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N-
C(HRPC) ELISA
HRPC ; prxCla
Welinder HRPC
propeptide; NTPP) C (CTPP)
HRP Cla
EGFP
N-G NTPP CTPP N-G-C
tabacum cv. BY 2)
EGFP
N-G-C
NTPP
CTPP
HRP Cla NTPP, CTPP
N-Cla, CTPP ClaC
BY2 N-ClaC

prxCla
N (N-terminal

NTPP
CaMV 35S
BY2(Nicotiana

N-G
EGFP

N-Cla-C, NTPP
mCla

HRP Cla N-Cla




HRP Cla

HRP Cla
exohydrolase 38 kDa peroxidase)
HRP Cla
HRP Cla
HRP Cla
5 (NtADH 5 UTR)
BY2 NtADH 5'UTR
NtADH 5'UTR
HRP Cla 10
NtADH 5’UTR
CTPP
(Iytic vacuole; LV
LV
C
C
HRP Cla
HRP Cla
CTPP
PSV BY2 LV PSV
BY2 CTPP
15 CTPP
HRP Cl1a CTPP15
6 C6 HRPCla C
N
PSV
Gly 2
CTPP
HRP Cla BY2

C6 C15

ClaC mCla
(B-D-glucan
HRP Cla

HRP Cla
HRPCla
MRNA

BY2

protein storage vacuole; PSV)

Asn-Pro-lle-Arg
PSV
30
CTPP PSSV
HRPCla

HRPCla PSV

PSV
C
(C15 ) C
BY2 C6
(NI0 )
C Gly
C6
CTPP C Gly2
o
o
E C
HRP C1aCTPP
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BA

bp
BSA
BY2
CaMV 35S
2,4-D
DNA
EDTA
HRP
IEF
kDa
LS
MOPS
MRNA
MS
NAA
NPT-11
PCR
pl

PM SF
PRX
RNA
SDS
SDS-PAGE
SSC
Tris

6-benzyladenine

base pair

bovine serum albumin

Bright Yellow 2

cauliflower mosaic virus 35S
2,4-dichlorophenoxy acetic acid
deoxyribonucleic acid
ethylenediaminetetraacetic acid
horseradish peroxidase

isoelectric focusing

kilodalton

Linsmaire and Skoog
2-(N-morpholio) propanesulfonic acid
messenger RNA

Murashige and Skoog

a-naphthal eneacetic acid

neomycin phosphotransferase-I|
polymerase chain reaction

isoelectric point

phenylmethylsulfonyl fluorid

ClassllI peroxidase

ribonucleic acid

sodium dodecyl sulfate
SDS-polyacrylamide gel electrophoresis
sodium chloride-sodium citrate buffer
tris(hydroxymethyl) methylglycine



(Shah et a., 1986)
(Hamilton et al., 1995) (Kinney,
1996) (Ogitaet a., 2003)

35S
RNA

(Yoshida and Shinmyo, 2000)
51
MRNA



(Daniell, 1999)

DNA
MRNA

N
(reviewed by Nicchitta, 2002)

(reviwed by
Conrad and Fiedler, 1998)

(Denecke et al., 1990)
(-KDEL, -HDEL )

(Schouten et al., 1996; Stoger et
al., 2000; Hag et al., 1995)



Conrad and Fiedler, 1998)

(reviwed by

(Murray et al., 2002)

(Jiang and Sun, 2002)

merA
MerB
MerB
70 (Bizily et al., 2003)
HRPC
C

(Fujiyamaet al., 1988, 1990)

HRPCla N
C (CTPP)
NTPP

(Bizily et al., 2000)

MerB 10
MerB
C1(HRP C)
ELISA
HRP C
HRPC N

(N-terminal propeptide; NTPP)

CTPP
HRPCla



HRPCla

CTPP
C
HRP Cla
CTPP
CTPP 15 C
CTPP

HRPC



1 HRP Cla
11

19 1855  Schonben

1898 Linossier 'peroxidase’
(reviewed by Azedevo et al., 2003)

Classl;
(APX, EC 1.11.1.11) Classll; (EC 1.11.1.13)
Classlll; PRX,EC1.11.1.7 PRX
73 138 PRX
Espelieet al.,
1985; Whetten et al., 1998 Lagrimini et al., 1997
Hilaire et al., 2001; Takahama and Hirota, 2000
(Sottomayor and Barcelo, 2003) Amaya et al., 1999
(Acostaet a., 1991) PRX
C(HRPC)
HRP C
ELISA
PRX
HRP C
(Greco et al., 2001) HRPC
(Coyle et al., 1999; Sakuyama et
al., 2003) 1979 Welinder HRPC
(Welinder, 1979) X HRP C
o- (Gajehede et d., 1997)
HRP C

(Gajhede et a., 1997; Henriksen et
al., 1998) PRX  cDNA (prxCla, prxC2, prxClc)
DNA (prxCla, prxClb, prxCilc, prxC2, prxC3)

(Fujiyama et al., 1988, 1990) prxCla



Welinder HRP C N
C (N-terminal propeptide; NTPP
CTPP )

(Matsushima et al., 2002; Gao et al., 2003)
( )

(Hara-Nishimura et al.,

1998)
(Denecke et al., 1990)
C
-KDEL —HDEL
N-
(Helenius and Aebi, 2001)
N-
HRP Cla
N-
HRP Cla
NTPP CTPP
HRP Cla
HRPCla
NTPP
CTPP
HRP Cla ( )
HRP Cla

HRP C

10



1.2

121
(Nicotiana tabacum L. cv. Bright Yellow 2 (BY 2))
(Nicotiana tabacum L. cv. Petit Habana SR1)

122
Escherichia coli DH50. (deoR, endAl,
gyrA96, hsdR17(r my’), recAl, relAl, supE44, thi-1)
Agrobacterium tumefacience EHA 105 (Hood et al., 1993)

pBluescriptll SK™ (Strategene )
pUC19 (Messing, 1983) pUC118( ) EGFP
pEGFP (Clontech )
pMSH1, 2 (Kawasaki et

al., 1999) pMS1, 2
123
Nagata (Nagata et a., 1992)
LS (Linsmaire and Skoog, 1965) KH,PO, 370 mg/l  thiamine
HCI 1 mg/l sucrose (3%) 24-D 0.2mg/l LS
27°C 130 rpm (BR-3000,
TAITEC ) 39/l
MS (Murashige and Skoog, 1962)
(Myo-inositol 100 mg/l, thiamine-HCl 10 mg/l, prydoxal hydrochloride 1.0 mg/l,
Nicotinic acid 1.0 mg/l) sucrose(3%) 39g
25°C 16 8
LB (Bacto-tryptone 10 g/l, Bacto-yeast extract 5 g/l, NaCl 19
g/l 37°C 159/
( 100 mg/l
50 mg/l)
LB 28°C
159/

(50 mg/l)

11



124

Inoue (Inoue et a., 1990)
5m LB 37°C
200ml  SOB (Bacto-triptone 20 g/l, Bacto-yeast extract
5 g/l, NaCl 0.58 g/l, KCI 0.19 g/l, IM MgSO,, 1M
MgCl, 1 10 ml ) 660 nm 0.4-0.8
25°C 200 rpm 5

3,000 rpm, 10 , 4°C; BECKMAN JLA-10,500
TB buffer(10 mM PIPES, 15 mM CaCl,, 250 mM KCI, 55 mM

MnCly, pH 6.7) 67 ml 10
3,000 rpm, 10 , 4°C; BECKMAN JLA-10,500
TB buffer 16 ml 12m DMSO
10 1.5ml 100 pl
-80°C
DNA (1-20 ul) 30
42°C 30 400 ul
SOC (glucose 20 MM SOB ) 37°C
LB 37°C
125 DNA
Mag Extractor(TOY OBO)
1.2.6
5m  YEB (Bacto-peptone 5 g/l, Beaf
extract 5 g/l, Yeast extract 1 g/l, sucrose 5 g/l, MgSO,4 7H,O 0.5 g/l) 28°C
1 500ml  YEP 600 nm
0.5 28°C (5000 rpm, 10
, 4°C;BECKMAN JLA-10,500 )
500 ml (5000 rpm, 10
4°C; BECKMAN JLA-10,500 )
2 20 ml 10% glycerol
(5000 rpm, 10 min, $C BECKMAN
JLA-10,500 ) 3 ml
10% Glycerol 40 pl 15ml

-80°C

12



1 2yl DNA 2mm
BIO RAD Gene Pulser

25KV 25puF 400Q DNA 1m  SOC
28°C 1
LB
30°C 2
1.2.7
BY2 An (An,1985) 100
mg/l 5m LB 28°C 2 100 pl
4 5 10ml
25°C 2
15 ml (1000 rpm, 5 , 4°C;
BECKMAN GS-6KR centrifuge) LS
(1000 rpm, 5 , 4°C; BECKMAN GS-6KR centrifuge)
4
100 my/l LS 25°C
2-3
100 mg/| LS 30 mi
1.2.8
Rogers (Rogers et a., 1986)
1x1 cm
100 mg/I
LB 2
3~5
25°C 2 3
50 ml
5 ( 100 mg/l
250 mg/l ) 1 2 25°C
( 100 mg/l
250 mg/l ) 4 6
( 100 my/l

250 mg/l ) 25°C

13



129

ATA RNA
1.3 ml (50 mM
Tris-HCI pH8.0, 300 mM NaCl, 5 mM EDTA, 2% SDS, 2 mM ATA, 2% TINS, 12.8
mM 2- ) 2ml
3mM KCI 182 ul 15
(8000 rpm, 5 , 4°C) 2ml 600 pl
10 M LiCl 30 min (15000 rpm, 20 , 4°C)
390 pl 2
1 8 ul
RNA
79 mi 159 5ml 20xMOPS buffer(0.4 M MOPS, 100
mM Sodium acetate, 10 mM EDTA pH 7.0) 16 mi
20 ug RNA 1l
20<MOPS 3l 10 pl 1l
(500 mg/ml) 65°C 15 15
Gel-Loading buffer 1xMOPS buffer 46V 1 922V
2
20xSSC(3 M NaCl, 0.3 M tri-Sodium citrate dihydrate)
RNA
(HybondTM-N+; Amersham) 16
DNA (GS Gene
LinkerTM UV Chamber; BIO-RAD)
prxCla
1100 bp EGFP 740 bp
ACT1
TaKaRa Bca BESTTM Labeling Kit 1.5 mL
DNA 25 ng Random Plimer 1 pl

7ul 95°C 3

14



10xbuffer, dNTPs 1.25u  (a-32 P) dCTP (1.85 MBg, 50 mCi) 2.5 pl
125 ul BcaBESTTM DNA Polymerase 1yl 55
10 95°C 10

lem? 150 pl
(250 mM NaCL, 1 mM EDTA, 1% w/v BSA, 50% v/v
formamide, 7% w/v SDS, 250 mM Na,HPO, pH 7.2)

65°C
0.1% SDS 2xSSC(300 mM NaCl, 30 mM tri-Sodium
citrate dihydrate) 15 65°C 15
48
1.2.10
BY2
(I mM PMSF, 1 mM DTT, 137 mM NaCl, 8.10 mM
NaHPO,, 2.68 mM KCI, 1.47 mM KH2POy4, pH 7.4) 30
30 5 2,000
rpm, 4°C 10 15,000
rom 4°C 20
60%
( 10 mi 3.9 0) 12,000rpm 4°C
30 (BECKMAN JA-20 ) 5mM Tris-HCI (pH
7.0 a 4°C) 5 mM Tris-HCI (pH 7.0 at 4°C)
60% 80%
( 10 ml 1439

80% 80% saturation fraction BY-2

15



80% (10 ml 561 )

Bradford (Bradford, 1976)
0u 500 48
Abs 595 nm Bovine Serum Albumin BSA

: Coomassie Brilliant Blue 50 mg, 95% Ethanol 25 ml, 85%

(w/v) Phospholic acid 50 ml 500 ml
1211 SDS SDS-PAGE

SDS-PAGE Laemmli (Laemmli, 1970) (189
mM TrisHCl (pH8.8), 0.1% SDS, 10% (w/v) Acrylamide, 0.267% (w/v) bis
acrylamide APS TEMED ) (125 mM Tris-HCI
(pH6.8), 0.1% SDS, 3.75% (w/v) Acrylamide, 0.1% (w/v)bis- acrylamide
APS TEMED ) SDS-sample
buffer(4% (w/v) SDS, 20% (w/v) glycerol, 0.05%(w/v) bromophenol blue, 300 mM
-mercaptoethanol, 125 mM Tris-HCI, pH 6.8) 95°C 2

SDS-running buffer(25 mM Tris, 192 mM glycine, 0.1% SDS)
BPB 10 mA
25mA

1.2.13
BIO-RAD 111 PAGE

- (275 ml dHO, 1.0 ml 24.25%(w/v)
acrylamide-0.75% (w/v) bis, 1.0 ml 25% glycerol, 0.25 ml 40% Bio-Lyte 3/10
Ampholyte(BIO-RAD, catalog No. 163-1112)) (27.5 pl 10%(w/v)
ammonium persulfate, 25 ul 0.1% (w/v) riboflavin-5'-phosphate, 1.5 ul TEMED)

45 IEF

(BIO-RAD, catalog No. 161-0310)
100 V-10 200 V-10 450 V-40

16



1.2.14 4-chloro-1-naphthol
A (50 mM TrissHCI(pH7.5), 150 mM NaCl) B (0.3% (w/v)
4-chloro-1-naphthol, 0.1% (w/v) H,O,, 85% (v/v) methanol) 4:1

1.2.15
Amersham enhanced chemiluminescence (ECL) plus western blotting detection
system HRP Cla
X
(LAS-3000, Fujifilm ) HRP Cla
HRP C (SIGMA | T ype IV)
HRP Cla
HRP Cla
1.2.16
0.5 cm?
50 mi (25 mM KH,PO,
pH 6.0 at 20°C)
50 ml
( QIAGEN-tip 500 Cat N0.10063
) 20°C 2000xg
-6-
A
(50 mM glucose-6-phosphate) 200 ul, B (5 mM NADP) 200ul,C (50 mM
MgCl,, 100 mM HepespH 7.6) 400 pl 200 ul
(U-3210, HITACHI ) 340 nm
1217
BY2
BY?2 50 mi 1,000 rpm,

50 ml 0.4 M mannitol 1,000 rpm,

17



5 [0.1%
pectlyase Y 23(Kikkoman ), 4% cellulase RS(Yakult Honsha), 0.4 M mannitol pH 5.5

0.45 um (MILLEX HA filter unit, MILLIPORE ) ]
25°C 2 3
800 rpm 3
0.4 M mannitol 800 rpm 3
05 1cm
[1% cellulase RS(Yakult Honsha), 0.25% Macerozyme R-10(Yakult Honsha), 0.4
M mannitol, 8 mM CaCl,, 5 mM MES-KOH pH 5.6] 25°C 2 3
(40 um Cell strainer, BD Falcon  )400 rpm 3
0.4 M mannitol 400 rpm 3
1.2.18
Ficoll A(15% Ficall, 0.6 M mannitol, 20 mM Hepes, pH 7.7)
Ficoll B(12% Ficoll, 0.6 M mannitol, 20 mM Hepes, pH 7.7) 04 M
mannitol 28,000 rpm 4°C 2
(BECKMAN SW28 ) Ficoll B 0.4 M mannitol
o-mannosidase 800
ul 200 ul (2 mM p-nitrophenyl-a-D-mannopyranoside, 200 mM
sodium acetate, pH 4.6) 400 nm
1.2.19
EGFP
NTPP, CTPP 10 (N Metl
Serd0 C Leu329 Met353) EGFP (Fig.1-2B)
ClaF ClaNTPP-R ClaCTPP-F ClaR PCR
N C DNA (Table 1-1) N
Ser40 tca tcc Ncol
pEGFP(Clontech )  Kpnl-Ncol C Leu329

ttg ctt Hindlll EGFP-F

18



EGFP-HindIl1-R PCR EGFP

Hindlll C N
C EGFP N-G-C N N-G
C G-C
pMS(Fig.1-2A)(Kawasaki pMSH
Kawasaki et al., 1999) Kpnl-Spel
CaMV 35S
HRPCla
N-ClaC N-Cla ClaC mCla(Fig.1-2C) DNA
PCR (Table 1-1,
Fig. 2A) PCR puUC118 Kpnl
Soel pMS  Kpnl-Spel
CaMV 35S
HRPCla
Nicotiana tabacum beta-D-glucan exohydrolase (ACCESSION:AB017502) N.
tabacum cationic peroxidase isozyme 38k DNA
DNA PCR
(B-D SP-FxB-D SP-R 38 k SP-Fx38 k SP-R) 5 Kpnl
3 Hincll ClaHincll-F mClaR
PCR Cla 5 Hincll Hincll
Cla pMS
CaMV 35S (Fig.1-2C)
NtADH 5'UTR
NtADH 5 UTR-F NtADH 5’ UTR-R ADH NF
(Sato et al., 2004) PCR NtADH 5’ UTR
B-D-Nsil-F 38 k-Nsil-F mClaR
PCR HRP Cla 5
Nsil NtADH 5 UTR Cla Nsil
pMS CaMV 35S
(Fig.1-2C)

NtADH-38 kSP-Cla-C
N-ClaC 38k SP-Cla Cla Sphl

19



NtADH 5 UTR pMS  CaMV 35S
(Fig.1-2C)

20



Table 1-1 Oligo nucleotides used in this study.

o nueleslidas SEEUAMNGES RE. aite

RGFE-F CETACCaaTORCCROC AT Kpnl

EGFF-HindIII-E GARAGCTTOTACKRGCTOGTOCRTGE HindIII

Cla-F GLETACCATGCATTTCTCTTCTTETTCT AL KEpnil
la-R CACTAGTCACA TAGAGCTARC BARSTCR AL Cne]

miila-F GG TACCATGURACTTACCCCTACCTTCAT Epnl

mCla-R CACTAGTCAAGRSTTGGAGT TCACCATCC Spel

Cla-HTPP-E GUCATGGARTTET CETAGRRGETAGE TR Hool
Cla-CTPR-F GARAGCTTAATTETAGGOTORATOARCTOC HindIII

Cla-HinzlI-F GTTAACCOCTACCTTCTACOACARTTCATG Hincll

f-0 SP-F OGETACCATOORGAGAATATCAATACCOA Kpnl

[i-0 Sp-B GETTARCTGTCCTTC TGO TRACCACTG TN HinelI
fi-D-H=iI-F GATECATGEGGAGAATOTIRATACCIATG He=ll
id k S5P-F GETACCATGAGRACTGTCAATTACTGCTA Fpral
18 k SP-E GTTAACTGTOCTECACIIGRALCT O RC Hinell
18 k-H=1I-F GATGCATGAGALCTEGCTCRARTTACTGITA H=1I
NeADH E'UTR-F TCTAGATATTTAACTCAGTATTCAGARACAAT ibal

NeADH E5'UTE-R GATGCATTTATTTTTCTTGATTTCCTTCAC Hs1I

Cla-CTPR-Gly-R CACTAGTCATCCCATAGAGC TARCARAGTC Spel

C1a-CTPP-S1lyEly-R GECTAGTCATCCTCOCATAGAGCTARTRAR Spel

Cla-Nell-E GTCATGCAT S AGT TEFAGT TCACCATTCTA Hzil

CladNliR-F CTACTCCATGATATGGETGEREETOGTTGAD
ClaMNli-E GTCARCGACCTCCACCATAT CATGGERE TR
Clate-F GRCTTIGTTRECTCTATG

Clate-R CRTAGRGC TRACAAAGTC

Clati-GGEE TCCTOCCATRGAGCTARCARARGTC
Claf-Pro-F CCTGACTITTGTTAGITCTRATETGA
Clat-Pro-K [0, = g T 1 T

ELL=F Gl T PG T AR T AT T A TTOT

ELL =P TToARCAACUARALT AGAA T AR AAT
Gl =Gh AL G MCAR AR ARA T ALRART T AL

GLL=ah ACCARCTTCRAGUCARCCARA L TAGAS T T AL
CPEC=F Lo A i R A I e e e A A BT A T G R A TS

CPEC-R CRTEATCT O A AT OO RTOA AT T O TTE

CPEC =Gk AU TR AT CCA T O T T I ATT S Spel

R.E. site: restriction enzyme site included in the oligo nucleotides (underlined)
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13

1.3.1EGFP NTPP CTPP
HRPCla N C
(Fig. 1-1A; Fujiyamaet al., 1988) HRPCla  N- (Fig 1-1A;
Welinder, 1979)
N NTPP
(Fig. 1-1B)
(PSORT, http://psort.nibb.ac.jp/)
CTPP
(PRX)
NTPP
CTPP
NTPP (Hiragaet a., 2001)
EGFP (enhanced green fluorescent protein)
HRP Cla NTPP
CTPP EGFP N-G-C N-G G-C
(Fig.1-2B) pMS(Fig. 1-2A)
CaMV 35S
BY2(Nicotiana tabacum cv. BY 2)
5 2 EGFP MRNA
(Fig.1-3)
EGFP BY2
EGFP/BY 2 (Fig.1-4A) N-G/BY2
(Fig.1-4E) N-G-C/BY2
(Fig.1-4C)
(Fig.1-5) GFP
EGFP, N-G-C N-G BY2
EGFP N-G BY2 EGFP
( ) CTPP G-C BY2
MRNA EGFP EGFP
( ) NTPP

CTPP

22



1.3.2BY2 HRP Cla
HRP Cla
HRP Cla
(Fig. 1-2C) N-ClaC N-Cla ClaC mCla CamVv
35S BY2
4 MRNA
(N-Cla-C #2, #3: N-Cla#2, #3: Cla-C #3, #4. mCla #2, #3)
(Fig. 1-6A)
(Isoelectoric
focusing, 1EF) 4-
N-ClaC N-Cla BY2 HRP Cla
ClaC mCla BY?2 (Fig.1-6B)
N-ClaC N-Cla HRP Cla HRP
Cla pl=7.8
EGFP N-Cla-C N-Cla
BY2
HRP Cla
60% 80% (
1996 ) BY2
IEF N-Cla BY2
HRP Cla N-ClaC BY2
HRP Cla (Fig.
1-7A,B) BY2 (Fig. 1-8A,B)
IEF HRP Cla
N-Cla-C BY2 HRP Cla (Fig. 1-8C)
N-Cla BY2 HRP Cla
(Fig.1-8D) Fig.1-7 HRP Cla
EGFP
NTPP CTPP
HRP Cla ( )
133 HRPCla
N-Cla-C, N-Cla ClaC mCla

23



(Nicotiana tabacum, cv. SR1)

HRPCla
BY2

HRPCla
HRP Cla

N-ClaC

134
NTPP

HRP Cla

BY2

IEF 4- -1-
N-Cla-C N-Cla
(Fig. 1-9) ClaC mCla
MRNA HRPCla
( )
T0
N-Cla-C #10 N-Cla #2 T1
HRP Cla
N-Cla
(Fig.1-10)

(Fig. 1-11A,B) BY2 N-Cla-C
HRP Cla N-Cla

HRPCla (Fig.1-11D)

BY2 NTPP

CTPP HRP Cla
NTPP
HRPCla
( SP )
SP HRP Cla
SP
HRP Cla

-D-glucan exohydrolase

38 kDa peroxidase (Okushimaet al., 2000) SP
(Fig.1-1C) CilaSP-Cla(=N-Cla), pDSP-Cla

35S

(Fig.1-12A)

Cla

HRP Cla

IEF

BDSP HRP Cla

38kSP

24

HRPCla N
38kSP-Cla
BY2

CamMV

|EF

BY2
HRP Cla
HRP Cla
HRP



HRPCla

|EF
4- -1- BDSP 38kSP
HRP Cla (Fig. 1-12B) 38kSP
HRPCla BY2
N
HRPCla
1.35 NtADH 5’ UTR HRPCla
HRP Cla
HRP Cla
CTPP
HRP Cla
5 NtADH 5 UTR
:GUS mRNA
20 40 (Sato et a, 2004) NtADH
5 UTR(91 bp) HRP Cla 5
(Fig. 1-2C) BY2 NtADH 5UTR

BDSP-Cla, NtADH-BDSP-Cla, 38kSP-Cla NtADH-38kSP-Cla  CaMV 35S
BY2
HRP Cla
BDSP, 38kSP NtADH 5 UTR
HRP Cla (Fig. 1-13A,B)
NtADH 5 UTR B-D SP-Cla
NtADH-B-D SP-Cla (Fig.
1-15A) NtADH 5'UTR HRPCla
MRNA
(BAS2500, Fuji Photo Film ) MRNA HRP
Cla MRNA BDSP-Cla #9
MRNA HRP Cla (Rel. HRP Cla/mRNA)
NtADH 5’ UTR MRNA HRPCla 3 14
(Table 1-2)
NtADH BDSP-Cla

NtADH-BDSP-Cla

25



|EF 4- -1-

(Fig. 1-14) NtADH 5 UTR HRPCla
TO T1
(Fig. 1-15B) HRP Cla
NtADH 5 UTR mMRNA HRPCla 9
(Table 1-3)
1.3.6
PRX CTPP
(NTPP)
CTPP PRX N Ser
(Table 1-4) CTPP
38 kDa PRX (38kSP) CTPP
HRP Cla (Fig.1-2C) HRP Cla
HRPCla HRP Cla
38kSP-Cla BY2
HRPCla
(Fig.1-17A) HRP Cla
NtADH 5 UTR
HRP Cla N-Cla-C BY?2
98% 38kSP-Cla-C BY?2 95 % HRPCla
( )
BY2 Ser

CTPP N

26



A

NTPP (N-terminal propeptide)

MHESSSSTLE TCITLIPLVC LILHASLSDA QLTPTFYDNS CPNVSNIVRD 50
TIVNELRSDP RIAASILRLH FHDCFVNGCD ASILLDNTTS FRTEKDAFGN 100
ANSARGFPVI DRMKAAVESA CPRTVSCADL LTIAAQQSVT LAGGPSWRVP 150
LGRRDSLQAF LDLANANLPA PFFTLPQLKD SFRNVGLERS SDLVALSGGH 200
TFGKNQCRFI' MDRLYNFSNT GLPDPTLETT YLQTLRGLCP LNGELSALVD 250
FDLRTPTIFD NKYYVNLEEQ KGLIQSDQEL FSSPEATDTI PLVRSFANST 300

QTFFNAFVEA MDRMGNITPL TGTQGQIRLN CRVVNSNSLL HDMVEVVDFV SSM 353
CTPP(C-terminal propeptide)

K-D
240-

-240-

Fig. 1-1. HRP Claistrandated asprepotein containing propeptidesat N- and C-termini.

(A) Amino acid sequences of HRP Cla. N-terminal propeptide(NTPP) and C-terminal
propeptide(CTPP) are written with boldface and underlined. N-linked glycans are attached to
asparagine residues indicated by Y (Welinder, 1979).

(B) Hydropathy plots of HRP Cla precursor protein. The K-D plots were performed according to the
method of Kyte and Doolittle (1982). Dark gray regions on the lateral bar represent NTPP and CTPP.
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MCS

B N-G-C EGFP
N-G S
G-C Q EGFP
EGFP @) EGFP )
C N-Cla-C NTPP M ature HRP C1a CTPP
N-Cla (ClaSP-C1la) NTPP Mature HRF
Cla-C Mature HRP Cla CTPP
mCla (l_MatreHRPCla )
BDSP-Cla
38kSP-Cla c.e)  MatureHRPCla )
NtADH-BDSP-Cla (INtADH 5 i Mature HRP

NtADH-38kSP-C1la (JNADHS JECd). MalureHRPcia. )

NtADH-38kSP-Cla-C (ONiabH5 e MalurenrPcia . S

Fig. 1-2. Construction of various protein coding genesintroduced into tobacco cells.
(A) Structure of the binary vector:pMS. NOS pro: promoter of nopaline synthase gene, Kan';
kanamycin resistant gene(neomycin-phosphotransferase), NOS-T; transcription terminator of

nopaline synthase gene, CaMV 35S pro.; promoter of cauliflower mosaic virus 35S RNA gene,
MCS; multi cloning sute
(B) N-G-C isafusion protein of EGFP with an N-terminal attachment of 40 amino acid residues
including NTPP and a C-terminal attachment of 26 amino acid residuesincluding CTPP. N-Gis
afusion protein of EGFP with only the N-terminal NTTP attachment. G-C isafusion protein of
EGFP with only the C-terminal CTTP attachment.

(C) N-Cla-C isthe precursor protein of HRP Cla. N-Claand Cla-C are modified precursor
proteins made by the deletion of CTPP or NTPP, respectively. mClaisthe mature protein
region of HRP Cla. Signal peptide(SP) derivd from other proteins(j3-D-glucan exohydrolase and
38 kDa peroxidase) are fused to the mature region of HRP Cla. The trandational enhancer;
NtADH 5 UTR was inserted upstream of fDSP-Cla, 38kSP-Cla and 38kSP-Cla-C.
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Fig. 1-3. Accumulation of mMRNA of various EGFP genesin transgenic BY 2 cells.
MRNASs were prepared from nontransformed WT BY 2 (W) and transgenic BY 2 cells
with genes encoding EGFP (E), NGC and NG. Gel blot made from 20 ug of RNA was
hybridized with 3?P-labeled DNA fragments of EGFP, with actin probe added as a
loading control. 5 independent clones are analyzed.
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Fig. 1-4. Intracellular localization of EGFP in transgenic BY 2 cells.

BY 2 cells expressing EGFP (A and B), N-G-C (C and D), and N-G (E and F) were inspected
by laser-scanning confocal microscopy(LSM510, Carl Zeiss). A, C, and E are fluorescence
images, and B, D, and F are bright field images.
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Fig. 1-5. Accumulation of EGFP in the vacuole of BY 2 cells expressing N-G-C gene.
Vacuoles were isolated from cells transformed with empty vector (A,B as negative control) or
N-G-C gene (C,D) and inspected under |aser-scanning confoca microscopy(LSM510, Carl
Zeiss). A and C are fluorescence images, and B and D are bright field images.
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Fig. 1-6. Expression of modified HRP Cla genesin transgenic BY 2 cells.

(A) Accumulation of HRP Cla precursor and HRP Cla-derivative mMRNA. RNAs were
prepared from four independent clones of transgenic BY 2 cells harboring each transgene. 20
ug of RNA was charged in each lane, electrophoresed, and hybridized with 3°P-labeled prxCla
DNA fragments. Actinisincluded as aloading control.

(B) Accumulation of active HRP Cla proteins.

Total soluble proteins(4 ug) were prepared from BY 2 cells and subjected to |IEF and
subsequent activity staining for peroxidase with 4-chloro-1-naphthol. Solid and open
arrowhead indicate the HRP Cla and endogenous tobacco peroxidase, respectively.

H:HRP Cla (SIGMA, Typel)
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Fig. 1-7. Analysis of cellular and culture medium fractions by activity staining for
peroxidase.

Protein samples prepared form cells (2 ug, A ) or culture medium (0.04 ng, B). Proteins were
analyzed by isoelectric focusing and activity staining with 4-chloro-1-naphthol. The clone
numbers listed correspond to those from Fig. 1-6A. Commercial HRP C (Type |, SIGMA) was
loaded in lane H. Solid triangle indicates HRP Cla.
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Fig. 1-8. Vacuoleisolation from transgenic BY 2 cells.

Protoplasts(A) and vacuoles(B) were prepared from BY 2 cells expressing N-Cla-C or
N-C1la. Soluble proteins from each fraction were separated by isoel ectric focussing.
HRP Clawas detected with ECL detection system. Solid triangle indicates HRP Cla.
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Fig. 1-9. Expression of N-HRP Cla-C and N-HRP Clain transgenic tobacco
leaves.

Protein samples were prepared from kanamycin resistant TO plants and subjected to
isoelectric focusing and subsequent activity staining for peroxidase with 4-chloro-1-
naphthol . The clone number isindicated above each lane. n; plants for negative
control transformed with the empty vector. Solid and open arrowhead indicate the
HRP Claand endogenous peroxidase, respectively.
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Fig. 1-10. Analyses of peroxidasesin intracellular and apoplast fractions.

Two progeny plants of over-expressor in Fig. 1-9 (#10 of N-HRP Cla-C and #2 of N-
HRP C1la) are used for the localization analysis. Intracellular protein samples(l) and
apoplast protein samples(A) were loaded in each lane. Solid and open arrowhead
indicate the HRP Cla and endogenous peroxidase isoenzymes, respectively. H; HRP
Claasapositive control (Typel, SIGMA)
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Fig. 1-11. Analysis of peroxidasesin protoplast and vacuole.

(A) Protoplasts were isolated from leaves of transgenic tobacco plants.

(B) Vacuoles were prepared from protoplasts by ultracentrifugation.

(C) Vacuole marker enzyme, a-mannosidase activity was measured. Relative specific
activity to the activity of total cellular fraction is shown.

(D) Soluble proteins from each fraction were separated by isoel ectric focussing.

HRP Clawas detected with ECL detection system.

Solid triangle indicates HRP Cla.

37



A Cell Medium

pl H Cla BD 38 n Cla PBD 38 n
75
- = _ .- - 1
-- 88 :
9.6 - <
B BD 38k
H 8 9 1 3
pl ﬁ
45 — B
<
o "™ <
<
9.6 —

Fig. 1-12. Production of HRP Cla with signal peptides derived from other secretory protens.
(A) HRP Clawas expressed with foreign signal peptides in tobacco cultured cells. Protein samples
were prepared from cells or culture medium of each transformant. After isoel ectric focusing,
peroxidases were detected with ECL system. Cla; C1aSP-Cla, which isthe same as N-Cla, BD;
BDSP-HRP C1a, 38k; 38kSP-HRP C1a, n; plants for negative control

expressing EGFP.

(B) HRP Clawas expressed with foreign signal peptides in tobacco plants. Protein samples were
prepared from leaves of each transgenic plants. After isoel ectric focusing, peroxidase was detected
with 4-chloro-1-naphthol .

Filled triangles and open triangles represent HRP Cla and endogenous peroxidase isozymes,
respectively. HRP Cla (Type IV, Sigma) was loaded as a positive control in lane H.
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Fig. 1-13. Use of NtADH 5 UTR for the production of HRP Clain BY2 cells.
HRP Clagenes with or without NtADH 5 UTR was introduced into nuclear genome. Two

type of signal peptides were used, BDSP (A) or 38kSP (B). The HRP Claactivity of
randomly selected kanamycin-resistant calluses was measured. The clone number is shown

below each bar.
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Fig. 1-14. Use of NtADH 5'UTR for the production of HRP C1lain tobacco leaves.
Proteins prepared from leaves of primery transformants (TO) were separated by isoelectric
focusing. |EF gels were stained for peroxidase activity with 4-chloro-1-naphthol.

Filled triangle and open triangles represent HRP Cla and endogenous peroxidase isozymes,
respectively. The clone number is shown above each lane.

HRP Cla(Typel, Sigma) isloaded in lane H as a positive control.
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Fig. 1-15. RNA gel blot analysis of peroxidasein BY 2 cells and tobacco plants.

Tota RNAs were extracted from transgenic BY 2 cells (A) or leaves of transgenic tobacco
plants(B). Northern blot with 20 ug of total RNA loaded per lane was hybridized with a
prxCla probe or Actin gene probe as an internal control. Each clone number is shown
above the lane.
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Table 1-2. Effect of the NtADH 5'-UTR on trandlational efficiency in BY 2 cells.

BDSP-Cla NtADH-BDSP-Cla
1 3 6 7 9 4 7 o 12 14
?Usri;;f‘o?;t:“)’iy 0020 0056 0050 0054 0011 013 0062 020 032 008l
Rel. HRP Cla activity 18 51 45 49 1 12 56 18 28 73
Rel. MRNA level 18 73 63 44 1 22 19 23 20 20
Rel. HRP C1a/mRNA 10 07 07 11 1 52 29 77 14 37

HRP Claactivity (U/mg protein) was measured in transgenic BY 2 cells. Relative HRP Cla
activities and relative mRNA levels were cal culated based on the value of BDSP-Cla#9. Relative
HRP Cla/mRNA was calculated as the ratio of relative HRP Cla activity to relative mRNA level.
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Table 1-3. Effect of the NtADH 5'-UTR on trandational efficiency in leaves of tobacco plants.

BDSP-Cla NtADH-BDSP-Cla
34 35 36 74 75 56 59 510 24 25
HRP Claactiviy 083 21 067 043 41 16 23 14 20 20
(U/mg protein)
Re.HRP Claactivity 04 1 03 02 19 78 11 64 09 10
Rel. MRNA level 05 1 05 03 08 15 12 12 05 06
Rd.HRPClamRNA 08 1 07 07 23 51 93 56 19 16

HRP Claactivity (U/g protein) was measured in transgenic tobacco plants. Relative
HRP Claactivities and relative mRNA levels were cal culated based on the value of
BDSP-Cla#9. Relative HRP Cla/mRNA was calculated asthe ratio of relative HRP
Claactivity to relative mRNA level.



Table 1-4 Amino acid sequences of N-terminal signal peptides of PRXs.

PRX Signal peptide CTPP
HRP Cla MHFSSSSTLFTCITLIPLVCLILHASLSDA +
HRP C2 MHSSSSLIKLGFLLLLLNVSLSHA +
HRP N MKTQTKVMGGHVLLTVFTLCMLCSAVRA -
ARP Ca MQFSSSSITSFTWTVL I TVGCLMLCASFSDA +
ARP Cb MHFSSSSTSSTWTILITLGCLMLHASLSAA +
ARP Ea MGFSPSFSCSAIGAL I LGCLLLQASNSNA +
ATP N MKTQTKVMGGHVLLTVFTLCMLCSGVRA -
ATP 1la MGGKGVMMVAILFLWALSATSEAVTE -
ATP 2a MANAKPFCLLGFFCLLLQLFSIFHIGNG -
ATP 3a MGRGYNLLFVLVTFLVLVAAVTAQGNRGSNSGGG -
ATP 5a MDHKMSMYLFVSYLAIFTLFFKGFVSSFPSGYN -
ATP 6a MAKSLN IL IAALSL IAFSPFCLCSKAYGSGG -
ATP 7a MTQLNIAVVVVVTVL IGMLRSSEA -
ATP 8a MEKNTSQT IFSNFFLLLLLSSCVSA -
ATP 10a MARFSLVVVVTLSLAISMFPDTTTA -
ATP 1la MATKNILALVVLLSVVGVSVAIP -
ATP 12a MAASKRLVVSCLFLVLLFAQANSQG -
ATP 13a MMKGAKFSSLLVLFFIFPIAFA =
38 kDa PRX | MRTAQLLLLSFLVFLSIVVCGVSGAG -

Signal peptides of horseradish (HRPs), Arabidopsis(ARPs and ATPs) and tobacco(38 kDa)
peroxidases are listed. Ser residues are written in bold face. Presence(+) or absence
(-) of the CTPP in each PRX isozymeis also indicated in the third column.



38kSP-Cla-C

& HRP C vacuole medium

Fig.1-17. CTPP mediates vacuolar sorting independent of thetype of signal peptide
at N-terminus.

Transformants screened by |EF and subsequent activity staining for PRX were transferred to
liquid culture. Samples were prepared from medium and vacuole of BY 2 expressing 38k SP-
Cla-C and analyzed. Solid arrowhead indicates HRP Cla(Type IV, Sigma) and open arrowhead
indicates HRP Clawith higher pl value produced by BY 2 transformant.
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Fig. 1-18 The clnexin-calr eticulin cycle in mammalian cells.

When two of the glucoses in the N-linked core glycans have been trimmed away by glucosidases | and |1, the nascent or newly synthesized
glycoproteins bind to calnexin (CNX) and/or careticulin (CRT), two homologous ER lectins specific for monoglucosylated core
oligosaccharides. The protein is therby exposed to another folding factor, ERp57, athiol oxidoreductase that binds to both CNX and CRT. If the
glycoproteins have cysteines, the formation of disulfide bonds is catalyzed through the formation of transient S-S bonds with ERp57. When
remaining third glucose residue is trimmed by glucosidase 11, the complex dissociate. If the glycoprotein is not folded at thistime, the
oligosaccharides are reglucosylated by glucosyl transferase, and the protein reassociates with lectins. The cycle is repeated until the protein is

either folded or degraded. ER a-mannosidase removes single a-1,2-linked mannose residue. Resulting Man8 structure serves as the signal
needed for ERAD.
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Fig. 1-19. Thelevel of endogeneous PRXs negatively correlates

with the level of HRP Cla accumulation.

BY 2 transformants with BDSP-Cla gene were analyzed by IEF and ECL detection.

5 clones are arranged in the order corresponding to the level of HRP Cla accumulation.
Solid and open arrowhead indicate the HRP Cla and endogenous peroxidase isoenzymes,
respectively. The direction of the electrodes are indicated by  and

JAN

A

©
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1.4

1.41HRPCla
PRX
(Hiraga et al., 2001) PRX
PRX N

HRP Cla NTPP

(reviewed by Nicchitta, 2002)

HRP Cla
NTPP Cla-C mCla BY2
(Fig. 1-6B) HRP Cla
( ) HRP Cla
N
HRP Cla (Fig.1-12A,B)
HRP Cla

(Hartmann and Ortiz, 1992; Morawski et al., 2000; Greco et al., 2000)

prxCla
HRP Cla HRP Cla
(
1990)
HRP Cla
(Lin et al., 1999) protein disulfide isomerase (PDI)
S-S
HRPCla 1 8 N- 4
2 1 (Welinder, 1979)
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(BiP PDI

)
PDI  HRP Cla

(calreticulin;
CRT) (calnexin; CNX)
(Fayadat et al., 1999; Arnljots and Olsson, 1987; Nauseef et al., 1995) PRX
N- HRP Cla
Asn-X-Ser/Thr (X
) (Kornfeld, 1985)
N-
HRP Cla HRP Cla
(Tams and Welinder, 1998)
HRP Cla (Tams and Welinder, 1998)
HRP Cla
N-
CNX-CRT
(Fig. 1-18) CNX CRT
(Helenius et al., 2001)
Glc3Man9GIcNAc2
glucosidase 2 GlcIMan9GIcNAc2
CNX CRT CNX CRT
ERp57
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o-mannosidase [ Glc0-3M an8GIcNAc2

Man8 ERAD ER
o-mannosidase |

Man8 ( )
ERAD (Helenius et al., 1994)
HRP Cla ( )

173-1:4 _B_ 5

(Takase and Hagiwara, 1998; Horvath et al., 2000; Wang et
al., 2001; Fiedler and Conrad, 1995)

(Lund and Dunsmuir, 1992; Fecker et al., 1996)

(Schouten et al., 1996; Vaquero et al., 1999; Ko et al., 2003; Ma et al., 1995)
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SUTR (Q )

Q mRNA 5
Q
(Mitsuhara et al., 1996)
5’UTR
5°UTR Nicotiana
sylvestris psaDb 5’UTR(23 bp)
(HSP) 5> UTR
(Yamamoto et al., 1995; Dansako et al., 2003) lat52

ntp303 5’UTR

(Bate et al., 1996; Hulzink et al., 2002)
(NtADH) BY2
(Nagaya et al., 2000) NtADH

5 (5°UTR)
NtADH 5 UTR  GUS
BY2 130
87 76
20 40
(Sato et al., 2004) HRP Cla BY2
NtADH 5°UTR
NtADH 5°UTR HRP Cla
( )
NtADH 5°UTR  BDSP 38kSP MnPRX BY2
MnPRX (
)
NtADH 5°UTR HRP Cla

10 GUS
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GUS HRP Cla

NtADH 5’UTR
HRP Cla BY2 NtADH
5’UTR HRP Cla
mRNA (Fig.1-15A, Table 1-2)
HRP Cla (Table 1-2) HRP Cla
PRX (Fig.1-19)

HRP Cla PRX

(Fowler et al., 1993; Weber et al., 1992; Conesa et al., 2000; Conesa et al.,

2002) HRP Cla BY2 LS
HRP Cla PRX
( )
(MnPRX) CNX
MnPRX
(Conesa et al., 2002) CNX MnPRX
BiP
( )
BiP (Lombrana et al., 2004)
BiP PDI
(Shusta et al., 1998)
CRT CNX
(Zhang et al., 2003; Higgins et al., 2003; Fourneau et al., 2004)
BY2
HRP Cla
143CTPP

52



Vacuole, PSV

(Denecke et al., 1990)

CTPP
HRP Cla

al., 1993)

CTPP

Lytic Vacuole, LV

HRP Cla

53

Protein Storage

HRP Cla CTPP

CTPP

HRP Cla CTPP
(Neuhaus et al., 1994; Melchers et



2 CTPP

2.1
80%
(Lytic vacuole; LV)
(protein storage vacuole; PSV) LV
PSV (Paris et
al., 1996) PSV
(Muntz et al., 1998)
LV  PSV (central vacuole; CV)
(Fig. 2-1)
N- (Kornfeld et al., 1990)
cis-Golgi GlcNAc-phosphate
GlcNAc mannose-6-phosphate
(Valls et al.,1987)
LV
(sequence specific vacuolar sorting determinant; ssVSD)  PSV
C (C-terminal VSD; ctVSD)
(Neuhaus et al., 1998)
ssVSD

(Matsuoka et al.,

1991; Holwerda et al., 1992) N

Asn-Pro-lIle-Arg
(Nakamura et al., 1993; Holwerda et al., 1992) ssVSD

N C
(Koide et al., 1997) ssVSD
(Clathrin coated vesicle ; CCV)
(Hohl et al.,1996) ssVSD BP-80( )
BP-72( ) AtELP( )
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(Paris et al., 1997; Shimada et al., 1997; Ahmed et al., 1997)

Type 1
Tyr-X-X-J( ) BP-80  ssVSD (
28
ctVSD (Kirsch et al.,
1994) pH ssVSD pH
(Ahmed et al., 2000) pH
ssVSD LV (prevacuolar
compartment; PVC) ssVSD
ssVSD
(Humair et al., 2001)
CPY BP-80
ssVSD
ctVSD PR-1 B-1,3-
PR (Dixon et al.,1991; Sticher et al.,1992; Neuhaus et al.,
1991; Melchers et al., 1993) (Cervelli
et al., 2004, Frigerio et al., 1998) PRX PR HRPCla  CTPP
ctVSD ctVSD -3-
ssVSD
(Matsuoka et al., 1995) ctVSD

(Dense vesicle; DV)
Fig.2-1 (Neuhaus et al., 1998) Hinz (1999)

DV PSV o-TIP ssVSD
BP-80 ssVSD
ctVSD ctVSD
30

(Neuhaus et al., 1998)
ctVSD ctVSD

HRP Cla ctVSD
C
HRP Cla PSV  HRPCla
BY2 HRP
Cla CTPP
15 C

55



CTPP

56



2.2

221
(Armoracia rusticana) (Nicotiana tabacum L. cv. Bright
Yellow 2)
222
HRP Cla (Type 1V, SIGMA)
2.2.3
SDS-PAGE Transfer buffer(48 mM Tris-HCI (pHS8.3), 39 mM Glycine, 20%
methanol) 15
NA-1512 Transfer buffer 1 mA/cm? 45
PVDF (Hybond-P; Amersham
Blocking buffer (25 mM Tris-HCI (pHS8.0), 137 mM NacCl, 2.7 mM
KCL, 0.05% Tween20, 3% Skim milk) 1
10 ml  Blocking buffer 1 4°C
Blocking buffer 5 3 2
10 ml  Blocking buffer TBST(25 mM Tris-HCl

(pHS8.0), 137 mM NaCl, 2.7 mM KCI, 0.05% Tween20) 5 3

[15 ml AP buffer (100 mM Tris-HCL (pH9.5), 100 mM KCL,
0.05% Tween20), 100 ul NBT (5% (w/v) 4-nitro blur tetrazolium chloride, 70% (v/v)
dimethylformamide), 50 pul BCIP (5% (w/v) 5-bromo-4-chloro-3-indyl-phosphate in
dimethylformamide)]

224
S mm
4%
1 0.1MPBS 3 10 5%
0.IMPBS  20% 0.1 M PBS 2:1 1:1 1:2
30 PBS 20%
0.1 M PBS 1 20% 0.1 M PBS OCT
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compound Tissue-tek 2:1 (4°C)
OCT compound
(HM500+0M, ) 10 um
APS
-80°C
1% Triton X Superblock Blocking Buffer for PBS

(PIERCE ) 1
HRP Cla
(
(Molecular Probe )

(Vector Laboratories )

PBST(0.05% Tween 20 in 0.1 M PBS) 3 10

Alexa Fluor 488 IgG
PBST 3 ( 10 )

(LSM510 META, Carl Zeiss )

225
I mm

glutaraldehyde in 50 mM PBS pH 7.2)

4°C 1

4°C

3 ( 10
2 (4°C) 60%
2 (-30°C) 99%

30 100%

100%

(4% paraformaldehyde, 0.7%

50 mM PBS 5 10 )
) 25%
2 (-30°C) 80%

(-30°C)

3 20 )

100%

2:1 20 ( ) 12
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200 () )

LR White (0.1 g 2-ethoxy-2-phenyl-acetophenone in 20 ml

LR White (LONDON RESIN COMPANY LIMITED)) 2:1 1:1 12
1 LR White 2
LR White 2
uv (TUV-100, EM ) 48
(Leica
S/FC S) 80 90 nm
( EM )
3% H,0, 3
3 ( 5 ) 5% BSA superblock blocking buffer
37°C 10
37°C
PBST 3 ( 5 )
PBST 2 1 ( 5 )
HRP Cla 200
o- TIP 8.0 pg/ml
IgG ( ,15 nm)
(British BioCell International, Ltd) 75
IgG ( ,15 nm)
(British BioCell International, Ltd. ) 75
(1%
) 10 20
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35°C 15

1133 ¢g 1.76 g @ ) 30 ml
1 N NaOH 8 ml 50 ml
(TEM H-7100)

226 HRPCla

BY2 LS 27°C 5
(NALGENE )
() (ml) 3g
50 ml 2 ml 10x (10 mM DTT, 10 mM PMSF, 100 mM
KH,PO,4 pH 6.0) 20 ml
(ASTRASON MODEL X1.2020, )
1 ml 1.5 ml 15,000 rpm  4°C
20 500wl 2x
(2 mM DTT, 2 mM PMEF, 20 mM KH,PO, pH 6.0) 500 pl 15,000 rpm
4°C 20
1 (1 mM DTT, | mM PMEEF, 10 mM KH,PO, pH 6.0)
HRP Cla (
1.2.15 ) ©) M)
HRP Cla M/(C+M)*x100(%)
227
CTPP
Cl1a-CTPP-Gly-R C1a-CTPP-GlyGly-R Cla-F
PCR CTPP C Gly ClaC+GG
(Fig. 2-14) CTPP Cla-F
Cla-Nsil-R Cla NsiI
pUCI118 NsiI T4
DNA
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CTPP ClaN10, ClaCe,
ClaC6+GG, BLC, BLC+GG, CPEC

(Table 1-1) T4
V347P
V347P+GG ClaC(=N-Cla-C) ClaC+GG
pUCI18 ClaC-Pro-F Cla-Pro-R PCR
CPEC+GG CPEC Cla-F CPEC-GGR
PCR NtADH 5> UTR

pMS  CaMV 35S
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2.3

231 HRPCla
BY2 CTPP
(PSV)
(LV) (CV)
BY2 Cv PSV LV
CTPP
HRP Cla
HRP Cla (Fig. 2-2)
(Fig. 2-3 A)
HRP Cla
SDS-PAGE HRP Cla (Fig.
2-3 B) HRP Cla
HRP Cla
2.3.2 HRP Cla
HRP Cla HRP Cla
HRP Cla
(Fig.2-4 C)
HRP Cla (Fig.2-5A)
5%
2.3.3 HRPCla
HRP Cla HRP Cla
(Fig. 2-6 A)
HRP Cla HRP
Cla 3
HRP Cla (Fig.2-7A,C)
HRP Cla (Fig. 2-7D,E)

S um
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(Fig. 2-8 A,C)

Fig. 2-10A, arrow head
2-11A)

HRP Cla (Fig. 2-9 A,0)

HRP Cla
HRP Cla (Fig.

HRP Cla (Fig. 2-10, Fig. 2-11 A, C)
HRP Cla
HRP Cla
(Fig. 2-12) HRP Cla
S-TIP HRP Cla
(Fig. 2-13A) HRPCla S-TIP
(Fig. 2-13B)
HRP Cla
234CTPP
(LV)
(ssVSD) (PSV) C
(ctVSD) HRP Cla
HRP Cla O-TIP(d-tonoplast
intrinsic protein, )
CTPP ctVSD
ctVSD ctVSD
20
(Fig.2-14) HRP Cla CTPP C
CTPP 10 (N10 )
C 6 (Co ) CTPP(C15 ) HRP Cla
(Fig.2-15) CaMV 358 NtADH 5’UTR
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BY2

) HRP Cla HRP Cla
C
HRP Cla CI5 C6
HRP Cla N10
HRP Cla (Fig. 2-16A)
CI15 C6
HRP Cla N10
(Fig. 2-16B) C
N 10
2.3.3 Gly
ctVSD C Gly
(Dombrowski et al., 1993)
CI15 C6 Gly Gly
C
(barley lectin CTPP; BLC ) (C15,
C15+GG, Co6, C6+GG, BLC, BLC+GG) HRP Cla BY2
(Fig.2-15)
HRP Cla HRP Cla (Fig.2-17A) BLC
HRP Cla Gly
(Fig.2-17A,B) C6 ctVSD Gly
CI15 Gly
C15+GG (Fig.2-17A,B)
Co6+GG HRP Cla BY2 HRP Cla
(Fig.2-17B) C6 HRP Cla HRP Cla
pl HRP Cla
pl HRP Cla (Fig.2-18) Co
HRP Cla
BY2 Cé6 ctVSD
Gly CTPP(C15 )
Gly N 10

64



2.34C15

Gly CTPP
N10
CTPP
" (Fig.2-19A) ol-
(Fig.2-19B) BLC Cl15
CTPP
E(carboxypeptidase E;CPE) C
1990)
C15
Pro V347P
Pro V347P+GG HRP Cla
HRP Cla
(Fig.2-20) HRP Cla V347P
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Fig.2-1 The plant secretory and vacuolar systems.

Indicated are endoplasmic reticulum(ER), Golgi, Cell wall(CW), protein storage vacuole(PSV),
lytic vacuole(LV) and central vacuole(CV). PSV matrix proteins were transported from the Golgi
viadense vesicle(DV) and multi-vesiculated body(MV B) as a prevacuolar compartment PV C)
(Robinson et al.,2000; Jiang et al., 2002).PSV crystalloid originated from the ER via precursor
accumulating (PAC) vesicle (Hara-Nishimura et al.,1998). Proteins of Iytic vacuole(LV) are bound
by sorting receptor in the Golgi, packed into clathrin coated vesicle(CCV) and transported to the
LV by way of Iytic prevacuolar compartment (PV)(Paris et a., 1997).In vegetative tissues and
cultured cells, PSV and LV fuse to make large central vacuole. The secretion into the CW is
default pathway for the soluble secretory proteinsin plant cells.
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Fig.2-2 Morphology of hor seradish plant.

Horseradish root tuber (B) purchased from a
super market was grown in a green house (A).
Horseradish bear white flowers with a good
smell at the top of stem in early summer in
Japan (A). Horseradish plants regenerated from
leaf blade was also grown up on MS medium
(Murashige and Skoog, 1962) in germ-free
culture pots (C).
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Fig. 2-3. HRP C1la accumulation in hor seradish organs.

Protein samples were prepared from horseradish root tuber, young root, petiole and | eaf
blade. The sample was analyzed by |EF and activity staining with 4-chloro-1-naphtole
(A), or by SDS-PAGE and subsequent western blotting with anti-HRP Cla antiserum (B).
As astandard marker, HRP C (Type IV, SIGMA) was loaded in lane H. Signals for HRP
Claare marked with triangles.
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Fig. 2-4. Vacuole isolation from hor seradish petiole.

(A) Protoplasts were isolated from petiole of horseradish plants.

(B) Vacuoles were prepared from protopl asts by ultracentrifugation.

(C) Protein samples of each fraction were separated by |EF and peroxidases were
detected by ECL detection system. Filled triangle and open triangles indicate HRP Cla
and other peroxidase isoenzymes, respectively. The direction of the electrodes are
indicated by and

(D) Protein profile in each fraction. Proteins of whole cell, protoplast and vacuole were
separated by SDS-PAGE, and the gel was stained with CBB.
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Fig. 2-5. Apoplast sap collection from hor seradish petiole.

(A) Whole cell fraction and apoplast sap fraction was prepared and analysed by |EF and
activity staining for peroxidase with 4-chloro-1-naphthol. The direction of the
electrodesareindicated by and

(B) Proteinsin each fraction were separated by SDS-PAGE and the gel was stained
with CBB.
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Fig. 2-6 Immuno-fluor escent staining of hor seradish petiole with anti-HRP Cla
antiserum.
Horseradish petiole was fixed with paraformal dehyde and embedded in OCT compound
(Tissue-tek). 10 um-slice of sections were prepared using microtome. The section was
treated with anti-HRP Cla antiserum and subsequent Alexa Fluor 488-conjugated anti-
mouse 1gG antibodies (A). As a negative control, the section was treated only with the
secondary antibodies (C). Each section was inspected under confocal fluorescent
microscope (LSM510 META, Carl Zeiss). (B) and (D) are blight-field images. EP;
epidermis, VT; vascular tissues. Scale bars represent 100 um.
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Fig. 2-7 HRP Claexist on inner surface of largevacuolein petiole.
Immuno-fluorescent staining (A) and immuno-gold staining (C,D) of HRP Cla. V;
vacuoles, CW; cell wall, SCW; thick secondary cell wall of trachea, T; trachea tube. (D)
and (E) Image of close up of the region indicated by square in (C). Scale barsin (A) and
(B) represent 5 um. Scale barsin (C) , (D) and (E) represent 2 um. Arrow heads
indicate signals for HRP Cla.
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Fig. 2-8 HRP Cla existsin small vacuolesin petiole.

For the immuno-fluorescent staining (A), sections were prepared as mentioned in Fig. 2-
6. For the immuno-gold staining (C), the section was prepared as follows. Horseradish
petiole was cutted, fixed with glutaraldehyde for primary fixation and with OsO, for
second fixation. Fixed tissues were embedded in LR white. Tissues were sliced into
sections of about 80 nm thick using ultra microtome. Sections were treated with
anti-HRP Cla antiserum and subsequent gold-labelled anti-mouse 1gG antibodies. After
electron stain with uranium and plumbum, the section was inspected under transmission
€l ectron microscope (H-7100, HITACHI). V; vacuoles, CW; cell wall. Scalebarsin (A)
and (B) represent 10 um. Scale bar in (C) represents 1 um.
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Fig. 2-9 HRP Claformsaggregatesin large vacuolesin petiole.

Immuno-fluorescent staining (A) and immuno-gold staining (C) of HRP Cla. V;
vacuoles, CW; cell wall. Scale barsin (A) and (B) represent 5 um. Scale bar in (C)
represents 1 um. HRP Claisincluded in aggregates in the central vacuole (arrow
head).
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Fig. 2-10 Immuno-fluorescent staining of hor seradish root tuber with anti-HRP Cla
antiserum.
Horseradish petiole was fixed with paraformal dehyde and embedded in OCT compound
(Tissue-tek). 10 um-dlice of sections were prepared using microtome. The section was
treated with anti-HRP Cla antiserum and subsequent Alexa Fluor 488-conjugated anti-
mouse IgG antibodies (A). Signals for HRP Clawere dotted al over root tuber. In
addition to that, HRP Claexisted in the cells a the outermost layer of endodermis. Asa
negative control, the section was treated only with the secondary antibodies (C). Each
section was inspected under confocal fluorescent microscope (LSM510 META, Carl
Zeiss). (B) and (D) are blight-field images. VT; vascular tissues. Scale bars represent 200
um.
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Fig. 2-11 HRP Clais highly accumulated in a particular kind of cells| root tuber.

Immuno-fluorescent staining (A) and immuno-gold staining (C) of HRP Cla. V;
vacuoles, CW; cell wall. Scale barsin (A) and (B) represent 50 um. Scale bar in (C)
represents 1 um. HRP Clais highly accumul ated in the vacuole of a particular kind of
cellswith little starch granules (arrow head in A and B, and C). Other cells without HRP
Clasignals contain many starch granules (arrows).

77



Fig. 2-12 HRP Cla exists at thick secondary cell wall in root tuber.
I mmuno-gold staining of root tuber tracheary element with anti-HTP Cla antiserum.
V; vacuoles, SCW; thick secondary cell wall, CW; thin cell wall, ICS; intercellular space.

Scale bar represents 1 um.
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Fig. 2-13 Vacuole containing HRP Clais PSV

The morphology of cellsin horseradish petiole(A). Cells contain large vacuole with or
whithout el ectron-dense aggregatesin it. Immuno-gold staining of HRP Cla(B) and o-
TIP, amarker protein for PSV(C). HRP Claand 5-TIP existed in the vacuole containing
electron-dense aggregates. V; vacuoles. Scale bar in (A) represents 5 um. Scale

barsin (B) and (C) represent 2 um.
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HRP Cla LLHDMVEVVDFVSSM

chitinase (tobacco) NGLLVDTM
-1,3-glucanase (tobacco) VSGGVWDSSVETNATASLVSEM
lectin (barley) VFAEATAANSTILVAE

PR-1b (tobacco) GDLEEQHPFDSKLE[LPTDV
polyamine oxidase (barley) DELKAEAK
AP24 (tobacco) QAHPNFPLEMPGSDEVAK
phaseolin (common bean) AFVY
defencin (tomato) VFDKISSEVKATLGEEAKTLSEVVLEEEIMME

Fig. 2-14 ctVSDsin plant cells.
C-terminal propeptide of many plant vacuolar proteins are reported to act asthe ctVSD. The

length of ctV SDs varies from afew amino acids to about 20 amino acid residues. The consensus

amino acid sequences have not found in ctV SDs. The sequence of last 5 amino acids has a

similarity in certain degree among some ctV SDsincluding the CTPP of HRP Cla (marked with a

sguare). Tobacco chitinase (Neuhaus et al., 1991), tobacco 3-1,3-glucanase (Melchers et al.,
1993), barley lectin (Bednarek et a.,1990), tobacco PR-1b (Dixon et a., 1991), barley

polyamine oxidase (Cervelli et al., 2004), tobacco AP24 (Melchers et al., 1993), common bean

phaseolin (Frigerio et al., 1998), tomato defencin (Lay et a., 2003).
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trandation
—>

(INtADH S'UTR JRSET ) Mature ,‘HRP Cla

C15 NSNS LLHDMVEVVDFVSSM
N10 NSNS LLHDMVEVVD

C6 NSNS DFVSSM
C15+GG NSNS LLHDMVEVVDFVSSMGG
C6+GG NSNS DFVSSMGG
V347P NSNS LLHDMVEVPDFVSSM
V34 7P+GG NSNS LLHDMVEVPDFVSSMGG
BLC NSNS VFAEATAANSTLVAE
BLC+GG NSNS VFAEAITAANSTLVAEGG
CPEC NSNS EEEKEELMEWWKMM

Fig. 2-15 M odification of the CTPP.

N-terminally located 10 amino acids(N10) or C-terminall located 6 amino acids(C6) of the
CTPP was added to mature HRP Cla. To see peptides functiones as atypica ctVSD, two Gly
residues were added to the C-terminal of the C6 and C15. Asthe control CTPP whose vacuolar
sorting function is disrupted by the Gly addition, CTPP of barley lectin(Dombrowski et al., 1993)
was fused to HRP Cla. For the disruption of the secondary structure of the CTPP, Val347 was
replaced with Pro residue(V347P, V347P+GG). The CTPP of rat carboxypeptidase E, which
forms amphipathic helix to interact with the lipid membrane, was used(CPEC). These genes were
placed under the control of CaMV 35 S promoter and translational enhancer, NtADH 5" UTR.
C1aSP; signal peptide of HRP Clawhich isthe same as NTPP described in chapterl.
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Fig.2-16 C-terminal 6 amino acid residues of the CTPP act asthe vacuolar sorting

deter minant.
BY 2 cells expressing HRP Cla gene with modified CTPPs as shown in Fig.2-15. were analyzed.
(A) Proportion of HRP Clain medium. The amount of HRP Clain medium and cell (including
cell wall) were quantified and the percent of HRP Clain medium was calculated. Two lines of
transformants were analyzed for each construct.
(B) Vacuole sample and medium sample were prepared from each transformant and
analyzed by |EF and ECL detection of HRP Cla. HRP Cla(Type IV, Sigma) was loaded as a
standard marker.
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Fig.2-17 C6, but not C15, isatypical ctVSD.

Function of typical ctVSD is known to be abolished by the addition of Gly residueto its C-
terminal. Two residues of Gly were added to C15, C6 and BLC(CTPP of barley lectin,

typical ctVSD).

(A) Proportion of HRP Clain medium. The amount of HRP Clain medium and cell (including
cell wall) were quantified and the percent of HRP Clain medium was calculated. Two lines of
transformants were analyzed for each construct.

(B) Vacuole sample and medium sample were prepared from each transformant and

analyzed by |EF and ECL detection of HRP Cla. HRP Cla(TypelV, Sigma) was loaded as a
standard marker. Solid arrowhead indicates the HRP Cla. Open arrowhead indicates HRP Cla
with lower pl value.
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Fig.2-18 HRP Clawith lower pl value was detected when C6 and C6+GG wer e expressed.
Samples prepared from medium and cell (including cell wall) were by IEF and ECL detection of
HRP Cla HRP Cla(Type IV, Sigma) was |oaded as a positive control. Solid arrowhead
indicates the HRP Cla. Open arrowhead indicates HRP Clawith lower pl value. The direction
of electrodes areindicated by + or -.
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Fig.2-19 HRP C1a CTPP, but not barley lectin CTPP, can befolded into amphipathic helix.
C-terminal propeptides of HRP Cla(A), barley lectin (B) (Bednarek et a., 1990), rat
carboxypeptidase E (C) (Fricker et a., 1990) and E.coli penicillin-binding protein 5 (D) (Phoenix
and Pratt, 1990) are shown. Lipophilic amino acid residues are indicated in white character with
filled black circle, and hydrophilic amino acid residues are indicated in black character with open
circle. CTPP of carboxypeptidase E and penicillin-binding protein 5 are reported to interact
directly with lipid membrane in low pH.
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Fig.2-20 The effect of the helix-breaking by Pro insertion.

BY 2 cells expressing HRP Cla gene with modified CTPPs as shown in Fig.2-15. were analyzed.
The amount of HRP Clain medium and cell (including cell wall) were quantified and the
percent of HRP Clain medium was calcul ated.
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Fig.2-21 Amphipathic helix derived from C-terminal propeptide of CPE acted as VSD.

(A) Proportion of HRP Clain medium. The amount of HRP Clain medium and cell (including
cell wall) were quantified and the percent of HRP Clain medium was calculated. Two lines of
transformants were analyzed for each construct.

Sample were prepared from medium, protoplast and vacuole of BY 2 cells expressing HRP

(B) Clawith CTPP of carboxypeptidase E. Proteins were separated by IEF and ECL detection
of HRP Cla. HRP Cla(Type IV, Sigma) was loaded as a standard marker. Solid arrowhead
indicates the HRP Cla. Open arrowhead indicates HRP Clawith lower pl value. The direction
of electrodes are indicated by + or -.
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Fig. 2-22 The structure of N-glycans.

(A) Mgor N-glycan structures of HRP Cla. N-glycan structure was analyzed by

Takahashi et a.(1998). The frequency of the N-glycan is shown above each structure.

(B) Typical structures of N-glycan attached to proteins in vacuole and apoplast of plant cells.
The addition of xylose to mannose and fucose to GICNAc occursin Golgi apparatus.

Proteins transported to the vacuol e through Golgi have paucimannosidic-type N-glycans.
Vacuolar proteins transported directly from the ER have high-mannose-type N-glycans which
do not contain Xyl and Fuc.

Man:mannose, Gal: galactose, Xyl:xylose, Fuc:fucose, GICNAc:N-acetyl glucosamine
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Fig. 2-23 Small vesicles are observed in the central vacuole.

Vacuoles were prepared from BY 2 cells expressing N-G-C(Fig.1-2). In addition to the
vacuole with green fluorescence throughout it, the vacuole containing small green
vesicles was observed. A and C are fluorescence images, B and D are bright field images.
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Fig. 2-24 The model of vacuolar sorting mediated by C6 or C15.

Two types of vacuolar sorting determinants will be included in the CTPP of HRP Cla
Oneis C6, 6 amino acids at C-terminus of the CTPP, whose vacuolar sorting ability is
abolished by the addition of Gly residuesto its C-terminus. C6 may associate with the
hypothetical receptor or mediate self aggregation in the Golgi complex. The other is C15
that can be folded into amphipathic a-helix to interact with the lipid membrane.
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HRPCla

HRP Cla
HRP Cla
PRX
(Sottomayor
and Barcelo, 2003; Pedreno et al., 1993; Andrews et a., 2002) HRPCla
PRX
HRP Cla

HRPCla (Fig. 2-11)
5-TIP (Fig.2-13C) HRP
Cla CTPP
PRX BP2
(Theilade et a., 1993)
(protein storage vacuole; PSV)
PSV  Matrix, Crystalloid, Globoid cavity
(Fig.2-1) Matrix Crystaloid Globoid
cavity
PSV Crystalloid (Weber and Neumann, 1980)
Matrix Crystaloid

PSV matrix (Sturm and Chrispeels, 1988)
PSV crystalloid (Hoffman et al., 1987)
Crystaloid PSV precursor accumulating vesicle(PAC
) crystaloid
(Hara-Nishimura et al., 1998) matrix
PSV
dense vesicle(DV) DV
PSV (prevacuolar compartment; PV C)
(multivesicular body; MVB) (Fig. 2-1)
MVB PSV (Robinson et dl.,

1998) 2 5um PSV
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(Park et al., 2004)

5 um HRP
Cla (Fig.2-8) PSV
PSV HRP
Cla (Fig.2-11) HRP
Cla
HRP Cla N- HRP
Cla 1 8 N-
PRX N-
(Asn-X-Thr/Ser ) (CTPP
)PRX 2.5t1.9 (N=140) CTPP PRX 7.0£2.9
(N=69) N-
CTPP  PRX

N-

Glc3Man9GIcNACc2

(Lerouge et al.,1998)
HRP Cla (Xyl)Man3(Fuc)GIcNAc2
(Takahashi et al., 1998)(Fig. 2-22)
paucimannosidic-type

HRP Cla BP1 SBP
CTPP  PRX paucimannosidic-type
(Johansson et al.,1992; Gray et al.,1996)
Vaccinium myrtillus L. PRX(VMPXCL1)
complex-type
(Melo et al., 1997) paucimannosidic-tyupe
B(1,2)-xylose o(1,3)-fucose
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HRPCla

(Fig.2-1) B(1,2)-xylose
o(1,3)-fucose high mannose-type (Kimura
et al., 1997)(Fig. 2-22)

BY2 HRP
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HRP Cla
(XyhMan3(Fuc)GIcNAc2 ( )
BY2 HRP Cla
242HRPC1aCTPP
(phosphatidylinositol; PI)
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”identity” (reviewed by Odorizzi et a., 2000)
6
2°=64
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PI3P (Gillooly et a., 2000;
Fernandez-Borja et al., 1999) PI3P /
PI3P
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PI3P
(ctvsSD ) (ssvSD )

BY2 PI3-kinase
(Matsuoka et al., 1995) ctvVSD GFP
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Sansebastiano et al., 1998) BY2
(prevacuolar compartment; PV C)
(Tse et

a., 2004) Kim PI3P PI3P

(endosome binding domain; EBD) GFP

(Kim et al., 2001) GFP
NTPP-EGFP-CTPP BY2
GFP (Fig.1-4, 1-5)
GFP (Fig. 2-23)
HRP Cla CTPP PI3P
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pH
pH 57 pH
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(Matsuokaet al., 1997; Robinson et al., 1998) ssVSD
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(Hinz et al., 1997) ctVSD

ctvVSD ctvVSD
(Freydl et al., 1995) HRPCla C6
CTPP(C15 ) o-
AC )
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(Wilkins and Raikhel, 1989)
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( C )
(Fricker et al., 1990; Phoenix and Pratt, 1990)
pH o-
-
6 o-
(Ham,
2003)
‘phytepsin
(Kervinen et
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E(carboxypeptidase E; CPE)
CPE C
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(Fig.2-19C) CPE
(Dhanvantari et al., 2002) CPE
(Rindler, 1998)
pH
PSV CPE C
HRPCla BY2 (Fig. 2-21) C15+GG
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(Fig.2-24)
243 HRPCla
PRX
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peroxidative cycle
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hydroxylic cycle (ROS)
(reviewed by Passardi et al., 2004) PRX IAA
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(Ferrer et al.,
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Hllaire et al., 1999; Takahama and Hirota, 2000 (Sottomayor
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(Kawaoka et al., 2003) ASA
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(Yamasaki et al., 1998)
peroxidative cycle AsA

2FlavOH + H,0; —» 2FlavO + 2 H,0
2FlavO" + 2AsA - 2FavOH +2 MDA’
MDA"+ MDA -~ AsA + DHA
HO2+AsA - 2H,0 + DHA

in vitro APX-
PRX (Yamasaki et d., 1997)
PRX AsA
AsA DHA DHA
AsA
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Cytochrome b561 NADH MDA’
MDHAR (Griesen et a., 2004;
Shimaokaet al., 2004; Preger et a., 2004) AsA 20%
(Rautenkranz et al., 1994) AsA
HRP Cla PRX
cytochrome b561 AsA
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(OH")
(Schopfer et al., 2001) invitro HRPC "hydroxylic cycle”
0O, OH’ (Gazaryan et
al., 1996) OH’
Schweikert et al., 2000 O,
Ray and Ruesink, 1962 PRX
OH’
invivo Schopfer et al., 2002 PRX

OH’
OH’
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“secretory lysosome .
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