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WX A R E B
FF i

EYHREIEIIEIVO—X, AIRIVO—X, RIF D EREINZZEENS
BRENTVWS, EYMRRITHEEICEDEENTWAZENG, MEDEX - R
BUCITMRRE O BERENNETH S, FICREMBETIE, KES - BINRIC
LT HENS, N> THREOBEDRIVIZELL TWEEREZ 5N,
Table 1 IZHIBIBEDRE: - RBWCE ST 3 LA ERER - ¥ ONTHEEE T,
NS DEEALRHIREZERT 2EERS THHENO—X, NI IO —Z
FalVhar), RVFVICEEERAL. B85k. 8. RSB EE5ER
ZTHbDTH?, MREFOHS IV F—XFEBIIHEDICIVRRLD, R %EE
bhTna, LirL., HBREICEDDHTS57 M—ZXE8EBDODRIICEST, IE.
WS DINDOHEYIZBNWTHES, BOMME. B, REORAEDREBREIIBNT
BHSY b F—¥ (EC3.2.123) DEEREMESL B-H S5/ by —E2I—-RT2H
GTFOEEROEM,. MREFOTS 7 b—XEOBPDRENBEINTNS, Z
N5 EMNS, BASY N —FIIHBEDRESCRBICEET S Z EWVRE
INHEDH TN,

A TIL ¥ —< > (bell pepper, Capsicum annuum) Z#E &L THWE, FF
EYO—ETH 2 E—T U REIRBIHENWREANRD SHRNEERLL, RAOK
A Z 3 (Fig. 1)e E—&HBHPOT ) AT —EERZREL LA, E—
TUREQRBICHENBH S Y b LY —VEHO ERSERI N (Fig. 2. S 51,
Mature green 3K Uf Red DR EDMFAEEEMHRZRIE, BELEEZA, HF7 b—
AGBETNEZICBAD L TWE (Fig.3)e ZNHQOIENSE—T 2 RERAICS
WT B A7 b ¥ —EBIdMBEDIMKMRICEEL, MSIrOREZFLTND
BRI Nz

FITE—TURERBIIBIZ BT ¥ —VYOoEENREIOREET 27
D, E=BENS BTN —-FI NI E, BLXUBGTOEBEZT-
TERZENEEORE. BIXUERTORBAB/TEZRS . I 5ITRBABREICBT
D REMEDEHRROENL., REFILICESTI2EETFOREANSY — 2 OFH%E
o TE—Y U REMBEEBICEETA2HS 7 V- A0EEMERZEERL. BER
BICBITB BRI N —EO/REZBHSNI L,
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B1E P—< RBREMNSOB-HS 7 FIF—VYDBE

Figure 2 BEL U3 NS5 BHI U h I F—¥RE -7 RERBICBWTHIFEEA
BELTWB I ENRRENZ. €I TEETIERERBUCBIBZBHI Y b F—
TOLOF#ERAEENREZHSNIT S0, BT MY —Folig2EH
EL7.

FONRIVBLVRIVTEEZEL, TOREOENVDDRRERBICKESTFEL
TWAbDEEZ, RBFRFHDREMSR D REEMNS p-nitrophenyl-p-D-galactopyranoside 2
MTABEEEBIZEELTBAIY Y —EOREETo 7, REERE Red DRE
NSHTHER 77.5kDa, REABME Mature green DREN S TFEE 47.9kDa D 2 &
DBRHSI b F—E2RE L. NREY I/ BREFIZRELEEZA, Zhb
BB 7I ) BEFEELTWE Fig 4, IN5DOB A7 ¥ —FEa—-R
THRGFERETSED, RELEZNKGEY 2 /BES, BLUEE—< 2 EHA
OBV NREHFKDB-HF I M F—EOERFIERNS TS5 v —2RETHL
7o BBICHWEZDD ERUKRRBEREDREMNS total RNA 2R L, REFLEZT
SA4—%2HAWNT, RT-PCR. BXU5-RACE 217>/, 77.5kDaB-H57 v ¥ —
Y DE®RM 5 open reading frame (ORF) 2175bp. 724 7 X J BBEMN 572 58 F1%,
479kDaB-H5 7 I F—YDIEH/RMN S ORF2544bp, 847 7 X JBRERENSD
EFlZI O0—=>F L7z, blastBRROKER., INSOHEET I/ BEFIFICRE
Glycosyl Hydrolases Family (GHF) 35 IS 2 -5V ¥ —F U OREE B TH
% G-G-P-[LIVM]-x-Q-x-E-N-E-[FY] DELFINHER I N, K> Tru—=2F Lz
EEFNEB TS hF—EZ2a—-RLTWAZENRBIN. RiIFEDEFIZ pepper
beta-galactosidase 1 (PBG1) & U (Fig. 5). #%& DECFI% pepper beta-galactosidase 2
(PBG2) & L 7= (Fig. 6).

PBGl DHEEY I /BN S —REEN S FRINSSFEREIL77.6kDaTH D,
BHOBREIIFF-HLTWE, £ PHINZBRBEBIIRELENKRT I
JEBEFIERU 24 REBMSH/ED, BB —HL TSI ENE PBGL NBET
B/BoONZ775kDaB-HI5 7 v F—FE2a2—-RLTWB I AR N,

PBG2 D#EET X /BN S —KRIEEN S FHEINS 5 TFEEL 90.0kDa TH o7z,
FPHINIBRBAERIIRELZNFKETY I /BREFIEFUC 25 ZEBNSBED.
EFH—HL TS EN5 PBG2 WHEETH LN/ 479kDaB-H5 0 ¥ —F

—293 —



ZOAO—RLTWAZEMNWRREINZ, LML, FEENRHODDERRB I E
NEMENTOF 7 —EiIc kD C REEENB I N TS EREENE W I LAVR
XN, PBG2 D 750 7 X JBERELENSH S 7 N—AfER LV I F BB OERE
HHER X N,

PBGl. PBG2. BEIUNINFETIHREDHHEYWHKBR-TS L I ¥F—FDEL
FINORHEEERT R &, EYOB-HFV hF—ERKEL 3 DO IN—TIC
KBlENr= Fig. 7). PBGIABBTAHIN—TMDBHITY hF—EIIREHK
DHEDMNEL, HIV F—AREVIF U BABZEINICFERNVWREEZF L TV,
¥ N—TEBLTWAREDR. RABRHICRANERE RSN R5H
BT HEMNE E5NE, —F. PBRIIN—TILIEL. 2n5pHSY
2 —FORICIIREINDEBHERDODDEL . H5 U h—ARBEV I F &
BEFUOEVWIREERL TV,

PBG1 & PBG2 DREZRNDD. E— > DOEHREN 5 total RNA ZFHRIL
E& RT-PCRIC K DB L7 (Fig. 8). PBGL IZRFAE D Red DEFHICRE RN
BIMIZE <., {ETOREASD BNEN >z, —F PBG2 32BFHICHREHEMEL,
RBERTHOREIIBWT PBGL ORBREE LRISEITE -2, RBEEBHOREE L
Figure2 . BEU3 OERN S, BERBICIIB-H 52 b ¥ —1F PBGL BB bHE
BRLTWBZENRBEINZ,

BoE BHS/ MY -—FoBERE

HEELZBHS b F—YOEERREORER, B-H57 FF—ENE—
NORENTEDRI BB ELZEMT D L THECEETHS. £/, MEEDH
BEHSFHENDEDRVES, FETRERELZ2D0B8- 50 N5 —FEE
REPHEOREZBNE LT,

BHZ2 b —EPBGlIEIRENS DREICK D +HRDI NI EVNREN
BTENG, BHEBRERZAVWTHEEREZ{To . & pnitrophenyl-Z7’) I3 R
#EEL L., p-nitrophenyl-B-D-galactopyranoside 12X 3 B iEHEZE 100% & U= xS
#iZ, wL-TIE/) TS5 5 —EEED % 2REICETHENEDTHH /2
(Table2), B-HS5 7 b REEZIVAY I8, RUSEICHT 5EETIE,
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B-1,4-H 50 b FREEZRERITINAKMET 5 Z LAVRE NIz (Table 3), T 51T,
BOTFDB14-H7 05 ITHT 2EREETL2ENS, B-14-H52% > % PBGI
IC K DRBFEICIIR MR L Te 3 fREM % HPLC IC K DB L2 & 25, B 0RE
EEBIATI N—ADERBRDEMPHERI N Fig. 9. Ko TRBHSI M
F—EPBGl R B14-T 57 by FHEAEIEBITRIN S exo BITIIKARET S
ex0-1,4-B-HS 7 5 F—LTHBEEHEMNI L=,

KiZ. Mature green. BEURRed DE—T U EENSHIBEEZFRL, 51T
JFVES NI RIO—RES, BLOENVO—ABESIZAEL, NS5 B-H
52 b5 —¥ PBGl OEBIRVEINERIE L. TNEMTLTENETND
EODHSY h—ASEZAE. & LE, BIII RN —EPBGIIZLBHS
7 b —Z DiEBERIT Mature green DX F ZE4>, $#1Z Covalently bound pectin 1235
WTEMNo7=, £7=, Mature green & Red DEERDH 7 h—ABE KT S &
Covalently bound pectin IC BN TEZDWPNEETH o7z, TOIZ &N SHMRREEFD
B-14-HT5 0 F BRI F ORISR EEL. invivo ITBWTB-A 52 k& —
PBGl DEBE X210, REDORREEDITMKPBINDZ I ENFRBIN, Ko
TBRHSY N F—FPBGl BRI FUOHRIZEBET 2RI F EMHhBERD—D
THBENWZLD, —FH, PIO—X, ALV O—ABMIHLTRHS I vy —
¥ PBGl DRSENBENZ ENS, INSQEDITIEB-14-HIT7 05 > OEFEERN
Dizny, HBEWEBHTV b ¥ —FPBGI DEAZZITICKWEE Lo TNV
ZEMNEZ 5N,

BHSU R —F PBRIIRENSOBHICKDT+HEOY VNV ENESN
BRNWZE, BEBETIOF 7 —EBiL 20 EZITTVWARIEEENRHZ 2 ENS
- PBR2EFROBEZRRLENI EZZRL. BRZEEELEERROBEEZIT-
7= Saccharomyces cerevisiae #f8X & L. PBG2 £%&. PBG2 DI 7 FIRTF R
ERWEEE. BKU. S cerevisiae D737 F )L TdH 5 o-malting factor % FREH
FEIRICAMUZZRERA 75 A REERLUENERIIBD SHano 7z, JRE,
Pichia pastoris ZT8EE L, EHRZT>o>TW5,

BIE REBRBIBIBZB-HIV Y —FoEENREORHA

B2EOKENS, BH S b ¥ —F PBGl IXREMBERY F D B-1,4-
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HI0H EMKLFET DRI F U EHBERTH D, REOHRAMIIEETH I &N

ERRMBENT, MYMIBREFORIF UVRERFEANT I F oot (HGA)., T
L)ASFaO0FIRGD., BEURIALA/HSVFaaF IRGCGI)IZE-T
BRENTWS Figl0), FTHRIFUHFDOH T2 b—XIZFEIZRGI DHEIBHD A
SHEVELTEELTWAI ERNHENTWS, RIEOERMS BIII I F—
¥ PBGl I RGI FDREED B-14-H5 I F 2Bl TR EEZ NS, HYR
EOHILII R F > HD HGA D endo-R) A5 FaOF—FEiZLD endo BD 57
BRBRKOEREINTERN, INETO MY MREIZBIF AR FAEHHEER
OHREHNH OIFEN S, endo-RUH 7 Fa0F—FLUMIBAFT I b5 —F
HREOHILICED S TVBAREENRBIN TS, TITEETIE. RAFOD
V- BEIZBWTBHIY h ¥ —FLendo-RU TS Faur—EDERR
PEETORE. BIUREOHREOHEROBLTHSACTEZ E2EME
L7z,

P—< O REPRD endo- RIS 7 Fanr—V¥ERZABTONRETH- /-
=0, MOEYN SH|MESINTND endo-RYH S5 7 Faur—YRETFOEHRZE
HEW, E—REHK endo- R A5V FauFr—YBEFOI/IO—Z22T%
Rul, BEOEHILHIMEEL TWS Over ripening (OR) DEEMN 5 total RNA ZFHEL
L. RT-PCR ZfT> T, 935bp. 311 7 /BERENSRLIEFEZMAELZ, blast
RROWE, GHF 28 ITET 5 RAA( > 2 SDEMBEERE endo-B) HS52 Fan
F—FEEWHRERRENZ, £ TIZDEMRTF % pepper endo-polygalacturonase
1(PPG1) & L7z,

REFHDO Y —< P REL BN TZTNENORETOREZ2 4570, BIEH, —
TR EICREZY T2 U Ttotal RNA ZFEE L, EFERT-PCRIZKS
PBGl., PBG2. BLUPPGl ORERH, BLURBEEBOMHZEH N (Fig. 11,
PBGl OFIE &L, Turning (T) ORHICRBICEML . REBEHETEVWREER
L TW=, —. PPGl IZRFAFTHID Mature green D Z A ETE<SFEHL TW
72, Turning DR SRENR 54, Red ORFHIICREBAREHEOHEMN R
57z, PBG2 ODRBUIIBMBEEICBNWTEL ., REFHICHKEOr—r 2 0%,
TOBRBAL TV, ZDOZENS BT M5 —EPBGRIZREDOEHLIZE S
LTWRWZ &R I N,

RICREMBEDH S b—X&., BLXUOUO EBEZEIEL X (Fig. 12). HiiE

— 2% —



Bhoio 7 h—AEEIXPBGl ODFHE & KEHAIT S &K 51T Turning DRHEAD 5 8
ZICEONR SNz, —F. VO VEBREIIREORAE EDICTORITEML. B
DR SNBEDPoTz, T ENS B-H T hiF—F PBGI IdRFICB W THIM
BRIFHDB1A-HS I D EMARIEL. RERCERET S I EMNRKRE
Nz, £z, PRRCRUREZEOKICHENTOCEREOBDVEZ 520D
endo-N) 5 7 F 2 0 F—EDIMKSMEEANEEICEF FOBEM TR 5728,
FVAHSFaOF 3 EEICEED, filREANBHLIZWI EBREZ LN
7z

REER

ERETIE, BT RENSEHEICKV 2BOB TSV MY —FYZ2AML.
ZHETNPBGl. PBG2 27/ O—=2F Lk, ZD2DDBR-HIH v F—EDH
T, BEORMEBHICZBICRELTWS B H 55 M4 —¥ PBGL ITEB KR
DREM S, BEBERIT exo-1,4-B-H5 75 F—VEHEETHRHI I N F—E
IHEINBZEERELEMNILE. FBEROEEREHIIMOENREI SBHRS
NEBHTI RIF—EEHBL, 73 BESNSERLEZREFICBNTD,
HBEON—TIMIZBTAZENSE, FIN—TMOB-HF7 s F—FIIRED
REIZBNTWB Z ENERIENE. /= BRIV ¥ —FEPBGLIZE—T >
REMBEF ORI FONEEBOHTST I N—A2EBTZ N5, RIFUH
WB14-HS575 VN RKBICEETSZEZHSMNIL, ZOHT T b—ANER
BHICELLBDLTHZIELEZRHLE, ZOZENSDBHFH ¥ —E PBGI
WBRIFUHFDB14-HS U5 2 KGEL, E—F O REORFBICESL TH
BHRYFNEMBERTH S Z ENRS RRBREI N,

BHZ2 35—t PBGl ORBED LR ERLHITS &S5 IHfaEEHFOH S 7 b—
AEEBNBOLL TV, ZDZENSHBHI7 M ¥ —F PBGL BIE—T 2 REE
DRFBICEEL TWAZ 2B/ LTWE, £ A5V ¥ —EPBGI
DHEERIT. REFKLLOBKERELTEZONTWS endo- R H SV Fa0F—
¥ PPGl DRBELD BETLTHEML T, Ko TBHF7 b3 ¥ —FPBGL D
BENTORENIRIFABED B-1,4-T5 75 OMKDPBETHD., RERKILZE
BT B ERNBEEES TVWB I EMNRR N,

— 297 —



| PLED#ERZBEZ. Figure 13 DX D BRREDKIITH T Hlifla kb OB %
RTEFIIEREB L. Mature green ) 5 Turning DFRFHHICNTTBR-T 50 b ¥ —
¥ PBGl BIFICORE L, RGIHFORIED B-14-T5 05 >INk EEN5,
HI57 h—ZADEEEIZED RGIHDWIERTF U LEOBENELL. REDK{L
IRED EEZ 5D, Red DEFHHITMT T endo-RY N5 7 F 20—+ PPGl O
HEENEIML. HCGA DT ¥ LIRIMKSBNEEEND, ZHICXKORIF >
BEORFERRBENE I D REORLITE HICED EEZI 5N S,

B

1) E—< 2 BEDNS Glycosyl Hydrolases Family 35 ICB 52 DD B 57 b5 —
¥ PBG1. PBG2 #HEiLZDHEZHSMNITL T,

2) B-HZU I F—EPBGl OEBREMEDOREN S, FBERIL ex0-14-3-T5
Y F—YTHsIEzZBHLENLE,

3) B-HF& bFH—H PBGI I invivo IKBNWTHBEDORYF D B14-75
5 UEREEEBELUTIKGEL, REORMICEET 5 I AR I NZ,

4) YP—UBREIZBWT., B-H57 ¥ —¥PBGl DFEHIL endo- R HS 7 Fa
OF—FIZkZ > TEML TSI ENS, PBGl BE—T VREHKILWRIF
BiEORE) DT ESRREZL TNWS I LAVRBR I N/,

R R X

1. S. Ogasawara, K. Abe, and T. Nakajima : Pepper -galactosidase 1 (PBG1) plays a
significant role in fruit ripening and softening in bell pepper (Capsicum annuum). (Submitted

to Plant and Cell Physiology)

2. S. Ogasawara, K. Abe, and T. Nakajima : Molecular cloning of pepper B-galactosidase 2
(PBG2) from bell pepper (Capsicum annuum) and its characterization and expression

analysis. (Manuscript in preparation)
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Mature

Immature

Flower Fruit green Turning Red
Figure 1. Temporal change of pepper fruit after anthesis 25+
Table 1. Related proteins in cell wall development and maturation __
f=2} +
° Protein Role = 20
7] «
§ Cellulose synthase Cellulose expansion "«:5 15
] E 451
S . 2
g p-1,4-Glucanase Hydrolysis of xyloglucan S
5| Xyloglucan ; © 10}
_6: endotransglycosylase Synthesis new xyloglucan polymer ;
< £
Expansin Depolymerization of polysaccharides g;,_ 54
Polygalacturonase : »

‘(,gectinase) s Degradation of homogalacturonan | : | B
c| Pectin methylesterase De-esterification of pectin 0 R IL ML IMF MG T Rd
8| fruit
a Pectin lyase Depolymerization of pectins Tissues

222

p-Galactosidase

Figure 2. Specific activity of f§-galactosidase
in various pepper plant tissues
Crude enzyme was extracted from various bell pepper plant

tissues. Tissues were harvested from root (R), immature
leaf (IML), mature leaf (ML), immature fruit IMF, dpp 15),
mature green fruit (MG, dpp 40), turning (T), and red-stage

(%) fruit (Rd). One katal (kat) of activity is defined as the
6ol & amount that releases 1 mol p-nitrophenol per second at
S > 50 °C from pNP-B-galactopyranoside.
) ) (B)
10 B : (kDa)
_ 20 ell pepper fruit —
8
2 4 \L
g 10 5
£ 16| = -
2 ¢ DEAE-TOYOPEARL 6508 o7|®  [77.5kDa] ™
® .
g I nonabsorption fraction l ¥ )
) i Butyl-TOYOPEARL 650M 66! @ o
£ (NVSYDDRAIVINGKRKILIS
3 ¢ TOYOPEARL HWS55F -
lg . 47.9 kDa
] Superdex 200 v . Vg
s I ¢ 4| § (3
[ purified p-galactosidase | 7 (GNVTYDHRAL
o & A i
Uroni I
Gle Ara  Man Xyl Rham Uronic

Monosaccharides
Figure 2. Sugar composition of cell wall material from mature green
and red-stage fruits
Cell wall materials were extracted from mature green (green bars) and red-stage
fruit (red bars). Values in the graph represent the percentage of each sugar in the
total sugar content in the cell wall material. Gle. glucose: Gal. galactose; Ara,
arabinose: Man. mannose: Xyl. xylose: Rham. rhamnose.

Red

Figure 4. Purification of -galactosidases from bell pepper fruit

(A) Scheme of purification for b-galactosidase from bell pepper fruit.

(B) SDS-PAGE analysis of purified p-galactosidases and its N-terminal amino acid
sequences. Left panel is 77.5 kDa B-galactosidase purified from red-stage bell
pepper fruit. Right panel is 47.9 kDa B-galactosidase purified from mature green
stage bell pepper fruit.

Mature green
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- —" ‘-_;-1”“”“”@””““,”“““:”, : Figure 5. Nucleotide and deduced amino acid sequence
)IYIIST'(II'II.XQ(AKBGELIAKKT'VFII‘N!P!PGI\'I'(“'IIV .
- o Of pepper beta-galactosidase 1 (PBG1)
KFIKLYQGAGLYVNLAIGRYICAERNFGELPYNLXYYSCHNEFNADNQPFK Firstbox(MMKS...LVKA)indicalessigna]peptide,secoudbox
- YAMQGEFYQEYYSHXNCKS ERLFEPQEI:S?ITNRATENEYCFYERITECA? CEA d (GGPI"'NEY'G)i“dicatespumuveglycos)'lhyd“ﬂasefmny35v
= ~ three circles indicate possible N-linked glycosylation site, and
YYTEDAAQRAYGLETDYPRINCKQIDAZOPYIDTYCNCFTYTCECGFRPREKPTY X P aﬂowindicatestheN-terminalaminoacidsequencefrompuﬁﬁed
e T O T e e R e e 77.5 kDa B-galactosidase. The asterisk represents the transiational
mIFGIT!!EL'[I'IVIVBA'!'!'lSLI-I!IlViHLl!lHll!lQ(lFlLm SIOPCOdon"rhissequencedamisavailablefromDDBJmu
- u  GenBank under accession number AB080296.
VS 3YPT YT SLESNQEANYYRSEKESGCACAAFLSNYDPAKYSYAVYSFQODLPYDL
us 11
PPN SIS ILPDCETYYYNTAKYSSQESSIENTPAGCCCLSTQSYNEDY PTAD
un 1%
eSS PTLRANGLREELQR YVTRODSSOYLETYTNTOYNIASNKEGSGFLESGEKDP?PYLTY
mlSAEHVLKV!VIGlLAE'VV‘AthrlLY'lﬂlVKLIA‘llllllliviv
wn wm
ELPAYGYNTYPTUEHAGYLGPYTLSEGLNEGSRILAZQKYSYKYGLXGESLS L
m T 2
X TLSGSSSEVYCEWYQGESLYARTQPLTRYEATYTFSAPGCGCSEP?LALONASHEKSE
mr 7
QININGEEEYGRNENP EYAAQEPCSKCSTYACY FRNEERCQTYNCGQPSQAREYNY
mPIlll.lYl‘lLLVV'!(IIFD!T‘XSI.VIISI' au
ns an
el e
Figure 6. Nucleotide and deduced amino acid sequence
oy = of pepper beta-galactosidase 2 (PBG2)
f— o AT T AT MG T AT TSI 60 First box (MMSF...MSFA) indicates signal peptide, second box
- e —— e o - (GGPV...NEYG)indicates putative glycosyl hydrolase family 35,
n'tlllllllilll'l?llll'llllll!'lll'l'llﬂl" - t.hl'CCCi['ClCSindicatepossibleN—]inkedglycosylaﬁonsite,al]ow
YA AP L gl R BT o8 6P TIE PRYDARARPY ¥ RUAASHATSI LT GYOT indicatestheN-tem'linalaminoacidsequenccfrompuriﬁed
T T T eery ™ 47.9kDaB—galactosidase,andﬂﬁrdbox(SLECP...EASCK)
n"l?'lllAIA'AI'IuIlGTllIY'I'Ill!’llll'll‘l'!ll’l'u'l = indicatesgnlnctosebindinglectindomain.'I'l'leastcn'skrcprescms
nl'lIlVllXII'KIl.lll_kgnlllll.Cllll'AY'VYl'llll”'llvv o= mCNSIauoualstOPCOdon'
mllIll‘ll'lllxllllll"l'lll'Yll"ll'l)!?l!ll'l'lYlK =
mXll'lI'lY"\'IITIlDllillllllYl'll'V(llllll!lllllll. - PBG1
_XIY'IAIIDI'I'Vlllvllllll?ll"lllvvl"lllll!lll'!l(‘ - 120
mllllll%ill!lv'lll’v!LVPllllllLltAY'll!Ilell’\ltl ™
Wll'l"llllll'll'!lll!KEI'I‘VIIIIIIIIl‘lll“lll'lllil . :
(=]
_I.FYIlll'l'lll'll"ll"llIIlYl.llllll'llllelit)Av' - &100
-l'llICVIlllYlI’Vllll!Lll‘ll’l.ll'l"lllllllll'i'll B 0
-t
“IlVlillvlllIAVlllnlv:llvllrlvlllllllhxvll‘lll!t,r; - g 80
. perras ; . aropecsane N B
;!v-l't'.tll'wl:fl't»’;"ft“rt"15!*1-!. ST S SRR - :
- b = 60
B
3
2
2 40
2
g
3
Group | w 20
TBG1& b
TBG3Y b -
TBG72, b 0
Tebaccob Root Leaf Flower ‘0(0 o
TBG2S, b ‘ee‘\ «
g Group Il Frult
Radishb .
b Tissues
TBGSS b
PBG230) PBG2
Toaes, b
Grape berry? ] z o4}
] <
(]
Papaye -
Poart @ 03¢
Applet ®
Jupanese peart Group Il >
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TBG4E c 1
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Figure 7. Phylogenetic tree of PBG1 and other plant B-galactosidases based on shared amino Root Leaf Flower o"“‘ 6“" ) ?@6
acid sequence identity W “‘(
Unroated phylogenetic tree produced using ClustalW followed by PHYLIP based on the neighbor-joining method. Frait
3, purified or isolated from fruit tissue; P, containing a galactose-binding lectin domain in the sequence. Species .
and accession numbers: apple, AAA62324; asparagus, CAA54525; avocado, BAB83260; broccoli, CAA59162; Tissues
citrus, AAK31801; grape berry, AAK81874; Japanese pear, BAB21492; mango, AAB61470; papaya, AAC77377;
pear, CAH18936; radish, BAD20774; strawberry (1) CAC44500, (2) CAC44501, (3) CAC44502;soybean, Figure 8. Quantitative RT-PCR analysis of PBG1 and
AAQG62586; tomato, TBG1, AAF21626; TBG2, AAF70821; TBG3, AAF70822; TBG4, AAC25984; TBGS, PBG2 spatial expression in various bell pepper tissues

AAFT70824; TBG6, AAF70925; TBG7, AAF70823; tobacco, CAC13966.

— 300

Total RNA extracted from various bell pepper plant tissues.
Tissues were harvested from root, mature leaf, immature fruit
(dpp 15),flower, mature green, turning, and red-stage fruit.
Levels of PBG1 transcripts are shown relative to GAPDH
levels. Error bars represent the standard deviation.



Table 2. Enzyme activities of the purified

P-galactosidase PBG1 toward various pNP-glycosides Table 3. Enzyme activities of the purified B-galactosidase PBG1
toward various substrates

Substrate Relative activity

PNP-B-pD-galactopyranoside 100% structure  Gal release from
PNP-o-L-arabinofuranoside 7.0% 100 pg substrate
pNP-a-D-galactopyranoside 1.1% Methyl-p-pD-galactopyranoside Gal-Me N.D.
pNP-B-D-xylopyranoside 1.0% Galactobiose Gal-1,4-Gal 4.7 ng
PNP-o-L-rhamnopyranoside 0.6% Gal-1,6-Gal 0.2ug
pNP-a-L-fucopyranoside 0.5% Lactose Gal-1,4-Glc 4.8 g
PNP-a-1-arabinopyranoside 0.4% Lactulose Gal-1,4-Fru 339
PNP-a-D-xylopyranoside 0.4% Gum arabic galactan 1,3;1,6 polymer N.D.
PNP-f-1-fucopyranoside 0.2% Larch arabinogalactan 1,3;1,6 polymer N.D.
PNP-B-L-arabinopyranoside N.D. Rupin galactan 1,4 polymer 10.1 ug
PNP-a-D-glucoopyranoside N.D. Substrate concentration is 0.5% N.D.: not detected
pNP-B-D-glucopyranoside N.D. )

P id N.D Substrate was incubated at 30°C for 1 hr with purified enzyme containing
PNP-f-D-mannopyranoside s 1.0 nkat of B-galactosidase activity against pNP-B-D-galactopyranoside.
PNP-B-D-mannopyranoside N.D.

N.D.: not detected

PNP-glycoside substrate was incubated at 50°C for 20 min with 0.4 pkat
of B-galactosidase activity against pNP-B-D-galactopyranoside.

Table 4. Enzyme activities of the purified B-galactosidase PBG1

toward cell wall fractions from bell pepper fruit
J t fraction ?alactose content of Galactose release from
mg substrate (1g) 1 mg substrate (ug)
Mature green fruit

pepper cell wall material 29,75:8.23 3.43
8 ﬂ { . lonically-associated pectin 4,25%0.55 2.19
§_ Covalently-bound pectin 57.26£7.27 144
§ i 1 Hemicellulosic fraction 16.32:1.35 2.74
g Cellulosic fraction 17.98%1.93 0.23

s ’ ! Red fruit :
pepper cell wall material 2.22+1.01 0.30
lonically-associated pectin 1.18£0.31 0.16
12hr J l " '|, Covalently-bound pectin 3.88:0.30 1.10
Hemicellulosic fraction 4.34:1.44 2.52
4 — Cellulosic fraction 3.34£0.48 0.14

2
Retentlon tlme ( mI?'l )
: § . . One milligram of substrate was incubated at 30°C for 1 hr with purified enzyme
Figure 9. Time course of hydrolysis of Lupin containing 1.0 nkat of B-galactosidase activity against pNP-B-D-galactopyranoside.
1,4-8-D-galactan by purified B-galactosidase PBG1
followed by separation on TSK gel G2000PW
Lupin 1,4-B-D-galactan was incubated at 30°C for 1, 2, 6,
and 12 hr with purified enzyme containing 1.0 nkat of
B-galactosidase activity against pNP-B-D-galactopyranoside.
After incubation, products were analyzed by HPLC with
TSK gel G2000PW column.
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Figure 10. Structure of pectin
Average structure of pectin was pictured based on previous report
(Ridley er al., 2000, and Willats es al., 2001).

Rhamnogalacturonan | (RG I) Homogalacturonan (HGA) Rhamnogalacturonan if (RG i)

Table 5. Suppressional effect of pectin-modifying enzyme on fruit maturing from previous reports

p-Galactosidase TBG4
(PBG1 homologue)

in bell pepper)

p-Galactosidase TBG6
(homologue yet discover

in bell pepper)

Hydrolysis p-1,4-galactan

Hydrolysis p-1,4-galactan

Decrease of fruit softening

Enzyme Role Effect Reference
Polygalacturonase Degradation of homogalacturonan {:‘J‘tﬂr"igrs'tgofpr:::‘ ;ocf;?:'.‘gl‘gt’ely Smith et al., 1988
Pectin methylesterase De-esterification of pectin No effect on fruit softening Tieman et al., 1992
B-Galactosidase TBG1
(homologue yet discover Hydrolysis g-1,4-galactan No effect on fruit softening Carey et al., 2001

Smith et al., 2002

Increase of fruit cracking Moctezuma et al., 2003

Expresslon ratlo against GAPDH

Galactose content In cell wall materlal
F-9
T

100

10

0.1

Figure 11. Quantitative RT-PCR analysis of PBG1, PBG2, and
PPG1 temporal expression during fruit ripening

Total RNA extracted from all fruit tissues except seeds. Fruits were harvested
atdpp 10, 20, 25, and 30, and at the mature green (MG), turning (T), red (R),
and over-ripened stages (OR).Levels of PBG1 (circles and red line), PBG2
(box and blue line), and PPG1 (triangles and green line) transcripts are shown

10 20 25 30 MG T R OR
Developmental stage of bell pepper fruit

relative to GAPDH levels,

Error bars represent the standard deviation.

10

20 30 MG T R
Developmental stage of bell pepper fruit

OR
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Figure 12. Quantitative analysis of galactose and uronic
acid in cell wall material during fruit ripening '
Cell wall material extracted from all fruit tissues except seeds.
Fruits were harvested at dpp 10, 20,and 30, and at the mature
green (MG), turning (T).red (R), and over-ripened stages (OR).
Cell wall materials were hydrolyzed in 4 N trifluoro acetic acid
(TFA) for 3 h at 100 °C, total sugar content was measured by
the phenol-H9SO4 method, and the total galactose content were
measured by the galactose-oxidase method. Values in the graph
represent the percentage of galactose or uronic acid content in
the total sugar content in the cell wall material.,



o™ Galactan
&fs®  Arabinan

Breakdown and solubilization of pectin

@ruit Softening)

Figure 13. Cell wall model of bell pepper fruit softening

(Mature green to Turning fruit) As fruit goes from the tuming to the red stage, the expression level of B-galactosidase PBG1 increases drastically.
Oligo-B-1.4-galactosyl residues attached to RG I are hydrolyzed by PBG1. As a result. the side chain structures in the pectin complex are decomposed
markedly and a considerable amount of space is generated in the matrix structure, with an increase of hydrolvzed free galactose residues in the cytosol
fraction. These events may bring about changes in carbon metabolism, firmness of the fruit, and activity or expression of endo-polygalacturonase.
(Turning to Red fruit) As the fruit goes from the red to the over-ripened, the expression level of endo-polygalacturonase PPGI increases drastically,
and homogalacturonan (HGA) backbones are partially hydrolvzed by PPG1.

(Red to Over ripening fruit) As a result. breakedown and solubilization of pectin occurs, and fruit softening promotes further.
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