WD 02/:36777  *166166* PCT/ SG01/ 00228 2 August 2005 aopB GENE, PROTEI N,
HOMOLOGS, FRAGVENTS AND REOF, AND THEI R USE FOR CELL SURFACE
DI SPLAY RMEFIMCE TO RELWM“ |ONS 5 This applicati eargGei/sm2s he
benefit of U S. Provisiona Ication No: 60/244,902 filed Novenber 2,
2000; the content of which id% ﬁsgrel n incorporated by referehfBguskRoID OF
| NVENTI ON The present invention relates to the AopB outer 10 nenbrane
protei n of Agrobacteriumtunefaciens, its variants, honologs and fragnents
and correspondi ng DNA nol ecul es, which can be used for bacterial cell

surface display of t I I | ar _di spl ay
t echnol ogi es have b(%ré) nggﬁ ope?l§ Ng)con-sng ?X%N@Ifg@n%‘ég%%%%tl de
and anti botWERFGp| &YD| THEER i 408 COLHSUNFRCEr 8TORANant vacci nes,

adsor bents, reconbi nant biocatalysts, and solid phase reagents for
-di agnost i CRME@aLI%t REPATEY 2228 86 a TN concept of ol ecul ar displ ay
technol ogy TS the provisiom of a phystcat |inkage between 20 genotype
(e.qg., antlbody vari abl e regi on genes) and phenotype (e.g

anti gen2bi ndi ng) t o TRiEo#PRI HrAttigResbaine|tia ibenesitt hib U@enes t hat encode
a protein wmstl@eladegbf@pcgemt hn (80 B a4, dBbNEi DG) - NADJI%%%I%S P&y nas
been used to probe pol ypeptide 25 I|igand interactions and extéhsi veqy for
t he isol at¥lh smisnghofafhic tiy peoedh nncdnporatedgonntd feaehes. (W nter G
MIstein C. 1991. Man-nmade antibodies. Nature 349: 293-299; Vaughan T. J.,
WIlians Arrebp Jde ithQRRfgodK. . OCsbourn J. K, Pope A. R, Earnshaw J.C. ,
MCafferty J., Hodits R A, WIlton J., Johnsan 30 K. S. 1996. Human

ant i bodi es vvlth sub- nanonol ar affiniti es isolated froma | arge
non-i muni zed phage "d€sPrayett bryeptifpirelates to the AopB outer

10 membrane protein of Agrobacterium tumefaciens, its variants,

homologs and fragments and corresponding DNA molecules, which

can be used for bacterial cell surface display of proteins.

BACKGROUND OF THE INVENTION

Molecular display technologies have been developed to
15 construct and screen polypeptide and antibody display libraries
and to develop recombinant vaccines, adsorbents, recombinant
biocatalysts, and solid phase reagents for diagnostic and
analytical purposes. The concept of molecular display
f: technology is the provision of a physical linkage between
20 genotype (e.g., antibody variable region genes) and phenctype
(e.g., antigen-binding) to allow simultaneous selection of the
genes that encode a protein with the desired function (e.g.,
binding).
Phage display has been used to probe polypeptide-~
25 1ligand interactions and extensively for the isolation of high-
affinity proteins, including antibodies (Winter G, Milstein C.
1991. Man-made antibodies. Nature 349: 293-299; Vaughan T. J.,
Williams.A. J., Pritchard K., Osbourn J. K., Pope A. R.,
Earnshaw J.C., McCafferty J., Hodits R. A., Wilton J., Johnson
30 K.S. 199%6. Human antibodies with sub-nanom.lar affinities
isolated from a large non-immunized phage display librar§. Nat

Biotechnol 14: 309-314). Phage libraries are typically
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Bi ot echnol 14: 309-314). Phage libraries are typically *@0002* WO ’
02/ 36777 PCT/ SGD1/00228 2 2 August 2005 screened using repeated cycl es of
phage capM}&/%At el ution froman i mmbilized Iigand fol | BABEGHY0Mage
anplification in bacteria. A display technol ogy wherein polzypepti des are
physically linked in vitro to their codifag RNA through a 5 r O%%s
recently described (Hanes J., Pluckthun A 1997. In vitro selection and
evol uti on ekrbemed iwnalg peptecas dyclessfigphadposoprudiesphayelfion Natl Acad

Sci US A 94: 4937-4 phage and ri boso used in . these two
t echnol ogi §§°mc%’hn]d'f‘mgské‘llflzlege¥?%%rf‘g ftéﬂ&oﬁ?g PYP gesécaars‘éﬁnstl@d by the
10 power ed h‘é@h:brﬁ@l’tlmgiltsprBQOt@@Maol&i@@/hwﬁéréiﬂ%cﬁl@%@@@dé@téﬂé&t ed cell

sorting (FACS). FACS can facilitate h| h throu ut_and quantitative
screeni ng GRYSIGREIY imkest iBodytTe btroa €4 7S "g%/éWAoﬁ hERRIh Qurface of

bacteria hagayshe ties NRIRNEYY dedFIRSI(BB8 O 15 Mackenhala caldsy . can
all ow t he sq)glstem to pick up the clones that bi nd to fl uorescently | abel ed

| i gands wi t Hr-eﬁOawhﬁtﬂfnaﬁad epetiion £y {enckirnely Pr3tetisdy M

I verson BL,,s3agr gi 98s&me d]l% ayPeved Onmnt ashqasc ot 'smAZQG eé@i!ﬁes@')on
system for the” screeni g anti body libraries displayed on the

Escheri chi 3192GVebt | PLth fRASge PPt BIRP M. used BsthEse Swej Bremqlogiegene J;
Fiers W RefRbtEse189%piiwacki gRal ol %woagmailat@%eera@sqge&é pyPlk@kei N on

the surface of Lactococcus |lactis by neans of the wal | anchor of

St aphyl BtoRawsradr eeb! piuttding Acchredntit-eSHABI @gyfl@regrcemg@—aqxnmaéedu C,
CGoetsch L, ld;Rop ft %5 megyel son P, Nguyen TN, Robert A, Unhlen M Binz H,
St-ahl S £37 % ow orretrl c quantification of surface-displayed

reconbi nant recept or §A©$1 csaramﬂmécb@m hJ&fottéchngtqme@ amBquaglbtatixe 704) . L
UL o el A e AR B e P SRR S R
l'i brary selsotfiacasof Thastecel, | bsualﬁaee:e:hedms@hayvempi]aec@evvlsuhedFALB provi des
an inp0£§éﬂgac L&?é?aééff% can allow the system to pick up the clones that
bind to fluorescently labeled ligands with high affinity and
specificity (Daugherty PS, Olsen MJ, Iverson BL, Georgiou G.
1999. Development of an optimized expression system for the
screening pf antibody libraries displayed on the Escherichia
20 coli surface. Protein Eng. 12: 613-21; Steidler L; Viaene J;
Fiers W; Remaut E. 1996. Functional display of a héterologous
protein on the surface of Lactococcus lactis by means of the
[ cell wall anchor of Staphylococcus aureus protein A. ' iﬁ)
) Immunotechnology. 2: 97-102; Andreoni C, Goetsch L, Libon C, |
25 samuelson P, Nguyen TN, Robert A, Uhlen M, Binz H, Stahl S.
1997. Flow cytometric quantification of surface-displayed
recombinant receptors on staphylococci. Biotechniques. 23:
696-702, 704). With current high-speed cell sorters, 10% cells
can be screened quantitatively in 1 h, a throughput similar to
30 that obtained in phage library selections. Thus, cell surface
display coupled with FACS provides an important alternative
display technology for protein engineering. Phage display
formats designed for sensitive affinity selections rely upon a
single molecular binding event or monovalent display throuch
35 gplIII fusions. In contrast, cell surface formats achieve

typically 10%-10° copies per cell. Consequently, stochastic



di spl ay technol ogy for protein engineering. Phage display formats designed
for sensitive affinity selections rely upon a single nolecul ar bindi ng
event or WSheN®I'®nt di splay through 35 gplll fusions. |In ponsceseo2sel
surface formats achieve typically 109-105 copies per cell. Consequently,

st ochastic WD 02/ 36777 PCT/ S@1/00228 3 2 August 2005 vari at4 Orgust 4005
stability or expression level do not interfere wth cell surface library

sel ecti ons.yBaclkebhal i sWda6e:di, sl ayxseslens have %eﬂoféeiﬁtﬁp ¢ Since
smal | peptides fused onto sqone outer nmenbrane proteins, 5 such as OnmpA,

LanB, and PHJ® CRéleStoiaf® tidPparyi $ekeddors-the Escherichia coli cell
-surface (Charbit A Bautédihy .sGr rRY¥E €didhlayHal Brdes Mav:leg%@enpﬁé’p\lf dde

topol ogy of a bacterial nenbrane protein by genetic insertion o foreign
epi t ope: exprEssisBall apeRHE eSe PS8t r Pk SORRBO e Mendgage3profeimml R,
‘Maci ntyre Sudd ReappaMrddenniang bhof 98& reCebh e & Oferehe
out er rrenbruaneapr ot.gi n OmA of Escherichia corll(?q{é%%. d§§%§?g%i 57 .18
491- 494; Adixehearighie peltl eddesHrigoamileehil. A 1IBnlaise Jof, oRyerr MMbr ane
protein Phak, marybes f . I o] f.orei gn_anti genic
det er m nant t%ﬁlt e cef%%ur%@ghgf Iﬁ%@%ﬁég?’c%} &Gtk ™ 1859:
145-50). Orrgfeimhbyngeretintinisguihgn aphla catrebyrs «fiteppressphgs fircdt ei NS on
bacteri al Iy .S acg, 0 lop 41 acterial wvaccipes

Present at i oi@oéhea%%ﬁgeﬁgi%né 'ag?&egrsi gl gc'e?éﬁjztsgurgfz’ac&er’?iusfj\i %(m@f‘ﬁ%?‘é’ﬂret 5’be
advant aj@ouegsmele Hhening flhcd98%posSell Zhirdnte gensoavighbfbehbeslityr

recogni zed rg%]ré%%%gneei BUURS: YA B e eHOREONE! t"gglo(r){g_telez;nge ﬁg;a'gjg‘ﬂ/'e as an

lpopol ysac s“can ‘énhance "the innune res
adj uvant f or8&unPacd 94 anedicree rgoMy patiadese( LeerclmaS.senShi. n1487 S.usePan J.

G, and Kicr)’r%% tJ. 2900. Surfage-.di gﬁ)l%yed viral ,  antigens on Sal nonella 25
carrier vacet i teRal B Yt AHRGF I 189 25 8487 ¥ i3 thephERRIR* tar e easy

to be mani pat at gdrangni aexpeRsicVaetormmantanyf agd Wad andrdist s but ed.
new r econbi nant vacci nes have been

Successtyl Sxaliey,of BIOUGLS  fen decaquinant wecolpes have been
surface antigefiguing applications of expressing proteins on bacterial
cell surface is to develop live bacterial vaccines.
Presentation of antigens on bacterial cell surface is
considered to be advantageous since the surface-exposed
20 antigens might be better recognized by the immune systems.
Moreover, the outer membrane lipopolysaccharides can enhance
the immune response and may serve as an adjuvant for surface-
[ anchored polypeptides (Lee J. S., Shin K. S., Pan J. G., and
\ Kim C. J. 2000. Surface-displayed viral antigens on Salmonella
25 carrier vaccine. Nat. Biotechnol. 18: 645-648). Further,
bacteria are easy to be manipulated and inexpensive to be
manufactured and distributed. Successful examples of producing
new recombinant vaccines have been reported (Kim EJ; Yoo SK.
1999. Cell surface display of hepatitis B virus surface antigen
30 by using Pseudomonas syringae ice nucleation protein. Lett Appl
Microbiol 29: 292-297; Lee J. S., Shin K. S., Pan J. G., and
Kim C. J. 2000. Nat. Biotechnol. 18: 645-648). Other
applications of bacterial surface display systems include the
production of whole-cell adsorbents for bioremediation and
35 novel biocatalysts (Kim YS; Jung HC; Pan JG. 2000. Bacterial

cell surface display of an enzyme library for selective



30 by using Pseudononas syringae ice nucleation protein. Lett Appl ’

M crobi ol 29: 292-297; Lee J. S., Shin K S, Pan J. G, and KimC J.
2000. Nat WBRA6&thnol . 18: 645-648). Qther applications oPCHACOENG228
surface display systens include the production of whol e-cel| adsorbents
for biorenediation and 35 novel biocatal ysts (KimYS.; Jung

2000. Bacterial cell surface display of an enzyne library for selective WD

02/ 36777 PGHrSGQlAQOBE&mer%VAugaén@m sekeant8g mipl mpkeved cellul ase
vari ants. pl Environ Mcraobial. 66: 788-793; J:vg HC; Lebeault JM Pan
JG 1998. rpRaeltdi 891 alBist! 92y oA imbBEPRRULE eMlind@dr d6e b39%isi ng t he

i ce- nucl eatgy¥aReOLEEP1IHf JISeyAeRBNAS nﬁwluaga@evé\laéuc&a%leowctwﬂh s
576-80). The commonly used Lpp- A surface display system incl udes t hree

parts: the iGegRaclsagiemdrodfdns PF sPseidamonast erpiteac -ant'ad aci ds of the

mat ure ngj if; EechBbh . | 1POoRE-eon. (Lpp), ami no acids 46-159 of E. coli
outer nenbrane protein 10 QmpA, and t he passenaer protein (Francisco JA,

Earhart CF, Geor gi¥t agmepody . usedhdspoPEPAnd ifglay $eiten act amase to
the exter nalnSiikacenpe B3NS el as fgilda s%lqggnaatémcﬁch%%c ibk @ A 89

2713-2717). This system has been successf ul used to display (3-lactanmase
( Franci sco txnipadhamincracigsordi bue @a%elglgzorpﬁoccq»bn IllAeadownU S A

B9: 2713 21tk 9uRSflo LAY 93088h BE OF €1 1Rl RGNSy oL, Ve

2001. Displa f green rescent protein on Escherichia cel I
surfacelO aaddthﬂacpmﬂaﬂgereemmijgy(Fr@&ClSSOBﬂ),, Fzirhglke €hai n Fv

(scFv) Ti br?&i}% uglﬂg%é Y FRns 99 $a gn% IY?)&&f%é:%” l%%tar%gsegeocg gi ou

G. 1998. A fini mat urati on usi ng ral” surtace display. 0
Protein Engthelbxt325a$2$ufmﬁgah@|ft ﬁSE&rﬁfa@n coNi,. Pwar StlBBrafedeyivu G

199_9. Devel%op[‘ﬂa%t9 % 299_ 9_[;){ m zelxgheeigr e55|horé %)ég}]esrplcc%;sfsggglsgﬁ%e I%n‘gEng

anti body librariés displ ay erichiacoli

12: 25 613-@ilgp1and preaenihysd herbhYiseyernse sar-aaserépt ax rgBynnett Ms,
wang N, Hofmann M Kitto GB. 2001. Potential |ive vaccines for HV.

Vacci neld 19199235 Preg) Nathykash SCEhPsS systlth Rd43-2717), green

fluorescent protein {Shi, Huidong; Su, Wei Wen. 2001. Display
of green fluorescent protein on Escherichia coli cell surface.
Enzyme and Microbial Technology. 28; 25-34), single chain Fv
(scFv) libraries (Daugherty PS; Chen G; Olsen MJ; Iverson BL,

20 Georgiou G. 1998. Antibody affinity maturation using bacterial
surface display. Protein Eng. 11: 825-32; Daugherty PS, Olsen
MJ, Iverson BL, Georgiou G. 1999. Development of an optimized
expression system for the screening of antibody libraries -33
displayed on the Escherichia coli surface. Protein Eng. 12:

25 613-21) and recently the HIV-reverse transcriptase (Burnett MS,
Wang N, Hofmann M, Kitto GB. 2001. Potential live vaccines for
HIV. Vaccine. 19: 735-742). However, this system has
limitations: (1) The cell viability is much lower when the Lpp-
OmpA is under a constitutive expression condition; thus it is

30 critical to use a tightly regulatory system and an appropriate
plasmid of low copy number to optimize the display, especially
for large passenger proteins (Daugherty PS, Olsen MJ, Iverson
BL, Georgiou G. 1999. Development of an optimized expression
system for the screening of antibody libraries displayed on the

35 Escherichia coli surface. Protein Eng. 12: 613~21; Earhart C.



limtations: (1) The cell viability is nmuch | ower when the Lpp- OmpA is
under a constitutive expression condition; thus it is 30 critical to use a
tightly r¥QUR3¢¥7y system and an appropriate plasnd of |rcw/sepyomsnber to
optim ze the display, especially for |arge passenger proteins (Daugherty
PS, Osen MJ, Iverson BL, Georgiou G 1999. Devel opnent of Qa/?&u@ﬁi?&q%ed
expression systemfor the screening of antibody |ibraries displayed on the
35 Escheri ghi 2000l iUssUbfase. Lip-Ghian £E80on k5hi@l3- 2dr Eacharia1C. WO

02/ 36777 PCT/ S&1/00228 5 2 August 2005 F._ 2000. Use of an L%p-'OTpA fusion
vehi cl e foPubSRtedaPIa¥ur Yotk S9eapel Metdfodsenzy bt . 826:ThEg6-516). (2)
This syst gps@@mruamn@itsahaym}(ca Ekeg il Ot Sidid 1kRebastesi a1 ahkahine
phosphat ase (PhoA) (Stathopoul os C, Georgiou G Earhart CF. 5 1996.

Char act er i EQ??WWGE&?H@%\FCh?@tétﬂﬂoué%r%ssqe’r?qgaﬁu EppETHpAt46F159) - PhoA

fusion protebs, |@raliczed: ka1 QUKL PBERI AN 1 iABRL M &1,0Pipl Bi ot echnol .
45: 112-119). The function of PhoA requires the formation of disulfide

bridges, WAPCOMRA( 490t S9poRbamciisl Bupretetn Yasalaretedntthe auter10
disul f1de ReRd:dd MapaNueL e {THINELLndG . MECONERD, Ko  Beglow th J. 1991,
I dentification of a ﬁrotel n required for disulfide bond formation in vivo.
Cel | 67: 58wnsgen iPhafi reyuiygd ydgafyrma tiprK of1998ul f fdmtlrfidgati on ard
characteri gat Lon Ofy AR EREARL LGN RLL 2 BRNGy TLRAY r.the formation of
15 correctly ,fol pieczrlloal kglglﬁne p%‘g{lp éct aég? a pera?p#%é%gcggnfz@%e. EMBO J 11:
57-62) M0 028B67e PONASEITNGODAS sGep ABgtdMel2008, Mingowetn ia pr ot ei ns and
enzynmes areg t4-s it e I Lre_disul fide bridges
ffor intra- Sg Wﬂ}ﬂnt er- lr%oiggcuf%%lntlgﬁgggﬁo%yﬁgg%%%nﬁ %‘%hreo (%&rsul fide
bonds anddpsoifide floindi figroétpassiengévoprodle ey :i A8LRB8PLripliasnics5 space
can hi nder .t he_sucgcessful, di ay. of these proteins Thus, , reduci ng agents
have been 5\%3:1@?11“? rﬁf’osit%ﬁekéup?g%i &gd%ﬁé&?bﬁ?t G i Sgggafﬁ%r’ezfaftilepeﬁgy of
transl ocat eanEsthétddbidonailh gtk required for the formation of

15 correctly folded alkaline phosphatase, a periplasmic enzyme.

EMBO J 11: 57-62).



PhoA (Kl auser T, Pohlner J, Meyer TF. 1990. Extracellular transport of
cholera toxin B subunit using Neisseria |IgA 10 protease beta-domain: ‘
conf or matWOf2@ééndent out er menbrane translocation. EVBAQT/SG01/000281- 1999:
St at hopoul os et al., 1996; Suzuki T, Lett MC, Sasakawa C. 1995.

Extracel lular transport of VirG proteinéin Shigella. J Biol2A&ngist 28050
30874-30880). However, addition of reducing agents in the growth nedi um can
15 break up the disubdiyechandsprepinedndoenkpheéa-a@ndfi nbet:-sodecul ar
interactions, This y interfere with.t activit and/ or di sp|ay of sone
enzymes or “pFBERI i P ey P sh® \é\éltse"rlth@ﬁegﬁé‘g?ee itQF JPbRE R a(iﬁ{j gene

expr essi onintaraddiéddmit AntepscehRsiang trhe dpenatidan o0&l syl pidd iwdar | y
for large-scale 20, appl.ications. References' relevant to cell surface

di splay t 8BAnBFOLS T ilddas ?Jgé?aspsae['tgrﬁr Br3hglep At (8. PRAtRIAS™S 516, 637,
U.S. patenkpac8béasdfinddrSthpabattess 2114, d34blal). & theakeptobeZOH, 065, and
U S. patent 6,190,662, 25 WD 02/36777 PCT/ S()1/00228 7 SUWMARY OF THE

| NVENTI ON FhAFquEedeetny G658 pRRTe et hédFresente i ife Fi BRE PO vicsEsmy

nucl ei ¢ acicd HRLEEXLE QRRKEIESENEnSy NC | 18ia6 sa6EEL SaHIURNeex i Gl 1 e nGRdes a
pol ypepti de selected from ang one of: 5 (a) SEQ I D No: Z;Rﬁb) a fragnment

conpri si ngPaeA| ékipuser ondebipeie aMfeusr FEi- d$299 otracri Lekad nus of SEQ

ID No: 2; andnbpdrd ¥Ard@lkral tbf1n08 tbunithising Sndisdscdlial f46t 65%
identical in amno acid sequence to the corresponding 10 pol ypeptide of (a)
or (b);1lan@retepsanbeta wianwatr GART PR iR ~dgReRdeHe Apderamenbeans oduced in |
a Gam neggtfa}aglgeg £&k UBnpbh§ . f 620188 — 1GRT b8k Pouilgast 3P, C utive
amno acids fromthe N-termnus of SEQ ID No: 2 nmay conprise at least the )
N-term nal SvegkénTof LEEQMMD Resaka®atfodi it sEstra¢rl B arnveansport mfl ude -
fragments of; @t ES@%E %5’36{%%1%%723 B chdh. 37hNBARGLIS0080f he
N-term nal reg|8n of 'S I D 2.

However, addition of reducing agents in the growth medium can

15 break up the disulfide bonds required for intra- and inter-

molecular interactions. This may interfere with the activity

and/or display of some enzymes or proteins; it may also alter

the bacterial growth and gene expression, in addition to

increasing the operation costs, particularly for large-scale

20 applications.

References’ relevant to cell surface display
technology include: U.S. patent 5,348,867,'U.S. patent _
5,516,637, U.S. patent 5,866,344, U.S. patent 6,274,345, U.S. )
patent 6,300,065, and U.S. patent 6,190,662.
25



Anot her aspect of the invention provides a nucleic acid nolecule
conprising a nucleic acid sequence which encodes a polypeptide sel ected
from any W®026677720 (a) SEQ I D No: 4; (b) a fragment conprpsi/egodoziscast 16
consecutive anmino acids fromthe N-term nus of SEQ ID No: 4; and éﬁgha
variant of (a) or (b) which is (i) at least 65% identical iZAugHshd0%i d
sequence to the correspondi ng 25 pol ypeptide of (a) or (b); and, (ii) an

out er nenb@gQgAﬁfq5@ifhE\MN%@Nggngariant is: (1) joined in-frame with a
bacterial secretion signal and a targeting signal and, (2) is produced in

a gramnegative bacterium The fragnment conprising at |east 16 consecutive
“amno 30 acids fronfPRhepadr Aifntike FIreSEOL| DnNpntiprrpyrovodpsizse at | east

WO 02/ 3677 / / 2 AHguaL; 3005 ter.m ' , SEQ ID
No: 2. Enbo P%éﬁ?é-%?g%ﬁgg%%%%Seﬁtion%%ﬁél8dg£?§%%%§§%§lggg%%ﬁg%gg?%&OZ,

111, 149, ®6Gode84a apehwrerdiide stledteed\{remnpnalonegifon of SEQ I D No: 2.

Anot her aspect of the invention provides a nucleic 5 acid sequence which
encodes s fiagi on prokghmp 9@ .dof.usi on protein conprising a first

pol ypepti de encoded by a nucleic acid nolecule of the invention and a
second polypeptide. In_ one enbodi nent, the_second pol ypeptide is fused to
the C terrPlus of tRefFFFRINHGPYRELTTE 2t1deAAbt ProrCoussentive amigo

i nvention RIQVsdesomNth\N-GRaGH Lk USE HEYMBDERCSOAPIdrsi Ng nucl eotides 6 to
309 of SEQ ID No: 1. Another aspect of the invention provides an isol ated
nucleic acid probe of 5 to 100 nucleotides or a priner of 10 to 15 40

nucl eot i des'Shi ch hyBr V7R ffddp) stFi R)ent'hdGRdtt i bns ato leape fRicl ei c

é@id ol ecylRn@f cSEQh RiM¥Yo hc@ll Seq@dndeOtd RN &EIYAKYngequence of said
nucl ei c. aci d _nol ecul e. Anot her aspect of the invention provides an
polypeptide of (a) or (b); and (ii) an outer membrane protein

when the variant 1is produced in a Gram-negative bacterium.

The fragment comprising at least 39 consecutive amino
acids from the N-terminus of SEQ ID No: 2 may comprise at least
the N-terminal region of SEQ ID No:2. Embodiments of the

15 invention include fragments of at least 125, 134, 172, 183, 207

amino acids of the N-terminal region of SEQ ID No:2.

Another aspect of the invention provides a nucleic
acid molecule comprising a nucleic acid sequence which encodes

a polypeptide selected from any one of:
20 (a) SEQ ID No: 4;

~(b) a fragment comprising at least 16 consecutive amino acids

from the N-terminus of SEQ ID No: 4; and

[

{c} a variant of (a) or (b} which is (i) at least 65%
identical in amino acid sequence to the corresponding
25 polypeptide of (a) or (b); and, (ii) an outer membrane protein
when the variant is: (1) joined in-frame with a bacterial
secretion signal and a targeting signal and, (2) is produced in

a gram-negative bacterium.

The fragment comprising at least 16 consecutive amino

30 acids from the N-terminus of SEQ ID No: 4 may comprise at least



expression vector conprising the nucleic acid nolecule of the 20 invention,
operably linked to one or nore expression control sequences. In one

enbodi menW0 @2#f¢78xpr essi on control sequences conprise thepaDpBopsoordt er .

I n anot her enbodi nent, the vector is.an expression vector in E. coli,
wherein the. expression control sequenceg are suitable for ePHESE?NY the
nucleic acid 25 nolecule in E. coli. In another enbodi nent, the vector is

an expr esseh%anes£ﬁnaln 295 8hagk esidimp waep el rmﬁmfdl%messr%e control

sequences are suit for "expressing the nucleic acid nolecule in
Agr obact er iimmenpieh eirabiudeAfraghefteicnat AneshellZsgddt 91 hedqd.nidkt i on

provi des a %g_regggﬁgry&n%hglﬁrQ?£ﬁ¢¥gfﬂp%§lgﬂsggr§ggjf@ R .bhe nucleic acid

nol ecul e or expression vector ntion n one enbodi ment, the
reconbi nant m croorgani smdisplays on its surface the polypeptide or the
fusion protein of thBneERRNEISERCIVEE 0RIBEFFRNPET? SEAYiFE228 Dulgigust 2005

Anot her aspecty b hbg.d nuark eﬁcgagylad%sqonp%w@@ﬂw dg:@0RRE{ G Ng an ani no
aci d sequence selected fromany one of . 2; 5 (b) a fragnent

conpri si ng rrotedas co®Or puingegufivet a@ﬁme@@ﬂdg eW@iﬁ_‘Q ey B peeleimis of SEQ
.I D NO 2, aaﬂ%.d( gr)olgcxfé Ic?fnthgf 1('1@%n‘9:[chr( @ndwgl chbﬁd %o)lyg)r'epltgaét gﬁ‘%

identical inTamno acid sequence to the correspondi ypepti de of (a)
or (b); anderd iembadinener tmenbleaned pp@h&flemtideV\henfusmi &y ichatC+s produced

in a gram ne tIV% b?C{ﬁg'firs Aggigﬁépégs spect of the invention provides

pol ypepti de onpri sing anamn sequence sel ected from any one of:
(a) SEQ 1D No: 4; (b) a fragment conprising at |east 16 consecutive am no
?Cl ds 18 from the NAneth¢nPSREICtSEQ Hie Nwveptigndpieyidesani ant of (a) or -

b) which ig éggaﬁ%terhsﬁ eoﬁ@féoe(r %ﬂékfﬁnd rﬁug%{ael?& 4 05 SRA4BHCEs L Hd he

correspondln pepti an out er nenbrane
protein mhethNua uarlant is: (1) joined in-frame wth a bacteri al

Another aspect of the invention provides an isolated
nucleic acid probe of 5 to 100 nucleotides or a primer of 10 to
15 40 nucleotides which hybridizes under stringent conditions to
the nucleic acid molecule of SEQ ID No: 1 or 3, or to a |

complementary sequence of said nucleic acid molecule.

Another aspect of the. invention provides an
expression vector comprising the nucleic acid,molecule of the
20 invention, operably linked to one or more expression control
sequences. In one embodiment, the expression control sequences ’;)
comprise the aopB promoter. In another embodiment, the vector
is an expression vector in E. coli, wherein the expression
control sequences are suitable for expressing the nucleic acid
25 molecule in E. coli. In another embodiment, the vector is an
expression vector in Agrobacterium, wherein the expression
control sequences are suitable for expressing the nucleic acid

molecule in Agrobacterium, preferably A. tumefaciens.

Another aspect of the invention provides a
30 recombinant microorganism transformed with the nucleic acid
molecule or expression vector of the invention. 1In one
embodiment, the recombinant microorganism displays on its

surface the po}ypeptide or the fusion protein of the invention.



20 secretion signal and, (2) is produced in a G amnegative bacterium
Anot her aspect of the invention provides a nethod for producing the

pol ypept i WO BR36fsi on protein of the invention, the methoPCHSGHIISIaNg t he
step of culturing a mcroorganism25 transforned with an expressi on vector
conprising the nucleic acid nolecul e engoding the pol ypept i’faU8ist $3¥i on
protein of the invention, the nucleic acid being operably linked to one or
nmore expressi on contxmdthsequepees.oArakhenvaspast Hovtihesi gvention provi des
an anti bod 30 specifically, reactive against the pol ypeptide of the

i nvention ) Ad3] GSEPFSENY GO P8R0 2C K gikduerg65SBEcEkRd f3em Rey
-carrier preheigrtn the fusion protein of of the invention. In one

enbodi ment, the antibody is a nonoclonal antibody. Another aspect of the

i nvention Qr?vigg ﬁb §J1 d of 5 producing a m croorgani smon whose
-surface is a'sp @e passenger protein, the nethod conprising the steps
of : (1) introducing an expression vector into a mcroorganism and (2)

cul turing tthe ndcfoongart sompbisimedtf Loasst ) dchsekotiex pimist takadpr ot ei n;

10 The expr.essi vector .in_th i ay method . conprises: (a) a nucleic
acid encodF%ﬁmaggaffﬁg?mﬁpgfe?gfggﬁgbeﬁﬁ't e Mrrier protein is selected
fromthe group consisting of: the polypeptide of the invention,

speci fical l{g)t hasearigrdt ed t(a) 1o AdpPBwhand &s nenbert dkasbecFopB-rel at ed

out er nenbg%gﬁtgrggeinim%gniggidwﬂg%%%get e arrier grotﬁin IS

di spl ay- compat rbre vt it he M Croorgant snt antt Witer&PROPAE Earri er protein
cont ai ns apobgpeptidd sedaet bon(si;gral f(uhrtimraltemnthBrahe me@an sm (b)

~nucl eic acid codi n assenger pr.otein, which nucleic 20 acid bein
fdined%ﬁh ﬁﬁﬁega?tYﬁré%ﬁi gs Bt qﬁgpﬁUcFe?E@?ﬁﬂ?ﬁaéﬁXSdP?ﬁfﬁqﬂyﬂbarrier )

protein; and (c) expression control sequences operably linked to the
nucl ei ¢ aci d encodi nnetrexcaspeer @F dhei Apvahei@i pridvédes polypeptide

comprising an amino acid sequence selected from any one of:
(a) SEQ ID No: 4; -

(b} a fragment comprising at least 16 consecutive amino acids

15 from the N-terminus of SEQ ID No: 4; and

(c) a variant of (a) or {b) which is (i) at least 65%
identical in amino acid sequence to the corresponding
polypeptide of (a) or (b); and, (ii) an outer membrahe protein
{f' when the variant is: (1) joined in-frame with a bacterial
20 secretion signal and, (2) is produced in a Gram-negative

bacterium.

Another aspect of the invention provides a method for
producing the polypeptide or fusion protein of the invention,
the method comprising the step of culturing a miéroorganism

25 transformed with an expression vector comprising the nucleic
acid molecule encoding the polypeptide or fusion protein of the
invention, the nucleic acid being operably linked to one or

more expression control sequences.

Another aspect of the invention provides an antibody

e

30 specifically reactive against the polypeptide of the invention



expression control sequences are suitable for expressing the 25 nucleic:
acid encoding the carrier protein in the mcroorganism In one enbodi nent,
the expre¥&?BP%tntrol sequences conprise the aopB pronot BET/SGA1/86238 her
enbodi ment, the mcroorganismused in the display nethod is cultur ed under
acidic pH conditions. WD 02/36777 PCT/ SE01/00228 11 2 August? 2095t ¢

anot her enbodi nent, the carrier protein and the m croorgani sm of the

di spl ay ﬁEblﬂOﬁlgﬁl’r%tSehect&ﬁrfé’ﬁ)mﬂohelgI’Il‘UFl:heC(flthSilShi pgotdin (o) otthehearri er
protein which is an AQ tide; .5 a fra nent Qr vari ant

-rel at ed ol ype
t hereof , apBVEMe M- spllgyo’e% \F/n c eorad’aﬁhb%V\MﬁF’c PAGCFBAct eri um

(b) the cakhtepody.Ot €i n which corrprl ses 150 to 220 consecutive am no acids
fromthe N-term nus of the RopB pol ypeptide sequence and the :
di spl ay- conpati bl e ni croorgani sm whi ¢ Rhi zobi um, (c) the carrier

protein which conpri’d&d f§0aFBe‘“2t2(?fc6g§etﬁ FRECTHRTRY IR 0} Reinct RE

N-t er m rs pebdadi iyt ini BB BOE el @tnewnoséew;m&e ek BisseliJen and the
di spl ay-conpatibl e m crogorganism which is Brucella, 15 (d)_the carrier

prot ei n whiPeRSERHPT iIRFeEe180 e %ht?dng‘e‘ﬁli’ﬁ’rﬁfe‘g &RenStaRs 3 ¥ rom t he
N-term nus of the Papal polypeptide sequence and the display-conpatible

m cr oor gani(@m whhictodueinBaah osghtes sipa) védieor dmtioea piotebrgariisedy aadpri ses
150 to 220 consecutive 20 am no acids fromthe N-term nus of the PonmA

I tide d [ whi ch
Past bur el | 473 NerTRaTiTE) Chp ¢ SR R S R R Rt 25 150 to

220 consecuixpyess atha@ratieds; from t he N-ter m nus of the PPE pol ypeptide
equence 25 and the display-conpatibl e m croorganl smwhich is

WCObaC rium r.. ( t he rerer .0 C ri s 50 to 220
consecd{ ve %He expr%g51on v cto M@é JhsﬁTQ% Eﬁo&

comprises:

{(a)} a nucleic acid encoding a carrier protein, wherein the
carrier protein is selected from the group consisting of: the
polypeptide of the invention, specifically those related to

15 AopB, and a member of the AopB-related outer membrane protein
family; wherein the carrier protein is display-compatible with
the microorganism and wherein the carrier protein contains a

bacterial secretion signal functional in the microorganism;

(b} a nucleic acid encoding a passenger protein, which nucleic
20 acid being joined in frame with, and 3’ of, the nucleic acid

encoding the carrier protein; and

(c) expression control sequences operably linked to the
nucleic acid encoding the carrier protein, wherein the
expression control sequences are suitable for expressing the

25 nucleic acid encoding the carrier protein in the microorganism.

In one embodiment, the expression control sequences
comprise the aopB promoter. In another embodiment, the
microorganism used in the display method is cultured under

acidic pH conditions.



amno acids fromthe N-term nus of the major outer nmenbrane protein
sequence and t he display-conpatible mcroorgani smwhich 30 is Haenophil us,
and WO 02V8?¢7"BCT/ SGOL/ 00228 12 2 August 2005 (h) the caPET/860mmoesei n
whi ch conprises 150 to 220 consecutive amno acids fromthe Nterm nus of
the outer nenbrane porin pol ypeptide seguence and the di spl%u%%ﬁ%%ﬁ bl e
m croorganism which is Vibrio. 5 1n a preferred enbodi nent, the secretion
signal which functibnsanwithbrt bebcdindrar, phet ehfriar ¢irspkay ihe @assenger

protein conprises amno acids 1.ta 23 of SEQID Na:2. In_a further
preferred SH6aPHENEEST H’% ﬁg‘ér%ﬁ@fm %tPQE ALt O?Nfg@tcé?puﬁ?’&ntﬁ?ea&ré’ﬁé‘. 10
The di spl agofet bothefosi:he i nvention may further conprise the step of
assaying the cultured mcroorganismfor the presence of the passenger

protein on the rface of the mcraoorgani smand selecting those organisns
with the pa‘?&engg? CHotdi BT8Rt h e Y &5e?nl-§°§%ereéﬁg88i ﬁ%]rﬁf?efftﬁéieassay
net hod 15 eorfpapsest fétioresanncehanidfjated eré|dsplbyRgohFAGIH e Anot her

aspect of the _inventjion provides a nmethod for expressing a fusion protein
on the suri"%&éC’Sng’é}%é@‘ﬂgﬁi bf‘nAg{cﬁ’ga H&®’ conpri sing the steps of: (1)
introducing a vector into a bacterium of the Agrobacterium 20 genus; and
(2) cul turig thbebasterduprobein ndddy eompreses 1)50 @ce2P0ESSHsddit ifdsi on
protein; wherein_ the v ctocchcolr\irpri ses: (a) nucl ei ¢ aci d sequence which
encodes t h&FUSi 3R PF ot'&h *"85 BJ?elE“Hé“"isn\?én?P‘Bnl?‘o%é’roi?’ﬁe?ﬁ%d? usi on protein
cont ai ns a seapkaté ahnd etfee i 8Pl Sy-Hudpa tAbd e( ) c EXFHRAIEANWEDE 10  sequences
gp_erabl i Kedbto the nucleic acid encoding the-fusion protein, wherein
the ex%ore 187°¢BMt rol sequences are suitable for expressing the 30
nucl eic acid encoding the fusion protein in Agrobacterium

(c) the carrier protein which comprises 150 to 220 consecutive

amino acids from the N-terminus of an outer membrane protein
sequence of Brucella and the display-compatible microorganism

which is Brucella,

15 (d) the carrier protein which comprises 150 to 220 consecutive
amino acids from the N-terminus of the Pap3l polypeptide

sequence and the display-compatible microorganism which is

Bartonella,

(e) the carrier protein which comprises 150 to 220 consecutive
20 amino acids from the N-terminus of the PomA polypeptide
sequence and the display-compatible microorganism which is

Pasteurella (Mannheimia),

(f) the carrier protein which comprises 150 to 220 consecutive
amino acids from the N-terminus of the PPE polypeptide sequence
25 and the display-compatible microorganism which is

Mycobacterium,

(g) the carrier protein which comprises 150 to 220 consecutive
amino acids from the N-terminus of the major outer membrane
protein sequence and the display-compatible microorganism which

30 is Haemophilus, and



WO 02/ 36777 PCT/ SGOL/ 00228 13 2 August 2005 Anot her aspect of the invention
provides a nethod for selecting a nucleic acid encoding a pol ypeptide ’
whi ch hasW 9%¥37% ed property, the nmethod conprising the dP§§ﬁ§9NW®@mod of
the invention, wherein the passenger protein is a plurality of

pol ypept i des whi ch has putatively the desired property. The ﬁﬁ@ﬁ%épthther
conprises the steps of testing the passenger- displaying mcroorganismfor

the desired(yr opaet ¥akPidhgrdiassengeth MHdalpeliBesSEb@Ctd N2 oakdnisah@ldeng the
m croorgani sm whi ch displays on its surface the Easse er protein with the

10 de5|red2%?65@?F9dﬁnffﬂﬁ‘Hﬁ%%bﬁ@é@l?ﬁ%nQ§ FheafBt % dratarRget Rerixpr essi on

vector fromdiigepigani §@a;uérn;eo@%deﬁb@ddmtayoeohbstﬂm&%cfr%régxll%I ng a
nucleic acid encodlgg pol ypepti de which has a desired property, the

passenger protE /si PF6ﬁ1an anti body expression 15 library. The desired
property nmay be strong binding to an antigen specific to the antibody,

presencesof a specifimg aeptémedoremsaaﬁhéﬁﬂ C el b¥Eb¥eidd Qlgnel aspect of
the invention provides a nethod for renpving a contam nant froma |iquid,

the method ESWHHCSNEI5D tHhe HLPPAYPRREHGY tof diABLVVIEIR PGS SeRBRF ei n t he

passenger AN cofipe2Pad| fnidfo Bichds ND dd 23he rcopbat nant,. and 4 he
met hod further conprising the steps of contacting the liquid containing
t he cont ani fiaffihedi PFefREIpAIRNGEREHE s ptRE) MHErORTFERBEF Y sm for a tine and

under condlhbfgy%cgghqghlygmé;gcféy% 25 passenger protein to bind to the
contam nant;  and renovi ng t he nlcroorganlsn1fron1the liquid. In one

enbodi nent, the contamnant_is heavy netal and the passenger protein is

wetalloﬂﬁloneln AnoﬂW@rda§B%QX Wﬂthpﬁeofnwﬁﬁn%Qﬂ$n§F60|E@% funkkenod for 30 ™)
eliciting agoh heSBeBS o f ngﬁaathe the +1REROM: CPIBY]3ii1RA bhe

di spl ay netho of the invention, rein the passenger protein is capable
of elicitingharriannanse Péstkﬁnﬂ?ﬁsﬁnﬂﬁé pyetatal onagbet plerfagehod £het her

conpri sing Ma%éafg%l% 2B 0 8hgNgnbhe PRRIERAET Wt R Idsenger

mcroorganlsm or a tine
protein on the surface. In one embodiment, the assay method

15 comprises fluorescente-activated cell sorting (FACS).

Another aspect of the invention provides a method for
expressing a fusion protein on the surface of Agrobacterium,

the method comprising the steps of:

{1) introducing a vector into a bacterium of the Agrobacterium

20 genus; and

/ . -
v - )
o

(2) culturing the bacterium obtained from step (1) to express

the fusion protein;
wherein the vector comprises:

{(a} a nucleic acid sequence which encodes the fusion protein
25 of the invention, wherein the fusion protein contains a

bacterial secretion signal; and

{b) ekpression control sequences operably linked to the
nucleic acid encoding the.fusion protein, wherein the
expression control sequences are suitable for expressing the

30 nucleic acid encoding the fusion protein in Agrobacterium.



WO 02/ 36777 PCT/ SG01/ 00228 14 2 August 2005 and under conditions effective
for the mammal to nount an i nmune response to the passenger protein. In
one enbodMPR36777t he di splay mcroorganismis A tunefaci ePcI/SGsvmksmay be
adm nistered as a live vaccine. 5 Another aspect of the invention provides
a method for solid phase enzymatic catakysis of a reaction?*ﬁW%mhggﬁ%d
conprising the display nethod of the invention, wherein the passenger

protein is capabl e ehoeatal yzhag tdfethearivaitioanbroth@e sed hdnbyr ther
conprising the steps of ﬁontacti %O substrate of the reaction to be

ng a
catal yzed Wwit$tHe paBie E&ﬁ-a%ﬁngPa9 HP @ OPIEPERAL IS iskChahgf ne and under

~condi ti onsdef ferCiorvpet 0y, ey Rithed Cabb YT ihaOkhtNgi £8BGS indRhod NoPNE
embodi nent, the passenger protein is alkaline phosphatase. Another aspect
of the invERR i GIWeHESORdeChersit HOG PaSSENORHBTOLPiAgia & aipwahity td' met hod

conpri sisn gpéf%éﬁtsiﬁte@)’wﬁ'f&g %@fputtaﬁi{rélllf lrtthjeo Qe s\.’\ﬁ/@@& eﬂ)f‘oﬁé}f} ypas'gﬂ?{' ger

protein is capable of binding specifically to the conpound, an he net hod
further cBRISITvgthRe sPEpRisss &bAt akephPla E6ApHHRY T reontageing the

conpound Wit b1 RASSERISE 54l SR %xsknghéﬁcfersq%aagirsaéé@yf & 2ftime and
under conditions effective ?or t he passenger protein to bind to the
conmpound; RASIENHFT RECREER borPAFSABIT rd d aalgd ingndhe miierrcoogaint srons
effective {Qi HiLTRS1098- SRectd | & ARdi fige gy LRapt Se el uging the
conpound froh]the¥ﬁ%c?oorganisns Por atine §%§E3n3%§t%%£§P?bo%§Qeffective
t o di sipt depixdd inroPST by nil righeh dareenge heypdsdongend pi st letingnthé¢ he

conpound. Lpoone ; enadigen ; (@ is an anti body and the passenger
protein is ® antliogengg:?fenc?i#?"c"'i p%et ﬁga%niigl}[b'ody. BRI EF DESCRI PTI ON OF THE

DRAW NGS The present invention wi Il be further understood from 30 the
fol | owi ng descri pti dm whehexleddinande of othdanatiteod Hgs. sEleerimglashows t he

sequence 8%%%@1@%%' QGUSa AN 4 N1 LeLat 8l CRNShr UgLs, YR.02/36777

property, the passenger protein is from an antibody expression
15 1library. The desired property may be strong binding to an
antigen specific to the antibody, presence of a specific

epitope, or catalytic activity.

An other aspect of the invention provides a method
- for removing a contaminant from a liquid, the method comprising
20 the display method of the invention, wherein the passenger
protein is capable of binding to the contaminant, and the
C;V method further comprising the steps of contacting the liquid
containing the contaminant with the passenger-displaying
microorganism for a time and under conditions effective for the
25 passenger protein to bind to the contaminant; and removing the
microorganism from the liquid. In one embodiment, the
contaminant is a heavy metal and the passenger protein is

metallothionein.

Another aspect of the invention provides a method for
30 eliciting an immune response in a mammal, the method comprising
the display method of the invention, wherein the passenger
nrotein is capable of eliciting an immune response in the
mammal, and the method further comprising the steps of

administering the passenger-displaying microorganism for a time



15 2 August 2005 A. DNA sequence of the 1.4 kb Nnhel fragnen
aopB and_deduced am no acid sequence of AopB. The verti cal

t enconpassi ng
arrow

i ndi cat es W& H - Tn5 transposon insertion site. The ani n8CTS60HE0228

predicted to be the putative signal peptide are 5 underline
Shi ne- Dal garno ri bosone binding site (AGEAG was highlight
| etters. The horizontal arrows indicate the repeat sequenc

S tuRbefl ¢

es that may

function asamd axmdea- condépendertf fecanseriqt itde tmemma hatomouBt dhe genetic
and physica s of _di ent. c ...The. 10 punbers abqve the
ALy fRS Q108 0L AL LU CBISLENGE S o, R, 10 PUhel <, A0av8 Lhe

vertical lines -in sequence - positi ons; en

u

par ent hesesthadiicatleyt héceginyaniani ds pdsi tureEfaciandopdichealyoked

hori zont al aLr ow enr%tdegstgel.vaop,chg en readi ng frane; the

the boxed hOFlzontal - arrfow denotes the put ati ve signal pep

denotes the 15 insertion site of mni-Tn5. The vertical arrowheads indicate
t he TnphBA transposoinotiber tdspeqrosift tbasimferithenaprovidehaAmeanpB fusi ons.

Y 5L LDE S | DY oh D Ll RBRITL] The

The hori zonta PN el %E
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t he i ntroduce I‘éDS}{I‘ICtIOQmS ure 2 shows ah ali g

bl ack area of
tide. The

n of the

am no aci d segmerncCiey; thet dissplagpBeahddr op Blgeriavpnotoe! svheAlelignarat was
conpl eted by_usin t he, DNASI S program . Shaded l.etters indicate the am no
% eaf*in sb(ﬁpal PR %%lf(ca'tyf %fi? g‘iﬁ’aé:t\%oélhoﬂ@ga

a

. ass rotein
aci ds that PaF & EEnEi CaF T it gene pr 85

Sout hern anahyshetiafd tthetheopRagerésiagi tie stHps bat atodtdhgAgr obact eri um
tunmefaciens sifrains 23 (l.ane ... A136 (lane 2 A6 (lane 3)., C58

(| ane 4|)18an5u ﬁance( %ggg)r%cwﬁ Jﬁésbﬁh?aztcﬁ}iy&ﬁ\%n’é%ﬂl‘ ot(q?e RERS619SET ane 6)
Was  prepar aflspaydesc kiibecoiguribsangbe 4.t ik dAuasr digesittadnei t h 30 Sphl

and hybri di zgg w th the aopB pr.obe | abeled with fluorescei
shows subcefl-tf

CU Coer (2 16t cRrha AR r s ReRRti%yr o

n. Figure 4
H&c CBFi um

t umef aci ens embsdict , Acht UpBs AGiRRS pe8tésn Of s Qﬁ.&a@§né%ﬁ&ta§e 5, 7, 9,

11) and CA1 (lanes 2, 4, 6, 8, 10, 12) WD 02/ 36777 P
August 2005

1/ 00228 16 2

Another aspect of the invention provides a method for

15

20

25

30

purifying a compound; the method comprising the display method
of the invention, wherein the passenger protein is capabie of
binding specifically to the compound, and the method further
comprising the steps of contacting a composition containing
the compound with the passengerfdisplaying microorganism for a
time and under conditions effective for the passenger protein
to bind to the compound; washing the microorganisms for a time
and under conditions effective to remove non-specific binding
contaminants; and eluting the compound from the microorganisms
for a time and under conditions effective to disrupt specific
binding between the passenger protein and the compound. 1In one
embodiment, the compound is an antibody and t?e passenger

protein is an antigen specific to the antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further understood from

the following description with reference to the drawings.

Figure 1 shows thw sequence of the aopB locus and the related

constructs.



were collected and fractionated as described in Exanple 1 into the total
cell lysate' (CL) (lanes 1 and 2), periplasmc (P) (lanes 3 and 4),

cytosol i WPEO¥3¢17anes 5 and 6), total nenbrane (TM (| aneci/studedls i nner
menbrane (IM (lanes 9 and 10) and 5 outer nmenbrane (OM (lanes 11 and 12)
fractions. Sanples from the same prepajqtions were el ect rophdpgsedidn

SDS/ 12% PAGE gels. The proteins were transferred onto I mobil on-P nenbrane
and vi suali zegwhysdgniantdsbody 1 10 W dce By ahous. deleabion of A8
protein on the bacterial cell surface. Agrobacteriumtu aci'ens strain
A6010 was apdoRfdrsed rsigYd Beddi pe@ennsl ef1AoMBe (Bld yeweiealiareoi y used to
~interact w i tnatirhadl es;; it l, _Aop ant.i body, nouse
pol ycl ona}lﬂr{dﬁhrcghg%ﬁ}g@od%ﬁgr %ﬁgugg&n%%o%? O%g?ﬁ%’%%tgmi o%ya.ml'f"r?e whol e
cel | ELI SRuisls popdictedt tos bgethe imuatiineExaapie geptEdeorrdars i ndi cate

st andar i.ab of iRl .. sanpl igure 6 shows.results of whole
cel |l EL?S%\HSQE%%% t%}é}%(?p'&ibgp 1’%&0?3 tlﬁér%\op W%Aglﬁaﬁn%ﬁ-ePhoA

f usi on pr otA&GAS) (Bs biohtlightel| ishdlacdetpgrobactier ihomitoneflacireawsst r ai ns
C58  (GFP-)).,q4 oducing .cvtoplasmc, GEP), .C3.1 (containing aopB- gfp
on the chrlc?r%gg%rg) ?R%Szg%ﬁfehﬁ%&f%gﬁsair{hfﬁgm%%p@frb‘?‘bmg“naf’h% & filsni d) wer e
grown and iridependand timensAopBLtChP dimsphayed. on 25 the cell surface were

det ect ed t cel | . assays, s.descrihed in Exanple 1 (panel
A). The plt%'s rrit} s“’%%%%&nﬁk’ﬁ%i%@, SfYﬂglgﬁ?E%rfﬂ%Sf?ﬁsﬁﬁ‘bC%Y bg7

cont ai hed mirbeaspBophothd wsirahsalv timeBhaAdi used g ONAOREq@ndehe ami no

aci d positioosrl%i?o,g .1%? 134, 172 agfl 207, gesgectjve,ly; pJYH5 30 contai ned
fhe wi | d- (Bpe A6PB’ ahef dwgi’féscbﬂt $EFTERENDRDA 1R FeRE ERYEHE® carri ed
by the di spliay psettdens The@ppl asThdl Hoxear Bot D &0AUC G rbit Qefors the C58
cells containing the plasm ds were anal yzed for the display of AopB-PhoA

by the whd®PHCOPEN ERFEARIIAPE’ uhhPlans ProA ehttisokpxedaimtizentaly r or
bars 35 i ngi t i af. Lplicated samples.. WO

021 36777 PCH AT 00s3e oy T8 Adpror 5003 Bretrefy dtsed BPHEE hiSpiay of
AopB- PhDA iagseatdensettdyoff Imdwi-Tn5. The vertical arrowheads indicate

the TnphoA transposon”insertion positions of the active phoA-

aopB fusions. The horizontal arrows with vertical lines

indicate the PCR primers with the introduced restriction sites.

20 Figure 2 shows an alignment of the amino acid sequences of the
aopB and ropB gene products. Alignment was completed by using
the DNASIS program. Shaded letters indicate the amino acids

(f7 that are identical in both gene products.

25 Figure 3 shows a Southern analysis of the aopB gene region.
The total DNA of Agrobacterium tumefaciens strains GMI9023
(lane 1), Al36 (lane 2), A6 (lane 3), C58 (lane 4) and CGI1
(lane 5) as well as Rhizobium meliloti RCR2011 (lane 6) was
prepared as described in Example 1. The DNA was digested with

:30 Sphl and hybridized with the aopB probe labeled with

fluorescein.

Figure 4 shows subcellular localization of the AopB protein in
Agrobacterium tumefaciens. Induced A. tumefaciens cells of C58

35 (lames 1, 3, 5, 7, 9, 11) and CGI1 (lanes 2, 4, 6, 8, 10, 12)



cytonetry anal ysis. Agrobacteriumtunefaciens C58 cells containing pJYHS
pJYH5039, pJYH5125, pJYH5134, pJYH5172 and pJYH5207 were grown in IB

medi um asWEE®66iHed in Exanple 1. 5 Muse anti-AP anti bodyP@ESGedaes at

1: 1000, and goat anti nouse r-PE conjugate was used at 1:100. Tot gb f}eﬁ:vents
of 10, 000 were recorded. Gwean stands fer geonetric nean whfugust

mean fluorescence intensity of recorded cells. 10 Figure 8 shows results
of proteaseveaccesiibitéd yanas saystiofgi«bact aesun teuefagkansi st aidie C58,
Cd 1, and qﬁ@ ont |n| JYH58§$ JYH5 5, JYH5134 pJYH5172 and
pJYH5207 we 3195 ﬁ'é’&l J artdesnds Aiflg )'trP§rdé’I1Ia§m?/\%er)treat ed in
”‘S absen(r:]ﬂai?’espBeaﬁdilCe) Ofcyttoppsio &) d(?.%@lbijbsdaﬂldﬂ @xamltﬁlhnemﬂéréopg- (?:P
and AopB- PhoA i on pr ot ej were visualize usi ng anti-AopB anti body,
and peri pl asif’ CL{EF‘B?&% @dl@\/\ﬁ%%?%d&‘?"?bzré‘ﬂ‘ 6§Mbnﬂa”@ﬁ’v§ éﬂ@lﬁgdyandlzl gure
9 shows B pPsirc aknBBgnef (al)sallafeyert AndPIPH2Oradthicns .20 sRhald gl £t ai ns
the aopB prqnoter and the 1-516 bgeof t he aopB, which encodes 1-172 am no

aci ds of AJDE STRE BOPRATHKENSWHE e TFIFePBATasSMsTT SR/ 3R abME t o
facilitate @dlcsnl nghanldrctwln@n we@b {0404 Y 18aN8HLENGRAMINIY RS SRARIS 2y Ot €i NS
in frame with the EB ORF.. 25 Flgure 10 shows the results of detection of
AopB- PhoA ac—ﬁfjprvé?é‘ia&h hdur AqPPf 8REHEOYONdi ti ons. . Agrobact eri um

tumef aci ens cell's C58(pJYH23), E. coli DH5a( pJYH23) and R neliloti
RCR2011((5JYH23) were grown in the indicated nmedia. 30 The bacterial cells
wer e hatVestighrreard shees AFBEEAOPhoR ARRP Priosgan| ok diisy basterid aralilbody.
Figure 11 showsdehe BbEO6 St i PUROEIRAR %@rﬁ?xgsﬁé‘fgodﬁ@%s@‘ow

Agr obact eri um tunef aci ens C58 cel I's contai ning p
were grown §esaEbedain Jgramrdrerni gRbe aerl o vftelran@i@crtéd/ Woed2t86777

PCT/ SCOL/ 00220 12, sk £0051 QoL 1850 A8 Qo B Al OBIANZD. Fupi e cel | <

were cultured for 18 h at C. The display efficien rm ned by
t he whol e Q!@HllbOEM:SROU%%S{%WIHQPa%«/a%l%e&!lt&®0ﬂhe0negmaa/mooonl¢rm1 The

15 GFP antibody. The whole cell ELISA was conducted as described

5 hIYH23

in Example 1. Error .bars indicate standard deviations of

triplicate samples.

Figure 6 shows results bf whole cell ELISA to detect the

20 displaylof the RopB-GFP (AR) and AopB-PhoA fusion proteins (B)
on the cell surface. Agrobacterium tumefaciens strains C58
(GFP"), CG19 (producing cytoplasmic GFP), CGI1l (containing aopB-

(: gfp on the chromosome), C58(pJYH21 (containing aopB-gfp on the

plasmid) were grown and fixed, and the AopB-GFP displayed on

25 the cell surface were detected by the whole cell ELISA assays,
as described in Example 1 (panel A). The plasmids pJYH5039,
pJYH5125, pJYH5134, pJYH5172 and pJYH5207 contained the aopB-
phoA fusions with PhoA fused onto AopB at the amino acid
positions 39, 125, 134, 172 and 207, respectively; pJYHS

30 contained the wild-type aopB and pJYH23 contained the phoA
coding sequence carried by the display vector. These plasmids
were introduced into C58; the C58 cells containing the plasmids
were analyzed for the display of AopB-PhoA by the whole cell
ELISA assays using the PhoA antibody (panel B). Error bars

35 indicate the standard deviations of triplicated samples.

i’



sanples were triplicated during experinentation. 5 Figure 12 shows results
fromflow cytonetry anal ysis of AopB- PhoA display. Agrobacterium

t unmef aci eW® B&6HGri ng pJYHS or pJYH23 were cul tured in M3dy/séd/me2s B
medi um Mouse anti-AP antibody was added at 1:1000, and, goat-anti nouse
r-PE 10 conjugate was used at 1:100. Totd} events of 10, 0002 wegest 2005
recorded. Gvean stands for geonetric nmean which is the nmean fluorescence

i nt it ! d I dy: T 1 CE. T E

ENECDI VENTS T8, | TEE AP CERE. AN ACPE PROTE N o gt SBAcT et i 2"

t unef aci ensydlomevgonnd lysite desthmatadanpBunesadieers Coente¥lised and

ch Ceri .‘ : : 5 . :

egun nosar = sanas Het ng 1 RBad & bR SR e R S PR L 293 “Rops by

| egum nosarum gene an ou menbirahe” pro
a 20 transpo¥dn2@i/dwvane afdwectint AR metiner iaal dgsomtbedonndEffmeplantl . gr owt h

medi a. The Jjutan 1l1.cel,l. opt ai ni he,aopB-gf p , fusjion) .cultured on
a mni mj] n%s%mgggleé#é’g%g\%g ‘é’%%oandg %&o%ég@%ﬂce&m&n ?a?{ Lif?ﬁll gkt =But not
on a m ni ned-Pfedpoinght@Svarentsedl apH, : 100di cabtay dvmitst he dOpPB @eneres

i nduci bl e ci dj . odes utatjve protein of 218 am no
aci ds Wi tﬁ%é:%%fjggi'ct% e%l%%ﬁ‘ﬁgr gﬁ%iQ‘gc@jl'ﬁ'notmeo1‘]:952‘?ll Pk BA “TnpRhoA™ %8Rs poson
nmut agenesi sloforaspBncsubmadsiltgr of r eetomieat icehland whol e cell ELI SA
experinments indicated that AopB is an outer 30 nenbrane protein exposed on
t he bacterial cell surface and that AopB was present exclusively in the
out er nkfrbriErmrend Bhows nresailher of rpwdticans. aWEeORVBALTY REF4 W01/ 00228 19 2

August 2005, A description of_the exenpl.fi sequences is__provided bel ow
SEQ 1D No: ASRREGUFBIY. Prerasierf I RIS GBE N a3d Cseeontaining

pJYH5039, pJYH5125, pdYH5134, pJYH5172 and pJYH5207 were grown
in IB medium. After washing, the cells were treated in the
absence or presence of trypsin as described in Example 1.

15 AopB~-GFP and AopB-PHoA fusion proteins were visualized by using
anti-RAopB antibody, and periplasmic protein ChvE was visualized

by anti-ChvE antibody.

Figure 9 shows a physical map of display vector pJYH20. This

20 plamid contains the aopB promoter and the 1-516 bp of the aopB,
which encodes 1-172 amino acids of AopB. The polylinker was
introduced downstream of aopB to facilitate cloning and fusion

[ of foreign genes encoding passenger proteins in frame with the

aopB ORF.

25
Figure 10 shows the results of detection of AopB-PhoA
expression under different conditions.. Agrobacterium
tumefaciens cells C58(pJYH23), E. coli DHS5a(pJYH23) and R.
meliloti RCR2011{(pJYH23) were grown in the indicated media.

30 The bacterial cells were harvested; and the AopB;;;-PhoA was

visualized by anti-AP antibody.

Figure 11 shows the effects of growth media on surface display.

Agrobacterium tumefaciens C58 cells containing plasmid pJYH5 or

35 pJYH23 were grown in MG/L at 28 °C overnight and/or transferred



SEQID No: 5 10 SEQID No: 6 SEQID No: 7 SEQID No: 8 SEQ ID No: 9 -SEQ
ID No: 10 15 SEQ ID No: 11 SEQ ID No: 12 SEQ ID No: 13 Nucl eoti de '
sequence WEh246Ai'ng aopB gene Amino acid sequence of ful | PBCHRGI0AHB

aopB nucl eoti de sequence encodi ng AopB wi thout putative sigpal sequence
Am no aci d sequence of AopB without putagive signal sequenc%a‘b‘ﬂ}l D54
primer p55 prinmer pl1l9 prinmer pll2 prinmer pll8 GFPuvFh3 GFPuvRpl

PhoAf H3 PhedraRihAnpBohas heeoDi@ent 3 f i@ aslasnnmeshercQftuaegr oo 10F n
menbrane proteins of Gramnegative bacteria (hereafter referred 20 to as

" AopB-r el at@d 4fenbr arfdeprdeei ag g Lifiekcynedidie teRgyBed( BRYs karivhe laci d
sequence sigijA¥l, (8 (JFMROIGHL CuY & +HEMREANG J¥ U805 Of HBlucella
species (42-47% am no acid sequence simlarity), Papal of Bartonella
hensel a i nf 2atr@swie ke at bariticeiteghdgeinu erpgminen et rsequence similarity),
25 Pasteyrella (Mannhei m a) haenol ytica outer nenbrane protein PomA (47%
am no aclid sequence simlarity), PPE of Mycobacterium tuberculosis (39%
am no aci d Ebguendd shows ardstullts Ememobliv wytodetreyanaiajsis ofit BspBrenbr ane
protein (439 ' | d s |, ' . n he .out er. nbrane porin
of Vibrio c %ﬁ;rdalgpggy(m%o arqnﬁ%gegglh é%éétféa)r%)égngi 1griinaIh)atc’r]fl’t%ﬁ) PJgg?\Aoeﬁl as the
C-term nal pJYH23 were cultured in MG/L, AB or IB medium. Mouse anti-AP

antibody was added at 1:1000, and goat anti mouse r-PE
10 conjugate was used at 1:100. Total events of 10, 000 were
ﬁf recorded. GMean stands for geometric mean which is the mean

fluorescence intensity of recorded cells.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 A. THE AOPB GENE AND AOPB PROTEIN

An Agrobacterium tumefaciens chromosomal gene
designated -aocpB has been identified and characterized. This
gene shares high homology with ropB, a Rhizobium leguminosarum
gene enching an outer membrane protein. Mutation at aopB by a

20 transposon did not affect the bacterial growth on different

growth media.

The mutant CGI1 cells (containing the aopB-gfp
fusion) cultured on a minimal medium of pPH 5.5 gave strong
fluorescence under UV light but not on a minimal medium of

25 neutral pH, indicating that the aopB gene is inducible by an
acidic pH. aopB encodes a putative protein of 218 amino acids
with a predicted molecular weight of 22.8 kDa. Tnphoa
transposon mutagenesis of aopB, subcellular fractionation and
whole cell ELISA experiments indicated that AopB is an outer

30 membrane protein exposed on the bacterial cell surface and that

AopB was present exclusively in the outer membrane and not in

other fractions.



hal f of the porin protein F (OprF) of Pseudononas species. WO 02/ 36777
PCT/ S&1/ 00228 20 2 August 2005 Transcri ptional and transl ational control
sequencesWORB6DNA regul at ory sequences, such as pronot er SPCESGaMmRES,

pol yadenyl ati on signals, term nators, and the |'ike, that provide for the
expressi on of a coding sequence in a hostgcell. 5 A "pronot e? AdigdtieRle" is
a DNA reqgul atory region capable of binding RNA polynerase in a cell and
initiating transcriptiesfchptacdovpstieadNdnplidib8CiéQbheadilg sequence.
For purposes of dgfin#&g.the present invention, the pronoter sequence is
bounded at R*C¥18e4;B¢HP¥us by the transcription 10 initiation site and
.extends upstream (5 direction) to include the m ninmum nunber of bases or
el enents nexE@sIar Wot oli ni ti at eluctleansdsi peqwmat coavelsidetegiraghee above
background. Wthin the pronoter sequence will be found a transcription
cinitiationssté&p Peonveni ent | Wrdebi neild byeqeppieng twEh hl figigasaoSld) ,, as
well as 15 protein binding domains (consensus sequences) responsible for

t he bi ndi n$ESf IRNKopoB yner ase.adpfokaryert tderanmmesrs emudiing AopB

Shi ne- Dal garno sequences i n addithogh petahive 0gand s8Guerg@nsensus
sequences. An "expression control sequence" is a DNA sequence 20 that
control s arFY éguNafed the trdWE&C pELBNS eIRPIGeRRS| APPB Wi tdfougnot her DNA
sequence. A codi ng sequence i Putghdde shgnak@rquenteof transcriptional and
transl ational control sequences  in a_ cell when RNA pol ynerase transcribes
t he codi ng ¥&qd&nle: Pnto nRNRTIMSTCR s -then translated into the protein
encodegugy 25 t he goging sequence. Thg term"isol ated pol ynucl eotide" is
defi ned as SFQ 38 YRacPeoti de mEHBFEIPPPom t he environment in which it

natural ly urs. .."l1sgl ated pal ynucleotide"” is a polynucleotide the
structure é#ﬁMH@CHOVSQHOt ideﬁF¥€§F Pgiéhat 30 of any naturally occurring

pol ynucl eotd. de..-The.tgrm t her r rs, for exanple, (a) a DNA which
has t he seéﬁgﬁgg g?’pgrt of gLﬁg%6r§?¥g occurring genon ¢ DNA nol ecul e but

is not flajpeedpyobosh of the,goding;sgquences that flank that part of

SEQ ID No: 10 &FPuvFh3
15 SEQ ID No: 11 GFPuvRpl
SEQ ID No: 12 PhoAfH3
SEQ ID No: 13 PhoArePl

AopB has been identified as a member of a group of
membrane proteins of Gram-negative bacteria (hereafter referred
Cjﬁ 20 to as “AopB-related membrane proteins”) which include: RopB
(60% amino acid sequence similarity), the immunogenic outer
membrane proteins of Brucella species (42~47% amino acid
seguence similérity), Pap3l of Bartonella hensela infected with
a bacteriophage (46% amino acid sequence similarity),

25 Pasteurella (Mannheimia) haemolytica outer membrane protein
PomA (47% amino acid sequence similarity), PPE of Mycobacterium
tuberculosis (39% amino acid sequence similarity), Haemophilus
ducreyi major outer membrane protein (43% amino acid sequence
similarity), and the outer membrane porin of Vibrio cholerae

30 (40% amino acid sequence similarity), as well as the C-terminal

half of the porin protein F (OprF) of Pseudomonas species.



t he nol ecu

le in the genone of the organismin which it WO 02/ 36777

PCT/ S&1/ 00228 21 2 August 2005 naturally occurs; (b) a polynucl eotide
i ncor por V8A2BHS a  vector or into the genomic DNA of a pPERSGY0R2s0r

eukaryot e
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20

25

30

proke @n COOMIIh S RRHENES WU In4SeS skBBences) responsible for
the binding of RNA pélymerase. Prokaryotic promoters contain
Shine-Dalgarno sequences in addition to the -10 and -35

consensus sequences.

An "expression control seguence" is a DNA sequence
that controls and regulates the transcription and translation

of another DNA sequence. A coding sequence is "under the

.control" of transcriptional and translational control sequences

in a cell when RNA polymerase transcribes the coding sequence
into mRNA, which is then translated into the protein encoded by

the coding sequence.

The term "isolated polynucleotide" is defined as a
polynucleotide removed from the environment in which it
naturally occurs. "“Isolated polynucleotide" is a
polynucleotide fhe structure of which is not identical to that
of any naturally occurring polynucleotide. The term therefore
covers, for example, (a) a DNA which has the sequence of part
of a naturally occurring genomic DNA molecule but is not
flanked by both of the coding sequenceé that flank that part of

the molecule in the genome of the organism in which it



WO 02/ 36777 PCT/ SG01/ 00228 22 2 August 2005 redundancy or degeneracy of the
genetic code to_encode the sane polypeptides. By "polypeptide" or

"prot ei n"WO02FEHRt any chain of amino acids, regardless oPCT/QGgI/M)zm
post-translational 5 nodification (e.g., dl ycosyl ation or p hor%—pﬁél on).
Both terns are used interchangeably in 2lhe present appli cat gusA acid
sequences are provided which are honologous to SEQID NO 2 or 4. As used
herei n, "hoathogbus ccaminse dbi dasmlm@éotSdamqnﬁppnepeadenMia:h is

ded, ~ b | d
encotd. | Bci00ua o 8, U PaLhe Y dyruel 86 s SEeneG Al

hybri di zes el ow cal
portion of at mennerc|siah ddiad sequemelmﬁngamyle@ele)flsslf@tl Podkridal ao 3. A

honol ogous s one t hat _di ffer fro an am no aC| d
sequence shgl\senH @%Aé%fﬁ%%g g Y She 1576t ?%N Fﬁ nd agaFate
substituti owdecpltefsrcblas @ORBHEAY at |geelonﬁub§ta@nﬁnm,na foughert sequence al so

enconpass ser t varlants def ned be a as sequences,
cont ai ni ng® 8 &? RS YMREEPE 1Weéﬁg%?af%%dhé’treﬁt ASF AN st cs

of the pol Wpagmede, sargh (ais larrm‘eaaglemwtl yucPe et edablggquendehtRa2Gi ssequence
is at |east 6 %éfor a eh 65% 68% 70% 73% 75%_78%, and

pr ef er abl y P& 8? Bxatpte,® §595 8B6LHED2 HHIPNORIZETYIY, 989
i denti cal TscpeSEQLd:.{ll‘jOe)Q:l&ﬁeé fthmﬁmg;ousfmﬂﬂo‘raei@ $RUYRAE RSt RRlsude

sequenc that are identical S an aII |de ical to SEQIDNO 2 25
or 4 o7 Eeasn Bty Catuianze ofu 6Ll AN il | L HanStaEhA a
sequence t halllss atd | gast) 2801( EDdSn@(,armbe 92%?1&%0cc%5%n9§%NP97% 98% ,
nd preferﬁé%)){: 99% i dentical to an aming acid sequence of reference. In
one prefer BibottTeRtS 2 FEVAnBHOIBHIUS S¥Guthe it fers fromthe
sequence of reference by a 30 magjority of conservative amno acid
substitutions. Consercvﬁtéxeenpa.r@' na bxA dnEeasillet Piéonst aft ursubst {4 WHonNs
anong ami no aci ds Pf t he sane class. These_cl asses include, for exanple,

anino aci d¥SRRVF NG’ UhAREGES MO D22 BERFF PETR SEBR9 Grdg is not

15 isolated, but the same molecule separated from the remaining
“part of the bacterial genome, as a result of, e.g., a cloning
event (amplification), is isolated. Typically, an isolated DNA
molecule is free from DNA redions {(e.g., coding regions) with
which it is immediately contiguous at the 5' or 3' end, in the

20 naturally occurring genome. Such isolated polynucleotides may
be part of a vector or a composition or a non-native genome and
still be defined as isolated in that such a vector or
composition is not part of the natural environment of such

polynucleotide.

25 The polynucleotide of the invention is either RNA or
DNA (cDNA, genomic DNA, or synthetic DNA), or modifications,
variants, homologs or fragments thereof. The DNA is either
double-stranded or single-stranded, and, if single-stranded, is
either the coding strand or the non-coding (anti-sense) strand.

30 Any one of the sequences that encode the polypeptides of the
invention as shown in SEQ ID NO: 1 or 3 is (a) a coding
sequence, (b) a ribonucleotide sequence derived from

transcription of (a), or (c) a coding sequence which uses the



23 2 August 2005 pol ar side chains, such as asparagi ne, glutam ne,

t hreoni ne, and tyrosine; am no acids having basic side chains,

proline, phenylal ani ne, nethionine, tryptophan, and cysteine.

identical to the coding sequence of SEQ ID No: | or 3. Honology is

seri ne,

such as

| ysi ne, aWBi%3HE and histidine; amino acids having acidi BCERGE1/@A28E ns,
such as aspartic acid and glutam c acid; 5 and am no aci ds havi ng nonpol ar
si de chains, such as glycine, alanine, agaline, |eucine, isol84gishdd0
Honol ogous
pol ynucl eotkd8n8SMME e HedtRe fedy) U the Genst 18 | AdNAY. o RESEETEN Bamd
honol ogous sequence is one that is 10 at |east 45% (for exanple 50% 55%
60% 65% POIYPEBY4AT0Y 85% 87% 90% 93% 96% and preferably 99%

measur ed usi ng sequemBge'mNgbyst sdsOfdmapeotsish as nReauense Analysis
Sof t war e Package of ,the Gengii cs.%l%ConFut er G.oup, University of
I

chntigy sEéah g

W sconsi n BfP Ss
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vBF PR3t AvéRGeatharson, W 53705.
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bot h sequences are Aflaid iaeal, seq@l@idase dre phoviaddlwhierbakeof positions.

As used hetiqei n, "percent _honolo
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art- reldoghinods REaht REEmdP¥ah MEIEITarifededstng pibFhshraridisami ques. ™y

er

The conput e, peogsamused &f 4 a\egkﬁgﬁag!.kﬁ%etargtg%d%ﬂ,m e jdentity or

simlarity between two sequences 1S

oftware (

ar

I nc.,

Madi son, Weerfkiohioegvidre norcheic aofd warauesgehofsanhen€CGEpsbgrHMNxckage
De , J. o et lLelLc. Aci ds h (1984 ] d
(BLA\SL,GUELRs?rﬁ,'e ﬁi@‘i‘%’](‘%%é’ghﬁ’l, Cg‘g%d:%t%%gfg.g?e Slﬁ\/b? eec%él%l) d %‘lgﬁanzl& 403)

may WO 02/ 3-on7 aRCIh B0 Hd3d228quence shown in SEQ ID NO: 2 or 4 by one

15 or more amino acid siubstitutions, preferably conservative

substitutions. Such a sequence also encompass serotypic

variants (defined below) as well as sequences containing

deletions or insertions which retain inherent characteristics

of the polypeptide such as immunogenicity. Preferably, such a

20

25

30

sequence is at least 61% (for example, 65%, 68%, 70%, 73%, 75%,
78%), and preferably at least 80% (for example, 82%, 85%, 88%,
90%, 93%, 95%, 98%) identical to SEQ ID NO: 2 or 4.

Homologous amino acid sequences include sequences
that are identical or substantially identical to SEQ ID NO: 2

or 4. By "amino acid sequence substantially identical" is

‘meant a sequence that is at least 90% (for example 92%, 94%,

95%, 96%, 97%, 98%), and preferably 99% identical to an amino

acid sequence of reference. In one preferred embodiment, the

homologous sequence differs from the sequence of reference by a

majority of conservative amino acid substitutions.

Conservative amino acid substitutions are
substitutions among amino acids of the same class. These

classes include, for example, amino acids having uncharged



24 2 August 2005 be used. Honology (identity or "simlarity) as defined
herein is determ ned conventionally using the well known conputer

program BEBIFI6T?I W sconsi n Sequence Anal ysi s Package, VerscoRcoBodhed Uni X,
Genetics Conputer Group. University Research Park, 5 575 Science Drive,
Madi son, Ws. 53711). Wen using BESTFI T,9r any other sequehésgest Rg¥ent
programto determ ne whether a particular sequence is, for exanple, about

90% horl Ogauin.! Gi8e ERLALENCRPCANCGR - £AR! Iyl d dhe resent
invention, the paraneters are set such that thé percentage of identity is

10 cal cul at'éreopénet hand Ut yrasdmgt haming Hesidef brehee msdlcest idechsieguence or
amno acid W%@CQVQ-Q)%; hatq:9aRs, | Snd A 98y n8f MPind %c%%guf\? 10% of the

total number of nucleotides 1n the reference sequence are"a GWEY.
Per cent age a¢ifiilcapiifly peaimon sugd pol sgrapttiidescimyand §laltsaibeasir ed by
conparing thie; apkng agi§s Seax ; | voeptides by. usjng
programs wel | k%wn ?%h?%e ar?@cﬁﬁgﬁéﬁpngltd;éﬁggéﬁgﬂsf%r 85r- A SR
enpl oyi ng defanine, swatings ¥eorcinget Esoiqiaigesi prohind,y phEhelal goirid,hm of

Karlin and S P tl . Acad.. Sci. USA 87:2264-2268, 1990),
nmodi fi ed asIhAATén ‘Iégrghe% éﬁ%p tsaéjﬁuﬁg%P?%%elﬁgfl . Acad. Sci. USA
90: 5873-5877, 1993), as incorporated into the NBLAST and XBLAST prograns

of Altschul et al. HImoMpgouspirslyna¢hedioRied 5@que006) ,amr elefideddfni a
sear ches tog;,0Qt3i Qa?equgf@ﬁsra@qul le%h%lto%o%grl_gégﬁg&cee ;sequenge., 25 BLAST

nucl eoti de searches are performed wth the program Score +%100,
wor dl engPh at dEasto48bi ail for mrarpdei 2% s EFten68s, vl IPsUs 768, aBawcl ei C

fici d of thegds igAyentpen. A r [ rehes @y e perf.or i.th the
YELAST prograin “0ehr 08 st S b PSRBT o B B R 6T i
sequences howiinggeeguenca o£fHRA0eNpol ypepti.de (e.g. SEQ ID NO 2 or 4).
To obtain gapped alignnments for conparison purposes, Gapped BLAST is

utilized as descri bed | S .. .(Nuclei.c Acids .Res. 25:.38-3402,
1997) When utilizi ngq’c’ E%é%a%%&%%éﬁ%ﬁs@ %FS&?%%%,a’%ar%é’stf a0t fware
par anet ers sich ke gegugn¢@gﬂmaly266580ftware Package of the Genetics -

15 Computer Group, University of Wisconsin Biotechnology Center,
1710 University Avenue, Madison, WI 53705. BAmino acid
sequences are aligned to maximize identity. Gaps may be
artificially introduced into the sequence to attain proper
alignment. Once the optimal alignment has been set up, the

20 degree of homology is established by recording ali of the
positions in which the amino acids of both sequences are

{o identical, relative to the total number of positions.

As used herein, “percent homology”, “percent
identity” or “percent similarity” of two amino acid sequences
25 or of two nucleic acids is determined by aligning the subject
sequences so that the highest order homology (match) is
obtained. "Identity" or “similarity” per se has an art-
recognized meaning and can be calculated using published
techniques. The computer program used in this application to
30 determine identity or similarity between two sequences is the
DNAStar software (DNAStar Inc., Madison, Wis.). However, other
software such as the GCG program package (Devereux, J., et al.,
Nucleic Acids‘ReSEarch (1984) 12(1):387) and BLASTP, BLASTN,
FASTA (Atschul, S.F. et al., J Molec Biol (1990) 215:403) may



respective prograns (e.g. XBLAST and NBLAST) are used. See Altschul,
Stephen F., et al. (1997), "Gapped BLAST and PSI-BLAST; a new generation
of proteiﬁkﬁ%¥§ﬁaée search prograns, Nucleic 5 Acids Res. P6T/S888@23102.
Pol ypepti des having a sequence honol ogous to SEQ ID NO 2 or. 4 include
natural | y-occurring allelic variants, agaell as nutants or2 Angush2fdy
non-naturally occurring variants that retain the inherent characteristics

of the ref erensed paopapigydeiaSheht 1 @raginnher anfy chaaet gbiStd& 1§05 sAopB
include its topolo as a surface-exposed outer nenbrane protein in
gr am negat iCFESFEERET | P VALLEENRhOM SR 9t RS aFell dionny epmBULRF i ant is an

al ternate progpumf Mmmpqlﬂﬁisd&iﬂﬁtséqﬁeﬁbérﬁ%ﬁfsjizse(i’aéﬁaeé)/iVEQ:S@Lon
substitutiqgn, deletion, or .addition of one or nore am no acids 15 that does

not alter théObi Bty Ganetdest FORPHeT: FEOPBL yPrbts ety Besepreh dgirkal

functiorg isysnBanén¢diedF Gt Maioén f MALSROEYPEDS | Ufhed RishiRg BE4HET B Whi ch
it naturall¥ occurs, even if the function is not necessaré for the growth
or survi val®P¥f OFRRT cRIUESNge A L igREeR PTOPRENDER|IRSITALNEURBEERAT & a porin

is to all oWatrhecenis YS%%ériHeoigﬂ tSr WxanBMBOUDGS PI ARRERLLLICLAS to a

extracel [ ul ar medi um elic variants are very common in nature. For
exanpl e, & BEELRFT aFe BB Ces ASHLFAHY o EheaPFIRATS invengsoml |bhe

" epr esent ey YAt iy O SHEA! Bl Al BELEK IS OMLaEN, oL, by minor

allelic variations. Indeed, a polypeptide that 2 same
bi ol ogi t&I RrELAERC Ve fther Rt stentiths ofahhe heafe remcannnolectidiesequence

and pol ynug Ldess Hh 1SN i [ Is | t
ét_'rr ai ns. Sucrklﬁgh al | e%q{bf/g%:ilgt ?%%Uén%f %}eldegﬁé# Iﬁ@rsef1 P‘egt% fégl%{y tohqg P }
pol ynucl eotticdéborbvi): G0 thee tabehotmperobfanntreptpiclepndel e€bei des encodi ng

honDIogous]%§%¥ggg%i§g§?éybeaggglgflgggg ants is by polynerase chain
) anplifi :

reaction (P np ation of genomc bacterial DNA extracted by
conventional nethods. This involves the use of synthetic oligonucleotide
primers matchi ng upsPeecentans 38nibdawisty befivetnt tieo Spolapepdidendsayf t he

coding $€qUAREeHe VOO BGH/ CoREIE D WHR0288086. 4 SUBRLA220% ¢ the two
polypeptides by using} programs well known in the art, including
the BESTFIT program, by employing default settings for

determining similarity.

The algofithm of Karlin and Altschul (Proc. Natl.
20 Acad. Sci. USA 87:2264-2268, 1990), modified as in Karlin and
Altschul (Proc. Natl. Acad. SCi. USA 90:5873-5877, 1993), as
ﬁﬁ} incorporated into the NBLAST and XBLAST programs of Altschul et i”)
al. (J. Mol. Biol. 215:403-410, 1990), are used for searches to

obtain sequences homologous to a reference sequence.

25 BLAST nucleotide searches are performed with the
NBLAST program, score = 100, wordlength = 12, to obtain
nucleotide sequences hqmologous to a nucleic acid of the
invention. BLAST protein searches are performed with the
XBLAST program, score = 50, wordlength = 3, to obtain amino

30 acid-sequences homologous to a reference polypeptide (e.g. SEQ
ID NO: 2 or 4). To obtain gapped alignments for comparison
purposes, Gapped BLAST is utilized as described in Altschul et
al. (Nucleic Acids Res. 25:389-3402, 1997). When utilizing
BLAST and Gapped BLAST programs, the default parameters of the



Sui table prinmers are designed according to the nucl eotide sequence
information provided in SEQID NO 1 or 3. The procedure is as follows: a
priner is selected which consists of 10 to 40 (e.g. 13, 16, 19, 22, 24 and
so forth), preferably 5 15 to 25 nucleotides. It is advantageous to select
primers containing C and G nucleoti dé3 in a proportion suff Augit 206
ensure efficient hybridization; i.e., an anmount of C and G nucl eoti des of
at | east #€8pequiet epraiglrym500%6.gf IHIASrotad NBLAST) eati deedonteat. A standard

PCR reacthi)@scglglgt aﬁksp texpﬁ,cal LY. %0 (q9§7 0. a?g% eré‘%‘%yTg(b DNA %s\&ner ase per

100 L, 20 to eoxynucleo ide each equi valent

concent raﬁllém\ssen@r%ﬂ{o@ of puevE M grEsbase cﬁseercln lerogoewns, deekghucl eoti de
concerg r apbdp r1Q5 40 10fgtarget nol ecul es, and about 20 pnmol of each
primer. About 25 to 50 PCR cycles are perfornmed, with 15 an annealing

t enperature 15C];’f i? w the true Tmof the ners. A nore stringent
anneal i ng t enpe? ARFF égg adls§8}l?rfﬁen§?7‘%]r?9§§§| MR tSERNEB YU C 2l §F anneal ed

prinmers amdlrtcaddeemtura&bymrchmrng)falmrm raciants;| astwedasaat the 3' end of

pri mers. m&&%@asyrﬁ%ggge HRELALULS 1) SRGik O Larh Sl S RHGR! o AliLNOUGN 20

hi gher tenperatures appropriate f Uration o
targets. The imhgbert @Flaé?‘éti%slsbe@‘r einble difenercomol heeptsdgr t |$1g:h

concerg r abh Ofhrekeh@r Gt 80 8GHkL €Siort RBUEN Y REE AldsY L opPI Syt Bamy 40 cycles is
not recomended as non-specific background products tend to accunul ate. 25

An al t er n8tTIAESABYRRAF Y B Fe"FIRRA g PROY /MU eBt AT 8892 BiHE0BR AEf Hdno| ogous
pol ypeptides or allelic variants is by hybridization screening of a DNA or
RNA [ brary I—g@r:isjiknammm the coeduaeSaldeeivetdrikAOWE ian Aheerateand are

descri bedf I ok r 0o J.E.F. et. al. (1989)
30 Mol echar y§ Epjborg? %%ﬁg af%”%? F‘a Jéjﬁgr iang Har bor
Laborator?umﬂrté§§tl%l deBpriang P{armtwwqf ohepwr ane amawaaetdr s f or

opti nMzi ngndwkibkdi Zat 10Pe£ MM bionsiake fdn%f:!l.gﬁ:t&dthg I?Olfygfeﬂyicﬁa used to
obtain the critical melting tenperature above which t onpl ementary DNA

strands s@barbd‘f’éo%adzf%eit??nﬁcﬁ SEGEF 024Dt 12mAEi§u"sl%e Méspeptlde

in the cells in which it naturally occurs, even if the function
is not necessary for the growth or survival of the cells. For
example, the biological function of a porin is to allow the entry

20 into cells of compounds present in the extracellular medium.

Allelic variants are very common in nature. For example,
a bacterial species such as M. catarrhalis, is usually
represented by a variety of strains that differ from each
other by minor allelic variations. 1Indeed, a polypeptide that
25 fulfills the same biological function in different strains can
have an amino acid sequence (and polynucleotide sequence) that
is not identical in each of the strains. Such an allelic
variation may be equally reflected at the polynucleotide

level.

30 One method of obtaining polynucleotides encoding
homologous polypeptides or allelic variants is by polymerase
chain reaction (PCR) amplification of genomic bacterial DNA
extracted by conventional methods. This involves the use of
synthetic oligonucleotide primers matching upstream and

35 downstream of the 5' and 3' ends of the coding sequence.



fromeach other. For polynucl eotides of about 600 nucleotides or |arger,
this fornula is as follows: Tm= 81.5 + 0.41 x (% G+tC) + 16.6 log (cation -
ion conceWOr®B3pHA) - 0.63 x (% fornmam de) - 600/ base nunmbRCT/SGidme2s
appropriate stringency 5 conditions, hybridization tenperature (Th) is
approxi mately 20 to 40C, 20 to 25C, or,gpreferably 30 to 40CAB8YHE9he
calculated Tm Those skilled in the art will understand that optinal

t enper at ur guaBab &l friGRdi hir&Nge Sidhede a8l Ng WLt@eMhiedeoidybri di zi ng
nucleic acids of the type described herein can be used, for exanple, as a

cl oni ng pr G5ECRCHrimeTmasion BYAGHSst R PF@LED N4brli @FzA3ti ofhd s typically

perf ormed pléadeansd I1016@Nio8 0k L 1:00%inbicl 61 S ALHLAURLEX Andbl ds
stability is expressed as the nelting tenperature or Tm whi ch 1577 s t he

t enper at ur &%atouh? cf tdhe IRybi P di A mg2st PAnaRd s slsitd e. prafemabinl ting
t enper atgir @ si $oUseth i LRfilips. t he ri%qtaawggtaéééw%ﬁ%lgeﬂdgﬁn%’}% i
d stantrally

sequences are to be identified that are related and su

i denti cal , GPREARRIRRN e Rt NRElcOtidest AR proberaddwencaffitiant ttoi s useful
to first eghabkisbriheca howesd; Lammaratuke, aénv%o%%togkych%(%)'eogous
hybridi zation occurs with a particular concentration of sal e.g. SSC OR
SSPE). Themucassuiiedy vhat deast MEnarehifagakbly %S dinthel®talecr ease in

the Tm th t hey fl sh~kLN . ridization.reaction is
reduced ac?g%glgﬁg{gé %(%}t%f&érrp eé, i ggﬁuﬁé%l%%lﬁgfhgmﬁ%? etytpr%gl’?? ¥oh

i denti t30 witt.I5 theS prabes arfe Tagobigfhtpollyhme rbs8ape Nt LENPLO at I o

decreased b 50/%. J{n tp.rc%;:ti ce, the ch%age in Tm can be between 0.5C and

(. 5C per 1% °AYSWETTH* reiaﬁgen?recﬁﬁfd‘i Poft SRR RIFNEy EARERRLISGtONSY - )
hybri di zi n@.@ndohg bs i il Ziad@eknonhaid ORSe( tdrut tddskyhulbeBouss 30 at 42C in~
6 x SSC containing 50% fornmam de, _or (ii) within 4- 16 hours at 65C in an
aqueous 6 xo8Sentdatieon Y0P KON | taxgetMusbdrule i tandt ebopt 70 @ol

cous & CIBSEIEBAL . cubeoi f
o0 1o 6t B BRRcEPIr, BEBGE SRS B PR ErIIIT AR Rini P (e o5

condi t i TS s@ARnheaachy evaibeirltBXSSGocPEef $XablkY ol Nt R $3Qe0 Wk 02( 36777
PCT/ SG01/ 00228 28

primers. A more stringent annealing temperature improves
discrimination against incorrectly annealed primers and reduces
incorportion of incorrect nucleotides at the 3’ end of primers.
A denaturation temperature of 95°C to 97°C is typical, although
20 higher temperatures may be appropriate for dematuration of G+C-
rich targets. The number of cycles performed depends on the
starting concentration of target molecules, though typically
more than 40 cycles is not recommended as non-specific ‘ ,)

background products tend to accumulate.

25 An alternative method for retrieving polynucleotides
encoding homologous polypeptides or allelic variants is by
hybridization screening of a DNA or RNA library. Hybridization
procedures are well-known in the art and are described for
example in Sambrook et al. (Sambrook, J.E.F. et. al. (1989)

30 Molecular Cloning a Laboratory Manual 2™ ed. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor N.Y.). Important
parameters for optimizing hybridization conditions are
reflected in a formula used to obtain the critizal melting

temperature above which two complementary DNA strands separate



2 August 2005 1xSSC, nore preferably in 0.5xSSc, 0.3xSSC or O 1xSSC (in the
absence of formam de). 1xSSC contains 0.15 M NaC and 0.015 M sodi um
citrate. WOMRH'Honol ogs and fragments thereof that do notPCBHSGEH228
naturally are designed using known nethods for identifying regions_of an
antigen that are likely to tolerate am#b acid sequence ch BausE 2 %or

del etions. As an exanple, honol ogous pol ypeptides fromdifferent species
are conpar €gdom eanseriviet -sedeenpebyrmrd dodenes f o £dabolite 600r pudiamarigenst 10

sequences ar.e st, |4 kel | er sequence_ changes nol,ogy anong
sequences %’E{:yl%ggea%gl%/hzlesd%gxaggcﬁ)baesdaggg%\%g'urgl ngf\ﬂas% §n0e§< rf‘pl(e", t he
BLAST honol@gy seafchiyy adlogéipthivwmfcoicesthatiet) al .0.6Rugl ¢t c Aci ds Res. ;

25: 3389- 340 _ i se nces_may be nodified in vitro,
then 15 sc%e%%ggg%%)r %C}eoﬁ/ibgg%i %{%élf'o (ca#gﬁa?p B PSS 8F T hPE K

accordi ng tondhiéeioes hodylouitdiizagdohet onperAtpees¢Thiskid lapgrorimdreelar 2owi | |
readi |l y under st.and hat ol lLowi ng. the.screenin cess of this .

i nventi on, q—iot %\MBH zge%e%@eﬁrgﬁi ﬁgd B\ﬁq%edrﬁglgnéﬁep%x%eﬂ %{?ﬁf’gt H¥h whet her a
20 parti culalchdabedgTor fThagrenkidiedSBEQR tBeNaXxt 2wiorl 4dindetrat&sd tdat out er
menbr ane topql.o f AopB and _ig useful as. a carrier  protein for

di spl ayi ng %%ﬁggxe 8ré?e’gar o¥& ARSI R %lﬁégﬁf/ CHHHS iFs8d  Lhe steps: (i)
joining a raperheénedpassenger) protein such as 25 GFP in-frane with the
test honol og or fragnent. Conveniently, nucleic acid nol ecul es encoding the

passeng protein an he..t.est _haonolog ar. fragpnent,_are joined in-frane to
create gﬁf usi on proﬂ@%’ﬁ%dﬁlengnﬁlgfsgglcc ga(‘:cfldiser?%ogﬁﬂgt¥%ee dfeﬁ&rb}ﬁeé)rot einis
( hen i nser tledteiint caanbexyrelsifon yeatpie,f as explesmidipione, f 8Shite 30

protein in the hacteriumin step (ij),..(ii), transform a Gam negative
bact eri um orpraegé?%??t%%rporﬁz’@t‘erﬁﬁ#ﬁﬁ(‘?@fté(‘?fleﬁﬁ,twlt% KePREETESE aci d
encodi ng t hendeissaripgaieiduncdndod®. 023A21¢ RETA SERYX0228h@8r 24 August
2005 stability is expressed as the melting temperature or Tm, which
15 1is the temperature at which the hybridizing strands dissociate.

This melting temperaﬁure is used to define the required

stringency conditions. If sequences are to be identified that

are related and substantially identical, rather than identical,

to‘the probe sequence, then it is useful to first establish the

20 lowest temperature at which only homologous hybridization
occurs with a particular concentration of salt (e.g. SSC OR
SSPE). Then, assuming that a 1% mismatching results in a 1°C
decrease in the Tm, the temperature of the final wash in the
hybridization reaction is reduced accordingly (for example, if

25 sequences having more than 95% identity with tﬁe probe are
sought, the final wash temperature is decreased by 5%). In
practice, the change in Tm can be between 0.5°C and 1.5°C per 1%
mismatch. Stringent conditions are achieved for both pre-
hybridizing and hybridizing incubations (i) within 4-16 hours

30 at 42°C, in 6 x SSC containing 50% formamide, or (ii) within 4-
16 hours at 65°C in an aqueous 6 x SSC solution (1 M NaCl,

0.1 M sodium citrate (pH 7.0)). Typically, hybridization
experiments are performéd at a temperature from 60 to 68°C,
e.g. 65°C. At such a temperature, stringent hybridization °

35 conditions can be achieved in 6xSSC, preferably in 2xSSC or



(ii1) assaying the transforned bacteria for reporter protein activity -

using an assay suitable for whole cells, such as FACS. Reporter protein
activity MO®M¥7Tel | surface would indicate that the honoP6HSG1/HR228MENt
is an outer nenbrane 5 protein and may be useful as a carrier Brot {)J(gsnf or
di splay. Pol ypeptide derivatives are pr@s ded that are partiQa‘f‘ g%?ég ces
of SEQID NGO 2 or 4, partial sequences of polypeptide sequences

honol ogous 1x8SSEGnd 2 N@ef2rably, in pulSwkeeps i oledxIhar ioved . ixose f wld thengt h

pol ypeptides by internal 1 el etiqn, and fusion proteins. |n preferred
enbodi ment F%FFéﬁﬁe%fspoﬁ?"aﬂé %gar e]t"ﬁ%%mcof‘ﬁ%“?\f t%r HaNaFgg?%% ch%]éEb | D
No: 2. I n otshaiuenbindiaments, fragnents of AopB which are at |east 39
consecutive amno acids fromthe Ntermnal region of SEQID No:2 are

preferred, e.g. 15 5 34, 172, 183 d 207, consecut. m. no gcids from
the N- ternminal regiltgsl"\é%]l é@@ogﬁgf\b‘—’:"f afgﬁgwgﬂgso%eprfé’ e%ﬁ@? B R¥ns to
125, 134 bEurlfdtared 120arantasi@oid usiagnenden afetioQ@sl Por No: 2 have been
exenmplified and.shown to .be effective for cell surface display. 20

Caport al |y SPEPAFTEE 4 Phagnertt Beind FhoG@r doRedu bP LS RS aci ds
fromthe Nardnoi aald regjuencefl chifydd ankigo?, delgtidisagnest anodxakd.e, 150,

155, 160, 165, .166, 168, 178,,d 172, 174, 176, 178, 180 am no acids. Fusions
bet ween cai‘rof‘@ftogﬂﬂsp% KEEFBT ot B Ty S hR™T SWPSHIER eRSt CPRARE T i er
fragment i soliseettd ysepdricdgeodse W ddhtiilfeedpasseng@ircadiiergénl sequence.
Alternatjvely, the carrier fragnment may be %Loi ned to the passenger by way

of a |ilkeSSWERGEARS BOSERL kK itel EOL PR FYWRPsR FR#RERSY obul i n
(see US patio18gflémédy )seqliBchs nkay HEBYnal $Pe & UY deBc2iBOd above

protease-specific cleavage site so that the passenger protein may be
cont r ol | ablYpingl ea8 eRP f9MMPLRe ERP rBldSThherelpgy oaxeplias alopridittensé sites

i ncl ude thoge s3REEI EECal 0 WueaXAGEntiAMORRZ/ 367573 FY3T33E91/ 98278 30 2 August

2005 by: factor Xa, enterokinase, collagenase, |gase (from Nelsseria
Alternatively, sequences may be modified in vitro, then

15 screened for their ability to display a passenger protein

according to the method outlined below.

A person skilled in the art will readily understand
that by following the screening process of this invention, it
will be determined withQut undue experimentation whether a
20 particular homolog or fragment of SEQ ID NO: 2 or 4 retains the
outer membrane topology of AopB and is useful as a carrier
G/* protein for displaying a passenger protein. A typical assay

cbmprises the steps:

(1) Jjoining a reporter (passenger) protein such as
25 GFP in-frame with the test homolog or fragment. Conveniently,
nucleic acid molecules encoding the passenger protein and the
test homolog or fragment are joined in-frame to create a fusion
protein. The nucleic acid encoding the fusion protein is then
inserted into an expression vector for expressing the fusion

30 protein in the bacterium in step (ii):

(ii) transforming a Gram-negative bacterium,
preferably Agrobacterium tumefaciens, with the nucleic acid

encoding the fusion protein; and



gonorrhoeae), thronbine, and TEV (Tobacco Etch Virus) protease.

Pol ynucl eoti des of 30 to 600 nucleotides of SEQID NO 1 or 3 or their
corresponavegy/sanpl enents, honol ogs or 5 variants, are uselbpgh/sghibhfagt as
probes for retrieving other honologs or variants. One nethod for
retrieving the partial sequences is by BER anplification. Prughtditers
outlined above are applied and priners are used which nmatch the sequences

upstream and downst r eam.qf ' ' of, the, 10 fragnent to_ be
amplified. The tenpl a@?lgoﬁ%/% cll%egot%?lge%%]r@%rcnﬁd %)rarlf): Ffitd ?%ﬁepgr%?fher
the full | epgeteiwlaghicliept venmfanSESsay NG ableofo3 wiiolcheierlleor sesipondi ng

honol ogs or [t s,, or I ide contained in a xture of

pol ynucl eot?é'(;(g@%bh Re grgebﬁﬁ%%rggﬁl\égh%ft ryar% %eaﬁea tse"\'r:?é‘i‘tclevgoﬁg? hod for
15 retrievi hgdi¢rtpaitaitakhs epericogs prsCragmntg ibybni dizat indmbranecarri ed
out undeg c 1tio ripe ve_and usi.ng the, foryula for cal culating
Tm V\heré fgg(g{rrée% S’L%éf?r%% ° "gs(fgf% nﬁgl%oﬁrarelseqfalpéof%“ﬂ) YetdisBYeY: the

calculated Tmis corrected by subtracting (600/pol ynucl eoti de size in base
pairs) and the 20 stRdlypentydecindiivethseararagfiovédebytizathydyel gazataon

tenperaturegthal,is D @rdOfp, hRl.0w 3?10? Jareffi%'rli gopucl eoti des shorter than

20- 30 bases are to be obtained, the carcurat iong the Tmis as
foll ows: Tnpel¥pxpiiGeCsequen¢gds- HomofFogoexanplS®EQ ap 88: nuclwedt,i de fragnent

of 50% G+C I Ve a Xi e . Im.of 54C. Short peptides that are
fragnents o%gbé%%c%& Qeﬁgg?@%%rog'r fﬁ%i %e%tg? &S HﬁaPﬂbé%M&%ﬁ?al
sequencé$, deyetbikombtamdnddsich recttlkynby chem cal synthesis (E. Goss and H
J.iMeinhofer, 4 The Peptides: Analysis, Synthesis, Biology, Mdern

Teéhni ques 30 of Pept4 |8, n WJley. & Sons (1 and
Bodanzki, Principles ior?edp?é??%?ésd;n{rﬁggﬁ%&%prflrﬁé’énlgp%ér ’i?gﬁg“é&) %/l?:om
Pol ynucl eot tdesNereodingg petypeptti d80f Eaghert.s andotpet yepidideatbavi ng

| arge inter ti e constructed WD 02/ 36777 PCT/ SA01/,00228, 31 2
August 2005@%‘?%‘33‘1‘% a°(r¥<;z*r°§én%%hcg‘d§r533ﬁb%%%ﬁ<, e . E?ﬁ?e‘é‘fc‘z'r.l"eﬂ amipgggsids

from the N-terminal region of SEQ ID No:2 are preferred, e.g.

15 125, 134, 172, 183 and 207 consecutive amino acids from the N-
terminal region of SEQ ID No:2. Fusions of passenger proteins
to 125, 134, 172, 183 and 207 amino acid fragments of SEQ ID
No:2 have been exemplified and shown to be effective for cell
surféce dispiay. .

| i

20 Especially preferred are fragments of 134 to 183
consecutive amino acids from the N-terminal region of SEQ ID
No:2, e:g. fragments of 140, 150, 155, 160, 165, 166, 168, 170,
172, 174, 176, 178, 180 amino acids.

Fusions between carrier and passenger protein may be
25 such‘that the carrier fragment is directly contiguous with the
passenger amino acid sequence. Alternatively, the carrier
fragment may be joined to the passenger by way of a linker
sequence such as the flexible linker from an immunoglobulin
(see US patent 5,516,637). The linker may also contain a
30 protease-specific cleavage site so that the passenger protein
may be controllably released from the carrier protein.

Examples of protease sites include those specific to cleavage



Mol ecul ar G oning a Laboratory Manual 2nd ed. Cold Spring Harbor

Laboratory Press, Cold Spring Harbor N. Y.). Such nethods include standard
PCR, i nvew®e02P6R7 and restriction enzyme 5 treatnent of cl poedcbvzs

nol ecul es. Conponents for these nethods and instructions fqr,their use are
readily available fromvarious comrercisgl sources such as &?&%‘5&@%
Certain am no acids may be substituted for other amno acids in a protein

structure wit oyt APKEGCEARE ok OSSOl 401 MRIAG iTYasDi ALY ARACHEY With
structures such as, for exanple, binding Ssites. Since it is the

i nt eract i vEorR@pERIA3L) rafBrABPLRY oMda TEV of BPhrqdeattebf Viess k haotgretein' s
bi ol ogi cal functional activity, certain am no acid sequence substitutions

can be made in a proj&iiyhuTeeUdengss ter ot abNedo RLRtIRIR 1 WekNok i k& 1D _
properties. It is cont eggl ated that changes may be nade in the polypeptide
sequences BP: AbpE Dk PéEpBﬁH??\ﬁJ%ﬂAnge‘a‘ﬁi@Hﬂé&ent\%i BANRRBUETAOPB

Wi t hout sapphechid e d:esiseffuli 9f Ol LAl asUbkbbdy QJr 3etiYityng IJtndeKi Ng such
changes, the hydropathic index of 20 am no acids may be considered. The

i mpor t ancePEROLPRS RAINGFALRIE - anPR MEdhadi hefex abF icyarer Fhagantiedact i ve

bi ol ogi c  LHRGLA&s Oy &yPeRehip] SrideRebal | yrndanshieed L nodie Ry (Kyte,
J., and Doolittle, R F. (1982) Sinple nethod for displaying the

hydr opat hy 2bfA#e st erarsfl igdprot epriner svpreBotd Mchig8tol We2) . It is
accepted t hah,Lhcd ed;?ger\é%mhxﬂaogmtqesgaw%@ Hf nbing amdo AChde
contributes to the secondary structure of the resultant protein, whi ch in
turn defd nédsaghent terkectampdified he Ther sewmphavg tirlomeileabicde Uices sukbr

exanple, eRpipsc2Uat A 83 enek SORPIANS, 1LY, AR AL ES, ; ANtd ey, and .-
the |ike. %@ﬁg?ane t opol ogyerray e pr 6(]'.1I cted “ba eg‘ on Hﬁe aci gorrthms J
descri bed BY NGi pbscmartl arorihkelerj cerfeSippoding adnqlk@@3 orFuariant Bi exhem
213:1333-1%#%,. (Et '%%1 sgaen i hydropat hi c i ndex on
t he basis : Pllélg? y%%&é‘b%éﬁ?@%% g‘ﬁgr%ggégﬂg%aoc é%lcé ?gﬁg%sﬁf 36777
PCT/ SQ01/ 06228 B2A 20 ARNIstliR@A5y ( KyA=e aandlDeohatidee met88a) foi hese are:
i sol euci'éﬁe g+4.5)7' . _ . e . .
retrieving the partial sequences, screening hybridization is
carried out under conditions descriBed above and uéing the
formula for calculating Tm. Where fragments of 30 to 600
nucleotides are to be retrieved, the calculated Tm is corrected
by subtracting (600/polynucleotide size in base pairs) and the
20 stringency conditions are defined by a hybridization
temperature that is 5 to 10°C below Tm. Where oligonucleotides
shorter than 20-30 bases are to be obtained, the formula for )
calculating the Tm is as follows: Tm = 4 x (G+C) + 2 (A+T). h)
For example, an 18 nucleotide fragment of 50% G+C would have an

25 approximate Tm of 54°C.

Short peptides that are fragments of SEQ ID NOs: 2 or
4 or their corresponding homologous sequences, may'be obtained
directly by chemical synthesis (E. Gross and H. J. Meinhofer, 4
The Peptides: BAnalysis, Synthesis, Biology:; Modern Techniques
30 of Peptide Synthesis, John Wiley & Sons (1981), and M.
Bodanzki, Principles of Peptide Synthesis, Springer-Verlag

(1984)) .

Polynucleotides encoding polypeptide fragments and

polypeptides having large internal deletions are constructed



valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine
(+2.5); nmethionine (+1.9); alanine (+1.8); glycine (-0.4); threonine
(-0.7); sWO®RE6T70.8);: tryptophan ( 5 0.9); tyrosine (-1. SI)CT/SGQII/G'O

(-1.6); histidine (-3.2); glutamate (-3.5); glutamne (-3.5); %(isa
(-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4. ugq known
inthe art that certain amno acids may be substituted by other am no

aci ds havi agimy &ltahhadeQeM&Hs)p@ahbeoémdex FOIF .SEQr e,and 1Sdgidh| result in a
protein with simlar bjol ggl cal activity, e., still i)tal n a .bi ol ogi cal

funct i onal Y9t &gd@ral-&Rpipe etrar’i’orlaﬁoﬁﬁlﬁleﬁﬁ‘aslu@h Gan&edd $peingsEBsbPT Ut on

-of ami no agalsraveserbyds pped i Goradh CRSIREE N Wi 4 i Ngudn 1thsqRr ef erred,
those which are within .+ .1 are 15 particularly preferred, and those

within .+ 1pckde stapdardobeR, Jdersnl BrRy yiderestadction janzameo under st ood

in the grt toatndnfte fsé@&tlé& UiN2O Mok a
ef fecti vel§/ on the obaS| s of hydr(<)D hfb%ééélityrﬂ%@oﬁgh% ﬁﬁg &% g§4 101,

st at es t hafetiipdshangr éasbsectivuw favetheier Hiaw apli reaiiily ofvadlpbbtei n, as

gover ned byr&mafm%gpBbméféyalofsdukéeédi@&@@ %%B‘aag&!léis correl ates
with a biological property of the protein. arled in US. Pat. No.

4,554,101, the following. hydrophilicity vaI ues have been assigned to am no
acid 25 residues: aGtiPRB ERENQ)acidsspay o suhstitasadt fee qQth8r0 .+ . 1);

| ut te fmBnd 1 +
?ﬂg g)mi gl $CI ne a(cg;ds %ﬁrig%fﬁ%l& %t%mtg%avih?\%ﬁ? SEBrgéxab %I lﬂ’?anl ne

é 0. 5) 10hi InteffarEiveobinding sganard ty- with ; stmatusaisnauch 123) foval i ne

1.5); le s i )

éhenyl al an?ﬁg@e(é. %)l;gh%??/ptg%%%n%que ?9 s El'ih'se t&%‘ g?étgg%& tﬁg%ibl%y am no
aci d can band sftﬂiismet gfed Pmt%motﬂmrt ﬂaﬁmfgs &hsitnplrate hy'dy dqalmﬂbgs:d:akly val ue

and stilf b \Y; artl cyl WD 02/ 36777
PCT/ SG01/ Ogg %613:?%1 Egléggigg Igt%qlhnfgrljnuno# oagciaigglsleﬁueaﬁ? vat %IltBFb?’ésl‘ n. I'n

such changesn h%@adgubstﬁtummmfseanemge aoe dptatiose pyokreiphiwlitbi Iykesal ues

are 15 properties. It is contemplated that changes may be made in the

polypeptide sequences of AopB, or corresponding DNA seguences
which encode AopB without appreciable loss of biological

utility or activity.

In making such changes, the hydropathic index of

20 amino acids may be considered. The importance of the
hydropathic amino acid index in conferring interactive biologic
function on a protein is generally understood in the art (Kyte,
J., and Doolittle, R. F. (1982) Simple method for displaying
the hydropathy character of a protein. J Mol Biol 157: 105-

25 132). It is accepted that the relative hydropathic character of
the amino acid contributes to the secondary structure of the
resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, substrates,
receptors, DNA, antibodies, antigens, and the like. Membrane

30 topology may be predicted based on the algorithms described by
Sipos and von Heijne (Sipos et al.,1993, Eur. J. Biochem
213:1333-1340).

Each amino acid has been assigned a hydropathic index

on the basis of their hydrophobicity and charge characteristics



wthin .+-.2 is preferred, those which are within .+ .1 are particularly
preferred, and those within .+ .0.5 are even nore 5 particularly

pr ef er r edVOMR/36T7| i ned above, amino acid substitutions arePCHEGEVENI8y
therefore based on the relative simlarity of the am no acid,si de-(ﬁgai n
substituents, for exanple, their hydropbdbicity, hydrophil ichl\’t‘%P,St% rge,
size, and the like. 10 Exenplary substitutions which take various of the
foregoi ng (Kyaraehérbstlioslient @98dNsi dersat iacn : ai eolwldinkngwa. 5p; t hose of
skill in the.art and include: argigipe and |ysine; glutagate and

aspart at e; Vs?é“rlpﬁe?agdé Fhrleeorﬁlﬁlg; Q’Q?U?E’mpn%éan %gh%rsl%)%erqaéitzn ;" and valine,

| euci ne ancdyistelieaé¢cpetidd (AR .6%ednéenrminea (fflsPbon ganjipept+des)y s one t hat

contains a pol ypeptide,or ol ypept i derj vative of .th i pvention fused
at the N yé?‘%rr‘n’ ﬁa’l”’entg‘rlggnaﬁ?/ E)tﬂg]r)' pSIyBEp iéé‘ee)(’hgﬂf’ﬂﬁ?e?%‘? Cef erred

to as a pagsengeryposiee n(-4r.3)popypephe de)i. 6A; shipt iy (+G.2pfain such a

fusi on polypeptide 20 is_by translatior an_in-frame fusion of the
pol ynucl eot amg&u n%ﬁe%),’ 'gr.lél.%?ménﬁygﬁ'gg)geﬁé"?aﬁ%t$y(5r3i' Ygene encodi ng

the fusiongpeinsgenti de3is) i ngsihed (+ Bl D) ARMEXREESEiMN (“a@cEPL which s
used to transformor transfect a host cell. Alternatively, the

pol ynucl eoti de sequence.encodi ng_the pol ypeptide_or.25 pol ypeptide
derivative is i nsertgg fﬁ?’gnoe{”ﬁl g@xﬁggsgf%nﬁgaé:ctcgf fHt wﬁﬁa{:ﬁgs may
pol ynucl eotbadesubstadungdtihe qesengéno patiqeeplavdagi & siadineady present.

Large protein e.g. B:lactamase, alkaline ..phos tase, cellul ose binding
domai n 1 durrasBicoindh i Soeng: ARk A BRRPLE b sbpgecesn ke
effectivel ysisminfaac®i30ogxeaesatdvifn, advant agaousoexaimlae babiagf &si on

pol ypeptide is .one_where the pol E/)Eegtide or honol og aor fragment of the

i nvention (FHESIORALLEr SRR BIIEPY) PrEtFiRedt J251P8I SHEptah@8deRavhRy
enzymati C agipailtyit iSHCHE agnidlKaliee PheSsPNBIRSRathi@ MQiQ&384L7

PCT/ S&01/ 00228 34 2 August 2005 enzyne capabl e of secondary nodification
(e.g. gl ycosythide -3r - 2di 8 b¥S {fE eonER 332 ) Whiho BREr Wit ant-dgedudre usi on i s
one wheig phe GRNLIEY PrOE&iFd,S ahHSEHL® i tIABSeRIEs . Pl PERL] dgoMhi ch

particularly preferréd.

It is also understood in the art that the
substitution of like amino acids can be made effectively on the
basis of hydrophilicity. U.S. Pat. No. 4,554,101, states that

20 the greatest local average hydrophilicity of a protein, as '
governed by the hydrophilicity of its adjacent amino acids,

correlates with a biological property of the protein;

As detailed in U.S. Pat. No. 4,554,101, the following
hydrophilicity values have been assigned to amino acid
25 residues: arginiﬁe (+3.0); lysine (43.0); aspartate (+3.0 .+-
.1); glutamate (+3.0 .+-.1); serine (+0.3); asparagine (+0.2);
glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5
.+-.1); alanine (-0.5); histidine (-0.5); cysteine (-1.0);
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-

30 1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4).

It is understood that an amino acid can be _
substituted for another having a similar hydrophilicity value

and still obtain a biologically equivalent, and in particular,



can bind to a compound such as a contam nant (e.g. heavy netals 5 in
solution, or viral contam nants in blood) or another protein (e.g. an

ant i body)WOI®2/36Hé passenger protein is itself an anti bodyPCE$G017002I80N may
be used to purify the antigen specific to the antibody, or uied t2 6ermve
the specific antigen from solution. |f3ghe passenger prot ein/Pgushp005
antigenic protein, 10 the fusion protein my be used as a vaccine to elicit
an i mmne arx eSspinseogdakbsy ddid vankhgaiotEdnef fackubnsiemgetshetpassenger
pol ypeptide is fused tq the N, .or preferably, to the C-term nal end of
Phe " pol ypRie e B3 OPnat LR (s PG A TEPPAL ittty NediEPoRtar o 15

am no aci dwpesid i.aRS239s p2&ferhdd, tHdse MhicandrdOwiediSEQ-I.D aNe: 2.

I nsertion within 10 _am no_aci ds upstream or, downstream of am no acid

posi tion 19%%350%9%%?&?%%@ ?ﬁé POPSUEItER déEs - Bf° taFe ENGBNPPER al so
encode shypsih RIIRGURSPRepOLYEPt i des contai ni ng het erol ogous signal 20
peptides, which mature into pol ypeptides of the invention. By

"het er ol ogous signal_peptide” is nmeant a signa ptide that is not found
in naturall y-occurrip}‘fg Oaeird s BBYDE Jingg]%(?}“t't‘Weor?%?éﬁti on.
Preferred fetergiliggahereifgpal bsept bodeshareiddse efimi Mridgr iocednérom ,
Gram negative bacteriag., In 25 preferred enbodi nents, the heterol ogous _
si gnal pepffH sigerghaty Sc‘%étf'\lt‘t‘%lﬁﬁ’n LofXemBlemitdi®d Ssequence of the
carrier prpdedphodicBhat RGaépa ikaey eritm RS SesseyndsueRs 1WRE as
compl ex cell envel ope structure which consists of inner 30 cellular
rrenbrarJrQ, B} aems vk ibuE ot iR at 2 fe niTdnes pérthexdnregsivg of
Passenger protLids iEildie (aH6 T s 1dskAgi dh e rL e eknOROUE NS08k bhe
invention, the expressed fusion protein has to be able to be transported

t hrough t hekihhel? d&19 @rar 2 T136e7 72 PENH S #rdo2yeinsy Hlatguate 2005
menbrane apgg oAl S IREDr 3850 4he tRUEbRGS ANA ReniBE NLA NaG.Q04t hE, surface
of the bacteria. In order for the fusion protein to be | ocated 0 the
surface of apfievakine, tigaciaerared iFodevrinshoul d have efficient

15 As used herein, a fusion polypeptide is one that
contains a polypeptide or a polypeptide derivative of the
invention fused at the N- or C-terminal end to any other
polypeptide (hereinafter referred to as a passenger protein or
polypeptide). A simple way to obtain such a fusion polypeptide

'20 is by translation of an in-frame fusion of the polynucleotide
sequences, i.e., a hybrid gene. The hybrid gene encoding the

fusion polypeptide is inserted into an expression vector which

o~

is used to transform or transfect a host cell. Alternatively,
the polynucleotide sequence encoding the polypeptide or

25 polypeptide derivative is inserted into an ‘expression vector in
which the polynucleotide encoding the passenger polYpebtide is
already present. Large proteins, e.g. B-lactamase, alkaline
phosphatase, cellulose binding domain of cellulase, or single-
chain Fy antibody, are expected to be effectively surface

30 expressed. .

An advantageous example of a fusion polYpeptide is

one where the polypeptide or homolog or fragment of the
invention (the ‘carrier protein’) is fused to a polypeptide

having enzymatic activity, such as alkaline phosphatase or a



5 secretion signal. sequences for facilitating the penetration of the
carrier protein through the inner nenbrane of the cell and a targeting
signal fol&#ERTi ng the fusion protein to the surface of PERSGIEMN228 Sj gnal
and targeting sequences may found in naturally-occurring precurso of the
carrier protein, or 10 they may be heterd ogous sequences, iz.‘é‘.lg'{?ééﬁ?%ed
either from the sane bacterial protein or fromdifferent proteins of the
sane or di fereyEst copeltr iodl sspeedesy Mdifignt hegatd e ldocesvaasheonut er

menbr ane aca-ssufll%idé PasidiBlseb O T &SLEnS a‘ﬁ%n@é%%}ﬁs AR %isnégéf tde

cell. 15 Normally only pilins,-flagellins, spe Ic enzynes and a few

toxins are Wonmehsréey prARspoiteluaed dss & Peseenesr medlyrepsideMasiclof these
proteins are fifigh 8 é%o?n?)ohﬂﬁosu% ferd @oﬁmngna&p%e. gl ﬁegogsrg&g%lgfl

c
secretion pathway and then cross e outer nenbrane by “a proc
i nvol vesS t hien aotlnbhonf sewdrall cogtamharitendah féeed )proodaensheEoprsiosmn out er

menbr ane pr jn t hePh in, the jnf.ormati.qQn cessary for
proper | oca%it'?dt ?lgnggg%boad}s)s'em‘gfyg% I’lpér)#ee?lgsgr §5J(>jpgvﬁ kr?is'n l&ﬁgﬂgr?rﬁary
sequence. AntEhedy| vehy, fusient angebe ngsesl grapumihfy behet @uitdigeadspetchiic a 25

singl e short nt inuous . segnent. .For exanpl the first nine N _term nal
ani no aci dst%?t%tehgnﬁi?%?y’E._rcg P9 ?%of)erl% el %hgr%pe%le’%(’:lecs?élrtﬁgﬂ}r thPBper

| ocal i zat i osplutibhe obf ethenprissanger Fusotayin tie ahisntsihyenii s egoescs, | S

suffi cifgt tr? 'recgrl tp nar mal I¥ Ss% bl e pefai | asmi ceﬂr.ot.%i n j3-1actamase
to the out e " FreBraneP 3 S frabPy oSt i &s VAFTh OnpA ave ts B§ gt BT &eF t hat
t he regi on rdgiomeenagesnshieahel 5AtA9en180 is crucial for localization. Wth
OspA, targeting and outer menbrane assenbly appear to be distinct events.
WD 02/ 36777 PCT/ SQ1/ 002§§

6 Al 2005 | di e hybri d
precursor pol ypepti dé° g rﬁ)cﬁcl sféglégu()s%ﬁe I%?sfeg’ﬁg,gefgfféecéttm@% t?aﬂlgﬁ‘ﬁlm' nus,

an am no acd kireguence prsieandilll etdoths acitetrindnal ceddhe fouiher nenbr ane.
Menbrane targetin .Eequ?n es ,havetbeen idee&tifi d jn several of 5 nenbrane
proteins | MRYLESRY FRpo. ChiterANEy a8 | FAHETERTestes Of insertion are
15 amino acid positions 39, 125, 134, 172, 183 and 207 of SEQ ID
No:2. Insertion within 10 amino acids upstream or downstream

of amino acid position 172 is most preferred.

The polynucleotides of the invention also encode
hybrid precursor polypeptides containing heterologous signal
20 peptides, which mature into polypeptides of the invention. By
"heterologous signal peptide" is meant a signal peptide that is
Qf\ - not found in naturally-occurring precursors of polypeptides of
the invention. Preferred heterologous signal peptides are
those 6f, or derived from, Gram-negative bacteria. In’
25 preferred embodiments, the heterologous signal peptides are
joined to the N-terminus of the mature seguence of the carrier

protein. !

Gram-negative bacteria possess unique as well as
complex cell envelope structure which consists of inner
30 cellular membrane, periplasm, and outer cellular membrane. For
expression of passenger proteins on the surface using the
carrier proteins of the invention, tﬂe expressed fusion protein

« has to be able to be transported through the inner cellular

)



Lpp, the protein domains serving as |localization signals are relatively
short. The Lpp targeting sequence includes the signal sequence and the
first 9 awiofd/3ati’ds of the mature protein. These ami no acbPdwsasobzsund at
the N-term nus of Lpp. 10 Exanples of other proteins that may serve as
sources of secretion and nenbrane | ocal 3zation signals incl utléugustegd3
outer nenbrane |lipoproteins such as TraT, GsnB, NlpB, Bl aZ;, Pseudonobnas

aer ugi nos anbiPeHOtRIdN ohi e HardRnkUSo i Fild UaNZR RALnaNde REN fahelNss

Ri ckettsia rickettsii 17 kDa |ipoprotein; 15 Neisseria gonorrhea H. 8
protei n an8"t M Y53GE nEPaIpEdt™df -t he i nvention enconpasses (i) an
expressi on cassette containing a polynucleotide of the invention placed
under the control ofIrt hedekreflentthe gquioadpfoteirexjyr ®eSioBatéd Hakhiecul ar
under the control o n appropriate 20 pronoter; (ii) ,an expression vector
containingsﬁﬁ£%?%f%s§% ncgggsggFi§a5fl?ﬁepf?ﬁﬁﬁﬂi%ﬁ?P&?i 7ye £16¢8PFoti ¢ or
eucar yotsi cseeedtidn aighalneequendesaist ecs el a1 ngn t8¥Ppesst At icasset t e
and/ or vectgr of the inventioqé as meLI as (iv) a process for _producing a
pol ypept i d&™Br SOt Ve pECHE  Yel iy &gt a35 gl {hricteddt pBE of the

i nvention, awbhedet UPIsM@BatubdHrdndBoaingl O6AI Hiidh Yro€HERT ¥Otine cel |
transfornmed or transfected with an expression cassette and/or vector of
the invent PBRfagRdRY theoREit i oniomeapnd] FoTeedide SS§aRNERS thy BRANADI ecul e

of the inyanhhofraNd:-JRae¥VERd r;_:gcerclﬁessego@ﬁdtrréoldé&%%kdgreiei?rg pe! ypeptide
derivative fromthe culture. R |egum nosarumcells can be transforned as
descri béd FREGRYY BC DSFPEORRIOGh SEMEPRES 199¢ - IdegHivest pEtlercyfrom

ransf ormakhens ghe FAH AR UM @&&Eﬂnn@s&awmnbaipﬂe%@r{tog%%i%-of %@' i ed and
nvironmental M crobiology 65: 2802-2804; and WO 02/ 36777 PCT/ SQ1/00228 37
2 August 266BePHdiHgeEnt\preerrial FagréesL, Thomas S, Allen D, Skot L.
2000. A secondary effect of transformation in Rhizobium | egum nosarum

transgenic for Bacil iy dditinbgat BRSithBURIRCEhESoulENGIRMLOBLS acts as
del ta-endotoxin (crylllA) genes. Theoretical and 5 Applied Genetics 100:
820- 823. a barrier to restrict the export of proteins from the cell.
15 Normally only pilins,- flagellins, specific enzymes and a few
toxins are completely transported across the outer membrane.
Most of these proteins are first secreted into the periplasmic
space via the general secretion pathway and then cross tﬁe

outer membrane by a process that involves the action of several

20 additional gene products.

' For some outer membrane proteins, such as the PhoE
porin, the information necessary for proper localization and
assembly is interspersed within the primary sequence.
Alternatively, the targeting signal may be contained within a

25 single short continuous segment. For example, the first nine N-
terminal amino acids of the major E. coli lipoprotein are
necessary for proper localization in the outer membrane. Fusion
to this short sequence is sufficient to direct the normally
soluble periplasmic protein P-lactamase to the outer membrane.

30 Similarly, studies with OmpA have suggested that the region
between residues 154 and 180 is crucial for localization. With
OmpA, targeting and outer membrane assembly appear to be

distinct events.



Si norhi zobium neliloti cells can be transfornmed as described in Hayash

M Maeda Y, Hashinmoto Y, Mirooka Y. 2000. Efficient transformation of
Mesor hi zoWOWNAWakui i subsp rengei and Rhi zobi um speci es. PODEGHBI0O22E

Bi osci ence and Bi oengi neering 10 89: 550-553. Mesorhizobiumloci cells can
be transformed as described in Hayashi M Maeda Y, Hashi motdA¥SUStEPBOKa V.
2000. Journal of Bioscience and Bi oengi neering 89: 550-553. Bradyrhizobium
j aponi cum cel I s can Be anearsbodimentas a hybdéeg cpidmtsiomr Hef ypeptaive DR,
Stacey G 0. I G Ayt sf.qr. i ~adyr hi zobi um j aponi cum by
el ectropor %tgﬁgﬁlg%é\pégglegg gﬁlg\ll E‘grlll\?c?’r %r%em%%ia?gl\ﬁogcsr ?Li%%ryt%wg&a%éﬂ]é’%; -and
Hayashi MachMlesequgnddaghisponeilyle Mamwckarati@00h theuvnakr afeldresei.ence
and Bi oengi 1 ng'.89; -5 0. B, Litensis, cel.l.s can be transfaqrned
as descri bggﬁglg%{l%kga%geggg&?%F%%%%eus E{‘T‘%‘?e%%%‘? erde ,GélE?Sét é?ds‘?]‘ff,ra:lor‘?&er S.
2000. Fénctmepbadnar@atorsiissofinthed GipAbPascefy lof, Bsudal tRe &l ,0fand
persi stence_of knockout tant in BALE/¢c mce..., M crobiolo 146:

1605- 1616; “Bhd % i WVl gﬁf“?/,l“%o?egre"glf‘ﬁi f° rzqso'ﬁ&lzélt688k§é9'9g?/;% Gss A,

Al var ez- Mareilaezvddly sFeirtaz@hd, Lphittgatdnd, séphdmte $SncRaues #he Dor nand J,
Liautard JP., 2001. Maj or _out nbrane protein Omp25 of Brucella suis is
i nvol ved i"A 9 Ani BT 4% Ceoﬁnguﬁé?nﬁggpbgﬁ§Rf%%t?ﬁ14ﬂ ShathroBatY SN duri ng

i nfection efrohaimn TReOphageSacidd enld @BuAACat NAYINCYc6Rind3d HBA3A830. B.
henserﬁi cells gancgﬁ %&gnsforned as described in Dehio M Knorre A Lanz
C, Dehi'd" CE*P888%° AT GEt PORTHHRS VEPLalRY eS T th-A%e FePTERPr @&si on vectors
for Bart onglekbaebens elme MdoR3h367dda RGHL$6A 14 08228 3821AHgHSt 2005 and the

ise of green fluorescent protein as a neM/exErgfsion mar ker. Gene 215: '
o 4FEG

223-229. BEMLERSPFEPINNARIPERF PR s Peafr ra¥1pPBesk¥aded in
Dehio M KQ%%%@oﬁbnéé”E%ﬁQgiQ%BE01£§%§é§¥%in51gxmﬁﬁﬂdﬁﬂﬁhgg gLfYﬁgﬁggiﬁﬁﬁ

hi gh-1evel expression vectors for Bartonella henséel ae and the use of green
f|uorescen@nﬁrBF%iPFQE?l“S; Rickettsia rickettsii 17 kDa lipoprotein;

15 Neisseria gonorrhea H.8 protein and the like.

One aspect.of the invention encompasses (i) an
expression cassette containing a pelynucleotide of the
invention placed uﬂder the control of the elements required for
expression, in particular under the control of an appropriate

20 promoter; (ii) an expression vector containing an expression
cassette of the invention; (iii) a procaryotic or eucaryotic
cell transformed or transfected with an expression cassette

<-: and/or vector of the invention; as well as (iv) a process for
producing a polypeptide or polypeptide derivative encoded by a

25 polynucleotide of the invention, which involves culturing a
procaryotic or eucaryotic cell transformed or transfected with
an expression cassette and/or vector of the invention, under
conditions that allow expression of the DNA molecule of the
invention and, recovering the encoded polypeptide or

30 polypeptide derivative from the culture.

R. leguminosarum cells can-be transformed as
described in Garg B, Dogra RC, Sharma PK. 1999. High-efficiency
transformation of Rhizobium leguminosarum by electroporation.

Applied and Environmental Microbiology 65: 2802-2804; and



a new expression marker. Gene 215: 223-229. Mannhei m a haenol ytica cells
can be transforned as described in Marciel AM Hi ghl ander SK. 2001. Use of
operon 10WPWEB6HEZ i n Mannhei m a haenolytica to identify erRd¥sGoroezl and
cis-acting regulators of |eukotoxin transcription. Infection, ,and | nity
69: 6231-6239. Mycobacterium tubercul 0si3 cells can be transzf%l"gfﬁ&lzgg;%’é
described in H nds J, MahenthiralingamE, Kenpsell KE, 15 Duncan K, Stokes
RW Pari shcIgdShokes, Mettd890, EnHanced Ukroeas replracenent swxvtungcobacteri a.
M crobi ol o 45; 519-527: a Bachrach Col.ston M], ,Bercovier H,

Bar Nt D HAAflerh o oty B PRl dt raaP AR R SU00n RBHERP LG 6- copy
mycobact er ilabumphasaty gihigefiionidyy Gabkact es it fioitivhs i sl dies
conpati bl e 20 ¥)vith t he eﬂéLSOOg replicon. lé/%crobi ol ogy 146: 297-303.
Pseudononad €HEPLHP ALY £1€ P8 GHdRY dGEY TP RPN SseudbRoTRS 9ds @BFagi nae
cells can heptiadséatamridsasodesgzotpzd. in Enderle PJ, Farwell MA. 1998.

El ectroporation of freshly plated Escherichia coli and Pseudonobnas

aer ugi nosa cells. 25_.Bi ot.echni.ques 25:. 954, d KimC, Wod_TK. 1998.
El ectroporation of %l“ﬁ‘l’(r-hp%Zé’r?éﬂ?’edm?f&lt?%lofc?ggﬁi “hd& EFPE.Sf%\’HﬁqS&f
Bi ochem st dgscahde®i i étdyachagy, Mieddl Y88Ha ShImgitc0ny CREr66K4 ixcol2amocel | s

can be transforned, as described in Ch SH .Chater KF. 1997. Denaturation of
circular 3 %SFCFFHE%r QF&‘E?%W A MR r G et YT RGE AL £ VR SRS G et i on

of Strept ormaeRhGo6bianl Pechdb2) JolBaRSl BIFEBE 65 CMAIZE ah8 P BE&KGirIG3RGSNE.
Journal_ of Bac gél gl{,ﬁgy 179: 122-127; and Gregorovic G Vujaklija D. 2001.
Hi gh ef¥9 ci83nc§ Fo¥frect plasmid WD 02/ 36777 PCT/ SG01/ 00228 39 transfer
Ikg.’_’e_t_ween two Streptonyces spp., and between Streptonyces spp. and E. coll.
ood Technol ogy and MBbotiechmdumagyoBD:cedQs53an 2odughtists f38R84Vadri o chol er ae

cells can be trapsfor as.descr.i be 5 in Panda DK, Banerjee R, Das J.
1995. Constdtel?&rilgﬁdo?%tatslhé @e@?eber For FRFOHINGY it YPBPPER chold%e and

Escheri chi @ot@hbl of 0B sdicnle Bin® Gl iRREQI N0 iRP BB 7650-553 .

Bradyrhizobium japonicum cells can be transformed as
15 described in Hatterménn DR, Stacey G. 1990. Efficient DNA
transformation of Bradyrhizobium japonicum by electroporation.
Applied and Environmental Microbiology 56: 833-836; -and Hayashi
M, Maeda Y, Hashimoto Y, Murooka Y. 2000. Journal of Bioscience

and Bioengineering 89: 550-553.

20 B. melitensis cells can be transformed as described
Lt . in Ekaza E, Guilloteau L, Teyssier J, Liautard JP, Kohler S.

2000. Functional analysis of the ClpATPase ClpA of Brucella
suis, and persistence of a knockout mutant in BALB/c mice.
Microbiology 146: 1605-1616; and Jubier—Maurin-V, Boigegrain

25 RA, Cloeckaert A, Gross A, Alvarez-Martinez MT, Terraza A,
Liautard J, Kohler S, Rouot B, Dornand J, Liautard Jp. 2001.
Major outer membrane'protein Omp25 of Brucella suis is involved
in inhibition of tumor necrosis factor alpha production during
infection of human macrophages. Infection and Immunity 69:

30 4823-4830.

B. henselae cells can be transformed as described in
Dehio M, Knorre A, Lanz C, Dehio *C. 1998. Construction of

versatile high-level expression vectors for Bartonella henselae



Haernmophi | us ducreyi cells can be transformed as described in Hansen EJ;
Latimer JL, Thomas SE, Helmnen M 10 Albritton W,, Radolf JD. 1992. Use of "
el ect r opoMA29%5€7170 construct isogenic nutants of Haenophi POESEGOE09E .
Journal of Bacteriology 174: 5442-5449; and Wndsor HVM G onkova RC

Koor nhof HJ. 1993. Transformation of v-fi@ctor independence 2 {pgust 2005
Haenophi | us ducreyi to haenophilus influenzae and haenophilus 15

par ai nf | ueaaaethdvkdiecalf Yreeonbi Dlagycket tierstéin B59alfidw dfiresBuenti on al so
enconpasses &% an. expr, si?g _tassette or vector as described above, for
expr essi on™8f “the "Gl ﬁg pt f A& ‘pol ypepti de derivative encoded by a

pol ynucl eoti de, which polypeptide is outer-nenbrane |ocalized; 20 and (ii)
a prokaryotic cell thansherldedquitternsheceXpsessi dre trassébtmedrasvect or and

whi ch expr sgesiht)ehde ipO|D\éR§8tﬂ4deKr9otrrteh‘i Ea%lxi éurd‘e Ge. CI nl%sg)odi ments where
the pol ypeptrae™ s a'fusi'on between a’carriefr’ protein and a passenger
protein,5 t ken2bryasisengdr vpreédeile shghllebel aogessisiba atctdres furf ace, as

can be determ ned. by tests such as protease accessibility assays or
radi o-i odi r?é‘t‘it%?ﬁf EOSRErRaRt Y XIS #85i 8h LETh 'u§r§8F%‘¥‘ié’cfo ofh 2°
procaryoti @ asd eunasssdionCmhoReés, Gamef enabl 32prarmryotic. 30 Eucaryotic
hosts include yeast cells (e.g.,.Saccharomyces cerevisiae or Pichia

pactoris); mammalian,cells. (e.dq. T, _ NLH3T3,.or JEG3 cells and pl ant

cells. Prokaryotic h%%’f’?shellm(ﬁgl ga%m‘g‘?tnl}cﬁeﬁg%ec%%ctfeer%irgPs g?\ﬁ“%%(ﬁsude

speci fi cal lagscYMb&R/i36 MaFrcRET/ AF) HihA28ddD 2K Auriisll. PE@5cAgsmdiast eri a,

prefer y A. .tumefaciens, .Rhizobiu Brucella, Bartonella hensel a,

gast eu?‘@ I a{%ﬁ%%l R i%ae{’,n%’lﬂﬂf’dﬁag‘?%?ﬁq}'rﬁlc?ug%ch(Eﬁrbtsﬁafré', SEXAROPITNGE 80Er eyi
seudonmonasisEactDhd ,reddiehsirel ba, 1 ditokan Shigaddiptisal noneddd.onVi bri o

chol erae, 5 Lactobacillys, il bilie de Calnette-CGuerin (BCG, and

St r ept ococ @R, I’Ei?“é’?’e‘?%bql% ﬁgsifééf%'ogeni c Vibrio cholerae nutant strains

and attenuated Sal nonella typhi murium strains. Bacterial and eucaryotic
cells are avail abl e #iyosbacterium tuberculosis cells can be transformed

as described in Hind§ J, Mahenthiralingam E, Keﬁpsell KE,

15 Duncan K, Stokes RW, Parish T, Stoker NG. 1999. Enhanced gene
replacemént in mycobacteria. Microbiology 145: 519-527; and
Bachrach G, Colston MJ, Bercovier H, Bar-Nir D, Anderson C,
Papavinasasundaram KG. 2000. A new single-copy mycobacterial
plasmid, pMFl, from Mycobacterium fortuitum which is compatible

20 with the pAL5000 replicon. Microbiology 146: 297-303.

ff’ Pseudomonas aeruginosa, Pseudomonas agarici and
Pseudomonas fuscovaginae cells can be transformed as described
in Enderle PJ, Farwell MA. 1998. Electroporation of freshly
plated Escherichia coli and Pseudomonas aeruginosa cells.
25 Biotechniques 25: 954; and Kim C, Wood TK.1998. Electroporation
of pink-pigmented methylotrophic bacteria. Applied Biochemistry
‘and Biotechnology 73: 81-88. |

Streptomyces coelicolor cells can be transformed as

described in Oh SH, Chater KF. 1997. Denaturation of circular

30 or linear DNA facilitates targeted integrative trangformation

of Streptomyces coelicolor A3(2): Possible relevance to other
organisms. Journal of Bacteriology 179: 122-127; and Gregorovic

G, Vujakiija D. 2001. High efficiency of direct plasmid

)

»



nunber of different sources including comrercial sources to 10 those
skilled in the art, e.g., the American Type Culture Collection (ATCC,
Rockvi | | eWOM3TENnd). Conmerci al sources of cells used forPCcrscommpant
protein expression also provide instructions for usage of the cell

Non-t oxi cogenic Vibrio cholerae nutant stYains are 15 known? .g‘é,s.tzégé ent
No. 4,882,278 describes strains which have a substantial anount of the
codi ng seqienpelfef keivieedf tvheStyaptantycasabbel esandebetedeso t hat no
functional in i oduced. 9 1354 describes a strain in
whi ch the |5(r;'g%JO @{)@gﬂéssol)gggl ngré(tj !oél'atéjeogﬁb'yFrrufl af%%]hnn;catoﬁiysapr‘at ation can be
.conmbi ned 2@ioneghsdhadye 39tr 4PnOi t h ct XA nut ati ons. WO 94/ 01533 descri bes
a deletion mutant |acking functional ctxA and attRS1 DNA sequences. These

mutant strains are ggpeticall i re 0,..expre het.er ol Qgous.
proteins, as describe i V\D%ﬁf%%ﬁ%ﬁﬁt%tage}nﬁ%t%égar?%%%ﬁgl P g%%?ﬁlrﬁfﬂ um
strains,> 2% §endsaili&l [Bpnenjgeacks b dr A88bnborantiruexpoesst oshurftle

het er ol ogoys RLOLEEDS Al BRL . A& crj ' /11361, .Oxher. bacteri al
strains used as pr o‘?ii nexp elslgi‘glnkgleioosc’{jgﬁgﬁg%h%r\gc%tcéftm%l?h‘éo ‘esent

i nventi on alourdascef Bedsicaencshifed |Fp7-3&%neri in High et al., EMBO (1992)
11: 1991 and 30 Sizenore et al., Science (1995) 270:299; for Streptococcus
gordonii in Medagling,&torHi1usPh I‘-slr\kat 1 7AC [ 1995)  92: 6868,
and for Bacille Cal neét!teo%hle?]isn ?%r yréﬁl}éLg,gnc%CI?rﬂ%%%ﬁgw%?%

PCT/ SQ01/ 0Gezgribhel Audiansen0bd, NHtinBirolL, (Te&w)s 48, ( Happined )M,31, WO
88/ 0662 , | 13157, W0,,92/ 017 and WO 92/21376. The
i(’hventilg)n ?A?bt% 845?%2%)/ 5{\r§§8? %C%ls(;,' 3152?9nzg 8%% 8% gfr#ocrté:o&orﬁﬁéoﬁo’fﬁ’rl)'nl y

avai | abl e grastmeghtisaebict snitantas afelHaehiohhslss ddaweyel , ToQUEHL rasft ant s

havi ng so ' ri . r canposi.ti.ons e expected to al so be
useful in tﬁeﬁgpr)rgg%%ﬁ:eﬁgf' Eﬁ?i%@m iaglﬁ. &WB%?%H& \ﬁrf’ﬁ‘ﬁﬁ?’@h%?'
phosphol i pikborobnf e, OB .eXanps formveyl ohobfSonkadtssi ARdpPENAEtd daSn

provi de e effi.cient surface expression at _higher tenperatures. 10
Al ternati veldy E‘lgﬁﬁl ETEEEI PR AR %aﬁ%élﬁof”gg‘(é’zﬁ(ﬁ ¢peptrarepnilus

15 parainfluenzae. Medical Microbiology Letters 2: 159-167.

The invention also encompasses (i) an expression
cassette or vector as described above, for expression of the
polypeptide or polypeptide derivative encoded by a
polynucleotide, which polypeptide is outer-membrane localized;

20 and (ii) a prokaryotic cell transformed with the expression
cassette or vector and which expresses the polypeptide at the

cell surface.

In embodiments where the polypeptide is a fusion
between a carrier protein and a passenger protein, the
25 passenger protein should be accessible at the surface, as can
be determined by tests such as protease accessibility assays or

radio-iodination.

A recombinant éxpression system is selected from
procaryotic and eucaryotic hosts, preferably procaryotic.
30 Eucaryotic hosts include yeast cells (e.g., . Saccharomyces
cerevisiae or Pichia pastoris), mammalian cells (e.g., CoOs1,
NIH3T3, or JEG3 cells), and plant cells. Prokaryotic hosts

include Gram-negative bucteria, and include specifically:



closer to the nenbrane surface with increased lipid-protein interactions,
perhaps for the purpose of increasing i munogenic response or altering
adsor bent Wir@3eé717i es. Such nutants, spontaneously gener at pOTSGondohes W Se,
are contenpl ated as 15 useful as host cells and/or as sources for nenbrane
directing and transversing sequences. |mgoacteria, the pol yntéiugsti?d8s of
the invention is inserted into the bacterial genone or remains in a free

state as Q?E»bba)éc@rﬁ a?ﬂe@eré—’l@lﬂ_ he chakesc9bns heuedRibess] ofryestigm depends
on the features desired for the expressed poly epti de. For exanple it

may be usefartepeptddifrrEedap of?%'é?ﬂlieééaof?a?fﬁ%li’%nt MEROPFCEETidAY t i cul ar

l'i pi dat ed fQpBYcENSs 8K |HaRGopRi | 8 cﬁférex@ulﬁsémcmésunﬂerééﬁpd that 25
not all vectors and expression control Sequences and. hosts woul d be

expect ed t &lekpiebka ediraiinganefhigie apolyanenrebld désbrép ekpledasvention.
Wth the gyl @%bbg,?flﬂ%crga@@m%me dROVEYR tt@LGz%ﬁﬁt | BEGOf afRctors,

expression control sequences host's may Wit oot ul
exper i ment &tireptepecowi.hereisoabpnai-gxiroaenire Bduge choidwas i nvention.

| seleot| BBnk o6 Alund NEcNaBLoRinleP R0 hAREN A Mlfoninh-GARPALIALLE Wi th the

vector which 1s to exist and possib replicate nsi derations are
made with respect to the WD 02/36777 PCT/ S&01/ 00228 42 2 August 2005 vector
copy nunber, the abiBa¢ietigicantrercarwotdispyehbnbrre avaippblsiBrpmfa ot her

prot ei ns syehras SAADERIS 85h AN GRic1k1 ngoLEld:RG 23N S BXREES o cont T ol
sequence, a nunber of variables are considered. Among the Inportant

vari abl ¥ atdosheskil bad Vi Shet pehgter of the é@@;@etmzre TypegCulthereabi lity to
rive expr I d r rol .t he .
Q ilQEtl&Q FIKT(}@ ?%HFY%%[% tMa(} ‘?tlm (‘;b%rlertc % 2 es of )

sequence' s function, conpat etme e pol ynucl eot i o be
expressed aedls heserdmfcmlr@@q\ben@@t (pecogelseenpd@as,aorstaﬁaotmw@r e

consi dered . %%t§¥?£909$é%$%%sgbhggﬁ }§§ %ﬁhgh 10 prevent efficient

transcrlptlon) n se uni ¢el lular hosts are sel ected
whi ch are conpatible with the !
Non-toxicogenic Vibrio cholerae mutant strains are

15 known. U.S. Patent No. 4,882,278 describes strains which have
a substantial amount of the coding sequence of each of the two
chA alleles deleted so that no functional cholerae toxin is
produced. WO 92/11354 describes a strain in which the irga
locus is inactivated by mutafion; this mutation can be combined

20 in a single strain with ctxa mutations. WO 94/01533 describes
a deletion mutant lacking functional ctxA and attRS1 DNA |

(7 sequences. These mutant strains are genetically engineered to )

express heterologous proteins, as described in WO 94/19482.

Attenuated Salmonella typhimurium strains,
25 genetically engineered for recombinant expression of

heterologous proteins or not, are described in WO 92/11361.

Other bacterial strains used as protein expression
hosts in the context of the present invention are described for
Shigella flexneri in High et al., EMBO (1992) 11:1991 and

30 Sizemore et al., Science (1995) 270:299; for Streptococcus
gordonii in Medaglini et al., Proc. Natl. Acad. Sci. USA (1995)
92:6868; and for Bacille Calmette Guerin in Flynn J.L., Cell.



sel ected vector, tolerant of any possible toxic effects of the expressed
product, able to secrete to the outer nenbrane the expressed product

ef fici entWQ®RB6Kilch is desired, to be able to 15 express tHE/sco@URs i n the
desired conformation, to be easily scaled up, and to which ease of
purification of the final product. The g¢hoice. of the expresdiogiEa8%tte
depends on the host system selected as well as the features desired for

the 20 expmﬁﬂsedslﬁmlypmﬂa)deo Typpp:al IJy) 3610 REPEEASd 6, CRBSEE I fysdqncl udes a
pronoter th t ﬁﬁgit onab he sel ected host system and can bé
constituti r1 2:5@1”8650"1‘1’%i Mhdingl3tb+e; a start codon (ATQ if
.necessary; a regl on encodl ng a signal peptide, e.g., a l|lipidation signal

peptide; a DNA 25 nofree ul evenit ibihe ik Ny@ritdaQny §r§&@ﬂ:&9d@ﬁn apeqptionally a
or transcription term nator). The

3 term nal glog étransl t|on ag%é

si gnal pept'l (fe fic 5T g PG SN 2T 8T 53R He SFemr Bed el Ve baphaEL e RS de13f t he

i nventi of andtgl. aaedevér,prmpgh hedgh g haﬁﬁlﬁqesorﬂ'étﬂua% @@l peRy i de- encodi ng
region is ho%% ous or het er ol o(gous to the DNA nol ecul e encodi ng the

mature pol$ 8ec%f%°ﬁls TBRpaFT LEEPShteR ther ke ks iusRinppin dithes of the

host used frrackipeessitiie iTRenpesn ! aatibanksalErn GARAHL Bhedohy iid1e DNA
nol ecul e of the |nv§nt| on, solely or together with the signal peptide, is

pl aced und&°YRETeohP dixesp iy ‘E“ﬂé Romerer fegiemaokvirertéfept imnevind

transl ati OceeCersibidiR QUrFEEE7 R SINY Q02883 2 ARAYSE,A005 the host
system (grormt ers and. signal peptide encoding regions. are w dely known and

avai | abt® A HEREEEIERIY 4 édE MaYt he desizabde tacarehor fsoymeexahm@tndles

promot er ofc13aLFOBE! 15 MY AHET YAt £{@aNnd,:4ar t}{@}é flg %UC' bl e by
arabi nose (pronoter 5 araB) and is functional in Gra gat act eria

such as E 1”6@Ir|aclia§nfﬂemﬁhl§‘@é far Ui roapene oD. 1@1@28;5@01nmd1dg@nﬁ:agnon
et al ., nSt 8} a1Rahgl DabgbaRe] ragetgj? ?Jm g3l the

pr onot er of t he gene of bacteéeriophage T yrrerase that is
functi onal SAPr&anaaBelY gferRragefli ostodieryisep @vqorcess:lemgla'ﬁeqbodsyrrer ase

(descrtfgﬂjdé&leSasFﬁgéﬂncells and/or as sources for membrane directing

and transversing sequences.

In bacteria, the polynucleotide of the invention is
) 1
inserted into the bacterial genome or remains in a free state

‘as part of a plasmid.

20 The choice of the expression system depends on the
features desired for the expressed polypeptide. For example,

it may be useful to produce a polypeptide of the invention in a

particular lipidated form.

One skilled in the art would readily understand that
25 not all vectors and expression control sequences and hosts
would be expected to express equally well the polynucleotideé
of this invention. With the guidelines described below,
however, a selection of vectors, expression control sequences
and hosts may be made without undue experimentation and  without

30 departing from the scope of this invention.

in selecting a vector, the host must be chosen that
is compatible with the vector which is to exist and possibly

replicate in it. Considerations are made with respect to the



No. 4,952,496); OspA lipidation signal peptide ; and R pB

| i pi dation

signal peptide (Takase et al., J. Bact. (1987) 169:5692). The expression
cassette MWOWY}Tally part of an 15 expression vector, whPERSG81/¢32%ct ed

for its ability to replicate in the chosen expression syste
vectors (e.g., plasmds) can be chosen, 420or exanple, from

sour ces. I\/E(;E ho sSSlgr 3£Iaé\§}e%rg|rn

X
vectors are v?e knovvn

9@3B9Q§<§g%|ngnpoﬁto§ﬁ ngg

e art

as descri besjelemtSagbamoéosprhsE,llén ebntadl se(qllﬁﬁéé M | recitlear ofEI omrm;olaas

Laborat ory Manual 2 Cgmd pq__heg 25 Har hor

n% ‘E)Sr ggéérl bed

in Pouwels et al. (Cloning Vectors: A Laboratory Mnual 1985, Supp. 1987) .
Sui t abl e exyrassi onpye!mrm@:,CahebebZDiiQurt@hasaﬂrtbl drhe/a:toiptyusumMm;er ci al

expr.essi on

%?% FF seldct ed

ress

t
Spring Har bor- N-Y.2 05 pon expreds 5 HRULS |H3F|f %aﬂ%r bt 8er‘5}a1ihvee

i nventi oh (®trengrdl ppepie cheecpimmmat(levg) e pbatlueedt@ntt ikvemakpsessivd he
xtracel | ul ar

é‘r’rﬁ%dﬁ%ra:’?c’rlret & menbr ane.

t |1 ul t t ed/ dinth
mach om or i S0 BEFPBY ARAtaERL s Bhe |4 EnbRdE

The

pol ypept i d%é@é’r%@\éEE&lﬁi:tl:\l’brﬁ cwbstaﬁiwdy Yepueehi ek PIRnLE08d £ e cel |
extract or fr m t he gg t after centrlfugati on of the reconbi nant

cell cul tu‘F% erfﬁﬁPESFF ECSHBFﬁ%hseﬁd’lef?ﬁ

pl P iS€GWARfY ed by
ant i body- baseghd@firieBi hye pebrisiideaidofoOdvdd tahepines t rdgrewe s\Weh D2 36777

PCT/ SQ01/ 00228 44 2 Au gust 2005 net hods that can_be readily adapted by a

person <Ri IPEVSH £hEL

i nventi on afeledied we

provi ded i nekgfeﬂe%ﬁg%du@@plab%t 't%ns@e@@deescot lesed&%&éw nfno3RRET {4 €

nucl eoti de probes primers that are used di agnosti c purposes.

Accor di ngl yexgmsmlr Pé@@‘é‘é’@ efff icienthyeht |whpﬁ©vﬁ€%8read 1Goniel @bté d® probe

or prln@g h@%ﬁf@héiﬁﬂ%qﬂﬁ&ﬁﬂﬂfQHPQh'ndgglred conformation, to

scaled up, and to which ease of purification of the

product.

be easily

final

The choice of the expression cassette depends on the

host system selected as well as the features desired
20 expressed polypeptide. Typically, an expression cas

includes a promoter that is functional in the select

system and can be constitutive or inducible; a ribosome binding

site; a start codon {ATG) if necessary; a region enc
signal peptide, e.g., a lipidation signal peptide; a
25 molecule of the invention; a stop codon; and optiona
terminal region (translation and/or transcription te
The signal peptide encoding region is adjacent to th

polynucleotide of the invention and placed in proper

for the
sette

ed host

oding a
DNA

lly a 3!
rminator).

e

reading

frame. The signal peptide-encoding region is homologous or

30 heterologous to the DNA molecule encoding the mature

polypeptide and is compatible with the secretion apparatus of

the host used for expression. The 8pen reading frame

constituted by the DNA molecule of the invention, so

together with the signal peptide, is placed under th

lely ox

e control

35 of the promoter so that transcription and translation occur in

1t YeoscrdpEietbn I ERLepbIBIdIeSOFEe encodi ng

the pol ypephi&te 100 art ﬁoy@gla@t ls\éqet:ee@ wiRH 22Ef bohdat iy1rdLAgL doaai n.
Antl bodi es useful for EUI’I fy by immunoaffinity the 5 pol ypeptides of the
&

QB d‘ecs]@rruapéd o efiaiy. PORSé b 8 qherice afiffesitrnef othe

2



derived by degeneracy of the genetic code froma sequence shown in SEQID
NGO 1 or 3 or froma correspondi ng honol ogous sequence. The term "probe"
as used i WQ®&6ptlesent application 15 refers to DNA (pref reBbGYyI/@®RI] €
stranded) or RNA nol ecul es (or nodifications or conbinations %her eg{)@ t hat
hybri di ze under the stringent conditions3 as defined above,? £B84 c
acid nolecules having SEQID NO 1 or 3, or to their correspondi ng

honol ogous theohpbenepseeny. orPrambte sensel seqgHehCESpt GRNeRabiYng 2_qaakes are:

significant]| horter, than full -] t.h sequences.. ., Such.probes contain from
2bout 5 10 B0l rts, AT 2earir LR ToIBROGE s oo sRoEns T hod s,

50, 55, 60includad Sor éxmmifie, phefmrabiterf bansabnshiel’@ topRAME B0,

nucl eot i des(. I Ny art] culs@r, hprobes. h v%@équences that are at | east 75%
(for 25 exa®iedsf I ast{eBoda8545 Jdﬁg‘qc & P63 2RARSCoEDFORYADT  and
pref eralf y aataB)eanti 95%lroradlongdusn tExran-Peght00e BactEQihDsNG 2k or 3.
Probes may al.so havgesegﬁgnces that are conplepentary to such sequences

and porti of®1p8Be Hhidi B FodiFiedd Pesesr 044rdP0agnfnbsiGrgnon -

met hyl - 5- deaxyayt i decagnoianxyur i dbrese30 edighBEbY] A1 N@92y deexyudgdiyne, or
di am no- 2, % purine, Sutggr or Ehos hate resi dues may al so be nodified or
subst i t ut edPFBFOMRYGhpt e, the 8BS YT RFCEerdoPhage bl Becfépy ¥ by a

pol yanm de pdNiykseBept tigdt ,isSEURBELoAa199Y) a2Bdndd® 0r and Bhosphat

resi dﬁ may be regl aced bf/ ester groups such as di phosphate, V\Dlglfl 36777
PCT/ S04} 06¥PEe38159 AT G R YPEE859 [QscraPedphBspriondieéerhd phosphor ot hi oat e

esters. |nneAaddibeonaséne capahy dp s GY Q4Bnal ﬁéﬁ)&'&éd;e%&dﬁﬁ%gmy be

modi fied by including such groups as al kyl "groups. Probes of the invention
are used i Highigdghéspi elignak Peptideys(Tak@ser €torldet betbagh - plb¥ER. Such
capture prahessabe)conventionally inmobilized on a solid support, directly
or indirectly, by coval ent neans or by passive adsorption. A detection
probe is | abelled by a detection marker selected from radioactive

i sot opes, enzymes suéRea®¥peiPiraasessatreanligatynbcphbs pieatascé, amnd enzynes

abl e to19ydnQIrkz8idn CEEQIDIGRIEN {4 UQNQRERRHC oL 1 UMLIgSEENE, SUbst rate,
compounds replicate in the chosen expression system. Expression vectors
(e.g., plasmids) can be chosen, for example, from those
described in Pouwels et al. (Cloning Vectors: A Laboratory
Manual 1985, Supp. 1987). Suitable expression vectors can be

20 purchased from various commercial sources.

Methods for transforming/transfecting host cells with
(- expression vectors are well-known in the art and depend on the
host system selected as described in Sambrook, J.E.F. et. al.
- (1989) Molecular Cloning a Laboratory Manual 2™ ed. Cold Spring
25 Harbor Laboratory Press, Cold Spring Harbor N.Y.

Upon expression, a recombinant polypeptide of the
invention (or a polypeptidg derivative) is produced and remains
in the intracellular compartment, is secreted/excreted in the
extracellular medium or in the periplasmic space, or is

30 embedded in the membrane. The polypeptide is recovered in.a
substantially purified form from the cell extract or from the
supernatant after centrifugation of the recombinant cell

culture. Typically, the recombinant polypeptide is purified by

antibodi-based affinity purification or by other well-known



t hat are chronogenic, fluorogenic, or |umnescent, nucleotide base

anal ogs, and biotin. Probes of the invention are used in any conventi onal
15 hybri dW®¥¥47% echni que, such as dot blot (Maniatis et RCI/SGNLDPR8| ar

Cl oning: A Laboratory Manual (1982) Cold Spring Harbor Laborgt ors%/ &&ess,
Col d Spring Harbor, New York), Southernaalot, northern bl ot2 ABBUStR

sandwi ch technique (Dunn et al., Cell (1977),12:23). The |latter technique
i nvol ves t heePfodisehat aaspeei fdaaiiagphaaetad e aapatebnasspecdd iie dgtection

probe with nucl eotide sequences_that at |east partially differ fromeach
other. A prihbt 9035 gﬁﬁl%l? UWs ﬁoitlﬁ%‘ﬁl‘fal%%%& 5P608E129 Hifcl eoti des (for

exanpl e, 1lpolgpep3delér 1bs d&fyiiva5to34 sndh 10a35nMEGl8OidigRs) that is
used to initiate enzyms_ltié_ gol merization of DNA in an anplification
process (e. §omaPrR) Entigeghey Y SRT pPREESE NG LY Argupeyetigdty the

transcripti pplppigtadies BEi ORE Simsdtion diagswstiredmathadsci vl wengwPCR are
| abel ed by nethods known in the art. 30 As described herein, the invention

al so enconpasses (i)..,a reagent conprising a probe of the invention for
detecting and/or identS Fﬁﬂﬂ@n?ﬁelgfoe@é‘ﬁ&gnO?P%‘@]rcge@aétneFPErrPF?F%Pt

bi ol ogi cal &ppeidation iehpbiesethwdidsayndet egiddigr ianehel e MO &2/ P3G hEE

PCT/ S&1/ 00223 46, 2 Auggst 2005 identi fyi n%t he presence of Agrobacterium
in a bi ol ogPPaIPTIRGES TART PRSI e PSP HRIROS Hife PHEPREEF NG or i denti fyi ng
net hod i nvolaesrafigyifyql bavtnar SAeRsit 6&) thRe SARIRich HecoveEed, or derived

fromthe biological material, (b) DNA or RNAis 5 extracted fromthe

mat er i altfan@vaLHdtifie®TORRIOT Hr H¥od8Yirg A S§FWHESoLorAd imvantion, for

exanpl e, a Gapti® bylefegehbPacPrOPahOhehOtic dBMEr e Skl hNYEH et Lhdigat i on: ™
conditions, such that hybridization is detected. |n another enbodi nent,
the detectifgSER IR £yPRGS ne¥ hoP™ AvEPTERSRNIELiNG) bemphegeteps: 10 (a) a
sanpl e-is recguengd. or derived fromthe biological mterial, (b) DNAis
extracted therefrom (c) the extracted DNA

The term "probe" as used in the present application

15 refers to DNA (preferably single stranded) or RNA molecules (or
modifications or combinations thereof) that hybridize under the
stringent conditions, as defined above, to nucleic acid
molecules having SEQ ID NO: 1 or 3, or to their corresponding
homologous, complementary or anti-sense sequences. 'Generally,

20 probes are significantly shorter than full~length sequences.
Such probes contain from about 5 to about 100, (for example,

- 10, 12, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 ... and so
| forth), preferably from about 10 to about 80, nucleotides. 1In
particular, probes have sequences that are at least 75% (for

25 example at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%), and
preferably at least 95% homologous to a portion of SEQ Ib NO: 1
or 3. Probes may also have sequences that are complementary to
such sequences and portions. Probes may contain modified bases
such as inosine, methyl-5-deoxycytidine, deoxyuridine,

30 dimethylamino-5-deoxyuridine, or diamino-2, 6-purine. Sugar or
phosphate residues may also be modified or substituted. For
example, a deoxyribose residue may be replaced by a polyamide
(Nielsen et al., Science {1991) 254:1497) and phosphate

residues may be replaced by ester groups such as diphosphate,



is primed with at' |east one, and preferably two, prinmers of the invention
and anplified by polynerase chain reaction, and (d) the anplified DNA
fragment WQ0B@dlced. 15 It is apparent that disclosure ofPGR$GuIWoRasot i de
sequences of SEQ ID NO 1 or 3, their hanol ogs and parti al sequences
enabl e their correspondi ng am no aci d sdquences. Accordi ngIQyAuglﬁe 005

i nvention al so enconpasses substantially purified polypeptides or

pol ypept i delkiel,i watyilpbesptaviatg and Eboamﬁlmiadioateeqsreem ernooded by a

pol ynucl eo of t I BVE st.an | | y |f|ed ol ypepti de" as
used her elér‘\é&jl?tsloé’éf ??1‘8 Qaglwadr%gﬁyl gr #g &?} baolnsu\ésg é a? t he '
. envi r onnentodint igyl &y nDCMmgaISIuy:hogcqngs aaﬁj/airkyﬂhgtougsf ree of 25 the
majority of the pol ypeptides that are present in the environment in which

it was synthesized. ;Fr%esxmrﬁe ﬁve%te%h 314@@ Eewaig%g%&%cm%%e de is

free. fromcytoplasmc polypeptid anon ands on
an SDS- PAGES wturfeoloreﬁamﬂfelor\/v@mbbemt %\mistqalpmleeapt‘mﬂzestaa:retl ally 30

purified p | sa C

pol ypepti d(gé%%egg%leogl l‘}ﬁo 1%ﬁleilzgzg o ge(g‘\%alr(%)n‘b’\t/\ugﬁ%tfead""?c 1y, rcl’&er st and
that the pbhypepttildes byf ccwmlarm/euetanenonalyy lyea s siwei ﬁdedrpﬁtmm .a matural

sour ce, str uced b reco a t means WO
ool sevr7 Ha P aaaEt 1320 508 O PRt E R

pol ypept i désemhormliggstve iscagnmrst,s enhyods axuechmadi peedxidhsreet al n or

i npr ovg,t h ”(a eI i t%sgf,‘g%gl spl % %%ss{%nger%i)s%oebyaﬁ?f%t he cell surface.

Such nodi |ca I on ThSSE i aci ?‘% del eti ons 5 and
[ nserti onschsomegarichedlaboogenit,clbordaunote stdrar shbetraﬂél,ercﬁd&tpotuaa@ ogy and

menbr ane tg{lget |I|t of tg protein to the cell surface. The
pol ypeptid %roﬁgﬁ“et Ja‘é'rl PECRAG ber ld'}"t}&ﬁééﬂn'éﬂd“tﬁ}reioftllgﬂ usi ng
known | abopaterandiesfani qu@sb_{&fmlo generating anti bodi es. As descri bed
above, the polypeptide or polypeptide derivative my be produced as a
fusion protein Probes of the invention are used in any conventional
15 hybridization technique, such as dot blot (Maniatis et al.,
Molecular Cloning: A Laboratory Manual (1982) ‘Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York),
Southern blot, northern blot, or the sandwich technique (Dunn
et al., Cell (1977) 12:23). The latter technique involves the
20 use of a specific capture probe and/or a specific detection
probe with nucleotide sequences that at least partially differ

(T; from each other.

A primer is a probe of usually about 10 to about
40 nucleotides (fer example, 11, 12, 13, 14, 15, 17, 20, 25, 30
25 oxr 35 nucleotides) that is used to initiate enzymatic
polymerization of DNA in an amplification process (e.g., PCR),
in an elongation process, or in a reverse transcription method.
Primers used in diagnostic methods inﬁolving PCR are labeled by

methods known in the art.

30 As described herein, the invention also encompasses
(i) a reagent comprising a probe of the invention for detecting
and/or identifying the presence of Agrobacterium in a

biological material; (ii) a method for detecting and/or



containing a fused tail that facilitates purification. The fusion product
is used to imuni ze a small mammual, e.g., a nouse or a rabbit, in order to
rai se antWBddie¥7agai nst the 15 pol ypeptide or pol ypepti dePOESGOIHOG22%
(rmonospecific antibodies). Accordingly, the invention al so provi dgg a
nonospeci fic antibody that binds to a podgpeptide or pol yp<£"[“¥‘%ﬂsst 05
derivative of the invention. By "nonospecific antibody” is neant an

ant i body t hdent20yvirsy cdapalpire sefice eat tAgqxgbaicthraus pecid ibdoppgiean of the

invention, i,e..a specific carrier protein such as AopB or a_ fragment or
honol og thgraié%f?%ﬁ(n gﬁ i BSay™8pIt eerptl’n\}:g‘ﬁt FSﬁe?Em%i(PﬁéﬂeBSF%’r%al or
nonocl onal mebbodsjpeodves dhkei fotliesinpytebs:r ¢epndiswiptle @sgrecePdrmy i C
(e.qg., constituted by.a variable,25 regi on of ri ne igin_associated with
a hunman const gﬁflver%gﬁroorﬂ% u%éﬁ?‘%%loca(ﬁa“ﬁﬁﬁﬁﬁagumﬁmodﬁ@b?ﬂri ﬁﬁ%o’n%tant
backbone& tagetbesd Witdin ypemaae bdl earrdedientateaniaml | (8. Gxposdd i€ .a
origin), and/ Eg Ts}ltn | e chai.n.. Bot g(Flgol cl (_)Lnal and nonospeci fic antibodies
t

may al so b&P oo Ry afnERREUTe30 dEtECtien Ayyobe or
rag fra%ﬁi@&sbaﬁhﬁl@ﬁﬂéﬂﬂﬁﬂraﬁg@ﬁttKWbrﬂdT%%@&bﬁnc@ﬁ&&ﬁﬁod%qysh@@tﬂﬁﬁ%. €.g.,
gG or IgA, and po

of isotypeé‘.ﬁ’bﬁﬁ?fﬁﬁ T Gy SeEFTERe P PROSPFHeEMP stBf fragnents of

the presentieiB¥ehd Ok alRrderet ah eee thod D3l 364 7 LPGY1901h§0228, 48 2

August 2005 i muni zation of a manmmal with a conposition conprising said
pol ypeptd dd@) nBndP BRI Or S LEGRERTed RKciiekivrHodres Hhy Hielogérgkl onal or

monocl onal malethads 119 MNduGecRELYEIQNAheRk FrBRNOELPRGe ARELDOALESHAN €
1 known in the art. For,a review, 5. see Anti bodi'es, A Laboratory ;

and D.E. YghL@Rti6k &hd ampid ¥ eANBy éﬁ%%e%aggh?%nfg?rﬁ%}%l%%gzg & qu‘.))_ 497

nonocl onal anti bodi es, see Kohler” & M stein ture
.The anti bodihesapplifieed M¥ntiiregrenhi h roducadsed to 10 a: pol ypepti de or
pol ypeptide derivative of the invention such as AopB, are produced and

identifijed using stapdaid apparent that disclosure of polynucleotide
sequences of SEQ ID NO: 1 or 3, their homologs and partial
sequences, enable their corresponding amino acid sequences.
Accordingly, the invention also encompasses substantially
purified polypeptides or polypeptide derivatives having an -
20 amino acid sequence encoded by a polynucleotide of the

invention.

ﬁ%g A "substantially purified polypeptide™ as used herein
\ is defined as a polypeptide that is separated from the
environment in which it naturally occirs and/or that is free of
25 the majority of the polypeptides that are present in the
environment in which it was synthesized. For example, a
substantially purified polypeptide is free from cytoplasmic
polypeptides. One band among a number of bands on an SDS-PAGE
gel, for example, would not constitute a "substantially
30 purified polypeptide" since the gel sample contains a number of
polypeptide species. Those skilled in the art would readily
understand that the polypeptides of the invention may be
purified from a natural source, i.e., a Agrobacterium strain,

or produced by recombinant means.

B

clonal antibodies are of a si'ng_l e isotype or a mxture

)

Venual , Col¢ Bpitag WHEHbAT leabbr erer BndegyefErably | e amdibers ame {1088), ©



i mrunol ogi cal assays, e.g., Western blot analysis, dot blot assay, or
ELI SA (Sanbrook, J.E.F. et. al. (1989) Ml ecular doning a Laboratory
Manual 2nwo0ed/36WGl d Spring Harbor 15 Laboratory Press, ColeC13sGomg2isar bor
N.Y.). The antibodies are wused in diagnostic nethods to detect th
presence of Agrobacteriumin a sanple, guch as a biol ogi calzé‘al%‘ﬁfgqosl'he
anti bodies are also used in affinity chromatography for purifying a

pol ypepti de or pol ypepd i iGR c@@libMath¥emsts sk pddypdmernidOnHofeegsdi gl y, the
invention also provides (i) a reagent for detecting the presence of
Agr obact er ifF#oMANES Wiifhogir€amedafit@ tchaetadnt @i igegevanthpbryability

-pol ypept i dg, @risg@éygﬁa%e@k edepiyalive «f thBeckmventiane and,fli) a
di agnostic 25 method for detecting the presence of Agrobacteriumin a
bi ol ogi cal megifReatiorTdmcdddenghese Misicogridl sweakdltationh, adeletridnsody, a

-pol ypeptd dgn0finde PRI LRI @gsgﬂ%@tgw&eo&hﬁéﬁ dd rhvoeclnfah(aer gtigh that an-

i mmune conplex is forned, an y etecting such conplex. to indicate the
presence ofirdGragEober@gyumndnmeerangleadetinhealorigayi of therpadtiecdn t he

sanple is d&fit\ﬁ%dce_-lrf'oﬁﬁ:ﬁlegl led in the art will readily understand that

the inmune conplex I's formed between a component of the sanple and the

antibody, polypeptide, or polypeptide derivative, WO 02/36777
PCT/ SG01/ 00228 49 2 Riguralyrersidhi eneRelyreptide ddenii titvet mamybenbound

mat eri al | Soliie¥adan® Bl iealBLERY | b aBORRLEY, dERhadLAENORSS C o
applications, the reagent (i.e., the antibody, pol'ypeptide, or polypeptide
deri vat1¥e generiasiggi avidiadges i shei dergribedaabees, dthat podypepnide laxzed on
d-solid s + SHE NS & ruhal , , . Qr ot her
cohvent i ongl g&%gort used in theﬁﬁ(ee%%.plﬁ)r%%glgl?gaét)ﬁ%%liog pggﬁ?le[%/ed usi ng
direct or igwitedpingearised rtedl heahsfdaqidlitdees guitifbuaftace . expiressi on of
t he reagent S| rotj Noscval inding) ar coval ent
bi ndi ng betfv\"}es[el?i)%t héggﬁﬁgﬁu%ﬁdl?hé realg%n?. gﬁélfi"h& ragét “danhs® is meant
that an antmouse or a rabbit, in order to raise antibodies against the

15 polypeptide or polypeptide derivative (monospecific

 antibodies). Accordingly, the invention also provides a
monospecific antibody that binds to a polypeptide or

polypeptide derivative of the invention.

By "monospecific antibody" is.meant an antibody that
20 1is capable of reacting with a specific protein of the
invention, i.e. a specific carrier protein such as AopB or a
ﬁ? fragment or homolog thereof. BAn antibody of the invention is
either polyclonal or monoclonal. Monospecific antibodies may
. be recombinant, e.g., chimeric (e.g., constituted by a variable
25 region of murine origin associated with a human constant
region), humanized (a human.immunoglobulin constant backbone
together with hypervariable region bf animal, e.g., murine,
origin), and/or single chain. Both polyclonal and monospecific
antibodies may also be in the form of immunoglobulin fraghents,
30 e.g., F(ab)'2 or Fab fragments. The antibodies of the
invention are of any isotype, e.g., IgG or IgA, and polyclonal

antibodies are of a single isotype or a mixture of isotypes.

. Antibodies against the polypeptides, homologs or

fragments of the present invention are generated by



reagent conpound that interacts with a reagent is first attached to the
solid support. Another aspect of the invention provides a process 15 for
purifyi ngWa 8B d bi ol ogi cal sanple, a pol ypeptide or pol ypeEpiSGAE00228
derivative of the invention, which involves carrying out anti bodg-é)aszed
affinity chromatography with the biol ogiaeal sanple, wherei ? 2H&SEAPIhody
is a nonospecific antibody of the invention. 20 For use in a purification
process of immurimsenbhoaf a trum@nt }Nbﬁﬁyaiéor@idé’i&ﬁoﬁOE&r?ﬂ)ﬁgﬁthéaid |
nmonospeci fic,. and .preferab IS the 1gG type. Purified 1gGs is prepare
from an anP?SERhIGEr ngoﬁ?ia%é’rrd%ﬁﬁgﬂ%ﬁfs: éﬁ%{;\eﬁf‘itbh%‘?le%madnﬁ?ogr aphy
supports, asowstlorRe stamneessldmiihodRefRsal s Prabhubg SétyhediagSerare
described in, e.g., Antibodies: A Laboratory Manual, D. Lane, E. Harl ow,
Eds. (1988)™dMFISueti ABEIPRE SwAEr FEFH vk Thiig SGBcart safifi%ed E8¥heYs a
RopB- cost ak&é mhterddaek, Ok RHZARLEN LY NasALUBbr PrefiefaRly in a 30
noni oni ¢ det ergent -contai ni ng buffer solution, is ag lied to a -

chr omat ogr apPRP &N aP3s prief dPaBry 88ti Pi braftted WRPPhs t3Rd oidr-f Epltsed
to,dilute the »iol awisaal pgRMRS .SBibBAEM! Ney : @201-¥RePt | A8 QhoriRh ¥RSP | de
derivative of the invention (i.e., WO 02/36777 PCT/SQ1/00228 50 2 August
2005 t he antPlEpdies apreviebier &d¥iptehnr ol 1S InlinErral 256RH®5-497.
chromat ography material, such as a gel or a resin coupled to an anti body
of the invention, isThe ahtiesditedICRhE OISt fon,CAhYBR. add e iRRaURd
corrponeqés are washed off and the antigen_ 5 is then eluted with an

appr opr idt eaéP‘EFtYHﬁPtB&Pf 8F , PRudIPPEddg dgF it Her et &he otnemdionepuch

¢ont ai ni ng as CAGKWE, I GRieC p2B8ited @ndl ideStfi ¢l NEsiHGlstQhadiigh salt
concentration (e.g., 3 MMCl12). Eluted fractions are recovered and the
presence of IFRARGIGER apsafot otded, ¥estern BAateagalyatst Hotabdotbance at

280 nm 10 Jbgapr eseiiLibAY ealda A, S Behales. 10 aN1bgs| Ao, at the 5

regi on of the a@opB gene and having prompter activity. re specifically,
t he inventi 6hoRimteedaborakomopRnmedmdi’eed. Cold Spring Harbor :
15 Laboratory Press, Cold Spring Harbor N.Y.). The antibodies are

used in diagnostic méthqu to detect the presence of
Agrobacterium in a sample, such as a biological sample. The
antibodies are also used in affinity chromatography for
purifying a polypeptide or polypeptide derivative of the

20 invention.

Accordingly, the invention also provides (i) a
(?f reagent for detecting the presence of Agrobacterium in a
biological sample that contains an antibody, polypeptide, or
polypeptide derivative of the invention; and (ii) a diagnostic
25 method for detecting the presence of Agrobacterium in a
biological sample, by contacting the biological sample with an
antibody, a polypeptide, or a polypeptide derivative of the
invention, such‘that an immune complex is formed, and by
detecting such complex to indicate the presence of
30 Agrobacterium in the sample or the organism from which the

éample is derived.

Those skilled in the art will readily understand that

the immune cemplex is formed between a component of the sample

and the antibody, polypeptide, or polypeptide derivative,

)



conprising the functional elements found in the region of nucleotides 6 to
309 of SEQ ID No: 1. The pronoter DNA of the 15 present invention conprises
at | east werm/36177t he nucl eotide sequence of the 5 fl ankir@/segioosesof the
transcriptional start sites of aopB. In a preferred enbodi nent, t?@#
pronoter DNA of the invention conprisegoa transcriptional Eﬁ@ﬁ@ﬁﬁ' site
which allows the pronoter to be induced by acidic pH 20 B. SURFACE

DI SPLAY AnvasgesterOfist ieed NVard it ehdt @Soduhd@mbactesl als eablegur face
di splay system In one enbodi nent, the A tunefaci ens outer nenbrane

protei n AoPBLPE tR&EFTESTERG €RF (G®PLeErotein and A tumefaciens as the
"host. Experinental data 25" based on whole cell ELISA, imunofl uorescence
m croscopy, flow cyraneibeynastiPpraimasetaccessite kebyyeastsayse.Ysikpg as
passenger ofeins t reporter proteins,. el fish green fluorescence
Droter o (AR IRT eRHaPPEREAE oot PRRBPPha st Red ChreR) | chow ¢ hat
bot h pr @t eiinseweren)diilseeti €let 0int he thaet etaed ©elilmdBisuzdaca al Bo0DE
aspect, the invention provides a display . system which permts display of
passenger SFBPGFHS THTHaafap| YROI& (Caid: Bytulien % Beafar @F 30 GERAE {hat at

| east one aehi¥htiondD QRHBEYT TudfAT/iBCRAHL 002281 51 1AmAHIUSIa A5 i6e. 9. enzyme
activity) or_ structural feature (e.g. binding site or antibody epitope) of

the passengSPipYed &15+99s L8 SH g indireRk BRapl -ay PATpEbtREaNs doFpured to

the nat ur aldeY 1066+ ddeN@xPles5€6LIENGR S L8k &entBOlR sGEPe 206 RHRANET €
directed to the 5 surface wi thout addition of reducing reagent or any

speci al10 cdRaPrroTRiR PARABE) fOF IRVPAANBIPHN&iNgpREHWe B e sTREOPROA

protei n di sphaygd %gtem%.cehk U] BCR VRS2 RO VB IeGAk | ¥n2Cld Y GnrieVen
t ough the active state of PhoA is dinmeric and requires formation of
i nt r anol ecdeagedt seAMRadpshas, 1nlifEcteanitly 4 meagkareini frathe di spl ay

process in @iher 4iepldgy S%$t8MBupflrtl east 4 permssive sites in AopB
(am no acié% 125, 134, 172, and 207 of SEQ ID No:2) were able to

efficiently display the PhoA protein onto the cell surface. Only the N
Another aspect of the invention provides a process

15 for purifying, from a biological sample, a polypeptide or
polypeptide derivative of the invention, which involves
carrying out antibody-based affinity chromatography with the
biological sample, wherein the antibody is a monospecific

antibody of the invention.

20 For use in a purification process of the invention,
the'antibody is either polyclonal or monospecific, and
preferably is of the IgG type. Purified IgGs is prepared from
an antiserum using standard methods. Conventional
chromatography supports, as well as standard methods for

25 grafting anﬁibodies, are described in, e.g., Antibodies: A
Laboratory Manual, D. Lane, E. Harlow, Eds. (1988) and outiined

below.

Briefly, a biological sample, such as a RopB-
containing extract of Rhizobium leguminosarum, pfeferably in a
30 nonionic detergent-containing buffer solution, is applied to a
chromatography material, preferably equilibrated with the
buffer used to.dilute th% biolbgical sample so that the

polypeptide or pblypeptide derivative of the invention (i.e.,



termnal but not the C-termnal part of AopB was required for 15 the

di spl ay process, which differs fromother display carrier proteins. A
surface. WOIpBsy7vect or containing a nmultiple cloning sitE™MGI®EStruct ed
that can conveniently display passenger proteins at the posjfion %6 am no
acid 172 of AopB. Qher display vector$kan al so be constrLS? urst 0% spl ay
20 passenger proteins at other am no acid positions of AopB. In another
aspect, thé&hengehidam ponildeded t4 sgbayb eyke drhanhiathrtah. b&heegul at ed by

pH when th i :%,e' LS:..un cqQntro f e ter.

Expr essi On%g%&;égé;%%[g thth}%ﬁ %E{Crrrlutggn% J&:%florf:re% Irggggo%%dnéttoi ve aopB
pronot er wastiB&dghoiMtihieo ibeestiang ist iaceiltivepH attchofomt awewt ral pH,
suggesting that the,aopB,pronoter s inducible by acidic pH By.acidic pH
i s neant aCBEH“%‘ss K njf’;%{lﬂgo\/\%c\’/m ONERES; ?reu%?fsel}%q 6’%& ?Bdtﬁ?)es@“éliiglef‘ed in
the art St has thencdiiteel ofithasn dipppidrihasl dltedken ibifdeaccowt afsa@t ors such
as viability of 30 t cells,, effects on.the protein _export chi nery of
the cell, gggc\%\%??b%%s]teecror?ﬁa?i%‘ilﬁ 5 c(?P%faﬁglg%o%e‘fPaﬁflrﬂP?ﬁ I desiPed

f ol di ng of guheipgasseitier opr bigh nsallin conpeat eattsh efdhgdi meny, Mgdie . pH used

to i nduce %grﬁ:aﬁefex‘gr.essi on of the rfetﬁyl og grot ein is about 5.5.. Reqgul ated
expr essi on S0P TERe ¥ S SN S PEE ef B REY SN0202/ 587 77 BERFecHY/ B A9 tHEae8 August
2005 be congeakesttydusedy.tobgimedaion aheehbsaripasseagersprmt.ein  which

is potentially toxic to the cell. In a preferred enbodinent, the regul ated
di spl ay, system uses the aopB pronoter. to.express the fusion protein in
Agrobacteria, pref er'%}é%l%re,%.en iLﬁYT%IPetalccirbr‘?sl.soTEe FFeTLEor 4 6ﬁ°ﬁ%’i‘?/£é%‘mt he
carrier andttlhfe passafiger off ohei 4ppa enpashe@nNgerimPpbyprptédeadtsdikged to )
the NN terminus, or, pref rablx, fo the CGterm nus of the BOl ypeptide of
the invent M9F® FRECHATON Yrafle ot EH287 FRkBFSHE idde 28PBPAPROt e

prot ease- susaPRikbhe Sid ubetierm tdieneaitsi eburddid he pPagsemasy . For

pur poses of display, the hybrid precursor Qolypeptides may contain
heterologo&%“%ﬁ@ﬁé@eﬁe%ﬂFﬂé@g of SEQ ID No: 1. he promoter” DNA of the

15 present invention comprises at least part of the nucleotide
sequence of the 5’ flanking region of the transcriptional start
sites of aopB. 1In a preferred embodiment, the promoter DNA of
the invention comprises a transcriptional regulation site which

allows the promoter to be induced by acidic pH.

20 B. SURFACE DISPLAY

. An aspect of the invention relates to a bacterial -
- cell surface display system. In one embodiment, the A. ‘Q)
tumefaciens outer membrane protein AopB is used as the carﬁier
protein and A. tumefaciens as the host. Experimental data
25 based on whole cell ELISA; immunofluorescence microscopy, flow
cytometry and protease accessibility assays using as passenger
proteins.two reporter proteins, jelly fish green fluorescence
protein (GFP) and Escherichia coli alkaline phosphatase (PhoA),
show that both proteins were directed to the bacterial cell

‘30 surface.

In one aspect, the invention provides a display
system which permits display of passenger proteins in a native

state. By “native state” is meant that at least one activity



Preferred heterol ogous signal peptides are those of, or derived 1.5 from,
Gram negati ve bacteria. In preferred enbodi nents, the heterol ogous signal
pepti des WO#2{3617Med to the N-term nus of the mature seque?mesaafl/mm
carrier protein. Preferred signal peptides include the si g;n)t\ qg&%ce of
AopB, specifically amno acids 1-23 of sSEQ ID NO 2 or vari 4els

honol ogs 20 thereof preferably from other Agrobacterium species. O her

usef ul signal. gpeghi@es dotchidg) the dipicthasgetdNGreequeqcens Whingh sk pgl ude
t he signal sequence and the first 9 am no acids of the mature protein.

Exanpl es ofPTofREFPOYY SRditR®e nat thiy PeSPERISE RiRhedds 16f rekrinad éa and

‘menbrane 2% neoaakpZafdOHroicgnal Scd)rﬁ‘tfér‘é@etg £ 6O Hatalitan yIBABE ANG g
l'i poproteins such as TraT, GsnB, N1pB, BlaZ; Pseudononas aerugi nosa

| i popr ot ei Fefer RSP PSS faﬁFhu%%%ér‘ldAlphaﬁdw?@\ldlﬁe&tté?néo Hecket tsia

rickettsii shtrkba xllitE}QﬁftOta%'dritlb\{@'@ﬁ@re'dﬁca_ﬁﬁnﬁéicj@ﬁ; 'drSaH{/Oé $Fdd1a130 The
AopB- based di spl ay system can be regul at ed H of the growth nedium

The effici &%‘915%0%%IW%éehf‘@%m%énd%% Peadger e'hgr &WeAi n an

aci dic m nigieARda1ERI MU 8n EhiNG i Sph-aycuag,d QuBk ria
were grown in 2 neutralély\/a\gl) 03/ 36777 PCT/ SGO%/ 00228 5 \g@%ﬁ% ﬂt?at%gggm ni mal

or rich medivém tTRedNOPR: Feddye Agtdtractie Phaf 5 spingricr apd esentiges
control | ablg, di:$PLAYo S YisHEBdoiabu £A0 ﬂsagﬁabg flf%wsgo%xl@h”@éﬂ c or

mul ti-subunit proteins |Iike PhoA (wth I su in an active
state, 1t dddierifenet it stﬁll%tyillﬁgl%y ARPESFi &n peldhes n?bSpIhyssmmrem offers a
sinple, economc, and efficient display systemthat can provide enhanced

diversity and efficaey;fsdispbaness ® %ci%eslnm@pg noé%%boycf&CQ%asses
not only AopB as a carrier for surface display, but also enconpassés AopB

fragments, %.phéPeramd PN odr fFRalD Naghenese cdbiopB, eibkolays.yand
variants, aspael! cas ARRE iRkl Al nefgg%&fascem' eh pays Roro! ogy

to AopB. AopB—re ated nenbrane protelns inc e Ro | egum nosar um
(60% am no twoind ngégbehoeotsitinel grieypinalhpart of AOPB was required for

15 the display process, which differs from other display carrier
proteins. A surface.display vector containing a multiple
cloning site was constructed that can conveniently display
passenger proteins at the position of amino acid 172 of AopB.
Other display vectors can also be constructed to display

20 passenger proteins at other amino acid positions of AopB.

In another aspect, the invention provides a display
system which can be regulated by pH when the fusion protein is
under control of the aopB promoter. Expression of a aopB-gfp
fusion in mutant CGIl cells from the native aopB promoter was

25 shown to be strong at acidic pH but not at neutral pH,
suggesting that the aopB promoter is inducible by acidic pH.
By acidic pH is meant a pH less than 7; however, it is
understood to those skilled in the aft that the choice of
acidic pH should take into account factors such as viability of

30 the cells, effects on the protein export machinery of the cell,
as well as cbmpatibility of the chosen pH with the desired
folding of the passenger protein. In a preferred embodiment,
the pH used to induce surface expression of the fusion protein

is about 5.5. Regulated expression of the fusion protein may



i mrunogeni ¢ outer nenbrane proteins of Brucella species (42-47% 15 am no
acid sequence simlarity), Pap3l of Bartonella hensela infected with a
bact er i opW&®/346% am no aci d sequence simlarity), PasterCBbGon/00228
haenol yti ca outer nenbrane protein PomA (47% ami no acid sequence .
simlarity), PPE of Mycobacterium tuberealosis (39% am no g’c‘gﬂg%séa%nce
simlarity), Haenophilus 20 ducreyi major outer nenbrane protein (43% am no
aci d sequence c&ivaniantly)useandd AespuagroneireaneappssseferViphoieighol er ae
(40% am no slgi%? seqguence siﬁi& arit as, well as the Ctermnal half of

y)
the porin p P PPERPES 2 0kY 59&dGabRohie Sdci ed"ABPEEG @ HSEd menbr ane
prot ei ns i nehbéleinidmasethabrdgagrmeat aivhieh systdinstsonnd {8pB dirspbeyr of
passenger Erot ei ns. Based on honol ogy analysis, it is contenplated that
for AopB-reFat ¥PHRSThFARe I UVt EFRECR DRI IFC eI R, HLefdrabAypB. | . e.
20kDa tos24kbRerdsagents which are useful as a carrier protein for
di splay conprise at least the Ntermnal 30 150 to 220 am no acids of the

natural |y occurring AopB-rel ated ., megbrane protein. A person skilled in the
art will readily und rosf}gﬁacgtﬁﬁl%ﬂ/%gé?"?ﬁ? nfiy A& 151 PB% HRE st eps, one

can optim zpabbendAR 26367/ HHET/PaESB:N002 280 HpeptAdgust PO foagrBNg- Si ze

of the AopB-rel ated nenbrane protein, for use as a carrier protein. A

typi cal ass&§TRUNHY SEsPTREEERIYE &P the) CTHi MMy sacf eoR tRAL SRS 48R ger )
protei n sucBfashe Griven®ibhanerid tinsiBa hestcdlRAMER! 11 Mké £hhdst sleopuj ati ve

5 carrier protein. Conveniently, nucleic acid nolecul es encoding the

r epor t ertCan@rPherIsIUSCRRy eI Hrte PELHen| the ieareies ardedhe a fusion
protein. Theagugh&ic acid encoding the fusion protein is then inserted )
i'nto an expression vector for expressing the fusion protein in the
bacteriumin step (-ii); 10 (ii) transform ng a G am negative bacterium
preferably a bacteri fififoPurReseamsf dIeritay  akhe HutPrd PReCUBIRAti ve carri er

protein, wi bblyb@pﬂlﬁélseinﬁga@&dtﬁrm@Qitggolbﬁousf Usilg@R1Ppebeldss and (iii)
assaying the transformed bacteria for _reporter
Preferred heterologous signal peptides are those of, or derived
15 from, Gram-negative bacteria. In preferred embodiments, the
heterologous signal peptides are joined to the N-terminus of
the mature sequence of the carrier protein. Preferred signal
peptides include the signal seguence of AopB, specifically
amino acids 1-23 of SEQ ID NO:2 or variants and homologs

20 thereof preferably from other Agrobacterium species.

Other useful signal peptides include the Lpp .
targeting sequence, which include the signal sequence and the Q)
first 9 amino acids of the mature protein. Examples of other
proteins that-may serve as sources of secretion and membrane
25 localization signals include E. coli outer membrane
lipoproteins such as TraT, OsmB, N1pB, BlaZ; Pseudomonas
aeruginosa lipoprotein 1; Haemophilus influenza PAl and PCN
proteins; Rickettsia rickettsii 17 kDa lipoprotein; Neisseria

gonorrhea H.8 protein.

30 The AopB-based display system can be regulated by the
pH of the growth medium. The efficiency of display was highest
when the bacteria were grown in an acidic minimal medium, while

the display was lower when the bacteria were grown in a neutral



15 protein activity using an assay suitable for whole cells, such as FACS.
A high level of reporter protein activity at the cell surface would

i ndi cat e WieaR/361eé fragnment is optimally useful as a carrimErT/$catezas f or

di spl ay. The sequence of RopB,, a 22 kDa outer nenbrane protein 20 &558

Rhi zobi um | egum nosarum nmay be obtai nedzat EMBL accession OHESE & 0767
or AJO07906. Various outer nenbrane proteins of Brucella include: QOW5
BRUME 25 khanduaBrosmenhaned pind aive aEMBLbasss M0-ob33083)m AfspBaycel | a
melitensis, OWS5 BRUCA 25 k thﬂtégr .menbrane 25 protein (EMBL acc. no.
U39358) of TBPTReFR R OnSF Byl G fiisPlamess Rushas s CrRibA BiR% R Yrenbr ane
protein (EyBbpage. diibrild3329mylt BfsuBuniel pt&nsins hiiQ¥aphsi 8,1 tBVES BRUAB 25
kDa maj or outer menbrane protein precursor (EMBL acc. no. X/79284) of B.
mel i t ensi s BEBYEFIARANARN, T OVPS IINE 252kDa Buttedifdapriumalizplpyongi n
(EMBL acc. mdBoméBO85Hot@finB. nRlid ik 8 D e, o VR R: BR 25 kDa
out er nenbrane protgri%_)n (EMBL acc. %%ltéﬁ?,%g%%s C?P%%%angi ietens?“é@biu%gr
Ovis, the GhféflaRmtfiaiRdaypprtei™ tevBEaRCcRTOYisle AMB2Bogd)digferBityel it ensi s

bi ovar WO Q2436777 RGT/3CA160022% 5212cAugyst 2005 Abortus, and OMBL BRUME
31 kDa outer nenbrane protein (EMBL acc. no. AF076290) of B. nelitensis.

The sequence of the 31K m%) or ,grot ein, Pap3l of Bartonella hensel ae phage
60457 may be found aflENBYSHLLRRSFHIPPATEREPIE KRO0ROPE: aARBOBREES L

AF308166; Ab308d67acARBAPLES, HAF3081L68:camsh ARI0RLIE. £ ilignsipquence of

outer nmenbrane protein PomA of Pasteurella haenolytica nay be found at
EMBL acdes®rsheribeN-terrinobof nagmentsi af sAorfondiofoleqy . and) vErdansquence

of * PPE of MkcQbaet £5 iAups-+agaeed QRind gy nunbers
AL009198 or AL008967 nggE PGRS). The gggéegggt%%é?ﬁ@a%ﬁ%?%gﬁ?éggmrrbr ane

porin of WebAPBBeholAanie rdytert Haspyanat PEMBtingc dossinda Reperf AF030977.

leguminosarum (60% amino acid sequence similarity), the
immunogenic outer membrane proteins of Brucella specieé (42-47%

15 amino acid sequence similarity), Pap3l of Bartonella hensela

| infected with a bacté}iophage (46% amino acid sequence
similarity), Pasteurella haemolytica outer membrane protein
PomA (47% amino acid sequence similarity), PPE of Mycobacterium
tuberculosis (39% amino acid sequence similarity), Haemophilus

20 ducreyi major outer membrane protein (43% amino acid sequence
similarity), and the outer membrane porin of Vibrio cholerae
(40% amino acid sequence similarity), as well as the C-terminal

v half of the porin protein F (OprF) of Pseudomonas species

AopB-related membrane proteins include those
25 fragments which are functional for display of passenger
proteiﬁs. Based on homology analysis, it is contemplated that
for RopB-related membrane. proteins of about the same size as
AopB, i.e. 20kDa to 24kDa, fragments which are useful as a
carrier protein for display comprise at least the N-terminal
30 150 to 220 amino acids of the naturally occurring AopB-related

membrane protein.

A person skilled in the art will readily understand

that by performing the following steps, one can optimize the



15 The sequence of the major outer nenbrane protein of Haenophilus ducreyi
may be found at EMBL accesi on nunber U60646. Bacteria useful as host for

di spl ay oWwopmeseriger proteins include G am negative bact epCHSGengh2egcl ude
but are 20 not limted to: Agrobacteria, preferably A tumefaciens

Rhi zobi um. Brucel la, Bartonella hensel a,°%Pasteurelia haenoly {85t 2005
Mycobact eri um t uber cul osi_s, . Haenmophi | us ucrxg}%/i , Psegdormngos u%.e C(S)| i,

K ebsi el | afTEPREH £126nPGefPa, AOREITFIAGPT aV SV 1511% PERGF &P ae O LACoBAC I I us,
Baci |l | e bi hecder?h Galotethe- Quet i (aBC&s sapncbniriepisotbe csisepprogf:er abl y
non- toxicogenic Vibrio cholerae nutant strains and attenuated Sal nonella

typhi murium strains., The carrie i_ns i v Qo ar e preferably
used in displ ay-corrp%\Jt)i 1% I}légté.fﬁéﬁ(ﬁr}sépé?%%gﬁgt ?J%}oléggfls 3% nmeant t hat
t he conbi narPoinef ragar mich pheteesit didgmhet hoshigells the phtakiveve in

di spl aying passenger .pr.oteins. j i Adi

t uref acig;nf%§§l§r orscft%clé]l'l grggvg&%%@?;pb@%é?§6ai;; gg'ig%l# %SGC))JlI} 00238 2
August 2005 heateperte cinel nhestess pimgmeotpatée by @inathénedsandetconbi nati on
of E. coli and and AopB or R .nelijoti RER201 RORBL . D spl ay
conpati bi | i¥y3E&N® b ugﬁeoé‘diplrﬁtﬁé?ér rrilhnee(:rimlgy gx&p?%g% ng ?Rg ?%%%5183
carrier ancrasssnjertipnotieiserbed comverinerikpyeasi@poraagorpforein) in the

host cell of interest d.assaying. far, fusiyan protein’
on the cel IexP§ﬁF?é%%.tl}fo§%,SlPPa§¥r%€ ch q&a&?%n?égg%gﬁ%‘ogﬁ- %gggtglcsiﬂ)rferrbr ane
proteins are preferably used in their native hosts for surface 10 display.
Honol ogsd and t hei r vaiiant=snsfpriengsedGian-niggatdve e dmodi ments: RopB

may be used_as. the.carrier, i kzpbi t he_j -G Qut g Menbr ane o
proteins i W’ﬁfﬁé@ﬁ% as%aeccﬁeé:squﬂ‘sl?gcki ﬁﬁé r uc?eF?S?gggg%g%%B. hensel a used in)
Bar t onel | a,pyy=afieeabbyrfer pensgelia; ®itlouther noelbiamecisl einegioding the

fusion protein; and

(iii) assaying the transformed bacteria for reporter

15 protein activity using an assay suitable for whole cells, such
as FACS. A high level of reporter protein activity at the cell
surface would indicate that the fragment is optimally useful as

a carrier protein for display.

The sequence of RopB, a 22 kDa outer membrane protein
20 of Rhizobium leguminosarum, may be obtained at EMBL accession

numbers X80767 or AJ007906.

Various outer membrane proteins of Brucella include:

OM25 BRUME 25 kDa outer membrane protein (EMBL acc. no. U33003)
of Brucella melitensis, OM25_ BRUCA 25 kDa outer membrane

25 protein (EMBL acc. no. U39358) of B. melitensis biovar Canis,
OM25 BRUSU 25 kDa outer membrane protein (EMBL acc. no. U39397)
of B. melitensis biovar Suis, OM25 BRUAB 25 kDa major outer
membrane protein precursor (EMBL acc. no. X79284) of B.
melitensis biovar Abortus, OM25 BRUNE 25 kDa outer membrane

30 protein (EMBL acc. no. U39359) of B. melitensis biovar
Neotomae, OM25 BRUOV 25 kDa outer membrane protein (EMBL acc.
né. U33004) of B. melitensis biovar Ovis, the outer membrane

protein (EMBL acc. no. AJ313014) of B. melitensis biovar



15 PomA used in Pasteurella, preferably P. haenolytica; PPE of M

tubercul osis used in Mycobacterium preferably M tuberculosis; H ducreyi
maj or outveo opeéy ane protein used in Haenophilus, preferatysddiothgreyi;

t he outer nenbrane porin of V. cholerae wused in Vibrio, preferably V.
cholerae ; and the porin protein 20 F (&rF) of Pseudonobnas %é@&‘-‘ﬁtﬁoos
Pseudononas. |In one enbodi nent, AopB, its honologs and variants as well as
fusi ons, ame@xpEr,essedoMdld@RUMBNBE OkDofodther membvene prmnetier (PFBROPB. | n

ot her enbodi nent s, B-rel ated. .penbrane proteins and fragnents are
expr essed 6t e 6&528&:&2 fgfa'dfngf')llgé;?snlgs'a passenger proteins under
control of their native pronoter; e.g. RopB would be expressed under
control of the ropBher eaugtarce Pietbel B18und ioe pdicspiay Rapstlewfof the

| nvent | on 52000 18MRLR¥E e d Ungkp! 0437 PRy HEAELAAT ot MlIdLRG. 300 1) LI ve
vacci ne devel opment. i 1S applicatron, the "passenger protern may

cont ai n5 eprirdpas WAFOR1ARY; F3PBésent BE30 b &;hAFBARLOE FS08A6Bo elicit an
i mmune res D _02/ CT/ S&1/ 00228 57 2 August 2005 (I1) Peptide
l'i brary sczrgé;%?ﬁn%.’ Ia%‘%t ﬁ?é@lﬁu cation, peptide libraries may be displ ayed
and screened by sequential binding and elution, or by :

f1 uorescence- act i vat®dg cefiheres tdih@utsr(nemhra@iopIo6ephi MA 1af thi s

applicatio ekls i,+S i_0g k=MBE, O £ yﬂyr{:/?‘ bind to
271 gand ney DR QIES belno SrER R PR AGRE ARl T Eeh Bl

Puri ficati»dR133269 hiManapplintathaemolwtdee) cel | s di splaying 10 a passenger
protein which can bind to a ligand or receptor may be used as a affinity

(Rt rix ho purify thenld Gagdente ECeRi00E bYRoMMl S GR! ufBIAl JoUsS: pb LI S
application, enzynmes may be 1mmobilized on the cell surface and the cell
used for sbéi flous ptaf¥Bbazetsssion olumbeos hald CHI8r eackh@HBS67C. VACCI NES
Non- r econbi pang Adyve vaccines have been used for many vyears for large

{ GRS)". . :
scal e vacci nations, for exanple, live 20 attenuated cultures of Baccillus
Cal nette-Guerin (BCG which : ' -

The sequence of the putative outer membrane porin of

Vibrio cholerae may be found at EMBL accession number AF030977.

15 The sequence of the major outer membrane protein of
Haemophilus ducreyi may be found at EMBL accesion number
U60646.

Bacteria useful as host for display of passenger
proteins include Gram-negative bacteria, and include but are
L 20 not limited to: Agrobacteria, preferably A. tumefaciens,
Rhizobium, Brucella, Bartonella hensela, Pasteurella
haemolytica, Mycobacterium tuberculosis, Haemophilus ducreyi,
'Pseudomonas, E. coli, Klebsiella, Erwinia, Shigella,
Salmonella, Vibrio cholerae, Lactobacillus, Bacille bilié de
25 Calmette-Guérin (BCG), and Streptococcus, preferably non-
toxicogenic Vibrio cholerae mutant strains and attenuated

Salmonella typhimurium strains.

The carrier proteins of the invention are preferably

used in display-compatible hosts. By “display-compatible” is
30 meant that the combination of carrier protein and the host cell
is effective in displaying passenger proteins. For example, the

combination of A. tumefaciens as a host cell and AopB as



confer immunity agai nst tuberculosis. Recently, enphasis has been shifted
to the devel opnent of reconbi nant bacterial vaccines. In this case

vacci nat i we @®a%17st s of the oral administration of a |ive B&rsagbi/emes of an
attenuated enteric bacterium host such as E. coli or Salnonglla

t yphi muri um whi ch expresses an anti geni éepeptide from a pat éb‘g'r‘ﬁt 2001 hi n
the body, sonme of the bacteria find their way to the intestinal tract
wher e t heycaoeixirsproicehnt he didpldyt ypepd ildel,i wasdeas hdre arpmbingtion

m cr oor gani . In.thi h ns .1 he e ow: | evel of
antigenic %flsedmfl féﬂilnan?hge@%o%%é’T%sﬁf i#éele%/lé%g %@%g?gv‘?"@e A%gthén%-lg ally nore
ef fi ci ent néotmuitsplagdcbopgerbigrityecen ove agaididly dafeotinmss byonpared to

subunit or_killed bacterial.vacgi . ALt ho t t] .may stimulate an
i mune respse %bgnfu en ﬁ%lo%glgjé éw%}h#%%sﬁggggplé tEelq?mTunogeni city
of |, pepti (eorardriigensd ycanrépogresatprptenhanicedhef hpheycall akpnéssest WO

02/ 36777 PCT/SA1/ Q022 58 2 August 2005 . on. the s of a priate
host strai < GRS % Otr)egré% g exemgug a2 o FRe ggéﬁ%ﬁ aonsg?:1 ggff

Sal nonel | aserfdce. coli acts as an adjuvant to enhance the i mune response
to the antigen. Antigens which are exposed on the bacterial cell 5 surface

Ty be more easi|y nesaONcaednil.d NS IHRE S48 UAMn (LOUPAS SRRl | gons

whi ch are only rel eas W ng  bacterial deat gradation), since
surface anprgemtnarare predensklys didside inotheied matdyephopts ofpr surface

anti gen-yrecogni Si ng o] I C g d ific cells and
107 VinaEsE L8y R B DA O S D AR SR R Lan thus e
psed for tlhelsowimremauiesston Riplamaygeasused Garbheegatiier ibacteria. In )

a pref erreg enmbodi e (t%a t.he anti gen-di spl ayi.n cell .is cell of .the genus'=
Agr obact er Bﬁ?%&ﬂ’ﬁ} | A HBPITLE fgtg§ ﬁgrf‘l'i’]gaen?/ g&tﬁéngi HeLRG db4ct eri um
or Rhi zobi yprei€s hasad dss BrueedbamdHap3inekubi ngetwsimnssedi il vacci nes nade
fromthese_bacteria shoagrj d ch saf er cogpe}r dto el n%t' cgl |y weakened
(att enuat e§PTEPPEF 1y S HGHE }Sal?hgbe Tdqhact er i SFHBFARDR"TEM s whi ch
may Serve @smhi Meedai epdstleurella, preferably P. haemolytica; PPE of M.

tuberculosis used in Mycobacterium, preferably M. tuberculosis;

H. ducreyi major outer membrane protein used in Haemophilus,

preferably H. ducreyi; the outer membrane porin of V. cholerae

used in Vibrio, preferably V. cholerae ; and the porin protein

20 F (OprF) of Pseudomonas used-in Pseudomonas.

In one embodiment, AopB, its homologs and variants as
[ well as fusions, are expressed under control of the native
% promoter of aopB. In other embodiments, the AopB-related
membrane proteins and fragments are expressed for the purpose
25 of displaying a passenger proteins under control of their
native promoter; e.g. RopB would be expressed under control-of

the ropB promoter.

The cell surface display system of the invention can
be employed for various applications, including:
30
| (I) Live vaccine development. In this application, the
pdssenger protein may contain epitopes.which may be presented

to the immune system to elicit an immune response;



20 vectors for displaying passenger antigens include: Shigella,

Sal nonel la, Vibrio cholerae, Lactobacillus, Bacille bilie de

Cal met t e-v@e@eB677¢ BCG , and Streptococcus, which are known par/s¢dimosust .

Si nce Agrobacterium and Rhi zobi um can survive well in 25t wild

AopB- based and RopB-based display techndgy nay be used to %M&%ZOW ve
vacci nes for fish, which may have to be released into the water.

Non- t oxi cogen) cPafthirdeo 1dhobey agcmearemy -st i ¥sid kapliareiosefndptasea |ive

oral vaccipe are, kn W Q &ﬁ’w&; %% NQ, en§08 ééé% qg§9 eagﬁ@&gaa' ns

whi ch have a subs e cod Ing s Gence o the two
ctxA all el esddel\etmix m bhaflnordsprceonal icisicerced 1t oxkping' produced. WO
92/ 11354 describes a strain in which the irgA locus is inactivated by
mutation; this nmutation can be conbined in a single strain with 35 ctxA
.mut ati orss. (WDI94BDdEERdmpddoni beEn athdiesl eppdacatiemt whadki aglisincti onal ct xA

and attRSL DNA se%e%cg)sass'gggl Caﬁ?&@g}&] \&ngﬁ/%aﬁrz AClh Sgﬁ#c?agl%igﬁl gous

August ZOOQ §PrarThs ar gene y engi neere 0 express

antigens, as desdridecroveWh8411948P.frAm eblettanse vacci ne dose of a
Vibrio chol erae strain capable of expressing a polypeptide or pol ypeptide
derivative encoded by a DNA nolecule 5 of the invention contains about
1x105 to alhaw mmﬁ.ﬂﬂicapﬁ@fnerabhyth'm)mnpl]’ncaﬁﬁomo vdrdiet céX188diaplayieg

bact erl in a_volune appr.Q _tlghfggn tbhl Y ectlefl ar]n ute gfcg rgrnim%trati on.
Pref er r]ed PobPEES0F S adm it ra ion fncrude arl® route nmost

pref erablybet hese zecd arifiaieyadatnistier epdlrnlﬁyrmms]alglayldoor ﬂébemmlrl y.
Attenuat ed Sal nonella typhinmuriumstrains, genetically engineered for
r'écombi nant expression of heterol ogous anti gens or not, and their use as

oral vacci ngs @anelrgeseri bﬁiailps\_i@.gﬂriltl}ﬁ]s appeiedtian,r eut@fedimakb be
adm ni stration i ncI ude all. nucosal ut es; dngﬁe gref er abl t hese vectors

are adni ni SFEE4LIEREd LSS Feor 5}15 3qe an 11 used Tor solid-

15 phase catalysis of biochemical reactions.

C. VACCINES

Non-recombinant live vaccines have been used for many

years for large scale vaccinations, for example, live
20 attenuated cultures of Baccillus Calmette-Guerin (BCG) which
confer immunity against tuberculosis.

Recently, emphasis has been shifted to the
development of recombinant bacterial vaccines. In .this case
vaccination consisfs of the oral administration of a live

25 culture of an attenuated enteric bacterium host:-such as E. coli
or Salmonella typhimurium which expresses an antigenic peptide
from a pathogen. Within the body, some of the bacteria find .
their way to the intestinal tract where they coexist with the
wild type E. coli and other enteric microorganisms. In this way

30 they ensure the presence of a low level of antigenic peptide in
the body. Thus live vaccines provide potentially more efficient
immunity and longer protection against infections compared to
subunit or killed bacterial vaccines.

Although the antigen may stimulate an immune response

35 even when produced within the cell, the immunogenicity of

neptide antigens can be greatly enhanced if they are expressed



O her bacterial strains used as vaccine vectors in the context of the

present invention are described for Shigella flexneri in Hgh et al., ENBO'
(1992) liwooeBezntd Si zenore et 20 al., Science (1995) 270: POPrSGOn0228
Streptococcus gordonii in Medaglini et al.

, Proc. Natl. Sci
(1995) 92:6868; and for Bacille Cal met®8 Guerin in Flynn JafAu PP‘%S
Biol. (1994) 40 (suppl. 1):31, WO 88/06626, WO 90/ 00594, WO 91/ 13157, V\D
92/ 01796, emdtMD DATI76E 25 JRPISRELEFF oo citGRen, tlh’éef;jm%)’cl eotide of

the i nvenﬂée&%é ﬂﬂ?%’iﬁ?gcé g © tth@ebaaegm agu&eagwga%oﬁgﬁ@ ng kN a free

state as part A'variety of antigenic determ nants may be
expressed cohiaact IaSs@rlf adeuvantcSabERAENGM Wie Hrannactesratiarg tagehe such

30 as 1L-4,0n; éurTS%Jag@ngfw | BAGHES bugbggdfwttfa%rb§&w}&ﬁ &R | mune

response tO a ace expose ant i gen bacterial vaccines are
convent Ponahkfacadmnibst eped prFidm aeglbyisey hihjthet Lonung Sy temal

formul ati ofcon@Alalal Mk abERRSINA ude SHED NOMIRLLY :GIBLAYE exolpi ents

as, 35 for armaceutical grades of nannitol ctose, starch,
magnesi um beetenial Mhuﬁﬂéa@%qmaﬁeonéel 5o SUriiEee 2ABBIAENS are

PCT/ SQ01/ 00228 g&@%ﬁ&%sttﬁexgésol e i, o8 banat - 9@&%@%;{&%@686

conposi tions ta ormo suspensi-ons et's

capsul es, psuséasmgi cr@ll@aéma@mphﬂmalodsndrlpmm&ésanddcB)nt ain 10- 95% of
active 1|0ng&ed| E Ytgr ef erably 25-70% 5 The vaccines are adnministered in a
manner corrpgf“P P& h t he dosage formul ation, and in such anount as wl|
be ther apeut | cally 'Blfxé eﬁtsip\layamelthasﬂnﬂﬁ)geai preddrec q.lmarahtﬂgmt@a:be:hus

admi ni ster gg g t he ct to he treated, incl
et Ly oot HEBRNY | i P o A AP ERSI S Ph 0 La5REnet: SEMRAadvEs  and )
t he degreepvattpefbectinn gestfeeted damemmenannum sanmﬁgaﬁwysplaqgrr@dl ent

required to adm ni st ered. depend t he ment .practitioner.

However GF"REbF@ FoShge HahhesIGIE %]grtoﬁ’éc% g‘r""é’fr Gé?gf' mhftcﬂfdr“é"&

m CVOQU%WBa%CblYﬁvén@ééﬁiﬂ%nhlﬁeé AgEshdtitlelrotm & RIaldo®ium are harmless
to mammals includinghhumans. Live vaccines made from these
bacteria should be safer compared to genetically weakened
(attenuated) strains of human pathogenic bacteria.

Other host cells which may serve as live bacterial

20 vectors for displéying passenger antigens include: Shigella,
Salmonella, Vibrio cholerae, Lactobacillus, Bacille bilié de
Calmette—-Guérin (BCG), and Streptococcus, which are known in

the art.

—_—=
‘ .

Since Agrobacterium and Rhizobium can survive well in fw)
25 the wild, AopB-based and RopB-based display technology may be
used to produce live vaccines for fish, which may have to be
released into the water.
Non-toxicogenic Vibrio cholerae mutant strains that
are useful as a live oral vaccine are known. U.S. Patent
30 No. 4,882,278 describes strains which have a substantial amount
of the coding sequence of each of the two ctxA alleles deleted
so that no functional cholerae toxin is produced. WO 92/11354
describes a strain in which the irgA locus is inactivated by
ﬁutation; this mutation can be combined in a single strain with
35 ctxA mutations. WO 94/01533 describes a deletion mutant

lacking functiecnal ctxA and attRSI DNA sequences. These mutant



15 regines for initial admnistration and booster shots are also variable

but are typified by an initial admnistration foll owed by subsequent

i nocul at i WeN2B86776t her adm ni strations. The manner of appl iE@t/sCn/ooeee be

varied widely. Any of the conventional nethods for adm nistration of a

vaccine are 20 applicable. These are béli eved to include oraAugyhiRO@ati on

on a solid physiologically acceptable base or in a physiologically

accept abl estrajes simen gepat erdldiyalehginbyréedjectdxpress héeetdkeousThe dosage

of the vaccipe will depend on the u dm nistratjon and will vary
Cradhay ACBRRTREND AR Wb E A Phand Al BRESLEETS heeihe

accordi ng fo-the'%i 26 of "the host:

. desirabl e tloshave a itriipl ehatimas strainoospafld b€ eapeéfieindgisual |y not

exceedi ng _six vaccinations, r.e, usual l 'y, not exceedi ng four vacci nations
and prefergﬁ%ipe e?%ﬁfoﬁn 8?y9é§iiqey85le%%§Eaéﬁﬁﬁ egtheadggﬁﬂﬁ YN8, The

-vacci natsi on$ wh¢ | imemabhychetfimemabaot t bx1 G0 tbwebyet VIBal0®), N es fkdd 1 ymor e

usually fromthree 160, fi ve k. intervals, The course of _the i mmunization
may beyfolﬁgégg g;“}aggaﬁgowgﬁxéﬂtﬁBﬁﬂ¥§§ PSFQ?ﬁﬁi§ﬁb€rH893ﬂ? anti gens. The
assays mayppeopeidfior fed bie | adieldteg wbiibe cOnvamMingBakatabel s, such as

radi onucl i des enzynes, fluorescer nd the |like. These 35 techni ques are
wel | known 5ﬁ5éﬁﬁvfé§m?88nayi?&%&qﬁsggagé??eﬁ%F%ﬂdem6962W§§?¥ﬂ-pe?FS€81/00228
61 2 Augusho200breBdemily, shiede acldoDs Poé.addiiis3e784, O¥rartshi4d 384 and
319491QEﬁ1 as illustrative of these types of assays. D. LIBRARY SCREEN NG 5
The cell’ sGFfh ¥ di splay systemmay be used to screen a library for a
protein with a desi retdpuapedt yalmhellbaRsHRL A AUmA she8ino) gani smwith an

éxpressible fusion of the carrier nucleic acid and a library of nucleic

.,
7 s

aci ds encodPREEIC FROENPER G TRFOTRIPANT £XPEEEFAPR R of host cells 10

di spl ayi ngnhkbersasthdakatREeiLidis o, t BRacehdiSWskage HRY1 t\?‘aﬁc%(e%e”ed for
the desired function, specific binding to a |igand such as an

ant i body oPran@?EEﬁﬂbeﬁﬁégéU@é%ﬁﬂﬂé5%ay BeeIgreiddbmeptiepyofreans such as
af fini tis sepat At sOMAReNIhIUER a11NGLEELRY AffddN;t %50l YpoeShiquat ogr aphy,
batch el ution from

these vectors are administered intranasally or orally.

Other bacterial strains used as vaccine vectors in
the context of the present invention are described for Shigella
flexneri in High et al., EMBO (1992) 11:1991 and Sizemore et

20 al., Science (1995) 270:299; for Streptococcus gordonii in
Medaglini et al., Proc. Natl. Acad. Sci. USA (1995) 92:6868;
and for Bacille Calmette Guerin in Flynn J.L., Cell. Mol. Biol.
(1994) 40 (suppl. I):31, WO 88/06626, WO 90/00594, WO 91/13157,
WO 92/01796, and WO 92/21376.

25 In bacterial vectors, the polynucleotide of the
invention is inserted into the bacterial genome or remaiﬁs in a
free state as part of a plasmid. '

A variety of antigenic determinants may be expressed
on a cell surface in combination with an activating agent such

30 as IL-4 on the surface of a bacterium to further stimulate an
immune response to a surface exposed antigen.

Live bacterial vaccines are conventionally
administered parenterally, by injection or in oral formulation.
Oral formulations include such normally employed excipients as,

“ 35 for example, pharmaceutical grades of mannitol, lactose,

starch, magnesium stearate, sodium saccharine, cellulose,



15 affinity matrix material and fluorescent-activated cell sorting (FACS).
Specific nmenbers of a bacterial display |ibrary produced with the present
i nvent i onwealt/I#r7sel ect ed by FACS, which allows bacteria pgpkesshddsg t he
desired passenger protein 20 to be detected using a fluorescent counter
ligand as a probe. The bacteria could tdoen be obtained free2dfugust 2005

non- expressor cells wusing a FACS machi ne capabl e of soring single

bacteria. fegresing daaboaateposicerenplipyi nohdhe JBribeds: ofs thee RELLRSENt
i nvention gl | ows_one tq select an antibo or antibody 25 fragnment from a

d
plural ity G6PT8ahli HatE &Rt bOUTREDSIRRE  haR! beon RidgresSseBs®iethe surface
of a host. sebtaidd® Bldalsediesmuliartd 0albt ai NBekdd MM GYAE LSS L MRCLer

library that nay be .epared from encodi ng anti bodi es or anti body
fragments. a@ﬁévéo{f?%reép%%ucﬂr#&@b%a“ﬁgﬁf rom an ani mal i mmuni zed-with
30 a selsected anti geTte aldceinasiagd YadmdRt 5bedyd ganes rfhaBr Ot Hifsa SQMLES can
be used, such as those produced by hybridomas or produced by mutagenesis of

a known an®tbBdyrYetPaoendopreiariosd” apdt Hoos\HF GBeansi ag WNA Regnents i s

to isol at e tABNpdliIBal1aRt loedyt BR! |a5id0f mahn bGBRNY Z @geaRL AR 1 1/ NG HRNA may
be 35 anplified, for exanple by PCR and used to prepare DNA segnents to
i ncl ude i n3RENTRER TS dePRAIS etfreitSs SthaeChate RiediFreabed?/ Be7iading,

PCT/ SGD1/ 0238, 62ne s tty2085 HEi3@8 9 4641 T § oG Vs e PNAS t hat
encode a sel ected, antibody or antibody fragnent nmay alfso be used. Once an

anti body efPPEREFHEE 1ARPY1LeS, b dheddeghes kirzotedtannidraiest. which’

one desireerbei sdedhdintsand hsolal Qnyreeeht i Fe@liROdY gL antibodies is
.abel ed with a detectable |abel. There are nany types of detectable
“abel s, i n@PRANAFLeFIdislePsrEnen | HiselisdaThet | abeihed Parctgbhonsr cont act ed

with the eglbscrl splavunle bSagbihody sxpressiph ddiapy wlel,
conditions that allow specific antigén-anti body binding. 10 ncﬁjtl ons can
be varied $yndhed migsodremy ecging yingiradiegt pem ereactinehsoncciuitaiude
SXAMD| G, D%eUShOg VI ¥diQa) CORFENIALIRBS Gl ARYT BILLONL Ry Tying
variable but are typified by an initial administration followed
by subsequent inoculations or other administrations.
The manner of application may be varied widely. Any
of the conventional methods for administration of a vaccine are
20 applicable. These are believed to include oral application on a
solid physiologically acceptable base or in a physiologically
acceptable dispersion, parenterally, by injection or the like.
Cﬂ} The dosage of the vaccine will depend on the route of
administration and will vary according to the size of the host.
25 ' In many instances, it will be desirable to have
multiple administrations of the vaccine, usually not exceeding
six vaccinations, more usually not exceeding four vaccinations
and preferabiy one or more, usﬁally at least about three
vaccinations. The vaccinations will normally be from two to
30 twelve week intervals, more usually from three to five week
intervals. The course of the immunization may be followed by
assays for antibodies for the supernatant antigens. The assays
may be performed by labeling with conventional labels, such as

radionuclides, enzymes, fluorescers, and the like. These

35 techniques are well known and may be found in a wide variety of

0



expressing cells may be acconplished by nethods that depend on 15
detecting the presence of the bound detectable |abel. A particularly

pr ef err edw@eRBBetr7f or identification and isolation is cellpcpstom@ar flow
cytonetry such as FACS. ldentification of antibody expressing, bacterja by
FACS is directly based on the-affinity f&r the sol ubl e hapt eﬂAua‘c?t&E\Qi

elimnating artifacts due to binding on solid surfaces. This neans only the
hi gh af fi nPR§e i 5881 e3S df & + Eabveled by 79808Rng4f bT4 Afi4h@nBi ndi ng of | ow

concent r at 3 oo, afe4, f hyor epeaMdey veabel gtk antdgen. (Fhgssarding of positive
clones is essentially limted only by the accuracy of the flow 25
cytoneter. Specific nenbers of a bacterial display library produced with

t he presenp. i nysiarR@NsCREEGhEDY be selected by affinity chromatography, in
which the ligand specific to the desired passenger protein is bound on a

mat ri x. °Because 30 BA€t 6pLhlswdiacs gdisPlay gefstamoadinge nustd ke doneen

carefully &o1pementrop! H0gENGBY wieR-SRed iy Bebpatipn of, bacteria in the
colum. After |oading and equilibrating the colum under “conditions
suf fi ci ent EFRS{BIAEsH rReShrIgender Pt eim sx@rpradble fusive Aht the- bound

ligand, thgageid:s neenebe £&14 eGhgeht ey 3x P@ssLh el hr ough
t he col umm %r%i%/ Inow (E)H. WO 02/ 36777 P%i'l'%&smll 002%886%‘5%%%1?8%??93%05 The

host cel | sC&f | R§SEPRIMeHINOEG ipasseRpRuLationeph mest tdeddsbe furt her
cul tured aadpisinbOcAb! Shfuidite bUSEOMPIR et cjeilljsgtﬂ%%%’ nhepassenger

protein may be “separated fromt carrier protein neans of - protease 5
{;I eavage, Ffreenndofenskhe pdagimed Shpetivmy Isuid-t spacbfiheindingt tona bet ween
he carri ei?g}gj thenLPaSSENaE 1 vFACE A daSided Pagse rotein has been
di'spl ayed, The DNA encodi ng the gaggenger(jegldl yggi%t ?g’géenrglfgbga?ﬁu}i’%t ed, .
e.g., by usBer@frmedrbyameanstyuhnasARffinity separation tephitibess10 be

applied aga/ i ddert! sgle i red nt.. A"library" of
r econbi nant ?lm'runggl o%ﬁ‘ﬁgn%olnt ai (F\l%ul;lég - bogﬁ%pﬁ]é’évggéﬁd FYHCPVAFPRbI e
donmi nd Scoaffingeyyenerak evbtbyrial and fluorescent-activated cell sorting

(FACS) .

Specific mehbers of a bacterial display library
produced with ‘the present invention can be selected by FACS,
which allows bacteria expressing the desired passenger protein

20 to be detected using a fluorescent counter ligand as a probe.
The bacteria could then be obtained free of non-expressor cells
using a FACS machine capable of soring single bacteria.

Screening for antibodies employing the methods of the

g - présent invention allows one to select an antibody or antibody

25 fragment from a plurality of candidate antibodies that have
been expressed on the surface of a host cell. The antibodies
are obtained from an expression vector library that may be
prepared from DNAs encoding antibodies or antibody fragments.
One source of such DNAs could be from an animal immunized. with

30 a selected antigen; alternatively, antibody genes from other
sources can be used, such as those produced by hybridomas or
produced by mutagenesis of a known antibody gene. One preferred
method of obtaining DNA segments is to isolate mRNA from
antibody cells of an immunized animal. The mRNA may be

35 amplified, for example by PCR, and used to prepare DNA segments

to include in the vectors. DNA segments that have been



bacteria, so that the proteins have antigen-binding affinity conparable to
the correspondi ng, natural antibodies. 15 Furthernore, since random -
sequenceswea/377i nt r oduced into the antibodi es-codi ng DNéctxegnents, the
vari ety of reconbi nant imunogl obulins frombacteria is potentiall

greater than the nunber of antibody nol&cul es that can be g?e‘ﬁ%g'%ﬁf%%o%y
manmmal ian cells, so that a greater repertoire of antibodi es can be nade.

20 Di spl aymotageeized i hody onel ecuteas: GNAshehaurdraces af séhectdahct eri al

cells can faciljkate the. CLl f. high il ant i body nol ecul es for
specific aﬁgi%%iélr)é? %here %§é§ %%%&%?%I&B%ga%g%és@es%r%déan be used to
generate libraries ofnemtarbedyibody estpressand Silpseguest pbyepoarssl adie t he

hi gh affini_t i body. 25 l ecul.es. T ispl.ay .nethod of the present
i nvention csae)r%e%gé& u%g%lgf%’r flgge‘?%le%hec qeoﬁggg%igghta%,&&egr%z%t?%(% Jcﬁdqa%e
reconbi dantspepibi ei astidegly exaapt Bodies Aot haide lah wiehusede t ectaylean

unchar acter,i_zed epitope. As_an jl |l ustration uences 30.encodirng either a
library of l(a%)egr'anfa%]r:n pept I deg %W?%)Ofaggg Fﬁazbée&dgra%\?ia’ f?’%ﬁf‘é‘gmgg
i Munor eactfiluerpsoéet nladelisnt Ehesialesled hattgeameids idohdaabe@xPi s iHaN vect or

of the invention to expres fuspons. wi th AopB. t cells which are

di spl ay-cor?&tiltlfb?jésﬁf?%ln%%ﬁ@ 3?%91??1% ef‘%ﬁg??)?rhggﬁﬁafﬁ PA€%ect or bank and

t he pepti deondithbhsatyatAeiBolvuspeni fitoteaichgenrenitkplyapeddong he bacteri al
cell Eslfm‘a e. Fgl,lowi n rowth.og a sqltid S bstrat;,, ﬁth WO, 02/ 36777

PCT/ S /0%’?%‘1 2°95 AT FUR® I605°9 r BRI U AN G HECY Y d19PE ¥ cPERMERP f or

expr essi on igfcetrheti s odccuyt; 0Bk Netdiadl o, €89t u¥idd veahehed anti body.

(?e'acti ve col onies can then_be picked and the vectors isolated. Sequence ‘ﬂ)

anal ysi s of°ONCRBLERAIPPR 1T 1@BELEd rAREAE™hi ch of the cl oned peptides 5

sequences correspondedeh i £}i%ERhEORES UREOBRI ZREI KAV FeagRBREDOdY. The
di spl ay nethod of the present 1nvention can also be used for detecting
reconbi nantt¥RreEELRTace A Mpveby. accemliisbgrely mfthodgaippre, deprndretrthod can

readi | yj e appldedgt end haeri B8 +hd¥uhSa0fes€gARPIARRY  anti body- AopB
fusion proteins. %hese i brari es may include conbinatorial single-
particularly preferred method for identification and isolation
is cell sorting or flow cytometry such as FACS.
Identificationi of antibody expressing bacteria by
FACS is directly based on thes affinity for the soluble hapten
20 thus eliminating artifacts due to binding on solid surfaces.
This means only the high affinity antibodies are recovered by
sorting following binding of low concentrations of
o fluorescently labeled antigen. The sorting of positive clones .
‘ is essentially limited only by the accuracy of the flow jn)
25 cytometer. .l ,
Specific members of a bacterial display library
produced with the present invention can also be selected by
affinity chromatography, in which the ligand specific to the
desired passenger protein is bound on a matrix. Because
30 bacterial cells are larger, loading must be done carefuliy to
prevent plugging by non-specific retention of bacteria in the
column. After loading and equilibrating the column under
conditions sufficient for the‘desired passenger protein to bind
to the matrix-bound ligand, the cells can be eluted either by
35 passing free ligand through *the column or by low pH.



chai n gene banks of heavy and |ight variable region genes or nutational

| ibraries of specific reconbinant anti body genes. The desired properties
to be detw®t@dBerricl ude binding 15 activities, catal ytic acbevisthgss
inhibitory activities and altered structural confornmations. éhe ?ﬁosent
invention can also be used as a primary 6%l oning system For2 R%HFB ,5 a
CDNA |ibrary can be constructed and inserted in a vector of the present

i nvention and the 20Thé bresty cetisedith fagringhehabddsined @abibflger | i gand. The
| i gand/ bi ndi_n include any pair of rr%l ecul es

ml ecul e conbi natjon coyld
with an. -algllrloigf{l/rgt%%p%é? iCa Ff/hl’ffrn(futt‘{&%ﬁ AotES toeogtain th
receptor/| ifyandp pneyerad sulfsdeat eed orthenghsgengenigleiteinambg ¥ ndi ng

protein/nucleic acid._etc.. If _one menber .of the 25 c | enentary pair is
avai | abl e, steﬁﬁgagﬁ?/ Ereonéct&eefcgﬁéec‘ir \ﬁarf%(?fm P¥0’P%?‘?shé’%ggEPBﬁ%S? or the other
-of the paircleBvaBeO ADSORRHtENsThepatiisilay inet heas wfilthentovemd ion is

appl i cabl e .fu%rctigg gg{rvpé/énngc %oggan;enrant fchgm fluids. In this nmethod
receptor proteins 8xpressed on the odCer “REnMBPEHEYSH gram negati ve

bacteria nmay be usedOhoe seldsatired| yassergfeacprotéin ehad deenvaisstayaf,

undesi r abl h%omgugds. Met Ihl ot hi onei n, fgr exapple, binds with a w de
variety of Heavy netarSThcGdPATSTHGH, PSSYRERM T RE, MeEdRst, vanadi um
and si mi| are.net aby. uMbest bowndatdd dtheisur f Aceiftyd BHAFLBEGRAIAME tHegani sm
this pr (ﬁei n is aZI 36777 PC&/ SA01/ 00228 65 2 August 2005 expected to

ef fici ent| V& ERBVESHAR TreCalt SorT o Agdesadect ahf desitrdsmsrantexanpl e of

a passenger -protein phi'tibreybes r@%ﬁhﬁihaﬁtbEﬁmﬁﬁ@&ﬁéﬂﬁﬂingScontaining .
fret al | ot hi Qnei n, of ~whi th{he human . 5 form has been expressed as a fusion
with an out hn@ﬁﬁ?’&n%n‘gr itn VRIS deaans epkd &8 geBerabmb)hy Because

of the way pddterfisi 66 #HLL @hd YRSt HMShhve! 88y i y8l-d)ihat AEonet i Mas
| ocalized on the internal side of the E. coli outer nmenbrane and~facing
the peripl £PETER4ETC NeVfeORER 8RN IgiUnpa thER bl anihodassean di f f use

t hr oughy 4 her@heknBREPT &tfhe HRIERCUYUAMARBLE can be introduced into the
antibodies—coding DNA fragments, the variety of recombinant
immunoglobulins from bacteria is potentially greater than the
number of antibody molecules that can be generated by mammalian
cells, so that a greater repertoire of antibodies can be made.

20 Display of the antibody molecules on the surfaces of the.
bacterial cells can facilitate the selection of high affinity
antibody molecules for specific antigens. Therefore, the AopB-
based system can be used to generate libraries of antibody
molecules and subsequently to select the high affinity antibody

25 molecﬁles.

The display method of the present invention cén be
used for the detection and characterization of recombinant
proteins. For example, the method can be used to map an
uncharacterized epitope. As an illustration, sequences

30 encoding either a library of (1) random peptides or (2)
peptides derived from an immunoreactive protein of interest can
be cloned into an expression vector of the invention to express
fusions with AopB. Host cells which are display-compatible  with
AopB are then transformed with the vector bank and the peptide

35 library-RopB fusion proteins are displayed on the bacterial

-cell surface. Following growth on a solid: substrate, the



cells were able to bind as nuch as 66 fold nore Cd+2 than normal E. coli.
Whol e cell s which display pol ypeptides such as selected antibodies, may be -
al so usedWax02483Tr bents to renove 15 biol ogi cal contam nanﬂ’sT/S‘(}ynlomanpl e,
bacterial endotoxin from water sanples or to renove viral ur|t @§ from
bl ood products. The efficiency of such @hole cell adsorbent h
increased by cross-linking the bacterial surface. This also nay i ncrease

t he st abi | izAstilbangfbadierdal pseagarertediforupkpbnssi@re X0 tet Rvsl of

stabilizati teaﬁou{gé I SREET L EoE1AP Sl BKANY Mad L elhsnllL QUgh the

| i popol ysacchari de conponent of the surface e cell's can
aggr egat ed tdrea QEabl¢kQQuﬁndw¢bhoM@C€@f%xmﬁOAQtEﬂe $equariam aphlysis of

surface-di eea§§g P9t lg Qg(,e% S Gelbhe?d és}{%reg%e%&qggscont enpl at ed

i ncluding t use o cel ul ose ng onmal ns, ndir ng domai ns,
protein %A depeinnss ovrEgloagdsd tec@@@cﬂn;b@ppsesg@wbszaﬂnhM'thﬁenbrane
bacterial cgll;,suifaces. A major constraint in the devel opment of whole
cel | adsofbents S the availability of bacterial strains with 30 suitable
| igands on their surTheedisdeor dierfodoot Headirggbapt hev¢mdisrofcaphalso

invention, g4 shquld, b RASSiHY ?eEﬁmﬂfrgHta ‘?:ot}eiﬁrﬁ,&ﬁ?‘i digf.ferent

pepti des of di verse sequences “on t ria SUrtaces. ' The cel l's
di spl ayi ng artebodpesdels) eﬂﬂm@ﬂehashermﬁﬂhqg1caﬁfrﬂadydy(hezﬁp@@eedft@ t ar get

V0 02/ 3607 BErPBE FHEHE e o5 ReoEL s RaeblRL IR0 n el ect ed
and di spl aymcbtwiinls . tﬂbed&nﬂibrbased mggtznnldde gopbhareeich lesbodiliaent

Agrobacteri m .and bi u whi ch sse d the. honol og RopB 5 o
r'espectivelﬁL'&1 %ﬁw?euse g% hospeavVlggg 0 %ﬁb A %8?% |6ﬁ”‘”B§€PSg|3rof bot h

genuses canmﬂuHmea1mmi$rafnddueﬁmsbdcifﬂcrnympmbyﬁans awnt Htondy eals .

nutrition. acterium an objum, cells m sed,to sel ect and

di spl ay on fﬁ 4%5&589| BI°PS §c§° égsgﬁﬁfqteﬁréPé}Hg t&ﬁ?ﬁ%qﬂ nd to

hazar dous natecultd®s, catalytic activities, inhibitory activities and
altered structural conformations.

The present invention can also be used as a primary
cloning system. For example, a cDNA library can be constructed
and inserted in a vector of the present invention and the

20 library screened for the ability to bind a ligand. The
ligand/binding molecule combination could include any pair of
molecules with an ability to specifically bind to one another,
e.g., receptor/ligand, enzyme/substrate (or analog), nucleic
acid binding protein/nucleic acid, etc. If one member of the

25 complementary pair is available, this may be a preferred way of

isolating a clone for the other of the pair.

E. BIO-ADSORPTION .
The display method of the invention is applicable for
30 removing contaminants from fluids. In this method receptor
pfoteins expressed on the outer membranes of grém—negative
bacteria may be used to selectively interact with a wide
variety of undesirable compounds. Metallothionein, for example,
binds with a wide variety of heavy metals including iron,
35 cadmium, zinc, copper, vanadium, and similar metals. When bound

to the surface of a gram-negative. ornanism this protein is




10 The displaying cells can be used directly to renove the hazardous

nol ecul es fromthe environnent. F. PURI FI CATION Affinity purifications of

bi onol ecuWwe23et7y primarily 15 on the strong interacti onsp@ptaEsmfy ot ei ns
and ligands. Typically, the ligand is bound to a solid support na%rix
whi ch is enployed in a chromatographi c-tegpe separation. Mor & APgRst 99§y '
suspensi ons of starch granules or |iposones have been used as supports for
affinity pexpkittati onsffinisotiey ofertdve BBakDSihe tisEf Wroandgapeed fiC
separation%, tge affinity ligands are proteins such as antibodies, |ectins
or protei n°r&8eptors. The preparation of protein affinity adsorbents

invol ves the producThes,oneukikkingbd | €N At ssBage AR ldi2akhesh Ghay R

pol ypepti de

on a solid support matrix. ese.three steps are 25 generally
conpl i cat edlsggdagf?e%lcb?aéﬁﬁoﬁﬁ?ﬁ/eﬁ/ Wﬁlﬁ?i’:%o?%’rn' 1% yBigRathe human
appl i cati ofermBaas ehéen BPlrkssex L $SiMGipholetRSawbdthel nestd@ce can
serve as an _inportant source of |ow cqost solid phase affinity matrices. In
a pref erreé’ré’%bﬂi ﬁg?ﬁ? 5 7& aﬁf i 77 830 r?ét r(fl§8§b)rrpr]?ie§é§sﬁh6f ethsactagri a on
whi ch anti kodi €asase pritsihayed, cdryt et edn REEL] Vot ARLELIGRS specific to

the antibqdies. nversely, ~antigen-displa an whol e cells may be wused as
ffrc

an af finityorBtrFRIt S puts fYtartdbodidss oLpé §olt wetegnpeyarane 35 G

WHOLE CELL 2GATALYShS MR Qr3pTITmRCHS@R1/ RE328tHN & AUguste 2005 1The
di spl ay, met.hods of the invention may be used to immbilize enzynes. Any

one of & wi@8sv&rPetytise 5#685%%1%&%(ﬁﬂtﬁ§ ReRPHa ol Hhise peFemsinant be

expressed @RitBewessr{mce tof bandasd ehicdl agekk BsidNdnde caet hads H?ﬁ&r I bed
ébove. 5 Advant ages of having an enzyne expressed on the bacteria él

sutrface indl-ufe@lincreased accessibility to substrates, stability, and
potentially increaseﬁh$iéﬂd$figlHﬁiéﬂtd&sﬂﬂ%yapoﬁ9ﬁgpﬁgﬁé§ GWLAr ,gnbodi ment,
bi ocatal ytically active
selected antibodies, may be also used as adsorbents to remove
15 biological contaminants, for example, bacterial endotoxin from
water samples or to remove viral impurities from blood
products. The efficiency of such whole cell adsorbents may be
increased by créss¥linking the bacterial surface. This also'may
increase the stabilization of the cells against disruption. One
20 method of stabilization involves the specific cross~linking of
the cells fhrough the lipopolysaccharide component of the
surface. Thus the cells can be aggregated and stabilized
( without affecting the function of surface-displayed proteins.
Other types of cell adsorbents are contemplated including the
25 use of cellulose binding domains, starch binding domains,
protein A, lectins, or protease receptors expressed on outer
membrane bacterial cell surfaces.
A major constraint in the development of whole cell
adsorbents is the availability of bacterial strains with
30 suitable ligands on their surface. According to the display
methods of the invention, it should be possible to generate
libraries of different peptides of diverse sequences on the
bacterial cell surfaces. The cells displaying the peptide (s)
that has the high affinity for a specific target molecule can

35 be selected using FACS. The suitable ligands for whole cell



pol ypepti des i nmobilized on host cell nenbranes w thout 10 additi onal

bacterial host cell conponents nmay be used in biphasic reaction systens.
Enhanced MW®Q9236361 ubi lity of the inmobilized enzynmes enables/scal/edzyst
substrate interaction in the lipophilic solvents with extrazg ion géoélhe

wat er sol uble products into the aqueous®ghase. Further cont Aﬁg‘ésf 5

enbodi nents in such an immobilized systeminclude encapsul ating ,

i nMobi | | zed2@FARMES SoR2ReRDregid seikated aid Wiispilrped oneish drhes iPpBar

vesicles. Thesdipa fceihol e cells as enzymatic catalysts has been in use

for several years. Typically, a mcroorganismwhich 20 produces a certain
enzyne is used as a BifodaPatjsrred tampodaneiti ngndbectestsmamsdci ated Wit h A

protei n pur khi a5 afcni FEBNILS FBbROMSNERS noliByaL Yokl cel ls are first

killed, treated with a perneabilizing agent to di ffusion of
reactant S aheSRIOdELY i aTe wIrRd @t bpbhsesBiad fornhlibyaddenptarom .25

stabilized gging S0 L£oEm of ical i, akin ever al nprovenent s
on the preparati oln of who egcneﬁbeﬂcgga?g{‘g%t% k%éé 9Beene nad s o’i%r "R
years. HoweVerrs seithanh maplermmiritilent at Aormbacterinot ahe Rveradmn with the
currently ayaiiahl-g tLechnol seifl i St the m ca t hads which are used
for perneabilizat ia§’n 30 of ?ﬁ% Te elcrtn%?w%r(g&nséﬁ%gnogl g%gfké% etrllgr]f

deact i vat i opubfageheasisapoer aprotaringnwhiSedoind] tot heratradusaelladuaesenzynes

may Ccorpet :  Leact ] substra iving.rise to undesired

by pr odu::lrtgs g?\%oadlg’éﬁggégg {jllég?sds&%tﬁer Eﬂ,ge“?'n lrracé:lllyufe'grrﬁ‘gﬁfeacﬁﬁ on processes
can limt thazdndwisi owdkchiée Ofont hde3bnbi waatenltyst. These probl ens may be
Elimnated if the enzyme is attached tothe cell's exterior. WD 02/36777 n)
68 PCT/ SG01/ 00228 2 August 2005 AopB-based display of al kaline phosphatase -
on the surfFaceewriaulcdTirend to production of immobilized al kal i ne

phosphat ase, which c¢ be.used to..dephosphoryl ate DNA fragnents  or for
ot her applicati on. Tﬁ‘gfilﬁﬁgﬁiqj?%céaﬁiﬁ %%rplt?éporlﬁgﬁlsse’é%ﬂ PHigwsked by
centrifdfat oontlor sftiroher ingeractions between proteins and ligands.

Typically, the ligand is bound to a solid support matrix which
is employed in a chromatographic-type separation. More
recently, suspensions of starch granules or liposomes have been
used as supports for affinity purifications. In some of the

20 most useful and specific separations, the éffinity ligands are
proteins such as antibodies, lectins or protein receptors. The
preparation of protein affinity adsorbents involves the
production, purification and the immobilization of the
polypeptide on a solid support matrix. These three steps are >*)

25 generally complicated and often prohibitively expensive for
large scale applications. |

Bacterial cells expressing proteins on their surface

can serve as an important source of low cost solid phase
affinity matrices. In a preferred embodiment, the affinity

30 matrix comprises whole bacteria on which antibodies are
displayed, for use in purifying antigens specific to the
antibodies. Conversely, antigen-displaying whole cells may be
used as an affinity matrix to purify antibodies specific to the
antigen.

+ 35

G. WHOLE CELL CATALYSIS



EXAMPLES The above di scl osure generally describes the present 10

i nvention. A nore conpl ete understandi ng can be obtai ned by reference to
the fol | owiongg/mpeci fi c exanpl es. These exanples are descrpoedcspbeby for
purposes of illustration and are not intended to limt the scope of the

i nvention. Changes in form and substitulon of equival ents afusgust2005
contenpl ated as 15 circunstances may suggest or render expedi ent. Although
specific terms have Beendespllaoyadthedeiaf, thachnvermeoramay bet esdedtd n a

descr i pti vernmense; a0 A0ind:0r pBY" 80588 of Wbl LAl ano 20 Bxamle 1

Experinental protocol cterl a strai ns, asm medi a.: Bacteri al
strai ns andiqsieaehyEtcakied sctivai Bolssmﬁchdee hagtied dxpréablea an \acherichia

coli strai r (o] i Sarrb ok et. a 1989

suppl enent e fwﬁtc% g %%te:%g%érﬁ%lfﬁ L{sfﬁa ﬁ?ﬂ m%trppcl’dﬁ qesﬁrlgﬁélﬁo"fo jigln
tetracychi revahtpgeesshrhaviagr abaem:eymeu Wptuﬁsécamrenﬁnesbraalteﬁla\er@elgr own at
28C in MA I Martinetti, G,

Nest er , LR)Q‘IA%C%Q?}]&&‘&C;%%%%%% y‘—ﬂ‘sclcses’osfl bﬁgf’%%a%? MRS aWEEhods Enzymol .
204, 30 38&@@1)11SMpp¢@¢rmﬂt®dtmthy 10 rgghatl kapiednseilubandior Hn of

or M medi (i EPALGE o e T TR B PSR T OF R Tose,
Second synip@tyreptiedgep! agwibd lined R Zabiture el mémﬁrar@%r kM RQut

exopol y e, 35, synt.hesis genes. J. Bacteriogl. 167:

66- 72; azJEEJrlc?gE %m?/%‘f% 85?3%‘“31717 c8yP ‘éizi‘ia/-‘/o@fzgssdAh@ust 2005 CC.
1991. Genetb:q:ﬁaechhnrqamdm siRBtembi ARl OL ipi VBIIQBS 11 EYZYF0the 204:

98-418) sup nted with 10 tetracycline when neceSsar Plasm d
%\IA was |nt¥%€§n§az?} t%n%ﬁ\’metsuﬁaf‘gjz‘?%@ta%ﬁ'él ?l‘ébﬁﬁr%lﬁltell?ac?%qﬂi ligti by

tri parent althetlipgpsl g IMICLatsSwath tdherhet pef St ngah waI@?lgofubf%aCter'al

SIS AN T o e S e e ot Batehes contemoTatod: O

15 embodiments in such an immobilized system include encapsulating
immobilized enzymes on membrane surfaces within liposomes or
similar vesicles.

The use of whole cells as enzymatic catalysts has

been in use for several years. Typically, a microorganism which

20 produces a certain enzyme is used as a biocatalyst, thus
avoiding the costs associ;ted with protein purification.and
immobilization steps. Usually the cells are first killed,
treated with a permeabilizing agent to allow the diffusion of
reactants and products into the cytoplasm and finally they are

25 stabilized using some form of chemical crosslinking. Several
improvements on the preparation of whole cell biocatalyst have
been made over the years. However, certain inherent limitations
can not be overcome with the currently available technology.
First, the chemical methods which are used for permeabilization

30 of the cell membrane can also result in deactivation of the
important enzyme. Second, other intracellular enzymes may
compete for the reaction substrate giving rise to undesired
byproducts and decreased yields. Third, intracellular
degradation processes can limit the functional life of thé

35 biocatalyst. These problems may be eliminated if the enzyme is

attached to the cell's exterior.



ref erence Escherichia coli DHS5aendAl hsdR 7 supE44 thi-1 recAl gyrA96

rel Al Bet hesda A(ar gF-1acZYA) UL69 ~80dl acZ AM 15Research Laboratories
MT607pr o- 8 emi67 hsdR17 supE44 end44 endAl recA56Fi nan et patrsGoi/oas
MI616Mr607( pKR600), nobilizerFinan et al., 1986 MI621pro-82 thi-.1 _hsdR17
SupE44 end44 endAlYarosh et at., nmal F:: TrgghoA; Donor strain %Aug‘l‘ﬁb% 989
Agrobacteriumturnefaciens C58WId type, nopaline-type pTi C58

pl asnmi dLabor at ory col}&f-bercAlB6qHE w wfed 1@kl pdé GidspRat asdadatigon et

2 oy oS, OGR4 1000 CO8 L ah, 0P8, Lo disTupt of %%FﬁheTh's

st udy GFP—tagged m ni-Tn5 transposon I ABNC) | ;
Pho , Nal R, PSARebaiRs©siwhéthatan b@%emeoa%&mrrgda@é N B8

ofad ¢
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pSWL72Br oad- host -range | ncP pl asmid cont ai ni ng Piac andChen and downstream
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EXAMPLES
The ;bove disclosure generally describes the present
10 invention. A more complete understanding can be obtained by
| reference to the following specific examples. These examples
( : are described solely for purposes of illustration and are not
intended to limit the scope of the invention. Changes in form
and substitution of equivalents are contemplated as
15 circumstances may suggest or render expedient. Although
specific terms have been employed herein, such terms are
intended in a descriptive sense and not for purposes of

limitation.
20 Example 1: Experimental protocols

Bacterial strains, plasmids and media: Bacterial strains and
p%asmids used in this study are listed in Table 1. Escherichia
coli strains were grown at 37°C in LB (Sambrook et al., 1989)
25 sﬁbplemented with 50 pg/ml kanamycin, 100 pg/ml ampicillin
and/or 10 pg/ml tetracycline if necessary. Agrobacterium
tumefaciens strains were grown at 28°C in MG/L, AB or IB
(Cangelosi, G. A., Best, E. A., Martinetti, G., Nester, E. W.,
1991. Genetic analysis of Agrobacterium. Methods Enzymol. 204,
30 384-397) supplemented with 100 ng/ml kanamycin and/or 5 pg/ml
tetracycline if necessary. Rhizobium meliloti strains were
grown in LB/MC or M9 medium (Finan, T. M., Kunkel, B., De Vos,
G. F;, Signer, E. R., 1986. Second symbiotic megaplasmid in
Rhizobium melilot] carrying exopolysaccharide and thiamine

35 synthesis genes. J. Bacteriol. 167: 66-72; Glazebrook J, Walker
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Laboratories
MT607 pro-82 thi-1 hsdR17 supE44 end44 endA 1 recA56 Finan et al.,
_ 1986
MTé616 MT607(pKR600), mobilizer Finan et al,,
1986
MT621 pro-82 thi-] hsdR17 supE44 end44 endAl Yarosh et al.,
malF::TnphoA; Donor strain of TnphoA 1989
Agrobacterium
tumefaciens
C58 Wild type, nopaline-type pTiC58 plasmid Laboratory
: collection
Al36 C58 cured of pTiC58, REX, NaI® Watson et al.,
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CGIl Derivative of C58 in which aopB is dlsrupted by the This study
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Rhizobium
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RCR2011 Same as SU47 wild type Charles and
Nester, 1993
Plasmids Relevant characteristic(s)* Source or
reference
pTZ19R Cloning vector, ColE1 oriV bla, Amp® US Biochemical
pSWi72 Broad-host-range IncP plasmid containing Pj,c and Chen and
downstream polylinker sequence, Tc® Winans, 1991
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This study

A display vector derived from pSW172 and containing
the aopB promoter and the aopB coding sequence 1-
516 bp, TR

This study

pJYH21

pJYH20 contammg the gfp coding sequence at
HindIII-Pstl, Tc®

This study

pIYH23

pJYH20 contalmng the phoA coding sequence at
HindIII-Pstl, Tc®

This study

aAmp, ampicillin; Gm, gentamycin; Km, kanamycin; Nal, nahdlxlc acid; Rf,

rifampicin; Sm,

streptomycin; Tc, tetracycline
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35 fragments were isolated fromagarose gels and purified by GENECLEAN I I
kit (BiolOl). Probes were | abeled randomly with fluorescein (Anershan).
Total DNAvofo2/8677t umef aci ens was di gested and the fragnentieiyiogogepar at ed
on 1.0% agarose gels and transferred' onto nylon rrenbraneszo% usi n(ﬁ?
Posi Bl gt 30-30 40 Pressure Blotter (Stratiagene). Hybri di zat iconY8 s 5ng and
7 2 2 August 2005 detection were conducted according to the
r ecormendaParg8sQofini SeB ok f BIC L. U dves (MTEosdbalM. PS Nebi@ ENW. 3905 5§ thuenC' ng of
aopB: The Hpiohcrddin WaserRy E4oas bibded BYOATT J1@miTd eHalor 8 bBBsdnial %en\é’@é ch
cont ai ns arequifdd-féiB-DNA &enisféramo plants Mo 8A&oBRNG 7: Jogher n analysis reveal ed
‘that a 9 RbseRdiy, ONAufueggIEDS4. TROPAITHRDIdshEd BRABURRGEN ftn' tﬂ%% ﬂguc%&% si des
of the isnskfol.iGed. Gaset.t16: 933a935p0son | acks a Sphl - site. ragnent
was extracSeged AQTitikg, AJ66HAEM ISherdRet, WA, TRMhis k 8d. é}{sza?{ EAN 11
~Ki't (Bi ol OGleen fidSresueid prbldih-bakddarepapit sﬁé&ﬁlstf ngtlc 'ﬂgl%_é ot ct@r?ﬁg the
Sphl  si t e. mbhgeopy Bsplichtions din@356:dovyas desi gnated pJYH2. equenC| ng of pJYH2
was carri eqy\auh, BISCHSied TVCNIGoYA, SIPBC Chilin AV ﬁENe?E‘dE pi'aém [£verse and
éggeggltl\geg ?eahlréarfbnﬁglﬁcncIEPAgv%ﬁwzértu%m?, r@&@ ﬂ% Cgfref'egoout
%M@ C aHE & Fiatd ¥ 1 esre to c'facgﬁ Wf PRI | ength

using the I
wi | d-t ype gﬁe%mgene prl eltlois ‘gg%g"}?‘?? TOGCTAGCTGTCACTCAGC: 3' 3 SEQ
ID NO. ' 5) and p55. (5' - AGAACGGCTAGCGCACTGAAGCGGB SEQ ID NO. 6) were

desi d
cquance Bﬁﬂtrﬁﬁﬁ%‘fﬁ%&gﬁgwebﬁ%&pnrrers % the? fatrsegg]eagﬁ% ot i no

sequences of t opB gene. Bot der | i ned
fiucl eot i des}onind aecﬂplelrt-talEBtsubslamelspe%ftéd)mm@rﬂbe t(ma;}h [DNAi E§ omt A.

t umef aci en asthet e for PCRto anplify a 1.4

kb fragrren?oa[‘t) @%8: %ﬁﬁ&%gﬁ %dx?ﬁr%%ﬁﬁ#&dngae'l’kc"?%é’ct(ngﬁ“%uffer

0.2 mMVl dNTRs, I\Bﬁjlpmi)l Hof, eaajnarm‘ IHhe pedoErBiib4 fEndigndy and 2.5 uni ts of

Tag DNA po se Pro PCR 30 _reaction m xture was denatured at
AT

95C for S%I?e%t‘fhéﬁcf“%%l VBT PdASHEAT o FeiiRs 96deddt ur at i on
at 95C20f oesgo S%la&itl’lelabNng&i otatedlisto aNd 4t epsi Ol ofRSt ion

according to the standard protocols (Sambrook et al., 1989).

Broad-host-range plasmids were introduced into A. tumefaciens
by triparental mating using MT616 as the helpér strain (Ditta,
G., Stanfield, S., Corbin, D., Helinski, D. R., 1980. Broad
25 host range DNA cloning system for gram-negative bacteria:
construction of a gene bank of Rhizobium melioti.lProc. Natl.
Acad. Sci. USA 77: 7347-7351) or by electroporation (Cangelosi,
G. A., Best, E. A., Martinetti, G., Nester, E. W., 1991.
Methods Enzymol. 204, 384-397). Total DNA of A. tumefaciens
30 was prepared according to Charles and Nester (Charles, T. C.,

Nester, E. W., 1993. J. Bacteriol. 175: 6614-6625).

Southern analysis: To generate the DNA probes, plasmid DNA was
digested with appropriate restriction enzyme(s). The DNA

35 fragments were isolated from agarose gels and purified by
GENECLEAN II kit (Biol0l). Probes were labeled randomly with
fluorescein (Amersham). Total DNA of A. tumefaciens was
digested and the fragments were separated on 1.0% agarose gels
and transferred’onpo nylon membranes by using PosiBlgt 30-30

40 Pressure Blotter (Stratagene). Hybridization, washing and



for 1.5 mn, followed by 1 cycle of extension at 72 C for 10 mn. The PCR
product was digested with Nhel and ligated 35 into pSW72 that had been
digested with Xbal. The resulting plasmd pJYH5 was sequenced in both
directions independently to obtain unanbi guous sequence data. Honpl ogous
WO 02/ 36777 PCT/ SG1/ 00228 73 2 August?2005 sequences were seAbgHed00% the

dat abasesdut édx 1die wBkdJondiice@aaltcddialg ve shgnadcopmphiigeivas drdenti fi ed
by the S program 5 Purification of MBP-AopB fusion protein and
gener at i oh9f™ CHBEGT t PURSEBA™bH5a( pJ YHL7) harboring a MBP-AopB in-frane
fusion construct was grown overnight in LB nediumin the presence of 100
g/m of anpicjllin_at 37C. The cell culture s diluted 100 times with

i cﬁP otf%o %

fresh AR APEN 8 TEPIUPEd °5t 2P 37¢8 PN §28. ¥ eitfdtSin of the
VBP- AopB fush athepmbtehtl stwas nCaduchieidbibyoadditd en mahil 16 to the final
concentration of 0t3 angs %r oW ngstt%z1 cells ft 37C for a(gotthhgr 2 - 3 h.
Purifi cat FBR°0FWBe: AB%%A%%D SRAuCt BT RS He¥ W 1 RIS BFVERRCR (12N 2, 19095,
Mol . M cr ebklol SpHI7 DNRS58r&diEntThenpaindd etiepseqwintekb flaskimy ésttédd i nt o

i B THGR il < o ool g B T e
V616 col POt 6L Rt CahE (RaRAERRg Evarnit e S Se S ot R e T Ragar " pl at co.
The m xt ufeagwmentserapedeni dllonadsiere IErzlwBodentist igphlantlite esuBreended in | B
cananyci nt CHE R BEger o A SO L ARSI b Bl SRR G B BdtECOnt Al NN
5- br ono- 4weh| erw-i®d patoksdngphosphat ey Xpphosic 20-igginkidatite Midn i ncubat ed
Bl at o coptarng g s, M el Mo SRt SrbE MR LAY bomaER 0T

purificat fera WEre phasmigkd dontaheraie Paphersi feserfuiroher30 were i ntroduced

ig”;? mwgfgzag%e c{iicr)ﬁar.r; gﬂ%ﬁgs%%hg%\ng Uil G618 o@s J1ghBetnstAs n. Smal and

PRISM 377 DNA sequencer.
In order to clone the full-length wild-type aopB gene, primers

20 p54 (5’ -GCAAATCGCTAGCTGTCACTCAGC-3’; SEQ ID NO: 5) and p55
(5’ -AGAACGGCTAGCGCACTGAAGCGG-3'; SEQ ID NO: 6) were designed
that can respectively reanneal to the upstream and downstream
sequences of the aopB gene. Both primers had Nhel sites
(the underlined nucleotides) to facilitate subsequent

25 cloning. The total DNA from A. tumefaciens strain C58 was

used as the template for PCR to amplify a 1.4 kb fragment.
A 50 pl PCR reaction mixture contained 1x reaction buffer,
0.2 mM dNTPs, 20 pmol of each of the primers p54 and pb55,
and 2.5 units of Tag DNA polymerase (Promega). The PCR

30 reaction mixture was denatured at 95°C for 1 min. Then a
total of 30 cycles were run as follows: denaturation at 95°C
for 30 s, annealing at 50°C for 30 s, and extension at 72°C

for 1.5 min, followed by 1 cycle of extension at 72 °C for

10 min. The PCR product was digested with Nhel and ligated
35 into pSWl172 that had been digested with Xbal. The resulting

plasmid pJYH5 was sequenced in both directions independently

to obtain unambiguous sequence data. Homologous



i nsertion positions. Sequencing was conducted by using a phoA specific
primer to determne the precise insertion positions. To nmeasure the

al kal i ne pitosygezt7ase activities, A tunefaciens 35 cells werescaldortsed
overnight at 28Cin MJL and then WD 02/36777 PCT/ SG01/ 00228 74 2 August
2005 transferred to AB, IB or IB with acetosyringone (AS) (Zobugyst2
0D600=0. 3. The al kal i ne phosphatase activities of the PhoA fusions were
det er m ned seyurpasar vep tshercheédsiroftHy dinabpssss ofitht heespbsdT at e

p- ni trophenyl phosphgte .(.Brickman, E., .Beckwith J.., . 1975. Anal ysis of
the regul ati 8,5{98{3‘- Es%%tearﬁlérﬁi 51%%% PELYSE Ha® ph%esr%%tlﬁge%y‘f‘ﬁ% Tusi ng
~del eti ons axdgphm80 transduci ng phages. J. Mdl. Biol. 96: 307-316). The
specific units of al kaline phosphatase activity are cal cul ated using the
following formula: [(A420 - 1.75 X A550) X 103) /[t(m n) X A6001 10
‘Measur erfentBniraff ieepBogerfe MBPpRESE | fueicth@raophh GaNRE geR%PALSSH WFE WasS
measur ed by usi ng bot h aopB- fg and ao%o -phoA fusions. To use the aopB-gfp
fusion, thénEEPPA¥elP PARE e gﬁ WPIYHL Wi hesPertngedMBP-KheB bl dfiare

fl uorescengg didhershit S5t izl r e b reviously
(Tang, X, Ltil B.F., Pan, g. %50%%9%\74%@%?{? u%(]:taL ?Bog“%%ggl baﬁgp%}lseon
m ni - Tn5gf pdersenkechfcH Hgedmlisefl dmpissllédh dbr3Pronoties dd19] enstansd report

gene expressian,levels,in.Agrobacterium tunefaciens. FEMS. M crobi ol ogy
Letters 17§%a$3%}2[5§?81§%d %%ﬁ‘géevjraéh Vé:re rRJ§égga’§e REAnEYREYRRE Gt r ol .
The excid at30 veveb&gnatho s 388uBFlon e t81F BEDOKL l.qRgt br¥@s; 10 nm
and the wavelength slit was 5. V\huen ?rrl]e aopB- phoA f%%;%ﬁgggve Ié usend, t he

dl kal i ne pREsSREEASECARY wodibsonfof HETatperhal figell sovoenmiatiing biie
aopB- phoA fusj r sured as, descrihe arlie 25_Suhcel | ul ar
fractionat idcj)';?: gﬂssﬁﬁge%%g}g f rESc??]oﬂsatalctor?goéi fz).r af“ﬁ%'g?’éc% ens %as conduct ed
as descri bethrifavhaiishyof BBrVaagh, wadd cohduckbg@t £NkRIsdriBed BP%hn et

Fracti onati %of RHI zg(gfoum. I egum nosarum cel |'s into outer menbrane,

cyt opl asm Ehrenthrane, peCFBPaRt L7 afdOcy68pl A EuEbRbBM Eatein.

Bacteriid . whs/injected into rabbits to generate the primary antibody.

Determination of AopB protein topology by TnphoA mutagenesis:
The plasmid pJYH5 containing the wild-type aopB gene was
transformed into MT621 which contains the TnphoA transposon.

20 Triparental mating was then conducted by mixing MT621 (pJYHS5),

A6010 and MT616 cells together and incubating overnight at 28°C
on MG/L agar plates. The mixture was scraped with a sterile
wooden stick and resuspended in IB liquid medium. The cell
suspensions were spread onto IB plates containing kanamycin,

25 tetracycline and the chromogenic substrate 5-bromo-4-chloro-3-

indolyl phosphate (X-phos, 20 pg/ml) and then incubated at 28°C

for 3 days. The blue colonies were transferred to fresh MG/L

plates containing 100 pg/ml kanamycin and 2 pg/ml tetracycline
for purification. The plasmids containing TnphoA insertions
30 -were introduced into MT607 by triparental mating, using MT616
as helper strain. Smal and Clal were used to map the Tnphod
insertion positions. Sequencing was conducted by using a phod
specific primer to determine the precise insertion positions.
To measure the alkaline phosphatase activities, A. tumefaciens

35 cells were cultured overnight at 28°C in MG/IL and then



1083-1085) with sone nodifications. Briefly, A tunmefaciens strains C58
and CG 1 were cultured in ML nmediumovernight at 28 C and the cells were.
col | ect edWSy0X¥ii% i fugation at 3200 x g for 5 mn. The cebCE/Saerathen
washed once with water and WO 02/ 36777 PCT/ SGO /00228 75 2 August 2005
transferred into fresh IB liquid nediumai OD600 = 0.3. The 2 8Bgyss2

i nduced at 28 C for 18 - 20 h and coll ected as above. The cell pell et was
washed t hr @gahisFBS 8 to o WBTekSIﬁi%t(rplaiceﬁoQ}rm o%%n%bF Qgéd Upal room
tenperature. One portion of the 5 cell pel | et (‘approxi mate 610 cells
based on OBSOOPswelsdr eniitt 2 lkad ins ephqsphagebat eCthatpezlsl plfashm cPHaRact i on
as follo C Srhd%ﬂ.q of £ Tris-HCl (pH
8.0), 20%@&5}9& fte p&\éd%n \g{%g %§ %g lesﬁ(?)zrames Rggwfl lsspe si on
was i ncubattée apbsémﬁqmtr@rtg@paﬁwb ﬁrmsp@@tm mBJandmwmt Ei. § uBmckwatth3000 x g
for 15 mng.al 1476, Aheyaidd ReeSHRRNALAN! oae'aésa?e“é“ l;4ogd; at 20, 000 x

g for 15 mn'and the supernatant was ave as the perip asmc fraction.
Anot her poralikgdint phespldtagselsvath¢dix usGny delésionsvasdupsdl8® o prepare

ot her subc i as; f o] 15 Fhe I el | was_ re uspended
in5m of e%ﬂg‘ﬁ%%ﬁ%f@%&ﬂi 2 ﬂ%[ V%O%o su-(gr o%g% %1.68 n@f’ é “hg/ n
DNase | andn@dt2 ng/«ﬂlkaRN%@hASPEhearﬁmIactsuspgnsre)maﬂmlpassadsiriy augh a
French Pre cel l f i.Mes ,,0 S ubated on_ice for

30 min. T#Z)l(%gl‘ﬂﬁ!h? Eoml1ale (vt aat T 0 B0l b B e B e 56 Hea
(pH 8.5)0and centrlfuged for 2 h at 262,000 X g in a Beckman SWBOTi rotor.
The supernatant was saved as the cytosolic fraction and the pellet was
Suspended MeaZO¥esantosef dopBVigEDElekheadliobTT byrheombpatdate and one smal | .
portion of JLhe %g_ngreln%ésgn Jas S vgd ass nth;eb Lcﬁt al gg%rane fraction. The 25 )
remai ni ng sUSPEnsi on was Tayered on Top of the? AGdBRART IRA4t adi ent :

2 m of 60%uwsionsse Totuisd )thed araioBebfﬁEﬁ(msmucrﬁﬁe dony we)l 18nfe R Hrowh 30%

sucrose (w./ wt TA (pH 7.5). T radi ent was centrifuged for 18
h at 58,000 % d)jffeﬁela{dl\é/lg%c KN T%Wf‘ﬂa‘%]o‘feo&iugﬁ‘é%% BiRBSWae T oldrbct ed
and 30 saveekrasmehsuradeds Rsyrapedf pasticar1gndrihe, xveruhande Wasan,

S. ©. 1999. A bifunctional transposon mini-Tn5gfp-km which can
be used to select for promoter fusions and report.gene
exXpression levels in Agrobacterium tumefaciens. FEMS
Microbiology Letters 179: 37-42). The C58 cells were used as
20 the negative control. The excitation wavelength was 395 nm;

the emission wavelength was 510 nm; and the wavelength slit was
5. When the aopB-phoA fuaions were used, the alkaline
phosphatase activities of the bacterial cells containing the )

aopB-phoA fusions were measured as described earlier.

25

Subcellular frac#ionation: " Subcellular fractionation of A.
tumefaciens was conducted as described previously (De Maagd, R.
A., Lugtenberg, B., 1986. Fractionation of Rhizobium
leguminosarum cells into outer membrane, cytoplasmic membrane,
30 periplasmic, and cytoplasmic components. J. Bacteriol. 167:
1083-1085) with some modifications. Briefly, A. tumefaciens

strains C58 and CGI1 were cultured in MG/L medium overnight at

28 °C and the cells were collected by centrifugation at 3200 x g

for 5 min. The cells were then washed once with water and



saved,as the outer nenbrane fraction. Proteins in the periplasmc,
cytosolic, inner nenbrane and outer nenbrane fractions were precipitated
by additi W @f3637Vol umes of acatone. Each fraction was di peokeedoo2ts t he
Laemm i sanple 35 buffer. WO 02/ 36777 PCT/ SGO /00228 76 2 August 2005
Wiol e cell ELISA for AopB: The cells of 2 tumefaciens straih?UEE0200%er e
induced in the IB nediumin the presence of 100 pM of acetosyngone (AS)
and washed Y¥5RPEéehreh PBE (Plash. 43 byaws dcontiihugatdmm at 010, 00thg for 5

mn. The c 0 n 1.0 term ped nmeasuring the opti cal
density at %g&&%n%ggn%ﬁﬁg%?&uﬁt\gggt %ej%%mige’_ cg(%llré/arﬂd. C‘Plllgﬁc‘fs‘tﬁ qs aboEel |
_suspensi onsThewerd 1t pahbéervead waehtderhyeld %16k s | WMINLGN 2HB Bk Cf ot |

pl ates. Th I'ls were fixed.by addition of 50 | of 8% 10 parafornmal dehyde
and i ncubafél'cgﬁ ar F%%%Jt}e‘fﬁ)%ﬁé%uf‘g FUF ASTRER2tUTRey QRS @OorhEer waisHide twi ce

Wi th PBS (pill #plastd biomkedmsceby 430 10'0te2%beyide sebwp,al bunin in PBS
for 45 mn. After .t [eeawashes with PBS, the cells were incubated for 45
mnwith the ASpESAREiB3ESG FI WiiaSdyheraArttelagnic fgostiamlas 15

M crobi ol . fbA1oR59- 269% orliGERlrenomHnalsuapbhbedyid @ it eehyo @ach dil uted
(1:500)-i n .PBST/BSA ,~,0. Q2% Tween 20, 0.2% BSA). The cells were washed
three ti rresﬁvlﬁét %‘EgBééfE(B%B@' %.%55%1“[%@% 208! EBFR 13'%ith 2eB8/ i ne.  Then 50
RL of HRP closjougated Tisecmldansyspsotdhndives (dihvied; atr 1:,2QR00) were added

and 20 jzgc%bated for 45 mp. The cells were washed for 3 tinmes with PBST
bef ore 200 1°"BF IFWBEEL %%{ba“eéoj‘n@\/efreéﬂéaééae@oa%aww v fendli mombat ed in

dark for 1%+mgnec Thepy £3GH1L,905 MRS y..addition of 50 I of 1 N
H2SO4. Absorbance at 450 nm vvJéPr{\% sr}%taegﬁfgg mgs"i’ansg an EE?%%?? Hdélr 098 ¥estern
anal ysi s: B desi ASsaipl @l idree sdpeatatreed wast beved aenhie parpbr:daufs er by
boi |l i ng fore 5 pin,and, | oaded . SDS/ 12% PAGE. gl yci ne gels., Proteins were
transferred glmég?fop%]]{l)ret ?rcgta%l%rrl]tootl%éﬁFc ﬁb‘?%ﬁeest (Bl & RAD) ceBtocki ng,
30 washi ng waisd udetiett i mremwaree otbadudtted 1Will Brt hea@&iaacad follows.

chemi | ufg negeenge; r SRPRANY S,2°¢R5AL NG, 1.9 the recommndations of (pH

8.5), 20% sucrose, 0.2 mM DTT, 0.2 mg/ml DNase I and 0.2 mg/ml
RNase A. The cell suspension was passed through a French Press
mini-cell five times at 20,000 psi and incubated on ice for 30
min. The cell lysate was diluted with 2 volumes of 50 mM Tris-

20 HCl (pH 8.5) and centrifuged for 2 h at 262,000 x g in a
Beckman SW80Ti rotor. The supernatant was saved as the
cytosolic fraction and the pellet was suspended in 20% sucrose-

5 mM EDTA-0.2 mM DTT by sonication and one small portion of the

L

suspension was saved as the total membréne fraction. The

25 remaining suspension was layered on top of the followiné
density gradient: 2 ml of 60% sucrose (wt/wt); 4 ml of 45%
sucrose (wt/wt) and 5 ml of 30% sucrose (wt/wt) in 5 mM EDTA
(PH 7.5). The gradient was centrifuged for 18 h at 58,000 x ¢
in a Beckman SW41Ti rotor. The upper band was collected and

30 saved as the inner membrane fraction and the lower band was
saved as the outer membrane fraction.' Proteins in the
periplasmic, cytosolic, inner membrane and outer membrane
fractions were precipitated by addition of 3 volumes of
acatone. Each fraction was dissolved in the Laémmli sample

35 buffer.



the manufacturer (Pierce). Antisera: Rabbit anti-AopB polyclonal antibody
was raised as 35 described earlier. Muse anti-al kaline phosphatase (AP) .
WO 02/ 367WPO ®3B/8Q01/ 00228 77 2 August 2005 nonocl onal ant pbwdgowe2s

pur chased from Chemi con International. Muse anti-G-P nonoc| onal anti body
was purchased from C ontech. Rabbit ant76ChvE antibody was aA§Best 20Ppm C.
W Jones. r-Phycoerythrin (r-PE) conjugated goat anti-nmouse 1gGwas from 5
Mol ecul ar Probes. HRP conjugated goat anti-rabbit and goat anti-nouse |IgG

were from %ml@-cemohﬁxgﬁléoﬁ%ﬁé:eXPﬁéicraarltsspg%. d%apéﬁyc%%n@ 9{5&“31 A
tumefaciens cells were grown in different liquid culture nedia; the cell
suspensi onsA§iErk weras undgeddrinODBE0 IBanet ivre inekhe wonoaidd alfi 008 per e

adjusted to |l s/ Then 50, | .of . each, ce suspensi on was
transferr edofog%e%%%y\ﬁﬁ??goﬁﬁ)m%%l gﬁSh%?lBt"Yﬁcc?r HtlF‘Pe}%é?)I ‘zﬁ"’gg '(%yh%x) . The
cel l's in5eacdnmdlfugaeien 46 Xigd 0P gddotiDmief. 50hé ©f1 B%RpRIcakesgBbsehyde
and 15 incubpati al;Logmie a%glatluretfor .hoEr. They were then. washed
twice with C%p P59 and 19SSk &R P %O‘cﬁ gen &or%8 A% % BSA
(PBS/ BSA) fadjdsted tbftex 1d¥r eelveshes wnkh 56’5& Jheeq8! Las¥ef & dfacubat ed
with the first antibody diluted (1:500).in PBS/ BSA contalining 0.02%

Tween- 20 f ofe4e HFGPSIFRECD O dibes WRdle N sHEWNLAN e&HB j migar akiitRrPBS wi t h

0. 05% Twee PB i NG ] t i.th an.incubatipn of 10 mn
bet ween mg%%%esgfheﬁméogﬁi% %ﬁgagghjggggfe%%g\g{oga% i‘c-’dr C]bioi% Iggr goat

anti - nob8e PG Hivmallddhpde larRD(Rhcwbstaduedt andn taopdeditad-d dorlabodin. The

cellsweremip fo tines wi.th 25 PBS fore, 200 qgl, of TMB-EL| SA

(@ BCO was a dg'%rfol&{l%% e esémtgﬁ €i e -ali?téeég (Ph Zla‘?k ?qrbq%?cgf{gﬂ.wm )
reaction was26tapped2byboatit tde@imoh156nit iof PBsNesRSP#H nipbsonbagees at 450
rimwere neasured using an ELISA reader. Flow cytonetry: A. tunefaciens

strai ns C58HpARESREshes vhat RRRH56Re) ce s (sreHs posha tesh gqr) YESmE) with
C58(pIYHE1 7o aisbe CHBLRINFPANEL wRkentay [ (el eass desciddied ghove. For each

strain,_ 4 x 108 cells were collected by centrifugation at 10,
15 Microbiol. 17: 259-269) or GFP monoclonal antibody (Clontech)

each diluted (1:500)-in PBST/BSA (PBS, 0.02% Tween 20, 0.2%
BSA). The cells were washed three times with PBST (PBS, 0.05%
Tween 20) for 10 min each time. Then 50 pul of HRP conjugated
secondary antibodies (diluted at 1:2000) were added and

20 incubated for 45 min. The cells were washed for 3 times with
PBST before 200 pl of TMB-ELISA (GIBCO) were added to each well

and incubated in dark for 15 min. The reaction was stopped by

( addition of 50 pl of 1 N H,SO4. Absorbance at 450 nm were J
measured using an ELISA reader.
25
Western analysis: Protein samples were denatured in the

Laemmli sample buffer by boiling for 5 min and loaded on

SDS/12% PAGE glycine gels. Proteins were transferred

electrophoretically onto PVDF membranes (BIO-RAD). Blocking,
30 washing and detection were conducted with the enhanced

chemiluminescence reagents according to the recommendations of

the manufacturer {(Pierce).

Antisera: Rabbit anti-AopB polyclonal antibody was raised as

35 described earlier. Mouse anti-alkaline phosphatase (AP)



000 x g for 1 min. The cell pellets were washed with PBS tw ce and
incubated in 1.5 m of PBS/BSA for 30 min. The 35 nonocl onal nouse anti-AP
anti body W0,02867i | uted in PBS/ BSA WO 02/ 36777 PCI/ SG01/ 00R@Bsé&@1eb2mgust
2005 (1:1000) and then added to the suspensions. The suspensjons were

i ncubated at roomtenperature for 45 nimymith gentle agitat? SHeus20es
washing three tinmes with PBST, the cells were resuspended in 1.0 m of

r - phycoer y triinio: 16aa]. Ugat Bsbayoah s apt orf SHRU S ohI6h &Ml &L thak  PL ePgs); di | ut ed
(1:100) in PBS/BSA and incubated in dark for 45 min with agitation. After

washi ng oAC&SG PRTPEST RWECLerts aridodyxbasppundmascofron Clentexth.20%

_par af or mal d@lb}bde andi +ogubalitaBody w0 GerRerabyre. fipr 3QeQin.  Then four
nore tines shlng wer e conducted as above; the 10 cells were

resuspendecf i HYQBSIY BFIPES AR eXRMIRE@IuAREE ant FAGSSE duCGcyaontter . The
fl uorescenemieicul@r 008cwsd | stcoﬁ%t@%d]go%”éﬁi?@ra[EbﬁrtC’%ﬁSpéOatsa”pl es of

15 Al of the cell sus enS|ons 15 treated for flow cytonetry descri bed
above vveread‘rt&pﬁ‘BHSSn C gfsHSs LEPR e rSne drop of nounting medi um (Vector)
was applied to each sanple to prevent rapid quenching of the fluorescence

and a coverslip was_placed on top of the emulsion. The cells were exam ned
under conf LenFEIbSEUP® PR MfeRbt ifiokt FdAPdRYSQ BB inm: and. eni ssi on of

570 nm Pr ahgryeca66858éid ivkYe rAdileeReEAC] ! CraddowWn in
different liquid_culture nedia. alﬁ'he cel slvvere dlgle tl(eag itwl% “é‘“?‘%d _

descri bEY p%vicséy FuTERRHONS NBre Wuzstfomowmm aid IthEt oeGB 2001.

Vacci ne. t 0 flctlo Briefly, 1 m of cell
suspensi ons o%%&)%ggio vvaze gg ﬂﬁrﬁe&&éﬁn n afh %500% *fg for
1 'mn and wslhedlmnsmpemshom wos ﬂ&rﬂd‘ﬁeldEBESthéécﬂf el 8£0 et & ni Ng

10 MM MyC12,.,.The ce eIIet wa spepded in 50, 1 of the 30 sanme buffer
and i ncubatzzg Slﬁclrge %J@tl% n%D sin g%/ﬁ gl dn Fatevedl| Ve pensi on

at the fi naﬂlx@anggnga@umh &ff 8olu1 ra¥ Bl phberPind M WRS JLjcubated at 37 C
for 5 mn. The reaction was term nated by addi tion ofy 55 gl of 2 x Laenmli

sanpl e buf F&CUPRRA0R ofh | FOMELBPERA TS ffor 10hain. arRheyhearéOthen
washed twice with PBS (pH 7.4) and blocked with 150 1l of PBS
containing 2% BSA (PBS/BSA) for 1 h.  After three washes with
PBS, the cells were incubated with the first antibody diluted
(1;500).in PBS/BSA containing 0.02% Tween-20 for 1 hour. The

20 cells were washed three times with PBS with 0.05% Tween 20
(PBST) using a washing bottle with an incubation of 10 min
between washes. Then 50 pl of HRP conjugated goat anti-rabbit

o or goat anti-mouse IgG diluted at' 1:2000 was added and
incubated for 1 hour. The cells were washed for 5 times with

25 PBST before 200 pl of TMB-ELISA (GIBCO) was added to the wells
and incubated in dark for 15 min. The reaction was stopped by
addition of 50 pul of 1 N H,SO0,. Absorbances at 450 nm were
measured using an ELISA reader.

Flow cytometry: A. tumefaciens strains C58 (pJdYHS),

30 C58(pJYH5039), C58(pJYH5125), C58 (pJYH5134), C58(pJYH5172) and
C58 (pJYH5207) were cultured as described above. For each
strain, 4 x 10% cells were collected by centrifugation at 10,
000 x g for 1 min. The cell pellets were washed with PBS
twice and incubated in 1.5 ml of PBS/BSA for 30 min. The

35 monoclonal mouse anti-AP antibody was diluted in PBS/BSA



35 'l of the sanples were | oaded onto SDS/ 10% pol yacrym de/ Tris WO 02/ 36777
79 PCT/ S@01/00228 2 August 2005 glycine gels. Proteins were transferred ,
el ect rophW®%/36&17y onto PVDF nenbranes (Bio-Rad). Bl ocki rgr/seastong and
detection were conducted with the enhanced chem | um nescence_ reagents
according to the recomendations of the hanufacturer 5 (Pi er%@ugu%@}%‘é PhoA
and AopB-G-P pr Bei ns were visualized by wusing the anti-AopB antibody. The
ChvE pr ot eiﬂ‘%ﬁg Vi b §heeg addedt b tdnsHePepgiers ng Hise saspenchuis _
anti body. Measuieomsdtaf oal kabhneeRhoshatassr-ass iniid Yoif@r jRacigrial 10
cell s harbori,ng, pJYH23: A tunefaciens cells were cultured overnight in

ML at 28 a@:‘“tgﬁg‘”&el 1G5 waRhEpe stipeakdrnenerith ERfiThentiedcphl Midre AB,

or IB at O%RAspefdéd e .0ekhSoWerSohyHo@WMItali R8dnf Qi |
cells were growmn_in LB at 28 C ove?pniyg{?t WR %nsl il ojtdiyac%lﬁl gga/télrzaén&glr own in

LB/ MC at® 2&885¢518% el il aga R ePee) Gdmitededli 10 )erin PBSYBAR @fid OD600=1

for each tieabaesd Werd rgolkbect 8dniashedaghdatigat e%f“&ie&hwﬁéhi y thout 0.1
mg/ M trypsin as described above for the protease accessibility assays..
The bact er i%0CecBS Mit%e tthencfhbhetrra dilgedwby madijipn ofHEImI p¢f £%0) and

resuspendecarafdrmdlddhy@ tha sasepdufdrene FHR dd@dr26::22¢H: C8 Insn.
taken and diluted to 1 m with 1 MTris-HCL (pH 8.“8). The

suspensi on S )

cel | susper%@{l%Bngo\}\’ér”éo’ifsédeFS R st nohwese kapndrc st eshabage; (aP)
activities @fi1th j I s, ( i NlNgGnPJ 3),_.expr.essing the:
AopB172- PhoA pr o?ee%%ci{/%dsglte g?rgnhn?rﬁg t %&r gtk egB%fa %‘?&%BE%F%‘?‘%? % he
substrat e gAaSt Ebpherwtiomsitesphatlie aflucdescenbedoPriady,ioadsky1( Brwgkman and
Beckwi t h, 12€3)gedNe specific units of al kaline phosphatase activity are )
calculated wusing the following formula: [ (A420 - 1.75 X Asso) X
103]/[t(mn) X A600]. The decrease of AP activity due to 30 trypsin

treat ment \Q%sfeﬁ%{ essed as percentage of the units of AP activity.
el i mi nat ed BY-PHz tHPYHFASFOPY cat PRI 9IE anl oD thederililf Buape o i carsd

charact¥y i zathesd ofor2NBwARYtometry described above were dropped onto
glass slides; one drop of mounting medium (Vector) was applied
to each sample to prévent rapid quenching of the fluorescence
and a coverslip was placed on top of the emulsion. The cells
were examined under confocol microscope with an excitation of

20 543 nm and emission of 570 nm.

Protease accessibility assays: A. tumefacieﬁs cells were
_ growﬁ in different liquid culture media. The cells.were
(o digested by trypsin as described previously (Burnett MS, Wang 5¥)
25 N, Hofmann M, Kitto GB. 2001. Vaccine. 19: 735-742) with some
modifications. Briefly, 1 ml of cell suspensions of ODgoo = 1
was’ collected by centrifugation at 10, 000 x g for 1 min and
washed once in 1 ml of 25 mM HEPES buffer (pH 8.0) containing
10 mM MgCl,. The cell pellet was resuspended in 50 pl of the
30 same buffer and incubated on ice for 30 min. Trypsin was
added to the cell suspension at the final concentration of 0.1
mg/ml; the migture was incubated at 37 °C for 5 min. The
reaction was terminated by addition of 55 pl of 2 x Laemmli

sample buffer. The samples were boiled for 10 min and then 10

35 “ul of the samples were loaded onto SDS/10% polyacrymide/Tris-



identification of aopB-rel ated genes WO 02/ 36777 PCT/ SG01/00228 80 2 August
2005 A. tunefaciens C58 was nutagenized with a mni-Tn5 transposon

cont ai ni nYAOH63Hot er - | ess gene encoding a GFP vari ant, WACERGRI/GEbEES
bright green fluorescence under W light (Li, L., Li, Y., Lim T. M, Pan,
S. Q, 1999. GFP-aided 5 confocal |aser $eanning nicroscopy aWeHsR00S

Agr obacterium tunefaciens cell norphol ogy and gene expressi on associ at ed
with infectlivsrineFBRGsM cioiedhs weté . t datifel4dd 14t ripR el c 0Py

transposon Was, Gkl plasm. A yarez, A, Quttler, A,
Stratz, M, St aendne{r%,gmali&lﬁs, @?Prmgg(?ﬁK. 0’%%1.0%%89@%&,“9@% , 1997. Green

-f | uor escentdgfesttéion- Base dcarsipotedr witls yidtee RBihhate@eReldiQ vaRaby s Scof
bacteria i nddUdiRY TRPRYES; pplications. ne 196. 69-74). One of the
nutants, CG fté(yncont a?ne(gﬂ%éhé%t ?ié%sﬁ%%%nﬁnﬁnﬁggﬁ??%no%tth& geruferbErSEs
di f f er enti alRipriosduceobyBhow phidohopBTGFH mRbtaEsk UrareClibudayged Shypr i ght
fl uorescengg; lBe( 1 0 el jumof pH 5.5 | ates but not on AB (a
i i mal SHQ‘}%)rﬂ‘{jﬁ%a gg?b%y di e?@ﬂ%eg’?%tedf‘o\)vﬁﬁ Vasealwzed
observed betswdde cohirahdy einpatkatarsti-@hweCoStibwigr, al |l the culture
conditions (MJL, AB, 1IB) tested. The | eaves of Kal anchoe plants were

inoculated 20 with this nutant strain C@1 and the parent strain C58. At
the concelteasirement &f xalkddioel psésphatdser acvisi thY raRPBLeRL-i 4 fference

in tunofqf i nt and C58.- At. a | ower concentration
of 5 x 10' ,Cge%\%eggﬁgg%ﬁf%#g%?'Ccfleg%%ﬁfd?é’deﬁﬁc?ﬁlllésé’eéﬁdcﬁhhwféi tunors
on plants taverndgBt im MEIonter8tw;i shleatel I fadfeNhaFos COM A{ihgDNA

fragments, rLn.anal ysis s conducted to estimte their sizes. A9
kb Sphl e??‘%%rgrgﬁ?dc%%t@%' n§‘5‘t heF nithidtTRBeoard ¢+ $bguenptds wétaanki ng

the mini- Trowmsert kdrfondsrclonesl i 1.0 PTZIOR 110 GeBEE LS, pgnYl% agequence
anal ysi s szsp'lcYHozvé env.e%lted t hat Ige . 30 _transposon waS inserted at a gene
that i s horfol 0gols 1o % “gefie ™ iinGeal RWSLShigERIB UL R r LB RN @8pfOLt i n

(ropB) YRoeskrnkightP. ,Badtedens, cd11H oqudihiEet ”t?cgal Gl éfbobé{)%fnpo%f g B J.,
I um

1995. Isolation of rorptB, a gene. encoding a 22-k Rhi zo

each treatme

were qollected, washed and treated with or
without 0.1 mg/ml trypsin as described abéve for the protease
accessibility assays.- The bacterial cells were then washed
twice with 1 M Tris-HC1l (pH 8.0) and resuspended in 1 ml of
20 the same buffer. Then 100 pl of each cell suspension was
taken and diluted to 1 ml with 1 M Tris-HC1 {pH 8.0). The
cell suspensions were used to measure the alkaline phosphatase
(AP) activities of the bacterial cells (containing pJYH23)
_ expressing the AopB;;;-PhoA protein by determining the rates of
25 hydrolysis of the substrate p-nitrophenyl phosphate as
described previously (Brickman and Beckwith, 1975). The
specific units of alkaline phosphatase activity are calculated
using the following formula: [(Rg20 = 1.75 X Agg) X
10°}/{t(min) X RAgp]. The decrease of AP activity due to
. 30 trypsin treatment was expressed as percentage of the units of

AP activity eliminated by the trypsin tfeatment.

Example 2: Identification and characterization of aopB and
identification of aopB-related genes
35 .



| egumi nosarum out er menbrane protein. Ml. Plant-Mcrobe 35 Interact. 8,
576-583). This A tunefaciens gene was designated as aopB (Agrobacterium
out er nmend¥@PFE3GIidtein). 81 2 August 2005 In order to det @OTiSGB1Htes
conpl ete sequence of the gene, the DNA fragnent was anplified from C58 by
PCR A fragment of 1.4 kb was obtained 8hat contai ned both 2He1ZstZ998r eam
and downstream sequences of aopB. The resulting fragnent was cloned into
pSWL72 to generate plAastudepddiHms ChAewapttimgeas zedt kDehiCeGhinAtont he

nmut ant Cd i d . restore the ability of the nutant _to cause

t unor s, sugjzjtgre%sntslp%g’%t ﬁéﬁjc%)% CaPFPBa s ﬁuelsls- Péﬁ&ﬁ“%%‘ble‘ggé‘né?“? Si nce the
1.4 kb 10 PGRifardgnwhichopteiured aboght Sk dnp flaguescencowisieiean of t he
aopB gene, i .i.s poessible th thi.s short fragnent mght contain a small
ORF t hat cainl%ﬂ(;:rrp(ﬁ’ér’rehf’tﬁlé’ ﬁr‘dng‘%soﬁ' b}rr‘ut gﬁ%n? - excl e 6Fherided
possi bi | $t ycdratcatth@apetk as caidiegt mabroddupyt cams PORODo AUAGEIHAR O @m JENE

domstrear&{p& &%%%em gggliLSmg]a\f‘\%lcontri uted to the attenuated virul ence in
CG 1, a PCR™FAgment was anpli 4 edYr PdmeEs FEPAGS Iy g3pociated with
AAATCGAT CTAITECTEGh TACEMS 181 ¢rddEQ1 1. DL . Tl%79and4m?;126)(.5' "I‘hedmirclji—TnS q
CGACTGCCAGAAGGATCAGAACTITG 3 ;. ID NO 8 [ ont ai ne al and Pstl
sites, rtca;sp‘g%%afr}s\;)éjl%?é Tﬁ?scﬁﬁ%%eﬁgtggdaagfmﬁdep@ég CYILFmedt 7 whi ch was

then cl onedGutttlepSAL72Stoatobt ai.n Spdidiiler, Thi.s HY. [ agims car.r wed t he
sequencafofré)n%n@ t% 959 Eg g_a;éhe 1.4 kb fragnent (Fig. 1B) but no ORF
downst r 8am B HspB.: B vHEL? (mSTeRPr SHRSF SemtoPERE “B’&’Etsrel AFBA¥EET mat i ng.
Virul ence asgstymsOiop! gohet Bavem1yBowest thaltce8hll Rd MBIy dos8cdsy ful |y
restored the tunori %enesi s abjlity. This unequivocally enonst rat ed t hat -)

the attenuat®RL A dPEAceCFRE CHO Ra57thuséWe B the Wigantison C&LLlaopB.

Sequence angbysimeldndheat eshdpttont RBsc AORB 1QCHS geAE {180k g sopen reading
frame (ORF) ich encodes a_putative protein of 218 am no acids with a
mol ecul ar vt giRTegE186 1y oindyesd OF dow |t oniy aipimal imediymot 66h1 haabe0%

simlarisy biyRoFBubrbgceRde kO T8EY BT M MiR1NBhOGAt bPMiPfs th‘c’ﬂe feg@é% gene,
the genomc DNA from A6 and, the C58 derivatives Al36 and 982 was
probed wit PE BNK PPafReht RtiinMagiEn 8. PHodt Reérplates. No

difference in growth rate was observed between CGI1 and the
parent strain C58 under all the culture conditions (MG/L, AB,
IB) tested. The leaves of Kalanchoe plants were inoculated

20 with this mutant strain CGI1 and the parent strain C58. At the
concentration of 5 x 10° cells/ml, there was no apparent
difference in tumor formation between mutant CGI1 and C58. At
a lower concentration of 5 x 10’, however, the mutant CGI1
caused much less and smaller tumors on plants than C58. 1In iw)

25 order to isolate the mini-Tn5 containing DNA fragments,
Southern analysis was conducted to estimate their sizes. A 9
kb SphI DNA fragment containing the mini-Tn5 and the sequences
flanking the mini-Tn5 insertion was cloned into pTZ19R to
generate pJYHZ2. Sequence analysis of pJYH2 revealed that the

30 transposon was inserted at a gene that is homologous to a gene
encoding a Rhizobiuﬁ outer membrane protein (ropB) (Roest, H.
P., Mulders, I. H., Wijffelman, C. A., Lugtenberg B.|J., 1995.
Isolation of ropB, a gene encoding a 22-kDa Rhizobium .
leguminosarum outer membrane protein. Mol. Plant-Microbe

35 Interact. 8: 576-583)s This A. tumefaciens gene was designated

as aopB (Agrobacterium outer membrane protein).



35 anal ysis showed that each of GM19023, A136, A6, C58 and CA 1 contained
a single Sphl fragnent containing the aopB gene (Fig. 3). This suggests
that the aopB gene is present as a single copy on the chronosone of these
strains, since GM19023 WD 02/ 36777 PCT/ SG01/00228 82 2 August 2005
contained neither the Ti plasnmid nor $he cryptic plasnid. CFAugESR08S ned a
9 kb fragnent whil e1£MLA23 £oAdS6e ditheChRe CostipRlidted seguéndk ¥ thagnent,

because CE | had t LNni -Tn5 transpqsqn i.nsertion at aopB. Detection of a

| arger SpRT %7 é:glr‘?eﬁﬁAi r%‘e“g ’é’ﬁ@gﬂg‘ﬁ&%ﬁﬁgt EW“‘ i gp{e’rD thdt the octopine

strain m gm0 ofCcDM &t vaB abpdimgenehhut céiteisequpeser taght be different
etected in the

from 4 heunotpraelaimngnatiﬁainnsrs]t. No hybri di zat ifon S| gn%Ih was

Rhi zobl umRBTrain, *as The 5@8Wo§%qtbeéﬁﬂ§eﬁ t itPhopBgeheSund "% opB gene at

t he DNA strummee wevetlomednhyo66swivb2 10 Jbee AaRBppashed phas .60%
simlarity to at th m nQ aci d sequence |evel (Fig. 2). AopB al so
shar es 42%{}21%/052?[% Fafit W%Pﬁeghjemi fogRhdet Sitler grﬁn‘g‘?"&ﬁ% fﬁ}g?ei ns in
Brucel | a spemims thd68bsliityl afi tye whitdankPapdl caisBanimone| | augdeensaba i nf ect ed
with a bacteri ge, 47%simlarjt ith 15 Pasteyrella . haenmplytica outer
menbr ane 1i?:)}rlao ?JB\& oﬁi]frjfsﬁé%@a gu#nﬁl'%errl}/%t\;ﬂ \‘?\nof’é BEE o gW‘é%l?ﬂet eritu

t uberdul oBCR, fAR¥Mensi contariineyd wbolt Ha®nbphséusechec doyhsmgaor cdutke nenbrane

protein, % .simlarity W .er r orin aof Vibrio
chol er ae. g%ﬁ%dg%é%B g%o eipﬁgﬁgggs%%%egﬂggn%ﬁq%% %@?HQEE “f)l q}t of the porin
protei n Fe¢m@ymim) aopmPkkddhthat sprcicsplatent htheCtirensposdn hal f. Exanpl e 3:

Local i zat | f._AopB.t he, C . . To .d rm vg]ft:eth AopB
protein vvllgls t(;.'L((:)a i zga %éhﬁ?e%bécﬁﬁ%%ﬁ%ég?l tsk,?att %’tg%sg%g%l Uar | 8§al i zation
of AopB welke temepaderduibationaged demg powndsrasnt of Taph® Anitgh&insposon.

Seve en ' bt ai hed t gr onj nts. The

pl asmtsgs ?%%%O%g%gﬂ%fi%\%?g% ‘Iﬁefg'E vveré:% OV?%]I%I?%%%C&% %?l(c)’ %Irg%? using MI6l16
as the hefpramentr apa. amRadtiedcfrom GRgp uannd yeild d’'these pl asm ds reveal ed

that 14 ofantkQRERPPERRATABECTIPNGHY 1BSRELIANSHW Lhih the AopB open

CGACTGCAGAAGGATCAGAACTTG-3’; SEQ ID NO: 8), which contained
Clal and Pstl sites, respectively. This generated a smaller

20 DNA fragment, which was then cloned into pSW172 to obtain
pJYH31. This fragment carried the sequence from 89 to 979 bp
of the 1.4 kb fragment (Fig. 1B) but no ORF downstream of
aopB. pJYH31l was introduced into CGI1 by triparental mating.
Virulence assays on plant leaves showed that CGI1(pJYH31l) also

25 fully restored the tumorigenesis ability. This unequivocally
demonstrated that the attenuated virulence in CGI1 was caused
by the mutation at aopB. Sequence analysis indicated that the
aopB locus carried an open reading frame (ORF) which encodes a
putative protein of 218 amino acids with a molecular weight of

30 22.8 kDa (Fig. 1A). This putative protein had 60% similarity
to RopB (Fig. 2).

To determine the location of the aopB gene, the
genomic DNA from A6 and the C58 derivatives Al36 and GMI9023
was probed with a DNA fragment containing aopB. Southern

35 analysis showed that each of GMI9023, Al36, A6, C58 and CGI1
contained a single Sphl fragment containing the aopB gene
(Fig. 3). This suggests that the aopB gene is present as a

single copy on the chromosome of these strains, since GMI9023



reading frame of pJYHS5. Both restriction mappi ng and DNA sequenci ng

reveal ed that they contained the phoA insertions at 35 5 different

posi ti onsWOWV/¥RA7Tmapped t hr oughol ut the entire AopB prot epoT&EBogo02dd) . The
AopB resi dues 1-24 and 207 were the WD 02/36777 PCT/ SG01/ 00228 83 2 August
2005 TnphoA transposition hot spots, as Brand 4 insertions rfappeist2es these
sites, respectively (Fig. 1B). It is also possible that these were the

progeny of ddicaSase heansdosne @0 SYSMS BRZYABLEE &ﬁ%a S alsRih cat g f hat
t he transposon |nsert| ons at 5 the 5 different sifes rate a corrparabl e

| evel of al%AiGaiee pﬁogﬂ%t%ém(apﬁo‘ﬂ)‘lh%tqmﬁpﬁ(T&bﬁa aZl)i CTRecPhoained

activities a germenat edafram ! he cagps- @@Pﬁﬁalaskﬂasm%ﬁf ' Q'}%Bs%{;@ fnthat from
the virJ- phoAfuslon Tabl e 2 2); and VirJ is knovvnto rese in the

peri pl asm (PHFELCR 2t 4995 BStechier it & 1a£99r2§59?711(;fr2691)3ntTh@s@6 results
suggest % hasuddstenthae AOPR RAQRLEL Ne @S tﬂe%élcbg@ﬁelﬁﬂa'lﬁ R&‘éﬁ?' &L or

outer nenbrane. The subcellular fractionation experinents wer
conduct ed tFHEEr APnBOPR I R8Nt csrRIUSRCEbBE Bt doe aﬂlfrfleeenbuétgm

descri bed pfRcedpae iaPesMaagd,. R t g B.
Bacteriol. 167%2}%08§ 10585 Pan e%qogllr1 bii%&gg%@%rx Sl#?%lr gﬁsogégi‘?ge%ﬁ 269) .

As shown i ntiFg RhizobiKe RopEmr esethe homdaoedbebwaen fihes eopBeyehelsinel y i n
the outer nEsdH 3Ge gga\%é Qi 38q00,AOPRMAS lgegfﬁf% ﬁiﬁ ifd the periplasnic,

cyt osol | c and inner nbrane fractions. Interes *an in-frame AopB 20
GFP fusl®n protein dé‘fléclt\%ﬁ iRFatiednt haﬁs%mmaamtyc@i RopsatatBe present

|1 L OU iy TRTREIRe <4l e HOVBYSY )L 80pht3] O L, appat ed (0

be.unst abl e because much I ess anount etécte the outer.
menbr ane asSHEYdFaiEd voth tthe tomahogetic quetatrem(amlam Dramdidd)iand the )

AopB- GFP f ugji.an 123 BHOLEL S { n,of ractions. (I anes 4, 6, "
8 and 10). On the.oPher iﬂ'a\r%@, ‘gggf%% @P itBBP%nge?fL B%ﬁﬁé’ﬁ?z{jgto be very
stabl e as thenssisuinfettexbpd thetebtetetivphhgecel Vs | yisdtlarivgswstmmilar to
that indh |.anes 1. an Seguenci ng anal ysis indicated
that the Tn%%éjgfq{rre ggggégéc}ﬁoéﬁﬁcgoou%%%rr?eﬁrgfe B??l%ejébl "SosP?F on 183.
These resulsignidagdeyt with PPE of Mycobacterium tuberculosis, 43%

similarity with Haemophilus ducreyi major outer membrane

protein, and 40% similarity with the outer membrane porin of

Vibrio cholerae. The AopB protein also shares homelogy with

20 part of the porin protein F (OprF) of Pseudomonas species at
the C-terminal half.

o Example 3: Localization of AopB to the cell surface

25 - To determine where the AopB protein.was localized in
the bacterial cells, the subcellular localization of AopB was
determined by mutagenizing pJYH5 with Tnphoa transposon.

i Seventeen blue colonies were obtained out of 3000
transconjugants. The plasmids from these blue colonies were

30 introduced into MT607 using MT616 as the helper strain;
Restriction map analysis of these plasmids revealed that 14 of
them contained the TnphoA insertions within the AopB open
reading frame of pJYH5. Both restriction mapping and DNA
sequencing revealed that they contained the phoA insertions at

35 5 different positions, which mapped throughout the entire AopB
brotein (Fig. 1B).  The RopB residues 124 and 207 were the



that the N-term nus of 183 am no acids was capable of exporting the fusion
protein to the outer nenbrane. The fusion protein mght be unstably

associ at ewowyR7tthe outer nmenbrane or prone to degradati opceMEhDE)228

subcel lul ar fractionation, as nmuch | ess 35 anmount of the fusion protein
coul d be detected in the outer nenbrangdraction (lane 12).2 NBW229®777
PCT/ S&1/ 00228 84 2 August 2005 Whol e cell ELISA was conducted to confirm

the AopB Imgabhobrisglatienshnhag sethens AOpkd & ©XROSedo0D 1o eekh
surface of the outer nenbrane and can interact directly wt e AopB
anti body. AdSSRodhtTTr FigPestivatucEddcel By of I iggedbacressimestthaitn A6010

(cont ai ni ngrele Wetdl-tnPerRERRY o€ aHed shRact 34l 4ihg (A0 I body but not
with Vird or GFP.  anti bogjy. Tﬁi)/s confi rsmad tlrfle Sl{lbb(?‘e| Ioﬁl gFBe ractionation

evi dence t HEEYRBpES i 538y odPelcarifbridine phoet eFansoSiseneivkedtioans fown to be

| ocal i zesl predenuparddant Bithe H&idl@sankCcbhgntd Pap 8y 3lipe 1995
Mol . Mcrobiol. 17: 259-' 2%9), ?ﬁjs t he Egss?%él@%yl\?\ggie ?n%elr%{éa?éget hat a

protein | oddPRBALRTE t H&OPerFpl ek cdTRBLE N2 kr adtheniPhhAt ket anittidesdy during
the whol e deelekaEld v Recl BBb-pIBe sikdbARbdbe RIgGhLECLRE, L PYLELT Ve
axen

AopB protein did not reveal any |arge hydrophobic region.
t oget her, itSc¥ATgePrthdusden (hekleadpB pBdeXbobdd dmowhetodsd lpresehace of

the Quter mbhangerfablsh deahl kaline BH9SPMAIASGCAR);aF1i ¥ Lies of the
phoA fusionsa Strai nsFusion typeFusion positionAP activity AGC? --0
A6010( pT 2f5A: : phoya/iTeavphs AeydeRfitashrt toeredmoire AopB protein was

A6010( pVJ:: ; - YHS).- -0 A6010
PIYHB039) AOD PhoRSORbA | oE ABDIB) {re 155} ASSRUBROR 25763 52

A6010( pJ YH5134A0pB- PReA184668 Lular ABGHA( pa ¥ESAY ) AepBrRheAld2dd 4hend 8
A6010(pJYH&%Q@L@Q&EWE?Q@%%Z%Qﬁ& Eﬁ% protein location, based on a

previously described procedure (De Maagd, R. A., Lugtenberg,

15 B., 1986. J. Bacteriol. 167; 1083—1085; Pan et al, 1995. Mol.
Microbiol. 17: 259-269). As shown in Fig. 4, the AopB protein
appeared to be present exclusively in the outer membrane
fraction, as no AopB was detected in the periplasmic, cytosolic
and inner membrane fractions. Interestingly, an in-frame AopB~-

20 GFP fusion protein detected in the transposon mutant CGI1 was

' also present in the outer membrane (lane 12). However, this
fusion protein appeared to be unstable because much less amount
(o of RopB-GFP was detected in the outer membrane as compared to
the total cell lysate (lanes 2 and 12) and the AopB-GFP fusion

25 protein was undetectable in other fractions (lanes 4, 6, 8 and
10). On the other hand, the native AopB protein appeared to be
very stable as the amount of AopB detected in the cell lysate
was similar to that in the outer membrane (lanes 1 and 11).
Sequencing analysis indicated that the TnphoA transposon was

30 inserted at amino acid position 183. These results suggest
that the N-terminus of 183 amino acids was capable of exporting
the fusion protein to the outer membrane. The fusion protein
might be unstably associated with the outer membrane or prone
to degradation during subcellular fractionation, as much less

35 amount of the fusion protein could be detected in the outer

membrane fraction (lane 12).



' The al kal i ne phosphatase (AP) activities were nmeasured with the

Agrobacteriunt 20 tunefaciens cells (harboring the plasm ds containing ‘the.

Vi rJ- phoAW@81/am177 vi r A phoA fusion or aopB-phoA fusions) growsGofyoéagiucti on
medi um as described in Exanple 1. A6010(pVJ:: PhoAl7) and
A6010( pTC115A: : PhoA) were used as the pggitive and the nega%W%“SéaﬂQSr ol ,
respectively, because the VirJ-PhoA is periplasmc and the VirA- PhoA
fusion is located inunhbgecysoplAI®n §aVWQOHIGEAT « BT S0Y Q‘Px%zﬁog% 2
August 2005 bAgtr,obact eriuat tumefaciens cells A6010, A6010(pTClI 15A:: phoA) -
and  ABO10(PRERLITRORY195E 4R iPAdHBEED? h 4IRS presuprEedbioni Bbemrell
acet osyri ngomer{ASht $haCSuddie meRBYehE OdhPicannd nfBdaMi ) QCRE 1 %Hgf es the
phenolic conpounds. 5 Exanple 4: |nduction of the aopB gene by acidic pH To
confirm t hat® fPPEoFBLHRPRY i s ASndherBl & Ui %ciddi éndypged tded sebét i ve
f1 uor escencayioB LN tiufASs Ofa i@ cBHbANESEdBiihg TR Lo GRAL AN he
aopB-gfp fus?on cul turef:l i nl di fferegtélo lmaiLdiga wer e co%,?reegg‘gﬁss shown in
Tabl e 3, theAShBGOS VekipridwsPORBI ABEERAGU B Mot ovikwiErdt ke GEBPIs were
cul tur ed | nand Sy COTRAL eloribheAB: AEAL BB HEY CF radi Rk gENCE Of AS Tn
n addi

r
I B did not affect the aopB-gfp expression. tron, t é: aopB gene

expr essi on YEsIGREEs el MgPRiSisngnt hutad pRpliraAel bréusirons Sifie HdpB- oA
expression j 4 4 I tured.in_ | B as

conpar ed Wi %ﬁwArga&eﬁé%ieu%n&%gla%rﬁ% %%\ggﬁf@%ar%lﬁ) gfn :‘Ngég é%ﬂplliéiﬁ(r)“ cegﬁ?‘égﬁ?rbn.
These déPa SPammfl v1-suyPest edotthaMiaopBiglend 7coabe-2a9)i,ndhaedthy aci di ¢ pH

but not by{:)@éi@ﬁi-%’lbldgs 3eli{n{lﬁ1§ﬁahp{?1€9% SaI tbgcr?%%ggi ?cl? Oaﬁl\}gz)%ﬁigkgn F

$t.rainsi Fusionlr or "Units o ucti Stivity bon,

fol dc periplasm could interact with the antibody during the whole

cell ELISA experiment. The hydropathy profile of the putative
AopB protein did not reveal any large hydrophobic region.

15 Taken together, it can be concluded that AopB is exposed on the
cell surface of the qQuter membrane.

Table 2. Alkaline phosphatase (AP) activities of the phoA fusions®

Strains Fusion type Fusion position AP activity
A6010° - - 0
A6010(pTC115A::phoA)° | VirA-PhoA Cytoplasmic domain 0
AG6010(pVJ::phoA17)° VirJ-PhoA 40 75+9
A6010(pJYHS) - - 0
A6010(pJYHS5039) AopB-PhoA 39 | 854426
( A6010(pJYH5125) AopB-PhoA 125 763 + 52
A6010(pJYHS5134) AopB-PhoA 134 668 + 12
A6010(pJTYH5172) AopB-PhoA 172 1042 + 48
A6010(pJYHS207) AopB-PhoA 207 1031+ 58

*The alkaline phosphatase (AP) activities were measured with the Agrobacterium

20 tumefaciens cells (harboring the plasmids containing the virJ-phoA fusion, vir4-
phoA fusion or aopB-phoA fusions) grown in induction medium as described in
Example 1. A6010(pVJ::PhoA17) and A6010(pTC115A::PhoA) were used as the
positive and the negative control, respectively, because the VirJ-PhoA is

periplasmic and the VirA-PhoA fusion is located in the cytoplasm.

8



ype CGA 1AopB- GFP183AB54 6N A | B381167.06 | B+AS384 197.11
A6010( pJYH5039) AopB- PhoA39AB184 8N A 1 B925 615.03 | B+AS901 704. 90

A6010( pJYMBAUZ}ADPB- phoA172AB338 25N A 1B1409 1264. 17 | Bré&Bbésino2864. 23
A6010( pVJ: : phoAl7) Vi rJ- PhoA40[ B+AS82 6N A

AB010( pTCL15A: : phoA) Vi r A- PhoACyt opl asmi c8fB+ASON A domai n WG 038467695

PCT/ SGO / 00228 86 2 August 2005 a The relative fluorescence intensities
(I'r) of Agrobddgmbicienish nacfnciaid defls 8160 B, AbDD(bhel BARB@)Rnd f Usi on) grown in
di fferent nedi a \Aﬁ@& [Tq}%sur ed as described in Exanple 1.” bThe al kal i ne
phosphat ase (AB0A@MI yRoAdd) Were indueeddm the graseirce af i tagetdgyningaméA8Ei ens

cell's  (har borsideg tHehRdullis 8 1 aaM bRk BlidGedufte virA phoA
fusi on or aopB-phoA fusilons) 5 grovvng‘]i:n %c{uff%%géﬁé%%bd‘gogﬂgggﬁéscri bed in

Exanple 1. During the AP assays, A6010(pVJ::PhoAl 7) and A6010(pTCl
15A: : Phop) medmplésad asndher Rasici YBe a5hd I@%n@eggtéc\!ﬁigo?%lro' ,

respectively, ecause the VirJ-PhoA is periplasimc an e VirA-PhoA
fusion is located in the cytoplasm 'The induction fold was cal cul ated by

usi ng the gene express eBnkeveltHat Lhe AR LM S Gontrol, .10
Exanpl e 5: Surface di SE[ ay of GFP and- Pﬁt?))A by nAopB ;I'ﬁ(i}ﬂgmgf(l%rr%yegm&lc
denonst r at 1 HAte FRALEVR Nuaesranre idemisa téks AobBhrasutesedsain GFP or

PhoA, the Agpﬁ-qagn@@gniﬁgp@kj?@%}gf_&s' %Sqrogt)eicgﬁt&%da f ound t o be present
OA 1N Thé

on the 15 bacterial cell surface. Both G-P and ustOhs were
exposedlBn Merkiss Wergc 6ompaesA wer s avhdyraliine Teblend ertdet awpBhgfp hei r
correspondi A1 Badk BSredd&1 BN HBEY; ihodies G- and, PhoA can
directly an%q)specilfi cal I?e? nt erg)gct V\né{t(ﬁ%e bgl (C)%Plsprd(:)étreei ﬁlsll PEEEA on t he
surface on Phes FCEPEIBACYEih AB mefliwm. 20iovkyeconphexessehcthef pk$ nar y

anti bodi es ﬂt&ﬁBtOEfP@@@M@%OpB—gfp expression. In addition, the

aopB gene expression was measured by using the aopB-phoA

15 fusions. The aopB-phoA expression increased 4-5 fold when the
cells were cultured in IB as compared with AB medium. Again,
AS did not affect aopB-phoA expression. These data strongly
suggested that aopB gene could be induced by acidic pH but not

by AS.
20 Table 3. Induction of the aopB gene expression

. . Fusion . I%or Units of  Inducti
Strains Fusio " J ncuch
n type position Medium AP activity®  on fold®

f _ CGl1 AopB-GFP 183 AB 54x6 . N/A

IB 381+ 16 7.06

IB+AS 384+ 19 7.11

A6010(pJYH5039) AopB-PhoA 39 AB 184+ 8 N/A

1B 925 + 61 5.03

IB+AS 90170 4.90

A6010(pJYH5172) AopB-phoA 172 AB 338 +25 N/A

IB 1409 + 126 4.17

IB+AS 1431 + 86 4.23

A6010(pVIJ::phoAl7) VirJ-PhoA 40 IB+AS 826 N/A

A6010(PTC115A:phoA)  VirA-Phoa  CYioPlasmic oo 0 N/A

domain




stable. They can be detected by colorinetric assays once they are allowed

to form conpl exes with enzyne-conjugated secondary antibodies. The :
rel ati vel woear/3a7protei n al kal i ne phosphatase (nol ecul ar wergbi/0d229r eat er
than 80 kDa in its dineric form 25 was expressed on the surface. %& | e
cell ELI SA experinments were conducted toggtest the surface HOEBEE 2 qoity
of the AopB-GFP fusion protein to nouse GFP antibody. It was of interest

to test whetherrelathe flobRs@acaintehosh/, 5ol dhodticRiiu b Qurhil © APRER lpI
produced by the QAL e ool Ul o lich '0pE- of p&%tgﬁﬁw%é?gr%s

used as t h¥SRBIEEOWR & Qiisentnediorern gwasured@s desaribpdda Bsamplyd opl asnic  GFP
protei n at TrhbhlhlinePuSiphatde (APPHMivitRs Wk - Al '

i ndeed | ocat ed int%e t?a,?:tter(i .a_?) clg}tFS gg’rgfnae?:seu,réd;%r c?ﬁ%lﬁnﬁ%&%’g'@éﬁg
protei n of (hadorng the playnid cerpingdsuviy-hpA dusiang virsreh@E fasion or berBypHoRangbnsd) .
I n contrgstegroivht & | RAsid ; / 0} 0
GFP pr oduce%robhﬁ]CG%@%as anéz;scd\égg‘sgig{ﬂ ?z( tZl ép{gg Délg:lﬂég‘%té%gséégh§6ﬁ§&§§6€%°(&%t
was of i nt e#WAHYPRROIWA:PhadpRere dstdas dieobitiye artdghe mdghtive coatrgihesebiivehs e

(PhoA) protgl EH P VYA i ayed by. ot her st ens.
The previ oug‘%cglfsgyrg\;{i ?ulgﬁgdgg%}?slarﬂpl %@?@H’éé’ﬁ O}S%%&catﬁgmi%?a%ﬁ%j .72
and pJYH5207he ingnetiondold was galpiatpthbyrusingshogrme ekpirbssion dovef indiedAB MedivApBBhat

the amno ggid positions 39, 125, 134, 172 and 207, respectively. These

pl asm ds were Introduced into C58 and the surface 10 accessibility of the
AopB- PhéA fusion proteins to the PhoA antibody was then tested. The whol e

cel | ELISA £Fihb155:Pa88 fad) aildh9W,CYE R LY 42 Is {Fig. 7) and
¢onf ocal rrit‘r%!%cogpy al | consi gtsg)n}télyyg%enong Fa?géxﬁ%t;{oRng coul d di spl ay )
the PhoA on the cel Thiaré¢xwepleThiemehftratarc\thot whef ace: d-tekaynamas the 15~

hi ghest whe Pho n 1.ng, aci d_posjtio 172 of AopB;
the effici eﬁ%rg&?]vasoqt ﬁg Zw\/\%eésjtsﬁ\%ﬁgn%ﬁﬁé u%irggnghggbu?kﬁ)%}’%a?éesgs?‘f‘? on 39
(Fig. 6, PahepB-BhoRi gus¥n piraedasaveradicadedot hatpAaphtceoul dhdbe used to

idi’lr teﬁfal é?gimtﬁﬁé@é/rita&ecgm9péupfa%ee.i nB\éqzltnhé)ELH a%gd.b{‘xi)gnir(l)fthaen%ugggggi v?egrg eagent
exposed on the surface; they were available to interact with
their corresponding antibodies. The primary antibodies to GFP
and PhoA can directly and specifically interact with the fusion
proteins present on the surface on the intact bacterial cells.

20 The complexes of the primary antibodies with GFP or PhoA were

stable. They can be detected by colorimetric assays once they
are allowed to form complexes with enzyme-conjugated secondary

. antibodies. The relatively large protein alkaline phosphatase
(molecular weight of greater than 80 kDa in its dimeric form)

25 was expressed on the surface.

Whole cell ELISA experiments were conducted to test
the surface accessibility of the AopB-GFP fusion protein to
mouse GFP antibody. It was of interest to test whether the GFP

30 antibody could bind to the AopB-GFP protein produced by the
CGIl cells which contained the aopB-gfp fusion; CG19 was used
as the negative conﬁrol because it could produce cytoplasmic
GFP protein at a high level. As shown in Fig. 6, the AopB-GFP
protein was indeed located on the bacterial cell surface,

35 because the AOpB-GFP protein of the CGI1 whole cells could bind
to the GFP antibody (Panel A). In contrast, the cytoplasmic



20 nmedium The display of PhoA could be nonitored by whole cell ELISA
flow cytonetry and confocal m croscopy. To further confirmthe surface

di spl ay owadBearid PhoA by AopB, the protease accessibilipyrR8580S24\ET €
conducted, as the passenger proteins displayed on the cell surface could
25 be degraded by externally added protegses (Earhart C. F. 2008ust208e of
an Lpp- OmA fusion vehicle for bacterial surface display. Methods Enzynol.

326: 506- 5IGP. pFpypsed i ge3bi 08s Watacdssedblle 85SOsS diBeasulf as
| ocal i zat i oqj)%{%%gp& G-P and AopB- PhoA fusion proteins in CG@ I or C58

cont ai ni ng ep 9, 30 pJYH5125, pJYH5134, pJYH5172 or pJYH5207. The

.digestion was conduCteehs mit hetpresenss Wfowl® s b MG 1HO4PL EV.aNt 1 Ot ease
from penetr (Torma%%en J, Lulg%%%bte}%g B.

t into the periplasmc spacge I
1984. Ani m%ﬁfé‘e”‘?gn“ﬁu’%g%?pm&}taé? Eré%’?’aﬁéf%ﬁ&ﬁr prbteigeuliopat i batiemdily use
-of a bl & phdEphippetdbgeitherd sySbe@act @heObredpdis B2 GoddPlucddle ChVE protein
was used as 1t he . negg%%\l/g% mar ker, as ChvE is known as a periplasmc
protein. WBG7M38%7 1PEroRy §62b% 8 ®IX HAkghst PGS TAs 2Bt awi HT2 0 g. 8,

t he AopB- GeRnftashotise pagid-pabadrustordTwienashea 183 f 183- GFP)
and the Aop%—iPhoA . fusi ons Eosi tioned at amno acid 15@?8%%%328%% 207
of AopB (ABPBL28SHRARCSIAIBRIZIOPHER, AdABL¥32 Psh 20RepBeeeRtiolyal | 5

decreased Sigsif prastigs waes LAYRKIERSnaddeds tad REWEQLE, Lol s,
pr odumlrbg t he fus%o{u,{zr oteins. In contrast, the periplasmc protein ChvE
was not- de§r88a 1 BY %t Snilf yARRIENOA f53PR RPtAINSt he She @i t est ed.

Consi st ent anttibouhok®s aglen ELSSA. f W GULOBBLIY d1d5a10pCONfOCAl

., 14

m croscopy,..all_the results indicated that the N term ST afn&3R8L d
posi tions Bis, figy cvgometrgzangbygigy (Fhg - AdpBrwkraenttheapenitggicepysi tes to

di rect foreilgncphei et 19NHemoh Hie-Ract gL al I r,f ace.. However, very
little digestion of thengpB%Q- PhoA protei %8%5003%%%%%%1,‘35’3 esthloﬁg t hat
the amino P5 4BRdpbkiturdacso cthe ¢fifdcigeneref sw facaplitis 1 splsayhef

ool s puakscceld SSeonngis kg Shep PLECL LT LIT AT 0 el
172 of AopB; the efficiency was the lowest when the fusion
occurred the position 39 (Fig. 6, Panel B; Fig. 7). The data
indicated that AopB could be used to directly display the PhoA
protein without addition of any reducing reagent in the growth

20 medium. The display of PhoA could be monitored by whole cell
ELTISA, flow cytometry and confocal microscopy.

To further confirm the surface display of GFP and
PhoA by RopB, the protease accessibility assays were conducted,
as the passenger proteins displayed on the.cell surface could

25 be degraded by externally added proteases (Earhart C. F. 2000.
Use of an Lpp-OmpA fusion vehicle for bacterial surface
display. Methods Enzymol. 326: 506-516). Trypsin digestion was
used to assess the surface localization of AopB-GFP and AopB-
PhoA fusion proteins in CGI1 or C58 containing pJYH5039,

30 pJYH5125, pJYH5134, pJYH5172 or pJYH5207. The digestion was
conducted in the presence of 10 mM MgCl, to prevent protease
from penetrating into the periplasmic space (Tommassen J,
Lugtenberg B. 1984. Amino terminus of outer membrane PhoE
protein: localization by use of a bla-phoE hybrid gene. J.

35 Bacteriol. 157: 327-329). The ChvE protein was used as the

negative marker, as ChvE is known as a perinlasmic protein



(Fig. 6). It is possible that the AopB N-term nal 'domain of only 39 ami no
acids was inefficient to expose nuch of the PhoA 20 on the cell surface. .
Nevert hel B4502/36@E ami no acid position 172 was the best sitperfseni/eisp! ayi ng
PhoA. One mmjor consideration in cell surface display is the outer

menbrane integrity of displaying cells, g nce many surface baygesta8lays
woul d be unreliable if the outer rrenbrane 25 is structurally conprom sed.

The protease accessifd|didtn rper et $hehawed-EPRpt £{Ng, A0
AopB- PhoA fusion proteins coul ge di estewB by exter ngol Bgag r°3p3| n,

whil et he3hefPprastiid prict &fnAeRl E moﬁFBigmdrrdmAprdPg@nsted (Fig.
8). This sqggeswobcsmtlam Bt 8ELAS >éc% %?ef%ﬁ'?”bfﬁ”% ?sbo%%'
-Base sys

intact for the_ displaying bacterial cel AopB
Exanpl e 6: (BBRB2p TS n]’tﬁPBanBber Pfqumqulaée mrsﬁzloay’hbﬁ)lalbr der to

facilitateqeepyendend shlaveof g f at . p e pl.asm d vect or was
constructed using thelgle Aug %s‘f’ 206(%5’B D %S Atﬂdz cgfr ?L‘gr ge 9). To

do this, iC%ha8 E’W%’{Cldﬁtetrhm ﬁeal«m Hrl?éeaépB s@qmaemcoﬁh@g t he

N-ter i hal REOH Lk i P13l 8RsE Gl dota L '

C-term nal pdorrgl n l5 g@ op;)LB (an%‘no achsg%L%g%écg)ng%é& %R ({]q’aélam
sequence V\éFé‘PEé‘I‘e’cfé(fllTPFéleaéﬁBapfﬁ%rﬁﬂSéﬁdand t he sequence encodi ng the AopB

N- termnal region (&Hda@agids - ed., The amno acid
position 172 of AopB was chosenlgfsll‘tz éle}l\ﬁgﬁénﬁéf%ﬁ LI fvEomet i aRgs t he

most  ef¥f0i cicenfosal dhissiomriomy  t Akl PtreATpsOl 6 nindi &0 qpaichaef tips iver s, plls

5' - CCGGTAGSERAT. ccgpx GTAAG 3 ; SEQ I D NO
(9) and p119 (5" - AAATC%%%@% é% 38?  2ngt 2Q%errd used to

anplify a?’PpRgwers tdfe @etmibsige r@uelset%éslg@dsmmarel}hlﬁ Botdmdt empbat e. 3

The result uct.,Go d t aopB prormt 223 bp 15 upstream
of start cl('):ggn})g)g‘\l?t %ﬁe%ae(%ng%gggneg rgé}"%‘ﬁ Fanging ot Gﬁﬁe ‘gl‘i"?ftf}P@ Bb. This

fragment wabedhepisbebhddy ﬂca:lelandaKpdﬁtm@d sehgegqsieirid ythtamges@cgﬂx{dﬁ
o2 a5 R SO, 0 g REMLL TR B BB col e o
20 To test Thhevheke tded lvEEISA mmmnpavw& cid it RequeBLt the amino

acid position 39 was not an efficient site for the display

(Fig. 6). It is possible that the AopB N-terminal ‘domain of

only 39 amino acids was inefficient to expose much of the Phoa

20 - on the cell surface. Nevertheless, the amino a01d position 172

was the best site for displaying PhoA.
One major consideration in cell surface display is
(g_ the outer membrane integrity of displaying cells, since many
' surface based assays would be unreliable if the outer membrane
25 1is structurally compromised. The protease accessibility
experiments showed that the AopB-GFP and AopB-PhoA fusion
proteins could be digested by externally added trypsin, while
the periplasmic protein ChvE was not significantly digested
(Fig. 8). This suggested that the integrity of outer membrane

30 was largely intact for the displaying bacterial cells of the
AopB-based system.

Example 6: Construction of a vector for surface display

35 In order to facilitate convenient display of

different proteins, a plasmid vector was constructed using the



di splay proteins such as G-P and PhoA, a 0.7-kb fragnment containing the
gf p codi ng sequence was cloned by PCR using prinmers G-PuvFh3

(5' - GGGAAGCTTGGAGTAAAGGAGAAGAAC-3'; SEQ ID NG 10) and GFPuvRpl

(5" - AACTCCAGTCATTATTTGTAGAGC- 3' ; SEQ ID NGO 11) 25 and using

PGFPUV(C ontech) as the tenplate. H nBPI1 and Pstl (underlihéYpus208y were
i nt roducedop®d asaché idaatreéesulFrsgquent el afivrgs, The wakarirgtodon ATG was

changed t I t void any translational initiation at this
site. Theg?tes% %QQ ldteg %%DE?SV\%uencfeyg% oec{c}nﬁygﬁ E\ﬁltfefmlnac} BE?T%hd cl oned
into 30 HAierHin) aPsmd @lugéstaeulpﬁ%@(ﬁheﬁluesglesul t'liheangt@smndlpcﬂéﬁHZh

cont ai niedoardda- f LAy LHSEON -3 2 BOPENET Phe Aok B t was al so
anplifi edo vvhlp% was then cl gneéﬁ?ntg IYH20 n%torlggglener encSJ 3. pJYH5039

was used 8819458t 6P #OBB RURHOLHF |asr ShoteguphemfeRgoding the AopB N-

(9" - GGGAA%F&QEGAQ&BEAMQA@A@M@&%) w2eSEQ 4iReNO Tl aRehShoAr ePl
(5" - GECTGCAGT 3 I D NO 13), which contained

CAGCCCCAGA . SE
H ndl | | aﬁcc'll%spf’fsltj(?fh&«g?l?%@WBSY?%é:hO?%% CFF‘?/eq”)?mBJ% 8®dntHi®ned an in-
franme- f usebre oksavpBapholeffiiminht cin tihepiydAggene PlhaBkLﬁfbttelilﬁ Wa 02/ 36777

PCT! SO/ B0P28.90: Arhiugust, 2005, Seguances ot Badahabligsinter m nal si gnal

pepti de. asmd JYH21" and were then |ntro uce nto C58 by
tri parenté?AngﬁFﬁﬁ@Acﬂ%@%A&?epl’ EECSAP ¥t 90 ypd PldPgésti on experiments 5

ver e t henagordietedrisrdestidcees earhi &6 Moo denapstr ales Waekhsr rlngFP and
PhoA were e Ipressed on the cell surface in the strains C58(pJYH21) and

C58( pJ YH23) ET349BEDRRG Vel yiP ASIBAGWIS A8 FHSFO™ES PiPhas df It et S ¢ ency of
bot h GFP amsl rlalaoAtmg e ptciset deartat ed ph¥HAOpmas ofibtdd a2t cog he ori gi nal

Genor ot 6d B AR e e PRl B 27D T osBR el y.
t he trypstrcaisgests on TQX@G'?IIWWGB ,washeigarBdGP laddant dppy a1€b8( pJ YH21)
and AopB- EhaA RERGHF ad ghYe S8 R INER3) W%yakﬁé) saRECEIAIMRE tfhd he trypsin

digestion. Thi's proved directly that 15 the N-termnal "but not the
C-t er mi naFeHUraPR RfRsROPEP AR Ftfdired ? FuLE iR céenttDFibe the passenger
fusi on predeilisate the cloning of foreign genes (Fig. 9).

20 To test whether the vector plasmid pJYH20 could be used to
display proteins such as GFP and PhoA, a 0.7-kb fragment
containing the gfp coding sequence was cloned by PCR using
primers GFPuvFh3 (5'-GGGAAGCTTGGAGTAAAGGAGAAGAAC-3'; SEQ ID NO:
10) and GFPuvRpl (5’-AACTGCAGTCATTATTTGTAGAGC-3’; SEQ ID NO: 11)

25 and using pGFP,, (Clontech) as the template. HindIII and PstI
(underlined) sites were introduced to facilitate subsequent
cloning. The start codon ATG was changed to TGG (bolded) to
avoid any translational initiation at this site. The resulting
fragment was digested by HindIII and Pstl and cloned into

30 HindIII-PstI digested pJYH20. The resulting plasmid pJYH21
contained an in-frame-fusion of aopB-gfp. A 1.3-kb phoA
fragment was also amplified, which was then cloned into pJYH20
to generate pJYH23. pJYH5039 was used as the template; the
primers were PhoAfH3 (5'-GGGAAGCTTCTGACTCTTATACACAAGTAGCG-3';

35 SEQ ID NO:12) and PhoArePl (5'-GGCTGCAGTTATTTCAGCCCCAGAGCGGC-
3’; SEQ ID NO:13), which contained HindIII and PstI
(underlined) sites, respectively. pJYH23 contained an in-

frame-fusion of aopB-phoA, in which the phoA gene lacked the



onto the cell surface. This also denonstrated that the display vector .
plasm d pJYH20 could be used to efficiently display proteins on 20 the
bact eri al wo@bisesur f ace. The unique restriction sites Hi ndl Ipcr/desfjoo22Bant
Kpnl and Sacl |ocated downstream of aopB could sinplify the cloni ng of
forei gn genes encodi ng passenger proteinsg 25 Exanple 7: Ef f28uguspg00
conditions on the expression and display of fusion proteins In order to

| earn nore abguénthecahiarpeberind e e@hinhhes AopE mrdicatied sprfaag displ ay,
experinments vver%]rcon uct e Hgé 30 to investigate the effects of the culturing
e

medi a on t hBYERpt 3% 1Y ST D hASp BE PEOPREA i SBnL TSt BIRRXERZaL. As
shown in Fi@atifg.the expression |levels of the AopBl72- PhoA were simlar
when C58( pJYH23) was own in. MJL and IB, but the I|evel was nmuch |lower in
AB medi um The whol e @é ke EpLEAELIRP $9CF ESXPEYR oMI ISt 1ORaPYBR ELNRSHES t hen

conduct ed t aekesthéhecslicpkay aefddstiraney 2hrA0PBles (RmBASA LA @%%&8@“23)
grown in I\/G’L AB and WO 02/ 36777 PCT/ SG&01/00228 91 2 August 200

shown in FIS 130d { FROP\NI5EE- 93P R58 P8t EhA eeld Burfacer incilatitradinspl ayed

on the cell cspipagez onlanaveen (pheicel !l s LEi 8 a2 dj t enot in
MZ L and AB rred]::)um al t hough I%he exp regglﬁ%n Ilevfe&yml n Laﬁmaisrp?l Ial’ to

that in I B fRFgeisylay, efffcéﬁﬁlciizt)f bPﬁ?‘sG§Hgg’é%t%hqphéw the plapliay of
pr otei ns byveAopB PvHAte aactenialr 6ol khéuaiﬁgﬁlﬂasaaﬁﬁdgggdﬁm %JI)DB’D‘C' dic
co

pH. ThIS could be used as an inportant factor to spl ay of
pr ot ei ng % h@toAaGUHLRRS détsr PR REIH2N f erdsCHA (PREI2Jubenenendd ane. 10 Since

E. coli is theicopm@ndiest ayseer CHnd’@%’BQHﬁYHQ%“ ‘:rg@gghglﬂrr%ic# ong,, it was

f interest to test if the aopB display system coul Ty “Used in )
ot her bact etPEntryRein Eigeslkionekmttiizebiam tié i AenA-GFPhprodacsd dbpr YH23 .

di - P | 15
eR?J(I-E\’gollgg Atsbgﬁgﬁmﬁﬁ%%%FlwAwg %%Bp{a%%lrégggiagzgyeveq @qﬂﬁz?ﬂewef%sﬁ c?lﬁ’ 8& 1)t ein

in E. coli éﬁéewlhﬁ|tICDttlhew‘ér@%mndlaBSt@onhatThls proved directly that
15 the N-terminal but not the C-terminal domain of AopB was

required for translocation of the passenger fusion proteins
onto the cell surface.
This also demonstrated that the display vector
plasmid pJdYH20 could be used to efficiently display proteins on
20 the bacterial cell surface. The unique restriction sites
HindIII, PstI, BamHI, Kpnl and Sacl located downstream of aopB
could simpiify the cloning of foreign genes encoding passenger

proteins.

25 Example 7: Effects of conditions on the expression and display

of fusion proteins

| In order to learn more about the characteristics of
the AopB-mediated surface display, experiments were conducted
30 to investigate the effects of the culturing media on the

expression levels of AopB;72-PhoA fusion in C58 (pJYH23). As
shown in Fig. 10, the expression levels of the AopBi172-PhoA were
similar when C58(pJYH23) was grown in MG/L and IB, but the
level was much lower in AB medium. The whole cell ELISA and

. 35 flow cytometry analysis were then conducted to test the display
efficiency of AopBi;2~PhoA for C58(pJYH23) grown in MG/L, AB and



in A tunefaciens, but the fusion protein was not efficiently displayed on
the cell surface based on the whole cell ELISA flow cytonetry and

pr ot ease wiogession. The grow h of E. coli 20 and R el il ogdt/s@dibon2isn | B
mediumdid not allow E. coli or R neliloti to display the fusion_protein
on the bacterial cell surface, even though the al kaline ph F\%&SE\%@)S_
activity could be detected in E. coli and R neliloti containing pJYH23
(Tabl e 4) IBsughesshawn timatrighel PhaAenwaspHj-peried gudtce it h€o@rs il asm ¢ 25

space. These_.suggest that .the display of AopB-PhoA fusions on the cell
surface ni ge%tfl(r:g%rﬂﬁ %ﬁ@&ﬁé’ﬁgugnfgb%(‘f?@)sﬁﬁ?% QY phep s s&itdds.

_Thi's. i ndi caees ghain tire IRopBdian AopBotoinl vg)L @id RB mEHihM} Ia1¥halynbe
used in itsc native host R mél i | o(ij as _a car{i er_ for surface display. 30
Tabl e 4. ARSI PRRTpHivPharys H@ Qe tei FLRLl 3 YopBEF2iphbA Figison
protein funder, oifded erd) . cabtier bagyaardichhenshdiispial 4P gedideuinly 8%

decr ease ig St raji nshedi ump houJE fter, trypsinAP activity after

trypsi ndi g&SPPoR? r Vp3iR icgdati 6htt ettare b3t Tvivesdr by parr) sasticoe2g 92 2

August 2005hCs8dH1DNE NAABANTAA 1BUNTNAL CESE Y23 )Mt £9P 2, 35868 119 t
2 AB4901444220102 | B30448Q81527732 DH5aLBONTNA DH5a(pJYH23) LB89 482 58 2
RCR2011LB/ ﬁbﬁﬁ%ﬂ& %P&%ﬁtf(lBiYHE%S EHNMERES derrerigdgetiegtin &bral i ne

phosphat aseutAP) matthiaHd.i es were neasured for the bacterial cells harboring
pJYH23 (containing the aopB-phoA fusion encodi ng AopB 12- PhoA) grown in
different nedia as R ibedold thehoarcorranshesly Wechées. vas®usDHsa and

CR2011 WE@%n@EQG wdnipulations, it was of interest to test if the aopB
(ﬁf display system could be directly used in other bacterium like
E. coli and Rhizobium meliloti. The plasmid pPJYHZ23 encoding
the AopBi;7;-PhoA was introduced into E. coli and R. meliloti
15 RCR2011. As shown in Fig. 10, the expression levels of the
fusion protein in E. coli and R. meliloti were similar to that
in A. tumefaciens, but the fusion protein was not efficiently
displayed on the cell surface based on the whole cell ELISA,
flow cytometry and protease digestion. The growth of E. coli
20 and R. meliloti cells in 'IB medium did not allow E. coli or R.
meliloti to display the fusion protein on the bacterial cell
surface, even though the alkaline phosphatase activity could be
( ; detected in E. coli and R. meliloti containing pJYH23 (Table
| 4), suggesting that the PhoA was directed into the periplasmic
25 space. These suggest that the display of AopB-PhoA fusions on
- the cell surface might require endogenous factor(s) unique in
A. tumefaciens. This indicates that the RopB (an AopB homolog) -
of R. meliloti might be used in its native host R. meliloti as
a carrier for surfaceldisplay.

30
Table 4. Alkaline phosphatase (AP) activities of AopB72-PhoA fusion protein under different

culturing conditions

Units of AP activity® % decroase in
. Strains Medium Without After trypsin AP activity after
trypsin digestion trypsin

digeation treatment®




5 the negative controls for C58(pJYH23), DHSa(pJYH23) and RCR2011( pJYH23),
respectively. b The decrease of AP activity was expressed as percentage of
t he acti viMOy28677T nated by trypsin treatnent. c¢ NT, not tBSI/&G01/dMA280 NA,
not applicable. Exanple 8: Surface-displayed PhoA is enzymatically active
To deternine whether the PhoA protein di%pl ayed on 15 the Batt@sta0xel |
surface was_enzymatically active, the alkaline phosphatase (AP) activity
was nmeasur e@5$ or. C58( pJYH2BIG/Lcont ai B ng t he adfiB- phoA fusNah grown in
different gromh nedia. |tABas beenOdenonstratNad previ ousNu that PhoA is
enzymatically active only wign it isoOexported afross the 28aAcytoplasmc
menbrane into the periplasmc space or onto the outer nenbrane. As shown
in Table 4, Co8(pJvAR23ct i vi t¥id/Dr thesybasteri gggaellls growy i | B was about
3.5 times higher than thatABn Md koo Wiyl e thﬁzA%B PhoA flb'il' on protein

expression *level for the bggteriao@iowg in Igsuas, slightly lLower than that
25 in ML (Fig. 10) However, only the bacterlal cells grownhin |IB and not
i nM& L exhi pifsgd the cell sngface di gplay of P (Fi gs. and 12).

Al t hough thﬁ &’E}{ﬁﬂ prodyged by V\D 02/% 57 93" PCT; 1/ 00228 2
August 2005 ¢ cells gr own | L was di spl ay %n t he cell

surface, on protei sessed hi gh AP t| vity, su gesting that
t he AopB- Ph %} ?%go%acros the cyt asni ¢ mendfane. The hi gher
AP acti vi ty Sgry% t he*®fikberi al €éH 8 grown %t 1B was
presumabl y-due to the easier access of the AP substrate to PhoA and thus
faster enzymatic reaction, because the AopB-PhoA of these cells was

displ ayed onhe pkaling phosphatass 6P kastivitiprewexpmeatymdrfor the bavteriabtells hartoriieed t 0
penetrate ShitailR | € PhoA ein. This '~
suggests t Eat H{‘.’#g tﬁ'oAgtg?%} Brﬁﬁd‘??% gye%)dg@%%é 72%&88%?031" 'Egi fereé‘hr face is
enzymat i calegdiazs tiesesbedTio thediidterials dand Methdde. €68, fEERy idRURMED vARPReFROA :

5 the negative controls for C58(pJYH23), DH5a(pJYH23) and RCR201 I (pJYH23),

respectively.

® The decrease of AP activity was expressed as percentage of the activity eliminated by
trypsin treatment.
“ NT, not tested.

" 10 9NA, not applicable.

Example 8: Surface-displayed PhoA is enzymatically active

To determine whether the PhoA protein displayed on

15 the bacterial cell surface was enzymatically active, the
alkaline phosphatase (AP) activity was measured for C58(pJYH23)
containing the aopB-phoA fusion grown in different growth.
media. It has been demonstrated previously that PhoA is . '
enzymatically active only when it is exported across the

20 cytoplasmic membrane into the periplasmic space or onto the
outer membrane. As shown in Table 4, the AP activity for the
bacterial cells grown in IB‘was about 3.5 times higher than
that in MG/L, while the AopE—PhoA fusion protein expression
levél for the bacteria grown in IB was slightly lower than that

25 in MG/L (Fig. 10). However, only the bacterial cells grown in
IB and not in+MG/L exhibited the cell surface display of Phoa
(Figs. 11 and 12). Although the AopB-PhoA pioduced by the



fusion protein is enzymatically active, experinments were conducted to
exam ne the effects of trypsin treatnent on the AP 15 activities of the
whol e bacwerozab77eel | s expressi ng AopB- PhoA.  As shown i n TEabi/ecdi/ootize
trypsin digestion could elimnate about 73% of the AP activity of (ipge
C58(pJYH23) cells grown in IB nmedium while only about 10%20RU8UE2URti vity
was |l ost due to the trypsin digestion when the cells were grown in MJ L or

AB 20 nedi wactRirewl 0usl BX RAIdRE N SuEf T eadY ndemanstiAled S hat . the, , bacteri al
cells grown ir}s?l B bug né)t MZJ L or AB could di sg[ ay ‘the PhoA (Figs. 11 and
&

12). Si nce BHINCEur FA% BB IOt P BtRASFESsRAt heglvidt @ctévlisycoul d be

~accessi bl e dugele ingxtidthalley Adgaethdd YRS @n:a;xgﬁoga(ﬁa&:f]ia% %2% e of the AP
25 activity due.to trypsin digestion jndicated that the Pho I spl ayed on

the bacteri% O%&FFm%ﬁr PRFaARgs | HR it oher, PRaprEhTity @dt PeeB-PlhoMagor

observedst hate thetbeypbidel1d gesim om Cl@'w@soPlcé!s&Hl{‘l"WSih‘é @got':‘llie 10% of
the' AP activities in different _bacterial cells, 1 nclhuding A tunefaciens,

E. coli 30 S7deR 2REFTT ot thRnéR twesidaties trePhohdndiitdpbagiasiget he PhoA on

the cell suifmgaciZheesealoriesteasse ond ABpAPPRSATYE okl cLiiese, bacteri al

cells was presumably due to the possibility that trypsin could “('fl‘sgest sone

proteins ofdiGRtayerefbridife GsdtesuRiRre 190 &heehP | sithstirheepeas phasm t 0

di gest the iiRbas b Coedix tRRAQA, NI ed- t he,non-di.spl.ayi ng
bact eri al cﬂgﬁru;. WO QSE/) 36777 94" PCT%(%??‘S%%%%H% %%&%68?%‘%}%&‘% ess,
al | thetYatHc@orsptednt | yhisdrragedts Hartt kbe BhehirmpsdiRhdlspiesyed on

enzymati caldne agti¥eiaSidaa BleAdungd i 9Q§F§§i@am(yt%r with disulfide
I splay

bonds, the . AopB-based Agrobacterium syst'em rep‘raésent s the first

5 ‘system that can beT@s&RPtigrdithett e diunflegy displayedd Appstrhon |ike PhoA
(Wi th di sulﬁdﬁgnbgggggid rlsa'énQ%é%_ecaS_Ltlﬁt %ctﬂ??, ree}]:‘rPer ence?ﬁm ted in this
ere

. . erl n W
application are 0 incorporatéed herei y re ce 16 e"&5& ent t hat
t hey suppl éf@stctedptaisraningvte sbfapsonndt oypdeadreaenbntson diRchid ques

and/ or fﬁ”ﬂ%ﬁﬂﬂb&@@éseg%ﬂﬂﬂéthB?éE%Jhterial cells expressing AopB-PhoA.

As shown in Table 4, the trypsin digestion could eliminate
about 73% of the AP activity of the C58 (pJYH23) cells grown in
IB medium, while only about 10% of the activity was lost due to
the trypsin digestion when the cells were grown in MG/L or AB

20 medium. Previous experiments already demonstrated that the
bacterial_cells grown in IB but not MG/L.or AB could display
the PhoA (Figs. 11 and 12). Since only surface exposed
proteins of the whole cells could be accessible to the
externally added trypsin, the drastic decrease of the AP

25 activity due to trypsin digestion indicated that the PhoA
displayed on the bacterial cell surface was indeed
enzymatically active. It was observed that the trypsin
digestion could only eliminate about.lo% of the AP activities
in different bacterial cells, including A. tumefaciens, E. coli

30 and R. meliloti, when the cells were not displaying the PhoA on
the cell surface. The weak decrease of the AP activity in
these bacterial cells was presumably due to the possibility
that trypsin could digest some proteins of outer membrane pores
and then enter into the periplasm to digest the periplasmic

35 PhoA, which was producedsby the non-displaying bacterial cells.
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9 5 2 August 2005 CLAIMS: 1 - 26 (canceled) 5 27. A isol ated pol ypepti de
conprising (1) an am no acid sequence selected fromthe group consisting
of : (a) SEQMDB6Ne: 2; (b) a fragnent conprising at |east 3BCT/OGGR®ALS Ve
amno acids fromthe N-termnus of SEQID No: 2; and 10 (c) a variant of
(a) or (b)that: (i) is at least 65%idenpical in anino acid QBHEEAE to
the pol ypeptide of (a) or (b); and; (ii) is localized to the outer nenbrane
when the vatdvanthesdeexprebbathel HaBa Ot&B NAgatilye iRactSrddPhal5reel | ; and
(I'l) a passgnger gro%gig. 28. The gol eptide of claim27 wherein the
fragnent ccﬁﬁ% PYFAg PHPA | s eREYMRbHS iafd1d%i-no acids fromthe N

ternm nus ofsiSEQ PRoNOfuRcEIsHY hses BémdEdadr thenNgt 86 1FNAl pLaas20:gei No
aci ds of SI%%IQ No: % 29.. The pol ypeptide of claim27 wherein the fragnent
conpri si ng BPH EASEI34IEGRAAAH PO LrR 1Y NS FERTEFRNN ther fiRSS of SEQ
I D No: 25casprtieseshat teasbe td&%dl\ltbecﬂmé'tﬂilﬂ-:%ﬂs%ia?nln@in?ecriid:spggtec‘EQ I D
No: 2. 30. Th potn%ge tide of claim?27 wherein the fragnent conprising at
| east 39 c cutitre WAFR A4 9e Bandte ¢ AePRtAN. BHAIBEQ I D No: 2
conprises at least the N-terminal 172 30 amino acids of SEQ ID No:2. 31.
The pol ypeptide of claim27 wherein the fragnent conprising at |east 39
consecutive amno acids fromthe N- termnus of SEQ ID No: 2 conprises at
| east the N-term nal 1h83r3bei2e actds Of OEQ lBNO-2:: 86 AAugust 2005
32. The_pol ypeptide of claim 27 wherein the fragnment conprising at |east
39 cons%@ut]i TRRFAGCACh e bin FREeRENGR R Al 6KLSEQ tIRtNGheg conpri ses

at | east thagprlepenitNabxgldi BMpReyv8&t A5 HgrkRd BrNeeZen methods,

(¢

techniques and/or compositions employed herein.



5 33. An isol ated polypeptide conprising (l) an am no acid sequence

sel ected fromthe group consisting of: (a) SEQID No: 4 and a signal
peptide functional in a bacterial cell joined to the am no term nus
thereof; 10 (b) a fragnment conprising at |east 16 consecutive am no acids
fromthe N-termnus of SEQ ID No: 4 and®3 signal peptide tHafugust 2005
functional in a bacterial cell joined to the amno term nus thereof; and
(c) a vahaMS:of (a) or (b)that: 15 (i) is at least 65%identical in amno
acid sequence to the pol ypeptide of (a) or (b) that is represented by SEQ
ID NO 4; and, (ii) is localized to the outer nmenbrane when the vari ant
is: (1) yoimd i n-fagag=Mdd)h a bacterial 20 secretion signal and, (2)
produced in a gramnegative bacterium cell; and (11) a passenger protein.
34. The pol ypeptide of claim 33 wherein the fragnent 25 conprising at

| easty 16,-consecut iy Sqﬁ;i& ' - TN IVS fE%F : 4.
corrprsi ses at | eastAt e te?%%iiﬂélﬂ(}?&%%%érgcgdyogﬂs Ic%ﬂl‘ﬁbé\l?lacj?% The
pol ypeptdedmesfcer | s Imc3Rdvare ntHdegfamggrentsi30irgpngfi sing at | east 16

consecutive am no (si ds. framthe N term nus of SEQ ID No:4 conprises at
| east the N-ternind’ 1PEQ A acdiids of SEQ ID No: 4. 36. The pol ypepti de

of claim33 whereim)hg ffﬁ%ﬁ%’ﬁt BN Radieasd I KANFeOH i ve
am no acids fromthe N9 7 August 2005 term nus of SEQ I D No:4 conprises

at | eastamifw Naiglanifrom 48 NafiqmnigoidoHOfSEREQD NdNo:24:. 8% The
pol ypepti de of claim 33 %griegtr& t[%e {ear)aq)q_,en(tbc}t onprising at |east 16
e t f

consecutive am no aci ds from rmmnus | D No: 4 conprises at
| east the N-terminal 160 anfino aicd dg dfesSHQdTI3 Nalchtiddl The Hinpepti de

of claim 33 wherein the fragnent 10 conprisjng at | east 16 consecutive
ani no a@dS SRS GO the POlYPeptiderrpof (a)g or (b); and;

(ii) 1is localized to the outer membrane
when the variant is expressed in a gram-negative bacterium

15 cell; and (II) a passenger protein.

28. The polypeptide of claim 27 wherein the fragment
comprising at least 39 consecutive amino acids from the N-
terminus of SEQ ID No: 2 comprises at least the N-terminal 125

20 amino acids of SEQ ID No:2.

29. The polypeptide of claim 27 wherein the fragment
comprising at least 39 consecutive amino acids from the N-
terminus of SEQ ID No: 2 comprises at least the N-terminal 134

25 amino acids of SEQ ID No:2.

30. The polypeptide of claim 27 wherein the fragment
comprising at least 39 consecutive amino acids from the N-
terminus of SEQ ID No: 2 comprises at least the N-terminal 172

30 amino acids of SEQ ID No:2.

31. The polypeptide of claim 27 wherein the fragment
comprising at least 39 consecutive amino acids from the N-
terminus of SEQ ID No: 2 comprises at least the N-terminal 183

35 amino acids of SEQ ID No:2.



termnus of SEQ ID No:4 conprises at |least the NNtermnal 184 am no acids
of SEQID No:4. 39 - 44 (canceled) 15 45. A nethod of producing a
m croor gani sm on whose surface is displayed a passenger protein, the
met hod conprising the steps of: (1) introducing an expression vector into
a nicroorganismto 20 obtain a transfdPned mi croograni sm ahdugukst 2005
culturing the transfornmed m croorgani smobtained fromstep (1) to express
the proB@i-n; wher dhe Piod yoeptdssi of vdetior 20ompeirsds: the) fxaamsngi ¢ acid
encodi ng _a carrier prqtein, erein the 25 carrier pratein i 2| ect ed

I

2 IS
fromthe gpgt}ﬁlél n&istion t01‘3: (?’lo)nsaecblgl;yﬁeﬁﬂlélg E5mb irﬁ)én é:r?ea no acid

sequenceeselietisedf SEQMIDh@Iogr CURcAPISiselsl B Qkastl)xhSER-IRMN@nad; 202) a
fragnment conprising at | east 39 consecutive amino 30 acids fromthe
Nt er ni ATEReF 2SEQS| BINEEQR IDaN@:@3) a variant of (1) or (2) that: (aa) is
®at |legast 65%indentical in amino acid sequence to the polypeptide of (1)
or (2); and (bb) is localized to the outer nenbrane when the 35 variant is
expresséd-in a gr &m rnegdrited padvpepiideeicompy igingAUdusa2@IBE NG iadcial

pol ypeptide conpri sin nam no.acid sequence selected fromthe group
consi st isr?guc?fn:ce( Z?)e §€%el%Dfaﬁam %héangrgug Sﬁ&Slﬁgﬁtnlgd PfS‘hat is functional in
a bacterial cell j(e)nedro Immoamn@nuebmsa@auh?’e@@fm& Bk ta draagent
conprising at |east 16 _consecutive amino K acids fromthe N-term nus of SEQ
ID NO & tgrdipgngelgepoiided tRatthies aminet teFginus sderecfal cell | oi ned

(o) s at Teast GE0 1 Bertroan SnFna aad 2 aasierce o S PRE NS Rept i de
of (4) emifi®) aicidshé rpor tihen N-tepmésest ed ISEQSEQ ND :N@ afd andignal
peptide that is functional in a bacterial cell joined to the
amino terminus thereof; and
(¢) a variant of (a) or (b)that:

15 (1) 1is at least 65% identical in amino
acid sequence to the polypeptide of (a) or (b) that is
represented by SEQ ID NO: 4; and,

(idi) is localized to the outer membrane
when the variant is: (1) joined in-frame with a bacterial

20 secretion signal and, (2) produced in a gram-negative bacterium

cell;

and (II) a passenger protein.

34. The polypeptide of claim 33 wherein the fragment
25 comprising at least 16 consecutive amino acidse from the N-
terminus of SEQ ID No:4 comprises at least the N-terminal 102

amino acids of SEQ ID No:4.

35. The polypeptide of claim 33 wherein the fragment
30 comprising at least 16 consecutive amino acids from the N-
terminus of SEQ ID No:4 comprises at least the N-terminal 111

amino acids of SEQ ID No:4.

36. The polypeptide of claim 33 wherein the fragment

35 comprising at least 16 consecutive amino acids from the N-



(dd) is localized to the outer nmenbrane when the variant is joined
in-frame with a bacterial secretion signal 15 and produced in a

gram negative bacteriumcell; and (iii) a menber of the AopB-rel ated outer
menbrane protein famly; wherein the carrier protein is dis Iay-coné)ati bl e
with the nicroorganismand wherein théZarrier protein cont%"H&uS&zo 5
bacterial secretion signal functional in the m croorganism 20 (b) a

nucl ei ¢ tegmirarc fi iFEQ Padkery aromnwitss oh, atwhiests th idieei - texonihadlei 3P | oi ned
infra it h, 3 t ucl eic acid encoding the carrier protein;
and (c)rreaﬁpﬁoesam o%ng coofnggrqu fs}gql\ﬂoe'n‘lc'es operably linked to the nucleic acid
encodi ng the carrier protein, wherein the 25 expression control seguences
are suitable for expressing the nucleic acid encoding the carrier protein

in the M%roorganiSii REBLYPRRE 4R 1fd 2 ict aiinB ifher &ile thiessgittessi on
cont rdl  HRAUGNGRS [OMRIRE N AR UL ta‘?ﬁinogoacﬁg%scTﬂF}ﬁmﬁgjéﬁﬁ\I]—Of claim

45 whereinthe m<croorganismis cultured under aci con ons. 48.
The et Hetrmwicuw difh@GBED 1D AlonBaomperisias tate lemrat erthe 36 tprmwotigial a&Dd t he

m croor gani_ sm ar.e, sel ect ed the group consisting of: 99 2 August 2005
(a) the Q&Clﬂsotoeq?r#%i% ifpri ses 150 to 220 consecutive anino acids
fromthe N-term nus of the RopB pol ypeptide sequence and the

di spl ay-conpati bl e m croorganism which is Rhizobium 5 (b) the carrier
prot ei n 3hi ch conditg PIfYHeRIMISEE ¢lzdm FondwugivEharifipges®s from t he

N-t rgmi s, af; & I e JERITOY QFﬁ{ QEH C f . Br I | the
di s?]d;y- C(S%Jla%qﬁoégﬁlc% oor gaeﬁi%gonﬁgvﬁﬂ C ﬂ{ez rﬁ%e%%d%c#cﬁe&ée:;@i er
pr ot ei n bendmworsi SED AD Naxm Kabndrol 2520 atl A ecmts edid iNceamiitmlacigls from

the N-term nus of_ the Papal__ pol ypepti de sequence and the
di pl ay- AHRARATE HicrH0r g N

iS¢ which is Bartonella, (d) the carrier
protein which consists of from 150 to 220

39 - 44 (canceled)
15
45. A method of producing a microorganism on whose
gurface is displayed a passenger protein, the method comprising
the steps of:
(1) introducing an expression vector into a microorganism to
20 obtain a transformed microogranism; and
(2) culturing the transformed microorganism obtained from step
(1) to express the protein;
wherein the expression vector comprises:
(a) a nucleic acid encoding a carrier protein, wherein the
25 carrier protein is selected from the group consisting of:
(1) a polypeptide comprising an amino acid sequence selected
from the group consisting of:
(1) SEQ ID NO: 2;
(2) a fragment comprising at least 39 consecutive amino
30 acids from the N-terminus of SEQ ID NO: 2; and
(3) a variant of (1) or (2) that:
(aa) 1is at least 65% indentical in amino acid
sequence to the polypeptide of (1) or (2); and
(bb) is localized to the outer membrane when the

35 wvariant is expressed in a gram-negative bacterium cell;



consecutive amno acids fromthe N-term nus of the PomA 15 pol ypepti de
sequence and the display-conpatible mcroorganism which is Pasteurella
(Mannheim a), (e) the carrier protein which consists of from 150 to 220
consecutive amno acids fromthe N-term nus of the PPE poly Bti dg
sequence and the displ ay-conpatible m &%organi sm 20 whi ch fg gust 2005
Mycobacterium (f) the carrier protein which consists of from 150 to 220
consecutiie ard mlatpais ifdeomantpy iN-itnegr M @nigfo v dhejesTuansteerse kpatigdine

protein sequence and the di.sspl.ay-canpatible mcroorganismwhich is
Haermphitlsrl.?gr,' glned %Ll(pg)c%rho’els(?c&ﬂq @&Tgr otein which consists of from150 to
220 consecut(ae FEQARNGES 4 ro1 tahes iNrifdr Paptsidy dihe o efund®eidrine
porin pol ypeptide sequence and the di splay-conpatible m croorgani smwhich
is Vibriig %@aﬂeqlégné@léd)acymedr@ rFeteh IR S 4D TR US wherein

the garrier @notegf iyl rr?erpco!é’d?rﬁﬂt:ﬂsﬁﬁf%gc%@rﬂ |19 a0 AP ac b seayence
sel ected fromthe group consisting of:™ 35 (a) SEQID NO 2; 10 0 2 August
2005 (b)ad ds dgmenttheonpriesimigred dfedRQ 3P duns el wrid/ e agnigre lageafst ide om

the N-termnus of SEQ ID.NQ 2: and .(c) a . varjant of ( or_(h) that: (i)
2 at | GRS AL (37 ok b B ardied b B PR de (2 of
(b); andddniinds diealdzed i the outer nenbrane when the variant is
expressed in a gramnegative bacteriumcell; and wherein the m croorgani sm

i s Agrobact er{@im aamamhefrethodracor ditdg 1o cl ai m 50 wherein the

Agrohacteriumis A(.C%)ugq?cgte seas'%é.G(ﬁ%ﬁ)d’%é 'Ocdalaci%oraq@.jf’]-ﬁ% to. claim4s

further conprising he 'step of: ermning i he "cul tured

m cr oor gashsmabtta etk fpdppaaiteipid Idf) freseant &)t hiem passegeriqu ot ei n on
the surface of the m'croorgﬂfmi sm and sdel ecting those organisns with the

passengerePIFIEGE G 1382 STt Mifte 47 an

(dd) 1is localized to the outer membrane when the
variant is joined in-frame with a bacterial secretion signal
15 and produced in a gram-negative bacterium cell; and (iii) a
member of the AopB-related outer membrane protein family;
wherein the carrier protein is display-compatible with the
microorganism and wherein the carrier protein contains a
bacterial secretion signal functional in the microorganism;
20 (b) a nucleic acid encoding a passenger protein, which nucleic
acid being joined in frame with, and 3’ of, the nucleic acid
encoding the carrier protein; and
(c) expression control sequences operably linked to the
nucleic acid encoding the carrier protein, wherein the
25 expression control sequences are suitable for expressing the

nucleic acid encoding the carrier protein in the micrcorganism.

46. The method of claim 45 wherein the expression control
sequences comprise the AopB promoter.

30
47. The method of claim 45 wherein the microorganism is

cultured under acidic pH conditions.

48. The method according to claim 86 wherein the carrier
35 protein and the microorganism are selected from the group

consisting of:



20 53. The method of claim52 wherein the determining step conprises
fluorescence-activated cell sorting (FACS). 54. A nethod for expressing a
fusion protein on the surface of Agrobacterium the nmethod conprising the
steps of: 25 (1) introducing a vector into a bacterium of the Agrobacterium
genus; and (2) culturing the bacteriunP8btained fromstep (D AugusedPiess
the fusion protein; wherein the vector conprises: 30 (a) a nucleic acid
sequence ahichhencéaééea pusteanpwbiehnconpirppesi A§O0athi 280 pol ypepti de

id f i sti f:
() seor P Rer IR s Rk, R g P e B Re e e kr LB T IS RHOREBE Ve o no
acids gbslipeprifle Mey@efitBuanaf tBEQIL BpNeYy -dompREib3E aivaboabhndbm(1l) or

(2) that; 101 2 August 2005 (i) is at |east 65%identical in amno acid
sequencB¥hifh iFeRBdEPEIFHNdI ng pol ypeptide of (1) or (2): and (ii) is

'OcaE'Z?QgtOtB cQEEEEr”@%BE@Q% ngBhtESnsigEbaBE E$ofXREGSEEA LA 2

gram negative bacteriu a second pol ypeptide, wherein the
fusi on pposebthUﬁtammsoaabadSefram sber Bttommisugnalf; aandutky expressi on
control s&ﬁuences oper. abl |nked o._the uclelc odi ng the fusion

ot e BE BrAReL S sbaheBER Rt Bk s Mo atar £ BE Si8BIEY 0D & T or

expresstafiphieblBuslierborehdieMCQHinY tReBlugiednaprotein in Agrobacterium
55 to 70 &canceled) 15 71. The nethod according to claim45 in which the

carrier (Cpr oEBENCRETIEK) PERESERe WAL SP| apnedapat PEl ErAmcA88r §ank3fm i s
Agr B?CESEEHHhtﬁ%pepREQQEEEQQS?%SB&dEHQ h?tgkﬂ&ﬁgé5o%h%hg'@agﬁﬁ carrier 20

protein s a poly e conprising an am no ac sequence seléected from
t he gropplegpeptitiengeqlienta) aBEQthD BOsplagnrdoapatgbak peptbdegthdkbm s
functionglchnlg ng%%%ghﬁllcell joined to the am no term nus thereof;
(d) the carrier protein which consists of from 150 to 220
consecutive amino acids from the N-terminus of the PomA
15 polypeptide sequence and the display-compatible microorganism
which is Pasteurella (Mannheimia),
(e) the carrier protein which consgists of from 150 to 220
consecutive amino acids from the N-terminus of the PPE
polypeptide sequence and the disgplay-compatible microorganism
20 which is Mycobacterium,
(f) the carrier protein which consists of from 150 to 220
consecutive amino acids from the N-terminus of the major outer
membrane protein sequence and the display-compatible
microorganism which is Haemophilus, and
25 (g) the carrier protein which consists of from 150 to 220
congecutive amino acids from the N-terminus of the outer
membrane porin polypeptide sequence and the display-compatible

microorganism which is Vibrio.
30 49. (canceled)

50. The method according to claim 45 wherein the carrier
protein is a polypeptide comprising an amino acid sequence
selected from the group consisting of:

35 (a) SEQ ID NO: 2;



(b) a fragnment conprising at |east 16 consecutive amno acids 25 fromthe
N-term nus of SEQID NO 4 and a signal peptide that is functional in a
bacterial cell joined to the amino term nus thereof; and (c) a variant of
(a) or (b) that: (i) is at least 65%identical in am no acid sequence to
30 the corresponding pol ypeptide of (a}°8r (b) in the porti chAugesHP@&ent ed
by SEQID NG 4; and (ii) is |ocalized to the outer menbrance when the
variant (R)s: § Bryasiantd daumHifiaanath keafic 3 i insRpHeVo s nmACHi”,

(2) prodycedd negat | nAmgel ] 35 and wherein the

m cr oor gani sr%}{és%kg{o act eridu%%%%ﬁdd&ugﬁstg%% 73. The nethod accordi ng
to cl ai A8 faurdehrerarsomyfr | &)ng# hip) dregrof : (I11) determning if the

cul tured m croorgani sm obt ai glfrom step. (I1) presents the passenger

protein on the surfdce & athe e hi&G oo iGRIand: SR i3yt d HRr@ence

or gany sl WHd Jdit iRRSSENOYr @0t &y on the surface. 74. The method of
claimb54, in which the second polypeptide is fused to the Cterm nus of

the first pol ypeptlide. 1 2 calheakttmdhy oltammEbrianevwlon ttee carri er

protein_js.. cted fromthe group consisti.n f_ the paly tide fragnment
conpri si\}r?arlaat%? glaststeq%scoer#;el utd \iraérhinne@aatcli sq?arcotrﬁ]flhlg“ l@e%thE’r MHus of SEQ

| D NO Zsheires rpalhepenid e dg=aginenti £ i dgeAfumt | east 134 consecutive
amno acids fromthe Nterm nus of SEQ ID NO 2, the pol ypeptide fragnent
conprising at |east 172 consecutive anmno acids fromthe N-term nus of SEQ

ID NQ 2 the polypeptd e,  r-AgmEM; LOMY iSig alg | 183 iponsecut i ve
am no acids fromthe N-term nus of lS I D NO 2, tr@%elpoﬁcyrgé;pti de

f r agmentAgzmiprd tsimiginati d eastt @B aoniresecut i ve amino  acids fromthe
N-term nus of SEQID NO 2, the polypeptide fragnent conprising at |east
102 consecutive amno acids from the N-termnus of SEQID NO 4, the

pol ypeptsde fragmetHe wedAyd Hdtbrlinfasd chblint Qs eGitd g Ao a¢ids from
the N 25 termnus of SEQ ID NO 4, the pol ypeptide fragnment conpri sing
the step of:
15 (III) determining if the cultured microorganism obtained from
step (II) presents the passenger protein on the surface of the
microorganism and selecting those organisms with the passenger

protein on the surface.

20 53, The method of claim 52 wherein the determining step

comprises fluorescence-activated cell sorting (FACS).

54. A method for expressing a fusion protein on the
surface of Agrobacterium, the method comprising the steps of:

25 (1) introducing a vector into a bacterium of the Agrobacterium
genus; and
(2) culturing the bacterium obtained from step (1) to express
the fusion protein;
wherein the vector comprises:

30 (a) a nucleic acid sequence which encodes a fusion protein
comprising a first polypeptide comprising an amino acid
sequence selected from the group consisting of:

(1) SEQ ID NO: 2;
(2) a fragment comprising at least 39 consecutive amino acids

35 from the N-terminus of SEQ ID NO: 2; and
(3) a variant of (1) or (2) that:



at | east 149 consecutive amno acids fromthe N-termnus of SEQ ID NO 4,
t he pol ypeptide fragnent conprising at |east 160 consecutive am no acids
fromthe Nterminus of SEQID NO 4 and the pol ypeptide fragnent
conprising at |east 184 consecutive 30 amno acids fromthe N-term. nus of
SEQ ID NO 4; and wherein said microot§ani smis an Agrobactefrewt 296 - 77
(canceled) 35 78. The nethod of claim45, in which the carrier protein is
(ii). 10 3 2 Augusti)ZOOEFQZ Iﬁmstp(ﬁ%eipiftrtreiﬁl clniami2yr aeidhseduenes

am no a d I f (a) r b) is at |east
90% i dent1 calrfe i Igrfnesré) %%lrgg spglu\g)n Cﬁf) &)l I ycf)]gp 3‘?"3( a) 5 or (b).
80. The pol ypepti deiof ciai m&’:’llzétiwm ché heatead nn)arﬁﬁﬁme@aaqezﬁlﬂhés (c) a
variant of (a) or (b) that is at least 90% jdentical jn amno acid

sequence’d e oI FHIRIIRA of ™ ()T WP Ve g1 o et Hot of cl ai m 45,

in whychfde, ad s agish peauenge, (i) is a variant of (1) or (2) that is at
| east 90% 1 dentical "in"amno acid sequence to the polypeptide of (1) or

(2) or tieddsSinatiim v ibsapuetes (dontasna ydacrrpil (dgcoetid) that is
at Ieast 90‘V identical in am no acid sequence to the polypeptide of (4)
or (5). ie #Ethod of claim50, in which the carrier protein has 20 an

am no acusx) S e tdatcdist PoVadd Adn s (BeiblP)limaddito ghel east 90%
identical in amno acid sequence to t he pol ypepti de of (a) or (b). 83. The

nmet hod dfuUGieimarid jeneefeng tHe o wra&lapfs@qme rem othehe first

ol t f S
gn‘i %%?gc‘ii%%éeéqsu%%ﬂé:ééﬁ % E‘bef() y%rg{)eté czfg ré h%ﬁj( é&)a é}égpe/%ﬂ?ﬂeﬁﬁod of
clai m 72yualeidhiadid henoat inegrt o oﬁmmmqsrotﬂhrammm\gmo}aacdeseqmence t hat

is a variant of (a) or (b) that is at |least 90%identical in amno acid
sequence to the polypeptide of (a) or (b). 85. (cancel ed)

55 to 70 (canceled)

15 71. The method according to claim 45 in which the carrier
protein is (ii) and the display-compatible microorganism is

Agrobacterium.

72. The method according to claim 45 wherein the carrier
20 protein is a polypeptide comprising an amino acid sequence
selected from the group consisting of:
(a) SEQ ID NO: 4 and a signal peptide that is functional in a
bacterial cell joined to the amino terminus thereof;
(b) a fragment comprising at least 16 consecutive amino acids
25 from the N-terminug of SEQ ID NO: 4 and a signal peptide that
is functional in a bacterial cell joined to the amino terminus
thereof; and
(c) a variant of (a) or (b) that:
(i) is at least 65% identical in amino acid sequence to
30 the corresponding polypeptide of (a) or (b) in the portion
represented by SEQ ID NO: 4; and
(ii) is localized to the outer membrance when the variant
is: (1) joined in-frame with a bacterial secretion signal and,
(2) produced in a gram-negative bacterium cell;

35 and wherein the microorganism is Agrobacterium.



35 10 4 2 August 2005 86. A nethod of producing a m croorgani smon whose
surface is displayed a passenger protein, the nethod conprising the steps
of: 1) introducing an expression vector into a mcroorganismto 5 obtain a
transformed mcroorganism and I1) culturing the transforned. m croqrgani sm
obtained fromstep (1) to express thelPfotein; wherein the ekpgetel

vector conprises: (a) a nucleic acid encoding a carrier protein that

consi st of T aetdmhecwrding o agiein 48 fugrhascenpPDPinonseeut | ve
am no 'eg)so .a protein that is a nmenber of the AopB-rel ated outer

menbr ane protein famly, wherein the carrier protein is display-conpatible
Wi th t he(TTOr oalegaingim iaigl Mhedted ned e r B il fo g rel din Gt 4 1 SE Pom
bacterial secretion signal 15 functional in the m croorgani sm gg% a

nucl ei ¢ HEARI EdoRHRF P Faddih RIS YT PrMeidh Judths SUBEaee ek nghs oi ned

in fr M ﬁgHg : - i i Qd] i ri in;
and (Sggrﬁnel\gp#%sr on %%n%dolé%:eq%%cggs&o%% Cagb]ﬁ? l %ﬂié;%’lt%?t e Llﬁ%ésnél}égféellec
aci d engothtregirt el ddre issrrfmaxd i n, wherein the expression contro

sequences are suitable for expressing the nucleic acid encoding the
carrier protein in the mcroorganism 87 to 88 (canceled) 25 89. The

peptide mf, cl@idNmthdd othi i e PasiTLREIcHHLidbdshd st wsddd s | 1 dhked
protein. 90. The peptide of claim33, in which the passenger proteinis 30
a di sul fiufed itkddiprottarmnimss ofh & heetfhigw tofedlivarentiBle i n whi ch t he
passgnger protein is a disulfide-linked protein. 35 92. The nethod of
claim48, in which the passenger protein is a disulfide-linked protein. 10
5 2 August. 200 9&:thbhe afetdiedinofa x| airmvliicH rchehicdrdier gassenigeriprot ei n
is a dis%]fide-linked rotein. o .
gselected from the group consisting of the polypeptide fragment
comprising at least 125 consecutive amino acids from the N-
terminus of SEQ ID NO: 2, the polypeptide fragment comprising
15 at least 134 consecutive amino acids from the N-terminus of SEQ
ID NO: 2, the polypeptide fragment comprising at least 172
consecutive amino acids from the N-terminus of SEQ ID NO. 2,
the polypeptide fragment comprising at least 183 consecutive
amino acids from the N-terminus of SEQ ID NO: 2, the
20 polypeptide fragment comprising at least 207 consecutive amino
acids from the N-terminus of SEQ ID NO: 2, the polypeptide
fragment comprising at least 102 consecutive amino acids from
the N-terminus of SEQ ID NO. 4, the polypeptide fragment
comprising at least 111 consecutive amino acids from the N-
25 terminus of SEQ ID NO: 4, the polypeptide fragment comprising
at least 149 consecutive amino acids from the N-terminus of SEQ
ID NO: 4, the polypeptide fragment comprising at least 160
consecutive amino acids from the N-terminus of SEQ ID NO: 4 and
the polypeptide fragment comprising at least 184 consecutive

30 amino acids from the N-terminus of SEQ ID NO: 4;

and wherein said microorganism is an Agrobacterium.
76 - 77 (canceled)

35 78. The method of claim 45, in which the carrier protein is

(ii) .



5 94. The nethod of claim86, in which the passenger proteinis a

di sul fide-linked protein. 95. The nethod of claim45, in which the
passenger protein forns a diner or nultinmer when |ocalized at the outer
menbrane. 10 96. The nethod of claim48, in which the passenger protein
forms a dimer or a multimer when |ocal +98d at the outer nenbflgest2985 97,
The nmethod of claim81, in which the passenger protein forns a a diner or
a multimer when localized at the outer nenbrane. 98. The met hod of claim

86, in w@jchthﬁg r.profein. 2 or.yts g di.mer, or_a nultiner when

localized at ¥ ep%&%ﬁfé@cﬁed%ro%eél%lm 02";, AP whi%d he” amino acfg
sequence (I) is (c) a variant of (a) or (b) that is at least
90% identical in amino acid sequence to the polypeptide of (a)

5 or (b).

80. The polypeptide of claim 33, in which the amino sequence

(I) is (c) a variant of (a) or (b) that is at least 90%

identical in amino acid sequence to the polypeptide of (a) or
10 (b).

81. The method of claim 45, in which the amino acid sequence
(i) ia a variant of (1) or (2) that is at least 90% identical
in amino acid sequence to the polypeptide of (1) or (2) or the
15 amino acid sequence (ii) is a variant of (4) or (5) that is at
least 90% identical in amino acid sequence to the polypeptide

of (4) or (5).

82. The method of claim 50, in which the carrier protein has
20 an amino acid sequence that is a variant of (a) or (b) that is
at least 90% identical in amino acid sequence to the

polypeptide of (a) or (b).

83. The method of claim 54, in which the amino acid sequence
25 of the first polypeptide is a variant of (1) or (2) that is at
least 90% identical in amino acid sequence to the polypeptide

of (1) or (2).

84. The method of claim 72, in which the carrier protein has
30 an amino acid sequence that is a variant of (a) or (b) that is
at least 90% identical in amino acid sequence to the

polypeptide of (a) or (b).

85. (canceled)
35
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86. A method of producing a microorganism on whose surface is
displayed a passenger protein, the method comprising the steps
of:

I) introducing an expression vector into a microorganism to
obtain a transformed microorganism; and

II) culturing the transformed microorganism obtained from step
(I) to express the protein;

wherein the expression vector comprises:

(a) a nucleic acid encoding a carrier protein that consists of
an amino terminal fragment of from 150 to 220 consecutive amino
acids of a protein that is a member of the AopB-related outer
membrane protein family, wherein the carrier protein is
display-compatible with the microorganism and wherein the
carrier protein contains a bacterial secretion signal
functional in the microorganism;

(b) a nucleic acid encoding a passenger protein, which nucleic
acid being joined in frame with, and 3’ of, the nucleic acid
encoding the carrier protein; and

(c) expression control sequences operably linked to the
nucleic acid encoding the carrier protein, wherein the
expression control sequences are suitable for expressing the

nucleic acid encoding the carrier protein in the microorganism.

87 to 88 (canceled)

89. The peptide of claim 27, in which the passenger protein is

a disulfide-linked protein.

90. The peptide of claim 33, in which the passenger protein is

a disulfide-1linked protein.

91. The method of claim 45, in which the passenger protein is

a disulfide-linked protein.

92. The method of claim 48, in which the passenger protein is

a disulfide-linked protein.
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93. The method of claim 81, in which the passenger protein is

a disulfide-linked protein.

94. The method of claim 86, in which the passenger protein is

a disulfide-linked protein.

95. The method of claim 45, in which the passenger protein

forms a dimer or multimer when localized at the outer membrane.

96. The method of claim 48, in which the passenger protein
forms a dimer or a multimer when localized at the outer

membrane.

97. The method of claim 81, in which the passenger protein
forms a a dimer or a multimer when localized at the outer

membrane.

98. The method of claim 86, in which the passenger protein
forms a dimer or a multimer when localized at the outer

membrane.



