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Abstract

Novel glycoside hydrolases found Bifidobacterium species grown on gum
arabic
Naoko Saishin

Background Bifidobacteria are Gram-positive anaerobic ba@end are
known to have beneficial effects on human healthnalysis of
bifidobacterial genomes has revealed that there saeeral gene clusters
composed of genes encoding a few glycoside hydedaa sugar transport
system, and a transcriptional regulatory proteincld gene clusters seem to
be involved in metabolism of oligosaccharides aralypaccharides which
are utilized as energy and carbon sources for ttoavth of bifidobacteria.
Utilizable saccharides and glycoside hydrolaseatial to their metabolism
still remain to be investigated.

Aim To wunderstand physiological and probiotic funatso of
bifidobacteria, glycoside hydrolases acting in tbgtosol were purified,
characterized, and attempted to be used to syntkesovel saccharides and
beneficial compounds for human and animal health.

Methods Several species oBifidobacterium isolated from human were
grown with some gums used as food additives. Stach@ssay of glycoside
hydrolase activity was performed with 4-nitrophenyl4NP)-glyco-
pyranoside. Galactose released by hydrolysis otkaodes was determined
by the method with 3,5-dinitrosalicylate, and glseo released from
saccharides was assayed using a (glucose determmatikit.
Transglycosylation activity was detected by thinyéda chromatography.
Five enzymes were purified by ordinary methods utihg gel filtration,
ion exchange and hydrophobic chromatographies, polyacrylamide gel
electrophoresis. Amino acid sequences of enzymesewanalyzed by
matrix-assisted laser desorption/ionization-timeflogght mass spectrometry
(MALDI-TOF MS) and tandem MS.

Results Among the tested gums gum arabic was found toubed as a
carbon source for growth oBifidobacterium longum subsp.longum JCM
7052. The strain JCM 7052 grown on gum arabic shbvinegh specific



activities of a- and (3-galactosidases, and-glucosidases. These enzymes
were purified and found to be novel enzymesGalactosidase purified
from the cells grown gum arabic was namedsalX and that from the cells
grown on glucose wag-Gall. The gene encoding-GalX was not found in
any genomes oBifidobacterium speciesexceptB. longum subsp.longum
JCM 7052, whilea-Gall was identified to be thaga gene producta-GalX
and a-Gall showed the highest hydrolyzing activities &aud
ANP-o-galacto-pyranoside at pH 7.5-8.0, althougb-galactosidases
purified from other organisms had activity optima pH 5.5-6.0. Both
enzymes hydrolyzed the-1,6-galactoside bond of raffinose and stachyose,
but not gum arabic. Transglycosylation activity waxbserved from
ANP-a-galactopyranoside to saccharides in each enzyme.

B-Galactosidase purified from the cells grown on gumabic was
identified to be a homologue of thlecAl gene product which is active
against 3-1,3-galactoside linkages but not against tpe€l,4-linkage of
lactose. This enzyme showed transglycosylation freiP{3-galacto-
pyranoside to other saccharides.

Two a-glucosidases purified from the cells grown gumldcawere able
to hydrolyze a-1,6-glucoside bonds but noti-1,4-glucoside linkages,
indicating that both enzymes belong to oligel,6-glucosidase (EC
3.2.1.10). Production of ethyd-D-glucoside by usinga-1,6-glucosidase
was found for the first time.

Conclusion The five enzymes purified fronB. longum subsp.longum
JCM 7052 showed novel properties of their enzymaticctions. All of the
enzymes had transglycosylation activity to produwdeosaccharides, and
a-glucosidases synthesized ethyib-glucoside. These compounds would
be utilized as cosmetic ingredients and food adeisi beneficial for
stimulation of bifidobacterial growth and of humand animal health.



B—E Frim
1.1. BNE#

EhE B LM OGNITIZZ LSRR EMPAERLLTEY, 2l NE#EEEIA
TWD, BN T OREFE L BEREBRBHLLE ZBI, TOM MY
DORFFENE, B0 7050y B - 55 8 e SL S 1960 AR LI IC a2 &, b
2T TRELOE Y OGN E #& O K, 15 L&D A AEMIZ oW THR HE R 723
bbbl BN #1056, BEPORH OB EE K Z2H E L TH AT
BY, MEBIXErOFEMEL 77547208 10" 2 H THLH1], ehDO N E #2725 400
TELL EOME RSB ZEINTEBY, Bifidobacterium, Lactobacillus, Enterococcus
G e Streptococcus 72 DILEE W BE, Bacteroides, Clostridium perfringens (%7 =)V
v al), Veillonella, Fubacterium, Ruminococcus, Megasphaera, Mitsuokella 72 E @
B MM B, Escherichia coli (R W W ), Pseudomonas aeruginosa (B & ),
Staphylococcus aureus (B 0,7 RO EKE ) 72 & e M o &M B 70 & 2% 35 52 7 4% Bl
W TdhD, M2 Candida 708 ODFERAL R H SN TS, ZTRHDE OR)NT, S. aureus,
E. coli, C. perfringens, Bacteroides, P. aeruginosa ¥, B REDHE L NRIE LTI
RAEWEE, TUOE=TRECH BT ORI E LW K OIRK LR IR E RS FHE
oD, IO, EMOHEITH FAEDFOFEDREAINLIILIZEST, EFOBAIC
FBAEH VOGN TWOEF B IE T CER VW N BAAEETHIEN RSN T
52, 31,

1.2. Bifidobacterium J@ D%

Bifidobacterium J&1%, th, B1¥), BB OBEICHETL/T7LLMERE CTHY,
BAE T 34 RIS EINGEEZLNTWHMU]L AHOBEELLT, FE0MER
FOMHEEOEME L THMBERLIIENFZTONDIN, TOHFLOEEZITIZEA
EBER TR, BN LR THD Bifidobacterium J& 95 M 2E ¥ o 8 it 4
fil, ProesR s Ry, R EEOMR, THOB L, HE#ES, £L T, miFarx
Ta— LD R T LE NI A STV D4,

Bifidobacterium J&1XG+CE B DE N (55-67%) 7T LB M O M B & 1 #i i <,
Corynebacterium, Mycobacterium, Streptomyces 72 LR U Actinomycetales B I\ZJ&

9 5[5], Bifidobacterium J& 34 T D55, K DIIHWILI Y OB E NS EESNTZD



DT, =, “OFEPrOESOENSSEHEINTZLO THDH[6], BT
Bifidobacterium J& X5 TH AV OBE O & 1T{EAEE, AL RERNCESLRS
0, BEFL# T Bacteroides J& oM OB B Ik CEEEIND[T, 8], B # I kil
X, IBNIAED K T 50 OBETZT CTREEF OFLE I T 5% 5 DI E I
Lo THET], REBICIDEMENRRMTLEEMTLATF—EBEORIEEZST
LB ZBNTND,

I it Bifidobacterium longum, Bifidobacterium infantis, Bifidobacterium suis 737l
— O THHIEN RSN, & % B. longum subsp. longum, B. longum subsp. infantis,
B. longum subsp. suis |y ENZ[10, 11]10OT, Kiw 3L TiX, #K B. longum &

LTHWTCWEEfia B. longum subsp. longum L30T 2812F 5,

1.3. FunAFT 4IRSV ANAFTT 4T R

Bifidobacterium JBIX FFFLAZEOFH/ER O BN TRESE (10101 /HME 1 ¢) &
20, BEAHUBRIIRESTEIR RL2b00, EWMMICELETEML gl
10 BRTHRICAERLTHDI12], BRI REROR R CRFEOHMFF - dFICEE
BREBEREZLTCWIHAHELEAD ZENTE S, RECREMK DD E FOE
MIEBOREICESLSDZ ERALNE R, HEORELESCKELXROAN
HERT LI ENARRELMPRERBHEMLLTRESNDIIICRST, ZD
IO REME B T, TanAF T4 R, FURALFT 4T ARD D,

TaNATT A7 ATGERABAEY ONRT AW HETLHILICL>THE EBWICA &
B SAEERMD I13]THY, TUAAFT 7 R R IFAITHE 5 N O B — F7 3R
BNTHOME DR EHLNIITHEB ZRM T2 LICE-oTHE EITARBRDREE X,
fi O FE A T S AR ME & Sk 4y I [14] & S D, Bifidobacterium X
Lactobacillus \XFL oMt OF MM 2L E L T NABEICT 22807 anN(4T 1
JADEFEGEL, ZNHOH M O AR T 54 ) TR ki XL
AT TAIAREZ ZDHZENTED,



TaNAFT 47 AL L TD Bifidobacterium <° Lactobacillus \ZIX IR D XH72H 48 725
RBFONTWD, KRR ORI DOEEIE - FEE OERIZEL RO pH DK,
BB LOYR R E ORI E, BHNERE»LORE, ERO%E, THOTH,
FLHE RN MWHE O R, ©XIERE, REORIE(, TLVAXF—®HERETHD (4,

7-9, 13],

1.4. Bifidobacterium J& D& MK 43 fR 1% &

2002 4£ 1T Schell Bl B. longum subsp. longum T& THI T2 B4 &2 K 55 iR 5%
R OB FI7TAF =0 8 lHDHT L2 LIz[15], 2016 3227 ) L1 H 2SN B
STz Bifidobacterium DL 49 fi THD, 51T L7z B. longum subsp. longum O
NCC2705 #k & DJO10A # D4 /2 DNA O HEEFI[15, 161I21%, a-HF 7 ho ¥ —+F,
B-TFZI7 o H—E, a-T7 7/ & —8, a7 NarvZ—=E8, - ravyd—+t, a-vv
I =R EOREE K 5y fREESE OB AR 725 40 FEE0E, NV ER Y iR B O
5252, 3FE L D0 o> TWND,

F72, Hinz HI2&Y Bifidobacterium longum DS 4 C % B FE % 0K 43 fig L CA C
TeAVTHEZ, M N A~ERDIA Z, BBE~S 0T8T 2P OIS 1T], 2T
FP0 M K S LT K 3 R B R ISR S R S B E X B lCE T RS
Ao, fE VT, AR AR U 7o =OBE B - 13U ORE S B B o> ATP-Binding Cassette (ABC)
DT I/BEF I 2H Ok K12k ->T, ATP O=FF—%F] A L THIKE N ICERVIA £
N5 G o ABC #g s iR i1k, REZEAL TRt T2 <08, IKE @Al D/<—
T, ROATP #i&@FUo " 7E ORI TEY, BEEOM, 7/, X7FF,
FUEME R EZMIE N ~Re B ik 975, ), £ LT AR N ICHDIA Sz = BB £/
(0O ORE L, MR N ORE BN K oy R EE R I Ko THEICE TSN, =R F—
TR KRy DA R EHEL TR A SNA 0B D TH S,

INHDOZENS, Bifidobacterium JEIIFE # DA VI WE L HE & 2% T OFE B
Koy R OIERIC Lo TR L TWAE T sid, LHL, Bifidobacterium &, 75



INCh B. longum subsp. longum D WEE NN K 53 ff B F I HOWTITH VR BTV
ol 2> TR ARAL D ORI B #3508 7238 77 h-N-E 4 — AR A7
V77—, ZUF-a-N-TEFNANAHIFI/MPI=F—E8, N-TEFL~FVHI-1-FF
— B B. longum subsp. longum TR Ei, FREIWTHEE 2 b7 [18-20],
INGOBEFE O, B. longum subsp. longum 76 B SFUTHEE 2R b7z D iTa-
B B —E[21], B-HTF77 & —F[22, 23]OMh, a-TI78 /77 /)X —ETHY
[24], £ DM OEAR F 23— NS IVIBE E 0K 55 il B & oM 0248 BRAY 70 1 B3R
R OEETHST,

1.5. BT ARHE O R W REKE 5 % ve

B CHOILERII—FEE I _HEEOM AR T RS TWDER, &
LI FAEY Lo SN TR RIN TS, 2072, TLAEO S RalX5s2L
ICEoT, BEREINAK Y fRlER, R OBEEMI iy RERICET52<0MmALEHS
ZENFRELEE 2 bD,

Crociani H[25]IZE 7 4 A AR 29 fil2D\\C, HAEHE, ZHEHE, By VE LT,
K& OH LI TOMEZIRELTWND, ETAARE DL, HLHEZS R TEDD
(256 L8 B. longum 7& THY, F{ ST B. longum 7 20 Bk DHH, 12 RN T IFE T
HEEGREL, 2 R — AN = D& IRT DD, 7T H L% T D0 L7805
oo LU, K9 7T H DO TEHH LT,

ZIT, AW TIE, BT THRICH LBIZH B L,

1.6. TLHE, FIZTIETHLADRH

TTIH L= AN = T LEB-1 AR ELEFEHO~Y ) —R2 5 F TR LTH T
Ih—A 15D ICa-1,6 fEALTWD, v /) —AREHTIh—ADHE R R IZT T
HEMN 1:2, B—NANE =2 T LN 1:3~4 T, Yo T77ARX— 137 T H L&KL
D ThD, TI8THLIT I I T2 (AG, 90%), TIEITTI08 2 RIE

A IRAGP, 10%), B2 78 (1%)D 3 SDOER SO LIE S L EFE CThb,



AGP DR AL 7 vy 78 AG DR ITEHBIL TRY, HFI7F—A(40%), 7IE/—A
(30%), ZnrmrfE(15%), 75/ —A(12%)h6M 5, Fig. 1 IR 3 X512, F#HIE
B-1,3 FADOHIIH T, ZNIZHIELTEAEEZL SHEEEZL TWA[26], LT, KN
DOREGHRN =TT NVB-1,3 FhiH, HIFI7MAB-1,6 fiH, 778 /7770
B-1,3 #id&, 77 /8T /v va-1,3 #iE, 7 v/u=AB-1,6 e, 7L/ 0a-1,4
fi B — TSN TOLE LD B HE THL, KIEMERIEF ITELS, BMR
e oz EHl, WA, SERlOa—T 0 7 F ELTRLE A& Tnwa[27],
KHFFETIT RV CHOLN LR FIREL THIE T 7 X A%, HFFEET
k3% Bifidobacterium J&DEH WK DT NHRIEL, SHIZ,ZD 53 fiF 2 57
LETHREINLIBWR LR L TCEOME LM, BROMMIZHO>WTHFT52L4H
B ELT,
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G = p-galactopyranose;
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AD
A= L-arabilnofuranosc; A,=

L-arabinopyranose; U = D-glucuronic acid; U_, = D-4-0-
methylglucuronic acid; R = L-rhamnose; glycosidic bonds:
—=p-1,3-; - = f-1,6-; » =0u-1,4-.

Possible structial fragment of gum arabicfrom C. A. Street

and D. M. W. AndersonTalanta, 30, 88-893(1983))



BOE RRGIE
2.1. AFEIR

TIET A (Acacia senegal RA3E), O— W AN =V H A, TTHA, 774 —A%
Tl 38 T % (BR)2 6 A L7z, 4-nitrophenyl (ANP)-Z Va3 R, AYEAH—A, ZHZF
=R, VT )—RA, w)h—RA, ALV =R, w)LFNIA—R, oA —RA, TIg—
AZ(CRBFHK) 1T 7 ~<-T7/VRUyF (#) (St. Louis, USA) IV AFLI, o774
N— (&5 7T L, 7 F &K 20,0000 1T KBk (BR) KR L TIHWZ, /Y~
=R, N = ZFRR) I Dl A L7c, il Ok 22 W B I3RSk o0 543K TFn O il 48
T2 (BR) ol ALT,

2.2. BARREEEE S K OVE fil H ¥R o R

AMEGE TR L7k O B BRI E S AT JEBR 38 75 N BIAL 2Rt A A VY — 2 &
VA —® Japan Collection of Microorganisms (JCM) 6 AF L7,

Bifidobacterium adolescentis JCM 1275, Bifidobacterium angulatum JCM 7096,
Bifidobacterium animalis JCM 1190, Bifidobacterium bifidum JCM 1255,
Bifidobacterium breve JCM 1192, Bifidobacterium catenulatum JCM 1194,
Bifidobacterium gallicum JCM 8224, Bifidobacterium longum subsp. infantis JCM
1222, Bifidobacterium longum subsp. longum JCM 1217, B. longum subsp. /longum
JCM 7052, B. longum subsp. longum JCM 7053, B. longum subsp. /longum JCM 7055,
B. longum subsp. longum JCM 7056, Bifidobacterium pseudocatenulatum JCM 1200,
F72, B. longum subsp. longum 105-A XN HE 1IE 26 A& GUERE B K 52) Ky 53
7

BEERIIWRICRTEH AR E U Bifidobacterium £2 %2 A \WT 37 CTHER I IZIT -
7

& Bifidobacterium g 1 L #1: RURTF R (H ARFEK) 10 g; AR =FZA(Fnx

MR A2, 5 gy A—APZ=FA(HEEA—AD), 5 g; K,HPO,, 3 g; 7TAILE VR



Na, 10 g; L-V AT AU e, 0.5 g; Tween 80, 1 ml, pH % 2 N NaOH T 6.8 (27§ %&
L, bBIGEUTTINVa—R, TIETH L, ITTHL, 774 8—La— AR —
AL (F 10 g/DERFIFRELTIRMLI,

KRR I TF I LR e TERBREIC CO % 3-5 BRI 50, Hix
B A A2 —F vy 7 OONWI O 0 £TH -3 Z8ick>TIT 7=,

HERFWREZEZ P T 1B ESEZAIBREREY 19K ET OHEREL, —ED
BRI O CHRE L, B BT R 10 mm OF 2~y b FV T it Ot B &
(Hitachi UV-1900)T 660 nm DWWt 2 E L7z, B ZBIKOWEE 2 0.5 BL EThH-o
7285 &1, 0.85% D NaCl T 0.5 R lZ22 I H ML TR E L, HIL4°CT 1545
ff, 18,000-20,000 x g Ciz D70 B L, 0.85% NaCl T3P L CHE AR ET -20C
TiRE LT,

BIX 454 D 50 mM Tris—HCl 2 & #K (pH 7.2) THR®W L7, HRREIKIZOKH TH
Gy 720X 10 4y [, 20 kHz, 140 W THE F I 4LE (TOMY Ultrasonic Disruptor
UD-200, Japan) L, 4°CT 20 %£721% 30 43 [#], 20,000 x ¢ T Lo BEz TV, LiE%

ks,

2.3. BREMHORHE

BN K 43 R M O AR HE R B IS ANP-7 Vv REEE ELTH W, KRR 1.0 ml
iz, BEFRIE, 80 mM UM AUy Al (pH 7.0), 1 mM ANP-7V=a Nad 7,
30CT 5 MG 0.2 M Na,CO, % 0.5 ml IRINL TR &8 Ik Lz (a-Z vav
— B OIEMER E R IE pH 6.0 DV AV Y Lk E 2 AL, 40°CT 10 75 [ ) IS S
Hi), Bk 4-=hr7x2/— VO &% 400 nm OW K E TR EL, Tk HEK
18.3 mM ' em ' AEABOFFICH W, BERIEMO 1 unit (X1 #4729 1 pmol
DA-=tnT=/)—VEERTOMBEORLER L,

HTI =R G T DL HER 2K o3 iR 3 D8 32 & ML SOS # PICA S huic g
THE A 3,5-V=buaPUF LR L2812 VT, 540 nm OW O EZHIE T 528128

10



E'mLID, HT7h—R% M B AE I W, OB 50 Pl IZEE R K, 80 mM UL g7
Uy LR (pH 7.0), EEELTI100 mM DT T4/ —A, AXXF—RA, FIh—AF
721X 0.5% 7 T H L% A, 30°CT 60 oy MRS SET, BERIEMEDL unit 1328
225 143 MM 720 1 ymol DRI KA LA TOBRORELE R LT,

INaA—AuGHTHLREEEMAK SR T 58 RIGHEIL, Zra—2 g%k
LabAssay™ Glucose (FIJE#fi3E T2 (Bk) )EZ M WTHIE L7z, 7 b a— R &k & 1E
A W, RO 50 pl ICIXEESE iR, 80 mM Vo U AEE i (pH 6.0), HE
ELT20mM O ZWEHEITZ=0E (e —R, YNV R—R, RTF )=, AV
VRN — R, R —R) HE T, A0CC TS5 MR IS SR, OO HEE 2L E L
L7zl i3 40°CT 30 Ay M B S ¥ 7o, RS #R 2 5 43 816 I /K 1 TINEVL TR & 45
&8,

B 05 R 0% M O BOG ZE B 1 Silica gel 60 ( Merck Ltd., Germany)% W\ /=i g 7
n~v 777 4—(TLC) TRt L7z, a- X O'B-H TV ¥ — B DR B SO 1L RS iR
1.0 ml #112 0.2 U OFFKk, 80 mM 7V > -NaOH & (pH 8.0), 15 mM
ANP-a-D-H TV T /2 R ix ANP-B-D-HF7 T /LR, 80 mM £ B 25 7,
37TCT 1,6, 12K XX 1, 6, 24 e[ RO ST, HEIXEBREE B L LT -7 %/ — 1
FEBE K (5:4:1)%& H Wiz,

a-ZNavHF —PoREEES K SIE, F—o0ZVasRnsia—2ft Gk, ZRIK
DM H 258 4A, KIS 1.0 ml 12 0.14-0.22 U BEHE K, 80 mM VB WU AkE
Hi#% (pH 6.0), 0.4 M Z Las R (AY</Lh—R, hLm—R, RTF)—Z V<)L
MUF—R, 2 )—R) &8 T, 35°CT, 0.5, 1, 3, 6, 12, 24, 48 , 72 B¢ i ) s S7=,

INTGTF ) =AML T VA — )VEA~D T v a— AR S 1L, IS 1.0 ml 12 0.2 U
BEE i, 80 mM UL WY D AEMEK (pH 6.0), 1.0 M 7 /La— L3 (1-7 13—,
2-7asN)—)v, K )=V 1-TH )=, 1-~FY J)—), 1-F 7% /)—)), 0.5 M /3
TF ) —RAEE Fx, 35°C T AV R OEH IS M TR U B o K R ] T3 L7z,

1-T X )=, l-~FY ) — ), |-F X2 ) —LZHWDEEE, MAKREOT La—Ln

11



53 BlE L 72 WAR IC IS IR IZ 0.1% Tween 80 2N 2 72, IS4, 5 43 A1 s 7k H TANEL L
B A 1L U Cimt s Sy B2 AT o7z, ZLTIKIN IR D EiE LR HEL T H A U 7L
MBIz 0.5 pl X% 1.0 pl ARy RL, BERREHE 2-7w//— )L 1-7 %/ —)L:K
(2:2:D)T2EEEHE L, BEAZDOIIDTIAMIZ 5% E/2IT 10% DR 2 & o2 ) —
NEWEFEL, 130°CT 15 3 MEL TR A W & e i Lz,

K B RE R OBV MR E IEEEE (19 0.2 U/ml) © A > 72 BR & % 40, 45, 50, 55°C
DOIERMEICES, RFREICEREZ —HRVE L TRISKRIZIMZATIT272, a- KT
B-HT7/ & —EIL 30CT, a-ZNav s —EiL 40°C TREFEIGEE ANP-a-D-H T2
"Z 2R, ANP-B-D-H T/ T /UK, E7iEANP-a-D-7/Lab’Z ) REE LT
) E LT,

ZoNIERREOWEE, WEZITEM BRSOV TII Lowry (5T, BEREORKRT
I% Coomassie brilliant blue (Bio—Rad Laboratories, USA)& W\ C{To7=, Fif{E 7
VT IR AE R W,

TRTOHENX 3 BT 24757,

2.4. BER ORE B

A-HIZIH—REB-FTIMH —BIL W il K O &L, % m i, 7vsim,
AF R Ia~ T TT7 40—, KM Ia~ N I7T7 4 —DIETH DT,

a-ZNa g —BIXE IR O R, Ry E, FAAmO%, AR Iav
NI T74—% 2 EAToThbh, BARMEIe~v N I770—%1To7, UL T IZFEM A2k ~
A

BRI 4 5% 50 mM Tris-HCL #Z & iR (pH 7.2) CRE L7, BHREIREZK LT
547, 20 kHz, 140 W Tl % i 2L BE (TOMY Ultrasonic Disruptor UD-200, Japan)
L, 4°CT 30 s3fd, 20,000 x g T LoBfaiTVy, BifZ2E s L72(Step 1.
Crude extract), (NH,),SO,® 30-70%fid fn TSN 7=k & % 50 mM Tris—HC1(pH 7.2)

TIfE LT~ (Step 2. Ammonium sulfate fraction), ZDOHX 2 X7'E % 0.1 M NaCl & H
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3% 50 mM Tris-HCI (pH 7.2) TFfi{k L7 Sepharose 4B 77 A(2.5 x 90 cm) (GE
Healthcare, Sweden)|Z 3+, [Al U#f% & % C¥i# 0.3 ml/min £721% 0.4 ml/min T¥ H
L, BEREMNE2E IR EELH (Step 3. Sepharose 4B), 1 T 0.1 M NaCl &
G +5 50 mM Tris-HCI (pH 7.2) TH-Mif{b L7z Q-Sepharose 7 A(1.5 x 5 cm %
7213 10 cm) (GE Healthcare, Sweden) (2 & S, a- & OB-H 77 % —E L NaCl
REAR 0.1-0.7 M(Jt@# 0.5 ml/min), THHHEL, MIEEEZ T TEHEEZG
(Step 4. Q-Sepharose), a-7 /L% —+¥ (X Sepharose 4B OiE ML 53 &4 /K T 10
fFIZA L, 50 mM Tris—HCI (pH 7.2) T {k L7z Q-Sepharose (2% % &4, NaCl
I BE AR 0.1-0.32 M (Y3 0.3 ml/min) T L7, B ONEME HIRZA R LA
TR IO T T T 4= DI TR E ST 2 B B OEBEEIT T2, a- K OB-HT
IR Z —BORRTIE, 2o HIRIZ(NH),SO, % 1.84 M IZR5X512MA, 1.84 M
LT, ®(NH),SO, #& A +5 50 mM Tris—HCl (pH 7.2) T¥fif{k L7~ Butyl-S
Sepharose 6 Fast Flow 772X (1.5 x 4 cm £721X 5 cm) (Amersham Biosciences,
Sweden)IZW 4 &4, B IX(NH,),SO, D E A B 1.84-0 M OZ L (Jit 3 1 ml/min)
THEHLE, RO L2 H W Ca-Zvay ¥ —8%, (NH),SO, #E A/ 1.1-0.7
M T # 0.5 ml/min TH L7z, 15 OAV72EE 3 ¥ K 23 0 I8 7 = — 7 Vivaspin
4 (Sartorius, Germany)z H W TR 2 &3L10, ¥ /"7 H %R #i L7-(Step 5.
Butyl-S Sepharose),

a-H7I7hH—EX DK TIL, & %2 CHT Ceramic Hydroxyapatite Type [ 40
um OH75(1.5 x 3 cm) (Bio-Rad Laboratories, USA)~Wk % L, U8 BV 5% & ik
(pH 7.2)% ¥ 0.01-0.5 M O#iPH T 0.05 M, 5 ml ®EEREAEIZEY, HE 1 ml/min
T H L7=(Step 6. Hydroxyapatite),

A-HFV B =V 1 ER-HIFI/ X —F, a-ZNa ¥ —PokEilcik, EiEL-
BERERT VR EE TR D L (SDS) &8 £RWARY 77U T IRV K Uk B) (PAGE)

SEELT-R, L OREFIEMEY A (2 mM ANP-ZUa s RIciE L, RIE CTEZEXIGL,
WEERETDH)ETV, BEEMEEZRTH SOV EZGVH L, 50 mM Tris—HCI
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(pH 7T.2)IZRIE LT, R 27 Vil il A8 57 L (Bio-Rad, USA) z M vCis Ll H

L=, .08 F =2—7 Vivaspin 4 TIEHNE L7=(Step 6. Native PAGE),

5. v FEHIE

% 3% D%y + 1% SDS f7#4£ T T1T79 SDS-PAGE &, SDS &/l 272> Native PAGE I
Lo TR E L7z, SDS-PAGE 1£1%(w/v) ®SDS&E& T 12.5% (w/v) OKRITZYLT
IRTNVTITW29], SDS-PAGE o> R0 & ~—H—LL T, a-KOB-H77h
VHE—VHIZH RISy F BV AKX~ —H5— (GE Healthcare, UK), F£72%, a-7 123y
A —P M2 WAKO PLUS-VIEW™ Protein Size Marker (F1 ¢ # 3 T % (88)) # Wi,
Native PAGE (ZARVT7 7V TIN DR JE AL 5-15% (w/v) T1T o7, Native PAGE ]
DE XG5y A Be~—J1—LLTHMW calibration kit (GE Healthcare, UK) (a-
K OB-HZ77bv & —EH), £721% NativeMark™ (Invitrogen, USA )(a-Z/La ¥ —
TH)EZH W,

VN DX X7 X Coomassie blue R-250 (Bio—Rad Laboratories, USA) TH: {4

L TR LT,

2.6. ZUNNIEDOEETT

SDS-PAGE 7 /v D& 378 %, Tanaka LD iE[30]% — ik BEL Ty —7 A
MR T TRIG LT, ZUNE ORI EZ, XTI FRYRATA4 T =TIV T 47
(PMF) fi# #fr TAT 7=, Z4Ui% Ultraflex MS > A7 A(Bruker Daltonik GmbH, Germany)
% H W T matrix assisted laser desorption/ionization-time of flight
(MALDI-TOF)-mass spectrometry (MS) &% 7 A MS (MS/MS) L TITH9HDTHD,
PMF #5213 Mascot ¥ = 2 (http://www.matrixscience.com/) Z | Fi L T
NCBI #o R 7E T —H X =A% R FE LT, PMF OfE R EMS/MS OfE a5 b T
MRL, MROMEDEEMELE DT,
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BoE MRLEER
3.1. Bifidobacterium J& D& Wy HE 47 fE M [31]

& W\ Bifidobacterium J& ® 10 FE 15 BRICOWTRE W MM 0 B 2R 5 L7,
H%& Table 1 IR LIz, ZNHOEK DS, Ty by BEEiviz B. animalis JCM 1190
R IT T R Tk DL D THD, Bifidobacterium J& % W& B 3 LI-45 5, HEH
ZEFERWE Bifidobacterium ARG M CIIE DKL E Ligdofz, Zva—2%
WMELTB Tk, RBREIT ST X COMRMPLEE L, 8 B[ 5 28 % ITIXE Ok
N ECAE DT, I T HL, T AN —, a— AN = HAERBZBIRET AT
X FE 2356 & B DR o Tz,

TICTHLEHEEM T B. longum subsp. longum ®5% JCM 7052 ¥k& JCM
7053 BESHEHE U724, Miookk JCM 1217, JCM 7055, JCM 7056, 105-A K& OVt o Ffl
XM E L7 o 7=, B. longum subsp. longum JCM 7052 ¥k & JCM 7053 ¥k OB 3 1%,
JCM 7052 BEA3 16 BEREIC, JCM 7053 #EAY 40 B Cm W EEICE LTz,

TIETHAEHFIb—ZARB-1,3 i & LI LI H T 27— AMB-1,6 5 & L7~ 84
WAPE, ZOMBITIIEICT IE ) —RART A/ — R, T Ararifla L TWDE 5
FDATHRXTFRTHMGELIZEE S THL, LinL, TIET T LG FICEH<EESR O
WFIENFE LRI T-Z s, TIETHLDE OB DL RS 2 MK T 585
IRHEE MK S REERZR DT T LG RICEH D> THLHETRLT, L& OWFIE T
TIOCT A LB T M TR FE 35 B. longum subsp. longum JCM 7052 % i

WahZEiZL7e,

3.2. B. longum subsp. longum JCM 7052 O¥EE N A 4> fiEEE R & M

B. longum subsp. longum JCM 7052 27 787 H bh& & ek HCHE 28 L, b # i 5id
WICHEE L, 78T A L&A S i UClt o0 5 & 4 ik D1 8 1% 1 2 5 1k & B il
Hil TR EL-EZA, BRIC 1.65+0.21 pmol/60 min/mg of protein, Bl H #E 12

1.0220.06 pmol/60 min/mg of protein D L{E M ThH o7, L, ZOFE R IE M ITE
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Table 1. Growth of Bifidobacterium species on seval carbohydrates
carbon source.

Cell growth on

Bifidobacterium species Strain Gum locus:
No suga GlucoseGum arabicGum guar Sunfiber

been
B. adolescentis JCM 127¢ — + — — — N.D
B. angulatum JCM 709¢ — +++ — + — +
B. animalis JCM 119¢( — +++ — + — +
B. bifidum JCM 125¢ — + — + + N.D
B. breve JCM 119: — + — — — N.D
B. catenulatum JCM 119« — +++ — + — +
B. gallicum JCM 822« — ++ — + — +
B. longum subsp.infantis JCM 122: — +++ — + — N.D
B. longum subsp.longum JCM 1217 — +++ — — — N.D
B. longum subsp.longum JCM 705: — +++ +++ * — +
B. longum subsp.longum JCM 705: — +++ ++ + — +
B. longum subsp.longum JCM 705¢ — ++ — — — N.D
B. longum subsp.longum JCM 705¢ — ++ — + + N.D
B. longum subsp.longum 105-A — +++ — + — +
B. pseudocatenulatum JCM 120¢( — ++ — + + N.D

+++, Cell growth occurred during incubation for b6 ++, for 40 h; +, fo
64 h; =, a slight growth during 64 h incubation;, no growth during 64
incubation; N.D, not determined.
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#EHICIEBHEN Do, 2RO ZEEFEH KO E /R ICT 78T H LIHE
AT 28FEDGFETIEERELTND,

TIETHL, TV, Ta—R&Kk x5 [ T 58 M T B Jongum subsp.
longum JCM 7052 Z¥i#& L, FEHE ICXDOEERIE M ~OEE 2 ~Tc, & § fif HH iR o
B FIEM A ANP-ZVav 2 E L THWTHREZLEZAS, a- T/ —F8, B-HT
IR H =¥, a-IavZ—¥, a-TIE )77 )X =¥, a-TIE /BT )X —F,
B-7 AL X —VDIEME L 2 G5 7-(Table 2), 7IE T H L TH # L= fl K 1213,
TNA—ATEELIELOLEK L Ta-HI77 % —ERK 10 5, B-HII7h ¥ —E
WK 4R, a-TIE 7TV —BRK b5, a-T T/ 8T A =8R8 4 £5, a-
ThavHE —BLB-7aZy —ENK 2 5 E Wi ERSE LN,

AINP-ZVay ROMAK S EIEVEDOEB 2 HI2DICT I8 T HLATE £ L T4, 8, 12,
16, 20 MBI WL, HFEMEEOBEELZIE L, TOR K, a-T77h & —F
DL TE MBI &7 1k W o m <, ey 12 FEM#EFr sz, B- I 77hv X —E Dk
T VEL A E 1 B Ol S NS DN (Fig. 2 ), OB FE OFE M 1E, & o5 5E K 5
THE B IT/NEL Table 2 LIFIERER DM TH -T2,

INEDRE RNSTIET H LN B. longum subsp. longum JCM 7052 ¥k 0l i 3 i
\ZHDARF E DOEERIZL>TIAK S MRSV, Z 055 ffFEW DK E FIZERDIA 4T
Q-HITINHE =B OB-TFI o H—B oIl o ThHEInNsZ N TSN,

B. longum subsp. longum DA-HF7 I H =R EB-HTF I X —B DM R ITZhic
T HEDEN TR oT, a-H T IR F —BIZOWTIX B. longum subsp. longum
CRL 849 oMl HikZH W THESNTWDHIDOATHDH[21], Tz, B-HIFI/F X —E
X7 Va2 — 2 TH: 3 L7 B. longum subsp. longum 401 [221% B. longum subsp. longum
CRC 15708 ol ENTWDHNR[23], 7 =y FEOMEEBIEN, Bk
Flixii o cunwiewn, 22C, 79T HLTE#E LI- B. longum subsp. longum JCM
7052 NHa-HIIRH—BER-HTI/ X —BEERL, SHIZ/ Va— AR LEHE
Moba-HII7M T =B R THEE L 5281,
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Table 2. Enzyme activities with 4NP-glycoside in extract®rm B. longum
subsp.longum JCM 7052 grown on 1% carbohydrate.

Enzyme activity gmol/min/mg of protein) + SE (3)

Substrate
Gum arabic Lactose Glucose

ANP-o-L-
Arabinofuranoside

0.444+ 0.095 0.420+ 0.041 0.091+ 0.012

ANP-g-L-
Arabinopyranoside

0.489+ 0.083 0.195+ 0.047 0.117+ 0.003

ANP-0-D-
Galactopyranoside

1.960+ 0.059 0.404+ 0.055 0.176+ 0.019

ANP$-D-
Galactopyranoside

1.850+ 0.075 0.797+ 0.197 0.491+ 0.046

4ANP-u-D-
Glucopyranoside

1.120+ 0.116 0.864+ 0.125 0.500+ 0.052

ANP$-D-
Fucopyranoside

0.319+ 0.062 0.084+ 0.008 0.148+ 0.009
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Fig. 2. Enzyme activities during growth oB. longum subsp.
longum JCM 7052 on 1% gum arabicO, Cell growth; A,
ANP-0-p-galactosidase; andll, 4ANP{3-p-galactosidase.
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BREETIZa-LOB-HII/ N F—E¥, a-7)Vvav ¥ —L¥iX Bifidobacterium J&®D 5
fii 15 BR Tl <6 Tnd (Table 3)

INETICE MMM Z 5 i UCHE 5E 3 588 J) 2315 PRI & L2k LTIl Bt TR 25,
52, 53], B. longum subsp. longum FED W ONDEMKNT TET H LA THEIMT52L
MHONTWIEZD, TIET LGB <EER REIZOVWTIH AN TI ol 7
TETHRNIZORR 3 ELTT I AT E ATWDDN, TV IHIT7H 0TI
B-1,4 A LIEHTIIZbREEHETHIAME, B-1,3 A LETTIZ RO EHIC
B-1,6 fE S LI TR REZMEHEL THLO N R AHY, 77T HTAINR THD, 2
EFTCWIWOT I T2 2T oM O R-B-1,4-HF7 2% F—E (GH
53) Dt s galAD B. longum subsp. longum NCC 2705 [15]& Bacillus licheniformis
DSM13 [64] TR 2o TEY, WIFNLB-HT/ N H —EBDEAR 1 lacADEFHIZHD
TEMD, “OOBRIT T M T I I TIIZ DR REHBRLTWSES 261D, 1T
B DOTICIBTIE Do REICE<EEFRLELTR-1,3 L OB-1,6 fi B L= TIhI L HE
EMAKDIRETHEX-B-HITIR X —BDOIFHENKRGENCE Do TWDHl, e
Trichoderma viride DHTY R-B-1,6-HT7 72 —Bi#Es T nr7a— /& Tnd
[56], L22L, THNETICHENDIXT IE T H A0 fEIC@<BERE LB s FIXRESh T
BT, KWL THI O T B. longum subsp. longum JCM 7052 #RIZZ DIFIE /R IE S

iz,
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Table 3. Properties ofu- andp-galactosidases, am-glucosidases fronBifidobacteria *

Mol. Mass _
Species Strair Enzyme (kDa) PHopt Tort Accession Gene cH Reference
_ (‘C) Number Family
SDS/native
B. adolescentis
DSM 20083 a-galactosidase 83/330 6 45 AF124596 aga 31 32
B-galactosidase 89/350 6 35 2 33
81/235 6.0 50 AY359872 bgal 7/ 42 34
a-glucosidase 71/68 6.6 37 AF358444 aglA 13 35
73/149 6.8 47 AF411186 agIB 13 35
Int-57 B-galactosidase - - - AF213175 gal -
B. bifidum
DSM 20082 3-galactosidase 163-190/362 6.5 37-39 36
DSM 20215 B-galactosidase 112/620 - - AJ272131 bifl 42 37
130/236 - - AJ224434 bif2 2 37
182/360 - - AJ224435 bif3 2 37
B. breve
203 a-galactosidase 39/330 5.5 - 39
81/152 5.5 - DQ267828 aga /7 31 40
YIT 4010 p-galactosidase 75/- - - E05040 41
UCC2003 a-glucosidase 69/- 5.5 37 ABE96517 agll 13 42

70/- 5.5 30 ACMS89183agl2 13 42
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Table 3. Continued 1

Mol. Mass .
Species Strain Enzyme (kDa) PHopt Tort Accession Gene GH _ References
(‘C) Number Family
SDS/native
B. breve UuCccC2003 a-glucosidase 6.5 37 ABE94823 agl3 13 43
N.D - ABE94829 agl4 13 43
7.5 30 mel D 44
B. longum subsp.infantis
ATCC 15697 a-galactosidase - 6.0 40 45
B-galactosidase - 7.0 40 45
DSM 20088 p-galactosidase 77/140 - - AJ224436 infl 42 37
HL 96 B-galactosidase - - - AF192265 bgal 7 2 46,74
B-galactosidase - - - AF192266 bgalZll 42 46, 74
B. longum subsp.longum
401 B-galactosidase -/330 6.0 40 22
CCRC 15708pB-galactosidase - /357 7.0 50 23
CRL 849 o-galactosidase - 5.8 40-45 21
MB 219 B-galactosidase - - AJ242596 lacZ 2 47

VMKB 44 a-galactosidase 83/- - AF160969 aglL 31 38




€%

Table 3. Continued 2

Mol. Mass
] ) Topt Accession GH References
Species Strain Enzyme (kDa) PHopt Gene .
_ (°C) Number Family
SDS/native
B. longum subsp.longum
JCM 7052 a-galactosidase X 79/150 8.0 40-45 This study
[31]
o-galactosidase | 85/162 7.5 45 AgaX 31 This study
[48]
B-galactosidase 77/110 7.0 50-55 lacAl 42  This study
[49]
a-glucosidase 72/70 5.5-6.0 45-50 aglAl1 13  This study
[50]
73/93 5.5-6.0 45-50 aglA2 13 This study
[50]

* Modified from the reference [51]



3.3. a-HFI b H—BIZ2ONT

a-HZ77hH—+E (EC 3. 2. 1.22) [IHFI7b—ANa-1,6 & & LW E 2K 55 i
LCHII =A% T 523 (Fig. 3 ), a-1,6 i A LA T7h—RAI R T REIZE FN
LHAZIMAVIARETCHHAIC T =R, TT74 ) —ARAZF A — R ENAFAET D, ZOW
FITWALB Y, W, BLOWMAEVWEKNITIES AL TND57-63], ZhHoH T
B RN D 2 DDEAT DaA-HF7 7 X —ERHLNTEY, ODEDTEERE
TTEML, 2= DI EP M EEIT VDI OSRN F TEM 35, B. longum subsp.
longum% & T0\ DD Bifidobacterium i DHFE L Eica-HT7 I/ N H —EBEFF->TE
Y, fJE pH 2% 5.5-6.0 LW E SN TWD (Table 3), a-HF 7 —BIXiEH, b
MKy R T HREHE ELCRIBENDD, ZHHD W DDITIEM K 5 ] 1 Jo CiliE B
TOWEZHE « OFEBEICHEB TOMBRBIEEN RO TEY, LAVl s G+
LFBEELTHHLELZERNHIfF SN TWVD,

TIETHATE:# L= B. longum subsp. longum JCM 7025 »boa-HI7 7 X —+1
R L7-MF, Q-Sepharose # Wit A AV R I/a~ I T7T7 4—T . ODa-HT77
F—BIEEN LN, LML, ZTOIEMIZ 10 ff0ERSH -7 (Fig. 4A), 7787 H A
BEENIOELNDA-TITINH —BEHa-TI77 X —EXEL, bH)—D2Da-HF7

A —BETNVa—AEEBEHPORERL, ZOBEEZa-TI77h X —FE 1 ELT,

3.3.1. ZHDa-H77vF—8B(X L 1)DRERI[31] [48]

O-HI7I M —BXIXT I8 T WAL TE % LT B. longum subsp. longum JCM 7052
MORERIL, 4% % Table 4 /R L72, Q Sepharose A4 & r/a~h7 77 4—ThT
el A, a-HTI R H —E X 1T NaCl £ 0.53 M TR H STz,

Butyl-S Sepharose6 Fast Flow ZH W8k r/n~hr 77 4—Ta- A7 b X —
PREFZTE 1L 0.86 M (NH),SO, 2t LTZFEICIE I Lz, & IS ARafs 7% 1k
Ia<h ST 7 4—=Ta-AI77h X —EXIF 0.1 MUVERIE (pH 7.2) 2k TIEH ST,

Table 4 IZR 9 X912, EMICa- T T/ Z—EX 1T 66 {FI2K R X, SDS-
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Fig. 3. Hydrolytic reaction catalyzed ba-galactosidas
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Fig. 4. lon exchange chromatography on Q Sepharosea-ghlactosidases
from B. longum subsp. longum JCM 7052. Enzyme preparations of
oa-galactosidase obtained by gel filtration with Saptse 4B were applied
on columns (1.5 x 5 cm) of Q Sepharose and elutéd wn NaCl gradient
in 50 mM Tris-HCI, pH 7.2A, an enzyme preparation obtained from cells
grown on 1% gum arabicB, from cells grown on 1% glucose@®,
ao-galactosidase activityl), absorbance at 280 nm&, concentrations of
NaCl. Each fraction contained 2.4 ml.
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Table 4. Purification ofa-galactosidase X fronB. longum subsp.longum
JCM 7052 grown on 1% gum arabic.

Specific
. Total . .
S Protein o activity Yield
Purification step activity .
(mg) ) (units/mg of (%)
(units) _
protein)
1. Crude extract 119 103 0.86 100
2. Ammonium
, 26.4 74 2.80 72
sulfate fraction
3. Sepharose 4B 8.13 63 7.75 61
4. Q Sepharose 1.36 45 33.1 44
5. Butyl-S
0.66 24 36.4 23
Sepharose
6. Hydroxyapatite 0.14 8 57.1 8
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PAGE TH —OX o 78 %Rk L7=(Fig. 5), Z0a-H77 % —¥ X% B. longum
subsp. longum FENGH O TR R INa-HF77 ¥ —EBThb,

T B. longum subsp. longum fENHD D> H Oa-HF7 /b X —PBL LT, Lo
—ATHERBLEEK?S a-HI7I7b3 X —€ 1% 8% O FE TH —(ZHFRLE
(Table 5), k5% ifd & THEF I Q-Sepharose A4V A r/u~h7 77 4—7T 0.43 M
NaCl {2k - T &4, Butyl-S Sepharose 6 Fast Flow OBk 7u~h7 77 4—"T 0.5
M (NH,),SO, (IZX-> T Sz, i #& Be i T SDS &5 £72\> Native PAGE Z W\ T

BEREHELT-, SONTERENE —ChoHI L%, SDS-PAGE 2LV L,

3.3.2. BENWEICLDa-FF 7 ¥ —EBDFEE

SDS-PAGE Toa-#HT77r X —EX D5 &% 79 kDa (Fig. 5A), a-H 77 ¥ —
Y1 D5+ &I 85 kDa Th-o7=(Fig. 6A), £7,I% & A KL Native PAGE (X545 T &
IZo-HT 77 & —EX1E 150 kDa (Fig. 5B), a-AF 7 & —E [ 1% 162 kDa ThoTz
(Fig. 6B), 2N HDOHE R 1%, B. longum subsp. longum JCM 7052 Do~ A7 7 v Z—+1
X, MO TIFEBICH VT 2=y ZBETHLZE R L TND,

MALDI-TOF-MS TH#rL, oz _XTFR~vR -7 H—T7V 2k (PMF) Off
% Fig. T-1 1R L7, ZO#E B % Mascot Search =Y % W T NCBI #1237
T = H N = AR RITIT, SHITMS/MSDOFER, a- T 77X —EX T — RO 7
VOKFREEY O T8 E S (YVLDDGWFHLR) 2372 (Fig. 7-2), 2O 7 /B 51X
B. longum subsp. longum JCM 7052 %7 ) A (K3EFK) H OBEE & 5 N1-359 & B.
adolescentis 1.2=32 77" 7 50 BIFADO_00185(a~# 77 b 7 — BN L 2o 7253, BE#
D B.longum F& D7 ) DX 723> 72, N1-359a- AT 7 v —F X 716 TI /BB,
5y # 1% 79588.15 T SDS-PAGE TR 74y 7 & 79 kDa LIFIF —H L7, 207/
fi# fid 51] 1X BIFADO_00185 (705 73 /fig) & 65%D Rl — M, 78% DM R TH 7=, a-H
T8 —E 16 MALDI-TOF-MS S #rL, XFFR~vR-T 407 —7YV~ (PMF)

DO B (Fig. 8-1) % Mascot Search =Y % W TNCBI #2305 — XX — 2 R
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20.1 -

Fig. 5. Molecular mass determination a-galactosidase X by S[-PAGE
A and native gradient PAC B. Lane M, marker roteins; lane 1, purifie
enzyme. Proteins were stained by Coomassie bl-250.

A B
kDa M 1 kDa M 1
242 —
97 —
<83 kDa <162 kDa
66 — 146 —
45 —
66 —
30 —~
—_
20.1— 20

Fig. 6. Molecular mass determination o-galactosidase | by S[-PAGE
A and native gradient PAC B. Lane M, marker proteins; lane 1, purifi
enzyme. Iroteins were stained by Coomassie blu-250.
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Table 5. Purification ofa-galactosidase | fronB. longum subsp.longum
JCM 7052 grown on 1% glucose.

Specific
, Total . ,
o Protein o activity Yield
Purification step activity _
(mg) , (units/mg of (%)
(units) i
protein)
1. Crude extract 310 40.2 0.130 100
2. Ammonium
, 198 30.5 0.154 76
sulfate fraction
3. Sepharose 4B 150 26.9 0.180 67
4. Q Sepharose 41.9 18.5 0.442 46
5. Butyl-S Sepharos¢ 3.90 4.8 1.22 12
6. Native PAGE 0.18 3.1 17.8 8
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Fig. 7-1. The peptide fingerprinting od-galactosidase X analyzed by MALDI-TOF-MS.
Figures indicate the molecular masses of peptidesipced from the trypsin-digested enzyme (upperpaand
the numbers of amino acid position in the enzymed@rparts) .
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Fig. 7-2. The tandem mass spectrometry analysis of a peptidained from the trypsin-digested
a-galactosidase X.
The molecular ion ( m+, m/z) 1420.768 in Fig. #as subjected to MALDI-TOF-MS analysis again.
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Fig. 8-1. The peptide fingerprinting od-galactosidase | analyzed by MALDI-TOF-MS.
Figures indicate the molecular masses of peptidesipced from the trypsin-digested enzyme (uppergaand
the numbers of amino acid position in the enzymed@rparts) .
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Fig. 8-2A. The tandem mass spectrometry analysis of a pepbdained from the trypsin-digested
a-galactosidase I.
The molecular ion ( m+, m/z ) 1714.829 in Fig. 8as subjected to MALDI-TOF-MS analysis again.
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Fig. 8-2B. The tandem mass spectrometry analysis of a pepibdained from the trypsin-digested
a-galactosidase I.

The molecular ion ( m+, m/z ) 1917.171 in Fig. &8s subjected to MALDI-TOF-MS analysis again.



[T 72825, Accession number, gil46190700 &[] & Sz (R ENT=XTFRD 4y
T 'R, T—XPORINIKETHE AL 33.1%) . IHIZ MS/MS s, o0
A 7 F K o 7 2 7 W B ¥ TAHPGLEIESCSSGGGR(Fig. 8-2A) &
YGIRPPSLHPQQAVLLK(Fig. 8-2B)2 @ U gi | 46190700 » 73 /&t 41l th ¢ 535-551
FHE 747-763 FHICHD, LRIESNT, 2OTI/BEELSIX B. longum subsp.
longum DJO 10A OF /AR HENT—a-HT77h % —+1 BLD1483 & — %L, JCM
7052 Bk ODN9-45 Doa-A 77 o Z—REFES NI, Z0a-HF77hZ —BIL 763 i D
TIJWENORY, S 81X 83,309 Da & E 4, SDS-PAGE THOLNLTZa- T T/~
X—® 1 D5 F & 85kDa LIZIEF—H T2, a-HF/h ¥ —+¥ BLD1483 (L GH 31 77

W—ZRLTWVD,

3.3.3. EBEMN

1) ANP-ZVa N E&Wicxt 558 fr R
BHRa-TI7I7 N —BXba- T —EB 1 OREFRMEE ANP-Z7Va T R

BRI L TRFILILZA, MR, BERIEMHIT 4ANP-a-D-H T 7 T /R

RLTHONTZOHT, D ANP-a-D-Z Va7 /K, ANP-a-D-~v> /BT /UK,

ANP-0-L-F L /ET )R, ANP-a-L-7 a5 /R, 4NP-a-L-7 I /T /LR, BX

W ANP-a-L-7 I8 /77 7V RDOED ANP-a-ZVavRIZHLERH Lgho7-, 4ANP-B-D-

HIIRET )V REANP-B-D-7at T ) R THEE R IE N E -T2,

2) INTIRER Koy ROBRRKKIEEE Vi,

SHTYRER K, 13838 OGO 7 my MKk ®, ANP-a-D-HF 71
I VR LT, a-HIZ R F —FX(E0.15 mM, a-HF 7 X —F¥ 1% 0.34 mM
Thotz, T2, AR EE(V,,) 1%, a-TF77b X —F X 5.1 umol/min/mg of
protein, #F27r# —+¥ 1 A 75.8 pmol/min/mg of protein Th-7=,

TIT 4 )= AREAEFF — AW EEFE LS TMAKSREN, K, 1ZT77 4/ —AZx LT
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a-HI77hH—EX1E88.3 mM , a-HTFI/ha & —E 11X 15.5 mM, AZFA —RAIThf
LTCa-HI77hvH—EXIE 126 mM, H77h X —E 11X 39.3 mM Thoto, a-HT77
A —BXD V,, ODEIZT7 4 /—AT 45.1umol/min/mg of protein, AZ ¥4 — AT
60.3 umol/min/mg of protein, a-#H7 /b % —€ 1 1¥77 4/ —AT 22.8umol/min/mg
of protein, AZ¥F—ZT 28.8 pmol/min/mg of protein Th->7=,

T ODBERIZAVE A —RENT IR VT — R IIK Y R CTEDHZEE TLCIZL
S>THEFR L7z (Fig. 13, 14), 0.5% DT 7T H L% HKE LL T, pH 7.0, 37°C, 1 Fr[# 2
S# G (ANP-a-D-HFZ7bET /T RDOMK G G, 7.2 mU 26 1) S8R, &b

LOERLE TR EZEERYET, TIETHLEHM LRI ERNRIBRINT,

3.3.4. pH, BE, tEMDOEE
1) pHICX2¥

FE B BE R OB pH & pH5.0 25 pH 9.5 £721% pH10.0 O&i P < 80 mM O fig )
NI LR R, VAT AR, 7V -NaOH &k, Tris-HCl 52 H iR D 4
FE D & K & T, ANP-a-D-H IV hET /U RERE LUTHRIE L, B KIE M1
a-H77h % —EXiX pH 8.0 (80 mM 7V >r-NaOH) (Fig. 9A), a-HF7 7 ¥ —E€
[1XpH 7.5 (80 mM DV HVY Lk ik, &k N7V -NaOH #k& & k) TH O A7
(Fig. 9B),

a-HI7I N H—BIEWED pH (K fF % B. longum subsp. longum Ol Ok O @ il
HIR THR 722 A, 7= JCM 1217, JCM 7055, BE W 105-A OFT X TOMN
a-HI7I7 o —EiEM LD, pH 8.0 TR KRIEMZ /R LI, 2K LT, B. longum
subsp. /ongum CRL 849 TiXa-#Z77hs % —8lL pH 5.8 T KIFMHE R T LM ES
NTWab[21], £/, a-HF77 b ¥ —BiIfh D 3 DD Bifidobacterium J& DSk ST
WA, THOEE pH X 5.5-6.0 THH(Table 3),

i % 31 Tris—HC1 #% i #% (pH 6.5-9.0) TILM D[R UpH O F% i #% (2 b R TR WS

Pz Lz, (Fig. 9)
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Fig. 9. Effects of pH on the activity ofi-galactosidases X (A) and | (B)
purified from B. longum subsp.longum JCM 7052. Buffers used were
B, 80 mM acetate (pH 5.0-5.5)@®, phosphate (pH 6.0-7.0)Q,
glycine-NaOH (pH 7.5-10.0); an&, 80mM Tris-HCI (pH 6.5-9.0).
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2) HEDORE

Fic 38 IR E O FHE pH 7.5 T, 5 o B O G & TIT o, a- AT — B X
40-45°C (Fig. 10A), a-H 57 % —¥ 113 45°CThH -7 (Fig. 10B), LML, a-HF27
FZ =8 X3 40-45°CT 5 B[] PR IR L7 & TG PRI E 42 &7% PEIX B IR T LT
W ZOTEMER FI1X0.15 M LTV 0.3 M @ NaCl O IICINAA LV RBEEZFEDDLE—
IR EINDZEN D InoTo, LM LARND, 50CTOMRIRE CIXEERIEM T 30 %I
30%IZETHE AL, 0.15 M NaCl OfFTE F Tho THIE M ITHEFF S en>72 (Fig.
11A), — %, 0.15 M NaCl OAfFLE T CIE MM E 92 LB B 1E 13K 10% M ESnl,

A-H7I7hvH—ETIZBWTH, 45CT 5 RFRIRIE T2EEMEOIK TR AL,
50CT 5 IRl T2 LB RITRIE LTz, £/, 0.156 M @ NaCl Zl N4 25&, a-H7
IhyH =B X EFRIC,BER O EMITH o RICRESNDIIEN R SNz, 60CT
ORI TIE, BEREMIT 30 5%IT30%ETH AL, 0.15 M NaCl BIfETEL THIE M
ITAHEFF S 78072 (Fig. 11B), NaCl OfFFE F Ca-H 77X —B I BNbLREE D
Bt 25280, ZOMFEZLTEMNIFA TS 6, AR THLIEE ZDLND,

3) &R A4V KO EDTA X 55 &

WAL FE MBI DEEIZHONT, 1| mM O& B ALY, KO EDTA f£1E F TR
FIEMAME LIz (Table 6), a-HT77 v —€ X OIEHIX Cu*'l2koTH 40%,
Co?, Fe?, Mg?, Mn?", Zn*" 12X > T 10-15% L E S 7=, EDTA ICLDE X 10%
Thy, XL —hFlEL TR R IFIE -T2,

a-HZ77hH—8 1 OIEMEIL Cu”IZE> TR 20%AF Sz, LnL, thos)E 1
v Fe?', Mg*', Mn*', Co* IZFERIEMEIZRE B LR o7,

EDTA 1Za-AT77h#—E 1 OFFERIEFEMEITH L THRL —MIELTORRITIAL
Mol

INLORERE, —o0a-AI77 X —ERERBAA IS TR ITDEENR

HZEETRLTND,
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Fig. 10. Effects of temperature on the activity of the
purified a-galactosidases X (A) and | (B).
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Fig. 11. Effects of temperature on the stability of the pied
a-galactosidases X (A) anl (B). Symbols used werll, 40°C; O, 45C; A,
50C; and <, 55C. Solid lines indicate activities in the absenceN=ClI,

dotted lines in the presence of 0.15 M NaCl, brokeres in the presence «

0.3 M NaCl
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Table 6. Effects of metal ions and EDTA on the hydrolytic
activities of purifieda-galactosidases X and I.
ANP-a-p-galactopyranoside was used as substrate.

Relative activity (%)

Reagents
o-galactosidase X a-galactosidase |
None 100 100
BaCl 95 98
CaCk 98 103
CoCl, 83 104
CuCl, 61 83
FeCk 86 105
MgCl; 86 105
MnCl; 83 106
NiCl, 96 105
ZnCl; 90 109
EDTA 89 98

Metal chloride salts and EDTA were added at 1 mM.
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Garro HiX B. longum subsp. longum CRL 849 226D B il H K 2 H W 7= B, Mn?' 23
Mt a-T7 7 F—BaiG AL T52L2®E L TWDI21]2Y, X578 Riza-A
TG —BXIET TR, a- 77X —B T IZHL ARohhotz,

3.3.5. BEEBIE M

a-HI7I7bF—BIIEBBIEERNHLILRMOENTWDH64-67], fill fi 1% VD —
Bl Fig. 12 (TR Lic, TP NVIEEERB $OE ML, MR L 2 Moa-T7 78
H—BRNETIHINEIDERE LT, ANP-a-D-HT7 7 T ) RETTIN—AFE T2 AV
EA =A% E RIS IR Z TLC THM LiceZANT 7 h—A it 5AL & ¥ O 78 20 mM
AR T2, D THDHH LKE D B STz,

YRR EMBE RO T, B AR E TXRP oD, a- AT 7 2 —E XN
TT4 )= AREDA-1,6-TF I REEGICHRE R BRIEZF DL D, EMITTZ
Jhna-1,6-AI 78R, K OHTIh -a-1,6-HF 7 b-a-1,6-7 /L2 —RAT
boHEHE E ST (Fig. 13), ABEFE X B. longum subsp. longum FE 555 B UK 55
EHERFT LR Oa-TT7 77 —EBThD,

a-H77r X —E 11 ANP-a-D-HTI/ T/ RETVa—X, v /) —R, Arn
— R, AVEF =X, TIE /)=, HI77F /= NVEMATRISHE THLWEZ AR LT
(Fig. 14), BG4 B O KE DM 231336 Gl IR e H 2 N F CTERp oo R E TE
TRV, KEERba-1,6-T 77N & IR B2 SZLnn, Al ids b
WZHFZIh—=ANa-1,6 #EH LA VI~ —B 26N, ZDHE, JLa—A KR DR
B—AEZHRELERFIZER THEEBEZONDLIAVE A —RALT T4 =2 LA TN T
LETHROFVTRETHD,

3.3.6. a-HFI7h T F—F¥DEE

B. longum subsp. longum JCM 7052 |23/ 72 & " FE Oa-TZ7 7 b RINK 5

3, Alba-To77bhv =X ba- 77— 1 0n3bsrZex /R H L0311, 48],
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Fig. 12. Transgalactosylation oa-galactosidass X and |I. The substrat

binds the active site oa-galactosidase, then interacts with an aspa
residue as nucleophil, which atacks C1 of galactos moiety of the
substrat. Subsequent, another aspart residu¢ serves acacid/bas: to
offer or accept I', resulting inreleasing 4-nitropheno and retaining of
the galactosyl moietyin the active site of th enzyme. The galactos
moiety reacts with water to become galactose (hiake), whereas somr
sugar works as the acceptor to produce galact-a-1,6-glycoside

(transgadctosylation).
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Raf— & -

Fig. 13. Transglycosylation activity ofi-galactosidase X detected by
TLC. Reaction mixtures (1 ml) contained 80 mM K-@iphate buffer
(pH 7.0), 15 mM 4NPa-p-galactopyranoside, 80 mM saccharide as
acceptor, and 0.2 units of purified-galactosidase X, and were
incubated at 3T for 5 h.

Samples were loaded on the lanes: 1, standard sugmactose (Gal),
glucose (Glc), melibiose (Mel), and raffinose (Raf)2,
ANP-0-D-galactopyranoside; 3, Gal; 4, the reaction mixture
containing Gal as the acceptor; 5, Mel as the atme@Bugar products
were indicated by arrows.
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Fig. 14. Transglycosylation activity ofi-galactosidase | detected by TL
Reaction mixtures (1 ml) contained 80 mM ghrosphate buffer (pH 7.0
sugars, and 0.2 units of purifiedgalactosidase I, and were incubated
5 h in 37C. Sugars in the reaction mixture include 15 mM 4-bH-
galactopyranoside (4N5al) and 80 mM saccharides as acceptor.

On each lane, swgs in the reaction mixture were: 1, glucose (GI2)
galactose (Gal); 3, melibiose (Mel); 4, raffinos®af); 5, Glc; 6
galactinol (Gol); 7, 4NRGal + Gol.; 8, 4NlBGal + Gal; 9 4NPuGal +
Glc; 10, 4ANRGal + Mel; 11, mannose (Man); 12, 4NBal + Man; 13,
sucrose (Suc); 14, 4Nfsal + Suc; 15, arabinose (Ara); 18NPuGal +
Ara; 17, standard mixture (Glc, Gal, Mel, Raf). Sugar puots were
indicated by arrows.

46



MALDI-TOF-MS 4347 C, a-AZ77h % —E 11X DJO10A #E[16]D 7/ ATH S
7= BLD1483 & NCC 2705 #k[15]D %/ A TR H & 7= BL1518 &R Ui s F BEM T
HHLZEN T REINT, 0-HTFIRHE —FB T 1774/ —AREAFZX A — RT3 L TR W
MMEEZRLIZZEND, a-1,6 HII7MREGE 0 T52L1I0@<EE 2615, SHIZ
BL1518 & NCC 2705 k& T 7 4/ —ATH; B LI, SFEINDH[68]12L00, a-H T
P& =8 113a-1,6-HI77 U R B 2b ORIl o THBEINDLMER THHI LR
3V Wil

— i, a-HZ7 b ¥ —E¥ XL B. longum subsp. longum JCM 7052 R FJREL T
TIETHATERELER, @mWEMEZ R L, a-TI77 X —EBXERLET I E
51 (YVLDDGWFHLR) 5 DX 7B IXZNETICERBMINTZT /L7 — 2T R
5T, JCM 7052 B D7 ) DD B R Do T-, 2O LT B. longum subsp. longum
JCM 7052 (2 D E R D7 ) LMTIZEE N, TIETH LEN T D20 D WO DiE &
F0BBHY, a-HITIIE—BXBNENSLDOBIEFFEW D —DOTHDHZEERIEBL T
A

a-H77hF—E 1 Ofi# pH IZHF AT ED pH 7.5 THY, a-H77h ¥ —EX
TiL pH 8.0 Thotz, ZOLH 72 MEE 1%, pH 5.8 Tl KiG k&7~ 3 B. longum subsp.
longum CRL 849 2L i M Eiza-H 77 7 —E[211E X B> Tnb, 5 FT
\Z Bifidobacterium OM OFEMNORE M INT—a-TF7 7 X —BIX, TDIFEAEDR pH
5.5-6.0 T B IE AR THDOTHA(Table 3), 12721, B. adolescentis Da-H77hk
VHE PO B IE M TR KIEMEA pH 7.0-8.0 TH LA TWAHI64], ZhETIC
Bifidobacterium 7527 — AL &SN TWbhHa-HF 7 ¥ — P[40, 64, 66]1%
BL1518/BLD1483 [15,16]% & ® T, GH 31 77V —|Z I TW\5, Zhao 5[40]
IZ 4 O Bifidobacterium J& Da-HF 7 X —F DT IR IIE 65-69% 23 [F — T
HHZEERLTND, GH 31 77V — O AT = X L1356 EB BT 72> TV N,
I B B Thermotoga maritima P HDA-H T 7 W B —EB ORI IZHD 2 DD T

ANGEUEEEN, BERISICEE L TWAZERN R I TWAL69], filt i /F H &
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& OB EDOEARLHIRICE ST, Bl pH OZ B 25 Sl 2§ 73 /7 A E S
NobDEZE2LND,

a-HZ7I7 X —E 1L ANP-a-D-HT7 7T ) Rink, I8 —RA, Jha—ZA,
TIC)—A, )= R, Ayu—RA, AEF—A, ROHTIF =TT TR
EMEERLIE, a-TT7 78 % —ERa-1,6-T 778 REMAKGMEL, £/, izl
a-1,6-HI7I7h R fE B ICL o TAERTHIEN BN TVD[64, 66], LTADRKIT,
Zhao 5[40] % Bifidobacterium breve 203 ®a-#5 27 % —E 5 ANP-a-D-HF 7k
VT VRN AVEF —ANEH TN ZEB LT, a-1,4- I 7 R & LicAY
IRECTHDOLHTT IR -a-1,4-H TP -a-1,6-7La—2& 5K THIEERLTE
D, BTV NVIEEBOEDPEEEHVIDZ 2R L TND, 4|, KRF% TH
SIVTEHERR T RS DAY 3a-1,4-T 77 o VKD a-1,6-H T 7R NV EDEL LR
faELTWTY, AVEA—RETT 4/ —=AUS DL ITH B OAVTETHY, HhE
G DT DA R OF) H B FFCTED,

A-HI7IhH—8 1 OEMEITa- T T/ b X —EX LA ERIC Tris—HCI §% i T
WG Mz 7R Lz, Tris OE FHIZW< 22O TR 5N TEY, Vasseur H[70113 15 O il
FRICHDHAZT—RIGMED Tris ICXDFEHIMEZ Tris BEEEOEFEEPLICHD 2
DDERLIALNNETFITHE S T2EVIET VTP L, Al S, {EHEF Lo Lvay
IVIEDRE S T HEMALIC Tris DER X VN FE AL, TORFE, EEF Lo H k5
RTIVERIRILL Tris OT7IVIEEOMBEAERNE 51278 T, 277 —BIG O i
FRENEZDE0IBDTHD,

WL, Tris 1% Bacillus licheniformis Da-737—EOHEFLLEAI THY, BEFEDOIF

ML ICHE A T2 rmEaNTT1], 2o % B ix, Tris (hydroxymethyl)

S

I

aminomethane 2345 HLELZE A & U CTHE & N K 2y i B% 38 O fik BEVE IS B2 R IET 28
ERIBELTERY, EEBNLETHS,
RO TLTENRFRITZLOEG A, REOWRMECKIGEEZ L5701 W

B TITON TS, TDI), BISI L RIEMEAL BB E IR ZD, AWFE Ta-T77
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FoZ—=BXET M OB-HT7I7bF—E 0.15-0.3 M NaCl OFMIcEy, Bicks R
B EAL IR M SNDZEN T Dy o7z, NaCl ZZ L RIEREOTI /% OM HEEH
B, o, XU RNTEOKFMEEE DL LICL S TH U RIE DR EMICEBELE
AWK ELOH D 1 FT12], ZOIORMRPBEROMLREMLEEHDILE DN
Do LINLIRNG, = ODMEHROFEBRM RND, ZDOX57 NaCl OMES, 50CL Lo
I E CIEZ VB OREAICHE BE RIZERWEIICR 25,

U EDZEnn, A B. longum subsp. longum JCM 7052 225k 8 Lia-H 77 by
Z—BX KON, FBEEa2F OMETHY, FFlCa-HI77h ¥ —8 TILH b
BRICERNLBHELLEE 2BND,
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3.4. B-HF /b X —FIZ2ONT

B-HT7 /b H—FB(EC 3. 2. 1. 23) [IB-D-H T 7 T FiEA DMK 5y i % fil i 95
ft, WZI7 N NWVEZERE TOEERHLIENMOILTNDIT3],  MEETE M IZD>WT
Fig. 15 {Z/R" 7,

ZNETIT Bifidobacterium J& TIiX B. adolescentis [33, 34), B. bifidum [36, 371, B.
longum subsp. Infantis [37, 45, 46, 74, 751, B. longum subsp. longum [21-23, 47]
MODKE R IRB-T T X —EBOME PN o TEo, B E MK 5 fif B 3R
(glycoside hydrolase, GH)IZZNHDOHE & LIS BE DR S 113 D7 7V — I S
nTEYT6, 771], FV7h—ADB-1,4 HIFI KA E DR THR-HT7/7h X —EiX
GH 2 77—y &b, £72, GH 42 773V — 2@ THB-H T/ b & —Bix4Y
IEOR-TZIRREERICH LU THER 72585 260 TWAL78], 778 T LA THFHE L
7= B. longum subsp. longum JCM 7052 |\ZB-HTF77 b X —BDOEHWIEERHDH L%
3.1 C/RLZ[31], 77T HAIEBR-1,3- L UB-1,6-TT7I7 T NiE & ZFF > TEBV[26,
9], ZOBRITIBLOT IETHLOFRICEHELTNLEEZLN5DT, TIET
HINTE:# L2 B. longum subsp. longum JCM 7052 WHR- A7 7 h X —Va kR T,

Z DRI DWW~ T,

1. By FEAIE

TIETHLTH# LT- B. longum subsp. longum JCM 7052 O fil il 7~ HB-H 5
IR H—BERERL, fiR% Table 7 TR LTz, WO DIu~whrI77 —CREHE %
S BELT273%, Q-Sepharose Z [l WeA A A/~ 7 T7 4 —TiE NaCliJE 0.55 M
T, Butyl-S Sepharose Z HHWeBi K 7 ~h7F7 4 —TIiE(NH,),SO, IR E 1.1 M TB-
AT IR — BB STz, BB O R & BB THEON-EE R IE M IT SDS-PAGE T
H—NURERLT,

B % @Oy f B % SDS-PAGE &R £ A B Native PAGE IZX o> THIE T 5&,

SDS-PAGE T34 F& 77 kDa ® 1 KO ANURAB R GH(Fig. 16A), 1 FE A 2 Native
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HO
m mﬁ -1 3-galact0s1dase m m
HO

OH OH OH oH OH OH

B-1,3-Galact0blose

OH OH OH OH

Ho §H OH .
%0%3-1,4-galactosidase MOM
HO
HO
OH%
H,0 " oH

Lactose

Fig. 15. Hydrolytic reactions catalyzed bp-1,3-galactosidase an
B-1,4-galactosidast
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Table 7. Purification of B-galactosidase fronB. longum subsp.longum
JCM 7052 grown on 1% gum arabic.

Specific
_ Total . :
L Protein o activity Yield
Purification step activity _
(mg) . (units/mg of (%)
(units) _

protein)
1. Crude extract 283 128 0.45 100
2. Ammonium sulfate 104 72.5 0.70 57

fraction

3. Sepharose 4B 73.4 65.2 0.89 51
4. Q Sepharose 26.6 38.1 1.43 30
5. Butyl-S Sepharose 1.76 13.1 7.41 10
6. Native PAGE 0.52 6.3 12.1 5
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M 1 M 1

669 —
97 —»— 440 —
66 o <77 kDa a4, _
45 —

140 —

<110 kDa

30 — =
Ta4- 67 -

Fig. 16. Molecular mass determination (3-galactosidase by SI[-PAGE
(A) and native gradient PAGE (B). Lanes: M, mark®oteins; 1, purifiec
enzyme. Proteins were stained by Coomassie bl-250.
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PAGE TIiX 110 kDa ® 1 KDONRURN A L= (Fig. 16B), ZOfE R IXEE £ 236 — 7

2=y D T EBERKTHLIEEZRIELTWVD,

3.4.2. BEDWEICELS B-HIF7/bF—EDORE

K& B U 7-B% 3 % MALDI-TOF-MS |2£% PMF 1 2/ ) CHE SR Ol fs 1 D[R & %
A Zr7-, PMF Ot 8 (Fig. 17-1)I% Accession number, gi | 189439789 & M 4H [A) 4 2 7R~
L, TOHO5L O W7 F o MS/MS AT 37 F K07 E 5
ADETGENHFVFLENR (43 & 1795.875, 73 /Y% 5 637-651)(Fig. 17-2A)&
LEPEEGVYDFDWLDR ( 1882.879, 60-74) (Fig. 17-2B)% 5- 2. 7=,

INOLOFRERNOSE R LIEB- AT/ —8iX JCM 7052 7 /LD s+ &5
N3-71 DFEW T 691 7I/MEENOHKY, o1& 77.534 Thole, 200 F &I
SDS-PAGE THIEL7 77 kDa SIFIF—HLTW5, WUTI/BESIEL B. longum
subsp. longum DJO 10A % /2 [16](BLD 0926) & B. longum subsp. longum NCC
2705 %7 7 LD BL 1168 I1Zh /L 273 >72[15], N3-7T1 OB-HF7 b #—F¥ L GH 42 77

SU—IZBLTRY, lacZ B FDEW GH 2 773 —LIdBl O FE Thoi-,

3.4.3. pH, BE, (k&M OEE

D O il BETE M O FE A2 T XD FEBR TIX, Butyl-S Sepharose OB RBEE TR R LT
BonEREEHA L, BERIEEO pHIKGF M EZR 572012, B-HTF7 X —E%
1 mM ANP-B-D-HZ7 T /K, 80 mM UL g AV 2k flif ik £ 3512 30°CC 10 43 [#]
B S CTRERTE M2 W E LTz, & KIEMEIEX pH 7.0 TR H472(Fig. 18), — 7, 80
mM Tris—HCI #% ik o TO®E 3R 15 VT4 2 AR VE 2315 b v 72 (Fig. 18),

B-HT7 I —BIH M O iR E X, pH7.0 T 5 MO KT 50-55CTh-7=
(Fig. 19A), Mt ZAPEZFH ~5L, 35°CT 5 REFRIE L CHEER T IX AL TR ELT

Wiz, 40CEL ETIRIB LSS, HHEOK T2 257~ (Fig. 19B), 0.15 M NaCl %
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Fig. 17-1. The peptraeningerprintung of-galactosiaase analyZzeéa ny ‘MALUITTUFMS.
Figures indicate the molecular masses of peptidesipced from the trypsin-digested enzyme (uppergaand
the numbers of amino acid position in the enzymed@rparts) .
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Fig. 17-2A. The tandem mass spectrometry analysis of a pepibdained from the trypsin-digested
B-galactosidase.
The molecular ion ( m+, m/z ) 1795.873 in Fig. 1%vas subjected to MALDI-TOF-MS analysis again.



LS

———
1000

miz

—
1200

T
1400

— T v
1600 1800

Fig. 17-2B. The tandem mass spectrometry analysis of a peptidained from the trypsin-digested

B-galactosidase.
The molecular ion ( m+, m/z ) 1882.879 in Fig. 1ivas subjected to MALDI-TOF-MS analysis again.
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Enzyme activity (%)
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pH

Fig. 18. Effects of pH on the activity of the purifiegtgalactosidast
Buffers used were@®@, 80 mM K-phosphate (pH 5.5-8.0); amkl, 80
mM Tris-HCI (pH 6.5-8.5).
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Fig. 19. Effects of temperature on the activi{pA) and stability(B) of
the purified B-galactosidase. Symbols ifB), @, 35C; W, 40C; O,
45C; A, 50C; and <>, 55C. Solid lines indicate activities in the
absence of NaCl, and dotted lines in the preserid@ 5 M NacCl.
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BERRICIRINT 2L, BERORZENMOHREBENTR NI,

WAL FE MBI DEEIZHONT, 1| mM O& B ALY, KO EDTA 1718 F TR
FIEM 2 W E LIz (Table 8), 1 mM Cu** RB-HT77bh ¥ —VBiEM % 50% M E L7=0
Ba’", Ca’", Co®", Fe?", Mg?", Mn?", Ni*", Zn* " |3h E W R IHFHEICE B Lo T2,
10 mM NaCl & O 10 mM KCLIZKAB-TF 7 o H —EBIEHE~DREE LR oT, £z,
EJEXL —MAl EDTA 1K B eh ol BERIEMEL 20 mM HF77h—2, F =
— A, FIh—ADFLE T THHELIEZA(Table 8), HT7h—RTWERIFMEER
60%PAFEL, Zva—RAL 17%, F77h—RF 19%ENZENF LIz, HT77h—RIZX
HIEEILFE O BN E CHY, HEFEH K 1T 5.8 £0.38 mM Thol
(Fig. 20), VB AVY LiE @ iR (pH 7.0) FIZIN A 72 Tris #2 £ 50 mM TR & M 13

27%, 100 mM T 46%FHLE ST,

3.4.4, EEBRMELEEBE MR

B. longum subsp. longum JCM 7052 WORE R ULTZB-H T/ b #—Fix, W E
FHH AR LT, ANP-B-D-HZ 7 T ) REMK 5 R T HEEFEIEME L 100% & LT,
INP-B-D-HFZ V7 T /U RIZHk LTI 31%, 4ANP-B-D-72at 7 /v RIZX LTI 8% D
A5y fR & M &R Uiz, £ Ofth @ ANP-B-D-Z /Lab’T /U R, ANP-a-L-7 I8 /75
YR, ANP-a-D-HZ7 77 /2R ANP-a-D-7 /L at’7 />R, ANP-a-D-~ > /BT /¥
K, ANP-a-L-7 A /8T /R, ANP-a-L-7atZ /R, 12 L UG Z R Sed o
77

IHTVRER K, %W 56 KO E RO 7 ey METRD, ANP-B-D-H T/
F VR LT 0.42 £0.015 mM, 2NP-B-D-HF 7T/ RIZk LT 0.78 £0.039
mM Thot, Ik K EE V., 1T ANP-B-D-HFZ/F T /R TIE 5.21 £0.380
pumol/min/mg of protein, 2NP-B-D-H T/ 7 /T RALEF LUK 1L 2.16 £0.062
pumol/min/mg of protein TH -7z,

FERLTEB- IV X —BEHWT, F7h—RETIET HAIZK LT pH 7.0, 37°C
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Table 8. Effects of various reagents on the
B-galactosidase activity

Relative activity

Reagents (%)
None 100
BaCl 1 mM 100
CaCkb 1 mM 99
CoCl 1 mM 90
CuCl 1 mM 50
FeCh 1 mM 100
MgCl; 1 mM 98
MnClI; 1 mM 100
NiCl; 1 mM 100
ZnCl; 1 mM 100
NacCl 10 mM 98
KCI 10 mM 96
EDTA 1 mM 100
Galactose 20 mM 43
Glucose 20 mM 83
Lactose 20 mM 81
Tris* 50 mM 73

100 mM 54

*Tris(hydroxymethyl) aminomethane
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Fig. 20. Inhibitory effects of D-galactose on the activity of the
purified B-galactosidase. Double reciprocal plots wfgalactosidase
activity against 4NPB3-D-galactopyranoside in the presence of
D-galactose. For the enzyme activity assay, K-phosghhuffer
(pH7.0) was used. The concentrationsipfjalactose were 0@), 10
(M), 20 (A), and 30 mM #).
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T 1B ] SIS SR8 INK 53 RS PR IX R b v rino Tz,

R ULIEB-HII77 o X — BB IEME 22 rid > TLC TITo7-, ANP-B-D-
HIINETG IV RETTIR N E DO GARELTHWeEZA, HTFTh—REATE A — A
ESZRRELIZRIC, 2T h— 2T LB B RSz (Fig. 21), & pud &4 E
SNDHHFIIN-B-1,3-HFI =R, HIIRN-B-1,6-HFIR—A, HFIF L
-B-1,3-HZ77 v N-a-1,6-Z )va—RA, HI77hV-B-1,6-H77 v v-a-1,6-7 /L

—ZAFWVTFNL T IRENTELT, TLC TIRAEKRM Z R E C&ithotz, —J, 77k
—ANEOREIR I M TR TET, KRBT I —RE MK 5 5 D15 P 235 D

TERWZEEHF A LT

3.4.5. B-HIFI/ v F—¥DE £

B-TTZ I H—BETIET HLTE: & LT B. longum subsp. longum JCM 7052 7)»
Sk R L 72[49], MALDI-TOF-MS 3 #ric&v, BB LEB-HI/hv X —EiT B.
longum subsp. longum DJO 10A & NCC 2705 #R D47 / AR S TW\W% BLD
0926 & BL1168 [ZHH A PE D& WEE R Tholo, ZOMEFR T lacAIB I T DEY THY,
JacZ AR FI2H KT DTIEARL, ANP-B-D-H I/ T )L REMAK SRS DR 5
N =R &N K Gy i 3 D18 M 1T O TR v o 72, Cu™ X 1 mM O E T 50%MHEFLE
D, FRUSNO—fl, OB AFTANZLST, B-H I/ X —BIXEMEE LA EFLE
NIRIpoTz, D= T 7 b =AD& G H Al & L TYE H L7=(Table 8),

—Ji, B. longum subsp. longum 401 M5 kg B X 7= ANP-B-D-fucoside Ml /K 43 fi#
EHEZLOB-H T/ H—E[22]1%, EOBAF Lo THIEERE 20D,
1 mM ® CuCl, T90%, ZnCl, T 55%, MgCl, T43%[HEEIND, ZOEEF TR %
ETHY, 45°C, 10 T, 75%KIE T 5, £/, B. longum subsp. longum CCRC
15708 7borBESiL7e Na' A4 TIEMEALINLB- T 77 o Z—B[2311%, F7F—RIZ
FoTHPBLFSNDN, HI77b—ATEMREFINRY, ZOXIIT, RIFFETHEL
TeB-HI7 7 Z =813y bR OB OBER VRV ELRLH DT, Hr#lk
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Gal—m,

12 3 45 6

Fig. 21. Transglycosylation activity op-galactosidase detected by
TLC. Reaction mixtures (1 ml) contained 80 mM K-piphate
buffer (pH 7.0), sugars and 0.2 units of purifi@egalactosidase,
and were incubated at 37 for 6 h. Sugars in the reaction mixture
include 15 mM 4NPB-D-galactopyranoside (4N¥sal) and 80 mM
saccharide sugars. On the lanes, sugars in thetiosaenixture
were: 1, 2, galactose (Gal); 3, RBal + Gal; 4, 5melibiose (Mel);
6, ANPBGal + Mel. No. 1, 4 were spotted without incubatid®ugar
products were indicated by arrows.
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% CThoi,

B. longum subsp. longum O/ /25 [15,16JIZIXB-H T/ by X —ED = S>Di& s 1
lacZ, lacAl, lacA2 BHY, TNHDLy T BIZZTNZEH 114 kDa, 77.4 kDa, 78.9 kDa
Tob, B. longum subsp. longum NCC 2705 @ JacZ s+ N T77h—RA, <w/Lh—X,
K OT VI NAVTPEIC L > T CHBEINDIEN R REINT [68], — ), lacA2 B
TUXR U AR 7 7 AX —IZH D HE O ABC i % % Ot fs 1 &4512, B. longum subsp.
longum LMG 13197 A7 7 A VT PEDAFTE T TR 8 T 5L3F 8 SN TW5HI80], ANF
%¢C B. longum subsp. longum JCM 7052 7 JE T HATE &R T5L, B-HI7I7h 4
—BIEMEITN 4 FIiCEHL [31), 7T HLATHEEINLB-HIFI/h X —ENRN
lacAl BIE T DOFEYH THY, GH 42 77V — I HINDHZERNbh-7-[48],

COBEFRILTIET HLZ MK TERholedy, EIRIZT 787 0 L% 0K 5 i
L7e Bl 7T HLBMAK G I TTELHZ7MAVIRE T/ AL O F IZHVIA F
nodeEZ6N5, bL, U LIEB-HII/N X —EBDEHEED — 20N, HIKNTH
FINFVIAREZEIMK IR T HZETHLDBIX, TIETHLNRBR-1,3 A EB-1,6 #E
BEFEOZENS, KEDOB-HIFI/ X —PIIB-1,3 A, SWVIER-1,6 A LT
IR NVIITR RBITIER 700 TRV ETRIND,

AINP-B-D-H T/ T IV RMEHN T IR —=ARLAVEF —A~DO B IEFEME N R bz
B, FIR—ANbDFE DB TR oNRholc, #HEERISERY O, IR N-
B-1,3-HFVb—R, HIVMIN-B-1,6-HFIb—R, HIFIMN-B-1,3-HF I -
a-1,6-7 L a—2AH5W0EH T 7 V-B-1,6-TF7 7 b b-a-1,6-27 /b= — AL I S

(R OPST, LA VITREEE 26N,
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3.5. a-ZnavHd —EizonT

BEEINAK Y fEBEFZE OF Ta-Z/ Vvav ¥ —¥ixe 7 4 X AH Tl Bifidobacterium
adolescentis [35, 811 & Bifidobacterium breve [42, 431D s —FENL O ZfE T S,
ZOME RN TWS, a-1,4 7 vavF—Fla-1,6 7 ravZ—Bofit it &G %
Fig. 22 TR L7z,

B. adolescentis type a E194 oD~/ Fh— VMK 3 fEEERELTRERINTZLO
Za-1,4-7 vasv ¥ —¥Thb[81], B. adolescentis DSM20083 D % % AglA
(BaAglA)IZ =27 va—AE oa-1,6-7 Vasv KiEAEZ MK GRS 54VE-1,6 7
Nav g —EThY, BEFE AglB (BaAglB) (Ta-1,4 Z/La v RiE&Ioxh U CHE 2
P2t oa-1,4 7 val X —PTHhHI35],

B. breve UCC2003 (1F% 3% Agll (BbAgll) &f#3E Agl2 (BbAgl2)Z ) &, ZHHDEE
FIXo-1,6-7 Nav RS IR E R R ERNAGNT[42], £, [FE K OB R Agl3 I
a-1,1-, a-1,3-, a—1,4—, a-1,5-D % 7 /L3 Rk & 2K 55 f# L143], B2 MelD 1%
ALV R =ADa-1,3-7 VAV R & 2K G T o8 % ThD, [44].

AKHWFFEC B. longum subsp. longum JCM 7052 27 FE T HLREE T HE, a-7 /L=
VHE—ERa- K RB-H IR —BIZIR W TEWEMEZ R L2 END, a-Zravy
—BERRL, TOMEEZMDHZLICL,

a-ZNnavZ —EOEERFHMEE OIS, FrIZehOREMEF ICH R 220 ]2 K IZ
FTIENRBIHENTWBET AR NLT Nay ek T oS IE I B L,

1. By FEAIE
1% DT 78T H LEEG TR T3 L7 B. longum subsp. longum JCM 7052 /»5
a-7nayd—BakE L, a-7va X —BoRROELDE Table 9 [ZRLTZ, 1
Bl H @ Q-Sepharose A4V R /n~<h7 77 ¢4—T ANP-a-D-Z /a7 /R Ik
SRS Ha- N al A —PIEEN 2 SO —2124 - (Fig. 23), NaCl ¥ 0.3

M T H U723 % BlAglAL, 0.2 M TR L72EE & % BIAglA2 L4 T, &4 %
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OH OH

HO O HO 0

OH | _— OH “OH
o a-1,6-glucosidase OH

"o HOw R
Isomaltose O OH " OH ©OH
OH OH
HO 0 HoO Ho%
HO /' OH HO OH
oA (|)-|o O a-1,4-glucosidase on 3'3 0
Maltose OH oH " OH ©OH

Fig. 22. Hydrolytic reactions catalyze by a-1,6-glucosidase
and a-1,4-glucosidase
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Table 9. Purification of a-glucosidasesfrom B. longum subsp.longum
JCM 7052 grown on 1% gum aral

Specific
_ Total . :
o ] Protein o activity  Yield
Enzyme Purification step activity .
(mgq) _ (units/mg (%)
(units) ,
of protein)
1. Crude extract 679 614 0.90 100
BIAglAl 2. Ammonium sulfate
. 24 283 1.16 46
BIAglA2 fraction
3. Sepharose 4B 207 264 1.27 43
4A. Q Sepharose 1 54.0 155 2.87 25
5A. Q Sepharose 2 41.3 151 3.66 25
BIAgIAl
6A. Butyl-S Sepharose 18.5 136 7.34 22
7A. Native PAGE 0.29 130 451 21
4B. Q Sepharose 1 32.4 100 3.09 16
5B. Q Sepharose 2 21.5 87 4.03 14
BIAgIA2
6B. Butyl-S Sepharose 9.9 83 8.45 14
7B. Native PAGE 0.14 39 284 6
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A280

Enzyme activity (Units)
N

0 20 40 60 80

Fraction number (4ml/tube)

Fig. 23. lon exchange chromatography on Q Sepharose
o-glucosidases fromB. longum subsp. longum JCM 7052.
Enzyme activities were determined with 4N-a-D-glucoc-

pyranoside as substrate. Symbc@®, Enzyme activity;A, NaCl;
and e, Asso
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2 [ H ® Q-Sepharose 7/ nu~h7 77— TR L7, K ® Butyl-S Sepharose 6 Fast
Flow Bf KM 7 a~h757 ¢— TH:ZE BlAglAL 1% Tris—HCI (pH 7.2)% »(NH,),SO, &
FE 0.9M T, B#3% BIAglA2 1L 1.0 M T i L7z, & % 12 Native-PAGE IZ&~> T, &K a-
TNaL B —PIEK 21 KROZRNTENCRIZHBESIL, FO8 %, BIAglAl X 450
%12, BIAglA2 X 285 i DN BLEE (272> 72,

BRI Za-7 vavZ—F¥ D4y &% SDS-PAGE T BlAglA1 2% 72.0 kDa, BIAglA2
28 72.8 kDa Tdh-o7=(Fig. 24A), 7=, Native PAGE T, BlAglAl d4y &% 70.1

kDa, BIAglA2 @45 + & 1% 92.7 kDa (Fig. 24B) Th-o7-,

3.5.2. HEDOHMIEICLD a-IravF—BoRE

MALDI-TOF-MS 4> 5 A MS THy # L7zfE B, BIAglAL 205 2 KD R 72 2 K fif
PE¥ EGFLTVGEAPGVTAQR & GTPYIYQGEELGMTDAHFTR %75 7-(Fig. 25-1,
25-2A, 25-2B), BIAglA2 "61%, 2 KON T 2 K if FE ) HGNATVATGEWNLVAAD
SEQVYSFTR & NAGWASLFFCNHDQPR 2345 b#L7=( Fig. 26-1, 26-2A, 26-2B), Zh
S52MORTFREINE, BESH T O B. longum subsp. longum JCM 7052 D J A
THBLIZEZA, BIAglIAL o/ oN—HOXTFREINIZ—2>Da-TIF7—F
(N9-5NITH 270, SHIZ BIAgIA2Z HD 2 ROXTFREINILN Oa-TI7—E8
(N9-6)H (ZF DT, BIAglIAL 1 607 DT I /ML, 68256.70 Da D4y & TH
ST2, 204y F & 1X SDS-PAGE (Fig. 24-2A)ICX->THIE L7 72.0 kDa 4 la— K L
TW5, BIAglA2 X 606 OTI/EENGHLY 68547.12 Da D4y & Tholo, Th
SDS-PAGE (Fig. 24-2A)THIE L7= 72.8 kDa &1FIE — % 4%, DDBJ @ BLAST K &
(ZH# 175& BIAglAL & BIAglA2 OTI/EEBLHIIL B. longum subsp. longum KACC
91563 Dl fx 1 FE ¥ O BLNIAS 02948 J% OV BLNIAS 02851 O 72 /AL FI[82]&Z

ENRTEIZ BT DHILB T T,
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A B

kDa1 M 2 kDa 1 M 2
1048— 7
720—
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200_, 242—

1407 146—

100—

73—

57— o6

41—

29—

Fig. 24. Molecular nass determination o#&-glucosidases by SC-PAGE
(A) and native gradient PAGE (B). Lane M, markerotmins; lanel,
purified BIAgIALl; lane 2, purified BIAgIA 2. Proteins were stained L

Coomassie blue -250.
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Fig. 25-1. The peptide fingerprinting od-glucosidase BIAglIAl analyzed by MALDI-TOF-MS.
Figures indicate the molecular masses of peptidesipced from the trypsin-digested enzyme (uppergaand
the numbers of amino acid position in the enzymed@rparts) .
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Fig. 25-2A. The tandem mass spectrometry analysis of a pepibdained from the trypsin-digested
a-glucosidase BIAglAL.
The molecular ion ( m+, m/z) 1631.760 in Fig. 25%as subjected to MALDI-TOF-MS analysis again.
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Fig. 25-2B. The tandem mass spectrometry analysis of a pemidained from the trypsin-digested
a-glucosidase BIAglAL.
The molecular ion ( m+, m/z ) 2301.9250 in Fig. 25vas subjected to MALDI-TOF-MS analysis again.
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Fig. 26-1. The peptide fingerprinting od-glucosidase BIAglIA2 analyzed by MALDI-TOF-MS.
Figures indicate the molecular masses of peptidesigpced from the trypsin-digested enzyme (upperpaand
the numbers of amino acid position in the enzymed@rparts) .
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The molecular ion ( m+, m/z ) 1919.8410 in Fig. 2&vas subjected to MALDI-TOF-MS analysis again.
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The molecular ion ( m+, m/z ) 2823.3500 in Fig. 2&vas subjected to MALDI-TOF-MS analysis again.



3.5.3. EREMN

BIAgIAT & BIAgIA2 1% 4ANP-a-D-Z /L at’Z ) RICxh LCHI K 43 iR 1 P & 7R L7223,
ZNLS O ANP-Z Va2 R CTHD ANP-a-D-HZ 7 T /R, ANP-a-D-~ > /¥ T )
K, 4NP-a-L-F L /BT /K, ANP-a-L-7 3t 5 /K, ANP-a-L-7 I /T /R,
4NP-0-L-7 I8 /75 /)R, 4NP-B-D-Z /a7 /R, ANP-B-D-HZ V7 T )R
2NP-B-D-H T2/ T ) R, ANP-B-D-7 3T /R, 4ANP-B-L-7 3T /L RICR LT
XN K Gy R P AR Se o Tz,

TNaA—Ru LB LT DL PERITK T 2MAK 3 g%, 50 mM VB AT A
#% @ ik (pH 6.0) 1T 20 mM DO FE% 40°C T, 30 43 MK IS %, WEHEL 7= va— 2%
ELTRDTZ, (Table 10), BlIAglA1l & BlAglA2 (Xa-1,6-7 vavRiEGasb oMY <L
N—Z, IRFGF ) — R, R )—ANBT N a—REE LT, o7 a—2fiza-1,1-
TNavRiE G Eb O m— 2, IR VS, W EE R IS Ko TN K 4y iR S
i,

BIAgIAL & BIAglA2 (Za-1,2-BZ/ Vav R ab oA /n—X, a-1,3 7 vav s &
EHOVT )= ALAL V=R, a-1,4 ZJVavREEAEL OV h—R, < /LRI — R,
TIn—A% MK G LRD o0z, B R B &7 I B RS OAH [R5 BIAglAL &
BlAglA2 28AY=T-1,6-7vav & —+F (EC 3.2.1.10) THY, BEE MKy EREE T 7
IV—GHI3 IZBLTWV5EB 65176, T7],

ANP-Q-D-Z Va5 )R, hbonmg—R, NSGF )—R N )—RA A< )Lh—RA, A
VNV IR F =R, = F)L-a-D-Z AR T EHIN T AT (K, ) & KB GH

FE(V,,.) %& Table 11.1Z/RL7,

3.5.4. pH, BE, {tAEYMDEE
a7~ BlAglAl & BlAglA2 O 23 O i pH % pH3.5 72°5 pH 10.0 £ TOH
PH T 80 mM D% itk & W T, ANP-a-D-Z Va7 ) RE R H ELTHIELTZL A,

i pH XM EEE &S pH 5.5-6.0 (80 mM UL EE VY AEETE k) Tho7-(Fig. 27A,
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Table 10. Hydrolytic activities of BIAglA1 and BIAgIA2
toward some saccharides.

Hydrolytic activity
BIAglAl BIAglA2

Substrate

Disaccharides
Trehalose + +
Sucrose — —
Turanose — —
Maltose - -
Cellobiose — —
Lactose — —
Palatinose + +
Isomaltose + + + +
Melibiose — —

Trisaccharides
Melezitose — —
Maltotriose — —
Panose ++ + + +
Isomaltotriose +++ +++

Other substrates
Glycogen — —
Amylose — —
Amylopectin — —

Glucose released after 30 min incubation was
determined as described in Materials and Methode T
enzyme used was 63 mU in each reaction. Scales:were
—, 0-0.01 mol glucose; +, 0.01-0.05 mol glucose; ++,
0.05-0.10 mol glucose; and +++, 0.10-1.0 mol gluxos
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Table 11. Kinetic parameters of BIAglA1l and BIAglA2 purifiefrom B.
longum subsp.longum JCM 7052.

BIAglAl BIAglA2
Substrate
Km Vmax Km Vmax
ANP-0-D-
, 1.5+0.2 122+ 85 2.0 + 0.1 64.2 + 0.6
Glucopyranoside
Trehalose 14.3 £+ 1.9 1.5+0¢ 7.4 + 0.5 1.3 + 0.6
Palatinose 32.2+1.5 15.3+2.t 33,5 + 3.0 16.4 + 1.8
Isomaltose 350 + 2.2 17.0+x1.( 38.6 + 3.6 22.6 = 3.7
Panose 38.3 + 0.7 47.7+2.¢ 241 + 2.3 31.6 + 0.6
Isomaltotriose 41.7 + 05 2563 + 2. 43.3 £+ 1.0 17.2 + 1.1
Ethyl-a-D-
68.6 + 2.7 242 + 2.¢ 37.3 £ 3.8 120 + 2.3

glucoside

The standard assay of enzyme activity was used 4BP-a-D-gluco-
pyranoside as substrate. Glucose released fromother substrate was
determined as described in Materials and Methd&dsvalues are expressed
as mM, andVnax values are expressed as pmol thing?! of protein. All
values are means of three experiments = standa r
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27B),

B 3 1R FE 1 ANP-a-D-27 L3t 7 ) R &AL E L LT pH 6.0, 5 43 [ O 7E 4k 1 T3
R7=EZ A, BIAglAl Tix 40-45C Toh o7 (Fig. 28A), LML, AL EMIZMRIE
40-45°C T 5 IR [H D TTE PR ITAR 2 IR F L, 55°CTlid 2 Ip Rl & ITE R I3PR ETH R L
72(Fig. 29A), BIAglA2 O fz it IR FE 1T 40-45CTH 7= (Fig. 28B), BIAglA2 DEVZE
&M BIAglAL VMRS, 55°CIT 1 Ff ) & <&iE M A3k b v/ (Fig. 29B),

WAL FE MBI LD EIZHONT, 1 mM O& B, K N EDTA f#{E F Tl
FIE VAN E L7 (Table 12), Cu® 23 BlAglAL & BIAglA2 Da-Z a7 —BiE k%
#9 60%PBHFE U722 Ba?", Ca®", Co®", Fe?", Mg®", Mn**, Ni**, Zn?"(35h L BE H#IE
PEIZE B L e o72, 10 mM NaCl & O, 10 mM KCl Ik ba-Z vasZ —EiEHE~D

Wb RhoTo, T, &R XLV M EDTA ICXSR BH o7,

3.5.5. MWEERRETE M

a-ZNavd —RBIIREEBIEEEZL I ENM O TND[35, 42, 83, 84], I TH
R 7% 3% BlAglAL & BIAglA2 O FE 85 8 i& M2V TRl *72(Fig. 30), £/ ~/Lh—23,
INTGF ) —A, A VRNIF —R, N )—ZAPHH O T ~OFEBEBE NI, &S
NIAVTRED TLC [ZXo TR STz, FrIiC =B DAY < VR A — A& — )
SUIOFERE BN AR ESD 2B LT, /Y~ h—R% T Aa—2fk G AR L TFH|
AL, ARENT=DIZHA LAY~V A —RATHoT-, (Fig. 30, L—>2 10 &
1), 2D Z&iE, BlAglAl & BIAglA2 DR B IEMEICK > TERLIAL & W IZIT
a-1,6 ZVavREEA L TNDIEEZRIELTND,

TN a— )b ~DE B IE I OWTHTLCIZ L » Tl X 7=(Fig. 31), filt i 5 s > — 4l
% Fig. 32 IR L7, TLC TORBIZEY, HEDBHEOTF L-a-D-Z/VavRidr L=
—RIVBELBE L, CRET AL AVay KRR U Z VR BT/ ra—250h &
WAL ICR I SNDZ 2R L CND, NTF /) — A La—Aft G KEL, =4 /)—

b, 1=7an)— v, 2= anx)—ju, 1-T X =), |-~FY )= VETNa— R FIKE
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Fig. 27. Effects of pH on the activity of the purified-glucosidases
BIAglA1l (A) and BIAgIA2 (B). Buffers used werdll, 80 mM acetate
(pH 3.5-6.5); @, 80 mM K-phosphate (pH 5.5-8.0)0, 80 mM
glycine-NaOH (pH 7.5-10.0); andh, 80 mM Tris-HCI (pH 6.5-10.0).
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84



Table 12. Effects of metal ions and EDTA on the hydrolytic
activities of purified BIAgIA1 and BIAgIAZ2.
ANP-0-D-Glucopyranoside was used as substrate.

Relative activity (%)

Reagents
BlAglA1l BlAglA2
None 100 100
BaCl, 1 mM 95 97
CaClh 1 mM 90 89
CoCl, 1 mM 86 89
CucCl, 1 mM 43 39
FeCbh 1mM 94 96
MgCl, 1 mM 90 87
MnCl, 1 mM 82 82
NiCl, 1 mM 87 89
ZnCl; 1 mM 89 92
NacCl 10 mM 97 99
KCI 10 mM 103 101
EDTA 1 mM 99 99
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Fig. 30. TLC analysis of the transglycosylation activitied o
BIAglA1l and BIAglA2. Standard carbohydrates used reve
trehalose (lane 3), palatinose (lane 6), panosaeg(l®), and a
mixture of glucose (Glu), maltose (Mal), isomalto$eM), and
isomaltotriose (IMT) (lane 14). The reaction mix&sr contained
trehalose (lanes 1 and 2), palatinose (lanes 459nganose (lanes
7 and 8), isomaltose (lanes 10 and 11), and isootiatise (lanes 12
and 13). In the reaction mixture BIAglAl1 was addadlanes 1, 4,
7,10 and 12, and BIAglA2 was in lanes 2, 5, 8, ahd 13.
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Fig. 31. TLC analysis of the transglucosylation activities the purified

oligo-1,6-glucosidases BIAglA1 (A) and BIAglA2 (B).Standard
carbohydrates used were a mixture of ethyb-glucoside (EG), fructose
(Fru) and palatinose (Pal) in lane 1, and that kfcgse (Glu), isomaltose
(IM), and isomaltotriose (IMT) in lane 8. The re&mt mixtures

containing each purified enzyme, 500 mM palatinasea glucosyl donor
and the following 1.0 M alcohol: ethanol (lane 2),propanol (lane 3),
2-propanol (lane 4), 1-butanol (lane 5), 1-hexaflahe 6), and 1-octanol
(lane 7).
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LTHWERE, TNENOKIEERDIZTNa—2LT VI h—ALX0H &L E TR
Hah, £/, =%/ — NV ~OEBERWIZT=F L-a-D-F Vav R ThoHERE LT,
ZOfE RITME SR BIAgIAL & BIAgIA2 BB EKRDOT va—~Ta—AemBL, 7
NFN—a-D-FNAVREERL T HILERBLTWD, 1-F 7 F ) — NV a S FAIRE LT,
TLC 7L —h B D e ARy bR R b=y, ISR % 3 B BIZIE £ L TH ARy
MEIRELBDRNoT, 7V Eu— &7 N a— 2% ZIKRITHWZDY, TLC (28> THERL
Wy i3 S g s oz,

3.5.6. a-ZLavF—¥DE %

B. longum subsp. longum JCM 7052 T 87 A A IZLHa- T Nar ¥ —Bik
O ERIX, —2FRZZoOAVI-1,6-FVav X —ETOREEOElICLDZE
Moy hrolz, BIAgIAL & BIAglA2 OWiEEF XAV A-1,6-7 Vavd—EThbY, 7/
R A B WT T4%DM A MEE R L, BERIEMEICB W THERE pH, Ei#EiRE, K'Y
e BAEIZOWTHBILIZ M E 25> Tz,

UL, Zo0BFRIIELLLTInIF v, JVa—Frnbid s va—2E4 K
T, EHONIICHEETLa-1,6-7Vav RS EMAK DLW EERIB L, B
longum subsp. longum &7 7, TIaXTF L TIOT TIEEHE T/ 85123,
YNV TF AN VEIE T A RXAZAEICE S TR B ELWIR BIRICRLIENDRINTND
[86], B. longum subsp. longum BBMN68 %~ /LhT X AN DB D & PR THE T 5
L, 0-1,4-7VavF —RBHEE T OEFEOFVIT-1,6-7 VavZ —EiE A+ BNFHEIN
A, ABC AT OWE®EARDO ZODOX L NIEPRHEMTHIERBEINTND
[87].

R B 2 B IR A THZLICk- T, £D DNA fEAENZELL, Y
ORI B ICEB<EER BB F2arha— L L TNDHIEN, ET74RXAE THLH LI TN,
(80, 88] . 7T HLDMAK G FEICE > TEUTAVIREN, ZOIHREEFE 4
RIBGIZHEALT, a-HT7IhvF—F, B-HI7I/ X —F, a-ZrarvZ—8iRt ok

FEOBMGRFEANGZE SN TWVEDNE LAV,
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FAVIAPEITEME (e —, MO EF 22 wE, BERR), 7L o
FTTA0A, Wl T, EOa—T4 7% %, TORBBEREPIEHINLTND,
BIAglAL & BIAglA2 X = HEH O G 72T T, KVESHOR WA YT (U 55,
TWER) AT OB IR E 2 R U, MEER TP IE oS EEL TRER O
PN RSINTZZenn, BpsE2S RKELTHWAZLIZL TR AR AV PEL A
i CELETHIND,

Tova— VL 72 BlAglAL & BIAgIA2 ORI I IS ICB T D7 va—AZ KK
TH Thole, TAFATNavROohL, =Fb-a-D-Z/LaL NI fi #9722 B AR E
DG D—DELTHBILTNDI89], 2oL & W IEsk 0B, BV E ~D % Am
T ORI 2N R P ENLHZER[90], T/ I o THEINLYTADNTFE
FICKTLOHRE DR B AMOENTND[91], =F L-a-D-ZVav RDERIE, KER
BtET 27 va— VR EE LRI B PE A2 L CIT b b [92], Mortierella alliacea O
a- 7 NVvav X =TT T rhb 7 va— A& B L7Y[93], Leuconostoc
mesenteroides DT X ANT U AT —RIFAI/O— A% HELELTODHIENH B TEY
[94], =%/ —nNES DJFEEHIAT b 2l TH D,

ARHFFETIX, ZoDOAVT-1,6-7/Lar ¥ —E BlAglAl & BIAglA2 IZXAT v F LT
NWAVRERENTT ) —AD B a2 fEM G R EL TR 21T o7, TAF LT Vas Ro
FORME TR RV PE HE LWL TR G AR OBIRS, KISEMFEDOEHRD
A DB ETHD,
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%D_EIE- ﬁnrﬂi

WA, SEO G EAEIT T2, MR - IO A2 OB DT ET T EEo
TD, BFETERLIZEMMHMEN e ORI A 4872 Bifidobacterium J& DYEFRAARIE T HD1X
BEELAEFEOMER D RANHE O DT ONDLIEITRVLEEL NI ETHD, BN DA,
FRLZEAAEL THOWONTWDATIET LI T L ANAFT 47 AL L TN D
Bifidobacterium Y8FENREHOZ LML TND95], FDZNRIIAMFET, B. longum subsp.
longum D—IZIRESNDZEZTHHERL, FFIT B. longum subsp. longum JCM 7052 k& JCM
7053 ka7 8T A Lo R ERIE LT,

B. longum subsp. longum JCM 7052 %7 7Y 7 7 LT 3 5L, 6FEOFEE MK /iRt O b
TEPEDS, 7N a—ATER LRI R TE L ELSRoTe, £DHB B. longum subsp. longum T
FREW GG D32 Tea-H T 7N B —8, B-HI77 2 —E8, a-ralZ—ELkEHL, Z
NETITHE SNV TN DR LI TR DM E 2 R LT,

KL= —oDa- AT 7% —RIEREZa-1,6 $5A LN TFTI =A%l DT T 4 ) — AL AL

FA—REFE LU, ZDHh, a-HTIR A —EXILZO R JCM 7052 (2R A 72EE R THY,
BEHRD B. longum FED7 ) MEHRITIZ R 273> TOZRWNE D TH -T2,

FRIL7=B-H T 7 b Z —B1x MALDI-TOF-MS O43AtE 7/ MR EAHET GHA2 773
—THDHIENREN, AVIPEOR-1,3 T/ RRERIIER T E CThOEHEES -, 2D
LTI T HENSAECLEID T T 7 NAVTWEINZOR-H T/ b2 —EDAEBRR 7R B 27
HZEHREL TS,

L7 —ona-r Nvard —BigAUa-1,6-71ravyZ —E8 (EC 3.2.1.10) THY, FEEM
Ko REEHR T 73U —GHI3 IZBL TWDEB 2 b fil, FEEEBIEMEIC > T=F L-a-D-7 /L
AVREERRT HIED DT,

UL EDIINC, a-HBF7I M H —Bla-/al X —RxT7 I 7 HMIEBEERA LRV, 75
U7 H LR THIEMWD LA U, 7 D HIRE 7 4 XX O FEE IR 3 g 2B 59~ 58 An+
JIAR— TGP A DBIE A2 EATNDIEZRLTEY, 7IE T HLENMKIELT
ECTZAVTHED, HWER ORI FOEGHREZ "7 EICHE AL TR FRBEA 5 Sl

91



A-HFI A=, B-HTFI A —F, o NarZ—EeEOIEEREL - TzbDEE XS
N

AHFFE TR ARTZEER TN T NS FTHRMEE 20 > TD, a- AT 7 — B DNNK I il TE M
1%, WHERIET 5774/ —ADRESR, B RRMERNOTF77 =A% FrELTH AL HREESRE
BT FHONDAILTWDDS, EMNGRITEENCA R T HE T AR Da- T 77 M2 —EBa i+
FHIZ LS TRBICAEELTHIHTHZE0NE 2D, o, 0-T TN —EB ORI G
DIENIRGAVTWETH LT 74 /=AM T H LR AND AV TRE L ER RIAEND, —77,
B 7-a-7 as B —8ErF L-a-D-I7NavROARBICHI AT L7012, 7 va—AEDg,
D TR )— NI TH R A TEY, ZOHETIANARIMZDZENHKLEB 2B
%o

ZD XL, B. longum subsp. longum JCM 7052 715U 7o B I IHESH O S O, T~ DA
VFHEL =T )L—a-D-7 VAL ROEFEICFI A RE THY, BT 4 XA DOHIHC, L@ O
TRERRESEE ~ DA 287 R D R RS D,
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AT

ARIFFREATOICHTZY, KIAZE DL FRE, THIEEEIHD U740 1 KB FECEE R 5
WA EHIEER LR B HRIEEILEL B, X, ARARIBERVEE, iR
F D MALDI-TOF-MAS fEHTICE R0 E L= MY B EiT=E M B 4, &M
AEWRFRITIIE R EH RS AR ORSESN L ET, BROGE~ DR SRR H T e 30 %
TN EE LT P L R MR =2y = ERB TN 72— DS ARSI
LET,
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