
ll/rolecrrla.r Ctraracterization of the Plasrnld.s 1n

Vz'þrz'o c¡1elene stra'irr V5A'

Eveline Jutta Bartowsky, B.Sc' (Hons') (Adelaide)

Department of Microbiology and Immunology

The UniversitY of Adelaide

A thesis submltted for the degree of

Doctor of PhilosoPhY

June 1988



To m.v llum and D¿rd,

for their love and

understandin g



CONTENTS

Page

Abstract

Statement

Abbreviatlons

CHAPTER 1

1.1

1.8

CHAPTER 2

vli

.ix

.xi

INTRODUCTION

Introduction ..

t.2 Pathogenesis of cholera....

Cryptlc plasmids
V factor..

I

1

1.2.r
r.2.2

1.3

1.3.3

1.5.2
1.5.3

1.6
1.6.1
1.6.2
r.6.3
I .6.3.1
r..6.3.2

1.6.3.3
1.6.3.4

2.1
z.t.l
2.t.2

Cholera toxin.......
3
5
7

1.3.1
1.3.2

Regutatlon of cholera toxin.

Plasmids 8
I

Coniugatlve plasmids..... '.............'.10
Nonconjugative plasmids... 11

Plasmtds in Vlbrio cholerae.. .....-........'..12
P factor..... T2

T4
16
t7
t7

R plasmids........

V. cholerae non-01 Plasmids .. 18

L.4
1.4.1
t.4.2
1.4.3
1.4.4
1.4.5
1.4.6

1.5
1.5.1

L factor

RoIe of plasmids in PathogenicitY
Virulence plasmids..
Plasmids and toxins ..,........

Mechanlsms of genetic exchange..
Transformation
Transduction.....
Conjugation...
Hfr formation
F of E'. coli K-12 as a model
conJugation system......
Regulation of the tra operon '.....
Surface exclusion

Growth media of bacteria
Media.,...

l8
.18
D'

P factor and pathogenicitY.. z3

25
24

27

31
32

26

28

29

1.7
I .7.1
t.7 .2

Genetlc analysis in V. cholerae..'.......'.....'..........33
Vibriophages .34
Genetic mapping 35

Objectives of this studY rt,

MATERIALS AND METHODS ..38

38
38
38Antibiotics..............



it

L

t
3
4 Growth rate of bacterla ...-.

I
I 39

Chemicals and reagents.......... ".'"""""'392.2

2.4

2.5

2.6

2.8.3

2.8.4

2.8.5

2.8.9

2.8.10

2.8.11

2.8.10

2.9

2.r0

2.tl

2.12
2.t2.1
2.12.2

2.3
2.3.L
2.3.2

2.t2.3
2.t2.4
2.r2.5

Enzymes
Restriction endonucleases....
DNA modifYing enzymes

T4 DNA polYmerase ...........'.
Ligation of linkers to blunt
DNA ends
Manipulations with
toxin operon

the cholera

Small scale cell fractionation..'..'.
Outer and inner membrane separation

40
40
40

Bacterial strains and plasmids.......... """'40

Transformatlon procedure """"""'41

2.7
2.7.1
2.7.2
2.7.3
2.7.4
2.7.6

DNA isolations
P factor DNA isolation.
Purified plasmid vector DN
Plasmid DNA for screenlng

42
42
43
44

2.8
2.8.1
2.8.2

Genomic DNA from V. choLerae................""""""'45
Preparatlon of lambda DNA 46

DNA manipulations .."""""""'47
DNA quantitation... 47

Digestion of DNA bY restriction
endonucleases ........
Analytical and preparative separation
of restriction fragments ........
Size determination of restrlction
fragments
Atkallne phosPhatase treatment
of vector DNA. 49

In vitro cloning of P factor DNA """""49
Nick translation method """"'49
Southern transfer and
hybridization . 50

End-filling or end-labelling with
Klenow fragment 51

End-filling or end-labelling with

47

48

48

2.8.6
2.8.7
2.8.8

51

51

52

pPM854 construction 62

Promoter detection using Tn1732Tc """'52

Construction of PPM860, a ctxAB
deletion 52

Protein procedures"......-..... 53

Whole cell extracts.......... ""53
SmaII scale cell envelope isolation.... 64

54
55

Minicell procedure 56



iii

2.r2.6

2.t2.7

2.13
2.13.1
2.19.2

2.r4
2.L4.1
2.t4.2
2.r4.3

2.15

2.16

2.17

2.18
2.18.1
2.t8.2

2.19

2.20

2.21

DD'

2.23

2.23.1

2.23.2

2.24
2.24.1
2.24.2
2.24.3

2.26

2.26

2.27

SDS-polyacrylamide gel
electrophoresis (PAGE) ...
AutoradlograPhY

Transposon mutagenesis
Transposition with Tn 1726...-...
Transposltion with Tn5 and Tn

.67

.57

.58

56
57

58
58
58
59

Serum reslstance 59

Metal reslstance """59

Ileal loops ............ ......... -..-....."""""""' 59

Motility test for V, choLerae............. "" 60

Soft agar overlay assay """"'60
Capillary test for bacterial
chãmotaxis............. "" 60

Baby mouse protection assay .."""""""60

In vÍvo colonizatÍon test """'61

In vltro assay of adherence........... .61

Cholera toxin assay.. 62

Bacterlophage methods .......
Plaque assay..
Plate propagation if bacteriophage
Bacterlophage efficieny of plating.

Measurement of chloramphenicol
acetyltransferase (CAT)................... ;,

Minimal inhibttory concentration
(MIC) of chloramphenicol

62

62

Spectrophotometric assay for CAT..

ConJugations
ConJugation with V. cholerae -

Filter matings

.63

..63

..63

..64

..64Surface exclusion index

Incompatibtlity testing """""' 64

Lacunae assay .......'...'."""""'65

Thermal stable dlrect haemolysin
(TDH) detection """'65

Computer ge
analysis .... , .

A sequence
..............66

2.28 nerated DN



tv

CHAPTER 3

3.1

3.2

3.4

3.5

3.6

. 3.7

CHAPTER 4

4.t

4.2

IDENTIFICATION OF PLASMIDS IN
V. CHOLERAE STRAIN V58 AND

EXAMINATION FOR POSSIBLE FUNCTIONS...".......'' 67

Introduction ... .. '

Identification of three plasmids in
V. cholerae strain V58.

Possible functions of the P factor
Serum resistance
Metal ion resistance..............
Incompatibility.............,l

Transfer of the P factor into other
bacterial species....

3.3
3.3.1
3.3.2
3.3.3

68

68
69
69
70

83

Possible role of the large cryptic
plasmid 72

Possible role of the small cryptic
plasmid

Conclus1ons ...........

RESTRICTION ANALYSIS AND PHYSICAL
MAPPING OF THE P FACTOR "........,,...,..78

Introductlon .........' 78

Restriction endonuclease analysis of
the P factor..... 78

Physical mapping of the P factor.. """"80

Subcloning of the P factor...... 82

4.3

4.4

4.5

4.6

4.7

4.8

CHAPTER 5

6.1

5.2

Proteln expression in -E' coli K-12 of
subcloned fragments of the P factor..

4.5.1
4.5.2

Protein expression in whole cells .-..;.....""""""" 83

Protein expression in minicells. ""'84

Attempts to subclone fragments
EcoRI-l, .EcoRI-2B and XöaI-l of
the P factor 87

Analysis of Plasmid PPM804." 88

Conclusions......

RESTRICTION ANALYSIS AND PHYSICAL
MAPPING OF THE TWO CRYPTIC PLASMIDS
OF V. CHOLERA.E STRAIN V58 .""..

Introduction ....

Restriction endonuclease analysls

92

92

otof the large cryptic Plasmid



v

5.6.1
5.õ.2

5.3

5.4

5.5

5.6

5.7

5.8

5.8.1
5.8.2

5.9

6.1

6.2

6.3

6.4

6.6

6.6

6.7

7.r

Subcloning of DNA fragments of the
large cryptlc Plasmid..... 93

Tn1732 labelling of the lcP 94

Analysis in .8. coli K- 12 of proteins
produced by subclones of the large
cryptic plasmid 94
Whole cell analysis.............. 94

Minicell analysis 95

Restrlction endonuclease analysis
of the small cryptic Plasmld 96

Subcloning of the small cryptic
plasmid 96

Analysis of the proteins encoded
by the small cryptic plasmid
Whole cell anaIysis...............

96
96

Minicell analysis 97

Conclusions........... ..................97

MOLECULAR EPIDEMIOLOGY OF THE PLASMIDS
OF'Y. CHOLERAE CLASSICAL STRAIN V58
AND RELATIONSHIPS TO OTHER PLASMIDS

Introduction. 99

Plasmid profile of Vibrio sPecles 100

CHAPTER 6

CHAPTER 7

Probing Vibrio strains for the
presence of the P factor, lcP and
scp by colony hybridization...

Southern hybridization to detect
the presence of the P factor and
scp in Clinical isolates

Homology between the V factor and
the large cryptic Plasmid

Compatiblllty of the V and P

factors

Conclusions ..........

THE ROLE OF THE P AND V FACTORS
IN THE VIRULENCE OF V. CHOLERAE,,.

Introduction

Methods employed

...........100

...........101

... r0t

99

105

105

106
106

. r03

104

7.2
7.2.L Strain construction...



vt

7.3

7.4

7.6
7.5.1
7.5.2

cholera toxin"""' ""' 1oz

Cholera toxin promoter. """" 107

Ftuid accumulation in adult
rabblt ileal looPs ............

Conclusions ...........

DISCUSSION

Restriction analYsis of the three
piasmids ln V. cholerae strain V58...'

Possible roles of the scP and lcP
The large cryptic Plasmid .

The small cryptic Plasmid.

Physical analysis of the P factor.'.'.

Physical analysis of the crYPtic
plasmids

r06

107

7.6

7.8

CHAPTER 8

8.1

8.2

7.7
7.7.1
7.7.2
7.7.3

Constructlons........
Effects on the ctxAB Promoter
ln the presence or absence of
thePandVfactors 109

Infant mouse virulence model...' lll

Colonization ................. 111

Growth rates of the 5698 P/V serles "ll2
In vÍtro adherence assay ""' 113

Attenuating factor of P? . 113

. 114

.115

Introdrrcttol..........: ...............115

Identification of three Plasmids
in V. cholerae strain V58 and
relâtedness to other plasmids ..'.""""' 116

The cryptic plasmids...'.'....... ..."""""' 117

The V factor as a Plasmid.........
8.2.L
8.2.2

8.3

8.6

8.7

1

8.4
8.4

8.5
8.5.1
8.5.2

Possible roles of the P factor " 119

Roles of the P and V factors
in vlrulence..'...... """"122

119

124
t24
L24

8.7 .l
8.7.2

The large
The small

cryptic ptasmid (lcP).
cryptic plasmid (scP)

127

. 134

. 135

.135

8.8 Epidemiology of the three plasmlds
of strain V58

8.9 Concluding remarks

Appendix: Publications

BibllograPhY

136



vii

ABSTR.A.CT

V58 is one of the prototype strains used in the genetic analysis of

Vibrlo cholerae and has been found to contain three plasmids' The

largest of these corresponds to the P sex factor which except for its

abitity to promote low level transfer of chromosomal markers is cryptic

like the other two Plasmids.

The aim of this work was to characterize these three plasmlds on a

molecular and physical basis as well as to investigate thelr possible

functions. The three plasmids have been identified in whole genomic DNA

extracts of V58 and sized by agarose gel electrophoresis and electron

mlcroscopy. Restriòtion 
,endonuclease 

cleavage maps of the three plasmids

have been constructed and the sum of the fragment slzes agrees with

other measurements: P, 68 kb; large cryptic plasmid (lcp)' 34 kb; small

cryptic Plasmid (scP), 4.7 kb.

Most of the EcoF.l and Xbal fragments of P have been cloned and

the proteins encoded within these fragments analysed in both rvhole cells

and minlcells. Concerted effort has failed to clone the remalning

fragments suggestÌng they may contain tethal functions in the absence of

other regions of P. The number of protelns detected in the subclones

does not .account for the potential coding capacity suggesting that

important regulatory regions/genes have not been cloned on the fragments'

similarly the lcp and scp have been subcloned and the proteins analysed.

possible propertles of P have been examined includlng resistance to

serum and metal ions, but no effect could be seen comparlng P+ and P-

strains. The ability of P to transfer to different hosts and its

relationship to the incompatibility type strains has been examlned' P ls

unique in its propertles and also could be shown to encode a surface
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excluslon system. It has been previously reported that P plays a role in

the suppresslon of virulence of hypertoxlnogenlc strains. Studles here

have demonstiated that the suppression of virulence by P is due to poor

colonlzation of the small intestine. Transposon mutagenesls of P has

enabled the reglons associated with transfer and surfaee excluslon to be

mapped on the plasmid, hor,vever the region(s) responsible for suppression

of virulence could not be localized.

The lcp has no phenotype except that lt can also be shown to be

transferable and is identical to the V plasmid described in non-O1

V. cholerae and a 31.5 kb (21 MDal) plasmtd identifiéd in Classlcal stralns

Isolated durlng the sixth pandemic.

A role for the scp has not been identified. It appears to be the

same as the 4.6 kb (3 MDal) plasmid detected ln Classical strains isolated

durlng the sixth Pandemic.

Using subclones of these various plasmlds, it has been possible to

examlne their distribution ln other Vlbrio specles by DNA hybridization'

None of the plasmids were found in Vlbrio species other than in

V. cholerae OL even though numerous plasmids were detected in non-01

isolates.
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