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Abstract

Polymyxin B treated cell sonicates, cell-free supernatants and outer membrane proteins were prepared
from animal-passed, virulence-enhanced strains and original isogenic strains of Cjejuni and tested for
dermal toxicity in rabbits. Polymyxin B extracts produced the strongest lesions, but the outer
membrane protein from 6 times mouse-passed strains elicited a mild skin reaction. Culture-supernatant
did not give any noticeable toxicity, suggesting the presence of insufficient factor required to produce
measureable effect. Dermal toxicity clearly differentiated animal-passed strains from unpassed original
strains which elicited only a weak response(JPMA 37: 132, 1987).

INTRODUCTION

Although campylobacter fejuni/coli is an important cause of acute human enteritis, major questions
concerning the possible production of toxins or other factors responsible for the pathophysiology of

infections it causes remain unanswered!. With the advent of selective plating media and use of
microacrophiic conditions for growth, C. jejuni is now being isolated from clinical stool specimens

more frequently than Salmonella or Shigella spp.z’3

We have recently developed an infant mo use model of gastroenteritis resembling the human disease
caused by C.jejuni. This model utilized virulence enhancing iron dextran, mucin and animal-passage to
express the virulence of C. /ejuni. During animal-passage, the LD 50 decreased from 10’ ° to 105
CFU/ml indicating one million-fold enhancement in virulence. When virulence-enhanced strains were

fed to neonatal mice they developed severe diarrhea mimicking human disease.* Establishment of a
successful enteric infection is dependent on a number of surface components (Virulence factors) of a
bacterium for example they mediate attachment to intestinal epithelial cells, prevent removal of
organisms by gut motility etc. In order to determine the virulence potential, we compared various
cellular fractions isolated from both the animal passed, virulence enhanced strains with corresponding

original unpassed strains of C. je/uni/ coli for dermal-toxicity in rabbits by the method of Mageau and

Roberson®.

MATERIALS AND METHODS

a) BACTERIAL CULTURES

clinical isolates, ATCC 29428 and a fresh hospital isolate (G7, Georgetown U. Hosp.) and two animal
isolates, one from a chicken, JCH 667 and a second from a pig (C. coli, ATCC 456) were used. These
organisms were serially passed in weanling mice with iron dextran or gastric mucin, reducing the dose
with each subsequent passage, as previously described. Recovered organisms were retained for
comparison with the unpassed strains. Cultures were maintained frozen (-70°C) in Brucella Broth



containing 20% glycerol for use as stocks and subsequent comparisions.

b) PREPARATION OF CELL FREE FILTRATES

Animal-passed strains showing virulence enhancement and original strains were grown in Brucell
Broth (Difco) broth with Blaser’s selective supplements in flasks incubated at 42°C on a shaker bath.
Cells were removed by centrifugation at 6000 x G for 20 minutes at 4°C, the supernatant was sterilized
by passage through a 0.22 urn filter, concentrated 10 x by pervaporation, dialyzed against PBS and
refiltered.

Cells were iitcubated with Polymyxin B (100 ITU./MI) at 37°C for 15 to 20 minutes to release
periplasmic proteins, cells were removed by centrifugation (6000 x G for 30 mm); the supernatant was
collected. One portion was heated at 56°C for 30 min and the other held at 4°C.

¢) PREPARATION OF OUTER MEMBRANE PROTEINS

Outer membrane proteins (OMIP) were prepared using a modification of the method of Blaser et al.®
Stocks of selected animal-passed, virulence enhanced and original unpassed strains were grown on
Brucella Agar with 5% horse blood at 37 C or 42 C and mcubated m an atmosphere with 5% Oxygen,

10% Carbon dioxide and 85% Nitrogen7 for 20 to 72 h. Cells scrapped from plates were suspended in
20 ml of sterile distilled water and washed once in 0.01 M Tris Buffer pH 7.4 (5000 xg, 10 min at
257C). The pellet was resuspended in 0.01 M Tris and the density was adjusted to 26% transmission at
450 nm. The suspension was then recentrifuged and the pellet frozen at - 20°C until the membrane
preparations were made. Frozen pellets were thawed and resuspended in 20 ml of .01 M Tris Buffer
(pH 7.4) and the cells were sonicated on ice for four 30-sec pulses with 30 sec rests. Whole cells were
removed by centrifuging the sonicate two times at 6000 xg for 15 min at 4°C. Supemnatant was then
centrifuged at 100,000 xg for 1 h at 4°C (in a L870 Ultracentrifuge Backman Instruments, Inc.,

Fullerton, CA). The pellet was then solubiized by the method of Filip et al.% which included incubation
of the pellet in 10 ml of 1% sodium lauryl sarcosinate (Sarkosyl; Ciba-Geigy Corp., Greensboro, NC)
in 7 mM EDTA for 30 min at 37°C. this suspension was then centrifuged at 100,000 xg for 2 h. The
supernatant (now termed as Sarkosyl-soluble) was collected and saved for later studies. The pellet was
suspended in 10 mls of Tris buffer and recentrifuged at 100,000 xy for 2 h to remove any Sarkosyl left -
The resulting pellet (Sarkosyl - insoluble) was suspended in 1 .0 ml of sterile distified water - Protein
concentration of each outer membrane preparation was determined by using a Bio-Rad Protein Assay
Kit (Bio-Rad Laboratories, Richmond, CA) with bovine serum albumin as the standard and stored at
4°C.

d) TOXICITY TESTING OF CELLULAR COMPONENTS

The association of toxicity with a particular cellular component was attempted by testing for dermal

toxicity of isolated cellular fractions from both the animal-passed, virulence-enhanced and

corresponding original strains of C. jejuni as described by the method of Mageau and Rob erson’.

Intradermal injections of known concentrations of material in a 0.1 ml volume of distilled water were
made in the shaved flanks of 6-8 Ib albino rabbits. Relative toxicity of sterile whole cell sonicate, cell-
free supernatant and purified outer membrane proteins were determined by comparing the character of
the lesion produced in rabbit dermis. For comparison a lesion index was calculated by measuring the
major and minor axis of the lesion in mm, taking the product of the two and adding one point each for
erythema, induration and pus formation. These lesion indexes were determined daily for the first week
of the test, then every other day for two weeks. A positive reaction was characterized by a persistent
erythematoiis and indurated lesion at least 5 mm In diameter.

RESULTS

DERMAL TOXICITY OF CELLULAR COMPONENTS
Culture supernatants (sterile), from the three strains produced only a primary inflammatory response.



Outer membrane proteins of only the virulence, enhanced G7(7) and29428(6) strains showed an
intermediate virulence response in the form of moderate lesions with erythema,induration and central
blanching (Figures 1 and 2).
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Figure 1. Skin lesions 7 days after 0.1 ml intraderma
imjection of outer membrane proteins from
strains A = G7(0); B = 29428(6);: C=ATCC
29428 (0);and G =G7(7).
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Figure 2. The response of rabbits to a 0.1 ml intradermal
infection of outer membrane protein of C.
jejuni strains: G7(0); G(7)7: ATCC 29428

(0) ATCC 29428 (6).

The lesions regressed during the next 25 days to discrete nodules with central scarring. Sterile sonicates
of (Polymyxin B treated cells) strains 456(5), 29428(5), G7(7) gave the strongest reactions The
response of these strains was in the form of erythema with increasing induration, which gradually
regressed during the next 4 to 6 weeks. Strain G7(0), 456(0) and 29428(0) showed a mild reaction by
the production of smaller lesions which subsided to minimum nodules in less than a week (Figures 3

and 4).



Figure 3. Skin lesions 7 days after 0.1 ml intradermal
injection of sterile cell-free sonicates of C jejuni
strams A H§O : B=G7(7); C—G'?(O) E=JCH667;

= JCH (6); G = 29428 (6); H = 29428 (0);
I= 456 (0);J,K,L =456 (6).



230

220

Bl 29(6)
{ O 4 56(0)
120

e o—a 456(5)

o

£ 1004

c

O 80+

)

@

- 601 \
404 \.
EUJ

r— v T L "
1 3 5 7 9 15 20

Days

Ficure 4. The response of rabbits to a 0.1 ml intradermal
N infectioliloof cell-sonicates of strains. 29428 (6);
29428(0); 456 (0) and 456 (3).

Since an equal amount of each strain was injected, it is reasonable to assume that different levels of
toxicity were’ definite expressions of the level of virulence of the animal-passed strains compared with
the unpassed strains. The rabbit (Figures 1 & 3) shows typical response of normal animals 72 has after
intradermal injection of fractions of C, jejuni. Time of onset of the lesions after injection of the sterile
cell sonicates, clearly differentiated the animal-passed from unpassed C. fe/uni strains. In animals
injected with original unpassed strains, there was little or no visible sldn reaction except for slight
erythema during first 48 hours. However, the response with mouse-passed strains was most intense at
72 has which gradually diminished in most rabbits during the next 4 to 6 weeks. This would suggest an

enhanced expression of certain surface components (virulence factors) of Campylobacters during
passage with iron-dextran.



DISCUSSION

C. jejuni is now recognised worldwide as a major cause of human enteritis. The exact mechanism (s)
by which C. /ejuni causes disease has been and still under investigation. Studies of the structure of
campylobacter cell at the molecular level have for the most part focussed on the structure of the cell-

surface. This is because, for pathogenic bacteria, it is this surface that interacts directly with the human

host and allows the successful pathogen to avoid or to overcome the host defence mechanisms.'°

In our present study to characterize the surface components of 4 strains of C. fe/uni which have been

passed in animals with iron-dextran or. mucin4, we found that the whole cell sonicates of all four

strains gave strong inflammatory reaction by intradermal injection. The lesions resulting from the
original isogenic strains were comparatively small and subsided to minimum modules in less than a

week. In contrast to the Vero Cell Assay reported earlier!! culture supernatants from both virulence-
enhanced and original strains when tested in rabbit dermis did not give a significant reaction. Dermal

toxicity clearly differentiated the virulent from the original unpassed strains.

As yet the nature of skin-reaction in normal rabbit has not been explained. Trust et al. 12 have

demonstrated endotoxicity of spontaneously released outer membrane proteins, which are rich in

Lipopolysacchride (LPS), from C. jefuni strain VC 74 by mouse lethality assaylz. The role of LPS in
Campylobacter pathogenesis awaits clarification, but the lipid A portion of the molecule appears similar

to that of other gram negative bacteria.'? The endotoxic component in addition to some other factors
present in C. fejuni sonicates may be responsible for intense inflammatory action. If this is true then
both the original and animal-passed strains should elicit similar skin-reaction. It is possible that virulent

strains possess unique O-antigemc determinantsor outer membrane proteins11 whose expression is

enhanced in the presence of iron-dextran during animal passage4. Strong skin reacting of Polymyxn B
treated cell-sonicates correlated well with our previous observation with Vero Cells. This could be due
to the release of periplasmic proteins or toxin thus increasing the toxicity causing granular lysis and cell

death.!! It would be interesting to know which fraction of this sonicate resulled in this reaction and if
the animals immunized with that fraction would demonstrate resistance to subsequent challenge with
C.jefuni.

In summary we can suggest a working hypothesis. ‘that the lesion formation which usually does, not
occur until the third day after infection, is actually an immune, phenomenon involving locally
deposited Campylobacter antigen (s) and an immune mechanism of the host. Histopathologic and other
studies of the skin reactions of normal rabbits to cellular fractions from mouse-passed and unpassed
original strains of C. fejuni will be necessary to elucidate the quantitative and qualitative nature of this
phenomenon. This information would be of great help in developing procedures for
immunoprophylaxis against Campylobacter infections.
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