ilis  PM13) a s  co m p ared  

with re la te d  s tr a in s ? ,  and  ( ü )  how did  i t s  ex p ress io n  a l te r  when 

ce lls  h a rb o u r in g  th e  p la s m id s  w ere grow n in  th e  p re s e n c e  o f 

ch loram phenicol?



Table 8 .2

B a c te r ia l  s t r a in

Level (3f A ntibiotic  . 

P lasm id in  medium (pig/ml)^-

P . m ira b ilis Pml3

*Pml3

*103328

IC 3328

*103075

103075

Pm2

101328

IO I328

IOIO75

IOIO75

pBR328

pBR328

PICO75

pIC075

pBR328

pBR328

pIC075

pIC075

Om50 

Om50 

Amp 50 

Om50 

Amp50

Om50 

Amp 50 

Om50 

Amp 50

S. typhim urium  LT2

105328

105328

105075

105075

pBR328

pBR328

pIC075

PICO75

Om50

Amp50

Om50

Amp50

* in d ic a te s  th a t  th e  P . m irab ilis  PMI3 colony h ad  been iso la te d  a f te r  

g ro w th  on P e n a s sa y -a g a r  supplem ented with ch loram phenico l a t  a  

co n cen tra tio n  of 5Qug/ml (i . e . h ad  been sub jec ted  to th e  enhancem ent 

p ro c e d u re ) .



159

T able 8 .3  sum m arizes th e  re su lts  of th e  tra n sfo rm a tio n  experim en ts; 

s e v e ra l conclusions can  be draw n from th e  d ^ ta :

( i)  The most obvious fe a tu re  is  th a t  iso la te s  ' o f ' P .m ira b ilis  -PMI3 , 

P .m ira b ilis  PM2, an d  S. typhim urium  LT2 h a r b o ü r in g  pIC 075 a l l  

e x p ress  CAT a t  a  su ff ic ie n tly  h igh  le v e l so a s  to  be m easured by th e  

spectrophotom etric a s s a y , a  r e s u l t  which is  in  sh a rp  c o n tra s t to  th e  

r e s u l t s  w ith  E .co li h a rb o u rin g  p iC 075, w herein CAT a c tiv ity  was 

detected  only by th e  rad io m etric  a s s a y .

( i i )  T he CAT a c t i v i t y  m e a su red  f o r  c u l tu r e s  h a r b o u r in g  th e  

P .m ira b ilis  PM13 c a t  gene not as h ig h  as th a t  encountered  in

those  cu ltu re s  h a rb o u rin g  th e  ty p e  I  c a t  (c a r r ie d  by pBR328).

( i ü )  A c o m p a riso n  of th e  CAT le v e l s  d e te c te d  in  c u l tu r e s  o f 

P .m ira b ilis  PMI3 h a rb o u rin g  pBR328 re v e a ls  an  app rox im ate  2-fold 

in c re a se  when c u ltu re s  a re  grown in  th e  p resence of ch loram phenico l 

com pared with those grown in  th e  p resence of a m p ic illin . This may 

be due to  p lasm id  am p lifica tio n  (C lew ell, 1972). When a  s im ila r  

com parison is  made between iso la te s  h a rb o u rin g  pIC075, th e re  i s  a  

much la r g e r  in c re a se  in  CAT a c tiv ity  of e i th e r  23-fold (column a )  or 

7-fold (column b ) .  This la rg e  in c re a se  in  CAT le v e ls  only  occurs in  

P . m ira b ilis  PM13 h a rb o u r in g  pIC 075, a n d  s u g g e s ts  t h a t  a  h o s t  

sp ec ific  elem ent i s  m odulating  c a t gene e x p re ss io n .



Table 8.3

S tra in Plasmid A ntibiotic'^in - 

m edia (p g /m l)

Specific A ctiv ity  

1 juimple/min/m g

4 /  : (a ) . (b)

P . m irab ilis  PM13 — — o.o4 0.05

PM13 - Cm50 0.48 0.26

IC3075 pIC075 Cm50 1.58 0 .67

IC3075 PIC075 Amp 50 0.07 0.10

IC3328 pBR328 Cm50 15.01 9.26

IC3328 pBR328 Amp50 6.73 3.99

P. m irab ilis  PM2 — - 0 .0 0 .0

IC1075 PIC075 Cm50 1.35 0.72

IC1075 PIC075 Amp50 0.68 0 .63

1C1328 PBR328 Cm50- 3.70 2.13

1C1328 pBR328 Amp50 3.16 2.11

s .typh im urium  LT2 — - 0 .0 0 .0

IC5075 piC075 Cm50 0.37 0 .94

IC5075 PICO75 . Amp 50 0.34 0.43

IC5328 pBR328 Cm50 11.54 8 .77

IC5328 PBR328 Amp50 11.41 9.56
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8 .3  SUMMARY

The P . m ir a b i l i s  PM13 c a t  g en e  w as cloned in to  pUC13 (to 

g e n e r a te  pIC 075) a n d  r e in tr o d u c e d  in to  v ih e  p a r e n t a l  s t r a i n  

(P . m irab ilis  PM13). The v ecto r pUC13 is  a  , m ulticopy ^plasm id/ and

th e  c a t co n ta in in g  d e r iv a tiv e  (pIC075) may be expected  to  e x is t  a t  a  

h ig h  copy num ber in  each  c e ll .  The expected in c re a se  in  gene dose 

was re flec ted  by an in c re a se  in  CAT lev e ls  when tra n sfo rm a n ts  were 

grown in  th e  p resence of ch loram phenico l. S u rp r is in g ly , th is  h ig h  

c a t  copy num ber did  not r e s u l t  in  in c re a se d  CAT le v e ls  when p lasm id  

h a rb o u rin g  ce lls  were grown in  th e  p resence of am p ic illin .

This ch lo ram phen ico l-dependen t d ifference in  CAT le v e ls  was not 

observed  in  o ther re la te d  b a c te r ia l  s tr a in s  ( P . m ira b ilis  PM2, and  

S .typhim urium  LT2) h a rb o u rin g  pIC075j and  s tro n g ly  su g g ests  th a t  a  

P . m irab ilis  PM13 h o s t-sp ec ific  fa c to r  i s  re sp o n sib le  fo r  m odulating  

c a t  gene ex p ress io n .



CHAPTER 9 

DISCUSSION
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CHAPTER 9 ; DISCUSSION

9 . 1 .1  Homology w ith th e  ty p e  1 (Tn^) v a r ia n t .

The c a t  d e te rm in an t found in  P . m ira b ilis  - PM13 "h as  n o t been 

detected in  a n o th e r  c losely  re la te d  s t r a in  (P .m ira b il is " PM2)^ " and  

th u s  c o n s t i tu te s  a  'v a r i a b l e  t r a i t ' ,  ty p ic a l  : of those  which a re  

ex p ressed  by some s tr a in s  of a  g iven  species b u t no t by o th e rs . 

Such t r a i t s  may be co n tra s ted  w ith 'c o n s ta n t ' ones which a re  p re se n t 

as p a r t  of th e  s ta n d a rd  genetic  complement of th e  chromosome and  

a re  u su a lly  of taxonom ic im portance . No v ie  k and  Murphy ( I 985) 

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

l in c o s a m id e - s t r e p to g r a m in  B a n tib io tic s  (MLS^) in  S taphylococcus 

au reu s  as a  model fo r  th e  concept of v a r ia b le  genetic  t r a i t s .  They 

suggested  th a t  th e se  t r a i t s  were a sso c ia ted  w ith v a r ia b le  and  mobile 

genetic  elem ents, and  th u s  were sp re ad  h o r iz o n ta lly  th ro u g h  th e  

s p e c ie s .  The o b se rv a tio n  th a t  th e  c a t  gene of P . m ira b ilis  PMI3 

show s a  h ig h  d e g re e  of hom ology to  t h a t  o f th e  t r a n s p o s o n  

T n 9 -a s so c ia te d  ty p e  I  v a r ia n t  su g g ests  a., po ssib le  o rig in  fo r  th e  

chromosomal lo ca tio n  of th e  P .m ira b ilis  c a t  gene: v ia  tra n sp o s itio n  

from an  a n c e s tra l  Tng-Hke elem ent.

The in i t i a l  su g g estio n  of l ik e ly  sequence homology (a s  rev ea led  

by im m unological c ro s s - re a c t iv i ty ,  see  C hap ter 4) between th e  ty p e  I  

CAT and  th e  P .m ira b ilis  CAT was confirm ed by DNA seq u en c in g . An 

e a r l ie r  re p o rt (Z a id en za ig  ^  , 1979) t h a t  both v a r ia n ts  m ight

sh a re  a  common N -te rm in u s  fo r  th e  f i r s t  12 am ino a c id s  h a s ,  

how ever, not been confirm ed (see F ig . 7 .6 ) .  The two CAT v a r ia n ts
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do show 73% re s id u e  id e n ti ty  a t  th e  DNA le v e l,  and  j6% when th e  

amino ac id  sequences a re  com pared. Such a  h ig h  degree of homology 

i s  a  s tro n g  argum ent fo r  th e  hypo thesis  th a t  both  genes h av e  evolved 

from a common a n c e s to r. Indeed  an  a lig n m en t o f a l l  th e  CAT 

v a r ia n ts  sequenced to  da te  (F ig . 9 .1) confirm s th e  view th a t  th ey  

re p re se n t a  fam ily  of c losely  re la te d  enzymes a r is in g  by d ivergence 

from an a n c e s tra l  p ro te in .

The homology betw een th e  ty p e  I  c a t  and  th e  c a t  of P . m ira b ilis  

PM13 b reaks down in  th e  5' and  3 ' f la n k in g  reg io n s . No sequence 

homology co rresp o n d in g  to  th e  in se r tio n  sequence IS]^ (w hich f la n k s  

th e  type I  c a t  in  Tn£) was detected in  th e  P .m ira b ilis  c a t  sequence. 

This observation  has been confirm ed by Southern  b lo ttin g  experim ents 

wherein a  ÿ '[3 2 p ]-lab e lled  IS]L DNA fra g m e n t w as u se d  to  p ro b e  

chromosomal DNA from a  v a r ie ty  of b a c te r ia  (Nyman e t ^ . , I 98I ) . 

No positive  h y b rid iz a tio n  s ig n a l was id e n tif ie d  w ith DNA iso la te d  

from P .m ira b il is , a lth o u g h  g re a te r  th a n  40 copies could be id e n tif ie d  

in  c e rta in  en te ric  s tr a in s  such as  S h ig e lla  d y se n te ria e .



F ig . 9 ‘1 Com parison of th e  amino ac id  sequences of 

ch loram phenico l a c e ty ltra n s fe ra s e  v a r ia n ts  

The ty p e  I  sequence i s  from th re e  sources ; th e  . n ucleo tide  ' ' 

sequences of ( i)  Alton and  V apnek, 1979; (i i ) ■ MarcoH ;et a l . ,  7 

1980; and  ( i l i )  th e  p ro te in  sequence cf Shaw e t al..,; -1979• The 

r e m a in in g  am ino a c id  sequences were a l l  d erived  from th e  

nucleo tide  sequence. The two S taphyloccus au reu s  p lasm ids 

(pC221 and  pC194) c a r ry in g  th e  genes fo r  th e  ty p e  C and  D 

c a ts  were sequenced by Shaw e t , I 985, and  H orinouchi and  

Weisblum, I 982, re sp e c tiv e ly . The B ac illu s  pum ilus c a t  was 

sequenced by Harwood e t ^ . , I 983, while th e  ty p e  I I I  c a t  was 

sequenced by M urray e t a l . , . I 985 ( M anuscrip t in  p re p a ra t io n ) .  

H atched a re a s  re p re se n t amino ac id s  conserved in  a  minimum of 

f iv e  ou t of s ix  l is te d  sequences.
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9 .1 .2  Control cf P .m ira b ilis  PM13 c a t  gene ex p ress io n

I n  th e  g e n e ra l in tro d u c tio n  (C h ap te r 1) a  v a r ie ty  of m echanism s 

were d escrib ed  by which b a c te r ia  re g u la te  gene e x p re ss io n . These 

were c h a ra c te r iz e d  a c c o rd in g  to  th e  l e v e l  a t  w h ich  r e g u la t io n  

o c c u r r e d ,  i . e .  t r a n s c r i p t i o n a l  c o n t r o l ,  o r  p o s t- t r a n s c r ip tL o n a l  

c o n tro l. In  th is  section  th e  p h en o m en o n  of th e  a p p e a r a n c e  o f 

c h lo r a m p h e n ic o l - r e s i s ta n t  co lonies from a  p red o m in an tly  s e n s itiv e  

p o p u la tio n  a t  a  freq u en cy  cf b e t  wen 10"^ to  10“ 5 p e r  c e l l  p e r  

g en e ra tio n  (enhancem en t), i s  d iscu ssed  in  re la tio n  to  each  of th e  

v a r io u s  m odels.

F i r s t ,  and  most im p o rta n t, an  a n a ly s is  of th e  da"ta from th e  

L u r ia -D e lb ru c k  f lu c tu a t io n  t e s t  ( C h a p t e r  3) i n d i c a t e d  t h a t  

c h l o r a m p h e n i c o l - r e s i s t a n t  c e l l s  o f  P . m i r a b i l i s  PM13 a r o s e  

spon tan eo u sly  from a  p red o m in an tly  s e n s itiv e  p o p u la tio n  a s  a  r e s u l t  

o f m u ta t io n , r a t h e r  t h a n  b y  a  m ech an ism  in v o lv in g  in d u c tio n . 

F u rth erm o re , th e  con tour of th e  p lo t of th e  d ec rease  in  th e  num ber of 

r e s i s ta n t  ce lls  (e ffic iency  of p la t in g )  a s  a  fu n c tio n  of tim e , when 

grown in  th e  absence of a n t ib io t ic , was shown to  be in a p p ro p r ia te  

f o r  a  m odel w h e re in  a  p u t a t i v e  i n t r a c e l lu la r  in d u c e r  m ight be 

d ilu te d  by c e ll d iv is io n . A mechanism in v o lv in g  b ac k -m u ta tio n , an d  

c o u n te r-se lec tio n  cf r e s i s ta n t  c e lls  was p roposed  to  e x p la in  th e  d a ta .

S upport fo r  m utation r a th e r  th a n  in d u c tio n  a s  th e  e x p la n a tio n  

fo r  th e  enhacem ent phenomenon came from two o th e r so u rces : ( i)  th e  

d a ta  from ' N orthern d o t-b lo t’ experim en ts  (C h ap te r 6 ) , dem onstra ted
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th a t  ex p ress io n  cf th e  P . m irab ilis  c a t  gene was u n d e r tra n sc r ip tio n c il 

r a th e r  th a n  p o s t- tra n s c r ip t io n a l  co n tro l ( an  .o b servation  not te n a b le  

with th e  c u r re n t models o f-g ra m -p o s itiv e  c a t  in d u c tio n ); a n d ' ( ii); 

exam ination  of th e  DNA sequence 5 ’ to  th e  s ta r t  of c a t  ra t 880 '(see  

F ig .  7 .4 )  re v e a le d  no sequences analogous to - th o s e - im p lic a te d  in  

g ram -p o sitiv e  c a t  in d u c tio n . These p o in ts  a re  d iscussed  in  more 

d e ta il  below.

(i)  ' Nothern d o t-b lo ts  ' re v e a l t r a n s c r ip t io n a l  con tro l

The in d u c tio n  cf a n t ib io t ic  r e s i s ta n c e  d e te rm in a n ts  by  th e  

in c lu s io n  of th e  a p p ro p ria te  d rug  in  th e  grow th medium h as  been 

observed  to o p e ra te  fo r  a  num ber of genes, e .g :  th e  ery throm ycin  

r e s i s t a n c e  g e n e  h a r b o u r e d  b y  p la sm id  pE194 i s  in d u c e d  by  

e ry th ro m y c in  ( re v ie w e d  by  W eisblum , 1984); th e  c a t  g e n e  o f 

A grobacterium  tum efaciens is  induced  by ch loram phenico l, as a re  th e  

g ram -p o sitiv e  c a t  genes c a r r ie d  by pCW4l and  pC194 (review ed by 

Shaw, 1983) an d  th e  chromosomal c a t-86 gene of B .pum ilus (Harwood 

e t ^ . , 1983).

Those exam ples of in d u c tio n  (d escrib ed  above) which h av e  been 

s tu d ie d  a t  th e  m o le c u la r  l e v e l  h a v e  r e v e a le d  some c o n s e rv e d  

f e a t u r e s .  T h e  f i r s t  o b s e r v a t i o n  i s  t h a t  th e  f r e q u e n c y  of 

t ra n s c r ip t io n  of th e  re s is ta n c e  gene is  not in c re a se d  by th e  p resen ce  

of th e  a p p ro p r ia te  in d u c e r , th u s  co n tro l c f  gene ex p ress io n  occurs 

p o s t- t r a n s c i lp t io n a l ly . ' N orthern d o t-b lo t' experim ents (C h ap te r 6 )

u s in g  a n  hom ologous [3 2 p ]-la b e lle d  c a t  probe a g a in s t  to ta l  RNA 

p re p a re d  from P .m ira b il is  PMI3 ce lls  grown in  th e  p re s e n c e  a n d



165

absence of ch loram phenico l detected  a  s u b s ta n t ia l  in c re a se  in  th e  

am ount of c a t  specific  mRNA when a n tib io tic  was in c lu d ed  in  th e  

growth medium. Such a  r e s u l t  su p p o rts  th e  view th a t  re g u la tio n -o f  

th e  P . m irab ilis  PM13 c a t  gene occurs a t  th e '/ t r a n s c i lp t to n a l  le v e l,  

and  as such is  not fo rm ally  analogous to  th e  gram -^positive in d u c tio n  

mechanisms d escribed  above.

( il)  Sequence motifs 5 ' to  th e  s ta r t  c f  th e  P . m ira b ilis  c a t  gene

E xam ination of th e  sequence 5' to  th e  s t a r t  of th e  in d u c ib le  

a n t ib io t ic  re s is ta n c e  genes describ ed  above re v e a ls  dyad  axes c f 

symmetry which can form p u ta tiv e  h a irp in -lo o p  s tru c tu re s  in  mRNA. 

In  th e  c a s e  o f th e  Em^ d e te rm in a n t,  fo u r  in v e r te d  rep ea ts  a re  

p re se n t (which can form two h a irp in  loop s tru c tu re s ) ,  one c f  which 

s e q u e s t e r s  th e  S h in e -D a lg a rn o  se q u e n c e  (S D -se q u e n c e ) in  th e  

d o u b le -s tran d ed  stem (se e  C h a p te r  1 ) .  I n  t h i s  c o n f ig u r a t io n ,  

ribosom es a re  u n ab le  to  b in d  to  th e  mRNA an d  consequen tly  canno t 

t r a n s la te  th e  m essage. In  th e  p resence of th e  a n tib io tic ,  ribosom e 

's t a l l in g ' is  beH eved to  ex p la in  th e  exposure of th e  SD-sequence 

th u s  a llow ing tra n s la t io n  to p roceed . Dyad axes of symmetry (w hich 

can  p o te n tia lly  seq u este r  th e  SD-sequence in  a  double s tra n d e d  form) 

have also  been found 5' to  th e  s t a r t  c f th e  c a t  genes c f pCW4l, 

pC194 and  B. p u m ilu s . The AG° fo r  th e  th re e  s tru c tu re s  a t  25°C

a re :  pCW4l, - I 9 . I  k c a l .m o l . ;  pC194, -2 8 .1  k c a l .m o l . ;  a n d  B. 

p u m i lu s , - 2 6 .4  k c a l .m o l . , su g g es tin g  th a t  stem -loop form ation  i s  

en e rg e tic a lly  fa v o u ra b le . Models fo r  c a t  in d u c tio n  in  a l l  th re e  cases 

have  been proposed (b u t n o t confirm ed), and  assum e th a t  th e  action  

of ch lo ram p h en ico l i n  some w ay (p o s s ib ly  by  in t e r a c t io n  w ith
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ribosom es) a l te rs  th e  co n fig u ra tio n  of th e  stem -loop so as  to fre e  th e  

SD-sequence a n d  th u s  a l lo w in g  r ib o s o m e s , to  b in d ,  a n d  th e n c e  

t r a n s la te  th e  mRNA. E xam ination of th e  sequence ,5V. to ,- th e , start-of.,: 

th e  c a t  gene of P .m ira b ilis  PM13 re v e a ls  twd reg io n s  ; i h a t  c d u ld  

p o te n tia lly  form stem -loop s tru c tu re s . These a r e  ; shown (a s  DNA, 

r a th e r  th a n  RNA s tru c tu re s )  in  F ig  9*2 w ith th e i r  c a lc u la te d  A  

v a lu e s  in  k c a l /m d . Comparison of th e se  p o te n tia l s tru c tu re s  w ith 

th e  stem -loop s tru c tu re s  d iscussed  above fo r  th e  g ram -p o sitiv e  c a t  

genes su g g est th a t  th ey  a re  not so e n e rg e tic a lly  fa v o u ra b le  an d  a re  

th u s  le ss  l ik e ly  to e x is t  in  v iv o . F u r th e rm o re , n e i th e r  of th e  

p u ta tiv e  stem -loop s tru c tu re s  5 ' to  th e  s t a r t  c f  P . m ira b ilis  c a t  gene 

can  seq u este r  th e  Sh ine-D algarno  sequence in  secondary  s tru c tu re . 

I t  seems u n lik e ly , th e re fo re , th a t  e ith e r  p u ta tiv e  stem -loop h as  any  

s ig n ifican ce  in  th e  con tro l of th e  c a t  gene ex p ress io n  c f  P .m ira b ilis  

PM13 v ia  an  in d u c tio n  mechanism as  proposed fo r  th e  g ram -p o sitiv e  

g en es .

U n lik e  th e  s tem -lo o p  s t r u c tu r e s  in v o lv e d  in  t r a n s c r ip t io n  

te rm in a tio n , such as  those  invo lved  in  a t te n u a tio n  ( re v ie w e d  b y  

Kolter and  Y anofsky, I 982), n e ith e r  of th e  p u ta tiv e  stem -loops 5' to  

th e  c d  gene cf P .m ira b ilis  PMI3 a r e  G+C r i c h ,  n o r  a r e  th e y  

follow ed by  a  U -rich  t r a c t .  These o b se rv a tio n s  su g g es t th a t  th ey  

a re  u n lik e ly  to function  as a t te n u a to r s  in  r e g u l a t i n g  c a t  gen e  

e x p re ss io n .

The two dyad  axes 5' to  th e  s ta r t  of th e  c a t  gene of P .m irab ilis  

PMI3 a re , how ever, s u g g e s t iv e  of s e q u e n c e  t a r g e t s  f o r  c e r t a in
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t r a n s - a c tin g  con tro l elem ents (Reznikoff and  A belson, 1978). Such 

b in d in g  s ite s  often possess an  im perfect a x is  cf sym m etry, th u s  th e  

l a c - o p e r a to r  c o m p rise s  ah^ im p e rfe c t  in v e r te d  r e p e a t  sp a h h ln g -  

35 -n u c leo tid es , while th e  cAMP-CAP b in d in g  s ite  sp an s  â reg ion  of 

l4 -n u c le o tid es  with im perfect sym m etry. ,f

Another p u ta tiv e  stem -loop s tru c tu re  was id e n tif ie d  3 ' to  th e  c a t 

s t r u c tu r a l  gene (F ig . 9*2), and  in  sequence resem bles th e  consensus 

fo r  a  rh o -in d ep en d en t te rm in a to r . As th is  sequence e x is ts  3 ' to  th e  

s t r u c tu r a l  gene i t  is  u n lik e ly  to  be in vo lved  in  any  mechanism of th e  

co n tro l of in i t ia t io n  of c a t  gene e x p re ss io n , how ever, i t  may be 

im p o rtan t in  t r a n s c r ip t io n a l  te rm in a tio n  and  m essage s ta b i l i ty .

9 . 1 .3  A m utation to  chloram phenico l re s is ta n c e

The h ig h  f r e q u e n c y  a n d  r e v e r s ib le  n a tu re  of th e  m utation 

re sp o n s ib le  fo r  th e  ex p re ss io n  o f c h lo ra m p h e n ic o l r e s i s ta n c e  in  

P .m i r a b i l i s  PMI3 s u g g e s ts  a  g e n e t ic - s w itc h  m echanism  may be 

o p e ra tin g  (rev iew ed by P la s te rk  and  Van de P u tte , 1984). Such 

m echanisms h av e  been described  fo r a  v a r ie ty  of genes (see C hap ter 

1) w h ere in  a n  i n v e r t i b l e  DNA seg m e n t a l t e r n a t e s  b e tw een  tw o 

o r ie n ta tio n s , consequen tly  a l te r in g  th e  exp ression  of d iffe re n t genes 

o r o p é ro n s . T hese  s i t e - s p e c i f i c  in v e r s io n s  c a n  o c c u r  o v e r  a  

freq u en cy  ra n g e  of between 10-8 to  10-2 p e r ce ll p e r g e n e ra tio n , 

o ften  w ith a  p re fe ren ce  fo r  one o rie n ta tio n  over th e  o th er (S ilverm an 

and  Simon, I 983) . The experim ents described  in  C hap ter 6 were 

designed  to  de tect th e  occurrence of such a  re a rran g em en t e ith e r



FIG. 9.2

Potential, seco n d ary  s tru c tu re  5' to  th e  s ta r t  of th e  c a t gene

The s tru c tu re s  a re  dra-wn as th ey  could p o te n tia lly  form 

in  th e  DNA. The -  GO v a lu es  a re  shown u n d e rn ea th  in  k 

c a lo r ie s .

(a )  ( i)  A GO = -9 .4K cal/m ol

( ii)  AGO = -7 .2K cal/m ol

FIG. 9 .3

P o ten tia l secondary  s tru c tu re  3 ' to  th e  c a t  gene

The s tru c tu re  is  draw n as  i t  could p o te n tia lly  form in  th e  

DNA, and  is  c h a ra c te r is t ic  of a  rh o -in d ep en d en t te rm in a to r .

A GO = -6 .0K cal/m ol.
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( i )  w ith in  th e  genom e of P . m ir a b i l i s  PM13 when grown in  th e  

p resence as com pared with th e  absence of ch loram phen ico l, o r ( ii)  

betw een the  two cloned c a t  -^enes h a rb o u red  by pIClOO a n d  p IC lO l;' 

Southern  b lo ttin g , h e tero d u p lex  a n a ly s is ,  and  re s tr ic t io h  m ap p in g  

h as  f a i le d , how ever, to id e n tify  any  d ifference betw een th e  two c a t  

g e n e s .

This o b serv a tio n  was supported  by th e  d a ta  on th e  ex p ress io n  of 

th e  c a t  gene of P .m ira b ilis  PMI3 in  d iffe ren t en te ric  hosts  (C hap ter 

8 ) . The most in te re s t in g  f in d in g  was th a t  th e  d ifference  in  specific  

a c tiv ity  of CAT m easured in  c ru d e  e x tr a c ts  o f P .m i r a b i l i s  PMI3 

h a rb o u rin g  pIC075 m irrored  th e  b eh av io u r of c a t  ex p ressio n  fo r  th e  

p lasm id -free  h o s t. This was a  s u r p r i s i n g  f in d  a s  pIC 075 w as

c o n s tru c te d  from pIClOO (i . e .  from DNA iso la te d  from c u ltu re s  of

P .m ira b ilis  PMI3 grown in  th e  p resence of ch lo ram phen ico l). Thus, 

i f  a n y  s t r u c t u r a l  r e a r r a n g e m e n t  h ad  occurred  w ithin pIC075 to 

in c re a se  c a t gene ex p ress io n , re - in tro d u c in g  i t  in to  P . m ira b ilis  PMI3

should have im m ediately  produced a  h ig h  specific  a c tiv ity  of CAT;

This was not o b serv ed . A h igh  specific  a c tiv ity  of CAT was only  

o b ta in ed  when p lasm ids were in tro d u ced  in to  iso la te s  of P . m irab ilis  

PMI3 which h ad  been grown in  th e  p re se n c e  o f c h lo ra m p h e n ic o l  

su g g e s tin g  th a t :  ( i)  a  t r a n s - a c tin g  h o s t-sp ec ific  fa c to r  i s  l ik e ly  to  

be resp o n sib le  fo r re g u la tin g  c a t gene e x p re s s io n ; a n d  ( i i )  th e  

p u ta tiv e  h o s t-sp ec ific  fa c to r  is  i t s e l f  su b jec t to  'ON/OFF' con tro l cf 

th e  ty p e  e n c o u n te re d  in  g e n e tic  s w i tc h  m e c h a n is m s .  As a  

consequence of th i s ,  i t  follow s th a t  th e  c a t  genes p re se n t in  ce lls  

ex p re ss in g  th e  CAT+ o r CAT- phenotype w ill be th e  same; a l te rn a te
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e x p re s s io n  b e in g  c o n tro l le d  by  th e  p re s e n c e  o r a b s e n c e  of a  

t r a n s - a c tin g  f a c to r .  . . .

A p re c e d e n c e  f o r  th e  r e g u la to r y  a c t io n  o f a  ;t r a n s - a c tin g  

elem ent, which i s  i t s e l f  con tro lled  by a  g enetic -sw itoh  elem ent i s  

g iven  by th e  exam ple cf phase  v a r ia tio n  in  S. typhim urium  (see 

C hap ter 1 ). In te re s t in g ly ,  a  com parison c f th e  DNA sequence 5' to  

th e  s ta r t  c f the  f la g e l l in  genes HI and  H2 (a l te rn a te ly  exp ressed  in  

p h ase  v a r ia tio n )  re v e a ls  blocks of homology w ith th e  5' reg ion  of th e  

c a t  gene cf P .m ira b ilis  (F ig . 7 ) . Whether o r no t th is  homology h as  

any  s ig n ifican ce  fo r  th e  mechanism of th e  r e g u la t io n  o f c a t  i n  

P . m ira b ilis  PM13, (i . e .  is  th e  c a t gene sw itched 'ON' and  'O FF' in  a  

s im ila r  fa sh io n  to  th e  a l te rn a te  ex p ress io n  of HI and  Eÿ  can  only  be 

sp ecu la tio n  a t  p re se n t.

The c o n c lu s io n s  on th e  n a tu r e  o f c a t  g en e  ex p ress io n  in  

P .m ira b ilis  PM13 a re  sum m arized below:

(i)  c h lo ra m p h en ic o l-re s is ta n t colonies of P .m ira b ilis  PM13 occur as a  

re s u l t  cf spontaneous m utation a t  a  freq u en cy  c f  betw een 10-^ to  10-5 

p e r ce ll p e r g en e ra tio n ;

( i i )  th e s e  r e s i s t a n t  c e l ls  a r e  lo s t  from c u ltu re s  (grow n in  th e  

absence cf ch loram phenico l) a t  a freq u en cy  cf ap p ro x im ate ly  10”^ p e r  

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

co u n te r-se lec tio n  ;
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( iü )  th e  freq u en cy  of th e  CAT” to  CAT+ phenotyp ic  change (an d  vice 

v e r s a ) o c c u r s  w i th in  t h e  sa m e  f r e q u e n c y  l i m i t s  a s  m an y  

' g en e tic -s  witch ' elem ents; -  - ■ ’•

(iv ) th e  m utation c o n tro llin g  th e  a l te rn a te  ex p ressio n  of c a t  i s  host 

sp ec ific , su g g estin g  th e  involvem ent of a  t r a n s - a c tin g  elem ent.

The work u n d e rtak e n  d u rin g  th e  course of th ese  s tu d ie s  h as  

co n trib u ted  tow ards th e  u n d e rs ta n d in g  of th e  m echanism  w h ereb y  

P . m irab ilis  PM13 can  become r e s is ta n t  to  ch lo ram phen ico l. F u r th e r  

work, how ever, i s  re q u ire d  to  e lu c id a te  th e  spec ific  mechanism of 

co n tro l. The f i r s t  aim of any  fu tu re  work should  be to  a ttem pt to  

iso la te  th e  proposed t r a n s - a c tin g  co n tro l elem ent. E xperim ents to  

e lu c id a te  th e  m echanism of ac tio n  of th is  elem ent could th en  be 

d ev ised . Work along  th e se  l in e s  h as  a lre a d y  been in i t ia te d  in  th e  

la b o ra to ry  (F . Scott, B .Sc. T hesis, I 985, U n iversity  of L e ic es te r), 

b u t so f a r  h a s  n o t le d  to  a n y  f u r t h e r  u n d e r s ta n d in g  o f th e  

m echanism.
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APPENDIX A : C hloram phenicol R e s is ta n c e  in  F lavob acter iu m  

s p .  CB60

This work was c a r r ie d  «out as  a  jo in t  p ro je c t with--Hans . Georg, 

Beschle d u rin g  h is  v is i t  to  th e  D epartm ent of Biochem istry- o n . a  .sho rt 

te rm  f e l l o w s h i p  a w a rd e d  by  th e  E u ro p ean -: M o lec u la r  B io logy  

O rg an iza tio n . Dr. Beschle p rov ided  th e  m icrob io log ical e x p e r tise . 

The b u lk  o f th e  ^  v i t r o  reco m b in an t DNA work was mine. An 

accoun t of th e  s tu d y  h as  been p u b lish ed  (Beschle e t , 1984).

A .l INTRODUCTION

FLavobacterium  sp . CB60 is  a  g ram -n eg a tiv e  iso la te  which h as  

been te n ta tiv e ly  id e n tif ie d  as  F lavobacterium  d e v o ra n s , (Sussm uth 

e t , 1979). As th e  F lavob ac te r iu  m devorans ty p e  sp ec ies , ATCC 

10829, h as  recen tly  been id e n tif ie d  a s  a  s t r a i n  o f P seudom onas 

pacim obU is (Y abuuchi e t a l . ,  1979) th e  p re se n t taxonom ic position  of 

F lavob a c te r iu  m sp . CB60 i s  u n c e r ta in .

R e s is ta n c e  to ch loram phenicol in  F lavob a c te r iu  m sp . CB60 i s  

m ediated by th e  c o n s titu tiv e  sy n th es is  of CAT, and  th e  a c e ty la te d  

products  a re  fu r th e r  deg raded  by co-metaboHsm (Sussm uth e t a l . , 

1979; Beschle e t ^ . , 1982). Since a  p rev io u s  r e p o r t  im p l ic a te d  

R -plasm ids as  vectors of re s is ta n c e  to  am p icü lin  and  ery throm ycin  in  

c l in ic a l  iso la te s  of F lavob ac te r iu  m odoratum  (Kono e t , 1980) , i t  

w as a p p r o p r ia t e  to  c h a r a c te r iz e  th e  ch lo ram p h en ico l re s is ta n c e  

d e te rm in an t of F lavob a c te r iu  m sp . CB60.
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A .2 RESULTS

A .2 .1  Presence of a  18 .6-kb  p lasm id  in  F lavobacterium  sp . CB6o

Since th e  g en e tic  d e te r m in a n t ,  c a t , &s a s s o c ia te d  - i n ' m ost 

g ram -n eg a tiv e  b a c te r ia  w ith R -plasm ids (review ed by ,;SWw, T983) i t  

was decided  to  screen  Flavob a c te r iu  m- sp . CB60 fo r-the- p resence of a  

p lasm id . Three v ery  c losely  re la te d  F lavob a c te r iu  m s tr a in s  CB6o 

(Cm^’), CB61 (CmS), and  CB67 (CmS) were sub jec ted  to th e  p lasm id  

l y s i s  p ro c e d u re  of B irnbo im  a n d  D o ly , (1 9 7 9 ). The DNA was

sub jec ted  to  a g a ro se  ge l e lec tro p h o res is , and  s ta in e d  with

ethidium  brom ide (M ethods, 2 .3 ) . Only s tra in  CB6o was observed  to 

h a rb o u r  a  p lasm id  (pCB60), th e  m o lecu la r w e ig h t o f w h ich  was 

e s t im a te d  to  be  1 5 . 6-k b  b x  a d d i t io n  o f th e  a p p a re n t  s izes of 

frag m en ts  p roduced  by s in g le  and  double d ig ests  w ith th e  enzymes

A ccI, EcoRI , PvuI I , and  S a il  (F ig . A .l ) .

The p o s s ib ili ty  th a t  th e  Cm^ determ inan t was encoded by pCB60

was in v e s tig a te d  by two s tra te g ie s :

(a )  by a ttem p tin g  to t r a n s f e r  i t  to  d iffe ren t b a c te r ia l  

s tr a in s  ( F lavob a c te r iu  m s tra in s  CB6i and  CB67,

E .co H , and  Pseudomonas s p .)  and

(b) Southern  h y b rid iz a tio n  a g a in s t  a  c a t  ac tiv e  s ite  

o lig o n u c leo tid e .



FIG A .l R estric tio n  Map

R e s tr ic t io n  map of p lasm id  pCBôO g en era ted  by th e  enzymes 

AccI, EcoRI, P v u II an d  Sail-. ' '
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A .2 .2  T ran sfe r S tudies

The tra n sfo rm a tio n  of th e  CmS Flavob ac te r iu  m s tr a in s  CB61 an d  

CB67 with pCBôO u s in g  protocols described  fo r  th e  tra n sfo rm a tio n  : of 

E .c o l i  a n d  P seu d o m o n as (M ethods, 2 .3) f a i le d  to  y ie ld  an y  Cm̂ * 

F la v o b a c te i la . The Pseudomonas s t r a i n s  PA O llôl^ PAOII6 2 , a n d

PAO2440 su b se q u e n tly  proved u n su ita b le  a s  hosts fo r  any  fu r th e r  

tra n sfo rm a tio n  experim ents because  of th e i r  in tr in s ic  re s is ta n c e  to  

c h lo ra m p h e n ic o l.  This ch loram phenicol re s is ta n c e  phenotype only  

becam e a p p a re n t  a f te r  th e  s tr a in s  PAOII6I ,  PAOII62 and  PAO2440 h ad  

been grown on L -a g a r  p la te s  c o n ta in in g  chloram phenico l (lO pg/m l) 

fo r  5 days a t  37°C. Growth of r e s is ta n t  colonies on p ro g re ss iv e ly  

h ig h e r  lev e ls  of ch loram phenico l (50, 100 , 200 , 500pg/m l) re su lte d  in  

s tr a in s  which could  u ltim a te ly  grow on Img of ch loram phenico l p e r  

ml. M echanisms of ch loram phenico l re s is ta n c e  in  Pseudomonas sp p . 

often re ly  on th e  re la t iv e  im perm eab ility  of th e  c e ll  envelope to  th e  

d r u g ,  a n d  t h i s  b a r r i e r  may be enhanced  by th e  p resence of a  

p la s m id ,  th e  p ro d u c ts  of w hich  l e a d  to  f u r t h e r  e x c lu s io n  o f 

c h lo ra m p h e n ic o l  from  th e  ce ll in te r io r  (Kono and  O 'H ara , 1976).. 

This b a r r ie r  h a s  been rep o rted  to  a c t in  concert w ith CAT to  y ie ld  

even h ig h e r  le v e ls  of re s is ta n c e  (Gaffney ^  a l . , I 98I ) , and  th is  was 

o b s e rv e d  to  be  th e  c a s e  f o r  th e  a m p l i f ia b le  c h lo r a m p h e n ic o l  

r e s i s t a n c e  d e te c te d  in  s t r a i n s  PA O II6I ,  PA O II62 a n d  PAG2440. 

Attempts to  d e tec t CAT a c tiv ity  by th e  spectrophotom etrlc a s sa y  were 

u n su ccess fu l, b u t  th e  more sen s itiv e  rad iom etric  a s sa y  c a r r ie d  ou t 

w ith c e ll- f re e  e x tra c ts  of Cm^ iso la te s  of s tr a in s  PAOII61, PAO 1162, 

a n d  PAO2440 s u c c e s s fu l ly  dem onstra ted  CAT a c tiv i ty  (F ig . A .2 ). 

These re s u l ts  su g g e s t th a t  both an  exclusion  mechanism, and  CAT a re  

re sp o n sib le  fo r  ch loram phenico l re s is ta n c e  in  th ese  s t r a in s .
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Attempts were made to  tran sfo rm  E .co li SK3430 with pCB6o, b u t 

no Cm^ (IQjug/ml) colonies were d e tec ted . As i t  w as n o t know n _ 

w hether th e  p lasm id  pCB60 <oould re p lic a te  in  a h  E .co li' h ost i t  was 

decided to clone th e  p lasm id  in to  an  E .c o li V ector, ;pUG13j‘ (V ieira  

a n d  M ess in g , I 982) . The p lasm id  pUC13 was /d ig e s te d  w ith th e  

re s tr ic t io n  endonuclease EcoRI , an d  5*-p h o sp h a te  groups removed by 

in c lu s io n  c f c a lf  in te s t in a l  p h o sp h a ta se  in  th e  d igest-m ix  (M ethods, 

2 . 3 ). P lasm id pCB60 was p a r t ia l ly  d ig ested  w ith EcoRI  to produce 

p re d o m in a n tly  l in e a r  frag m en ts . A fter e lec tro p h o res is , th e  b an d  

co rresp o n d in g  to  l in e a r iz e d  pCB60 was cu t from th e  g e l, th e  DNA 

e x t r a c t e d ,  a n d  l i g a t e d  in to  th e  lin e a r iz e d  pUC13 v ec to r. After 

tra n sfo rm a tio n  of com petent E .co li JM83, recom binants ( id e n tif ie d  as 

w hite colonies on p la te s  co n ta in in g  X-GAL) were su b jec ted  to  th e  

p la sm id  m in i-p re p  p ro to c o l (M eth o d s, 2 .3 )  a n d  4 p l a s m i d s ,  

re p re se n tin g  pCB60 lin e a r iz e d  a t  e ith e r  EcoRI  s i te ,  and  in se r te d  in to  

pUC13 in  both  o rie n ta tio n s  se lec ted . None c f th e se  p lasm ids were 

c a p a b le  of su p p o rtin g  growth on Cm when su b seq u en tly  transfo rm ed  

in to  E .c o l i  s t r a i n  SK3430 a n d  p la te d  on to  L - a g a r  c o n ta in in g  

ch loram phenico l a t  a  co n cen tra tio n  of l(ÿ ig /m l.



FIG. A .2 CAT a c tiv ity  in  c rude c e ll e x tra c ts  

R a d io m e tr ic  d e m o n s tra tio n  o f CAT a c t iv i t y  in  c ru d e  c e l l  

e x tra c ts  from E .co li SK3430 ^harbouring p lasm id  pBR328 (la n e  1 

-  p o s itiv e  c o n tro l) , PAOII6I  ( la n e  2 ), PAO 1162 (la n e  3) and  

PA O 2 4 4 0  ( l a n e  4 ) .  T h e  a s s a y  i n v o l v e s  a s c e n d i n g  

ch rom atography  on s i l ic a  gel in  ch lo ro fo rm -m eth an o l (85 :15  

v o l/v o l)  of th e  p ro d u cts  of a c é ty la tio n  of [l^C ]-ch lo ram phen ico l 

by CAT in  th e  p resence of coenzyme A. From top to  bottom, th e  

a r r o w s  r e p r e s e n t :  1 , 3 - d i a c e t y l - c h l o r  a  m p h e n i c o l  ;

3 -ace ty l-ch lo ram p h en ico l; 1 -ace ty l-ch lo ram p h en ico l; unm odified 

c h lo ra m p h e n ic o l; and  th e  bottom arrow  in d ic a te s  th e  i n i t i a l  

lo a d in g  sp o t.
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A .2.3  A sy n th e tic  o ligonucleo tide  to  identafV c a t  genes

A sy n th e tic  o ligonucleo tide , com plem entary to  th e  a c t iv e  s i te  

reg ion  of th e  gene fo r  a  ty p e  I  c a t  ( C h a p te r '5) -'was*: used  in^  an  

a ttem pt to id e n tify  th e  lo ca tio n  of th e  F lav o b actërium  Jsp. ’CB6D c a t 

gene by DNA:DNA h y b r id iz a tio n . •• i '- '- ..-i'

P la sm id s  pBR322 (n eg a tiv e  con tro l co n ta in in g  no c a t  g ene), 

pCBôO, pBR328 (type  I  c a t ) , p JK lll (type  I I I  c a t ) and  pSES9 (type c 

c a t ) were c u t w ith th e  re s tr ic t io n  endonucleases T a q I , P s t I , Sau3A, 

and  Sau3A re sp e c tiv e ly , e lec trophoresed  th ro u g h  a  1.0% ag a ro se  ge l, 

and  t ra n s fe r re d  to  n itro ce llu lo se  p a p e r  by th e  method of Southern , 

1975. The f i l t e r  was h y b rid ize d  with th e  2T [8^P]- la b e lle d  a c tiv e -s ite  

s p e c i f i c  p r o b e  a s  p r e v i o u s l y  d e s c r i b e d  (M e th o d s ,  2 . 3 ) .  

A u to rad iography  rev ea led  th a t  h y b rid iz a tio n  occurred  only to  those  

p lasm ids c a r ry in g  th e  th re e  well c h a ra c te r iz e d  genes sp ec ify in g  CAT 

( F ig .  A .3 ) .  B o th  pCB60 a n d  pBR322 f a i l e d  to  show  a n y  

h y b r id i z a t io n .  T h is  re s u l t  is  in  agreem ent with th e  ex p ress io n  

experim en ts, and  a re  com patible w ith th e  view th a t  pCBôO does not 

c a r ry  a  ty p ic a l  c a t  gene . The a l te rn a t iv e  h y p o th es is , nam ely th a t  

F lavob a c te r iu  m s p . CB60 h a rb o u rs  c a t  on i t s  chromosome (or t h a t  th e  

c a t  gene does no t h y b rid iz e  to th e  ac tiv e  s ite  o ligonucleo tide) was 

exp lored  in  a  s im ila r  fa sh io n . E ndonuclease P stI  was used  to  d ig es t 

chromosomal DNA p re p a re d  from s tr a in s  CB6o, CB61, and  CB67. The 

d igested  DNA was sub jec ted  to  e lec tro p h o res is , and  was tra n s fe r r e d  

to  n itro ce llu lo se  by th e  method of S ou thern . H y brid iza tion  cf th e  

re su ltin g  n itro ce llu lo se -b o u n d  DNA to  th e  ^ [ 32p ] - la b e lle d  c a t  a c tiv e  

s ite  probe only  produced a  p o s itiv e  s ig n a l  with chromosomal DNA 

p rep a red  from s tr a in  CB60 (F ig . A.4 ) .
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This r e s u l t ,  com bined with th e  f a i lu r e  of th e  p lasm id  pCB60 to  

g ive a  h y b r id iz a tio n  s ig n a l  s tro n g ly  suggest^  th a t :  (a )  th e  c a t  gene 

in  F lavob a c te r iu  m s p . CB60-is chro mosomally / lo ca ted  ; ( b ) t h e r ë i s  a  

s u b s ta n t ia l  degree of homology a t  th e  a c tiv e  s ite  between' th e  CAT o f . 

s t r a i n  CB6o a n d  CAT v a r i a n t s  s tu d ie d  p rev io u s ly ; an d  (c) th e  

f in d in g  cf pCB60 in  th is  Cm^ s tr a in  (CB60) was e ith e r  fo r tu ito u s , o r 

r e f le c t s  a  s e c o n d a ry  ro le  which i t  may p la y  in  sp ec ify in g  gene 

p roducts  n e ce ssa ry  fo r  th e  s u b s e q u e n t  m etab o lism  o f a c e ty la te d  

ch loram phenico l (B eschle e t a l . , 1982).



FIG. A .3 A sy n th e tic  o ligonucleo tide  to  Id en tify  c a t  genes

(a )  1.0% ag a ro se  ge l show ing b an d in g  p a tte rn  p roduced a f te r  

eth idium  brom ide s ta in in g  of: A, pBR322 d ig ested  _w ith T ag!  

(n eg a tiv e  co n tro l); B, pBR328 d ig ested  with T aq l ( ty p e  I- c a t ) ;. 

C, pCB6o d ig ested  with P s t I ; D, pSES9 d igested: with Sau3A 

(ty p e  C c a t ); E, p JK lll d ig ested  w ith Sau3A (type I I I  c a t ) . 

Dots In d ic a te  th e  known positio n  of c a t  genes in  each  c a se .

(b) A u to rad iograph  of th e  DNA shown in  (a ) a f te r  t r a n s f e r  to  

n itro ce llu lo se  by th e  method of Southern and  h y b rid iz a tio n  w ith 

th e  ÿ '[32p]- la b e lle d  o lig o n u cleo tid e . H yb rid iza tio n  h as  on ly  

o ccurred  with th e  b an d s  known to co n ta in  c a t  genes.
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FIG. A.4 H y b rid iza tio n  of a  c a t-sp e c if ic  o ligonucleo tide to 

F lavobacterium  DNA

(a) 0 .7% ag a ro se  g e l show ing th e  b a n d in g -p a t te rn  p roduced ' 

a f te r  ethidium  brom ide s ta in in g  of: A, CB67 chromosomal DNA 

d ig e s te d  w ith  P s t I ; B, CB6i  chromosomal DNA d igested  w ith 

P s t I ; and  C, CB60 chromosomal DNA d igested  with P s t I .

(b) A u to rad io g rap h  of th e  DNA shown in  (a )  a f te r  t r a n s fe r  to 

n itro ce llu lo se  by th e  method of Southern , and  h y b rid iz a tio n  to  

th e  ÿ [3 2 p ]- lab e lled  c a t  a c tiv e  s ite  o ligonucleo tide . The arrow  

in d ic a te s  th a t  h y b r id iz a tio n  h as  only occurred  to DNA p re p a re d  

from CB60.
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A .2 .4  C loning of th e  F la.vobacterium  sp . CB60 c a t  gene

I n i t i a l  c lon ing  experim en ts  were c a r r i e d  o u t to  i s o l a t e  th e  

F lavob  ac te r iu  m sp . CB60 c a t  gene by v ir tu e  of i t s  ex p re ss io n  in  an  

hetero logous h o s t. A p o te n tia l  h o s t/v e c to r  system  fo r such  a  c lo n in g  

s t r a t e g y  w o u ld  h a v e  b e e n  t h e  P s e u d o m o n a s  s p p . p r o to c o l  

( B a g d a s a r ia n  e t  a l . ,  I 98I ) .  H ow ever, th e  s t r a i n s  d e s c r ib e d  

(PAOII61, PAOII62, an d  PA02440) p roved  to  be am pH fiab le  to  h ig h  

le v e l  ch lo ram phen ico l r e s is ta n c e , an d  were th u s  u n s u i t a b l e .  An 

E .coH  h o s t/v e c to r  system  was co n seq u en tly  u se d . Chromosomal DNA 

is o la te d  from  F la v o b a c te r iu m  s p .  CB60 w as d ig e s te d  w ith  th e  

re s tr ic t io n  endonuclease  Sau3A (u n d e r  v a ry in g  co n d itio n s c f  enzym e 

co n cen tra tio n  and  tim e) which produced frag m en t s izes  in  th e  ra n g e  

from 5 to  15-kb . These frag m en ts  were f u r th e r  p u r if ie d  aw ay  from 

h ig h e r  and low er m olecular w eigh t com ponents b y  c e n t r i f u g a t i o n  

th ro u g h  a  10-^IC^ sucrose  g ra d ie n t  (M ethods, 2 .3 ) . Once th e  in s e r t  

DNA was p u r if ie d  i t  was l ig a te d  w ith BamHI d ig ested  pAT153 w hich 

h a d  b ee n  t r e a t e d  with c a lf  i n te s t in a l  p h o sp h a ta se  to  remove th e  

5 '-p h o sp h a te  g ro u p s. A fte r  t r a n s f o r m a t io n  of c o m p e te n t E .c o l i  

SK343O, re c o m b in an ts . were se lec ted  on L -a g a r  p la te s  supp lem ented  

w ith  th e  a p p ro p ria te  a n tib io tic s , an d  th e  co n tro l p la te s  exam ined 

(se e  C h a p te r  5) in  o rd e r  to  c a lc u la te  th e  p ro b a b ili ty  of h a v in g  

g e n e ra te d  a  re p re s e n ta tiv e  g e n e -b a n k  (C la rk e  and  C arbon , 1976). 

D e s p i te  e x a m in in g  e n o u g h  r e c o m b in a n ts  to  h a v e  h a d  a  99*9^ 

p ro b a b ili ty  cf f in d in g  th e  F lav o b ac te riu m  sp . CB60 c a t  g e n e ,  no 

ch lo ram phen ico l r e s i s ta n t  co lonies were seen . A p o ss ib le  e x p la n a tio n  

fo r  th is  i s  th a t  th e  c a t  gene was no t ex p ressed  in  E .c o li  th ro u g h  an  

in a b i l i ty  c f th e  hosts m achinery  to  recogn ize  CB60 co n tro l sequences
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fo r t ra n s c r ip t io n  and  t ra n s la t io n .  In  view of th e  la c k  of success 

w ith  t h i s  a p p ro a c h  i t  w as d e c id e d  to  a t t e m p t  to  c lo n e  t h e  

F lavob a c te r iu  m sp . CB6o gene by a  s tra te g y  Ib ased  on- sc reen in g  f o r  

th e  gene r a th e r  th a n  se le c tin g  fo r i t .  This sc reen in g  p rocedure  

c o u ld  b e  a c h i e v e d  b y  u s i n g  t h e  c a t  c o n s e n su s  a c t i v e - s i t e  

o ligonucleo tide  a s  a  ra d io -a c tiv e  probe to lo ca te  th e  c a t  gene among 

se q u e n c e s  c lo n e d  in to  a n  a p p ro p r ia te  v ec to r. In  p ra c tic e , th e  

X -rep lacem en t v ec to r X dB286 (Bram m ar, I 982) was chosen fo r  th is  

p u rp o se . This v ec to r, a  d e r iv a tiv e  of X lA y .l (Loenen and  Bram m ar, 

1981) co n ta in s  th e  "n o n -e ssen tia l"  reg ions cf th e  p h ag e  ( in c lu d in g  

red  and  gam ) bounded by sp ec ific a lly  eng ineered  p a ir s  of r e s tr ic t io n  

s i te s .  Thus d ig e s tin g  th e  v ecto r DNA (lOOjag) w ith BamHI se p a ra te d  

th e  le f t  an d  r ig h t  arm s aw ay from th e  n o n -e sse n tia l c e n tra l  reg io n . 

These arm s were th en  p u rif ie d  by cen tr ifu g a tio n  th ro u g h  a  10 to  

sucrose g ra d ie n t  (F ig . A .5 ). F lavob a c te r iu  m sp . CB6o chromosomal 

DNA was d ig ested  w ith Sau3A u n d e r  c o n d it io n s  w h ich  h a d  b een  

o p tim iz e d  to  g iv e  DNA fragm en ts  in  th e  size ra n g e  c f  10 -20-kb . 

These frag m en ts  were a lso  p u r if ie d  by c e n t r i f u g a t io n  th ro u g h  a  

10-H0% sucrose  g ra d ie n t.

Once th e  vec to r arm s and  in s e r t  DNA h ad  been p u r if ie d , th e y  

were hea ted  a t  70°C fo r  10 m inutes, th en  held  a t  42^0 fo r  1 hou r (to 

allow  arm s an d  in s e r t  to  a n n e a l) .  Samples were l ig a te d  to g e th e r  a t  

h ig h  co n cen tra tio n  (2bOjuig/ml) w ith a  m olar ra t io  of vecto r to  in s e r t  

of 3 :1 . A fter o v e rn ig h t l ig a tio n  a t  ICPC th e  sam ples were a g a in  

h ea ted  a t  JOPC fo r  5 m inutes, and  packaged  u s in g  e x tra c ts  d eriv ed  

from th e  E .c o li s tr a in s  BHB2688, and  BHB269O (M ethods, 2 .3 ) . The
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re su lt in g  p h ag e  p a r t ic le s  were s e r ia l ly  d ilu ted  in  X  -p h a g e  b u ffe r 

and  p la te d  onto an  E .coH  P2 ly sogen  (Q359) an d  E .coH  5K (th e  P2 

lysogen  only perm its  growth,.-.cf re d -  gam~ p h a g e/ i . e . recom binan ts  ) .. 

The H b ra ry  was th u s  show n to  c o n ta in  a p p ro x im a te ly  1 x" 105 

recom binant p h ag e  p a r t ic le s .  ■ ,>p '

A .2.5 Id e n tif ic a tio n  of th e  F lavobacterium  so . CB60 c a t

R ep resen ta tiv e  sam ples cf th e  XDB286 H b ra ry  were p la te d  onto 

law ns of E .coH  WJB9IO, (a  recBC h ost which minimizes recom bination  

b e tw een  c lo n e d  s e q u e n c e s )  g row n o v e r n ig h t ,  and  th e  re s u l t in g  

p laq u es  tr a n s fe r re d  to n itroceH ulose  u s in g  th e  method of Benton and  

D avis, 1977. A fter h y b rid iz a tio n  to  th e  Y [32p]-lab eH ed  c a t  a c tiv e  

s ite  oH gonucleo tide-probe (M ethods, 2 .3 ) a re a s  c f  ly s is  which showed 

a  p u ta tiv e  p o s itiv e  s ig n a l were p ick ed , and  re p la te d  onto law n s cf 

E .coH  WJB9IO fo r  re -sc re e n in g . P rob ing  n itroceH ulose  f i l te r s  made 

a g a in s t  th e se  ph ag e  should  have re su lte d  in  an  in c re a se d  s ig n a l  

in te n s ity  as  more "positive" (i . e .  c a t - c o n ta in in g p h ag e) shou ld  be 

p r e s e n t .  I n  p r a c t i c e ,  h o w e v e r, t h i s  d id  n o t o c c u r ,  in d e e d ,  

p o s itiv e ly  h y b r id iz in g  p laq u es  o b ta ined  from one round of sc reen in g  

w ere d is c o v e re d  n o t to  be r e p ro d u c ib ly  p o s itiv e  on su b seq u en t 

s c r e e n in g .  T h is  w as a t t r i b u t e d  to  th e  h ig h  b a c k g r o u n d  o f 

r a d i o - a c t i v i t y  on th e  f i l t e r  r e s u l t i n g  a s  a  consequence c f th e  

lo w -str in g e n cy  h y b rid iz a tio n  and  wash ex p erim en ta l co n d itio n s.



FIG. A.5

C en trifu g a tio n  of DNA sam ples th ro u g h  a  sucrose g ra d ie n t

(a ) 0.6% ag a ro se  ge l show ing th e  p u rif ic a tio n  of \  -a rm s  aw ay 

from  th e  c e n tr a l  n o n -e sse n tia l reg io n . The t ra c k s  2 .-to 20 

re p re se n t f ra c tio n s  co llected  from a  10-40% sucrose  g ra d ie n t.  

T racks 2-15 show th e  le f t  and  r ig h t  arm s with no co n tam in a tin g  

c e n tra l  frag m en t ( tra c k s  19 and 20). The f ra c tio n s  c o n ta in in g  

arm s were pooled and  used  in  subsequen t c lon ing  ex p erim en ts.

(b) 0.6% a g a r o s e  g e l  sh o w in g  th e  p u r i f i c a t io n  o f S a u lA 

d ig e s te d  F la v o b  a c te r iu  m s p .  CB6o ch rom osom al DNA a f te r  

ce n tr ifu g a tio n  th ro u g h  a  10-40% sucrose g ra d ie n t.  T rack  17 

shows DNA in  th e  size ra n g e  cf 10-20-kb which was u sed  in  th e  

c lon ing  s tr a te g y .



( a )

size in kb

2 3 . 0 -

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  1 3 1 4  1 5 1 6  17 18 19 2 0

size in kb
(b)

2 3 . 0 -

9 . 7 -
6 . 4 -

4 . 5 -

" ' I

2 . 3 -
2 . 0 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2 0  21  2 2  2 3
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A ,3 SUMMARY

The re su lts  p resen ted  in  th is  ap p en d ix  h av e  dem onstrated  th e  

p resen ce  cf a  1 5 .6 -kb p lasm id  (pCB60) in  F lav o b acte ilu m  sp . CB60. 

T h is  p la sm id  does not a p p e a r  to  p la y  a  ro le  in  ch loram phenico l 

a c é ty la tio n . F u rtherm ore , DNA:DNA h y b rid iz a tio n  experim ents u s in g  

a  sy n th e tic  oH gonucleotide probe (the sequence of which was b ased  

upon known sequences co rrespond ing  to  th e  h ig h ly  conserved  a c tiv e  

s i t e  r e g io n  o f  s e v e r a l  CAT v a r i a n t s )  r e v e a le d  a  p o s i t iv e ly  

h y b rid iz in g  re s tr ic t io n  frag m en t in  th e  CB60 chromosome, b u t f a i le d  

to  do so with pCB60 p lasm id  DNA. This s tro n g ly  su g g ests  th a t  th e  

c a t  gene of F lavob a c te r iu  m sp . CB60 is  chrom osom ally lo c a te d .

A ttem pts to  c lo n e  th e  F lavob a c te r iu  m sp . CB6o c a t  gene by 

tran sfo rm atio n  of Pseudomonas sp p . hosts (B a g d a sa ria n  e t , I 981) 

f a i l e d ,  due to  th e  s u rp r is in g  d iscovery  of am p lifiab le  h ig h - le v e l 

c h lo ra m p h e n ic o l r e s i s ta n c e  in  th e s e  s t r a i n s .  R e s is ta n c e  w as 

m e d ia te d  by  a  c o m b in a tio n  of CAT, a n d  a  b a r r i e r  m echanism  

ex c lu d in g  Cm from th e  c e il .

Attempts to  clone th e  c a t  gene by v ir tu e  of i t s  ex p ressio n  in  

E .c o ii SK343O were a lso  u n su ccessfu l, as  were a ttem pts to screen  fo r  

th e  p resence cf th e  gene by DNA:DNA h y b r id iz a tio n .
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A .4 FUTURE WORK

I t  h as  been dem onstrated  t h a t  th e  c a t  consensus o lig o n u c leo tid e  

h y b r id iz e d  to a  l4 .5 -k b  P s tI  frag m e n t in  th e  F lavob a c te r iu  m sp . 

CB6o chrom osom e. F u tu re  c lo n in g  experim en ts could  u t i l iz e  th is  

o b se rv a tio n  by c u ttin g  a  lim ited  ra n g e  o f " p o s i t iv e "  r e s t r i c t i o n  

fra g m en ts  ou t of an  a g a ro se  g e l. R e liab le  methods (M ethods, 2 .3 ) 

now e x is t  fo r  reco v erin g  DNA from such frag m e n ts , an d  th e  r e s u l t in g  

c a t - c o n t a i n i n g DNA ccu ld  be l ig a te d  w ith an  a p p ro p r ia te  v ec to r . 

S c re e n in g  fo r  th e  p r e s e n c e  o f t h e  c a t  g e n e  w o u ld  t h e n  b e  

c o n s id e ra b ly  s im p lif ied , a s  f a r  few er recom binan ts would need  to  be 

exam in ed . This s tra te g y  h as  been su ccess fu lly  em ployed (K in n a ird  

a n d  F incham , 1981), in  th e  c lo n in g  of th e  N .c ra s sa  gdhA gene .
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SHORT CO M M UNICATIO N  

Use of a Synthetic Oligonucleotide to Identify a Chromosomal Gene for 
Chloramphenicol Acetyltransferase in a Plasmid-bearing Flavobacterium

By H. G. BESCHLE, I. G. CHARLES a n d  W. V. SHAW*
Biochemistry Department, University of Leicester, Leicester LEI 7RH, UK

{Received 13 April 1984; revised 6 August 1984)

A micro-organism previously designated Flavobacterium sp. CB60 is resistant to chloramphenicol 
as a consequence of antibiotic acétylation by the enzyme chloramphenicol acetyltransferase and 
subsequent degradation of the acetylated product by co-metabolism. Although a 15 6 kb 
plasmid (pCB60) was demonstrated in this Flavobacterium strain, it did not appear to play a role 
in chloramphenicol acétylation. DNA hybridization was used to identify a fragment of DNA 
presumptively carrying the cat gene. The sequence of the synthetic probe was based upon known 
nucleotide sequences corresponding to the highly-conserved active site region of several 
chloramphenicol acetyltransferase variants. The structural gene for the enzyme in strain CB60 
appeared to be chromosomal since the radioactive probe hybridized with a unique restriction 
fragment from chromosomal DNA but failed to do so with the DNA of plasmid pCB60.

IN TRO DU CTIO N

Chloramphenicol resistance (CmO has been observed in many genera of bacteria, wherein 
resistance to chloramphenicol of more than 25 pg ml"  ̂is most commonly plasmid-borne and the 
result of antibiotic acétylation by the enzyme chloramphenicol acetyltransferase (CAT : EC 
2.3.1.28) (Shaw, 1967 ; Suzuki & Okamoto, 1967). The genetic determinant (cat) is associated in 
Gram-negative bacteria with R-plasmids which can be assigned to a number of distinct incom
patibility groups (Gaffney et a/., 1978). Flavobacterium sp. CB60, a Gram-negative isolate which 
is highly resistant to chloramphenicol, acetylates the antibiotic by means of the constitutive syn
thesis of CAT and further degrades the acetylated product in co-metabolism (Sussmuth et ai, 
1979; Beschlee/fl/., 1982). Since a previous report implicated R-plasmids as vectors of resistance 
to ampicillin and erythromycin in clinical isolates of Flavobacterium odoratum (Kono et al., 
1980), it seemed appropriate to characterize the Cm*" determinant of Flavobacterium sp. CB60.

METHODS

Bacteria. The isolation and properties of Flavobacterium sp. CB60 have been described previously (Sussmuth et 
al., 1979). Flavobacterium strains CB61 and CB67 are yellow pigmented flavobacteria which are chloramphenicol 
sensitive (Cm®) and were kindly provided as controls by R. Sussmuth (Institute of Microbiology, University of 
Hohenheim, Stuttgart, FRG). Methylophilus methylotrophus (mmeA) was the gift of C. Boyd (Dept, of Genetics, 
University of Glasgow, UK) and Escherichia coli strains JM83 {ara Alac-pro strA thi 080 dlacZAm\5) and BW162 
(thrleu) were obtained from G. Sharpe (ICI, Runcorn, UK). Pseudomonas aeruginosa PAO 1162 (leu-38) and 
PAG 1161 {leu-38) are both phenotypically recombination deficient (R e c )  and modification proficient (Mod+) as 
is Pseudomonas putida mt-2 KT 2440. These strains have been described by Bagdasarian et al. (1981) and were 
kindly provided by D. Jeenes (University College o f North Wales, Bangor, UK).

Abbreviation'. CAT, chloramphenicol acetyltransferase. 
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Plasmids. pSW 1.1 (Su' Te' Mob+) and pUC 13 (Ap') were from G. Sharpe (ICI, Runcom, UK). The use of 
pSW 1.1 was through the courtesy of W. Schuch(ICI, Runcom, UK). Plasmid pJKl 11 (car'") encodes the type III 
enteric variant of CAT specified by plasmid R387; pSES9 carries the c a f  gene o f staphylococcal plasmid pC221 
(Shaw, 1983).

Media and growth conditions. Flavobacteria were grown according to Sussmuth et al. (1979). E. coli strains were 
grown on Luria medium or minimal medium with appropriate supplements and drugs as described by Maniatis et 
al. (1982). M. methylotrophus was cultivated in methanol-minimal medium (Windass et al., 1980). Pseudomonas 
strains were grown as described by Timmis et al. (1978).

Plasmid preparations. Plasmids were prepared by the method o f Biraboim & Doly (1979) using the following 
modifications in large scale preparations. After potassium acetate precipitation, the supernatants were shaken 
with aqueous phenol, precipitated with isopropanol and centrifuged to equilibrium in a caesium chloride buoyant 
density gradient containing ethidium bromide.

Chromosomal DNA preparations. Flavobacterial D N A  was purified by the method o f Chow et al. (1977) with the 
addition o f a final caesium chloride buoyant density centrifugation step.

Transformation. E. coli strains were transformed by the method o f Kushner (1978). The Pseudomonas 
transformation system was that of Bagdasarian & Timmis (1981).

Bacterial conjugations. Strains were conjugated by plate-mating as described by Barth et al. (1981).
DNA digestions and agarose gel electrophoresis. D N A  samples were digested with commercial restriction 

endonucleases, using the manufacturers’ recommended buffers, and analysed in 0-7% (w/v) agarose in Tris/acetate 
buffer (pH 8 1) as previously described by Maniatis et al. (1982). Molecular weights o f D N A  fragments were 
estimated from the migration of bacteriophage X D N A  fragments of known size.

Hybridizations. D N A  fragments were transferred to nitrocellulose filters by the method o f Southern (1975). 
Samples of the synthetic oligodeoxyribonucleotide 5 -C CA TCA CA G A CG G C ATG ATG -3' (synthesized by 
Celltech, Slough, by the method o f Patel et al., 1982) were labelled using [y-^^P]ATP and polynucleotide kinase by 
the method of Maxam & Gilbert (1980). Other D N A  samples were nick-translated as described by Rigby et al. 
(1977). Filters were prehybridized for 4 h at 30 °C and probed with [^^Pjoligonucleotide (sp. act. 5-5 x 10̂  d.p.m. 
pg“* ) for approximately 18 h. Filters were routinely washed in 2 x SSC containing 0 5% SDS at 30 °C or at 37 °C 
for higher stringency in selected cases (1 x SSC is 0 15 M-NaCl/0 015 M-trisodium citrate, pH 7).

Ligation procedures and enzyme assays. D N A  fragments were ligated to vectors using D N A  ligase following 
treatment of linearized vector D N A  with alkaline phosphatase followed by phenol extraction and ethanol precipi
tation. CAT was measured in crude extracts by the spectrophotometric and radioactive methods described by 
Shaw (1975).

RESULTS AND  DISCUSSIO N

Presence o f a 15-6 kb plasmid in Flavobacterium sp. CB60. Three very closely related 
Flavobacterium strains, CB60 (Cm''), CB61 (Cm®) and CB67 (Cm®), were screened for the pres
ence of plasmids after lysis and electrophoresis in agarose. Only strain CB60 was observed to 
contain a plasmid, the molecular weight of which was estimated to be approximately 15 6 kb by 
addition of the apparent sizes of fragments produced by digestion with individual restriction 
endonucleases. A map of the plasmid (designated pCB60) derived from the results of single and 
double digestions with restriction endonucleases Pvull, EcoRl, Sail and Accl is shown in Fig. 1. 
The possibility that the Cm^ determinant was encoded by pCB60 was investigated both by 
attempting to transfer it to Flavobacterium strains CB61 and CB67, E. coli, Pseudomonas spp. 
and M. methylotrophus, and by probing with an active site synthetic oligonucleotide.

Transfer studies. The transformation with pCB60 of Cm® Flavobacterium strains (CB61 and 
CB67), using conventional protocols for the transformation of E. coli and Pseudomonas, failed to 
yield Cm"̂  flavobacteria. All the Pseudomonas strains proved unsuitable because of their intrinsic 
resistance to chloramphenicol and low-level CAT activity. An effort was made to transform E. 
coli but no Cm^ (10 pg ml"^) colonies were detected. Because of the absence of a transformation 
system for M. methylotrophus special conjugation vectors containing pCB60, pUC13, and the 
broad host range vector pW Sl.l were prepared by ligating the products of restriction 
endonuclease partial digests of each. Although such vectors were shown to replicate in E. coli, no 
consistent evidence of their transfer to M. methylotrophus was obtained (data not shown).

A synthetic oligonucleotide to identify C AT genes. The sequence around the active site of several 
different CAT genes from Gram negative and Gram-positive bacteria is highly conserved
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Fig. 1. Restriction map of plasmid pCB60 using restriction endonucleases Accl, EcoRl, PvuU and Satl.
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Fig. 2. (a) 10% agarose gel showing banding pattern after ethidium bromide staining of: A, pBR322 
digested with Taql (negative control); B, pBR328 digested with Taql {cat')\ C, pCB60 digested with 
Pstl', D, pSES9 digested with 5ûm3 (caf); E, pJKl 11 digested with Sau3A (car’"). Arrows indicate the 
known position of the cat sequence in each case, {b) Autoradiograph of the DNA shown in (a) after 
transfer to nitrocellulose, by the method of Southern, and hybridization with [5 -^^P]oligonucleotide 
(see Methods). Hybridization only occurred with the bands known to contain the cat genes (arrowed).
Fig. 3. Autoradiograph from a Southern transfer experiment in which chromosomal DNA from CB67 
(A), CB61 (B), and CB60 (C) was subjected to digestion by endonuclease Pstl, electrophoresis in 0 7% 
agarose and hybridization to a P^Pjoligonucleotide probe as in Fig. 2(6). The discrete radioactive band 
for DNA from CB60, indicated by the arrow, was not observed for CB67 and CB61. The agarose gel 
itself revealed no detectable banding pattern before or after endonuclease digestion (not shown).

(Shaw, 1983). A 20-base synthetic oligonucleotide, complementary to the coding strand of the 
active site region of the gene for a type I CAT {cat\ carried for example, by Tn9, pBR325, and 
pACYC184), was used in an attempt to identify novel as well as known cat elements by 
DNA:DNA hybridization. Initially, pBR322 (negative control), pCB60, pBR328 {cat^, 
pJKl 11 (cfl/’”) and pSES9 {caf) were cut with appropriate restriction endonucleases, subjected 
to electrophoresis in 0-7% (w/v) agarose, transferred to nitrocellulose paper, and probed with 
[^^Pjoligonucleotide under high and low stringency conditions as described in Methods.

Autoradiography revealed that hybridization occurred only with plasmids carrying the three 
well-characterized genes specifying CAT. Both pCB60 and pBR322 failed to show any 
hybridization (see Fig. 2 a, b), a result compatible with the view that pCB60 does not carry a 
typical gene for CAT. The alternative hypothesis that Flavobacterium sp. CB60 harbours cat on 
its chromosome was explored in similar fashion. Endonuclease Pstl was used to digest pCB60 as 
well as total DNA from Flavobacterium strains CB60, CB61, and CB67. The digested DNA was
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subjected to electrophoresis and the high stringency hybridization protocol as described ; only 
the DNA of Flavobacterium sp. CB60 hybridized with the [^^Pjoligonucleotide (Fig. 3). This 
result, and the failure of pCB60 to give a hybridization signal, strongly suggests that: (a) the cat 
gene in Flavobacterium sp. CB60 is chromosomal; {b) there is a substantial degree of homology at 
the active site between the CAT of strain CB60 and CAT variants studied previously; (c) the 
finding of pCB60 in this Cm' strain was either fortuitous or reflects a secondary role which it 
may play in specifying gene products necessary for the subsequent metabolism of acetylated 
chloramphenicol (Beschle et a l, 1982). The studies reported here also emphasize the likely 
general utility of synthetic oligonucleotides as probes for prokaryotic genes which may not be 
expressed in bacterial hosts commonly used for cloning studies.
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Proteus mirabilis PM13 is a well-characterized chloramphenicol-sensitive isolate which spontaneously gives 
rise to resistant colonies on solid media containing chloramphenicol (50 p,g ml"’) at a plating efficiency of 10"  ̂
to 10 ®. Such chloramphenicol-resistant colonies exhibit a novel phenotype with respect to chloramphenicol 
resistance. When a single colony grown on chloramphenicol agar is transferred to liquid medium and grown 
in the absence of antibiotic for 150 generations, a population of predominantly sensitive cells arises. This 
mutation-reversion phenomenon has been observed in other Proteus species and Providencia strains, wherein 
resistance has been shown to be mediated in each case by the enzyme chloramphenicol acetyltransferase. The 
cat gene responsible for the phenomenon is chromosomal and can be cloned from P. mirabilis PM13 with DNA 
prepared from cells grown in the absence or the presence of chloramphenicol. Recombinant plasmids which 
confer resistance to chloramphenicol carry an 8.5-kilobase Pstl fragment irrespective of the source of host 
DNA. The location of the cat gene within the Pstl fragment was determined by Southern blotting with a cat 
consensus oligonucleotide corresponding to the expected amino acid sequence of the active site region of 
chloramphenicol acetyltransferase, and the direction of transcription was deduced from homology with the 
type 1 cat variant.

The mechanisms by which microorganisms express resist
ance to antibiotics is of clinical and theoretical importance. 
This report describes a novel phenomenon whereby a pop
ulation of chloram phenicol-sensitive cells of P r o te u s  
m ira b ilis  gives rise to resistant cells at a very high frequency 
(10"4 to 10"® per cell per generation).

Genes specifying the enzyme chloramphenicol acetyl
transferase (CAT) occur in many genera of bacteria, wherein 
they confer resistance to chloramphenicol. The regulation of 
c a t  gene expression depends in the main on factors which 
correlate with the taxon of the bacteria in which they reside. 
The c a t  genes o f gram-negative bacteria are commonly 
found on large R-plasmids and produce CAT constitutively. 
The most commonly observed variant in this category is the 
type I polypeptide encoded by Tn9 and naturally occurring 
plasmids such as N R l (also called RlOO or R222) and R6 or 
the in vitro plasmid constructs such as pACYC184 and 
pBR328 (reviewed by Shaw [35]). The nucleotide sequence 
of the type I c a t  has been determined (1), and the gene has 
been demonstrated to be subject to cataboiite repression 
mediated by cyclic AMP and the cataboiite gene activator 
protein at the level of transcription (14, 22). Circumstantial 
evidence suggesting transcriptional activation by the cyclic 
AMP-catabolite gene activator protein system has not been 
observed for the type II and type III genes found on non-F 
plasmids in enteric bacteria (35).

The synthesis o f CAT in gram-positive bacteria is induced 
by chloramphenicol and selected analogs (43), and the 
regulation appears to be one of posttranscriptional control, 
which may be regulated by the secondary structure of the 
CAT mRNA (9, 15).

Any study of chloramphenicol resistance and CAT syn
thesis in P . m ira b ilis  is bound to be complicated by two

* Corresponding author.
t  Present address: Glaxo, Greenford, Middlesex, United King

dom.

considerations. The first is the well-documented phenome
non of selective amplification of genes encoding resistance 
determinants carried by certain R plasmids in P . m ira b ilis . 
Rownd and Mickel (33) described this phenomenon as 
transitioning and have shown that the increase in CAT 
synthesis due to gene amplification is reversible in that 
growth of transitioned cells in drug-free medium results in 
loss of resistance determinants with concomitant decrease in 
resistance. The second consideration has been the knowl
edge that strains of P . m ira b ilis  lacking detectable plasmids 
may nevertheless harbor c a t  determinants which (i) are 
expressed poorly, (ii) specify a polypeptide similar to that of 
the type I CAT (45), and (iii) have been described as mutable 
to high-level expression (37).

The present studies were undertaken to gain a better 
understanding of the structure and function of the putative 
chromosomal c a t  gene of P . m ira b ilis , its relationship to 
analogous genes carried on plasmids in gram-negative and 
gram-positive bacteria, and the mechanism underlying the 
high-level expression of CAT in selected strains of P . 
m irab ilis .

MATERIALS AND METHODS

Bacteria, plasmids, and phage. The bacteria, plasmids, and 
phage used in this report are listed in Tables 1 and 2. All 
bacteria were grown in Penassay nutrient broth (Difco 
Laboratories) unless otherwise specifically stated.

Chromosomal DNA preparations. P . m ira b ilis  genomic 
DNA was purified by the method of Chow et al. (11), with an 
additional final cesium chloride buoyant density centrifuga
tion step.

Plasmid preparations. Plasmids were prepared by the rapid 
method of Birnboim and Doly (7) with the protocol described 
by Maniatis et al. (25).

Conjugation and transformation of E. coli and P. mirabilis. 
Strains were transformed by a modified version (19) of the
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TABLE 1. Bacterial strains and plasmids

Strain or 
plasmid

G en otyp e  or com m ent
R eferen ce or 

source

Plasmids
pAT153 tet bla, cloning vehicle (41)
pIClOO pAT153 with P. mirabilis 

cat in P i/I site
This study

pIClOl pAT153 with P. mirabilis 
cat in P i/I site

This study

M13mp9 Cloning vehicle (42)
pIC025 M13mp9 with pBR328 cat in 

Acci site
This study

P. mirabilis
PM 13 Wild type, te f^ cat^ (13)
PM2 Wild type, te t^ cat" NCTC 3177 and 

this study
IClOO PM2 containing pIClOO This study
ICIOI PM2 containing pIClOl This study

E. coli
Sk3430 thi aroD6 leuC S. Kushner via 

A. R. Hawkins
IC500 Sk3430 containing pIClOO This study
IC501 Sk3430 containing pIClOl This study
JM103 A(lac pro) thi rpsL supE  

endA sbcB hsdR  F'traD36 
pro A l a d  AlacZM IS

(27)

IC025 JM103 containing pIC025 This study

protocol of Kushner (21). Plate matings were carried out as 
described by Barth et al. (2).

Southern blotting and hybridization. Restriction endonu
clease fragments were separated by gel electrophoresis and 
transferred to nitrocellulose filters by the method of South
ern (39). The consensus active site cat 20-mer oligonucleo
tide (5'-CCATCACAGACGGCATGATG-3') was labeled 
with [y-®^P]ATP and polynucleotide kinase by the method of 
Maxam and Gilbert (26). Hybridization was carried out as 
previously described (6). Other DNA samples were nick 
translated (31) and hybridized under the conditions outlined 
by Maniatis et al. (25).

Purification of DNA fragments. DNA fragments generated 
by endonuclease digestion were purified by separation 
through low-melting-point agarose and extracted by the 
freeze-squeeze method of Tautz and Renz (40).

Construction of recombinant plasmids. Plasmids were 
cleaved with restriction endonucleases under incubation 
conditions recommended by the vendors. 5'-Phosphate 
groups were removed by inclusion of calf intestinal phospha
tase (0.5 U pg"’). Digested plasmid DNA was incubated 
with T4 phage DNA ligase and a threefold molar excess of 
insert DNA in a buffer containing 50 mM Tris (pH 7.6), 10 
mM MgCl], 1 mM ATP, and 100 pg of bovine serum albumin 
per ml in a volume o f 10 to 30 pi (8). Other reactions 
containing one-half and twice the amount of insert DNA  
were set up to optimize ligation conditions, and a linearized 
plasmid control without insert DNA was included to check 
the effectiveness of the phosphatase treatment.

Enzyme purification. The affinity chromatography purifi
cation of CAT from P. mirabilis cells grown in the presence 
of chloramphenicol has been described (45). CAT was puri
fied from cultures of chloramphenicol-sensitive P. mirabilis 
by the same method, but with a 10-fold larger cell mass.

Enzyme assays. CAT was measured by spectrophotomet

ric and radiometric methods (34). Protein concentration was 
determined by the method of Lowry et al. (23). Induction 
experiments were carried out as described previously (43) 
with a range of inducer concentrations from 0.1 to 10 pM of 
either 3-deoxychloramphenicol or the 3-fluoro analog of 
chloramphenicol.

Expression of chloramphenicol resistance. Cultures were 
grown in Penassay broth at 37°C to the midexponential 
phase, and approximately 10̂  cells were spread on Penassay 
agar plates containing 50 pg of chloramphenicol per ml and 
incubated at 37°C for 48 h. The resulting colonies containing 
resistant cells were transferred to plates containing 100 pg of 
chloramphenicol per ml and thence stepwise to 200 and 500 
pg of chloramphenicol per ml.

The fall-off of chloramphenicol resistance in P. mirabilis 
cultures grown in the absence of selective pressure (as 
determined by the drop in efficiency of plating on agar 
containing 50 pg of chloramphenicol per ml and by the 
concomitant and parallel decrease in CAT levels) was as
sessed by direct plating experiments and CAT enzyme 
assays. Studies of the underlying basis of the resistance

TABLE 2. Strains of Proteus, M organella, and Providencia 
tested for presence of chloramphenicol resistance and CAT 

synthesis

Species
NCTC Selectab le  C A T

no. synthesis"

Proteus mirabilis 10374 +
9559 -b

6396 4-
6197 -

3177 -

60 -

Proteus vulgaris 10376 -

10015 -
4175 -

Morganella morganii 10375 4-

10041 -

7381 4-

5845 4-

2818 -b
2815 4-

1707 -

235 -

232 -b

Providencia rettgeri 10377 c
8893 -b
7481 +
7480 -
7479 -
7477 -

7476 -b
7475 4-

Providencia species 10318 c
10286 -

8113 -
8056 -
6345 -
2481 -

" +  and -  indicate the presen ce and a b sen ce , resp ective ly , o f  se lectab le  
chloram phenicol resistan ce m ediated by C A T . Strains m arked ( +  ) have the 
sam e phenotype as P . m irab ilis  PM 13. C ind icates con stitu tive C A T produc
tion. T h ese strains may harbor R plasm ids conferring resistan ce to m ultiple 
antib iotics (see  R esults).
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phenotype and estimates of the spontaneous mutation rate 
were carried out by means of the Luria-Delbruck fluctuation 
test (24). A cell suspension prepared from a single colony of 
P . m ira b ilis  PM13 was used to inoculate 10 1-ml tubes of 
Penassay broth as well as a single 10-ml sample. After 
growth of all cultures to the midexponential phase of growth 
(approximately 10  ̂cells per ml) the large culture was divided 
into 10 aliquots, and an equal volume (0.1 ml) of each of the 
20 samples was plated on Penassay agar plates containing 
chloramphenicol (50 |xg ml"’). After growth at 37°C for 24 h, 
the number of colonies on each plate was counted, and the 
results with samples from independent cultures were com
pared with the number of resistant cells detected in the larger 
culture volume (see Results).

Definitions. In this paper we refer to enhancement as the 
phenomenon whereby there is an increase in the level of 
CAT produced in P . m ira b ilis  cells that have been grown in 
the presence of chloramphenicol as compared with cells that 
have not. No mechanism is implied by this term. The 
phenotype of cells of P . m ira b ilis  which have been grown in 
the presence of chloramphenicol is referred to as CAT^, 
whereas that of P . m irab ilis  cultured in the absence of 
chloramphenicol is described as CAT". The latter do contain 
CAT activity that can be detected by the radiometric method 
and purified by affinity chromatography, but it is dramati
cally lower than that in CAT^ cells (see Results).

Sources of materials. All restriction endonucleases, DNA 
polymerase I, T4 DNA kinase, and low-melting-point 
agarose were purchased from BRL Ltd.; T4 DNA ligase and 
calf-intestinal phosphatase were purchased from Boehringer 
Mannheim Biochemicals; Fujimex RX X-ray film was from 
Hannimex UK Ltd.; sheets of nitrocellulose were from 
Sartorius; agarose was from Miles Laboratories, Inc.; 
Penassay broth and solid media were from Difco Laborato
ries; salmon sperm DNA, polyvinyl pyrollidone, bovine 
serum albumin, Ficoll 400, and all antibiotics were from 
Sigma Chemical Co. All other reagents were of analytical 
grade.

RESULTS

Characterization of the CAT in P. m irabilis  PM13. The 
CAT from strain PM 13 was purified to homogeneity both 
from cells exhibiting the resistant (CAT^) state and the 
sensitive (CAT") state, and various properties and kinetic 
parameters were compared. They were eluted in identical 
fashion from highly substituted chloramphenicol base- 
agarose at 1.0 M NaCl in 5 mM chloramphenicol (45) and 
gave lines of identity with one another by two-dimensional 
gel diffusion in agar against a goat antiserum to the type I 
{E sch erich ia  co li)  variant of CAT (45). Both preparations 
were observed to migrate at the same rate in polyacrylamide 
gel electrophoresis under nondenaturing conditions (18). The 
apparent values for chloramphenicol were 16 and 14 |xM 
for enzyme from CAT" and CAT’’ cells, and the values were 
73 ± 5 and 82 ± 6 |jlM for acetyl coenzyme A, respectively. 
Although the CAT purified from cells grown in the absence 
of chloramphenicol is present at low levels, it is indistin
guishable from the CAT purified from cells grown in the 
presence of chloramphenicol (50 p,g ml"’). For cells grown in 
0, 50, 100, 200, and 500 |jig of chloramphenicol, the CAT 
specific activity was < 1 ,1 2 4 ,1 5 0 ,1 3 4 , and 118 nmol min"’ 
mg"’. (Extracts from cells grown in the absence of chloram
phenicol contained CAT which could be detected by the 
radiometric assay [34] and purified by affinity chromatogra
phy [45], but which was below the sensitivity of the spec
trophotometric assay [1 nmol"’ min"’ mg"’] used in these

experiments.) The results support the view that the resist
ance phenotype is likely to be due to an increase in the 
amount of enzyme produced rather than to any alteration in 
the properties of the protein or the synthesis of a second 
CAT variant.

Enhancement of CAT synthesis in P. m irabilis  and origin of 
the resistance phenotype through mutation. Experiments car
ried out under conditions which induce CAT synthesis in 
S ta p h y lo c o c c u s  a u re u s  (43) and B a c illu s  p u m ilu s  (15) pro
duced no effect on the CAT levels in P . m ira b ilis  PM13. The 
incubation of resting cell suspensions with chloramphenicol, 
3-deoxychloramphenicol, or 3-fluorochloramphenicol was 
not accompanied by significant increases in the specific 
activity of CAT (data not shown). Such results, although 
negative, strongly suggest that induction by chloramphenicol 
or its analogs is unlikely to play a role in the enhancement of 
chloramphenicol resistance observed in P ro te u s  spp.

The application of the Luria-Delbruck fluctuation test to 
the efficiency of plating of chloramphenicol-resistant cells 
revealed a non-Gaussian variation among samples taken 
from independent cultures as compared with equal samples 
from a single large culture. Since a mutation to chloramphen
icol resistance can occur in any generation before exposure 
to the selective agent, the large variance observed favors the 
hypothesis of a mutational event rather than induction of 
CAT by exposure of cells to the antibiotic. In a typical 
experiment (see Materials and Methods) comparing 10 small 
cultures with a single 10-fold larger culture volume the 
results were as follows. Six of the small cultures yielded no 
chloramphenicol-resistant cells of P . m ira b ilis  PM13 in sam
ples containing approximately 10̂  cells per ml, whereas the 
other four cultures yielded 5 ,12 ,61 , and 267 cells resistant to 
chloramphenicol from comparable populations. By way of 
contrast, 10 equivalent samples from the larger culture each 
yielded from 167 to 233 resistant cells (mean 207 ±  14).

Single step mutants resistant to 50 |jLg of chloramphenicol 
per ml after growth for 48 h (see Materials and Methods) 
were transferred sequentially to plates containing higher 
concentrations of chloramphenicol (100, 200, and 500 |xg 
ml"’). Individual colonies were taken from each plate and 
grown for transfer to liquid media containing the same 
concentration of chloramphenicol used in the selection plate, 
and cells were harvested at the midexponential phase of 
growth. The specific activity of CAT in crude cell extracts 
was below the limits of detection by the routine spectropho
tometric assay in extracts prepared from bacteria grown in 
the absence of chloramphenicol (Table 3), whereas the 
specific activity of CAT from cells grown in the presence of 
chloramphenicol was high and essentially independent of the 
concentration of antibiotic in the growth medium. The 
mutation to the CAT^ state, (i.e., high efficiency of plating 
on chloramphenicol agar) seems to be of an all-or-nothing 
nature in that all cells which will grow on 50 pg ml"’ will also 
grow on 500 pg ml"’. Once selected, CAT"’ cells are 
maintained in the population so long as there is selective 
pressure favoring their persistence. Figure 1 epitomizes the 
results obtained with P . m ira b ilis  PM13 (as well as other 
strains o f  P ro te u s  spp. and related genera) when CAT’̂ cells 
are grown in the absence of the antibiotic. The exponential 
decline with time of the efficiency of plating of cells on 50 pg 
of chloramphenicol per ml and the parallel fall in the specific 
activity of CAT for the population as a whole constitute the 
phenomenon which is analyzed in greater detail below (see 
Discussion).

P . m ira b ilis  PM13 was tested for enhanced levels of 
resistance to other antibiotics after selection on 50 pg of
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FIG. 1. Disappearance of chloramphenicol-resistant cells of P. 
mirahilis PM 13 from a uniformly resistant population as a function 
of time. Cells were collected by centrifugation after growth in 
Penassay broth containing chloramphenicol (50 jxg ml ') and. after 
washing, were suspended in antibiotic-free medium. Samples taken 
at appropriate intervals were divided and taken for simultaneous 
plating on Penassay agar containing 50 |xg of chloramphenicol per ml 
and on plates lacking the antibiotic and for lysis before measurement 
of the specific activity of CAT. The e.xperimental points giving line
(a) represent the efficiency of plating (E.O.P.) of cells on chloram
phenicol. and line (b) depicts the parallel and exponential fall in CAT 
for the population. Growth in the absence of chloramphenicol was 
followed for 120 generations by means of repeated dilutions (10 -) of 
late-exponential-phase cells into fresh medium. The shaded area 
represents an envelope containing a range of theoretical curves for 
the fall in efficiency of plating as a function of growth, such plots 
being generated by solutions to the equation (see Discussion) which 
relates the efficiency of plating to parameters for both selection and 
mutation. For the case wherein the disappearance of resistant cells 
from the population is solely due to selection against their persis
tence. the initial rate of reduction in the efficiency of plating should 
be low. For the other extreme, wherein the rate of back-mutation to 
sensitivity is the sole determinant of disappearance of resistant cells, 
an immediate and exponential fall in the efficiency of plating is 
predicted. The position of the experimental points between the two 
extremes described by the boundaries of the shaded area suggests 
that both back-mutation to sensitivity and selection against resistant 
cells are likely to play a role.

chloram phenicol per ml but rem ained uniform ly sensitive to 
am picillin , kanam ycin. nalidixic acid , sp ectin om ycin , and 
streptom ycin  (data not show n).

How widespread is the phenomenon? Additional represen
tatives oi' P ro te u s  sp p ., M or^^aiiella  sp p .. and P roviile itc ia  
spp. w ere sereened  for the occurrence o f  the enhancem ent

phenom enon described ab o v e , i .e ., the appearance o f  ch lor
am phenicol-resistant cells arising from  a predom inantly  
ch loram phenicol-sensitive population at high frequency (ap
proxim ately 10“ “’ per cell per generation). T hirteen o f  32 
strains from the N ational C ollection  o f  T ype C ultures 
(U n ited  K ingdom ) sh ow ed  the p h en om en on  (T able 2), 
w hereas only tw o produced C A T  at high lev e ls  w ithout prior 
exposure to ch loram phenicol. The latter w ere not studied  
further because they disp layed  resistan ce to m ultiple antibi
o ties , suggesting the p resence o f  p lasm id-m ediated resist
ance (data not show n).

Absence of a plasmid in P. m irabilis PM 13. P. m irah ilis  
PM13 w as screened  for the presence o f  p lasm ids by tw o  
m ethods (7, 20). neither o f  w hich y ielded  ev id en ce o f  p las
m ids when the D N A  from cell ly sa tes w as subjected to 
agarose gel e leetrophoresis. P ositive con tro ls in such exp er
im ents included E. co li and P. m ira h ilis  strains harboring 
w ell-characterized plasm ids (data not sh ow n ). A ttem pts to 
transfer chloram phenicol resistance from strain PM13 to 
suitable E. co li recipients by conjugation w ere a lso  unsuc
cessfu l. Subsequent experim ents (see  b elow ) w ere c o n sis
tent with the v iew  that the ca t  gene is a chrom osom al one in 
strain PM13.

C loning of the P. m irabilis cat gene from  the CAT^ and 
CAT" states. Preliminary stud ies revealed  that the C A T  from  
P. m irah ilis  w as likely to be sim ilar to the type 1 variant in 
structural and kinetic properties (45). A lso , the P. m irah ilis  
C A T bound the dye crystal v io let (I. G. C harles, unpub
lished experim ents), a property dem onstrated  by the type 1 
enzym e (30) but by none o f  the other C A T  variants found in 
gram -negative bacteria (A . D. B ennett, P h.D . th esis. U ni
versity o f  L eicester, 1984). The likely high degree o f  hom ol
ogy o f  the C AT o f  P. m ira h ilis  with its type 1 counterpart 
w as exploited  in the strategy used to c lo n e  the ca t gene o f/A  
tnirahilis.

Plasmid pBR328 (38) contains a type I ca t  gene on a 
773-base-pair Taq\ fragment. T o faeilitate the isolation  o f  
this fragment for hybridization exp erim en ts, the entire 773- 
base-pair fragment w as cloned  into phage M13 mp9 (42) as 
outlined  in M aterials and M eth o d s. O ne recom binant 
(plC025) w as isolated as the rep licative form , and the entire  
structural gene for ca t w as isolated by a double d igest with 
P st\  and B a m H l.

Identification and isolation o f  the D N A  fragm ents o f  the P. 
m irah ilis  chrom osom e carrying the ca t  gene w as ach ieved  by 
first using the type I ca t  gene (iso lated  from  pIC025) to probe 
various restriction en d on u clease  d igests o f  chrom osom al 
D N A  from P. m irah ilis . A P s tl  digest yielded  a single band 
on hybridization (data not sh ow n ), indicating that th is frag
ment w as likely to contain the entire P . m ira h ilis  c a t  gene. 
A v/I-digested chrom osom al D N A  sam ples (prepared from  P . 
m irah ilis  in both the C A T and CA T" states) w ere sep a 
rately ligated with pAT153 w hich had been  eut by P s t l  and 
treated with alkaline phosphatase. A fter transform ation , the 
C A T -containing ee lls , w hich w ere likely to harbor recom b i
nant plasm ids (selected  on 10 |xg o f  ch loram phenicol per m l), 
w ere then sereened  (7) for insert D N A  with p ositive resu lts 
in each case for an insert o f  approxim ately  8.5 k ilob ases  
(kb). Plasm ids from one each o f  the resulting transform ants 
(designated pIC lO O forthe recom binant produced from D N A  
in the C A T state and pIC lO l for the recom binant produced  
from D N A  in the CAT" state) w ere used for large-sca le  
plasmid preparations.

Identification and localization of the cat genes in p lasm ids 
pIClOO and p lC lO l. The syn th etic  20-m er c a t  a c tiv e  site  
co n sen su s probe w as used to loeate the c a t  gene w ithin  the
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8.5-kb P s tl  fragment o f  plasm ids pIClOO and pIC lO l. H y
bridization o f  the -^•P-iabeied probe to separated restriction  
fragm ents yielded results (Fig. 2) which were interpreted as 
ev id en ce for the localization o f  the ca t gene on a 500-base- 
pair fragment located  near one end o f  the insert (Fig. 3). The 
direction o f  transcription o f the gene w as inferred from this 
hybridization data in relation to the restriction map o f the 
type I ca t gene.

Chrom osom al organization of the P. m irahilis cat gene. P. 
m irah ilis  can am plify c a t gen es carried on plasm ids such as 
N R l, and the phenom enon o f  ehrom osom al ca t gene am pli
fication has accounted  for increased chloram phenicol resist
ance in £'. co li and B. su h tilis  (28, 44). The P. m irah ilis  
genom e w as exam ined by Southern blotting for se lective  
gene am plification. A C la l- lo -P stl  fragment o f  pIClOO, en- 
eom passing the entire ca t gen e, w as isolated after e lectro
phoresis through low -m elting-point agarose and labeled with 
f-’-PjdA TP by nick translation. P. m irah ilis  chrom osom al 
D N A  sam ples prepared from late-exponential-phase cultures 
grow n in 0, 50, 100, 200, and 500 pig o f  chloram phenicol per 
ml w ere each digested  with P stl  and, after electrophoresis, 
were probed with the labeled fragment. N o  significant dif
ference in hybridization signal intensity w as detected  in the 
restriction fragm ents arising from D N A  prepared from cells  
that have been grown in chloram phenicol as com pared  
which those that had not (Fig. 4). Southern blotting w as also  
used to detect a possible change in orientation o f ca t  D N A  
within the chrom osom e o f  the CAT state com pared with 
the CAT" state, at least within the 8.5 kb o f  D N A  spanning

( b )

0 1 2 3 4 5 7 8 9 10

S i z e
in k b

2 3 .0 -

a b c d e f g  a b c d e f g

FIG. 2. Agarose gel (O.T/c) showing endonuclease digest pattern 
of plClOO after ethidium bromide staining, (a) Lanes after digestion 
with the following enzymes: A, Clal: B. Clal and Psil: C. Clal. Pstl. 
and A /d l;  D. C la l Pstl. and //m dllL  E. C la l Pstl. and EcoRl. F. 
C la l P s t l  and .Sail: G, C la l Pstl. E c o R l  and .Sail (b) Autoradi
ograph of the DNA shown in part (a) after transfer to nitrocellulose 
and hybridization with a ^-'-P-labeled consensus cat active site 
oligonucleotide (See Fig. 3 and Materials and Methods).

pIClOO

^  DIRECTION OF 

TRANSCRIPTION

FIG. 3. Restriction map of plClOO (and pIClOl) with restriction 
endonucleases C la l E c o R l H in û ll l  P s t l  and Sail. The black box 
bounded by sites for EcoRl and Clal represents the smallest 
restriction fragment detected by hybridization to the consensus 
active site oligonucleotide (see Fig. 2). The arrow indicates the 
direction of transcription as inferred from the location of the Ec oRl 
site in the gene for the type 1 cat (1) and from subsequent nucleotide 
sequence analysis (10).

the cloned  fragment. P. m irah ilis  chrom osom al D N A  w as  
prepared from late-exponential-phase cu ltures grow n in e i
ther no antibiotic or 5()0 |xg o f  ch loram phenicol per ml. Both  
preparations were separately digested  with P s t l .  ///7 /dIIl, 
and EVc;Rl, subjected to agarose (0.7% ) gel e lectrop h oresis , 
and probed with the entire 8.5-kb ^-P-labeled insert o f

size
in kb

(b)

B C D E F G

FIG. 4. Agarose (0.7%) gel electrophoresis (a) of Pstl digests of 
(A) pIClOO at high concentration for visualization with ethidium 
bromide and (B) plClOO at a concentration estimated to correspond 
to approximately one copy of cat per chromosome for comparison 
with subsequent (C through G) loadings of chromosomal DNA. 
Lanes C through F were loaded with Pstl digests of chromosomal 
DNA from P. mirahilis PM 13 cells grown in the presence of 
chloramphenicol at (C) 500. (D) 200, (E) 100, and (F) 50 ixg ml '. 
Lane G was a Pstl digest of chromosomal DNA from strain PM 13 
grown in the absence of chloramphenicol, (b) Autoradiograph of the 
DNA in (a) after transfer to nitrocellulose by the method of Southern 
(39) and hybridization with a ^-P-labeled cat probe comprising the
1.7-kb Pstl-Clal fragment of plClOO (see Materials and Methods and 
Fig. 3). Efforts were made to load equal amounts of chromosomal 
DNA in tracks C through G. The higher fraction of high-molecular- 
weight DNA fragments in lanes C, D, and E and the weakly positive 
discrete hybridization signals (marked with arrows) suggest that the 
corresponding Pstl digests may have been incomplete. Scanning of 
the autoradiograph with integration and summation of the major and 
minor peaks yielded the intensities of hybridization for comparison 
with the notional value of unity for the plClOO control. The relative 
intensities for lanes C, D, E, F, and G in relation to that of lane B 
were 2.5, 2.4, 2.6, 3.0, and 3.1. respectively.
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FIG. 5. Use of the cloned fragment containing the cat of E. mirahilis to probe chromosomal DNA from cells of strain PM13 grown in the 
presence ( + ) or absence ( - )  of chloramphenicol (500 jig ml ') as indicated, (a) Agarose (0.7%) gel electrophoresis showing digests of 
chromosomal DNA with EcoRl (C and D), //m dlll (E and F). and (G and H). (b) Autoradiograph of the DNA shown in (a) after transfer 
to nitrocellulose and hybridization with a ^-P-labeled probe comprising the Pstl fragment from plClOO (see Fig. 3 and Materials and Methods). 
Lanes A and B contain E.v/1 digests of plClOO. Only the lower concentration (B) was used for the hybridization control in (b), wherein an 
intense signal at approximately 8.5 kb may be seen to correspond with that in lanes G and H for the Pstl digest of chromosomal DNA.

pIClOO. Figure 5 sh ow s that the pattern o f  hybridization  
produced for each pair o f  d igests is indistinguishable, indi
cating that no d etectable rearrangement has occurred within  
this 8 .5-kb (« /-con ta in in g  fragm ent.

Expression o f the P. m irabilis cat gene in E . coli and in a cat~  
strain o f P. m irahilis. P lasm ids pIClOO and pIC lO l w ere both 
transferred into E. co li  and into P. tn irah ilis  PM 2, the latter 
strain having previously  been dem onstrated to be negative  
for C A T by a sensitive radiom etric assay (34) and to lack 
hom ologous c a t  D N A  by Southern blot experim ents (data 
not show n). The resulting transform ants w ere then tested  for 
enhanced exp ression  o f  ca t  as observed  in strain PM13 
(Table 3). E xpression  o f  the P. tn irah ilis ca t  gene w as 
sufficiently poor in E. co li that the specific activity o f  the 
enzym e could not be m easured by the spectrophotom etric

TABLE 3. Synthesis of CAT from the cloned cat gene of E. 
mirahilis PM 13 in chloramphenicol-sensitive (cat ) bacteria

Bacterium Plasmid
Sp act o f  CA T (nmol min ‘ mg ’)

N o  chloram phenicol Chloram phenicol"

P. tnirahilis PM2 None 0
P. tnirahilis PM2 plClOO 85 87
P. mirahilis PM2 pIClOl 88 85

E. coli Sk3430 None 0
E. coli Sk3430 piClOO <1
E. coli Sk3430 plClOl <1

" CAT specific activity by the spectrophotom etric m ethod in extracts o f  
ce lls  grown in the absence or presence o f  chloram phenicol (10 |xg ml The 
zero value for P. m irab ilis  PM2 and for E. co li  Sk343() indicates that no CAT  
was detected  by the more sensitive radiometric m ethod. .Although the 
presence o f  pIClOO or pIClO l in E. co li prom oted CAT synthesis as detected  
by the latter m ethod (Fig. 6). it w as below  the level o f  detection by 
spectrophotom etry. Plasmid-free P. m irah ilis  PM2 and all three strains o f  E. 
coli failed to grow in 10 gg  o f  chloram phenicol per ml.

m ethod and required use o f  the radiom etric technique (Fig. 
6). The minimum inhibitory concentration  for ch loram phen
icol with E. co li Sk3430 carrying pIClOO or p lC lO l is only 10 
|jLg m l" ', w hereas the corresponding concentration  for strain 
PM 2 with either plasm id is 100 |ig  m l"' as com pared with 10 
|xg m l"' w ithout pIClOO or p lC lO l. The con stitu tive  exp res
sion o f  the ca t  gene from strain PM 13 in the genetic  
background o f  different P. tn irah ilis  strains is addressed  in 
the D iscussion .

DISCUSSION

The results presented here sh ow  that a num ber o f  strains 
o f the P ro te tis-P ro v id en c ia  group are capable o f  exp ressin g  
high levels o f  ch loram phenicol resistance under appropriate 
conditions.

The m echanism  o f  the phenom enon appears to in volve the 
se lection  o f m utants in the population. Preexisting mutant 
cells (which occur sp on tan eou sly  at a frequency o f  approx
im ately 10"^ per cell per generation) are se lected  by growth  
on chloram phenicol and are m aintained in the population for 
as long as they are ex p osed  to ch loram phenicol se lec tio n . 
Cultures o f  P. tnirahilis  in which 100% o f  the ce lls  are 
phenotypically  resistant to ch loram phenicol undergo a pop
ulation reversion to the ch loram p henico l-sensitive state dur
ing growth in the ab sen ce o f  the antib iotic, the rate o f  this 
process being o f  the order o f  10"- per cell per generation . 
The rate o f  decrease in the efficiency o f  plating o f  ce lls  on 
antibiotic agar (Fig. 1) is too  low  to correspond with a m odel 
wherein a putative intracellular inducer is p rogressively  
diluted by cell d iv ision . An alternative exp lan ation , the 
progressive reduction in the proportion o f  resistant c e lls  in 
the population, may be seen  to operate by m utation or 
se lec tio n  or som e com b ination  o f  both factors. B ack- 
m utation to the sensitive phenotype at a very high rate w ould  
yield a concom itant reduction in the efficiency o f  p lating o f  
the population on antib iotic-contain ing m edia. Such a m odel
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predicts that in any interval 6f, a proportion o f  cells |jl8/ 
(w here |j. is the back m utation rate per generation) would  
revert to sensitiv ity . Ifr/ is the frequency o f resistant cells in 
a population after t generations, then the integrated exp res
sion describ ing the phenom enon is

(I, = ( 1)

w here c/o is the initial frequency o f  resistant cells in the 
population and q, is their frequency after / generations. A 
plot o f  ln((/,) or ln(efficiency o f  plating) against time should  
yield a straight line, its slope being equal to the back- 
m utation rate.

A secon d  alternative is se lection  against resistant cells in 
the ab sen ce o f  the antibiotic. If .s is the se lec tiv e  coefficient 
against resistant ce lls , then a proportion o f  the cells (,vô/) is 
se lec tiv e ly  elim inated in 8/ generations, then the change in q 
in 8/ generations is

q  =  -.v8/ q (l -  q) (2)

and, when integrated, yields the equation for the proportion 
o f resistant ce lls remaining after / generations

hq, =
(1 - £/o) e" + c/o (3)

Equation 3 d escribes a linear plot o f  Intefficiency o f  plating) 
against time after an initial slow reduction in the efficiency o f  
plating, the duration o f  such a lag being dependent upon how  
clo se  c/o is to 1. The plot b ecom es linear when nearly half o f  
the ce lls in the population are sen sitive , after which Intef
ficiency o f  plating) decreases with a slope o f  -.v . The 
com pound expression  corresponding to equations 1 and 3 in 
the case  wherein both selection  and back mutation are 
involved  is

q t =
[fjL + ,v(l -  c/(,)|e''^"" + .vc/o

(4)

T he latter reduces to produce equations 1 and 3 as special 
ca ses  when ,v and |j l , resp ective ly , are zero.

Irrespective o f  the relative contributions o f  m utation and 
se lec tio n , as / b ecom es large, the slope o f  Intefficiency o f  
plating) against t b ecom es - ( jx  + .v). The amount o f  se le c 
tion, h ow ever, determ ines the duration o f  the lag before the 
slop e b ecom es linear.

The shaded region in Fig. 1 d escribes the graphical limits 
o f  predictions from equation 4 when (|x + ,v) is equal to the 
experim entally  derived slope o f  -0 .0 4 4 . A com parison o f  the 
possib le  range o f  curves calculated from theory for different 
values o f  fx and ,v with that actually determ ined experim en
tally suggests that m utation and selection  are likely to be 
operating (calcu lations not show n). In addition to such direct 
ev id en ce bearing on the phenom enon, there are reasons for 
believing that several conventional explanations are un
likely.

A lthough there is a superficial resem blance betw een  the 
induction phenom enon observed  for ca t  expression  in gram- 
positive bacteria and the phenom enon observed  with P. 
ntirahH is. they differ in important respects. First, nondivid
ing P. tn irah ilis  ce lls  cannot be induced by chloram phenicol 
or con gen ers known to induce ca t  in staphylococci (e .g ., the 
3-deoxy and 3-fiuoro analogs). S econ d , the Luria-Delbruck  
fluctuation test produced marked variation in the frequency  
with which resistant co lon ies appeared from cells taken from  
independent cultures, indicative o f  a m utation event rather 
than a response to environm ental change. Third, the decay

1 2 3 4 5
FIG. 6. Radiometric demonstration of CAT activity in crude cell 

extracts from E. coli Sk3430 harboring pIClOO (lane 1). plClOl (lane 
2), or pBR328 (lane 5). l.anes 3 and 4 contain negative controls 
which correspond, respectively, to extracts from E. coli Sk34.30 
without a plasmid and Methylophilus itiethylolrophus, an obligate 
methylotroph which has been shown previously to lack both CAT 
activity and a cut gene detectable by hybridization (6). The assay 
involves ascending chromatography on silica gel in chloroform- 
methanol (85:15, vol/vol) of the products of acétylation of 
('■’Clchloramphenicol by C.AT in the presence of acetyl coenzyme 
A. The assay is quantitative only when C.AT is limiting and both 
substrates are present in excess (34). fn this instance the prepon
derance of 1.3-diacety(chloramphenicol (top arrow) suggests the 
presence of a large excess of C.AT for each of the positive extracts. 
The middle arrow indicates the relative mobility of 3-acetyl- 
chloramphenicol, and the bottom arrow indicates the position of 
unmodified chloramphenicol.

in the efficiency o f  plating with tim e is far too slow  to 
represent the dilution by cell d iv ision  o f  a conventional 
inducer or gene product present only at time zero.

An apparent precedent for the proposed reversible m uta
tion even t accounting for increased resistance in P ro ie tis  
spp. is the so  called transitioning phenom enon (review ed by 
Rownd [32j). The level o f  chloram phenicol resistance in 
such a case  is m ediated by changes in ca t gene dosage via a 
variation in plasmid cop y  num ber, the extent o f  tandem  
duplication o f  plasm id-borne gen es , or by a com bination  
o f both m ech an ism s. T w o o b ser v a tio n s argue against 
transitioning as the explanation for the reversible en h an ce
ment o f  ca t  expression  in P. tn irah ilis . First, in the case o f  
plasm id transitioning all cells appear to exp ress ca t  con sti
tutively and exhibit a high efficiency o f  plating on media  
containing chloram phenicol before an increase in gene d o s
age occu rs. S econ d , and notw ithstanding the lim itations o f  
negative experim ents, all efl'orts to detect a plasm id in strain 
PM13 have been unsu ccessfu l. Furtherm ore, the possib ility  
o f  c a t  am plification by tandem  duplication  w ithin the 
genom e o f  P . tn irahilis  w as investigated by Southern hybrid
ization with negative results. N o  significant d iflerence w as 
ob served  in the extent o f  hybridization betw een  the labeled  
P. tn irah ilis  ca t probe and its counterpart in restriction  
en d on u clease  d igests o f  total D N A  prepared from a popula
tion o f  resistant cells as com pared with D N A  from cells  
grown in the absence o f  chloram phenicol.

R ecently  it has becom e clear that gene exp ression  in 
procaryotes may be m odulated by specific and reversible  
D N A  inversions, the best know n exam ple being phase  
variation in Salitto tie lla  spp. (36). One o f  the co n seq u en ces  
o f such inversions is that the restriction patterns o f  the D N A
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from the alternate states are different. Southern blotting 
procedures designed to detect rearrangements within ca t or 
its flanking sequences in P . m ira b ilis  PM13 failed to identify 
any differences when DNA prepared from cells in the CAT^ 
state was compared with DNA from CAT" cells. There is 
circumstantial evidence, on the other hand, that the site of 
action of the mutation may be outside of the c a t  gene and 5' 
control regions. The efficiency of plating experiments show 
that for P . m ira b ilis  in the CAT^ state virtually 100% of the 
cells are expressing the c a t  gene at a high rate; thus, the 
highly transcribed gene must be represented at least once per 
genome. Furthermore, the Clarke and Carbon equation (12) 
predicts that not more than 10'' recombinants need be 
screened to isolate such a gene in a cloning experiment. In 
the present study the c a t  gene was cloned from P . m irab ilis  
DNA isolated both CAT^ cells (pIClOO) and from CAT" 
cells (pIClOl). The frequency of isolation of such clones was 
independent o f the origin of the cells and was within the 
limits of the Clarke-Carbon prediction, and the P . m ira b ilis  
DNA inserts from CAT^ and CAT" cells were observed to 
be identical by restriction endonuclease digestion. Taken 
together, the results favor the view that the site of the 
mutation which underlies the enhancement of chloramphen
icol resistance and c a t  expression (and their reversion) is 
likely to be outside the c a t  gene and its flanking sequences as 
represented in pIClOO and pIClOl. Expression studies em
ploying these plasmids in backgrounds which lack c a t {E. 
co li and P . m ira b ilis  PM2) are consistent with the notion that 
the control of c a t  expression in P . m ira b ilis  PM13 may reside 
outside the cloned segment. Whereas the absence of high- 
level expression of the P . m ira b ilis  c a t  in E . co li  might be 
related to the general problem of the anomalous expression 
which has been observed reciprocally between genes in E . 
co li and P . m ira h ilis  (3, 4), there are examples of P . m ira h ilis  
genes being expressed at normal levels in E . co li back
grounds (5, 16, 17). Furthermore, it is more difficult to 
account for low-level expression of c a t  in PM2, since the 
apparent single copy of the chromosomal c a t  gene in strain 
PM 13 yields resistance to chloramphenicol concentrations 
as high as 500 |xg m l" \ The data available are compatible 
with the hypothesis that a host specific element, present in 
PM13 but not in PM2, is responsible for promoting the 
high-level c a t  expression which is characteristic of the 
CAT^ state.

Taken together, the results favor a mechanism wherein a 
reversible mutation event occurs at high frequency. Such 
mutations are characteristic of transposition or genetic 
switch mechanisms (29). Although the data for the P. 
m ira h ilis  c a t  system do not support a rearrangement of a 
DNA segment within an 8.5-kb region which includes the 5' 
control region, such a switching event could occur at a more 
distant locus as is the case in phase variation in S . 
ty p h im u r iu m . The important predictions of such a model for 
the CAT system in P . m ira b ilis  would be (i) the absence of a 
difference between the structural gene for c a t  in the CAT^ 
and CAT" states, (ii) evidence of transcriptional control via 
a //'««^-acting element (protein or RNA); and (iii) the direct 
demonstration (by mutation or its isolation and characteriza
tion) of a control locus which is external to the P . m irah ilis  
DNA in pIClOO and pIClOl, and (iv) that the activity of the 
putative switch region shows positional dependence.
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In Proteus mirabilis PM 13 chloramphenicol resistance is mediated by the cat gene, a single copy of which is 
present in both resistant and sensitive isolates and which reverts at a high frequency. RNA measurements show 
an about 8.5-fold increase in cat-specific mRNA in cells expressing the resistance phenotype as compared with 
those which are sensitive to chloramphenicol. DNA sequence analysis has revealed a high degree of homology 
between the P. mirabilis cat gene and the type I cat variant (Tn9), 76% at the amino acid level and 73% when 
nucleotides in the coding sequence are compared. Sequence homology between the strain PM13 cat variant and 
TnJ> cat was not apparent however in the S' and 3' flanking regions. Segments of near identity were seen when 
the upstream sequence of the cat of P. mirabUis was compared with the S' regions of the Salmonella typhimurium 
flagellin genes HI and H2, which are alternately expressed by a flip-flop control mechanism involving an 
invertible promoter and a trans-acting product.

A novel type o f mutation to chloramphenicol resistance 
occurs in many strains o f the P r o te u s -P r o v id e n c ia -  
M o rg a n e lla  group which do not appear to harbor plasmids. 
P ro te u s  m ira h ilis  PM 13 has been the subject of detailed 
studies of the phenomenon (8).

Spontaneous chloramphenicol-resistant (CAT^) mutants 
were isolated at a frequency of 10"'* to 10"  ̂ per cell per 
generation by selection on complex agar medium containing 
chloramphenicol (8). The appearance of the resistance phe
notype is associated with 1,000-fold-increased expression of 
a chloramphenicol acetyltransferase gene {ca t), and there is 
no coincident increase in the level of resistance to any other 
antibiotic. During subsequent growth in the absence of 
chloramphenicol, the phenotype reverts within 150 genera
tions to one of chloramphenicol sensitivity and low-level ca t  
expression. The gene responsible for resistance (ca t)  has 
been cloned and shown by Southern blot hybridization to be 
present at near unit copy in cells of strain PM13, regardless 
of whether the DNA source was chloramphenicol resistant 
or not (8). Neither c a t  amplification nor gene rearrangement 
(within the 8.5 kilobases of cloned DNA) have been de
tected; it was proposed that (i) the enhancement of resist
ance may be a consequence of a tra n s-a c tin g  effector oper
ating at the level of transcription, and (ii) the putative 
effector is itself controlled by a genetic rearrangement at a 
locus removed from the site of ca t.

We present data here which are compatible with a model 
involving transcriptional control of the c a t  gene to produce 
the enhanced chloramphenicol resistance phenotype. Nucle
otide sequence comparison of the P . m irah ilis c a t  with the 
type 1 (Tn9) c a t  variant has shown a high degree of sequence 
conservation between both structural genes, but little or no 
evidence of homology in the flanking regions. A model is 
proposed for the regulation of P . m irah ilis  c a t  based on 
previous expression studies (8) and an unanticipated se
quence homology with the 5' flanking regions of the S a lm o 
nella  ty p h im u r iu m  phase variation genes HI and H2.

Corresponding author.

MATERIALS AND METHODS

Bacterial and phage strains. P . m ira h ilis  PM13 (10) and PM2 
(NCTC 3177) were the kind gifts of J. Coetzee (University of 
Pretoria) and D. Jones (University of Leicester), respec
tively. E sch er ich ia  co li JM103 [^{la c -p ro ) th i  rp sL  su p E  en d A  
sh c B  h sd R , F' traD 36 p r o A  la cU  M a cZ M 1 5 ]  and phage 
M13mp8 and M13mp9 have been described previously (20), 
and the double-stranded replicative form of the phage was 
kindly supplied by A. R. Hawkins (University of Leicester).

Enzymes and DNA manipulations. Restriction endonucle
ase digestions and ligations were carried out in the manufac
turers’ recommended buffers. Recombinant phage were an
alyzed by endonuclease digestion of the double-stranded 
form after extraction by the method of Birnboim and Doly 
(5). Transformation of bacterial cells was performed as 
described by Kushner (17).

RNA-DNA hybridizations. RNA was prepared by the phe
nol extraction protocol of Miller (21). Contaminating DNA in 
the preparation was removed by incubation with RNase-free 
DNase. The conditions for the RNA dot-blot hybridization 
procedure and the high-stringency washing were as de
scribed by Maniatis et al. (18).

DNA sequence determination and analysis. DNA sequenc
ing was performed by the method of Sanger et al. (27). M13 
manipulations were performed as described by Messing and 
Vieira (20), and the gradient polyacrylamide urea gel elec
trophoresis system and [a-^^S]dATP labeling were as de
scribed by Biggin et al. (4). The DNA sequence of the c a t  of 
P . m ira h ilis  PM13 was compared with that of Tn9 c a t  by a 
computer scan with a window of 49 nucleotides to search for 
homology.

Oligonucleotides and purification. Oligonucleotides synthe
sized on paper disks by the method of Mathes et al. (19) as 
modified by Brenner and Shaw (6), were purified by electro
phoresis through a 20% polyacrylamide-50% urea gel. Bands 
corresponding to full-length oligonucleotides were visualized 
by UV shadowing and were cut from the gel, extracted with 
100 |xl of water for between 2 and 12 h, and desalted by 
spun-column chromatography (18). The concentrations of
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FIG. 1. Titration of cat mRNA from P. mirabilis PM13 and PM2 grown in different concentrations of chloramphenicol. Figures in 
parenthesis (500 or 0) denote the concentration during growth of chloramphenicol in micrograms per milliliter. Determination of mRNA was 
by hybridization of total RNA to a 1.7-kilobase C lal-Pstl fragment of pIClOO containing cat. Contaminating DNA was removed by digestion 
with RNase-free DNase, and the absorbance at 260 nm of each of the three preparations was measured. A dilution series corresponding to 
a range from 5 to 0.05 pg of RNA was spotted onto nitrocellulose filters, baked at 80°C for 2 h, and hybridized with a nick-translated (24), 
a-^-P-labeled, 1.7-kilobase Pstl-C lal fragment comprising the entire cat gene (8). Unbound probe was removed by washing, and filter-bound 
counts were determined by scintillation counting.

the oligonucleotides were calculated from the absorbance at 
260 nm and adjusted to 5 ng/pl with water.

Sources of materials. All restriction endonucleases, DNA  
polymerase I large fragment (Klenow), T4 DNA kinase, and 
RNase-free DNase were purchased from BRL Ltd. Other 
sources were as previously described (8).

RESULTS

RNA dot-blot analysis. RNA was isolated from cells of P. 
mirabilis PM13 grown in the presence (500 |xg mL^) and 
absence of chloramphenicol, and from P. mirahilis strain 
PM2, which is free of a detectable cat gene on the basis of 
hybridization studies (data not shown). The graph in Fig. 1 
shows that hybridization to the probe has only occurred with 
RNA extracted from PM13 grown in the presence of chlor
amphenicol. Cells of PM13 which were grown in drug-free 
conditions produce approximately the same background 
signal level as PM2. Although the cat gene has been shown 
to be present in the cells in the CAT” state as well as those 
with the CAT^ phenotype, it is only transcribed in CAT^ 
cells.

Phage construction and sequencing strategy. Previous ex
periments have shown that a cat consensus oligonucleotide 
(3) hybridizes to a 1.7-kilobase P stl-C lal fragment at one end 
of the 8.5-kilobase P stl fragment in pIClOO (8), the presumed 
site of the cat gene of P. mirabilis-, thus, the sequencing 
strategy involved the cloning of subfragments into M13mp8 
and M13mp9. Plasmid pIClOO was double digested with 
H indlll and EcoRl, and the resulting fragments were ligated 
with similarly (EcoRI-Z/Z/idllD-digested M13mp8 and 
M13mp9. The resulting ligation mixes were used to trans

form E. coli JM103. Recombinants (identified as white 
plaques) were spotted onto a lawn of strain JM103, grown 
overnight, and transferred to nitrocellulose paper. Frag
ments containing cat sequence were identified by hybridiza
tion with the a-^^P-labeled 1.7-kilobase Pstl-C lal probe (2). 
In a similar fashion, pIClOO was digested with 5a«3A, Pstl, 
and Clal and ligated into M13mp9 cut with BamUl, P stl, and 
A ccl, respectively. The cat-containing recombinants were 
similarly identified by hybridization. White plaques giving a 
positive hybridization signal were grown overnight in strain 
JM103, and the extracted phage DNA was subjected to the 
sequencing protocol. Extended sequences were generated 
by using oligonucleotides as internal primers (Fig. 2).

Translation reading frame of cat. Examination of all pos
sible reading frames in the Pstl-C lal sequence identified two 
reading frames of over 100 base pairs (Fig. 3). The 132-base- 
pair reading frame has the potential for encoding a protein 
containing 44 amino acids, whereas the 651-base-pair open 
reading frame could encode a protein of 217 amino acids. 
This longer open reading frame is clearly identifiable by 
comparison with the type I cat sequence (1) as the cat gene 
with a predicted molecular weight of 25,284 daltons.

Amino acid and nucleotide similarities of P. mirabilis cat and 
type I (TnP) cat. The DNA sequences of the P. mirabilis cat 
and the type I variant were aligned, and the homology 
between them is presented in Fig. 4. This alignment shows 
the high degree of homology between the two structural gene 
sequences, 73 and 76% at the nucleotide and amino acid 
levels, respectively (Fig. 5).

Codon usage in P. mirahilis cat. Codon usage is believed to 
be mainly dependent on the relative amounts of iso- 
accepting tRNA molecules present in the cell (15). The
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FIG. 2. Sequencing strategy. The heavy dark lines represent pAT153 vector DNA. and the light lines represent inserted DNA. Arrows 
represent the DNA sequences determined either From restriction endonuclease sites or from specific oligonucleotides used as internal primers.

co d o n  u sage  fo r  the  cat o f  F. mirahil is  is s im ilar  to  tha t  o f  
ty p e  I cat ident if ied  w ith  T n 9  and  f r e q u e n t ly  a s s o c ia t e d  with  
R p la sm ids  in e n te r ic  b a c te r i a  (d a ta  not  sh o w n )  and  is 
co n s i s t e n t  w ith  the c o d o n  u sage  o f  E. coli  g e n e s  w h ich  a re  
not h ighly e .xpressed  (13). H o w  s ignificant the  E. coli  co d o n  
b ias  is to  the  e x p r e s s io n  o f  a g en e  f ro m  P. tttirahilis is not yet 
k n o w n .  T h e  G + C c o n t e n t  o f  f . itt ift thilis  is 39.3 ±  1 .4%  (9). 
w h e re a s  tha t  o f  E. coli  is 51 % , an d  a d i l le ren t  c o d o n  usage  
m ay  th e re fo re  be e x p e c te d .  I n f req u e n t ly  u sed  c o d o n s  (16) 
do .  h o w e v e r ,  o c c u r  m o re  o f ten  in the  P. it t ifahilis cat gene  
than  in the  t y p e  I v a r ia n t ,  and  this  m a y  p ar t ly  exp la in  w hy  
the  e x p r e s s io n  o f  the  P. tttirahilis cat in E. coli  is so  p o o r  
(25).

Pu ta t ive  reg u la to ry  sequences  in P. mirahilis P M  13 cat. T he
str ik ing  s e q u e n c e  h o m o lo g y  at the  n u c le o t id e  level b e tw e e n  
the  cat o f  P. tt tirahilis  and  the  T n 9  cat  e n d e d  a b r u p t ly  in the 
5 '  a n d  3' flanking  reg ions  (Fig. 4). U n l ike  the  ty p e  I T n 9  cat, 
w h ich  is u n d e r  cyc l ic  A M P -m e d ia te d  ca ta b o l i t e  c o n t ro l ,  the 
cat o f  P. tt tirahilis  c o n ta in s  no  a p p a r e n t  c o m p a r a b l e  b inding  
site for  th e  cyc l ic  A M P  r e c e p t o r  p ro te in  (an a ly s is  not  
sh o w n ) ,  a c o n c lu s io n  b ase d  on  the  a b s e n c e  o f  the  c o n s e n s u s  
s e q u e n c e  (12). S u ch  an  o b s e r v a t io n  is not su rp r is in g ,  s ince 
ca ta b o l i te  r e p re s s io n  o f  cat h as  not  bee n  o b s e r v e d  in P. 
tt tirahilis  (30). N e i t h e r  is th e re  a n y  s ugges t ion  o f  po ten t ia l  
s e c o n d a r y  s t r u c tu re  in the  m R N A  a r o u n d  the  r ib o so m e-  
b ind ing  s ite (S h in e -D a lg a rn o  s e q u e n c e )  a s  is found  in the 
g ra m -p o s i t iv e  cat  g e n e s  (7, 11) an d  w h ich  is b e l ieve d  to  p lay  
a  p a r t  in th e  p h e n o m e n o n  o f  in d u c t io n  m e d ia t e d  by  c h l o r 
a m p h e n ic o l  an d  c e r ta in  o f  its an a lo g s .  T h e  u p s t r e a m  flanking 
reg ion  to  th e  PM  13 cat  is v e ry  A + T  rich and  c o n ta in s  seve ra l  
n o tab le  f e a tu re s  5' to  the  s ta r t  oi'cat  at  n u c le o t id e  880. I hese  
inc lude  the  fo l lowing .

(i) An o p e n  read ing  f r am e  f rom  n u c le o t id e s  697 th rough  
828 with  a  p r e d ic t e d  p o ly p e p t id e  cha in  o f  44 a m in o  ac ids.

(ii) S ev e ra l  p oss ib le  R N  A p o ly m e ra s e  b ind ing  s i te s  fo r  cat. 
O f  th es e  th e  tw o  m o s t  likely by  c o m p u t e r  s e a rc h  (14) e x te n d  
from  n u c le o t id e s  712 to  741 ( p r o m o t e r  1), c o m p r is in g  the  
p r e s u m p t iv e  - 3 5  s e q u e n c e  (5 ' -T T G A A A - 3 ' )  a n d  the  - 1 0  
(P r ib n o w  bo x )  (23) s e q u e n c e  (5 ' -T A A A C A -3 ' )  and  f ro m  
n u c le o t id e s  813 th ro u g h  844 ( p r o m o t e r  2), c o m p r i s in g  a - 3 5  
s e q u e n c e  ( 5 ' -T T G T T T -3 '  o r  th e  o v e r la p p in g  c a n d id a te  5 '-  
T T T A A T - 3 ' )  and  th e  - 1 0  (P r ib n o w  b ox )  s e q u e n c e  (5'- 
T A C A A T - 3 ' ) .

(iii) .An in v e r te d  c o m p l e m e n t a r y  re p e a t  s e q u e n c e  f rom

n u c le o t id e s  756 th ro u g h  795 lying b e tw e e n  th e  t w o  best-f it  
R N A  p o ly m e ra s e -b in d in g  s i te s  (26).

(iv) S e q u e n c e  h o m o lo g y  (Fig. 6) w ith  th e  5' flanking 
reg ions  o f  th e  g e n e s  in v o lved  in p h a se  v a r ia t io n  in S. 
typltittti iritittt  (32).

E x a m in a t io n  o f  the  3'  flanking  reg ion  o f  P. tttirahilis cat 
r e vea ls  an  in v e r te d  c o m p l e m e n t a r y  re p e a t  reg ion  w h ich  
r e s e m b l e s  c a n n o n i c a l  r h o - i n d e p e n d e n t  t e r m i n a t i o n  s e 
q u e n c e s  (26), a f e a tu re  w h ich  is c o n s p ic u o u s ly  a b s e n t  f rom  
the  c o r r e s p o n d i n g  reg ion  o f  the  T n 9  cat g en e .

D IS C U S S IO N
W e h a v e  s h o w n  tha t  c h lo ra m p h e n ic o l  r e s i s t a n c e  in P. 

tttirahilis is d e t e rm in e d  by a cat  d e t e rm in a n t  w h ic h  is p re s e n t  
as  a s in g le -c o p y  g en e  in b o th  re s is tan t  and  s e n s i t iv e  i so la tes  
o f  s t ra in  PM 13 (8). R N A  do t -b lo t  a n a ly s i s  h a s  d e te rm in e d  
tha t  ( ï /z-specif ic m R N A  is fo u n d  o n ly  in ce l ls  in the  C A T  
s ta te  a n d  n e v e r  in ce l ls  in th e  C A T "  s ta te .  C h lo r a m p h e n ic o l  
r e s i s t a n c e  is a c h ie v e d  by a c t iv e  t r a n s c r ip t io n  o f  the  s in g le 
c o p y  g e n e  w h ich  is not e x p r e s s e d  in the  s e n s i t iv e  ( C A T " )  
s ta te ,  r a th e r  th a n  by a m e c h a n i s m  w h ich  is l ikely  to  in v o lv e  
the  s e q u e s t r a t io n  o f  r ib o s o m e  b ind ing  s i te s  (7 , 1 1 )  o r  a l te r ed  
R N A  stab i l i ty  (22).

T h e  n u c le o t id e  s e q u e n c e  o f  th e  P. ttt irahilis cat  g e n e ,  
inc lud ing  the  5 '  an d  3 '  f lanking  reg ions ,  h a s  b e e n  d e t e rm in e d  
(Fig.  3). T h e  c o d in g  s e q u e n c e  ca n  be a l igned  w i th  the  T n 9  
type  I cat. T h e  tw o  g e n e s  h a v e  s im i la r i t ie s  o f  76% at  the  
am in o  ac id  level and  73% at  the  n u c le o t id e  leve l,  su gges t ing  
tha t  P. ttt irahilis cat an d  the  T n 9  ty p e  I v a r ia n t  a r e  likely to  
have  d iv e rg e d  from  a c o m m o n  a n c e s to r .  S in c e  th e  ty p e  I cat 
is f lanked  by  d i rec t  r e p e a t s  o f  I S /  s e q u e n c e s  on  the  t r an s -  
p o s o n  T n 9 ,  it is t e m p t in g  to  sp e c u la te  th a t  th e  e v o lu t io n a ry  
ro u te  fo r  th e  c h r o m o s o m a l  cat o f  P. tttirahilis  h a s  in vo lved  
an  ea r ly  t r a n sp o s i t io n  e v e n t  f rom  an  a n c e s t r a l  t r a n s p o s o n  
with  s u b s e q u e n t  loss  o f  t r a n sp o s i t io n  fu n c t io n s  to  yield the  
p re s e n t  e x te n t  o f  d iv e rg e n c e .

T h e  5 '  a n d  3' s e q u e n c e s  flanking  the  cat o f  P. tt tirahilis a n d  
the  c o r r e s p o n d i n g  s e g m e n t s  o f  th e  ty p e  1 cat a re  d is s im ila r ,  
w h ich  m a y  a c c o u n t  for  th e  p o o r  e x p r e s s i o n  o f  P. tt tirahilis 
cat  in E. coli  (8). U p s t r e a m  f rom  the  s ta r t  o f  the  P. tttirahilis 
PM  13 cat g e n e  is an  o p e n  re ad in g  f r a m e  (n u c le o t id e s  697 
th ro u g h  828), w h ich  is sug g es t iv e  o f  so -c a l led  le a d e r  s e 
q u e n c e s  fo u n d  in indu c ib le  o p é r o n s .  In th e  p re s e n t  c a s e ,  
h o w e v e r ,  th e  gen e  t r a n sc r ip t  might  no t  be  e x p e c t e d  to
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10 20 30 40 50 60 70 80 90 100 110 120
CTGCAGGAATATTTAAACCTTCTTGAACATATTTAGTCACACA5GTCTCTGTTTTAGTCTGTGTACGACCGGTAATGAAATAAACAGTATCACCGCGTTTTAAGTGCATCTGAACAAGAT

130 140 150 160 170 180 190 200 210 220 230 240
CGATACCGACTTGTTTAGGCATACTGAATTTATCCCATTCGTTGTTCATTTTTTCCAGAATTCTGGGTTTTTCAGATAACTGAAATCGTTTGGAGATATTCAGTTTACACGATAAAAGCC

250 260 270 280 290 300 310 320 330 340 350 360
TGGGCTTGAGAACCAGAACGTGTCATCAATATCAAAACCTACCGCCATTGGTGCTTGGCCTTCTAAGCTTTTTTCAATTTCTGCAACAGAAACCCATTTAATTGGTTGCTGATGTGCAAG

370 380 390 400 410 420 430 440 450 460 470 480
TTCA6TAACAGTAACCCTGGCTAACAACTTCTGGCATATGAACTTTTGCCATTGCTGCGCCATTTAAACTTAACGCCAACGCAATTGCACTAAGAGTAAGTGTGACTTTACGCATTCTCT

490 500 510 520 530 540 550 560 570 580 590 600
TTCCTTTAATTTTTATATTAATCACAGAAGGTGATAATAATAAACATCATAATTACATTTAAATGAGATATAGCGCACGTTATTTTATTTAGGCTGGTACTCTTTTGTTCAGTTTACTTT

- I •
610 620 630 640 650 660 670 680 690 700 710 720

CATTTTTTGATCTATCTACATTTGAAAAAAGAAAGCACTATCTACGAAAGCAGATAGCGCCGTTATTATCTAAGTCGTTCCCAAATGAACACATCAATGACTCTGTTATTTTTGAAACAT
H*tT6rLeuLeuP6eLeuLy»Hi i

- 1 0  4  —  - S I  - 1 0
730 740 750 760 770 780 790 800 810 820 830 840

TTTTTGGTAAAAAATAAACATTTTAAAATTAGCCAAGAAAAACCTATTACCTATCArAGGTTATGGGTTTATCTACAGATAGAGGTTCGAAATTGTTTTAATAATTTATAAGTAATATAÇ 
PKeLeuyalLysAsfiLysHisPKeLyslIfSirGInGluLyîProileThrTyrHisArgLeuTrpValTyrLeuGlnlleGluValArgAsnCysPKeAsnAsnLeu»»»

•  D
850 860 870 860 890 900 910 920 930 940 950 960

T̂TAATTTAAATTTGGATTAGAAAATAGGAAAGCTAATATGGACACAAAGCGCGTGGGTATATTGGTTGTTGATCTATCCCAATGGGGACGAAAAGAACACTTTGAAGCATTTCAGTCT
MatAspTkrLysArgVaIGI y 11(LeuVaI Va IAspLeuSerGInTrpGlyArgLysGIuH i sPKeG i uA1aPheGInSer

970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
TTTGCTCAATGCACCTTTAGOCAGACCGTTCAACTGGATATTAOTTCATTATTAAAAACCGTAAAGCAAAATGGGTACAAATTCTATOCGACATTTATATACATCATTAGCCTAnGGTA 
PhfAlaGInCysThrPheSerGinThrValGInLeuAsplIeThrSerLïuLeuLysTKrValLysGInAsnGlyTyrLysPkeTyrProîKrPhelleTyrlIel ieSerLeuLeuVal

1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
AATAAACATGCA6AATTCCGCATGGCAATGAAAGACGGGGAATTGGTGATATGGGATAGTGTTAACCCTGGGTACAATATCTTTCATGAACAGACCGAAACATTTTCATCTTTATGGAGT 
AsnLyshisAlaGluPheArgHetAiaHetlysAspGlyGluLeuVal1leTrpAspSerValAsnProGlyTyrAsnllePkeHisGluGInTfirGluThrPheSerSerLeuTrpSer

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
TACTACCACAAAGATATCAATCGTTTTTTGAAAACTTATTCAGAAGATATAGCACAATACGGCGACGATCTAGCCTATTTTCCAAAAGAATTTATCGAAAATATGTTTTTTGTGTCAGCA 
TyrTyrHisLysAsplIeAsnArgPhfLeuLysTKpTyrSerGluAspIleAlaGInTypGiyAspAspLeuAlaTyrPheProLysGluPkelleGluAsnHetPhePheValSerAla

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
AATCCTTGGGTAAGTTTCACCAGTTTTAACTTGAATATGGCGAATATAAACAATTTCTTTGCCCCTGTATTTACAATA6GTAAATATTATACGCAAGGAGATAAAGTTCTGATGCCACTA 
AsnPpoTppValSepPKeThrSepPkeAsnLeuAsnMetAIaAsnlleAsnAsnPhePheAlaPpoVaiPkeThrlleGlyLysTypTypThpGInGlyAspLysValLeuMetPpoLeu

1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560
GCAATTCAAGTGCATCATGCCGTATGTGATGGCTTCCATGTAGGCAGATTACTCAATGAAATACAGCAATACTGCGATGAGGGATGTAAATAATCAATGGGACTTAAAGCACATGTTTTT 
AialleGInValHisHisAlaValCysAspGlyPkeHisValGIyApgLeuLeuAsnGlulleGInGInîypCysAspGluGlyCyjLyi»»*

1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
GTTCCACTCAAACCTGTTCGCTATCCTCTGTTTCGCACTTTTATTGGATTATTTTAACATCGATATCGATATAAAATTGATGAGGGGCAATTAGTATTTCCCTTTTTATTGAGGGGTCAC

1690 1700 1710 1720 1730 1740 1750 1760
GCTATAAAATTTGTACACTGATTTGTACTAATACGGTGATAAAATACTAATGCCATTACACTCATGAATAACAAATATAA

FIG. 3. Nucleotide sequence of the P. mirahilis cat gene and flanking regions displayed as a 1.7W)-base-pair fragment is shown along with 
the predicted amino acid sequence of CAT. Another open reading frame of 132 base pairs and its predicted amino acid sequence is shown 
5' to the start of the cat gene. The underlined nucleotide clusters -3 5  and -1 0  are the putative RNA polymerase recognition sites, two strong 
candidates being identified by a computer search (14). SD indicates the likely ribosome-binding site (28). Opposing arrows indicate regions 
with imperfect dyad axis of symmetry. The inverted complementary sequence from nucleotides 1645 through 1660 is followed immediately 
by five T residues; this structure is characteristic for rho-independent termination.

s e q u e s te r  th e  cat r i b o s o m e  b ind ing  s ite (28) in s t e m - lo o p  O f  th e  seve ra l  f a c to r s  w h ich  m a y  affec t  gen e  e x p r e s s i o n  in 
s e c o n d a r y  s t r u c t u r e ,  s in ce  (i) the  p u ta t iv e  m R N A  is to o  h e te ro lo g o u s  b a c k g ro u n d s ,  th o s e  o f  spec ia l  i m p o r ta n c e  in 
s h o r t ,  and  (ii) the  o p e n  r e ad in g  f r a m e  is not a s s o c ia t e d  w i th  e lud e  the  reco g n i t io n  by hos t  R N A  p o ly m e ra s e  o f  s ignals  fo r
a  c o n v in c in g  r ib o s o m e -b in d in g  si te .  W e  p r o p o s e ,  th e re fo re ,  the  in i t ia tion o f  t r a n s c r ip t io n ,  30S r ib o s o m a l  R N A  c o m p le -
tha t  th is  o p e n  re a d in g  f r a m e  is inc iden ta l  to  a n y  m e c h a n i s m  m e n t s  o n  the  m R N A  (31), a n d  g en e r ic  p a t t e r n s  o f  c o d o n
o f  c o n t ro l  o f  cat g e n e  e x p r e s s io n .  u sage .  O f  p a r t ic u la r  in te re s t  is th e  lack  o f  h igh-level  e x p r e s -
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FIG. 4. Graphic representation of nucleotide similarity between type 1 cat (1) and P. mirahilis cat. Each point on the graph represents the 
percentage of nucleotide identity present in a window of 49 nucleotides. The two parallel lines across the graph encompasses the level of 
background homology that might be expected by chance. The arrow below the graph represents the coding region of both cat genes. The 
numbering corresponds to the sequence show n in Fig. 3.

sion o f  the PM13 ca t gene in P. m irab ilis  PM2 (8). a 
background wherein argum ents based on polym erase recog
nition and codon usage are not applicable.

A more convincing model hypothesis for the poor exp res
sion o f  the PM13 ca t  in strain PM2 is that o f  a requirement 
for a host-specific //Y//;,v-acting effector, which is essential for 
expression  o f  ca t in P. m irah ilis  PM 13, but which is absent 
in strain PM2. T w o p ossib ilities may be considered for such  
a control system : positive or negative effects on transcrip
tion by the putative regulator. Inverted com plem entary  
repeats in D N A  may serve as binding sites for /m /rs-acting  
regulatory proteins. One such inverted repeat w as observed  
from nucleotides 756 through 795 lying betw een  the tw o  
best-fit prom oters. Should prom oter 1 be preferred, the

binding o f a /ru/rs-acting protein would freeze transcription, 
w hereas if prom oter 2 is the preferred recognition site for 
RN A  polym erase, the binding o f  the putative regulatory  
protein at the inverted com plem entary repeat might be 
expected  to enhance the efficiency with w hich the polym er
ase initiates ca t  transcription. A second inverted com p le
mentary repeat (data not show n) spanning nucleotides 817 
through 862 and including the - 3 5  and - 1 0  seq u en ces o f  
putative prom oter 2 should also be noted.

To accord with the observed  frequency o f  occurrence and 
disappearance o f  chloram phenicol resistance, the regulator 
itself would need to be under on-off control, sw itched  on at 
a rate o f  10“ “’ per cell per generation and off at a rate o f  10“- 
per cell per generation. Such a model is not unlike that

1 5  1 0  1 5  2 0  2 5  3 0  3 5  t O  1 5  5 0  5 5  6 0  6 5  7 0  7 5  8 0

I  M E K K I T G Y T T V D I S Q W H R K E H F E A F Q S V A Q C T Y N Q T V Q L D I T A F L K T V K K N K H K F Y P A F I H I L A R L M N A H P E F R M A M K D G

P r o t e u s  M D T K R V G I L V V D L S Q W G R K E H F E A F Q S F A Q C T F S Q T V Q L D I T S L L K T V K Q N G Y K F Y P T F I Y I I S L L V N K H A E F R M A M K D G

P r o t e u s

8 5  9 0  9 5  1 0 0  1 0 5  1 1 0  1 1 5  1 2 0  1 2 5  1 3 0  1 3 5  1 1 0  1 1 5  1 5 0  1 5 5  1 6 0

E L V I W D S V H P C Y T V F H E Q T E T F S S L W S E Y H D D F R Q F L H I Y S Q D V A C Y G D N L A Y F P K G F I E N M F F V S A N P W V S F T S F D L N V  

E L V I W D S V N P G Y N I F H E Q T E T F S S L W S Y Y H K D I N R F L K T Y S E D I A Q Y G D D L A Y F P K E F I E N M F F V S A N P H V S F T S F N L N M

1 6 5  1 7 0  1 7 5  1 8 0  1 8 5  1 9 0  1 9 5  2 0 0  2 0 5  2 1 0  2 1 5  2 2 0

I  A N M D N F F A P V F T M G K Y Y T Q G D K V L M P L A I Q V H H A V C D G F H V G R M L N E L Q Q Y C D E W Q G G A

P r o t e u s  A N I N N F F A P V F T I G K Y Y T Q G D K V L M P L A I Q V H H A V C D G F H V G R L L N E I Q Q Y C D E G C K

FIG. 5. Amino acid comparison between tfie type 1 chloramphenicol acelyltransferase polypeptide encoded by TnV with the chloram
phenicol acetyltransferase of P. mirahilis PM13. The 76% identity (underlined residues) was deduced by inspection.
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GAAAAATTTTCTAAAGTT.. . (14). . .CGATACAAGGGTTAC.. . (22). . .CCCAATAACATCAA.. . (25). . .ATG a

GAAAAAGCTATTACCTAT.. . (21). . .ACAGATAGAGGTTCG.. . (18). . .ATAAGTAATATACA.. . (37). . .ATG b

FIG. 6. Comparison of conserved sequences present upstream from the HI gene (a) from S. typhimurium  (29) and the cat gene (b) from 
P. mirabilis PM 13. A possible consensus sequence which was detected by visual inspection is underlined, and the number of nucleotides 
separating each block is indicated in parenthesis. The triplet ATG in each case corresponds to the start codon for the HI protein or 
chloramphenicol acetyltransferase in (a) and (b), respectively. From left (5') to right (3'), the coordinates for the aligned segments of cat in
(b) are residues 757 to 774, 795 to 809, and 828 to 841 (Fig. 3).

proposed for phase variation in 5. typhimurium (29). The 
alternate expression of the flagellin genes HI and H2 is under 
the control of an invertible DNA region such that in one 
orientation or on state, H2 is transcribed along with a gene, 
rhl, a tmm-acting repressor of transcription of HI. When the 
invertible region flips to the off state, H2 and rhl are no 
longer expressed, thus freeing transcription of H I. Such a 
flip-flop mechanism has been observed to operate at a 
frequency of 10“  ̂ to 10“  ̂ per cell per generation and often 
expresses a preference for one orientation (29).

A visual comparison of the 5' flanking sequence of the cat 
of P. mirabilis aligned to correspond with regions upstream 
to the genes HI and H2 revealed regions of partial identity 
(Fig. 6). Taking this together with all the data on PM13, it is 
tempting to propose a model according to which a cat gene 
(for example via transposition from an ancestral Tn9-like 
element) has come under control of a promoter which is 
itself regulated by a trans-acùng element. No data are 
available as yet to guide a choice as to whether the cat gene 
of P. mirabilis is under positive or negative control.
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ABSTRACT

Proteus m irahilis and CAT by Ian George Charles

P r o te u s  m i r a b i l i s  PM13 i s  a w e ll  c h a r a c t e r i z e d  
chloramphenicol-sensitive J^olate which spontaneously gives rise  to 
re s is ta n t  colonies on solid, media co n ta in in g  ch lo ram p h en ico l 
(5Qug/ml) a t a p lating  efficiency of between 1 0 ^  and 10“?  per cell 
per generation. When a chloramphenicol resis tan t colony is  grown in 
liquid  medium in the absence of the antibiotic for I 50 generations a 
population of predominantly sensitive cells arises . The c ^  gene 
responsible for the phenomenon is chromosomal, and has been cloned 
from P .m irabilis PMI3 with DNA prepared from cells grown in  the 
absence or the presence cf chloramphenicol. Recombinant plasmids 
which confer resistance to chloramphenicol ca rry  an 8 .5 -k b  P s tI  
fragment irrespective of the source of host DNA. The location of the 
cat gene within the PstI fragm ent was determ ined by Southern 
b lo t t in g  w ith  a c a t  co n sen su s  ' a c t iv e - s i t e ' o ligonucleo tide  
(5'-CCATCACAGACGGCATGATG-3') corresponding to the expected amino 
a c id  seq u en ce  of th e  a c tiv e  s ite  reg ion  of ch loram phenicol 
acetyltransferase. DNA sequence a n a ly s is  has rev ea led  a high 
degree of homology between the P .m irabilis cat -gene and the type I 
cat varian t (Tng), 7% at the amino acid  le v e l and 73^ when 
nucleotides in the coding sequence are compared. The mechanism for 
the appearance and disappearance of chloramphenicol resistance in  
P . m ira b i l i s  a p p e a r s  to  be a s s o c ia te d  with a h o s t-sp ec ific  
t r a n s -a c tin g  elem ent which con tro ls c a t gene ex p re ss io n . A 
precedent for such a control network is  given by phase variation  in 
Salmonella ty p h im u r iu m where —an—invertib le- DNA- segment—controls - 
the transcrip tion  of a tra n s -acting regulatory element. A comparison 
of the 5' regions of the S.typhimurium flagellin  genes HI and H2 
(which are alternately  expressed by a flip-flop control mechanismT 
with the 5' region of P .m irabilis cat show blocks of homology. 
Whether or not th is homology is  significant in the regulation of cat 
gene expression has not been determined.


