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ABSTRACT : PAP-1 ¢DNA was synthesized from total RNA of Phytolacca americana leaves
by RT-PCR, and then subcloned to recombinant vector pBluescript II SK-. Using PCR with
primers designed in our laboratory, we could get the 9 deletion mutant PAP-I ¢DNA fragments.
The first of the fragments was deleted by 66bp from immature N-terminal and then the rest
were deleted by 90bp sequentially. Sequentially deletion mutant PAP-I ¢cDNAs were inserted to
pAc55M, on down-stream of gall promoter. Recombinant pAc55M was transformed to yeast
cells, psyl and the cells were spreaded on SC_ura-/glucose plate media. Colonies on
SC_ura-fglucose plate were streaked on the same position of SC_ura-/glucose and
SC_ura-fgalactose plate, and we selected colonies growing on both plates, which carry
non-cytotoxic deleted mutant PAP-I ¢cDNA. We selected 4 deletion mutant PAP-I ¢DNAs which
have not cytotoxicity.
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A3 lel, PAPE AZ
o] FME FA
(Michael et al., 1986).
PAPE mature FelE w] wil-g- SAo] 7w,
RIPZA 9] #F87]122 site-specific RNA N-gly-
cosidase®A] ZAZ2] 7+ 285 rRNA, 9
AE= 23S rRNAUYO)] Easl= conserved loopth
9] €719 adenine-S depurinationA]Z L. 24 trans-
location stepg ®¥3llslZa] chaild 1S A

ApAle] gkl kA 72
Xeg %7 & AAAc

L N4

o] o ol AEZAe] =HA FsiAl z}
(Montanaro et al., 1975 Eiklid et al, 1980;

Bonness et al., 1984; T. Girbes et al., 1996).
nlzRlelgoll Al BAEE PAPE ExlEke|
30,000 dalton(Barbieri ef al., 1993; Irvin, 1975)%
% H+ single chain® & o] %02l basic proteino
Z type 1 RIPo £3l3r PAP-I2 AlE ZAlolA
B2 whgo] =ub 5ol ulgzlely el F2
aEA " cH(Irvine et al., 1980; Michael, 1993).
PAP-1, PAP-II, PAP-S, PAP-C, 2g]3. PAP-R
59 RE pokeweed antiviral protein® binding
domaine] ¢l type I RIPo|Z=.& active chain®l]
disulphide bond= galactose-specific lectin domain
o] & W9 type Il RIP(Olsnes S and Pihl A,
1973)ell vls|A AlEol A bindingshr] kot 4
WHgeg I AEXS4HS ZARh single gene®
FAAZ N &4 o3 71A] classoll st vlo]
o)l sl A AEol =9 4 e
o] o1 uli¥(Lodge et al, 1993; Hur et dl.,
1995052 FH9A38 Putolplas-g 2 AxES
9 &4 7teAde A A F3 ek =3 PAPY
gutolBAEE ZhE active siter HEs}m AZ
Sl Bodgt FHAAE AEAA AxellE I8
FA gton ol AGE el dA7rt
E¥3 9l or(Nilgun et al., 1997), £ ATFolA4]
PAP-I cDNA®] immature N-terminal 25&] <
22 AEAA Azxoll =447l &4 A
R B A ABE o] 830 9129 translocation
Whallsl= A|EZE4o] AA=E PAP-I cDNA
£ dojllo] X3 odzkel] HAASANHE o v}k
gk vlol#] ol AYPAE ZEE slef g},
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vzt gol Sl A 6YolA 797
T2l zle)Ee] 98 acid guanidium thiocyanate-
phenol-chloroform®=2&-& A-g3le] Egslgic)
(Chomczynski and Sacchi, 1987).

N Lstoll 4] FRE ghEo] < 2 Al U

o EY H39 acid phenol 2me] 2411
chloroform/iscamyl alcohol-& 47}3 & EE

folFaL ol & Aol 15 ¢ AAske o]

AEE 4T, 15000 rpmolld 1087 AAE )5l
S5NE A § 3Y F99 isopropyl alcohol
bk ohg -20colA 2417 b Hbxjskn)
o]Z 4T, 15000rpmoll4] 10827 QA Ea)sla
AAES #g 3 80% ethyl alcoholZ tHA]
FEHAZL & olE dAEes] AFNg A
Sk speed vacuumelld 2El g w]EAEF
total RNAE 504 2] RNase inhibitor(0.1% diethyl
pyrocarbonate)7} X2l% ZFgol oA ohg A
Hol] A2t}
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HS
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PAP-1 cDNAZ]
24

Immature PAP-I DNAE Z24st7] el
designd} antisense primer(5'-TCAAGCTTTCAGA
ATCCTTCA-3)& 2% total RNA &<Hol] o]
3L ¢DNA synthesis kit(Boehringer Manneheim)
E Ahgslo] 1st strand cDNA 7}hg dAlstodcl,
T4 uhSo] ik & sense primer (5'-GGATCC
ATGATGAAGTCGATGCT-3') % antisense primer
10pmole® & H7}8F & polymerase chain reaction
(PCR)& 3slo] PAP-1 cDNAE dAIsl9lom,
pBluescript 11 SK-2] BamHI, HindII$)Xlel] 4H3A)
A1, 377 automatic DNA  sequencer{Applied
Biosystem, USA)E o]&3lel q7lAg& =l
% amino acid A19-& FE19)v}.

AZIME3} amino acid

&y
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AW 2y A AES o] 83 PAP(Pokeweed Antiviral Protein) -5-22}9] HEZ =4 AT

o.72Be #Z 66hp, tHFEIS 90bp¥ PCRE &
3 FRHes AENZ F° 9l primerE design
slod. 107M9] sense primer®t 1702] antisense
primer 5 =% 11709 primer’} design H L
o|Z DNA synthesizerE o]-&slo] 3HAJsIich
(Tabie 1). )&% primerE& ©]-&slo] PAP-I full
gened o g PCRE Alsislod C-terminalZ-<
immature PAP-1 Fel& 7HA& AEEAwol
PAP-1 cDNAES 433l

=229 Az

AREFA)L(psyl)E baffled flaskell YPD media
(yeast extract 1%, peptone 2%, and glucose 2%)
E- 50ml overnight cultureslo] spectrophotometer &
Asell A F2E71 0.52X10° cells/m)7F 51918 of
cell& 3,500rpm, 3077 AAEelste] F& &t
Ak W#E 12X SHFE A 1S FHFT
of &gt 3 & 15m microtube®E A 1X
TE/LiOAc (1.0M LiOAc, pH 7.5 5X)& 200 9
a3 Helst ¥ 50u A 409 tubeel] Yol 9L
v}, Z-7+e] tubeel] 509 AIE etz A%
4 DNAE W3 504 carrier DNA (Herring
sperm DNA; to make single stranded DNA; 10 ug
/ml)E 23 30042 40% PEG £°8(40% PEG, 1
X TE, 1X LiOAc)Z 3L in and out sPHA &
#ol 30celA 3027 widsllet wioke] Ex
Znkz 42TolA 1587 heat shockS S 94
el g & pelletell 20042 1X TES Yol 49
v (SC_ura—/glucose ¥A|$} SC_ ura-/galactose
wiA])el] =bslod 1Y 2 uracil o] 7+
pAcooMe] Eolrt HAASE colonyE pickingdt
of Agakict.

Yeast A&uz]¢] o]u] ZA= Drop-out media
mix (adenine 400mg, uracil 400ng, tryptophan
400mg, histidine 400mg, arginine 400mg, methionine
400ng, tyrosine 600mg, lysine 600mg, phenylalanine
1000mg, threonine 4000mg, isoleucine 600mg, valine
3000mg, aspartic acid 2000mg, leucine 1200mg)ol]
glucoset}t galactose7} 714 uracil ZHulA & A}
8-8}0] cytotoxicity test ol A&}k

HEZSMeR

AEEAR RE #elslaz TR wauEQl
pAc55Moll & 66bp, TH-FEIT 90bp¥ XA
o7 ZA£® Folwo| PAP-I cDNAZTFEES 41S)
AZon, Agaiyhgoll ofsto] Aol & &<l
sl3ict.

PAP-13} 9ZF9 ZA&EEodwo] PAP-T 434
7hero]  A=3FE pASSHMEELAHEIE  psyl
yeast celloll PAAEs on, uracile] ZHHA &
AriA(SC_ura—/glucose)oll Tslo] mutant PAP-I
SRR o] Az IR wEWEs $AA
215 yeast cells AHslgon], AHA AR I
o] AUE gall promoter down-stream Xlol| Ak
A= mutant PAP-I1 42} 7}ehe] Q254 o7
2 <dv] Ysto] SC_ura~/galactoserf Aol FHEgH

=
3 AT QEelRE Bt
Zut 8 oz

RT-PCROl 2§ PAP-I ¢cDNA 7it=te] &4 4
47|MY1} amino acid &4

v =22 ZPhytolacca americana) 22] total RNA
2HE] reverse transcriptase -polymerase chain
reaction (RT-PCR) & A-83}o] PAP-I cDNA
Z FAsllem, RT-PCRell 23l 4% PAP-I
cDNA 7}<+2  pBluescript I SK-2] BamHI,
HindIII1 %ol 4} A A et

pBluescript 1T SK-oil subcloning® PAP-1 cDNA
9] ArIHd-E EAsle] 942hpe] F7IAAE-E €l
319 (Fig. 1), GENBANKZE S3le] 313719
amino acid 4195 £43drHFig. 2). 97144
B4 A3 GENBANK® phytolacca americanaE-5-
Bl 2 PAP9 71419 (X55383)F FUdstom
AY0497852] phytolacca acinosaZ4-El 3 PAP
FRAAAMAT F 219 AdAelE: vebia, 13
7] otu|icAl Aode XpolE ZEU;

SHE] pAc55M2| Ti=&
S ol AITHA H<lol L)

E 837 98 pAcS59) SUL2 sites BamHIZH
PoullE o] &slo] AAGOZHN sireE Fo] FA

sQpy
L=

o
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TGGATCC ATGAAGTCGA TGCT (PAP-1 sense primer)

1 ATGAAGTCGA TGCTTGTGGT GACAATATCA ATATGGCTCA TTCTTGCACC AACTTCAACT
61 TGGGCTGTGA ATACAATCAT CTACAATGTT GGAAGTACCA CCATTAGCAA ATACGCCACT
121 TTTCTGAATG ATCTTCGTAA TGAAGCGAAA GATCCAAGTT TAAAATGCTA TGGAATACCA
181 ATGCTGCCCA ATACAAATAC AAATCCAAAG TACGTGTTGG TTGAGCTCCA AGGTTCAAAT
241 AAAAAAACCA TCACACTAAT GCTGAGACGA AACAATTTGT ATGTGATGGG TTATTCTGAT
301 CCCTTTGAAA CCAATAAATG TCGTTACCAT ATCTTTAATG ATATCTCAGG TACTGAACGC
361 CAAGATGTAG AGACTACTCT TTGCCCAAAT GCCAATTCTC GTGTTAGTAA AAACATAAAC
421 TTTGATAGTC GATATCCAAC ATTGGAATCA AAAGCGGGAG TAAAATCAAG AAGTCAAGTC
481 CAACTGGGAA TTCAAATACT CGACAGTAAT ATTGGAAAGA TTTCTGGAGT GATGTCATTC
541 ACTGAGAAAA CCGAAGCCGA ATTCCTATTG GTAGCCATAC AAATGGTATC AGAGGCAGCA
601 AGATTCAAGT ACATAGAGAA TCAGGTGAAA ACTAATTTTA ACAGAGCATT CAACCCTAAT
661 CCCAAAGTAC TTAATTTGCA AGAGACATGG GGTAAGATTT CAACAGCAAT TCATGATGCC
721 AAGAATGGAG TTTTACCCAA ACCTCTCGAG CTAGTGGATG CCAGTGGTGC CAAGTGGATA
781 GTGTTGAGAG TGGATGAAAT CAAGCCTGAT GTAGCACTCT TAAACTACGT TGGTGGGAGC
841 TGTCAGACAA CTTATAACCA AAATGCCATG TTTCCTCAAC TTATAATGTC TACTTATTAT

901 AATTACATGG TTAATCITGG TGATCTATTT GAAGGATTCT:-GA

A CTTCCTAAGA CTTTCGAACT (PAP-1 antisense primer)

Fig. 1. Nucleotide sequence of the synthesized PAP-I ¢DNA fragment.
PAP-I cDNA has been sequenced 942 bp.
The start and stop codons were indicated with shade and
PAP-I cDNA sense and antisense primers are underlined.

1 Met Lys Ser Met Leu Val Val Thr lle Ser Ile Trp Leu Ile Leu 15
16 Ala Pro Thr Ser Thr Trp Ala Val Asn Thr Ile Ile Tyr Asn Val 30
31 Gly Ser Thr Thr Ile Ser Lys Tyr Ala Thr Phe Leu Asn Asp Leu 45
46 Arg Asn Glu Ala Lys Asp Pro Ser Leu Lys Cys Tyr Gly Ile Pro 60
61 Met Leu Pro Asn Thr Asn Thr Asn Pro Lys Tyr Val Leu Val Glu 75
76 Leu Gln Gly Ser Asn Lys Lys Thr Ile Thr Leu Met lLeu Arg Arg 90
91 Asn Asn Leu Tyr Val Met Gly Tyr Ser Asp Pro Phe Glu Thr Asn 105
106 Lys Cys Arg Tyr His Ile Phe Asn Asp Ile Ser Gly Thr Glu Arg 120
121 Gln Asp Val Glu Thr Thr Leu Cys Pro Asn Ala Asn Ser Arg Val 135
136 Ser Lys Asn Ile Asn Phe Asp Ser Arg Tyr Pro Thr Leu Glu Ser 150
151 Lys Ala Gly Val Lys Ser Arg Ser Gin Val Gln Leu Gly Ile Gln 165
166 Ile Leu Asp Ser Asn Ile Gly Lys Ile Ser Gly Val Met Ser Phe 180
181 Thr Glu Lys Thr Glu Ala Glu Phe Leu Leu Val Ala Ile Gln Met 195
196 Val Ser Glu Ala Ala Arg Phe Lys Tyr Ile Glu Asn Gln Val Lys 210
211 Thr Asn Phe Asn Arg Ala Phe Asn Pro Asn Pro Lys Val Leu Asn 225
226 Leu Gln Glu Thr Trp Gly Lys lle Ser Thr Ala Ile His Asp Ala 240
241 Lys Asn Gly Val Leu Pro Lys Pro Leu Glu Leu Val Asp Ala Ser 255
256 Gly Ala Lys Trp Ile Val Leu Arg Val Asp Glu Ile Lys Pro Asp 270
271 Val Ala Leu Leu Asn Tyr Val Gly Gly Ser Cys Gln Thr ThrW 285
286 |Asn GIn Asn Ala Met Phe Pro Gln Leu Ile Met Ser Thr Tyr Tyr | 300
301 [Asn Tyr Met Val Asn Leu Gly Asp Leu Phe Glu Gly Phe #xx[ 313

Fig. 2. Amino acid sequence of PAP-I.
Immature pokeweed antiviral protein-I is composed of 313 amino acid
residues. N-terminal signal sequences(22 a.a) are underlined, and
C-terminal signal sequnences(29 a.a) are boxed.
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R @8 A)2~8lg 0] 83 PAP(Pokeweed Antiviral Protein) -f-Ax}o] AEEA AT

A aIE Fo| pBluescript I SK-2] multic-
loning site(MCS)E 22 enzymeo & Zuhljo] A
JAZ pAcSEME AMESslgdrl. Multicloning site
7} gall promoter®] downstreamol] $JX|3o ZA)
multicloning siteoll NZF== -FAA7L galactose
7t 3 Aol A WEo] ok

PCRZ 0|88t PAP-I Fu8XIQ] gi& U s39s
HE]29| cloning

N-terminal 20 2HE] x40z HfLo] o]F
©]%1 PAP-1 cDNAZ}HE QI9idoz FAsiir]
93l design® primer(Tabeg. 1)E& o]&3]o]
PAP-1 full gene$ U422 PCRE Aldso] ZE
o] FAAE AAsigick. 2 Immature N-
terminal®3 2 2FE] 66bpE AEAT F, S8
2 90bpH-S A<AA  C-terminalZF2  immature
PAP-1 ZelE 7IA& 908 AEEde] PAP-1
cDNAE ek ol DNA  AEHES
pBluescript T SK- subclonings}3lat, 4+qjed -
¥ ARELEBamH/HindlE o)-g3te] Felslg)
©™(Fig. 3), deleted mutant PAP-I1 cDNA 7}<t
=% agarose gel ZHE TEesdch

+52]3k 9719] deleted PAP-I cDNA frag-
mentsE EERFAWEIQl pAc5SEMS] gall promote
re] down-streamZol| ZH7F Ajzelsl R, Ak

Z(BamHI/PoulD)E AH-§8lo] ARQlod i galslsl
tHFig. 4).

jo

S2UE AlARE 0|88 H& PAP-I RHEXS M
ZEM HAE

zZA)1E drop-out media mixE-5-E] uracile] Z2H
¥ synthetic complete media(SC_ura—/glucose$};
SC_ura-/galactose}5 "HE9l.0om, pAcs5Mell 93}
o] AARE A ¢ES psyl yeast cellZ-E3 A
H3hE FEo] AMrbsdt AxElE Esigich
%, deletion mutant PAP-1 cDNAS E3sl+
pAcboMe| HARFE XA ok psyld uracils &
A ¢ gl7] wliEoll uracilel ZAHE iAo =
A 4= 9A =}k Drop-out media mixell uracil
o] AFESL galactosel} glucose?} 7FEl A4l
vjekalel s ol SAe] ¢l A2 SC_ura-/glucose
s R ¥HE oly#} SC_ura—/galactoserllZ] oA =AY
A g dAE, F40] v AL galactose?t A
7v5 A ollA= gall promoterstoll Al 447} ut
A AESA o3 A 7 A
SC_ura-/glucoserf K| of| A0k Alzlo] 7lgslel,

olglAl =A% AF el FEe] SCura-
/galactoserl Aol = A= AL gelslgla,
ZV7-S p2723, p2725, p27263) p27270)E) Wl
o, ol&E R952 primerst A Z7 S427,

Table 1. Primers designed for deletion mutation of PAP-T cDNA.

Primer name Sequences Length
PAP-I S1 5'-TGGATCCATGATGAAGTCGATGCT-3' 24mer
PAP-1 S67 5'-AGGATCCATGGTGAATACAATCAT-3 24mer
PAP-I S157 5'-AGGATCCATGAGTTTAAAATGCTA-3' 24mer
PAP-T S247 5'-CGGATCCATGACCATCACACTAAT-3' 24mer
PAP-T S337 9'-AGGATCCATGAATGATATCTCAGG-3' 24mer
PAP-T S427 5'-TGGATCCATGAGTCGATATCCAAC-3’ 24mer
PAP-T S517 5'-GGGATCCATGAAGATTTCTGGAGT-3' 24mer
PAP-1 S607 5'-TGGATCCATGAAGTACATAGAGAA-3' 24mer
PAP-T S697 5'-AGGATCCATGATTTCAACAGCAAT-3' 24mer
PAP-I S787 5'-GGGATCCATGAGAGTGGATGAAAT-3' 24mer
PAP-I R952 5'-TCAAGCTTTCAGAATCCTTCA-3’ 21mer
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ML 12 3456789 10M

Fig. 3. Restriction enzyme(BamHI/HindIll)
analysis of subcloned mutant PAP-I c¢DNA
fragments sequentially deleted from N-terminal
of PAP-I cDNA.
PCR products were subcloned into pBluescript
o SK-.

M : Size marker (Lambda/HindIl+Lambda/

Pstl).
M2 : 100 bp ladder.
Lane 1 : S1/R952(non-deleted PAP-I cDNA).

Lane 2 S67/R952(PAP-1 ¢DNA deleted
66bp from N-terminal).
3~10 : sequentially deleted PAP-I c¢DNA

by 90bp from N-terminal,

used sense primers : 3;5157, 45247,
5;8337, 6;5427, 7:S517, 8;5607,
9;5697, 10;5787,

used anti-sense primer : R952.

“ ko
+500bp

M 12 345 67 8 910M

“—500bp

Fig. 4. Restriction enzyme(BamHl/Pyull) analysis
of recombinant yeast expression vector pAc55M
inserted with mutant PAP-I ¢cDNA fragments.
M : 100 bp ladder.
Lane 1 ~ 10 : pAcb5M + mutant PAP-I
c¢DNA fragments.

Fig. 5. Selection of psyl transformed non-
cytotoxic deleted PAP-1 ¢cDNA / pAc55M.

A, C : SC_ura-/glucose medium.
B, D : SC_ura-/galactose medium.

6 : 426bp deleted PAP-I cDNA/pAcb5M/psyl
(R952/5426).

8 : 696bp deleted PAP-1 cDNA/pAc55M/psyl
(R952/S607).

10 : 786bp deleted PAP-1 cDNA/pAc55M/psyl
(R952/5697).

11 : psyl. 12 : pAcbbM/psyl.

Deletions of PAP-I ¢cDNA were taken from immature
N-terminal with primers indicated in blank.
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S607, S697z} S787 primerE o] &3slo] PCRE %
&) immature N-terminalZ S 25| 426bp, 606bp,
696bp2} 786bp4 ALEAT AETFAES ZA o=
deletion mutant PAP-1 cDNA7} 24 = ZAEo]
A ck(Fig. 5).

e FEollA AEFA]o] glojzlAgt, Fule]
Hagg AlE ZeAE dotEr] Al dzkell ¥
AHFAZ F virusE FHFshd &9 Aoln,
immature N-terminalZo 2HE] $£242) A& £
HolE 3t ¥k o]fjol] immature C-terminalZe
ZHElS) £xA AE ool 54 AE EA
o) Zo] chokdt AEE B3l AlEFAe] ¢l

ol 2L HE ATE A& WY Rolch.

2 B
nlEAtEge] feogRe] ol total RNAE
RT-PCRE] W& o]|-&sle] PAP-1 ¢cDNAES 4]
s, AlzghlE]Ql pBluescript 1T SK-ofl 4H)A]
Zv}. Immature N-terminalZ2 2% & X 66bp,
SR = 90bpd AL ¢ YEF AlzH
primerE-g PCRell o|&3lo] &X13] AL Folwlo]
PAP-I cDNA fragments 9% <ol o|& &
FEHFAWIEIQl pAcSSMe] gall promoter®] down
stream -9l 4Fs3ict.
thAl psyl  ERAEe]  HAHIo
SC_ura-/glucose ILAwAJoll =2l x, wloksto]
A F2YE SC_ura-/glucose 2 SC_ura—/
galactose AR ] Ztzh 722 Q)Xoll streak o}
o] o} mTollA A, F, AEFAS A U=
4Z5e) HAE E9dwio] PAP-I cDNAS Asly
o ol Yo Z Agrobacterium tumefaciensZ
AA QdxAEel FAAZ sl FulolglAsg

Aol g Zelet,
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