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Development of Virus Resistant Tobacco Plant by Transformation of
the Pokeweed Antiviral Protein II ¢DNA (I)
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ABSTRACT : Pokeweed antiviral protein II (PAP-II) encoding ¢DNA was synthesized by
reverse-transcriptase polymerase chain reaction (RT-PCR) from Phytolacca americana leaf. The
PAP-II ¢DNA fragment of 974bp was subcloned to pBluescript II SK- Smal site and the
inserted PAP-II ¢cDNA fragment was sequenced by dideoxy sequencing method. The number of
nucleotides of PAP-II ¢DNA coding region containing start and stop codon was 933bp. To
develop a virus-resistant tobacco plant, PAP-II ¢cDNA fragment was inserted to pKGT101B and
the insertion of PAP-II ¢DNA fragment was confirmed by restriction enzyme analysis and
colony PCR.
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vlolg] 2ol 2)8 AWS Ay g QF Aol vl AR Fdwelrl FUEHI olE
7} BRAEee] v o e Axe Jehln A% AR el dlelsart A ¢ i
ek, 2 F wlolgla {HAE el 4F 77t gh3 F F(USDA-APHIS workshop, 1995),
AAA AEAHZ ZQjAFozH vlo]#]Ld ghifol & bl Aol ;g Ay B g2 7

r.& i

ARAE AUE WA HBAT wEE F WSl Ssjel AE WA A
ol AgY oldlz We WiEel LAuleh  AeFelA LA® A pokeweed antiviral

(Powell =, 1986). it} wloldglA $AAE A& protein (PAP)E ribosome inactivating protein
Al EQAA itoliars AUk H4W RIPY RFez ulelelas e AUL gl
g AEAE e AS, EYAR rlelEls 4 g g or, RIPE oln] 1070 o] AF ol
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Al wrAE|olZ vl Cucurbitaceae, Phytolaccaceae
8) Caryophyliales 42 A1E2] 7%, =4 100 g
Holl & mgollA] 4 mg BEo FEE LA}
= Zlez B3¥E v ch(Barbieri 5, 1993).
Phytolacca americana (7] 5AFe]F)oll4] 2HAH
PAPE EAlaFe] ok 30,000 dalton AL =&
single chain® 2 ©o]Fo]Al bhasic protein®Z type
[ RIPo <&&le, ol ujxzte]-ge] Yol 5
2 AR E Z18HQ Fdlo AR 9
mesophyll cell?] A)Z®  matrixell &gt
(Irvine 5, 1980). E£3F PAP-S (seed form)© #
of|4 wtAs]l= chilAo]n], PAP-II (late summer
form)z o 5ol F2 wWol AAxE iR
geizich. et APPEE oFhe] ZolE o
v, PAP-I3} w7 A2 F2 9 F9jolA A
e vhilA gy gl PAPe] Al RIPZA419)
Z2.7) 22 sjte-specific RNA  N-glycosidase 2.4
AT 749 285 rRNA, YYPAEE 23S
rRNAWol ZA8F= conserved loop el dH7He]
adenine® depurination A]Z 224 translocation
stepS Wrallslo] A ¢hAd-E Aslighcla 94w
et (Montanaro <, 1975 Eiklid %, 1980; Endo
¢} Tsurugi, 1987; Bonness 5, 1994). =3+ PAP
L "R LelF RIPE ol 25 S FA
of AYx gle @Az Hud »p gley
(Stirpe 5, 1992), dutolAL5-E VeblE A&
g 71l AR oA 7EA B A hA| gkt
T3 PAP-Io &A= PAP-IO Hlsl L&A
vyl el g@Al 2 Adeleld, da) o] thid
off gt = Al FsiFoll k.

H ol oA PAP |4AE AEAZE HAA
BARE 735 FHAG vlolH 2 AL e}
Hehs B3(Lodge 5, 1993)F HIB2oZ, o] F
PAP-II7} AYa Q& dulol#sasd AXNE
HARZNA)A, wlole]zel tiste] AYAE AY
g% ) 5§ MNgslaat, WA RT-PCR
el oJste] w]FAtelE YellA PAP-II cDNA
Fzystn, r144E 43 H, PAP-II
cDNA 7}ehg AlEwsnle ol ARQIAIA, & 4
Aol AR = YT 7ol He AT

g sastazt v,

iy o rl

ERETR

oj
=

0|=X2|1E A2 EQ| total RNA 2
RT-PCROI 2ist PAP-II cDNA 719} &M

AA ALzlod B2 e ojERiElE
(Phytolacca americana) % 2 2 X-€]
thiocyanate-pheno-chloroform %% (Chomczynski
2} Sacchi, 1987)= Ah£3}o] total RNAE 22l
lev], PAP-II (DNA §47 7tehe 243t
% designgt antisense primer (5‘-CAG GAT CCA
GCT GAT TTG AAT CAC-3)& Yol®xm
cDNA synthesis kit (Boehringer Mannheim A} A
%, Germany)& o]&3s}e] Ist strand cDNA 7}eb
£ @A FA4 vb3el ¥ & PAP-II
sense primer (5'-GCT TCG GAT CCG CAA
CAG GGA ATG-3") 2 PAP-II antisense primer

z

acid guanidium

10 pmole®-& H718F X  polymerase chain
reaction (PCR)& F8fs}oich 94°C 30%, 55C 1

B, 72T 1% 3022 35 cycled WM HESAIZ o
o, 42 £8 ¥ EtBro] B7}s 1% agarose gels}
oAl Arlds& AAsEy, FAE s &
25 Yall A 2% agarose gels ARakgich

M E PAP-II ¢cDNA J1E9| subcloning %
YolMg 24N

314 PAP-II ¢cDNA 719S glass powders2
oj &3lo] gel2HE] ¥l AA o2, Klenow
ahe-g AA fill-upg A7 H, Ax =3k
%35 PAP-I cDNA 7M=& =gk #HE
pBluescriptll SK~2] Smal $Xlel T, DNA ligase
Z oj&3led 4FJA|FIAL, PAP-II cDNA 7}eo]
AFlE FE8 X-ga/IPTGE AHgsto] Aukslsd
t}. Adutgl Z20 ZHE] plasmid DNAS <58

glato] AEL WSS Fohel, Ao ® 7
gA-g skt (Sambrook -, 1989). =3 T7

sequencing kit (Parmacia A} A&, US.A)E o]&
slod  dideoxy-sequencing ‘HHiell wiel PAP-II
cDNAS] 7|48 FAsl9dvHSanger 5, 1977).
7149 E4ole 3 ugS plasmid DNAE 0.2 N
NaOH / 0.2 mM EDTA&Ro g WHAAA Ags}
o, [-PS] dCTP Eafstoll, 12°CellA 382
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ol % ddNTP termination mixture
=3 37T W 5T7P HhS 4 ple A
AgH-g shslo] WHS-& AXAIZT 7 M ureaE
z¥ GA polyacrylamlde gelol| A} Azl EA7
+, =EA1A Ve
AR skt

7l gel& X-ray EH-Eol
"]"" band % 210'] 037]‘1°§a
PAP-II cDNA 7JIEt9| AlE
&l

od71A1de] B4 o2 PAP-II cDNAgle] ¥l
cDNA 74ehe Al Eubdwig]el pKGT101B(pBI121
o4 GUS F+AAE AlABIE 358 promoter dow-
nstream 2-$Joll Xbal-BamHI-Xbal-Sacl siteE T+
Eo] &< WE)el 355 promoter?] down stream
Bolol Asta A uF-2% Klenow enzymeoll o]t
fill-up, Tsi-ligase HFE5S o]fsle] AMYAIZ L
™, PAP-II cDNA 7}ee] Abqlod e Altaayt
2 1 colony PCR #toll efsto] &alsisich,
Colony PCRell A83t primery E23419F 52
%t primerg A48+t

WaELY HxE %

g 3 ¥

gy o

RT-PCROl
subcloning

PAP-II genomic DNAYE ¥ 708 exon Abole]
& M9 introne] EAElR ¥ AdE AUz

) go] s vt Jol(Poyet 5, 1994), genomic

olgt PAP-II cDNAZ|

DNAZEE]E PAP-II cDNAE g <& 4 ¢l
owvz ulFze]E Yol|A £ZF total RNA

(mRNAES E3sla JE)EFE JHAARLTE
ub-2 (RT-PCR)ll 2Jstod 974 bpel PAP-II ¢cDNA
2 22319 cHFig. 1. vlFAEF QoA
total RNAZHE] =Z= PAP-II cDNAE
T Q¥ 974bp2] bandE 2% agarose gel ZH-E
Halgt & Klenow enzymed AA&shod welilg)
Z fill-upAlFl 3L, Ajs=3ksled pBluescriptll SK-
Smal 91Xell T4-DNA ligaseE A-&slol 4H9A]
Zch Xga/IPTGS Ab&stod PAP-II ¢DNA 7=t
o] A FEE Ao, olF LaZ
iste] Aoz A]E FES

(S on=)

e
3"_‘53’ s

promoterol}

Fig. 1. 2% Agarose gel electrophoresis of RT-
PCR products. 974bp of PAP-II ¢cDNA fragment
was amplified by RT-PCR. Lane M, 100 base
pair ladder; arrowed 974bp DNA band contains
full-length PAP-II cDNA.

ML123456L M

B €= PAP-II cDNA'

Fig. 2. Restriction pattern of p2701 plasmid DNA
which containing PAP-II ¢DNA. Lane M, size
marker (Lambda HindIll + Lambda Pstl); Lane L,
100 base pair ladder; Lane 1 and 6, pBluescript II
SK- Smal cut; Lane 2 and 6, purified PCR
product (974bp PAP-II cDNA) after Klenow
enzyme reaction; Lane 3, p2701 plasmid DNA
Hindlll cut; Lane 4, p2701 BamHl cut

p2701f= wrjsiglon, Aduistow AQlH &
< p27022 EHicl. S5Y PAP-I cDNA 7}

- 59 -



AN - )G -

=ho] Argle Al
(Fig. 2).

FAuHgell oete] FE et

PAP-II cDNAZ| Y7IMY 24

34 E PAP-Il ¢cDNA 7}ehe] A71A9E £4
3+ 73} PAP-II cDNAE ZF22}7] e A3t
primer 595 E3tslo] 974bprt Q=] ck(Fig.
3). 974bp &= WEF FA|Eo]A RHo| P
A-4% primer H-Folv, 5° o ZHE] 2204
Bolol ATG7} starting F9olu], A open
reading frame start, end ¥$1& E3sled 933
nucleotides 2. ol Fold Lo| FlE|gich o|=
(1994)°] PAP-112] mRNA(Gene-

13X 3
BE—“— T

Poyet %

o714l - 1}

alAl Q] . o)A E

bank accession number x78628)=719} YX|s}l=
Axtolct. et x786282 QI AI vl
™, 1499 T7} CZ, 1870] A7} GZ, 2562] T7}
CZ 5519 A7} GZ, 6748 A7} T, 9108 T7}F C
Z uHold F 6719 QA7|Age] ke Ao] &
elElgdon, o] Qste] N terminalZF-E] 42
# 2] olu|:xAkel leucine®] prolineo &, 55852
threoninec| alanine2. 2, 784 s12] phenylalaninec]
leucine2. 2, 176 =]2] glutamine| arginine 2,
2174 =) 9] tyrosinee] phenylalanine2. 2, 296¥ %}
9] tyrosine®| histidine® & & 6719} olw]xAto]

2 712 #Qlsl9dch(Fig. 4). x78628% u|as|
2 o 5709 91xjell4 driAde] oA vebd

GCTTCGGATC CGCAACAGGG AATG (PAP-II sense primer)

1 GCTTCGGATC CGCAACAGGG AATGAAGATG AAGGTGTTAG AAGTAGTTGG GTTGGCAATA 60

61
121
181
241
301
361
421
481
541

601

721
781
841

901

961

TCGATATGGC TGATGCTTAC
GCCACACCAG AAACCTACTC
ARATTGGCAT GCCATGGAAT
TTGGTTGACC TCAAACTCGG
TATTTGGAGG GCTATTCTGA
TCAGAATCCG ATGCCCAAGA
BATAATATCC CCTATGAAAA
ARATTAGGGT TAGGAAAGAT
GCAACGGATC gGAAGCAGTA
ATGGTTACTG AGGCATCAAG
GATGCCAATG GGTtTCAGCC
GTTTCTAAGG TCATTGCAAA
GACCTARAAG ATGAGAATAA
GACATTATGG CACTCCTAAC

ATTATGTCCc ATTATTATAG

ACCACCAGCT TCTTCAAACA
TAATTTTCcG ACTAGTTTGC
GATAATGGCC ACARCCCTCA
ATCTGGAACA TTCACATTAG
CATTTACAAT GGAAAATGTC
GACCGTTTGC CCCGGGGACA
GAGTTACAAA GGGATGGAAT
AACACTCAAG AGTCGAATGG
TCAAAARAAT GAGGCTGAAT
GTTCAAATAC ATTGAGARCA
AGATCCTAAA GCTATTTCCC
AGTTGGCACC TCCGGTGATA
TAARACCTTGG ACTACGGCCA
CCACGTTACT TGCAAGGTTA

GACTAGTATT AGTAACCTTG

TCATATCAAT GTTG 974 (3')

AGTCGACCTA GGAC (PAP-

I1 antisense primer)

TAGTGTTTGA CGTTGAGAAT
GAGAAGCTGT GAAAGACAAG
CTGAACAACC CRAGTATGTG
CAATCAGAAG GGGAAACTTA
GTTATCGGAT CTTCAAGGAT
AAAGCRAGCC TGGCACTCAG
CARAGGGTGG GGCTAGAACT
GTRAAATCTA CGGCARGGAT
TTCTTCTTAT AGCCGTTCAA
ARGTGAAGGC TAAATTTGAT
TAGAGAARAA TTGGGACAGT
GTACTGTTAC TTTACCTGGA
CCATGAACGA CCTTAAGAAC
AARAGTTCCAT GTTCCCTGAA
GTGAATTCGA GIGATTCAAA

CACTAAGTTT

120
180
240
300
360
420
480
540
600
660
720
780
840
900

960

Fig. 3. Nucleotide sequences of the synthesized PAP-II ¢DNA fragment. Open
reading frame of PAP-II c¢DNA containing start and stop codon has been
sequenced 933bp (from 22 to 954). The start and stop codons indicates with
shade and PAP-II ¢cDNA sense and antisense primer sequences are undelined.
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19

37

55

73

91
109
127
145
163
181
199
217
235
253
27
289
307

Lys
Thr
Thr
Ala
Leu
Asn
Ile
Ser
Glu
Ser
Lys
Arg
Phe
Lys
Asp
Lys
Met
Glu

Met
Pro
Tyr
Cys
Val
Leu
Phe
Lys
Ser
Arg
Asn
Phe
Gln
Val
Leu
Asn
Phe
Phe

Lys
Pro
Ser
His
Asp
Tyr
Lys
Pro
Lys
Met
Glu
Lys
Pro
Ile
Lys
Asp
Pro
Glu

Val
Ala
Asn
Gly
Leu
Leu
Asp
Gly
Gly
Gly
Ala
Tyr
Asp
Ala
Asp
Ile
Glu

XXX

Leu
Ser
Phe
Met
Lys
Glu
Ser
Thr
Gly
Lys
Glu
Ile
Pro
Lys
Glu
Met
Ile

Glu
Ser
Pro
Ile
Leu
Gly
Glu
Gln
Ala
Ile
Phe
Glu
Lys
Val
Asn
Ala
Met

(309)

Val
Asn
Thr
Met
Gly
Tyr
Ser
Asn
Arg
Tyr
Leu
Asn
Ala
Gly
Asn
Leu

Ser

Val
Ile
Ser
Ala
Ser
Ser
Asp
Asn
Thr
Gly
Leu
Lys
Ile
Thr
Lys

Leu

His

Gly
Val
Leu
Thr
Gly
Asp
Ala
Ile
Lys
Lys
Ile
Val
Ser
Ser
Pro
Thr
Tyr

Leu
Phe
Arg
Thr
Thr
Ile
Gln
Pro
Leu
Asp
Ala
Lys

Leu

Ala
Asp
Glu
Leu
Phe
Tyr
Glu
Tyr
Gly
Ala
Val
Ala
Glu

Gly Asp
Trp Thr
His Val
Tyr Arg

Ile
Val
Ala
Thr
Thr
Asn
Thr
Glu
Leu
Thr
Gln
Lys
Lys
Ser
Thr
Thr
Thr

Ser
Glu
Val
Glu
Leu
Gly
Val
Lys
Gly
Asp
Met
Phe
Asn
Thr
Ala
Cys

Ser

Ile Trp
Asn Ala
Lys
Gln Pro

Asp

Ala
Lys
Cys
Ser
Lys
Arg
Val

Ile
Cys
Pro
Tyr
I1e
Lys
Thr

Asp Asp
Trp Asp

Val
Thr
Lys
Ile

Thr
Met
Val

Ser

A FF MLEO

Leu
Thr
Lys
Lys
Arg
Arg
Gly
Lys
Thr
Gln
Glu
Ala
Ser
Leu
Asn
Lys

Asn

Met Leu
Pro Glu
Lys Leu
Tyr Val
Arg Gly
Tyr Arg
Asp Lys
Gly Met
Leu Lys
Tyr Gln
Ala Ser
Asn Gly
Val Ser
Pro Gly
Asp Leu
Ser Ser
Leu Gly

18

36

54

72

90
108
126
144
162
180
198
216
234
252
270
288
306

Fig. 4. Amino acid sequences of PAP-II. Immature pokeweed antiviral protein II is composed of
309 amino acid residues. The shaded and underlined amino acid residues are different to those

of X78628 (Genebank).

AL PCR vH3A] vebd 4= glv 549 reading
error2% & T5 2y}, PAP-II cDNAE 22
32 o2 APAdAE gy de] x78628% ©}
2A Jehd ASE v|Fo] B
communication), PCR¥F-2-ol 2]3t reading errorod
B2 gU3t7] AsiAe 9 FEYHE PAP-UI
¢DNA 7198 A&slo] in vitro translations %
3 FAE Aol RIP activity® AYUEAE
golsllRy, Hal®l PAP-II] ol[xAt sequence
g FHHE #glsle A-del &FF Had e
2 Az,

(personal

il

o

| gEmse s A8

e
ol

PAP-II cDNA A&3% Z29 p2701-& HindlIE
HE-22]7) 31 Klenow enzyme HFg-oll 2)slod blunt
endZ e ohF Sacls ¥HSA|A Ee8ldk PAP-II

=B YHYEZ &

=1}
=

me R

cDNA 7 A2 4e|Q] pKGT101Bel 4+4)
ARtk & pKGTI0IBE BamHIC Z 4H3-A}7) 1,
Klenow enzyme %F-2-ol] 2]3}o] blunt end2 WHE
thg Sacls RESAIA WA Rl 52 PAP-II
cDNA 7198 T4-DNA ligaseE Ab-&3s}o] z|=3%t
e, Xbal & Sacls EA0l REEAIFIE 4F
A€ o IKbpAEY sisbe] Yehle Zez

PAP-II ¢DNA 7}1=¢] A& &l cHFig.
5A). T3t colony PCRE E3le] Awd FE&

fiAro. = PAP-I cDNA 7hehe] Az oji2 3t
UskAw vk <F 970bp AL ellA band7} YERE
HoZ PAP-l cDNA 7heto] 41 Eubsiwlel )z
Addel HPSE ¥ & SchHFig. 5B).
PAP-I ¢DNA 7}=e] 4bjle]l " £82
p27158 WHslgiom, k¥ Agrobacterium tume-
faciensoll FAAZAA wlolglA AGA AxF
& wreed Adstat sk
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= pKGT101B

«= PAP-Il cDNA

M Colony PCR M

@ PAP-1I ¢cDNA

§ﬁ““mkﬁ'ﬁ i1

Fig. 5. Restriction enzyme pattern of p2715
plasmid DNA (PAP-II ¢DNA fragment inserted
into pKGT101B) (A) and identification of PAP-II
cDNA insertion by colony PCR (B). (A) Lane M,
100 base pair ladder; p2715 plasmid DNA Xbal +
Sacl cut, (B) Lane M, 100 base pair ladder; other
lanes indicate PAP-II ¢cDNA containing clones.

g E

v)Zz}belE (Phytolacca americana)®] Qo 22X
Bl total RNAE Helslglew, olF o|&3lo
pokeweed antiviral protein II (PAP-ID2] ¢DNAE
AR A AZGEES (RT-PCR)O &j3l TAlskd
th. FEeld 974bpe] PAP-II cDNA 71eHE
pBluescript I SK- Smal $1*]°l] subcloning A2
ov, 41¥ PAP-II ¢cDNA 7}=he] Q7|4 2&
dideoxy sequencing ell 2|sto] Belslir)
o Azl 933bpoll =l leho] start codon,
PAP-II, stop codon® A Ui 1o = glch

R R RRE

vlolefa A dx FFE syl Astod
3714 gdo] #el= PAP-II cDNA 7}2& A8t
gule]el pKGTI01Bol AHz¢slglon, PAP-II
cDNA 7}he] Al AlstaA 9h2 9 colony
PCRE Eslod &i=lcl. &% Agrobacterium
tumefaciensoll BARAZFAIA vlolH 2 A4 o
Z2E%5¢ vtesd Adstaat i

&

51
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