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PAP MUTANTS THAT EXHI BI T ANTI - VI RAL AND/ OR ANTI - FUNGAL
ACTIVITY I N PLANT TECHNI CAL FI ELD '
I nvention rel gtoe?%ﬁ’é'ﬁeral ly to agricultural biotechnol ogy, aﬁgrmsg%g{sfs nore

specifically to nmethods and genetic materials for conferring resistance to
fungi and/or virgses in plants. RESCE .u;nnl,

The subject of plant protection adainst  path enp K

of utnost inportance FAERGTANI LEALARILIL ARUE Aﬁ: HAF-raPHi- ~
agricul tural 15 crops are prone t%&ﬂﬂ?ﬁfkﬂ?ﬂ%@ﬁﬂﬂﬁant vi ruses and
fungi capable of inflicting signifrcan amage to a crop in a

gi ven season, and drEECHNICAL HIBHDcing its econom ¢ val ue. The
reduction in econom c value t sul s

hi gher cost of goods to ulti n&?lg}g %n?ﬁggglpigg gglgﬁfg'}; H%%Bm?f%?l%?ame
been. directed to@ hemérerspesificaly ©f mpthady and getﬁnemﬁhwmtwnn’anng rasifthirfdito
in an 20 effort to confer resistance to viruses. See, e.g., Abel et

al ., Science 232: 73gfung and/or virusesin paBYS: Cuozzo et al., Bio/ Technol ogy

6: 549-57 (1988); He%)gém% EMBO J. 7:1273-80 (1988); Stark
et al., Bio/Technol 989); and Lawson et al.

Bi o/ Technol ogy 8:127- 34 (1990ﬂheHubjectmf,planh9rdteama%mnstpzumgbm remains the area
exhibited resistance only to the honol o ous VI and rel, Had viruses, .but

not to 25 unrel%ft i impoglan YIVBF‘ Yajpahlg ggricultural
I'nteractions 3(5)s ./ : %w) 'ﬂﬁﬁe %ﬁg,e 1

w | d-type potato Iea rﬂgt?léﬁ coyag‘h&ﬁ .Uiﬁd te &S’éne ‘lﬁfnmpgtmé‘ o]
pl ants. Even thoughslgmﬁcannfdama@l ttplaaclbp mxi\igwdneshason, and drasticallyt redoeing dts
PLRv, all of the transgenjc a at. were i nog¢

Docane | nf oot ed i ¢ (oD alte. T8 TEAHe OB L SRAPATE YA QI et e pespltain
30  continued transirhizhe©Boslof igo6ds/tof elEmateC Purchiabrshi Sévekd \iRbEsHRl studies have
resi stance coul d not be expected. See U. S. Patent Nqg. 5,304, 730.

Lodge et al., Proc. be&m| mteado ﬂ&mmsmsﬁ PiRY virys capstproteins in aplamémnt
t he Agrobacteri tq&?g o fwk?%\% efﬂb gncwl -738.43

cDNA encodi ng w type po vvee t| VI r protein I'stance
of 35 thet rans@é&@c Curizze @b qu.aBlbéI‘chQlogseI@@dS’M(tm):s Hmwa;a Sygde

:Dh;it DS O i canEMBS P2\ PA 8 5887 stk & arl WBPrechndilgy £:3257-88 15koR and

Lawson et al., Bio/Technology 8:127-34 (1990). However, the transgenic plants

exhibited resistance only to the homologous virus and related viruses, but not to

25 unrelated viruses. Kawchuk et al., Mol. Plant-Microbe Interactions 3(5):301-07
(1990), disclose the expression of wild-type potato leafroll virus (PLRV) coat
protein gene in potato plants. Even though the infected plants exhibited
resistance to PLRYV, all of the transgenic plants that were inoculated with PLRV
became infected with the virus and thus disadvantageously allowed for the

30 continued transmission of .the virus such that high levels- of resistance could not
be expected. See U.S. Patent No. 5,304,730.

. Lodge et al., Proc. Natl. Acad. Sci. USA 90:7089-93 (1993),
report the Agrobacterium tumefaciens-mediated transformation of tobacco with a
¢DNA encoding wild-type pokeweed antiviral protein (PAP) and the resistance of

35 the transgenic tobacco plants to unrelated viruses. PAP, a Type I ribosome-
inhibiting protein (RIP) found in the cell walls of Phytolacca americana
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(pokeweed), is a single polypeptide chain that catalytically renoves a

specific adeni ne residue froma highly conserved stem| 0o

structure i n WO 83383 r RNA of eukaryotic ribosones, BaHUS% Béﬁ‘?eres
with el ongation factor-2 binding and bl ocki ng cel I ul ar protein

synt hesis. See, e g., Ilrvinet al., Pharmac. Ther. - 55:279- 302

1992 Endo et @ ; s&Gﬂi
I(-lartl)ey etn gl e, FEB E%tt Zlgoﬁgﬁgg% %égbr e%gﬁ/atlongmgl‘&qa

were in sharp contrMmaMmz&msbgUMmWM-hﬂplmcmwﬂ\eﬁs MENA of

transgenic l.an [
virus and cl osely r%‘ﬁ‘gfyh S%? Qﬂ?ﬁlsn‘éésrfon S’%&S 5?‘1 Eéeachy ‘{’&néh&td
Ann. Rev. Phyt opat hblockifg oéliilar’ prdtdifi Onthesis. See, e.gndirol etvhbgs [Bhamacal Ther.

novever . that  the %zziﬁée?@ﬁilés%hsﬁa?g%m@?dﬁ% Corawwiﬁﬁoi o 9%3),
P?ggggg:]eéeltgéagggd ant s hat 'éccuw%’e%?esﬁi(mgt ev ?&g%ﬁ' were

sterile. RivEre inagharppoontrast to ppeviclis stialidse sigrapwhizh repm-;nddha teansgenies

target specificit Unl i ke ,PAP whi ch (.as dempnst at ed
sup?a) IF‘)I cin i so%/a?léﬁ‘squBWFﬂ%laole EePE WeTh JEistantotp Youy apd r‘FE%‘éPFU‘%EM

active on mamal i anyinkde® SAINE Kek ARG t al., Ann, Relvl PAVtSpAEol. Q51-¢4 1990,
Harl ey et al., Procv Nat | . 5}icad Sci . S?A 22:5935- 5931%it 2 Q )

Barl ey endosper m Rl @dGolembpgiet eker Praci Natle Acad. Sais PSAGRT:63k1-Hi ge

and Tayt o ot a5 oSS ARARE, pBuousny lF RCRAP SBGe ikled Bind e 229?9"%9 )

pat hogens contri butﬁg/mggpro&em)amnﬂgd tto Hake arrmhted,e‘ummed phenotype, jaad hhgesther
out breaks in plants. Plants _have devgmi)gpecttjl a | . defense

i ncl udi ng nor phol ogFaISEETHE ibRFcoRlants, F Eﬁ&?‘l’?’eﬁﬁ?"%ﬁg}m €.of

Ta 4925 420 (1680); ey MEWTRRNEH umpRRsate n i PIDB 5PN 2 SR IR

30 et al., Plant ©niik¢ BAP \Bmlg@mm;n I&@gr Supaas tricis 1spla:add¢:om mr

> 999- 1007 (Loof). v s B faes iR bW Sn ealiaf ool el

been shown to have sbésorfesinges, e.g., Harley q:arad).p@rbc @¥ath NAcadr Sch mmﬂt5935-5938

ol ory o Pat oaen s %w?%ﬁ&%&%%%g S, oyt S et i

'522', bg - ggl | 1; trmgxtab%s%egvt Bed, k. ¥, Erido Y1 IBRIchén! Bibphys) Ftha 554:2240834 Q1988)
and Taylor et al., Plant J. 5:827-835 (1984).

25 Fungal pathogens contribute significantly to the most severe
pathogen outbreaks in plants. Plants have developed a natural defense system,
including morphological modifications in their cell walls, and synthesis of
various anti-pathogenic compounds. See, e.g., Boller et al., Plant Physiol
74:442-444 (1984); Bowles, Annu. Rev. Biochem. 59:873-907 (1990); Joosten

30 etal., Plant Physiol. 89:945-951 (1989); Legrand et al., Proc. Natl. Acad. Sci.
USA 84:6750-6754 (1987); and Roby et al., Plant Cell 2:999-1007 (1990).
Several pathogeriesis-related (PR) proteins have been shown to have anti-fungal
properties and are induced following pathogen infection. These are different
forms of hydrolytic enzymes, such as chitinases and B-1,3-glucanases that inhibit

35 fungal growth jn vitro by destroying fungal cell walls. See, e.g., Boller et al.,
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supra; Grenier et al., Plant Physiol. 103:1277-123 (1993); Leah et al., J.
Bi ol . 266: 1464- 1573 (1991); Mauch et al., Plant P
87:325-333 (1§§%}?’0§}33 and Sel a- Buurl age Buurl age et al Q’CTB;}%%?&‘
Physiol. 101:857-863 (1993). Several attenpts have
been nade to enhance the pat hogen resBst ance of plants via

recombi nant et hgdolspgres Gresiene: aagrmsntemﬁdl rm 12714023 rmm;gmasan,m &Bield
proteins (such as chiti nases andﬁlfife& zl) - gl ucanases) W

di stinct lytic actiGheme Mé!‘qh %314,§12:58’@y8191 $L:325: 343 {1888

L g e

Bi o/ Technol ogy 12: 807-812 (198&\)eralRamanptkyhm\xbemhmde to enhanceclthssmhaghn
genes have been shown.to hav otentiial in conferrlo%g di sease

resistance in plant sres%nc& antp, ‘Qﬂt %me?“tlmh logics 1 BYRg 8‘?"&50?‘1“?18&
transgeni c potalip Cxatgs) eggrem ApRRA (o &Y Gfindl SP8CBS SRR EnER) Swit

exhi bi ted to Erwinia carotovora a
Phyt opht hor a i nf est adlstmctl‘lyac activities agmh;tpfoagaéselkwaﬁs t Set}, etgacBrpglic ebal., Science

hi ch whon actonul aidse VS¥e (BOIETEBIRRGE. Mot e BRGBARE R

of active oxygen spgt993); avZrded 41. tménecﬁdon@%mmt(qomn Fdcently, two other
various anti - pat hogen and anti -fungal mechani snms_ such Ehyt oal exins (see

Apostol et al., Pl arfiassasy of @enesobaveyhean ghewmdo) hayed sie corfeming disease
Physi ol . 1 9 94 h '

(K?lzlssi g et al. 15 g%?%e ﬁ,zp{gﬂ;@ )theg%i %4@?%@? ‘?gﬁﬁ(??%' r}épon that
st rengt heni ng of t hetramlsmﬂc pathto enpieksifghthe stspergillus aiger glucotoxidae gere Ehibited
ai oyl ¢ actd ( CheringFas . reduafis, £ Eneilc; saaibraiss spd dhappharg, ifesans. The
hypersensitive hypothefi§ 45 8t "R BRIGSR Jh&ééb@ﬁag‘ze@bmda% bf gficese3prodices

(1994)). In addition to thé studies on Vvirus
" resi stance in pl ant siydroges mde, which whse ciecemuldicsdini plasto tissues,t deads \ipt the

fungal resistan For, & n

10: 305- 308 (1997 £s 6*%‘@{% f ’L@%P%ﬁ ?8‘8“'%?’) C@a{Pl‘ﬁ UiEE4 P08 bon of
engosper m provi ded pwwhes%ﬁ#paﬂ%gtm&hdfanﬁ a!ntheﬂiam@igstﬁcﬁ ra%glﬁlg&mlams (Tee
t obacco e c i nati.on rle osperm arl e
class-11 chitinase ' “Rpoiol o ahag’*aal 33’8%9&5/ a’dﬁsﬁfﬁgﬁp derd desanens T 34“* Physiol”
resistance to Rhi ZOCB&‘D@-@?' ﬁ'994)')npamogencsxs-retlw§%np?kﬁs§i§ eV laf, Q’lﬁﬁ%bf‘

vivo. See, e.g., Leaet al., suprg, cel? Zhu et al
supra; and Jach et aBiol. mﬁlbﬁﬁi'léﬁﬁ (JQ%B):&SP’W@@EM wall (Brissp et al.,

97/ 03183
PCT/ US96/ 11546 25 Plant Cell 6:1703-1712 (1994)), induction of systemic acquired resistance by
salicylic acid (Chen et al., Science 162:1883-1886 (1993)), and hypersensitive
defense response (Levine et al., Cell 79:583-593 (1994)).
In addition to the studies on virus resistance in plants, RIPs have

been studied in conjunction with fungal resistance. For example, Logeman et

30 al., Bio/Technology 10:305-308 (1992), report that a RIP isolated from barley
endosperm provided protection against fungal infection to transgenic tobacco
plants. The combination of barley endosperm RIP and barley class-II chitinase

) has provided synergistic enhancement of resistance to Rhizoctonia solani in
tobacco, both in vitro and in vivo. See, e.g., Lea et al., supra; Mauch et al.,

35 supra; Zhu et al., supra; and Jach et al., The Plant Journal 8:97-109 (1995).
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-4- 5 PAP, however, has not shown antifungal activity in vitro. See
"Chen et al., Plant Pat hol . 40:612-620 (1991), which reports that
PAP has no effect on the growth of the fungi Phytopht hora

i nfestans, Caqlletotrichum coccodes, fusarium sol ani, fusariwn

sul phur eum PRBAH*¥ %t eat a and Rni zoctonia solani, in vitro. ECT S36/11sds
Hence, a need remains for a neans by which to confer broad 10 spectrum
virus and/or fungus resistance to plants wthadt causing cell death or

sterility, and whi C!PAfPeﬂbIWé\%S mmbﬂsmmaaafm@naeﬁwtygr\_&g@nwcm et al., Plant
SUWARY OF THE | NVENTI ON &esent i nvention is
directed to PAP nut Bathel- 4612520 (IR gwhich reports %)ﬂ bas pQ effect aa thegrowgh

exhi bit PAP bi ol ogi v Heno q@igﬁ ansb I
activity," it is mgﬁ?’egﬁbbaﬁ{lﬂoén ra{’ il vf%bflgﬁf) PEA(;I§ %{% ﬁ?unlgglmlm’
activity. One pref eﬁaadwgrsa@hzwﬁmPPEbnmfzzuﬁmandstkam solamicih Yitroat | east

one ani no acid subst'tution i t he, N- er m nus of ure PAP, .such
as a substitution ERe AR irﬁ@a‘??a PL 3| BEASHY I“E’gcs‘d% b ﬁd

97 residue. Anogyger sﬁ&c&ﬂﬁ ﬁf-us and/or ﬁngf@@sx&&ﬂc@%%ldn‘is Qﬂﬁ&ﬁ%ﬁﬁlh&%@ll I¥¥ath or

truncati on of as many as am no acids at the N-term nus of mature
PAP. Yet anot her prmhwem@wmpmmmmmmmsum\woftransgenexharacter|zed

by nutations such ag@%m@%&grm nal region of mature

PAP. More preferred d at their Ctermnus by at

| east about 26 to abmﬁp%&nUBivﬁﬁ&n%&W%Mmuﬁmﬁth@mgnieﬂﬁ@d
the 29-am no acid rm nal extension of wld-type PAP)

further group of PAPthﬁlOém% aﬁde‘”h“"hzghlblfeﬂéyrﬂ?bgﬁﬂl Wﬁ&dﬂlm@%n@)ﬂopﬁgt
hi bit PAP t
exni bl ant | SV' bibh g?&i' Xﬁ\h%f 4 Iﬂnx.V»g{xéaaﬁ SAPT%'e- acmfxgp%l?:ﬂ APAYInti- Hﬂg%ih

exhi bit PAP ant| nga activi
present invention rraguwﬂyso()nmpfeﬁded gmuﬂbfmm:nummdsl‘dhamcmnmﬂ b;sagh:a.tt one

The present 1 nvent | 870 3 BPsUSHOL BERR bty ot WS AT, el as 2 supstvutonp
nutants, which nmay @ %8Gl g&ﬁe 75 SRR (R 0Re GhRamkit £0d 99 réGdué, NARBhet Brdup of
si gnal sequence of mature PAP and/or the 29-am no acid C-term nal extenS| on

of wi | d- t y PAPrmptanty isscharaterizechbye trupeatiaon pf ay mm%axamprasmtaéﬂre

col I's such as pPln SienRislf BB PRP. SYpCufitir Dol boorl of YAF ikl &

functional in said clﬁrhcsenﬂddsbysnutaxogs suchras crnyations in the Esterminal rgloarofahatare
cells (e 0. yeast gipdl oo dreried iy PhBINLAL UoSkealid ) el W RNRREy at teast
PCT/ US96/ 11546 about 26 to about 76 mature PAP amino acids (not counting the 29-amino acid
C-terminal extension of wild-type PAP). A further group of PAP mutants are
25 enzymatically inactive and do not exhibit PAP anti-viral activity jn vitro or in
planta; yet, they exhibit PAP anti-fungal activity in plants. The PAP mutants of
the present invention may also include the 22-amino acid N-terminal signal
sequence and/or the C-terminal extension of wild-type PAP.
. The present invention also provides DNA molecules encoding the
30 PAP mutants, which may or may not also encode the 22-amino acid N-terminal
signal sequence of mature PAP and/or the 29-amino acid C-terminal extension of
wild-type PAP. The DNAs can be operably linked to a promoter functional in
procaryotic cells (e.g., E. coli), or eukaryotic cells such as plants, and then
stably transformed into a vector functional in said cells. Hosts, e.g., procaryotic
35 oreukaryotic cells {e.g., yeast or plants), stably transformed with a mutant PAP-
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5 encoding DNA are al so provided, as well as protoplasts stably transforned
‘W th the DNAs. Transgenic plants and seed containing
the DNAs are al so provided. Expression-of the DNAs in
the transgenic plants confers broad spectrum virus

and/ or fungusWPIHOMBInce upon the plants without being as phyROVERFEIHE t he
pl ant as wld-type PAP. Plants included within the
scope of the present inventi.on are 5- 10 nonocots, such as

cereal crops, ang diggaddifd BNA are also provided, as well as protoplasts stably transfoffed with
present invention further provides a nethod for idénti a

PAP nut ant ha?/i ng réhmvéﬂwh;l‘xmmiq:pm}tsanhd sopdd mt@?xngttﬁ/é 5%{mmrmaéﬁoogpwpd
SITALELL ST NP i e -

mat ur e PAP- encodi ng ahtikor fengis wesistance upon the plants withouidngld phytotokiedo ttie plant
I nduci bl e pronoter functional in the eukaryotic c

I'l1. Th
PAP-encodi ng DNA i s anWilyone PAF. pPlagts m@u@%w%tgﬁw,o%dhe present inyeaHen Ay

cell is nutagenijged £ i8 ' : med after the cell is
transformed wit hlét he’ﬁgﬁso%’o%‘%?ruc% ; iﬁe'?ﬂ%gl-ctafgns orned cells are
cultured in Theprasent imberdionefiirthen providestmethad for identifying a
predeterm ned tine, i nducer s added to the, . . o .2 i um
to cause expression %&t’ﬁ‘é‘mﬁl\ﬁ"mﬁ E%HF‘% p&‘ﬂ@f"é‘? -%w&qhi@mgg?&rﬁglogm

made as to whet her taB&vi%}“iﬂ/?ﬂ&ls. Ofl‘hé%étﬂé&%\‘iﬂ%ssthé%te%y%ftﬁo&ibﬁg%%ﬁﬁém
of a nmut ant PAP. Such nutant PAPs whi ch exhibit a

substantial |ack of euksyeti¢ gelf gach as yeast containing a maturenRARwneoding, DN aolecule
considered as P ' LRI & . . .

phyt ot oxi ¢i ty. AR, 0 tefiby #kelo S otk URBH: functipnal in R T e o Yo R
25 spectrum virus @AP-encddinggDNA isSmatagenized priordiet teansformatidnyg ori the tahsformed
(e.g. by . expgenqus lication of the virus_or fungus),
or ih vivo (e.g.. by<lxp quesAEe (e, he mutagenesis is periomnsdoafier hemed) i
woul d al so be consi deigfiesq GAR dit/PAB nRict]) THE Bud-tRARormed cells are cultured in

bi ol ogical activity 1n plants. The present 1’ nvention turther provides
i solated and a suitable medium, gnd iafterd predeterminad: $medaminducerdistaddedi¢o the

f id h . . X
srorem o 0%y et i o el R RIS, X AT Bl

the present inventi anadexds o whéthetuhe dupival @f ooltatedycellDiPaaeth the éxprrsion vfca
pl ants that produce mature, wld-type PAP, ("PAP"), .or variant PAP, i.e.
PAP-v, but mutant PAP. " SughJButaitb APy Whigh exhibina subangal lask of towigiy to
activities. By the 4t Mok eQidtfd be considersd as PAP mubdhid OWfith CekMibit kddubsd
nmeant that a transgenic plant which expresses a nutant p-
97/ 03183 phytotoxicity. "~ The thus-identified PAP mutants WithUSi96/ exbibit broad
25  spectrum virus and/or fungus resistance, as determined by in vitro (e.g, by
exogenous application of the virus or fungus), or in yivo (e.g., by expression in
transgenic plants); would also be considered as PAP mutants which retain PAP

biological activity in plants. The present invention further provides isolated and

purified PAP mutants identified by the aforesaid method. .

30 BEST MODE OF CARRYING QUT INVENTION

Transgenic plants expressing DNAs encoding the PAP mutants of
the present invention exhibit reduced phytotoxicity compared to transgenic plants
~ o that produce mature, wild-type PAP, (“PAP”), or variant PAP, i.e. PAP-y, but
also exhibit anti-viral and/or anti-fungal activities. By the term “reduced
35 phytotoxicity,” it is meant that a transgenic plant which exprésses a mutant PAP-
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5 encodi ng DNA exhibits a normal and fertil e phenotype and does not exhibit

"t he stunted, nottled phenotype characteristic of transgenic plants
t hat produce mature PAP (as disclosed in Lodge, supra., for
exanple). By "wild-type PAP," it is meant the PAP ani no acid
sequence .1- 28¥09MM8H2_anino acid N-terninal signal . PCHPRSALE - t he
N-term nal signal sequence of wild-type PAP'), and the 29 am no 10
acid Cterm nal extension (am no acids enuner ag.ed 263-291), all illustrated
I n Tabl$ lehabiy PRASSRIVIE QNdrhal INE fF@ePRERANY 4 dUés nOOEANt the
sequence s set forth as SEQ ID NO_ 1, Thus, by the terns

'wi | d-type, mature Spgted, ppttled phenotype chamtedstiod tranggenicplantyihat praduce mature

TABLE I 155 CrRABREARRR AR, Rl o rrerep B AN PART

" CTGATCCCGATAAACAAT ARV R BADAATAS QAT GRGRhACMIGT AGE DAAMGAGacid N-terminal signal
TGTATGGGGGAGT GAAACCT CAGCT GCTAAAAAAACGT TGTAAGAAAAAAAGAAAGT.
TGTGAGTTAACT ACAGGGCRSmtisis KAt dfterminal signal sequence of wild-type PAP™), and the 29 amino

Ao 20 ACCTAG @@Wﬂ@l Cxtenorl Giini et entahrdg 2640015 1 Titterdted in

Met Lys Ser

(67) TGG CTTabte T tildw GCABQCID ALY 2T CPhoAGK re R dBETmENotide\ SequSice AT Get
ATCTAC o TiPabal B N ™ Bl ey B Ehhs Whicfe, R FATY o
(100) _AAT ClhafdrfPAST, it meEEtATIA PaEninyMid dGudice ATB2 BiowCECTMI1.
GAT CIT Asn Val Qy Ser Thr Thr Ile Ser Lys yr Ala Thr Phe Leu Asn
Asp Leu e

30 CGT AAT GAAIGCGRRAT ﬁ}“gg
Arg Asn Gu Ala Lysq4 HAAAGT
(30) TGTGAG’ITAACTACAGGGCG ATTGGAA

C CCCAATACAAATACAAATCCAAAGTACGTGTTGGTTGAGCTCCAAGGT
TCA 35 Pro As20 ThAGETAGTAGG ATGAHAAG LATG ARG T¢6 ATCITT\GIG (IGIACS ATATCAGTA
Ser Met Lys Ser Meb(ju Val Val ThAATle AM ARA
ACC ATC ACA CTA ATG CTG AGA CGA AAC AAT TTG TAT GIG AT@® Asn s Lys

Thr 1le Thr Leu Me TE@ CT TCA TGGC TGAATACAATCATC
(66) ° Thr bed M ﬂ{i@@% 'ﬁ“'(%);riflr'“loAl )Tﬁﬁ"?&r““eﬂ"cc’,’c’f’TTT

GAA ACC AAT AAAzq'GT CGI' TAC CAT ATC(%T AAT

AAT GTT GGA AGT ACC ACC ATT AGC AAA TAC GCC ACT TTT CTG AAT GAT CTIT
Asn Val Gly Ser Thr Thr lle Ser Lys Tyr Ala Thr Phe Leu Asu Asp Leu
{10)
30 CGT AAT GAA GOG AAA GAT CCA AGT TTA AAA TGC TAT GGA ATA CCA ATG CTG
Arg Aso Glu Ala Lys Asp Pro Ser Leu Lys Cys Tyr Gly lle Pro Met Leu
(30) (40)
C
CCC AAT ACA AAT ACA AAT CCA AAG TACGTG TTG GTT GAG CTC CAA GGT TCA
35 Pro Asn Thr Asn Thr Asn Pro Lys Tyr Val Len Va Glu Len Gln Gly Ser
(50
AAT AAA AAA ACC ATC ACA CTA ATG CTG AGA CGA AAC AAT TTG TAT GTG ATG
Asn Lys Lys Thr Ile Thr Leu Met leu Arg Arg Asn Asa Leu Tyr Val Met
(70)
40 GGT TAT TCT GAT CCC TTT GAA ACC AAT AAA TGT CGT TAC CAT ATC TTT AAT
Gly Tyr Ser Asp Pro Phe Glu Thr Asn Lys Cys Arg Tyr His Ille Phe Asn
(80) (90)
GAT ATC TCA GGT ACT GAA CGC CAA GAT GTA GAG ACT ACT CTT TGC CCA AAT
45 Asp Ile Ser Gly Thr Glu Arg Gln Asp Val Glu Thr Thr Lew Cys Pro Asn
(100)
GCC AAT TCT CGT GTT AGT AAA AAC ATA AACTTT GAT AGT CGA TAT CCA ACA
Ala Asn Ser Arg Vil Ser Lys Asn Ile Asn Phe Asp Ser Arg Tyr Pro Thr
(110) {120)
TTG GAA TCA AAA GCG GGA GTA AAA TCA AGA AGT CAG GTC CAA CTG GGA ATT
S0 len Glu Ser Lys Ala Gly Val Lys Ser Arg Ser Gln Val Gln Leu Gly lle
130) (140)
CAA ATA CTC GAC AGT AAT ATT GGA AAG ATT TCT GGA GTG ATG TCA TTC ACT
Gln Ile Leu Asp Setr Asn He Gly Lys lle Ser Gly Val Met Ser Phe Thr

~ oTAvTET - L NETRTT T ARSI STTEAPOY T =t e - NUT TN e e UL Oae e STt YL e e



Ay Tyr Ser Asp Pro Phe GQu Thr Asn Lys Cys Arg Tyr Hi s Ile Phe Asn
" (80) (90) GAT ATC TCA GGI ACT GAA
CGC CAA GAT GTA GAG ACT ACT CTT TGC CCA AAT Asp Ile Ser Ay Thr Qu

Arg G n Asp Vi Thr Thr Leu Cys Pro Asn 45

(100) @*&:’8"3&&“? TCT OGT GIT AGT AAA AAC ATA AAC TTT GAT RGP % AT
CCA ACA Ala Asn Ser Arg Val Ser Lys Asn Ile Asn Phe Asp Ser Arg
Tyr Pro Thr (110) -7- ' (120)
TTGGAATCAAAA&:GGGAGTAAAATCAAGAAGISO(EAGGTCCAACTG GGA ATT 50

' TCA GAG
ooy S e A S o e 1o i Afﬂq R, Ve B S

AAT ATT GGA AAC ATT T | u
T e T AR B m&%ﬁ;ﬁﬁm&
PCT/ U596/ 11546

(150) GAG Al AR SRO R RASCTIG, ETACHT BaFTfo %&%Msé@@r%
TCA GAG G u AlySphe TAh floU AN aprd LysPa L1024 AkCleuVelh Sha TireTH ©1Myk

Val Ser du (160) (200) (170) - 10

GCA GCA AGA TTC 18AG AT GATACAGCA AT CAAGATICQVAMAG AGT GRGATCTIITITA GAICAALSGCT CTCO
Ala Ala Arg Phe Lys Beyr Ser| rGalp Alen *@n”vaMaLySs ‘Hﬁﬂl Gy Val Hige Ponlyy Fro Len

(180) C AAC CCT _AA
CCC AAA GTA CTT AAT gﬁ‘éc&g; ‘AAGGTGG ATAG e
Pro Lys Val Leu ygAsn et E%’ﬁghﬁﬂﬁ H él‘ 113_'§15T'P Tle GC?:Pﬁ %ﬁﬁ’ ?én

(200) CCT GAT m cTA€GTPES g&;&r Ghta
CAT GAT GCC AAG AAT RaSALfal brol B el Tor Vat a1 Gy o Far
Ile Hs Asp Ala Lys Asn Gy Val Leugséro Lys Pro Leu (260)
(220) GAG CTACTEIAT SAT CESAATEIOMGAG TOXTEVCAA CEr ATAATEGCT HETARY TAIG
GAT GAA 2[u 'BreuTNaIAsrAgp Als:a BerMetGPhe P aGloy $aulflle Met cSe/Abr | Tyr 'Arrg
Val Asp Qu 20 (270)

ATC AAG CCT GAT GTA @TA’%& ETOA C@GTWAM&
Ile Lys Pro Asp VaI‘“AI "’ & Léj ﬁ"\/ﬁ‘l"% ?l"Sg’ & dn Thr

(250) 30 'rAA'rAAGGAGTATATATATA’JTQE'FéEMcrA'rA‘ITATAAAGcrrAAATAAsAcoccc
TGTTAATTAGTACTTOTTGCCTTTTGCTTTATGGTGTTGTTTATTATGCCTTGTATGCTT
GTAATATTATCTAGAGAACAAGATGTACTGTGTAATAGTCTTGTITGAAATAAAACTT
CCAATTATGATGCAAAAAAAAAAAAAAAT

K> Table I further shows PAP-y amino acids and corresponding
nucleotides in proper alignment with wild-type PAP. Basically, the amino acid
sequence of PAP-v differs from that of wild-type PAP in terms of a Leu20Arg
(i.e., an arginine residue at position 20 of mature PAP as opposed to a Jeucine
residue) and a Tyr49His substitution. The third change in the PAP-v nucleotide

40  sequence (TCG — TCA codon for the first occurring Ser in the signal sequence)
has no effect on the amino acid sequence. Table 1 also shows 5' and 3’ non-
coding, flanking sequences. Upon expression in eukaryotic cells, the N-terminal
22-amino acid sequence of wild-type PAP is co-translationally cleaved, yielding
a polypeptide having a molecular weight of about 32kD, which is then further

45 processed by the cleavage of the C-terminal 29-amino acids (“the C-terminal
extension of wild-type PAP” or “PAP (263-292)"), yielding mature, wild-type
PAP (hereinafter “PAP (1-262)") (i.e., that which is isolated from Phytolgcca
americana leaves), having a molecular weight of abouf 29 kD. See Frvin-et al.,
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ACT TAT AAC CAA AAT GCC ATG TTT CCT CAA CTT ATA ATG TCT ACT TAT TAT 25
*Thr Tyr Asn G n Asn Ala Met Phe Pro An Leu Ile Met Ser Thr Tyr Tyr

(262) (270) AAT TAC ATG GIT AAT CTT GGT
GAT CTA TTT GAA GGA TTC TGATCATAAACA Asn Tyr Met Val_ Asn Leu vy
Asp Leu Phe &Q2%383pne (280) PCT/US96/11546

(290) 30 TAATAAGGAGTATATATATATTACTCCAACTATATTATAAAGCT TAAATAAGAGECCG
TGITAATTAGTACTTGTGCC TTTTGCTTTOGGTGITGM  ATTABRGCCTTGTATCGCTT

GTAATATTATCT AGA@“A%EM&?&‘\QI @ﬁﬁ%ﬁ@ﬁf @&@%&TAWC’A&@ Res. :4200-
CCAATTATGAT able | furt shows

PAP-v anino aci ds a@ﬁd(kﬂ?ﬁ)’eMpmmgt al., J. Mol. Big}i éﬁ7%§5lﬂ92ﬁ)b§é¥nef et al.,

alignment with wildst .. 1Basi | ¥n. ' cid - seqguence
of PAP-v differs f?%ﬁ%@ﬁ%‘iﬁ?%ﬁ%d@%@&@gm@ “of a Leu20Arg

(i.e., an arginine residue atBy@s phse 2PAgf aﬂmnﬁﬁa&'\lﬂﬁ@s PR Aset tthat othe
| euci ne residue) and a Tyr49Hi s substituytion. The third change in

the PAP-v nucl eot i cexpression of 2 sugans RAP efthespresentdpyegtenin 4 Grnsgpric piant eonfers

acid sequence. Papl o SPRaraf MR, Reisapcs, i) WiSsRe™h O 187 LB M

sequences. Upon expsuppmessing infectiok by patumber of hmlatddafmt-stsennnlmmhg but not limited
22-am no aci d sequenc f wld- té;pe PAP. i s co- traR_ﬁ tlonaII I aved, .

yi el di ng a“’pg?’%p 568 &- 120\ POIR VITUSSS, SHEH, £S, gﬂ??at%f POSYfus
which is then furthgyy) cﬂ&m&i%ﬁi’éwxcm GORRYG GRosBiE Jxﬁ@esmgf“ Bitdey

29 am no acids ("the C-ferm nal ext e€nsion of w | d-type PA

"“PAP (263-292)"), yyelowi ﬁgarﬁms dBYRIV)¢ -wheptestreak mosaic v, (potate leafifrold rvaS’AP
1- 262 i . e. h | fr Ph l.
| eaves). havi notsa mEEAr Bt S Pelentst S ARE Bucpipt petlqe SR G,

WO 97/ 03183 papaya ringspot virus, beet western yellow virus, soybean dwarf virus, carrot
PCT/ US96/ 11546

read leaf virus and DNA plant viruses such as tomato yellow leaf curl virus. See
also Lodge et al., supra., Tomlinson et al., J. Gen. Virol, 22:225-32 (1974); and
Chen et al., Plant Pathol. 40:612-20 (1991).

20 By the phrase "PAP anti-fungal activity”, it is meant that the
mutant PAPs of the present invention confer broad spectrum fungal resistance; to
plants. The mutant PAPs of the present invention provide increased resistance to
diseases caused by plant fungi, including those caused by Pythium (one of the
causes of seed rot, seedling damping off and root rot), Phytophthora (the cause

25 of late blight of potato and of root rots, and blights of many other plants),
Bremia, Peronospora, Plasmopara, Pseudoperonospora and Sclerospora (dmsing
downy mildews), Erysiphe graminis (causing powdery mildew of cereals and
grasses), Verticillium (causing vascular wilts of vegetables, flowers, crop plants
and trees), Rhizocronia (causing damping off disease of many plants and brown

30 patch disease of turfgrasses), Fusarium (causing root rot of bean, dry rot of
potatoes), Cochliobolus (causing root and foot rot, and also blight of cereals and
grasses), Giberella (causing seedling blight and foot or stalk rot of com and
small grains), Gaeumannomyces (causing the take-all and whiteheads disease of
cereals), Schlerotinia (causing crown rots and blights of flowers and vegetables

35  and dollar spot disease of turfgrasses), Puccinia (causing the stem rust of wheat
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5 Pharmac. Ther. 55:279-302 (1992); Dore et al., Nuc. Acids Res. 21
(18):4200- 05 (1993); Monzingo et al., J. M. Biol. 23:705-15
(1993); Tuner et al. Proc. Natl. Acad. Sci. USA 92:8448-8452

(1995). By the phrase "PAP anti-viral Y
I's meant that ?ﬁy‘msa expression of a nutant PAP of 't herg:&}edgéﬁ%“
I nvention in a transgenic plant confers 10 broad spectrum virus

resistance, i.e., resistance to or the capabilpty of suppr essi ng

infection by a nsinbgsd efherRimall Girgiels) i U, (chmﬁngbﬂi\gsdmﬁ, mgnd Fhb€ (eausing

to RNA viruses e.g., potexviruses such as (PVX, potato virus pot yvi 1 us

(PVY), cucunber msmmﬂrm@h(d\/m‘ ER888): At F’@Wr&‘?@%‘%w@f‘b Bs, of

yell ow dwarf virus (ﬁg}@“ et § g@m [ p I r
Vi rus 15 (PLRV) 3x Vi rus ify er neﬂn%ﬂvm‘g‘%%esv?éﬂ& ztﬁ%%hlc%%d by
yel I ow mosai ¢ Vi r us Cercospora, Semoria, 1 i Mysqphoerelia)s, Gloeicrellast eGollysmtricium,

virus, soybean dwarf én car read | eaf  vi rus and pl ant
v: ruses such _?_sﬁrét)or’rﬁe W?ﬁ@?ﬂﬁ%aﬁl‘eﬂﬁqa sz‘gazggrgﬁggﬁ:w é‘dge et
al ., supra., Toggjinson et a at n t
Chen et al., Plant Pathol. 40: gg}guggsz S%)A.WS 20 s & I':Siyprtﬁﬁﬁ:;1
phrase "PAP anti -fungahtlm:coniertmér;ased resistaneate insécts, tabteria and nematodastin plants.
PAPs of the present

pl ants. The nutant BR%I r?He Ry d S‘I[i\‘?cfn maé“un aS{eﬂcr as?gp"de ofas

resistance to Xamwmmmmsadw‘wc@lﬁatsé@rmyceﬁ ncl udi ng those
caused by Pythium (one of the causes of seed rot, seedling da ng

off and root rot), Phyt opht hohe AR musanse of theppreseng inyegtien Bﬁft‘grfforaf'”%
and of 100t 1ot 5" agAr ghiaus, T SBEE: PO oo which CEARGP: s
seudoper onospora_ an

Per onospora, Pl asnopar a, erospora (causi
downy nildews), Erysompartmentalization {icyive] @) (Osterring mnizdsy\mmiudmghmlrmt dimdted

glrgﬁfgs), Verti C:allnldl ug@%gaum n? %I ar W l@ﬁg vegﬁt abtlagé a*lééggécqﬂegsgwp

many plants and broyfytants, 30 THAt ﬁfstd'éﬁ&géﬁ/ Obf t PATPIT FREAB) - ma S%wm altered

(causing root rot of bean, dry rot of pot at oes), Cochli obol us
(causi ng root and fogmpmenmuamwpbmagm_m that isatheyzmay not be localized in the

oo O Por ) ° g AT Rkl & b, 90, AR vl s 18

whi t eheads di sease bbund to any partieslan kivpry St bbaa@an Mﬁpl(cmallﬂxag:sahMeieOl’AP

and blights of flowers and vegetabhl es dol | ar s ot di sease of
turfgrasses), Pucci MU} “ﬁé’l?ﬁg ‘é”(dﬁ?ﬁ%ﬁ%' ‘W‘f@llai’messng (to\Rpmgve dhe @3
PCT/ US96/ 11546 amino acid signal peptide) and/or post-translational processing (B remove the 29-

amino acid C-terminal fragment) in yeast, which results in substantially

25 diminished or negligible cytotoxicity. These mutants are also non-phytotoxic.
What is particularly surprising or unexpected about the function of these mutant
PAPs in vivo is that the mutations are located within the sequence encoding the
mature PAP (1-262), and not within the N-terminal signal peptide or the 29-
amino acid C-terminal extension. In addition, the mutant PAPs are

30 enzymatically active in inhibiting translation in vitro, indicating that
phytotoxicity is not solely a function of enzymatic activity. Preferred PAP
mutants include a conservative point mutation such that wild-type PAP amino

- acid residue 75 glycine (Gly75) is changed to valine, alanine, isoleucine or
leucine, or (2) a conservative or non-conservative point mutation at wild-type

35 PAP amino acid residue 97 Glutamic acid (Glu97). More preferred PAP mutants
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5 and other small grains), Ustilago (causing corn snut), Magnaporthae
‘(causi ng summer patch of turfgrasses), and Schlerotium (causing
sout hern blight of turfgrasses). - Qher inportant fungal diseases

i ncl ude thosewégwﬁ Y chum Cer cospor a, Septori a, I\y&m{wg‘gl | a,

d onerel | a, Hel m nt hosporium Al ternerr a,
Botrytis, O adosporium and Aspergillus. 10 Appl i cant

al so believes that the nutant PAPs of the pres@ent i nventi on confer
i ncreased resi stancaretPAP (5262 SGl)U&VﬂQ&h@P@HE(BEGﬂitGMQEst the aespective DNAs

| nportant bacterial diseases jnclude. those cau ed, Pse onon

Xant hononos, Erwi ni ﬁtd“%?cgv é? arepared %‘E‘P’é’p?br‘is g 8&T codon for

The PAP nutants of | P
;igﬁneisewm ,ngxgue el mﬁs%&&mm& lglredriti Cacid 9150 AKA

substantially as exhi bit altered
conpartnent al i zat i oﬂysme)w@bhg:r (’8)’ nibtards having almechcamparummtahmmg pmpemtstcan

limted to dee or .fra h|f t nts rrutants
and (4) active-sited %F‘ﬁnﬁe l?edgg%lg siorgf

nutants nay hgye dﬁ&bﬁrﬁﬁz\rgsmly Pmﬂﬂﬁﬁfénmbx%h'ﬁ?_d@as &rerssmy sﬁe td‘the
vivo; that is, they may not be |ocalized in the same subcel | ul ar

conpartnent as wi | dpreggnee ARn Napgrminah methionies residye), cbubzsyhlch is toxic toHekanyatic
any particular theo 0 0 b t S P,
% u%n& e)?&r t%Bd ﬁg@%&{:&@%ﬁls ﬁlch 'Hﬁ W%\% s, not

mutants are unabl e rgo CoO- proces (to he"22

amno acid signal pipluded withinthe scope of therpresehtcinventioh. proce55| ng (to renove
the 29- amno acid C-termnal fragne nt% In yeast, which results in

substantially 25 di mi ni sHesesmdfatserny 9| fc,q"? &vention haves
are al so non- phyj ot ﬁéﬁi;ﬁons Or amino, aci tbﬁmﬁ% e iliat g%)&f bPPﬂ? (Kpphwﬁ

unexpected about the tunction of these mutant I'n Vivo
the nutations are Ihasaumdpﬂ&dty dlscdvsreddl}uethc&e muﬁamdlargallsdmon-toxlc Jn__v_xme(t ene
PAP (1-262), and not W

anino acid Cterm nﬁ?“Bﬁ’[ §° Fiven '8 F\?‘Bﬁp ga%ﬁ%' ¥ OrAB %ﬂeélmutagﬁ

enzymatically acti ligve ddletion§ dF lfidim asbuttzsauasdbaﬁu 76 amirid adids 6pmanmdlm | g
t hat phytotoxicity i s not sol el é&% function of enz tic . activity.

‘Preferred PAP ' m"eﬂ’iﬁffeﬁ?@é“? the PFemytapts PAdt M?Q@Aé’o(ln’c ‘éH’?‘Hﬁ"r Jheh
that wild-type g§P arp;.&ﬁmsbe ﬁ%ﬂut%%h&ﬁ&d?@si&}égjﬁg{}ﬁ g“ﬁaﬁ?ﬁ*‘g‘ PAP,

changed to vali ne, ani ne |so C|ne or

conservative or nonexgo.n&h?fh-ﬂﬁ&)e?ﬁm (1£23atRAR (h234), RAPJ1423p)k PAP (5232)PRRP
amino acid residue d7oLuball G Aig) dpA 1350y, AP [1-836T 84245, PAb A D3e),

WD 97/ 03183
PCT/ US96/ 11546 PAP (1-225), PAP (1-224), PAP (1-223), PAP (1-222), PAl?-Qi-221), FAR(E

PAP (1-262, dy75Vval) and PAP 262 u97 ectiy
of which can be pr eB%Q De AR ﬁb?%/g)b)?"%&}fgi ﬁ/ﬁ% (M‘& tP (t%#ﬁ)ccﬁiﬂﬁ @215,
25 PAP (1-214), PAP (1-213), PAP (1-212), PAP (1-211), PAP (1-210), PAP (1-
209), PAP (1-208), PAP (1-207), PAP (1-206), PAP (1-205), PAP (1-204),
PAP (1-203), PAP (1-202), PAP (1-201), PAP (1-200), PAP (1-199), PAP (1-
198), PAP (1-197), PAP (1-196), PAP (1-195), PAP (1-194), PAP (1-193),
PAP (1-192), PAP (1-191), PAP (1-190), PAP (1-189), PAP (1-188), PAP (1-
30 187), PAP (1-186), PAP (1-185), and PAP (1-184) are encompassed by the
present invention. More preferred mutants include PAP (1-184Glu), PAP (1-
188Lys), PAP (1-206Glu), PAP (1-209) and PAP (1-236Lys) . Deletions
shorter than about 26 (j.¢., between 1 and 25 amino acids, inclusive) or longer

than 76 mature PAP amino acids are included in the scope of the present
35 invention provided that they are non-toxic to plant cells, which can be
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glycine75 to GIT (valine), and the GAA codon for glutamc acid 97 to AAA
(lysine). Other PAP nmutants having altered conpartnentalization properties
can be identified by the selection nethod described bel ow Dore et

al ., surpa, W&%{(ﬁlgl scl ose an Arg67dy PAP nutant (nunber edré’:.‘)n@%faﬁs
0 the

Arg 683y due -presence of an N-term nal nethionine
residue), but which is toxic to eukaryotic cells and non-toxic to
procaryotic cells such as E. coli. This nutantll-s not _ i ncl uded
within the scope5of deteemiredtgntheissleetidn method describBldein Sfeeadinbklow) end theyodonFohP
mut ants of the present inveption haye .15 delgtions or am no aci .
substitutions in thdURBUSANF{OR YITUS IesistARes, i piania. lager properties can erfg,gﬂmmed

unexpectedly di SCOV%%%?%mgglﬁt ufs, @S QedvRd) Wit the PAP Hiukft in the

(i.e., non-p even though™they Tinhibi't translation in
vitro. Preferred rrutm'asesceofavirusoﬁ@pg:sdetéyisqnmtg@_fg‘xgmapmmhew a ¢ransgsonc

76 ani i ds of P d. f d. PAP

it ant s PAP (1- 236) A0 deastotmed With &y PAR it BCE iR i fungus
begi nning at aboig adf REBCT AT §éferred 28 4esindll Islbsiitdn Mahiti® BARRAP (1262,
e.g., PAP (1-236), Pl,iliﬂ 1-2§,5), PAP (1-23.4), PAPtth]é-t\%SS%b PAPP&%@?, PAR
1-231), PAP (1-230)L }mlth;nmp infending gnd by pny parkic |0
I(DAP (12225), I(DAP (12 - PAP (1.7 g (da & .
220 PAP (1. 210) . FEEEE, Applciag Petisues i e amenct BF #AD b B 24k
25  PAP (1-214), PAB9CYs Zshdwn iRARbIeID)2Which iPABmolbgaisl{o, theABnsehsu? 8JyenBd\Ror
(1200), )" piihe iolmmic papbyabe Spoplotnirid Asimeinsps (184 $ap.
(1-199), PAP (1-15 Bioenerg.lﬁ&nenﬁﬁzﬁﬁ#p11990?%(116/!%9@)13 abAGt frbml Sach of B
(1-194), PAP (1-193), PAP (1-192), PAP (1-191), PAP (1-190), PAP
(1-189), PAP (1- 188)PAPamutgnts disclosed aboves 1§ invplved dn bingipg of AP tolphosphiolipidsen

PAP (1-184) are enco by . resent. J pvent r .
preferred nmutants i n@ﬁ@?’%ﬂﬁéﬁ‘n(§§4@k® fnefgk%ngi_wrhxch M‘*MQ%“L@%@‘WB“ of
(1-206G u), PAP (1- 298P imocth€diRokdl-of3he vell wherdl!'iﬁﬁibiﬁlfrotein synthesisS " Dida@hing
t han about 26 (i.e., between 1 and 25 am no acids, inclusive) or,  _|onger
“than 76 mature PAP %iifiection; 8- chydslenan prdy frameshift swagien qfesylisdn PAR myfants
\?;\!5) 9i7/n\6§2t8i30n pryyi Wéﬂs%ﬁyafs@lo%%&.to pl ant cells, which can be
PCT/ US96/ 11546 Dore et al., supra, also disclose a Phel95Tyr] Lys211Arg PAP
determ ned by the sel ' et descrihed . tail.below .and the .
confer fung u'é'%é% f&p@% intf]ﬁ‘g’% 15 Qng‘éﬁr}?q‘gf“am‘&. tgﬁ'ﬁé'qbﬁ??% rllsedy heren
properties can be deduer wsitheN-terminal Met Fesiduer Rquited)for erpressiore il Bt cold), plidch is
in the presence of a virus

Do o Chv el B s Th A b o B ots S e
25 coli. Accordingly, this PAP mutant disclosed in the Dore publication is not
included within the scope of the present invention.
The third category of PAP mutants is characterized by truncations
of from 1 to at least about 38 N-terminal amino acid residues of mature PAP.
These mutants include PAP (2-262), PAP (3-262), PAP (4-262), PAP (5-262),
30 PAP (6-262), PAP (7-262), PAP (8-262), PAP (9-262), PAP (10-262), PAP
(11-262), PAP (12-262), PAP (13-262), PAP (14-262), PAP (15-262), PAP (16
262), PAP (17-262), PAP (18-262), PAP (19-262), PAP (20-262), PAP (21-
. 262), PAP (22-262), PAP (23-262), PAP (24-262), PAP (25-262), PAP (26
262), PAP (27-262), PAP (28-262), PAP (29-262), PAP (30-262), PAP (31-
35 262), PAP (32-262), PAP (33-262), PAP (34-262), PAP (35-262), PAP (36-




plant transfornmed with a nutant PAP-encoding DNA is inoculated with a
"fungus 10 or virus. A preferred Ctermnal substitution nutant is
PAP (1-262, Leu202Phe). Again, while not intending to be bound by
any particul ar. theory of operation, Applicant believes that the
sequence of PR30 aci ds 2444 u- 259Cys (shown i PO 9§1 syp

whi ch i s honol ogous to the consensus sequence for t he prokaryotic
menbrane |ipoprotein lipid attachnent site ¢(Hayashi- et al., J. 15

Bi oenerg. Bi onBm 262),48AP (37-2699 PAP (38262)Mand IPATS (38362)1 Truacativas bf gteatepe
PAP nut ants di scl osed ve, ,is involved ip bipding Qf, PAP to phosphol i pi ds
on endopiBaE Nernitel amecagd sies RESaRie AR g iblebshfate
transl ocation of of the"

scope L3 UiBydriBn G RS RhteR tHal Gh&P bXhib BAP iblological

i nhibits protein synthesis. ﬁ%s%d;rz%vng " et ni s fuﬁgt i (%trslYEI e.g. ,o%%/l

del etion or by fr sactivity and rduced phytotoxisity insvive. FPhResepropertiss may 2 detemauied g
the instantly disclosed,propertjes. . . Dore et .al .,
supra, also di scl J8&¥" FS‘%%pWEd?ﬁs & &@Apﬂxeworhng ?Wgeﬁt‘t’?lmi ch
numbering is +#j out-of - phaserndifolrth BteguHiREPFATY mbeAEs EMELM Active-site mutaiti t O
the N-terminal Met residue required for expression in E. coli), which is

toxi c to eukar yot iwhiglerander the HAPamolscule enzymaticallioinactiyei(as measyreddyyrtheir dask
such as E. 25 ' ' ¥ .1 Qi i scl i .
Dore publication i%fcag’g{ty to ﬁﬁﬁﬁ{ gjazFl"‘?flc ﬁ I.‘cﬁgv?& Fﬁ%ﬁﬁ%&o{g@p@%ﬁ:ﬁ%ﬂe varpté‘ggnﬁt

i nventi on. has surprisingly and TUnexpebiedly faindgdray thésePAfatamg amhibiti $road
characterized by truncation froml to at |east about 38

. . f _
N-terminal ami no PR ERerengabactyity ofhsnsxpiesisd in plants, PR (oReh they xhibit
el ude’ PAP (2526 %3egifihE $AE2BRvirkIARxily 20The AR rR0Zkic of HAP inlERs
(6-262), PAP (7.262), PAP (8-262), PAP (9-262)  PAP (10-262).. PAP
(11-262), PAP (12-am§p9 acipagsidues Ty6l2, TypARS,(Glnl 26 2Arg1Phend Tep208.2 Accordingtyl6-
262), PAP (17-262 P (18.262), PAP (19- -262).  PAP_(21.
262%, PAP 222- 262%‘,""%%&“}’%3‘-’%6%”?" Aﬁ-é-24‘?§"§§§?°n5§§a§ %g"‘%g’%“’e r9AP°‘§e§6‘-‘°“’
262), PAP (27-262)conidttativéSuBsititionRAfthe PAP 20iYe sifeAlr whtbeir @P)east IOAR attdve- site
o2 9708 AP (3l aeid 15 aiioi 50 Hptaced by, snottics Awiing acid. wheas the PAP &0

PCT/ US96/ 115460 rendered enzgmatically inactive but retains anti-fungal activity,” #ré encompassed
262), PAP (37-262), PAP (36-262) "and PAP (39-262). Truncations of greater

t han 38 N-t er mi nal within the presant inventione sSPAP mutants carppetested fonenzymatic and antir

t he scope .1 nventi e t. t la0i t
PAP bi ol ogi cal - Tt SeGEE Bing BeCliy”BrobBnbrl BB 1" HE Wrl OB SR,
properties nmay be bbidver N preferred PAP adtive aite aruthnn issPAP (13262)eGlpl 76Mvalur es set
forth in the working exanpl es, be

ow, .1 The fourt
category of PAP nutants cont airﬁgaéét“? g‘?-"é?‘?%%ﬁgt fmyfaats, the phrase which ‘p‘ffers
25 from wild-type PAP substantially in that ..." means that except for the amino

acid changes (described above), that are necessary to confer reduced
phytotoxicity and anti-viral and/or anti-fungal activity, the amino acid sequences
of the mutant PAPs are substantially identical to that of mature PAP. By the
term “substantially identical,” it is meant that the PAP mutants of the present
30  invention can be further modified by way of additional substitutions, additions or
deletions provided that the resultant PAP mutant retains reduced phytotoxicity
and PAP biological activity as defined herein. For example, the N-terminus of
the mutant PAP may be changed to a methionine residue, either by substitution
or addition, to allow for expression of a DNA encoding the mutant PAP in
35  various host cells particularly E. coli. The PAP mutants of the present invention

TR R 25 ) o S R St ok - JIRE Jal S S




Wwhich render the PAP nol ecule enzymatically inactive (as measured by their

| ack of ability to inhibit translation in vitro and/or eukaryotic

ri bosonmes). Applicant has surprisingly and unexpectedly found that

t hese nut ant l.bi.t broad spectrum anti -fungal actiyj

expressed i n%ﬁ?ﬁ)@s’fsﬁ even though they exhibit 15 negligi b*g&éﬁwg“
anti-viral activity. The putative active site of PAP includes am no
acid residues Tyr72, Tyr 123, dul76, Argl79-Exd Trp208. Accordingly,

PAP active si te5rruttmytﬁnﬂxerg1c1uddnﬂ1emmnnml rﬁZeaxmnusxetd/mghalepepudenémntcque

conservative substlt e PAP a e or . wh | east one
active site °ra@FéB|a§“’E%F°é ?T%&T’ gﬁg‘a&o‘%}@# Ay 1
acid, wherein the RABdSabov0 rendered enzyrrat ically inactive but retains
ant i -fungal activity, are enconpassed wi thin the present invention.

PAP nutants can be tested foDNehyonnading the ehutant PAPs of the prasentgaventionicen bees

el ou A pret of roa ARty DERGIHSH ot B eNE g8 SEONBR gl g, Vol

In regard to the dilydhapes i Admiht Pt aEASEBioldRive Witky{ NEY $1990R5 The

fromw | d-type PAP substantially in that ns t hat except for the
ani no aC| d %ﬁ@@g @%%P@W%E@? teghpiquesy cSes m lngisred,

reduced éeﬁfb CA&éﬁeﬁx‘dePfh@ | Safi i oaﬂ /QQQQPW&; E{Sﬁ@nt | al-{:ﬁébﬁﬁﬁg

the am no acid sequen "he nut e su
identical to that JNA=eLg. ca PBNA)By prdferably msertedumorn ﬂlamtxsarmfurmaﬂmryvector in

identical ," it |s at tht t he PAP nut gt'ﬂi lrfe‘gent i nv #lon
can be further nodi ?f“b? eV s i e o) s qon ag 3l ff; ﬁé‘““é&“d?ﬁ%?%‘

del etions pr ovuded ttdngforthiteon 0 Pidn® ellAPTHS leRpressici 2hsieted ¢ contains, in
phytotoxicity and PAP b| ol ogical activity as defined herein. For

exanpl e, the N-ter PR T6ading frame, a;prampter fuectionsl iRaplasieCellsaa e crongranslated

met hi oni ne resi due, E&Efe o)
_for expression of ae% ‘% qﬁ‘}t 4§%N$Aﬁ§da3 bog? \?fglﬁgou ﬁ)ﬁ ﬁ%&
particularly E. colin pliﬁketo%ﬁserﬂhbadﬂmombfpblyamwnucmoﬂdtﬂ torthe 3’ end ofﬂ’@

97/ 03183 . . .
PCT/ US96/ 11546 RNA sequence. Promoters functional in piant cells may bel@ta}ned gfom ﬁay

further includegt h&a?i‘eiy%ﬁ‘s&\ﬁ*&es@mﬁrﬂsnﬁﬂaﬁ&'dﬂ ;amangmpmsede The Welekidny BE a
a

PAP and/or the 29-amino acid GCtermn ext ensi on, both of which are shown
in Tabl e | PIB@QIEr used in expression cassettes withgeierain denpatiploand, femporal

enown PAP gence. - SZPRSSOh pRitcf T HR Lonsyruction (ARE ARG SBiteRl pRncters
Protocols in Ml ecuhay hBreotmgiitutive laetyvxtyl\md( meshO)ncluﬂbahe_: CaMV 35&|\1#smmcy theso
be B ePared 18 POk ieh 825, B Bufh EERh e B Mt Mot
25  Gen. Genet. 231:150-160 (1991); Chibbar et al. Plant Cell Rep. 12:506-509
(1993), and the ubiquitin promoter (Binet et al. Plant Science 79:87-94 (1991),
Christensen et al. Plant Mol. Biol. 12:619-632 (1989); Taylor et al. Plant Cell
Rep. 12:451-495 (1993)). Alternatively, they may be wound-induced (Xu et al.,
Plant Mol. Biol 22:573-588 (1993), Logemann et al., Plant Cell 1:151-158
30  (1989), Rohrmeier & Lehle, Plant Mol. Bio. 22:783-792 (1993), Firek et al.
Plant Mol. Biol. 22:129-142 (1993), Warener et al. Plant J, 3:191-201 (1993))
and thus drive the expression of the mutant PAP gene at the sites of wounding or

. pathogen infection. Other useful promoters are expressed in specific cell types
(such as leaf epidermal cells, meosphyll cells, root cortex cells) or in specific
35 tissues or organs (roots, leaves or flowers, for example). Patent Application WO
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DNA (e.g., a cDNA) is preferably inserted into a plant transformation
vector in the form of an expression cassette containing all of the
necessary el enents for 15 transformation of plant cells. The expression

cassette typﬁ&ﬁ{.’ ontains, in proper reading fra ter
functi onal g“n’t gceI s, a 5 non-translated I eaggr /gseéq%{}ggnxge t he

mut ant PAP DNA and a 3' non-translated regi on functi onal i n plants
to cause the addition of polyadenyl ated nucldétides to the 3' end of the
RNA sequence. P5onSB47R278 uﬂoctei:mqaé descqﬂbwrthe iselation wfi phehmaizb vipdngmhef which is

20 variety of sourc S S as S Vi & e on
of a pr oo tPEF e@ggaﬂlc F?‘IEQ%?(E Pb'ﬁ ‘&@§ huENA L%H@erﬂ?’ﬁefﬁh fiol.
spatial and tenporah:579.589 (198990'Ha%E idRseriBad o n&?:ftert&ﬁwﬁ@’ﬁ&xﬁ%é':ﬂﬁzé
transgeni c plant. Sélected (pr onoters have constitutive actlivi ty

and these include tdneodihg\/phmepolpmw cathiozylase (PEPC)araﬂx dirgptsoexpression in a
(McElroy et al. Plgnt. Cel - 163-7 .9 ; JMCELT et al. Ml.. 25 .Cen.
Genet. 231:150- 160q?f %’ B, Al Pf’kﬁﬁge&ﬁl ef 113y ifye expyession
(1993), and theloubldmhélgandoﬁﬁué?taeﬁgl(:%mbde& otler tEmpPorallyEd Egam Rnddterd4 A
(1991), Christensen et al. Plant Ml . Biol. 12:619-632 (1989);

Tayl or et al. Pl antfurther alternative is thap the) selected promotes dg) ghempgally rasulatod| \The

t hey may be wound- | e&;{( %Eitﬁk t J
(1993), Logemann et a#g Ig%h tge %T’Tﬁ‘ﬁl E-)i'ggﬂ %@gh oﬁlrgerrg:l %ﬁ%ﬁl
Lehle, Plant Mol. &ansxaﬂoﬁﬁﬂd-iﬁiél(m%) Firek et al. Pl ant Mol .

Biol. 22:129-142 (1993), Warener etgta Pl ant J. 3. 191 201 (1993)
and thus drive the expr essi oft ¥rieth tRASETR opakcleavage apd P‘ﬂﬁadﬁ‘)f noqxtesare

woundi ng or gﬁb}&f} e’i‘{k‘se r
ex;relssgd I n speC|f|c ce ?&nuié"fneﬁiﬁt@&on E ﬁ af ep| ﬁs°ib@ fac’rl‘fos

meosphyl | cells, rqoocessing éﬁonmﬁdn%)ofdhe i3h mﬂmf | RNAs. 3&ppmpsxal§e8'axm:nmcyahs
(9;?8%?533' eaves or f V"Vaegresdﬂd POfYag %log Pv%x%ﬁ'%re olwI gtﬁlngjcrt]im\:/\?n plants mclmy\o

PCT/ US96/ 11546 the CaMV 35S cleavage and polyadenylation sites, the :mlléleavage and
93/ 07278, for exanple, .describes the isolation of the maize tr gene whi ch

i s pr ef er lyadenylations, sifess g nopalifje synthate deav F&Rj%'ﬁ’eP‘HY latiop sitesqnt

Mol . Biol. 2 m&ﬁé?&sw lg‘agg d Ea arHakd %ﬁl‘ Ho
fromthe naize g‘]’ene e%co ko g Leﬁ@ (?dpglir uvat e car boxy asde th
(PEPC) with direct snmopo@bdowﬂrdlcmyledons | eaf - speci fic manner.

Al ternatively, the sel ected rive pLes of the
gene under a |ight-induced o&ug{ggée‘ﬁ ?@%‘?ﬁg:ﬂqﬁb g{?f“é‘fg’dem“ﬁ&eﬁ Sxpession
further alternativefrim Wwhiih theeuandcHipierdl NirTRhET thee shpEhcedl ¢ begusedt &d.

The DNAs may, al so encode the N-ternjnal_signal sequence and/or the
C-t er mi nal cogiupeting; Withothe,gangs ©f JhispiRpention o increase their expression jn

variety of trangcriphionf pEhS2Y Me&ide dinBoh YAJRMES hhR) bedd Sfowh So enhance

expression, particularly in monocotyledonous cells. For example, the introns of

the maize Adhl gene have been found to significantly enhance the expression of
the wild-type gene under its cognate promoter when introduced into maize cells.
Intron 1 was found to be particularly effective and enhanced expression in fusion

30  constructs with the chloramphenicol acetyltransferase gene (Callis et al., Genes
Develop 1:1183-1200 (1987)). In the same experimental system, the intron from
the maize bronze-I gene had a similar effect in enhancing expression (Callis et
al., supra.). Intron sequences have been routinely incorporated into plant
transformation vectors, typically within the non-translated leader.
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15 available for use in expression cassettes. These are responsible for

correct processing (formation) of the 3' end of nRNAs. Appropriate
transcri ptional cl eavage and pol yadenyl ation sites which are known
to function | i ncl ude the CaWw 35S cl eavage %g

pol yadenyl at i oﬁ)% ?hg the tm cleavage and pol yadenyl'a Slggrlllsm
sites, the nopaline synthase cl eavage and pol yadenyl ati on sites, 20 t he

pea rbcS E9 cl eavage and pol yadenyl ati on sitesl5-These can be used in both
nonocot yl edons afid di cot yl edoAsnumber of non-translated leader sequédcaederived Saam girees

have been found to enhanc ene expressi on fromw thi he ..

transcriptional uni % 051?‘53’8 ﬂ’&'@%‘@egxnf%ﬁﬁ‘%e aggéaesp,pre parucu?a.rlty effective in

conj unction with th%n& &ﬁmeﬁs kss &u‘yofbaﬁ& ﬁoﬁlh?%tfac&?( oSS Vifis
nces have

in . 25 transgenlcpants rlosmt nseq een shown to
enhance ex [{TPB4, the “Cpsughence?)a Maize ChlvosticcmbitleSiomo(dCMN), and Adfalfa

exanple, the intron of, . e I ze Adhl gene_have .beep found to .,
signi ficantly enhan VEYT)K%@QH"E?’&“ shown tobe, ffgetivg ip \pghancing. expression

its cognate promnpt ere phenid i #INeAI AciisOraER J_E%sgslsbﬂ (1987);. Skuzedki'lef @I Blant
was found to be particularly effective and enhanced expression in fusion

30 constructs w t MelhBidhlyeTBHEIRMbI acet yl t ransf erase gene (Callis et

e mron e 0 bbb ST M SATRGHB) B

effect in enhanci ng texgfornsion) ahd the gehesof this mvenuo:ﬂban be& usedain) conjumictiem with
sequences have been routi nel |ncorpora,t ed into

ant |
transformati on vect 3P¥ sugh yrcfoss:| Jhes @ﬁ“ﬁ"ﬂﬁé’%&ﬁ‘ﬁﬁ&%f’@?@é@ﬂﬁﬂ}@ preferred

\é\g_l_/g 6/882 /151?54 5 15 transformation technique and the target species for uansfon_n'il%ign. For5cenain

A nunber of non-tr ansdget euediesadﬁffememmtib'mﬁcderihpddciﬁcosnlepﬁomsmsrléers may be

are al so known to enh ce e eSS|on hese re i C arI ctiv

in di cot yl ed &@ﬁefsi ‘Fﬁ%l’?‘m“ aﬁ’e&a@t‘ﬁﬁ'@h %‘ nptll
Tobacco Msaic Vi ru%ene whxch cdxx?&‘y,redi%ce [ﬁ’kﬁharﬁﬁqﬁ'%@sxﬂ &V’V‘lé’r?a Q’]é&r 0:099-
mottle Virus (MCW) Al f Mosai ¢ Vi ru?}i&?fﬁé have been shown

to be effective in gﬁﬁaﬂg% Q@Vpﬁ@éeﬂlenNamfelﬁQiés‘b'ls setheabar gepe which
Acids Res. 15:8693- §Z214 ( JOR7) . %(%%,ﬁﬁnﬁ Hihét¥icin (White. et ;P{bln%, | Qleids

15: 65-79 (1990)). trans?orma ion Vectors are
avai |l abl e for plant Res. 18:1062 ﬂQQﬁ};fSperre&rlenm} dhetot. heppl e Geseto 791625631 (1990)),

' ti b t th .spch vect Th
sel sct on of vect or FelPyERER el AR e gnBpibs igromyg (Blochinger &
transformation techmg %@m%ﬂﬁj Mg tar medx 22900293 {19) add BRSAHF BB, %xctF%nfers

certain target species, different antibiotic or herbicid
sel ection markers ndgsigance to meihOWefmm &sdilwetli 78RRy kngct@rseamable for

routinely in tr %Sf %dc@?ﬁaﬁ %Eﬂﬂnﬁtﬂﬁ) 'H;’;B;Liny carry at least one T-DNA border
sequence. These include vectors such as pBIN19 (Bevan, Nucl. Acids Res.
(1984) and pCIB200 (EP 0 332 104).
Transformation without the use of Agrobacterium tumefaciens
circumvents the requirement for T-DNA sequences in the chosen transformation
30 vector and consequently vectors lacking these sequences can be utilized in
addition to vectors such as the ones described above which contain T-DNA
- sequences. Transformation techniques which do not rely on Agrobacterium
- inciude transformation via particie bombardment, protoplast uptake (e.g. PEG
and electroporation) and microinjection. The choice of vector depends largely on
35 the preferred selection for the species being transformed. For example,
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gene which confers resistance to kananycin (Messing & Vierra, Gene 19: 259-
268 (1982); Bevan et al., Nature 304:184-187 (1983)), the bar gene which
20 confers resistance to the herbicide phosphinothricin (Wite et al.,

Nucl . Acids Res. 18:1062 (1990); Spencer et al., Theogr. | .
Genet. 79: 625§vé)39fm?118590)), t he hph gene which conf eﬁ’g:rwgfr}gllsﬁ‘nce
Mol .* Cel |

to the antibiotic hygronycin (Bl ochinger & Di ggel mann,
Bi ol . 4:2929-2931)), and the dhfr gene, which-enfers resi stance
to nethotrexate EF| ipSEB30G isalpUC-de@ad)vectoy/auitablesfos et ditdet gémer transfep fechnique

Agr obacteri t ' icall t .l T- bor.dey .
Saquence.  These | nonh geigiafdh WiB sEReuch R hRicieS Bt R GhosmRinogutaRs T i
(1984) and pCl B200 (defribed3PWIPY3/07278 and Koziel et al. (BiotechnoldgyaI1S{ALIR (1995)).

wi thout the use of Agrobacterium tunefaciens .. circunvents the
requi rement for T-DNA sequencA8 expressionceassstie containifiprthetrngant PABOgenevBNAOr

and consequently ve Sis i NQ: sgquence an be util.ized,in
addition to vector s%é%iy§gﬁ’?h@%8hg?e§§§fr¢eﬁ‘é®% é{e\mﬁych%%ﬁf‘sﬂ fnte_gHpjant
sequences. Trand0or mahiformdtionvectizasy ¥hhdaid Gecorinan® DN A "mASSRD 2 ARk 4]

I nclude transformation via gs I g@bonbardrrent, prot opl ast uptake (e.qg. Y

PEG and el SPPF BAL f Eﬁﬁcdawammt’értb? (RBESSIh casseite @AY | beeprgsent dn tthe
depends |argely on vectéémaaﬁy%?éiﬁ%éfg%%&%wm%@vé&&ﬂs%&?&%

transforned. For exanple, _
PCT/ US96/ 11546 Transformation techniques for dicotyledons are wkfl-known if the

Cl B3064 is a pUC-derived vector suitable for the direct gene transfer
'Ito echni que p finii f@n’ﬂfﬁl‘a‘? r‘%ﬁ‘i’(ﬂﬂfﬁ"?g?aé‘?{ i 'Sﬁr’}‘we{‘ sad H%@%Fﬁ@’%s@% npor
phosphinot hrici n¥. kiquire z}ﬁrobacteﬁwﬁi Nbni-A8fbbhBerilh WS RibS ix%?bﬁﬁﬁé; takée! of

e
al. (Biotechnology 11. 194-200 (1993)) _ ressrion
cassette contai ni ng®¥9gEnels genetip Amatgminl dirptly by protoplastnioai cellsg tThis \can i teus

el enents descri bed 1SR ' [ W=l . 10 _transforpation
vector by standard ?%g’o i nan %r?re ?@%&%m’ Particlebomb Yor
all of the el enent s mefliatede deliyerg,s xir omicroinjeetioe: NMBxainplepr 65 Ahésel Eechiifues are
vector, and any rengini. I ts e added to _the vector as necessary.
Transformation tec Hﬁfsﬁﬂg% S%%%Hfgfédgnﬁﬁpg 181 37133¢A (1984).nBotrykis et al.,
art and i ncl ude2d\gr BRACGES.| GereR D6 IELHTY19855S chig | £7062168
15 require Agrobacterium Non- grobactem gsr?t gc ﬂi qﬁé’gﬁ%(’%g%gyt%gog&%e
of exogenou§19§6hand Kleinted al. aNawsre 327:76-7H(1987pt bpeachtcaseothe tahsfsrmed

par ti o 6 bombar denfas ¢ ReeafEa B whbE M faby SRRy on
Exanpl es of these techni ques dgrebacterium-mediardr irintbrivtitln 3¢ EOpeeldrreat tedfinique
EMBO ) 3:2717-2722 {98 hssormadon' &t Chiodlyledlons because of its high efficiency of
25 transformation and its broad utility with many different species. The many crop
species which are routinely transformable by Agrobacterium include tobacco,
tomato, sunflower, cotton, oilseed rape, potato, soybean, alfalfa and poplar (EP
- 0 317 511 (cotton), EP 0 249 432 (tomato), WO 87/07299 (Brassica), US
4,795,855 (poplar)). Agrobacterium transformation typically involves the
30  transfer of the binary vector carrying the foreign DNA of interest (e.g. pCIB200
. or pCIB2001) to an appropriate Agrobacterium strain which may depend on the
complémem of vir genes carried by the host Agrobacterium strain either on a co-
resident plasmid or chromosomally (e.g. strain CIB542 foi; pCIB200 (Uknes et
al. Plant Cell 5:159-169 (1993)). The transfer of the recombinant binary vector,

35 to Agrobacterium is accomplished by a triparental mating procedure using E. coli
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20 Mol . Gen. Cenet. 199:169-177 (1985), Reich et al., Biotechnol ogy

"4:1001- 1004 (1986), and Klein et al., Nature 327:70-73 (1987). In
each case the transfornmed cells are regenerated to whole plants

usi ng -st andargotg%m gues. Agr obacteri y&,ﬁgﬂ,ﬁ%&d
transformation i's a preferred techni que for transformation 0 _
di cotyl edons because of its high efficiency of 25 transformation and its
broad utility with many different species. Thd7Zsany crop speci es

which are routin®lycartying ftie reetinbinant tinargbectoe, a \helpen£] edlé strainawhich carries a
boprar. (2p """ e ek sscoRRa il 5 Ble 850605 oy roebirng vissy
(Brassica), US vecmﬁwgtgéta?ée‘h RSB Filoh-strali) " RRERARely) Mk radbn{tiRhdRe binfy

typically involves the tfansfer of the binary vector carrying the
foreign DNA of intenesor ¢an be trarsfepred(to Agrobacteriym pyiIRIA Guansfoomatton (Hofgen &

appropri ate Agrobac Lum st ai \A@slr on t.he conpl enent
of vir genes carri egﬁgy“?‘ﬁrét’{ﬂ%{k% lg%aﬁ#‘mgﬁrn either on a co-
resident plasm ggor chronpsoniighsfofatibn Ofr Ee thrgBb4plarit O kpeiek BBYHO réddicib@fanet
al. Plant Cell 5: 159-169 (1993)). The transfer of the reconbinant  binary.

vector, 35 to Agrigmbecerivpmstallyinvdlves cosmltivaion af theidgnohamteriimwith explants

procedure using E | . . .
PCT/ US96/ 11546 i the plant and"Yougis %?thgols known in the art. Tmr_qc}x:med txssge is

carrying the reconbiregentrated roar selectbleomediamheriryying &n antilibticsbr herbicide resistance
carries a | asm d sugh as p 013 I gh i ble.to nobilize the
r econbi nant bi nary %‘a?ﬁerprmmt lﬁérytlﬁ%é‘? TA@N #5i um strain.

Alternatively, g§e recombi nanprbliQ Yansformation tffiqHes fi"mBfodots2BRiuRe" difbct ©
Agr obacterium by DNA transformation (Hofgen & Wllmtzer, Nucl.

Acids Res. 16:9877 @ewadmpsfer intogprotoplasts using PEG drr slestiepomationotechaiqudse and

co- cul t1vati on o RS EEEMMAR ot cltus e, RS Rhloh S b B P

and fol l ows protocoasidgloDINA Speciee onhiultiplé DNA epeeéed (1.&.Sc0-€arisformation) and both

regenerated on sel ectabl e, nedi um car ri/i ng an antjbioti¢c or _herbicide,

resi st ance these F\%Pmﬁi“'és’éﬁ puitable, for ysg wish this XN S prapsfoppation may
borders. 15 20  have the advantaf¥ 6f £¥difilg (dofpitk V¥Rt | RsthRAOH AN OF defbras
nonocot s include di re‘c’:ef © vantaf gene tr%nsf rinto pro% op astafswusi%g %E?‘;g

or el ectroporation trp$geniguplentswith unlinked loghfox thel genbmftiatedkst and ithe selecsabilers

ti ssue. Transformation, can undertaken . t .. a Single speci es
or "Lt pl o DA S pe ARk, Frabling JRTEIBU e the ficciable markef'p Sbibaen? Bep s

techni ques are suit ahduld ftki§ besegamtiéd désirablel NHEWEVe?Na diddvdntaps o the tuse of 1By

20 have t he advant age of avaqi di ggﬂscorrpl ex yector construction and of

generati ng trapsfagpationds predess dhapi 100%, frequerex) with shighosepamte Bidesnsries
interest and thessebgCtflried into the genome (Schocher et al., Biotechnology 4:1093-1096
(1986)).
Published Patent Applications EP O 292 435, EP O 392 225 and
WO 93/07278 describe techniques for the preparation of callus and protoplasts of
maize, transformation of protoplasts using PEG or electroporation, and the
30 regeneration of maize plants from transformec} protoplasts. Gordeon-Kamm et
al,, Plant Cell 2:603-618 (1990), and Fromm et al., Biotechnology 11:194-200
(1993), describe techniques for the transformation of elite inbred lines of maize
by particle bombardment. |
Transformation of rice can also be undertaken by direct gene
35 transfer techniques utilizing protoplasts or particle bombardment. Protoplast-
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_marker, enabling the renoval of the sel ectable marker in subsequent

gener ati ons, should this be regarded desirable. However, a

di sadvant age of the use of co- transfornation is the | ess than
100% fr equen Whl ch separate DNA species are i into
t he genone (g%wééﬁ‘gr et al., Biotechnol ogy 4:1093- 1096 lhfé%%@%
Publ i shed Patent Applications EP O 292 435, EP O 392 225 and

93/ 07278 descri be techniques for the preparati®n of callus and protopl asts
of mai Z&, iediated aranefoinetionfhap bednogesersties fos appritaQypes and Indica-types

| i th f
Cranst ormed pr ot opl ZHREEe ek BRTELHY B8 273838 b8P shibimon ' o1 dpssure: o
(1990), and Fronm e 3;%7 %ﬂ @b@%hmhewwmé@ém%mganem f1(9§@)?3)aomtypes

descri be techni ques ransformation of elité Inbred ['ines of malze
by particle bonbar darenalso rounnely transformable using partickenbérobardmentn (Ciiristauc et akn

al so be undertaken transfer techniques utilizing
prot opl asts or part?%ﬂt%h%‘g aélg%%z “%?@'opl ast - WO 97/ 03183

PCT/ US96/ 11546 10 Patent Application EP 0 332 581 described wkﬁmgues fér the
medi ated transformation has been described for Japoni ca types an
| ndi ca-t ypes gene{agﬁgngga@gforg;auonpwéﬁt regenerstions.  of 739oidgae ( poveplasts.

o ot aennol g;yals 736- %’Z’T&go‘ﬂw géoﬁs@é‘“gg"? L A Vs, &t ol

t ransf or mabl e usi ng(mabthmlogy@M#&?WﬂQZQ)@ﬁngSﬂmlebombardmem into cells of type
Bi ot echnol ogy 2:957-962 (1991)) (% ent Application
““EP 0 332 581 descruSéen&'@EMF%ﬁ%@bkcﬂal sy and also by Vasgéhé%éﬁ}%hﬂology 11:1553-

transformati on {@gg\%t?‘gnﬂi{%@%egﬁa(ng Cﬁhgghﬁs ;10771084 (a_??:"» using

Furt hernore V\/neat trans escri

(Bi ot echnol ogy 10: 6mdé4bc(mmm)1¢ntu9f rigpmpéure | ehbrybo rdodr dneaturs rembrye-tevedf
type Clon grm regenerabl e callus, and also by Vasil et al.

(Bi otechnol ogy 11:1 15 1558 (1993)) and Weeks et al. (Plant

Physi ol . 102: 1077-1084 (1993}mnsf6riniition of monoaﬂrwﬁlﬁxcboxsbw'@m ein be
| mmat ure embryos and i mmature enbryo-derived

Transformation of neshirved by dringing themerocoteslisdnte ceatnctburh a mulnphmtu@ﬁ neaddet
03 5770109, e OTREPbe f  SaE ) . A il 000
the cell wevkll thelnahyeablpwirlgl emtyrof mifogmmg nmaltabmemeﬂg. BRK\U. 81 Pateste
O e S e RO SRS st R rign SR o S Soe a5
following U S Pategicéts abe A4ddi8EI6sed RA the foll6wiNgN).S. Patents: 5,240,855 (particie gun),
5,204,253 (cold gas shock accelerated microprojectiles); 5,179,022 (biolistic
25  apparatus); 4,743,548 and 5,114,854 (microinjection); and 5,149,655 5,120,657
(accelerated particle mediated transformation); 5,066,587 (gas driven
microprojectile accelerator); 5,015,580 (particle-mediated transformation of soy
bean plants); 5,013,660 (laser beam-mediated transfonnat:on), and 4,849,355
and 4,663,292, |
30 The thus-transformed plant cells or plant tissue are then grown
into full plants in accordance with standard techniques. Transgenic seed can be
obtained from transgenic flowering plants in accordance with standard
techniques. Likewise, non-flowering plants such as potato and sugar beets can
be propagated by a variety of kndwn procedures. See, e.g., Newell et al. Plant
35  Cell Rep. 10:30-34 (1991) (disclosing potato transformation by stem culture).
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5,204, 253 (col d gas shock accel erated m croprojectiles); 5,179,022
(biolistic 25 apparatus); 4,743,548 and 5,114,854 (mcroinjection); and

5,149, 655 5, 120, 657 (accel erated particle nediated
transformati o), 6,587 (gas driven m croproj ect i
accel erator); %6’?@9 80 (particle-nediated transformation of %§§/US961‘11546

bean plants); 5: 013,660 (|l aser beam nedi ated transformation); and 4, 849, 355
and 4, 663, 292. 30 The t hus--19ansforned plant cells or
pl ant tissue areS5then gr own The mutant PAB mubding)lnmksof theqnemntimnﬁaﬂ tdnfer

standard technlques Ensgenl seed can be

transgenic floweri nd ARG s WS{SF?'“E"( E’rﬂﬁr capa%le otoexpressmg the
techni ques. Likew S%Nnenﬂcmmwow@ ? Shébdal dfopRPhid BicBRd Shétific Eﬂﬁﬂ;ﬂaﬁ
can . be pr opagat ed py a variety o "kKnown procedures. See, e.g.,

Newel | et al. Plant includs maizge| tonty. tuLfgrss, W(zggalpaqaaa,s@wmwng, p¥e,abenns,
Lransformation by stgmgulibt hamboo, pordCridl! JR, bartey, malt gwhest, affula,

The mutant PAP ecodiopBeaNost, Gpgplant, Rigassh) loniohY @Rbdcoll, supat@he, sugar beet)beas,
spectrum fungus and virus resistance to any plant capabl e of expressing t he

DNAs, i ncl udi ng nonm% fe@nsfsg srapefevit, pepsPlymapeich; pineapplespEAPE} Fase,cCREIAEPRS
i ncl ud i ze, tomat na
G nger ot us. banbcaisyh il Basa LA uniP DAL S sooldhine Ehruce] Ype, VORA,

10 soybean, oat, emﬂaﬂtcpffsq.uash oni on, broccol I, sugarcane sugar beet,
beet s, apples, or ange ra frU|t pl u |n ap Ie
grape, rose, carnation, SPA'% "‘5%" phes fhan @ﬂfgﬁa%cr%f@ﬁv aﬁﬂ "f

pi ne, scotch ping, SREMERI ByeR &Ie&i%tsgﬂem in eukaryofi¢ eefls2d acﬁfe?é?Fed embodlment
PAP mutants other than thosé specifically described above can

identified by a sel & tRAdhenppdingnDINA emRleeyios |ooexab1y1 finkgdn toy 30r efd;mbb:j promotcr

enmbodi nent , | ecule ked to

i nduci bl e pronot er ﬁ"&ﬁ&"a{aﬂh%‘ct e} khés ﬁﬁgg oﬂ“?a%'é’lz"‘i]"f §°‘F°5ﬂ"d‘8?n“{}“‘
rruht ageni ze]gl in 3ccormmh 8 wichiiques. 'I‘hg cdt i ehieh Crdns fltihied| Ueith thd mutsplehized PAP
then transforned with the ni zed _PAP stryct .

t hus-t r ansf or med ceI@“?@q% %%%@W&egﬁ ?‘&BI‘B&FQ@I%H]SPB?%%“‘“‘%“’“

predet erm ned ampuntprédetérniifed fndhnt of tifnel € 'gerﬁufﬁ&exﬁ%'ﬁﬁxsé%ﬁe%&%fbf‘?ﬁe &dis,

cells, at V\/mch time an i nducer iIs added to the medi umto cause
expression of the at which imegerindusar inadded| toctheamediemt toecanse ieyprsssioreiof the

survives the inducti of - Xp si on. of, the rmta V4
nol ecul e, which i ndlrggkf‘é e?Nf"hgm]ml% i’e‘ﬁ*&t%fgaﬁg qe@ SPEQ‘GTSt ‘?cﬁ‘cf"ﬂ’é of e
expression of a non-éxpréssioPA Mutmotagerdiitd PAP DNAZ molediild), aWhick didibaes B0 the

assayed in vitro or in vivg to detern ne whether it retains
mutagenesis resuited in the expression of a non-toxic PAP mutant, the PAP

25 mutant can be then assayed in yitro or in_vivo to determine whether it retains

PAP biological activity. Preferred in vitro assays include eukaryotic translation

systems such as reticulocyte lysate systems wherein the extent of the inhibition of

protein synthesis in the system caused by the PAP mutant is determined.

Preferred host cells are yeast cells such as Saccharomyces cervisiae, as described

30  in greater detail in Example 1, below. This method can also be conducted with a

plurality of randomly mutagenized PAP-encoding DNA molecules. The PAP

mutants identified as having reduced phytotoxicity and which retain PAP anti-

- : viral and/or anti-fungal activity, as determined by subsequent assays, can then be
isolated, purified and sequenced in accordance with standard techniques.
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PAP biological activity. Preferred in vitro assays include eukaryotic
transl ation systens such as reticul ocyte |ysate systens wherein the
extent of the inhibition of - protein synthesis in the system caused
by the PAP nmutant is determ ned. Preferred host cells are yeast
cells such asv@3¥®8} onyces cervisiae, as described 30 iff e
detail in Exanple 1, below. This nethod can al so be conducted with a
plurality of randomy nutageni zed PAP-encodi nggDNA nol ecul es. The PAP
nutants identifiged as having meshouns emholidiedyi Met MuRpshediBiis heifeiniéd aftdPthe
anti - viral and/or anti-fungal activity, as determ ned by

subsequent assays, bansformationef the eukaryofig sels cthe @isadvantage With mutegralzingdthen
accordance W th stapgar del Sk HiGSon is that the ciEmd&Ha 1RA of the, host can aso be

PCT/ US96/ 11546
I n anot her enbodi memiutagedigedyutTog deteiifie ivthether fthy mathtiohs of thd@urviving cells are

transformati on of the eukaryotic cell. The di sadvantage,w th mytageni zi ng

the DNA af Flgpmwﬁf%rmeﬁomg RSk 3 sERd

host can al so bgy replacin iiiut@aﬁflirﬁ.ﬁ%- PX@—&%&{:é”ﬁl@A"‘@ﬂ hﬁrdl;zgp@ PRS-8{do8i
S are mal~ or pl asm d- n

of the surviving ce r onoso e In natule,
t his enbodi ment reqiNA snddrehe cantrodfof an ifdducible ptommtery ardegrowingsthe reeilsiin the

PAP-encoding DNA with wi | d- e .PAP- encqgi.n . . under the control
of an inducible proRBTEre %é&gr’%@‘ tﬂ‘g‘_"%‘g'flgh’f’lh ’Eef’i‘@’Dl\tlﬁ\e a%(’jhty IR BT ¥ of
the inducer. Mt antigoiididiial MBh@nts, Wheread nlutdn¥s WaicH IV 18'@ow are plasmid-borne
chronmosomal nutants, whereas nutants which fail to grow are plasm d-borne

(i.e., PAP) nutant sfi.e., PAB) mutants. The invention will be further

descri bed by refgerence to th . s TGl QWM tal e
exanpl es are prgsi ded for pu?&esé%veng i B %%s@#ﬁ%%ﬁ?&ﬁ%?ﬁé
not intended to be Kllowingdetdiléd esamplewr Villese spamples ate provided foApHPoRS I3

PCT/ US96/ 11546 . N -21- g
EXAMPLE 1 illustration only, and are not intended to be limiting unless othem]ﬁse specified.




A Construction of yeast expression vectors and anal ysis of PAP
expression in yeast. The full length cDNAs correspondi ng to PAP and

PAP-v di sclosed in Lodge et al., and shown in Table 1, were cloned into
yeast WORHRsSesOn vectors, under the control of the ga

i nduci bl e pronoter, L1. 10 S. cerevisiae was chosen askﬁ@g;ﬁns“
expressi on system because yeast has the advant age of suppl yi ng
eukaryotic cell-specific post-translational no@tfications. Si nce

yeast ribosonmes afe sensitive to PAP, a re@®RAVMEPLR1OMter was used to
drive the expression of PAP. The CSENAS encodi ng PAP and PAP-v were .
cloned into the yeast expressi®n vdctnstrugtien of yeash expression vertorsangcanalysis of

mar ker , 15 URA3, pBg,}d 300 0 e
gal act ose i nduci bl e A _'L”[Sr onntjééraeggr%.sfutme ﬂletgpgﬂrigs %@%%ﬁﬁp and
6\8 I\I'(I)'éZ??Vaand PAg-\Z/ (1 NP&??) ;—hscloseg ulx lendgeet ala,nafdoshmgm mrzirar!]ﬂa h,ewma‘ignat ilillw'lgegst
t a, ade2- rpl-1 ura3- u2- : is3-11, canl-
)(Bossie et al., Ml Ex o] qﬂs,’ "%‘feé%%“f’ll%?)g%]lm ”S“ééﬁé’é?‘ﬂ?tﬁb GALL.
the procedure des@riSederevisideowas chbsen ds tRe\Cdxpres@ibn shS3ml BaciSe _yeﬁ& as the
th g

(1983), and transfornmants were sel ected on uracil mnds medi um w ucose
at 30[ er r] C. advantage of supplying eukaryoticoeslk-speeific postowmansiationaj modifications,

NT123 (wi | d-type PAP: -\ e.qro in uracil mn

medi um wi t h 2%raffi§‘6‘§éey§%%%’[’se°r"ﬁsé'?8§’g%”h& PAP, a Teguiled HETRqien, was used, to
10[err] cells/m . PABxiye diecixpressivneos PAR. WThei ¢DINAS Enbodii PAP 38d PAPY (et
of 2% gal actose to hgllgf f the culture, while the ather héz;lf of the culture

was used as an unind 1ot ihe yeast expression| vectpe pACSD) entaining thy sslectable marker,
additional 4 h arsgl t 'Eﬁhﬂﬂn ﬁﬁ%“‘t' | t QN ]
The cells wetrlgxrzig?js endedh?/n [ Ié{,&g %g??ergsﬁgow %g%g,&%@éﬁ\lg‘-%?k
0.5% sodi um presejeshpfbal e, Tie yeet@Bontining//PRR NF(23) aidSPAPR-¢ [(NT124)
pr ot ease 30 inhibjtar . errla/m each | pai n, .aprotinin
chynostatin, |eupept #%’% tarsfithed B&%b@%ﬁf%@?%@% H‘Beztjlo&? -lowadd lew2s
m) . Extracts were |93d2dhianig 150%61- - 1A Ceuiggal '

t he procedures described_ in Tgm i nsolr?,o )?.BOSSQ[E ﬁ ,C&gg?ﬂ;x&l Pgﬂ?,, ﬁlgg?gg?ﬂ%im
| mrunobl ot anal ysi's JRSSFARE e thie Proppdure deseribed ciaglto et al., J.cBegteriolni1535163+68e

6\505)7/ ggaggd (Anmy sh@agks), Yad BandoindnRALGS sABALISE uRiM i medista witﬁAg ucose at

PCT/ US96/ 11546 30°C. -22- 5

Bot h PAP and PAP-v were expresged in yeast .after g [ QS
i nducti on. Based on conpari sosgea\% f‘ﬁlsﬁ B & rsﬁﬁﬁaiﬂﬁ?"%agﬂpbeﬂwlu

containing the PAP plRPwywéigtawn irtuaiefitasd Mckidin Wit 2% tiifffolLitB0°t BARS h
10 a density of 5 x 107 cellml, PAP protein expression was induced by the

25  addition of 2% galactose to half of the culture, while the other half of the culture
was used as an uninduced control. The cells were allowed to grow for an
additional 4 h and then collected by centrifugation at 10,000 g for 5 min. The

cells were resuspended in RIPA buffer 9150 mM NaCl, 1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCI, pHB8) with protease

30  inhibitors (0.1 pg/ml each of antipain, aprotinin, chymostatin, leupeptin,
pepstatin) and lysed using glass beads (0.5 mm). Extracts were loaded on 2 10%
SDS-PAGE gel in accordance with the procedures described in Tomlinson, J.

Gen. Virol.,, supra. Immunoblot analysis was performed by the enhanced

chemiluminescence (ECL) method (Amersham), using antibodies against purified
35 PAP.
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and a larger form while cells containing the PAP-v (NT124) expressed
predom nantly the larger formand very low | evels of the mature form PAP

was 10 not detected in the culture medium While not intending to be
bound by any particul ar theory of operation, Applic n@ﬁ | i S

t hat these ré’g‘aﬂ@lg"uggest t he follow ng: (1) PAP i?’ g’éég%g as a
precursor and processed to the mature form I n yeast; and (2) PAP
undergoes further processing in addition to t-B2 co- transl ati onal

cl eavage of thesmno acid NBok AR Iandi BARNv peps iefiprefseddgeyeait after, galactdse
surpa.) because the size of the mature PAP and the_ PAP expressed in egéi
was found inguatiens nebased am, SAMPRESOR x iR BAPs prolein stapdardse Fééo S

of the signal mmg%“ﬁ?ﬁ FP%Sn“aid ngg-l\%?’) expressed b%thBﬂle mhtlrefdrfoCof PAP

transl ati on and processin 0 exam ne the
processi ng of PAP aand tar targeévofdrm; omdile ucdls dmdainingethel PARcanNEI24) SPressetiA

t I bed d | ated . i | t ' t 7 | ed reticyl t
'Veate transl ati on ESSUBARYY Fhimprdonn ead s ey Inely otifF ebie i, PAPL¥ASL
cani ne m croSONE) fdfieRdRY inhe alldne: mEMmaNWiHie ot iftehifiiz W6'b8 Yo Y any

into the pGem 3Z vector (Pronmega) downstream of the T/ pronoter. An equal
amount of DNA (1 [ eparfigilarf theoryecofcoperasion; Applicant believes hatithese rasultstsuggeast theed

in 25 wvitro in e pre 35S-net hi onine, using the T7Z cau d
reticul ocyte |ysat efolﬁowpng’ iﬁ[ﬁ‘gﬂéﬁ %f?(?ﬁemsv& roar'r@daé?cﬁiﬁﬁo gt?e%eﬁgxﬁ%{?gm
cani ne pancreatic nnCyQ@SEME@d (2) PAP ufi®difdes RisthePpacteeing in 'additibAtfoOthe co-
products were incubated with 0.2 ngf/m . . h{orotei nase K in the presence
of 5 nM EDTA and 12Wansigtienl clpauagent e aming acid N-terming} ggegl paplade(Lpdge et al.,

i nactivated by di £ ' [ m% :
tenperature forﬁg h%%) Q%Qragns gﬁg?g&%g’g@?ﬁg&eﬁ%‘dﬁ%%@&x&e V\}l“txfafén‘%s-H
(endo- N- acet yl gl ucofoand rtd dzes amalldmiliaf Othe rexpegted rsizehaftgyr the eremovalf of) tie &igBaIS

and 0.1Msodiumcitrate pH 5.5, at 37[err]C for 12 hours. Equal
anounts of protein Sequénce. (3 5 [err]l) were anal yzed on 10% SDS- PAGE in

accordance with the procedur eg, m\%g%mutmwpbmﬁg of PAY and BAPLV.©
(London) 227:680-5 4_1970).. ] 7/ 03183 o
PCT/ US96/ 11546 o examine the processing of PAP in vitro, both constructs described in Example

PAP and PAP-v %OdFA RbérE %Q&itg&%ﬂi @&sﬁiedg’@eﬁog’sgné@ekg feou led reticulocyte

respectively, and both precursors are proces ormafter
i ncubati on lysate tranelatiors spstem Tinethpr presense df p358-methioninecwithi 6 withooter

e et et e pisaepab mabant (ALt pind e DA e

contain any N-linkegudihéGEen 3Livebrop (PrdfmegR)iddwiiirédrd f the P prorfiter, NAnl dyual
vivtro translated proteins did not change after treatnent with endo- N

amount of DNA (1 ug) from each construct was transcribed and translated in

25  vitro in the presence *°S-methionine, using the T7 coupled reticulocyte lysate

translation system (Promega) with or without canine pancreatic microsomal

membranes (Promega). Translation products were incubated with 0.2 mg/ml

proteinase K in the presence of 5 mM EDTA and 125 mM sucrose for 90 min.

Proteinase K was inactivated by addition of 4mM PMSF and incubation at room

30 temperature for 2 hours. Translation products were then treated with Endo-H

(endo-N-acetylglucosaminidase) (1mU/10gl) in the presence of 0.1% SDS and

0.1M sodium citrate pH 5.5, at 37°C for 12 hours. Equal amounts of protein

(3.5 pl) were analyzed on 10% SDS-PAGE in accordance with the procedure

described in Laemmli et al., Nature (London) 227:680-5 (1970).




acet yl gl ucosam ni dase (Endo H), which.renoves carbohydrate. These results
‘indicated that the PAP precursors contain an N-term nal signal sequence
which is co- translationally processed, and anot her sequence, which
S post-translqélogg removed. Further evidence for C—%er
processi ng was¥ AR fromX-ray 15 structure analysis,P

that mature PAP is 29 am no acids shorter at its C-term nus than

t he sequence predicted fromthe cDNA. See Monzkggo et al., J.

Bi ol . 233:705-15 §1993). PAP and PAP.v. encode ﬁea%&%i&t&fs bf 3BSidd msokn
yeast: In the presence of 2% affinose,” a non-repressing,

non-i nduci ng carbon mmcueelyemtmbmm age peocessed to a 33,kB farm after incwbation

growt h of yeast transf.prm

i ndi st i ngui shabl e frﬂﬁt%@%@%smﬁt@sﬁﬁﬁ%ﬁwﬁ%ﬁ%ﬁ Hie mature form
G owt h of t (29EDH,OindRAtive At the PAR Pretfrsdil Liderp@rs RfthérSpet-tiddiitional
addi ti on of the inducer, gal actose, to_the medium_ Cel

contai ni ng NT123 or N'Pﬁséméi @%ﬂ%%@ﬂm any N'hnliﬁiﬁﬂ’@s)@%ﬂﬂnaﬁlmﬁ@d the size
al actose. In't t tnegﬁlxz'n ' bé.ﬂd!.o
\?vas greater with 1 SH{t E\i@grﬁ%{}% lgpO§S| %Ins cﬁﬁﬁ%ﬁ%\%ﬂ% ent yﬂh N
mat ur e PAP produced aaety;lginsasammdzmer(an@ Emlz\ﬁucIPaneproaﬂmhydmteas Thesee cdselth
within 2 h of gal actpse t he medi um. were re ed
' 6 05 o° | Midfeall tha o5 PAB proSrry catiain 3 - eminaC el stblenog Whch 5
detected a maxi nal co-translauoﬁﬁﬁv ?ﬁ%@ésed’fanﬁ[zﬁbﬁ]egls&ﬁxeﬁ&a$m&{ i%tﬁ‘dsfln'hﬁklmfy

transformants and 250 ng/ ng yeds protein In Nt124 transf or mants.
These results were cmvsderﬁurm pvigense for Coterminal processipg wastabtainert/from X-ray

bap mitants 15 shskrsmarh bk e 3 R AU ol i B 55

PAP (l(;ﬂ'123) or hPAP- Vﬁ-tgnmnus thaf wsz@mwiﬁ&dmuida?mimem?m r&ghudmotgd @ ne.
according to the nethods_set 5 th in (5), transforned into yeast
R337053% g

and cells were plat etiedB WO 97/ 03183

PCT/ US96/ 11546 C. Growth of transformed yeast: In Pre

gl ucose and replica plated to gal actose contal ni ng pI at es. ou cferr g
of the - pur i frzéﬁnwbasmqn-@mm,enmducmmcsmOn[seuncplrebﬁv& toe ALy gene

T b e e

stop the nutagenesi Sindifing@ikiable fém3hé Naﬁfom‘fiﬂts[&hledmg the vector@Ioné rtsh’ond:h of
BSA and 1 nl of 100% et hanol were added and the nutageni zed DNA was

precipitated by i ncumsfweétyea#o{omrmm 0”%?4’[&3 umeé@mwééhe inducer,
veast and’pl ated on EBA5E %%ﬁgdﬁh am cont ai ni n&"‘?@ii‘@ﬁﬁlf@ﬁf&t&gﬁoca

yeast and plated on Tracil ™ m nus ned gl ucose an
plates containing galactose. In the liquid medium, however, the extent of

25  inhibition was greater with NT123 than NT124, possibly due to lower levels of
mature PAP produced in yeast containing NT124. PAP expression was detected
within 2 h of galactose addition to the medium. Maximal levels were reached in
6 to 8 h. Immunoblot analysis using antibodies against PAP, detected a maximal
PAP level of 1ug/mg yeast protein in NT123 transformants and 250 ng/mg yeast

30 protein in NT124 transformants. These results were consistent with production
of active PAP in yeast. | |

"~ D. Mutagenesis of PAP plasmids. To isolate PAP mutants

nontoxic to yeast, the expression piasmids containing PAP (NT123) or PAP-v

(NT124) were mutagenized using hydroxylamine according to the methods set

35 forth in (5), transformed into yeast and cells were plated on medium containing
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pl ated on nedi um cont ai ni ng 2% gal act ose. The col onies that grew on

gal act ose wer e anal yzed for PAP expression by ELISA described in
Lodge et al., supa., 15 and by i mmunobl ot analysis to identify the
nmut ant s whi ch xpressed hydr oxyl am ne generated nutant PAP.

E. G ow h ofwﬁﬂ?’ﬁ’ﬁ 3 yeast: Growth of nutants derived PCT/USOG1ASA6T 123
on gal actose contai ni ng nmedi um was i ndi stingui shable from grow h on
raf fi nose containing medium Simlar results vupg.e obtained with nutants

20  derived frons NTgiddose Analrgplica mite@&@fgﬂh&os%%%hﬁ%b%ﬂ NAYSRSIO ug of the
I ndi cat ed t hat . he _expression of wld tgépe PAP, but not the .
hydr oxyl amni ne gener Birifigd Alasaid DNA were aqder to 58Q ydl 1of dreshly (poepaseschydronyiamine

accurrul ation in yeas t Yamin . ter

nmut agenesi s, the col %)orll‘lme@ gfggp né onSur acﬂm%ig'?? éll.ernF 220H In 5 @LIOE&%C& and
pl ates were anal yzedintubatedd/A 32%Q 1fars20 hn Toystdp B mithgepesRAR0 1126 SM A1 §0lies
and the positives wer nmunobl ot analysis. O a

further, analyzed i
total of 28 mutants ‘berﬂ‘ %W%ée‘ﬁbgfbipo%i%m&ﬁ wereoafldedl g the gnutagenized
expressed 10 PrDNA Gas Wi ﬁjﬁaﬁaﬁ,sfn W L,edi-fs, t
44 mutants isol ated bﬁcom NT124 Errlgjtag%rg%te\goga @ﬁqgiaﬂﬂ#‘g%g'ntﬁ?es%% ‘evg‘t'
produced proteins whiesyspended in TEcand<preqipitatedoagaini. t The NN A mias itheeti tesmsfofraed into

mut ants (HWNT123-1, - -7 3 ..and 124-1 roduged proteins which
were |arger than thj%étt%}deﬂﬁépmpnﬁﬁmus m ‘mﬂé}@ﬂ ,n%§§g§§1@§?ga&4iaqpl%e
processing of PAP t oplaia ofitiediiin teritiihing 2% pak@skel "he colonies thitGsEw Bl Al

Two mut ants (Hl\/l\ﬂ'lzggz and 123-3) prodgce_dgprotei ns etcﬁac{mecso_ G Rose

migrat'ed with the naVeeanplyzes for PAZbexprpssion bydEIdSAl deserihedsn (Lo €08l Asupt® 3-
5, 123-6, 124-2 gnd P d | . L Th t e
expressi on 35 fquevgéﬁgﬁ)n x?ﬁ{elﬁr%‘lg)gn S rasngédi)ﬁ%ﬁ 35605‘“&5‘%%@@5093%

sol ubl e protein. hydroxylafhifey @268 mutant PAP,

PCT/ US96/ 11546 - 25- 5.
F.  Nucl eotide sequence anal y&i s SIFOBHb of futant -yeast,o Growth of mujants dsryeds

the amino acid al t erfibmNE123/ont $8acthP cOMARME MMM wad §kiiétingBEndbYe from growth
sequence anal ysis of the _plasmds rescued fromyeast. Pl as% ds were
- i sol at'ed f r O FaiEnostcRAtaining medisen milan results weed obtained rwith gnitants

the procedure sejy f \ et al_ _.supra. . .and sequenced using
t he Sequenase 2. sg(l:]grgﬁncm‘gu%i m‘?o“a‘(’&fé‘) ; 55’813%‘52?/12"%? “é‘f“’a‘e‘ﬁlﬁ’éf .
Acids Res. 20, 3790 the @gfirpssionSefjwildagpe PAP, but fdtahy SySroR§lamiMyTdehdrated mutant
reveal ed that it cogﬁ;ns u?‘?éi.n | e pojnt putation, changi ng t he
glutanic acid at posithdirut$e pieRpcymulationiv yeast{dats sokshowpl
site (Table I1). HWT123-2 pr adiss eputpiiesis Cithe Loldnl® SAIENS| . i
type PAP. Qutamc acid at pogi tion 176 (E176% 'S %i g |‘§§%‘%%§%’gg
anong al | Rl Ps galactose plates were analyzed for PAP expression by ELISA using PAP
25" antibodies and the positives were further analyzed by immunoblot analysis. Of a
total of 28 mutants from NT123 mutagenesis, six different isolates expressed
proteins which cross-reacted with PAP antibodies. Out of 44 mutants isolated
from NTI124 mutagenesis, 24 different isolates produced proteins which
cross-reacted with PAP antibodies. Four mutants (HMNT123-1, 124-6, 124-7,
30 and 124-1) produced proteins which were larger than the mature form of PAP
- (29kD), suggesting that the processing of PAP to the mature form is blocked in
these mutants. Two mutants (HMNT123-2 and 123-3) produced proteins that co-
migrated with the mature form of PAP, while several others (HMINT123-4, 123-
5, 123-6, 124-2 and 124-3), produced smaller proteins. The protein expression

35  levels in the mutants ranged from 0.005 to 0.08% of total soluble protein.




15 sequenced to date and it is proposed to be at the active site cleft of
"PAP (4). See Stevens et al., Experientia 37:257-9 (1981).
HWNT123- 6, HWNT124-2 and HWT124-3 all had a point nutation near
the C-term nus _which introduced a stop codon i nstead _of

trypt ophan at‘%&%ﬁ“ﬂsﬁn 237 (We37) (Table Il1). As a result P%M%Wflsf%i S
mut ation, 26 am no acids were deleted fromthe Cterm nus of the nutant
20 PAP, and a truncated protein was produce¢s- HWT123-5 contai ned a

frameshift nutat§on, which defet edNioleotidec s&ftiente analysis 8f FAP Ubutdigs:COTRS

for G ul84 (GAG, whereby the reading frame was altered and the
Asn190 codon posifiansraf thaamine eeidalterations duw dbs FAP awtantshwerecidentifiadnby

-1 position, result] ' . | O te ' .

point nmutation in I—W%-?ﬂgﬁghﬁe@é%ﬁds %@8]“3?%’?;%%% ag%%q%%gi! |Iaétﬁd
97 t? I ytsi [le (E97{<) fxbﬁﬁ?_bmdta?nés,ltwt%ﬁﬁe&nh Redlin®d EOcoli ac:‘[cordingltt_orthabfteddlaesé(:tggiémin
poi nt nutation, at position , changing gJycine to valin .
Both of these nutanf@%st eégga-,a?ngég@w byng qmnﬂﬁﬁfﬁeh’mwmsvﬂt

PAP, suggestingigha 0C | RSk AR T RubnhABE agksi Bot 6 nt
To confirmthat thet%??;r\e/%g rrutzgnt gﬁe’notuypesa\t}eresd:%eq’ ngt hcgyéf} 3§equence
mut ati ons identifi edndlysit lof HEMNERGR: rewealednthahdt abdotainsoa asingle opaisto mmitation,

mut ati on, each nutant PAP pl 1 d wasg [solated and r.et orned_into the

host tr ai nSiapges the AiRon 888 ab ASs i £r 6 RRELENOCH BB P AciSe
transformants site (TaBl¥ 1. MMNIT 1281 Eprodb@d Oproftit S£the38me Sidé as theReild type
medi um indicating that the of the transformants to survive

abilit
i nducti on of PAP exBA®ssEBramis agid-al position 1¥§5517§)riké‘iﬂmy conserved pmong aH RIBS

PCT/ US96/ 11546 . . . _
Tabl o T, TOA0L1S, | squenced 1o date and it is propoged to he at the acfiye. site CIERGT PAP (4], See
cells HMI 12 Stedens et al., Experi@lﬁa 233:26BOT(1981) . VaRMINTIRB-6, HMNT124-2 and

iz STl < A v v AU o e
Au (GAA) 10 H% l%rﬁi(n&tgtqd ofa gy%ﬁlﬁ?%ﬁﬁr@@w EW%W@@) As a result

HWNT124- 1 2
- Trp>-237 (TG -> Sebfhig mution, 26 aminoaridy weae deleted from theTE€perpdnus(ofciy mutant

200 L0170, ML 10 o, el 8, ST, BAMIER) i
used to conpar e t he framashif tenutation, iwhichy delétedP Ao mutlaotides (BA) rae abmg ahe codanufor
Glul84 (GAG), whereby the reading frame was altered and the Asnl90 codon
became TAA, because the reading frame shifted to the -1 position, resulting in
expression of a truncated protein. A point mutation in HMNT124-1 changed the
25 glutamic acid at position 97 to lysine (E97K) (Table I). HMNTI123-1 also
contained a single point mutation, at position 75, changing glycine to valine
{(G75V). Both of these mutants expressed a larger protein than purified mature

PAP, suggesting that processing of PAP is inhibited in these mutants.
To confirm that the observed mutant phenotypes were due to the
30 mutations identified in the PAP sequence, and not due to a chromosomal
mutation, each mutant PAP plasmid was isolated and retransformed into the host
strain, W303, and URA+ transformants were selected. These transformants
grew at wild type rates on galactose containing medium, indicating that the
ability of the transformants to survive induction of PAP expression is plasmid-

35  linked.




(BW) RNA was translated in the rabbit reticulocyte |ysate system (Pronega)
I n the presence of extracts fromyeast containing different anounts
of PAP, as described in Lodge et al., supra. PAP levels in yeast
were quantit ELI SA 20 (Lodge et al., supra.). The.iahibition
curves were W‘ﬁg’é&r}#"’n the range of 0.1 to | ng PAP/ %’%%@%II
shows the results of the protein synthesis inhibition assay carried
out in the presence of 0.2ng/m PAP from yeas26- The anount of total

protei n and PAPSwerEahMelist e Mutatiods whickl abalish thetorigityiof PAPstoctkaryitic cells

but for. 1n preovi oudMNBES 000, e e e AT, T 1 ol at | on was

performed in the prgenge3® 0.2 Glu-176 (GRG) > Ref\Gre) i nhi bition of
transl ati on was observed. \Wen 0.2 l#lg/ n1( p??)tei n (@19 from

nontrgnsfor(rjred_l_yeam_ Rider e aﬂ_d‘epl—ZO&(_'EGG_ gﬂ-t> iStdpi(Iﬂz’atG)on]c og t2ran}slmati]9n
was observed. Tran s i nhifi e of 0.2 ng of :
(1) purifimaﬁ' ded t o 1389£‘§%§57%3§1“2§3?‘3ct (WF+PAP) :  (2)
protein extractly HMXNTI28!OM Yeagp-29N(PGG) 00Nty ereG) NT124; and (3)

protein extracts from yeast ' contai ni ng the hydoxyl am ne gener at ed
nut ant s HWNT123- 3, Wﬂ?&-—ll, Glu-97 (o) 24> Lys{AAMNT124- 13. In

contrast, protein q?ﬁﬁﬂ]q Jo from%ﬁ; _ il not inhibit protein
synthesis in the reticu tgg)(/ite | ysa syg{%(rsr? §rsr1tqp§1(;1(‘1‘d1 results were

obt ai ned when in viHMNTI243s! at | oMTE2PP (TGEEN-S SpeMAG)f or ned using 35

0.1 ng/ M PAP. 97/ 03183

PCT/ US96/ 11546 I‘IMNTVI\Q4-1g Leu-202 (CTT) --> Phe (TTT) - -27- .5

Table I11. | ki bi(ti.iO”FHanﬂhBE@cﬂﬁ F AP sutdatB AR : in
added to translation nediu v ‘%rlaolti??nﬁ‘synttg)em s‘(@%#uhmm‘_‘ asg)i Vs

i ncor por at ed) used My ciNpare the enzymatic activity of PAP mutants. Brome mosd¢ s/ -
204 BSA . o e 44, 956 10,.. W
176, 723 + 713 (BM\QAWas translated in the rabbit reticulocyte 1ysa%e sysiqem (ProTﬁ%a? a8
+ 2474 NT12Be presence of extracts from yeast containing different ambafts 67 PAR] fak
445 HWNT123- 2 . : . 213,952 [err]_ 767
HVNT123- 3 described in Lodge et al., supra. PAP lfg@!,s mtévm’f quamtal bﬂ. ISA
HWNT124 it s

e 20 (Lodge et al., supra.). The inhibition cr%s 3%8: {,ﬁé{er r }n glgé'ange of 0.1t0 1
HWNT124- 3 ng PAP/m]. Table III shows the result§ 8P fig5irofer synth@sis dnhibition assay
HWNT124- 13

carried out in the presence of 0.2ng/m} %’i’PS?rgm[ )?eragg 4e5 Zmount of total

protein and PAP were adjusted to 87 ng/ml and 0.2 ng/ml, respectively in each
extract by adding either wild type yeast extract or RIPA buffer. In previous
25  experiments, when in yitro translation was performed in the presence of 0.2
ng/ml BSA, no inhibition of translation was observed. When 0.2 ng/ml protein
from nontransformed yeast (WT)} were added, a slight inhibition of translation
was observed. Translation was inhibited in the presence of 0.2 ng/ml of: (1)
purified PAP added to wild type yeast extract (WT+PAP); (2) protein extracts
30 from yeast containing NT123 or NT124; and (3) protein extracts from yeast
containing the hydoxylamine generated mutants HMNT123-3, HMNT124-1,
HMNT124-3 and HMNT124-13. In contrast, protein extracted from HMNT123-
2 did not inhibit protein synthesis in the reticulocyte lysate system. Similar
results were obtained when in yitro translation experiments were-performed using
35 0.1 ng/ml PAP. |
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Exanpl e 2 20 Expressi on of PAP nutants in transgenic

t obacco Mut ant PAPs were engi neered for constitutive
expression in plants to determine if they would be non-toxic to
pl ants, and iﬁ’tp. ould retain PAP antiviral propett)

In order to i B9 F'X% e PAP genes into the plant expression Vg@;‘[@xﬁg@m 25
the plasm d DNA encoding the nmutant PAPs was isolated from yeast,

transforned into E. coli as described in the fanple 1. The plasm d DNA
encodi ng the nutsint TRblRIMAs Inibitibe df pretBinfsynthekis by RAB mfdamist h H ndl |1,

t he Hndlll _site wasfllled‘ln wi t h kl enow DNA pal yner ase andthe
pl asnmi d was Protein added to;tgsiation mediums | at e t heErofginispnthesy (cpm,y | | |
fragnent encodi ng t ke nmut ant PAP. The Sacl/Hind Il fragnents
encodi ng t he nutant S were cl oned into pMONB443 (Lodge et al.,
Proc. Natl. Acad. S®NoRNSA 90: 7089- 7093 (19932 )246fH/e204i gest i on
with Sacl and Snal rem)ve the wld type PAP cDNA inserts. The

Sacl/H ndlI1 fragme rom HWNT123-2 was cl oned int 0244 956 Sacl / Smal
di gested pMON8448 t qypenerate NT144 and the Sacl/H ndifé 723 +3513fragrrent
from HWNT124-3 was cl oned into Sacl/Smal di gested pMON8443 WO
97/ 03183 PAP+WT 146, 660 + 2474

PCT/ US96/ 11546

gener ate NT145. mlkgléﬁd NT147 were generated by repllé%’oﬂg—tﬁgs 772 bp
Sacl/H ndl'I'l fragme®MNT123h2 wi |l d type PAP cDNA inser213,05pNORB443 with
the 772 bp Sacl/ Hi ndll] frggment of HWNT123-2 and HVNT124- 3

respectively. HMNTI2 Pl asri ds” NT144, Nﬂﬁ?xoz ST332 and NT147
were nobilized 9t oymNEg24the ABI strain of ‘Agrobact gki faciens for
transformation |1§to tobacc% and pot at o (Lodgegg’tggglli%mlag%) For
transformati on of NHMMNB324+#hy young | eaves f r 39,622 402084 ol d

t obacco plants were with water for 20-30 mn. wat er was
drai ned off and thel'mgﬂaere covered with 10% chl o#gi}sa%atéﬁﬁ%

Tween 20 for 15 m ngMNTapslighen rinsed three tines V\nmslgggmeusj_eaf di sks
15 were cut with an autocl aved single hole punch and pI aced upside down
on. M5 104 nedium (4.4g/| M8 salts, WzsucrOSe B5 vitamns, 0.1

mg/ | NAA and 1.0 nb/| @%E%ﬁf“ }mn oPrecul tured
~di sks were pl acg in t‘é‘be an noc F&k’%# Eggcn over ni ght

cul ture of Agrobacteriumthat mthAPswerednglm f.brﬁonsﬁhmwmpremmplams

i nverted several ti ks we t hen. t aken .o | att

on et ert 1 ol fer | i Bpedie i BE8 IE e BShiR Brodath can ey, E5ba Peth 'k
antiviral properties.

In order to insert the PAP genes into the plant expression vectors,

25 the plasmid DNA encoding the mutant PAPs was isolated from yeast,
transformed into E. coli as described in the Example 1. The plasmid DNA
encoding the mutant PAPs was isolated from E. coli digested with HindIIl, the
Hindlll site was filled in with klenow DNA polymerase and the plasmid was
digested with Sacl to isolate the 772 bp Sacl/Hind III fragment encoding the

30 mutant PAP. The Sacl/Hind Il fragments eacoding the mutant PAPs were
cloned into pMON8443 (Lodge et al., Proc. Natl. Acad. Sci. USA 90:7089-7093
(1993)) after digestion with Sacl and Smal to remove the wild type PAP cDNA
inserts. = The Sacl/Hindlll fragment from HMNTI123-2 was cloned into
Sacl/Smal digested pMONB8443 to generate NT144 and the Sacl/HindII

35 fragment from HMNT124-3 was cloned into Sacl/Smal digested pMONB8443 to




plates with a filter disk to co-culture for 2 days. Leaf disks were then
‘transferred to M5 104 nedia wth selection (100[err]g/ mM kanamycin
and 300 [err]g/m cefataxinme) and placed in an incubator. Calli and
shoots appeared in about three weeks. Shoot s vvere transfgrreg‘

pl ant cons wi t WO $8di a (4.4 g/1 M salts, 30 g/l 6
vitamns) wth selection. Roots forned in two weeks, rooted shoots
were then transferred to soil and kept in a hgh hum dity environment.

The regenerated pl agémmﬂbenmwwm?%%eﬁ@ma@ ﬁpﬁ&ﬁgOﬁﬁern bp
neomyci n phosphotransferase NPTU) to identify_the express

Transfor mati on freqSei@iia sment 06 e il tyesh BAECRY A 'é&qﬂ} y‘ PMQN) 84?%1??@@

Ao provi ousl y 32‘{?"059“‘—”“{”% Un SEPRRINT MeRRE O BMIPFIRS pEF ifioes,

significantly reduceskpadtiwslyvectors containing the wld type PAP ( pMON8443)

or the variant PAP (pMONB442) were used . in _transfor | Lodge et_. al
1993). In contrast, as shown B@’B\ﬂsmlﬂbmlﬁlmy@@r Wee mobilized into

transformation to
PCT/ US96/ 11546 10  the AMO:RA Qﬁl?r%bactenum tumefaciens for transformauoxﬁ g{to bac%o and

frequency was obser yeutw\ﬂmdguetab; $993)nt Bomiramyfarmatioro of ok tebarutza ryour\Raves

wer e used | thetra tion . .
TABLE |V i e mOhR ofd {0Bacep PARSWESS CBYerPd b HARRACE 330 min. The
NT144 w'hél/owas didined Off dddthe leaves were covered With 10% chlorod\drid'0.04%
12% As preV| ously reported, the transgenic plants expressing wld
type PAP or the Tween ¥Qrfonrl§ minptes maduskengrinsed Hhreetimes with wateror d&afsdiski

mottling on thei afito :
transgenic pl antlé e%?‘s’ﬁ %tht %ne 1 9% ?tng%5holeé%§§ll anh"}l&%g {éﬁs?f%‘l ca\bﬁy‘m
nﬁr malj TheKI grew aMsSio4 mﬁiﬁnr(&Idg/laﬁStﬁhs V30 dlltsyqﬁefje, BS vztmmpi ant SmhglrlcNAA
showed no chlorosis o n,the eayes, .indicatin at the
expression of the nﬂ{‘ ﬁ{BD’PhA*’ sfhof’alfkﬁf "h bq%a‘h werf Plaged iy
PAPS were al SO expr gSped { Be End ﬁetaxa@al%&m' dvi Q&:%ﬁwbr%g%mterﬁm it whde

gromh rate of E. coli ce , Indicating that they are not toxic to
coli. 20 dilutedls Thembewasmverted severak tiznepl dh8 disks were thentakenout

e o7 b e A ol AR B R, BT dRES esios rpger
ELI SA (Lodge et al . plaid3¥dh imtd&liﬂfmeoemubﬁ fop 2 dayf Leaf [disks siefethen trahsferred
mut ant to MS104 media with selection (100ug/ml kanamycin and 300 ug/ml cefataxime)
and placed in an incubator. Calli and shoots appeared in about three weeks.

Shoots were transferred to plantcons with MSO media (4.4 g/1 MS salts, 30 g/l

25 surose and B5 vitamins) with selection. Roots formed in two weeks, rooted

shoots were then transferred to soil and kept in a high humidity environment.

The regenerated plants were then screened by ELISA for the presence of
neomycin phosphotransferase (NPTII) to identify the expressors.

Transformation frequencies of N. fabacum cv Samsun typically

30 range between 10 to 12% (number of transgenic plants obtained per leaf disk).

As previously reported the transformation frequency of N. tabacum was

significantly reduced when vectors containing the wild type PAP (pMON8443)

or the variant PAP (pMONB8442) were used in transformation (Lodge et al.,

1993). In contrast, as shown below in Table IV, no decrease in transformation
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PAPs. In Table V, the level of expression of the mutant PAP is conpared
wth 25 the level of expression of the variant PAP (pMON8442) (Lodge et

al ., 1993) expressed in transgenic plants.

Tabl e V: Level_ of_ PAP expression in transgenic tobacco Pl ant nunber
Level of expr@%‘g?%‘f?m NT144- 12 1.5 [ eFFIEPI1ISe 30
NT144- 13 0.9 [err]g/ng NT145- 13 '

4.4 ng/ng pMONB442(26139-11) 9. 6289/ ny

As shown in Tabl g V. fridiendy wasaiReived RitkAtveSBR dnbiidifly iHaSoltoxic mutant PAPs were
term nal deletion nutant (NT145-13) expressed simlar |evels of nutant PAP

as 35 the plant usspirctheitrgsfosatione vari ant (pMON8442) (Lodge et al .,

1993). In WD 97/ 03183

PCT/ US96/ 11546 TABLEIV - 30- 5
contrast, transgeni Pipdmgidt s cont ai IHreguehbeofgdnshematioe nmut ant ( NT144)
expressed %&lg‘*‘i{ I cantly hil%her | evel s of the nutant PAP.

To test if the PAP s (the NTZ o and NT145 constructs) had

antiviral activifgy iIQT;’(ﬂ ro, wildt t obacco plants were inoculated with
pot at o Vi rus (PVX) in the presence of protein extracts from

pl ants expressi ng t INT147 10 mut ari2 %AP, the PAP-v (pMONB442) and
nontransfornmed (wl

d, type) tobacco. PAP | evel s i.n the transgenic
plants were quant i ta@‘%épﬁ'ﬁ& Bportaq, the faoseegic plants exP@%%m%‘gﬁ oF e
line 145-13 was 4.4 vagiai PAPAstidwed! @rothh e€dubdbh, CHilb@8iS 1208 thoktling on their l1daVEs
144-12 was 1.5 [err]g/ng. Plants were inoculated with extracts from

transgenic st 8bnd393)i nlp sontmpsipAke ransgenigf planisl expressing .the: mptant

tein. Protei t f f d b
Peaves (W - Fi 1y [ERF were Aitngu bRt h6HRA° el PR A e s S b WA GFre
t obacco | eaves in t hlans aaédshewed ndicdhiabsia or amculing Sondtheir leaves, indicatifg that the

protein from nontransformed tobacco, ranging from6.7 [err]g to 1.1 ng.
Twenty tobacco pl ant%‘%ﬁ‘@“i‘?{o‘gﬁlﬁ‘i‘é‘ﬁ Bﬁ?h!%eot[ oxiq fo B'Lnsgextxgrgqu@q.m'np\mutaﬁt
the Presenceapd wird sl Edpfiested ifTE. Yol SR ndl Biftdich! 8 not afect th
nontrasfornmed plants. As’ 20 hown in Table VI, all !&T xp?lilant smgecaer?te ©
infected with PVX argtowthomateiof Ecenli cells, indicatingthabthey ameynot toxie tosfngations and
virus accunul ati in the | eaves above the 3 i nocul at ed | eaves
(systemc | eaves). These results dermnstratFé"aHPelﬁ protein

extracts from nontransf orAmtivitslartioity of aiitantPAP@kpladsed idtyamémde tokiced’VX
i nfection. When protein extract from nontransforned tobacco plants was used

in 25 the presence of 5 antfa3geRiG tBPAcEP i(Ne tabapum gy Samsup) plapts pgre assayed
nunbers of PVX by ELISA (Lodge et al., 1993) to determine the level of expression of the mutant

PAPs. In Table V, the level of expression of the mutant PAP is compared with
25 the level of expression of the variant PAP (pMON8442) (Lodge et al., 1993)
eipressed in transgenic plants.
Table V: Level of PAP expression in transgenic tobacco

Plant number Level of expression
NT144-12 1.5 ug/mg

30 NT144-13 0.9 ug/mg
NT145-13 4.4 ng/mg

pMONB442(26139-11) 9.6 ng/mg
As shown in Table V, the transgenic plant containing the C-
terminal deletion mutant (NT145-13) expressed similar levels of mutant PAP as
35 the plant expressing the PAP variant (p)MONB8442) (Lodge et al., 1993). In




| esions were observed on inocul ated | eaves, indicating that tobacco plants

“wer e protected fromPVX infection in the presence of purified PAP.
However , al t hough fewer |esions were obtained on the inocul ated

| eaves of these plants, t hey showed system c synptons and Sim 'Iar
level s of PVX¥ 7(“3&? as the plants 30 inoculated with P

presence of extracts from nontransforned tobacco pl ants (W).

WD 97/ 03183 -30-

PCT/ US96/ 11546 5  contrast, transgenic plants containing the active site mutant-@{F144) expressed
Tabl e VI Effects of PAP rrutants on PVX infection of to cco
| eaves[err]. signifigantiy bighat Jewels pf themytant PAR. o af ) mean no.

| esions[err] PVX anti gen o]

0 66.6 10. 1°“S"fh‘gﬂf errig@k?ﬂ.iu 54 NWS%E%H’?H‘*
S 9. htivEalactivity in vitro, 3wild fypertbbakbed plants were inoculated with potato
10 1.5 [err] 2,0 2.82.6 26139 -

5 virgs X @ in the pregsnce of protein gxtraeis from plants expressing the
12.5 7.4

2 I 10 ngmpygp the PAP vIGRONB442) and nonmsfogiged (wild type) tobacco.
56.1 4.9 ZPAP ldvels in the transgenic plants were quantitated b (ELISA. The level of
o5 lerrl 13.8 Zﬁ%ﬁféﬁrp?si@igﬁne 14513 was 4.4 ng/mg and the levél of PAT expression in
68.0 [err] 11.7 Iine 44012 Wig 1.5Qighng. Plants wée iddeLRfl vt extabts fom Bhnpetied
fromeither non- transf ormed or transforned tobacco 20 | eaves with plant
expressi on vect or (pN@MNS£antainieg1s v BAR perTleafipnd 1.1 mg total PW[ITI"B‘OMMf

| esi ons were co { e T,

discs in a tube%r%a&gﬁg%w P“@Q{é%%@ggmsys‘feémg eg{fés“pg’f:? gqﬁtfl

12 days post inocul aPVRwanisioduleied brtonghabta Ravdsin ifhd frésdnod b diffelane amoaiita

Ievelgo!co PVX anti gen re tlfledb JrafSAs Thegssout of total o

prot ei ns 25 in Eﬂfepé?‘f’&'agf’ iféﬂ’t‘ fobacagy TRREANE E’S@bﬁt #6i oy L d) me.

[err]Protein extract Jﬁiﬂ@%& m%%tsw?m 1 S3YRP PVX in the
S adde t

[err] PAP (Cal bi ochem rotein extract from non-transforned

t obacco | eaves. presence @frq-ﬂ'\ll%ni } mg axﬁttgtai @rotein| from ypeatransformed rpipttant 4s
used. Too | avedd r oRAdR Tible yr, 0w PG ok B BhP EYo B et G5
PVX (1[err]g/m) in hﬁensor:gsﬁm sphpink f nde virus aetuniulaion in the leaves above the
inoculated leaves (systemic leaves). These results demonstrate that protein
extracts from nontransformed tobacco plants do not have any effect on PVX
infection. When protein extract from nontransformed tobacco plants was used in
25  the presence of 5 and 10 ng purified PAP (WT + PAP), lower numbers of PVX
lesions were observed on inoculated leaves, indicating that tobacco plants were

protected from PVX infection in the presence of purified PAP. However,

although fewer lesions were obtained on the inoculated leaves of these plants,
they showed systemic symptoms and similar levels of PVX antigen as the plants
30 inoculated with PVX in the presence of extracts from nontransformed tobacco

plants (WT).




PAP or PAP nmutants. VWhen PVX was inoculated in the

‘presence of 5 ng protein from the transgenic plant (26139)
expressing the variant PAP (pMON8442), 35 significantly | ower nunbers
of | esions weg% sfsved on the inocul ated | eaves V\O. Serfrdse
PCT/ US96/ 1154 RS P%%hg 5

and these plants escaped systemc infection. . Simlarly, when PVX was
inoculated in the presence of 5 ng protein fré#transgenic plant (145-13)
expressing the GSterminal deletion nmutant, SableiVWli cantly fewer |esions were

obt ai ned. These plants did. not w syst em ynapt.ons_ and t he PYX antigen
| evel s were significantl ?9{?@&858‘8?6?}‘%"%%& cagn P@ﬁ\gé‘?"qweﬁont rast,

e genty ol o "5 PiiPERicged | 1 BAR pB/RSANCE Olmin 36, O, PEURS! hnfipG
transgeni c pl ant expgessing e active site nutant 44- ) e

nunbers of |esions tdvekbingimg}on the inocul ated | eaves was simlar to
the nunbers of |esi observed on,pl ants ’ inQc ted in,th
presence of protein om nontransforned t obacco ﬁﬁgsw(ﬁvr). 4.4 % 1.4

System c synptong weye ©opPapfved onsthese plants ggBWX anti gen3jiexel.s in
t he 15 system c | eaves were conparable to the antigen levels in Isants

i nocul ated with PVX in th¥ presence of dddadls from 2.8+

nont r ansf or ned t oba | ants. These re Sq@denonstra t hat the
C-term nal deleti ongﬁu?'%ggnt whi ch |e§'; enzymati cal | ?uétiz@ acti i\;‘;%i nvitro
retains its antivird#4548tivity in §itro. In contrldst 4 Z.le acti ve.2s¢t®3

mut ant which is enz jcally inactive in vitro, _daes t retaipits
antiviral 20 a}cig?’bkty in vit r%, suggesti ng ﬁaaﬁ it‘ﬂg enzyma ZEPi vi ty

of PAP is critiggl for antjgyi ral activitgeingvi yro. 2.5+ 1.4
Exampl e 4 Ex(gr ession of PAP nutants in transgenic
pot at o Pot a2® stenms were &&§t5 intH83 nm phcdsl.And
placed in sterile 25 water. obact eri um cqyt.ai, nj NT144 ,
NT146 and NT147 was grown A%Q/er ni ght. Oeﬁas:ﬁ%e“e}gspun dgv\%;tﬁg
resuspended in 10 ml of water. 100 Agrobact eréglopwels7di | ut ed.0pg20.8 1:
10 in water. Water yas renoved from potato stem expl ants and t he

dil uted Agrobacteri uﬂ%&?‘&ﬁﬂé’ﬁ? thmmmmw or transformediiahaceo
_\é\nx_tjraﬁtg;oagfteeglbggneg&gﬁ}%&%o pl at gﬁ‘hﬁ%ﬁ%ﬁ%ﬁm's?gri |l e
What man #1 filters. ~WBOnswherofiiesionsaveye hehnsed at$, daye postdncsulagionand 1 m B5
vLemn, (5000 1 ol e MRLTS ol ekl b By 40 RSt ees
contai ni ng MSO pl us 1Q.days'pbst inoculation and then homogenized in ELISA buffer. The average
levels of PVX antigen were quantified by ELISA. The amount of total proteins
25  in each extract were quantified by BCA reagent (Pierce). . '
% Protein extract was made from non-transformed tobacco leaves.
* PAP (Calbiochem) was added to a protein extract from non-transformed
tobacco leaves.
! Twenty plants for wild-type(wt), ten plants for wt+PAP and five plants for
30 each transgenic protein extract were used. Two leaves from each plant were
inoculated with 50 ul of PVX (1ug/ml) in the presence of different amount of
PAP or PAP mutants.
When PVX was inoculated in the presence of 5 ng protein from
the transgenic plant (26139) expressing the variant PAP (pMONS8442),
35 significantly lower numbers of lesions were observed on the inoculated leaves




zeatin riboside (ZR),5ng/|l AgNG3 and 0.1 ng/l NAA (naphthal eneacetic acid)
35 100 ng kananycin and 300 ng cefataxinme per liter, for four weeks.
After 4 WD 97/ 03183
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weeks, the eéﬁ?%?'?%\ere pl aced on PS nedi a which contains V\%%%BP&QL%?WQII
ZR, 0.3 ny/l giberellic acid, 100 ng kananycin and 300 ng cef ataxi ne per
liter. Shoots began to appear in four to ei ghB2wweeks. Shoots were then
renoved sNdand akese plmwlmwnwmﬁtainﬁcﬁgn PM Simdlasy,( 4vh@ngpmx was

salts, 30 g sucrose, 0.17 H2O, 1 m_ thiam ne a g
Inositol ina1li tEPc"ﬂGF@lriB thBI—PI""“*‘-“% g m&e@"agﬁﬁ r}gﬁoﬁ)t

were then placed i nexza W i@%FNf%;HnsE%EéA

to identify the tra gem% pFants ransgenlc Bar{ S were
t hen anal yzed by ELd:tMnéd)r'IFﬂéEplmenohsho‘u‘r sgrsmyamsympmmtand the PVX apfigent s

expressi ng NT144, 145 and NT, 146_we entjfied
t rgnsf or m?lt ion f reg{;%ééi"é%‘" CRRHY é?‘ﬁ‘@?ﬁdeﬂl %&W@@ﬁ% ﬁ?’%ﬂ"“ﬁ’ n‘&hen

mut ant 15 Ps i
i Eenotypl gfahl?l&finore A R0 @@ﬁ@ﬁs&z{?ﬁ

PAPs wer e I ndi cating t at the expre SNe

t he nut ant PAPs i s expressing the actiwmhc mmamoﬁ&édZ), the numbers of lwons observed on
Exampl e 5 . Expressi an_ of . PAP 1 ans
Turfgrass 20 e inoculated leaveyyes sindsld e i exved on plants
constitutive expresgo@ilated in the mc&@ﬂﬂ@&&ﬁ&oﬁﬁ&iﬁaﬂﬁoﬁﬁéﬂtﬂbi&é plaves OF).S
palustris, Huds.), which is a turfgrass used in golf courses,

fai rways, tees and Sysigmic smgtowmgbm@drﬂmbmpl@madeg anngen levglg in the

transformation. 44 n r 9%5?[@

NT168 was cr eat 1efid b sQ Cl)(I:’II né&?ﬂg’tep‘lfbo e%e@évﬁ%‘é%ﬁhﬁ% rs%ig ron o¥ E rsfvexttlhze
25 ubiquitin genePVXoiﬂ thet prasence Bfanm@ymhontﬁﬁﬁfoﬂﬁ%idwo plaﬂ&Z) Thaseo
pMON969. p 69 was di ges dW|th Hi ndl I, and Bglll, to renove . the
CaW 35S p*l\éi% ﬂhﬂ fesinal dplafien Grutart et i gnaymetically
ubi quitin pronoter ﬂmar% _émm{'emh?ﬁsfahﬁﬁhl'd&hﬁ%d_ﬁ{ﬁﬁ &t cé‘ﬂu-as@%g)acﬂﬁsmc

digested with H ndllI | to isolate
Hi ndl 11/ BarHl f r agnmwtantywhich msnzm}wév inactivenifi- udmgdqes not rs@m fits cantiviral

o, YCIBSS T 085 ey Vi Wbl AEHEBEIE TR, b g, s s

BanH and cl oned i nimivisakadB&itylin gitdoe of NT168. The nopnocot expression
vectors containing the nutant PAP cDNAs were then, used in transformtion
along wi th pSLI 2011, which contains the sel 4 rar ker, the bar gene

35 (Hartmann et al., 1994 Bi g@mghggp%aﬂ&@&&u&gmrmo

transfornmati on was

Potato stems were cut into 3 mm pieces and placed in sterile

25  water. Agrobacterium containing NT144, Nt145, NT146 and NT147 was grown
overnight. Cells were spun down and resuspended in 10 ml of water.
Agrobacterium was diluted again 1:10 in water. Water was removed from potato

stem explants and the diluted Agrobacterium was added. The stem explants were
incubated with Agrobacterium for 15 min. The bacteria were removed and the

30 explants were placed on 1/10 MSO plates that had been covered with sterile
Whatman #1 filters. MSO contains 4.4 g MS salts, 30 g sucrose and 1 ml BS
vitamin (500X) in a 1 liter volume, pH 5.7. After a two day co-culture period in

the dark, the explants were placed on PC media, containing MSO plus 0.5 mg/l
zeatin riboside (ZR),5mg/l AgNO; and 0.1 mg/l NAA (naphthaleneacetic acid)

35 100 mg kanamycin and 300 mg cefataxime per liter, for four weeks. After 4
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carried out using tw different nethods, biolistic transformation using the
particle gun prot opl ast transformation as described b
Enbr yogeni c 9’5 cultures were initiat ed from surface sterﬂ: Wg 11546
seeds of 7 creepl ng bentgrass cultivars: 'Cobra', 'Enerald', PennLinks',
"Providence', 'Putter', 'Southshore', and ' SRB820' and used in biolistic

10 transformatisn, weasdm:dpha& Wﬁeljhidetfmrpk'media whith costaing MSQ plus 5 mg/l

12: 919-923 1994) I ni t [ a on rredl a wer basal _nedi um
and M5 vitanins, Zl({ bé?ﬁil!ﬁ C}N59dn$ (FEfeIaEme Pefy,

sucrose, and ei t her ] a r
2,4-D for NBA2D, O 550 rrg‘ﬂ’%aﬁma ydro?fgg?g&s "Shobis erk it/ bmoved

L[err] dicanba, andand placeg ml'phmtcpnﬁem{xmg R/medie@i g MS mlispB@ glsﬁcrest @ X7

25 arriC. ombryogere PO, 1 o Ehioe b1 A BEG bovlal i ad fiedivohare i

to fresh nmedi umg Suspearl 6.2% %ﬁ'ﬁeagax? PM&WM&WW%&W
callus cultures by adding 1 to lus to 250 f 1 asks W|th 50

ca
m liquid nmedia, in i NPTH Akwalde@!fp'éh&]t@w Planik rigansgenic potato

by
ot opar el Tor par L1 chEROME AAPER f EEISA fop AR espresson. " HyRReni€ pfmo

cells on 5.5 cmfi Iplam@::piamngau,emos\taadrN'ngwwadmdﬁai by HLISA. The
the addition of 0.4 M nmannital Pl ates were pre ared 20 prior_to

bombar dnent and kepmﬁ@’m?émﬂm*’e’@ﬂsd"ﬁﬁr“ﬂ éf hen S?WHH?%@W%F‘P%‘
at .95[ ﬁAPE‘ %&Q‘V%E‘édh%@'thé g Fﬁ?% de(ah@f saWi-re
res 5 artic

resuspended in et hanol nlcate

10-30 nmin in a wat ephdnampicaﬂmszbsmls mdxmtmg ﬂxattthmexpressxoatcé‘rﬂad: enutaohit sPrAHslleatot
wat er, and resuspeng’ed I n water. DNA sanpl es consi sting of 50
[err]] (5ng) gold s lfe'ﬁswm 10 [err]g target DNA, 50 [err]l 2.5M

Cad 2, and 2(err]l 0.1 Mspernidine, were pampiksd, centrifuged, and

r esuspended I n et hanol . T.he et hanol wash was repeated for a total
of 3 times. The final 30 Expesssion of PAR euitanssiin Tuansgerio Tusfsrpss ot hanol |

gg(rj“Se([jegL%I ugr%g chO:B:JE)I %gdw@@tu%%g Rﬁé-e x}ﬁms | C?&Otconmgiﬁ\;rg%sxo‘ﬂaﬁx

System at 1100psi . fimhbeotd.r @redpivg bungrassj@tynasnemémrixeﬁhﬂswwhxch isa turfgrass

plated, out on NBAZD g UlE 0L il S s it ey B reSbaa o

wi t hout transfer. Afdreﬁarﬁfomaﬁét W‘&d@ﬂ@b@ﬁ&ué@h&‘é&ﬁx@&:oﬂ?%&dr F2" Bonocots,
transferred to M5 nedia w thout hornones

NT168 was created by cloning the promoter and the first intron of the maize

25  ubiquitin gene (Toki et al., Plant Physiol. 100:1503-1507, 1992) into pMONS969.

PMONDO969 was digested with HindIIl and BgllI to remove the CaMV 358

promoter region. The plasmid pAHC20, containing the uwbiquitin promoter and

the first intron (Toke et al, 1992) was digested with HindIII and BamH]I to isolate

the 2016 bp HindIlI/BamHI fragment which was ligated to HindIII/Bglll

30 fragment of pMON969 to generate NT168. The ¢cDNA fragments encoding the

mutant PAPs were isolated by digesting NT144 and NT145 with BgIlI and

BamHI and cloned into the BamHI site of NT168. The monocot expression

vectors containing the mutant PAP cDNAs were then used in transformation

along with pSLI2011, which contains the sclectable marker, the bar gene

35 (Hartmann et al., 1994 Biotechnology 12:91_9-923. Turfgrass transformation was
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regeneration. Regenerates appeared within 2-8 wks. Shoots were transferred.
to Pl ant ¢ cont ai ning M5 nedi um and roots appear e

WKks. % ”’831%3 For. proopl ast transformation, W%g@uﬁs

| sol ati on was perforned four days after subcul ture Cells were

i ncubated with filter-sterilized enzyne -34- solution containing 1 %
(W v) Cellulase $nozarfied Raut (usidgl itivo Plifferent andthwis) Ui‘mxsuc trdkSformhiidd) ,using 1 &e
Pect ol yase Y-23 (Seishin Pharpaceutical Co. LTD), % VES

(2- [ N- nor phol i no] et R&ﬁ’l‘éﬂ’sﬂ!‘ﬂ %BPMP‘PSF%W% é‘?ﬁ-‘@?ﬁa (MBA2D

MBS with 5% tol) f K
or MVS wi th 5% manni tol) for fuig &@Mﬁébﬁﬁkfﬂ%&&&%ﬁ&ﬂﬁeé sty

About 1 g fresh weig uspenS| on tures was treat
m of enzyne seedo | oft ﬂonreefingthqntgmdssculﬂvasf|‘Cblna'ed‘Emeraldg,h Mmﬂ.ﬂrlksth

and washed twice with | tu e m gont % nanni.t ol
Manni tol was used aéPtng Q “err’ %‘SE‘P’&& IaP‘i %ﬂgﬁénl‘"d PRSsdop Jiplistic
were cul tured Uiiongn%néf&%k%n' S HERRERS et al., on:ecﬁﬁolaéy 12139823

The washed, filtered protopl asts were p etted onto a bla
nitrocel | ul ose menb(¥294).( LEallust initiation 1meti3 wera S basek mdmma@ad M&yetamms

20" week | ater. mé%%ﬁ%&%e%ﬁ%%"%%? oBERE 8 il oS BT meE,

feeder | ay (raeagx&%m Rig O 204Dt fof MSAZD 267 SO0 i FQDF dadein WRir6lysate,
renoved fromthe fee Iaaﬁer 2 wgeks after isolation. Pl ating
efficiency was det et med-bicamba, andg-Sime L G'BA for M Medix wenesplidified with

col oni es 3 weekygaf i %L@glagélkgﬁpm)tﬁ? 9 \%ﬁ%g% f dark at 29°C em&:r}/o%;m&

protoplasts pl ated. egenerat e Cl ng pro opl ast
calli on 25 NBeﬁhﬂlhm\Mﬁrh@dbct&Dmmmw fohfréshnmedifimt r Suspebsions were

orkinetin. After 4 to weeks, shoots _were transferred t
Pl antcon[err] with wﬁe&%ﬂ?wﬂb&r‘?ﬁ% us cultures aﬂ@ﬂ%ﬂn‘@ %Fﬂftﬁdmﬁg mi
Protopl asts were tr 3assOLME S0 YAl mgnehﬁdaer ihtabatk lin & &Gk at 25°C wnﬁ Bifhking at

prot ocol of Negrutiu_ et al or el ectroporation at 170 volts

cnferr] using 120 rpm @ndh su E’I@F‘émwﬂéd) I n PEG experinents,
freshly isol ateggprotopl asts ﬁ,gg?r@g &51%5@ ' .
| O[ err] protopl ggt s per m ii@gfgmamn t cgnt al mﬁg"‘%ﬂa‘“g'ﬁwlw &/QW

and 0. 1% MES. Appr oxﬁspanm:yc@ls&nrﬂ 5 reofibel askssmvlﬂat&s containing MSA2ID a¢dial witht h
20 to 40 [err]g pIasde)NA % PEG f or 015 m n. d.lluted
stepwi se and r esusp &dditgn ﬁéjtq?emé‘éﬁ“ﬂﬁ?lw tﬁ"‘é‘% MEFFn iPrERaredy 405 g prior to
after centrifugati Obombarhﬁxenﬁwﬂﬁpﬂﬂtdaﬁﬂ QOIP PartiBRS Were Prepired b Hedtingeite
35 resuspended at a densV&/ X 10[err] protoplasts per m in cold
filter sterilized 95°Cin 100% ethanol for 30 min, centnfuged briefly and resuspended in fresh
25 ethanol. The particles were sonicated for 10-30 min in a water bath, washed 3
times in sterile, distilled water, and resuspended in water. DNA samples

consisting of 50 ul (Smg) gold suspensions, 10 pg target DNA, 50 ul 2.5M

CaCl,, and 20x1 0.1 M spermidine, were vortexed, centrifuged, and resuspended
in ethanol. The ethanol wash was repeated for a total of 3 times. The final
30  pellet was resuspended in 30 ul ethanol, and 5 ul of DNA solution were used per
shot. Bombardment was carried out using the Bio-Rad PDS-1000, He Biolistic
Delivery System at 1100psi. Calli from the bombardment experiments were
plated out on MSA2D medium containing 2 or 4 mg/l of bialaphos for selection
3-4 days after bombardment and continued for 8 wks without transfer. After 8
35  wks on plate selection, calli were transferred to MS media without hormones for
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el ectroporation buffer containing 5.2 g L[err] KCl, 0.835 g L[err]
Cacl[err], O. err] MES and 5% mannitol at pHS. .’ﬁ% .8
m prot opl ast &\;ve eer% xed with 20 [err] g DNA by inverlg(l:'r : }itl‘“g
el ectroporated at 170 volts cnferr] and placed on ice for 15 mn

then diluted t a total of 3 M with culture ne8§-um containi ng 5% nmannt ol
Sel ection with 45ny regenerationf Regereraésoappedred iwithin 2i8-wksl 6Shouts wetd gansferred to

pr ot opl ast 10 isglation and, transformati on. Resi stant .colonjes on NS
medi um Wi t hout Plantcong goptasning t"‘PF’d%"!’B F"%Wé‘gﬂ% A VEed above.
- Shoots were transferred to For M@%&gﬁhﬂ%gg&@wqwﬁ%&,ﬁﬁw performed

comercial fornulation of bial apgf)s under -the tr ) 3
Her bi ace[err] (Mei | ifo@edays after shijcultuteT D Qellazwerg sachbated gvite fillersterilizsdoenzythe

tests. Herbicide rates. .for Herbi er ] e t ahl i ' cont r.ol

plants, and 15 an 83%%"5?}%? kgyve()%aé? ?no;ﬂgf%iqbﬁﬁg%mmugg?l&m
(Ix the field rage) LT 0.1% Pectolyli! ¥-23 ¢Seiviis Fhafhdcettidal @3.! LTDS, bhd IR1%
above ground with an artist's paint_brush at the rat of 120 ml per

flat. Di nension of tMES{RIN-merpbolinpiethanecsulfpnigragid) (Signta)iin owtuse media (MSA2D,
| . . . N .
P RESS N OF  pap Yt S manpipfor 4 hours sy 2R aith Shaking %t 50 cam. Abput

RESI STANCE TO VI RAL 1 gFfreshl @kight of suspension Foubtuesssasn treftedPAlithnii0anilsoft enzyme
t ransgeni ¢ t obacco To dgter ine i.f _enzymatic ag

‘ o
of PAP is required fSgiutippg Protoplasts were filered Wipgclothzn W%n%ﬁé \l‘/f'lﬁtthy

the active-site But aRimAl hédium E@:ﬁaiﬁin?“?ﬂ mandil. | MAAnftOewRS 3Ea aX RICSThAR
vector pMONB443 after renoving the wil'd type PAP I nsert, to

gene(rj ate l\rrll'144, as d&bdmnaa%gl"d?ﬁ%ehh mmwwcreauhmredrumafhedgﬂmt system {Rhodes
encoding the Ctermn Sio%ﬁgg}aasﬁt ﬁ“lZé-S WB%SC oned_.i ﬁ“I\/CNB 3k
to generate NT145 arfd 14777 as eéfed WP "E.wﬁﬁp‘?@% oRNBr ¢

nmut ant PAPs was dri ‘fifodilulobe mmibriee (L (VS 1989)0pReed WWdrd4 fddldd Jayer o0

and NT147 were nobilized into Agrobacterium tunefaciens for transformation
into tobacco. TransfSysReasie® gells which had bsen spiepd onj 37 manaitelcemives, modipgm,y One

typically range g}’%g%ﬂ(l%%&tgﬁejrﬁ% &gggg)ﬁrbgﬁﬁg@%&eq{mkf&ﬁ@&%@ﬁem Al

obt ai ned per |ea e et al., e transformation frequency
was 13% usi rlgyexthB% anahnitéPéultmranplatd$ ] MBrotoplasts tweze sepoved fromrths feeder

expressing the o Sy S ahbl RolbR" puling! BiciGody Vol BlenSiSdePty SN B
number of visible colonies 3 weeks after isolation by the total number of
protoplasts plated. Plants were regenerated by placing protoplast derived calli on

25 MS medium without hormone or with 1 mg L™ 6-BA orkinetin. After 4 to 5
weeks shoots were transferred to Plantcon® with MS medium containing no
hormone for rooting. Protoplasts were transformed using either PEG following
the protocol of Negrutiu et al., (1987), or electroporation at 170 volts cm™ using
a Gene-Pulster (Bio-Rad). In PEG experiments, freshly isolated protoplasts were

30 resuspended at a density of 1 x 10 protoplasts per mt in $% mannitol containing
15 mM MgCl, and 0.1% MES. Approximately 0.3 ml protoplasts were
incubated with 20 to 40 pg plasmid DNA and 13% PEG for 10 to 15 min.,
diluted stepwise and resuspended in culture medium with 5% mannitol (pH 5.8)
after centrifugation. = In electroporation experiments, protoplasts were

35  resuspended at a density of 5 x 10° protoplasts per ml in cold filter sterilized
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They grew at the sane rate as wild type plants and did not show chlorosis
ng.in their |leaves, indicating that the ex t he

rrut ant PAPsrTWé’s’”0 13 not toxic to transgenic tobacco. %fgifs«g@ﬂlls?‘fs are

in contrast to the previously reported results (Lodge et al., 1993)

in which the transformation frequencies of -36- N. tabacum were reduced
to 0.7% when usisng mmpdmﬁomam@mwzgu‘mcwm@@) Catlp00.9%6 g 17%

when using a vector containin PAP— ot h of Wi c e
enzymatical |y acti JMEP I?Bﬁ 35 1 at 5858; AEB'HgQasé‘PlRiPmP]&FtﬂW g‘%

recover any transg E&; %ﬁﬁ@gﬁﬂ'&twe 1&% Ia.@&fjo“b@foaﬁ
t ransgenic ts Xpressrng eve omed gr owt
reduction, chl orosimin. atheh diluted t a totmitdfl3 mbwith cuhmennédwneenmnmgjﬂ mannitol.
Regenerated transgepic.pl ants were_§ir | yzed for eSSI of
neonyci n phosphot ra%échg’é\s"é‘ﬂ'( %rre I b?/tséif‘%@g Q/ xmgﬂeﬁ g@aﬂﬁ %Pmm
were then anal yped jidlitidn 2n& XRirforimalioy %ﬁ&;@r&wma&bmt e Rny S\Ivﬁhout
El even different transgenic plants expressed detectable |evels of the

active-site hormones rwithh §-BA jog kinetin a5 descoibpd abevengShaots werei transferned to

PAP- i i cat gt haagonss for Doting  r 8ol bl GAMON Rebics oyl R oE.

to the mature formnametmawéwme@ WK&W@UM?was used in g&bamhse herbicide
Transgeni ¢ plants expressed Si gnl |cantly hi gher |evels of the active- S|te

nutant than the pl datts degb orHgrbigoppwgre ggtablishrdsusing eenrob piantsy and
PAP d d
wer e detect@d i agwrpﬁmé o &gigffaééepf brﬁnﬁgﬁﬂé&et(f’f’ﬁfecﬁ’elﬁ’%)esﬁg?g

25 [err]-gl ucuron et1on nutant 'was expressed
significantly herb:cxﬂams appliedits all tlzntilldre alboveigraundiwith anudrtist's paint brush at

S A o) ot for St bR B S AR L8P

mut ant PAP are remﬁtﬁﬁ{g_to virus infection, progeny of transformed plant

I i nes 30 were inoculated with PVX Self fertilized progeny were
screened for the presence of PAP BXAMPEE 6 PAP | evels in the
progeny of the a e Mg?.qsﬁgje n

pl ants and grovﬁ\ condi |orglQ ?ﬁe cregree ﬁ? vari a FN?E %ﬁ%co

| evel s was simlar WMNDMMANGEMMMQWm c l i nes
expressi ng PAP or | . 3 Ten eny from each 35
transgenic |line ex 'egg‘P*?‘ é’f?@tlﬁ?é'-‘%‘?tfz"mﬁ“ ?“?44 1 and 144-7),
PAP- v To determine if enzymatic activity of PAP is required for its

antiviral activity, the cDNA encoding the active-site mutant NT123-2 was cloned
25 into the plant expression vector pMONB443 after removing the wild type PAP
insert, to generate NT144, as described in Example 2. Similarly, the cDNA
encoding the C-terminal deletion mutant, NT124-3 was cloned into pMONB8443
to generate NT145 and NT147, as described in Example 2. Expression of the
mutant PAPs was driven by the enhanced CaMV35S promoter. NT144, NT145
30 and NT147 were mobilized into Agrobacterium tumefaciens for transformation
into tobacco. Transformation frequencies of Nicotiana tabacum cv Samsun
typically range between 10 to 12% based on the number of transgenic plants
obtained per leaf disk (Lodge et al., 1993). The transformation frequency was
13% using NT144 and 11% using NT145. The transgenic plants expressing the
35  active-site mutant or the C-terminal deletion mutant were phenotypically normal.
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(26139-19), PAP (33617-11) and 10 nontransforned tobacco plants were

i nocul at ed Wighodedsgd 19/ M PVX. Synptom devel opnent on bot hpdpgeddhadsgd and
system c | eaves was nonitored visually each day up to 21 days

post -i nocul ati on. In addition, disks fromthe inoculated and from
the first, second and third syst em c-3%Faves of each pl ant wer e
sanpl ed at 12 ddys Peytgrewoat ithesime rite) ap wdlsk type plants and didamoti shawechlonosis or

replication and spread. . . P shown in.Table VI, :
transgenic plants &B‘?‘E&%&Bﬂﬁ,&ﬁ"?’d@ﬁ?@g thattﬁge.xwepsdon[ oh elﬂﬂf-"mﬁ{ hARBtwas
devel op any | esi onspdpfiokif 2o iraRspehia tBishcbs 2 Thescifesitts ' fre A KBntrast to the previously
post.-i nocul ation. In contrast, transgenic gl ants expressing the active-site

mut ant had mportasniesylissilodge etrils, HEOB) imwhigh dbe transéermation freguencies of

control plants. ELI | ¥SI.5.40 eqiC.. | S owed . % gf
wi | d type tobacco pﬁMr‘g&g redlickd %s?é/?%mmg‘gpl gé‘%{if%é{%é‘ﬁ?b%?t“g@“g?ﬁ %g
d?ys post - i nocultat L%EOD%MS%PMW 330% aien usilngaveﬁtoﬂeﬁfMﬁmd ing [PAR-¥ EHMONE44 2)I5VX
pl ants expressing and, PAP-v, respectively, showe systenic
infection. In cont rbesk of Whish.ags enzy Mastivsdlodge etal.. 1893). Lodge'et al. did ot

active, i e TULaNt 486 uh] Rtk kTR e vt oFY, 55 W Sree

20 obt ai ned when re-sco In a yS post i nocu

WO 97/ 03183 plants expressing high levels of PAP-v showed growth reduction, chlorosis, and
PCT/ US96/ 11546 .. . - 39- 5
Tabl e VI Iﬂl'“grﬁlfnq_'i"ﬁgw pﬂff's Level of PAP Nunber . % of

pl ants show ng i5 o Regenerated s &6 PlanfsN\OérE Wikst @hdlyzed fof expression of
| esions[err] systemc infection[err] WI 0

77+ - 12 nepgnycin phosphotzgsfemse NPTHNbYVELISA.5 FhetNPTH positivep plants
ig 4f ; £17 6.V336 l\zé%%t.hgn _'iaﬁﬁy?dBfor 7%!2 /ej:'({n‘leggmp %y ﬁffsixo Bnd immunoblot1 Zﬁ"ﬁ;fﬁs‘
E176V 46. 2 +/ -Elevén different trahdgenic plants exprféssed detectable levels of the active-site
mutant by ELISA. Plants expressing the active-site mutant PAP produced a 29

20  kDa protein which comigrated with mature PAP, indicating that the active-site

mutant PAP is fully processed to the mature form in transgenic plants (data not

shown). Transgenic plants expressed significantly higher levels of the active-site

mutant than the plants expressing PAP or PAP-v. "'No bands corresponding to
PAP were detected in wild type tobacco or in transgenic tobacco expressing
25  B-glucuronidase, The C-terminal deletion mutant was expressed at significantlty
lower levels than the active-site mutant.
B. Antiviral activity of the active-site mutant in transgenic tobacco
In order to determine if transgenic lines expressing the active-site
mutant PAP are resistant to virus infection, progeny of transformed plant lines
30 were inoculated with PVX. Self-fertilized progeny were screened for the
presence of PAP by ELISA. PAP levels in the progeny of the transgenic lines
varied depending on the age of plants and growth conditions. The degree of
variability in PAP levels was similar to that previously reported for transgenic
lines expressing PAP or PAP-v (Lodge et al., 1993). Ten progeny from each
35 transgenic line expressing the active-site mutant PAP (144-1 and 144-7), PAP-v
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[err] PAP levels were quantitated by ELISA after taking four |eaf disks
‘fromtwenty pl ants per line. Mean values +/- SD are shown.

[err] Ten plants fromeach line were inoculated with 50 [err]l of 1
[err]g/mM P 10 | eaves per plant. The nunber of i re
counted 9 d&&%@éwi nocul ati on. Mean val ues +/ - Sﬁkg}r%ggs vaﬁ.
[err] Three | eaf disks were taken from 1lst, 2nd and 3rd systemcally

i nfected | eaves at 12 days post inoé8ation and viral antigen

| evel s were quasti t(26139-19), BAPSA33617-11) and Ti0e nanpansformed t wbadcopplantsi weren

each extract was quantjtate Si BCA ki t 5 Pierce)..

Significantly di ffé?%i“q%r\?ﬁ]? 'ﬂ‘é}g’t‘%g‘-at Yf‘%‘f‘e‘!%%hl’mg‘# on g"%i‘@?ﬁ“ﬂ%f’ﬁqy

different fromw | dylypR 18iveswilt bred visually each day up to 21 days?ﬁst%‘é&ldﬁoﬁ.e
g exp er ﬂe 20 cti I

if transgenic plant ressing hig | evel’s of tive-site
mut ant are al so sudnegkitiohe disks Hxom i thé doodutated andrdrony dbes firstppecond and third

(R2 generation) of transgenic Lin 44-12 whic ressed the hj.ghest
evels of SyHERIE JEgE of Fh et e sEPIGE ab 1F G et - gpder
[err]g/ml PVX. 18s 26 Quéntitdle virus replicatid® Bhdsprédd. bel ow, transgenic |ines
produci ng high levels of the active-site nutant had t he sane

numbers of |esions as the wi A§showein Tade VAL, fraasgesic planty, expressing BAP-v or the

i nocul at ed | eaves, i G i Y
or pap hac Ll e PAZCRR o Ve ARl o B Sndtilelld AR B Y
of the systemc post-inoculatione Incbonmass,! traisgehi¢ phahtstatp2isininiie gea9é-site mutant

i nocul ation, 90% of wild type tobacco, . | ants and 10Q%.of th
transgenic plants dWfrassepfylesigns aﬁttﬁ% ingepla \ig g control plants; .nﬁskstﬁbd

with PVX. In cortr 4] i s
a5 %%&lgfxg gf{é&ﬁexﬁi&ﬁ% lsm&v%apboﬁf*& %ﬂbg?pe{ E)ggéé:o p;lalgxgt? gvere

| esi ons on the i nocul eaves and | ower percentages

becane sy sysiehically ynfectéd by RVXiat nl2Pdays post-inoculativd, oviilk3osly 30 and
PCT/ US96/ 11546 40 : s plants . P -40-l h 5
In additional experiofeff the Fansgeais piapts expressing PAR, and, PAP-y, Jgmsrtively, showed
l'ines expressing thRgstaiic PRISIiiafRction, ankn \0bsiteastN2O0% €6f fthe pldies rexpressing the
susceptibility to . . P¥WXinfection; none of these |ines showed

resi stance to PVX (aan%_SlWo{nugﬁbW infected with PVX (rabk VII). Similar results were

Table VIII 20 obisRRRlpdhd b slroh LERAUPSY oy PRAGHRIAAR! S

expressing the I*et'1 on
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10 mut ant (W237Stop) to PVX infection Pl ant

"Line PAP Level of PAP Nunber % of plants show ng

expressed (ng/nmg)][err] of lesions[err] systemic infection[err]

12 dpi W 0

15 g Wil To130-10 Pap.v o - PCVUSBASTL
10 30** 33617-11 PAP 1.6 11+/ - 4** 10*
40* 144-12 E176V 1500 -39-23+/ - 13 100

100 143- 19 W237St op 4 5 Table VIR +/ - 0** 20**

60 145-13 37 +

[err] PAP | evels V\é?aé’tﬁ\z %8& e% AIPn t n,marg’ 8?1‘?"88

pl ant s. [ er Ei ght np from _g, ggny (R2
generation) of eac transgen C I|ne vver ul at ed 50 [err]l
of 0.5 [err]g/mM PVX on two_| eaves per 6)I ant. The nunber of | esions
were counted 12 dayd13Hd? i BAPAY ati oh6 'M?aﬁﬁé values +/ 308 are
shown. [err] Two | eaf disks were taken fromfirst and second
system cal |y infect3361T-3hf PAP fO.6ntE4L02 pl ANt at 12 days40*
post-inocul ation and two | eaf disks were taken from third and

fourth system cal | i4d:af ect eEl1reaf at438 €S8 porg Hmpgul ati on10y/i r al 20
antigen |levels were quantitated by ELI SA. The anount of total protein in

each extragigswas qugygvyat edgglsipg sthe %A;kn (Pierceyg *x
Significantly different fromwld type at l%leve * Significantly
different fromwld type at 5%Ieve| C. Antiviral activity of

or der Lo det er LZ“. ?Hi’q%‘%i i éi@gg g%@ inR S Jgf fighs from tweb)
del eti on nut ant ar }F‘Pfﬂ weawecw 1‘@8% ous p; lﬂé %o(n

generation) fromt raﬁ%@
C-term nal 10 lepveepeoplantit Ahe npmber of Insipnsusiess Fousad %tdens et hn@ulanon
[err]g/m PVX and tMean valees +hfiheresshownl esi ons were counted at 12 days
post -i nocul ati on. AsThreeeafidisks atere taken from 1st, 2nd and 3rd systemically infected leaves
at 12 days post inoculation and viral antigen levels were quantitated by ELISA.
The amount of total protein in each extract was quantitated using the BCA kit
15  (Pierce).
** Significantly different from wild type at 1% level
* Significantly different from wild type at 5% level
To determine if transgenic plants expressing higher levels of the
20  active-site mutant are also susceptible to PVX infection, homozygous progeny
(R2 generation) of transgenic link 144-12, which expressed the highest levels of
the active-site mutant PAP were inoculated with 0.5 pg/ml PVX. As shown in
Table VIII below, transgenic lines producing high levels of the active-site mutant
had the same numbers of lesions as the wild type tobacco plants in their
25 inoculated leaves, while progeny of transgenic plants which expressed PAP-v or
PAP had significantly lower numbers of lesions. ELISA analysis of the systemic
leaves demonstrated that by 21 days post inoculation, 90% of wild type tobacco
plants and 100% of the transgenic plants expressing the active site mutant were
infected with PVX. In contrast, plants expressing PAP or PAP-v had fewer
30 lesions on the inoculated leaves and lower percentages of these plants became

systemically infected with PVX.
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above, plants fromtransgenic |lines 145-13 and 147-19 had significantly

| ower nunber sw%f”k Lons on their inocul ated | eaves conpared_to the
wild-type g\sﬂ nts. At 12 days post inocul ation, only PEVENWIAY, of
the plants fromthe transgenic lines 147-19 and 145-13,

respectively, showed system c synptonms and -40- cont ai ned PVX antigen by

ELI SA, while 909%of the contrpl aduitinab expRiithend] PEdgRey of sbien diffekdit IBNsgeRit
21 days post-inocul gtion, there was,kan_ increase in the percentage _ _ . -
of plants from | i nedN@S XPIessing the active-pite mytantWere analyzeds far theiy spicepiibilingto
observed i n previou g 3 | sl ] ' v
and AP vor & oy Dol RS s BAAAROR fesafiEo DAL BRI shit)
expressing the C-term nal del etionTableVHI(\W37St op), PAP or PAP-v
showed m | der 15 t C ared to the infected wild-type plants or
transgenic plants §3’sggp"‘§ﬂ%¥ Qg%%@%mi%%?@éesﬁﬂg %CW@E’P‘?‘WHI SA
anal ysis was useg to quant inh@h@W2378lopf B PUKnfelliG] S 1 N transgenic
plants and wild-type plants at 21 days ost-inoculation. PVX
antigen | evel s wer ePlagiddre i PAR ant s {Pﬁwﬂﬂl\nﬂas Hmberg, % of plantsibowidg and
33617- 11 conpared to the ante<gessed evégimgii | d t ypilesinant s. syStemic infegtion®

per cent ages of infe d plants did n8t change when they wa¥#®i scor edZbdghi n
at 4 weeks t inocul ati on. 28 +/-15" 9 additi 80al
experinents, a total of six different transgenic |ines expr essi ng
the C-terminal del 2681t PAP-Nere 2l yzed fot 4ME* sudBadti bil i po**

to PVX infection and four of these lines showed resistance to PVX infection
25 (data not shown}3617-11 PAP 1.6 11 +/-4** 10 * Exanpl 0¥
ANALYSI S OF FUNGAL RESI STANCE | N TRANSGENI C PLANTS EXPRESSI NG PAP
AND PAP MUTANTS 144-12  E176V  18wedlings g3 4r g@sgenpg tobaccqgpi nes
expressi ng PAP, PAP 30 mut ants and wi |l d-type tobacco seedlings were

used. Four weeks ai4ry9 W2379i65 Mgzt i on seegh L,_r;gmwergot.&ansferr@ into
' 80%

grow h chanber and were grown In the sterile soil at 25C,
relative humdity, 114.6- h operiod. Reconfjnant constucts
with chinmeric PAP gg{?ejg.v\er gw?% r dug'gd into O&+-4 Agrgg ctei um

tumefaciens via triparental mating. Agrobacterium containing the 35
o) o3 5a” 951 MGG G wlfe RS T 6 th M pahing Samgaric phas
PCT/ US96/ 11546 Eight to ten plants from the homozygous progeny (R2 generation) of each
transgenic line were inoculated with 50 pl of 0.5 pg/ml PVX on two leaves per
15 plant. The number of lesions were counted 12 days post inoculation. Mean
values +/- SD are shown.
® Two leaf disks were taken from first and second systemically infected leaf
from each plant at 12 days post-inoculation and two leaf disks were taken from
third and fourth systemically infected leaf at 21 days post-inoculation. Viral
20  antigen levels were quantitated by ELISA. The amount of total protein in each
extract was quantitated using the BCA kit (Pierce).
** Significantly different from wild type at 1% level
* Significantly different from wild type at 5% level

25 C. Antiviral activity of C-terminal deletion mutant in transgenic tobacco
In order to determine if transgenic lines expressing the C-terminal
deletion mutant are resistant to virus infection, homozygous progeny (R2
generation) from transgenic lines 145-13 and 147-19 expressing the C-terminal
deletion mutant (W237Stop) were inoculated with 0.5 pg/m! PVX and the
30 numbers of lesions were counted at 12 days post-inoculation. As shown in Table




-42- 5 Kanamycin resistant R2 transgeric plants were self-pollinated,
and R3 seedlings were used in the experinents. Transgenic plants
fromlines 33617 (expressing wild type PAP), NT144 (expressing
active-site P), NT145, and NT147 (both ex '

C-term nal dm??%rllﬁrbr\ut ant PAP) were used. PbChoS our
week-ol d transgeni ¢ and control seedlings were transpl anted 10 into
sterile soil and inoculated with soil-borne fingal pathogen Rhizoctonia

sol ani . Devel op@&entVE abbvse@mwsm transgenis lises dAS43 dndr 14710 \bad keignaficantljr e

seedling nortality . rates cul ate | an that survived Hﬁe f.ungal
hfect! on JBPe By of. Tl et Rl oVps o mprd o P oG Be
tissue were taken fuhints. At 12 ddys'poieinodilationsidhly 20 ah@ 30% of the plants from the
Fol l.owi ng i nocul atioon with R solani, control tobacco seedl i ngs

were very quickly dwasgssiedingy 1478 and paS-hhgespectivaly,ashowed systamig syoptoms and
dl ffect |
| mocul ot on. i ooORaTen B dgiden By KISAT R S6% oAE corrdl oS RRE R,

was siigni fwzﬂﬁFVb(y Bpmrdayﬁpoct-ﬂwm@@ﬁttherewhﬁhm&se&mme periditagt
the seedlings from the lines with wld- t pe PAP, about 20% of
seedl ings fromthe @Rlﬂt?rif’i?ﬁ} lines 147“19 Al"F‘u]rﬁ;a bakoWednwystegyie SYBBIOBS- t AS
seedlings fromthe e n? Fegﬁn?éj

nunber of seedlings t atg@su Vi ve d#??&rye% u'ﬁ\.s%mpmn%% ?R{) PAP and
shown in Table I X l:iMlbwwerAl procaCMSgsm ®PVX nigfectiomi bllﬂfededi piabtayenpressmg the
appear ance of e te. .
VO 97/ 03183 a? daction’ h rps (%Q'lgtop ;iJA}Ix showed milder
PCT/ US96/ 11546 15  symptoms compared to the infected wﬂd-type plants or48ans I§em5 plants
TABLE 1 X Progressi on of disease in transgenic tobacco PAP | nes

i nff ected with Rhi zF*PEassing the active-sitg Jngtant (E176V). TOBLISAo analysis was used to

Nunb f dl .
Number of seed! | nOSyakile ek BANES YRR|h sk flnic piapes and wikd-type,glants 21 ays

40 g 100% 27 ( ?ﬁsﬁmoculah@ PEX antigen Ie\%s (n@ﬂ: li:)wer in plants frB&GIShleséﬂlg- 19,
42 (100 38
37 (100) 29 (1-;1% 13, and 33%2‘7—21§(fo§§pzred tozgle(g@ggx) levels wild type plants. The
20  percentages of infected plants did not change when they were scored again at 4
weeks post inoculation.

In additional experiments, a total of six different transgenic lines
expressing the C-terminal deletion mutant were analyzed for their susceptibility
to PVX infection and four of these lines showed resistance to PVX infection

25 (data not shown).
Example 7
ANALYSIS OF FUNGAL RESISTANCE IN TRANSGENIC PLANTS
EXPRESSING PAP AND PAP MUTANTS
Seedlings of transgenic tobacco lines expressing PAP, PAP
30 mutants and wild-type tobacco seedlings were used. Four weeks after
germination seedlings were transferred into growth chamber and were grown in
the sterile soil at 25°C, 80% relative humidity, and 16-hour photopeﬁod.
Recombinant constructs with chimeric PAP genes were introduced into
Agrobacterium tumefaciens via triparental mating. Agrobacteriuwm containing the
35 modified PAP genes were used to transform Nicotiana tabacum cv. Samsun.
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147-19- 25 39 (100) 32 (82.1) 29 (74.4) 28 (71.8)
'144-12-3 39 (100) 30 (76.9) 29 (74.4) 29 (74.4)

In a separate experinment, with a different strain of Rhizoctonia 10
sol ani, the di progressed very rapidly, essentially kilJ]i

majority of %%mseedl ings in five days. Seedling survi vglﬁr}a}‘g?ééir}gfsv\o
weeks of growth in the I nfected soil is shown in Table X bel ow.
Noti ceably, control plants, although 42t dead at the scoring tinme
poi nt, were ext$enkKayamydinresistard R}, wardspénic phintsewsre self-pollinatedy and Ryi ssadlings

synptons. |In contrast, seedlings in tragsgenic¢c |jnes. wth truncat ed
PAP showed much | e36% P$C/8 ﬁggeé'gments. %%sg@mgy 1$1f5em lines 33617 (expressing

PCT/ US96/ 11546 wild type PAP), NT144 (expressing active-site mutant PAE), NT14% and
TABLE X Sur vi Vé)lrp of t?’ansgeni(c obacgco Ines wth di ffyér ent PAP

genes i n Rhi zoct oniNT147 (both expressing Criersiisal sleletion gutant PAP) wereTusedcco | i ne
Nunber of Nunber of % seedl i n .( Samsu
seedlings planted seedl i ngsFeuh Wpekseld tg&ﬁgﬁn*feﬂ%igpnggg,éeedhﬁgs werergmsplanted

14 days 10 Bft6t4t#0e Wollt bR inoculated with soil-borne fungal pathogen Rhizoctonia
posti nocul ati on . .control (n). 20 2
10 cont r osolaxj, Development of disegsg symptoms was observed for two weeks and the
0. 33617- ‘ . . . .
40 144- 12 %éedhng mortality rates were %culated. Plants that sumveg the fungal infection
25 145- 15were transplanted into indivitldal pots and samples of tibsue were taken for
5 147-19 ) 20 5 -
- g further analysis. .
15 Following inoculation with R. solani, control tobacco seedlings

were very quickly overcome by fungal pathogen. The disease progressed
xipidly. affecting more than 30% of control seedlings in six days post-
inoculation. In contrast, the transgenic lines' susceptibility to infection was
significantly lower. Six days post-inoculation, only 9.5% of the seedlings from
20 the lines with wild-type PAP, about 20% of seedlings from the C-terminal
truncated PAP line, and 23% of the seedlings from the active-site mutant line
were affected. The number of seedlings that survived at different time points is
shown in Table IX below. All transgenic lines exhibited a delay in appearance of

disease symptoms and a lower mortality rate.

g
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25 action of the host defense genes, and that resistance to fungus
infection in plants expressi ng PAP may be conferred by dual action
of PAP transgene and a nunber of host genes, constitutively
expressed in ni ¢ tobacco. Applicant further | hat

t he inductio#do?'%?%gse pl ant defense genes further serves tg&kp,lrug%@?:?‘t‘s
transgeni ¢ pl ants agai nst other pathogens such as bacterial pathogens. 30
Exampl e 8 | SOLATI ON OF NEW PAP MUTAN®S- BY CHROMOSQOVAL

MUTAGENESI S ANDS SELECTI ON | N YEAST TABLESDI| ati on of PAP nutants
Chronosonmal nut agepesi.s.and sel ection were us LQ IS e veast p,.35 .
mutants whi ch per nPPavAl | s %q%ﬁccf’hiémﬁr@rﬁtge%m%.g%ﬁ)ﬁkﬁhﬁ??’f’(}lg
WO 97/ 03183 solani resistance test

PCT/ US96/ 11546 - 46 5
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gene was pisassin)ynder t heeedbfigs'pintef { he gal act os nduci GAL1
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a density of Ix10ferr] cells/m i Three 1 . laliquots werelrenpved and

used for 5. Mut @fenesi s{was pedf orned| usi ng @i ther
[err]]l or 25 [err] 15 nethanesyl fonate (EMB)} An

O thc U!I{IUI vy . . CA II; I t4ldt
frequency of sponfa $. Fol I%\M ng the add|§| on of | EM5,
the cells were inqubated at 30/ érr]C for 1 hotr, with gentlg shaking. The
nmut agenesi s was t ¢naad1ated by tlhe addi2g on of { 5% sodfum t hi psul f at2§. The
cells wer¢ then plated ¢n uracil defig¢ient plates wWth 2% gl ucose
and i ncubated at ;—B&WWW
arose on the plat H8m t he - ageni Fed celts versps the
unnut ageni zed congrol, 35% and 5&8% of the celfs ~ werg killed with p
[err]] and 25 [erl]ﬂ(—;.q@ EMS, regpectivgyy. Thw se colgnies were

Ol

replica plated tofuracil defici (Fnt media with|2% gal act ose pnd screened f pr
Cl or ni es Capab| e Lgr Fatvy ng Ln #hg nrgconca nf DAD Annravi hot ol v/ 1’-2, 500

25 col oni es were screqned, apg 9 Eolonies wer e obtaTHed whi ch Qere abl e
to grow on 4ualysis obsurviving plants

10 Analysis of the total cellular protein from transgenic lines was
performed by separating protein samples on 10% SDS-PAGE using a Mini-
PROTEAN 1I electrophoresis cell (Bio-Rad) and proteins were transferred onto
nitrocellulose membrane using Bio-Rad Trans-Blot semi-dry electrophoretic
transfer apparatus according to manufacturer's instructions. Western blot

15  analysis was performed using PAP IgG or PRla monoclonal antibodies.
Detection was by enhanced chemiluminescence using DuPont Renaissance kit.

Western blot analysis of cellular extracts from transgenic plants
showed that the PAP gene is expressed in all plants that survived the fungal
infection. The amount of PAP produced differed among individual plants. In

20 addition, apoplastic fluid was isolated from the same plants and extracellular
proteins were analyzed by staining the native gel with silver nitrate. Expression




The mutants were tested to see if the nutations were chronosonal or
plasm d |linked. Plasm d segregati on was perforned on the nmutants by
growing the cells for approximately 50 generations in non-selective nedia

30 (YEPD), W(ﬂ'bﬂ\%ﬁ&:t hem out on YEPD, followed by replica p'f”é’bﬂﬁshtﬂﬁs

col oni es having lost the plasnmid, can no |onger grow on
uracil deficient nedi a. The plasm d segregated cells were
transfornmed with fresh NT 123 plasmid and  -45- exam ned for their

ability to grows onofipathogenesié-relatedprotaink @’RMde datéctpd im plantseexpressing pokewwd
e o anpCh et Al el bl bhie! Wi S w8 RS n30e SR SHE R0 or

PCT/ US96/ 11546 PRla in syrviving p -47- 5
mut ants, while nutants which fgal I ed to grow on gal actose carry plasmd
bor ne mut at i ons. Significant reduction of furmé diseasenisymptoms einntragsgesic

were further chara riz b orm obl | y,Si
whoke cell extract gw gg@ﬁl%g M&é pro emqﬁ?e‘g’ F§ rﬁsa‘z“"”%}‘s
anal ysi s reveahgd traples 3X0hnd g Ear@gaﬁémﬂemﬁmnpmembmd é&ateewf&ﬁagwfa

truncated formof PAP. The other 5 nutants were not expressing ny
PAP protein. The thmﬂclﬂﬂﬂkr@eé%%é!é’s%gsflﬂﬂhca%oaqﬂmmveﬁ@ disease

mtant . NT 156, nadiogaael wpeSaE 15 (il OF sy ot VR, b Wl

(AAG) to a st op codransgemiéGPAPrlamsl t Tragsgenicalinte B361i7 rwidéh &ppressed the evmd b

kDa. The o nmu NT 187 adacha e in the Nt nus
changi ng Try 16 R,I}\g "fﬁf]:fs F&“%&%‘Fégb %WMHH%PEPM
restart at Met3§, NeSI4Uii2N@vhich expresses m@a&i%&nk. [t QLAY NT145-15 andENT147-
Construction of E. coli expression vector To express the N-terninal

del et ed mature PAP1Pr{whichc expressed [astruncatedsforml of BAP, laciing 26N torminali geisped

with BstYl and Hin t he fragnent ar ound
830bp was purifiedq%'gjf n%’gﬁ’%é s R R iR, 101). The purifi ed
fragment was ligated to the Expredidn o giecfutamd PAFC gores i Wbabcd ProvedNol heve) |

whi ch was digested with BanH| and H ndl | | en treated wth_ al kaljne
phosphat ase. The r @8iplytely o getectable Phepobypic 'Efg??f gP’n%“’?’I‘Fé“W fesk 10; the copssitwiveo

25  mutant PARgi NekfiRssion SP4dvefaX gﬁtﬁéééneﬂs-\‘éiﬁéﬁ?r&%@l Some of the geﬂ‘es mduced

Expression of PAP mutants in E. ¢ 190 was 1solated fromE
coli DH5[err] cell greakmbwn dors theirnandi-fungad ml%xdnemllmht of this obs¢ryation, |:_and

of LB med um cont a R gob ek % iRy SRt sheT B Bpesiiop- ppptican”

[err]g/m believes that the resistance to Rhizoctonia solani infection by tobacco lines

expressing mutant PAP genes of the present invention may be explained by the
25  action of the host defense genes, and that resistance to fungus infection in plants
expressing PAP may be conferred by dual action of PAP transgene and a number
of host genes, constitutively expressed in transgenic tobacco. Applicant further
believes that the induction of these plant defense genes further serves to protect
transgenic plants against other pathogens such as bacterial pathogens.
30 Example 8
ISOLATION OF NEW PAP MUTANTS BY CHROMOSOMAL
MUTAGENESIS AND SELECTION IN YEAST
A. Isolation of PAP mutants
‘Chromosomal mutagenesis and selection were used to isolate yeast
35 mutants which permit cells to grow in the presence of PAP. Constitutive
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30 kanamycin at 37[err] C overnight with vigorous shaking. The foll ow ng
‘day, a large : culture (500 M of LB nmedium containing 2% gl ucose,
100 [err]g/m anpicillin, and 50 [err]g/m kanarnycin) was

i nocul ated a at 37[err]C with vigorous shaki | [err]
readhed 0.9. %?'{é&g#/a}s added to a final concentration of lt;@wH%EJ#/J\l"""gbt\nd
the culture was incubated at 37[err]C for 5 hours. Cells were harvested

35 by centrifugation at 4,000 xg for 10 m m€nd stored at -70[err]C.

WO 97/ 03183 5 expression of PAP in S. cerevisiae is normally lethal. Therefore, the PAP gene
PCT/ US96/ 11546 . . +448- .. D.
Purification of N t"éafsrﬂl?f:gfi u&gfrefhgaoo BK?’ of the gal ac&s% I%drugl%eog%l é‘SPP‘%a s
was thaved and 1 es aaslesicells Gurbying (i plaskiCwih (SMPAP gene 1008w dormiaty on
hydrochl ori de, 0.1M sodi um phosphate, and 0.01M Tris-EC, p . 0)
and strred for 1 hr3lueose wiban (RAK) expressian isprepressed) Putakidls\qglls geawn op galagtase

10,000 xg for 15 m t t o) : . a
50% 10 slurry 3{'}’ ilz“g% g# %{pgesSéeHgi m\%@%ﬂl %Wepé#e@%&dﬁnymwmme ﬂh)
equi | i brated i nobufekpression system andvhectoRititedof PAPEto nbinidli yegstagells,0 eonisolate

tenperature for 45 mn, the resin was carefully loagded into a .
pol y-prep chromat oJRURHy Whigh (3R grey do thepreseppr.of PAP.  Yeastgellsqarpping g plasaud

with 20 col um vol fyrt , Bﬁﬁi f.f er
B (8Murea, 0.1 Mso It&:%wg 0 gﬁ?}%ﬁ%%ﬁ%ﬁg‘mﬁo,mﬂ% p I%ig;wai
Protei ns which di dandsnsity ofl 1xH0® cetis/mi. vBhiree,nh sile dliquotswere remlovethand used for
vol unmes of buffer C (8Murea, 0.,,1M sodjum phosphate, and 0,01M Tri - HC

pH 6.3). Finally, tHemyBeRrsis MRS s PEURI Piagoer Sl G 2P el ety
contai ni ng 250 185M ifgiRaesiifndRAEME)| VAR GnRiitapbli &y Slqual &k thdkstitrol to

anal ysi s. 20 E. Antiviral activity of N-Term nal del eted PAP

To determine if N texpmingghe fregueneyl obsgontaaeousmoutants.r Following the gddition of EMS,
wi | d-type tobacco ' Wt R 1 [ 1 Qs I he
presence or %gbr%g?l\é%&gfi 'Eé éélmgﬁgﬁov%efbét }oﬁ&{rrm%drﬂ %E“Lﬁgl TSF%%&W o%h%.
coli. PAP concent r ahutagenesis was terinbifatedctiycthgiaddidon vf B Soliunn thibsnlfeleS-THaelis 15

ng/[err]l and 1.5 ng/[efr]l tant | 2 .PAP were applied to tohacco
| eaves in the presé?ﬁf% t{ﬁ"] n%“&"llg"[ﬁéﬁn} Q_Wﬁs pigh 2% glucose apd ingubgied at
Table XI, tobaggo mMHpag! Spha@ced ateeﬂhmfbfpaaigﬁ& WRRhPIERCHE e plates from thé- O

or 15 ng/[err]l N-term nal del eted PAP showed fewer |esions on"their
i nocul at ed miutagesized colln versus the pinmutageninest contob 35/ tand 98% ofitheheells

absence of nutant PAP, ,. . ur t heryxor hown |.n,Tahl.e Xl I, none of
the plants i nocul at®sde s M{Hi m@(#o'fﬁgf %eﬁé@cg\‘d}iﬁ % SPIOPIES W Sint
PAP, and only 13% géplRhaplaedi ©006rRER Recioht fedia with 2% VgaladioseNéhdPsesies efopf

1.5 ng/[err]l mutant PAP showed system c PVX synptons, -
clonies capable of growing in the presence of PAP. Approximately 13,500

25 colonies were screened, and 9 colonies were obtained which were able to grow
on galactose.

The mutants were tested to see if the mutations were chromosomal
or plasmid linked. Plasmid segregation was performed on the mutants by
growing the cells for approximately 50 generations in non-selective media

30 (YEPD), plating them out on YEPD, followed by replica plating the colonies
which, having lost the plasmid, can no longer grow on uracil deficient media.
The plasmid segregated cells were transformed with fresh NT 123 plasmid and
examined for their ability to grow on uracil deficient media with 2% galactose.
Mutants which retained the ability to grow on galactose are chromosomal




whil e 100% of the plants inoculated with PVX in the presence of buffer

"al one showed system ¢ PYX synptons. These results indicate that
exogenously applied N-term nal del eted PAP protects tobacco agai nst
PVX infectio 35 thus anti-viral. WO 97/ 03
POt/ Usoe) 1154R0 osis Bggrossarzgus
Tabl e Xl Susceptibility of tobacco plants to PVX in the presence
of exogenously applied 47- ' N-t er m nal
del et ed PAP 5 mantsewhile mpitartsl which] failed td°g2ow on galactose carry plasmid/bame
of lesions[err] géng/[err]l) ([err]g/m) 10 none
1 muiggons PAP (1.5) 1
2 +/-2 PAP (115) The plasmid bornd mutants were further chatagtbrized by
15 [err] Two | eaves from each pllant were inoculated with 50 [err]l of P

(1 [err]g/nt) in Performmmm@bbnwlyﬂisqnyhalecrammfm]ﬂ thiceBs axpressing

del eted PAP Twel ve pl ant i noc t n t.he presence
of buffer alone ("n %38 'Bp&ﬁpglyﬂéfgveaieﬁ tggt WORBE% P%H“\i& %%Xwﬁ’?
the presence ofi(h0 é!?i'és]nhg af trinchted forkd o AP The oftfer BUhaBhts R¥Te not expressing

[err] The nunber of e5| ons were counted at 7 days post-inocul ation. Mean
val ues 20 +/ - oy PAPeigip. The 2 mutants which were expressing truncated PAP were

Tabl e Xl | g&frﬁx‘?‘é& e:ﬁxfen Bnis tQr ot
presence of exogenously By's & ﬁ&ﬁfs;ssﬂ;o&ét ¥%§@L§p§¥|ﬁgdﬁ@%rr’ﬁ nally
del et ed PAP mitant, eNT HH)| haddf epoift mutatiBhv)at the C-terminus, changing ¥ys210

| ant s showi ng system 25 /lerc]l .. . errlg/
gynpt oms[err] g sy &m&h@r%stop c((xpo% ([T?Aé)] rgsultmg in a dgletion of app%x:male?x H@ 30 %)
PAP (1.5) 15 ‘The other mutant, NT 187 had a change #3the N-termini¥’\Rhédgidg Try 16
1 err] Two | eaves from each pl ant” were

i nocul ated with 50 @Qﬂmwwoaﬁw)mﬁ than was able tor neatarsab Mt resultingsinor
15 ng/[err]l Nter qg&lsﬁﬂ&%%.PAP Twel ve plants were

B. Construction of E. coli expression vector
To express the N-terminal deleted mature PAP in E. coli cells, NT 187 plasmid
20 DNA was digested with BstYI and HindIII restriction enzymes and the fragment
around 830bp was purified using the Gene Clean kit (Bio 101). The purified
fragment was ligated to the E. coli expression vector, pQE31 (QIAGEN Inc.),
which was digested with BamHI and HindIII and then treated with alkaline
phosphatase. The resulting plasmid, NT190, contains the N-terminal deletion
25 mutant PAP in the E. coli expression vector pQE31.
C. Expression of PAP mutants in E, coli.
NT190 was isolated from E. coli DHS5« cells and transformed into the expression
host, E. coli M15 (pREP4). MIS5 cells containing NT190 were cultured on 50
ml of LB medium containing 2% glucose, 100 ug/mi ampicillin, and 50 pg/ml
30  kanamycin at 37°C overnight with vigorous shaking. The following day, a large
culture (500 ml of LB medium, containing 2% glucose, 100 pg/mi ampicillin,
and 50 pg/ml kanamycin) was inoculated and grown at 37°C with vigorous
shaking until Agy reached 0.9. IPTG was added to a final concentration of
2mM, and the culture was incubated at 37°C for 5 hours. Cells were harvested
35 by centrifugation at 4,000 xg for 10 min and stored at -70°C, '
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I noculated with PVX in the presence of buffer alone ("none") and 8 plants

wer e I noculated with PVX in the presence of 50 [err]l of 1.5 or 15
ng/[err]l of mutant PAP. . 35 [err] System c synptons were scored 11 days
post i nocul ation. Appl i cant' s copendi

application %99 éﬂ”sﬁlos 08/ 500, 611 and 500, 694, fil ggrg%t’@ﬂ%f
1995, are herein incorporated by reference in their entireties.

WD 97/ 03183 -48- '

PCT/ US96/ 11546 5 D, Purification of N-terminal deleted PAP - 50- )

| NDUSTRI AL APPLI CABI LI TY nt PAPs_of the
present invention CB&EEM Gf Fagok cells westhawed and “-'ls A8 & ‘E‘E"f/?‘ifff%ré My

fungi when expressggad] %ﬁ& [

efficiently in tha m ni mﬁn er g'mt‘régﬁlggg essPPasteraenc?u?rgggsfﬁﬂfﬁl PH
mut ant PAPs are al $®)sandstiaed fmllyrmoﬂwummhuc & acolidysateywax centrifugedhat
t hus 10 provid | st and ct ed adyanta over,.the us
wld-type pap < 00005 LTS Ate o 5 AR Simsinafil s SclC] S EnieStia S0

PAPs of the pregenklufyVefNi-&arose resin (QEXGERURES aﬁxtebﬁhhy eBliBrA@SinSthiFr A0 a
variety of pathogens, “including viruses, fungi; bacteria, nematodes

and insects, and tMgre added. cdiftey mwatatrmnpmpexgmre for 45 mmr,dbemndwas

thi s speci PREoRaUFE iR GE 2R w8 FbmABRpET <o TBI-£78T

skilled in the art chlamahwas washed witht 20 %oluﬂmeﬂbluﬁl&snﬁ'fh&'fd?SA Ainli Imeammn
publ i cations and patent aEEI lcations are herein ncorporat ed él

reference to the sXpWmesokpAutiersB(8Magen O-h M spdinm phosplates and 9014 Tris-H
patent appl i Catlg pﬁ%ﬁ O?p%feixﬁa\bﬁﬁh AR ndt BEhd hl Bty %ﬁdvﬁﬁﬁg%xhpz@%olumn

i ncor porated ‘ef'erenc
nodi fications of t Nelumwe)ﬁtbmffnr CeEM vt OhBv esodium phosphate, and ﬂhémn-HCI

Aparent 10 (hose. 38650, el iy BB vl P Vo' ' BER 2
containing 250 mM imidazole and analyzed by SDS-PAGE and western blot
analysis.

20 E. Antiviral activity of N-terminal deleted PAP
To determine if N-terminal deleted PAP had anti-viral activity,
wild-type tobacco plants were inoculated with 1 ug/m! PVX in the presence or
absence of N-terminal deletion mutant purified from E. coli. PAP concentration
was determined by ELISA and by SDS-PAGE. 15 ng/ul and 1.5 ng/ul mutant
25 PAP were applied to tobacco leaves in the presence or absence of 1 pg/ml PVX.

As shown in Table XI, tobacco plants inoculated with PVX in the presence of
1.5 or 15 ng/ul N-terminal deleted PAP showed fewer lesions on their inoculated
leaves compared to plants inoculated with PVX in the absence of mutant PAP.
Furthermore, as shown in Table XII, none of the plants inoculated with PVX in
30 the presence of 15 ng/ul mutant PAP, and only 13% of plants inoculated with
PVX in the presence of 1.5 ng/pl mutant PAP showed systemic PVX symptoms,
while 100% of the plants inoculated with PVX in the presence of buffer alone
showed systemic PVX symptoms. These results indicate that exogenously
applied N-terminal deleted PAP protects tobacco against PVX infection and is
35  thus anti-viral.
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WO 97/ 03183 PCT/ US96/ 11546

-51- SEQUENCE LI STI NG (1) GENERAL
| NFOVATI ON: (1) APPLI CANT: Rutgers, The State University
Pi scat away, (ii) TITLE OF I NVENTI ON: Poke\/\%;l. al
Protein Mit aﬁ"%“‘% (iii) NUMBER OF SEQUENCES: 2 (&%’H%
CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Lerner, David,
Littenberg, Krumholz Mentlik (-#)- STREET: 600 Sout h Avenue
Vst 5 (O aTY: westfield TableXI (D) STATE: NJ

E) COUNTRY: USA 07 v CiOVP R
(RE)ADABLE FORM Susceptibility ?%‘}’E%&%Blpg&“ﬁ? eynesof exopeously 5{{5( B)
COVWUTER: | BM PC conpati bl e temq,g, QM@G SYSTEM
PC- DOS/ Ms- DOS D) SO:TV\ARE Patentln Rel ease [err] 1 0,
version [err]1.25 Proteinapplied’ ) CURRENPVAPPLI CATI ON DMEan # of lesions (A
APPLI CATI ON NUMBER: {n@Mil) (/o) LI NG DATE: 11-JUL- 1996
(vii*) PRI OR APRLI CATI ON DATA: (A) APPLI CATI ON NUMBER: US
08/ 500, 611 1 : ¥
APPL| CATI ON DATA'  pone (A) APRLI CATI ON NUVBER 4/S188/ 500, 694
(B) FILING DATE: 11-JUL-1995 (vii) ATTORNEY/ AGENT | NFORNMATI ON:
(A) NAME: Fol ey, SHRaR(R3) 1 2+/-2

PAP (15) 1 2+/-2

15 " Two leaves from each plant were inoculated with 50 ul of PVX (1 pg/ml) in
the presence of 1.5 or 15 ng/ul N-terminal deleted PAP. Twelve plants were
inoculated with PVX in the presence of buffer alone ("none”) and 8 plants were
inoculated with PVX in the presence of 50 ul of 1.5 or 15 ng/il of mutant PAP.
® The number of lesions were counted at 7 days post-inoculation. Mean values

20  +/- SD are shown.

Table XII
Percentage of planis showing systemic symptoms in the presence of exogenously
applied N-terminally deleted PAP
Protein applied" PVX % plants showing systemic
25 (ng/ul) (ug/ml) symptoms”
none 1 100
PAP (1.5) 1 13
PAP (15) 1 0

30

* Two leaves from each plant were inoculated with 50 ul of PVX (1 pg/ml) in

the presence of 1.5 or 15 ng/ul N-terminal deleted PAP. Twelve plants were

inoculated with PVX in the presence of buffer alone ("none™) and 8 plants were

moculated with PVX in the presence of 50 pul of 1.5 or 15 ng/ul of mutant PAP.
35 System1c symptoms were scored 11 days post inoculation.

Applicant's copending patent application Serial Nos. 08/500,611
and 500,694, filed July 11, 1995, are herein incorporated by reference in their
entireties. '




(©) REFERENCE/ DOCKET NUMBER: OCI RS 3. 4-034CI P (1x)

"TELECOVMUNI CATI ON | NFORMATI ON: (A) TELEPHONE: 908-654-5000
(B) TELEFAX: 908-654- 7866 (© TELEX: 139-125 (2)

| NFORVATI ON ;1 D NO 1 (1) SEQUENCE CHARACTERI. %Lﬁ(l‘ﬁm

(A) LENGTH: - ase pairs (B) TYPE: nucleic aci

(C) STRANDEDNESS: doubl e (D) TOPOLOGY: Ili near

97/ 03183 -50- PCT/ US96/ 11546
-52- (1 x§ FEATURE: INDUSTRIAL APRLICARBARYY: CDS (B)

ation oot LM@WE? g e pyssent jopation Sondts (ol g

(A) NAME/ KEY: mut agdsidfance to v:ruses and i Whs\EkpREsed 4R pafé. 34Phey’ ide this
(i x) FEATURE: (A Lt at%n y %O)'

LOCATI ON:  repl ace( mssmc@egﬁclenﬂy in that a minimum number of transgenes is requlred The
mutant PAPs are also substantially non-phytotoxic and non-cytotoxic, and thus

10 provide a distinct and unexpected advantage over the use of wild-type PAP.
Transgenic plants capable of expressing the mutant PAPs of the present invention
are substantially more resistant to a variety of pathogens, including viruses,
fungi, bacteria, nematodes and insects, and thus will enjoy comparatively high
crop yields. .

15 All publications and patent applications mentioned in this
specification are indicative of the level of skill of those skilled in the art to which
this invention pertains. All these publications and patent applications are herein
incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated

20 by reference.

Various modifications of the invention described herein will
become apparent to those skilled in the art. Such modifications are intended to

fall within the scope of the appending claims.

PR AN R " 20



(xi) SEQUENCE DESCRI PTION: SEQ I D NG 1: CTATGAAGIC GGGTCAAAGC

"ATATACAGGC TATGCATTGI TAGAAACATT GATGCCTCTG 60 ATCCCGATAA
ACAATACAAA TTAGACAATA AGATGACATA CAAGTACCTA AACTGIGTAT 120
GGGGGAGTGA GCTAAAAAA CGTTGTAAGA AAAAAAGAA GITGTGAGETsesriises 180
AACTACAGEG GGAACTAGCT AGTAGGAAGG GAAG ATG AAG TCG F’Cu: 236
Met Lys Ser Met 1
CTT GIG CTC ACA ATA TCA ATA TGG CTC AJjL CTT GCC CCA ACT TCA ACT 284
Leu Val Val Thr Ile Ser Ile Trp Leu ITe L r Ser Thr 5

10 15 g%bﬁ&&TEg&éggr GIC AAT ACA ATC ATC
TAC AAT GIT GGA AGT ACC ACC ATT AGC 332 Trp Ala Val Asn Thr lle
Ile Tyr Asn Val @Yy GSEEWhIRWWTIIP%- Ser 25

30 T CAT CTT CGT AAT GAA
GOG AAA GAT CCA ?@ﬁbi%é{ § ore %gg‘} ,,QIe,sI%a Asp Leu Arg Asn
Clu Ala Lys Asp Pro 45

50 + AGI TTA AAA T@g1 TA'ITIXEAFA.WKBANA’P&WG COTivxRl ADAtSHMA VACRTAAT

428 Ser Leu Lys s Tyr Ry Ile Pro Met Leu Pro Asn Thr Asn Thr Asn

55 igp) NUMBER OF SEQUENCES: 265 CCA AAG TAC GIG TTG GIT GAG
CAC CAA GGT TCA AAT(. c{@se%zég 476 Pro Lys Tyr Val Leu
Val Gu Leu Gn Gy ‘5 YEESSHE: %n&ﬁr%avxd LitteHberg, Krumholz & MentliP
80  ACA CTA ATG CTG Aeuﬁmmc OBTSRIE AvakiuiWest ATG GOT TAT TCT = GAT
524  Thr Leu Met Leu Ar rgT‘Asﬁemnel_deu Tyr Val Met dy Tyr Ser Asp 85

90 : ATE: KJ 100 CCC TTT GAA ACC AAT AAA TGT
OOT TAC CAT ATC TTT AAT ‘r&}]"ﬁ?& S 67 572  Pro Phe Gu Thr Asn Lys
Cys Arg Tyr His Ile Phe n Asp Ile Ser 105

110 (&1L SOMPUTER READABLE FORK:

{A} MEDIUM TYPE: Floppy disk

{B) COMPUTER: IBM PC compatible

{C) OPERATING SYSTEM: PC-DDS/MS-DOS

{D) SOFTWARE: Patentln Release #1.0, Version #1.25

(vi} CURRENT APPLICATION DATA:
{A) APPLICATION NUMBER: PCT
(B) FILING DATE: 11-JUL-1896

{vii) PRIOR APPLICATION DATA:
{A} APPLICATION NUMBER: US 08/500,511
{B} FILING DATE: 11-JUL-1995

{vii) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: US DB/500,6%4
{8) FILING DATE: 11-JUL-1995

{viii) ATTORNEY/AGENT INFORMATION:
{A} NaAME: Foley, Shawvn P.
{C} REFERENCE/DOCKET NUVBER: OCIRS 3.4-D34CIP

{(ix) TELECOMMUNICATION INFORMATION:
{A) TELEPHONE: SD8-654-5000
{B) TELEFAX: 908-654-7866
{C} TELEX: 139-125

(2) INFORMATION FOR SEQ ID NO:1:

{i) SEQUENCE CHARACTERISTICS:
- {A) LENGTH: 1379 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: double
{D) TOPOLOGY: linear
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. -53- GGTI ACT GAA CGC CAA GAT GTA GAG ACT ACT CTT TGC CCA AAT GCC AAT
620 Ay Thr Gu Arg A n Asp Val Gu Thr Thr Leu Cys Pro Asn Al a Asn
120 125 130 TCT CGr GTT&C%,@%SQAC ATA
AAC TTT GATWRIBHR TAT CCA ACA TTG 668 Ser Arg Val Ser Lys Asn
Ile Asn Phe Asp Ser Arg Tyr Pro Thr Leu 135 140

145  GAA TCA AAA GCG GGA GTA AAA TCAsAGA ACT CAG GIC CAA CTG GGA ATT
716 du Ser Lys AIaGI VaI Lys Ser Arg Ser An Val An Leu Ay Ile

150 (ix)) EBATU ey 160  CAA ATA CTC GAC AGT AAT ATT
GGA AAG ATT TCT GGA GT §Z§JT 764 dAn lle Leu Asp Ser Asn
IIeGyLysIIeSerGyVa Met SerPe 165 170

175 (ix) ERQUREACT GAG AAA ACC GAA GCC GAA TTC CTA TTG GTA GCC
ATA CAA ATG GTA (AXSNAME/NEN: @ptatiorns Thr Qu Ala Ju Phe Leu Leu Val
Alalle dn Mt Val (B) LOCATION: replace(@33, “s") - 190

195 TCA GAG GCA fgﬁ.ﬁ%g AAG TAC ATA GAG AAT CAG GIG AAA ACT AAT

860 Ser QU Ala Ala Ag k& dydatiée G u Asn A n Val Lys Thr Asn

200 2068) LOCATION: replace(342]10g") TTT AAC AGA GCA TTC AAC CCT
AAT CCC AAA GTA CTT TTTGCAAGAG 908 Phe Asn Arg Ala Phe Asn

Pro Asn Pro Lys VA*L 215 220

225 ACA TGG GGTI AAG CA..GCCAAGAATGGAGTT

956 Thr Trp Ay Lys | L e TE Iel—i'sAspAIaLysAsnGlyVaI

230 235 240 TTA CCC AAA CCT CTC GAG CTA

GTG GAT CCC AGT OX¢}REQUENGE TEICRAXTION: SEQ ID|¥0#: Leu Pro Lys Pro Leu Gu

EEE val Asp A't?m?@&c%é:gé‘r@mké’é aTkPchb& 1éfbRatrer TacanacaTT caTatofbre 60
ATCCCGATAA ACAATACAAA TTAGACAATA AGATGACATA CAAGTACCTA AACTGTGTAT 120

GGGGGAGTGA AACCTCAGCT GCTAAAAAAA CGTTGTAAGA AAAAAAGAAA GTTGTGAGTT 180
AACTACAGGG CGAAAGTATT GGAACTAGCT AGTAGGAAGG GAAG ATG AAG TCG ATG 236

Met Lys Ser Met
1

CIT GTG CTC ACA ATA TCA ATA TGG CTC ATT CTT &CA CCA ACT TCA ACT 28L
Leu Val Val Thr Ile Ser Ile Trp Leu lle Leu Ala Pro Thr Ser Thr
5 10 15 20

TGG GCT GTG AAT ACA ATC ATC TAC AAT GTT GGA AGT ACC ACC ATT AGC 332
Trp Aia Val Asn Thr Ile lie Tyr Asn Val Gly Ser Thr Thr lle Ser

25 30 35

AAA TAC GCC ACT TTT CTG AAT GAT CTT CCT AAT GAA GCG AAA GAT CCA 380

Lys Tyr Aia Thr Phe Leu Asn Asp Leu Arg Asn Glu Ala Lys Asp Pro
40 45 50

AGT TTA AAA TGC TAT GGA ATA CCA ATG CTG CCC AAT ACA AAT ACA AAT 428

Ser Leu Lys Cys Tyr Gly lle Pro Met Leu Pro Asn Thr Asn Thr Asn
55 60 63

CCA AAG TAC GTG T?G GTT GAG CTC GAA CGGT TCA AAT AAA AAA ACC ATC «7d

Pro Lys Tyr Val Leu Val Glu Leu Gln Gly Ser Asn Lys Lys Thr Ile
70 75 8o

ACA CTA ATG CTG AGA CGA AAC AAT TTG TAT GTG ATG GGT TAT TCT GAT 524
Thr Leu Met Leu Arg Arg Ash Asn lLeu Tyr Val Met Gly Tyr Ser ASp
85 90 85 : 100

CCC TTT GAA ACC AAT AAA TGT CGT TAC CAT ATC TTT AAT GAT ATC TCa 572

Pro Phe Glu Thr Asn Lys Cys Arg Tyr His lle Phe asna Asp lle Ser
105 110 115




GIG TTG AGA GIG GAT GAA ATC AAG CCT GAT GIA GCA CIC TTA AAC TAC 1052
"Val Leu Arg Val Asp Qu Ile Lys Pro Asp Val Ala Leu Leu Asn Tyr

265 270 275 CIT GGI GGG AGC TGT CAG ACA
ACT TAT AAC 8@%/ k3 GCC ATC TTT CCT 1100 Val Ay Gy peafpsogsise N Thr
Thr Tyr Asn n nAla Met Phe Pro 280 285

290 CAA CTT ATA ATG TCT ACT TAT TAT_AAT TAC ATG GIT AAT CTT GGI GAT
1148 A n Leu Ile Met Ser Thr Tyr Tyr n Tyr Met Val Asa Leu Ay Asp

295 300 305 CTA TTT GAA GGA TTC
TGATCATAAA CABSARBAGAAASIATAY ARA GRATAACAC CAcT crr 16c 8@02at etchRba G u G2
Phe 310 SHETATANTAATeARNCESH Al TAATRCERGCE T GIYEARTST A6 PAETASST TGC

CTTTTGCTTT 1263 ATGHGITGT TTATTAT&EC TTCTATGCTT GRAATATTAT CTAGAGAACA

AGATGTACTG  pdBZdy 3‘32? AT AR Gad T&2h T, EAMRE TG AN LN GRLI GHAMAANR
AAAAAA Ser Aré Ser Lys Asn e %<0 &sp Ser Arg Tyr Pro Thr Len .
PCT/ US96/ 11546 1338 140 -54-145% (2) INNCRN%TICN

FOR SRQ | D NO. ENCE CHARACTERI STI CS:

2: (i), SE
A) LENGTH 3§48 Jff fdAaBTTgCA GTA AAA TCA AGA AGT CAB)CTE\EAA CTGGEM AT q 716
ED% TOPOLOGY: ?; ?:gggg:am Siy vai i §efwfi%é&§$)\§%§: B bewiGhY i

CAA ATA CTC GAC AGT AAT ATT GGA AAG ATT TCT GGA GTG ATG TCA TTC 78d
Gln Ile leu Asp Ser Asn Ile Gly Lys Ile Ser Gly Val Met Ser Phe
165 17¢ 175 : 180
ACT GAG AAA ACC GAA GCC GAA TTC CTA TTC GTA GCC ATA CAA ATG GTA 812
Thr Giu Lys Thr Glu Ala Glu Phe Leu Leu Val Ala Yle Gln Met Val ¥
185 190 195
TCA GAG GCA GCA AGA TTC AAG TAC ATA GAG AAT CAG GTG AAA ACT AAT 860
Ser Glu Ala Ala Arg Phe Lys Tyr lle Glu Asa Gln Val Lys Thr Asa
200 205 210
TTT AAC AGA GCA TTC AAC CCT AAT CGC AAA GTA CTT AAT TTG CAA GAG 308
Phe Asn Arg Als Phe Asn Pro Asn Pro Lys Val Leu Asn Leu Gla Glu
215 220 225
ACA TGG GGT AAG ATT TCA ACA GCA ATT CaT T GCC AAG AAT GGA CT7T 936
Thr Trp Gly Lys lle Ser Thr Ala Ile His Asp Ala Lys Asn Gly Val
230 23S 240
TTA CCC AAA CCT CTC GAG CTA GTG GAT GCC AGT GGT GCC AAG TGG ATA 1004
Leu Pro lys Pro Leu Glu lLeu Val Asp Ala Ser Gly Ala Lys Trp lle
245 250 235 260
GTG TTG AGA GTG GAT CAA ATC AAG CCT GAT GTA GCA CTC TTA AAC TaAC 1052
Val Leu Arg Val Asp Glu Ile Lys Pro Asp Val Ala Leu Leu Asn Tyr
2565 270 275
CTT GCT GGG AGC TGT CAG ACA ACT TAT AAC CAA AAT GCC ATG TTT CCT l1i0C
Yal Gly Gly Ser Cys Glan Thr Thr Tyr Asn Gln Asn Ala Met Phe Pro
280 285 290
CAA CTT ATA ATG TCT ACT TAT TAT AAT TAC ATG CGTT AAT CTT GGT GAT 1148
Gln Leu Ile Met Ser Thr Tyr Tyr Asn Tyr Met Val Asn Leu Gly Asp
295 300 308
CTA TIT GAA GGA TTC TGATCATAAA CATAATAACG AGTATATATA TATTACTCCA 1203
Leu Phe Glu Gly Phe
310

ACTATATTAT AAAGCTTAAA TAAGAGGCCG TGTTAATTAG TACTTGITGC CTTTTGCTTT 1253
ATGGTGTTCT TTATTATGCC TTGTATGCTT GTAATATTAT CTAGAGAACA AGATGTACTG 1323
TCTAATAGTC TTGTTTGAAA TAAAACTTCC AATTATGATG CAAAAAAAAA AAAAAA 1379




(xi) SEQUEXCE DESCRI PTION: SEQ I D NO 2: Met Lys Ser Met Leu Val Val

~Thr Ile Ser Ile Trp Leu Ile Leu Al a 1 5

10 15 Pro Thr Ser Thr Trp Ala Val Asa Thr Ile Ile Tyr
Asn Val dvy Ser 20 5

30 Thr WRBB3ser Lys Tyr Ala Thr Phe Leu Asn Asp LeuPSFESEMSE

35 40 45 Ala Lys Asp Pro Ser Leu
Lys Cys Tyr Ay Ile Pro Met Leu Pro Agp. 50 55

60 Thr Asn Thr Asn Pro Lys Tyr Val Leu Val Qu Leu An dy Ser Asn

65 {2) INFORMATIOFN FOR SEQ ID NOD:2:75 80 Lys
Lys Thr Ile Thr Leu Ket. Leu Arg Arg Asn Asn Leu Tyr Val Met

85 . 9d) smg’;m g‘{;:nsr 2 GV Tyr Ser Asp Pro Phe Gu
Thr Asn Lys Cys Arg Tyr Hi ia) k& 13 anifo acids 100 105
110 Asn Asp Ile Ser Gyn)Tb@pgﬁb@ Ag_g,céfn Asp Val A u Thr Thr Leu Cys

115 : 120 Pro Asn Ala Asn Ser Arg
Val Ser Lys Asn |le AshH FAEECNEH TTRE: Ar@;em 130 135

140 Tyr Pro Thr keu %&&g{ nkg&xﬂﬁng%;gvfﬂ bef Ser Arg Ser16(()3 n VaIGI ]

145
Leu Ay Ile G nukteayseserAtéx Seni vas Val | mr(3de 5o 1hé grp@leu@ e Leu Ala

165 i 170 173 10 Val Met Ser Bhe Thr Gu
Lys Thr Gu Ala_,d y,Phe L eu

185 Pro tnr o5 %" . é‘ltsl"ﬁ@ll\%’f‘ B e A% "@g aS¥ §¢Phe Lys
Tyr Ile Au Asn @ n 195 200

205 Val Lys rirhnhAsz;;Pm» g THF glAI'nxr% Dad) ABK Qsﬁ\ﬂﬂuﬂft% Astscval Leu
210 21

Ala Lys Asp Pro Ser Leu Lys Cys Tyr CGly Ile PBro Met Leu Pro Asn
50 . 35 60

Thr Asn Thr Asn Pro Lys Tyr Val Leu Val 6lu Leu Gln Gly Ser Asn
65 70 75 80

Lys Lys Thr lIle Thr Leu Met lLeu Arg Arg Asn Asn Leu Tyr Val Met
85 90 95

Gly Tyr Ser Asp Pro Phe Glu Thr Asn Lys Cys Arg Tyr His Ile Phe
100 1058 110

Asn Asp lle Ser Gly Thr Glu Arg Gla Asp Val Glu Thr Thr Leu Cys
115 120 . 125

Pro Asn Ala Asn Ser Arg Val Ser Lys Asn lle Asn Phe Asp Ser Arg
130 135 140

Tyr Pro Thr Leu Glu Ser Lys Ala Gly Val Lys Ser Arg Ser Gla Val
145 150 155 160

Gln Leu Gly Ile Gln Ile Leu Asp Ser Asn Ile Gly Lys lle Ser Cly
165 170 173

Val Met Ser Phe Thr Glu Lys Thr Glu Ala Glu Phe Leu Leu Val Ala
180 185 150

Ile Gln Met Val Ser Glu Ala Ala Arg Phe Lys Tyr lle Glu Asn Gln
195 200 205

Val Lys Thr Asn Phe Asn Arg Als Phe Asn Pro Asn Pro Lys V¥al Leu
210 215 220

Asn Leu Gln Glu Thr Trp Gly Lys Ile Ser Thr Ala Ile His AsSp Als
228 230 235 240

Lys Asn Gly val Leu Pro Lys Pro Leu Glu Leu Val Asp Ala Ser Gly
245 250 255




Asn Leu An GQu Thr Trp Ay Lys Ile Ser Thr Ala Ile H's Asp Al a 225

230 235 240 Lys Asn Gy Val Leu Pro
Lys Pro Leu Qu Leu Val Asp Ala Ser vy 245

230 255 WD 97/ 03183

PCT/ US96/ 115480 $7/03183 _55.  PCT/USIGHING | o
Trp Ile Val Leu Arg Val Asp Qu Ile Lys Pro Asp Val Al a

260 265 2715~ Leu Leu Asn Tyr Val Gy
Gy Ser Q/sGInThr T%Tr Asn A n Asn 275

280 18 355 Trp Ile Ve nedliarg Rhe Egpocg 1LY 4. e Met Ser Thr - Tyr
Tyr Asa Tyr Met Val 260 290 533 4 2P Val Ale

300 Asn LeuLdd .As.g e Phe 305

310, Ye “L’% V1%l thy 235-C¥s Gln Thr Thr TyELANnVBin Asa

1. A PAP nut ant haV| ng‘é{e’duced phyt ot 0XI ci ty conpar ed 488 mature

wi | d-type PAP or rodild e Cle @t [¥ek STrangir ¥ -fingal
actirvity in pl ants 2. 295The PAP nut a*ﬁ 3& % O{yr’ﬂ \X/ﬁ?‘ h

differs fromw | d-ssypeuPéfy § i n that it has altered
conpartentaliztioBébn vivo y k@%@?ﬁa&h}/dy Phe




Substitution at dy7s. oo M9 C?EZ%X? mitant BHIMNINHIIHIIIIIIIIII

conprising PAP (1-262, dy75V not The PAP ntit ant "of
claim 2, havin a non conser v%ﬁ\vé %;TRS%% B upstitution YA fisss
AP (’I

6. The PAFV of claim 262, 4 u97Lys

7. The PAP rrutant of claim1, which differs fromvmldtype PAP
substantially in that it is truncated at it-sac-term' nus by at |east about
26 to about 76 mature PAP am‘Mci ds . The PAP nut ant of

laim7, which i | ect ed f PAP t PAP
(1-236). PAP (1-238), PAP (k- A%ﬁ/’fc’” tolmy r%ﬁ@@h»ﬁ%%%s 1o i sy
PAP (1-230), PAP PAP (1-226), PAP
(1-2(25), P)AP (1- 2£2’%@%PAP (1- 223) dorh g P (1- ?‘22) PAP (1- 2(21 P)AP (1-220),
PAP (1-219), PAP (1-218), HAP ( IIWeiPAP mmt (of cladme),, wluppd iffere from widditype
1-214), PAP (1-2 AP AP PAP. (.1-2 AP (1-209
I(DAP (12208), I(DAP %%i’ib%‘a““éﬁaﬁ* é‘)‘%g?‘ ﬁ‘)‘%%') %%‘f& , I(DAP >
(1-203), PAP {gl-202), PAP (3l- 201The PAP radtamOSY) clailt\P, havingld pnseRARvE dmikfd8)

PAP (1-197), PAP (1.196), PAP (1-195), PAP (1-194), PAP (1-193), PAP
(1-192), PAP (1-1%gs 911 Y75.PAP (1-189), PAP (1-188), PAP (1-187),

PAP (1-186), PAP (1-185), : st
mut ant of claim8, conprisi ng Pﬁ\@e( %A?M.Of claim 3, coxﬁpnsit& mTEQBE’zAP

mut ant of cl ai m 8Gly§6Wpl)i si ng PAP (1 236Lys) . 11. The PAP

guc'fl_;aﬂtsgg}‘ ﬁgigm 8, conpri SI§1 g PA_R i’Ai’Smutanz of claim 2, h\a/i}\?ngg 734—)g§n1-§gnsggvanve

12. The PAP mut agthinefacid stbsftdiorC&ALOAI Ng PAP (1-188Lys).
13. The PAP nmutant of claim1l, which differs fromwld-t . PAP

substantially in that it isbetrurhe AR mutant Bf tQdaim Susw eh1 1ist BARH 12638

am no aci dG g§ 14. The PAP nutant of
claim13, which is se ted fromthe 10 group of PAP nutants consisting
of PAP (2-262), PAP (3 262)‘1 PAWPRBZ)umm ofclameARw(ﬁﬁhZi&?@rs flofPwila-tie?) ,

PAP (7-262), PAP 9 262 PAP PAP_ (11-262
PAP E 12- 26)2) SE %ﬂ ﬂ(ﬂi At @y\mqghpt ﬁg-tennmus gy at least abgut 25 )

20 about 76 mature PAP amino acids.
8. The PAP mutant of claim 7, which is selected from the
group of PAP mutants consisting of PAP (1-236), PAP (1-235), PAP (1-234),
PAP (1-233), PAP (1-232), PAP (1-231), PAP (1-230), PAP (1-229), PAP (1-
228), PAP (1-227), PAP (1-226), PAP (1-225), PAP (1-224), PAP (1-223),
25 PAP (1-222), PAP (1-221), PAP (1-220), PAP (1-219), PAP (1-218), PAP (1-
. 217), PAP (1-216), PAP (1-215), PAP (1-214), PAP (1-213), PAP (1-212),
PAP (1-211), PAP (1-210), PAP (1-209), PAP (1-208), PAP (1-207), PAP (I-
206), PAP (1-205), PAP (1-204), PAP (1-203), PAP (1-202), PAP (1-201),
PAP (1-200), PAP (1-199), PAP (1-198), PAP (1-197), PAP (1-196), PAP (I1-
30 195), PAP (1-194), PAP (1-193), PAP (1-192), PAP (1-191), PAP (1-190),
PAP (1-189), PAP (1-188), PAP (1-187), PAP (1-186), PAP (1-185), and PAP

(1-184).

9. The PAP mutant of claim 8, comprising PAP (1-206Glu).

10. The PAP mutant of claim 8, comprising PAP (1-236Lys).

35 11.  The PAP mutant of claim 8, comprising PAP (1-184Glu).
TR

R i




262), PAP (16-262), PAP (17-262), PAP (18-262), PAP (19-26@!”'%" g"m”ﬂ)
'262), PAP (21-262), PAP (22-262), PAP (23-262), PAP (24-262, i
262), PAP (26-262), PAP (27-262), PAP (28-262), PAP (29-262), PAP (30-
262), PAP (31 AP (32-262), PAP (33-262), PAP (34-262) "
262), PAP (323“-"@3%’}3,“ AP (37-262), PAP (38-262) and PAP (39- 285?’6‘%‘;’%?“

15. The PAP nmutant of claim 1, which exhi bi t%ant I - fungal activity

in plants. 20 1 e PAP ant, of cl.ai ) lch is
5 i nacti ¥& $he PABSmitae b el 8, cg:?pnsx%mg.‘%@-%]pggt of

enzymatical ly
claim 16, which conprises PAR3(1-The PAP mudhPof &himl 16¥hich. differs from wild-type
18. The PAP nmutant of claim1, which includes the N term nal 25 signal
sequence of wil d-t i substantially in that it is truncated at its) N-termirpgebypAfto gbeut 38 agpno
claim1l1, which i nClaUﬂetﬁsihvgb‘; C-term nal extension of wld-type PAP.
20. A DNA nol ecul”8 encodi hg the PAP nutant of any one of cl ai ns
1-19. 30 214. The PaPomutanaof cldivd 130 wiiaechiseseleetedr fromnie

t he *DNA nol ecul e_of _cl ai m 20 qQper ab linked to a pronoter_ ca |l e
of functioninglPn group of PAPgptants cons1§)tmg PAP (256%), PAD _&-28%&%1’ (4—8%%,

reconbi nant DNA molgapsi(so6f), Shl @28, PUP(R2E)S P (8262), PAPIOIBILPAS (10-
capabl e of functioning in yeast cell. WO 97/03183 .
PCT/ US96/ 11546 262), PAP (11-262), PAP (12-262), PAP (13-262), PAPS(14-262), PAP (15-

s capabl ¢ of T unciBh TAE o2eph P LhTRER: Pal tfE 568, e oo, HTES"

reconbi nant DNA nol2g2yj| PAPf (201282 PAP (26B), 'PARI(23-262), PAF (19262), PAP (25-
i nduci bly or constitutively regulatable.

25.  A. t
Stably t1ansf orided WPYEARUZETELRAR (27260, BAP (GbPEDuPAR (2GR nPAR G0-
moi ccul e of o a m 20 PAP GRISIIPRE (3o, Wa¥ 1357603 Eiren, pAR G-

nmol ecul e of claim or me
with the reconbi na262NPAP (36-262)pPAPYBR-262), PIAN (38262) amidPAP (39:262). capabl e

of expressing said recombinant DNA IS, ,, 0L ECULE claim 1, which exhibits anti-fungal

activity in plants.
20 16. The PAP mutant of claim 15, which is enzymatically
inactive.
17. The PAP mutant of claim 16, which comprises PAP (1-
262, Glul76Val).
18, The PAP mutant of claim 1, which includes the N-terminal
25  signal sequence of wild-type PAP.
19, The PAP mutant of claim 1, which includes the C-terminal
extension of wild-type PAP.
20. A DNA molecule encoding the PAP mutant of any one of

claims 1-19,
30 21. A recombinant DNA molecule comprising the DNA
molecule of claim 20 operably linked to a promoter capable of functioning in a
i cell.

22.  The recombinant DNA molecule of claim 21, wherein said
promoter is capable of functioning in a yeast cell.
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host of claim 29, wherein said yeast cell is a aro

cerevisiae cell. 20 31. The host of clai dﬁ% %ﬁ Ln sai d
reconbi nant YWRAM3183 i ecule is operably |inked to an i ndicl'B %rormter
functional in said host. 32. The host of claim 27,
wherein said host is a plant cell. ~58- 33. A seed which

contains the seconbi nant [ niThecetentifant DNA nudledule &f7claiwh2),ewlrersinisaidseed

I s capabl e of grovm n c.eI Ls e capable 25 of expressing
sai d DNA nol ecul &© moter s&paﬂfeo‘?‘%m oning ;i a plagt e5lls s geni ¢ pl ant produced by

the seed of claim 33. 24, Therecombma:ﬁimA nfolwz@dlsﬁaﬂhpzplaﬁ&eﬁrmuced
fromthe protoplast of claim 26

transgeni c pl ant pwnqicmsmdgclblyeormtmﬁ\@bmesubﬁb& aim 30 20 and which is

capabl e of expressing sai | ecul
transgenic plant of claim Vé{‘)(’eﬁtorssaglynms&x?ned with %Fmon?bmanPENA
38. The tranggemdlecileTicladh 2ql aim 37, wherein said nonocot is

cereal crop plant. 35 39. _ The transgeni c plant of cl a| m
36, which is a di cot pI ant26. A protoplagt stably transformed with gy recombinaat RN Aof
identifying a PAR Q{f%lﬁg reduced phytotoxicity conpared to mature,
wi | d-type PAP or var| an conprising the steps of:

(a) provi ding a eukaryot2Z ceAlhost aktablyt trasfirmedewitivithd recombimae DNA
PAP- encodi ng DNAFE)?I ecul e erab inked to an i nduci bl e pronoter
functional in eu W q‘Hs QWH%FHSWEZWW@H%(PN@ DNA

mol ecul e fol Ilgvveq;,d;)&uiehe step of nut ageni zi ng the thus-transformed cell;

(b) culturing said transforned cell in suitable medium
(¢c) addi ng an i nducer o 2&e mmquwem:egsfﬁ;mm he DNA

nol ecul e; and Thel{og?ofclﬁﬁt sal %‘ng&\g%% said cultured

cell survives the inducti on ‘of ‘exXpression i ng DNA nol ecul e
so that the biological act3®ityrmef hbheoPNPamn@dedhm&mt lsgid nyéaap agellz éxl aDNA

nol ecul e can then be determ ned, 41. The net hod of cl ai m 40,
wherein said st egi%"ﬁﬂﬁmaﬁiﬁéﬁgﬂﬂ!ﬁ“n-
20 31. The host of claim 27, wherein said recombinant DNA
molecule is operably linked to an inducible promoter functional in said host.
32.  The host of claim 27, wherein said host is a plant cell.
33, A seed which contains the recombinant DNA molecule of
claim 27, wherein said seed is capable of growing a plant whose cells are capable
25  of expressing said DNA molecule.
34, A transgenic plant produced by the seed of claim 33.
35. A transgenic plant produced from the protoplast of claim
26. |
36. A transgenic plant comprising the DNA molecule of claim
30 20, and which is capable of expressing said DNA molecule.
37. The transgenic plant of claim 36, which is a monocot

plant.
38. The transgenic plant of claim 37, wherein said monocot is
a cereal crop plant.
35 _ 39.  The transgenic plant of claim 36, which is a dicot plant.




-'ﬁﬁ’é”‘éééﬁ?ieér PAP. oncoding DNA mol ecul gs. . Sai ¢ S?LLSOWIII\QINHIIH‘MUI Il

conprises determ ning which WPW%HEETWSCBEE@ survive the ifduttibn bf
expression of said DNA nol eg LtAlﬁfE‘b i ol ogi cal acti \‘,Ctrx,sgémgg‘ch of
the PAPs encd¥R8™#18% he DNA be determ ned.

42. The nmet hod of claim40, further conprising the step of assaying the
PAP encoded by the DNA nol ecul e to determ neswhether it retains PAP
anti-fungal orsanti-viral a40.i viAymethod of identifying/3. PAP Thetantehiving aéduckdi m

42, wherein said st of ., assaying c rises translating viral nucleic acid

in an eukaryotic PlF W*cﬁ?”é’i@l’&iﬁﬁ%?h@ﬁzpresence of predeterm ned

anounts of the PAP encoded by tz@ %{m% ‘5? otic cell stabl tran®drmed Wik a
an ion s

met hod of claim43, wherein sai tem corrpr ses a
reticul ocyte | ysaﬂm@gﬁx@ﬂPAP-encodmg DNA 45oleculg hepemablhdihked tol af rindutible

\é\ngglmn sai d transl at i onﬁ éa | s‘()a‘:ls¢ a f]abg'rtwnﬁt | Cn‘ﬂanﬁé’ége I‘&ﬁaiﬁh
PCT/ US96/ 1154fg encodm DNA molecule followed by the step of mutdpnizing the thus-
46. The net hdod of claim40, wherein said eukaryotic cell is a

yeast cell. transformed cell; 47. The nmet hod of claim 46, wherei n

T S B 11 05 e o SO oot e il 1, 55
© addmg an inducer to the medium to cause expression of
the DNA molecule; and ) .

15 (d) determining whether said cultured cell survives the
induction of expression of said PAP-encoding DNA molecule so that the
biological activity of the PAP encoded by the mutagenized DNA molecule can
then be determined.

41. The method of claim 40, wherein said step of providing

20 comprises transforming a plurality of eukaryotic cells with randomly
mutagenized PAP-encoding DNA molecules, and said step of determining
comprises determining which transformed cells survive the induction of

expression of said DNA molecules so that the biological activity of each of the
PAPs encoded by the DNA molecule can then be determined.
25 42. The method of claim 40, further comprising the step of
assaying the PAP encoded by the DNA molecule to determine whether it retains
PAP anti-fungal or anti-viral activity.
43. The method of claim 42, wherein said step of assaying
comprises translating viral nucleic acid in an eukaryotic translation system in the
30 presence of predetermined amounts of the PAP encoded by the DNA molecule.
44,  The method of claim 43, wherein said translation system
comprises a reticulocyte lysate system.
45. The method of claim 44, wherein said translation system
comprises a rabbit reticulocyte lysate system.
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5 46. The method of c-i:i(:t; 40, wherein said eukaryotic cell is a
yeast cell,
47. The method of claim 46, wherein said yeast is
48.  An isolated and purified PAP mutant identified by the
10 process of claim 40.




