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B HWEBRS ZUTICRERT 5,

AAQ; ascorbic oxidase

ABA; abscisic acid

AsA; ascorbic acid

DHA; dehydroascorbate

DNA; deoxyribonucleic acid

DMF; N,N-dimethylformamide

EDTA; ethylenediaminetetraacetic acid

EtBr; ethidium bromide

FDA; fluorescein diacetate

FW; fresh weight

Xg; gravity

GalL; L-galactono—-1,4-lactone

GalLLDH; L-galactono—1,4-lactone dehydrogenase
GTC; guanidine thiocyanate

h; hour (s)

IPTG; isopropyl-8-D(-)-thiogalactopyranoside
K-; potassium

Li—; lithium

M; molar

M.1; mitotic index

mRNA; messenger ribonucleic acid

Na-; sodium

PAGE; polyacrylamidegel electrophoresis

P5C ; Al-pyrroline-5-carboxylate

P5CDH ; A'-pyrroline-5-carboxylate dehydrogenase
PCR; polymerase chain reaction

P5CR ; Al-pyrroline-5—carboxylate reductase
P5CS ; A'-pyrroline-5—-carboxylate synthetase
PEG; polyethylene glycol

PVDF; poly vinilidene difluoride



Pro; proline

ProDH; proline dehydrogenase

RACE; rapid amplification of cDNA ends
RNA; ribonucleic acid

RNase; ribonuclease

RNAI; RNA interference

rpm; revolutions per minute

SDS; sodium dodecyl surfate

SOD; superoxide dismutase

TBARS; thiobarbituric acid-reactive substance
Tris—; Tris~aminomethane

WT; wild-type

w/v; volume per weight

v/v: volume per volume



BEESCEEHOHAADOEL 3 BATH 205 20 HHEFEEIZIE 15 BAICS
Teo 5ABICHIZ BET 2000 45E Dok T &I S, & B8 20 fHRICA
&, BERERFEMOREICED, ADOR. 100 £25TTISIT 4 58
<#Emllk. BEOEFAOTFRICINE, BEN 60 BAEWbhTWaH
FAONE. 2050 FEICIZ B AR B LEEFINTVWS (HRADEE, 2003
). ADEMICEWREARERPREOELOEALHEEE->TETNS,
BfE. 1700 77 ha/SEOBEALDBBRILOET. FV 2 — IV Ok EHTRNY
BETOREELNEATHYS (HERESE, 1991). X, 77U HRE
DOFEE FETIIEERENELT, 10{EBDOALNEERE. bAIVNIEE
ARORH BB EEHNTWBFAO Newsroom 2003/68). Zh S O
THRABEPTERERENBEDORZIT > THELL., £, ERNEE
VAT ADEDBRIENORBNMENEEZI SN TNS,

BEARANOMREL TR, B2 LE=0D. EYoLEELEERLSE
BIEBAAIRTHBEEZGND, LZAN. HREOBEHD 3 40 1 135
R - PR TEHICEI RN, SS5CHAOFESESHO 10%LL LT, 8
FREBOEDICHRITEENERL. EPoONERZELLIBILODOH S,
IO, EHEYE - KB, SEESOLERBIIHI S HEMOERIZESZE
EREOBRNS bREMEOEHAN S B RARBEELR-> TS,

S, & - EE. SE. BEANV AR, LELEHEIERBLTSD,
HRECFRCXIBIA-J2b25T, AR EEVPERFIAETF s v IR
FLRAERD, MIBOFRAZTAY I AP1F > 0% 2H. 9 (Serrano et al.,
1999, Zhu, 2001a), BECEE, LRA NV ACESBIEA LR, ¥
NIBOREEME LD, W22 E % Smimoff, 1998), £ O#EE,
ML DEREREA NV ARA—-OMBEREERE EBHEIRED
(Shinozaki and Yamaguchi-Shinozaki, 2000, Knight and Knight, 2001,
Zhu, 2001b, 2002). A VRS IR BOEEPHBLYOEM,. HERE
DEFERE, MRSE 2EMEL S ® 5 (Vierling and Kimpel, 1992, Zhu et al.,
1997, Cushman and Bohnert, 2000),

REA M AWEOS FEEOMIICEY. A M ARENICRENSEX
NB3BEETFHBHSNTEINTES, MAPFF—ERSOSFF—¥FhEDI FF



IEECHEERT I 59 % # {5 T (Shinozaki and Yamaguchi-Shinozaki,
1997, Munnik et al., 1999, Zhu, 2001b)%>. 1) > JEE /R #E: % (Chapman,
1998, Frank et al, 2000), HSF®CBF/DREB. ABF/ABAE7 7 I 1) —R&"
DEE R TF(Stochinger et al., 1997, Schoffl ef al., 1998, Chai et al., 2000,
Shinozaki and Yamaguchi-Shinozaki, 20000452 k L Ric kD REFHah
5, £fe. E—brav 5 NI EMHsps)RED I ¥ 12 Vierling, 1991),
LEA% > /X7 E(Ndong et al, 2002), FREF 1 v 7 RES, EEREDR
IR T ¥ —(Bohnert and Sheveleva, 1998)72 EDIER Y N7 EERET
SBEEZROERTC. T I7T7RY 2132 b5 2 AR—%—Maurel, 1997,
Serrano et al., 1999, Tyerman et al., 1999, Zimmermann and Sentenac,
1999, Blumwald, 2000)72 & DK A > DMV ASICEET 2 BET bHE
ENB T EMHMSENTVS,

WY OBRER N AR ER LI 520Ic, A ML ABCRESFEINS
BETFY FRAET 4 v I/RGHOEHE - REICEDLIBEROEETEZHAL
RHREEHEDREREIN, BEA ML AMEOES B HBEINTWS,
CBF/DREB17 7 2 Y —Ildrd2A=®, rd17, cor6.6, corlba, erdl0, kini,
kin27z EDEHEPKA FVARBE T 3 BEETOREZHGT3EERTFTH
%3, 7SERTVADEERTF TH 5DREBIABRE T2 HA UL BERRT 5
ERTI AL, 8%, H, BEoH Uit &R 7=(Kasuga et al,, 1999), =
7. 75 E R/ AODCBFLEET % MY S CRERE S 8- BRERA T,
KR S BIEA b L AEHitEAR E U7z (Hsieh et al., 2002). #HA L A&221F
YT, SIREDEREKICTY S ORI BEEMM~ 1 MbEFET3
TERASNTVD, FUIIRYA VREEBELELTHISH, ERETR
M RAFIUEEI N EEREABHERDART S ESIMEBYTH S, 1
WTIE, FUI ORI L. ERETIVOHASEREINS, LENRIFY
7 D Arthrobacter globiformis® 3 > #F ¥ —FcodABETEEALE
TIERTIARARTIE, FUI IR ENEMU, Eit:bEA#IC
Rl 7=(Hayashi et al., 1997, Sakamoto et al., 1998), 7=, KEBEEOD
REA TNV TE RFe RO F—PbetBEGFEHBA LZBERRS /NS
TiftEit%: 245 U /= (Holmsrom et al., 2000), =0, BEBEOY > = r—Jl
RINO—Z, myo-{ /T b=, YNEr—NREDETIINI—IDE
EEBEHRIBTEZHEDDS. KBEOMLNO—X-6-VUBI I —F&
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FNO—R-6-U BT+ A7 77—V E2HEALEBEGEHRT RE. FLN
O—-ZSENE <. &g H. EBEA M A E5R L ~=Jang et al., 2003),
B EIZE, B FT—ERA—N—FF RF 14 ALY —F(SOD), 7
ZANECBRINAFIIT—P, FNIFAILVI DIV REDEED, 7
CRANECE, TNIFFT, HOF AR, TONS TR EDENE
BRI BN TNS. Mn-SODBET & BMAER L LWEERT VT 7 VT 7 ik,
ARZZA L AL BEEERA X B=(McKersie et al, 1996), —F. D
BFZETld. Mn-SODE/213Fe-SODOWFNADRETF F BERE S - HE
BRTINT 7T 7 BAFEQEER CINESE ML /z(McKersie et al., 1999,
2000), L L. Fe-SODBEE#ET I T 7V 7 7 i3BALA b L ATHEII RS
2o 7=(McKersie et al., 2000), B-hHDOF b ROFIS5—VFEETEEE
RELET TE RTIREFY > N T4 A 7V OB EEZ 245N €,
Y EBEITR 2N 28 in X B /=(Davison et al, 2002), ZD XS I2H
1B, 1DEAREEOEET 2EA L LBEEREY OEEIC X > T, EYD
Z L ATHEEEO =D ORERTDORTWS, LALERS, BEI N X
THEDEEFHREDA I XAIERETH D, EBICEBL N TOERLE
R BB ICIRERERTREORHBETS ZENRETH S,
AHETIE, BEBELUBIEA N AREST 3 BETORBESEVEESH
R, ThEOBETFOREERGTTELIcED. EBXUBILZ b L i
DHEMEERTZZEEEMELE, OB N ARV REBEI NS BE
FTHBINIIADY 5 RAIFFF—VREFODNAG Y O—= %, Bk
LHEA NV AREROBIT 2T o2, VAR AETEBEROY ARHEWM TH
D, HEFHFORBERE LU CTRAELERREEMTH S, Q7U—SThH)L
PIHEHRREEREL TEFLLIT3HRBEAE L TASNTWS T aNE Y
BEINIACENL T, EBLTUVIZHT 5 X b L ABSEOBRN 2155 7.
(3Pro¥ k K 0% —Fil#ifs F(ProDH) ZRNAIKIC X D REMH T 5 Z Lic
KV, BRBEETHSPro2 B RERETE L AERRI N EEHR 2R
L. EOHER M UREFEERT L. BLE. 3DOBED) SBIERFW. B
YOEBEIOBIEA bV ATEDERICE T 3380, ZREfT-77,
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1. #%
WA= Al

SATRABEBHRKEERTRENAE LY —LDEELTEHLE
Psophocarpus tetragonolobus L. DC. Nigeria TPT-2 2 L7, A&E&E
BREEEZB WSy —LIZ. SHIABETREE, 28 °C. WIFT 3~5 H
MEEL CTRFIEE. RBFE. HROL GFEEBEOL/ B) F1F) 12
BHEL., £53HE,

@7 &< AR MR

VHORABTEEENICHRIFIE, TOTEMSHIIN AL R
AWz, 15yAZ&K, 100 mlFE=A7 5 A3RD 0.8% (W/V)DREEIEREK
Z2EV 50 ml OIATIAANAZM LT, BEMAE 1g TOMIMT. #&
REEEL .

¥ NatEY

Nicotiana tabacum L. BY-4 (Bright Yellow )& H W/, HARE Lk
RAHLVREL TOEFVEETE 1.5 mEI1( 7 OF2—T~ 0.1g /W
U, Iml @ 70%L% J—)vEmAi, 1 BEESREELE, 917 0ERy b %
A, TF /) —VERELEE. 1ml OBFORERKEZMZ. 2 SREEE
Bll. BEBEZRVBRWEDE, REKEMAEEREALE. BREKER
KU, HBREREKEMZ, BEREALE. BEAKCX3%ESIT 5 EEDEL
fz. BEWEYWLE, X1 70ERy MAFY72HVWT, BFERBREKRTE
BB, v —LH0 0.8% (W/V)DBSEXKESDY /NI ER
NGEITET WV, YT 16 B, B9 8 B4 T T 6,000 lux. 25°C
TR ETo .

DI NassERR

HEZIZEESERSEIVEEL TW=EWE Nicotiana tabacum L.
BY-2 (Nagata ef al., 1992)Z iz, BV AEEMRZ. 100 ml =75
AORD 0.8% (wW/vV)DFEHEX K EET 50 ml © BY-2 1)L A8 T, 28°C,



FEFTC 238 217 1g T ORMRELIE U7 & 0 2 i e, SR REERI . 300m]
B=MT7S5 AR 100 ml DOREEEEEHYP T, 28°C, KT, 130 rpm O[H
ERBORETT LBEZ S0 2ml TOMRIERELE b DSk,

2. SRR

(1)DNA #/EBI =S

+ TE
10 mM Tris—HCI, pH 8.0
1 mM EDTA, pH 8.0

s Jx/=)v/rooRivh
(phenol : chloroform = 1:1)/TE

- 3M EfEF FU DA, pH 5.2

- I# (F5 XX R DNA ¥55)
50 mM glucose
25 mM Tris—HCI, pH 8.0
10 mM EDTA, pHS8.0

- I# (F5 A RDNABSH)
0.2 N NaOH
1.0% (w/v) SDS

- II#& (75 X3 RDNAREHR)
S5M KU T A 60 ml
glacial aceticacid 11.5 ml
&K 28.5ml

- PEG B
20% (w/v) polyethylene glycol #6,000
2.5 M NaCl

- TAE (DNA 7 Jj0— A SR8 HEER
40 mM Tris—acetate, pH 8.0
1 mM EDTA, pH 8.0

QiEME
- Ampicillin (Amp)XTEHAT U >F MU T A (BlpRE)



100 mg/ml iCsHB L. Bk
* Kanamycin (Km)¥EHARE L <1 3> (HiEEE)
100 mg/ml ISR L. HEERE
- Cefotaxime sodium (Claforum, Cla)X¢EHEE I+ ¥FAF FUSTA
(4 &888)
250 mg/ml iCHBE L., FHERE
* Hygromycin B (Hyg) (0<=2)
S50 mg/ml iIZHBE L. BERE
* Chloramphenicol (Cm) (13 =)
30 mg/ml IZFRE L. BERE

(DK IBE B o
- LB ¥&kfk - B
1.0% (w/v) Bacto-tryptone
0.5% (w/v) Bacto-yeast extract
1.0% (w/v) NaCl
1.5% (w/v) agar (EpiEHA)
31 NNaOH TpH 7.0 icii8ld 3,
+ SOC ¥ tksEh
2.0% (w/v) Bacto-tryptone
0.5% (w/v) Bacto-veast extract
10 mM NaCl
2.5 mM KCl
10 mM MeSO,
10 mM MgCl,
20 mM glucose
%1 NNaOH CTpH 7.0 icH#d 3,

@7 runz Uy sAfRiEi

- YEB ¥k - @i
0.5% (w/v) Bacto-beef extract
0.5% (w/v) Bacto-tryptone



0.1% (w/v) Bacto-yeast extract
0.5% (w/v) sucrose
1 mM MgSO,
1.5% (w/Vv) agar (BEBEEHR)
M IRE 30 mg/1Cm., 50 mg/lHyg. 50 mg/IKm #/M% 5.

(5)RNA FREL A

+ GTC (guanidine thiocyanate)#iiH#E&E# (GTC &)
4.2 M guanidine thiocyanate
0.5% (w/v) N-lauroylsarcosine sodium salt
25 mM sodium citrate dihydrate
0.1% (v/v) antifoam A emulsion (30%)

+ 10 M LiCl

+ ATA (aurintricarboxylic acid) H#itH#EE K (ATA &)
50 mM Tris-HCI, pH 8.0
300 mM NaCl
5 mM EDTA
2 mM aurintricarboxylic acid
2.0% (w/v) SDS

- 3MKCl

6)/—¥ 7oy MEFTRERE
» 20 x MOPS
0.4 M MOPS, pH 7.0
100 mM EER - MU DA
10 mM EDTA, pH 8.0
- RNA £RB K
formamide : 20 x MOPS : formaldehyde =10:3: 4
- RNA A7 Hu—Z57 )
1.0% (w/v) agarose
16.7% (v/v) formamide
1 x MOPS



- 20xSSC
3 M NaCl
300 mM sodium citrate
s TUNATYFAE— a ARHER
50% (v/v) formamide
5x SSC
5X F NV MERK
1.0% (w/v) SDS
50mM YU BNy 7 y7—,pH6.5
0.5 mg/ml ¥4 7 #5F DNA

(DTTAE Ty MEFTRRE

- 30%7 7 VN7 I RESK
30% (w/v) acrylamide
0.8% (w/v) bis-acrylamide

< 12%RUY T YU NT I RFN

(@S )ILA0 mD
K 6.8ml
30%7 7 U7X REGHK 1.7ml
1 M Tris-HCl, pH 6.8 1.25ml
10% (w/v) SDS 0.1 ml
10% (w/v) ammonium persulfate 0.1 ml
TEMED 0.01 ml

(b)5 85 )1 (20 mD)
K 4.6ml
glycerol 2mil
30%7 7 VN7 RERHK 8.0ml
1.5 M Tris-HCl, pH 8.8 5.0 ml
10% (w/v) SDS 0.2ml
10% (w/v) ammonium persulfate 0.2 ml
TEMED 0.01 ml

« & N BEMERHES)



0.3 M Tris—HCIl, pH 6.8
50% (v/v) glycerol
6% (w/v) SDS
12% (v/v) 2-mercaptoethanol
0.15% (w/v) bromophenol blue (BPB)
- EXRIKE FHRER
25 mM Tris
192 mM glycerol
0.1% (w/v) SDS
- TBS
20 mM Tris-HCI, pH7.5
150 mM NaCl
- TOvFTER
3.0% (w/v) skim milk/TBS
- FiERITATR
1.0% (w/v) skim milk/TBS
« Tween-¥ifik
0.05% (v/v) Tween 20/TBS
- DAB AR
5mg DAB (3,3"-diamino acetic acid
3l HO,
10ml TBS

(B FHIBER TR
- HEREUARK
5% (w/v) silver nitrate
66% (v/v) AT I a—)b
_ 5% (v /v) glacial acetic acid
XHEMATREL .
- LBk
5ml ammonia
95 ml ethanol (70%)



O)BEELIEE HE sk
+ 0.1% (w/v) trichloroacetic acid
* 20% (w/v) trichloroacetic acid /0.5% (w/v) thiobarbituric acid

A0MF NI ERSL - BeRIEMERE R
* FONTEMBEER (S a2 RY YESHEEA)
100mM U >EEH YT ANy 77—, pH 7.4
400 mM sucrose
1 mM EDTA
- FrIOACER
cytochrome ¢ 1.05 mg/ml
- BEBE
0.5 M L-proline
* 0.5% o-aminobenzaldehyde /5% trichloroacetic acid

AD7ov > HiematsE
- 70V AR
3% (w/v) sulfosalicylic acid
B ERD
glacial acetic acid 30 ml
ninhydrin 1.25g
6M H,PO, 20ml

(12) 71 7 < R B 20 i I B
-HEREA X100 ap
NH,NO, 4.8g
KNO, 48.5¢
~ CaCly2H,0 4.4g
MgSO, 7H,0 3.7
KH,PO, 1.7¢
EDTA-Na-Fe(lll)salt 0.422¢
10 ml fFE#& B

10



- P& B (1)
H,BO; 6.2¢g
MnSO,/4H,0 24.1g
ZnSO,7H,0 10.6g
KI0.83g
Na,MoO,-2H,0 0.25g
CuSO,5H,0 0.025¢
CoCl,6H,0 0.025¢g
* 2,4-D 158
100mg/1 2,4-dichlorophenoxyacetic acid
- Kinetine %
50mg/1 kinetine
-EFI B D
inositol 10g
glycine 0.2g
nicotinic acid 0.05g
pyridoxine-HCl 0.05g
thiamine-HCl1 0.01g
* AT ATIVAWEE « B
10% (v/v) R A
3.0% (w/v) sucrose
0.1% (v/v) 2,4-D ¥5¥k
0.1% (v/v) kinetine
0.1% v/v) E¥ I Uik
- 0.8% (w/v) BREXEK Gh51) (EREHm)
1N NaOH T pH 5.6 Ic##d 5,
KRBT, 300 ml A=ZAT S AT L0l (EHEXRTs
FEW) 100ml AN, SUIATF ey TEASECRET .

ADF NafEd - BY-2 S Rk

- BPBIKA (X10) (D
NH,NO; 16.5¢g

11



KNO,; 19.0g
CaCl,2H,0 4.4g
MgSO,7H,0 3.7g
KH,PO, 3.7g
EDTA-Na-Fe(Ill)salt 0.422g
10 ml Bk B
- KB (D
H,BO, 6.2g
MnSO,4H,0 24.1g
ZnSO,7H,0 10.6g
KI10.83g
Na,MoO,2H,0 0.25g
CuSO,5H,0 0.025¢
CoCl,6H,0 0.025g
- 2,4-DIFHK
200 mg/1 2,4-dichlorophenoxyacetic acid
- E¥I B _
10% (w/v) myo-inositol
0.1% (w/v) thiamine hydrochloride
- )\ BY-2 &tk - Bl
10% (v/v) BrEiK A
3.0% (w/v) sucrose
0.1% v /v) 2,4-D t5¥
0.1% V/v) E¥ I IR
0.2% (w/v) Gelrite Wako) (EEEEHA)
1N NaOH T pH 5.6 IZsR® T 5,
MIRARE X, 300 ml A=AT7 5 X0 L0 (Gelrite 138 %
2W) 100ml Z2AN, VAT Fry TELRIETRET S,
XEMOBERIL, LREOEHMS 2,4-D 2R0WE=H0EHWE,

QDR HERERAIE
- M e

12



ethanol : aceticacid=3:1
« Ft1 R Ek
1.0% (w/v) orcein
45% (v/v) propionic acid

3. ik

VX% ) — )ik

DNA - RNABRKIZ1/10 {580 3 MBS U7 AQH 5.2)& 2.5 (8D
WH100% LS /=l EMATEEMI®LE. 10 2F. -200C THEL 7=,
TOE., WHBRMEEZRWT, 4°C. 12,000 xg T 15 &0 L T DNA %7
X RNA Otz Ez. ZORBE% 1 ml OBHLE= 710%T% ) — ) Tl
Lz, BORAEHT 3 ARIELLE. T4 /— IV EREL. B Euii
BTHHRIEE,

@7z /-l / ZooFLsHl

DNA - RNA BHRICEENDZFNRIEE 7 /- /Z7ooi) Al
XVEBRELE, EEBO7x /—I)//700FIVABKENZT. BIVFvI X
ZRHWTHLLERLE, S LRMEZAWT, =i, 12,000 xg T 10 4
EBLOE, EEEHLOWI 7 O0Fa—TRBLE, S5EBO/OOFRIVA
EMA. BURRHETEME TOLEBZENRL .

@RBEMS DT T A R DNA ##

KEHE(E.CoM5 DT 5 A2 R DNA ORENL, XETINAHUBEIRE DTS
2o T, —BEEBRLZZKBHE 1 ml 29127 0Fa2—T712&0, EEENE
ZHWT 12,000 xg T30 PEEL L CTEEZENL =, BHERELEE. 1
# 0.1 ml 2ATHAZEE L. 11K 0.2 ml 2 TRBEMNI®=,
IHIM#KZ 0.15 mMA THMRBRENS®E, IsrrooRila/M1Y
FINTINA—N%E 015 ml MAT. FNVFYITATHLLBELE, HEE
DEREMAWT 12,000 xg TEHEELL. KEEFHLWIS 7 O0F a2 —-T B
LZt, 25 BROTY /- ZMATISY J—VikEefTolk, Hohizit
Bz EEOWEKICEME T/, 1 pl © RNase B # X 37°C T 5 £ A

13



>Fa~— L TKABEBERO RNA 20385k, 351 3/5 {580 PEG
BREMATKET20 HFESE L. BHEMEZHWT4C, 12,000 xg
T 156 BEIEL Uz, LBE T0% LY J—)V s Lz, HEEREXE, &
BOREKICBEMRIE, 5275 A3I K DNA W7 Ho—XAEKKEC

FORERL. HIRBRUBEPC NS DA T3 — A~ a  EOBERFER L,

(4) DNA 0 HiBEEE R L2

75 XX F DNA. PCR HigNH OHIRERNE L. BNOBERZENT
fREDKINREGRTC £/213 30°0)T 2 BREU LK X2, KIS 77
O—ABRIKEICED DNA OHLERRBLEE, T8 /B ERFE 7o
J=lv/7aaflV A ET > T, HIREREREL-.

(5) DNA O 7 HO— A BK KT
DNA OREWUEBLOHBRERLEIR 7 Vo0 —-AB&KRKHICL VT 7=,

RESA 1.0~15.0 kbp DHE 4T DNA X 0.6~0.8% (w/V)D 7 HO— X
(Agarose LE, Classic Type/F B3I EHEHAL. £ 0.1~1.0 kbp D&
53 DNA X 1.0~1.5% W/v)O7HaO—AF itk 5L, DNA OLF
BY—A—&LU T, AHind 1l 87— —BioLabs)B LT 100 bp 54—
ATEY—h— (EEE) 2HVE. ¥EIEKXETEEKE L T TAE 25
WTHT YU CREREKBEE T 2. REBOTHO—ZAFINIE, TFT
UAT70O%1 FEE0 TAE THREL., UV 1 IR—F—2HNWT UV B
TFTTDNAZ®H L,

@7 HO—ZF NN SDDNA YD H LS |
TAO—AEKIKEEO 7 HO— 25 BHO DNA Bk 2872 0w Ty

DH U728, Quantum Prep Freeze N Squeeze Spin Column ONA %« 5w

PERWTHERL . BRR. —BEECET Jo-ZAEKRGETVEINEE
WRELE,

(7) DNA &8

FIRREBERUEE L 7= DNA Z#HSXE3EIIE. TROSA1 ¥~ aFEy b+
(Ligation High/¥##i. DNA Ligation Kit/®¥E)E&HL. 16°C T 1 B
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B LRSS €7z, 72db. HIERBERUHEL = DNA Bik2 75 A2 K DNA I
FMATHEICIE, BIVEAHEADNA : 75 AIRDNA=3:1Icisk5iT
AHEL 7,

@KBENOEBETFEA(NT AT F—A—Ta )

KETOS D EENLEAZETS ML 100 ul 1275 A3 REMZ 30
ke Uiz, 42°C T4 PRie—Fravra25%, KEW S HEL =D
B, 500 pl @ SOC HHEME 37°C T 1 BEEELE. ZOBEKEREY
HEZ2aUKGEAEELB S —cBA4 L. 37°C T 12~15 BriigEiss
L. BohkRBEOIO=—i3, BAIhZTS5ZA3IR DNA 2HELE
2. NEDHEZ2SUOREERERAEHICHEE L. 37°C T 912 MEREE%RS
frolz. BREBROKRBEEE vy IREOIA70F2a—TicE v, ZEBO
WE 80% (v/V)ZUtEn—IinkEMA TESBAE LR, ZOESKIT. 7Y
O—)VA kw7 &L T-80°C THRELE,

(9) DNA @ PCR (Polymerase Chain Reaction)#4ig

PCR #%ic k5 BE® DNA Wik 0#igid, KOS PCR ARY AS5—
‘E(KOD Dash/¥##i. ExTaq polymerase/S#E)EHWTITF- 2. KISk,
RN SAEOEAEEZ D ERBELEE ST 2, £, HECHAWETS
AT IBES AT AYI AR EKEL TERLEZDD2ER LR, &
$ PCR HiE#ES X, PROGRAM TEMP CONTROL SYSTEM PC-700, PC-707
(TAFY)EER L.

(10) PCR #ig DNATH OY 7 70— Z(TA 70— )
PCR #iE DNA WiH- Oy 77 0—=2 ZIEHKRO T X ¥ —OGEM®-T
Vector System I/ 7O XA N ZHWTH > /2. RISIEASHBAZICEWT> .

(11) DNA EEEFIOWRTE( — 7 T2 AT

DNA OEHEEANOPEX. DYEnamic ET Terminator Cycle Sequencing
Kit % ANTHTT1 I RA)EHWTRIREITFV. DNA 3 — 7 T2 8—
STBAN—F DI NCEDIELE. iz, &5 NHEERN ORI,
Editview ver.1.0.1 (7751 BNA F ¥ A5 2)B KU DNASIS-Mac v3.0 (H
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MY T MR 22T NEFERLE,

(12) GTC (guanidine thiocyanate)¥kiz X 5 RNA (Igal

0.6 ml ® GTC MiHBEEKERE L 21 7 0F 2 —FicE v, Byl d 2-X
WATRLE ) —IEMATz. Z OB ERICKAEE TR L3084 100
mg ZMA. B5IRNT Y 7 ZAEHNTER L=, BEEOES FWT 12,000
Xg THOAHZBOADBE L, ERBEHLWIAM7O0Fa—TFcB L. 1/10 20
SMERRT MUDUA@H 5.2)2MAE. 7z /—)V/Z7oofVARHLEz
5 Eftof. KBEHFLWIAIZ70F2a—T B L. BEO 25 EBOTY )
—IIEMABAREOEZAWT 12,000 xg T 20 HEELL. FEZROEBN
Fzo B5NT-TEEE 400 pl WEAKIZES L. 100 pl @ 10 M LiCl 20z &8
BAEE, KPIC 30 2REIESE LB, BEEMEZERWT 12,000 xg T 20
HEEOL LB EROBRWE, T0%IS ) — )L CHhis. BEKICERL RNA
Y ANE LI, |

(13) ATA (aurintricarboxylic acid)#kic & 3 RNA @255l

0.6 mi ® ATA MHEERERE LA 7 O0F 2 —TicE D, Kul ® 2-X
VAT NLE I —NEMATz. Z ORHEE R kAR TOR: U508 100
mg ZMZ. EBIFNTy 7 REANTHERLE, 3MEELIY TAZ 84 1l
BEMU CRBIEMEE, Kl 5 0MEE LS. BEEOEEHNT 1,800
xg T 5 FEROMEL. EBEHFLWIA 7 O0F 2 —TicB L. BikiEE
B AM E725 X5 ITHIEY FULARMA. 4°C THRIRS 5 —W#HE LT RNA
OHHETT o . HWOSMEREFNT 12,000 xg T 15 4D L 0H RNA
NREEE, ZORBREEROREKICEMIE, 3512 1/10 B0 3M K
FRUTAQHSDEMASE. 7=/ —)V/7 Qi) AR E - 7,
KEBEZHFLWIA 7 OF2—-TiIZBL, 25 BEROITLY J—VEMITITY )
—NVHBETo . BONERBEREKICERL RNAY > T &L,

ADHIR AT S ATBFF I —F cDNA DI O—=> 4
(@) RT (reverse transcription)-PCR

1% (w/v) NaCl ZHAEBHICEM L T4 BERBIER L3 h 7 < AEEN
B 5, GTC HKIZ X DARLL /= total RNA #85% & L C. Takara RNA PCR Kit
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(AMV) Ver.2.1 EE&E)ZHEH L. cDNA OEREBLN PCR HIFET> 72,
FISERMNSAZEOREAEZGZEZ D LITHE L 2215172 7=, Oligo dT-Adapter
Primer (Fv FEMZHWTHEREERBEZ{ToRE, A TI514<7— 5-
AGCCAGTTCGGGTGGTGCGGC-3* (P1) &7 >F I A TS5 — 55—
CCAGAACCATATGGCTGTCTTGAA-3’ (P2)TPCR Mg & 17o 7=,

(b) 3"-RACE (rapid amplification of cDNA ends) -

RT-PCRICXVD I O—2 T LI AIRAT SR T BFFI—+ cDNA D
HorEEENEZ2D DER, FREICEDAXATSTIT4 v — 5-
ACGTACGAGGAGATGCTGAAGCAT-3’ (P6)Z{ERR L 7=, 3-RACE I35
HTEREN/” cDNA 288+ LT, P6 751 <—& M13 primer M4 (v

MEM) ZHEWTPCR#EZ{To .

(©) 5°~-RACE (rapid amplification of cDNA ends)#

RT-PCRICXD 70— F U AT AT BFFI—F cDNA D
HorEEEFNZDBEIC, FLAE KK YCBILSSA v — 5-
CCACACTGTCCGT-3* (P3) & ¥ > A ¥ 5 4 = — b5-
CCATACGCCTGGGGATACTGC-3* (P4) &7 > F v AT5A4<— 5-
CCGTCGTTGCGATGCTTCAGCAT-3 (PR Z{ER L=, BiEO I < X
total RNA 0 5 P3 7' 514 X — & W TS G 21TV cDNA 285k L 7214,
T4 RNA U H—EE@EE®EICLD 1 48] DNA ORRIEETV,. PA TS5 —
EP5 7514 —ZEHWT PCREEZT- 7,

1532 BY-2 @70V >Fk Ro#+—¥(NtProDH) ¢cDNA O O—=
V4

100 mM Pro 2L EH#Ic 1 ARERLZS N BY-2 OH VAR S,
GTC iz &k D#%LL /= total RNA #£5% &- LT, Takara RNA PCR Kit (AMV)
Ver.2.1 (£WEEMHMAL. cDNA OERBLUPCR BIgEFok, 2R
54— 5~TTA CAC CAC CGA GGT TIT AGT-3': 7 > FE AT 517
— 5~TCA TGA AGT TGC CAC TTT-3"C PCR g %17 /=,

(6e)BEE# & /N2 BY-2 #ifgo
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(@) RNAi i/ 5 A3 ROBE

RNAi R ¥ —ZEBRRZOPNEREEEN SFEEL T2z pGWHPR
ZEALZ. 20 pGWHPR X attPl, attP2 BAISEAATNTSBD, BP
O —Fizk?V attBl, attB2ZEAEHAEE BT EMNTES, NtProDH 7 0
— > EHRIC LT attBl., attB2 ESIZE AN L7 429-bp (NtProDH-B1. Fig.
5-2)& 376-bp (NtProDH-B2. Fig. 5-2) cDNA iiH% PCRick DB L 7=,
Bl O#ETIE. T2 AT I —& L T5-GGGGACAAGTTIG TAC AAA
AAA GCA GGC TCC TCC GAT CAT TTG TCC-3'%., 7>FEAT514<
—& LT 5-GGG GAC CAC TTT GTA CAA GAA AGC TGG GTC CAC CCC
ATA ATC AAG C-3’ZHWiz, B2 DMiETIE, > AT/S5A4v—&LT5-
G GGG ACA AGT TTG TAC AAA AAA GCA GGC TGC TGA GAT GGG AAC
ACA-3%, 7>F AT 514 <v—& LT 5-GGG GAC CACTTT GTA CAA
GAA AGC TGG GTC CAT TTT CTC TGC AGC C-3’ & fi\» /=, NtProDH-B1.
-B2 PCR HiEli &2 hEh. BP 7O0F—F¥RIEZ{TW RNA] Ry ¥y —
PGWHPR-attPl-attP2 ~fAH % 7=,

O)T7TanzFUIANDEA

BELEBEEHRA IS AIR 100100 ng 27 7 ON7F YT A
(Agrobacterium tumefaciens) EHA101 ®2 > ¥5 > Mg 50 pl otV 2
FPORL—a EREKDBALL, BB, V7 bOoRb—Ya 2k T
Lo raoRb—3a HFaXy FME.Coli Pulser Cubette/N1HF » 5w K)
ZfEA L. Gene Pulser I (N4« 5y R)ERWT, 8E25kV,. EXEE
25 uF, 7OV A 200Q DG TiHo /2. A LT 70N 51U I A SOC
Rz 1 mimA, 28°C TLEMA > Fax—FL2E. 81y 25EpEE
LT30mg/1oruS A7 =), 50mg/l ON1 7034132, 50mg/1
DHFIA %S YEB BREHICERAL T, 28°C T2 HEERLE, &
5Nza0=—2HEPEELTI0 meg/lO705A7 =0, 50 me/l
DN T ORA >, 50meg/l DAF A > 2E88 YEB RS HICHEE L.
28°C TREIEARS—BEELE. BRBOY /ONZ FYYARFND
REMEABRIETSETR0% /) O—VEMAT-80°C THELE,

©F NagEMRAN\OBH
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BRERATSAI REEA LT Z7ONIFU T AR, FIEHELEL
T30mg/lDrZ a5 A7 x=3—)b, 50mg/lDONA <12, 50 mg/l
DAFIAT 2 E2FTD YEB A TIREEE L2, BEEE 3 HAOIN
0 BY-2 B #ME 4 ml 2EES v— VICEY, 77ONT 5V AEEEE 100
pl ZMATHMEMI ¥/, 28°C T 48 BlEHE L CHEERZ2FTOIZ &0k
D, INFEEHBEAOBEETo . BB, ZOHRMER. ZJU—-RDFH
TEEWICTT> 2,

(DBEERMBO%YE - Bk

HEFERUMBIC, INDERFOFEREH(S /Na BY-2 #&E##)# 10
ml ZMATEK<SBEHIELE. BHED 15 ml FRLEICWY. H5EENMES
AWT, 800 rpm T1 4, BREAHTTELL THEZIERI B2, WA
HEREL., X5 ICHERKRARIER 10 ml 22 T <RE L T is
L7z, ZOFREESEZ 5 BREVRLTTZVuny Ty I AZREIRBREL .
BRICHIIEZ# 10 ml OFEREHICBRE I 2. K 2~3 ml OfRER
%z, FiEPEEED BY-2 BREBEHIES. Zo%%E 28°C, Kifick
BELTERLE, 20 BY-2 BREMI., IEREELTTZZanszsugn
FERAIC 500 mg/l BT 574 5>, BEXOBEERAEREY—I—H® 200
mg/l DAFIAT L EFATND, BEN 2 BEBICHI <1 2 UithEs
FHREAAENREEERE&O IO — 28k, Tho0a 0 —2RE
LR s CRERYD .. H LW BY-2 BiRBERESIICE HZ TR R T

-7,

AN/ —¥> 7oy MEd
(@) RNA 7 Ho— A EKIKE

GTC HEE2. ATA R KX DHIH U7 total RNA OREZRIEL 2%, #&
OB EBRBICRD XS KHAEL /=, Epul O RNA £HAK S total RNA 2B
ML, 65°CTHAFMBLERESIE, BEBICKPHEFBELE. 25 DEH RNA
. EXRBHABREEMIELE, RNA A7V HO—-X 7PN CkELE,
B, BRXBEERIX 1 x MOPS Tfio /. WEBO T HO—AFNELFD
TALAT7OX1 RETHTBRELER. REOREKT 2 Bl LIRBL 228
S5HF L. EHRROFIVIE, UV BRTTEERELE,

19



(b) RNA D=

RNA #kEE D 7 H O— 25 )L 20 x SSC #WEE LEF v ETY—T0y
FA4TIZED, FA4O2 ATV Hybond N (PRI vy AN YA T
AN 6 B DI TERE Lz, BEBOAS TR, UVANIZ—F—
ZRAWTRETN TN 3 M UV BH LT RNA QA TL oAOBEELET
27,

@FTVNATYUFLE—Ta>

TINATUFTAE—a P BRICA TV 28U, RYLFLIRICA
Nz, HERBOTVNATUI A - a BEEEMA, RULF L R%%E
KBALBNXS I —)V L, 42°CTC1REIEL EA > Fax—bLi,

@7o—J o

 VHIRADY TR I FFF—F mRNA OBRHICIE Ser*~Trp?2 Icdi% 4
%5 cDNABHZ270—7& L THWE, X320 ProDHmMRNA OBHICIE 5
K 5 251bp 4 5 575 bp £ TO cDNA K% PCRIc & D BB L THWE.
20 ng @7 O0—7% rediprime™I (P v ANAF YL L AZHWT. [a
- -¥2P]dCTP (37MBa/ml. ICN)TERHL. Yu—J& Lz, B#ERENOTD
rI—-NIZHE- T .

@ONA TN FAVP—a B OE

TVNATUFA - a b &fTolkF 10 ATV %, LW 20 ml
DTVNA TV~ a D BRREERTO—T DAY yX—BEICE
L. 42°C T 16 Il > FaX—h Uk, Y IN—BRICACT L 2%
BLA S FanR—hT5Z ETH 2, 2XSSC-0.1%SDS ¥k % i\ T 42°C.
15 S EO%EE 3 H. 0.2XSSC-0.1%SDS ¥k AT 65°C. 15 HRIDH%:
¥% 1 H. 0.1XSSC-0.1%SDS ¥#eEHWWT 65°C. 15 A0S Z 1  Hffo
.

OB
B llier M Ou ATV 2R, BROLICEZS y Teh 5878 X &
T4 IvhBEREEAEY MCAR, -80°C ICTH— IS PFT 571 — %>



Zo BULKHE ATV EBELA AT T V—b (ELBE T IV A
R KBEBALEE, NMFAA-J2TT7FS54Y— (ELBEIIA
Bt TRITL .,

CEN Ly & Dy i u V5 72/ 4

(@) SDS-RU 77 Y N7 I R INELKIKE

AMERICY >N EEEEKREMAZ. XBERMLEE. BBEBRPT5 4
FAEBLEE. 12%77UINTF I RV CKE., SELE.

)& NI E OIS

WKERDTY ZUNT I RFPNHOH )78 % PVDF BE@RY A XY — N2
EIRSATOVT 4 I 7EBERWTRE Lz, BEIE. BEOERCM X 2
mA OEBHET 1 KiElfTo/z. BEROBEEZTOvF O VBEEICEL, ¥o<
DRESVTIOHULTOYF T LI,

@FikRIE - B

TuyF o THOEE 1%DFHIRF ¥ 7 S5A I FFF—FHEESDBRET
37C. 1 BRI E ¥k, KiSs. Tween-TBS THL BB #2255 4
e L. ZOWRHEAE 3 ERDELE, %ESE. 1/10,000 BOHYY
F 18G4 F 2 5 —PHEICN) 2 S TEIK T 37T, 1 BRI S -8,
B Tween-TBS XA EBEET 7. ¥ NI EOKIEIL. DAB &1
B TRIEL .,

ANIHAIIADZIAET 4 v 7 A MV A

VAHATIAPEEETY FL. NaCl. KCL CaCl,, ¥>=b—Jb, Yok
O—AXRRT T I VBEKREANZY Y —LIZ 28T, BHLT 1~4 HE
BRIz, YAIRAINADAAETA I AP VR, 1.0 g OANZE
100 ml @ 250 mM NaCl. 250 mM KCl. 250 mM CaCl,. 250 mM <> = b
—IVETZi 250 mM Yy A O—REERML 20 7 AR R kg
BL. 28CHTC 2~6 HRERBIERL -,

QO)Z NIEMEADT AV E BB X UETRAED M
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BEXEHT 34 BET CTRINIWEYEEZ, TRAIANEBE-IT20OHEK
BB AS I 7 O0F a—T B L=, 24 BiliERg, 7AW ECRS
2Z2HEL~.

CDINIADEADEX ML AL

HREMT 3~4 BRECTRINIWEDEE, TAANEBERE L-H5
O R7-14-50 FIOBERAS A 7 OF a— T~ B L7, 24 BeRissRs,
EEENSAY N LU—TTF4 RV ELE, U—TFA AT AANE B
EFERL-H57 b /7-1,4-57 b2 & 600 mM NaCl ke A= v— LI
BN, 25CT3 HE. BXETTEELEEI DO NVEEHELE,

(22032 ~D UV A b L 28
@FNIDEAD UV A+ A48

HXKFEHT 34 BEEFCREINIOHEBEE Y A3V E VBB T 24 B
WML, BEZYODE-E, FTAOANEVBERICERZENMRT 24 BE UV
B Z2fTo7. B L UV OMEN 400 W/em? (GL15/Toshiba), 253.7 nm
(UV-O)DETH 2. NI 7592 FONXER 17 pmolm™%s™ (FL20SS-
W/18/Toshiba) TH o 7z, BEHE 5> 7 & OREBEL 45 cm TH - 7= FREHE,
ZTHNENFH L WRIKICB L. 2481 > FaR—bLEE, ZJoo74 ) VER
HEL 7=,

OGYZ NIEYHEAND UV A~ ANE

KR T 3~4 B@RE CRYNIEDEE. TAINEBRENRAS T
A7 0Fa—T B Lk, 24 Bll1 > FaR— M. BEOLHETFTT UV 2
WAL, S5 24 B > FaxX—b LR LOEEHFZEOL/GROYF)
XA, 2 BRBROEERERB L., SFRE. BRI -2EWED
SEOEFELTWAENOBRSTER L, EFELTWAENEKIL, 2 HE%
RFELWERHEL TEOBREEONEILTHR LE. —F., BAEE
YR 2 AR THE L WEIIHZEEE T, TogEhTLE- A,

@7 RAINEBEOHRE
R TR LUEZEBI 2 FBV/WO 6%X5 Y P BW/VEMX.
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10,000 xg. 4°C. 10 HFE=EL L. HohkEEE27 RN ECBESBORIE
AL, TAONECBREI RQ-Flex—Plus MERCK)IZX - THIEL
o TAIANECEBRABEICASO LEERE IR, SHINBOFEICRE
o, BB, BONLENSHPOFREEMEL, FHEREHHZDOT X2
WECEBEREZEMLE,

@Hr7on7 4 VEEDOHE

Y2 TNEHUSEHNWTHREERPTTHRL., Y271 0.02giIcd LTl ml
@ DMF (N,N-dimethylformamide)Z iz Tg#L 7%, 4°C. 1,500 xg. 10
SEEOUEF 100 2H LWFa—T1IZB L. 900 ul ® DMF 2 X CE#.
4°C.6,000x g.5 2 FEELD Lz, EIED 647 nm OB EA)B L R 664.5 nm
DEFEE (Ages ) 2 BIE L T2,
Broa74 VB TORTRD~,
Bron7 .. VEmg/D =17.90 Ay, + 8.08 Ags

(CHERIEE OHIE

BRAEEOHEL FANNEY—IBEIOCITILTEREORIEIC
EDERTHBREUET D ILICEDRDRZ, 0.1g DHEEE 0.2ml D 0.1%
w/v MU ZoDoEERTHRED A XL, 0.8 ml @ 0.5% (w/V)FF/NIVE
V—VBEED 20% w/V) MU Z7unkg2inzi. RS2z 95°C T 30 &2
RiE g%, KETHAL &z, HHEOHET 10,000 xg T 10 &=L Lz,
EEzHLWIA 7 O0F a—TAB L. 532 nm ORRENA) FHE L, B
BLIEERIIERBEOTINEARK 15 mM'em ' X O BE L RD 7=,

(26)PHERERB T
@) 100%E=TF N7 N a— I OHE

E=TJFIN TN a—)Vit. Molecular sieve 0.4 nM (MERCK)TlBiKL 7=,
Molecular sieve it & < Hii¥. B U728 200°C. 120 fHEIERIEZH D%,
YA 11 iox LT 150g inZz 1 WD L U TIERIL =,

)RR - HE - /85771 a#
INIDOFEF 5 HHOEDEZ A F A HKERIE 10 mM L-H57 /-



1,4-57 b2, 10 mM YA EZBRZEVKBRICROBBESLSIKL
T 24 B > F a~—F Ui, ke —EET O 42k T,
Ja—hOBREI I —THUOmW-o =, > a— M 5% (w/V)REESREKIC
BEL. BT FT. 4°C. 5 BB >Fa_—k Uk, ZO%BMISE SEEE(70%
IH ) =) BT EZTITHEL. ESTFATNA-NI Y-
THAL,

B=TJFNTNaA-N T8 ) K

@ 10 : 40 : 50
® 20 : 50 : 30
® 35 : 50 : 15
@ 55 : 45 : 0
® 75 : 25 : 0
® 100 : 0 :0

FRENOBEKIZEAR L. 100%E=7FIL 73— OX 36 BEEE LT
THALE. E=TFNTNIA—NI I —XBET LD, HEEE=TF)
TWIA—-WZANEZEEZTENEOE IR LML, 60°C, EEENT1 AT
>FaR—bLlE, PIA—VEEBOBERED 60CTA >Far— T3
TEREDENLTBOWENS T4 2 ERML TEEH%. 60°C TEABA
SFan— Lk, ERENTEEZRD. 2~3 ABZILI—LEeEELE. E
CETNA=NT T TROTNT T4 Y EENL. BBENS T4 788
HIICH Lk, 522RNAT T4 VBEE- R LR LS. BEInif
Saamms S| HLE,

©A514 ROES

HMBDASINT T4 270y 7 2AMINHBTEDVETHIY L. 8
pm OYRIZYD, Haupt E8KAQ%ESF . 2% 77—, 15%5 Uy
NeHBORRATA RYFACEHE, TOEMSAEES L, BEEGOC)
THRIEZ. THICHBRIRRE, K3 2RWTEHRHER LT 12 B,
LRI,

DRE - HA - B2
AS5ARISAE 1% W/VH 750 KEHKO.1% 75>, 95%



alcohol) T 10 #EIFEAL. Pk THo ot REAKT 1 2HRELZ. KOV
TARBESERD, 0.5% (W/V)7 7 A N — > ¥H(0.5% fast green, 95%
alcohol) T 10 7 EIHfA L. AR THEW., BEKT1 4EC EDEEL =, 37°C
TEESE, FIL UK 5 HEQC BBEEIEE. A51 REFUL MW
DEL. 577>+ Za—MERCRK)TH A L/, BIRIIC#E#HENikon
ECLIPSE E600; Nikomic Xk D fro 7=,

@n7uy EROME

0.5g D#FFHE 1 ml ® 3% (wW/V) Z)IVERY U FIIVBBKRP THFEDFT XL,
BHHZE LT 10,000 xg T10 @O LE, FLWIA /7 0F2—7120.2 ml
DLEEBXT0.2 ml OBE-E RY & 0.2 ml OFEKEEEZMZ. 100°C
T1RERIBEIEE, Kelk. KISBEKIZ0.4ml @ ML chiliL 7=,
MVIZ2ET S5 7EUT, 520 nm OBAEEQA,)Z2HELRE, £ BEE
X L-Pro ZEY OfERCHARLU THERL =, Pro OEEIIRBELIORD., &
SN ENSHEHERD VD ProGBEZEH L=,

@7oy o5 RoFr—PEERELOHE
@#I ra R TESOFK
oYU FEe ROFF—F@ProDIIEI Fa RUTFIINRIBETH B0,

&N BY-2 B#EfR,S I P2 RYTESOREZT R, T, 412
BHUZAS 2K EICEE, B2 AN, RFOEHEERICHLT 3 EED
& N EMEREKRQ0O MM U S EBAH U T ANY 77—, 400mM 38,
1 mM EDTAZEIAZ. ABZAVWTY-> D TDDORLE, H—V¥THEBRLE
8B, LWL 7 0F 2a—TIZ 1 ml T ORKICHTTED., BEELET 300
xg T10 M@ L L. &5 LiEZ 10,000 xg T 20 HEFEL Lz, Bo5h/z
Lz 0.1 ml 0¥ R EMEEEFRICERIYEbOZHI M RYY
E4r& LT, ProDH EHEOREICHER L7z,

b)7oy 5 RoFr—rEtolllE

ProDH {&t#id. TOEETH S Pro ORBEHTH D A-¥OY >-5-H )
RFEVL—bE O TIIRATNTE RBRISELTERT 5 A% % 443 nm
DOEKEALEHUETZZEILDRDZ, 75 mM USBHYUITANY Ty



—(@H7.4), 1.0 M L-Pro. 34 yM F+Z0Ac & 20 plOEI baRY7Y
E4 ST 600p OISy 7 7—% 37°C T 16 BEIRIS S B2, RISHIC,
0.5 ml ® 0.5% W/v) -7 X I RV X7 INFE R/5% (w/V) N Z ool s
MZEET 30 HEFEL /2. = LEOMET 10,000 xg TEOE, EEZHLWL
IAOAFa—TBLE, BETHS L-Pro ZANTICRBEEE-b02T
527 ELT. 443 nm ORKEA, ) EREL 7=, EREEOTIVEEBERIT
2,710 M'cm™ & U TEERIERE 2 RD 7=,

COEMBEO INADEAL > PTET— Mk BEME ,
FhFuea 7T — bEDATHBRNO T AT 5 —EEERICK D 458
SNEEME LR S, BHIREBTAT5—UEEHEZHRERVWOT. &HilB0s
R TED. BN 0.5 g OAII A% Pro. NaCl £ki2Y = F—)L%
RINU =Eiics L. 24 EiREEE Lz, #ilgZ 0.01% (w/v)FDA T
yefa L, SOEEMEE(WNikon ECLIPSE E600; Nikonic k58 &fTHo7, ¥
1,000 HoMfazBHE L. EEREEMHLZ,

B0 N EERE RO FREE

& N2 BY-2 S8R0 F#{Lid Nagata 5(1992)B& 0 Kato and Esaka
Q9NITFR ENTWBHKITR > TiTofe. Y. BB 6 HEOMIE 10
ml ZRBAREEFTH DT 74 T4 3Y (X)) 5 mg/l EEUHEER
100 ml X, 24 FEEERRERR U TR RERORBICER S 2.
HRMEET S AR THB U, e 11 2R0VTHE - BBZR
DRLTHIRZRERL. 774 T143Y 2 ERELE, TI4F 02U D8
RIZ X VRBEAROERIHER S N 2 HOFTHHEE 100 ml KELTH
EBIRBIEZEZTV. 1HEIEI 1 ml 9 OMlE2 MUz, BL =#iitide
ERLEERAWT, 70 xg T145H. ZRAN T CHMIZRELZR. MRE
EHW(LY J—) B = 3DEMATEEL 2. BE LM, A1
YREETHREEREL. XFEMSECABOPHOT ; Nikon)ic k2882 L
7zo # 1,000 HoOMREZERL. HRARL TN IMBOFS EHRIFEK
(Mitotic Index; M.1)& U TR Uiz, 1FR®2D OFERFRIEROLB 2HE
RE UTHIRA RIEE &7/ L 7z,



38 BEAMNABICARETA VI AP VARKEVHNIRADFFT
—PRETFORBEBE

¥

Tl

FFF—Flt N-acetyl-D-glucosamine ORYI—THB3FF>DB-1,4
EAEMASET S, BHCBIEEFF—POMEREARCETSHO
NFEAETH B, EPRFTF O E2BRBRACEUHREEN SBRET S0,
FFF—F¥aEETSBell, 1981), EWIRERCBIET S L, FFF—ED
IR B, 2. FF. FIYOOFY T YNAERFAL I I1IIA
BEOHEYH I IVA, HWERIVEDIFL > Mauch and Staehelin, 1989)
YU FIVEE, ELEOE{LKE (Margis-Pinheiro et al., 1993)%. #i# (Hamel
and Bellemare, 1995)72 & QW HBIC L > THHFHINREZ 5. FFF—
PEERRIBE IS DAy 7EVIRKETESHENT 5 2 L03HE
ANTHED., FFI—EBRERBHCELEbo TSI &R/ NTVS
(Broglie et al., 1991, Suarez et al., 2001), E£7=. B{ERFCETFOBROEIC
FFF—FPORENFHEINSWNeale et al,, 1990)E VWS HED, TAFOF
FI—PHRIBRIERICES5T 5 Nod factor EFEENB U RAY THw 541

T B Z b HISNTH D (Goormachtig et al., 1998, Staechelin et al.,
1994), #EYOFF I —EITEEHUNOBEDHE L TNWBHEEXSNTY
3,

FFIF—FIRFO—KBEITI> T4EHICHE I N 5 (Collinge et al,
1993, Fig. 3-1), 75 A I FFF—Fid N KD S FF A RAAL >
B2 P RAL D EHEZNDREERS BHEME R A >0 3 DOBKTHRS
hTws, 752 1 FFF—FIIE S ICHIER%ED VOB ETE>T2D
DY T S ARHEENS, WEHEES VI IVOB5b0M la, EAbORIb
LxhTtnsd, ZSANFFFI—FRIFAIFFI—ED N KmflloFF >
BEERALEEDTRAA VHERELTWAEHMAME, V75X 1FFF—E L
BPTn3d, Z75A M FFF—FRIFATIFFI—EREISA O FFI—
FLEBENICRE->TED. DLANBEREDFF I —FIEENEHL T
W3, 752 IV FFF—FPREANICIRYZ SR 1 FFF—FPELEUEEZL
TWAREDT I JBEFD AN TREBRRGNS,

ZHETONIET, WEEI NI TATIAN SRRV 6 ﬁﬁ@& VAV



EAMBEING Z & SDS-RY 7/ UIVT I REIVEBLSKEMITIC L DB S
PIZENTHBYD, ThER SAPL, -2, -3, 4, -5. BLU-6 L4KHTBN
T\W5(Esaka et al.,, 1992), NEKBOT I JBEITIZED SAP3 IRV IR 1+
FIF—ETHB NN >TWBEsaka et al, 1994), ZhFET, 751
FFF—ERFRAETFL VI ANV AET TP BABAICE DEREI W
EVWSHERD BN, V5R 1 FFF—PREBIEFAEF w2 ARV A
KEOTHEBINEEVSHERIRN, TIT. YATIADSI SR 1 FF
F—ED cDNA ZHE L., PHI7TADERAB LI 7T AOERENRER Y
THBIUOAZETF 4 v 7 A FL A BREBEICOWTRIT L.



TG
W HIIADY 5 AT FFF—VF cDNA DB

1% (w/v) NaCl 2800 7 < AR AR T, 4 HREREBER LY
I AZEMEN 52 RNA 2l Uz, 1 >4 > E(Broglie et al., 1986).
% X1(Shinshi et al,, 1990)1 RF v (Arie et al., 2000007 I J BEF % 1
BL.,. BERREINTWAEREFAN. REFEROEEENZbD LI 2D
O PCR BRI 517 — Pl & P2 &5t Lk, SH < ARG, SRR
L 724 RNA &% & L T RT (reverse transcription)-PCR I8 217 7= 5518
#1570 5HE D cDNA Wi 2 /7>, 2O cDNA W23 7 7 a—= 7 L=,
DNA 3 — 7 L9 —RXDEEREFZMT LIz 25, DY SATFFF—
VEMAESEWIENS, V75R 1 FFF—FTHBI /UL, KiC
CORBEEANEDEITTAIIADI SR 1 FFF—VPickBRE 3>-RACE
(rapid amplification of ¢cDNA ends)B X 5-RACE i/ 51 v —%&s1L
e

BENT 514 —EHWT 3, 5-RACE &fF/2-o /-85, # 1,000 Hi L
400 $HHED cDNA Wi BB L, TNENEERAEIELE, SHIIAD
75 A1 FFF—F DL cDNA I 1,070 E T, 945 EHOA—F> ) —F
4277V —hL%HL, 315 7 VEREEI-RLTWE(Fig. 3-2), 7
N KFBICIX 156 7 I JBR SR EITFINRTF &> Twi=(Fig.3-2).
—RIZY TR 1 FFF—FIRBRCERTSESbhTnws, LML, 4EY
O—Z2 U5 A 1 FFF—URETFIMRIEHRES VIR0 i RH
Tholk. £ BoNEI SAIFFI—FRNEKROT I J BEFIH SAP3
(Esaka et al., 199 &I E > TW/EDT, SEZO0—=YXhi= cDNA
X SAP3 LR B SR IFFF—FPREFTHS EEL 5 h=(Fig. 3-3).
SHIRADY SR 1 FFF—EO7 I ) BEIL, 17 E0I5A 1 F
FF—+Broglie ef al., 1986)& Tt 70%. %32 (Shinshi et al.,, 1990)& T
1 58%. JIHRF v (Arie et al., 2000)& T 64%. - x(Huang et al., 1991) &
I 58%, ®F F(Ancillo et al, 1999)& T} 60%E. D7 S X1 FFF—
FeFEOI—2NEh o 2Fg. 3-49. £ NKEHICY 52 1FFF—Fic
HENR 8 DD ATA ERENFED bn/z(seli et al., 1993), —H. ¥/ 3
V27 PCRCY SAIFFF—EF ) ABGBFOIO—Z2 Y bfiolz, T0k
R BLODOISRATFFF—EELERRIZIAIIADT SR 1 FFF Vs
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TH1 > bOz2flizh - 7 (Fig. 3-2).

@D AIRADI FRAIFFF—CRETOEHGICBITBREH

HFEER 1 5y ADTV A AEYOEHBTOVWT/—F Ty Mihefr
W, YHIIADI SR 1 ¥FF—F mRNA BEFN, SHITADY S
A ITFFJ—¥ mRNA OBRIIZI Ser*~Trp? IZH%4 T3 ¢DNA iK% 70—
TELTHWE, LESST, D7 5 A 1FFF—¥ mRNA ENA TYF A
AUIAIEEtE S H D, VHIRADI SR 1 FFF—VFIIE., £, &, #iz
TNENREALTHD. EPEICBWTEENIZREL TWiEFg. 3-5A), X
KRETOFEFHICBITEFF I —F mRNA ORBRICODWTHRE, Bkigs
HEMSHBENEARL 10 HETRSERD., 12 HHEUBREARKCHEASLEZ
ENG, BTORFOBII SR I FFF—VEETVFEIND Z EI0RE
h/=(Fig. 3-5B),

@I HIITADT SAIFFFI—VDAAETF 4 v I AL AREH
SAIIADISA 1 FFF—EHREA M RACE> THHINSINEHR
B7c NaCl ME U524 1 » RO A7 ARG L E#h0 ) —F>
7Oy MEFTETY mRNA BEEFNE, 1 »yABETFIEET 7 < XY
EOEERWTHEA N A25X7, YOB->FEEZOEEI> FO—)LEL,
0% (w/v). 0.5% (w/v)E7=1% 1.0% (w/v)®D NaCl ik EWhiES v—Lics
NI XADERENPN, 1 >FaR—FLEEMS RNA BHHL. /J—¥>
Ty MElEfTo k. HARLAESEZRL O%¥BETFTIX 2 HE. 4 BHE
EBRRII TR 1 FFF—¥ mRNA OREBEFLEOKHL, EA LR
EEZ-EHBICBVTIE. 0.5%. 1.0%EEBRENREBEBRONISATF
FF—E mRNA O LD SWRERENA SN =(Fig. 3-6A). FiZ 1.0%EBETT
4 HHZZ S A 1 F55—¥ mRNA OFERENE k-, i BEOA
S TWRWEXEM T 20 HEERL AV AN AEERMEE 0%, 5%.
10.%F7=X 1.5%® NaCl #FEMUZ2 07 7 AREEICHEZ8E, BEE
ERRNAZMML. /—F 70y M 2T 2. SERMEICB VTS 0.5%.
1.0%. 1.5%EEBRENRELBDIONT FA 1 FFF3—F mRNA OFEEHEMN
#®<zo/z(Fig. 3-6B). 1.0% Tl 2 HEIZ. 1.5% T3 4 HHKED Y R 1
FF > —t mRNA OFRHENEM L 7=,
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Kz, NaCliz Xk 2 RHEEOMA NaCl IR HONEShEHFHI =,
S H I AEPEROEERANT, YUMo LEBOEEZIS FO—LELT,
250 mM KCl, 250 mM CaCl,. 250 mM <> = k—Jl. 250 mM 3 = 8ick
BANVAE 4B Ak, TOBE, BHGICBWTRE. V5R 1 $F5—
VIREZTTREL, IV bR a iR XA AETFA v I AR LA
Lo THRENFHEIND Z - =Fig. 3-7A), /=, T HIIRAA
JLARRZ, 250 mM KCl =, 250 mM CaCl,, 250 mM ¥ >= k—J. 250 mM
T aERML AR AL, 4 HREBEEETVA ML 2254,
EEMEICBNTS. BT TRLS, Yoo bRy alBilicd s+ AE
FLYIARLVAREDTHY TR 1 FFF—EORBLNFEIND 2 &0
o 7=(Fig. 3-7B).

SHIIATIVARINE 0%, 2%, 4%. 6%, 8%E/=iT 10%D > afizats
WHEEHAZ L, REREZTWL, XE2HEHBLXC4HBOI X 1 55
—+ mRNA ORBEMHT L. 6% 8%BLY 10%DE S a BBETY X
I $FF—t mRNA OFEERIIAML 7z, BEOBEEMICSEN TS 3
BEEQIITEY 2%B LU 4% s BBETIEZ 5 X 1 $FF—+ mRNA @
REWMEN - A, oz aleaEhn %04 TILER 2 HECS
WTZ 5 A1 FFI—¥ mRNA Mg < FHE X /= (Fig. 3-8A),

THIIABETEZRKE., 0%, 1%ERE 2% F—VEKTFTT
HEA > Fax—hLEEZS, 0% 1% b= FTTREEALEYS
A 1 FFJ—F mRNA ORERRDDShEhotl, 2% b= TT
X mRNA BRESZSCRMLAEZENS, BTORFHITHAAET L v IR
RLAREDZ S5 1 FFF-—F¥ mRNA ORBELSBEEIND Z &R She
(Fig. 3-8B),

ABA X, —RICHEDOLEEREVEA RV ABEICEE T3 RIVE E0WbRT
VW3 (Skriver and Mundy, 1990), ZNFETOWET, EBXUEFAET 4 v
ARV ARED BRI NSBETOZ<IE ABA KEoTHHEBINSE &
RIS TWw3(Vasil et al., 1995, Mundy and Chua, 1988). 2T, ¥4
IIADTFA 1 FFF—FH ABA KXo TRHRENFTEINAINES DR
¥ L7=(Fig. 3-7C). > HITADEZ 01 mM< 1 mM ® ABA TRUELTH
252 1%FF—V¥ mRNA B ZHEZED shizho k.,
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(DFHEYE S H 7 3 AERERC B2 5 R 1 FFF—EORHE

0.5%E7zix 1.0% NaCl BE T THIFL. THEMEERLTWE VI TR
DHNABBMAICBTEI TR 1 FFF—E0BEFREICDVWTHANE,
0%. 0.5%E7=id 1.0%® NaCl HEF DML A %M E Th-ThOBEDW
HREMICHEAME, 2, 4. 6 HHOV SR 1 ¥F)—F0O mRNA ORBEE2
J—=¥rTay MERT, 75 1 FFI—ES NRIERBOEREHIRTF
¥ 7 5 A1 FFF—VHitk(Arie et al, 2000)2f WY IAS > 70y ME
IC& DFRI=(Fig. 3-9) 0% D 0.5%BX K 1.0%NaCl EEFOHILAMILD
4% mRNA ORBEBEHEN - 2Fig. 3-9A). YILRAY T Oy MEH T2
EONY RS NS, Zhid, 9E70-22 7 LieFFF—Hicflk
TA VYA ABEET 5 EE XN, HTR 34,000 KRN TEN K
£S5 1FFF—VEBbNS, 752 1 FFF—EY O RIBROELD
mRNA OFEHRBOZ LB L T\z(Fig. 3-9B).
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£

SHIRADT FATFFF—VIL 315 73 /BBEEI— RLTSBD (Fig.
3-2). MOWHDY SR 1 FFF—FOT I J BEF ERFMELEH - 7= (Fig.
34, BEAEDY SR IFFF—PIEHIES VF LD 7 5 X TaTh B,
SATIADY FALFFF—EREIES VI 2HONESMEFRHTH Y.,
la THEH Ib THEPRINSED o2, A 2FCEOY TR 1 FFF—
& N RBEIRIC 10 7 I VB ORENS 545 (Broglie et al, 1986). ¥ H <
ADZ SR 1 FFF—FiLd 9 73 JBRORENRAS Ni=(Fig. 3-4), SEZ
@ cDNAWY O—= &Nk r 5 A 1FFF—FIid SAP3(Esaka et al., 1994)
&k N K7 I 7 BEANEEL > TWEOT(Fig. 3-3). SAP3 &iiEE3 Y
FSRAIFFF—VTHSZ ENRB I,

IATIADT SA1FFF—¥ mRNA i, BFOREE 10 HECELS
2D, Z0O%H. BPT3 LD SETORERITM S0 LRSS
BUGEMERDH B Z EANR S N=(Fig. 3-5B), /—H#> 70y MRk D,
AT XA DI L HRMBICBWTHEMN L NaCl #EREAILTISZA T
FFF—F¥ mRNA ORENFEIN, T30 77 ATEEEERRIC SN
THEEIC NaCl BEICHHILTY SR TFFF—F O mRNA &4 >3 Bt
RELTWeZ Lh 5(Figs. 3-6. 3-9). 7 FXIFFF—F D mRNA 5L
NaCl A bLRIBET B &Ex 50k, A512, KCI R, CaCl, v>=h—
e ZaBiRE->THI IR 1 FFF— mRNA OFRBEIEMG S RN
DEHICBWTHMLEZ 05 Fg. 3-7). 75X [ FFF—PlETIEZ
FLRREERET TR, FAEFAv I ANV ARDBET B2 08 —
- VX7 ny MK D RENE, X, VAV ABTFOREMHICD. 2%
RO b=IFTI IR 1 £FF—¥ mRNA BFNEECHMTZEMD
(Fig.3-8B). 75 A 1¥FF—VPRRFOBOFTAEF 4 v VA FLRIck S
THHFBINBE RTINS,

A BERE 0%, 2%, 4%. 6%. 8%EIiX 10%0HKEMIcBFEIhr<
ABZEHDO Y 5 A 1 FFF—¥ mRNA OREIL. 6% 08 aBBET
THE FHIN/Fig. 3-84). LH L., 2% 4%8ETIiX mRNA REEIT
Brofe, —F, YaBz2EERVEATIRNE 2 HEKZ SR 1 FF4—F
mMRNA ORWEEARD shk, Zhid. EEEEEEESEL Ths e
X, 3%DT aEREENTNS D, 2% 4% a ST T3 BTk
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BEMBEREBTAETA Y ZAMVARZTTI SR I FFF—-CHHE
ShlxhokeEzbhs, —h., 0% TN S a e WD XKoo iz,
FRAETFAVIDEBTICEBAMNRAEZ2ITIF5X 1 FFF—EFD mRNA D
RESFEINEbOLELSNS, |

Wi WAMVATHEINSIBETODEZLIE ABA THEEINBDE, —8
DEBETIX ABA REE3FHEEZTRW, T7abb,. ABA 24 LIV HIVE
ERKE, ABA ERIBVITFIEERENS S EEX 5N TWS, ABA
ko THREXNARETIR. NEO Em (Vasil et al, 1995)BETFRA R
@ rab Mundy and Chua, 1988)BEFRENDH D, —F. ABA &
THEINBETIRIE. YIE RS AD DREBEEZTFLiu et al., 1998)4
BB, X FAIFFF—ERIHIIADEL 0.1 mM, 1 mM d ABA T/
HELTHED mRNA BOBIRD Shiaho7=Z £ 5Fg. 3-70). i
REDBZIDEBETTE. THIRADI SR I FFF—PEETIE ABA Ik
ZHHIZ IRV EISRENE,

FTIERTIADEZ M ABCEREFEINABETRYI 707V
KO ENTWB(Seki et al,, 2002a), /=, KEDEA L ABICHEHX
NBEBEETFOII 707 V1T ThbITn3(Oztur et al., 2002), Zhd
DIA1 77 VABIICE> T, BAF VAR THFFF—F¥RB-1,3-%
AP —Eh CEAPHBICEDOIEETIEA VAR DERFREEINSDZ
EMRINTWS, —H. INADEA ML Rick > TH#E 3 h 5 EREBP/AP2
Ty IV—ORFERT Tsil BEEFRIFL DV FIIBIRL-THERX
5 (Park et al, 2001), Tsil BinTEBERBIEEINIRZ. WOHD
REEREOBRTORREFEL. TOMR. HX ML AW LRKEitt
2B, Tsil BEFH2DDOIVFIVERRRICEETSZEeRLE, &
DESIT, WA PV ARDKREREREKERET 20 0EAPFHZRIIZ OX b
—Z7LTWBEEZSNS,

FPET, YHIIADI SR I FFI—VPRETIEBLCTRAEF 1 v
DANVAREDRERFEINS L ERLE. ERIEZ L IR ZE
FA VI ANVARRIT D LK HBRSHEES, TIT. AR
REBBEDEFFI—VOFHEEFIERITOTHRVA EHENENhS, —
H AMVABOTTFIVAERIZZ S A 1 FF-—FHREEGL. itticlEsd
LBETORBEZHATIEELEETERN, YHIRADISX 1 FF
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FEORBETARET 4 v 7 R kL ABICBU 5 E BB 2 WIS 51
DI, EEBIFRIBETH S EEX N5,
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Class IV / /
Class Ia %
Class Ib R
Class 11
Class 111
@ Chitin binding domain Hinge domain
Main structure % ~ Vacuolar targeting signal
] Catalytic domain |

Fig. 3-1 Classification of plant chitinases based on their amino acid sequences.
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1 YGY GGA AGA AAT GGA GAA GAG GAG AGT GTT AYG GGT ATG CGY GI'T GAC GTT GTT GTY GI'T 60
1 H 6 M R V D V Vv V V 10

61 GGT GGA AGG AMG GGA GAG CAA PG GGA AGA CAG GCA GGG GGE GGA GFG TGC CCA GGG GGG 120
IIGGRKG‘EQCGRQAGGGVCPGGSD

121 C¥G TGT TGC AGC AAG TIC GGG 166 Y6C G6C TCA ACA GCT GAG TAC TGC GGG GAG GGA TGC 180
31 L € ¢ S X P 6 ¥ C 6 8 A E ¥ €C G B G C S0

181 CAAAGT CAA TGC TGS GGG CCC AAA CCC ACA CCG AGS GGT GAT CTT AGC AGC ATC ATA AGC 240
51 ¢ $s 0 ¢ W G P K P * P R 6 D L S s I I s 70

241 AGG AAC ACG TAC GAG GAG ATG CTG AAG CAT CGC AAC GAC GGA GCC TGC CCA GCA AGA GGC 360
71 B E ¥ Y E E ¥ L X H R N D G A C P a2 R G 9

301 TT2 PCC ACG TAC GAT GCA TIC CTA GCA GCG GCA AGG GCA PPC CCC AGC 2T GGA AAC ACG 360
8t ¥ s ¥ Y D A F L A A A R A F P S F G N T 110

361 GGA GAC ACT GCC ACT CGC ARA AGG GAG GTT GCA GCA TTC TPGC GGG CAA ACC PCT CAC GAA 420
111 6 P T A T R X R BE V A A P L G Q T S H E 130

421 ACA ACC GEY GGA TGG GGA ACC GG CCG GAL GGA CCA TAC GCC TGG GGA TAC TGC TTT CTY 480
131 T * G G W G.T A P D G P Y A W G ¥ C F L 150

481 AGG GAA CGA AAC CCA ACA AGT ARC TAC TGC TCA CCC ARC GCC CAA T2C CCA TGT GCT TCC 540
151 R E R N P * S ®%# ¥ € S P N & Q@ F P C A S 170

541 GGC AGG CAA PAC TAC GGT CGG GG CCC ATC CAA ATC TCA TGG AAC YAC AAC TAC GGA CAG 600
177 6 R ¢ ¥ ¥ 6 R 6 P I Q I 8 W N Y H ¥ 6 Q 190

601 TGT GGA AGA GCA ATC AGC GTG GAC CTG CPC ARC ARC CCA GAC CTG GTT GCC ACA GAC GCT 660
91 ¢ 6 R A I S VvV P L L § N P D L V A T D A 210

661 ATC ATC TCC TTC AAG TCC GCC TTA TGG TTC T66 ATG ALT CCA CAS TCT CCC AAG CCT 7CC 720
211 I ¥ S F K S A 1L W P W M T P 0 8 P X P S 230

721 YGC CAL GAC GYC ATC ACC GGA CGA ¥6GG ALC CCC TCC TCT GCA GAT CAS GCC GCC GGC CGC 780
231 ¢ BE D ¥V I ®* G R W T P S S A D Q A A G R 250

781 CTT CCC GGC TAC GGC ACA CTT ACC AAC ATC ATC ARC GGT GGC CTT GAA TGC GGL CGC GGT 840
251 L. P 6 ¥ 6 * L. T H I I R 6 6 L E € 6 R & 2710

841 CAGGAT TCC CGC GIC CAG GAC CGT ATC GGC TTC TAC AAG MGA TAC TGY GAC TPA CIC ICT 900
271 ¢ D 8 R V ¢ P R I 6 F Y X R ¥ € D L L S 290

901 GTTCCY TAT GGC AAC AAC CTC GAC TGT TIC TCT CAG AGG CCA TTY GGA AAT TCT CTY CTC 960
29t v P Y G F FE L P ¢C F S Q R P F G N S L &L 310

961 CTA CAT CCC TIC ATC TAA CAT CTC TIC ITT GCT TCC CTIC TTC CCT CIT CCC TCT 1CTTIC 1020
3L B P F I 315

1021 TTC CCA CTT CCA TCY TCC ATA TTA AAT ARA ATC TAA TCG TTA YCC TTC GTA AAA AAA ARA 1080

Fig. 3-2 Nucleotide sequence of the genomic DNA of class I chitinase from winged bean. The
amino acid sequence deduced from the nucleotide sequence of winged bean class I chitinase
¢DNA is shown under each codon. The arrowhead indicates the processing site for removal of
putative signal peptide sequence.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Class I chitinase

SAP3

Fig. 3-3 Comparison of the amino-terminal amino acid sequences of class I chitinase
and SAP3 from winged bean. Identical amino acids were shown in gray boxes.
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Fig. 3-5 Northern blot analysis of class I chitinase mRNA in various tissues of
winged bean. (A) Northern blot analysis of class I chitinase mRNA in roots, stems,
cotyledons and leaves of winged bean. (B) Northern blot analysis of class I chitinase
mRNA in winged bean seedlings germinated for 3, 5, 10 or 12 d after water
absorption.
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Fig. 3-6 Northern blot analysis of class I chitinase mRNA treated with NaCl in leaves or
suspension-cultured cells of winged bean. (A) RNA was extracted from leaves treated
with 0, 0.5 or 1.0% (w/v) NaCl for 0 (Control), 1, 2 or 4 d. (B) RNA was extracted from
cells suspension-cultured in culture medium containing 0, 0.5, 1.0 or 1.5% (w/v) NaCl
for 0 (Control), 2, 4 or 6 d.
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Fig. 3-7 Northern blot analysis of class I chitinase mRNA in leaves or suspension-cultured
cells of winged bean during osmotic stress. (A) RNA was extracted from leaves treated with
water (H,0), 250 mM NaCl, 250 mM KCl, CaCl,, 250 mM mannitol or 250 mM saccharose
for 0 (Control) or 4 d. (B) RNA was extracted from cells suspension-cultured in the culture
medium without (None), or with 250 mM NaCl, 250 mMKCl, CaCl,, 250 mM mannitol or
250 mM saccharose for 0 (Control) or 4 d. ‘
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A 0% 2% 4% 6% 8% 10%

242424242424 @

B 0% 1% 2%

Fig. 3-8 Northern blot analysis of class I chitinase mRNA of winged bean. (A) RNA was
extracted from cells suspension-cultured in the culture medium containing 0, 2, 4, 6, 8 or
10% (w/v) saccharose for 2 or 4 d. (B) RNA was extracted from the seedlings germinated
in the presence of 0, 1 or 2% (w/v) mannitol for 7 d. (C) RNA was extracted from leaves
treated with 0 (Control), 1 or 0.1 mM ABA for 1 d.
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e X T R

B 0% 0.5% 1.0%
0 2 4602460246 @
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Fig. 3-9 Analysis of class I chitinase gene in salt-adapted suspension-cultured cells of
winged bean. Northern blot analysis (A) and western blot analysis (B) of cell suspension-
culture of winged bean callus adapted to 0, 0.5 or 1.0% (w/v) NaCl for 0, 2, 4 or 6 d.



Ea4FE INIMEDEANDOT AN ECBOEMEEBIURLA L AES
#

%
i

Z<OEYE. B mM »5Et mM BED L-7 ANV EVBAsAEES
BRLTW3, AsA 381 MR I Ay RYUTPIEBET 3BEEICED D-Y
IWA—ADRSERENDD,. THRTSZ DI, RIVAFIT— A, ERik
iC b BEYT 5 (Smimoff et al, 2001). HADIRET, EWIIELELA L X
KESINTNS, AsA ELRBIEA N VARHEEBIEL TS 2 &4
AHonTnsg, Tiabb, AsA BHEBEAIE L TEHE. XERPBILNRE,
BLBRAFLABSELBTU—TF VNP, EEBREERETSCEICK
0. BILHSY A—Jh S il 2 33# 3 3 Foyer and Lelandais, 1993). iE#E
FED—DOTH5EBILAFIIEHIC, water-water Y1 Z ) ERTH B 7 R
DNVECBRNAF T —PREICED, KAEEEL XN 5(Asada, 1999),
T SERTIAORRERKE vicl BEFEHKRD 30% L7 AaNE CBENRR
<. FYV R UV-B. SO,k&BZM %79 (Conklin et al., 1996, 1997), L
MU, TOFY ST AsA OFMc X EET 5,

AsA RZFORBMT L FOoy Z2)VEVBOHA)OHBAANDOE®XIL. 7
O k>¥ 2 f— bR AsA-DHA 7 > FR— M ko TirbhiTna S BB N
TWwa(Horemans et al, 2000), Kollist 5(2001)i3 DHA & AsA 78, 75 E
RIVAQERBTTRTFA MRS Y O TSAMBEIND Z L HEL
z. Fhe, TIERTVAOER L-{C] AsA 2HINT &, HBIC AsA
LHUZE. RO ERENEEI NS SRAEICIERI NN &5
NIz o TWa(Franceschi and Tarlyn, 2002), 7 A2 ¥ EBB{LESR
AAONTASA Z2E /T ROTZAONE VEBALHMET IRETH 5. AUE
ETINETIHIEF Y AAO BETERTE L ZBEERSY N EZEMED
SRELLZTO LT TR MREEARODDIIAEL BRT S Z LAREA,
AAO HEYMOMIIEIZE - HROFHEICLALERTHLZL2REELTVWS
(Kato and Esaka, 2000). #% Tl3 AsA O& % DEKEEEIL L-galactono-
1,4-lactone dehydrogenase (GalLDH) Th 5. FFEE CHEEI NS /NO
GalLDH BET 27 > F v Akick DE U BEimi sy N s,
TADVE CBRIVTFERD 10% 5B L. MEOBROMEL YD, ME0
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HEBIEL 125 T LAGREN T 5 (Tabata et al., 2001),

HEBNE D AsA OBINMCE DEGEAD AsA SESBMT3Z &8, Foh
DR E WP THRE I TWa (Arrigoni et al., 1997). AsA Z&EN
L7z b= - oifkid, 300 mM @ NaCl © 6 BB LR ML AS S5
EPREEZRL. TS FE0BEESHMEH X h/=(Shalata and Neumann,
2001), x7=. EFORFEDEIC 2mM O AsA 2BENT2Z &2k D, 100 mM
O NaCl BHETTOT7 SE RS ADETFORFELREN. BEKRIZHL %S

ENEVWSHESHH S Borsani et al., 2001), FZT. LK TIL AsA OFE
CEDINABEA B L ARHEE BT 5T ENTESNERALE, 25
2, fOBEA L AELT UV AMVAREZERHL., F0ERfCOWTHME
L7z,



R
QO L-H57 71457 2 2BEET AINVE VEBLEL /=4 N2 OEdEk
B3 AsA S EDOEL

AsAlt. D-Za—ZAmS GDP-D-X > J—A, GDP-L-H5% h—X, L-
HS7 b=, L-H507 8 7-1,4-57 b (GalL)&#E T AsA NEBRENDB
EEZ5NTWSWheeler et al., 1998). 4 FE®D AsA DHiEE, D-Z7 )V
— 2, D> J)—A, L-H5 7 b—A, GalL ¥ N2 OEHEIZHEML . AsA
DRBEDRIMTS 21— h ) AsA SEIWIT 30 2R Li=(Fig. 4-1). 10
mM @ D-Z )2 —AR D-7 >/ —ADRIMTIL. AsA SBICEELZ{LIZR
shishol. LML, 10 mM @ L-H5 27 b—ZX® Gall OFEINTIE. AsA
BEIN 2 FIcEALE.

Vincent and Nathan (Vincent and Nathan, 2002)i3, 7SERTI A&7
W7 777 OEZE 10mM £7213 20 mM @ Gall. TUEET 3 &, 7T~8 £% AsA
EEMBMALEEBELTNWS, FI T FHE 34 BEOIYNIDOEYHKkE
0 (@~ bho—jb). 1. 10, 50 mM @ GalL IFHKE/=id AsA SR TUEL T
AsA SREREERE L, RIEKT 24 HRELEE, AsA SBZHELZE
ZA, A2 hO—)LiclER Gall. AsA DWTHhOUETSH AsA SEITHEML

=A%, H5IC Gall OB REAE B o 2(Fig. 4-2A), 50 mM @ Gall. DFEMT
AsA G813 18.7 ££.50 mM @ AsA OFEIT 14.2 £ KL 7=.3 HE O 10 mM
O GalL R, AsA OENTRIEMEICELERVA, 50 mM OEE T A &
HEYICERRSY A— U252 ENEN(Fig. 4-2B). ¥iT GalL o@FEmick
B A-PRREL. ETCOEWHENTz,

@ L-H57v7-1457 CBEOETRAANEBUE LY NIDEICB
JaEBLARAUV X U AEHE

AsA EEOHALEREOBEOBBRERITT 52012, yN0ENEE
GalL Fik k7213 AsA TSIk T 24 BERALBE L, 22 YD Mo 8, % 600 mM
@ NaCl Z2E&m L 7= GalL Ik 7213 AsA BIRICEMN T 25T, X TF(6,000
ux)T 3 AMEMEETY. ERECEENSART, EP UV 20X
A Lo THRINRTVWI/ OO T4 NEREREL U TEERE ML
(Fig. 4-3), 600 mM ® NaCl T L 7= AsA ZHRMLU TWOWRBWETIE, &
MEOEEHBELTI/OOT £ VERN 61.8%MD L. AsA EEMLT 600
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mM NaCl ¥ CULE L /=32 Tld. AsA #2E£ 0.8 mM T 37.1%. 3mM T 15.7%.
10 mM T54%EFNTNET L. /2. GalL 2HEmML=ZE T3, 0.8 mM
Tid 25.6%. 3 mM Tit 43.4%. 10 mM Tid 19.1%8 L7z, AsA OFEMIC
FOEAPLAREZ 7007 4 N EREERER I ENREIhE, —
F. GalL ZEMUCEAELAED/ 007 4 VEBOBD S Gall 28 %k
W NaCl B CUE LU ZEICERERr- 72, LML, BUEZL TWARW 10m
M® Gall 2HMLAZE0 /007 I EEIX. KOBZOBKTHUELZED
70074 INVEED 34.3%bEA L. Gall OoFmick., XMV RAZ2E
ZBRNEETH 70074 NERBEBDPTBHIENS. Gall FHEYEIzE-
THEEZETH I ENREBINS,

Kz, BOBELARLAELT UV EHifticDOWTHREN L=Fig. 4-4),
UV BHITHIRICOERIEA P L AZER. REDHARK. BE. 28, Kl
EICEEE 5% 5[Rozema et al., 1997, Jansen et al, 1998). ¥ NIfEkzE
ASA BRHET 24 BFLEE L, YD Mo 3% AsA BIRICENNXT 24 i UV
2T/, B, ThZNFil W ASABIRICEL., 24 B 28CHEXET
6,000 luxX)TA >FaX—r U, 7no7s I F22HE L kFig. 4-4).
a2 bO—)VOKICEPREZETIE, 7007 0 IV ERH66.4%8D LT, AsA
ZHEIUZZE T, 0.8 mM Tt 41.7%. 3 mM T3 43.0%. 10 mM Tl 15.3%
DEPERLIZZENS. AsA ORI UV BHICKSBIEA ML ADBHEIC
HAETHH I ENRINZ.

S ST 2T O 120 .UV Bﬁﬁfﬁwﬁl\aﬂﬁmﬂzﬁ$éﬁf\to
BC®BIZ, UV it 2R L AsA BEOBRIZDWTRE L7z, 0 mM, 0.8 mM,
3 mM HBXT 10 mM D AsA T 24 ReFILEEEE. 120 7 UV 2 Ui
AsA BRI L X Tz, 24 B AsA HEIETA ¥ o ~— Mg, ke 1%
ABHEL., IS5 2EMBERET . £ERI 2BRTHLUNWEREZEL .,
EFTHINESIHTHELE. UV KXHFOHMLWEED. 2 BRE£TY
HFLWERELT, 20BN TLEo, BIBERINIHEED UV it
KSR HHEERAUEER. AsA OFHEER 0.8 MM THo 20T 0
BEZZFOBOHBIMTHNVE, ASAOmM (A2 Fa—ERZIZ 0.8 mM B

LEZN2EHERNO. 75. 90. 105 £/2id 120 480 UV B 275 7=,
a2 hO—)VTREFRII UV BRICKVETL. 120 Tl 26% & &b EM
o 72(Fig. 4-5B), —#. 0.8 mM AsA LW F T, 105 4. BXK 120 40



BRED B%OEFRERLE,

0.8 mM AsA TUE L = NI HEMAD AsA E8IZ. UV BRREGZ 558
ZHE Lz, UV BEOIRE 75 2F T AsA SEBIIERICEMU 288, 20
28, B UFig. 4-6A), 3> FO—IVICHERASA B E-> T AsA SBIE
EFA U, FOER UV BN 120 5T AsA SN B O—id 1.2 f&E
HEODRELT BN

BIEWA RV ACEBF AR, BEOBBLLOHEICIVIAMTES
(Rao et al., 1997, Rao and Davis, 1999), UV BHRHEOFF /NI EF Uy Y
BERISMEDE(TBARS)ZHIET 2 Z LIk D ISEOERILEZH /= (Fig. 4-
6B). INJFEYE 0.8 mM AsA T 24 FFBILERZTT\, 105 44/ UV 2
L7z, AsA Bz EH L7z, 22 hO—)LVD TBARS Bl UV BHE 1~3
HETRBIC LA LS, AsA B T2 L,

@ L-A52 /71457 b BXOT AV EBUE L =4 N aEEIC
B3 AsA ORISR ES

O0mM (a2 FO—)NBXK. 10 mM @ GalL £7213 AsA BRIKTUE L 7= %
N DHEPHEIC BT 5 AsA ORBRBTEN: = MBS 3:(Chinoy, 1984)ic&k
VAN, F3FE 5 HEOINIOEWkZE 24 FE. ThTHoOBKTA > F
anN—hL7z#, >a—FE2YVWMD A5 1 REXSERL., EEMETE
2Lz, 10 mM @ GalL CTUEL b0k, KERASA DRy Mo b
—IIZHER K DL RN AR CERIN=(Fig. 4-7A). /. BH&ICH
WTHEZED Ry bt DRH- THRICBR I /= (Fig. 4-7B), 10 mM @ AsA
TUEL7=d D, HRIFEEKETEI > FO—ILEEERBED ASAD Ry
rEBENz(Fig. 4-7C). LU, EHEICHBVTIE 10 mM @ AsA Tl
BL7ZbDIEIZBOFRIC DR - 2 By BRI /= (Fig. 4-7TD),
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% 3

AsA BT U—FTHNRCBELAKRE. BIELMA N AL SHEMZHETSEE
BRIy I —ThHb. AsA OFEMIFZEOBRLZMWHEL. FEBRREICLS
JEXY ORI BADT A =TS k% F# T 5 (Shalata and Neumann,
2001), ARFFETHE. FN\DOEMEAD AsA OFEMIZXD. in vitro D&Y
FTTEICBWTHEAFLVAE UV A FLVARCKHT 2HHESESETS 2 &0 5
M Ih=(Figs. 4-3. 44), X512, in vivo FTH 0.8 mM AsA OFEMIC
o FNa® UV HESH LT3 Z &SRB I h-(Fig. 4-5). 0.8 mM AsA
OEPHETIZ. 120 7B UV BH LRG0 2 BRI BOEERILI3%TH - 72,
LA L. AsA ERINO D > FO—)L T 26% & EHFRIHERN > 72, L LI
5. UV BEEEO AsA Z2BENMLAINIOEMEEI FO—VED ASA &
BOEI/NIMNo(Fig. 4-6A). 105 57D UV UBMEZBDIEEBRILOIBES
% TBARS 131 HE» 5 3 HEICAB B A LEDIIHL., 22 bO—ILTHEHA
BUTHEI L /=(Fig. 4-6B). CNHDFERICKD . INTEMAED AsA FER
UV iittkic@ s 5% /- Ll S 5, Shalata and Neumann (Shalata and
Neumann, 200D 0.5 mM @ AsA OFEMICED b MEREZES L2
EWELTWS, £/, Borsani 5(2001)% 2 mM @ AsA ORHEADEIMIC
£, 100 mM NaCl ZEFTOT FE¥ R ADEFORFDEDBRORE
NEEBINEERELTVS, INITHEPHE T 0.8 mM © AsA JEET UV
A FLVATERB SN TNS, —F., Gall i AsA iICH~R, FNIEPEKICE
mLEEED AsA FSBDEREKRZD - 0 (Fig. 4-2A). FmicX D ESE
BENTHENDZENSEMRIC L DEETH D ZEBNREIN. £LEA
L ZEHED AsA & HEE L TS - 7= (Figs. 4-2B. 4-3),

& N3 OMEPED AsA SBIL. AsA OFTBKTH S L-H5 7 h—Z® GallL
DOBEIMTH 2 HFEYmL =Fg. 4. ULHrL. D-ZIa—ZX® D-7 /—
ADHEMTRELRRSNAER o/, D-FNA—AE DY/ —RAiEAsA £
B RO ORI iR & IR TR X 1 5 © T(Smirnoff, 2000): AsA
EBICHEBEEIRISRDOEHEHINS,

FNIAOHEHEE 10 mM O Gall. T 24 FEAET5 &, 3.1, 1I0mM O
AsA T 24 RIS 5 & 2.7 4% AsA BN L 72(Fig. 4-2A). £7/2.10 mM
® Gall. ® AsA THUBLEINIOEBEICBNT, SBO AsA BERRE
T35 Z ENMBERAKIC X R, S REN/z(Figs. 4-7B. 4-7D). Zhb



DR D, AsA ZEHICIRINT 2 LN DORN S AsA PRI NE|EAL
BEIND Z ENHREIC RS2, iz, Gall DM STEINEI N AsA ITE
Eh, AECEALBREIhEEELZONS, LML, EOMEIT Gall
5 AsA NEHINENRTHATH 5. |

Maddison 5(2001)i%, #FY 2 BEZMHD ST 4 v 212 50 mM @ Gall. 25
Mi3E AsA SEMN 2 STkl AV UENRBEKTEIEERLE, &
IR T. N2 Gall 2FEMUZER. HA L AEREIHEART, i
AT H L TEER U (Figs. 4-2B. 4-3), MEOREEIMET 2RI
DNTIBHE T WA, Maddison 5 OERIE Gall JAEH 1 HES 201
MU, AHFETHE 3 HEART 4 HE Gall LB Z2f7-oTH D, B OEN
DEEELEDOMD LAKRW, 550t X MR X DEIRENZ
FADEMCAF VICEBAFVARFRAETF A v I ARV AEZITBDT,
FI VAP VAEHA NV ADOTHEDA FVABRIBIZE X 55 A—JD&EN
EBHOhdB LRV, —h. FT4 v3atd 50 mM @ GalL DFEMNT AsA
EEN2MHBHRTEDICH L. NI OHEYHENTL 10 mM O Gall. OFEIT AsA
BN 3 EHATAFig. 420205, MRLE AsA SEBDEVMSE
R LUZAEEbBEETERN,

Yabuta 5Q002. F5I1 REESH 7 XN EBRNAFIF—E
BEF2RIRBEIVEBERRINIZHERICERTH 37 F0OBRER
BEAL., BENICA—NR—FFT REBESEDAFINAFOT KT
HEHHEP, WA T COEBA VAR T ARENEMLZEBELTNS,
FaTYDTAANEVBIF IV —VBETEEHRHEIBBEERRESIN
DV ENRD 380 FEOTAONEVEAF T —VEERZE LEERE. 2640
AsA SREBEUBN- N, TRITATD AsA L Ry RREHELL
T7RTTARAD AsA SENBAO L. BB O DHA @MU &
(Sanmartin et al., 2003), ZOBEERINDIE, TV BESUENBTEKRKLD
Bl EDD, TRISAMDASADL Ry 7 AN Uitttz 59 5
ZEMNFEBEINE, BETE. TSERTVADEKASAGEI 2 —F > b vicl
KBWTYA 707 LA Biick DEX OBETORRIFE RS iz (Pastori
et al, 2003), vicl CHEKBHERT. FB-FNhi—E>FFr—E
BREDHEHEICH T BHICHET 3 BETHRFERICHEREWER 2R L,
- vicl T3 ABA ENFEHKRED 60%m <7D, EORE, MiBECHREN
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BEAD LIl EBREN/z, ABA b:tz L DEKRPHCEET SEETEHRET
5, INEDEM S, AsA SENERIECRECES T3 8ETFORES
FET B Z RIS T2,

AsA DEB R DNTILR PRI B> TES T, AsA SREMNE R
B DL BIEMTBOITWS, D-S5 7V Bhs L-HS7 b
BAZKRT IR DS 7Yn BV VY —VRETERERBEIERT
TERTADOBEEGRED AsA SEIT 2~3 FclEMLEE WS HBEDHS
(Agius et al, 2003), ¥/, FEROTFRAANEBLF 75 —VPEBETFEE
FREI VAN ENTTO T OBEEREKI. 24 BT AaNEEE
BRERU.ASA U Ry 7 ART v VSEEIZEEM U 7~ (Chen et al., 2003),
LL. PT9ERTVAD L-H55 b—A% GalL "\B{ET5 L-H5% b—
AT Ra¥yFr—EBETFEEEREX TlERRSI NI TR, -5+
—AFe ROFF—FEHEETHEMLEZDDOD AsA SEBRELLER S
(Gatzek et al., 2002), ABFRZTHERINAZFNID GalLDH ZBERH X
BRREERI NOEEMRI AsA SENHERD 1.5~2.0 £5<. Eite
RORBEEZOZIRIINTO— MIREERLZ. AsA OERRKRITEREE
LTS aEENE <. AsA SEZHEMITZICH 1 DOBEETETTRLE
BOBLTERETILENRD BN, AsA EEBEVOMERNT. 2%
MAE<. EENELS TRIEMNA NV ARED S 2D OEHICORRS &&
AN, SBROPIRORENEENS,
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Fig. 4-1 Effect of applying AsA precursors on the AsA content of tobacco seedlings.
Four-week-old tobacco seedlings were transferred to test tubes containing 10 mM D-
glucose, D-mannose, L-galactose or GalL (AsA precursor) solution for 24 h, and the AsA
content in the crude extract was measured. Mean value +SE (n=15) from three

independent experiments.
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Fig. 4-2 Effect of treatment with GalL or AsA on AsA content of tobacco seedlings. Four-
week-old tobacco seedlings grown in agar medium were transferred to test tubes containing
1.5ml ofa 1, 10 or 50 mM GalL or AsA solution at 28°C under continuous illumination of
6,000 lux. (A) AsA content of the seedlings after a 24 h treatment. (B) Photographed at 3 d
after the start of culture.
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Fig. 4-3 Effect of GalL or AsA treatment on chlorophyll contents in tobacco leaves. The
tobacco seedlings were transferred to test tubes containing 1.5 ml of 2 0.8, 3 or 10 mM
Gall or AsA soluation for 24 h, and cut the leaves. The detached leaves were floated in the
treatment solution with or without 600 mM NaCl for 72 h at 28°C under continuous
illumination at 6,000 hux, and chlorophyll contents were measured. Mean value+ SE
(n=15) from three independent experiments.
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Fig. 44 Effect of AsA treatment on chlorophyll contents in tobacco leaves. The
tobacco seedlings were transferred to test tubes containing 1.5 ml of a 0.8, 3 or 10 mM
AsA solution for 24 h, and cut the leaves. The detached leaves were floated in the
treatment solution, and exposed to UV light for 0 < UV) or 24 h (+ UV). The leaves
were transferred to new solution for 24 h at 28 °C under continnous illumination at
6,000 lux, and chlorophyll contents were measured. Mean value + SE (n=15) from

three independent experiments.
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Fig. 4-5 Effect of AsA on the survival rate of tobacco seedlings exposed to UV light. Three-
to 4-week-old seedlings were transferred to 0.8 mM AsA or water (control) for 24 h, and
then were exposed to UV light for 0, 75, 90, 105 or 120 min. One day afier, they were
transplanted to soil, and grown at 28 °C under continuous illumination at 6,000 lux. (A)
Photographed at 2 weeks after UV irradiation. The survival rate, which was defined as
number of survival plants to total plants examined, was determined at 2 weeks after
transplantation. Mean value + SE (n=15) from three independent experiments.

(B) Survival rate at 2 weeks after exposure to UV light.
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Fig. 4-6 Effect of UV imadiation on AsA content and time course changes in TBARS
content after UV treatment in seedlings. The seedlings were cultured in 0.8 mM AsA solution
or water (control) for 24 h before and after exposure to UV light. (A) AsA content of the
seedlings after exposure to UV light for 0, 75, 105 or 120 min. Mean value + SE (n=15)
from three independent experiments. (B)TBARS content was determined at 0, 1 or 3 d after
exposure to UV light for 105 min. TBARS increase was defined as increase ratio (%) to
TBARS without exposure to UV light. Mean value * SE (n=15) from three independent
experiments.
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Fig. 4-7 Histochemical localization of AsA in 5-day-old seedlings cultured in 10 mM
GalL or AsA solution for 24 h. Localization of AsA in apical meristem and in the leaf
of the seedling cultured in GalL solution (A, B), AsA solution (C, D) and water (E, F).
The arrows show the silver granules formed by AsA-dependent reduction of Ag ions.
Scale bars, 10 pm.
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¥ 5E RNAi (k&b 70U Tk ROFF—VVBETFEZREMEH L RS
HEBAINIDOEREFOHE

#

)

%< DWW, BHEVER. ERA N ABREOBEIA ML AKES XN
7O Pro)R ) R, R b= BREDEEKE SRIFN3
MEEREREL., FONIBPEREOBHTERETBEEZDNTVS
(Delauney and Verma, 1993). Pro iIflflg& 2Lelbd s, 7U—35Th
WEEREKT B Z &0 5 1 T3 (Smirnoff and Cumbes, 1989).

Pro 3. ZWZIVENSA-EDY 2 -5-HILERVEBEC)ERTAREN
%(Fig. 5-1). GHR T P5C SREFR(PSCOVEERERTH B Z & E 5
TWwa(Kishor et al., 1995), ProMS TNV I VBAORBRIZI Fa > RY
7 Tfrhbh T\ 5 (Boggess and Koeppe, 1978, Huang and Cavalieri, 1979,
Elthon and Stewart, 1981). ZORKIL 2 DOBERICK > THEE NS, *
9. Pro ¥t Ro¥ I —F ProDDPBRCoicmEl., Xkic, P5C Skt RO
Fr—VBicko I3, |

ProDH ¢cDNA X7 SERT I AN S U THE X 7= (AtProDH:
Kiyosue et al., 1996, Peng et al., 1996, Verbruggen et al., 1996), AtProDH
BETORBIILEZ b L ABRICHIH S NS4 Pro ORMYERA L A5
D EEEHZFHFE X N5 (Kiyosue ef al., 1996, Nakashima et al., 1998). Nanjo
51999, AtProDH OF7 > F 2 ABETFETIERTVACHEAL, =
DEREMADIERCIVERA NV ANE OEERIZBWTHE Pro SBE%
MRIT D ENTZERERRWEY (anti-ProDH) B L=, Z® anti-
ProDH #E%1%. 600 mM @ NaCl FTHH{RT 2 £ TREINTAK IV EE
ENBT &S, Pro OEFHEEOHEMPEREE/CHFLEL TWBEELILN
5, LAHAL. Mani 52002)%. AtProDH O 7 > F X ABETFEBALET
FSERT I ADBEGRREEZ AW THRBEOPE 2T o748, Nanjo 5 (1999a)
DOFEREFRARD, BEifEeRIhokEBELTWS,

7S ERTIADPCSEIET T > F 2 AL TR U B Eimsds clid,
ROBRBIRRHEE SN, BFLHEET. TXEF1 vV AL RAEBRS
&R U 7=(Nanjo et al, 1999b), —F. F< b® P5CS BT 2 BEHRRX
BZBERIX, Pro % 100 FESHELZCHDEOLSTEEREZX MU AR ZR



73t o Jz(Maggio et al., 2002). 75 ER T ADMEES 2 —4 > b pstl
3 FRET 4 v IEERTH, WALV ATFTTO Pro 2811 50%HETFL
7=(Tsugane et al, 1999), 75 RT Y ZAOREEHES 2—% > b sosl 1.
k& D 20 %5 NaCURSHNBWALER b L ABICIBSE#O 24%0 Pro
SEOEMERLEWU et al, 1996), £/, FYhOEBRIMIZ—F2k
tosl i, FAET AV ARV AED Pro SENHFEKON 3 5 THH /-
(Borsani et al., 2002),

ZD LS, Pro OERICK DEDOREMNEMT 30 E S MIHRF I8
RIZ-> T, £ T, ¥N2® ProDH B{ETF(NtProDH)ORE A2 4
8 RNA interference (RNADEZEWTHH L. Pro DEREICEDEARL 2
HEZEFTHINESIRERF L,
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Hh
(L)% X2 DRtttk & %M B 5 ProDH BT ORE

& )NAa® ProDH E&FiE Kimura 5Q00IC K> TYHA b4 =itk
THFHEINSEETF(cigl) & LT Nicotiana tabacum cv. Samsun NN(ND X
VEEINTWS, #/\2 BY-2 @ ProDH (NtProDH) cDNA 3. %% 3 H
H® BY-2 bV ARRiah St L4 RNA 288 &L, cigl DESED
LIBE LT IA4 v —&H 0 RT-PCR X 0RIEL, #/%0 BY-2 ©
NtProDH cDNA OEHEEFIN SHEE LTz X J BREFIITIZTZ D N RKimic I
A2 RYTFI—FF 4 2T T F N EHEEINBEANEEL L Fig. 5-2),
& NEYHA S BY-2 B2 E XM S Pro ZHM U ZBKRCEHIZE
UTHULEE L, NtProDH @ mRNA % /) —Y > 70y Mz k DR~/ (Fig.
5-3), ¥NAOEHETIL, 50 mM @ Pro i2& D 24 BEBICH THBRREN
A5, 100 mM, 150 mM @ Pro 4L Tl 12 Fr#2IC KB O mRNA OF
BEH3RH 5 /= (Fig. 5-3A), —F4. BY-2 E&EfilEicB W\ TH. 50 mM., 100 mM
OProflEiIz kb 1 HE B L U2 Higlc KB O mRNA OREHED 5 hi=(Fig.
5-3B), # /XD NtProDH L. 7 5 ¥ R 73 A AtProDH = F(Nakashima
et al., 1998) & FEICEE DERSLE T CTRIZEAEREAL TN - 7205
Pro O&EMIC L > TELFH N,

(2) RNAI iz X %4 /33 BY-2 NtProDH OFE ]

&332 BY-2 @ NtProDH B{EFORE % RNAI (k% W THET 372912,
N K3 429 5 (B1) & PREREIR 376 H5L(B2) D cDNA Kl (Fig. 5-2)% RNAI
AR & — pGWHPR N\ GATEWAY 7 O—=2 7577 7 0P—2HWTHA
L. =h2h pGWHPR-NtProDH-B1 BXA-B2 & Li=(Fig. 5-4), 770N
75U AL D, DGWHPR-NtProDH-B1 BXU-B2 /81 BY-2 #
EMEITEAL, FAEPERKMICXDBEREZT> 2. &5 EHEEREEEN
5ERESBIC 70 BREBKL., /—Y 70y MEHICELD NtProDH mRNA @
RE 2T L=, BROEESLE T NtProDH mRNA EOFREIIIEEITK
WO C(Fig.5-3B). 50 mM Pro T 24 B§[E{iL#E L T NtProDH ODREZFHHEL
Th S RNA oiiizfTw,. /—¥> 70y MRz, TOE. Z&
AELTD B2 BHOBIZBWNWT, NtProDH mRNA OREA. FEHKEDO SO
I X 5TV (Fig. 5-5A), LH L. Bl ##EOHTIE NtProDHmRNA
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ORBESAHEINTND bDIEIPRI oz, I T, B2 Z#HDH T NtProDH
mRNA OREEFNFEZICHWZ 5N T3 11 koo oW T X b 2 @i &
o7,

NG 11 EROBERSR & FAEME 3 HREIEEL ProDH OREEEM S
W L7282 BEEEIRD ProDH G EHKRO 4.9~32.2% L VIR
ENEEZR L 72 (Fig. 5-5B). 3512, O ProBEHIEL-EZ 5, BH
RO Pro SRRBEKROBDLD 1.2~3.0 55 - =(Fig. 5-50). DLE
DIRFH#ER %S &1, NitProDH mRNA OREMMES . 2. #EED Pro S8
DEVWB2ZHED 3K 17, 22 BLUX 23 KiIcDOWTES MR ET 2T 72,

(3) Pro M& BREGR S NI BRI B 3 MEREOEE

BAERBIUREGRKTH S 17, 22, 23 kORI ZIEEREL 7 HEBIC
HZEME X > THIBMEZBR LA L 25, BEEREOMBIITERO SO
KOFEBNIRIEE/N Do, FREN. 50 HOMBEOEIZHEL. |
BLEEZA, BEKTIE 79.2£179um THo DIl 17, 22 B
23 HoOMBOE XX, Theh 33.4+8.3, 31.5+8.1. 36.9499 um &7
D, BEKROZTHhD 1/2 LT THoz(Fig. 5-6A), BEIBEHTOHILADE
FEERRE, 1 BEBLY 3 BRBICHELEEZ S, BEEHEEDRRENE
EROBEL D BHNZ LASREN=(Fig. 5-6B). X 57, BBEETIcBU
SRR bR, 8%, 1 BBXCHRZENL CFOGBERES
BEUZZRER. BERLD D 17 BLU 23 HOFIBREEERE W S 5 H
Zizo7e(Fig. 5-6C), ¥k, INIFHREBRZAVTHIMOZEEZ B L
7z DNAOGRHEERNTH BT 745742V 2 EMILETORMIE S BI(DNA
B OERMICEEIE, T0%B. 774 T4 ERETB &0k DM
ABEEFARCEIESE ZENTES, 17, 23 BBLOFEKICOWTHEER
BETV. LB AR BRI OESERDBRROE B L 2 3,
BAEKRTE 9 BERICERSBEEESERE -0 17, 23 # T 8 B¥R
BRICBRRERD, MBSZEEENEML 2 Z 353 - 7= (Fig. 5-6D),

P EDOREN S, Pro BEABEERSY NIREMBOMEL SRS 4
HREVE<RD, BENCHEEEDEE-FEE26N3, BKENZ &1,
% Pro & B EERKIEINIEAZEESEVICOEDS T, MEOELIzL-
THERIINZBEBTEKRICERIAZ SN TWS Z 20800 - 7= (Fig.



5“7) o

(@) Pro ®EH 4 /NIEEMIO Pro I23§ 2824k

Pro BAFLVRICH U TERY O NRVEREDEN T E2HETZICHLEDS
T, EWITREID Pro 2RMT 5L, EHOLEEERETSHEEYICE->T
FHTHDZ &G INTWB(Bonner et al., 1996, Hellmann et al., 2000,
Deuschle et al., 2001). % ZT. Pro BO®WEEEHERIC Pro OIS
ABEBIIDWTHINET oz, Pro MUk ic, Bt ciss
TREHIVAZE 0.5g TOBMEL CRERRZTV, 24 BEBOMBOLEER
Rz, EERINAOEA P75 — FEDAC K BHMEIC XK o T
L7z, %9 1,000 fE O D FDA Ic X 2 352 % 8 EBEMEEIC X v B2 L - (Fig.
5-8C). FDA IZEMIBNO TR T 5 —FERICE D MMINTIEEYE L5,
MBI AT S —FPEEZELTWEVWD T, FDA Ik oaxhin
(Zhang et al., 1998). 2 mM Pro DIEIMTIL. EHERITHFEBKROD 21%~62%%
A~ LU72(Fig.5-8A). 5 mM O Pro 2L = 5E CRIBEESHO EER TN

AR 35%~54%L 73D, Pro EMICH LB #7% L (Fig. 5-8B),

G)Pro BEAINIEBMEOEBI A AETF 4 v 7 A RV ABSZHE

BHIERHR O A L AEFEERITT 5912, 200 mM @ NaCl &¥ik
BHICHEML, BEEREKBICBEKRD 24 BEBOEEEERDE, BYE
BT, BN E B T 2.5~2.9 5@ WERRER L (Fig. 5-9A), %
7z, 250 mM NaCl FTHRBEERKIIEERICIEN, 3.5~3.9 GHEn4ER
%R L7=(Fig. 5-9B),

5. Pro ERODBAPEA NV ADADKA RV ARHLTHEDTH
BRESHERF LR, BEEHIZ 0.5 MY FIL2ENL. BEEkE
BIOFEKRD 24 BRBOEFRERD . TORE, BEHERETIIESE
BRI 2.5~2.7 DGR ER L = (Fig. 5-10),

INSDOMICKD, Pro BEAEERY NS TIE. HEAM X
BEEFARETF 4 97 AP VAR U TOERERERT I O EEL SN,



ER

ZNET, P5CS ® P5CR. ProDH R EDEREETZEETER - IGILE
BEESAE A WERIEY. WD 5 WIERSEI 20— > 2R
KEBHBITHEMPDSET, Pro OFHEEFAET 4 v 7Tt OBBRIEIFAHTH
= 7=(Borsani et al., 2002, Hong et al., 2000, Nanjo et al., 1999a, Nanjo et al.,
1999b, Mani et al., 2002, Maggio et al., 2002, Tsugane et al., 1999, Wu et
al, 1996), AP Tid. #/32 BY-2 588180 ProDH #{=TDFH % RNAi
EBICX DTS & T Pro SEZH KIS RBERRSY /N BY-2 i8R
ZERLUT=,

% N3 ® NtProDH mRNA OB, Pro 2BEMUAEFELKLETCTHIEEA
ERDLNT, FEAED B2 RO T RNAI %2k Y NtProDH OREBI
WHEENTWE, —4. Bl RO T RNAI BiICK 3R RIKEEAL
BO NN - 7=(Fig. 5-5A). ZOMHEDN., EQOLSBHBHNOMFRHTHS
MU T OREENEREZ 55, () RNAL 544 RNA OBEGICk->TRRS -
» Bl ' &k D B2 ©44 mRNA O RISHSE D > 7=(Hohjoh, 2002), () 75
ERTTADY 7 AZiE AtProDH & 84%DHFHED 2B FREET 5D
T, INAD BY-2 Kb, REFO—=FENTWRNWG NtProDH i1
LETAYVTFAARFET SuEERD S, TOHE. HEALRE Bl 048
RNA ©%—45y b & D B2 =& RNA 0¥ —5"y b DFH NtProDH i3
BLE=T7AYVYA AE NtProDH OHRBEHEOEWEBRICEET 22D,
NtProDH E# DT A VY1 LADOWH D mRNA ORREIERECKE, Ebdh
RNAi #i2 & D NtProDH mRNA ORENHF TN/, BERRY Na8%
#Effo ProDH FEHEMNMET U THEKRD DD D 4.9~23.3% &30, HEIC.
Pro &I AROD 1.2~3.0 FIA L % (Figs. 5-5B. 50).

7 Z ¥ RT3 2D ProDH BEIFEEE TIX, Pro & &AM 50%{£ F L. ProDH
DTV > F 2 ABETEHEA LMK TIE Pro B 60%MA L zMani
et al. 2002), LHL., Z® Pro SEOELIZ. BEEREMEOETORE
PRERCEEEZREXI AN oE. TTERTZAD ProDH MHREU ERE
2K pdh IZBWTH. T HBKESET CREFIEEIR Shizh - =Nanjo
et al. 2003). P5CS D7 > FE ABEBRTEZBALEBEER T SERTV R
Tid. FEHEIDS Pro EEMVETL. EOBRBIZEENED SN, EFOMH
EbHEIN/(Nanjo et al. 1999b), F£/z. FY D P5CS #BERBE X8

- 65



BT Pro RENBFEREI DY 63 £H<<AD. £EFOEESBD SN
(Maggio et al. 2002), AHFEIZL> THSNEMERERRE. CThETOHRE
L3RRS TV, BREETO Pro SaRBEERS NI BRIl &4
K DENNFEER L (Fig. 5-6B). iz, WAREEEICBWTH, FEIC
Pro RE BB EGRHRY NIRRT SR L 0 ENW %2R L=(Fig. 5-6C).
FIFERIC L MRS ROBUTHREEN S Pro RS BRBHEERSY NI RO
MRS ENEFEE D BERLINTWS Z LASREN=(Fig. 5-6D), £7=.
Pro REEBREERE#HINIERMBOYI XXFEKOMBOYI XD
409%~47% & /ivE < (Fig. 5-6A), Pro EEBBEGERSY NIEEE Mt
HANERTHH L LHEALTVWS,

Z DEPMITBWT, LY. Bl KECEER. ESEREDOA MV AR
&V Pro3&EaIN5. EWEC Pro &I NBZ &ickd, EDIYNRY
BADH A—UEBRBI® 5 Z &N TE 5 (Alia and Matysik 2001, Shah and
Dubey, 1998, Verma, 1999), Pro ®&£&5kIL. #ilEE® NADP'/NADPH
EEEICHERTS. AV AROEHICX 523 Pro #@#Hb, S ha R
U7 TORBEHY VBEZERL. FAETA Y ITARVAREBT A0
SEET 57290 ATP OFkZE#ERd % (Hare and Cress, 1997). Pro 342
54 v 7 #E#I(Paleg et al., 1984, Delauney and Verma, 1993, Taylor,
1996)%. ¥ >N\ EEERI(Kuznetsov and Shevyakova, 1997, Shah and
Dubey, 1998). £E®3F L —4% —(Farago and Mullen, 1979). J5EDEE{LE;
iE(Mehta and Gaur, 1999). N1 ROQF IS TZHANDAANY D v —
(Smirnoff and Cumbes, 1989)& U THRET 5 LB INTWS, #/Na BY-

2 BN T 1 ER TN L. RSB XM RTEL.
EFZHETIERYOLERT A -DITMMERITAT,. PHNTEICES, Pro
| BEEREERRS NOERNREEWEEESRTICOEDS Y. Mtk

L BEZTBFERICHERKT LzFe. 5-7. ZhsnZ &k, Pro
BERPEERY NIEEMI T Pro 0EEIC X D IFE OB NG X 1.,
BRF ORI BIHT BEENBRI N LHRINS,

7S ERTIVAT Pro OEMAREZHETS EWSBENNW O D 5,
Mani 520023, 7SERT I AD ProDHEETZET > F L AETHHIL
TRLONEZPro BEERBEERT S RT AN Pro TEEBZETHD I L%
R~U7. Nanjo 5(2003)%. 7 RTIAD ProDH MHREL =BRERME



pdh ¥ Pro KEBZETH B Z L 2RELTHBY., ThSOKEN SBERO
Pro EEBHEMERIZE S THEETH D ZEERLTVWS, AFRIZBNWTS,
ProDH ®¥E % RNAi iz b #ifl L7z Pro S EREERRY NOEE{E
% 2mM 5 mM @ Pro TEET % EBFEBO B DI, THTh. 21%62%.
35%~54% D EHEHE L x> I-(Fig. 5-8), U BT I/ BIIEBEBEDE
ETHOT 2 ) BOSHRPREEMET 5 Bonner et al, 1996), Pro JLEEL
72 pdh O 707 V1 BETOEE. BEO Pro CEDTANTX DA
MEEINTWAZ EBH SN E > =Nanjo et al., 2003), #E-> T, Proft
S Iz Pro B EREERY NIEEMES. Pro OFMICED., i
DT I ) BOEHRPLRBEHEL. Pro THTIRZHBEF-EBDEEZ
5h5,

Nanjo 5(1999a)t. 7 I E RF I A® AtProDH ORE %7 > F £ A
TR L EBEEGERT SERT VAN, AP AMEZERLEERELT
W3, —7%. Mani 5(2002)i3. AtProDH OREEREEICT > F 2 AETH
HLEREERY SERTY AR, HEEREELANSEEBELTVS,
AEFFETIE. #/Na0 NtProDH D35 % RNAI R K DTS Z &ickD
Pro SREZHMMIBBIENTE, TOHRRE. Hit2BEET2L:08TER
(Figs. 5-5. 5-9). Pro &&BREERS NIEEHRE. 200 mM @ NaCl
MBI T CHERD 2.5~2.9 £, 250 mM ® NaCl £4:F T 3.5~4.9 {504
FEERLEFig. 5-9). 51, 500 mM Y= b UEOEHE FTHE
ERODDITHR 2.5~2.7 B0 EFEERLIZ(Fig. 5-10). Zh 5 OREREN S,
Pro BEBBEEBRINIEEIRIIEBICARAET 1+ v 7itEZ2ES L
TEMREINE. LAL. FFEORRIEHIEL R TOMTICcE EEo T
B, EYEIZBTZHEL XV TOMPTRE SICBRETH S EBbhS,

Pro &, ZOXKBEHMONT FOFS 70U 3, MO ZEHRRES T
B, Cooper 51993, Pro Z#/XKB{LTHEERTOUINEROFSS—F
% 34 T RO-L-70U XV HEEL/AHBEEOREZEELZNOD
ERMROTO NS A MEAWT, #REONS ROFS /oY ) yFi
BENBOEEEZFENZ, 34 FERO-L-7O0U T 6 HAAELET O
T5AMRERTZIHOD, MIESRBBRINBM >/, ZOFHERIE. Pro
PSR EELRBREHERELTWA I EERLTWS, AT, Pro &
SERERRS N IEEHBEOMESEANEELINEEAIIDWTEETO
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& 312% 2 7=(Fig. 5-11). () Pro OEHAMIMEED B RETEIHLL . TORE.
MEAENMREE N, (DEEHRAETT BARAEFA v 7 AL AR
T5XINTVBA Pro BEEBICE 2 e ES>THRAEF A v I ARL R
ICHEZERL, &b EMHINTOWAMBEAZSRGE S H, B0 Fa
DEBEE L E 1= (Figs. 5-9. 5-10),

APEICBWT. Pro ORFFEMHT B2 LI Pro ERZED=BEER
/N0 BY-2 $SEMII. TOMEASR - MENEHEI NS Z S H
Wizolz, Pro WA ML RAEZITTWBHEMICE > THFAET 4 v U HEPE
MBEROAI R Tr—& LTHRET BRI RS, SIROSBZHET 5T
BB R L. MOBAEE NS B BEERADRE Tl EBTHENE
HoNENSHEDH S D TRomero et al., 1997, Karakas et al., 1997).
ARFEO TR, EWWCARET 1 v VBRI E2 L EbICRERED
BONEMZEHTESTEEMEERLAEDO T, FERICEREN,



L-glutamic acid

P5CDH P5CS
GSA
apontaneous
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ProDH P5CR
L-proline

Fig. 5-1 Metabolic pathway of Pro in plants. GSA, glutamic-y-semialdehyde; P5C, A!-
pyrroline-5-carboxylate; PSCS, PSC synthetase; PSCR, PSC reductase; ProDH, proline
dehydrogenase; PSCDH, P5C dehydrogenase.
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MA : YRCLNTA MNFTGAYDATTVTTPALI PTD
QVITADKKYV] NFEDVKELFTGVSTLKLIRSTLTLOMAATEPMVDVGL WYM
NSKLMHMP) VKEVI LGFVKGTFYEHFCAGKDLI EVRRTVTKLSDVGLEKGM
LDYOGVEHATENESCDQSMKVFLQTAESTKSLPSSSVSFVVVKITAL CTPK

LLKRMSDLLRWEHKNPSFNLPWKOKSLPLESDSSPFYHTPOKPEPLTVEE

EHDLOLAHEREMT!I CKKCLELDVDLLIDAEDTAL QPAI DYFAYSAALKYH

KPDDEPMI EGTI OAYLEDSKERMV] ARRAAEKMGVPMGFRLVRGAYMS SER

ELASRLGVQSPI HDSIEQTHDCFNSCAEFMLDEI SNGS GAVVLATHNIDS
GKLAASKAIDLGI RKDSQKLQFAQLYGMAEGLSFGLRNAGFQVSKYLPFG
PVEQVMPYL1 RRAEENRGLLSTS AFDRQLMRKELTRRFKVATS

Fig. 5-2 Amino acid sequence and the region used for RNAi construction of NtProDH.
Putative mitochondrial signal is indicated by gray box. The region used for constructing
PGWHPR-NtProDH-B1 is indicated by double underline, and -B2 is indicated by bold
line. The accession number is AB046419.
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A L-Pro

Control 50 mM 100 mM 150 mM
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NtProDH ;‘a ; - 4 -

EtBr
B L-Pro
Control 50mM 100 mM
NtProDH
EtBr

Fig. 5-3 Northern blot analysis for the ProDH mRNA in tobacco plants and BY-2 cells. (A)
Three- to 4-week-old tobacco plants were transferred to MS medium with 50 mM, 100 mM
or 150 mM L-Pro or without Pro (Control). Numbers above each lane indicate the number of
hours after the treatment. A total of 10 pg RNA was loaded onto each lane and stained with
ethidium bromide (EtBr). (B) Tobacco BY-2 cells were transferred to MS agar with 50 mM
or 100 mM L-Pro or without Pro (Control). Numbers above each lane indicate the number of
days after the treatment. A total of 10 pg RNA was loaded onto each lane and stained with
ethidium bromide (EtBr).

71



pPGWHPR-NtProDH

e

RB
NtProDH JN3ey-
-|- NPT-IL [ 358 H : .CmR paoson [ N+T [ HPT

ICDH intron

Fig: 5-4 Construction of pGWHPR-NtProDH using GATEWAY cloning technology.
PCR products B1 and B2 were amplified from the target gene with attB1 and attB2 sites
incorporated into the PCR primers. This product is then inserted into the pGWHPR
vector by recombination between attB1/attB2 and attP1/attP2 mediated by BP clonase.
‘When the construct is expressed in plants a hairpin RNA (hpRNA) with the intron
spliced out is produced. NPT-II; neomycin phosphotransferase I, 35S; CaMV 358
promoter, ICDH; NADP isocitrate dehydrogenase, CmR; chloramphenicol resistance
matker, Nos-T; nopaline synthase terminator, HPT; hygromycin phosphotransferase,
RB and LB; right border and left border, respectively.
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Fig. 5-5 Selection of transgenic cell lines with suppression of NtProDH by RNAI. (A)
Northern blot analysis for the NtProDH mRNA. Transgenic B1 and B2 cell lines and wild-
type cells (WT) were treated with 50 mM Pro for 1 d. A total of 10 ug RNA was loaded onto
each lane and stained with ethidium bromide (EtBr). (B) ProDH activity of transgenic B2 cell
lines. The transgenic cell lines and wild-type cells (WT) were cultured for 3 d on an MS agar
plate. Crude mitochondrial fractions prepared from transgenic cell lines and wild-type cells
(WT) were used for determination of ProDH activity. (C) Free Pro contents in transgenic B2
cell lines. The transgenic cell lines and wild-type cells (WT) were cultured for 3 d on an MS
agar plate. The crude extract from each cell line was used for determination of free Pro.
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Fig. 5-6 Appearance and growth of NtProDH-silencing transgenic cell lines. (A)
Microscopic photographs of wild-type cells and transgenic cell lines cultured for 7 d (bars =
20 pm). (B) Appearance of wild-type calli and transgenic calli. Photographs of wild-type
calli and transgenic calli cultured for 1 or 3 weeks at 28°C in darkness. (C) 2 ml of line 17
(open square), line 23 (open triangle) and wild-type cells (open diamond) were transferred to
100 ml of fresh medium and maintained on rotary shaker at 130 r.p.m. at 28°C for 1 week.
Following this, the cells were collected from each flask every day and the fresh weight of
cells was measured. The ratio of fresh weighton 1, 2, 3, 4, 5, 6 or 7 d to fresh weight on 0 d
was defined as growth rate. (D) Mitotic division of transgenic cell lines 17 and 23, and wild-
type cells in synchronous division culture. The synchronous division cultures of line 17 (open
square), line 23 (open triangle) and wild-type cells (open diamond) were carried out using
aphidicolin. Mitotic index, which is defined as the ratio of mitotic cells to total cells, was
determined every hour.

74



WT 17 22 23

Fig. 5-7 Senescence of wild-type cells and transgenic cell lines in suspension culture.
Photographs of wild-type and transgenic cell lines suspension-cultured for 2 weeks on
rotary shaker at 130 rpm.
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Fig. 5-8 Hypersensitivity of transgenic cell lines in the presence of exogenous Pro. (A) and
(B) Percentage mean value + SE (n=3) of survivors of transgenic cell lines treated with 2
mM (A) or 5 mM (B) Pro for 1 d. The wild-type and transgenic calli were transferred to
liquid medium with Pro. Survival rate was determined by examining about 1,000 cells
stained with fluorescein diacetate (FDA). (C) Microscopic photographs of wild-type cells
and transgenic cell lines treated with 2 mM Pro for 1 d and stained with FDA. They were
observed under visible light (lower) or an epifluorescence microscope (upper). The viable
cells became bright green (bars = 20 pum).
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Fig. 5-9 Salt tolerance of transgenic cell lines. The wild-type calli and transgenic calli were
transferred to liquid medium with 200 mM (A), or 250 mM NaCl (B) for 1 d and the survival
rates (mean value = SE) (n=3) were determined by examining about 1,000 cells stained with
FDA. Photographs of wild-type cells and transgenic cell lines suspension-cultured with 200
mM (C) for 2 weeks, or 250 mM (D) NaCl for 3 weeks. (E) Microscopic photograph of wild-
type cells and transgenic cell lines treated with 200 mM NaCl for. 1 d and stained with FDA.

They were observed under visible light (lower) or an epifluorescence microscope (upper)
(bars =20 pm).
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Fig. 5-10 Osmotic tolerance of transgenic cell-lines. (A) The wild-type calli and transgenic

calli were transferred to liquid medium with 500 mM mannitol for 1 d and the survival rates
mean value = SE (n=3) were calculated by examining about 1,000 cells stained with FDA.

(B) Photographs of wild-type cells and transgenic cell-lines suspension-cultured for 3 weeks
with 500 mM mannitol.
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Fig. 5-11 A model for the role of Pro accumnulation in cell growth. Accunmlation of Pro
activates cell wall synthesis by increasing hydroxyproline and consequently stimmlating
cell division and growth. Furthermore, Pro accummlation restricts cell death caused by
osmotic stress. Finally, cell growth may be stimulated by Pro accumulation

79



EeE BAHR

AFEICLD. DIHIIADY FAIFFF—VRETORENEB L OF
AEFL VI APVARBE TS ZENREAN, I FAFFF—ERZ FLX
BRI 5 DREEE T O MEEMEMRE I N, LH L. TOREOMRIETIC
BESRP-z. 27 AANEBEINICENTSZEI2ED, EBLY
UVt TBIERZIINBBIRA FUAKRK U CEFREZBET 2 2 00558
iz, LS T, TAANECBERRIESZ&ICED, BLBELN
ANV AREED ZHEBTE S MEENRBRINE, DINIZENRO
ProDHEAFZ#RNAIKICE DHEI L. Prog B2 MMI B3 Z N TE -, Pro
FERBEERY NSRRI, EBXUCFRAEFA v ARV ARKLT
HEZRT & & BT, MIBA/ENER LI EEEREbHEALE. ZORER
X0, BHABE THOPODEEBEBL R RETF 4 v 7 A ML ATt DK
BITOBBBZENHSHERD, MATHIEREDREIC D DI S gett
DRI NT,

WEE, EFIVERTH BT SERTI RS ) AOEEEANAE X h=(Seki
et al., 2002b), £z, FE2EDNADS ¥ A O— 7 07 b
BLERA R ) AOEDORELEATYS, £, 1X® I EOaIEE,
T OMDIER DY ) MEHT DEATYS, ZOLSREY ) APDNADKEER
FIOBHRBIMCHEY, FEROFRNBETREARNIIECHE51 77> vy
WF 4 AT V—ERDNAT TR M55 3 a EeRb Y, —EIKTF~%5A
DEEFEMFTTESBIA 707 L1 R BEETREMITABAIC RS TE
T3, i, KR, SEXA N ATIRBIZEETOREN, 7,000 7
S ¥ RFIADCDNAZ HWEYA 707 L1 BT kX DEXShTWw3 (Seki
et al, 2002a). TOE. TTHOBETHEEA ML RICXDFEB A, 53
BOBETMERCKD, £, 1M4EOBEFASEA ML ACLDHFEX
hiz, iz, TNSOBETOS BHGHEERT THok., X512, 22
OEETIE. SOA M AZHBE L TRESFSEIhTWE, —F. T80
EFSERICLD, SOEOBETIEEICLD. THHOBETMERZ ML X
KXDZOREERBDP L TnBZEBHEMTES 2, /=, ABAICKL 2
BTORBEREDRITD 7 IE RV AEAVEII 707 LItk >THD
NTWB(Seki et al., 2002c), FDFER. ABAICL D 245\ OBEAETF ORI
WALk, ABARK VFBEINZE OBRETH, HHP, SEAN Xk



STHRBRIEHFBEINTHY., FABALERICHRET3RETHRIOA b—
LT, ZOESK. 2L OBETHEAES A ML ACHL CTAEICEE
ENBT LRI 7O LA RITICEDHAShERSE, TS5REAN AR
HEHMEEE T 51 R (var Pokkal)izBWT, HA b L ARIE155H 5 AR
ORCEEREZTLITSB/ET. 1728EOEN SR/EL =cDNAYA 7 O
7 LA i L DERS = (Kawasaki et al.,, 2001), PokkaliCiZZA kL&
MEBEISHD SV DONOBETOBEENELRILLED. 1RREINIC10%0
BETIEERT Y L al— b ERERIY L2 L— 32 E000
ok, ThSORETFORBENER. EEOEICH L TEEE/RERNT R
X0 bR o, BRIICY N7 BOEREABEESEES N, BIEHNT,
BREDINICBERIO A b L AREERET ORENERIE I N, TOoR. &4k
BB E T A BT OERENFEINS, A M ARSOREICEET 3B
EFOFEI. LARBIERINE. TOMIZH,. FNQBITBUV-BA
AR L ZEBETORBEBED. 7TIERTIARBIZHBHEI ML Ak
BZEETORBRERE, BABA PV ARKZBETORERENRTI 7O
7 V1 i X DB I v TWwa(zaguirre et al., 2003, Kimura et al., 2003), &
DEIR, APVARISBENREBEETREBNICEKDA N ABEDED
DRBERY FI—IBHSH IRV DDH B, INIEYNOT AIANEE
DFEMLVEBI VB N L RAKCHT B EFERER L AT ZXAMN,
MENBREBEETOLEGZM 707 VI ICIVBITTE I EICKDBHENICT
BLZDOTIIRWMEEZ D, T, XA THERL ZProg = BBEERERIN
ARBHRCBWTH Y T L Fal— bR VFa L — LR
FEIAZOTVARIVBHIEES 2 &0k, MESEMER LI R R
A= X LRSS MR E DT W) ERIHTE 3,

i, RAZREORITIE. ZEB LN CEDLA EETFEZHABERSZ
EETBEICL., BETOBEREIC OIS, ZRERKOERICIIZEED
D, BETOBEERELESDO(F 5> ARY >k T-DNAY X Vi) L
ETFOREEHARLEBD(TIFAR—Ta ¥R 7RIS 5. HiETR
T IERT VAR RBRETEROY T 51 VBRI N TR EIhDD5 3,
7S ERTIADT-DNAY 751 > SBBES NI 2—% > bosm1idNaCl
BRI REDFRAETF L v I APV ARESEERLEZhu et al,
2002), osmIZBAERRICHRERICHE . ABARR K> THish s 5LOEHE
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PHEFBINTWEZ, T-DNAOHASMEN S, OSMIBETIE. BEOCa2=Cr
A F>F % RIVIERZEHTT BSNAREY > X7 8 S HEHENZD S e,
F/ZOSMIBGETFHALBRABICZBIZREL TWiZ &5, OSMIDOEERET
FAETA v I APV AREPABAR LD FAH I NAKILBEBHOREICEEL
T ZEMNRENE, Catalad (20031, 7S R ABWTERIZK
S THEIN. #ENC BEHGTIRBOC/H'Y > F i —F—%0—

R§ 3 CAXIBETFOBELZMITT 529, CAXIBGEFIBEINhTWAT-
DNAZ VX a—% > bef@liiLk., FHRED, ZO0Ia—¥ > MIERED
Ca®*/H'7 O FR—F—FENBI LTz, £, a2 0B &
B, KE, ST EAEIEEEREED S RPN KRICELED
BAEH ML .. EEANOBEBRSICEERIBEZL TWE Z &R NE,
IEAE TIIDNAF AT OBLH & ENITHES PHEDRBRMNI 2 —F > FXR
WELTTF—F—R-ZAENTETHY, ERALREZBW-BETFOREE
R —BERET HDEEDbNS,

B, BETHAZEY CREABETEDOLREEST VINE-FRED
FiE SORBRTEARK S THEDNSEIRNEEYE OEED IR
EDB RN SE2EREZRENTDOI. NS OBEITNALZEEY. HlZ
FHESOXWEY (T - ERISEWEY (v AT FYyEDaY
38) - REROHEEZTRWEY (F1X - FF% - T8 E) - mRIH
QYA % - 22 DR ERER, TTRHRICHESTWS, LiL,
BYER. BUBEOREA ML AOBETOREBERERT. 2hs o
FEN 5T REEROBRTOEANBETH B EEDLNTVS, FE,
BROBETEEATHI LN TEILERETEAOEKOBERENEL SN
TETVD, REA M AMECEST 2 BET 2 EREENANEATS
LTk, KROBERRETHEZ ShECER. & - KR, Bthlox
b LA EEEES MER I NS Z LI NS,
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