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ABSTRACT

THE EFFECT OF SUBM NI MUM | NHI Bl TORY CONCENTRATI ON
OF ROCEPHI NP ON TWO | SOLATES OF PSEUI OMONAS
AERUG NOSA

The effect of subm nimum inhibitory concentration
(Sub M1.C) of Rocephin'® (Ceftriaxone) was tested on
two isolates (a clinical isolate and a wild type) of

Pseudonpbnas aerugi nosa. The concentration tested has

l[ittle or no effect on the growh rate of these
isolates. The MI.C of Rocephin'® against the
clinical isolate was |80ug/m and that agaiist the
wild was 300ug/m. The subM C used was 7.5ug/m for
the clinical and 12.5ug/m for the wild (which were
1/24 of the MI.Cs).

It was found that there is a strain-dependent
optimum anti biotic concentration below the MI.C for
maxi mal filanmentation. The clinical isolate showed
greater filanmentation with increasing antitiotic
concentration up to a point (I150ug/m) whereas the
wld type showed increase in length of filament with
| owering antibiotic concentration, with optinum at
about 40ug/m while being at the sane tinme nore

resistant than the clinical isolate.

The antibiotic untreated cells were nore

phagocyt osed by fresh human pol ynor phonucl ear



-viii -
neutrophils (PMN) in the exponential phase than in
the stationary phase for both isol ates. Rel ati vel vy,
the clinical isolate was nore susceptible to
phagocytic uptake than the wild type in the
exponential phase. However, this relative
susceptibility was reversed in the stationary phase.
The two isolates were noderately hydrophobic wth
the clinical isolate being nore hydrophobic than the

wild type.

When the cells were treated with Rocephin(®
at a concentration of 1/24 of MI1.C, there was an
i ncrease in phagocytic uptake of both isolates at
bot h phases of growh and the observed effect of
phase of growth on relative susceptibility was
mai ntai ned. The subM C al so increased cell surface
hydr ophobi city of both isolates, with increase in
the wild type being nore than that of the clinical
i solate at both exponential and stationary phases
of growth. However, antibiotic treatment reversed
the order of relative hydrophobicity observed in

the untreated cells.

Serum i ncreased cell surface hydrophobicity
of both isolates at both phases of growth but the

i ncrease at the stationary phase was not as pronounced
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as in the exponential phase. Wen the cells were
treated with Rocephin and serum together there

was a general increase in the hydrophobicity at
both phases of growth, greater than when the cells
were treated with either the antibiotic or serum
al one. However, this conbination nullified the
reversal of relative hydrophobicity between the

i sol ates observed with Rocephin® alone, in

favour of the clinical isolate.

VWhen the ability of the isolates to adhere
to surfaces was tested, the clinical isol ate as
found to adhere less than the wild type in the
exponential phase, while in the stationary phase
the clinical isolate adhere nore. However, the
effects of Sub M1.C. of Rocephin®, serum
i ndividually and the conbination of the two appeared
to be dependent on the cells, phase of growth and

the test naterial .
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Chapter One
1. INTRODUCT ION

1.1

History of Antibiotic Chemothe

rapy

The concept of "antibiosis"™ a word firs
by Vuillemin in 1889 (Weinstein, 1985) to de
antagonism between living creatures generall
almost as old as *"e science of microbiology
fact, the application of antibiotic therapy
recognizing it as such is even older. For i
the Chinese were aware, over 2500 years ago,
therapeutic properties of mouldy curd of soy

applied to carbuncles, beils and similar inf
(Weistein, 1985).

L coined
note
¥, is

In

without
nstance,
of the

bean

ctions

The specific term "antibiptics"

was however, first described by Waksman in 1942

(Wwaksman & Lechevalier, 1962) as substances
by micro-organisms antagonistic to the growt]

of others in high dilution.,

The earliest form of antimicrobial chen

peutic agents for curing infections were nat

roduced

h or life

othera-

ural plant

products, followed by an era of synthesis aqd then

again to natural plant products (Garrod & O

1971). The first investigators to recognise

clinical potentialities of microorganisms ag
therapeutic agents were Pasteur & Joubert (Y

1985). In their report of 1877, they noted

Graady,

the

einstein,

that life
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destroys life among the lower species even mpre than

among higher animals and plants. This led tp

systematic search for an organism which eoul

1 attack

pyrogenic Cocci and Dubos in 1939 (Garrod & P'Grady,

1971) discovered tyrothricin (gramicidin + tyrocidine)

formed by Bacillus brevis, Although this ag

nt was

toxic to man, the work however, influenced Florey and

his colleagues to embark on a study of natu

lly-formed

antibacterial substances. Penicillin, earliger

discovered accidentally by Fleming in 1929
second agent on their list. It however, too

years before penicillin was fully purified,

s the
several

its

structure ascertained and its large-scale cpmmercial

production achieved.

The discovery of penicillin by Fleming was

followed by the therapeutic revolution prodjced by

sulphonamides, with the modern era of chemotherapy of

infection sgtarting with the clinical use of

sulphanilamide in 1936 while the "golden agé' started

with the producticn of penicillin in 1941. ([The

production of penicillin was followed by a sgporadic

discovery of many other antibiotics from natural

sources with an active period spanning from (194} to

1956 with the discovery of such agents as:




.
Streptomycin in 194}, Polymyxins in 1947, Chloramphenicol,
the first broad spectrum antibiotic was discgvered in
1947 & 1948 in two independent laboratories.
Tetracycline was discovered in 1948, Erythromycin in
1952 and Cephalosporin C in 1955, 1956, A substantial
number of antibiotics have now been identified with
nearly 100 of them now developed to clinical|stage.
They differ markedly in physical, chemical and
pharmacological properties, antibacterial spectra
and mechanisms of action (Weinstein, 1985), Yith
penicillin, the first to come into general therapeutic

use, still being in many ways the best.

After the natural penicillins like benzylpenicillin
(Penicillin G), phenoxymethylpenicillin (Penjcillin V)
came the semi-synthetic penicillins and cephalosporins,
through (in the case of the penicillins) the|elucida-
tion of the penicillin 'nucleus' i.,e. the
6-aminopenicillanic acid (6-APA) obtainable from
Penicillin G or V by the action of amidase, |The
availability of the 'nucleus' allowed for the attachment
of a great variety of side chains resulting in compounds,

of which those in therapeutic use possess onL or more
of such advantages as: (a) acid resistance,

(b) resistance to penicillinase and (c) broader spectrum,
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The cephalosporins constitute a group ol
antibiotics of many generations with a host ¢

promising new derivatives which are generally

in chemotherapy.

closely related to the penicillins, The cep

They are also beta-~lactam 4

Nl
F used

pntibiotics

alosporins

were first described by Florey (1955) and later by

Abraham (1962), they are formed by Cephalosporium

acremonium, The extract from the culture wa

to contain three quite distinct antibiotics

cephalosporin N (a2 penicillin, adicillin),

found

amely:

cephalosporin P (an antibiotic of steroid stiucture

similar to Fucidin) and cephalosporin C,

Cephalosporin C has the same side chain
(derived from D-alpha-aminoadipic acid) as c¢
N, fused with a dihydrothiazine beta-lactam |
(the 7-aminocephalosporanic acid or 7-ACA), 1}
activity and a high degree of penicillinase
Substitution of other side chains on the 7-A(

resulted in the cephalosporin family with enl]

pphalosporin
ring system

nas moderate

resistance.

CA 'nucleus!

hanced

activity., Cephalosporins are resistant teo anicillinase

but sensitive to cephalosporinase, have mole
of about 20, They are freely soluble in wa
relatively stable, They are active in concel

10ug/ml or less against gram-positive organi

cular weight

Ler and
hitration of

sms including
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penicillinase producing staphylococci and agdinst many

gram-negative bacteria,

Although cephalosporins have close strugtural

relationship with penicillins but because of |the

chemical difference in drug nuclear structurl, their

antigenicity differs,

Hence most individual

who are

Fig., 1.1: Nuclear ring structures in penicillins

and cephalosporins,

-
h

B g CH3 N S
- H,N _75‘_ I:CHa Ha | & P
P—
CO2H 0
0 CO2
6-aminopenicillanic acid 7-aminocephal
6- APA) (7~

K ' ‘

¢osporanic acild
ACA)

hypersensitive to penicillins can tolerate ce¢phalosporins

(Jawetz et .al, 1982),

In fact, it is said that onlv

about 10% of penicillinalergic patients are sensitive

to cephalosporins, although some cases of primary

allergy to cephalosporins have been reported

in patients

not known to be penicillin sensitive (0'Callpghan &

Muggleton, 1972).
potentials,

Cephalosporins also have

low toxicity
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Penicilling and Cephalosporing are known
spheraplasts (which may lyse in isotonic medi
appropriate conditions at concentrations depd

individual minimum Inhibitory concentration (

p to form
la)} under
indent on

M.I.C).

They are also Known to inhibit the third sta

e 1in

bacterial cell wall synthesis and in normal nutrient

media results into very elongated cells (fil

ments)

in cultures of cells like Escherichia coli and Proteus

mirabilis (0'Callaghan & Muggleton, 1972). ¢
fllaments are apparently normal in every way
that they do not divide into cells of normal
but continue to elongate up till as much as ¢
the parent cells and this is in agreement wit

observation of Pennington and 0'Grady (1967)

$uch

except

length

50 times

h the

that

inhibition of the cross-linking reaction itsTIf is

not necessarily lethal. A high antibiotic c¢(

tration results in sphercoplasts and although
filamentation preceeds spheroplast formation,
gteps are not necessarily sequential, Filami
formed at all pH values but spheroplasts are

formed above pH 7,5 (Grula & Grula, 1662).

Structural manipulations about the 7-AC
been of great value in the development of ce

porins, It appears that substitutions at po

PILC E1i=—

the two

bnts are

nog

A has
phalos-

sition 7
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0f the beta-lactam ring are associated with alteration
in antibacterial activity while substitutiond at
position 3 of the dihydrothiazine ring are agsociated,
with changes in metabolism and the pharmacokinetic
property of the drugs (Huber et al, 1972). Fpr
instance based on the view that cephalosporins with
great activity share active hydrogen(s) on thle
alpha-carbon of the side chain acyl, various peta-
ketoacid substitutions led to cefotiam and cefsulodin
that could control a wide range of pathogenic| bacteria
(Morita et _al, 1980), It was also suggested py
Hamilton-Miller (1976) that relatively small thanges
in structure may alter markedly the bacterioclytic
activity of iytic-deficient agents that cause
filamentation and alsc replacement of sulphur| atom (S)
by oxygen atom (0) at position 1 in the cephem ring
has been found to result in L4-16 fold increase in
antibacterial activity though with concomitant
increase in sensitivity to beta-lactamase to pome
extent, which was presumed to be due to increase in
chemical reactivity of the beta-lactam ring system,
However, twoe types of substituents were found|to

protect oxacephem from this hydrolysis and this

protection was specific for the type of beta-lactamase

produced by the gram-negative bacteria., Hence with this
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knowledge a product (6059-5) with stable and

spectrum of activity was developed (Yoshida,

broad

1980),

The observation by Hamilton-Miller (1976) that

lytic-deficient cephalosporins caused filamentation

and that this lytic deficiency depended on the

bacterial species challenged has been expandg¢d upon

by Ryan and Monsey (1981) and they concluded
filamentation is not a determining factor in
therapeutic efficacy since six commercially 4
cephalosporinsg investigated were found simild
respect to the major properties that contriby
successful therapy i.e. M,1.C, pharmacokineti
in-vivo kill rate and ED5O value while differ

their abilities to induce filamentation,

As with penicillin derivatives, the semi
synthetic cephalosporins vary in effectivenes
stability and are classified in terms of gend
based on the general features of antimicrobia
activity. The first generation cephalosporin
epitomised by cephalotin and cefazolin, have
activity against gram-positive bacteria and 1

modest activity against gram-negative microor

that

vailable
r with
te to
cs,

ing in

s and
rations

1

Sy

good
elatively

ganisms,

The second generation cephalospering e.g. Ceflamandole,

Cefuroxime etc, have somewhat increased actily

ity
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against gram-negative microorganisms but are
less active than third generation,
generation cephalosporins e.g. Cefotaxime, C
etc, are generally less active than first ge
against gram-positive cocci, but are much mo
against the entercobacteriaceae including pen
producing strains., A subset of the third gel

cephalosporins e.g. Ceftazidine, Cefsulodin,

Cefoperazone etc, is also active against Pse

The third

much

pftriaxone
neration
re active
icillinase-

heration

idomonas

aeruginosa (Neu, 1982; Garzone et al, 1983a,

Schumacher, 1983).

Cephalosporins having notable activity

Ps. aeruginosa include: Cefuroxime, Cefotaxi

Ceftriaxone, Moxalactam and though comparabl

vary in their degree of effectiveness,

1983b &

pgainst

ne,

e, they

0f the third

generation cephalosporins, cefotaxime was the first

to become available in United States, it is

resistant to bacteria beta~lactamases and ha

highly
5 good

activity against many gram-positive and gramfnegative

aerobic bacteria with a half-life of about 1

hour,

Ceftriaxone (Rocephin(ﬁ)) is said to have infvitro

activity similar to that of Ceftizoxime and
with a half-life of about 8 hours being the
feature (Mandell & Sande, 1985).

Cefotaxime
putstanding
Rocephin(R) is said
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to have a similar activity with Cefuroxime and

Cefotaxime against Ps, aeruginosa (M.I.Cgo 16mg/ L)
(Wise et al, 1980), It also has a comparable volume
of distribution with other marketed cephalosporins
but a much slower clearance which therefore results
in the leong plasms half-life earlier menticned and
its renal clearance of unchanged drug is not |dose~
dependent (about 65%) (Stoeckel et al 1981),

Its activity is relatively unaffected by serum

despite a high protein binding of 95% (Wise ¢t al,
1980). In patients with normal serum creatinine,
Rocephin(R) serum levels ranged from a peak 9f
LO~-200mg/L (mean of 75) and a trough of 16-70mg/L
(mean of 42) for a dose of one gram intravengusly
twice daily (Eron et al, 13983),. Rocephin(R) has

the following chemical structures.

\.N/N
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(2)-(6R,7R)=7=(2-(2-amino-l~thiazolyl)=2~(me

thoxy

-imino) acetamido)-3-/"(2,5-dihydro-6-hydroxy-2~

methyl=-5-0x0-as-triazine=-3-yl) thiol methyl-

8-0xo-5-thia-l-azabicyclo [/ 4.2.0_7 Oct-2-eng

-2=carboxylic acid disodium salt,

Neu et al (1981) found that Rocephin(R)
was stable to most plasmid-mediated beta-~lac
but was hydrolysed by some Enterobacteria, P
and Bacteroides species and beta-lactamases ¢
chromosomal origin., They also noticed that

alteration of pH and use of various media di

v
]

Lamases
roteus

b

i not

change the inhibitory levels. It was howevel found

that inoculum size affected M.I.C level cons

flderably

especially from between 105-107 CFU/ml. Anthrn

et al (1980) also noted that inoculum size affects

M.l1.C and minimum bactericidal concentration
and that this effect was strain dependent,

Some strains of Ps. zeruginosa were found to

(R)

resistant to Rocephin

Rocephin(R) and other cephalosporins like

(M.B.C)

be

penicillins act by selectively inhibiting bafterial

cell wall synthesis through inhibition of t

terminal

cross-linking of the linear glycopeptides i.p. the

transpeptidation reaction (Jawetz et al, 1982) by



attaching to receptors some of which are tran

dase enzyme thereby inhibiting its action., A

speptie
fter

inhibition of transpeptidation comes the remagval or

inactivation of an inhibitor of autolytic enzymes

in the cell wall thereby resulting into cell

lysis

if the environment is isotonic through activation

of the lytic enzymes. The remarkable lack of

toxicity

of penicillins and cephalosporins to mammalian cells

is probably due to the absence of bacteria-type cell

wall with its peptidoglycan in animal cells,

1.2 Pseudomonas aeruginosa

The genus pseudomonas are bacteria of comsiderable

scientific and practical importance,

occurence in scil and water can be considered

Their wlidespread

as an

indication cof their involvement in the naturall process

of mineralisation of organic matter.

The group include

aetiological agents of important plants and animals

diseases.

They are unicellular rods, straight or

curved (occasionally) but not helical, measuriing 0,5-1

uz by 1,5- um (though the maximum of I um is
exceeded as in some strains of Ps. putida, a

fluorescent plant pathogen). They are motile

of one or more polar flagella (Palleroni, 1975).

are gram-negative and non-spore forming cells

sometimes

by means
They

deriving
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their metabolic energy from respiration and n

from fermentation or photosynthesis., They ar

-
-

chemoorganotrophs, although some are facultal
chemolithotrophs capable of using hydrogen g

i

an energy source, They are aerobic, using mg

oxygen as terminal oxidant but some members (

anaerobically in media containing nitrate. M

of the group are often pigmented, some produg

water soluble fluorescent or pyocyanin pigmer
diffuse into the media while others produce
pligments that remain associated with the cell
which are responsible for the yellow or orang
of the colonies of such organisms,

Ps, aeruginosa (which is normally an occasion

pathogen) have become widespread in clinical
due to their resistance to deleterious agents|
antibiotics and this resistance has become a

concern in medieal practice,

All microorganisms termed occasional pat
are either saprophytes or commensals and are

of causing severe pathological effects when t

ever
e also
ive

s as
lecular
an live
embers
ing

its that
arotenoid

s and

e colour
Some spedies e,g.
al

specimens

including

considerable

hogens
capable

hey gain

access to tissues with poor antimicrobial def

nces,

or to patients whose resistance is impaired by illness

or by certain forms of medical treatment.

Su¢h
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infections are termed "opportunistic" (Lowbun
Due to the biological advantage of being resi

a wide range of antibiotics that are usually

y, 1975).
stant to

active

against the more pathogenic bacteria, opportunist

pathogens become selected in hospitals where

antibiotics are much used. Ps. aeruginosa is

particularly typical of the opportunists and
virtually harmless to healthy, uninjured sub]
(except in infants), it appears to be more pa
than S, aureus for example, in the anterior ¢
of the eye and more prone to cause fatal infe

in patients with severe burns, It also prese
special hazards in patients requiring instrunm
(e.g. catheterization) because equipments tha
difficult to sterilize or disinfect are more
to contamination by it than by many other opp

e.g. Staphylococcus aureus or Haemophilus inf

although

ects
thogenic
hamber
ctions
nts
entation
t are
liable
ortunists

luenzae

that do not multiply (while many strains do n
survive for long) on moist inanimate environm
(probably an advantage offered by its ability
grow as a saprophyte in water with minimal ny
additives) (Lowbury, 1975). Hence patients t
with such equipments, who may also be receivi
antibiotics that select a variety of opportun

pathogens or receiving steroid hormones,

ot even
ent

to
trient
reated
ng

ist
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immunosuppressive drugs etc. become more sug

to infection by Ps. aeruginosa,

The species Ps. aeruginosa is very well

and readily recognizable by a number of simpg
characters.
resembling copper rust or verdigris, the cel
straight rods of average thickness of 0,5um
length ranging from 1.Ljum-3um and are mostly
typically with one polar flagellum per cell.
Production of pyrocyanin and fluorescent pig
are characteristic of the species (Pallereni
Most strains have characteristic sweetish sm
(described variously as being "fruity” or 1li
All strains grow

odour of trimethylamine).

37°C, a character that differentiates Ps. ae

ceptible

defined
le

For instance, the cultures have a colour

ls are
and

motile,

nents

. 1975).
ell

ke the
fast at

ruginosa

from ether fluorescent pseudomonas, However

37°C is the optimum growth temperature, stra

the species can actually grow between 5°c - |

while some even grow at LL°C.

Members of the species Ps. aeruginosa a

, while
ins of

12°¢C

x -]

nutritionally versatile, with individual strains

being capable of utilizing 80 or more organis

compounds, They are absolute aerobes except

3
o

in

media containing nitrate (which they reduce to
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gaseous nitrogen) and biochemically they give
response to Catalase, Oxidase and arginine dih

reactions (catalase being somehow diagnostic i

faster in the genus than in any other catalas
positive organism), gelatin is hydrolysed whi
is not. They produce acid from glucose, arabi
xylose and glycerol but not from maltose, lact
dulcitol. In peptone water media, acid may be
from glucose but rarely from other carbonhydra
(Palleroni, 1975; Wilson & Miles, 1975). The

can easily be cultivated and they grow well onl
selective medium that inhibits enterobacteria

as staphylococci and streptococci e.g. nutrien

at pH 7.8 ocontaining 0.03% cetrimide.

1.3 Bacterial Cell Envelope and Effec

positive
ydrolase

n being

je starch
nose,

ose and

produced

tes

organisms

=1

as well

t agar

of Antibiotics on it

The bacterial cell is usually encased by
cell envelope which differs in terms of gross
morphology between gram-negative and gram-posi
bacteria, The cell envelope is made up of the
wall and the cytoplasmic membrane and it regul
the complex molecular traffic between the cell
its environment., The bacterial cell wall is a
partly inelastic structure which protects the
osmotic swelling and also conditions the micro

environment of the cytoplasmic membrane,

the

tive

cell

Ates

and

complex,

cell from
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The cell wall is very important to the ofganism
and this can be demonstrated by treatment with enzymes
or certain antibiotics. For instance, the engyme
Lysozyme which is an important component of the host
defence mechanism against invading bacteria apnd is
contained in leucocytes and many body fluids ¢.8.
serum, tears etc, if added to a bacteria cultyre
degrades the peptidoglycan resulting in cell lysis,
This is very spectacular in gram-positive cells
where the enzyme has direct access to the
peptidoglycan layer (Hammond et al, 1964)., Similarly,
many antibiotics effect their lethal action b
inhibiting a number of enzymes involved in peptidogly-
can assembly, resulting into a progressive weakening
of the cell wall until it can no longer resist the
internal turgor pressure, causing bulges to develop
at the site of cell division which may enlarge until

the cells ultimately burst,

Drug penetration of the cell envelope,
especially by antibiotics depends to a considerable
extent on the properties, hydrophilicity or
hydrophobicity of the drug molecule and on the
composition of the outer membrane (OM) of gram-negative
bacteria, Proteinaceocus pores in the OM alloyw the

entry of low molecular weight hydrophilic agents into
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the cell (Nikaido & Vaara, 1985), In contrajst,
hydrophobic molecules enter by passage acrosp the
phospholipid component of the OM which is nopmally
shielded from the environment by an intact
lipopolysaccharide and/or porin proteins (Rujssell &
Furr, 1986),

Since the cell envelope serves as a "coptrol
valve" for molecular movement in and out of {the
bacterial cell and also since most drugs, in particular
antibiotics, must penetrate the cell envelope to reach
their metabolic “targets" within the cell, the
structure of this cell envelope thus plays a| vital
role in determining bacterial sensitivity to

antibiotics.

Consequent to the seeming importance of| the

cell envelope, a lot of work has been done tp elucidate
its structure and the effect of various chemFtherapeutic
agents on its components and how these affect the

barrier function of cell envelope,

1.3.1 The Cell Envelope

The cytoplasmic membrane has a relatively
consistent chemical composition and molecular
architecture while the cell walls vary widelly as

supported by the gram-positive/negative staining




-19=

techniques, from the chemically simple walls| of some

gram-positive species e.g. Micrococcus lysodeikticus,

to the very complex multilayered walls of smpoth

strains of gram-negative bacteria (Costerton| et al,

1974).

The cell wall of gram-positive bacteria| is

made up principally of a thick layer of peptlidoglycan
(PDG) closely associated with the cytoplasmif membrane
and this is sometimes covered by an extracelllular slime
or capsule layer in the envelope of some species. On
the other hand the cell wall cof gram-negative bacteria
contains a comparatively less substantial amount of
PDG, not as closely associated with the cytoplasmic
membrane as in gram-positive cells and most notably

a second membrane to ihe exterior of the PDG|called

the cuter membrane. Also extracellular slime

[1°]

or
capsule layer 1s sometimes present in the cell
envelope ¢of some specles, In addition, the gram-~
negative cell wall has a well defined periplasmic
space as contrasted to the narrow "periplasmic space”
seen separating the gram-positive cell wall from the
cytoplasmic membrane on cell fixation and which has
been shown to contain some degradative enzymes (Ghosh

et al, 1968; Ghosh et al, 1971; Okabayash et|al, 1974).
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It is however noteworthy that in live cells,

content of such observed "periplasmic space"|,

the

including the enzymes, would be present in the

spaces between peptidoglycan fibres and immddiately

outside the cytoplasmic membrane {Costerton & Cheng,

19753.

1.3;1.1 The Cytoplasmic Membrane

The c¢ytoplasmic wmembrane in both gram-positive

and negative bacteria and the outer membrane, in

Bram-negative cells consist of lipid/protei

but beyond this superficial resemblance, fe

bilayers

structural or physiological similarities exist Detween

the two membranes, reflecting the differing | roles of

the membranes in the life of the bacterium,

The cytoplasmic membrane contains the e&nzyme

systems of the electron transport chain (cytochromes)

and oxidative phosphorylation, systems for the active

transport of solutes and excretion of waste|products

plus the synthetic apparatus necessary for the

production of exterior layers (Hammond et al, 1984).

It is made up essentially of proteins and phospholipids,

The protein profile is complex consisting of

distinct protein bands, The cytoplasmic anf

4L,0~100

ocuter

membranes have relatively similar phospholipid content

with about 60% of the total cell envelope phospholipid
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being present in the ocuter membrane, Howev

er,

a number

of membrane enzymes are functionally dependent on the

presence of phospholipid and these include

Lhe membrane-

bound adenosine triphosphatase (Hammond et &1, 198L).

The phospholipids form a liquid hydropl
bimolecular leaflet whose limited penetrabil
polar molecules is affected by changes in ck
and degree of saturation of their component

(Machtiger & Fox, 1973; McElhaney et al, 197

hobic

ity by

1ain length
fatty acids
3).

The fluidity of the bulk phospholipids, is modified

by proximity to proteins (Jost et al, 1973)
"float" in the phospholipid phase and some g
proteins appear to be the permeases that eff

facilitated diffusion and active transport a

which
f these

ect

cross the

membrane (Kaback & Hong, 1973; Tourtellotte f Zupnik,

1973). The cytoplasmic membrane (CM) which
tensile strength is in most cases adpressed
the inelastic peptidoglycan structure of the

by osmotic forces (Costerton & Thompson, 197

has little
pgainst
cell wall

?) while

in gram-negative cells, points of adhesion h
observed between the CM and the PDG (Bayer,
Olsen et al, 197)).

The cytoplasmic membrane is a penetrabi

barrier, the effective "pare size" of which

small that even passage of ions like potassiy

ve been

1968 ;

lity
1s soO

m is
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restricted (Thompson et _al, 1970), Hence ant
must pass the membrane via the transport syst
by intercalation among the hydrophobic phosph
molecules, However, some antibiotics capable
intercalation often damage the membrane and

the membrane as their site of action e.g. pol

ibiotics
ems or
olipid
of this

hus have

ppEptide

antibiotics like Polymyxin and Bacitracin (C#rny &

Teuber, 1971; Weinberg, 1967).

The cytoplasmic membrane is the primary

in intrinsic resistance of Ps. aeruginosa to

stre ptomycin, tetracycline (Tseng & Bryan, 1
to actinomycin D (Cheng et al, 1973). Change
the cytoplasmic membrane has been Kknown to co
tetracycline resistance on bacterial cell, T
thought to involve deletion of a membrane pro
(Chopra et al, 1974) or the addition of a new
to the membrane (Levy & McMurry, 197L4). Henc
molecular make-up of the cytoplasmic membrane

important.

1¢3.1.2 The Peptidoglycan

The bacterial cytoplasm is enclosed by t

partly inelastic cell wall which is a highly

barrier

D7) and
B in

nfer

S

his is

tein
protein

the

11

is

he

structured

layer of great mechanical strength and is responsible

for maintaining the shape and integrity of thd

4 Cello




The rigid part of the cell wall is made up of|
unique highly cross-linked aminosugar polymer

the peptidoglycan (PDG) which determines its

Peptidoglycan is the major component of L

gram-positive cell wall (Salton, 196L4) with ot
molecules such as teichoic acids, teichuronic
and lipids being interspersed with the basic P
structure, These other molecules however, do
form coherent or continous structures within t
cell wall (Millward & Reaveley, 1974). In fag
50-80% of the gram-positive cell wall is PDG w
the rest is made up of a variety of polymers
depending on the organism, In gram-negative b

PDG makes up only 10-20% of the weight of the

a
called

trength,

he
her
acids
DG
not
he

t
hile

acteria,

wall,

and does not contain integrated polymers similar

to the teichoic acids, it is covalently linked

lipoprotein molecules to the outer membrane,

The PDG can be isolated from majority of
membrane components by heating the wall fracti
an anionic detergent like sodium dodecyl sulph
(SDsP), followed by extensive washing to remov

detergent. Removal of covalently linked lipop

will however, involve treatment with proteolyt]

enzymes,

Although there is considerable varia

by

puter
pn with
ate

¢ the
rotein
LC

tion in
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detailed composition of PDG among different ¢

the basic structure is the same,

Peptidoglycan consists of a network of 1

polysaccharide chains (glycan strands) of up|
dissacharide units in length, cross-linked by
peptide chains, The glycan strands are made
alternating units of N-acetylglucosamine and
'

N-acetylmuramic acid Joined by & 1,Lh-beta-gly

linkage,

The synthesis of PDG into the cell wall
actively growing cell is a highly organised &
compleXx series of events taking place in a de
patitern such that the protective and shape deg
functions of the cell wall are not jeopardize
Precursors to PDG during synthesis are synthe
the cell in a sequence divisible into three g
namely: (a) synthesis of the precursors in th
cytoplasm, The precurscors synthesized are th
nucleotides: UDP-N-acetylglucosamine and UDP-
acetylmuramylpentapeptide. (b) The transfer
precursors to a lipid carrier molecule (undec
phosphate) which transports them across the m

and (c¢) insertion into the wall and coupling

existing PDG.

rganisms,

inear

to 200

y short

up of

cosidic

of an

nd
finite
termining
d.

sized in
tages

e

€ sugar
N=-

of the
aprenyl
embrane

to
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Many antibiotics inhibit PDG synthesis and it
is known that all stages of PDG biosynthetic| pathway
are susceptible to inhibitors as exemplified by
table 1.1. A very important group of antibipetics,
both clinically and as biochemical probes, gdre the
beta-lactams, especially the penicillinsg and
cephalosporins, When bacteria are exposed Yo
beta-lactams & small amount of the antibictic becomes
covalently linked to the cells and the bound moclecules
are responsible for damaging and ultimately |killing

the cell,

Table 1.1: Some antibiotics which interferg with

the synthesis of peptidoglycan,

Antibiotic Site of Action

Phosphonomycin | Inhibits synthesis of UDP=-N:
N-

acetylmuramic acid from UDPJ
acetylgluccgaminie and phosphoenol-

pyruvate,

D-cycloserine Inhibits conversion of L-alpnine
into D-alanine by alanine rpcemace

and coupling of two D-alanines by

D-alanine: D-alanine ligasel




=T

Antibiotic Site of Action

Bacitracin Prevents de-phosphorylatioh of

undecaprenyl pyrophosphate

thereby

inhibiting the lipid carrier cycle,

Vancomycin Binds to acyl=D-alanyl-D-alanine

region of the lipid-linked
precursors preventing incol
into the wall,

beta-lactam Prevent cross-linking by ir

rporation

yhibition

antibictics of tranapeptidaae/carboxyp%ptidase.

The antibiotics are bound to transpeptidases and

carboexypeptidases, thereby inhibiting the enzymes,

Hence the cells continue to grow without being able

to produce cross~linked PDG, Thus abnormal cell

shapes develop and the cells eventually stop
The precise fate of the cells depends on the

and concentration of the antibiotic used ard

growing.
nature

the

organism itself. However, lysis is common bult

filamentation and other unusual shapes can pefsist

without lysis,

It is believed that the enzymes bind betL-lactams

because the latter are structural analogues of

D-alanyl-D-alanine terminal portion of the peftapeptide

linked to N-acetylmuramic acid in uncross-linked PDG
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{i.e, nascent PDG), This is because the rea
susceptible beta-lactam bond of the antibiotj
lies in a similar position as the peptide bor
Dwalanyl-D-alanine. Hence the enzymes probaj
mistake the antibiotic molecules for their gd
substrate, cleave the beta-lactam bond,.there
becoming inactive due to the relative stabili
the antibiotic-enzyme intermediate formed, 3
intermediate complexes are called penicillin
proteins (PBPs) and at least seven different

have been identified in cells of Escherichia

ttive and

d of

1y

nuine
by

ty of
uch
binding
PBP s

coli

and having molecular weight between J0OK - 90K
Most abundant are the low molecular weight PB

having carboxypeptidase activity and while th

Ps 5 & 6,

Y may

control the degree of cross-linking of the PD§, they

are not considered essential for the viability

cells., Other PBPs except PBPL are essential,

has transpeptidase and transglycozylase activil

while the activities of PBPs 1a, 2 & 3 are yet

egtablished,

It seems that PBPs 1ta, 1b, 2 & 3 have dis
functions within the cells in the different en
activities that produce PDG. PBPs %1a and 1b a
to be vital in maintaining the integrity of th

and possibly in controlling extension of the P

r of the
PEP 1b

ty,
to be

tinect
zymic
ppear
e cells

DG in

¢ molecule
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the side walls during cell growth, Selective inhibition

of 1b leads to cell lysis while PBP2 is involved in
maintaining the rod shape in E. coli and its|inhibition

results in osmotically stable oval forms., PRP? is

involved in septum formation, selective inhiB®ition of

Such

its activity resulting into filamentation,
filaments are not osmotically fragile and do |not

normally underge lysis.

Penicillin G binds to all the PBPs and the one

respensible for cell death depends on concentfration

used but is most likely to be 1b, since cells| are

observed to underge lysis rapidly. However, pther

beta-lactam antibiotics do not necessarily ha

same affinities for all the PBPs as penicilli]

Ve the

n G,

In fact most of them bind to all the PBPs but

s5how

some preference for certain PBPs at low concentrations,

Hence their morphological effects depend on the
concentration used and can vary between two eXtremes
of lysis and filamentation, while a combinatign effect

results in abnormal cell shapes.

Beta~lactam antibiotics also trigger varilous

autelytic enzymes in the wall and this also pllays an

important part in the eventual destruction of gthe cell,
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To the exterior of the PDG in the envel
structure, there could be extracellular slim
capsule layer depending on the organism amon
positive cells while in gram-negative bacter

is yet another highly organised bilayer callq

2

Dpe

or

g gram=-
ia there

bd the

outer membrane to which the PDG is a350ciate$ by

covalently bonded lipoprotein,

1.3.1.3 The Cuter Membrane (OM)

The OM of the grum-negative bacteria is

effective permeability barcier to many drug o

especially antibiotics.,

is iwplied by the retention of enzyme in the

space (Lindsay et al, 1973) and by the exclus

externally=added lysozyme (Sanderson et al, 1

The existence of thi

an
alecules

s barrier
periplasmic
ion of

O7l)

The outer membrane has extremely limited enzyLic

activity with no role at all in electron tran

(Hammond et al, 1984) but it however, has a

distinguishing novel series of proteins and 1]

sport

| popoly=

saccharide (LPS) and this probably has to do

specialised functions of the membrane,

impermeability to hydrophobic ccmpounds and hi
molecular weight hydrophilic compounds account
the resistance of gram-negative bacteria to a

of antibiotics and antimetabclites by preventi

accumulation of lethal concentrations of the

at their respective sites.

The m

Iith the
mbrane's
gn

s for
variety
ng

agents
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The gram-negative OM is also important for the
survival of the organism in an animal host i.le. it
helps the bacterium overcome the emulsifying pction
of bile salts and enzymes of the gut while allso
aiding resistance to phagocytosis by white blpod
cells and the complement-directed bactericidall action

¢f serumn,

A probe into the barrier function of the|OM
was initiated with the finding that treatment|with
ethylene diamine tetra acetic acid {(EDTA) notdbly
increased the permeability of thie envelope. 1t was
found that viable BDTA-treated cells retained [normal
growth rates and undisturbed synthetic and
cytoplasmic membrane functions but are however, more
vulnerable to a variety of antimicrobial agentls and
enzyme substrates like phospholipase and lyscZyme
(normally excluded from the cells) to which thley were
hitherto insensitive. 1In the presence of the prganic
buffer, tris-hydroxymethylaminomethane, EDTA ifs
thought to withdraw magnesium ions from the ocuter
membrane, resulting in release of specific OM
components and greatly increasing the permeabillity of
the membrane (Hammond et _al, 198L). This factl|is

supported by some workers' observations that the
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stability of the OM-PDG complex is maintairled by

divalent cation bridges (DePamphilis, 1971;

Schnaitman 1971a, 1971b) and lipoproteins (Costerton

et al, 1974). Also of relevance is the observation

by Meadow (1975) that the complexing lipoprotein is

much reduced or even absent in Ps. aeruginosa and

divalent cation bridges are presumably vital

stabilizing role. This probably explains t

high sensitivity of the organism to EDTA since a very

in the

very

low concentration is said to lyse the cell (Hammond

et al, 1984). However, the effect of EDTA i

reversed

by addition of excess divalent ions, thus preventing

the loss of OM components like : between a th
a half of the LPS component, about 5-20% of
phosphatidylethanolamine and a little protein
enteric organisms and this observation is ang

pointer to the stabilizing role of divalent 1

Despite great structural and physiologid
diversity found amongst gram-negative bacteri
seem to share a common pattern in the structy
their OM, The structures that make up the OM
lipopolysaccharide (LPS), proteins, lipoprote

phospholipids. The term LPS quite often is &

ird and

in

ther

al

a, they
re of
include
ins and

pplied

exclusively to the endotoxic O-antigens from [smooth"

gram-negative bacteria and the corresponding

products
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from "rough" strains and mutants. The LPS has a
¢lagsical model as originally proposed by Luderitz
and Westphal (Hammond et al, 1984) consisting of
three covalently linked regions nuemely 3 Lipid A,
the core and the O-side chains, each with a

distinctive composition and biological function,

Fig. 1.4¢ Structure of Lipopolysaccharide

\ .0
.M/W\M/\t\/”\
M/\N\N}J\/O\\
OH OH
AN
N ' n
| |
i
_L_ip]d A Core ' Q-side chain

e pm - R . ———— s .- - . R Y |

The 1ipid A region is integrated into the CM
bilayer and is made up of fatty acid chains linked
to glucosamine., Extending outwards from the lipid A
is the core region made up of short carbonhydrpate
chain and from the core region, in smooth strains is

a longer carbonhydrate polymer, the O-side chdin,
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The lipid A composition is relatively similarn
a wide range of gram-negative. So also are 1
in the core region but ithe O=side chzin wherdg
show gross differences in composition and sty
often within a single species., O-side chain
polysaccharide synthesis is mediated by a num
¢ytoplasmic membrane-bound enzymes where it 3
synthesized before being transported and incg

on the outer surface of the 0OM,

0f the OM components, the LPS appear to
vital in the permeability barrier prcotective
in that various workers observed that the sen
to most antibictics was increased in LPS-defd
"rough" mutants of K. coli (Lazdunski & Shapi
1972; Sekiguchi & Iida, 1967; Tamaki & Matsub

1973) and Salmonella typhimurium (Lindsay et

1973; Sanderson et al, 1974) and this sensiti
was found to be proportional to the degree of

deletion in S. typhimurium (Sanderson et al,

Also there are some cells whose penetraf

by antibiotics is affected by R-plasmid-medidg

changes in the OM e,g. penicillin~resistant H.

(Curtis & Richmond, 197L), cells of Ps. aerug

3

within

he sugars

present,

ucture,

ber of
S

rporated

be
function
sitivity
cient
ra,

ashi,

al,

vity

LPS
1974,
ility
ted

coli

inosa

resistant to gentamycin and carbenicillin (Ko

et al, 1975). Apart from these genetic factg

rfhagen

rs, the
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nutritional status of some gram-negative bact
has been found to influence their OM permeabi]

by Lysozyme (Klainer & Russell, 1974) and by

antibiotics (Walker & Durham, 1975), Similar
Schnaitman (1974) found that the number and {
proportions of OM protelns vary in response f

'

nutritional changes.

The OM contains a limited number of prot
compared to the cytoplasmic membrane and in b

like E. coli and S. typhimurium, these hetero

proteins can now be classified in a standard

nomenclature based upon the genetic loci cont

the production of the proteins (designated O
(Hammond et _al, 198L),

and lipoproteins, there are cther proteins te

eria

lity

1Y,

he

o

eins

acteria

genous

rolling

A-F)

Apart from the major DM proteins

ed minor

proteins, many of which are inducible or derepressible

and under appropriate environmental condition
reach levels in the OM comparable with those
major proteins. Hence the OM should not be r
as a structure of invariable composition, Pry¢

located at the cell surface often serve as re¢

for bactericidal proteinaceous antibiotics cal

bacteriocins and bacteriophages (lammond et al

may

bf the
pgarded
bteins
teptors
led

, 1984).
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Some of these apparently important proteins
include : lipoprotein (7.5 K), Omp A or protein d
(33 K or 28 K), Omp C or protein C (36 K) and| Omp F
or protein b (37 K). These proteins constitute
70-805% of the proteins in the OM (Rossouw & Rpwbury,
198L). Omp C and Omp F proteins have been tepmed
porins or matrix proteins and are PDG-assoclated
transmembrane proteins which form water filled pores
for the permeation of low molecular weight hydrophilic
molecules., Omp A or protein d is also trans-membrane
and is required for optimal growth in certain|cultural

conditions.

It has been found that a group of resistance
plasmids of the N-incompaclibility group reduged the
amount of OM porin (Omp F equivalent) thereby

increacing resistance to ampicillin, chloramphenicol,

ethionine and copper ion, All these agents use the
non-specific proteinaceous pores formed by Omp C and
Omp ¥ (Rossouw & Rowbury, 1984). Reduced Omp|F level
is accompanied with reduced LPS to a lesser extent
but this change is thought to be associated with the
appearance of phospheolipid in the outer leaflet of
the CM and this appearance of phospholipid and the
reduced Omp F level are thought to Jjointly alter the

OM permeability in favour of hydrophobic agents,
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This observation is in total agreement with

Russell and Furr (1986) who found that remov

part or much of the LPS and the absence of g

more porins would modify the cellular respor
hydrophobic inhibitors, since phospholipid w
now appear in the outer leaflet of the OM in

form of a classical membrane structiure,

However, plasmid encoded membrane prote
resulting in increased permeability for hydr
agents may not necessarily have the same eff
the cytoplasmic membrane because since some ¢
plasmids are capable of coding for more than

protein, the cytoplasmic membrane may itself

been altered hence an increased penetration ¢
fiydrophobic agent may not be matched with ded

resistance as noted by Rossouw and Rowbury (1

From the foregoing, it is evident that {

that by
al of
ne or
se to
ould
the

in

bphobic
et on
bf these
one
have

 f
reased

98“‘)-

he OM

of gram-negative bacteria ig an important peﬁetration

barrier to certain antibioctics and its struct

influenced by genetic as well as nutritional

in addition to chemical and physical agents.

1.3.2 Effect of Antibiotics on Cell
Envaloge

Antibiotics can exert their various effed
the bacterial cell by interacting with the cel

ure is

factors

tts on
1
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envelope at different levels e.g., the OM or
cytoplasmic membrane., For example penicilli

rapidly and irreversibly to sensitive orguni

the
n binds

sms with

most of the bound antibiotic on the cytoplasmic

membrane where it inhibits transpeptidase en
Penicillin and its derivatives as well as ce
porins are known to bind to the same site(s)

consequent inhibition of growth,

Inhibition of growth can also result fr
exposure to some antibiotics that interfere |
early stages of PDG synthesis especially of j
in the cytoplasm e.g. utreptomycin, Tetracyc]

Chloramphenicol, Erythromycin etc (Park et al

Other antibiotics act on the OM componer

the phospholipids, LPS ete, For instance, j
antibiotics e.g. polymyxin B act on membrane
phosphollipid although this action is subject

¢f the antibiotic to the membranes,

known to act on the phosphate group on the ph

(Pache et al, 1972),

alse a polyphosphate interacts with polymyxin

becoming inactivated (Rifkind, 1967).

with these facts, Tsang & Brown (1980) observ

polymyxin B altered the antigenic components

a

Peclymyxi

In con

zyme.,

phalos~
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o]

ith the
hrecursors
line,

X 197“) L

|t e.g.
olypeptide

to access
nbis

ospholipid

Also LPS or endotoxin which is

, thereby
formity
ed that

through
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loss of both antigenic protein and LPS compon
effected by the complexing as well as the deg
effects of the antibiotic on the LPS componen

OM, 1In fact, even polymyxin-resistant bacter

ent
radative
t of the

ia

(determined by the classical lack of effect on growth

rate and viability) are believed to be altere
drug. For example, after exposure to polymyx
organisms become susceptible to killing by de
to which they were previously resistant (Sud
1972) and they similarly become susceptible t
killing., Another peptide antibiotic EM L9 is
to cause formation of numerous protrusions or
on the surface of E. coli with apparent relea
membrane vesicles from cells and consequent r
of OM fragments into the surrounding (Rosenth

1976).

Gentamycin, an aminoglycoside antibiotic
found to bind to the core region of the LPS i
Ps. aeruginosa and the level of binding appea
related to the amount of organic phosphate as
with the LPS (Day, 1980), This interaction i
to affect the barrier function of tne cell en

Also some cephalosporins at sub M,I.C, levels

some cultures to loose their characteristic g

d by the

in, the

& Feingold,

O serum-

said

blebs

se of

elease

al et al,

was

n

r to be
sociated
s thought
velope.
cause

el=-like

viscosity with exposure of OM antigens which rere

soxycholate
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otherwise masked (Kadurugamuwa et al, 1985a)

and this

could be important in complement-mediated seprum

killing and phagocytosis.

Protein A, a component of the cell wall
layer impairs opsonization by serum compleme
thereby delays phagocytosis by polymorphonuc
leucocytes. Sub M,I.Cs of Clindamycin and F
acid reduced the amount of protein A in S. a
thereby rendering it more susceptible to pha
uptake and killing (Veringa & Verhoef, 1976;
0'Dowd, 1983). Diphenylamine was also obser
effect phenotypic conversion eof E. coli from
resistant to gerum-sensitive due tec a decrea
amount of O~antigen in the cell wall and aloy

the conversion there was an inhibition of syi

of surface polysaccharide (Feingold, 1969),

1.4 Role of Cell Envelope in Bacter

outer

ht and
Lear (PMN)
usidic
reus
ocytic
Gemmell &
ved to
serum=

se¢ in the
ng with

nthesis

ial

Virulence and Pathogenlclty Deté

ermination

The terms virulence and pathogenicity ai

e

interchangeable and can be described as the ability

of a bacterium to express disease symptoms wl

be mild or fatal. For a bacteria specie to 1

nich could

he virulent

it should be able to : (1) adhere to and invade the

host tissue, (2) multiply in the host, (3) s
the host by being able to overcome the obstaq

hrvive in
tles posed
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by host's response to infection such as antipody

formation, phagocytosis, serum bactericidal %ction,
depletion of vital nutrients etc and administered
drugs., To achieve all these a lot of events;take
place involving adhesion, invasiveness, hydrophobicity
and phagocytosis all of which are surface ph#nomena
thus indicating the vital role of bacterial ¥911
envelope in bacterial pathogenicityy For 1n%tance,
the lipopolysaccharide (LPS) is known to carTy the
O-antigen specificity of the bacterium, responsible
for endotoxic activity of the cell and is th+a
involved in the pathogenicity of many gram-ne$ative
bacteria (Ward, 1980) while it also protectsithe
cell surface from easy access by hydrophobic |drugs
and molecules, Also Sansano Jr, (1985) notiJed that
bacterial smooth phenocopy was much more res#stant
to the bactericidal activity of normal human |serum
than the rough phenotype, an implicztion for [the

effect of the capsular component of the cell envelope.

Other cell surface components that participatie in

virulence determination include peptidoglycan, proteins

|
and pili (Aguero et al, 198L4). |
|
141 Involvement of Cell Envelope iL’l
B f
|

Bacterial Adhesion
Adhesion has been used broadly to descriPe any

initial interaction between bacteria and host{tissues,
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regardless of the mechanisms or components involved

and bacterial adhesion, thus imprecisely defined,

must be a pre-requisite for colonisation and
infection, However, the term adhesion should

used for the specific binding of bacteria to

be

epithelial cells at the site of infecticn (Eden et al,

1983) and it is probably primarily a result of

interactions between surface molecules of bact

and host cells.

Generally, the first step in the adhesion

eria

of

bacteria to host cells or to different polymeric

substrates is directly related to the surface
tension of bacteria, with the initial attachwme
being frequently followed by a firm irreversib

adhesion (Marshall, 1972). This latter select

process is mediated by polymeric bridges.

After a consideration of various publishp

data, Rutter (1980) concluded that four mechan

nt
le

ive

d

isms

can operate in the adhesion of organisms to surfaces.

W

These are : (a) non-specific attachment at th
primary minimum, (b) non-specific attachment
secondary minimum, (c) polymer bridging and (d
consolidation, The non-specific interactions

charged groups and in this respect, both grames

at the
) polymer
involve

positive
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and gram-negative bacteria are negatively chs
mainly to an excess of carboxyl and phosphatsg

Also it seems the interag

b
"

at their surfaces.

between the charged coumponents of the organis

othier surfaces (substrates) are mediated by i

from the local envirconment and such interacti
persist for a sufficient length of time to al
specific linkage to occur (Ward, 1980). Noru
the overall physico-chemical surface properti
bacteria do not favour the initial non-sgpecif
attachment, however, some structures of the b

surface can overcome the repulsive electrostg

forces (Heckels et ul, 1976),

rged due

: groups

tions

sms and

8

on
ons will

low more

lally,

es of
ic
acterial

tic

As for specific interactions involving p
many polymers have been implicated e.g. LPS (
& Albersheim, 1976; Kamberger, 1979a, b), cap
(Dazzo, 1979). These a#re in cases where the
lectin is on the substrata., 1In constrast, ad
of E. coli to human epithelium cells is depen
a mannose~binding protein (lectin) located on

bacterial surface (Ofek et al, 1977).

Whitmoyer (1979) also suggested the involveme

capsular material and glime layer in adhesion
pili have also been demonstrated to be clearl

involved in adhesion,

Leban &

rlymers,

wolpert
sule

binding
hesion
dent on

the

nt of
while

k
+

y

In fact, it is known that
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piliated cells will attach to a wide varietylof

=lly-

surfaces and depending on the surface, the s?me type

of bacterium may adhere in either a specific}or non-

|
specific way (Ofek et al, 1977). :
|

|
Further indication for the involvement of cell

envelope in bacterial adnesion can be found in the
report of PGAARD et al (1985) on strains of i

Ps. aeruginosa, in which they were able to e#tablish
that there were at least two adhesive factor%. One
was extracellular, with its activity reducedlor lost
on subcultivation and is neutralised by non-lpecific

factors in serum while the other was cell waJI—bound,
with activity retained on subcultivation andiis

|

l

inhibited by immunoglobulin,

Thus bacterial adhesion depends to scome |extent
|

on the components and nature of the bacterial surface
as well as some physico-chemical activities taking

place at the surface, all suggestive of the wvital
|
role of the cell envelope in bacterial adhesion.

1.14s2 Hydrophobicity As A Cell l
SprTace Pnenomenon |

I
Hydrophobicity is an expression of how olil=-

loving or how compatible with oily materials L
substance is, The interaction of pathogenic Lacteria

with cells of the host results from the balance of
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several attractive and repulsive forces operg

between the complex surface components of pro

and eucaryotic cells {(0fek & Beachey, 1980).
Bacterial hydrophobicity is considered import
cell aggregation and for bacterial adhesion t
cell membranes during colonisation and in pha
(Malmqvist, 1983). Hydrophobic interaction h
been implicated in adherence of bacteria ton
weltable plastics {Gerson & Scheer, 1980; Ros
1981), to bydrocarbons (Rosenberg et al, 1980
Rosenberg gt al, 1380b) and in the partitionj
bacteria at the water: air interface (bahlbad
1981), & lot of other studies have been dond
hydrophobicity. For instance, McBride et _al

comparing hydrophobic strains of Streptococcy

ting

caryotic

ant for

to animal

gocytosis
ave also
on-
enberg,
a;
ng of

k et al,
on

(198L)

mitans

5

with variant strains that were less hydrophob
that hydrophobic cells contained high molecul
proteins absent in cells with reduced hydroph
The proteins were found in purified cell wall
suggesting that they are located on the bacte

surface,

The report of Parker & Munn (1984) suppo
the association of hydrophobicity with bacter

surface.

They found the cell surface of stra)

ic found

ar weight
obicity.

S

rial

ts

]

fal cell

ins of

Aeromonas salmonicida possessing an additional surface
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protein (A-protein) to be more hydrophobic than strains

devoid of this protein,

That proteins are involved in determining
hydrophobicity can be established through engzyme
treatment using Trypsin or pepsin, Ofek et él (1983)

noticed that Streptococcus pyogenes cells in:which the

proteins have been degraded lost their hydrophobicity,
It was further observed that hydrophobicity As measured
by adherence to hydrocarbon is an index of t&e available
lipophilic residue on the cell surface which]are either
hydrophobic regions of surface protein strucéures, or
more likely glycolipids complexed with and oqiented by
surface proteins (Ofek et al, 1983), Tylewsﬂa et al
(1980) suggested that M protein is involved i%
determing the hydrophobic property of group A
streptococci but Miorner et al (1983) believed that
lipoteichoic acid (LTA) is the major cell wal?.
component responsible for surface hydrophobicity of
these bacteria, However, both M protein and LTA have
been associated with adherence of group A streptococci
to epithelial surfaces (Ellen & Gibbons, 1972).

Beachey (1975) also believed that the LTA in the cell
wall may be oriented in such a way that the

hydrophobic lipid moiety extends from the celi surface

and would be available for reaction with hydrophobic
|



|
|
-, |
receptors on epithelial cells, Similarly, J%nsson &
wadstrom (1983) working on strains of 3, aur#us
observed that protein A and probably other s+rface
proteins and amphiphilic molecules like LTA dfontr-ibute

to the high surface hydrophobicity of the organism.

1.4.3 Phagocytosis and Bacterial Cell
Envelope l

Phagocytosis is the process by which ba%teria

are ingested and killed by white blood cells ! such as
polymorphonuclear (PMN) leucocytes and macro#hages.

It is phylogenetically the oldest and most f+ndamental
defence mechanism of the host against foreigﬁ invaders,
However, before bacteria are engulfed a lot 4f forces
come into play i.e. contact between bacteria!and PMNs
(adhesion), The fitness between bacteria ad%esins and
target cell receptors has been shown to infl%ence
interaction with human PMN leucocyte. For instance,
mutants of a hydrophilic g, coli strain requ#red
mannose sensitive (Ms) adhesins for binding €0 and
activation of the PMN leucocytes (Eden et al, 1984).
They also thought that the mechanism of binding which
improves epithelial adhesiocon, may prevent binding to

PMN leucocytes, thus improving the survival of the

!
bacteria, I
|
|



Fig. 1.5: The process of phagocytic uptake and
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Fresence of certain proteins do have effect on
bacteria sensitivity to phagocytosis. For #nstance,
the OM protein Trat S which is encoded by plasmid
R6=5 is said to reduce E. coli sensitivity {o
phagocytosis by macrophages, This was thou%ht to be
by antagonising opscnisation through reduceq deposition
and altered distribution of C3 (i,e. third co}mponent of
complement) (Aguero et al, 1984). Similarlﬁ, M protein
has been implicated in altered or uneven C}!distribution
associated with resistance to phagocytosis i% group A
streptococci (Jack-weis et al, 1982). VarioFs
R-antigens in E, coli are known Lo reduce thb activation

of the complement system (Verwelj=Van Vught ét al, 198L4)

while virulence of Vibrio vulnificus has als$ been

assocliated with the possession of an antiphagocytic

surface antigen (Kreger et al, 1981). |

The degree of bacterial cell surface hy#rophobicity
is known to correlate at least qualitativelyiwith their
susceptibility to phagocytosis, Van Oss & Synger
(196C) observed that hydrophobic surfaces ar%
particularly prone to physical adsorption of1
immunoglobulins, Thus the more hydrophobic bacteria
and particles are, the more readily aspecificflly they

adsorb immunoglobulins and would in the prese?ce of

complement become phagocytosed. However, extremely



virulent bacteria endowed with hydrophilic ca
resist phagocytosis until specific anti-capsy

antibodies have been formed (Van Oss, 1975).

Also there could be aspecific adsorption
immunoglebulins without phagocytosis as in sdg
encapsulated bacteria, For instance, IgG adsg

by an encapsulated strain and a regular non-e

A\psules

1lar

of

me
orption

ncapsulated

strain of S. aureus were the same, the encapsulated

strain were hardly phagocytosed while that of
non-encapsulated strain was quite strong (Vaw

1975). It was therefore thought that aspecif

adsorption of immuncglobulins by the encapsul

strain took place somewhere inside the capsul

the

Oss,

ic

ted

such

that the adsorbed immunoglobulins were spatially

unavailable for opsonizing duties,
the capsule, this strain still adsorbed the s
amount of IgG but now strongly phagocytosed.

Hence only those phenomena taking place at th
surface of the microorganisms appear to be thd

ones in deciding their engulfment or non-engul

1.5 Effect of Antibiotics on Bacterid

]

With removal of

me

very

crucial

| frent;,

Sensitivity to Phagocytosls

In the rationale for antimicrebial therapy,

apart from organisms' sensitivity, site of inf
etc, the possibility of interaction between ck

and impune systems must be considered. This ﬂ

-

ection
lemobiotic

s SO
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consideriﬁg the increasing number of infectig

bns due

to resistant organisms which are the consequlnce of

frequent clinical use of immunosuppresant dri

including some antibiotics (Ripa et al, 1986)

Many antibiotics have effect on the PMN-
interaction, Firstly, if the antibiotic is u
penetrate the phagocyte (because they vary gn
their ability to enter normal phagocytes e.g.

penicillin G and cephalosporins are poorly abh

g5

microbe

Inable to

eatly in

sorbed

by phagocytes, while the more lipidesoluble antibiotics

e.g. rifampin and chleramphenicol are well ab
or is inactivated wilthin the phagocyte, then
intracellular microbes may be protected from
destruction, Although when abscrbed by PMN,

could be synergism in the killing effect of P

antibiotic on facultative intracellular organ

however, absorption does not always predict a

(Hand, 1984) and this may be due to a number

F]
Ll

possible factors like 3 (a) intracellular con

(b) the agents intrinsic antibacterial proper

sorbed)

surviving

there

MN and
isms,
ctivity

h £
centration,

Lies

(i.e. mechanism of action, type of activity, whether

inhibitory or bactericidal) and (c) effects o

intracellular environment (i.e. pH, protein b]

enzymes,

on biological activity of the antibiotic and

whether aerobic or anaerobic conditid

[ the
nding,

bns ete)
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susceptibility of the organisms. Secondly, |antibiotics
may alter phagocyte functions (i.e. cnemotagis,
phagocytosis or microbicidal activity) by a direct
effect on the phagocytic cells. Thirdly, adtibiotics
may alter the microbe without Killing them,:thus
changing their susceptibility to phugocytosés and
killing (Yourtee & Roots, 1984)., This is an
observation supported by Lorian and Atkinsod (1984)
who reported that antiblotic-induced filamen&s of
gram-negative bacillli were much more susceptﬁble to
bactericidal activity of PMN than were the normal
bacilli, However, this change in susceptibihity is
not always positive., For instance, it has been shown
that low concentrations of antibiotics effect subtle
ultrastructural changes in bacterial cell wail and

in biosynthesis of various virulence factorsie.g.

M protein on Streptococcus pyogenes (Gemmell:et al,

1982), protein A on $S. aureus (Gemmell & 0'D$wd, 1983)
etc and going by Gemmell's (1984a) report, dLugs that
affect cell wall biosynthesis may or may not‘potentiate
phagocytosis depending on whether filamentation does
occur or not at sub M,I.C level. Evenat therapeutic
level some drugs are known to decrease killing by PMN
e.g. tetracycline, trimethoprin (Hand, 1984)

whereas some others improve killing e.g. cepﬂalotin,

|
chloramphenicol, penicillin etc (Hand, 198L).
|
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The alteration in the integrity of bact

cell envelope as a result of antibiotic effs
in relation to susceptibility 1o host defend

mechanisms become manifest if one considers

erial
cis,
@

bacterial

pathogenicity determining factors e.g. hydrophobicity,

adherence, serum-susceptibility etc, most 09
which are interrelated,
observations and experimental results indica
serum resistance is an important determinant
pathogenicity in a number of infections caus

gram-negative bacteria (Taylor et al, 1979).

all of

Over the years, c¢linical

ted that

of

ad by

For instance, by decreasing the amount of O-antigen

in the cell wall and inhibiting synthesis of
polysaccharide, Diphenylamine was able to ef]

phenotypic conversion of E. coli strain from

resistant to serum-susceptible (Feingold, 198

Also through a more rapid opsonization (requi

both antibody and complement) of clindamycin

surface
lect a
serum-
9).
ring

treated

S. zureus cells, phagocytosis by PMN was enhanced

(Veringa & Verhoef, 1976).

the exposure of a greater nuwber of receptor

C3b due to reduced cell wall protein A conten

treated cells (Gemmell & O'Dowd, 1983),.

SubMIC of Mecillinam while producing ovo

This is thought

o involve
sites for

t in the

Ld or

round cells (inhibition of PBP2) also convert%d serum
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resistant E. coli to serum sensitive (Taylor et al,
1981). ©Since increased serum susceptibility results
in increased susceptibility to phagocytic uptake in
most cases, production of oval form in this case
would not necessarily be expected to give increased
phagocytic uptake, taking cognisance of the observation
of Gemmell (198L4a) earlier mentioned. Even though
increased serum susceptibility is supposed to yield
cells of increased surface hydrophobicity which would
ordinarily be expected te increase phagocytic uptake,
this conflict, however, exemplifies the complexity of

the pathogenicity factorial interlink,

1.6 Why The Project

The indiscriminate use of antibiotics and the
frequency of human infections due to resistant
organisms is a disturbing situation, Widespread use
of antibiotics has been reported to increase cases of
antibiotic resistance in gram-negative organisms
(Al-Jebouri & Al~Meshhadani, 1985), Jjust as low blood
level of antibiotics due to either withdrawal of
therapy or non-compliance may lead to resistance
training, Also antibiotic therapy has been implicated
in transfer of R-factors in the gut (Anderson et al,
1973). The gram-negative organisms are of importance
here because they represent a large reservoir of

resistance factors which are transmissible.
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It has also been shown that antibiotic-resistant
bacteria of animal origin can be transmitted to man
(Johnston et al, 1983), Jjust as human infection can
result from contaminated drinking water resulting
from river water contaminated with such pathogens

like S. typhimurium or Vibrio cholerae (Al-Jebouri

& Al-Meshhadani, 1985), Hence in what looks like a
vicious ecological cycle, the human host is the point
for increasing resistarnce and scope-widening for
R=-plasmid carriers, 1t is known however, that human
infections with resistant microorganisms are difficult

to treat due to limitation in choice of antibiotics,

The constant widespread use of antibiotics in
animal husbandary,Veterinary and human medicine coupled
with the current knowledge of transfer of antibiotic
resistance makes it necessary to monitor the
susceptibilities of known pathogenic bacteria to
antibiotics, Of more importance is, the manner in
which antibilotic is being abused in the socliety and
the implication of low serum antibiotic concentration
in resistance training and transfer of R-plasmids,
This prompted the use of sub M,I,C of one of the
commonly used antibiotics, ceftriaxone (Rocephin(R)}

in this work against one of the casual but potentially

dangerous pathogens Ps. aeruginosa,
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Chapter Two

2. MINIMUM INHIBITORY CONCENTRATION (M.I.C.)
DETERMINATION AND MORPHOLOGICAL EFFECT OF

SUB M.I.C. OF ROCEPHIN'R! ON PSEUDOMONAS
AERUCINOGA

2.1 Determination of M.I.C. of Rocephin(R)
against Tive Isolates_of Ps. aeruginosa

2.1.0 TIntroduction

The minimum inhibitory concentration is a measure
of the sensitivity of an organism to an antimicrobial
agent and it 1is the least concentration of the agent
that will inhibit its growth, It can be determined

using liquid or solid media.

The M,I.C values determined by both methods have
been found to be affected by the composition of the
media used, For example, the M,I.C of gentamycin

against Ps, aeruginosa was found to vary in different

media (Waterwarth, 1969), and that there was a direct
relationship between the M.I.C and the magnesium

content of the agar, Stokes & Waterworth (1972) alseo
suggested the use of 25% serum broth when using the
broth dilution method in order to account for the effect

of serum binding of some antibiotics,

Inoculum size is alsc very important during

M.1.C determination. Unduely large inoculum sizes
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result in misleading high M,I.C values, A few
suggestions have been recommended for reliable results 3
{a) use of a drep of a 1:100 dilution of an
overnight culture for inoculating the

test media (Stokes & Waterworth, 1972),

(b) use of a drop of an overnight culture
diluted to 105 - 106 viable organisms
per millilitre to inoculate the test
media (Bristol Laboratory, 1976),
Other factors that can affect M,I.,C value are 3
(a) incubation time, (b) growth phuse of the orgunisms,
(c) protein binding and (d) incubation temperature,
To obtain reliable results, these factors musi be

adequately controliled,

2011 Materials
Rocephin(R) was obtained from a commercial

store while four clinical isolates of Ps. aeruginosa

(isolates A-D) were obtained from Anmadu Bello University
Teaching Hospital, Zaria., A wild isolate (E) was
obtained from stagnant water around the premises of the
Faculty of Pharmaceutical Scilences, A,B.U., isolated,
purified and characterised by subjecting it to

bilochemical tests i.e, sugar fermentation and oxidase
test. Mueller~Hinto (MH) broth (Oxoid) was obtained

from the departmental stock,
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Cels2 Methods

M.1.C was determined using the serial and

arithmetic dilution methods.

Serial dilution:

Single strength and double strength MH broth
were prepared according to manufacturer's specification,
The two strengths were then dispensed 2,5ml each into
tubes and sterilized at 121°C for 15 minutes according
to manufacturer's recommendation. Then a 200ug/ml
stock solution of Rocephin(a) was prepared and filtered
into a sterile bottle using membrane fllter under

aseptic conditions,

A serial dilution of Rocephin‘®) was prepared
using six tubes 1n a row (the first tube containing
double strength MH broth), this was prepared in
triplicate for each of the five cultures to be used,
2.5m1 of stock solution was added to every first tube,
mixed well on Whirl's mixer and 2,5ml was withdrawn
and added t¢o the next tube, repeating the process
until the sixth tube where 2,5ml was withdrawn after
mixing and discarded leaving all six tubes with 2.5ml
single strength MH broth but containing different

(R)

concentrations of Rocephin
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1:10C dilutions of overnight cultures of
isolates A-E were prepared and using a4 pasteur pipette,
2 drops were added to all the tubes for each isoclate,

mixed well and then incubated at 37°C for 18 hours,

Arithmetic dilution:

Double strength MH broth wgsg prepared and
dispensed 1.25mls to each tube and sterilized at 12100
for 15 minutes. Then a 600ug/ml stock solution of

Rocephin(R) was prepared and filtered.

Tubes containing wmedium were then arranged in
triplicate for each isolate and for eight dilutions
of agent, Then 1,25ml1 stock solution of agent was
added to all tubes 1, thereby diluting the MH broth
to single strength and the agent 1:2. Then calculated
volumes of stock solution were added to other tubes
and made up to 2.,5ml with sterile distilled water such
that the tubes contained: 300ug/ml, 250ug/ml, 200ug/ml,
180ug/ml, 150ug/ml, 120ug/ml, 100ug/ml and LOug/ml of
(R)

Hocephin respctively.

1:100 dilutions of overnight cultures of isolates
A=-LE were prepared and the tubec were incculated with
two drops of the diluted cultures. The inoculated
media were then mixed and incubated at 3TOC for 18

hours,
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el Growth Curves of Isolates A-E

2,2.9% Materials and Method

Single strength MH broth was prepared and dispensed
30ml into each of 100ml conical flasks and sterilized

at 121°Cc for 15 minutes.

The optical density (0.D) of the overnight
cultures was taken on a Spectronic 20 Spectrophotometer
at 470nm, The overnight cultures were then harvested
by centrifugation at 3000 rpm for 15 minutes using a
Gallenkamp centrifuge. The harvested cells were washed
once with warm MH broth and resuspended in the same

broth to a uniform O‘Du70nm‘

Five flasks containing sterile 30ml MH broth
maintained at bath temperature of 37°C were labelled
A-E and inoculated with 1ml of their respective
resuspended washed cells at 5 minutes intervals,
starting the bath shaker after the first inoculation
at a speed of 80 oscillations/minute (80 opm),

Bach flask's culture O'Du?Onm was taken at its time
zero-minute after inoculation, Subsequent 0.D. readings
for each flask were taken after every 30 minutes interval,
Cultures were diluted appropriately after the cells have
grown beyond O'Dh70nm 0.3 before taking 0,D readings.

0.D readings were taken until the cells entered the

stationary phase of growth,
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2.3 Growth Characteristics of Isolates
C&E Under the Influence of sub M. I.C
{R}

of Hocephin

2.3.1 Materials and Method

Overnight cultures in MH broth were harvested
by centrifugation at 3000 rpm for 15 minutes. The
harvested cells were washed once with warm MH broth
and resuspended in the same broth., A S00ug/ml

Rocephin(R) stock solution was prepared and sterilised,

Four conical flasks containing sterile 3Cml MH
broth maintained at bath temperature of 37°C were
inoculated with 1l of the resuspended washed cells,
The shaker bath was maintained at a speed of B0 opm,
The 0.D of each culture was taken at a timed interval
starting from time zero-minute. Each culture sample
was returned into the flasksg after 0.D reading. When
the 0,D approached 0.3, culture samples were diluted
before taking subsequent 0.D readings and such

diluted cultures were discarded.

when the organisms had entered the exponential
phase of growth, a slide of each culture was fixed
and stained. Calculated volumes of Rocephin(R)
stock solution were added to the test culture such
that the final volume contained 1/8, 1/16 and 1/24

of M,I.C in flasks containing the test cultures
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respectively (M.I1.C was 180ug/ml for isolate C and
300ug/ml for isolate g from previous experiment).
This time was denoted as zero=-minute antibiotic~-
action time. More slides were prepared from each
culture including the control at 30 minutes, 90
minutes and the terminal part of tne exponential

(R)

phase (160 minutes), after addition of Rocephin

The above procedure was carried out for each
of the two isolates, using Hocephin(R) stock solution
containing 800ug/ml in the case of isolate E, The

slides were then examined microscopically.

2.  Results

2.4.1 The Minimum Inhibitory Concentration

of Rocephin(ﬁ) to the Ps. aeruginosa
Tsolates

gerial dilutions There was growth at the highest

concentration used in all the tubes.

Arithmetic dilution:

Isolate M.I.C (ug/ml)
A 300
B 200
C 180
D 200
E 300
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2.,4.2 GCrowth Curves of Isolates A-E

The growth curves of the five isolates in MH
broth are as shown in Fig, 2.1. This is a semi-log
plot and the 0,D in logarithmic scale measures the
corresponding bacterial population or cell mass at

the various times of growth,

Considering the starting 0,D, among the clinical
isolates, isolates C and D had comparable growth
curves but isolate C's growth curve was better defined
compared to D (see also Table 2.1 for doubling time),

Isolate E grew very well,

Congidering these growth characteristics in
conjunction with M.I1.C results, isolates C & E were

chosen for further investigations.

2.4,3 Growth Characteristics of Isolates
C&E under the influence of dub M.1.C

of Hocephin(ﬂ)

2.4.3.1 Growth curves

The growth pattern of the two isolates under the
influence of 1/8, 1/16 and 1/24 of M.I1I.C are as shown
in Fig, 2.2 for the clinical isolate (isolate C) and
Fig. 2.3 for the wild type (isolate E).

From Fig, 2.2 it can be seen that Rocephin(R)

at the cocncentrations used had little effect on the
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fable 2.1

Doubling times of KRocephin

(R)

Treated

and Untreated Isolates

Table for Fig, 2.1

Isolate A B 1 U E

Doubling time - 1) . " a5

(ta) in min 30 S 30 31 Je

Table for Fig, 2,2

Isolate C CC C1 C2 c3
(control)} (1/8 M.I.C)I(1/16 M. I.CY (/24 M.I.C)

Doubling

time 32 35 33 36

(tD) in

min

Table for Fig. 2,3

Isolate E Ec E1 E2 E3
(control)| (1/8  M.1.c)i(1/16 M.1.C)| (1/24 M,I.C)

Doubling

time 29 31 3 31

(tD) in

min

Table for Fig. 2.4

Isoclate cc CT E:c E'I'
(control)| (1/24 M.I.C)| (control)| (1/24 M.I.C)

Deubling

time

: 31 32 33 35
(tD) in
min,
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At 100 up/ml:

At 150 ug/ml:

At 300 ug/ml:

At 14O up/uwls

At 100 ug/ml:

At 150 ug/mls:

70~

Isolate C

The filoments were longer than

at 4O ug/ml,

Cells showed extensive filamentation
with very few short and medium
filaments and virtually no standard

size cells,

Less filament was formed (even lower
than that at 100 ug/ml)} and wost

cells were in their normal size.,

Isolate E

There were numerous extensively
long filaments, many long ones and
several aggregate cells {(normal
size each} in chains of different

units {from 2«6 cells).

Many cells were about normal size

but there were some long filaments.

Many more cells were about normal
sigze and there were scme short

filaments and a few long ones,
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At 300 ug/ml: Many cells were about normal size

and many also formed short
filaments (though fewer than at
150 ug/ml) while a few were Just

about twice normal size.

The same trends were observed for the two isolates
under accelerated growth conditions with much lower
antibiotic concentrations, However, the magnitude of
the differences observed was lower than in cultures

grown under static conditions,

The observed morphological effects of sub M.I.Cs
of Rocepnin(ﬂ) on isolates C & E at various times of
growth under accelerated growth conditiong are as

shown in figures 2.5 - 2,8.

Isolate Cs=~

30 minutes after addition of antibiotic

1/6 M.1.C: while most cells were about normal

size, others have doubled in length,

1/16 M.I.C: most cells ranged from normal to

twice normal size,

1/24 M.I.C: almost normal cells and a bit longer

than normal cells.
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S0 minutes after addition of antibiotic:

/6 M.I.C: numerous filamenls, some as long as
and others longer than in 1/16
(90 minutes) with slightly rough

edges.

1/16 M,I.C: numerous filaments, no appendages
and almost the same length (but a
bit shorter than) as 1/24 (90

minutes).

1/24 M.1,C: Filaments are much shorter than
in 1/24 (180 minutes), more
consplcous and with undefined
edges with appendages, Few other
cells were about 2-3 times normal

size.

180 minutes after addition of antibiotic:

1/8 M.I.C;  virtuslly all the cells (Just a
very few exceptions) formed
filaments abouf the length in
1/2L (180 minutes)., However,
the filaments did not have well

defined edges.
1/16 M.I,C: 1long, moderately long to short

filaments with a few normal and

twice normal size cells,



1/24 M.I.C: most cells (almost but not all)
formed fairly long filaments while
few cells were normal or about

twice normal size.

Isolate Esz=-

30 minutes after addition of antibiotic:

1/8 M.1.C: virtually all the cells have doubled

in length with well defined edges.
1/16 M.I.C: many cells have doubled in length,

1/24 M.I.C: virtually all the cells have grown

to 2-3 times normal size in length,

90 minutes after addition of antibiotic:

1/8 M.I1.C: moderately long to short filaments
(numerous) with rough edges or
appendages, Scuanty cells about

normal sizee.

1/16 M.I.C: moderately long filaments
(numerous), some with rough edges
and some still with appendages or
deposits (or probably bulges) at
intervals along the length, Very
few normal size and twice normal

size cells,



1/2L

M.I.C:

=Tly=
moderately long to short filaments
(numerous), almost fine edges
(slightly rough) very few normal

size cells,

180 minutes after addition of antibiotic:

1/8

1/ 16

1/24

M.I.C3

M.I.C:s

M.I.E2

the filaments were very fine and
numerous, as long as in 1/16

(180 minutes), no appendages.
Also a few cells were normal size
and about twice normal size in
length,

the filaments were very long and
seems to have some appendages,
the filaments seen were fat with

rough edges and appendages,
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2,5 Discussion of Results

The activity of an antibacterial agent is quite
often assessed through minimum inhibitory concentration
{M.I.C) determination in broth dilution or minimum
bactericidal concentration (M.B.C) determination on
agar gradient, From the M,I.C results, one would
rather consider the five isolates (A-E) as resistant
to Rocephin(R] (with isolate C being the most sensitive
among them), This disposition might not be out of place
1f one considers the reported range of Rocephin(ﬂ)
serum peak level of },0-200 ug/ml (mean of 75 ug/ml)
(Eron et a2l, 1983), However, it is known that inoculum
size affects Rocephin(ﬁ) M.1.C value considerably
espacially between 105-107 CFU/ml (Angehrn et al, 1980;
Neu et al, 1981). Thus the values obtained in this
work are proebably higher than the actual values
conslidering the fact that the inoculum size used
(2.8 x 106 CFU/ml) falls in the upper limit of that
suggested by Bristol Laboratory (1976). However,

emergence of strains of Ps. aeruginosa resistant to

Rocephin(R) has been described earlier (Angehrn et al,

1980).,

In the assessment of antibacterial activity

of agents, a lot of focus has been on their bactericidal
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effects and elucidation of their molecular targets
(Kadurugamuwa et_al, 1985b), Since host defence
mechanisms and antibacterlial agents may act in synergy,
it has been suggested (Gemmell, 198La) that
concentrations of the latter below thuse that will kill
in vitro (i.e. sub=-MIC) should be considered in the
evaluation of any effect that might be achieved in-vivo,
Such effects may be due in part to other changes
assocliated with the cell surface and to reduction in
the synthesis of virulence factors and are of potential
clinical implications (Lorian, 1980; Zak & Kradolfer,

1979).

Sub MICs of antibiotics, that does not affect
growth rate has also been used to study virulence
determinants in some gram-negative organisms
(Kadurugamuwa et al, 1985a, 1985b & 1985c). Biochemical
and ultrastructural studies were not done in this work
to show the salient but perhaps important effects of

subMIC of antibiotics.

The results reported above have shown that
SUbMIC of Rocephin(ﬁ) which did net have any significant
effect on growth rate had proncunced effect on the

morphological state of Ps. aeruginosa, particularly

filamentation., This was shown by a strain-dependent
optimum antibiotic concentration below the M,I.C for

maximal filamentation. For instance, the clinical
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isolate showed greater filamentation with increasing
antiblotic concentration up to a point (150ug/ml)
whereas the wild type showed increase in length of
filament with lowering antibiotic concentration with
an optimum at about LOug/ml while belng at the same
time more resistant than the clinical isolate,

A lot of works have been reported on morphological
effect of antibiotics involving both high and low
concentrations, For instance, Greenwcod & Eley
(1982) while comparing the antipseudomcnal effect

of some newer beta-lactam antibiotics using high
concentrations, found that the various cephalosporins

tested could not prevent growth of some Ps. ageruginosa

strains in the first few hours of exposure, during

which time the bacteria elongated to form long filaments.
It was also noted that the various agents differed in
the length of time that elapsed before growth .was
completely stopped. 1In a similar report, Elliot &
Greenwood (198L) working with concentrations of
azlocillin, ticarcillin and cefsulodin, showed that

the primary response of Ps. aeruginosa was failure of

the division process resulting into filamentation.
Ultrastructural studies further revealed that the
filaments subsequently underwent further morphological
changes, the nature of which varied with the antibiotic

tested,



-82-

Actually the morphological response expressed
in the presence of antibictics depends on the
concentration used and it varies between the two
extremes of filamentation and sphercoplast formation
which lyse if environment is isotonic, For example,
Lorian & Sabath (1972) compared the morphological
effects of penicillins and cephalosporins on Proteus
mirabilis. They found that at inhibitory and
subinhibitory concentrations, penicillins produced |
filaments of up to 93u length without any globular
cutpounchings whereas none of the cephalosporins
produced filament longer than 1u at any concentration
tested, They also observed that the predominant
morphological response to cephalosporins especially
at and above inhibitery concentrations is globhular
outpounchings frow short bacilli and this was presumed
to be an early stage of spheroplast formation. At
concentrations from 4-32 times MIC, penicillins alse

produce similar globules,

The minimum concentration of an antibiotic that
could produce a structural change seen either by light
or electron microscope is termed the minimum
antibiotic concentration (MAC) of the agent and was
first proposed by Lorian & de Freitas (1979).

However, Lorian (1975) had in an earlier report used

the MAC/MIC ratio to describe sub MIC which he found
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to have similar effects on both resistant and sensitive
strains of E. coli exposed to sub MICs of ampicillin
when they were examined microscopically for structural
changes., This is at variance with the observations
reported in this work, Thus there seems to be a
constitutional difference in the envelope material
responsible for filamentation between isolates C&E and
this envelope material is probably not involved in
determining the susceptibility of the isolates to the
killing effect of Rocephin(R). This latter suggestion
agrees with an earlier reported view that filamentation
is not a determining factor in therapeutic efficacy
(Ryan & Monsey, 1981). Also the fine details of
morphological effects of antibiotics appear to be
dependent on the antibiotic, the concentration used

and the species and sometimes strain of bacteria

challenged.
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Chapter Three

3. CELL SURFACE HYDROPHOBICITY DETERMINATION

3,0 Introduction

Hydrophobicity is an index (or a reflection) of
the hydrophobic nature of bacterial cell surface.
Hydrophobic interactions have been implicated in
adherence of bacteria to phagocytes (Van Oss, 1978),
host tissues (Rosenberg et al, 1981), partitioning of
bacteria at liquid : liquid and liquid : air interfaces

etc.

A number of methods have been employed in
studying the hydrophobic nature of cells. These
include binding of hydrocarbon and fatty acids to cells
and cell components, measurement of the force required
to remove hydrocarbon-bound cells, partitioning of
bacteria in aqueous polymer two-phase systems,
hydrophobic interaction chromatography and contact angle
measurements of dried cell layers. It is said that no
single method adequately describes cell surface
hydrophobicity (Rosenberg et al, 1980a) because the
experimental conditions employed influence the observed
hydrophobic interaction to some degree and also various

non-hydrophobic effects often interfere,
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Bacterial adherence te¢ hydrocarbon method
(Rosenberg, 1984) was used in this work, It is a
silmple and rapid technique for determining surface
hydrophobicity, Its advantages include : (i)
elaborate equipment not required, {(il) quantitative
results are simple and rapidly obtained and,

(iii) also the fact that since hydrophobic interactions
have been implicated in the ability of certain bacteria
to adhere to mammalian cells (Stendahl et al, 1973},
adherence to liquid hydrocarbons provides a defined
surface for adherence comparable with attachment to

the less-defined biological surface (Rosenberg et al,
1982).

2.1 Materials and Method

The isolates (C & E) with and without 1/24 of
M.I,C of Rocephin(R) were grown in 100ml of MH broth
in a shaker bath at 37°C and 80 opm as described
(R}

earlier, The final concentrations of Rocephin

added were 7.5 ug/ml for isolate C (CT) and 12.5 ug/ml
for E (Ep).

After 180 minutes and 240 mins. of growth enough
volume of each culture was harvested and waashed Once in
Phosphate Urea Magnesium (PUM) buffer. The washed

cells were resuspended to 0Dh70nm 1.0,
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Tubes, previously washed, soaked in dilute acid
solution (to remove soap) and later rinsed with
distilled water and dried were filled with 0,2, 0.4
and 0,6 ml of n-Hexane, each volume in duplicate and

in two sets, The same was done for Xylene,

The resuspended cultures were each divided
into two halves and to one half of each culture,
10%v/v serum was added in a 100ml conical flask,
mixed well and incubated in a water bath at 37°C
for 15 minutes, The opsonised cells were then
harvested, washed once with P,U,M, buffer and

resuspended in same P,U.M, buffer to ODh?Onm 1.0,

1ml of unopscnised suspension of each culture
was added to their respective tubes in one set of
tubes for the two organic solvents while the
opsonised cells suspensions were similarly added to

their respective tubes in the second set of tubes,

After addition of culture to hydrocarbon,
15 minutes was allowed for equilibrium to be reached,
then the two phases were mixed using Whirl's mixer
for 90 seconds, The tubes were left for 15 minutes
to allow for separation of the two phases, thereafter

the aqueous phase was withdrawn and the 0Du70nm taken,
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The 0Dh70nm of the aqueous layer was compared with the
initial ODh7Onm of the cell suspension to determine
the fraction of the initial population left in the

aqueous phase after mixing with the hydrocarbon.

Fig, 3.1 - The Bi-phase partitioning system.

Mo e e e i

3
’

| ////ﬁ Orgonfc layer

. e—Aqueous layer

3.2 Results
The cell surface hydrophobicity measurements of
the two isolates when treated with Rocephin(R), serunm
separately and Rocephin(R) with serum together are as
presented in figures 3.2, 3.3 and 3.4, The percent
hydrophobicity index indicates what fraction of the
cells in the bulk aqueous phase is left after

interaction with the hydrocarbon.

From the results obtained, the isclates were
moderately hydrophobic, with the clinical isolate being
more hydrophobic than the wild type {sece Fig. 3.2).
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Treatment with 1/2l of M.I.C of Rocephin(R)
increased hydrophobicity, more in the exponential
phase than in the stationary phase. The effect of
Rocephin(R)on the wild type was so much pronounced
as to reverse the trend of relative hydrophobicity

between the two isolates at both phases of growth

(Fig. 3.2).

Treatment of the two isolates with serum also
increased hydrophobicity and also much more in the
exponential phase than in the stationary phase but
without altering the order of relative hydrophobicity

between the two isolates (see Fig. 3.3).

Treatment of the two isolates with antibiotic
and serum together also increased hydrophobicity more
in the exponential phase than in the stationary phase
(Fig. 3.4). Also the increase was generally more than
(R)

was observed with either Rocephin or serum alone
in C, Also the order of relative hydrophobicity
between the isolates was not altered (see Fig. 3.l and

figures 3.2 and 3.3).

Results similar to that of n-Hexane was obtained

for Xylene.

2.3 Discussion of Results

From the results, both Rocephin(®) and serum
individually have hydrophobicity increasing effect on
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the two isolates. These increasing effects of the

two when combined was cummulative on the clinical
isolate whereas on the wild type they appeared to

be antagonistic, 1In fact, it seems the whole effect
of serum is nullifjed by the effect of the antibiotic
while tlie observed increase in hydrophobicity when

the two effects were combined 1s due to the difference

in the two effects on the wild type.

Various cell surface components are known to
affect cell surface hydrophobicity. For example
proteins and other molecular components of the
bacterial envelope e.g. glycolipids, phospholipids,
lipoteichoic acid (LTA) (Ofek et al, 1983; McBride
et al, 1984; Parker & Munn,198ii). For instance
McBride et al (198L4) compared hydrophobic strains

of Streptococccus mutans with variant strains that

were less hydrophobic, they found that hydrophobic
cells contained high molecular weight cell surface
proteins that were absent in cells with reduced
hydrophobicity. 1In another report, Tylewska et al
(1980) suggested that M-protein is involved in
determining the hydrophobic property of group A

streptococci.

Apart from the major proteins, it is known

however, that the bacterial OM contains some minor
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proteins which are inducible or derepressible and would
under appropriate environmental conditions reach levels
in the OM comparable with those of the major proteins
(Hammond et _al, 1984), a situation that may also be

reflected by an increase in hydrophobicity,

A group of workers, Miorner et al (1983)
worked with group A streptococci and they believed
that LTA is the major cell wall component responsible

for surface hydrophobicity of these organisms,

Differences in localisation of phospholipids
in the outer and inner leaflets of the OM may account
for differences in surface hydrophobicity between
two ilsolates C & E as suggested by Nikaido & Nakae
(1979). If however, the distribution of phospholipids
is similar in two isolates, other differences like
ability to synthesize complete LPS structure will
determine relative hydrophobicity due to the shielding
effect of the long hydrophilic carbonhydrate chains of
the LPS (Rosenberg et al, 1982),

Russell & Furr (1986} reported that removal of
part or much of the LPS and the absence of one or
more porins would result in phospholipids appearing
in the outer leaflet of the CM in the form of a

classical membrane structure and this will cause a
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resultant increase in hydrophobicity. Also Kadurugamuwa
et _al (1985a) observed that sub-M.I.C of some
cephalosporins increased cell surface hydrophobicity

by exposure of otherwise masked components,

A lot of antibacterial agents are known to
inhibit synthesis of, or inactivate the LPS structure
e.g. inhibition of surface polysaccharide synthesis
by Diphenylamine (Feingold, 1969}, LPS as a polyphosphate
compound being inactivated by interaction with Polymyxin
B (Rifkind, 1967) and Polymyxin B alteration of antigenic
protein and LPS component effected by the complexing as
well as the degradative effects of the antibiotic on
the LPS component of the OM {Tsang & Brown, 1930).
This inhibition of LPS polysaccharide synthesis or its
degradation will result in increase in surface
hydrophobicity due to reduced shield from the deminuted

LPS according to Rosenberg et al (19829,

When bacteria are exposed to serum, they become
opsonised with such serum factors as specific antibodies
e.g. IgG (heat stable), and complement (heat labile)
serving as opsonins (Davies et al, 1968}, Van Oss (1973)
have reported that the Fc fragment of IgG 1s strongly
opsonic and hydrophobic in nature while the Fab fragment
has no opsonic activity and is quite hydrophilic, Also,
Hahn (1983) believed that immunoglobulin of the 1gG
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class react via their Fab pieces with antigen on the
bacterial outer wall leaving the Fc part of the antibody
molecule at the surface for attachment to any Fc
receptors. It is further believed that the antibodies
provide the bacteria with a more hydrophobic surface
via the Fc¢ fragment (Van Oss, 1573). Complement has
also been reported to improve cell surface hydropheobicity
through the activation of the third component of |
complement C3 to yield C3b which is deposited on the
cell surface (Van Oss, 1973; Verhoef, 1982 & Hahn,
1983).

The observed differences in the degree of
hydrophoblcity between isolates C & E may be attributed
to one or more of many factors e.g.

(a) eabsence of one or more surface protein{s)

in the wild type using the explanations of
McBride et_al (1980), Tylewska et al {1980)
and Parker & Munn (198L4).

(b) differences in the localisation of membrane
structures like phospholipid between the

two isolates (Nikaido & Nakae 1979) and,

(¢) there may be differences in the degree of
shield provided by the LPS structure on
the cell surface (Rosenberg et al, 1982),
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The observed increase in hydrophobicity due to
serum in this work is in agreement with earlier
reported cases and is probably complement-mediated
or due to antibodies or a combination of the two,
Although the antibiotic also improved hydrophobicity,
however, this might inveclve more than a straight
forward exposition of hitherto masked components
because Judging by the magnitude of increase in
hydrophobicity in the wild type, the antibiotic is
probably acting on more than one system as might have
been the case in the clinical isclate. This probable
other system(s) probably unique for the wild type
might as well explain why the effects of antibiotic
and serum combined were not cummulative. It thus
appear that the antibiotic acts on an envelope
component in the wild type by exposing it such that
in the presence of serum part of the complement-
antibody system is used to mask it in such a way
that the masking opsonin does not contribute to
hydrophobicity, This proposition seem likely if after
exposition, the envelope component in question also
contributes to hydrophobicity, hence the high magnitude
of Rocephin(R) influence on the wild type relative to
the clinical isolate, As regards the non-contribution

of masking opsonins to hydrophobicity, the reports of
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Hahn (1983) and Van Oss (1973) should be considered and
also assuming that the exposed envelope component
(which is hydrophobic in nature) serve as Fc receptors
then the Fc fragment of antibody will attach to it
leaving the rather hydrophilic Fab fragment to the
exterior, If this happens, then the influence of the
antibiotic-sensitive and rather potentially very
hydrophobic envelope component in the wild type would
have been eliminated, leaving the two isolates with
their common features in their relative relationship
as evidence by figures 3.2, 3.3 & 3.l responding to

antibiotic and serum,
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Chapter Four

L. INVESTIGATION OF ADHESIVE PROPERTIES
OF ISOLATES C & E

4.0 Introduction

Bacterial adhesiveness is the ability of a
bacterium to attach to host cells and tissues and it
is a necessary step before the bacterium can invade
or penetrate the host tissue, The consequences of
attachment vary depending on the organism involved.
For instance, in enteric infection due to E. coli,
the toxin producing ability of the organism is of
no effect if it cannot attach itself to the epithelium
and become established in the intestine., Same is true

for Vibrio cholerae (Fuller, 1972). Indeed, bacterial

adhesiveness is a critical step in the pathogenesis
of an infection and is either advantageous or
disadvantageous to the host depending on the specifi-
city of the surface-surface interaction between the
bacterium, host tissue and host's PMN, A bacterium
attached to host tissue may not be easily
phagocytosed whereas a good PMN~bacterium contact
will result in the bacterium being strongly
phagocytosed since adherence has also been implicated

in the process of phagocytosis.

Bacterial adhesion as a cell surface phenomenon

has been shown to be influenced by several substances
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including antibiotics. For instance, while investigating

parasitism by Mycoplasma pneumoniae on respiratory

epithelium, Hu et al (1977) found that an OM protein P,
was important ln attachment capabilities to ensure a
successful membrane - membrane interaction between host
and parasite. Also, Klein et _al (1985) observed that
sub M.I.C of some beta-lactam antibiotics especially
those penicillins and cephalosporins that cause
filamentation increased the adhesion of E. coli

with mannose sensitive (M3) type of adhesin, while
those antibiotics that cause ovoid cell formation

(e.g. Mecillinam) did not change or only slightly
reduce MS adhesion, However, all these antibiotics
had no effect on strains with mannose resistant (MR)

adhesins.

Azthreonam increased adherence of both MS and
MR strains while vancomycin and fosfomycin reduced
the adherence of both strains., Similarly, sub M.I.Cs
of ampicillin, cefoxitin, penicillin G, erythromycin
all decreased the adherence ¢f gonococci to mammalian
cells (Jacques et al, 1985), Hence it seems that the
various components of the cell envelope on which the
various antiblotics excert their effects are either
primarily or secondarily influencing adhesion. In

fact, it has been said that the mechanism of adhesion
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is implicated in determining whether adhesiveness
will favour pathogenicity or susceptibility to host

defence by PMN phagocytic action (Eden et al, 1984},

h.1 Materials and Method

The isolates (C & E) with and without 1/24
(R)

of respective M.1.C of Rocephin were grown in
30ml of MH broth in a shaker bath at 37°C and 80 opm

as described earlier.,

Glass slide cut into pieces tcm x 2cm, plastic
petri dish in 12mm x 22mm and a prothesis catheter
in pieces of 1cm length, These were washed thoroughly
with distilled water and sterilized. They were added
in two pieces each into each culture flask 45 wminutes
after addition of antibiotic and removed L5 minutes
later, rinsed in distilled water to remove loosely
attached cells., The pileces were then put one each
in universal bottle containing 9.9ml sterilie distilled
water. This is for exponential phase studies, For
the stationary phase studies, the sterile biomaterial
pleces were added 105 minutes after addition of

antibiotic and removed L5 minutes later.

Each plece in sterile distilled water was then
subjected to vigorous mixing using Whirl's mixer for
2 minutes to dislodge cells that have adhered to the

piece. The dislodged cells culture (assumed to be a



13100 dilution) was further diluted, plated out
and then incubated at 37°C for 18 hours. The viable

cells were then counted,

All the above procedures were repeated using

sterile blomaterial pieces that had earlier beeén ,

L

coated with serum and dried. v/ R CTIVED NG
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b2 Results

The adhesive properties of the isolates
antibiotic treated and untreated, at both phases
of growth, on the biomaterials before and after
coating with serum are as presented in figures: 4.1,
4.2 and .3, The percent adhesion shown is the
fraction of the bacterial populetion on the surfaces

compared to the population in the medium,

In the untreated cells, the clinical isolate
adhered more in the stationary phase than in the
exponential phase whereas the wild type adhered
more in the exponential phase. This pattern was

the same for all the substrates.

Also, among the untreated cells, the clinical
isolate adhered less than the wild type in the
exponential phase but adhered more in the stationary

phase.

On treatment with Rocephin(R) the clinical
isoclate adhered less than the wild type at both
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phases of growth on catheter whereas on plastic and
glass the clinical isolate adhered more at both
phases of growth. Also antibiotic treated cells of
the clinical isolate adhered more than the control
in the exponential phase on catheter and plastic
and less on glass, but adhered less than the control
at the stationary phase, For the wild type, the
antibiotic treated cells adhered less than the
control in the exponential phase but adhered more
in the stationary phase on catheter and plastic but

less on glass.

Serum improved the adhesion of the antibiotic
untreated cells of the clinical isclate whereas it
reduced that of the wild type on all surfaces tested
in the exponential phase, Serum also generally
decreased the adhesion of antibiotic treated cells
of the two isolates in the exponential phase., In
the stationary phase serum increased adhesion of
antibiotic untreated cells of the wild type on all
test surfaces whereas for the clinical isolate it
increased adhesion on catheter and decreased it on
plastic and glass, Serum also increased the adhesion
of antibiotic treated cells of the wild type in the
stationary phase, whereas it increased that of
clinical isolate on catheter and plastic but

decreased it on glass,
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L3 Discussion of Results

Bacterial adhesion to surfaces is a complex
phenomenon as evidenced by the various farces and
explanations associated with it by many workers,

For instance, Hogt et al (1985) associated the
attachment of coagulase-negative staphylococci to
FEP (a polymeric biomaterial) with hydrophobic |
bonding, Jjust as Marshall (1972) believed that the
secondary, firm irreversible process in adhesion is
mediated by polymeric bridges. OQOther workers also
supported the idea of inveolvement of polymers in
adhesion e,g. LPS (Kamberger, 1979a, b), capsule and
slime layer, (Dazzo, 1979; Leban & Whitmoyer, 1979),
Pili (Ofek et_al, 1977). However, Criado gt al
(1985) believed that the first step in bacterial adhesion
to host cells or different polymeric substrates is
directliy related to the surface tension of bacteria,
This is an idea strongly supported by Absolom et al
(1983) who went further to include the surface
tension of the substrate and the suspending medium,
Also separate mechanisms had been implicated in the

adhesion of Vibrio proteolytica to hydrophilic

(e.g, glass) and hydrophobic substrates (Paul &
Jeffrey, 1985). The involvement of protein in the
hydrophobic adhesion was also suggested. The
multiplicity of the mechanism of adhesion is further

supported by Jann et al (1981) who worked on E, coli
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and described pili as the mechanism of adhesiocn in
strains with MS* and MR' adhesins. In fact bacterial
adhesion is generally considered to involve both
specific (polymers) and non-specific (charged groups,
extracellular bacterial products etc) processes

(ward, 1980; @GAARD et al, 1685),

The observation in this work that the clinical
isolate adhered more in the staticnary phase than in
the exponentlial phase while the reverse was the case
for the wild type might be emphasising the involvement
of hydrophobicity in adhesion, The clinical isolate's
adhesion might be mediated by polymeric bonding while
that of the wild type is not. However, if one
considers the fact that, that adhesion pattern cut
across all the biomaterials {which includes glass, a
hydrophilic substrate), this may suggest the
involvement of other non-specific mechanism(s) in
addition to the pelymeric bridging and that probably
the degree of contribution by polymer and non-specific
forces varies between the two isolates, Also the
observation that the clinical isolate adhered less
than the wild type in the exponential phase and
adhered more than the wild in the stationary phase

is still amenable to the above explanations,

That antibiotic treated cells of the clinical

isolate adhered less than the wild type on catheter
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at both phases of growth while adhering more than
the wild type on plastic and glass also at both
phases of growth can probably be best explained in
terms of surface tension, It then means that the
antibiotic lowered the surface tension of the wild
type relative to the clinical isolate to a level
lower than that of the medium, hence the greater
attachment of the wild type to the low surface
tension polymeric catheter while the clinical
isolate showed greater attachment to the more
hydrophilic and hence higher surface tension plastic
and glass according to Absolom et al (1983). This
might be the case considering the rather high
sensitivity of an envelope component in the wild type

to Rocephin(R) (see fig. 3.2 on hydrophobicity).

It was also observed that antibiotic treated
cells of the clinical isclate adhere more than the
control on catheter and plastic (hydrophobic
substrates) but adhered less than the control on
glass in the exponential phase, This is further
testimony that adhesion in the clinical isolate is
mediated by polymers (hydrophobic) since the
antibiotic was also found to increase hydrophobicity
and this will lower the surface tension of the treated
cells relative to the control, However, that

antibiotic treated clinical isolate cells adhered
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generally less than the control at stationary phase
tend to introduce the influence of phase of growth,
This is because the treated cells were still more
hydrophobic (and hence lower surface tension) than
the control., This is probably an indication for

an extracellular adhesive factor according to
$GAARD et al (1985), produced in the stationary
phase and whose production is probably inhibited by

the antibiotic.

The observed general greater adherence of
control cells of the wild type relative to the
antibiotic treated cells of the same strain in the
exponential phase further supports that fact that
adhesion in the wild type is not mediated by
polymeric or hydrophobic bridges and at the same
time it underplays the role cof surface tension in
adhesion since treated cells were more hydrophobic
and hence with lower surface tension, However, that
treated cells of the wild type adhered more than
control in the stationary phase on catheter and
plastic but less on glass, while conforming with
surface tension reasoning, probably shows how the
main mechanism of adhesion in this strain is

influenced by phase of growth,

wWhen the biomaterials were coated with serum

the control cells of the clinical isolate adhered
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more in exponential phase than when biomaterials
were not coated while in the case of the wild type
control cells adhered less when biomaterials were
coated, This is still in support of the earlier
suggested mechanisms of adhesion since proteins
adsorbed on the biomaterials will improve their
surface hydrophobicity and will therefore favour

polymeric bonding.

That the wild type control cells adhered
generally more in the stationary phase when the
substrates were serum coated tend to confirm the
effect of phase of growth on its main mechanism
which yields to surface tension considerations and
the extracellular adhesive factor, However, the
improved adhesion of the clinical isolate on
catheter and its reduced adhesion on plastic and
glass in the stationary phase when the substrates
were serum coated would probably be explained by
polymeric bridging, interaction of charged groups
and repulsive electrostatic forces according to

Heckels et al (1976) and Ward {1980),

The adhesion patterns of the antibictic treated
cells of the two isolates at both phaseg of growth
when biomaterials were serum coated, present a very
complex picture and are probably due to interaction
and balance of forces between the various factors

earlier mentioned.
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It is thus noteworthy that while hydrophobicity
correlates with adhererice in the clinical isolate,
there was no such correlation in the wild type.
Adherence also appeared to involve both specific
mechanism {(clinical) and non-specific (both isolates)
mechanism involving extracellular adhesive factor,
charged groups and surface tension, Also adhesion
is influenced by the strain ¢f the organism, phase
of growth, antibiotic, presence ¢f serum and type

of materiel presenting the adhesion surface.
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Chapter Five

Se DETERMINATION OF SUSCEPTIBILITY TO
PHAGOCYTIC UPTAKE BY HUMAN

POLYMORPHONUCLEAR LEUCOCYTES

5.0 Introduction

Phagocytosis is the ingestion, killing and
digestion of bacteria and foreign particles by single
white blood cells e.g, poclymorphonuclear (PMN)
leucocytes, It is a major deferice mechanism by which
the imomune system protects the body against bacterial
infection, The process comprises of a number of
separate steps and activities, these include :

(1) the initial event which may be described as the
signal; followed by (2) the pursuit i.e. the
directional locomotion (chemotaxis) of phagocytes
towards the foreign particle, which in the case of a
traumatic injury may involve the emigration of
phagocytes through the endothelial lining of the
blood vessels; (3) the surface recognition of the
particle or bacterium and (4) the engulfment and

destruction of the invader (Van Oss, 1973).

For many types of bacteria to be ingested, they
must first be ccoated with one or more of the serum
proteins I1gG, IgM or complement(¢3), This process
is called opsonisation and it enables the white blood

cells to recognise the bacteria, it enhances the
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attachment of the bacteria to and its subsequent

engulfment by the PMN,

Bacterium attachment to PMN induces pseudopod
formation to surround it and when completely engulfed
forms a phagocytic vacuole or phagosome (Verhoef, 19862),
The bacterium is then killed and digested when
lysosomes present in the white blood cells fuse with
the phagosome and discharge their contents such as
Lysozyme, peroxidase, lactoferrin and cationic proteins
into the vacuole. Such phagocytic PMNs later die and
forms pus (Hahn, 1983),

Phagocytosis is one of the potential sites where
antibiotics act on host defences (Peterson, 1982).
Antibacterial agents are known to affect the phagocytic
function of phagocytes. Their effect on chemotaxis,
phagocytic uptake and killing has been examined using
a variety of experimental methods and was recently
reviewed by Mandell (1982), Van Oss (1975) reported
the observation that Gentamycin increased the
hydrophilicity of phagocytes while at the same time
made bacteria more hydrophobic with a resultant
enhancement of phagocytosis, Kadurugamuwa et al
(1985a) also found that some cephalosporins decreased

the amount of capsule on Klebsiella pneumonia 327

which led to an increase in contact angle (and hence

increase in hydrophobicity) and phagocytosis.
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5.1 Materials and Method

The isolates (C & E) with and without 1/2l of
their respective M,I.C of Rocephin(R) were grown in
10Cml of MH broth in a shaker bath at 37°C and
80 opm as described earlier, After 180 minutes and
24,0 minutes of growth 10mls of each culture was
harvested, washed once with sterile MH broth and

resuspended to O'Dh70nm of 0.2,

For each culture at each time of harvest,
0.5m1 of the resuspended culture was put inside a
sterile tube and 0,5ml of fresh heparinised whole
human blood was added. The tubes were incubated at
37°C and shaken at 80 opm, At timed interval 0.1ml
from the blood-bacteria mixture was withdrawn and
added to 0,9ml of ice-cold sterile distilled water
and left for 30 minutes., The withdrawn samples
were further diluted, plated out and incubated at
37°C for 18 hours. Control culture at O'DhTOnm 0.2
was similarly diluted and plated out, The viable

cells were then counted,

5.2 Results
The susceptibility of the two isolates with
and without antibiotic treatment, to phagocytic
uptake by human PMN is as presented in Fig. 5.1.

The percent survivor shows the fraction of the initial
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bacterial population that remained viable after

the various exposure times,

The two isolates were fairly sensitive to
phagocytosis in the exponential phase but highly
resistant in the stationary phase. Also the wild
type was more resistant to phagocytic uptake than
the clinical isolate in the exponential phase but

less resistant in the stationary phase.

Treatment with subMIC of Rocephin(R) drastically
increased the sensitivity of the two isolates to
phagocytosis at both phases of growth but the increase
in sensitivity at the exponential phase was more than
that in the stationary phase, Also the observed
change in order of relative susceptibility to
phagocytosis between the two isolates (untreated)
with phase of growth was maintained in the antibiotic

treated cells.

543 Discussion of Result

Phagocytosis as a phenomenon occurs in the
body after the particles or bacteria to be ingested
might have been opsonised, It is partly a surface
phenomenon because there has to be contact between
phagocytic cells and the bacteria, PMN are known
to have receptor sites for opsonin components like

Fc and C3b (Gemmell, 1984b), However, the extent
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of opsonisation and hence the degree of phagocytosis,
depends on the surface properties of the bacterium,
3ince whole blood was used in studying phagocytosis
in this work, it follows therefore that isolates
C & E were exposed to a complete complement of

opsonin content of serum,

The observed difference in sensitivity to
phagocytic uptake between the two isolates may be due
to a difference in extent of opsonisation which may
be attributable to : presence or absence or a
difference in length, of the LPS O~chain, This
explanation is according to Engels et al (1985), who
found that the O-chain deficient mutant of a strain

of Ps. aeruginosa was opsonised and phagocytosed to

a greater extent than the parent strain, Also that
igsclates C & E were more phagocytosed in the
exponential phase than the stationary phase may be
an indication of changes in surface properties with
phase of growth. For instance, bacterial resistance
to phagocytosis may be mediated by other cell
surface structures apart from polysaccharide capsule
and O-antigen as suggested by Robins et al (1980),
Such surface structures may be a protein e.g. 20K
protein in gonococci (Parsons et al, 1985) and an

unspecified OM protein in Treponema pallidium

(Cockayne et al, 1986),
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Other such antiphagocytic OM proteins have also been
reported e,g., OM protein Trat S in E. coli (Aguero
et al, 198L)y M-protein in group A streptococci
(Jack-Weis et al, 1982)., Hence if isolates C & E
elaborated such proteins at stationary phase or the
growth conditions become favourable for synthesis of
antiphagocytic minor OM protein to a level comparable
with those of the major proteins (considering the
suggestion of Hammond et al, 1984), then the observed
relative resistance at stationary phase should be
expected. The reversed relative susceptibility with
phase of growth could be due to loss or elaboration
of a particular envelope component in one of the

isolates at the stationary phase.

The increase in susceptibility when the
isolates were treated with Rocephin(R) could be due
to exposure of envelope components that were
previously masked, resulting in increase in cell
surface hydrophobicity, The increased susceptibility
could also be due to loss of envelope components that
antagonise opsonisation, For example, using sub MIC
of lincomycin and clindamycin, Gemmell & Amir (1979)
showed that production of M and T proteins in

Streptococcus pyrogenes was impaired and later

correlated the reduction in the M protein content of
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the treated cells with their susceptibility to
phagocytosis by PMN. Also Gemmell et al (1981)
showed that the absence of M protein potentiated
opsonisation by normal human serum lacking specific

antibodies to the surface antigens,

The increased susceptibility with antibiotic
treatment could also be a result of inhibition of
synthesis of or inactivation of the LPS structure,

The result of these effects will be better opsonisation

and greater phagocytic uptake by PMN,

The observed improvement of phagocytic uptake
due to antibiotic treatment in this work is in
agreement with some earlier published reports,

For instance, Lorian & Atkinson (1984) reported that
antibiotic-induced filaments of gram negative bacilli
were much more susceptible to bactericidal action of
PMN than were the bacilli (sub MIC of Rocephin(R)

treated cells of isolates C & E were morphologically

filamentous),

Also Kadurugamuwa et al (1985b) were inclined
in their conclusion towards the believe that reduced
synthesis of enterochelin and capsules can significantly
reduce the capacity of the bacteria to survive in the

host., This is because they observed that more
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surface-exposed antigens were accessible to antibodies
in the presence of subMICs of .antibiotics compared
with only three surface-exposed antigens in cells
grown in the absence of cephalosporins, By
implication, greater antibody fixation means greater
tagging and hence better opsonic recognition and

subsequent phagocytosis by PMN,

This report is also in partial agreement with
that of Cates & Caparas (1981). They exposed
Haemophilus influenza type b to 1/8 M,I.C of ampicillin

and chloramphenicol and observed that after one hour,
sub MIC ampicillin improved PMN killing action while
sub MIC chloramphenicol had no effect on PMN killing
action, This difference in effect by the two
antibiotics might not be unconnected with their site
of action. However, this report contradicts an
earlier one by Bar-Shavit et al (1980)., These workers
studied the uptake of E. coli cells by mouse peritoneal
macrophages. They showed that the mannose-binding
activity of E. colil determined its recognition by the
phagocytic cells, They also found that non-septate
filamentous form that resulted from growth of the
organism in the presence of cephalexin was less
internalised (uptake only 20%) by peritoneal
macrophages than the normal rod-shaped single cells

(90% uptake) after 30 minutes.
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Chapter Six
6., GENERAL DISCUSSION AND CONCLUSION

Quite often the antibacterial activity of
antibiotics is assessed through minimum inhibitory
concentration (MIC) or minimum bactericidal
concentration (MBC) determination. However, antibiotic
resistance on the other hand has been attributed to
various mechanisms such as : (a) production of
antibiotic degrading enzymes by microorganisms,

(b) drug exclusion due to permeability barrier and
(c) a change in the bacterium itself that will render
it less vulnerable (Brown, 1975). Drug exclusion
involves tne bacterial cell envelope which serves

as a permeability barrier especially in Gram-negative
organisms, thereby preventing the accumulation of
such agents up to their lethal concentration. Then
the question is, has the low concentrations attained
by such agents any effect on the viability of such
bacteria in an infected host? This question plus
other reports e.g. (a) the association of widespread
use of antibiotics with increase in the incidence

of antibiotic resistance among Gram-negative
organisms both in hospitals and the general
environment by Al-Jebouri & Al-Meshhadani (1985),

(b) that antibiotic therapy promotes transfer of
R=factors in the gut with the transfer probability
being highest sometime after the withdrawal of
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therapy (Anderson et al, 1973), coupled with the
comnon problems of non-compliance to dosage regimen
and large scale antibiotic abuse in the society
generated interest in investigating the effect of
low level of antibiotics on some pathogenicity
deterninants. Hence the use of subminimum inhibitory
concentration (subMIC) of Rocephin(R) on two isolates

(C & E) of Ps. aeruginosa in this work,

The significance of low antibiotic concentrations
in host-parasite interaction becomes more glaring if
one considers the report of Sud & Feingold {1972}
that polymyxin resistant bacteria undergo some changes
on exposure to the antibiotic thereby becoming
susceptible to killing by desoxycholate to which they
were previously resistant as well as showing higher
susceptibility to serum-killing, Actually low
concentrations of antibiotics has been shown to effect
subtle ultrastructural changes in bacterial cell wall
and in biosynthesis of various virulence factors
(Gemwell et al, 1982; Gemmel & O'Dowd, 1983),

However, the mechanism of action of antibiotics
seem to determine whether such changes will be of
advantage to the host. For instance, Gemmell (198a)

reported that drugs that affect cell wall biosynthesis
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may or may not potentiate phagocytosis depending on
whether filamentation does occur or not at subMIC
level, Also Taylor et al (1981) reported that
conversion of E, coli from serum-resistant to serum
-susceptible by subMIC of Mecillinam is dependent on
formation of ovoid or round cells, In fact, there
has been a lot of reports on the morphological effect
of antibiotics involving both high and low
concentrations (Elliot & Greenwood, 198L; Greenwood
& Eley, 1982; Lorian & Sabath, 1972) and the response
expressed ranges between two extremes of filamentation
and spheroplast formation depending on the
concentration used, In agreement with an earlier
published report (lLorian & Atkinson, 1984) that
antibiotic-induced filaments of gram-negative bacilli
were more susceptible to phagocytosis than the original
bacilli, the filaments produced by treating Ps.

aeruginosa isolates C & E with sub MIC Rocephin(R)

were more phagocytosed than the untreated cells

(see figs. 2.7, 2.8, & S5.1). Although the ability of
an antibiotic to cause filamentation is hereby seen
to potentiate the efficacy of the host defence system,
it has been noted not to determine the therapeutic
efficacy of the antibiotic itself (Ryan & Monsey,
1981), This is in conformity with the observation

in this work that there is a strain-dependent optimum

antibiotic concentration below the MIC for maximal
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filamentation, This is because while the wild
isolate is more resistant to Rocephin'R) than the
clinical isclate Jjudging by their MIC values, it had
a much lower concentration as its optimum concentration
for maximal filamentation compared to the optimum

concentration for the clinical isolate

Apart from influencing synthetic processes for
cell envelope components, antibiotics have also been
found to inactivate cell envelope components e.g.LPS
by Polymyxin B (Rifkind, 1967); alter antigenic
protein and LPS component e.g. Polymyxin B (Tsang
& Brown, 1980), All these result in increased
cell surface hydrophobicity. Thus the observed
increase in cell surface hydrophobicity in isolates
C & E on exposure to sub MIC Rocephin(R) could be
due to exposure of otherwise masked envelope
components and/or reduction in antigenic content at
the cell surface, Also the observed higher sensitivity
of the wild type (isolate E)} to the hydrophobicity
increasing effect of the antibiotic could be suggestive
of the fact that the antibiotic is either acting on
different envelope components to produce this effect
in the two isolates or is acting on an additional

component that 1s probably unique to the wild type.

As is natural during infection and antibiotic

chemotherapy, serum is encountered and it influences
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the complex interaction between the bacteria,
antibiotic and the host both as an organic matter
as well as through the antibacterial properties of
its components such as immunoglobulins and complement,
Ordinarily in the presence of serum bacteria and any
foreign particle become coated with serum components
in a process called opsonisation prior to engulfment
by phagocytic cells., During opsonisation bacterial
cells become coated with immunoglobulins and/or
complement, both of which have been reported to
increase cell surface hydrophobicity (Hahn, 1983;
Van Oss, 1973). Thus the observed increase in cell
surface hydrophobicity in both isclates C & E in this
wOork on exposure to serum in the absence of Rocephin(a)
(see fig. 3.2) agrees with earlier published reports,
It is however noteworthy that serum did not alter the
order of relative hydrophobicity between the isolates
unlike what obtained with Rocephin‘R), This probably
suggests that while the effect of serum is purely a
surface effect, the antibiotic probably acted on an
additional component in the wild type which is not

normally exposed at its cell surface.

When Rocephin(R) treated cells of the two
isolates were opsonised, the hydrophobicity increasing
effects of Rocephin and serum were cummulative in the

clinical isolate (C) whereas in the wild type it
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was not, though there was a net increase in cell
surface hydrophobicity. This observation is some=-
how surprising since serum had hydrophobicity

(R)

increasing effect and Rocephin also exerted a

very high hydrophobicity increasing effect in the

wild type. The possibility of serum as an organic
matter inactivating Rocephin(R) is however ruled out
considering the fact that : (1) it does not have
similar effect in the clinical isolate, (2) the cells
were exposed to serum after treatment with Rocephin(R)
and not concurrently and (3) it has been reported
that serum does not affect the activity of Rocephin(R)
(wise et al, 1980), Also that the combined effect
of Rocephin(n) and serum were cummulative in the
clinical isolate tend to suggest that the sites of
action of Rocephin(R) and serum differ i,e. while
serum opsonins attach to their normally available
receptor sites, Rocephin(R) exposes other hydrophobic
components of the cell envelope by inhibition of
synthetic activity or by degradation of components
like the LPS and this will result in additional
accessibility of opsonins to their receptors that
were normally masked, However, the observed lack

(R)

of synergism by Rocephin and serum in the wild

type portrays the antibiotic-exposed additional



-127=

cell envelope compecnent as serving as Fc receptor which
takes up the hydrophobic Fc fragment of antibody
molecule, leaving the hydrophilic Fab fragment to the
exterior, This would have nullified the extra increase
in hydrophobicity due to that particular envelope
component, thus leaving the two isolates in their
relative relationship with regards to their common

features responding to both Rocephin(ﬂ) and serum,

aAnother pathogenicity determining property
of bacteria is adherence and is also influenced by
antibiotics., Recent reports show that sub MIC of
many antibiotics can alter (either increase or
decrease) the ability of certain bacteria to adhere
to epithelial cells (Atkinson & Amaral, 1982; Beachey
et al, 1981; Lorian, 19803 Salit, 1983; Klein et al,
1985) .

Adherence of Neisseria meningitidis to buccal

cells was reduced by treatment with subMICs of
antibiotics (salit, 1983)., Tetracycline and
penicillin also markedly reduced the number of
pili per meningococcus and gonococcus and the
percentage of meningococci and gonococci with pili
(Stephens et al, 1984). Also E, coli adherence to

humzn buccal cells was reduced by a sub MIC of
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streptomycin (Ofek et al, 1979). Similar results were
reported by Eden et _al (1978 & 1979) when they used
sub MICs of ampic¢illin and amoxycillin, The reduction
in adhesion may be due to a decrease in bacterial
fimbriation (Vosbeck et al, 1980, 1982; Beachey et_al,
1981; Eden et al, 1978) or to synthesis of non-

functional fimbriae (Eisenstein et al, 1979).

Some antibiotics have however, been found to
increase the adherence of some bacteria., For example,
1/ MIC of those penicillinsg and cephalosporins which
led to filamentation were found to increase MS
adhesion (Klein et_al, 1985). It was also found that

azthreonam increased the adherence of MS+ & MR* cells,

The obgservation in this work that the clinical
isclate adhered more at the stationary phase than
the exponential phase while the reverse was the
case for the wild type might be an indication of
the involvement of hydrophobicity in adhesion, The
clinical isolate's adhesion might be mediated by
pelymeric bonding while that of the wild type is not,
Also the observation that antibiotic treated cells
of the clinical isolate adhered more than the.control
on catheter and plastic (hydrophobic substrates) but
adhered less than the control on glass in the
exponential phase might be a further testimony

that adhesion in the clinical isoclate is mediated
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by polymers (hydrophobic) since the antibiotic was
also found to increase hydrophobicity and this will
lower the surface tension of the treated cells
relative to the control. However, the general lower
adhesion of treated cells of clinical isolate
relative to the control at stationary phase is
probably indicative of the influence of phase of
growth since the treated cells were still more
hydrophobic, This might be a pointer to an
extracellular adhesive factor according to PGAARD
et al (1985), produced in the stationary phase but
whose production is probably inhibited by the
antibiotic, Hence while there is correlation between
hydrophobicity and adherence in the clinical isolate,

there is no such correlation in the wild type.

Another vital pathogenicity determinant is
ability to resist phagocytic uptake., This has
severally been reported to be influenced by cell
surface hydrophobicity and bacterial adherence and
would as such be influenced by treatment with
subMIC of antibiotics., Phagocytosis as a phenomenon
occurs in the body after the particles or bacteria
to be ingested might have been opsonised with
antibody components like IgG & IgM or complement,
Binding of IgG to the surface of certain bacteria

also alters their general surface properties,
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For example, when smooth S. typhimurium cells were

opsonised with IgG antibodies, their surface
properties changed in a way that mimics an S=-R
mutation (Stendahl et al, 197L; Stjernstrom et al,
1977). However, the extent of opsonisation and hence
the degree of phagocytosls depends on the surface

properties of the bacterium,

Several surface components of the bacterial
cell envelope have been found to affect engulfment
by phagocytic cells in human infections e,g. OM
proteins in gonococci (Hildebrandt et al, 1978;
Parsons et al, 1985).

The observed difference in sensitivity to
phagocytic uptake between the two isolates may be
due to a difference in extent of opsonisation which
may be attributable to : presence or absence or a
difference in length, of the LPS O-chain according

to Engels et al (1985).

The observed increase in susceptibility when
the isolates were treated with Rocephin(R) could be
due to exposure of envelope components that were
previously masked (Kadurugamuwa et al, 198%a) or
due to loss of envelope components that antagonise

opsonisation (Gemmell & Amir, 1979). It could also
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be a result of inhibition of synthesis or inactivation

of the LPS structure (Rifkind, 1967; Tsang & Brown,
1960).

The observed increase .in phagocytic uptake
by PMN after antibiotic treatment in this work agrees
fully with Lorlan & Atkinson (198}) earlier report
and partially with the report of Cates & Caparas
(1981) while it contradicts an earlier one by

Bar=Shavit et al (1980).

The various patheogenicity determinants are
considered to be interdependent to some extent. The
observed hydrophobicity measurement correlates with
phagocytosis, in the exponential phase but the lack
of such correlation in the stationary phase could be
an indication of the effect of phace of growth and
a reflection of the complexity of the host-parasite
interaction, There was no clesr-cut correlation

between adherence and phagocytosis in the two isclates,

On the basis of morphological effect of sub MIC
of Rocephin(R) in the two isolates, a constitutional
difference in the envelope material responsible for
filamentation between the two isolates is proposed.
Also there was a strain dependent optimum antibiotic

concentration below the MIC for maximal fillamentaticn,



-132-

Generally, treatment of the isolates with
1/2l, MIC of Rocephin'R) increased hydrophobicity
and potentiated phagocytosis, thereby rendering
the organisms less virulent., If these results
are taken for their surface value, one might be
tempted to encourage the haphazard use of
antiviotics as is common in the society, However,
conzsidering the issues of resistance training and
R-plasmid transfer in which low antibiotic
concentrations have been implicated coupled with
the fact that there are a lot of dynamics involved
in the interaction between antibiotic¢, bacteria and
host defence system, extreme caution is still

recommended in the use of antibiotics.
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