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Summary

a-Galactosidase is a useful enzyme not only in the structural studies of carbohydrates, but
in the beet sugar industry. Recently, oligosaccharides having a-galactosidic linkages, such as
raffinose and stachyose, are found to promote the growth of bifidobacteria. Galactooligosaccha-
rides synthesized by transgalactosylation action or by condensation action of a-galactosidase are
expected to be utilized as growth factor for bifidobacteria. The present study deals with the
purification and enzymatic properties of a-galactosidase from Pycnoporus cinnabarinus, and its
application to the enzymatic syntheses of galactooligosaccharides and to the hydrolysis of
raffinose in beet sugar molasses.

a-galactosidase from P. cinnabarinus was purified by ammonium sulfate fractionation, heat
treatment, DEAE-Sephadex A-50 chromatography and Sephadex G-150 gel filtration. The
purified enzyme was homogeneous by polyacrylamide gel electrophoresis and ultracentrifu-
gal analysis. The isoelectric point was 3.4 and the molecular weight was estimated to be about
210,000 by gel filtration on Sephacryl 5-200 and about 52,000 by sodiumn dodecy! sulfate gel
electrophoresis, suggesting that the enzyme is a homotetrameric protein. The enzyme was
glycoprotein containing 149% carbohydrate. Crystals in rhombic plate form were observed when
solid ammonium sulfate was added into the purified enzyme solution. The enzyme exhibited the
optimum pH at 5.0 and was stable between pH 3 and 9. The optimum temperature of the enzyme
was 75°C. The enzyme was thermostable at pH 5.0 and completely lost its activity after heating
at 90°C for 15 min. Endo-g-N -acetylglucosaminidase from Fravobacterium sp. could liberate
about 509% of the sugar chains from the a-galactosidase. The carbohydrate-depleted a-
galactosidase was less stable than the native enzyme below pH 4.0. After 20 freeze-thawings, the
native and carbohydrate~depleted e-galactosidase showed 50% and 23% of the original activities,
respectively. These results suggest that the sugar chains of the a-galactosidase contribute to the
stability of the enzyme.

The a-galactosidase catalyzed the galactosyltransfer reaction in the hydrolysis of raffinose
and produced several kinds of transfer products. The structures of the main transfer products
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were investigated by acid and enzymatic hydrolysis, and methylation analysis. In addition to
raffinose family oligosaccharides, stachyose, verbascose and ajugose, novel oligosaccharides
having «-1,3-galactosidic linkages were identified. On the other hand, three kinds of trisaccha-
rides were synthesized using condensation action of the a-galactosidase on the mixture of
galactose and sucrose. The three trisaccharides isolated were identified as raffinose, planteose,
and 3°-a - galactosylsucrose. Conditions for synthesis of the trisaccharides by condensation action
of the - galactosidase were studied. The yield of the trisaccharides was approximately 15%
based on the amount of galactose used, when o-galactosidase (40 units/ml) was incubated with
109% (w/v) galactose and 60% (w/v) sucrose for 48hr at pH 5.0 and 60°C.

The thermostable a-galactosidase was well immobilized on colloidal chitin with glutaralde-
hyde. The enzymatic properties of the a-galactosidase immobilized on colloidal chitin were
similar to those of native enzyme, However, this immobilized enzyme was tightly packed in a
column, and inconvenient for practical use. The thermostable a-galactosidase was also immobi-
lized on chitosan beads, BCW 1000, and crosslinked chitosan beads, BCW 3000 and 3500, which
were untreated or pretreated with glutaraldehyde. The activity yields of the immobilized enzymes
were 25~45%, except for glutaraldehyde-untreated BCW 1000. Leakage of the enzyme with
increasing ionic strength was observed in glutaraldehyde-untreated BCW 1000 and 3000. The a-
galactosidase immobilized on glutaraldehyde-treated BCW 3000 and 3500 were active at pH
3~6 and at 70~80°C, and stable between pH 3 and 9, and below 70°C. The immobilized
a-galactosidase was continucusly used for 30 days to hydrolyze raffinose in beet sugar molasses,
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TRFNTADYE S —E0.01ml (1 BREG) 2Nz, TCTAURMER IS, FINE
20.1M NaCl 2&%:0.05M VU 2 -3EBEER (pH7.4) T¥#E{L L 7z Sephacryl S-2004 5
L (2.6 x 95em) WML, FEERERCTEELE, BaBiiy / —AREEYE L L
T7 =/ = N-RRBEIC L DEE L,

BIE =EBER

HEIE o-HS50 b y—EOEE

(1) BZopi

B AW OT0% BRI E R B % Sephadex G-25THidEsg, 0.05M U > B ® (pH6.0)
B L - B EW I D Ww T DEAE-Sephadex A-504 5 L 71 I\ TE5T 4ot #
DR, Fig 1R T 912, 320ESZ2E, o- 457 b ¥ —EERTESTICED S
s, SO - N-TEFAITNAY I 28X, f-HF7 by ¥ =B LU E-7)
Dy —YERLTED o,

O %, &5 pH5.0, T5°CTIAMME Lz L 25, a-# 227 b ¥ ¥V —E¥DEHGE
Tl olp, B-HF 7 & —¥, -N-TEFALINAH I =S~ BL -7y
F—CERRERITWR L., »

BB, pH %4.012 3B L, B DEAE-Sephadex A-5012 X 2 A4 A v &ifaru~ h 7%
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Fig. 1

Fig. 2

Absorbance at 280 nm
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200

Fraction number (16mi/tube)

Chromatography of the Crude Enzyme on DEAE-Sephadex A-50. Desalted enzyme
solution (690ml) was applied to a DEAE-Sephadex A-50 column (5.0 x 79%cm).
The column was washed with 0.02M phosphate buffer (pH6.0) and eluted with a linear
NaCl gradient (0 to 0.4M) in the same buffer at a flow rate of 78ml per hr. Fractions

indicated by {(~) were pooled.

@, absorbance at 280nm; (U, «-galactosidase activity;
A, f-N-acetylglucosaminidase activity; &, S-galactosidase activity;

—, NaCl concentration.

ot 4200
1.5¢
g/
g 150
z
£ 1o} £
2 2
; 4100 g
gy =z
j fond
- 2z
£ 05 =
g {50 <
£
<
0 [y PSP 1. s i Py 0
0 100 200 300

Fraction number (6 mi/tube)

Rechromatography of Heat-treated Fraction II on DEAE-Sephadex A-50.
After treatment for 30 min at 75°C, 36ml of the fraction II (in Fig. 1) was applied to a

DEAE-Sephadex A-50 column (2.6 x 55cm).

The column was washed with 0.05M

sodium acetate buffer (pH4.0) and eluted with a NaCl gradient (0 to 0.18M) in the same
buffer at a flow rate of 43ml per hr. Fractions indicated by (~) were pooled.
@, absorbance at 280nm; (), a-galactosidase activity;

—, NaCl concentration.
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Fig. 3 Gel Filtration of «-Galactosidase on

Sephadex G-150.
The enzyme solution obtained from Fig. 2
was concentrated and 5 ml of the solution
was applied to a Sephadex G-150 column
(2.6 x 95¢m). The column was developed
with 0.05M sodium acetate buffer (pH 4.0)
at a flow rate of 18mli per hr.

@, absorbance at 280nm;

(O, a-galactosidase activity

Fig. 4 Crystals of a-Galactosidase from P. cin-
nabarinus. Scale indicates 10um.

T4 —2fTot: (Fig. 2), ZOBECLLIAE
BEOIEEIZ4ABIC EE L.

=51, ENES %% Sephadex G-150
A7 5 (2.6 % 95cm) WWLBTFNVABICHL,
Fig. 3R T LI RBERE2EZ, a-Ho7 2t
VB D=7 E280nm QORINO ¥—2
Bseglc—® Tz,

BELEBRO KRB IS T ABEEE, ¥
SNTBERZEEL, Table1 ICE L e, K
FIIFREENTY 559. 4% OIER THI44E
BEls i, FBEEEELIZ0.06M ) BE
B (pH6.5) 1, 4°CTH2L L 64 HM

Fig. 5 Polyacrylamide Disc Gel Electropho-
resis of Purified a-Galactosidase.
Polyacrylamide gel electrophoresis was
carried out in 7.5% polyacrylamide gel
at pH 9.5 in a cold room. The purified
enzyme (60ug) was applied.

Left; stained with Coomassie brilliant
blue R-250,

Right; stained with periodic acid-fuch-
sin.

Table 1  Purification of a-Galactosidase from Pycnoporus cinnabarinus.
Protein  Activity Yield Specific  purification
Step activity
(mg) (units) (%) (units/mg) (fold)

Ammonium sulfate 4,090 26,600 100 6.50 1
precipitation
1st DEAE-Sephadex A-50 331 18,400 69.2 55.6 8.6
Heat treatment 278 17,300 65.0 62.2 9.6
2nd DEAE-Sephadex A-50 65 17,300 65.0 266 40.9
Sephadex G-150 55 15,800 59.4 287 44.2
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18min 12min 6min

Fig. 7 SDS-Polyacrylamide
Gel Electrophoresis of

: : Purified «- Galacto-
36min 30min 24min sidase.

Fig. 6 Ultracentrifugal “Patterns of the Purified a- Purified enzyme (15ug
Galactosidase. Direction of sedimentation was from protein) was applied to a
right to left. 7.5% SDS - polyacryl-

amide gel in the presence

BETHol, £, BREGEERIZ-20CT3ERXETH> 7. élfeg}nferr;‘fte;;; a(rfifht)

(2) BRoBESt :
ERRERE LB TEBEOESL 23R A7, Sephadex G-1504 F 470 b 57 4 —I2 &
DB ESICREREERNT 5 2 L0k b, Fig 4 R T &2 RERRRER2E.

3) BFEOH—4

Fig. 5 K3 BABEERORY 727 UL T I VIV ERKBOBREZ R L, BBy v
7BEORE, FHPEOREERL TS, FELRIHREECBWTE— N FERL, %
DREESELSW—BLTEY, COZLHoXBEIEY VN7 ETHL I EXHME
oz,

Fig. 6 CABROBELI L 2MWEREEZR L., 20L& CEAMBTHOE—D Y~
ZRL, ABEERIERLICLE—TH2 Z LB L2, £/, REBRE (s, w) 139.75
rEHan,

BIE o-HS0 M 9—E0d 1oLy
Mn 9 3 &

AEEZE® 1% SDS(2%B-ANAH T+ 18 /) —VER)HEHET TI00°C, 54HmeE, SDS-
RYTF 27 U7 I FELVERKEIZITY, 8% Fig. TR L2, ABRIESDS-RY 727V
N7 I FFNBREBCBCTHE—~DNY RERL, &, -AVIT Y2 )~V IERE
£ F TR IEGR, WEIL 256 CBERRECTHo, 202 kD, ¥ Ta=y b
BOYANLT7 4 PESEFEELRL I EWRB I,

SDS-KY 727 ULT I FFANVBRIKEEC LD STFEL2EELER, Fig. FAWRT X
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Fig. 8

T 12 13 14 15

Vel Vo

Estimation of Molecular Weight of a-Galactosidase by SDS-Poly-

acrylamide Gel Electrophoresis (A) and Gel Filtration on Sephacryl S-

200 (B).

(O, marker proteins; {(A), 1 to 6; monomer to hexamer of lysozyme
(MW 14,300 to 85,800), (B), 1; ovalbumin, 2; bovine serum albumin, 3;
aldolase, 4; catalase, 5; ferritin, 8, «-Galactosidase.

HWABRD S TEIEHE2, 000 BEHs N,
—4, Sephacryl S-200% B w724 L 2 ik
W2 X o THEE & U704 F 21 §9210,000T
Hotz (Fig. 8-B), IhodiEE»s, KNEE
FESTES,00DFE Y 7=y t o
WaN2 4ABBTHLZ LRBINT,
2 % 8 &
ABEOERISBRKEOHES Fig. 9
mLl, IOERLD, ABZOLELD
pH3 4rxkbohn, BES VR VETHLS Z
R R NI,
(3) A~ b
AERDRAFRINA~Z b % Fig. 10
Wi L7z, Bl 5B e & ) 1 280nm KRR

g2t

Cat

Absorbance

4

250

300 350
Wave length (nm)
Fig. 10 UV-absorption Spectrum of a-
Galactosidase.
The spectrum was recorded in deionized
water.

101 420
8-
I 415 2
=
&t g
©
410 §
bt &
X Lo O
o s
{5 &
2| g
A
3 I ‘ 3 O

Fraction number (25 ml/ tube )

Fig. 9  Isoelectric
Galactosidase.
The purified enzyme was subjected to
isoelectric focusing in a 110 mi LKB
column containing 1% Ampholine solu-
tion, a 4:1 mixture of Ampholine pH 2.5
~4 and pH 3.5~10 with a stepwise su-
crose gradient. Electrophoresis was car-
ried out at 2°C for 48 hr with 500V,

@, pH: O, a-Galactosidase activity.

EEHL, 20nm R E T AWM ALY b
DSz, F i, ABRD 1 %EHRO280nm
BT ABNE (EL) 1320.7LR0 Shie,
4) 7i/EBBIUBEER

ABERLBNTLT I /BBELUEOESR
B{To7z, Table 2 12773 Xk 9512, KR L
T 27 2 /BBEEDS BT 3 /Bl
BHEEEN T W, 73 /BONOER

Focusing of a-
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Table 2 . Amino acid and Carbohydrate Com-
positions of a-Galactosidase.
component Residues per subunit®

[amine acid]

Aspartic acid 59.9
Threonine 25.1
Serine 34.0
Glutamic acid 26.2
Proline 20.0
Glycine 37.7
Alanine 27.9
Half-cystine® 7.4
Valine 20.3
Methionine 8.1
Isoleucine 17.9
Leucine 24.6
Tyrosine 13.5
Phenylalanine 13.7
Histidine 13.1
Lysine 7.6
Arginine 10.9
Tryptophan® 15.3
[Carbohydrate]
Mannose 32.9
Glucose 2.2
Glucosamine 4.8

® The values are expressed on the basis of a
subunit molecular weight of 52,000,

® Determined as cysteic acid after performic
acid oxidation.

¢ Determined spectrophotometrically.

POHHPD LI ABRIE S AT A v E
FNTEP, 55-YFAER(2-= ok
BEE) (DTNB) E RIS LEn I & o 1Fk
DY ATAVFHEELE I ERREBE N,
ABEOBEHAEBRL TV BTy / —
A, FNa—A, TNTYIVTHED, v
S AEBWEATWR, £, 57 9
SviBmHaENZr T, IRSDEERELY,
ABEFRIINU.2% (w/w) ODELEDEY
WIBTHELZ Llbhhol:,

BIE a-H30 PP F—-EDBELYE
BEE
BRBEEENAHOTUTO L 5 W RER
DEERLFRREILE 2RI,

100F
80
9
©
= 80
=
2
S 40
o
=z
§ 20-
&
[+ 4
0 . ; . p
2 4 6 &
pH
Fig.11 Effect of pH on e-Galactosidase
Activity.

The enzyme activities were measured at
37°C and various pHs. NPGal was used
as a substrate.

£

(U, 0.1IM sodium citrate-0.1N H(Cl

buffer;
@, 0.2M Na,HPO,-0.1IM citric acid
buffer.
100+
.. 8or
2 60F
=
G
5
. 4OF
5]
E]
R4
fr
& 20f
a

Fig.12 Effect of pH on the Stability of «-
Galactosidase.
The enzyme were kept for 2 hr at 37°C in
various buffers of pH 2.0 to 10.5, and the
enzyme activities were measured at 37°C
and pH 5.0. NPGal was used as a sub
strate. pH 2.0~2.5, 0.1M sodium citrate-
0.IN HCI buffer; pH 3.0 ~ 80, 0.2M
Na,HPO,~ 0.1M citric acid buffer; pH
9.0~-10.5, 0.2M boric acid plus 0.2M KCI-
0.2M Na,CO; buffer.
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20 4« 60 80 100 Temperature (°C)
Temperature (°C) Fig. 14 Effect of Temperature on the Stability
Fig.13 Effect of Temperature on a- a-Galactosidase.
Galactosidase Activity. The enzyme solution {pH 5.0) was kept
The enzyme activities were measured at at various temperatures for 15 min, and
pH 5.0 and at various temperatures. the enzyme activities were measured at
pH 5.0 and at 37°C.
(1) &8 pH

a-A7 7 Y- CERCRIETpHOEE SR, NPGal# BEICHV /I L 2 OpH—
WEE RS % Fig. 11 127 L7, K@%@?LpHiSMﬁE'%O% AYET—R, 57 4 ) —
A, AYFA—AREBEL LEHECB LT ABEER pH5. 0hI THEAIEE 2R L,
(2) pHREH
AR L pH2. 0~10.50BER L ESL, 3TCT2BMER L%, pH £5.02 L, BEE
WERRELT, FOER, Fig. 12 10R7 £ 9, KBFIZ pH3. 045 pHI. 0OEHEI TEELR
EHHEAL 7z,

3 BEERE
RICREE L BEOBEGEL2 Fig. BERLE, ZOBRIVABRORHEREERTCERDS
A B
100 100
= 80F £ 8o
> =
T 80f s 60F
E 5
® 40 = a0t
o e
8 8
w201 ‘é 20
& o
0 0
o] 10 20 30 0 10 20 30
Time { min) Time {min)

Fig. 15 Effects of Temperature and pH on the Stability of «-Galactosidase.
The enzymes were kept at 75°C and at indicated pHs (A), or at indicated
temperatures and at pH 5.0 (B).
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iz,

4 BEETH

BV % pH5.0, 30~90°COEZIRE TI155H
WMEL, BT BREEZ EL I, Fig 14
WIRT LD WABRRICE TREETHY,
EHEOETRAS o7, 85°CTIRER
B75%ICE TIET L, 90°C, 155D ET5E
BICRFE LI, DT, BEEER % pH3.5~7.0
DIEEWE THERE, 75°C, 305 EEE UBES
MABEL, Fig 15FACRT IO RERYE
72, ABEE pH5.0TIX75°C, 3053RID BULEE
TRESDETEL N2 o758, pH7.0T
175°C, 30HHEOBMET0%IE TETL,
pHI S THERIZAEIZETL T, 3098ICIX
SERlEIFE LT, $7:, pHS.0TIE, 75°CT5E
ML CAEEOBETRRED s, ik
RBWTHEERTOBUEFEE s, L,
pH5. 012 354 TR 90°CO BMLEEIZ & b BBUCIE
EAMETFT L, I59@BICIRFERICEELL (Fig
15-B). Zh o fER» S, ABRII pH5.0T
X, WMEAMNELOTEHWIE, BLU, 20
BEEHR pH CEFET A ENHo L2 o
A

(5) ZEHEH

NPGal, AV 4 —A, 274 ./—RA, R¥
FA-AREEELUTHY, EEBRE: KE
EOEE % Lineweaver-Burk OB - T
ERL, ZnFROEBITTAHE (T X —
g —mkD, Fig 6 RT L5327y bk
D, BEBIZWT S KmfE, Vmax @rsko
Table3ixE Lo/, TS DFERMS, Km#E
B NPGal oL TE /&L, AYEF—X,
AFFI X, 574/ —ADEITKEL o
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-4 =2 0 2 4 6 8
115 (mM)"
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Fig. 16 Lineweaver-Burk Plots for the a-

Galactosidase-catalyzed Hydrolysis of
NPGal, Melibiose, Raffinose, and Sta-
chyose.
The enzyme activities were measured at
substrate concentrations of 0.12 ~ 1.6
mM pNPGal, 0.16 ~ 1.0mM melibiose,
1.6~10mM raffinose, and 0.80~10mM
stachyose, under the standard condition.

Table 3 Kinetic Parameters for P. cinnabar- Table 4 Hydrolysis of Polysaccharides
inus a-Galactosidase~catalyzed Containing Galactose by P cin-
Reactions. nabarinus o~Galactosidase.

i Km Vmax . Galactose produced
Substrate (M) (umoles/min/mg) Polysaccharide (ng/24hr)
NPGal 0.31 630 Locust bean gum 115
Melibiose 0.80 87 Guar bean gum 62
Raffinose 2.16 106 Tragacanth gum 0
Stachyose 1.15 123 Gum arabic 0
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7z, Vmax Bl NPGal TERKE{ A+ Table 5 Effect of Denaturants on a-
F—RA, T74 =R, AU ESF—ADEIT Galactosidase Activity.
B Loz, B, NPGal 0B& 358 Denaturant Activity (%)
EOEE I LAHEEMENR SN, None 100

WiZ, #7277 b —AEESEINT 2 AH 1% SDS 08
ROMEFIZ DO THRES L7z, £ OFER, Table 20% Ethanol 85
4WRT LD, KEREZEHCITZ 7 b~ 6M Urea 42
A EEHSEEES ORI H A Y P A LD 6M Guanidine-HCl 0
TS ETHATEVER LR b, B a- * measured using NPGal as a substrate.
W7V REEELONT I ST
HHEU—HANC—V HABLVITH L% 100 o ° ©
GRET A EDHM o, E, J08
BITHRENO—HA L = FADFHH < ®or
FUEREEB LD I EHEh Lo, > ol

6 THAOPE =

~ W, FRAEOMBEBEIROATY g ok
CEMACHT AEAE LRI LMo E
T3,z 9, Table5 WRT LI KELD 2 20k
EUH L a-# 57 b v 5 —€RIFCT 2B &
MEEL R FHEEOEMRAELET T o : 3 g : E
NPGal # BEH & L TEFRERLHE L. £ DS (%)

DFER, KEERIL SDS, =¥ /- ZHLT
HEHEETH L, REDSS 7 =V IEE

Fig; 17 a-Galactosidase Activity after Treat-
ment with Various Concentrations of

200

EHUTEFREETHD, 6 M7 7= SDS.
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Fig. 18 Sephacryl $-200 Chromatography of the Endo-g-N -Acetylglucosaminidase

Digest of a-Galactosidase.

The endo-g-N -Acetylglucosaminidase digest of a~galactosidase was applied
to a Sephacryl 5-200 column (2.6 x 95¢cm). Gel filtration was performed with
0.05 M Tris-HC! buffer (pH 7.4) containing 0.1M NaCl at a flow rate of 20ml
per hr. NPGal was used as a substrate.

@, absorbance at 280 nm; (O, a-Galactosidase activity;

2, absorbance at 490 nm
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Fig. 19 Effect of pH on the Stability of «- Fig. 20 Effects of Temperature and pH on the
Galactosidase. Stability of e-Galactosidase.
NPGal was used as a substrate. NPGal was used as a substrate.
(O, native a-galactosidase; @, carbo- (O @, pH40; A & pHS0;, B, pH6.0, O
hydrate-depleted «- galactosidase. A [, native a-galactosidase; @ 4 B,

carbohydrate-depleted o -galactosidase.

BRIC & DRI LT, DL T, RBERE SEED SDS £4:0.0IM U > BEEE (pHT.0)
HZA0C, 2ARSRIREE, BEEREEEL L 25, Fig 17 0RT & 512 5 %SDS BET,
40°C, UBSRIRRL THEMOETRAS N

wtror 1008 [
(1 EEOBEC-LIRENOEL 80r i
B & 2, AEREIELN4% S oM 60 -
FYRIETHL, ABROBERELEE L T oa0f -
DEIEERET 572012, T2 F-g-N-7 ¢ I b i

FNTN YIS - L BEEORE ool L

Rar a7 Ny —giRny kopN- g OO0 00—
FRFNTNAY IS - R RS T o %O [
FIE# % Sephacryl $-200% 7 2 (2.6 x 95 £ sor I
cm) WHEL 7 (Fig. 18), BEREEEERE T4 H § 40} -

a1 EED, T F‘~,6—N~”Je~7"w7“w34f 20} -
SETCEREREETL S 5 AR NSRRI R
")ﬂ 7:7\‘37}‘._ 71/‘“/1/”%@&?’262) "\_ck ﬁ% Time (hrs)
EEPHELER, ZOBEC L - TES

Fig.21 Enzyme Activities of Native and

ORIBO% RSN TH, BRENHOE T Carbohydrate-depleted a-
Galactosidases after Treatment with
ST 18R L 7=, v B~
R Pronase E (A), Subtilisin (B), Trypsin
N-TeFr7nathi=f—2icdoTHE (C) and Carboxypeptidase Y (E).
BEAEBE LI a- AT VY ERANLT, NPGal was used as a substrate. O,

Az native a-Galactosidase;
pH 2R, BAEY, 7077 - 2T 5 @, carbohydrate-depleted &-

Ei ey Sl JZ U‘( GERMER T S EE A Galactosidase.
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~fz, & pH 3TC, 2 BRR L 218, BF

EHABELE25, Fig 19 CRT LK 100
KB E 12 pH3. 0% & pHY. 0D B T & 80
ETHBOIHL, BHEBREBETIEPHIS 5
T 50 TELOLEROET 345k, T so

—7, B%E & pH TISCTRE L, BFE 3
PRI LR, Fig. 2000RT L0, g 20
pH5. 01 B W TIIMEHEMR AR B L UREM ES
BERLLCRETH o, pHATIHIEE  § 4
BEBEROFBREMBEECLEEOET
BEETH -7, . X

SuT, TEERIC0.05M b R -EEEE 0 20 “0 80
¥ (pHT.5) 1005 & (w/w) S0 77— Number of freeze-thaws
¢ (Far—vE, x7FVvv, b0y TR e
YV, ANRFYRTF I —FY)IZLD, 37°C hydrate-depleted a-Galactosidase.
T, BREEEWEL R (Fig 2D, 2 gﬁfzﬁﬁﬁgagﬁﬁmzéi
DFER, REHEER, EEREEZSTLO hydrate-depleted «- Galactosidase.

BECLTuT 7 A LB EEORT

BEbenholtz, £/, SDS-RY T 27 VA7 3 RPAVEBFEKENECB W T STFEDET
BFEOenwIhe, ABER NSO a7 7 —PIIL THWERE 2845 2 &,
BIURBEEHEE o7 7—PEFIBCRES L Tuwin 2 aRBg s i,

—F, KEBEZOHEBBEBECRT IEEECRETHEEOFSAHEL L 2EBMELT, B
BHBHEE, ColtAT RN —FIATARABERWTERE, BUSTCTRETBELR
DRL, ZOME, BEEELZHEL:. T0ER, Fig 2R TLOCESRESRDET
TEWBREEFET L, £, 0L REREOETIIREREBERCBI 2 APEET
Hotz,

Bim £ £
INE T, P cnnabarinus DB S HE5HE, DEAE-Sephadex A-50, Sephadex
G-100, SP-Sephadex C-50% ¥ kb hThruv b 7o 7 4 —BLUBESERIKED 6 &

BEOBBBELZRT, a- V77 by —ERBTORY, ZOIEEIEBD TED -2, WEAET
BIOREWRRTNREL, BLEENZ 2 ZLicky, FEARELERLL, H—BEE
fE60% DEIETE S Z LI L7z (Table 1), #MEWRED a-# 77 by ¥ =¥ LT
i, M. vinacea HEET ABEREIRD L SWHESN T A58, P cnnabarinus DEERIL M.
vinacea BHROBRICIEALESEE L, BEHLTEETH S,

—7, BROEWETD a-# 77 M v —YRATENCEREERT I e BHESNT
B,z v X ADa-# T 7 by Y —¥iZSephadex G-100I X 5 F V2B X D, a7
7 b —¥ T GFFEL0,000) L a-FT77 by —FI (5TE40,000) o8 T
WA M RIHRL T, P oonnabarinus a-7 5 7 bV —PIIEI DI O nEEEEED 5
T, FBEPBIC L o THEE AN S FRIZA210,000TH D, 72, SDS-FEV 72U 7 3
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—BRTHY, TOLEABRICEIYANVT 4 FEGRESLTuEwEEZ NE, ZOM
T, KEEEIL, ﬁ“ ) I —BETHD Bacillus stearothermophilus'iSELET 2 a-H5 7 by
F—¥ 1 (5FE280,000) La-HZ7 27 by —¥I (9FE325,000) L LS ITw3, KB
E O 57 F 8 & Bacteroides  ovatus® O BEE D 77 F & (250,000) B & U Cephalosporium
acremonium®*POBEZEOSFE (240,000) AT lL TH D @BERED,

P. cinnabarinus D a~H7 7 PV V- REBEEI AL OBEY 0 BTCE Y (Fig
9), I O Saccharomyces carlsbergensis®®OBR (BEHI6) LTwa, InIEEBR7 =
JEBEOMTEET IV BEENEL I LRI o THEMT s s (Table2), £/, KEBEZRI
T2y PEN TEROVATA VEEEREDY, IO 6EIZATRYANT « FEGE
& CEESL, B HEZSTFNECE N T YL, 3y 72y MNECEET S0
W DTNB w7 2 RICHEERS DD LHEEL 2.

B, B VBB AHEBEOEEE L RE T AWRRENERIN, BEYNEET

BB DOPOBRIC DT HEENBROMAMMEY 707 7 —CicHd 28t rm0 s LT
BELFEER LTV ZEWRBRNTH S, O ORBRINUXOBEYSUES VX VET
Y, S carlsbergensis O a-H 727 ¥ =X LT w5 *Lazo 513 S: carlsbergensis a-7#
TV =ENTY A, SNT—A, SOy Ivipnn ik hEHE (54%) AL, h
50, ZOBED pH BEMPHEENSEDE FTEETHL LWEL Tw5E, P cinnabar-
inus a~-H7 7 Py —BRDOOTLEER L EESHEEOBEEYHL T 5201, BERE
Wk AEEOBERR A, 22 THERL 7 Flavobacterium sp. IO T F--N-F £ F )L
TNV I Y- RETY S - AMOT AT F UBEEHECERL, By o E O
BEHERUBER S A2BRTHL. O VIOBREHOTH%OBEE»RELEBR L REH
BELPHE TS L, pH 0CTOMLEREGEIZAON o 70, BESH I L VBRI s
TABROBLEENETTLZ s (Fig. 19, 20), BE&EHEIEBE pHERIIBIT S a-F
TPV —CYORERCEE L Tw5E I LRB S e, RIRLHSIE Rizopus niveus D
AT I F—EOIBLTHEEINTVS, —F, BEAINVKF Y RTF 5 — OB 7F 1
AOVE =X R, niveus VAT I 7 =TT BEB#ET A I LWL D, TurT—¥
WHT2RZENEEIBETHIIOENRLT, ABROBECEE#HTBREL T Yo7
7 — %Lﬁ?%ﬁﬂﬁ&ﬁﬁﬁﬁﬁﬁﬁ%%ﬁTL&w’k@%@&ZD AEERORESEH
a7 7 - A & E&%me: bOLEEEND, i, FERIEBRELED
BT WL DEET B0, ZO5E, BEHREBROT VBB L3 EHEOETHEL
m:awgwgam,%é%%@ﬁ@?@ﬁ%ﬁ%Lﬁbf&ﬁﬁ%%ﬁﬁﬁzﬁcfué:
EWEZLND,

HEREED a-F 77 by —YOEEpH IZ6 00T 50 HIZH 2 DI L, 5712204
RE S L UVBREROBR CIEEBEM (pH3.5-5.0) KEEpH 210 HONE WL, B RED
a~H77 Ny F D NPGal w3 258 pH 35.0TH YD, IOHRTHRBRLSF auFxF 12
N F WS teplomyces sp.. WM. vinaced?® D a-HT 7 F V- TWwE, i, M
vinacea®® DR pH LT TALETH 20X L, BEERIZ pH3. 0059 . 00 LEHO pH
TEHEETH S (Fig. 12), S5 XHEEHINEATABROBEERETHL, Thbb, FBRED
EEEEOERBERTCTHY, ITRETRREINTHIVTAD a-F o7 by —8
E0HEL, WMEME LI HiBWTh, 75°C, 405HMNE TBDEEERIFT 2V 7% 4
HED a-FF77 roF—ELDERTHEEWVLD

— R, a-HZ 7 NV —YOEBEEA T NET - AEEORETKRKIZ a-7 Y 2V R
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BELL7 7V arofBBr I TERENRD, ZOBRSBEERERLH TSI L1,
BEHEBEEOFAM R Y ABROICH2E 22 LT EELEE L w2 5, AEBERL S
k3, P ocinnabarinus O a-H 5 7 bV I —¥ DI T 4 /AW T 2 KmEIZ M
vinacea® D a-H I 7 YV —-EOEFNEFEIIERECTH L8, Y, I, O OB
T EOBERED Km{EIEARS LR, 2028, KBRES 7 4/ —AOMME, BREO:ZD
KRBT A2BECRERRELRLIEERLTWS, £, REBERIEREYORBTIOELE
THEHNT 7 b r I ERL, ©2 /—AD -1, 4880555 FHIC, a-1.685 0L
7 b—ADEEEL DI T ALART—AA N~ T LEGELT, HZ7 b — AR
%% (Tabled), A. niger®" PP POBRR 77T LPU—D AN -V T L2 T 5
B3, M. vinaced® DRI IS RSB LRV, 72, M. vinacea® DEERIT o-1,6H B &
Pa-1, 4G LMEALZVDIIRLT, REERL o 1,3a% b 0872 (B3, Fig
30), TOIIREKRED a-H 727 bV —VRIENEEGREELELTBY, #7727 bvoF
Y OMBDON RS BV IEEEEEOEN O OOEN R FR L ADDEHEEIND,

P. cinnabarinus ZHEEHEFEEO—ETH Y, AEORETHEZACCTHL, BUEREH
DETREZVEETFERHEAE - F 77 vV -V E2EETL I L3S b THERE,, —
BRICHFAREOMAUBREC DL TURENT WA X J KABERRBICH L TREL T D Tkl
BEOEWERICT L TERE SR T (Table 5, Fig. 17), ABZECHESLLEESZIOL IR
FEEBCFEL T r—BEREEZ 51155, BELOSTEBIC OO, L DEHORE
RET S,

E - A

P cinnabarinus DEET S a-F 77 by ¥ —¥EEHEL, FOEGELHSPICLE, K
BER DULRERE (500, w) 1E9.75TH o 72, AEBROSTEIZ Y NV 5EEEIT L D F1210,000, SDS-
KU T2 UNT S PP VEBRKENRIC K D52, 000 #E s, ABREE -V 722y bh
5B ABKTHL EEZ, ABEOSBELIR3AT, HUBOELEUES V2B ThH->
7o, ABEFRD280nm BT A EIERE (B 1320.7TH - 7o, BRI BIERL 2w
TAHIELIEDABRIERRROBERE LTEL N,

ABZEORE pH B5.0d 0, BEEBERISCTH -7z, KEEEIZ pH3.0~0.00HHE X
ETHY, pH5.0, 75°C, 5O MBATEREDETRAED oo, KBRFRCHLT
WO TEETHY, TOREEMEE pH KIKEL 7., ABED NPGal, XV EF—R, 774
S =R, AL FA - AWRT B Km i % #10.31mM, 0.80mM, 2.16mM, 1.15mM ThH -
Jo. E70, KEEERA I by b ERLE

FBERBHOALH TR SDS ML THEETH D, £/, Ta7 7 —X iR LEWEREE
RUTz, TV F--N-7XF NI Aa4y 3 =5 —CEER S5 LEAHEEON0% 00 &
N5, BREHICLD 77 7 X I T 2 BEER AL Uiy, BECBT 2LEES
S U T ALEERRETL, 202 XV ESBEHEARZEORELCES L TY
B LN R T,

$IE WMBE a-HII o F—EOREBETICED o-HF2 b4 TEOBENEM

B1EH OB El
— iz, Y a v - CERNKSERIED & Tn BIERRIS LT 5, SEE, J0X
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37N 2y~ POBEBEREMALTE o) —, E3aEH50IEE 7 4 X AHEFE
MEHT LAY TR CHBLBREERREREL LD LT 2HAPERICTONT LS, ™
—F, T4 = ARAIFF AR YD a- BT A Y TR T 4 XA & 5EIRWG
FIRAESBEWEBETHIL Lo TSV RKERHEL VH AR T 7 4 /- ARV DA
VOB E 7 4 AARTFEERETAREEARE L TEHS NS SO k-7, &
I, a-HIF 7 NS —YOEEBRICEMBLE: a-V 57 b4 Y IO ERN 25
BE 0 T JRHMZED S b EERSELN TV S,

KETE, B2ETEN L a- V57 MoV —POBEBRIEICOVWTHEMITE Ik
PEHBELT, 27, 974 /—A2EEL L 2B ABEEBREERDIC DV TE
FEERHLLC TR LD, EHK, BEBRGELRYEBNETEL LODOEEFTD
WTHETL Tz,

ErEm EEBUHBIUERRFE

B 1IE =B

a-NT 7MY —-YRHIES MR FETREL, BRRENCE—-2ERERY
Po BTNT LTIV BLIUT IS M A - AREETEGEO L D ERW,
BEWEE s o~ 777 4 —(HPLO) BOBERERIFDGMEBETEMEOEERE I o~ 757
HaEEL, ~FVAF ALYV IFUBIV NI AF A Inuy S v A7 ulEHE0L %
iz,

BIE HPLCLIZBONE -8

WEBRINERYE L UVBRAEDOSES L UBHIZ I Waters #HE D6000A K > 7,
UK B2 ==Y N A vV xr F—, ZENMEEY 2 -8 & U R-40IBRERFTEH2H
7o, BEDS3EEC 1 Radial-PAK x Bondapak NH,#» 5 4 (8 x 100m) £#HL, 7 b=k
Uo-kB (FH2.0ml/min) 2BEEE L THEV, BERRICERYOERBCREASNT
#8003V — A@mAEWEy o= b7 7EBEER L, BOBREICIIRERITH (HARS T
830-RIAD #HW, p-= 127 2= &MWL UV S (BERSHELHERB-UVE) 2k b
M L7, 72 AL IE D-2500 Chromato-Integrator (HS78IMERRED X D{To 7.

BIE BOR—R=O0vbdS74-12L 298

PR A= 0% b 7T 7 4 — IR RERK NoS14A % v iz, 3rbE 2 ICEH R A
1‘5*/Fl/ w7 == —K (6:4:3, v/v/v) TLEHEICLID SEEEL,. W
D HHERREEETY TRAS ¥, EEOMNE RS, RECD A EWHE OO E IS
T%;Ohﬂﬁoﬂﬁﬁwdi,ﬁﬁ%«vh~7ﬁ?b7774~k@%ﬁ%%N0%%%
, FEERUEBHEEREVTERL .,

BWLIE BOASLIOTEISI T4~ 1L 308

PERAERMBESERS A (a5 7 4 —FHEER, FDEMETEAGE) B X UBlo-
Gel P-2 (200-400mesh, Bio-Rad Laboratories #:8) # 7 4 (2.6 x 180cm) % THBEL
7o, RBHWPOBEBIE Y =/ — VL —FRBEY LR 72,
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E51E EEBRSESBHOERBNEE

AV 8 (2-3mg) 105N FRERO.Smik Nz, SERIHEHI00°CT 4 BMH, MASmL -,
RN R RN U A TREE, WEYESBCIVRE, BETCEEEEL -, ZEYC
EYYr0.2ml, ANFFAFAIYIFL0.Im, bYAFLZTEYT 0.05mEMA Y A
FULYMEIL, BonLHBEERETR 70 M 7T 7 4 — LT, NEMEEYE & LT
Fma-7 v /v R EEWGE, 3%SE-52% 3—F 4 > 7' L7z Chromosorb W (AW-DMCS,
80-100mesh) 2FHE L 724 7 A4 7 4 (0.3x 200cm) AL, » 7 LBE®130°CH 5160°C
T CEMFCFO LR, TA7 P —A0BRWHIz»>TiE, &Y TEIC0.02N FiEs0.5
ml%E Nz, 1000CTISAEIkIRE, EEOFERCIDFRA I 0vs I 7 4 —THH LI,

BEIE AFNAALDH

F U THEOES X F i Hakomori™ D FiEICiE o7z, Thb b, A F b8 1N FREE 2
ml% iz BREER, 100°CT 3BHMASEL, dRI%, KBEMRTESF P U T LTETLE
%, AR LD 7 FAELLT, BoniTAY b~ 72T — Bk TR 70w
NI T 4L, AT ORI I T 4 —d, AT LW Gas Chrom Q (B 3%
ECNSS-M, 100-120mesh, 0.3 x 200cm) 2>, # 7 2BEBCCTIT-72. &, 2,3,4-b
DO~ AFN-D-Z N2 —=ABLU24,6-FU-0-AFN-D-TN2—=ADTNY h—)ls T
7 — N EBEEAOEE I Shimalite WOEAE 1 0.3% OV 275-0.4% GEXF 1150, 80-100mesh)
EFRWE A F AR LTI T MY A A oHB L RS A FIEEOT LY b —
oo T T = NEEEADMSRFEEN OB L DB AFAERREREL 2.

BIE BEBEEERDOBRIE

AV IHE3mg, o~ 77 by —€ (1BEREN) B X U0.02M FrRER (pH5.6) 25
ARG I mlE3TCTUBRBERE L. -7 N7 vy 75 /v ¥ =X L5081, +) I8
Omg, B-7NT N7 5 v —¥ (Candida utilis, AL TEME, 1BEREM) B X U0.02
M EERREEE (pH5.0) » o R 5 RIGHE 1 miz37CTURRHRB L. 5AB0BBIC LR
g, FIGH % Dowex 50 (HY) # 5 4EL, REBESYED CEEEEL -, %HE
1% 200l ORIICEEE, SURT T 40T — (0.45um) THEL, HHE25u] # HPLC it
L7,

BIE S574/—-RIHTBER

PR RICAE R O BEEEREEZRD 72010, RO & 5 B RISRIC L DL, 0.5M
77 4 /—A0.4ml, 0.06M V rEEEW] (pH7.0) 0.4ml, a-#F 77 b v ¥ —¥ (B BEERREA/
ml) 0. 2mlA» & 7% 3 RIGHE £ 40°CT—ERBIRIG 2 ¥ 72, #sh T s oMma L TS E
U728, 7408 — (0.45pm) 12 &Y 23888, WEBAERYE HPLC o & D8R L 72,

EIIE NPGal a#t5GhE L 20OER

0.02M NPGal, 0.25M &8s, 0.05M U VEBEER (pHT.0), BL W a-# T2 F v ¥ —
¥ (1EBERHM/nl) 25 7% 5 KIEHK0. dmlZ40°CT 8 BRI ¥, HPLC CEEBRIEORE
WMEFAT, BEBELT, FYU—R, 7IE /R, VE—X, FVa—R, #57 h—
A, W —A, TP r—A, TLS—A, Frapiy, N-FEFrrratzr, 527
F—RA, A70—RA, %N b—ARRV, £/, NPGal #2AEKL LTERT S p-= b7 =
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= ALEY3225nm OB L D EIE L

3
72,

HIiEm =BESR

B1E BEBERERBOSE
05MF 7 4 / — A 160ml, 0.2 M
Na,HPO,-0.1M 7 = > BBEE 1 (pH5.0)
160mliz -4 5 7 b v ¥ —¥80ml (400EBE%
BAT) 2Nz, 60°CT6MMEIS &R, 5
SHEEBL TRICEEIL S #, HPLC
LU TEER, Fig. 23 0 & 5 g
FBI, 574/ —ADEECR a-H 57
MY -VB R L EGRERMTH LN T 7
b—R kA7 u—ADEDI, CEEOEER
RISERW 2S5 20z, &7z, ¥97 b—AD
EREIRA 7 u—ADERBEZH~THED
B tooiz, ZOB, 274 /A BE )4
mM & U738 IR BRSO & 55
Heafi, AVEA—-ADPRY A —AnH
B L Ee L ERED, Ik MR R bl
OEEBARYSBHEN, I0LIEK
BERMOE 0T oy ¥ —¥ L ER
KGR D A7 & THEBRIG T 5
ZEMENCR 0 DT, BEBERYO S

Ethanot (%)
o] 5 10 15 20

¥

Sugar {mg)
o @
& &

[
<
T

0 200 400 800 800
Fraction number (20mi / tube)

Fig. 24 Charcoal Column Chromatography of
the Transfer Products from Raffinose.
The reaction mixture (398 ml) was put
on a charcoal column (5 x 75¢cm) and
sugars were eluted successively with
deionized water (4.2 £), 5% ethanol
(2.6 ), 10% ethanol (4.8 ¢), 15% eth-
anol (2.9 ¢), and 20% ethano! (1 ¢) at
a flow rate of 110 m! per hr.

Raf

0 10 20 30
Time (min)

Fig. 23 HPLC of the «-Galactosidase Digestt
of Raffinose.
Two ml of the reaction mixture was
treated with Dowex 50 (H*) and Amber-
lite CG4B (CH.COO™) and evaporated to
dryness, and the residue was dissolved in
2 ml of water. The mixture was filtered
through a 0.45xm Millipore filter and
2041 of the mixture was injected. Gal,
galactose; Suc, sucrose; Raf, raffinose;
A, oligosaccharide A; B, oligosaccharide
B; C, oligosaccharide C; D, oligosacchar-
ide I; E, oligosaccharide E; F, oligosac-
charide F.

BB L URERT->7z. LEDBRRIGE (398
ml) EEMERS S L (5 x Them) WERML,
B A ook (4.20) THER, BRELLES
5%y -0 (2.60), Wy /—
(4.82), 5% =% ./—n (2.9¢), 20%=
F /= (1 0) TEESEH (110ml/hr)
L, Flig. 4 7 £ R 280, 885
ZEENDEEL HPLC THI U R, Big
F K TEH S-S (No. 1-No. 209) 12
BHZ77b—REAP0—2A5, £/, 5%
Iy /- NEEHES (No. 210-No. 339) i
57 4 )AL B OBEERRICAERYHE
o, £, WHTF S —VEHES
{NO0.340-No. 579 lxZFELTF 7 4 /— A
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8or Raf
60
:
£ Lot ;
S |
9 C
D20t
O A L

i
1o 120 130
Fraction number {5 mi)

Fig. 25 Gel Filtration of the 10% Ethanol
Fraction Obtained in Fig. 24 on Bio-
Gel P-2.
The sugar solution was applied to a
Bio-Gel P-2 column (2.6 x 180 cm).
The column was developed with
water. Raf, raffinose; C, oligosac-
charide C.

Ethanol (%)
0 s 10 125

15k .
&
£10}

&

25|
[

0 200 400 500 800

Fraction number {20 mi/ tube)

Fig. 26 Rechromatography of the 15% Ethanol
Fraction (Fig. 24).
The sugar solution was put on a charcoal
column (5 x 42 cm) and sugars were eluted
successively with deionized water (2 ¢)
and 5% ethanol (2 ¢), 109 ethanol (6 ¢},
and 12.5% ethanol (5.3 ¢) at a flow rate of
110 mi per hr.

AU IRECTH o, 5%y ) — LEH
55 (No. 580-No. 724) 12 6 MEOEBE

WE IR Tz, B, £V ITHEA, BBIUVEDOEEXNE» 7, 0%y /il
TEHHESNEMCEA Y TBB, D, FRIVCKREOENE TN TV,

W%y /—VERED T —F ) —2 38 L — 4 — TR, Bio-Gel P-2 7 7 AW
L, BEKTRERE Qlm/hr) L7222, Fig. B5W0RT IS5 AV IECRI 74/ —A &
DY BEIEHENEOT, COESEED, BEG, BEZRLL E 1,290m). —7,

mo 120 130
Fraction number {5mi)

Fig. 27 Gel Filtration of the Fraction I

Obtained in Fig. 26 on Bio-Gel P-2.

Gel filtration was done under the same
condition as in Fig. 25. A, oligosacchar-
ide A; C, oligosaccharide C; E, oligosac-

charide E.

15% x5/ — VEHE S E0mI BREE, B
VEMERA 4 (5 x 42em) L7, B4
ALK (20) BEUS%LY /- T
B, W%y / —NBLFI2.5%F /) —

30

H

Sugar {mg)
[pe]
(@]

8 ¢
100 110 120
Fraction number {5 mi)
Fig. 28 Gel Filtration of the Fraction II
Obtained in Fig. 26 on Bio-Gel P-2.
Gel filtration was done under the same

condition as in Fig. 25. B, oligosacchar-
ide B; E, oligosaccharide E.
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THRE LAY IEEH L (Fig. 26). Es
I (No.346-490) «iE, B4V ITHEALE
MEENTHOT, 8512 Bio-Gel P-2 12 &
LANEEETG, 4 Y THEA (243mg) A Y
THEE (524mg) A EBEL - (Fig.27), @Eol
(No. 569-No. 635) #5138 5 1ZBio-Gel P-
2 XBFVAEIZLY, £V THEB (157ng)
% 5rBE L 7o (Fig. 28), H5r T (No. 636-No. 700)
WA OB, DE L UFEESER T W, Bio-
Gel P-2 L3757 Vv58%Tw (Fig. 29), #
DIHEDEEDESEED, 351 HPLC 2 H
WTHEL, AV IED RS, (IE 30mg).
1EHEBOEERAZ L7 0 NI T 7 40—
S TEINLNS LY / —VBEHBESIC DN
TH, b CRFEHEA—NN~Tu* 77
T4tk D, AUTHEF (83mg) EOBEEL.
Beohig ) TN S—T 0w hT T
T4—-BIUOHPLC W L DIS—LERTH S

15

<

L5

Sugar (mg)

% 0o o1

Fraction number (5mi)

Fig.29 Gel Filtration of the Fractionlll
Obtained in Fig. 26 on Bio-Gel P-2.
Gel filtration was done under the same
condition as in Fig. 25. B, oligosacchar-
ide B; D, oligosaccharide D; F, oligosac-
charide F.

kBRI,

Table 6 Sugar Compositions of the « - Galactosidase - cata-
lyzed Transfer Products.
Molar ratic of sugars
Oligosaccharides  Rg.Y
Galactose  Glucose Fructose
A 0.66 1.2 1.0 1.2
B 0.37 2.1 1.0 0.8
C 0.26 2.2 1.0 0.9
D 0.17 3.0 1.0 0.9
E 0.12 2.9 1.0 0.9
F 0.06 4.1 1.0 1.0

® Rf value of the oligosaccharide relative to glucose on Toyo
No. 50 filter paper. Solvent; n-butanol-pyridine-water (6:4:

3.

Table 7 Molar Ratios of Alditol Acetates Derived from Permetylated Transfer Products.

Oligosac- 1,3.4,6-Tetra- 2,3,4,6~-Te£raA 2,4,6-Tri~ 2,4,6-Tri- 2,3,4*'I:ri: 2,3,4-Tri~
; O-Me-D-Fru  O-Me-D-Gal O-Me-D-Glc  O-Me-p-Gal O-Me-p-Glc  O-Me-p-Gal

charide  “pog72) (T=1.24)  (T=1.04)  (T=2.25  (T=2.50)  (T=3.46)

A 1 1 1

B 1 1 1 1

C 1 1 1 1

D 1 1 1 1 1

E 1 1 1 2

F 1 1 1 3

Retention time of the corresponding alditol acetate relative to 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-

glucitol. Column, 3% ECNSS-M on Gas Chrom Q.
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¥ BEBREERDORE ,
HIEiCHEBL -4 Y I8A, B, C, D, EBLUFOBELBIVKAR, BRIHMES IV
AF AL & 0 HE LT, '

) #YdEA

A THEARBIKGEER, A0 757 4 =2 X VBRI, Table 6 10RT
WAV TEAREENON TV b=, TAI—=ABLUVTAT b—AhoERIN T
3 Z WAL /2, Table T W2 AF ML OKERER LIz, AF LS TIEL, 3,4, 6-7
FI-0-AFN-D-TN2 b—RA, 2,3,4,6-FTFF-0-AFN-D-FF7 b—ABLU2,
4,6-FU-0-XFN-D-Zha—RA (Enlh, 11111 Boh, ¥77 b—ARBT L a—
ADIAIHEELTVB I EMEBAL, AV THED a-HF7 7 by ¥ —¥BLUF L7127 b
TS5Vl L ABESEYO HPLC B0 5208/ Sy — v 2 FnFn Fig. 30 B LV
Fig. 31 WRL7, AV ITHAR a- T 77 by —Pr0EELDH I 7 b —REA 70—
AT EN, TOZEHOAIZO—ADI VA= AR a-D-F T 7 b NEDIEE
LTwa I EBNTEBEN, £/, A VITHAR - TV b 7F /735 —PIll>T LR
N, 7V P—ADWEHETH LD 7N b—ARBITERIRIZ -7 V27 b7 T/ YV REEEL
TWwALDEELT, THEDOHER»S, £V ITEAOBESO-a-D-F3 7 85 /v~
(1-3)-0-a-D- 7L AEF I N-(1-2)-F-D-7 W7 + 75 /¥ ¥ LR LT,

Fru

a U

s\
el &

oL N
e

F
FLJ FL_JU‘L SN
H— L 5 L 5 3
0 10 20 30 - 4 + . . : :
Time (min) 0 10 0 30
Time {min)
Fig. 30 HPLC of the a-Galactosidase Digests Fig.31 HPLC of the pg-Fructofuranosidase
of Oligosaccharides. Digests of Oligosaccharides.
Fifteen microliters of the sample solu- Fru. fructose; A~TF, oligosaccharides
tion was injected. Sugars were eluted shown in Fig. 23.

with acetonitrile-water (72:28). Gal,
galactose; Suc, sucrose. Arrows, A~F,
indicate the position of oligosaccharides
A~F.
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(2) #Y dgEB
TR EIO IR LY, TV ITEBOBRBERY 77 b—R, FLI—-AB LU
VNI R—=ATHD, FOEALLEZ 11 THI I EBNHr R o7 (Table6), X Fuit
BT, 1,3,4,6-Fb5-0-AFN-D-TAT7 -2, 2,3, 4, 6-Fr3-L2,4,6-
FU-O-XFN-D-FHZ 7 b—A, BLU2,3,4-bV-0-2AFN-D-FNVa—AnExT N
Bonz (Table 7). Lizd- T, BEBERARO0->- ¥ 27 2 /¥ 0-(1-3)-0-D-HF 3 ¥
FES 2y N~(1-6)-0-D-7Na¥F /3y n~(1-2)-D-7ns 75 /v RelFEaIN, #
VBB a- 757 bV —PRIVFZ I b—ALAT7u—R (ML, 2011 KRS
fans (Fig.30) 2o, #77b—Ad a MOFBETAZ0—-AHESELTWE Ik,
BIE TN I NI /v —CBILOHHBENEI b7 b — AR g TR
ELTWE I P ER >, U EoERLS, TV ITEBOBERO-a-p- V527 ES
Sy n-(1-3)~-0-a-D-HZ 27 b EZ 3y n-(1-6)-O-a-D-Z Va5 ./ v )v-(1-2)-8-D-
TN NTZ Y R EHELR.,
(3) FU=LEc, EBLUF
Table 6 KRT L5, AV ITEC, TV ITHEEBL LY THFOBEER Y Z 7 b—2,
FNIA—ABLETINT b —ATHY, FOEAMMEEFAFR2 1111, 311 118LU
4.1 :1THhHot, BioGelP-2 0 L 27 A 2B0BELY, 4+ T8C, TV ITHBES X
U4 Y ITEFOESEIRZNEFNL, 5BIU6EELZ, Ihs3EEOLT Y IEOAF L
CSARTIE, A7 FA—RALEREICL,3,4,6-FF9-0-AFV-D-7 V7 b—2R, 2,3,
4,6-F85-£2,3,4-bV~0-AFN-D-HF7+—R, BLIU2,3,4-2U-0-2AF )N~
D-Z v a— AR 2 (Table 7). Fig. 308 & UFig. 3lRT & 5, 7V T8C,
FVIEEBLIUF YV TEFR a-F 57 by —YRINDF TV P—REA T T0—AILH
WA sh, £, B-TUNT NSV —HI Lo T hHHEE N, Ty P —ARERL
7o, UEDIERED, 7V THECIRO-a-D>-F5 2 ET 23 n-(1-6)-0-a-D-F 77 + &5
S N=(1-6)-O-a-D~-7Nats /) n-(1-2)-BD-T N7 b 75 /¥ F (RFFA4—R),
FVITERELO-a-0-F 77 b ET /¥ N-(1-6)-0-aD-H5 7 T /¥ i-(1-6)~-0O-a-
D-HF 7 b T/ -(1-6)-0-a-D-7
Gal Naes v n-(1-2)--D-7 NI FT T
SV RN AT=R), AV I F RO
e Raf 0 D-HF 2 FEF /Y N-(1-6)-0-a-D-7
Sta STy N-(1-6)-0O~a-D-F 5 7 b
5y n-(1-6)-0-a-p-FF 7 FEF
YN=-{1-6)-0-a-D-7 V2T ¥

3. 4 ky

0 5 10 15 20 -(1I-D)-BD-7 N2 v T Z /¥R (T PVa
Time {min) T—R) THo I eyfEEsRT,
Fig. 32 HPLC of the a-Galactosidase Digest 4 Y %D

of Oligosaccharide D. FVIEEDRERAT 77 V=R 3GTF, T
One ml of the reaction mixture contain- D21 BFBLURTNT b =R 153F0 s
ing 3 mg of oligosaccharide D and 1 unit N ‘
of «- Galactosidase in 0.02M acetate RBAREETH > 7z (Table6). #FALs
buffer (pH 5.6) was incubated for 5 hr at T, 2,3,4-FY-22,4,6-FY-0-

37°C. Gal, galactose; Suc, sucrose; Raf, .- N .
raffinose; Sta, stachyose; D, oligosac- AFN-D-HZ 7 - ABKHshs L

charide D. e (Table7), 1{i& 6fUBLI1I4ML 3
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Fig. 33 Structures of the Transfer Products.

MORESHESIZEELTUAA T 7 b —AREEL TS I EHBER LR 57, ﬁém,ﬁ
DaEDR a-HF 7 by —YRIDZIENDHF S 7P —RAE 1 EANDAZ O —RTFRLIT
Esh (Fig. 30), £/, f-T N7 W75 /v -Vl -ThyHahi (Fig.3)., =h
SDORR»ILA ) THEDOEEIZO-aD-FF 7 bEF /Y N-(1-6)-0-a-D-FF 7 P EF
Y N-(1-3)-0-a-D-# 527 b EF /¥ N-(1-6)-0-a-D-7 VI EF /¥ V-(1-2)--D-
TNTETZ YR BEBBIRO-a-D-HF2 T/ N-(1-3)-0-a-D-FF 27 b ¥ T/
Y N-(1-6)-O-a-D-# 527 PEF /¥ N-(1-6)-0-a-D-7 LI EF /¥ -(1-2)--D-7
NI ETT/YRETHLEFRT, S5, EEITKRROF 77 H —ADFRKEERENEWS »
TEH20, A ) THEDIC a-F T 7 by —EEERS, B o NS EERY % HPLC i< &
Dﬁ%bt@&am.%ﬁﬁ%%&%tbfﬁ?7h—x,x7m~x,574/~25;ﬁ
X&$ﬁ~xﬁﬁméMRCtm6, AV TEDIEAY &4 —ADIERTTKIEICAIET S A4

7 b= RABEDC-3MCAH T 7 b= ABEE L2 0-a-D-FF 7 T v n-(1- )C}m
DT INET Y n-(1-6)-0-aDHT77 7/ 0-(1-6)-O-a-D-7 a5/
YN-(1-2)-B-D- TN VT T /Y ROBEERETIRBETHD Z L8R, DR
BERG L LTESNIA ) TEOBER % Fig. 3310 % & o7,
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Oligosaccharides (mg/ml)

Oligosaccharides (mg/ml)

i i i H

0 6 12 18 24 4
Time (hr) 0 8 16 24
Time (hr)
Fig. 34 Effect of pH on the «-Galactosidase-
catalyzed Transgalactosylation Reac- Fig.35 Effect of pH on the Formation of
tion. Oligosaccharides Containing e~ 1.3-
-, total transfer products; Galactosidic Linkage.
----, stachyose. O, pH 6.0; @, pH 6.5, &, pH 7.0;
O, pH 6,0; @, pH 6.5; &, pHT.0; A, pH 75; [, pH 8.0.
&, pH 7.5; [, pH 8.0.
40
i1l BEERBERLERBDOLERE
HIEW B W T P cnnabarinus a-7 5 7 © N
VY-V T T4 —AREEC L&, £ 30
EBERYE L TAS F4—Z, _NUINA E
o3
=R, TIad—=ABREDTT 4/ —A% < 2%
et
SloA ) s, ERFTLREOS Z 7 b—A £
[
Ha-1,38E5L700-a-D-F57 bET §
Sy =-(1-3)-0-a-D- 7 VAT ) v~ £ 0 @
L]
(1-2)--D-7N2 b 75 7V R (X T
A), O-a-p-#57 T/ 1-(1-3)-0- , | . .
a-D-HZ7 7 bET ¥ N-(1-6)-0O-a-D- 0 6 12 18 24
FNAES )y n-(1-2)-B-D- TN+ 7 Time (hr)
5 YR (FY TER), BXUO-a-D-HF Fig.36 Effect of Temperature on the «-
o . .- o Galactosidase-catalyzed Trans-
7hET S YN-(1-8)-0-a-D- AT 7 b E galactosylation Reaction.
7 /¥ n-(1-6)-O-a-D-FZ 7 bEF /¥ —, total transfer products;
N-(1-6)-O-a-D-7 VA ES /3 - (1-2) - ~ o stachyose.

O, 30°C; @, 40°C; &, 50°C; [T, 60°C.
BD-7NT7 75 YR () IHED) Of

A IBERERTAIERR L, KETRESIWE, 974/ —RA2RE L LLBEOEEY
RIS IR T3ETOEE I DWW THE L7,
(1) pHOEE
Fig. 4 & pH U B 2EBERYOME L X8 ¥4 — A0ERBEORBFNZELERL 12,
ERERYOBE L, pH7.05 pHISTE TR KR E R -7, EBERYO S bR b ERED
BVAY FA—ADBF SEETREALED, RICEHERE L 2210/ THEP Lk, Fig. 35
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Fig. 37 Effect of Enzyme Concentration on the Formation of Stachyose (A) and

Oligosaccharides Containing «-1.3-Galactosidic Linkage (B)

Time (hr)

gglactosylation Reaction catalyzed by a-Galactosidase.
(O, 1 unit/ml; @, 2 units/ml; &, 5 units/ml; 4, 10 units/ml.

WIEBITRBON 7 b—AM a-1, 34
ELAY T8 (XU ITEA, BBIUD)
OMEREDORRFNELERLI, a1, 3
WEEET L) T, BHRETOERE
FEARE L, 245  THRIDULE 2.

) BREOE

WCH 0 CIK B 2EBRERYOKRES
LURYFF—~ADOERERLB LI, 20O
#ER, Fig. 36 O X 5 W RKICHIH T O AR E
ERGBECIEHI L TRE (o7, 4R
BIHACCTE R E 5Tz, 72, BEEOK
ICTIRBENEL R TAY 4 —
BB,

(3) BEREOEE
BREBEYE 2 TEBERYO 84 BN
WRIEL, Fig. 37-A D X o R 28 B
REBEMSIOBEENG/mlOBE I, 2BHT
AL XA —-ADERBEBRER D ZOBE
BUdess, BREESIEREI/mOEE
i, ERERUBEgEERERD, 208
WEWHEA L, CheoOERLD, BEE
ERE b3 rEfm#EEIRE{, &,
ERERZIELLBOBVEELREWLT
EHVHEEE L 7z,

—%, Fig. 37-BImT Xk 912, BREEIL
BEZEAT/ml T2ARRRIS Lz & &, 3E&ETT

Table 8 Rates of

40 48

by Trans-

the Hydrolysis of

Galactooligosaccharides by P. ¢in-
nabarinus o-Galactosidase.

Substrate Rerl:ttéve

(16 mM) (%)
Raffinose (Gall-6Glcl-2Fru) 49.3
A (Gall-3Glc1-2Fru) 48.1

Stachyose (Gall-6Gall~6Gicl-2Fru) 100

B (Gall-3Gall-6Glcl-2Fru)

9.8

Table 9  Acceptor Specificity of a-
Galactosidase in Transgalactosyla-
tion Reaction.

Acceptor Products

Kylose -

Arabinose +

Ribose -

Glucose + 4+ 4+

Galactose + -+

Mannose +

Fructose + A+

Rhamnose -

Glucosamine + -+

N-Acetylglucosamine +

Lactose + o4+ +

Sucrose + 4+

Maltose + 4+ 4

-+, transfer products formation;

products formation.

—, no transfer
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KIFIZ @~ 1,30 77 by NEEEEL DA ) THOERBEIREKERD, 20B—ELk-
Vo, ZOESWa-1,3 77 Y FEEEL DAY IEIAY F 4 — A8, BREE
DEEIMCE - CHEEEE B X UERBIZENT 2 2 £ a8HEL 72,

8) a-HSE P ¥—HIid2GEBERBONKIE

EBERY (574 /—R, AFZFA—A, 7 UTEA, & TEB) DOP cinnabarinus a-
AT b =R L ARSI EEE R IEB U e, 25mM A4 U T80 . 2ml, 0.2M Na,HPO,—
0.1M 7 = VEREEW (pH5.0) 0.2ml, LU e ¥ 27 ¥ ¥ —+ (0.05BFREM) 0. 1nl%s
3TCTAMRE s, FH LA T2 b —RA % Somogyi-Nelson Bz L D EE L 7.
Table 825 HEHM R XA, 4V TEAB LAY TEBOIVKSERE R, ThFhA S+
A—ADIBUBLUIBUKTED, a-1,3F 77 bV IESE2ETLA Y TBEABREICLD
HARGEIS NI w I EWRBE T,

H4E BROEBES

ABROESERICCB T AZHENREBRBII DWW TINPGal 245 2 by L EMEEL LT
WETL, 20E% Table9 it iz, TR, BBENEREINLLDE+, Elzh
BholbOhk TR, ERCELLEEOPTE, VI —A, I T7 b—R, T/ —
A, It E R IOBER Lo, T 7t/—x, T =R, N-FTE2FALI N
FIVREFEYIWEFETE RO I LI L, &, Fro—A, UR—R, FLS—
ZREEBRISOZHERIZRZD A2V I Ea¥nnot, ZHOI 7 V-2, AZa—X,
T b — AR BN R OEBRERYBE S L.

EiE £ B

INETREEENTVE a-F 727 b ¥V - Y OEEBRICCET RSBV TIE, &
BAERD R~ =70V 77 4 — ko TEMHIHERELZZEYE25008%, #
OREBENTIZIZ L A STTbR T Wiy, By, Kitahata 5™ 3E A0 HIREOBWE D

—HERORFEFENE L T a-H 27 - Y OBEBEH I L 207 Y v NHERD
EFEOVWTHELTWS, RETCRLILEIE, P cannabavinus a-7 57 by ¥ —¥ 55
BEDS 7 4 /—ACEA SR, HInERY % HPLC % %mr%&%ﬁ%,mﬁﬁ%i&%T
BENZ7 P A A7 —ALSICEEBERDE L TCOBEDL ) THO Y — 7 PR
iz (Fig. 23), Th o 6 BEOHERERYIIEERKA Z 470" 75 7 14—, Bio-Gel P~
Ik B NAE, BERN— -0 57 4 —, HPLC W LD, FREFNRET 2 2
EISTET,

— R, @ H T NS~ BRMKRAEC L > THEL 2T 7 VYN EESEROE T
NI —VEICERNICER I Y A Z EBHISATE D,V ay A 7Y O vinacea,® Sirep-
tococcus bovis, ™ Diplococcus pneuwmoniae, 7 —F 2 ROD a-F 5 7 by =Xk 54V
TEOSNRTIE, 774/ ~ARZEBCLIE S, BEERDE L TAS F 4 —ANERT

ZIERPERSN TS, KBETRLLZESW, P cnnabarinus a-H 77 b3 F—¥iZ k3
57 4 /= ADSRI B TER L EESERY OBE 2O, BESEB LA FLE
S EOHELEEER, FRAIFL -, RVNAD—R, PVaT—REOoT257 4
S RFRFIDF ) TERERL Th2 2 Elbhols, B0, 774/ —ARFNDOA Y I8
PAMC a- 1,385 7 by VESE2L 04V TBOERT A LB ER -7, Thbb,
FUTEARSF 7 b—ARNA T O —AD TN —AFBEO C- SATOKBECES L=,
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o

AYTEBRA T I b~ ABT 74 /)~ ADEKBOF 57 b —AEEC a1, 3ESL LM
B, AU ITEDEA T P —ABAIFA—ADOKBON T 7 b —AKEIZ o-1, 3HEE LI
FRETH-7, THICEEL T, Petek & Courtois®?l3 2 — b —~EHD a-#F 7 b v ¥~
T a I HF I NES SV RERBLT, HI 2 AR ubd RO L a— AEE
DC-6{IHd0iE C-3OKRBEIERES S I EE2HREL T, D pnewmoniae a7 5

7 by — k@ﬁms774/~X%ﬂ@j03%>&éVﬁiybfﬁwx%ﬁa7hbv
A= ADERBMESNTVE,VE 0, FauF20 a-H 52 ¥ ¥ —YOBEEBRIGICLD
a1, 4G L 04 Y IBOERIERI N TV L, BEERTIT o-1, 4EEx2L24Y
3%%nx7htﬁvx%ﬁ/7bijwx@ﬁ%énf,:@ﬁ?%an¥wwﬁ7b
VYRR B I L BRRE AN,

P cinnabarinus a-H 7 7 Py S —XOBEBRERICE VER LT 7 4 - 2RO A
THEEEYCLS R T3 3%y 1, 3SESAET ALV IHOBTEA Y THEAR
Loliwm perenne v Festuca pratensis WEENRD N T WL WL, 7V THEBB I UL
DIBEDIE SRR R A )V TETH T, 774 /= ARAI FA—AFET 4 XA
FRERTFELTCHREENTOEM, -1, 38E2 b2 a- T35 7 b AV TEBIZOVTR
AR BEMOTMIE LRI TR Y, FRSPEIE T 4 AABCERBCHEI R
DHEFEEMBLER, 974/ —A, AV FF—A, 42U RERENS L, #0OFRME
DFEFIE T2 P —AFSPESLTEY, £ TFEORSWAHRBIRESRRLLTWL
EBRARTWE, Liz=T, FETHEEBRSICL - TEREWa- P57 b4 ) THELY
74 RABEEEART L LTORBEPEEsR S,

KERDNMKSEIEHORE pH ¥ X UEEREL pH5 0B L UTCTHZ2DIINL, HiE
BOZ7 4/ —AEEBER ﬁ&é@ﬁ@%@%ﬁf %%%&m“g%jujﬁA&@ﬁL
A1 pHT.0-7.5, RELWCTH o7 (Fig. 34,36), TRERERMTHLAY F4 —ADE
BRI RB B W LA L TN L o2, Aﬁ#f—xi?ﬁ%%ﬁt%bc%,ﬁm%ﬁﬁ
BB L8> TRAL, ZOBEELBRERCIEILL, £, EETEKRON Z
7 =20 a1, 3G LAY TEIERBE L BOTRMEIC B L THEmL e (Fig. 37), A&
BRCLIDIAIFA—ALEBRLEBON T2 b—A N a-1, 38E L4V T LMK
SEEERE T L, AV FA—ADFSEEEIN (Table8), 2D bR
N EL 23 L A7 24— ADNEBNET T 20, BEEBERHTHEASFF T4 — AN
BEBRIGOZEERL L TELNLS L L b CNIKRSBEZIRCT VIO THL LELT,

Wz, FBROBERRISE BT 3 ZEEBEREI DL THE L, NPGal 277 7 by
BrEEE U T pHT.0, ACCTRIGET-/EHR, #7227 b—RAE I Na—R, ¥77 =2
TS =R, INayIy, 7 h-A, AVO—A, ViLh—AHENLERL, 73
E/ =R, TAT h—A, N-TEFNIILIAH I vADEB I THTH o7, Lirl, ¥
A, YR—=RZ, T4 —ANOHZ 7+ —2ADEBIERD L » o2 (Table9), pH5.5
THRBREDSHEBEE TR LN, 7538/ —ABLUTIAT b —A~DH T2 b —RAD
EREESONT, pHOZEK IV EABREIET2ZEFRBES 2R T 2 Pln Lo/,
BIR L7k 2i, 574/ —A2BBEC L 20OBEBRIGTEETEKEON 5 7 b —

%@Cﬁuwmﬁﬁéﬁ%m BT - APEELTED, C-6MOKBEOERPZE
i s WEBETHLEEZOSNE, LIt T, ¥ /=D L 6 iiORBESKEE

ff%@éﬂt%ﬁ&n075/~2%ﬁw%@@ﬁ%%K@Om<mk%i%ﬂé.
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g5 AN

P. cinnabarinus O a-H 5 7 b5 — w‘zd)%}%ﬁ%bzf“ BT b0, SBEDT 7 4

J—AERBEEICHW: L SHEEBRISIC X o TERLLA Y THEEEEL, ZnoolErH
Nz, HEELL S BEOBEBRRICERYIE, BOE, BRSWEB LU FESTOBR,
5FNFNO-a-D-HF 7+ EZ /¥ A-{1-3)-O-a¢-D-7N2EZ /¥ N-(1-2)--D-7
N7 /YR, O-a-D-H27 T2 N-(1-3)-O-a-D-HZ7 7 /3 1-(1-6)-
O-a-D~-7naes )y n-(1-2)-B-D-7NI7 + 75 /¥R, AFEFX—R, O-a-D-FF 7
FES v A-(1-3)-0-a-D-HF 7+ I3 A-(1-6)-0-a-D-FZ 7 Y5 /v -
(1-6)-O-a-D-7 a7 /¥y -(1-2)-F-D-FT NI b7 Z /¥ F, "NANAI—A, T¥a
T—AEREL. O-a-D-HF727 b T/ ¥ 0-(1-3)-0-a-D-F 77 b t°5/:/w—(1~6)—
O-a-D~-7 N3 7y n-(1-2)--D-7 N7 75 /Y FBLVO-a-D-FF7 b7
Sy n-(1-3)-0O-a-p-H7 7 bEF /¥ N-(1-6)-0-a-D-#7Z7 27 FET /¥ N-(1-6)~-0O-~a~
D= NAVT SN (1-2)-B-D-T NI T Ty FRNBAREEOFTR LA ) 9B TH - .

WEBRICERYOEREZ pHT.0, 40°CTRA Lo/, 7, KEZEE NPGal io/EH
L, 798/ —RA, ZVa—A, 97 =R, =/ —RA, TVWI7b—~RX, ZNa¥4 3,
N-TXFRAIANa¥3iy, 57 b—R, AZA—ABLIUITL N —RARZHF 7 b —~RA5ERT
MM ER T,

BAE WEM-HIZI P —HDOBWERBICL S a-HF 7 b4 JHOBENER

EiE # B
ZVavF—¥ERRCTAH) THERBRWICERT 2L LT, FIROBERRIC A

T3 HEOEPCESREE2FETEFERDL, Lrl, 77U ay sy —ETREROEEH
B IR SBEICEBTL R0, ERBI L34 ) THEERCET 2HEEBo To%
{, Clancy & Whelan®WZ L 2B a- 77 by V¥ 2B 7 b—ApSH 77 b
EF — ADEERY, M vinacea D a-7 57 vV~ ERWIEA I P—AL AT O —-AD
WERISINES T 7 4 /—RE T IV T F—ADERDBHRES N TR BT ERL,

P. cinnabarinus DHEFET D a-A 57 + VYV —PERIHETRLL LI CEVOEEREES
boTwb, Lrl, 974/ —ARAS XA —ARYD a-# 77 b4 ) TEEEEBRICK
L VAT 28EE, BETRECATARER a-F 5 7 b YA BEREEY, 22T, KETIE
HIIh—=AEARZu—RA5EBLE LT, KBEOME T 2BARISCLS a-H 527 b4 Y
THEOBRN G & AT,

HI1H EBMESIUERER

E1IE HERMH

HZT7 h—A, AZO—R, 774/ —AEFFIMETEROLDOERV, O-a-D-F 7
srET e n-(1-3-0O-a-D-7NVat s /v n-(1-2)-f-D-7 N7 +T7F /¥R (3C-a-
ATV PYNATT—R) WHIEZR L FECL OB, 7SIy F A — AR AE
BENHEBIVES AN ORER L, a- P57 by —YRELETHRNAEICLY
L ERE B,
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E1E WERBERDOSE
EERIGERYO B IZEIBEE 2H & FABCERRY 7 28 X U Bio-Gel P-2 45 A
REO, BERTOBOERIT 7 =/ — V-FRBEPICE >, HPLC K X 2O S -8
LB 3EEE 2 B L RIRRICIT o .

BIE MEERERMOBRBEOEER

Z Y THE(2mg) 120.25N BifEl. Oml 2 N2, BRIPERIMKSBL 72, EEMR Y7 27 +—
ALTNI—ADEERHNET 2T 58834, 7Ly b —ADEEXENE T 255
IR 2R E L7, BREMOEEREIBEE 2HLIERBRICL T AZOUT N T 7 4 -2k
DFFo 7z,

BAE AF RN

BIBEF LM EEBIELTAF MM AT, 974 /=R, T T4 =R, 3%a-#
SN NATZO— AL B UG A FAED T ALY b =L s T T — b EFEEROA R
7u=w 777 4 —COREEM CESERYY 0B 5 W BREROREERE® B L 12,

ESIE BERTERBOBELE

EERIGERY2 . 5mg, 5 mM U EEBEEW (pH5.8), P cinnabarinus a~-H>5 7 by ¥ —
¥ O(1.25BERBAT) H B Wk C outilis B-7 V7
N7 S vy —¥ (1.25BEREN) »5REK Gal Suc
JEWE0 . 25ml% 37°CT24MHEE L7z, 5 280
B LD REREERL B, KIGHE%E HPLC
WRtL 7, rP

HEE BEAEOMNE

A THEDENE L DIP-3708 7 4 ¥ 5
FEeE (BARSHETH) 2HVT, 200CTHIE
L7z, B HO 2R L -,

G

BIE BEeEEERHOEE w
10% (w/v) #3527 b—2A, 60% (w/v) A2
u—2, 0.05MEEESEEEN (pH5.0) B L Ua-

.
H5 0Ny F - (0EEREA/mD) » 5% DR | | ,
2. 2ml & — R T ER R & 7 0 5 0 15
BB T 5 ARINEA L RIS R EILTE, S Time (min)
&m%?%%% 3 B 2 i ¢ MARiC HPLC 12 Fig. 38 HPLC of the Reaction Products For-
O OBEESEL T, med by the a-Galactosidase-catalyzed

Condensation of Galactose and Sucrose,
The reaction mixture was filtered and 10

BIE FEBRER ul of the sample was injected. Sugars
BI1H HSHLP~RAEAP0-A0HBSE were eluted with acetonitrile-water (74:
. . 26). Gal, galactose; Suc, sucrose; G,

BCL 3 =ZRBNEM L TR oligosaccharide G; P, oligo-saccharide P;

10% (w/v) 527 b—2, 60% (w/v) A7 R, oligosaccharide R.
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w—2, 0.02M BeiEEE (pH5.0) B
LW a-AS507 vy —¥ (T2BEH
1) 6% 2 RIGH (18.3ml) %#60°CT 4
48FFMEIC R B o s, SAMEB L TK
iskEiE L, BUGERY ® HPLC L
7z, Fig. 38R T L5k, BETHL Y
57 h—RAREATu—ARISC IBED
L Egmigtant, hs Rt
By EEEC A ) TG, Y IR, e T Y M W TSP
FUTEPELY, AV ITHEG, RBX 0 200 400 600

Ethanol (%)

Sugar (mg/ml)

UPOHRPLCE BT 2EHUEBRFAF Tube number (19mi/tube)

9 G 35 s . —
N3Ca-H77 by VATB=R, 7 Fig. 39 Charcoal Column Chromatography of

T4 = AB LT T vF A — A DB the Reaction Products Formed by a-
i o . galactosidase-catalyzed Condensation of
il e —HL 7. Galactose and Sucrose.
DB, BERENIGEEFREAKTIImIC The reaction mixture was put on a char-
FIRL, MRS F A (5 x 28m) ot coal column (5 x 28 cm) and sugars were
) N eluted successively with deionized water
Uiz, BiA A4 vk (6.174) THEiE, (6.17 ¢ ), 6% ethanol (2.74 ¢), 9% ethanol
RELIHER 6%y /) — (2.744), (0.45 ¢) and 12% ethanol (1.75 ¢) at a

flow rate of 91 ml per hr.

9%z /—L (0.45¢0) BLU12% T

— I Y VR
F /= (L750) TIRRE S (91ml/ Table 10 Reaction Products Obtained by the a-

min) L, @51~V E2H (Fig. 39), & Galactosidase Catalyzed Condensation
B2 & N D EEOOMRR % Table Reaction.

EA IR I 7 b—A A7 0—R (%) (mg) by HPLC
2, BSFIICEA 7 a—A &0 @j) T( 10-100) 0 9.787  Suc, Gal
THEG L PHE IR T, EHINI 11 (353-370) 6 381 Sue, P, G
FeAYVITEPLPEDA 70— XB; [ (371-440) 6 346 P, Suc, G
A Y TEGH, EBAVICRTCAY IV (490-550) 9 324 R G
WRAOGENTOLY, BAVicksy V00 12 % G

TEGO AR EN T, BT Gal, galactose; Suc, sucrose; G, oligosaccharide G;

P, oligosaccharide P; R, oligosaccharide R.

E&END ALY T—AT Bio-Gel P-2 12
FBEFNVBB LAV IBEESE L., SEESICES ) TEPEDEDY ) THEGHE R
NTnieoT, ZOESZED, 25EERS T L (1.8x28m) 7uv 57 4 —%To
Voo AU THEPRE6UTY -V TEEBEANNA Y TEGLEIREESE N ooz
BEFERI Z L7 T T 7 45T, FY TEPEEDESRED, @f*ﬁpﬁbf:(ﬂ
#173ng). BHIVIC OV T, B EFRIC, Bio-Gel P-212 X 5%V 53835 X (NEHR S
TATURNITT 4 =LY, AV ITEREPEEL I (WNE173ng). BESVICEA Y TEG
DEMEENTWIOT, BER, EEGEL: (NEDm), Bonl-4 Y TEZuIRd
HPLC I L W ¥—aTH 2 2 LR s R,

BIE WERICERBOBE
BIETHEEL 24 ) THEG, PBXUROEERBIVKOMRE, BRI HIUEORE



HE : Pycnoporus cinnabarinus DEETAWHBEME a-F 5 7 + ¥ 5 — LIBT3 08 37

L URFNMACAFIC L DREL T,

40 TG, PBLUROIKMESZD
W, A7 27 41X DAL
R, INnoOBEBRVTALEELDY
SO bR, TLa—ABLIUPT NI b—2
PO ENRT WS Z LB, 272,
Bio-Gel P~2 10k 24 V2580 HAE &
hons 3EEDA Y IBIwFn L ZEE
THD LWL,

HEERINERYME a-F 2 7 S —¥YEB
FUB-TNI TSIV -P I LV EER
SEL, HPLC THEEERD =21 L, Fig.
0-a WRT LI REREE. AV ITHEGSE
FURZP a-F5 7 by I —PiZ L0 o#ET
Zr, BEVDA T b —AL AT T—AH
Bonk. £/, GERRBBS-IAZFTT/
VX Lo ThResEanl (Fig
40-b), TN OBRSMOBRLID, £V ITH
GYXRUE, WIhEHF T b—AMA T 11—

Sue (@) {b)
Fru

g
" T e
o byl

\ |

%’ %

T,S«—:G

P_J
o 5 10 15 0 5 10 1%
Time {min) Time {min)

Fig. 40 HPLC of the Enzymatic Digests of the
Oligosaccharides.
(a), P. cinnabarinus «-Galactosidase;
(b), C. utilis A-Fructofuranosidase.
Sugars were eluted with acetonitrile-
water (76:24). Gal, galactose; Suc, su-
crose; G, oligosaccharide G; P, oligo-
saccharide P; R, oligosaccharide R.

AW a-HZ7 Py FEEEL, 707 b—2A

DRI B- TNV T b7 T /Y FREELTWL I b, —H, AU TPRE a-F 37 b
V- BHLC I D ERADE T I AL AT U —REE LT, B-TAT T TSV -
LTl gEINEhrolz, O L LD, AV ITEPREEK a-F 3527 ¥ FES
EETBH, 7V b—ANF ) TEPORBIZEEAL TuEnw w3 T4 ) THGPR
EWRELA I LI, R ST,

A THED A F AL OFEE 2 Table ILICR Lz, 4 Y IHEGH» S 1, 3,4, 6-7 FF-
O-AFN-D-TN7 +—RA, 2,3,4,6-F1+5-0-AFN-D-FF77b—ABLV2, 4,
6-FU-O-AFN-D-FNa—ABBHEEN, A7 F—ADC-24f, #F 7+ —ADC~1
7, BEUTZWa—20C-10: C3UBAFNFNESCEEL TWE I bk oT,

Y IEPHSEBONTLZBEOAFAIER2,3,4,6-7 b 7-0-AFN-D-7 b
Ay 2,3,4,6-FTPFF-0-AFN-D-HF77b—~ABLU1,3,4-2U-0-AFN-D-7

Table 11  Molar Ratios of Alditol Acetates Derived from Permetylated Transfer Products.

1,3,4,6- 2,3,4,6- 2,3,4,6- 1,3,4- 2,4,6- 2.3,4-
Oligosaccharide Tetra-0- Tetra-0- Tetra-0- Tri-O- Tri-0- Tri-0-
Me-p-Fru Me-p-Gle  Me-p-Gal Me-p-Fru Me-p-Glc  Me-D-Gle
Oligosaccharide G 0.8 1.0 1.2
Oligosaccharide P 1.2 1.0 0.7
Oligosaccharide R 0.8 1.0 1.1
3¢-a~galactosylsucrose 0.8 1.0 1.1
Planteose 1.2 1.0 0.8

Raffinose 0.8 1.0 1.0
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7}\”"7\,6350, Ho7 bP—AFAZT—A om0 0 e

BFEHOT NI b—ABED C-6 ik P, Sro ) e
% o cH 06 ligosaccharide

L//C\/)%)&:&ZL)S\EEUE)%LKT. ZL'J:P\*%R“C‘“@L on o1 o £

3,4,6-FFZ7-0-AFN-D-T N7 —
Ay 2,3,4,6-FrF-0-AFN-p-HF

IV —ABEUL, 3, 4-F)-0-XF D o
TN a—-ApgHERn, Sra—20C-1 Ko

e C-6{UunESIESEL Twa Z Loy oo o

L7, D& 30, 4V THEG, P, Rb ok 0 W@l .
SHE oS A F B EFR TS a on,ou

HI 7 b NATZTO—R, TV FF+—2R,
ZT7 4 = ADEDSAFNACE L —FL Tz,
AU IERB XA Y THEP ORI R -~

ThEh [d]%0+ 124° (0:1‘09 HgO), [a]g) Y oH HOOH o O“ ‘1 on Oligosaccharide R
+130" (c=1.0, H,0) THY, Ins0DfE o o
WENFNT T4 /) —ABLIUTS Yy F 4 — Fig. 41 Structures of the Condensation Products

ADNEME & L —~F L/, AV TGO
BEEE (] +141° (¢=0.2, H,0) ThHY, IOER3C-a-FF7 Y NVATZ O —-ADY
FRES® & & < —FL Tz,

PULEowRIY, 2V TEGEO-a-D-77 7 Y7 /¥ A-(1-3)-O-a-D-7NVa T/
YN-(1-2)-B-D-T NI N T T/ F (3%-a-FF5 7 by NnA2ua—R), U ITHEPIZO-a-
D-AS57 b ET Y N-(1-6)-0-B-D-T VT 75 v N-(2-1)~a-D-T a5 /¥R

(o974 —=R), AVTERBO-a-D-FZ 7 ¥5 /v N-(1-6)-0-a-D-F Va5 ./
Y N=-(1-2)-B-D-TNT N T TV E (T

2 74/ =A) THHEWE L, FoNIAE
E 5 ERICERY OEEN % Fig. 41107R7,
2 2} EI1E WEERERYOLEERHE
g BT, a-#5 7 b ¥ 5 — ¥ ORBET 5 i
£ o ERBICLDHT I b =R Ly 2l a—A
s HZMWHEOENE (3%a-HF 7 by LAY
= , . . . O—A, T2 FA—A, T74—A) H
e’ 6 e BT B CERELE. AETR, HERIE
- Reaction tine (ir) LEBINSH T MY THEDAREAC
Fig. 42 Effect of pH on the Formation of the DVTHEERT L7z,
Trisaccharide&‘j by Condensation Action (1) pH OB
%fhz ri?}i?ﬁlt'zsffasfd% (w/v) galactose Fig. 42 2% pH 0 BT 2 & RUSERY
and 60% (w/v) sucrose was incubated DEBE T L. o8, LB S (36-
it o Gt 8 IR 8 gy, 777 A
Buffers: pH 4.0 (O) and 5.0 (@), 20mM A, 574/ —R) ODRBTRLE:, ZEO
acetate buffer; pH 6.0 (&) and 7.0 (&), AR 1 pH AME < 72 B0 L7z hS L,

20mM sodium phosphate buffer. .
pH4 THRARER o728, I & DBEEET
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Fig. 43 Effect of Temperature on the Forma-
tion of the Trisaccharides by Condensa-
tion Action of e-Galactosidase.

The mixture of 10% (w/v) galactose
and 60% (w/v) sucrose was incubated
with a-Galactosidase (20 units/ml) in
20mM acetate buffer (pH 5,0) at various
temperatures from 40 to 80°C.

O, 40°C; @, 50°C; A, 60°C; &, 70°C; [0,
80°C.

Bo7ns M —A0HE#ENED SN, TOE
ERRERAL S Lo, LTOERIT pHS TS &

L LT

(2) BEORE

BUSBRE #40CH o580 CETHE L TZED
AR R AR IR W LR L 72 (Fig. 43), ERGHE
BEEDRE AL THERL, ZH0EX
EREIZCC~30CoMTIRIEE L {, ¥
mg/ml THoTr. 3Ca-H T 7 PV ILARY
U—R, 574 /—A, FTITFF—ADE
WERIZEI L 2 4 0 5T, TOSREEEE
EoTIREAEELL T,

3) REREOEE

AR RIZTEEREORELRETT
Lizsd, a-HF 7 vy —¥ (100BFHHEA/
ml) FETFTT, 10% (w/v) #7227 =2k
10~60% (w/v) X7 u—Z% pH5.0, 60°C
TR s, &8, V77 b—AH
ODHEEIMAZ 2D HT 7 P2 EER

Formation of trisaccharides (mg/mi)
=

201

s
=

=

1 L £ A :

0 10 26 36 40 50 60

Concentration of sucrose (%)

Fig. 44 Effect of Sucrose Concentration on the

Formation of trisaccharides (mg/ml)

Formation of the Trisaccharides by Con-
densation Action of a-Galactosidase.
The mixture of 10% (w/v) galactose
and 10-60% (w/v) sucrose was incubat-
ed with a-Galactosidase (100 units/ml)
in 20mM acetate buffer (pH 5,0) for 24
hr at 60°C.

A\ 3%-a-galactosylsucrose; (), planteose;
&, raffinose.

404

20

10F

L H £ i

il 12 24 36 48

Reaction time (hr}

Fig 45 Effect of Enzyme Concentration on the

Formation of the Trisaccharides by Con-
densation Action of a-Galactosidase.
The mixture of 10% (w/v) galactose
and 60% (w/v) sucrose was incubated
with a-Galactosidase (5-80 units/ml) in
20mM acetate buffer (pH 5,0) at 60°C.

(O, 5 units/ml; @, 10 units/ml; &, 20
units/ml; &, 40 units/ml, [, 80 units/ml.

10% (w/v) L7z, Fig 44 WWR¥T &9, SEEOE/REIIA 7 o— ABEICHEIL T8N
Uiz, %72, 750 FF—RA 57 4/ —ATIEIEREBEK LIS, 3%a-H57 P VLAY

O—2ADERBIZ DL THTH -7,
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4) BBEEOEE

BREEES 5 ~S0BERA/mE LTELT, SE0ARELE_NCHEL, Fig 60X
S AER AR, BEEE AL CEBOEREEIEINL, BRBEOBERL/mITEAR
Lot a-H57 by —+¥ (QOEEFHEA/ml), 10% (w/v) 7727 b —=XBLU60% (w/
VYA 70— A5 B RIS S pHE.0, 0°C 48N 3 ¥ L 2B o W 2 & ERMOIY
BREESTS 7 b —ADHI%TH -1,

Eamm £ B

P. cinnabarinus a-# 7 7 b ¥ - Y OBETLIHERIGIC LAY THOEHRETT -2,
KEBRTREY I 7+~ AEOHEE 28T 3720, 7377t\~7’\(&zﬁ?%}10% (w/v), A7 —
AEEZ60% (w/v) L UTRIER{T-72, MeaElYy s HPLC THRERL R, IHEEOA
UM ERL T (Fig. 38), 2o SEEDESERYMEEER 7 o= o7 4 -8B &
U Bio-Gel P-2 10 L 25 VAEEIT) S LIk DEEES N, AL DER LT Y O8I
WENRLZWETH o7, NSO Y TEIEESR, BROE, A7, RELEORE
BERID, 3%a-HI3 7 VN NATU—R, FHIFA—RA, 74/ —ALFESHE, ¥
Lbb, AEERIETIE, A7 9—ASFHO 7N a—-AEEO C-6 1k C-3MIOKEES &
V7N 7 b= ABREDC- 6 IOKBEICH 77 F—AREE LAY TEIERL. 3%a-
HF P YVAZ O~ ADERBIRMOA ) TEDOERB SO TR, KEERITT
a1, 6BEE2 L4 THEVEENCERINA I EPBHELEZ T,

HETLRN LI, RBROBEBRIETRA 7 O—ABI0WET T 4 /—ADTNT
b—xﬁ%«@ﬁ?ﬁb~x®%@+ﬁén@w:t@%,%%%Emf+ﬁf&4b«@m
FEOES I —EO R EENH SR EaND, ThwL, ORI, BeRIt

THAZ o— X@ﬁ?%%b«@%méﬁﬁﬁﬂki”Tﬁ%@“mbfm&wb&éT L
Twad, ZHICEEL T, Alisaka & Fuiimoto® 2 10% (w/v) #97 + —A £50% (w/v)
A 7wa—24 M ovinacea D a-H 57 F S —EEANy FRTEREES LESRICICED T
T4 = AT T A= AWERL, BRIk ae- T S~ EEERS T LA RHAE
DRI A T LEBRARNTRIER L LT 7 4 /—ADHBERT LI E2BEL TR, Ly
L, SRS WTNOFERPHOIEEETY 3%a- 4T 7 PV IVAR 70— ADERBRERINT
Wiy, Clancy & Whelan® 3 BRla-4 5 7 v ¥V~ 2BOTHEERIGIC LI Da-1, 2, a-
1,8, a~1,4, a-1,5, a-1,6 527 b FEERLOF T P EL—R2ERKL, #
NSERYOME0%a-1, 6757 PEF—ATH2 EHMEL TS, P cinngbarinus o-
HSZ 7 b EHTT bR AT O ADBERIGONT, 737 N—ALHT7 F—
A, FNa—A, TNT bR, Faviv, 37 F—AnYXE0BSRGLMET S, 2
MDWHRMKJOCAW%néa:ﬁ??bﬁ)ﬁ% . Bk, BEEAVIHELT, B2
WIEBEBEBRISC B AE N s by SR L THBES D D LN D,

AR L 5 ZHEOESREMEIZ OV TR LR, 0% (w/v) 57 b2, 60% (w/
V) A D—/\iaiU a-#7 7 Ny —¥ (A0BREAN/mD) 5k b KGR pHE.0, 60°CT

REREE I s T & MESEROIEEFIEY CFF o727 b—R) THolz, HEEEE
TSR D R B IS ? % Py, L7edioT, Y avy— k@@&ﬁﬁﬁﬁ” aERBEL->TAY
TEENRICART 20101 1) BEEBELELC TS, 2) £lWEEIERMCERD HT

3)*@%§§ﬁ<¢%”Pﬁﬁ%*$§>bfﬁzbﬂé.IJ@WtL i3, &%%ﬁﬁ
R Bl L ATy TEOERFINH T S S . Johansson ST C TR




K& . Pyenoporus cinnabarinus O45ET SWMBME a-# 7 7 b v ¥ - IET 2 HE 41

EEFT», >/ —ABEER% (Ww/V) ETEASEL I LICENITBONET /U —
A BT wA, Ajisaka 5°M390% (w/v) FAT—R T —F Y PD G-I rasr ¥y — ¥ e
a2 kv nar ) THEOIRESOBLLEIC 2 EHE L TV, XERBELEL
TBH I EFRBCAROBESET IR0 10RD, KERCBLTHAZ 0—ABHE RS
T2 VEEEEMONERENS S Z enTE (Fig 40), —F, 2) BLT
B, BIELA-TF 7 v 7=V e ERY 9 L52EEET 22 L0 L D AR RISRA
B, OEGARY R BN Y A HENBRE AN TED,VEE, JoSCEL TERICRET A0
ik b,

PLED & 5 i BEBEFICINZ T, P cnngbarinus a-55 7 b v ¥ =Y 3E 2B TR &
HWHICH LTS TRETH L, Lieso7C, HINBELETAI L0l ) BEERE (K
KErgE) TRIGEITO) CLHWARETHY, MERISC L5240 ITHOEHIIEL Twa LE
A

Esm b ¥

P. cinnabarinus O a-77 7 Py VY OWMERBIC LB a-H 727 14 THOEK®
fTof, KBEX0% (W/v) 777 r—ABLU0% (w/v) A7 a—AEBHEsTERL
e 3EEOSEEHEL, Tho0BESTBRIE, BEMEB LU AFMESIICI DREL
oo BARLAZEERFRFNO-aD-F T 7 2 ET v -(1-3)-0-a-D-7 V3T /¥~
(-2y--D-FNZ7 7T /Y F (3Ca-HF77 vy AA2a—A), O-a-D-HF7 P T/
YN-(1-6)-0-B-D-7 N7 + 7 F 2y n-Q-D-a-D-F NI /)Y F (T TFA—-A),
O-~a-D-H727 r 7 /¥ N=(1-6)-O-a-D-7 V25 /v n-(1-2)-f-D-7 V7 75 /Y
FAZ74/—R) EEESH, BENCERYOEREEEREBE AL TEML -,
a~7T 7 NS —¥ Q0BEEBA/m), 10% (w/v) 77 b —ABIU60% (w/v) A7 o—
A5 7 A FIGH E pH5.0, 60°CTABRFEIRL & ¥, S ERW 2 HISHDINER T 7 7 b —

BiE MM a-HII PV -EDBEELEEA

EBi1EH B E
SRR, a-H 57 Py - PRHEENETRIIB I 2EEDO S 7 4 — ADSEOREE,

DT 74 = ARAY FF—ADGEIFHHERTVS, SOL5 K a-HF7 by
F—E R TEEILHT 2580, EHOBRLHVL I3 FEEEACERLES s
BIEERE U THEAT2OPRBEN L VAL, COXIR2BArs, TRNETIZ a-FF 7 b
V=Y OREENRH OhEASNTWS, 02, 9955 9 BRI LD P cinnabarinus O
a-T7 7 Y-V RBEERICEN, SMEOBBEREENETEL LN TEL LW
Rl L Twa, P cnnabarinus a~#H = 7 b ¥ ¥ — ¥ ORERBE~OBET, AiEE
DETHENEERICHBECB O TI D ENOEAT 22 2B T HbEELREEL Vw2 5,

IITHABELEELTALOOEKE DL TRE TS L b, EEfba-TT 7 by
S E2BOWTHEEEND S 7 4/~ ADBER IR E AT,
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WIE EBRMBESLUERRRFE

BE1IE ERERUE

DEAE-Sephadex A-50 & DEAE-Cellulose DE-2313, ##.# 1 Pharmacia # ¥ Whatman
X DB MRFF v id Hackman® O AEIC LD & =0 o BR U, ZoOHHEIZEHNS
BEThild, BBENFF Y BUOBRBER7 v F M LERTwE, ®aof PRFF 2L
EOBEXF U EHANT Jeunlaux® O FHFIC L VAT U, BE S bV Ui IR E O b
DEEGT, aa A4 FiRE b 203 Price & Storck® DO B L DB U, SFES
t—2* (Chitopear] BCW 1000, Chitopear] BCW 3000, Chitopear] BCW 3500) 3845
BHBEOLOERFER L.

BEMICEHWT - BERERIE 2E TR FRCE U THEL .

FEEE L L TR EAHEERA St LV 5Ean:, A7 0—243.6%, 774 /—A
11.3%, 7 nva—R2.2%, 7V7 b—A2.5%, #27F/—N1.9%BLUVRT A L 14.2%%
BOHEREEE AL,

EI1E BROB=EL
(1) ao4 FREFF-~OBEEL

0.2 8 OEEIEE0.05M FEEEEE (pH5.0) 30mlc 82 ¥, ZRIZB% T LI LT v
o NEWRS.ImEML, 25°CT 1 HFRHBER Lz, HER 258U TAH (EEEK, No. 2) Lk
WD, KTHESCHEEL CGAEO VYA T AT E R 2RELL, Bollz /vy nT Ly
b R ALBEIEARIC 0. 05M FEEEE (pHS.0) 0mlIBB L 7: a-H 5 7 + ¥ ¥ — ¥ (50BEFREAT)
iz, 25°CT1EERE L, EEL - #5277 by —F¥RRA2BLTAHMECED, FEK
THATC G L 2%, KCBEL T4 CRBEELL.

2 ZAUEF P FrE—-X~OEEE

{F#: 1) Chitopear] BCW 3000 5 £ (BEE) 120.05M EHEEER (pH5.0) 5ml, a-#
57Ny — P GOBEEEA) Smik A, 30°CT LIGHIER L7, 28 GEREHE No. 2)
T EECBREEED, KA 4 K TRAEEF LI,

(77#: 2) Chitopearl BCW 3000 5 8 (REE) i20.05M FeEREE® (pH5.0) 5ml, 5%
TN TATE R SmlEINL, 30°CT 1EEMEE U /z. Chitopearl 2 A8 FwEw, i1 4
VAKTHEL, BEOSVI LT AT e REREL LR, 0.00M BREEEEW (pH5.0) 5ml,
a-ﬁ‘? 7 by ¥ —PER (S0BEERRA) Smlziiz, 3CCTIRMER L TEELRIEE2T-

CBEEa- T bV —P AR EICED, AT R TRSEEE L 72, Chitopear]
BCW 30000 {84 v iz Chitopearl BCW 1000% w2 38& 10 b FEOBFICE L TEHEES
RIELL 7o, 2 DA Chitopearl BCW 100043 pH5. 0TIz —E0KICER T 2 0T, BELKIE
O L TIE0.05M e @ (pH6.0) 2Hwv 7,

ZEIE EE{iEZoEENER
BEBEZED a-# 7 7 b ¥ 5 —CEREFRO LS CHE L, $/4hb 5, 4 mM NPGal 0.4
ml¥0.2M Na, HPO,-0. 1M 7 = > BEEW (pH5.0) 0.4mi2BE L8, BEEBEERER

# Chitopear] BCW 10004+ b > BERISH 2 EEMBESIC AT 5 Z ok 0 E-ARcliB s h s b
OTH5, 72, BOCW 3000 ~FH A F 1> P4V ¥ 75— TERESWZE-XTHD, BCW 35001
44-9T7 22N RAF VAV T A - b TRES NI %é;%maf w
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Table 12 Immobilization of a-Galactosidase on Séveral Adsorbents.

Unbound Immobilized Activity

comeeme el

(units) (units) (%)
Chitin 0.55 2.74 27.5
Colloidal chitin 1.32 7.20 72.1
Chitosan 0 2.34 23.4
Colloidal chitosan 0 4.49 45.0
DEAE-Sephadex A-50 0 3.91 39.2
DEAE-Cellulose DE-23 0 4.22 42.3

a-Galactosidase (9.98 units) was mixed with 0.2 g of each adsorbent
treated with glutaraldehyde and the mixture was shaken for 1 hr at 25°C
and at pH 5.0, After the mixture was filtered, unbound and immobilized
enzyme activities were measured by assessing a-galactosidase activity
of the filtrate and precipitate, respectively, under the condition described
in the text. The activity yield was expressed as the percentage of
immobilized enzyme activity to added enzyme activity.

0.2ml% Mz C3TPCTIO MRS Lz, 0.2M ﬁéﬁfﬁ” MUY A AmlBIE TRIGEELRE, &0
SELT, IBRPCHEET - 07 2/ AR A20m B ITAEEESEEL TR
oo —H, 27 4 /= ARFEECLULEEOBEMBREOBRMEZ0.04M 77 4 /=X 1m], 0.05
M BB ERNR (pH5.0) 1mls L UREEBER (30~100mg, BEE) 2SO REK E37TCTL0
SEHEERIC ¥, KIS LER20.2m»50.5mle 0, InlOEEECEN, B84 2 2k
KEYRIERELSY, ZRLEFT 7 F—XE% Somogyi-Nelson ¥ L D BB L7,

BAE HPLCICXB3EOES
HPLC W X 2 BOEBRIB IEF 2 L FBICT o 2.

$51E EEEIVERESE
BRI S 5 I EEEIR Lo LY P X e RE L, FORE A ENE FEMSE
(JSM-F158, HAZETF) 2BV THEL /-,

EEIE BEEROS T4/ - ANEESE

A — b7 v—7CEE L 2BE 1 m® chitopearl BCW 3000 (15.62, BER) Ca-H 57
My - (I50BEEHA) 2HE2 (KEFE2H) wivBEELLE BEta- 7227 by
Y (G2BEFEEAL, 15.48) #FTAY v v MEA T A (16 x 130mm) WWTEELSCCIZE -
Tz — 7, 2008 DERIEE R 1 L OFA A4 Y ARIB#EL, A— 27 v—752HOTHEEL Tn»
5, 0.INFETpH 25 20L&, PEO M IV 2EML, ZOBCLTHEYL
FEEIR (5 7 4/ — ABE2.4%) #BEEY 7 2027, 2ml/br OFE THEENICHEL, B
D774/ —AEEHPLCIC LD ERL 72, 3L SEP-PAK Cyh— bV w ¥ THHEL, K
WIVRT 7 45— (0.45um) THEL 2%, HPLCIo#tL 72,
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Fig. 46 Effect of pH on the Immobilization of Fig. 47 Effect of Incubation Time on the Im-
a-Galactosidase to the Glutaraldehyde mobilization of a-Galactosidase to the
Treated Colloidal Chitin. pH 3.5~6.0,0.2 Glutaraldehyde Treated Colloidal
M Na,HPO,-0.1 M citric acid}mffer; pH Chitin.

7.0, 0.2 M phsphate buffer. (), unbound (), unbound enzyme activity;
enzyme activity; @, immobilized enzyme @, immobilized enzyme activity.
activity.

WIm ERER

BIE oW F—-EOEEL
(1) BEE{EEORE
6EBEOHEEHNT, VIV TATERCLE a- T2 v —XYOREENE L B
R DOBTKRET L7, FORE, Table 12ICHETL510, F M4y, 204 FRRE M,
DEAE-Sephadex A-50, DEAE-Cellulose DE-23~DEETIZI00% TH - 7228, FEMEIE
WB20~45% LB oz, Shel, 2o FREF U2 EEMEERE Lz s 0FE SRR
87% &<, i, WHENELT2INTH 57,
(2) 3adg PRFFr~OBRELEGOBRE
MOFERES LICLT, KEEO 04 PR Table 13 Effects of Enzyme Amount on Im-

S 15 BEE&H I ONT S 50 mobilization of «-Galactosidase to
7 /f\@@]mft@a‘i%%ﬁ@ > )F ¥ the Glutaraldehyde Treated Colloi-
USRS Lz, 2 ks, BERRVEIEIE NPGal 28 dal Chitin.

RV THEL . Added  Unbound Immobilized  Activity

a) ph OEE enzyme enzyme enzyme yield

S ~ N N . ST activity activity activity

TNFNTNT e PR LT a0 FRE T (units) (units) (units) (%)
. ve e [ o
i 0.28) Wa-#57 by ¥—¥ (535??&-% 0 - 70 00
)&=z, &pH T, 25°C, 1EMEG S ¥ 25 3.1 15.8 79.9
&, MG EBEPOBRREES L UEELES 50 5.6 42.6 85.2
DEEERWEL 2, ZOFR, Fig. 4775 b 100 28.5 56.1 56.1
wir kS, AREEFRIT pH3.5~5. 00 BT 150 58.5 68.5 45.7

BREEAEEE VS, pHT.0TIZIZ L A PREE a-Galactosidase (10-150 units) was incubated

s T N . =43 - with 0.2g of colloidal chitin treated with glutar-
featimns 2 LAHBAL 72, pHS. 012517 2 aldehyde for 1 hr at 25°C in 0.05M acetate

FEALEIZ05%, WEIRIZNSEB EFHW I &, buffer, pH5.0.
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Fig 48 Effect of pH on «-Galactosidase
Activities of Native and Immobilized
Enzyme.

(), native enzyme;
@, immobilized enzyme.
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BREANZEOEENRICE JIZTEEPR
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BED -7 27 v —¥E2Mz, 0.06M
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Fig. 49 Effect of pH on the Stability of Native
and Immobilized Enzyme.
(), native enzyme;
@, immobilized enzyme.
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Fig. 50 Effect of Temperature on a-
Galactosidase Activities of Native and
Immobilized Enzyme,.

(0, native enzyme;
@ immobilized enzyme.

7z, Table 13T &5, BERMEIENT 2> TEE/BEZOEREELDL
A, EVEINERISOBERMOBESRINIL- L 2 5E B85.2%) kv, Fhll-BEEer

TEULAEEPEEMET L, ko a),

CIDEBFERE S Lt LT, EEN a-#

Z7 Y —POREEOIODRBEREE LT, AT AT MABE a0 4 FIkFF 0.2

ATy HEER R IS0 R, K pHS.0, 25°C,

(3) BEEitEBEOHY
a) pH OEE

LR EBREL .

Fig 48 1R T X O K BEMEBRO pH KEHEHBRIEHFOBROZ N EEML T Y, &3
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Fig.52 Lineweaver-Burk Plots for the
Fig. 51 Effect of Temperature on the Stability Hydrolysis of NPGal Catalyzed by the

of Native and Immobilized Enzyme. immobilized «-Galactosidase.
(), native enzyme;
&, immobilized enzyme.

pH i34 5~5 0 TH -7z, £/, F2EBE L2 LERKICL T pH KER 2T ER, HE
BRI FEHOBECES LA pH3. 0~ . 008H TRETH» 7= (Fig. 49),
b) BREOHE
BREHCET 2 SREORE I DL TEF LR, Fig. b0 irnd &2k, BEMER
ORBEEEREMOBRERCTCTHY, £, BLERLHEHOBR LIRS Lok
(Fig. 51).
c) EEREORE
NPGal # EH BV Lt 20 EHRBE & KICHEE O BEF % Lineweaver-Burk © 77
PE->TERLS, 20K, Fig. 52X 0RB7-B 00O KmiEZ0.32mM, Vmax{E 3603
umoles/min/mg protein RO S, T s

OERERED a-H5 7 by F—FiZDnT 100t e
BoNTHEREL LB, TOBEI ®e0°,%%%% , se000
LHHORR ML A REREY 3 eof
BaE et (2%, Fig 16), MEOKE -
L, ABZOERERZI 0L PRFF oA 5 sor
ODEFELBLEBSN TS I LM E
oz, § “or
0 BEtEROREERCHT RS g |
50mM 7 7 4 /— A K¥EH 8§ ml,-0.2M
Na,HPO,—0.1M 7 = > EEWR (pH5.0) ol . : ; .
Smi% oA Rk F 2 B L S a-W ! 3ma§mm£; 20
5 by S (3. 8BEEREAD) BB Tmlk ¢ ‘
RO, IC, LR L TRIE e PSS Retsel U o e e o
RIS TH, BElta-t52 by 5—E% finose.

B (3,000 rpmx 5 min) WL DED,
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Table 14 Immobilization of &#-Galactosidase on Various Types of Chitosan Beads,

Added Unbound Immobilized  Activity

Chitosan beads cnzyme enzyme enzyme yield

activity activity activity

{units) (units) (units) (%)
BCW 1000 47.0 0.20 3.8 8.1
BCW 1000+ glutaraldehyde 47,0 0.21 16.4 34.9
BCW 3000 45.2 0.24 13.5 30.0
BCW 3000+ glutaraldehyde 45,2 0.28 14.8 32.7
BCW 3500 45.2 0.40 12.6 27.9
BCW 3500+ glutaraldehyde 45.2 0.38 11.9 26.3

a-Galactosidase was mixed with 5 g of chitosan beads (1.0 mm diameter)
pretreated with or without glutaraldehyde and the mixture was shaken for 1
hr at 30°C. After the mixture was filtered, unbound and immobilized enzyme
activities were measured by assessing « -galactosidase activity of the filtrate
and beads, respectively. The activity vield was expressed as the percentage
of immobilized enzyme activity to added enzyme activity.

Table 15 Effects of Enzyme Amount on Immobilization of o~
Galactosidase to Chitosan Beads.

Added Unbound Immobilized  Activity

(units) (units) (umits) (%)

BCW 3000 10 0 4.5 45.0
20 0.3 3.3 41.5

50 0.3 16.3 32.6

100 0 34.0 34.0

200 0.1 66.5 33.3

BCW 3500 10 0 0 30.0
20 0.2 .1 45.5

50 0.2 17.1 34.2

100 0 33.5 33.5

200 0.4 64.7 32.4

a~Galactosidase (10-200 units) was incubated with 5 g of chitosan
beads (1.0 mm diameter) treated with glutaraldehyde, under the
same conditions as in Table 14.

RTHRSUER L E, BEES L UEEL2MZEERTE Y, ZOBREL0EEVEL, B
FEEREEZEEL L, 20O, Fig 53 Rd L9, ABEEERII20EFEHES L EER
BEAEETET, RUIDOEHEOKN% 2HEEL TV A 2 2L 7,

BlIE a-HSI7 b F~COFrHrE—~A~OEEIL

FAIETI, WEME -4 77 b vy —Enaoq FIRFF R EELS N, BELE
FLEHOBR CHBRCEEESEO I 2R LE, UL, 2o PREFVIIEMT, K
BRI ON T LCHRBL THRT 2 L REETH Y, TENRAMAICEREL O EE
H5NE, COSERBRTAIEFRBENELT, da4 FREFF ORIV ICE—HROLAM
F LY UAORBROBIELERA, BELOEEFCO>HTHRET 2012, J0HBER
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Table 16 Effects of the Size of Chitosan Beads on Immobilization of a-

Galactosidase

Added Unbound Immobilized  Activity

(mm) (units) (units) (units) (%)

BCW 3000 0.3 50.0 0.1 20.8 41.6
1 49.7 0 17.1 34.3

3 52.2 0.1 17.5 33.4

BCW 3500 0.3 52.2 0.1 20.7 39.6
1 49.9 0.2 17.1 34.2

3 52.0 g 12.8 24.6

a-Galactosidase was incubated with 5 g of different sizes of chitosan beads
treated with glutaraldehyde. Each immobilization was done under the same
conditions as in Table 14.

LB BEtBEELHOCTHEEETOS 7 4/~ A0OEKESELEST:, B, BE
EHEZ 74 - AREEE L THEL L.

1 EEBF V- ~OBEEk

a-FT 7 ¥ —¥E2EE 1 mO Chitopear] BCW 1000, 30003 L U500 Bt L7, #
OFEFR, Table MR T L5, ABRIVLIROBEEE —ICHL TH99% L LR s R,
ZOBROEEINEEF25~35% TH o 72, BCW 30005 L UM3500TIE 7 A8 A7 F e FIED
FRCIZERNEOBECZREONZ o205, BCW 10002 WEBERE AT LT LF
CRFRMBEO - A BRRWE S L &, EHICERI8. 1%IE T L,

() BMBERECEHRNEORE
JNE T T e FAE L 7 Chitopearl

BCW 300035 & 1535002 AT, WMEERE 1003
DHEMIEC RIZTHEIC D TRE LI & ‘
2%, Table 15 FRT L5, E—XICH 801
WTEEBROBEEIEIERO Sy 3 |

TEL x ot BHEERG0~45%TH > 60T |
n, W0~20BFEMOBERERVHEL 2
EFEL ko, ; 40

(3) HEEOHZELECEEORG )

57#%0.3, 1, 3mn0> Chitopearl BCW 3000 & 20f
B LU BCW 35001 Ak 2 (3B 2 B8 2 3H)
EDae-Hs57 v y—¥rEEll, 1§ Oo 05 10 15 20
MV 2 HBe L 72, Table 16 l2RT L 312, NaCt (M)
B CBER DGR SRR E <2512 Fig. 54 Effect of NaCl on the Release of o~
- TIET T 2HEBAE S NTA, B2 3m Galactosidase from the Adsorbents.
OU-ZEEALEGATY, FLomEo  Qmiemame
BTN, dehhyde; &, BCW 3000; &, BCW 3000+

@) BEieBEsSOLEH glutaraldehhyde; [, BCW 3500; 8, BCW

- e o . 3500+ glutaraldehhyde.
BELBRORTERICIIZT NaCliBED
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Fig.56 Effect of pH on «-Galactosidase
Activities of Native and Immobilized
Enzyme.

@, native enzyme; A&, BCW 3000;

A, BCW 3000+ glutaraldehhyde;

[, BCW 3500; @8, BCW 3500+ glutaral-
dehhyde.

BECOWTKHRRE L, SEELEES 0~2.0M NaCl 240.05M BiEE®E (pH5.0,
BCW 100008413 pH6.0) FZ37T°CTISAMRE L 7:68, BEEMBERE 2L T, A4~
KTEHEEL, BEBEESEE L, FigdirT Lo, BCW3BW0E VI LT AT E R4
HOBEI»»b 6T, 2.0M NaCl 2HIIL TH0% U EOFEESEHF IR TV, —F,
BCW 10005 X U BCW 300008412k, ZAFATAFE FOELE—-ATCIRERES
FTHEROZELWETRASNE NS, SAIALT AT E FRLAED C— X TiR0.2M
NaCl OENT20~30% 2 & TIET Uk, 2086, BRI a-F 7 7 + v — Y EEIHE
RaNkZehs, ZOLIREEOETIEBREOHEEL SOBBIC X2 2 L3 HEAL 12,

¥ 7o, ABE(EE S SpHOBERETI3TCT 2 BERIE L 724, 28/L, 0.2M Na,HPO,-
0.IM 7 = VEEER (pH5.0) TH®EL, BEBEERHIEL . Z0ORR, Fig 55XRd &
S, TVINVTAFE FBELLEE—-ABEELL7-BREIpH 302 I 0EHTELET
Bolz, TNF LT IFE RRAED Chitopear] BCW 30001 BElE{L L 2 BEE Tk pH3.5LUT
BIUpH 6 L ETRABEZEROETEGSN, ZF v 7T FRAEDO BCW 300012
BE Lo BER % % pH OBER P ICRER, FEETOBEEE2EEL: L 25, pH3.5LUT B
EUpH 6 AETREBETIC a4 77 + ¥ ¥ —EEESED &, 20 pH @R ik lkn
CEERENPMEYT 2 Z bR U,

5 EERBROBELRETIHERF

BREY 4 FOF MY U E=X (B 1mwy, Chitopear]l BCW 30005 & Uf BCW 35001248 2
HE2HEOHFE1H0EFEZEHOTIEEEL a7 77 VY —YOBRRNELEES
L,

a) pH DEE

Fig. 56 I a-# 7 7 b ¥ ¥ —¥iEHC RIZ3T pH OBE 2R L 72, BCW 30008 & UF BCW
3500 EEb s heBRO pH—E iR EMERD pH—F R L 32—l Ts Y,
pH 355 6 O CEWIEE 2R LT,

Fig.55 Effect of pH on the Stabilities of
Native and Immobilized Enzyme.
@, native enzyme; &, BCW 3000;
A, BCW 3000+ glutaraldehhyde;
], BCW 3500; &, BCW 3500+ glutaral-
dehhyde.
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Fig. 57 Temperature Dependence Curves for

a-Galactosidase Activitiesof Native and
Immobilized Enzymes.

@, native enzyme; A, BCW 3000;

A, BCW 3000+ glutaraldehhyde;

{7, BCW 3500; B, BCW 3500+glutaral-
dehhyde.

BCW 3000

BCW 3500
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Fig.58 Effect of Temperature on the Stabil-

ities of Native and Immobilized
Enzymes.

@, native enzyme; A, BCW 3000;

A, BCW 3000+ glutaraldehhyde;

], BCW 3500; B, BCW 3500+ glutaral-
dehhyde.

Fig.59 Scanning Electoron Micrographs of the Surface of Chitosan Beads.
A, critical-point dried bead; B, lyophilized bead. Scale indicates 10,m.

b) RENBE
BEE A BEOERC RIEFTEREOEBEICIOVWTHRSL LA, S NATATE FAES X
UHALEE D BCW 30001 BEEL L - BER O &R E X EREER » FRI80°CTH -7 (Fig.
57). SRR LT, A F AT AT e FALE BCW35008 L U708 V7 V7 & REAE BCW
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CEEA L B REERE L ER £ 60f
BUCHITE THETH D, BCW 3500 = |
TRICCHEE TERETD -T2, 2
o) REBBOLE $ 2}

Chitopearl iZ (L L BRI E 2 ‘ L
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- AXBHOFEEEFEMBEOE Fig. 60 Hydrolysis of Raffinose in Beet Sugar Molas-
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FEICIEH0.1~ 3 pm OHFLAS LB
B2 AL Tw S0 LT, EEEERLTES M > V- 2O BEROEBSBIE S
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BI1E BEILa-HIO LS -CLBBEEDPDS 74/ - ADEHSHE

BECBEOREFERH 5 IEFERICHTT 2 RERR, BEBEO TEOFRZSL
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WERO ST 4 — AOBESE YRS, TORE, Fig. 60 R T L3110, BERDZ 7 4
S = ADSERIFGERTHD, OSBRI AEERERELVELLE, o7, 2O
BWAEENL a-HF 7 by F—XR@ANAFT VT 78— U CGEREERARETH 2 I L 2RE
LTwb,

i E B

a-HI7 7 PP RHERENECEWTS Y 4 /- ADSBEFIABEIATVE, B
T, HEEELE TR RBAYEESERH AN TW A L oBELHENYEORESEE L 2
D, POEECETELEBERORENSEEIN TV S,

P cinnabarinus OHEFETLHWMBM a-7 7 7 NV Y EBEY >N B (FEH3.4) TH
% Z x5, DEAE-Sephadex A-50% DEAE-Cellulose DE-23% ¥ D4 4 v kA S
WA A VG CIVEEEns P Hlan s, —F, BOWCh7 2 F b s ik
FFURTLU—TROFF TR EL OBESYWEBNREC IV I AT AT B P EEGTEE
WEDEELENTHE 23 F YRR FE e LTOWER L b, BB ICEE
TEIEDPOFFCHAREMLILYT {, 14 VS, BBEL 2w aRta s ofEx
OEEECI D EL OBEPMEYSBEIEIL N T 5 18- NOKETE, P cnnabarinus
D a-H5 7 by - ESEEMI, ST T e FEEER e U TEEL LU, AES
IV AT AT e R L CEEREEICEINL, BEAETS S EEIENIEL KT T2
P, IR TIVINT AT E N C X VBERSFHEOEBERICL 2 b0 eHEENS, Lizhio
T, REBTRULEI W, BHNEL2HLSSLLOCREEE2 VAT AT & FTHLE
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%,

AEERITFF, F MY, a04 FIRF b >, DEAE-Sephadex A-50, DEAE-Cellulose
DE-23i1 X < Emfb s e a8, mEINERIZ20~45% S {E WV, ZRIEHL, 204 RREF 0 E
EL IS, EHIEENE S F72.1% % 5 (Table 12), Zhix, 204 FRFF >0k
THAFEFCHMBTEFEENIREWI LKL 2E2Z 5N, —F, 8@ pH, pHHEY, Bl
BE, BEEY, NPGallkkWd 2 KmfEh Yoo FR&FFVCEENR LI a-HF 7 by
S —EOBENEER TN TOSATHEROBZR L ELL T (Fig. 48-52), Z0O I L3 AR
FOMBEHUAETHICE > TEEL T RL I ERERL T 05,

BIEBRESHEEEZE T2 LB TRNFAC LT Ebd THERTH L, T4bb,
&mﬁﬁéffa*au L ORBOUBEE RED L I EHTE, £, BEOBLEEH
LRTES, MEED a-#5 27 by ¥ =29 mpmn T, BEEMIC L ) BREMES LT
5IEBREINTWE, KERTHE Lo FR*EFUVEELa-F 527 by 5 —Yid,
INEFTRFEEINTVEITRLOBEE L a-F 77 by F =2 L0 b, BUUNLTEETH
D, 80°CE TEEDETFIA S (Fig 51). 7/, AEEEEIREGHRY ﬁbfég
ETHD, 00EFERELEYIOBEEOHN%HEF SN TE Y (Fig. 53), TENFIHL WS
TENBEECBEFEERTHI L5,

3D4F%%%V’@ﬁkb#@%ﬁﬁw%ﬁ%%b%ﬁ HTACTELTCERT 2 ¢
BERETHE, IR LT, E-RICERsnLESAMF b EHLEEIE, T
IRAT T bﬂi@@%iﬁﬁkﬁvﬁf@ 5%, WML a-F5 7 b5 —YDI9%LL s 3 @
OF Py E-XEE{LE N (Table 14), ZD X312, SFMEF P E— X3 ABEEY
FSBEELMTELEVIETENTWLH, ZITHWESEOF MY -k F i F S
Hrv, LS FREEE L 7272\ Chitopear] BCWI1000iz 8w Tid pH SUTTEMET 2
e EEMAEEE LTHAVW O EHEERD 2, —FH, BECEBZOAMCEL T, HiE
KTOREEZEBTRETHL, AERICHELLF MY E—AF0LTNAH0.1~3 xm O
LELOEAEC—XTHD, EEESAEZ VO, 0.3~3. 0mOEH TR TXEL
MErzohwEEzON, JOIELRNEAEZTHEMNERCKRE2FEL L5370

ELSEBRERIC I TLEMT ST

TNINTNTE N TER—F MU - XEE I L L EEMEERIE NaCl 25U T8,
Hik» s DBZEORBETO o B0, A8 77 e RLES L CEELL 2SS
WZiE, F M- XOEEIC L o THES S OBZEOREITEZ D, BCW 1000 BCW 3000
T130.2M NaCl DM TERIZES ICHREET 2 0w LT, BCW 350008541 3 Bk L 7
Vi, BCW 10003 3 FWEBEZ L -¥, 272, BCW 30003 EREAYIc L > TEB s
TFEPNFLE=ATHL, Lo T, INH2BOF L E—ANDa-HF77 by ¥ —+¥
DEEMFEELTAAVERCLZ230THY, NaClOBEMC L bRy v Hh il
?5%@t%z%né ZOXSRBR—F P E-XHEOA 4 EESIE BCW 30000254

U-BEE o pH TEBEEL s, BT L0 ) pHEE THEET 2 - 0w I BEEr 5
bERTEL, P cinnabarinus a-F 5 7 b v —VYOHEESEIIpH 3.4THY (Fig. 9), #
M pKa ld6.3TH 2. 90725 T, pHI. LU TOBMEE T a-F5 7 by ¥ —¥ 5
EUF P CRIFEHELTBY, AT EE&EBRLICC WL, 72, 7d ) pHEK Tk +
P YSFROT SV EEEREERG, a- AT P Y- PR TREFEEEVL LR
D, ZOROCHEE»BRELIBBEL T s tE2 515, —FF, BCW 3500 FEKER
EEMCE DB N F PV E—ATh D, Lis-T, ThziEfr L2BEIE, +
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T nEEABROBEEFEBE LT, R, MEREEDODS 7 4/ — A DE4Y
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bEEZOND, Fl, AEREGF T CREBRICERMIED shxws, BEEDS 7 4
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BEAHEL BT A RERCRECRRED NG o7z, £, FEFHCHLTLEET
HD, 20 VRUFERL 2% L BRIOBEBEOHN% B HEEEL T,
RIECEBEROEEWEET DT 7 4/~ AOEFAME~OICAZEKE LT, F ¥ rE—X
~DEELETTo 2. a-HF 7 b v ¥~ % Chitopearl BCW 1000, BCW 3000, BCW 3500
CHEEHDZOE IV IATAFTE FEFOTEEL L., RBRE A ATATE FRLHE
@ BCW 1000% % < Chitopearl 12 & { BEE SN, EEIERIZ20~45%TH - 7. BCW 1000
B XU BCW 30001 B ELa - BETE, (A VBEOMNS 2 Z pHoEicky, H
o SBERDEEEL 7 & 1vfz, Chitopearl ICEEL L -BROBRFIIEE L REMERD
T - B8R L T 7z, Chitopear] BCW 3000ICEEL LI a-F 527 b o F—Eu D T AICTIE
L, pH5.2, 50°CCTRIRBEE T O 7 7 4 / —A0EBRSEE 1T o 1R, 0B EEEOER T IR
OS5I oTz, '

EtE M &

a-H7 7 by —YREEEEEATCRE S LD 100 T <, MRS B 2 BEEE
HD5T 4 = ADMEREIND T 7 4 /= ABLURY F A —ADSECFIHs N ER
HERTHL, £, BITH, ABZOBEBRES 2 VREEBERIC2F B L o8ty
THEOSEPERA SIS X507z, REL, HFH P cinnabarinus O35 FIHE LD i EL
Ve ag—H S0 by P RBEEL, 208 v I8N o BRI EE SIS T
BEEHIABEIC L ABRENA Y ITHOBRNAR, B X UHEEED» S v s fEEEA A
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TOMELENE L TUT o HERRE2 2 DD TH 3,

AR BT, 7, ABRERE» DIELICBET 2 TERETL, BHEEZELH
W, KERDY X7 {FENHES L UBREFENRELHsICL: (B2E), P oon
nabarinus DEEE LE» o, WEEN, B (75°C, 305H), B L UDEAE-Sephadex A-
50, Sephadex G-150ic L 2 A 7 L2707 b 757 4 —2BuTHEL, ERKEWS L UBE
D~ a- T 77 NSV ERKERBL, ABROSFREE 7 VEBEICLIDY
210,000, SDS-KU 727 Y7 & P LERKENERIC L D52, 000 L HEE S 1, ABEZITE—
7Ly bSO BEEANALERTHILEE Lz N, ABEOEERE3IA4T, LB OB

BFEURES N7 BETH), BEBRRBECERRERRINTS itk D, ZBRoEaEY
B2ZZERTET

2&@%5’?@’5@@3*1_ B pH 115.0, BEEE i”’“C“Jﬁcf’ FERIBTLTEBOTEETH
n, pH5.0, 75°C, 15830 ETHLEHORTERD ST, 72, FOBEEMIT pH I
RELTW, ABZRLCEESBESESEL, NPGal kb AV EF—A, 574 /—
R, AZ XA —Ar0F) THEO LT OB AN -0 HALTTHLDEIRHT 7
[N A %ﬁ%? ZEMEm LR S,

ABZIIFAEOMWMAMBREIC OV TRENTVA LI, BN L TEETHEEMD T
B EAEOEERB LU T T~ LEREER U2, i, FBEEE Flavobacterium
sp. FISRD TV F-B-N-7 2 F N7 N a4y s 2y —PR L OBEBEON0SkRETs &, B
HpHEHBR B 2L BB L UEERBIN T 2FEENMET T2 2 805, HEE#HsR
BROREBREEL TWwE I L E2REBLE,

BIBTRABEOEEBRICEHESDICT AT, AEBEELTEEDS 74/ — R tffifﬁ?
BRTHESNIA ) TEPEBEL, Ao 0BELBIE, BRIES L UAF b
DHE L. BEBREGERYZEER 7 a0~ 757 4, Bio-Gel P-2 12k %7/&%-@,
BIURBEB~——ra~ 757 44—, HPLC 2HWTHBHRE L/, BEL - 6 EED
FEEMARY (VU I8A, B, C, D, EBIUF) &, FhFRO-a-D-FF 7 T/
Y N-(1-3)-0-a-D-7 Va5 23 n-(1-2)-8-D-7 N2 N7 5 /¥R, O-a-D-FF 7 b
52y n-(1-3)-0-a-D-F5 7 b5 /¥ N-(1-6)-O-a-D-7 Va5 ) v i-(1-2)-8-
D-TNT T T VR, RV ¥ A —R, O-a-D-F TV M:7///I/ (1-3)-C-a-p-¥= 2
NET Y N-(1-6)-0-a-D-FZ 7 EF )y n-(1-6)-0-a-D-F Va7 /v -(1-2) -
BD-TNZ P TT /YR, RN RAD—R, PYV2Td—-REEELL, IRsDERYOPT
FYUTHEBB LAY DR HREEDOHRE LAY TR TH -7, 20 L3, 77 4 /) —
ARFEECLE 2OBEEBRRICTE, ABRIERBTRROTZ 7 P —2AREDO C-6fik &
RC-3MOKBEET I 7 b —AXEEIRE I EBH L o0,

$h, ABBRLOEARBESELREL, T/ A, FVa—R, F¥ITFr—R, T
SR, T A, a3y, N-7EFALI7)Vayrsy, 297 b—RA, A7 0—2A,
BLURNL = APHEEGEBRICOZFEE 25 2 EAVHB L, &6, BERRICOEES
iz DWW T HMET L, pH7, 0, BE40° C’Chdb%fro ok BEBERYOEREIERE RS
&R LTz,

%4%T‘ BABROMET 2HEEEEE2ACTa- T 7 b4 ) TEOERET o7, a-F

=R W/ VT T b= ABIU% W/ VIA T o—RAKER R L2233
%@iﬁwgifa’m%ﬁzw‘:. AN TEIEERA S LA av TS5 7 4 —B XU Bio-Gel P- 217
L27NAERHCTHBEL:, 3EOL ) THREBEBSHE, BREIEB L UAFT ML X
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D 3C-g-HF 7 YNARZO—R, 57 4 /=R, BLUZPFT 74 —RALEEL., 3%a-
A7 P NAT a—ADERERMOL ) TEOERECENZLD T R, FHEGEG
Tl a-1,6%757 by FEGOBRSERIETH 2 2 Lo i ko, & 510, ARG
L5 FREBOEREEE DL TREL, W% w/AZ 7 b—2,60%(w/V) A7 u—A 5 &
Wa-#57 by ¥ —¥ (J0BEZREA/ml) 25 7% 5 KIS % pH5.0, 60°C ARG & ¢ 72
L E, EEERMOWERIZISY EFF5 7 b—R) £ E I NN ER ST,
EEBETHHEBEENTD T 7 4 ) —RADOHEADGHEYENE LT a-F T P8 —¥0D
BIEIZ DWW THRET Lz, BB CABROBELERAL 25, BB T 51
felzaod FR&FFVCEBELL L ERLBOEHEIESEORL, J04 FREFF 22
BEEML -BEOBRRLFWEEIRENBEE LSOO THTHD, ABZROBEEZ 104
FIRF F o ANDBEEMB OB INTOA Z e b L otz, £/, 0BFEFRL2ED
BAIOEEOHNG 2 HEFL Twiz, UL, 2094 FRFFUIREEMLLERIS 20
FELUTHERET2 2 RS ThH 72700, E—XR0SFAMS Py Y R EEMREEL LT
BOTRE L, 208R, a-4 7 27 b ¥ ¥ —+¥ % Chitopearl BCW 1000, BCW 3000, BCW
BOWEESZWEZ IS ATATE FERWTEZELL 2EE, EHIERER20~4%TH 3
TEMEEAL . F7:, BCW 10008 & U BCW 30001 RS L BBEEEA AV BED
H0i pH OFT, HE» SHEET 5 L2 REL, 2O &0, KBRO I VI LT AT
ERLELTOROF by E—AANDOBEERA AT VBRI L2DE LR, —H, 7Ad
ATV FERREAEBREZFBALTCEF I E—RCEELL a-F 77 b ¥ 5 =20
B L E IR EMEER L AL T Y, BE—HAMOZBERIBEEERMICKE
REELE 2w I EaURIB S L7z, KR 1 Chitopearl BCW 3000 BEE(L L7z - 5
J VY —¥EHTACTEL, pHS. 2, 50 CTHEREFD S 7 4/ — ADEGESHEE{T 12
R, HMEESHOETERw o T, KBEEKa-F 77 Py —EMW 43 Y778 - L
THEFERATETH L 2 Emgani, :

VLR~ X 9z, 78 P cinnabarinus DSES T ATHEWE a-4 7 7 + v ¥ — B2 ks
RGO ATl 4, BEmBRICPHEEREMOEAIICLRIFEL BT 28 2B LT,
S, BEEMARELTOL ) IHOABOMBERE I BV TLERINS L0 L HiE
na,

# 22

KX R EEDDHICHID, HEE, EEELGD £ UL UNRFES LEETEE
BOuBH#HOBELEL T,

FWERETS CHD, MIERER 2 EIBE c LB 2 L RERFERYH K=
BRSO R 2 EERRL 2T,

X OFRCEEL, ER2EE 2B > N AKFERE BE BEEZ O UVCHRER
—BBIRICEBHOERR L £,

RS, BEHERZ ZEE, MY £ U EEREEYE WHEEEL S K
NSRBI EEL AR EERLET,

AT BT, BRELOFEL TR S 2 LEBRELER HEHRcE BHo
BEELET.
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