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4NP-B-Gal: 4-nitrophenyl-p-galactopyranoside

ABEE: 4-aminobenzoic acid ethyl ester

AoBGAL: B-D-galactosidase from Aspergillus oryzae

ASP: alkali soluble pectin

AtBGAL: B-D-galactosidase from Arabidopsis thaliana
BcBGAL: B-D-galactosidase from Bacillus circulans

BtBGAL: B-D-galactosidase from Bacteroides thetaiotaomicron
CcBGAL: B-D-galactosidase from Caulobacter crescentus
CjBGAL: B-D-galactosidase from Cellvibrio japonicus

GH: glycoside hydrolase family

HEPES-NaOH: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid-sodium hydroxide

buffer
HF: hemicellulose fraction
HjBGAL: B-D-galactosidase from Hypocrea jecorina
HsBGAL: B-D-galactosidase from Homo sapiens
IMAC: immobilized metal ion affinity chromatography

MR: molecular replacement



native-SAD: native sulfur-based single-wavelength anomalous diffraction
PEG: polyethylene glycol

PspBGAL: B-D-galactosidase from Penicillium sp.

RMSD: root-mean-square deviation

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SEC: size exclusion chromatography

SpBGAL: B-D-galactosidase from Streptococcus pneumoniae

TBG: tomato B-D-galactosidase

Tris-HCI: tris(hydroxymethyl)aminomethane-hydrochloride buffer
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R ffaRE X, BRFUCR b SIFET 2 AILEWTH Y . ZORERR Y
D 90%LL EINEZFETH D, MMRBEA R T 2 2 i1 —2 ~I&L
B2 BIONT FUHEIND D ZOEEITIEFIHETH D (Fig. 1-1;
Cosgrove, 2005; Frankova and Fry, 2013), flfaRE (25 & 41 5 2 HE OB IIHEY D 4
BFORE LB L TR Y, ZORBEICIIS SRR ¥ L X7 ECREE D
5. LC\5 (Yokoyama and Nishitani, 2004), BEE NN 75 i 32 0 Ban 5 B 32 1
JABED RAEMIC D> TR Y | ITHE, USROG AW TR, BI5T
TR, AL TEEZ W TEFE S 54TV % (Bapat et al., 2010; EkI6f
and Brumer, 2010; Gilbert, 2010),

BN K o3 iR P 38 O fl RIS 1. BED T /) ~ — IR D LARELEE DS KU D B
TWHET DM (inverting) & PRFF S LD REFE (retaining) (& KB &5
(Fig. 1-2), SHRBL OfRIERAE 1Z, A Y IR =7 A A U RREBIRRE 2 #R BT
H—EBERINTHY . T ) v —IRFBONKEIEN T VT VKRS D72, T/
~ =BT D, REBIEER ORGSR 2 S OIEHEREREE L TEY |
NN —RIE RIS KO iRERA A & U CHERET D, 24D 2 DOIEMESE
L, wmE, MEICONVRFVEEATL7 I /e (T AT I mEIE
NEIVEE) THY ., —IZ 6~11 A OBEBECTFEET D, —J7 . (REFR Ol gk

EFREE PR T S EREMOSTHY . TNENDOERETT /<
—IRFBEDONARELEN T VT VT B2, fERINCT /<~ —MEFESh 5,
ORISR ORI 2 DOTEMFREE NG L TR Y . £ ENREHB
KOVl SEHARE L UCHRR T D, ZhD 2 DOIRMEIRINT, @, I8



WCHNARXVEAETAT I B (TARTEUBERIZINAEZIVEE) Th
D . —fEIZ 5.5A OFEBEICIFEIET B,

o BEEMKSREER L, BRE~OEMRICL Y =% R o FRITKR
MlE s (Fig 1-3(a)). FEEMK RS IT, EEEZRET D200 F 7% A |k
ZH L TR (Fig. 1-3(b)). EEDMKZHEALZ FA L LT, FHE TR D
WEFR L 2RI A kS~ A T ATV A b (HIZ, -1,-2,-3...), EITLRMSERO
W= NERIRT 28N T 7 AV 7Y 4 b (HIC, +1,42,43..) LEFRSN
T,

RN IREESE L, i R A o BT DREEELIME, ML, B RO
AR IC LS X Clan IZ0ES L, S DIT, ME R A A v 07 2 BEBLAINCIE
SEPEE MK RRESE 7 7 2 ) — (GH) IS5, Clan GH-A 1L, it K
AL ELTTIMANLUEEZA L TEBY, ikl LT2o07 023
BRI Z A LTRY, g L L7 /) ~— RO S 2 R T B 7L
— 7T % (Carbohydrate Active Enzymes database; http://www.cazy.org), B-D-4 7
7 kX —+E¥ (EC3.2.1.23) %, Clan GH-A (ZJ& L. GH1., GH2., GH35. GH42
SIS D, GH35ZIE, MIEHE. BE. 8. B LU H kO -D-4 7
7 N —ERET B0, MK DIZ DN TIEE DN IZH 52N
STV (Fig 1-3), WEWH KD B-D-H T 7 b X —P 1%, MEECHHE,
KOO L LT X BRESIOMREMESFETF IRV (<30%) 729,
ZIE DR & TR HEESC AR REEZ AT LB OND,

M TIX, B-D-H T 7 Mo Z—BIE, RIER, X7 F U, AR IRER R
=R M BETR L 72 & OMaEE DR CFIEICE S LTV % (Minic and Jouanin,
2006; Goulao et al.,, 2008), F~ FTix., REDMIIZIEWREMIEED R T F
DT 7 h—AGENPRKRELHDT D2 M5 (Gross, 1984), B-D-H 7 7 b4
—ERREOHILICEEG T AR E L CTHEASR, THEO h~ FB-D-H T 7 b
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4 —+¥ (TBG) &EfnfMNHEES 7=, TBGI~7 X GH35IZ/8 LTEY . TBG D
72/ FEEELHIARIEAE I 33~79% T d 5 (Smith and Gross, 2000),

% TBG BIE 1% b~ NREDOAEF B LUOHFEREIZIB W TRA ORI/ Z —
vERR L, RENTIRICHALT DAL, TBGL. TBG3, 1 XU TBG4 13 %Ff
AT BL L T 5 (Fig. 1-5: Smith and Gross, 2000), L2>L 72235, TBGI D%
BAHEI LT, b~ NREOHECHIBERE RS FEICZ(bIZ A HT (Carey
et al,2001), ¥7=, TBG3 DFBLZMH L ThH, b~ bIREOMECHI 0 EERE b
L AIZ IR B2 v o 7= (de Silva and Verhoeyen, 1998), 572712, TBG6
DFBLZIE Uiz b~ MME, RFEREIC cracking 234 Lz Z Lo TBG6
ITREOERIZEEEG L TWD Z ENRB I TS (Moctezuma et al., 2003), —
¥, TBG4 DFBLZMH LT b~ ME, RFEFOZXY B-14-D-TF7 7 & F—E
TEME L WERET Z 7 b — A EDMET L, bl & Eol U TR 1.4 £5 D SR8 FE 2 e Fr
L72Z &b, TBGA N REOHIICHERBZE 2RI L TnDH EEZXL LR TY
% (Smith et al., 2002), & D%, TBG4 (%, TBG 7 7 X UV —DOH THe—, B-D-#
T N =R XV BAA4D-HT I E T =B N—TICRTHEFRTHD
B-14 FEAIZR L TEWVEMEZ R L, WX Y B-14-D-T T 7 X F—LBiE %
BLTWDZENHSMNE 7257 (Ishimaru ef al., 2009),

F~ FREOAF L LOPBRRIZI T 5 TBG1 OMREZ iFH T 5 7= 012X
EERNICEIT S TBGlL DIFEMZH LN T L ZENEETH D, £, P~ b
REOALIEAE 2 iEIH 32 72 D121, TBG4 O FE R ZH O N T 52 &
MEETHDH, TOH, ABFSEIE TBG1 OB R HMES LU TBG4 O FEE R
S AT 2 Z L 2 HRYE LT,
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Frankova and Fry, 2013

Fig. 1-1 Model of the polysaccharide framework in a plant cell wall, generalized for

poalean and non-poalean walls.

1, Cellulose: cellulose microfibrils; 2—6, hemicelluloses: 2, xyloglucan; 3,

mixed-linkage glucan; 4, xylan and related heteroxylans; 5, callose; 6, mannan and
related heteromannans; 7—11, Pectins: 7, galactan; 8, arabinan; 9, homogalacturonan; 10,
rhamnogalacturonan I; 11, thamnogalacturonan II; 12, boron bridge; 13, ‘egg-box’ with
calcium bridges; 14—16, Non-polysaccharide components: 14, enzymes and structural

proteins; 15, cellulose synthase complex; 16, transport vesicles.



Inverting mechanism for a -glycosidase:
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Fig. 1-2 Reaction mechanisms of B-glycosidases
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Fig. 1-3  (a) Modes of actions of glycoside hydrolases and

(b) subsite nomenclature in the active site



Fig. 1-4 A Phylogenetic tree of B-galactosidases.
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Fig. 1-5 RNA gel-blot analysis of TBG temporal expression in fruit tissues.

Twenty micrograms of total RNA extracted from all fruit tissues except seeds was
loaded in each lane. Fruit was harvested at 10, 20, 30, 35, and 40 days post-pollination
and at the breaker (Br), turning (Tr), pink (Pk), red (Rd), and over-ripe (OR) stages.
Blots were hybridized using the probes indicated to the right. PG was used as a
fruit-ripening specific control. A 26S ribosomal gene clone was used as a loading

control for each blot and one example is shown.



F—E TBGI DERFHSIUVEEREN
1. R iR

TEIREE 2 AT 2 ZHEON, AT 7 X v adieb0 L LTL, 1T
BRI EUBIONMT I AT 2B FHRD (Fig. 2-1), 18T
SEIHTIR AT, TAIHTrvaFr— 1 OMETHY | B-1,4-D-H T 7
B EHE L ZO—DAT 7 h—RARIED O3NIT T8 7T ) — A
E0FES L TW5 (Ochoa-Villarreal ef al., 2012), —JF, UM 7 v /) HF 7 %
. T2 AT 020707 A OIS THY | B-1,3-T 7 7 2 & F8
L. FO—HDOHT 7 b—AFEIED 06 (L2 B-1,6 -1 T 7 X idfEG Uiz B
AL, EBIZ, FOBN6-HT 7 X2 AT T ) 7T ) —A, Trnm i,

A FNT N v g T a—A R ERREA LTS (Konishi et al., 2008),

h~ MREIZIE, D &b TRO B-H T 7 b H—BB\IETHMFEL T
% (Smith and Gross, 2000), TBG4 (%, B-14 fE &Ik T HIEENE < VT F
YV B-14-D- 7 7 X F—ViEHEA L T\ DH Z L5 (Ishimaru ef al., 2009), 1
WY ) 7722 TWDEBEZXLRD, £T-, TBGS L, B-1,6
BILOB-13 AR DIEMERE W &5 (Ishimaru ef al., 2009), TH7T <
BT R EENICLTWS EEZXBND, —J7, TBGL &, AE R M)
HLNZENTELT ., ZOENITIAHATH D,

ARFETIE, AEERNICEIT 5 TBGI OEEZB ST 572, TBGI iz #
2Ry OB KOS R B 2 T,
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Fig. 2-1 Major structural features of (a) rhamnogalacturonan-I with type I

arabinogalactan and arabinan, and (b) type-II arabinogalactan.
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2. HEBIURERFE

2-1.  TBGI X2 VRV BOEES L UHESE
TBGI %3 N L7 YEpFLAG-1 Expression Vector % f\ . Saccharomyces
cerevisiae Z TWEWMLT 5 Z L2V, TBGI ML x & "I EZPEA LT,

YEpFLAG-1 Expression Vector (%, 7/ a—/LFt RaZr—PEEFDO 71
F—H =LV I un—= T A NMIEALTBEFORBAZEET 5720,
TN A—ADRZIZE Y YEBER T ORANFEIND, £, Za—=27
BA FO SREANIE o [KF 7 F AT F RESIE KON FLAG X7 F RECS
BAEIMENTND Z b, EASND /37 BT N KiGIZ FLAG X7°F R
DELA L7 CREfSMC b S b,

723, Saccharomyces cerevisiae D EIEHR ORI, KXV Z—D N 7' |
77 CAREETFEAA L, SR W TITO 2 TE D,
Escherichia coli DTG ERAHAR DEEKIT, AR~ 7 % — D ampicillin MBS 2 F]
AL, FiEWE CTH D ampicillin 2 AN TITH 2 ENTX B,

1) BHART X —DREEE

7 v—=27 L7 TBGI %2, EcoRI 3 L Sall O HIfREEER#RAS & <
NENSRKIEGAMLTE 7+ V=R T I ~—BLOP) A=A T T4 ~—%H
W YT TFNART T RESIE RO TBGI Wi &R Y A 7 —BHEEHUGIC X 0
g L7z, YEWE L7z TBGI Wi 2k L, HilfRE%ESR EcoRl 36 KO Sall Z2 VT
YEpFLAG-1 Expression Vector (23 A U7, TBGI VEAN ST BB~ T ¥ —% H
VT Escherichia coli DH50 % & — F 3= v 7B L 0 JRE#E#H L. 50 pg/mL

ampicillin 2 & e LB 2ZERKEFH (1% (w/v) tryptone, 0.5% (w/v) yeast extract, 1.0%
ry
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(w/v) NaCl, 1.5% (w/v) agar, pH 7.0) T 37°C FIZBW T 16 BiEEE L=, 55
Nz v /v an =—% 50 ug/mL ampicillin % & ¢ LB G AL (1% (w/v)
tryptone, 0.5% (w/v) yeast extract, 1.0% (w/v) NaCl, pH 7.0) T 37°C FIZEWT 16
PR L, TV 8 U -SDS 2 AW CRBIRZ ¥ — &4 L7z, Dk,
DNA > — 7 = —% W TH LN BB ¥ — O IES % Hi s, TBGI
MIELSEASNTWS Z & a2ER L,

2) Saccharomyces cerevisiae O TEEHAHLE O TBG1 AL 2 & /"7 BH D REA

BN RBBLY 2 — MU T, Frozen-EZ Yeast Transformation II Kit (ZYMO
RESEARCH) #%1# /]l L C Saccharomyces cerevisiae BI3505 £k % JE/Z#is#a L SDP
FEREEH (0.67% yeast nitrogen base without amino acids, 0.192% yeast synthetic
drop-out media supplement without tryptophan, 2% D-glucose, 2% agar) T 30°C T
IZBWT 5 BEEE Lz, o7 EiHRZ SD T IRIREH (0.67% yeast
nitrogen base without amino acids, 0.192% yeast synthetic drop-out media supplement
without tryptophan, 2% D-glucose) (ZAEE L. 30°C FIZHRWT 1 HIRERE L |
CNERIGER & L7-, YPHSM #EIKEGHIL (1% yeast extract, 8% peptone, 3%
glycerol, 1% D-glucose, 20mM CaCly) {Z%f L CHISER & 5%E&ENM %, 30°C T2
T 24 P RIRZIER %, 20°C TIZI8U T 72 IR B LT,

3) TBG1 ##a 2 & v /R 7 B kg R

Be#eiR % 3000 x g T 10 /o fElE LBl L . 567z BiE%2 & 512 10000 x g T
30yl O orBE L. BIE 2B L ChS3E BiF & L72, Centriprep Centrifugal Filter

Unit with Ultracel-30 membrane (Millipore) % HV N TH:#E EiE A RME L. IRV T,

12



10 mM CaCl, ¥ K U" 150 mM NaCl % & e 50 mM
tris(hydroxymethyl)aminomethane-hydrochloride buffer (Tris-HCI) pH 7.4 ~D /3 > =7

7 AT MR 1R,

ANTI-FLAG M1 Agarose Affinity Gel (Sigma-Aldrich) % 77 7 AZFE L, 10
mM CaCl, 35 & TY 150 mM NaCl % & ¢¢ 50 mM Tris-HC1 pH 7.4 Tk L 7=,
BRI A 7 2 Uz, RIS WZ 6 O LR TR % 36 717 A&V
TH T L% Liztk. 0.01% FLAG peptide 38 & O8 150 mM NaCl & & ¢ 10 mM
Tris-HCI pH 7.4 % F\ C TBG1 fl#a 2 # L RV B Z ¥ L, TBGI fil#faz & o %
7B R,

13



2-2. TBG1 8R4 VRV BEOBREBEOEN
% 511X 4-nitrophenyl-B-galactopyranoside (4NP-B-Gal) % £ & L C.pH 5.0,
40°C T2V T 147 1 umol @ p-nitrophenol Z FEET DR E%Z 1 U & EF

L7,

1) EjiE pH ORIE

50 mM sodium acetate buffer (pH 2.0~8.0), 0.1% 7 U IMiF7 /L7 >, 3.3mM
ANP-B-Gal, 3L TN0.01 U TBG1 #AHa x ¥ > /30 & % & Lol 3 ISR % 0.5 mL
FHELL . 40°C TIZRWT 30 M S ¥ 72, 02 M NaCOs % 1 mL Az TRUES
ir il ST, WIROWIEE (410 nm) Z #IE L7,

2) pH % EMHE DR E

0.01 UTBGI1 #i#i z % > /X7 & % & T 10 mM sodium acetate buffer (pH 2.0~8.0)
Z 0.1 mL A3 L 4°C T\ T 24 KF[HFHE L 72, £ D% EIRE 50 mM sodium
acetate buffer pH 5.0, 0.1% ¥ IiHE7 /L7 2 >, 3.3 mM4ANP-B-Gal & 725 K 9
IZENENORIEZRML TREZ 0.5mL & L, 40°C T2\ T 30 s
72, 02MNaCO; Z 1 mL A THROUG AT I SE T2k, Wl OWILE (410

nm) ZHIE L7,

3) EEIEE OHIE

50 mM sodium acetate buffer pH 5.0, 0.1% 7 “IIiE7 /v 7 2>, 3.3 mM

ANP-B-Gal, #1100 0.01 U TBGI #il#a x % > /)7 E % & el 2 MOGATR 7 0.5 mL

14



FHELL . 0~80°C FIZHBWT 30 /M &E7=, 02MNa,CO3% 1 mL iz T
i B S I STt VIR OWIEE (410 nm) A HIE L7,

4) K TEOHNE

50 mM sodium acetate buffer pH 5.0, 0.1% 7 “IMiE 7 /L7 2 >, 0.0625~8.0 mM
ANP-B-Gal, L 110.01 U TBGI #i4a 2 & > /87 & % G el 38 SO GTATR & 0.5 mL
FHEL L, 40°C TIZ3\ T 30 MRS &7, 02 M NayCOs % 1 mL 2 THUG
SR ST %, WIROWIEE 410 nm) ZHRIE L7, 0%, SEEEREICK
T ORONEEIZESE, KnfEZ R L7z,
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2-3. TBGI##Z 2 NI BHOEHEEEREO®E

1) TBG1 O BB e F D i
AFENT X Ishimaru et al., 2009 &L D HIEIZHE L TIT o 72 B 2 LL N IR T,

H'H & LT, B-1,3-galactobiose, B-1,4-galactobiose, B-1,6-galactobiose,
a-1,3-galactobiose, a-1,3-galactosyl B-1,4-galactobiose, lactose, lacto-N-tetraose,
lacto-N-neotetraose # &2 0.5 mM THV>, lupin galactan, gum guar, gum arabic,
locust bean gum, arabinogalactan % #&J= 5 0.2% TH -, ATFCAEE . 50 mM sodium
acetate buffer pH 5.0, 0.1% 7 VM7 /L7 >, BLU0.01 UTBGI #i#ix ¥
YR B G TR BOSTE R 2 0.5 mL B L 40°C TIZRW T 4 BRI US S8
Tt Wl T 10 S EIINEN L TRUS Z iRk S, WHEL7Z T 7 F—A
X, 7EF U LIEtR, TR e~ NI T 4 2V TER LT,

2) APTS-labeled B-1,4-galactoheptaose {Z%f 9 5 & MEH]E
AFFEAT I Ishimaru et al., 2009 FLHL D FFIEIZHE C TIT » 7o K 2 LU TR,

aminopyrene trisulfonate (APTS)-labeled -1,4-galactoheptaose, ammonium acetate
buffer pH 5.0, 35 L OV TBG1 fiL#fa 2 & > /X7 B % & el R SOGTAIR 2 TR L L 40°C
TIZRWT 27 R s S 72k, WBlg/KIE T T 10 o NE L TRUS 24 1k &
Hic, RISERDIF Y T Y —Y = EBRUKE 2 W Coth 21772,

3) methyl B-1,6-galactohexaoside (Z %132 {EH I E
AEHTIX, Kotake et al., 2004 FLH D TIEIZHE L TIT o 7o, BREZ LA TR,

16



methyl B-1,6-galactohexaoside, sodium acetate buffer pH 5.0, 35 & U TBG1 #H#2
A NI B e FUREROSTRR Z R L | 40°C TIZR W T 18 MG S H 72
. WHE/AKIET T 10 s NN L TRUS A F Ik S o, OGS4,
4-aminobenzoic acid ethyl ester (ABEE) Z HWTHEak L, md#iREk 7 v~ N7 77

A ZAWN Tt &2 T 72,

17



2-4. T FREMHBESEYICHT S TBG1 X 2 VNV BEDEERIE
AMEHTIE  Ishimaru ef al., 2009 FC# D HFIEIZHE U TIT o 72 Mg 2 DL FIoosd,

PG 10 B, 20 H., 40 A, fed, WA O &~ FRED O MfakE 2 5y
L. & b— haEME~RY F 2 (CSP). 7/H U AEMESRZ T (ASP), BL W
~Ik/E—X (HF) IZHE L7z, 56172 0.5% b~ MRIEMICEESEY), 50
mM sodium acetate buffer pH 5.0, 0.1% 7 “IiF7 /L7 I >, L0V 0.01 U TBGI
KLz & T B R BT FERUSEIR AR L, 40°C T2 W T 4 R RS &
Wit WEAKIEH T 10 3 MMA L CRISEEIL S S, H#fLET T 7 b—
X, TEFMELIER, HAZa~v N7 0 2HWTER LT,

18



3. HWEABLUSBE

TBG1 #H#ax % > /378 (89 92 kDa) (%, i pH 2 pH5.0 Th o7 (Fig.
2-2(a)), TBG1 OEERIEMEIL, pH A 5.5 L 0 ERBIZHONTHESHTED LT=D
2L, pH2A 4.5 X0 FRLIZONTRBMIZIK T Lz, TBGl fl#ix # X7
X pH4.5~6.0 IZBWTEZETH Y | pH 6.5~8.0 TITEHZEE TIH D DK L
T, pH4.0 LA F ClIMd CTRZETH 7= (Fig. 2-2(b))y 2D LD, pH4S
R IT DRERIEMEO LW RE T IL, ¥ o X7 EOMEMICERN T 0L
BEZOIND, FT-  TBGIFLHL 2 & /37 BT B E 7% 40~50°C Tdh - 7= (Fig.
2-3), TBG1 OEERIEMEITIREE DY 50°C LV EFH T 2125 TR T L7223,
ZHURE R BOBEMRICENTH LD EBEZ BN,

TBG1 #i#a x % > /X7 B D 4NP-B-Gal |2 %3 5 Knfl 1 0.45mM TH o7z,
TBG4 ##fix % L /37 B3 1.67mM Th Y | TBGS fH#LZ & > /37 E X 0.50 mM
ThHDHZ ENRESNTEY (Ishimaru ef al., 2009), TBG1 @ 4NP-p-Gal (Z %14
LPRMEIZ, TBG4 LV E <, TBGS ERIFRETHD Z LW LML IRoT,

i DIE % VT TBG1 #2807 O S R B 2 R~ TR L
TBG1 IE B-1,3 B LU B-Lo fi ot T DiEMHEZ /R L, B-14 /S 2xt 3 DG Ml
FEFITAK D > 7= (Table 2-1), TBG1 (& lactose (ZxF L TIXIEMEZE R L7223,
lacto-N-tetraose 35 &2 O lacto-N-neotetraose (2% U CIZIEMEZ /R & 2o 722 &
5. IFEBEILKRIGD N T 7 h—ADNFEE L TV DPEERIEIZ OV THFEH L TV D
Z DR E T, F72, TBGI X, lupin galactan <° tomato fruit ASP {Z%} L C
EHEEZ R LI b, XV B14-H T 7 2T —BEEEZAT L2 RS
1. arabinogalactan %> gum arabic (2% L CIEPEAE R L= 2 &b, =%V
-B-1,3/1,6-5Z 7 X F—BIEMEFTH Z EARB I NI, TBGl N Y -B-1,4-
W77 B FT—BIEER IR X VB-1,3/1,6-T 7 7 X —BIEEEGET 520 E D
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DERFET 572, APTS-labeled B-(1,4)-galactoheptaose 33 & TF methyl
B-1,6-galactohexaoside | Zxt 9" 2 MEFTEM: 2 T LI~ T2, £ DGR, TBG1 I,
APTS-labeled B-(1,4)-galactoheptaose 2> A4 7 7 b — A &l L7aoy o722 &
5 (Fig. 2-4), =F% V-B-14-H 7 7 ZF—BEMEITHE L TWRWNWZ &R ST
72 —J7. TBGI X, methyl B-1,6-galactohexaoside 7>H 4 7 7 b — A & g L 7=
ZEDD (Fig 2-5), D7l b =XV P16 T 7 X —BIREEETH &
DB MNE o 72, 728, TBGI % methyl B-1,6-galactohexaoside (Z1/EH & & 72 %
I HERRBTRTEIC T 5 B 2 B VD ABEE BB S =Y (Fig. 2-5).
FEICIEELRNhoTe, ZTRHOZ NG, TBGLIXNMT F¥ /0 HT7 7 & 5%
D B-1,3/1,6-D-7 7 7 Z LV HIEANZ L TNDH EE X HILD,

TBG1 @ ~~ N REMALBE T DIEE LD 72D fkrx RAEFTEMD F~
N RFEOMINIEE) & 43 L7= % L— R RITEME 27 T2 (CSP), 7 /v U Al
~RJF v (ASP), BLUANI /L m—RH4y (HF) % EIC AW TREETEMED
WEZAT o1z, ZOREFE, TBGLIE, T XTOAEFEMED CSP, ASP, XLV
HF 2677 7 b— Az L7273, Fpl2, BAMER 10 B KOV 20 B OffakE sy
Wk L CEWIEMEE R LT (Fig. 2-6), TBGI 1%, #k@d (BRFERL 10 H. 20
H. BXO40H) IZBWTIEHENDLEVEZS DT 7 h—RA%Z L., #E
B L OBEAMIZIBWTLASP D VL DH T 7 b — A &lE#HE L 72, TBGL
(X, TOBBFORBFINMECH N LIRMAM TH L Z D, EICTASPICE
FNLOEHELFNE L TNDLEZEZBND, B, X FUETENDL T L)
HZrvaFr—1TENMT I AT 740 L ERHEELTWD 2 ERRE
ENTEY (Taneral,2013), ASP XN T T/ HT 7 2o NEERTWD
LEZIBND,
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LDz &, TBGL I, B-1,3 B IO B-1,6 FE AT T DIEMENEWEEE T
B, RENBFCEHITHMEOINCBTIOINRT T8 HT 7 2 ORHIT
G L CW D RIEEME S RIE S T,
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Fig.2-2 (a) Optimum pH and (b) pH stability of TBG1 enzyme activity
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Fig. 2-3  Optimum temperature of TBG1 enzyme activity

23

70

80



Buffer
OO |- 1 2 3 4 5 6 _.|I|L —

Relatife Fluorescence Units
|
|

10D

LI

1 2 3 4 5 i
Minutes

Fig 2-4  Electropherograms of the enzyme digestion products of a fluorescent labeled
B-1,4-galactoheptaose incubated 27 h with TBG1, FLAG1 negative control and buffer
alone. The numbers above the peaks indicate the number of galactose residues in an

oligomer which would give rise to the peak after labeling
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Fig. 2-5 The mode of action of the recombinant enzyme was examined using the
methyl B-1,6-galactohexaoside as the substrates. Reducing sugars released from each
substrate were derivatized with ABEE and analyzed by HPLC equipped with an
Amide-80 column. Arrows indicate the elution positions of ABEE and

ABEE-derivatized galactose.
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Galactose Released (png)
= s NN W W
je) W (e (O} S ()}

e
W

CSP | ASP| HF |CSP | ASP| HF |CSP | ASP| HF |CSP | ASP| HF | CSP | ASP| HF
10* 20* 40* Turning Over-ripe

o
o

Fig. 2-6 Galactosyl residue hydrolysis by TBG1 recombinant protein from chelator
soluble pectin (CSP), alkali soluble pectin (ASP) and hemicellulose (HF) fractions

purified from tomato fruit cell walls. *10, 20 and 40 means days after pollination.
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Table 2-1 Release of galactose by TBG1 recombinant protein and negative control

(FLAGT) acting on a range of oligosaccharides and plant-derived polysaccharides

Compound linkage position* activity**
TBG1 FLAG

Gal-B-1,3-Gal Gal-B-1,3 33 n.d.
Gal-B-1,4-Gal Gal-p-1,4 tr. n.d.
Gal-B-1,6-Gal Gal-B-1,6 2.5 n.d.
Gal-a-1,3-Gal Gal-a-1,3 n.d. n.d.
Gal-a-1,3-Gal-p-1,4-Gal Gal-0-1,3 n.d. n.d.
Gal-B-1,4-Glc (lactose) Gal-3-1,4 2.0 n.d.

Gal-B-1,3-GlcNAc-B-1,3-
Gal-B-1,4-Glc Gal-3-1,3 n.d. n.d.
(lacto-N-tetraose)

Gal-B-1,4-GIcNAc-B-1,3-
Gal-B-1,4-Glc Gal-B-1,4 n.d. n.d.
(lacto-N-neotetraose)

lupin galactan Gal-B-1,4 1.4 n.d.
tomato fruit ASP Gal-B-1,4 2.6 n.d.
arabinogalactan Gal-B-1,3; Gal-B-1,6 tr. n.d.
gum arabic Gal-B-1,3; Gal-B-1,6 tr. n.d.
gum guar Gal-a-1,6; Man-p-1,4 n.d. n.d.
locus bean gum Gal-0-1,6; Man--1,4 n.d. n.d.

* Terminal residue on aglycon

** ng Gal released in 4 h; not detected (n.d.); trace (tr)
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4. EZH

ARETIX, AERANIZBIT 5 TBGl OFEFZIH ST 5720, TBG1 fl#iz #
VR E DOREFFER L OB R R A ST,

F£9°. TBGI %3 A L7= YEpFLAGI Expression Vector %z VT S. cerevisiae
BJ3505 Bk &2 PR HRHE L, TBG1 #lHa x & > /X7 E & pEAE LT-, TBG1 fl#z % v
NZEOFEME pH X pHS5.0 TH Y | Bi@EiEE X 40~50°C Th-o7-, £7=. TBGI
FHL 2 2 2RI D ANP-B-Gal IZ%f 9 % KnfEIT 0.45mM ThH o7,

TBG1 #AHa 2 % > X7 B O FE K BN 2 T2 FE R, TBG1 1L, B-1.4 FE & l2xf
T HIEEPBRD TR > 72 DITx L, B-1,3 38 KOV B-1,6 i & loxt L TRV g
%R L7z, £7-, TBGI (X, APTS-labeled p-(1,4)-galactoheptaose 7>H 13 H T 27 k
— A & Bl L7202 > 7253, methyl B-1,6-galactohexaoside 725 4 7 7 b — A & iz
Lo ZRHDOZ e TBGLIXTART T ) AT 7 X %D B-1,3/1,6-D-7 T
7B UEFEIIIZL TS B2 b,

WIZ, EBEBEDHE D b~ MNRFENGSrE L7z CSP, ASP, 3 XU HF (Zxt
T2 TBGl M R &7 o "7 B OWEMEZHIE LTk, TBGL 1%, X TDOAEFE
BED CSP, ASP, BEXUHF O AT 7 b —AZ et L72hs, Rz, BHTER 10
H3 LU 20 H OFMIEES B L CrV  EPEZ R Lz, TBGL X, fkdd (BA
% 10H, 20H, BXO40 H) IZBWTIEHEDLENVEZL DH T F—2A
ZERE L7203, EAMB L OWBMICS O TILASP D XV DOHT T F—
A%l L7, TBGL X, 2 OBZF OB A AN RAM TH D Z &
MH, FICASPICEENLEHELFEN L LTND EEX BN,
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bz Ee, TBGLIL, B-1,3 B L B-1,6 fE Ak HIEMEN @O R T
B, BENZFICEH(ITHMEOICB T AN T T8 BT 7 57 ORI
BELTWbEEZBNRD,
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- b3 TBG4 DEHE, BH., S&LUHHRIL
1. R iR

b~ P RFEOWALICEE R KT 2RI TBG4 1E. B-1.4 Ff A (& DIEMED
<, BT XY B14-D-H T 7 X F—BIEEEAF LTS, v MREORIL
PEAS 22 I 5 7201213, TBGA O IVE RS IE Z A O T ZENEETH
D, BEROBEEZ RS BT 5 7-DITIE, HEE & BEHACRR L T D ikt
152 IEMEZ N D BN D D

BRI BT DHHERDNIEEEZT LT D FEED 1 2L LT, X #RiE
ERE ST ST BN D, X oI HIZD DR EDSRME T IZB W TR LT 5,
2RI BOREMIZIE, Yy T 0 v Fa vy TESIEHIEE I F T
Ry ZARRIEEN L WS DY (Fig. 3-1). ILES O L OVEEE,
EEAOFIES LR, # /N7 BRE, pH, RE., A A, A4
VORI E | B RIS B E 52 D, F N BOEER pl {7
VT pH OB 1T TEERA] & L T polyethylene glycol (PEG) 2AHWHI D Z L 3%
<. pl MBEEINLT pH OFAITTILEA & L THEAIHWSND Z EMEZ v 9 i
MRHLHDOD, bbdDEMEEHETT D2 LIFFEERIZ RBTHLHID
15O LI 2 AT SN ANR—A< N VAR T J—= T %
v R RIERRICRIA ST D

nE, ZUNTEORBIIE TN, BUKEMEEER, BXO —
ny)) R TE—AL MZEVAELLZH/NT —rr HEET) 128> THA
FELLEALELDTHY, fdP DL 37 B5FORBIZIER T & AER
ICR%ETHDEEZXDLILTND
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ARETIX, TBG4 O X MG B EMNT 217 5 728, TBG4 fil# 2 % L /X7 E D
FEA, KSR B L O EEIT - T2,

31



g l Y

[ppt] TESEIVIoN
2

[pptly,, =

reservoir solution

(®) — s
[ppt]re.&en‘iur

H,0O H,O

http://hamptonresearch.com

Fig.3-1 (a) The hanging-drop and (b) the sitting-drop vapor diffusion technique.
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2. HEBIUREAZE

2-1. TBG4 MR VNV EOEE
TBG4 %34 A 7= Pichia Expression Vector pPICZoA % V>, Pichia pastoris % T¥
BT 5 2 L2 RV, TBGAKHM A & L NV EARFEAE LT,

Pichia Expression Vector pPICZaA [X., 7/ a2 — /L4 F v X —ViEin D7 1%
—Z—IlkV 7 e—= T A MZEA LB TORBEZHE TS 2805,
AR =K BB FOREAPHFLEIND, £lo, Zue—=7H%A |
O SRIGFANZIE o KF-2 7 F AT F REFIDAMIMES A THY . £ 0 3Kl
(21X 6xHis-tag LIRS TWND Z & D, EEAIND ¥ /37 B C Kt
|2 6xHis-tag 23 @il L 72 CHREFAMZ s3I S %,

7233, Pichia pastoris 3 X O Escherichia coli DS EH KDL, KAXT ¥
—® Zeocin MBI FEZFIH L, FLAEME TH D Zeocin Z HWTITH Z L8 T
ERAR

1) BB X — DS

Ja—="7 L7 TBG4 Z#5UZ, EcoRI I X O Sacll O | FRIER R ALY &
ENEN S KM 7+ T — R T4 ~—BIRINN—R T T ~v—%
AW, 7T AT T RESIB L OME L2 R Z2FRWiz TBG4 i &R Y 25—
PEGSS T LV ¥R L7, IR L7z TBG4 Wi 2R L, HIFRE% S EcoRl 35
L O Sacll % > T Pichia Expression Vector pPICZaA (23 A U7z, TBG4 H3E A
SNTFEBLR T X — % FIVNT Escherichia coli DHS0, % & — L 3w Z71EIZ LD
B R L | 25 ug/mL Zeocin % & €0 low salt LB ZEREEH (1% (w/v) tryptone, 0.5%

w/v) yeast extract, 0.5% (w/v) NaCl, 1.5% (w/v) agar, pH 7.5) =T 37°C T2\ T
y
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16 B L=, Bon/-v v/ an=—% 25 ug/mL Zeocin % & e low salt
LB i K551 (1% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.5% (w/v) NaCl, pH 7.5)
T 37°C FIZHBWT 16 FFfiREEE L, 740 U -SDSEZ W THRILN Y 2 —
ZHH L7, £0%, DNA v —7 o —%2HOWTH LN HBLR 7 X — D
FERAN &G, TBGAMNIELSEAINTWNWD Z L &R LT,

2) Pichia pastoris DB in#ids J O TBG4 FEBIFR D&k

HIBRIESR Sacl (& X 0 EHL L2 RI~Y & —Z2 T\ Pichia pastoris
SMDI168H ¥k &=L 7 bR L — 3 VRIS X 0 IBEEE#R L. 100 pg/mL Zeocin
% de YPDS ZEREEHE (1% (W/v) yeast extract, 2% (w/v) peptone, 2% (W/v)
D-glucose, 1 M D-sorbitol, 2% (w/v) agar) b T 30°C FIZBWT 5 HRERE#E LT,
B O NI EEHR 2 MMYC+X-gal 2 K- (1% (w/v) yeast extract, 2% (w/V)
peptone, 2% (w/v) casamino acids, 1.34% (w/v) yeast nitrogen base without amino
acids, 1% (v/v) methanol, 4 x 10°% (w/v) D-biotin, 0.2 M D-sorbitol, 2% (w/v) agar, 50
ug/mL 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside) | C 20°C FiZ3VT 5
A B Lo, BER L 24 RERIEIZ 100 mL D A & 7 — )L & FE KRG o) —
CHIM LTz, £ 0t%, F< RO LIPEISHRAEZ TBGY Bk E L TEk LT,

3) TBG4 fiffa x & > R 7 E DAL

TBG4 Btk % YPG {RIREEH (1% (w/v) yeast extract, 2% (w/v) peptone, 1%
(W/v) glycerol) T 30°C TIZHWT 1 HRERER R L., TNZRiEERe L,
ARSI Z 1500 x g C 5 oy OBl L, B AR L7z, (B L 7= FE R % 600
nm OWEN 1.0 & 725 K 52 BMMYC il AES# (1% (w/v) yeast extract, 2%
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(w/v) peptone, 2% (w/v) casamino acids, 1.34% (w/v) yeast nitrogen base without
amino acids, 1% (v/v) methanol, 4 x 10°% (w/v) D-biotin, 0.2 M D-sorbitol, 0.1 M
potassium phosphate buffer pH 7.0) (ZH&¥# L ,30°C T2 T 24 FF IR EEE 1%
20°C T2V T 2 IR GRS 28 U T 3528 TP T 24 IR A IS BE AR IRIS 1% (viv) &=
DAK ) —VERMLT,
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2-2. TBG4#Z 2RV BEDER

1) fiit 22 5y 1]

BE# 1R A 3000 x g T 10 ool DL . oz BiE S 512 10000 x g T
rEEOBEL . EyEZREI L CHE BE & Lo, 558 EIEIC (NHe),S0s %
T0%EAFNT 725 K DTN L CRIRES 7=, 3 RFEEE L=, Zi% 10000x g
T 1R L Bl U R & (Bl L 72, = Dt B3 EIE D 2.5% (viv) ED 20 mM
NaH,P0y, 500 mM NaCl, 40 mM imidazole, pH 8.0 Z 1 . CiLE &R L7-, Z1

Z 10000 x g T 10 sy D B L, BIE &R L ChRiZ R 5y & LT,

2) EESRA AT 74 =T 41—~ 777 1 (IMAC)

Ni Sepharose 6 Fast Flow (GE Healthcare) % % 7 A ZF3E L, 20 mM NaH,POy,
500 mM NaCl, 40 mM imidazole, pH 8.0 T >{-firfk U 7= 1% | Wit 2 IR B 7y A2 7 T LZ
e U7z, PRIV b O LR iz 10 7 7 LERWT A T L &2 Wik,
50 mM sodium acetate buffer pH 4.5, 500 mM NaCl % T TBG4 #i#i x & > /X7
BaL, IMAC Bz LTz,

3) EfifbEdHF L O 6xHis-tag D FRrE

Endoglycosidase H from Streptomyces plicatus (New England Biolabs, PO702L),
Endoglycosidase F1 from Elizabethkingia miricola (Sigma-Aldrich, E9762) 3 X O
a-mannosidase from Canavalia ensiformis (Sigma-Aldrich, M7257) 7> BiZ(X 5 B
FHZNZIIMAC BIZIZIRANL, 20°C FIZHU\ T 3 BIEFFE L7z, 2 OB,

Endoglycosidase H & 721% Endoglycosidase F1 Z A L 72 & DIZDOWTIX, TO%
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P pH % 1 M sodium acetate 2 iV C pH 5.0 IZFHFE L7=, KISk, KO pH
% 1 M tris(hydroxymethyl)aminomethane % H\»"C pH 7.0 [Z5H%& L T
Carboxypeptidase A from bovine pancreas (Sigma-Aldrich, C9268) Z A1 L . 20°C
TIZBWT 1 HEFFE LTz, £ D% KD pH % 1 M acetic acid Z VT pH 4.5
(AR L. SN A BESHAER & LT,

4) A XPEpr7 v~ 8777 1 (SEC)

10 mM sodium acetate buffer pH 4.5, 0.2 M L-arginine hydrochloride CF-ffif{t. L 7=
Superdex 200 10/300 GL (GE Healthcare) (Z Amicon Ultra-15 Centrifugal Filter Unit
with Ultracel-30 membrane (Millipore) % F\ > CIEME L 72 BibESHALERIR 2 ik L 7=,
LI W2 b 0 LR CESR A VT TBGA Ml 2 & L RV AL, R
TUNEREE T U O ARV T VLT I R VERIKE) (SDS-PAGE) (2
TH— AN Ry 2B L, & SEC By & L7z,
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2-3. TBG4##Z 2 /U BEDFERIE

1) TBG4 O i

Amicon Ultra-0.5 Centrifugal Filter Unit with Ultracel-10 membrane (Millipore) %
HNT, SEC %y % & /3 7 BIREE 8% £ Tl L. ZHafimbicfif+5
TBG4 ik & Lic, & /37 BREEITHERIMRINGE (TBG4 R 0.1%, DGR 10

mm : Argonn=2.24) ZHWTEEEIT> 7,

2) TBG4 DA,

Z NI EOREREIEY v T 4 7 R ey TRKIEIEE IO T T 72, &
el LSRR FRITIL, TR & LT Crystal Screen HT (Hampton Research) % F V>,
96 7 = /UfEsa{b 7 L — k (Hampton Research) D47 = /L2 T, TBG4 &
2 0.5 uL & PEEEAI 0.5 uL Z{RA L, 4°C FIZBWT 1 HMEE L7z, £72. X
PRIBHTIIE (C O 72 R ORI IE, TR E LT 0.1 M
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid-sodium hydroxide buffer
(HEPES-NaOH) pH 7.0, 20% (w/v) PEG 10000 % >, 24 7 = LiEd{LH 7 L — |
(Hampton Research) D47 = /LIZH\WT, TBG4A AR 2 uL & TEEHA 2 uL 2 1BH

L. 4°C FIZBWTH 3 » HMEFE LT,
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3. #WABLIUBE

TBG4 %3 A L 7= Pichia Expression Vector pPICZoA % F\ T P. pastoris
SMD1168H #k % B Ha L 7= 1%, TBG4 Bk DL 21T > 7=, 15517z TBG4
IR AE A X ) — VAF(E FCH#E L, TBG4 f#ax % v /37 B %1372, W%/
$5 L TY Ni Sepharose 6 Fast Flow % iV C TBG4 fl# z % o X7 B & k53l L,
SDS-PAGE % 1T - 7245 5%, TBG4 flfex & > RGO/ RIZIN A, &0 T3 A
AT IRICHERR S 472 (Fig. 3-1), 7238, TBG4 i x % o/~ /E1%, CRimICY
VI —_XTF RE LW 6xHis-tag 2T ST\ D72, £ D51 &I34) 82 kDa
Th D,

TBG4 |2 1%, N-fE A RESUE RTINS 2 RATEET D 2 &N T 2/ BRECH 6
FHIEH TS, NFEEHBESIT., Z o X0 BO>— 7 F L EH [7 AT X%
-7 UANADT I -V S N A =) IR DT ANRT XK

=

EOMEOT I FEEIZ, v~/ —RA3EEL X P A — R 250 REMEDR
TERIFHINLE T D N-T 2 F /L7 a0 B-(1-N) #EAE LT\ D, N-FESHE
BESHIT, B = FOIERITAMITES L TV D HEOREIC LY . HAR,
B, m~ v/ =2 3T I ND, P pastoris (3m~ >/ — D
N-FEABUBEGIERT 21T 5 Z E DR BN TN D728, TBGA #il#f 2 & o /37 B I3iE
JRNGFEDE~ Y ) — AR NAEERBEHMEM SN TV D Z LAV STz,

TBG4 #L#f 2 % > ™7 BITHE S LIS Z U LTl —I2 3 572,
Endoglycosidase H, Endoglycosidase F1, 33 X " a-mannosidase @ 3 FED/~NA <
J — AW NG TRUBESH OISR 2 it L7z, £ DR R, a-mannosidase % V2%
ZEICRY . P EORESREHIIRES N RN DD, —HOREHENE—IZ
brE S 72728 (Fig 3-2), LA O EBRIZIE a-mannosidase % R CALBL L 72 & D
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R\, D%, TBGA fil#fax 2 > /X7 E D C RKIlZAHIME T % 6xHis-tag
% Carboxypeptidase A Z FHW\NTRrE L7z,

WNT, B SNT-REBEIN /NS < HB)—72 TBGA Mz 7 L R 7 B Z BB 5
72®. Superdex 200 10/300 GL Z H\W\THELI ATV SDS-PAGE (23 TH.—
v RERTHEy &R L7 (Fig. 3-3), 7e3. TBG4 iz % > /7 EiX, SEC
(BT D ORFFRFR D SRR CHERE L THET D Z R Sz, £/,
TBG4 Az # /X7 H %, FEEREXIKENIZB VT, pH AR 3~9 DF7 /LD
ABBE TIKEN L7272, ZOplIX I ETHD Z ENRHLMNEZ2>T- (Fig

3-4),

TBG4 ez % > R0 B OfE i b 2R A 745 %, 0.1 M HEPES-NaOH pH 7.5,
20% (w/v) PEG 10000 O S&E NI W THORASE NS DTz, 2 OFRMFICHES X
pH 7.0~8.0 @ 0.1 M HEPES-NaOH 3 L ONEE 12~22% (w/v) @ PEG 10000 % #H.7
GO A OILEGAZ AW T LS O i b 2 s 7o R, A 27 )
— = T TR TG & Al — DM TIZB W TR 0.6 mm X #J 0.3 mm X 0.1
mm DR E S DOFEFEDBED Z LB LT (Fig. 3-5),
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o-mannosidase

F1 F1 F1 F1
NC H H H H PC
98 k 98 k
> - ® o
. vy - - " . » e = . - - “ h
66 k 66 k

Fig. 3-2 Deglycosylation analysis by SDS-PAGE.
Deglycosylated TBG4 is indicated by the arrow.
NC: TBG4 eluted from Ni Sepharose 6 Fast Flow
H: TBG4 treated with Endoglycosidase H
F1: TBG4 treated with Endoglycosidase F1
__: TBG4 treated with o-mannosidase

PC: Pre-denatured TBG4 treated with Endoglycosidase H
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98 k

- 66k

» 45k

w 30k

Fig. 3-3 SDS-PAGE analysis of TBG4 purified by size exclusion chromatography.

Deglycosylated TBG4 is indicated by the arrow.

S: TBG4 treated with a-mannosidase and Carboxypeptidase A

1-10: Elution fractions of Superdex 200 10/300 GL
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7.35
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8.45

Fig. 3-4 Isoelectric focusing analysis of TBG4.

TBG4 is indicated by the arrow.
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Fig. 3-5 A single crystal of TBG4 (approx. 0.6 x 0.3 x 0.1 mm).
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4. EZH

ARETIX, X B RERNT 217 9 729, TBGA I 2 & R B DA, 1
. BRI EIT o7,

TBG4 %3 N L 7= Pichia Expression Vector pPICZoA % F\ T P. pastoris
SMD1168H £ % JEE #infh L TBG4 filL#a 2 % o RV B & pEA LT, 15 617 TBG4
fHLZ & 2 X BITIIRIA NS T RO R~ v ) — A NAEGRUESHMERT L C
Wzl B8 LT BESH O PR E 2 ME L7285 R, o-mannosidase # U5 Z &(Z
LV, TBG4 iz % L RV EITHE S LIZHEBH O — & ¥ —ZBRET 5 Z LIk
LTz, Dk, EAPESHE—72 TBGA MM x % v /X7 B O AT 72,

TBG4 fi ez % > X7 B OfE s b &2 R A7 fE %, 0.1 M HEPES-NaOH pH 7.5,
20% (w/v) PEG 10000 D & TIZIB W THARFE SR 2VG bz, Z D&M Z2 R,
fi % @ pH @ 0.1 M HEPES-NaOH 35 L OV & O FE D PEG 10000 % #HA A+
T Ff 22 DULEF 2 TR b SR D Bk 2 A T fE R, FIIA 7 ) — =
T THLNTZEME LR —OFRMETIZE N T, £ 0.6 mm X 0.3 mm X 47 0.1 mm
DRE S OfEEEFD Z LI LT,
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B=F TBG4 O X R#&RIEEREN
1. i

XOBRAE B REMEAT IX, RE AR IC XA RS L. BT L7z X BROmREE 2 JI7E L,
Z DR OSRGOS E R L, 2 ZISMEE®REMZ 2 2 i
LB ONDREEER 27— ) AR T L2 LIk D, R OE
FERHi & RO DHHETH D (Fig. 3-1). A datiid K 1 O#EHEIL BT X #ROTRE
MBRHDZENTE DN, L ONARIERITFEET X AROTRE 2 HJIE T 2l T
KON TWDTb, IS NOIFIETNAERET 2 UNERH D, XS
fEAT DIFEFLIZ SOV TIE, B2 1E. McCoy and Read, 2010 < Taylor, 2010 72 £ (Zfi#
BLENTNWD, PN Z R 551k E LCE, o FiEiE (MR) <RI E i
B, BESBIEREND Y | FEREENBER OS54 13 MR & W T2k
HTENTED, —FH., BURENHFE L RWESIE, EERIEORIEEIC X
D EF A AN LT Y o R AR 2 BRI ERE, F20E. b
V) AFAZ BN LT 3y B REERI 9 2 B 8aEe 82 VT,
NMHZRET DULEND D,

PR, XA E MR, RElw v v MR o, 5123~
U LI ARNFHEE AN T LT v o N—Tp EOBEANTEY | Z T BITAK
EENDATF A= BNV AT A U ORERA 2R U2 ElE R ik
(native-SAD) & HWToAZAH DR ENFEHINCHIH SN D L 5127 o7z (Lwet al.,
2012; Ru et al., 2012), native-SAD (X, X #RIEIHT7T — & O % HR 735 8IK D
NS ZERKIRETE D LWV D KT, 1ERDITIE L g LTI ITEN
hHETH D, AFEL, ToHm b, EE T O RPN Z o]
7B ~OTES D IEFIZREETH 5723, bijvoet diffraction ratio “<|AFu[>/<|F>” 23
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0.53% & 2D T/ S W XFREHTT — Z SARFIEIZ K0 T Sz plnd 5
(Ramagopal, 2003),

GH35 [2i3, MBS, B8, mWHEkO B-D-77 7 F v X —B N0 S
NTW5, MEEERORESE & U CIX, Bacillus circulans (BcBGAL, Henze et al.,
2014), Bacteroides thetaiotaomicron (BtBGAL; unpublished, PDB ID: 3D3A),
Caulobacter crescentus (CcBGAL; unpublished, PDB ID: 3U7V), Cellvibrio japonicus
(CjBGAL, Larsbrink et al., 2014), Streptococcus pneumonia (SpBGAL; Cheng et al.,
2012) OFENRE SN TERY . FHHEBROMESE & L TIX. Aspergillus oryzae
(AoBGAL; Maksimainen et al., 2013), Hypocrea jecorina (HjBGAL, Maksimainen et
al., 2010), Penicillium sp. (PspBGAL; Rojas ef al., 2004) OEENHE SN T\ 5D,
Fo. BMHROEESE & LTI, Homo sapiens (HsBGAL; Ohto et al., 2012) D
ERHREINTWD, L L72A 6, GH3S IZE T 2R OFERIZ OV T,
Z OSLARFEEIT S 2 STV LY,

ARKETIL, TBG4 O FLEFRFHIE R+ 5728, TBG4 flHfax % > /"7 EH D
FEEL O X MRS A ST 21T o T,
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diffraction electron density
pattern map

2dsind = nA

Single crystal

FT-
Iy —— | Fpul _I—’ Fo — Py
yz

Ak

Taylor, 2010

Fig. 4-1 Outline of X-ray crystallography. The specific directions determined by
Bragg's law (2dsin®=n4; d is the spacing between diffracting planes, @ is the incident
angle, n is any integer, and /4 is the wavelength of the beam.) appear as spots on the
diffraction pattern called reflections. The intensity (/) of each diffraction 'spot' is
recorded, and this intensity is proportional to the square of the structure factor
amplitude (|F]). The structure factor (£), a complex number containing information
relating to both the amplitude and phase (a) of a wave, is converted into a
three-dimensional model of the electron density (p) using the mathematical technique of

the inverse Fourier transform (FT™").
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RELLURBRAE

2-1. X #EHHE

XOBREHTHIE IR, &L — IR e M ERER PSR Bt
B IEhia O B — 257 A > PF-BLITA \ZB W TIT o7, TBG4 ##fix & v /3
B ORI BIE OERFIIC 25% PEG 400 % & Te Uk ANARI SR IZIE L. 90K
DEFEE FICBW T X BRETHIEZ1T-> 72,

FI, WE098A D XMEHNTHIEEZIT>T-, 7 AT K 21925 mm, EH)
£ 0.5°1Z5% T L. 180°D&EIPHIZ 7=V FF 360 e DT — X ZINE LT, 15517 X
REIYTT — & 1% HKL2000 (Otwinowski and Minor, 1997) % i\ T Index.

Integration 3 & O Scale #1757z,

WIZ, ZURTBIIARKEEND AT A=V BV AT A VORER %
R U7 B B2 0 #dE (native-SAD) & H WAL OIRE ZT 5 728, Al
iz W TR 20 A I2BWT T — 2 IEZIT o 7o, A TR 156.20 mm, #RE)
A 1L0°IZERE Ly 9000°DHIPHIZ 3072 0 & 9000 e D7 — # N L7z, #647z
X #RIEHT T — % 1% XDS (Kabsch, 2010) % F\ T Index ¥ L O Integration 17> 7=

. CCP4 (Winn et al., 2011) @ SCALA % Fu>T Scale 177z,
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22,  HEEmIEERENT
REIEFRNTIZ CCP4 (Winn et al., 2011), CNS (Brunger, 2007). ARP/WARP (Langer et

al., 2013), ¥ L Coot (Emsley et al.,2010) = HW\TIiT- 72,

X WRET T — 2 OPIARIE, 7 F-EH#IESS KO native-SAD Z fffl L TIRAE
L7z, Bacteroides thetaiotaomicron 3K B-D-777 7 s > % —E DOH#iE (PDBID:
3D3A, 26% sequence identity) % #%4(Z, FFAS sever (http:/ffas.burnham.org) % H
WTTBG4 DARERV—ETNVEMHE L, ARERY—FETNEY—FET
Jv& LT, native-SAD 7 — % OAIHINLAH % Phaser 2 IV CEHR LTz, 3607
S ORE L CNS Z VT T2 128, 5 O IVIZALFRICES-S5 & Phaser-EP % J]
VT native-SAD 7 — & DR 3 HT — & T U | B ONLE 2 R E LTz,
Z D%, Parrot & W THAAHDUW R 21TV Buccaneer ZHWTHR I 7 7 =%
TINOWERZAT T, FONTAEZ IR 098 A THIE L 72 X#REHTT — 12
WS L, ARP/WARP % MW TET IV Z AT o T2, £ D%, Coot 3 LT Refinac
W THEREE L2 T2 T2,
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2-3.  D-HSY F—REEHKD XRGEREERNT

D-77 7 b —AEAEEFEROTRI T, HHERIEE V-, TREANZ 0.1 M
HEPES-NaOH pH 7.0, 20% (w/v) PEG 10000,0.1 MD-#% 7 7 h—A% 7= Z &
DA, 3 FEICFREO FIEICHE LT T T 72,

X BREHFRE L, &L T — IR 7Ess B ER SRR Bt
B FE iR O B — 2T A > PF AR-NWI12A (2B T - 72, TBG4 fl#fe x & >
R ORERE, WEOERNIC IMD-H 7 7 b—R & & eIl B AR IR
RIE L. 90 K OEFEKIL FICHB VTR 1.00 A D X #ja AT X#EHTHIE 2
iTolz, AT 235.00mm, IRENA 1.0°IZEE L, 180°D&iFHIZHOT= D F 180
BT —2 2 WE LTz, 1§57z X #REHTT — 2 1% HKL2000 % AV T Index,
Integration 3 &L O Scale #1757z,

H T HE LT TBGA DREE 2 —FFF L e LTHAL. BbNnF-F—20
MIAIAE % Phaser 2 VTR L7z, €D, Coot 3 & U Refinac Z F\ T

EREL AT o T,
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2-4. BMIRERMNZERGOEE. FRE L UEERIE

TBG4 H33E A X 7= Pichia Expression Vector pPICZoA {Z QuikChange
Site-Directed Mutagenesis Kit (Stratagene) % f\\\CRZARZE AL, TBG4 DA
REFRBTDHODOT T AI REER L, Z0%, H 8o 5k L F
RO 75T TBG4 @ E181A ZZFAR, E250A & BAKR, 55 XN V548W B HRIK A 2
NENEABLOHERL, EHEREICHW,

1) K TEF KX ke DRNIE

50 mM sodium acetate buffer pH 5.0, 0.1% 7 > IyE7 /L7 X >, 0.05~10 mM
4NP-B-Gal, 2 pmol TBG4 b L < 1EZ& DZE FR % & T ol SOGTRNR & 0.5 mL 7 L
L. 37°C FIZBW TG EE7, 02MNa,CO; & 1 mL M2 TG &5 1k S &
Tt WIROWIEE (410nm) ZHIE Lz, ZO%, KEEREIZIB T 2 MOGH
JEICHSE, TBGA B IO DOERIKD KnfiB L Nk ZFNENEH LT,

2) R AR D fRHT

HHE L LT, P-1,4-galactobiose, B-1,3-galactobiose, B-1,6-galactobiose, CSP, ASP
ZREIRIE 0.1% CHW =, BiIECAEE . 50 mM sodium acetate buffer pH 4.0, 35 X O 2
pmol TBG4 & L < 1% V548W £ 51K 2 & T el R MG 2 0.5 mL e L, 37°C
TRV TS S W72tk BIEKIE 1 C 10 3N U BER RS 215 1 S E 72,
WEREL T2 Z 7 h—R1Z, 7OV ART o~ A2 N b ad ez 4o
B hTT7 4 2 HVTERLIZ,

52



3. #WABLIUBE

TBG4 ##a 2 2 /3 7 B Otk O X #BEEHTHIE 2 &K 0.98 A [ZRB W TT- 72
fER. DfERE 12 A DRERT — 2 %155 Z LTI LTz (Table 4-1), ffidh D%
FIHEIL P21212), CTH Y | E O EHIT 2=92.82 A, b=96.30 A, c=159.26 A TH -
72o TBG4 & 30%LL 07 X BEECHIORFENEZ A3 2 & /37 B ORISR
ENTELT, BEOE TBG4 DHRER P—ET L AHET S 2 L nREET
boTelzh, T EBETII S RN ARG b ieino T,

TBG4 O s DI F 2 AlZEIT % bijvoet diffraction ratio “<|AF.[>/<|F>" 1%
35%& RAED HAv, B I native-SAD (& X D NAHIREN FIHE T D & HIT L
Tefe, W 20A O XBE W TIEMEDOmWT — 2 IEEIT o7, £ Ol

. OfRRE 2.8 A, B WO ITUEE 186.5, HE /Y HZEDHE 0.74 DD TR
BB 0BT — 2 %55 Z LI F L7z (Table 4-1), L>L7aA s, Fx R
AEAT ST, B LN RE ST — % OFINFH OREITIZE e h o 1z,
% 2T, FEBIECHIE AR R R E BT — 2 2 MA 5 2 LI
LV NHHOIRZAT o7, TORRK, BREHHZET -V =X EIZBWT,
NTOWER T ONEEZRET D2 LITEH L, TBG4 DHEEREICE ST
(Tabel 4-1, Fig. 4-2),

I

F72. D-H T 7 b —AEEEROFE SO X REPHHIE Z1T - T2k H . o fiFeeE 3.0
ADXBEITT —H2 %2155 2 LITEh Lz, 2elcitE Lz TBG4 O % v
T FESEZ L WA AR A L. S E L A21T o 72 (Table 4-1),

TBG4 #l#a 2 % > /X7 E OGS OIERRRALITIZ, 2 2D 0 E £ Tz
(Fig. 4-2), TBG4 @ apo k& D-HTT7 7 F—AEAIKITFEL DNy T TR -

TWz2y (Fig. 4-4). TN DA B OV-2) " Flfmz= (RMSD) 1% 0.350~0.423
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AThHY, HERLEEEITRO OGN oTcZ b, Ny F 7O
TBG4 OFFEZE(LIZEINT 5 & DO Tldlehnote, £, s OIERFRENIZE £
N5 241D TBG4 1%, 2 EHCRES T HRWNWZ &b, 2 ®KEZTEKT D
LOTIE o7, 2&EIT, BE, 2EHEZ AL TS (Klotz et al, 1975),

TBG4 1L 42D RAAL U OIER SN D HTArEE 2 A L T io (Fig 4-3), fil
BERAAL L THDHHE— FAL T TIM S LIEEEZ B L TV 228, 5 &F &
6FHD a-~U w7 ANKEL TN, FHRAAL AL TARD B-A T Ry
SRS BV A v FREEEZER L T2, B RAAL T IRD B-A T
RINBRED B- > FA v TFEEZZKR L CE Y. BEE O GH35 OFEICITR S
NRVRWL—T7ZF L TWe, U RAAL E, B RAAL COBPITHA
ENTEHETHEEL, SADB-A TV Kbk D B-V v A v FREEZ R L
TkH ., Bo GH35 OfiE & FkDORVIL—7 %24 L TV,

TBG4 @ D-# 7 7 b —AEEKRDIEWEALITIL, B-D-H T 7 b—A 31 DE
BN LT (Fig. 4-5), SRKEZHITH D G250 1E T 7 7 h—ADT ) ~—f%
FL30ADHBECHY . —ixmEEREAMEETH D Glul8l X7 ) v —KHFEDE
Rao il AKFREES Q6A) ZERL TV, TH 2507 V4 I Uik
HENENT 7= IZE R LTz B250A 8 BaAR3 LUV EI81A 48 FL{KIX, 4NP-B-Gal
(ZKRT D K DNEFETL D TBGA LIITRHF TH T2 DITH L kea BN EILZ T 380
f235 L 1Y 4400 153870 L CTUN /= (Table 4-2), Z4 5 Ok BLI%, BEEICBIT 5 KkEZ
Al (Glu250) 1 X Okl AL (Glul8l) O EEM 2R T HHL DO TH-
720

GH351ZJ@+ D B-D-HT7 7 h X —Fid, D KA A L OERIZIESE, D7
X Eb 42507 N—7 Fi2bb, Hypocrea jecorina MK DEE#E (HjBGAL) %%
D6DODRAA LINOIERRSNDHEEFE, TBGAFHED 4 DD R A A L INHIERE I
LR, Streptococcus pneumoniae FEDEEFE (SpBGAL) £ 3 50D KA A L7
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DI SN DR, B X O Caulobacter crescentus I DIESE (CcBGAL) 450 2
DD RAAL IO SN DEERIZFATE 5 (Fig. 4-6(a)-(d)). SpBGAL T,
TEYEEBALD 3 DOFFRT X/ BBERENEEOREICEA G L TW\WhH Z & B3l
SNTWHN TBGAIFZZEDORND 1 DDOFEFRT I/ BRFEEED N 5L (V548)
IZEB LTz (Fig. 4-6(e)), = DY LT, TBG4 BNET D B-D-V T 7 |k
VR =Y X Bl AD-H T EF =BT N—T BT DR IRIFEENT
¥V (Fig. 4-7), HEOBEBICHELREKFZRIZL TWDL EER DN,

ZIZT, ZONY VEEAE M) T T 7 VITER LT V548W L EARDEEFRTE
Ped K ORERr BRI LZ T, ZORRE. V548W £ B IKIL, 4NP-B-Gal 1257
% K DEFAETID TBG4 LI RETH o 72 DITKE Uy ke D3 5 AL TW
7 (Table 4-2), F7z. V548W ZEEKZ, B4 D TBGS & Hig L T,
B-1,3-galactobiose |2 %9 AIHMEN R Th - 72— T, B-1,6-galactobiose (2%
HIEMEITRI 6 5 TH V| B-1,4-galactobiose |Z%F T DIEMEIX 0.6 (5 TH-7, &6
12, V548W ZEELAKN CSP B L NASP il L7= 77 7 b — A&k, AR
? TBG4 D) 0.6~0.8 {5 Tdh 7= (Table 4-3), Z DFERIL. TBG4 D V548 (T %}
IS DT X R E LTTF e ER L (YS64) A3 5 TBGS (Fig. 4-8) 73,
B-1,6 B LU B-1,3 f ATk L TEmWEMREZR L, CSPBEITNASP 26T &AL
BT b—=R&EWEEL72 W E WD Z & (Ishimaru ef al,, 2009) & —F$T25H DT
HoT,

LEDZ Lt TBGA D V548 1E, B-1,4 3 KL OVB-1,6 fi B 1Tkt 3 2 AV R
PEDOWEIZERE R ZENZ R L TEBY . B-14-T T 7 & 0 DRI IR RIS
LTWabEEZOND, £o, BD-HTV "X —8 /=% B-14-D-T 7 7 ¥
F—E N —FRT D MOBERIZE TS, TBG4 D V548 IZxHET 53U >
PHED B R RMEOREITRSBAE L TWD EEZX BN D,
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Fig. 4-2 The the crystallographic unit cell of TBG4. The molecules in the asymmetric

unit are shown as ribbon model.
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(b)

N _24 347 413 439 586 724 C

Fig. 4-3 Three-dimensional structure of (a) TBG4 and (b) its complex with galactose.
Domains I through IV are colored by blue, cyan, orange and red, respectively. The
glycosylation sites, Asn459 and Asn282, are represented as sticks in (a). The

B-D-galactose molecule in the catalytic site is represented as spheres in (b).
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Fig. 4-4 Comparison of the crystal packings of the apo form and the galactose
complex of TBG4. TBG4 molecules in the asymmetric unit of the apo form (bleu) and

those of the galactose complex (green) are superimposed.
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Fig. 4-7 Structure-based alignment of GH35 [3-galactosidases. Accession numbers for
the clones are as follows: AoBGAL (Aspergillus oryzae), BAE60622; AtBGAL12
(Arabidopsis thaliana), At4g26140; BcBGAL (Bacillus circulans), BAA21669;
BtBGAL (Bacteroides thetaiotaomicron), AAO75397; CpBGAL (Carica papaya),
AACT7T7377; HiIBGAL (Hypocrea jecorina), CAD70669; HsBGAL (Homo sapiens),
AAA51819; LaBGAL (Lupinus angustifolius), CAA09467, MABGAL (Malus
domestica), AAA62324; PspBGAL (Penicillium sp.), CAF32457; SpBGAL
(Streptococcus pneumoniae), AAKT4249; TBG4 (Solanum lycopersicum), AAC25984.
AtBGAL12, MdBGAL, CpBGAL and TBG4 belong to

B-galactosidase/exo-B-(1,4)-galactanase subfamily.
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Fig. 4-8 Sequence alignment of tomato -D-galactosidases.



Table 4-1 Summary of data-collection and refinement statistics

Dataset

Data collection
X-ray source
Wavelength (A)
Temperature (K)
Resolution (A)
space group
Cell dimensions (A)

RmeasT

Rpimi

<l/ol>

Observed reflections
Unique reflections
Completeness (%)
Multiplicity

Apo

PF-BL17A
0.9800

90

50— 1.65 (1.68 — 1.65)
P212121

a=92.82

b=96.30

c=15926

0.079 (0.53)

0.029 (0.19)

33.0 (3.8)

1271036

170809

99.9 (99.5)

7.4 (74)

Anomalous completeness (%) -

Anomalous multiplicity

Del Anom correlation
between half-sets

Vm (A*/Da)

Solvent content (%)

Number of molecules
per asymmetric unit

Refinement

Resolution (A)

No. of reflections

Rwork/ Rfrcc (%)

No. of atoms

No. of protein atoms

No. of heterogen atoms

No. of waters

Wilson B (A%

Mean B (A?)

R.m.s. deviations
Bond length (A)

Bond angles (° )

Ramachandran analysis (%)

Favored region
Allowed region
Outliers

2.17
433

2

46.1 — 1.65
170193
12.9/18.0
13091
11006

179

1906

233

17.8

0.007
1.219

974
2.6
0.0

native-SAD

PF-BL17A
2.0000

90

48— 2.80 (2.95 - 2.80)
P212121

a=92.90

b=196.42

c=15944

0.102 (0.25)

0.005 (0.01)

145.6 (62.8)

12743381

35852

99.6 (98.6)

355.4 (360.5)

99.7 (99.1)

186.5 (185.9)

0.741 (0.502)
2.18
435

2

B-D-Galactose

PFAR-NWI2A
1.0000

90

50— 3.00 (3.11 — 3.00)
P212121
a=93.93
b=10638
c=16238
0.136 (0.58)
0.052 (0.23)
20.0 (3.5)
206610

32837

99.2 (98.4)

6.8 (5.8)

2.47
503

2

31.1-3.00
32721
20.0/26.0
11428
11062

166

198

41.0

473

0.006
0.975

959
39
0.2

T Runeas = Ziat {NRKL [N(RKD)-113 " ST, (hkD)-<I(hKLY>|/Za1 Zil; (kD)

1 Rpim = il V/INRKD- 1112 Zll; (hkD)-<I(hkl> i1 i1, (kT




Table 4-2 Kinetic parameters of TBG4 and its mutants E250A, E181A, and V548W

against 4-nitrophenyl-p-D-galactopyranoside. All parameters were determined at 37°C

and pH 4.0.

Km kcat kcat/Km

(M) ™) M!-s
3 5 7

TBG4 1.5x 10 1.1x10 7.3x 10
-4 1 4

E250A 3.6x 10 25x 10 6.9x 10
-3 2 5

EI81A 1.1x10 29x 10 2.6x 10
3 5 8

V548W 1.9x 10 5.5x10 29x 10
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Table 4-3 Release of galactose by TBG4 and its mutant V548W acting on

galactobioses and pectins

Activity '
Compound . . Ratio
(ug galactose'min™ -mg protein™ )

TBG4 V548W V548W/TBG4
Gal-p-(1,4)-Gal 14 7.8 0.56
Gal-B-(1,3)-Gal 9.4 11 1.2
Gal-p-(1,6)-Gal 1.4 8.3 5.9

Chelate-soluble pectin 0.12 0.092 0.77

Alkali-soluble pectin 0.28 0.16 0.57
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4. EZH

ARETIX, TBG4 O IE LIS 2T 572D, TBGA L 2 % RV &
FEEL D X Bk S S AT 21T o T,

TBG4 #iHa 2 % o /X7 B OFEEIZHOWT, HE 098 A 12\ T X FREHHIE
AT ToRER, DR 12 A O BERT — 2 %2155 Z LTI L7z, TBG4 ik
2B R EORE OSBRI P21212), TH Y | Z O EEIT 2=92.82 A,
b=96.30 A, c=159.26 A T&H > 7=, IR\ T, native-SAD |Z X A NIAHIREZIT 5 728
R 2.0 AW T XHBREHTHIE 217 > 72, € OfER BT 0 O TR E D 186.5,

B WZEOMBN 0.74 TH D 0REE 2.8 A Ol CREMRBEF ST — 4 %
B/HZ EC Lz, 0%, S5z XBEYTT — % ONAE %25 F-EiiER
L U native-SAD Z fHH L TR D Z &LI2 LV, TBG4 DEEERTET HZ LI
I L7 (Ruork 12.9%, Riree 18.0%), F72. TBG4 O p-5 7 7 b — A AR O
PEIZ B LT (Ruork 20.0%, Riree 26.0%),

TBG4 (X, 4 DD R AL DR SN D2 A L TH Y, GH35 IR
T HMEES L OEEBEKD B-D-T T 7 F v —BIZBW AL REFESH T
D RERRICEIE R 3ODOEELET I BIRIED 1 D38 UFRHE (V548) T4
HRL T\, 2o VEIEIT, TBGANET D BD-H 77 b H—F /=xV
B-1,4-D-7 7 7 4 F—EB I N—TIRT LWRIRAFINTEY (Fig. 4-7). £
BOBBICEEREEEZRLLTWAHEEZ DN, 2O VKA b
U7 N7 7 B UTz V548W 4 BARDFFRTE M L O Fe Ja 1t 2 Ji ~ T,
Z O F. TBG4 D V548W ZFARIT, BAEM D TBG4 & b L T,
B-1,6-galactobiose (Zx§ 3 HIEMED K 6 i TV . B-1,4-galactobiose (T %3 5 IEM:
2 0.6fETHD, CSPEBLUASPITHIT HIEMDF 0.6~0.8 5 ThH o7,
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bz Eve, TBGA D V548 1L, B-1,4 B L OVB-1,6 fif AT kl4 2 B Fr
PEDIREIZEHBERBEN 2 RIZL TR, B-14-T T 7 2 2 ORI IRICET G
LTWbEEZLND, o, pD-HT Y " F—F /=% B-14D-T TV ¥
F—B NIRRT HMOBERICEB T H, TBG4 D V548 (Tt 58

BEENIEE R RMEDOREICTRSBEE LTS EEZA LN D,
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g

AMFFETIE, b~ FREOEFT L L OHRVETEICIS T 5 TBG1 OHERE DfEH
ZHIEL. EENICEKIT 5 TBGlL OFENZHLMNNIT 522 L2 N E Lz, £
7z v MREOWALEE DM Z Hi5 L. TBG4 O ILE R 2 B & 2
LT EHHEHBE LT,

—E T, EFENIZEBT 5 TBG1 DERIZIA LM T 5720, TBGI Al x
Z R B ORI L OB R LT, £, S. cerevisiae Z T
TBG1 AR Z "V HapEA L, AT o7, b7 TBGL Lz # 28
FOEM pHIL pHS5.0 TH Y, E#EEELIX 40~50°C Tho7, £, Fix D
TR DR TEME 2 E LR R, TBGL AR & X7 X, B-13 B &
O B-1,6 fE & lZxt LT EMEZ R L, fkEAHI O HF 36 X UM 0 ASP 25 b
W% DOH T 7 h—REHEHT 5 Z ERHA LN E 257, TBGL X, HEHIC
BOTEETFORBNKLEELZ L0, BOMICBITIRT I ) HT
782 ORI L TWAH EE 2 b,

TETIE, XS ST 21T 5 T2, TBGA ML % & R T E D A
R BXORRILA2IT 272, £ 9. P pastoris Z T TBG4 fH#az % o /R
BrEAL, BlEITo7z, 507 TBGA Mz & L /37 EIZIE, WRIEV VY
FREOE~ /) — A NSFESTPEHAMER STV 72728, o-mannosidase % ]
W B OB 2 BRI L7168, 1586 L7 BESHAY/ N & < )7 TBGA fiLffix &
NI BRBERE LT, 507 TBGA Mz & o X7 B OfE AL S OB &AT
S TfER L] & LT PEG 10000 % 7= SR80 T LY 0.6 mm X 59 0.3 mm
X#7 0.1 mm DKE S OFEEHEHED 2 LIS LT,
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BERTIE, TBG4 OB R & I 5720, TBG4 MMz ¥ L U]
DAEFHD X BiE SRR 21T > 7=, TBG4 M2 & > /X7 B OREF D X HjE]
PrllE 24TV, O TeT — % OFLH % 4 7B #EE KO native-SAD % FH L
TRDODHZLITEY | TBGE DNAFEEEZRIET H Z LTI LTE (Ryork 12.9%,
Rivee 18.0%), £72.TBG4 D p-H 7 7 F —AEAROEEREIZH I LT (Rwork
20.0%, Rfree 26.0%), TBG4 1L, 4 DD A A U NBAER SN D HrértEz A LT
BV, GH35 IZET HHEEL L OEEBEXD B-D-TT7 7 b X —BIZBWTA
SARMFESN TN BB EE 2 3 SO EFIET I/ BIEED 1 SR v
FRH (V548) ICER L TWHZ R BMNE R -To, TBG4 D V548 ITHHET 5
NY UBERIIE, BD-H T X —EB S =X Bl 4D-TT TV ZF—ETN—T
BT DBRITRFESNTEY (Fig. 4-7), EEOEGRICEE R %&E# % R 1T
WD EZZ Do, V548W R BAROEERTIE M6 L O RF M 2 G~ TR
Fe. V548W KT, B4 TBG4 & Lh#k L C. B-1,6-galactobiose (2595
TEVEDI 6 5 TH V. B-1,4-galactobiose (Z /T DIHEMELS 0.6 5 TH V. CSP B L
OV ASP T D 1EMED K 0.6~08 (5 T o7z, LLEDZ LG TBG4 D V548
1%, B-1,4 B LU B-1,6 G ITxT 2 IERFRIEDOREICEHEREF LRI L T
BY, B-14-TT 5 7 2 DRI fRIZEHF S L TnWb BB, £7-, B-D-
B0 N B =8,/ XY P-14D-0T 7 X F—F¥ I N—T BT HDEEE
IZBWTH, TBG4 D V548 (25T 58U RN IVE R B O PREIZ TR < B
HLTWs EEZ T,

AR L 0 B S SNz lE, #EEwS, BREY BEFE Vo7
ZRISEICEBWTIERICEE TH Y . GH35 IZET DB OREE & MEHE DfiRA
E BT R FEH ORI ~DRE L b O LIS 5,
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KRIFGE A ZAT UG LA £ & D HICHhIz 0, B T8 TG & JHifEL
0 £ LIEARFHERMER OZ HEBEBERIEHOBELZR LET, £/, K
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