
THE VIBRIO SP.2 PHAGE OC3 : A PHYSICAL CHARACTERISATION

P au lin e  Teresa  Jones

A D is s e r ta t io n  subm itted  to  the  F acu lty  o f  Science , U n iv e rs i ty  

o f  the  W itwatersrand, ^Johannesburg, in  fu l f i lm e n t  of

th e  requirem ents fo r  the  degree of Master of Science .

Johannesburg, 1981



TO WHOM XT MAY CONCERN

I  d e c la re  th a t  the  experim ental work contained  h e re in  i s  
my own unaided e f f o r t .  Members o f  the  MRC M icrobial 
G enetics  Unit gave adv ice  on th e  m astering  of e le c t ro n  
microscopy techn iques  and some r e s u l t s  were obtained 
a t  t h i s  Unit by the  a u th o r .

No p a r t  o f  t h i s  d i s s e r t a t i o n  has been subm itted in  the 
p a s t  nor i s  to  be subm itted  in  the fu tu re  fo r  a degree 
in  any u n iv e r s i ty .

v

Paul in e  T Jones

Johannesburg



CONTENTS

SUMMARY  ............................................................    ( i )

ACKNOWLEDGEMENTS  ............      ( i l l )

ABBREVIATIONS .................      ( iv )

LIST OF FIGURES ..........       (v)

I  INTRODUCTION  ..................................................    1

I I  PHYSICAL STUDIES OF VIRUSES AND THEIR

RELEVANCE TO VIRAL GENETICS .............    3

I I I  MATERIALS AND METHODS ..................  14

IV RESULTS ........................        19

IV DISCUSSION  .....................................   33

APPENDIX ............     40

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42



(i)

SUMMARY

In  t h i s  s tudy on the p h y s ica l  c h a r a c t e r i s t i c s  of the  

V ibrio  phage «s?C3 i t  was found th a t  the  buoyant d en s ity  ( in  

CsCI) was 1 , 506g ,c ra .-3 . The c<3  genome leng th  was determined 

as 51,98  + 1,29  k i lo b a se s  and i t s  molecular weight as 34,66 x 

1q6 d a l to n s .  P a r t i a l  d en a tu ra t io n  s tu d ie s  showed the <X3 

genome to  be non-randomly c i r c u l a r l y  permuted over 2? pe rcen t 

o f  i t s  genome le n g th .  Duplex s tu d ie s  revealed  a te rm ina l 

re p e a t  o f  2-4  + 9 ,8  percen t o f  the  genome len g th ,  which, 

to g e th e r  w ith the  maximum perm utation  o f 27 p e rc en t ,  g ives  a 

p robab le  concatemer len g th  o f  1 1 + 3  genomes. Two popula tions  

o f  duplex molecules were observed v iz .  homo- and 

h e te rodup lexes . The phage 0 ( 3  ly s a t e  used in  the  i n i t i a l  s tu ­

d ie s  rep o r ted  here th e re fo re  appears to  c o n s is t  o f two phage 

p o p u la t io n s , one having a r e l a t i v e  I n s e r t io n  (o r d e le t io n )  of 

2 ,0  + 0 ,4  percen t o f  the genome leng th  with re sp ec t  to  the 

o th e r .  Comparative r e s t r i c t i o n  a n a ly s is  (using  Eco R l, Bam Hi 

and Hind I I I )  between the DNA of the  o<3 s tock  and th a t  of 

s in g le  plaque i s o l a t e s  was performed.

Hind I I I  r e s t r i c t i o n  endonuclease a n a ly s is  revealed  a 

band (Hind &C , 7 , 6Md) which was p re sen t  in  4 o f the  s in g le  

plaque i s o l a t e s  but not in  2 o th e r s .  This band was a lso  p re­

sen t in  the  r e s t r i c t i o n  p a t t e r n  o f the  s tock  cX.3 ly s a t e .



The Hind I I I  r e s t r i c t i o n  p a t te rn  o f  the  oCS s to ck  DNA a lso  

d isp layed  a f a i n t  band (Hind C, 6,4Md), g e n e ra l ly  considered  

to  rep re se n t  a permuted fragment. Thus r e s t r i c t i o n  a n a ly s is  

r e s u l t s  a re  in  agreement with a c i r c u l a r ly  permuted genome fo r  

phage c C l  and proved su cc e ss fu l  s e p a ra t io n  of the  in d iv id u a l  

members o f  the  o r ig i n a l  dual p o p u la tion .

_ m  n i & H *  <>in'iitiiii>iwiii.Vî nrr‘>T -riri7rraitri« r
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I  ; INTRODUCTION

V ibrio  sp .2  ( r e c e n t ly  r e c l a s s i f i e d ;  Robb e t  a l . , 1980) was 

i s o la t e d  from raw h ides (Thomson e t  a l . , 1972). I t  i s  a gram- 

n e g a tiv e ,  c o l la g e n o ly t i c ,  h a lo to le r a n t  bacterium , which was 

found to  co n ta in  a c ry p t ic  prophage (Thomson and Woods, 197%)» 

C ryptogenio ity  appears to  fo llow  the  model proposed fo r  

Pro teus m lr a b i l i s  (K rissanovich , 1973)• This model suggests  

th a t  prophage in t e g r a t i o n  causes d is ru p t io n  o f  the  re p re sso r  

gene ( lead in g  to  lo s s  o f  su p e r in fe c t io n  immunity) and th a t  the  

phage ex c is io n  appara tu s  (o r  some l a t e  phage fu n c tio n s )  i s  

d e fe c t iv e .  No ex ten s iv e  d e le t io n  i s  p o s tu la ted  in  the  c ry p t ic  

prophage o f  V ibrio  sp .2  (Thomson and Woods, 1974)"

Phage cX3 i s  in d u c ib le  by va rious  mutagens e .g .  mitomy­

c in  C and N -m ethy l-N -n itro so -N l-n itro soguan id ine  (Thomson and 

Woods, 197"). Phages cKSa and cK3b a re  considered  very c lo ­

se ly  r e l a t e d  to  each o th e r  and a re  p o s tu la ted  as v a r ia n t s  of 

phage c \3  (Thomson and Woods, 1974). Two o th e r  o i ,  phages 

( and < X 2)> in f e c t in g  and ly s in g  V ibrio  sp .2 ,  were 

i s o l a t e d .  Phage o i l  was ob ta ined  from a raw hide soak and 

phage o ( 2  from u l t r a v i o l e t  in d u c tio n  of V ib rio  sp ,9  (Thomson 

e t  a l . , 1972) .

The tran sd u c in g  a b i l i t y  of the tX phages was t e s t e d  with 

a view to  developing a g e n e t ic  mapping system in  V ibrio  sp.2 

and u l t im a te ly  to  probe the  g e n e t ic s  o f  co llagenase  production 

(Woods and Thomson, 1975). I t  was found th a t  the four phages
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s tu d ie d  were capable o f  g e n e ra l is ed  tran sd u c t io n  o f s ix  

markers (a r g , cys B, m et, pro and t r p ) , a l b e i t  a t  very low 

freq u e n c ie s .  The observed g en e ra l is e d  transducing  system was 

p o s tu la ted  to  be unique, in  th a t  i t  gave r i s e  to  u n s tab le

t ra n s d u c ta n ts .

A new phage-host system, in  which phage <x3a grows on 

s ta t io n a r y  phase V ib rio  sp .2  mutant s t r a i n s , was found (Woods, 

1976). The b a c t e r i a l  mutation a llow ing such growth was found 

to  be an a l t e r e d  RNA polymerase, which can a lso  confer  c e l l u ­

l a r  r e s i s ta n c e  to  r ifam p ic in  (Robb e t  a l . , 1977) • I t  has 

s in ce  been noted th a t  these  b a c t e r i a l  m utations preclude  phage 

growth on lo g a r i th m ic  ( lo g . )  phase c e l l s  (Thomson, pe rsonal 

communication). I t  was p o s tu la ted  (Robb e t  a l . ,  1977) t h a t  

the  a l t e r e d  RNA polymerase may undergo a change in  tem plate  

s p e c i f i c i t y  a llow ing  phage growth in  s ta t io n a r y  phase c e l l s  

(bu t not in  lo g .  phase ; Thomson, pe rsona l communication). In 

a d d i t io n ,  i t  i s  thought th a t  the  phage i t s e l f  could play a 

r o le  in  the  re c o g n i t io n  of lo g a r i th m ic  and s ta t io n a r y  phase 

polymerases (Robb e t  a l . , 1977) •

At p re s e n t ,  the  n a tu re  of the cX. phage genome i s  known 

to  be double s tranded  DNA (Thomson and Woods, 1974), but more 

d e ta i le d  a n a ly s is  has not been c a r r ie d  ou t .  Due to  the 

unsolved problems invo lv ing  f a i l u r e  to  i s o l a t e  h igh  frequency 

transduc ing  phages ( h . f . t . ) , growth on s t a t io n a r y  phase V ibrio  

s p .2  and the  use of the  phages as c lon ing  v e c to r s ,  i t  

appeared im pera tive  th a t  the p h y s ica l  c h a r a c t e r i s t i c s  of the  

phage and i t s  genome be fu r th e r  In v e s t ig a te d .
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' I

IX; PHYSICAL STUDIES OF VIRUSES AND THEIR RELEVANCE TO 

VIRAL GENETICS

The main p h y s ica l  param eters o f  the <̂ X phage d iscussed  

in  t h i s  d i s s e r t a t i o n  a re  : phage buoyant d en s i ty j  DNA 1

microscopy (covering  m olecular weight d e te rm ina tion , p a r t i a l  

den a tu ra t io n  mapping and duplex form ation) and r e s t r i c t i o n  

a n a ly se s .  These to p ic s  a re  considered  and r e la te d  to  genera­

l i s e d  t ra n s d u c t io n ,  an im portant f e a tu re  o f  phage cX 3 .

BUOYANT DENSITY OF MATURE PHAGE PARTICLES. The phage buoyant 

d e n s i ty  i s  a f f e c te d  by the  n a tu re  o f  i t s  c aps id , i t s  s t r u c tu r e  

and the  type o f  n u c le ic  a c id .  Weigle and Meselson (1959) were 

ab le  to  deduce the  p ro te in  composition of the  phage caps id  

from inform ation  on i t s  buoyant d e n s i ty  and the base Com­

p o s i t io n  o f  i t s  DNA. In  genera l  pu re ly  p ro te in  caps ids  render 

the phage more dense th a t  l i p i d  c o n ta in in g  capsids  (Coetzee 

e t a l . . 1979)»

ELECTRON MICROSCOPIC DETERMINATION OP MOLECULAR WEIGHT OF DNA.

V is u a l i s a t io n  and measurement of DNA molecules e le c t ro n  

m ic roscop ica lly  i s  a recognised method fo r  determ ining th e i r  

molecular weight. Due to  v a r i a b i l i t y  in  ins trum ent m agnifica­

t io n  such de te rm ina tions  have to  be performed r e l a t i v e  to  an '

i n t e r n a l  s tandard  o f  known m olecular weight (Baltman e t  a l . ,

1976, Mayer e t  a l . . 1973, Bernard e t a l , 1975 and Wensink and 

Brown, 1971)« The a b so lu te  len g th  o f the molecule in  q u es t io n  

can be determined v ia  an a p p ro p r ia te  conversion f a c to r .
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C urren tly  a f a c to r  of 1/m s % iqC cialtons (Clowes, 1972, 

Lang, 1970) and 1,508 kilobase::; - 1 X 106 da lto n s  (Ohtsubo and 

Ohtsubo, 1977) a re  u sed »

PARTIAL DENATURATION MAPPING OF DMA. This invo lves  the  

l im ited  d e n a tu ra t io n  of DMA by heat or a l k a l i .  Regions which 

a re  r ic h  in  A-T base p a irs  have m elting  tem peratures w ell below 

those of high 0-0 con ten t (F im nell and Inman, 1979).

Observation o f  such p a r t i a l l y  denatured molecules under the  

e le c t ro n  microscope shows the denature;, reg ions  as s in g le  

s tranded  DNA (ss DNA) bubbles. For v i s u a l i s a t i o n ,  the  ss  DMA 

i s  s t a b i l i s e d  by formaldehyde which preven ts  rean n ea lin g  

(Compton and S insheim er, 1977) - A p a r t i c u l a r  DNA sp ec ie s  w i l l  

th e re fo re  d isp lay  a c h a r a c t e r i s t i c  p a r t i a l  d e n a tu ra t io n  

p a t te rn .  This i s  b e s t  i l l u s t r a t e d  by in te g r a t in g  the p a t te rn s  

o f  in d iv id u a l  molecules in  a la rg e  popu la tion  to  give a dena­

tu ra t io n  map.

S tud ies  invo lv in g  ana lyses  and comparisons of d ena tu ra ­

t io n  maps o f  DNA from many d i f f e r e n t  sources have been 

performed. Such s tu d ie s  on Herpes Simplex v iru s  (D elius and 

Clements# 1976) and human Cytomegalovirus (K i lp a t r ic k  and 

Haang, 1977) rev ea led ,  in  both oases, two popula tions  o f  

m olecules. These popu la tions  d i f f e r e d  in  th a t  one popu la tion  

possessed a la rg e  In v e rs io n  w ith re sp e c t  to the  o th e r .  The 

s i t e ( s )  a t  which the in v e rs io n  occurred could be p inpo in ted  

and the molecular weights of the In v e r ted  sequences could be



deduced. P a r t i a l  d en a tu ra t lo n  an a ly se r  have been performed on 

many phage genomes a llow ing d i s t i n c t i o n  between unique ( ' / \ ,

PR  ̂ Mu) and permuted genomes (P22, T1, S006M), (Davidson and 

Szyba lsk i ,  1971, Coetzee and Bekker, 1979; Bukhari and Taylor, 

1975; Tye e t  a l . ,  1974 a and b ; MacMattie and G i l l ,  1977 and 

P re to r iu s  and Coetzee, 1979) •

DM DUPLEX FORMATION. This technique invo lves  complete dena- 

tu r a t io n  o f  DM and subsequent r e n a tu r a t io n .  I f  performed in  

a mixture of two or more DM sp e c ie s ,  those reg ions o f  the 

molecules in  which b a se -p a ir in g  i s  conserved appear as double 

s tranded  segments, while reg ions  o f non-homology appear as 

s in g le  s tran d  loops , bubbles or t a i l s . (Compton and

S inshe im er, 1977)* Thus one i s  ab le  w  compare d i r e c t l y  

sequences of DM from d i f f e r e n t  so u rces .  The e x ten t  of b i o ­

logy or non-homology can be q u a n t i ta te d .  1

Physical mapping using such methods i s  hampered i f  the 

molecule under s tudy  i s  c i r c u l a r  or permuted (Compton and 

Sinsheim er, 1977)• A c i r c u l a r  hetoroduplex molecule with 

ju s t  a s in g le  strand bubble, loop or t a i l  only g ives  

in fo rm ation  as to  the e x ten t  of non^homology bur, not an to 

p o s i t io n .  D eterm ination  o f  p o s i t io n  re q u ire s  th a t  the h e te ro ­

duplex has some o th e r  f ix e d  p h y s ica l  c h a r a c t e r i s t i c  o f  known 

p o s i t io n  as a re fe re n c e  p o in t .
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Duplexes of permuted molecules a re  c i r c u l a r ,  with s in g le  

s t ra n d  p ro t ru s io n s  corresponding  to  the te rm ina l redundancy 

(Rhoades e t  a l . ,  1968). This f a c t  has been used to  gain 

i n s ig h t  in to  the  genomes of phages P22 (Rhoades e t  a l . . 1968) 

and 5006M (P re to r iu s  and Coetzee, 1979).

RESTRICTION ENDONOCLEOTYTIC ANALYSES OF DNA. R e s t r i c t io n  

enzymes a re  endodeoxyribonucleases which recogn ise  s p e c i f ic  

n u c leo t id e  sequences in  double s tranded  DNA and c leave  both 

s t ra n d s  (Nathans and Smith, 1975). In  the  bac .orium, from 

which th e se  enzymes a re  e x tra c te d  they form p ^ ’t  o f  the 

r e s t r i c t io n - m o d i f i c a t io n  system (Arber, 197-4). This system 

c o n s is t s  o f  a r e s t r i c t i o n  enzyme which d ig e s t s  fo re ig n  DNA by 

c leav in g  i t  a t  a s p e c i f i c  n u c leo t id e  sequence, and a m odifica­

t io n  enzyme which a l t e r s  t h i s  s i t e  in  the  host and thus p re ­

ven ts  a u to d ig e s t io n .  R e s t r i c t io n  endonucleases, when incu ­

bated  w ith  a DNA sp e c ie s ,  c leave  the  DNA molecules a t  t h e i r  

r e s t r i c t i o n  s i t e ( s ) .  These s i t e s  a re  p resen t  in  the DNA due 

to  chance occurrence o f  the  a p p ro p r ia te  n u c leo t id e  sequence. 

Therefore  each DNA sp ec ie s  has a c h a r a c t e r i s t i c  d ig e s t io n  

p a t te rn  c o n s is t in g  o f fragments o f  vary ing  s i z e s .  The number 

o f  cleavage s i t e s  in  a molecule fo r  a given r e s t r i c t i o n  enzyme 

depends on the  s iz e  o f  the  DNA molecule and the number of 

n u c leo t id e s  forming the  s p e c i f i c  r e s t r i c t i o n  s i t e .
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VIRAL GENETICS

GENERALISED TRANSDUCING PHAGES are able to transduce any gene, 

regardless of its position on the host chromosome or on an 

extra- chromosomal element (Hayes, 1968). These phages nave 

invariably been found to possess a double stranded DNA genome, 

with a terminal repetition. Moreover, all the genomes of 

generalised transducing phages studies to date have been found

to  be c i r c u l a r l y  permuted.

A model (F ig . i )  to  ex p la in  the  occurrence o f  permuted 

phage genomes has evolved through s tu d ie s  o f  co liphages  T4 

( S t r e i s in g e r  e t  a l . ,  1964 and 1967) end P22 (Susskind and 

B o ts te in ,  1978). The model presupposes the e x is ten ce  o f  con- 

catem eric  DNA which serves  as an in te rm ed ia te  to  DNA

e n cap su la t io n .  «H eadfu ls* o f  more than a genome len g th  a re

cu t  from th e  concatemer g iv in g  r i s e  to  phage heads co n ta in ing  

c i r c u l a r l y  permuted te rm in a l ly  redundant DNA. Proof o f such a 

model a l so  r e q u ire s  the i s o l a t i o n  o f  concatemeric DNA. Such 

proof has been found in  P22 in f e c te d  Salmonella (B o ts te in ,

1968) and has been im p lica ted  in  phage $006M (P re to r iu s  and 

Coetsee, 1979), the  l a t t e r  us ing  the  same techniques as the 

p resen t  s tudy . Two a l t e r n a t i v e s  to  the  model a re  p resen ted  

(F ig . l a  and b) which could not i n i t i a l l y  be d is t in g u ish e d  

( S t r e i s in g e r  e t  a l . , 1964 and 1967). E lec tro n  m icroscopic (Tye 

e t  a l . , 1974 a and b) and r e s t r i c t i o n  endonucleo ly tic  (Jackson

e t  a t . ,  1978 a and b) and a n a ly s is  showed t h a t ,  in  P22, the

c i r c u l a r  perm utation  extends over only 20 pe rcen t o f  the
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A l i g n m e n t  o f  m o l e c u l e s  D i s t r i b u t i o n  of  e n d s

(from Suaskind and Bofcsbein, 1978)

F,ig. 1 (a ) .  Non^random s e q u e n t ia l  packaging o f  a phage conoatemer 
from a unique s i t e .  Packaging o f phage DNA r e s u l t s  in  en cap su la t io n  
o f  a «h ead fu l '  o f  DMA* whose len g th  i s  g re a te r  than one phage genome. 
This r e s u l t s  in  DNA with te rm in a l ly  redundant ends. S eq u en tia l  
packaging in  one d i r e c t io n  from a unique s i t e  r e s u l t s  in  a l im i te d  
c i r c u l a r  perm utation  of the  genome* The maximum ex ten t  of the end 
p o in t d i s t r i b u t i o n  in d ic a te s  the  maximum ex ten t  of the perm utation .

F ig .  1 (b ) .  Random packaging from any s i t e  on the  conoatemer and 
proceeding in  e i t h e r  d i r e c t io n .  Such a packaging mechanism, of 
more than a s e t  o f  phage genes* would r e s u l t  in  a phage genome 
permuted over i t s  e n t i r e  length* in d ic a te d  by the  random end 
po in t d i s t r i b u t i o n .
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genome le n g th .  This f in d in g  shows th a t  ' h e ad fu l1 packaging 

proceeds in  a non-random, s e q u e n t ia l  manner• That packaging 

begins a t  a unique i n i t i a t i o n  s i t e  (gao) and proceeds in  a 

unique d i r e c t io n  can be in f e r r e d  from the skew d i s t r i b u t i o n  o f  

m olecular ends (F ig .  la )  i f  one assumes th a t  the packaging of

the  next headfu l i s  le s s  l i k e l y  than th a t  o f  the previous

headfu l (Tye e t  a l . , 197*1 a and b ) .

C i r c u la r i s a t io n  o f the  phage genome, on in f e c t io n  of a

b a c t e r i a l  c e l l ,  appears to  be a p r e - r e q u i s i t e  fo r concatemer 

form ation and subsequent packaging. In  the  case o f  a phage 

having a unique (non-permuted) genome e .g .  'X  , c i r c u l a r i s a ­

t io n  i s  achieved by means of ' s t i c k y  ends' o r cos s i t e s  (Nash 

e t  a l . , 1978). However, no ' s t i c k y  ends' a re  observed in  

phage whose DNA i s  packaged in  excess of one genome leng th  and 

th e re fo re  e x h ib i t  b lu n t ends (Tye e t  a l . , 1974 a and b ) . I t  

has been observed th a t  a P22 recom bination d e f ic ie n t  mutant 

( e r f )  w i l l  not propagate  in  a reoA" host (B o ts te in  and Matz, 

1970). This has led  to  the  theory  th a t  the  l i n e a r  phage 

genome c i r c u l a r i s e s  by a recom bination event between the two 

te rm ina l repeats*  Phages lack ing  te rm ina l rep ea ts  due to 

la rg e  in s e r t io n s  a re  d e fe c t iv e ,  r e q u i r in g  double in f e c t io n  fo r  

p ropagation  (Susskind and B o t s t e in , 1978) • I t  has been pro­

posed (Susskind and B o ts te in ,  1978) th a t  the r o l l i n g  c i r c l e  

model o f  DNA r e p l i c a t i o n  (G ilb e r t  and D re ss ie r ,  1968) may form 

the l in k  between the  c i r c u l a r i s e d  monomeric genome and the 

oonoatemeric DNA in te rm e d ia te *
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Fig* 2* 'H ead fu l1-model p re d ic t io n  o f  s t r u c tu r e  expected in  homa 
duplex experim ents. The case i l l u s t r a t e d  could correspond to  
molecules 1 and 3 (F ig . l a ) .  Note s in g le  s tra n d  p ro tru s io n s  
corresponding  to  te rm ina l redundancy length# A duplex between 
molecules 1 and 4 (Fig* 1a) would r e s u l t  in  a c i r c l e  whose 
in te r p r o t r u s io n  d is ta n c e  i s  inc reased  by the  leng th  of the 
te rm in a l repea t * Hence, I n te r - p r o t r u s io n  d is ta n ce  i s  determined 
by the  te rm ina l re p e a t  and the  concatemer len g th .
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Homoduplex s tu d ie s  on suoh popu la tions  of permuted mole­

cu le s  re v e a l  in form ation  as to  the  len g th  of the te rm inal 

re p e a t  (Rhoades e t  a l . , 1968) .  Duplex molecules c i r c u l a r i s e  

(F ig . 2 ) leav ing  the te rm ina l re p e a ts  e a s i ly  measurable. 

Measurement o f  the in te r p r o t r u s io n  d is ta n ce  i . e .  the  s h o r te s t  

d is ta n c e  between the  p ro tru s io n s  in  a popula tion  of duplexes, 

mimics the  end po in t d i s t r i b u t i o n  (F ig . la )  and th e re fo re  

re v e a ls  the  ex ten t  o f  the  perm utation (P re to r iu s  and Coetzee, 

1979).

DNA packaging o f P22 was a lso  s tu d ie d  using EcoRI r e s ­

t r i c t i o n  enzyme a n a ly s is  (Jackson e t  a l . . 1978 a and b ). 

R e s t r i c t io n  a n a ly s is  o f  non-permuted molecules y ie ld s  f r a g ­

ments of d i f f e r e n t  s iz e s  which a re  a l l  p re sen t  in  equimolar 

amounts. However, these  workers d iscovered  th a t  the E00RI 

d ig e s t  of the  c i r c u l a r l y  permuted P22 genome re v e a ls  two bands 

o f  an unusual n a tu re .  The band m igra ting  most slowly con ta in s  

fragments th a t  a re  q u i te  heterogeneous in  m olecular weight, 

but due to  the  i n s e n s i t i v i t y  o f  agarose g e ls  a t  high molecular 

weight they a re  s t i l l  observed as a d i s c r e te  though somewhat 

d i f f u s e  band. The o th e r  unusual band was observed to  be sharp 

bu t f a i n t  i . e .  the DNA o f the  band was in  l e s s  than molar 

amounts. The former i s  taken to  r e p re se n t  those fragments 

having a t  one end the jpac s i t e  and a t  the  o the r an E00RI r e ­

s t r i c t i o n  s i t e .  This r e s u l t s  in  a m a jo r i ty  o f  la rg e  fragments 

w ith  a t a i l  o f  small ones. The l a t t e r  on the o th e r  hand r e ­

p re sen ts  those  fragments with an EcoRI s i t e  a t  one end and the 

permuted ends d i s t a l  to  the  joac s i t e  a t  the  o th e r .  This
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r e s u l t s  in  a popu la tion  o f  fragments of vary ing  m olecular 

weight, the  sm alle r  fragments of which a re  not observable  

g iv ing  r i s e  to  a f a i n t  bu t sharp band.

In  o rder to  determine the p h y s ica l  c h a r a c t e r i s t i c s  of the 

£7̂  3 bacte riophage  i t s  buoyant d en s i ty  was determ ined. DNA 

e x tra c te d  from an <A3 l y s a t e  was measured e le c t ro n  microsco­

p ic a l ly  and by r e s t r i c t i o n  e n d o n u c le a se  a n a ly s is  to  ob ta in  

i t s  molecular weight. P a r t i a l  d e n a tu ra t io n  and d e n a tu ra t io n -  

r e n a tu ra t io n  s tu d ie s  were performed and the  r e s u l t s  were ana­

lysed e le c t ro n  m ic ro so p ic a l ly . R e s t r i c t io n  a n a ly s is  was used 

bo study the  cA.B genome f u r t h e r .  This d i s s e r t a t i o n  deals  

with th e se  f in d in g s .
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I I I  : MATERIALS AND METHODS

All media, b u ffe rs  and s o lu t io n s  a re  l i s t e d  in  the appendix.

BACTERIA AND PHAGES. A phage cXS ly s a te  (Thomson and Woods, 

I97IJ) was obtained from the G enetics  department, U n iv e rs i ty  of 

the  W itwatersrand and i s  subsequently  r e f e r r e d  to as the  o r ig in a l  

or s to ck  i s o l a t e .  V ibrio  sp .2  (Thomson e t  a l . , 1972) was 

obta ined  from the  same sou rce . P ro teu s  m ir a b l l i s  PM5006 

(Coetzee and Sm it, 1970) and P ro teus  phage 5006M as w ell as 

i t s  DMA Were g i f t s  of G.H.J. P r e to r iu s  (Microbiology d ep a r t­

ment, U n iv e rs i ty  o f  P r e t o r i a ) .

CULTIVATION OF PHAGE 3

P la te  l y s a t e s . Phage was c u l t iv a te d  by the  agar overlay  

technique (Thomson and Woods, 1974) using 10^ p . f . u . / p l a t e  and 

0,1 ml o f  log . phase Vib r i o  sp .2  (O.D.550 = 0 , 8 ) .  S o f t  agar 

(LSSA) was scraped o f f  L u ria  s a l t  agar p la te s  (LSA) which had 

been incubated  overn igh t a t  30°C. Ten m i l l i l i t r e s  of 0,4M 

s a l in e  per p la te  was added and the  mixture was l e f t  a t  4°C fo r  

sev e ra l  hours . The agar and c e l l  d eb ris  were p e l le te d  in  a 

JA-10 r o to r  in  a Beckman .1-21 c e n t r i fu g e  a t  10 000 r*p.m. 

fo r  1 h o u r .

Liquid  l y s a t e s . V ibrio  sp .2  was grown in  L uria  s a l t  

b ro th  (LSB) a t  37°C, with a e r a t io n  to  O.D.550  = 0 ,2 .  Phage 

was added a t  a m .o.i* o f  0 ,5 and the tem perature  reduced to  

30°C. O.D.550 was monitored u n t i l  l y s i s  was observed (appro­

x im ately  6 h o u rs ) .  Cell d eb r is  was p e l le te d  in  a Beckman 

JA-10 r o to r  a t  10 000 r .p .m . fo r  30 minutes.
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High fcitres were grown, bofch from the s tock  <X3 ly s a te  and 

from 6 s in g le  p laq u es .  These were s to re d  above chloroform 

with no lo s s  o f  i n f e o t i v i t y .

PURIFICATION OF PHAGE o t  g

Lysates were concentrated using polyethylene g ly co l 6000 

(PEG) (Yamamoto and A lberts, 1 9 7 0 ) .  The optimal PEG concen­

tra tio n  was determined at 0,5M NaCI ( f in a l  concentration) by

varying PEG concentrations from 5 to 20 percent. PEG was

thoroughly d isso lv ed  and the ly s a te  l e f t  a t  i)0C o v ern ig h t .

The ly s a t e  was spun in  Beckman rotor JA-10 a t  8 000 r .p .m . fo r  

10 minutes and p e l l e t s  resuspended in  0,4M s a l in e  a t  i|°C fo r  

severa l hours (concentrating phage 100 tim es). PEG-precipi- 

t a te d  phage was c lea re d  by spinning at 10 000 r .p .m . fo r  45 

minutes in  a Sorval SS-4 bench c e n tr i fu g e  and an 834 r o to r .

The phage was p e l le te d  by spinning fo r  2 hours a t  35 OOOg. 

Phage p e l le t s  were resuspended in  0,4M sa lin e  overnight at 

40C. After a c la r ify in g  spin (as above) CsCI was added to 

give / 2 = 1 ,5  and = 1 , 3 8 , whore i s  the den sity  and 7% 

i s  the r e fra c tiv e  index (Bruner and Vinograd, 1 9 6 5 ) ,  The gra- 

d ie n t  was formed by spinning fo r  48 hours in  a SW-50.1 r o to r  

at 33 000  r ,p .m , in  a Beckman L2-65B u ltra cen tr ifu g e . The 

P l'g e  band was removed and d ia lysed  overnight against TE 

b u ffe r  to  remove CsCI.

BUOYANT DENSITY OF PHAGE cX l

This was determined according to Pretorius and Coetaee

(1979), using the Proteus phage 5006M as standard. This met-

hod invo lves  mixing the  two phages ( c \ 3  and 5006M) to  give 

equal t i t r e s  o f  10? p » f,u ,/m l. CsCI was added to  g ive  = 1 ,5
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A g ra d ie n t  was formed (see  phage p u r i f i c a t io n )  and f r a c t i o ­

na ted . R efrac t iv e  in d ic e s  and spo t b i t r e s  (o f both phages) 

were determined fo r  each f r a c t io n .  A ppropriate  f r a c t io n s  were 

subsequently  t i t r e d  in  d e t a i l  and in  d u p l ic a te .  Phage 0^.3  

was p la te d  on V ibrio  sp .2  and 5006M was p la te d  'on P. m i r a b i l l s  

PM5006.

DMA EXTRACTION

DMA was e x tra c te d  ..om p u r i f ie d  cA 3 phage us ing  sev e ra l  

pnenol e x t ra c t io n s  followed by ex ten s iv e  d i a ly s i s  a g a in s t  TE 

bu ffe r  (Mandell and Hershey, I960). Plasmid Col El DMA was a 

g i f t  from G.H.J. P r e to r iu s .

ELECTRON MICROSCOPY OF PHAGE c7A3 DMA

E lec tro n  microscopy war performed on DMA e x tra c te d  from 

p u r i f ie d  high t i b r e s  of the  o r ig in a l  s tock  of o< phage.

Phage DMA was v is u a l i s e d  us ing  the  method o f Coebzee and 

P r e to r iu s ,  (1979). B r ie f ly ,  phage DMA was d i lu te d  to  a f i n a l  

co n cen tra t io n  of 0,2/Ug/ml in  100 Ail of d ro p le t  s o lu t io n  

(appendix). An a l iq u o t  o f  1 - 5 ^ 1  o f 0 ,2  percen t benzydimebhy- 

1ammonium c h lo r id e  (BAG) in  100 pe rcen t formamide was added per 

100 Ail d ro p le t  s o lu t io n .  D rople ts  were formed on para f ilm  and 

l e f t  covered fo r  10 m inutes, A 300 mesh, carbon coated g r id  

was ap p lied  to  each d r o p le t .  Tbj g r id s  were f ln a te d  face  down 

on r e d i s t i l l e d  water (25 seconds fo r  v i s u a l i s in g  s in g le  

s tranded  DMA and up to s e v e ra l  minutes fo r  double s t r a n d s ) .

They were then submerg ,d fo r  20 seconds in  a f r e s h ly  made 1:300 

d i lu t io n  of 50mM urany laceba te  50mM MCI in  90 pe rcen t e th an o l ,  

and washed in  90 percen t e thano l.  Grids were ro ta ry  shadowed 

in an Edwards 12 E 12 evapora to r  using pla tinum  or g o ld ^ p a l la -  

dium, DMA was v i s u a l i s e d  in  a P h i l ip s  EM 301 e le c t ro n  microscope.
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Molecular weight d e te rm in a t io n . The m olecular weight of 

the  phage DM was c a lc u la te d  using th e  Col El plasmid (molecular 

weight i s  4 ,2  x 10® d a l to n s j  B azara l and H e l in s k i , 1968) aw 

i n t e r n a l  s tan d a rd .  Phage DM molecules were measured and com­

pared to  Col El molecules p resen t  in  th e  same f i e l d  of the

e le c t ro n  microscope.

Pa r t i a l  d e n a tu ra t io n  mapping. P a r t i a l  d e n a tu ra t io n  mapping 

o f the phage genome involved h ea ting  o f  the phage DM fo r  10 

minutes a t  58°C in  d e n a tu ra t io n  s o lu t io n  (append ix ) . D ilu t io n  

in to  d ro p le t  s o lu t io n  ( f i n a l  DM c o n ce n tra t io n  was 0 ,2  jug/m]) 

was followed by the  e le c t ro n  microsopy procedures desc ribed  al.ov*

Duplex fo rm ation . Duplexes were performed as described  

(P re to r iu s  and Coetzee, 1979)* B r ie f ly , t h i s  involved d i l u t in g  

the  DM to  a f i n a l  c o n ce n tra t io n  o f  6 ug/m! in  90 percen t forma- 

mide and subsequent hea tin g  a t  50°C f o r  10 m in u tes . A fte r  

add ition  o f 0,7 volumes o f 5 x SBC, the DMA was inoubated a t  . 

30°C fo r  15 m inutes. The DM was then d i lu te d  with 0,6 volumes 

o f a m ixture of 5 x SSC and formamide ( in  the s t a r t i n g  r a t i o  

o f  3 :5 ) .  The r e s u l t a n t  s o lu t io n  was re in cu b a ted  a t  30°C fo r  

s e v e ra l  h o u rs . This was mixed with formaldehyde in  the  r a t i o  

7:1  r e s p e c t iv e ly .  An a l iq u o t  was added to  d ro p le t  s o lu t io n  to 

g ive a f i n a l  DM c o n ce n tra t io n  of 0 ,2  jug/ml and processed fo r  

the  e le c t ro n  microscope as p rev io u s ly  desc r ibed .

RESTRICTION ANALYSIS

R e s t r i c t io n  a n a ly s is  was c a r r ie d  out using DNA from 

p u r i f ie d  high  t i t r e s  grown from both the  o r ig in a l  cA3 s to ck  

and from 6 s in g le  plaque i s o la te s *  R e s t r i c t io n  endonucleases 

were Eco R1, Bam Hi and Hind I I I  (Bo'ehringer, Mannheim). The
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fo llow ing  method was used . R e s t r i c t io n  was c a r r ie d  out in  a 

t o t a l  volume o f 50 jul. DM was d i lu te d  in  the  a p p ro p r ia te  r e ­

s t r i c t i o n  b u ffe r  (appendix), to  a f i n a l  c o n ce n tra t io n  of 12 

jbg/ml (0 ,6  m  DM per r e s t r i c t i o n ) .  R e s t r i c t io n  enzyme (1-2 vul) 

was added and the r e s t r i c t i o n  c a r r ie d  out a t  37°C fo r  2 hours .  

P r io r  to  load ing  of the  g e l ,  5 >ul o f  a 75 pe rcen t sucrose , 0,02 

pe rcen t bomophenol b lue  s o lu t io n  was added to  each r e s t r i c t i o n .

Agarose (0,75 p e rcen t)  was b o iled  in  90 ml r e d i s t i l l e d  

w ater . E lec tro p h o re s is  b u ffe r  (10 ml o f 10 times concen tra ted ) 

was added. The agarose was poured to  form a h o r iz o n ta l  g e l  of 

dimensions 140 x 190 X 3mm., having 10 w ells  each ab le  to  hold 

50 Ail, Two percent agarose  in  e le c t ro p h o re s is  b u ffe r  was used 

as wicks (McDonell e t  a l . ,  1977). Gels were run fo r 8-10 hours 

a t  60 v o l t s .

Pr or to  photography the. were s ta in ed  in  e le c t ro p h o re s is  

b u ffe r  co n ta in in g  1 ,ug^nl ethidium bromide a t  40C fo r  1 hour. 

I l lu m in a t io n  was from below, us ing  General E l e c t r i c  long wave 

u l t r a v i o l e t  lamps. Photographs were taken w ith a Po laro id  

camera EE66 with a type 665 f i lm  or a Pentax SPF with an 

I l f o r d  FP4 f i lm . The cameras were f i t t e d  with s tandard  u l t r a ­

v i o l e t  and red f i l t e r s .

N egatives were scanned us ing  the  f ilm  scanning accessory  

o f  a Varian Cary 210 spectrophotom eter.



IV : RESULTS

CULTIVATION AND PURIFICATION OF PHAGE oC j.

Phage ly s a te s  were ob ta ined  from the o r ig in a l  s tock  of 

<5^3 and from 6 s in g le  p la q u e s . P la te  and l iq u id  ly s a te s  

gave l i t r e s  o f IQlO p .f .u ,/m l .  I t  was found that 14 percent 

PEG was optim al fo r  phage cA3 p r e c ip i t a t i o n  a t  0,5M NaCI 

(p ig . 3 ) .  P E C -precip ita ted  ly s a t e s  gave l i t r e s  of about 1012 

p ,f .u ./m l during bulk p u r if ic a tio n . Phage extracted  from CsCI 

g ra d ie n ts  gave l i t r e s  in  the  o rder of 1013 p . f . u . / m l .

BUOYANT DENSITY OF PHAGE oC3

The CsCI g ra d ie n t  was f r a c t io n a te d  in to  38 f r a c t io n s  of 

approxim ately 0,13 ml each. The observed r e f r a c t i v e  index, TL  

was converted  to  d e n s i ty , ^  , using the  r e l a t io n  

10,2402 d25 -  12,6483 (Bruner and Vinograd, 1965). Spot

t i t r e s  a g a in s t  V ibrio  sp .2  and Pro teus m ir a b i l i s  PM5006 , i n d i ­

cated  th a t  phage c k  3 was p re sen t  in  f r a c t io n s  1 1-22 and 5006M 

in  f r a c t io n s  16-23. Accurate t i t r e s  o f  both phages (from the 

a p p ro p r ia te  f r a c t io n s )  were converted to  a percentage of t o t a l  

phage recovered  and t h i s  was p lo t te d  to g e th e r  w ith  the  buoyant

d en s i ty  (F ig . 4 ) .

Centres o f  g ra v i ty  ( in  u n i t s  of f r a c t io n  number) fo r  the

peaks (F ig .  4) were c a lc u la te d  as fo llow s:

F( 3) * 18,92 and F (5006M) s 20,74. The d e n s i ty - f r a c t io n

number r e l a t io n s h ip  (F ig . 4) i s :

/  =-0 , 008F + 1,662 g.cm.~3 . . . . .  1

From Fig  4 / ? ( 5006M) = 1,496 g.cm ."3,
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F ig .  3* P r e c ip i t a t i o n  of phage by polyethylene g ly co l  6000 (PEG). 
, One hundred ml. a l iq u o ts  o f  cX.3 ly s a t e  (109 p . f . u . / m l )  were made

0,5M with NaCI and PEG was added a t  vary ing  c o n c e n tra t io n s .  A fte r  
th e  PEG was d is so lv ed ,  the l y s a t e  was s to red  a t  4°C ov e rn ig h t .  
P r e c ip i t a t e d  phage was p e l l e t e d  a t  10 000 r .p .m . fo r  5 minutes 
in  a S orva l SS-4 bench c e n t r i fu g e  r o to r  S -31! and resuspended 
overn igh t in  1,0 ml s a l i n e .  A f te r  a c l a r i f y in g  sp in ,  t h i s  was 
t i t r e d  and percen t phage a t  each PEG co n cen tra t io n  was c a lc u la te d .
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F ig .  4, Percen t plaque forming u n i ts  recovered and d e n s i ty  vs. 
f r a c t i o n  number. Phages eX3 and 5006M were cen tr i fu g e d  in  
CsCI to  form a g ra d ie n t .  F ra c t io n s  were t i t r a t e d  and r e s u l t s  
a re  p resen ted  as p e rcen t  phage recovered fromm re le v a n t  
f r a c t io n s .  The buoyant d e n s i ty  was c a lc u la te d  from the 
r e f r a c t i v e  index o f each f r a c t i o n ,  o-o phage c K 3 , o-o phage 
5006M and o-o d e n s i ty .
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However, (5006M) i s  known to  be 1,491 e.ctii."3 ( P r e to n u s

and Coetzee, 1979), th erefore the correction  factor  4 / 9  i s  

_ 0,005 g .om .-3 . From equation 1 /<>( 3 ) = 1,511 g .om .-3 .

A pplication o f the correction  factor  g iv es  / ? (  0 ^ 3 )  =

1 ,506 g.cra.“ 3.

DMA EXTRACTION

DNA was e x tra c te d  from the G<3 s to ck  ly s a te  and from the 

6 s in g le  plaque i s o l a t e s  a t  a co n ce n tra t io n  of about 60 ,ug/ml.

ELECTRON MICROSCOPY OF PHAGE DNA

Molecular weight d e te rm in a t io n . F o r ty  c<3 DNA molecules 

were measured together with a sim ilar  number o f Col 81 

m olecules. Micrographs were taken at an e le c tro n  microscope 

m agnification o f 5900 (F ig . 5 ) ,  From the d is tr ib u tio n  of  

phage lengths with respect to  Col 81 length  (F ig . 6 ) i t  was 

c a lc u la te d  th a t  the  le n g th  r a tio  of oC3 DNA : Col 81 i s  8 ,2  ±  0 ,2 .

Assuming that Col 81 i s  6,34 kb (Ohtsubo and Ohtsubo, 1977), 

i t  fo llows th a t  the  genome s iz e  of tX.3 phage i s  6,34 % 8 ,2  kb, 

which i s  51,98 + 1,29 kb. The conversion o f k ilo b a se s  to  

d a l to n s  fo llows the r e l a t i o n ,  1,508  kb equals  1 x 106 d a l to n s  

(Ohtsubo and Ohtsubo, 1977). Using th is  conversion fa cto r , one 

o b ta in s  an c < 3  genome molecular weight o f  34,66 + l,95md.

This may be compared to  the  va lues  ob ta ined  by r e s t r i c t i o n

analyses  (see  p 3 0 ) .

P a r t i a l  d e n a tu ra t io n  mapping. P a r t i a l  d en a tu ra t lo n

s tu d ie s  were c a r r ie d  out on 63 molecules o f  c<3  DNA (from the

o r ig in a l d * 3  Stock) (F ig . 7 ) .  A fter d ig i t is a t io n , the mole-

c u les  were com puter-sim ulated (F ig . 8 ) .  Computer alignment of
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F ig .  5 .  E lec tro n  micrograph o f an c< 3  genome and ColEI plasm ids. 
Phage cX 3 genome len g th s  were measured with re sp ec t  o f  ColEI 
p resen t  in  the  same f i e l d .  Bar in d ic a te s  1 urn, Phage <X3 i
plasmid C o lE I^---- .

7,5 8,0 8.5 9,0
Length ratio o<;ColEI

Fig . 6 . D is t r ib u t io n  of c^.3  genome len g th s  with re sp e c t  to  the  
len g th  o f  plasmid ColEI. The len g th  of the  oC3 genome was found 
to  be 8 ,2  + 0 ,2  times the  len g th  o f  plasmid ColEI. This was 
converted to  k i lo b ases  (51,98 > 1,29 kb) and subsequently  to  
m olecular weight (34 ,66 + 1,95 Md)*
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F i£ . 7» P a r t i a l l y  denatured  <5<3 genome. Phage DMA was 
heated to  58°C fo r  10 minutes in  d en a tu ra t io n  so lu tion*  
The DMA was then d i lu te d  in to  d ro p le t  s o lu t io n  ( i i n a l  
DNA c o n ce n tra t io n  o f  0 ,2 /U g/m l). DNA was adsorbed, 
from d ro p le t  onto carbon coated  g r id s  and ro ta ry  
shadowed w ith  Pt/Pd* Bar in d ic a te s  1 m *  Denatured 
reg ions a re  ind ica ted*
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F ig . 8 . Computer s im u la tions  o f  p a r t i a l l y  denatured phage 
c O  DNA. S ix ty  th re e  p a r t i a l l y  denatured cL3 molecules 

were d i g i t i s e d  and computer s im ula ted . Denatured regions 
a re  rep re sen ted  by ' b u b b le s ' .
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the  molecules (F ig . 9a) shows th a t  cx.3 DNA i s  non-randomly 

c i r c u l a r l y  permuted. The d i s t r i b u t i o n  o f  m olecular ends (F ig . 

9b) was derived  from F ig .  9a, and shows th a t  the  perm utation 

o f  eX.3 DNA extends over 2? percen t of i t s  len g th .  The de- 

n a tu ra t io n  map (F ig . 9c) was derived  by in te g r a t in g  the  

in fo rm a t io n , p resen ted  in  F ig . 9a, w ith re sp ec t  to  the 

occurrence o f  denatured  re g io n s .

The f i r s t  s ix  major peaks from the  l e f t  (F ig . 9c) a re  

very sharp , in d ic a t in g  e x c e l le n t  correspondence o f  m olecular 

inform ation  between in d iv id u a l  molecules (F ig . 9 a ) .  The r e ­

maining two major peaks do not d isp lay  t h i s  c h a r a c t e r i s t i c ,  

suggesting  l e s s  p re c is e  correspondence o f  molecular in f o r ­

mation in  t h i s  reg ion  o f  the molecule.

Duplex Form ation. Duplex m o lecu les , r e s u l t in g  from com­

p le te  d en a tu ra t io n  o f  <K3 DNA and subsequent r e n a tu ra t io n  

Were seen to  c i r c u l a r i s e  (F ig . 10a and b ) . C i r c u la r i s a t io n  i s  

a r e s u l t  o f  c i r c u l a r  perm utation  (Tye e t  a l . , 197)1 a and b; 

Pretorius and C oetsee, 1979). C ircular m olecules a lso  possess  

two s in g le  s t ra n d  DNA p ro tru s io n s  as a d i r e c t  consequence of 

te rm ina l redundancy in  permuted molecules (Tye e t  a l . . 197)4 a 

and b ) . Forty  c \ 3  duplexes were photographed and two c la s s e s  

o f  molecules were observed. One c la s s  o f  molecules (Fig 10a) 

possesses  the  expected two s in g le  s tra n d  p r o t r u s io n s , w h ils t  

the  o th e r ,  i n  a d d i t io n  to  the expected p ro tru s io n s  possesses  

a s in g le  s tra n d  loop (F ig . 10b).



FIG 1 0 (a ) . Homoduplex of c \ 3 .  Denatut 'a tion-renafcuration of c <3 
DNA was found j r e s u l t  i n  o i r o u l a r i s a t i o n .  Two s in g le  s tra n d  
p ro t ru s io n s  a re  observed (a rro w s) , which a re  due to  te rm ina l r e ­
dundancy in  permuted m olecu les . S in g le  s t ra n d  p ro t ru r io n s  were 
found to  be 2 ,4  + 0 ,8  pe rcen t o f  the  phage genome, as determined 
from 1)0 m olecules. Bar r e p re se n ts  1 jum.

m

Fig* 10( b ) . Heteroduplex of cA3. A second c la s s  o f  c i r c u l a r  
molecules was observed from the DNA of the <^3 s to ck  ly sa te*
These possessed , in  a d d i t io n  to  the two s in g le  s tra n d  p ro tru s io n s ,  
a s in g le  s t ra n d  loop (a*row). This suggests  a dual phage popu­
l a t i o n ,  namely one w ith an in s e r t i o n  or d e le t io n  in  i t s  genome 
With re s p e c t  to  the  o th e r  * The s in g le  s t ra n d  lobp was observed 
and measured on 12 molecules as 2 ,0  p e rcen t of the  genome 
le n g th .  S ing le  s t ra n d  p ro tru s io n s  ^ — *
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Tiie i'ii'fib olarr, o f duplex moleou.Uu' (P ig . 10a) r e p re se n ts  

lh-j typ itia l hoinoUuplexv.« o m  would expoefc. The second c l a s s , 

huwuvf.r, suggests two m olecular p o p u la t io n s , which on rean -  

ru.aling e f f e c t iv e ly  fo m  Iietoroduplexeo (F ig . 10b). The 

proposed two m olecular p o pu la tions  have ex tens ive  a re a s  of 

hcwulogy. Tn f a c t ,  measurements o f  heteroduplexes re v e a l  the  

aro;. of non-homology ( the  s in g le  s t ra n d  loop) to  be only 

2 , 0  + 0 , - l  percen t of the  t o t a l  m olecular len g th .  This  appears 

to  in d ic a te  an in s e r t i o n  n r  d e le t io n  o f  2 ,0  ±  0,4 p e rc en t  in  

m olecular p o pu la tion  with re s p e c t  bo the  o th e r .

Measurements •*’ the  s in g le  s tra n d  p ro t r u s io n s , which a re  

in o f f s e t  the  te rm ina l re p e a t  (fye  e t  a l . , 1974 a and b) y ie ld  

average len g th s  o f  2,4 + 0 ,8  p e rcen t  fo r  the  homoduplexes and 

.Vi + 1,1 percen t fo r  the  he te rodup lexes . I n te r - p r o t r u s io n  

d is ta n ce s  ( the  s h o r t e s t  d is ta n c e  between p ro tru s io n s )  of 40 

molecules a re  p resen ted  g ra p h ic a l ly  (F ig . 11a). These a re  a 

consequence o f  th e  ex ten t  of perm utation (P re to r iu s  and Coetzee,

1979)• P robrusion-loop  d i s t a n c e s , measured from 12 molecules 

a re  p resen ted  (F ig . 11b). I t  w i l l  be noted th a t  i n t v r -  

profcrusion d is ta n ce s  range from 0 to  30 pe rcen t of the  genome, 

whereas p rokrusion-loop  d is ta n c e s  a re  never l e s s  than 20 p e rc en t .  

RESTRICTION ANALYSIS

R e s t r i c t io n  p a t te rn s  (F ig . 12) of the s in g le  plaque i s o ­

la t e s  show no observab le  d i f f e r e n c e  when Eco R1 (w e lls  1 and 2) 

or Bam H1 (w ells  3 and 4) a re  used. However, using Hind I I I  

one observes a d i f f e r e n c e  between the s in g le  plaque i s o l a t e s .

This d i f f e r e n c e  shows i t s e l f  as an e x tra  band (Hind c V  ) which 

la  p re sen t  in  one s in g le  plaque i s o l a t e  (popu la tion  cX. 3 - 1)
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F ig .  11(a) D is t r ib u t io n  o f i n t e r - p r o t r u s io n  d is ta n c e s .  
These were measured in  40 molecules and p lo t te d .  Such a 
d i s t r i b u t i o n  should mimic t h a t  of the  end p o in t d i s t r i b u t io n  
o f  F ig . 9b (P re to r iu s  and Coetzee, 1979), having a cu t  o f f  
p o in t  a t  27 p e rc e n t . However, an upward trend  i s  observed 
a t  20-25 p e rcen t ,  and t h i s  i s  exp lained  in  terms of the  
erroneous in c lu s io n  o f i l l - r e s o l v e d  he t^roduplexes.
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F ig .  11(b). D is t r ib u t io n  o f  Pro trusion-Loop d is ta n c e s .  The 
d is ta n c e  between the  s in g le  s tra n d  loop and the n e a re s t  p ro t ru ­
s ion  was measured. Note th a t  the minimum d is ta n ce  observed i s  
20-25 percen t o f  the  t o t a l  molecule le n g th .  Also no te , th a t  
the  d i s t r i b u t i o n  decreases  towards in c re a s in g  percen tages .
This Im plies  t h a t  the  r e l a t i v e  i n s e r t i o n  has occurred 20-25 
pe rcen t from th a t  end o f  the  molecule, d i s t a l  to  the  pad s i t e .
A lo c a t io n  o f 20-25 p e rcen t  from the  pac s i t e  would have led  to  
a d i s t r i b u t i o n  e x h ib i t in g  a maximum a t  the  in s e r t i o n /d e l e t i o n  
s i t e  (as observed) bu t a decrease  towards the  axes o r ig in .

ggiiagttr
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but not in  the  o th e r  (popu la tion  d  3 2 ) , 0 f  the  6 s in g le  

plaque is o la te s  screened, 4 exh ib ited  band 3-1) and 2

d id  not ( 3 .2 ) .  The o r ig in a l  q^3  s tock  a lso  possesses

Hind .

Using a p a r t i a l  Eco Hi d ig e s t  of phage 5006M DNA as mole­

c u la r  weight s tandards  (P re to r iu s ,  pe rsona l communication), the  

molecular weights o f  the Hind I I I  r e s tr ic t io n  fragments were 

determined (F ig . 10) as fo llow s: Hind A/B (8,2Md), Hind <X 

(7,6Md), Hind C (6,4Md), Hind D (4,5Md), Hind E (3,7Md) and 

Hind F (2,9Md). These g ive a t o t a l  fragment s iz e  of 33,3Md

fo r  o ^ 3 .1  and 33,9Md fo r  CX3.2.

The Hind I I I  r e s t r i c t i o n  p a t te rn  of <5<,3 DNA shows one 

r e l a t i v e l y  l e s s  in te n s e  band: Hind C (F ig . 12). The o r ig in  of 

t h i s  band may be traced  to  the  c i r c u l a r  perm utation o f  genomes

(Jackson e t  a U , 1978 a and b ) .

The r e l a t i v e l y  low i n t e n s i t y  of band Hind C can be 

c l e a r l y  seen on the  spec tropho tom etr ic  scan o f Hind I I I  r e -  

s tr lo t io n  o f <7^3.1, (X 3 .2  and the o r ig in a l ly sa te  (F ig .

13).



F ig .  12. Comparison o f  r e s t r i c t i o n  p a t te rn s  o f  DMA from phage 
'AS ly s a t e s .  Eco R1 ( lan es  1 and 2) and and Bam HI ( lan es  

3 and 4 ) r e s t r i c t i o n s  o f  3• 1 and 3 .2  e x h ib i t  no d i f ­
fe rence  between two s in g le  plaque I s o l a t e s .  Hind I I I  
r e s tr ic t io n  (lan es 5 and 6) ex h ib its  band 'JK in  one o f the 
s in g le  plaque i s o l a t e s  ( v k 3 ,1,lane 5) but not in  the other 
( cA 3 . 2 , lane  6 )« Band cyL. i s  a lso  observed in  the  Hind 
p a t t e r n  of th e  o r ig in a l  >X3 ly s a t e  ( lan e  7)• Note the r e ­
l a t i v e l y  f a i n t  band Hind C. Molecular weights (Md) were 
derived  from a  c a l i b r a t io n  curve based on phage /\ fragment 
weights to which the  Eco R1 p a r t i a l  d ig e s t  of 5006M DNA (lane  
8 ) had been r e l a t e d .
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Hind III Restriction Fragments

F ig .  13. Speobrophotometfic scan of bhe Hind i l l  re sb r ic b io n  
pabberns o f  (a) o r ig i n a l  c< 3  sboclc (b) populabion c < 3 . 1 , (wibh 
th e  re la b iv e  d e le t io n )  and (c) populabion c <  3 .2  (wibh the  r e ­
l a t i v e  i n s e r t i o n ) .  Note th a t  band A/B (p o pu la tion  C-C3.2) i s  
re so lv ed  i n to  two bands (popu la tion  0 ^3 . 1) and th a t  both popu­
l a t i o n s  a re  p resen t in  the  o r ig in a l  s to ck . Also note bhe le s s  
in te n s e  band Mind C in  a l l  c a se s .
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V : DISCUSSION

Considering the  c^3  buoyant d e n s i ty  (1 ,506g. cm.~3.) ,  

genome m olecular weight (3ll>66 x 10^) and G, I . content 

(Thomson and Woods, 1974) i t  can be concluded th a t  phage 

has a p ro te in  caps id  (Weigle and Meselson, 1959) • Chloroform 

s e n s i t i v i t y  i s  u su a l ly  a s s o c ia te d  w ith  a l i p i d  con ta in ing  

capsid  (e .g .  B radley and R u therfo rd , 1975; Coetzee e t  a l . , 1979). 

' th e re fo re  . an a l t e r n a t i v e  b a s is  fo r  the  rep o r te d  0^3 

chloroform s e n s i t i v i t y  (Thomson and Woods, 1974) may be 

in d ic a te d .

P a r t i a l  d e n a tu ra t io n  s tu d ie s  (F ig .  9a and b) rev ea l  th a t  

th e  phage <5<3 genome i s  non-randomly c i r c u l a r l y  permuted over 

27 percen t o f  i t s  len g th .  This i s  shown by th e  d i s t r ib u t io n  

o f  molecular ends (F ig . 9a and b ) . Non-random c i r c u l a r  permu­

t a t i o n  i s  a t t r i b u t e d  to  the  'h e a d fu l '  mode o f packaging (Tye 

e t  a l . , 1974 a and b ) . In  phage 0 ^ 3  packaging s t a r t s  a t  the 

pac s i t e  ( a t  the  a b sc is s a  o r ig in )  and proceeds from l e f t  to 

r i g h t  (F ig . 9o)^ Therefore  the  'h e a d f u l '  packaging hypothesis  

can now be extended to  in c lude  the V ib rio  phage cX3«

The len g th  o f  the  concatemer can be estim ated  by dena- 

t u r a t io n - r e n a tu r a t io n  s t u d i e s , which r e s u l t  in  c i r c u la r  

m olecules, (Rhoades e t  a l . , 1968). C i r c u la r io a t io n  i s  re p re ­

sen ted  d ia g ra m a t ie a l ly  (P ig .  7.). Such c i r c l e s  were observed 

f o r  phage o i  3 (F ig .  10a). These c i r c l e s  show 2 s in g le  s tran d  

p ro tru s io n s  whose leng ths  can be equated with th a t  of the  

te rm in a l re p e a t  (F ig .  2 ) .  Phage £A3 has a te rm ina l rep ea t  

o f  2,4 + 0,8 pe rcen t of i t s  DMA lengch . This f a c t ,  to g e th e r



34

with b  s len g th  o f  the  maximum perm utation  of 27 p e rcen t f a c i ­

l i t a t e s  c a lc u la t io n  o f  a concatemer len g th  of 11 + 3 1 h e a d fu l1 

e q u iv a le n ts .  Such a concatemer leng th  i s  in  agreement with 

those  proposed fo r  P22 (Tye e t  a l . , 1974 a and b) and fo r  50C6M 

(P re to r iu s  and Coetzee, 1979) namely 10 and 1 2 + 3  r e s p e c t iv e ly .  

In  v ivo form ation of a concatemer re q u ire s  p r io r  c i r c u l a r i s a -  

t io n  o f  the phage genome. In phage <X3 t h i s  was achieved v ia  

a recombination event between the  te rm ina l r e p e a ts ,  as i s  the 

case in  P22 (Susskind and B o ts te in ,  1978) and 5006M (P re to r iu s  

and Coetzee, 1979).

D e n a tu ra t io n - re n a tu ra t io n  o f  c<3 molecules rev ea led  two 

pop u la t io n s  o f  c i r c l e s  : the expected c i r c l e s  with two s in g le  

s t ra n d  p ro tru s io n s  (F ig . 10a) and those having a s in g le  s tran d  

loop s t r u c tu r e  in  a d d i t io n  to  the  two usual p ro tru s io n s  (F ig . 

10b ) .  The l a t t e r  i s  taken to  in d ic a te  th a t  the phage <X3 

ly s a t e  used in  these  experiments c o n s is t s  o f  two phage popula­

t io n s ,  one with an i n s e r t i o n  o r d e le t io n  o f  2 ,0  + 0,4  percen t

o f the  genome len g th  with re s p e c t  to  the o th e r .

As phage c&3 i s  packaged by a 'headful' mechanism a re ­

l a t i v e  in s e r t i o n  or d e le t io n  (as  above) w i l l  not a f f e c t  the  

m olecular weight determined e le c t ro n  m ic roscop ica lly  and w i l l  

e x e r t  l i t t l e  or no in f lu en c e  on the  phage buoyant d e n s i ty .  In  

c o n t r a s t ,  however, such an I n s e r t io n  or d e le t io n  should a f f e c t  

the  len g th  o f  the  te rm in a l  re p e a t  (Susskind and B o ts te in ,

1978). One would, th e re fo re ,  expect the <X3 he teroduplexes  

(F ig . 10b) to  e x h ib i t  s in g le  s t r a n d  p ro tru s io n s  whose len g th s

d i f f e r  by the  len g th  o f  the  s in g le  s tran d  loop . In  view of
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the  la rg e  s t a t i s t i c a l  v a r ia t io n  on the  p resen t measurements 

and a lso  on s im i la r  such measurements (P re to r iu s  and Coetzee,

1980) the  observed p ro tru s io n  len g th  o f 2,4 percen t i s  not a t  

va riance  w ith  th e  p e rm iss ib le  d i f f e r e n c e  o f 1,9 p e rc en t .

Another observab le  consequence of a 2 pe rcen t r e l a t i v e  in s e r ­

t io n  or d e le t io n  i s  seen in  P ig .  11 a and b. The d i s t r i b u t io n  

o f  in t e r - p r o t r u s io n  d is ta n c e s  (F ig . 11a) should mimic th a t  

observed fo r  m olecular end po in ts  (F ig .  9b) (P re to r iu s  and 

Coetzee, 1979). This d i s t r i b u t i o n  (F ig . 11a), however, d i s ­

p lays  an upward tren d  a t  20-25 percen t and continues p a s t  the 

expected cu t  o f f  p o in t o f  27 pe rcen t th a t  F ig .  9b suggests  as 

l im i t in g .  This unexpected fe a tu re  can be exp lained  i f  some of 

the  c o n tr ib u t in g  molecules with i n t e r - p r o t r u s io n  d is tan ces  of 

20-25 percen t and upwards were in  f a c t  he te rodup lexes . Such 

erroneous In c lu s io n  o f  he teroduplexes  can r e s u l t  from molecu­

le s  with poorly  reso lved  or broken loops and lo s s  of one 

p ro tru s io n .  The l a t t e r  f e a tu re  i s  observed q u i te  f r e q u e n t ly .

The p robrusion-loop  d is ta n c e  d i s t r i b u t i o n  (F ig . 11b) runs from 
20-25 p e rc e n t  upwards, c l e a r ly  In d ic a t in g  th a t  the  genome i s  a l t e r e d  a t  

' '-20-25 percen t from the terminus d i s t a l  to the  pao s i t e .  More

evidence to  t h i s  e f f e c t  can be seen from the p a r t i a l  dena tu ra-

t io n  map (F ig .  9 c ) .  The two le s s  sharp  peaks a t  the r ig h t-h an d

s id e  of the  map may r e f l e c t  the  i n s e r t i o n  or d e le t io n  in  one

sub-popu la tion  o f  molecules with re s p e c t  to  the  o th e r .  The

d e n a tu ra t lo n  map, th e re fo re ,  a lso  sugges ts  th a t  the  i n s e r t io n

or d e le t io n  s i t e  i s  20-25 p e rcen t  (minimum p ro tru s io n - lb o p

d is tan ce )  from the r ig h t-h an d  end o f the molecule ( i . e .  75-80

percen t from the  £ac s i t e ) .  The proposed s i t e  i s  in d ic a te d  by

an arrow (F ig . 9 c ) .
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Confirmation fo r  the  e x is ten ce  of a mixture of molecular 

popu la tions  in  the  c x j  l y s a t e  used in  the  i n i t i a l  s tu d ie s ,  r e ­

s u l t s  from the r e s t r i c t i o n  a n a ly s is  (P ig . 12) which d isp la y s  

the  absence of the  Hind <1*  fragment from one s in g le  plaque 

DMA popu la tion  ( tX  3 .2 )  as  compared to  the  o th e r  ( /X  3 .1 ) .  I t  

appears th a t  the double band A/B ( -X 3 .2 )  i s  re so lved  in to  two 

bands A and <X ( iX  3 .1 )  • The molecular weight d if fe re n c e  

between A and oC is  0 ,6 x 10^, in  agreement w ith  the  s iz e  of 

the  d e le t io n  observed e le c t ro n  m ic roscop ica lly  (0,7  + 0 ,2  x 10^ ) .  

Hence thn <X3.1 genome e x h ib i t s  a d e le t io n  r e l a t i v e  to  the 

cX3*2 genome. D en sitom etr ic 'scann ing  o f the Hind I I I  r e s t r i c t i o n  

p a t te rn  (F ig . 13) of ( X 3 . 1, c < 3 .2  and c < 3  ( o r ig in a l  ly s a te )  

in d ic a te s  th a t  in  the  l a t t e r  the  C X 3 .1 • CX 3 .2  r a t i o  i s  1 ,25.

F a i lu r e  to  demonstrate a d i f f e r e n c e  with Eco Hi and Bam HI 

may be exp la ined  i f  the  r e l a t i v e  d e le t io n  i s  lo ca ted  on a 

fragment much l a rg e r  than Hind A/B in  these  d ig e s t s .  Such a 

small d i f f e r e n c e  (0 ,7  + 0 ,2  x 10&) i s  not e a s i l y  reso lved  on 

0 ,75% agarose  g e ls  fo r  l a r g e  fragm en ts ,

I t  i s  th e re fo re  concluded th a t  the cp<,3 s tock  used in  

these  s tu d ie s  c o n s is ts  o f  a mixture o f  two phage popula tions  

w h ils t  the  s in g le  plaque i s o l a t e s  a re  homogeneous. This f a c t  

i s  i n t e r e s t i n g  as  no sugges tion  o f  a dual phage popu la tion  has 

been observed during s tan d a rd  g en e t ic  m anipulation  o f  th i s  

phage-host system. F u r th e r ,  a p r a c t i c a l  a p p l ic a t io n  o f  th i s  

homogeneity p re sen ts  i t s e l f *  Compton and Slnsheimer (1977) 

have po in ted  out the  d i f f i c u l t i e s  of c o r r e la t in g  the p hys ica l 

map ( p a r t i a l  d e n a tu ra t io n )  with the  g en e t ic  map in  molecules
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which a re  not unique and which do not have d is t in g u is h a b le  ends. 

Phage o< 3 DM obviously  f a l l s  in to  t h i s  c la s s  of molecules, 

and one can th e re fo re  expect s im i la r  problems. However, the 

abovementioned workers overcame th i s  d i f f i c u l t y  by a r t i f i c i a l l y  

in s e r t i n g  a small p iece  o f  fo re ig n  DM i n to  the  molecule under­

s tudy . On forming he teroduplexes  with the  normal molecular 

form an e a s i ly  observable  s in g le  s tra n d  loop i s  observed a t  a 

f ixed  m olecular p o s i t io n  and serves  as a re fe ren ce  p o in t .  

Obviously the  dual phage popu la tion  of -*X 3 i s  id e a l  fo r  such 

s tu d ie s ,  w ithou t f u r th e r  (m an ipu la tion .

The m olecular weights o f  the  X 3  Hind I I I  r e s t r i c t i o n  

fragments g ive  a t o t a l  o f 33,9Md fo r  popu la tion  X 3 . 2 and 

33,3Md f o r 3*1 (F ig . 12) as compared to  34,7Md determined 

e le c tro n  m ic ro sco p ica lly ,  showing very good agreement between 

the two techniques .

The Hind I I I  r e s t r i c t i o n  p a t te rn  (F ig . 12 and 13) o f  the  

o r ig in a l  3 s tock  DM (w ell 6 ) d isp la y s  one f a i n t  but sharp  

band Hind C. This i s  taken as confirm atory  evidence fo r  the  

permuted n a tu re  of the  o < 3  phage genome (Jackson e t  a l . , 1978 

a and b ) .

O bservation of 1 permuted* bands in  agarose g e l s ,  depends 

on va rious  f a c t o r s .  A la rg e  perm utation g iv ing  r i s e  to  a 

la rg e  d i s t r i b u t i o n  o f  r e l a t i v e l y  small fragments w i l l  render 

them i n v i s i b l e  due to  a d i lu t io n  e f f e c t .  Also, la rg e  f ra g ­

ments th a t  a re  permuted may not appear d isp e rse d ,  because 

agarose g e ls  a re  r e l a t i v e l y  In s e n s i t iv e  to  changes i n  fragment ■ 

s iz e  a t  high m olecular weights (H elling  e t  a l . , 1974). such
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arguments may exp la in  the absence o f 'permuted' bands in  the

r e s t r i c t i o n  p a t te rn s  of Edo R1 and Bam HI (F ig . 10).

The m olecular o r ig in  o f the r e la t iv e  in sertio n  or d e le ­

t io n  i s  of i n t e r e s t .  One p o s s i b i l i t y  i s  th a t  the  in s e r t i o n  i s  

u n s tab le  and due to  an in s e r t i o n  sequence (IS e lem en t) . The 

observed r e l a t i v e  in s e r t i o n  (or d e le t io n )  in  the  DNA o f the 

3 phage i s  "I 1,04 k l lo b a se s  in  leng th  (2 percen t of 51,98 

k i lo b a s e s ) .  Known IS elements of a sim ilar  s iz e  a re  IS1 to  IS5 

(Saedler and Ghosal, 1978). I f  such ar IS element i s  involved  

then the  population co n ta in in g  the in s e r t i o n  may be u ns tab le  

due to  p re c is e  ex c is io n  o f the  element (K leckner, 1977 5 

S ta r l in g e r  and S a e d le r ,  1976). A recent model has been pro­

posed to  exp la in  the  t r a n s p o s i t io n  process (Shapiro , 1979).

This model p o s tu la te s  that a l l  transposable elements r e p l i c a t e  

during t r a n s p o s i t io n  and therefore remain a t  th eir  o r ig in a l  

i n s e r t io n  s i t e  w h ils t  'jumping' to  another p o s i t io n .  However, 

t h i s  model does no t serve to  ex p la in  the  observed phenomenon of 

rev e rs io n  to  wild type o f  m utations caused by IS elements 

(Kleckner, 1977 I S ta r l in g e r  and S a e d le r , 1976).

A l te rn a t iv e ly  the in s e r t i o n  or d e le t io n  may be due to  a 

s ta b le  recom bination e v e n t . At th i s  s t a g e , no experiments 

have been conducted to  determine the m olecular o r ig in  of the 

dual phage po p u la t io n .  Such an in v e s t ig a t io n  may prove 

va luab le  in  f u tu r e .  Perhaps repeated  rounds of subcu ltun ing  

o f the  sep a ra ted  popu la tions  w i l l  provide in fo rm ation  as to 

the  s t a b i l i t y  o f  the  in s e r t i o n /d e l e t i o n .
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In  conc lus ion , the  c i r c u l a r l y  permuted n a tu re  of the  c < 3  

genome i s  o f  i n t e r e s t  in  view o f the known g e n e ra l is e d  t r a n s ­

ducing a b i l i t y  o f  t h i s  phage (Woods and Thomson, 1975) as a 

c i r c u l a r l y  permuted genome i s  a fe a tu re  of phages capable of 

g e n e ra l is e d  t ra n sd u c t io n  (MacHattie and G i l l ,  1977 5 Susskind 

and B o ts te in ,  1978). This s tudy , th e re fo re ,  se rv es  to  extend 

t h i s  property  o f  a phage to  y e t  another spec ies  o f  bacterium . 

Previous o b serv a tio n s  have been confined to  phages of 

( S t r e i s in g e r  e t  a l . , 196*1 and 1967), Salm onella  (Susskind and 

B o ts te in ,  1978) and P ro teus  (P re to r iu s  and Coetzee, 1979).

The f a c t  t h a t  a dual phage p o pu la tion  was demonstrated 

suggests  th a t  the  phage 6 * 3  genome can be a l t e r e d  in  i t s  DMA 

c o n ten t ,  while r e t a in in g  v i a b i l i t y .  The p resen t  study o f f e r s  

no exp lana tion  fo r  the high frequency o f  u n s tab le  t ra n sd u c ta n ts  

p e c u l ia r  to  the  V ib rio  system (Woods and Thomson, 1975)• No 

h . f . t .  l y s a te s  (Hayes, 1968) have been i s o la t e d  from Vibr io  

(Woods and Thomson, 1975). These workers p o s tu la te  th a t  th i s  

may be due to  inadequate  sc reen in g . The p re sen t  study 

su g g es ts ,  from the  m olecular s t r u c tu r e  of the  phage 

genome, th a t  such h . f . t .  l y s a t e s  should be o b ta in ab le  and i s  

th e re fo re  in  agreement with the  abovementioned ex p lan a tio n  fo r  

f a i l u r e  to  i s o l a t e  such a l y s a t e .  The p resen t work may a lso  

prove of value in  e lu c id a t in g  phage growth on s t a t io n a r y  phase 

c e l l s  i f  a mutant phage, incapab le  o f  such growth i s  i s o l a t e d .  

Such m utation could r e s u l t  in  a l t e r a t i o n  of the  mutant ©(, 3 

d e n a tu ra t io n  map as compared to  the wild type map, p resen ted  

in  t h i s  d i s s e r t a t i o n .
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DSNATQHATION SOLUTION

Formaldehyde 3%
Sodium A ceta te  10mM
Triethanolam lnc BOrnM

STONE aa 10% formaldehyde in  above b u ffe r  
and b u ffe r  (an above) at Jl°C .

DROPLET SOLUTION

Formamide 30%
Sodium Acetate, 0 , 1M
Tniethanolamine LTOmM
pH (8 ,0) w ith  ar.nl i r  no id

STORK a t  1,0c.

ELECTROPHORESIS BUFFER (Xi)

I r i s  HOI HOmM
Sodium Aoetatu 50mM
KDTA 1OmM
Ph (7 ,7)

LUK1A SALT BROTH (LEW)

Baoto Trypbone lOg
Bacto l e a s t e x t r a c t  5g
Analar M ad 2 3 , tg

water ,1 l i t r e

LURl'A SALT AGAR (LSA)

L8B l  l i t r e
Uxoid Agar Noi 3 12g

LUMA SOFT SALT AGAR (LSSA)

LSB
Oxoid Agar No. 3

1 l i t r e  
6g
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RESTRICTION BUFFERS (XI)

Eoo R1

Bam HI

Hind I I I

T r is  HCl 0 , 1M
NaCl 50mM
MgClp 10mM

pH(7,5)

T r is  HCl 0,1M
MgC1o lOmM

pH(7,5)

T r is  HCl 6raM
NaCl 50mM
MgC12 6mM
BSA «lmg/ml

pH(7,5)

SALINE

NaCl 23, 4g
water 1 l i t r e

SSC (XI)

NaCl 0 ,1 5M
Na c i t r a t e  0,015M

pH(7,0)

TE BUFFER

T ris  HCl lOmM
EDTA 10mM

pH(8,0)

Unless o therw ise  s ta t e d ,  a l l  chemicals were from Merck,.
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