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71 kel o2 7kA 712E 7EA 3 9Tt oluidk vaddt AR ~E# A dbgstr] A
T REHAE AAY § e Al2d" F B &4, AsAdgAago] EAdfool i,
Add Az g 5EA FAAY HAAE 2 AAZREA LYol #Estojof i) o
gk QAaEol AAAQ A AL networkdl elsfix AZEHo] RE313 Qo) wpEbA AH
7F o B A R BAHAEHLE Aty o]JEA AAH AFTE AL 2EHE BY
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= Ao A PBZ1 ¥ OsPR-10 ©¥ & o] disted o zlof & o T3 sttt PBZL
¥ OsPR-10 &9 2 HYAd #d I 10 (pathogenesis-related PR—-IO)E’J UAFQl )
AZH AFHA BL F57<9 PR-108°] 23 Hojxa glu, dF AEd4 o2 RNA ¥
& 2(RNase) Bl = Aoz Rudejgon, ol oA F2 gy A3 o
g o] ag®Wulo] ol AR EIwddn 493 B Aow FHAm Yok
AR FAH R 71 FEe vl disiAe &z virb %i'l} Az aRAd=Z HA
PR-10 @22l ¢l PBZ1 ¢ OsPR-10¢] RNase &4lo] A=A = H o
b, Wd Y2 programmed cell death (PCD)® ZFZ oA dhuld o] ¢
o] 735 PBZ19 w2 AEe AZAPEY dZ5oM dddATE Al
1mmunolocahzat10n~% A ¢ ¢ A" I FEY FAol A E programmed cell
death (PCD) ¢ 233 QAdYG= AEE ¢ 5 AT 2 25 AFs) PBZ1Y) TE
=3t Sy mutants‘jﬂ-i & ]Oﬂ L= A AT 5 A

PBZ1 o} AR AE AES dod|=X4 Yolrr] f3irx AAH PBZ1 isoformss<

w2l st wulf I3 B de wiot /‘ﬂﬁfﬂ' Al ds dE AE AMEE ghdte AMEE ¢
F Ao PBZlo] AHHE AEE FRIF H9 ¥kEL R YTt Arabidopsisd] DEX
inducible PBZ1 &2 A8A ¢ ¥ PBZ1 promoter 2 A 3HA %’2 E3tad PBZ19o} A|EA}
B3 BHSA dHH A& st AF7tAe PCDE dovjys dud e F2 o
MARE Eh9 DNA B33 4 Soded, 29 RNase® MIZANES doy|Es QA=
ghef ok 289 A= PBZ17F RNase ¢ 243 7Hta sjx AHHo2 A FALE
lozltte FEe SAE AALAAA AR Z3Y. PBZ19 AlE A o] RNase
o3k AR © dA+F-7 —E&O}E}
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SUMMARY

In rice, it was reported that transcription of PBZl and OsPR-10 is induced aiter
treatment with probenazole (3-allyloxy-1, 2-benzisothiazole-1,1-dioxide) or jasmonic acid
(JA) in rice leaf, implying that PBZ1 and OsPR-10 may be involved in the defense
response to rice blast fungus attack. Although the rice PR-10 protein family has been
well characterized to possess ribonuclease (RNase) activity in other plants, in essence its
biological function(s) remains unknown. In this project, we investigated detalled
experiments on PBZ1 and OsPR-10 to determine their precise cellilar localization and

biological function.

PBZ1 is induced in plant tissues under the hypersensitive response (HR) that are
present In lesion mimic mutants (Spll and 2). To verify whether PBZ1 is highly
expressed in the fissues undergoing programmed cell death in rice, we used both
transgenic promoter fused with GFP lines and immunolocalization.

The localization of PBZ1 was closely correlated with several developmental events

associated with programmed cell death (PCD) such as HR, senescence, root aerenchyma

cell, root cap, and seed aleurone layer.

To elucidate more PBZ1 expression pattern, we generated transgenic plant harboring
PBZ1 promoter (1500 bp) fused with sGFP report gene in rice using Agrobacterium
mediated transformation and characterized its promoter. T2 transgenic plants harboring
PBZ promoter demonstrated that the promoter was elicited in leaves by rice blast
fungus. This result was in agreement with previous immunolocalization data of PBZI.

TUNEL that 1s typical hallmarks of PCD was emploved to establish whether nuclear
DNA fragmemtation occurs m seed aleurone layer. DNA fragmentation was detected in
seed aleurone layer after germination at both 2 and 3 days, as indicated by incorporation

of digoxigenmn-labeled dUTP. There was no evidence of digoxigenin incorporation in
imbibition seeds. |

To verity whether PBZl1 indeed induces cell death, we generated Arabidopsis
transgenic plants harvoring PBZ1 under the control of the glucocorticoid promoter
(Kawai-Yamada et al.,, 2001) that is induced by DEX solution (20 uM). Cell death after
treatment of DEX was measured by staimng with fryphan blue, which is an indicator
for cell death. Dex was infiltrated in Arabidposis leaf at concentrations with 25uM. The
RNA and protein level of PBZ1 in the transgenic lines following induction with DEX
was investigated. We also determined, using recombinant proteins, that PBZ1 possess
ribonuclease (RNase) activity in vitro. These results strongly suggest that PBZ play an
important role in rice cell death carrying a biochemical function of RNase activity during
PCD.

We previously reported that rice blast fungus or jasmonic acid induced the

expression of rice pathogenesis-related class 10 (OsPR-10) proteins. However, no further



studies have been done to examine the expression, localization, and enzymatic activity of
this protein in either developmental tissues or in tissues under abiotic stress conditions.
In this study, rice OsPR-10 was examined by Western blot analysis, immunolocalization,
and biochemical assays.

Western blots revealed that the OsPR-10 protein was expressed in developmental
tissues, including the flower and root, and was induced by biotic stresses in the lesion
mumic mutants, sp/l and 2. The protein was also expressed during abiotic stresses, such
occurs as during leaf senescence, leaf wounding, cold, and drought. Using
immunochemical techniques, we determined that OsPR-10 was localized to the palea of
flower and in the exodermis and inner part of the endodermis of the root. Furthermore,
using recombinant and native proteins, we demonstrated that OsPR-10 exhibits RNase
activity. The RNase activity was abolished after treatment with DTT in an in-gel
assay. 1o test this we created OsPR-10 mutant proteins containing serine substitutions
of amino acids C81S, C83S, or both and examined their RNase activities. The activity of
the 835> mutant was decreased in the mm—gel assay compared to the wild type. Taken
together, we hypothesize that the OsPR-10 protein possesses RNase activity that is
dependent on intramolecular disulfide bonds or dimer formation, and that it might play a
role in constitutive sef-defense mechanisms in plants against biotic and abiotic stresses.

Taken together, Western blot, immunohistochemustry, and promoter analyses clearly
show that the PBZ1 protein 1s tightly associated with several plant cell death processes.
These include rice leaf inoculated with rice blast fungus, lesion mimic mutants, and all
the developmental tissues in which PCD 1s pronounced. However, further in'%?esti'gations
will be required to elucidate the timing and mechanisms by which these prdtei’ns are
mvolved in pathogen interactions and PCD events. Also, evidence for the role of PBZ1

as RNase activities and its functional relevance for plant cell death or defense responses

remain to be elucidated.
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A= A G2 AHHRZEE ojFo] BTz AEITA(biotic)Ab=oly LE
(o]: ¥ &=, vloja] )} vl AESHA (abiotic) Al=oly 2E#H 2 (o, &, UV, A, |)
o d=Aow gAIE tgst veE9 networkd TAo]l Aot @ el A3
HAL AA oleld Aol g diA HWeto] FFEd AHol 2: Yt 21C e T A
ol A pZ7iol g Aoz A AFAATH SdARdNF F F AAV dFH
3L ). oleld HEFAle] AYEol HI e F8 QQeEE AETEH LEHE F
dlezos st & &Moot ofedt &4 vid I AF 0%E A3z Yt o}
w2 A WAls 2 8E Fobd oEsta Ut Yy FAREAT A AT IS
AA TR digt AV @2 FEEHz oy s W 5o ATE A=E AN
sto] A AFEHA & Y AEFEo] ARREHA X3, ofgld FA, dFed, A
A ngt 5o FALS AATIHA WHelFos QI AdHE A4AE Be 5 e digh
onE £ Hd9 AFgAALE AXH Az e ATE AL}, AZHALAA Y o,
Az 2 9 2dxd olge vHE AL AlE ARAY AE AES & 7 Ut FAEY
AA drol 5EE o BEH AFAS FAATIZ] AsiAeE ol AA o IH FHA
AL BFHsT o]T whg s By 2", 0 7l5e welE o] AAFA ) oA &
AEol EAAHE Ao AHA FF2 B0l A FY H A AESFAol 7hed It
a1 B

AT #AAY de Oidoe=E FZEIm e LofE B AYA FuE odF
(Pathogenesis related protein : PR-protein)<& BL 4 ) o552 o HIAAHELE EF3l

E o] AETHA (biotics) B M AEEA (ghiotics) stressES wow WS- GWAZ A
17%0] Wa] A3 (Table 1) 3L de =2 A& 71 Edd o= oY o9 7]
networke] o2} stress £Zl1olA oA A35z&3t= Ao B A7 A3 ol A

—

4 g e 2% AV HY diRelt 28 T 28 (9
1 AseA Jlsol e ey o = obd WEetA gk vie A AAdT
Aute] =Q Ak Yol FHT 24 H genome AA LY FAHR G7] AE HAo) dEHO
ol (Goff 5 2002, Yu 5 2002) X} DNAchip, proteomics, metabolomics ¢} €& 9] A
AAR FF7F olFojARA o B2 #d1 BHE I Vg o € 4 Ue F2 model
system ©}t}. -

E d7oMe B =gy A3 #d 8 97 Z29E o2 PR protein 9 3hi

PR-10 proteing TACE ANE 2 ABES ¥ AHIAET F AdTAE] L ofF

1_1 Er_1 O .
o} ol FAAe 715 L g iar o5 ol &% P& A3 -

E WAHA 75E olsistn olF St & & Ao vy IAdvle Aoz EAA
=

Chitinase, B-glucanases )=

-}E
M
1o
S
~o
o
[

.f_.,

=

g R ouje A=, £33}, Feo #I JIHE ot AE 2EHE ARAE FF S
7ldsl 273 AstAQl AETSA LEYS WA A4 vkE vgA Az s



M2 & =uie 7ls7ig sig

HES AEAL AFoly 2EYEE A ARt thdd F/H9 AALAAAAE 45
AZI=dH 2 jon flux, ML AAG, AZAPE, Axd 73 wojaAd gudo A
phytoalexin A4t systemic A5 AEo] o3k Al wo] AAS 715 5L a
(McDowell, 2001). Z22jt} tif<L ol&e 7]wo] dg A5+ ofd v el olF
s FR-protein® 2743 2o #g AF7F A A3 F o). PR-protein® AY+= “HEo
BEdel o diFEAA FriEe oYt AE FRAAREY 28 gudrs =,
Van Loon (1994) o 93l 11$/F= E/FIJGUN} A2 2 F77F A5 vz 9o
(Christensen & 2002) (Table 1).

Table 1. Cassification of pathogenesis-related proteins (PRs)

 PR-1 tobacco PR-1a | antifungal?, 14-17kD
- PR-2 tobacco PR-2 class I, II, and III endo-beta-1,3-glucanases, 25-35kD
PR-3 tobacco P, Q class I II, IV, V., VI and VII endochitinases, about 30kD
| antifungal, win-like proteins, endochitinase activity, similar |
PR-4 tobacco R _ _ | _
to prohevein C-terminal domain, 13-19kD
| antifungal, thaumatin-hke proteins,osmotins, zeamatins,
"PR-5 tobacco S _ o | e
' permeatins,similar to alpha—-amylase/trypsin inhibitors

PR--G tomato inhibitor I protease imhibitors, o-13kD
PR-7 tomato P | | endoproteases
PR-3 | cucumber chifinase class III chitinases, chitinase/lysozyme

Iignin—forming . _ ‘ _
PR-9 _ peroxidases, peroxidase—like proteins

peroxidase |
PR-101 parsley PR-1 ribonucleases, Bet v 1-related proteins
| tobacco class V . ..
PR-11 L endochitinase activity
chitinase

'PR-12{ radish Ps-AFP3 | plant defensins
PR-13} Arabidopsis THIZ.1 | thionins
PR-14 barley LTP4 _nonspecific lipid transfer proteins (ns-LTPs)

barley OxQa | .
PR-15 _ oXalate oxidase

~ (germin)
PR-16 barley OxOLP oxalate-oxidase-hke proteins
PR-17 tobacco PRpZ7 unknown

0% AyAow AR A g7 BAo] FAW RO chitinase(PR-10),8
1,3-glucanase (PR-2)s°lx A AgGA HEg AASIY 44 TS w3 A2 H
o] 2L A= FHAEZE PR-1, PR-2, PR-3, PR-4, PR-55°] 3t} (Broglie %,
1991; Zhu &, 1994) 12yt diF-# 9 PR-proteino] ™3 A A<d Fo2A7]T
qx4 &7 k. 1% PR-10SWMA S e AIUT Bl allergen® 2 &# o} ol

e

») ] H
ob4 Bt

T

=< BETY JHA FFY A2dA FUlEHe @A Z A Ao AE7HA PR-10
g Ldo] SAH AEEE parsley, &7, T, T, of&wErts, F ALY, H
Sol Ru # vt ¢th. PR-10 ¢ A EL RNase AL zt:= Q4 A3 homology 7}t
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910} RNase Aol dS Aoz FAHs ot
H ol PR-10 vl A SAAE Wl e AEA Al probenazole Aol ofsl E3HE

= probenozole induced protein (PBZ)°.2 ® 31 (Midoh, N. and Iwata, M. 1996) H o
McGee 5 (2001) of 938 Al 719 PR-10 F+AA7}F cloning HAL IF 27H= EdH
(PR-10a, PR-10b) 3}}E pseudogene .2 918 At} PR-10at PBZ 73 #Het 99% & 43}
1 (854/860bp) PR-10a%}t PR-10b 7tell:= DNA @7IM<E 2+ 81% A5l AT
89T HAF T PR-10a 5429 @3 (mRNA)2 458 {715 (12hpi) PR-10bs =7
(48hpi) 715 = JAS SAcl o8] Fr1HALh ol 59 FHL nonsystemic Fo} HIL
g9t H 2 PBZeF 9wlR oA 28% AEAL 7FA1 RNase| conserved sequence
£ 7z+e PR-10°] B4 cloning ®$ith 2@y obz PR-10 @A 5o] djdk A2/ 3shetA
e HEH 2EF2A WA 4, RNase A0 #8 715F 7 ofa gl dA ol

Rl




M o3& Apiuss e o Zof

Al d AN 2EHs #E PR-10 99 E o) 7j5d T

1L wAq A%e w3 2 A EArde) pholsts PBZI whujd

=E%¥d HF F PR-10a #3429 28 (mRNA)L 94 #7215y (12hpi), PR-10bE
=7 (48hpl) F71=ojAw Agakan dejdile) o8 #7157 ol EEL wAHAH
o} z}

a2 dHA vk #HT PBZIF @A oA 28% AEAES 7HAZ HRwEH oA
9 EEE MES 2= PR-10°] B4 24 HAH. 18} obF PR-10 g Eo] tigh
AE/ A B3 JEH ~EU2 W4 84, dRiEdold 44 B ssdTE
dAA S WEA A ¥ dA oItk Aw7hx] PR-10 ©uiE Lol FH A
=2z gotgd, &5, AR Ui, ok2dE b A5 AR, B Fo] BaEHolA gle
o, gE g Ediotd] BAE iy A4 @A R FEdel ol drRwgFEdotA &4 A&

ofoff B el WARAY HH A (PR 1005 'TLD}E =, g9 =3 9 NZEAE
of ol PBZ1 @A 7leg W
death)v W oroll i3t Wo| o 3] 5
g Aol M dgAAN TAsteE gAY 2HROEE
g mel Malo] £7% A¥Y z z -._
AEo w3 9 AXAPHO #AslE PBZ] @A AEA oA THS 5
#, 7129 lesion mimic mutant® <& spllT} spl2 mutant lines BS58te] o] S X
PBZ1 protein®] ¢ =45 2-DE 4 & 390 (Fig 1). Figure 104 A l-ﬂ_—}_‘—:- ?ﬁ
BAHol SdHolA (Spll 2 Spl2)o A H e ;chﬂq] 94'3]1 PEG
Ao 2349 A719%E BEAARE yuhd Rew

AL ohunh. AE

5 €143 Western < %£3l9 (Fig. 1-1 C, D) glo] & 2= 919}
A E9] o3 Eoiuio]H oA PBZI gt 194 )
1 o

3 ol
%ol %‘F:’::Ml w}ﬂ PBZ1°} ﬂ‘ﬁdﬂl s7kE A
1

-—-F

712 ol g2 U EZEY(coleoptile) oA “Hex 23 g GAHA Al
9g Yol AAE Bk O A48 HAANA 24L @714 24

- E¢te] AAdle Ao ZHE PBZI @i Eo] AEQ k3o Hof3l
e As 394 5 AT Fig. 1-3).
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KJ401 WT  Spit WT Spiz WT spH

WT

Figure1-1. 2-DE analysis of PEG-fractionated proteins induced by rice blast fungus
inoculation and in leston mimic mutants, Spll and SplZ. In spll plants, a large number
of mimic lesion were formed from young seedling stage, Protein samples (150 ug) in
1526 PEG supernatant fractions were separated on 2D-gels (p/ 4-7), followed by silver
staining. Pathogen—induced proteins showing the most significant differences were
arrowed in the gels. A total of 7 proteins were induced by rice blast fungus (KJ401).
Leaves inoculated with incompatible pathogen, KJ401 showed HR-like phenotype.

A, Phenotype of spll and 2 mutants

B, 2-DE profiles of proteins extracted from spll and 2 mutants

C, Enlarged images of PBZ1 proteins in rectangles of figure B

D, 2-DE western blot

E, Western blot on SDS-PAGE
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Figurel-2. Accumulation of PBZ]1 protein during senescence. A, Chlorophyll content at
varicus time points as an indicator of senescence of detached leaves and Western blot
analysis of PBZ1 protein with proteins extracted from samples collected at the same
time poimnts (B). C, Chlorophyll content and accumulation of PBZ1 protein during natural
senescence of rice whole plants. 100 refers to fully expanded green leaf (100 % Chl); 80
refers to senescencing leaves (70-95 % Chl); 50 refers to senescing leaves (50-70 9%
Chl); 30 refers to senescing leaves (30-50 9 Chl); 20 refers to fully senescing leaves
(<30 %). CBB, Coomassie blue. IB, immuno blot. Each protein sample (20 pg) was
loaded onto a 125% SDS-PAGE gel. Equal loading of protein was confirmed by

Poncean S staining of the membrane.
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Figurel-3. Accumulation and immunolocalization of PBZ1 protein in coleoptiles obtained

from seedling grown under aerobic or submerged conditions.

A, Induction of PBZl1 protein in the rice coleoptiles obtained from seedlings that had
been transferred from submergence (5 day) to aerobic conditions. Proteins were
extracted at 0, 1, 2, 3, 4, and 5 day after exposure to awr. Cross—sections of young
coleoptile obtained from 4 day old seedlings grown under aerated condittons (B and C),
and senescent coleoptile of 4 day old seedlings grown under aerobic conditions (D, F,
G). Each cross-section was treated with purified specific anti-PBZ1 for
immunohistochemical analysis and detected by NBT/BCIP (F, G). Blue—colored signals

indicate accumulation of PBZ. Most of PBZ1 was accumulated in aerenchyma cell

(arrow). ae, Aerenchyma. E, Cell death in coleoptiles was stained with Evans blue to

stain dead cells. D, Tissue treated with free antibodies: negative control.

_13_



2. PBZ1 =252 ¢ d % BY

AEA 2EH2 #dH {FAA PBZIY EZ=zwE ¢ 2 Asta 227}
Immunolocalization, Western blote] 2#Z A&l 734 918 A] H:] A B2 A<
HE o]&sle AEH 2EHE B FAAL ATG AN REE oF 2kb &0 ¥ 7
H 29o=2 o53te oflF A7) Fig. 142 BHO=Z cloning 38t FAl5 o2 PBZ1 =
ZERHY A7 & FiE2 (1403 bps)2 A Fol4 ¢ =Zetoln HER FIZAHT =
ol HE w5 AW ZgtolnE | 5'-GGGGACAAGTTTGTACAAAAAAGCAGGCTCCG
GTGCATGGTTGCGACCATT-3 (A EH3 3), W& ZglolH 2 5-GGGGACCACTTTG
TACAAGAAAGCTGGGTCAGCTAGTTGCAACTGATCAC-3& A& Th

)
o 1o

11

%

P
I2hp B - specic pime specific primer - 12bp atB2
A“
o
BT e Sl gpmpnge
l Jd PCR
Promoler .

Figure 1-4. Strategy for cloning of PBZ1 promter

ZixausE A" W(Oryza sativa v Nakdong) A 2R E triparental mating 2 )
d A calliol ¢8l] agrobacterium tumefaciens =G AIA 32 ASA T o=k 200009 A=
A W FAE ojfste dAd FHEH ofnEdtH R d2 HEAE gentle shaking2 ® 17
ol 70% (v/v) etz AFsET. dees AAS D 2= AIAFHE Tl (20%
(v/v)) 100 miEZ 1A =< v daA@Ec gz B gGadd 98 A Agd

Gateway systemS ¥ 83ln] 223 4o
=
==

A(GFP) reporterg® 7}AlE SubAE AL L3}

HH
T~ 77
recombination E3 HAHIAAE 9 EAE S5t (Fig. 1-5).
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PCR product

pDONR 221
atiB1  Promoter aitB2 (containing atP sequence)

pDONR 221-PCR product
{containing atl sequence)

Figure 1-5. Construction of vector harboring PBZ1 promoter

W Fabo] A callusE FXx35F9] ©|F embryogenic?d callus® LE F  Agrobacterium

S o]gsto] FAAIS AA 5L phosphinotricing o] &5te] FAAEATS A4
2, 2 A3 6 lined BHAEAE MLt FA2} Germination F<¢F PBZ1 promoter &%
olu| & #AsF o MLE FRHASALY R2 TAE FHEY] Y8 =4I LA A Z}
Ztol lines #HJ) 39t PBZ1 promoter line® OsCcl lineg 7] =99 2z]A
7} Wkg3lE A& B 3 As}t PBZ1 promoter?t #babAl 2@ sl

@ F U Fig. 1-6). £ ¢ XA E A 4ATE Bole AL A
(Fig. 1-6B ). ]33 A= PBZ1 F AR AFAIE S F 23t AL In vivo 2FE
E S94lF F o= PBZI ﬂi”‘ﬂ ‘”"“‘TC’] A Rhﬂ"ﬂ*ﬂ'_ ”101-317‘] % ok 4‘-} ‘?nl'

off
EL
0,

¢

r
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A Inoculation with M. grisea
Plants Control PBZ1 pro::sGFP

Lightsource GFP light GFP iight

B WT PBZ1 pro::sGFP

Figure 1-6. Fluorescence image of PBZ1 promoter after M. grisea treatment and leaf

senescence.
A) Transgenic leaves harboring PBZ1 promoter::sGFP (PBZ1 pro::sGFP) chimeric gene

were inoculated with compatible race, KJ101 for 3 days. GFP signal specifically appeared

(green) in the lesion invaded by rice blast fungus.
B) PBZ1 pro::sGFP detached leaves were used to examine leaf senéscence under light

conditions.

3. PBZ1 promoter @A A& o] =3} 2 A FEAE A

Figure 1-72 A X AAle} 3= 1]
, 22 ZE ZoA PBZ1 9¥idL WHENoE HAE A?
1-7A) =3 wold % 3¥¥ Fx1¢] PBZI Z2RHY 4= FHE 234
2t} (Fig. 1-7B). Cell death indicator?]l Propiodium iodide® z

PBZ1 signale] 7Z8lA A 2¢dsE 28 & =3 (confocal) &

- 16 -
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o} (Fig. 1-7C).Figure 1-8<2 o7} Halx= FF T2 Ti#AZ A TUNELS AlE3}¢]

DNA E82 =33 AAE vl 2oz 4827 F¢t oAzl g £ I FEA FA

DNA £€<& SAE Aoz A=zAE F3PA 7|12 2 =717 DNA 7Hee] 3° 227]9

Wiy OFE #H7Mete DNA 88 #AS Ax T4 5239 cel

Lol F<b FA ZEA LA DNA £¢€ H

PBZ1 1{'} ’é]Q]COIOthZdthﬂi]“‘ AL 22l +=d (Fig. 1-8B) o] A= PBZ]l 9 #o]
AZ A2 R AE3 daEE e AF FAdste Aok

A

B

PBZ?% pro::aGFP
Imbibition [§ :

Germination

C

PHZ4 pro::sGFP ¥ Propiodizm jodide

al

Figurel-7. Expression of PBZ1 protein in seed aleurone layer associated with PCD. A;
Immunoloalization of PBZI1 in seed aleurone layer. For immunohistochemical analysis,
seeds at 72 h after germination were used, cross-sectioned with hand, a_ﬂd analyzed
with antibedy (dilution; 1/100) against PBZ1 protein. Tissue treated with -pre—immurle
serum was used for negative control (pre-immune). Sections of seed endosperm were
reacted with anti-PBZ1. The specimens were incubated with the alkaline phosphatase
conjugated anti-rabbit IgG antibody (1:300) for 1 h and detected with NBT/BCIP
solution for 20 min for visualization. al, .aleurone layer. se, seed endosperm. B;
Activation of PBZ promoter in seed and hand cut seed germinated for 3 days. C;
Observation of sGFP fluorescence in transgenic rice plants expressing PBZ
promoter:isgfp (PBZ1 pro:isGFP) chimeric gene using confocal microscopy. Propiodium
iodide was used as an indicator of cell death.
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A DAPI TUNEL Merged

Figurel-8. Detection of DNA fragmentation using TUNEL in seed aleurone cell during
germination. A; DNA fragmentation in seed aleurone cell after germination for 48 hr
was detected with an in situ cell death fluorescent detection kit (Boehringer Mannheim
GmbH, Germany) and detected DNA fragmentation g by- adding a fluorescent
(FITC)-labeled group to the 3'-ends of broken DNA strands. For nuclear staining, the
fluorescent dye DAPI which stains DNA was used. B; Colocalization both of DNA
fragmatation and PBZ protein in seed aleurone cell during germination. Rhodamin
conjugated secondary antibody (dilution 1:200) was used to detect PBZ1 protein.
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T, 2 dF9A4E PBZ1I 3 AE X ZEREHE FAATAN FAAEAS
PBZ1 ©+¥l 7z o] Immunolocalization @ Western blote] A3} AAFAE M EAE F-9el
A 73 GFP signal2 BHo] AAZR AEAIZE 7|4 ¢otrr] $ld4, PBZ1
overexpression ¥ FZAZAAEZ 1A AEL LA WA HAFo] A FEe A
AT AAg PBZ1 9HAS g Slol JAFAFIZ AEAES FAsirh o2 A
PBZ1 @A 100 pg/miclA &3xx oz AXAZo] AgHojes AL AT & U
(Fig. 9). 1?—1 +4 =5 PBZ1 FAE o]&3ste PBZ1 ©udd 4 IAFAZAL 9
AEAE ] AErt #8435 F4HE ROE Hol PBZI A ols] A EAEe] TAFHE
Ag A & JAct EF AMEAEO] ¥ Ff AXAAE FAEJ=H vAAR
ol e} 5% AFE AL F YA (Fig. 1-9). PBZlo] AHEE AEe 513 U734
#45S EYon, 3 Evans blue 84 #4138 A3 ZALF T A9 YEFLE AXE
Algo] dojus AL AAE & AL

Az H20 4-BSA L
2. BSA  2:Antibody
3: 1uM 3:PBZ
4:2.5uM  4:pBZ+

: _ Antibody

Bl el A0ul Lol 100l

Figurel-9. Induction of cell death in cultured rice cells by PBZ1 purified from E. coli.
Cell death induced by PBZ1 proteins after treatment is shown. Degree of the cell death
was estimated by Evans blue staining of individual cells at Ases. Each bar represents
S.E.of three independent experiments. After a 24 hr incubation, the number of dead cells
in cultured rice cells was determined. A, Morphology of rice callus treated with PBZ1
protein showing HR. B, and C were showing the dosage ( 1, 25, 5 10 uM) and
time-course ( 6, 12, 18, 24 hr) dependent cell death assay,respectively. D, Cell death
blocking assay was used with anti-PBZlantibody. effect of anti-PBZ1 antibody on cell
death induced by purified PBZ1 (100 ug/ ml). Each amount of anti-PBZ1 antibody
(0, 5, 10, 60, 100 ul) was added into the medium of cultured rice cells together with
purified PBZ1 proteins (100 ug/ml). E, Tobacco leaves five days after infiltration with
PBZ1 proteins. Left leaves: 1, 10 mM HEPES buffer pH 7.0; 2, acetylated bovine serum
albumin (BSA ; 100 ug/ml); 3, purifed PBZ1 protein (10 ug/ml); 4, purifed PBZ1 protein

_19—.



(25 ug/ml); 5, purifed PBZ1 protein (50 ug/ml); 6, purifed PBZ1 protein (100 ug/ml). F,
1l,acetylated bovine serum albumin (BSA ; 100 ug/ml); 2, purified specific PBZ1 antibody
(10 ul); 3, purifed PBZ1 protein (100 ug/ml); 4, purifed PBZ1 protein (100 ug/ml) +
purified specific PBZ1 antibody (10 ul). Negative control was used with
anti-PBZlantibody.

4. =8 2 AEAE AT
1) BY2 cell# TUNELS o] &3 AZEAE

Exogenous PBZle] AAZ M F otor Eoj7l=A &9l35lr] §13e] BY2 A *EES o] &3
internalization ’éﬁg AAEF. PBZ1 992 S FITCZ EAIE 42 BY2 celle]l Az 3}
ddn Aoz B35t Figure 1-1000 A 5‘133 negative control® A}-&3 FITC-BSA
A= ofufst signalS AlE ¢tolA] #&H g 4 gAY FITC-PBZ1e 7§ signal
B ole ¥ AHgl® PBZlo] AlX ko E Eoj7te AL FH&F 1 gk X

@A Ax tem EojzteXE F ¢ FAASS 4%e] &5 Ak 13 PBZ] &z
A2k AlEZe A DNA F€2 9215t 23 PBZ1o| Ae2lEl AEZdA DNA =g &4
ol er, TUNEL BHdAME 4% AFAE 42 5 U (Fig. 1-11). B2t4 PBZ1
Wz o] A= AEAIE S FRs = vloleutA RN ALEEAA = gl

Mo e r.‘,:L Mo 2 8

ht GFP

FITC-BSA

FITC-PBZ1

Figure 1-10. Fluorescence microscopy observation of BYZ cell incubated With
FITC-labeled PBZ1. As a control, BYZ2 cells were incubated with FITC-labeled BSA.
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DAPI TUNEL

Apoqiuy+zad

Figure 1-11. Agarose gel analysis of rice callus DNA fragmentation after 24~hr of
treatment (10 uM of purified PBZ1 protein). A, Callus treated with PBZ1 proteins;
negative control ( BSA or antibedy of PBZ1), and PBZ1 + antibody Lane M: the DNA
marker of 1.5 kb DNA ladder. B, TUNEL detection of DNA fragmentation in callus after
48 hr of treatments. For TUNEL staining (B, right), Callus treated with PBZ1 proteins,
negative control (antibody of PBZ1), and PBZl1 + antibody were incubated with an in
situ cell death fluorescent detection kit ( Boehringer Mannheim GmbH, Germany) and
detected DNA fragmentation by adding a fluorescent (FITC)-labeled group to the

3'-ends of broken DNA strands. For nuclear staining (B left), the fluorescent dye DAPI
which stains DNA, was used.
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2) Inducible promoter (DEX)2 o] &3 A ZAE

ol

PBZ1 ©] in vivoelA AMEAES Fstex FHs7] $18l4 94 PBZI FAAE
DEX =4 g 2243ty FAAS HEANE AZsa AZAHo] FEHEAE &
JIstATE o718 del B2AE HEAE WES ZZ lined W3t 20 uM DEXE A&
14'% A ZEALE F5 25 @235t DEX inducible promoter transgenic plante] DexZ #] g

?5 48A17+4] Z} line ® 2 Lacto-phenol tryphan blue staningS %3}9] cell death &
Stk oL 23 oA HiE AN o] WT oA = cell death 4ol #& x| &
v} o] T2 line TolA Zrzhe] T2-3, T2-4 transgenic line 9lA1& cell death 7} ¥eoj
AE AT 5 AT (Fig. 1-12). PBZ19] LdEHE=A+ Dex A8 ¥ RNASH ¢4

FZ3to] Northern % Western®2 FH3t (Fig. 1-12D, E). °l$} 2]
Dexamethasone inducible PBZ - Arabidopsis cloneS &1 3o o5 T2™T3 At 244
Dexamethasoneg A 2|5t AlEE &= T2-3, T2-4 line2 ¥tz A AR

pL T, BB 0 pol

do f lo r_.

=

A wT 2.3 T24 D wr 123 T24

B WT T2:3 T24

Northern blot
E WT T2-3 T2-4

c wr T23 T24

Western blot

Figure 1-12. PBZl-induced cell death of Arabidopsis. A, glucocorticoid hormone
dexamethasone (DEX) inducible PBZ1 overexpression lines (T2-3 and T2-4) in
Arabidposis were treated with DEX (20 uM) for 72 hr, followed by leading to the cell
death. Lower leaves of 4-week-old Arabidopsis plants were infiltrated with DEX.
Leaves stained with lactophenol-trypan blue, revealing cell death. C, Observation of
leaves stained with lactophenol-trypan blue under microscopy. D and E, Total RNA and
proteins from leaves harvested at 72 hr after DEX were prepared and subjected to
Northern and Western blot analysis.
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5. PBZ1 @4 9] RNase activity =4

AgA dogjeA dolm] Slsl, PBZL wuAe] nird oA
A3} PBZLL Figure 1-13014 B whsh o), Prireolal 24

Eig— Qe = E} Ah
£ 7HlE Zde 9% F U PBZI @A frywIdold 84 R A ZAPEAS
FEAAE BEeA WHAA FFAT, H2d fBRFIHoAE AEAIRY] TAGTE
o]l 2# At AT PBZlo] @ HFZelolx] AL ATt A ATAEE o}
= A8 FAE in vived A B3H Hi7E §lth

Concentration (ug) ~ Time (hr)

0 0105 1 25 5 0 3 6 9 RI

PBZ1

Figurel—-13. Ribonuclease activity of the purified PBZ1 proteins. The assay was tested
against rice leaf total RNA (5 ug). RNase activity of PBZ1 was assayed in agarose gel.
In the RNA degradation assay. RNase activity of PBZ1 was assayed in agarose gel. R.I
indicates RNase inhibitor (50 unit) B indicates boeiled PBZ1 proteins (100°C for 10 min)

for negative control.
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HEH 02 PBZ1Y MEANE 75 2 W AAe] JS nAlE AS Yolrr] 9siA PBZISH
AHE Blol P2l I phenotypes EAFSHITE cell death R =2 Aol =4 &¢la}7]
At A5 vabd Ad4AolA JdE pMJ101 overexpression vectorel] ¥4

WHER oI Figure 14914 R+ A3 o] elicitorA & TREE JAASA 9] dao] ] Z
= AL e & 4 YUtk ol= Arabidopsis & 3 mutant line@E 92 987t 9L rice
PBZ1 &4 M A= cell deatholl #H ¥ phenotypes ¢ & 4 §lon PBZL I T3 A A&
7 Abebdzl 9%t o= PBZI ¥ #dE AASHAY E3F endogeous PBZ1S A FHTE
cytochrom C2} promoter®] W& zFo} Holx % phenotyped B 7} St

N

.&
e PBZ Ox. line WXz PBZ Ox. lines

Figure 1-14. Transgenic plant pMJ101 expression vector fused with PBZ1 gene.
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Al 2 A PBZ1 isoform £ % &4 =7

PBZ19 isoform WZ W&ol AlYd L Callus—elicitor 8ol glads FE35q

2-DE £ 3% t}2 western analysis = PBZY @3 s 9= -

o gelZ %, A 239 s4atzl =& 8 PBZ isoform spot® £ 34 9T (Fig.

2-1). 871¢] PBZ9] isoformsE& 2-DEZ #2|sta z}zte] @i a2 elution-renaturation A

71 & Zuf el A cell death assay & A3 2, 5 69 isoform 9] 714 B2 cell deathS
s 898 F A

Ho
b1
u}
l

Control Elicitor

Figure 2-1. Cell death assay of 8 PBZ isoforms isolated from 2-DE.

PBZ1 isoform®] A|FEAVEe] o 48 AolE Ay Wyez FHsy] H84 7
isoform T¥ AL enzyme digestion, LC-MS(Thermo Eloctron LCQ-Deca XP) #WH o=
ofn| =4 AE B4 QAiEd R7F =X FAL 9 9t Capillary column ¢
Cl8 column matrix(@ 5u)g F#F gradient profile (Fig. 2-2)o] @z} 60&7F peptide
elution 4| 71H A LC-MS(LC MS/MS) &4 & A4 0. ofr=at Agd E4e 33 18

149 4AE BFYe] &S Wol LC-MassS Fabel EAjsiginh

Figure 2-2. Gradient profile of peptide elution

of PBZ digested with trypsin.

Buffer A: 5% acetonitril pH=19

Buffer B: 80% acetonitril pH=1.9

Elicitor 21 2|2 712 & 4702 PBZ isoform(174H spot)S E&|ste] LC-MSE 3 A}
2-DE4¢ PBZ 1¥12 o83 ZL peak (Fig. 2-3)8 9L 4 9sion] o2 nlgoz
NCBI¢] rice protein database 100,000 71€] protein sequence % Sequest' program© &
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search® st th. & 23 sequence coverage 51.3%2) PBZ 1 ¢ sequence coverage 7}
30% <! root specific pathogenesis-related protein 10 o} S35 o] A} (Fig. 2-4)

RT: 0.00 -60.00:

: 39 .50 ML:
100 ’ 3.07E9
a5 Base Peak
' F:r MS
=T%] PBZI_0O1

80
75
70
B5
66

55
50
45 40,85

Relative Abundance

40 28 51

A5

30
25

20

15 32.42 4393 53 .86

10
2435 2683

i
5 ! | i s )

132 549 971 12.97 2020 2388 4 b g JHEL | Kb .
0 e T T B JO S N S e N N B B S = N e iy e ot E e e : s
0 5 T 15 20 . 25 30 35 40 . 45 50 55

Time (min)

§ 5528

Figure 2-3. Collective peptide ions of PBZ 1(spot 1) separated by capillary HPLC.

U ogi|74422040pir{ ITO2G7 8 9 51.3% 158 16688 5.0 probenazole-induced protein - rice

Filename XCorr  DeltCN ObsM+H+ CalcM+H+ SpR SpScore Ion%  # Sequence

FBZ 01.1234.1234.2 2 2654 0.2437 1081.17 0.0 1 4450 66 .2 1 K _AFMDASTIPK A 2
PBZ 01 . 1460.1460.2 2.7965 0.2417 2051.02 0.9 2 6825 52,64 1 G.IVDDIAVEGHGGPGTIYTMK.T 2
PBZ 01.968 968 2 2.0343 0.089 11734 8.0 703712 63.6% 1 K INPAAGYGSTYK.T 2
PBZ D1.402.402.2 2.5144 0.1359 97846 0.0 8 914.9 87.5% 2 K SDYLEAESK ¥ i
PBZ 01.1238.1238.3 3.473% D.275% 2181.57 0.0 1 577.8 41.7% 1 K LKVEYETEDGSSISPEKEK. D 3
PBZ §1.1402 1402.2 2.9464 0.2665 1532.5% 0.0 1 9357 70.8% 1 K EKDIVDGYYGMLK M 2
PBZ 01.1500.150G.1 2.2525 0.1822 12745 0.0 b 388.1 080.04 1 K DIVDGYYGMIK M i

2 29273 0.236% 12?555 0.0 1 g 75.0% 1 2

808 . K DIVDGYYGMLE M

il m-mmm o L] B R I L L

i

root specific pathogenesis-related protein 10 [Oryza sativa (jap

1 @if38678114|dbi|BADO3 ¢ ¢ 30.0% 160 16900 5.0 |
cultivar-group)}
Flename XCorr DeltCN ObsM+H+ CalcM+H+ SpR  SpScore  Ion%  # Seguence
PBZ 01 796.790.2 <. 5056 D.3134 974.07 0.0 1 376.5 87 .5% 1 MW APYSISDER & P
¥ PFBZ (1.975.975 .2 2 1288 0.p619 1182.88 0.8 199 E503.8 55.04 1 K. SEVIDVPAGSK .V 2
* PBZ 01.1422.1422.2 2. 7417 G.1771 187952 0.0 1 1234.6 65.6% 1 K INVEVYELEDGGSISPEK.E 2
¥ PBZ §1.1876.1876.2 3. 2502 ©8.3359 127115 0.0 4 70.7 g0 0% 1 K LILDGYFGMLK M 2

J¥1gure 2-4. Homology search of Mass finger print of spot 1 from rice proteins.

34 4d37F PBZ19F Root specific pathogen-related protein 100] &7 vo&s AL 5
Fr732 7Fel homology7t AF@st SAMJ O 2 trypsin digestiono] €35 wHol B PBZI
fragmentS ©] rice database®] 25 search® oz 913t EA]9 search7} A5 PBZ1 ¢
sequence coverage 7} b1%Yo 2 PBZ1Yel &Adth (Fig. 2-4). Homology/}F =2
peptide mass finger printe} W3t sequence alignments ot e 283 Zd (Fig. 2-5). A
7 &=H PBZ1 @A JALSE sequence searcholl 23t PBZ1, PR-10a, PR-10b,
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root specific PR-10 47h¢} wlA o] sequence homologyE 3
PR-10a:= Y3 Aolojd HAZA 3748 &id w447k e

PBZ (D38170)

MAPACVSDEH AVAVSAERLW KAFMDASTIP KACAGLYDDT AVEGHGGPGT
| BFMDASTLP K INVDDT AVEGNGGPGT

TCRMEINPAR GVOSTYKTRY AVODAASHVL KSDVLEAESK VGKLKSHSTE

IYTMKINPAR GVGESTYK

TKLEATGDGS CVAKLKVEYE LEDGSSLSPE KEKDIVINGYY GMLEMIEDYL
IKVEYE LEDGSSLSPE KEKDIVDGYY GMLE

VAHPAEYRA

Root specific pathogenesis-—-related protein 10 {(BADO3Y6%5)

MAPYSISDER AVSVSAERVW KVFSDAPKRMP KVCAGEFIDAT EVEGDGEHAST
APVSISDER |
VTTMELNPAV DDGGSFKTRV VARDHARAHIT KSEVLIDVPALG SKVGKLKSHV
SEVLDVPAG SK
TETKTEARMA GSCLAKINVE YELEDGGSLS PERKEKLILING: YFGHLEKMIED
THVE YEIEDGGSLS PEK  LILDG YRGMLK
YLYARHPTEYA

Figure 2-5. Peptide(spotl) sequence alignment with PBZ1 and PR-10

2-DE AolA PBZ 29 spot2 LC-Massol 98 o237 & pegkE: 4L 5 v} (Fig.
2-6)

RT: 8.00-68.06
. 11,79 ML
. 3 58ED

Pase Peak
F: M5
PBZ_02

G5
90
80—
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70
65
B -
55
50 40.83 § 43 95

45
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40—
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53932
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25

20 46.77

1
K

28.10 | ‘ ] 54 148
|

25 04 5236 |
5425

54.59

-28.43 5025

22,88 R 1 1
9.18 2288} F | 1 & |
0.58 598 11.20 17.80 205 L § X A IREREL A BN LR I
Lt il A A A A MU AN N U B SN NN AN B A N B N : - et : : I i | . ) .
5 10 15 20 - 25 30 35 A0 a5 50 55 60

Time (min}

Figure 2-6. Collective peptide ions of PBZ 1(spot 2) Separated by capillary HPLC

55,24

o] peak€ €3} rice databasell search 3} Z3}+= sequence coverage’} 39.9%¢ PBZ &
Axlo] Hrl. XE3F Root specific pathogen-related protein 10 X sequence coverage”’}
38.1% homology7l &5 & & 4+ AAUHFig. 2-7, 8). PBZ1® root specific PR-10<
Japonica typeoll A e wf o)
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U qi|744722041pir} {70297 & 7 39.9% 158 16688 5.0 probenazole-induced protein - rice

PBZ 02.14560.1460.7 3: 0.2223 1531.83 951.1 70.8% K. EKDIVDGYTOMLE ¥
PBZ 02 1574 1574 2 4. 0.3807 1e22.61 121%.6  65.4%4 K MIEDYLVAHPAEYA -

e L e T e e PP Lt e e a1 e e e e e e e T R LA Ly e e o e P LA ALy L Aol Ao i

b
(31N
A
Lare?

E
1
0.2888 2182.53 0.
]
0

OO
(ST N T R R A e |
b b = b )

o=
-
L
L

Flename XCorr DeltCN ObsM+H+ CalcM+H+ SpR SpScore  lon%  # Sequence
PBZ 02.1303.13063.2 2.4686 0.2863 1082.74 0.0 1 60b.6 77.84 1 K AFMDAGTLPE A 2
PBZ 02.570.570.2 2. 2353 0.0999 378.66 833.6 g87.5% K SDVIEAESK ¥ 2
FBZ 072.1358 1358.2 5. 1476 06.4407 1923.57 2237 .6 ?1.92 K. LEYEYELEDGSSISPEE B 2
PBZ 02.1300.1300.3 3.4298 586.5 41.7% K. LEVEYELEDGSSISPEKEK . D 3
2
2

U gi|38678114|dbi|BADO3 7 9 38.1% 160 16900 5.0 mmpe‘:’& pamgenes‘f’"*’e'atmp"ﬂte'“ 10 [0"5‘23 sativa (japonica

cultivar-group)

Flename XCor

-5

DeltCN DbsM+H+ CalcM+H+ SpR  SpStore lon%

#
PBZ 02.1055.1055.1 2.272  0.1863 1220.63 B.0 2 690 .5 668.24 1 K LNPAVDDGGSFK. T
PBZ B82.38.38.2 2. 4156 0.1693 882.64 ﬂ 1 1228.9 92.9% 2 R.DHARHIIK.S
PBZ 02 10822 1022 .2 2.5047 0.0587 1162.9 0 109 b654.1 65.0% 1 K SEVLDVPAGSK ¥
PRZ 82 1471 1471.2 5.2171 ©.3842 1881.96 0. 1 2143.5 68.8% 1 K. INVEYELEDGGSLSPEK E
0 B 1
0 0 1
0 1 2

Sequence

PBZ 02.1415.1415.2 4.0743 0.2632 2137.18 1 737.6 52.8% K. INVEYRELEDGGSLSPEKEK . 1
PBZ 07 .1414 1414 .3 3.0317 1976 2137 .47 532 2892 30.6% K. IBVEVELEDGGSISPRKER . L
PBZ 02 2058.2058 2 2.541 2556 1271 .41 1 795 .6 90.0% K. LILDGYFGHLE M

O O W K K K

tmter S e ) e Y st N i Y e

g loa oo leg feaa (6o (e

Figure 2-7. Homology search of Mass finger print of spot 2 from rice proteins

PBZ (I}B 9179}

fﬁhﬂhﬁvﬂﬁﬂﬂ Avhvﬁaﬂkﬁw KARFIGASTIE KACAGLYDDT AVEGHGGEPGT
' 5 . AFMDASTLE a - |
: Immmym | 'ﬁw:;qmmw' Aw:;:nm:zm*vm KSOVLEAESK VOKLKSHSTE
| : T o _ . SDVLERMESK
-.TKLERT(;I)G.*; QVM‘M(‘VF W 1’ EDRGE ST, ’C,ZF’F‘ Hymv"rww,w & 3 CERELe SR e
- —_— EK?EEE LEQ&&%L?QE EEKDIVDGY Y GHLKMIED YL
fﬁﬁﬁﬁ@&%ﬁaﬂa.:}_[i;ﬂ~_. : o - S

Root specific pathogenesis-related protein 10 (BAD0O3S69)

MAPVSTISDER AVSVSAERVW KVFSDAPRMP XKVWCAGEFIDAT EVEGDGGRIGT
VITHMEIMNPAY DDGCSFETEY VEARDMAAMMITY KESEVLDVEAL SFVGKLKSHV
LHPAV DDGGSHSEFK DHAAHIT KSEVLDVPAG SK
TETKIEAZMCA GSCLARKINVE YELEDGGSLES PERERKLILEN: YWPCMIEMIED
IHVE YELEDGSLS PEK LLLDG YEGMIK
YLVAHPTEYA

Figure 2-8. Peptide(spot2) sequence alignment with PBZ1 and PR-10

2-DE AollAq PBZ1 3¥ spotE FAS 237 g 22 peakdtS & 7t o
ok PBZ 1, 2913 o] sequence converage’} A ¥dom 15 76%S sequence
coverage # < 7FAlE PBZ1E 29 & 4 A (Figure 2-9, 10, 11).
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Figure 2-9. Collective peptide ions of PBZ 1(spot 3) separated by capillary HPLC.

iy

1Lt

o
D

U gi| 7442204 pirf {T0297 1 1 2.6% 158 16688 5.0  probenazole-induced protein - rice
Filename XCorr DetCN  DbhsM+H+ CalcM+H+ SpR SpScore  Ion%  # Seqguence

PBZ 03 .1208.1208.2 2.2855 0.1281 1178.37 0.8 2 6416 77.3% 1 K. .ILHPAAGYGSTYK T

Figure 2-10. Homology search of Mass finger print of spot 3 from rice proteins.

PBZ {(D38170}

HMAPACVEDEH AVAVSAERLW KAFMDASTLEP KACAGLVDDI AVEGHLGPGT

IYTMEIHPAR GVGSTYKTRV AVCDAASHVL KSDVLERESK VGKLKSHSTE
LHPAA GVGETYK

TEKLEATGDGS CVAKILEVEYE LEDGSSLEPE KEKDIVDGYY GMLEMIEDYL

VAHPAEYA

Figure 2-11. Peptide(spot3) sequence alignment with PBZ1 and PR-10.

PBZ isoforms® RNase &4 AP vl&3ich 8¢ PBZ isoforms+ phosphorylation #4383 AXA
AEe Ao Ho] XAk opA7x] &g mechanismE E3|A= Xohar 3t 870¢f isoforms
* fractionation H4L A 2-DE gelolA] AL 34 sled gl do] 143822 RNaseB4 S
M 22 A cell death?7} DolEE 32l 153 HEAHO = rice callusdlAe olZsh dA FF&
stelsta gieh. ¥ sAlelA shbel PBZL SAANA 476709 isoformel 44¥ & 2-DE
western #4S Bt &< 3 £ QST 2 Y o] F isoform©] ¢} 27 modification® o
ReA Bl sy st ey 9 Le-MS/MSHEAS Eote]l Fgkat oA 7MA]l  rice
databaseol PBZ1o} st F&x ARyt A7l A5 3 2 fJol&= o3& §lojA LC-MS &
2 7} isoform ¥ T Z sequenceE FHE F v AMEHol vt EE isoform® peptide

sequenceE A7l Y= ZF peptide ¥ internal sequencingS sho} st+=dl o= L FH o
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2 ok ol Aotk old dgt BAHFOZ InvitrogenolA HEZ A= sutat
GeneMinerZt= Gateway system® ©]-&3% cDNA libraryE #3332 929 o] library =
5B PBZ19 isoformE& #23lt alternative ®ilo] mghs|ojor & A ojr},
agAM 2= PBZ1 F 7HE ®o]l ¥¥8HE spot 32 3439 alkaline phosphatase 3
g 3te] Q143 ¥=AE 2-DE gel AolA ZAIS Y Figure 2-120014 ®BE A3 spot
32 44tz FHo] gle S 98 5 A Figure 2-194 Spot 32 M ZEAFE &4 o]
Al AT e]& ofvli PBZ1 spot3ell <143t H o2 A A EAE ] negative regulation®

e e

1IEF

SDS-PAGE

SDS-PAGE

Silver staining Western blot

Figure 2-12. Identification of phosphorylated PBZ protein after alkaline phosphatase

treatment.

| 5 PR-109 o] Ql14ksl = o]A RNased ZAL activationdtE 7o g Wi
Red, fele] 2ol Avtsl A3E B a4 PBZ1Y RNase E4 o] v oA= 214t
stell ojair EZAdstE 2 2 A AFEAPEe] A" Ao oadHoh oo gk RHAE
43& A F A& F&gE 287 98 A B
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A 3

i

F4 34 (DEXPBZD)AE9 AZ A1d ¥z A4 2

A APE R Qs 2257l #1869 DEX inducible vectorel cloning® Arabidopsis Z 2}
EMS chemicalZ Az{ste DEXe] 2|89} cell death’l #= FA| %+ Plant screeningS 2 A8l th
(Figure 1). ©]& EMS chemicals 53 screening 3}74o| # z13] Ho] Fon o|& Ea AE Alg
WA FH2E 2] flg gedst AFEe] 3 Fo $17] wEelth zbzb DEX inducible vectorol
cloning®l A% AlEo] dojib= 57 linedll tiste] 025% EMS #2 Al mutant #5e] 714 ke
™ Z+2} lined tiste] EMS A# ¥ DEXe] 9sle] %A &2 Arabidopsis® #n 39t} (Fig
3-1A). Screening= &3 4told2 Arabidopsis®t & plant$te] Northern blot %’ﬁ% sle] & 23
dobg 2 plant 52 F2 A EA9} wwsle] PBZ $do] ¢ 4 wE uy Hx 488 ol
Ao (Fig. 3-1B). @~ 5% 9 line2 At A& dF 538 Fol ok EMS mutantS ©f-&
F ARL2 99 Agte He 1 A F d79Y 4540 oo
£33 AZ A2 ¥A fHAE .ia%—a‘r? 218te] Seegene 3] A}ol A :f}lﬂal&_l ACP"
(Annealing Control Primer) 7]#& ©]&3te] 2&stnzl sttt ACPMs A7
Hael 712 10 mero] &2 target sequences 7}3 primerE Al£3lHElE 9388 ok
conventional primer ¥ U} specificity® %4 AlA A3 PCR product® 98 & glor,
ACP 2| Z32 regulator 915 7F# = ACP ‘oA 2L 4 9l=d], Regulator 59 =
T7/d3l= Inosine2 G, A, T, Col Hld)l ¥ Tm %2 7} universal basec] 22 =3
<=0 A "bubble like structure”= #4158} primer/Hemplates) H] Eo]x o g A g = A
S Aetetal 3'-target core sequence 9 uko] template® WUst= FE 29l AT = 9l
sto] PCRE] specificitys =3} A7l 98-S &l7]o] AE AFE @A §A22 Screendt
71e) F& wholgt A7k Holxg,

>

Ol

?
lo,
g
=
®
H

EMS treatment

PBZ

DEX treatment at EMS mutant

Figure 3-1. EMS mutant screen for finding cell death regulation gene and Northen blot analysis
from EMS mutant.
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A 4 4 PR-10 S42 2 A Abs A gl 2y

ok

54 A7

A

B & %3 3571 A2$ B-box ZINC-finger protein family, b-ZIP transcription
factor family, AP2/EREBP transcription factor family, MYB transcription factor family 1
#]32 WRKY transcription factor % flower %o} leaf development, defense response, GA
A A FstE 10009 F 2] AALEERJA (TF) clonee ©] &3t PBZ1# PR-10+3
Aol BH2EH A Adsdd fH 94 FHA 7% A Yeast two hybrid(Y2H)E A4
a9t (Fig. 4-1). ¥ A3 %8 Gateway systems ©]£3}o] pDEST32 bait vectorel PBZ1
3 PR-10¥-A A2 cloningdtal pDEST22 prey vectorol] ©ll7] #t]e] TF libraryE cloning
g t}2 Bait DNASH Prey DNAE pJ694A cellel transformation A1Z! & His, Ade?t £9°]
7+ agar platedl A B2 A ¥ HEE 353, His, Ade°]l £ HA &L agar selection
plate®} DEST32:HY5 - pDEST22:STOS positive control® A}83l3. pDEST32 -
pDEST22& negative control® A}-§-3}o] B-galactosidase assayelx F 71¢] DNAZ} A&
A%S skeA g2l stg ot PBZ1, OsPR-10% interaction 8t TFS %% 289t (Fig
4-2). olg¥ A B Aol FgrI AAZAHAAI of71F e TF clonelZA A=
8l o] TRe= B o7t vnl, 53]y PBZ1I F3AE of7|ZdoA fAF FARe &4
7 gl Ao W HPor A HA 2HAAE Fed BE ool Jdon, ot #

AHE BAst7] YaliAs v AALZEQJAA library T50] AlF 3o

AD-TF-library : PRZ, FR-10 Yeast coll

TL- (1/100) TL' (1/1000) TLH TLH +3AT 0.1mM
ry : BD PRZ, PR-10 (CO-Translormation)

TLH +3AT03mM TLH +3ATOSmM

TLH +3AT1.0mM

Figure 4-1. Yeast two hybrid screen between PBZ1, PR-10 and transcription factor.
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B-galactosidase assay

PBZ1 PR-10

g AR

Figure 4-2. Interaction screen between PBZ1, PR-10 and arabidopsis transcription factor by yeast
two hyhrid. (P; positive control, N; negative control)

2 PBZ1 vhilAol olitzle] s ZAdUE H3r)l o, §ElE g kinase @S
PBZ1 @l A3 9] interaction T8 884 LE 1 F calcium dependent protein kinase 9 Ca &<
o2 interaction 3+ AL WA & 9Udvt (Fig. 4-3). AT PBZ1I® CDPKZFE] in vivo
interaction< o}& 7 EH Al £33} olvli: CDPKZ} PBZ17} interaction 02X PBZ19l €4S £
gAstslal A% RNase EAZE MFAPES AAlsts Ao2 d4sith olE interaction?roll A7}
A4 CDPK % PBZ1 RNAi ¥ mutantg o]-&3F ¢ @2 A7 " Q3r}

«— CDPK

«-PBZ1

Figure 4-3. Interaction of PBZ1 with nce CDPK.
1. BSA control, 2. PBZ1 +CDPK, 3. PBZ1+CDPK+EGTA, 4. PBZ1+CDPK+CaCl2
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Figure 5-1. Ditferential expression patterns of transcripts of rice leaves moculated by rice blast

fungus using Rice 22K 60—mer ohgonucleotide chip.

Table 5-1. =EY X2 3 F54Ho=E 28] o)A &743% 4}

28 F7F R A}

AKO063117

;

Tritticum durum mRNA for lipid transfer protein

AK1)7683

Nicotiana plumbaginifolia mRNA for ABC1 protem.

AKO0R4229

Arabidopsis thaliana unknown protein (At4g24350)
mRNA, complete cds.

AKO062520

Oryza sativa lectin—like protein mRNA, complete cds.

AKO058583

Arabidopsis thaliana clone 15031 mRNA, complete sequence.

AKO71173

.

Arabidopsis thaliana unknown protein (Atlg14870)
mRNA, complete cds.
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AKO58313 Oryza sativa metallothionein-like protemm mRNA, complete cds.
| Triticum aestivum pathogenesis-related protein 1 mRNA,
AK107926 - |
| complete cds.
AK105387 Unknown expressed protein
Oryza sativa metallothionein-like type 1 (OsMT-1) mRNA,
AK103162
| complete cds. |
Anthoceros formosae chloroplast rps?7 mRNA for ribosomal protein 57,
AK060247 -
complete cds.
AKO072461 Orvza sativa OsDTCI mRNA for putative diterpene cyclase, complete cds.
Arabidopsis thaliana putative reticuline oxidase-like protein (Atlg30700) mRNA,
AK109673
complete cds.
Ipomoea batatas hcbt mRNA for N-hydroxycinnamoyl/benzoyltransferase,
AKO061327 |
complete cds.|PLN |
Oryza sativa subsp. japonica acidic PR-1 type pathogenesis—related protemn PR-1a
AKO71103 (PR-1a) |
| mRNA, complete cds.
AKO06DH971 Triticum aestivum -N—l mRNA for cytochrome P450, complete cds.
| Arabidopsis thaliana putative UDP-glucose glucosyltransferase (Atlg22360)
AK104935
mRNA, complete cds.
AK107161 Linum ustiatissimum allene oxide synthase mRNA complete cds.
AKO071613 Rice mRNA for probenazole-inducible protein PBZ1, complete cds.
AK062563 Unknown expressed protein |
AK058516 Oryza sativa chloroplast rubisco large subunit (rbcl.) mRNA, complete cds.
| Nicotiana tabacum NtPDRI mRNA for plelotropic drug resistance like protein,
AK100135 | | |
complete cds. .
AK069182 O.sativa mRNA for thaumatin-like protein.
 AK069392 Zea mays mRNA for flavin containing polyamine oxidase (PAQ).
AK109058 Arabidopsis thaliana clone 12638 mRNA, complete sequence.
AK110682 Glycine max isoflavone reductase homolog 1 (IFR1) mRNA, complete cds.
AK072928 >coparia dulcis cps mRNA for copalyl diphosphate, complete cds.
AK104139 Oryza sativa endo-1,3-beta-glucanase mRNA, complete cds.
AK102970 Oryza sativa pathogenesis-related thaumatin—like protein mRNA, complete cds.
AKO73273 Rice mRNA for RAB24 protein, complete cds.
AK110725 LArabidopsis thaltana unknown protein (At3g22060) mRNA, complete cds.
AK108264 Unknown expressed protein
 AK062495 H.vulgare mRNA for subtilisin—-chymotrypsin inhibitor 2.
AKQ099157 Rice mRNA for probenazole-inducible protein PBZ1, complete.cds.
AKO73249 Unknown expressed protein
AK(O58333 Pinus contorta beta-glucosidase mRNA, complete cds.
AKO71913 Oryza sativa (japonica cultivar-group) mRNA for oryzain alpha, complete cds.
AK107136 Arabidopsis thaliana Atbg06570 mRNA for unknown protein, complete cds,
AKI08084 Arabidopsis thaliana clone 21639 mRNA, complete sequence.|PLN
AKOR1337 Arabidopsis thaliana flavanone 3-hydroxylase-like protein (Atbg24530)
mRNA, complete cds.
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AK(73119  |Unknown expressed protein |

AKQ73683 |Arabidopsis thaliana unknown protein (At2¢26770) mRNA, complete cds.|PLN

AK066005 |Arabidopsis thaliana clone 37855 mRNA, complete sequence.|PLN

AK111850 Oryza sativa (japonica cultivar-group) mRNA for MADS box-like protein, complete
cds, clone:CH0086.1PLN

AK066053 {Hordeum vulgare NBS-LRR tvpe resistance protein (b8) mRNA, partial cds./PLN

AKO68602 _Zea mays transposon Doppia transposase DOPD and transposase DOPA mRNA,
complete cds.|PLN

AKO071032 [Unknown expressed protein
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g glrwEdotAl &45 74 = OsPR-10 &9

8 OsPR-10 ©hei =z o] L
shefgl 4] w42 B3 AT, Ay wE wYRLY 2
rEY2 ABHL FAAIE BT o) RHA T o FA)

o

2 299 4453 27N OsPR-109] FAH BdL 9=
std ek, 2 23 OsPR-100] Asd A& ¥ 2 FolA
Ao wdEo] ZrHAE AL FAY 5 AAT EE

3 e o] A 2] skt (Fig.

N WS AR d2d &
AZA (Fig. 6-2B). 1 2% OsPR-10 @8 A& g
Aol gz ergteh Wajola gz

A2k AREsEi Tt

-

Figure 6-1. Accumulation of OsPR-10 protein in the
developmental tissues.

A)Expression of OsPR-10 in mature rice plants (F:
flower, S stem, L: leaf, R: root). B) Exprelssion of
- OsPR-10 according to flowering stage (lane 1; close
stage, 2, open stage, 3; heading stage, 4, seed developing
stage). C) Distribution of the expression of OsPR-10 in

" the root.
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OsPR-10 @A (Kim et al. 2003 and 2004)¢] ¥ T=dHojA] F$23 9348 FiqP3v= A
< olF] gysRth B JAdqAE OsPR-10 ©@¥ido] A~E4H A Bz gd Bl
oli}g} lesion mimic mutant (spll @ spl2), =3} AH, AL A% ~EgAd s x

2]

3

do] wxHAA= As st AA oiE2 spll F splR2HE FE

SDS-PAGEE ©] &3t #ejstgch 2 dFojas v 9 =du K40 I AA

AREE oL, @Y MEAZE FHdETEA FFo FUAE Mottt (Fig. 6-2A). 4

ZH =3 44 ofdY 4 =3 vuES W OsPR-10 @A L2 spll F spl2oll 4] &34
=3 o]

o] e tHFig. 6-2B). 4ol w=3te F = ¢ xdol o KT8 A¥AY VR
I @ A el B 9o] =3 E BFel: FF OsPR10 B 48 el
shoich 9 wHARLS AA 9S4 @] WHE ZAs FAsm, 19 6-3A94 °

el
@ OsPR-10 ©@ldol drdg #Aasido. 2" Ed
Z

OsPR-10 @& e dd o] Frlsojxn] 12A1Zte] AHIAS o} 7P 22 502 ©do
Z7 oA E AL &9 F AU (Fig. 6-3B). £d vAESE 2~ 214 G
OsPR-10 @ o] WdEs lsy] fa, & a7 ¥ o 9 718 d=x, 4427)
g AL QCHWEIE =EAZH Y. Figure 6-3ColA] & 4 gl5o], dl~ael 28 Ex49 A
= 83 AxAgR Qs 7AW OsPR-10 @iz el F@ o] FE 2 FrtEolX= A
= 2T ¢ AAUTE T3 A2 AT F 3A ol OsPR-10 ©¥i & o] @ o] F7lE oA
= 31g g ¢+ Addr) A OsPR-10 ¢ A e & ~eEg A Hgd Jaixe 2L
] FE RS G T UG

Figure6-2. Induction of OsPR-10 following biotic stresses, such as pathogen infection,
treatment with fungal elicitor, and 1n lesion mimic mutants (spll and splZ) in rice.
Extracted proteins (10 pg/lane) were separated by SDS-PAGE, transferred to a
polyvinylidene difuluoride (PVDF) membrane, and probed with anti-OsPR-10 antibody
(dilution 1:1000).
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OsPR-109] 2g, ZF 5014 #dAYEE Fst7]l A8, e 5719 £3 o
A wgzzgsts gAEAS HASEY (Fig. 6-4). 9ESAl A Z OsPR-10-2
ojF o7 Zof otylAI nHiAH AN dHHAX AT (Fig. 6-4 F2, ¥3, F7) 33 #

1 & A}t (Fig. 6-4 F4, F5). OsPR-102 HAAAAZA/ A LSS
F3ksl By A¥EdE T o tREAA FciHojHT (Fig. 6-4 R3-6 ). B} AE€
A ~Ef 2 223 Ay G FxA OsPR-102 #Hopd-zz oA Ao R o3t
ZAy= 8 2dHe e d oA ‘%_P‘:‘—‘;”é—‘ﬂ %ﬂﬂ?ﬂ%'%t@ﬁﬂ%ﬁ} (Kim et al. 2004).

Control Heat Cold Drought |
3.9 3689 369 3609hr

Figure6-3. Induction of OsPR-10 by abiotic stresses during leaf senescence, wounding,
cold, and drought in rice. Detached leaves were used to examine leaf senescence under
various light conditions. The level of senescence - was estimated by measuring the
relative chlorophyll (Chlo) content. Rice plants grown at 28 °C were subjected to
environmental stresses, ‘such as wounding, heat (42 °C), cold (b °C), or drought for
various times (hrs) as indicated in the figure. The extracted proteins (10 ug/lane) were

separated by SDS-PAGE, transferred to a polyvinylidene difuluoride (PVDF) membrane,
and probed with anti-OsPR-10 antibody (dilution 1:1000).

dade) emypadolal #4e #Askyl s ¥ Aol P RNA
OsPR-10 @9 d & F=d, AEE H2lstd RNase activity”b Ut A& agarose gel
= Q) stglem (1Y 6-5), in-gel RNase activity Z4& £3te] OsPR-10 T2
= HT%%’%’ (DTT7F $l) AeA s ABwIdobdl &4 el A Ao A
© 842 YEA FUt Fig. 6-6A). ol8e 3= olgAsts T AW oj#3d
el B4 fAd wete R dedEA we v 2REdees DTTZL 844 &
AZRE Fg3tEes AL ondcl (Fig. 6-6B). Figure 6-6Col A4 BB W= E Alo]of A
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277 AL4E © 23 B4 UEye oldd RAe] AdHow OsPR-10 W el
duirdola 24e Uepig: AL & 4 Yo OsPR-10 B8 v 744 o
guirEdol $4< UehiAth mebd, E AT OsPR-108] elufZelobd @

go) @uld 72 AYY] FaE o
7V e S A&zES A7E Ade=E
C81S, C83S ¥ C8IS/C839). =¥

S SRS R = -y kel 9
= HAHA Fkon Eduwiold] FEEL d2" EHS S EASYY (Fig. 6-6C)
gl rEdolAd 845 vlustr] Yall, 2 dF9AE E. colidlA HEHE A2 I
duiA 2 By SdHo] Gl S AAstErh Figure 6-6 C, DolA B C83S EdHo =
ol opn|= B of7fR A Ao Ao FAE HEIA Edon ojre A= Fel Al
2~H ¢l 7] Aol o]3slE el PR-10 @l d o] gl wEelota] EA4E vehls A
o] gt

Figvre6—-4. Immunolocahzation of OsPR-10 proteins in flower and root.

For immunohistochemical analysis, sections from developmental tissues (flowers and
roots) obtained with a microtome were incubated with purified OsPR-10 antibody
(dilution 1:100). Transverse (F1-F3) and longitudinal (F4-F7) sections of the panicle
(heading stage) and transverse (R1, 2. 3. 5, and R6) and longitudinal (R4) sections of
the root from the elongation zone were incubated with anti-OsPR-10. Tissues (F1, F4,
F6, Rl, R2) were treated with anti-OsPR-10-free serum as ‘anegative control
Blue-colored signals indicate the accumulation of OsPR-10 protein. The sections were
incubated with alkaline phosphatase-conjugated anti-rabbit IgG antibody (dilution 1:300)
for 1 hour and visualized after the addition of BNT/BCIP solution for 20 minutes.

22 8 Al OsPR-10 wHil 2l o] ay_ﬁ— JolA] 84< 7HRthE AL Fel
s, W =duo] 7dE ¥ oA HEYA 2-DE AL A sArt. RNase 84L £43)
71 Al 60-85% EES AMEstg o D% OsPR-10 32 ALgsle] dolsigr), AL
SDS-PAGE EAXe4 ®HoF ZAF FA e giwEdoldl 848 BoFUAT (Fig. 6-7A,
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B, C #z). 2-DE A4 2% 1, 2, 3, 45 H =€ Z9E F 72Az0] A3 o
AR FEHotA 842 JehldT (Fig. 6-7D ). 4 84 235 87| 98, & 9+
qNAE v 7Ae] 2%e £AHAY. 2F 12 OsPR-10 FA s H57 Ao} (Fig. 6-TE,
TEJ.

A Concentration (ug)
0 0105 1 25 5

B Time (hr)
8 3 6 9 R.I

Figure6-5. RNase activity of recombinant OsPR-10 protein purified from E. coli.

RNase activity was determined using total RNA (5 ug) from rice leaves. RNase activity
of OsPR-10 was assayed in agarose gels. The amounts of RNA (0.1, 05, 1, 25, and 5
ug) and the incubation times (3, 6, and 9 hours) were varied depending on the

experiment. R.I indicates RNase inhibitor (50 units). B indicates OsPR-10 protein boiled
at 100°C for 10 minutes.
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DTT(mM) DTT(mM)
kDa 001051 5 10 001051 5 10

kDa
47.5> B

33>

21>
16.5> @

.G Western blot 1.G

Figure6-6. Dimerization of OsPR-10 protein and RNase activity.

A) In-gel RNase activity of OsPR-10 in the presence (+)and absence (-)of DTT using
non denaturing gels. B)Conformational changes of the OsPR-10 protein in reducing and
non-reducing SDS-PAGE. Purified OsPR-10 protein was incubated with the indicated
concentration of DTT at room temperature for 30 minutes and then mixed with an equal
volume of non-reducing buffer. The sample was separated on a 125% SDS-PAGE gel
and visualized by Coomassie blue staining (right). Protein identity was confirmed by
Western blot analysis (left).C) SDS-PAGE and in-gel RNase activity of the wild type
and OsPR-10 mutants in non-reducing gels. I.Gindicates the in-gel RNaseassay.
Separation pattern of the proteins (WT, C81S, C83S, C81/83S) was confirmed by
Western blot analysis. D) RNase activities of the WT and the C83S mutant were
assayed in agarose gels. BSA (10 ug/ml) wasused as a negative control.
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Figure6-7. Ribonuclease activity of native OsPR-10.

Protein (150 pg) extracted under non-reducing conditions from leaves exposed to
pathogens was run on a RNase activity gel using 2-DE. A) Uninoculated samples and
B) samples taken 48 and 72 hours after inoculation are on indicated on the left (C and
D, respectively). Numbers indicate putative OsPR-10 proteins. To evaluate the OsPR-10
protein, we performed Western blot analysis using the specific OsPR-10 antibody.
SDS-PAGE of electro-eluted samples from each spot (E) and 2-DE (F). Spot 1

cross—reacted with the OsPR-10 antibody.

OsPR-109] 7]% #2412 93l9 OsPR-102 400ug?] <ol M 714 2o] cell deathﬂ- &
dEE & & 4 ANt (Fig. 6-8). PR-102 8193 83¥ amino acid 7] F Cyss
Frste] Zi7t o5& Serine®® site directed mutant® A 238l recombinant E’}'ﬁl 45
Az stk o5 5 83 aa 7S C8ISE vl Z L soluble 8174 9L 4 Yot
C815, C815+C83S(double mutant)= inclusion body = A4Fs]e] native proteine 34 £3)
o WT C83S mutant2] Eu] o] thd cell death &= zhzbe] ghula S whu] 2o
infilteration A1 ¥ A3 HFig. 6-8 1A, B). 47| Z3}E= 938 dimerE A=
OsPR-10%z1¢| A AZAIE ] 4o d&S F+= A 2o OsPR-10 @A ¢ RNase &4
o] PBZ1¢ ZAH BT dAe] HojAdE EF A AbEe] g B4 L PBZlo] S48
AL & F At o]+ olvl®: OsPR-10 99l = & Vascular 23 o] specificdtA 23w
PBZI= AlZde] 2¥H7] ffF o2 FAHHACD U5 OsPR-109 4o #8438 =1} =

LA Ao WebH T effecto] BE AFL A Aoz Azwo

——1
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Figure 6-8. Cell death assay of PR-10 1n tabacco.

oA OsPR-10 F# AR 7]5#42 93te] PR-10 overexpression lines 147] 2}1S A7)
PBZ1elA 9t BA3HA +EEHA ™ o]E Western blot #2438 23} 1, 2 5, 8 9, 13, 149 ZleA
PR-10°] Zstel ‘j“ﬁi%g oz FAAZRAZL AHE construction® &S &2l S5t o]
PR-10 Ox. 2}¢l& PBZ antibody detection®]l ¢lsiA = &d EH+& linese] £4] 3l Aoz 953
ou olF F 2 WAL PR-10¥ PBZIZ} FAlel ZstA LEHEE & <+ Uy (Fig. 6-9). =3
PR-103} PBZI°o] &4lol ZstAl ¥d= = lineg ©]&& 2-DE 48 sil& 23 western 439 &
of AstAl 2P U F ATt (Fig. 6-10). ©|E overexpression 2HQlEol digh o4 34

]

PR-10 Overexpression lines

| PR-10 Ab
PBZ1 Ab
Figure 6-9. PR-10 and PBZ]1 western blot analysis of OsPR-10 overexpression lines.

g%k o] E line'= PBZ1 A4 functional redundancy @iell Faigh W A3/de] a3t Qisich

gebd AZe] 2EHAE = 5 ¢k PR 9K o839 @7 A ADE Be 949 3l
e AE oY FAAZRH e + GRch HAA AF A o mE 2 9494 o B 4

AHS el e Hdde] galM Soldez f = = BdEE promoters o83 FF AL A
zto] dlife] FldFe] 2 ez AZHETE & d2 SE7t olwl HAZNE FE PBZL G4
promoter= B =8We oA FHHT FoETE =g Wil FHoE SojFow IHEHE A

o ¥ ul 7 o§7k54E ¥ %7 weushL



PR-10 overexpression line 2

PR-10

PBZ

Figure 6-10. 2-DE analysis of PR-10 overexpression line 2.
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