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SUMMARY

Various transposons were used in conjunction with plasmid, bacteriophage
and prophage delivery strategies in an attempt to generate non-capsular, but
otherwise isogenic mutants in Klebsiella pneumoniae. No single system proved
to be entirely suitable for all strains of Klebsiella pneumoniae, although the
majority enjoyed a limited degree of success amo‘ngst a narrow host range.

Stable non-capsular mutants of K.pneumoniae 5055 were finally generated
using the suicide vector pRT733 and its constituent transposon, TnphoA.
Mutants failing to express capsular polysaccharide were identified using a battery
of immunological and electron microscopy techniques.

TnphoA fusion joints were cloned from the non-capsular mutants into
pUC19 and preliminary restriction maps of the resultant recombinant plasmids
were produced. Transposon-induced mutations leading to the production of a
non-capsular phenotype could not be complemented either by recombinant
plasmids from other non-capsular mutants or by plasmids containing the rcsA
gene which has been shown to be involved in Klebsiella capsule biosynthesis.

A major role was confirmed for K.pneumoniae K2 capsular polysaccharide
in resistance to phagocytosis by polymorphonuclear leucocytes. However, the
capsule does not appear to function as a barrier to the bactericidal effects of

serum.
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ABBREVIATIONS

ApR - ampicillin resistance

Ap® - ampicillin sensitivity

BSA - bovine serum albumin

°c - degree(s) centigrade

c.fu. - colony forming unit

pCi - microCurie(s)

CPS ‘ - capsular polysaccharide
CmR - chloramphenicol resistance
CmS | - chloramphenicol sensitivity
cm™ - cubic centimetre(s) (10'3)
'DNA - deoxyribonucleic acid
EDTA - ethylenediaminetetraacetic acid
g - gram(s) |
ng - microgram(s) (10'6)

h - hdur(s)

kb - kilobase(s)

kDa - kilodalton(s)

KmR - kanamycin resistance

KmS - kanamycin sensitivity

A - lambda

1bs sq in’1 - pounds per square inch
LPS | - lipopolysaccharide

M - molar(s)

mA - milliampere(s)

min - minute(s)

ml - millilitre(s) (1031)

uM - micromolar(s) (1_0'6M)



mM
ng
nm

OD

SDS
Sm
TES
Tc
uv

Ulug

- millimolar(s) (10~M)
- nanogram(s) (10'9g)

- nanometre(s) (10'9m)

- optical density

- ribonucleic acid

- second(s) -

- sodium dodecyl sulphate
- streptomycin resistance
- TRIS-EDTA-saline

- tetracycline resistance
- ultra violet

- units per microgram

- volt(s)

v
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" CHAPTER 1: General Introduction



1.1 Introduction

Among the members of the family Enterobacteriaceae is the genus
Klebsiella. Klebsiellae are non-motile, acrobic and facultatively anaerobic
Gram-negative rods. Both Klebsiella pneumoniae and Klebsiella oxytoca
species are known to be pathogenic for man. Most strains of Klebsiella are
surrounded by an extracellular polysaccharide material which is organised to
form a discrete capsule. This capsule can be readily demonstated by the
exclusion of India ink in microscopic preparations (Duguid, 1951). The
capsule is immunogenic and can elicit the production of specific anti-capsular
antibodies in mammals. Currently, at least 77 different capsular serotypes

have been recognised (Orskov and Fife-Astbury, 1977).

1.2 Clinical Significance of Klebsiella

In healthy patients, Klebsiella may exist as commensal micro-
organisms either in the upper respiratory tract or, less commonly, in the
intestine. Infections due to klebsiellae may be community-acquired (Haddy
et al, 1987), but are usually nosocomial (Montgomerie and Ota, 1980).
Indeed, where a hospitalized patient has an underlying defect, or has been
subjected to an invasive procedure or chemotherapy, the potential for
Klebsiella infection is dramatically increased. Factors predisposing to
Klebsiella infection include age, cancer (Bodey et al, 1989), surgical incision,
catheterisation (Montgomerie and Ota, 1980), low birth weight and
ankylosing spondylitis. During the past forty years, klebsiellae have become
increasingly important as causes of nosocomial infections, accounting for
some 20 infections per 10000 patient discharges (Jarvis gt al, 1985).
Klebsiella species may produce severe disease including urinary and wound
infections, meningitis, peritonitis, ostecomyelitis and even emphysematous
septic arthritis (Broom and Beebe,1988). Additionally, K.pneumoniae can be

2



a rare, but devastating primary lung pathogen (Silverblatt and Weinstein,
1979).

Klebsiellae have also played a major role in the general increase in
Gram-negative bacteraemias during recent decades, ranking second only to
Escherichia coli in this respect (Bryan gt al, 1983; McGowan ¢t al, 1985).
Mortality rates for patients with Klebsiella infections have been reported to
be as high as 12% (Steinhauer et al, 1966) and between 20 and 50% for
Klebsiella bacteraemias (Garcia de 1a Torre et al, 1985; Montgomerie and
Ota, 1980; Terman gt al, 1972). Although in many cases associated with the
patient’s underlying condition, mortality rates have also reportedly increased
where the strain of Klebsiella was resistant to antibiotics used in treatment
(Ma et al,1983; Jarvis et al,1985).

One of the major problems in treating bacterial infections today is the
rapid evolution and subsequent spread of plasmids encoding resistances to the
most modern of antibiotics. Brun-Buisson and co-workers (1987) have
identified a plasmid in Klebsiella responsible for combined resistance to a
cephalosporin and an aminoglycoside which has been shown to be
transmissible to other Enterobacteriaceae in the hospital environment. This
report is especially disturbing in light of the fact that this is often the
treatment of choice for Klebsiella infections.

These factors have led an upsurge of interest in klebsiellae. Much
work has centered on the development of potential vaccines for the control of
Klebsiella infections (Cryz, 1990) and major studies have been conducted in
order to improve typing methods and to facilitate a greater understanding of

the epidemiology of the species (Simoons-Smit, Ph.D Thesis, 1987).



1.3 Seroepidemiology of Klebsiella

Four different methods have generally been used in order to type

Klgbsigllg spp.:-

1. Serotyping (Kauffmann, 1949)

2. Bacteﬁophage typing (Slopek ¢t al, 1967)

3. Bacteriocin typing (Bauernfeind, 1984)

4. Biochemical typing (Simoons-Smit et al,1987)

Serotyping, in particular capsular serotyping, has generally become
the most popular due to the existence of a large number of capsular types (K-
antigens) as well as its high reproducibility. Several methods may be used in
this respect including, capsular swelling (quellung reaction, Kauffman, 1949),
immunofluoresence (Riser et al, 1978) and counter-current
immunoelectrophoresis (Palfreyman, 1978).

Numerous seroepidemiological studies have been undertaken in order
to assess any correlation between capsule type and both virulence and site of
isolation within the body (Riser and Noone, 1981). Many of these studies
have implicated serotype K2 as one of those most frequently isolated (Cryz et
al, 1986; Caséwell amd Talsania, 1979). In addition, it has also been shown
in one study of urinary tract infections that K2 isolates clearly predominated,
possibly due to some, as yet, unidentified advantage (Martin gt al, 1971). It
has been suggested that strains of K.pneumoniae whose capsular antigen
contains mannose may be more susceptible to lectin-mediated phagocytosis
and thus less virulent than other isolates where the K-antigen does not contain
mannose (Athana et al, 1989). However, the fact that both the K2 and K21

(another frequently isolated serotype) capsules contain mannose may call this

argument into question.



1.4 Virulence Factors In Klebsiella - An Overview
Amongst the numerous putative virulence determinants so far

described in Gram negative organisms, the following have all been shown to
play a role in the capacity of klebsiellae to cause disease:-

i) Capsular polysaccharide (CPS; K antigen).

ii) Lipopolysaccharide (LPS; O antigen).
iii) Extracellular toxic complex.

iv) Pili.

v) Iron-sequestering mechanisms.

vi) Enterotoxin and haemolysin.

1.4.1 Capsular polysaccharide

The presence of an extracellular capsular polysaccharide is a
virulence factor of critical importance in klebsiellae and clinical isolates are,
almost without exception, encapsulated.

A number of groups have demonstrated that the degree of virulence
is directly related to the presence, the size and rate of synthesis of the capsule
in mouse skin (Simoons- Smit gt al, 1986), burn-wound sepsis (Cryz et al,
1984), intraperitoneal (Ehrenworth and Baer, 1956) and pulmonary
(Domenico et al, 1982; Domenico et al, 1985) infection models.

Although the precise function of the capsule in the pathogenesis
of klebsiellae infections has yet to be established, its role in enhancing
resistance to both serum killing and phagocytosis has received much

attention, both in Klebsiella and other bacteria.



1.4.1.1 Serum resistance

The complement system and phagocyte are major components of the
mammalian host defence mechanism and their killing effect must therefore be
circumvented if the bacteria are to survive and proliferate.

Complement is a series of proteins ( C1-C9 ) which acts in a cascade
fashion resulting finally in the death of the bacterial cell. Itcan be activated
either by the classical paihway, requiring the formation of an antigen-
antibody complex or by the alternative pathway which can be triggered by,
amongst others, microbial polysaccharides. The alternative pathway is
particularly important in neonates where the supply of circulating antibodies
may be limited (Morrison and Kline, 1977). In spite of their being activated
by different stimuli, each pathway leads to the deposition of the protein C3b
on the activating cell surface and the cell is killed by subsequent insertion of
the terminal C5-C9 attack complex into the bacterial cell membrane and
concomitant leakage of cellular fluids. The C3b component of complement
and specific antibody can also serve as opsonins, rendering bacteria highly
susceptible to phagocytosis. Opsonisation

is mediated through phagocyte receptors for C3b and the
Fc portion of immunoglobulin G.

A number of reports usually concerning E.coli have implicated
capsular polysaccharide in bacterial resistance to serum killing (Glynn and
Howard, 1970; McCabe et al, 1975; Leying et al, 1990).

Work by different groups has suggested that the K-antigen does have
some role to play in the conferment of serum resistence upon some strains of
Klebsiella. Simoons-Smit et al (1986), using serum-resistant K.pneumoniae
strains of different serotypes found that some remained resistant to the effects
of 10% normal human serum when devoid of their capsular antigen. Fresh

human serum was also found to be bacteriostatic for a non-capsular smooth



mutant (K2'01+) (Williams et al, 1983). These studies were conducted using
mutants deficient in capsular polysaccharide synthesis obtained by detection
of spontaneous K~ colonies on nutrient agar or by mutagenesis with
nitrosoguanidine respectively (Poxton and Sutherland, 1976) . In each case,
the mutants were then assumed to be isogenic with respect to all other outer
envelope constituents. Traptmann et al (1988) have also shown using a CPS-
specific monoclonal antibody that the capsule can interfere with the
deposition of complement onto the cell surface, thus preventing activation of
the complement cascade. However, other studies using different strains have
demonstrated that capsular polysaccharide does not play an important role in
survival in serum (Tomas gt al, 1986). This study also used spontaneous non-

capsular mutants.

1.4.1.2 Phagocytosis

A more conclusive role for the K-antigen of Klebsiella and other
bacteria seems to be in the protection of these organisms from phagocytosis.
Williams et al (1983) found that in the absence of specific antisera,
encapsulated K.aerogenes strains were far more resistant to phagocytic uptake
than non-capsulated mutants. Work by Allen et al (1987) has confirmed
these observations in a K.aerogenes K21 clinical isolate. This effect has also
been demonstrated in Pseudomonas aeruginosa (Meshulam et al, 1984),
Bacteriodes fragilis (Connolly et al, 1984; Reid and Patrick, 1984) and in
E.coli (Verweij-Van Vught et al, 1984). Hence, loss of K-antigen may render
an organism suseptible to phagocytosis following opsonisation by
complement (Williams ¢t al, 1983, 1986; Simoons-Smit ¢t al, 1986). This
resistance effect of encapsulated bacteria in non-immune serum appears to be
the result of the capsule interfering with the ability of complement to

opsonize either by blocking activation and subsequent binding of C3b to



surface components or by burying bound and activated complement within
the capsular material (Joiner et al, 1984), thereby denying its exposure to
polymorphonuclear leucocytes.

Bacterial cell interaction with phagocytes and opsonins is known to be
affected by the physiochemical properties of the bacterial cell surface and, in
particular by its degree of hydrophilicity (Stendahl, 1983). Loss of either the
K or O antigen may inﬂuenée these properties in Klebsiella, although only
the K-antigen protected the organism from phagocytosis in the presence of
complement (Ciurana gt al, 1987).

Surface charge has been postulated, in a number of bacteria, to inhibit
contact between the bacterial cell and phagocyte (Stendahl, 1983). Both the
capsule of Klebsiella type K21b and the polysaccharide colanic acid have
been shown by partitioning experiments in aqueous two-phase polymer
systems, to confer a strong negative charge on the surface of the cell.
However, only the Klebsiella capsule was shown to provide almost complete
resistance to phagocytic uptake (Allen gt al, 1987) although th}s may also be a
function of the form of attachment of the capsule, the colanic acid being more
loosely fixed (Sutherland, 1977). Indeed, it has also been observed that
different capsules may confer different anti-phagocytic properties (Glynn and
Howard, 1970).

Van Oss and Gilman (1972) measured the angle of contact between
flat layers of bacteria and drops of saline and, using this technique, found a
correlation between the surface properties of bacteria and their degree of
phagocytosis by polymorphonuclear leucocytes. Pathogenic bacteria tended
to have a lower contact angle than that of the polymorphonuclear leucocyte.
The ability of bacterial capsules to lower this contact angle may be

responsible for their anti-phagocytic properties.



Upon contact with the polymorphonuclear leucocyte, the bacterium
becomes engulfed by it, and comes to lie within a phagosome. Fusion of the
phagosome with a lysosomal granule forms a phagolysosome and bacteria are
subjected to a range of oxygen-dependent and independent destructive
mechanisms. Since the oxygen-dependent processes are dominant, there is an
associated dramatic increase in oxygen consumption and stimulation of the
hexose-monophosphate shuﬁt. Chemiluminescence-based detection (Allen gt
al, 1977) takes advantage of this shift in oxygen use and is often used to
indirectly quantitate phagocytosis using luminol to enhance the reaction.

The Klebsijella K antigen has also been shown to play a role in
resisting phagocytic killing (Allen gt al, 1987). The non-capsular derivative
also showed some level of resistance to intracellular degradation and was far
less susceptible than the E.coli DH1 (a rough strain) which may emphasize an
involvement for lipopolysaccharide in this type of resistance.

Specific antibody is generally necessary for effective opsonisation to
occur (Robbins gt al, 1980). The specific antibody need not be anti-capsular
since anti-LPS antibodies have also been shown to be effective in opsonizing
encapsulated klebsiellae of serotype K2 (Williams et al, 1983). This suggests
that the K-antigen does not completely prevent access of antibody directed
against the O-antigen. This has subsequently been confirmed in other studies,
notably by Meno and Amako (1990) and by Williams et al (1988). This latter
group has also shown however, in an earlier study, that the K1 capsular
antigen may exert a potential masking effect over the anti-O antibodies. They
described, using immunoabsorption studies, how anti-O sera failed to
opsonize a clinical isolate K1t o1 possessing lipopolysaccharide
immunologically identical to that of the K2 strain, unless the amount of
capsule was physically reduced. The anti-O antibodies were bound, but not

situated at the outermost point of the cell surface, thus failing to promote



phagocytosis. This line‘of thought is also supported by Kadurugamawa gt al
(1988) who have shown that klebsicllae have the capacity to be agglutinated
by anti-LPS antisera, but only in the presence of subinhibitory amounts of
cephalosporins which serve to reduce capsule formation. When taken
together, this would suggest a possible role for capsule size, specific capsule

type, or both, as important virulence determinants.

1.4.1.3 Role of capsule size

Ehrenworth and Baer (1956) demonstrated that capsule size and its
rate of production were important factors in determining the pathogenicity in
mice of a K.pneumoniae K2 type strain. Cryz et al (1984) showed that in a
mouse burn wound model, a highly encapsulated strain of K.pneumoniae was
far more virulent than colonial variants possessing smaller capsules. A
distinct correlation between capsule size and pathogenicity has also been
observed in a rat lobar pneumonia model (Domenico et al, 1982). Heavily
encapsulated strains of K.pneumoniae capsular serotype K1 have also been
shown to cause severe metritis in horses. Interestingly a less heavily
encapsulated strain caused only a very mild metritis and a non-capsular strain
none at all (Kikuchi gt al, 1987). No attempt was made however, to analyse
other cell surface components with regard to their consistency between

strains.

1.4.1.4 Role of capsular serotype

A number of reports have also described a correlation between
Klebsiella capsular serotype and virulence as observed in a variety of animal
models. Cryz gt al have found that only serotypes K1 and K2 are virulent in
burn-wound sepsis (Cryz et al, 1984), lobar pneumonia (Cryz et al, 1986) and
immunosuppression models (Cryz et al, 1983). These serotypes, together

10



with strains representative of serotypes K4 and K5 were also found to be far
more virulent in a murine model (Simoons-Smit et al, 1984) than all other
serotypes tested. This particular model defined a virulent strain as having the
ability to persist and multiply in experimentally induced skin lesions in mice.
In a further study, eighty-two strains of varying origins, all belonging to the
Ol group but to different K groups, were tested for virulence for mice by
intraperitoneal inoculation (Mizuta et al, 1983). Of these, only members of
the K2 serotype proved to be highly virulent, that is the 50% lethal dose was
less than 10 colony-forming units. However, two strains were judged
avirulent in spite of the fact that they possessed K2 capsules as revealed by
the quellung reaction, indicating that other factors were necessary for full
expression of virulence. Of the K1:01 type strains tested, a small number
were shown to be moderately virulent, with the remainder being of low or no
virulence. All strains exhibiting K antigens 3 to 82 were found to be of very
low virulence or were avirulent. In each of the latter two studies, no
correlation was observed between virulence in mice and the clirica! site of

isolation in human patients.

1.4.1.5 Interference with opsonisation by capsular polysaccharide

Although highly opsonic in vitro, the protective effect of anti-
Klebsiella CPS antibody can sometimes be negated. It has been proposed that
Klebsiella capsular polysaccharide interferes with opsonisation mediated by
anti-CPS antibody at several different levels (Cryz, 1990). Firstly a
proportion of the CPS may become physically detached from the cell when
anti-CPS antibody is bound. Because this CPS is no longer cell-bound, the
cell cannot be opsonized or subsequently phagocytosed. Virulent strains
release large quantities of cell-free extracellular capsular polysaccharide into
the surrounding culture medium (Domenico and Straus, 1985). This

11



extracellular CPS may bind anti-CPS antibody at a distance far removed from
the cell, thereby nullifying its effect. This role for CPS could conceivably be
supported by the study of Pollack (1976) who demonstrated that high levels
of circulating capsular antigen (antigenemia) in patients seemed to correlate
well with thé severity of infection, with persistence of active infection areas
and with a poorer prognosis than in patients without antigaenemia.
Reductions in the amount of capsular polysaccharide produced in yitro can be
accomplished via the addition of sodium salicylate (Domenico et al, 1989).
The concentrations required are apparently physiologically achievable in
humans and within the therapeutic range of aspirin, thus providing a possible
means to reduce the drastic effect of Klebsiella CPS.

Other effects of Klebsiella capsular polysaccharide include:-
i) Interference with the protective immune response

Orskov (1956) found that the more heavily encapsulated strains were,
the lower the level of homologous antibodies produced during an infection.
This phenomenon was also apparent when crude preparations of CPS were
injected into mice (Batshon ¢t al, 1963; Baer et al, 1954) and was thought to
be caused either by inhibition of antibody production itself or by
neutralisation of tissue-fixed polysaccharide.
ii) Macrophage development and function

The generation of macrophages from precursor cells in an in yitro
cultivation system was markedly suppressed by the addition of this
polysaccharide (Yokochi et al, 1977; 1979), although the precise mechanism
of action was not completely clear. The CPS preparation was not cytotoxic
for any major spleen cell population.
iii) Adjuvant effect

Purified CPS from klebsiellae is believed to have a strong adjuvant
effect on antibody responses to various antigens in mice (Ohta et al, 1979)
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and can act as a polyclonal B-cell activator (Nakashima and Kato, 1974).
Furthermore, CPS has interferon-inducing (Kato gt al, 1975) and infection-
promoting effects (Kato gt al, 1976). This latter action is believed to be
caused by an inhibition of phagocyte intracellular anti-bacterial activity.
iv) Biofilm formation

The CPS may be instrumental in promoting the formation of biofilms,
an important factor in the later stages of colonisation of mucosal surfaces
(Williams and Tomas, 1990).

v) Barrier to water loss

During passage between hosts, the capsule prevents dessication of the
cell. Indeed, encapsulated klebsiellae seem to survive on skin for longer
periods than non-capsulated strains (Hart et al, 1981).

Recently, Nassif et al (1989), described a 180-kilobase plasmid which
was believed to be responsible for the observed virulence of K.pneumoniae
K1 and K2 isolates. The plasmid directs the synthesis and expression of a
mucoid phenotype in klebsiellac which was observed to correlate well with
virulence. The substance responsible for the mucoidy was shown to be

neither the Klebsiella capsular polysaccharide nor colanic acid.

1.4.2 Lipopolysaccharide

Lipopolysaccharide is a major constituent of the outer membrane and
is unique to Gram-negative bacteria. It is composed of three regions: a
lipophilic region (lipid A) covalently attached to a rough core oligosaccharide
which is, in turn, covalently bound to a polysaccharide side chain, the O-
antigen. This is the portion of the molecule which determines serotype
specificity. Some eight chemically distinct antigens have so far been
recognised in Klebsiella species (Mizuta gt al, 1983) with the O1 serotype

being the most common in clinical isolates (Orskov and Orskov, 1978).
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Bacteria whose LPS contains the O-antigenic side-chain are referred to as
smooth, whereas those lacking this component are known as rough, owing to
their colonial morphology.

While there is still some degree of controversy concerning the
function of the K-antigen in resistance of klebsiellae to the effects of
complement-mediated serum killing, there seems to be little doubt that the
lipopolysaccharide plays a crucial role. Williams et al (1983) found that
serum, via both the classical and alternative pathways, was bacteriostatic for a
smooth, encapsulated mutant (01*K2") and rapidly bactericidal for a rough
encapsulated mutant (O17K2"), both of which were derived from the same
smooth encapsulated parent (Ol+K2+). They suggest, therefore, that the O-
antigen confers a high level of protection against the killing effect of serum.

In contrast, the results of other studies show that LPS and, in
particular, the O-antigenic side chain is the sole mediating factor of serum
resistance in strains of this species (Tomas gt al, 1986; Ciurana and Tomas,
1987). Specifically, they discovered that, unlike low-molecular weight LPS,
high-molecular weight LPS from serum-resistant strains of Klebsiella could
completely inhibit the serum bactericidal activity. Thése findings have been
corroborated by McCallum gt al (1991) who also suggested that the O-antigen
chain length and its ability to bind complement (C3b) at a distance away from
the outer membrane, as in Salmonella montevideo (Joiner et al, 1986) may be
the crucial factor. McCallum gt al (1991) do not however, dismiss a
structural alteration as being the source of the extra protection endowed by
the high molecular weight LPS, as has been shown in other salmonellae
(Grossman and Leive, 1984; Liang-Takasaki et al, 1983). Although LPS is
not thought to interfere with phagocytic uptake, it may, as mentioned
previously, allow longer intracellular survival subsequent to phagocytosis
(Allen et al,1987)
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Absorption of sodium ions in tracheal epithelium may also be affected
by LPS from K.pneumoniae (Tamaoki et al,1991). It has been postulated that
when a bacterial infection causes damage to the airway epithelia, LPS may
interact with the sub-mucosal membrane and lead to inhibition of sodium ion

absorption, possibly resulting in hypersecretion of airway surface fluid.

14.3 Extracellular toxic complex

K.pneumoniae is capable of causing a lobar pneumoniae in normal
animals (Domenico gt al, 1982), characterised by extensive pulmonary tissue
destruction. Mizuta et al (1983) suggest that something other than cell-
associated material may be involved in virulence and Straus and co-workers
have implicated an "extracellular toxic complex" (ETC) as an important
factor in klebsiellae infections (Straus et al, 1985; Straus, 1987). Isolates of
both serotypes K1 and K2 were shown to produce the material which is
composed of capsular polysaccharide (56-79%), lipopolysaccharide '(14-33%)
and protein (4-10%) during 2all phases of growth. When infected
intraperitoneally, the purified ETC was lethal for mice and was capable of
producing the same extensive pulmonary pathology as seen in an active
Klebsiella pneumonia. The toxic effect of the complex was attributed to its
LPS fraction, since the toxicity was not destroyed by boiling or exposure to
proteolytic enzymes, but was completely removed after saponification.
Immunisation with sub-lethal quantities of ETC was able to afford complete
protection against homologous and heterologous challenge, possibly due to
antibody directed toward the O1 LPS antigen which was common to all
strains used. Further, Straus (1987) goes on to envisage the normal course of
a K.pneumoniae infection as being determined initially by the size of the
capsule and the immunological status of the animal. If early infection is
established, release of extracellular LPS may lead to a depression of the
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reticulo-endothelial system and the organism will multiply freely. Once
sufficient numbers of bacteria exist, they will produce large quantities of the

ETC which in turn kills the host.

1.4.4 Pili and mannose-inhibitable adhesins

As in many other bacterial species, the existence of pili in Klebsiella
would seem to be a major factor in mediating bacterial attachment to mucosal
surfaces, a necessary step if an infection is to become established. Fader and
Davis (1980; 1982) have shown that type 1 pili (mannose-sensitive), found on
the surface of more than 80% of clinical isolates (Przondo-Hessek and
Pulverer, 1983), promote adherence to the surface epithelium of rat bladders
and that piliated strains cause a far greater degree of renal damage than do
non-piliated strains in a rat pyelitis model. Furthermore, Maayan et al (1985)
demonstrated that fimbriate klebsiellae were positively selected for from a
mixed population of fimbriate and non-fimbriate phenotypes following
intravesicular inoculation of mice. Genetic analysis has shown that two
antigenically distinct forms of type 1 fimbriae exist (Gerlach and Clegg,
1988a), although no attempt has so far been made to correlate these forms
with virulence.

Most strains of K.pneumoniae also produce a mannose-resistant type 3
pilus (Przondo-Hessek and Pulverer, 1983) which has been reported to
facilitate tanned erythrocyte agglutination as well as bacterial adherence to
yeast cells and plant roots (Duguid, 1959; Korhonen gt al, 1983). Both type 1
and type 3 pili are expressed in encapsulated strains; indeed, type 3 pili may
actually be anchored into position by the capsular matrix (Gerlach and Clegg,
1988b)

Pruzzo and colleagues (1980) have discovered that outer membrane
proteins acting as receptors for coliphage T3 and T7 can also serve as a
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mannose-inhibitable adherence (MIAT) mechanism bringing about binding to
epithelial cells. This seems to protect the bacteria from phagocytosis and
intracellular killing by polymorphonuclear leucocytes, thus enhancing their
virulence. Moreover, MIAT-negative derivatives of MIAT-positive strains
were approximately 60-fold less pathogenic, had lost their ability to colonize
epithelia and were more susceptible to phagocytosis (Pruzzo et al, 1982).
Passive immunisation with antibody against MIAT-positive bacteria was also
found to be more protective than antisera derived from immunization against
MIAT-negative cells. However, the MIAT system has so far only been found
in unencapsulated strains and hence the extent to which it is involved in
human Klebsiella disease, where almost all isolates are encapsulated, is
unclear at the present time. One recent report has characterised the protective
capacity of outer membrane proteins from a non-capsular derivative of an
encapsulated parent strain (Serushagb ¢t al, 1989). The involvement of the

MIAT proteins was not determined.

1.4.5 Iron-sequestering mechanisms

Some strains remain avirulent in spite of possessing the K1 or K2
capsular serotype and the O1 or other O-antigens, suggesting that other
factors may be involved in virulence. Work by Nassif et al (1986) has
correlated the virulence of some K1 and K2 isolates with the presence of a
180-kilobase plasmid which encodes the production of the hydroxymate
siderophore aerobactin and its receptor protein. Aerobactin and its associated
receptor form an iron-scavenging system which is produced by a number of
enterobacteria. Only strains which carried this plasmid were virulent. When
the aerobactin genes were introduced into avirulent isolates, their virulence

¥

was increased 100-fold as judged by a mouse lethality test.
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K.pneumoniag has also been reported to produce enterochelin (a
phenolate siderophore) as well as a number of iron-repressible outer
membrane proteins (Williams et al, 1984; 1987). These systems can be used
to overcome the condition of iron deprivation that is generally found in

infected animal tissues (Bullen and Griffiths, 1987).

1.4.6 Enterotoxins and haemolysin
Klebsiellae are known to produce heat-labile (L.T) and heat-stable
(ST) enterotoxins (Klipstein et al, 1983).
Albesa (1989) has identified a thiol-activated haemolysin produced by
a number of K.pneumoniae strains which behaved similarly in some ways to
streptolysin O. Both of these extracellular proteins may be involved in the

pathogenicity of klebsiellae.

1.5 The Structure of Klebsiella Capsules

Klebsiella capsules are mainly composed of water (99%) which
hydrates a heteropolymeric polysaccharide (Sutherland, 1972), thus
expanding the space that would be occupied by the dehydrated cell.

The fine structure of Klebsiella capsular polysaccharide has been
demonstrated using electron microscopy and was initially shown to consist of
a layer of thin filaments extending from the outer membrane and surrounding
the cell (Springer and Roth, 1973). Further analysis has revealed two distinct
layers of capsule (Amako et al, 1988). In the inner layer the filaments extend
outward, lining up almost parallel to one another, while in the outer layer the
fibres intertwine with each other to form the capsular matrix.

Detailed structural studies have been carried out, using a wide variety
of chemical techniques, on the capsular material of most of the 77 Klebsiella
K serotypes (Sutherland et al, 1977; Kenne and Linberg, 1983). They have
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been found to be acidic polysaccharides composed of a repeating
oligosaccharide unit, the vast majority of which contain glucuronic acid
linked to hexose and 6-deoxyhexose sugars. Some serotypes are also known
to contain pyruvate, acetyl or formyl groups. The repeating units of different

serotypes are usually similar in that they contain a three (K2; Gahan et al,

1967), four (K21; Choy and Dutton, 1973) or five unit sugar backbone (K44;

Dutton and Folkman, 1980) with a single or double sugar side chain.
However, serotype K5 contains only a three sugar repeat unit with no side
chain (Dutton and Yang, 1972). Despite the fact that only a relatively small
number of individual monosaccharides are involved, different arrangements
of these components allow for a large number of alternative structures to be
constructed. Inevitably though, some epitopes are similar, leading to
immunological cross-reactions between serotypes such as K2 and K13.

As has been mentioned previously, the K2 capsule is one the most

frequently encountered serotypes. This particular serotype contains a 3 sugar

unit backbone consisting of 2 units of glucose on either side of, and linked by

1-B-4 bonds to a single mannose unit. Branching from the mannose, and

linked through a 1-a -3 bond is a glucuronic acid molecule (Figure 1.1).
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D-glucuronic acid
1
a
3 184 3 1p4 la
——D-glucose————D-mannose———D-glucose——

Figure 1.1: Structure of the repeating unit of Klebsiella

pneumoniae type 2 capsular polysaccharide.
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1.6 Biosynthesis of capsular polysaccharide in Klebsiella

The central role of undecaprenyl phosphate as the phospholipid carrier
in the biosynthesis of capsular polysaccharide in K.aerogenes was discovered
by Troy et al (1971). In the strain investigated the repeating unit was found
to be a tetrasaccharide. A particulate enzyme complex catalyses the
incorporation of the constituent sugar nucleotide derivatives into the
oligosaccharide unit and subsequently into the lipid carrier fraction (Figure
1.2). Undecaprenyl phosphate initially takes up a single galactosyl phosphate
molecule and then mannose, glucuronic acid and a second galactose moiety
are added in turn to form the lipid-linked tetrasaccharide. This is then
polymerised to form the native capsular polysaccharide. Work by Sutherland
and Norval (1970), using mutants blocked at different stages of
polysaccharide production has confirmed that the lipid-linked sugars are
involved in capsular polysaccharide biosynthesis in K.aerogenes. The lipid
carrier is also involved in other areas where a particular unit structure is
repeated throughout 2 macromelecular preduct, notably in lipopelysaccharide
(Wright et al, 1967) and peptidoglycan (Higashi gt al, 1967).

Undecapfenyl phosphate was also postulated to play an important role
in the biosynthesis of the E.coli K1 capsular polysaccharide (Troy, 1979).
Recent studies on the E.coli K5 polysaccharide, however, have suggested that

a lipid intermediate is not involved (Boulnois and Jann, 1989).
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Figure 1.2 Steps involved in the biosynthesis of capsular polysaccharde from

K.aerogenes (Troy et al, 1971).

(i) UDP-Gal + P-lipid = Gal-P-Plipid + UMP
(i) Gal-P-P-lipid + GDP-Man —, Man-Gal-P-P-lipid + (GDP)
(iii) Man-Gal-P-P-lipid + UDP-GlcA —, GlcA-Man-Gal-P-P-lipid + (UDP)

(iv) GlcA-Man-Gal-P-P-lipid + UDP-Gal —, Gal-(GlcA)-Man-Gal-P-P-lipid
| + (UDP)
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1.7 Genetic Analysis of Capsule Production
The genes responsible for the production of the polysaccharide capsule

and exopolysaccharide have been cloned from a number of different bacterial

species including E.coli serotypes K1 (Silver et al, 1981; Echarti et al, 1983),
K4 (Drake et al, 1990), K5, K7, K12, and K92 (Roberts et al, 1986); Neisseria
meningitidis group B (Frosch et al, 1989) and Haemophilus influenzae type b.
In addition, a great deal of work has been done in attempting to analyse the
genetics of capsule biosynthesis in type III group B streptococci and
Xanthamonas campestris pv. campestris (Hotte et g_l,‘ 1990) while somewhat

less emphasis seems to have been placed upon klebsiellae.

1.7.1 Genetics of capsule production in E.coli
The genes encoding the E.coli K1 capsular polysaccharide are to be
found within a 17kb fragment and are arranged into three distinct functional

regions (Boulnois et al, 1987).

1.7.1.1 Region 1
Region 1 (8kb) is believed to encode functions responsible for transport
of the fully formed polysaccharide across the outer membrane and its

subsequent expression on the outer surface of the cell (Boulnois and Roberts,
1990; Kronke et al, 1990). Mutations in this region will result in the
intracellular (periplasmic) accumulation of the mature polysaccharide.

Minicell analysis has revealed that five proteins, ranging in size between

38kD and 74kD are determined by region 1 (Boulnois and Roberts, 1990). It
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has been speculated that the 38kD protein may be responsible for dispersal
of newly exported polysaccharide and its organisation into a capsule (Boulnois
and Jann, 1989).

This region is also thought to be important during the onset of polymer
biosynthesis via the production of CMP-KDO synthetase. Studies have
indicated that the gene for CMP-KDO synthetase, the enzyme forming CMP-
KDQ, lies in region 1 (Finke et al, 1989). It has been postulated that the
transfer of KDO from CMP-KDO to an acceptor initiates synthesis of group
II polysaccharides (Finke et al, 1989). If the CMP-KDO gene is co-regulated
along with export functions, then polysaccharide biosynthesis may be coupled
to the export process (Boulnois and Jann, 1989).

Much of the information concerning the role of region 1 has been
gleaned from studies on the genetics of E.coli KS and K7 polysaccharide

production, although the conserved nature of this region in all serotypes so far
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tested implies that the same should hold true for the K1 capsule. Indeed,
complementation studies have revealed that these transport functions may be
transferred between different serotypes with no loss of activity (Roberts et al,
1986), thus suggesting that a common export system is in place for each of
the E.coli group II antigens.

Deletion analysis has revealed that Bayer junctions, sites of contact
between the outer and inner membranes, may represent the points of transport
of the capsular material from the cytoplasm to the outside of the cell

(Kroncke et al, 1990).

1.7.1.2 Region 2

This region is believed to be specific for each serotype and is thought
to encode the genes responsible for biosynthesis and polymerisation of the
polysaccharide (Boulnois et al, 1987). Mutations in this region result in the
absence, both intracellularly and extracellularly, of capsular polysaccharide.
The size of respective region 2 determinants varies according to the degree of
complexity of the final polysaccharide. For example the K4 polysaccharide,
a fructose substituted chondroitin, has a relatively complicated structure and
indeed has a far larger region 2 than other serotypes thus far investigated
(Drake et al, 1990). The degree of relatedness between the repeating units of
different serotypes is also reflected in the nucleotide sequences of this region.
In particular K1 and K92 serotypes are highly related and their region 2
determinants share a number of restriction sites (Roberts gt al, 1986) whereas

the region 2 of K1 and K4 serotypes bear little, if any, resemblance to one

another (Roberts et al, 1986; Drake et al, 1990).
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1.7.1.3 Region 3
Region 3. in common with region 1, also seems to be conserved in all

serotypes so far tested. Mutations in this region will also lead to the build-up
of intracellular capsular polysaccharide, although this material was found to
be shorter than the mature polymer, at least in the K5 serotype (Boulnois et

1, 1987; Roberts gt al, 1988; Kroncke gt al, 1990). Initially, there was some
confusion concerning the function(s) of region 3, except that it was probably
involved in post-translational modification of the polysaccharide. However,
recent work has identified two genes, kpsM and kpsT, the products of which
have been proposed to act in the translocation of the growing polysaccharide
chain across the cytoplasmic membrane in an energy-requiring process

(Smith et al, 1990; Boulnois and Jann, 1990).

1.7.2 Genetic comparison of capsule production in other species

The complete repertoire of genes necessary for the production and
expression of the N.meningitidis group B polysaccharide capsule have been
cloned in E.coli GC6 and have been found to lie within a 24 kb DNA
tragment (Frosch gt al, 1989). In spite of the fact that the E.coli K1 serotype
and N.meningitidis group B capsules are chemically and immunologically
identical, there appears to be no sequence homology between them (Echarti gt

al, 1983).

Despite differing DNA sequences, the organisation of the gene
complexes for capsule synthesis in N.meningitidis, E.coli and furthermore, in
H.influenzae (Kroll et al, 1988) seems to be very similar, with each consisting
of a number of distinct regions, as judged by insertion analysis, possibly

suggesting common origins and, or gene mobility (Boulnois and Jann, 1990). .



In particular, it appears that a conserved mechanism exists for the energy-

dependent export of capsular polysaccharide to the surface of H.influenzae

and E.coli with BexA/BexB and KpsT/KpsM playing equivalent roles (Kroll et
al, 1990; Smith et al, 1990).
Two other open reading frames have been described within the

H.influenzae bex region neither of which presently has an analogue in E.coli.

The bexC gene product, BexC, is believed to be a periplasmically orientated
component of a capsular polysaccharide exporter, perhaps contributing to a
pore or carrier mechanism involved in transferring growing polysaccharide
from cytosol to outer membrane (Kroll et al, 1990). A possible role for the

bexD gene product, BexD, remains to be defined.
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1.7.3 Genetics of capsule production in Klebsiella

There is generally a paucity of information on the genetic mechanisms
which underpin the biosynthesis of capsular polysaccharide in Klebsiella and
the gene system responsible has yet to be fully characterised.

It is usually held that the genetic determinants of K antigen
production are chromosomally encoded (Laakso gt al, 1988). This group
used an RP4::mini-Mu chromosome-mobilising system to transfer the full
complement of genes necessary for Klebsiella K20 capsular antigen
production to an unencapsulated E.coli K12 strain. The capsule expressed by
the E.coli was identified as being chemically and imrﬁunologically identical
to the Klebsiella capsular polysaccharide using a specific monoclonal
antibody and a capsule depolymerase enzyme.

However, Barr (1981) found that some K21 isolates spontaneously
lost the ability to elicit a capsule, a phenomenon which was enhanced by
treatment with acridine orange, a plasmid curing agent. ‘Moreover it was
discovered that the ability to synthesize this antigen could in fact be
transferred, by conjugation, to E,coli thus adding weight to the argument that
the capsule genes were actually plasmid encoded.

Other observations by Moore, Hart and Saunders (unpublished)
suggest that a chromosomally encoded mucoid phenotype could be mobilised
via a Tn7 element and transferred from a Klebsiella K36 isolate to E.coli
although the mucoidy was not immunologically or chemically identifiable as
an authentic Klebsiella capsule.

Lysogeny of some strains of Klebsiella with certain bacteriophage has
been shown to bring about dramatic alteration of capsular phenotypes (Pruzzo

26



and Satto, 1988). Lysogens of a K59 serotype were found to lack the original
capsular antigen and to express new, non-typeable capsules.

Allen et al (1987) cloned two genes from the chromosome of a
K.aerogenes K21 clinical isolate, designated rcsA and rcsB, which were
capable of activating the synthesis and expression of colanic acid in E.coli
K12 (DH1). The gene rcsB was not capable of inducing the mucoidy on its
own, but acted in conjunction with rcsA to allow production of the colanic
acid at temperatures between 30%nd 37°C. The rcsA gene only induced the
mucoidy at 30°C. These results were explained by hypothesising that the
IcSA gene product (a polypeptide of 23kDa) may function as a positive
regulator of colanic acid biosynthesis which is subject to the activity of the
Lon protease, which may itself be regulated by the rcsB gene product.
However, it was not known whether either of these genes were actually
involved in the expression of the Klebsiella polysaccharide.

Work by Nassif et al (1989) uncovered the existence of two other
- genes which seemed to play a role in regulating the production of the
chromosomally encoded mucoid structure, a phenotype apparently distinct
from the polysaccharide capsule. These genes, rmpA and rmpB, were
actually plasmid encoded and were isolated from a K2 serotype strain. The
rmpA and rmpB genes seemed to exhibit a number of functional similarities
to rcsA and rcsB, although differences do exist in protein product size and
respective amino acid sequences. It has been proposed by Nassif and co-
workers that the capsular polysaccharide production in Klebsiella is regulated
by the rcs system while the mucoid phenotype is controlled by the rmp genes.

Recently it has been demonstrated that the rcsA gene is indeed
involved in the expression of capsular polysaccharide in Klebsiella ,
(McCallum and Whitfield, 1991). The rcsA gene was cloned using a cosmid
vector from a K20 serotype isolate and was found to restore fully the capsular
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antigen producing capabilities of a mutant which would normally only
synthesize mimite amounts of the polysaccharide. Unfortunately however,
mutants which were fully deficient in the production of capsular
polysaccharide could not be complemented.

E.coli also carries the rcsA gene group which acts in the regulation of
expression of extracellular polysaccharide (Gottesman et al, 1985; Brill et al,
1988) as do Erwinia amylovora and Erwinia stewartii (Coleman et al, 1990;
Torres-Cabassa et al, 1987). There also seems to be extensive homology
between the rcsA genes of these different bacteria and it may be that the
proteins produced by these genes have a common function and perhaps, a
common origin. There did not however, appear to be any homology between
the predicted r¢csA gene and other DNA-binding activator proteins, suggesting
that the regulatory effect may be exerted through other intermediate

regulatory proteins.

The transcription of genes necessary for the synthesis of colanic acid

in E.coli is regulated by at least two other genes, rcsB and resC in addition

to rcsA (Brill et al, 1988). Both gene products RcsA and ResB are believed
to act as positive regulators. RcsA is normally limiting for capsule
expression, its availability being limited by Lon protease. RcsB activity or
availability may be directly controlled by RcsC, a possible environmental

sensor.



1.8  Alternative Strategies to Isolate Genes Involved

in Klebsiella Capsular Polysaccharide Biosynthesis

The direct cloning of the complete gene repertoire necessary for the
full expression of serospecific Klebsiella capsules in E.coli has been
attempted in these laboratories. However, despite the use of numerous
different strategies, it has so far proved unsuccessful (Jones and Roe, pers.
comm.; Allen, pers. comm.).

It has been suggested that the genes required for the biosynthesis of
the Klebsiella capsule may be scattered on the chromosome therefore

preventing the direct cloning of these genetic determinants (Allen Ph.D

Thesis, 1987). If this is the case then an alternative approach would be to use

the technique of transposon mutagenesis.
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The basic principles of this procedure are presented in Figure 1.3.
There are a number of characteristics which contribute to the usefulness of

transposon mutagenesis, including:-

i) Insertion of the transposon into a structural gene will generally lead to a
specific inactivation of that particular gene.

ii) Transposon DNA usually carries antibiotic resistance genes which can
allow mapping, transduction and cloning of the mutated gene.

iii) Such insertions are usually non-leaky and only revert at very low
frequencies.

Transposon mutagenesis has been used to help overcome a wide range
of genetic problems by virtue of its ability to introduce precise, mappable
mutations into a large number of different bacterial species (Bopp et al, 1991;
Lam et a],1987; Goldberg et al; 1990). In Klebsiella, the technique has been
widely used in the genetic analysis of nitrogen fixation (Merrick gt al, 1978),
histidine utilization (Schwacha gt al, 1990) and alginate lyase production
(Gacesa et al, 1987) while Rubens et al, (1987) have successfuliy exploited
the regime in studies of capsule expression in type III group B streptococci.

During the final stages of this work, Arakawa gt al (1991) have
published details of the successful cloning of the structural genes for the
biosynthesis of K2 capsular polysaccharide. The recombinant plasmid
involved, pCPS7B06, contains a sufficient portion of the Klebsiella cps gene
cluster to allow the restoration of K2 capsular polysaccharide production in
non-capsular mutants of a K2 serotype parental strain. It also encodes the
genes responsible for the expression of K2 capsular polysaccharide on the cell
surface of non-capsular Klebsiella mutants of other capsular serotypes.
However, E.coli HB101 (pCPS7B06) required the presence of the rmpA gene
for the production of Klebsiella K2 capsular polysaccharide.
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Figure 1.3:  Basic principles of transposon
mutagenesis (using chromosome as
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The 23kb chromosomal DNA fragment which carried the required genetic
information was actually isolated from a non-capsular mutant (NM7) of
K.pneumoniae strain Chedid, a K2 serotype isolate. Thus, those non-capsular
mutants complemented by pCPS7B06 must themselves contain intact copies
of the gene (designated gene X by Arakawa et al,1991) disrupted in
K.pneumoniae NM7.

This work also demonstrated, through hybridisation analysis, the

relatively conserved nature of the organisation of the K2 ¢ps gene cluster

among a number of K.pneymoniae strains.

1.9 Objectives of this work

Despite recent advances, the genetic mechanisms by which the
capsular polysaccharide of K.pneumoniag is synthesized and expressed
remain unresolved. The objectives of this project were firstly to develop a
transposon mutagenesis system for use with Klebsiella clinical isolates and to
use it to generate mutants defective in capsular synthesis and expression.
Secondly it was proposed to use the non-capsular mutants to facilitate a
greater understanding of this complex system using molecular genetic and

immunological techniques.
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CHAPTER 2: Materials and Methods
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2.1 Materials

2.1.1 Antibiotics
Antibiotics were obtained from Sigma Chemical Company Ltd. Stock

solutions of antibiotics were filter sterilized and stored at -200C.

2.1.2 Chemicals
All chemicals were supplied by BDH Ltd. or Sigma Chemical
Company Ltd unless stated otherwise. Chemicals were of analytical or

reagent grade.

2.1.3 Enzymes

Restriction endonucleases, T4 DNA ligase, calf intestinal alkaline
phosphatase and random hexanucleotide DNA labelling kits were obtained
from Boehringer Mannheim GmbH. Lysozyme, RNase A and proteinase K

were supplied by Sigma Chemical Company Ltd.

2.1.4 Miscellaneous

Agarose (medium electroendosmosis grade) and low melting point
agarose were supplied by FMC Corporation and Bethesda Research
Laboratories respectively. Nitrocellulose filters for DNA hybridisations were
supplied by Schleicher and Schull GmbH (BA 85, 0.45 pm pore size).
Polaroid type 665 positive/negative films were used for photography of
agarose gels. Kodak X-Omat S or Fuji Nif Rx X-ray film was used for
autoradiography of radioactive filters. X-ray film developer (Iliford PQ
Universal Developer) and fixer (Ilford Hypam Fixer) were obtained from
Iiford Ltd.

Radiolabelled compounds and the A DNA in vitro packaging system

were supplied by Amersham International.
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Visking dialysis tubing was supplied by Gallenkamp.
Standard chromatography and 3MM papers were obtained from

Whatman Ltd.

2.1.5 Growth media
Growth media were supplied by London Analytical and Bacterial
Media (Lab M) Ltd. or Difco Laboratories. All salts in the media were

anhydrous unless stated.
(a) Liquid Media

() Nutrient Broth ,
Lab M Nutrient Broth No. 2 25¢g

Distilled water to 1000 ml |
(i) Luria broth
Difco Bacto tryptone 10g
Difco Yeast extract S5g
NaCl S5g
~ Distilled water to 1000 ml
(ii)) Minimal media |
NaZHPO 4 ’ 6g
KH2PO 4 30g
NaCl 05¢g
NH,Cl | lg
Distilled water to | 1000 ml

After autoclaving MgSO 4.7H20 was added to 10 mM and CaCl2 to ImM.
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(b) Solid media
(i) Nutrient agar

Lab M Nutrient broth No.2

Lab M Agar No.2

Distilled water to
(i) MacConkey agar

MacConkey agar

Distilled water to
(iii)) Worfel Ferguson agar

Bacto Yeast Extract
MgSO 4

NaCl

Sucrose

Distilled water to

(iv) Lurjaagar

Difco Bacto tryptone
Difco Yeast extract
NaCl

Agar

(v) Minimal salts agar

NapHPO4
KH7PO4
NaCl

25¢g
12g
1000 ml

S1.5¢
1000 ml

2g
025¢g
lg

2g
20¢g
1000 mi

10g
58

5g
15¢g

62
30g
05¢g
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NH,Cl g

4
Difco Bacto agar 15¢g
Distilled water to 1000 ml

After autoclaving MgSO 4.7H20 was added to 10mM and CaCl2 to ImM.

(c) Supplements

Glucose was added to minimal media to give a final concentration of
0.2% (w/v). Amino acids were added, when required, to minimal media to
give a final concentration of 0.0025%. Antibiotic supplements were added to
mcdia when required at the following concentrations : Ampicillin (100 pg
ml'l), chloramphenicol (40 pg ml'l), kanamycin (100 pg ml'l), tetracycline
(12.5 pg mI" D), streptomycin (100 pg mi™!) and rifampicin (100 pg m1l)
unless stated otherwise.

The chromogenic indicator 5-bromo-4-chloro-3-indolyl-phosphate

(XP) was incorporated into agar at a final concentration of 100 pg ml'l.

) Sterilization of Medi

Media was sterilized by autoclaving at 1210C and 151bs sq.in'1

pressure for 15 min. Supplements were sterilized seperately by passing

through a 0.45 pm filter.

2.1.6 Buffers and solutions

(i) Tris-borate buffer
Tris 89 mM
Boric acid 89 mM
EDTA 2mM
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(ii) TE buffer

Tris-HCl
EDTA

(iii) Loading buffer (agarose gels)

EDTA
Urea
Ficoll

Bromophenol blue

(iv) 20x SSC solution

Tri-sodium citrate

NaCl

(v) Denaturation solution

NaOH
NaCl

(vi) Neutralisi luti

Tris-HC1
NaCl

(vii) 50x Denhardt's solution

Ficoll

0.01M
0.001 M
pH 8.0

0.05M
4.0M
8.0% (wlv)
0.1% (wlv)

0.3M
3.0M
pH 7.0

05M

IL.5M

1.OM
1.5M
pH 8.0

1.0% (wiv)
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Polyvinylpyrrollidone

Bovine serum albumin

(viii) SM buffer

Tris-HC1
NaCl
MgSO 4

Gelatin

(ix) Phosphate buffered saline

NaCl

KCl
NazHPO 4
KHzPO 4

Distilled watef to

(x) CIE buffer

Tris
NaCl
EDTA

(xi) Final sample buffer

Glycerol
2-mercaptoethanol

SDS

1.0% (wlv)
1.0% (wlv)

10 mM
0.4% (wiv)
10 mM
0.2% (wiv)
pH7.5

02g
144 ¢
024 ¢
100 ml

pH74

0.04 M
04M
0.004 M
pH 8.6

10% (w/v)
5% (w/v)
3% (wlv)
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Tris-HCl (pH 6.8) 0.0625 M
Bromophenol blue 0.01% (w/v)

2.1.7 Bacterial strains, plasmids and bacteriophages
Bacterial strains, plasmids and bacteriophages used in this work are

listed in Tables 2.1, 2.2, 2.3 and 2.4.
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Table 2.1 K.pneumoniae bacterial strains

Strain Relevant Phenotype Source/Reference
Tl e
MI0 K2'01* derivative of 5055 | 107" and Sutherland,
MIOB K2°01” derivative of 5055 ‘1"9’;‘2‘;“ and Sutherland,
5055-114 K2" derivative of This Work

5055(Ap°>, KmK)
5055-480 K2" derivative of This Work.
5055(ApS, KmY)
5055-797 K2~ derivative of This Work.
5055(ApS, Km™)
5055-507 Ure" derivative of This Work
5055(Ap> KmY) .
BAH2819 K2 clinical isolate, ApR Gift from Dr E.A.Roe
1L.918 K21 " ', ApR Barr, 1989
21L.260 Ki " A pR Gift from Dr E.A.Roe
2L.261 K2 reference strain, ApS )
2L.262 K5 clinical isolate, ApR !
21.263 K9 " | ApR "
21264 KL " ApR T
2L.265 K12 " | ApR "
21266 K17 v AR n
2L.267 K2 ", ApR "
21268 K23 AR m
21.269 K2t © AR m
2270 K25 " . ApR "
21271 K26 * ApR "
21272 K29 " ApR "
21273 K30 " ApR "
21274 K32 " ApR "




L

2L.275 K33 " A pR

2L276 K34 " _A pR

20277 K38 " A pR

21278 K39 " A pR

21279 K42 " | ApR

2L.280 K46 " LA pR

3118 K2 " A pR

24118 K2 " | ApR

KAY2026 PlS XR Sprenger and
’ Lengeler,1984

C604 K2 clinical isolate, A pR Gift from Dr T.Pitt

C694 " "

C847 " "

C887 " m

Cl1012 " .

C1300 " "

C2071 " "

C2107 " "

C2445 ! "

C3646 " "

C3666 ! !
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Table 2.2 E.coli strains

Strain Relevant Phenotype Sources/Reference
MM294 thi, endA, hsdR Backman et al,(1976)
MCR106 lamB deletion, A~ Gift from Dr J.M.Pratt
C600 K12, F, leuB6, thi-1, Appleyard, 1954
thr-1,lacY 1, tonA21,
supE44, A~
LE392 F, hsdR514(rg’, Maniatis, 1982
mK+), supE44, supFs8,
lac, galK2, galT22,
__trpRS5S, metB1
DHI K12, recA, hsd, ri, Hanahan, 1983
mg-
HB101 F’, hsdS20(rg, mp), Boyer ¢t al, 1969
recAl3,aral4, proA2,
lacY1, galK2,
rpsL20(Sm"), xyl-5,
mtl-1, supE44, A~
SK 1590 gal, thi, sbcB15, endA, Kushner, 1978
hsdR4, hsdM*
SM10Apir thi, thr, leu, tonA, Simon et al,
lacY,supE, [c_QA::RP4- 1983, Taylor gt al,
2Tc::Mu::, Apir 1989.
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Table 2.3 Plasmids used in this work

Strain Relevant Phenotype Source/Reference
pRU667 CmR, ApR Ubben and Schmidt,
1986
pRU669 ts, incT, tra*, cmK, "
KmR
pRU670 ts, Km incT, trat, TcR, "
KmR
pLB8000 LamB*, ApR Gift from Dr J.M.Pratt
pTROY9 pLAFRB malK::IS-3, de Vries et al, 1984
1amB® TcR
pRK2013 colE1::pRK2(pRK4), Ditta et al, 1980
KmR, ILa+
pHSG415 ts, AR, KmR, cmR, |  Gacesagtal, 1987
TcR
R64drd11 rra*, sSmR Meynell and Datta,
1967
pRT733 oriR6K, tra”, mob*, Taylor et al, 1989
ApR, KmR
pLV213 1csA, CmR Allen gt al, 1987
pBR322 ApR, TcR Bolivar gt al, 1977
pUCI19 ApR Yanisch-Perron gt al,
1985
pLV750 ApR, KmR This Work
pLV751 ApR, KmR "
pLV752 ApR, KmR "
pLV753 ApR, KmR "
pLV754 ApR, KmR "
Cosmid pHC79 ApR, TcR, COSA Hohn and Collins,
1980
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Table 2.4 Bacteriophage used in this work

Bacteriophage Relevant Properties Source/Reference
PICM cmR Rosner, 1972
P1::Tn5 KmR Streicher gt al, 1975
A+ Wild-type Laboratory Collection
A::Tns b221, Oam, Pam, Berg, 1977

rex:1Tns, ¢1857




2.2 Methods

2.2.1 Cultivation and storage of bacteria

Bacterial strains were routinely cultivated on MacConkey agar or
Luria agar plates supplemented with antibiotics where necessary. Plates were
stored at 40C for periods of approximately one month before being
subcultured. Liquid cultures were grown in nutrient broth or Luria broth to
which antibiotics were added as required. Incubation of strains was carried
out at 30 or 370C unless stated otherwise.

For long term storage, strains were kept in glycerol broth at -700C.

2.2.2 Isolation of DNA

(i) Chromosomal DNA
Cells were grown in 1ml cultures, harvested, washed in TES and
resuspended in 0.5ml of lysozyme mixture (2mg ml'1 lysozyme, sucrose

1 and 0.5mg ml'l heat-treated RNAase). The mixture was left to

100mg ml”
stand at room temperature for 20 min before 0.25 ml of a 24 mg ml'1 lauryl

sarcosine in TES and 0.5ml of TES were added. The preparation was

3

vortexed for 3 min before being adjusted to a density'of 1.62g cm ™ and run

on a caesium chloride gradient at 55000 rpm for 18 h. The DNA was
removed with a syringe, extracted with isopropanol to remove ethidium
bromide and dialysed against TE to remove caesium chloride.
(ii) Plasmid DNA

Plasmid DNA was prepared in large amounts either by the bulk
method of Guerry et al (1973) or by using QIAGEN plasmid DNA extraction

kits. Smaller quantities were isolated using the proce dure of Close and
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Rodriguez (1982). Plasmid pRU669 DNA was extracted using the method of
Yamamoto et al (1981).

2.2.3 Purification, concentration and storage of DNA

DNA was further purified by phenol and chloroform extraction and
concentrated by ethanol precipitation, both according to Maniatis et al (1982).
DNA was aliquotted into small quantities and stored at -200C prior to initial

use and then at 40C,

2.2.4 Agarose gel electrophoresis

DNA samples were analysed on 0.4-0.7% (w/v) agarose gels in TBE
buffer, containing ethidium bromide (0.1png ml'l). The agarose gels were
subjected to electrophoresis at a constant voltage of 100 V for 2-4 h or 20 V
overnight. DNA was visualised on a 302 nm UV transilluminator and the
gels were photographed using a Polaroid camera and film. A DNA cut with

Hind ITI was used as molecular weight markers.

2.2.5 Restriction enzyme digests

Digests were usually carried out in final volumes of 201, but these
were altered as required. Following the addition of DNA , 1/10 of the final
volume of the appropriate restriction buffer (as supplied by Boehringer
Mannheim GmbH) was added. The desired volume was reached with the
addition of sterile distilled water and restriction endonuclease(s) was added.
Incubation was carried out at 370C for up to 2 h. If the DNA was to be
analysed by agarose gel electrophoresis, 1/10 of the final volume of loading

buffer was added prior to sample application. If the DNA was to be
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manipulated further, the enzyme was inactivated by phenol extraction and the

DNA purified by ethanol precipitation.

2.2.6 Dephosphorylation and ligation of DNA

Cleaved pHC79 vector DNA was treated with calf intestinal alkaline
phosphatase (CIAP) to prevent recircularisation. 0.3 units of CIAP were
added for every ug of cleaved DNA and the reaction mixture was incubated
at 370C for 30-60 min. CIAP was inactivated at 65°C for 1 h or 75°C for 10
min and removed by phenol extraction. Plasmid vector DNA was not treated
with CIAP.

DNA fragments were typically ligated at a concentration of 20-50
ng mlL, However, DNA that was to be packaged in vitro into A heads were
ligated at a concentration of 200-300ug ml'l. Ligations were carried out
overnight at 160C in ligation buffer supplied by Boehringer Mannheim
GmbH. T4 DNA ligase was added at a concentration of between 0.2 and 1
U/ug DNA.

2.2.7 Transformation
E.coli and K.pneumoniae bacterial cells were transformed using the
methods of either Brown et al (1979) or Merrick et al (1987).

2.2.8 In vitro packaging and transfection of cosmid DNA

Packaging extracts, as supplied by Amersham International were
gently thawed on ice and the packaging reaction, using no more than 0.5 pug
of DNA was subsequently carried out according to the manufacturers

instructions. 0.5ml of SM buffer and 10ul of chloroform were added and the

mixture was spun briefly to remove cell debris. 0.01m! of packaged DNA

47



suspension was added to 0.2ml of E.coli DH1 cells from a late exponential
phase culture grown in Luria broth containing 0.2% (w/v) maltose. The
culture was incubated for 30 min at 37°C to allow phage adsorbtion. 1ml of
fresh LB was then added and incubation continued for a further 1 h after
which time suitable dilutions were plated out onto Luria or nutrient agar

containing the appropriate antibiotics.

2.2.9 Conjugations

Overnight cultures of both donor and recipient strains in Luria broth,
including antibiotics, were spun down and resuspended in fresh Luria broth to
the same cell concentration. For solid conjugations, 20 pu of donor cells were
applied to the surface of a nutrient or Luria agar plate containing no
antibiotics and allowed to dry. 20p1 of recipient cells were then applied on
top of the donor cells and also allowed to dry. 20yl of donor and recipient
were also applied seperately to act as controls. The plate was then incubated
at 309C or 37°C overnight. The resultant growth was taken up using a sterile
swab and the cells resuspended in 1ml sterile distilled water. Suitable
dilutions were then plated out onto selective media.

For liquid conjugations, equal volumes of resuspended cells were
mixed and incubated at the required temperature for up to 16 h without

shaking, before being plated out.

2.2.10 DNA:DNA hybridisations
i) Southern hybridisation

Following agarose gel electrophoresis, DNA was transferred to
nitrocellulose filters by the method of Southern (1975) with the modifications
of Maniatis et al (1982) and baked at 80°C for 2 h under vacuum. The filters
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were prehybridised for 3 h at 689C in 6x SSC, 0.5% SDS, 5x Denhardt's
solution, and 100pg/ml denatured calf thymus DNA. This solution was
exchanged for hybridisation solution (as pre-hybridisation solution +
denatured radiolabelled probe + 0.01M EDTA) and the filters were incubated
overnight at 680C. Excess, unbound probe was removed by washing under
conditions of high stringency, firstly at room temperature with 2x SSC, 0.5%
SDS for 5 min, then with 2x SSC, 0.1% SDS for 15 min and then at 680C
with 0.1x SSC, 0.5% SDS over 2 h with 4 changes. The filter was then air-
dried for 15 min. and exposed to X-ray film overnight.
if) Colony hybridisation

- A sterile nitrocellulose filter was placed onto the surface of the agar
plate. The colonies were taken up on the filter which was then air-dried for
10 min. The filter was then placed successively on 3 pieces of Whatman
3MM paper soaked in the following solutions, 0.5M NaOH (2 x § min); IM
Tris-HCI pH8 (2 x 5 min) anéMI‘ﬁs-NaCI neutralising solution (2 x 5 min)
before being air-dried and baked as previously. No pre-hybridisation was
required and filters were hybridised and washed by the same proceedure as

that used for Southern hybridisations.

2.2.11 Preparation of radiolabelled DNA probes
The required DNA fragments were isolated by electrophoresis on low
melting point agarose and recovered according to Maniatis et al (1982). 25ng

of probe DNA was labelled with c.->2P-dCTP (25uCi) by random nucleotide
priming using a DNA Random Priming Kit (Boehringer Mannheim GmbH).
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2.2.12 Bacteriophage A manipulations
Bacteriophage A infections were performed as in Ellard et al, (1989).
Preparation of phage lysate and determination of phage titre were performed

as described in Gerhardt et al (1981).

2.2.13 Assessment of urease production

Production of urease was determined by the streaking of a single
colony of bacteria onto Christensen's Urea media and incubating overnight at
370C. Production of a vivid red colour was deemed to indicate production of

urease.

2.2.14 Bacteriophage P1 manipulations
Preparation of P1 lysates and P1 infections were performed as

described in Goldberg ¢t al (1974).

2.2.15 Purification of outer membranes

Overnight bacterial cultures (100ml) were harvested at an OD of 0.5
(450nm), washed with 20m! ice-cold 10mM sodium phoSphate buffer (pH
7.2), resuspended in 10ml of the same buffer and sonicated in an ice-water
bath for 3 bursts of 10 s. Unlysed cells were removed during a 5 min spin at
7000 rpm. Cell membranes were pelleted by a 30 min spin at 21000 rpm,
resuspended in 1ml of 10mM sodium phosphate buffer, re-pelleted and re-
suspended in 200ul of 0.5% sarkosyl in sodium phosphate buffer. Following
a 30 min incubation at room temperature, outer membranes were recovered
by a 60 min spin at 21000 rpm, washed for 30 min with 1ml 0.5% sarkosyl in
sodium phosphate buffer, re-spun and finally resuspended in 150p1 sodium

phosphate buffer. Sample buffer (1/3 volume) was added and samples were
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boiled for 5 min prior to SDS-PAGE analysis. SDS-7 (Sigma) protein

standards were used as molecular weight markers.

2.2.16 Purification of lipopolysaccharide
Lipopolysaccharide was purified using the proce- dure of Westphal

and Jann (1965).

2.2.17 Polyacrylamide gel electrophoresis

SDS-PAGE of proteins was carried out on 10-14% polyacrylamide
gels according to the method of Laemmli (1970). Gels were run at 10mA for
1 h and then at 25mA until the tracking dye reached the bottom of the gel.
Gels were Coomassie blue stained and subsequently destained using the
Solution 1-5 proceedure as detailed in Hancock and Poxton (1988).

The SDS-PAGE system was also used for the analysis of LPS using
14% SDS gels containing 4M urea. LPS was visualised using the modified
silver stain proceedure of Tsai and Frasch (1982) as in Hancock and Poxton

(1988).

2.2.18 Capsular serotyping

Capsular serotyping was carried out using counter-current
immunoelectrophoresis (CIE) as described by Palfreyman (1978), double-
immunodiffusion analysis and the quellung reaction (Kauffmann, 1949).
Double-immunodiffusion was performed in 1.0% agarose in PBS. Halos
were generally observed after 48 h incubation at 40C. Strains were also
independently serotyped by the Public Health Laboratory Service at

Colindale, London, using CIE and the quellung reaction,
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2.2.19 Phage typing
Phage typing (a capsular serotype-independent method) was

performed according to Gaston ¢t al (1987).

2.2.20 Immuno-gold labelling

A loopful of bacteria were resuspended in 1ml sterile distilled water
and 1 drop placed on a small section of parafilm. A Formvar- coated copper
grid was placed face down onto the bacterial suspension for 10 min. The grid
was recovered, excess solution removed, and transferred to the following
solutions in order: PBS (5 s); PBS + 1% BSA (36 min); PBS (5 s); primary
antibody (3 h); PBS (5 s); 15nm gold particle-conjugated anti-mouse
antibody diluted 1:10 in PBS (1 h); PBS (1 min). Each grid was then stained
with 1% phosphotungstic acid (pH 6) for 1 min, air-dried and observed under
a Cora M 1232 transmission electron microscope. Control grids were treated

in the same way except that the primary antibody stage was omitted.

2.2.21 Visualisation of capsular material

Bacteria from the surface of an agar plate were resuspended to
approximately 103 cfu mi™! in cacodylate buffered glutaraldehyde (2.5% v/v)
incorporating ruthenium red (1% w/v). After 2 h at room temperature, the
cells were pelleted by centrifugation, embedded, thin sectioned and stained
with Reynold's lead citrate and uranyl acetate (1% w/v). Ultrathin sections

were examined using a Philips 301 electron microscope.

2.2.22 Preparation of bacterial strains for serum and phagocytic assays
Strains were stored on M9 minimal media agar plates containing 5%

heat-inactivated serum at 4°C and innoculated into M9 minimal media broth
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when necessary. After overnight growth, cells were washed and resuspended

in PBS or RPMI medium to between 106 and 108 cells ml'l.

2.2.23 Serum bactericidal assays

Serum was pooled from 2 adults and was stored at -709C prior to use.
Assays were performed as described in Williams et al (1983). Serum was
heat-inactivated by incubation at 56°C for 30 min. All experiments were

performed in triplicate.

2.2.24 Preparation of phagocytes for phagocytosis assays

Polymorphonuclear leucocytes (PMNL) were isolated from
heparinised blood obtained from normal donors who were not receiving
antimicrbial chemotherapy. Approximately 8m! of blood was layered
carefully onto 7 ml of Mono Poly Resolving Medium and spun at 2000 rpm
for 30 min. Neutrophils were removed to a universal, washed in 20m] RPMI
medium and re-spun for 3 min. The resulting supernatant was discarded and
the pellet resuspended in 9ml distilled water before adding 1ml 9% NaCl.
RPMI was added to 20ml and then spun at 2000 rpm for 3 min. Cells were
then resuspended in RPMI to typically between 106 and 107 cells ml'l.

2.2.25 Pre-opsonisation of bacteria
Opsonisation of bacteria prior to chemiluminescence experiments was

performed according to Edwards et al (1987).

2.2.26 Chemiluminescence assay (CL)

CL measurements were performed with an LKB 1250 Luminometer
as follows: 0.1ml bacteria (108 cells m1™1), 111 luminol (0.1M) and RPMI to
0.9ml were mixed in a polypropylene cuvette prior to the addition of 0.1 ml
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PMNL (5 x 106 cells ml'l). The ratio of bacteria:PMNL was approximately
20:1. CL measurements were recorded until peak readings were obtained
during which the reaction mixture was maintained at 370C. Bacteria were

omitted from control samples.
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CHAPTER 3: Attempts to Generate Random

Transposon Insertions in the

Klebsiella pneumoniae Genome
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3.1 Introduction

Transposon mutagenesis has been used successfully for a wide variety
of genetic analyses including those involving Klebsiella pneumoniae
environmental isolates and laboratory strains (Gacesa gt al, 1987; Schwacha
et al,1990, Merrick et al,1978).

The polysaccharide capsule of Klebsiella has been shown to be an
extremely important virulence factor in clinical isolates, although the genetic
mechanisms responsible for its production and expression on the outer cell
surface remain unresolved. Since direct cloning of the full complement of
genes necessary for Klebsiella capsule production in E.coli has so far proved
unsuccessful, the development of a transposon mutagenesis system which will
produce non-capsular, but otherwise isogenic mutants of clinical isolates may
be a critical step in the search to locate those genes involved in capsular
biosynthesis.

The results in this chapter describe the various attempts to develop
such a system using plasmid, prophage and bacteﬁbphage-based transposon

delivery vehicles.
3.2 The Rts1-based Transposon Delivery System

3.2.1 Introduction

The plasmid Rts1 was originally isolated from a strain of Proteus
yulgaris (Terawaki et al, 1967). Rtsl (217kb) carries a kanamycin resistance
gene and expresses a number of temperature-sensitive phenotypes including
autonomous replication (Terawaki and Rownd, 1972; DiJoseph and Kaji,
1974), conjugative transfer (Terawaki et al, 1967) and host cell growth
(Terawaki et al, 1968; DiJoseph et al, 1973).
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The transposon Tn1721, a Tn3-derivative, possesses a number of
characteristics which have led to its use in transposon mutagenesis systems.
Mutations due to the insertion of the transposon can be precisely located and
the adjoining DNA sequenced due to the presence of EcoR1 restriction
enzyme sites 15 base pairs from each end of the transposon. Tnl1721
comprises of a 'minor transposon' Tn1722, which is capable of independent
transposition and a tet region. Lack of stability in the latter howevér, limits
the use of Tn1721 in a high quality, reliable transposon mutagenesis system.
Ubben and Schmidt (1986) engineered a number of derivatives of Tn1722
which were designed to avoid this major disadvantage and yet retain the
significant benefits of the parent, Tn1721. The new transposons carry
resistances to chloramphenicol (Tn]725) and tetracycline (Tn1731, Figure
3.1) and were presented on the conjugative plasmid Rts1, thus producing the

donor vehicle plasmids pRU669 (Rts1::Tn1725) and pRU670
(Rts1::Tn1731).

3.2.2 Introduction of pRU669 and pRU670 into Klebsiella pneumoniae

Each of the plasmids was transferred to a number of Klebsiella
pneumoniag clinical isolates and laboratory reference strains by conjugation.
Both solid surface and liquid conjugations were used in order to optimize the
conjugation frequency for each combination of plasmid and strain. All
conjugations were performed at 30°C.

From these results (Table 3.1) it is clear that the highest frequency
obtained was that of plasmid pRU669 into K.pneumoniae BAH2819 in solid

conjugations. For this reason it was decided to concentrate on this strain, a

serotype K2 clinical isolate.
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Tnl725
545 75 89
u a <8* <c2 X a U
Y fo 111 R 1 A Tnl731
o 7 44 645 785

Figure 3.1: Physical and genetic maps of transposons Tnl725

and Tnl731.

| = Resolution site

R = Resolvase gene A = Transposase gene

Restriction sites: E

EcoRI. H = Hpal, M = Mlul,
Ps

Pstl, Hd = HmdlIl, K = Kpnl.

X = Xbal. Sm = Smal. P = Pvull and
S = Sail.
(From Ubben and Schmidt, 1986)
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Conjugation Frequencies

Strain Solid Liquid

pRU669 pRU670 pRU669 pRU670
BAH2819 4.7x10° 2.5x10° 9.3x10°¢ 5.5x10°
5055 1.2x107 1.7x107 6.1x107 7.2x107
21261 8.1x107 9.8x107 1.1x107 2.3x107
21.262 6.1x107 9.1x107 2.6x107 2.8x107
21266 7.4x107 7.7x107 2.1x107 3.7x107
21273 4.1x107 6.6x107 4.1x107 8.4x107
21277 4.2x107 6.0X107 1.9x107 4.0x107
11919 7.1x107 6.2x107 5.4x107 4.7x107

Table 3.1: Conjugation frequencies of pRU669 and pRU670

into various strains of K.pneumoniae

Each value is the mean of 3 separate experiments.
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A single BAH2819 (pRU669) transconjugant (ApY, Km®, Cm®) was
streaked to confirm purity and plasmid DNA was isolated using the method
of Yamamoto et al (1981) to ensure that pRU669 had been successfully
transferred.

Subsequent restriction analysis of the transconjugant pRU669 DNA

confirmed that it was identical to the pRU669 DNA isolated from the
Escherichia coli MM294 host.

3.2.3 Elimination of donor plasmid
Elimination of the donor plasmid was initially performed according to
Ubben and Schmidt (1986). An overnight culture grown at 28°C was used to

inoculate a 10ml broth to 5x106 cells ml'1

which was then grown to a density
of 108 cells ml'1 at 420C. This was diluted 1:50 and grown again at 42°C
before being plated out to single colonies. However, this was not found to be
sufficient to eliminate pRU669 from the population and all colonies tested
remained KmR. This observation is consistent with DiJoseph et al (1973)
who found that after 9 hours of growth at 42°C, 100% of E.coli 20SO(Rts1)
cells remained KmR. Increasing the temperature from 42°C to 43.5°C did
not affect the elimination frequency. |

Several authors have suggested that Rts1 only exhibits the temperature
dependent instability (Tdi) phenotype in dilute cultures of bacteria (Terawaki
et al, 1967; Yokota et al, 1969 and Kaji et al,1982). Subculturing at 42°C
was therefore repeated as previously described except that cultures were
diluted to approximately 5x10% cells mI"!, Growth and retention of KmR

R in terms of viable count were followed over a period of 30 hours.

and Cm
For the first 17 hours, no increase in viable count nor decrease in the

number of plasmid-carrying cells was apparent (Figure 3.2a). This agrees
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with other reports suggesting that Rts1 causes temperature sensitive growth in
its host (Terawaki et al, 1968; DiJoseph et al, 1973). The precise cause of
this phenomenon is not known. Kaji and co-workers have shown that Rts1
exists in linear form at 42°C, but that at 32°C the plasmid is in covalently
closed circular (CCC) form (Yamamoto and Kaji, 1977). They propose that
the inability of the linear form to circularize during replication somehow
affects the growth of the host bacteria at 42°C. This idea has been challenged
by Ou (1980), who suggests that thermosensitive growth of Rts1% bacteria
and the apparent inhibition of plasmid replication at 42°C is due to mating
between cells containing Rts1 caused by a loss of surface exclusion.

After 17 hours, however, K.pneumoniae BAH2819 (pRU669) began
to grow in a normal logarithmic fashion, with a doubling time of
approximately S0 minutes. Between 17 and 30 hours, the proportion of cells
remaining KmR or CmR as part of the total cell population declined. Other
authors do not appear to have followed the growth of Rts1* bacteria for this
length of time. At 30°C there was a slight decrcase in the proportion of KmR
cells within the total population over the 30 hour period (Figure 3.2b) but this
effect was far greater at 42°C.

These results (Figure 3.2a) indicate that at thxs population level, the
plasmid pRU669 is slowly lost from the culture at 42°C as judged by the loss
of resistance to kanamycin. However, transposition did seem to be occurring
as shown by the lower rate of loss of CmR (Tn1725) as compared to that of
KmR (Rts1). The transposition frequency (defined as the number of CmR
cells - number of KmR cells as a proportion of the total viable cell
population) was found to be 1.1x10'4 insertions per generation (calculated
using growth during the logarithmic phase). This compares reasonably well
with the 3.5x10'3 quoted by Ubben and Schmidt (1986) obtained when using
plasmid DNA as the target in an E.coli DH1 background.
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Figure 3.2a:
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Growth of K.pneumoniae BAH2819 (pRU669) and segregation Kinetics of

pPRUGGY in BAH2819 at 42°C.
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Figure 3.2b

Growth of K.pneumoniae BAH2819 (pRU669) and segregation kinetics of
pRUG669 in BAH2819 at 30°C.
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3.2.4 Screening of prospective transposon mutants
A total of 1128 CmR KmS K.pneumoniae BAH2819 colonies were

R

isolated following growth at 42°C. The Cm KmS colonies grew rapidly to

9 celts mi”! in Luria broth at 42°C showing that the Rts1 Tsg

levels of 10
phenotype was not influencing cell growth.

If the transposon were inserting in a random fashion around the
BAH2819 genome, one would expect a number of different auxotrophic
mutants to be generated (Quinto and Bender, 1984) together with mutants
deficient in functions such as the chromosomally determined ampicillin
resistance and expression of capsular biosynthesis.

R, S

Each of the Cm™ Km" colonies was patched onto M9 minimal

medium containing chloramphenicol (33ug ml'l) and independently onto LB
agar containing ampicillin (100pug ml'l) in order to test for auxotrophy and
ampicillin sensitivity. Absence of capsular polysaccharide was determined by

S isolate onto WF agar containing chloramphenicol

plating each CmR Km
(33pg ml'l). This medium strongly encourages capsular polysaccharide
production. Any isolates which seemed to be less mucoid than the original
BAH2819 strain were to be analysed further with respect to capsule
production using CIE and the quellung reaction.

The results (Table 3.2) show that no auxotrophs, ampicillin-sensitive

or non-capsular mutants were found during the screenings. This could be due

to a number of reasons:-

1) Transposon Tn1725 may have a high degree of specificity for one or a
few particular target sequences absent in these genes.

2) Plasmid pRU669 may have undergone deletions resulting in the loss
of the kanamycin resistance gene together with the gene/s required for
temperature sensitive host growth, while retaining Tn17235.
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Mutant phenotype Total number Relative
isolated frequency
Km* Cm* 1128 100
Ap* Km* Cm" 0 0
Auxotrophs 0 0
0 0

Non-capsular

Table 3.2: Frequencies of isolation of mutants using pRU669

in Klebsiella pneumoniae BAH2819
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3) Emergence of spontaneous chloramphenicol resistant mutants during
growth,

It is known that Tn1725-derived elements do have a preference for
insertion into A+T rich sequences and into structures which resemble the
transposon's own inverted repeats ("hot spots"; Ubben and Schmidt, 1986).
The K.pneumoniae chromosome is actually G+C enriched (Wehmeier et

1,1989), but may contain some areas where A+T are the predominant

residues. Southern blot analysis of chromosomal DNA taken from 5 CmR

Km® BAH2819 derivatives was undertaken using a Tn]723 specific probe in
order to ascertain whether or not certain sequences in particular were being
targeted by Tn1725. The 2.05kb Pyu II fragment probe was taken from
Tn17235 resident in plasmid pRU667 (Ubben and Schmidt, 1986), a pBR322
derivative. Due to its smaller size and higher copy number, this plasmid was
easier to isolate and manipulate than pRU669. The hybridisation result
revealed that no transposon DNA had inserted into the chromosome of any of

the CmR S

Km" isolates (Figure 3.3a+b). The existence of specific Tnl723
target sites on the BAH2819 resident plasmid was also a possibility, although
this was not investigated further.

The Km-resistance gene of Rts1 is flanked by direct repeat sequences
and does undergo deletions and inversions in this region (Terawaki et al,
1981). Okawa et al (1987) have shown that the kanamycin resistance gene,
together with the gene(s) responsible for the temperature sensitive host
growth phenotypes are located on a 3.65kb Sall fragment. Thus, the
possibility exists that a deletion may cause the simultaneous loss of both
phenotypes.

The direct repeat sequences may also serve as "hot-spots” allowing
Tn]725 to transpose itself from its site on pRU669 into this region, leading to
disruption of genes encoding KmR and Tsg phenotypes.
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Lanes:

»
.

CRIINHLYYe

pRU667/EcoRI
pRU667/Smal
BAH2819/EcoRI
BAH2819/Smal

BAH2819 (mutant 1)/EcoRI
BAH2819 (mutant 1)/Smal
BAH2819 (mutant 2)/EcoRI
BAH2819 (mutant 2)/Smal
BAH2819 (mutant 3)/EcoRI

: BAH2819 (mutant 3)/Smal
: BAH2819 (mutant 4)/EcoRI
: BAH2819 (mutant 4)/Smal
: BAH2819 (mutant 5)/EcoRI
: BAH2819 (mutant 5)/Smal



1 2 3 4 5 6 7 8 9 10 11 12 13 14

Figure 3.3 a+b: Gel electrophoresis and Southern hybridisation of
chromosomal DNA from K.pneumoniae BAH2819 and
prospective Tnl725 mutants using 2.05kb Pvull
fragment from Tnl725 as probe.
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Plasmid pRU669 was unsuccessful as a transposon donor in
K.pneumoniae BAH2819. Similar results were obtained using pRU670
(KmR TcR). Transconjugants of other K.pneumoniae strains (Table 3.1)
were also examined using both vectors as putative transposon donors. None
of the isolates exhibited any signs that random mutagenesis was occurring as

R

judged by patching between 600-1000 Cm KmS individual colonies onto

M9 minimal agar following growth at 42°C.

3.3 Attempts to Use the A Based Delivery System
3.3.1 Introduction

K.pneumoniae is usually insensitive to E.coli phage A and therefore is
not normally amenable to A-mediated transposon mutagenesis or other
associated molecular genetic techniques.

The LamB protein, a major component of the E.coli outer membrane,
serves as the receptor for bacteriophage A. LamB and all of its functions are
thought to be encoded by the JamB gene (Thirion and Hofnung, 1972). This
gene has been cloned onto a number of diferent plasmid vectors (de Vries et
al, 1984; Clement and Hofnung, 1981; Harkki and Palva, 1985) which can be
introduced into other bacterial species in order to extend the host range of A.
This technique has been used successfully to construct A sensitive derivatives
in Salmonella typhimurium (de Vries et al, 1984; Harkki and Palva, 1985),
Erwinia species (Ellard et al, 1989) and indeed K.aerogenes (Bloom and
Tyler, 1979) and K.pneumoniae (de Vries et al, 1984).

It was hoped to transfer the ]amB gene via one of these plasmid
vectors, to a number of K.pneumoniae strains and in this way to isolate A

sensitive mutants which could then be subjected to A::TnJ transposon

mutagenesis.
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3.3.2 Transfer of pLB8000 and pTROYY to K.pneumoniae

Plasmids pLB8000 (ApR; Clement and Hofnung, 1981) and pTROY9
(TcR; de Vries et al, 1984) were transferred to a number of different
K.pneumoniae isolates either by transformation or by conjugation with the
aid of the mobilizing plasmid pRK2013, selecting for recipient resistance to
ampicillin or tetracycline accordingly (Table 3.3). E.coli MCR106 carries a
deletion of the JamB gene and was used as a control.

Strains 5055 and 2L.261 were successfully transformed to ApR with
pLB8000. No attempt was made to transform any of the other strains under
test since they were all naturally resistant to ampicillin.

Plasmid pTROY?9 was successfully transferred to all strains, except
2L.270 and 2L273, by both transformation and conjugation. Colony
hybridisation analysis, using an internal Sall fragment of JamB confirmed the
presence of pLB8000 and pTROY? within strain K.pneumoniae 5055 (Figure
3.4). Similar positive results were obtained for all other strains tested. The
- reason for the failure to transfer the plasmid to strains 2L.270 and 2L.273 are
not clear. Temperatures used in the transformation procedure (growth and
heat-shock) of both strains were increased to 43.5°C in an attempt to disrupt
a possible restriction/modification system which may have been present, but
this had no effect. It has been noted that the presence of lipopolysaccharide

(O-antigen) can have a marked influence on the transformation efficiency of

K.pneumoniae (Camprubi et al, 1989) and this may be the case here.
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Transformation )\" Conjugation N
Strain mutants pTROYY mutants
PLB3000 pTROYY obtained using obtained
(pPRK2013)
ff 5055 + N + N
BAH ND + N + N
2819
n 21261 + + N + N
3118 ND + N + N
21263 ND + N + N
21266 ND + N + N
21268 ND + N + N
21270 ND - N - N
21273 ND - N - N
21276 ND + N + N
21277 ND + N + N |
11919 ND + N + N |
MCR + + Y. ND ND

Table 3.3: Transfer of LamB* plasmids to, and )\sensmvity of

various K.pneumoniae and E.coll Isolates.

ND= Not Determined
+ = Successful plasmid transfer

- = Unsuccessful plasmid transfer
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4 5 6 7 8 9 10 1

Figure3.4: Colony hybridisation analysis to confirm presence of pLB8000
and pTROY9 within K.pneumoniae 5055 using 0.7kb Sail
fragment from pTROY9 (contains malK distal and lamB
sequences).

= E.coli LE392 (pLB8000)

2 = E.coli HB101 (pTROYY9)

3 = K.pneumoniae 5055

4-7 = K.pneumoniae 5055 (pLBSOOO)
8-11= K.pneumoniae 5055 (pTROYY9)

72



3.3.3 Isolation of A-sensitive mutants

Two seperate methods were used to test the strains carrying pLB8000
or pTROY? for sensitivity to A. Firstly, strains were observed for their
ability to propagate A ¢I857 and secondly, strains were infected with A::Tn3
and Km-resistant colony-forming-units were selected on Luria agar plates
(+Km). Bacteriophage A::Tn3 is a suicide vector in Su” hosts since it carries
Oam Pam genes which do not allow phage DNA replication in such a

environment,

None of the K.pneumoniae (pLB8000/pTROY?9) strains formed
plaques when infected with A cI857, nor did they produce any KmR colonies
when infected with A::Tn3. However, the control strain E.coli MCR106
(lamB deletion (pTROY9)) successfully propagated A ¢I857 and produced
round, clear plaques of approximately 1.5mm diameter as well as giving rise
-5

to KmR colonies at a frequency of approximately 1.7x10 ~ per viable cell.

The plasmid pLB8000 expresses the JamB gene at a basal level jn
. yivo but is strongly expressed in yvitro with SP6 polym-erase because it carries
the SP6 promoter (S.A.Benson, pers.comm.to J.M.Pratt). It is therefore not
surprising that although laboratory strains of E.coli become A sensitive due to
the basal expression of JamB in yivo, . less genetlcally charactensed chmcal
isolates of K.pneumoniae remain resistant. However, pTROY9 expresses
lamB constitutively at high levels and has been shown to successfully convert
some strains of K.pneumoniae to AS (de Vries et al, 1984).

A number of modifications were made to the infection procedure in
order to try to isolate K.pneumoniae (pTROY9) AS mutants:
i) K.pneumoniae (pTROY9Y) cells were infected with A whilst in the log
phase rather than the stationary phase of growth.
ii) Lower concentrations of kanamycin (10-75 pg ml'l) were used to try to

select for transposon mutants.
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These two alterations were used by Ellard et al (1989) where

R transductants from certain

problems were encountered in isolating Km
strains of Erwinia containing any of the lamB™* plasmids pTROY9, pHCP2 or
pFEL.

iii) Multiplicities of infection (phage:cell ratio) were varied between 50 and
0.1.

It was also thought possible that capsular polysaccharide may have
been masking the LamB receptor protein, thus preventing A absorption.
Sodium salicylate has been shown to reduce capsular polysaccharide
production in K.pneumoniae (Domenico gt al, 1989) and was therefore
subsequently incorporated into all media used during the infection
experiments at a level of 30 pg ml'l. Washing cells in IM NaCl for between
1 and 20 min prior to infection has a.lsb proved successful in removing
extracellular polysaccharide in order to facilitate A transduction (Ellard et al,
1988 and Steinberger and Beer, 1988).

These methods were used individually, and in conjunction with the
modifications already described. However, in this study, none of the
alterations, either singly or as a particular combination proved successful in
leading to the isolation of A® mutants, .

Mutants of strain 5055, M10 (K'0™) and M10OB (K'0") were
transformed with pTROY9 and the presence of the JamB plasmid confirmed
as before. Infections were conducted as described previously in order to
verify any inhibitory effects of capsular polysaccharide or lipopolysaccharide.
Again however, no AS derivatives of either strain were discovered, suggesting

that neither CPS or LPS were responsible for the failure of A to infect

K.pneumoniae 5055 (pLB8000) or S055(pTROY9).
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In order to test whether or not plasmid structural instability was the
cause of the resistance to A infection, plasmid pTROY9 was re-isolated from
its various K.pneumoniae hosts and the DNA used to transform E.coli
MCR106. All transformants isolated in this way become A showing that the

lamB gene had remained structurally and functionally intact in the

K.pneumoniae host background.

The LamB receptor protein has a molecular weight of 47000 (Clement
and Hofnung, 1981). Outer membrane protein profiles from E.coli
HB101(pTROY?Y), K.pneumoniae 5055, 5055(pTROY9) and 5055(pLLB8000)
revealed no differences in this molecular weight area between LamB* and
LamB’ strains of Klebsiella (Figure 3.5). This suggests a number of
possibilities: either the LamB protein is not being produced at all; an aberrant
form of the receptor is being produced and or that the protein is not being
correctly exported or inserted into the outer membrane.

A further problem encountered when using these lam BY plasmids has
been one of instability, Ellard et al (1989) discovered that one Erwinia
(pTROYY) strain lost its ability to be transduced with A after a single
replating. Even the laboratory E.colj strain used to carry pLB8000 loses
expression of the LamB phenotype after a short period of storage on agar
plates (S.A. Benson pers.comm to J.M. Pratt). The nature of this instability is
unknown but may complicate studies of this kind.

In summary, despite the successful introduction of JamB* plasmids
into various strains of K.pneumoniae and careful manipulation of the A

infection procedure, no AS derivatives were found.
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1 2 3 4

Figure 3.5: Outer membrane profiles of plasmid-containing E.coli and
K.pneumoniae strains.

Lanes: 1 = E.coli (pTROY?9)
K.pneumoniae 5055
K.pneumoniae 5055 (pLB8000)
K.pneumoniae 5055 (pTROY?9)

2
3
4
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3.4 Attempts To Use The pHSG415 Delivery System
3.4.1 Introduction

The plasmid pHSG415, a derivative of pSC101, was originally
constructed as a containment vector and contains a mutation which renders it
temperature-sensitive for replication (Hashimoto-Gotoh et al, 1981). A
further derivative, pHSG415::Tn10 contains the cloned transposon Tn]Q
element (encoding tetracycline resistance) and has previously proved to be a

suitable transposon delivery vehicle in K.pneumoniae (Gacesa et al, 1987).

An investigation was carried out in order to determine whether or not

this system could be used successfully to mutagenize the available clinical

specimens of K.pneumoniae.

3.4.2 Attempts to transfer pHSG415::Tn10 to K.pneumoniae

The plasmid pHSG415::Tn10 was isolated from E.coli C600 and
LE392 hosts and each preparation was used to transform a number of
K.pneumoniag isolates as well as a plasmid-free strain of E.coli C600. All
transformations were conducted at 30°C.

The results (Table 3.4) reveal that none of the K.pneumoniae strains
were transformed with pHSG415::Tn1Q. This is in agreement with the results
of Gacesa ¢t al (l”987) who could not directly transfonﬂ a strain of
K.pneumonijae known as PG1. This group postulated that an efficient
restxiction/modiﬁcation system in strain PG1 did not allow the replication of

pHSG415::Tn1Q. This possibility was not investigated further.
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Table 3.4: Transfer of pHSG415::Tnl0 into various

Transfer frequency of pHSG415::Tnl0
using Ré64drd-11
Strain Transformation From Excoli From E.col
C600 LE392
5055 - 0 0
BAH2819 - 0 0
21261 - 0 0
3118 - 0 0
24118 - 0 0
21263 - 0 0
21264 - 0 0
21265 - 0 0
21266 - 0 0
21268 - 0 0
21.269 - 0 2.1x10¢
21270 . 2.5x10°¢ 2.4x10°¢
21271 - 0 0
21273 - 0 0
21274 - 0 0
21275 - 3.6x10¢ 0
21276 - 5.3x10°¢ 4.9x10°¢
21277 - 4.7x10°¢ 3.8x10%
21279 . 0 0
E.coli C600 + ND ND
| e AR S——— I —

K.pneumoniae isolates using transformation

and mobilization techniques.

+ = Successful plasmid transfer

- = Unsuccessful plasmid transfer

- ND = Not determined
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The mobilizing plasmid R64drd-11 (Meynell and Datta, 1967) has
been used to transfer pHSG415::Tn10 to K.pneumoniae (Gacesa ¢t al, 1987)
and this strategy was employed using both E.coli strains as donors. Triplicate
matings were carried out on a solid agar surface at 30°C and transconjugants
were selected on either Luria agar plates containing kanamycin, tetracycline
and ampicillin or minimal media agar plates containing kanamycin and
tetracycline depending on the K.pneumoniae strain used.

R64drd-11 proved successful in mobilizing pHSG415::Tn]1Q to a
small number of K.pneumoniae strains (Table 3.4) as judged by the
conversion of those strains to kanamycin and tétracycline resistance albeit at a
low frequency. E.coli C600 was an effective donor of pH804 15::TnlQ to
strain 2L.275 whilst E.coli LE392 was not. This result was reversed when

strain 21.269 was the recipient. The reasons for this are not clear. Both

strains were effective donors when K.pneumoniae strains 2L.270, 2L276 and

2L.277 were the recipients.
Representative transconjugants from strains 21.269, 21.270, 2L275,

2L.276 and 2L.277 were re-streaked for purity and sub-cultured on 4-5

occasions in the presence of small amounts of kanamycin (20pg ml'l) inan

effort to lose R64drd-11 (SmR TcR) and its interfering tetracycline resistance

S R TcR colonies

marker. Only from strain 2L276 were such Sm~ Km

identified. It has been suggested previously that the "mobilization" of
pHSG415::Tn10 by R64drd-11 occurs at extremely low frequencies and,
moreover, that the "mobilization" is probably passive transfer through the
formation of cointegrate plasmids (Hashimoto-Gotoh gt al, 1981). This may

be the case in transconjugants of 21.269, 2L.270, 2L275 and 2L.277 where

S Rr R

Km™ Tc™ cells may have been due to lack of

failure to isolate Sm

?

resolution of the cointegrate plasmid. In contrast however, and in agreement
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with Gacesa et al (1987) no such problems were encountered with strain

2L.276.

S kmR TcR

Mini-preparations alone of plasmid DNA from Sm
K.pneumoniae 2L.276 cells did not conclusively demonstrate the presence of
pHSG415::Tn1Q due to the existence of a number of other plasmids in this
strain (Figure 3.6a). However, Southern blot analysis, using the complete

plasmid pHSG415 (7.1kb) revealed that the plasmid was indeed present in at

least two of the transconjugants (Figure 3.6b).

3.4.3 Stability of inheritance of pHSG415::Tn10 in K.pneumoniae

at different temperatures

The stability of pHSG415::Tn10Q in K.pneumoniae 2L.276 at 30°C and
42°C was investigated according to Hashimoto-Gotoh et al, 1981 with the
modification that samples were also plated onto Luria agar containing
tetracycline to monitor the fate of transposon Tn10. At 42°C, there was a
rapid and dramatic reduction in the proportion of plasmid-carrying bacteria
within the total cell population (Figure 3.7a). The slightly lower rate of loss
of tetracycline resistance also suggests transposition of transposon Tnl10. The
transposition frequency (defined as in 3.2.3) was approximately 2.3)(10'4
insertions per generation. This figure compares well with the 5x10'4
reported by Gacesa ¢t al (1987). No loss of pHSG415::Tn10 occurred from
2L.276 during 10 hours of growth at 30°C (Figure 3.7b).
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Figure 3.6 a+ b: Gel electrophoresis and Southern hybridisation of plasmid
DNA from prospective K.pneumoniae 2L276
transconjugants using pHSG415 as a probe.

pHSG415::Tn!0

Lanes: 1=
2 = K.pneumoniae 2L276
3-11 = Prospective K.pneumoniae 2L276

transconjugants (KmR, CmR, TcR)
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log KmR or TcR c.f.u./ml

Total c.f.u./ml

Time (Hours)
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log(KmR . log (TcR ------*-—— Total c.f.u./ml
c.f.u./ml)/(Total c.f.u./ml)/(Total
c.f.u./ml) c.f.u./ml)

Figure 3.7a

Growth of K.pneumoniae 2L276 (pHSG415::Tn!0) and segregation

kinetics of pHSG415::TnlQ in K.pneumoniae 21.276 at 42°C.

imd o [u yenr
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log KmR or TcR c.f.u./ml

Total c.f.u./ml

-1.5

log(KmR
c.f.u./ml)/(Total
c.f.u/ml)

Figure 3.7b

Growth of K.pneumoniae 2L276 (pHSG415::Tn!0) and

Time (Hours)

. log (TcR
c.f.u./ml)/(Total
c.f.u./m?!)

*

1.00E+07

1.00E+06

1.00E+05

1.00E+04

1.00E+03

Total c.f.u./ml

- 1.00E+02

- 1.00E+01

1.00E+00
10

Total c.f.u./ml

segregation Kkinetics of pHSG415::Tn+xQ in K.pneumoniae 2L.276

at 30°C.
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Ry S

Km" colonies

R

3.4.4 Screening of Tc
A total of 913 Tc KmS colonies were isolated following growth of
K.pneumoniae 21.276 (pHSG415::Tn]Q) at 42°cC. Following inoculation of
each individual colony onto M9 minimal medium agar, 9 were found to be
auxotrophs. Of these auxotrophs, 6 had separate amino acid requirements.
Transposon Tn]( appears therefore to be inserting randomly within the
genome of this strain. Unfortunately, this could not be confirmed as
K.pneumoniae 21.276 could no longer be serotyped by immunological
methods (B. Ayling-smith, pers. comm.). This would have made the

identification of non-capsular mutants extremely difficult and it was decided

not to continue with the analysis of this strain.

3.5 Use of a Bacteriophage P1-based Delivery System
3.5.1 Introduction

Bacteriophage P1 is a generalised transducing phage which has also
been used successfully as a vector for transposon mutagehesis (Quinto and
Bender, 1984). The phage infects bacterial cells in the same way as other
bacteriophage, but is maintained within the cell in the plasmid prophage state.
It is thus often described as a "phasmid". P1 also exhibits an incompatibility
effect, i.e. an incoming P1 will not be stably maintained in the presence of an
already existing P1 plasmid (Ikeda and Tomizawa, 1968). It is this feature
which makes P1 an ideal transposon delivery vehicle. |

A P1 bacteriophage carrying a particular antibiotic resistance
determinant can be used to infect a bacterial strain, and selection applied for
lysogenic cells. Superinfection with a P1::Tn will lead to the rapid
elimination of the incoming P1 but not before the Tn element has in a few

instances, transposed to the host genome.
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This system was examined with regard to its suitability as a

transposon delivery system in clinical isolates of K.pneumoniae.

3.5.2 Attempts to isolate P1-sensitive derivatives of K.pneumoniae
Infection of all bacterial strains with P1 was carried out in an attempt
to isolate P1-sensitive mutants for use in transposon mutagenesis.
P1 lysogeny was checked by confirming that the chloramphenicol-
resistant bacterial cells were capable of releasing phage when grown at 42°c

in the absence of Ca2+. Growth at 42°C increases the rate of spontaneous

induction of P1 lysogens while the lack of Ca2+ ions will mean that those P1

phage that have been released cannot re-infect other cells (Gerhardt et al,
1981). E.coli C600 and K.pneumonia¢ KAY2026 are known to be P1-
sensitive and were used as positive controls. All other klebsiellae were

regarded as being P1-resistant until demonstrated otherwise.
Some strains gave rise to a large number of spontaneous CmR mutants
and thus were not used further. Upon infection with P1, only K. pneumoniae

R

strains 5055 and 2L276 gave rise to Cm " colonies (Table 3.5). Presumptive

P1CM lysogens of 21276 were isolated at a very low frequency and were

extremely unstable, consistently reverting to CmS after a single subculture.

R

No stable Cm  derivatives of this strain were ever found and thus the source

R could not be positively assigned to either P1 lysogeny or spontaneous

R

of Cm
mutation. However, no Cm'* colonies were discovered from a normal cell
population of this strain not infected with P1.

The failure to derive P1-sensitive mutants from other clinical strains
was not anticipated, particularly since other K.pneumoniae isolates have
shown themselves to be amenable to manipulations of this type (Quinto and
Bender,1984; Goldberg et al, 1974 and Camprubi ¢t al, 1989). Itis

conceivable that there is a host restriction/modification barrier to overcome.
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Relevant P1 lysogen Titre of phage

Strain genotype isolation released

frequency (p.f.u.\ml)
5055 P’ 1.1x107 3.4x107
BAH2819 P1* 0 ND
21261 P1* 0 ND
24118 P1* 0 ND
21263 P1* 0 ND
21.265 P1° 0 ND
21268 P1* 0 ND
21269 P1f 0 ND
21270 P1* 0 ND
21271 P1* 0 ND
21273 P1° 0 ND
21274 P1* 0 ND
21275 P1f 0 ND
21276 P1f 3.0x10%® ND
21277 P1* 0 ND
21279 P1* 0 ND
KAY2026 P1* 1.2x10 1.2x10°
E.coli C600 P1* 1.5x103 6.4x10°

Table 3. 5: Isolation of PLCM lysogens from various K.pneumoniae

strains.

ND = Not determined

P1 lysogen isolation frequency was defined as: Number of PICM lysogens
Total colony forming units

Each figure is the mean of 3 separate experiments.
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However, increasing the infection temperature above 30°C will favour the
induction of any lysogens that may be formed. Two alternative approaches
were adopted to circumvent this difficulty. Firstly, each of the strains
involved was grown up overnight at 43.5°C prior to phage addition in an
attempt to destroy the host restriction system. Secondly, the infection
procedure was initially performed at 43.5°C for varying periods of time
ranging from 30 s to 25 min before being transferred to 30°C for whatever
time remained of the 30 min infection period. These manipulations were
used on each of the strains listed in Table 3.5. This had no visible effect and
did not lead to lysogen isolation nor did it increasé isolation frequencies for
strains 2L.276 and 5055. |

Evidence for an active restriction/modification system for P1 DNA in
K.pneumoniae was obtained from the results for the cqntrol strains. The P1
phage used to infect K.pneumoniae KAY2026 had been passaged through the
E.coli C600 strain prior to use. Upon induction of KAY2026 a lower phage
yield was obtainzed due to host controlled modification. The P1 lysate
obtained from K.pneumoniae KAY2026 was subsequently used to infect the
other K.pneumoniae isolates in order to overcome the restriction/modification
barrier. This did not seem to affect klebsiella resistance to P1 and no
lysogens were obtained. Thus it did not seem likely that the host controlled
restriction/modification system was the deciding factor in maintaining the P1-
resistance of those K.pneumoniae isolates tested.

The bacterial receptor site for bacteriophage P1 is the
lipopolysaccharide core oligosaccharide (Archibald,1980). The
lipopolysaccharide sugar chains (O-antigen) have been shown to occlude the
P1 receptor leading to diminished lysogen production in K.pneumoniae
(Camprubi gt al, 1989). However, evidence from the same study also
indicated that the presence of capsular polysaccharide on the cell surface did
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not affect the accessibility of a P1 derivative to the LPS-core oligosaccharide.
Using the mutants M10(K"O™) and M10B(K"O") it has been possible to
investigate this effect with particular regard to the 5055 strain. The results
(Table 3.6) show approximately a 600-fold increase in the number of PICM
lysogens isolated from strain MIOB (O") as compared to the parent 5055
strain (0+). However, in contrast to Camprubi et al (1989), the K-antigen did
seem to play a minor role in restricting access of PICM bacteriophage to the
LPS-core oligosaccharide receptor site as judged by the approximate 3.5-fold
increase in lysogen formation in M10 (K 0™y over 5055. Camprubi et al
(1989) also reported similar lysogeny frequencies between O~ K.pneumoniae
and E.colj strains. This study revealed a 20-fold decrease in lysogen
formation in the O” K.pneumoniae strain compared to E.coli C600.
However, since these studies utilised E.colj P1 lysates, a 20-50 fold lower
efficiency of plating in K.pneumonijae would be expected due to host-

controlled modification (J.Lengeler, pers. comm.)

3.5.3 Screening of prospective transposon mutants
A total of 391 CmR KmR K.pneumoniae 5055 colonies were obtained
from 11 independent infections with P1 lysates (a frequency of approximately

3.5x1070

per added phage particle).

When patched onto M9 minimal medium, 2 were found to be
auxotrophs (0.51%, assuming all 391 CmR KmR colonies are transposon
mutants). However, Quinto and Bender (1984) reported in a similar study
that only 80% of K.aerogenes CmR KmR colonies were the result of Tn3
transposition from P1 to the chromosome. The proportion of bona-fide
transposon mutants generated in this study was not analysed. No non-

capsular mutants were identified.
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Strain Isolation Frequency
(P1CM lysogens/Total c.f.u.)

5055 (K*O%) 1.1x107

M10 (K'O%) 3.8x107

M10B (K'O) 6.7x10°
e ——

Table 3.6: Effect of O and K antigens upon P1CM lysogeny

in K.pneumoniae 5055.

Each figure is the mean of 3 separate experiments.
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A preliminary investigation revealed that bacteriophage P1 appears
to be successful as a vector for Tnd insertion mutagenesis in K.pneumoniae
strain 5055, although this was not confirmed for reasons that will be

discussed later (section 3.7).

3.6 Transposon Mutagenesis using the pRT733 Delivery System
3.6.1 Introduction

The plasmid pRT733 (Ap’, Km') is a suicide vector derived originally
from pBR322 (Taylor et al, 1989). In this plasmid, the ColEl origin of
replication has been replaced by R6K ori and thus it can only replicate
when the © protein is provided in trans such as in an E.coli A pir lysogen
(Kolter et al, 1978).

SM10 A pir can mobilize pRT733 into K.pneumoniae because it

carries a derivative of plasmid RP4 integrated in the bacterial chromosome.

This derivative can provide conjugative functions in trans to the mob site

on pRT733. Instead of TnS, plasmid pRT733 carries a derivative, TnphoA
(Manoil and Beckwith, 1985) which retains the kan gene as well as the
capacity for random insertion within a bacterial genome. Although
originally designed for use in the analysis of extracellular protein
production, it was hoped that TnphoA could also be used to isolate non-

capsular K.pneumoniae mutants.

90



3.6.2 Isolation of transposon mutants of K.pneumoniae

Rifampicin or streptomycin resistant mutants of K.pneumoniae were
isolated in order to provide a criterion for selection against the donor
strain. Matings between Rif/Str* klebsiellae and a A pir lysogen of E.coli
SM10(RP4-2-Tc::Mu) containing pRT733 (Ap", Km") were carried out and
transposon mutants were selected directly on LB agar containing kanamycin

and rifampicin/streptomycin since pRT733 will not replicate in the

K.pneumoniae strains.
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Kanamycin resistaﬁt colonies were isolated from all matings at
frequencies in the 10’5- 10'6 region (Table 3.7). This is consistent with the
findings of Taylor et al, (1989) who used the pRT733 delivery system in

Three representative KmR colonies from each mating were biotyped
using the API20E system and all were identified as K.pneumoniae.

Between six hundred and one thousand KmR colonies from each
strain were tested for auxotrophy by patching onto M9 minimal salts agar
containing kanamycin (Table 3.7). Only strains 5055, 3118, 2L261 and C887
generated auxotrophic mutants. In the majority of K.pneumoniae isolates
tested, the pRT733 delivery system was probably unsuccessful in generating
random mutations. However, for strains 5055, 3118, 2L.261 and C887, the
frequencies of auxotrophic mutation produced (0.82%, 1.33%, 0.67% and
0.50%) seem to be reasonably consistent with thdse previously reported for
K.pneumoniae (Gacesa et al, 1987). Two of the auxotrophs generated from
strain 5055 were judged to be "leaky", that is a small proportion of those cells
that were patched grew on the minimal medium, possibly due to a high
reversion frequency. These auxotrophs were discarded and were not included
in the calculation of auxotroph generation frequency in this strain. No leaky
auxotrophs were generated from the other strains.

Confirmation that random transposon mutagenesis was océurring was
obtained from Southern blot analysis. Chromosomal DNA from three KmR
5055 mutants was examined following digestion with ECORV, which does not
cut within TnphoA, and probed with the 3.4 kilobase Hind III internal ,
fragment of TnphoA. The results show that all 3 mutants selected contain a

single TnphoA insertion in different ECORV fragments (Figure 3.8a+b).
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Strain Isolation frequncy Isolation frequency
of of auxotrophs from
KmR® colonies KmR colonies (%)
5055 1.5x10° 0.82 (7/850)
BAH2819 2.6x10° 0
21261 7.2x10°¢ 0.67 (4/600)
3118 9.8x10°¢ 1.33 (7/600)
24118 3.4x10° 0
C847 3.4x10° 0
C887 2.1x10° 0.5 (3/600)
C1012 3.5x10¢ 0
C1300 1.1x10% 0
C2071 7.2x10°% 0
C2107 6.2x10° 0
C2445 1.2x10° 0
C3646 6.1x10° 0
C3666 4.1x10° 0

Table 3.7: Transposon mutagenesis and auxotroph generation

in various K.pneumoniae isolates using pRT733.

Isolation frequency defined as:

Number of Km® colonies isolated
Total colony forming units
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Lanes:

CRXIDLBERI

Lambda DNA/HindIII

pRT733 uncut

pRT733/HindIIl

5055 uncut chromosomal DNA
S055/EcoRV

5055 mutant 1 uncut chromsomal DNA
5055 mutant 1/EcoRV

5055 mutant 2/EcoRV

5055 mutant 3/EcoRV



12 3 4 5 6 7 8 9

Figure3.8 a+b: Gel electrophoresis and Southern hybridisation showing
random transposon insertion into chromosomal DNA
of K.pneumoniae 5055 using a 3.4kb Hindlll fragment
from TnphoA as a probe.
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No hybridisation to the parent 5055 (Kms) DNA was evident. One potential
drawback with the pRT733 transposon delivery system lies with its
propensity to yield ApR colonies. Taylor gt al (1989) reported that as many
as 20% of active TnphoA gene fusions in Vibrio cholerae led to the host
becoming ApR.' It was believed that these strains arose from cointegrate
formation between the plasmid and the chromosome.

K.pneumoniae strain C887 is naturally ApR and thus the generation of
such cointegrates could only be investigated using Southern blot analysis. A
preliminary study revealed that, of 5 KmR colonies from strain C887, 1
positively hybridized with a 1.9 kilobase BamHI internal fragment of pRT733
(carrying the RP4 mob region; Miller and Mekalanos, 1988). In strain 5055
(Aps), 198 of 1114 Km® colonies isolated also become ApR, a frequency of
17.8%. This phenomenon was not examined in strains 3118 or 2L261.
Plasmid pRT733 DNA could not be isolated from any of the ApR 5055
colonies nor from the C887 strain which had shown a positive hybridisation
reaction. It would seem therefore that the use of the pRT733 vector system in
K.pneumoniae promotes cointegrate formation between the plasmid and
chromosome at frequencies comparable to those reported previously in other
species.

In-frame fusions between phoA and a target gene display alkaline
phosphatase activity only if expressed at the cell surface (Manoil and
Beckwith, 1985). Strains containing such insertions may be identified by a
characteristic blue colony colour on Luria agar plates containing the
chromagenic indicator XP. KmS parent strains 5055, C887, 2L261 and 3118 -
grown on Luria agar containing XP all exhibited a pale blue colour, probably
due to production of host-encoded phosphatase. However, approximately 1

in every 260 KmR

TnphoA insertion mutants of these strains produced a far
more vivid blue colour which was believed to represent an active phoA
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hybrid protein. Although this was not investigated further and the generation
of non-phosphatase producing isolates may be necessary, it is believed that
pRT733 together with TnphoA could be used successfully to investigate
extracellular protein production and any possible relationship with bacterial
virulence in these strains of K.pneumoniae.

It would appear that the pRT733 transposon delivery vehicle is a
suitable system for the random generation of precise mutations in certain
clinical isolates of K.pneumoniae. Further studies are required in order that
non-capsular mutants may be generated and characterised with respect to the

genetic determinants of capsular biosynthesis.

3.7 Discussion

A range of delivery systems have been assessed for their ability to
confer random transposon insertion mutagenesis upon the genome of a
number of K.pnc_umgnm clinical isolates. Varying degrees of success have
been achieved, but no one particular regime seems to be 'suitable for all
strains.

Initial studies have shown that the broad host range plasmid pRT733
(pIM703.1::TnphoA; Taylor et al, 1989) appears to delivér TnphoA (Manoil
and Beckwith, 1986) in the required random fashion into 4 strains of
K.pneumoniae. Transposon mutants are selected in a single step thereby
providing an extremely fast and reliable method by which to isolate mutations

R

of interest. The generation of Ap KmR colonies (possibly cointegrates)

does seem to pose one potential problem with this vector system. However,
the use of an ApS recipient K.pneumoniae strain will allow the
straightforward identification of such events.
Major difficulties were encountered with each of the other delivery
vehicles. While initially promising, the plasmid pRU669/pRU670 system
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(Ubben and Schmidt, 1986) did not seem to transfer the transposons
Tnl1725/Tn]1731 to the K.pneumoniae chromosome. This was despite the
K.pneumoniae colonies exhibiting the correct antibiotic resistance profile, i.e.
retaining the transposon encoded resistance and losing the plasmid-encoded
resistance. A number of theories have been put forward in an attempt to
explain this apparent inconsistency.

The problems experienced by other authors (Terawaki et al,1981;
Okawa et al, 1987) when working with Rts1 and plasmids derived from it
were also encountered in this study. Accordingly, much time was spent on
this vector which could, with hindsight, have been spent more profitably in
other directions.

The introduction of LamB™ plasmids into K.pneumoniae strains was
successful in several cases. Despite this, no AS K.pneumoniae isolates were
ever found, even though the structural and functional integrity of the plasmid
was maintained in the K.pneumonijae background. The failure of A to infect
such cells appeared to be due to aberrant or non-existent expression of the A
receptor protein LamB in the K.pneumoniae outer membrane. Further work,
perhaps involving a LamB-specific antibody probe would be necessary in

order to confirm these hypotheses.

Both P1::Tn3 and pHSG415::Tn10Q delivery systems appeared to be
successful transposon donors within extremely limited host ranges. The use
of pHSG415::Tn]0 in K.pneumoniae K34 was marred by the discovery that
this strain could no longer be serotyped by conventional immunological
techniques, thus rendering it useless for further studies into the basis of
capsular biosynthesis. Although an efficient transposon mutagenesis vector,
bacteriophage P1 was judged less suitable than the pRT733 system and was
similarly not used for further analysis. The isolation of transposon mutants
was a 2-step rather than a 1-step process, thus making it slower. TnphoA
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mutagenesis also appeared to be successful in four strains, rather than just
two, extending the range of comparisons during more advanced genetic
studies.

In theory, transposon mutagenesis appears to be a relatively
straightforward technique. However in practice, numerous difficulties were
encountered. Wright et al (1990), prior to their ultimate success, also met
with problems and were unable to demonstrate transposition in Vibrio
yulnificys with a large number of transposon delivery vectors, including
pRT733. However, transposon mutagenesis has been used in K.pneumoniae
previously and the large number of obstacles faced during the course of this
work were certainly not envisaged. The fact that clinical isolates (probably
containing well developed restriction systems) were being studied may be a

contributory factor.
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CHAPTER4: Isolation And Characterisation Of
Transposon Mutants Deficient In
Capsular Polysaccharide
Biosynthesis
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4.1 Introduction

A vector system has been established that will successfully deliver a
transposon into the K.pneumoniae genome in a random fashion.

This chapter describes the isolation and characterisation of non-
capsular transposon mutants which are isogenic in all other respects. The use
of such mutants will facilitate further analysis of those regions of the
K.pneumoniae genome which are involved in the synthesis and expression of

the capsular polysaccharide.

4.2 Isolation Of Non-Capsular Mutants Of K,png_umgma_e K2 5055

It was decided to concentrate on strain 5055 for three reasons:-
1) Mutants M10 (K-0™) and M10B (K-0O"), derivatives of the parent strain
5055 produced by nitrosoguanidine mutagenesis, were readily available in the
laboratory. These would be useful as controls in the analysis of non-capsular
transposon mutants.
2) Strain 5055 produces larger amounts of capsular poly‘saccharide than do
the other K.pneumoniae isolates successfully mutagenized with TnphoA, thus
making a preliminary visual identification of non-capsular mutants somewhat

easier.
3) In contrast to the other K.pneumoniae strains, 5055 is naturally Ap

which provides a rapid and straightforward mechanism for the removal of

S

pRT733 cointegrate events.

All 850 KmR colonies of strain 5055 were sub-cultured onto solid
Worfel-Ferguson growth medium (containing kanamycin) in order to
maximise capsular polysaccharide production. Following 48 hours of growth
at 37°C, plates were examined and cultures which appeared less mucoid than
the parent strain were taken for further analysis. A total of three apparently
non-mucoid Km® mutants were isolated from this preliminary screening and
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designated as K.pneumoniae 5055-114, 5055-480 and 5055-797. Each of
these presumptive non-capsular mutants was then subjected to a battery of
tests in order to verify that production of the K2 polysaccharide had been
abolished. A further KmR mutant, 5055-507 was found to have become
deficient in urease production (Ure’). It was decided to use this as a control

strain for subsequent experiments.

4.3 Immunological Analysis Of Prospective Mutants
4.3.1 Double immunodiffusion analysis

The production of K2 capsular polysaccharide was tested using a
double immunodiffusion procedure. Whole cells of each strain were tested
against an anti-K,pneumoniae K2 rabbit antiserum which had been absorbed
with the non-capsular deriwtive strain M10 (K'O+), thus rendering the
antiserum monospecific towards the K-antigen. The results (Figure 4.1)
show that only the control strain 5055-507 gave a positive reaction. This also
indicates that the antiserum is indeed monospecific sincé there is no reaction

with either M10 (K"O™) or M10B (K"O").

4.3.2 Counter-current immunoelectrophoresis and quéllung analysis
Counter-current immunoelectrophoresis (Palfreyman, 1978) and
quellung analysis (Kauffmann, 1949) were carried out on the presumptive
mutants both locally and independently at the Central Public Health
Laboratory, Colindale. The results (Table 4.1) were identical and show that
the K¥ strain 5055-507 reacts positively against the corresponding anti-K2
sera whereas each of the three prospective non-capsular mutants elicits a

negative reaction.
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Figure 4.1: Double immunodiffusion analysis of K2 capsular polysaccharide
production in prospective K.pneumoniae 5055 non-capsular

mutants using anti-K2 monospecific rabbit antiserum.

Wells: 1 =
2 =

[op 2 IR SN ¢V]
1

Central well =

K.pneumoniae 5055-507 whole cells.
K.pneumoniae 5055-114 whole cells.
K.pneumoniae 5055-480 whole cells.
K.pneumoniae 5055-797 whole cells.

K.pneumoniae M10 whole cells.
K.pneumoniae M10B whole cells.

Monospecific anti-K2 antiserum.

102



Reaction

Strain CIE Quellung

Liverpool Colindale Liverpool Colindale
5055-507 K2 K2 K2 K2
M10 NT NT NT NT
5055-114 NT NT NT NT
5055-480 NT NT NT NT
5055-797 NT NT NT NT

-Table 4.1: Capsular serotyping of K.pneumoniae mutants

using counter-current immunoelectrophoresis

(CIE) and the quellung reaction.

NT = not typeable
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4.3.3 Immune electron microscopy analysis

Immuno-gold labelling with an anti-K2 CPS monoclonal antibody
(Trautmann ¢t al, 1988) was used in conjunction with electron microscopy to
detect the presence of K2 capsular polysaccharide on the mutant strains.
Figure 4.2a clearly shows the aggregation of gold particles around the 5055-
507 cell exterior. This was presumed to be a direct result of binding of the
anti-mouse antibody-gold conjugate to the K.pneumoniae capsular
polysaccharide via the anti-CPS monoclonal antibodies. None of the
prospective non-capsular mutants strains showed any appreciable
concentration of gold-labelled particles around the cell surface (Figures 4.2b-
d). A control experiment in which the anti-CPS monoclonal antibody was
omitted showed the same random dispersal of gold particles across the field -

as in Figures 4.2b-d.

4.4 Electron Microscopy Analysis

Transmission electron microscopy of ruthenium red stained sections
of strain 5055-507 revealed the existence of the extracellular capsular
polysaccharide, visualized as a somewhat indistinct material surrounding the
cell (Figure 4.3a). In contrast, electron micrographs of strains 5055-114,
5055-480 and 5055-797 (Figure 4.3b-d) showed that each of these strains
appeared to lack the capsular material.

When taken together, the results from immunological and electron
microscopy studies indicate that each of the three prospective mutants is
indeed non-capsular. The use of transmission electron microscopy to observe .
ruthenium red stained cells provides evidence that the mutants are actually
failing to express capsular polysaccharide on their cell surfaces rather than

producing an immunologically altered form of the K-antigen.
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i"igure 4.2: Immuno-gold labelling of prospective K.pneumoniae non-
capsular mutants using anti-Klebsiella K2 capsular
polysaccharide monoclonal antibody.

(a) : 5055-507 (x50000)
(b) : 5055-114 (x50000)
() : 5055-480 (x30000)

(d) : 5055-797 (x30000)
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Figure 4.3: Electron micrographs of thin sections of ruthenium red-stained
K.pneumoniae capsular and prospective non-capsular mutant
strains. -

(a) : 5055-507 (x50000)
(b) : 5055-114 (x100000)
(c) : 5055-480 (x50000)

(d) : 5055-797 (x30000)
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4.5 Phage Sensitivity Analysis

A bacteriophage typing scheme for Klebsiella isolates has been
developed by Gaston et al (1987) and is in regular use as a secondary typing
method by the Central Public Health Laboratory, Colindale, to follow the
course of a possible epidemic (B.Ayling-Smith, pers. comm).

This system was used independently to type K.pneumoniae 5055

control and non-capsular mutant strains (Table 4.2). The phages shown are
part of a 15 phage typing set and are those which gave at least one weak
reaction with one of the strains tested. The receptors for each of these
bacteriophages are unknown. However, from these results it would seem
possible that phage 12 may have a receptor site within the capsular
polysaccharide matrix since strong positive reactions occur with K? strains
while there is no reaction with K~ strains. Equally, phage 4 may have a
receptor site that is masked by the CPS such as LPS, since only the K~ strains
gave positive reactions. Consequently, phages 4 and 12 may prove useful
during other studies as a rapid means to identify the presence or absence of
K.pneumonijae K2 polysaccharide on the cell surface. Further work in order
to determine the actual receptor sites for both bacteriophage would, however,
be required. Strain M10 is a non-capsular mutant generated by chemical
mutagenesis. This procedure may have introduced other mutations which
could account for the differences seen between this strain and the non-
capsular transposon mutants when infected with phages 11 and 13. Infection
of these strains with phage 7 was interesting because all three levels of
reaction were exhibited within the three non-capsular mutants. The reasons .

for this are unclear.
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Phages

Strain 2| 3| a6 7| 1| 12]| 13
5055 (K*O%) ++ | ++ | - | ++ ]| - |+ |+ | +/-
5055-507 (K*O*) | ++ | ++| - | ++| - | ++ | ++ | +/
M10 (KO*) ++ | ++ | ++ | ++ ] +/- ] - - .

5055-114 (KO*) | ++ | ++ | ++ | ++ | ++ | - - +/-
5055-480 (KO*) | ++ | ++ | ++ | ++ | +/1-| +/- | - +/-
5055-797 (KO*) | ++ | ++ | ++ | ++| - | +-| - | +/

“Table 4.2: Phage sensitivity analysis of K.pneumoniae

5055 capsular and non-capsular strains.

++ = Strong reaction (well-defined, clear plaques)

+/- = Weak reaction (irregular, cloudy plaques)

- = No reaction

113




4.6 Southern Hybridisation A nalysis

Although available information seems to indicate that most of the
genetic material required for capsular biosynthesis is held on the chromosome
| of K.pneumoniae (Arakawa et al, 1991: Laakso et al, 1988), other plasmid-
encoded determinants may be required for the full expression of the capsule
in other species (Barr, 1981; Nassif et al, 1989; McCallurh and Whitfield,
1991 and Arakawa et al, 1991).

K.pneumoniae strain 5055 carries a large plasmid which has not been
characterised in any way. Southern hybridisation analysis using a 3.4
kilobase internal HindIII fragment of TnphoA as a probe, was used to detect
- possible transposon insertions into plasmid DNA isolated from each of the
non-capsular mutants. The results (Figure 4.4a+b) show that the non-
capsular mutant phenotype was not a result of TnphoA insertion into this
resident plasmid. This does not however rule oﬁt the possibility that the
plasmid may contain other information necessary for capsule production.

Southern analysis of chromosomal DNA from the three mutants
digested with EcoRV, which does not cut within TnphoA, revealed initially
that mutants 114 and 797 contained a single insertion while mutant 480 had
three TnphoA insertions. However, subsequent experiments showed that
mutant 114 contained a second copy of TnphoA within its chromosomal
DNA due to secondary transposition (Figure 4.5a+b). Neither of the other
mutants contained further copies of TnphoA.

Mutant strains 5055-114 and 5055-480 appear to share two common
sites of insertion in identical ECORV fragments, at least one of which mugt be
involved in capsule production. However, strain 5055-797 contains an
insertion in a seperate ECORV fragment. Therefore, the genes for capsule
production in K.pneumoniae strain 5055 must be organised into at least two
EcoRYV fragments.
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Figure 4.4 a+b: Gel electrophoresis and Southern hybridisation to

Lanes:

detect TnphoA insertions into K.pneumoniae plasmid
DNA using a 3.4kb Hindlll fragment from TnphoA as
a probe.

1 = pRT733 (uncut)

2 = K.pneumoniae 5055 plasmid DNA (uncut)

3 = K.pneumoniae 5055-114 plasmid DNA (uncut)
4 = K.pneumoniae 5055-480 plasmid DNA (uncut)
5 = K.pneumoniae 5055-797 plasmid DNA (uncut)
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Figure 4.5 a+b: Gel electrophoresis and Southern hybridisation of
EcoRV-digested chromosomal DNA from
K.pneumoniae 5055 and non-capsular derivatives
using 3.4kb HindIII fragment from TnphoA as a
probe.

Lanes: 1 = Lambda DNA/HindIII
2 = pRT733/EcoRV
3 = 5055/EcoRV
= 5055-114/EcoRV
5055-480/EcoRV
5055-797/EcoRV

4
5
6
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4.7 Examination Of The Outer Membrane

The outer membranes from each of the non-capsular transposon
mutants were characterized in order to ensure that each was isogenic with the
parental strain in all other respects.

Outer membrane proteins were isolated and examined using SDS-
PAGE as described in Materials and Methods. The results (Figure 4.6) show
that there are no major discernible differences between the parent 5055 strain
and any of the non-capsular mutants.

Similarly, lipopolysaccharide was extracted (Osborn, 1966) and analysed
by SDS-PAGE as described in Materials and Methods. LPS from mutant
strain 5055-797 shows an identical profile to that of the parent with the O-
substituted LPS seen above the fast-migrating lipid A core region (Figure
4.7). Interestingly, this strain also appears to contain the HMW-LPS antigen
reported by McCallum et al (1989). '

The usual ladder pattern seen in LPS could not be resolved despite
variation of gel conditions and the amount of LPS loaded. Mutants 5055-114
and 5055-480 also exhibited an identical LPS pattern to the parental strain

(data not shown).

4.8 Preliminary Analysis Of Location Of Transposon Insertions

The intracellular contents of the non-capsular mutant strains were
released by sonication and by alkaline lysis. There was no accumulation of
K2 capsular polysaccharide within the cells as judged by double
immunodiffusion analysis using a monospecific anti-K2 CPS antiserum. This
would seem to indicate insertion of transposon DNA into K.pneumoniae CPS
structural or major regulatory genes rather than genes involved in the

translocation of capsular polysaccharide across the cell membrane.
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Figure 4.6: SDS-PAGE of outer membrane proteins from K.uneumoniae
capsular and non-capsular strains.

Lanes: 1 = Molecular weight protein standards
= 5055

M10

M10B

5055-114

5055-480

5055-797

~No o~ wN
1
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Figure4.7: SDS-PAGE of lipopolysaccharide from K.pneumoniae capsular
and non-capsular mutant strains.
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Tﬁe plasmid pL'V213 contains the rcsA gene from K.pneumoniae K21
(Allen gt al, 1987) and has been shown to induce colanic acid production in
E.coli at 30°C. The rcsA gene from a K.pneumoniae K20 strain has been
shown to be involved in the expression of capsular polysaccharide by virtue
of its ability to complement a K20 mutant producing only minute amounts of
capsular polysaccharide (McCallum and Whitfield, 1991). The rcsA genes
from both serotypes have precisely the same nucleotide sequences. Mutants
5055-114, 5055-480 and 5055-797 were transformed with pLV213 (CmR) in
an attempt to complement the mutations which led to loss of capsule
production. However, no 5055-114 (pLV213), 5055-480 (pLV213) or 5055-
797 (pLV213) transformants regained the ability to elicit a K2 polysaccharide
capsule as judged by double immunodiffusion analysis using a monospecific

anti-K2 CPS antiserum.

4.9 Discussion

A number of groups have reported the isolation of K.pncumoniae
mutants which are deficient in capsular polysaccharide biosynthesis (Poxton
and Sutherland, 1976; Simoons-Smit et al, 1986; Benedi et al, 1989 and
Merino gt al, 1989). However in each of these cases, the non-capsular
derivatives have been discovered either as spontaneous K™ mutants or after
chemical or UV mutagenesis. Thus, the genetic basis for the loss of capsule
could not be precisely identified. The insertion of a transposon into the
K.pneumoniae capsular biosynthetic genes will also give rise to K™ colonies,
except that such mutants have the potential to be mapped with regard to the
insertion location, thereby allowing isolation of the genes involved in capsule
production. Apart from the recently published work of Arakawa et al (1991),

this is the first report of the successful generation of otherwise isogenic, non-

capsulated mutants of K.pneumoniae using transposon mutagenesis.
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Aithough multiple TnphoA insertions into chromosomal DNA are not
unusual (Donnenberg et al, 1990) it was disappointing that only one of the
non-capsular mutants 5055-797, had a unique insertion site. Névcrtheless,
this derivative should prove extremely useful in later studies.

The non-bapsular mutants generated during this study were devoid of
intracellular K2 CPS accumulation although only a low number of mutants
were tested. Arakawa et al (1991), also found no evidence of K2 capsular
polysaccharide accumulation within the cells of non-capsular K2 transposon
mutants. They suggest that the K.pneumoniae cps gene cluster may be
organised diffferently to that of the much studied E.coli group II capsular

polyséccharide genes and may resemble that of the E.coli group I capsules.

122



CHAPTER 5: Genetic Analysis of Non-Capsular
Mutants
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5.1 Introduction

Non-capsular mutants of K.pneumoniae 5055 have been generated
using transposon mutagenesis. By virtue of the antibiotic resistance
phenotype (KmR) and the fact that the structure of TnphoA is well known
(Rothstein et al, 1980; Manoil and Beckwith, 1985 and Chang et al, 1986),
the presence of the transposon gives a clearly identifiable "handle" by which
it should prove possible to analyse the DNA flanking the insertion, in this
case the Klebsiella genes involved in K2 capsular biosynthesis.

Using specifically chosen restriction enzymes, all or part of the
transposon plus flanking regions from one or both sides can be isolated. This
will enable a small fragment of Klebsiella DNA to be used to probe a gene
library of the parental strain and identify a fully intact Klebsiella cps gene
cluster (Arakawa et al, 1991) which could be used to determine the genetic
basis of Klebsiella capsule production. '

The results in this chapter describe the various strategies which have
been employed to clone transposon DNA plus flanking regions from the
chromosomal DNA of K.pneumoniae non-capsular transposon mutants. A

preliminary analysis of these clones is also presented.

5.2  Attempts to Clone TnphoA plus Klebsiella DNA Using the

Cosmid Vector pHC79

The cosmid vector pHC79 (Hohn and Collins, 1980) contains the
genes encoding ampicillin and tetracycline resistance and is suitable for the
cloning of DNA fragments of up to 40kb. Sau3A-chromosomal fragments
from 5055-797 of approximately 25kb and above were purified using suérose
gradients (Maniatis, 1982), ligated into the BamHI site of pHC79 at a molar
ratio of approximately 5:1 (vector:fragments) and ‘packagcd into phage A
heads as described in Materials and Methods. The KmR phenotype was used
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asa direct'selection criteria for clones containing the kan gene of TnphoA.
However, within a library of approximately 500 clones (containing inserts),

no KmR colonies were isolated.

5.3  Attempts to Clone TnphoA plus Klebsiella DNA Using Plasmid

Vectors

Initial cloning experiments concentrated on using those restriction
enzymes which do not cut within TnphoA, for example Xbal, Sacl and
EcoRYV (Taylor gt al, 1989). Such enzymes can be utilized to clone the
complete transposon plus DNA flanking both ends of the insertion. Gene
libraries of Xbal and Sacl-digested chromosomal DNA from 5055-797 and
5055-114 were constructed in E.coli LE392 using pUC19 while pBR322 was
employed for ECORYV libraries. Despite the isolation of up to 1200 clones per
library, no KmR recombinants were found.

Taylor et al, (1989) used BamHI to isolate fusion joints between phoA
and their gene of interest. BamHI and Sall both cut within TnphoA, but at
sites distal to the kan gene, thus not disrupting its expression in a suitable host
(Figure 5.1). The use of such enzymes will allow flanking DNA to be
isolated from one side of the transposon insertion only. A number of
enzymes of this type were used in conjunction with pUC19 and/or pBR322
for cloning experiments, but only pUC19/EcoR1 libraries yielded KmR
LE392 recombinants. From the 5055-797 gene library of approximately
1900 clones, 2 KmR colonies were isolated and recombinant plasmids
contained within them were designated pLV750 and pLV751. Alibrary of .
approximately 2100 clones from strain 5055-114 gave rise to 6 KmR
colonies. Single EcoR1, BamHI and HindII restriction digests of plashid
DNA revealed that of the 6 5055-114 clones, only 3 were unique and these
were designated pLV752, pLV753 and pLV754.
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Figure 5.1: Transposon mutagenesis using TnphoA.

Restriction sites: B = BamHI
S = Sall
E = EcoRI

Not all restriction sites on TnphoA are shown.

(From Taylor et al, 1989).
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5.4 Characterisation of TnphoA Recombinant Plasmids

Southern blot analysis of digested plasmid DNA, using the 3.4kb
HindIII fragment of TnphoA as a probe, confirmed the presence of TnphoA
sequences in each of the recombinant plasmids (Figure 5.2a+b).

Restriction digest analysis revealed the clones to be carrying inserts of
between approximately 7.5kb (pLV754) and 36.3kb (pL.V751) and allowed
the construction of preliminary restriction maps for pLV750, pLV753 and
pLV754 (Figure 5.3). These 3 plasmids appear to represent each of the 3
TnphoA insertions under investigation (1 in 5055_-7 97 and 2 in 5055-114). It
was not possible to distinguish at this stage which of the insertions in 5055-
114 was responsible for eliminating capsule biosynthesis, or indeed if both
were necessary.

A fragment or sub-clone of pLV750 containing the 8.3kb of
Klebsiella chromosomal DNA would appear to be the best choice as an initial
probe with which to screen a cosmid gene bank of 5055 genomic DNA.
However, pL.V753 and pLV754 may be useful in later, more advanced

studies.
Recombinant plasmids pLV751 and pLV752 were extremely unstable

probably due to the large inserts of Klebsiella DNA contained within them.

These plasmids were not mapped.
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Flgure 5.2 a+b: Gel electrophoresis and Southern hybridisation of
recombinant plasmids pLV750 pLV751, pLV752,
pLV753 and pLV754 using 3. 4kb HindIII fragment
from TnphoA as a probe.

Lanes: 1 = Lambda DNA/HindIII
2 = pLV750/BamHI
3 = pLV750/HindIII
pLV751/BamHI -
- pLV751/HindIII
pLV752/BamHI
pLV752/HindIII
pLV753/BamHI
pLV753/HindIII
pLV754/BamHI
pLV754/HindIIl

4
5
6
7
8
9
10
11
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Figure 5.3: Linearised restriction maps of recombinant plasmids
pLV750, pLV753 and pLV754 1kb
S = pums sequences Restriction enzyme sites: E = EcoRl
EE - TnphoA sequences H = Hindill

[] = Kiebsiella chromosomal DNA sequences



5.5 Complementation of Non-Capsular Mutations

In an attempt to complement the mutations , each of the §
recombinant plasmids was introduced, by transformation, into hon-capsular
mutants strains 5055-114, 5055-480, 5055-797 and M10 with the following
exceptions: pLV750 and pLV751 were not used to transform 5055-797 and
5055-114 was not transformed with pLV752, pLV753 and pLV754. In no
case were transformants observed to have regained the ability to express

Klebsiella K2 capsular polysaccharide.

5.6 Discussion

* The single TnphoA insertion which abolished capsular polysaccharide
production has been cloned from K.pneuymoniae 5055-797 together with a
portion of Klebsiella DNA flanking the insertion to one side. Although
unproven at this stage, it is hoped that this region represents an integral
component of the capsular biosynthesis machinery which can be used to
probe a cosmid gene library in order to isolate the intact genc cluster
necessary for the production of Klebsiella K2 capsular polysaccharide.

Arakawa et al (1991) used a 15kb probe from a transposon mutant in
similar experiments, but could not isolate the complete ¢ps gene cluster from
a gene library of several thousand clones. It was later discovered that
recombinant plasmids éarrying the ¢ps gene cluster caused the clone to grow
so slowly that it could not be distinguished from satellite colonies. This
group did, however, isolate a recombinant plasmid carrying a 23kb DNA
fragment containing a single TnJ insertion from a non-capsular mutant of ,
K.pneumoniae strain Chedid, a serotype K2 reference strain. This plasmid,
designated pCPS7B06, had the ability to produce a K2 capsule on the surface
of K.pneumoniae non-capsulated mutants of other serotypes. From this

evidence, they concluded that pCPS7B06, together with an unidentified gene,
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gene X, provided the complete genetic information necessary for the
biosynthesis of Klebsiella K2 capsular polysaccharide. Gene X was thought
to have been disrupted in the chromosome of the mutant strain from which
pCPS7B06 had been isolated. Complementation by an intact gene X in other
serotype mutants allowed pCPS7B06 to convert the non-capsular variants to
K2*,

E.coli HB101 required the presence of rmpA (Nassif et al, 1989), in
addition to pCPS7B06, to allow the production of K2 capsular
polysaccharide, although the presence of the K2 capsule did not increase the
virulence of the E.colj strain. It was also speculated that the organisation of
Klebsiella capsule genes may be similar to that of E.coli group I capsular
polysaccharide.

Unfortunately, attempts during this study to complement non-capsular
mutants with the recombinant plasmids were unsuccessful. This was perhaps
unsurprising given that pLV750, pLV753 and pLV754 contain only relatively
small inserts of between 1.0kb and 8.4kb and that the inserts in pLV753 and
pLV754 may contain Klebsiella DNA which has no involvement in capsular

biosynthesis.
Arakawa et al (1991) also suggested that the Klebsiella cps gene

cluster appeared to be relatively well conserved among various K2 isolates.
Given that this is the case, it would be in;eresting to compare intact ¢ps genes
from 5055 with those from Chedid. This would give a valuable insight into
the genetic basis of K2 capsular polysaccharide production in Klebsiella and

further studies could involve comparisons with other capsule-producing

species such as E.coli, N.meningitis and H.influenzae.
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CHAPTER 6: Influence of the K.pneumoniae
K-Antigen on Serum Killing and
Phagocytosis
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6.1 Introduction

Previous studies using either spontaneous K~ mutants or those derived
from chemical or UV mutagenesis have generally advanced the theory that
the O-antigen provides the necessary protection from complement-mediated
serum killing in K.pneumoniae and that the K-antigen plays little or no role
(Tomas et al, 1986; Williams et al, 1983 and McCallum ¢t al, 1989).
Capsular polysaccharide does however appear to be the sole factor in
mediating resistance of K.pneumoniae to phagocytosis in the presence of
complement (Williams et al, 1983, 1986 and Simoons-Smit gt al,1986).

Transposon mutagenesis has allowed the isolation of non-capsular
mutants with an insertion at a single site within the gene of interest. Such
mutants will be isogenic with the parental strain in all other respects and will

permit the contribution of the capsular polysaccharide in resistance to serum

killing and phagocytosis to be determined for K.pneumoniae.

6.2 Influence of the K.pncumoniae K-antigen on Serum Killing

Serum resistance experiments were carried out as described in
Materials and Methods and the results are shown in Figure 6.1. The parental
strain K.pneumoniae 5055 grew rapidly in fresh non-immune pooled human
serum (PHNS) while the non-capsular mutants M10 and 5055-797 also grew,
but at a slower rate than the parental strain. This is in contrast to the results
of Williams et al (1983) who found that normal human serum was
bacteriostatic for M10. The vast majority of the M10B population was
rapidly killed by the effects of PHNS within 30 minutes (under 1% survival).
However, after approximately 2 hours the population began to increase in
number again. Reversion of K.pneumoniae strains from O™ to O™ in non-
immune serum has been reported previously (Williams and Tomas et al,
1990) and it is postulated that the observed rise in M10B numbers was due to
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the growth of spontaneous serum-resistant, possibly 0+, mutants of M10B.
Further analysis, invOlving the isolation and characterisation of the LPS from
serum-resistant mutants would be necessary in order to confirm this theory.
No evidence of this phenomenon has been documented in previous studies
with this strain. K revertants of M10, M10B or 5055-797 were not found

following incubation in PHNS. All four strains grew rapidly in heat-

inactivated serum.

6.3  Influence of the K.pneumoniae K-antigen on Phagocytosis
Each of the four strains 5055, M10, 5055-797 and M10B was tested

for susceptibility to phagocytosis by PMNL's either with or without pre-
opsonisation of the bacterial cells using a luminol-enhanced

chemiluminesence system (Allen,1977).

Only strain M10B exhibited a recognisable chemiluminesence (CL)

response when incubated with PMNL's without pre-opsonisation (Figure

6.2a).
Figure 6.2b shows that pre-incubation with non-immune human serum

led to the production of significant CL responses for both unencapsulated
strains (M 10 and 5055-797) as well as M10B, confirming the findings of
others in suggesting non-capsulate K.pneumoniae strains can be sufficiently

| opsonised by complement to allow phagocytosis by PMNL's (Williams gt al,
1983,1986). Strain 5055 did not produce any detectable PMNL CL response
above that of the control (PMNL's + no bacteria, Figure 6.2b) and required

pre-opsonisation with antiserum containing anti-CPS antibodies in order to

produce a CL response (Figure 6.2¢).
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Figure 6.1: Effect of non-immune human serum upon K.nneumoniflp
strains 5055, M10 5055-797 and M10B.
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Figure 6.2a: Chemiluminescent response of PMNL’s to K.pneumoniae
strains 5055, M10, 5055-797 and M10B in the
absence of serum pre-treatment.
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Figure 6.2b: Chemiluminescent response of PMNCs to K.pneumoniae
strains 5055, M10, 5055-797 and M10B following
opsonisation with non-immune human serum.

Serum concentration = 30%
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Figure 6.2c: Chemiluminescent response of PMNLs to K..pneumoniae
5055 following opsonisation with monospecific
anti-Klebsiella K2 CPS antiserum.

Serum concentration = 30%
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6.4  Discussion

The results of this study have confirmed the findings of a number of
other authors (Tomas gt al, 1986; Williams et al, 1983 and McCallum et al,
1989) in observing that the capsular polysaccharide of K.pneumoniae of
strain 5055 does not determine resistance to the effects of normal human
serum. It may however play some minor role in view of the fact that 5055
grew at a faster rate in PNHS than either M10 or 5055-797. These findings
did differ somewhat from those of Williams gt al (1983) in that they found
PNHS to be bacteriostatic for M10 whereas this study showed that M10 and
5055-797 both grew reasonably well in this environment. This may be due to
differences in the method of preparation of the bacteria for the respective
experiments. Following the results of their work, Williams et al (1983)
recommended that future studies of this type should involve using bacteria
grown under conditions resembling those found in vivo. All strains for these
experiments were grown on M9 minimal media containing 5% heat-
inactivated serum, thus allowing the bacteria to adapt and perhaps to grow
more quickly when introduced into PNHS.

The majority of a population of strain M10B cells were rapidly killed
by the effects of PNHS adding further weight to the argument that it is
actually the O-antigen which is responsible for serum resisténce. However,
having been reduced to a very low level, they then began to divide again
suggesting possible O™ to O reversion. The fact that no M10, M10B or
5055-797 K™ revertants were found on preliminary screenings on Worfel-
Ferguson media suggests again that the O-antigen is of primary importance in
determining serum resistance. More specifically, McCallum gt al (1989) have
demonstrated that a high-molecular-weight (HMW) fraction of the Klebsiella
O1 LPS is critical in determining serum resistance possibly by virtue of the

ability of these long chain LPS molecules to bind complement at a distance
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away from the cell surface. K.pneumoniae is known to contain this HMW-

LPS (P.Williams pers. comm. to J.R. Saunders) although the contribution to
serum resistance of this virulence determinant was not fully assessed during
the course of this work.

In agreement with Williams ¢t al (1986) the presence of the O-antigen
was also found to be important in protecting the cells from phagocytosis in
the absence of complement. However when complement was present,
unencapsulated K.pneumoniae cells were opsonised and became susceptible
to phagocytosis. Expression of capsular polysaccharide by strain 5055 served
to fully protect the cells from phagocytosis in the presence or absence of
complement. Only when this strain was pre-opsonised with a K2-CPS
specific monoclonal antibody did phagocytosis occur. K.pneumoniae CPS is
therefore able either to block activation or deposition of complement onto the
cell surface thus preventing opsonisation (Williams and Tomas, 1990).
Although the precise mechanism by which this is achieved is not yet clear,
C3b is not thought to be deposited on the surface of encapsulated strains

(Williams, 1987) nor is K66-CPS able to activate complement in vitro

(Ciurana and Tomas, 1987).
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Chapter 7: Closing Discussion
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Attempts have been made to generate non-capsular transposon
mutants in K.pneumoniae using a number of different delivery strategies. No
single system has proved to be entirely suitable for all strains of
K.pneumoniae, although the majority enjoyed some degree of success

amongst a narrow host range.
Stable non-capsular mutants of K.pneumoniae 5055 were finally

generated using the suicide vector pRT733 (pJM703.1::TnphoA; Taylor et al,
1989). Auxotrophs and urease-negative mutants were also generated with
relative ease and it is believed that this system could be widely applied to

studies of other virulence determinants in K.pneumoniae. In particular,

investigations into extracytoplasmic proteins could be enhanced bearing in
mind the facility of TnphoA activity when part of a gene fusion that leads to
the expression of membrane, periplasmic, outer membrane or extracellular
hybrid proteins. This would only be suitable provided that non-phosphatase
producing strains were available.

It is a distinct possibility that some of the gene products involved in
the expression of capsular polysaccharide on the Klebsiella cell surface may
be periplasmic or outer membrane proteins in which case TnphoA could
prove to be a particularly useful tool in future analyses of the precise nature
and function of such proteins.

A large number of Klebsiella clinical isolates remained refactory to
the tranéposon mutagenesis systems used during this work and other regimes,
such as the R388 rep(ts)::Tn3 system (Sasakawa and Yoshikawa, 1987) used
successfully in K.pneumoniae by Arakawa et al (1991), may need to be
utilized. Alternatively, it may be necessary to develop new delivery systems

and/or transposons in order to facilitate similar genetic studies of these

strains.
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The TnphoA fusion joints were cloned from the non-capsular mutants
chromosomes into pUC19. Unfortunately, insufficient time was available to
analyse these recombinant plasmids other than to produce preliminary
restriction maps. This was extremely disappointing since a detailed analysis
coupled with further experiments had originally been envisaged.

As mentioned previously further work could include the use of these
plasmids or sub-clones thereof to probe a cosmid gene library of
K.pneumoniae 5055 in the hope of identifying an intact capsule biosynthesis
region. The isolation of such a region would then allow direct comparisons
to be made with pCPS7B06 (Arakawa ¢t al, 1991).

Plasmid pCPS7B06 carries a 23kb region of Klebsiella DNA that is
sufficient to allow the production of K2 capsular polysaccharide in non-
capsular mutants of various serotypes of K.pneumoniae. Detailed studies of
such clones may provide information as to the organisation of those genes
involved in capsular biosynthesis and expression. For instance, it is
unknown whether they are organised in a similar fashion to the E.coli group
II capsular polysaccharides (Boulnois et al, 1987) or in a quite different
manner as has been speculated by Arakawa et al (1991).

In addition to pCPS7BO06, the rmpA gene (Nassif gt al, 1989) was
necessary in order to elicit Klebsiella K2 capsule production on the E.colj cell
surface (Arakawa et al, 1991). Up until this report, it was thought that two
distinct regulatory systems operated to control discrete aspects of
extracellular polysaccharide production in Klebsiclla. The rcsA gene (Allen
et al,1987) is known to be involved in the expression of type-specific K-
antigen (McCallum and Whitefield, 1991) while rmpA was believed only to
play a role in controlling the expression of a seperate mucoid polysaccharide
(Nassif et al, 1989). The rmpA gene has so far only been identified in strains
of Klebsiella which carry a large virulence plasmid. However, some strains
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of Klebsiella do not carry any large plasmids (Whitfield and McCallum,
1991). Clarification of the precise nature and function of both of these
putative regulatory systems is therefore a prerequisite to the understanding of
any relationship between them and indeed to the full comprehension of
capsular expression in Klebsiella.

RcsA proteins have also been isolated from E.coli (Gottesman et al,
1985), Erwinia amylovora (Coleman g¢ al, 1990) and Erwinia stewartii
(Torres-Cabassa et al, 1987). There appear to be high degrees of homology
between the E.coli, Klebsiella and E.amylovora RcsA proteins (Coleman et
al, 1990; Torres-Cabassa, unpublished results). All have been shown to
perform similar functions to the Klebsiella RcsA protein, acting either
directly or indirectly as a transcriptional activator in the biosynthesis of
extracellular polysaccharide.

Sequencing of the cloned Klebsiella DNA from the relevant
recombinant plasmids would be relatively straightforward and may also yield
information as to possible functions for these areas of the chromosome.
However, this is unlikely to be of any real value without the isolation of the

full genetic machinery necessary for capsule production.

Results presented in this study here have confirmed the work of other
authors in identifying the role of K.pneumoniae K2 capsular polysaccharide
in protection against phagocytosis by PMNL'S (Williams gt al, 1983;
Simoons-Smit et al, 1986 and Ciurana ¢t al, 1987).

. This work has however, contrasted with previous reports in its use of
transposon-induced K™ mutants. Such mutants are more likely to be isogenic
in all other respects than K™ mutants derived from chemical mutagencsis:
The growth conditions used during the study probably also simulate

conditions jn Yivo to a greater extent than those used previously.'
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The minor or null role for K,pneumoniae K2 capsular polysaccharide
in resistance to the bactericidal effects of serum was also confirmed

(Williams et al, 1983; Simoons-Smit et al, 1986 and Tomas et al, 1986).
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