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- 1 - HYPERSENSI Tl VE RESPONSE ELI Cl TOR FRAGVENTS AND USES THEREOF Thi s
application clains benefit of U S. Patent Application Serial 5 No.

60/ 048, 109. FIELD OF THE | NVENTI ON The present invention relates to
fragnents WP %/5M18er sensitive response elicitor 10  which PEREISESIIe874 i cit
a hypersensitive response and uses thereafi.BACKGROUND OF THE | NVENTI ON

I nteractions between bacterial pathogens and their plant hosts generally

fall 15 into tw \RatReREHes;) qa%#l, [ -host) . leading to

I ntercel lular bact er'lga grlg\gwkﬁ%éﬁr% omﬂ evgré'gﬁiﬁﬁg&%ﬁaaﬁ%gase

devel opnent in the host plant; .and (2) inconpatible (pathogen-nonhost),
resulting in the hypersensitive response, a particular type of inconpatible

interaction occurr maﬁ,agmiéd@i@ﬁmmeém by €. 8l rafa? A ppRERIA SeriaPu" | NY
conpati ble interactionS on host plants, bacterial populations increase 20

dramaticalfy Xodo@048182si ve synptons occur. During inconpatible

i nteractions, bacterial populations do not increase, and progressive
synptonms do not occur. The hypersensitive response is a rapid, |ocalized
necrosis that is associated w t FIELD OFITHE INVENTEONf pl ants agai nst nmany
pat hogens (Kiraly, Z., "Defenses Triggered by the |Invader:
Hypersensitivity," pages 201-224 in: Plant D sease: An 25 Advanced
Treatise, Vol. 5, Jheprdsentshention relates ® fragmdntsof a hyperseositizerasponsesicitiw

York (1980); Kl.e t, Z., . ersensi.tivity " pages 9-177 in:

Phyt opat hg%enyggﬁﬂp%p&ﬂgﬂya@gpgm?mﬁx .°5ﬁ{9&iﬁ5“‘gﬂifséﬁ$’f’°]iacy, ed. Academ c
Press, New York (1982)). The hypersensitive response elicited by bacteria
is readily observed as a ti BACKITROUND OF THDINVENEIONati ons ([err]
10[err] cells/m) of a |limted host-range pat hogen I ke Pseudononas
syringae or Erwinia anylovora are infiltrated into the | eaves of nonhost

pl ants (necrosis odntarastions|bgtweenitaoteriakphtivigens arcbthielr plant hoste gerlezallyt fallof

Phyt opat nbentio PY B ILL coRReiPle (PahSessciosto tating f ftéogllay bacteral
"Hyper sensi t 2t i 40 a8 00 it ook Fpliuf; eppaT obacco
Leaf ," Phyt opgﬁﬁﬁb y%474- Gﬁﬁe%)— :&H (1921:13)iwgurner., gttaPaI o, ‘Z
Quantitative Reoatpatiblefpathegen-reinhost), acnultingindhe bypecsnsitive rasponseda particklar
Hypersensitive Regelloibatible MteicRBS B, Wit irpdatbstive dfsbase symptoms.

During compatible interactions on host plants, bacterial populations increase

20  dramatically and progressive symptoms occur. During incompatible interactions,
bacterial populations do not increase, and progressive symptoms do not occur.

The hypersensitive response is a rapid, localized necrosis that is associated
with the active defense of plants against many pathogens (Kiraly, Z., “Defenses
Triggered by the Invader: Hypersensitivity,” pages 201-224 in: Plant Disease: An

25  Advanced Treatise, Vol. 5, J.G. Horsfall and E.B, Cowling, ed. Academic Press New
York (1980); Klement, Z., “Hypersensitivity,” pages 149-177 in: Phytopathogenic
Prokaryotes, Vol. 2, M.S. Mount and G.H. Lacy, ed. Academic Press, New York
(1982)). The hypersensitive response elicited by bacteria is readily observed as a
tissue collapse if high concentrations (> 107 cells/ml) of a limited host-range pathogen

30 like Pseudomonas syringae or Erwinia amylovora are infiltrated into the leaves of
nonhost plants (necrosis occurs only in isolated plant cells at lower levels of
inoculum) (Klement, Z., “Rapid Detection of Pathogenicity of Phytopathogenic
Pseudomonads,” Nature 199:299-300; Klement, et al., “Hypersensitive Reaction
Induced by Phytopathogenic Bacteria in the Tobacco Leaf,” Phytopathology 54:474-




Klement, Z., "Hypersensitivity," pages 149-177 in Phytopat hoagenic
Prokaryotes, Vol. 2., MS. Munt and G H Lacy, ed. Academ c Press, New
York (1982)). The 5 capacities to elicit the hypersensitive response in a

nonhost a@ &s4Pat hogenic in a host appear |inked. As not eddrpussiessent, Z.,
"Hypersensitivity," pages 149-177 in Phytopat hogeni c Prokaryotes, Vol. 2.
M S. Mount and G H Lacy, ed. Academ c Press, New York, these pathogens
al so cause physiologically simlar, albeit“del ayed, necroses in their
interactions with conpatible hosts. Furthernore, the ability to 10

produce the hyge(k33 Turmer, etadp ChraQuantitativiedRpdation BetweeniBlontandBacteriah

common set of nes. . denot.ed hr L.0der R er of
Pseudononas s #ﬁﬁ S%"é’l‘ff@. m hb%gg% 5#’@?5’ Pg &eg'gir?tnr cﬁ%’%@é%g%ﬁ%gﬁ

Pl ants and Hygaesnemsz!, FHiybetsesi J*rgg $14901 %7, in Rhytdpatiopenie Prokhefitds] 2- 22
(1986); WIIi g@ D. K, et 5'gl S }'hrp nZs of Phl)r/lt opat hogenilc lIéoact erra," Ml.
Pl ant - M cr obe okt 2y Me$. Maunt and G3H. Laoyged.)Academic Rigsss NeWe¥erky(1982)) The

hypersensitive_re . h ot gt . def ense
and 1 he bat < SREFARRE SjciEthe Abs SR rhapoit il o rbindd st e Bl i 0T
gr am negat i ve hpktapbedrdinked eAs notel by Klefnent, Z1, EHypers¢msitivdty, oeagset4BU77 and i n

sone cases interchangeable (WIlis K., et . al., "hrp_Genes of .

Phyt opat hogenil’ém&hgz%'?lm Xﬂ&mM%f‘/@%%@ééﬁ Lagy,pdo Agademi¢gg) -
20  Bonas, Up..c. hIﬁ/P” oRaliPased LEEAIR st Bei y n:
Current Topi cgr?sr?’ c%ﬁ?’%ogﬁgﬁg Imn%ﬁog@ﬁggcﬁer%aﬁlmgggﬁosgﬁgg gd’of
Pl ant s and Aningedoses-intiieintdrantioanwitbebinpatible hipsthaRirthremote, the dbalityito ed.

o ot o 548  ERCE S SCRR TSRS LRy SAEBrHeD: S PoyBoa soChfy
Sal monel 12 SPiyenk 8GREPhf RifgRAIP E20R9N *Gin Cuat obbsedlomorlssongse (Van

G j segem et "Evol utionary Conservation of Pathogenicity Determ nants
Anong Pl ant an. fhiaselicélat Gonfeols BatBagenicity-of Bepndtianss adciyparesmsitivity pg- 180

(1993)). In E.,.anylqvora,, R [ e, S k) r ka s.chave
been shown toI‘&?ﬂ%?@ia’pﬁelﬁ?—%%%‘%?ﬁ@??@%@‘%ﬁ%’%@ﬁe?% @%’?e%pﬂf otein
elicitors of ipitdpaRREEMDBablers,” MSDPRGEMitiebe tdfact. 411324138 (BYHonoNas
Syringae pv. 30 Syringae HarpinPss: a Protein_that is Secreted via the

Hp Pathwdy arfCorsequently, thebypayysasisiae E3PPRE gl slies 19 hsith Hhegaturesgf plant
Funct i ons i n GLPat pi pafig 8 bachafatoneflely D7 0 ™2 SVIRIETS otein
Family," J. Bact eriTHe hrp foncsoi8 widpread A0SR -egative plkht mthogens, wWheprthey a
O T N O e cimsb e TR i Sorse bhdcS imereRangeabls (WHBE D K. ot B 4
Genes of Phytopathogenic Bacteria,” Mol. Plant-Microbe Interact. 4:132-138 (1991);
20 Bonas, U., “hrp Genes of Phytopathogenic Bacteria,” pages 79-98 in: Current Topics
in Microbiology and Immunology: Bacterial Pathogenesis of Plants and Animals -
Molecular and Cellular Mechanisms, J.L. Dangl, ed. Springer-Verlag, Berlin (1994)).

Several hrp genes encode components of a protein secretion pathway similar to one
used by Yersinia, Shigella, and Salmonella spp. to secrete proteins essential in animal
25  diseases (Van Gijsegem, et al., “Evolutionary Conservation of Pathogenicity
Determinants Among Plant and Animal Pathogenic Bacteria,” Trends Microbiol.
1:175-180 (1993)). In E. amylovora, P. syringae, and P. solanacearum, hrp genes
have been shown to control the production and secretion of glycine-rich, protein
elicitors of the hypersensitive response (He, S.Y., et al. “Pseudomonas Syringae pv.
30  Syringae HarpinPss: a Protein that is Secreted via the Hrp Pathway and Elicits the
Hypersensitive Response in Plants,” Cell 73:1255-1266 (1993), Wei, Z.-H., et al,,

“Hrpl of Erwinia amylovora Functions in Secretion of Harpin and is a Member of a



Genotypes, is Secreted via the Hp Pathway of Pseudononas sol anacearum "
EMBO J. 13:543-553 (1994)). 5 The first of these proteins was

di scovered i.n E. amyl ovora Ea321, a bacteriumthat causes f}] | i of
rosaceous VP 32414 and was designated harpin (Wi, Z. -M, etll([éqe;‘,"g”hg%i n
Elicitor of the Hypersensitive Response Produced by the Plant Pathogen
Erw ni a anyl ovora," Science 257:85-88 (199%)). Miutations in the encodi ng
hr pN gene reveal ed that harpin is required for E. anylovora to elicit a
hyper sensi tiv PARRY,~INBAARAST 75 PR T!(BOGSARRIM. e bt Spalh Rpase
synptons in h?’&%\"f)%mgeﬁ’gcep: bfEe pear fruit. The Fg 995'321 anaé&%ﬁrﬁgﬁlgg?ﬁs
PopAl pr ot ei nPrasinsWhichdndyvky s HypéersensitperlikecResponseainSpecificdetimia he

hyper sensi tive, response_.in | eav f topacco,, which is not a host,, at
ot rain (Al at Ocaoes i esptad Via T BmbHEVRY ohPistdonenss soifngeratime; EMEOT | e
Response on S@.e%fzg,ggzﬁaﬁglggj;ﬁ CGenotypes, is Secreted via the Hp 15

Pat hway of Ps&udononas sol ahacearum " EMBO J. 13:543-53 (1994)). However,

P. sol anac®ar um poThedustafthess prat¢inewas discavecedip ge prwtoyong Ead2i s pagtenurnn

t obacco and incite disease,l.n.tomto. ,Thus., the role o hes hpe-rich
hyper sensi ti vgﬁt 8@‘58%?‘?6@5116 Pfasgceggshpl\a}gﬁsyé%%c{;s%tﬁ% h%ﬁpmging'?@e“pl ant
pat hogens. QO QRerHRIAAEIRNPOOHS mpaﬁéﬁﬁdiﬁﬁlﬁéiﬁbﬂﬁ Frodued b9 the Phint Pathogeay e
been i sol ated, 20 cl oned, -and sequenced. These include: Erw nia

chrysant heni (EBwirde amplovorg,” Scieme3i57 183-8h1P920+ aretionsipthe[caceding Bl - Rot

Pat hogenesi s, " MM . 484-9 ; Ml . €t. al.,
"The RsmA[ err Fe%ﬁﬁeé(ﬁ?elé‘i%’?t %‘Wnr{%zﬁéqil%gg%gv% %Wééygg%&aeggﬁt%t\’tg@grrsg vfeai n Ecc71
Over expr esg h'i-ébiibﬁier ih nefilbsttdbatdo 18avds afd iteidisexst syepedmoin-Higkle siieceptibise i n
Tobacco Leaves,” MPM_9(7): 565-73 (196?&3; Erwnia 25 _ stewartji_ (Ahmad,
et. al., "Har pear freit.nbre RewianggeqrumdMl Aicén has W‘lﬁrﬁiyﬁicél
stewartii on Nai | .ng.' . i I orhalatl s
14.10, 1006 abl neasé‘?‘htea%s&ré‘ﬁts, mgﬁggﬁf%i@ﬁg{ﬂ" c‘gsl?@ségr%)@?t&b GcR) whith'i¥

Pat hogeni ci t y nof a Eostiofittat steaingAtlat, etoal. ‘WaipAd, 4 PAotein Whigh Inince®hyt opat h.  Soc.

July 27-31, 1996); and Pseudononas syrin V.. ri ngae (WD 94/26782 to
Cornel | Res eabiperssusiyR- ks Regnease on °1§°aﬁet8ma§\é°ﬁi’g§ ésnéeqrmmit%ﬁﬁé'@eks
to identi 25 f AR BYeudbhias SHahbdelfyrh,© EMBOS. ¢4:563 591(19949). FNewdr, P.
pol ypepti dés, I'C ragnents elicit a hypersensitive responSe, and uses of
such fragment solanaceatum pSplihRORIITelicit thiv BfieransiTive respesssrin tohagemandn i s
directed to ar%ncli?eo '?etaged inftggg{crf r:'lthug,f thg ?oleE ro ré'sea glycine-rich hypersensitive response
elicitors can vary widely among gram-negative plant pathogens.
Other plant pathogenic hypersensitive response elicitors have been isolated,
20 cloned, and sequenced. These include: Erwinia chrysanthemi (Bauer, et. al.,

“Erwinia chrysanthen'u‘ Harpinge: Soft-Rot Pathogenesis,” MPMI 8(4): 484-91

(1995)); Erwinia carotovora (Cui, et. al., “The RsmA™ Mutants of Erwinia carotovora
subsp. carotovora Strain Ecc71 Overexpress hrpNgc. and Elicit a Hypersensitive
Reaction-like Response in Tobacco Leaves,” MPMI 9(7): 565-73 (1966)); Erwinia

25  stewartii (Ahmad, et. al., “Harpin is not Necessary for the Pathogenicity of Erwinia
stewartii on Maize,” 8th Int’l. Cong, Molec. Plant-Microb. Inter, July 14-19, 1996 and
Ahmad, et. al., “Harpin is not Necessary for the Pathogenicity of Erwinia stewartii on
Maize,” Ann. Mitg. Am. Phytopath. Soc. July 27-31, 1996); and Pseudomonas
syringae pv. syringae (WO 94/26782 to Cornell Research Foundation, Inc.).

30 The present invention seeks to identify fragments of hypersensitive response
elicitor proteins or polypeptides, which fragments elicit a hypersensitive response, and

uses of such fragments.



5 hypersensitive response elicitor protein or polypeptide where the
fragnment elicits a hypersensitive response in plants. Al so disclosed are

i sol at ed DNA nol ecul es which encode such fragments. The fragnents. of

hyper sensipio sssspmsponse elicitors can be used to inpart di REIAISIB/RASTEt ance
to plants, to enhance plant growh, and/or to control insects. This 10

I nvol ves applying the fragnents in a non- |£fect|ous formto plants or plant
seeds under conditions effective to i npart” di sease resistance, to enhance
plant growth, and/or to control insects on plants or plants grown fromthe
pl ant seeds. As an alternative to applying the fragnents to plants or plant
seeds in order to inpart di seSIEVIMARY EANVINEHIN pl ant growt h,
and/or to control insects on plants 15 transgenic plants or plant seeds

can be utilized. n util |2|n i.c pl.ant this i voI es. rovidin
a transgenic plant RFESPR AR gé&% @EFS@E F%ﬁ@%@f)’btl nment of ga
nyper sensi & Vg pasppve r@ﬂpbﬁéé&fcﬁ@fﬁb&ﬁrﬂo@olﬁﬁpﬁﬁ@ behethwmagﬁeﬁmaﬁ@at s

elicit a hypersensitive résponse in plants and grow ng the plant under
condi tions ef ﬂ:gpersmxtm rcwpmlnmlms@lsbé!ﬁp@@%@é lsqlﬁe@mg@ genleswhichowt h,
and/ or to control h nsects in the plants or plants growmn fromthe plant
seeds. Al ternz?f’?%l ’ggrpgﬁ ‘'geni ¢ plant seed transfornmed with the DNA

nol ecul e encodi ng Sltlﬁfﬁagnfeﬁﬁmypermnbe respouseddititarsctan benkeditoiimpani | . A
plant is then propagated under conditions effective to inpart disease

resi stance, t dlissaseresistansednplaptsin snhaperplant srowth apd/ar tq Goptrel iasests. plhifit s or

i qure 1 SHowdn i BpPf e EgEs o Ak oAb o Platd of la Je! NE5

anyl ovor a hypemgdencntitioas effeqive seimparcdisense (esistanchao gnhgnce Alans gtowh,nane of

the harpin fragnent. B 30, is the length of the mno acid
resi dues. C i raaffoateeoniiobingests %P@BESZ%IPE%%)‘PW Q’%%ﬁ'ﬂgﬁﬁ} D states

whet her there is hyg&{;ﬁ%{(lﬂ% iv¥ %o 5 ggf?et fréglﬁ’ents {dPlath beltahf’&e@ﬁh'oY&érXo The

solid line indicates ere I onal amino acids which are not
har pi n encodedmpahtidiseadetresistarsdeetd dnhameipimtmw amt‘omrcpmml ipsectsan plantpi n

t hat -5- deleted. Th .i1h the. b .
Fepr esent ¥he THRBRPGIAS PEBRHL O SO oty SR HEg b Ay,
residue #1 is fﬂ?ﬁvéﬂ‘ ér@ﬁ'&ld@‘%ﬁratﬁ@é&é SRhthegsttiid ivith ABNA hpldtuRepcodihgur e 2

Is a Western b ustrating specific secretion of harpin[err but not
fragment of a hypersensmve response elicitor protein or polypeptide whicl fragments

elicit a hypersensitive response in plants and growing the plant under condmons
effective to impart disease resistance, to enhance plant growth, and/or to control

20 insects in the plants or plants grown from the plant seeds. Alternatively, a transgenic
plant seed transformed with the DNA molecule encoding such a fragment can be
provided and planted in soil. A plant is then propagated under conditions effective to
impart disease resistance, to enhance plant growth, and/or to control insects on plants
or plants grown from the plant seeds.

25 ' .

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a deletion and proteolysis analysis for the Erwinia amylovora
hypersensitive response elicitor (i.. harpin). A is the name of the harpin fragment. B
30 is the length of the fragment in amino acid residues. C indicates whether detectable
protein is produced. D states whether there is hypersensitive response (i.e., HR)
eliciting activity, The solid line indicates that there are additional amino acids which

are not harpin encoded, while the dashed line indicates the portion of the harpin that is



5 harpi n[err] C31. Lane A Ea273(pGP1l-2) CFEP; | ane B,

Ea273(pGP1-2) (pCPP11104) CFEP; lane C, E. coli DH5[err] (pCPP1107) CFEP
har pi n si standard; |ane D, BioRad | ow range nol ecul ar weight narkers;

| ane E, Eg‘g?f%%égal- 2) supernatant; |ane F, Ea273(pGPl 2)(p8%5i’f5845°s"
supernatant. The blot was probed with an anti-harpin[err] polyclonal

anti body. 10 Figure 3 is an HR assay-on tobacco leaf infiltrated as
follows: (1) A harpin[err] + raspberry IF (2) B, harpinferr] + apple IF
(3) C harpi n| ggiefed TheRakbErs abovd b FRemAtRh Btk righaage du-C
(5) E, harpinferr] + trypsin; (6) F, h%rpi n[err];o (%e%ﬂ??,%g%@%ﬁ%ﬁ; (8) H,
endopr ot ei nas ereSidue @reseshat thetendfiargivenrfiagnieny; rasidiesft InistheeNrtbrminfis,rapfler s t o

i ntracel | uar quiiﬂls. &E ’ Figure 4 shows the digestion of harpin with
endopr ot ei nase™& °é4 Ijfhe &-temmiglis o - Lane B is harpin + endoproteinase
Gu-C Lane Cis Bi pigage b v WRBEH BIBt BatrAingWBb@RE seBRSHoR! ot hafflifll! Gut 3t Shows

the proteolysis of harpin. Coomassie blue stained polyacryla e gel was

| oaded as foo! | bawpine/3 1B I@ad\,lﬁaﬁﬂ?r(aﬁgé-ml’eﬁfhﬂme Byy@ﬂ@ﬁl(pml-zmﬂm_arl@ﬂ) B,
| F ppte: o GEEE e ool RHSaGORRT o Grl fabpinistaeslanganas e Bl dtighad

Figure 5B Sho"‘ﬁ)v@f)a g(i)%ﬁﬁcgu}’argie‘i’@xtﬂﬂé?ﬁq ,qupgﬁ cgas% e ?.ﬁe%[)

follows: A IF-to ; B, IF-tobacco + harpin|er ! rpinfé

Bi oRad | ow r anfe273¢pGE URHpCRBI YH) svperhasary; Tiie blatwas probed withhay gitiaharping, +
PMSF. HR-eliciting activity of 25 the sanple follow ng proteolysis is
denot ed bel ow Pﬂé’%&%aﬁﬁ’&aﬁe 5C depicts whether proteolytic activity is

present inygF from gidurds aUnSHR@84a9®bn thbiceb LR irifllRdted b folloRar (BSA Shrpingm

several plants was anal yzed by PACE in aﬁgel containing 0. 1% copol yneri zed

gel atin. After +wasphemy Ik;d2) B ingDsapple IT;{8)6 aharpines btobatewiFp (Dt dHayping of

el at i nol vt ¢ SeRAORPRRhEOTEE bk PR = el By B pere 32 B tsBerca s
Bi oRad mv E, e5)dpmnabsiotaeee GlwON(9)dNgypsin;@ba 10y J| Bapingx tIFasters Rbacco.

-6 - Figure 6 shows the refractionation of elicitor-active peptides
foll ow ng prot émaygl?@r&mqﬁarpi nferr] by tobacco |IF. Absorbance was neasured

at 210nm ak 1 comrtai ﬂgp% @f&gfﬁ '~ﬂ]r1§, o 1 A0S

P65 and P6Y. Fi gur eﬁgﬁgﬁg\f\s t- %ggfgggt?acnte 1@?[160 ytall%?%?:e ea%?glg%;s'lﬁ'l%gé'k\?\nﬁt hi n
harpin of 5 - haypardlane Bds haippr-btmdapastemasea@ibl-CheanefQ sddioBhd tdve sangel eavages
on activity of

m%?éclui/a(? weight markers.

Figure 5A shows the proteolysis of harpin. Coomassie blue stained
polyacrylamide gel was loaded as follows: A, BioRad low range molecular weight
20  markers; B, IF-apple; C, IF-raspberry; D, IF -tobacco; E, harping,; F, harp.inga + IF-

apple; G, harping, + IF-raspberry; H, harping, + IF-tobacco.

Figure 5B shows a Coomassie Blue stained polyacrylamide gel loaded as
follows: A, IF-tobacco; B, IF-tobacco + harping,; C, harping,; D, BioRad low range
molecular weight markers; E, IF-tobacco + harping, + PMSF. HR-eliciting activity of

25  the sample following proteolysis is denoted below the gel.

Figure 5C depicts whether proteolytic activity is present in IF from all plants
tested. Intercellular fluid harvested from several plants was analyzed by PAGE in a
gel containing 0.1% copolymerized gelatin, After washing to remove SDS and
incubation to allow pr.oteolysis of gelatin, the gels were stained to demonstrate the

30 presence of gelatinolytic activity. A, IF-apple; B, IF-tobacco; C, IF-cotoneaster; D,

BioRad mw; E, endoproteinase Glu-C; and F, ground leaf extract-tobacco.



harpin fragnents. Residues potentially inportant for HR-eliciting activity,
based on the loss of activity followi ng further cleavage, are indicated by
upwar d- poi nting arrows at bottom Figure 8 shows the simlarities.near
N-term ni woBRGsAar pins of Erwinia spp. 10 Under | i ned r espairresssansgy4
present (identical or simlar) in at |east four out of the five proteins
exam ned. Nine out of the first 26 residues are conserved in this manner.
Figures 9 A-B show Kyte-Doolittle hydropafRy plots of bacterial

HR-eliciting proteins. Ea, E. anylovora ,EA3§1; .Est, _E. st,gwarti i DC283;
Ech, E. chrysant herdigaefishowsithe fefiactiongtion obeliritorgctive Reptidesiplipwingrs, R

sol anacear M Edonfis GHEhfaSy Ibecodlt, AMGAREwaE LlbRed B AN pLiCa! o

proteins of t ersensiti response el citor protein or pol'ypep
region), an - | . rs

appl | oat 1 ort %ﬁ*?*%%@?‘@%?%&?%%@“&%%%ﬁ%&%? e S R o
3), N105 ( SEQ hdrpin fdgmet)s. Regidues grientiallp importars)for NRS:hcitiBg@ctivity, blsed @) |
N30 (52 o aboeslae SR Aerim e, kSR b Pardfnl "2
(SEQ ID. No. %WSQ%OﬁI.SEQ I D. No. 14), C180 (SEQ ID. No. 15), C204

(SEQ 1D. No. C209 (SEQ ID.  No. 17), C266 (SEQ ID. No. 18), C342
(SEQ ID. No. 19), BigureBig®ws3Ecyimibritippnear di-termini amprphopssrfErwang spp- THE

| NVENTI ON T, .esent.jnvention i - Qs ts of a
hyper sensi ve{}?‘g%E]Bﬁc&es’gf’?sc?rF %fegﬁl}téfdgg#a‘g% %%I@el%t%‘? %%ét eljrge&t% € ff?vaegrrent s
elicit a hyper sRushd dxamikieds NIRG Gul of the fiftt 26 rdidies aiexohserest iarthis Bivhner.
mol ecul es encodi ng such fragnments_as -7-_well as expression 3?1 st ens,
host cells, and pl aRiggrasGAt shovgKytecPootistie hydrapathy glots frbaciegial Hing
themsel ves and, tpg DA, ToL55WLES ERSATIERD & BEMLANDEISC EERSE chiinfbASTEN! S
of hypersen5|the response icitor pélypeptides or proteins according to
the present i na@al150E®] E. cetdavortsubsm watofperseRs iR, solanacegpomRss oP.isyringae 5
pol ypeptides or proteins of a wide variety of fungal and bacteri al

pat hogens. 15ucRv- $yringae.

Figure 10 shows truncated proteins of the hypersensitive response elicitor

a2}

protein or polypeptide.
Figure 11 shows a list of synthesized oligonucleotide primers for construction

of truncated harpin proteins. N represents the N-terminus (5’ region), and C

20  represents the C-terminus (3’ region). The primers correspond to the indicated
sequence identification numbers for the present application: N1 (SEQ. ID. No. 1),
N76 (SEQ. ID. No. 2), N99 (SEQ. ID. No. 3), N105 (SEQ. ID. No. 4), N110 (SEQ.
ID. No. 5), N137 (SEQ. ID. No. 6), N150 (SEQ. ID. No. 7), N169 (SEQ. ID. No. 8),
N210 (SEQ. ID. No. 9), N267 (SEQ. ID. No. 10), N343 (SEQ. ID. No. 11), C75

25 (SEQ.ID. No. 12), C104 (SEQ. ID. No. 13), C168 (SEQ. ID. No. 14), C180 (SEQ.
ID. No. 15), C204 (SEQ. ID. No. 16), C209 (SEQ. ID. No. 17), C266 (SEQ. ID. No.
18), C342 (SEQ. ID. No. 19), and C403 (SEQ. ID. No. 20).

DETAILED DESCRIPTION OF THE INVENTION

30
The present invention is directed to isolated fragments of a hypersensitive

response elicitor protein or polypeptide where the fragments elicit a hypersensitive

response in plants. Also disclosed are DNA molecules encoding such fragments as



pol ypeptides or proteins are able to elicit local necrosis in plant tissue
contacted by the elicitor. Exanples of suitable bacterial sources of

pol ypeptide -or_protein elicitors include Erw nia, Pseudononas, and

Xant harond0 &¥el4s (e.g., the fol lowing bacteria: Erwini a BrHHS5§8p874

Erwi ni a chrysanthenmi, Erwinia stewartii, Erwinia 10 carotovora,
Pseudononas syringae, Pseudonpbnas sol anceatum Xanthononas canpestris, and
m xtures thereof). An exanple of a fungal source of a hypersensitive

of Pyt opht horSell BEPEREsn 318y MBEHeNE Brlhianty ttbiag slen Mo Bt8s DBEESY ©°
Phyt opht hor a chefragments tHemselveh titbthe DN shaleculdstencétivig dheni Bierdisciggas per na,

and Phyt ophi hora citrophthora.. The hypersensitive.response elicitor,
pol ypeptide or pr ot@? SORRIOR hyReTseRsi A sROnEs ELIGitoE PalyPeptides orproateine quence

cor r espondi ng &Qﬁﬁ%o;ﬁ Ag%&fé ﬁ&gﬁi’@m{/ﬁ% 'd%fg?édlﬁ&n hypersensifie r%ﬂmké Sicltr ''e

Lys Ala Hs Ile _
10 5  polyepfitles drewot€ing ofh widd verisity of fangilyend GagtetialipaivigeicrSwha Al a

Ser Ser 20 . 5 . . 3 Ay Ser Ser Val ‘As
ng LgL Ser Sé;olymypnfl?seorg?}c% are gble toyelicisdocal necrosgs xlhep"iant t}/sg\gaeéonteﬁ:rtedt%r P
40 the elicito?> ER&ples 8f hltdbibWactefibl itceVBE pbliBertdé ikfbksAl @
G@n Ay Leu 50 e ehel P 55 a CEEP gge% y oglpgotégiéh g?i‘sLys
Ay Leu Gy Mdncisde EpwiniaiPseddomoans; awl XagthameBas species (e.g., the following

Zgu Leu Ser Vaactsrig: %gry‘t?’rgg amylovora',a%?wz%a/ cﬁp@gé{nifdﬁﬂwi%anstgwyﬂﬁ?‘l Barggr?zfgefsg y

Ay Asp Al1p Lexrsioboray Bsdiibmbids sHfiRghe) Psbiddmepts A51BndbaRum Wanthomonas
105 110 Leu Leu Gy H's Asp Thr Val Thr Lys Leu Thr Asn G n

Ser Asn G n 35ampestris, and mixtures)thgreof). 120 125
5 e A8 SRl o il @ peblfo o AR
Il'e Leu Gy  polypeptide is Phytophthora. Suitable species of Phytophthora include Phytophthora
parasitica, Phytophthora cryptogea, Phytophthora cinnamomi, Phytophthora capsici,
15 Phytophthora megasperma, and Phytophthora citrophthora.
The hypersensitive response elicitor polypeptide or protein from Erwinia

chrysanthemi has an amino acid sequence corresponding to SEQ. ID. No. 21 as

follows:
20 Met Gln Ile Thr Ile Lys Ala His Ile Gly Gly Asp Leu Gly Val Ser
1 5 10 15

o

Gly Leu Gly Ala Gln Gly Leu Lys Gly Leu Asn Ser Ala Ala Ser Ser
20 25 30

Leu Gly Ser Ser Val Asp Lys Leu Ser Ser Thr Ile Asp Lys Leu Thr
25 s 40 a5

Ser Ala Leu Thr Ser Met Met Phe Gly Gly Ala Leu Ala Gln Gly Leu
50 55 60

Gly Ala Ser Ser Lys Gly Leu Gly Met Ser Asn Gln Leu Gly Gln Ser
65 70 75 80

30 Phe Gly Asn Gly Ala Gln Gly Ala Sexr Asn Leu Leu Ser Val Pro Lys
85 90 95

Ser Gly Gly Asp Ala Leu Ser Lys Met Phe Asp Lys Ala Leu Asp Asp
100 105 110

Leu Leu Gly His Asp Thr Val Thr Lys Leu Thr Asn Gln Ser Asn Gln
35 115 120 125



145 150 155 160 5
Asn Ay Leu Ay @n Ser Met Ser Ay Phe Ser An Pro Ser Leu Ay 165

170 175 Ala Ay Ay Leu An Ay Leu Ser dy-Ala Ay Al a Phe
Asn d n W0 %3814 185 190 GrET/PSI08H || e
Gy Mt Ay Val Ay @n Asn Ala Ala Leu Ser Ala 10 195

200 205 Leu Ser Asn Val Seig Thr H's Val Asp Ay Asn Asn Arg
Hi s Phe Val 210 215 220 Asp Lys Qu Asp
Arg Gy Met Ala Lys dn Phe Me

235 1R e B8 Kpr b 6B Ve BE e Sy dopr T 4
Tyr @ n Lys Asp Ay Tlp 245 250 255 Ser Ser
Pro Lys Thr Asp L p 6

265 A%%g ¥ 7 Gkssﬂgﬁ R R
Lys Phe Arg d 6’ 280

285 Al'a M§ Gy Valenl bty bts 397t e¥alerrbdt @1 ARPs I3

295 Y %re Asn Leu Arg & yph cﬁ)%fi%a b

Gy Ille Asp Ala 305 310

320 25 Al a pYal eMale1{dnevAeth kY$ deuesdd 21PN aMely 28K Lhﬁup.ﬁ Ys1hYSed-€U
Al a 325 330 180 1885 Asn Ala 30 13fi s

hyper sensitive response elicitor polypeptide or protein has a nol ecul ar

wei ght of 34 kDa, dig aenRlstiakl ely Nas @lyglakiche clanteniilafalgr pai avert ABnN

16% and &9ntai ns substan®bally no cystei aea .The Erwi ni a cdosysant henmi
hypersensitive response elicitor polypeptide or protein is encoded by a DNA
nmol ecul e havi ng a hetcfeoPsnd/adeder Toe Hdr Vb pendFlygAsmo ASEQrg Bis Nipe P& as
follows: 35 CGATTTTACRICGGGTGAACG TCCTAPGACC GACAGCATCA2EGGTATTCGA
CACCGTTACG 60 GCGITTATGG CCGCGATGAA CCGGCATCAG GCGGECGCGCT GGTCGCCGCA

ATCCGGCGTC 120 Asp Lyg Glu Asp Arg Gly Met Ala Lys Glu Ile Gly Gln Phe Met Asp
225 230 235 240
15 Gln Tyr Pro Glu Ile Phe Gly Lys Pro Glu Tyr Gln Lys Asp Gly Trp

245 250 255

Ser Ser Pro f..ys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser Lys
260 265 270

Pro Asp Asp Asp Gly Met Thr Gly Ala Ser Met Asp Lys Phe Arg Gln
20 275 280 285

Ala Met Gly Met Ile Lys Ser Ala Val Ala Gly Asp Thr Gly Asn Thr
290 295 300

Asn Leu Asn Leu Arg Gly Ala Gly Gly Ala Sef Leu Gly Ile Asp Ala

305 310 315 320
25 Ala Val Val Gly Asp Lys Ile Ala Asn Met Ser Leu Gly Lys Leu Ala
325 330 335

Asn Ala

30  This hypersensitive response elicitor polypeptide or protein has a molecular weight of
34 kDa, is heat stable, has a glycine content of greater than 16%, and contains
substantially no cysteine. The Erwinia chrysanthemi h&persensitive response elicitor
polypeptide or protein is encoded by 2a DNA molecule having a nucleotide sequence
corresponding to SEQ. ID. No. 22 as follows:

35
CGATTTTACC CGGGTGAACG TGCTATGACC GACAGCATCA CGGTATTCGA CACCGTTACG 60

GCGTTTATGG CCGCGATGAAR CCGGCATCAG GCGGCGCGCT GGTCGCCGCA ATCCGGCGTC 120



GATCTGGTAT TTCAGTTTGG GGACACCGGG CGTGAACTCA TGATGCAGAT TCAGCCGGGG 180
CAGCAATATC CCGGCATGIT GCGCACGCTG CTCGCTCGTC GTTATCAGCA GGCGGCAGAG 240
TGOGATGGCT. GTG CCTGAACGGC AGCGATGTAT TGATCCTCTG GTGGCCGCTG 300
COGTCGGATCY TA TCCGCAGGTG ATCGAACGTT TGTTTGAACT GGCRERKT8/10874 350

5
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
| 500
1560
1620
1680
1740
1800
1860

ACGTTGCOGT CGCTATCCAT AGCACCGACG GOGOGTCCGC AGACAGGGAA  CGGACGC GCC
CGATCATTAA GATAAAGGCG GCTTTTTTTA TTGCAMAACG GTAACGGTGA GGAACCGTTT
CACCGTCGGC GTCACTCAGT . AACAAGTATC CATCATGATG CCTACATCGG GATCGGOGTG
GGCATCCGT T CECAGHTACTEASTTRERRAGACEET GACATRAR TERACHAMCRCABAIET AT Gy
AATTACGATC AAAGCGCACA TCGGCGGTGA TTTGGGECGTC TCCGGTCTGG GGCTGGGTGC
10  TCAGGEMSRETARA/MCEIRTNA FCFROCEIIGCISCTIGAT GOIBTCARE [CROGABEE TCGATNAACT
GAGCAGCACC_ATCGATAAGT TGACCTCOGC GCTGACTTCG ATGATGTTTG GOGGCGCGCT
GGCGCAGERG TR R T e AR W SEATSANTE: TRRISERCTE ARCSFEISCCAGT®

TTTCGGCAAT i GCAA CCT!
TGCGTTGTCA W%%W ' Amﬁ? gﬁ@%&%&m@@
15  CARGCLEedcobNabaNedal ANChARAITee GEOAhES
CCAGGGTAAT ATGAATGCOGT TCGGCAGCGG TGTCC-A%IAAC GCACé'I;I %r%c@
CAACGGT CT CeX3CERAS FEGAR 8 GefaTIT AT CHMNGEE BNt TEE ok doMNaCCC e dol
GCAGGGCCTG AGCGGCGCGG GTGCATTCAA CCAGTTGGGT AATGCCATCG GCATGGGCGT
GGGGCAGAA FACETGESGT G4 TOTRCAS TGRS CT fXTCEIBNECCRCENE GRAR GAEBGGT AAGAA
20 CCGCCACTTT GTAGATAAAG AAGATCGOGG CATGGCGAAA GAGATCGGCC AGTTTATGGA
TCAGTATCC@G%%TWCAWG@&

GACGGACGA! S AAACCG GATGATGACG GTATGACOGG
CGCCAGCAT%%E ”%A G Lo “'"“T%GCW?M

25 Tt AT A A AACAT T CORTAEY AT ACCTATA

ATCTGT GCT GhdhbrhCA PACATOGTHAAATTCA AAARACACA G ot AR @ocdcded& T CTTTLC
TTATTATGCG GTTTATGCGG TTACCTGGAC CGGTTAATCA TCGTCATCGA TCTGGTACAA
ACGCACAT T F6CROSGET FEEeE CRCACET CBATEASICHIBNCACARBBBEATRR BATCT T CElC
GTCGCTCAGA TTGCGCGGCT GATGGGGAAC GCCGGGTGGA ATATAGAGAA ACTCGCCGGC

-10- CAEKTeRALRC e P 1 e AR RA BT AT CE RS P RRRIS [CCEACEFESRAT CCo00

TS AT R LT

AGATACCGAC)S 2@f{hereacT AACCAGAGCA ACCAACTGGC TAATTCAATG CTGAACGCCA GCCAGATGAC 1020

CCAGGGTAAT ATGAATGCGT TCGGCAGCGG TGTGAACAAC GCACTGTCGT CCATTCTCGG 1080
CAACGGTCTC GGCCAGTCGA TGAGTGGCTT CTCTCAGCCT TCTCTGGGGG CAGGCGGCTT 1140
GCAGGGCCTG AGCGGCGCGG GTGCATTCAA CCAGTTGGGT BATGCCATCG GCATGGGCGT 1200
GGGGCAGAAT GCTGCGCTGA GTGCGTTGAG TAACGTCAGC ACCCACGTAG ACGGTAACAA 1260
20  cceccacTTT GTAGATAAAG AAGATCGCGG CATGGCGARA GAGATCGGCC AGTTTATGGA 1320
TCAGTATCCG GAAATATTCG GTAAACCGGA ATACCAGAAA GATGGCTGGA GTTCGCCGAA 1380
GACGGACGAC AAATCCTGGG CTAAAGCGCT GAGTAAACCG GATGATGACG GTATGACCGE 1440
CGCCAGCATG GACARATTCC GTCAGGCGAT GGGTATGATC AAAAGCGCGG TGGCGGGTGA 1500
TACCGGCAAT ACCAACCTGA ACCTGCGTGG CGCGGGCGGT GCATCGCTGG GTATCGATGC 1560
25  GGCTGTCGTC GGCGATAAAA TAGCCAACAT GTCGCTGGGT AAGCTGGCCA ACGCCTGATA 1620
ATCTGTGCTG GCCTGATAAA GCGGAAACGA AAAAAGAGAC GGGGAAGCCT GTCTCTTTTC 1680
TTATTATGCG GTTTATGCGG TTACCTGGAC CGGTTAATCA TCGTCATCGA TCTGGTACAA 1740
ACGCACATTT TCCCGTTCAT TCGCGTCGTT ACGCGCCACA ATCGCGATGG CATCTTCCTC 1800

GTCGCTCAGA TTGCGCGGCT GATGGEGAAC GCCGGGTGGA ATATAGAGAA ACTCGCCGGC 1860



AAAATAGGEC AGITTTTGCG TGGTATCCGT GGGGTGITCC GGCCTGACAA TCTTGAGITG 2100 5
GTTCGTCATC ATCTTTCTCC ATCTGGGCGA CCTGATCGGT T 2141 The
hyper sensitive response elicitor polypeptide or protein derived from

Erw ni a amyo svsae has an anmi no aci d sequence correspondi ng PCo/uSEsaosy. No.
23 as 10 follows: Met Ser Leu Asn Thr Ser Gy Leu Ay Ala Ser Thr Met An
Ile Ser 1 5 10 15 1le
Ay Ay Ala dy dy Asn Asn Gy Leu Leu Gly"l'hr Ser Arg Gn 15

20 30 Asn Al a é’ dy GX Asn
Ser Ala Leu GC?GILT&?PG& S;\crac§sﬁ 91’%% GCCGTAACGT GTTTCTATCC c&:ﬁcrrme 1920

45 @ n Asn As I Me

os Readiac? GaééﬁTééanAAﬂhcﬁ&@ Gﬂ»f n;é‘?“l éxlgr@é{:c}_&'bl\gc}.‘%gg&ce y& Y ay
Leu Met Gy GGXT@C&A&%A@&ATAG ARAGCTGTCT TGCACCTAE@ GTATCGCGGG AGATACCGAC B340

80 Ay Ay Gy Leu Ay Asn Ay Leu Gy Ay Ser Ay Ay Leu Gy Qu 85

90 ARAATAGGGC S TE TG dee DeCEBaTCCAE HeHiTarTce LEGASIPAGSpTdViEGAG R G2yodd vy Ser

Leu Asn Thr 25 100 105

110 Leu Gy SERTIGFEATS ATCEYTFTO ATCREFECHN CCTRATCGGEIT Thr Thr Asn Ser Prea4uls5
120 125 Leu Asp A n Ala Leu Gy Ile Asn Ser Thr Ser Gn
Asn Asp Asp Ser 130 135 140 30 Thr

Ser Gy Thr Asp SerThethyp&sensitive r@nnéieelioﬁsppﬂypepmb oGpmtﬁh derivied from
150

he S
Ile Met G n S&Miwg amiove*«/hm 2o 3¢id sequence Gortesponting pAFQ. 1D, No. 25 as
175 A n A3p Gghidws: Gn Ay Ser Ser Ser Ay Ay Lys An Pro Thr Au 35

180 185 190 Gy u An Asn Ala Tyr Lys
Lys Ay Val Thr Asp Ala Leu Ser Ay 195 200

205 - 11 - Leu MNét s& \LeAsAksnQIyr [Sey Gar Leh rfllyetild Sar @hy Yetn GThyIl@ yeteu
Ay 1 5 10 15

Ile Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser Arg Gln
15 20 25 30

Asn Ala Gly Leu Gly Gly Asn Ser Ala Leu Gly Leu Gly Gly Gly Asn
35 40 45

Gln Asn Asp Thr Val Asn Gln Leu Ala Gly Leu Leu Thr Gly Met Met
50 55 60

20 Met Met Met Ser Met Met Gly Gly Gly Gly Leu Met Gly Gly Gly Leu
65 70 75 80

Gly Gly Gly Leu Gly Asn Gly Leu Gly Gly Ser Gly Gly Leu Gly Glu
85 90 95

Gly Leu Ser Asn Ala Leu Asn Asp Met Leu Gly Gly Ser Leu Asn Thr
25 100 105 110

Leu Gly Ser ﬁys Gly Gly Asn Asn Thr Thr Ser Thr Thr Asn Ser Pro
115 120 125

Leu Asp Gln Ala Leu Gly Ile Asn Ser Thr Ser Gln Asn Asp Asp Ser
130 135 140

30 Thr Ser Gly Thr Asp Ser Thr Ser Asp Ser Ser Asp Pro Met Gln Gln
145 150 155 160

Leu Leu Lys Met Phe Ser Glu Ile Met Gln Ser Leu Phe Gly Asp Gly
165 170 175

Gln Asp Gly Thr Gln Gly Ser Ser Ser Gly Gly Lys Gln Pro Thr Glu
35 180 185 190

Gly Glu Gln Asn Ala Tyr Lys Lys Gly Val Thr Asp Ala Leu Ser Gly
195 200 205



Thr Ay
240 5
G n 245
Ay Ile
270 Al a

Al a Lys
Asp A n

Thr Asp
335 Lys

Thr Ay
Ay Asn

Gy Lys
400 25

Leu

wo 983514

Ay
Leu

Au
Tyr

Asp
Pro

Ash

Leu

Leu

215 220GIyGIyGInGIyGIyAsnAIaGIy
Asp Gy Ser Ser Leu 225 30 235
Ay Lys Gy Leu A n Asn LeuSerGy Pro r

50 255 Leu Gy As%cﬁd‘%g\/!ﬁéﬁy Thr
Met LysAIaGIyIIeGIn26O 265 _
Asn Asp Ile Ay Thr H's Arg Hi1g$-Ser Ser Thr Arg Ser Phe 10

280 . 285 Val Asn Lys Ay Asp Arg Ala Mt
Il e GryuGidt E’EI}GANEtGl@Qﬂeu Ser Gln Leu Leu 6R¥PRsn Gly Gly Leu Gly 300
Pro u \alo Phe Ay Lys Praas@ n Tyr @ n Lygs268y Pro 305

315 320 15 Gy dAn du Val Lys
Lys SelyTely 6lm GlysclAl ash eilaSery 385 Gly Leu Asp Gly Ser 332 Leu
Asp Agp5Asp Gy Met The3éro Ala Ser Met288 u A n Phe Asn R4

350 Lys Ala Lys Gy Met Ile Lys Arg Pro Met Ala Ay Asp
20 Gly Gly Lys Gly3G#: Gln Asn Leu Ser Gly3Bfd Val Asp Tyr Gln Gln 365
An Ala Arg Ay Ala29y Ay Ser Ser 35¢u Ay Ile Asp 286

380 Ala Met Met Al a GI])./ Asp Ala Ile Asn Asn Met Ala Leu
385 Leu Gly Asn Ala Vajg@ly Thr Gly Ile Gly MgnLys Ala Gly Ile Gln

Ay Ala Al a TH®8 hypersensitivéé?esponse eli ci t%?° pol ypepti de

or protein has a r’rgl ecul ar wei ght o; about 39 kDa, has a pl

nyper senald

ly 4. 32
I ve response T citor poI ypept?%f’e or protein ha®3substantially

arkey 859, A5p Lheafite T Hifodry Jhsatey éﬁEtThfoA’Fﬁ FeEehe Thi s

protein derived from

Z.-M,
V. Beer

30 no cystei ne. Q hygg;%egi i ye espls? ree:‘L:Y(léiéll‘ﬁégir‘%ig'eg{ ?‘ﬁg’?‘et
R J.

ov
Laby, I9| Zurmff V\%éauer S.-Y. He Coll mer, and S.

Var b 1 bl i By Lot Wf’eprh%eé‘ﬁ} gyeprBeéﬂ,o?ggz 150%56%%% { he

Plant Pat hogen Erwpgi a anyl ovora, " 39¢i ence 85- 88, «
her eby i ncorporated by reference. The DNA -
15 Gly Gln Glu Val Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser
325 330 338
Lys Pro Asp Asp Asp Gly Met Thr Pro Ala Ser Met Glu Gln Phe Asn
340 345 350
Lys Ala Lys Gly Met Ile Lys Arg Pro Met Ala Gly Asp Thr Gly Asn
20 355 360 365
Gly Asn Leu Gln Ala Arg Gly Ala Gly Gly Ser Ser Leu Gly Ile Asp
370 375 380
Ala Met Met Ala Gly Asp Ala Ile Asn Asn Met Ala Leu Gly Lys Leu
385 390 395 400
25 Gly Ala Ala
This hypersensitive response elicitor polypeptide or protein has a molecular weight of
about 39 kDa, has a pl of approximately 4.3, and is heat stable at 100°C for at least 10
minutes. This hypersensitive response elicitor polypeptide or protein has substantially
30 no cysteine. The hypersensitive response elicitor polypeptide or protein derived from

Erwinia amylovora is more fully described in Wei, Z.-M.,, R. J. Laby, C. H. Zumoff,
D. W. Bauer, S.-Y. He, A. Collmer, and S. V. Beer, “Harpin, Elicitor of the
Hypersensitive Response Produced by the Plant Pathogen Erwinia amylovora,”
Science 257:85-88 (1992), which is hereby incorporated by reference. The DNA




nol ecul e encoding this polypeptide or protein has a nucl eoti de sequence

corresponding to SEQ ID. No. 24 as follows: AAGCTTCGGC ATGGCACGIT
TGACCGITGG GICGGCAGGG TACGTITTGAA TTATTCATAA 60 5 GAGGAATACG.

TTATGAGT CW®@ISRAIBAAGT GGGCTGGGAG CGTCAACGAT GCAAA TTCT FOT/USHENEFTECT G
CCGECGEEAAA TAACGEGTITG CTGGGTACCA GICGCCAGAA TGCTGEGT TG 180 GGTGGCAATT
CTGCACTGGEG GCTGGEECAEEC GGTAATCAAA ATGATA CAATCACCTG 240 GCTGCGCTTAC
TCACCGGCAT GATGATGATG ATGAGCATGA TGGGCGGIGS TGGGCTGATG 300 GECGGTGECT

TAGGCGGTGG CTTAGGTAAT T GCTCAGGTGG, CCTGGGOGAA 360 10
GGACTGTCGA Acc%%éﬁﬁnmg inrhgs aavchotidesqurmEAAA

GGCGGCAACA ATAGEA B@W T}{S%ﬂ ACCAGGCCCT GGGTATTAAC
TCAACGTCCC AAAACG%GA CCACCTCC GCCA s'CCACC'I' CAGA CTCCAGCGAC
CCGATGCAGC AGCTCCTGAA GATGTTCAGC GAGATAATGC AAAGCCTGIT TGGTGATGEG
CAAGATGGCA CCRASIIECHS ATREUTETTBE COHTARGTNECAGCARCEAGE CRATGRARKNAC

GCCTATAAAA SAAGGAGTCAC TGATGCGCTG TCGGEGECCTGA TGGGTAATGG TCTGAGCCAG
CTCCTTGGCA "ACEACEAAEF T ERCER P Te MG CASFACR P (RCTEABCAXT CEABRTITTGAC

GGTTCGTCGC T ceco) ( GGCCGGTGGA CTACCAGCAG
TTAGGTAACG % %361:5: %C%%%Aﬁm CEFEGERFRAT
ATCGGTACCC ACAER AN drheA6ECtdralbdséd Q@IM%% T“E%TG
GOGAAGGAAA TCGGTCAGTT CATGGACCAG TATCCTGAGG TGITT G5 AC
CAGAAAGGCC CGEoTEATH fIRtEaRANACATCRAShTA GAGNEA oA THdckkabPds ALk GAGC
AAGCCAGATG ACOACGGAAT GACACCAGCC AGTATGGAGC AGTTCAACAA AGCCAAGGGC
ATGATCAAAA GGRGCHRTORT BCSREATACITACHBAAGOATCACCTEONGRT ANGRRGRSCC

GGTGGTTCTT CGCTGGEGTAT TGATGCCATG ATGECCGGTG ATGCCATTAA CAATATGGCA
CTTGGCAAGE 0T (S6ART0RRSA ACPAGQEAART COATATGTTA GGCGGTTCGC TGAACACGCT GGGCTCGAAA

420
480
540
600
§p 660 15
720
120780
840
180 900
960 20
1020
100 1080
1140
3601200
1260 25
4201288

240

The hypersensitjve res e elicitor polypeptide or protein derived from
Pseudononas syGrGF%GS% ;g'rg{;@ N TanT A aeT Tgé%ﬁgﬁ?ée“&ﬁ‘ﬁpg?pﬁﬁﬁ?ﬁﬁ@“? o SE& |ID.
No. 25 30  asphmldr@us; lcca‘céli@ TTCMTCQ&%&éAﬁe&A%{Q&eHTﬁ&G% I Sgf, Ser

Leu A n Thr Pro Al a Mt

15 Al a Leu ValcchRidchi! acdire-rBx0 chicirdbe cibatadite AMRGccebyr Srclttte Ser 38
25 30 5 Ser Lys Ala Leu Adn du Val Vval Vval Lys

Leu Al a 3 u d @AGATEEIEECCAGGECAG TTCCTCTGGG GGCAAGCAGC CGACCGAAGG CGAGCAGAAC 660

15 . GCCTATAAAA AAGGAGTCAC TGATGCGCTG TCGGGCCTGA TGGGTAATGE TCTGAGCCAG 720

CTCCTTGGCA ACGGGGGACT GGGAGGTGGT CAGGGCGGTA ATGCTGGCAC GGGTCTTGAC 780

GGTTCGTCGC TGGGCGGCAA AGGGCTGCAA AACCTGAGCG GGCCGGTGGA CTACCAGCAG 840

TTAGGTAACG CCGTGGGTAC CGGTATCGGT ATGAAAGCGG GCATTCAGGC GCTGAATGAT 900

ATCGGTACGC ACAGGCACAG TTCAACCCGT TCTTTCGTCA ATAAAGGCGA TCGGGCGATG 960

20 _GCGAAGGARA TCGGTCAGTT CATGGACCAG TATCCTGAGG TGTTTGGCAA GCCGCAGTAC 1020

CAGAAAGGCC CGGGTCAGGA GGTGAAAACC GATGACAAAT CATGGGCAAR AGCACTGAGC 1080

AAGCCAGATG ACGACGGAAT GACACCAGCC AGTATGGAGC AGTTCAACAA AGCCAAGGGC 1140

ATGATCARAA GGCCCATGGC GGGTGATACC GGCAACGGCA ACCTGCAGGC ACGCGGTGCC 1200

GGTGGTTCTT CGCTGGGTAT TGATGCCATG ATGGCCGGTG ATGCCATTAA CAATATGGCA 1260

25 CTTGGCAAGC TGGGCGCGGC TTAAGCTT 1288

The hypersensitive response elicitor polypeptide or protein derived from

Pseudomonas syringae has an amino acid sequence corresponding to SEQ. ID. No. 25

30 as follows:



35 40 45 Arg Asn Ay A n Leu Asp Asp Ser
Ser Pro Leu Gy Lys Leu Leu Ala 50 55 60
Lys Ser Myjo ¥l a Asp Ay LysAIaGyGyGyIIeGuAs

65 . 70 Q&%&’?‘f“é‘ Al a
Ala Leu Asp Lys Leu Ile H's Qu Lys Leu Gly Asp Asn Phe 85

90 95 Ay Ala Ser Ala Asp3Ser Ala Ser Ay Thr Ay Gn Gn
Asp Leu Met 100 - 105 110 15 Thr @n
Val Leu Asn Gy LedetAlGan L%ﬁs Ber shetLeesi\Ser/ sqr ket deQUelhl¥hr Pro ala Met

120 1 125 Thr Ly$ A n Asp Gy dyidhr Ser Phe Ser gGu Asp
Asp Met Pro Met 130 135 140 Leu Asn Lys
lle Ala G n Phe MeblaadsuAd beh VR Ard Brd@iukia Pro T20 Thr Gly sk45Thr ser

150 155 20 160 25s Pro Asp Ser @oy Ser Trp
Val Asn Gy Leu Lys p Asn Phe 165 170

175 Leu Aspg Ay As%e"GLMSﬁ}P I GAp £ihBal\V %19@ BYs LebAlas Ll [GIul Leu 180

185 1903§5 Ay Adi%An Leu Ay Asn4Bln A n Ser Asp

Ala Ay Ser Leu ¥ I535 200 205 Thr
Gy Ay Gy Leu GIVng § Sot LR APhATRERT R8T REN LsErCGlge by Igu Leu Ala
215 20 val |vetGyAé%ProLeuHeAsiPAlaAsnThrGy
Pro Gy Asp Ser 3

240 Gy Agg Thr A(r)’;?s'ses éeg %{a jefvnc R Ak égs/ G@’ FlYeils IGé‘“AéTP Z&S
250 255 Arg dy LeuGInSer Val Led’Ala Gy Ay dyB8Peu

Ay Thr Pro Val 26Pe ata ala new asp Ly@0Beu 11 Lys Len2dD % Asn
Thr Pro @n Thr Gy Thr Ser Al asef')sny% e eCﬁus %@u AT 2 Z"Q P Azn Phe
280 285 -14- Asp Leu Asp An Leu Leu Ay Ay 1%u Leu
Leu Lys Gy Leu GeryAhBa ser Ala Asp Ser Ala Ser Gly Thr Gly Gln Gln Asp Leu Met
100 105 110
15 Thr Gln Val Leu Asn Gly Leu Ala Lys Ser Met Leu Asp Asp Leu Leu
115 120 125

Thr Lys Gln Asp Gly Gly Thr Ser Phe Ser Glu Asp Asp Met Pro Met
130 135 140

Leu Asn Lys Ile Ala Gln Phe Met Asp Asp Asn Pro Ala Gln Phe Pro
20 145 150 - 155 160

Lys Pro Asp Ser Gly Ser Trp Val Asn Glu Leu Lys Glu Asp Asn Phe
165 170 175

Leu Asp Gly Asp Glu Thr Ala Ala Phe Arg Ser Ala Leu Asp Ile Ile
180 . 185 190

25 Gly Gln Gln Leu Gly Asn Gln Gln Ser Asp Ala Gly Ser Leu Ala Gly
195 200 205

Thr Gly Gly Gly Leu Gly Thr Pro Ser Ser Phe Ser Asn Asn Ser Ser
210 215 220

Val Met Gly Asp Pro Leu Ile Asp Ala Asn Thr Gly Pro Gly Asp Ser
30 225 230 235 240

Gly Asn Thr Arg Gly Glu Ala Gly Gln Leu Ile Gly Glu Leu Ile Asp
245 250 255

Arg Gly Leu Gln Ser Val Leu Ala Gly Gly Gly Leu Gly Thr Pro Val
260 265 270

35 Asn Thr Pro Gln Thr Gly Thr Ser Ala Asn Gly Gly Gln Ser Ala Gln
275 280 285



290 295 300 Thr Leu Lys Asp Ala Ay dn
Thr Ay Thr Asp Val @ n Ser Ser Ala 305 310
315 320 5 Ala Anlle Ala Thr Leu Leu Val Ser Thr

Leu Leu Gwo @/s42fBhr Arg 325 330 PCT/US98/1087835 * Asn
Gn Ala Ala Ala 340 10 This hypersensitive response elicitor polypeptide or
protein has a nol ecular weight of 34-35 kDg, It is rich in glyci-ne (about
13.5% and | acks cysteine.and tyrosine. Further information about the

hypersenS|t|ve res |icitor derived from Pseudononas Syri ngae |s found
in H, S V. d&mﬁ 3‘ ﬁe“eéﬂulgé' ol Y geu I“?—*’%é’ﬁ‘ddﬁ’ﬁnﬁé’ o0 Hga

syringae Harpl n[err] a Prot ei n that 5Secret ed via t o Hrp Pat hway and
Elicits the Hyper S S I |l 7 2 266 (19

whi ch is hereby |Sn§0%r %%‘&a e R?ae%lke%lse% ﬁ %’cag} g %EBdﬁf
hypersensitive response elicitor from Pseudormnas syrl ngae has a nuc? %tl de
sequence cgrrespongiangid G1e6Qa kit 13- 140 vaf de@l 18y %Qu%%é%%%r
TCAGTCTTAA CAGCACCTCG CTGCAAACCE, £GCCAATCEC CCTTHRILCCTG 0 %Eﬁ‘G
AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGCCCTTCA GGAAGITGIC 120 GTGAAGCTGG
CCGAGGAACT  GATCCCMA T e REAAKTRCE HCGACAGCTC GCCATTGGGA 180 AAACTGITGG
CCAAGTCGAT GGECCGCCAGAT GGCAAFIGGG GCGGECGGTAT TGAGGATGTC 240 25
ATCGCTGCGC TGGACAAGCT GATCCATGAA AAGCTCGGTG ACAACTTCGG CGCGTCTGCG 300

GACAGOGOCT g CGEGTACCGG ACAGCAGGAC CTGATGACTC AGGTGCTCAA TGGCCTGECC 360
AAGTCGATGE T

CATATGOLGA TOTDS BBt Yt A BATobde S ot bl Ao wreight
AAGCOGGACT CGBESEXIIG BT hE @il GAEaA/SS  uaIaKECodteieARBaEGAGe. 540 30
GAAACGGCTG GGCACT. %meecc AGCAACT.GGG TAATCAGCAG 600
AGTGACGCTG %@ﬁg‘%@g’ &&E‘s%’ mé%er@c 660
ANCAACTOGT COKGATIR] SR fuh] SEAOGA BT 720

GGCAATACCC GTGGTGAAGC ATCGRCGAGE TTATCGA TGGCCTGCAA 780
TCGGTATTGES cc@mbwmmm mwaoﬂﬂmpm:@mmt 3EetreB@rdathe Hpi0

- 15- Pathway and Elicits the Hypersensitive Response in Plants,” Cell 73:1255-1266
(1993), which is hereby incorporated by reference. The DNA molecule encoding the
- hypersensitive response elicitor from Pseudomonas syringae has a nucleotide

sequence corresponding to SEQ. ID. No. 26 as follows:

20 ATGCAGAGTC TCAGTCTTAA CAGCAGCTCG CTGCAAACCC CGGCAATGGC CCTTGTCCTG 60
GTACGTCCTG AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGCGCTTCA GGAAGTTGTC 120
GTGAAGCTGG CCGAGGAACT GATGCGCAAT GGTCAACTCG ACGACAGCTC GCCATTGGGA 180
AAACTGTTGG CCAAGTCGAT GGCCGCAGAT GGCAAGGCGG GCGGCGGTAT TGAGGATGTC 240

25 ATCGCTGCGC TGGACAAGCT GATCCATGAA AAGCTéGGTG ACAACTTCGG CGCGTCTGCG 300
GACAGCGCCT CGGGTACCGG ACAGCAGGAC CTGATGACTC AGGTGCTCAA TGGCCTGGCC 360
AAGTCGATGC TCGATGATCT TCTGACCAAG CAGGATGGCG GGACAAGCTT CTCCGAAGAC 420
GATATGCCGA TGCTGAACAA GATCGCGCAG TTCATGGATG ACAATCCCGC ACAGTTTCCC 480
AAGCCGGACT CGGGCTCCTG GGTGAACGAA CTCAAGGAAG ACAACTTCCT TGATGGCGAC 540

30 GAAACGGCTG CGTTCCGTTC GGCACTCGAC ATCATTGGCC AGCAACTGGG TAATCAGCAG 600
AGTGACGCTG GCAGTCTGGC AGGGACGGGT GGAGGTCTGE GCACTCCGAG CAGTTTTTCC 660
AACAACTCGT CCGTGATGGG TGATCCGCTG ATCGACGCCA ATACCGGTCC CGGTGACAGC 720
GGCAATACCC GTGGTGAAGC GGGGCAACTG ATCGGCGAGC TTATCGACCG TGGCCTGCAA 780
TCGGTATTGG CCGGTGGTGGE ACTGEGCACA CCCGTAAACA CCCCGCAGAC CGGTACGTCG 840



GCGAATGECG GACAGTICCGC TCAGGATCTT GATCAGITGC TGGECGECTT GCTGCTCAAG 900
GCCCTGGAGG CAACCCTCAA GGATGCCGEG CAAACAGGCA CCGACGTGCA GTCGAGCGCT 960
GCGCAAATC%%%IT GCT GGICAGTACG CTGCTGCAAG GCACCCGCAA T %GCT 1020
GCCTGA CTUSS8A3E 5 The
hypersensitive response elicitor pol ypeptide or protein derived from
Pseudononas sol anacear um has an anmi no acikdssequence corresponding to SEQ
ID. No. 27 as follows: 10 Met Ser Val Gy Asn Ile Gn Ser Pro Ser
Asn Leu Pro Gbgt;z\b.md‘.c@cncﬂarccsc TCAGGATCTT GATOAGTTGC TGGGCGECTT GereercanclO  goo

15 Asn Leu Asn Leu Asn Thr Asn Thr Asn Ser G n An Ser Ay Gn Ser 20

25 GGCCTGGAGE DBACEETCAR] GFATRSHCACeCRARIASGEA) SCABCRreda | cT@agodars Aspsol | € Leu
Asn Ile Ile 15 35 40 45
Ala Al a Leu VAFCRPATCE SAGITECA| CETECTA B FTCATGARY FCASCGSCAR FCASRCTEIR, 50020

55 60 Asn Thr GIyAsnAIaProAIaLysAspGlyAsnAlaAsn
Ala Gy Al a sBccTer 70 75

80 20 5 Asn Asp Pro Ser Lys Asn Asp Pro Ser Lys Ser G n Ala Pro @n
Ser 85 95 Ala Asn Lys Thr @y Asn
Val Asp Asp Ala As

110 Gn Al Len Net™ %ngﬁe&sﬁgréc%b&%hcﬁ&f}“’\i?gfepﬁde o Rrgtein, de Je‘& % 25

115 Pseudomona@lanacearum has an amino 448 sdk]mnd&ennridSﬁoﬂ%ig lGl SE@ID. Pro
GyGyAsnmki gl Asn Gy Val 130 - -

140 Ay dy ]E}/’“ﬂaLys GIyAIaGIyGIyGInGIyGIyLeuAIa145
150 155 160 30 Gu Ala Leu @n
Au lle Gg An | hgelay Hhr G%rméaeﬂlgdinciéi- 6y sk8asn Leu Pro Gly Leu Gﬂn70
175 Gy Ala Ay Aja Ay Gy asdy dy Gy Val dy Ay Ala Ay Gsy 180

185 190 Ala Asp Ay Ay Ser Ay Ala Ay Gy Ala dy Gy
Ala Asn Ay Al a 3%sn Leu Asn Leu Asn THOMsn Thr Asn Ser Gln c1R(&:r Gly Gln Ser

205 20 25 30

Val Gln Asp Leu Ile Lys Gln Val Glu Lys Asp Ile Leu Asn Ile Ile
15 35 40 45

Ala Ala Leu Val Gln Lys Ala Ala Gln Ser Ala Gly Gly Asn Thr Gly
50 55 60

Asn Thr Gly Asn Ala Pro Ala Lys Asp Gly Asn Ala Asn Ala Gly Ala
65 70 75 80

20 Asn Asp Pro Ser Lys Asn Asp Pro Ser Lys Ser Gln Ala Pro Gln Ser
85 90 95

Ala Asn Lys Thr Gly Asn Val Asp Asp Ala Asn Asn Gln Asp Pro Met
100 105 110

Gln Ala Leu Met Gln Leu Leu Glu Asp Leu Val Lys Leu Leu Lys Ala
25 115 120 125

Ala Leu His Met Gln Gln Pro Gly Gly Asn Asp Lys Gly Asn Gly Val
130 135 140

Gly Gly Ala Asn Gly Ala Lys Gly Ala Gly Gly Gln Gly Gly Leu Ala
145 150 155 160

30 Glu Ala Leu Gln Glu Ile Glu Gln Ile Leu Ala Gln Leu Gly Gly Gly
165 170 175

Gly Ala Gly Ala Gly Gly Ala Gly Gly Gly Val Gly Gly Ala Gly Gly
180 185 130

Ala Asp Gly Gly Ser Gly Ala Gly Gly Ala Gly Gly Ala Asn Gly Ala
35 195 200 205



-16-

215

Ay

240
Asn
Adn
270
275
Pro
300
310
Adn
335

Asp Ay Ay Asn Gy Val Asn Ay Asn G n Ala Asn Ay Pro G n Asn 210
220 Ala Ay Asp Val Asn Gy Ala Asn Ay Ala Asp Asp

Ser Qu Asp 225 230 . 235 .

5 wo9ss@e Ay Ay Leu Thr Ay Val Leu @ n Lys Leu atwsosaogdse Leu

245 250 255 Ala Leu Val A n Met Met
GnGyGyLeuGyGyGyAsnGniEqCﬁ) 265
AIaGnGyGySer Lys Gy Ala dy Ala Ser Pro Ala Ser Ay 10

285 Ala Asn Pro Ay Ala Asn @n
y Ser Al a F@S;? ﬁ% %YnAnglSéfaIZW Gly Asn Gln Ala Asn GYpPro Gln Asn
y Gn Asn Asn B&% A n Ser @n I#¥ Mmet Asp Val Vat?%ys @ u Val 305

Val Gnlle Leu
Vet Leu § gj‘%jhép nVan s Gle’%/ asp %Y g}ﬁ%‘sp Asp Gly Ser Glu Asp33(
e

Ser Thr S&F Thr G n Pro Mt 340 It is encoddd by a DNA nol eédfe

ATGTCAGTOE GARACAT R ToARCI Sk RARCTEO L R gﬁ%&wpeéé?" 5@""“:

AACACCAACA CCAACAGCCA GCAATCGGEEC CAGTCCGTGC AA

CCTGAT CAAGCA 120

GAGAAGGACA TCCTCANGAL- CEEAGHet W@% a G1n 180
GGCAACACCG GT. AACACCGCIS ‘QCA%\ %@CH%% o GCCAA:LW & 240

25

300
360
420
480
540
600
660
720
780

AACGACCCGA GCAAGAACGA CCCGAGCAAG AGCCAGGCT C CGCAGTCGEC CAACAAGACC
GGCAACGTCG AGGACGLCAA y CBACEACGAE EXCAT SAACA £RT ASECA a1 (LG,
GACCTOGTGA AGCTGCTGARAsGECGECCCTG CACABBECAGC AGCCCGECGEssCAATGACAAG
GGCAACGECG TGGEECGEGTGC CAACGECECC AAGGGTGECCG GCGGCCAGEG CGECCTAEECC
GAAGCGCTCC AGRACATLUGRXoCGIAGATL GRS GECRASCIIYGS S CEHERXSp(Esp Gl (Hez(GEex
30 GGECGEECELCEE SFGECEGETGIT CECCEEHEECT GGTGECECGG ABGCEECTC CAGTGCGEET
GGCGCAGECG GTGCGAACGSG CGCCGACGEC GGCAATGECG TGAACGGCAA CCAGGCGAAC
GGCCCGCAGA ACETACHTEARTETCAACEHIT SRCAATCECEGRAP GRIGHR CAGEHAGEEL
CAGGGCGGCC TGHECGGCGT GCTGCAARACG CTGATGAAGA TCEFEAACGC GCTGGTCCA®

15 Val Gln Ile Leu Gln Gln Met Leu Ala Ala Gln Asn Gly Gly Ser Gln
3285 330 335

Gln Ser Thr Ser Thr Gln Pro Met
340

It is encoded by a DNA molecule having a nucleotide sequence corresponding SEQ.
20 ID. No. 28 as follows:

ATGTCAGTCG GAAACATCCA GAGCCCGTCG AACCTCCCGG GTCTGCAGAA CCTGAACCTC 60
AACACCAACA CCAACAGCCA GCAATCGGGC CAGTCCGTGC AAGACCTGAT CAAGCAGGTC 120
GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA GTCGGCGGGC 180
GGCAACACCG GTAACACCGG CAACGCGCCG GCGAAGGACG GCAATGCCAA CGCGGECGCC 240
25  AACGACCCGA GCAAGAACGA CCCGAGCAAG AGCCAGGCTC CGCAGTCGGC CAACAAGACC 300
GGCARCGTCG ACGACGCCAA CAACCAGGAT CCGATGCAAG CGCTGATGCA GCTGCTGGAA  ° 360
GACCTGGTGA AGCTGCTGAA GGCGGCCCTG CACATGCAGC AGCCCGGCGG CAATGACAAG 420
GGCAACGGCG TGGGCGGTGC CAACGGCGCC AAGGGTGCCG GCGGCCAGGG CGGCCTGGCC 480
GAAGCGCTGC AGGAGATCGA GCAGATCCTC GCCCAGCTCG GCGGCGGCEG TGCTGECGCC 540
30 GeCeECECEG GTGGCGGTGT CGGCGETGCT GGTGGCGCGE ATGGCGGCTC CGGTGCGGGT 600
GGCGCAGGCG GTGCGAACGG CGCCGACGGC GGCAATGGCG TGAACGGCAA CCAGGCGAAC 660
GGCCCGCAGA ACGCAGGCGA TGTCAACGGT GCCAACGGCG CGGATGACGG CAGCGAAGAC 720

CAGBGGCGGECC TCACCGGCGT GCTGCAAAAG CTGATGAAGA TCCTGAACGC GCTGGATGCAG 780



-17- ATGATGCAGC AAGGCGGECCT CGGECEECEEC AACCAGECGC AGGGCGECTC GAAGSGTECC
840 GGCAACGCCT CGCCGECTTC CGGCGCGAAC CCGEEECGCGA ACCAGCCCGG TTCGGCGGAT

900 GATCW4 GAA CAATCTGCAM TCCCAGATCA TGGATGIGGT

960 GTCCA GCAGAT GCTGGCGECG CAGAACGGECG GCAGCCAGCA

1020 5  ACGCAGCCGA TGTAA

1035 Further information regarding the hyg@rsensitive response elicitor

pol ypeptide or protein der| ved from Pseudonbnas sol anacearumis set forth
in Arlat, M, afeardtanc blcect@iqrsegerycede aktoaddeet acckcederc RAREIGhE@dc angyC. A
Boucher, " PopAI a Protein which Induces a Hypersensitive-like Response in
Speci fic Pet un@mmetcpp@gwscesm%qcc&cescshecﬂepcqaaturmcem Psesghononas
sol anacearum " EMBO J. 13:543-533 (1994), which is hereby incorporated by
ref erence.” ThEATRIPEFE SETEPPR ‘F’“ég H%T@%T%rm‘b‘é“ﬁ%%m%w prof®n from

cor  ospon ngoTseRe PReckgh rfebbed Bhom@Red ReRleltn Rt tn e 11 e

Val Val Al a |k€seh&€cc£\|'1%'mla e Leu AI a 1 5 1035
10 Ala lle Ala Leu Pro Ala Tyr Gln%\spTyr
20 25 Th| S sequence Is an am no term nal sequence having

only 26 residyes,fr.omthe 25 enS|t| £ res ons elicitor _.pol ypeptide
or protein of %Réh? HB%Q%"%‘}S%@ Wrseéais P Reh: nqete TMW‘B %li nbri al
subuni t pr ot epfsteid Pefived REE PsBudinihias STohiRERPAS seofte@Sh Akt AL FOYRhs. The

hypersensi tive response elicitor polypeptide or protein f rom Xant hononas

canpest ri §pv. GiiseganydnCi Huet, h&aPemodlpt, and 65 8¢ Bamahes, FopAilyaProtein which a

o o bani g e v Phsst VRl el 1 85ecifc AULDR GiofioRS S0GRRa o
Ala Gy Ser Gyiatht HrPathisay of\Pperdomoias solanacearum,” EMBO J. 13:543-533 (1994),

10 15 35 " Leu ,lLeu Ala Met 20
which is hereby incorporated by reference.

The hypersensitive response elicitor polypeptide or protein from Xanthomonas
15  campestris pv. glycines has an amino acid sequence corresponding to SEQ. ID.
No. 29 as follows:

Thr Leu Ile Glu Leu Met Ile Val Val Ala Ile Ile Ala Ile Leu Ala
1 5 10 15

20 Ala Ile Ala Leu Pro Ala Tyr Gln Asp Tyr
20 25

This sequence is an amino terminal sequence having only 26 residues from the
25  hypersensitive response elicitor polypeptide or protein of Xanthomonas campestris
pv. glycines. It matches with fimbrial subunit proteins determined in other
Xanthomonas campestris pathovars. .
The hyperseneitive response elicitor polypeptide or protein from Xanthomonas
campestris pv. pelargonii is heat stable, protease sensitive, and has a molecular
30 weight of 20 kDa. It includes an amino acid sequence corresponding to SEQ. ID. No.

30 as follows:

Ser Ser Gln Gln Ser Pro Ser Ala Gly Ser Glu Gln Gln Leu Asp Gln
1 5 10 15

35 Leu Leu Ala Met
20



- 18 - Isolation of Erwi nia carotovora hypersensitive response elictor
protein or polypeptide is described in Cui et al., "The RsmA Miutants of
Erwi ni a carotovora subsp. carotovora Strain Ecc7l Overexpress hrp-[err] and
Elicit a wpewssenisiti ve Reaction-like Response in Tobacco lpeausss/ios7s M ;
9(7):565-73 (1996), which is 5 hereby i ncorporated by reference. The
hyper sensitive response elicitor protein ﬁé pol ypeptide of Erwi nia
stewartii is set forth in.Ahnad et al., "Harpin is Not Necessary for the
Pat hogenicity of Erwinja gstewartii on Majze," 8th Int'l. Cong. Ml ec.

Pl ant - M crobe | nt eﬁsé’&“.",n" ryyiniacargovexeypsrenylivetespanse glictor prateimon i s Not

Necessary for L o : WiesiH I 1ze, " Ann. Mg.
Am 10 yPhyt 8%%? ﬁﬁg@%&@s@ﬁ%ﬁﬁﬁ Al B Sl Bhatdrs Kbl PrOIOYAEG, at o
by ref erence. sibsperasetosorna Stmin EsgidrQweredpressthop Npsahd Blisit aiHypetsepsive des
from Phyt opht hor a, par.asj ti ca, .Phyt opht hora,cr 0 Phyt opht hora .

ci nnam)%i , pPh?P@%ﬁQW@“ééﬂ?Fé‘??&ﬁ?@? Lﬁﬂ‘f%o?lﬂ&g%%ﬁﬂg (h&%),li‘mlﬁbtﬁwor a
it ht h ' ' , . d '

c U oPht g 2 B iRBelORRd b hahg, e BberscrioRGRHLL OF R b

Resi st ance t op&lyptmideaf Eamihidsrengertii Bhset foyét inoJemesd &t alptHarpils ot - M cr obe
I nt t., 6 :15-2 993 Ri.cCi | ., "Struct Vit f
Prot ei ns. § o eAERIAAM B ERBGESADL S irg et Magge Rt bl Cond) °
Acquired Resi M%.?lénﬂl\ﬁ@ﬂ%&ﬁﬁer’hcﬁ%l 14-15 1908 GHE AhkBA: &%F; %ﬁ%fﬁ%t Ri cci

et al., "Differentra roduction of Parasiticein, and Elicito Necr osi s

and Resi st ancetgssargifercthe Pathogenicity-afdrwiniaagewarition Mtre ik, MitggAit.i ca, "
Pl ant Pat 43, - bhtreul, et ;al . A New El.icitor of the
Hyper senstti v@é@ia&gﬁ%’eé’ijjﬁl%%ﬁ%ggg.bé’&%ﬁlh%Ihefﬁbyd’&%?%%ﬂ bfél’F@f €-Cel |

Deat h, Expression dfypleémiie régosse, elﬁiwﬂpk@tdiﬁbrqfol)?%bﬁﬁéﬂ frdim ij»t@ghﬁﬂ?a

I nduction of System c Acquired Resistance," Plant J., 8(4):551-60 (1995),
and Bonnet et p@lasitica hyapither eeyriogate & mopliberaeinegmanii Riptenhthdra captioic c o

R e

her eby i ncor por-at nce. ove el ors -ar
elicitors canahéeBxtecdliular @ebtein Hlicitersifgorh PhgiophtholadviestiSpetilfieityehd cit a

xpr casedl ColdoFREEOResERgE foHRCtFS, e GrogH & T UAu AR MolEaAPIBS:  cst cd
o oo o Mk 505 098 T B S SRR SO
response elic ﬁmeqj}gjgep'@ﬁumg'ema@hthora Eliciting Necrosis and Acquired Resistance in
Tobacco,” Eur. J. Biochem., 183:555-63 (1989), Ricci et al., “Differential Production
of Parasiticein, and Elicitor of Necrosis and Resistance in Tobacco, by Isolates of
20  Phytophthora parasitica,” Plant Path. 41:298-307 (1992), Baillreul et al, “A New
Elicitor of the Hypersensitive Response in Tobacco: A Fungal Glycoprotein Elicits
Cell Death, Expression of Defence Genes, Production of Salicylic Acid, and Induction
- of Systemic Acquired Resistance,” Plant J., 8(4):551-60 (1995), and Bonnet et al.,
“Acquired Resistance Triggered by Elicitors in Tobacco and Other Plants,” Eur. J.
25  Plant Path., 102:181-92 (1996), which are hereby incorporated by reference.
The above elicitors are exemplary. Other elicitors can be identified by
growing fungi or bacteria that elicit a hypersensitive response under which genes
encoding an elicitor are expressed. Cell-free preparations from culture supernatants
can be tested for elicitor activity (i.e. local necrosis) by using them to infiltrate

30  appropriate plant tissues.



proteins as well as fragments of full length elicitors from other pathogens
are enconpassed by the nethod of the present invention. Sui tabl e fragnents
can be pr gg,g My several neans. In the first, subclones of the gene
encodi ng a known elicitor protein are produced by conventlol?ﬁq $P8{188741 ar
genetic mani pul ati on by subcl oni ng gene fragnments. The subcl ones then are
expressed in vitro or in vivo in bacteriali9ells to yield a snaller protein
or peptide that can be tested for elicitor activity according to the
procedure descri bed?ri@hemsoﬂﬁe@ﬁb@ﬁy@éﬁ&iﬁﬂ%m&ﬂoﬁ%@f&&?ﬁyg tlel S}tor
protein can be produced by 10 i gestion of afull-leng ICI or protein
wi th proteol y@r@e@ﬁﬂy%ﬁ%fm&n@mﬁrgﬁm@am elicitags fohyothaqumthigens gaeei nase A,

or trypsin. Di zynes . .are J.ikely to cleave elicitor

proteins at di- % % sMegﬁt%ﬁsdedgﬂfiﬂ ifqggexg B%I%I d” sequence of the

elicitor protein. ssmtebleffragimnﬁsrcagaepfoﬁuwﬂy deoerdl ﬁleﬁﬂsoqhmé)ﬁlﬁpls% Gggay be
ase

active eligi torgl resi st ance. I'n anot her approac
know edge g e;ﬂﬂﬂﬁﬁ?gﬂ%&%@wmtor peotgin areqireduced hy conventiohal tnisslecular

elicitor prot ng,he .PER t echni que

t oget her vmth%%%%???‘éﬁ@gttls (ﬁé{%ﬂ?’rrerg?qﬁ gﬁg{‘% F&ﬁ?‘é@gﬁ?‘f’ ul ar
portions of tlegpresseddn witroTirés eivb iebacteridl delhﬁto@ﬁd!d@dnﬂaﬂé@r@i&u@&ﬁfeﬁﬁﬂé #Haf
vector for expregm on %éllé truncat ed peptide or protein.

Chemi cal synt f&sPgtestsd tPRAGHYIEY apepring do g@lm%ﬂ?ﬁéfefdemdtbslo“&ch a
synthesis is carri e elicitor
bgl ng produced. Al '?gra%;gtlﬁ #/%FOQ ﬂ%@%’?ﬁpﬁg%@? ﬁr&ﬁeng{}%gijf?c% F‘i)p Yto hi gh

}3 enper at ulQe?j gmsmes@ﬁuﬁslmrgth Ielmto;qutmnfwﬁgmatﬁoﬁyuc'ﬁflmﬁei HleOdHs/ad ROty idh %& '; hen
e separate venti ona ures chr omat ogr aphy, -

25 LSRN Res L TioteliaRt A Ph GRSt ifferci PEAIGRG o pise aEkely v o
response eli Ctd Sleavehlichiof pro@iRMk alfﬁréxﬁ'sftesabaﬁé@@ﬁ 8Ndihé ¥&d s&ﬁx@ﬁ@f@f #E®

fragnents of the Erwi njia anyl ovora hypersensitive response e
Sui tabl e f r agRlitos proteiny domg of thesiragments thatigswhfromfproteelysisinay tecictive equence
of SEQ ID. rmnal fragnent of the am no acid sequence of
SEQ ID. No. c,la%sfogr%mlktna{“grnal fragnment of the am no.30 aci d sequence of
SEQ ID. M. 23. Theafotheiappioath, mmmmedgh%fm&ﬁnaﬁlséuaﬁﬁlmﬁ@ of SEQ
I D. No. 23 can span am no acjds_ 105 and 403 of SEQ 23. T
N-t er mi naI frﬁ’é’ﬁ%ﬁi fragmenteolthe plicites peptein gapnimey be sBRllsizetd bysingdBe PER span
tlgi L :':m e ZEéccﬂflxlqﬂg"lﬁgﬂ:%ﬁﬂ sP&ifiSsetd of%ﬁ%erg Bhost? 10 rzelf’)resc::L tpaglc%i;ar portlong

of the protein. These then would be cloned into an appropriate vector for expression

of a truncated peptide or protein.

20 Chemical synthesis can also be used to make suitable fragments. Such a
synthesis is carried out using known amino acid sequences for the elicitor being
produced. Alternatively, subjecting a full length elicitor to high temperatures and
pressures will produce fragments. These fragments can then be separated by
conventional procedures (e.g., chromatography, SDS-PAGE).

25 An example of suitable fragments of an Erwinia hypersensitive response
elicitor which fragments elicit a hypersensitive response are fragments of the Erwinia
amylovora hypersensitive response elicitor. Suitable fragments include a C-terminal
fragment of the amino acid sequence of SEQ. ID. No. 23, an N-terminal fragment of
the amino acid sequence of SEQ. ID. No, 23, or an internal fragment of the amino

30  acid sequence of SEQ. ID. No. 23. The C-terminal fragment of the amino acid
sequence of SEQ. ID. No. 23 can span amino acids 105 and 403 of SEQ. ID. No. 23.
The N-terminal fragment of the amino acid sequence of SEQ. ID. No. 23 can span the



168, 1 and 218, 1 and 266, 1 and 342, 1 and 321, and 1 and 372. The
internal fragnment of the am no acid sequence of SEQ ID. No. 23 can span
the followi ng amno acids of SEQ ID. No. 23: 76 and 209, 105 and-209, 99
and 209, h®@9ems1204, 5 137 and 200, 109 and 204, 109 andeCrrOssshdgr4and
180, -and 105 and 180. OQther suitable fragments can be identified in
accordance with the present invention. Var 5§nts may be made by, for

exanpl e, the deletion or addition of am ndo“acids that have m ni mal

i nfl uence on the properties, secondary structure and hydr 0fathi c nature of

t he pol ypept i déollomdng aminemckds of SEQ. J3elei 2k hend %o 1@sd|104al and 122, 4 avdgnal
10 | ead ' tei n. wWhi gh
co-t E g:lsl Z?i g[mi?if}q%‘r%ggsﬁ‘%érg%sﬁ%@‘?g%nﬂg‘/“ | régrﬁ%i?‘ﬁ%ggeﬁ%?%ag protein.

The pol ypept i dgapmentalfalee 4ein6 avidugqiende bPSBQL IMKNG. 23rcanispar the 6lleviag f or
ease of synthesis, purifjcation, or identification of the agé pepti de. The

fragnent of themiseeasigsofiSEQAD; B 3% T @309 105 andseiR 98 ap 137 0d2p4 e d
form (pref e ablyy g 4@ Stao3RA S04 oY anfi0B, PIALR! 48] dnPRI9 arkled) ciler
conventional techniques. Typically,” the fragment of the present 1nvention
i s produced bukuituble fagmeitsechni betidertified gn acdohdameelwitintind presend identiori. host

cells. Alternativel the prqtein qr polypepiide of the sent_inventjon
is secreted into gr%’ﬂ“ﬁ“ﬁsrgg‘w ma}qq%tyh r&égré‘gt‘}f 3’8%&&‘9@9&5‘5‘&"%‘! gﬁq{gxmp&qu
i solate the prgtehidhAGRRNhude oﬂ‘ﬁ%px%ﬁ%ﬂie&,%e&ndaﬁ-sﬁ%@ﬁ&é artPhydrSpalkiYi Ng a

reconbi nant plasmd is propagated, |ysed by sonication, heat, or chem cal
treat ment, andnhtase dfithepelypentides Foreranipie galypsptidemmay bb sonjogated tockesignal .
The supernatant i.s en subjected to heat freatnent. and,t he, fragmoe IS
separ ated By clomipadengarint She NeleBothlind §135: i e o ChRly bf
fragment is subbGiddlationdl§!difetts tfanéfePsf the gﬁdieiﬂp;rhepbly@&}sﬁde Bay £6b Bext r an
or polyacrylam de colum to separate the 2

. [ fragnent. |f necessary, the
protei n fracti conjngatedto # linkener othern segnensefor eraé%ogsy@nms@epmﬁqamr@.orThe DNA

nol ecul e encodi, ng..t-h .frﬂ];re J:he hypersensitive response elicitor
pol ypepti de or 1%%858%?”0% %‘E&Y‘%@E}P%orat ed in cells using conventional
recombi nant DNA t echnol oJ¥e fiaggmentodflthie plebérs inveutibry prefesablyt produdeddn DNA
nol ecule 30 intg_an expression systemto which the |l ecule is

het er ol ogods ( iPuefiefarm{preerpbly apJeastabpyt 60ppmereEsiETabR e R D ecul e i s
I nserted into d ' ' HaTR le@n
and correct restrvBbAE e TLAR A, R Bnchlofho pRisc HAONL o Bided

el ements for t ibat hotanseted fxitd tre growtht madivimef recomolfinantdiosteets.t Adternatively, the

protein or polypeptide of the present invention is secreted into growth medium: In the

case of unsecreted protein, to isolate the protein fragment, the host cell (e.g., E. coli)

20 carrying a recombinant plasmid is propagated, lysed by sonication, heat, or chemical
treatment, and the homogenate is centrifuged to remove bacterial debris. The
supernatant is then subjected to heat treatment and the fragment is separated by
centrifugation. The supernatant fraction containing the fragment is subjected to gel
filtration in an appropriately sized dextran or polyacrylamide column to separate the

25  fragment. If necessary, the protein fraction may be further purified by ion exchange
or HPLC.

The DNA molecule encoding the fragment of the hypersensitive response
elicitor polypeptide or protein can be incorporated in cells using conventional
recombinant DNA technology. Generally, this involves inserting the DNA molecule

30  into an expression system to which the DNA molecule is heterologous (i.e. not
normally present). The heterologous DNA molecule is inserted into the expression

system or vector in proper sense orientation and correct reading frame. The vector



prot ei n-codi ng sequences. U. S. Patent No. 4,237,224 to Cohen and Boyer,
whi ch is hereby incorporated by reference, describes the production of

expressi o in the formof 5 reconbi nant pl asm ds %&:"‘l‘/ﬁ@mosw :
restricti gﬁééﬁ‘%{?ﬁrﬁé cl eavage and ligation with DNA |igase. ese reconbi nant

pl asm ds are then introduced by neans of transformation and replicated in
uni cel lular cultures including procaryoti€2bfgani sns and eucaryotic cells
grown in tissue culture. Recombinant genes nmay al so be introduced into
viruses, such @mtalache Racessdiy slembats foRbe erthiciiptibn vhd tiassiatiohivfiike BRaedat ed
by transection of plasmds into cells infected with virus. Suitable vectors
i ncl ude, but apreteiweodingeqenees. the fol lowing viral vectors such as | anbda

bBRa22, hBRams. pacHe; Phlen A S EE A o borRR R RS SIS Bhbey Hidrbhated o
pR290, pKC37, wKfeténceSiestfibesibé prdactiqi ofl dxpfaission syseemdh the forfrsefe

"Stratagene d oni ng Systens" Catal o 1993) fraom Strat a?ene, La Joll a,
1

Calif, whi én irscombingit plasseidyusing rgiristiop sngieseleavage apd ligatiguowith BNAC  pET

series (see F. t wdier . " h?% S ' :
Expr essi on of lg%n‘ezﬂégﬁg%%m ﬁgl@gaﬁeagésfhgﬁ ec uﬁ%* %yrgq;{ vos Oﬁ%ﬁ%@%
whi ch i s her ebynd repli¢apeat intuniteliyla? Cultures inclading)proarybtirorgatssms/ and exesryotic
t hereof. Reconbi nant npl ecul e% can be introduced into cells via

t r ansf or mat i oncellsgrewe i} P R REAsduct i on, conj ugation, mobilization, or

el ectroporation. ThRe LS4 YeRESRayPil6o b6 RRRHudeliftol Vs Sl asWakéifia virus.
standard cl oning procedures in the art, as described by Sanbrook et al.,

Mol ecul ar 10 onRagimbindrd lvimsescay be/genexsted by kran®otiomofplasmids into cells igficted
Springs Harbor, ,New York 25 (1989), which is hereby incorporated by
reference. A vEI'PAYPSof host-vector systems nmay be utilized to express the

protein- encodi ng s gAY Gdctors irthidePbuitlaYs néthiEniveiab Othe Tl vaiRg Wital vdesors
conpatible with the host cell used. Host-vector systens _include but are not

limted to thesoblasdambrp veotor system gtkla gt WEHS#B Chaton 4 a8d plasuishvggtorppch as

pl asm d DNA, or ' ; LG ' t ai ni ng
yeast vectors; Pﬁ&%@%&?&%ﬁ%@@@@@ vg'ssltf ﬁﬁ\%@? Bge??a’. %ﬁ,e%’acci ni a
\é irus, adepmvi pLE33% PR, PREST, KL, SYsIppBluesdript TIe8K v/t dr K tligsdee. g.

aculovirus); and plant cells infegcted by bacteria The expressio =22 -
el ements of t heSteatogene &rlenipg Pystems tﬂ@p}ogﬂ?%ig”{qm Sﬁﬁagﬁ’écﬁg?@f% pég‘f’ Wwhich
Dependi ng Uponistl{.é?eby incorporated by reference), pQE, pIH821, pGEX, pET series (see F.W.
Studier et. al., “Use of T7 RNA Polymerase to Direct Expression of Cloned Genes,”

Gene Expression Technology vol. 185 (1990), which is hereby incorporated by

20  reference), and any derivatives thereof. Recombinant molecules can be introduced
into cells via transformation, particularly transduction, conjugation, mobilization, or
electroporation. The DNA sequences are cloned into the vector using standard
cloning procedures in the art, as described by Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Springs Laboratory, Cold Springs Harbor, New York

25  (1989), which is hereby incorporated by reference.

A variety of host-vector systems may be utilized to express the protein-
encoding sequence(s). Primarily, the vector system must be compatible with the host
cell used. Host-vector systems include but are not limited to the following: bacteria
transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA;

30 microorganisms such as yeast containing yeast vectors; mammalian cell systems
infected with virus (e.g., vaccinia virus, adenovirus, etc.); insect cell systems infected

with virus (e.g., baculovirus); and plant cells infected by bacteria. The expression



host-vector systemutilized, any one of a nunber of suitable transcription
and transl ation el enents can be used. Different genetic signals and
processi ng events control many |evels of gene 5 expression (e.g.., DNA
transcri ptW@Aas/842d4 nessenger RNA (nRNA) transl ation). Transd®dTausssnosrs DNA
I s dependent upon the presence of a pronotor which is a DNA sequence that
directs the binding of RNA pol ynerase and_gfereby pronotes nRNA synthesis.
The DNA sequences of eucaryotic promotors differ fromthose of procaryotic

pronotors. Fur [ ot | ¢ .pLoRDtors,and acc anyin enetic 10

si gnal s may no%lgﬁvn 8@815%1 Zeggcx?&ar&;ﬁ) ﬂhe)’f shr&pgtplm tsP“c?#?‘?qﬁesa RAIng yppR the

system and, fhist-Redtor @&maga,qﬂ?m%r%mwomhame%ﬂ&” fign gl do not
Simi [ ar

function in eucaryotic cells. ly, translation of mMRNA I n procaryotes
depends upon tensktien glementsrcanibe upsdoper procaryotic signals which differ

f th f i G | ati ' t
Fequt resa 11 bosomd i snelcstly obd prddefity Bhdsvofieal ey ool of e8ae ence
on the mRNA. Thipressioe.ps ONA transehiption BT meSchss RIGA GAROEA fansi2NAn), hat i's

| ocated before the start, codon., usually AUG i ch encodes the L.
ani no-term nal et higRiGEPtien of RNAisslepenlentprondhe presensa o6 8 pramotor which is

conpl enentary o é'iﬁﬁd ' bly 20
pronot e bi ndi n%ﬁgltfoh %ﬁ%ﬁn"ﬁgﬂi}t%rgétg%es ylﬁ%}ié%ﬁ%?%e % 3 %ﬁgp? %rﬁgﬁ%F ow
correct positimRNAgsyithdsise ThieMNArequehoss of eneatyetic romoeoss tiffer fidngthiose of
expression, see Roberts and Layer, Methods in Enzynol ogy, 68:473, (1979),

whi ch 15 her oHFOFATRHSRIPROES: b itisrBpien S aryatis FERBPIOTS Al 2crompRYing Benetic

"strengt h"yo(i . | el 1 =L a0t e
pur poses o e uahy ngrrelopyl/dR OFRS pbl QSR Ba iy 4R syl ahd
pronot ors i n oudber, pwcatyotic proamndidrglard matarécoghized amd do hott functicarid cutmpotic

expr essi on of tlﬂe gene. Dependi ng upon the host cell systemutilized, any
one of a nunmbefBf suitable pronoters may be used. For instance, when
cloning in E. coli,SiniBripaeirRlation 6ESFNA 9 pfcasoted epddds (PSPIhe tp?é&%ﬁbeao? the
T7 phage pronoter, |lac promptaor, trp_pronotor, recA 30 pr onof or,

ri bosomal RNA B¢ prapenprocampatipsignals which differ frgm thaseof encarystese Fffipieate | anbda

ke oy e SanfahBR gPHRRin ploBich Gl irefh bl sAhe s e AR "
segment s. Addi Dalgamab (§SD) sequenéBon tHeyhRINA.. t Tis kapbhde i§ h 8kort piclédider or

other E. coli pronotors oduc b
s%quence of mlﬁ\liA at ?sdlocaxced before the start codon, usually AUG, which

e

encodes the amino-terminal methionine of the protein. The SD sequences are
complementary to the'3’-end of the 16S rRNA (ribosomal RNA) and probably

20  promote binding of mRNA to ribosomes by duplexing with the rRNA to allow correct
positioning of the ribosome. For a review on maximizing gene expression, see
Roberts and Lauer, Methods in Enzymology, 68:473 (1979), which is hereby
incorporated by reference.

Promotors vary in their “strength” (i.e. their ability to promote transcription).

25 For the purposes of expressing a cloned gene, it is desirable to use strong promotors in
order to obtain a high level of transcription and, hence, expression of the gene.
Depending upon the host cell system utilized, any one of a number of suitable
promotors may be used. For instance, when cloning in E. coli, its bacteriophages, or
plasmids, promotors such as the T7 phage promoter, Jac promotor, frp promotor, recA

30  promotor, ribosomal RNA promotor, the Pr and Py, promotors of coliphage lambda
and others, including but not limited, to lacUVS5, ompF, bla, Ipp, and the like, may be
used to direct high levels of transcription of adjacent DNA segments. Additionally, a



reconbi nant DNA or ot her synthetic DNA techni ques may be used to provide
for transcription of the inserted gene. Bacterial host cell strains and
expr essi o,V S nmy be chosen which inhibit 5 t he acti )
pr onot or a’qégsﬂspem fically induced. In certain operati onge?/t‘%%wgog‘gﬁ tion
of specific inducers is necessary for efficient transcription of the
inserted DNA. For exanple, the |ac operon2Bs induced by the addition of

| act ose or | PTG (i sopropyl t hi o- beta-D-gal actoside). A variety of other

operons, suchhgirid frp-ladl'05 (1at)ypromatoe otibther Edidli grofidtors Briduebdby 10
SpeC|f|c initiation 5| naI s are also required for efficient gene

transcripti onl"?fﬁﬂlbl Wﬁﬂlﬂrﬁmﬂ‘é@é% teeh@emsmayrh@us,edttoamdaml on and
transl ation | evary in "strength" as neasured by the
quantity of g E{exgx??fﬂgg%%%enger' RNA and protein synthesized,

respectively. The Bi&terialostcelioraing ahd exprefsiciivectts Aial bedhDeeaRFHieN inhibly
al so contain any conbination of various_" fyron " transcription and/or 15

transl atioh i F-hec%cHPil ehthepgometer uness specificallydnduged; n eertain pperatiensithe i n E.
I d
("ATG ) To pr 0RatoF SRUERIRARRR K nckeRah PR tiork hahShoighBh b BT 00

that can be uDNAZz Edr dxamiphes thedet bpesroh) mndmdrlmthé)mddiﬁmi oFactosSHCIPTG

conbi nati ons include _bu r ted to the SD-ATG combi nation fromthe
cro gene or t KEORP B’g g ﬁ)ﬂg‘aﬁﬁtg €). HINEHCLY §f OST OPGIPRSYSUNASHTD, Prpsiete.,

trypt ophan E, ag\ﬁgerﬁfﬁfenﬁcm Addi tionally, any SD-ATG conbination
produced by reconbi nant DNA or other techniques involving incorporation of

synt heti c1@ucl eot i &&lﬁamlwomssmalsméso mulrstbﬁa‘teéﬁclémﬁgenuhmmnemamﬂl ng

has been ol onSanstae it apieti SFU, “RIFSY Bfpseripon atq Gl gt sbhals ©' "
i ncor por at ed infyQrafy RHOStresght as ﬁé@ﬁreﬂ%&h@@ﬁz&h‘tﬁ@t‘g‘e@l@ sP&cifid e RAQUINRY t he

various fornms transformati on noted above, dependi ng upon the vector/host
cell system &xﬁ protin synshesized| tespectivelyiddhe BINA axpressinn vectars whicheontainstaer i a,

vent i o ur PREPOE i A4 cotrpit AN @mabiiehllor ARG Mrobk Fane gl GRIR .
pl ants, emhangiangatidrdifitiagon wighals aBd/ 1ﬁ§taﬁcfef, eﬁicidi\gtram'&idn i8N bR reduires 4t ant s.
These net hods i nvol ve a pl yi ng the fragnent,K of a hg persensitive response

elicitor polySthisqyencesa ‘@‘Fté’r% #pes %ﬁ%‘he mrtigiioefoden €A G 9 tp pravddea
hypersensi ti V?ibB?cﬁHé’ftﬁ eggﬁun hus, afy’'S -APG cbfe}{b hbﬁﬂ?at@&iﬂ%ﬁ@lxﬁd'byq{ospa”

of a plant or a plan I'tions
cell ribosomes may be employed Such comblnatlons mclude but are not limited to

the SD-ATG combination from the cro gene or the N gene of coliphage lambda, or
20 fromthe E. coli tryptophan E, D, C, B or A genes. Additionally, any SD-ATG
combination produced by recombinant DNA or other techniques involving
incorporation of synthetic nucleotides may be used.
Once the isolated DNA molecule encoding the fragment of a hypersensitive
response elicitor polypeptide or protein has been cloned into an expression system, it
25 isreadytobe iﬁcorporated into a host cell. Such incorporation can be carried out by
the various forms of transformation noted above, depending upon the vector/host cell
system. Suitable host cells include, but are not limited to, bacteria, virus, yeast,
mammalian cells, insect, plant, and the like.
The present invention further relates to methods of imparting disease
30 resistance to plants, enhancing plant growth, and/or effecting insect control for plants.
These methods involve applying the fragment of a hypersensitive response elicitor

polypeptide or protein, which fragment itself elicits a hypersensitive response, in a



for the fragnent to inpart di sease resistance, enhance growth, and/or
control insects. Alternatively, these fragnents of a hypersensitive
response elicitor protein or polypeptide can be applied to plants such that
seeds recWPMBERIRr om such plants 5 thensel ves are abl e t BCTHEMWABH sease
resistance in plants, to enhance plant growth, and/or to effect insect
control. As an alternative to applying a_hgagnent of a hypersensitive
response elicitor polypeptide or protein to plants or plant seeds in order

to inmpart dis ' d/or to
control i nsecﬁgﬁ g)nt&fqﬁ&ﬁ ?ﬂzﬁ :hl”orFHafi tfsd@ i O?LE)%%E Sé%fi%ﬂ?rgcr%&iu@gﬁgﬁ ctive
transgeni ¢ pl fortthe ﬁ'ﬁgmbxartb nﬁpﬁd&sme résistaﬂceldxﬂxeﬁbe 2rbwth, Wkd/br donfi@] iri’s&it@gen' c
plants, this |nvoI V.es prow Ing a transgeni ¢ plant transforned with a DNA

mol ecul e encodliEgativelyy amenés ?ffp@f@@ﬁéﬁlw‘?/@s?%?)dm@f prateintosr
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nol ecule tH i ﬂmtsblvdsma&ktbempm disessetresistance ip phintssto dnhaueliAnt Grebhnt

growt h, and/or o] insect Alternatively, a transgenic plant seed
transformed weR °%1t Chpsest GPEralncodi ng a fragment of a hypersensitive

response elicitor palydgRiadee & a ng O%b. ﬁa%b&trbffar ggﬁéﬂsn@e 1€ ﬁs hcxtor
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i nventi onjghefRn fhe s%%&ﬁ@&héPMﬁts@%:lHﬁﬂ%d@bﬁr%é&ith@' mféatdtﬂt%l r protein
is applied to the plant or plant seed can be carried out in a nunber of

ways, incl udi trgnsgenicapants, dkis insielvss pravidisg a@taeagenmazjmmnsfprqu withilMAi on

encodi ng ¢ he. DiteeufierlRling ¥ fEnfthESARRRNI T e ehBRR SHART byt " e
applied to pl prétsinpwhich dnpgmesesivitdy hpgbatisitiyelrespbade, and @rotvingthe gldnd enddiA

nol ecul e encodi ng .t he fragnent of the@persensmlve response elicitor
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or just prior to introduction qQf the bact to the, plants or .p|lant seeds.
225 " The. et FERERTELCHE FREEERte PRRIGHLY URICh rPeBT RIS 2DUPERITBR o wi do
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growt h, and/or control
planted seed under conditions effective to permit that DNA molecule to impart

20  disease resistance to plants, to enhance plant growth, and/or to control insects.
The embodiment of the present invention where the hypersensitive response

elicitor polypeptide or protein is applied to the plant or plant seed can be carried out in
a number of ways, including: 1) application of an isolated fragment or 2) application
of bacteria which do not cause disease and are transformed with a genes encoding the

25  fragment. In the latter embodiment, the fragment can be applied to plants or plant
seeds by applying bacteria containing the DNA molecule encoding the fragment of
the hypersensitivé response elicitor polypeptide or protein which fragment elicits a
hypersensitive response. Such bacteria must be capable of secreting or exporting the
fragment so that the fragment can contact plant or plant seeds cells. In these

30  embodiments, the fragment is produced by the bacteria in planta or on seeds or just

prior to introduction of the bacteria to the plants or plant seeds.



I nsects. Suitable plants include dicots and nonocots. Mire particul arly,
useful crop plants can include: alfalfa, rice, wheat, barley, rye, cotton,
sunf | ower ., corn, 5 pot at o, sweet potato, bean, p ' ,

| ettuce, g\(g%ge)‘?f4cabbage, brussel sprout, beet, parsnip, tg’?ﬁlfﬁaw&w
caul i fl ower, broccoli, turnip, radish, spinach, onion, garlic, eggplant,
pepper, celery, carrot, squash, punpkin, Z2fcehini, cucunber, apple, pear,
mel on, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco,
tomat o, sorghum arThesuethodsofthe fresemliantidn sat bekllized taaem Atvke N gfar e:
Ar abi dopsi s thaliana, 10 Sai ntpayl i a, petunia, pelargonium poinseftia,
chr ysant henumPlangs Aethel seeds te imparhdiseasqyasistanse,.snhancs gronsth, srd/of control
fragnents of t. bt |1 Gl i ol ptide of
the prosent i sty SraER e oS BRBR AT oo, RIGH SuieBrPrbat ey ©
agai nst i nf ectplants cayinohide:belfalfafiee, vettbat, batley, rge, o6, istnfidiber! pandli, eease i s
reduced and synptom devel ognﬁnt I S dlgl ayed. Lesign nunber, |lesion size, 15
and ext ent “of ROWPLIWEET BOfAGs b3annREa chicomyolstinge, sndive, cabbpge, krasselisprowg, beet,
met hod of inp t\?{‘nﬁ? : - 86 -t ha. pal.-for hreat| .
previously untaﬂra%%&ﬁg’b e di%?ggﬂsog?r’s% rea?? ﬂgﬁai %ggg,éﬁ?ﬁ%islf&&ﬁrgéml%, g#gﬂg%t’m' ght
not be treat ecbepppracalenl vartiesqnashe pampkianziicalrini, dxeumbdrcappie pedr, mefegt i ous
agents or envi r.onmenta{)l har nf ul .mat er.i al s Thlﬁ) math% of inpartipg
pat hogen resi SHEH%SUFY %ﬁaﬁf@%l}#%%ﬁ%@&?&?@%? e dobrECo, tomas SeTEhiRient i on
i's useful in ijpagkirBshe PlafiphF shitable SnReN@l pISitY akt HAbRRPGPMdlRLUdI Ng
viruses, bacteria, and fungi. Resistance, inter alia, to the follow ng

vi ruses cdf) beSaiwpawicpetsyia; pelangenivoy poinsettie, qhrysgrthemiamy earnation, afid bknmo

ol lowi ng bact or i a ok taes e Vit s FiBHR A fie toReSeniinsdmof fheitr
present i nventprgRin SisgipiRpRASst the pRReRafivERioR tn imPie@igIstile fesiydnicBgae pv.
tabaci, and Xant hanonas canpestri s pel argonl i. Plants can be nade

V.
resistant, i ntabsolytq ial,mterétymeinﬁbipfe@ﬁmglamﬁg e panfersed, but thp sevesithoefithef t he

present inventj.on. i 2 ra. i nf W
regard to the chg%s%?f? e e? %‘gﬁéﬁn@ gﬁl:)q&’ ?ﬁgmg%é(rag@%‘kéﬁ?tl?e\%&rnes bgeg,égmgﬁx B%F’t or
pr ot ei n orl5pol andesxtendlof gforlattorpofefangd phthugersiapnall deceedsad CThip hevtiiodosfow h,
various forns 30 of .pl ant growth thancemigt or pronotion can be

achi eved. Thi smparinglisfaseresisneshasdhepRipntal o tregtingpre vinugyitier@hleseeds or
ater in the | ii0 udlieas SO BHRANY St e ASOH R ASZEALOR 6 £h°

present inventlon enhconpasses grea el d, rease uantity of

seeds pr oduced;ost, and ewsiditg pler wsernf afectnfus seads ogmvironmtatdlly hamfobmettrialsant
size, greater bio S, r d bi.gger, fruit, earlier fruit coloration, and
earl i e? fruit ma’fhe mgt?xog 0 ﬂrlpar%ugggpamogen resistance to plants in accordance with the

20  present invention is useful in imparting resistance to a wide variety of pathogens

including viruses, bacteria, and fungi. Resistance, inter alia, to the following viruses
can be achieved by the method of the present invention: Tobacco mosaic virus and
Tomato mosaic virus. Resistance, inter alia, to the following bacteria can also be
imparted to plants in accordance with present invention: Pseudomonas solancearum,
25  Pseudomonas syringae pv. tabaci, and Xanthamonas campestris pv. pelargonii.
Plants can be made resistant, inter alia, to the following fungi by use of the method of
the present invention: Fusarium oxysporum and Phytophthora infestans.
With regard to the use of the fragments of the hypersensitive response elicitor
protein or polypeptide of the present invention to enhance plant growth, various forms
30  of plant growth enhancement or promotion can be achieved. This can occur as early
as when plant growth begins from seeds or later in the life of a plant. For example,

plant growth according to the present invention encompasses greater yield, increased



and plant maturation. As a result, the present invention provides
significant econom c benefit to growers. For exanple, early germnation and
early maturation permt crops 5 to be grown in areas where short grow ng
seasons WWNO B/ddeHer wi se preclude their growh in that | ocalP€T/USAIBHEed’
percent age of seed germnation results in inproved crop stands and nore
efficient seed use. Geater yield, increasgd size, and enhanced 'bi omass
production allow greater rgvenue generation froma given plot of |and.
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direct insect andmplaps maturpticnatAs diesulsdhe prgsentjinvention proyvides significanteconomimpar t
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col oni zi ngshosh b |gi%d\£v§in RERWHYré SHbre@bMiigZdenshns WoRld SthErse pretieas tieg:
phytotoxins, etc. The present invention also prevents subsequent disease
damage to pl argrewthsigidhatilepgler Ipercased detcentageef segd gemaatpnres@ﬂts indmpravedn i s
ef fective agai | i | C ] - ho | maj or
pest of corn (cgﬁf&én(fg gv%ogg e@%&r{er{? E%élc}{]ﬁ g’l Sbgea};%%éga,gﬁ&g%d'}%o&%edhﬁ%%gm
speci es i ncl udiia@agpreductionxllowr gekater Bevenea penepatibndtbind b givenyphetasfdandpepper s,
pot at o, and tomato&l us many d speci.es. Addit.i onal :ﬁ}gect | arval feeding
pests whi ch damage AnGther@spest P &quse%ﬁlé?"é‘ﬁpés F"r?fétp eeiRe ayforsiof owi ng:
beet arnywar m; DAIS YR r I ' ndback
not h, cab\lloigge o rragglzjg(ft}, onﬁ'o}ﬁ&r?galg {efmgéedggm}:tgé}r?c%gigﬁ t?%%ﬁ%rm

(mel onwor m) , ZAhventipappeompaaspy@reventinginseqis fromr sontaghing plagtsad svhickotheect i vel vy,

this group of insect pests represents the st. econom cal | y. i rtant group
of pests for \)&’é’_@’fsﬁ’b‘l“g"epﬁem_ﬁé: slisAtona?s RekP 4P leﬁhefeﬁﬁt%gﬁﬁngﬁﬁf@%w
i nvention i nvoliiagy atdeGafukn Ratfing PSeds RUTRAL idh shchYeks RNAhE iﬂé@c?f%

response elicitor polypeptide or protein, which fragment elicits a
hyper sensi t i veproxismtmtosuck plantseintesforing withinsachleoval feedingzon sich pintsr ocedur es

when al | t of. the plant is.t includi , ts,
oo Thi s ooy Wbtk SRS P oclofbBR RS Ao pélhie ERRRInehELR A0 °
response el i CifeRasiR® pHRORiindCetor THE piesért inventidil also prévents kebselaeht disGaset abl e

application nethods 1 nclude high or |ow pressure spraying, injection, and
| eaf abrasi on famAgetmpantsgesiing fomdansestingsHoR-cati on t akes place. Wen

The present invention is effective against a wide variety of insects. European

corn borer is a major pest of corn (dent and sweet corn) but also feeds on over 200
20 plant species including green, wax, and lima beans and edible soybeans, peppers,
potato, and tomato plus many weed species. Additional insect larval feeding pests
which damage a wide variety of vegetable crops include the following: beet
armyworm, cabbage looper, corn ear worm, fall armyworm, diamondback moth,
cabbage root maggot, onion maggot, seed corn maggot, pickleworm (melonworm),
25  pepper maggot, tomato pinworm, and maggots. Collectively, this group of insect
pests represents the most economically important group of pests for vegetable
production worldwide.
The method of the present invention involving application of the fragment of a
hypersensitive response elicitor polypeptide or protein, which fragment elicits a
30  hypersensitive response, can be carried out through a variety of procedures when all
or part of the plant is treated, including leaves, stems, roots, etc. This may (but need

not) involve infiltration of the hypersensitive response elicitor polypeptide or protein



treating plant seeds or propagules (e.g., cuttings), in accordance with the
application embodi ment of the present invention, the fragment of the

hyper sens{id 94mqs@Sponse 5 elicitor protein or polypeptidgcrhRodfdsf dance
wi th. present invention, can be applied by |ow orhigh pressure spraying,
coating, imrersion, or injection. Qther suitable application procedures can
be envisioned by those skilled in the art2grovided they are able to effect
contact of the fragnment with cells of the plant or plant seed. Once treated

with the fraguﬂothqilamth@uﬁylpielappimhbnmthodsmﬁlm}ﬁghmlbwrpresfsuid‘s@ z@‘i@e”t 10
I nvention, the ,seeds c Ilga(re?g{;)Lant ed, in nat or artificial soil

cul tivat ed us?‘H@"Q%‘n%‘EﬁFF S‘%H@@&ﬁ%? ¥ “&E&%@Pﬁ)‘%ﬁﬂ%ﬁkﬁmw pVhen s
have been pro QQ&Q%“ t

i nventi on, thgeﬂﬁﬁgﬁgnﬁgasﬁg%?@eg?ggtﬁgf E‘Rtlﬁ’%ﬁ% nor e \ag%p @?a@é@%ﬁ&nthe

f ragment of thmbbgimnﬁ efithe prasentriveqntion cthe lfnagmbﬂrofnhe)hwemeﬂﬁmwfexm&l de or
whol e el i ¢} tor iﬂ" ar t d se ‘f remstﬁce 10 ‘peéant,s t.o 15 enhance
plant gro éﬁ 13°&§’ﬂ ¢, ILaeardapce with pessntinvestien.ican rapplie ¢ he
hyper sensi t ' Ve y 16 BP Riph p?és's@t'etsﬁfayﬁ@ YRR i‘i’tﬁn&’émﬂr&tlﬁje@moﬂ rbgl o igdgface W th

the present |nvent|on can be applied to plants or plant see one or in
a mixture wit Applidation peocedures @anb&Im@rsmxed\bmﬂgoseshBed fetherartiproddedthepprd | ed

200 Y etk Rt S cafs AP BB 8 it OnBEs in

accordance W trgatel Svithithé fragremtiofeieIgperienditied rebpins® ERERR of tHR\RENhON
contains a fragnment of a hypersen3|t|ve resFonse elicitor polypeptide or

protei n whd chifveation the ssedseandeplanipd ¢r\pét1ﬁ<aelpoﬂ@ed icnltivated usingr .
Suitabl e carri N

powders. In tRPS gﬁgﬁ% hﬁg&e{ﬁmﬁdep rggﬁnl:%gﬂirp? 8}%&%1‘0@@3 R%"% %S‘PP@&?%& rﬁ%’ﬁbn 500

nM of the fragesdstreatell inasogrdancd withma present idveﬁucﬁg)ﬂ-legﬂax{ts ﬁﬁyrﬁayreﬁﬁatvﬂtm
addi tional additives i ncI .udj.ng f g{# i zer, ecti ci fungicid

nenat aci de, afRE AY O FPPlicahans of thedragmeast of the hyparsengitiye F‘FF@PWeehcltOf
NH t hi
Uset ul ' Tungi oF sﬁ.r°r"‘1k?ﬁ?ﬁp‘%%}‘%‘g%‘&wmp&%dﬁ%@3%%‘%“3 P16 BighfRy & 0™

i ncl ude bhfifebnhagxcaghntg:ovmhatand:fmgtcagﬂmoi;mse@abmﬂxgmmt S, and abr adi ng
agents. These rrate als can %e u}(s1 to facilitate.the p iyoceiqof t he
present invention. f‘é&ﬁ’@f‘ﬁ rfhe hyperyeDSitive msRense slicitar g ?rcnrt)‘ieﬁg In

fragment can accorddhce with tAOBleb&f idvenRbithn BE lewt& Blcaflays 1&@9&&9510%%}

seed formul ation and treatnment materials, including
pol ysacchar i dérsa mixture with other materials. Alternatively, the fragment can be applied

rp?-

separately to plants with other materials being applied at different times.

20 A composition suitable for treating plants or plant seeds in accordance with
the application embodiment of the present invention contains a fragment of a
hypersensitive response elicitor polypeptide or protein which fragment elicits a
hypersensitive response in a carrier. Suitable carriers include water, aqueous
solutions, slurries, or dry powders. In this embodiment, the composition contains

25  greater than 500 nM of the fragment.

Although not required, this composition may contain additional additives
including fertilizer, insecticide, fungicide, nematacide, and mixtures thereof, Suitable
fertilizers include (NHs);NO;. An example of a suitable insecticide is Malathion.
Useful fungicides include Captan.

30 Other suitable additives include buffering agents, wetting agents, coating
agents, and abrading agents. These materials can be used to facilitate the process of

the present invention. In addition, the hypersensitive response eliciting fragment can



In the alternative enbodi nrent of the present invention involving the use of
transgeni c plants and transgeni c seeds, a hypersensitive response eliciting
fragnment 5 need not be applied topically to the plants or” seeds. |nstead,
transgeni WOM8a#1d transforned with a DNA nol ecul e encodi ngPETUR&A08T4agnent
are ‘produced according to procedures well known in the art The vector

descri bed above can be m croinjected dirggg[y into plant cells by use of

m cropi pettes to transfer. mechanically the reconbinant DNA. Crossway, Ml.

10 Gen. Cengti 02:179-85 (1985), whigch i by. i, ted b
refer en(r:]e. TRE"’ éﬁ?ﬁisf‘i%‘&Pm{seeF%aW&ﬁﬁé’%F%bebﬁ°q4' gerfgfefr@g? aﬁg]‘gg';fp %’?gmglltan%/ cel |
usi ng pol yet hyjagiRls)inthding day@nd pelysadcharidiat ure, 296:72-74 (1982), which

in;
i's hereby incorporated by reference.” Anot her approach to transform ng plant
cells with a gene Whthetaltemptive embadimentanfdhe prosqnt inventionsinvelvirg the oseof

bombar dnent (al so _kno as Jhiolistic 15 .transfQormation f .the.host cell.
This can be a%@%ﬁgﬁﬂcé’#@as ?‘Hq@ﬁ?éé csseéésepgﬁypgﬁgfg%ﬁﬁgsgop%es&qmmt .
propel I'i ngs i ngedd it be laﬁﬂ:lﬁﬂ't@%%élw t0qhd %lﬁnﬁ F &éeqh.eﬁas&tad,ceausgenia ?laﬁtst echni que
is disclosed in U S. Patent s. 4,945,050, 5,036,006, and 5,100,792, all
to Sanford et transformgd;with a PAAmolasple encedips susbeaifragment fare produced@enendig v,

this procedureg | -' | nert or biologically active particles

at the cells gon%@%éac‘:%%éyﬂ%%%b%é?f ective to penetrate the outer surface

of the cell and toThevedteteparitidabove ¢dni be rhiceoinjetied directlyiateplhnt déllgByi nert

Coati ng & he. pHIR PEERpRIRS (e ee A RuBK e HSTPREREDRKb| Bt

coating the p ; i I P 2

Al ternatiygly ] : Hhat the
Y&! Y GehNGereticd 90299 sgqggxﬂg%ﬁluﬁ LA Hga(rgm%eagﬁge%é?%%b Tha

vector is carrred rnto the cel he wake o arti gically
active parti cpgeticenaerial day alsirtiecrhnsfeced inta thecpibdtsel asingipoiyethylére ghyad.or

and het erol oggus DNA al,so p |l ed. i.nfo plant cell Yet anot her
met hod of i nt %gﬁ'lfc?ti nﬁz@!&@g&ﬁ%& 1%&318 jchds Ger XW"B’EH‘?E’{“’@W? FIERCE. o t her
mnicells, cells, lgysosp Blto BaRThrohins nlin€ cdliskRivi s -

Fral ey, et al., Prgbél? Nafgilﬁ;.im}é\pg%. Sci . 1U§Rl)in75é f?ggi%géé%g%?mv\hl chis

her eby i ncor poasistange by/patilogens isfpartnhe bomitprdmentAalso koowhas bipfisti¢ so be

i ntroduced.intg the pla | clr ration, Fronmmet al ., Proc.
Nat | . Acags. SE,I - ?gﬁ?‘ogg%’%%gh°is‘f8%5ﬁ‘§\ﬁ%{‘ @Eg?‘?mp%sb n-onl‘?é’?é?)‘ﬁfrﬂlm%or at ed
by reference: The firdtiisvol s propeliing iRref biblogically astive purcled &el@PPhRist ed i n
t he presence of plasmds containing the expressi on cassette.

technique is disclosed in U.S. Patent Nos. 4,945,050, 5,036,006, and 5,100,792, all to

Sanford et al., which are hereby incorporated by reference. Generally, this procedure
involves propelling inert or biologically active particles at the cells under conditions
20  effective to penetrate the outer surface of the cell and to be incorporated within the
interior thereof. When inert particles are utilized, the vector can be introduced into
the cell by coating the particles with the vector containing the heterologous DNA.
Alternatively, the target cell can be surrounded by the vector so that the vector is
carried into the cell by the wake of the particle. Biologically active particles (e.g.,
25  dried bacterial cells containing the vector and heterologous DNA) can also be
propelled into plant cells.
Yet another method of introduction is fusion of protoplasts with other entities,
either minicells, cells, lysosomes, or other fusible lipid-surfaced bodies. Fraley, et al.,
Proc. Natl. Acad. Sci. USA, 79:1859-63 (1982), which is hereby incorporated by
30  reference. ’
The DNA molecule may also be introduced into the plant cells by
electroporation. Fromm et al., Proc. Natl. Acad. Sci. USA, 82:5824 (1985), which is




El ectrical inpulses of high field strength reversibly perneabilize

bi omenbranes allowi ng the introduction of the plasm ds. El ectroporated

pl ant pr o{Q reformthe 5 cell wall, divide, and re not her
met hod of“?ﬁ%?%%ﬁbing the DNA nolecule into plant cells isg?gﬁkﬁ&gg?ﬁé

pl ant cell w th Agrobacterium tunefaciens or A rhizogenes previously
transformed with the gene. Under appropri-&9 conditions known in the art,
the transformed plant cells are grown to formshoots or roots, and devel op
further into pembysncofipnatbaby yeferkfice. tInithispecharmis) MartpretopRstsapocul ating t he
plant tissue with a suapension of ba%tenia and incubating the tissue for 48
to 72 hours ofleckgpratedan the nresencaofnlasmids containme dhe @@ressionsassefter r | C.

Agr obact er i , ve fanil
R Sobi aceas Egetf ERDASANrRgH feld St toy ERRLP PATAAGHEL blinarifhnds o)
and hairy 15 allowingthe immeu¢tion ofttheplganizis) Elethropgrard iplae btoioplasts fefétin gl |

tunors and_hai E‘K éﬁoé,sgﬁre l nduced to produce am no acid derivatives known
as opi nes, 2 whicthh “allediVige 3 Te8T %I v by the bacteria. The bacterial genes

responsi bl e for expyfusm aaafd &Rﬁmcﬁfgﬁth@miﬂggé&ﬁ@m&%&&%eﬁi isct8f'i‘x§)f§&'t%e

el ements for chinmeric expression cassettes. tion,” assayl ng
presence of oplantselbwithldgroseterivm tutheficidny ot Aariifogenascpreviessiptraddormed

Het er ol ogous gepetic sequepnces can be introduced.into appropriate plant
cells, by nea%gﬁ’ot_}‘elgﬁ%e‘_ n‘%ragl?ﬁf’anﬁf °%£§%T?3@3Wéﬂg’eoqmﬁ?\%“%&m§rﬂ1@tof A
rhi zogenes. TheglsTire @Fovi tootf Fhébts 8r fobBNER ddvRT tfanm%rqﬁio ﬁ]ﬁité.sGQﬁlsj-hINSECt hon

by Agrobacteriumand is stably integrated into the plant "genone. J. “Schell,
Sci ence, 207: thiy gr@sdyre dg/plvesymdcylating the-plenf\tissurcwith a suspeusiby of bdoteriaand. 25

After transfor Leon, .the tran ryaed plant cells must. be r ner.at ed.
Pl ant regener é?nglﬁgﬁt??grt&&hg Ce o ‘ggd%p 0 06%? %{egeggawé%?élww%tﬁﬂ%%ﬁﬁoms o
Handbook of Phagmge€el|l Cultures, Vol. 1: (MacM Il an Publishing Co., New

York, 1983); and Vasil |I.R (ed.), Cell Culture and Somatic Cel| GCenetics
of Plants, Acad. Prgsebactoriughig@ renrssentative gopus oftheigrgsi-negative famgide) | whi ch

are hereby i ngQk i - t, | t
practically aﬁ?ﬁ%%ﬁaa%%gc} %Sp Ecgesr %%Zéépg{i@g f?rr%'ﬂqwgégltl&r'etgb%é#f}g'%ndpﬁgrgues,

i ncl udi nglbut rowttdidenss (e dhitageney)! Theplint sgdisdh eowaf gatitgmiotsdaid harygasts afet s,
cotton, fruit tree and | egunes.. ns. for regeneration, vary from specie
to speci eswof i ‘E:ﬁ'? to prg ch@%ﬂgp gq:lfiyg:gvasnves knowrt as opmesl, which ard catabohzgg '

only by the bacteria. The bacterial genes responsible for expression of opines are a

convenient source of control elements for chimeric expression cassettes. In addition,
assaying for the pr'esehcc of opines can be used to identify transformed tissue.

20 Heterologous genetic sequences can be introduced into appropriate plant cells,
by means of the Ti plasmid of 4. tumefaciens or the Ri plasmid of 4. rhizogenes. The
Ti or Ri plasmid is transmitted to plant cells on infection by Agrobacterium and is
stably integrated into the plant genome. J. Schell, Science, 237:1176-83 (1987),

which is hereby incorporated by reference.
25 After trénsformation, the transformed plant cells must be regenerated.
Plant regeneration from cultured protoplasts is described in Evans et al.,
Handbook of Plant Cell Cultures, Vol. 1: (MacMillan Publishing Co., New York,
1983); and Vasil LR. (ed.), Cell Culture and Somatic Cell Genetics of Plants, Acad.
Press, Orlando, Vol. 1, 1984, and Vol. Il (1986), which are hereby incorporated by

30 reference.



5 suspensi on of transformed protoplasts or a petri. plate containing
transforned explants is first provided. Callus tissue is fornmed and shoots
may be induced fromcallus and subsequently rooted. Alternat-ively, enbryo
formati on WARSBL1I#nduced in the callus tissue. These enbrydRCRfEs98I108T8e as
natural enbryos to formplants. The culture nedia wll generally contain
various am no acids and hornones, such as_gyxin and 10 cytokinins. It is
al so advant ageous to add glutam c acid and proline to the nedi um

n,an |falfg. Efficie regeneration

especially for such ci es.as_Ccok
wﬂol :Jlepe%d on f Ee Nzggﬂ"ﬁx”?ﬁﬁmﬁ{“&é‘x quits canpegResnsEatsdl ko cpltured cplls or
culture. |f thﬁ%&,hﬁ@ﬁdﬁgbﬁﬁhﬁﬁ%}i@ﬂ%,%ﬂhéj@f Reies bP&ipalcaRE %ﬁ%ﬁfbie&g s

usual 'y reproduci bl'e and repeatable. After 'the expression cas3ette 1s
st abl y i ncor poeettast fipit treey, a8d dagumepl ants, it can 15 be transferred to

ot her plants by se | ' . fe.a nunber of stapndar reedin
t echni gugs canybe )ljg)ge&n 5%33%%?%8@%%@&f}‘%séjeﬁéeéit%gpepgsnggpgs@g&en' ¥a
transgeni c $l apispemdiorn &ff tfankfopmed proteplatsicadpeti b&t@é@ﬁiﬁinﬁhﬁﬂ%ﬁﬂ&ﬁeﬂ& e

cultivated in accordance with conventional procedure with the presence of
the gene encodisiystpravidpdetalipptissusis formad aAnd sheats may iba dnduced)fremicallusand | ng
I n di sease 20 | n . ?98/ I k of d.nsects
on the plant. i\lft%gé%gtﬂ?\%@t‘;@ %?%%%ﬂ’%%é@d@%&%r Opé:%l}?cgtgc@%lér?g{e,caﬂus
cuttings) are tigsmev&heswt dmbyyos geeminateasgmniral guitapossto foine phatd Theatltideen be

planted in the sqjl and cuhtivat.ed usi ng conve tl‘g al procedures to produce
transgeni c pl afe§ta Wﬁegef‘?ré ¥ GRRMAIR VBFIgHS ¢ %S‘Pé‘cﬁgéﬁ g%‘&!‘%ﬁ&?ﬁ%"mm ed
transgeni cigeegdsokiafiRr hial t] ' - i .

Feal stance Fo ol aRER! [ERALL o Regt bt ddt Rl R ind olinCloR P RBdium,
Whi | e not wi shespgeially ifer sncusptcies as berorapd alfelfh Efficeat egemsratidrowilibdepgnd e h

enhancenent, apd/or,insect cantrol e - | at or result from
expr essi on of ﬁ}?én%?‘?p%‘b{}ﬁcégn%t”%ﬁggé?%ﬁﬂg%%eVﬁgﬂe-tﬁgﬁégg}f% pl ant s
and pl ant seedgarbtesh$€coritidl18e,aRETRBERrMdnTs LARIIP eprodicPsI Bhd tep¥aRbleON,
they additionally can be treated with the sane nmaterials as are used to

treat the plants andficetgsxpressipn easseiteriy pleblydnenrporated in trpangenic plants, iticag

¢ . . e ud nan
teaponse el o B HEYIGR o B B, Rh chosploB A9 B8 REE SF e O
pl ants and pl abieedingdchhiquedicantiecised, deperding Gsondhe Ssecies febéleopgdhi gh or | ow

pressure spraying, ILnjection, coati an and 1mmersion. Simlarly, after
L

pl ants have been pr Opse HErsgenie @iﬂ_nf _ M%P@dk&?%fheé’é%ﬂ%'fhemﬁ@vﬁ @b nay
2|ei f:lr te?tngd Wit ByiB0%te®fn A0e6RIaRRPitE B vRRToM plddEadty RethSREFlebdntE of ﬂx%%%ﬂé €
encoding the hypersensitive response eliciting fragment resulting in disease
20  resistance, enhanced plant growth, and/or control of insects on the plant.
Alternatively, transgenic seeds or propagules (e.g., cuttings) are recovered from the
transgenic plants, The seeds can then be planted in the soil and cultivated using
conventional procedures to produce transgenic plants. The transgenic plants are
propagated from the planted transgenic seeds under conditions effective to impart
25  disease resistance to plants, to enhance plant growth, and/or to control insects. While
not wishing to be bound by theory, such disease resistance, growth enhancement,
and/or insect control may be RNA mediated or may result from expression of the
polypeptide or protein fragment.
When transgenic plants and plant seeds are used in accordance with the
30 present invention, they additionally can be treated with the same materials as are used
to treat the plants and seeds to which a hypersensitive response eliciting fragment is

applied. These other materials, including hypersensitive response eliciting fragments,



5 fragnent to inpart disease resistance, enhance growth, and/or control

I nsects. Such plants nay also be treated with conventional plant treatnent
agents (e. Lnsecticides, fertilizers, etc.). EXAMPLES 1 5};@55? -
Strai.ns ar?gogflg‘{s}?n?ds used The strains and plasm ds used argpse é(rg?’% in
Table 1 bel ow 15 Table 1 Plasmd
E. anylovora Brief Description, Relevant-Fhenotype, Reference Har pi n,
name source strain .

fragment (or '%b%ﬁ?ﬁﬁedtothetrans enic plants and @M sEdds B9 the/ Mdvé é&[ﬁ’i‘ ript
KS. Stratagene, La Jolla, CA pB(g,SK P Lo %9 C%[_erﬁogéle@?éa |§/sé of
pBl uescri pt Skinckydingthigheprlow prespure sprayys, rEsHion, coating, and immersion. Similarly,

Bl i pt KS; SSK Il .. -
DB besori bt 1 2Rgg Bl Have BebfirBRERfea fioin ) i bsp il RRSHICGHS, the plants may be
Mob+Tc[ err] hetrgaped withone or mofeedpplicatiohs af the Kypeaeaf@eerspdie bﬁﬁﬁﬁ% i on

Mit agenesi s of _Pseudonpnas aer.ugi nosa Wth a Tn5 Derivative: ApplTcation to
Physi cal Meppi Hegresnt i¢,impartdissase resistagee enhance geovath; ambpor3oatrolinssys. Suchch i s

her eby incorp . . - road hagst,range
derivative of 0%@?%&13??&1%3%%&%%?%@%&@@@} pian tp%f&?&.ag%ﬁ&t%ﬂlme%§ldes’
Functi onal hr pfegtiliverscetegt er of E. anyl ovora Ea321 cloned into pCPP9. Beer,
S.V., et al., "The hrp Gene Custer of Erwi nia Amylovora," |In Hennecke, H.,
and D.P.S. Verma, (eds.), Advances in Ml ecular Cenetics of Plant-M crobe
Interactions, Kl uwer Academ ¢ Publi sheEXAMBLESccht, Net herl ands, 53-60
(1991), whiGh is hereby incorporated by reference. pCPP460 246

Functional hr pExampled 1Strains gftd plasmigs usesk a Ea246 cl oned i nto pCPP9. pCPP1
104 321 1.2 kb Pstl1l fragnment of pCPP1084 in pBCKS Ea

C31 pCPPI 105 321 The strains and blakltlidsSised afe’ saofteitin AabRGARISR4S i n pBCSK
Ea C82 pCPpll107 321 1.3 kb H ndlIl fragnment of pCPP 1084 in

pBCSK Ea w
15 Table 1
Plasmid E. amylovora | Brief Description, Relevant Phenotype, Reference Harpin,
name source strain : fragment
' (or NA)
pBCKS - Cm’ derivative of pBluescript KS. Stratagene, La Jolla,
CA
pBCSK - Cm' derivative of pBluescript SK, Stratagene, La Jolla,
CA
pBSKS - pBluescript KS; Ap'. Stratagene, La Jolla, CA
pBSSK1I |- pBluescript I SK; Ap', Stratagene, La Jolla, CA
pBW7 - Mob+Tc" helper plasmid. (Rella, et al., “Transposon NA
Insertion Mutagenesis of Pseudomonas aeruginosa With a
TnS5 Derivative: Application to Physical Mapping of the
arc Gene Cluster,” Gene 33:293-303 (1985), which is
hereby incorporated by reference)
pCPP51 - Broad host range derivative of pBSSK 11 containing ori NA
from pRO1614.,
PCPP430 ] 321 Functional Arp gene cluster of E. amylovora Ea32] cloned
- into pCPP9. Beer, S.V., et al., “The 4rp Gene Cluster of
Erwinia Amylovora,” In Hennecke, H., and D.P.S. Verma,
(eds.), Advances in Molecular Genetics of Plant-Microbe
Interactions, Kluwer Academic Publishers, Dordrecht,
Netherlands, 53-60 (1991), which is hereby incorporated
by reference.
pCPP460 [ 246 Functional A7p gene cluster of E. amylovora Ea246 cloned
into pCPP9,
pCPP1104 | 321 | 1.2 kb Ps1l fragment of pCPP1084 in pBCKS Ea C31
pCPP1105 | 321 1.1 kb Smal fragment of pCPP1084 in pBCSK Ea C82
pCPp1107 | 321 1.3 kb HindIll fragment of pCPP1084 in pBCSK Eawt
| pCPp1108 | 321 1.2 kb Hincll-Hindlll of pCPP1084 in pBCSK EaNl11
pCPP1109 | 321 pCPP1107 with internal Avall fragment deleted Eall175
pCPP1110 | 321 As pCPP1108, but cloned into pBCKS Ea N9
pCPP1111 | 321 367 bp Tagl fragment of pCPP1107 in pBCSK Ea C305




pCPpl 108 321
Ea N11 pCPP1109 321

del et ed
p BCKS WO 98/54214
pCPPI 107 in pBCSK

pCPP1 109, .but 425bp Aval l

1.2 kb Hncll-H ndllI

Ea 1175 pCPP1110 321
Ea N9 pCPP1111 321

Ea

fragnment of pQd

pCPP1107 with internal Avall

C305  -32 - pCPP1113 246

098 Ear

of pCPP1084 i npBCSK

f ragnent

As pCPP1108, but cloned into

367 bp T&ETSAYEFAENt oOf
As

1175 del eted pCPP 1119

246 Site specifi.c nutation in pCPP1098; st op codon inserted at
Ear C368 L 36?6%3_—311- S TICLT A AT :
stop codon ifserted 4 . 70>'ﬂ
f ragment intew piN—detatSE e e Bt 246 :,,1
kb BanH fradfent of | pCPPL098 [mepeopt o E%?E§ﬁﬁ%$3ﬂf?%§a‘>§g(3ss
Tnl 0 mi ni kan P ] Site Specxfic mutation in pCPP1098; SWW:46
4.4 kb EcoR |fragneny of pCPPL183 religated EAR N122 pCPP1l46 246
4.2 kb EcoRl [fpCaEpIeNni 32f pCPP1Tighp Kpall ftagién€ dternal to srplbeldtd> PCPPLL{iEa C381 |
1.2 kb BanHl |fpCaBriehy 2¢d pCPP18kb BakaRl ﬂ@entfofﬁm’?lcmzrl oned | BarwtpSUZ3
pCPP1148 244 pCPPi128 | 246 As pCH m\mﬂﬂm pCPRIMZ7p CPP1098 Ear undef
Ear wt pCPP1190PPUAE | 246 440 EoqPiradmidt of pORP1129, ilig2e8 1 vect of EAR N122
Ear wt pCPP11@®SPPHAG | 246 - | 42 kb EeoRl Bagreeng of pCRPY hlémellg@ﬁd pCPP1098EariN3p CPIP51
Ear wt pCPP1164PPH47 | 321 12 kb BapsH Hirpementiof pfPPHEHBRACRGapGed, pCPEsW!
Ea wt pCPPllFBﬁEHmﬂ& 5 T%ﬁg%ﬁngﬁi f pg ?&# w_Kpnl  Sacl B;;kes
1 S o fl f r;mm:nf of n 07 |
L FrmEYFI iy o pER
i ' ar 1#%&wmﬁ@wwopP in pCBPS . | Earwt
i nsert from &R 3 236 car wt PCPP1098, L EEM] . o
ligated into L #3 ’H"fmﬁﬁ; PIOB4 pCIR3L 171 o4g [ Eawt
K 1165 D ri tweo p v,/ Kpnl, Sacll .1t‘sremp_veﬂm7,: NA_
pnl fragment W&ls—{—e—h-r—p% e P e 75+ ane
: A p 20 = 7 BT 13 Kb HindIh fragme; CPH’ 0 1165 " "] Eawt =~
Eg';rﬂ?zEa?’i: PP1i6D 246 Pct T VAL LerPligh Taif thse o3t PR
4 %%Pgiﬁ@"' EJ‘-&“.-\.-\L 1 ST PCPP10YS; - S{)‘ﬁgﬂéd‘!ﬁ&féo‘iVs e 1o | Ear C128%, |
AspCPP117 23 h%ﬁﬁ'ﬂ" T L9 | Kpnl fragment internal to AzpN deleted;SHifted ng’ 53-(7:%7 23 1
PCPP1084 with 2 Styl fragments |drinet €d, blunted, and Ea C185 teljgate
pCPPI172 | 321 Derivative of pCPP1167 with in-frame deletion of Kpnl Ea 1235
fragment internal to hrpN '
pCPP1173 | 246 As pCPP1172, but from pCPP1169 - | Ear 1235
pCPP217 | 321 PCPP1084 with 2 Styl fragments deleted, blunted, and Ea Ci85
religated e
pCPP1252 | 321 PCPP1105 with 2-Sp ligated at Smal site Ea C82%
pGP1-2 P13aori.T7 RNA polymerase-encoding plasmid; for N/A
protein expression (Tabor, S,, et al., “A Bacteriophage T7
DNA Polymerase/Promoter System for Controlled
Exclusive Expression of Specific Genes,” Proc. Natl.
Acad. Sci. USA, 82:1074-1078 (1985), which is hereby
incorporated by reference),
pHP45Z Ap'; Sp'; source of Q-Sp fragment; (Fellay, R., et al., N/A
“Interposon Mutagenesis of Soil and Water Bacteria a
(e} Family of DNA Fragments Designed for in vitro
Insertional Mutagenesis of Gram-Negative Bacteria,”
Gene, 52:147-154 (1987), which is hereby incorporated by
reference).
pSU21 Pl5a ori Km' (Bartolomé, B.Y ., et al., “Construction and N/A
properties of a Family of pACYC184-Derived Cloning
Vectors Compatible With pBR322 and its Derivatives,”
Gene, 102:75-78 (1991) , which is hereby incorporated by
reference).
PSU23 P15a ori Km' (Bartolomé, B.Y., et al,, “Construction and N/A
properties of a Family of pACYC184-Derived Cloning
Vectors Compatible With pBR322 and its Derivatives,”
Gene, 102:75-78 (1991) , which is hereby incorporated by
reference).
Strains used
E. amylovora Ea273Nx; Nalidixic acid resistant (Nx") derivative of Ea273. CUCPB
2348
E. amylovora Rifampin resistant derivative of Ea32, CUCPB 2545




pCPP1252 321 PCPP1105 with [err]-Sp ligated at Smal site
Ea C82[err] pGPl -2 P15a ori.T7 RNA pol ym erase- encodi ng
pl asmi d; {@y9s/M@ protein expression (Tabor, S., et al. " pcBasbeidsephage
T7 DNA Pol ymer ase/ Pronoter System for Controlled Excl u3| ve Expression of
Specific Genes,"” Proc. Natl. Acad. Sci. USA, 82:1074-1078 (1985), which is
her eby incorporat ed by reference). pHP4[ e‘r:’r-’f]' Ap[err]
Sp[err]; source of [err]-Sp fragment; (Fellay, R, et al. N A "I nterposon
Mit agenesi s dfE. 8di | and Wt er BR42731 daw-, deri-a RUE 3ﬁ47@wnﬁtﬂagmmmaiﬁcglﬂec
for in vitro|lnsertional Mt agéF?é§F 1°We‘@‘§?ﬁ gnd Mag SBaGeapmia Libragienie,
52:147-154 (1987), which i s he n Bioks Wﬁ)r‘té‘fl@r@meéymcqsm@by

P15a ori Ki n[.eént(-Ba-Lt—el-en@,—-E. UGHiC - _
properties off a°Family of pACYGLEAS et 'o velle HF"e"thh
pBR322 and it|s Derivatives," GaAE..di0; “':ﬂ, B@I ' hich
i(ncorpf)rﬁ;ed by reference). PS% ebymcorpmtedbymfe@ce) 08 brT r‘I’
Bartol o errJEc‘gr, et au., T cha—u. s
Fam |y of pACYCi84=DPertved—¢ l?@f@égtgy?%k’ly S éhcav'éjj?\]: R322—ane—i+-=S
Derivatives," Cene, 102:75-78 (1991), which is hereby |ncorporat ed by
reference). StEgimple2scMokcuRibislugy fchniques. Ea273Nx; Nalidixic acid

resistant (Nx[err erivative of Ea273. CUCPB 2348 E. arryl ovor a

eI dars: dem CRCPL A58t wER YD e rupcatcbronferuiabeeg
Restrict Met hweadigus dibattal carigilyvosk hmpmn dihiese teclhriqueis dschidedlr ¢f)dabdloniByefech.
4:302- 305 (1986

BL21( DE3); lﬁwﬁggfls??%g?e%& B Rprt %hg‘(dgeb PR r%’];iﬁ{g tgﬂgzépeﬁmgl%l"g
response elicitor protein or polypep’ude from Erwinia amylovora (i.e. hrpN) into
expression vectors, by standard techniques (Sambrook, et al., Molecular Cloning: a

10  Laboratory Manual, 2™ ed. ed. Cold Spring Harbor, Laboratory,” Cold Spring Harbor,
NY (1989), which is hereby incorporated by reference); (ii) insertion of an Q-
fragment (Fellay, et al., “Interposon Mutagenesis of Soil and Water Bacteria a Family

~ of DNA Fragments Designed for in vitro Insertional Mutagenesis of Gram-Negative
Bacteria,” Gene 52:147-154 (1987), which is hereby incorporated by reference) into

15 hrpN, (iii) site-specific mutagenesis approaches (Innis, et al., PCR Protocols. A
Guide to Methods and Applications, Academic Press San Diego, CA (1990); Kunkel,
et al., “Rapid and Efficient Site-Specific Mutagehesis Without Phenotypic Selection,”
Proc. Nat. Acad. Sci. USA 82:488-492 (1985), which are hereby incorporated by
reference); and (iv) creation of nested deletions (Erase-a-Base™ kit; Promega,

20  Madison, WI). C-terminal deletion analysis of the hypersensitive response elicitor
protein or polypeptide from Erwinia amylovora (i.e. harping,) in pCPP1084 could not
be performed because of the location of restriction enzyme cleavage sites in
pCPP1084. For N-terminal deletions, pCPP1084 DNA was prepared using a Qiagen
midiprep column (Qiagen, Chatsworth, CA) and digested with sst I followed by

25  EcoRI. Subsequently, the digested DNA was subjected to exonuclease III digestion,
ligation, and transformation into E. coli BL21(DE3). Deletion sizes were estimated
by agarose gel electrophoresis. Harpin fragments were named with respect to the
portion of harpin deleted (e.g., harping, C82 lacks the C-terminal 82 amino acid
residues of full-length harping,).



Bact eri ophage T7 RNA Polynerase to Direct Selective H gh-level Expression
of Cloned Genes,"” J. M. Biol., 189:113-130 (1986), which is hereby

i ncorporated by reference) E, coli DH5[err]; {Nx[err]).
CUCPB 2473Y0%%/5484gene, La Jolla, CA Exanple 2 - Ml ecul aredaingsosngsrs
techni ques. 5 Several approaches were enployed to obtain truncated

or otherwi se altered versions of both E qulovora har pi ns. These
t echni ques included: (i) subclonlng of restriction fragments containing

portions of t N the per sensitive response elicitor protein
or pol ypeptid%ﬁf@r%"ﬁ?ﬂng a (i.e. hrpN) into expression vectors,
by standard techni ques (Sanbrook et al., Mol ecular Coning: a 10
Laboratory Manual , %z:[r@meswﬁe@TMmom,mgmérmmemmmsymhd
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Erwi ni a any| oypwomoter was intdaced by addition oﬁiP’ﬂ)‘GRBhGBﬁl mhﬁtrﬁthin df®.pRIM.OFsEd

because of the | ocation_of restr enzyme cl eay tes in pCPP1084.
For N-terni nalSXgEP¥pR ghi 4 Wiﬁ?ﬂ'&%& @ﬁégﬁ;@a E@é -Zawes wieduseddivor ep
colum (Q age §t\ﬁﬁ{

EcoRl , Subseqtrjuearrllq%iﬁl,h “’@l?égsé‘t)% %Dﬁl%éav\g@}gg é?%%lﬂec&g%& eas@{?ﬁ%?

di gest ion, i ga&ned’mése ngaséxmtmtreslmnse‘(he ]ER)-eIti)émn@h&ﬂw(yBEé’s)f scrdegié®in on
si zes werg_estijmte rose el ect r.ophor esi in fragnments were
narmed Wi tﬁ%e%@?@f"ﬁ%ﬂ@i VF? ﬁlﬁﬁgw&%l §P f@ldgmonﬁa%fwew] C82
| acks the C-t [ er1) -

-34 - Exanpl e%%m’ Pr ot eflﬁs e%oggg?g%ﬁ§§g$%€tgiqr e%gﬁb?m%#awgg% ers, T7
RNA pol yner asdiypspensitive Responsaip Plants,” Cell 73:1255-1266 (1993), which is hereby

incorporated by reference) or by preparation of boiled and unboiled “CFEPs” (Wei, et

al., “Harpin, Elicitor of the Hypersensitive Response Produced by the Plant Pathogen
20  Erwinia amylovora,” Science 257:85-88 (1992), which is hereby incorporated by

reference).

Example 4 - In vitro proteolysis of harpin.

25 In vitro proteolysis of harping, with Staphylococcus V8 proteinase (also
termed endoproteinase Glu-C), trypsin, pepsin, and papain was performed as

recommended (Scopes, et al., Protein Purification; Principles and Practice, 2™ ed.
Springer-Verlag. New York (1987), which is hereby incorporated by reference), for 2-

16 hrs. at 20-37°. Endoproteinase Glu-C digestion was performed either in 50 mM
30 ammonium bicarbonate, pH 7.8 (in which cleavage occurs only after glutamic acid),
or in 50 mM potassium phosphate, pH 7.8 (in which cleavage after both glutamic acid

and aspartic acid occurs).



were used. These systens utilized either strain E. coli BL21(DE3) (Studier,
et al., S "Use of Bacteriophage T7 RNA Pol ynerase to Direct Selective

H gh- LevekoB¥gigssi on of Cloned Gene," J. Ml. Biol. 189: Id3ridfRn6s386) .
whi ch is hereby incorporated by reference), or plasmd pGPl-2 (Tab%vr%, et

al ., "A Bacteriophage T7 DNA Pol ynerase/ Pronoter System for Controlled
Excl usi ve Expression of Specific Genes, "-¥Hoc. Natl. Acad. Sci. USA
82:1074-1078 (1985), which is hereby 10 incorporated by reference) in E
coli DH5[ er r | ExdinplesssPlant-derinedprdteimaseshe T7 pronmoter was i nduced by
addition of IPTGto a final concentration of 0.4 mM For expression in E
anyl ovora Eas2l (i lorcdMiiAY (1F) were bR freboBbeool simdbl drfl R Eb LYy,
transformation with a 42[err]C heat shock for 10 mnutes, of b

el ect r opor at | a4 qoBmsAsier, @@R@CM%WQIM-KOW]S&an“éil‘@namiiqmgmaéms ofe.
R el PO S . | o o
ol oanta ©ys s eRgbhltdr bt 25 00REs 1 by MuPRRPEG G spd B Mo ileBe, V) | s

Protein That Meleatr BlantPathelokiieh Plaptidakbproacie® ., Thel Braétival Mypasiensi tive
Response in Plants,” Cel| 73:1255-1266 (1993), whi¢ch is hereby I ncorporated

by ref er ence)SaiesplRIPublishers; Oxford (1952), dvhicha hewshy incerporated-by referpmee), bt

al ., "Harpin, | i'ﬁﬁﬁr | o L yolel: the Pl ant
Pat hogen 20 M H/l\n&lnll a aaﬁ%?gg@?%aﬁ@ﬁgﬁégéﬁwswﬁgég?%%gy@ﬁ i s hereby
i ncor por at ed digestidh@f PAGE-pufifiedimrping, was perforhed fqa201 Clrsy4ti29-37°ChpHpby. 25
In vitro proteolysis of harpin errg wth St aprﬁll ococcus V8 protelnase (al so

ternmed endboproidnseaal vplymes of i wiih harpinsepditotal leatextragbves oldaingdby or ned as
ded ' , . g o P tice.

2err] od.  spPrigs obibodter pebtleYilminditlyabl bRdens il MisBlsiPpRRBbAE ™S, o°

by ref er ence) The ettradt wiscdntrifuged arRDAIBtEd rand theRslahiffedqfrenniblesf Nurdetisdd gest i on

was perforned either in 5 0 ammonj ym bi carbonate, pH.7.8 (in which

cl eavage occu‘|d§méﬁﬁ‘ﬁ§f a&f"taé%‘egyut 5???@3%&11“55 HOFSHWETR e@@ftw ﬁ%)f‘&’é’?‘lsh%nebﬁ@érphat e,

H 7.8 (in whj I : I L £ a0 ' L.d

becur sy han ARGHELRip Eled (Bt bR G100 SiRbk e

fluids (15 wdneMyhahdipraerchiibanzoab RCHIB)Y(Bigaiap St. dppisgMO)aspberry, and

cotoneaster, as described (Hammond- Kosack, et al., "Preparation and
Anal ysis of 5 Intercellular Fluid,"” p. 15-21. In S.J. Gurr, MJ.

McPherson, a -%ﬁg(lﬁg’i | ecul ar Pl ant Pat hol ogy A Practi cal
Appr oach, 2[2?‘#"@%%5,3 e racttlxccaé Appr oach

Peptide fragments of harpin obtained following digestion with tobacco IF were

20  fractionated by revers_e—phase HPLC on a Vydac C18 column using a 2-60%
acetonitrile gradient in 0.1% trifluoroacetic acid. Fractions were Iyophilized,
resuspended in 5 mM potassium phosphate and infiltrated into tobacco leaf panels.
The fraction with greatest HR-eliciting activity was refractionated as above with a 35-
70% acetonitrile gradient, and the purity of each fraction was assayed via gas

25  chromatography-mass spectroscopy (GC-MS) and by N-terminal protein sequencing
at the Comell Biotechnology Program Core Facility.

Example 7 - Proteinase activity-stained gels.

30 Proteinase activity of IF was assayed in activity-stained polyacrylamide gels
(Laemmli, “Cleavage of Structoral Proteins During the Assembly of the Head of
Bacteriophage T4,” Nature 227:680-685 (1970), which is hereby incorporated by

reference) copolymerized with 0.1% gelatin (Heussen, et al., “Electrophoretic

Analysis of Plasminogen Activators in Polyacrylamide Gels Containing Sodium



Series, IRL Publishers, Oxford (1992), which is hereby incorporated by
reference), by vacuuminfiltration of intercellular spaces with high-purity
water. Proteolytic digestion of PAGE-purified harpin[err] was perforned for
2-16 hrs. wosRsf[err]C, pH, by 10 m xing equal vol unes PETNSIBASTH
harpi-rn[err]. A total |eaf extract was obtained by grinding tobacco |eaf
panels with nortar and pestle in 5 nM potassi um phosphate. The extract was
centrifuged and filtered, and the clarifiéed ground | eaf extract used

L) il A S b it o

(2[err]g/m), e LBASS faldiBy refddehde). "RAELEIEARIPR MBI
(Sigma, St. Lo(g?gs{?)’ %@hgi&e{%}ﬁg@? Pept irde pur?f i cation. Pg%tgri%ae fragnents
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tobacco | eaf panels. The fraction with greatest HR-eliciting activity was

ref r act i onat ed/due tetbe peesoncerof sopdymenined-gelatis) pxqept wherepaoteinaseshad digested

Cpect 1 oscopy. (BeRnmyn i g RepRARe: oy Fifestiing BRSATRQHBRAC FiRhy, |

Bi ot echnol ogy Program Core Facility. Exanple 7 - Proteinase
activity-stained gels. 30 Pr ot ei,nﬁfﬁe ia}c,t,i vity of IF was assayed in
acti vi t y- st ai nBxamplefcFruncatedchaypins refain JR-elicitipg asOite of Struct ur al
Proteins Ofring the Assenbly of the Head of Bacteriophage T4," Nature

227: 680- 685 (1970) , Thehstehilifysand ¢helR-dlissingmstinite df proteins encedrsil)y various

| i zed with 0.1%gel atin, t "El ect " lysi
of "Bl Ao nogerDNA s isoms it BeH ErMaly EA constubfe shGilek fribnBF 321 S
Dodecyl Sul f at g, gid, GrHRAiNGRGE Zasdyiaut&terc%%spﬁz?hdu& esiheving HRetEPo202

(1980), which is”hereby incorporated by reference). After electrophoresis,
each gel was réxpsesdionin 8iest Apsomotes-pobmesrasespsieni(d abor, etals eAddastasigpbage T7

: . e L ow e : g . :
Dot col yai t DR AT errs iSRG ks BB Kol e iRl Specific |
30% net hanol / 16%eacerroe. e, Acaasth USA 8311074078 6I985)Y, whitleistherdblye presence

of copol ynerized gel atin) except where praqtejnases ha | gest t.he
gel atin, resul ncagporatedlyf wiarencs) Wﬁsbﬁff&t ARERS lg)th&LEg ggssg:rqy.g}lgfqai nase

activity. Examplgnfis of fd 3ficaed pRAERL. "o T AicBndticR! (b g, thd¥@ oBtited!viy

Erase-a-Base™ protocol) yielded detectable protein products displaying N-terminal

20  deletions relative to the full-length protein. No stable but inactive proteins were
identified. Several constructs encoding proteins truncated at their C-terminus and
often including additional vector-encoded amino acids yielded detectable products
(e.g. harping, C82). In contrast, a construct encoding the same 321 N-terminal amino
acid residues of harping,, but yielding a protein truncated by the presence of an Q-

25  fragment (harping, C82 ) was unstable (i.e. no product was detected). A construct
encoding a harping, fragment with a large internal deletion (harping, I175) was also
successfully used to express protein. These various truncated proteins were tested for
HR-eliciting activity. A 98 residue N-terminal harping, fragment (harping, C305) was
the smallest bacterially-produced peptide that displayed HR-eliciting activity.

30



10 The stability and the HR-eliciting activity of proteins encoded by
various DNA constructs is shown in Figure 1. Many DNA constructs encodi ng
portions &fobssaisn[err] or harpinferr] did not yield detect@gblesdgfpdRi N
products follow ng i nduction of expression in the T7 pronoter-pol ynerase
system (Tabor, et al., "A Bacteriophage T7 15 DNA Pol yner ase/ Pr onot er
System for Controll ed Excl usi ve Expressi ord Tof Specific Genes," Proc. Natl. .
Acad. Sci. USA 82:1074-1078 (1985), which is hereby incorporated by

ref erence) anwl-sSeofetmldfmmmwuhmmQBtu'mlinhy due to
instability of the encoded proteins. No DNA constructs (e.g., those

obt ai ned vi a Er ase-EreRffeef &altbrafion bothe hhrpih €lenaindebe b sr&id wiei N

products displaying N-termnal 20 deletions relative to the full-length
protein. No ste¥pminedyflarpin&i3ilieentainsiths Nsterrainal 372camine acids ofharpingbut lacks

t t t ft
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truncated by teiaingtiR-eleitingpctiyityjapd s stablg and F@s&gr%mesqeﬁang%ﬁ{e@neﬁ]byoez
[err]) was un%&@ﬁa&aﬁﬁ%m@myﬁ% ﬁ@&ggeﬁfewmﬁ 9&3& fer rﬁ@%ﬂ@ a

har pi n[err] fragnment a [arge Intern tio
al so successf the wildsyt proteﬁx(ﬂﬂlmszpr’ﬂheepmseniheﬁhmpmu(bijsdddsmbt:ﬁitﬁ&ramm ns

ragnent . Ahar graEaon gt Geveitydchario, Shighiis tong e berfithy CFER 0 e et | de
that - di Spl ayeduhfsShht H0 MG oA Hhih. 09130 found ofly n (RXGREpe © - Secretion of

harpin[err] wt n altered CGtérmnus. The effect of alteration at the
har pi n C—term nus on its secretion was exam ned. Harpin C31 contai ns the

N-t erm nal am no ck the C-ter, naI

resi dues, Mﬂl@ Fgﬁ% %Voﬁg’lﬁé% @}ggmgﬁ@%ﬁ&d ngactivity; o
resultlnglnaproteln slightly larger than the W|Idt pe har l The
C31 proteild retai ndnordesto g@n@rﬁ%@a%tg 1oRAl bwamfrfx&memamueﬁsd@lé&eg rotein

expressed and JRUGGEEN0YinYEnd B Sl picibihals, iRAlH E%Emd%ﬁro{eﬁx th?

secreted into ure super as Is t ern |gure
2). The presengypsmf pé;&ﬁpaﬂpapa]n@:gl,ldgms Bahd #pt Hafpin svlwdidn3 digestedaritiet i on
of the wild type harplﬁw cl f qund nboth%ﬂ gnfan,dth culture
super nat ant . THSRAPRARY B’f’t aedvily. 1 qogliath IoHpymefigestionpath  Exanpl e
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20 kD were evident by PAGE following trypsin digestion. Endoproteinase Glu-C

digestion yielded an approximately 20 kD fragment, larger than expected if all

cleavage sites were cut, indicating that digestion was not complete (Figure 4).

Example 11 - Apoplastic fluids (IF) contain harpin-degrading proteolytic activity
25
Apoplastic fluids (intercellular fluids; IF) from tobacco and other plants were

also employed to proteolyze harpin. Each IF tested possessed proteinase activity(s),
as indicated by the presence of multiple activity-stained bands in polyacrylamide gels
containing co-polymerized gelatin (Figures 5A to 5C), as well as by the disappearance
30  of detectable harping, (Schégger, et al., “Tricine-Sodium Dodecyl Sulfate Gel
Electrophoresis for the Separation of Proteins in the Range From 1 to 100 kDa,” Anal.
Biochem. 166:368-379 (1987), which is hereby incorporated by reference) following
overnight digestion of purified harping, with IF. Proteinase activity was substantially

greater at 37°C than at 20°C, and activity was higher at pH 8.5 than at pH 7. Several



15 In order to generate additional harpin[err], fragnments, purified
full length protein was proteolyzed in vitro by several proteinases,

i ncl udi ng endoprotei nase A u-C, trypsin, pepsin, and papain ‘(e.g., Figures
3 and 4). W98f4ddldsol uti ons digested with trypsin or w th p&paiuses/nsrs al I
activity. In contrast, follow ng digestion with endoproteinase G u-C,
HR-eliciting activity was retained. No pepiides |arger than 6 20 kD were
evi dent by PACE follow ng.trypsin digestion. Endoproteinase d u-C digestion

i el ded i mately 20 kD.f I t ected, jf_all
2] Shvage s - LB e A R S iR R bt B o gur e
A Examole L& ! . : . o> : .
pa ot eo?;r!to [ g a%!?lgl\??ﬁ} 25 ,&phgxglitgg??%hﬁdéi)edsi g!i E?&%@{eﬁ&?gﬁﬁ%{oﬁwggﬂrﬂ)w from
t obacco and oHheeve| antixtumerf¢hainhibitenpPepstatintho(IpMy, Ee4/@aMaAprdtiniEach | F

tested possesged proteinase activity(s), as indicated by the presence of
mul tiple acti éi‘l_g{mgt adips e@&ﬁ@é"l}‘ﬁ( atargatedhat@asidpeoteinases: enstaing

co- pol yner4d ze Dgi% | Q.6 E e . e_di sappear ance
30 of dejt ec?‘a egh%;g %lgﬁrfé[Iglr%e]lﬁl(g %&ﬁide)‘r“?%g%‘?’?‘“@uafgf’e ‘R%’re ngﬁrg@@%di um
Dodecyl Sul f ainhib@et pidteslysinphoresis for the Separation of Proteins in the

Range From 1 to 10Q kDa," Anal,. Bi ochfm 166:.368-379.(1987), which is
her eby i ncor por at eH2PE dpgadsd by proteolisiaslvisieepreseah in te glant apaplast purifi ed

har oi . A : g . "
3L 6rr] G 1 han nSTHR ARIREARE Aef Fiklto 1), WcomRuRhaPhk Jubkofbbfbrh &\, 2
Several - 3darifiehéntiaict producedrty grindingytebiadco leaf tissue twittthmbitareanidyestle lost
R R ORTAI0 M T S ORI
i nhi bitors Pepgiedduiki® I%;E SIR-EMitinda @ity 1the 1¢nst) of tARE R:hhﬂéd‘fo(r%aj?%l]l%sm )

[
and o-phenant hrol i ne , targeted at acid proteinases, cysteine
prot ei nases, Wwhen pithep indacs haepieor hapiak predigéstesiowith tobacood¥, wasanfileratediintoy

partially inhjbit teol ysis. HanppnlLerr eqr aded b of eol.yti c

Dot vi t s pr oBarsD Tr TRHES b8 KmpnBT BBl Trbdartie Hipfeathe MR g st
(Figure 3). |fimedhnieq32,18hoduR, déf@hiingnaheotpeziatn)y a clarified extract
produced by grinding tobacco |eaf tissue with nortar and pestle [ ost 10
HR-el i ci t} g activity. In order to study whether apopl astic degradation of
harpin was a ; |S1 | HR- @i 1. | ength of tine
required for w aépiésé}a\%kégﬁlzﬁg:ﬁ?ﬁg#nlf ﬁ%‘g{c}ggﬂ’%{ﬁﬂnﬁ%‘gm&gﬁpi n predi gested

with tobacco IF was infiltrated i nto tobacco | eaf panel s was ,conpared. Both
preparations elici ?%‘??%Fﬂées ngrom é’igﬁt}%r%y apopastic plant protemase(s) wére

fractionated by reverse phase HPLC (Vydac C18 column), and tested for activity.

20  Following treatment of intact harping, with tobacco IF, three fractions contained some
HR-eliciting activity on tobacco. Two of the three demonstrated weak activity, and
little protein was present. They were not further characterized. Fraction 19, which
contained the strongest activity as well as the most protein, was refractionated using a
more shallow elution gradient (Figure 6). Refractionation, N-terminal protein

25  sequencing, and molecular weight analysis by mass spectroscopy indicated that four
largely overlapping peptides were present. Peak 19-1 contained peptides P91 and
P95, corresponding to harping, residues 110-200 and 110-204; peak 19-2 contained
peptides P64 and P68, corresponding to harping, residues 137-200 and 137-204. 19-1
and 19-2 each possessed HR-eliciting activity. The smallest peptide thus confirmed

30 to retain activity consisted of residues 137-204. The two peptides in each peak were
not separable under the conditions used. These active fragments are distinct from the
smallest active N-terminal fragment (harping,C305), and indicate that more than one
portion of harping, displays activity in planta. Further digestion with trypsin



time franme (12-18 hours, depending on the experinent). 15 Exanple 12 -
Characterization of HR-eliciting peptide fragnments Peptides resulting from
di gestion | astic plant proteinase(s) were fractiona rse
phase HPL‘C’:}a(@{i}y{d%glltl{:i C18 colum), and tested for activity. '20§6§|,|‘—J§%’%)§m¥'ﬁg
treatnment of intact harpin[ferr] with tobacco IF, three fractions contained
some HR-eliciting activity on tobacco. Twd9ef the three denonstrated weak
activity, and little protein was present. They were not further

char act er i zedabdfished iherHR-Glicitih ahtivitgif 4 D:2e ATHiBBrotsin A8 SRAVeIYd Adipbgas el |
as the nost protein, was refractioonated using a nore shallow elution

gradi ent (Fi gQPW.FiﬂgPﬂaMWaqlgﬁﬁan Rithesndpprateinase Glv-€ ipmmmendymenci ng,

and ol ecul a gl ALY ol BBER SRR ARGRTY|99) BSRIRL LIS

| argel y overl apping peptides were presen

and P95, corrmadidﬂegg) clea\hd?ﬂdijanﬁé’i%]as smxdhﬂﬁgﬂrk@: Zﬂﬁ?} aﬂdliéiib@-agﬁ’ﬁ] ty pegk
19-2 contaj ne ept.ides P64 an 8, corresponding tq harpin[err] residues
137- 200 ami 1@@@4.@@%@&@? esepeptidrs vatsendeprgteinase mfﬂ{agr PN ¢y .
The smal | est peptide thus confirmed 30 to retain activity consisted of
resi dues 137-204. The two peptides in each peak were not separabl e under

t he conditi onExample 13(hEsemplovaradarpindmsiniiariy evith athemprotéimem t he smal | est
active Nntermnal fragment (harpin[err]C305), and indicate that nore than
one portion of har gheprdictediroRidequéicts of prijteimhcBORMHR elifitdrt f8m EvE@Ft i On
with trypsin -. 39 - abolished the HR-eliciting activity of 19-2. This
pr ot ei nast c| ethgrbactesial plant patieoegss, andahothar proteinsdmpwnrtg behentholighe $a bon wi t h

PR el ol i ng. Seeroeel by b Bt TR b ANy RSl e ar LA TR B B ) cave
P91 and P95 aWlshdarpihg vwasgomm@aréd withsdicitbrsetont El amyloesia 4246 g.e. hhgisQyed

further digestion of these peptides with endoproteinase G u-C or trypsin.
Exanpl e 13 - Erwmqﬂw%ﬂné{wnaﬁﬁlﬁ-.(bmmnm) Eauey; ehals.n Eswinig chipeanshans. The

predi cted protgi se%{e?- r L AAG o . | 10
ot her bacteri gﬁpg‘E%\’ht p g‘?ﬁéggﬁgﬁ?ﬁff@@éﬁgﬁ%ﬁ&ﬁﬁﬁk thélnbfg\%\en% q%?%‘é@or

t hought t b5 bePathegenesied Nol. Blaht/Ecrbbd Interacte8t4 8nd Jiatl BOS)y wirichds Rergby conpar ed
with that of harpin e({ésl. When r}g{r i.n[errgmvvas conmpared with elicitors from
E. anyl ovora B5oUSTsd By referpnbe) P‘}l’)’]"?,ca’@? K@ SURSRy SRSV G hampings:

(harpinferr]) ﬁ(él@ﬁl&&j’ee, & al, Presentddarkia g MBI ARRLNEH N2 18E QAT Planti\n

Elicitor of the Hi;persensltlve Response That Contributes to Soft-Rot 15
Pat hogenesi s, Mintobe Iiteraefiony) Kneryille, AN(1906), svhidvis hereby irgof)oratedhbyh i s
her eby

reference), Erwinia stewartii (Harpings) (Frederick, et al., “The wts Water-Soaking

20 Genes of Erwinia stewartii are Related to hrp genes,” Presented at the Seventh
International Symposium on Molecular Plant-Microbe Interactions, Edinburgh,
Scotland (1994), which is hereby incorporated by reference), Raistonia
(Pseudomonas) solanucearum (PopA) (Arlat, et al., “PopAl, a Protein Which Induceé
a Hypersensitivity-Like Response on Specific Petunia Genotypes, is Secreted via the

25  Hrp Pathway of Pseudomonas solanacearum,” EMBO J. 13:543-553 (1994), which is
hereby incorporated by reference), Pseudomonas syringae 61 (harpinps) (He, et al.,
“Pseudomonas syringae pv. syringae harpinps: a Protein That is Secreted via the Hrp
Pathway and Elicits the Hypersensitive Response in Plants,” Cell 73:1255-1266
(1993), which is hereby incorporated by reference), Pseudomonas syringae pv.

30  tomato (harpinpy) (Preston, et al., “The HrpZ Proteins of Pseudomonas syringae pvs.
syringae, glycinea, and tomato Are Encoded By An Operon Containing Yersinia ysc
Homologs and Elicit the Hypersensitive Response in Tomato But Not Soybean,” Mol.
Plant-Microbe Interact 8:717-732 (1995), which is hereby incorporated by reference),



I ncorporated by reference), Erwi nia carotovora subsp. carotovora
(harpinferr]) (Mikherjee, et al., Presented at the 8[err] International
Congress Mol ecul ar Plant- M crobe Interactions, Knoxville, TN (1996), which
i s her ebyWO#86#Hdr at ed by reference), Erwinia stewartii (HEPUSISA0874)
(Frederick, et al., "The wts Water-Soaki ng 20 Genes of Erwnia stewartili
are Related to hrp genes," Presented at 'QE _Seventh I nt ernati onal Synposium
on Mol ecul ar Plant-M crobe I nteractions, Edinburgh, Scotland (1994), which
i's hereby incgr rate ef erence stoni a (Pseudonpnas) soI anacear um
(PopA) (Arlat? the WHP’“ mﬁ"?’r‘%’f‘ﬁ‘??r‘ icant regigng eisinilarity at the

Hyper sensi ti Vilirrinke Beaaaﬁmeaw&e%ﬁeﬁér&h& ki D s oL e
via the 25 Hrp Pat hway of Pseudononas sol é;gacear@%%@ G %ﬁiﬁhe’aﬁ 3- 553
(1994), whi cermltmmmﬂwxwmrmedrlmmnadnaé)ogeerﬁspmmmMsugy (Hegae 61
(harpinferr]) (k onona ri.ngae I ngge harpinferr]:
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hereby incorporated by reference), Pseudonpnas syringae p tomat o
(harpin[err] )(1(9|93b§!h§¢h isderehy incorpuseted by refereneadi (habyfet Pls,eltrdsmtﬂd%tlwrr ngae

pvs. syringae ¥ .Cont ai ni ng
Yer si ni aysc Aol 0 gs an %%i’?ﬁﬁ&n%%‘ggééﬁ%ﬁﬂ?‘%‘ Ob%%éeg&lﬂnsfonato But
Not Soybean, " Efinburghl| Scutlahvil (Yo9idy, wmaersaefeb& iicofpotated b} I&erenceyhiLirdited her eby
i ncor por at ed by reference) - the Erw ni a-derived harpins contained

si gni fi cant r@@i%&f%ﬂﬂ%ﬁ%&%‘ﬁeﬂﬁa@énm prd thf"éh%lﬁﬁrﬁ'm Erwigtspp: was alse | t he
elicitorsjqree eﬂ?héfrﬁ cfkﬁg?l%?ﬁ s nf eﬂ?@t@fn Wh ut'oﬂﬂctﬁrgii 2 xieﬂg%ré ty

bet ween har pi n[er r nferr en reporte pr evious
al ., "Pseudo mmnwe&@mrm) Iéytemtgmetléwhydmpmﬂgr pslbts for ddchlogthe hhisths | S

Secret ed via the 5 Hr, way . and Eli Hypersensitive Response I n
Plants, " Cel | PrPdugeskdy. égfe g@%;ﬂ smmremﬁ sear?éﬂegggur%%o?m%ﬁ *iEpyinia
reference), ( osi um
on Mol ecul ar Pl Myseﬁhg?{gdglsﬁr? % tl o??tsthdr n Fe%}%d%‘é“?fﬁ ??@54®‘W\Mﬂ ch

i s hereby i nclengtircfithelptiotein.eThis emféy is distinctrﬁpmdhc prpfilndenorsirated dyiRopAl

bet h d ot h
ovi dent afS ErEhEhy buRie bl Sher i Boret f SigbieBy fviGhtin SRR sithosse i ¢ s
26 resi dues afwo prAGRY. VE: Hydtdpd }ﬁbﬁle’ﬁﬂeﬁc}mﬁhhﬁatﬂaﬁnﬂ éjéé?:l@f’a‘llPlénﬁil&t@ for

each of the harpins produced by different Erwinia spp. are illustrated in

Fi gure 9. Eactappf @h@ﬂEFWf’ﬁthmF fomshateaparted dotharpinay 6\ lfange il o[ Apalysisi | ar
hydr ophobi ci t ¥e it ¢f gftﬁ{; 9?%“}89’%"“}1 yrv{gea%%-glggrlgk[;% MlfhRbor 0! S -Profile

is distinct fromt e prori enons
Hypersensitive Response to Tobacco Using Functionally Nonpolar irpZ Deletion

20  Mutations, Truncated HrpZ Fragments, and ArmA Mutations,” Mol. Microbiol.

19:715-728 (1996), which is hereby incorporated by reference). Harping,, possesses a
strikingly hydrophobic region around residues 54-143 (Mukherjee, et al., Presented at
the 8" International Congress Molecular Plant-Microbe Interactions, Knoxville, TN
(1996), which is hereby incorporated by reference). This portion of the protein is also

25  the most hydrophobic region of harping, an& harpings. The rest of each protein is
predominantly hydrophilic.

Truncated proteins and fragments of harpin obtained following proteolytic
digestion of the full length protein indicate several surprising aspects of harping, HR-
eliciting activity. These harpin fragments demonstrate that HR-¢liciting activity

30 resides in distinct regions of the protein, and that relatively small fragments of the
protein, as litile as 68 residues and possibly less, are sufficient for this activity.

Fragments of other plant pathogen-derived elicitor proteins also retain biological



15 and by harpin[err], and does not possess the symetry evident in the
profile of those two proteins. The hydropathy profile of each Erw ni a
harpin i swgesssazdsel y simlar to that of the others, yet di spcigisodrfgasg t hat
reported for harpinferr] (Al fano, et al., "Analysis of the Role of the
Pseudononas Syringae HpZ harpin in Elicitation of the Hypersensitive
Response to Tobacco Using Functionally Norféol ar hrpzZ Deletion 20

Mit ations, Truncated HrpZ Fragnents, and hrmA Miutations,” Ml . M crobiol.
19: 715- 728 ( 1e¢tmvity, inslusiing' Aviidrem Cdldasporiwn fulewn iy an déreAckaredckejatpl.n[ err ]

(Nikher ) ce. ot it AVRS/REUSREIR bR Clprb i it Socesied b

Mol ecul ar Pl aBnddfenoadand mmrmsah@e,g,m?mmﬂ% 6199%)*'“%%%@ [] ﬁreeby

i ncorporated by reference). This portion of the proteinTs also

nost hydr ophobicerposgied hy stfengneadi Pepeld of Bipdoptuhqrnmiagusgermai@timbatgenfet ehgh

protein iscpre ' IR hid 1. C.o AEUNCAt tot ei ps,and fragnments of

har pi n obt i neg?éﬂo'f‘lﬁ)h\t}éy%%g%‘%%gg?ﬁé% @f%@gﬁf%ﬂ;} tof Wetﬂ? BFWSPQVJ{‘ protein
i ndi cat e s_evemm&uﬁ@r‘]“r?ggeﬁ Méiphd Befehcd Réspondes Qell- 78489460 {199@), 30%iEN §d V-
These harpin fragmants enppstrate that HR-eliciting activity 30 resi des
in distinct r&gieBnincerporaied py sfetence)and hampinesy off R uyningae pyneringae {4Hamo,s of

t he protein, | s ' by | egs re suffi.ci.ent for
thi s act ui by & B o AneSeRor iR R bFUER PR AR wtinkee 87 Bin M DBHER i ne
al so retain biofSthediymtsensitivelRespoasd invidbgccd Usihg BiungioAxilyPNbagsTGapdos por i um
ful vum (Van den. Ackervecken, et al "The AVRO Race- Specific Elicitor of

Clhados Ipor 19m DssHom %taW%E%JééFeWYE% SERpEELss anthiynef Maations{deks " P1.
P [ . 103: 496 (1 ' ' e ' ,
ysi o %ﬁﬁ%@#ﬁ‘ RP35.72441906), mf@pg%gg ggggg&@%&g,( P%ferrgﬁéeﬁr ence)

Pep-13 of Phy a nmegasper " Hi gh
Affinity Bindi ng ofExpressiomaf tr@datedharpin dmgisentsiahd proteplydieoffatidbmgth Pl asma
Menbranes Tri gget

| tipl Def.ern R d.. 78:449-460 (1994),
whi oh 1. ner eBgPmaPlES HeEaRESRER SRERERT FaIR G EF Y Do r The Pregamhga
pv. syringae ghhkaloof ath l@é_ﬁye fFa@HﬁhVﬁio%vﬁé disEiendBpd SnfibrithRith SRR ES

syringae HpZ harpin in Elicitation of the Hypersensitive Response In
Tobacco Ut} ng witrmthérehigitoryackive peptides.nHowe e, the Bisesofi cdeavhge bt trypain aikt uncat ed

HrpZ Fragnents, .and hr utations. " .Ml . M.crobiol . 19:715-728.(1996),

whi ch is heref dqpﬁ%sps%%flf;% S%%#P@%P%Wc"ef)e?c BREL reqitsd Tor, ﬁgﬁg'e har pi n
fragment s andwahld eodiatesesofo ditet specHivalii theadniinG Scid Resi@eks tahat ndayhedd St i nct
fragnents retain HR-eliciting activity. The primary sequence of each active

fragnent showcleavagesites wstasminevhethertRR wlieiting getiviby in altered or lost.
Additionally, harping, P64 and P68 demonstrate distinct hydrophobicity during

20  reverse-phase HPLC (Figure 6), and they correspond to a hydrophobic peak in a Kyte-
Doolittle plot (Figure 9). The role of this putative hydrophobic domain could be
tested by mutagenesis, or by synthesis of altered peptides. However, the fact that
multiple fragments independently possess HR-eliciting activity complicates analysis
of full-length proteins.

25 This finding, that fragments of the protein retain HR-eliciting activity, also
allowed (at least) two apoplastic proteinase activities, which are distinct from
intracellular plant proteinases, to be defined. Two apoplastic plant proteinases (from
soybean) have been studied in some detail. SMEP, a metalloproteinase (Huangpu, et
al., “Purification and Developmental Analysis of an Extracellular Proteinase From

30  Young Leaves of Soybean,” Plant Physiol 108:969-974 (1995); McGeehan, et al.,
“Sequencing and Characterization of the Soybean Leaf Metalloproteinase,” Plant

Physiol. 99:1179-1183 (1992), which are hereby incorporated by reference) sensitive



15 with other elicitor-active peptides. However, the sites of cleavage by
trypsin and endoprotei nase d u-C suggest portions of each fragrrent required
for activity. It would be of interest to alter specifically'the amno acid
resi dues aWO88/54%4r these cleavage sites to determ ne whet FET/YS8A9874 t i ng
activity is altered or lost. Additionally, harpin[err] P64 and P68
denonstrate distinct hydrophobicity during20 reverse-phase HPLC (Figure
6), and they correspond to a hydr ophobi ¢ peak in a Kyte- Doolittle plot
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products of a ifhibiRet, dewesseobusidess rot3ntiralnblokle hampinze degradrsion 4Bigurerie); veher
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Extracel | ul ar fppt@idies €09;1196) 200y zmsaaealssﬁmﬁeymmotemhwmﬂme@hm
108: 969- 974 (1995), whi ch i s her eby |ncorporate ref erence) sensitive

to p- chl or oneabolish ansivityiof flk-leagthieimiy.. “SéQ@raé?Ph?h ?Fé’é"%f’fgwa R Gndgest
t hat ltiple 1
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entirely bl ockprbambtﬁmranddwoamhtsed'ma( Higgsts m@é})t speuifis powgiions pf eacki nase
I nhi bitor tested, bl ocks har pi n g g}i‘ ation, a the clegq ge sites after
resi dues 109, disinchbl-eliciinepeptids saé‘?H‘ieF‘HFa Eﬁﬁ‘iﬁﬁ?‘ﬁ’ SEEY1 28 does

not abolish a | engt h harpin, but does abolish activity of
P91 and P95 (%gyﬁ&%d Blevidiily

The apoplastic activities degrade harpin without destroying its HR-eliciting

20 ability, in contrast to intracellular proteolytic activities present in a ground leaf-
extract, which abolish activity. This raises a number of intriguing questions, e.g.,
does the plant use these harpin fragments as elicitor-signals? The timing of the HR
was examined when full length harpin and harpin predigested by tobacco intercellular
fluid were each infiltrated into tobacco leaves. The HR elicited by each preparation

25  occurred 12-18 hours after infiltration. Co-infiltration of proteinase inhibitors into
tobacco leaf panels along with harpin also had no effect on harpin’s HR eliciting
activity, although limited proteolytic degradation cannot be ruled out in this case,
particularly since it seems that at least two, and perhaps more, apoplastic proteinases
are present in tobacco. Because predigested harpin elicited the HR no faster than

30  undigested protein, proteolytic digestion seems unlikely to be a rate-limiting step
required for HR to occur. The role of these apoplastic proteinases which are able to

hydrolyze harpin partially, yet unable to abolish harpin’s HR-eliciting activity on



15 presumably P64 and P68); trypsin abolishes the activity of P64 and P68
(and presumably P91 and P95). These final digests suggest specific portions
of each dipad dgmab14HR-eliciting peptide which are presunablypaersesegys f Or
its activity, as mentioned previously. The apoplastic activities degrade
harpin wi thout destroying its HR-eliciti ng 20 ability, in contrast to
intracellular proteolytic activities pre$ At in a ground | eaf - extract,
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and harping,, were successfully expressed from portions of #rpN. Problems with
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20  protein stability were evident in that several truncated harpins were unstable and
difficult to purify. Additionally, expression of truncated harpins may be deleterious to
bacteria. Truncated harping,C31 was, however, stable and easily purified, but not
secreted, suggesting that C-terminal sequences are involved in harpin secretion.
Unfortunately, the presehce of vector-encoded amino acids in this protein complicates

25 this conclusion. All attempts fo clone B-galactosidase-harpin fusion proteins have
been unsuccessful, as were attempts to clone and express ~7pN downstream of the
lacZ promoter in several commonly used vectors such as pBluescript. Expression of
such constructs is evidently deleterious to bacterial strains.

Wei, et al., “Harpin, Elicitor of the Hypersensitive Response Produced By the

30 Plant Pathogen Erwinia amylovora,” Science, 257:85-88 (1992), which is hereby
incorporated by reference, reported previously that BLAST searches indicated

harping, possessed slight similarity to several other glycine-rich proteins, including
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HrpZ harpin in Elicitation of the Hypersensitive Response in
Recently, a number of other secreted glycine-rich pathogenicity associated

20  proteins, elicitors of the HR or other plant-defense responses, have been described
from other plant pathogenic bacteria and fungi (Boller, “Chemoperception of
Microbial Signals in Plant Cells,” Ann. Rev. Plant Physiol. Plant Molec. Biol. 46:189-
214 (1996), which is hereby incorporated by reference), including Phytophthora

megasperma (Ballieul, et al., “A New Elicitor of the Hypersensitive Response in

25  Tobacco: a Fungal Glycoprotein Elicits Cell Death, Expression of Defence Genes,
Production of Salicylic Acid, and Induction of Systemic Acquired Resistance,” Plant
Journal 8:551-560 (1995); Niirnburger, et al., “High Affinity Binding of a Fungal
Oligopeptide Elicitor to the Parsley Plasma Membranes Triggers Multiple Defence
Responses,” Cell 78:449-460 (1994), which are hereby incorporated by reference),

30  and Magnaporthe grisea (Sweigard, et al., “Identification, Cloning, and
Characterization of PWL2, a Gene For Host Species Specificity in the Rice Blast
Fungus,” Plant Cell 7:1221-1233 (1995), which is hereby incorporated by reference).



15 Tobacco Using Functionally Nonpolar hrpZ Del etion Miutations, Truncated
HrpZ Fragnents, and hrmA Miutations,"” M. Mcrobiol. 19:715-728 (1996),
which is {eygMzisncorporated by reference, specul ated that Ef‘fl}@?é){oﬁ‘}“ may
have. an anphi philic nature. However, the Erwinia harpins' profiles do not
match that of harpinferr]. Recently, a nunber of other secreted

gl yci ne-rich pathogenicity associated 20-45proteins, elicitors of the HR or
other plant-defense responses, have been descri bed from ot her pl ant
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other(s). The increasing availability of peptides such as Pepl 3, Avr9, P68,

and harpinferr] C305 with plant-defense response-eliciting activity (HR and
ot herw se)

20

Example 14 - Bacterial strains and plasmids

Escherichia coli stains used in the following examples include DH5a and
“BL21(DE3) purchased from Gibco BRL and Stratagene, respectively. The pET28(b)
‘vector was purchased from Novagen. Eco DH50/2139 contained the complete hrpN
‘gene. The 2139 construct was produced by D. Bauer at the Cornell University. The
25  hrpN gene was cleaved from the 2139 plasmid by restriction enzyme digestion with
HindIll, then purified from an agarose gel to serve as the DNA template for PCR
synthesis of truncated hrpN clones. These clones were subsequently inserted into the

(His)s vector pET28(b) which contained a Kan' gene for selection of transformants.

30 Example 15 - DNA Manipulation

Restriction enzymes were obtained from Boehringer Mannheim or Gibco
BRL. T4 DNA ligase, Calf Intestinal Alkaline Phosphatase (CIAP), and PCR



15 shoul d enabl e precise probing of their targets on or in plant cells,
as well as determ nation of whether their mechanisns of activity are
simlar, %ti n%{? or overl apping. Exanple 14 - Bacterial strains and .

pl asm ds ¥ & i chia coli stains used in the foll ow ng B<AMSPEESTHC| ude
DH5a and BL21 (DE3) purchased from G bco BRL and Stratagene, respectively.
The pET28(b) vector was purchased from Noyggen. Eco DH5[err]/2139 contai ned
t he conplete hrpN gene. The 2139 construct was produced by D. Bauer at the

Cor nel I Uni vergy : TN . cl-ga from.the 2139 plasmd b
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gel to serve LHaginePlahiidiMindKit, and the QUARuiKMATPusfiddioh i waleSirdHabdd

cl ones. These cl ones we sequently inserted into the (H s%% vect or
pET28(b) whi c#%ﬂ&‘%ﬁeﬁeﬁs\f’&%ﬂfgwrﬁ Wt @y nthesized by LofstrandLabs Limifedr nant s. 30

Ex le 15 - L Pl gy oy . bt.ai ped f

Boohr i nger_NeaRe e D) 0 PR dpebiget Wy oF S SRR S e srMRan el 1 ne

Egﬁs p_kll_ﬁt asqé ((Iﬂmgyi_lhn’ﬂXP_CRll DN‘?(MP‘{?‘tm ok &Hﬁsnﬁ_@é@ﬁiﬂahglﬁgﬁgﬁaﬁ gm S bco
: e re | ni Kit, the Q agen Plasm ni Kit, and the

Q Aqui ck PCép ﬁB%F‘F‘? é‘%%y ,ﬁh?m@ é‘??rtf Pesfarmed geserding o parlapd i ner s

were synt hesi ztinfied GhELEMILIAS dripBtbEls b3 del B T nuthlrer TE

ol i gopepti des were synt hesized by Bi 0- Synt hesi s, W'sville, TX).
Al'l DNA mani pul ati ons such as plasm d isolation, restriction enzyne

di gesti on, || feng and PCR we rformed according to standard
t echni quezo(gg’-‘gé&-ak—% cFB?ﬁ'ﬂ%’}ta P“Bfﬁf@*i&%e provi ded by the manufacturer.
Exanpl e 16"- Fragmentation of hrpN gene 10 A series of N-termnal and
C-termnal truncat éuSeticp RE Yeaeninaland; Griesminal truncatedonpdy geeescanddnterrsl ed vi a

S and & pri Aaplent incke pERAG RARLRORAE 1 HE R R Ry Rehy aysRa 52
primers cont akteddNAntemiptaté\atel 3°aand \Sirprimists werg dssifpedor edthaantaMeRnd> the
start codon AJG (Mt hionine) and the 5 priners contained the stop codon
TAA and a Hi ndi*fi {\gn%‘ﬁg et TS fgnigined ip ghe Neefeozyme ritting sitewhichrzentsined
Z SC'E g; : ng;f V\gnlfj}?i{ ﬁ};ﬁ% fzi:’i ‘é‘a"e:ﬁ% n(:i;?f:i’t‘lpé?? }‘irﬂné}s CENARIPLE rs{o]p 2389 T A 9700
| gation into the pET28(b) vector. PCR was
carried out in 0.5 ml tubes in a GeneAmp™ 9600 or 9700. 45 pi of Superinix™ were
mixed with 20 pmoles of each pair of DNA primers, 10 ng of full length harpin DNA,
and difO to a final volume of 50 pl. After heating the mixture at 95°C for 2 min, the
20 PCR was performed for 30 cycles at 94°C for 1 min, 58°C for 1 min and 72°C for 1.5
min. The PCR products were verified on a 6% TBE gel (Novex). Amplified DNA
was purified with the QIAquick PCR purification kit, digested with Nde I and Hind
III at 37°C for 5 hours, extracted once with phenoi:chloroform:isoamylalcoho]
(25:25:1) and precipitated with ethanol. 5 pg of pET28(b) vector DNA were digested
25  with 15 units of Nde I and 20 units of Hind III at 37°C for 3 hours followed with
CIAP treatment to reduce the background resulting from incomplete single enzyme
digestion. Digested vector DNA was purified with the QIAquick PCR purification kit
and directly used for ligation. Ligation was carried out at 14-16°C for 5-12 hours in a
15 pl mixture containing ca. 200 ng of digested pET28(b), 30 ng of targeted PCR
30  fragment, and 1 unit T4 DNA ligase. 5 - 7.5 pl of ligation solution were added to 100
pl of DHSa competent cells in a 15 ml falcon tube and incubated on ice for 30 min.

After a heat shock at 42°C for 45 seconds, 0.9 ml SOC solution or 0.45 m] LB media



m xed with 20 pnol es of each pair of DNA priners, 10 ng of full length
harpin DNA, and diHerr]Oto a final volume of 50 [err]l. After Qeati ng the
mxture aty§edebid C for 2 min, the 20 PCR was perforned fearraids/ sl es  at
94[err]C for 1 mn, 58 err]Cfor 1 mn and 72[err]C for 1.5 mn. The PCR
products were verified on a 6% TBE gel (Novex). Anplified DNA was purified
with the Q Aquick PCR purification kit, di*dested with Nde | and Hind Il at
37[err]C for 5 hours, extracted once with phenol:chl orof ormisoanyl al cohol
(25:25: 1) and wareaddeditaeadh twbé indihbubatdd at 37{@ for]chout. PETDS( imd 306cklaf DNA
were digested 25 wth 15 units of Nde | and 20 units of Hnd Il at
37[err] C for 3ransformed esllsoveseplaredonty hB agaewithsfwgm! eidanamyeimangdackgr ound
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42[err] C for 4mnsRemntisns. Pldmids WOCR desitd dODNAS sequetne Werd Bamsfetial into thé 7 -

were added to each tube and incubated at 37[err] C for .1 hoyr, 20, 100, and
200 [err]| of BE2insrain weing theistandyd chemicaksansimmatippmethod agiindicated abavie; 5/ ng

of kanamycin i n o/ hj&«}[’@'y el ' '

transferred t glorlﬁe %Eﬁgﬁeﬁ%tgggﬁhkﬁé\%u tegfogé\}g%?hg%&gm3 ?Jg?ﬂa%?efé}?ﬁatg% d
DNA was preparasa gositive 2ontrolpdndcaxlone witivonly the pET28(Q) Yestapvas genprated agiat . The
DNA fromthe transfornmed, cells was anal yzed by restriction enzyme di gestion
or parti al secﬂ%ﬁ'@Y“r@nFSI'veri fy the success of the transformations.

Plasm ds with the desired DNA sequence were transferred into the BL21
strain using the standard chem cal transfornmation nethod as indicated
above. A cl oncExampleilTi-Expressicnuef harpingrunested proteinst ei n i n t he pet 28(b)
vector was generated 10 as a positive control, and a clone with only the

PET28(b) wect or Wasggaeeskh esli BE2 (DEY) atrhivie conaining the kepdhpibaeshwere grown in
Expressi on of harpin truncated proteins 15 erj chi

(D/E3) s]'E rai ns lowia broth medivmdefy Bree | emwewgsfmﬁi%ﬁpr@am, %”gﬁ?‘ A 1m
L D Y, : j : Na
((:gnt ai ni ﬁg SS?W%%%SP&%%%%EF@%&%%& r i %%\@/’éelrom g ht ?Egb%%ﬁgeri z?-i)

wer e then i nocybmttRsh inbéatdthty 000IvEames of the senemediznh amd grosvngat SARC ttan

37[err]Cto an O)err] of 0.6-0.8, The bacteria re wenlinoc llated into
250 vol umes of ODam of§160.8. The bacteria were then inoculated mto 250 volumes of the same

)

20 medium and grown at 37°C to an ODgyo of ca. 0.3 or 0.6-0.8. One milli molar IPTG
was then added and the cultures grown at 19°C overnight (ca. 18 hours). Not all of
the clones were successfully expressed using this strategy. Several of the clones had
to be grown in Terrific broth (12 g/L Bacto Tryptone, 24 g/L Bacto yeast, 0.4%
glycerol, 0.17 M KH;POq, and 0.72 K,HPOy), and/or grown at 37°C after IPTG

25  induction, and/or harvested earlier than overnight (Table 2).



20
nol ar

medi um and grown at 37C to an OD)err] of ca. 0.3 or 0.6-0.8. One mlli
| PTG was then added and the cultures grown at 19[err] C overni ght (ca.
18 hours), t all of the clones were successfully expressed using this:

st rat egy.wgggésf‘ 4 of the clones had to be grown in Terrifi]c’gwg’fw%ﬂf’z g/ L

Bacto Tryptone, 24 g/L Bacto yeast, 0.4%glycerol, 0.17 M KH2PO4, and 0.72
Klerr]HPO err]), and/or grown at 37[err] C4gkter I PTG 25 induction, and/or
harvested earlier than overnight (Table 2). -48 - Table 2: Expression of

harpin truncated proteins TR CRkpres?éH 6h h‘i‘ﬁmca% ?FA dium Induction
O D. Expression tenp. Harvest til?re (SEQ al?% No. 63)%% 3 LB
ca. 0.3 or 0.6- 19[err]C or 25[err]C 16-18 hr (+ control)
0.8 2 - ] .Lg%nd IB... Ga.—0. 3 0or 0 6 C and 37 C
16-18 hr (+ :0%?%"8’?5 aggg aIcl?)d's rowth medium | Induction O.D. | Expressjogtergp. | Harvest time
105- 403 LB No. 23). 0.6-0.8 19[err]C 16- liP hr
4 16p—403 1403 B s R0t 06- | 19°C or et o T e
16-18 hr 5 (+ contral}- - 403 LB or MBZB] 08 9. 6-6:. ) ) Té’[er r]C
16-18 hr 6 7 29]- 403 G AETHPZP ca, 03 0r0.6- §- $90ami37C | 161 r]C
16-18 hr 7 | (+controi$43403 LB 08 ¢a. 0.3
19[err]C 3 5 [Nr105-403 LH- 75 0.6-0.3 19°C 1638 hiU. B
37[err]C 4 16- 159403 9 TB  1-1104 ca. 0.3 TB°C Ge-18 ht. 3
37[err]C 5 1G-130493 10 LBorM9ZB 1} 168.6-0.8 TB19°C 16-1€ k. .3
37C 16- 88 hr| 1257-403 LB oM®ZB 06-08 LB 19°C ica.16-08 I
37[err]C 7 4 HB-403 LB 1-342 ca03 LB19°C 5. 6-0.8
19C 16- 88 hr| 131-75 76TR09 ca.03 | B 37°C cd6-1§hr3
37C 5% 44 1-104 i76- 16§ 3oy | 37°C__ cla, 16:18hr
37[err]C B hrdr 161838 e 151B 10840309 37°@pzR | 16-18hr
ca. 0.3 11 274 1266 LB, 14 ca.0.3 154. 2ng37°C 4 tr
H h 1& 1 &_ 1€6Q9 LB | RO.6-0.8 °C n ~ 16-18 hr
e S RPA el PP e . s
37C 3 B 14 18T {37TBeYE c2- g STC ol Sprelels
37lerr]C 53" 105209 M9ZB ca. 03 37°C Thr
16 169-209 no expression
17 105-168 LB ca. 0.3 37°C 3-5hr
18 99-209 LB ca, 0.3 37°C 3hr
19 137-204 LB ca. 0.3 37°C 3hr
20 137-180 LB ca. 0.3 37°C 16-18 hr,
21 105-180 LB ca, 0.3 37°C 3br
22 150-209 no expression
23 150-180 no expression
General expression method: Escherichia coli BL21(DE3) strains containing the hrpN subclones were
5  grown in Luria broth medium (5g/L Difco Yeast extract, 10 g/L Difco Tryptone, 5g/L NaCl, and 1 mM
NaOH) containing 30 pg/ml of kanamycin at 37°C overnight, The bacteria were then inoculated into
100 volumes of the same medium and grown at 37°C to an ODgy 0f 0.6-0.8. The bacteria were then
inoculated into 250 volumes of the growth medium and grown at 37°C to a specific induction ODg.
One milli molar IPTG was then added and the cultures grown at an optimal temperature for protein
10 expression, and harvested at a particular time for recovery of the highest level of protein.
Example 18 - Small scale purification of harpin truncated proteins (verification
of expression)
15 -
A 50 ml culture of 2 hrpN clone was grown as above to induce expression of
the truncated protein. Upon harvesting of the culture, 1.5 ml of the cell suspension
were centrifuged at 14,000 rpm for 5 minutes, re-suspended in urea lysis buffer (§ M
urea, 0.1 M Na,HPOy, and 0.01 M Tris -- pH 8.0), incubated at room temperature for
20 10 minutes, then centrifuged again at 14,000 rpm for 10 minutes, and the supernatant



20 137-180 LB ca. 0.3 37[err]C

16-18 hr. 21 . 105- 180 LB ca. 03 :
37[ err] C WO 98/54214 3 hr 22 150- 209 PCT/US98/10874 NO
expression 23 150- 180 no expression
General expression nmethod: Escherichia cghé_BLZl( DE3) strains containing
the hrpN subcl ones were 5 grown.in Lurird broth nmedium (5g/L D fco Yeast
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One mlli molar | PTG was then added and the cultures grown at an opti nal

tenperature fDekResand 004 M TrisyppHSstopentrafyging ot 9000 spm der fiveyminutesul ar
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hour. The nickel agaf9sf ﬂiﬁﬁottﬁlﬁﬂmﬂc&ﬁ&@?éwmsm&%h%%ﬁﬁ%@nw
buffer (8 Murea, 0.1 MNa[err]HPQ err], and 0.01 MTris -- pH 6.3),
centrifuging the thigawed prieinowas tentrifuged ateld, 000 rphsfonéam minutes args.  The
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cultures gro r {1 D1 b RL L : LAS was
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syringe without a needle. The HR response was recorded 24-48 hr post infiltration.

7.3

Tobacco (Nicotiana tabacum v. Xanthi) seedlings were grown in an environmental

20  chamber at 20-25°C with a photoperiod of 12-h light /12-h dark and ca. 40% RH.
Cell lysate was used for the initial HR assays (in order to screen the truncated proteins
for HR activity) as the small scale urea purification yielded very little protein which

was denatured due to the purification process.

25 Example 20 - Large scale native purification of harpin truncated proteins for
comprehensive biological activity assays
Six 500 ml cultures of a hrpN clone were grown as described earlier to induce
expression of the truncated protein. Upon harvesting of the culture the cells were
30 centrifuged at 7,000 rpm for 5 minutes, re-suspended in imidazole lysis buffer (5 mM
imidazole, 0.5 M NaCl, 20 mM Tris) plus Triton X-100 at 0.05% and lysozyme at 0.1
mg/ml, and incubated at 30°C for 15 minutes, sonicated for two minutes, then

centrifuged again at 15,000 rpm for 20 minutes, and the supernatant was saved. A 4



cell suspension was sonicated for ca. 30 seconds then diluted 1:2 and 1:10
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20-25[err] C wi Rubiytia ' =Bl 2% I 40% RH.
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m nutes, sonicated for two minutes, then centrifuged again at 15,000 rpm
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mi nut es bet wedk! JepsAding pomthe sizg of ths thncated projein te yerifythe expession: ddeaphy

colum. The c WASH ' i ' 4 any
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m of i m dazolastaidatd proteinumfthe Matk M moledalaoiveighOnfarker.NaCl , and 20 nM Tri s)

by incubating the colum with the elution buffer for ten mnutes at room
tenperature and then centrifuging the colum at 1100 rpmfor one 10

mnute. The el 1S - LaPgOdtale vhed Pirifitatibof Rirpin HAmeafdd Tirofeifd fo51 Ne
pre-cast gel depending W Hpr fedfiol8 i&f%tﬂf%ﬁ&ged protein to veri fy the
expression. The concentratron of the proteins s determ ned b%/ conpari son
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truncated protgédiysik®hffer, washing buffer, and elution buffer were used, and the cells were not

20  sonicated as in the native purification. After puriﬁcation, the protein was renatured

by dialyzing against lower and lower concentrations of urea over an eight hour period,
then dialyzing overnight against 10 mM Tris/20 mM NaCl. The renaturing process
caused the N-terminal proteins to precipitate. The precipitated 1-168 protein was
solubilized by the addition of 100 mM Tris-HCl at pH 10.4 then heating the protein at

25  30°C for ca. one hour. The concentration of the protein was determined by
comparison of the protein bands with a standard protein in the Mark 12 molecular
weight marker. The 1-75 and 1-104 protein fragments were not successfully
solubilized using this strategy so they were sonicated in 100 mM Tris-HCI at pH 10.4
to solubilize as much of the protein as possible and expose the active sites of the

30 protein for the biological activity assays.
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51 - Exanple 22 - Expressiqn.of harpin tr uncat%{i proteins The small scale
expressi on and pBrPrEsEoR F““t"ﬂ&"? hapip Funeated BRotrins (smaly seale seseaningden f or
expression and HR activity (Table 3). 5 ’
Tabl e 3 Exprdssi drgmenti# HR pct AminpycidS hhr pi nExprasinmat ed [pr ofi&iantyvitf sna) |
scal e screenilng) Fragnent { (SEQ.ID.Ne2¥o| Aci ds Expression
HR activity (ISEQICkesrrolin p3) | §-4%nntral) Y 1-40 + +
+ 2(- controll)__2(contro) -__backhbeskerppndpgieioplydn|y -~ 3
105- 403 3 105403 + 47 _150-403
+ 4 210403 169-403 + N -
s S T B P—
343-403 7 33408 [ O+ 5
+ T 175 104 T +T
1-266 0 1-168 + ¥ ¥

77 1-266 ¥ s

12 1-342 + +

73 76-209 T ¥

74 76-168 ¥ -

15 105-209 + +

16 169-209 - -

17 105-168 " "

18 99-209 + +

19 137-204 + +

20 137-180 ¥ ¥

21 105-180 ¥ .

22 150-209 - -

23 150-180 - -

10  All of the cloned fragment proteins were expressed to a certain degree except for three
small fragments (amino acids 169-209, 150-209, and 150-180). The fragments were
expressed at varying levels. Fragments 210-403 and 267-403 were expressed very
well, yielding a high concentration of protein from a small scale purification, resulting
in a substantial protein band on SDS gel electrophoresis. Other fragments (such as

15 a.a. 1-168 and 1-104) produced much less protein, resulting in faint protein bands

upon electrophoresis. It was difficult to determine whether fragment 343-403, the
smallest C-terminal protein, was expressed, as there were several background proteins

apparent on the gel, in addition to the suspected 343-403 protein. The positive and



12 1-342 + + 13

76- 209 + + 14 ' 76-168

+ - 15 105- 209 +

+ 16 WO98/54214169_ 209 _ PCT/\yS98/10874
105-168 + - 18 99- 209

+ + 19 137-.204 + '

+ 20 137-180 -, + + 21
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and 267-403 wenrg
protein froma s
band on SDS gel
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r I tion of
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el ectrophoresis. QG her fragnents (such as 15 a.a. 1-168

refable4ng in faint protein bands
It was difficult to determ ne whether fragnent

343-403, the s rraEiépneﬁsx&z le@élmnB &R fite® bEhApinBmcRSP pRAGAS (lad8 shiB §ﬁﬁﬁ¥\ﬁf<ﬁ)
several background proteins apparent on the gel, in addition to th
suspected 343-403 pr ot el n. The p03| tive and - 52- negative contr oI
proteins, congtstt fratheTHoHShen ' e-r—gRa—enhyzpackgreund
proteins, respectively, were g@g{“ﬁﬁq 98) expresgl onanand HR acti Vi Fy as wel}l .
The | arge scalf® eypidghth)on andpUL4es T Cat Tfon Umll ragiremnt plsl-’LpE'n;ub Wers
done to detern 2 vetTof —expression amd trIer of e HRFgGE Ty
(Table 4). 5 4 169-403 2 mg/ml rafpte 4 EXpressron
| evel and HR tfiTer ofs har pi i {1 URQAEA Prjot el NEmg/mBl g€ gal € purificatrion
Fragnment # Ameéno acl gs 267-403 BEXpPr ess4mgml HRTIter
(SEQ ID. No. [2Z3) T @+ control) 343-402 J- 403 200pg/ml 3.7 nym
5-7 [err]g/m (- centrol) 1-75 - 50pg/m] - -
1: 2 dilution 9 169-14108 SOug/ml MO/ M| 3 pg/ml (1:16 dilution)
- 10 1-168 1 mg/ml 1 pg/ml
13 76-209 2.5 mg/ml 5'g/ml
14 76-168 2 mg/ml e
15 105-209 5 mg/ml 5-10pg/ml
17 105-168 250pg/ml -
19 137-204 3.6 mg/ml 3.5 ug/ml
20 137-180 250 pg/ml 16 ug/ml
10
Not all of the proteins were expressed in large scale due to time constraints. The
truncated proteins deemed to be the most important in characterizing harpin were
chosen. The positive control (full length harpin) was expressed in a relatively high
15 level at 3.7 mg/ml. All of the C-terminal proteins were expressed at relatively high
levels from 2-5 mg/ml, except for fragment 343-403 as discussed earlier. The
N-terminal fragments were expressed very well also, however, during the purification
process, the protein precipitated and very little was resolubilized. The concentrations
in Table 3 reflect only the solubilized protein. The internal fragments were expressed
20  in the range of 2-3.6 mg/ml. It was extremely difficult to determine the concentration

of fragment 105-168 (it was suspected that the concentration was much higher than
indicated), as the protein bands on the SDS gel were large, but poorly stained. The
negative control contained several background proteins as expected, but no obviously

induced dominant protein.
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the concentration wag, ol : Walell . - nr ' ds on
the SDS gel were |ar gee,rﬁé ?ﬁ%dq’%glgﬁaiﬁ%@gﬁgﬁ‘?&%‘g’%é‘gg@ﬂ@%ﬂ%@& 80%?ai ned
sever al backgr dromlapr 71 80s(SEQ. dRpNo0123]), a mete 4voa.aliy identifisd astie smdlleho FRhant

tein. - 53 -, le 23 - .| lon of HR in taqb T I, ] th
oot L1 ve cont r omgitty rapBernorensal 1 demiain 8 ghcighy cbe3peeq ighe N-prminus of
negative contr ghe fidkeln &8 d4.41110RQApEssNY afal F-qa SEG. 9D No: 22¥W1P@a§ﬁl1gﬁ§ﬂ_lgﬁd

only 5 background proteins - elicited an HR response down to t
di | ution, Wi cleohfime pruarrdvedesn gietN-j¢rminust HR demainsdue ta she difficidtiesand 1: 2

Do i1 one Cou! Soblinda HEsiinnl sl RgRebfirths! ‘e e BaBhlchl rbteird
" had to be purified with urea as no protein was recovered when the native purification
process was used. Consequently, these proteins precipitated during the renaturing
process and were difficult or nearly impossible to get back into solution, thereby
20  making it hard to run the proteins through the HR assay, as only soluble protein is
able to elicit HR. Difficulty narrowing the N-terminus HR domain was only
compounded by the fact that the negative control elicited false HR at the low dilution
levels thereby reducing the sensitivity of the assay.
The internal domain proteins elicited an HR response between 5 and 10 pg/ml
25  of protein like the positive control, and the N-terminus domain proteins elicited an HR
response between 1 and 3 pg/ml, lower than the positive control.
Surprisingly, when the internal HR domain was cleaved between a.a. 168 and
169 (fragments 76-168 and 105-168) (SEQ. ID. No. 23) the fragment lost its HR
activity. This suggests that the HR activity of fragment 1-168 (SEQ. ID. No. 23)
30 should not be attributed to the internal HR domain, but rather to some other domain,
leading to the assumption that there was likely a second HR domain to be found in the
N-terminal region of the protein. However, as discussed earlier it was difficult to

confirm this assumption.
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conpletely dialyzing out. Imdazole at a concentration of ca. 60 nM did.
elicit a false HR 10 response. One definitive domai n enconpassed a snal |

i nt er nal r‘galg@ﬁ 2t the protein froma.a. 137-180 (SEQ | D. BG@/US28}0874 nere
44 a.’a, is identified as the smallest HR donmin. The other potential HR
domain is thought to be located in the N-tggm nus of the protein from a. a.
1-104 (possibly a.a. 1-75). (SEQ ID. No. 23). It was difficult to 15

confirmor narrow d difficulties

encountered in puri 1?13?%9 ﬁ%géeﬁfmagnen%ﬁpm%'el'ﬁé%f‘giprﬂ%ﬁgn@égnent

proteins had t HRxdomaini Htididinotielioit BReat sadetevtably levelusingale ERfedy BiREsksyyIen t he

native purification roc s was, used. gonsequentl t hese protelns

preci pi t at ed dg?’?nh °fqfge éﬁ%‘?’&?ﬁ‘%’@"ﬁﬁ“& 8812 %1r1§9\ﬁ9 ESEQ{ID. No. 23pdidmen eligit

| npossible to t iR rd to run
HR! eved tough itonRintidi paht ofttﬁh%t’eﬁi’ ?18} d ;{g@lét gg ﬁ*#@a}ew& tﬁ%

the proteins through the HR assay, as onl

elicit HR 3D fpiotain between a.onl G8pndHE9 I(SEQrID rNus ZBrR:aihsm J0sy\GEHR Rk tivity.
conpounded by the f ct t hat t%ﬁh erﬂ |ve ontrol %i icited false HR™at the
low dilution |evels F‘F?é‘?“ei??‘er 3 %F‘HB" RIQtsins; with 61 ap. qrjessaeesapot The

i nternal domai g p?és@écﬁlsés‘t‘er@dhgbﬁéiﬁdéﬁwﬁ@s?ﬁtﬁan A 1'9?%?"59%51&&9@(9]0%&5” g/ m

25 of protein |ike the positive contro term nus

proteins el i cifuagtiensl mlmmwm@t%dnmmnaI‘Idheiehgqvap}xgémerelspmmesaéaan t he

ositive contr QYA e HR do s ¢| eaved
Bet ween a.a. 1 ghm%ﬁé%ggg fg : %Q§§61ggr}g &ai‘o’éﬂ’s‘s‘)fn% lgPE)d1 dgpt 23)
t he fragmehit IclﬁﬁtthéBIH'iBs a¢v1 RS 12 f
fragment 1-168 (SE o t"”“”“ opeBbaas herd Al bian R bk

internal HR do‘ﬂtﬂOﬁ%?) ﬁﬁf]eﬁlhbﬁd WWH{BSQ)&SIE& IRolNai 23) a’sémdftfrggmentsﬂﬂinot

tion th b din th

Neterninal gy e Rty Enho B BRARE A T6S (ERY kR 2t Y B peiad

difficult to ciaf themligb|1§oa§9tquQ|m1No 23)w5141d-elx&’i‘ﬂﬁnl\m&b?bx§etﬁfi FhoI4 3. a.
t

210-403 (SEQ |\ D.  No. .2 di.d n contain_gn HR domain did not elicit
HR at a ((:Iet ecté i 30 4“%\%?‘)02?&#}9{ PEqiFinde eliganyactyity dyaste a laek offolding

C-term nalisf r agiibierdrbra Aok of bAINAY? HaPBRing e sineir il otk gxlaﬂ)om

even though it contained part o e intern
the 5  prot eiaminervide weee miss&b@itherdn ﬂﬁ@r@%@ or simpljNoy ﬂib%hoﬁﬁuﬁ‘@ﬂn@h 3@55 of

HR activity. Because.,S f the one roteins,with . or |ess
were not y aniino acids ?o syna\esmg) an%inﬁlercfore t?m %aE ents would not be able o ehclt

HR. Itis also possible, although umnlikely, that these small proteins would have
undergone some form of post-translational modification within the E.coli cell that
20  they did not contain when synthesized and, therefore, were not able to elicit an HR

Tesponse.

Example 24 — Biological Activity of HR Inducing Fragments

25 The two N-terminal harpin fragments spanning nucleotides 1-104 and
nucleotides 1-168 of the nucleic acid of SEQ. ID. No. 24 were effective at inducing
resistance of tobacco against TMV, in a similar manner as the full length harpin
protein. The internal fragments spanning nucleotides 76-209 and nucleotides 105-209
of the nucleic acid of SEQ. ID. No. 24 were also effective at inducing TMV

30  resistance. In addition, these same four fragments conferred plant growth
enhancement (“PGE”) in tomato increasing the height of the plants from 4-19% taller
than the buffer control plants. The full length harpin protein induced growth
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9 1-104 + + 4-8% 10

1-168 + + 5-13% 13 ) . 76-209

+ 4-18% 15 . 105- 209 + _

+ wo”/s“g-f‘!LQ%Although the invention has been describadryH ' ®Wetail for
the purpose of illustration, it is understood that such detail is solely

for that purpose, and variations 10 <% be nmade therein by those skilled
in the art without departing fromthe spirit and scope of the invention
which is defined by the fol | owi ngseduaivess LIsTINGS6 - SEQUENCE LI STING (1)
GENERAL | NFORVATI ON: (i) APPLI CANT: Cornell Research Foundation, Inc. and
EDEN Bi osci ence Corporation (ii) TITLE OF | NVENTI ON: HYPERSENSI Tl VE
RESPONSE (EL | GENFROR: FRAGRYESA®Y:EL | Cl TI NG A HYPERSENSI TI VE RESPONSE AND USES
THEREOF (iii) NUMBER OF SEQUENCES: 30 (iv) CORRESPONDENCE ADDRESS: (A)
ADDRESSEE: Ni (b rAPRLAEHTEy eCorpeldaRss @ oy Feunde Fiong) IrgT REEY :EDEN | BiberiSpear €,
P.O Box 1051 (C) CITY: RJtHES¥HioPD) STATE: New York (E) COUNTRY: U.S. A
(F) zIP: 14603 (v) COVWPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy disk (B)
COVPUTER: | BfiPCE o i(THV Y : OPERATHKESRS Eﬁésseﬁwwo%m
SOFTWARE: Patentln Rel ease #1.0, Versi SHA%%%&F?%I@EWEW ON
DATA: (A) APPLI CATI ON NUMBER: (B) FI LI REFIINFE ANPCYSRE ASEHF CATI ON:

{(iii) NUMBER OF SEQUENCES: 30 )
{iv) CORRESPONDENCE - ADDRESS :

(a) ADDRESSEE: Nixon, Hargrave, Devans & Doyle LLP

{B) STREET: Clinton Square, P.0. Box 1051

(C} CITY: Rochester

{D) STATE: New York

{E) COUNTRY: U.S.A.

(F) ZIP: 14603

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

{(vi) CURRENT APPLICATION DATA:
{a) APPLICATION NUMBER:
(B) FILING DATE:
{C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: US 60/048,109
{B) FILING DATE: 30-MAY-1997

{(viii) ATTORNEY/AGENT INFORMATION:
{A) NAME: Goldman, Michael L.
{B) REGISTRATION NUMBER: 30,727
(C) REFERENCE/DOCKET NUMBER: 19603/1302

{ix) TELECOMMUNICATION INFORMATION:
(A} TELEPHONE: (716) 263-1304
(B) TELEFAX: ({716) 263-1600

{2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 31 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear



(vii) PRI OR APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER US 60/ 048, 109 (B)

FI LI NG DATE; 30- MAY-1997 (viii) ATTORNEY/ AGENT | NFORMVATI ON: (A) NAME:

Col dman, Woedmsabid. (B) REG STRATI ON NUMBER 30, 727 (C) REpeRRNoEAISKET
NUMBER: 19603/ 1302 (i x) TELECOMMUNI CATI ON | NFORVATI ON: (A) TELEPHONE: (716)
263- 1304 (B) TELEFAX: (716) 263-1600 (2)_ | NFORMATION FOR SEQ ID.NO 1: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH 3¥7rase pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: |inear -57 - (ii) MOLECULE TYPE:
CDNA (xi) SEQUENCPLEREERFFRE:OSPNASEQ | D NO 1: GGGAATTCAT ATGAGTCTGA
ATACAAGTGG G 31 (2) | NFORMATI ON FOR

SEQ ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 31 base pairs (B)
TYPE: nucl ei éxEciSFPelCESPREMREETIISSSES iTRgI®E 1¢D) TOPOLOGY: linear (ii)
MOLECULE TYPE: cDNA %xi) SEQUENCE DESCRI PTI ON:* SEQ | D NO: 2: GGGAATTCAT
AT G&ﬁ'— CTGA ATACAAGTGG G 31 (2) 31

| NFORVATI ON FOR SEQ I D NGO 3: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:. 29

base pai 15, ( Bredrlflrrod $6koik 262
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:2:

GGGAATTCAT ATGGGCGGTG GCTTAGGCGG T 31

(2) INFORMATION FOR SEQ ID NO:3:
- (1) SEQUENCE CHARACTERISTICS:
{n) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE:.cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GGCATATGTC GAACGCGCTG AACGATATG 29

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

GGGAATTCAT ATGTTAGGCG GTTCGCTGAA C 31
(2) INFORMATION FOR SEQ ID NO:5:



(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE:.cDNA (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NGO 3: GGCATATGIC GAACGCGCTG AACGATATG

29 (2) I NFORMATI ON FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STICS: *(A) .
LENGTH: 3lwbasséxiairs (B) TYPE: nucleic acid (C STRANDEDNES3/USSBMeR7e (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRIPTICN SEQ I D

NO 4; GGGAATTCAT ATGITAGECG GITCGCTGAA CS

31 (2) I NFORVATI ON FOR SEQ I D NO 5: %8 - (i) SEQUENCE CHARACTERl STI CS:
(A) LENGTH 29 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: r(ii) b XPE. CONA (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO. 5: E R %

29 (2) | NFORVATI ON‘; 6 SEQUENCE CHARACTERI STI CS: ( A)
LENGTH, 29 base pajds staik ic acid (O STRANDEDNESS: single (D)
TOPOLOGY: |inear (|g) J_El;gggyz CDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 6; GGCATATGIC AA CCCAA AA

29 {ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:

GGCATATGCT GAACACGCTG GGCTCGAAA . 29

{2) INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
{C}) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: c¢DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

GGCATATGTC AACGTCCCAA AACGACGAT 29

{2) INFORMATION FOR SEQ ID NO:7:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE:  cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

GGCATATGTC CACCTCAGAC TCCAGCG 27

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 34 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear



(2) I NFORVATION FOR SEQ ID NO 7; (1) SEQUENCE CHARACTERI STICS: (A) LENGTH:
27 base pairs (B), TYPE: nucleic acid (C) STRANDEDNESS:. single (D) TOPOLOGY:
li near (iwo dd84bf@ULE TYPE; cDNA (xi) SEQUENCE DESCRI PTI ON: pSiEfashdAdied 7:
GGCATATGIC CACCTCAGAC TCCAGCG 27
(2) I NFORVATION FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
34 base pairs (B) TYPE: nucleic acid (T STRANDEDNESS: single (D TOPOLOGY:

| i near -59 - (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 8: GGGAATHEEATMOK > FENERTGGTGA TGGG

34 (2) | NFORVATI ON FOR SEQ ID NO 9: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 31 base gai rs TYPE. nucleic acid (C) STRANDEDNESS: ‘single (D)

TCPC]_OGY | i {&ar SRQUEN E%H_PE PPERR NMO{% ) SEQUENCE DESCRI PTION: SEQ I D
TTCAT AT
31 (2) FOdT Eﬁ@&%%’r%ﬁ% SEQUENCE CHARACTERI STICS: (34

LENGTH: 31 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single

{2) INFORMATION FOR SEQ ID NO:S:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 31 base pairs
{(B) TYPE: nmucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

GGGAATTCAT ATGGGTAATG GTCTGAGCAA G 31

{2) INFORMATION FOR SEQ~ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

GGGAATTCAT ATGRAAGCGG GCATTCAGGC G 31

(2) INFORMATION FOR SEQ ID NO:11:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: 'linear

(ii) MOLECULE TYPE: CDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
GGGAATTCAT ATGACACCAG CCAGTATGGA GCAG 34



(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NGO 10: GGGAATTCAT ATGAAAGCGG GCATTCAGEC G

31 (2) "\57‘339 TION FOR SEQ ID NO 11: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 3WU%08airs (B) TYPE nucleic acid (C) STRANDEDNBCKUSS1§8Me (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 11: GGGAATTCAT ATGACACCAG CCAGTATGEAECAG '

34 -60- (2) I NFORVATION FOR SEQ I D NO 12: (i) SEQUENCE CHARACTERI STI CS:
(A) LENG[3). 18toldaseol dorSskdBhp Whz. nucl eic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 12:{i (XehiyoNdE\buiibooehiacés CCCCCCATCA T

31 (2) | NFORVATI Qi) FEERGDES J1D0dkd paird i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 31 base p@airsysEB) ndciREe awdal ei ¢ acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (i 3TRUShEIRNHESE: BiREle cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 13: GCAAGCTTAADATEEDLGAMGCLG¢EETCGACA G '

31 (2) I NFORVATI ON FOR SEQ I D ND: 14:

(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

GCAAGCTTAA CAGCCCACCA CCGCCCATCA T - 31

(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:13:

GCAAGCTTAA ATCGTTCAGC GCGTTCGACA G 31

{2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: ¢DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

GCAAGCTTAA TATCTCGCTG AACATCTTCA GCAG 34

{2) INFORMATION FOR SEQ ID NO:15:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



(1) SEQUENCE CHARACTERI STICS: (A) LENGTH:. 34 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D) TOPOLOGY; linear (ii) MOLECULE TYPE: CDNA
(xi) SEQURNRsPEICR PTION: SEQ I D NO 14: GCAAGCTTAA TATCT gé%g%p TCA
GCAG 34 (2) |1 NFORVATI ON NO 15:
(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 30 base pairs (B) TYPE: nucleic

acid (C) STRANDEDNESS: single (D) TOPGL®GY: |inear -61- (ii) MOLECULE
TYPE: cDNA (xi) SEQUENCE .DESCRI PTI ON: SEQ I D NO 15: GCAAGCTTAA GGTGCCATCT
TGCCCATCAC 30 (2) | NFORVATI ON FOR

SEQ | D NO. 1641} i JOLECVRE-ERE CIPIRCTERI STI CS: (A) LENGTH 34 base pairs (B)
TYPE: nucleic acid (CD STRANDEDNESS: single (D) TOPOLOGY: linear (i)
MOLECULE TYPE: cDNA (xi) SE gPENCE DESCRI PTI ON: SEQ | D NO 16: GCAAGCTTAA
ATCAGTGACT defrr GEPCRIPTION: SEQ ID NO:15: 34 (2)

| NFORVATI ON FOR Sﬁé&lD h(ll?. %y%m?EQUENCE CHARACTERI STICS: (A) LENGTH 31
base pai PGS FETCTATFE i TECE C) STRANDEDNESS: single (D) TOPOLTIGY:

| i near

{2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY:'linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

GCAAGCTTAA ATCAGTGACT CCTTTITTAT AGGC 34

{2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

GCAAGCTTAA CAGGCCCGAC AGCGCATCAG T 31

(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 31 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPQOLOGY: linear
{ii) MOLECULE TYPE: CDNA
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:18:

GCAAGCTTAA ACCGATACCG GTACCCACGG C 31



(ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 17:
GCAAGCTTAA CAGGCCCGAC AGCGCATCAG T 31

(2) | NFORVATI ON FOR SEQ I D NO 18: (i) SEQUENCE CHARACTERI STI'CS: (A) LENGTH:
31 base pave$s8484 TYPE: nucleic acid (C) STRANDEDNESS: si ndiCE/{SDS/108DPOLOGY:
|inear (ii) MOLECULE TYPE; cDNA (xi) SEQUENCE DESCRI PTION. SEQ ID NO 18:

GCAAGCTTAA ACCGATACCG GTACCCACGG C 31

-62 - (2) I NFORVATI ON FOR SEQ I D NG 19: 6% i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 34 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

N 16, CANRFPRR IR PRI rcd Tons ) o o SRR

34 (2) | NFORMATI j¥iVa} SEQUENCE CHARACTERI STICS: (A
LEN(GT?—I 25 bg@-el; %\b &%E@asgg&f ;(3::) aci Slu( C) STRANDEDNESS: si ngl(e)(D)

TOPOLOGY: |inear (g )I.ng_lg CDNA (xi) SEQUENCE DESCRIPTION: SEQ I D
NO: 20: GCAAGCTTAA[ ggc;T;rg
25 (2) | NFORMATI Obb)F@Br&icavt QiNga21: (i) SEQUENCE CHARACTERI STI CS:

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

GCAAGCTTAA TCCGTCGTCA TCTGGCTTGC TCAG 34

(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

GCRAGCTTAA GCCGCGCCCA GCTITG 25

(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:

) (A) LENGTH: 338 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

Met Gln Ile Thr Ile Lys Ala His Ile Gly Gly Asp Leu Gly Val Serx
1 S 10 15

Gly Leu Gly Ala Gln Gly Leu Lys Gly Leu Asn Ser Ala Ala Ser Ser
20 25 30

Leu Gly Ser Ser Val Asp Lys Leu Ser Ser Thr Ile Asp Lys Leu Thr
35 40 45



(A) LENGTH: 338 amino acids (B) TYPE: am no acid (C) STRANDEDNESS: (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO 21: weps/send |l e Thr |le Lys Ala His Ile Ay Gy Asp Letr/Giogndily Ser 1
5 . 10 15 dy Leu Ay Ala Gdn dy Leu Lys
Gy Leu Asn Ser Ala Ala Ser Ser 20 6 25 . 30
Leu Gy Ser Ser Val Asp Lys Leu Ser Ser Fir Il'e Asp Lys Leu Thr 35

40 45 .-63 - Ser Ala Leu Thr Ser Met Met Phe Ay Ay Ala
Leu Ala dn (ge§ 3R, sy Thr'Ser Met Met Phe GJy Gly Ala Leu Ala Gln SlgoLery Al a Ser
Ser Lys Ay Leu 8y Mt Ser Asn Gh Leu Ay A n Set® 65 70
75 8043heGIyAsnGI¥AIaGInGIyAIaSer Asn Leu Leu Ser
Val Pro Lys %y Ala Ser Ser Lys Glygrd;-.u Gly Met Ser Asn-Gln Heu &1y c@nysa-y Asp Al a
Leu Ser Lys MBt Phe Asp Lys A’ Leu Asp Asp 100° 8905

110 Leu Leu ' Val, T eu, Thr A n Ser Ann_dn 115
120 Bk H};Aéﬁg%{q]_éba '3 %’nkgrééﬁeﬁltéﬁ“%eﬁ%ﬁggér:@ F¥%et Thr
G@Gn @y Asn Met 130 135 1407"Asn Al a Phe
Ay Ser Gy \@h 14 WuSEdr $6L MecCrifY 145, 150

éﬁp.;?%ol n G yuLeur y {gsn Ser s%er%&sSera (ifﬁ Bre*®r an Pro
Ser Leu Ay 165 170 175 Ala Ay Ay Leu
An Gy Leu Sph AW o ai@ XsPArPra AP 19sNndifdnd8n Gin ser Asn ein 185
190 Ay Asn Ala lleigby Met Ay Val @&y G n Asn Ala Aiss Leu Ser Ala 195
200 205

Leu Ala Asn Ser Met Leu Asn Ala Ser Gln Met Thr Gln Gly Asn Met
130 135 140

Asn Ala Phe Gly Ser Gly Val Asn Asn Ala Leu Ser Ser Ile Leu Gly
145 150 155 160

Asn Gly Leu Gly Gln Ser Met Ser Gly Phe Ser Gln Pro Ser Leu Gly
165 170 175

Ala Gly Gly Leu Gln Gly Leu Ser Gly Ala Gly Ala Phe Asn Gln Leu
180 185 180

Gly Asn Ala Ile Gly Met Gly Val Gly Gln Asn Ala Ala Leu Ser Ala
195 . 200 205

Leu Ser Asn Val Ser Thr His Val Asp Gly Asn Asn Arg His Phe Val
210 215 220

Asp Lys Glu Asp Arg Gly Met Ala Lys Glu Ile Gly Gln Phe Met Asp
225 230 235 240

Gln Tyr Pro Glu Ile Phe Gly Lys Pro Glu Tyr Gln Lys Asp Gly Trp
245 250 255

Ser Ser Pro Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser Lys
260 265 270

Pro Asp Asp Asp Gly Met Thr Gly Ala Ser Met Asp Lys Phe Arg Gln
275 280 285

Ala Met Gly Met Ile Lys Ser Ala Val Ala Gly Asp Thr Gly Asa Thr
290 295 300

Asn Leu Asn Leu Arg Gly Ala Gly Gly Ala Ser Leu Gly Ile Asp Ala
305 310 315 320

Ala Val Val Gly aAsp Lys Ile Ala Asn Met Ser Leu Gly Lys Leu Ala
325 330 335

Asn Ala



Leu
215
Adn
240
250
Al a
Asp
285
295
Ay
320
330

Ser
Phe
Q n

Leu
Ay
Al a

Il e
Al a

Asn Val Ser Thr
Met As
TotoBgetf |
255 Ser
Ser Lys 260
Met Thr Gy Ala Ser

Met
(2)

Gy Mt

Asp Al a 305

Val

H s Val

Ser

230

ulle Phe Ay Lys Pro Gu Tyr

26564 -

Asp Ay Asn Asn Arg Hi s Phe Val
220 Asp Lys Gu Asp Arg Gy Met Ala Lys Qu Ile Ay

A n Lys Asps}’(@ﬂffss‘?"l’?f"‘MS
Pro Lys Thr Asp Asp Lys Ser Trp Ala Lys
270 Pro Asp Asp

Met Asp Lys Phe Arg A n 275

Ile Lys Ser Ala Val

Val) Skousiep duasadisridtEesAsn Met Ser
(a) LESETHASPLAl Base pabds -
(1) SEQUENCE CHARMOTERPESThGSLeilcAreddENGTH: 2141 base pairs (B) TYPE
acid (C) STRANDEDNESSTRANDEQNESS:DyingDROL OGY;

(2)

i near

Leu Gy

315

210

Ala Gy Asp Thr Gy Asn Thr 290
INFORMATIONSBSR A80 ireholARt Leu Arg Gy Ala Ay Ay Ala Ser Leu
310

Lys Leu Ala 325

280

| NFORMATI ON FOR SEQ | D NG 22:

nucl ei ¢
(ii) MOLECULE TYPE: DNA

(genomic) (xi) SEQUERCEOWESCRIIRERON: SEQ | D NO 22; CGATTTTACC CGGGTGAACG
TGCTATGACC GACAGCATCA CGGTATTCGA CACCGITACG
CCGGCATCAG GGEGCHIESPLEGREECTNAA (9ere@BaCGT C
GGACACCGEGEG CGTGAACTCA TGATGCAGAT TCAGCCGEEG
GCGCACCCTG CTCCCTCGIC GITATCAGCA GGCGGCAGAG

CCTGAACGGC ABHEGATESUEFCE RPERIRFFN cRERCERTPE22:

TCCGCAGGTG ATCGAACGTT TGTTTGAACT GGECGGGAATG
AGCACCGACERETTEAET (ISSCTRREBACAERSZAAC

GCGTTTATGG

GATCTGGTAT

CAGCAATATC

TGCGATGGCT

CCGTCGGATC

ACGTTGCCGT

CGATCATTAA

CACCGTCGGC

GGCATCCGTT

AATTACGATC

TCAGGGACTG

GAGCAGCACC

GGCGCAGGGG

TTTCGGCAAT

TGCGTTGTCA

CAAGCTGACT

CCAGGGETAAT

CAACGGTCTC

GCAGGGCCTG

GGGGCAGAAT

CCGCGATGAA
TTCAGTTTGG
CCGGCATETT
GCCATCTGTG
CCGGCAGTTA
CGCTATCCAT
GATAAAGGCG
GTCACTCAGT
GCAGATACTT
ARAGCGCACA
ABRAGGACTGA
ATCGATAAGT
CTGGGCGCCA
GGCGCGCAGG
AADATGTITTG
AACCAGAGCA
ATGAATGCGT
GGCCAGTCGA
AGCGGCGCGE

GCTGCGCTGA

TEREREE™

CCGGCATCAG

GGACACCGGG

GCGCACGCTG
CCTGAACGGC
TCCGCAGGTCG
AGCACCGACG
GCITTTTTTA
AACAAGTATC
TTGCGAACAC
TCGGCGGTGA
ATTCCGCGEGC
TGACCTCCGC
GCTCGAAGGG
GTGCGAGCAA
ATAAAGCGCT
ACCARCTGGC
TCGGCAGCGG
TGAGTGGCTT
GTGCATTCAA

GTGCGTTGAG

GCGGCGCGCT
CGTGAACTCA
CTCGCTCGTC
AGCGATGTAT
ATCGAACGTT
GCGCGETCCGC
TTGCAARACG
CATCATGATG
CTGACATGAA
TTTGGGCGTC
TTCATCGCTG
GCTGACTTCG
GCTGGGGATG
CCTGCTATCC
GGACGATCTG
TAATTCAATG
TGTGAACAAC
CTCTCAGCCT
CCAGTTGGGT

TAACGTCAGC

60 GCGITTATGG CCGCGATGAA
120 GATCTGGTAT TTCAGITTGG

180 CAGCAATATC CCGGCATGIT

240 TGCGATGECT GCCATCTGIG
300 CCGTCGGATC CCGGECAGITA

360 ACGTTGCCGT CGCTATCCAT

CGGZ%RTCG

GGTCGCCGCA
TGATGCAGAT
GTTATCAGCA
TGATCCTCTG
TGTTTGAACT
AGACAGGGAA
GTAACGGTGA
CCTACATCGG
TGAGGAAACG
TCCGGTCTGG
GGTTCCAGCG
ATGATGTTTG
AGCAATCAAC
GTACCGAAAT
CTGGGTCATG
CTGAACGCCA
GCACTGTCGT
TCTCTGGGGG
AATGCCATCG

ACCCACGTAG

CACCGTTACG
ATCCGGCGTC
TCAGCCGGGE
GGCGGCAGAG
GTGGCCGCTG

GGCGGGAATG

CGGACGCGCC

GGAACCGTTT

GATCGGCGTG

AAATTATGCA

GGCTGGGTGC

TGGATAAACT

GCGGCGCECT

TGGGCCAGTC

CCGGCGGCGA |

ACACCGTGAC

GCCAGATGAC

CCATTCTCGG

CAGGCGGCTT

GCATGGGCAT

ACGGTAACAA

120
180
240
300
360
420
480
540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



CGATCATTAA GATAAAGGECG GCTTTTTTTA TTGCAAAACG GTAACGGTGA GGAACCGITT 480

CACCGTCGEEC GICACT.CAGT AACAAGTATC CATCATGATG CCTACATCGG GATCGECGTG 540
GCCATCCCGWOGEAMMAIACTT TTGCGAACAC CTGACATGAA TGAGGAAACG AAARdPIS#Hshog7s 600
AATTACGATC AAAGCGCACA TCGGCGGTGA TTTGGGCGTC TCCGGICTGG GECTGGGTGC 660
TCAGGGACTG AAAGGACTGA ATTCCGECGEC TTCATCGCTG GGTTCCAGCG TGGATAAACT 720
GAGCAGCACC ATCGATAAGT TGACCTCCGC GCTGACYTCG ATGATGITTG GCGECGECECT 780
GGCGCAGEEG CTGEECECCA GCTQEAAGGG GCTGGGEGATG AGCAATCAAC TGGEGECCAGTIC 840
TTTCGGCAAT GGCCCGCAGG GTGCGAGCAA CCTGCTATCC GIACCGAAAT CCGGCGGECGA 900

T&GTTGF@E\CM?@?WGTWW CREAFHCAT AGRTARTRSAGAC 1320 960
CAAGCTGACT . AACCAGAGCA. ACCAACTGGC TAATTCAATG CTGAACGCCA GCCAGATGAC 1020
CCAGGGT AR R R T A TS F P ERAHBRAR (SARE SRR e TRCATINAPCGG 13801080

GACoooA A R AT SRR SRERRHRCGT 14401200
Cos - CRTERCITT AN AR oA AR A AR s e

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100

2141 (

R AR S AR A R ar o8

sy T

CORTEIEHGEE: GRoRATAMAACTATRRADCATA GEAGRT (oaEARREE TeHesEArASCOCTGATA
ATCTGIGCTG GCCTGATAAA GCGGAAACGA AAAAAGAGAC GGGGAAGCCT GICTCTTTTC
TTATAAIGEGEEs G TATEEEECrIARCEI 866 THART EAAPGRACANGER Grhcefncha T GCRAGAA
ACGCACATTT TCCCGITCAT TCGCGTCGIT ACGCGCCACA ATCGCGATGG CATCTTCCTC
GT GCOxex@T THIECECRAT T TCRTEEARFAACE GOEOS HECACHRIAT ABACARCACT CCGEoaC
CAGATGGAGA CACGICTGCG ATAAATCTGI GCCGTAACGT GITTCTATCC GCCCCTTTAG
CAGRTZUINATA JOGCFITRG CAVRFEARNTA FO G ATAROAETAGGEEACTCE G aBCCCCAEBERG
GATCACCACA ATATTCATAG AAACGCTGICT TGCACCTACC GTATCGCGEGEG AGATACCGAC
AASAGITIGAGA ABTFFTITCCRTABATATRICCF CEYARCF G CEETC TATCC TESECATETRGT TGAGETG
GITCGTCATC ATCTTTCTCC ATCTGGGECGA CCTGATCGGT T

2 PTGV IR FRIS TSR PBARS STAATGCHCBEEOERRIETE I9RRETEIARST] G880 ( A)

LENGWH 403 am no aci ds

GATCACCACA ATATTCATAG ARAGCTGTCT TGCACCTACC GTATCGCGGG AGATACCGAC 2040
AAAATAGGGC AGTTTTTGCG TGGTATCCGT GGEGTGTTCC GECCTGACAA TCTTGAGTTG 2100

GTTCGTCATC ATCTTTCTCC ATCTGGGCGA CCTGATCGGT T 2141

{2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 403 amino acids
{B} TYPE: amino acid
{C} STRANDEDNESS:
{D) TOPOLOGY: linear

(1i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

Met S8er Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gln Ile Ser
1 s 10 15

Ile Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser Arg Gln
20 25 30

Asn Ala Gly Leu Gly Gly Asn Ser Ala Leu Gly Leu Gly Gly Gly Asn
35 40 45



(B) TYPE: am no acid (C) STRANDEDNESS: (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO 23: Met Ser Leu Asn Thr
Ser Ay Leu Ay Ala Ser Thr Met A n Ile Ser 1

10 W098/54214 15 |le dy Gly Ala Ay Ay Asn Asn GyPG'HUS?_Séh!IS‘(‘EIy Thr
Ser ‘Arg A n 20 30AsnAIaGIy Leu Gy
@y Asn Ser Ala Leu Ay LeuGyGIyGI,szA_sn35 40

45 -66 - A n Asn Asp Thr Val Asn A n Leu Ala Ay Leu Leu Thr Gy Mt Met
50 t Mt Ay Gy
dy Ay Leu I\/Et ﬁnyA% fha \g'lalLAsn é;é.n Leu AIQ%IQ//ELeMEu%I éfy MNE Met 75
80 dy Ay Ay Leu Gy Asn Ay Leu Ay Ay Ser Gly Gly Leu Gly G u 85

90 Met Met Met)BeH Me ﬂé’t y Gy Ser
Leu Asn Thr %Q0 s %? éﬁng&asllyeﬂeMt%?O g/:'gSer Lys
Gy @y Asn Asn Thr Thr Ser Thr Thr Asn Ser Pro 115 120
125 Leu Asp chp diyacleleld g1y hon AR S8 cIPre19eEeSody A8y L8P efgraiser 130

135 140 Tdg Ser Ay Thr Asgp Ser Thr Ser AspsSer Ser Asp
Pro Met G n An 145 150 155

160 Leu Leu byg idet séhasberlaGLen |Ase Adyi Met LeSeely @lly Rlee fdw abSrHd y 165

170 1280G n Asp Ay Therosdn Ay Ser SerrBer Ay Ay Lys
G@n Pro Thr Gu 180 185 190 Gy Gu dn
Asn Al a Tyr Ley GlysS€ Ly¥WF1YTRIY Asp 3m Therh@eferdThr 195 Asn Ser Pro 200
205 Leu Met Ay Asnl@y Leu Ser An 1 Leu Ay Asn @2 Ay Leu Ay

Leu Asp Gln Ala Leu Gly Ile Asn Ser Thr Ser Gln Asn Asp Asp Ser
130 135 140

Thr Ser Gly Thr Asp Ser Thr Ser Asp Ser Ser Asp Pro Met Gln Gln
145 150 155 160

Leu Leu Lys Met Phe Ser Glu Ile Met Gln Ser Leu Phe Gly Asp Gly
165 170 175

Gln Asp Gly Thr Gln Gly Ser Ser Ser Gly Gly Lys Gln Pro Thr Glu
180 185 130

Gly Glu Gln Asn Ala Tyr Lys Lys Gly Val Thr Asp Ala Leu Ser ély
198 200 205

Leu Met Gly Asn Gly Leu Ser Gln Leu Leu Gly Asn Gly Gly Leu Gly
210 215 220

Gly Gly Gln Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu
225 230 235 240

Gly Gly Lys Gly Leu Gln Asn Leu Ser Gly Pro Val Asp Tyr Gln Gln
245 250 255

"Leu Gly Asn Ala Val Gly Thr Gly Ile Gly Met Lys Ala Gly Ile Gln
260 265 270

Ala Leu Asn Asp Ile Gly Thr His Arg His Ser Ser Thr Arg Ser Phe
275 280 285

Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu Ile Gly Gln Phe Met
290 295 300 .

Asp Gln Tyr Pro Glu Val Phe Gly Lys Pro Gln Tyr Gln Lys Gly Pro
305 310 315 320

Gly Gln Glu Val Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser
328 330 335



210
Ay
235
Asp
Al a
270
280
Ay
Pro
315
Lys
Pro
345
Asp
Adn
380
390
FOR

Thr Gy Leu Asp Gy Ser Ser Leu 225

Tyr
Val
Al a

dn
Au

Al a
Asp

Thr
Al a
Al a

SEQ ID N&'34: (i) SEQUENCE®CHARACTERI STI cS?°1 A)

215 220 Ay dy dn dy Gy Asn Al a
230

WO 98/54214 240 Gy Gy Lys Ay Leu G n Asn Leu Seerfdsys/ftay Val
Adn dn 245 250 255 Leu @y Asn
Gy Thr Ay Ile Ay Met Lys Ala Gy Ile @n 260 265

Leu

Asn Asp Ile Ay Thr H's Ar'g67—|'rs Ser Ser Thr Arg Ser ‘Phe 275

285 Yal Asn Lys Ay Asp Arg Ala Met Ala Lys Qu lle
Phe [x#e BxpoAsp Asp Asp Gly Met Tys Pro Ala Ser Met Glu GBY(PhAspsrd n Tyr
Val Phe Gy Lys*Pro A n Tyr Gn3¥js Ay Pro 305 350 310
320 Gy dn du Val Lys Thr Asp Asp Lys Ser Trp Al a
Leu &¥f Agslys Gly Mét Ile Lys Awgy Pro Met Ala Gly Asp TRB®ly Astg7 - Lys
Asp Asp Ay3RBt Thr Pro Ala 8% Met Gu G n P Asn 340
dy R%H I.et? 5G9.nLX15a élrg G. %S%)élll\l/lé élyl ISgr LS%%‘ I'?érug Ggéogll\ée és{gsra{ E;eﬁ
Arg Ay Al'a Gy Ay Ser §e7r5LeuGyIIeA536°370 375

Ve Sl Yol S 450 g p oLt By ket 395

LENGTH:  128%%hase pairs

(B) TYPE: nughgigisagifd (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)

MOLECULE TYPE:

DNA (genomic) (xi) SEQUENCE DESCRI PTION: SEQ | D NO 24:

(2) INFORMATION FOR SEQ ID NO:24:

{i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 1288 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

AAGCTTCGGC ATGGCACGTT TGACCGTTGG GTCGGCAGGG TACGTTTGAA TTATTCATAA 60
GAGGAATACG TTATGAGTCT GAATACAAGT GGGCTGGGAG CGTCAACGAT GCAAATTTCT 120
ATCGGCGGTG CGGGCGGAAA TAACGGGTTG CTGGGTACCA GTCGCCAGAA TGCTGGGTTG 180
GGTGGCAATT CTGCACTGGG GCTGGGCGGC GGTAATCAAA ATGATACCGT CAATCAGCTG 240
GCTGGCTTAC TCACCGGCAT GATGATGATG ATGAGCATGA TGGGCGGTGEG TGGGCTGATG 300
GGCGGTGGCT TAGGCGGTGG CTTAGGTAAT GGCTTGGGTG GCTCAGGTGG CCTGGGCGAA 360
GGACTGTCGA ACGCGCTGAA CGATATGTTA GGCGGTTCGC TGAACACGCT GGGCTCGAAA 420
GGCGGCAACA ATACCACfTC AACAACARAT TCCCCGCTGG ACCAGGCGCT GGGTATTAAC 480
TCAACGTCCC AAAACGACGA TTCCACCTCC GGCACAGATT CCACCTCAGA CTCCAGCGAC 540
CCGATGCAGC AGCTGCTGAA GATGTTCAGC GAGATAATGC AAAGCCTGTT TGGTGATGGG 600
CAAGATGGCA CCCAGGGCAG TTCCTCTGGG GGCAAGCAGC CGACCGAAGG CGAGCAGAAC 660
GCCTATAAAA AAGGAGTCAC TGATGCGCTE TCGGGCCTGA TGGGTAATGG TCTGAGCCAG 720'
CTCCTTGGCA ACGGGGGACT GGGAGGTGGT CAGGGCGGTA ATGCTGGCAC GGGTCTTGAC 780



AAGCTTCGEC ATGGECACGIT TGACCGITGG GICGGCAGEG TACGTTTGAA TTATTCATAA 60

GAGGAATACG TTATGAGTCT GAATACAAGT GGGCTGGGAG CGTCAACGAT GCAAATTTCT 120
ATCGGOGGT. W TAACGGGTTG CTGGGTACCA GTCGCCAGAA TGCTGGGITG . 180
GGTGGCAA GGG GCTGGGCGGC GGTAATCAAA ATGATACCGT CAAYERESHY10874 240
GCTGGCTTAC TCACCGGCAT GATGATGATG ATGAGCATGA TGGGCGGTGG TGGGCTGATG . 300
GGCGGTGGCT TAGGCGGTGG CTTAGGTAAT GGCTT¥STG GCTCAGGTGG CCTGGGCGAA 360
GGACTGTCGA ACGCGCTGAA CGATATGTTA GGOGGTTCGC TGAACACGCT GGGCTCGAAA 420

GGCGGCAAGrRIEACSAGEE S SChRCR Aot e P REATERRST ¢ %C gag 480
TCAACGICCC AAAACGACGA TTCCACCTCC GGCACAGATT CCACCTCAGA CT C 540
COGAT GCAE oABAT 63 ECAA AR S TCRGARE AL 663 A AAGICAETT cERRGAIECG 9go 600

CAAGATGGCA CCCAGGGCAG TTCCTCTGRG GRCAAGCAGC CGACCGAAGG CGAGCAGAAC 660
GCCTAT AARCobAREAGRCAG: CHAAT GREET G CEECREATTEACAT REGRAAIEGOTEEICRREEAG 950 720
CTCCTTGGCA ACGGGGGACT GGGAGGTGGT CAGGGCGGTA ATGCTGGCAC GGGTCTTGAC 780

- 68- GGITCEBERGCAAA CCATEACHRA IXIGEBGARATRECCAGRA BRI TAEOCCEECEIRTAACCALIAG
840 TTAGGTAACG CCGTGGGTAC CGGTATCGGT ATGAAAGCGG GCATTCAGSEC GCTGAATGAT
900 ATCOFRBECEHCACCEIIBRCA TeRILARCCGT GRICETAXITT CATONEAARCBEAICTEEAGCCGATES
960 GCGAAGGAAA TCGGTCAGIT CATGGACCAG TATCCTGAGG TGITTGGCAA GCCGCAGTAC
1020 CAGRRSRORCET CACEAGSAEA BCRCRGSACESTAAPERICAARTT(BATRICAERERRCACICACT GMEC
1080 AAGCCAGATG ACGACGGAAT GACACCAGCC AGTATGGAGC AGITCAACAA AGCCAAGEEC
IGAE TR FRCRE BACAR AL I AR I RAER IS TREGCCGHEC

1200 GGTGGT TCT T CGCT GOEGIAT TGATGCCATG ATGECCGGTG ATGCCATTAA CAATATGCCA
1260 CTTESICRAEET T CEEFISERAE: TRPRACEAFS ATGGCCGGTG ATGCCATTAA CAATATGGCA 1260

1288 (2) Tl LD NO 25: (| ) SEQUENCE CHARACTERI STI CS (A)
LENGTH: %ﬁ%% Tg\l ?%83{’%) T amino acid (C) STRANDEDNESS: (D)2
TOPOLOGY: linear (ii) MOLECULE TYPE protein (xi) SEQUENCE DESCRI PTI ON: SEQ

E:)D NG 253(2)'\/%15‘8%15}\1’?8{10?0% Sﬁa DLE&J 2,§sn Serlger Ser Leu A n Thr Pro Ala Met 1

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 341 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Met Gln Ser Leu Ser Leu Asn Ser Ser Ser Leu Gln Thr Pro Ala Met
1 5 10 15

Ala Leu Val Leu Val Arg Pro Glu Ala Glu Thr Thr Gly Ser Thr Ser
20 25 30

Ser Lys Ala Leu Gln Glu Val Val Val Lys Leu Ala Glu Glu Leu Met
35 40 45 :

Arg Asn Gly Gln Leu Asp Asp Ser Ser Pro Leu Gly Lys Leu Leu Ala
50 55 60

Lys Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Gly Ile Glu Asp Val
65 70 75 80

Ile Ala Ala Leu Asp Lys Leu Ile His Glu Lys Leu Gly Asp Asn Phe
85 . 90 95

Gly Ala Ser Ala Asp Ser Ala Ser Gly Thr Gly Gln Gln Asp Leu Met
100 105 110

Thr Gln Val Leu Asn Gly Leu Ala Lys Ser Met Leu Asp Asp Leu Leu
115 120 125



Ala Leu Val Leu Val Arg Pro u Ala Au Thr Thr Gy Ser Thr Ser 20
30 Ser Lys Ala Leu @n Qu Val Val Vval Lys Leu Ala Qu

25

Gu Leu Myl 534214 40 -
Asp Asp Ser Ser Pro Leu Ay Lys Leu Leu Ala 50

60 Lys Ser Met Ala Ala Asp Ay Lys Ala Jdy Ay Ay Ile Gu Asp Val 65

70

H s
dy
105
Asp
Adn
135
An
Lys
170

Thr

Au
Al a

Leu
Asp

Phe
Pro

Ile
dn
Thr

Asp
Asn

Pro

75 ~6980 1le Ala Ala Leu Asp Lys Leu
Lys Leu Gy Asp Asn Phe 85 90
Ser Ala Asp Ser A'a Ser Gy Thr Ay A n dn Asp Leu Met 100

Thr Lys Gin @syHilyChhy VAF $eUPherSed §lu dgp/dsp Mgt FerMétkt Leu
Leu 115 130 236 140725 -69 - Thr Lys
Gy @y Thr Ser Phe Ser Gu Met Pro Met 130

Leu Asn Lliszt(}lﬁe‘&aAger 42 ’F?te%?a“s@ ﬁSIPH’éml\k‘ta £3p BRepPran Pro
Pro 4% 150 55 155 160
Asp Ser Ay _Ser Tr VaI Leu L Asn Phe 7165

Lys Pro Aipi§ef YARR® &J‘pAﬁluG]’F%Pe‘NIXSA‘F@ PAR 280gPR&r Al a

170

Ilel 185 190Gy’é‘45n Gln Leu

80
Adn p 19
Ay )%% G@ g y“"l'ﬁlrl ES'H éler gL ge’é@rlaAIé?]u ﬁ? 210
VaI Met Gy Asp roLeuIIeAsp aAsnThrGy
Ser eu Gly Asn &34 Gln Ser Ala 2
Thr égg Gényfﬁ FPARYEY Gn Sk GGt}YLgi e 2205
255 Arg Ay Leu Gln Ser Val Leu Ala Ay Gy Ay Leu
Val 260 Gly Gly Gly Leu Gly 2B® Pro Ser Ser Phe SerZHdh Asn Sex Ser
210 215 220

Val Met Gly Asp Pro Leu Ile Asp Ala Asn Thr Gly Pro Gly Asp Ser
225 230 235 240

Gly Asn Thr Arg Gly Glu Ala Gly Gln Leu Ile Gly Glu Leu Ile Asp
245 250 2558

Arg Gly Leu Gln Ser Val Leu Ala Gly Gly Gly Leu Gly Thr Pro Val
2690 265 270

Asn Thr Pro Gln Thr Gly Thr Ser Ala Asn Gly Gly Gln Ser Ala Gln
275 280 285

Asp Leu Asp Gln Leu Leu Gly Gly Leu Leu Leu Lys Gly Leu Glu Ala
290 295 300

Thr Leu Lys Asp Ala Gly Gln Thr Gly Thr Asp Val Gln Ser Ser ARla
305 310 315 320

Ala Gln Ile Ala Thr L.eu Leu Val Ser Thr Leu Leu Gln Gly Thr Arg
3235 330 335

Asn Gln Ala AJ.a Ala
340

{2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1026 base pairs
{B) TYPE: nucleic acid
{C)} STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA {genomic)

45 Ar g peafusshosd N Leu
. 55

Il e
95

Asp
Al a
160
Leu
Ay
Pro

240

Ay



Asn Thr Pro Gn Thr Ay Thr Ser Ala Asn Ay Ay An Ser Ala A n 275

280 285 Asp Leu Asp An Leu Leu Ay Gy Leu Leu Leu Lys Ay
Leu Gu Al a 290 295 300 Thr' Leu Lys Asp Ala
Ay dn ™MP%RH¥nhr Asp val An Ser Ser Ala 305 PCT/US9840874

315 320 Ala dn lle Ala Thr Leu Leu Val Ser Thr Leu Leu G n
Gy Thr Arg 325 330 .70- 335 Asn An Ala Ala Ala
340 (2) I NFORMATION FOR SEQ I D NO 26: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: 1026« 9ag8ohaickSpidhroridh: sHChSiNo.a61 d (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near %I i) MOLECULE TYPE: DNA (‘genomic) -70- (xi) SEQUENCE

DESCRI Phirghhciz@ tRAMNOrafi cATGoAEASTScdONCEE b AGEARTIRR GECCAAA
CGGECAATGEC CCTTGTICCTG 60 GTACGICCTG AAGCCGAGAC GACTGECAGT Al CGAGCA
AGGCGCT HIACEFRAGTAXSLCEAGAC GAdRRCATIAAGETIAGCA ASREEPAGCE dARSRRAAT GEREAACTCG
ACGACAGCTC GCCATTGGGA 180 AAACTGITGG CCAAGTCGAT GGCCGCAGAT GGECAAGRCGG
GCCCECEGIAEAREBGATCSRGCAACT CARIBCAAT GETAREECd GIOAAARNATTE CIATEERERAA AAGETCGGTG
ACAACTTCGG CGCGTCTGCG ' 300 GACAGCGCCT CGGEGTACCGG ACAGCAGGAC CTGATGEACTC
AGGTGCT GAACTEIICCTGBAGTCGAT CEBIBCASTT CEATEECTORATGARTAT TIEGALDIAG CAGEATGRCG
GGACAAGCTT CTCOGAAGAC 420 GATATGCCGA TGCTGAACAA GATCGCGCAG TTCATGGATG
ACAAT CCEICCATHIGE TIGRACAAGCT GASIATANGARCLIIGETECACARITICES WEFTAWOGAA CBOAAGRAAG

ACAACTTCCT TGATGGCGAC 540 GAAACGGCTG CGTTCCGTTC GGCACTCGAC ATCATTGGCC
AGCAACT CACRGRGCRTACESRTACCCE ACRRFAGENCATERTIGACTE AGFIGETCAA ATISCATRISCT GGABETCTGG
GCACTCCGAG CAGTITTTTCC 660 AACAACTCGT CCGTGATGGEG TGATCCGCTG ATCGACGCCA
ATACCGGPEETERAEREA TCT TCECAGCRRT AATIRIACECEREATIECAEE CUSCERIGRECTG ARRGCGAGT
TTATCGACEG TOOOCTCLAA 780 TOSGTATTOS COCGTOGTOG ACTGOGCACA COOGTAAACA
CCCCGCAGAREPERSSE BUE TG cc 480
AAGCCGGACT CGGGCTCCTE GGTGAACGAA CTCAAGGAAG ACAACTTCCT TGATGGCGAC 540
GAAACGGCTGE CGTTCCETTC GGCACTCGAC ATCATTGGCC AGCAACTGGGE TAATCAGCAG 600
AGTGACGCTG GCAGTCTEGC AGGGACGGGT GGAGGTCTGGE GCACTCCGAG CAGTTTTTCC 660
AACAACTCGT CCGTGATGGG TGATCCGCTG ATCGACGCCA ATACCGGETCC CGGTGACAGC 720
GCGCAATACCC GTOGTGCAAGC GGGACAACTG ATCGGCGAGC TTATCGACCG TGGCCTGCAA ) 780
TCGGTATTGS CCEGTGATGG ACTGEGCACA CCCGTAAACA CCCCGCAGAC CAGTACGTCG 840
GCGAATGGCG GACAGTCCGEC TCAGGATCTT GATCAGTTGC TGGGCGGCTT GCTGECTCAAG 900
GGCCTGGAGG CAACGCTCAARA GGATGCCGEGGE CAAACAGECA CCGACGTGCA GTCGAGCGCT 960
GCCCAAATCGE CCACCTTGCT GGTCAGTACGE CTGCTGCAAG GCACCCGCAA TCAGGCTGCA 1020
GCCTGA 1026

{(2) INFORMATION FOR SEQ ID NO:27:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 344 amino acids
(B) TYPE: amino acid
{(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

Met Ser Val Gly Asn Ile Gln Ser Pro Ser Asn Leu Pro Gly Leu Gln
1 5 10 15



GCGAATGECG GACAGICCGC TCAGGATCTT GATCAGITGC TGGEECGEECTT GCTGCTCAAG 900

GCCCTGGAGG CAACGCTCAA GGATGCCGEG CAAACAGGCA CCGACGTGCA GICGAGCGCT 960
GCGCAAAT G0 0684284 TGCT GGTCAGTACG CTGCTGCAAG GCACCCGCAA TCAREEAS$sA 0874 1020
GCCTGA 1026

(2) INFORMATION FOR SEQ I D NO 27: (i) SEQUENCE CHARACTERI STICS: . (A) LENGTH:
344 am no acids (B) TYPE: amno acid ('(Z)l “STRANDEDNESS: (D) TOPOLOGY: | i near
(ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO 27: Met
Ser Val dy B3&8nteY4 ésg HZ“S@F" Phg A TAS Penefep@n$in Bex QynGln Ser

5 10% 2515 -71 - AsmO%eu Asn Leu Asn
Thr Asn Thr Asn _Ser. A n GT Ser\/g}x}/ d n_Ser 20 25

30 Val G n A} FHLPEPMTY M sVET B TS Ly BoPI He Len AsR Tl Ilee 35

40 3545 Na Ala Leu*®al Gn Lys Ala APa Gn Ser Ala Ay Qy
Asn Thr Ay 30 0 Asn Thr Ay Asn Al a
Pro Ala Lys apg’? VRS TPACE AYR gaa%yc’lﬁl gepla géy G% Asn Thr Gly

75 80 Asn Asp Pro Ser Lys Asn ASp Pro Ser Lys Ser An Al a
Pro dn Ser

5.Al a Lys Thr Gy
Asn Val Asp pT% g lXS%\snAsA%\a (szr? &Es)ap Lﬁ? OAWE?hi n Ala Agn Ha Gﬁ's %3105
110 Adn Ala Leu Met G n Leu Leu Qu Asp Leu Val Lys Leu Leu Lys Ala 115
120 Asn Asp Prolger A& dsQUadil DrdBierCiPs @l &P Yorld 3B ASP LYsS
dy Asn dy Val 130 85 135 90 149: Ay Gy A a
Asn Ay Ala Lys Gy Ala dy Ay An Gy Gy Leu Ala 145 150
155 Ala Asn Lyslfiy Gly Asn val Asp Asp Ala Asn Asn Gln Asp Pro Met

100 105 110

Gln Ala Leu Met Gln Leu Leu Glu Asp Leu Val Lys Leu Leu Lys Ala
115 120 125

Ala Leu His Met Gln Gln Pro Gly Gly Asn Asp Lys Gly Asn Gly Val
130 135 140

Gly Gly Ala Asn Gly Ala Lys Gly Ala Gly Gly Gln Gly Gly Leu Ala
145 150 155 160

Glu Ala Leu Gln Glu Ile Glu Gln Ile Leu Ala Gln Leu Gly Gly Gly
165 170 175

Gly Ala Gly Ala Gly Gly Ala Gly Gly Gly Val Gly Gly Ala Gly Gly
180 185 190

Ala aAsp Gly Gly Ser Gly Ala Gly Gly Ala Gly Gly Ala Asn Gly Ala
195 200 205

Asp Gly Gly Asn Gly Val Asn Gly Asn Gln Ala Asn Gly Pro Gln Asn
210 215 220

Ala Gly Asp Vval Asn Gly Ala Asn Gly Ala Asp Asp Gly Sexr Glu Asp
225 230 235 240

Gln Gly Gly Leu Thr Gly Val Leu Gln Lys Leu Met Lys Ile Leu Asn
245 250 255

Ala Leu Val Gln Met Met Gln Gln Gly Gly Leu Gly Gly Gly Asn Gln
260 265 270

Ala Gln Gly Gly Ser Lys Gly Ala Gly Asn Ala Ser Pro Ala Ser Gly
275 280 285

Ala Asn Pro Gly Ala Asn Gln Pro Gly Ser Ala Asp Asp Gln Ser Ser
290 295 300



330

FOR SEQ | D NO 28: g

(B) TYPE2) iEPRYATT EHEPR(

MOLECULE TYPE; UEB(I enom c
(i) sE

Al a

Al a

Ser

Asp

Ser
dn

Ay
Ser
Al a

Val
Val

Leu Gn Qu lle dudnlle Leu Ala dn Leu Ay Gy Ay 165
175 dy Ala dy Ala @y dy Ala @y Ay dy Vval Qy
8 185 90 a Asp Ay
§'¥9§?&léy Gy Aa Gy Gy Ala Asn Gy Ala 195 PonbRnoeh Y,
Gy @y Asn dy Val Asn Gy Asn Adn Ala Asn Gy Pro A n Asn 210
220 Ala Gy Asp Vad-Asn Ay Ala Asn Ay Ala Asp Asp
A u Asp 225 " 230 235
Gy ey yelessd hisnGab Vah dedUc Mibyiger Rbp Nakh *kavls Lb.ls Q1SN 245
305 255 Al asheu Val G n Met be§ G n An Ay Gy Leu Ay
Asn A n 260 265 270 Ala dn Ay
Lys valycidl al&neuAsin Alla Meer Léu AlAl aSeln @sy @D Gly Ser cln
Asn Pro Ay Ala A A n Pro Ay Se¥3zoAl a Asp Asp d reager Ser 290
300 -72 - Ay AGn Asn Asn Len A n Ser An Ile Mt
Val dlysS«d Fhi/fler30 Gln Pro Met 310 315
Gnlle Leu A340A n Met Leu Ala Ala A n Asn Gy Gy Ser An 325
335 GI n Ser Thr Ser Thr A n Pro Met 340 (2) | NFORVATI ON
ENCE CHARACTERI STI CS: (A) LENGIH 1035 base pairs
Q SPRMABEPNESS: single (D) TOPOLOGY: linear (ii)
xsigmgl.EQJENCE DESCRI PTI ON:  SEQ | D NO 28:

(R) LENGTH 1035 base pairs
{(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

280

(ii} MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE bESCRIPTION: SEQ ID NO:28:

ATGTCAGTCG GAAACATCCA AACCTCCCGG GTCTGCAGAA CCTGAACCTC 60
AACACCAACA CCAACAGCCA GCAATCGGGC CAGTCCGTGC AAGACCTGAT CAAGCAGGTC 120
GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA GTCGGCGGEC 180
GGCAACACCG GTAACACCGG CAACGCGCCG GCGAAGGACG GCAATGCCAA CGCGGGCGCC 240
AACGACCCGA GCAAGAACGA CCCGAGCAAG AGCCAGGCTC CGCAGTCGGC CAACAAGACC 300
GGCAACGTCG ACGACGCCAA CAACCAGGAT CCGATGCAAG CGCTGATGCA GCTGCTGGAA 360
GACCTGGTGA AGCTGCTGAA GGCGGCCCTG CACATGCAGC AGCCCGGCGG CAATGACAAG 420
GGCAACGGCG TGGGCGGETGC CAACGGCGCC AAGGGTGCCG GCGGCCAGGG CGGCCTGEGCC 480
GAAGCGCTGC AGGAGATCGA GCAGATCCTC GCCCAGCTCG GCGGCGGCGG TGCTGGCECC 540
GGCGGCGCGE GTGGCGGTéT CGGCGGTGCT GGTGGCGCGG ATGGCGGCTC CGGTGCGEGT 600
GGCGCAGGCE GTGCGAACGG CGCCGACGGC GGCAATGGCG TGAACGGCAA CCAGGCGAAC 660
GGCCCGCAGA ACGCAGGCGA TGTCAACGGT GCCAACGGCG CGGATGACGG CAGCGAAGAC 720
CAGGGCGGCC TCACCGGCGT GCTGCAAAAG CTGATGAAGA TCCTGAACGC GCTGGTGCAG 780
ATGATGCAGC AAGGCGGCCT CGGCGGCGEGC AACCAGGCEC AGGGCGGCTC GAAGGGTGCC 840
GGCAACGCCT CGCCGECTTC CGGCGCGAAC CCGEGCGCGA ACCAGCCCGG TTCGGCGEGAT 900
GATCAATCGT CCGGCCAGAA CAATCTGCAA TCCCAGATCA TGGATGTGGT GAAGGAGGTC 960.

GAGCCCGTCG



ATGICAGICG GAAACATCCA GAGCCCGICG AACCTCCCGEG GICTGCAGAA CCTGAACCTC 60
AACACCAACA CCAACAGCCA GCAATCGEEEC CAGTCCGTGC AAGACCTGAT CAAGCAGGTC 120
GAGAAGCACYy of §8sisfy"\CAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA mmm 4 180

GGCAACACCG GTAACACCGG CAACGCGCCG GCGAAGGACG GCAATGCCAA 240
AACGACCCGA GCAAGAACGA CCCGAGCAAG AGCCAGGCTC CGCAGICGGC CAACAAGACC 300
GGCAACGTCG ACGACGCCAA CAACCAGGAT CCGATETZRAAG CGCTGATGCA GCTGCTGGAA 360
GACCTGGTGA AGCTGCTGAA GGCGGCCCTG CACATGCAGC AGCCCGGCGG CAATGACAAG 420
GGCAACGCE S GHRREEEEHEE: AE HRREEARCEETAOGECCRCREACES dFGChETIdaCC 1020 480
GAAGCGCTGC AGGAGATCGA GCAGATCCTC GCCCAGCTCG GCGRCGRCGG TGCTGRCGCC 540
GGCGGCCCaa: RBEEECTTAA CGGCGGTGCT GGTGRCGCEG ATGECGECTC CGGTGCGEGT 1035 600
GGCGCAGGCG GTGCGAACGG CGCCGACGGC GGCAATGGCG TGAACGGCAA CCAGGCGAAC 660
GGCCCGCAGA ACGCAGGCGA TGTCAACGGT GCCAACGGCG CGGATGACGG CAGCGAAGAC 720
CAGGGCGRIR) TRYRORIEIICN FRBT CEQ/ARANP (ZBGATGAAGA TCCTGAACGC GCTGGTGCAG 780
ATGATGCAGC AAGGCGGCCT CGGECGEGECEGEC AACCAGGCGC AGGGCGGCTC GAAGGGTGCC 840
GGCAACGCCT CGECCRROURNICE (AR IRERESTXSBEECECGA ACCAGCCCGG TTCGGCGGAT 900
GATCAATCGT CCGRCCHBARERGHEF CH@mANT GCEABATCA TGGATGTGGT GAAGGAGGTC 960

-73 - GTCCAGATCC RICRPHGAT R REHEGE0G CAGAACGGCG GCAGCCAGCA GTCCACCTCG
1020 ACGCAGCCGA TESPARTRANDEDNESS :

1035 (2) | NFORVATIONTRRSTOSE, YiB=fE) 29: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 26 ajti.no I(Z’S)P TYPE am no acid (C) STRANDEDNESS:. (D) TOPOLOGY:
linear (ii) E@@Eaﬁ ERRECEPH (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 29
Thr Leu Ile Qu Leu Met Ile Val Val Alalle lle Alalle Leu Ala 1

5 : Q ) w24l @ lle Ala Leu Pro Ala Tyr @n
Asp Tyr 20 % sequekde DEScRIET 035 TRFCRVATT ON FOR SEQ I D NO 30: (i)

SEQUENCE CHARACTER! STLGSu Leu Met Ile Val Val Ala Ile Ile Ala Ile Leu Ala
1 5 10 15

Ala Ile Ala Leu Pro Ala TYr Gln Asp Tyr
20 25
{2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

Ser Ser Gln Gln Ser Pro Ser Ala Gly Ser Glu Gln Gln Leu Asp Gln
1 5 10 15

Leu Leu Ala Mét
20



(A) LENGTH: 20 amino acids (B) TYPE: amno acid (C) STRANDEDNESS: (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON. SEQ
ID NO 30: Ser Ser An An Ser Pro Ser Ala Ay Ser Qu G@n A@n Leu Asp Adn 1
5 WO 98/54214 10 15 Leu Leu Al a MeRCTIOS98/108744 -
VWHAT | S CLAI MED: 1. An isol ated fragment of an Erw nia hypersensitive
response elicitor protein or polypepti de_,ﬂ/\herei n said fragnent-elicits a
hyper sensitive response in 5 plants. 27" An isolated fragnent according
to claim1, rein the hypersensitive response elicitor protein or

pol ypepti de \il@‘iﬁ@?%éﬂ"ﬁmn Erw ni a anyl ovora, Erw nta carotovora,

Erw nia chrysanthem , or Erwinia stewartii. 10 3. An isol ated fragnent
according to claim 2, ' : i1l spapse_elicitor. protein
or pol ypeptide i snideri %ﬁﬁsﬁag%f %?%vn%n{legfggnyﬁf‘g%’g&rlg}.'ﬂe%eg"‘l{}vﬁws?%ie Sﬁ‘é}

fragment accqgreieltgoripolpieptide, vherdie saidl fraghent clgmamiypérsenbitive 36p8asess from
the group consisting of a Ctermnal fragnent of the am no acid sequence of

SEQ ID. Ro. plants.an "Nt er i nal fragnent of the am no acid sequence of SEQ
ID. No. 23, and an internal fragment of the am no acid sequence of SEQ ID.

No. 23. 20 5. An isolated fragnent according to claim4, wherein
the fragnent is a Z-terAnisslatéd fisgmert acdording teackalin 1 pwheteinahe Byeesenbiti®EQ
I D. No. 23 spanning anino agids 105 and.4Q3, of SEQ |D. No. 23. 6. An

i sol ated fraggeRnnseeleion PrteIR ot pPlypeRtide 15 Aerived framan Eruigineamyipvorgn 25

N-term nal frageBt-oPliobdis BRR FFisandRiy R wilia FebbardiD- No. 23 spanni ng

caroto i n , i h

the foll owi ng am noaaci dsﬁ’of SEQ.@!IH)D. No. 23: 1 aﬂd 98?1;11 and 104, 1 and

122, 1 arl® 168, 1 and 218, 1 and 266, 1 and 342, 1 and 321, and 1 and 372.
3. An isolated fragment according to claim 2, wherein the hypersensitive

response elicitor protein or polypeptide is derived from Erwinia amylovora.

4. An isolated fragment according to claim 3, wherein the fragment is
15  selected from the group consisting of a C-terminal fragment of the amino acid
_sequence of SEQ. ID. No. 23, an N-terminal fragment of the amino acid sequence of
SEQ. ID. No. 23, and an internal fragment of the amino acid sequence of SEQ, ID.
No. 23. '

20 5. An isolated fragment according to claim 4, wherein the fragmentis a
C-terminal fragment of the amino acid sequence of SEQ. ID, No. 23 spanning amino
acids 105 and 403 of SEQ. ID. No. 23.

6. An isolated fragment a;:cording to claim 4, wherein the fragment is an
25  N-terminal fragrheﬁt of the amino acid sequence of SEQ. ID. No. 23 spanning the
following amino acids of SEQ. ID. No. 23: 1and 98, 1 and 104, 1 and 122, 1 and
168, 1 and 218, 1 and 266, 1 and 342, 1 and 321, and 1 and 372.

7. An isolated fragment according to claim 4, wherein the fragment is an
30 intemnal fragment of the amino acid sequence of SEQ. ID. No. 23 spanning the
following amino acids of SEQ. ID. No. 23: 76 and 209, 105 and 209, 99 and 209, 137
and 204, 137 and 200, 109 and 204, 109 and 200, 137 and 180, and 105 and 180.

I




7. An isol ated fragment according to claim4, wherein the fragnent is an
30 .internal fragment of the am no acid sequence of SEQ |ID. No. 23

spanni ng {Wgodiabiow ng am no acids of SEQ ID. No. 23: 76 githnsdefnos®> and
209, 99 and 209, 137 and 204, 137 and 200, 109 and 204, 109 and 200, 137 and
180, and 105 and 180. -75 - 8. An isol ated DNA nol ecul e encoding a
fragnment according to claim1. 9. An i-dél-at ed DNA nol ecul e accor di ng to
claim 8, wherein the hypersensitive response elicitor protein or

pol ypeptide i s derBved Andisolated BNAmicledle ennoding\aofragmdit abeuirding &6 clainy O a,
Erwi nia chrysanthem, or Erwnia stewartii. 10. An isol ated DNA nol ecul e
according to claim9, wherein the hypersensitive response elicitor protein
or polypeptide is gerives ikslard DNA M6l 3 : isol at ed

| sol at ed DNA nol ecgl e according to cl a?%%%%%ggrglﬁmt g"?}rldggxr}eﬂ?lf I's

sel ect ed fronhypessepsibivp rezsonsses:t%icﬁgr mbtein @ padypeptide isf desiyed fromodn Edveiniam no

aci d sequence of , SEQO 1 D. .No. an. N:t.erpinal ,fra nt. of the amno acid
sequence o? SE@’IOIVH% I%W mﬁ?argﬁo%bgh %(’-H'f"é? ﬁg"P' s‘f’f’ﬁﬁﬂ‘eﬂﬁﬁ‘f""ﬁ‘?ﬁ%’ho aci d
sequence of 15 SEQ ID. No. 23. 12. An isol ated DNA nol ecul e accordi ng
to claim 10, wherein the fragnent is a Ctermnal fragnment of the am no

aci d sequence of SE& | Aniselated DNA molecule asrording ta elaimi D5vkareindles of SEQ
ID. No. 23. 2 . | t ed. dj | ai m 10,
wherein the f sApitE rspOR B bhol SEMITARHL IS UePch Rofl Bvihialy once

of SEQ |ID. NemyRgogpanning the followi ng amno acids of SEQ ID. No. 23: 1

and 98, 1 and 104, 1 and 122,1 and 168,1 and 218, 1 and 266, 1 and 342, 1
and 321, Hhd 1 and 372. 25 14. An isol ated DNA nol ecul e according to

claim 10, wherein the fr I3 ' ' f il hNQ. A&l d
sequence of SEQ | Iyl] No‘ﬁéhgiga g%gﬁ%l%éht%ﬁ%ﬁcgfﬁ %g@ﬁ%‘g cé%ﬁglso? g)#g% 1 D.
No. 23: 76 anfragMent i 6dectedifraficthe @fbuprdndtitng AfA/CaehiRsl4raghitht oftile 2Mtho 109

and 204, 109 and Zomnce of sEQD. 1. 237h N%Grmainal fraphsent of the amino acid
sequence of SEQ. ID. No. 23, and an internal fragment of the amino acid sequence of
15 SEQ.ID. No. 23.

12.  Anisolated DNA molecule according to claim 10, wherein the
fragment is a C-terminal fragment of the amino acid sequence of SEQ. ID. No. 23
spanning amino acids 105 and 403 of SEQ. ID. No. 23.
20
13.  Anisolated DNA molecule according to claim 10, wherein the
fragment is an N-terminal fragment of the amino acid sequence of SEQ. ID. No. 23
spanning the following amino acids of SEQ. ID. No. 23: 1 and 98, 1 and 104, 1 and
122, 1 and 168, 1 and 218, 1 and 266, 1 and 342, 1 and 321, and 1 and 372.
25
14.  Anisolated DNA molecule according to claim 10, wherein the
fragment is an internal fragment of the amino acid sequence of SEQ. ID. No. 23
spanning the following amino acids of SEQ. ID. No. 23: 76 and 209, 105 and 209, 99
and 209, 137 and 204, 137 and 200, 109 and 204, 109 and 200, 137 and 180, and 105
30 and 180.

_—
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- 76- 15. An expression systemtransfornmed with a DNA nol ecul e accordi ng
to claima8. 16. An expression system according to claim15, wherein said
DNA 5 mol ecul e is in proper sense orientation and correct readi ng frane.
17. A h¥OP3E&1E transformed with a DNA nol ecul e accor di nBCHESW8188%h 8. 18.
A host cell according to claim17, wherein the host cell is selected 10
fromthe group consisting of a plant cellygand a bacterial cell." 19. A
host cell according to claim 17, wherein the DNA nol ecul e i s transforned

k3

ith [ : [ I f d
W th the DNA ol oot o it ereksisiop sysom tabafopmed bAARIINR shorPoufhesording 0 o

claim 20, whelatm8.the plant is selected fromthe group consisting of
alfalfa, rice, wheat, barley, rye, cotton, sunflower, peanut, corn, potato,
sweet potato, bean, pea, chicory, |ettuce, endive, cabbage, 20 brussel

sprout, beet, parsgp, D Lf . lyic, [ ni i sh,
spi nach, onion, g;iirafi C,Aﬁje%)giﬁ%gﬁ)?l@%%%&g}rg&a‘c é?%ﬁgég’r%%eﬂ‘s%{m , - punpki n,
zucchi ni , 5 cuanoteaile isdpptaper gae orienthtion andi dofrect resdinigdaer y, grape,
raspberry, pineapple, soybean, tobacco, tomato, sorghum and sugarcane. 25
22. A transgenic plant according to claim?20, wherein the plant is

sei ect ed oM t he 197 OUR RSk i RfetWoMh BADR hbldciR) JcB0Ring SIEAR! | 2

petuni a, pelargonium polinsettia, chrysanthenum carnati on, zinnia. 23.
A transgenic plant seed transforned with the. DNA nol ecul e of 30 cl ai m 8.

-77 - 24. Atra eni | a seed accaqrdi t.o ¢l aim 23, wherein the
pl ant seed is sel g?tged ‘&P&’n"&ﬁi@ccﬁf B%&b‘gﬁ‘g? g‘gi‘mfrﬂ? rgoét?%llsﬁ?leg?dMeat,
barley, nge. fioa iRErowpednsRUBE of PERARLECN dndlabacRAhBdefl, sweet potato, bean,

pea, chicory, |ettuce, endive, cabbage, brussel sprout, beet, parsnip,
turnip, cauliflower, broccoli, turnip, radish, 5 spi nach, onion, garlic,

eggpl ant, pepper, gel er a shy,. i N zU i,ni ., cucunber,
appl e, pear, nel onl?’ Ci t‘&‘r/ll}%SEE cél? rg%%‘g%?" QSIFQEZPWH}G %}Bg}gﬁ@s‘&]ﬁ?ﬁ@gﬁ& e,
soybean, t obagasforrhedwith an $RprekNidn sydtegh. Sugar cane.

15 20. A transgenic plant transformed with the DNA molecule of claim 8.

21. A transgenic plant according to claim 20, wherein the plant is selected
from the group consisting of alfalfa, rice, wheat, barley, rye, cotton, sunflower,
peanut, corn, potato, sweet potato, bean, pea, chicory, lettuce, endive, cabbage,

20  brussel sprout, beet, parsnip, turnip, cauliflower, broccoli, turnip, radish, spinach,
onion, garlic, eggplant, pepper, celery, carrot, squash, pumpkin, zucchini, cucumber,
apple, pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco,

tomato, sorghum, and sugarcane,

25 22. A transgenic plant according to claim 20, wherein the plant is selected
from the group consisting of Arabidopsis thaliana, Saintpaulia, petunia, pelargonium,

poinsettia, chrysanthemum, carnation, and zinnia.

23. A transgenie plant seed transformed with the DNA molecule of
30 claim 8.

N O O



25. A transgeni c plant seed according to claim23, wherein the plant seed
10 is selected fromthe group consisting of Arabidopsis thaliana,

Sai nt paul iwo 9psaaami a, pel argoni um poinsettia, chrysant henugcrRReidsrdN -
and zinnia. 26. A nmet hod of inparting disease resistance to plants
conprising: applying a fragnment of a hypersensitive response elicitor
protein or 15 pol ypepti de, which fragme'n'n elicits a hypersensitive
response, in a non-infecti.ous formto a plant or plant seed under

condi tions inpart @4seashtthesgenicplans sezaccordingetdiaioh 28; edrerkin thetplart|saédn 26,

wher ei n pl ant Le t ring said ing. 2 . A net hod

accor Lli ng to i? %l?ﬁt%&g%ﬁg? gﬁ%ﬁb 58%%@%&3%@%?%&[9 ggfégbalﬂ?ﬁ'i g <ttos,

appl yi ng, sai Guiéwadipéanit, Iaem,?@ﬁw, W&t Potddb, Hehh, Hial é)ﬁco%g,qéﬁuéer Edliggd Wi th
In

the fragnent of the hypersensitive response elicitor atural ~ofr

artificial soicRbbage, trgssel sprout, beet, parsnip temip seulifiovrabroscdli, umiph eadishe ds
pl anted in.the_soi,l . . A e Qf enhancin | ant .growt h conpyri sing:
appl yi ng > f rggwgﬁﬂ’ ogfo%agm)&e?ggéﬁggmerr ‘é@%n%ﬁgmgﬂ Bashy pump chipi,
pol ypepti de, \shbwhbdr] &pIE PearChrieton! ain%s,mtin%ﬂp,S'gﬁabé@agpsé&p%&ﬁpgﬁéa

| n

non-i nfectious 30 formto a plant or plant Seed undér c©

ef fective to SAYRAIRCIOpacsA: tomataaserghum, andysigarcape. A net hod according to
claim?29, wherein plants are. treated during said applying. 31. A et hod
according to claim29, wherein plant seeds are treated during 5 sai d
appl ying, said net35d f ux trimesgeniomphenit séetigiccmidiy forfaifn B3, wefisn tHeqmdesdd t
t he fragmfbﬂ of eihe J;éperse_nsitive,response elicitor in natural or
artifici al¥soil$ Sehertrd rorp dhe8ToHB consisting of 4abicpesis theliang, | Saftranlianpethnias o | .
10 3 : tﬂb‘?ﬁs | th' conpri si ng:
applying a fr Slrfaé%dt%l%fﬁ’ a fg{eafge galﬁlthllve re%;%%%@é’%*lm & protein or

pol ypepti de, which fragnent elicits a hypersensitive response, in a

non-i nfectious formto | ant, aor. pl ant seed under conditions effective to
control insects. 1?6' _ a"xg’eg‘_ﬁfglmgﬂ_%ﬂﬁ asear&%*aﬁaa?%r’?%ﬂwammg,: wher ei n
plants are treated duri pgpNiigh AREh¥it a hypersensitive response elicitor protein or

15  polypeptide, which fragment elicits a hypersensitive response, in a non-infectious

_form to a plant or plant seed under conditions impart disease resistance.

27. A method according to claim 26, wherein plants are treated during said
applying.
20
28. A method according to claim 26, wherein plant seeds are treated during
said applying, said method further comprising: |
planting the seeds treated with the fragment of the hypersensitive
response elicitor in natural or artificial soil and

25 propagating plants from the seeds planted in the soil.

29. A method of enhancing plant growth comprising:
applying a fragment of a hypersensitive response elicitor protein or
polypeptide, which fragment elicits a hypersensitive response, in a non-infectious

30  form to a plant or plant seed under conditions effective to enhance plant growth,



34. A met hod according to claim 32, wherein plant seeds are treated
during said applying, said nethod further conprising: 20

planting'&kﬁ%@ﬁ%ﬂ? treated with the fragnent of the hypersensitive response
elicitor rnn al or artificial soil and propagating pl aRC3/USPHISIhe
seeds planted in the soil. 35. A met hod of inparting di sease resistance
to plants conprising: 25 prgyi ding a transgenic plant or
plant seed transfornmed with a DNA nol ecul e which encodes a fragnent of a
hyper sensitive respgnse L4 ] X | l.ypept i de, whi ch_fragment
elicits a hyper sengl&t i vé%%@%%%éscg?&g%gi g?%{wsz&%ﬁﬂgpbﬁﬁﬁ%mﬁ%ﬁ‘&?ﬂg wid

t ransgeni ¢ plappiwingr oduced fromthe transgenic plant seeds under conditions
effective to inpart disease resistance. 30 36. A et hod according to
claim 35, wherein a transgenic plant is provided. -79- 37. A et hod
according to clai 5, ' ; ' I : LS ,provided., §

38. A net hod ofn%ﬁhangﬁﬁgﬁ%?gﬁ?hgﬁ%mﬁ 8%%%%??@%%%$E§F%§F§?ﬁ egegpﬁﬂgﬁenic
pl ant or & pl said appdping: saidwmedhodduther comarifihg: nol ecul e whi ch encodes a

fragment of a hypersensitive res se el.igitor protein or polypeptide,
which fragment elicits aﬁ%ﬁ’%é%gigﬁeetgdﬁ’@ # ragment of thediiperpensiéve
transgeni ¢ plRBporks elicifh HRMIG] B ABHSiaPsdA d fromthe 10 transgenic
pl ant seeds under conditions effective to enhance plant growth. 39. A
met hod accordi ng to cl aprep@tingplants from the seedgplanted fl thesoil.s provi ded. 15
40. A nmet hod according to claim38, wherein a transgenic plant seed is
provi ded. 41. A nethod of insect control for plants conprising: providing
a transgdli c pl ant3xr pAmm&B@ﬁngdcaa@{wmcblﬂtg gb,gprg,\;&zzo nol ecul e which
encodes a fragment of a hypersensitive response elicitor protein or
pol ypeptide, which fra ng p flagmentpfiphypersensitive respones gJinitoe progeinl ogr owi ng
the transgeni : .6 fromthe t.ransgenic
pl ant seeds L};r?égéﬁgg%gﬁl?gﬁgég%?eeg% ?AV%H#% r%('i)x nlﬂ ?ig)feg? ?{Egtlpsa_non-lnfécagus

form to a plant or plant seed under conditions effective to control insects.

15 33. A method according to claim 32, wherein plants are treated during said
applying.

34. A method according to claim 32, wherein plant seeds are treated during
said applying, said method further comprising:
20 planting the seeds treated with the fragment of the hypersensitive
response elicitor in natural or artificial soil and

propagating plants from the seeds planted in the soil.

35. A method of imparting disease resistance to plants comprising:

25 providing a transgenic plant or plant seed transformed with a DNA
molecule which encodes a fragment of a hypersensitive response elicitor protein or
polypeptide, which fragment elicits a hypersensitive response, and

growing the transgenic plant or transgenic plants produced from the
transgenic plant seeds under conditions effective to impart disease resistance,

30

36. A method according to claim 35, wherein a transgenic plant is

provided. —
\
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25 42. A method according to claim4l, wherein a transgenic plant
Is provided.- 43. . A nethod according to claim4l, wherein a transgenic _

pl ant seedwo9sm423yi ded. 30 PCT/US98/10874

-79-

3

37. A method according to claim 35, wherein a transgenic plant seed is
provided.

5 38. A method of enhancing plant growth comprising:
providing a transgenic plant or a plant seed transformed with a DNA
molecule which encodes a fragment of a hypersensitive response elicitor protein or
polypeptide, which fragment elicits a hypersensitive response, and
growing the transgenic plant or transgenic plants produced from the
10 transgenic plant seeds under conditions effective to enhance plant growth,

39. A method according to claim 38, wherein a transgenic plant is

provided.

15 40. A method according to claim 38, wherein a transgenic plant seed is
-provided.

41. A method of insect control for plants comprising:
providing a transgenic plant or plant seed transformed with a DNA
20  molecule which encodes a fragment of a hypersensitive response elicitor protein or
polypeptide, which fragment elicits a hypersensitive response, and
growing the transgenic plant or transgenic plants produced from the

transgenic plant seeds under conditions effective to control insects.

25 42. A method according to claim 41, wherein a transgenic plant is

provided.

43. A method according to claim 41, wherein a transgenic plant seed is
provided.
30

L



