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To determine whether lipopolys.Accharide (LI'S structures of Campylobacter species are immunologicall-t
related to those of 11I other gram-negative organisms. we immunoblotted from polvacrylamide gels the LPS of
these strains with immune rabbit serum raised against six Campyiobacterjejuni strains and two Camp viobarier
fetus strains. The LPS studied were from Salmonella minnesota wild type and Ra to Re mutants. Salmonella
t)yphi. Escherichia coli. Yersinia enterocolitica, 1'ibrio cholerae. and Pseudomonas aeruginowa. None of the I I
LPS preparations was recognized by the eight antisera. but antisera to each of the Cam pylobacter strains
recognized core determinants of some LPS preparations. Antiserum direc:cd g.,ainst the nihiscrsuin-Nctiitisc
C. jejun~i virain, 79-193. %kas 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 Salmonella lipid A, recognition of core structures or each was showin; data from an enzvni e-linked
immunosorbent assay confirmed this result. In contrast, antiserum to Salmonella typhimurium Re LI'S showed
no reactivity. We conclude that LI'S of Campylobacter strains share lipid A antigenic determinants with the core
region of LP.S of several other gram-negative organisms.

The lipopolysaccharide ILI'S) of gram-negative organisms described previously (18). Susceptibility to the bactericidal
consists of the toxic lipid A moiety that is attached proxi- activity prsn nnrat human serum "~as determined in a
mally to the bacterial cell envelope 012. at central core standard assay as described previously (5), The LPS
polysaccharide, and distal 0-antigen pols -saccharide groups preparations from wxitd-t~ pe Sailmonetha inn sof . 5
which are highly diverse in composition and thereby in mninnesota Ra to Re chemot% pes, 'cSat'lmnlcia zvphi. l&ýt he,-
serologic specificitN (141. rhe core polysaccharide is less ric hia c'oh. )'ersuhccc entero( ltihc a t ihrio c holerac. and
variable, as evidenced by a limited number of distinct rough Pm~uedomonasr aernigtrio.a were obtaitned from List Biological
mutants and by being similar in large groups of bacteria such Laboratories. Campbell. Calif. LPS %%is prepared from C.
as members of the family Enterohwiterjacaea (12. 15). jeiwim 70-193 and PEN I and C fitioy 81-170 by the procedure
Antibodies to core structures. prepared by immunization described by Galanos et al. (8) and from ( fiemuA 82-4t0 h, cold
with rough mutant strains. interact with a variety of gram- ethanol extraction ats described previously 118).
negative bacteria (6. indicating that the core antigens are Antisera. Adult New, Zealand wuhite rabbits wsere immu-
surface exposed in the intact cell (8). Lipid A. a common nized with Formalin-kilied suspensions of HY~ Catnpylohac-
constituent of the LPS of gram-negative bacteria. is similar icr cells per ml from 24-h cultures. and titers of serum were
in structure and composition among Enterobac-reriaeeat' and determined as described prev iously (4. 19). Rabbit antisera
other families of bacteria (10. 12). Consequently. antibodies against purified S. t - phitmirinmn I T{Bt)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). G;et electrophoresis methods. Polyacrylamide gel electro-

Recently. we have show~n that LPS from most Campvlcp- phoresis was performed in slab gels by a modification of the
hacter jejun ii strains share antigenic determinants in the system of Laemmli as described previously (2). After elec-
low%-m olecu lar -weight core region. as do C. fetus UPS prep- trophoresis. gels were fixed and LPS was resolved wkith a
arations. but there is no interspecies cross-reactivity (19). silver stain as reported by Hitchcock and Brown (11). For
Since LPS preparations from both species contain core immunoiblotting we used previously described methods t3.
antigens and gel Limnuhis amoebocyte lysates (18). we ques- 19).
tioned whether immune sera against (wnipylohacter whole Enzyme-linked immunosorbent assay. The enzyme-linked
cells would be able to recognize LI'S determinants from imnsretasy(LS)ue nti td a

oethergrm-nnegtiv brss acteraadwehrlii niei modification of that described previously (1). In brief, pun-
deteminntscros-rect.fled LPS from four strains (S. ;nimu-.sneýa Re 595. S. minne-

MATERIALS AND MIETHIODS sota WT218. C. jtjuni 79-193, and C. fif-tus 81-170) were

Bacterial strains and antigen preparations. Characteristics dissolved in0. 1% triethylamine (Eastman Kodak Co.. Roch-
of the Campylohacter strains used in this study have been 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 jig

Corresponding author, per well. Raibbit antiserum to the SalmnonelIla lipid A and
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C:haracterization of ITS preparb.ions. Purified ITPS tramW I the 11 non-(iumpviolia ir gram-n~gafi'vC LTgt~~nls Ill Aas
subjected to polyacry lamide gel elect rophore-os aind N isual-
ized by silver staining. The ITS from the tise deteectise

shownds(i, we oun tkhat rersntl hcr antiseu to C. o'juni 79-19
regiogne th1.I corergos nt istt er toS fothe si. gramuni or
pahogesstans wihshoowed milniml recognitin a. mutan,ýta Reto.

FIG 1.Silerstan o 1'~ olycryamde el ittuifid .PS. Severl.Y enoerma lirabi and. humraant 1eru samplesi
liPS'a. Lae 91 howked clssenicalk nmot p prflswthi at

Ra. nd te wid t~e. espetiveyglnetingP from reio and1i lanepl hihr 'cgiiniofe detelrminants of
8. PS romE. ob 111 lae 9 LS fom . (III'rUOI~i( lae omoothes The from ilsera otherh grmonotih LSve bacteria nt g
10.[PSfro V.c/mk'n': ane11.LPSfro P.aergins. 2ind t). Int egontrst aontaiisnr tomlt ITS withi PE)0PNandie

8s-trainds .f'u 1-)srnl recognizedseraaninso the c1 on-itripve [

regolamtnt of t R.rp Fg A.andtes wi. ty. 5. and landat anotisr
norml rabit erumweredilued 1400 n phsphae- how) we fous8117 nd that recogantisedu a potion of the 7919
buffred alin wit 1 ovin seum abumi. A erordase ognize PSwthe 0-atien seidecans. Antiscatoherat C.fn orjiC_
conjugate ~ ~ ~ ~ ~ ~ ~ ~ flln ofsepat-rbitmrogoui.povddb Iaind shoeNad C.minial rec-170io reogniRed the cre

LPhom ans IKthoppg.wa usda6.:.01 iuin l asy eino LPS from S. mineot 0111 Rdg 2R3. laes23.ad
wre adonhe wind tripliae. andpctreslts were 7 read fon a. Titertne Anti93serhowe essential PNand 83-85nition 3. lamnes2and of

8, S.S from E. colt 011 lae9 vSfo. enterocolitica: ae sot P rmsvrlohrga-eakebcei Fg

normalWstr boto rabbit serum aweres dilte 1:40 pin pAhosphateB-, and C. t'hrn 81-170 an 82)40urfed onie [a prprtonr.ionrafwere fro

cnuaeosheanirabbits muie ihC jui 79-193lanes tin provid(aes b). PEN2 ata nd3 PEN2 (anes 4C. X3-5(lans 91-17 andecog(lnied 6):. core

FI-7 2lanest7)rnd blot()f(laneitHserandaunimmuni tdprabbAt-,(laneso9). B l- snr wenere dhiute t~(0-uiidISp-prain.Sr eefo
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V. cholerae P.aeruginosa Al GD ( I J L MA N 0
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FlIG. 3. Western blot of rabbit serum against 1'. hoe/iadjn t A)-
and P-. aerugino.%a ffBI-purified 1.PS preparation,.. Serum samples in
each lane are as described in the legend it) Fig. 2.

recognized core structures ofLIPS from V. chldenaeknd P. I&
aerugi~nosa and complete [PS of P. aeruginu'sa. whereas

olsoeof the core regions (Fig. 3. lanes 3 and 71. FIG. 4. Western hIot (it purdidIso mebrs of the farin!',.

Although all the LPS preparations used in this study ha !§nendm odthe gamngtv oraism. -ith anlti-

protein contaminations ranging from only 0).2 to 2.9/, (dry sera to purihied lipid A from S. i iphiturmarm Re (it) or I.PS from N5
ivphinutrium Re (b). L anes A through F. I I'S Crom S. nhr n s a Re.weight), the high er- molecular-we ight bands (Fig. 2A. lanes 7 Rd, Rc. Rb. Ra. and wild-tvpe. respectisýel%: lane 6i. IA'S from S.

and 8) co)uld he proteins rather than LPS constituents. liphi. lane-, H and I, LP'S from ('. jeiuni 79-1931 and PENt.
Western blots with immune sera to S. Ininnesota Re and respectivels: lanesi. K. and tL. [PS from Gl.u 81a -17t0. 82-40-.and

lipid A. We next wanted to determine whether the recogni- 801-109. respectively: lane M. LI'S front P.- (oh 011L; lanm N. ITS
lion detected was because the antisera to Cinpvlohacter from Y'. ent'r oliitha: lane 0. HI1S from V. dIupirac: lane P. I TS
species reacted with the oligosaccharide portion or the lipid from P. argna
A portion of the core region. For this study. we used purified
LPS preparations from seven Salmonella, five Ca~npylohac-
ter. and four other gram-negative organisms (Fig. 4). Anti- plate., (Charles A. McLaughlin. personal commtunication).
serum to purified Salmtonella lipid A recognized core regions Increasing concentrations of LPS from the S. minnexota Re
of the Re mutant strain and, to various degrees. core regions mutant resulted in increasing antibody binding (Fig. 5). The
of all other strains tested (Fig. 4a). When these same dose response to equal concentrat ions of LPS from aI C.
antigens were blotted with antisera to the Re mutant of N. jeiani and a C, fcmns strain were quite similar to that for the
tvptitnurimn. best recognition was of the LPS from the Re S. mninnu'.rta Re mutant strain.
mutant strain, the .5. mtfitnesota wild-type strain, and C.
jejuni PENi (Fig. 4b). There was virtually no recognition of DISCUSSION
the .5. ,ninncevola Rd to Ra mutants. S. ziP/i. all three C. Results of our previous studies showed that Caminplohw-
/Miu strains, and the V. cholerac' strain. In other Studies. ter species possess aI core LIPS structutre (18, 19). By
core LPS from the S. minnesota Ra to Rd mutants was immunoblotting. we found from the results of this study that
recognized by anti-lipid A serum, although to at lesser degree C. jtjuni strains share core antigens vwith several gram-

*than that from the Re mutant. These LPS preparations were negative strains, a phenomenon recently reported from other
~lyunrrcognized by the antiserum to mutant Re ITS gram-negative organism% (7, 17). We found that antiserum

(data not shown), directed toward at very serum-sensittve strain. C. ji.':nn
ELISA. Control wells incubated with nornial rabbit .eitim. 79-191 (5). recognized the core region of S. minnte.%oia rougi.

no antiserum, no second antibody, or without LI'S showed chemotypes Ra it) Re. suggesting~ th,,l there are structural
uniformly low-level reactivity in this assay. For the L.PS similarities. That other C.jejuni or (7. feiu1s sera minimally
from the wild-type S. ininnesola strain, reactivity was at the recognized or f~iiled to recognize the rough but heterologous
same low level as that of the controls at every concentration .S. mfinne,vtasi ITS prem!rati-9ls agre~ c the . 't,
Idata not shown). indicatin" !h~i! !'c -mcti fý ýd usol v 1-.ot ijiad, tl, pj,..cnce of c'ore oligosaceharides and 0-antigen
result in LIPS binding to the polystyrene plate or that polysaceharides ad~jacent to the 2-keto-3-deoxyoctulosonic
anti-lipid A does not react with this LPS on polystyrene acid di- or trisaccharide shields the core components from
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1.-82-4016 hth'lr. The EL ISA data further showk the antigenic similar-
ities of' the lipid A regions of' a ('. fjium. a ('. feu%. and a
Sabritnelta strain. In contrast. w e did niot find any cross-
reactivity with Cam pylohacier LPS "shen N. txphimuriuni

1. e mutant Re antiserum wkas used. This obsersýation suggests
11 that the relatively small 2-keto)-3-deoxyicitulosontc: a:cid

P trisaecharide or some other yet unidentified moiety or struc-
tural configuration present on the mutant Re strain exerts
significant impact otn the antigeniciiv of' the mo~lecule. con-

2 cealing the cross-reacting antigenic determinants of lipid A,
S /7911%3 Yhe presence of' cross-reacting antibodies, between Cuma-

pylohacter LPS and enterobacterial lipid A Could eXplain
why bactericidal antibodies to C. jijuni are present in normal
human serum (5) and helps define the core [PS antigens, of

0.3 ('aipylohm ter for the purposes, of immu nod iagnosi s and
vaccine development.
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