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| NVENTI ON  wo okw4317 Techni cal Field This inventi op-FsdeBhfisst 0 2
gene present in Ri enmerell a anatipester, purified proteln encoded by
this gene, and vacci ne and di agnosti c net hods and products using the
gene and protein. Specifically, this gene (OmpA) encodes a mmjor outer
menbrane protein which is highly antigenic and therefore useful in the
preparation of vaccines and serodetective diagnostic assays. 2.
Description of the Background Art Ri enerella anati pestifer is a

Gram negati ve, non-notil e, non-sporulating rod-s
bel ongs to the fam |y Flavobacteriaceae in rRNA

haped bacterium It
superfam |y V based on

16S r RNA gene sequence anal yses. . It is the etiological agent of

septicem a anserum

OMPA GENE FOR AN OUTER MEMBRANE PROTEIN OF

RIEMERELLA ANATIPESTIFER AND METHODS OF USE

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates to a gene present in

Riemerella anatipester, purified protein

encoded by

this gene, and vaccine and diagnostic methods and

products using the gene and protein. Specifically,

this gene (OmpA) encodes a major outer membrane protein

which is highly antigenic and therefore useful in the

preparation of vaccines and serodetective diagnostic

agsgays.

2, Description of the Background Art

Riemerella anatipestifer is a Gram-negative,

non-motile, non-sporulating rod-shaped bacterium. It

belongs to the family Flavobacteriaceae in rRNA

superfamily V based on 165 rRNA gene sequence analyses..

It is the etiological agent of septicemia anserum

exsudativa, an enzootic, contagious, septicemic disease

of domesgticated ducklings and other birds

. The disease

causes a serious problem in the duck industry and has a

worldwide distribution. Endemic infections usually are

restricted to commercial duck and turkey flocks but



exsudati vays an enzootic, contagious, septicenic disease of donesti cated
ducklings and other birds. The disease causes a serious problemin the
duck i ndustry._.ar Eas a wor | dwi de di stribution. Endemg. i l.ons
usual |y areVMD%R§§ tricted to comrercial duck and turkeynkﬁgégéﬁﬁh%

2 ot her poultry species such as chickens and geese are al so susceptible
to the infection, including wld fow su®h as swans. In Si ngapore and

other countries of South East Asia, R anatipestifer infection has been a
continued problem for the production of nmeat ducks using nodern intensive

production neth [ |;$8 tall . | dj tes_are usually
bet ween 10- 30%8(2%3? %ﬁi al’i t%geg%@%]i%Lé%é%&&;ﬁgé@%g%%&'%%ggdgge I n
i nfected duck f alme.susceptifiliedgoatige tirfecidghut imeluding esild fdowlerenti ate

21 separate ser es_of R_ anatipestifer. _Ser es, 1.2, 3. .5 and 15 are
nost preval ent %‘ﬁxgu%%réewa € of %s%p%a eoerﬁea agﬁsg{r:%% SRTE a2 The

occurrence of mspethtiBest disdalR RanawapigwstiiFerstndégtpieon maisnbeehesl ducks at

any one tine, and _changes in.serqotypes fro ar to ear within a single
farm make vaccf"ﬁﬁgf‘%lh 'ptrf?%lﬁﬁ‘t ?ﬁ%n&er c?rﬁ"?“él‘e:ﬁ%'l‘ % é‘?/et?ttyﬂé‘ci‘ﬁr gel y
i neffective. using modern intensive production methods since 1982.

Mortality and morbidity rates are usually between
10-30%, but mortality az high as 75% has been recorded
in infected duck farms.

Slide and tube agglutination tests differentiate
21 separate serotypes of R. amatipestifer. Serotypes
1, 2, 3, 5 and 15 are most prevalent in outbreaks of
septicemia anserum exsudativa. The occurrence of more
than one R. anatipestifer serotype in infected ducks at
any one time, and changes in serotypes from year to
year within a single farm, make vaccination with
antigen from a single serotype largely ineffective.
Bacterial antigen vaccines have been shown to confer
‘'some protection against infection with homologous
strains or serotypes but only very poor protection has
been observed when heterologous strains were used for
challenge. Strong variations of virulence as assessed
by mortality and morbidity rates in outbreaks have been
reported for the different serxotypes of R.
anatipestifer. 1In addition, differences in virulence
were also observed within a given serotype. However,
the molecular bases for these differences are unknown,
because as yet, no virulence factors of R.
anatipestifer have been found. Thus far, fibrinolytic

enzymes, hemolysins and a lipopolysaccharide have been



Bacterial antigen vaccines have been shown to confer sone protection

agai nst infection with honol ogous strains or seratypes but only very poor
prot ecti onyhpgishigen observed when heterol ogous strains vweFgsdss6eh7$ or

chal  enge. Strong variations of virulence as assessed by nortality and
norbidity rates in outbreaks have been sgeported for the different
serotypes of R anatipestifer. In addition, differences in virulence were
al so observed within a given serotype. However, - the nol ecul ar bases for

t hese differences are unknown, because as yet, no virulence factors of R
anatipestifer poseuhasd fasurdrulbhnse f BdctdnshfioRrORYt afat Speytrar,henol ysi ns
and a |ipopol ysacchari de have bgen 3
post ul at ed as V¥ UFRHEFESRFESr 051 bPe%e 2ARRAT5- 8PP BPE PERR the presence of
t hese factors basabisHern established. In addition, in view of the

limted knowl edge aboui_ the i munogenic_ factqrs,of R anatipestifer,
production of effi FeMdd L OPneinaR ‘ﬂl"dfgr%tet ﬁ'&?"ﬁﬁ@e"n‘b‘é]e‘?fiqﬁdrrper ed.

Know edge of th8op¢ edtiiRaRihoyREB088MkSr £ FIPRICRhE L Dhe s £4¥ £CL T OUS agent
Is inportant for the analysis of the nolecular mechani sns of virul ence,
the study of tRECHwgfieHPE gfficisnt YIrcinas grdgfiagnertippdiayent the

di sease and thgeen hampered. XKnowledge of the predominant
immunogenic components of an infectious agent is
important for the analysis of the molecular mechanisms
of virulence, the study of the route of infection, the
serological diagnosis of the disease and the
development of strategies for effective immune
protection and eradication of the disease.

Outer membrane proteins of pathogenic bacteria are
‘generally very immunogenic; they play an important role
in virulence and immunity of bacterial diseases. The
outer membranes of Gram-negative bacteria contain a
limited number of major outer membrane proteins,
usually present in very high copy numbers. Of these,
outer membrane protein A (OmpA) is necessary for
maintenance of structural integrity of cell envelopes.

It is also involved in bacterial conjugation and
attachment, colicin uptake, porin activity and as
receptors for certain bacteriophages. OmpA is also
known to stimulate a strong antibody response and may
play an important role in virulence, since OmpA-
deficient mutant E. coli K-1 demonstrate reduced
virulence in an infant rat model of bacteremia.

Antibodies against OmpA and several OmpA family



devel opment of strategies for effective imune protection and eradication
of the disease. Quter menbrane proteins of pathogenic bacteria are

general |y V@ioerjeisgpnogeni c; they play an inportant role ipcwsdddhese and
i mmunity of bacterial diseases. The outer menbranes of G am negative

bacteria contain a limted nunber of major outer nembrane proteins,
usual ly present in very high copy nunbers. O these, outer rrenbrane
protein A (OmpA) is necessary for maintenance of structural integrity of
cell envelopes. It is also involved in bacterial conjugation and

attachment, coljEdtbidl ghRer£DIy NardC bakitkyididhBS opseadpt 8¢S for certain
bacteri ophages OmA is also known to stinulate a strong anti body response

and may play aPre¥RF8AV&nmt role in virul ence, since OnpA- deficient nutant

E. coli K-1 denonst maeonp ﬂ%eﬂé@feaﬁﬁféﬂeﬁlﬂd&ftéﬁ-&aia% edidel of
bacterem a. Antibodi es agai nst OrgpA and several OmpA fam

4 proteins geker & Mjighr degrrs f dicgelogvpsHrIgestingprat mq»mant The
QA pr ot ei ns 0;?:94‘: ERRL cOPEL Ergé:a:la g@‘éiét v?cﬂ&'lgﬁ degr

honol ogy, suggesting an I nporta fe cell, per aps r ated to
vi rul ence. Chpﬁ&xkélgm@tpineean@ presamtedung wxﬂqavmn$stvapfeﬁym@ﬁ G am

negative bacterla (Behey el .Ala  (Bkne?GteLi 0! o 14400301, 143:906-
913, 1980) and have been well characterized in E. coli.

In E. coli, the N-terminus consists of a long,
relatively hydrophobic sequence which spans the outer
membrane eight times. The C-terminus, located in the
periplasmic space, is very hydrophilic and appears to
contain the immunodominant epitopes. 2Antibodies to
OmpA are produced during enteric bacterial infection,
and are reported to cross-react among some bacterial
species. Although OmpA proteins have been described in
members of the family Enterobacteriaceae, and some
Gram-positive species (e.g. Bacillus subtilis), OmpA
proteins have not been described in the scientific
literature either for species of R. anatipestifer or in

any other related species of Flavobacteriaceae.



913, 1980) and have been well characterized in E. coli. 1In E «coali, the
N-term nus consists of a long, relatively hydrophobic sequence whi ch spans

the outer wEmHMae € ght times. The C-termi nus, |ocated perddid/ s
periplasm c space, is very hydrophilic and appears to contain the

i mmunodoni nant epi topes. Antibodies to @ipA are produced during enteric
bacterial infection, and are reported to cross-react anong sone bacteri al
speci es. Al though OmpA proteins have been described in nenbers of the
famly Enterobacteriaceae, and sone G ampositive species (e.g. Bacillus

subtilis), OnpA proteins havegunghrpesr a6 anvieseron t he scientific
literature either for species of R anatipestifer or in_ any other related
speci es of FI avobacTR¢Rresgnt invention relates to the cloning and g

SUMWARY OF THE;LBYERIEEN£ the HapePe8E6Aing W HdtIPesek2E2SohOA [ e cl oni ng
and isolation of the gene encoding R anatipestifer OnmpA. The Invention

further rel at eFheoinventifm fwxFhernredabss ofr i the PmpReprotedrher

R anati pestifer ' ] Q¥epti [ . 13,85 .nucleic acid
conpr 1 51 g nucPSar Lo basds s 3F5Ce PO A R IR R LSBT0l e

havi ng t he seqFascénvensidy |[foxdergrelates to a nucleic acid
comprisgsing nucleotide bases 82-1242 of SEQ ID NO:17 and

a polypeptide having the sequence of SEQ ID NO:18.

In other embodiments, the invention relates to
vectors comprising The R.anatipestifer OmpA gene, host
cells transformed with such vectors, methods of
producing the R.anatipestifer OmpA protein and
immunogenic fragments thereof, antibodies to such
peptides, vaccine compositiomns using such peptides or
-DNA and immunodiagnostic and vaccination methods using

the peptides and antibodies directed against them.



I n other enbodinents, the invention relates to vectors conprising The
R anatipestifer OmA gene, host cells transformed with such vectors,

nmet hods of preducing the R anatipestifer OrpA protein and i ni c
fragments t hBPIPLILnt i podies to such peptides, vaccine 2'6‘5#) S|}ta®g%s usi ng
such peptides or DNA and i nmunodi agnosti c and vacci nati on net hods using
the peptides and anti bodi es directed agai fst t hem

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
provi des the structure of the 2.2kb insert in plasmd pJffRaOmwpAlS5

produced in Exanple 1. BRIEFFbE%%%giOQt SuRNphibHanbl ot of total cell

| ysate of R ariati pestifer sftrain serotype 15 (lane 1) and
purified reconmbi nant Figkire- Dnpyevidiad $heppbracinre afe thp 2edkbed W th
nonospeci fi ¢ pol ycl gnal, i .-gg)ff i FLagure. 3 depicts an
i munobl ot as i n’y‘ﬁ%&r é‘nz,gr‘ﬂ%ﬁ’fm r e%;atb&engi\r}mgt r%d%céerdur% rh%?nm Jéenvf:ifl escent
ducks that had beaigaxperi depiaid \an Aimohebllat tdf Rotabatepkstifer
serotype 15.

ne ' Bgures # MFRRES cRohc, aif GIRGPEEr) BAFRTS jovid18)Be0! pretBse®, Pun
i mmunobl ot of whog e(laelel 1) yand epurified recombinant 6xHis-OmpA-10xHis
' -~ protein (lame 2) reacted with monospecific polyclonal
% ‘anti-OmpA antiserum.
£=- Figure 3 depicts an immunoblot as in Figure 2, but
. redcted with a serum from convalescent ducks that had
-}heen experimentally infected with R. anatipestifer
ﬁ serotype 15,
18 Figure 4 depicts an autoradiograph of the same
+* blot as in Figures 2 and 3, reacted with **ca‘’.
Figure 5 is an immunoblot of whole cell lysates of
s.8everal different serotypes of R. anatipestifer reacted

4:with anti-6xHis-OmpA polyclonal antiserum.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



several dlfferent serotypes of R anatipestifer reacted wth , .
anti - 6xH s- OmpA pol ycl onal antiserum DETAI LED DESCRI PTI ON OF THE

PREFERRED ARHRLMENTS o PCTAG90007S  1he
gene OmA, encoding a major antigenic outer nenbrane protein of Rienerella

anatipestifer, has been discovered, cloped and analyzed. (See Table 3 for
sequence information.) The Genbank DNA sequence accession nunber is
AF104936. The protein encoded by R anatipestifer OnpA is a predom nant,
specific antigen of the species. The R anatipestifer OwpA gene and

protein are useful THa GBRePORPA ddricBB iRy WAGEHB8Sant Mfedite dUtRY¥ENt i on and
anelioration of the septicemc _disease of birds caused by R

anati pestif er memkyrare pxakeipcf iRianaraldd agabipesiifer, hasTheenypes

strains, serota%a&&%aenseoﬁsam Al yslelac! d (580! Pliehe Of #3r anatipestifer
used to isolate and clone the OwpA gené are listed in Table 1, bel ow. Any

sui t abl e straisepfenge inferpationcr Ehe Genbspk PNA seqience t he OpA gene.
ot Cheso" IR S PN 2 100 pELLES alogilenglC L1 o
vari ety of backerandtipestifer aPmpkh|imta predominant hospecific

antigen of the species. The R. anatipestifer OmpA gene

and protein are useful in the preparation of vaccines

for the prevention and amelioration of the septicemic

disease of birds caused by R. anatipestifer, and R.

anatipestifer serodiagnostics.

The types strains, serotype reference strains and
field isolates of R. anatipestifer used to isolate and
clone the OmpA gene are listed in Table 1, below. Any
suitable strain of R. anatipestifer may be used to
isolate the OmpA gene. All of the strains were grown
on Columbia agar plates at 37°C in air enriched to 5%
CO; for 24 hours. For gene cloning and expression, a
variety of bacterial, mammalian, plant and insect host
cells may be used. The following E. coli strains were
used in the cloning and expression described herein:
XL1l-Blue (E. coli K-12, recAl endAl gyrA96 thi-1 hsdR1l7?7
sq§E44 relAl lac[F' pro AB lacl9ZAM1S5 Tnl0 (Tet®)])
(Stratagene, La Jolla, CA), XL1l-Blue MRF' (E. coli
K-12,A(mcra)183, A(mcrCB-hsdSMR-mrr)173, endAl, supE44
thi-1, recal, gyrA%6, relAl, lac [F' proaB, lacl9zAM1S,
Tnl0 (Tet™)]) (Stratagene) and XLOLR (E. coli K-12,
A{mcrA) 183, A{mcrCB-hsdSMR-mrr)1l73, endAl, thi-1,

recAl, gyra96, relAl, lac [F' proAB, lacl9zAM15, Tnlo0



cells may be used. The following E. coli strains were wused in the cloning
and expreSS| ‘on described herein: XL1-Blue (E. coli K-12, recAl endAl
gyrA96 thi - SupE44 rel Al lac[F pro AB | acl [err];@;s&%%ﬁ.,gnlo
(Tet[err])]) ‘?ltratagene La Jolla, CA), XL1-Blue MRF' (E. co

K-12,[err] (ncrA) 183, A(ntrCB-hsdSMR-nrr) 173, endAl, supE44 thi-1, recAl,
gyrA96, relAl, lac [F proAB, lacl[err]Zerr]M5, Tnl0 (Tet[err])])
(Stratagene) and XLOLR (E. coli K-12, A(ntrA) 183,. A(ncr CB- hsdSMR-nrr) 173,
endAl, thi-1, recAl, gyrA96, relAl, lac [F proAB, lacl[err]Z[err] M5,
Tnl0 £y 11 R - - et [gryd, Suferr])
(Stratagene), BIS?Lt()EBéB) S("E) égFfa%aﬁneer)r'] BLgtlzm(%érr?'p T({{ C‘I%?%[gr?] nerr])
gal [err](DE3 Tépal ¢gp (Bsdisagsna):) gl EQDE3 St7rilNg WBEtLagagime)i.n Luria

Broth. Those of skill in the art are wel| acquainted with other
appropri ate andFus€fit HeEiDdsWPER GTOM g LHEIREPFAER. cTBRRRg AN
expressi on. skill in the art are well acquainted witl other

appropriate and useful methods for growing the cells,

cloning and expression.

%



Table 1. R anatipestifer strains Strain[err]

Ser ot ype ATCC11845 ND[ err] , . HPRS1795[ err]
1 iRRER631A] err ] 2 HPRS2554[ err]  pcTsG99/08075
HPRS2550[ err ] 5 DRL27179[ err] 7

HPRS1785[ err ] 9 CeU&X25055-890822[err] 11
DRL28020[ err] 11 CCU&XR5012- 890804 err] 13

CVL664/ 83[ err] 14 CVL743/85[ err] 15
DRLS-4801[ err] 16 CVvL977/83[err] 17

CVL540/ 86[ err] Table 1. 18 anatipesEVE8PH/ §tf=ing 19
CvL110/89[err] 15 J[err] ATCC, Anerican Type Culture Collection;

HPRS, Houghton Poultry Research Station, England; CVL, Central Veterinary
Laborat ory, Singapor&e—-R—Lluch-Research.labaratory, New York, USA, CCUG
Culture Collection, Wineiwsity of CotebSegeot®peden. [err] Type Strain
[err]Field Strain [ergf&erdappe Referenge-Strain [err] Not Determ ned

Numer ous expressi on agsksd-ay-ng vectorsjare known to those skilled int he
art and may be used fgps.6l.3i-m ng and expressing the R anatipestifer OmA
gene of this inventi Jlagsmd vectorg used for cloning and expression
descri bed herein wer ﬂeb%c.ri pt 11 SK[ e[,’r] (Stratagene) and pBK- CWwW
(Stratagene). For expression of poly-histidine tailed proteins, plasmd
PETHI S-1 (a CVL3IBY/8Y 6

DRLZ271719™ f

HPRS178b5 9

CCUGL5UDH-8Y0822 11
DRLZ8BUZULU™ i1
CCUG4LbUulLZ-8Y0LBULUaA™ 13
CVLbb4as/83™ 14
CVL/43/8b5™ 15
DRLS-4801™ 16
CVLY/1/783™ 17
CVL5»40/86™ 18
CVL3Q/90™ 19
CVL110/89° 15

*ATCC, American Type Culture Collection; BPRS, Houghton Poultry
Research Station, England; CVL, Central Veterinary Laboratory,
Singapore; DRL, Duch Research Laboratory, New York, USA; CCUG,
Culture Collection, University of Goteborg, Sweden.

Tfype Strain

°rield Strain

*Serotype Reference Strain

PNot Determined

Numerous expression and cloning vectors are known
to those skilled int he art and may be used for
claiming and expressing the R.anatipestifer OmpA gene
of this invention. Plasmid vectors used for cloning
and expression described herein were pBluescriptIISK-
(Stratagene) and pBK-CMV (Stratagene). For expression
of poly-histidine tailed proteins, plasmid pETHIS-1 (a

THIS SHEET P:.];A.ST‘EI;{-‘:&'M%
t REPLACED




10 Col E1 derived hi gh-copy nunmber expression vector containing the bla
anpicillin resistance gene) was used for selection. A specific pronoter
sequence was used . for the T7-pol ynerase dependent expressi ggéﬁgned
genes (see T%‘?@mﬁl." This pronoter allows the expression k&]’]sg o

proteins with an N-termnal histidine hexamer, a CGtermnal histidine
decaner or both (R Segers and J. Frey, &nBank/ EMBL accession nunber
AF012911) . Cl oni ng and expression vectors containing the

A anati pestifer OnpA gene advantageously contain selectable nmarkers, as is

wel | known in th : X AT s18 %Eilg d | Lon of
transformants a% iﬁ%i%ét%ﬁ’ftr?ggl %ﬂ%gm s,§mggsg§%:%%‘f$}s%§§%by applicants
the medi um wi t h t08tadmirg)/the didpi sidpicilYior repBitescs igrnle) Skherugednd
PETH S-1 or with 50 [efr ml  kananvcin for cloning vector pBK- .

| nduction of clofgd %%ineegsgoc?ﬁ egp‘?n%"’s’r%lnc ector eﬁﬁ%ﬁ‘?”fel hwagt Farf BL21
(DE3) was mnade Kprt bke arfttipolymeobsd. depdddehitnakpreseian roft ichbhed

i sopropyl -[err]-D-thiogal ag} r osi,ﬂ%(érlPT% at ]g'-’ ponential growth
phase and i ncubaPfBfi®of®t%h agﬁét gpés PE° Ffﬁegi %S’?"E The
ol i gonucl eoti de pikpPBESLGNGE EasionNproddiig wieAP&k atWeming@d in this
study are listed,in Table 2 and in the ac_corrpanxi né:;, se%uence listing.
Primers histidine hexamer, a C-terminal histidine decamer or

both (R. Segers and J. Frey, GenBank/EMBL accession

number AFQ012911).

Cloning and expression vectors containing the
A.anatipestifer OmpA gene advantageously contain
selectable markers, as is well known in the art. In

the work described herein, selection of transformants

and maintenance of plasmids, was accomplished by
applicants the medium with 100 pg/ml ampicillin for

pBluescriptIISK™ and pETHIS-1 or with 50 ug/ml kanamycin
for cloning vector pBK-CMV., Induction of cloned genes
on expressgion vector pETHIS-1 in strain BL21 (DE3) was
made by the addition of 0.3 mM (final concentration)
isopropyl-f-D-thiogalactopyranoside (IPTG) at mid-
exponential growth phase and incubation of the cultures
for a further 3 hours.

The oligonucleotide primers and their amnealing
temperatures used in this study are listed in Table 2
and in the accompanying sequence listing. Primers
PETHIS1-3' and T7 match the segments flanking the
codons of the multiple cloning sited in vector pETHIS-1
and were used for verifying the correct fusions of the

genes cloned in pETHIS-1. The PCR were carried out in




pETHI S1-3" and T7 match the segnents flanking the codons of the.nultiple
cloning sited in vector pETH S-1 and were used for verifying the correct
fusions ofywhlpesspenes cloned in pETH S-1. The PCR were cgggsBebuas 1 N

11 a DNA thermal cycler (Gene-Anmp 9600; Perkin El mer Cetus In 50
[err]l reaction mix (10 "M Tris-HO, pH 8.3, 50 MM KA, 1.5 nM MC [err],
170 [err] M of each deoxynucl eotide triphosphate,. 20 pnol of each priner,
5 ng plasmd DNA or 200 ng genomic DNA and 1.5 U Taq pol ynerase
(Boehri nger Mannheim). The PCR thermal paranmeters used were 35 cycles of

anpl i ficationavpih 8ResRED IRl (Béhehinp H6BE; IREMIAS EAhetNBeREY €SPONdI Ng
annealing tenperature (Table 2) and 1 mnute at 72[err]C When DNA

fragments wer énppOdut exeastimoRmisy (1§un¥ it .opENg§-and58xpMessi on, or
for DNA seque nal ysi t he ongation steps were increased to 2 mn

at 72[err]C, %ﬁ'ZngLﬁqucgd/P?ﬁbp@?y%ér iag?x{’%'d‘é%?‘??fg‘é? Mannhei m) was
used instead afriphgspBhyEEIEE@mdlNofaddihi Primey) SXhgnphaBmsepnof 7 mn at
72[err] C was added_ at the end of the |ast _cycle in order to ensure full

| engt h” synt heSFs 28 PRIPRITST A PPdghent €. TaHRYIXMEEASR( Di g) - | abel ed DNA
probes were Mg@ReB¥inger Mannheim)). The PCR thermal parameters

used were 35 cycles of amplification with 30 seconds at
94°C, 30 seconds at the corresponding annealing
temperature (Table 2) and 1 minute at 72°C.

When DNA fragments were produced by PCR for
subsequent cloning and expression, or for DNA sequence
analysis, the elongation steps were increased to 2 min
at 72°C, and 2.5 U of Tag/Pfu polymerase mix (Boehringer
Mannheim) was used instead of Taq polymerase. In
“éddition, an extension step of 7 min at 72°C was added
“‘at the end of the last cycle in order to ensure full
length synthesis of the different fragments.
Digoxigenin(Dig)-labeled DNA probes were made by
supplementing the PCR reaction mixture with a final
concentration of 50 puM Digoxigenin-11-dUTP (Boehringer

Mannheim) .




suppl ementing the PCR reaction mxture with a final concentration of 50
[err] M Di goxi geni n-11-dUTP (Boehringer Mannhein).

12 Tabl e, onucl eotides Used in Pol ynerase Chain g@la}%g
Primer Seqﬁg)n"é@&‘g SEQID NO T[err]| g@)@é’fb\

GCAACAGGAGCATTACAAGGTA 1 50[ err] RAGOVPA
CTGTCTTCATTCTCTCTTTC 2 1&0[err] RAOVPAH
CGCTATGGATCCTTATTTCTTT .3 [err] RAOVPAH
TACGGATCCTTTTCTTTTCTTTT [err] RAOVPAH

CGCAGCCATATGGGT T rr] RAOVPAF
GACTGGCAAACTTCA 2. orgpenue gF%?ef?A%f\ﬁDdAI}n F&éﬂ"&%ﬁiﬁA

7 [err] = iATAACGGTTGCCCTTGGCC [err]
RAOVPAF  GCTGCT FFAGAASSTAGASS 9 e} '?ACE‘Di‘n
CAATGAAGCTGACCCTPeilher  Sequence 10 sEperp] NGRAORAR
GCCAGGAACTGTAGGACAC 11 [err] . RAOVPAR

GTAGCTTCAGCAGAACRAAQMP2  GPALCAGRAGSATTACARERT} | RAOVPAR eno
CAACGAGCCATGCTTARAGQKP2  ATATCTIPCATTOTOTCEFT] PETHTSI 2 CGTCEARAGCTCATGRTTTG
14 [err] T7 RAOMPTRAATARIRCTCACTATAR T POTTT 15 3 4e°  [err] T3B-S
GCGCGCAATTAACCCTEAGNRRH TACRERATCCTIETOTTTTOTETRY 1 | tinderl isved letters
speci fy nucl eot i dasmbimat seraERdedcEETThEARARIA Sequefice t 0 sereat e
restriction enzymeanweregnaicomcikesréonredoni ng. T[eér] = amr@eal i ng

t enper at ur e. ranvbiNA SeqrmReecaaarysasea@sS done usyng an Aepli Tag FS
dye term nat or KihniPet Ki fat APiarottbstrhied eact i ons gcont aids.ng

appr oxi mat el y 50QaR@e b aSHifhdiNArdRdebrReDke Of ol i gonucl eotd.de priner. The

ends of cloned Djfwwmpar razveanceraaceerrace 10 ceo
RAOMDAR  (CCOCAGAAACTATAARRAOLO 11 cco
RAONMDAR  (TAGCTTORAGOAGAACCALC 12 cco
RAAMDAR  CRACRARCCATEACTTAGAGR : 13 ceo
DRETHTR1  CETOTTAAAGCTOATRTTTAE 14 ceo
™ PAATAMAACTAACTATAGRR 1s ceo
T3B-S GCGCCGCAATTAACCCTCACTARA 1§ 7390

Underlined letters specify nucleotides that were added to
the ompA sequence to create restrictiom enzyme recognition
sites for cloning. T; = annealing temperature.

DNA sequence analysis was done using an AmpliTaq
F8 dye terminator kit (Perkin-Elmer Cetus) in reactions
containing approximately 500 ng plasmid DNA and 5 pmol
of oligonucleotide primer. The ends of cloned DNA
fragments in vectors pBKCMV pETHIS-1 and
pBluescriptIISK™ were sequenced with primers T3B-S, T7,
PETHIS1-3' (Table 2) matching the sequences flanking
the vectors! multiple cloning sites (MCS). The
complete nucleotide sequences of cloned fragments were
determined by primer walking. Sequences were assembled
and edited by using the Sequencher 3.0 program

\



fragnents in vectors pBKCW pETHI S-1 and pBluescriptlISKerr] were

sequenced with prinmers T3B-S, T7, PETH S1-3' (Table 2) matching the

‘sequences wbank®3rmgy the vectors' multiple cloning sites p&ESE99/06mS

conpl ete nucl eoti de sequences of cloned fragnents were determ ned by
primer wal ki ng. Sequences were assenbl etz and edited by using the .
Sequencher 3.0 program 13 ( GeneCodes,
Ann Arbor, ML) to obtain contiguous sequences.- Conparison of the

nucl eoti de sequences in searches for related sequences was perforned using
the NCBlI BLAS¢RnafodsiAFEG Rrbgranil) The oeiancoatigooasi d sequences were

anal yzed using &gg Q%ENS:JH L QTR ER%F&TI; aﬂqﬂf GR] and the GCG prograns.
The OMpA gene Was cTone aﬁ%ggkpregse n E 001§1 88“E§3ﬁ5|ﬁnl. A
phage |i br ar yseasches abdx stedchtiod Bequeheces rvas rgerformedDhéihly nehid |
fragnents ext egI£ JB' qi Lp ifer serqt 15 strajn CvL110/ 89.
The library \/\'Eq/gg&screée'}f;ﬁan R ¢ LQ%EB §%§?ﬁ%‘%‘ﬁh- |1§b%F’§& BPgbﬁm”a%ri ved from
t he sequence ebi@npédquentesitwerial goxlgead nusihnd i thed PESENRI pabgtéigs a Strongly
reactive clon %ain' éﬂg C?F@P e The gene was anplified by PCR
and cl oned in?go%ﬁ’? xﬁ?‘%%o & gmﬁﬁ?‘érﬁﬁ ed T?‘ﬁe BRI FRPS r ane of
OmA fused t owBshtsbhéd nend adpiressed LheES cdXEr.N Bee BREmplLserond vect or
havi ng 6 hi stidine . ,
A phage library was established in E. coldi from
genomic DNA HindIII fragments extracted from R.
Anatipestifer serotype 15 strain CVL110/89. The
library was screened with a Digoxigenin-labeled probe
derived from the sequence of OmpA and anti-Digoxigenin
antibodies, producing a strongly reactive clone
containing the OmpA gene. The gene was amplified by
PCR and cloned into an expression vector which produced
the coding frame of OmpA fused to 6 histidine codons at
‘the 5' terminus and a second vector having 6 histidine
codons at the 5' terminus and 10 histidine codons at

the 3' terminus. The plasmids were transformed into E.




codons at the 5' termnus and 10 histidine codons at the 3

term nus. The
pl asmids were transfornmed into E.
14 Tabl uences of a 2.2kb Fragnent of Pl asmd &EEW
Cont ai ni ng &62“85%2 Gene of Rienerella anatipestifer and ?ts ne Product.

acagttgcta
att gat aat a
cagct t aaat
agagt t ggag
agct acaatg
gcggat cat t
ggtcttggta
ttttggcaag
ggagtgttag
t gt ccagat a
ggaccagt ag
aaagacgat g
gat acggat a
ccacagt acg
tt acaaggt a
tt agat caag
cat acggatg
tct gt agt ag
gttggttctg c
agaaaagt gg
cttccagtag
ctt aaaaat a
tttgcacatc
aagat ggct c
ttagcagt aa
caaaat gct a
agt ggt gcag
gttgcatttt
gctatcttta
gat agaaaag g
gagat ggaaa
gt aact acgg
gaggt t aaga
caatttattg
gtatatcata

gaaact t gaa caaggcgtta gttattgaét ggcaaacttc agtaggt aat
agagaat t gg aat gggtaaa gaatttatgt tgatgactgg acttggtctt
ttgaaggtct tctttttggc aacgaagatg catggtttga cccttatgta
ccaactattt gagacacgac tatacaggtc ttacgttccc tgtgactgat

atgtagoid & Cocqudabel 46003 33hA rRaghal @GHE P153a9gaaga

Lt gCh bl &%QEEJREQLMQE‘%&% hi 500L PR ilaRG2L T T
tcca 3yt LLE 19§t§eqp€gtﬁg,d%@aat ct'ag attggctaac
cgtcagcttc attgaact tt agatttggta acagagataa ggat aaggat
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Cagaigigdhehes GghgHak €407 o PitlyaOd@ A Lt 2RI LGl it c B AH AP L
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s Fin i
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a?eGﬁEQééta 35@%9&99 Cdatgaka@gel Wc@é& Estdggliaee
t t gt ag&agmcﬁ&tt@ﬁg@ggﬂt&ﬁcgﬁabg%gaagci echiGgasggmagicaigaca
t gaa %g?t?g{ag% tA&a3ra ch gﬁcf Httﬁ‘ﬂ'ttgg t%E agfict tgatechang
aan :: t % acta . ad aEc agaga aa
t AL Lt 2l Alegellre abd) aLORCAHH Cd i»,g gi%aﬁgiaégg
gt t ggoab e ca aicgguya et a@ﬂcﬁidcbd cagaﬁatagg@a@aﬁgaxag {Hac
aagcagpgegaray ctatme magmsmgaatq;ge'agegtab tragedagtetivac

aaggE%%a? z%ggﬁ?ﬁa%f’a gﬁ tttttg%lq Ea&P"-‘tgé %%Eﬁ
e R S

tt gt agRRbgktt Attdgatad aaGtighiaaaC @tg@as; gagg.gggaaa;@.ta«agag ,
at aaatdseetas gabegedd tg@ggmaagagtgagag @hﬁds@tﬁa@t atgh&tﬁaea

gat sraapbgete taageasahzm t?'ﬁﬂ"?@ t%@éﬁ-aﬁ'@&? C‘Q’Q ﬁ@&

tcg? E Egéﬁgatg?ggg Eﬁj gﬁ S @&&ﬂ%

9@a§sﬁ
at gC agaagadaag a3

gwmga caeq mc'tat:cagt Foagyl

A teesgaﬁaat io&cggaaaataei@gawgcggag@&gt

Cgaabadaysgeaa togtigacen :aqjgp ogpGa trgett gaiag:aaaagt spagats
c t% a gﬁa
acat ggggtaagga‘;(%gg ggzgggﬁ& aga;_aatatza gtaaa%czgé atcagaagg

caatttattg cgaatatgaa aatgttacaa aggtttgagg aagatgatga
gtatatcata acatggaaat tacagacgag ctaatgaaga aactataaaa
gctacttaga ataggtagce ttttttattt tttgtttacg aaaggagtaa
taaacttgat aatcaatgcc gacattgggt tctaaagttt tggataccga
(SEQ ID NO:17)

tgtacagaat
tagaaaaaag
gccattgaga
acaatatttt
tcaaaagaaa gttgagcagc cttcaaaget t

MGKEFMLMTGLGLQLKFACGLLFGNEDAWFDPYVRVGANYLRHDYTGLTFPVIDSYNDVTYAGYSEN
KPYTQGRADHFALSTGLGTNIWLTKNFGLGIQGDYVSTPVD KSRLANFWQASASLN FRFGNRDKDXK
DGVLDKDDLCSETPGLPEFQCCPDTDGLGVPDKDDNCPEVAGPVENNGCPNPDTDKDGVLDKDDAC
VDVAGPAENNGCPWPDTDNDGVLDKDDKCPTVPGLPQYDGCPKPQSAFAAEATGALQG IFFNFNKA
SIRSESNTKLDQAAEVIKSSNGGTFLVVGHTDVKGNANYNLKLSRERAASVVAALEARGVNPSQLK
SKGVGSAEATVPASASNEERMKDRKVVVEAISGSAWEALQKSDLPVVKKKVVKKKRK (SEQ ID
NO:18)




gctacttaga ataggtagcc ttttttattt tttgtttacg aaaggagtaa gccattgaga.

t aaacttgat aatcaatgcc gacattgggt tctaaagttt tggataccga acaatatttt

t caaaagaaa wotoga4engc cttcaaagct t (SEQ ID NO 17) PCT/SG99/00075
MEKEFMLMTI GL GL QL KFAGL L FGNEDAWFDPYVRVGANYL RHDYTGL TFPVTDSYNDVT YAGYSEN
KPYTQGRADHFALSTGLGTNI W.TXNFGLG QADYVSTPVDKSRLANFWASASL NFRFGNRDKDK

DGVL DKDDL CSETPGA. PEFQGCPDT DGDGVPDKDDNCPEVAGPVENNGCPWPDT DKDGVL DKDDAC
VDVAGPAENNGCPWPDT DNDGVL DKDDKCPTVPL PQYDGCPKPQSAFAAEATGAL QA FNFNKA

SI RSESNTKLDQAAEVI. KSSNGGT FL VVGHT DVKGNANYNL KL SRERAASVVAAL EARGYNPSQLK
SKGVGSAEATVPASASHEERFKBR\ARAE ANSCERPRASERS DE PVAAIIOPA MERE ekBESs#&1 NO. 18)

15 SO cel by 1894 1hga i 0090 BUGHEHEL SLY oA 18 Han Y | PTC

i nduction. The Sequence is provided in eCO nant OMpA
di spl ayed a noBecular mass sinmilar to that predicted fromthe nucl eotide

sequence of the QMgaoGfitadilionpiilighibad 4 lahahaglvad pn total cell
titer. ce

| ysates of R anati pes he“seque ata obtarned ff8mthe insert of
pl asm d pJFFRaGipAlBr tevhdtdredicted frveui bige fmanleotdRe) safuddsabp
encodi ng the 387

eroogng. e 7oA BRI S DALY AudRiad el el o s of
nucl eoti de congetalscetbuented of &.r ahasipesti fedi.ng Thiet eglBRpe UPSL I eam
fromthe ATG I?:i og' [E:1p e coq: n. ,Upst ea f the;3 RBS, there is a
canoni cal pronoter s%guence P he. 195SK by %n'lig\'ffﬂ‘f‘ BEAFREPRPAYD) and a
-35 box (TTGACEevER(ed| &h NpetD readingalfiyme poars) f 1G68upl entdbdpsy This
the 387 amino acid OmpA protein with a deduced
molecular mass of 41,696 Daltons and a calculated pI of
4.91. It is preceded by a 6 nucleotide consensus
sequence for a ribosome binding site (RBS) upstream
from the ATG methionine start codon. Upstream of the
RBS, there is a canonical promoter sequence with a -10
‘box (TAATAT, SEQ ID NO:19) and a -35 box (TTGACT, SEQ
“'ID NO:20) optiﬁally spaced by 16 nucleotides. This
spacing is characteristic of promoters recognized by E.
coli C532 RNA polymerases. The short segment further
upstream did not reveal any homology to known
nucleotide or amino acid sequences.
An inverted repeat structure is located just
downstream of the oben reading frame of OmpA. This
structure represents a potential transcription stop
signal. See Figure 1. The promoter sequence upstream
of OmpA is indicated by a filled triangle, and the
inverted repeat structure is indicated by a hairpin.
Immediately downstream to OmpA, there is a partial open

reading frame, ORFX, showing similarity to the 17 kDa



spacing is characteristic of pronoters recognized by E. coli C532 RNA
pol ynerases. The short segnment further upstreamdid not reveal any

honol ogy to 8»Qm7nucleotide or amino acid sequences. Pcr,eﬂmh?gerted
repeat structure 1s located-just downstream of the open reading frane of
OmA. This structure represents a potenjial transcription stop signal.
See Figure 1. The pronoter sequence upstream of OmpA is indicated by a
filled triangle, and the inverted repeat structure is indicated by a

hairpin. Inediately downstreamto OnpA, there is a partial open reading
frame, ORFX, shewdiiQuyl BubB8iiiy dpdrleh@odf kE¥tein. This region has _
16 Bacillus subtilis spore coat protein. This region has the follow ng
sequence: thn ErRIRMERD) 28 IRASEEPDPDSNPAL RRCI QNAKGANNMPKDN

VERAI KKASGADAENYEE! e RN AT AR ENDO P RINVEA L. RRCT ONAKGANMPKDN
NVRAI FNKFDGNL GKNGEL SFLFDRKG FTLEKSLI NVMDWEEF

EM
EM DGGAEDI DSDETEVMY FERPE BRAEFAAGNSEEETEGRKBRECVAFFVECTTNNSTRTVA
QRI PNI SKSVSEEQFI ANMSVRGRE RICEDEMERGERNNEL FDEk M FTLEKSKKNMDWSESEM D NG, 21) .

Anal ysis of the OwpA_ami no_acid sequence EQ. | 1 duced fromthe
QA gene sequence’ SRIBEERED SRR Rpr B S Ao PR PV RSoCL 148
reveal ed char act er igRIPNIERSVSEEY IGNMENMDAR PEELIDVONVYENVMHI TDELM her

KKL (SEQ ID NO:21).

Analysis of the Ompa amino acid seqguence (SEQ ID
N0:18) deduced from the OmpA gene sequence of both
strain CVL110/89 and of strain ATCC11845 revealed
characteristic features of OmpA proteins found in other
Gram-negative bacteria, The C-terminus encompasses a
characteristic 45 amino acid OmpA-like domain. The C-
terminus of the protein, in particular amino acid
residues 125-229, is predominantly hydrophilic. The
N-terminal region (amino acids 4-22) is highly
hydrophobic and shows no similarity to other outer
membrane proteins. These features also are common to
OmpA proteins, which generally are heterogeneous at
their N-terminus.

Amino acid residues 5-22 form an inside to outside
tranemembrane helix locating the N-terminus of OmpA on
the inside of the cell. The absence of alanine-proline
or proline rich regions in R. anatipestifer OmpA is
remarkable since such domains generally are found in
the outer membrane proteins of other bacterial species
at the junction of the periplasmic domains and the

transmembrane domains.



G am negative bacteria. The C-term nus enconpasses a characteristic 45

am no acid OmpA-like domain. The G termnus of the protein, in particular
am no aci dwoegddldes 125-229, is predonm nantly hydrophil i RCT/SG/000% t er mi nal
region (amno acids 4-22) is highly hydrophobic and shows no simlarity to
ot her outer nenbrane proteins: These fddtures also are commopn to OmpA
proteins, which generally are heterogeneous at their N-term nus.

Ami no acid residues 5-22 forman inside to outside transnenbrane helix

| ocating the NNterm nus of OwpA on the insjde of the cell, The absence of
al ani ne-proline orT¥ GSIHERFRCALPRFORAYST R RIEFFRER i TRrSIDA i s

remar kabl e si nge-1edifd) AAFLRSHIRASG| domirs brtwdehNamibhe Ly 1Tbrane
proteins of other bacterjal species at the junction of the feridpl asm c
domai ns and t heRd thh SRchHan8EREnEegions (amino acids 139-164 an

17 _The SRONSNGE & 9@6LeUPRL edrﬁ@qqﬁs%i%ecef%aﬁ&ﬁmii&mqu
cal ci um bi ndi ng domai ns between am no acids 129 and 141 and two "PEST

regi ons (am nodemiins B9 PEFT RAEgiens mrhdhes abssres79f m¥rlinesence of

cal ci um bi ndi ngicﬁog@gd%sa@qggﬁﬁ ERQE b2 Ryt BRvEDSEALE; Qfapr ol ine- rich

regi ons suggest that A may have additional " roles 1n R anatipestifer

which are di ffeelkeg in &y anatipestifer which are different from
those commonly associated to outer membrane proteins in
other species. It is known that calcium-binding
proteins play a central role in intracellular signal
transduction pathways and are associated with a
wide-range of effects on disease production. The
finding of six EF-hand calcium-binding domains in R.
anatipestifer OmpA is notable since other OmpA proteins
do not contain such domains.

Adjacent to the calcium-binding domains are two

.PEST regions. These peptide sequences are enriched in
proline, glutamic acid, serine and threonine residues
and form motifs that target proteins for destructién
through a yet unknown mechanism. PEST sequences are
found in key metabolic enzymes, transcription factors,
protein kinases, protein phosphatases and cyclins and
are also abundant among proteins that give rise to
immunogenic peptides presented on MHC I molecules.
Because PEST sequences are hydrophilic, it is likely
they are solvent-exposed. While PEST sequences are
often present as carboxy-terminal extensions of
proteinsg, they are located in the middle of the R.
anatipestifer OmpA. The presence of two PEST regions

adjacent to the EF-hand calcium-binding domains is an



those comonly associated to outer nmenbrane proteins in other species. It
I's known that calciumbinding proteins play a central role in

i ntracel | ul i | transduction pathways and are associ 9%hE§ a
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cal ci um bi nding domains in R anatipestifer OmA is notable since other
OnpA proteins do not contain such domains. Adj acent to the

cal cium bi ndi ng donmai ns are two PEST regions. These peptide sequences are
enriched in proline, glutamc acid, serine and threonine residues and

formmotifs thaladal08bnPERLE dipd Mayl®et BUSEE A rddicRUGRIA YEt unknown
mechani sm PEST sequences are found in key netabolic enzynes,

transcription faeheneate.protein ki nases, protein phosphatases and cyclins

and are al so abundant; RERNG-PEPLIEINS J#ligHEYCL [ itiR 4l £eeBBHEOGENI C
pepti des presented on MHC | nol ecul es. Because PEST sequences are

hydrophilic, itdémairskeifyOmpheyreardiagsiapead. exXPusdnsidei ke pesTidequences
focated in (he oy dppiebRepg el St Bl 2l AR, A0S rapReBkBL et ol Y Mo
PEST regi ons achegented bokhe Hie heind EFahend ne i gidimip idding ndomasiren
18 | ndi cat | Ogré hs%[owgrgﬁar\ o8 exbi‘?icaalaryefl'xgc:gﬁgd Cl%:?.ai the two gray

boxes represent the PEST regione (amino acids 139-164

and 166-187) and the black box indicates the OmpA-like

domain in the C-terminal half of the protein.

The OmpA proteins of serotype 15 strain CVL110/89
and type strain ATCC11845 only differ from each other
in 7 amino acids which lie outside of these
characteristic structures and are clustered between
amino acid posgitions 228 and 255. Comparison of the
deduced amino acid sequence of the 42 kDa R.
anatipestifer OmpA gene with sequences in the Swiss
Prot Databank using the NCBI BLASTX computer program
revealed a high percentage of amino acid identity with
the known sequences of membrane proteins in certain
other Gram-negative bacteria, including the porin
protein OprF of Pseudomonas aeruginosa. See Table 4.
'The OmpA-like domains had 33-37% identical amino acids
and 47-59% identity including conservative
substitutions. R. anatipestifer OmpA showed highest
similarity to Bordetella avium OmpA, the etiological
agent of turkey bordetellosis, a highly contagious
upper respiratory disease of turkeys, characterized by

signs and symptoms similar to those caused by R.



substrate. In the lower part of Figure 1, the different domains of
OmpA are di agrammed. The inside to outside transnenbrane helix spanning
dormain i s vepogmsnt ed by a checkered box. The six EF- hangcretsloudysbi ndi ng
domains are shown by a vertically hatched box. The two gray boxes
represent the PEST regions (am no aci dsi$39-164 and 166-187) and the bl ack
box indicates the OmA-like domain in the Ctermnal half of the protein.
The OmpA proteins of serotype 15 strain CVL110/89 and type strain
ATCC11845 only differ fromeach other in 7 amno acids which Iie outside
of these charawitdpesitifest incdueles antl obhercbisdsr edrlhaetmemrnuaﬁttno aci d
positions 228 f t duc d am no, .aci uence of
the 42 kDa R tftariﬁfat%%gstclg %?rp%f) cﬂ%;\[h sequences Tir%ﬁrl‘?“ Pr ot
Dat abank usi ngotthee Iﬁ@BIteBhASil’ﬂ( o Swisrs [Progr and GenEalletEMBINI gh per cent age
of am no aci d %ari:tl% with the known sequences of nmenbrane proteins in
certain other gative bacteria, including the porin protein QorF of
Pseudononas aer ugi rra®aanstgsIabheinky tﬁl&lgﬂip&sl REKeMPRHIRINSan@ad 33- 37%

i dentical am % i | ncl udi ng_conser vati ve
substituti ons%ﬁﬂ’gﬁ g’ g?f?e %% &dht ﬁe%f SRR 1°F ity 7t
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hi ghly cont agi ous upper respiratory di sease of turkeys, characterized by
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19 anatipestifer in ducks and other birds. The Ntermnal half of R
anatipestifer OwpA showed no simlarity to other proteins in the Swi ss

Prot and Qﬁ@@hEENBLl dat abases. PCR anal ysi s usipgr mﬁgners
RAOVWPAHL- L an OVPAHLA-R (see Table 2) showed the presence o? 177 bp
anplificates in all R anatipestifer typg- and

20 Table 4. Percent Am no Acid Honol ogy (ldentity) of R anatipestifer
OmpA with O her Known Bacterial Proteins. . Bacterial Protein
Per cent Honol ogy Bordetel | a

avi um OmpA Tab1a340 Percent(ﬁﬁ§§§515EHrﬁbmd@g§}4§identlty) ofSRrafia

mar cescens anatipeggr@er aﬁfA wggﬂpbther Knowgaﬁ98§§f%5h'¥}0t€9ﬂ§45)
Ent er obact er aer ogenes OmpA accessi on no

P09146) Ps eudomorras—aer ugl mosa 299 Opr F
(accessi on no. P13794) Bacterial Protein Percent
Homology
Bordetella avium OmpA 38%
(accession no. Q05146)
Serafia marcescens 28%
Ompa
(accession no. P04845)
Enterobacter aerogenes 28%
OmpA
(accession no. P09146)
Pseudomonas aeruginosa 29%
OpxrF

(accession no. P13794)

serotype reference strains analyzed. PCR analysis of
genomic DNA of the R. anatipestifer type strain and
serotype reference strains together with restriction
analysis of the amplified DNA segments shows that the
ompA gene is common to R. anatipestifer. However,
restriction fragment length polymorphism (RFLP)
analysis of the PCR products with the frequently
cutting enzyme Alul, indicated some heterogeneities in
the OmpA gene. Three different groups with similar
enzyme profiles were noted (see Table S). Although the
gene shows a certain degree of variation among the
different serotypes, these minor intra-sgspecies
variations are predominantly silent mutations not

affecting the phenotype. Variable regions are found at



serotype reference strains analyzed. PCR analysis of genomc DNA of the R
anatipestifer type strain and serotype reference strains together with
restricti onwoennakyizi s of the anplified DNA segnents shows Hdrecebe?s ONpA
gene is common to R anatipestifer. However, restriction fragnent |ength
pol ynmor phi sm (RFLP) anal ysis of the PCRproducts wth the frequently
cutting enzyne Alul, indicated sone heterogeneities in the OrpA gene.
Three different groups with simlar enzyne profiles were noted (see Table
5). Although the ene shows a certain degree of variation anong the
different serothped -ensf wmmpdr cPRTPEPIREENGto \khe domehn where

predoni nant 'y g, featﬂag Ui HaFeides GLEECALOLALDE TUGAGLY e R4 20!
regions are foun %he 3' -end
of onpA correspéqdengeso:ﬂ et rddma CHL ARG/ 89 anit | 2Nd11848i.f f er ences were

det ect ed betwe S Lll 89 and ATC(C11845.
General |y, theEHPéE :ﬁygaggfgg %%ggn%QLeééméggenes Yo ™Pi PPRFR T bacteri a
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Enzynme G oups 9'1;152._ anat i pestifer Serotypes.

Table 5. Alul Restriction Enzyme Groups of R.
anatipestifer Serotypes.

Group R. anatipestifer serotype
or strain
1 ATCC11845

4 lserotypes 1, 2, 3, 5,
serotypes 6, 13, 14

16, 19 O YF ’ ! !

3 serotypes Y, 11, 15, 18

Immunoreactions of total cell lysates of R.
anatipestifer serotype 15 strain CVL110/89 and of
purified recombinant 6xHis-OmpA-10xHis were studied on
immunoblots using monospecific polyclonal
anti-6xHis-OmpA hyperimmune serum, and convalescent
serum from ducks experimentally infected with a R.
anatipestifer serotype 15 strain. See Figures 2-4.

Proteins were separated on 10% SDS-PAGE after
first boiling 10 minutes in an equal volume of SDS

sample buffer (62.2 mM Tris-HCl, pH 6.8, containing 2%
SDS, 5% f-mercaptoethanol, 10% glycerol, and 0.005%

bromophenol blue), and then transferred to

nitrocellulose membranes. The membranes were soaked in
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Goup @ R anatipestifer serotype or strain
1 ATCC11845 serotypes 1, 2, 3, 5, 2

serotypes 6,1 16, 19 3 pes 9,
11, 15, 18 WO%i""'%flflm*runore'actions of total cell |ysates 'of E

anatipestifer serotype 15 strain CvL110/ %% and of purified reconbi nant
6XH s- OnpA- 10xHi s were studied on imundbl ots using nonospecific

pol ycl onal anti-6xHi s- OrpA hyperi mmune serum and conval escent serumfrom
ducks experinentally infected with a R anatipestifer serotype 15 strain.

See Figures 2-4u.3cqum-$¥diGlgh BubBef PEPAARRY, 05 r° gi[i? RAgE @fdher  first
boiling 10 mnutes 1 n an equal volunme of SDS sanple buffer (62.2 mM
Tris-HO, pH 6. 8midazelke tiviyorlslosbde, 308 [7Te)] farrE@pedset hanol , 10%
glycerol, and 0g0Badt. HONPRINGlenBliitds (AL LHEILALAN S PIda9E 1 1R
nitrocel | ul ose nmenbranes. "The nenbranes were soaked I n
22 cal ci um bpadingg BifRir Eappidhéited Svindd Myl et rdf 4Peh*l GoerViml
i m dazol e hydrochloride, pH_/.2) for 10 m n.

(0.02 mCi of *°CaCl; per pg; Amersham Corp.) for 20 min,

then rinsed twice with deionized water for 5 min and
dried at room temperature. Bound *°Ca was visualized by
autoradiography.

Monospecific polyclonal antisera to OmpA protein
were produced in mice and ducklings. Mice were
immunized with 330 pg purified recombinant
pelyhistidine-tailed fusion protein (6xHis-OmpAd)
protein mixed 1:1 with complete Freund’s adjuvant
(Difco Laboratories, Detroit, MI) in a total volume of

200 pl. A booster immunization was given two weeks

later containing 330 pg purified recombinant protein in
incomplete Freund’'s adjuvant. Serum was collected from
the mice seven days after the second immunization.
Convalesgscent duck serum was produced as follows.
Four ducklings aged eight days were immunized
subcutaneocusly with 1 ml of killed antigen preparation.
Killed antigen was prepared by heating R.
anatipestifer serotype 15 strain CVL110/89 bacteria
(105 cfu/ml) at 100°C for 1 hour. A second immunization
with an equal volume of the antigen preparation was
given 11 days later. Serum was collected from the
ducklings 10 days after the second immunization and
pooled. These sera were used at a dilution of 1:2000

to detect antigen on SDS-polyacrylamide gels (SDS-PAGE)



Subsequently the nmenbranes were incubated in calcium binding buffer
supplenmented with 1.0 [err]C of [err]Ca[err] per M (0.02 nC of

[err] Cadl [ ewOJoipst7 [err] g; Anmersham Corp.) for 20 min, trewsGoommen tw ce
with deionized water for 5 mn and dried at roomtenperature. Bound
[err]Ca was visualized by autoradi ograpmy. Monospeci fi ¢ pol ycl onal
antisera to OmpA protein were produced in mce and ducklings. Mce were
i mmuni zed with 330 [err]g purified reconbi nant polyhistidine-tailed fusion
protein (6xH s-OnpA) protein mxed 1:1 with conplete Freund' s adjuvant

(Di fco Labor at engeiymbDetlrlaitt askhysi aceording twlkmoenometBO8s[err]l. A

booster i nmuni zation. was. qi v WO S ter. containing 330.[err]g
purified reconﬁf"ﬁ‘éﬁ l%%)’togll ﬁ%PﬁLei ﬁ%ﬁ%{g)l ae?‘l-é:%or e"uensd'wgsaﬁjeﬁggﬁf‘?d Ser um was
col | ected fronustifig phospletase-dabelefit grat hentsicaougdei antibadiesn.

Conval escent dyck ryumonas .o as follows.. Four ducklipgs aged eight
days were immzrctgngg}gh é’g’gg'ggﬁgsjﬁfhgia%a“o1‘|€‘|“Ff‘ean§%¥'?§gﬁs ° °
preparation. Ki(thedigm; ixpn #o325p6ephtaindy fwsi iRKigkBgaagdaah@estifer

serotype 15 strain CYL110/89 bacteria q“ﬂ 05.cfu/m) at 100[err]C for 1
hour. A secondBPRR¥Nt3%t4 §f* efﬁggﬁgé %r ?/%P)erre of the antigen

preparation was ¢i y@huddbXt\s ofatekal Seeun Wpsatwloeert ed from the
duckl ings 10 days after, the second inmunization _and ool ed. These sera

were used at a>BPFHPPITLLAT EerolyPe; &5 JBFERTR MO 83nTeree et yacryl ami de
gel s (SDS- PAGEkhree bands at 55 kDa, 53 kDa and 51 kDa which reacted

with serum directed against 6xHis-OmpA (Figure 2, lane
1). Immunobloteg of recombinant 6xHis-OmpA-10xHis
protein revealed three bands of lower molecular mass
(46 kDa, 44 kDa and 42 kDa) when reacted with the same
serum (Figure 2, lane 2). St indicates molecular
weight standards. Molecular masses are given in kba.

Immunoblotse of total R. anatipestifer cell lysate
.which was reacted with the convalescent duck serum
revealed the same OmpA triplet at 55 kDa, 53 kDa and 51
kDa, plus additional immunoreactive proteins (Figure 3,
lane 1). This pooled duck convalescent serum also
reacted with recombinant 6xHis-OmpA-10xHis protein,
showing the characteristic triplet at 46 kDa, 44 kDa
and 42 kDa (Figure 3, lane 2), as did the polyclaomal
mouse anti-OmpA antibodies. Sera from ducks that had
been immunized with total cell antigen from R.
anatipestifer strain CVL110/89 gave the same results on
immuncblots as convalescent serum (data not shown).

In immunoblots of total cell lysates of the type
strain and different serotype reference strains of R.

anatipestifer, all reacted with recombinant 6xHis-Ompa



23 and i mmunobl ot assays according to known nethods. Visualization of
the bound anti bodi es was perfornmed using phosphat ase-| abel ed goat

anti-nouse gpbongizes (119G 1gM KPL #0751806) or goat anteicrmbaedocarst i bodi es
(1g@1gM KPL #052506 obtained fromKirkegaard and Perry Inc.,

Gai t hersburg, M. USA). « I mmunobl ot g40f total cell lysate of R
anatipestifer serotype 15 strain CVL110/89 revealed three bands at 55 kDa,
53 kDa and 51 kDa which reacted w th serumdirected agai nst 6xHi s- OmpA
(Figure 2, lane 1). Inmmunoblots of reconbinant 6xH s-OmpA- I OxHis protein
reveal ed three balyisiaial eeeumpobhowigr thes shatdécdefimtifd thebpland 42 kDa)

when reacted wifh the s ser I qur , yhane 2). I ndi_cat es
nol ecul ar  wei g%?néf a%%%?amggc aa%'nfésséegbﬁr%s d%%fe?".“ﬁ‘gkﬁa’? £
| munobl ot s of kfkeipddtimeat spestidberis ddraiysareliofsscciragareeaci ed with
t he conval escent duck serum reveal ed the sane Atriplet at 55 kDa, 53

kDa and 51 kDa, TP TAoUWRRii% i SnaPtSRiRf ealPritPRttish &YPRi EFRIB. | ane

1). This pool edagdexi €0V 25aeBhtELPUPIFiISA bR BN huigconbi nant
6xH s- OnpA- 10xHi s protein, showing the characteristic triplet at 46 kDa,

44 kDa and 42 PHfiire PFOtPARcUzd afs adramERel polBi@ s¥BPerfpuse

anti - OnpA anti bedhesareoi keeBtfpekisddlat FaadsefSi8hd MAYUNRZEd with total
cell antigen fromR

indicates strain CCUG25055-890822 and ® indicates strain
DRL28020. St indicates a prestained molecular weight
protein marker as in all Figures.

The presence of three distinct bands of 55 kDa, 53
kDa and 50 kDa may be due to the protein’s being
detected at different stages of proceseing as was
reported for OmpA in E. coli and B, avium (16) where
multiple bands were identified. They have been
interpreted to represent OmpA precursor which containsg
the signal peptide and is located in the cytoplasm or
is associated with the cytoplasmic membrane (pro-Cmpld),
immature processed OmpA without the signal peptide
found in the periplasm or attached to the inner face of
the outer membrane (imp-OmpA) and mature OmpA. The
molecular masses of the protein bands of recombinant
Ompa were approximately 10 kDa smaller and corresponded
better to the calculated molecular mass of OmpA than
those from endogenous R. anatipestifer OmpA. The
difference in molecular masses could be due to further
posttranslational modifications of OmpA in R.

anatipestifer such as additions of glycosaminoglycan



anati pestifer strain CVL11089 gave the sane results on immnoblots as.
conval escent serum (data not shown). I n i munobl ots of total cell

| ysat es of strain and different serotype refergppgesdoiisns of R
anat i pestl MSYI reacted with reconbi nant 6xHi s- OnpA &8

24 pol ycI onal serum show ng the chagécterl stic triplet bands at 55
kDa, 53 kDa and 51 kDa as was found for R anatipestifer serotype 15
strain CVvL110/89 (Figure 4). In Figure 4, T indicates R anatipestifer
type strain ATCCl11845, C indicates purified reconbinant 6xH s-

OmACLOXH s pPeRhehl iREsh 3 Rot0BLERL wHLE YeddM@fifiankNBhpal £t he serotype
used. For serotype 11, [err] indicates strain CCUR5055-890822 and b

i ndi cat es st r&imrem@siyz@ -Gelindi cates a prestai ned nol ecul ar wei ght
protein marker as ppz+a ts B8R’ BSeNeh YHedeege di stinct
bands of 55 kDa, SS Ean %" erlmr?étly:;be due to theiger ot el n s being

det ect ed at ditbtelennttsqg@miedpﬂo@esgrn?gam A S$l- ﬁépbbaed for OmpAin E

coli and B. aV| e | ti have
been inter pre eg] %égr epr sent"!{%n%&hr‘ékcJ g%?\,%%cshi?%ﬁt %lhﬁgba %gély gnal
peptide and i $1l &Dat sodi rhtdwe miypgpbasdrort 46 kizsosiakbd andh3q he
cytopl asmc n?;g%r% gcﬁpll;gﬁn@nééa** (Figure 5, lane 1l). However,

recombinant 6xHis-OmpA-10xHis protein bound %ca**,

showing a strong band in the range of 42-46 kDa
corresponding to the 6xHis-OmpA-1lOxHis triplet seen in
the immunoblot (compare Figure 5, lane 2 and Figure 3,
lane 2). The individual bands of the triplet which
were seen on immunoblots can not be differentiated in
these *°ca** blots due to the lower separation capability
of autoradiography.

T The OmpA protein in E. coli is known to contain a
" transmembrane segment spanning amino acids 1 to 177.

In contrast, R. anatipestifer OmpA shows no analogous
region at the N-terminus, but does contain a short
inside to outside transmembrane helix comprising 17
amino acids. The long stretches of hydrophilic
residues suggest that a large part of R. anatipestifer
Omph is exposed to the surface. This is consistent
with and would explain its strong antigenicity.
The structural features of this protein suggest it

to be an essential antigen in a formulation of a
vaccine against R. anatipestifer. The presence of
calcium-binding domains and PEST seguences on R.

anatipestifer OmpA are particularly interesting in this



I mmat ure processed OnpA without the signal peptide found in the periplasm
or attached to the inner face of the outer nenbrane (inp-OmpA) and mature
OmA. The nol EJ masses of the protein bands of reconbi AW Were
approxinatelyai ”EBZ smal | er. and corresponded better to tﬁgqgg cul at ed

mol ecul ar mass of OmpA than those from egdogenous R anatipestifer OmA
The difference in nolecular nmasses coul d be due to further

posttransl ational nodifications of OnpA in R anatipestifer such as
addi ti ons of gl ycosam nogl ycan 25

chai ns which do pedaRL,CWinvkeBal 8C@IBNAINgOFPOtéfns @Y @noRE t& He cOli.
Ca[err] binding experinments with R _anatipestifer total antigen showed a
maj or band of 51288eqiared yitBsportingange RE eRfects 9 di=gR®85 kDa, 53

kDa and 51 kDa apgo&ddiafn]l Wk 18ap8ST Geiénkbs, as2 dthmaand 3RongDa which
bound [err]Ca[err] (Figure 5, lane 1). wever, reconbi nant

6xHi s- QMpA- 10xHi BrpFeing FHasuAdVEeF+Td e drpunogerif mePsidepong band in the
range of 4246 kPResSLIRONENT hOL A KT oLV Otlgp-iiyphet seen in

the i munobl ot (Conpare Figure 5, lane 2 and Figure 3, ane 2). The

i ndi vi dual bandssefun dineciteleagahiet regombinaeh RpA PYOtebhoreacts not be

differentiated iQith Ompl and pre-OmpA of all serotypes.

The high immunoreactivity and conservation across
different serotypes of this protein make OmpA a
candidate for the design of specific diagnosgtic methods
and vaccines for R. anatipestifer with the advantage of
crosg~-protection against all serotypes of the bacteria
using a single antigen. This is in contradistinction
to early reports in the prior art indicating that outer
membrane protein wvaccines are not useful in enteric
bacteria since the potentially antigenic proteins are
not accessible on the surface of these cells. Clearly
the abundance and the surface accessibility to the
antigen processing pathway of this new major outer
membrane protein are advantageous to its
immunogenicity.

Immunization of poultry against R.anatipestifer
infection can be achieved by administering to birds
susceptible to infection with the organism a protein
according to the invention in an immunogenic
composition as a so-called subunit vaccine. The subunit
vaccine according to the invention may comprise the
OmpA protein isolated from the native bacterial cells,
optionally in the presence of a pharmaceutically

acceptable carrier.



these [err]Ca[err] blots due to the | ower separation capability of

aut or adi ogr aphy. The OnpA protein in E. coli is known to contain a

t ransnmenbrepereagnent spanning anmino acids 1 to 177. | npepREisbs R

anati pestifer OmwpA shows no anal ogous region at the N-term nus, but does
contain a short inside to outside transyenbrane helix conprising 17 am no
acids. The long stretches of hydrophilic residues suggest that a | arge
part of R anatipestifer OnmA is exposed to the surface. This is
consistent wth and would explain its strong antigenicity. The
structural featurebtofililhibe pecbgnihzedggesthode skilledatineskendrel antigen

in a formulatign of a _vaccine alpst R _anatipestifer. _The presence of
cal ci um bi ndi !ﬁga onal n5°9§#&°p§§$g§%gﬁeﬁﬁe§r%ﬁ%“ o8 3ffiaﬂ‘5eg‘l’ﬂer OmpA are

particul arly pebeebstmay dlzct besused in vaccines as well as 26
regard, si ncedcal ci uny bi nq_i ng pr ot ei gg a*e known to be associated with a
wi de range of SEPERRFLS N0 Ese %H} 2F1Hn TAAPAnBEE TREREREME S ar e
abundant anonghifhobie s midvdle gpi€opesScat® ddiBikR@cHRyg Bepti des preserved
in MHC | nol ecul es. Mreover, hyperimmune serum directed agai nst

reconbi nant OFPRIPY®Rein reacts with OmA and pre-OmA of all serotypes.
The hi gh i munor eagh i sdrie/ cilaésCeRSCANILiOP B8 QSSe protective

immunity using these proteins per se may be low. Small

fragments are preferably conjugated to carrier
molecules in order to raise their immunogenicity.
Suitable carriers for this purpose are macromolecules,
such as natural polymers (proteins like keyhole limpet
hemocyanin, albumin, toxins), synthetic polymers like
polyamine acids (polylysine, polyalanine), or micelles
of amphiphilic compounds like saponins. Alternatively
these fragments may be provided as polymers therecf,
.preferably linear polymers.

If required, the proteins and fragments according
to the invention, which are to be used in a vaccine can
be modified in vitro or in vivo, for example by
glycosylation, amidation, carboxylation or
phosphorylation.

Additionally the vaccine may also contain an
aqueous medium or a water containing suspension, often
mixed with other constituents in order to increase the
activity and/or the shelf life. These constituents may
be salts, pH buffers, stabilizers (such as skimmed milk
or casein hydrolysate), emulsifiers, adjuvants to

improve the immune response (e.g. oils, muramyl




different serotypes of this protein nmake OnpA a candi date for the design of
speci fic diagnostic nethods and vaccines for R anatipestifer with the

advant age of -protection against all serotypes of th | usi ng
a single antwggﬁ%a%ﬁis is in contradistinction to early r%ﬁ?&@%ﬁ®kﬁthe

prior art indicating that outer nenbrane P otein vaccines are not useful in
enteric bacteria since the potentially antigenic proteins are not

accessi ble on the surface of these cells. Cearly the abundance and the
surface accessibility to the antigen processing pathway of this new ngjor

outer nenbrane {QGiRKAr 813YANAIRRAHDAIAe) | SapdATHINQIEPLAEbYs and |
I mruni zation of poultry against R anatipestifer infection can be achieved

by admi ni st eri ngenphipatds syhstapeed) andoprraseryalvesdth the organi sma
protein according ! Gl ReeLayepiyond bubllnl IVOOGRIL 150040QS! 10N as a
ne.

so-cal | ed subunit vacci e subunit vaccine according to the invention
may conprise thevadripkspr &t shnleto| atist seguanchcenrading bheterial cell s,

optionally in th £w§¥¥yyg%iggrq%agggg%ﬁgﬂhi§gl+%%rgg$%ﬁ$%aQLe carrier.

27 It will*te ecogni zed by osé skilTed € arto that

| Mmunogeni ¢ subumay sberinftragnead sbyfrddegbOrpAt PROttschotgueal $ntde used in
vacci nes as mellmfgroorganism (e.g. a bacterium or virus) in such a way
that the recombinant microorganism is still able to
replicate, thereby expresesing a polypeptide coded by
the inserted nucleic acid sequence and eliciting an
Yiwnune response in the infected host.

One embodiment of the present invention ig a
recombinant vector virus comprising a nucleic acid
encoding the R.anatipesﬁifer OmpA protein or an
immunogenic fragment thereof, as described above,
capable of expressing the nucleic acid in (a) host
cell(s) or host bird infected with the reccombinant
vector virus. The invention comprises (a) host cell(s)
or cell cultures infected with the recombinant wvector
virus, capable of producing the R.anatipestifer Ompa
protein by expression of the nucleic acid sequence.

As described in U.S. patent 5,843,722,
incorporated herein by reference, the well-knowm
technique of in vivo homologous recombination can be
used to introduce a nucleic acid according to the
invention into the genome of a vector virus.

First, a DNA fragment corresponding with an
insertion region of the vector genome, i.e. a region
which can be used for the incorporation of a

heterologous sequence without disrupting essential



di agnostic nmethods. Simlarly, reconbinant proteins in which one or nore
epi topes are conbi ned nay be enpl oyed. In sone cases the ability to
rai se protecignossi7i nmunity using these proteins per se nmeRCTESY/0MA75 Snal |
fragnents are preferably conjugated to carrier nolecules in order to raise
their imunogenicity. Suitable carrierssfor this purpose are

macr onol ecul es, such as natural polynmers (proteins |ike keyhole Iinpet
henocyani n, al bum n, toxins), synthetic polyners |like polyam no acids

(pol yl ysi ne, polyalanine), or mcelles. of anphiphilic conmpounds |ike
saponi ns. Al témmttﬁ-oabydt%equfa’gn‘eﬁvghnay thoge nackEdaxy foryners

thereof, —prefsg ﬁmoy BftePMdBIR, i inslielfWlldld SligsppoOtel ns and

fragrrents accor fo the Tnvention, Wwhich are to be used inca vaccine
can be nodif n@d:tpn' actevding | tp \hnmn reronRinphe INA tglcymdqytbatl on,

ami dati on, Carﬁoﬂltgghogeg%ong %&h%r ha&'é%grte% i\E/\%. é?q.' ﬁt ngumﬁeéhe

vacci ne nay al's§conta eous nediu aining
suspensi on, ofdfemicropedand sts otdn-@ EBn80L 806Nt EP i XLWOI3®S, EP i ncrease the

LY 21 Sl B Sk 46, FRER/RR83. HBTAE Tbhe . B0, P
emul sifiers, adj.uwamss,s830 ampripe tPak.i Nouné, 723m8A8e (e.g. oils, nuranyl
If desired, a deletion can be introduced into the
insertion region present in the recombinant vector
molecule obtained from the first step. This can be
achieved for example by appropriate exonuclease III
digestion or restriction enzyme treatment of the
recombinant vector molecule from the first step.

The nucleic acid encoding the R.anatipestifer OmpA
gene or immunogenic fragment is then inserted into the
_;insertion-region in the recombinant vector of the first

.éﬁep or in place of the DNA deleted from said
recombinant vector. The insertion region DNA sequence
should be of appropriate length as to allow homologous
recombination with the vector genome to occur.
Thereafter, suitable cells can be infected with
wild-type vector virus or transformed with vector
genomic DNA in the presence of the recombinant vector
containing the insertion flanked by appropriate vector
DNA sequences whereby recombination occurs between the
corresponding regions in the recombinant vector and the
vector genome. Recombinant vector progeny can now be
produced in cell culture and can be selected for
example genotypically or phenotypically, e.g. by

hybridization, or by detection of expression of a



28 di peptide, al um ni um hydroxi de, saponin, polyanions and anphipatic
preservatives. - An alternative to subunit vaccines is
A nucl ei ¢ acid sequence encoding the R anati es&%fer OmpA

subst ances) and
live vaccines.

protein or i WRHAGIA

techni ques into
that the reconbi
expressing a pol

eliciting an immune response in the infected host.

ic fragnent nay be introduced by reco

a mcroorganism(e.g. a bacteriumor virus) in such a way
nant m croorganismis stiPP able to replicate, thereby
ypepti de coded by the inserted nucleic acid sequence and

One enbodi nent of

the present invepli or}:aeir%talgﬁggﬁ‘;?g?} E%%%,vggt Q¥,nﬂg§&gbr%%mrailsi ng a nucleic

acid encoding the R

prote I"mrunogeni ¢ fragnment

t hereof, as descdet=ttizinoveE, theapatigendfc @xpnetipextifiee aphei c acid in (a)
h’g\’SIE i,rd infected vgtq:ht he rer(rﬁ%)rrbi nant . vector virus. The

i nvention conpri BRSPS PREPFTRY PYthE PP IS VS8 red with the

or \NextS, thapabéeombimindvectior tdun Reard@mipnesteéfed ONpA

host cell (s) or

reconbi nant vect

protein by expression of the nucleigc qqid seguenc

U S. patent 5, 84%° BPRIETC 5PF 0P HFRRE 3

scribed in

) . As d
Mo BHSTRAEE O TRABERERT - known

techni que of in YiyeHEGY @9AEStivE OB RAehOBefR edtes UREe@hkobbdy reEluce a
nucl eic acid according to the invention intg the qgnone of a vector virus.

the inoculated animal, expressing in vivo the
R.anatipestifer OmpA protein or immunogenic fragment,
resulting in the stimulation of the immune system of
the inoculated animal. Suitable wvectors for the
incorporation of a nucleic acid sequence according to
the invention can be derived from viruses such as pox
virusesg, e.g. vaccinia wvirus (EP 110,385, EP 83,286,
U.S. Pat. No. 4,769,330 and U.S. Pat. No. 4,722 848) or
fowl pox virus (WO 88/02022), herpes viruses such as
HVT (WO 88/07088) or Marek's Disease virus, adenovirus
or influenza virus, or in bacteria such as E. coli or
specific Salmonella species. With recombinant
microorganisms of this type, in order to expose the
R.anatipestifer OmpA protein or immunogenic fragments
as a surface antigen, the protein or fragments may be
expressed as a fusion with host OMP proteins, or pilus
proteins of for example E., coli or synthetic provisiocn
of signal and anchor sequences which are recognized by
the organism.

A vector vaccine according to the invention can be
prepared by culturing a recombinant bacterium or a host
cell infected with a recombinant vector comprising a
nucleic acid sequence according to the invention,

whereafter recombinant bacteria or vector containing



First, a DNA fragnment corresponding with an insertion region of. the vector
genone, i.e. a region which can be used for the incorporation of a

het er ol 0gQygs off@peNce Wi thout disrupting essenti al PCT/SG99/00075
29 functions of the vector, such as those necessary for Infection or

replication, is inserted into a cloningzyvector according to known

reconbi nant DNA techni ques. Insertion-regions have been reported for a

| arge nunmber of mcroorganisns (e.g. EP 80,806, EP 110,385, EP 83,286, EP
314,569, WO 88/02022, WD 88/07088, U.S. Pat. No. 4,769,330 and U. S. Pat.
No. 4,722, 848xells and/fér desiomddnaatdeketonnvinisdie grivwnodnCeHei Nt 0 t he

I nsertion regio resent in.the reconbipnant,yvector _nolecule_obtained from
the first st eﬁ.eq"}'ﬁi §2Ran° bce°lt1§(ﬁﬁe§\7eap#;g?n%§zjel\’ﬁp’frb SRPSEABEIBLLR: e
exonucl ease | lpuredifges} | ed Gornest Lnebi anvesdine dptdanarny ©h 4he

reconbi nant vect o&f__irol e‘gu}fe fromthe first step. The nucleic acid
encodi ng the RYSRAtTPBETi¥B™-OmpA gene or i munogenic fragment is then

inserted into the HbB6esélNN-tR@sTFBrnBdl RELK €4 WEYAMIhaveci-a6t&f the first
step or in place of the DNA deleted fromsaid reconbinant vector. The

i nsertion regidGFoBNing et e 1nveTtiqrpeant algn R Sudtaredngpdess to al | ow
honol ogous r ecmdiedbhewiidH) dxee Fuoetkabl1gCrORB D dXprdssion of a

nucleic acid sequence encoding the R.anatipestifer Ompa
protein or immmogenic fragment. Vaccines may be
prepared using samples of the crude culture, host cell
lysates or host cell extracts, although in another
embodiment more purified polypeptides according to the
invention are formed into a vaccine, depending on its
intended use. In order to purify the polypeptides
produced, host cells transformed with a recombinant
cwvector according to the invention are cultured in an-
-adequate volume and the polypeptides produced are
isolated from such cells, or from the medium if the
protein is excreted. Polypeptides excreted into the
medium can be isolated and purified by standard
techniques, e.g. salt fractionation, centrifugation,
ultrafiltration, chromatography, gel filtration or
immunoaffinity chromatography, whereas intracellular
polypeptides can be isolated by first collecting said
cells, disrupting the cells, for example by sonication
or by other mechanically disruptive means such as
French press, followed by separation of the
polypeptides from the other intracellular components
and forming the polypeptides into a vaccine. Cell

disruption could also be achieved by chemical (e.g.




Thereafter, suitable cells can be infected with wld-type vector virus or
transformed with vector genonmic DNA in the presence of the reconbinant
vector cont aWHtEﬁMﬁe insertion flanked by appropriate vechpegschdiors
sequences whereby reconbi nati on occurs between the corresponding regions
in the reconbi nant vector and the vectorygenonme. Reconbi nant vector
progeny can now be produced in cell culture and can be sel ected for
exanpl e genotypically or phenetypically, e.g. by hybridization, or by
detection of expression of a co-integrated marker gene, or by
i mmunol ogi cal  @®k&Cbi Odle Bdrddit saBucBeas CTR tanxililpesot f @izy@EAc

pol ypepti de expressed by the reconbi nant vector. Next, this

reconbi nant vecfERPEanSREP AfilVEOFEPRI IS Y Rt ry for i muni zati on,

whereafter it maint apAgibod S forfl @ht$88Buh | drecVedCgRihiePld cates in the
body of the inoculated animal, expressing in vivo the R anatijpestifer

OTpA protein or BOMBABELHE E9corgieat to Fhe irvyenfirn PAE ReivaadhtiMon of the

i Mune syst em ofpa gliGel DARM ARS8, TBE agmbl {20 8mURELLESyd Und e
I ncor poration of’a nucl ei ¢ aC|d_s§39ence.acco[dL&g to the invention can be
derived from vi agnesatien of ghi-idirhyric ankibodgieginia virus (EP 110, 385,

EP 83, 286, The R.anatipestifer OmpA protein and immunogenic
fragments, as described above can be used to produce
polyclonal, monospecific and monoclonal antibodies. If

polyclonal antibodies are desired, techniques for
producing and processing polyclonal sera are known in

the art (e.g. Mayer and Walter, eds, Immunochemical

Methods in Cell and Molecular Biology, Academic Press,

London, 1987). Monospecific antibodies to an immunogen
can be affinity purified f£rom polyspecific antisera by
a modification of the method of Hall et al. (Nature,
311, 379-387, 1984). Monospecific antibody, as used
herein, is defined as a single antibody species ox
multiple antibody species with homogeneous binding
characteristics for the relevant antigen. Homogeneous
binding, as used herein, refers to the ability of the
antibody species to bind to a specific antigen or
epitope.

Monoclonal antibodiesg, reactive against the
R.anatipestifer OmpA protein or an immunogenic fragment
thereof, can be prepared by immunizing inbred mice by
techniques known in the art (Kohler and Milstein,
Nature, 256, 495-497, 1975).

Anti-idiotypic antibodies are immunoglobulins

which carry an "intermal image” of the antigen of the



US Pat. No. 4,769,330 and U.S. Pat. No. 4,722 848) or fow pox. virus (WO
88/ 02022), herpes viruses such as HVT (WD 88/07088) or Marek's D sease
virus, adewgwim4ssr or influenza virus, or in bacteria sugbr®&edmoeefz0l i oOr
specific Sal nonella species. Wth reconbi nant m croorganisnms of this type,
in order to expose the R anatipestifer3fOmpA protein or inmunogenic
fragnents as a surface antigen, the protein or fragnents nmay be expressed
as a fusion with host OW proteins, or pilus proteins of for exanple E
coli or synthetic provision of signal and anchor sequences which are
recogni zed bypatheger rgrinat which/pyeteskiomds Kdesicedr ali:dlgcém bHee

i nvention canugg ge&grqﬂ%& g I Hrgn‘gagc{ eco rleré%%nba or a host
I nan

cell infected WI a reco vect or nprising a gl% t’ dci d sequence
accor di ng to Ihéecnvelmtsme. \Mﬁer.easn.erlsm)o.rrtﬂemh.qhest e6ra or vector

cont ai ni ng . - . cells and/ or

r econbi nant ve%%%%n%iar%%%sldgj'f’é: i apkibodigs sarcearlfnﬁ’gncb?l ‘Fe"ﬂrt optional l'y
i n subst anti al{MgcNamsea fenr ral.anécﬁ.enaed 228 0 Jaszxsaccmae)opt ionally in a

| yophilised form s .transformed with a reconbi nant vector

according to the |?§’&}%n‘fﬁ“’o‘ri“t?ar?°§l°§8"ﬁ% R TR SRVEREEPR €BAIPEi ons which are

favor abl e for atifi#nexpéAsdiian adlcoiventional active immunization
scheme: single or repeated administration in a manner
compatible with the dosage formulation, and in such
amount as will be prophylactically effective, i.e. the
amount of immunizing antigen or recombinant
microorganism capable of expressing said antigen that
will induce immunity in poultry against challenge by
virulent R.anatipestifer. As used herein, "immunity"
means a level of protection against infection that is
“higher than that of an unvaccinated population of
birds.

For live viral vector vaccines the dose rate per
bird may range from 10° to 10° CFU (colony forming
units). A typical subunit vaccine according to the
invention comprises 0.01 to 1 mg of the immunogenic
protein. Such vacecines can be administered
intradermally, subcutaneously, intramuscularly,
intraperitoneally, intravenously, orally or
intranasally.

The novel R.anatipestifer OmpA protein and
immunogenic fragments, antibodies thereto and nucleic
acids encoding such proteins and fragments may be
employed in diagnostic methods and kits for detecting

the presence of R.anatipestifer in biological fluids.




nucl eic acid sequence encoding the R anatipestifer OrpA protein or

i mmunogeni ¢ fragnment. Vaccines may be prepared using sanples of the crude
culture, host cell |ysates or host cell extracts, although. er
enbodinentlﬁW%p¥%ﬁVfied pol ypepti des according to the in?gﬁgﬁgﬁﬁgge
fornmed into a vaccine, depending on its - Lptended use. In order to purify

t he pol ypeptides produced, host cells transforned with a reconbi nant

vector according to the invention are cultured in ‘an adequate volunme and

t he pol ypeptides produced are isolated fromsuch cells, or fromthe medi um

if the protein g1 daghedtic PatyRaPtandekiexchaf ask ot @ohbenti@gium can be
i solated and purified by standard techniques, e.g. salt fractionation,
centrifugation, IQMMatafs LFRLRORSSVT Pkt AGEAPPRS A aptibpdiesmng

i munoaf finity Cﬁw%i%&aehyasa«%ﬁ,e%tii@h&nfIf&iwwinﬁol ypeptides can be
i sol ated by first collecting sai cells, disrupting the cells, for exanple
by sonication oramglidftieatipae hBer BHIYeIF $£4B81 ve neans such as  French

press, followed by S%ﬁ{ﬁbggaaffté&&i@%lsyawtw&% SN EBEREIE! of
e pol ypepti dés

intracel lular conponents and formng th Into a vacci ne. Cel
di sruption coul daa¢eplsx hehvesrdrifsigsndesi eubs¢anges and an antibody

32 or antibodies. One of the components of the complex may

be labeled, permitting complex detection and/or
quantitative analysis after separation of the complexed
labeled antigen or antibeody from an uncomplexed labeled
antigen or antibody.

In a competitive immunoassay format, the antigenic
substance, e.g., the R.anatipestifer protein or
immunogenic fragment thereof, in a sample of fluid
being tested for its presence competes with a known
amount of labeled antigen -for a limited gquantity of
antibody-antigen binding sites. The amcunt of labeled
antigen bound to the antibody is inversely proportional
to the amount of antigen in the sample.

In an immunometric or non-competitive assay
format, a labeled antibody is employed in place of
labeled antigen and the amount of labeled antibody
associated with an insoluble ternary complex is
directly proportional to the quantity of antigenic
substance in the fluid sample.

Both competitive and immunometric immunoassays can
be configured in one of two basic formats: heterogenous
and homogenous assays. In a competitive immunoassay.
both configurations invelve the formation of a reaction

mixture comprising a minimum of three reaction



EDTA or detergents such as Triton X114) or enzymatic means, such as

| ysozyne di gestion. Anti bodi es or antiserumdirected against a

pol ypept i dwoagesiti ng to the invention may be used in pP@gIisEe9/00075

I mmunot her apy, di agnostic i mmunoassays and generation of anti-idiotypic
ant i bodi es. The R anatipeatifer QA protein and i nmrunogenic
fragnents, as descri bed above can be used to produce polyclonal,
nonospeci fi ¢ and nonocl onal antibodies. If polyclonal antibodies are
desired, techniques for producing and processing polyclonal sera are known
in the art (ecgpohanes: andkngwint @moustisof | amalytcher eaklykkt hods in Cel |
and Mol ecul ar _Bj 4G, 2r N o) 7). Mnospecific

ant i bodi es tocglfl'g#%ﬁbg%ﬁda?a{gr}cygg g??fi#ll yg%%&'f ﬂ%‘% 1)’3r 3%“88?&%&% iC
antisera by wmedidnfsespechediof konteihbog ocfhdizdalgtteal . (Nature, 311,
379-387, 1984). Mopospecific antibod as, used. _herein is.,defined as a

si ngl e anti body spgcﬁgge%‘:rgenrﬁﬂ 5 %%e)‘égﬂt? 5Ty 58 ES™RIFERRSnogeneous

bi ndi ng char aolledi ahd ckidwid idhases| dunolvestimgehiliaargencossondi ndi ng, as
used herein, refers tp the ability of_the . antibody species to bind to a
specific anti §‘§ﬂ’g8ir 8gi?}b$ea.'nalytey/aﬁﬁﬁ3£?otl’1%ﬂ it i%&&%eg?lfe%t?ve agai nst
the R anatipesiifieph&s®fami cictijhgatian cEMHOGRNeT kbagmeabel tder eof , can
be prepared by inmunizing i nbred nmce by echniques known in the art

(Kohl er and M‘Iré"f’éf'n?ud?\lg?%raé‘, FEETme 195 HyTom e. The laheled i ot ypic

anti bodi es ar analjuaogt odvtijuifate competes with analyte suspected to

be present in the sample fluid medium for a restricted
number of analyte binding sites.

In a homogeneous assay, the separation and
preincubation steps are eliminated by measuring the
amount of enzyme activity of an analyte-enzyme
conjugate rather than the amount of amalyte conjugate

.attached to a support. The presence of an analyte in |
.the sample fluid is established by an increase in
activity of the enzyme conjugate (U.S. Pat. Nos.
4,067,774 and 3,817,837).

When either the added analyte conjugate or the
sample analyte is bound by the analyte binding agent
during an incubation step, the analyte becomes
insoluble. The liquid and insoluble phases are then
separated and the quantity Qf analyte in each phase
quantitated. The amount of analyte in the sample fluid
medium is determined from the quantity of insoluble
analyte conjugate following both the incubation and
separation steps. Since the amount of bound analyte
conjugate is inversely proportional to the quantity of

sample analyte, the greater the amount of sample




which carry an "internal inmage" of the antigen of the
33 pathogen agai nst which protection is desired and can be used as an

i mmunogen in a vaccine (Dreesman et al., J. Infect. Disea
1985). Technﬂﬂ%ggm?g} raising antl-ldlotypic ant i bodi es aﬁgﬂﬁﬁé%#” *n the

art (MacNamara et al., Science, 226, 1325, 1984). The vacci ne
according to the invention can be adn1n|stered I n a conventional active
i mmuni zation schene: single or repeated admi nistration in a nmanner
conpatible with the dosage fornulation, and in such anount as will be

prophyl actical | ya8hi@€é i €. tHe Bamble fmntu@f 1eBBUER | Bfbuditt bgen or
reconbi nant m croorgani sm capabl e _of expressing, said antugfn that wll

i nduce i mmunity PREPBHE tFSRINGRERSVILhPT SHRFHF 1D Fif csoRubdsgt i pestifer.
As used herein, phagunity" neans a |evel of protection against infection
that is higher tﬁ%n that of an unvaccinated popul ati on of birds. For
live viral vector vachMneaf tthe yaséouatyRre ofhmmankdsatimegezf rom 10[ err]

to 10[err] CPU (a%mam&munuaggé} ity @l SRl ACELRe according

to the invention conprises O. of the i nogeni protein. Such
vacci nes can be édagncsimg(hirisnﬁpad@r4nﬁ#ApeS§a§eat%nﬁﬁnkﬂqp

Intranuscul arly, A kit for the immunocassay of a biological f£luid

for R.anatipestifer advantageously comprises, (i) an
antibody to the R.antatipestifer OmpA protein or an
immunogenic fragment thereof and (ii) labeled
R.anatipestifer OmpR protein or antigenic fragment
(i.e., a fragment that forms an immunologic complex
with the antibody) thereof. 1In such a kit, the
antibody may be monoclonal, monospecific or polyclonal,
as described above. If polyclonal, the antibody
advantageously is' selected such that interferring
cross-reactions, and consequent false positives, are
minimized. The moiety used for labeling of the
R.anatipestifer OmpA protein or antigenic f£ragment may
be any label conventionally used in heterogenous or
simultaneous assay formats. For example, it may be a
radioactive atom, an enzyme, a fluorescent moiety, a
ligand, a luminescent moity or the like. The kit
optionally may comprise unlabeled R.anatipestifer OmpA
protein or antigenic fragment thereof for use as a
control,

In an alternative embodiment, an immunoagsay kit
for detecting R.anatipestifer in biological fluids may
comprige two or more antibodies to R.anzatipestifer OmpA

protein or an antigenic fragment thereof. At least one



I ntraperitoneally, intravenously, orally or intranasally. . The novel
R anati pestifer OrpA protein and imunogenic fragnments, antibodies thereto
and nucl eM®©018d31@s encodi ng such proteins and fragnments REI/SGA00¥AP| oyed in
di agnostic nmethods and kits for detecting the presence of R anatipestifer
in biological fluids. 37 34 Such

di agnostic assays and kits may be of conventional format as i mmunoassays
for antigens and anti bodies and hybridization assays, optionally follow ng

anplification, for, nucleic.acids. | nunpassay techni gues .are based
upon formati &F &#<k 88%%%31(1%%’0\%&?}’5 e dRi P8y ?\’ée{eﬁfﬂ‘d‘%ﬁ ant i body
or antibodi esabowes ok abheermamairelit,s the it magpeextdfy opdd akeled,
permtting conpl ex .detection, and/ qr antitative anal jYsi s after separation
of the conpl éﬁ'edmnIJH'BEFéﬂna‘ﬁ’t%e%qﬁ’% BEBITFRENTRATRAM. Hadxdd | abel ed
antigen or arddgagly of reacting TNRRIldgi¢ALLFTWIERSSHY JOWm , the
antigeni c substance, the R anatipestifer gr otein or inmunogenic

5 €. 0. : .
fragnent therdd¥fibodies tg fhe RranatinestidesnyOppa BECRIR ia% presence

conpet es Wit hyrt sigape seEBMEAt Of Afhalhd-i%akl 88BvED! tie [kiH Wig quantity of
anti body-antigen binding sites. The anount of |abeled antigen bound to the
anti body is RPN YPFERERIR hrpnatipestifer OmpA protein or

antigenic fragment as a control.
A kit for the detection of the R.anatipestifer

OmpA gene (or RNA) comprises a detection nucleic acid
that is capable of hybridizing to a sequence within the
R.anatipestifer OmpA gene under stringent hybridization
conditions. "Stringent hybridization conditions" are
those that (1) employ low ionic strength and high
temperature for washing, for example, 0,015M
NaCl/0.0015M sodium tatrate/0.1% sodium dodecylsulfate
“ét 50°C., or (2) employ during hybridization a
denaturing agent such as formamide, for example, 50%
(vol/vecl) formamide with 0.1% bovine serum albumin/0.1%
Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium phosphate
buffer at pH 6.5 with 750 mM NaCl, 75mM sodium citrate
at 42°C. 2Another example is use of 50% formamide., 5 x
8C (0.75M NaCl, 0.075M sodium citrate), 50mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x
Denhardt’s solution, sonicated salmon sperm DNA (50 mu

g/ml), 0.1% SDS, and 10% dextran sulfate at 42°C., with
washes at 42°C. in 0.2 x S8C and 0.1% S8SDS.

Alternatively, “stringent hybridization conditions" are

those conditions in which a nucleic acid having greater




to the anount of antigen in the sanple. In an i munonetric or
non-conpetitive assay format, a |abeled antibody is enployed in place of

| abel ed antige t he amount of | abel ed anti body associ | n
i nsoluble te §§V§B onplex is directly proportional to thgﬁgg%%%l Jgof

antigenic substance in the fluid sanple.,g Bot h conpetitive and

| mmunonetric i nmmunoassays can be configured in one of two basic formats:
het er ogenous and honbgenous ‘assays. I n a conpetitive inmunoassay, both
configurations involve the formation of a reaction mxture conprising a

m ni mum of thr eenaR38d N 80% homology, preferably greater than 3Bout
conponents; a known anount of anal yte or. analyte conjugate, an anal yte

bi ndi ng agent, &AfY BORARIYe PPECIPTREWTIMLYLSFERLtEY BPaR AROHNMIOSE t he

anal yt e.  AcRBl 649 AR89 ROEnE MWDR SR ADRBY §OHRIWSING  sol i d and
| i quid phases involves imobilization of one nenber of the anal yte/anal yte
bi ndi ng agent paybrédize uplthgtpHeBe- and conjugation of the other to a

| abel or tracer such,gs,d«3n’¥eRaChay U Alched?: o THC o oy 3%: yre or

conj ugate conpetes wt nal yte suspected to be present Inthe sa
flui d nedi um f otha t¥seretti@delsudbesritfediatioyee brnalvermrtiiowly, 2 |n a

honpgeneous assjypetl§ SERA Y Qlc?Bc acid that binds to the

detection nucleic acid, may be employed.

Preferably, a kit for detection of the
R.anatipestifer gene or RNA contains reagents for
amplification of a target sequence within that gene
prior to detection. BSuch reagents include primers or
probes that f£lank the target sequence for carrying out
PCR, LCR or other well-known nucleic acid amplification
procedures.

In any of the foregoing kits, one or more of the
reagents may be immobilized on a solid support, as is
well known in the art. Such supports include for
example, walls or bottoms of test tubes or microtiter
plate wells, latex particles, test strips, bibulous
materials, magnetic particles, slides, plates and the
like.

The preseant invention comprises both diagnostic
methods and kits for detecting R.anatipestifer OmpA
nucleic acids, proteins and antibodies.

The invention is further illustrated by the
following examples, which are not intended to be

limiting.

EXAMPLES



prei ncubation steps are elimnated by neasuring the anobunt of enzyne
activity of an anal yte-enzyne conjugate rather than the anount of analyte
conj ugat e wabl/aafed to a support. The presence of an anabgtgcsdpoerishe sanpl e
fluid is established by an increase in activity of the enzynme conjugate
(U.S. Pat. Nos. 4,067,774 and 3,817,839 . When either the added

anal yte conjugate or the sanple analyte is bound by the anal yte binding
agent during an incubation step, the analyte beconmes insoluble. The
liquid and insol ubl e phases are then separated and the quantity of anal yte
i n each phase quantitated. The anount of analyte in the sanmple fluid

medi um i s det ] ro .quant st | | ol anal yte conjugate

foll owi ng bot ﬁg‘g’hgf?njz':'ub?{%e%%lg’%d%geﬁgréa?#%?s#ggg RSi nce the anount of
bound anal yt eangbhpesiat o1 gemeydibehyyproportional to the quantity of

sanpl e anal yte, th r eat t he anmpun f.s I , ,
36 analyte int %xgosnélrrcpﬁ{éqﬁ "G d,exg ﬁecﬁ?adss ﬁrﬁlo"b%anSﬂﬁF 18?“‘5%%7 yte

conj ugate wi | kebotppesehtstirainhe€viA30/8dlley yHegapid guanfajumf the various
types of quantitalive of ,quald tahlyg LITUNORssRy LoLIals, 18y, pe, el oyed
severe outbreak with 25% mortality in duck farms in
Singapore. Partially digested (Sau3l) genomic DNA was
cloned into BamHI digested and dephosphorylated
bacteriophage A ZAP Express™ vector (Stratagene) and
packaged with Gigapack II Gold Packaging Extract
(Stratagene). The gene library was plated according to
standard protocols using the E. coli strain XLl1l-Blue
MRF'. Ligation products were transformed into XLl-Blue
cells by the calcium chloride procedure. Selected
 £;namycin resistant clones were excised in vivo on
uﬁlasmid vector pBK-CMV from the phage plagques after
infection with the helper phage M13 according to the
supplier’s protocol. The library of HindIII fragments
of genomic DNA from R. anatipestifer serotype 15 strain
110/89 was established using plasmid pBluescriptIISK .
A Dig-labeled probe for the R. anatipestifer OmpA
gene segment was produced by PCR using plasmid pJFFRA6
DNA as template and the primers RA6OMPA-L and RA60MPA-R
(see Table 2) which were derived from the sequence of
the cloned fragment of OmpA. This Dig-labeled probe
was used to screen the plasmid vector based gene
library of HindI1I digested genomic DNA. The gene

library was screened with pooléd convalescent sera from




di agnosing birds for R anatipestifer infection. A kit for the
I mmunoassay of a biological fluid for R anatipestifer advantageously

conprises, (i) an _.antibody to the R antatipestifer OMA p | an

I munogeni ¢ Y")loaf'é’%‘ﬁ'f thereof and (ii) labeled R anati pest?&@?&%‘%pr otein
or antigenic fragment (i.e., a fragnent jhat forns an i mmnol ogi c conpl ex

with the anti body) thereof. In such a kit, the antibody nay be nonocl onal,

monospeci fic or polyclonal, “as described above. If polyclonal, the
anti body advantageously is selected such that interferring

Cross-reacti ons, g,afih CRBSLEHEN TR} SR FROELEI WEEh A aHbBIPLILTFe I he MO ety
used for labeling of the R anatipestifer OmpA protein or antigenic

fragment may besenaEVPghadF EbmvRritadise psudescTiPate@®P¥genous or
si mul taneous assay fQimbSeefOtne XA RhBinkhe "BY &1 168602601 465 & OM an

enzyme, a fluorescent moiety, a l|igand, a |um nescent noify or the like.
The kit optionavéne rapnebapredcnan sbhel pdareanatipeoilitlemedig tprotei n or

anti geni c frag@@{t:tofe%&‘i%oégtrm%a@%e%11@89;rgé_cmeicher'a Bngliprnative

enbodi nent, an inminoassa tecting anati pestifer 1n biol ogical
fluids may conpbassel,WGeomany) & dite redepbihanty aeate pgsedfim ShipA

protein o an antigepi.c LLAgIENL 1380k, fhe! $8H:by baring the
membrane filters at 80°C for 2 h. The filters were then
pre-incubated with hybridization buffer (750 mM NacCl,
75 M trisodium citrate, 0.1% N-laurylsarcosine, 0.02%
sodium dodecylsulfate (SDS) and 1% blocking reagent
(Boehringer Mannheim, product #10961789), pH 7.7 at 68°C
for 2 hours. Hybridization was then performed in
hybridization buffer (750 mM NaCl, 75 mM trisodium
citrate, 0.1% N-laurylsarcosine, 0.02% SDS) containing
1 ug Dig-labeled Oﬁpﬁlgene probe for 18 hours at 68°C.
The membrane was washed twice for 15 miﬁutes with
buffer containing 30 mM NaCl, 3 mM trisodium citrate
and 0.1% SDS, pH 7.7, at 68°C. Dig-labeled DNA probes
were detected using phosphatase-labeled
anti-Digoxigenin antibodies (Boehringer Mannheim)
according to the producer's instructioms.

A strongly immunoreactive clone was retained and
converted to plasmid designated pJFFRA6. This clone
contained a partial open reading frame of 859 bp
showing significant similarity to the Bordetella avium
outer membrane protein A. The corresponding gene on
plasmid pJFFRA6 therefore was designated OmpA. Plasmid
pPJFFRaOmpAl5 containing a 2.2kb HindIIl fragment was



37 of such antibodies is |abeled in the manner descri bed above, or.
alternatively, the kit may contain or be used in conjunction with a
| abel ed r ewohif4manti body that is capable of reacting i pggRebsspzal [y With
one of the antibodies to the R anatipestifer OmpA protein or antigenic
fragment. As described above, the kit nmdy optionally contain .
R anati pestifer OrpA protein or antigenic fragnent as a control. A
kit for the detection of the R anatipestifer QOmpA gene (or RNA) conprises
a detection nucleic acid that is capable of hybridizing to a sequence
within the Rratairpdsfey sfuxtiiex g‘éﬁgi’ﬁﬁﬁeﬁm%‘?’?‘ﬁmﬁp meshpdezat i on

condi tions. " gLELA0SAt ehY i 2311081 68NHe LRSI nd | Gee! 3Bt er (1) enpl oy
| ow ionic strength and high tenperature for washing, for exanple, 0,015M
NaCl /0. 0015M sodium tatrate/ 0. 1% sodi um dodecyl sul fate at 50[err]C., or

(2) enmpl oy dunﬂ%c\r%_gf,%b?i di&:?é:@ék?s&é%n ggnatglog%%%@r&gggsaﬁggor mam de, for

exanpl e, 50% ol } formam wth e serum album n/ 0. 1%
Fi col I /0. 1% p&yiEngepien obf dortd/o®®.-nM sodi um phosphate buffer at pH 6.5

of 5096 for mam de, S b ook Pundie FecRinbuft o adtibRREFEACD Y oul i

phosphat e ( pHOmP) anbigéh sochalOmppr gephespaat @app Bl fidedDdnh &t dio swheth ut | on,

soni cat ed sal N %Bgr m %eéioe mu /g 2’ .0.1% Se[%eaénd %OZA) dextran sul fate

at 42[err]C. , ‘3% F*O,R8 i 4?{"@?%‘  OLHPEN aRd 819 sDs.
RAOMPAH1-L and RAOMPAH1-R (see Table 2) using R.
anatipestifer serotype 15 strain CVL110/89 genomic DNA
as template. The purified PCR product was digested
with NdeI and BamHI and cloned into the expression
vector pETHIS-1 to obtain plasmid pJFFOMPA which
resulted in an in-frame fusion of six histidine codons
‘at the 5' end of OmpA. A second plasmid, pJFFOMP13,
was constructed analogously using primers RAOMPAH1-L
and RAOMPAH1A-R. The resulting seguence produces the
coding frame of OmpA fused 5' terminally to six
histidine codons and 3' terminally to ten histidine
codons. The cloned gene constructs in plasmid pJFFOMPA
and pJFFOMP13 were verified by DNA sequence ﬁnalysis.

The plasmid pJFFOMFA and pJFFOMPl3 were
transformed into E. coli host strain BL21 (DE3). OmpA
fusion proteins (6xHis-OmpA and 6xHis-OmpA-10xHis) were
expressed by IPTG induction of E. coli harboring the
corresponding plasmid with the OmpA-fusion constructs.
Following induction, the cells were harvested, washed

in TES buffer (10 mM Tris, 1 mM EDTA, 0.8% NaCl, pH
8.0) and extracted in 50 mM phosphate buffer, pH 8.0




Alternatively, "stringent hybridization conditions" are those conditions
in which a nucleic acid having greater

38 t han about 80% honol ogy, preferably greater than about 90% honol ogy,
nost pref er aWOY4MBat er than about 95% honol ogy to the REGHSFPPER fer
OmpA gene wll hybridize to that gene. 4 The nucleic acid may be

| abel ed, e.g. using any of the type of Ia%els descri bed above, or
alternatively, a l|abeled reporter nucleic acid that binds to the
detection nucleic acid, may be enpl oyed. Preferably, a kit for

detection of th%orﬁaaaah%,peswgﬂnm% 8o BB L Lo NS TheageRisn f Or
anplification of a targef sequence within that gene prior to detection.

Such reagents i re¥arfingr Waee sPerifindifaen khese | eald Eperagtgeesingiuence for
carryi ng out quéiﬂl_éﬁﬂteo%&?%g I émog:itﬁgﬁ&c(@ﬂ&rﬁ%ﬁ' cation

procedures . In"any o or egol ng ong or nore of the
reagents may be Hiddds, Ceeuany) cacasdndingupporhe manufectwekr'&nown in the

art. Such suppor{oedNeeidRal Ol nd UL poifhl e L1 OLLTBACkLESE ! UbES OF
plate™Wells, Tafex particlesS, test strips, blbulolus materials,
magneti c parti clmsotesinsdesrepéttiesi dyd slhwly decreasing the pH from
8.0 to 4.5 with 50 mM phosphatg-buffer containing 300
mM NaCl and 6 M guanidine hydrochloride. The fusion
proteins eluted at pH 5.0. The fusion proteins were
subsequently dialyzed against 50 mM phosphate buffer,
PH 8.0, containing 300 mM NaCl. A second plasmid,
pJFFOMP17, which is identical to pJFFOMP13, was
constructed independently. Its gene product,
6xHis-OmpA-10xHis, showed the same characteristics to

that obtained from pJFFOMP13 throughout the study.



fike. The present invention conprises both diagnostic nethods and
kits for detecting R anatipestifer OnmpA nucleic acids, proteins and

anti bodi eSsywpoyee3rz The invention is further illustrated bypdritesbdlbs ow ng
exanpl es, -which are not intended to be Ilimting.

EXAMPLES 43 39 Exanple 1. Creation and
Screeni ng ef—anR—anatipestifer gene library. Genom ¢ DNA was

extracted fr serotype 15 strain CVL110/89 by the rapid
guani di um ﬁmmwﬂmmmﬂmmr This strain was responsible for a severe
outbreak with*25% nbrtfl ity * n duck fSEAEMEn Singapore. Partially digested
(Sau3A) genom c DNA was cloned into BanH di gested and dephosphoryl at ed
bact eri ophage [err] ZAP Express[err] vector (Stratagene) and packaged with

G gapack Il Cold Packayi ngckeic aniq Smcgddggnthe R.Brmatggestifbrary was

pl at ed accor di tandard pr.otocaol.s Lng.the E. coli strain XL1-Bl ue
MRF' . Li gatior&%ﬁo&’ﬁg ® r%‘ga oe(r}zrtr-'e HE FngLl- Blue cells by the

cal ci um chl ori de ptzocedunﬁcléeé et iet] tHaa:naltjml hybeidisteardo @ ones were
exci sed Ir]\”\ghéielc acid having the sequence of nucleotides 82-1242
of SEQ ID NO:17.

3. A nucleic acid comprising nucleotide bases
82-1242 of SEQ ID NO:17.

4. A vector which comprises the nucleic acid
according to c¢laim 1, 2 or 3 and a replicon operative
in a host cell.

5. An expression vector comprising the nucleic
acid of claim 1, 2 or 3, wherein the coding sequence of
said nucleic acid is operably linked to control

..sequences capable of directing expression of said
.coding sequence in host cells.

6. Host cells transformed with a vector
according to claim 4.

7. Host cells transformed with a vector
according to claim 5.

8. An isolated polypeptide comprising SEQ ID
NO:18. _ '

9. An inmunogenic peptide fragment of the
peptide according to claim 5.

10. A polypeptide according to claim 8, wherein
the polypeptide is a fusion protein.

11. A method of producing the peptide according

to claims 8, 9 or 10 comprising:




pl asm d vector pBK-CW from the phage pl aques after infection with the
hel per phage I\/Il3 accordi ng to the supplier's protocol. The library of
Hndlll fra genom ¢ DNA from R anatipestifer S%@F/Q’G%S/oéss”a' n

110/ 89 was es abgmmml lmml'tu'ﬂlm d pBluescriptllSKlerr]
Di g-| abel ed prob i pestifar OpA gene segment was produced
by PCR using pl asnm d pJ FFRA6 * DNA as tenpl ate and the priners RA6OMPA-L and

RAGOMPA-R (see Table 2) which were derived fromthe sequence of the cloned
fragnent of OwpA. This Dig-label ed probe was used to screen the plasmd
vector based gene |ibrara) of pklbﬁddliﬂg digasicedl geppdnLedMMRd WRengsne
library was screened w th pool ed conyal escent sera_from

40 ducks exp&FPRERTIHT %CﬁFﬁcF'éW%art% spig Pﬁﬁ‘éﬁl?)é&%a&lyséi‘ﬂ‘%e 15
field isol ate agodgsesidied akauénce capablie ¢ aepeam%mgeeaa E. coli
clones, colonies_ were transferred fromthe plates with solid nediumto
nitrocel | ul ose RENBRHh@MYLOEFs (Schl ei cher & Schuell, Dassel, Gernmany).
The reconbi nants were |ygnd lauit&fhn@milmﬁoﬂ@sc&iﬂsﬁuﬁe ed to the
menbrane by baking_the nenbrane filters at 80[err]C for h. The filters
were then pre- FﬁEﬁb‘é&‘étF viudkahyer for A M°§HFF€¢n (F>®agi Nepride75 mM

trisodiumcitrate, 0.1% Myl aupybs@dFA Haialpl 0 ul fate
(SDS) and 1% bl ocki ng reagent (Boehri ngerl l\/g ﬁe?%] (yﬁlr ogggggﬁﬁ) 1789) , pH

7.7 at 68[err]C purifying said peptide.

12. An antibody capable of specifically binding
the peptide according to claims 8, 9 or 10.

13. A vaccine composition for stimulating immune
responses against Riemerella anatipestifer in a member
of an avian species comprising a compound selected from
the group consisting of a peptide having the sequence
defined by SEQ ID NO:18, a nucleic acid comprising
bases 82-1242 of SEQ ID NO:17, and an antibody capable
of specifically binding a peptide having the sequence
defined by SEQ ID NO:18.

14. A vaccine composition according to claim 13
comprising a viral vector capable of replication in an
immunized host and expression of a nucleic acid
encoding the R.anatipestifer OmpA protein or an
immunogenic fragment itself in said host.

15. A vaccine composition according to claim 13
wherein the peptide is synthetic.

16. An immunological method of diagnosis of
infection by Riemerella anatipestifer in a member of an
avian species, comprising:

a) providing a sample consisting of blood,

plasma, serum, tissue or a body fluid from a member of



for 2 hours. Hybridization was then perforned in hybridization buffer (750
MM NaCl, 75 mMtrisodium citrate, 0.1% N-1auryl sarcosi-ne,_0Q. 02% SDS)

cont ai ni ng wbdi®astyg Di g-| abel ed OnpA gene probe for 18&1/@5 at 68ferr] C

The nmenbrane was washed twice for 15 mnutes with buff mm,lmlf/i'lm

NaCl, 3 mMtrisodiumcitrate and 0.1% SBS, pH 7.7, at !
Di g-1 abel ed DNA probes were detected using phosphatase-|abeled " s

anti - Di goxi geni n anti bodi es (Boehringer Mannhein) according to the
producer's instructions. . A strongly inmunoreactive clone was retained
and converted t3B FVASR PEEiey HIRPIRIFREAcPetngsinfented odititai ned a
partial open roadinaGel1aNRnLtiSad e Showi ng significant simlarity to the
Bordetella avium outer nenbrane protein A The correspondi ng gene on

pl asmi d pJFFRAG t her ef or B) wasizrahafriage saddp sAampPlasnitth an) RERABGSEN] S
containing a 2.2k Hingl bb £i208eny,

41 retained for further analysis according to nethods known in the art,
i ncl udi ng sequenci ng (se€) TabdetePminingx wipptbe. sdidrandibadyoha@pA Fusi on

Proteins and Py Jd;&3tL9%0f i i To obtain purified reconbi nant
R anati pesti ferﬂegﬁ ant?'ge%‘,ﬁp% hegﬁ%'rﬁ&'gene was anplified in vitro with
Taqg/ Pwo pol ynerase m x and ol i gonucl eotide priners



RAOWAH - L and RAOVWPAHL-R (see Table 2) using R anatipestifer serotype 15
strain CVL110/89 genom c DNA as tenplate. The purified PCR product was

" di gested W t Ryhlgedgspnd BanH and cloned into the expression vector

pETHI S-1 to obtain plasnid pJFFOWA which resulted in an i RGYSEIH00S| on of
six histidine codons at the 5 end of OmpA. A second plasmd, pJFFOW13,
was constructed anal ogously using prinmers RAOWAHL-L and RAOWAHLA-R. The
resul ti ng sequence produces the coding frane of OmA fused 5 termnally to
six histidine codons and 3' termnally to ten histidine codons. The
cloned gene constructs in plasm d pJFFQYRA and pJFFOWP13 were verified by
DNA sequence anal ysi s. The plasm d pJFFOWA and pJFFOW13 were
transfornmed into E. coli host strain BL21 (DE3). OnpA fusion proteins
(6xHi s- OmpA and 6xHi s- OnpA- 10xHi s) were expressed by | PTG induction of E
coli harboring the corresponding plasmd with the OwA-fusion constructs.
Fol I owi ng inductign, the cgkls were Rarvestedqgwashed bhn TES byffer (10 nM
Tris, 1 mM EDTA, §.8% Nad ;{ pH 8.0) and extracged in 50TnmM phosphat i

buffer, pH 8.0 - - _ 42 cquntaining 6 M
guani di ne hydrochl®ri de. T%f usi o: fy ot eins werg purifiedgfromthese cell
extracts using Nsterr]-ch@@te af & ni@y chronat ogg aphy (Qsgen, GibH,

Hi | den, Germany) gccordingjt¢ the manyfacturer's jinstructi ens. The bound
pol yhistidine tailed fusion proteins were eluted by slowy decreasing the

pH from 8.0 to 4.5 with 50 er contFaining 300 mM NaCl and

6 M guani di ne hydr éEhlori de. omp# |

FIGURE 1



proteins eluted at pH 5.0. The fusion proteins were subs

equent |y dialyzed

agai nst 50 nM phosphate buffer, pH 8.0, containing 300 mM NaCl. A second

pl asm d, p3¥deddddi?, which is identical to pJFFOW13, was
i ndependently. Its gene product, 6xH s-OmpA-10xH s, sho

oo HERR sg“’nid

characteristics to that obtained from pJFFOW13 throughout the study.

43 1. Anucleic acid encodi/3g the R anati pest
or a fragment thereof. 2. Anucleic acid that wll
nucl ei c acid having the sequence of nucleotides 82-1242
3. A nucleic acid conprising nuc )

4. A vector which conprises 't e
and a replicon erative in a ho
conprising the 'nleleic acid of clj
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capabl e of directing expression
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7. Host cel]ls transforned with a vector according to clain15 8.

An isol ated polypeptide conprising SEQ ID NO 18. . An |nnunogen|c
peptide fragys 'ﬁ{ the peptide according to claimb. m%%w
polypeptlde according to claim8, wherein the polypeptlde i'S 8% on

pr ot ei n. 11. A method of producing the peptide according to clains 8,
9 or 10 conpri sing: 44 a) providing host cells

transfornmed with an expression vector encoding said peptide operably I|inked
to a control sequence capabl e of dlréé?lng expression of said peptide;
b) culturing said host cells under conditions suitable for the production

of said peptide; C) C)recoverln aid peptide; and optionally
d) purifying said peptide. - 12. An a%!ibody capabl e of specifically
bi nding the peptide according to clainms 8, 9 or 10. 13. A vaccine

conposi tion for stinulating i mune responses against Rienerella
anatipestifer in a nenber of dn avi an s Cies conpri sing a conpound
selected from the group consi sging of aéﬁeptlde havi ng t he sequence
defined by SEQ ID NO 18, a nucl®ic-acid nprising bases 82-1242 of SEQ ID
NO 17, and an anti body capabl e wof spe0|ﬁkqally bi nding a peptide having

t he sequence defined by SEQ | D NO 14. A vacci ne conposition

according to claim13 = ¢ B
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conprigiﬁﬁﬁﬁfviral vector capable of replication in an ipmunized host_ and
expression qf a nucleic acid encoding the R.anatlpestliéeﬁa%ﬁﬁﬂéki

an i mmunogeni c fragnment _ _ _ _
CONPOSi ti ON @5 ARERNAbNAR APPIIE TidPeuilisintil ﬁknﬁsl&‘ ?ﬂ.!?ﬁ%nl'r%o
16. An i munol ogi cal (

anatipestifer in a nenber of an avian Sp

provi di ng

fluid froma nmenbeae _
speci es suspected of being infected W
i ncubat i (3) herdtiaarablRativnDatean ant i 0g)! _
det er m ni WJanhatyReN (BR01R20ADL | body Pp@¥ speci f i §1 04817 apty gen.
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