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ABSTRACT

T h e ,c lo n in g  v e c to r  pPL6C3b,l c a r r ie s  a p rom oterless  chloram phenicol 

a c e ty l tra n s f e ra s e  ,gene and i s  designed  to  f a c i l i t a t e  th e  c lo n in g  o f  

sequences t h a t  s'How tr a n s c r ip t io n  o f  t h i s  gene. This v e c to r  has been 

usect in  th e  c o n s tru c tio n  o f  recom binant plasm ids b ea rin g  genes fo r  

a-;anty!ase end pro te a s * .  I t  was found th a t  in  a l l  o f  th e se  recom binant 

p la sm id s , a fragm ent ( th e  P2 fragm ent) had been co -c loned  w ith  th e  

e-am ylase and p ro te a se  gene. The P2 fragm ents o f  th e  independen tly  
i s o l a t e d  rsco m b in in t plasm ids pVCHOZ, pSRll and 12 appear to  be s im i la r  

in  s i z e ,  and in  the p o ssess io n  o f  a un ique S s t I s i t e .  In c o n tr a s t  

th e  P2 fragm ent o f  pSRSl (which c a r r ie s  a p ro te a se  gene) seems to  be 

d i f f e r e n t .  At p re se n t i t  i s  u n c le a r  why th e  same P2 fragm ents a re  

ind ep en d en tly  i s o la te d  o r  why th e  P2 fragm ents recovered  w ith  the 
o-am ylase genes d i f f e r  from th e  one a s s o c ia te d  w ith  th e  p ro te a se  gene 

lii pSR5t, The aim o f  t h i s  p r o je c t  was to  c h a r a c te r i s e  th e  P2 fragm ents  

o f  pS R ll, 12 and 51 by DNA sequencing  in  o rd e r  to  e lu c id a te  in  more 

d e ta i l  th e  n a tu re  o f  any d if fe re n c e s  o r  s im i l a r i t i e s  between them selves 

and w ith  th e  P2 fragm ent o f  pVCIOS which  has a lre a d y  been sequenced.

To t h i s  end , th e  r e le v a n t  P2 fragm ents were is o la te d  by r e s t r i c t i o n  

d ig e s tio n  and p ;*eparative e le c tro p h o re s is .  A f te r  e x tr a c t io n  and 

a p p ro p r ia te  d ig e s tio n  o f  th e  b ac te rio p h ag e  Ml3 v e c to r s ,  th e  fragm ents 

w ere l ig a te d  to  them. A fte r  th e  cloned  fragm ents had been id e n t i f ie d  

as be ing  c o r r e c t ,  th e  o r ie n ta t io n  was e s ta b l is h e d  where n ecessa ry . 

S ubsequen tly  chain  te rm in a tio n  sequencing o f  th e  cloned  fragm ents was 

done. P a r t ia l  sequences in  one o r ie n ta t io n  (pSRll and 12) o r  both 

o r ie n ta t io n s  (pSR51) were determ ined . These r e s u l t s  confirm ed th e  

i d e n t i t y  o f  th e  P2 fragm ents from pVC102, pSRll and 12, as w ell a s  th e  

d i s t in c tn e s s  o f  th e  P2 fragm ent o f  pSRSl. This work was com plicated  

by th e  f a c t  th a t  th e  pSRll and 12 appeared to  be s t r u c tu r a l l y  u n s ta b le .

The second p a r t  o f  th e  p ro je c t  was to  in v e s t ig a te  c e r ta in  a sp e c ts  o f 

s t r u c tu r a l  i n s t a b i l i t y  In pVCl02. F ir s t*  a ttem p ts  were made to  use 

d i r e c t  p lasm id  DNA sequencing tu  dete rm ine  th e  end p o in ts  o f  p rev io u sly



ABSTRACT

The c lo n in g  v e c to r  pPL603b.l c a r r ie s  a p rom oter]ess  chloram phenicol 

a c e ty l t r a n s f e ra a e  gene and I s  designed  to  f a c i l i t a t e  th e  c lon ing  o f  

sequences t h a t  allow  t r a n s c r ip t io n  o f  t h i s  gene. This v e c to r  has been 
used in  th e  c o n s tru c tio n  o f  recom binant plasm ids b ea rin g  genes fo r  

o -an y la se  and p ro te a se . I t  was found t h a t  In a l l  o f  th e s e  recom binant 

p la sm id s , a fragm ent ( th e  P2 fragm ent) had be6n co -c loned  w ith  th e  
a-am ylase and p ro te a se  gene. The P2 fragm ents o f  th e  in d ependen tly  

i s o l a t e d  recom binant plasm ids pVCT02, pSRII and 12 app ea r to  be s im i la r  

in  s i z e ,  .ind in  th e  po sse ss io n  o f  a unique S s t I s i t e .  In  c o n tr a s t  
the  P2 fragm ent o f  pSR51 (which c a r r ie s  a p ro te a se  gene) seems to  be 

d i f f e r e n t .  At p re s e n t I t  1s u n c lea r  why th e  same P2 fragm ents a re  

in d ependen tly  I s o la te d  o r  why th e  P2 fragm ents recovered  w ith  th e  

o-am ylase genes d i f f e r  from th e  one a s s o c ia te d  w ith  th e  p ro te a se  gene 
in  pSRSl. The aim o f  t h i s  p ro je c t  was t o  c h a ra c te r is e  th e  P2 fragm ents 

o f  p S R ll,  12 and 51 by DNA sequencing  in  o rd e r  to  e lu c id a te  in  more 

d e ta i l  th e  n a tu re  o f  any d if fe re n c e s  o r  s im i l a r i t i e s  between them selves 

and w ith  th e  P2 fragm ent o f  pVC102 which has alreardy bee. equenced.

To t h i s  end , th e  r e le v a n t  P2 fragm ents were i s o la te d  by r e s t r i c t i o n  

d ig e s tio n  and p re p a ra tiv e  e le c tro p h o re s is .  A f te r  e x t r a c t io n  and 

a p p ro p r ia te  d ig e s tio n  o f  th e  bac te rio p h ag e  Ml3 v e c to r s ,  th e  fragm ents 
were l ig a te d  to  them. A f te r  th e  c loned  fragm ents had been id e n t i f ie d  

as b e ing  c o r r e c t ,  th e  o r ie n ta t io n  was e s ta b l is h e d  where n ecessa ry . 

Subsequently  chain  te rm in a tio n  sequencing o f th e  c loned  fragm ents was 

done. P a r t ia l  sequences in  one o r ie n ta t io n  (pSRll and 12) o r  both 
o r ie n ta t io n s  (pSR51) were determ ined . These r e s u l t s  confirm ed the 

i d e n t i t y  o f  th e  P2 fragm ents from pVC102, pSRll and 12 , as w ell as th e  

d is t in c tn e s s  o f  th e  P2 fragm ent o f  pSRSl. This work was com plicated  

by th e  f a c t  t h a t  th e  pSRll and 12 appeared to  be s t r u c tu r a l l y  u n s ta b le .

The second p a r t  o f  th e  p r o je c t  was to  in v e s t ig a te  c e r ta in  a sp e c ts  o f 

s t r u c tu r a l  I n s t a b i l i t y  In pVC102. F i r s t ,  a ttem p ts  were made to  use 

d i r e c t  plasm id DNA sequencing to  determ ine th e  end p o in ts  o f  p rev io u s ly



i s o la te d  d e le tio n  m utan ts o f  pVC102. Although th i s  sequencing was 

u n su c c e s s fu l,  a s so c ia te d  d o t b lo t t in g  experim en ts  w ith  e n d -la b e lle d  
p rim ers a llow ed th e  end p o in ts  o f  th e  d e le t io n s  t c  be confirm ed o r  

determ ined  more p re c is e ly .  Second, a d d itio n a l d e le t io n  m utants were 

i s o la te d  from pro longed c u l tu r e s  and p lasm id s c reen s  showed th a t  th e se  

d e le ta n ts  f e l l  in to  th r e e  s iz e  c la s s e s :  l a r g e r ,  s m a lle r ,  o r  equal to  

th e  s m a lle s t  d e le t io n  type  p rev io u s ly  I s o la te d  from fe rm e n ta tio n s . 

P re lim in a ry  r e s t r i c t i o n  a n a ly s i s ,  which was p a r t ly  s u c c e s s fu l , was 

done on th re e  o f th e se  deU ^-ants. In gdnerai th v  d e le tio n s  s tu d ie d  

here  seefli to  be s im i l a r  to  th o se  p rev io u s ly  c h a ra c te r is e d .
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GENERAL INTRODUCTION

In o rd e r  to  use g e n e tic a lly -e n g in e e re d  m icro-organism s fo r  I n d u s tr ia l  

u se , I t  i s  n ecessa ry  to  have a d e ta i le d  knowledge on t h e i r  m olecular 

g e n e t ic s .  Most work in v o lv in g  recom binant DNA re sea rch  has been done 

on E sch e rich ia  c o l i . At th e  pi -sen t tim e i t  has become n ecessary  to  

apply  th e se  p r in c ip le s  'and tech n iq u es to  organism s t h a t  a re  b e t t e r  

s u i te d  to  a p p lied  u se . The B a c i l l i  d isp la y  many fe a tu re s  th a t  could  be 

used to  advantage in  in d u s try .  These organism s s e c re te  p ro te in s  in to  
th e  medium, fu n c tio n  w ell in  fe rm en ta tio n s and a re  h i s to r i c a l l y  used in 

th e  fe rm en ta tio n  in d u s try  (Doi 1984, O s tro f f  and Pene 1984). Amongst 

them, B ac illu s  s u b t l l i s  has been b e t t e r  c h a ra c te r is e d  g e n e t ic a l ly  than 

o lh e r  members (Doi 1984) and in fo rm a tio n  i s  a v a i la b le  on th e  g e n e tic  

map, tran sfo rm a tio n  system s, c lon ing  v e h ic le s  and b ac te riophages 

(O s tro f f  and P6ne 1984). I f  t h i s  o rganism  i s  to  be m odified  in  o rd e r  

to  house and allow  ex p re ss io n  o f  a r t i f i c i a l l y  m anipulated  p lasm id s, 

fo u r f a c to r s  re q u ire  a t te n t io n  ( s e e  Doi 1984):

- th e  t r a n s c r ip t io n ,  t r a n s la t io n  and re g u la tio n  o f  cloned

- th e  u t i l i z a t i o n  o f  s ta b le  recom binant p lasm ids;

-  th e  stu d y  o f  p ro te in _ s e c re t io n ;

- th e  red u c tio n  o f  p ro te a se  and n u c lea se  co n ten ts  o f  h o s t 

b a c te r ia .

A f i f t h  f a c to r  t h a t  w ill  undoubtedly have a s ig n i f ic a n t  ro le  to  p lay  

i s  th e  r e la t io n s h ip  between th e  b ac te riu m  and i t s  environm ent. Seo 

and B ailey  (19 8 5 ), f o r  exam ple, have dem onstrated  a tw o -fo ld  h ig h e r 
s p e c i f ic  a c t i v i t y  o f  cloned  gene p ro d u c t, ob ta in ed  by environm ental 

m an ipu lation  as opposed to  g e n e tic  m an ip u la tio n . I t  i s  u n lik e ly  th a t  

any o f  th e se  f a c to r s  could  be m anipulated  e x te n s iv e ly  in  is o la t io n  o f  

one an o th e r ;  i t  could be argued that, a n eg a tiv e  f e a tu r e ,  t h a t  o f 

p lasm id  i n s t a b i l i t y ,  a c ts  as "cormon ground" between d i f f e r e n t  a sp e c ts  

o f  gene c lo n in g  and use.



I n s t a b i l i t y

The q u e s tio n  o f  i n s t a b i l i t y  i s  im p o rtan t in  th e  c o n tex t o f  new 

developm ents in  fe rm en ta tio n  s t r a te g y .  At th e  p re s e n t tim e e f f o r t s  
a re  under way to  u t i l i z e  th e  process  o f  continuous c u l tu r e .  In 
th e o ry ,  t h i s  method p re s e n ts  many advantages ov e r t r a d i t i o n a l  methods 

such as batch  c u l tu r e .  Continuous c u l t iv a t io n  makes I t  p o s s ib le  to  

se p a ra te  and d e f in e  v a rio u s param eters independen tly  o f  each o th e r ,  

such as n u t r i e n t  su p p ly , e f f l u e n t  rem oval, growth r a t s  and c e l l  d e n s ity . 

D esp ite  th e  p o s i t iv e  fe a tu re s  a s so c ia te d  w ith  t h i s  form o f fe rm e n ta tio n , 

i t  i s  n o t o f te n  used. The m ajor problem  In t h i s  reg a rd  (and most 
d i f f i c u l t  t o  c o r r e c t)  i s  t h a t  o f  s t r a i n  d egenera tion  (S ta f fo rd  1986). 

This d egenera tion  i s  m an ife sted  as a g radua l and i r r e v e r s ib l e  lo s s  o f  
p ro d u c t e x p re ss io n . By means o f  a growth advan tage, h o s ts  w ith  sm a lle r  

o r  no p lasm id s, o r  w ith  p lasm ids e x p re ss in g  l e s s  o f  th e  cloned  gene 

p ro d u c t, soon become th e  dominant b a c te r ia l  s p e c ie s .

In broad te rm s, th e  most im p o rtan t f a c to r s  in flu e n c in g  th e  s t a b i l i t y  

o f  a (recom binant) p lasm id a re  th e  fo llow ing :

-  The r e p l ic a t io n  fu n c tio n s  o f  th e  plasm id (Doi '9 8 4 ).

-  P a r t i t io n  and se g re g a tio n  fu n c tio n s  (Meacock and Cohen 1980).

-  The s iz e  o f  th e  cloned  i n s e r t  (Wames and Stephenson 1986).

-  The s t r u c tu r a l  q u a l i t i e s  o f  th e  plasm id ( In c lu d in g  th e  
i n s e r t ) ,  the  p resence  o f  rep ea ted  seq u en ces, sequence 

s im i l a r i t i e s  and palindrom es (A lb e rtin l  e t  al_ 1982, Hagan 

and Warren 1983, Alonso and T ra u tn e r  1985a, Hahn and Dubnau 

1985).
-  The degree o f  ex p re ss io n  (prom oter a c t i v i t y )  o f  th e  cloned 

Sene (Gentz e t  al_ 1981, S ta s s i  and Lacks 1982).

-  The h o s t background. This in c lu d es  th e  rec  phenotype and 

th e  In f lu en ce  o f  o th e r  genes such a s ,  f o r  exam ple, thti 

p le lo t r o p ic  sacU9 m utation  in  B. s u b t l l i s (UhlSn e t  al_ 1981,

Hahn and Dubnau 1985, VehmaanperS and Korhola 1936).

-  The m etabo lic  environm ent w ith in  which th e  h o s t p r o l i f e r a t e s .  
This inc lu d es th e  ro le  o f  s e le c t iv e  ( a n t ib io t i c )  p re ssu re

on th e  plasm id and th e  h o s t.
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Given the com plexity  o f  plasm id i n s t a b i l i t y ,  an in v e s t ig a t io n  o f  the 

phenomenon would have to  be done from v a rio u s s p e c i f ic  a sp e c ts .

The H ost-P lasm id R e la tio n sh ip

S ince plasm ids a re  dependent on th e  h o s t  f o r  p r o l i f e r a t i o n ,  th e re  i s  a 

d e f in i te  l in k  between th e  phenotype o f  th e  p lasm id and i t s  success  as 

re p lic o n .  The m e tab o lic  in f lu e n c e  from th e  e x t e r io r  ( th e  medium) 

d ic ta te s  to  an e x te n t  th e  response o f  th e  h o s t  to  th e  p lasm ids. The 

p resence  o f  la rg e  i n s e r t s  in  recom binant plasm ids r e s u l t s  in  an 

i n s t a b i l i t y  which i s  caused  by th e  m e tab o lic  load  th e  la rg e  plasm id 

p laces  on th e  c e l l  and which favours  c e l l s  w ith  le s s  "expensive" o r  no 
p lasm ids. This p o in t  has been e m p ir ic a lly  dem onstrated  by Godwin and 

S l a t e r  {1979). A cco rd ing ly , la rg e  i n s e r t s  o f te n  r e s u l t  in  seg re g a tio n a l 

i n s t a b i l i t y  (Kim and Ryu 1984, Bron and Luxen 1985, Wames and 

Stephenson 1986). In some c a s e s ,  however, ex cep tio n s to  t h i s  ru le  

have been n o tic e d .  H akkaart e t  al_ (19 8 5 ), f o r  exam ple, re p o rte d  the 

lo s s  o f  th e  sm a lle r  plasm id from a p o p u la tio n . Such ex cep tio n s can 

o f te n  be accounted  f o r  in  term s o f  th e  n e t  load  th e  p lasm id  p laces  on 
th e  h o s t.  This load  i s  composed o f  v a r io u s  su b sec tio n s  In c lu d in g  a t  

l e a s t  th e  s iz e  o f  th e  p lasm id  and th e  le v e l  o f  ex p re ss io n  o f  th e  

cloned  gene. C e rta in  p lasm id  fu n c tio n s  a re  a s s o c ia te d  w ith  t h e i r  
p r e s e rv a t io n ,  and se rv e  as lin k ag es between th e  plasm id and h o s t 

f i t n e s s .  These fu n c tio n s  in v o lv e  d iv e rse  genes, such as seg reg a tio n  

{seg ) (Alonso and T rau tn e r  1985b), p a r t i t i o n  fu n c tio n s  (p a r)  (Meacock 

and Cohen 1980, Gruss and Novlck 1986), copy number c o n tro l l in g  genes 
( s e e  Seo and B ailey  1985), p le io tro p ic  genes such as sacU9 (VehmaanperS 

and Korhola 1986), fu n c tio n s  a f f e c t in g  m u ltlm e rlsa tio n  and 
c o n ca tem erisa tlo n  (se e  Bron and Luxen 1985), membrane b ind ing  reg ions 

(McKenzie e t  a ! 1986) and th e  r e p l ic a t io n  o r ig in  o f  th e  plasm id .

These In te r a c t io n s  appear to  be m u lt ip le ,  h ig h ly  developed ( s e le c te d )  

fu n c tio n s .  This f a c t ,  in  co n junc tion  w ith  environm ental s e le c t iv e  

p re s s u re ,  makes th e  form o f  i n s t a b i l i t y  re p re se n te d  here  ( s e g re g a tio n a l 

i n s t a b i l i t y )  very d i f f i c u l t  to  p rev en t or- t o  e lim in a te .



The s t r u c tu r e  o f  th e  p lasm id  and th e  in f lu e n c e  o f  c e r ta in  h o s t genes 

a re  connected w ith  s t r u c tu r a l  i n s t a b i l i t y .  The m aintenance o f  3 

p lasm id , in c lu d in g  any cloned  DMA, i s  l im ite d  by the requ irem en t th a t  

c e r ta in  forms o f  DNA s t r u c tu r e  a re  incom patib le  w ith  s u rv iv a l .  The 
p resence  o f  re p e a te d , s im i la r  o r  in v e r te d  sequences, palindrom es or 

" d e le tio n  g en e ra to rs"  o f te n  r e s u l t  in  th e  e lim in a tio n  o f  c e r ta in  
s t r e tc h e s  o f  DNA o r  com plete lo s s  o f  th e  plasm id (A lb e r tin i e t  al_ 1982, 

Hagan and Warren 1983, A lonso and T rau tn e r  1985a, Hahn and Dubnau 1985). 
Such rearrangem ents can be Independent o f th e  general recom bination 

system s o f  th e  h o s t ,  b u t i t  does appear t h a t  re c  and r e la te d  enzymes 

in  the  general sen se  o f te n  p lay  a cau sa l b u t in c id e n ta l  ro le .  This 

in c lu d es  o th e r  enzymes such as polym erases o r  gy rases  which a re  a lso  

th o u g h t to  be in vo lved  w ith  th e  g e n e ra tio n  o f  d e le t io n s  (A lb e r tin i e t  a]_ 

1982, Hahn and Dubnau 1985). Due to  th e  prim ary in f lu e n c e  o f  th e  

sequence on th i s  type o f  I n s t a b i l i t y ,  d e le t io n  prone a reas  o r  "ho t 
sp o ts"  a re  c re a te d  (se e  Prim rose and E h rlic h  1981). Thus d e le tio n s  

o f te n  f a l l  in to  v a rio u s d efin ed  c l a s s e s ,  a lthough  th i s  phenomenon i s  

n o t always o b se rw d  («tihi#a<np3r<i and Korhola }986). The f a c to r s  cawsfng 
s t r u c tu r a l  I n s t a b i l i t y  a re  u n lik e ly  to  have evolved f o r  t h i s  purpose 

and s t r u c tu r a l  i n s t a b i l i t y  can be viewed as an escape "mechanism", based 

on chance, by which un favourab le  h o st-p la sm id  in te r a c t io n s  a re  m odified . 

This m o d if ica tio n  i s  en fo rced  by s e le c t io n  a f f e c t in g  th e  h cs t-p la sm id  
r e la t io n s h ip  and i s  m ediated by se g re g a tio n . The l a t t e r  phenomenon 

e x p la in s  how a p o p u la tio n  becomes homogenous f o r  a c e r ta in  s t r u c tu r a l  

v a r ia n t .  Although i t  i s  p o s s ib le  t h a t  th e  f in a l  r e s u l t s  o f  s t ru c tu ra l  
i n s t a b i l i t y  may v a ry . I t  is  l ik e ly  t h a t  most v a r ia n ts  produced during  

I n s t a b i l i t y  a re  p a r t  o f  a s e r ie s  le ad in g  towards a s p e c i f ic  endpo in t.

The im mediate en dpo in t in  a tre n d  o f  d e le t io n  even ts  i s  determ ined by 

th e  ease  w ith  which th e  phy sica l p rocess  o f  e lim in a tio n  can take  p lace  

and th e  m e tab o lic  load  th e  plasm id re p re s e n ts .  W ithout s e le c t io n ,  the  

en d p o in t i s  a lm ost always e lim in a tio n  o f  th e  plasm id .



SECTION

AN INVESTIGATION INTO THE NATURE OF THE P2 FRAGNENTS OF 

PLASMIDS pS R ll, 12 AND 51

I. In tro d u c tio n

The v e c to r  pPL603 (3 .1  m egadaltons) (se e  W illiam s e t  al_ 1981) i s  a 

recom binant p lasm id , c o n s tru c te d  so as to  f a c i l i t a t e  th e  c lo n in g  o f  

DNA fragm ents which w il l  a c t  as p rom oters. The plasm id was derived  

from an e a r l i e r  c o n s tru c t ,  pUBHO (which co n fe rs  neomycin re s is ta n c e )  

by th e  in s e r t io n  o f  an EcoRI fragm ent o f  B ac illu s  pum llis  DNA which 

b ea rs  a fu n c tio n a l chloram phenicol a c e ty l t r a n s fe r a s e  (CAT) gene. This 

fu n c tio n a l CAT gene was su b sequen tly  d ep rived  o f  i t s  p rom oter (o r  

w hatever sequences were a c tin g  to  allow  ex p ress io n  o f  th e  gene). The 

CAT gene was a ls o  p laced  in  re v e rse  o r ie n ta t io n  w ith  r e s p e c t  to  

sequences w ith  p o te n t ia l  p ro m  t e r  a c t i v i t y  lo c a te d  in  pUBUO. A 
d e r iv a t iv e  p lasm id o f  pPL603, pPL603b, was c re a te d  by in s e r t in g  an 

Ml3 l in k e r  c o n ta in in g  a BamHI s i t e  in to  th e  EcoRI s i t e  o f  pPL603 (see  

C o rf ie ld  je t al_ 1984). S ince  pPL603b showed some CAT gene a c t iv i t y  in 

s ta t io n a r y  ph ase , a v a r ia n t  pPL603b,l, chloram phenicol s e n s i t iv e  a t  

a l l  growth s ta g e s ,  was I s o la te d  (C o rf ie ld  e t  al_ 1984).

This v e c to r  i s  s p e c i f i c a l l y  designed  f o r  th e  d e te c tio n  and c lo n in g  o f  

sequences t h a t  can a llow  t r a n s c r ip t io n  o f  th e  CAT gene. In an a n a ly s is  

o f  fragm ents cloned  in to  pPL603, W illiam s e t  al_ (1981) found t h a t  some 

sequences p e rm itted  ex p re ss io n  in  only one and o th e rs  in  both 
o r ie n ta t io n s .  By v i r tu e  o f th e  c o n s tru c tio n  o f  pPL603, i t  i s  n o t 

p o s s ib le  to  c lone in  i s o la t io n  a gene c o n s is tin g  o f  prom oter, s t r u c tu r a l  
and te rm in a to r  reg ions and have s im ultaneous CAT gene ex p re s s io n . I f  

th e  te rm in a to r  i s  a b se n t,  th e  gene fragm ent could  be c lo n ed , p rov id ing  

th a t  read  through in to  th e  CAT gene tak es  p la c e .  The rem aining 

p o s s ib i l i t y  i s  t h a t  th e  CAT gene be a c t iv a te d  by a prom oter (o r  a



sequence w ith  s im i la r  a c t i v i t y )  u n re la te d  and unlinked  to  th e  prom oter

a c t iv a t in g  th e  cloned  gene.

The c lo n in g  o f  c e r ta in  exoenzyme genes w ith  pPL6Q3b.1

T his plasm id was used to  c lone B gU I d ig e s te d  h o s t DNA and th e  r e s u l t in g  

recom binant plasm ids were sc reened  f o r  a-am ylase (o r  p ro te a se )  a c t i v i t y .  

When such  genes were cloned  In  th e  v e c to r ,  i t  was found th a t  a s im i la r  

fragm ent y i t h  prom oter a c t i v i t y  had been re p e a te d ly  c loned . This 

fragm en t, d i s t i n c t  from th e  prom oter o f  th e  cloned  a-am ylase o r  p ro tea se  

gene i s  known as th e  P2 fragm ent. I t  i s  about 0 .7  kb in  s iz e  and is  
p r e s e n t  in  th e  s e p a ra te ly  is o la te d  plasm ids pVCl0 2 , 210 , 220 , 230 , 310, 

320 and pSR ll, 12 and 51 (C o rf ie ld  1986a) ( s e e  F igu re  1 ) .  S im ila r i ty  

between a l l  th e se  P2 fragm ents (ex cep t th e  P2 o f pSR51) was em phasized 

by th e  f a c t  t h a t  a l l  cou ld  be c h a ra c te r is e d  by a unique in te rn a l  S b .Z 

s i t e .  In pVC102, t h i s  enzyme c leav es th e  fragm ent in  two p ieces  o f 

roughly  560 and 180 bp. The id e n t i ty  o f  P2 fragm ents in  a-am ylase gene 

b ea rin g  recom binant plasm ids was confirm ed by h y b r id iz a tio n  s tu d ie s .

The pVC102 P2 fragm ent was cloned in to  th e  RNA probe v e c to r  pSR65 and 

tranv '-c rip ts  were used to  probe pVC102, 210 , 220 , 230 , 310, 320 , pSR ll,

12 and 51. Only pSR51 d id  n o t have sequences complementary to  the 

probe (Youngleson 1986).

These o b se rv a tio n s  ra is e d  th e  q u e s tio n  as to  why th e  P2 fragm ents were 

always th e  same (w ith  r e s p e c t  to  th e  c r i t e r i a  m entioned above), why the 

P2 fragm ent from pSR51 was d i f f e r e n t ,  and why th e  cloned  gene was in 

o p p o s ite  o r ie n ta t io n  to  th e  CAT gene.

Two ex p la n a tio n s  fo r  th e  P2 fragm ent c lo n in g  phenomenon can be forw arded 
(C o rf ie ld  1986a). E i th e r  th e  PI and P2 fragm ents a re  lin k e d  on the 

chromosome o f th e  h o s t o r  th ey  a re  h o t .  In th e  form er case  a p a r t ia l  

d ig e s t  o f  th e  h o s t  DNA a t  th e  f i r s t  c lon ing  s te p  would ex p la in  the 

p resence  o f  a B gll l  s i t e  between the two p rom oters. In th e  l a t t e r ,  

th e  same P2 fragm ent would have to  be re p e a te d ly  and independen tly  

c loned . B lo ttin g  and h y b r ' 'iz a t io n  s tu d ie s  have s tro n g ly  suggested  

t h a t  th e  two fragm ents a r e  u n linked  on th e  chromosome (C o rf ie ld  1986a).



sequence w ith  s im i la r  a c t i v i t y )  u n re la te d  and unlinked  to  th e  prom oter

a c t iv a t in g  -e cloned  gene.

The c lo n in g  o f  co n ta in  exoenzyme genes w ith  pPL603b.1

T his p lasm id  was used to  c lone B gll l  d ig e s te d  h o s t UNA and th e  r e s u l t in g  

recom binant plasm ids w ere screened  f o r  o-am ylase (o r  p ro te a se )  a c t i v i t y .  

When such genes were c loned  in  th e  v e c to r ,  i t  was found th a t  a s im i la r  

fragm ent w ith  prom oter a c t i v i t y  had been re p e a te d ly  c loned . This 

fragm ent, d i s t i n c t  from th e  prom oter o f  th e  c loned  a-am ylase o r  p ro tea se  

gene i s  known as th e  P2 fragm ent. I t  i s  abou t 0 .7  kb in  s iz e  and is  
p re s e n t in  th e  s e p a ra te ly  is o la te d  plasm ids pVCl02, 210, 220 , 230 , 310, 

320 and pSR ll, 12 and 51 (C o rf ie ld  1986a) ( s e e  F igure 1 ) . S im ila r i ty  

between a l l  th e se  P2 fragm ents (ex cep t th e  P2 o f  pSR51) was em phasized 
by th e  f a c t  t h a t  a l l  cou ld  be c h a ra c te r is e d  by a unique in te rn a l  S s tI  

s i t e .  In pVC!02, th i s  enzyme c leav es th e  fragm ent in  two p ieces  o f 

roughly 560 and 180 bp. The id e n t i ty  o f  P2 fragm ents in  a-am ylase gene 

b ea rin g  recom binant plasm ids was confirm ed by hybr d iz a tio n  s tu d ie s .
The pVC102 P2 fragm ent was cloned in to  th e  RNA probe v e c to r  pSR65 and 

t r a n s c r ip t s  were used to  probe pVC102 ,  21 0 , 220 , 2 30,. 310 , 320 , pSR ll,

12 and 51. Only pSR51 d id  n o t have sequences complementary to  the 

probe (Young!eson 1986).

These o b se rv a tio n s  ra is e d  th e  q u es tio n  as to  why th e  P2 fragm ents were 
always th e  same (w ith  r e s p e c t to  th e  c r i t e r i a  m entioned a b o v e ), why the 

P2 fragm ent from pSRBl was d i f f e r e n t ,  and why th e  cloned  gene was in 

o p p o s ite  o r ie n ta t io n  to  th e  CAT gene.

Two ex p la n a tio n s  fo r  th e  P2 fragm ent c lo n in g  phenomenon can be forw arded 

(C o rf ie ld  1986a). E i th e r  th e  PI and P2 fragm ents a re  lin k e d  on the 

chromosome o f th e  h o s t o r  they  a re  n o t.  In th e  form er case  a p a r t ia l  

d ig e s t  o f  th e  h o s t  DNA a t  th e  f i r s t  c lon ing  s te p  would ex p la in  the 

p resence  o f  a B gll l  s i t e  between th e  two p rom oters. In th e  l a t t e r ,  

th e  same P2 fragm ent would have to  be re p e a te d ly  and Independently  

c loned . B lo ttin g  and h y b r id iz a tio n  s tu d ie s  have s tro n g ly  suggested  

t h a t  th e  two fragm ents a re  u n linked  on th e  chromosome (C o rf ie ld  1986a).
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F igure 1

L inearized  r e s t r i c t i o n  maps showing P2 fragm ents o f  pVC102, pSRSl 
and pSR ll. P2 fragments are  in d ica ted  by c ross  h a tch ing . The PI 
reg ions ( t h a t  i s ,  th e  r e s t  o f th e  cloned in s e r t s )  a re  in d ic a te d  by 
a double l in e .  Arrows show th e  lo ca tio n  o f Bam HI - B g l l l  ju n c tio n s ,



These experim ents a re  based  on th e  p a t te rn s  r e s u l t in g  from th e  presence 

o r absence o f  a t  l e a s t  one P s tI s i t e  in  th e  DNA presumed to  se p a ra te  
th e  P fragm ents in  v iv o . Because o f a d e le tio n  ev en t s h o r t ly  a f t e r  

c lo n in g  (se e  C o rf ie ld  1985, 1986a) which may have a l te r e d  th e  

in te rv e n in g  DNA, i t  i s  n o t r ig o ro u s ly  proven th a t  th e  P2 fragm ents 

a re  s e p a ra te  in  th e  h o s t.  T herefo re  e x p lan a tio n s  have to  be found to  

accoun t fo r  th e  rep ea ted  c o -c lo n in g  o f  th e  a-am ylase genes and th e  P2 

fragm en ts. The phenomenon i s  com plicated  by th e  f a c t  th a t  th e  P2 

fragm ent o f  pSRSI i s  d i f f e r e n t  from th e  o th e r s .

The p ro je c t  a ttem pted  herti was t o  determ ine th e  n u c le o tid e  sequence o f  

th e  P2 fragm ents o f  pS R ll, 12 and 51. T his would allow  comparison 

w ith  th e  co rresponding  fragm ent in  pVC102 which ha,', a lread y  been 

sequenced (H erbst p e rs . contra.) ,  and revea l any d if fe re n c e s  between the 

P2 fragm ents o f  pSRll and 12 and 51. In o rd e r  to  ach ieve th i s  goal 

th e  fo llow ing  s t r a te g y  was adopted:

-  P re p a ra tio n  o f  CsCl e x tra c te d  p lasm id  DNA

-  I d e n t i f ic a t io n  and i s o la t io n  o f P2 fragm ents by agarose 

e le c tro p h o re s is

-  P rep a ra tio n  o f  Ml 3 v ec to rs

-  A p prop ria te  d ig e s t io n  o f  Ml3 v ec to rs

-  L ig a tio n  o f  v e c to rs  and fragm ents

-  T ra n sfe c tio n  o f  recom binant v ec to rs
-  Screen ing  o f v e c to rs  and id e n t i f ic a t io n  o f  cloned  in s e r t s

-  P re p a ra tio n  o f  s in g le  s tra n d e d  DNA

-  Sequencing

2. M a te r ia ls ,  Methods and R esults

To avoid unnecessary  r e p e t i t io n *  In  each experim en t th e  techn iques used 

a re  g iv en , fo llow ed by th e  r e s u l t s  ob ta in ed  in  each ca se . The b a c te r ia l  

s t r a in s  used In  th i s  work a re  l i s t e d  in  Appendix 1,



2.1 P rep a ra tio n  o f  plasm id DIM

The p re p a ra tio n  o f  la rg e  amounts o f  pure p lasm id DNA was e s s e n t ia l  to

th i s  p r o je c t .  For t h i s  to  be done, th e  fo llo w in g  p rocedure was adopted:

( ! )  The s t r a i n  was s tre a k e d  to  s in g le  co lo n ie s  on s e le c t iv e  medium.

(2) 10ml o f  c u l tu r e  in  s e le c t iv e  medium was grown o v e rn ig h t (LB and

a n t ib io t i c s ) .

(3) 250ml o f  LB and a n t ib io t i c s  were in o c u la te d  w ith  1ml o f  o v e rn ig h t

c u l tu r e  and allow ed to  grow f o r  18-20 hours .

(4) The DNA was then  e x tr a c te d  by th e  fo llo w in g  m odified  p ro to co l o f

L ov e tt and Keggins (1978):

(a )  250ml o f  c u ltu r e  were c e n tr ifu g e d  a t  7000 rpm in  a JA10 

r o to r  in  a Beckman J2-21 c e n tr ifu g e  f o r  10 m inutes.

(b) The c e l l  p e l l e t  was resuspended in  50ml o f  TES (pH 7 .5 ) 

and again  c e n tr ifu g e d .

(c ) The p e l l e t  was vesuspended in  4ml o f  lysozyme b u f f e r  and 

t r a n s f e r r e d  to  a 50ml c e n tr i fu g e  tu b e .

(d) 0.2ml o f  lOmg/ml lysozyme in  TES was added ( f in a l  enzyme 

c o n c e n tra tio n  500ug/ml) and in cu b a ted  a t  37°C f o r  30 

m inutes.

(e )  16ml o f  SOS b u f f e r  were added and th e  s o lu t io n  mixed with 

a rod u n t i l  c le a r .

( f )  5ml o f  5M NaCI were added, mixed g en tly  and th e  m ix ture  

s to r e d  ov e rn ig h t a t  0°C.

(g ) The m ix tu re  was c e n tr ifu g e d  a t  18000 rpm in  a J20 ro to r

f o r  30 m inutes and th e  su p e rn a ta n t decanted .

(h ) 5ml o f  BOS PEG 6000 were added, w ell mixed in ,  and the

r e s u l t in g  m ix ture  s to re d  on ic e  f o r  s ev e ra l hours o r 

o v e rn ig h t.

( i )  The m ix ture  was c e n tr ifu g e d  a t  10000 rpiti f o r  10 m inutes

and th e  su p e rn a ta n t d isca rd ed .



( j )  The p e l l e t  was re d is so lv e d  in  3mI o f  TCS, con ta in in g  

0.2ml o f  2mg/ml h e a t- t r e a te d  RNase. The s o lu t io n  was 

then incuba ted  a t  65°C f o r  30 m inutes by which tim e th e  

p e l l e t  was com pletely  resuspended.

(k ) 4 .25g o f  CsCl was added, d isso lv ed  a t  37°C and th e  m ix ture  

c le a re d  by c e n tr i fu g a t io n  a t  15000 rpm in  a J10 ro to r .
The su p e rn a ta n t was c a r e fu l ly  a s p ir a te d  o f f  and the 

r e f r a c t i v i t y  a d ju s te d  t o  1 .395.

(1) 0.1ml o f  e th id ium  bromide (lOmg/ml) was added. I f  th e  

volume was n o t s u f f i c i e n t  to  f i l l  an u lt r a c e n tr i fu g e  

tu b e , i t  was brought to  volume w ith  TE-CsCl-ethidium  

b ro m id e .o f th e  r ig h t  r e f r a c t i v i t y .

(m) A f te r  s e a l in g ,  th e  tubes were spun a t  45-50000 rpm in  a 

V ti 65 r o to r  in  a Beckman 18-55 u l t r a c e n t r i f u g e  f o r  14

(n ) Follow ing th e  c e n tr i fu g a t io n  th e  p lasm id  band was 
a s p ir a te d  o f f  by s id e  punctu re  w ith  a 's y r in g e .

(o ) E th id iiS ! bromide was e x tr a c te d  w ith  Isopropanol s a tu ra te d  

w ith  20xSCC u n t i l  no red  co lo u r could  be d e te c te d ,  and 

then  e x tr a c te d  once more.

(p ) The volume was d la ly se d  in  3 changes o f  TE b u f f e r  (abou t 

300ml TE per sam ple).

(q ) I t  was o f te n  necessa ry  to  phenol e x t r a c t  th e  DNA ( th a t  

i s ,  two pheno l-ch lo ro fo rm  e x t r a c t io n s ,  one chloroform  

e x tr a c t io n  and two e th e r  e x t r a c t io n s ) .  Subsequently  th e  

DNA was sometimes c o n cen tra ted  by e th an o l p r e c ip i ta t io n  

done as fo llo w s: 1 /10  th e  volume o f  sodium a c e ta te  was 

added, 2 volumes o f  96% e thano l added, m ixed, s to re d  a t  

-70°C f o r  20 m inutes th en  c e n tr ifu g e d  in  a m icrofuge fo r  
30 m inu tes , th e  s u p e rn a ta n t poured o f f ,  1ml 70S e thano l 

added, c e n tr ifu g e d  f o r  5 m in u te s , and th e  p e l l e t  d r ie d  

under vacuum and f in a l ly  resuspended in  TE.

( r )  The samples were th en  ana lysed  by agarose  gel e le c tro p h o re s is  

(see  Appendix 3 f o r  d e t a i l s ) .  F igu re  2 d e p ic ts  th e  r e s u l t  

o f  such a CsCl e x tr a c t io n .
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Caesium ch lo r id e  p rep a ra tio n s  o f  plasmid DNA {1.2% a g a ro se ). 

Lane 1 pSRUA Lane 6 pSRlZA
2 7
3 8

4 " 9 pSRSl
5 " 10 "
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2 .2  I d e n t i f ic a t io n  o f  P2 fragm ents and t h e i r  i s o la t io n  by 
gel e le c tro p h o re s is

According to  th e  r e s t r i c t i o n  maps (F ig u re  1) th e  P2 fragm ents (pSRll 

and 12) can be ex c ised  by Bgll l  -  EcoRI d ig e s t io n .  E xcision  o f  th e  P2 

fragm ent o f  pSR51 p re se n ts  problems because i t  has in te rn a l  EcoRI s i t e s .  

This p rev en ts  th e  EcoRI s i t e ,  c lo se  to  th e  uncleavab le  BamHI -  B gll l  

ju n c t io n ,  being  used to  remove th e  fragm ent as i s  done in  th e  cases o f  

pVC102, pSRII and 12. With t h i s  in  m ind, a P s tI  -  P s t I  fragm ent was 

c leaved  o u t. This fragm ent c o n s is ts  o f  abou t 800 bp. In  t h i s  work 

th i s  fragm ent i s  c a lle d  th e  P2* fragm ent o f  pSRSl.

R e s tr ic t io n  d ig e s ts  were done in  o rd e r  to  confirm  th a t  th e  fragm ents 
were re le a se d  as expec ted . The P2* fragm ent o f  pSRSl appeared as 

expec ted  (se e  F igu re  3 ) .  pSRllA and pSRIZA, however, d id  n o t g ive  r i s e  

to  th e  same fragm ent p a t te rn  as th e  co rrespond ing  LMCB DMA p re p a ra tio n s . 

As can be seen in  F igure 4 ,  EcoRI -  B gll l  d ig e s tio n  o f  pSR12A and 121 

give  s im i la r  p a t te rn s .  pSR12A has however an a d d itio n a l sm all fragm ent 

(o f  abou t 250 b p ). The P2 frag m en ts , approxim ately  900 bp in  s i z e ,  
com igrated . The p a t t e n u  o f  pSRllA and 111 were n o t  e q u iv a le n t and 

seemed to  d i f f e r  more from each o th e r  th a n  th e  above ca se . In pSRUL, 

th e  EcoRI -  B gll l  fragm ents can be d iv id ed  in to  two groups. The la r g e r  

s iz e  group c o n s is ts  o f  3 fragm ents ran g in g  between ±4000 and 1900 bp. 

pSRllA a ls o  y ie ld s  3 fragm ents b u t t h e i r  s iz e  range Is  between ±4000 
and 3500 bp. The second s iz e  group o f  pSRUL in c lu d ed  two fragm en ts, 

t h e i r  s iz e  between ±850 and 900 bp. The upper o f  th e se  i s  th e  P2 

fragm ent and com igrates w ith  a s in g le  fragm ent (assumed to  be P2) from 

pSRllA which lack s  a l to g e th e r  th e  sm a lle r  fragm ent in  t h i s  s iz e  range.

In a d d i t io n ,  i t  a lso  has a sm all fragm ent as desc rib ed  f o r  pSR12A.

I t  was su b sequen tly  determ ined ( a t  l e a s t  in  th e  ca se  o f  pSRllA) t i  • 

t h i s  sm all fragm ent is  re le a se d  on EcoRI d ig e s tio n .  This im p lies  th a t  

both o f  th e  plasm ids have g en e ra ted  an ad d itio n a l EcoRI s i t e ,  perhaps 

by d u p lic a tio n .  Both 1A297 (pSRllA) and 1A297 (pSR12A) have a l l  th re e  

m arkers a s so c ia te d  w ith  th e  plasm ids ( t h a t  i s  NmR, CmR and o-am ylase 

p ro d u c tio n ).



Figure 3

RE d ig es ted  DflA showing th e  re le a se  o f P2*fragm ents (arrowed) from 
PVC102 and p5R51.

Lane 1 Lambda I I I  marker
2 pVC102, uncut
3 pVCl02> B g l l l - P s t l

4 pSRBl, uncut
5 pSRSl» P stI

The s iz e  o f  th e  pVC102 P2* fragm ent i s  about 1300 bp, th e  P2* fragm ent 

from pSRSl 800 bp. About 0 .4vg ONA per lane .



R elease o f  P2 fragm ents (arrowed) from pSR12A, 12L, 11A and 11L by 

RE d ig e s tio n  w ith Bgll l  and EcoRI.

Lane 1 pSR12A, uncut
2 pSRl 2A, cu t

3 pSR12L, uncut

4 pSR12L, cu t
5 pSRUA, uncut
6 pSRUA, cu t
7 pSRHL, uncut

8 pSRHL, cu t

The s iz e  o f  th e  P2 fragments i s  roughly 900 bp , th a t  o f  th e  small fragm ent 
p re se n t in  pSRUA, 12A about 260 bp.



P re p a ra tiv e  g e ls

For pSR51, 5 d ig e s ts  each in  a to ta l  o f  SOpl were s e t  up. The amount 

o f  DNA p e r  tube  was about 4pg , thus a to t a l  o f  20pg DNA was cu t. Each 

tube rece iv ed  th e  a p p ro p ria te  amount o f  lOxM and P s t I enzyme. The 

d ig e s ts  were in cu b a ted  f o r  2 hours a t  37°C. In th e  case  o f  pSRUA and 

pSR12A, f o r  th e  BglU  d ig e s t io n ,5 d ig e s ts  were s e t  up in  a volume o f  

4 0 v l. Each tube  co n ta in ed  abou t lug  (pSR12A) o r  3yg (pSRUA) o f  DNA. 

A f te r  d ig e s tio n  fo r  90 m inutes th e  NaCl and T n 's  co n c e n tra tio n s  in  the  

tu b es were ra is e d  from 50 to  100 mM (NaCl) o r  10 to  50 mM ( T r i s ) » p r io r  

to  th e  a d d itio n  o f  th e  h ig h - s a l t  enzyme (EcoRI) .  A f te r  a f u r th e r  90 

m in u te s , a sm all a l iq u o t  ( l y l )  was removed and ana lysed  f o r  com pleteness 

o f  d ig e s t io n .  I f  s u c c e s s fu l , th e  f u l l  volume was loaded  onto  a 0.8% 

agarose  gel and e le c tro p h o re se d  f o r  50-70 m inutes a t  50V (5V/cm). 
S ub seq u en tly , th e  re le v a n t bands ( s e e  F ig u re  5) w ere e x c ise d  w ith a 

s c a lp e l ,  trimmed c lo se  to  th e  DNA and e le c t ro e lu te d  as soon as p o s s ib le .

E le c tro e lu t io n

An e l e c t r o l u t e r  o f  th e  IBI type  was used to  reco v e r th e  fragm ents 

c on ta ined  in  th e  p re p a ra tiv e  ag aro se . The appara tus  was f i l l e d  w ith 

TBE b u f fe r  and th e  channels c le a re d  o f  a l l  bubbles and f i l l e d  w ith  

lOOpl o f  h igh  s a l t  b u f f e r  (7.5M ammonium a c e ta te  w ith  0.1% bromophenol 

b lu e ) .  The ex c ised  p ieces  were moved as c lo se  as p o s s ib le  to  th e  

channels and e lu t io n  s ta r t e d  a t  100V. I t  was found t h a t  a f t e r  20 

m inutes th e  fragm ents were com pletely  e lu te d .  At th i s  s t a g e ,  two 
samples o f  400vl o f  f l u id  from each channel were removed, th e  bromophenol 

b lu e  e x tra c te d  w ith  bu tanol and th e  DNA p r e c ip i ta te d  w ith  e th a n o l.

2 .3  P re p a ra tio n  o f  Ml3 v ec to rs

2 .3 .1  Background

Ml3 i s  a f ilam en tous col 1 phage (se e  Messing 1983), and has a l i f e  cy c le  

t h a t  c o n s is ts  o f  two s ta g e s .  The in f e c t iv e  form o f  th e  v 'ru s  c a r r ie s



Figure 5

P re p a ra tiv e  g e ls  o f  pSRSI, pSR12A and pSRHA. About 20, 5 and t5yg 
o f  DMA re sp e c tiv e ly  p e r  gel (0.8% ag aro se).



a s in g le  non-sense {+) s tra n d  o f  DMA. T his p a r t i c l e  in f e c ts  £ .  c o li  

c e l l s  by means o f  t h e i r  F -p i l i  and th e se  s t r u c tu r e s  a re  o b lig a to ry  

fo r  in f e c t io n .  This form g iv es  r i s e ,  i n t r a c e l l u l a r l y ,  to  a  sen se  o r  
-  s t ra n d .  This double s tra n d e d  r e p l ic a t iv e  form (RF) o f  M.13 rep re se n ts  

th e  a c tiv e  form o f  th e  v iru s  and up to  300 copies can be p re s e n t in  a 

c e l l  (Davies 1982). At a c e r ta in  s tag e  o f  grow th, th e  RF forms sw itch 

to  producing s in g le  s tra n d e d  In fe c tio u s  p a r t i c l e s  t h a t  a re  re le a se d  

from th e  c e l l  w ith o u t c e l l  l y s i s .

T his dual form l i f e  cyc le  makes Ml3 a u se fu l v e c to r  f o r  c lo n in g  and 

f o r  th e  production  o f  s in g le  s tra n d e d  DNA f o r  sequencing . The w ild type 

phage has been m odified  in  two main ways to  f a c i l i t a t e  c lo n in g  (see  
Sanger e t  a ^  1980). F i r s t ,  p a r t  o f  th e  la c  operon has been in s e r te d  
in to  th e  phage in  th e  in te rg e n ic  reg ion  between genes IV and II  

(M essing e t  al, 1977). The segment c o n s is ts  o f  th e  o p e ra to r ,  prom oter 
and approxim ately  158 o f  th e  amino te rm in a l end o f  th e  s t r u c tu r a l  gene 

coding fo r  B -g a la c to s id a se  (known as th e  a segm ent). T his p ep tid e  can 

ta k e  p a r t  in  complem entation w ith  the w p e p tid e  ( p a r t  o f  th e  C term inus 
o f  th e  id e n t ic a l  su b u n its  o f  B -g a la c to s id a se ) . I f  th e  read in g  frame 

coding f o r  th e  a  p ep tid e  i s  d is ru p te d  s u f f i c i e n t l y ,  a pep tid e  

complem entation i s  a b o lish ed .

Second, i t  was found t h a t  th e  in s e r t io n  o f  a m u ltip le  c lo n in g  s i t e  in to  

th e  coding reg ion  i t s e l f  does n o t d is ru p t  com plem entation. This 

p o ly c lo n in g  s i t e  has been m odified in  d i f f e r e n t  Ml3 v e c to rs  so th a t  

th e  r e s t r i c t i o n  enzyme s i t e s  a re  p re se n t in  re v e rse  (m ir ro r  image) 

o r ie n ta t io n .  This p ro p e r ty  perm its  the v e c to r  to  accommodate th e  

cloned  DNA in  rev ersed  p o la r i t y ,  which e v e n tu a lly  a llow s complementary 

s tra n d s  o f  th e  i n s e r t  to  be sequenced.

The m u ltip le  c lon ing  s i t e s  o f  Ml3mpl0 and 11 appear as in  F igure 6 .

For th e  c lo n in g  o f  th e  pSRSl P2* fragm ent a s in g le  d ig e s tio n  w ith  P s t I 

i s  s u f f i c i e n t  whereas v ec to rs  fo r  th e  BglH  -  E coR I-released  fragm ent 
re q u ire  double d ig e s tio n .  I t  should  be n o ted  th a t  fo llo w in g  l ig a t io n ,  

e x c is io n  o f  th e  fragm ent would re q u ire  th e  use o f  an o th e r enzyme ( S a il 
in  t h i s  work) because th e  BamHI -  B glH  ju n c tio n  i s  n o t recognised  by 

e i t h e r  enzyme (M an ia tis  e t  al_ 1982).



Figure 6

The m u ltip le  c lon ing  s i t e s  o f the s in g le  s tran d ed  phage v ec to rs  HlSmplO 
and Ml3mp11. The po lycloning  s i t e  i s  lo ca ted  w ith in  th e  s t ru c tu ra l  
p o rtio n  o f  th e  In se r te d  e -g a ia c to s id a se  gene fragm ent found in  the  
In te rg e n lc  reg ion  o f  the phage lo ca ted  between genes IV and I I .  The 
un iv e rsa l printer i s  shown (from Amersham).



P r io r  to  concluding  th i s  in tro d u c to ry  s e c tio n  i t  i s  o f  i n t e r e s t  to 
no te  t h a t  th e  h o s t f o r  M13mpl0 and 11 , JM109, has been ex ten s iv e ly  

m odified  to  f a c i l i t a t e  c lo n in g  ( s e e  Appendix 1 ) . A few o f  th e  Im portan t 

changes a re  th e  fo llow ing  (se e  Y anisch-Perron e t  al_ 1985):

re c ~ , a y r  -  to  in c re a se  s t a b i l i t y  o f  th e  i n s e r t .

Alac -  to  p rev en t in te r a c t io n  between s im i la r  ( la c )

sequences on th e  F 1 plasm id.

Apro - to  make th e  h o s t dependent on th e  F 1 plasm id
which has a fu n c tio n a l £ ro  gene. This 

en su re s  th e  p resence  o f  F -p i l i  f o r  in f e c t io n .

2 .3 .2  P rep a ra tio n  o f  r e p l ic a t iv e  forms o f  Ml3molO and mpll

In o rd e r  to  e x t r a c t  RF DNA, phage su p e rn a ta n t was taken  and about lOyl 

added to  3 tu b es c o n ta in in g  2ml each o f  a 1:100 d i lu t io n  o f  JM109 in  

2xTY medium. This p i l o t  c u l tu re  was grown fo r  3-5 hours a f t e r  which 

i t  was added to  500ml o f  2xTY medium. A fte r  20 hours o f  shaking  a t  

37°C, th e  c e l l s  were e x tr a c te d .  The p ro to co l used was th e  la rg e - s c a le  

a lk a l in e - ly s i s  method desc rib ed  by M an ia tis  e t  al_ (1982). The fo llow ing  

m o d if ic a tio n s  were in tro d u ced :

( 1) The c e l l s  were p e l le te d  a t  7000 rpm f o r  10 m in u te s , then 

resuspended in  5m! o f  s o lu t io n  1 and su b sequen tly  mixed w ith  

5ml o f  so lu tio n  1 c o n ta in in g  lOmg/ml o f  lysozyme. This 

ensu red  even and corv '.ebe l y s i s .

(2) The a lk a l in e  l y s i s ,  and potassium  a c e ta te  and isopropanol 

p re c ip i ta t io n  s te p s  were done as desc rib ed  in  th e  M aniatis 

p ro to c o l .

(3 ) The p e l l e t s  were d r ie d  in  a vacuum oven a t  room tem p era tu re , 

and resuspended in  4ml in  TE.

(4 ) 3 .8 -3 .9 g  o f  CsCl and 0,4ml o f  e th id iu m  bromide (TOmg/ml) 
were added and the to ta l  m ix ture  se a le d  in  an u l t r a c e n tr i fu g e  

tube and spun a t  45-50000 rpm In a Vti 65 ro to r  In  a Beckman 

L8-55 U ltra c e n tr ifu g e  f o r  12 hou rs . The v ir a l  band was



removed and added to  f re s h  TE-CsC1-eth1dium bromide m ixture 
and re c e n tr ifu g e d .

(5 ) A fte r  th e  second g ra d ie n t  p u r i f ic a t io n  th e  DNA-CsCI was

e x tra c te d  as d e sc rib ed  on page 9 ,  s te p  (o ) ,  fo r  CsCl plasm id 

e x tr a c t io n .

( 6 ) In s te a d  o f  d ia ly s in g  th e  DNA I t  was co n cen tra ted  by p re c ip i ta t io n

as fo llow s (M izrahi p e rs .  comm.): A f te r  e x tr a c t io n  o f  eth id ium
brom ide, 2 volumes o f  T£ were added to  th e  CsCl DM s o lu t io n ,

mixed w ith  2 .5  volumes o f  a b so lu te  e thano l and p r e c ip i ta te d

as d e sc rib ed  e a r l i e r  (page 9 ,  s te p  ( q ) ) .  A fte r  resuspension  

in  an a p p ro p ria te  volume, th e  DNA was phenol e x tra c te d  as 

d e ta i le d  on page 9 ,  s te p  (q ) .

Using th e  a lk a l in e  m ethod, about 250pl o f  MISmpll a t  a 
c o n c e n tra tio n  o f  235mg/ml were produced. S im ila r ly ,  250^1 o f 

M13mpl0 a t  7l0mg/m1 were p u r if ie d .

RF EWA can a lso  be su c c e s s fu l ly  produced using  th e  PEG method 

desc rib ed  on page 8 (H erb st p e rs .  comm.).

2 .3 .3  D igestion  o f  Ml3mpl 1 w ith  P s t I

Tba fo llo w in g  d ig e s tio n  was used to  produce P s t I c leaved  Ml3mpll:

DNA 10pl (2.35pg)

IDxM 2 . 5pl

oH20 ’ 10pl

P s tI 2 .5u l (9U /)jl}

25*1

A fte r  the volume o f  th e  d ig e s t was ra is e d  to  SOpl w ith IE  th e  d ig e s t  was 

e x tra c te d  once w ith an equal volume o f  pheno l-ch lo ro fo rm , once w ith 

ch loroform  and tw ice w ith  e th e r ;  f i n a l ly  1/10 o f  th e  volume o f  3M sodium 

a c e ta te  (pH 5 .5 ) was added and p re c ip i ta t io n  done as de sc rib ed  e a r l i e r



(page 9 ) .  The DNA was resuspended in  25yl o f  TE. As seen in  F igure 7, 

th e  d ig e s t  was su c c e s s fu l.

2 .3 .4  D igestion  o f  MlSmpll w ith  EcoRI and Bam HI

To produce s in g le  c u t  mpll v e c to r  the fo llow ing  d ig e s tio n  was used:

B ag^I EcoBl

DNA l l y l (2 .6ug) DNA l l y l ( 2 . 6yg)

IDxM 2.5 y l 5xH 5yl

dH20 9yl dH20 6 .5 y l

2 . Sul ( 12U /iil) t 2 .5 y l (5U /yl)

25y1 25yl

The DNA was e x tr a c te d  and e thano l p re c ip i ta te d  as d e sc rib ed  in  S ec tion  

2 .3 .3 .  As i s  ap p a ren t from F igure 8 , th e  f i r s t  d ig e s tio n  was e f f e c t iv e .

Of each such d ig e s tio n  about 5yl (0 .52yg) were s to r e d  to  be used in  

t r a n s fe c t io n s .  A comparison between t h i s  s in g le  d ig e s te d  DNA and th a t  

o f th e  double d ig e s te d  v e c to r  g iv es  an in d ic a t io n  o f  the e f f ic ie n c y  o f 

th e  second d ig e s tio n .

2 .3 .5  D ig estio n  o f  M13mpl0 w ith  EcoRI and Bam HI

The d ig e s tio n  perform ed here  was as above excep t t h a t  7 .1yg o f  DNA was 

used p e r  d ig e s t io n .  As seen in  F igure 8 , th e  d ig e s tio n  was su c c e s s fu l.

2 .3 .6  Second d ig e s tio n  o f  M13mpll w ith  BamHI and EcoRI

Because the BamHI and EcoRI s i t e s  are  c lo se  to g e th e r  in  th e  po lyc lon ing  

s i t e  o f  Ml3 ( se p a ra te d  by ±16 n u c le o t id e s ) ,  the  second d ig e s tio n  can be 

a d i f f i c u l t  p rocedure. S ince no change in  m o b ility  can be d e te c te d  on



Figure 7

Cleavage o f MlSmpIl w ith  P stI  and Bam HI w ith in  the po lycloning  s i t e .  

Lane 1 V ector, uncut

2 V ector con tro l (d ig e s tio n  co n d itions minus enzyme)
3 P s tI c u t,  Immediately a f t e r  ad d itio n  o f  the enzyme
4 P s tI c u t , a f t e r  90 m inutes
5 BamHI c u t,  im m ediately a f t e r  ad d itio n  o f the  enzyme
6 BamHI c u t,  a f t e r  90 minutes

The uncut v ec to r i s  p re se n t a t  a concen tra tio n  1/10 o f th a t  o f  th e  cu t 
v ec to r (235ng per lan e ).
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Figure 8

Cleavage o f  Ml Snip'll and MlSmplO w ith  BamHI a v l EcoRI.

Gel 1 . mpll Gel 2 ,  mpiO

Lane 1 BamHI , uncut Lane 1 mplO, uncut

BamHI , c u t •
EcoRI, uncut

EcoRI, cu t
BamHI, uncut
BamHI, cu t
mplO, uncut
(About 230ng DMA/lane)

BamHI, u n a .t  
BamHI, cu t 
BamH I» uncut 
BamHI, cu t 
EcoRI, uncut 
EcoRI, cu t
(About lOOng DNA/lane)
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agarose  g e l s ,  th e  e f f ic ie n c y  o f  double d ig e s tio n  has to  be asse ssed  

in  term s o f  th e  l ig a t io n  e f f ic ie n c y .  In  th e o ry ,  double d ig es ted  v ec to r 

should  y i e ld  c lo se  to  zero  tran sfo rm an ts  because o f  th e  fncom patib le  

n a tu re  o f  th e  ends, which a re  very r a r e ly ,  i f  e v e r , jo in e d  by l ig a s e .

The second d ig e s tio n  was done as fo llow s:

Bam HI c u t  DMA 20yl (1 .6yg)

5xH 5 .3 u l

dH20

EcoRI l.B y l (5U /p l)

26.8yl

A s im i la r  d ig e s t  w ith  lOxM was s e t  up f o r  Bam HI d ig e s t io n .  Following 

2 hours o f  d ig e s t io n ,  th e  DNA was phenol e x tr a c te d  and e thanol 
p re c ip i ta te d  as desc rib ed  e a r l i e r .  I t  was then  resuspended in  20yl o f  

TE to  g ive a f in a l  c o n c e n tra tio n  o f  BOng/yl. For f u r th e r  c a lc u la t io n s ,  

a DNA lo s s  o f  10- 20% due to  phenol e x tra c t io n  was assumed.

In o rd e r  to  t e s t  f o r  d ig e s tio n  and double d ig e s tio n  in  a l ig a t io n  a ssay , 

abou t 20ug o f  v e c to r  was taken and l ig a te d  and transfo rm ed  by metiiods to  
be desc rib ed  l a t e r  in  t h i s  work. Follow ing l i g a t io n ,  th e  DNA was 

transfo rm ed  in to  com petent h o s t  c e l l s  and p la te d  w ith  a lawn o f 

in f e c t ib l e  c e l l s .  The plaques r e s u l t in g  from th i s  tra n sfo rm a tio n  were 

sco red . The r e s u l t s  f o r  t h i s  tra n sfo rm a tio n  w ith  mpll were as fo llo w s:

EcoRI -  Bam HI double d ig e s tio n

F i r s t  d ig e s tio n  (EcoRI)

+ l ig a s e  -  l ig a s e

> 100 plaques 1 plaque

Second d ig e s tio n  (EcoRI -  Bam Hi)

4- l ig a s e  -  l ig a s e

100 plaques 0 p laques



In th e  f i r s t  d ig e s t io n ,  th e  co n tro l w ith o u t l ig a s e  g iv es  an in d ic a tio n  

o f  th e  amount o f uncut v e c to r . The l ig a t io n  assay  re v e a ls  t h a t  th i s  
double  d ig e s tio n  was p a r t i a l l y  s u c c e s s fu l .  Although very  l i t t l e  uncut 

v e c to r  i s  p re s e n t,  a s i g n i f i c a n t  p ro p o rtio n  o f th e  DNA was n o t c u t by 

th e  second enzyme, thus e x p la in in g  th e  p resence o f  about 100 plaques 
on l ig a t io n  o f  th e  double d ig e s te d  v e c to r .

When having problems w ith  double d ig e s tio n  i t  i s  o f te n  u sefu l to  d ig e s t 
w ith  d i f f e r e n t  enzymes in  th e  f i r s t  o r  second in s ta n c e  (M izrahi p e rs . 

comm.). In th e  fo llow ing  l ig a t io n  assay  a Bam HI -  EcoRI double 

d ig e s tio n  — as opposed to  th e  re v e rse  case j u s t  d e sc rib ed  - •  was 

attem pted .

BamHI -  EcoRI double  d ig e s tio n

F i r s t  d ig e s tio n  (Bam HI)

+ lig a s e  -  l ig a se

> 100 plaques > 10C plaques

Second d ig e s tio n  (BamHI -  EcoRI)

+ lig a s e  -  l ig a s e

> 100 plaques 15 p laques

In t h i s  c a se , th e  f i r s t  d ig e s t io n ,  although  su ccess fu l as viewed on a 
g e l ,  does n o t appear so in  th e  l ig a t io n  assay . In t h i s  case  th e  r e s u l t s  

o f  th e  second d ig e s tio n  a re  obscured . The reduced c o n tro l w ithou t 
l ig a s e  a f t e r  th e  second d ig e s tio n  shows t h a t  m ost o f  th e  v e c to r  had 

been c u t by one o r  th e  o th e r  enzyme.

At th e  same tim e as l i g a t i o  were tran sfo rm ed , Ing o f  uncleaved v ec to r 
DMA was used as a tran sfo rm a tio n  c o n tro l .  These r e s u l t s  a re  as fo llow s:

mplO 80 p laques

mpll 160 p laques

These tran sfo rm a tio n  c o n tro ls  a re  n o t p a r t ic u la r ly  good s in c e  up to  300
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plaques can r e s u l t  from !ng o f  phage DNA under optim al co n d itio n s 
(Amersham).

2 .3 .7  Second d ig e s tio n  o f MUmplO w ith  BamHI and EcoRI

The second Ml&nplO d ig e s tio n  was as fo llo w s;

BamHI c u t DNA 20ul {5ug) '

5xH 5.3iil

dH20

E coRI 1 .5 V1 (S U /y l)

26,8ul

A s im i la r  d ig e s t was used  f o r  th e  BamHI cu t.  The d ig e s ts  were allowed 

to  proceed fo r  2 hours a t  37°C and resuspended in  20yl TE (248ng/wl) 

a f t e r  phenol e x tr a c t io n  and e thano l p r e c ip i ta t io n .

L ig a tio n  assay  f o r  double d ig e s tio n  

The r e s u l t s  fo llow ing  tran sfo rm a tio n  were as fo llo w s: 

F i r s t  d ig e s tio n  (EcoRI)

+ lig a s e  -  l ig a s e

> 100 plaques 7 p laques

Second d ig e s tio n  (EcoRI -  BamHI)

+ l ig a s e  -  l ig a s e

20 p laques 3 p laques

F i r s t  d ig e s tio n  (BamHI)

+ lig a s e  -  l ig a s e

100 p laques 20 plaques
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Second d ig e s tio n  {BamHI -  EcoRI)

+ l ig a s e  -  H g ase

> TOO plaques 20 p laques

T ransform ation  co n tro l (mplO) 37 p laques

Th;.- r e s u l t s  in d ic a te  t h a t  double d ig e s tio n  was more su ccessfu l than 

th e  prev ious case  (BamHI -  EcoRI d ig e s t io n ) .

2 .4  L ig a tio n  o f  p repared  v e c to rs  and fragm ents

2 .4 .1  Background

L ig a tio n  com prises th e  form ation  o f  a ph o sp h o d ieste r bond between a 

5 ' phosphate and a 3 ' OH group. This re a c tio n  i s  e f f e c te d  by ATP 
dependent c a ta ly s i s  and i s  in f lu e n c e d  by se v e ra l f a c to r s  o f  which th e  

most c r i t i c a l  a re :  th e  c o n c e n tra tio n  o f com patib le  e n d s , th e  G+C 
co n te n t o f th e  complementary e n d s , th e  tem pera tu re  and the com position 

o f  th e  re a c tio n  m ix tu re  (Hackef.t e t  al_ 1964). During a i ig a tio n  

ex perim en t, v a rio u s c o n tro ls  a re  re q u ire d  to  allow  in t e r p r e ta t io n  o f  
th e  r e s u l t s .  These c o n tro ls  e n ta i l  th e  fo llow ing  (Amersham, Messing 

1983):

-  c u t v e c to r  a t  lO n g /p la te  which g iv es  an in d ic a tio n  o f 

th e  success  o f  d ig e s tio n .

-  l ig a t io n  co n tro l ( c u t  and reT ig a ted  v ec to r) a t  lO n g /p la te .

This a llow s th e  e f f ic ie n c y  o f  l ig a t io n  to  be asse ssed .

-  tran sfo rm a tio n  c o n tro l .  Uncut v e c to r  a t  I n g /p la te  is  
used and shows how w ell the DMA m olecules p e n e tra te d  in to  

th e  com petent c e l l s .

As regards th e  enzyme i t s e l f ,  T4 DMA l ig a s e  i s  used in  c lon ing  
experim ents because i t  i s  a more perm issive  enzyme than E_, c o ll  DMA 

l ig a s e  (H iggins and C o z z a re lli 1979). T4 DNA lig a s e  fu n c tio n s  b e s t  
a t  37°C b u t t h i s  tem pera tu re  i s  too  high to  allow  cohesive ends to
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anneal e f f i c i e n t ly .  For t h i s  rea so n , l ig a t io n  i s  done a t  12-14°C 
which in c re a se s  th e  p o s s ib i l i t y  o f  annea ling  and l ig a t io n ,  provided  

s u f f i c i e n t  tim e i s  given (H ackett e t  al_ 1984). A fte r  l i g a t i o n ,  the  

naked c i r c u l a r  m olecules o r ig in a t in g  from l ig a t io n  and th o se  used fo r  

the tran sfo rm a tio n  co n tro l must be t r a n s fe c te d  in to  com petent host 

c e l l s .  Competence i s  a poorly  understood process  th a t  i s  in flu en ced  
by v a rio u s fa c to r s  such as th e  phy sica l form o f  th e  DNA (c lo se d  

c i r c l e s  o r  l i n e a r  m o lecu le s ) , th e  growth phase o f  th e  bac te rium  and 
the method o f  t re a tm e n t to  produce th e  com petent s t a t e  (se e  Hayes 1968). 

When th e  naked phage DNA e n te rs  th e  com petent c e l l  i t  r e p l ic a te s  and 

forms in fe c t iv e  p a r t i c l e s ,  which g ive  r i s e  to  a plaque when p la ted  

w ith  lawn c e l l s .

In th e  case o f  th e  M13mp s e r ie s  o f  v e c to r s ,  th e se  plaques can be c le a r  

o r  b lu e  in  c o lo u r. In  th e  form er ca se  two p o s s i b i l i t i e s  e x i s t  (Messing 

1983):

-  a fragm ent has been cloned In to  th e  p o lyc lon ing  s i t e  and 

has d is ru p te d  th e  a  pep tid e  so th a t  no com plementation 

tak es  p lace ,

-  s e l f  l ig a t io n  o f  th e  v e c to r  has o ccu rred  a f t e r  exonuclease 

o r  o th e r  changes destro y ed  th e  a  p ep tid e  read ing  fram e.
This i s  a f a l s e  p o s i t iv e .

L a s t ly ,  th e  unchanged v e c to r  can r e d r e w ! a r i s e  and th e  a p ep tid e  bs 
produced. I t  then tak es  p a r t  in  complem entation and produces an a c tiv e  

B -g a la c to s id a se . In th e  p resence o f  the  in d u ce r IPTG and th e  in d ic a to r  

X -g a l, a b lu e  plaque i s  produced.

2 .4 .2  L ig a tio n  co n d itio n s

In t h i s  w ork, th e  l ig a t io n  param eters m entioned above were a sse sse d  in  
term s o f  a lread y  developed p ro to c o ls .  A v e c to r ; in s e r t  co n cen tra tio n  

r a t i o  o f  1 :5 -10  was used. The fo llow ing  co n d itio n s  were employed:



Amershatn M izrahi (p e rs . comm.)

5yl (IQOng). 

2y l (2 0 ig)

lOyl ( 100- 200ng) 

2yl {20ng)

TOxligase b u f f e r  ly l 

D T T  (S O m M ) l y l

ATP (TOmM) ly l

DTT (O.IM)

ATP (20mM)

T4 WA U g ase  

dH20

TOxligase b u f f e r  4yl

4yl

2yl

1 .5 y l ( lU /y l)  

16.5yl 

4 0 .Dpi

T4 DNA U g ase  Ip l {1U/p1)

11p1

The re a c tio n s  were incuba ted  fo r  15-20 hours a t  14°C.

2 .4 .3  T ransform ation  and p la t in g  o f  l ig a t io n s

Producing com petent 0M1O9 c e l l s  i s  an im p o rtan t s te p  in  Ml3 c lo n in g  and

th e  fo llow ing  p ro to c o l , a m o d ifica tio n  o f  th e  Amersham p ro ced u re , was

(1) An o v e rn ig h t c u l tu re  o f  'JM109 (10ml) was grown in  2xTY from 

a loop o f  b a c te r ia  o f f  a Minimal Medium p lus g lucose  p la te .  

S im u ltan eo u sly , a 10ml a l iq u o t  o f  medium was co -incuba ted  
to  d e te c t  any contam ination  s in c e  JM109 has no a n t ib io t ic  
m arkers.

(2 ) 40ml o f  2xTY medium were in o c u la te d  w ith  400»1 JM109 

o v e rn ig h t (1 :1 0 0 ) . (The Amersham p ro to co l in v o lv es  a 1:20 

d i lu t io n  which does n o t allow  th e  c e l l s  to  grow enough when 

th e  ODSso o f  0 .5  i s  reached  (M izrahi p e rs . comm.).)

(3) The c u l tu r e  was grown to  an 00555 o f  0 .5 -0 .6 .

(4) The c e l l s  were then c e n tr ifu g e d  a t  4-5000 rpm in  a 020

ro to r  in  a Beckman 02-25 C en trifu g e  f o r  5-10 m inutes.

(5) The p e l l e t  was resuspended in  h a lf  th e  volume o f  ic e  cold
SOmM CaC12 , u sing  a 10ml p ip e t t e ,  and l e f t  on ic e  f o r  60 m inutes.



(6 ) A fte r  c e n tr i fu g a t io n  as b e fo re ,  th e  c e l l s  formed a d if fu se  

r in g - l ik e  p e l l e t .  They were subsequen tly  resuspended in 

1 /10 th e  volume o f  CaCl2 , us mg a wide bore (1ml) au tom atic  

p ip e t te .

(7) At th i s  s ta g e  th e  c e l l s  could  be s to re d  on Ice  o r  used 

im m ediately.

( 8) The l i g a t io n  o r  tra n sfo rm a tio n  m ix ture  was made up to  lOOyl 

w ith  w a te r  (M izrahi p e rs .  comm.). This s te p  i s  c r i t i c a l  

o therw ise  low tra n sfo rm a tio n  e f f ic ie n c ie s  a re  o b ta in ed .

(9 ) SOOpl o f  com petent c e l l s  were added to  th e  DMA, th e  suspension  
g en tly  b u t tho rough ly  m ixed, and l e f t  on ic e  f o r  60 m inutes.

(10) A fte r  being  hea t-shocked  a t  42°C f o r  2 m in u te s , th e  c e l l s  
were kep t a t  room tem pera tu re  and p la te d  as soon as p o s s ib le .

(11) For p la t in g ,  a log  phase c u l tu re  o f  JM109 (lawn c e l l s )  was 

r e q u ire d  and was In o c u la te d  about 1 .5  hours p r io r  to  use.

(12) 3ml o f  m olten (42°C) IxTY to p  a g a r ,  30pl o f  28 X-gal (In  

d iethy lform am lde) and 20pl o f  IPTS (lOOmM in  dH20) were 

taken  and mixed by v o rtex in g .

(13) 200til o f  lawn c e l l s  were added to  th e  tube o f  hea t-shocked  

transfo rm ed  c e l l s  and mixed c a r e f u l ly .  This m ix tu re  was 

added to  th e  a g a r ,  v o rtexed  b r ie f ly  and poured on to  a 
prewarmed (37°C) IxTY ag a r p la te .  A fte r  th e  ag a r had s e t ,  

th e  p la te s  were Incubated  o v e rn ig h t a t  37°C.

2 .4 .4  Cloning o f th e  P s tI  -  P s t I fragm ent o f  pSRBl in  M13mpll

A l ig a t io n  In  l l y l  t o t a l  volume (se e  page 29 ' "'as s e t  up. On p la t in g  

th e  fo llow ing  r e s u l t s  were o b ta in ed :

l ig a t io n  >100 b lu e  plaques

l ig a t io n  co n tro l ± 70 b lu e  plaques

tran sfo rm a tio n  co n tro l 20 b lu e  plaques



Several l ig a t io n s  were done g iv ing  th i s  type  o f  r e s u l t .  From one o f 

them a s in g le  c le a r  plaque was d e ta in e d .

Another 40ul l ig a t io n  gave th e  fo llow ing  r e s u l t s :

l ig a t io n >200 b lu e  p laques 

6 c le a r  p laques 

TOO b lu e  p laques 

55 b lu e  p laques 

5 b lu e  plaques

l ig a t io n  co n tro l 

l ig a t io n  w ith o u t l ig a s e  

t r a n s v  r - 't io n  co n tro l

From th e se  r e s u l t s  th e  fo llow ing  can be concluded:

- l ig a t io n  was e f f i c i e n t .

-  th e  v e c to r  had n o t been com pletely  d ig e s te d  by P s t l .

-  tra n sfo rm a tio n  was i n e f f i c i e n t .  (These experim ents were 

done p r io r  to  some o f  th e  m o d if ic a tio  s  de sc rib ed  In  the 

tran sfo rm a tio n  p ro to c o l.)
-  in  view o f  in e  sm all number o r  c le a r  plaques o b ta in e d ,

1t  would have been d e s ira b le  t o  t r e a t  th e  v e c to r  w ith 

phosphatase .

A f te r  th e se  l i g a t i c iv s  7 p o te n t ia l  recom binant Ml3 v e c to rs  had been 

o b ta in ed . The c le a r  p laques were removed w ith  a P a s te u r  p ip e t te  and 
p laced  In 1.6ml o f  a 1:100 d i lu t io n  o f  o v e rn ig h t JM109 in  2xTY medium 

and allow ed to  grew w ith  a g i ta t io n  f o r  5 hours a t  37°C. The c e l l s  were 

p e l le te d  a t  th e  end o f  th e  growth p e rio d  and th e  su p e rn a ta n t s to re d  a t  

4°C. In th e  case  o f c l e a r  p laques picked  n e a r  b lue  p laques i t  was 
n ecessa ry  to  plaque p u rify  th e  p o te n t ia l  i n s e r t  b earin g  phages in  o rd e r  

to  remove any contam inating  w lld ty p e s . This was e f f e c te d  by d i lu t in g  
th e  su p e rn a ta n t 107 , TO8 , 109 , 1010 tim es (u s in g  lOOyl volumes o f 

2xTY medium). This f u l l  volume a t  each d i lu t io n  was p la te d  as desc rib ed . 

C lear p laques r e s u l t in g  from th e  p u r i f ic a t io n  were used as a sou rce  o f  

In fe c t iv e  p a r t ic le s  to  g ive  pure su p e rn a ta n ts .



2 .4 .5  Cloning o f  th e  P2 fragm ents o f  pSRHL, PSR12L, pSRUA

and pSR12A and M13mpl0 and 11

1. I lv l  l ig a t io n s  were used to  c lone th e  P2 fragm ents o f  pSRUA 

and pSRl2A. The fo llow ing  r e s u l t s  were o b ta ined  on tra n sfo rm a tio n  ( in  
a l l  cases o f  p redom inantly  c le a r  p la q u e s , roughly 5 tim es le s s  b lue 

p laques were p re se n t on th e  p la t e ) :

mpll + 11A >100 c le a r  p laques

mplO + 11A ±100 c l e a r  plaques

mpll + 12A >100 c le a r  p laques

mplO + 12A >100 c le a r  plaques

l ig a t io n  con tro l (mpIV) >200 b lue  p laques

2 c l e a r  p laques

tran sfo rm a tio n  con tro l (m pll) 7 b lu e  plaques

tran sfo rm a tio n  c e n t a l (mplO) 9 b lu e  plaques

From each o f  th e  f i r s t  4 l i g a t i o n s ,  4 c le a r  plaques were removed and 

Msa'i to  in o c u la te  sm all c u l tu r e s  t o  produce s to c k  su p e rn a ta n t.

U V t i e n  con tro l used here  was n o t rig o ro u s because th e  er.ds o f  the 

v ec to r*  being  d ig e s te d  w ith  enzymes g iv in g  d i f f e r e n t  co hesivs  ends, 
h a rd ly  e ^ r  11 g a ts .  The number o f  plaques i s  more a c c u ra te ly  an 

I n d ic a tio n  o f  s in g le  c u t  ( re l ig a te d }  o r/and  uncut v e c to r . A rigo rous 
l i g a t io n  co n tro l would be a f u l l y  s in g le  c u t  v e c to r . The phages p re se n t 

In two c le a r  p laques found on th e  l ig a t io n  c o n tro l p la te  were alm ost 

c e r ta in ly  Y am esM ft m utan ts.

2 . Vii.,, l ig a t io n s  were s e t  up in  o rd e r  to  c lone th e  P2 fragm ents 

o f  pSRllL an-* pSR12L. These fragm ents were ob ta in ed  from th e  LMCB.

On tra n sfo rm a tio n  th e  fo llow ing  r e s u l t s  were o b ta in ed :

mpll + 1U. 

mplO + 11L

>100 c le a r  plaques 

10 c le a r  plaques
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mpH + 12L 

mpIO + 12L

lig a t io n  co n tro l ( # 11)

>100 c l e a r  plaques 

>100 c l e a r  plaques 

>100 b lu e  plaques

l ig a t io n  co n tro l (mpIO)

3  c le a r  p laques 

>100 b lu e  p laques

tran sfo rm a tio n  cu. 't o I (m pll)

4 c le a r  plaques 

20 b lue  plaques

tran sfo rm a tio n  co n tro l (mpIO) 233 b lu e  plaques

The same comments made p rev io u s ly  apply  to  th e se  r e s u l t s .  The mpIO 

tra n sfo rm a tio n  co n tro l was markedly improved,

2 .4 .6  P rep a ra tio n  o f  R ep lic a tiv e  Form DMA 1n o rd e r  to  confirm  
and e s ta b l i s h  th e  n a tu re  o f  th e  cloned  in s e r t

F or RF p re p a ra t io n ,  th e  Ish-Horowicz a lk a l in e  ly s i s  procedure as 
de sc rib ed  by M aniatis e t  aj_ (1982) was. used.

( 1) 10yl o f  su p e rn a ta n t o r  a plaque were used to  in o c u la te  

1.5ml o f  1:100 d i lu t io n  o f o v e rn ig h t JM109 in  2xTY medium. 

The b a c te r ia  and phages were allow ed to  grow f o r  5 hours.

(2) The c e l l s  were e x tr a c te d  as d esc rib ed  by M an iatis e t  _a]_ 

(1982). The procedure c o n s is ts  o f  3 s te p s ,  th e  f i r s t  

being th e  resuspension  o f  th e  c e l l s  in  p r e ly s is  so lu t io n .  

This was done w ith  a G ilson P200 re p e a tin g  p ip e t te .
S econdly, th e  c e l l s  a re  ly se d  w ith  a lk a l in e  SDS. This is  

th e  c r i t i c a l  s te p  In th e  e x tr a c t io n  upon which th e  success 
o f  th e  method depends. The a lk a l in e  SDS was added to  the  

tube which was ro ta te d  th rough 90° 10-20 tim e s , u n t i l  the  

s o lu tio n  c le a re d , T h ird ly , po tassium  a c e ta te  p re c ip i ta t io n  
o f  chromosomal DNA and p ro te in  was c a r r ie d  o u t .  At th is  

s ta g e  th e  Eppendorf tube  was flicV-sd to  ensu re  complete 
mixing o f  th« c o n te n ts ,  befo re  th e se  were b r ie f ly  vortexed 

p r io r  to  c e n tr i fu g a t io n .
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(3) The e thanol p r e c ip i ta te d  DNA was resuspended in  30pl o f 

TE and s to re d  fro z e n .

2 .4 .7  Screening  o f  M13mpl1 bea rin g  th e  pSR51 P2* fragm ent

As can be seen from F igu re  9 ,  a l l  c lones d e riv ed  fi-om th e  c le a r  

plaques (ex cep t 2 and 3) show a reduced m o b ili ty . Clones 2 and 3 

ap p ea r  d if fu s e  because o f  con tam ination  w ith w ild type phage DNA as 
t h i s  sc reen  was done p r io r  to  plaque p u r i f ic a t io n .  Of th e  30p1 

a v a i la b le  RF DNA, 8-12pl were used in  th e  fo llow ing  type o f  d ig e s t :

RF DNA 10pl pSRSl DNA 2yl

lOxM 1.5yl lOxM lu l

dH20 2 .5 p l dH20 6 .5yl

Pst'i ly l  (9U /u l) P s tI O.Spl (9 U /p l)

l i i T IDyl

gure 10 , i t  i s  a p p a ren t t h a t  c lones 1 ,  3 ,  4 , 5 ,  8 (and

subsequen tly  9) y ie ld e d  fragm ents o f  th e  c o r r e c t  s i z e .  Clones 6 

arid 12 were n eg a tiv e  c o n tro ls  (w ild type  Ml3) Clone 2 ,  d eriv ed  from 

a c l e a r  p laq u e , y ie ld e d  no fragm ent. In t h i s  c a se , e i t h e r  the  

d ig e s t  f a i le d  o r  no I n s e r t  i s  p re se n t ( th e  l a t t e r  suggested  by the 

p re lim in a ry  s c re e n ) .  The c lone i s  p robably  a f ra m e sh if t  m utant.

Having id e n t i f ie d  th e  p resence o f an i n s e r t  o f  th e  r ig h t  s iz e  in  the 

above-m entioned c lo n e s , th e  id e n t i ty  o f  th e  fragm ent had to  be 
confirm ed. Taking advantage o f th e  f a c t  th a t  th e  pSRSl P2* fragm ent 

has two in te rn a l  EcoRI s i t e s ,  c lones 1 ,  4 ,  6 , 8 and 9 were s e le c te d  

f o r  fu r th e r  a n a ly s is .  The fo llow ing  type  o f  d ig e s t was done to  

e s ta b l i s h  th e  i d e n t i ty  o f  th e  in s e r t s :



Figure 9

P relim inary  screen o f  c le a r  p laque-derived  phages. {MlSmpll -  pSRSl P2* 
l ig a t io n .)  A lkaline ly s is  RF p rep a ra tio n s  o f  MlSmplL 

Lane 1 Clone n
2 2 I
3 3 > S ix p rep a ra tio n s  o f  s ix  c le a r  plaques

2  , 1

6 Vector o n ly , contro l

7 6 \
® ® > Four p rep a ra tio n s  derived  from th e  same c le a r  plaque

10 6 /



Figure 10

%  d ig e s tio n  o f  RF p rep a ra tio n s  on Ml3mpU some o f  which were expected 
to  ca rry  the in s e r t  (pSR51 P2* fragm ent). Numbers re p re se n t s p e c if ic  
c lones. A ll samples were d ig ested  w ith P s t l .  Clones 6 and 12 are  
c o n tro ls ,  th a t  i s ,  v ec to r on ly .

i 1 4 uncut Lane 11 2 uncut
2 4 cu t 12
3 5 uncut 13 3 uncut
4 5 cu t 14 3 c u t

5 pSR51 cu t 15 pSRSl cu t

6 6 uncut 16 12 uncut
7 6 cu t 17 12 uncut
8 1 uncut 18 8 uncut
9 1 cu t 19 8 c u t

10 Lambda I I I  marker 20 Lambda I I I  marker

Clones 1 , 3 , 4 , 5 , 8 y ie ld ed  fragments o f th e  expected s iz e .  Clone 2 

seems to have been a fram esh if t mutant because no fragment was re lea sed . 

The s l ig h t  d iffe re n c e s  In m ob ility  between th e  RF and plasm id derived  
fragments a re  assumed to  be n o n -s ig n if ic a n t.
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RF p rep a ra tio n s

S in g le
D igestion

Double
D igestion

S ing le
D igestion

Double
D igestion

DNA 10til lOyl 5„1 5ul

lOxM 1 .3 til l.Z y l lu l ly l

dH20 0.7yl - 3.5pl 3pl

P s tI lu l 0 .5 V1 O.Syl O.Syl

Em W - O.BijI " 0 .5 U1

13yl 12yl w f w f

In th e se  d ig e s t io n s ,  th e  b u f f e r  s a l t  c o n c e n tra tio n  was n o t in c re r  

to  c a t e r  fo r  EcoRI. Advantage was tak en  o f  th e  f a c t  th a t  th e  enz> 

fu n c tio n s  ad eq u a te ly  in  th e  medium s a l t  b u f f e r  (M izrahi p e rs .  c o m .) -  
F igure 11 shows t h a t  c lones 5 ,  1 and 8 g ive an id e n t ic a l  p a t te rn  o f  

s in g le  and double d ig e s tio n  fragm ents to  th a t  found in  th e  case o f  

th e  plasm id and e le c tro e lu te d  fragm ent. A s im i la r  r e s u l t  was o b ta ined  

fo r  c lones 4 and 9.

2 .4 .8  Screening  o f Ml3 v ec to rs  susp ec ted  o f  b earin g  th e  p S R lU ,

11A, 12L, and 12A P2 fragm ents

RF DNA was is o la te d  as desc rib ed  and gave th e  r e s u l t s  d e p ic te d  in 
F igure 12. Of th e se  c lo n e s ,  4 o f  each v e c to r - in s e r t  type were sc reened  

f o r  th e  p resence  o f  an i n s e r t  o f  th e  c o r r e c t  s iz e .  As 1s ap p a ren t in  

F igure 13, a l l  th e  c lones y ie ld e d  an I n s e r t  o f  a s iz e  s im i la r  to  th a t  

a s so c ia te d  w ith  th e  p lasm ids. The fo llow ing  d ig e s tio n  co n d itio n s  were 

used:

plasm id DNA Spl 

lOxM Iwl

(IS U /y l) dH20 5.4p1

( 5 W )  B a m  D . 6 y l  f l l U / y l )

" w i ’

RF DNA I2v1

5xH 2 .9 U1

S a i l 0 .5y l

EcoRI 0 .6v1

T e i i



Figure J 1

RE d ig e s tio n  o f  recom binant RFs, pSRSI and the is o la te d  P2* fragments 
1n o rd e r to  confirm  th e  Id e n t i ty  o f the cloned In s e r ts .

Clone 5 ,  P s tI Lane 6 pSRSI, P s tI  -  EcoRI
Clone 5 , P s tI  - EcoRl 7 E lu ted  P2* fragm ent, P s tI  -  EcoRI

Clone 1 , P s tI 8 Clone 8 , P s tI
Clone 1 ,  P s tI  -  EcoRI 9 Clone 8 , P s tI  - EcoRI

pSR51, P s tI 10 Lambda marker

The cloned in s e r t s  gave th e  req u ired  p a tte rn  and s iz e  d i s t r ib u t io n  on 

s in g le  and double d ig e s tio n .



f ig u re  12

P relim inary  sc reen  o f c le a r  plaque derived  phages. A lka line  ly s is  RF 
p rep a ra tio n s  o f M13mp10 and mpll presumed to  c a rry  in s e r t s .  All phage 

DMAs (excep t the co n tro ls )  show reduced m o b ility .

AmpJOtlzA
e l
9 mp?0 

10 (c o n tro l)

11/

7\

\lb
10/

mpn+HA

« s L £

A m p n + U L 13 j|'mplO+llL

mpll
4 J

C mpll

u )

15 mpll
(c o n tro l) (co n tro l) (co n tro l)
n^lO r mPlO mplO
(c o n tro l) ' (c o n tro l) (co n tro l)

'mplO+llA g \m p ll+ 12L |mplU12L

10/ 20 ,



Figure 13

RE d ig es tio n  o f  RFs o f Ml3mpl0 and 11 suspected  o f  ca rry in g  P2 in s e r t s .  
All samples were d ig ested  w ith  EcoRI and Bqll l .

m pll+llA

mplO+llA

pSRUA
pSR12L

g }  #11+12L 

10 |  mp10+12L

Lane i n  

12/

: )
15
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S)

tnpl 1+12A

mplO+12A

pSR12A
pSRllL

m p l l + l l l

mplO+HL
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A fte r  30 m inutes o f d ig e s t io n ,  th e  plasm id DMA d ig e s ts  had t h e i r  
volumes in c rea sed  to  20yl a n .  th e  NaCI and T ris  co n cen tra tio n s  in c rea sed  

f o r  th e  EcoRI d ig e s tio n s .

The P2 fragm ent o f  pSRllL and 12L has an in te rn a l  S s t I s i t e  which can 
se rv e  as an i d e n t i f ic a t io n  s i t e  f o r  th e  fragm ent. All th e  clones 
p re v io u s ly  sc reened  w ere su b je c te d  to  th e  t r i p l e  d ig e s tio n  (S s tI • Sal I - 

EcoRI). Plasm ids were d ig e s te d  w ith  S s t I - B g l l l  -  EcoRI. The fo llow ing  
c o n d itio n s  were used;

RF DNA 10vl p lasm id DNA V  ;

S s t  core S s tI  core
-  j

b u f f e r l .Z v l b u f fe r I v l j

S s j - i ly l  (6U /u l) h 2 o  v  , 5 , lj

H i ? M U O . j i i V ; . ( l l U / v l )

S s tI

i b u i

A f te r  1 .5  hours o f  S s tI  d ig e s t io n ,  th e  volumes were in c reased  to  20yl 

and th e  NaCI and T ris  co n c e n tra tio n s  r a is e d  and th e  EcoRI d ig e s tio n  

done. Tha r e s u l t s  o f  th e se  d ig e s tio n s  a re  shown in  F igure 14. All 

th e  fragm ents in  th e  v ec to rs  and plasm ids show co rresponding  m o b il i t ie s  1 

excep t pSRHA. This fragm ent ap p a re n tly  la c k s  an S s t I s i t e .  These 
r e s u l t s  s tro n g ly  in d ic a te  th a t  th e  P2 fragm ents have been c lo n ed , w ith 

th e  q u es tio n  o f  th e  pSRUA "P2 fragm ent" unreso lved .

C om plications a ro se when th e  p a re n ta l plasm ids were subsequently  

d ig e s te d  w ith  th e  same enzymes, t h a t  i s ,  { S s tI ,  B g l l l ,  EcC'RI). From 

F igu re  15 one can deduce th a t  th e  S s t I d ig e s tio n  was p a r t i a l .  This 
p a r t i a l  d ig e s tio n  was always observed . The low er o f  th e  two fragm ents 

was confirm ed to  be S s tI  re le a se d  by Bg1.II -  S s t I d ig e s tio n  ( r e s u l t s  n o t 

shown). Secondly, th e  sm all fragm ent re le a se d  by S s tI  c leavage  o f  th e  
P2 fragm ents i s  n o t v i s ib le  in  F igure  15 and must fc ither com lgrate  w ith 

th e  small EcoRI fragm ent (se e  page 12) (pSRUA and 12A) o r  be absent 

(pSRllL and 12L). I t  should  be no ted  t h a t ,  in  th e  d ig e s tio n s  rep re sen ted



8  9  10 11 12

Figure 14

RE d ig es tio n  o f  recombinant RFs and plasm ids from which fragm ents were 
o r ig in a l ly  o b ta ined . All RFs were d ig ested  w ith EcoRI, S a il  and S s tI ; 
and a l l  the plasm ids w ith  EcoRI, B g lll  and S s tI .

Lane 1 mplH12A 
2 mplO+12A

pSRiZA
mp11+12L
mp)0+12L
PSR12L

Lane 7 m plH ilA  
Q mplO+UA 
9 pSRUA

10 mpll+UL
11 mplO+HL
12 pSRllL

ft ,/
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Figure IS

RE d ig e s tio n s  o f  pSRUA, pSRUL, pSR12A and pSRl2L.

Lane 1 Lambda I I I  marker Lane 7 pSR12A (B a lll  -  EcoRI)

2 pSRUA (B g lll  -  EcoRI) 8 PSR12A (B a llI  -  E c o R I-S s tI)
3 pSRUA (Bgl I I  -  EcoRI - S s t I ) 9 Lambda I I I  marker
4 Lambda I I I  marker 10 PSR12L (Bgl 11 -  EcoRI)

5 pSRIIL (Bgl I I  -  EcoRI) 11 pSR12L ( B a lU -E c o R I -S s tI )
6 pSRIIL (D a lit-E co R I - S s t I )

In th e  pSRIIL and 12L t r i p l e  d ig e s ts  (Lanes 6 ,  11) no small fragments 
s im ila r  in s iz e  to  those  produced on Bgl 11 -  EcoRI -  S s t I o f  pSRUA and 
12A are  v i s ib le .  Such fragments were produced when pSRIIL and 12 
were s im ila r ly  d ig ested  p rev iously  (F igure 14).
The small fragm ent assumed to  r e s u l t  from S s tI  cleavage o f  the 
B glII - EcoRI re lea sed  P2 fragm ent is  e i th e r  n o t v i s ib l e ,  o r i s  assumed 
to  com igrate w ith th e  small EcoRI re le a se d  fragm ent (in  th e  cases o f 

pSRUA, 12A).
pSRUl. showed no change on S s t I d ig es tio n  (Lanes 5 , 6 ) .
All the  d ig e s ts  where an S s tI  induced change i s  v i s ib le  (Lanes 3, 8 
and 11) are  p a r t ia l .
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in  F igure 14 , a l l  the  plasm ids gave two fragm ents on S s t I d ig e s tio n  

presumably corresponding  to  th e  c leaved  P2 fragm ents.

The la rg e  number o f  c le a r  plaques o b ta in e d , coupled w ith the f a c t  t h a t  

th e  B gll l  -  EcoRI fragm ent i s  o f th e  r ig h t  s iz e  and t h a t  th e re  is  
fragm ent-fragm ent c o r r e la t io n  in  F igu re  14, su g g es t t h a t  th e  cloned 

fragm ents a re  th e  c o r r e c t  ones, w ith th e  excep tion  o f  th e  problem o f  th e  

pSRUA fragm ent.

2 .4 .9  An a ttem p t to  determ ine th e  o r ie n ta t io n  o f  th e  pSR51 P2*

I n s e r t  in  Ml3mpl1 by r e s t r i c t i o n  an a ly s is

S ince th e  v e c to r  has been cleaved  a t  a s in g le  s i t e ,  i t  was p o ss ib le  fo r  

the  P s t I -  P s t I i n s e r t  to  be l ig a te d  in  two o r ie n ta t io n s .  The p o la r i ty

o f  such an I n s e r t  can be determ ined in  a t  l e a s t  3 ways:

- Pa irw ise  h y b r id iz a tio n  o f  th e  s in g le  s tran d ed  DNA c lo n e s .

I f  two c lones possess  th e  i n s e r t  in o p p o s ite  o r ie n ta t io n s  

i f a  cloned  s tra n d s  a re  p re se n t in  complementary forms and

can recogn ize each o th e r .  The v i r a l  s tra n d s  p ro p e r a re
b o th  id e n t ic a l  + s tra n d s  and thus non-coroplementary.

H ybrid ized  p a ir s  form dimers and can be d e te c te d  on agarose 

g e ls ,  a llow ing  th e  o r ie n ta t io n  to  be determ ined (Messing

1983).

-  The s in g le  s tra n d e d  DNA can be screened  by s in g le  dideoxy 

chain  te rm in a tio n  sc reen in g  (T o r C t r a c k in g ,  f o r  exam ple). ^

-  By means o f  r e s t r i c t i o n  a n a ly s is .  As shown in  F igure 16 J  

i n t e r p r e ta t io n  o f s in g le  d ig e s tio n s  in v o lv ing  in te rn a l  
r e s t r i c t i o n  s i t e s  a llow s th e  o r ie n ta t io n  to  be deduced.

In o rd e r  to  perform  th i s  type o f  an a ly s is  on th e  pSRSl P2* 
fragm en t, in fo rm ation  about th e  r e l a t i v e  s iz e s  o f  EcoRI 

produced fragm ents i s  needed. The P2* fragm ent reg ion  o f 

pSR5! has th e  fo llow ing  expec ted  appearance:

BamHI 
EcoRI EenRI



d ig e s t io n  w ith  E

F igure 16

Diagram i l l u s t r a t i n g  th e  use o f  r e s t r ic t io n  a n a ly s is  to  determ ine the 

o r ie n ta t io n  o f an i n s e r t  cloned in to  a v ec to r. Thick l in e s  in d ic a te  

v ec to r sequence.
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Figure 16

Diagram i l l u s t r a t i n g  the use o f  r e s t r ic t io n  a n a ly s is  to  determ ine th e  
o r ie n ta tio n  o f  an in s e r t  cloned in to  a v ec to r. Thick l in e s  In d ica te  

v ec to r sequence.
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The in te rn a l  p o s itio n s  o f  th e  EcoRI s i t e s  have to  be de te rm ined , and 
P s t I ,  and B g lll  -  EcoRI d ig e s ts  a re  needed to  make the re le v a n t s iz e  

d e te rm in a tio n s . To th i s  end d ig e s ts  in  20yl were done. For double 

d ig e s tio n s  inv o lv in g  EcoRI, th e  volume was in c reased  to  30ul and the 
NaCI and T ris  c o n c e n tra tio n s  ra is e d .  In  o rd e r  to  c l a r i f y  th e  double 

and t r i p l e  d ig e s t io n s ,  s in g le  d ig es tio n s  were done. An IMCB r e s t r i c t i o n  

map o f pSRSl i s  p re sen ted  in  F igure 17, and the fo llow ing  r e s u l t s  were 

o b ta in ed , some being  d ep ic ted  in  F igures 18 and 19-

Table  1. R esu lts  o f  r e s t r i c t i o n  d ig e s tio n s  o f  pSRSl.

Enzymes Expected number 
o f  fragm ents

R esu lts  o f  e le c tro p h o re s is  

1 2 3

P s tI 2 - -

B gll I -  P s tI 4 -1

B a lll 2 - -

B g lll  -  EcoRI 6 -I -1 ■.

EcoRI 4 fl +2

H ind:H  -  EcoRI 7 -1 -2

H ind iII 3 -1

P s tI  -  EcoRI 6 -  o r 1 -1

-  in d ic a te s  t h a t  th e  expected  number was observed.

A -ve  number In d ic a te s  th e  number o f  bands m issing .

A +ve number in d ic a te s  th e  number o f  a d d itio n a l bands.

U n fo rtuna te ly  th e  r e s u l t s  were too e r r a t i c  to  allow  s iz e  d e te rm in a tio n s 

o f  th e  EcoRI -  P s tI  fragm ents and th e re fo re  o r ie n ta t io n  o f  th e  in s e r t s  

could  n o t be determ ined by t h i s  method.



Figure 17

LMCB re s t r ic t io n  map o f  pSR51



Figure 18

R e s tr ic tio n  an a ly s is  o f  pSRSl.

Lane 1 Lambda I I I  marker

2 P stI
3 B g t t l  - P s t I  -2
4 B g ill -EcoRI -1
5 B g ll l - P s t I - E c o R I  -4

6 EcoRI -  H indll I
7 Lambda I I I  marker

No numbers -  the c o r re c t number o f  bands was observed. 

Negative numbers -  lack ing  bands.



Figure 19

R e s tr ic tio n  an a ly s is  o f  pSRSl.

Gel 1 

Lane

2 P s t l
3 @9111- P g t l

4 lain
5 B all I -EcoRI
6 EcoRI

7 EcoRI -H in d l l I
8 H in d lli
9 EcoRI -  P s t l 

10 Lambda I I I
marker

Gel 2 

Lane

1 Lambda I I I  marker 
Z

3 uncut
4 B all I
5 EcoRI -B g lH
6 EcoRI

7 Hindi 11 -E co^ l ~
8 uncut
9 H lndH I - B a i n  -1 

TO

No numbers -  the  c o r re c t number o f  bands was observed, 
-ve numbers -  la ck in g  bands 

+ve numbers -  e x tra  bands
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2 .4 .1 0  P rep a ra tio n  o f  s in g le  s tra n d e d  DNA

In o rd e r  to  perform  chain te rm in a tio n  sequence a n a ly s i s ,  s in g le  s tran d ed  

tem pla te  DNA i s  re q u ire d . This can be e x tra c te d  from th e  in f e c t io u s  Ml3 
v ir a l  p a r t ic le s  which a re  re le a se d  to  th e  e x te r io r  from th e  in fe c te d  

c e l l s .  S in g le  s tran d ed  DNA e x tra c tio n  was perform ed by th e  follow ing  

method, a m o d ifica tio n  o f  th e  g e n e ra lly  a v a i la b le  p ro to co l (M izrahi ■ 
p e rs .  comm.). ,

(1) A plaque was removed, o r a l t e r n a t iv e ly ,  l-lO p! o f  phage 

su p e rn a tan t was used and added to  l .S y l o f  1:100 d i lu t io n  

o f  o v e rn ig h t JM109 in  2xTY medium. I t  was th en  Incubated  
a t  37°C w ith  shak ing  fo r  4-5 hou rs .

(2 ) The c e l l s  were p e l le te d  in  a m icrofuge fo r  5-8 m inutes.

About 1.4ml o f  th e  su p e rn a ta n t was c a re fu l ly  p ip e tte d  o f f  
in to  a tube co n ta in in g  200yl o f  20% PEG/2.5M NaCl. A fte r  

thorough mixing th e  m ix ture  was l e f t  f o r  10-15 m inutes a t  

room tem pera tu re .

(3) A fte r  c e n tr i fu g a t io n  fo r  10 m inutes in  a m icro fuge, th e  
su p e rn a ta n t was poured o f f ,  le av in g  a v ir a l  p e l l e t  o f  about 

1mm d iam eter.

(4 ) In o rd e r  to  c o l l e c t  re s id u a l PEG/NaCl th e  tube was 

re c e n tr ifu g e d  fo r  30 seconds a f t e r  removal o f  th e  su p e rn a ta n t. 
This re s id u a l PEG/NaCl was removed w ith  a p ip e t te .

(5) The p e l l e t  was resuspended by vo rtex in g  in  lOOpl TE, and 

I0y1 3M sodium a c e ta te  (pH 5 .5 )  was added.

(6 ) The TS-virus s o lu t io n  was c e n tr ifu g e d  f o r  10 m inutes to  

remox.. any contam inating  c e l l s  and th e  su p e rn a tan t t r a n s fe r r e d
to  an o th e r tu b e . I f  a la rg e - s c a le  p rep a ra tio n  was being

U ndertaken, th e  co n ten ts  o f  8 tubes were pooled a t  thi&  s ta g e .

(7 ) An equal volume o f  phenol-ch loroform  was added and the tube

vortexed  f o r  15 seconds.

The m ix ture  was cen t : m icrofuge f o r  5 -10  m inutes

and th e  upper phase re, . •■•;kly» avoid ing  th e  PEG



p r e c ip i ta te  a t  th e  in te r f a c e .  This e x tra c t io n  was done 
tw ice more fo llow ed by a ch loroform  e x tra c t io n  (u sing  

h a l f  th e  volume o f  chloroform ) and two e th e r  e x tr a c t io n s .  '

( 8) The DNA was p r e c ip i ta te d  w ith- tw ice th e  volume o f  96% 
e th a n o l, resuspended In  15-30yl o f  T£ and s to re d  fro zen .

F igu re  20 shows th e  r e s u l t  o f  a su ccess fu l la rg e - s c a le  s in g le  s tran d ed  

DNA e x tr a c t io n .  Recovery o f  ssDNA can f a i l  i f  the  aqueous phase is  
contam inated  w ith  PEG o r  i f  th e  phages do n o t grow p ro p e rly  o r  grow fo r  

too  long a p e rio d .

2 ,5  Sequencing o f c e r ta in  c lones by th e  chain te rm in a tio n  method

2 .5 .1  D eterm ination  o f  th e  o r ie n ta t io n  o f  th e  pSRSl P2* in s e r t

in  M13mpll by C track in g

By exam ination  o f  th e  p a t te rn  u f  te rm in a tio n s  r e s u l t in g  from th e  presence 

o f  a s in g le  d ideoxynucleo tide  tr ip h o sp h a te  in  a po ly m erisa tio n  re a c t io n ,  
th e  o r ie n ta t io n  o f th e  " track ed "  i n s e r t  can be e s ta b l is h e d .  The pro toco l 

used f o r  C tra c k in g  was as given in  th e  Amersham M13 Cloning and 
Sequencing Handbook,except th a t  dideoxy CTP was used in s te a d  o f  dideoxy 

TIP.

For th e  p re p a ra tio n  o f  thu  sequencing g e ls ,  th e  fo llow ing  p ro toco l was 

adopted:

(1 ) The g la s s  p la te  bea rin g  th e  b u f fe r  trough  was c lean ed  With

IN HC1. The p la te  was subsequen tly  t r e a te d  w ith  R epe l-S ilane  
(d im e th y ld ich lo ro s ila iia}  accord ing  to  th e  LKB in s t r u c t io n s .

The o th e r  g la s s  p la te  was t r e a te d  w ith  Blnd~S1lane ( y  
m ethacry lo x y p ro p y ltrim eth o x y sn an c) accord ing  to  th e  LKB 

in s t r u c t i  ons.

(2) The p la te s  were kep t a p a r t  by th in  sp a c e rs . At th e  bottom  Of 

th e  g e l , th e  sp ace rs  were doubled in  th ic k n e s s . This r e s u l t s  
in  a f i e l d  s tre n g th  g ra d ie n t which p re se rv es  a uniform  spacing 

o f  o lig o n u c le o tid e s  a t  th e  bottom  o f  th e  gel (O lsson e t  al_ 1984).



Bass. ■
S ingle  stranded  DNA used fo r  sequencing. Each lane  rep re sen ts  15% of 
the y ie ld  from 6ml o f phage-contain ing  su p e rn a tan t. The amount p re sen t 
in  one lane above was used in  a set|i/sric1ng rea c tio n .



53

(3 ) 50ml o f  a 6% working acry lam ide so lu tio n  were mixed with 
lOOyl o f  APS (0.0525g/250yl H20) and w ith lOOyl o f  TEMED, 

and then  poured. The f l a t  end o f  a BRL S harkstooth  comb 
was in s e r te d  between th e  p la te s  and the gel allow ed to  s e t  

f o r  1 .5 -2  hours. A fte r  t h i s  the comb was re in s e r te d  so 

th a t  th e  te e th  s l i g h t ly  p e n e tra te d  th e  g e l.  The w ells 
were f lu sh ed  to  remove urea th a t  had leached  o u t o f  the 

gel and a l t e r n a te  w e lls  were loaded w ith  2pl o f  formamide 

dye m ixture to  check fo r  leakage . The c e l l s  were p re - 
e lec tro p h o re sed  a t  1400V f o r  a t  l e a s t  30 m inutes.

(4 ) When the gel was h o t enough, th e  w e lls  were c le a re d  of 
u re a , and 2y l o f  sequencing re a c tio n  m ix tu res which had 

j u s t  been b o ile d ,  were loaded . E le c tro p h o re s is  was c a r r ie d  

o u t u n t i l  the  bromophenol b lue  dye had reached th e  bottom 
o f the  g e l.  For longer ru n s , e le c tro p h o re s is  was continued 

fo r  4-5 hours.

(5) At th e  end o f  e le c tro p h o re s is ,  th e  p la te s  were s e p a ra te d  and 

th e  one bearing  th e  acrylam ide f ix e d  in  2 l i t r e s  o f  10% 

a c e t ic  acid/10% methanol fo r  15 m inutes w ith  a g i ta t io n .
This f ix in g  (a ls o  in c lu d in g  th e  removal o f u rea from the 

g e l)  was rep ea ted  w ith  f re sh  f ix e r  and the gel d r ie d  in  an 

oven a t  70CC f o r  2-5 hours. The p la te  was exposed to  X-ray 
f i lm  a t  room tem pera tu re  f o r  24-96 hours.

As can be seen from F igure 21 , th e  cloned  in s e r t s  were p re se n t in  two 

o r ie n ta t io n s .

2 .5 .2  Sequencing o f  P2 fragm ents from pSRHL, 12L and 51

For sequencing th e  p lasm id fragm en ts, s in g le  s tran d ed  tem p la te  was 

p repared  as de sc rib ed  e a r l i e r .  The general experim ental s t r a te g y  used 
f o r  sequencing was th a t  developed by Sanger e t  a1_ (1977), to g e th e r  w ith 

th e  use o f  35S lab e l (B iggin e t  al_ 1983) and th in  acrylam ide g e ls  

(Sanger and Coulson 1978). The sequencing re a c tio n s  were performed 

e x a c tly  as o u tlin e d  in  the  Amersham guide w ith  th e  fo llow ing  m o d ifica tio n s  

in tro d u ced :

i r  M W  -  if



Figure 21

C track in g  o f  the  P2* fragm ent o f  pSRSl tn  Ml3mpU. 

Lane A  Lane 6 co n tro l (mpIT)
2 ) 'o r ie n ta tio n  1 7 o r ie n ta tio n  2

3 8\  o r ie n ta t io n  1

4X o r ie n ta tio n  2 9'
5j 10 con tro l (mpll)
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th e  tempi ate/prim er/enzym e m ixture  was m anually mixed w ith 

th e  n u c le o tid e  so lu tio n  r a th e r  than by c e n tr ifu g in g  a drop 
o f  th e  form er in to  th e  l a t t e r .  The l a t t e r  p ra c t ic e  can 

r e s u l t  in  poor p o lym eriza tion  (M izrahi p e rs .  comm.). 

According to  th e  Amersharo g u ide , th e  dNTP/ddNTP mixes are  

u su a lly  made by adding equal volumes o f th e  N° and ddNTP 

to g e th e r .  In th e  LMCB, th e  N°/ddNTP r a t io s  have been 
ad ju s ted  so th a t  th e  frequency  o f te rm in a tio n  allow s the 

most sequence to  be read . The and ddNTPs were mixed as 

fo llow s:

The N° m ix tu res a re  made up e x a c tly  as d e ta i le d  in  the 
Amersham sequencing g u ide . The ddNTP so lu tio n s  d i f f e r  as 

fo llow s:

According to  th e  Amersham guide equal volumes o f  th e  Nc and 

ddNTP so lu tio n s  a re  combined to  g ive  th e  f in a l  n u c le o tid e  
mix. The volumes mixed in  th e  LMCB which a re  f in e - tu n e d  fo r  

th e  s p e c i f ic  DNA in  q u estio n  were as fo llow s:

N0/ddNTP volume r a t i o  

A mix : 1:1 
C mix : 1 :0 .75  

G mix : 1 :0 .75  
T mix : 1:1

As regards th e  r e s u l t s ,  F igure  22 shows some o f th e  au to rad iog raphs 

ob ta in ed . The pSRSl i n s e r t  has been sequenced in  both d ir e c t io n s  b u t 

n o t f a r  enough to  encoun ter a degree o f  o v e rlap . Sim ilarTy th e  P2 
fragm ents o f pSRHL and pSRILL have been p a r t i a l l y  sequenced in  one 

d ir e c t io n .

ddATP
ddCTP
ddGTP

ddTTP

Amersham LMCB 
10 mM 0.1 mM
10 mM 0.02  mM

10 mM 0 .2  mM
10 mM 0 .5  mM



Figure 22

Autoradiograph o f  a sequencing ge l.

Sequence 1: pSRBl P2* fragm ent, o r ie n ta tio n  2. 
2: pSRIlL P2 fragment.



The sequences a re  as fo llow s:

PSR51 P2* fragm ent

Because o f  th e  f a c t  th a t  th e  q u a l i ty  o f  some au to rad io g rap h s was n o t 
o p tim a l, t h i s  sequence cannot be regarded  as being 100% accu ra te

O rien ta tio n  1:
5 ' -TCTGTATATGTACTCGGTTATTGTTA 

CCTTTACTCAATCAC1TACTTACAGTATTATCTT 

ACTTATGGAGTCGCCTCTTTTGTATATATCGTGA 

TGTTTTTAAGTGCAACCCGCnCTACTGAATGC-31

O rien ta tio n  2:
5 ' - GCGAAGGGCAACAAGAGACGACAGA 

GTTCGACATACGAGTCGGGCCAAACCCAGACCA 
ATAACTATAAAAGCTACAGTTGAGGCCTGTCGG 

GCCAAGAACTCCAACGGTTAAGACGTCCAGCTG 

AGATCTCTA-31

pSRHL PS fragm ent in  W13mpl1

5 ' -CGAGACTGCCGCATAGAAAAAGGGC 

AAGGCAAGACTGGGTGACTTTTTTCTACTGTCG 

GTTTATAMAGGCATTTGGCGGAGAACTTACTA 
AAAGTAGTCGTGACKGGTTCGACGAGAGAAGG 
TGTTCCTCCTCCTTCGCACAATTTGTAGAGGCC 

AGGCCTATTTCCC-3'

pSR12L P2 fragm ent in  M13mpll

S'-GGGGGAGAACTTACTAAAAGTAGTC 
GTGACGGGGTTCSACGAGAGAAGSTGTTCCTCC 

TCCTTCGCACAATTTGTAGAGGCCAGGCCTATT 

TCCC-3'
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2 .5 .3  Conclusion

Two p o in ts  deserve to  be considered  in  t h i s  S e c tio n , namely, the 

i n s t a b i l i t y  o f the  pSRll and 12 p lasm id s, and th e  f a c t  t h a t ,  according 

to  th e se  r e s u l t s ,  th e  P2 fragm ents o f  pSRHL and 121 a re  th e  same as 
t h a t  o f  pVC102 and d i s t i n c t  from th a t  o f  th e  pSR51 P2* fragm ent. As 

d esc rib ed  p re v io u s ly , th e  plasm ids used in  t h i s  work were n o t th e  same 
as th e  " s tandard"  p a t te rn  a s so c ia te d  w ith  th e se  p lasm ids. These 

d if fe re n c e s  have been d esc rib ed  on page 12 and pages 41-44. These 
a l t e r a t io n s  may be s im i la r  to  th e  i n s t a b i l i t y  a s so c ia te d  w ith  the pVC 

s e r ie s  o f p lasm ids. I f  s t r a in s  o f  th e  o r ig in a l  plasm ids were a v a i la b le  

i t  would be p o s s ib le  to  determ ine w hether t h i s  i n s t a b i l i t y  i s  more 
common and to  what e x te n t  i t  tak es  p lace . The ap paren t s t a b i l i t y  o f 
th e  pSRSl plasm id may be c o r re la te d  w ith th e  d i f f e r e n t  c loned  gene o r 

P2* fragm ent borne on th e  v e c to r . This could  be te s te d  by jo in in g  the 

e -am ylase gene c o n ta in in g  fragm ents o f  p S R ll,  12 o r pVtRM w ith  th e  
v e c to r  bea rin g  th e  pSRSl P2 fragm ent. I t  tvoul' '  ' bfc u se fu l to  ...

determ ine whether th e  d i f f e r e n t  P2 fragm ents • ^he same lev e l 
o f  ex p re ss io n  o f  th e  CAT gene. I t  remains imc ./the  pSRSl P2*

fragm ent d i f f e r s  from those o f  pVClD2, pSRll and'-re.. I t  may o r  may 

n o t su g g es t a causal r e la t io n s h ip  between th e  c lon ing  o f  th e  a-am ylase 

gene and a p a r t ic u la r  P2 fragm ent.
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SECTION B

SOME ASPECTS OF STRUCTURAL INSTABILITY DISPLAYED BY pVClD2 

1. In tro d u c tio n

In o rd e r  to  produce hy b rid  plasm ids ca rry in g  an a-ainylase gene, the 
v e c to r  pPL603b.l was l ig a te d  to  B gll l  d ig e s te d  donor DNA ( B ac illu s  
am ylo liguefac iens NCPI in  th e  case  o f th e  pVC s e r ie s  o f  plasm ids and 

a d i f f e r e n t  B. am ylo liguefac iens fo r  pSR?] and pSR?2) (C o rf ie ld  e t  a? 

1984, Reid p e rs .  cornu.)•  Those recom binants were sc reened  on s ta rc h  
and chloram phenicol c o n ta in in g  medium. S e le c tio n  was th e re fo re  d u a l, 

re q u ir in g  both th e  a c t iv a t io n  o f  th e  CAT gene as w ell as th e  ex p ressio n  
o f a cloned a-am ylase gene. The most s tu d ie d  o f  th e se  recom binants, 

pVCl0 2 ,c o n s is ts  o f  an a-araylase gene a rd  i t s  s ta t io n a ry  phase prom oter, 

cloned  in  re v e rse  o r ie n ta t io n  w ith  r e s p e c t to  a second sequence, the  

P2 fragm ent which has prom oter a c t i v i t y  and allow s the CAT gene to  be 
a c t iv e .  The pVC s e r ie s  o f plasm ids Is o la te d  in  t h i s  way has been 

c h a ra c te r is e d  by s t r u c tu r a l  and se g re g a tio h a l i n s t a b i l i t y  (C o rf ie ld  
1985). Very soon a f t e r  th e  c re a tio n  o f th e  p a re n t p lasm id , d e le tio n s  

took p la c e  producing a range o f  sm a lle r  p lasm ids. Amongst these  
s t r a i n s ,  some were s e le c te d  th a t  were reasonab ly  s ta b le  s t r u c tu r a l ly  

and which s im u ltaneously  produced high le v e ls  o f  ct-amylase. Thus 
pVC102» 270, 220, 230 seemed to  be th e  r e s u l t  o f  a 200 bp d e le tio n  ' 

which co n fe rred  some s t a b i l i t y .  S ince th e se  d e le tio n  m utants were 
screened  on both neomycin and ch loram phenico l, only lo s se s  n o t a f f e c t in g  

th e se  phenotypes were reco v e red , th a t  1 s , NmR Cm* any" o r  Nm* Cm* amy*. 
The cause o f  t h i s  i n s t a b i l i t y  i s  unknown b u t is  sp ecu la ted  to  be due 

to  th e  p resence o f  a s tro n g  prom oter, rep ea ted  sequences a n d /o r a 

d e le tio n  g en e ra to r  (C o rf ie ld  e t  al_ 1986c).

When fe rm en ta tio n s were perform ed under d i f f e r e n t  s e le c t io n  c o n d itio n s , 

f u r th e r  types o f  d e le tio n s  were recovered . In th e  p resence of
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chloram phenicol o n ly , th e  CAT gene, i t s  prom oter and the o n .  reg ion  
o f  th e  plasm id a re  th e  prim ary requirem ents f o r  s u rv iv a l . This 

c a te g o ry  o f d e le tio n s  i s  very s im ila r  to  th o se  r e s u l t in g  from 

chloram phenicol-neom ycin s e le c t io n .  The d e le tio n s  is o la te d  by th e  
LMCB by chloram phenicol s e le c t io n  f e l l  in to  two c lo se ly  r e la te d  

s iz e  groups, t h a t  i s ,  a lo s s  o f  2 .3  and 2 .7  kb a f f e c t in g  p r im a rily  

the  Bam HI -  B g lU I reg ion  o f  th e  in s e r t  (se e  F igure 23 ). When 
s e le c t io n  i s  done on neomycin o n ly , a t h i r d  type o f  d e le tio n  is  

recovered  w ith  th e  phenotype NmR Cms  any" (Watson e t  al. 1986).
These plasm ids had l o s t  approxim ately  4 kb , in c lu d in g  th e  b e t t e r  

p a r t  o f  th e  CAT gene.

I t  i s  im portan t th a t  two phenomena be s tu d ie d  in  o rd e r  to  ga in  a 

b e t t e r  understand ing  o f  s t ru c tu ra l  i n s t a b i l i t y  in  t h i s  p lasm id . An 

in v e s t ig a t io n  in to  th e  d i f f e r e n t  s iz e  c la s se s  o f  d e le tio n s  and the 
n u c le o tid e  sequences a t  th e  boundaries o f  th e  ex c is io n s  would be a 

f i r s t  s te p  tow ards determ ining  what f a c to r s  a re  re sp o n s ib le  fo r  

g e n e ra tin g  and p o s itio n in g  o f  such d e le t io n s .  In th e  S ec tio n  th a t  
fo llo w s , two d i f f e r e n t  approaches to  t h i s  problem were attem pted . 

F i r s t ,  th e  techn ique  o f  d i r e c t  plasm id DMA sequencing was a ttem pted  
in  o rd e r  to  sequence the endpo in ts  o f  th e  LMCB d e le t io n s .  I f  
s u c c e s s fu l , t h i s  method avoids th e  com plication  o f  subcloning  in to  
Ml3 o r  o th e r  v ec to rs  th a t  can produce s in g le  s tran d ed  DMA. This 

would be u se fu l so  th a t  endpo in ts o f  o th e r  d e le tio n s  could be e a s i ly  
determ ined. This m odified approach to  sequencing i s  n o t expected  

to  g ive r e s u l t s  o f  th e  sams q u a l i ty  as s tan d a rd  sequencing . However, 

th e  n u c le o tid e  sequence o f  the a-am ylase gene and P2 fragm ent o f 
pVCl02 i s  known (H erbst p e rs . comm.), as i s  th a t  o f  a la rg e  p a r t  o f 
th e  v e c to r . This would prov ide  s u f f i c i e n t  background inform ation  

to  make 11 double stran d ed "  sequencing u s e fu l .  Second, one can attem pt 

to  produce more d e le tio n s  and determ ine what s iz e  c la s se s  ( i f  any) 
a re  produced. The p hysica l s t ru c tu re  o f  re p re s e n ta t iv e s  o f  the 

s iz e  c la s se s  could provide an in d ic a tio n  o f  th e  e x te n t and p o s itio n  

o f  d e le t io n s .



PVC102

F igure 23

Map showing the lo ca tio n  and s iz e  o f  th re e  d e le tio n  mutants o f  pVC102. 
Also ind ica ted  a re  the approximate p o sitio n s where prim ers C tl t  N t1R 
and 1 are  expected to  annea l.



62

2- Methods, M ateria l s  and R esults

2.1 D ire c t plasm id DNA sequencing

2 .1 .1  Background

Although r e s t r i c t i o n  a n a ly s is  can provide f a i r l y  d e ta i le d  in form ation  

on th e  segments o f  DNA a f fe c te d  by an e x c is io n ,  sequencing i s  req u ired  

to  provide da ta  on th e  p re c ise  p o s it io n  o f  a d e le t io n .  In a d d itio n ,  
th e  n u c le o tid e  sequence w ill  rev ea l sequences th a t  may be Involved in  

c au s in g , o r  in f lu e n c in g  th e  p o s itio n  o f ,  th e  d e le tio n .

The chain  te rm in a tio n  method o f  DMA sequencing has an ab so lu te  

requirem ent fo r  s in g le  s tran d ed  DNA which must se rv e  as a tem pla te  upon 
which a complementary s tra n d  i s  sy n th e s iz e d . This s in g le  s tranded  

tem pla te  can be produced in  a v a r ie ty  o f w ays, such as by Exonuclease I I I  
d ig e s t io n ,  th e  use o f  s p e c ia liz e d  phage x o r  plasm id v ec to rs  which lend 

them selves to  s tra n d  s e p a ra tio n ,  o r  by c lon ing  fragm ents in to  f ilam en tous 

phage v ec to rs  such as M13, which produce s in g le  s tran d ed  DNA as p a r t  o f 
t h e i r  l i f e  cyc le  (see  Smith 1980). C e rta in  plasm id v e c to rs  w ith  an Ml3 
o r i  reg ion  can y ie ld  s in g le  s tran d ed  DNA w ith  th e  a id  o f  a h e lp e r  phage 
(Russel e t  al_ 1986). One p o ss ib le  way to  circum vent t h i s  problem i s  

by producing s in g le  s tra n d s  by d e n a tu ra tio n  o f  n a tiv e  double s tran d ed  

DNA. This method would a llow  sequences to  be d i r e c t ly  determ ined from 

a recom binant plasm id (H ein rich  1986). In th i s  reg a rd , th e  pUC s e r ie s  
o f v ec to rs  would be p a r t ic u la r ly  u sefu l because o f th e  e x is te n c e  o f  a 
un iv e rsa l prim er and a po lyc lon ing  s i t e .  In the  case o f  pVC102, d i r e c t  

sequencing would be f a c i l i t a t e d  by th e  a v a i l a b i l i t y  o f prim ers annealing  
to  v arious p o s it io n s  w ith in  the cloned  reg ion .

F in a l ly ,  i t  should be no ted  th a t  d i r e c t  p lasm id  DNA sequencing may be 
used to  sequence fragm ents th a t  a re  d i f f i c u l t  to  c lone (prom oters, 

te rm in a to rs  o r  r e p e t i t iv e  sequences) (Chen and Seeburg 1985).

2 .1 .2  The b a s ic  methodology o f d i r e c t  plasm id DNA sequencing

In o rd e r to  expose s in g le  s tran d ed  MIA, th e  plasm id i s  I r r e v e r s ib ly
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denatured  in  . » ''orai o f  a "network" DNA s tru c tu re  (Chen and Seeburg 

1985). A fte r  a 'l - ’ ina d en a tu ra tio n  th e  sample I s  n e u tr a l iz e d  and 
e thano l p rec lp itd v -rd . The- source o f  t h i s  DNA can be from caesium 

ch lo r id e  p re p a ra tio n s  o r  sm a ll-s c a le  I s o la t io n s ,  such as alkaline-SD S 

e x tra c t io n s  (th e  Birnboim and Doly techn ique) (Chen and Seeburg 1985). 
Following th e  p rep a ra tio n  o f th e  DNA i t  is  su b jec ted  to  normal annealing  

and sequencing re a c tio n s .

Two d i f f e r e n t  polym erases can be used f o r  d i r e c t  plasm id DNA sequencing. 
The Klenow fragm ent o f  DNA polym erase 1 can be used (H ein rich  1986), 

in  which case the s tan d a rd  dNTP/dd NTPs a re  re q u ire d . I f  reverse  

t r a n s c r ip ta s e  i s  u sed , low er co n c e n tra tio n s  o f ddNTPS' a re  req u ired  as 
th e  enzyme accep ts  th e se  n u c le o tid e s  more e a s i ly  than  th e  K1 enovi fragm ent. 

Reverse t r a n s c r ip ta s e  i s  rep u ted  to  g ive  b e t t e r  q u a l i ty  sequences than 

Klenow under th e  co n d itio n s  a t  is s u e  he re  (Zagursky e t  al_ 1985). This 
c h a r a c te r i s t ic  o f  th e  enzyme i s  perhaps r e la te d  to  th e  f a c t  th a t  I t  may 

be b e t t e r  equipped to  deal w ith  p o ly n u c leo tid e s  which can assume stro n g  
secondary s t ru c tu re  (such  as RNA).

In th e  sequencing a ttem pted  in  th e  course o f th e  p ro je c t  bo th  CsCl and 

m in i-p re p a ra tio n  (Birnboim) DNA were used . The CsCl e x tra c t io n  was done 

as d e sc rib ed  e a r l i e r  {page 9) and the Birnboim method used was th a t  
g iven by M aniatis e t  al_ (1982). F igure  24 shows such CsCl and Birnboim 

p re p a ra tio n s  o f  plasm id DNA.

The DNA (abou t lug) was p re c ip i ta te d  w ith  7.5M ammonium a c e ta te  (1 volume 

DNA s o lu t io n ,  0 .5  volume s a l t  so lu tio n  and 2 volumes o f 96% e th a n o l, 
a f t e r  d en a tu ra tio n  w ith 2M NaOH as desc rib ed  by Zagursky e t  al_ (1985).

For Klenow fragm ent sequencing th e  p ro toco l o f  H einrich  (1986) was 

fo llow ed excep t th a t  deoxycy tid ine 5 '- [ c i -35Sj th io tr lp h o s p h a te  was used 

as lab e l (1 .5 v l o f  [ee-35S]dCTPoS 600 C i/nsnl). The n u c le o tid e  mixes 
used were as de sc rib ed  on page 55.

When rev erse  t r a n s c r ip ta s e  was used as polym erase, the  sequencing 
p ro toco l o f  Zagursky e t  al_ (1985) was employed. I t  was m odified to



Figure 24

Birnboim and caesium ch lo r id e  DMA prep ara tio n s o f d e le tio n  m utants o f
PVC102 fo r  d ir e c t plasmid DNA sequencing.

Lane 1 pVC102 (CsCl)

2 LMCB 1 (CsCl)

3 LMCB 1 (Birnboim)
4 LMCB 1 (CsCl)

5 LMCB 2 (CsCl)
6 LMCB 2 (Birnboim)
7 LMCB 2 (CsCl)

8 LMCB 3 (CsCl)

9 LMCB 3 (CsCl)
10 LMCB 3 (Birnboim)
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a ccep t [ct-35S]dCTPaS as la b e l.  The dNTP/ddNTP so lu tio n s  used were 

those desc rib ed  1n t  p ro toco l o f B iorad (1985).

As regards r e s u l t s ,  th e  techn iques a ttem pted  as desc rib ed  above d id n o t 

y ie ld  read ab le  sequences and in  some cases no sequence a t  a l l .  These 

problems were perhaps r e la te d  to  a poor DNA tem pla te  o r  to  o th e r  le ss  
w e ll-d e f in e d  f a c to r s .

2 .1 .3  Determ ining w hether prim ers N t,R , C t, and 1 anneal to  

th e  d e le tio n  m utant DNA

Since th e  d i r e c t  plasm id DNA sequencing technique'W as to  be used to 

determ ine th e  borders o f d e le tio n  m utants LMCB 1 , 2 and 3, i t  was 
d e s ira b le  t o  determ ine by h y b r id iz a tio n  w hether th e  prim ers annealed  to  

th e  d e le te d  p lasm ids. The th re e  prim ers used in  th i s  experim ent were
expec ted  to  annea) to  the  g enera l p o s i t io n s  in d ic a te d  in  F igure 24 (on

page 64). The th re e  prim ers had th e  fo llow ing  sequences:

C tj 5 ' G G A S A C G : A C C C 3'
NtjR 5 ' G C T G T C C A G A C T G T  C C G C 3 1

1 5'  G T G C C G T A A T T C A G C T C A G 3 '

S ince  th e se  prim ers lacked  a 5 ' phosphate (a s  a r e s u l t  o f  t h e i r  

a r t i f i c i a l  s y n th e s i s ) , i t  was p o ss ib le  to  ertcttabel them w ith  y*-32P 

and use them as probes in  h y b rid iz a tio n  experim en ts, This would 
e s ta b l i s h  w hether th e  prim ers could be used fo r  d ir e c t in g  th e  sy n th es is  

o f  complementary s tra n d s  In a sequencing re a c tio n ,

2 .1 .3 .1  E n d -lab e llin g

For e n d - la b e l l in g ,  th e  forw ard re a c tio n  o f  T4 po ly n u c leo tid e  k inase  was 
used (M aniatis e t  a1_ 1982).

Mg2+
5 1 -OH-ol igon ucl eo t i  de — --------- -+ B '- ^ P -o l ig o n u c le o t id e  + ADP

[y -32p ]a tp



The pro toco l used fo r  the  la b e l l in g  was as fo llow s (M izrahi p e rs . 

comm.):

10uM oligom er 1»1

10 x k inase  b u f f e r  Ipl

T4 po ly n u c leo tid e  k inase  Ip l ( lU /u l)

[y- 32P]ATP 3ul (3000 Ci/mmol)

dHgO 4ul

lOyl

(1) Incubation  was done a t  37°C f o r  1 hour a f t e r  which the 

re a c tio n  was stopped  by h ea tin g  th e  m ixture to 66°C fo r  
10 m inutes.

(2 ) The k inase b u f fe r  was made up as d e sc rib ed  by M aniatis e t  

a i  (1982).

(3 ) The m o la rity  o f  the  o ligom ers was c a lc u la te d  by using 
co n cen tra tio n s  deriv ed  from spec tropho tom eter read ings o f 

1:100 and 1:50 d i lu t io n s  ( in  w ater) o f  c o n cen tra ted  p rim ers. 

I t  was assumed th a t  an Aj;C™nm value o f  1 corresponded to  

35tig/ml. The m olecular w eight o f  one dNTP was assumed to

be 330 d a lto n s .

(4 ) The p ro to co l above employs a m olar excess o f oligom er

(5 '-OH ends) over y  32P-ATP. I f  th e  re a c tio n  i s  su c c e s s fu l,  
no un inco rpo ra ted  lab e l should rem ain. I f  an excess o f 
lab e l i s  added th e  la b e l le d  o lig o n u c le o tid e s  a re  sep a ra ted  

from f r e e  la b e l in  a spun column (M an ia tis e t  al_ 1985).

For t h i s  pu rpose, th e  10yl re a c tio n  was made up to  lOOpl 

w ith  TE.

(5 ) To m onitor w hether e n d - la b e llin g  has taken  p la c e ,  th in  

l a y e r  chromatography on p o lye thy lene-im ine  c e l lu lo s e  was 

done. In t h i s  p rocedure , 1cm wide columns were sco red  on 

the P E I-ce llu lo se  sh e e t w ith  a sharp  p e n c il .  The b u ffe r  
used as c a r r ie r  was 0.3M potassium  phosphate b u f fe r  pH 7 

p repared  by t i t r a t i n g  0.3M KH2PO4 w ith  5M KOH. A fte r



sp o ttin g  0 .5y l o f  1:100 d i lu t io n  o f  la b e l and 0 .5 y l o f  
th e  la b e l le d  o lig o n u c le o tid e  so lu tio n  (In  lOOyl) on to  

th e  s h e e t ,  th e  sp o ts  were allow ed to  dry and immersed in  

a th in  la y e r  chromatography tan k  con ta in in g  about 0.5cm 
deep volume o f  b u f fe r .  A fte r  1-2 hours o f  m ig ra tion  the 

sh ee t was allow ed to  a i r  dry and was then exposed to  an 

X-ray film  in  a c a s e t te  w ith  In te n s ify in g 's c re e n s  a t  -70°C 
fo r  2-5 hours. As can be seen from F igure 25, th e  la b e l l in g  

had proceeded s a t i s f a c t o r i l y ,  a p a r t  from prim er C tj which 

had a low s p e c i f ic  a c t iv i ty -

The to ta l  r a d io a c t iv i ty  in  th e  lOOyl volumes o f  each o f 
th e  prim ers was as fo llow s:

C t j ,  0 .3  x 107 cpnt; N tjR , 0 .6  x 107 cpm; 1, 2 x 107 cp%, 
as determ ined from 1«1 p laced  in  10ml o f  s c i n t i l l a t i o n  

c o c k ta il  and read  in  a Packard Minaxi T riCarb S c in t i l l a t io n  
C ounter,

2 .1 .3 .2  Probing w ith  the la b e l le d  o lig o n u c le o tid e s

In  o rd e r  to  probe th e  plasm id DMA, i t  was tra n s fe r r e d  to  a s o l id  su p p o rt,  
n i t r o c e l lu lo s e  paper in  t h i s  c a se . S ince double s tran d ed  DNA binds very 

i n e f f i c i e n t ly  to  t h i s  medium i t  was necessary  to  l in e a r iz e  th e  DNA so 
t h a t  i t  r e a d i ly  den a tu re s . This can be e f fe c te d  by d ig e s tio n  o r  h ea t 

t rea tm en t p r io r  to  a lk a l in e  trea tm en t.

L in e a r iz a tio n  o f  DNA by d ig e s tio n

In t h i s  approach, pVC102, and sev e ra l d e le te d  plasm ids were d ig es ted  

w ith  EcoRI (2 .5vg  DNA in  a to ta l  volume o f  15y1). A fte r  s e p a ra tio n  o f  
th e  fragm ents on an agarose g e l , an a ttem p t was made to  t r a n s f e r  the 
DNA to  n i t ro c e l lu lo s e  by th e  Southern procedure , as desc rib ed  by 

M aniatis e t  al_ (1982). The t r a n s f e r  was n o t su ccessfu l and could n o t 

be improved e i t h e r  by reducing th e  agarose  concen tra tio n  from 1% to  
0 . 6%, o r  by in c re a s in g  the weight on th e  b l o t ,  o r  by in c re a s in g  the 

tim e o f t r a n s f e r  from 24 to  60 hours.
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F igure 25 I  N C 1

Thin la y e r  chromatography o f  en d -la b e lle d  p rim ers.

Track 1 Label
2 NtjR

3 Cti

4 1

The en d -la b e llin g  proceeded s a t i s f a c to r i l y  except fo r  C t} which has a low 
s p e c i f ic  a c t iv i ty .  The X-ray film  was exposed fo r  2 hours.



L in e a r iz a tio n  by h ea t trea tm en t

Given th e  problems desc rib ed  above, dot b lo t t in g  was attem pted  s in ce  

th i s  could g ive  a p o s i t iv e  o r n eg a tiv e  answer as to  whether th e  prim ers 

were ab le  to  anneal to  th e  DNA. In o rd e r  to  l in e a r iz e  th e  plasm id DMA 
i t  was h ea t t r e a te d  as de sc rib ed  by Anderson and Young (1985). To th i s  
end , 2ug o f  plasm id DNA in  lOyl o f  TE was b o ile d  f o r  15 m inutes. In 

o rd e r  to  confirm  th a t  th e  co n cen tra tio n s o f  th e  DNA (which had been 
sp e c tro p h o to m e tr ie s ! ly  determ ined) were s im i la r ,  and to  examine th e  

e f f e c t s  o f  th e  h ea t tre a tm e n t, about Ipg was run on a 0 . 8% agarose gel 
(F igu re  26 ). The co n cen tra tio n  o f  th e  DNA appeared s im ila r  w ith 
ev idence o f  e x ten s iv e  breakdown.

A p p lica tion  to  n i t ro c e l lu lo s e

Ine  pro toco l th a t  was used f o r  d o ttin g  i s  given by Anderson and Young 
(1985).

H ybrid iza tio n s

The method fo llow ed here  i s  a com bination o f  t h a t  given by Mason and 
W illiam s (1985) and Kunkel e t  a]_ (1986).

P re h y b rid iz a tio n :

This was done in  6xSSC, IDxDenharts and SOug/ml denatured  salmon sperm 
DNA a t  th e  h y b rid iz a tio n  tem perature  fo r  1 hour. The n i t ro c e l lu lo s e  

squares  were incubated  In 10ml o f  pre  h y b rid iz a tio n  medium in  a P e tr i

Hybri d iz a tio n :

(1 ) H y brid iza tion  was done in  p re h y b rid iz a tio n  so lu tio n  w ith 

0.1pm o f o lig o n u c le o tid e /m l. The b locking  DNA was denatured 

p r io r  to  h y b r id iz a tio n ,  a p rocedure n o t req u ired  f o r  the 

o ligom ers.



Figure 26

Heat l in e a r iz e d  plasmids prepared fo r  dot b lo t t in g .  Extensive ONA 
breakdown Is  apparen t.

Lane 1 pVCIOZ (+ con tro l)
2 LMCB 1
3 LMCB 3
4 LMCB 2
5 pPL603b.l {- con tro l)
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(2) H y b rid iza tio n  was done a t  a tem pera tu re  ( id )  5°C lower 

than th e  m e lting  tem pera tu re  o f  th e  o lig o n u c le o tid e .
The m eltin g  tem peratures  were c a lc u la te d  acco rd ing  to  

th e  form ula, Tm = 4{G+C) + 2(A+T) (se e  Meinkoth and Wahl
1984), and were found to  be as fo llow s:

Tm Td

C tj 42°C 37°C
NtjR 70°C 65°C

1 56°C 53°C •

(3) H y b rid iza tio n  was done f o r  a t  l e a s t  2 hours a f t e r  which 
th e  b lo ts  were washed 2 -3  tim es in  6xSCC, 0.1% SDS a t  Td 
f o r  30 m inutes. F in a lly  th e  b lo ts  were washed a t  Tm fo r  

2 m inutes.

'4} The b lo ts  were s e a le d  in  p l a s t i c  bags and exposed to  X-ray 

film s f o r  5-24 hours depending on th e  amount o f  ra d io ­
a c t iv i t y  bound.

The r e s u l t s  o f  th e  d o t b lo t t in g  a re  d e p ic te d  in  F ig u re  27 , and a re  
ta b u la te d  below. (F igu re  2 3 , which -hows where th e  prim ers may a n n ea l, 

appears on page 6 1 .)

Table 2 . R esu lts  o f  d o t b lo t t in g  u sing  d e le te d  plasm ids and end- 
la b e l le d  prfm ers.

Printer pVC102 
{+ c o n tro l)

Plasmid 

LMCB 1 2 3 pPL603b.l 
( -  c o n tro l)

1 expected + + + - -

observed + + - -

Ntift expected + ? - + -

observed + - - - -

C tj expected + ? ? + -

observed + - - +
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Figure 27

Dot b lo ts  o f  plasmid d e le tio n  mutants a f t e r  h y b rid iz a tio n  to  e n d -la b e lle d  

prim ers.

1 Primer 1
2 Primer NtjR
3 Primer C ti

The arrangem ent o f d o tted  plasmid DNA in  a l l  3 cases is  as fo llow s:

LMCBPVC102 LMCB
(+ve co n tro l)  2

LMCB
1

pPL603b.l 
(-v e  co n tro l)

jh &Jita ,f ,y,



The lo c a tio n  o f  th e  sequences on pVCl02 complementary to  th e  C tj 
p rim er i s  about 400 bp from th e  Bam HI s i t e  in  th e  d ir e c t io n  o f  the  

Kpnl s i t e  (se e  F igure 2 3 ). This prim er d id  n o t anneal to  LMCB 1 

and 2 and i t  su g g ests  t h a t  th e  l e f t  endpoin ts o f th e  d e le tio n s  are  
c lo s e r  than 400 bp to  th e  Bam HI s i t e .

The p o s i t io n  o f  sequences complementary t o  NtjR i s  approxim ately  70 bp 

away from th e  C lal s i t e ,  tow ards th e  body o f  th e  amylase gene. This 

p rim er d id n o t anneal t o  e i t h e r  LMCB 1 , 2 o r  3. In  o rd e r to  exp la in  
th e se  r e s u l t s  i t  i s  necessary  t h a t  th e  r ig h t  en dpo in t o f  LMCB 1 be 
c lo s e r  than 70 bp, assuming t h a t  t h i s  (CTal) s i t e  remains p re se n t. 
S im ila r ly  th e  endpo in t o f  LMCB 3 would have to  be ex tended  co nsiderab ly  

f u r th e r ,  th a t  i s  beyond th e  CTal s i t e .  This would a lso  e x p la in  the 

f a c t  th a t  LMCB 3 i s  aniy*.

The r e s u l t s  su g g est t h a t  n e i th e r  C t) no r NtjR cou ld  be used to  sequence 

th e  LMCB 1 and 2 d e le tio n  endpo in ts b u t th a t  prim er 1 may be more 
u se fu l in  t h i s  re s p e c t.  However i t  i s  p o ss ib le  t h a t  t h i s  prim er annea ls  • 

too f a r  from d e le tio n  LMCB 1 and 2 endpo in ts  to  g ive  a p p ro p ria te  DMA 

sequence. In co n c lu sio n , i t  seems th a t  subcloning  o f  th e  Bam HI -  EcoRI 
fragm ent o f  d e le tio n s  1 and 2 in to  Ml3 f o r  s tan d a rd  sequencing may be 

th e  s im p le s t method to  determ ine th e  s t r u c tu r e  and p o s it io n  o f  the 
d e le tio n  end p o in ts .

2 .2  I s o la t io n  o f  d e le tio n  m utants o f  PVC102

2 .2 .1  G eneration  o f  d e le t io n  m utants

As desc rib ed  e a r l i e r  (page 6 0 ) . th e  LMCB d e le tio n s  is o la te d  from in d u s tr ia l  

fe rm en ta tio n s f e l l  in to  d i s t i n c t  s iz e  c la s se s  and th e  p roduction  o f  
a d d itio n a l d e le tio n  m utants was attem p ted . The fo llow ing  procedure was 

adopted:

(1 ) An ov e rn ig h t c u ltu re  o f  pVC102 (grown w ith  a n t ib io t ic s )  

was taken and d i lu te d  106 tim es in  w a te r. lOOyl o f  th i s  

were edded to  250ml o f  2xLB w ith  e i t h e r  neomycin o r 
chloram phenicol. At t h i s  s tag e  an a l iq u o t  o f  th e  d ilu te d



ov e rn ig h t was p la te d  on a neomycin, chloram phenico l, 

s ta r c h  p la te  to  ensure th a t  th e  Inoculum had only aw *  

c e l l s .  I f  any amy~ co lo n ie s  were found th e  cu ltu re  
was d isca rd ed .

(2) The in o c u la te d  c u ltu re  was grown f o r  7 days a f t e r  which 

an a l iq u o t  was p la te d  on to  ag a r con ta in in g  th e  same 
a n t ib io t ic s  as they were cu ltu re d  in .  D ilu tio n s  were 

made to  produce s in g le  c o lo n ie s .

(3) At l e a s t  96 o f  th e se  co lon ies  p e r  fe rm en ta tio n  were 

patched  on to  p la te s  as fo llo w s: ch loram phenico l, neomycin, 
s ta rc h  p lu s  the  a n t ib io t i c  which was p re se n t in  th e  c u l tu r e ,  

and LA on ly .

(The l a t t e r  i s  a co n tro l p la te  to  m onitor w hether v iab le  
c e l l s  had been p a tch ed .) On a l l  such sc reen in g  p la te s  a 

p o s i t iv e  (1A297 (pVCIOZ)) and a n eg a tiv e  co n tro l (1A297), 

deriv ed  from f re s h ly  s tre a k e d  s in g le  c o lo n ie s , were included .

(4 ) P o te n tia l  d e le tio n  m utants were d e te c te d  by th e  lo s s  o f

a marker (am ylase phenotype o r  CmR/,s in  th e  cases s tu d ie d  
h e re ) .  The p o ss ib le  m utants I s o la te d  a re  l i s t e d  in 

Table 3 (page 75).



Table 3. Phenotypes o f  p o ss ib le  d e le tio n  m utants i s o la te d  from 
7 day c u l tu re s .

No. Cm* S E * NmR CmR

1 4- - - (18) + + - LMCB 1
2 + - - (19) + + - I.MC8 2
3 + - (20) + - - LMCB 3
4 + - - 21 + + +
5 + - - 22 + - »
6 + - - 23 + - -
7 + - - 24 + - -

8 + + ■ 25 + - -

9 + + + 26 + + -

10 + - - 27 + - -

11 + - - 28 + - -

12 + - - 29 + - -

13 + - - 30 + - -

14 + - - 31 + +

15 4- + + 32 + + +

16 + + - 33 + 4 4

17 + -

1. + /-  denotes r e s i s ta n c e / s e n s i t i v i t y  to  an a n t ib io t ic  o r 

presence o r  n o t o f  a-am ylase as d e te c te d  on s ta rc h  p la te s .

2 . A ll the i s o la te s  in fe r re d  to  in  th e  Table were derived  
from neonycin on ly  fe rm e n ta tio n s , excep t Nos 31“33 (o f f  
chloram phenicol) and 18-20 which were a lread y  in  

e x is te n c e .

3. Some o f  th e  i s o la te s  a re  probably  w ild type pVC102 and 
were sc reened  in  o rd e r  to  d e te c t  any d e le tio n s  th a t  had 
n o t a f fe c te d  the 3 sco red  phenotypes.
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2 .2 .2  Screening  o f  d e le tio n  m utants

In o rd e r  to  sc reen  th e  p o ss ib le  m utants f o r  the  s iz e s  o f  t h e i r  plasm ids 

th e  Quick ly s i s  plasm id sc reen  was done. "This techn ique i s  a m odified 
v ers ion  o f  the  procedure developed by Marrero and L ov e tt (1980).

(1 ) 2ml o f  c e l l s  were grown o v e rn ig h t in  LB w ith  a n t lb lo t i c ( s )  
in  t e s t  tu b es.

(2) 1ml was tr a n s fe r r e d  to  an Eppendorf tube and cen tr ifu g e d  

fo r  1 m inute.

(3) The su p e rn a ta n t was d isca rd ed  and excess f l u id  removed 

w ith  t i s s u e  paper.

(4) The p e l l e t  was resuspended in  15pl o f lysozyme b u f f e r  by 

p ip e t t in g  th e  compacted c e l l s  up and down.

(5) 15pi o f  4mg/ml lysozyme so lu tio n  (made up in  lysozyme 
b u f fe r )  was mixed in  b r i e f ly  by p lpe t.k ing , and th e  tubes 

incubated  a t  37°C f o r  15 m inutes.

(6) 50yl o f  SDS b u f fe r  were added and th e  tube f l i c k e d  u n til  

th e  so lu tio n  c le a re d .

(7 ) 20yl o f  5M NaCl were added and th e  tubes s to re d  on ic e  fo r  

30 m inu tes , and then  cen tr ifu g e d  in  a m icrofuge f o r  25 
m inutes.

(8) The p e l l e t  was then  removed w ith  a p ip e t te  and lOyl o f the 

su p e rn a tan t loaded on to  a 0.8% agarose g e l.

(9) I t  was found th a t  th e  samples could be s to re d  o v e rn ig h t on 

ic e  b u t t h a t  they  d e te r io r a te d  ra p id ly  and a re  th e re fo re  
b e s t  used im m ediately.

The screened  d e le tio n  m utants f e l l  in to  3 s iz e  c la s se s  (see  F igure  28 ). 

Table 4 (page 78) summarizes th e  r e s u l t  o f  the gel e le c tro p h o re s is .



Figure 28

Quick ly s is  plasmid screen  o f  p o te n tia l  d e le tio n  m utants is o la te d  from 
extended c u ltu re s .

Gel 1 
Lane 1 1 11 10

G e U  
Lane 1 pVC‘i'02 11 "pVCIOZ*

2 2 12 11 2 9 12 26
3 3 13 12 3 14 13 23
4 4 14 13 4 16 14 28
5 5 15 14 5 19 (=LMCin) 15 24
6 6 16 15 6 21 16 30
7 7 17 17 7 18 (=LMCIB2) 17 31
5 8 18 20 (=LMCB 3) 8 23 18 32
9 8 19 18 (=LMCB2) 9 24 19 33 (=PV

10 pVCIOZ 20 PVC102 10 25 20 34

The "pVCIOZ" (gel 2 lane 11) apparen tly  su ffe re d  a d e le tio n  during  c u ltu re .
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Table 4 . S ize  c la s se s  o f  plasm id d e le tio n  m utants.

S ize I s o la te  number

Equal t o  pVC102 8 ,  9 ,  15, 21 , 31 , 32 , 33, 34

Between pVC102 and 
LMCB 3 (in c lu d es 
LMCB 1 and 2)

16, 17, 18, 19, 26

Equal to  LMCB 3 1 , 3 ,  4 ,  6 , 7 ,  10 , 11, 12, 13, 14, 
20 , 23 , 24 , 25 , 2 8 , 29

Sm aller than LMCB 3 2 ,  5 ,  10, 13, 30

The r e s u l t s  in d ic a te  3 s iz e  c la s s e s :

-  A s iz e  c la s s  between pVC102 and LMCB 3: A ll th e se  s t r a in s  
have th e  phenotype ■

- A c la s s  equal in  s iz e  to  LMCB 3 {NmRCn)tW ) .

-  A c la s s  sm a lle r  than LMCB 3

- A ll plasm ids w ith  a l l  th re e  m arkers (NmRCmRang/+) have th e
same s iz e  as pVC102 and are  probably id e n t ic a l  to  i t .

The Ish-Horowicz procedure (se e  M aniatis e t  aj_ 1982) was a lso  t r i e d  as 

a plasm id sc reen . A lysozyme s te p  was in c luded  because J3. s u b t i l l s  does 
n o t lyse  e a s i ly  w ith  a lk a l i  u n le ss  i t  in  log phase (Dabbs p e rs . 

comm.). This method was n o t used e x te n s iv e ly  because i t  produced more 
complex plasm id p r o f i l e s ,  presumably co rresponding  to  v a rio u s forms o f 
th e  plasm id {see F igure 29 ). This n e e d le ss ly  com plicated  in te rp re ta t io n  

o f  the r e s u l ts .

2 .2 .3  R e s tr ic tio n  endonuclease d ig e s tio n  o f  c e r ta in  d e le te d  plasm ids

In an a ttem pt to  determ ine w hether s t r u c tu r a l  changes t h a t  had a f fe c te d  

some o f  th e  plasm ids were s im ila r  o r n o t to  th e  p rev io u s ly  mapped
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1 2 3 4 5 6 7 3 9  10

Figure 25

Ish-H&rm-tcz screen  o f  plasm id d e le tio n  m utants. More plasm id forms 
a re  v is ib le  here than in  the quick ly s is  plasmid screen.

Lane 1 pvcioz
2 LWCB 2
3 LMCB 1
4 LMCE 3
5 11
6 4
7 7
8 6
9 5

10 ?
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d e le tio n s  (LMCB 1, 2 and 3 ) ,  various d ig e s tio n s  were perform ed. The 
fo llow ing  s t r a in s  were used:

Plasmid phenotype s iz e  c la ss

pVCIOZ NnfCmR any'1' PVC102
5 ■ NnfCm* amy~ <LMCB 3
16 Nm̂ Cm* amy" >LMCB 3 <pVC102
17 Nn̂ Cm8 amy* >LMCB 3 <pVC102

CsCl p re p a ra tio n s  were made and the DNA d ig e s te d  w ith  Bam HI, B g l l l ,  EcoRI 
and co n tin a tio n s  o f  th e s e .  The d ig es tio n s  were done in  20iil volumes fo r  

s in g le  d ig e s t s ,  and 30yl fo r  double d ig e s ts  invo lv ing  enzymes re q u ir in g  
th e  same b u f fe r  (BamHI- B g l l l ) .  For seq u e n tia l  d ig e s tio n  th e  medium 

s a l t  b u ffe r  enzyme was used in  a volume- o f 15yl which was in c reased  to  
30pl w ith a concom itant in c rea sf- .in  N&C1 and T r is  co n c e n tra tio n s . A t a l l  

tim es a f in a l  maximum g ly ce ro l co n cen tra tio n  o f  5% was p re se n t. Some o f 
th e  r e s u l t s  a re  in d ic a te d  in  F igures 30-1. I t  was n o t p o s s ib le  to  draw any 

d e ta i le d  conc lusions from the r e s u l t s  as th e  d ig e s tio n  p a t te rn s  were n o t 
always re p ro d u c ib le . The r e s u l t s  o b ta ined  a re  summarized in  th e  fo llow ing

T able  5. Number o f  s i t e s  fo r  d i f f e r e n t  r e s t r i c t i o n  enzymes and 
t h e i r  com binations in  d e le te d  p lasm ids.

Enzyme

PUsmid BagHI M U  EcoRI g , 1}1'  g /

PVC102 , 
(expected) 2 3 4 5

pVCl 02 i 
(seen) 2 3 4-5 3

5 1 1 2-3 - 4-5 3-4

16 1 1 2 4 3

17 1 1 2 4-5 2-3
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Figure 30

S ingle  d ig es tio n  o f  pVCIOZ d e le tio n  mutants.
1 6 ,1 7  -N iA m * a n y ' .  >LMCB 3<pVC102 

5-NmRCms  m y " , <LMCB 3

Lane 1 
2 
3

Bm M  

M" I
Lambda I I I  

BM W  1(

M i  I

Lane 10 

11

Lambda I I I  

8am HI

ML" 5
EcoRI 
Lambda I I I
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Figure 31

Double d ig es tio n  o f  pVC102 d e le tio n  mutants (1.8% ag aro se).
16,17 amy', >LMCB 3 <pVC102
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Although th e  d ig e s tio n  p a t te rn s  were n o t always re p ro d u c ib le , the 

follow ing  can be concluded from them:

D ele tan ts  16 and 17 (NmBCmR am^ , >LMCB 3 <pVC102)

These plasm ids have s in g le  s i t e s  fo r  BamHI and B g ll l .  Two s i t e s  fo r  
EcoRI rem ain. On Bgll l  -  EcoRI d ig e s tio n  3 fragm ents are  re le a se d .

These r e s u l t s  su g g est th a t  th e  d e le tio n s  may be s im ila r  to  LMCB 2.
There seem to  be d if fe re n c e s  between 16 and 17 b u t th e se  could  n o t 

be r ig o ro u s ly  determ ined.

D e le tan t 5 (NnPcm8 amy~ , <LMCB 3)

This plasm id c a r r ie s  s in g le  s i t e s  f o r  Bam HI and Bgll l .  As in  the 

above d e le t io n s ,  two EcoRI s i t e s  a re  p re se n t. I t  i s  p o s s ib le  th a t  
th e  EcoRI s i t e  w ith in  th e  amylase reg ion  i s  s t i l l  i n t a c t ,  and th a t  
th i s  d e le tio n  re p re se n ts  a la rg e r  v ers ion  o f  LMCB 3. I t  i s  p o ssib le  
th a t  the sm a lle r  d e le tio n s  a f fe c tin g  th e  amylase reg ion  {LMCB 1, 2 ,

Nos 16 and 17) are  d i f f e r e n t  in  t h e i r  o r ig in  from the la r g e r  v a r ie ty  
(LMCB 3 and No. 5 ) . This would su g g est th a t  th e  la r g e r  and sm a lle r  

d e le ta n ts  do n o t form p a r t  o f  a s e r i e s .  This would c o n tr a s t  w ith 
th e  r e s u l t s  o f  Vehmaanper'd and Korhola {1986). The d e le tio n s  s tu d ie d  

by them a l l  appear to  a f f e c t  p r im a rily  the g enera l reg ion  o f the 
cloned  amylase gene.

2 .2 .4  Con c l us ion

In th e  p receding  s e c t io n ,  th e  technique o f  d i r e c t  plasm id ONA sequencing 

was d e sc rib ed . No m eaningful r e s u l t s  were ob ta in ed . I t  i s  probable  
th a t  th e se  problems could be e lim in a te d , and w ith  t h a t  in  mind, th ree  
prim ers were used as probes to  d e te c t p o s s ib le  complementary sequences 

in  d e le t io n s  LMCB 1, 2 and 3. A f te r  e n d - la b e llin g  and h y b rid iz a tio n  to  
d o t b lo t te d  fragm ented plasm id DNA, i t  appeared th a t  NtjR and C tj prim ers 
annealed  only to  LMCB 3. Prim er 1 (whose complementary sequence is  

found w ith in  the P2 fragm ent o f pVC102) annealed  only to  plasm id DNA from 

LMCB 1 and 2 . One anomalous r e s u l t ,  namely th e  f a i lu r e  o f prim er Nt^R 
to  anneal to  LMCB, could be accounted fo r  by assuming th a t  t h i s  d e le tio n



was more e x ten s iv e  than p rev io u sly  though t. D eletion  m utants c re a te d  

by fe rm en ta tio n s were screened and f e l l  in to  3 main s iz e  c la s s e s .  One 
o f th e se  groups (>LMCB 3 <pVC!02) seems to  be more heterogenous than 

th e  o th e r  c la s se s  ( i . e .  <LMC8 3 , = LMCB 3 ). This heterogenous group 
o f  d e le te d  plasm ids i s  produced under chloram phenicol s e le c t io n .

Although s p e c i f ic  d a ta  are  n o t a v a i la b le  i t  would seem th a t  th e  two 
la r g e s t  d e le tio n s  ( i . e .  = and <LMCB 3) a re  more freq u en t and may 
re p re se n t a more s ta b le  "end p o in t"  o f  d e le t io n .  Thus, chloram phenicol 

s e le c t io n  may be necessa ry  to  " f ix "  sm a lle r  d e le tio n s  such as LMCB 1

Although th e  mapping o f  the  d e le tio n s  has n o t proceeded very f a r ,  i t  
a p p ea rs , in  the  cases s tu d ie d ,  th a t  Bgll l  -EcoRI s i t e s  n e a r  th e  a-am ylase 

gene have been a f fe c te d .  I t  should  be no ted  t h a t  in  sm a lle r  plasm ids 

i t  may be d i f f i c u l t  to  determ ine which o f th e  two Bgll l  s i t e s  o f  pVC102 
has been lo s t .  In fu tu re  mapping, the d i s t r ib u t io n  o f  r e s t r i c t i o n  

s i t e s  in  the v ic in i ty  o f  th e  B g lll  s i t e  a s so c ia te d  w ith  the neomycin 
r e s is ta n c e  gene w ill  have to  be determ ined.



APPENDIX 1 

BACTERIAL STRAINS

S tra in  

B. s u b t i l i s  

1A297

1A297 (PVC102) 

1A297 (pSRHL) 

1A297 (pSRUL) 

1A297 (pSRUA) 

1A2S7 (PSR12A)

}»46

1A46 (pSR51)

_E. coH 

JH109

85

USED

R elevant c h a ra c te r i s t ic s  Source

tr j)  C2 BS£ T1 ansK 8SSL

amy+ LMCB

NnfCm" amy+ LMCB

NmE CtnR  a m y ^  LMCB

Nn^Cm8 amy'f  t h i s  work

HsPCnP any'1'  t h i s  work

t r p C2 th rS  SecE4 BGSL

Nn̂ Cm® n£r+ LMCB

recA l. endAI, ayrA96 , t h i , LMCB

hsdft17 , supE44 . re lA I, x ", 
a ( lac-proAB), ,  [F‘ , traD36 , 
proAB,  J a c I qZiM15]



APPENDIX 2

SOURCES OF REAGENTS AND CHEMICALS

A cetic  ac id
Agar (Technical No. 1)

Agav
Agarose
Ambjsrlite MB -  1 

Ammonium a c e ta te  
tontcmium persu lp h a te  

A n tib io tic s  
ATP.

Merck
Oxoid

Merck
BioRad

SDH
Merck

BDH
Sigma

Sigma

Bisa.cry1 amide 

B oric  ac id  

Bovine Serum Albumin 
Pronto phenol Blue 

n-Butanol

BioRad

Merck
Sigma

Merck

BDH

Calcium ch lo r id e  

Caesium ch lo rid e  
Chloroform

Merck

B oehringer Mannheim 
Saarchehi

Die toy  1 e th e r  
D lm e thy ld ich lo rosilane  

D i-potassium  hydrogen orthophosphate 

D ith fo th re ito l
WA m olecular w eight markers 

DNA (salmon sperm)

Ethanol

E thldium  bromide
E thylene diamine te t r a - a c e t i c  ac id  
(disodlum  s a l t )

PAL Chemicals

BDH
Merck

Sigma
B oehrlnger Mannheim 
Sigma

CSIR S to res  

Sigma



F i c o n  400 

Formamide

G1 ucose

H ydrochloric  ac id

In s ta g e l s c i n t i l l a t i o n  c o c k ta il 

IPTG
Isopropanol

tysozyme

Magnesium ch lo r id e
Y -m ethacryloxypropyltrim e th o x y silan e  

Methanol

NaCl

N itro c e liu io se  
N ucleo tides

PEG 6000 
P E I-C ellu lo se

Potassium  a c e ta te
Potassium  dihydrogen orthophosphate  

Potassium  hydroxide

Radioactive la b e l 
R e s tr ic tio n  Enzymes 
Reverse t r a n s c r ip ta s e  

Ribonuclease A

Sephadex G50 
Sodium a c e ta te  
Sodium ch lo r id e

Merck

BDH

Packard

Saarchem

B oehringer Mannheim

Merck

Sigma

Merck

Merck

M illlp o re
Amersham

Merck
Merck

Merck
M erck

Merck

Amersham
B oehringer Mannheim

Amersham

Sigma

Pharmacia

Merck

Merck



tr i-S od lum  c i t r a t e  Merck
Sodium dodecyl su lp h a te  Saarchem

Sodium hydroxide BDH
Sperm idine Sigma

S s t I enzyme BRL
S tarch  Saarchem

Sucrose Merck

Thiamine-HCl

T4 DNA lig a se

T4 po ly n u c leo tid e  k inase
T ris  base
Tryptone

Urea

X-gal

X-ray film  (XAR-5)
Xylene cyanol

B oehringer Mannheim 

B oehringer Mannheim 

Sigma, BDH 
Oxoid

Merck

B oehringer Mannheim

Fuji
Hopkins

Y east e x tr a c t Merck



APPENDIX 3

MEDIA, GENERAL BUFFERS, ENZYME BUFFERS, REAGENTS FOR DNA EXTRACTION, 
REAGENTS FOR SEQUENCING GELS, AND OTHER REAGENTS

1. Media

L urla  Broth T ryptone lOg

Yeast e x t r a c t  5g
NaCl 5g

dH20 2 l i t r e s

L uria  agar As above, w ith

Agar 12g

Luria ag a r w ith  1% s ta rc h  As above, w ith

S ta rch  lOg

When sta rch  i s  in c luded , th e  powdered components a re  f i r s t  mixed 
com ple te ly , w a te r added, and mixed. The so lu tio n  i s  then  b o iled  

u n t i l  th e  s ta rc h  goes in to  s o lu t io n ,  follow ed by au to c lav in g .

Minimal medium p lus glucose

This i s  made up e x a c tly  as d e ta i le d  in  th e  Amersham Ml3 Cloning and 
Sequencing Handbook. N ote, however, th a t  the 1M thiamine-HCl was 
f i l t e r  s t e r i l i z e d .  Merck Agar was used fo r  minimal media because i t  

i s  p u re r  than  o th e r  brands (Dabbs p e rs .  comm.).

2xTY Tryptone 16g

Yeast e x t r a c t  lOg 

NaCl 5g
d% 0 1 l i t r e



IxTY ag a r T ryptone 8g
Yeast e x tr a c t  5g
NaCl 5g

Agar 15g

dH20 1 l i t r e

TY to p  o o sr As above, w ith h a l f  the

amount o f  agar.

2. General b u f f ^ ' :

Tr1s-Borate-EDTA e le c tro p h o re s is  b u f f e r  (pH 8 .3 ) 

lOxstock
T ris  base 108g
B oric a c id  55g

EDTA 9.3g

dH20 to  1 l i t r e

T rls -A c e ta te  e le c tro p h o re s is  b u f fe r
5 C « to ck  Tr1s base 242g

A cetic  ac id  57.1ml

For agarose e le c tro p h o re s is ,  e th id ium  bromide to  a c o n cen tra tio n  o f 

2yg/ml was added to  th e se  b u ffe rs .

Tris-i-DTA (IE) b u ffe r  (pH 8)
T ris  lOmM

EDTA ImM

The so lu tio n  was brought up 

to  pH w ith HCl



Trls-ED TA -salt (TES) b u f f e r  (pH 8)

T ris 3 0 #
EDTA 5mM
NaCl SOmM
pH w ith  HC1

I

B uffer fo r  th in  la y e r  chromatography (pH 7)

Potassium  0.3M
phosphate

Prepared  by t i t r a t i n g  KHjPOi, 0.3M w ith  KOH 5M.

Klenow re a c tio n  b u ffe r Tris-HCI (pH 8) lOOmM 

MgCl2 SOmM

R e s tr ic tio n  buffer-m edium  s a l t Tris-HCI 
(pH 7.5) 
MgClz 

MaCl

R e s tr ic tio n  b u ffe r-h ig h  s a l t Tris-HCI 
(pH 7 .5 ) 
MgClz 
NaCl

lOmM

lOOmM

S s t I b u ffe r
This b u f f e r ,  provided by the s u p p l ie r ,  has th e  follow ing  com position:

Tris-HCi (pK SOmM

MgCl2 lOmM
NaCl 50mM



Reverse t r a n s c r ip ta s e  re a c tio n  b u f fe r

RNase b u f fe r

T4 po ly n u c leo tid e  k inase b u ffe r

Tris-HCl 0.3M
(pH 8-3)

MgCls 37.5mM
D ith io th re i to l z . m
NaCl 0 .370*

Tris-HCl 0.5M
(pH 7.6)
MgCl2 0.1M
D ith io th re i to l 50mM

Sperm idine W t
EDTA 1r-W

4. Reagents fo r  DM e x tr a c t io n  , ;

Caesium ch lo r id e  -  Quick ly s i s  plasm id sc reen

Lysozyme b u f f e r  Tris-HCl (pH 81

Naci ' " iM r ;
EDTA : VMh

Sucrose .Sjb-% ' "

SDS b u f fe r  10$ 5DS 20ml
EDTA 0.5M 20ml
TE b u f f e r  (pH 8) 120ml

Ish-Horowicz so lu tio n s  fo r  sm all and la rg e - s c a le  a lk a l in e  ly s is  
p rocedures

P re ly s is  so lu tio n  {Solu tion  I) Tris-HCl (py- S' 2 5 #
ECTA I W

Glucose 50 mX



93

Alkaline-SDS (S o lu tio n  2) NaOH 0.2M

SDS 10%

S o lu tio n  3 Potassium  a c e ta te ,  pH 4,
c o n s is tin g  o f 3M K and 3M 
a c e ta te .

To avoid p r e c ip i ta t io n  during  th e  p re p a ra tio n  o f  S o lu tio n  3 , the 
procedure follow ed by H an ia tis  e t  (1985) must be follow ed.

5. Reagents fo r  DMA sequencing gels

40% Acrylamide stock  Acrylamide 38%

B is-acry lam ide  1%

D eionise  w ith  am b erllte  (20g) and s to re  a t  4°C in  th e  dark a f t e r

f i l t r a t i o n .

Acrylam ide 6% working so lu tio n
A0% Acrylamide stock  150ml 

lOxTBE 100ml
Urea 460g

dH20 to  1 1 I t re

Ammonium p e rsu lp h a te  0 .125g/500pl dĤ O
lOOtil i s  used per 50ml acry lam ide working s o lu tio n .

Bind s i  lane  ym ethacry loxypropyl -
t r im e th o x y s llan e  75yl

Add e thanol (96%) 25ml
Mix com pletely 
Add a c e t ic  ac id  (10%) 750pl



F ix e r f o r  acrylam ide g e ls  

Two l i t r e s  a re  used p e r  wash.

Methanol 101

A ce tic  ac id  10%

Formamide dye mix Amber! i t e
d e ion ised
formamide 

Bromophenol Blue 
Xylene cyanol 

EDTA

6. O ther so lu tio n s

D enaturation  so lu tio n  ( f o r  NaCl
h y b rid iz a tio n s )  NaOH

Denharts so lu tio n  (20x)
Bovine serum 
ilbum in

The components a re  b e s t  d isso lv ed  s e p a ra te ly .

Isopropanol s a tu ra te d  w ith 20xSCC
Mix th e  o rgan ic  reag en t w ith  an equal volume o f  20xSCC.

N e u tra liz a tio n  so lu tio n s  1. Tris-HCl

( f o r  h y b rid iz a tio n s )  ( pH 7"4 ^
2. Tris-HCl 

(PH 7) 
NaCl

100ml

0.03g
0.03g

0.75g

1M
0.5M

2%

2%

0.5M

0.5M

3M

For small g e ls ,  agarose was mixed w ith b u ffe r  to  g ive th e  req u ired  
percentage (a lm ost always T r is - a c e ta te  b u f fe r  fo r  small g e ls  and T rls  

b o ra te  b u f fe r  fo r  la rg e  g e ls ) .  A dd itional d i s t i l l e d  w ater was added
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and th e  so lu tio n  b o ile d  u n t i l  c le a r .  A fte r  making th e  so lu tio n  up 
to  volume, e th id ium  bromide to  a c o n cen tra tio n  o f  Zpg/ml was added 

and th e  so lu tio n  poured.

D ia ly s is  tu b ing  was prepared  as desc rib ed  by M aniatis e t  al_ (1982).

IPTG 2% in  dH20 , s to re d  frozen
X-gal 1% in  diethy lform am ide, s to re d  in th e  dark a t  -2Q°C.

ATP lOmM
The so lu tio n  must be brought to  pH 7 w ith  tr ie th y la m in e .
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