;e3e% "p" $6290%23 April 2002 BACKGROUND OF THE | NVENTI ON 1. Techni cal
Field This invention relates to a gene present in Rienerellazgﬂ?ﬁkﬁﬁgter
purified protein encoded by this gene, and vaccine and di agnostic nethods
and products using the gene and protein. Specifically, this gene (OmA)
encodes a mmj or outer nenbrane protein which is highly antigenic and
therefore useful in the preparation of vaccines and serodetective

di agnosti c assays. cri>7tion of the Background Art Rienerella

anat . i pestif w“§§mk negative, non-notile, non-sporul ati ng rod-shaped
bacterium It s, to the famly Flavobacteriaceae in rRNA s 11y V
based on 16S r RNAc®fie sequence anal yses. It is the etiol oﬁﬁ\ﬂ%‘\l\%@“\ﬂm\mf
septicem a anserum exsudativa, an enzootic, contagious, se I'sease
of domesticated ducklings and other birds. The di sease causes a1%6é¥i ous
problemin the duck industry and has a worl dw de distribution. Endem c
infections usually are restricted to commercial duck and turkey flocks but

23 April 2002 2 other poultry species such as chickens and geese are al so
susceptible to the OWRRACIIENE HORC|IANIQUTEBH IMEMERANE RROTEINHS. | n

Si ngapore and ot her I | aLLp ifer

i nfection has been %f@%ﬁ%##ﬁédgﬁﬁggyéﬁFEgékt§§53V8538§90§50§5heat ducks
usi ng nodern intensive production nethods since 1982. Mrtality and
norbidity rates are usually between 10-30~. but nortality as high as 75~
has been recorded in infected duck farns. Slide and tube agglutination
tests differentiate 21 Sepaﬁﬁ?ﬁGﬁSﬁﬁﬁyBFSTﬁE E%V?ﬁ?ib estifer. Serotypes 1,
2, 3, 5 and 15 are nost prevalent 1'n outbreaks of septicem a anserum
exsudativa. The ockauhreincel (Fieglnd e than one R anatipestifer serotype in

i nfected ducks at any one tinme, and changes in serog¥$es fromyear to year
within a single fﬁh{s FERERERT B8 1P th 2SR TeRE B ngl e serot ype

largely i nef frercdnace 1 BAGHAIH Ale AU J6R VREA DS ¥V RERLAPW, t o confer
sonme protection against infection wth honol ogous strains or serotypes but
only very podhig et egmdhanduiare arskrddapnvirtiharetldgasd st rai ns were
used for chaH£%1(%téﬁJé¥| wggiations 0 \Qgglqgcedgs agfes by nortality
and nor bi ditf At €5 1 N outbresks have bedh reeplor’te R UHE U1 ¥ f er ent
serotypes of HiisdAradrdendRr eddbdslid ingyonliddtdene@rdhe/ igrd e were
al so observed within a given serotype. However, the nol ecul ar bases for

these differ éfdedh dre hiratoRnaenise and yerefong ruadice fmdil s of R
anati pest | ferpré}va 5 f%’%%cﬁm{ass Ma JdLSddlAife IR Nl ysins
ysacchari ae nave

and a |i popol een
assays.

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 168 rRNA gene sequence analyses.

It is the etiological agent of septicemia anserum
exsudativa, an enzootic, contagious, septicemic disease
of domesticated 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



23 April 2002 3 postulated as virulence factors for R anatipestifer, but
the presence of these factors has not been established. In aQ?iAthébOZi n
view of the Iimted know edge about the inmunogenic factors G

anati pestifer, production of efficient vaccines and di agnostics have been
hanpered. Know edge of the predom nant iBmunoegeni c conponents of an
infectious agent is inportant for the analysis of the nol ecul ar nechani sns
of virulence, the study of the route of infection, the serol ogical

di agnosi s of the disease and the devel opnent of strategies for effective
i nMmune pr ot ecd tidr apsu Bt Bdi fpdd s dudiheadli GepEenOUmd deads afiee Pr ot ei ns
of pat hogenic bacteria are generally very i munogenic; they play an

i nportant rol®l§R SHIRR %n‘éplﬁﬁﬁurﬁligﬁ%ﬁ%cﬂé?q]d{ld%ﬁl%e‘&% Eq¥k outer

menbr anes of ﬁ&mggg&sﬁ/y e bagt %J[r?q#)&él #ﬂgg e QOPEL  Of £ MBj Or outer

menbr ane proteins, usua presen very copy nu ers. t hese,

out er nmenbr anowtlnt BA &t AAéﬂr,pA; Ia&:é’!ﬁipﬁﬂﬂfﬂef oinfed tiemanae béestauct ural
integrity of cell envel opes. is also involved in_bacterial conjugation
and att achnerffonieipyed rP’iR}?]eﬁ%% f‘ib’br"rl'l*fe REGWs i Phmerb cPeckE for certain

bact er i ophagegg ; fAMhbdSrR! e b SR S %@tﬁéé@”&lﬁé‘é' Pogly response

and may play an |rrportant ro e |n VI ruI ence, since OrpAdeficient nutant E.
coli K-1 demtaletymgubnbxddtanwtes are niamdl bntbeodedn of

A proteine gobrinty BE NI B MR o B R /Ese e

proteins of diﬁfﬁ{ﬁé‘@témcaﬁ}t afa,g@g\,era show a hi gh degree of honol ogy,
suggesting an inportant role in the cell, perhaps related to virulence.

OmA |ike prot el nsShide pﬁt%efmbGP m%wwwqmtvws @hﬁrﬁ@gﬁmtv@t%act eria
Char act or i zec] FPBPREeTT . ST BERE Y T LR G ey ere e
rel atively hyﬂ,r (thZbJ C5 SAfHIETE: ea wdingdis ts pansv 4 Ten 1o Uire rountsies gloe @fght t| mes.
The C-termnus, |located in the
septicemia anserum exsudativa. The occurrence of more
than one R. anatipegtifer serotype in infected ducks at
any one time, and changes in serotypes from year to
vear 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 serotypes of R.
anatipestifer. In 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



periplasm c apace, is very hydrophilic and appears to contain the

I mmunodom nant epitopes. Antibodies to OmpA are produced duriarwp,ﬁabggi C
bacterial infection, and are reported to cross-react anobng some bacteri al
speci es. Al though OmwA proteins have been described in nmenbers of the
famly Enterobacteriaceae, and sone G anBpositive 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 rel ated
speci es of Fl avobacteri aceae. 23 April 2002 5 STTI~i ARY OF THE | NVENTI ON
The present ipwvebiloved cdatebribDehide £hovong £l R SokmitOpestiFle, gene
encodi ng R anatipestifer OmwA. The invention further relates to the OmpA
protei n substRif i Ehe Preeenet of nehere afattpest P22 rneF ®ePAs. The invention
further rel atgs. 1191 &5 leic acid conprising nucleotide bases 82-1242 of
SEQ I D NO: 17 and a pol ypeptide having the sequence of SEQ ID NO:18. In

ot her enbodi nent s, I# hedditvioor; oin relew est t the ebimt sed ckpowkedge The

R anati pestifer OrpA gene, host cells transfg\r med with such _vectors,

met hods of prRRRYE nghe MFRIBARARR Hest3F BPT oA Br ARE HRARET Rftinogeni ¢
fragments t heffQduc@bd RO &6f { &1 SHE Nv REPL 8 Sand 88LA HEo SLTPOShLLENS USi Ng

such peptides or DNA and i mmunodi agnosti ¢ and vacci nati on nethods using the
pepti des and kern buanpsretl r e freov berdge so f t tleen predIuinpant 2002 6 BRI EF

DESCRI PTI ON Q= THE. DRAW NGS Fi gure 1 grovi dr%s< t he struct ur e, of the 2.2kb
insert in pl aSTPPIHAGTRFF AR AT i BGHpt e agent 18

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



Figure 2 depicts an immunobl ot of total cell |ysate of R anatipestifer
strain CVL110/89, serotype 15 (lane 1) and purified reconbi nanki 2002
6xH s- OpA-1 OxHi s protein (lane 2) reacted w th nonospecific po ? onal
anti-OmwpA antiserum Figure 3 depicts an i munoblot as in Flgure 2 but
reacted wth a serum from conval escent ddcks that had been experinentally
infected wwth R anatipestifer serotype 15. Figure 4 depicts an
aut or adi ograph of the sanme blot as in Figures 2 and 3 , reacted with 45Ca +
Figure 5 is an immunobl ot of whole cell |ysates of several different
serotypes of Proaashbpgehetallyecacéctantehianiial fxébsofiapArpol ycl onal
antiserum DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 23 Apri
2002 The geneP€ﬂ5%FtéH€0d|ng a najor antlgenlc out er nenbrane protein of
Riemerella anatipeghif pgf§ dbgCayerefent| DREM.001 28k uzR. (See
Tabl e 3 for sequence in or tron Genbank DNA sequence~accessi on
nunber i s AF18H886a Hhghpdegeea eﬂchdmdlngFQsaggespéng|aﬂr1ﬁﬁpﬁtaﬁta

pr edom nant, ecific antigen of e spec The R, apatipestifer QOmpA
gene and protﬁg%eaiﬁ Egﬁfﬁgl}n PﬁE %P%pﬁ?L?F%ﬂ BP ViERLRBSeF or ORRA-

prevention anﬂlﬁérgbweaihgnaeé pPEssRPt Lfel ¢1db56a58ep) B @Sapaused by R
anatipestifer, and R anatipestifer serodi agnostics. The types strains,

serotype ref enegativerhanteniha {Beherigblales &f Bacegalopesﬂﬁﬂe90&sed to

[ sol ate and Cupne | go (TRAnS60S. beeLl SHEE. L TaBLE dy fel gy Ay sl tabl e

strains were gt@W). OfofD| UEké aNnagaFmpPhas SoRbisrs &8 alloﬁ riched to 5a COz
for 24 hours. For gene cloning and expression, a variety of bacterial,

manmal i an, pIﬁﬁla‘éhﬁelﬁs}él‘,@rmb@béél$%qmc%ewb§@hl sgaesf heoahhgrE. col i

(E “cori . 1 ASErae Aaft ELAga " ERYPLEEHAINGED IOREPGH IS Pre’ Pup”
| aal qZ4l\/[L5 Tnﬂ:&iﬁb&sﬁmié sihcal apeneexryahyatéphi G, aMlaﬁbéerNREo (E. coli

K-12,0(ncrA) 183, ~(ncrCB-hsdSMR-nr1) 173, epndAl, supE44 thi-1, recA,
gyr A96, rel Al °°’PE%“[‘ FEhe, YRBInedemisant SGP’FE‘PIE?? Tet%“j‘f}b?@%ﬁat ‘é@ene) and

XLOLR (E. col pnkn 12ve é98a£94§3dur£ﬂ§réﬁ%@ﬁf@”ﬁ%@%&%%l@ 1ﬁ@gé%10ﬁh'
recAl, gyrA96, rel Al, F' proAB, laclgqzZz~-M 5, Tnl 2002 8

(Tetr) ] 7 anﬁﬂ 9r€5ren¢age@eyo cBbod - (@E@t)am@hgce¢meEb§dtermap T

hsdS(r B- E. | t

o a B ol FESti et DR RPE ombR P20 BOEPE ave nShLaRbER BB TR s O
appropri ate anémbses Ubs NELEOLSmI Dy Bk QM- EBad bEr£&LbSe, ChRAI BEmaNd

expr essi on.
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.



23 April 2002 9 Table 1. R anatipestifer strains

St rai nsSer ot ypeATCC11895TNDbHPRS1795A1HPRS2527 A2 HPR82554A3HE%S§F§§%§§%\/L389/
89A6DRL27179A7HPRS1785A9CCUG25055- 890822A11DRL28020A11CCUG25T01 2" 4R13CV
L664/ 83A14CVL743/ 85A15DRLS- 4801A16CVL977/ 83A17CVL540/ 86A18CVL30/ 90A19CVL110
/8915 ATCC, Anerican Type Cul ture Coll ection; HPRS: Houghton Poultry
Research Station, Tsngland; CVL, Central Veterinary Laboratory, Singapore;
DRL, Duch Research Laboratory, Net~r York, USA; CCUG Culture Collection,
University of CGoteborg, Sweden. TType Strain Field Strain RSerotype

Ref erence Strain bt Tot Deterrmunediy o crsE exprEesicdn and cl oning vectors
are known to those skilled int he art and may be used for claimng and

expressi ng the R afhkg ipestent cinephlerneeiten ko | el oning ardi d

vectors used f oni n e SSi i i r

pBl uescri pt TIJS%J(%#%% a(%fe?l‘g?e a%%{%B%W%% hﬁ%eﬁ%&%&e@nﬁpéési on of

pol y- hi sti di nehd ainwsh i ef st het asdl gt @ Ttd SHe (GnpA AFrdpsin 2002 10

Col E1 derived high-copy nunber expression vector containing the bla

anpi ci | | i n r e4hdtaneigiehe) figs Qrgéath%ﬁ? RanztingetifepnRreteins onot er
sequence was ﬁé%&é%ﬁ@n?&%éﬂ% §t9§pﬁ6‘d§’ﬁu?ﬂ’{§5§éf& of cloned
genes (see Table . IS pronoter alTows the expression of fusion proteins
Wi th an N-teroongstidisg imhabedickderdbases B2t had £ hSEQ | T e0 dET admed  Or
both (R Segers and J. Fret', GenBank/EMBL accessi gn nunmber AF012911).

O oning and &gt %th’tf%%tllﬁ‘é"’b%n'gﬁ? R 25T pE3 e &t° opA gene
advant ageously conidc1pet eGhd fndPE KT She aSndSnEdh KOWed edhe art. In
the work described herein, selection of transformants and mai nt enance of

pl asmi ds, wasvestwnpldahpxii Hing e Ruana tiresipdfam inik d90 ~ hpat
anpicillin faor | uescriptll SK- d pETH S-1 or w th .50, ~ g/m kananycin
for cloning VEC Sr%ﬁ&%ﬁﬁfmférfdﬂ’g‘fq?o u%l? ‘(’:?%‘-h%las'ger?fgtsh%%s e(gépressi on vector
PETH S-1 in grctue Bl It HEB)anmsi paskei Fur tdigpmdskdtdih end. 3 nM (fi nal
concentration) isopropyl-f~-D-thiogal actopyranoside (IPTG at

m dexponent i SNRHRRGIR ThaEeagmrn s ckirtedh Antihodigg yesSY? a further 3
hours. peptides, vaccine compositions using such peptides or
DNA and immunodiagnostic and wvaccination methods using

the peptides and antibodies directed against them.



The oligonucleotide prinmers and their annealing tenperatures used in this
study are listed in Table 2 and in the acconpanyi ng sequence .Jaib@ﬁli%'%
Primers pETHI SI-3" and T7 nmatch the segnents fl anking the codon ?h
multiple cloning sited in vector pETHI S-1 and were used for verifying the
correct fusions of the genes cloned in pETH S-1. The PCR were carried out
in 23 April 2002 11 a DNA thermal cycler (GeneAnp 9600; Perkin El nmer
Cetus) in 50 ~1 reaction mx (10 mM Tris-HC1, pH 8.3, 50 MM KC1, 1.5 nM
MyCl z, 170 E.tM of each deoxynucl eotide triphosphate, 20 pnol of each
primer, 5 ng plasm d DNABRIEZ0DESgRI®TTONC OBNAHINORRWINGSTag pol yner ase
(Boehrl nger Mannheinm)). The PCR thernmal paraneters used were 35 cycles of
anplification wit hFB@uE%cbnﬂﬁoﬁ%dgﬂd’—hSOS§EESF|B§eant k&ecdreEBpondi ng
anneal i ng te re ( e e r gmsnts
wer e produced %/%HCRE? g Pt ‘Zﬁ?R%?IH%?% Eﬁgd‘éégﬁleg\g. gﬁg}{éﬂa 3
sequence anal yS| S, Fi@erelmn@epionssanpi;nmaneblatreﬁsedthm 2efiln at 72C, and

2.5 U of Taq/ olémarase m x égoe ri nger Ma was used instead of
Taq pol yner as i ki otPatiPestLhet oRAtERED SVL* { B at 5?7CEYRE added at
the end of thfs' @fan&yfi Cahd SHAELLQ E‘QéHﬁSlﬁHhL kﬂﬁ%hoﬁﬁmms&gisof the
different fragnents. Digoxigenin(D g)-Ilabeled DNA probes were na by

suppl enent i ngptbeePCR(lanet 2 bnreacted ewithhmandéspetifdacpoliyailpoalof 50 ~. M
Di goxi geni n-11- g%goehrl nger Mannhei n). 23 April 2002 12 Table 2.

A i gonucl eot i Rkt ase Chain Reactions. PrinmerSequenceSEQ ID

NOTRAGOMPA- LGCAA T Al OLNGROB Mo RCAGT Cd TREARTETET CHAEC250CRA
OVPAHL- CCCTATGGATCCT TATTTTCTTTTCTT348CRAOVPAHLTACGGATCCTTITCTTTTCTTTTTTACTA
4 ~ reacted with a serum from convalescent ducks that had

been experimentally infected with R. anatipestifer
serotype 15.

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
several different serotypes of R. anatipestifer reacted

with anti-6xHis-OmpA polyclonal antiserum.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



48CRAOVPAHL - CGCAGCCATATGGGT TAAAGAATTT548 CRAOMPAF1 GACT GGCAAACTTCAGTAGZ)55CRA

OVPAF2TGGTCTTGGTATCCAAGGGGY 55 CRAOMPAF3AATAACGGT TGCCCTTGGECCY 4GCTGC
TTTAGAAGCTAGAGGY55CRAOVPARL CAAT GAAGCTGACGCTTGCC1055CRAOVPAR2 CTGTAG
GACAC1155CRAOVPAR3GTAGCTTCAGCAGAACCAAC 12 55CRAOVPARA CAACGAGCCATGCTTAGAGGEC
13 7

55CPETHI S1- CGTCT TCAAGCT CATGTTTGL455CT7TAATACGACTCACTATAGGGL555CT3B- SGCGCGCA
ATTAACCCTCACTAAAGL673C underlined letters specify nucleotides that were
added to the onpA seguence to create restriction enzynme recognition sites

for cl oning. Tm:ﬂf&’?&ﬂé‘%ﬂm%@éd&ﬁa g NSRAM @ﬂa%&tws done

using an Anpli Taqg FS dye term nator kit (Perkln El mer I'n reactions
cont ai ni ng apqmﬂxiarraa qixgoﬁiﬂﬁl rgf mmwmm@mf@ dhaag(hmmh eoti.de
primer. The ends of cl fragnments in vec K101W pETH S-1 and
pBl uescri pt | ISKECRHE e WY PHRHYRES T3 e§ PETI IS -3' (Tabl e

2) Tetching enasUenGahHANGA { Ny el Bila, | U fu A @i ng i tes

(MCS). The conpl ete nucl eoti de sequences of cloned fraghents were
det er m ned bwqmamommmhﬂgr J&mmﬂe?s?@ver & hees qardfiesich sankediéd dely by usi ng

t he Sequench .0 progr 2002 13 . eCodes n Arbor, ML) to
obtain conti 3{1 %ﬁ%}t@er% %po’?eq’[cﬁ‘g'(“na[ﬁ e R BeGuences i n

sear ches for drfdliajeifl o HIRNGRfe IS per*r;fmar red difd d¥pd Jrer ABl o\ Fdhand
BLASTX prograns. The DNA and am no acid sequences were anal yzed using the

PCGENE pr ogr @fs ER@S%GFIP ake PRl e ththe CEERATRT AT . Oﬁﬁea%m@ene was
cl oned and exﬂ%ﬁ coI Jentid an%?%lﬁ%@aﬁﬁjcln RPhage Séﬁ\f

established in romgenom c fragnent Tract ed fromR
Anat i pest i f erdissysntey pef I 1sig alaudad BO/RB9 an'a’tapedﬂﬁqr Wesnd®@eened with a
Di goxi geni n-1 abel ed probe derived fromthe sequence of OrpA and

anti - Di goxi g@Rat iR tdhe Se5PREIF 5t rongl y reactive cl one contai ni ng

the OmwA gene. Thepgeng as AW iidd eqsg}*,f kSl aned 4t an ression

vector which produced the coding frane of A fused to 6 histidine codons
at the 5' terfitielss :aau:laa:efe@cﬁ\de v egtadyi gestiinfip16 Usest ith neclodonsamt the 5

term nus and 0 hIS e codons at the 3. termn S. Th Iasm ds V\ére
transforned i PAhdanedfs 1isted in Pabte 1'%

sultable strain of R. anatipegtifer may be used to
isolate the OmpA gene. BAll 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 hsdR17
supE44 relAl lac([F' pro AB lacliZAM15 Tnl0 (Tet®)])
(Stratagene, La Jolla, CA), XLl-Blue MRF' (E. coli
K-12,A(mcrA)183, A(mcrCB-hsdSMR-mrr)173, endAl, supE44
thi-1, recAl, gyrA96, relAl, lac [F' proAB, lacl9zAM15,
T™ni0 (Tet®)]) (Stratagene) and XLOLR (E. coli K-12,
A(mcrA) 183, A(mcrCB-hsdSMR-mrr)l73, endAl, thi-1,

recAl, gyrA96, relAl, lac [F' proAB, lacl92AM15, Tnlo0



14 Table 3. Sequences of a 2.2kb Fragnent of Plasm d pJFFRaOmpAl 5

Cont ai ni ng
acagttgcta
attgataata
cagctt aaat
agagt t ggag
agct acaatg
gcggat catt
ggtcttggta
ttttggcaag
ggagtgttag
t gt ccagat a
ggaccagt ag
aaagacgat g
gat acggat a
ccacagt acg
ttacaaggta
tt agat caag
cat acggat g
t ct gt agt ag
gttggttctg
agaaaagt gg
cttccagtag
cttaaaaata
tttgcacatc
aagat ggctc
ttagcagt aa
caaaat gcta
agt ggt gcag
gttgcatttt
gctatcttta
gat agaaaag
gagat ggaaa
gt aact acgg
gaggtt aaga
caatttattg
gtatatcata
gctacttaga
t aaactt gat
t caaaagaaa

the OnpA CGene of Rienerella anatipestifer and its

gaaacttgaa caaggcgtta gttcttgact ggcaaacttc agtaggtaat
agagaatt gg aat gggt aaa gaatttatgt tgatgactgg
ttgcaggtct tctttttggc aacgaagatg catggtttga cccttatgta
ccaactattt gagacacgac tatacaggtc ttacgttccc
at gt aactta cgcggggt at agcgaaaat a aaccat acac
ttgctttatc aacaggttta ggtacaaaca tttggttaac

tc at tt
cggcaggggb a ?ggacég%aa

at BARUSRS

acttggtctt

t gt gact gat
t caaggaaga
t aagaacttt

g:%&?é"ﬂt 324 aaok £f 2fe Al GPPIRAE-

fttggta acagagat aa ggat aaggat
ar th 84 Of I C A, 02 3RLA 0CEE 30 7RA0 ) 0 & RIALGRAGH) |

cagat ggt'ga cggtgttcca gataaagatg ataactgtcc agaagtagca
adBaceal Hgs tryine twepe cougian ataglecha ke bly. t gThosggat

ctt

gt B e BT e

cC

gat

at Yot Gh £La t AoMiEE AEATFEL T BEEhSEAS
tattcttcaa ctttaataag gcgtctatca

ctgkenirgtandt espEeesiort aacggag

tt aagggt aa
ctgctttaga
ct gaagct ac
tt gt agaagc
t gaagaaaaa
aacgccct ct
t aaat cat at

gt t gggat aa
aagct ggcgg
aaggggct aa
at gct gagaa
ttgtagaatg
ataaatttga
ggat atttac
t gat agacgg
cgtttgagga
at gcagaact
cgaat at gaa
acat ggaaat
at aggt agcc
aat caat gcc
gt t gagcagc

t gct aact ac
agct agagga
agt accagcg
aat cagcgga
agt agt aaaa
ttt gaaaagg
tataattatg
aat ggcaaaa
t ccagat cca
t at gcct aaa
ct at gaggag
t act act aat
cggt aacctt
ttt agaaaaa
aggt gcggaa
ttttgggtct
gcaaaggat a
aat gttacaa
t acagacgag
ttttttattt

aact t gaaac
gtt aat ccat
tctgcttcta
tctgcttggg
aagaaaagaa
gegttttttt
ggacgt gcgt
actttttcta
gact ct aat c
gat aat gt ag
attacttacg
aact caact a
gggaagaat g
tctttgataa
gat at agact
ttatcacata
cctaatatta
aggt t t gagg
ct aat gaaga
tttgtttacg

téééﬁgfﬁﬁ%ﬁggéé?

cccttggcca
Eehggct t

£6848 C4 o ditg 2eR80880Ls,

gat ct gaat c
gtactttctt
tttctagaga
ctcagttaaa
acgaagagag
aagctcttca
aat aat t agt
attgtattaa
tt gaat at ag
aaat aggaaa
cagcgt t gag
aaagagccat
aaggat at gg
gaact gt ggc
gagagctttc
acatggattg
ct gat gaaac
agtt agacga
gt aaat ct gt
aagat gat ga
aact at aaaa
aaaggagt aa

gacattgggt tctaaagttt tggataccga
cttcaaagct t (SEQ I D NO:17)

t aat act aag
agt ggt aggt
aagagct gca
at ct aaaggg
aat gaaagac
aaagt ct gac
attttctaat
aattagtatt
aaaagcct ct
agat attgcg
aagat gt at a
t aaaaaggca
acaaggaggt
t aat gt aaga
tttcttattc
ggaagagttt
agaagttatg
gct ggggat a
at cagaagag
t gt acagaat
t agaaaaaag
gccat t gaga
acaatatttt

§?ﬂﬁ ogpeduct .

MEKEFM_MTI AL GL QL KFAGL L FGNEDAWFDPYVRVGANYLRHDYTGL TFPVTDSYNDVT YAGYSEN
KPYTQGRADHFALSTGLGTNI WLTKNFGLG QGDYVSTPVDKSRL ANFWQASASL NFRFGNRDKDK

DGVL DKDDL CSETPG. PEFQGCPDT DGDGVPDKDDNCPEVAGPVENNGCPWPDT DKDGVL DKDDAC
VDVAGPAENNGCPWPDT DNDGVL DKDDKCPTVPGL PQYDGCPKPQSAFAAEATGAL QA FFNFNKA

S| RSESNTKL DQAAEVI KSSNGGT FLWGHT DVKGNANYNL KL SRERAASWAAL EARGVNPSQLK
SKGVGSAEATVPASASNEERVKDRKVVWEAI SGSAVEAL QKSDL PVKKKWKKKRK ( SEQ 1 D NO: 18) 23
April 2002 . 15 coli cells, and the OwpA gene constructs were expressed by
| PTG i nduction. The sequence is provided in Table 3. Reconbi nant OmpA

di spl ayed a nol ecular mass simlar to that predicted fromthe nucleotide
sequence of the OmwA gene, but smaller than that observed in total cel

| ysates of R anatipestifer. The sequence data obtained fromthe insert of
pl asm d pJFFRaOTpAl 5 reveal ed an open reading frane (ORF) of 1163bp
encodi ng the 387 am no acid OmpA protein with a deduced nol ecul ar nmass of
41,696 Daltons and a calculated pl of 4.91. It is preceded by a 6

nucl eoti de consensus sequence for a ribosone binding site (RBS) upstream
fromthe ATG nethionine start codon. Upstream of the RBS, there is a

canoni cal pronoter sequence with a -10 box (TAATAT, SEQ ID NO:19) and a -35
box (TTGACT, SEQ I D NO: 20) optinmally spaced by 16 nucl eotides. This spacing
is characteristic of pronpoters recognized by E. coli C532 RNA pol ynerases.
The short segnment further upstreamdid not reveal any honol ogy to known
nucl eoti de or am no acid sequences. An inverted repeat structure is |ocated
just downstream of the open reading frane of OwpA. This structure
represents a potential transcription stop signal. See Figure 1. The
pronoter sequence upstream of OtpA is indicated by a filled triangle,
t he |nverted repeat structure IS |nd|cated by a harrprn Innedrately

N PN 4 I

and

. . N B



MAKTFSKI GKDI ALAVKAGGPDPDSNPAL RRCI QNAKGANMPKDN

VERAI KKASGADAENYEEI TYEGYGQGGVAFFVECTTNNSTRTVA 23 April 2002

NVRAI FNKFDGNL GKNGEL SFLFDRKG FTLEKSLI NVDWEEFEM

EM DGGAEDI DSDETEVMVTTAFEDFGSL SHKLDELG EVKNAEL

QRI PNI SKSVSEEQFI ANVKM.QRFEEDDDVQNVYHNVEI TDELM KKL (SEQ | D NO: 21) . Anal ysis
of the OmwA am no acid sequence (SEQ I D NO: 18) deduced fromthe OmwA gene
sequence of both strain CVL110/89 and of strain ATCC11845 reveal ed
characteri sthg featyres of QMDA p oter found in other G amnegative
bacteri a. E A S — e HEeHPHSSE ot s

d o 2 aFacteristic 45 amno acid

OmA-1i ke domain. The Cterm nus of the protein, in particular amno acid
resi dues 125-229, is predom nantly hydrophilic. The N-term nal region

(am no aci ds 4- 22jeis-hi-ghly,hydegpholicoand.shans no simlarity to other
outer menbrane prgteadin® These featurgsratgpeare common to OnpA proteins,
whi ch general ly . Tel i nus. Ami no acid residues
5-22 form an insi 8&°%38bUt si de transn¥hbrane helix locating the Nterninus
of OmpA on the i n§PREE78%" the cell. Thk absence of al ani ne-proline or
proline rich regi apss25a7*R. anati pestiZer OvpA is remarkabl e since such
domai ns general | ypaggsbgund in the ouster nenbrane proteins of other
bacterial speciesypislkhg junction of ¢he periplasmc donmains and the

t ransmenbr ane do”E{uﬂs%wengg’ April 2002 17 The sequence also reveal ed the
presence of six EF-hand cal ci um bi ndi ng donmai ns between am no acids 129 and
141 and two PEST PRYi’0A% (ani no acids’ 139-164 and anino acids 166-187). The
presence of cal ci BBB7#Hi ng domai ns ahd PEST regi ons and the absence of
prolinerich regi ofevaRagEedrodaddat O riPA may have additional roles in R
anati pestifer whi oku2aogordi fferent fromthose commonly associated to outer
menbr ane pr ot ei NScéyk28bekosdrei es. i3 i s known that cal ci um bi ndi ng
proteins play a cgptdglgdkol e in intragellular signal transduction pathways
and are associ ate \%é/ R W de-range of effects on disease production. The
finding of six EF- cal ci um bi ndi ng domains in R anatipestifer OmpA is
not abl e si nce ot hBI?LSO%% proteins do ot contain such domains. Adj acent to
t he cal ci um bi ndi AF°ddM ns are two PEST regions. These peptide sequences
are enriched in pfIsdp8s gl utani c acik¥, serine and threonine residues and
formnotifs that ¢amgeeotproteins for estruction through a yet unknown
mechani sm PEST segenges are found irs key netabolic enzynes. transcription
factors, protei n=ks f nd cyclins and are al so

abundant adR§ pmsrbiars TYPaCugEyre EpLkectyon; HPRS, Houghton Poultry
Research Station, England; CVL, Central Veterinary Laboratory,

Singapore; DRL, Duch Research Laboratory, New York, USA; CCUG,
Culture Collection, University of Gdteboryg, Sweden.

*rype Strain

°Field 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 expresegion
of poly-higtidine tailed proteins, plasmid pETHIS-1 (a



i munogeni ¢ peptides presented on MHC | nol ecul es. Because PEST sequences
are hydrophilic, it is likely they are sol vent-exposed. mmlé§é¥ﬁ5002
sequences are often present as carboxy-term nal extensions O roterns.
they are located in the mddle of the R anatipestifer OnmpA The presence
of two PEST regions adjacent to the EF-hamnd cal ci um bi ndi ng domains is an
23 April 2002 18 indication that OnpA may be a preferred cal pain substrate.
In the lower part of Figure 1, the different domai ns of OwpA are

di agranmmed. The inside to outside transnenbrane helix spannir~g domain is
represent ed byoREThdekived Iixh-ddey ShumikEr hakplreak Lonnmrdetding donai ns are
shown by a vertically hatched box. The two gray boxes represent the_ PEST

r egi ons~( ani PR HRIABShe LlmhprpbciBrin shgsi peapracEendk Va8 eaelds t he

OmA-1|i ke dongipn J  Cterm r i roteins
of serotype 1 gté%%\%m/ggg%%b%%eg Ls?%‘ﬁ?%PA%%%i%ﬁ%ugﬁgﬁ%‘?f er from
each ot her i nfdr athé I Bpaibymdn e | depandenticerprébesen cCOAr atdbredst i C

structures and are clustered between am no acid posjtions 228 and 255.
Conpari son of9%9RS dERRR tPRIS nd) aci TR qeepreter #htovws kg R

anatipest i f el e Py SROE It SEGH SR 1 ls (e RVb SN DL OmpPRLRDANK USi NG the
NCBI BLASTX conputer programrevedl ed a high percentage of amno acid
identity w thhiseidherheoguences Of teemimahehpsoiding decamet adn ot her
Gram negative bacteri i ncl udi pg_t ori ot ei r F of Pseudonobnas

aer ugi nosa. %ta}‘\'agé'ea%ﬁg% ﬁ’FSAﬁ ir]ﬁ’ég’ﬂbn‘g?'ﬁéa EQB%%B%C?%W? cal amino
aci ds and 47-58sbéfexdaiyoinc] udi ng conservative substitutions. R

anati pestifer OmpA showed hicghest simlarity to Bordetella avium OmpA, the
etiol ogi cal agent ©¥oRinKkcnd R ERYFFHRY sVeRtPr Fhtor bdhmbd oble upper

respiratory djs . Y, terl LONs nptons simlar
to those cau%ﬁgﬁéSé%&m@?Ifﬁ%l%&%%% %%‘?%?}grc%g%%%ks and ot her
birds. The Né€ledtuthldahdriodrdll @nais pesll fletovdrpin stiosveario similarity to

other proteins in the Sw ss, Prot and, GenBank/ EMBL1 dat abases.
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 pg/ml kanamycin
for cloning vector pBK-CMV. Induction of cloned genes
on expression vector pETHIS-1 in strain BL21 (DE3) was
made by the addition of 0.3 mM (final concentration)
isopropyl-f3-D-thiogalactopyranoside (IPTG) at mid-
exponential growth phase and incubation of the cultures
for a further 3 hours.

The oligonucleotide primers and their annealing
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



PCR anal ysis using the prinmers RAOWAHL-L and RAOWAHLA-R (see Table 2)
showed the presence of 1177 by anplificates in all R anati é#mgboéype-
and 23 April 2002 20 Table 4. Percent Am no Acid annlogyg%f entity) of
R anatipestifer OmpA with O her Known Bacterial Proteins. Bacterial
Protein Percent Honol ogy Bordetella avi um OrpA 38% (accessi on no. Q05146)
Serafia marcescens 28% OrpA (accession no. P04845) Enterobacter aerogenes
28% OnpA (accessi on no. P09146) Pseudonobnas aerugi nosa 29% Opr F (accessi on
no. P13794) serotype reference strains anal yzed. PCR anal ysis of genomc

DNA of the R aanetipesthdErcidRer stdaidamh b e®s Ot ydek 1 ef BIREsecett ) NS
together with restriction analysis of the anplified DNA segnents shows that
t he in 50 pl reaction mix (10 mM Tris-HC1l, pH 8.3, 50 mM

KCl, 1.5 mM MgCl,, 170 uM of each deoxynucleotide
triphosphate, 20 pmol of each primer, 5 ng plasmid DNA
or 200 ng genomic DNA and 1.5 U Tag polymerase
(Boehringer 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 Taq/Pfu polymerase mix (Boehringer
Mannheim) was used instead of Tag polymerase. In
addition, 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) .



onpA gene is comon to R anati.pestifer. However, restriction fragnent
Lengt h pol ymor phi sm (RFLP) anal ysis of the PCR products w t R3tApel 2062quent |y
cutting enzyne Alul, indicated some heterogeneities in the OmpA gene. Three
different groups with simlar enzynme profiles were noted (see Table 5).

Al t hough the gene shows a certain degree of variation anong the different
serotypes, these mnor intra-species variations are predom nantly silent

mut ati ons not affecting the phenotype. Variable regions are found at 23
April 2002 21 _the 3~-end of onpA correspondi o the dopmi n where

nucl eot | deTG%)llFeﬁengé#%‘E’]tfg‘é’cf%%l ‘E%%)‘geg‘hn?‘?\ %?%egﬁﬁﬁ’ée' s of strain
CVL110/ 89 ReACARCDEL845. General |y, the highest divergence among 4npA genes
of different bacterial species is found in this region as well. Table 5.

Al ul RestriTrTomrEnzZyme-coups of—R—armat=pester—Serotypes—& oup R
anati pesti fRFLR&F ot ypBIYLNELrain 1 sero~ypes BEQ IB NG T, 17 2 serotypes

6, 13, 14, 3 s , 18 I nmmunoreactions.of total cell
| ysat es of ﬁzaﬁg‘gépegarr éﬁggfr&\%é%iﬁg strain CvL1Zo0/89 aflsgoéof purified
reconbi nant oXxH Ehp RO Studi ed on i mundbl ot s ur’é’i%g
nonospeci f i C2PHAR T oS TAREIATES IS T BTP AT 1Y Per i nmune 3ser um 44i¢d conval escent
serum f r om FGe¥ErHE X peEASEATCIITIIOTHIKETBYH TWTHh a R anat i ped#id er serotype
15 strain. 3SeeMHAHYHI eSCCAGUCATRYGAGETIFAGHRTTY separ at ed son 10~ 48BS- PACE after
first boili mgomea®im neforscéaarerroagtstc vol ume of SDSgsanpl esped fer (62.2 mM
Tris-HCL, pleabufir2 CONt@irbtR@GTRRERRSmccD~ ( 3- mer capt oet hanol 5540~ gl ycerol,
and 0.00y bragmaRenol 44 GTTe%Tt transferred tg ni trogell ul ose

§da 0

menbr anes. gM%gbr anes. WehEa 208 in 23 Apri | A 02 22 5500
RAOMPARL  CAATGAAGCTGACGCTTGCC 10 55°C
RAOMPAR2  GCCCAGGAACTGTAGGACAC 11 55°C
RAOMPAR3  GTAGCTTCAGCAGAACCAAC 12 55°C
RAOMPAR4  CAACGAGCCATGCTTAGAGGC 13 55°¢
PETHIS1-  CGTCTTCAAGCTCATGTTTG 14 55°C
T7 TAATACGACTCACTATAGGG 15 55°C
T3B-5S GCGCGCAATTAACCCTCACTARAG 16 73°C

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

DNA sequence analysis was done using an AmpliTaqg
FS 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-8, T7,
PETHIS1-3' (Table 2)lmatching the sequences flanking
the vectore' 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



cal ci um bi ndi ng buffer (60 MM KC1, 5 mM Mgl 2 and 10 mM i m dazol e

hydrochl oride, pH 7.2) for 10 m n. Subsequently the rrenbran%sax@r"gooz

i ncubated in cal ci unbi ndi ng buffer supplenmented with 1.0 ~, of 45Ca** per
m (0.02 nC of 45CaCl2 per fig; Amersham Corp.) for 20 mn, then rinsed
twice with deionized water for 5 mn anddried at roomtenperature. Bound
gSCa was visual i zed by autoradi ography. Monospecific polyclonal antisera to
OmA protein were produced in mce and ducklings. Mce were i munized with
330 ~.g purified reconbinant polyhistidine-tailed fusion protein

(6xH s- OpPA) e &idudr Xehrl  HrWbdt h 0SS T BUNEbSt Bglisyant (Difco
Laboratories, Detroit, M) in a total volune of 200 ~tl. A booster

i mruni zat i on SREILAGRH. t VEOPNRAKEEIMIF thatiietertBDD seapendes etn

reconbi nant protei.n in.inc lete E nd [ UV rum was cgl | ected
fromthe m ces%ae%ethe%lafyosr a’??r&;?t?%esé ceorglc ?%%ié%fl%%&e Vel esedht duck
serum was pr oitEEBrRsTol ANISBLASTK sitwddamgs ariesl mNgdndaysiner e

i muni zed subcut aneously with 1 m of killed antigen preparation. Killed
anti gen was PrEFhraRAURRIRAITI RLAHASHAFITEtRer TP I ¥ A

CVvL110/ 89 ba i I ) r #}% A 0(51]@ i | zation
with an equal%l\g/‘éﬁﬁrn% %@%%%t?%%n%%%%?a’%% vvass' gi@g% %gs tIl'at er.
Serum was colwactetbiednid cexpidd sed)sinl (F daysl Bf t Sed Exmasbadl .

i mmuni zati on and pool ed. These sera were used at_a dilution of 1:2000 to
detect antigen on SRR yHBTAGHI RS Rftahiheshdn E- 2p kb rfromo02 23 and
i mmunobl ot asfaYS, AF Gaed aﬁfngg%{@{gpdéctgg&@dig@gﬂ% of the bound
ant i bodi es was perj?%r med {}%} ng phosphat ase-1 abel ed goat anti - nouse

anti bodi es (|1&4@Etighs tkiffer0¥&Eia0f)e ok5 goataiamtCVIguk/ &t | BBtk es (1 gG | gM

Us) - T mminont BRI W4 Aeesied JHRE b Rt e AT IS e 15
strain CVL11Q{ 8% v&y ol ¢HE afefadittfe B £ TmpDaand addi soilgdeben wWhi ch

reacted with serumdirected against 6xH s-OmA (Figure 2, Tane 1).
| mmunobl ot s cntidashin fhamr SN ANy Heretive edened t hree bands

of | ower nole r.. mass (,46 4 Da 4 reacted with the
same serum (I—clccégi'%}?aelril,nq anhee f%&étg%l%’l ca’lﬁ’geg e%féé([:eﬁ%sa\rl%b Jte%fba%dards.

Mol ecul ar maSsER @i® @ioredd | ihtdaan |erpiadd iads wwicticy athith ahwddypesd i f er
cell lysate which was reacted with the conval escent duck serumreveal ed the
sane OnpA trithetceding fasme oxf |QmPA ferd i, 6 frirtidine ierigns at

i mMunor eact i v reot e ' M d)vedttsS HRAA €oal escent
serum al so retg%ét)eéci %%é{%%%ﬁ}hté 6xH|%-V§Tcp¢AI}-IFOxI i |r§djpérj% n, }\séﬂéowi ng the
characteri st icodangplat tdie 46" kisamiduk BndirnkD 4R diialire qrodorgs dtane 2), as
did the polycl.onal, nouse, anti - A anti bodi es. Sera from ducks thaI%:I had
been i mmuni zed*%ith THERTEE | Hi i oK - Andt? q:]fr?eecf Ryt

CVL110/ 89 gave the sane results on i munobl ots as conval escent serum (data
not shown). In immunoblots of total cell |ysates of the type strain and
different serotype reference strains of R anatipestifer, all reacted with
reconbi nant 6xHi s- OTpA



23 April 2002 24 polyclonal serum show ng the characteristic triplet bands
at 55 kDa, 53 kDa and 51 kDa as was found for R anatipestlf ?ype 15
strain CvL110/89 (Figure 4). In Figure 4, T indicates R ana |pest| er type
strain ATCC11845, C indicates purified reconbi nant 6xH sOmpA010xH s protein
used-.as a control. The nunbers indicate itshe serotype used. For serotype 11,
I ndi cates strain CCUR5055-890822 and b indicates strain DRL28020. St

i ndi cates a prestai ned nol ecul ar weight protein nmarker as in all Figures.
The presence of three distinct bands of 55 kDa, 53 kDa and 50 kDa may be

due to the profigid’'s. t@qagarcteé@cd@cha: S freF Litherst age PR sRf@CESSI N as

nere | Bent 11 e e e R et sor
whi ch cont ai ng‘%th s'slytglﬁ%zepep‘fl dﬂeé1ac§1‘gc{pé rleocacfted | n the cytoplasmor is
associ ated with { ctgyta%gc ry c_nmenbr g Qe éaaa gL ure ocgssed
QTpA vi t hout xag SR e T g g’ma  Reslelors deFa ey o e
inner face ofcal @caquaef_rtgas c@NEc ek By J2TRADga3 B Gk 1R EEQQ:t DAce gtRl ecul ar
masses of thagpgeimhal daadtatdh g@@aabgdmaaatm&mwcg&mpwwm&gxt10 k Da

smal | er and ceortssponcedthsitter cdagtitetCc ajsaatied anpdaeubartcaagmagh OpA
t han t hose f rosAoardbleitogstiRicarraopgetits figha . tTEaotdpid deenrastin
mol ecul ar na§§é§t"(§’€ﬁ?cl‘=°6éa%ﬁﬂéfat btaftgFE‘H%’-r W?F%g‘Fa‘Htﬁﬁaﬂf atpegTHedat i ons of

OTpAin R a aaagacga tt%a ca aaac ac 1%je] cZﬁgga 3 Apr|I
Lm0

2002 25 chai
coli. Ca2+ blg@de%taénﬂah ggae@etgalae&g faesaatgtat t@ew%atshowed a

maj or band ofaa8dadzfaty RatgoFutRaperdybihda0ctdyR tEhAatiddaletyg akcblygeba, 53 kDa
and 51 kDa anmdtédoseeamtgergdiandsttabaddhak DatgalRaktDatertcied@t kibatydsiceh bound
45Ca++ ( Fi gurceagagtaggeatgpatdioretangccrango Ataranttd grreta @gﬂa%ascmotel n
%&aﬁ?‘gt ﬁ‘égtrc&ﬁ grtzag I{:Bati"tﬁaF%spondl ng

bound 45Ca+~,ctafRAGSR tzf“'*§‘€’f"tfﬁg

to the 6xH s t@ﬁ?f & g:{:?a[ glefo §§c jz tgc aa ﬂ@@?t&tc "Caa g Eﬁgure 5,
| ane 2 and Fltgggégﬁ g aga @ j lggg\h i ch
were seen on gelfick gq;@asgaaeo;gdaac cfg e&@r&taﬁaedcgﬁgta sgma gdaakdc bl ot s

due to the | ayesamepartaigkdynagapadtichyégyaot ciaytt ogdogitapbya abhgtddgpd protein

in E. coli istkeowtatcgeegisian 2gthgbIrsReatgaanessegaesrttepamtkthgtant no aci ds
1to 177. In C@émqfa%? aaRgcweﬂtu piago gREFAtSHOWS tEerakhed 9gbtRItREli on at
the N-term ndgiofase tRaL et ggﬁtg‘égtt GEAteF R 2ePraFfSBhbr ane

<] g a aaataggaaa a g

Qfﬁ 5%0 g “E@‘éti 3G ekl EnEE o A BUHRGON K0 1 esi dues
suggest that caa sIi a%mggwaeagagc@xmas od he
surface. Thi S.gl:§gt§§QQ§la?ttg39§agWht &ta&adggu@u €k RXPAGY Baddatabd @BPagtAghgeENni City.
The struct ur gltteaittt axgbhgdadtgSt{ptatelat saggesttd paicgbeganaesgata al
antigen in agfbatmitss i araptttgavegatpaectdgadoregaity gagadcpbst itheettathe
presence of @&thalfﬁf‘%l%% tasneitigazarg PES-‘F%E?@;&%%%W Rga%ﬁféf:f: estifer

atatag ctgatgaaac agaagttat

hel i x conpri ta

taactac
gaggttaaga
caatttattg
gtatatcata
gctacttaga
taaacttgat

atgcagaact
cgaatatgaa
acatggaaat
ataggtagcc
aatcaatgcc

OTpA are par tgagﬁ'fgéragg ﬁ@?ﬁ?lzﬁtﬁﬁ‘-’%ﬁ

tgggtct
gcaaaggata
aatgttacaa
tacagacgag
ttttttattt
gacattgggt

tatcacata
cctaatatta
aggtttgagg
ctaatgaaga
tttgtttacyg
tctaaagttt

agttagacga
gtaaatctgt
aagatgatga
aactataaaa
aaaggagtaa
tggataccga

gctggggata
atcagaagag
tgtacagaat
tagaaaaaag
gccattgaga
acaatatttt

tcaaaagaaa gttgagcagc cttcaaaget t (SEQ ID NO:17)

MGKEFMLMTGLGLQLKFAGLLFGNEDAWFDPYVRVGANYLRHDYTGLTFPVTDSYNDVTYAGYSEN
KPYTQGRADHFALSTGLGTNIWLTKNFGLGIQGDYVSTPVDKSRLANFWQASASLNFRFGNRDKDK
DGVLDKDDLCSETPGLPEFQGCPDTDGDGVPDKDDNCPEVAGPVENNGCPWPDTDKDGVLDKDDAC
VDVAGPAENNGCPWPDTDNDGVLDKDDKCPTVPGLPQYDGCPKPQSAFAAEATGALQGIFFNFNKA
SIRSESNTKLDQAAEVIKSSNGGTFLVVGHTDVKGNANYNLKLSRERAASVVAALEARGVNPSQLK
SKGVGSAEATVPASASNEERMKDRKVVVEATISGSAWEALQKSDLPVVKKKVVKKKRK (SEQ ID
NO:18)



23 April 2002 26 regard, since calciumbinding proteins are known to be
associated with a wide range of effects on di sease producti %AQ“HHO@ZPEST
sequences are abundant anong proteins that give rise to imunogenic

pepti des preserved in MHC | nol ecul es. Moreover, hyperi mune serum directed.
agai nst reconbi nant OrpA protein reactss Mith OmpA and pre- OmpA of all
serotypes. The high imunoreactivity and conservation across different
serotypes of this protein make OnpA a candi date for the design of specific
di agnosti c nmethods and vaccines for R anatipestifer with the advantage of
Cross-prot ectédly agei st ad 96 Wnyresgéiie tEenHOCLEE & awdiBé NGxPresHed e
antigen. This is in contradistinction to early reports in the prior art

i ndi cating tHeY BRE@rinduafior. pritei FLTRRFPekS dpeoibied st uTabheenteric
bacteria sincg the potentially antigenic proteins are not accessible on the
surface of these cells. Cearly the abundance and the surface accessibility

to the antigen prwessikichdyot fompa oiidpi syedva My bécoldLrma@abr ane protein
are advantageous to its inmunogenj Ci t%. | nruni zat i on of ,(ﬁoul try agai nst
R anati pesti f@tidaects dihatarirRAeed BEPB ERRInp e Leetidey sedheres

suscepti bl e tge i{ﬁg%,%%}:gn%ﬁé‘, 5 M S ehdll %%?e%§%9éﬂgiﬁo the

i nvention in an 1 mmn conposition as a so-cC unit vacci ne. The
subunit vaccitetalocos i rigydatddeof rRverdnatd peyt LhHemr | SEhé heequgrfcr ot ei n
isolated fromthe native bacterial cells, optiopally_ in_the presence of a
phar maceut i cadl?'P RRHRAA L7OR (Fhe insext of ip %B%dZEJWR PALR

recogni zed by,d-fOSFedkid |G5hd T dLifiAf teddid | SRBNQGLM L6 FHP UL S By
fragnents of the OmpA protein nay al'so be used in vaccines as well 7as

di agnosti c netlwd387 Siminardeid rumiipreteiprotdh s dedudddh one or nore

oPLLOPES 21° COIPLIEL T P €T A ndi\ SOIT SROE R, ARG 9Tl s2

are preferably, €onj ugatad gredstidd @y 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) optimally spécéﬂ 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 open reading frame of OmpA. This
structure repregsents 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



nol ecules in order to raise their inununogenicity. Suitable carriers for
this purpose are nacronol ecul es, such as natural polyners (g&ﬂﬁﬁpggoiike
keyhol e |i npet henpcyanin, al bum n, toxins), synthetic polyners |ike

pol yam no acids (polylysine, polyalanine), or mcelles of anphiphilic
conpounds |i ke saponins. Alternatively tilgese fragnments nmay be provi ded as
pol yners thereof, preferably linear polyners. Tf required, the proteins and
fragnents according to the invention, which are to be used in a vaccine can
be nodified in vitro or in vivo, for exanple by glycosylation, am dation,

car boxyl at i org41 NS Y BH Bid WpoAddBdd R dteide VBLGE NadiBdnh 59 contain
an aqueous nedium or a water containing suspension, often mxed wth other
consti tuent s tihe draldrowing rme@myeehe activity and/or the shelf life. These

constituents may f.fer i tmred mlk or

casei n hydrol ysate), sItiers, juvants to i nprove i ne response
gﬁﬁ@%@@@}éﬁw@ﬁpﬁ%ﬂﬁﬁ&@w

(e. g. oils, mnmuramBRAIKAIGNDAENNEII A GHGERVAREVEITINNS TRTVR dr oxi de,

saponi n, pol yani ons i j t r ives. An

alternative to su@mﬁx¥kﬁggﬁgﬁggﬁé?éﬁgﬁ;éﬁggﬁﬁﬁéggkéﬂiﬁﬁgﬁggéﬁﬁ%isequence

encodi ng t he R anaMpesiAREID DRVE VMO TA FENRGS IFHKIMELG IEVKNEgient may be

i ntroduced by recaonhi nant DNA techniﬁues into a nicro%ﬁﬁfnisnuée.g. a
bacteri um or virLugRﬁqw%ﬁﬁﬁV%¥QRﬁF L RN MR g ani smi s

still able to replgwat egsgdernehyo €xpressi ng a pol ypepti de coded by the
inserted nucleic acid sequence and eliciting an i nmmune response in the
i nfected host. One enbodi nent of the present invention is a reconbi nant

vect or virus conpry.si . TR .A15H¥HH“ égygi ifer QA
protein or an innd%%g'nﬁ%;gggd%%nfﬁﬁkereo , 5§g'eggﬁﬁbe above,:%gpable of
expressi ng t ho g elecivasdl fironf heh@BipAc addrs) sErquesste if ot ected with
the reconbi nant vector virus. The invention conprises (a osf cells) or
cell cul turesgfirrﬁ’é'ttc_‘é’d“]vaio_t}l‘]?gt i‘?é“fé’c%rﬁﬁ"?%ﬁ ﬁ?&@&ﬂ"% _rrtfs"?e ble of
produci ng t heanatdMestid ofe QMRA DI Saip DY BUYIeSS Qe it Uit ei ¢
aci d sequence. As described in U S. patent 5,843,722, incorporated herein

by ref er ence Gnawe negdd tikreohaateshis qudhsf Gt enmiguso raiasgrmas sesc drbi nat i on

can be used tqQ introduce .a | ei.c acid or.di.ng. to, the i nventi into the
genore of a Vc $ roa},ctveirrluss_lc r]ﬂ.)c amino acn.da%z:npA-llgce %.omaln. eﬂ'xe (H'-

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 outsgide
transmembrane 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.



First, a DNA fragnment corresponding with an insertion region of the vector
genone, i.e. a region which can be used for the incorporati O%B.gé)r %0
het er ol ogous sequence wi t hout disrupting essenti al 23 Apri 8 %
functions of the vector, such as those necessary for infection or
replication, is inserted into a cloning wvector according to known

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

| ar ge number of m croorganisns (e.g. EP 80,806, EP |10, 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. 4,722,848). |frglesid@tende dgl&d i RdvéaledethdtipRsbiefse | §F Ozihe insertion
region present in the reconbi nant vector nol ecul e obtained fromthe first
step. This cdiF beand v aleidutdrinding| domaing hofpween canimmuatidsell |

digestion or restrjetion enzy reatiment pof the rec i ect or

mol ecul e fromt e{‘ﬁr%l%&s‘f%op.ﬂ%e HIRTEIT HEht %n%%llér:gi?%g{%a% i pestifer
OmA gene or ifiRBoKEINE T6AINENN . | STHO GPrédsiedd 68k | A DeidR-binding
insertion-region in the reconbinant vector of the first step or in place of
the DNA del et@m3insn and PFEL oiagient andithe abrener o f invelirgon DNA
sequence sho e of. r I t

reconbi nati o%gmcl?hr%)%le&\g%c ogidgéeﬁotl‘rrrg&fgo&o%iué% %Ae‘?%va%?%ﬁ'&gr& able cells
can be infectosiied tin i) deriatiperstd figr Whiksh Gird rdisfereme ftdh vect or
genomi c DNA in the presence of the reconbi nant vector containing the
insertion fl aHRRFL KPHERIRBH 3SR IAKR D E DG o3y SRR RM R EDYR +2% ohidi nat i on
occurs bet veegefdie SAULLSOONG NG 4 GRS Lkt NeaT et M nyect or and the
vect or genonme. Reconbi nant vector progeny can now be produced in cell

cul ture and qewreteise|Eced fomeahptelgeaiot et e llwtapheignabi cal |y,

e.g, by hybrigdization,, or by detection of expressi.on,.of, 23 April 2002
30 co-integr a‘f’éﬂ‘ﬁ‘f%&’ror@ %h%?ysofrfcﬂrﬁﬁ]%l%%f%% atRs ev(’:'f‘?kbna of the
antigeni ¢ R apedéd pesidd eff Qe YHe i £h6n S 5 105hieck 1y | hehd econbi nant

vector. Next, this reconmbinant vector can be administered to poultry for
i muni zat i on, fipdinpfafrsix BRihand ealekuribingingmonains B Rven
replicates i he, body. of t | No¢cuU I ssi In Vvivo the
R anati pesti Paeéa%ﬁ) plrj'g Iéi%j? nﬁ%#u%agﬂlérl?agé{@a%n%eer??é,rerczr}é%}?téﬂ%é’%lnr% he
stimul ati on ddo trxet | dBAMELS YiciN ddmddyes § nocul at ed ani mal . Sui tabl e vectors

for the incorporation of a nucleic acid sequence gﬂccor,di ng to the invention
can be derived frdfiATeResItde é%alpﬁj’;%“%‘ll?gtfé‘%’s“,g laing 3%k a8WR rus (EP

110, 385, EP &%g8&edlche Palrndis foEfud WeqithdlsS afllentlends 152 848) or
fow pox virus (WO 88/02022), herpes viruses such as HVT (WD 88/07088) or

Mar ek~s Di segseecMinais glhdemwid rasidy sefinerend vihxsonine i redbdues i a such

as E. coli or_specific Sal | l.a species. Wth reconbi nant i croorgani sns
of this t_ype,allug %?rcftérmch-‘oléersgp%ééalet t%er%f%rpa’f?%eels s|ft(e:c'rr ér%%%‘%%‘fleol% or
i mrunogeni ¢ fHIRGHEIH S afetd Wikidwae edhatism i hePEFEDiRiquaricés agrent s may be
expressed as a fusion with host OW proteins, or pilus proteins of for
exanpl e E. cofeunrgd iwydigetmetaholdisiehrdtesi dreansfiRinttdrfactrighces whi ch
are 1 ecogni 26 e 1,06 HAAN S Bt A Do AEH dibe ACHM dhilen 10, tdigy | nventi on
can be prepa?%r y culturing ;Brecoﬁgi%nt acterium or ‘a host cell
infected w t haze reborEhantante dmong grotsing thaudive atse sequence
accor ding €0 JRGuldyENl Pupt LY I LA SO BN PAIELLEGY, Vector
Because PEST sequences are hydrophilic, it is likely
they are solvent-exposed. While PEST sequences are
often present as carboxy-terminal extensions of
proteins, 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



23 April 2002 31 cells and/or reconbi nant vector viruses grown in the cells
can be collected, optionally in substantially pure form andﬁRWﬁO%nto a
vaccine optionally in a lyophilised form Host cells transforned wth a
reconmbi nant vector according to the invention can al so be cul tured under
conditions which are favorable for the exgpression of a nucleic acid
sequence encodi ng the R anatipestifer OmpA protein or imunogenic fragnent.
Vacci nes may be prepared using sanples of the crude culture, host cel

| ysates or host cell extracts, although in another enbodi nent nore purified
pol ypepti des feqDE&E e t BhiHEohPN eRby MWe a4 EpF Of dBEed Q1 BaVACCI NE,
depending on its intended use. In order to purify the pol ypeptides
produced, hostukatrateyansforned with a reconbi nant vector according to the
invention are cultured in an ad te-Vv d 0 j des produced
are isol ated fron1§%cﬁh%e ?@?gd§£$€o%$tﬁ%¥%§%?€h1%Qgtﬁﬁk%gggé#n IS
excreted. Polgqrpinsess exfpRt £6e i @i dgthemeRdi UMhe alnPbdé SOb ab€ds 2ad
purified by standard techniques, e.g, salt fractionation, centrifugation,

ul trafiltratierenenenbradeyraphi® geanning rdenain ol = | eproaertadthy a
chromat ogr aphé’léeé!‘.lt‘%gésbém raggl | é'iﬁrELP-O:::%{zP&p#Af'@M?ﬁ" P&1h§Caahef Y first
collecting said cells, disrupting the cells, for exaine y-soni cation or
by ot her nechane cahdyn dbpraprerveicebhy batcdhed BoxenciTipe eswo godyowed by

separation of, the polége tides fromthe other:intyracell ular onents and
s {pad

formng the pRR¥PRpYS ek othe BRERT eed ¥ g ‘Efbt?‘%hd%omcg‘ $40 be
achi eved by c{iei £86-1{§7) Yand &Fe AWLddék 3902 indPc TS Ohe WGhSAOENES SUCh as

Triton X114) or enzymatic neans, such as |ysozynme digestion.” Antibodi es or
anti serum di réeneth atrai tise @G- petypept | kel ficebrthegpreteim. i nventi on may be

used in passive i not her a dj agnosti c_imunogssays_and i on of
anti-idiotypic an%%a‘%’%%g‘ %%tﬁ‘ré%a? pRerT e Cﬁ%ﬁf ]F%Féi%‘g];ﬂ:gél nogeni c
fragments. asafl®seyhdest ey eatem bes 51sesh ¢ 03 Pf Pkt CEr iif| ¥4¢RNGther
monospeci fi ¢ and nonocl onal _antjibodies. If polyclonal antibodies are

desired, techit qlexming FPbdRCHRCANE DrotesdtPhorirRIonal sera are known
in the art (e?hgraé\%:?%s@fg &@Eurl_ggs nd ngl%%‘?) - %b&aéd '\@éwgén' n Cell and

Mol ecul ar Bi ol ogy, adem ¢ Press, London, nospeci fic anti bodi es
to an i Mmunogenimanadbd gpdsitignguz2 $iadd f298n patompecidde afittlsera by a
nodi fication of the nethod of Hall et al. éNature 311, 379-387, 1984).
Monospeci fi ¢ SFATHRYYAMIRO R RFTIFRCT L bt 4P B ngl e anti body

speci es or Myt plSe AP EOLWmSREGEES WLLH SOMDGEAES Usn DL 841 55
characteristics for the rel evant™ anti gen. Hoirogeneous bi ndi ng, as used
herein, referBrep RDaabdnk itying tie NECRI RIASEDHerdwputer [Prebrama specific

antigen or epito nacl anal anti bodi es, reactive, against. the .
R anati pesti flé‘arv%arlp%\g/garl 8‘?%‘%‘1 %?r%erln?arﬁr%n%fgearﬁl(:n r%%incg%fé?rh%lf%%fvl%%n be
prepared by itherkdowy &adiatcdd CEf hyehietdnd qhesSt&osvin ncébeantit ( Kohl er
and M| stein, Nature, 256, 495-497, 1975). |, ) .

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 Ompl, the etiological

agent of turkey bordetellosis, a highly contagious

upper respiratory disease of turkeys, characterized by

signs and symptomsg similar to those caused by R.



Anti-idiotypic antibodies are inmmunogl obulins which carry an "internal -

i mge" of the antigen of the 23 April 2002 33 pat hogen aga&gﬁﬁmwkbgh
protection is desired and can be used as an i nmrunogen in a vacclne
(Dreesman et al., J. Infect. Disease, 151, 761, 1985). Techni ques for

rai sing anti-idiotypic antibodies are knidmn in the art (MacNamara et al .,
Sci ence, 226, 1325, 1984). The vaccine according to the invention can be
adm nistered in a conventional active immnization scheme: single or
repeated admnistration in a manner conpatible with the dosage fornul ation
and in such ammipestifdd ire quadphydmitottiet yoofdect i Tiee N-:eermimahnount

of i mmuni zin igen or reconbi napt m croorgani sm capabl e of expressing
said anti genqi‘;_# ‘\"C/,\fell? i HRCPS ?Iff‘mﬁA p‘fb‘g‘?‘f‘?"; 294 ﬂ’tf%ﬁh\:}’eg‘ge by
virulent R andhdesiddedind\SiiSete "GFELH, prMiid t FenBRA0sERBL £VeEl  Of

protection against infection that is higher than that of an unvacci nated
popul ati on ofddtiakkssed~or |ive viral vector vaccines the dose rate per bird

may range from 105 to 109 CFU (co] ony form ng uni : ypi cal subunit
vacci ne accordi ng 3R ¥ﬁ&ﬁn?§ﬁ??xﬁﬁﬁi@ﬁ%ﬁ%ﬁ?ﬂéégyﬁﬁké’ﬁfa?%e

i Munogeni ¢ s A 1 25UE N &L OF 18Fe CAN Hieowrell thS 1 SF & dld regler 1wy | Y,
subcut aneously, intranuscularly, intraperitoneally, intravenously, orally
or intranasalbpy . amhl HatteR imalbdbt |agatimmpii Fr0t erre amhd nmunogeni ¢
fragnents, antibodies thereto and nucleic acids encodi ng such proteins and

fragments may be enployed in diagnostic nethods and kits for detecting the
presence of R anatipestifer in biological fluids.



23 April 2002 34 Such diagnostic assays and kits nmay be of conventi onal
format as i nmunoassays for antigens and anti bodi es and hybrhﬂ;g 119982
assays, optionally follow ng anplification, for nucleic acids nmunoassay
techni ques are based upon formation of a conpl ex between antigenic
substances and an anti body or antibodi e0 One of the conponents of the
conpl ex may be | abeled, permtting conplex detection and/or quantitative
anal ysis after separation of the conplexed | abel ed antigen or anti body from
an unconpl exed | abel ed antigen or antibody. In a conpetitive inmunoassay
format, the dfbben c skdastemic Aming. Aciddidabedy pEbdeneitpr cv£iR. or

i Mmunogeni ¢ famgtigpd st 182 dmpA rwitls ather Hndvni Badiedéripl eBteteins.its
presence conpetes with a known anmount of |abeled antigen for a limted
guantity of anti body=amtigem brmarng sttes.  1ne anoant of | abel ed anti gen
bound to the antibody BactevéatePyopedporti onalPe®ceme anount of antigen in
the sanple. In an inmunonetric or non-conpetitiHewabsgy format, a | abel ed
anti body is enployed in place_of |abeled antigen and the anount of | abel ed
anti body associ at ed Wehdakelh3or Vbt ¢BPhary conpi®% is directly
proportional to the qlascesgioh mmtiQehi€blubstance in the fluid sanple.
Both conpetitive and i munonetric i munoassays can pe configured in one of
two basic formats: heP@FREERJIRT SRR ogenous ass2RS. In a conpetitive

i mmunoassay, both con®Bdrations involve the formation of a reaction

m xture conprising a feaceapior »arcRO4848tion 23 April 2002 35
conponents: a known apount of analyte or anal yte conj ugate, an anal yte

bi ndi ng agent, and a ZBFpFePFEFH %%ﬁ?%ﬁ?%ﬁspectedﬂg# contai ni ng the

anal yte. A heter ogene88BAor two phase assay conprising solid and liquid
phases invol ves innanﬂFiﬁ??bﬂnoﬁoon%oﬁﬁﬁﬁgr of the anal yte/anal yte binding
agent pair on a solid gga e and conjugation of tru?§uher to a | abel or
tracer such as an enzyTBUOPTPAYT oATETI 125 Fhe | abefel anal yte or conjugate
conpetes with anal yt e?B¥Epected to be present in the sanple fluid medium
for a restricted nunbé?°695§h%Py?%'b?%§7%§)sites. In a hompgeneous assay,
the separation and preincubation steps are el mnated by neasuring the
anount of enzyne activity of an anal yte-enzynme conjugate rather than the
anount of anal yte conjugate attached to a support. The presence of an
analyte in the sanple fluid is established by an increase in activity of

t he enzyne covgrmiarmee (1ef&eRad . stosinsl, DV yized andPCR &ivaBd¥is dthen eit her

t he added anal yt e conj.ugat r the sanp]e analyte i s bound, by the anal yte
bi ndi ng agentg%’tﬁﬂ‘h@%ﬂi?&‘g‘éﬁ ifon HH ,P“t‘%e‘é%“al‘ikf%e BRTOHES ?‘h€o| ubl e. The
liquid and i nsoteiblSe PRasOSertde el el Despd €tk Ak EMerspianidtyo0f anal yte

in each phase quantitated. The anmount of analyte in the sanple fluid nmedi um

i s det er ni necRi3be e fuhr i anpbif ek N | teEmRN S8 SRING UiRe 2% 1 owi ng
both the incqgﬂ%'o . Se i e i angynt bound anal yte
conjugate is | %r %ﬁ%?o‘g%%% S%'opatﬁﬁaeécf;tﬁﬁ}l{%rbf sarr%‘?éer'anal yte, the

greater the aresntiofic@nfita&yment length polymorphism (RFLP)

analysis of the PCR products with the frequently
cutting enzyme AluIl, indicated some heterogeneities in
the OmpA gene. Three different groups with similar
enzyme profiles were noted (see Table 5). Although the
gene shows a certain degree of variation among the
different serotypes, these minor intra-species
variations are predominantly silent mutations not

affecting the phenotype. Variable regions are found at



23 April 2002 36 analyte in the sanple fluid, the |l ess the anmount of

anal yte conjugate will be present in the insoluble phase. A3 Aumril20@2
various types of quantitative or qualitative i munoassay formats nay be
enpl oyed for diagnosing birds for R argdti pestifer infection. A kit for the
i mmunoassay of a biological fluid for R anatipestifer advantageously
conprises, (i) an antibody to the R antatipestifer OrpA protein or an

i mmunogeni ¢ fragnent thereof and (ii) |abeled R anatipestifer OmpA protein
or anti genithd PagEd of ompa adrrgpididgtitd otlhe asmhiruwiakegi ¢ conpl ex
with the antibody) thereof. In such a kit, the_antibody may be nonocl onal ,
nonospeci f Pgcdreqtdidec (dfdfierapcae i dpaied betweenctbaaPmpihe anti body
advant ageouysl y s sel ect C t.idy e rfe s-reactions, and
consequent %%gﬁs%wﬁ sioff‘lc\}sgtg:asiglr m&%%%&&@%&%&%@%med for |abeling of
the R anat iqeesiralgy, OmA MiQlRigt ivtiddais Caldig®mba "g¥nbe apy | abel
conventionally used in heterogenous or sinultaneous assay formats. For
exanpl e, i ldiréfrl?@tahaﬁd—'le(?é(ﬁ]i whestlnf igh foundelnathigoregient agoi ety, a
ligand, a isnescent noity or the Iike. The kit optionally may conprise
unl abel ed R7anati pestifer OwpA protein or antigenic fragment thereof fox
use as a control. Tn an alternative enbodi nent, an inmunoassay kit for
detecting R anatipestifer in biological fluids nay conprise two or nore
ant i bodi es &R dnat AJet RESCXAFIAD FAMDCLRPRAt PHeRi ¢ fragnent

t hereof . AgnaEdPessddLer Sprafymesr002 37 of such antibodies is |abeled in
t he manner descri bed above, or alternatively, the kit may contain or be
used in conjunctiTN Wth a ]abeled reporrer aniipody that is capabl e of
reacting i nmunol og}f@ém y vvi‘{'h et i5e qfe%%ﬁt?%{)‘aggg’t o the R anati pestifer
OA protein or antigenic fragment®t AFLAMY i hed ahove, the kit may
optionally contain R anati pQ@t;c%%asa ngAﬁorot ein_or antigenic fragnent as a
control. A kit for the detectFonPsf ¥hé R-anati'pdstifer OnpA gene (or RNA)
conprises a detecti o% nucl _eisqeraé:i gstég‘h,i slqgap@bhgz of hybridizing to a
sequence within the R anati pesf’l er

NpA géne ‘under stringent

hybri di zati on condi tions. " SlekbfigeBte hybyidi zedi on conditions” are those
that (1) enploy |~ew=—tente—strengtir—amre—irmrgirtemper=attre for washing, for

exanpl e, 0,015M NadCl /0. 0015M sodi um tatrate/ 0. 1~ sodi um dodecyl sul fate at
50C., or (2) enploy during hybridization a denaturing agent such as

formam de, for exanple, 50~ (vol/vol) for ide with 0.1~ bovine serum
al buni n/ 0. 1~ Fi ?mnr%?fécga% 1 5PERd iCforfe'SE MRS R St phosphat e buf fer
at pH 6.5 whkB1pE0ca¥NaAGhro BN 280is¢Ragin AiEL 13/ 62 Gnd\of her exanpl e is
use of 50~ formamde, 5 x SC (0.75M NaCl, 0.075M sodiumcitrate), 50nM

sodi um phobphaféedpresopbingnt- 6xddisyPrpPhr-diPrdEithatere studiethawt ' s
sol uti on, L&3 a SPEL! :lglgé .1~ SDS, and 10~
dextran sultate %?gﬁgchgq\%gt E‘g\/\g‘g es 1(5?%4%1%{#3& x SSC and 0. 1~ SDS.
Al ternati vehyi-6sHisrgaph hyperdnmaiieomermndi tameh Sorarsl ddwset conditions in
whi ch a nucleic acid hav'kng r eat,er

serum from ducks” ekXperimentally infected with a R.

anatipestifer serotype 15 strain. 8See 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% P-mercaptoethanol, 10% glycerol, and 0.005%
bromophenol blue), and then transferred to

nitrocellulose membranes. The membranes were scaked in



23 April 2002 38 than about 80~ honol ogy, preferably greater than about 90%
honol ogy, nost preferably, greater than about 95% honol ogy té%AﬂﬁZOOZ

R anatipestifer OmA gene will hybridize to that gene. The nucl'eic acid may
be | abel ed, e.g. using any of the type of |abels described above, or
alternatively, a | abel ed reporter -nucleiz2zacid that binds to the detection
nucl eic acid, may be enpl oyed. Preferably, a kit for detection of the

R anati pestifer gene or RNA contains reagents for anplification of a target
sequence within that gene prior to detection. Such reagents include priners
or probes thataltaak-badiagoBhif S@HUEH0CEMMORCTAr 5 yiMOMeUL, RGRI 16 Rw@r ot her
wel | -known nucleic acid anplification procedures. In any of the foregoing
kits, one or hﬂ%éaé?thEY@EaﬁbﬁP§lﬁﬁy BE 7 nfdbfPF2L0 Bila solid support, as
s wel | knowng stPeLiloRtly PHE makPOALS hBELHRCLOLLEX2TR! Ba1pilhe Of

bottonms of test tubes or mcrotiter ate wel at ex partlc es, test
strips, bibulpusaiRgephatsr Eﬁﬁﬁﬁémén@édtwﬂ:ﬁ‘sl 8! jdesof ptoetes ;_?ékdxﬁﬂe

| i ke. The present invention conprises both diagnostic nmethods and kits for
detecting R aKkat0pemCifef Odpllpupéeigg achusraipunt@ns. Anfloan2d mthes. The
invention is further |IIustrated bg t he follomnng exanpl es, ;which are not

i ntended to bERERFiRfGd Bwhep wkth deionized Wy e§9f?§a gn1angy eat i on

and Screeni ngypie@naR 894! LBRSLELBLrEENeBLERE a%)a G%@OWf%uQNA z24& b
extracted fromR anatipestifer serotype 15 strain CVL110/89 by the rapld
guani di um t hi eeyanadtograbby. This strain was respon5|ble for a severe

out break with 25~ rtalit Ln du ar i h_Singa e, Partially digested
(Savam genoni o DCHREPErTREE PRIS-LERET 4PuiefelPehomelinefhalyl ated
bact er i ophagewdre ZpPobupe@ssdMv€6t ohd (Shélel Bggae) ambcpapkaged with

G gapack Il Gold Packaging Extract (Stratagene). The gene |ibrary was
pl at ed accor dimgunbzedawibhd3 PP orwcphsi fsedgredembinagmti strain XL1- Bl ue

MRF' . Ligation roduct .were t orped into XL1- g cells, by the cal cium
chl ori de proc%ﬂg ﬁlagé ?eﬁakgﬁgnéﬁ?ho?eEF%F%h? &%%#b% ~BP8) excised in
vivo on pl asmdo¥ech ohi REK- M&i@m ¢ 68p Pheger Pbagaes é‘éf@{}ah‘af ection wth
t he hel per phage ML3 accordlng o the supplier's protoco The library of

Hindl |1 fragnépifcef Lgeavater fPor@®it amtst) ptrtafeetakroedpwoe 16fstrain
110/ 89 was eséggllfhed usi ng glasnld Bl uescriptl| SK-.
ul. t

immunilzation 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.
Convalegscent duck serum was produced as follows.
Four ducklings aged eight days were immunized
subcutaneously 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)



A Di g-1 abel ed probe for the R anatipestifer OmwpA gene segnent was produced
by PCR using plasm d pJFFRA6 DNA as tenplate and the primers‘2 L and
RA60MPA- R (see Table 2) which were derived fromthe sequence of" the ¢l oned
fragnent of OmwpA. This Dig-label ed probe Was used to screen the plasmd
vect or based gene library of Hindlll digésted genom c DNA. The gene |- brary
was screened with pool ed conval escent sera from 23 April 2002 40 ducks
experinmentally infected with a R anatipestifer serotype 15 field isolate
as descri bed above. To screen the reconbinant E. coli clones, colonies were

transferred thamit@npbabes awishlyss alicd rdegiguriot Gndkwinr aeehlodsase nenbr ane
filters (Schleicher & Schuell, Dassel, Germany). The reconbi nants were
lysed in sitVigvalpratias efosdel bPenad estikeddesbwate Py fioamiedy t he

menbrane filters a fQr filter I n_pLasi ated with
hybridizatio%% %Pkagggksgﬁﬁ%NgéFFﬁ?g sor) Bo iﬁﬁpgﬁtfgng#§¥%m

N- | auryl sar cdaigeg Igh; OR¥IS ¢0i76m806d e oyl goattataa tiSHSckaad tilodieski ng
reagent (Boehringer Mannheim_ product #1096178%% ,p;@é.? at 68C for 2
hours. Hybri dES%¢ g WEEL HIF2506f OPrad el YoM HiFrkeosr burPs (750 mv

Nad, 75 MM pLh3diiid Ci bhakferSph%yN AU Yisagr.cosi ne, 0.02% SDS)
containing 1 ~g D g-1abel ed OmpA gene probe for 18 hours at 68C. The
menbr ane was wash&dmuniobdoter of5 twitadt eelvi dlysadef @f &nt ai ni ng 30 rnM

NaCl, 3 mMtrisodiumcitrate and 0. 1% SDS, .pH 68C. Di.g-J abel ed DNA
probes were GEFE&PEGtﬁffﬁgsﬁﬁ8§BP§ti§2§258égeg%&igp?éﬁg5?W§?ﬂ%ﬁ ant i bodi es
(Boehringer MapahkebahdaCa@r 8sNEphQ ERE kPROAWEESTS kiDAS Whieh ¢Reaictlgst rongly

i munor eactive clone was retained and converted to plasm d designated
pJFFRAG. Thi withoservontdirected paetnat 6pdds-OaphPndFioame 3f 350epy

showi ng significagt simlarity to t rdet ayl um_ . Jtenbr ane
protein A TH 'co?F@gﬁgthﬁS égn%egg%ﬁggggﬁd%%§ngé@ggLgpe ore was

desi gnat ed OppéteRhaseivedapidFRapeeAbandenbdi lowgramdl2khlkmelalsls f r agnent
was 23 April 2002 41 retained for further analysis according to nethods

known in the (4ft kDpncldd¥Rg 88duéhckRg) (wbenTZSREted with the” same

serum (Figure 2, lane 2). St indicates molecular
weight standards. Molecular masses are given in kDa.

Immunoblots 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 kba (Figure 3, lane 2), as did the polyclonal
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
immunoblots 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



Exanpl e 2. Expression of OmpA Fusion Proteins and Purification of Antigen.
To obtain purified reconbinant R anati pestifer OmpA anti geny, Aé}ﬁ? A gene
was anplified in vitro with Tag/ Pwo pol ynmerase m x and ol i gonucT eotr de

pri mers RAOVPAHL-L and RAOWAHL-R (see Table 2) using R anatipestifer
serotype 15 strain CVL110/89 genonmic DNR4s tenplate. The purified PCR
product was digested with Ndel and BanH and cloned into the expression
vector pETHIS-1 to obtain plasnm d pJFFOVWA which resulted in an in-frane
fusion of aix histidine codons at the 5 end of OmpA A second plasmd,
pJFFOVP13, wasolypnbbénaltsekanal sigowbhy tise nchapraceesi BAOYPAHIpleand
RAOWPAHLIA-R. The _resulti ng sequence produces the coding frane of OmA fused
5 termnall yb?’bd§i§<th$§t]%a?ﬂ ToRmsARAP B KPR A n4pfyEPBREefioFi Bt di ne

codons. The c &S i g P } apgs 13 were
verified by Diﬂg‘gfe%%iﬁgfeggnnéa {/SI s.eT e %)?%glr#d@ggli%é% gﬁéaégg%ms wer e
transforned i nTm Eiguodi4 hdBtimdicatreBLRl {ikBipeshpLetusypa ptpathns
(6xHi s- OmpA and 6xHi s-OnEA-I Hi s) were, *};\%) essed by | PTG i nduction of E
coli harbori fgF¢HEL 3+ € TRE a%‘fﬁ"df ‘E‘hr??l 0¥ &rdhSconst ruct s.

Fol | owi ng i ndgiebA Olgxit & (#Féééi%@e@aéé/eétégnti?@‘ﬁbedrhé demolpLfer (10 nM
Tris, 1 nM EDTA, 0.8% Nad, pH 8.0) and extracted in 50 nM phosphate
buffer, pH 8.Dndi@8té\prhé¢ DOIPtypre comedi niFer sdtgtpedihe hydrochl ori de.

The fusion proteins were purifi t ell .extragcts usin .
N oo ool n: D e R edS i ol s 0%y 4082 Spa ™ i ifisn c8e, Hhmaie
accordi ng to e sewe!f acd#ir Bid Scd Hed rAlGhi ONSaidde HOLSeu DL YhE s§hei ne

tailed fusion proteins were eluted by slowy decreasing the pHfrom8.0 to
4.5 with 50 nFQERSpHRRkeRfdRrindthi oS0 nM Nad and 6 M guani di ne

hydrochl oride. Th I el ed: at . heef usi pr et eins
wer e subsequently%ﬁg%g%d%géiﬁgft%égmfb o%pﬁ%ts%g%%%fgf,y%lﬁgéo,%
cont ai ni ng 3MKDaMANA 0 ¥D& enaon bl dasari th phé-ROMPAEin i lsding i dentical to

pJFFOWP13, was constructed, | nde endentI%% I#s ene product,
6xHi s- OpA- | GRFECtSh A At heecee FIRFER 12F iRTPCESF Y h2® BBFai ned from

pPJFFOVP13 t hrpuahoida tHSr Ol -in 23 N1 |ak®02. avium (16) where

multiple bands were identified. They have been

interpreted to represent OmpA precursor which contains
the signal peptide and is located in the cytoplasm or
is associated with the cytoplasmic membrane (pro-OmpAd),
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.

anatipegtifer such as additions of glycosaminoglycan



~3 CLAIM5S 1. A nucleic acid encoding the R anatipestifer OtpA protein or a
fragment thereof. 2. A nucleic acid that will hybridize to a%:ph@l”ejoﬁ aci d
havi ng the sequence of nucl eotides 82-1242 of SEQ ID NO:17. 3. nucFei C
acid conprising nucl eotide bases 82-1242 of SEQ ID NO:17. 4. A vector which
conprises the nucleic acid according tozdaim1, 2 or 3 and a replicon
operative in a host cell. 5. An expression vector conprising the nucleic
acid of claiml1, 2 or 3, wherein the coding sequence of said nucleic acid
is operably linked to control sequences capable of directing expression of

sai d codi ng SeRRBREewhichogd B6t| Scclr Wesh £etdfbinansionpRdigi th a vector
according to claim4. 7. Host cells transforned wwth a vector according to

claim5. 8. rexpresaeddipoFypept!de conprising SEQ ID NO:18. 9. An
ol ypent | de aceor dTfig. L4REASneEPSAABEarR FHEnsar y BRRETRESTE AoT usi on
protein. 11. éot@l hakt DieR’ SRtGEda tHg] PLMaNE SECHIIERGDL clains 8, 9 or
10 CorTprISIngc':orresponding to the OmpA triplet at 55 kDa, 53 kDa and
51 kDa and three minor bands of 40 kDa, 32 kDa and 30
kDa which bound %°ca** (Figure 5, lane 1). However,
recombinant 6xHis-OmpA-10xHis protein bound *°ca**,
showing a strong band in the range of 42-46 kDa
corresponding to the 6xHis-OmpA-1OxHis 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.
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
OmpA ies 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 sequences on R.

anatipestifer OmpA are particularly interesting in this



23 April 2002 44 a) providing host cells transforned with an expression
vector encoding said peptide operably |inked to a control sng%quoggpable
of directing expression of said peptide; b) culturing said host cells under
conditions suitable for the production of said peptide; c) recovering said
peptide; and optionally d) purifying sai4f-. peptide. 12. An anti body capabl e
of specifically binding the peptide according to clains 8 9 or 10. 13. A
vacci ne conposition for stimulating i mune responses agai nst Rienerella
anatipestifer in a menber of an avian species conprising a conpound

sel ect ed fronrederdr ospneenctbeivy-binding piokeinsi agethrownqgtienke defi ned
by SEQ ID NO: 18, a, nucleic .acid conprising bas 82-1242 of SEQ I D NO: 17,
and an anti bo%?é%%b%g?% ‘6+t€paec‘ﬁ %afﬁ*lg%i%gi%g‘?%cé%p?ﬁ“d%lﬁﬁwﬁg t he
sequence def i pesahye S5HQ |hiNDe 18EST 4sedudii€ss NEr& OAH@SALh ONamsRg" di Ng to
claim 13 conprising a viral vector capable of replication i.n an imunized
host and expreseteinsfthapudl e crige dtentmmredemc Fpepbideestifer OmpA

protein or an_inmu nj | [ | st,, . A vaccine
conposition 2%%%?%?ﬁ%§fgg8%%?%?§§£l %§§+%'tﬁ%§%%%Y$§é ?§&§§ﬁ?ﬂe Tc. 16. An
i munol ogi cal s &®lh odli Hé c tlé & 0apsi s Of ré dbmicinait bombh eppsedin aeattpestifer
in a menber of an avian species, conprising: a) providing a sanple

consi sti ng obeF%o@?PIbI%%‘EBPr%E‘?‘EmQ ?f &bk RRYALHRR/- fluid froma menber of

23 April 2002 45 af,@vi g SRRkleSrSASPEF 6f Hla PedNGe ¥ €£480a 445 L:

different serotypes of this protein make OmpA a
candidate for the design of specific diagnostic methods
and vaccines for R. anatipestifer with the advantage of
cross-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 vaccines 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.anatipesgtifer
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.



Ri enerell a anatipestifer. b) incubating said sanple wth an anti body
according to claim10; and c) determ ning whether said anti rW2§Rg
specifically bound antigen. .A A A .Ay. AAAYL A . .AF@.A(I " J?. )
CAYCA(LA DAY AFLA LAY A2 DAL A(LA A9 A L A(YL. A
CA(% Ay A A(fr. AyyL. AfL. A(yr. Ar. A9. Ay 2Af. A(y . A

It will be recognized by those skilled in the art
that immunogenic subunits or fragments of the OmpA
protein may also be used in vaccines as well as
diagnostic methods. Similarly, recombinant proteins in
which one or more epitopes are combined may be
employed.

In some cases the ability to raise 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
polyamino acids (polylysine, polyalanine), or micelles
of amphiphilic compounds like saponins. Alternatively
these fragments may be provided as polymers thereof,
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
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By~r OTl NRzuoj e [ V] ] ca] ca] ca] ca] caV] ca] cal ca] caV] caj cac]lca\/] ca] ca] ca] ca] caV]
ca] ca] ca] ca] czar}rw\qg:%q:ca\qmq c@]%ﬁ%“a\q%]%crlbe above,
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’\a] caV] ca] ca]
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caV] ca] caV] ca] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca]ca
KP<EJI ek%Cp}%eH¥My WitHTa] dareentdan Ry st ajda ket 85h{®a) cav) ca
1 caV] ca] ca] cad,calLmV ﬁﬂ\ﬁ@dé&a\ﬂﬂfﬁ&%&@f@l & A&dombinant vector
gb] cal ca]

<JAChnirbel z} y{vqdl cal ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] caV]
ca] ca] ca] ca] cedlsd c adred]len 4 alfasbiciang c@]e:aﬁﬁ]anﬁwestlfer OmpA
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1090V () - 610%VE (s MEKAEI K 'irf patent 5,843,722,

10% y-y& ()-y#10%V& ()-r S4L10% o& () L@ 10% 0& ()- #10% o0& ()- 10mMv
incorporated herein by reference, the well-known

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
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functions of the vector, such as those necessary for
infection or replication, is inserted into a cloning
vector according to known recombinant DNA techniques.
Insertion-regions have been reported for a large number
of microorganisms (e.g. EP 80,806, EP 110,385, EP
83,286, EP 314,569, WO 88/02022, WO 88/07088, U.S. Pat.
No. 4,769,330 and U.S. Pat. No. 4,722,848).

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
step 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
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co-integrated marker gene, or by immunological
detection of the antigenic R.anatipestifer OmpA
polypeptide expressed by the recombinant vector.

Next, this recombinant vector can be administered
to poultry for immunization, whereafter it maintains
itself for some time, or even replicates in the body of
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 vectors for the
incorporation of a nucleic acid sequence according to
the invention can be derived from viruses such as pox
viruses, e.g. vaccinia virus (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 provision
of gignal 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 wvector containing

o
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cells and/or recombinant vector viruses grown in the
cells can be collected, optionally in substantially
pure form, and formed into a vaccine optionally in a
lyophilised form.

Host cells transformed with a recombinant vector
according to the invention can also be cultured under
conditions which are favorable for the expression of a
nucleic acid sequence encoding the R.anatipestifer OmpA
protein or immunogenic fragment. Vaccines may be
prepared uging 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. 1In order to purify the polypeptides
produced, host cells transformed with a recombinant
vector 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
immunocaffinity 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.
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EDTA or detergents such as Triton X114) or enzymatic
means, such as lysozyme digestion.

Antibodies or antiserum directed against a
polypeptide according to the invention may be used in
passive immunotherapy, diagnostic immunoassays and
generation of anti-idiotypic antibodies.

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 from 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 or
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 antibodies, 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 immunoglobulinsg

which carry an "internal image" of the antigen of the
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Infect. Disease, 151, 761, 1985). Techniques for
raising anti-idiotypic antibodies are known in the art
(MacNamara et al., Science, 226, 1325, 1984).
The vaccine according to the invention can be
administered in a conventional 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 wvaccine according to the
invention comprises 0.01 to 1 mg of the immunogenic
protein. Such vaccines 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.
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a complex between antigenic substances and an antibody

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 antibody from an uncomplexed labeled
antigen or antibody.

In a competitive immunoassay format, the antigenic
substance, e.g., the R.anatipestifer protein or
immunogenic fragment thereocf, in a sample of fluid
being tested for its presence competes with a known
amount of labeled antigen for a limited quantity of
antibody-antigen binding sites. The amount 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
agsociated 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 involve the formation of a reaction

mixture comprising a minimum of three reaction
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heterogeneous or two phase assay comprlslng

solid and liquid phases involves immobilization of one
member of the analyte/analyte binding agent pair on a
s0lid phase and conjugation of the other to a label or
tracer such as an enzyme or radionuclide. The labeled
analyte or conjugate 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 analyte 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 of 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
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phase.

Any of the various types of quantitative or
qualitative immunocassay formats may be employed for
diagnosing birds for R.anatipestifer infection.

A kit for the immunoassay of a biological £fluid
for R.anatipestifer advantageously comprises, (i) an
antibody to the R.antatipestifer OmpA protein or an
immunogenic fragment thereof and (ii) labeled
R.anatipestifer OmpA protein or antigenic fragment
(i.e., a fragment that forms an immunologic complex
with the antibody) therecf. In 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 fragment may
be any label conventionally used in heterogenous of
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.anatipegtifer OmpA
protein or antigenic fragment thereof for use as a
control.

In an alternative embodiment, an immunoassay kit
for detecting R.anatipestifer in biological fluids may

comprise two or more antibodies to R.anatipestifer OmpA

protein or an antigenic fragment thereof. At least one



Y, 109%K&' () - YF#109%& ()-1010r 2r vt uuuu%u(uvU410 Y& 10%m& () -
Yf#10%m&' () - 10" 10" 10" Y#10% & ()- Y#LOUKE ()- J 109K& () -
(uuv#wzzzzz| obU410 Yy#10%&' () - 10mmMOmmLlOnm Y10%mm&' () -, Ylo%;m%"(z)o%,
Y10%m& () -y, Y10%m& ()-y,zz*{}}|[:-410Y Y# 109 ()-- Y# 10% & ()-- A
LnmlO%h& ()- YLnLO%&' ()- YLnlO%&' ()- 3@ 10%& ()-(bA410Y Y Y 10%& ()- 2
t10%rY& ()-M Yt 10%&' ()-M Y 109%&' ()- YS#Y1lO0%&' ()-1010YZ[\j mvU410 Y109 & () -
Y 10% & ()- Y@10%X & ()-101010 YS, 10%& ()-& J
of such antibodies is labeled in the manner described
above, or alternatively, the kit may contain or be used
in conjunction with a labeled reporter antibody that is
capable of reacting immunologically with one of the
antibodies to the R.anatipestifer OmpA protein orx
antigenic fragment. As described above, the kit may
optionally contain R.anatipestifer 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
at 50°C., or (2) employ during hybridization a
denaturing agent such as formamide, for example, 50%
(vol/vol) 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. Another example is uge of 50% formamide, 5 x
SC (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 SSC and 0.1% SDS.
Alternatively, Y“stringent hybridization conditions" are

those conditions in which a nucleic acid having greater
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homology to the R.anatipestifer OmpA gene will
hybridize to that gene.

The nucleic acid may be labeled, e.g. using any of
the type of labels described above, or alternatively, a
labeled reporter nucleic 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. Such reagents include primers or
probes that flank 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, sglides, plates and the
like.

The present 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
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anatipestifer gene library.

Genomic DNA was extracted from R. anatipestifer
serotype 15 strain CVL110/89 by the rapid guanidium
thiocyanate method. This strain was responsible for a
severe outbreak with 25% mortality in duck farms in
Singapore. Partially digested (Sau3A) 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 XL1l-Blue
MRF'. Ligation products were transformed into XL1l-Blue
cells by the calcium chloride procedure. Selected
kanamycin resistant clones were excised in vivo on
plasmid vector pBK-CMV from the phage plaques after
infection with the helper phage M13 according ﬁo 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 RA60MPA-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 HindIII digested genomic DNA. The gene

library was screened with pooled convalescent sera from
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'ducks experimentally infected with a R. anatipestifer
serotype 15 field isolate as described above.

To screen the recombinant E. coli clones, colonies
were transferred from the plates with solid medium to
nitrocellulose membrane filters (Schleicher & Schuell,
Dassel, Germany). The recombinants were lysed in situ

and DNA was cross-linked to the membrane by baking the

membrane filters at 80°C for 2 h. The filters were then
pre-incubated with hybridization buffer (750 mM NacCl,

75 mM 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 pg Dig-labeled OmpA gene probe for 18 hours at 68°C.
The membrane was washed twice for 15 minutes 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 instructions.

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 pJdJFFRA6 therefore was designated OmpA. Plasmid
pJFFRaOmpAlS containing a 2.2kb HindIII fragment was
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known in the art, including sequencing (see Table 3).

Example 2. Expression of OmpA Fusion Proteins and

Purification of Antigen.
To obtain purified recombinant R. anatipesgtifer
OmpA antigen, the OmpA gene was amplified in vitro with
Tag/Pwo polymerase mix and oligonucleotide primers
RAOMPAH1-L and RAOMPAHLl-R (see Table 2) using R.
anatipestifer serotype 15 strain CVL110/89 genomic DNA
as template. The purified PCR product was digested
with Ndel 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 RAOMPAHl-L
and RAOMPAH1lA-R. The resulting sequence 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 analysis.
The plasmid pJFFOMPA and pJFFOMP13 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



Yy, 106& ()- !Ey,10%Zl Z& ()- 2 10%/Y& ()-9JHy|[: M@1010 J 10%& ()- Y
109 ()- Y 109%& ()- Y 109& ()- Y1098& ()- Yi#yl09%& ()-y| [35 R4Q%002
Y7s1000& ()- Yy6100& ()- Y 1008& ()- Y 10%& ()- Y 10%& ()-"Y 10%& ()-
BIbA310% Y Yy109%@& ()- Y1 109%& ()- Y108& ()- Y

containing 6 M guanidine hydrochloride. The fusion
proteins were purified from these cell extracts using
Ni**-chelate affinity chromatography (Qiagen, GmbH,
Hilden, Germany) according to the manufacturer's
instructions. The bound polyhistidine tailed fusion
proteins were eluted by slowly decreasing the pH from
8.0 to 4.5 with 50 mM phosphate-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,
pPH 8.0, containing 300 mM NaCl. A second plasmid,
pJFFOMP17, which is identical to pJFFOMP13, was
constructed independently. TIts gene product,
6xHis-OmpA-10xHis, showed the same characteristics to
that obtained from pJFFOMP1l3 throughout the study.
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1. A nucleic acid encoding the R.anatipestifer
OmpA protein or a fragment thereof.

2. A nucleic acid that will hybridize to a
nucleic 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 claim 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:
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a) providing host cells transformed with an
expression vector encoding said peptide operably linked
to a control sequence capable of directing expression
of said peptide;

b) culturing said host cells under
conditions suitable for the production of said peptide;

c) recovering said peptide; and optionally

d) 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 sgpecifically 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 gpecies, comprising:

a) providing a sample consisting of blood,

plasma, serum, tissue or a body fluid from a member of
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an avian species suspected of being infected with
Riemerella anatipestifer.

b) incubating said sample with an antibody
according to claim 10; and

c) determining whether said antibody has

specifically bound antigen.



