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The effects of Col plasmids on sensitivities of E.coll K-12
derivatives, especlally 1829 and P678-54, to hydrophobic,
hydrophilic and aminoglycoside antibiotics and to other
inhibitors such as copper ions and Tris-EDTA have been examined.
It was found that the colicinogenic plasmid ColVIK-94 sensitised
the strains to hydrophobic antibiotics as well as to some of the
hydrophilic and aminoglycoside antibiotics whilst Col BK-98
sensitised the strains to rifampicin and some of the
aminoglycosides and hydrophilic antibiotics but not to most of

the hydrophobic agents.

The various effects of the above mentioned antibiotics and
inhibitors were also tested on strains carrying mutant
derivatives of the Col VIK-94. This was to investigate which
plasmid conponents were responsible for sensitivities
particularly to rifampicin and novobiocin. It was shown that both
mutant plasmids sensitise 1829 to these two agents. It seems that
both transfer and colicin components were important for increased
rifampicin sensitivity whereas transfer components were needed

for novobiccin sensitivity.

The effects of divalent cations, namely magnesium and calcium

ions were investigated and it was found that they reversed the



inhibitory effects of the hydrophobic and aminoglycoside
antibiotics on strain 1829 bearing the Col VIK-94 but there was
no effect on those strains bearing Col BK-98. This probably
indicates that the divalent cations in some way stabilise the
outer membrane preventing the entry of some antibiotics into the

cell.

A prior growth temperature of 25° C seemed to reduce the
sensitisation effects to hydrophobic antibiotics of the ColV
plasmids without affecting the sensitivity of the parent strain
1829 whereas the effects of the hydrophilic and aminoglycoside
antibiotics were unaffected by a 25° C prior growth temé%ature.
Synthesis of colicin and transfer components are reduced at 25°
C, hence the results are in accordance with the conclusion
concerning the components involved in sensitivity espeéially with

regards to rifampicin and novobiocin.

The Col V and Col B plasmids sensitised the strains 1829 and
P678-54 to copper sulphate and to the effects of the Tris-EDTA.
The sensitivity to copper ions is due to the uptake of the iomns
by the Omp F porin. The plasmid may affect porin function or open
up another entry pathway. The effects of the plasmids on the
Tris-EDTA sensitivity was probably due to the weakening of the

LPS-LPS bonds by this combination of agents.
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Section 1

The cell envelope consists of two membranes separated by a layer
of peptidoglycan and the periplasmic space. In order to study the
two membranes, several techniques have been devised to separate
them (Miura and Mizushima, 1968; Osborn et al, 1972a; Schnaitman,

1970).

Vhen cells of E.coll are fixed, stained with suitable metal salts
sectioned and examined under the electron microscope, £he
cytoplasmic membrane can be readily identified by 1its usual
'sandwich appearance’ which comprises of two electron dense layers
separated by a lighter space. Above the cytoplasmic membrane, the
envelope appears as a structure containing three electron dense
layers separated by clear layers (De Petris, 1962; Murray et

al,1965). The clear layer above the cytoplasmic membrane is the

-17-



periplasmic space. The electron dense layer above the periplasmic
space is the peptidoglycan layer. The outer regions of the Gram-
negative cells, which form the outer membrane have been difficult

to characterize.

The outer membrane acts as a passive barrier to substances greater
than a molecular weight of 600-700 daltons (Leive, 1974; Nakae and
Nikaido; 1975>. The outer membrane allows bacteria to survive the
emulsifying action of bile salts, the degradative action of
enzymes 1in the gut and aids resistance to the host defence
mechanisms, for example, phagocytosis by white blood cells and

complement mediated bactericidal action of the serum.

The outer membrane components are lipopolysaccharides (LPS),
phospholipids, 1lipoproteins and other outer membrane proteins.
Some of the outer membrane proteins are important in solute
transport, others act as receptors for colicins and bacteriophages
(reviewed by Reeves, 1979) while others are involved in
conjugation (Skurray et al, 1974). The LPS is found exclusively in
the outer membrane. 60% of the phospholipids of E.coli are found

in the outer membrane (Lugtenberg and Peters, 1976).

Below the outer membrane is the peptidoglycan 1layer which is
attached to the outer membrane by covalent 1links. The
peptidoglycan layer is the rigid layer that confers shape and

stability to the Gramnegative cell (Osborn, 1969; Osborn et al,

_18_



1974>, The periplasmic space that lies between the peptidoglycan
layer and the cytoplasmic membrane contains numerous and various
soluble binding proteins involved in transpart and chemotaxis

(Osborn, 1969; Osborn et al, 1974; Adler, 1975). In a model
proposed by Hobot et al <(1984), 1t was suggested that the
peptidoglycan and the periplasmic space form the periplasmic gel.
The gel consists of an outer half in which the peptidoglycan chain
is heavily cross-linked. This cross linking decreases towards the
inner part of the gel. This gel 1is viscous and has large spaces

which contain periplasm.

The inner or the cytoplasmic membrane is the primary permeability
barrier, It contains enzymes for oxidative phosphorylation,
biosynthesis of macromolecules and active transport (Schnaitman,
1970; Bell et al, 1971; Vhite et al, 1971; Osborn et al, 1972a;

Osborn et _al. 1974).

All the components of the outer membrane are synthesised on the
cytoplasmic membrane or in the cytoplasm. They are subsequently
translocated across the cytoplasmic membrane and the peptidoglycan
and assembled into the outer membrane structure (Osborn et al,
1972a; 1974). See figure 1 for the arrangement of the cell

envelope.

-19-
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1.1,

The structure of the LPS complex varies from strain to strain. The
LPS molecule has three regions

(a) the Lipid A regiom

(b) the Core region

(c) the O-antigenic side chain
Figure 2 represents the LPS structure of S.typhimurium and
corresponding chemotypes of mutants defective in various stages of

core biosynthesis.

The LPS carries a net mnegative charge resulting in a strong
negative surface charge on Gram-negative bacteria. The combination
of this negative charge and divalent cross-bridging of LPS
molecules provides the Gram-negative cells with many of their
properties including resistance to hydrophobic antibiotics and

detergents.

Structure of the Lipopolysaccharide (LPS)

1.1.1.

The O-antigen side chain

The O-antigen side chain is the serologically dominant part of the

-21-
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LPS molecule. It consists of repeating oligosaccharide units,
often containing rare sugars and it is in these sugars that the'
serological determinants reside. Individual repeat units may
consist of linear trisaccharides or pentasaccharides or they may
be polymers of branched oligosaccharides containing four to six
sugars. The component monosaccharides include neutral sugars,
amino sugars and 1in some cases rather unusual sugars such as 6-
deoxyhexoses or 3, 6-dideoxyhexoses (Rick, 1987). In S.typhimurium
the O-side chain consists of repeating units of the branched
tetrasaccharide abequosyl

I

mannosyl-rhamosyl-galactasyl
(Osborn et _al, 1974).
The great degree of i{immunological diversity attributable to O
antigens in many cases reflects pronounced structural differences.
However, relatively minor differences in O-antigen structure can
also be detected immunologically. In addition to the differences
in O-antigen structure that are responsible for distinguishing
between O serogroups, variations in the structure of the O side
chains may also occur within a given O serogroup. Accordingly, the
basic 0-side chain repeat unit of a given strain may be
structurally modified so that it is distinct from the parent

strain.

In S8 typhimurium the side chain is attached to the 4 position of

the terminal glucose of the LPS core. The use of rough strains and
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mutants defective in different stages of LPS biosynthesis has
proved invaluable in the determination of the O antigen side chain
structure. E.coli K-12 and its derivatives are rough organisms
with no detectable O antigens (Orskov and Orskov, 1962). This 1s
due to a defect in the rfb gene cluster that determines O-antigen

specificity (Schmidt, 1973).
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1.1.2,

The Core Region

The core is a complex oligosaccharide built from two unique
sugars, L-glycero- D-ﬁannoheptose and KDO (3-deoxy-D-manno-2-
octulosonate). The core region of S.typhimurium bhas been found to
consist in addition to KDO,of N-acetyl-glucosamine and D-glucose.
The core also contains phosphate groups, 0-
pyrophosphorylethanolamine and O-phosphorylethanolamine. Recent
studies of the KDO reglon has necessitated a reevaluation of the
generally accepted structure of this region. It was originally
proposed that the KDO residues of Salmonella and E.coli occur as
a branched trisaccharide consisting of a single side chain of KDOD
and two residues in the main chain <(Rick, 1987)., Recent
investigations of the KDO-Lipid A region of an Re mutant of E.coldl
by use of '3 C nuclear magnetic spectroscopy revealed the
occuﬁgnce of only two KDO residues (Strain et al, 1983). Separate
studies using chemical methods also revealed the occurrence of
only two KDO residues in the LPS from Re mutants of Salmonella and
E.coll (Brade gt al, 1983 and Brade and Rietschel, 1984). Although
the occurrence of a KDO disaccharide appears to be a structural
characteristic of LPS from heptoseless mutants, a different
structure has been found for the KDO from LPS with a complete
core. Thus, evidence has been obtained which suggeéts the

occurrence of a linear trisaccharide in the LPS of a Salmonella
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Rb2 mutant (Brade et al, 1983 and Brade and Rietschel, 1984). The
original and revised structures of the KDO region are given in

diagramns A and B respectively.

A
akDO- oKDO - Lipid A
I

o KDO

oKDO- Lipid A
|

«KDO

oKDQ
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1.1.3.

The Lipid A region

The Lipid A region consists of a f$~1,6 linked glucosamine
disaccharide molecule which is O—aCs,ylated by B-bydroxymyristic
acid and saturated fatty acids predominantly C12 and Cl14 molecules
with variable amounts of C16 molecules (see figure 3 for structure
of the Lipid A). There are phosphate groups attached at the C-1
and C-4 positions of the disaccharide molecule of S.typhimurium.
The glucosamine disaccharide is linked to the terminal KDO of the
core region by a 6-hydroxyl ketosidic bond. The fatty acid chains
of Lipid A along with those of the phospholipids align themselves
to form the hydrophobic interior of +the membrane. The outer
membrane i1s as-«ymetric with the LPS on the outer surface and

phospholipids on the inner surface.

1.2.

Biosynthesis of Lipopolysaccharides

Advances in the biosynthesis of LPS have been made by studying
mutants blocked at various points of the assembly sequence and by
the use of specific inhibitors. Mutants were invaluable in the
elucidation of the R-core and the O-antigenic side chains. The use

of mutants was not possible in the elucidation of the Lipid A- KDO

-27~



Fig.3. Structure of the glucosamine disaccharide backbone of the

Lipid A region. Ra, Rs, Ra, Rs, Ra: fatty acid chains

4
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region as this structure was essential for the structural and

functional integrity of the cells. However, recently temperature’
sensitive mutants altered in Lipid A and the inner core have been
obtained. The biosynthesis of the LPS is peculiar in that the core
region 1s synthesised by the stepwise extension of the Lipid A

while the O-antigen side chains are synthesised independently.

1.2.1.

Bilosynthesis of Lipid A

Mutants of §.typhimurium defective in KDO synthesis have been used
to provide an insight into the biosynthesis of Lipid A (Rick.and
Osborn, 1977; Lehmann ef=il, 1977). Its biosynthesis involves

three steps

D-ribulose -5-P ===2 D-arabinose-5-P 6]
D-arabinose~-5-P+P-enolpyruvate -—---> KDO-8-P+P1 (2)
KpO-8-Pp --—-> KDO+Pi 3

The first reaction is catalysed by D-ribulose-5-P iscmerase. The
second reaction is catalysed by KDO-8-phosphate synthetase whilst
the third reaction is catalysed by KDO-8-phosphatase (Lim and
Cohen, 1966; Levine and Rackner, 1959; Ghalambor et al, 1966). The
free KDO generated in (3) 1is converted to the nucleotide sugar
CHP-KDO (Ghalambor and Heath, 1966) which serves as a donor of KDO
in LPS biosynthesis. Recently, the existence of cytoplasmic KDO

transferase in E.cpli has been demonstrated (Brozek etal, 1989).

-29-



These transferases are capable of attaching 2 KDO residues to a
Lipid A precursor. It has been shown that KDO is transferred to
the ¥,0-f hydroxymyristoyl glucosamine disaccharide unit of Lipid
A before the addition of the ester linked saturated fatty aclds of
a complete molecule (Munson et al, 1978; Rick et al , 1977;

Valenga and Osborn, 1980).

Fishijima and Raetz (1979 have observed that certain
phosphatidylglycerol deficient temperature sensitive mutants of
E.caoli accumulated two novel glycolipids, X and Y at 42°C,
Comparison of X to the mature Lipid A provided éhe first
indication that it might be a precursor of the reducing end of the
molecule (Bulawa and Raetz, 1984; Ray et al, 1084), Ray et al
(1084) searched for an enzyme 1in extracts of wild type E.colil
catalysing the condensation of UDP 2,3 diacyl glucosamine with
Lipid X and found that this reaction occu;;d efficiently in the
cytoplasmic menbrane fraction, The product is
tetraacyldisaccharide -1-P. The disaccharide synthetase was found
deficient 1in mutants bharbouring 1lesions in the pgs B gene.
Anderson et al (1985) have suggested the existence of a novel set
of fatty acyltransferases in extracts of E.coli that attach two R-
3-hydroxymyristoyl moieties to UDP-GLcNAc. Anderson and Raetz
(1987) described an assay of the first enzyme in this pathway
which catalyses the reaction : UDP-GLcNAc+R-3-hydroxymyristoyl-
acyl carrier protein --> UDP-3-0- (R-3-hydroxymyristoyl)~GLcNAc+

acyl carrier protein. Anderson et al (1988) have also described
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a novel enzyme capable of deacetylating UDP-3-0- (R-3-
hydroxynyristoyl)-GLcFAc to form UDP-3-0(R-3-
hydroxymyristoyl)glucosamine. A kinase has been demonstrated in
extracts of wild-type E.cqli (Ray and Raetz, 1985) that catalyses
the phosphorylation of the 4-0H of the tetraacyldisaccharide -1-P.
This enzyme functions best with ATP but also utilises GTP, CTP,
UTP in the crude systems used. The final stages of Lipid A
biosynthesis have not been studied extensively. It was first
demonstrated by Munson et al (1978> that the presence of membrane
bound enzymes were capable of adding at least two KDO units to the
tetraacylsaccharide -1,4 biphosphate precursor. It was thought
that two KDO transferases may be involved. Recently,Brozek gt al,
(1989) demonstrated the existence of cytoplasmic KDO transferases
in E.cgll capable of attaching 2 KDO residues from CMP-KDO to =a
Lipid A precursor. Figure 4 demonstrates the pathway for Lipid A

biosynthesis,

1.2.2.

Biposynthesis of the core region

The pathway of the blosynthesis of the outer core region of the
LPS of S.typhimurium is given in figure 5. It has been shown that
the synthesis of the branched pentasaccharide of the outer core is
performed by a series of glycosyl transferase reactions in which a

single sugar residue 1s +transferred from the appropriate
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UDP-GlcKAc

lpx A 8-hydroxymyristoyl-ACP
CACP

A\
UDP-3-monoacyl-GlcNAc

N Acetate

8-hydroxymyristoyl-ACP

e

UDP-2, 3, -Diacyl-GlcN
lpx B i}>>UMP
Lipid X
fone
ATP

v

Tetraacyl-disaccharide-1,4'-bis-P
|-CMP-KDO
Polar moieties

"Lauroyl and myristoyl moleties

VOther core sugars

\fb-antigen

Mature LPS

Fig. 4. Postulated pathway for the biosynthesis of Lipid A in
E.coli. Synthesis 1is initiated by the acylation of the known
metabolite, UDP-GlcKNAc. (Modified from Anderson,M.S. and

Raetz,C.R.H.,1987).
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nucleotide sugar donor to the non-reducing terminus of the LPS
acceptor (Osborn et al 1962; Osborn and D'Ari, 1964; Rothfield et
al,1964; Rosen et al, 1964). The enzymes responsible are primarily

located in the cell envelope fractiaoms.

Studies by Romeo et al (1970) and Hinkley et al (1972) have shown
that the transferase enzymes are dependent orn the phospholipids
for activity. The active lipid species is phosphatidylethanolamine
which interacts with LPS to form a mixed bilayer or monolayer

essential for the binding of enzyme proteins to its LPS structure.

A tentative model for the biosynthesis of the core had been
proposed by Rothfield and Romeo (1971). The  model proposes that
addition of sugars to the nascent core region occurs sequentially
and is catalysed by a series of membrane associated
glycosyltransferases. The LPS molecules are integrated into the
inner leaflet of the cytoplasmic membrane such that the fatty acyl
chains of lipid A are dissolved in the hydrocarbon interior. The
polar groups of the 1lipid A disaccharide are aligned with the
polar head groups of the phospholipids and the nascent
polysaccharide chains oriented towards the cytoplasm or the
interior. The fluid nature of the bhydrocarbon interior allows
mobility or lateral movement of LPS in the plane of the membrane.
In contrast, the glycosyltransferases are envisioned as being
considerably less mobile and they remain in a relatively fixed

position. According to this model, lateral movement of LPS occurs
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Lipid A - (XDO)a
C?DP-Hep
NDP
Lipid & - (KDO)>z-Hep-Hep
ATP
ADP
Lipid A - (KDO)>a—Hep-Hep
P g:IDP.Glc
UDP
Lipid A <KDO)a—ﬁep-Hep—Glc

P ATP

C

P ADP

Lipid A - (KDO)z-Hep~HLp—Glc
L UDP. Gal
P UDP
Lipid A - <(KDO)a-Hep-Hep~-Glc
L GLl g:DP.Gal

P DP

Lipid A - (KDO)z-Hep-Hep—Glc—Gal
P Gal UDP.Glc
P DP
Lipid A - (KDO)z-Fep—Hep—Glc—Gal-Glc
P Gal UDP-GlcKac
P UDP
Lipid A - (KDO)z-Hep—ﬁep—Glc—Gal—Glc

P Gal GlcNac

Fig 5: Biosynthesis of the core region of Lipopolysaccharide in

Salmonella species. (From Bacterial Outer Membranes, Inouye).

_34_



until a specific complex is formed among the LPS, the phospholipid
and the glycosyltransferase for which the acceptor is the
substrate. After the transfer of the sugar the affinity of the
enzyme for the LPS is decreased and the LPS becomes a substrate
for the next glycosyltransferase.As the LPS molecule moves from
one glycosyltransferase to the next, the core becomes elongated
and. the previous glycosyltransferase in the sequence is made
avaiiable for the next molecule of acceptor.

Nutants of S.typhimurium defective in several core
lglycosyltransferases, as well as other enzymes involved in core
synthesis are members of a group designated rough A or rfa genes
have been mapped in a small region of the chromosome of
S.typhimurium between ¢ysE and pyrE: the remainder are located

outside this region (Rick, 1987>.

1.2.3.
Biosynthesis of the O-antigen side chain

This 1is mediated by a series of cytoplasmic membrane bound
enzymes. The sugar wunits that make up the O-antigens are
transferred from sugar nucleotide diphosphates to the Cse
polyisoprenoid carrier. The first reaction is a
transphosphorylation reaction where galactose-1-phosphate is
transferred from UDP-galactose to produce carrier-lipid-P-P-

galactose and UMP. The second stage is the +transfer of rhamnose
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fron the sugar nucleotide TDP-rhamnose to the carrier-lipid-P-P-
Gal to produce carrier-1lipid-P-P-Gal-Rha. The third stage is the
transfer of mannose from GDP-mannose to give carrier-lipid-P-P-
Gal-Rha-Man. With S.iyphimurium there is a transfer of abequose
from CDP-abequose to give carrier-lipid-Gal-Rha-Man-Abe (Osborn
and Veiner, 1968). The abequose residue is incorporated into the
lipid linked oligosaccharide before polymerisation. The completed
0-side chain attached to the lipid carrier appears to be freely
mobile in the outer leaflet of the cytoplasmic membrane and will
come 1into close association with the Lipid A core complex. The
transfer of the O-side chain polysaccharide from the lipid carrier
to the glucose 2 of the core is catalysed by LPS ligase. A long
chain polymeric intermediate is synthesised while remaining linked
at its reducing terminal to the lipid carrier. After each transfer
the P-P-lipid carrier is 1liberated and the active monoester co-
enzyme 1s regenerated by a pyrophosphatase. Figure € illustrates

the pathway for O antigen bilosynthesis.

Most of the genes required for the synthesis of the O side chain
specific components are located in the lis linked rfb cluster
located at 44 to 45 min. on the Salmonella chromosomal map
(Schmidt, 1973>. This region includes information for nine of the
enzymes involved in the synthé?s of GDP-mannose, TDP-rhamnose and
CDP-abequose as well as for the four glycosyltransferases required
for the synthesis of a single O repeat unit. The rfc gene located

near irp at 32 min. is believed to be the structural gene for the
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UDP-Gal unp

—

P-GCL Gal-PP-GCL
Pi DP-Rha
' [ TDP]
PP-GCL Rha-Gal-PP-GCL

GDP-MAn
{ GDP]

¥an-Rha-Gal- Pp-GCL

CDP-~Abe
[{CDP]

. Abe~Man-Rha-Gal-PP-GCL
Abe Abe

Man-Rha-Gal | n —Man-Rha- Gal-- PP--GCL

/Core Lipopolysaccharide

v

Man--Rha--Gal|x — Core Lipopolysaccharide

Abe

Fig. 6 Pathway of biosynthesis of O-antigen in §S.typhimurium

(From Osborn et al , 1974).
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O-antigen polymerase (Rick, 1987). Recently, the entire rfb gene

cluster from S.typhimurium LT2 was cloned (Brahmabatt et al, 198§).

Iranslocation and assembly of Lipopolysaccharide

LPS molecules pulse labelled in vivno appeared initially in the
cytoplasmic membrane but were rapidly transferred to the outer
. membrane during a subsequent chase (Osborn et al, 1972b). The
enzymes of the O side chain blosynthesis were shown to be entirely
in the cytoplasmic membrane and the enzymes that s&nthesise the
core region were probably in the same 1location, though these
tended to redistribute during fractionation (Osborn gt al, 1972a).
From these experiments Osborn et al (1972 a) concluded that the
LPS was synthesised on the inner membrane and translocated to the
outer membrane. The overall process of LPS +translocation is
unidirectional i.e. the LPS mplecules that are integrated into the
outer membrane are no longer accessible to the inner membrane
enzymes (Osborn et al, 1972a,b). Muhlradt et al (1973) have shown
that newly synthesised LPS is inserted at sites distributed all
over the cell surface. They proposed that LPS is translocated at
limited regions of contact between the two nembranes, known as
Bayer's junctions. Once they have emerged from these sites of
adhesion, the LPS molecules are distributed over the entire

surface of the cell with preferential localisation on the outside
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face of +the outer membrane (Kulpa and Leive, 1976; Bayer, 1975;

Muhlradt et al, 1973; 1974; Funahara and Nikaido, 1980>,

However, the detailed molecular mechanisms of translocation and
integration of LPS are still poorly wunderstood. As the
carbohydrate portion must for biosynthesis reasons face inwards
into the cytoplasm and then outwards after translocation, the
translocation may require a transmembrané movement (flip-flop) as

well as an intermediate transfer.

Neither completion of the core nor the O side chain is a.necessary
prerequisite for +translocation and integration in the outer
membrane since such translocation occurs in a variety of mutants
including Re mutants. The KDO-deficient Lipid A precursors
accumulated 1in the mutants are however only dincorporated very
slowly into the outer membrane <(Osborn et al, 1980) providing
strong evidence that the structural features of the LPS are indeed

important for tramnslocation (Osborn, 1979).

The LPS molecules 1inserted into the outer membrane are known to
diffuse laterally within the membrane, from the insertion loci to
cover the entire surface. This diffusion appears dependent on the

structure of the LPS.

The LPS molecules interact covalently with major outer membrane

proteins (Van Alpen et al, 1977; Schindler and Rosenbusch, 1978
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and see section 2) . It 1is quite likely that these interactions
account for the functional irreversibility of LPS translocation

(Osborn et al, 1972b; Muhlradt et al, 1973).

Being complexed with outer membrane proteins i1s not however
required for translocation since synthesis and integration of the
LPS into the outer membrane occurs for several hours even in the
absence of protein synthesis (Knox et al, 1967; Rothfield and
Pearlman smd Kothencz, 1969) and translocation rate is unaffected

under these conditions (Osborn, 1979).

1.4,

Ihe role of lipopolysaccharides

The LPS form a unique class of macromolecules representative of
Gram-negative bacteria. Associated with protein, they are located
in the outer leaflet of the outer membrane in the Gram-negative
cell (Nikaido and Nakae, 1979). In this exposed position on the
cell surface, LPS are involved in the interaction of the cell with
the environment. Thus contact with the immne system leads to
stimulation of specific antibodies directed predominantly against
determinant structures of the LPS. Hence, LPS molecules represent

the main surface antigens of Gram-negative bacteria.

A synonymously used term for LPS is endotoxin. The injection of
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LPS containing bacteria or of purified LPS into experimental
animals causes a wide range of endotoxic reactions. These include
fever, changes in white cell counts, shock and death (Kadis et al,

1971; Kass and Volff, 1973; Schlessinger, 1977),

LPS have the ability to activate and suppress lymphocytes (Koenig
and Hoffman, 1979). They stimulate polyclonal B lymphocytes to
differentiation, proliferation and secretion of immunoglobulins.
LPS 1s also the most potent tumour necrosis factor (TKF) (014,
1987>. The endotoxic principle of LPS is the Lipid A region. Free
Lipid A, obtained by mild acid hydrolysis and rendered water
soluble by electrodialysis and subsequent neutralisation was shown
to exhibit all the endotoxic reactions (Galanos et _al, 1977a;b.
Various Lipid A analogues have been chemically synthesised and one
of them GLA-27 has been shown to play a part in the expression of
mediator inducing and B-cell activation activity (Hatsg?a et al,
1086>. It was shown that the separate expression of the various
biological activities of Lipid A was through modification of its

chemical structure.

The fundamental importance of the polysaccharides as recognition
molecules rests in their property of conformational and structural
diversity. LPS molecules are composed of a variety of sugar
moieties  that are linked in different ways. Inserted
assymetrically into the outer membrane with +the carbohydrate

portions facing outwards, the LPS provide ideal recognition
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structures for phages and antibodies. An important function of the
cell surface carbohydrate is to increase the hydrophilicity of the
cell surface. This 1is provided by the O antigen side chain. This
increased hydrophilicity is crucial in enabling the cell to escape
phagocytosis (Cunningham et al. 1975). The Salmonella species that
contain O-antigen are also more resistant to complement than
isogenic strains lacking O- antigen (Grossman et al, 1986)., The
protection affoﬁgd by O-antigen is due to steric hindrance of the
C56-9 complement component affecting its access to the hydrophabic

domains of the outer membrane.

The structure of the O-antigen side chain often shows tremendous
diversity. Since attachment of specific antibodies to a bacterial
surface enhances phagocytosis by promoting attachment to the Fc
and C'3 receptors on the phagocyte surface (Silverstein et al,
1977 and by decreasing the hydrophilicity of <the bacterial
surface (Van Oss and Gilman, 1972), the appearance of a new
surface structure to which the host has not been exposed will give

a significant selective advantage to pathogenic bacteria.

LPS often acts as receptor sites for bacteriophages. Viruses
requiring the short ("rough") LPS phenotype for adsorption includé
T3, T4, T7 and x174 (Inouye, 1979). Bacteriophage T4 attaches to a
glucosamine disaccharide linked to the heptose of the core region
of the LPS. Removal of the terminal glucose leads to a 10%-50%

reduction of receptor activity (Prehm et al, 1976). Considerably
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longer LPS chains found in typical smooth strains do not permit
rough specific phages to adsordb. The Salmonella phages such aé €15
and €34 have a requirement for the smooth type of O-antigen.
Vithout this activity, the phage would not be able to engage 1in
close contact with the deeper region of the outer membrane and
with membrane adhesion site. Phage €15 adsorbs to the rhamnose-
galactose linkage <(Uetake and Hagewara, 1969) in the O antigen
only when an a-linkage between repeat units is present. Phage €34
-adsorbs to the B-linkage between the Salmonella O antigen subunits

only when the galactose is not substituted.

Another important role of the LPS lies in the fact that the outer
membrane 1s a passive barrier to various hydrophobic compounds
(Fikaido and Nakae 1979). This role is further discussed in

section 2.
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