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FHE Fram

R NAER & 15 3= D i FEHERE LI T B & D BHE MBI 2 MR AL < 0 . BN
HHED AT v 2 HERPRBR, BHREBICECREL G523 2 ERHEINTVE(1),
t + ORENMIE %K 2 #fE & L Cid, FIC Firmicutes, Bacteroidetes, Actinobacteria,
Proteobacteria ® 4 [ICJE 3 2 Effi N E & A L% 5 TH Y| Firmicutes 1D Clostridium J&.
Eubacterium J&. Ruminococcus &, Roseburial®. Blautia®. Doreal&. Faecalibacterium )& .
Coprococcus J& . Bacteroidetes "] D | Bacteroides J& . Prevotella J& . Parabacteroides )& .
Alistipes J&. Actinobacteria @ Bifidobacterium J&. Proteobacteria ["]D Escherichia J&7s £ 233
HRERE S LTHIONTW3(2), ¥ 7 4 XAH (Bifidobacterium JEME) 12, & + DG
M O EEREEMEFO—>Th Y, [MEEOBNEED T v AEWEHET L LIC X
D, HREICRVHREZ D 20T EEZZMAEDEEDREBMY] EERINE T r 4 F
TAZAELTCI=IANEeHT Y X ELTALAAINTYS, b FDBNTIE,
Bifidobacterium JEMIE O # G EH EOFHICK o TRE DG, 9. AROBATIE
Bifidobacterium breve, Bi. longum subsp. infantis. B. bifidum 23 FE I I 5 DIck L, A
DRI T Bi. adolescentis. Bi. catenulatum. Bi. pseudocatenulatum 23 X %, —75. Bi.
longum subsp. longum (Bi. longum)(Z. FLIRH#A & A £ COMEIAWERRE > SR T
W5(5), DX RFERIC X 2BNME DS OENIT, BFEOERKERDOZENES, 7).
BEDRERDOBEEICT., HEORIEOMHKDE NS, 978 EOBRBEENIC X > TAhEL B L
EzbhTwd,

LIk W TR S N ENMIEE O AZEIL., FEMK TR L RELRENDH L DD

D, FHMEFEAFR T 28n THEETR 2 S I/ W EREINTWE(10), 2D



k. MEFEO R OEIE TSN HRZ K IC BT 2 RELEREICR>TwE T L
ERBLTEY (). BAMEEZEFET 2 ET, 2o 0BETFHREECERT 5 2 & AR
RTHbIeERLTOL, BAMEO A X7 7 LfETIC X 2 L. BNME T, fhoRE
2 b B X 72 Ml & Ll L T COG (Clusters of Orthologous Groups) 434812520 < [iR7K{L
Yo L k] 2 BETOEGAE ). BRNRECEEORMEKD I L2 F

) SHEC RO IRS TR, 18 E ORISR & F A RER L 32 o I#niElLE LT
I ENHEA D, Ibic, AREBADBHN~ A 7 rAf F— LDl TIE, ZhZho
F7A T AT =V TOFEERERICE U 72 RAMCREE R F 2 R IcR > Tw b 2 L
bbb, MED e F DIFNCTEFET 2R 1E. BFELME T Bk O R 75 if i< B b 2 BEEBEE
RO LBEL TW2 2 LA IR > T E 72(11-15),

JRATIE, B8, B, WL & o, TEYMIIEEE 7x &% 50 4% Kk 2 i (L v bl
BERERL TS, YR EIcera—R, ~Itra—R, RIFVAELLHE
ENTEY, Thb BT 5720 N ERE IR SR (GH; Glycoside
Hydrolase) % ## 1) 7 —+ (PL; Polysaccharide Lyase)% Fi\» T, %15 OWFE % 0fE - &ib
LTw3, T Bacteroides |EME. Prevotella JEMIE. Roseburia JEMIEE. Bifidobacterium
JEAE N HE O CEE R pE TH Y (16). TNZ NOMETRED 7 2 F FH g %
HwT=y FCERBIHIA) ZERG L T2, 200 O REREY L L CREIMCESR X
NBEERE. BEfE. 7o v A v, FLER7: & O KEBEIRNGEE (SCFA) 13 Rl D = 4 0 ¥ —
Fe LTI N3 720 ¢, EEOHREMMIC CRIFERR 21T 5 flEE T Mizone
FEATC, EIR T Y v A (IgA) ORRERIHIZH - TH Y (18), BHEDORIERICE VLT
bHMEEEZHOTWE RG> TETCND, 20D, ZNLMERED %) F

Wiz o210 % 2 I3 E EOMBEME, PR THICOEET 2 L E 20N 5, W4,



Bacteroides JEMITR IC 35> THHE3 % % 485 5 2% ¥EFI & {5 788 (PUL; Polysaccharide Utilization
Loci)D & EHE DO W EIRE R HER, YL FEICBENTIE, 7027 X /1921, F¥ 7 v (22).
TV TV, UBT I/ HT7 72 v024), XI7F (2520, THu—RQ2QNkE%LL D
S IREERE DS & 21T T > T & 72, E 72, Bifidobacterium JEME X, XV 7 LD 13%LLE
28 COG /D [HRAK DR L k] ZH I BEETFTH Y. LS iiehx v 78
DRBICBEEST 2 EEZLNTVWE28), ZNETIT, F¥ 79, UBTIv/HT
7 2(30), T 7EF VB EDHY LD N EEREDIH S 2217 > T & 72, Bi. longum
JCMI1217 1%, 25D GH 7 7 3 V) — )& T % 6l HOFEE KRR EZHRELTEY, Zh

OB EEER T — 2 R — X (CAZy; Carbohydrate-Active enZymes) (http://www.cazy.org) i

FirEhTwd, 2o bEBINCERT2BRICEET 2L, Zhbofkix, IR7
FJEIHT IR VB0) TTAT VY V(B2,33), TI7E/FL T34, IATFY I
(35). LFv(36), TI7EFVBNDHRICEHD o TnE I LRHALICINTER, 2D
Z &b, Bi longum 3% BEROFHICHEIEL TW2b Z 0o T&E7, Lo L., Bi
longum ZE(EFEELARIEIC X o THRGIEREZ A CE 2N ZERL TV &
ZHLNTW3729(28), HWIRICK » THRA L T 3 BE MK R ICEEER R bN S,
ZDXImEWEAHLC, EtEicEb 28T 2R3 25 Gene Trait Matching (GTM)
FEICX2BIETHRIITON TV E(15), AKX DOHE _FED GTMEICK Y, IRT I/
HT 02 EEEFFOT 7 €T A LB L IFEMERE OIS ) LT AT 5 2 & T
77T LB D 2 s T OFERERAA TV S,

oI, ZNOHAMERLBHI L CHEEITI. 2uRX7 4 =T 4 V7 HEFES S
W& TN X 51070 (37-39). IEPIAHE DBLE I 2 BERE A3 E 4 o Bl BT INIK 53 fE B AR oD fid I

o THHL 2 IcE o2 H 5, Bl 21X, Ba. ovatus D endo-xylanase 137 7 &/ 7 viC



FRHLCxv A ) IR L. % D% Bi adolescentis ATCC15703 3% > v 4 Y IHfi%
AL TEBLTWE22), #7<Y AGP ICEH\WTIld, Ba. cellulosilyticus @ endo-pl,3-
galactanase 23/EF L CB1,3-#7 7 b A Y Ih% K L. % D% Bi. breve UCC2003 23 &AL T
270074 —FT 4V RRLT (40), TDX ST, —MINIT, Bacteroides JEMIEE 55>
TO%PEEHEEIN IV L, KT L 724 Y 8% Bifidobacteium IEME % A FIH <
22k 0ichating i Aons,

KT, HEYHIIREE DRy D —2>THBZT I8/ HT7 7 X v-FT a5 4 V(AGP;
Arabinogalactan-Protein) IC#EH LT3, AGP (3. #THY. Y. = 7Y, 5
REDHEPNTIAS AL TE D@1, 42), =7 AT vy veic, ereFern) vid
&7 b 2 v o3 78 (HRGP; Hydroxyproline-Rich GlycoProteins) IZ 5340 & L%, MIIERIEEEY)
HeLTEx, YO RE 7 Sk~ e A BRI R R & E# 2 Rz LT 5(43),
AGP OFEFHEIEIX, HiEDE VWAL TR AG & I AG b5, 8 AG IXEHIC
BlLA-TZ 7 2 vEMERL, XV FVEMNKT 7L 777 ynr v 1 ofllfHICE LN
5, MEIAG X, FBICBLI-H T 7 X vEt&k L fISHIC BL,6-77T 27 & v EHDIMIL L 7- Wi %
Ly, fEPEIC X o Tl L7 9 ) — A, L-F L/ — A, L-73a—X, D-ZArny
B 7 & DIEEBERAIIN L, SHEaiEE 2 A TWw 3, AGP IZMIFEBEORERK D> & LClib
TOREFERTH 20, v ART Ao TIBORIK (Acacia senegal (L.) Willdenow) DAS 115> &
BFonz 7 LBEYE. €A TAEOT 7 €T 7L LT, 17 AG % AGP 25 &0 F
KaytimoTwd, T7€T7HLIEF, LTI /)77 /) —A, L-T7 /7 /) —X, L-
TL)—A, L-7a—RA, ZArua Vg 4-0-AF NN v il & oEMifESM L.
JEH I ICE A& & 5T 5(44, 45), 777 H a3, EN-FULEEIC

FULHI R RER & LTHW OB @6, v 7 4 X ZABBSEsh RSB T 47, L4



AT 47 AL LTHRIHINT VS, ©7 4 XZAFICX 2 1A AG &I O W T,
EHEOIIN—TICXY | BB AEED N 7~V HRKITE AG 48) © Bi. longum
JCMI1217 12 B 2 5 S REDSBH & 2 S T 5 (30, 49), L2 LS, T b DR
R DIEREEZ o7 7 €7 4 AGP T L CIREHE S, 777 4L AGP
DY 7 4 A ARIEIERE I RHTH - 72,

ZOX) REROP, KRR €74 XRAWBET LT 7/ 0722 v-TunT4

¥ (AGP) 7 fi#lEsk DEEREMNT I X OEIEIM O] 2 HIv e L. BIEBEROBE 21T-

|

7o E£F. BEFETIE. Bi longum DT 7 ¥ T 7 L AGP BALICE b 2 HHREEINK 53 e
FROBEREENE L, 777 72 &R L IFE RO KT ) LT 21T 5 72, %
DFER, FHEFEE MK EE2SE GH39 3-0-0-D-galactosyl-a-L-arabinofuranosidase (GAfase) &
H A E% S GH36 a-D-galactosidase 232 — R I 7252 7 A X —%FHi-IcAH L 72, &
BETHEHROHEEICOVWTRLTWS, F=ETIE, GAfase (EHZDOT 77 4 L4
AGP IZB5 W T X 572 2 457f#% 1T 5 a-L-arabinofuranosidase (BlArafE) % FLH L. FEMEEIRE %
fTo7e S BIT, BEEBRORA G O IFNT & WEREESRIEERE 21T 5 2 & T, Bi. longum
DEFEEKECTITONT VBT FET AL AGP DRG0 o728 & b IT, Bi
longum D FRF R 25 AEME T B B Bacteroides BMEIC X > TRIHX B 2 &b AL
7o HBVUEETIE. Bi. longum CTHIF T % 72 WilEHERED 5 B B-L-Arap-(1—3)-L-Ara D _f#IC
X LT WV R B4 % 78§ GH36 p-L-arabinopyranosidase % Bi. adolescentis 12 3\ T BLH
L7z, M EDXoic, AWfETIR, 77 €7 4L AGP ELHEREICBID 2 (CHIBIEREE o B
REMRNTIC X o C Bi. longum OYSTEMKEDIRIHICHII 35 & &b IC, 77 €T 4L AGP 2315

WERB ICHAF T 2 WA o mRERIC X o> TR TN 2 AR OFEEZH O 22 L 72,



% ¥ Bifidobacterium longum JCM7052 3K 7 #l 3-O-0-D-galactosyl-o-L-
arabinofuranosidase & F{AMNEEF a-D-galactosidase D [ RF M

Hfi s

TI7ETHL AGP X, b FOMAEYERERY I 2L —F—%2H0IF%EG0, SHB LT
b bR E L7z invivo EERAT) TR, TITRiBICBWTE 7 4 KAWZHME ¢ 5L
D TN T WD, B, 58 L 72 Bifidobacterium JEMIE % FA > 72 in vitro D EALIEER ©
\Z. FEED Bi. longum WK L Bi. adolescentis WHRAST 7 €T 72 AGP IC X WIgET 5 Z &
D3 B 2T 72 - T3 Y (52,53). Bi. longum ICM7052 3 X U JCM7053 137 7 ¥ 7 7 1 AGP %
BT 2REN 2T 22O LNT V554, LHL, TI7ETHL AGP DIrfRic B
53 2 ER A EEBEMBER IR ICHL I INTnind o7,

INETOMET, 77T HLLRRICIEAGHEE2HE T2/ 7~V AGPITHR LT
EF 4 255 % Bi. longum ICM1217 20 5 R L 72(30,49), 7 7~V AGP X, HIREEEE
D GH43 ¥ 77 7 2 U —24 (GH43_24) exo-p-1,3-galactanase (BI1,3Gal). GH30 5 exo-B-1,6-
galactobiohydrolase (BI1,6Gal) . GH43 22 o-L-arabinofuranosidase (BlArafA) @ 17 {EH ic
X niz, LoL, XOEMAMEO BRGSO T 78T H L AGP ICxf L Tl
IO DRERERIEPER L e o7z, T T, EFHIET 7T H L AGP 2 HNTE 245F
TED Bi. longum BRI, 7 7 €T 77 L AGP % 50 fif 3 2 HillEE RS FET % & THIL 72,

RECIE, in viro DELIERER & T 7 L fBHTIC X . 77 €T H L AGP BEALIER
B & JEEA MR % LB U, Bi. longum ©T 7 €7 7 L AGP B IC B 758 % F7- T

R OAE %A BTz,



R EERTIR
R

Acacia senegal RO T Z €T L&, L7 pNP HE D 5 5 pNP-B-L-Araf LA4k 1
Sigma-Aldrich (St. Louis, MO, USA)?2> b A L 7z, pNP-B-L-Araf |3 ER{LAHFZE AT O LI K S
ICE DA EINT(55). #17~<Y AGP i1F. HELR LR S (Tokyo, Japan) 2> HHEA L
oo YaN—E—FTIEFVEBIWNET 7/ ¥ 7 Ik, Megazyme 1 (Wicklow,
Ireland) 2> HEAL 72, ThoHDEFHHEITT 2 7 —AIBHC X - T, il HfE L 5,
F ) THEERBRE L CEA L7z, B AMIRAREE A4 V) oo (B8 B-2 =05, B AU =,
B AU A M) 1% Dextra Laboratories 1 (Reading, UK)2>S AF- L., 77 €7 # L AGP B
HA ) IR OIEH CREE D 7B TR L 72(56), FE L L CfEA L 2B o i % Fig. 2-

1ICRL 7=,



Gum arabic AGP a-D-Galp-(1—3)-L-Ara-free gum arabic AGP

Gum arabic AGP-related oligosaccharides

Substitution
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Fig. 2-1. Schematic structure of polysaccharide and oligosaccharides used in this study.



BEHT T8
a) Thin-Layer Chromatography (TLC)

Silica gel aluminum plate 60 (Merck, Darmstadt, Germany) IC% ¥ 7 V% ARy b L, n-7'1
NP —=N TR = K=T11:2 (vviv) TRERK., ALy —VREgEIC XY BEx
Ftt X 2 72(57),

b) High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection

(HPAEC-PAD)

WEEO HfE, —hE A4 ) IHEDIHTICIE, CarboPack PA-1 71 7 Zi(9 4 x 250 mm; Thermo
Fisher Scientific, MA, USA) & SR K7 v~u Xt ) —HEREH 7z, #7413 30°Cic
fRH. 1.00 mL/min DHFGERCTUT DO L H1C /7Y = v MIEH L 7z, 0~5min: 100% i B
A(100 mM NaOH), 5~30min: 100% —0%ARER A, 0% —100%Z#ER B (500 mM CH3;COONa
in 100 mM NaOH). 30~35 min: 100%A#EK B, 35~45 min: 100 %A HER Ao

B o FHEK 12 CarboPack PA-10 77 7 2 (¢ 4 x 250 mm; Thermo Fisher Scientific, MA, USA)

ZHWT, 1I8SmMNaOH IZ X Y 1.0 mL/min DFETT A V77574 v Z7iIBH L 72,

EE R
a) MRT 7 ©7 4 LhoilEifiAd ) oo

AV 2 S5-GA. S4-GA. S3-GA. S3-AA (Fig. 2-1) . Tischer 5(56)DJ7ikICHEL T,
77T HLAEDOL L ) —NVIBRIC X % Bl bR L 72, RiERGZER. KICHEMR
L. /KCH¥Hr{t L 72 Bio-Gel P-2 /1 7 L (9 25 x 830 mm; Bio-Rad Laboratories, Hercules, CA,
USA) ZH W/ T Vs a~ b 275 7 4 —CHlEL 72, 2Dk, MR 7 L (Autoprep

FiberAC, Showa Denko, Tokyo, Japan), Cosmosil Sugar-D 77 7 Z (¢ 4.6 x 250 mm; Nacalai Tesque



Inc., Kyoto, Japan)., Cosmosil PBr #7 7 2 (¢ 4.6 x 250 mm; Nacalai Tesque Inc.) I X % =ik
ra~ b 7774 —%flAHEbET, TI7ETH L AGP KA Y IHEERBRL 72,

Eoic, Lo Tk cHB L 72 S5-GA. S4-GA. S3-GA 1T L T, GAfase & BlAga3 4L
HZIT5 T &IC X5 TSS5, S3. S5-A. S4-A. S3-A %{F7z, S5 & S3 1%, 0.0l mM D S5-GA
¥ 7213 S3-GA IZ GAfase (0.29 pg/mL) % 37°CCHEERMIC S THELL 72, S5-A. S4-A,
S3-A i3, 0.01 mM @ S5-GA. S4-GA. S3-GA IC BlAga3 (8.0 pg/mL) % 37°C TR MG &
FCHHL 7=, KIEME T 774 M H—FY (GC) #—+ VY v P T L(lnertSep GC
column, 2 g/12 mL; GL Sciences, Tokyo, Japan) IC 2 — F L T, & b7 2 K58 & IRMa %17 > 7=,
GC =PV o T ATLF, v I rka—FT5HC, 01% (viv) b Y 7 A alfiEz &
$80% (vivV) T P =F UL 10mL TI VT4 ¥ 3=yl %i{To72tk, /K8mL Tk L
2o VYT nmu—F L& AV IHEE 05% (vv) ) 7 A ulfiEx2ET 80% (viv)T

€ h= P U ATENL 72, EHRE T ZER, HEOKICEMRL, EEE LTERL %,

b) eruFe 7ol v HypbaMT 7 e 7T 4L OB & 55185 ik
T 7T HL AGP ® Hyp-AG 1x, BEICHE D&, KEELANY v LA W= T v h VAL
BT X o THBLL 72(32, 58), FzMR L 723kl 2 /KICiE2 L. 100 mM BERE 7 v & = 7 L5

% (pH6.8) TH{L L 72 Sephadex G50 » 7 227 Vi@ s a~ 2777 4 —Th

1}

BEL 720 SO T 7 €7 H L% Ling 559D Trtdi T T\ 3 ki X b 8l

L7,

o) BWARBEHRERY) (¥ — 2 X) O ik & BRI ik

Wi, BEILZv—2 XIc2M MY 7ot alfig% iz, 120°CT 1 B[S A4 v * =

10



X— b L7k, RIGERAYZERE THEAIL, HORMEKRIC K > Tigix g, 2o¥v
T % 208, K CHEER, R OKTHEM L, HPAEC-PAD THHT L 72,

FERIC X 2 MoK i 1x . Bi. adolescentis HH3K © GH27 a-D-galactopyranosidase,/B-L-
arabinopyranosidase BAD 1525 Z W\ CT{T o7z, R L 72— 7 X I X WE B fd % F
THifE L 72 a-D-Galp-(1—3)-L-Ara %, 40 uL @ 50 mM fEREF + V 7 L8R (pH5.0) FT
BAD 1525 & 37°CT 16 Kfffl4 v ¥ 2 _— b L2tk RIGEBRY%Z EFED X 5 1€ PA-1 17

L % FIv» T HPAEC-PAD THHT L 72,

d) GAfase HEEEFEY) D

40% A & ) — L& ET 50mMEEREF B U v LEMER (pHS.5) 40mL G, 1% T I €T
77 2 AGP % 0.295 pg/mL @ GAfase & & %12 40°CT 16 FffE]| 4 v F =2 X — } L T, a-D-Galp-
(1—3)-L-Ara DIRICAKIIC A F VI L 72 a-D-Galp-(1—3)-a-L-Araf-OMe % A3 L 7=,
IR =N D BB AR A, RS 7 LR TREL 2, FHERIC, 77~ AGP
% FF—3E L LT, B-L-Arap-(1—3)-a-L-Araft-OMe d [FEEO FIECHH L 72, 'H B XL O
BC NMR A~ 7 F L, JEOL ECX 400 spectrometer % F\V>C, D,O H', 400 MHz CHlliE L

77

BEERER
a) AGP LT® Bi. longum DEACN: & BARESR M

In vitro BALYERAER IC R\ 72 Bi. longum 1%, MCC (Morinaga Milk Industry Co., Ltd., Zama,
Japan)fR 77 B Ak 2> & LLF @ 10 ¥k (Bi. longum MCC00055, MCC00198, MCC00215,

MCC00231. MCC00256, MCC00300, MCC00316. MCC00325, MCC00328, MCC00353)

11



Z NF L7z, Bi longum JCM7052 & X U JCM1217 1. Japan Collection of Microorganisms
(RIKEN Bioresource Centre, Ibaraki, Japan) 72> 5 AF L 7z, T b DREFKIZ. AnaeroPack A
7 2v (Mitsubishi Gas Chemical, Tokyo, Japan) % F\» T, 0.05%® L-v A7 4 VIEgEZ &
de Man-Rogosa-Sharpe (MRS) 55l (MRS+cys 55#l) H T, BEKHIZEMED 37°CTRIEEE L 72,

C DRPEEREZ, ME—DRFEFRE LT 1.0%T 7€ T H L AGP £7:1347 7 <Y AGP & &
& MRS FHHUICHER L. 37°CT 48 ifd], BRSATESME P olfR L 72, SER OB 600
nm DY ZHE L TIT o 7o, BRREREEZHES 2 7201C, FHiE~L v % 5 mMREE
BtV v ARER (pHS.0) THEHL. 20°CTIRIEL 72, % DR, BUGRELF L 72 ~1 v
F & 1.0%DT 7 ¥ T /L AGP & 2.0 mL © 50 mM EEfEF b U v 488 @# i (pH5.0) 1T

HS®EL, 37°CT3HEA vFax— L7, 2D, EiE% HPAEC-PAD THHT L 7=,

b) BEAE NS A BV 72 Bi longum O BALMEER

AIET 22 L 72 Bi. longum JCM1217 35 X OF JCM7052 BEi{A% . o-D-Galp-(1—3)-L-Ara, %7213
B-L-Arap-(1—3)-L-Ara % ME—D R FEJ & L TEH L MRS+eys BrHUCHAR L, FrE5MH: Eid
D AGP DEACHERER & [FFk L L7z, 48 [ IC 600 nm DWOLEZHIE L7z, T 5T, 48

WEfEEE B, BEBR 2= 00 L. Eik% HPAEC-PAD T4 L 72,

T LENT L NAF A VT AT 4 7 A ERT

T LN IR AROKILE (B ZEEERTSEAT O /NHB R LR IK ORI ic X VT o 72, Bi.
longum D7 7 LDNA L, ¥ v D78\ b a3V > T DNeasy Blood & Tissue Kit (Qiagen,
Valencia, CA, USA)% F\» THiiH L. Nextera XT DNA Sample Preparation Kit (Illumina Inc., San

Diego, CA, USA) Z T, 7477V —%fffL7z, =7 T¥ F¥—7 X, Illumina

12



MiSeq & MiSeq v3 Reagent Kit (Illumina Inc.) ZFHWCTHEMEL, 27 < &b 100 5D AL
v V% EK L 72, CLC Genomics Workbench software package (v8.0; Qiagen)Z F{\»C, 2 v 7
4 7K (B/hav7 4 7E=500bp) #RT 74V FDHET, EORTZVFY—F
DIAVT 4 Y IVTE denovoassembly {7272, A—7 v V=T 4 v 7 7L —LlF,

DDBJ Fast Annotation and Submission Tool Z FH\"CT7 7 # L P OFETTHL, T/ 7—v

a v % {T -5 72(60).

GAfase D7 0 —=v 7'7x b N ICEEMERE
a) FHT 7RI FOREE
BLGA_00340 (GAfase) i#{xT D PCRIEIHICIZ. Bi. longum JICM7052 %/ 2 DNA
(GenBank Accession No.AP022379) % 7=,

7 47 —F (5-AGGAGATATACCATGGAGGAGAATGCGCCAG-3") 7' 74 ~—

BIXUWY =2 (5-GTGGTGGCTCGAGACCGCTCACGGAGTCGATC-3") 7' 7 4 v —

I, TNENRXZLAF F 1-16 I X 18 2904-2922 5 Hi&%at L7z, Lito Fijix, $55icHl
WX 7V AF P A2KRT, 20TV 7Y avi, In-FusionHD 7@ —=v 7% vy }
(Clontech Laboratories Inc.ft:. Palo Alto, CA, USA) % T, pET-23d X7 % — (Novagen

#t. Madison, W, USA) iZZ7u—=v 7L 7,

b) Mz & v X7 OFEHL & KEE
o777 A I FEHW, E coli BL21 (ADE3) (Genlantis 1. San Diego, CA, USA)
% B s L T, Overnight Express Autoinduction System (Novagen ) % F\»C 25°CCH#%

L7z. B8V % 0Bt L. VB % BugBuster % v % 7 B iliHHEAZE (Novagen) (/&L .
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TALON metal-affinity resin (Clontech) % Fi\>C C KJii His % 7'f} & GAfase & v X7 % 1§
HlL7-, GAfase G0 SmM BX U 10 mM 4 I XY — Vi & B L. RIS

(10kDa MW cut-off (MWCO) ; Millipore Co., Billerica, MA, USA) % F\» T L 72,

DELESLE

RGO E B pH 13, FKEE LTCT 77 H L AGP ZFVv, 50mM FEEEF + U 7 488
iR (pH3.5~6.0) F X O° 50 mM MES #Effik (pH5.5~7.0) %M\, pH3.5~7.0 DfET
WGE U7z, BERIEPED BB X, SOmMEEEE S + VU 7 LR (pHS.5) % AT, 30~
60°CTHIE L7z, 5% + Y 7w ufifiE (TCA) ZIx CRIE%FEILL, ¥ v 7% HPAEC-

PAD T/ L. E#ES 3 o-D-Galp-(1—3)-L-Ara & B-L-Arap-(1—3)-L-Ara D¥EE ZHIT L 7=,

d) FEERIEN:

TI7ETH L AGP % FF—IC, l-alkanol %7 7 & 7' 2 —ICH W, FHIEKIE % 1T -
Too T2 RTEZ—=ELT30%ALZ ) =N, TX) =, 1-7 85 —LDFETF T, 1.0%
DT ZETHILAGP %, 40 uL ® 50 mM FEEEF + U 7 L8EM@EHE (pHS.5) T 0.295 pg/mL

D GAfase & 40°CT 24 v F a2 _—} L7z, 2D, KICEKY % TLC THI L 72,

e) FEETRFEM:

SRR N B B R R I, 40 uL @ 50 mM FEFEF + U v LR (pHS.5) HT.
FE (1.0%) % 1.47 pg/mL @ GAfase & 40°COMY) 72 KIGKECA v Fa_—bF 352 L
Tl L7z, A Y RN 3 2 HERRELIT T 272912, 5uM D S3-GA, 5 uM @ S5-

GA. XU 10 uM D S3-AA %, 40 pL D 50 mM BEREF + V 7 480 (pHS.5) H1d 0.03

14



pg/mL @ GAfase & 45°C DY) 7 SOCKFRTA v F 2 _—} L7z, KIGIE 10 uL @ 5%TCA
EIMATHT 8, EBWPE HPAEC-PAD THWNT L 72, BEHRRYIC N3 2 LB R B % 38
~N 572912, 0.1 mM a-D-Galp-(1—3)-a-L-Araf~OMe ¥ X UF B-L-Arap-(1—3)-a-L-Araf-OMe % .
0.295 pg/mL ® GAfase % 40 pL ® 50 mM BEFEF- + U 7 Z48ERR (pHS.5) H. 45 °C Tt
BIJGHTA v F 2=k L, 10 uL @ 5%TCA 2 A TKIGEELL 2%, Y%
HPAEC-PAD T/t L 7z, BERIEMED 1 unit (X, 17f]IC 1 umol @ o-D-Galp-(1—3)-L-Ara %
7213 B-L-Arap-(1—3)-L-Ara % £ 3 2 D ICKHEREEERE & Lz, pNP HEE~0 KIS IZ
pNP-a-L-Araf, pNP-a-L-Arap, pNP-0-D-Galp, pNP-a-D-Xylp, pNP-a-D-Glcp, pNP-B-L-Araf, pNP-
B-L-Arap, pNP-B-D-Galp, pNP-p-D-Xylp, pNP-B-D-Glcp, pNP-B-D-GlcA % i \» THIEE 5 mM
DILE % 1.47 pg/mL D GAfase & 40 pL @ 50 mM BEFEF + U 7 2 4REWR (pHS.5)%. 37°CT

16 RffEI A v F 2 _— b L, WEHEREZ TLC IS CTHOMT L 72,

f) SRS R AT

0.08125~5.0 mM a-D-Galp-(1—3)-0-L-Araf~-OMe & X U* 5.0~40 mM B-L-Arap-(1—3)-L-
Araf-OMe % F\»C GAfase D KJGHE T 2 — X —%RIE L 7z, a-D-Galp-(1—3)-0-L-Araf-
OMe D&%, 50 mM BERE S + U v LR (pH4.5) & 0.059 pg/mL GAfase % & 15 80 uL D
SOGIREGY) % 45 °CT 20 43[4 v F 2 ~X— b} L, B-L-Arap-(1—3)-L-Araf-OMe D413,
11.8 pg/mL GAfase % V>, [FEERD FNECTIT 5720 20 uL D 5% TCA M X CTRIGZHE T L

AR % HPAEC-PAD Tt L 72, RICEBPIORE X, v—7HEE S L ICEHE L 7,

g) RHEKMEK

KOD-Plus Z %38 A % v k (Toyobo Co., Ltd., Osaka, Japan) % T, HED T 74 ~—%

15



=

AW GAfase IC7 I/ BOEHCRIEZEA LTz, DNA > — 7 TV A CEEREMERL 72
%, AR L E L FIECERAEEZRE - B L2, AL 77 4 ~—% Table2-

1ICEREL L T\ 3,

Table 2-1. The primers for the site-directed and deletion mutagenesis.

Name Sequence of oligonucleotide primers

GAfase E194Qmut_for 5'-AGCCGGATGGCGGCAACTGGTACGCT-3’
GAfase E194Qmut_rev 5'- GGTTGAACGGCATGAATACAATATTGTC-3’
GAfase E321Qmut_for 5'-CCAATTCGGCGAACTGCGTGACATGTC-3’
GAfase E321Qmut_rev 5'-GAGATGTTGATGGCACGCGGCGTGATG-3’
CA_Forward_Primer 5’-CTCGAGCACCACCACCACCACTG-3’
CA355rev (37-781) 5'- CGCACGCGCGGTGGTGACACTCGCCA-3'
CA477rev (37-659) 5'- GGAGACCTGGTAGAGCAGCAGCTTGTC-3'
CA630rev (37-506) 5'-GACCTCGGCCATATCCCAGTAGATC-3’

The positions of the mutated sequences are underlined.
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BlAga3 D7 u—=v 77 b NICEEHERE
a) RIT 72 I FORE

Bi. longum JCM7052 (GenBank Accession No.AP022379) @7 / Z. DNA % . Fast Pure
DNA Kit (Takara Bio, Otsu, Japan) #F\»Ciii L 72z, 7/ 4 DNA Z#% & L 72 PCR IC X
h blAga3 E{nT % IR L 72,

7 47 —F (5-AGGAGATATACCATGTTTCCTTCCGTATCGGT -3") 7' 7 4 ~—

FLUWY =2 (5 GTGGTGGTGCTCGAGGACTTTGACGATTTCAA -3) 7 7 4 = —I3,

INENR I LAF F 7-23 5L 21322148 2 Hakat Lz, FREERIZT v 7L — M ICHH
e X 7L AF VRS, £2Dtk, 7 7 ) 2%, In-Fusion HD Cloning Kit (Clontech
Laboratories Inc., Palo Alto, CA, USA) % F\» T pET-23d X 7 X — (Novagen, Madison, W1,

USA)iIczu—=v 7 1L7,

b) ez & v 87 DI L AER

77 A 1 F % E. coli BL21 (\DE3) (Genlantis, San Diego, CA, USA) ICJEE#5f2 L. Overnight
Express Autoinduction System (Novagen) % Fi\»C 37°CCTHE L 72, Z Dk, FEEW &= 05
HEL. 35 472~=L v b % BugBuster Protein Extraction Reagent (Novagen) I1Z%%# L 7z, His
2 7} & O BlAga3 % ¥ 7 E (. TALON metal-affinity resin (Clontech) % &% 7 L CHf
WL, WHL722 v 2B %&ET S0 mM 4 I XY — VIS %, 10kDa 77 v b4 7 DR

JEEAE (Millipore Co., Billerica, MA, USA) % v Tiith - #E#E L 7=,

23 pH (X, 1 mM @ pNP-0-D-Gal ZFEE & LT, LA DR % F\ T pH5.0 225 8.0

17



DOECHE L 72, 50 mM FEEES F U v L8R (pH5.0~6.0). U Y& + U 7 LARATR
(pH6.0~7.0) Tris-HCl #EfEK (pH7.0~8.0) % H\T 40°CTHMIE L 7z, Fi#HE X, 50
mM FEEEF + U v LEREE (pH6.0) % VT, 30°C~55°CTHIE L 72, WTFNDEE D,

BEEZNIMT ZHNCH Y 7L % & pH, FRETS ATV A v ¥ o=+ Ltk BEE

AL, 20004 v Fa~x—1 L7,

d) FEERIEN:

WEERFE IS 1, pNP-0-D-Gal % F 7 —. l-alkanols # 7 7 & 7' % — & L TG EAT > 7z,
125 mM @ pNP-a-D-Gal %, 72727 X —L LT 10%DALX /) —N, TX) =1L, £7=1F
1-7 v %) = %E&T 50 mM OFEEEF M U v 285 (pH 6.0) 40 pL H T, 2.0 pg/mL D
BlAga3 & & 1T 40 °CT 30 /3 E 721 2 Kifdl A v ¥ 2 _—} L7z, KIGHI%Z TLC THHT L

77

e) FEETRFEM:

BlAga3 OREREMEZT L7201, pNP HHE, al3-H 727 b, al,6-H7 7 b
M, BL3-TIE T ) I AEEEEGED WL Dh0A Y IR L2, HHLZEED
b, —EDA Y THEOREE X Fig. 2-1 IR LT\ 3, pNPIEE I 2 BB EMEIX, 40
uL @ 50 mM BEfEF b U v LR (pH6.0) T, 5 mM DIEE % BlAgad (AR 2.0
ug/mL) & 37°CT 19K A v F 2=+ 22 & THEL, TLCIT X » TFHli L 7z, &%
Bioxnt 3 2 liEtk ik, RIGEAYIE 50 mM BFE -+ U v L8200 (pH6.0) 1T, Table 2-8
DOMNHNTRS X 5T, Y 2R & BlIAga3 IR D RICHE W T4A5CTA v Fax—F L7,

FOGIREYD 55D 1123 X 5125% ) 7o afiffig (TCA) ZMACRIGERT X4,
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Fif L 72 2E ¥ % HPAEC-PAD IC THHT L 72, BEZRIETED 1 unit 1Z. 127 1 pmol © H

77N —REREBT I —REERT 2 DICHLELGHRORLIERL 7,

) SR R T

FE L LT 0.1~10 mM o-D-Galp-(1—3)-L-Ara 5 L N 1.0~50mM 7 7 4 / —Z &% HWT,
BlAga3 O NIGHEEFRI ST X — X —%RFE L7z, 50 mM BEEEF + ) 7 L5E@# (pH6.0)
40 uLH' T, a-D-Galp-(1—3)-L-Ara D&, 020 ug/mL D BlAga3 %, 7 7 4 / — ZADHH,
0.79 pg/mL @ BlAga3 Z iz, 45°CT 20574 v F 2 X— 1 L7z, 10uL @ 5% TCA %/l x

TRIGZEET X2, £ % HPAEC-PAD THHT L 72,
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A AR
2-3-1. WARKERENEESE GH39 3-0-a-D-galactosyl-a-L-arabinofuranosidase @ 7 1 — = v/
7' 7% b T HEREfFHT

2 FEE D AGP D in vitro EALEFER & EREREAT

N7V AGP £ 72137 7 €T 4 L AGP % ME— D R R & 3 % K5 % F > C Bi. longum 12
OB E AT o720 H T~V AGP TIRAWELTD Bi. longum RBIEB L7225, T
Z ¥ T # L AGP Tl Bi. longum JCM7052 ¥k & MCC00300 kD A 239 72 4 F % 7~ L 7= (Fig.
2-2A), FEWCHEGEL 72 EWEEFWTC, 77T H L AGP 20 b DA Y IO MEREEE % Ml
E L7 (Fig22B BXU O, HHTREC Lo, HMERBR MRS Wz Fik
(JCM7052, MCC00300) Z W72 & ZicDH, VT v a v XA L 6mME R e —

7 (=27 X) BB%Inl,

20



>

2.0| [ Larch AGP

18 Hl Gum arabic AGP
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

A Absorbance (0.D.600nm)

MCC MCC MCC MCC MCC MCC MCC MCC MCC MCC JCM JCM
00055 00198 00215 00231 00256 00300 00316 00325 00328 00353 1217 7052

B C

Grown on larch AGP Grown on gum arabic AGP

Ara
Ara X GaIX
Gal } @ 1
& JCM7052
.
N JCM1217 o MCC00300
=
MCC00353

Gum arabic AGP

MCC00328 T T
0
MCCO00325 5 10

[+]
(7]
c
S Retention time (min)
g R 0 A MCC00316
[a] A / MCC00300
<
o
MCC00256
MCC00231
MCC00215
N MCC00198

\ MCCO00055

Gum arabic AGP

0 5 10
Retention time (min)

Fig. 2-2. In vitro assimilation test and sugar-releasing activity toward gum arabic AGP in Bi.
longum. (A) Growth of Bi. longum strains was monitored in MRS medium containing larch AGP
(grey) or gum arabic AGP (black) as the sole carbon source. The absorbance of growth media was
calculated by subtracting the absorbance of initial media. (B), (C) Gum arabic AGP was incubated
with bacterial cell fractions of Bi. longum strains grown in larch AGP (B) and gum arabic AGP (C).
Reaction products were analyzed through HPAEC-PAD performed using a PA-1 column. Arrows

indicate released sugar (peak X).
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v — 27 X ORI 2 T~ 2 7= o BEIMKS % (Fig. 2-3A) & . Bi. adolescentis H12k D GH27
o-D-galactopyranosidase /”B-L-arabinopyranosidase BAD 1525 I X % 5853 fi# % 17> 7= (Fig.
2-3B), WIFNOHED, =7 XWEL-TI7E/ —REH T b—RIC 11 DEALLTSH
fig X 7z, BEERIC X U | 3-O-a-D-Galactopyranosyl-L-arabinose (a-D-Galp-(1—3)-L-Ara) %
R HI IR BRIMAKIIRIC X o CT Z €T AL AGP 2O HEEIND Z LAk o TCnieizd
(61), FkRICFARE ZITo72L 25, “HioRKRHEII Y —7 X CBMlZhb o —HL
Tw/z (Fig. 2-3B)s TNLOFEELS, ¥—2 X137 7 €7 /7 L AGP OMIFAERSE A1

L 7= =08, o-D-Galp-(1—3)-L-Ara TH % £ &z b L7,
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o Fuc Ara Gal
2 Rha
o
o
"
e
o X
E A | Standard
| u Acid hydrolysate
N\ Purified peak X
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Retention time (min)
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Fig. 2-3. Analysis of the liberated peak X by using acid hydrolysis (A) and enzymatic hydrolysis
(B). (A) Purified peak X (bottom) was analyzed by performing acid hydrolysis treatment (middle).
The sugar composition was analyzed through HPAEC-PAD by using a PA-10 column. L-Fucose (Fuc),
L-rhamnose (Rha), L-arabinose (Ara), and galactose (Gal) were used as standards (top). (B) Peak X
and a standard preparation of a-D-Galp-(1—3)-L-Ara were incubated with (+) or without (—) GH27
a-D-galactopyranosidase/p-L-arabinopyranosidase BAD 1525 and then analyzed by performing
HPAEC-PAD with a PA-1 column.
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24 PN 2

T 7T H L AGP OELHEICBERT 2 BIn T2 FIE S 5 729 IC, Bi. longum Morinaga
Culture Collection (MCC) D 10 kD7 /7 LECHI % ff#HT L 720 172 1CHRIE L 72 Bi. longum O
&7 DM IR R % Table.2-2 IC7/R L7z, JCMI1217 £k & JCMT7052 BR &l 2 72 12 B0
Bi. longum D7 ) L% WWHIENT L 72455, 7 77 424 AGP ELWHETH % Bi. longum
JCM7052 & MCC00300 iZ D ARTFE X T\ 38 T8 [BLGA_00290-BLGA_00350 (B:.
longum JCM7052), MCC00300_11100-MCC00300_11160 (Bi. longum MCC00300) 1 282275
7= (Fig. 2-4), Z ZCHEEH, ZOBELBT I ITRAX—%T 77 HLIRICED 2 EH#E
f¥e L7,

Bi. longum JCM7052 ICB 1 2 C D@27 7 A& —1x, 2 2 DFEE MK =
(BLGA 00330 3 X Uf BLGA 00340). Lac-1 X EHIFHIK T (BLGA_00290). 5 X UF ABC
P VAR—2— GEEHAE X V92 E (BLGA_00300), 22D ABC F 7 ¥V AR — & —%
— I7—+% (BLGA 00310 3 X U’ BLGA 00320). ATP #&& % v 28 (BLGA_00350) %
I—-FI2EEBET2OEK I N TV, 51T, JICM7052 DEfEE THEIZ. MCC00300
DEE L TH (MCC00300 11100-MCC00300 11160) & 100%D 7S v T 100%D [A]
—MERIR L, 2o DBIETRHIZ. 7 7 €7 H 4 AGP IEE(LIER ¢ I3RS OB 5 1 C

BEZONTWENRIBL TS I LBERI N,
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%5
Strain 5s Gene cluster
EN
S5 =
(R}
JCM7052 + -@GEEHED<HOED< H > >IcEcHINNCEONS >< HID—
BLGA_00280 BLGA_00330 BLGA_00340 BLGA_00360
MCC00300 + -@GEEHED < HO-E<H o >{ >ICEtH NGNS ><  Hia-
MCC00300_11170 MCC00300_11120 MCC00300_11110  MCC00300_11090
JCM1217 - KO H O O HDSHKEEHD MA@ HE—
BLLJ_0028 BLLJ_0044
MCC00055 -
MCC00055_07270 MCC0055_07300
mMccoo215 - B JERIB DG W G— s
MCC00215_05560 MCC0215_05520
MCC00353 - KO O HE-
MCC00353_07110 MCC00353_07140
MCC00328 - KO HOT O —@—<C HED-
MCC00328_15970 MCC00328_15910
MCC00198 -
MCC00198_18530
MCC00231 -
MCC00231_18480
MCC00256 - - HOo S O H—@
MCC00256_17380
MCC00316 - -G HOE< HOT > (G—
MCC00316_18370
MCC00325 - @O HOTH—@-
MCC00325_15270
- Glycoside hydrolase I = Truncated phosphoenolpyruvate carboxylase |—|
5 kb
- Transporter [ = carbonic anhydrase P
= - Transcriptional regulator = Phage-associated protein

- = Putative thioredoxin reductase  [Hll® = Membrane spanning protein
[ =rNA polymerase

[ = PEPCase

- Alkyl hydroperoxide reductase

[ = Hypothetical protein

Fig. 2-4. Comparison of gene cluster involved in assimilation of gum arabic AGP in Bi. longum

JCM7052 with corresponding gene clusters in JCM1217 and 10 MCC strains used in this study.
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BLGA 00340 (GenBank ID: BBV22623.1) (3, GH39 DAY X=X, LCT /) F—¥avX
NCTEY, HEEL 7 FARTFF, il 24 v, 2 DOPEfEEEY 2 —v (CBM) 7 7 3
V=35 XAV, HF2F—ZFEAR R AL v, X2 F ) TORETa 7Y v (Ig) BEF A A
V. BXOWEE@E N A4 v E2EA T (Fig 2-5A) A REZ VNI ICFEET 2 Ighk v
ALV OB R BEREIZIH S 2 Th Wb DD Clostridium thermocellum W D GH9
cellobiohydrolase CbhA (Z35\>Tld, MUBEEET IO 2 vy 74+ A —v a VI EE 52 1]
REMEDH 5 2 L 3HE TN TV 5(62), FH T X%, BLGA 00340 Dfilifsaskiz, GH39
D fth D BEIC BT E X 72 BESR O AR & IR AR Q5% K 2R LA L TH
%, BLGA 00340 DfiftiEaaisgiz, N — X VIHFEIEETE Neocallimastix frontalis FH D GH39
® a-L-(B-1,2)-arabinofuranobiosidase (NF2152)%° D-galacto-(a-1,2)-L-arabinosidase (NF2523),
GH39 @ B- xylosidase & K\ HFIME% /R L7z, BLGA 00340 O RN TIiL. GH39 D B-
xylosidase & U b NF2152 ° NF2523 & RAFFARNCCCHEVERICH o 72, Z OMHAEET
\Z. Bi. adolescentis (BC%\[E—1: 63.8%). Bi. catenulatum (63.8%). Bi. pseudocatenulatum

(60.0%) 7 &, MO AR Y 7 4 R AFEMEIC S RET N T2 (Fig. 2-5B),
IERCFEREOHARAD S EINL 28EY v I b i Nzt Bi
longum MCC #& (n = 113) @ 4.42%IZ BLGA 00340 &0 VBT AFET 2L 2R
H L 72(63)s £7-. BLGA 00340 OHH[FEEIR 13, NCBI 7 — X R — R ICEFR I LT 5 B
longum D 6.84% (n =30)ICIRIF I N T W7z, & 51T, BLGA 00340 D fH[FAIER 113, NCBI

T — X X— 2D Bi. adolescentis 'k (n=57) D 7.02%. Bi. catenulatum ¥k (n=8) D 12.5%.

Bi. pseudocatenulatum ¥k (n=77) D 23 4%IfR1FE N Tz,
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B. Cat BBCT 0495 o
— B.Pse_BAD12_RS08860
0 g3
_'_—;— B. LOn_GAfaSe !

B. Ado_B5789_0044

_|_— N. Fro_G(1,2)Afase (NF2523) — —
N. Fro_NF2215 i

a2 B2
P. Rhi_2455

N. Fro_A(1,2)Afase (NF2152)

_I A. Cav_B1,4Xyl
C. Owe_B1,4Xyl
C. Sac_BXyl
T. Sac_BXyl
B. Hal_BXyl
G. sp_BXyl

[ G. Ste_BXyl

Fig. 2-5. Gene clusters and phylogenetic relationships of BLGA_00340 (GAfase gene). (A)
Domain structure of GAfase. Domain structures were predicted using SignalP4.1 (http://
www.cbs.dtu.dk/services/SignalP/) and InterPro servers (http://www.ebi.ac.uk/interpro/). The overall
structure comprises the signal peptide (SP), the GH39 catalytic domain, two CBM35 domains, a
galactose-binding domain-like region, an Ig-like domain (Ig), and the transmembrane (TM) domain.
(B) Phylogenetic tree of GAfase and GH39 family members. The homologous proteins were derived
based on the hypothesized protein from the Bifidobacterium species and the characterized proteins
GH39 D-galacto-(0-1,2)-L-arabinosidase  (G(1,2)Afase), o-L-(B-1,2)-L-arabinofuranobiosidase
(A(1,2)Afase), and B-xylosidases. The phylogenetic tree was constructed using the neighbor-joining
method and the aligned sequences. For construction of the tree, the program MUSCLE was
implemented in MEGA7 software (64). GAfase is enclosed in the dashed-line box. The characterized
enzymatic activities or locus tags are shown alongside the abbreviated names of the organisms as
follows: B. Cat BBCT 0495, Bifidobacterium catenulatum BBCT 0495 (GenBank ID:
BARO01463.1); B. Pse BADI2 RS08860, Bi. pseudocatenulatum  BAD12 RS08860
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(WP_065438160.1); B. Lon_GAfase, Bi. longum GAfase; B. Ado B5789 0044, Bi. adolescentis
B5789 0044 (WP_080863062.1); N. Fro_G(1,2)Afase, Neocallimastix frontalis NF2523 D-galacto-
(0-1,2)-L-arabinosidase (ASF57709.1); N. Fro NF2215, N. frontalis NF2215 (ASF57708.1); P.
Rhi_2455, Piromyces rhizinflatus PR2455 (ASF57710.1); N. Fro_A(1,2)Afase, N. frontalis NF2152
a-L-(B-1,2)-L-arabinofuranobiosidase (ASF57707.1); A. Cav_B1,4Xyl, Aeromonas cavie B-1,4-
xylosidase (BAA95685.1); C. Owe B1,4Xyl, Caldicellulosiruptor owensensis p-1,4-xylosidase
(ADQO03734.1); C. Sac BXyl, C. saccharolyticus P-xylosidase (ABP67986.1); T. Sac BXyl,
Thermoanaerobacterium saccharolyticum BOA-RI (AAA27369.1); B. Hal BXyl, Bacillus
halodurans  B-xylosidase (BABO04787.1); G. sp BXyl, Geobacillus sp. p-xylosidase
(WP_020755811.1); G. Ste BXyl, G. stearothermophilus B-xylosidase (ABI49941.1). Arrows beside

the phylogenetic tree indicate cleavage sites of disaccharide-releasing enzymes.

29



GAfase D7 u—=v 77z b NICFHH

#H#a 2 BLGA 00340 % v %27 & ([ 3-0-a-D-galactosyl-a-L-arabinofuranosidase (GAfase) ]
L) 3. NKIO Y 7 FARTF R e CRHO [ghk F A4 v ERE@EF X4 v 0
162aa (CA162) ZBRWTEGEHL 72, Z OfHIAZ & v o8 7B IL, 25°CTRIEM X v v B L
LCEFAEH L, CRUnD His £ 7% W THE L 7z, #l#a 2 GAfase (X, SDS-PAGE TH.2>
J DD 102kDa DH— v F e LCERE I . ZEEE Lo+ § 101,871Da & —

L 7= (Fig.2-6),

kDa 1 2

200 —

116 —

" G <—101.9
66 —
45 —

31 —

Fig. 2-6. SDS-PAGE analysis of recombinant GAfase. Purified GAfase was electrophoresed on a
10% polyacrylamide gel and stained with Coomassie Brilliant Blue R-250. Lane 1, molecular size

marker; lane 2, purified GAfase. Arrow: target protein at expected molecular size.

30



GAfase DFEMH

GAfase DA FENRGEZ TR B 7201, T7ETHL AGP, h 7~V AGP, ¥ = /—
L=+t T7oEF v NET I XU T v ELELE L TCHWE (Fig 2-7). ##fiz2 GAfase
X, FICT T €T H L AGP 2> 5 a-D-Galp-(1—3)-L-Ara Z 8L . & WIZEKREES % v 7z
BrciiEsfis 2 v —27 X &L~ L7, ¥/, GAfase 37 7T H L AGP & 7~ AGP
5 3-O-p-L-arabinopyranosyl-L-arabinose (B-L-Arap-(1—3)-L-Ara) % % #f L 7z . B-L-Arap-
(1-3)-L-Ara ffidix, SRR, BERAUE, 5 X 00 AGP s icBIE 3 285 oW 7E(30)
WIS WTHEl I Nz, T/, Y al—E—=FrT 7EF V5D ED B-L-Arap-(1—3)-L-
Ara BRI N8, NET I/ Fv o vhbiBianssro (F—ZITRLTH
7). GAfase DG IX. 77 €T H LA AGP~DIEEE 100%E T2 L, H 7~V AGP
T 102%., Ya =t —=1+T7 7+ VT 0.198%TH o7 (Table 2-3), GAfase IH1HE D F
pH & ZEREIL, 77T HLAGP ZHE & LZHDE L2458, 2 Z 4.5 L 45~50°C
TH o7 (Fig. 2-8),

LHCER & B 72 BRIC L O EEEHE S E L 2 2% ET 272010, AGPE XUy 277
—E =77 F v EBEED GAfase & 3 HREA/ v ¥ 2=+ L7, 777 /4L AGP
2 6 lEHE X 72 o-D-Galp-(1—-3)-L-Ara & B-L-Arap-(1—3)-L-Ara D &= I, T T 1
9.36%(W/w) & 1.87%(W/w)TH Y, 517~V AGP D¥tr, liEhfE X 117z B-L-Arap-(1—3)-L-Ara
DEIT 1.24%WW)TH o7z, Ty TI7EF V2 bilEHES L5 B-L-Arap-(1—3)-L-Ara D &=

X, DT 0.153%WwW)TH 5 Z Db o7z,
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| % (+)
Sugar beet
arabinan
N (-)
| % (+)
Larch AGP

PAD response

1 % (=)

B

| (=)

Gum arabic AGP

| |
0 5 10

Retention time (min)

Fig. 2-7. HPAEC-PAD analysis of GAfase reaction with polysaccharides. Gum arabic AGP
(bottom), larch AGP (middle), and sugar beet arabinan (top) were incubated with (+) or without (-)
GAfase at 37°C for 16 h.
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Table 2-3. Substrate specificity of GAfase toward polysaccharides.

Specific activity

Relative activity

(Units/mg) (%)?

Gum arabic AGP 13.3 100
Larch AGP 1.35 10.2
Sugar beet arabinan 0.0263 0.198
Wheat arabinoxylan Trace Trace

*Relative activity was expressed as the percentage of the activity toward gum arabic AGP.
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Fig. 2-8. Effects of pH and temperature on GAfase activity.
(A) pH dependence of GAfase activity at 45°C for 20 min, measured in sodium acetate buffer

(closed squares) or MES buffer (open circles). (B) Temperature dependence of GAfase activity

measured at pH 4.5 for 20 min.
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GAfase DFFILSIGIEZ S 3 2 72 12, GAfase &, 30% A X J —, TX )/ —n 1-7
aoN) —VOEENTT 28T H L AGP L RIGE 4, TLC %\ TRy 2 Bl5 L 72
(Fig. 2-9A) o 30% A X 7 — )L CRJG X & TR L 72 589 (a-D-Galp-(1—3)-a-L-Araf-
OMe) 1. GAfase LT X - T a-D-Galp-(1—3)-L-Ara IZHIZK R & 7= (Fig. 2-9B). & 5
i, 'H. BC, 2D-NMR % & U#EAILE (NMR) #2175 < & ©. iy o
[{% L7 (Fig. 2-9C., D, Table 2-4), 7./ ~—®D7u b V{E5DLEE (4.98 ppm D v
7L w b) 7% methyl o-L-arabinofuranoside (65)& —E(L 722 &b, XX/ —ADBaT /)~
— DB THE L2 L hbhotz, b, BEMLEH Az —1L v 2 (HMBC) A~
7 kAT, GalpH1 (8 5.02) /ArafC3 (8 83.65). ArafH3 (& 3.98) /GalpCl (& 82.92) .
ArafH1 (8§ 4.96) /ArafC4 (§ 82.92) D/ U AL — I BEET R L hb, HI27 T
PFZZw FRTIE )TV Ry D C3 IKHAEL TR I ERHL2ICR 272,
29 LT, WY o-D-Galp-(1—3)-0-L-Araf-OMe & [AIE X 1. GAfase 237 / ~ —{£FF
HOFEEMKDRERCTH 2 Z LB bh o7z, I HIT, 30%A X —VERETCTh I~y
AGP HR DAY S . 'HF X U 1°C NMR % F > T B-L-Arap-(1—3)-a-L-Araf-OMe & [FlE

&7z (Fig. 2-10, Table 2-5).
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Fig. 2-9. Transglycosylation activity of GAfase in the presence of 1-alkanols. (A) Thin-layer
chromatography analysis of reaction products. GAfase was incubated with gum arabic AGP in the
absence of 1-alkanols (lane 2) or in the presence of 30% methanol (lane 3), ethanol (lane 4), or 1-
propanol (lane 5) at 37°C for 16 h. Lane 1, a-D-Galp-(1—3)-L-Ara standard. (B) Purified a-D-Galp-
(1-3)-0-L-Araf-OMe was incubated with (+) or without (—) GAfase at 37°C for 16 h. a-D-Galp-
(1—3)-L-Ara was used as the standard. (C) The chemical structure of a-D-Galp-(1—3)-a-L-Araf-
OMe. (D) 'H and "*C NMR spectra of a-D-Galp-(1—3)-a-L-Araf-OMe in D,O at RT. The chemical
shifts are listed in Table 2. Abbreviations: GA, a-D-Galp-(1—3)-L-Ara; Me, methyl; Et, ethyl; Pr,

propyl.
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Table 2-4. Assignment of signal in 'H and 3C NMR spectra of a-D-Galp-(1-3)-a-L-Araf-
OMe in DO at 400 MHz at RT. (‘H: 400 MHz, 1*C: 100 MHz)

Galp 1 2 3 4 5 6
'H 5.02 3.82 4.03 4.01 4.04 3.77 3.77
3 d4.1 dd 10.5,4.1 dd 10.5,2.6 d2.6 t6.4 de.4 de.4
BC 99.28 68.23 69.18 69.25 71.46 61.19
J 175

Araf 1 2 3 4 5 OMe
'H 4.96 4.28 3.98 4.22 3.82 3.76 3.44
3 s dd28,14 dd6.0,2.8 dt5.6,3.2 dd12.8,3.2 dd12.8,5.6

BC  108.67¢ 79.52 83.65" 82.92"¢ 61.35 55.0°
J 176

“HMBC cross peak of enhancement at 83.65 (CA™¥3) by the irradiation at 5.02 (C%?1-H) was
observed.

"HMBC cross peak of enhancement at 82.92 (C°?1) by the irradiation at 3.98 (CA™¥3-H) was
observed.

*HMBC cross peaks of enhancement at 55.00 (MeO) and 82.92 (CA™¥4) by the irradiation at
4.96 (CA¥1-H) were observed.

dHMBC cross peak of enhancement at 108.67 (C*™1) by the irradiation at 3.44 (MeO) was

observed.
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Fig. 2-10. 'H and '*C NMR spectra of p-L-Arap-(1—3)-0-L-Araf~-OMe.
(A) 'H and '3C NMR spectra of p-L-Arap-(1—3)-a-L-Araf-OMe in D,O at RT. (B) Chemical

structure of B-L-Arap-(1—3)-a-L-Araf-OMe. The chemical shifts are listed in Table 5.
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Table 2-5. Assignment of signal in "H and *C NMR spectra of B-L-Arap-(1-3)-a-L-Araf-
OMe in DO at 400 MHz at RT. (‘H: 400 MHz, 1*C: 100 MHz)

Arap 1 2 3 4 5
'H 5.02 3.84 3.90 4.03 3.98 3.71
3J d4.0 m td 10.0, m d12.8 dd 12.8,
3.2 24
3¢ 99.52 68.2 68.6 69.0 63.3¢
Ly 176.1
Araf 1 2 3 4 5 OMe
'H 4.98 4.25 3.96 4.22 3.84 3.76 3.45
3J S m m td 5.6, dd 12.8, dd 12.8,
4.0 3.6 5.6
3¢ 108.7° 79.5 83.1 83.44 61.4 55.0
1 175.8

“HMBC cross peak of enhancement at 99.5 (CA™1) by the irradiation at 3.96 (C ~¥3-H) was

observed.

"HMBC cross peak of enhancement at 108.7 (CA™1) by the irradiation at 3.45 (MeO) was

observed.

*HMBC cross peak of enhancement at 63.3 (CA™5) by the irradiation at 5.02 (CA™1-H) was

observed.

dHMBC cross peaks of enhancement at 83.4 (CA™4) by the irradiation at 3.45 (CA™¥1-H) were

observed.
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T 7 ¥T L AGP I BT B GAfase DYIWTEML 2 RHE S 2 7201, 7 7 €7 7L AGP 2>
LB L 72 Hyp-AG @ '"H NMR 5347 % 175 72 (Fig. 2-11)s 7/ AV v 7 7 m b v oftFy
7 M, BERG6)ICEE DO WTEI Y BT, T, BBV TH D B-L-Arap-(1—3)-a-L-Araf-
OMe & ¢-D-Galp-(1—3)-a-L-Arafz-OMe IZ 55T, 5.56 ppm I [B-L-Arap-(1—)]. 5.59 ppm i<
[a-D-Galp-(1=)]% El b 4T/, 7. Hyp-AG % GAfase TULIF % & | [—3]-a-L-Araf
(1-) & [0-D-Galp-(1=) I X S35 5.85 ppm & 559 ppm D2 OD 'HE — 7 BHET 5 &
BbhoTz, THHD NMR N2 S, GAfase 137 7 €7 7L AGP & D B-(1—6)-77 7 7
b U A D IEE TR A & 0-D-Galp-(1—3)-Ara ZHEHEL TWwW2 2 L BSHHL IR o 72,
THIC, 594 ppm D HE =27 3F L AL, 581 ppm @ 'HE—27BHMLCTnw3b I L
DR X N7z, T, GAfase IZ X » T a-D-Galp-(1—3)-a-L-Arafs(1-3)-23 R E I -2 &
XD, KIED a-L-Araf-(1>4)-D7 I AN 7 PR ELRZ T b0 EZ b3, 2D
X9 —2Dv 7 iE, T7ETHL AGP DEIFD a-D-Galp-(1-3)-h&E DR EIC X -

T BIE X N7 (66),
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Fig. 2-11. '"H NMR spectra of Hyp-AG treated without (A) or with (B) GAfase. Linkages shown
are in reference to corresponding chemical shifts assigned previously (66). NA indicates a non-

assigned peak.
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GAfase DA Y THEICH T 2 IS EZTAR 27201, TIRT Z €T AL ICETN S
WD A Y ahED &, 0-D-Galp-(1—3)-a-L-Araf- i % £5 2 4 ) o8 (S3-GA. S5-GA) &
B-L-Arap-(1—3)-a-L-Araf it & Ffo A4 U o8 (S3-AA) ZFAR L 72 (Fig. 2-1), (Fig. 2-12),
GAfase IC X 5T, S3-GA & S3-AA (3. o-D-Galp-(1—3)-L-Ara % 7213 B-L-Arap-(1—3)-L-Ara
Y. a-L-Araf:(1—4)-B-D-Galp-(1—6)-Gal (S3)IC i & #1172, S5-GA | o-D-Galp-(1—3)-L-Ara
& . o-L-Rha-(1—4)-B-D-GlcA-(1—6)-[a-L-Araf(1—4)]-B-D-Galp-(1—6)-Gal (S5) I 53 fE X 1172,
S5-GA & S3-GA . S3-AA XV HFHL LT WHE TH 57 (Table 2-6), F7-. GAfase
23 B-L-Arap-(1—3)-a-L-Araf- & Y % 0-D-Galp-(1—3)-0-L-Araf- Z B & LTl 2 & & 13, HE
Y EE L L CHW 2R ERRN T O R0 5 /R X7z (Table 2-7), a-D-Galp-
(1—-3)-a-L-Araf-OMe D kea/Kn fE 1%, B-L-Arap-(1—3)-a-L-Araf-OMe D kea/Kmn Tl & U 594 5 3
o7z, X HIT, GAfase I3 pNP-a-L-Araf° % Dfth D pNP FE 10T L Tt RIS % R S 70
o7z (Fig. 2-13), SN b DFERD 5. GAfase 13, B-L-Arap-(1—3)-0-L-Arafi(1—3)-f#i X
D b, 0-D-Galp-(1—3)-0-L-Araf-(1—3)-fEiE Z 50k 375 exo MOBRTH 5 L B3IREI L
7o KRR T, Z ORISTEDHHIMEDZED b AER, #7278 EC &S EC 3.2.1.215 231 5

I,
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Fig. 2-12. HPAEC-PAD analysis of GAfase reaction with oligosaccharides derived from gum

arabic AGP. S3-GA, S5-GA, and S3-AA were incubated with (+) or without (—) GAfase at 37°C for

16 h.
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Table 2-6. Substrate specificity of GAfase toward oligosaccharides.

Specific activity Relative activity
(Units/mg) (%)°
S3-GA® 2.85 61.9
S5-GA® 4.61 100
S3-AA® 0.0197 0.426

aThe substrate concentrations were 5 uM.
"The substrate concentration was 10 pM.

“Relative activity was expressed as the percentage of the activity toward S5-GA.

Table 2-7. Kinetic parameter of GAfase on transglycosylation products.

K (mM) keat (s71) keat/ K(mM 1 +s71)
a-D-Galp-(1—3)-a-L-
AOMe 0.633+0.01 19943.60 315
B-L-Arap-(1—3)-0-L- 22.841.39 12.140.349 0.530

Araf~-OMe




PHder ababababab
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{>ababébabébéb
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Fig. 2-13. TLC analysis of GAfase reaction with pNP substrates. The following pNP substrates
were incubated in the absence (a) or presence (b) of GAfase: pNP-a-L-Araf'(lane 1), pNP-a-L-Arap
(lane 2), pNP-a-D-Galp (lane 3), pNP-a-D-Xylp (lane 4), pNP-a-D-Glcp (lane 5), pNP-B-L-Araf
(lane 6), pNP-B-L-Arap (lane 7), pNP-B-D-Galp (lane 8), pNP-B-D-Xylp (lane 9), pNP--D-Glcp
(lane 10), and pNP-B-D-GIcA (lane 11); L-arabinose (Ara), D-galactose (Gal), D-xylose (Xyl), D-

glucose (Glc), and D-glucuronic acid (GIcA) were used as standards.
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AR ROEREA

GH39  a-L-(B-1,2)-arabinofuranobiosidase ~ (NF2152). D-galacto(a-1,2)-L-arabinosidase
(NF2523), X O GAfase 3. o-L-7 7€/ 77/ Filitx HHEA UKD RS 3 & »
SHBIL 2R & Fro, BERICEE DWW T, NF2152 @ Glu-155 & Glu-254 (X, Zh 2 g
FEA R & SRR IE & U C Pl & 72(67)e NF2152 OGRS IC7E 3 2 il i ik
DB O DOEERT I BRI, GAfase THREFEI LT (Fig. 2-14A), ZC
T, ERARRERAYZAS SR AL % VT, GAfase @D Glu-194 5 X U Glu-321 @ Gln B % #
L. GAfase DXET 2 BRILOEBEWZ M L 72 & & A, E194Q 5 X U E321Q & HAKIF,
T7ETHL AGP IR L CHERIEEEZ RS hh o/ &b, GAfase ICBEWTDH INbH
DT I IR IR LTV T WB LB HEE SN, 7. CBM F A4 v il
AT 35 72210, C Kihig F A4 v 2Rz C KinKIEZEAE, CA355 (37-781, 745
aa). CA477 (37-659, 623 aa). CA630 (37-506,470 aa) % MEFEL 72, T 5 O RKEEKZ
AR R o2 LTHRB L7225, 77T 4L AGP 5 XU a-D-Galp-(1—3)-a-L-Araf-

OMe It L CIIFERIEEZ R I R otz (F— 2 H0%),
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Fig. 2-14. Site-directed mutagenesis of predicted catalytic-site residues of GAfase. (A)
Comparison of amino acids involved in catalytic sites of GH39 rumen fungal enzymes with
corresponding amino acids in GAfase. Amino acid numbers shown in the upper and lower halves of
the figure are for V. frontalis NF2152 a-L-(B-1,2)-L-arabinofuranobiosidase and GAfase,
respectively. Residues include those that line the surface of the —1 and —2 subsites of GH39 remen
fungal enzymes. The amino acids that constitute the —2 subsite are underlined(67). Red and green
columns: catalytic and non-conserved residues, respectively. (B) TLC analysis of reaction products
of GAfase Wild type (WT), E194Q and E321Q mutants with gum arabic AGP. Standard: a-D-Galp-
(1-3)-L-Ara (GA).
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2-3-2. WRNEES GH36 a-D-galactosidase D 7 1 — = ¥ 7' 7x & NI BRBEMGHT

GAfase & [#$29 % BLGA 00330 (BlAga3) @27 v —=v 277 b WNICEWHE % RE L 72,
BlAga3 13 716{HO T I/ E 2 —F 322151 bp DX 7 LA F F2 57 % ORF &4,
E7FE L 79,587 Da TH o 7= (Fig. 2-15), FEH L 72#H#8 2 BlAga3 1. SDS-PAGE TH.2>1F
Do FED 80 kDa DHL— NV F & L CTHER I L. ZNIEFHE Loy F& 80,490 Da ICAHY

L7,

kDa

200
116

66

45

31

Fig. 2-15. SDS-PAGE analysis of recombinant BIAga3.
Purified BlAga3 was electrophoresed on a 10 % polyacrylamide gel and stained with Coomassie
Brilliant Blue R-250. Lane 1, molecular size marker; lane 2, purified BlAga3. Arrow indicates target

protein at the expected molecular size.
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o fEEDOH T 7 P UM, TT7 4 — A, AV EF—R AZXFF—R mYF—
A, AT b=vFv, T AT 2y MRE B BGURE EORKRA ) W %HE
BEEPEE ICIFET 5, a-D-galactosidase (EC 3.2.1.22) (Z. KD o-H 7 2 b — 2Dy
fRE % i L, CAZy 7 — & _—R(cH-o < &, GH4, GH27. GH31. GH36. GH57. GH97.
GHI10 ® 72® GH IZ/3fHE L%, FFIC. GH36 a-D-galactosidase %, il (68). I (69-
7). EH(72-75)% X CHEP(76-78)0 6 ZNE TR O o TEY | LS HHL T3, &
7 4 R AW HED GH36 o-D-galactosidase 13 BI7E ¥ TIT. Bi. longum NCC2705(79). Bi.
longum DIJO10A(80). Bi. bifidum NCIMB41171(70). Bi. adolescentis DSM20083(81, 82) ¥ X Y
Bi. breve 203(T)HIRDIEHENR 7 v —= v 7B X UBREMRIT A3 7 S T X 7=, £ 7-. LAAL.
Saishin 537 7 €7 # 4 AGP I X Y iFE XN 2 Bi. longum JCM7052 7> b WK a-D-
galactosidase Z f5H L 72(54) 28, 7 7 © 7 4 L AGP E{LIC I 1) % a-D-galactosidase D¢ E| 1%
AHOFEETH o7z,

Bi. longum JCM7052 1%, BLGA 00330 (blAga3). BLGA 18610 (blAga2). BLGA 18750
(BlAgal) ® =-2® GH36 o-D-galactosidase fEHEIETZ 2 — F LT\ 5(83), T TOff
e 5. BlAgal 13 a-(1—6)-77 7 F v AMEER DT 74 ) =R, AV EA—Z, RXF
A —Z2DENICBEE LT3 &E 2 5T\ 5(84-86), BlAga2 (. Bi. breve UCC2003 D
MelE (BlAga2 & 99% @ identity) DWFFED 5. o-(1-4H)FE 72 1d a-(1-3)DH T 7 b ¥ fhEE
RO a7 T 7 b A — R %R D AREED E & F 2 b5 (85), BlAgad IX. BlAgal
& 39.9 %OESNFE— (HNL v 83 %) ZRL7-23, BlAga2 & OFELIEIX 70 5 72,
BlAga3 13 PEE R E & 7= BLH @ Fh T, Streptomyces sp. S27 ACCC41168 (GenBank ID:
ACN78885.1) Hi2k D GH36 o-D-galactosidase & 84%®D 713 L v ¥ T 47.0%D BeHl[E—1: % 7~

L 72(87), signalP 4.1 3 X Uf InterPro % —-Y—IC X % &, 3 DD o-D-galactosidase & & (s T
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3. HES I FARTF FERGREBE N A4 v 2R TH Y, MlENEETH 2 L
R XNz, TS Bi longum JCM7052 H K D =D D GH36 a-D-galactosidase & .
Bifidobacterium JEHIE 12K D GH36 @ o-D-galactosidases ® 7 3/ BRI % Fi TR ik % 1F
L7 (Fig. 2-16), %77 7 IV —00n% R L= RiTiF5E@E8)Ici o< &, BlAgal &
BlAga2 i3, ZNZEN GH36 DH 777 IV —1¢ NIKHHINL LEx LN, LiloZ
NE CICHEIRIE & L7z Bifidobacterium JEMFE KD GH36 © a-D-galactosidase H1°C, Bi.
breve KD Aga & MelE ZFRSIZEAER GH36 DV 77 7 1) — 1 Icpfs iz, Th
SOMHEDT I BRI DOT 74 v AV FE{To7-E T 5, BlAgal i3, fthd> GH36 & [FlEk
RizmiEe R (D452), MeAREAEIRE (D519), HEHAICBEG 3 2 5% (D340 &

D341) PMRETFE X LT 72(82) (Fig. 2-17)e & 51T, BlAga3 Ol F 2 4 vicix, 77 7
1 U —1 @ a-D-galactosidase IZ R 72 “C-x-x-Gx-Xx-R EF — 7" BREIN T2 L b,
BlAga3 (3. GH36 %77 7 I V) —Licpf s iz, Lo L. BEAID Bifidobacterium J&HIZE D
GH36 a-D-galactosidase & (3°° R AIICHEN TV 5729, BlAga3 1ZX H iy 777 3

‘_Ib C i/\é hfk_o
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B. longum VMKB44 AgIL 7
B. longum JCM1217 BLLJ_1885
B. longum NCC2705 AgA

B. longum JCM7052 BlAga1

B. longum DJO10A GalA1 _ Subfamily Ia

B. breve UCC2003 RafA

B. bifidum NCIMB41171 MelA

—— B. adolescentis DSM20083 Aga

B. breve 203 Aga2

B. reuteri RST19 EMO92_RS04025

H B. longum JCM7052 BlAga3 Subfamily Ib
B. longum MCC00300 MCC00300_11120
———— B. breve 203 Aga

B. breve UCC2003 MelE

Subfamily I
B. longum JCM7052 BlAga2

B. longum JCM1217 BLLJ_1872

0.20

Fig. 2-16. The phylogenetic relationships of bifidobacterial GH36 a-D-galactosidases.

The phylogenetic tree of BIAga3 with homologous proteins from bifidobacteria was constructed by
the neighbor-joining method using the aligned sequences; for the construction, the program Clustal W
was implemented in the MEGA7 software. The protein names or locus tags are shown alongside
Bifidobacterium strains as follows: B. adolescentis DSM 20083 Aga (GenBank ID: AAD30994.2), B.
bifidum NCIMB 41171 MelA (ABD96085.1), B. breve 203 Aga (AAK96217.2), B. breve 203 Aga2
(ABB76662.1), B. longum DJO10A GalA1 (ACD98928.1), B. longum NCC2705 AgA (AAN25312.1),
B. longum VMKB44 Agll (AAG02023.1), B. breve UCC2003 RafA (ABE96531.1), B. breve
UCC2003 MelE (ABE96518.1), B. longum MCC00300 MCC00300 11120 (GHM70820.1), B. reuteri
strain RST19 EMO92 RS04025 (WP _150335335.1), B. longum JCM1217 BLLJ 1872 (BAJ67536.1),
B. longum JCM1217 BLLJ 1885 (BAJ67549.1), B. longum JCM7052 BlAga3 (BBV22622.1), B.
longum JCM7052 BlAgal (BBV24464.1), and B. longum JCM7052 BlAga2 (BBV24450.1). BlAga3

characterized in this study is enclosed in the dashed-line box.
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B. longum NCC2705 AgA 702 YRVSPLDPSLD 8)2YGIRPPSLHPW]
B. longum VMKB44 AglL 702 YRMSPLDPSLD.
B. longum JCM1217 BLLJ_1885 702 YRMSPLDPSLD

B. longum JCM7052 BIAgal 702 YRMSPLDPSLD

B. longum DJO10A GalA1 702

B. breve UCC2003 RafA 705

B. bifidum NCIMB41171 MelA ~ 692
B. adolescentis DSM20083 Aga 697

3 = -

B. breve 203 Aga2 672 HOIRFACNEASGEPFTQIENGES
B. longum JICM7052 BIAga3 ~ 654 MBA RW) JFEPARAS
B. longum JCM7052 BlAga2 583 GRSSIID--DHG NP
B. longum JCM1217 BLLJ_1872 583 GRSCRIID--DHG NP
B. breve UCC2003 MelE 983 GRSOEIID--DHG NP
B.breve 203 Aga 573 CESACLVENLETGECTQGE-———————-————— GETLDE@RYGEYAAL

B. longum NCC2705 AgA

B. longum VMKB44 AglL

B. longum JCM1217 BLLJ_1885
B. longum JCM7052 BlAgal

B. longum DJO10A GalAl

B. breve UCC2003 RafA

B. bifidum NCIMB41171 MelA FTIIRO—
B. adolescentis DSM20083 Aga
B. breve 203 Aga2

B. longum JCM7052 BlAga3

B. longum JCM7052 BIAga2 ~  ___________

B. longum JCM1217 BLU_1872 ___________
B. breve UCC2003 MelE =~  —(————

B. breve 203 Aga = o _____

W nnn

Fig. 2-17. Multiple alignment of amino acid sequences of BlIAga3 and related enzymes.
The alignment was created using the Clustal W program. Identical amino acid residues are enclosed
in black boxes. The asterisks below the sequence indicate the assumed essential residues associated

with the catalysis; *1, a catalytic nucleophile; *2, acid/base catalyst.
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B E O B2, 1mM D pNP-a-D-Gal #FEH & LCHIE L 72 & 2 A, R pH &
EWEREIZZNZEN 6.0 & 50°0CTH > 7z (Fig. 2-18), F 7z, pNP IE A3 2 FEFFAEM:
ZHIE L7z E 2 A, BlAga3 iZ. pNP-a-D-Gal icxf L T3t % /R L. pNP-B-L-Arap IZ 5 L
THHFOIEEER L7228, 3B L 72fthd pNP FEE IS L CidistE%2 R & > 72 (Fig. 2-
19),

BlAga3 ODRHFFRMEZFART & 25, RAICHFET 24 ) IO CRbE L 2 HH T
0-D-Gal-(1—3)-L-Ara T® - 7= (Table 2-8)., BlAga3 IZ3RICAKIHIC A F IR L 72 0-D-
Gal-(1—-3)-0-L-Araf-OMe IC b {EFH 3~ % 23, % DiEME I a-D-Gal-(1—3)-L-Ara I 53 % i1 X
D b HHEED 223% B o7z, THIE, FTH A ML ICBFET I —ADBE TV
G & 2 L BERTEHICGHELTCw  EEZLNS, & 51T, BlAgad 13 S3-GA &
S5-GA ICIZFHWIEEZ R L, 77T AL AGP °Hh 7Y AGP I I3iEHEEZRE e o 7z

(F—2408), $7-. Z OBEH MR B OEH =TT a-D-Gal-(1>3)-L-Ara IC =T
17.1% AR SOGHECHEMEZ R L 7225, I B O BRRI =FciZiz L A ERIGL 7 h o
Teo Tl2L BLIL-TIZ7E /T VARG L ThOT2EEE2RL7ZD DD, B-L-Arap-
(1-3)-L-Ara i3 9 % EREM X, a-D-Gal-(1—3)-L-Ara IZ LT 0.643% & KA > 72, TD
THEREME DEFR 1T, GH36 % GH27 D#ECTH 513 D-Gal & L-Arap DREE AL IC
2H5DTHHLEZOLND(89), TNHDFERD L, BlAga3 133 IC a-D-Gal-(1—-3)-L-Ara %
YIWi 3 % a-D-galactosidase TH 5 T & /R X 7z, BlAga3 3, ftho% {Dv 7 4 XRAHF
GH36 O o-D-galactosidase & [FIffIC, AV A —RA, T774 /) —A, AZFF—RIHLT
LIEMEER IR L7228, % OMEXHEM I a-D-Gal-(1—3)-L-Ara I8 L CTZ NLZE I 23.4%., 47.7%.

3.36% & {K7> > 7= (Table 2-8),
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Fig. 2-18. Optimal pH and temperature of BlAga3.

(A) pH dependence of BlAga3 activity in various buffers at 40 °C for 20 min. Sodium acetate buffer
(closed circle and solid line), sodium phosphate buffer (closed square and dashed line), and Tris-HCI
buffer (closed triangle and dotted line) were used. Enzyme activities are expressed as a percentage of
the activity in sodium acetate buffer at pH 6.0. (B) the temperature dependence of BlAga3 activity at

pH 6.0 for 20 min. The enzymatic activities are expressed as the percentage of the activity at 50 °C.
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Fig. 2-19. TLC analysis of BIAga3 reactions to pNP substrates.

The pNP substrates were incubated in the absence (lane a) or presence (lane b) of the recombinant
BlAga3 at 37 °C for 16 h. Lane 1, galactose standard; lane 2, L-arabinose standard. pNP-a-D-Gal (lane
3), pNP-B-D-Gal (lane 4), pNP-a-L-Arap (lane 5), pNP-B-L-Arap (lane 6), pNP-0-D-Xyl (lane 7),
pNP-B-D-Xyl (lane 8), pNP-a-D-Glc (lane 9), and pNP-B-D-Glc (lane 10) were used as substrates.
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Table 2-8. Substrate specificities of BlIAra3.

Specific .
Substrate Structure (Cn(ﬁ\l/?) activity a ﬁeilat?](i %)
(unit/mg) ctivity® (%o
a-Gal-(1,3)-L-Ara?® aGal-(1,3)-L-Ara* 2.0 101 100
pNP-a-D-Gal® aGal-pNP 5.0 337 335
melibiose® aGal-(1,6)-Glc* 5.0 23.6 23.4
raffinose® aGal-(1,6)-aGlc-(1,2)-BFru 5.0 48.0 47.7
stachyose® aGal-(1,6)-aGal-(1,6)-aGlc-(1,2)-BFru 5.0 3.38 3.36
GA-Me® aGal-(1,3)-0-L-Araf~-OMe 2.0 22.4 223
p-L-Arap-(1,3)-L-Ara B-L-Arap-(1,3)-L-Ara* 2.0 0.647 0.643
AA-Me® B-L-Arap-(1,3)-a-L-Araf~-OMe 2.0 Trace Trace
PNP-B-L-Arap® B-L-Arap-pNP 5.0 1.06 1.06
liner B-2 aGal-(1,3)-BGal-(1,4)-GlcNAc* 0.5 17.2 17.1
trisaccharide? ’ ’ ’ ’ ’
aGal-(1,3)-Gal*
2
blood group B 1 0.5 0.610 0.607
trisaccharide 1
aFuc
aGal-(1,3)-pGal-(1,4)-Glc*
2 3
blood group B R 1 1 0.05 Trace Trace
pentasaccharide’ 1 1

aFuc  oFuc
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aGal-(1,3)-a-L-Araf:(1,3)-pGal-(1,6)-Gal*
4

S3-GA® 1 0.5
1
a-L-Araf

aRha-(1,4)-BGlcA
1

1
6

S5-GA® aGal-(1,3)-a-L-Arafi(1,3)-pGal-(1,6)-Gal* 0.5
4

1
1

a-L-Araf

0.639

0.511

*Represents reducing end of the oligosaccharide.
20.099 pug/mL BlAga3 was incubated for 20 min.
©0.099 pg/mL BlAga3 was incubated for 2 h.
©0.099 pg/mL BlAga3 was incubated for 6 h.
40.020 pg/mL BlAga3 was incubated for 1 h.
©0.020 pg/mL BlAga3 was incubated for 5 h.

fThe specific activity was calculated on the value for released L-arabinose by one-half.

£ Relative activity is expressed as the percentage of the activity toward o-D-Gal-(1—3)-L-Ara.
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FE & L T0.1~10mM D 0-D-Gal-(1—-3)-L-Ara & 1.0~50mM D 7 7 4 / — A% \\TC,
BlAga3 O )GDEEFRIN ST X — X —%RFE L 72, 50 mM BEEEF + ) 7 L5EE# (pH6.0)
¢ BlAga3 # &1 40 uL O KSR AY % 45°CT 2074 v F 2 ~— } L7z, BlAga3 D&
1% 0-D-Gal-(1—3)-L-Ara D&, 020 ug/ml THH, 77 4 7 —ADEH, 0.79 pg/mL O
BlAga3 % B E 272, 10uL @ 5% TCA 2 CRIGZHK T X2, Em#) % HPAEC-PAD T
ST L7z ROCDEEGR) S 7 X — X — DD 6. BlAgad @ o-D-Gal-(1—3)-L-Ara 124}
T3 K ET77 47 =233 K, &0 382 5K <. 0-D-Gal-(1—-3)-L-Ara D kea/ K 137
T4 =AW TEENLY 150fFEWC LD o7 (Table 2-9), 2D &6, a-D-
Gal-(1-3)-L-Ara & 7 7 4 / — ZAQIEFMEDOBCBEHICHFS L TWE 2 L ARBE N

77

Table 2-9. Kinetic parameters of BlIAga3.

K (mM) keat (sec™) keat /Km (sec” *mM™)
o-D-Gal-(1—3)-L-Ara 0.774 +0.014 107 +21 138
raffinose 295+1.0 270+ 6 9.17
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GAfase D3EHE 3 5 —HE 0 E(LHEHER

GAfase D IGHEKY)TH % a-D-Galp-(1—3)-L-Ara I & UF B-L-Arap-(1—3)-L-Ara D &L
% M3 % 729 1T, Bi. longum JCMI1217 3 X OF JCM7052 %, 0.2%PD o-D-Galp-(1—3)-L-Ara
¥ 7213 B-L-Arap-(1—3)-L-Ara ZME—DRFIR & L TE T MRS K5l © 48 Bl #E L 72, Bi.
longum JCM7052 (%, 48 WffEl#%1C a-D-Galp-(1—3)-L-Ara | CEBE % /R L 7245, p-L-Arap-
(1-3)-L-Ara ECIZ4EE L &2 o7 (Fig. 2-20A), —7F . JCM1217 1. o-D-Galp-(1—3)-L-
Ara 3 X O B-L-Arap-(1-3)-L-Ara DV FRICBEWCHHEERRELZ R oz, HEL
HONHTIE, TNOORREZISICEMNTEHDTH Y, o-D-Galp-(1—-3)-L-Ara D& — 72
1Z JICM7052 TD HFA L. ICM1217 TIFFAD L 725> > 7225, B-L-Arap-(1—3)-L-Ara D t°—

7 13T ogAE LD L s 7= (Fig. 2-20B).
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>

1.6 (1 Bi. longum JCM1217
— | W Bi. longum JCM7052
E 1.4
3
3 1.2
Q 1.0
<
o 0.8-
o
& 0.6
2
o 0.4-
3
< 0.2-
ol (] m ] [ m

No a-D-Galp-(1—3)- ‘ B-L-Arap-(1—3)- ‘ Gum arabic ‘
carbon L-Ara L-Ara
a-D-Galp-(1—3)-L-Ara B-L-Arap-(1—3)-L-Ara

G 2
v v

A./\\_/J\ Culture medium A i Culture medium

3 {\ 3
c JCM1217 c WM“ JCM1217
o o
o o
0 0
2 JCM7052 2 JCM7052
- Galp-(1—3)-L-Al - B-L-Arap-(1—3)-L-Al
a-D-Galp-(1—3)-L-Ara -L-Arap-(1—J)-L-Ara
\ “ standard ]\ standard
0 . 8 12 16 20 0 . 8 12 16 20
Retention time (min) Retention time (min)

Fig. 2-20. In vitro assimilation test of a-D-Galp-(1—3)-L-Ara and B-L-Arap-(1—3)-L-Ara. (A)
Growth of Bi. longum JCM1217 and JCM7052 strains was monitored in MRS medium containing
0.2% a-D-Galp-(1—3)-L-Ara, B-L-Arap-(1—3)-L-Ara or 2% gum arabic AGP as the sole carbon
source. The absorbance of growth media in Bi. longum JCM1217 (white) and JCM7052 (black) were
calculated by subtracting the values of initial media. (B) HPAEC-PAD analysis of the culture
supernatant of a-D-Galp-(1—3)-L-Ara (left) and B-L-Arap-(1—3)-L-Ara (right) after incubated for
48 hours. Purified a-D-Galp-(1—3)-L-Ara and B-L-Arap-(1—3)-L-Ara were used as standards.
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VAR HE

REETIX. Bi. longum JCM7052 2257 7 €7 H LB D 2851727 7 A X —% %
RL., REIET 2 7 2% —_FED BLGA 00340 & BLGA 00330 IC 13 % 2 AR E R7ER
% 3% GH39 3-0-a-D-galactosyl-a-L-arabinofuranosidase (GAfase) & H & N % 3% GH36 o-D-
galactosidase 282 — F ¥ LT3 2 L 2RI L 7=,

T X Y. Bi longum JICM7052 185357 7 €7 L AGP DELD A /1 = X LHHHL
DT 78 o 72 (Fig. 2-21), ¥ 3. GAfase 7 7 €7 5 & AGP #* 5 a-D-Galp-(1—3)-L-Ara & B-
L-Arap-(1—3)-L-Ara 8L, 2D 5 b D 0-D-Galp-(1—3)-L-Ara 3. ABC Hiiks 27 4

(BLGA_00300, 00310, 00320, 00350) %4~ L CHIIEAICHL D ;AT 2 LHEE S h, flig
MW ® GH36 o-D-galactosidase (BLGA 00330) 2% a-D-Galp-(1—3)-L-Ara % /K53 fif L CH 7
JF—=RE LTI —RCHET 5, TDOBBEIRKENICE 7 4 X ZAE ORI
M CH 2 Te 71 Py v M| 2RRCEl I, BEEE & FLEEME K X 415 (90),
Bi. longum JCM7052 1 a-D-Galp-(1—3)-L-Ara % R & L CTHEH L 7223, B-L-Arap-(1—3)-
L-Ara (3 L e 22> 72 2 & &, GH36 @ a-D-galactosidase (BLGA 00330, BlAga3) 7% B-L-
Arap-(1—3)-L-Ara £ V & a-D-Galp-(1—3)-L-Ara I8 L TR WIEER RIEZ RT 2 &0 B,
B-L-Arap-(1—3)-L-Ara (ZFF & Ichsi c iz 42 2 L 2VRB X iz, ABC Hiiks %
7 24 (BLGA_ 00300, 00310, 00320, 00350) 7% a-D-Galp-(1—3)-L-Ara %k L T\ 5% Z &
FEBERTHBIGON T RWED, X5k ZEEMITe, HEMEA & v 7 Bikkd
¥ (BLGL_00300) DEEEEMFHNTH X CIEER FARBA LR EZTORLELRH LD DD,
DB 7AZ—ICa—FINTWE2DT 7T H L AGP S FEY DEL Y A H I B

HLTwatEzons,
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Gum arabic AGP

GH39 GAfase a-D-Galp-(1—3)-L-Ara ﬁ

ABC
transporter

B-L-Arap-(1—3)-L-Ara

SCFAs
Bi. longum JCM7052

______

......

gcﬂi -~ * _ ’Acetic acid
O Lactic acid
| SCFAs

GH36 a-D-galactosidase

D, 4 e

BLGA_00290 00300 0031000320 00330 00340 00350

Fig. 2-21. Schematic model of the degrading of gum arabic AGP by Bi. longum JCM7052.

GAfase 1. GH39 7 7 IV —ICJ@ T 2 7 / v —(RFFERICHH I 1z 28, FERrEME
DFHMEL Y. #7272 ECHFS EC3.2.1.215 3 5 T 1172, GAfase PO AR 7 4 XX
FIH2K GAfase &€ v 7%, BRCHEEIE X 1172 GH39 @ B-xylosidase 2L — A VB E
WoMRE 7 1 BRI OFR—EMEL 25%AK) . GH39 X v N — DTl RFERIC
N Twiz, 2D Db, GAfase ZEL X V71X GH39 O L WH 7773 ) —%
ML T2 eEZObN5, 7/ ~v—RERIEESRIC X 2 K REIGIE, 2 D D fil kA
et HEEWEEIC X o GEfTL, @F., IAXIVBELERT AT VEEOWT
DA T I 2 EREEFIE L LTV 515 (91)s GH39 @ D-galacto(a-1,2)-L-arabinosidase @ fill

W7 3 WL IC G T % GAfase D Glu-194 B X U Glu-321 # Gln Tia¥hd 5 &, BHEIE
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HBEDONDZ EBbhoTz, ZD7D, TNHDKIED GAfase DK FETH 2 & & 2
b7z, GAfase D a-D-Galp-(1—3)-L-Ara OilEHEENE X, B-L-Arap-(1—3)-L-Ara OlFHEEM:
D 594 £%5 15 < . GAfase % pNP-o-L-Araf % & Tl L 72 £ pNP FLEICH L T O IEHEE R &
B olz, TNHDFERD G, GAfase 13-1 7% A4 + D a-L-Araf % BIE TR L. R
PEICIZ2 Y 794 MICRIET b a-D-Galp < B-L-Arap DIFERUETH 5 =X VY HOHET
H 5 A[REME SR & 7z, B-L-Arap & o-D-Galp DiEW I, ¥7 7 —RED C6 DHHED A
THb, TOMEELMD-®, B-L-arabinopyranosidase %° a-D-galactosidase 1. a-D-Galp
X B-L-Arap DT 0HE & 725 2 L H %\ (89, 92), GAfase b7 7 €7 H L AGP 2> b 0-D-
Galp-(1—-3)-L-Ara % EICHEHET 2 b DD, B-L-Arap-(1—3)-L-Ara b HIRICEEREST 5, F
72+ 0-L-(B-1,2)-arabinofuranobiosidase ¥ 7z (¥ D-galacto(o-1,2)-L-arabinosidase & L CHERE

INZ4ODGHIIHED- 1 BI P23 7H A ML T 37 3 k%, GAfase DT

/11

I MRERIL L LB L 72 (Fig. 2-14) (67) GAfase D2 ¥ 794 MICHFEHET 5 7 3 J MEhkH:

/

IZ. a-D-Galp-(1—2)-L-Ara %3 <5 % D-galacto-(a-1,2)-L-arabinosidase D 7 I / FEFH:
LlixfR e oTni, EbiC, 207 IV BIEIIL. Bi. pseudocatenulatum HK D GAfase &
ERTOT I VBEIEL bR o T, EH O, Bi pseudocatenulatum MK D GAfase
FEu 7% o-D-Galp-(1—>3)-L-Ara X 9 %, B-L-Arap-(1—3)-L-Ara % #EICi bzl 2 B
THHZEHPHLDICLIERREET — &) 61T, 2 73 A4 bOT I/ BRICTRALFRR
(P28 B A % 1T o 72T IC X o T, GAfase D2 ¥ 794 MichiiBEd 5 7 3 /7 BRikIL (3
al, 3 #5E L7z Galp OELHNICHE L T 2 A[REWEA H 5 & L BRB I NIZ(CRAERT — X),
GAfase I3, CHIGHEIFIC2 DD CBM35 FAA v & 1 DDA T2 b—=RFEHF A4 VA
—NX—=T77 IV =F A4 &, BETTIC, CBM35 & CBMI13 & L CHERE XN

DiF, fIEHE R B13-A 77 2 v EHIHEAT 20, RUHOT Z 7 H L AGP ICiE
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A LRI EAIRI T 5(93-95), il X 13X, Phanerochaete chrysosporium H>KD exo-p-
1,3-galactanase ® CBM35 (LA CBM6 IC/34H S 4L C > 72) (GenBank ID: BAD98241.1) (%
2 DDEKEL 72 B-1,3 KD Galp BILZ LT 2 DICHETH 5 2 L &G I N T 5(93),
N K26 3BHD F X4 v (aa 791-966) (%, Phanerochaete chrysosporium 3D CBM35

FAAL V& 35%DANL Yy VT 341%D T 2 BEH D FR—H% /K3, GAfase ® CBM X
BERGKERB S, AALICENLEZb 00, COERKEISHEEATCH LT 7T A
I AGP 7213 72 <. 0-D-Galp-(1—3)-a-L-Araf-OMe IZ 59" 2 RGN b e IR S ¢ 72

(7 —240%), 2D &b, GAfase DEIEMEIC T, CKIiD CBM F A4 v B4HT
HrrEZLND, TNETTOWMHICL S &, Y 2 7 -AEROMBE Y 2 — A (3507
LCHERET % 2 & 23% (49, 96). CBM D i 7 iRE L L €. HEFrRICE T A
MHE) LR L ORI ZMEL . iEE 2 &0 2 &H13H 5, —J7. ey 2 —
)L CtGHS & CtCBM6 THEK & V% Clostridium thermocellum R DT 7€/ ¥+ 7 VR
xylanase CtXylSA . GH26 & CBM35 THEK X 4L 5 Podspora anserina H3K D B-(1,4)-
mannanase PaMan26A Tli, CBM F X A v % KIA L 72 ZRKCEERIGEES KDL, CBM &
flIEE Y 2 — A L CREBEL T Wnfilb B2 2 & RIR L 72(97, 98), TN L DEHED
filffte sy 2 — L& CBM F A A YNCHEES 2 Y v i —fEid, ity 2 —1 e CBM F
AAVEMEERL, REIHFEST 2BOKERESHE T2 2 ic Xy, wigfklL, av
T A A= a3 VORENRICHFS L Twb, GAfase DEH, RIBARKICEWT, 2V 7
BEOAABE L CTWE 2 BRI NTWE e, AR X 2iEHOME TRV E
FExoNDbH DD, GAfase D€ Y 2 —Ld CBM & DHANERIC X o THEERICfR 72
NTWIFEENED D 5,

AGP O 1 & fi# T 12 1% . exo-P1,3-galactanase (EC 3.2.1.145), endo--1,3-galactanase (EC
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3.2.1.181), endo-B-1,6-galactanase (EC 3.2.1.164). a-L-rhamnosidase (EC 3.2.1.40). B-L-
arabinopyranosidase (EC 3.2.1.88), a-L-arabinofuranosidase (EC 3.2.1.55). 4-O-methyl-a-
glucuronidase (EC  3.2.1.-). o-D-galactosidase (EC  3.2.1.22). 4-O-o-L-rhamnosyl-B-D-
glucuronidase (EC 3.2.1.31) 72 &', W D0 DEHERXZH WL I EATE, INbDEFEITN
T. GAfase 137 7 €7 /7 L AGP DIEEMENT D720 DHLERY — 7Y 9 %, GAfase JL
BT X Y| o-D-Galp-(1—3)-L-Ara & B-L-Arap-(1—3)-L-Ara D7 7 ¥ 7 /7 . AGP & A &I,
ZNZEFN93%E 1.87%WW)TH 5 T L0007z, FEATHFEIC BT 5 X F ALt DF5ER,
T 7T H L AGP T, K Gal 28 12mol%. KU Arap 28 1 mol% & £ AT V272(99), 4L
5D HEHALIE, o-D-Galp-(1—3)-L-Ara & B-L-Arap-(1—3)-L-Ara 28131% 12:1 DEALLTE
INTWEEEZLNS, EHIC, T T7ETHL AGP DRGEMNT OFER D . ABFFE TG
S N7 FEERE % SR L T (100)(101),  A-D-Galp-(1—3)-L-Ara #i& 137 7 © 7 & L AGP
THOD o Twafth, 77V AEEICHET 5 Watsonia pyramidata DIRZED 5 IREFD 77 L
BHWEDO x> 7 v OIEEEFICHFET 5(102-104), ZD7D, IhbEFEEE LT
GAfase MEF T 2 A[REMED & 5, F 72, B-L-Arap-(1—3)-L-Ara i3 /1 7 <Y AGP(105) 5 L O
INEAGP(106) TR O > T\ 5, AIFFETIE, GAfase XY 2 —E— T 7 F V5 p-
L-Arap-(1—3)-L-Ara ZilFfff X & 259 0GR R T L2 /A L7223, v ai—v—1+7T 7
EF Vo HlEED LRI NE TICHE I N TWRW(32, 67). AGP IZHEYIHHIAIEE D
R7FURF I VICHAREL TR D, RO TIROMEYLFERICIZEA L LT
DIDPRAGP BEETNT WS L EZHLND(107),

5T, WIRMNEEFE GH36 o-D-galactosidase 1 ¥ > T Bi longum JCM7052 1% .
BLGA 00330 (blAga3). BLGA 18610 (blAga2). BLGA 18750 (BlAgal) ® 3 2 ® GH36 a-D-

galactosidase fEHBEIR FZ I —FL T3 Z &R0 H5783) TNETOHIED S,
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BlAgal 1% a-(1—6)-777 7 b S AMEGRFFOT7 74 /=R, AV EF =R, RAXFFH =D
ZLICBA5 L (84-86). BlAga2 (3. o-(1-4)F 7213 a-(1-3)DH T 7 b MEEEZFFD a-7 7
7 b A —R BRI AR EE 2 b2 (85). AWFFETIX, Hi7zIiZ. BlAga3 28

T I7ETHLDEEHNTOHICED > T3 Z EIHS TR T2,
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HB=E  al,4-Araf IC{EHl 3 % a-L-arabinofuranosidase D R IR & IR E
WEOWMFAERIC X 27 7 €7 H L AGP D7) fEEEE

B S

RIZEIC BT, Bi. longum JCM7052 1ZHAERIERES GAfase ZFHWT, 7787 A 4
AGP #ELL TR Z e BHL TR o572, T 7T AL AGP D Bl1,6-777 7 b v fll§H
KIRIC 1 GAfase 2MEF L 5 % al 3-f54 D a-D-Galp-(1—3)-L-Ara % p-L-Arap-(1—3)-L-Ara
DFLET B, al,3-F 7213 al 4-F5E D L-Araf . BL6-FiA D a-L-Rhap-(1—4)-B-D-GlcpA
DITFEHE L T 5(24, 100),

Carbohydrate-Active enZymes (CAZy) 7 — X _— R IZHD < &, Bi. longum JICM1217 (% 9
D®D q-L-arabinofuranosidase % 2 — F L, Z® 9 H 6 2 3MIlEEERER GH43 T, 3 213
E{RAN GHS1 @ a-L-arabinofuranosidase T& - 7z, GH43 @ o-L-arabinofuranosidase .
HypAA (BLLJ 0213) 2% GH43 %7 7 7 1V —29 (GH43 29) F X A4 v % b, o-L-Araf
(1-3)-p-L-Araf-(1—2)-B-L-Araf-(1—2)-B-L-Araf-Hyp % 77 fi# 3 % . al,3-Araf FF 2172 o-L-
arabinofuranosidase & L C#if; & 172(33), BLLJ 1850-BLLJ 1854 33 L CHlE S LT
D, A IFLIATIC, BlArafA (BLLJ 1854) 1% GH43 ¥ 77 7 3V —22 (GH43 22) F A A4
vERFEL, 17<Y AGP O al,3-Araf BILICEH T % 2 & 235 L 72(30). F7-. BlArafB
(BLLJ 1853) ¥ GH43 22 #H L. 7 7 € F v EI&D al,5-Araf #5A % MKI# L. BlArafC
(BLLJ 1852) (3 GH43 %7 7 7 IV —27 (GH43 27) #H L. 77>+ V{ll#iD al 2-B L O
al,3-Araf fE & #MKDEST 2 2 &390 > TWwiz(31), UL, BlArafD (BLLJ 1851) &
BlArafE (BLLJ 1850) 28 i L CT7 7€/ v I v e s e RB Iz M
Komeno et al., K¥#7 — %), BlArafD (BLLJ 1851) I3 GH43 D CTRNEDF 77 7 1)

—(GH43 UC) & GH43 %7 7 7 3 V) —26 (GH43 26) FAA v%&ATE Y, GH43 UC IZ
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al,2-F X O al,3-Araf ZHERT 7/ ¥ 7 VD al2-Araf fEAICERA L. —J7 GH43 26
27 7 e vEICERT %, BlArafE (BLLJ 1850) |% GH43 22 & GH43 34 D F A 4 v %
Fib, GH43 221377/ ¥ 7 v D al 3-Araf i & IAERT 2 2 & 3o 7z L2 L,
GH43 34 OIEFRWEIARNHO T T TH - 72,

A-L-Araf #55E1X, 77+ v (108,109, 77/ %+ 7V (110), 778/ Fvusiu
AV, 112), T 7577 %48, 100,106), & Fafs 7ol viESA BL-7 7
J &) TWEH13). T L7 T 7Y u v (RG)-11(25) 7% EHEYIMIIEEE DRERK L 1 BTy
al,2/1,3/1,5- B THELTwd, —J7, L-7 78/ —RD al 4-fEE1E. ~27F v D RG-II
FhEcliy 7 7 —2BCcR 6 N02S), HEYHROPEHOFTIZT 787 4L AGP I ol 4-
Araf BOE D RE S N T W2 DA TH 5(56)(101)s T DR & N7z JGEMD 729 1T al 4-Araf Ff
/) o-L-arabinofuranosidase (3. CHETCEDEMCE T MEIhTwihnetEZILR
%, GAfase I X % al 3-f5E D a-D-Galp-(1—3)-L-Ara < B-L-Arap-(1—3)-L-Ara DFRZE 1%,
al,4-Araf ICVEF 9" % a-L-arabinofuranosidase IC & - C DA EZ RIS T 5 L E 2 bz,

KREETIE. Bi. longum JCM1217 H{KEESE & ICM702 BRI % Bl 7= it sliRic X v |
EH B DEKRIC D E{ASMC o-L-arabinofuranosidase i PEAS R & 4172 2 & 20 & MiEE ICERTT
X 1 72 BIArafE - BlArafB * BlArafA ® \» § 31 2> 2% ald4-Araf fE S ICFF RN 7 oL-

arabinofuranosidase TH» % & P L., Z DERZ 1T - 7=,
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R EERTIR
HE 0T
a) o-D-Galp-(1—3)-L-ArafRET 7 © 7 4 2 AGP D!

0-D-Galp-(1-3)-L-Arali 57 7 © 7 # 2 AGP (3. GAfase D ERWIHE % T % 7= 1,
Membrane-enclosed enzymic catalysis (MEEC)7 7' 02 —F % FH W B L 72(114), 77T 74
2 AGP (1%) % GAfase (0.120 mg/mL) &iENTHE (34 X 36 ; FIYEMiZE TR S4E,
KBR) HC 37°CTA v F2~—F L, 50 mM FEEEF + U 7 248 R (pHS.5) 120t L Ci&

Mrl7ee 2D, =X/ —ABGRIC XY SREZ RS 27,

b) RFL Y S4 DR
1 7= AGP T L7z Bi .longum JCM7052 DHEKIEI S %, 7 7 €7 7 AGP (F#&
R £ 5.0%) & 50 mMEFEEF b U 7 L4RERE (pHS.0) & 400 mL HC 53 KEfE 4 v F 2 X
— M LTAY THES4 %G, T X —APBIC X VEREA Y TR AT, RiE Rl X 2
7eo AV IHESA L, KTHEAL L 72 Bio-Gel P-2 7 7 2 (925%830 mm ; Bio-Rad Laboratories,
Hercules, CA, USA) Wiz Vi@ s a~ b 727 4=, 20mM V VEF U T L
(pH2.5) TVAH 3% Cosmosil PBr 71 7 & (94.6x250 mm ; F /7174 7 A7) %Rzl
Wik7a~ b 2777 4 —ColEL 72, wi&IC, KTHEAL L 7z Bio-Gel P-2 4 7 L %2 w7z

TAEE a7 4 —IC X OBEL 72,

NMR &R 72 © NI MS @
ARSI L 729 v 7 i3EK (D0) IR L 72, fENTIZBL EIFFEAT O L IER S D1

HICXWUToEETirbz, 'HEBXK BCNMR A7 PABIWU 2D ZA<7 b L
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(H-H COSY. HMQC with/without C-H decoupling, HMBC) (¥, JEOL ECX 400 Z-~<7Z F 1
A —2Z— (400 MHz) % FH\»C, D0 FCTEIRTHIE L 7z, MS 7#7 Tlk. SHIMADZU
Kompact MALDI AXIMA-CFR #Fi\»C, 25-Y b Fa X v REFMEZ~ Y v 7 R2& LT
MALDI-TOF ¥ A A7 + L% GeHk L 7z, ESI-TOF O~ A A7 }vlt, JEOL AccuTOF

JMS-T700LCK T, CF3CO,Na % NEfE®E & L Caldk L 7=,

BEEyER
a) GAfase W T 7 ¥ 7 H' L AGP % F\>7= Bi. longum O &AL R & FRAEREfAAT

Bi. longum MCC00300, MCC00055, MCC00198, MCC00231, JCMI217, JCM7052 % In
vitro TOBEALHERBICHEA L 720 AFRIIE “HICHKRML 280 TH 5, ZhdDFEKIT,
AnaeroPack ¥ A 7 2. (Mitsubishi Gas Chemical, Tokyo, Japan) Z F{\»T, 0.05% L-> A7 4 v
WG % &8 MRS+eys K5 T, BREUWESEME T, 37°CCHIEEE L 72, Bi. longum JCM1217 &
JCM7052 ¥RD A% G723 BE T, FIFE L 2EEE, 1.0%DT 7T H L AGP % 7= 13,
0-D-Galp-(1—3)-L-Ara FrET 7 © 7 H 4 AGP ZMff—DRFEF & L TED MRS K ff B
L. BESESMET. 37°CT 48 IRffEIES#E L 7z, 13.5h, 18h, 22h. 39h, 48h #Zitt% D 600 nm
DS & ME L e RIGIE 38T, PIME L ARMER A Z 78 L 72, BlArafE DRTEIED
R 5 Lid 6 Bk Z V2B R Tl 1.0%D a-D-Galp-(1—-3)-L-Ara FRET Z €T 4
2 AGP ZIfi—DRFHEI & L CTET MRS HEHLICHAE L, BEEIESMFE T, 37°CT 48 KFfE &
L7z, 8h, 12h, 23h, 48h #if% D 600 nm O ZHIE L7z, KB 2 TiTo 72, K
BB ORI Cl1E. a-D-Galp-(1-3)-L-Ara [RE7 7 €7 H L AGP ffind % L-
arabinose DIFEZ TR D701, T X — VLB Z A\ CEHEEE S % 0kl 7-, 2D

&) — VIR % K ICEED L. 40 pL @ 50 mM BEEE - + U 7 ZARFERE R D 3.66 pg/mL
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® BlArafE & 37°CT 164 v F a2 x_— 1+ L., KIoEEY % Fiko TLC THHTL 72,

b) Bacteroides JEAMF O B & FIREEFRIEE

In vitro BLWERASRICH 72 Bacteroides 1. Japan Collection of Microorganisms (RIKEN
Bioresource Centre, Ibaraki, Japan) 25 Bacteroides thetaiotaomicron JCM5827 (Ba. the). Ba.
caccae JICM9498 (Ba. cac). Ba. cellulosilyticus JCM15632 (Ba. cell) . Ba. ovatus ICM5824 (Ba.
ova). Ba. vulgatus JCM5826 (Ba. vul). 3 X U* Ba. uniformis JCM5828 (Ba. uni) D7NF% A
F L7, IO DOEMIE, 215k GAM £5H#ll (Nissui Pharmaceutical, Japan) % F\» T, 37°C D5
SUNSEFCRIEEE L 72, AIGE L 2B %, S4 2ME—0RFIHE L CETR/NEH (B
B 0.5%[wiv]) ICX D, 3T°COBRMESE T ofiE L7z, /N, BEH115)
ICHEV, 100 mM KH,PO4, 15 mM NaCl, 8.5 mM (NH4):SOs, 4 mM L-> A7 4 ¥ 200 uM
L-EXFY v, 1.9 uM ~~F v, 100 uM MgCl, 1.4 uM FeSOs + 7TH,0, 50 uM CaCl,, 1
pg/ml €2 IV Ks, Sng/ml €2 IV Bp& L7z, 00 6. 12, 24, 48 FFEF2IC 600 nm DK
JEEZME L 7o RERIT 3 CHIE L. P & FHERZE 2R L7z, 24 I35 X O 48 ]

ERL-%BO FEDOTLCIC X Y, BET 2 S4 %00 L 72,

a-L-arabinofuranosidase fE#§:8{5F (BlArafA. BlArafB, BlArafE) D7 u—=v 7% b
ICEEEE R E
a) FEHT 72 I F O

BLLJ 1850 Di&fn T (BlArafE ; BAJ67514) @ PCR #4081, Bi. longum JCM1217 D7
/ 2 DNA (GenBank Accession No.AP010888.1) # # %l & L CHwZ, 747 —F

(BLLJ 1850 for) & X ') S—2 (BLLJ 1850 rev) 774 ~—i3, N KD 7 F L~
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7'F F (aa1-26) X CEKEGONRE @M (aa 1637-1659) DHFI% & & 72\ BlArafE @
88-4899 Z IR 2 7D ICikit Lz L7277 4 = — (%, Table 3-1 ICFC#K L 7=,

BlArafE i#&{n1-1%. KOD plus ver.2 (Toyobo, Japan) % Ff\» 7= high-fidelity PCR CH4iE L . i
L 7=WiH % pET23b (+) 27 % —(Novagen, USA)D EcoRl & X N Xhol 4 T T 47—+

a v L7,

b) Az X v o3 s ORI L AEHR
o777 A I FEZHWT, E coliBL21 (ADE3) #flifZ (Genlantis, San Diego, CA, USA)
% iR L 721%. Overnight Express Autoinduction System (Novagen) % F\>T 25°C TR
gL, Wi LMz E 0oL, 50 N 5ERE%Z BugBuster £ v 37 Bl
32 (Novagen) ICHE# L7, N RUiHIC His £ 7' % 7D BlArafE % ¥ X7 %, TALON metal-
affinity resin (Clontech) Z &4/ 7 2% W TR L 72, BRI -5 1%, RAMEEE
(30kDa MWCO ; Millipore Co., Billerica, MA, USA) %\ Tl - IME L 72, T 72, AW
ZEe CH W22 2 BlArafA. BlArafB. BI1,3Gal (ZEE#ICH:DW TR 72 (30, 31). GAfase.

BlAga3 (35 “FICRLHE L 72 /73 T 7,

o) HERREM:

LWHE (7T 78T H L AGP, 51 7Y AGP, a-D-Galp-(1—-3)-L-Ara BRET 7 €7 7 L
AGP). 777 H L AGPRIEA U o8 (S5-GA. S5-A. S5. S4-A. S3-GA. S3-A. S3).
pNP FE (pNP-o-L-Araf. pNP-B-D-Xylp) Z#HE & LT, M2 8RO KISt % 7=,
LR DG A, FHE (RAKIEE 1.0%) % 40uL © 50 mM FEREF + U 7 Z4EER (pH6.0)

H1C, 2.2 nM BlArafA. 2.2 nM BlArafB ¥ 721 1.4 nM BlArafE & 37°CT 16 [l 4 v F 2~
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— L7 77T H L AGPBEA Y IO E, FHEE (BARE 0.0l mM) % 100 pL
D 50 mM BEEE - + U v LB (pH 6.0) H1T 0.88 nM BlArafA. 0.90 nM BlArafB ¥ 7= 1%
0.57 nM BlArafE & 37°C. 16H4 v F 2 x_— 1+ L. KA % TLC £ 7= 13 HPAEC-PAD

THMTL 72,

d) ZEFARMER & IEHENE

KOD Plus mutagenesis kit (Toyobo Co., Ltd., Osaka, Japan) % Fl\»C, FfED 774 ~—%
Fi\» T BlArafE IZ D571A 5 X IS DI1197A O 7 3/ FEE %8 A L 72 (Table 3-1), % Dk
FiFlix, v —27 v 2T X o CTHER L 72, BlArafE D571A 5 X U BlArafE D1197A 28 {4k
lZ. BlArafE O BPEREESR (WT) LRIk TECHRIL - R L7, ZRAEROMET v
A X, T 7ET AL AGPBEA ) I (S5-GA. S5-A. S5, S4-A) BXULHHE (7
7 ¥ T H L AGP, a-D-Galp-(1—-3)-L-ArafRE7 7 €7 4 4 AGP, /7~ AGP) % Hw
THIE L2, 777 H L AGP BlE A ) HHIC OV TlE, S5-GA. S5-A. S5 (FfKiEfs
0.025mM) % 100 uL ® 50 mM BElEF b U v L5&E#K (pH6.0) AT 0.80 nM
BlArafE WT. 1.1 nM BlArafE_D571A ¥ 72 (% 0.47 nM BlArafE_D1197A & 37°CC 16 ¢ 4
VFa_—b L7, S4-A (RIEE £ 0.024mM) % 20 ul © 50 mM EEEE T b U ¥ LGB

(pH6.0) T, 2.1 nM BlArafE WT, 2.9 nM BlArafE D571A % 7213 1.2 nM

BlArafE D1197A & 37°CC 16 BfHI 4 v F 2 — b L7z, WM (RAMEE : 1.0%) 1%, 40
pl © 50 mM FEEEF b U v 2R (pH 6.0) HT. 1.0 nM BlArafE WT. 1.4 nM
BlArafE_D571A ¥ 7213 0.57 nM BlArafE D1197A & 37°CT 16 Kffi]4 v F 2 _—F L7z, K

ISAEREEIR D X 51T TLC % 7213 HPAEC-PAD Cor#7 L 72,
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Table 3-1. The primers for plasmid construction and site-directed mutagenesis.

Name

Sequence of oligonucleotide primers

BLLJ 1850 for

BLLJ 1850 rev

BLLJ 1850 _D571A_for
BLLJ 1850 D571A rev
BLLJ 1850 DI1197A_for

BLLJ 1850 D1197A rev

5’-CCCAAGCTTGATACCACCGATTCATCGGCCGC-3’

5’-GTGCCGCTCGAGGGAGATGACGGCACCCGGCTTCTTG-3’

5'-ACCACGATGATTAAGGCCGA-3’

5’-TGCGATAACGGACTTGAC-3’

5’-CCGTCCATCTTCACCGACC-3’

5’-TGCGATGGCCTGTCCAAC-3’

The positions of the mutated sequences are underlined.

TR AG 7 fERERRE & R\ 7 ERfE

T 7T H 2 AGP (0.25%) % 40 pL © 50 mM BEEEF b U v L8R (pH6.0) T, 20

nM @ GAfase. Bl1,3Gal. BlArafE O %7z 2 A A DHHE T 37°C, 24 KfEIf v F 2 _— P L

770 G HPAEC-PAD T L 72, 3 TITo72FEED 5> b, R ICIIRENR 1

opru~t 7T LERNL, ¥, WHRBEREEZMEST 57201, 7~V AGP ET

B9 L 72 Bi. longum JCM1217 3 X UF JCM7052 D BiASRELE L 72 iA=L v b %2, 50 mM BFRE

F b YT LRRERRF T, 1.0% 7 7 €T H L AGP ¥ 7213 a-D-Galp-(1—3)-L-Ara [RET7 7 &

T AL AGP & 37°C., 16 H5[E A4 v ¥ 2~ — } L. KIGERY % HPAEC-PAD THHT L 72,
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A AR
0-D-Galp-(1—3)-L-Ara B8E 7 7 €7 H & AGP Z 7z in vitro BB HER

Bi. longum JCM1217 & JCM7052 IC 2T, 1.0%D a-D-Galp-(1—3)-L-Ara[g 57 7 €7 7
L AGP L KRB DT 5 €T 2 AGP % T in vitro DBEALURER 21T 72, TEHT X
Ziic, RUBOT 77 H L AGP TELM %R & e d 572 JCMI217 1E. a-D-Galp-
(1-3)-L-Ara [ K7 7 © 7 # & AGP T JCM7052 ¢ A% DAE %~ L7z (Fig. 3-1A),

Zz T, BEMcBE T 3 E 22 7201, a-D-Galp-(1-3)-L-Ara [RET €7 4
L AGP ICXT LT, /17~ AGP % & & MRS+cys H5 b CH5 28 L 72 JCM1217 I X UF JICM7052
BrgmwiR % KIS & 272 (Fig. 3-1B), JCM1217 BRI O KISERPICIZ, T 78T H A
AGP ICEF X & 72FF & UK L T, a-D-Galp-(1—-3)-L-Ara [l 57 7 © 7 4 4 AGP I/ & ¢
TeWEE, AV IHE S4 2BEM L, S3-GA & S5-GA ODfEYITH % S3 & S50 — 2 I/t
T2V IS R o, 72, BEELRT 7€/ — RWEHE O MBHER I N2 L5,
GAfase 3EF L 72 2 & T, JCMI1217 IZ 3 £-1F X 11T\ % a-L-arabinofuranosidase < 11 4 AG
Fi%Z ¥ VTR T 5 exo-pl,3-galactanase (B11,3Gal) MEFHI L 3 K 7o 72 & & AR
TN, 22T, IHYDIC GAfase UHEZEDO T 7 €7 24 AGP L 5 % o-L-

arabiofuranosidase D FFiE % 34 77,

79



a-D-Galp-(1—3)-L-Ara-free

Intact gum arabic AGP \
gum arabic AGP

2.0 2.0
£
§ 1.0
a
o -
o T T
0 20 40
Time (h) Time (h)
B. longum JCM1217 with AGPs
—e— B. longum JCM7052 with AGPs
B. longum JCM1217 without carbohydrate
-..-@---- B. longum JCM7052 without carbohydrate
% Control
J %K 81‘: ,\ %ﬁ +JCM1217 a-D-Galp-(1—3)-L-Ara-
A L AA free gum arabic AGP
* 0 B3
— +
g . J \ k . n JCM7052
c
o
@
o Control
2 Intact gum
o g‘" A +JCM1217 arabic AGP
A .
+
N A /\ A A JCM7052
] I T T
0 5 10 15 20

Retention time (min)

Fig. 3-1. In vitro assimilation test performed using a-D-Galp-(1—3)-L-Ara-free gum arabic
AGP. (A) Growth profiles of Bi. longum JCM1217 and JCM7052 on gum arabic AGP (left) and
a-D-Galp-(1—3)-L-Ara-free gum arabic AGP (right). Error bars indicate standard deviation (n
= 3). (B) Intact gum arabic AGP and o-D-Galp-(1—3)-L-Ara-free gum arabic AGP were
incubated with bacterial cell fractions of Bi. longum JCM1217 or JCM7052 grown in larch AGP.

Reaction products were analyzed by performing HPAEC-PAD with a PA-1 column.



al4-Araf FFE I 72 a-L-arabinofuranosidase O ¥R

Bi. longum JCMI1217 #RICIZ TS AG O R ICBA D 28R T 7 7 A £ —DFAIC GH43 D
o-L-arabinofuranosidase i&{n ¥ 2% 5 2#fE L CTilfi A T 5 (Fig. 3-2A), Z DEIL T2 7 AKX —
DHIT, Bi. longum JCMI1217 & JCM7052 (CH5@ L CH 5415 o-L-arabinofuranosidase 13
BlArafA. BlArafB, BlArafE T® Y. BlArafC & BlArafD (X JCM7052 T3 fRES LT
2 77, a-D-Galp-(1-3)-L-Ara (RET7 J €7 H L AGP b DT 7 & /7 — RWEHEE M X
JCM1217 & JCM7052 12 EB LIt BV T H IR I N DT, 2 DDFEHKICIbE L TREFI
% BlArafA. BlArafB. BlArafE % {&##&(5 T & L7z, BlArafA & BlArafB i &5\ CI3BEIC
HRENTHONT V270, KL T BlArafE © 7 0 —= v 77 b OIS FE 2 BERERRAT
1T 5 72

BlArafA. BlArafB. BlArafE 1338 L C, N Kinfilic > 77 F =75 V., C Kinfllic fE
W Z 55, GH43 22, LamininG (LamG). ~¥27 7V 7 D Ighk ¥ A A4 Y HMREF T T
2EABRKBRENOERE CTH 572 (Fig. 3-2B), LamG F A 4 v OREREIX A TH 2 23,
GH43 Dffiit v 2 4 v L HITHFHEL T3 2 & D% <. Ruminiclostridium josui KD o-L-
arabinofuranosidase (RjAbf43A) IZ ¥ > T Laminin G-3 23 ffE AT =2 — v & L THREEL T
3L HES HB(116), %72, BlArafE 13, GH43 % 77 7 I U —22 (GH43 22)%
GH43 34 D 2 DDfililE ¥ X 4 v % &L~ F F X 4 v D a-L-arabinofuranosidase T & - 7z,
BlArafE @ 2 D Offilit N X 4 v(GH43 22, GH43 34)& ., T E CICHEIVE X L7z GH43
TV 2= VL THTREMEIER L 72 (Fig.3-2C). BlArafE © GH43 34 £ 2 — LI,
Ruminiclostridium josui 12K @ exo-al,5-arabinofuranosidase (117) & fix b = W AHEME (57% DA
—) ZFb. GH43 22 € 2 — Vit Bi. adolescentis K D B-xylosidase (118) & % b 15 W AH

FYE 5S1%DFR-—H:) ZF-> Tz, 72, BlArafE ® GH43 22 €Y = — /¥, BlArafA &
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X ' BlArafB & 2 ZF 1 35%F X N 33%DMEEEZH L T 7z,

A

Type-I AG degradation GH43 gene cluster
L | r 1
BI1,3Gal BI1,6Gal BlArafE BlArafD BlArafC  BlArafB BlArafA

Jcmi217

GH43_22_34 GH43_UC_26 GH43_27 | GH43_22 | GH43_22
BLLJ_1840 BLLJ_1841 BLLJ_1850 BLLJ_1851 BLLJ_1852 BLLJ_1853 BLLJ_1854

98.4% 96.3% 96.6% 95.6%  99.8%
GH43_24 GH30 K K KHDO<EEZEE-EE-E&Exy- \cm7052

BLGA_18370 BLGA_18380 BLGA_18450 BLGA_18460 BLGA_18470

I Glycoside hydrolase [ Transporter [II) Transcriptional regulator [ > Hypothetical protein

B

sP GH43 22 LamG  GH43 34 Ig_ ™
BlArafE I\\\:.
(1664aa) N
1-26 435-743 785-957 1055-1356 1483-1537 1637-1659
SP_LamG GH4322 1g M
s | NN |
(1097aa) “ E /
1-30 82-258 508-774 825-877  1070-1092
SP_LamG lIg GH43 22 1g M
BlArafA . \\\IE /
(1065aa) &\ )
1-26 102-262 277-328 505-856 860-926 1039-1060

C 210 Ba. Cell_Abf

019

%16 Ba, The_Abf (BT3675)

B. Lon_BlArafE GH43734\‘1 GH43_34

Ba. Ova_Bgf

009 o2 |

0.27 0.48

P. sp_Bgf

054

Ba. The_Abf (BT3662)
23 B. Ado_Bxyl

0.34 !
! B. Lon_BIArafE GH43_22

o3t | %% B |on BlArafA GH43_22

042

o E B. Lon_BIArafB
L R. Jos_Abn

Fig. 3-2. Structural feature of the a-L-arabinofuranosidase candidates. (A) Gene clusters in Bi.
longum JCM1217 and JCM7052 involved in the degradation of type-II AG. The arrowheads (with
names below) indicate genes annotated in the Kyoto Encyclopedia of Genes and Genomes database.
The GHs in the Carbohydrate-Active enZymes (CAZy) database are shown inside the red
arrowheads. Light gray bars indicate orthologous regions (>95% identity). (B) Domain structure of
BlArafE, BlArafB, and BlArafA. Domain structures were predicted using SignalP5.0
(http://www.cbs.dtu.dk/services/SignalP/) and InterPro (https://www.ebi.ac.uk/interpro/) servers. (C)
Phylogenetic tree of GH43 34 and GH43 22 domains of BlArafE. The phylogenetic tree was

constructed using the neighbor-joining method and the aligned sequences. For the construction of
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the tree, the program MUSCLE was implemented in MEGA7 software. GH43 34 and GH43 22
domains of BIArafE are enclosed in the dashed-line box. The characterized enzymatic activities or
protein names are shown alongside the abbreviated names of the organisms as follows: Ba.
Cell_ADbf, Ba. cellulosilyticus o-L-arabinofuranosidase (GenBank ID: ALJ58905.1); Ba. The Abf
(BT3675), Ba. thetaiotaomicron o-L-arabinofuranosidase encoded by BT3675 (AAO78780.1); R.
Jos_ADbf, Ruminiclostridium josui exo-o1,5-arabinofuranosidase (BBA94052.1); Ba. Ova_Bgf, Ba.
ovatus B-D-galactofuranosidase (ALJ48250.1); P. sp_Bgf, Paenibacillus sp. B-D-galactofuranosidase
(ACS99115.1); Ba. The Abf (BT3662), Ba. thetaiotaomicron o-L-arabinofuranosidase encoded by
BT3662 (AAO78780.1); B. Ado_Bxyl, Bi. adolescentis B-xylosidase (BAF40308.1); B.
Lon_BIlArafA, Bi. longum JCM1217 BlArafA (BAJ67518.1); B. Lon_BlArafB, Bi. longum
JCM1217 BlArafB (BAJ67517); R. Jos_Abn, R. josui arabinanase (BBA94052.1).
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FH 2 235 BlArafE 3. N KD > 7 F A =7F 8 (aal-26) & C K o 5B a8 fE
(aal637-1659) %< fHI 2 FEL X &, 25°CTH[IAME X v o278 LCEFEE L /=D T,
C KU D His X 7% AW THEHLL 72, SDS-PAGE TH 2 D185 175 kDa DNV K B3

I, FHHE Eosr1E & —E L 7 (Fig. 3-3).

(kDba) 1 2
200 —

116 —

66 —

45 —

Fig. 3-3. SDS-PAGE analysis of recombinant BlArafE. Purified BlArafE WT was electrophoresed
on a 5-20% gradient polyacrylamide gel and stained with Coomassie Brilliant Blue R-250. Lane 1,
molecular size marker; lane 2, purified BlArafE_ WT. Arrow indicates target protein at expected

molecular size.
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BlArafE O FE R B % BlArafB 5 X OF BlArafA & Wi T 2720 0c, 2 b Ol 2 BER
%7 7T HL AGP, H 7Y AGP 5 L U a-D-Galp-(1—3)-L-Ara [RET 7 © 7 4 L AGP
G E . WEEEREZ TLC THbT L7z (Fig. 3-4A), % OFEH. BlArafE & BlArafA 13 35%
L3 _XCOLHEED» D L-7 7€/ — A%l L 7228, BlArafB (ZFHEL 7\ & & 2399 A
57z, FFIC, BlArafE (37 7 €7 &L AGP & 0-D-Galp-(1-3)-L-Ara 2 &2\ T 7T H
LAGP DO L7 3 oDBRDTTHROE S DL-T 78/ — Rzl L7z, Zhb D
FORERFREL L FECEHEiT 2 7201, 77T H L AGP DHISAE KT 51 < D
DAY IhEE W CEERRIGZ T\ BEEERE 2 HPAEC-PAD T/r#T L 7z (Fig. 3-4B), fii
AL 724 Y I ofGEE 7 413 Fig. 2-1 TR L Tw3, ZOFEE, S5 Tld BlArafE ® &
23 al,4-Araf DK REYE%Z 7R L, BlArafB % BlArafA CTiIiEHEZ RS R & 3b2 o
72o X HIC, BlArafE IX S5-A % S4 & Ara lC/rfiE L 72 Z & 2> 5, BlArafE I3 al,4-Araf & al,3-
Araf DWTIHET 2 Z e 3bdo7z, BRZEWZ L1IT, S5-GA D X 91T S5-A D al,3-
Araf#ir % 01,3-Gal TF v v 7 L7256, BlArafE I al 4-Araf IC/EFH L %2225 72, 2L,
GAfase IC X % a-D-Galp-(1—3)-L-Ara DFRES, D o-D-galactosidase IC X % o-D-Galp ¥ *
v THEHEDFRZE D, BlArafE OVAKFEE ZH T 52 & 2R L TWwb, —J7. BlArafA [
S4-A D al,3-Araf ICXT L Tl %Z R L7225, S5-A @ X 9 ICfllfHD B-D-Gal #° O3 iz & 04 {i
T o-L-Araf CTEBEHi T 35513 al,3-Araf IC/EFIC& > o 72, F72. BlArafB I3
al,3-Arafs. ol 4-Arafs i U CHIKR R ED 7\ & & 2393 o 72, [AIERIC, S3-GA. S3-A.
S3 @ X 9 Il @ B-D-Gal @ 06 723 a-L-Rhap-(1—4)-B-D-GlepA IZfEHfi X LTV Zpv A
Y RIS 2 B R R o T % 1T - 72 (Fig. 3-4C). % D#ESR. a-L-Rhap-(1—4)-B-D-
GlepA 2MERi L T ia WA TH ., BlArafE D A28 S3-A B X US3 icxf L TiEtEZ /R L. 06

B DES X BlArafE OIEMEICEE* 5 2 2 & PR E Tz,
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Fig. 3-4. Substrate specificities of BlArafE, BlArafB, and BlArafA. (A) TLC analysis of a-L-
arabinofuranoidases reaction with AGPs. Gum arabic AGP, a-D-Galp-(1—3)-L-Ara-free gum arabic
AGP, and larch AGP were incubated with either BIArafE, BlArafB, or BlArafA at 37 °C for 16 h. (B)
HPAEC-PAD analysis of o-L-arabinofuranoidases reaction with gum arabic AGP-related
oligosaccharides. S5-GA, S5-A, S5, and S4-A were incubated with either BlArafE, BlArafB or
BlArafA at 37 °C for 16h. (C) HPAEC-PAD analysis of a-L-arabinofuranoidases reaction with gum
arabic AGP-related oligosaccharides. S3-GA, S3-A, S3 were incubated with either BlArafE, BlArafB
or BlArafA at 37 °C for 16h.
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BlArafE @ 2 -0 Dt ' X 4 v OEERERRHT

BlArafE Q&M N A 4 vk, T E CICHEEIRE S - GHA3 DR L FIkRIC, filll
FOS\CEE 7 [t |, [ ARG [—REAE D pKa £V 2L — X —] D%
H &S 3 0DMEEMMET I BEEEREF L T\»/z(119), & Z T, BlArafE @ 2 D Dfih
BREXL v OZNZNOMRER 272010, GH43 22 F A A v & GH43 34 F A4 v D%
nNEho [—EEEMED pKa €Y 2L — % — | OHEERIETH 5 Asp-571 & Asp-1197 %
Ala ICERAARF B2 FE A U CRERIEME 2 HIE L 72

BlArafE DZL 5k % BlArafE QB4R & Ak D FIECFEHL, FER L 7z, SDS-PAGE TH%

D57 E 175kDa DN v F MR S L, R EosTE L —E L 2 (Fig. 3-5).

(kDa) 4 2 3

200_‘ o Pra——
116 —..o

66 —

45 —

Fig. 3-5. SDS-PAGE analysis of recombinant BlArafE mutants. Purified BlArafE mutants were
electrophoresed on a 5-20% gradient polyacrylamide gel and stained with Coomassie Brilliant Blue
R-250. Lane 1, molecular size marker; lane 2, purified BlArafE D571A; lane 3, purified

BlArafE _D1194A. Arrow indicates target protein at expected molecular size.
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T 7T AL AGP DHIBHICHFET % al,3-Araf 5 X X al 4-Araf ICNT 2% F A 4 v Dk
BRI T 5 7200, fIBHZRER T 54 Y a8 (S5-GA. S5-A. S5. S4-A) % HH
¢ LTH\/z, BlArafE DI1197A Z%E{k (GH43 22 iEMA) 13, S5-A @ al3-Araf & al4-
Araf O " EHEHFGER, S4-A 72 ED ol 3-Araf DHE GG ICH L CBEREEE R L, S5
D al,4-Araf ICIZFEWEE R E o 72 (Fig. 3-6A).  Hflll 7o SOSEEFRIRNT %2 1T > T iz
Wh DD, S4-A ITHT B EEHRIGTED S5-A DIEBICHREINBEEN T THRERITHAL &
NCwiapro7zZ &b, GH43 22 ORI, HE L L THEHRI N S4-A X b
BEHAI NI S5-A BHET B L ELZLNT, 2D LH 5, BlArafE ® GH43 22 13 al,3-Araf
FrEBTH Y, ITEIC al 4-Araf DIESBTEEL T THIEHTE 2L 05 2 e 03rh o7z,
—J5. D571A ZZ54K (GH43 34 iEMERY) 13, S5 D al 4-Araf IC/EF L T S4 I fift & L 25,
S4-A @ ol 3-Araf ICIZEFE . S5-A D al,3-Araf % al 4-Araf ICHEFA L e o7z, 2D
&5, GH43 3413 al 4-Araf FF BRI T, al,3-Araf DI ANEHFICHFEL Twb LEFATE
BN e ot £/, S5-GA X, WT D BlArafE T b ZFA T H MK RS Nn D>
oo UMb ldo, 77T H L AGP DMIEHZHK T 24 ) IO —DOTH 2 S5-A %
S4 T THET 57-®ICiE, 3 GH43 22 2* al,3-Araf ICfERA L. X\ C GH43 34 2* ol 4-
Araf ICER$ 2 2 L TIlET % Z & 235> 72 (Fig. 3-6B), Z 7z, BlArafE 2% S5-GA 75 S4
SRS 57291213, 3 GAfase DIEA 2>, a-D-galactosidase IZ £ 9 o-D-Galp-(1—3)-L-Ara
X a-D-Gal ZfRET 5 L BRMETH 5,

GH43 22 & GH43 34 %R ZHWC, 77 €7 4L AGP, a-D-Galp-(1—3)-L-Ara
BRET Z €T HL AGP, /17~ AGP L RKIEE 27 (Fig 3-6C), &% F A A v DI EFR
HEDBENICH DT, RRISTE O N72FE R AGP D& ICE VLT WL 22D ERE 5 2

720 GH43 22 DiEMWRIZ, 77T HLAGP b, L-T 7€ 7 — 2% EHEL 72 (Fig.3-6C).
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I, 77T L AGP OIFHICIE a-D-Gal TH ¥ v ¥V 7 I T 7R al,3-Araf PRI
D—ERFEL TS ERL TS, I HIT, GH43 34 OIEHERIE, T2 T 4L
AGP 2513 L-7 7 &/ —A%&I3 & A LS. o-D-Galp-(1-3)-L-Ara FRET 7 © 7 7 4
AGP b X L-T 78/ =A% X W& QlEHEL 7z, 2o ik, 77T H L AGP 23, B-
D-Gal ® O4 fZIC D A o-L-Ara D HLEIR X 1172 S5 D X ) Az 13 & A LFf- 3, S5-GA IX
IO EFHEARWEER T D2 TH DL e HRL TS, ZORBITHEERE D3 524).
X 51T, GH43 34 ORI A T~y AGP 25 L-T 78/ —A%ilEfid 2 2 L3 T& X
Drodz, TAE, GH43 34 2% al,3-Araf FRILICH L CiEMEZ 723, 77~ AGP 38
ELD ald-Araf DEELRWI EEZRLTWS, TI7ETH L AGP %7213 a-D-Galp-

(1-3)-L-Ara (BT 7 © 7 # 4 AGP I 2 EERERICOWT Fig. 3-7 1% L 077,

90



PAD response

PAD response

BlArafE_WT
N A
BlArafE_D571A
(GH43_34)
BlArafE_D1197A
T T T T
5 10 15 20
Retention time (min)
S5
B
con
S4 -
Q
*
BIArafE_WT
S4 1

BIArafE_D571A
(GH43_34)

BlArafE_D1197A
Ha3_:

10
Retention time (min)

PAD response

S5-A
\ o 05
5o
A con
s44°
>*
A BlArafE_WT
H BIArafE_D571A
(GH43_34)
S5 %uﬂn
* BlArafE_D1197A
” A (GH43_22)
T T T T
0 5 10 15 20
Retention time (min)
S4-A
a3 T 66
5
JL Y R
$4 Q.
Q
*
L M BIArafE_WT
¢ | SERRVE (SO | UR°T 15 P
c
]
o
n
e
[=]
<
o
BlArafE_D571A
M JL (GH43_34)
J e SN (ST NP | ST
6
S4 X
* fk JL BIArafE_D1197A
(GH43_22)
LJ = ,,,)L,,,,J_MA e
T T T T
0 5 10 15 20

Retention time (min)

91



s, GAfase :,
e — > Q
a3 56 6
(a4 @
GH43 22 GH43_34
) (BIArafE) ) (BIArafE) )
3, a4, - > o
6 86 B6
o4 a4 a4
S4-A
3 6
B6
a4
‘ * Ara
e 6 & A & & a a & & a o @00
BlArafE_WT - + - - - + — — —_ + _ —  2mM
BlArafE_GH43_34 — - + - - — + — - — + — Ara
BlArafE_GH43_22 — - - + = — — +' — — — + .
Gum arabic AGP a-D-Galp-(1—3)-L-Ara-free Larch AGP

gum arabic AGP

Fig. 3-6. Substrate specificities of GH43 22 and GH 43_34 domains of BlArafE. (A) HPAEC-
PAD analysis of the reaction products with gum arabic AGP-related oligosaccharides. S5-GA, S5-A,
S5, and S4-A were incubated with either wild-type of BlArafE (WT), D571 A mutant (GH 43_34 active
form) or D1197A mutant (GH 43_22 active form) of BlArafE at 37 °C for 16h. (B) Schematic model
of the mode of action of GH43 22 and GH 43 34 domains of BlArafE. (C) TLC analysis of the
reaction products with AGPs. Gum arabic AGP, a-D-Galp-(1—3)-L-Ara-free gum arabic AGP, and
larch AGP were incubated with either wild-type of BlArafE, GH 43 34 active form, or GH 43 22
active form of BlArafE at 37 °C for 16h.
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Gum arabic AGP a-D-Galp-(1—3)-L-Ara-free gum arabic AGP

- BlArafE_GH43_22

BlArafE_GH43_22

BlArafA BlArafE_GH43_34  BIArafA

BlArafE_GH43_34 BlArafE_GH43_34

Fig. 3-7. The schematic model of action of BIArafE and BlArafA on gum arabic AGP and a-D-
Galp-(1—3)-L-Ara-free gum arabic AGP.
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BlArafE OB &IC X 3 E{tLHE0 B O REt

GH43 a-L-arabinofuranosidase DE{xF#f (BLLJ 1850—BLLJ 1854) &, Bi. longum D
KB WTHRA R 72— v 25% 5 (31). BldrafE MFREMLRT (F—M1=50%. HNL v
250%) (3. NCBI 7 — & X — ZICEHR X LT\ 3 Bi longum MCC ¥k (67/123 ¥K) @ 54.5%
KREES N TE D, GAfase DIREEIA (4.88%. 6/123 ¥R) X 0 b Eid > 2B _EICFEH).
% Z°C. Bi. longum D BlArafE fR¥fHE & FERFRZ F VT o-D-Galp-(1—-3)-L-Ara BRE T
T L AGP HMfE—DRFF L T 25 T in vitro BLMERERZ1T - 72 (Fig. 3-8),
BlArafE fREFETH 5 Bi. longum JCM7052, MCC00300, JCM1217, MCC00055 % RA4Fic4:
B L7722, FERFRTH 2 MCC00198 & MCC00231 I34E L 72> o 7= (Fig. 3-8A). — /7.
RUHEDT 7 T 7L AGP 1Z. GAfase (REFFRTH 5 JCM7052 & MCC00300 TD HE(L X
M. BIArafE (-5 TH > Td GAfase ERIFTH 2 L RIFICER L h o 72 (EEIZFH),
B % D a-D-Galp-(1-3)-L-Ara[fET7 7 €7 H L AGPHIC, L7 L-7 7 ¥/ — 2 25%5%
FLTCWE0%dl~2%7-®, BlArafE ZHEREMO T 2 7 — WY <5 2 % HElisy &
AvFax—1 L7, ZOME. BlArafE FFRFHROBEERE 2 S 13, =27 — AU
%HEH 5 BlArafE #2722 &2 X D, L-7 7/ — A% ilE#E L 7255, BlArafE fRFifk o =
&) — VB RED O 12l E e Ao 72 (Fig. 3-8B), T D Z & 205, BlArafE fRFFRIZ,
0-D-Galp-(1-3)-L-ArafRE T 7€ 7T H L AGP 26 L-T 7 &/ — R &L, EEICHAL
TW3 I ERRB I NI, D Bi longum ¥RIZ L-T7 7 v/ — R % RFF L L CFIH

TE L EDHILILTWS(120,121),
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BlArafE BlArafD BlArafC BlArafB  BlArafA
1.2+ GH43_22_34 GHA3_UC_26 GHA3_27 GHA3_22 GH43_22
—e— Mcco0300 @EEEINGELI TN EETN €T
1.0
—e— JCM7052
g 087 —— soM12t7  CETENEEE ETEETE €T
S 06- —e— McCo0055 GEZNETE EEEE @&
©
g MCC00231
© 041 —e— MCCO00198
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0¢ T T T T 1
0 10 20 30 40 50
Time (hr)
Ara

e o & & 0 & 0 & o 0 o o o o
Ara - + - + - + - + - 4+ - 4+ - + Ara

JCM MCC JCM MCC MCC MCC Initial
7052 00300 1217 00055 00198 00231 medium

Fig. 3-8. In vitro assimilation test performed using a-D-Galp-(1—3)-L-Ara-free gum arabic AGP.
(A) Growth profile of Bi. longum strains cultured in a medium containing a-D-Galp-(1—3)-L-Ara-free
gum arabic AGP (n = 2, cell culture biological replicates). The gene clusters of GH43 a-L-
arabinofuranosidases in Bi. longum strains are shown in the figure. (B) Residual L-arabinose in o-D-
Galp-(1—3)-L-Ara-free gum arabic AGP after 48 h of culturing Bi. longum. TLC analysis of the
reaction products by BlArafE with the ethanol precipitates of the initial medium or cultured media of
JCM7052, MCC00300, JCM1217, MCCO00055, MCC00198, and MCC00231 at 37°C for 16 h.

Reaction products (+) and control samples without BIArafE (—) were analyzed by TLC.
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BAEECERT 327 7 €7 4 L AGP DR ICE D 3 BER oW FER

7 7 €T H L AGP % GAfase, Bll1,3Gal, a-L-arabinofuranosidases (BlArafE & BlArafA)
DEREZMAGDRETA v Fa—1t L, ZOWmHREMAZH#H~7 (Fig. 3-9A), GAfase &
BlArafE % flA &b CEF & ¢ % &, BlArafE BiOR; X Y & 7 7 © 7 H L AGP 2> & Ef
END LTI/ —RA0ED 1.64 5% % 2 L2550, GAfase IT X - T fRfEE A
Pk a3 2 & CBIArafE 7 al4-Araf fEEICTEHTE 3 kS ichoTwd e E 2 b,
X 51T, GAfase. BI1,3Gal, BlArafE ZflAEbETCHWSEZ LT, L- 77/ —X, B-D-
Gal-(1—6)-D-Gal, S4 O v — 7 g I iz, ZoflAaGbEix, BlArafE b b I
BlArafA % F\>7z GAfase. Bl1,3Gal & BlArafA OfflAG bR CIERH I 2L XD b iIF
MEENDL-T 7 —RABLUS4DERIT, ZNEZN105FE LT 136fEm» o7, 7.
GAfase. BI1,3Gal, BlArafE Z A& b TR LN RISEIY O v — 271k, HEERL LT
Bi. longum JCM7052 W{ABESR % TS b Nz IGERY & —3L 7= (Fig. 3-9B), Zh b
DIERP S, T 7 €T H L AGP 1ZFEIT Bi. longum JICM7052 \[ZIFET 2 3 FEEE D HIKELE 5
T CH 5 GAfase. Bl1,3Gal, BlArafE D)X IC X W pfiF 2 Z e AL 2 & 72 o 72,
& LT, Bi. longum JICM7052 DEEERTRITIE S4 HFRATF L CTun7z 28, 48 REIAR I 13 HLpE & —
IS e o7 (Fig. 3-90), Z0H DRERIE. Bi longum 23HNE L “HEEFIFH L. S4

BRALTWARWZ E 2R LTW3,
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Gum arabic AGP

+GAfase

.

+BIlArafE

+BlArafA

+BI1,3Gal

PAD response

+GAfase
+BIlArafE

+GAfase
+BlArafA

) +GAfase
) +BI1,3Gal
. +BlArafE

SO k2
S|

1
0 5 10 15
Retention time (min)

+GAfase
+BI1,3Gal
+BlArafA

PAD response

Gum arabic AGP

' N
+B. longum JCM1217
| %
J,,,,L,, S R
hg
+B. longum JCM7052

PAD response

Retention time (min)

From culture medium

— Oh
o
s

T T T 1
0 5 10 15 20

Retention time (min)

Fig. 3-9. Cooperative degradation of gum arabic AGP by the cell surface-anchoring enzymes

in Bi. longum. (A) HPAEC-PAD analysis of the combination reactions of type-1I AG degradative

enzymes (GAfase, Bl1,3Gal, BlArafA, and BlArafE) with gum arabic AGP. Gum arabic AGP was

incubated at 37°C for 24 h. Data from one representative experiment from three independent

experiments is shown. (B) HPAEC-PAD analysis of the reaction products by the bacterial cell

fraction of Bi. longum JCM1217 or JCM7052 cells with gum arabic AGP. (C) HPAEC-PAD analysis

of the initial medium (0 h) and cultured medium (48 h of Bi. longum JCM7052 culture) with 1% gum

arabic AGP as the sole carbon source.
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Bi. longum ®T 7 €7 7 I AGP [RAI#Y) S4 DREIERE

S4 G IRET 572010, 7T 7 €T 5L AGP % Bi. longum JCM7052 R & 4 v F 2~
— L, KISEEY ORI X Y H—D v — 2 D S4 #1537 (Fig. 3-10A), S4 % MALDI-
TOF-MS THHT L72& 25, m/z687.138 ICEMEDO Y — 7 23% Y, Z T a-L-Rhap-
(1—4)-B-D-GlepA-(1—6)-B-D-Galp-(1—6)-D-Gal D F + U v LN & —E L 7= (caled for
C24H100,1Na; [M+Na]" 687.196) (Fig. 3-10B), S4 D=5 fi#fe ESI-TOF MS 13, HEHHAK & —3K
3 2 PubERE % 78 L 72 (ESI-TOF HRMS: caled for CasH0021Na; [M+Na]™ 687.1960, found
687.1958), X 512, 'H, "C. heteronuclear multiple bond correlation (HMQC)7x & D %1 A3
IS (NMR) fEHT 24T\, S4 D& Z B & 221 L7z (Fig. 3-10C 35 & Uf Table 3-2), S4
DHBLUYBCOF Y 7 B OHAERICX % L. o-L-Rhap-(1—4)-p-D-GlepA-(1—6)-
B-D-Galp-(1—-6)-D-Gal i TH V. BERQA) THRE S N72d D & —F L 7z (Table 3-2),
HMQC A_7 b LTlE, 7/ v —FOEL Y 234 & —HL T/, IHIT, S4D
H-H COSY. HMQC. HMBC, non-decoupled HMQC 7z &' ® NMR Hiffi # fHa o2 2 &
T, Table3-2D X H I =27 23E Y BT HN, S4 DL REEDZUER I LICHEE - 7=

(Fig. 3-10D),
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Fig. 3-10. Structural analysis of S4. (A) HPAEC-PAD analysis of the purified S4. (B) Mass
spectrometry of S4 and the estimated structure are shown in the figure. (C) Expanded HMQC

spectra around anomeric region measured on 400 MHz in DO at room temperature at 21°C.

“Difference between anomers of Gal! (o::p = approximately 1:3) slightly affected to the

conformation of Gal” that was seen in Gal?jy. *Assignment of the tetrasaccharide was compared to
the HMQC data referenced at the of Gal'}, indicated in blue bars translated from the data reported
by Cartmell et al. (24). (D) 2D-NMR spectra were measured on 400 MHz; H-H COSY at 22°C (a),
HMQC at 21°C (b), HMBC at 21°C (c), and non-decoupled HMQC at 21°C (d).
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Table 3-2. Assignment of signal in '"H and *C NMR spectra of S4 in DO at 400 MHz at

RT. (‘"H: 400 MHz, 3C: 100 MHz)

(3JTH) H2 H3 H4 HS5 H6
1 4.54 3.85
B-D-Galp (d 8.4 Ho) 3.44 3.62 3.92 3.85 102
' 5.22 3.77
a-D-Galp (@40 Hy) 3.75 3.85 3.98 4.23 27
s 4.39 3.85
B-D-Galp (d 8.4 Ho) 3.48 3.62 3.92 3.85 102
, 4.48
B-D-GlcpA (@80 Ho) 3.30 3.53 3.54 3.70
o-L-Rhap* 4('56)8 3.88 3.71 3.37 3.97 1.19
(IJCc}H) C2 C3 C4 Cs C6
B-D-Galp' 96.4 71.8 72.6 68.8 73.75 69.3
P (164.6 Hz) : : : : :
a-D-Galp' 92.4 68.6 68.3 69.3 68.9 69.6
P (172.3 Hz) : : : : :
D-Galp? 103.1 70.7 72.5 68.9 73.83 69.3
p-b-Galp (169.7 Hz) ‘ ‘ ‘ ' ‘
D-GlcpA3 102.6 73.2 742 79.0 76.1 175.3
B--Glep (171.0 Hz) : : : : :
100.7
4
o-L-Rhap (173.5 Ha) 70.3 70.0 71.9 68.6 16.5
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S4 % v 7= BB

Bacteroides JEME OHIC X, S4MED IR Z 2 — P LTV WML H 5 & 3G
INTWB24), 22T S4 ZME—DRFBIRE T 2HHT, W< 20D Bacteroides FED in
vitro BALVERER 2 1T > 72, Bacteroides thetaiotaomicron (Ba. thetaiotaomicron) JCM5827", Ba.
caccae  JCM9498', Ba. cellulosilyticus JCM15632", Ba. ovatus JCMS5824". Ba. vulgatus
JCM5826™, Ba. uniformis JCM5828T @ 6 iz H\»CilkBk L 72 & & A, Ba. vulgatus T 600 nm
DS EDHEMAEE X7z (Fig. 3-11A), X HIT, KIFT 5 S4 Dok fro7z & T 5,
Ba. vulgatus \Z3H\T 24 R ICIZ S CichIH s, BHih 2 5k L 72 2 L A ER T L
720 7o, D Bacteroides KTl S4 DI R HNnd > 7= (Fig.3-11B), TDT &b,
Bi. longum 73EREL CHE I CTE At ) IhESH %, HAEMETH 2 Ba. vulgatus 73
FIAT 2AREH DO B 5 & & R X L7z, Ba. cellulosilyticus 13 RUED T 7 © 7 77 2 AGP
TH AT % 2. Ba. vulgatus |3¥E5HE 3. endo-pl,3-galactanase % {EF L 721K 1L 7 7 &
T AL AGP TRIFARABZRT I LBHREINTE24), TDIZ L5 b Ba vulgatus I3

LREL YD A Y THEMHOTEL T 5 e EZ b,
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Fig. 3-11. In vitro assimilation test of S4 using Bacteroides species. (A) Growth of Bacteroides
species on MM media containing S4 as a sole carbon source (right) and on no-carbon MM media (left).
The absorbance of growth media of Bacteroides thetaiotaomicron (Ba. the), Bacteroides caccae (Ba.
cac), Bacteroides cellulosilyticus (Ba. cell), Bacteroides ovatus (Ba. ova), Bacteroides vulgatus (Ba.
vul), and Bacteroides uniformis (Ba. uni) were monitored at 0, 6, 12, 24, 48 h (n = 3, cell culture
biological replicates). Error bars indicate SD (n = 3) (B) TLC analysis of the residual S4 after
Bacteroides species culture at 24 h (24) and 48 h (48) and initial medium without any strains (0). The
arrow indicates the position of S4. Data are representative of three independent experiments; one

representative experiment is shown.
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AR HE

AKREETIX, Bi longum ICM1217 BMEF;§ 2 <A F F X 4 v #5 BlArafE (BLLJ_1850) I3,
T 7T H L AGP ISEICTEAE T B al,3/1,4-Araf % fI/K 53 fi#$ % a-L-arabinofuranosidase “C &
ZZEEHOLPICLTZ, EbiC, B2V 7 BHNICHFEET S 2 2OMIEN 24 v D9 b,
GH43 22 F A 4 v, B-D-Gal D al,3-F X ¥ al, 4-Araf © EHAEE. ol 3-Araf O HE
ED al,3-Araf Z MK E L. GH43 34 F A A4 vid, al,3-5 X O al 4-Araf ~EHAEEIC 1T
ERHLAEWD DD, —~EEWEIED ol 4-Araf Z NIRRT 2 2 L 300 o7z, £z, HiRM
R CTRENRTT 7T L AGP 2> 5L U BilElfio v — 27 a2 —v b Zo0
FRRE HE RS (GAfase. BI11,3Gal, BlArafE) A &b 8 T U 7ilEEEED v — 7 3
=P L T\W7=Z &ED b, Bi longum DT 7 €T H 2 AGP 43fi#iz, Fic kido 3o
D EERE R EERE SR OERET CHEA TV S Z LB L2 ICh o7, £ 3. GAfase
T 7 €T 7L AGP DRISHEKR 2> 5 a-D-Galp-(1—3)-L-Ara & B-L-Arap-(1—3)-L-Ara 25625
T2 (B BEICHEANE) & & HiC, BlArafE ® GH43 22 F A A v T 7 €T 2 AGP fil
P D 0-D-Gal THF ¥ v 7E N T\ al 3-Araf & ICER L, L-7 7 & 7 — X %+
5, TDXIICL THIHD B-Gal D O3 (L DEHREFRE T N7 2 & T, KiC, BlArafE @
GH43 34 F A4 v ol 4-Araf KEFICTE 2 X 51k 2, 2Dtk, FHox ¥ VMo E%E
25 BI1,3Gal 2EF L. &AM B-D-Galp-(1—6)-D-Gal % L-7 7 £/ — Z DAt a-L-Rhap-
(1—-4)-B-D-GlepA-(1—6)-p-D-Galp-(1—6)-D-Gal (S4) DAV THERAEL 5 & B3 h o7z, %
D5 B, S4 1% Bi longum IR INFTIC, FHpIcEEI N 2L dnd o7, T bIC,
KAV W Ba. vulgatus I X > TRl &S5 C L RIS, BHTlIftho L AEMR Ic X

> THIH STV 3 HREED RB X iz, XX % Fig. 3-12 10K L 72,
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Gum arabic AGP

GAfase
BlArafE_GH43_22

BlArafE_GH43_34

BI1,3Gal ..

Bi. longum JCM7052

Other bacteria
Bi. longum JCM1217

Fig. 3-12. Schematic model of the cooperative degradation of gum arabic AGP by cell-surface

enzymes in bifidobacteria and utilization by other commensal bacteria.

GAfase 137 7 €7 H & AGP DEALEICEHEEAREFHETH 503, NCBI DT — X R—RIT X
% L. Bi longum ¥RD 6.84%IC L RIFE N T WD - 72(F ZHEICEHANE), hid, 7
TETHLAGP DEGICL oTE 7 4 AAWMBEMT 5L 5% DRERH 51T LTI
BWREEETH o7, —J T Bi longum D 54.5%DKEA BlArafE # f#77-L TE Y| Ji <
REIN TV BEETTH 572, a-D-galactosidase 2EH T IUE, % < D Bi. longum H3FiD
BlArafE 25ERIC&, W@EHiL 279/ — 22 BT R LB TE B b, HNEE
X ARFE D 53 0-D-galactosidase 23 777E S 2 AIREMEDS B 5 L E 2 b7z,

¥z, RETIE~ALTF F A4 VESHE BlArafE O ZNZ WO N X 4 v OBEREMAT % 1T
9 Z LT, ald-Araf ICTEHT 2EZHO CRIB L7, GH43 BEEoFIcit, Bikd 47
77 IV —ICJ@T B GH43 F A4 v &[FEl—& v 2 BPICEBEF OB FEST %, CAZy

T =2 R=2 %Wz URTOWFE(121)Tld. N Kz SHIC GH43 22, GH43 34 % H§D
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GH43 2 v X 7B A Q2 R S, ~ AV F F A4 v ThD GHA3 XV X7 HDOFTied —
IR GDENNZ -y THoTe, FRC, 228fHDO~ L F F A4 VEERD S H 143 f#llE C
KURIC GH43 34 F A4 v &> TH D, CHRIfD GH43 34 IIHAEMN IC BB 2 5E %2 H -
W3 EEZLNZA21), L2 L, 2 E T GH43 34 THHEIE S Nz#E 1T, CAZy 7 —
A=K B EFLDOMUD L2 X TR\, Ba. ovatus ATCC 8483 H3k D B-D-
galactofuranosidase (Bovatus_03644) (122)&  Paenibacillus sp. JDR-2 H Kk © B-D-
galactofuranosidase (Pjdr2 _0435) (123). Ba. thetaiotaomicron VPI-5482 H K © o-L-
arabinofuranosidases (BT 3675, BT 3662)Td® %, BT3675 ¥, 7 7 €7 /72 AGP Dl p-
D-Gal @ O3 {iL%% o-L-Araf IC HiE#s X 72 & IC/EH L (24). BT 3662 137 F VKD 7 4
JHZ7YaF YRG) RG-INDEFHDH 7 7V a VEED 03 fhY o-L-Araf ICEIR S iz
WS ICEH 9 5(113), $72. GH 43 22 THEIRIE S =¥ X, Bi adolescentis ATCC
15703 1 ¥ @ Pp-xylosidase (BAD 1527) (118). Bi. longum JCMI217 H ¥ © a-L-
arabinofuranosidase (BlArafB. BlArafA. BlArafE). Ruminiclostridium josui JCM17888 i 2k
arabinanase 43A (RjAbn43A) (117)D 5 2 L s T LT 72\, BlArafB 37 7€+ v D
al,5-Araf FEE ICVER L (31). BlArafA (3117 AG @D al,3-Araf f5 A IEA T 52 (30), 72, &
it, BlArafE ® GH43 22 1, al3-Araf HEHLT 7 v/ ¥+ 7 vicxf L CofgistEz n3
& D353 o 72 (M. Komeno et al.. KFERT — %),

ARE T, BlArafE DJFl—% v X7 D GH43 22 & GH43 34 258N R KIS TT 7 €7
H L AGP O FEMIBREECTH B o-L-Araf © “EHERE DT E 2 LRSI R o 7,
BlArafE & [RIBRIC, [Al—X Vo8 7 HHPICEE DM N A A v 2 FiOBERS 2 g TICHEE
REREINT B, (REWR, Caldicellulosiruptor bescii R D CelA (124)%° Flavobacterium
Jjohnsoniae FIED ChiA (125) 3= F VAl = v FRIORERME Y X 4 v &2 F—X% v 28
HFUchi b, o FNHENR CHO O RNRHEET 2 0L T2, ThboERIE, [

FROP—E N AL v ZAMAML 7256 K0 b FA—2 v 2 Bpc F A4 v 2R L
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YNGR EWIEEEZ RS, —J. AAMEEICEIL CTiE. R josui JCM17888 HizkD <
L F K A A VI AbfA3A-AbfA3B-Abf43C (GH43 22 26 34) 7%, GH43 22 (Abf43A) &
GH43 26 (Abf43B) % ffH, Y a—E =T 7 F v EIGHRANICORT 2 2 e R EINT
VBT, A~ v HITERD KA A4 viaiifEd 3 2 L ic Xk afiiiEom FiZR S
N> o 72, BlArafE O, GH43 34 (X GH43 22 DIEFA e\ & 7 7 © T 4 2 AGP ITh}
LCEREZRIZVWI LD, TNL 220D FAL VRFEl—2 v 2 EicifFds LT
RELOEBELPEE V., RN E L -0T EZLNE, LA LAaAEL, AliEkE
HEICR LT, F—% v 7 HITERD F A4 v a2 FEX 25 2 L ToOflitaED A E %5
flid37z0iclt, TEROMEEMAzLEL, UM I8N 24 v oZREk%E
FERMA 728 & & CRRERAZ IR T 22 80X bR 2MABMETH 5,

HEE & REIC X > TS 221872 o 72 Bi longum DT 7 ¥ 7 77 1 AGP HEFEFEREIC X % & |
Bi. longum (37 7 €7 # L AGP % SE&IC 303, [ISHO SR % X b R sy
feL., BERZ{SCWb EZ NS, Tild. Bacteroides BMEIC B W THRE I NZT 7
©T7 L AGP D fRERE L 138 2 B DO TH o 72, Bacteroides Tld, BHIRRERAER D
endo-B1,3-galactanase 237 7 €7 L AGP DELICE W THL R 2R TH Y, M TED
F ) aHECLWEEMAT 2588 L CTB 0, RV 77X LI OIEENE % o fiF 3 2
IR DS S BAFHE L T\ 5 (24), & D X 9 IC Bi. longum & Bacteroides JEME A2 WE LT 7
BT AL AGP 2 BT 2720 IC R 2 g VT, MFIXT 7 €7 4L AGP DEHUC
LKoTe FIBNTEBL T AREED H 5, ERRIC, pHEIHID N v FHEERC T 7 ©
T AGP Dt F ~DFGHERTIZ, 77T H L AGP DU X Y | Bifidobacterium &
HIHE 721 T 72 . Bacteroides JEMIE (47, 126)%° Bacteroidetes DM E (50025 & + PN TN
TEHIEMHRINTVWE, TNLDREMPIEIET 2 Dk, ERd oA o EHERHE 72 1) < x < .
RBELEEMCTOI/BRT A =T A VIR 0T B ERRBEINTZ, REICEWT,

Bi. longum DRF3EY) OVUREIX Ba. vulgatus IC X > TRWIRFRFR CTH o7z, 41 XV v, L
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Ny, TIaxXrF v, TITETH L AGP 7 EL PR W72 E ORF9EQ0, 21, 24)5 b,
Ba. vulgatus |31 D Bacteroides JEAME & B7x ) . SHHEHEZFAICHIAT 2 X0 b, fhof
WL WD O AR T 24 ) TWEEFHAT 2588 T 2 eE2bN5, S5k, bl
WHIEFE 0B D ) AV EHL 2L TW L Z® Ik, GAfase, BlArafE, BI1,3Gal,
endo-B1,3-galactanase 7x & D EEEHEFIE P CoOIIEHEL pH HlfHll Ny FREBELZH 35

BOMEVPLETHDLLEZOND,
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HBPUEE  Bi. adolescentis F12K @ GH36 B-L-arabinopyranosidase D BEREEHT

B-L-arabinopyranosidase (EC 3.2.1.88) (¥, #E DOIEZRITTAKNG A & B-L-Arap I % MK 5>
fREd 2 RS E ML . CAZy 7 — & _X—RcH-D < &, glycoside hydrolase (GH) family 27
(GH27) & GH97 IC&ENTWw 5, GH27 D¥3fy. B-L-arabinopyranosidase (. Streptomyces
avermitilis  (89). Fusarium oxysporum (127) . Chitinophaga pinensis (128). Geobacillus
stearothermophilus (129). Arabidopsis thaliana (130) KD b O BFRICHEEIRE SN TWw 3,
¥ 7z, Bi. longum %> GH27 B-L-arabinopyranosidase (BLLJ 1823) 237 v —=v 27X, £ D
FRtEDHH & 2 S T W 5(92), X BT, Bacteroides thetaiotaomicron %> & GH97 B-L-
arabinopyranosidase 257 B — =¥ 7" X 1T\ 5 (131), B-L-Arap & a-D-galactopyranose (0-Gal)
DO EPEML TWwW 3 Z L 2 b, aD-galactopyranosidase (EC 3.2.1.22)(% B-L-
arabinopyranosidase 1G4 Z Ffo 2 & b % v, FEERIC, GH27 ¥ GH97 @3 % B-L-
arabinopyranosidase D13 & A &' %% a-D-galactopyranosidase i 14:%H L T\ 5,
o-D-galactopyranosidase ¥, GH4, GH27. GH36, GHS57. GH97. GH110 & Eh 3, FF
I, GH36 @ a-D-galactopyranosidase I3, W< 22 OF., BERE., MY CHEEIE S LT
%, T DOH T, B-L-arabinopyranosidase ifitE d Ff> 2 & 3G I T v 2 Hlx. R
Sulfolobus solfataricus KD b D D AT % A3, B-L-arabinopyranosidase iGPE X559 < . pNP-B-
L-Arap @ Kn 1 pNP-a-D-Gal @ K, D 500 % & W1 % /R L 72(68). GH36 @ a-D-
galactopyranosidase (X, Bi. longum (132). Bi. adolescentis (133). Bi. bifidum. Bi. breve 7z £ D
BE O 7 4 AARE T/ n—=v I n, EBHLPICI N T 5(70), KimXH D
HOREICEH L7 BlAga3 b Z D 1D TH DL, £/, IO OEEHEIT, HHMEHEELEGHKL 5
B BEEBIETE D H L T\ %, Bi adolescentis ICM1275 1 13 BEICHEEIRGE ¥ 1 CWv 2 GH36 @
a-D-galactopyranosidase T® % BAD_1576 b fRfE L T\» % 23, BAD_1528 & O ECHIE ML

24%TdH > 7z, RETIX, Bi adolescentis ICM1275 HK D BAD 1528 D 7 v —=v 7 L
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PREMENT 21T > 720
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T BT
ok

B-L-Arap-(1—3)-0-L-Araf(1—3)-p-D-Gal-(1—6)-B-D-Gal-(1—~6)-D-Gal (B-L-Arap-(1—3)-L-
Araf-Gals) 137 5= AGP 2> 5 BEHRICE D W-CH%EL L 72(49), B-L-Arap-(1—3)-L-Ara & X
W a-D-Galp-(1-3)-L-Ara (X, ZnENH T~V AGP BXUT 7 ¥ T 7L AGP DI EENN
KT RIC X o THHELL 72(61, 134), B-L-Arap-(1—3)-L-arabinitol (B-L-Arap-(1—3)-ART) 1%,
B-L-Arap-(1—3)-L-Ara % /KHEL+FTFRF P Y 7L TEITL CHEL 72, fii, AL 723038

PHESIIE =, EEECHRoEY T°h B,

B-L-arabinopyranosidase (BAD 1528) ® 7 u — = 7’7z b NICEEHERE
a) RIT 72 I FORE
BAD 1528 {5 ® PCR ¥4IEIC X, Bi. adolescentis ICM1275 D% 7 2 DNA % 7z,

7 47 —F (5- AGGAGATATACCATGATCAGGCGGTATCT-3") 774 ~—1¢&

Jox— 2 (5- GTGGTGGCTCGAGGCGGATGGCGAAGATGC-3") 774 <=—li. ¥ h

X7 LAF R 117 & 2387-2403 2> Hakit L7z THRARIZ T v 7L — MICHIRY 22 BCH 2 7R
T, Hwv T, T PCR HIEW i % . In-Fusion HD 7 v — =Y 7 % v } (Clontech
Laboratories Inc., Palo Alto, CA, USA) % F\»T pET-23d * 7 % — (Novagen, Madison, WI,
USA) ¢ 747 —vavli, ZOMXTHE T 2AY]IZ, DDBI/GenBank/EMBL Data

Bank IZ7 7 & v ¥ a V&5 LC374389 THita T3,

b) ALz X v X7 OFIH L FER
fFoN72 77 A I F#% E. coli SoluBL21 (Genlantis, San Diego, CA, USA) ICJEEHRia L 72
#%. Overnight Express Autoinduction System (Novagen) % F\»T 37°CTH;&E L 7z, HEER %

HOSHEEL ., 15572 H{R% BugBuster % v %7 B3 (Novagen ) ICHE L 7=,
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His # 7'f} % ® BAD 1528 (¥, TALON metal affinity resin (Clontech)% & /1 7 L T4 I X
—WVIREDRA Ty 777 v P CTRHE L, BINZ v 2 HOEHAER X 172 10 mM
A XXV —VilEZ %, 10kDa /1 v b A7 ORSL 2 (Millipore Co., Billerica, MA, USA) %

TG - A L 72,

o) MEFRIEME

BAD 1528 3R O /K oG % . pNP-B-L-Arap % F\ W CHIE L 72, 50 mM EERE - + U
v LR (pHS.5) HIC BAD 1528 & 1 mM #EE % & 200 uL O KIGIREY) % 40°C T 20
A v F 2= L7z, 300 uL @ 1 M NayCOs Zh A CREBM G IR L 7=, Bl L 72
pNP DU % 400 nm CHIE L 72, BEFRIGMED 1 unit 13, 1 2[EIC 1umol D pNP % £ 3
2DICRERBERELIERL 72, & pNP EE TN T 2 HERREEEZFH X2 72012, 10 mM
DIEE %, 40 uL O 50 mM FEEF- + U v 24RfERE (pHS.0) HC, 100 mU/mL @ BAD 1528

& 40°CT 164 v Fa =+ L, RICEBPZ TLCIC X > THHTL 72,

d) HERREM:

Table 4-1 IC/8 L7z pNP FE, ZHHH, 4V o3 2 liEEZ U o X S oL
Teo BEE % 40 puL O SOmM FEE S + Y v LHEERR (pHS.0) HC 300 mU/mL @ BAD_1528
LA VFaR—t L7z, KIGEAYE 40°CTHEY 2R A v ¥ 2 _—F L7zt 3 4H#E

WL CRIGZEEIEL 72, KO % CarboPac PA-1 71 7 2 % FH\» 7= HPAEC-PAD T/ L 72,

e) SR LRI T
BAD 1528 D RJGHE N T A — X —F, 0.5~8.0 mM D pNP-B-L-Arap, pNP-0-D-Gal, ¥
X O B-L-Arap-(1—3)-a-L-Ara % W CTHRIE L7z, % pNPIHE & OIS, KIGH D 400 nm

DWHEZHET 5 LICX Y pNP IREZEIE L. B-L-Arap-(1—3)-a-L-Ara & O KIG 1L,
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HPAEC-PAD IC X VW L-T 5t/ —REE#HIE L 7=,

) HEESREEE
PNP-B-L-Arap % FF— & L. l-alkanol, HFERE. “ Wi, pNP-B-L-Arap 27 7 & 7' X —

& L CRIGE 72, 1-alkanol fE7E T CTOWERE SIGTIE, 2.5 mM pNP-B-L-Arap & 10 % X
B)—=N, TR =N, FF 1-Ta) —A%kED 50 mM BEEES b U v LARETR (pH
5.0) 40 uL T, 100 mU/mL ® BAD 1528 & & HIZ 40°CT2Hffi]lf v F 2=} L7z, %
D, RISEEM % TLC TON L7z, A X —ATE{E T COMEBYIZ. EHERD T 4

(Autoprep fiberAC, Showa denko, Tokyo, Japan) TH5#L L, HPAEC-PAD T/ L 7z, Hiffiss
L OO T CORIBMIGTIZ, 727274 =& LT 300mM DZ VI —R, H7
JF—=Z, L-7T78/ —Z, $/3A270—2%&8 1 mL ® 50 mM BEEEF + U 7 2 4EfH
# (pH5.0) HC. 2.5 mM pNP-B-L-Arap % 40 mU/mL @ BAD 1528 & & T, 40°CT 16 I
A4 v Fax—1 Lz, RICEBIZIEER A 7 L CHRE L HPAEC-PAD THHT L 72,
pNP-B-L-Arap T71E F C ORI SGTlE,. 800 uL @ 50 mM EEEEF + V) 7 L5EE# (pH5.0)
1T, 55 mM pNP-B-L-Arap % 100 mU/mL @ BAD 1528 & & 1T 40°CT S Kff] 4 v F 2 X
—F L7z RIGAEBPE. 30°CICf_ 5 72 Cosmosil PBr 7 7 2o (Nf& 10 mm, x 250 mm,
Nacalai Tesque Inc., Kyoto, Japan) % F\>72 HPLC IC X D B8 L 72, 02 min, 100 % AHER A
(7K); 2-30 min, 0100 % JABER B (90% 7 & + =+ U V)T 4.7 mL/min DL CTHEH L 72, &
Hi IE UV B 8% (UV-2070; JASCO, Tokyo, Japan) % V> T 254 nm THIE L 72, % Dk, B
W FS I G % & Bl 4> % 8 % . TLC. HPAEC-PAD, MALDI-TOF MS (Bruker Daltonics,

Leipzig, Germany) % F\» T L 7z,
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BABERIEMERE & EHEHER

Bi. adolescentis JICM1275 35 X (F JCM15918 13, ME—DRFWE L T2% DIV a— %7z
3777 7 b — 2% & MRS+eys 5711 C AnaeroPack ¥ A 7 4 (=27 AL, HE, HA)
Z O CTHRSEME T T 37°CTHiE L 72, K58 % 10,000 rppm T 10 7rfFlELOoEEL . 155
NzEE% 50 mM BEREF b U 7 L4E @R (pHS.5) Tt L7z, % ®f%. Branson Sonifier
250 (Branson Ultrasonics Corporation, Danbury, CT, USA) % F W CE{R 2 @& 0L L 7=, #
REf& @R % 15,000rpm T 10 [ DaiE L. EiE% pNP-B-L-Arap % 72 13 B-L-Arap-(1—3)-
a-L-Ara & 37°CT 16 K[| 4 v ¥ 2~ — } L7zf&, ki@ X 512 TLC 3 X O HPAEC-PAD T
I L 720

B-L-Arap-(1—3)-a-L-Ara @ in vitro EALMERIE. 0.2%D B-L-Arap-(1—3)-a-L-Ara % & €5
pepton-yeast extract-Fildes (PYF) ¥5#1C1T > 72, Bi. adolescentis ICM1275 £ JCM15918 D4 H

% 600 nm DWSEEE & pH THIE L 72,
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HA O RER
BAD_1528 DIFERCHIREMNT & KA FERIEHT
BAD 1528 IZ, ¥ 7' F v P4l B X W InterPro —"—ic kb &, #EEIND 7 F A~

TFFERGEOBEEB N A4 v A RN THEY, CORRITEANICRIET 2 2 LARE S
72 BAD 1528 ICHH[F 7285 1% Bi. animalis subsp. lactis (59%). Bi. catenulatum (81%).
Bi. pseudocatenulatum (81%)+ Bi. dentium (75%). Bi. kashiwanohense (81%). Bi. pseudolongum
(58%)E Vo EB DO 7 4 AR CRIFES LTz, BAD 1528 DOl B X A4 %, fth
DWERE X7z GH36 D a-D-galactosidase & (ZRMAICHIZL TH D (21 %~27 %D[H
—4%). PB-L-arabinopyranosidase/o-D-galactosidase i1 % 3% GH27 DR & IdHEN 7= (7 iE

(20 %Al DR —1:) 1cd -7 (Fig.4-1A), BAD 1528 1¥. GH27. GH43. GH51. GHI27
IR T 5 %D L-arabinosidase B LT & Bl 27 7 A X — %K L T\ (Fig. 4-1B),
Bi. adolescentis JCM15918, BBMN23, 22L |3, GH27 ® B-L-arabinopyranosidase %R &, <
L5 D L-arabinosidase i % IR fF L C\> 7z, —J7. Bi. longum (3 BAD 1528 O [ELEIRF %
RELTELT, o 7 4 XXHE X BAD 1528 OHH[EIE(E T & L-arabinosidase fEffi D —

HERFEL T,
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Bk, AH68_09535, AlZ15229
Bc, BBCT_1564, BAR02532

L s
Gs, AGA, AAG49420

La, AGA, AAO21867
— Bbr, AGA, ABB76662
Bl, AGA, MF782363

Bll, BLLJ_1885, BAJ67549
Bbi, AGA, ABD96085
Bad, BAD_1576, BAF40357
Bad, AGA, AAD30994

4|_— Bll, BLLJ_1823, BR001234
Bad, BAD_1525, BAF40306

0.20

—:Cp, BAL, ACU63161
Gs, BAL, DQ868502

Fo1, AGA/BAL, BAH10649

Fo2, BAL/AGA, BAH10648

Sa, BAL, BAC69897
Cj, AGA, BAB83765

Fo3, AGA, BAJ23877

Bpc, BBPC_1670, BAR04348

Bd, BDP_2102, ADB10663
LCBPL AHG67_08185, AlZ16876
Bal, BLAC_07660, AGW85703

JR—
pr—

/|

GH36
BAL

GH36
AGA

GH27

BAL/AGA
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BLLJ_1820 BLLJ_1823 BLLJ 1826 B. fongum subsp. longum

— K —<GH27 GH127 Som1a17
BL0181 BLIF_1892 BL0174 B. longum
—_GH51 X K ——<GH27 GH127 NCCZ7057
BLJ1909 BLJ1911 BLJ1915 B. longum subsp. fongum

(o1 Kaner HEorX_ctzr]
BAD_1522 BAD_1524 BAD 1525 BAD_1527|BAD 1528 BAD_1529 BAD_1531 5. adofoscenti
[ GH51 KGH27 lGHa3X_ GH36 GH127 [ o
BSTER_1887 BSTER_1892 BSTER_1895 )
< GH51 GH36 K_GH127 1 K |

BBMN23_1675 BBMN23_1680

BBMN23 1684

— GH51 GH36 K GH127

B. adolescentis

BBMN23
BADO_1489 BADO_1482 BADO_1481 B. adolescentis
GH51 GH36 K _GH127 X K e
BBPC_1664 BBPC_1670 BBPC_1673 B. pseudocatenulatum
— chs1 {[HE  cH3e KK K | rE—
BBCT_1562 BBCT_1564 BBCT_1569
GH36 GH127
K (HK K D Su16502
AH68_09525 AH68_09535 AH68 09550 .
= B. kashiwanohense
— GH36
PV20-2
BLAC_07650 BLAC_07660 BLAC_07675 B. animalis subsp. lactis
s . X
( cH3s KK K | ATCC27673
BDP_2086 BDP_2102 BDP_2114 o ...

G _ense KK emizr |+ A&

Bd1

AH67_08180 AH67_08185 AH67_0820 B. pseudolongum
2K0p oHse | HIEDE-D '

PV8-2

Fig. 4-1. Phylogenetic relationships and gene clusters of BAD 1528.

A, The phylogenetic tree of BAD 1528 with homologous proteins was constructed by the neighbor-
joining method using the aligned sequences with the MUSCLE program implemented in MEGA7
software. The locus tag or the characterized enzymatic activities are shown with the abbreviations of
the organisms and the GenBank accession numbers. The protein characterized in this study is enclosed
in the dash box. The abbreviations of the enzymatic activities and the organisms are as follows: AGA,
a-D-galactopyranosidase; BAL, B-L-arabinopyranosidase; Bad, Bi. adolescentis; Bal, Bi. animalis
subsp. lactis; Bbi, B. bifidum; Bbr, B. breve;, Bc, Bi. catenulatum; Bd, B. dentium; Bk, B.
kashiwanohense; Bl, Bi. longum; BIl, Bi. longum subsp. longum; Bpc, Bi. pseudocatenulatum; Bpl,
Bi. pseudolongum; Cj, Clostridium josui; Cp, Chitinophaga pinensis; Fo, Fusarium oxysporum; Gs,
Geobacillus stearothermophilus; La, Lactobacillus acidophilus; Rg, Ruminococcus gnavus; Sa,
Streptomyces avermitilis. B, The gene clusters encoding L-arabinosidases in Bifidobacterium strains.
Genes encoding sugar transporters and transcriptional regulators are depicted in gray and black arrows,
respectively. Light gray bars indicate orthologous regions. The white arrows indicate glycoside
hydrolase candidates or hypothetical proteins. The numbers of predicted glycoside hydrolases or the
predicted enzymatic activities are shown in the white arrows with locus tags. DNase, TatD DNase

family protein.

117



¥H# 2 BAD 1528 DS & HE
#HHa 2 BAD 1528 X v 3783, 37°C CRIIEMEX v 78 & L CTHEBELL 72, SDS-PAGE
DAEFR. R L 72 BAD 1528 X v X783, AT DT 8D 89kDaDHi— v F & LT

s & (Fig. 4-2). Gt EDs) 15 88,803 Da & £ L 7z,

kDa 1 72 3

200/ =

116 -« —
N <~

66 - A

45 -

31-

Fig. 4-2. SDS-PAGE analysis of recombinant BAD 1528.
Purified BAD 1528 was electrophoresed on a 10 % polyacrylamide gel and stained with Coomassie
Brilliant Blue R-250. Lanes 1 and 3, molecular size markers; lane 2, purified enzyme. The arrow

indicates the band that corresponds to BAD 1528.
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KICT. pNP HE % T BAD 1528 OFEFFEIEZMIE L 72, BAD 1528 (X, pNP-B-L-
Arap ZMKGEL . pNP-a-D-Gal 1255 < fEH L 7223, fthd pNP FEICIIER L %2220 72
(Fig. 4-3) pNP-p-L-Arap % fi\>C BAD 1528 O E#EM#HIE L& 2 A, Z# pH 13
5.0, EEEE T 40°CTH - 7= (Fig. 4-4), BAD 1528 OFEERFEMZHL 2210 T 5 7201,
ThEER, A& ) abE SRR, 2 OFFR. B-L-Arap-(1—3)-L-Ara 28 pNP HE %R <
EARERICE o TIRRDIEE TH 5 2 L 13932 - 7= (Fig. 4-5A, Table 4-1), BAD 1528 1%,
B-L-Arap-(1—3)-ART ¢ o-D-Galp-(1—3)-L-Ara I L TH 5L EHEE R LS (FhFh
Fig. 4-5B, C). T b DiEMIZ. £ N Z N B-L-Arap-(1—3)-L-Ara 1< 53 2 Lik ko
0.0820%& 0.177%7T& - 7= (Table 4-1), —/i. B-L-Arap-(1—3)-L-Araf-Gals D fil7K 53 fif St
2. BHRBLLTCH -7 (Fig.4-5D), F72. ZOEEFRIX. 77T HLAGP, h T~
AGP, T7E /v 7V TI7VFVEELTXTOLHHICN L CQEEEZ RS hd ol
(F— 2 418), BAD 1528 D pNP-B-L-Arap ICH ¥ % Ky IE 1.48 mM T, B-L-Arap-(1—3)-L-
Ara 3 X U pNP-a-D-Gal DED Z L2 1/5.9 £5. 1/4.0 £5 LK< kea 1. 81.5 1T, B-L-
Arap-(1—3)-L-Ara 35 X U pNP-0-D-Gal & [lkRTZNZ 11 £5, 34f5E 2> 7= (Table4-2),
FEE & LT, pNP-B-Arap D kea/Km {12 B-L-Arap-(1—3)-L-Ara & Y 3 62 f&5 < . pNP-0-D-

Gal D kea/ K B & LE_T 13515525 7=,
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Ara
Gal

o

abababababababab
12 3 4 5 6 7 8 9 10

Fig. 4-3. TLC analysis of BAD_ 1528 reactions with the pNP-substrates.

The pNP-substrates were incubated in the absence (lane a) or presence (lane b) of the recombinant
enzyme at 40 °C for 16 h. pNP-a-L-Arap (lane 3), pNP-B-L-Arap (lane 4), pNP-0-D-Gal (lane 5),
PpNP-B-D-Gal (lane 6), pNP-0-D-Xyl (lane 7), pNP-B-D-Xyl (lane 8), pNP-0-D-Glc (lane 9), and pNP-

B-D-Glc (lane 10) were used as substrates. Lane 1, L-arabinose standard; lane 2, galactose standard.
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Fig. 4-4. Effects of pH and temperature on the activity of BAD_1528.

A, pH dependence of BAD 1528 activity in various buffers at 40 °C for 20 min. Enzyme activities
are expressed as a percentage of the activity in acetate buffer at pH 5.0. B, Temperature dependence
of BAD 1528 activity at pH 5.0 for 20 min. The enzymatic activities are expressed as the percentage
of the activity at 40 °C. Buffers: sodium acetate (closed square) and MES (open circle).
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Fig. 4-5. HPAEC-PAD analysis of BAD_1528 reactions with disaccharides and oligosaccharide.
B-L-Arap-(1—3)-L-Ara (A), B-L-Arap-(1—3)-ART (B), a-D-Gal-(1—3)-L-Ara (C), and B-L-Arap-(1
—3)-L-Araf-Gal; (D) were incubated with (b) or without (a) BAD 1528 at 40 °C for 16 h.
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Table 4-1. Substrate specificities of BAD_1528

Substrate® Specific activity Relative activity®
(Units/mg) (%)
pNP-B-L-Arap 46.80 2480
B-L-Arap-(1—3)-L-Ara® 1.89 100
B-L-Arap-B-L-Arap-pNP? 1.07 56.6
B-L-Arap-(1—3)-ART 0.00155 0.0820
B-L-Arap-(1—3)-L-Araf-Gals Trace Trace
pNP-a-D-Gal 0.903 47.8
a-D-Gal-(1—3)-L-Ara 0.00335 0.177

*The substrate concentrations of pNP-B-L-Arap, B-L-Arap-(1—3)-L-Ara, B-L-Arap-B-L-Arap-
PNP, B-L-Arap-(1—3)-ART, B-L-Arap-(1—3)-L-Araf~Gals, pNP-a-D-Gal, and o-D-Gal-(1—
3)-L-Ara were 8.0, 5.0, 0.77, 0.25, 0.25, 8.0, and 0.44 mM, respectively.

PRelative activity is expressed as the percentage of the activity toward B-L-Arap-(1—3)-L-Ara.
“The specific activity was calculated on the value for released L-arabinose by one-half.

The specific activity was calculated on the value for released L-arabinose.

Table 4-2. Kinetic parameters of BAD_1528

Km keat keat/Kim
(mM) (s (s'mMY)

PNP-B-L-Arap 1.48+0.04 81.5+0.51 54.9
B-L-Arap-(1—3)-L-Ara 8.69+1.9 7.66+1.6 0.881
pNP-a-D-Gal 5.96+0.03 2.43+0.01 0.408
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WS
TITR—ELTI0%ALR ) —AExk ) —AERWESATIE, BEBYIZTLC T
BREEINAZDDOD, 10%D 1-7T 0 X)) —L%T 727 2= LzGAETIR, FEEYIdm
HCeEhbrorz (Fig. 46A), XX =A% T 277 2—L L THELNZHIEBEYIZ,
BAD 1528 ALELIC X 0 #r ICIK3fRE T L-7 7€ /) — A & 7 o7z (Fig. 4-6B), T D
Zeho, PEIEBYIET 7~ —BlE % fREF L 72 Methyl-B-L-Arap TH 5 Z & B3b o Tz,
RIZ, FVa—A, HI2F—A, L-T 7€/ —A, A2 10 —RA, pNP-B-L-Arap % BElEfs
FIGDOT 77 2= Ll LEZ, 798 /5 v ABRKIITRTOT7 227 &2—IC
DIEPICHEEB L (F— 2 E88) ., SRR L 72413 BAD 1528 WLELIC X W vk fiE & h
7= (Fig. 4-7)e 2D Yo, TIE I VT IAENIE B-7 /= —HTHAEL TS C
DGy oTz, TNHDT — XX, BAD 1528 BMEILWT 7% 7 2 —FpREEFFo T 3
ZERRLTWS, Fric, B 72 B-L-Arap-B-L-Arap-pNP (¥, HPAEC-PAD T 13.3 4iC
B & v (Fig4-7E). pNP-B-L-Arap \CXfJ59 % v — 727 (FREFIFR : 150 43) &3 7A-<T
V272, MALDI-TOF MS TiZ, B-L-Arap-B-L-Arap-pNP @ 405.05 m/z D531 4 A v v — 7 23]
Hx 7= (cale. 403.11 m/z). B-L-Arap-B-L-Arap-pNP @ BAD 1528 124 2 R E i3 < o
B-L-Arap-(1—3)-L-Ara (%} 3~ % FpgfE & Lk L € 56.6%CTH - 7= (Table4-1), GH36 @ o-D-
galactosidase DI & A ElE, o-H T 27 F L L OFHBERZ AT 2 HEREEEZ AL Tw 5
(71, 132, 133), L 72285 T, BAD 1528 3, B-L-7 7/ &7/ L LOFHIGEHEZ KT 2

AIRETEDS D B
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<— Arap--OMe
Ara — . »

Al

12 3 4

W

Arap-3-OMe

{
Ara

)
b,A/\

PAD response

N o~ N

I 1
10 15
Retention time (min)

o
()]

Fig. 4-6. Transglycosylation activity of BAD 1528 in the presence of 1-alkanols. A, BAD 1528
was incubated with pNP-B-L-Arap in the presence of either 10 % methanol (lane 2), ethanol (lane 3),
or 1-propanol (lane 4) at 40°C for 2 h. Lane 1, pNP-B-L-Arap standard. Me, methyl; Et, ethyl. B,
Purified Arap-B-OMe was incubated with (b) or without (a) BAD 1528 at 40 °C for 16 h.
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Fig. 4-7. HPAEC-PAD analysis of BAD_1528 reactions with transglycosylation products.
Arap-B-Gal (A), Arap-B-Ara (B), Arap-B-Suc (C), Arap-p-Glc (D), and B-L-Arap-B-L-Arap-pNP €
were incubated with (b) or without (a) BAD 1528 at 40 °C for 16 h. A shoulder peak indicated by the

asterisk was predicted to be Arap-p-Ara.

126



BEABERIEN: & B-L-Arap-(1—3)-L-Ara D in vitro E{LHFER

ITNA—=REHT I =Rk GUREM T L 72 Bi adolescentis JCM1275 ¥ X O
JCM15918 D AR % FEESE & L CHIV. pNP-B-L-Arap 3 X U8 B-L-Arap-(1—3)-L-Ara IC
32 R R 2 4T o 720 % DR, pNP-B-L-Arap (CXf L T B-L-arabinopyranosidase 7% 14:
D X7z (Fig. 4-8), & 51T, B-L-Arap-(1—3)-L-Ara 15 L T 5 0ikdE2S TLC T
Hi ., HPAEC-PAD TH i L 72 L-7 &/ — 23 Nz (F—2EMK), 2070,
Bi. adolescentis JCM1275 ¥ X U8 JCM15918 1%, B-L-Arap-(1—3)-L-Ara D&LHZH L T3
PRI N, B-L-Arap-(1—3)-L-Ara ZM—DRFJH & L 7255 TEAMERARR 217 - 7225,
WRZ &m0 e B-L-Arap-(1-3)-L-Ara Z @ UiHbo <, £F ICHERE VIR S
hWhhot (F—2E8K), & 5IC, HPAEC-PAD IC X 2 B 5Hith © B-L-Arap-(1—3)-L-
Ara ¥ =27 DA EINm o (T 280, chooT—2056, SEFEHL -

Bi. adolescentis ¥ T, B-L-Arap-(1—3)-L-Ara ZF|HCEZ 2 & BB I N7,

- e - «<—pNP-B-Arap

<«—— Ara

.e
. . ."_ B-L-Arap-(1—3)-L-Ara

ab ab ab ab
12 3 45 12 3 475

Fig. 4-8. TLC analysis of p-L-arabinopyranosidase activities in Bi. adolescentis strains.

The sonicated cell lysates of Bi. adolescentis JCM1275 (lane a) and JCM 15918 (lane b) cultured in
the MRS medium supplemented with glucose (A) or galactose (B) were incubated with pNP-B-L-Arap
(lane 3) or B-L-Arap-(1—3)-L-Ara (lane 5) at 40 °C for 16 h. Lane 1, L-arabinose standard; lane 2,
pNP-B-L-Arap standard; and lane 4, B-L-Arap-(1—3)-L-Ara standard.
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AR HE

AREETIE, BAD 1528 BSRADFE ICHK T % B-L-Arap-(1—3)-L-Ara 1Cxf L THIZK 53 i
iM% 7R GH36 THJ% T D B-L-arabinopyranosidase TH 2 Z & # IS i L 7=, Z OfFH
lZ. B-L-Arap-(1—3)-L-Araf- &% G4 Y I EHICN L Tz A LWEEEZ R S 7,
B-L-Arap-(1—3)-ART 1Zh0f L TIEFIWIEHZ R L7z, €7/ —RBEDIBIZT7 77 —RADIE X
D BN FNCRETH D Z &h b, KIFERFTIE B-L-Arap-(1—-3)-L-Ara (I 7/ — 2D
¢ B-L-Arap-(1—3)-L-Arap & L CHEL T3 &z bbb, BAD 1528 1. B-L-Arap-
(1—3)-L-Arap it % 5858 3 2 HH D exo-p-L-arabinopyranosidase T %, Fig. 4-1B IZ/R L 72
BHHE O 7 4 AAFMICE VT, HFEEET (BAD 1528 & DA 59.3~81.3%) 23ifE
ENTWZ L5, B-L-Arap-(1-3)-L-Ara 73 fi#lEHR I IZITETOE 7 4 X AREICFE
T2EEZ2LNT WS, B-L-Arap-(1—3)-L-Ara 13, SO MREEIMIKfRIC X S+ 2 ¢
LBTE L, WEHfoRECOFER LT THEIN TR 5, AIFETIE. Bi
longum JCM7052 €D GAfase 287 7 ¥ 7 4 L AGP %7 7~ AGP %* 5 B-L-Arap-(1—3)-
L-Ara %32 2 L &R L7z (B FEICRE#K), B-L-Arap-(1—3)-L-Ara i#i&iZ, 7767
71 AGP 71 7 =Y AGP. /& AGP OIS KRG CTORFENRREINT VWS, 2, /I
F AGP BT, KD Arap 1347 7 b —REOMEDEIY 7F & LTHEEL T
LLVIOMELRD D, D AGPIC D B-L-Arap ZHIBEEKIHICR O IREME X B 5, BHEEZ W C
L. Bi. longum JCM1217 A% & B-L-arabinopyranosidase 7113 7 549", GH27 © B-L-
arabinopyranosidase (BLLJ 1823) |1E(E T FIADEEHIFA{TON T WEERTTH 5
& P& 72(92)0 Bi. longum JCMI1217 13117 AG 3R ICBED 2 ERTERRFFL T b 2 &
26, AGP 3, DL 7 4 AAEEMR N L 2B b EL L Ch RN D 2 L E 2 5
Nz,

Bi. adolescentis /2. 79/ %> 5 vA Y ais s s2=—27% oL-

arabinofuranosidase 25 \» { D 25 X LT\ 5, GH43 arabinoxylan arabinofuranohydrolase

128



AXHd3 (BAD_0301) (135, 136)%°. o-L-Araf 28 1 2D F v v — 2FREIC “ffAprEfE L T\ 3
BiE»ro GBHAT I/, v VERE DAL %ZERET 52 GHS1 o-L-arabinofuranosidase
(BAD 1524)(136). HEft I Nz F v v —2KE2r LT 70/ v AR ZERET 2
AXHm23 (BAD 0423)(136)7x E23FfET %5, BT, al,5-7 7€/ A4V IHHICRF RN 7«
GH1 o-L-arabinofuranosidase (BAD_0156) % L C\»3(137), F7-. BAD_1528 Diif%&
f&¥ & LT, BAD 1525 7% GH27 a-D-galactopyranosidase/p-L-arabinopyranosidase C& U .
BAD 1527 %' GH43 a-L-arabinofuranosidase & Y . ¥ 7= BAD 1529 #% GHI127 B-L-
arabinofuranosidase TH % Z & L 2 IC L7 (RFEERT — %),

L-77E6/ —RF, €74 AREMEICL > THHERRRZ2DDD, W 20D T 4
X AWML HEE R & LRI T & 5, R TIX. Bi adolescentis #:1%. MRIMNIC B-L-
arabinopyranosidase {GERTFET 510D 0200 5T, B-L-Arap-(1—3)-L-Ara ZHEE IR & L T
BB LA 722 Eh 5, B-L-Arap-(1-3)-L-Ara 13 L-7 7 ¥/ — X & [AIFRIC Bi. adolescentis
& > CRIFAFEFERClE W EFE 2 b5, Pastell H(120)1F, ¥ vt ) oD L-7 7
v/ — ZAEIEDFREICIE a-L-arabinofuranosidase 23635 C®H % 28, Bi. adolescentis 13bE#fE X
Niz L-7 7€/ —Z2%FMHET, Bi longum 7z Eftho v 7 4+ XAWHBFIH T 2 0lgelEH 5
LWL T3, ZOKR, Bi. adolescentis DB 7z L-arabinosidase I3, D7 4 XX
HEICTANLF—JHE 22 L7778/ =A% d 2528 C, ©7 4 XAF O ICHE
BEEEREZLTWEEEZLNS, £, IO OREEKIL, YDA Y 2 MEN T
NET 27007 72V ) —HRETHLLTHINTVE, T/ FT T vpficsn
. o-L-arabinofuranosidase 2 B-xylanase & fHIEANRZFIET 2 L VI WMEDB 22 H 2
(138-140), L7285 T, AV aHind L-7 7/ — A&l ¢ 2 2 L3, okt
BT 72A LT T22DICEETHL, UEhkokdic, chbo% o L-
arabinosidase 7% Bi. adolescentis \ARTF I NT W15 T & 1F, AfFHIE FIcB W CEEARERD

HHLEZOND,

129



BOE i

KWFZETld. 7 7 €T H L AGP EUEERE 1B b 2 (RBTEHEE R D BEREMNT IC X > T Bi
longum DYETEEERE # fEIH3 2 & L BT, 7 7 €T /L AGP 2 NERELIC 73 2 Ml o
wEERIC X o CRIA S L2 EBIROEEER L 22 IC Lz, FRINZ —HO RS X
CELBERE % Fig. 5-1 1SR LT 5,

BoETIR, T 7T AL AGP BV & IEE MR LIRS LfENTIC X - T, B
longum JCM7052 2> &, 7 7 © 7 77 v AGP DI NG ICHFES % o-D-Galp-(1—3)-L-Ara &
B-L-Arap-(1—3)-L-Ara ® —}§ % izt 3~ % GH39 3-0-0-D-galactosyl-a-L-arabinofuranosidase
(GAfase) Z ¥ TR L7z, oic, BENICIY AT, EHIENTEH 3 % GH36 a-D-
galactosidase DFERE % HH & 221C L. Bi. longum DT 7 € T 77 I AGP S i % @A L 7=,

BEETlE, GAfase WHIC X Y B “HEZREL 27 2 €7 4 AGP IcxtL <,
72 % 51f# % 1T 5 o-L-arabinofuranosidase (BlArafE)% R L 7z, BlArafE (3 GH43 %77 7 3
Y —22(GH43 22) & GH43 34 D DO DfE F XA [ v & [d— X2 v o8 7 HNICKD <L F F A
A VIR TH o7, BB X A v OEEFFRMEMITICK Y, GH43 22 & GH43 34 lizh
Z¥ al,3-L-Araf & al4-L-Araf iIC/EFHL. 7 7 © 7 4 4 AGP fllSHIC{F{E3 % L-arabinose %
BRT 2 L AL 2T L7z, al,4-Araf IC{EF 3 % a-L-arabinofuranosidase (3] T D
FATHD, £/, T7ET AL AGP % RFEIRE L CH W72 Bi. longum JICM7052 5% 0
FRFErEY) & LT, B-L-Arap-(1—3)-L-Ara & a-L-Rhap-(1—4)-p-D-GlcpA-(1—6)-p-D-Galp-
(1-6)-D-Gal (S4) DAV TfEREEHIPICERB IN L L 2 AH L7z, 251, S4 23— oD
Bacteroides JEMFIC X > THHE NS Z L 2RI L. 77 €7 44 AGP 2 NERSR IC HAF
TH2MEOWEAERIC X > THAI N L EZHL2IC L7z, 6T, HMEETIX, Bi
longum & 7] U RS NEREEICE R T % Bi. adolescentis FI2 D GH36 B-L-arabinopyranosidase D 27

H— = 770 6 NIRRT IFFE DT 217\ > B-L-Arap-(1—3)-L-Ara 73 fif 15 L TR
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HERREEEZ R T L ZHL I LTz, Lo L, Bi longum JCM7052 ® GAfase IC X - Cili
it L 72 B-L-Arap-(1—3)-L-Ara % Bi. adolescentis (3E{t 3% Z L13TE | i/ iLE

PELET BUTREIEDS B 5 & L AVRIR S Lz,

Gum arabic AGP

GAfase-noncarrier strain
Bi. longum JCM1217

GH43_24 Exo-B-1,3-galactanase [\/%

(BI1,3Gal)

GH39 GAfase
(BLGA_00340)

Arabinose-
proton
symporter
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Fig. 5-1. Schematic model of the degrading of gum arabic AGP by Bi. longum and utilization of

limited product by Bacteroides vulgatus.

P

Bi. longum JCM1217 |3 B 'HE BHE#SE 7 — % X — & (CAZy; Carbohydrate-Active enZymes)

(http://www.cazy.org) \CF2< &, 25D GH 7 7 3V — I/ 7 % 61 {E#DEE MKy fidlEE

DEFEINTVE, 20rb, PTvi—trah, BEXPKDRLTWEEEZ LN ER
THYMEFIEL T2 7, SIEDHEIMKDGRERISEL CdeEZLbNS, £

To YITFARTF PR, BN 2 IEEREICREL W2 L Pl h 3 BRI
17f<cHY, 205321377 —V% ) Aick o GEITNZ GH23 P GH25 D7 7 3 )

—ICET 2 Y VF—LTHDLAREENE V2D, TR O 4 HPEEINTEH YA Y T %
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IS 27 DICHMALTW2bDTHE EELONS, AWIIET, Bi longum JICM1217 D
T 1A 2 8 S (E % 2% BlArafE OREBEDSHT 72 ICIRIA I 7= 2 L ic X V. Bi. longum JCM1217
DRSSl < BEEINK o fREER O MR DSA 6 2212 72 5 72 (Fig. 5-2)0 0BT, 77 ¢
J #1727 % (Bll,3Gal. BIl1,6Gal. BlArafA, BIArafE) (30). T2 A7 v ¥ [HypAA.
HypBA2, BLLJ 0089 (B-L-arabinofuranosidase)] (32,33). 7 7 &/ ¥ 7 v (XynD,
BlArafD)(34). 24 U I8 (LnbX) (35). & F ¥ (EngBF) 36). 7 7 &' F v [BlArafB,
BlArafC., BLLJ 1848 (B-L-arabinofuranosidase)] (31)D /B 2 R TH 5, U Lo X
I, Bi longum Xt b I 27 40 ok (B 2> b %L M i (BT R) £ colf
IEOFIHREE T > T b 720, AR OBMAOBEICE TEBARETH L L EX LN D,
DL, A2 O ERE~ORMELAE C 2REHOBNME#EICE T, EbbD
BEALHE b F52 Bi. longum 75 Keystone Fli & L THEREL T3 2 & 2 RE L T3, S
X, HEFLIICEH L C. Bi longum LA O & ARG O~ 2 2 Lic X o T BNl
WA & MY % Bl D B e 2 B O BlR 2> GIHS I LT & 720,

LT, TIETHLAGP N 7Y AGP DRI D 2BERLHL D ICk o722 &
T XY, AEERZMOREYIHED AGP DL EL MR FEE 2 RIH T 2 720Dy —r b L
THHATE 3 2 L AR CTE 2, AGP IZEY) O A FEHEEEIC B\ € MIMEIESH, 2. A0
. BRI, Kb, JEEDMA P L RAKIE, drEey | v 7 F A mESEw i
(14D 7=d, b OREHEEZ AL 213 5 2 & iE, T b OEY O A FEHERE D 7 B
FraffiH3 2 ECEERMAL VG2 LEAbN5, 72, AGP Doz iH 5 BEkoE
BFLRAVTHLPIC o722 LITE D, L ANAFT 4 7 ABERHICIRZELND A
(LARVE=) eBoNARCAN (/) VAR Y & —) 2SR EE T OFECHIFT 2
LN TEBARENED D E EEZLNS, DX RIGPMEEK & BEEE 05 R
DIgAENE, HAMICHD 7L oY a vREFAD 2D OFHBHERICHKT 2, 5%, 7

Loy a VEBPICESWEEYBHECA ) SHOA— X — AL F XL NAF T4 72D
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