)

1

]

Campvylobacter spp.

7 PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES)

peonoT NOACYUMENTATION PAGE

Forn Approved \
M8 No 104 0188

- w.oen

— .ty Rt L e g e L3t e J
E T R T I e T el LTI P

P ey zma NP R B A dig tT Ay sy o e gam b

Paire el v A s et 0

SRR UL S ORI I B e

TR A e I F L R
VIu e e = ge S, Eeer et ey
b AT - A B ANEEE Bt P TP AT SRR
T3 4B A o L, N

A - St

January 1986 Reprint

3 REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE T,ipopolysaccharide Structures in 5

Enterobacteriaceae, Pseudomonas aeruginosa, and
Vibrio Cholerae are Immunologically Related to

6. AUTHOR(S)
Guillermo I. Perez-Perez, Janet A. Hopkins,

and Martin J. Blaser

FUNOING NUMBERS

B6PP6826

61102A
30161102BS13 AB
DA312588

Veterans Administration Medical Center

1055 Clermont Street
Denver, Colorado 80220

9. SPONSORING . MONITORING AGENCY NAME(S) AND ADORESS(ES)

U.S. Army Medical Research & Development Command

Fort Detrick
Frederick, MD 21702-5012

PERFORMING ORGANIZATION
REPORT NUMBER

11. SUPPLEMENTARY NOTES

Contract Title:
Campylobacter Jejuni for Vaccine

Studies of the Outer Membrane Proteins of

Development

12a. OSTRIBUTION AVAILABILTY STATEMENT .
Approved for public release; distribution unlimited

12b. DISTRIBUTION CQOE

13. ABSTRACT (Maximum 200 words)

aa 93-12612
98 o v+ V3@ I

15. NUMBER OF PAGES

14. SUBJECT TERMS

16. PRICE COQf
17. SECURITY CLASSIFICATION [ 18. SECURITY CLASSIFICATION |19 SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACYT
OF REPORT OF THIS PAGE Of ABSTRACT
Unclassified ; Unclassified Unclassified Unlimited
Standara ~orm 298 Rev 2-89)

NSN 7540-01-280-5500

Pemacoiped ty ANS St J39-'8
98262




“ \

" e

INFECTION AND IMMUNITY, Jun. 1986, p. 204208 Vol S Neo
M19-9567 K6012H-05502 00
Copyright © 1986, Amcncan Society for Micromology

Lipopolysaccharide Structures in Enterobacteriaceae, Pseudomonas
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To determine whether lipopolysaccharide (LPS) structures of Campylobacter species are immunologically
related to those of 11 other gram-negative organisms, we immunoblotted from polyacrylamide gels the LPS of
these strains with immune rabbit serum raised against six Campylobacter jejuni strains and two Campylobacter
Jetus strains. The LPS studied were from Salmonella minnesota wild type and Ra to Re mutants, Salmonella
twphi, Escherichia coli. Yersinia enterocolitica, Vibrio cholerae, and Pseudomonas aeruginosa. None of the 11
LPS preparations was recognized by the eight antisera, but antisera to each of the Campylobacter strains
recognized core determinants of some LPS preparations. Antiserum direcied wgainst the most scrum-scisitive
C. jejuni strain, 79-193, was the only antiserum sample that recognized core regions of the rough Salmonella
mutants. In converse experiments, when LPS preparations from five Campylobacter strains were blotted with
antiserum to Selmonella lipid A, recognition of core structures of each was shown: data from an enzyme-linked
immunosorbent assay confirmed this result. In contrast, antiserum to Salmonella tvphimurium Re L.PS showed
no reactivity. We conclude that LPS of Campylobacter strains share lipid A antigenic determinants with the core
region of LPS of several other gram-negative organisms.

The lipopolysaccharide (LPS) of gram-negative organisms described previously (18). Susceptibslity to the bhactericidal
consists of the toxic lipid A moiety that is attached proxi- activity present in normal human serum was determined in «
mally to the bacternial cell envelope (12). a central core standard assay as described previously (51, The LPS
polysaccharide. and distal O-antigen polysaccharide groups preparations from  wild-type  Safmonella minnesotu. S,
which are highly diverse in composition and thereby in minnesota Ra to Re chemotypes. Selhmonella ivphi. Exche-
serologic specificity (14, The core polysacchande is less richia coli. Yersinia emierocolitica. Vibrio cholerae. and
variable. as evidenced by a limited number of distinct rough Psendomonas aerugmosa were obtained from List Biological
mutants and by being simitar in large groups of bacteria such Laboratories. Campbell. Calf. LPS was prepared from (.
as members of the family Emrerobacteriaceae (12, 15), Jejuni 79-193 and PEN1 and C. fets 81-170 by the procedure
Antibodies to core structures. prepared by immunization described by Galanos et al. (R) aad from C. ferus 82-40 by cold
with rough mutant strains. interact with a variety of gram- ethanol extraction as described previously {18y,
negative bacteria (6), indicating that the core antigens are Antisera. Adult New Zealand white rabbits were immu-
surface exposed in the intact cell (8). Lipid A. a common nized with Formalin-killed suspensions of 10° Campyviohac-
constituent of the LPS of gram-negative bacteria. is similar ter cells per mi from 24-h cultures, and titers of serum were
in structure and composition among Enterobacteriaceae and determined as described previously (4, 19). Rabbit antisera
other families of bacteria (10. 12). Consequently. antibodies against purified S. tvphimarin LT.G30/C21 mutant Re LPS
to lipid A exhibit wide serologic cross-reactions (7. 9. and lipid A were kindly provided by Charles A. McLaughlin.

16} ) Gel electrophoresis methods, Polyacrylamide gel electiro-

Recently. we have shown that LPS from most Campylo- phoresis was performed in slab gels by a modification of the
bacter jejuni strains share antigenic determinamts in the system of Laemmlbi as described previously (2). After elec-
low-molecular-weight core region. as do C. fetus LPS prep- (rophoresis. gels were fixed and LPS was resolved with a
arations, but there is no imerspecies cross-reactivity (19}, silver stain as reported by Hitchcock and Brown (11). For

Since LPS preparations from both species contain core  jpmunablotting we used previously described methods (3.
antigens and gel Limulus amoebocyte lysates (18). we ques- 19

tioned whether immune sera against Campylobacter whole .
cells would be able to recognize LPS determinants from
other gram-negative bacteria and whether lipid A antigenic
determinants cross-react.

Enzyme-linked immunosorbent assav. The enzyme-linked
immunosorbent assay (ELISA} used in this study was a
modification of that described previously (1). In brief, pun-
fied LPS from four strains (S. minnesota Re S98, §. minne-
MATERIALS AND METHODS sota WT21R, C. jejuni 79-193, and C. fetus 81-170) were
dissolved in 0.1% triethylamine (Eastman Kodak Co.. Roch-
ester, N.Y.) and used as antigen to coat wells of polystyrene
microtiter plates (Flow Laboratories. Inc., Hampden.
Conn.) at LPS concentrations ranging from 0.0032 to 10 pgp
* Corresponding author. per well. Rubbit antiserum to the Salmonella lipid A and

Bacterial strains and antigen preparations. Characteristics
of the Campvlobacter strains used in this study have been
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FIG. 1. Silver stain of 15¢% polyacrylamide gel with purified
LPSs. Lanes 1 through 6. LPS from §. minnesota Re. Rd. Re. Rb.
Ra. and the wild type. respectively; lane 7. LPS from §. rvphi. lane
8. LPS from E. coli O111: lane 9. LPS from Y. enterocolitica: lane
10. LPS from V. cholerae: lane 11, LPS from P. uernuginosa.

normal rabbit serum were diluted 1:400 in phosphate-
buffered saline with 19 bovine serum albumin. A peroxidase
conjugate of sheep anti-rabbit immunoglobulin, provided by
Thomas Kloppel. was used at a 1:1.000 dilution. All assays
were done in triplicate, and results were read on a Titertek

A S. typh B

E. coli

LN
¢t Fa Y
IMMUNOLOGICALLY REFATED 1TPS STRUCTE RES as

Multscan (Dyaatech Laboratorios. Inc . Alexandris, Vaiat
410 nm. as described previously o).

RESULTS

Characterization of LPS preparations. Purified {.PS tfrom
the 11 non-Campylobucter gram-nogutive orguanisms was
subjected to polyacrylamide gel clectrophoress and visual-
ized by silver stuning, The LPS from the five defective
rough mutants of §. minnesota had a zone of fusi-migrating
bands (Fig. 1), which represent the core and oligosiccharide
regions (11). In contrast, the LPS from six grum-negative
pathogens with smooth colonies (wild-type S minaesota, §.
tphi, E. coli. Y. enterocolitica, V. cholerae, and P, aerugi-
nosa) showed classical smooth-tvpe profiles with @ fust-
migrating core region and multiple higher-melecular-weight
complexes. The profiles of cach smooth LPS were different
in the gel regions containing complete £PS with Q-untigen
side chains.

Western blots with Campylobacter immune serum. In West-
ern blot procedures. the antisera to the Cumpylobacter
strains recognized several antigens of the 11 non-Campyio-
bacter enteric bacteria. When we used LPS from S, minne-
sota mutants Re 1o Ra and the wild type as antigens (data not
shown). we found that only antiserum to C. jejuni 79-193
recognized the core regions. Antisera to other C. jejuni or ¢
Sfetus strains showed minimal recognition of mutant Re to Ra
LPS. Several normal rabbit and human serum <amples
showed minimal or no recognition. Antiserum to C. jejwni
79-193 showed essentially no recognition of determinants of
smooth LPS from several other gram-negative bacteria (Fig.
2 and 3). In contrast. antisera to C, jejuni PEN1, PEN2. and
83-85 and . ferus 81-170 strongly recognized the core LPS
region of S. rvphi (Fig. 2A. lancs 2, 3. 5, and 7). and antisera
to C. ferus 81-170 and 82-40 recognized a portion of the S.
typhi LPS with O-antigen side chains. Antisera to C. jejuni
PEN1 and PEN2 and C. ferus 81-170 recognized the core
region of LPS from E. coli O111 tFig. 2B. lanes 2, 3. and 7).
Antisera to C. jepeni PENT and 83-85 (Fig. 3, lanes 2 and 5)

C Y. enterocolitica

I123456789' r1

2 345 6 7 8

9"123468789‘

L |
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FIG. 2. Western blot of rabbit serum against S, typhi (A)-. E. coli (B)-. and Y. enterocolitica (C)-purified LPS preparations. Sera werce from
rabbits immunized with C. jejuni 79-193 {lanes 1). PEN1 (lanes 2). PEN2 (lanes 3), PEN3 (lanes 4), 83-85 tlanes 5). and 84-19 fanes 6): . ferus
81-170 (lanes 7) and 82-40 (lanes 8. and unimmunized rabbits anes 9). All sera were diluted 1:100.
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i. cholerae £, aeruginosa
I -
N /7 N

4 5 6 7 8 98 1 2 34 85 6 7 89

FIG. 3. Western blot of rabbit serum against V. cholerae (A)-
and P. aeruginosu (B)-purified LPS preparations. Serum samples in
each lane are as described in the legend o Fig. 2.

recognized core structures of LPS from V. choelerae and P,
aeruginosa and complete LPS of P, aceruginosa. whereas
antisera to C. jejuni PEN2 and C. fetus 81-170 recognized
only some of the core regions (Fig. 3. lanes 3 and 7).
Although all the LPS preparations used in this study had
protein contaminations ranging from only 0.2 to 2.9% (dry
weight). the higher-molecular-weight bands (Fig. 2A. lanes 7
and 8) could be proteins rather than LPS constituents.
Western blots with immune sera to S. minnesota Re and
lipid A. We next wanted to determine whether the recogni-
tion detected was because the antisera to Campylobacter
species reacted with the oligosaccharide portion or the lipid
A portion of the core region. For this study. we used purified
LPS preparations from seven Salmonella, five Campylobac-
ter. and four other gram-negative organisms (Fig. 4). Anti-
serum to purified Salmanella lipid A recognized core regions
of the Re mutant strain and. to various degrees, core regions
of all other strains tested (Fig. 4a). When these same
antigens were blotted with antisera to the Re mutant of §.
syphimurinm. best recognition was of the LPS from the Re
mutant strain. the S. minnesota wild-type strain, and C.

Jejuni PEN1 (Fig. 4b). There was virtually no recognition of

the §. minnesota Rd to Ra mutants. 8. rvphi. all three €.

Jerus strains. and the V. cholerae strain. In other studies,

core LPS from the S. minnesota Ra to Rd mutants was
recognized by anti-lipid A serum. although to a lesser degree
than that from the Re mutant. These LPS preparations were
viitally unrecognized by the antiserum to mutant Re LPS
{data not shown).

ELISA. Control wells incubated with normal rabbit serum,
no antiserum, no second antibody. or without LPS showed
uniformly low-level reactivity in this assay. For the LPS
from the wild-type S. minnesota strain, reactivity was at the
same low level as that of the controls at every concentration
tdata not shown), indicating that the meth d used Jocs wl
resuit in LPS binding to the polystyrene plate or that
anti-lipid A does not react with this LPS on polystyrene

Inpror Iavaqes

ol -

R o &

F1G. 4. Western blot of purified LPSs of members of the fumihy
Enterobacteriucene and other gram-pegative organisms with anti-
sera to purified lipid A from S, ovplusiriton Re tad or LPS from 3
vphimueriom Re (b). Lanes A through FOLPS trom §. piinnesota Re.
Rd. Rc. Rb. Ra. and wild-type. respectively: Tane G. £L.PS from §.
ryphi. danes H and {0 LPS from C. jejuni 79-193 and PENT.
respectively: funes 1. K. and L. LPS from C. ferus 81170, 82-40_and
80-109. respectively: lane M. LPS from £ coli O111: lane N. LPS
from Y. enterocolitica: Yane OO0 LPS from V. chioderae: lane PO LPS
from P. aernginosa.

plates (Charles A. McLaughlin. personal communication).
Increasing concentrations of LPS from the S. minnesota Re
mutant resulted in increasing antibody binding (Fig. 5). The
dose response 1o equal concentrations of LPS from a C.

Jejuni and a C. fetus strain were guite similar to that for the

S. minnesota Re mutant strain.

DISCUSSION

Results of our previous studies showed that Campvlobac-
ter species possess a core LPS structure (18, 19). By
immunoblotting. we found from the results of this study that
C. jejuni strains share core antigens with several gram-
negative stratns. a phenomenon receatly reported from other
gram-negative organisms (7, 17). We found that antiscrum
directed toward a very serum-sensitive strain, C. jejuni
79-193 (51, recognized the core region of 8. minnesota rougl.
chemotypes Ra to Re. suggesting that there are structural
similarities. That other C. jejuni or C. fetus sera minimally
recognized or fatled to recognize the rough but heterologous
Soominnesota LPS preporations agrees with the suggostion
inal the peasence of core ohigosacchandes and O-antigen
polysaccharides adjacent to the 2-keto-3-deoxyoctulosonic
acid di- or trisaccharide shields the core components from
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FIG. 5. ELISA of rabbit anti-Salmonelle lipid A serum with
purified LPSs of Salmonella and Campylobacter strains. LPSs used
are from S. minnesota muatant Re (C). C. jejeni 79-193 (2, and C.
Sfetus 82-40 (A). The methods used are as described previously (3)
and in the text: each point represents the mean of triplicate
determinations. Mean optical density was less than 0.1 for all
preparations of LPS from §. minnesota WT218 (data not shown),

reacting with antibodies (13) or. as we observed previously,
from inducing the formation of antibodies to core structures
{19). This hypothesis also correlates with the fact that
antibodies to lipid A bind only a relatively small portion of
the Campylobacter LPS and not the entire ladder of the
smooth LPS as observed for Chlamydia species (7). Each of
the other Campylobacter antisera recognized core regions of
some of the LPS preparations from other gram-negative
organisms, suggesting that there are cross-reacting oligosac-
charide regions. The nature of the high-molecular-weight
immunoreactive components present in some immunoblots
is unknown (7), but they may be aggregated LPS. The
purified LPS preparations (S. minnesota mutants Ra and Rb)
showing the high-molecular-weight bands had low protein
concentrations (less than 1.3%). but we cannot rule out the
possibility that such contamination is immunoreactive.

Recognition of high-molecular-weight regions in P. aeru-
ginosa and V. cholerae by C. jejuni antisera may represent
the uncommon cross-reactions that occur despite the great
diversity in O-antigen polysaccharide structure (14). Alter-
natively. the high-molecular-weight determinants that were
recognized may be core antigens that are present in the
complete LPS as well as in the low-molecular-weight core
region.

That the fast-migrating zones which correspond to core
regions of LPS (11) are recognized predominantly by Cam-
pyvlobacter antisera and that lipid A is broadly antigenically
conserved in gram-negative bacteria (16) favor the hypothe-
sis that the widely shared cross-reactivities observed among
LPS from gram-negative organisms are due. in part, to
antigenic similarities among the lipid A regions. Results of
our Weswen blot with antiserum to Salmonella lipid A
confirm that lipid A is-a common constituent of the LPS of
several gram-negative spocics and shows antigenic similarity
among members of the family Enterobacteriaceae and other
bacterial families, including members of the genus Campylo-

A

IMMUNOLOGICALLY RELATED LPS STRUCTURES 207

barcter. The ELISA duta further show the antigenic similar-
tties of the hpid A regions of 4 C. jejuni, w C. ferns, and
Salmonelly strain. In contrast. we did not find any cross-
reactivity with Campylobacter 1LPS when 8. ivphinweinnt
mutant Re antiserum was used. This observation suggests
that the relatively small 2-keto-3-deoxyoctulosonte acid
trisaccharide or some other yet umidentified moiety or struc-
tural configuration present on the mutant Re stramn exerts
significant impact on the antigenicity of the molecule. con-
cealing the cross-reacting antigenic determinants of hpid A,

The presence of cross-reacting antihodies between Cam-
pylobacter LPS and enterobacterial lipid A could explain
why bactericidal antibodies to C. jejuni are present in normal
human serum (5) and helps define the core LPS antigens of
Campylobacter for the purposes of immuanodiagnosis and
vaccine development,
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