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Fig. 1. Course of acid hydrolysis of chitin.
Chitin (200 g) was hydrolyzed with 1 kg of 35% HC1 at 40°C. At the

indicated time, 30 g of hydrolysate was taken out, and analyzed as
described in the text.

O, chitin hydrolysate; A, GlcN; @, reducing value
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Fig. 2. Production of chitin-oligosaccharides by HC1 hydrolysis.

The reaction conditions were the same as in Fig. 1. The production of
chitin-oligosaccharides were analyzed by HPLC as described in the text.
O, GlcNAc; @, GlcNAcz; O, GlcNAcs; M, GlcNAcs; &, GlcNAcs;
A . GlcNAcs
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Table 4.

Composition and yield of chitin hydrolysates obtained after
desalting by the electrodialyzer

Chitin-oligosaccharides

Composition

*
Yield (

GlcNAc

GlcNAc2

GlcNAc3

GlcNAc4

GlcNAc5

GlcNAc6

38,6

2150

16.6

1242

2042

Yield was calculated on the amount of chitin.
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MAERLSBTIRE L, Bons LERCERENZ BES. RERREELTE b
W ARNEEE,
(3) + Mo U THEOHEIES

HiscEBEER. F bY > 750 g% 7.50 O;RGEEAH W 80°CT 1 BERINMASEL 2, &
. .59 OREAEM . ZOSRAOTENEZLABTREL. LERCELRE

MARBER. RERBEZE L, COTBMICAY /—I)L 6.59 ZINZAERT 2 050K
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%, RBEBTREMARE. BRAREBMBEZELZ, 22T, X5/ - I)LOBEDE

&b 300 gDF Y UHBMERE, RIZ. COSFEY (300 g9) =1 4 > ZifgilE
(Dowex 50wx4) AS L (8x100 cm) CRFSE L, F M AV ITROBFHE. 1.1
1.9, 2.6, 3.1, 3.7, 4.1 MOEEBE (LB X TV T DA XTITL |REEF. Z>EFUDH
&7 570 nmOEXEAMNEL TITo7, BELXOESD (TRMEREZEL 2,
(4) BREDRAE

B LAA S 20°CI2{RE- =780 10 ml(Z. GleN~GIcNs ZIERE(CFEZ LR L 72,

SBIR (2B T 288 (GleN~GlcNs) DRARMEZAE L. BREZHE L 7,

WBREEE
(1) F b >oOhnksiE

F A OIMKSEE. EOAEEERERD F MO Z2H/EIBRET 10 nesh
BECHRBULEZL-—IROIITHEAL. ULHEERIESRED 80°CORIEE (35%)
TiT2 %, MKk 1 ~BEEIT> 2R, NERZI=ME UIREIRER. 51 71 2 2Rl
FENSLLCIRESE. 0-4.1 MOREEREABECEIDEZELOF YA Y IRZDEEL T
FRYONSOERRETARTZ, MASEEL, Table 5 (ZRT KD IZHED 50°CT1~2H
ZREUTWETGNARESN KATEIEREDS bIZEITTIZ ENHLNER R, EE
EOSWA YU JRE. IkSBIFHE EHTRLLE, TRabbE. 6FEU LDk iz
TEAVITEOIENZLIET L. B (GlcN) OBIEH 50% LU LA 5D, F 1z,
GlcNz. GleN: DA ) TREHEBNES WINKRTHIZ ENTELED, Gl U LD A Y THEE
Bl EDMKS BB TEEO TNEME BB ERARLE, ShEDEEL 5.
GlcNo~GIcNs DDA ) TR A B IR ESRIFE L 1 BRI THYTHZZ &nbmb,

ERFIM DL TEOBANENEBSNZDE 1 ~ 2B TH B2 Eh D -,

A
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— B E M YEERCETBRIIN, BLECIBRTIBRLAVW MDD D2,

LU, i+ rHon 80°COBEEPTEHIRACHBRL. GRETA Y TROERZ
B, AETE. FETIEBRENVARC. UNBREEDOHEEHER U TR (CHak5E

Tz 3RENHD . AV TEOEECHSFATEDIZ L&2BHoME LT,

(2) F b OAYTROBERM
* MO OIMASBYPRECE. F A OAUTREOM. 2LOEE (GlcN) AEIEN

TV, ROAADZBBEIENS LEAVZA ) ITROSHMIETE. HENZVLS LD
AV IROARENDRLBD 24 :“*%(Dﬁ%ﬁ(: HEZEARIETTZ EREDRA
NHofz. £TT, F MY 2OMKSRYD SHEEEMECER CHECOVWTHRI U &,
Table 6 (2. GICN~GIcNe DX % / — )L EKIZH T D BRELAFTANLERETRIT ., HE
BLUF M OAYTBEAKCHULTELZ 3TBH LT BRLULOEVEREATRLU 2,
ELIZ. GleNa~GIeNs [FE L < BVWBBM AT L. BEOEWERER >, —FH. AE
BRI LT, B8 = TOI =TT =N, BUS s BRI Fi, 71
MoFRREEAEBIBRNSDENAY ) —LNZEVWTEBMEEZTRUEZ, X5/ —I)LIZH
LT, GleNIZEERGIcNa ~G1cNs DB B WEREAT U 2. ZD&S 2. T/ T —H1 4

5=, HBERULENZ END . ZOMEEFIA L TOINAERIRMIZE L 7

B AT UTBRBIE NS ATAHY TEOSEIEN AR A=,

(3) F MY AU TEDOSEEE
AY )= IVDBEBRIBCEDBLF N OB EZEABKCBRL. BA 71 > i

g (Dowex 50Wx4) AFEULHEHS L (4x100 cm) (CIREBESH. 0—4.1 MDIEEE (149)

CLI2EMBREABRTHAHE LE, F MY AV ITBOREE. ZVERUDREBT
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Table 6.

Solubility of chitosan-oligosaccharide hydrochlorides at 20°C

Solubility (%)

Methanol Water
GlcN 0.4 3t
GlcN2 5.4 190
GlcN3 3 Vel 197
GlcN4 45.0 158
GlcN5 4.6 86
GlcN6 Tud 68
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570 nmORAEEBEL TITVW. ENTOBESIRMEZRLLZ, TODBHER%E

Fig. 3 (2R UTEe A9/ — )L CHEAZBIRNCRELEZ ECED AV TRODE EE
L<xEah, 7TELULEEDNZA) IRLROSNTE (Fig. 3) . . ZDEED
AYUTEONESLOF P ONSORRA, Table 7 (ZIRULE. TNHDFERE. 17
SEBEIENS LR, LDZSBOF M OAVITREARMIDIZENTE, —HOEET

XEOA) TEADHMIT DI ENAREEELRD I EEZTLTWD,
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Fig. 3. Elution pattern of chitosan hydrolysate on column of Dowex 5H0W.
Chitosan hydrolysate (300 g) was applied to a column (8% 100 cm) of
Dowex 50W and eluted with a gradient of 1.1-4.1 M HC1. The elution
pattern was monitored by absorbance at 570 nm with ninhydrine reaction.
1. GIcN: 2, GlcNe; 3, GlcNa; 4, GlcNe; 5, GlcNs; 6, GlcNs; A, higher
oligosaccharide molecular weight more than GlcNs; ---, hydrochloride
concentration (M)
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Table 7. Yields of chitosan-oligosaccharides on column of Dowex 50W

The procedure was the same as in Eig. 3.

The oligosaccharide fractions were

combined and concentrated to dryness in vacuo.

Oligosaccharides Yield (g) (%)
GlcN 2140 2t
GlcN2 58 43 15
GlcN3 89 .3 11 .9
GlcN4 25.8 3.4
GlcN5 1Sa? 2.0
GlcN6 9.4 T3

Based on chitosan.

o4




EOE FFOA)TRONM

25, AYTEIRSSBTIEA2ED TV, FIAE. Y2 70-A0T7 NI —-2R7
FEZNLI-RB 1 ~8@EALEAYITYI TV -, 2290-RLT3V 2R
A1 ~AEEELETSY MAUTHE, 20OMi. <L bAUTE AV AU TR,
HS54o hAYTE, 2048 TERERSLIHITEND, INHE, {5 . FEH{E
MAEENLEEHEEL. BT 4 XXEEBRFE L TRANLGSFASNDI LS LER 2T,
L L. £F>. F M OAUTRICOVTE. BREFEME L TOEEPHFENHSMIE
xnTtuwhEwnwzeErs. XFBADEEFTHD, EZT, FFTY JECDOWVWTHK, &

M. BREECLZFAMERN. RAEM S L TOFEEITS 72,

RERAE
(1) &
£FSAYTEE. ROLSCUTHELUZEEY (M-TH M-10 M-2) EEMKRNS
LoOT NS T4 —(2&D3E L 7zG1cNAca ~GTcNAcs Z R L 72,
1) M-1H
£ F > ARIEHE (35%) T 40°C. GESREINIKSDAEL . hHE. AR TENZA A >
TH]RBESENTHREUVHARL 72,
2) M-1
M-THO TR CRIHRIC. £ F 2 ABIEEET 40°C. 3BFMEMASRL R, BIEL
HE U 72,

3) M-2

M-1%&RBKICBRUEMRNS ACRESE. ZBKTHSE (GIcNACDIRE) &,




50% L% /=)L TEHULTHRRLE,

4) GlcNAcz ~GlcNAcs
M2 AR (ZHEVWT. AU TEOBEEE 0-50%T 5 / —LERREAIETITL.
£RZOENCHTTHRBLE,
(2) HEEORE
£ 10% (w/w) OM-TH, M-1, M-20DAKBE®R E 5 % (w/w) GlcNACKAR 2R L .
1 5~4.0% (W/w) IBOKBRABE U THREZLERU 2,
(3) BREDAE
ﬁﬂ1g&£$mﬂ§b\:nc—iﬁgﬁﬁgmﬁﬁbBMZﬁﬁbﬁoBﬁfﬁ
0Bk L RS TR A REKE ANE L. BREAEH U,
(4) BARMAEC LIFAMDRE
1) B

Lactobacillus acidophilus JCM 1132

Bifidobacterium breve JCM 1192

Bifidobacterium bifidum JCM 1255

Bifidobacterium adolescentis JCM 1275

Bifidobacterium longum JCM 1217

Escherichia coli IF0O 3301

2) =i
SWiPeptone-Yeast-Fildes (PYF) #Z#h 2V (2. HABAKBRE L TEABAL 2%,
RISEE 0.5%2RB3ES5AMUE, PYFISHOMBAIZIRDBED TH D,

PYF 3% 1th

UL S dh — AN BBL) 10 g
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BT+ X (Difco) 5 g

FildesiB&" 40 ml
IBRAR 40 ml
-CaCle (FEXK) 0.2 g
MgS04 0.2 g
KeHPO4 1.0 9
KH2PO4 g
NaHCO3 10.0 g
NaCl 2.0 g
- §EEK 1000 m
L~2ZX 7o 27 » HCl +He 0 0.5 ¢
FREK 920 m1
(pH 7.2)
"Fildes/B&
-EERIBK (0.85%) 150 m1+
IRIREE (35%) 6 ml

FEEREmD (HWEH) 50 m]

-RT DT (WS, 1:1000) 1 g -

FERORDEREEL. 5B CTIRFFL. HILLZ, TN 20%KE{EF b D LBER

12 mM&EMAE. KELF PUDALRKDPH T.6RGDLIHBL L,

3) BEHSLUHE
%fﬁﬁ%ﬂ?%%pt%ﬁ&ﬁ%%ﬂ(ﬁﬂOj%%M)t%@%@%gﬁﬁb

102 /tube BB L5EEL . BMREMHT (RESTIMAF—ILD—ILiE) T 37°C, 48 BF
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PRtE2% | 72, ISERIEBAKTHEYCHFRL 660 mcHT2BEZREL 2. FIRAMEE.

FEoRizLED. HBELTAWAY LI -2 ERMU APYFSMICHT 3EFET

1[5 P o
O Dssa (34H) — O Dsso (PYFIZHh)
EE’%‘E: X 100
ODesse (ZNO—X) — ODsse (PYFIZih)
EREER
(1) HEKE

£F L AEBTHRIIKDIBE. (A TRIBBLSMEBLENRNS ACLDR
EA T, BHAORBZFF AU TEEAWIEE (M-1H, M1, M-2) AR,
ZFOEMEMATable 8 (ZRT, CNHFFUAVITBOHKLCOWTHANTL, FF2 4V
TR, ShONEHEABLTWE, Y3t (HEE 100%) SHEBLEEZ S,
GlcNACT 55% . M-1HT 35% . M-1T 30%. M-2T 25% DHH®AZZ LR, E/ ¥ —Hmb
HEEAZ . AY TROESELN S RBCULENM > THHKERBIETLEZ, 2DOLS (2.
FFUAYTEE. SHPNERERAZBL. BEABVWZ ENSRMEMELTEL TL

ERDNTZ,

(2) BEM

FFOAVTEDOKCHT IBBRMARANTZ, TOIER. GlcNAc~GIcNAcs D 20°CIZ
HITRIBRER. B4 32.3%. 31.0%. 2.5%. 2.0%. 1.9%. 1.4% T o7z, GlcNAC2
(LGINACK D LT RN SBRENE . WINEZBUMETH 2. LMLEND S,
GlcNAC: A EDA ) THEE. BRENZLET LR, Fig. 4 (2. FFAVIRESY

M-TH. M-1. M-2D7BRBM AR LE, EhC LB E. SHFFUoA)TEESHE. EiR
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LO%. F

Solubility (%)

0 20 40 60 80 100

Temperature (°C)

Fig. 4. Solubility of chitin-oligosaccharide preparation in water at various
temperatures.
The preparations of M-1H, M-1 and M-2 were described in the text.
@, GIcNAc; O, M-TH; A, M-1; A, M-2




FEEWERMERT I EN DM, THIE. GlcNAC~GIcNACs P — DR & ERE D |

G1cNAcs . GIcNACs WYEBEEBRUP I AZI ELSIEHAERBMLTVLWEBLDEE X

sz,

(3) BAMEC L ZF AN
FFUAYTREOBAMBCLZIFIEAMET NI - X EXNREVTEHORBELC LD

ME Lz, EOERATable 9 (RT, FF2AVITREE A XAXBLEHFHIN, &
E. colilzv &<FHEINE, BEH T DHBLRBREEAZD 5NN 220

L. acidophilus (& <FIRENz, /. GIcNACOAN. AU TREID B L<FIHTND

ZENMHIBAL 7z,
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Table 9.

Growth response of intestinal bacteria to chitin-oligosaccharide

preparations
The cutivation and assay conditions were described in the text.

Racteria

GlcNAc

M-1H

Lactobacillus acidophilus
JM 1132

Bifidobacterium breve
JM 1192

Bifidobacterium bifidum
JOM 1255

Bifidobacterium adolescentis

Il 1275
Bifidobacterium longum
JOM 1217
Escherichia coli
TR0 3301

s+

+

o

53
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b

+

=+
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S e et iy A S0 T3,
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E UGS

£FLAYTE. F MUY TEOBMASBECLKIMBOEELCOVWTRAL
+FryAYTETCE. BNETIEEEDOA ) IR ABILODIKSIBEREZIRSNIC
L7, GlcNAcs. GlcNACs DNREEZBM & T34 5 40°CTHI 28FfE. GlcNAcs .
GlcNAc: A BM ET A3 ST 485/, £ LU TGIcNAc, GlcNAc: ZBRE T 3B E TEN 7
BRI DK S ERA BN TH o 2o RIZ. FFUIKSEEN SO TEOEUR, I732D
LhFz LDEIE L EEREA, 1 O RBEERBINEATIRCAEZRETT L. EROEM
WHS AL BEETRERTERN - AGINACOEIIRAEED ., FF >4 TEOASESE
B AR LE, S5, BoNEFFOAVIRESDODOPMREHRZBL. 2.
P74 XZEZHFATNZIZENS. FLLWAREM & L THATE 208 A8 5 H
Bl BN

—FH. FrOAVTETE, F MY 2ETL—ROE FIBIEE (35%) F. 80°CT
91 BRI BT B2 L&D . EOFECLA, FATIEBENDE . Lnb
RE(CREIFBITAV IRODEENTZADIC E BN CUE, = F M) T8
A DRZBBIEN S L LD DEERRE T DB, FOAY / —ILEHT DEEMDEN

ZRALT. F MY OB SARBZDCINAZRET R ELCLD. ZEDF M A Y

IR —EOBRFTHR I 3MENEELELHARL 2,




B8 NAAVT7I79—REBIN-TLFITIIVICDEE

FFUOHBREMATHIHBON-T7EFILTILI T (GlcNAc) . ET 14 X XH
MIERF E LTHASN °( FEF-—ETHAXRLELIDICKEIDOPARHEEBELTWES
EpS. BREMELTHIRGENIMETH D,

LA U, GIcNACOITEEEG. FF 2 2BETRLMKSBLTESNZTILIY Y
(GleN) DIEEIEARHE & L THEBBEP TEAKERAZBVWIN -7 F LT I{ES
BlzLo2TiIThhTWw? 323 o BRTERRELTRBCHERTIZ ENTER N
DA BRRTH D, INE. FFUERBEUTEBIKSRBEITS &Y a2 RESOIIK
SRR EEBFCGICNACTERED 7 FILEE RSN, GIcNDIEEHENEM T2 2 £ (ZRA L

T3,

CH OH CH OH CH OH

NHCOCH NHCOCH
*F>
l SERMKSEE (5EE)

CHZOH CH.,OCH

(@) 2 0
OH Y H-oH OH H-OH
HO HO
NH,-HCl  N-7tF ik MR
o sy BB X P N-T7EFILIINIYZY

LT, SBFCH7EFIIEENBEVWES . FFONRBRTHIFFF—¥
PB=N=7EFLTNIY = —FERAVNEFF AU TEPGINACDEEN R H 5
NTND, UBNLBAS, FFIUNKEZFBTHEZ ENS., TOMERGEAITEL .

GICNACOTREEAITIXTIZEEST . FRIEEECHTIRE 2530 £ ML AH VLD
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HNERTH 3.

22T, B—ETHRELEFFUABRCLDBIMAIERL THELAIIBEOFF A

yTEAERV. FFUNBRBEOAEBRCHSV TR UL 22 4P Nocardia orientalis

OEETZIFFF—FEB-N=-TEFIAFYHFZZF-EZEE{LL. N1 AVT T

5 —(z & BGIcNACODBIREE &l 2o




=—f BEE{tBROPHRCTOEMH

+F U S5DGIcNACE TOBENRIE. ¥F+—1 (EC 3.2.1.14) EB-N-=-T7EFI
A e ng = (EC 8.2.1.30) FEEB-N~PEFANRYYEZF-E
(EC 3.2.1.52. NAHase) OHEBEERC L DETTEHZ ENMHNTWN D,
*F

*FF—t l

GlcNAc AUV — —

*FF—t ‘i

G1cNACs
B=N-=-FEFI NI -
\ (B=N—-—7EFIAFYHYI_H—F)
G1oNAC SReERST

BRDES . FFUVEFRBEUPETHD. 7L —TRILINDY - RELTHBE
THoTH. FEAERBNEITULRWL, LENST, BECIOATLFFOZHV LS
BN EELCZVWONRIKTHD, LML, COTIOMFTILFFUE. FF 2 2B HR
L. KEDKIEWTHRLRL TERT 2R CHENEET, TEEECCEELTHL
RV, Tz, BERBLECEVWTH. NOF—ROFFULDERBLBVEDD, FHE(IC
EH+EE~ZEHEZEL. UNSRL2LEHBRITIETICELST . GIcNACOIRE (RN E
DTHoRe LENMH>T HELCRBMOFF >, 9206 FF oA ) IR ZHVNE,
%%mﬁ%@tmmmmi&ﬁﬁiéztﬂ%ientoitxggﬁﬂﬁﬁf&n@\
SHRHRNBETEABRCLIEGREEDARECE X 2,

2T, EF(IN. orientalis IFO12806DEET I+ F U OBRER (FF -1,
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NAHase ) OBEIE/LARFT L. FOEMECODWTHRANE,

EEBRAHE
(1) ZBHH
CM-. SP-Sephadex C-50% U'Sepharose CL-4B(E 7 7 L 7H® 7L I F (FFICHER
8 @A LR A GO R AR p S ATl EETRRTEFR
2 —FAFIY-B-D-ZNAES /K (PNP-GlcNAC) FEMRFIXRERAWVE,
(2) BHRE LUER
B, (B REBWAEH (KR) "sa5an/z N. orientalis 12806 W\ 7z,
ATEZEE (. RIEEM (RRw MEM) LOEE 1 BEEZRD . UT ORI AEIEEM
10 mAANE 100 MIBOINL YA V=750 (5F) ANEEL., 30°C, 24 B¥fd
IRBIERATOR, 52, ZOBERAR—MEMOEH 100 nlZzANZ1 SFOTILL
DRAY—7523 (5K) ~ 10 mligfE L. 30°C. 24 FrfElEERR&EERE =172 12,
FEZRE. 7TIBOIOVv -7 7 A5 — (SIERFEMBETO-M) 2HWEZ, P
(R AEHIEHS 2 (CHIEER 500 mlZEEL . HHERE 150 rpm, #KE 3 2 /min,

pH 7.0, 30°COZEMT 96 BFEIEEZITo 2,

AT I i ith
T 10.0 (a/2)
T 10.0
BRI+ 5.0
K2HPO4 0.1

KH2 P04 0.3

MgS0s T7H20 0.5




pH%A 7.0(CTA%

AZE S
045 IVFEF > 5.0 (g/ 92)

N-7tFILZNITZ> 5.0

e Y 2.0
BEIT+X 0.1
K2HPO4 0.7
KH2POa 0.3
MgSOs 7H20 0.5

pH% 7.0(ZF%

(3) BRADHAR

HEAEELLE, EERE4CTAIELDE (10000xg, 15 9fE) L. L&A
AVTSUTA4NY—TEBLE, BR (4.49) FERMER® (HESFE 10000) &2
T 120 FTEEL R, BEEE. BREAERD &S CREAMIL. 4°CT—RRE
LR A AIENSEE (10000xg, 20 9RE) UTED R, MREFHBKIZBERR.
2 QOFBAKCHLACT 16 BREBEHR LR, COBRMFASERDERLLZER. BRR
200m B, BEREIYYNIBELT 23.1 mg/ml (L6EM : #FF—1 49.8
U/mg-protein, NAHase 31.4 U/mg-protein) A#&dh. ChABE(BERORABCHWE,
(4) BIE{LBREORS

BEMADHEELT. ROIFECODVLWTREL =,

1) 14288
CM- & 72 (& SP-Sephadex (10 g, ToH) &, BER (80 mgy UNVHE) BT

20 ml@D 10 mMEFBRF b D ARBRER (pH 5.6) . 4°CT 24 BfEIR&ZZ1T-> 2,
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i=me BRCEALABEGHEBKTHRRL, BEIOKEGT ST 45— TRSIER

=L 1ge
2) L£EWREE
(a) 7=/ ~F < )lSepharose (AH-Sepharose) [EMatsumotos !’ &Watanabe s e
DBECLEDRBLE, $RHE, 10 g GEM) DSepharoseZ BEFA (80 g ZINVHE)
s bz 360 mOANLRI A KEE (1-9900-3-(2-E71Y)IFH) I Y° 438 Fb-p-b
WIVATTAR) A& 30 ml@ 50 mMEFEEF b U O LAEER (pH 5.6) R, 4°CT 24 Kfdl
fREZITD 120
(b) 7/ >r7Oovw4A KiEMi{tSepharose (CNBr-Sepharose) (&. Marchs®
S5k 40 (2 ko THE L. 2 DCNBr-Sepharose (10 g, JTH) &, BFRA&R (80 ng¥ /N
HEE) E ez 20 M@ 100 nMY VBEEF b U D LREER (pH 7.0) . 4°CT 24 Byl
R&EZ1T2 720
(¢c) 7= /57 F (AS-alumina) (. WeetallDFE **' (2 &> THE L.
Dixon S MHE ‘S 2 &N T LI NTILTE KB AIT> 2, ZOEE (10 9. BH) Z.
B (80 mg¥ /S E) £ &2 20 nl@ 100 nMEFEE S b YU D LEEER (pH 5.6) .
4°CT 24 BfElREZZ1T o 2,
BEDESCUTHRLABREES L AL OEEE, 500 tMOIE(LT F U D LBR
EFBATHEL. BRIOKAEGCIT S AT 457 —TRBIBREL 20
3) MEBRE
EE{biBEny > = >-Sepharose R U Y > = > —F b 2 OFB(L. Watanabe 5D
Bk P AEHRBELTIT- =, bbb, 10 gDSepharoseX 2 EF b > E—-X % 160 ml
OFBZKZESL. 6nlOI 7Ol KUY > AEMA. 1BEE#REZT L, EODE.

100 miD 12%kBLF U D LBRARML. BUTREAEBRLEZ, RVWT. TRFDE
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ML LR EARBAKTHREL. 1907 Y VEEEEH(C 40 n1@D 100 mMAKBR{LF b~ U

B ASEPEBSE R, BoNEEBRA 40°CT 24 BRE L LR, 4TS XT 4
5 —TiREEED. BROKERFITHRELR, RIC. FL0OEE& (10 g, M) &, B
=5 (80 mgy /XU E) £&H(C 40 mI 50 nMEFBE S U D ARER (pH 5.6) .
A°CT 24 BEIREAITo R, TO®R. BRZREBE L LBELZ. AL CRRICELT
iy AR

RE.F M YE-ZXRRODELSCULTHABLE, 98D 5. 3%BHEEFRIBERELL
3%+ M UBE 100 g& 0.4 n1DR/N8ZEL 60 DI 7ONFH 2 EEHTHRE
SHAHF—THILE, BonzAEE, BERUGNS 12%0OKEEET U D LFET
ANEEAR. 30 HEBRBLE. BERENEF MY OE-XE. 7% — (80150 mesh)
TED . FZPkTESEL. BROKECMAT ST 14IIL5 —TREIBREL .

(5) FHAE

1) BHEBEERVEEABZEOY YN VEDEEEOA 2 2 ZEREE L TMcGrath®
Bk 1 2k 0 (2472 T

2) #FF—HEHIE. ROLSCZUVTRELE, 1.2% 7V 3-ILFFER 1.5 nl(C
1.45 m1D 100 nMEFEEF b U D LBEB&E®R (pH 5.6) 20X, ZNI(Z 0.05 mIDBERAIXZ
FEE{LEEE (FH®K 100 mg/ml) ZNX. 40°CT 10 FRIREAIT> 2. REVRE. 3

SAPTEFEMAL TRGAEELEL, BODEZITo =, Bonlz LFE&R(CSchalessd
B2 AIA . BESSARE 15 SERE- LB BB L. BROD 420 mmZE T SRAEE
AELz, BEEUI1IZw b (U) E. 191 unolDGIcNACIZHEH T St =%
LABREEEBLE,

3) NAHase/&M (L. RDLD(CUTHEL =, 10 mMOPNP-GIcNAc 0.5 m1{Z 1.85 m1®D

50 nMODEFEE S b U O LRRER (pH 5.5) Zh0x. ZN(Z 0.05 mlDEFRAZ ZEEE(
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AEE (WOB& 100 mg/ml) EINX. 40°CTENEREEITo> 2. INIE. 1.0 MREEF b Y

G ABESNEMA TREAELTR e, #HLAEp-—Z O/ —LERBS
# 405 nmiz B FAWHEEREL 2, BREM UG, 1T2[EE T umoldp—-ZbO7 T
J— L EEHMTIBRECERLE,
4) FF AU THEN S OCINACOERB DI IIHPLOAER U 2o SETRLEORMT
o
{FHEE - Waters&l, 20103 >/\0 Y
Rigs - Waters®!. Lambda-Max 481LC UV detector

F_HE B8, 707 by 70-R3A

£ i 5 A T L4 B, YMC-Pack A-014 (6.0x300 mm)
TR - 1.0 m1/min

e S HsE NS H2 O = 10530 (v/v)

i D ER

(6») EELBREOFEME

BEBREOFFF—EEME L UNAHase)EEDPH ( JRE(C K &AL &R bEEEEE
ZOENSELEBRUE, EFEpHOBIE (L. 100 mMEFREF b D LEEER (pH 2.0-5.6)
HLU 100 MY > EEEER (pH 6.8-8.0) ZHW. gisgc+F+— /&M, NAHaseFMED
AEREERFHETIT> R, PHREME . LEEEER (pPH 2.0-8.0) ZHW. 40°CT
1RER D 2R BREIDIBFEMZAUEL 2. EEEREOKRE(E. 10-80°COimEEH
TiTo 7z, mEREME. LFEE (10-80°C) TI1RERIFLLE. KET IBEEN
ZHRIE LTz,
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(1) FFOoREFOBEL

GlcNAcOEHEEEABMNE L. N, orientalisDEETIFF F —t ENAHase A S T BE
=DRBE(LAERA 7. BEOBEEEE U T, CM-&SP-Sephadex &1k & Lz 4 2488
st AH-Sepharose. CNBr-Sepharose, AS-alumina%iBfk & U=RHEFRESE. 25Uy >
= >-Sepharose, ¥ Y= —F b2 aiBEE LEHEBRELEZAV. LA LEBE
{LBRDOFMmAIT oz, Table 10 CEE(BRIBEDY ONVE, FFF-UEES LT
NAHasesEM DBIE(LINE AR Uz, TOER. Y22 —F b 2 2BE& E L MERE
SEC L BABTEBREIFF -GN 42.6% EmmbE <. CNBr-Sepharosex{8{k & U 72
HEHLSEIC L DB E(LBER EINAHaseEMNREF < 38. 7% &R L7z, 7z, CNBr-
SepharoseZ AW EELERIBHEE. FERLEY INIEEHELTLWEZRZEM DS
3", NAHase/EMDRB(CLERFFF—EMNIFLEN 2L, TNSEEEROFT
F. 7o —F MG E LEBRELBRSAFF -t NAHaselEE & 6 & W E
ARLTWE, 22T, AWETEY V=0 —% MY A1 E L ENERE L & 3E
EALBERARE L. QEORERICHAVWSZ 2Lk,

RIZ. BROBEMARBCRETIHECH T IBRORMEOZE &HF~T, Fig. § [
Y EDE, BRENMIEOEME (2. BELFF F — 1 ENAHase/E M (ETRZ (SR L .
FFF—EEME 230 U/g-carrier, NAHasej&M4 (3 30 U/g-carriertmAK & Ll
ZIEULBN -2, BE(EBEORMIFCH FIBEORNEEG. ZXEEZT UL 16 ng

protein/g-carrier & U7z,

(2) BE{LBEROEME

Fig. 6 (2. BIELFFF —COMBEEBHERE LR L TRLE, BELFFF ¢
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Fig. 5. Effects of the amount of chitinolytic enzymes on immobilization
with tannin-chitosan.

Tannin-chitosan (10 g, wet) was incubated at 4°C for 24 h with
shaking with enzyme solution dissolved in 40 ml of 50 mM sodium
acetate buffer (pH 5.6). After incubation, the enzyme-adsorbing
carrier was washed and excess water was removed. The enzyme
activities were assayed as described in the text.

O, chitinase; @, NAHase.
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Fig. 6. Effects of pH and temperature on chitinase activity of immobilized
enzyme.

The enzyme activity was determined as described in the text. A, Effects
of pH. Buffers used were sodium acetate buffer at pH 2.0-5.6 and sodium
phosphate buffer at pH 6.0-8.0. B, Effects of temperature. C, pH-stability.
The pH-stability was observed by assaying the enzyme activity after
incubation at 40°C for 1 h at various pHs. D, Thermo-stability. The thermo-
stability was observed by assaying the enzyme activity after incubation for
1 h at various temperatures.
®, immobilized chitinase; O, free chitinase.
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OE@EpH (L 4.0T. HEEEE (pH 5.5) CHAREMAI~NS D FLE, PHREMD X 2.

ssstEEE (pH 5.0-7.0) (TtEx. & DI{EPH®D 4.0-6.0TRETH &, BEAFF T
— L. BHBRCHENEBEREMNNEALE (Fig. 6 D) Temrbod . EEaEE
SEERD 60°CH S 40-50°COERE~NS T U (Fig. 6 8) 4

7=, Fig. 7 [CEE{ENAHase DM E Z 8B R S HER U TR U 2. BlIE{ENAHase D @&
pHIE 4.0, WEiEE®R (pH 5.0) (CHENEMBINT T UL, PHREM (LBEREEER(CLE
ARPOBMEE. 7ILHVBBlIEBCEL B R, EERE. REXEMCHVWTE, BE
(tEBEREFHBEOZERE. GEAEROONGEN DT,

X5z, BEBREOHHAENMECOVWTHNE, TOERAFiIg. 8 ZXRT, BEI
EEEOKME. Vmax(E. V3= FF > (FFF+—tEMN) 2BELLEBE. &4 9.0
mg/ml. 3.2 umol/min/mg-protein (feEfEE®+E : 6.0 mg/ml, 58.5 umol/min/mg-
protein) T. PNP-GlcNAc (NAHaseiEMt) #&ZB & LzHE. &4 0.090 oM, 4.1 umol/
min/mg-protein (GBFEfA%3E : 0.094 mM, 12.5 umol/min/mg-protein) Th o7z ZD LD
. BR(EREEMERECE L WENRDSNAN LI EMS. FFF— 1, NHase
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Fig. 7. Effects of pH and temperature on NAHase activity of immobilized enzyme.
The enzyme activity was determined as described in the text. A, Effects of

pH. Buffers used were sodium acetate buffer at pH 2.0-5.6 and sodium
phosphate buffer at pH 6.0-8.0. B, Effects of temperature. C, pH-stability.
The pH-stability was observed by assaying the enzyme activity after
incubation at 40°C for 1 h at various pHs. D, Thermo-stability. The thermo-
stability was observed by assaying the enzyme activity after incubation for
1 h at various temperatures.
® . immobilized NAHase; O, free NAHase.
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E_8 INAAD T —2EBN=-T7EFLTILITIOERE

mmmmEEB@\ﬁ%f%ﬁbt@):)—#hﬂ)%@%thf#%f—ﬁ\
NAHase A BIRE St B ELBENRIET I EEISNE, £ T, AEELER
HEEAWTFF AU TED SCICNACORBEESRMAFZRHN. NAAVTT75 28D

GIcNACDERTEE &l Ir 720

RERT K
(1) SERFTH
SF LAY THEE. FF 2 ARIEE (35%) T 40°C. SERIMASRL. FMHRNS
LZRESR. 50%TY /- L TEELTHAR L 0ER WA,
(2) ISt A Y T =
GICNACODEEZHEDORI RO EEEECE. AS>X®AS LA (1.8X7.6 cm ) (CHIED
CEBLAY VY —F M UEREE LTHF F —1 5 L UNAHase £ IR E & ¢ 72 E
EALEBER 14 9 G2EH) 2FKBLEASLAYTIY—2AVWE, U775 -, FO
10 MMBEES+ kU LEER (pH 5.0) &KL 40°CCEELLTH SERL 2,
(3) GlcNACODOHE R =

FFOAYTENSDGINACOEREDFITIEHPLCA B W 2, AT (T AIED & [Fl4k

= LT 5

RBREER
(1) EEZRHOKRH

EECBERICLDCINACOEEICSEVWT, EECAEMOFF . 78bEFF A
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Y TEAERONIEGER CEIREIC UNEMRNREREENAIREEEZ 5N,

ZDBE. GIcNACDHFEEIZ LK DNAHaseNPBHEZR (T D Z ENEZX 5 ND DT, GleNACIR
gr'NAHasel B C RIFTHE Z T, TOER%Z. Fig. § TRULE. TR LNE,
NAHaseE M (E BRI CBIER S 2hhvb 53, GIcNACGRED LERZDON, FEUKEEZR
T, BIELER MR, PPEENBEN>EZEOO. 60 nM (13.3 mg/nl) @
G1cNACIERE TNAHaseEM (& S0% MRAE AT (T TW . CNHDBERNSFIBIL T, M
A FFR3EHEE. ZEELTHWRFF AU TRCAINACAZFENBWV I ENVHKE
o tr, BEZT. LEBEORBORZE6INACETZLIIBRWEFF A ) I8 (fRRk @ 23
9%G1cNACcs . 35%GT1cNACca. 24%G1cNAcs. 15%G1cNAcs . 3 %G1cNAcs ) ZFRE L TRHWZ,

X5z ASLUTII—2AVBREE. 15 LRDOGINACERE (X, GlcNACDAERRE
FREREDIEICLOTHEBAT(TE, FIT. GIcNACEECRIEF TEERE SR

M- NTRITLE, BE (FFAVITHE) 2. 10 tMEFEES MU D ARER (pH
5.0) C&A 1. 2. 4%RE (w/v) £B3L5CEREL. space velocity (SV*) =
O.SNZ.O h"! OFFEELT, A0°CTY T —CitLz, ASLKRY 12— LDS5EENR
HL AT, TOBHEED—PAHPLCIZLDFF> A M S OGIcNACHE R = RITE (2
Uz, TOEEAFig. 10 CRT, EEREN1XLE2% T, SV = 0.5~1.0 h™t @
FRTHEL LS, $F 24U THN 50 MERERH 0% TRALER L. LML
RS, EERENA%UEEC. LNHN = 2.0 b OEVEETELEBAG, $7
A1 THEH S DCINACERE (L 0% RBETH 2. LEN>T. FARTE. ERERETL

TERBELEARREE LT, BEBE2%. 8V = 1.0 W OFERZEE LT,

%
1B HS LABBOAEDRE (BE) 2R3N aETd,
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Fig. 9. Effects of GlcNAc concentration on NAHase activity of immobilized
enzyme.

The NAHase activity of the immobilized enzyme was determined as
described in the text at various concentrations of GlcNAc in the
reaction mixture.

@, immobilized NAHase; O, free NAHase.
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Fig. 10. Effects of substrate concentration and flow rate on GIlcNAc production
using a column reactor.

The reactor (1.8%7.6 cm) packed with the immobilized enzyme (14 g, wet)
was previously equilibrated with 10 mM sodium acetate buffer (pH 5.0) at
40°C, and then 1, 2 and 4% substrate solution in the same buffer were
supplied to the reactor at various flow rates of space velocity (SV) =
0.5-2.0 h™'.

Concentration of the substrate; (A&) 1%, (O) 2%, (@) 4%.
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(2) GlcNACODERFEE
BEtBREREEZAEBELLENSAVT IRV, FF 24U TEN S6IcNACDE
EEEARAMATZ, V779 —DE&EE. AIEERXERXHOEFERE2%. SV = 1.0 h'! DR
F. BE 40°CTITVL .. BHAR R (CERELUGINACOEME ZHPLCTHIT L 2. £ D5
B Fig. 11 ZiRULEELD . GlcNACERAABICDZDRE L TEES N, FF>4Y
TN S OGIcNACERER(E 30%LLET. UMD 130 HREIBLEGIcNACZEFET S &N T
%7, =, HPLCHTD(ERN 5. BHEIC(EGIcNACD(ZGIcNAce & MGT1cNAca AV Y
7o —BEFHELTROSNE, ChE. FEULTEZSSCEESINZGINACZ LD E
FTLEERBEDONAHaseh' HE AR (T TWB EEZX BN, Table 11 2. U7 0% —&#x
133 B?%:@EIE(EE?%?E%(D%????/Y&E%%&Zﬁ@#%%ﬁ&ﬁi? )70y —5E
133 BERCSWTH 0% LOCICNACERRZRIFL TLWEZHE0D ST BELER
BEOBRITME. VIRCHER, FFF—U T 47.2%. NAHaseT 32.5%ZIETFL TWW Tz,

INSOFEMEFMAERHE LAEEZA, FFF—FET 120 H. NAHaseT 98 HTH 272,

(3) GlcNACc 4y B tEEL

130 HEDY 729 —&&ik. ’%entzi"e‘m;ﬁfa\5@1cNAc®ﬁ%ﬁ*§§¥&§tJ>t
Ni23aHRK 62}27& BEiE 10x120 cnDEMR-tES 1. hb?A GEMER: 51 b =
1) AL RKDBOFF oA TRARBRE L2, BV T, 5x60 cndd 1 A > 32
BEHS L (PUiN—54 FIR-120B: 72 /N—54 FIRA-400 = 1:1) AL BRHZRE
L. DSARSHEEEESOETESNE 0IDBARA3 I TRERMBLEZEZ A,
GlcNACOEE RN B R L, CORRARBTEBTHH L. LEDTY /- TES

k., EZE%B LT 1123 g (FFUAVTENSOIE 90.6%) /DI ENTE,

AR, HPLC, TEDH. 'C-NMRIIZ&LNGIcNACT H B Z &R L 120
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Fig. 11. Continuous production of GlcNAc using a column reactor.
The reactor used for GlcNAc production is the same as in Fig.10.
The reactor was previously equilibrated with 10 mM sodium acetate
buffer (pH 5.0), and then 2% chitin-oligosaccharides solution
dissolved in the same buffer was supplied to the reactor at a flow
rate of SV = 1.0 h™!'. The effluents were analyzed by HPLC.
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Fig. 12. Proposed processing scheme for production of GIcNAc.
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g IFYV-B-D-TNIYz=4F-HORBEHENE

k. BELOMEMNSRHESNTVWIF M VAR TZF M F—FP . F b Y
YAV IREAERTIIY FRBRETH D, LML AARCHSVWTEZRZ. FF 00K
phzF MU AB—DREBEE LT N orientalis IFO12806 41T 3 &, + M+ —
tOHHEHST . GlcNe ZNIKZHR U TAINZEM I ZHLLWIFVREERE (Z+Y -0 -
D—/NIAYZZF—CFEHmB) MEESNDIZCERELEZ, €2 T, FHROHEZ

T, TOEMERLCOVWTHANTE,

REBRAHE
(1) REMH

£ hYDE MinasOFE VL THARLERER 7 EFUAEF MY ZRAVE,
£ N YAYTHEE 7L I—) (chitobiitol~chitohexaitol) (k. F ¥ > A T4
(GTcNeNG]cNg\ £ 10 mmol) (Ex L. kFELKRDFRF YD L (20 mmol) T 25°C,
D BERIULIEL . Dowex 5004 A >y Ov METHBLUTHRELE ), #F240T
BE7ILI—ILE. Barker5DAE 2V &> THEL., £OA Y THEE. Millerd
BE O LD AR LE, V- F MY ERAREREA VL, GalNal1-4GalN[E
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(2) BH%E LUEE

BHk (L A= SFE#E. N. orientalis IF012806%f 7z, RIEHE. #IE (BTE.

B—) CEEEC LT 48 BEEGREERATV. FEEQ, TIHOIY T 74

Dy — (ST EREEITSO-NT) 2RV T, BRREE 300 ron, BEIRE 3.5 /min,
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® (pH 6.0) 2MNxT2E% 1.0nl& L, 40°CT 10 HEREEIT> R, KRIC. L&
IFY-B-D-ZNIYI=¥y—tOHEERAKCL CETEEEELE, BRE
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(5) 774=F4—20% h757 1 —184 (chitotriitol-Sepharose CL-48) HGEY

MarchS M5t 2 &> THAB LAY 7 /X7 O A K& {kSepharose CL-4B%
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0.5 MD 1,6—~AFHIT7 I ER (500 nl, pH 10.2) CEBL. TETHRMIESS

Folze RWT, BEER, 0.5 MOIRLF MU DAEET 1.0 MREESKEF MY 9 LABH.
ek, 1.0 MIBEE. 1.0 MKER{LF bU D LABR. BLUTEBKEZRVTIEREE L.
w—7 3=/ ~F)L—SepharoseZ /B L7z, IRIZ. Dixon5DAHE S 2V, 20
kE 2.5% (V/V) ZLILTLTE RAST 600 nld 10 MEFEEF b U AEER
(pH 5.5) [ZE&B L. 40°CT 1 RfEliREZIT> TEMIL L. BN LI LT ILT E
RiEM LB, EZBKE LT 0.5 MEFBES U D LAKRER (pH 6.0) TIBRES L =&,
20 gDGIcN: & F CRIFRER 400 nlCREB L. 25 9D 7/ KFRILKRDFEF MU D LA
Z. REE{T- R °P . RGE, 40°C, BRFEIAE(CR> 2k, 40°CT 14 Bfulira& U T
Tole RiGHE. FARULIBEZZABKTRRL. S5 400 nld 0.5% (w/v) KFEAL
RYFRF M) DLABRICIERHL T, BET. BRT2RREKREZLGNSETLE, 2OK
5z UTHE L f=chitotriitol-Sepharose CL-4B% . 50 mMEFEE+ bV D LBEER
(pH 5.5) TH%L. FHI I TCRKEHERP THARRE L 2,

(8) p==bOTL=N Z-FAEY=-2-F2)=B-D-ZNAES IV

(PNP-G1cN) D&
I+Y—-B-D-~FYHPIZF¥—-tOFEEE L THWSPNP-GIcNE, #BgFig. 13

CRIAETERL T,

£9.1,3,46—F FS5S—0-FEFI-2-FTAFY-2-72/-B-D-7)3K
S5/—2 (1) #Bergmann5OAE SV L& OFBUE, dabDB LG (15 90 43
mmol) ZF & ~10°CIZE->7=7E > (100 m1) &k MY 7)LAOEEE (15 ml 106
mmol) MREICHER LA SBRLCEMLE, RISERE., —5~—10°CT 20 SfEfk-
1. 500 mIDKAKFRIZESRAH. 4°CT1BEMERAT> R, EBLEAREREZT 4

WY —TED, AKTHSR. EEGRLE, TORKIEED 1,3,4,6-F 5 -0=7T
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Synthetic scheme of p-nitrophenyl B -D-glucosaminide.
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3:)[,-—2—-¥7r$:/—2— N AOQT7E M7 R-B-D=-4 )OS /-2 (1)

587 (17.6 g, IR 92%) ,

iz, AeEwI (10 g 22.4 nmol) AEFEE (28 m1) &EEKEEES (2m]) (235H2 L.
OCTTCIB{IELKFEN I ZRMIT ZETREAHA. FORTRT 16 BEREE 2, KIS
. oO0RIA (150 M) &0, BEULE 20% (w/v) OFFEEF b D LERKR. §3%0
LEEKET PU D LBR. BLUEBKZAVWT. IBR2ERXSEA1To R, BoN=E;
(Z. MBI RV ALZMATHAKL. BRERBLE. BERZ. T—7J)L (80 ml) &
~AFH > (30 ) ORBICBEL. REERRZER. ETXEZBELE, SoNLERZEY .
7t k> (45 ml) (Zi’é&’ib\ chiz7t b (15 ml) & TMKE{LF MU D LABER
(15 n1) OERCERLEP—=+O7x/—)L (59) 27, FRTEHEMRGS ¢
o RIGE. RIGENS 7 b ZBELUERE. INIIZZEEK (150 n]) &0x. 200
RL L (150 m1) ZAVWTHE AT 7=, & EZ. SE LU LEREMKEKFES M) O LF
REFKDATIBRESRTIREETERZOERL R, BAEBLEOLD D AZHWTHEAKLU.
e L2, BONEGEMCOVWT. IF/ —ILhSOBSEEFTV. p—= 07
=)0 3,4,6— Y —0-FEFN-2-FAFIY-2-bUI2NAAT7LIT7ZIF-F6
~D-ZAALS IV () &2BE (4.9 g, IE 44%) ,

RWT. LS (4.0 go 7.7 mmel) &% 4/ —)L (70 1) (ZBERL. OCFTT >
Eo7HRAMMT BRI TRERA. TORTET 72 BREFIFILE, RISR. RIGA &
memeE L. T4/ —)b (100 nl) (BB UE, BhA. EHMRTUEBLLE. BEET
—RMBL. B LEERETAINY —TED. IT9 /- THERELEE BZLZRL T,
PNP-GTcN (IV) &7 (2.14 g. IRE 93%)

BRIz (1) o« () « (V) OBEETT. TOERENS. (IV) ([EPNP-GICNT

HBZ EHEERL T,
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(1) 1,3,486=F r3-0-TEFL-2-FAFS-2-pYILAOT7L 7K

=B =T NIES A
n.p.168-169°C (STHAfE 5%’ . m.p.166-168°C)
Anal. Calcd. for CisHzaNOi1oFs: C 43.35, H 4.55, N 3.16, F 12.86. Found: C 43.53,
e Bie NoZS84 F 1233
'H-NMR (DMSO-ds): 1.85, 2.01, 2.03, 2.08 (12H, s, OAcx4), 4.01-4.09 (3H, m, H-2,
5, and 6a), 4.23 (1H, dd, Js,s5=13.0 Hz, Jsa,s0=4.9 Hz, H-6b), 5.00 (1H, t, Ja, 4
=Js.5=9.7 Hz, H-4), 5.30 (1H, t, J2,3=J3,4=10.0 Hz, H-3), 5.85 (IH, d, J1,2=8.8
Hz, H-1), 9.71 (1H, d, Jnu.2=8.8 Hz, N-H).
Gl 2 Ru T Esile 8 4 B s U= TRF -2 =Fars~2~ b
USRI BPEHPErFEP-B=0 =N EZ /D P
m.p.196-198°C (decomp.)
Anal. Calcd. for CopHoiN20i1aFz: C 45.98, H 4.05, N 5.36, F 10.91. Found: C 46.03
HA027 N 5,42, F 10,88,
IR: 3300cm™! (NH), 1759 (OAc), 1700 (amide | ), 1600 (Ph, C=C), 1530 (amidell),
1350 (Ph, NO).
'H-NMR (DMSO-ds): 1.98 (3H, s, OAc), 2.04 (6H, s, OAcx2), 4.13 (IH, d, Jsa,6b=
10.6 Hz, H-6a), 4.21-4.32 (3H, m, H-2, 5, and 6b), 5.08 (1H, t, Js,4=Js,5=3.0
Hz, H-4), 5.33 (1H, t, J2,2=J2,4=9.9 Hz, H-3), 5.64 (1H, d, J1,2=8.4 Hz, H=1)s
7.28 (24, d, J=9.2 Hz, o-Ph protonx2), 8.26 (2H, d, J=8.5 Hz, m-Ph protonx?2) .
(NY p=z=pboozol 2-FA+L=2=PE/-B-D=TINIES/TF
(PNP-G1cN)

m.p.181-182°C (decomp.)
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Anal. Calcd. for Ci2HieN207: C 48.00, H 5.37, N 8.33. Found: C 47.87 H 5.31,

N 9.22.

[alo = -105.0° (C=3.0, water)

IR: 3350cm™! (OH), 1610 (NH), 1590 (Ph, C=C), 1350 (Ph, NO).

130-NMR (DMSO-ds): 57.20 (C-2), 60.68 (C-6), 69.63 (C-4), 76.63 (C-3), 77.49
(c-5), 101.24 (C-1), 116.72 (o-Ph, carbonx2), 125.76 (m-Ph, carbonx2), 141.81
(Ph carbon attached to the phenolic oxygen), 162.45 (p-Ph, carbon).

'H-NMR (DMSO-ds): 2.71 (1H, m, H-2), 3.20 (2H, m, H-3 and 4), 3.35-3.45 (1H, b,
H-5), 3.49 (1H, dd, Js,ss=1.4 Hz, H-6b), 4.98 (1H, d, Ji1,2=8.2 Hz, H-1), T.24
(24, d, J=8.2 Hz, o-Ph protonx2), 8.26 (2H, d, J=9.5 Hz, m-Ph protonx2).

(7) StAE

1) NV BOTEEE. BEYONVEELTFFMBT7 VT I &AWL, Lowrys D
BRI TIT 9.,

2) %A F4TRYFIULTS FBEKBE. THRUTIULTE RFLERL,
Reisfeld5MAE 54 [CH U TITo 5=, SDS-RUTZIZVULT I FEKABIE. 7.5% K
UFPZUNLTIRSINERV. LaemmliDFE > CHEUTITo L. &0 SBTILEHL
ESDS-RUFPIZYNLTIRESABICELD. BEOSIFEE. Weber £0sborn®
FE SO - THELE, EEEAESABE. RUTIVLTIRTLT L=+ (pH
3.5~3.5) AL, plAYTL—arFw b (T2 7E) ERVTITO 2. BER
53N E @I (L. Coomassie Brilliant Blue R-250&2F W TITo 2. T IVIBAIAIZ &
3S5FEORE L. Sephadex G-200%&F\\. AndrewsDAiE °7) (ZHE2> TIT2 2o

3)@?%%5@%@gﬂﬁ5£ﬁwwﬁﬁﬁbﬁoTwﬁﬁﬁﬁ\iUﬁ¢w%7wE

SHAT L=k (A28 2RV, BEBECE. JON/ - 0% TEZT =
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2:1 (v/v) ZRWVWTZ, GINSITF b OAYTBORER. Z2E R Uik 2P (2 4o

T{Fo . HPLCHHT(E. BIE (BZE. F—81) SRABOEAHTITV., F YO AY I
BLUOF M OAVTEBET7ILI-LE. Ananos5DAEE B 2LON=-PEFIIELE

% HPLCH#r Z1T o 7z,

HREEER
(13X <=B—-PD=w a9 -t
1) CM-Sephadex 7O b7 S5 7 14 —

HERREZ. TH 25 nMEFEEF b Y D ABER (pH 4.5) TEE{L L 72CM-Sephadex
C-50h S5 L (1.8%x25 cm)’ ('Zfi,f%bff:o NS LERBER 00 TESRER. RER%
0-0.6 HOEILF FU D AZBCEEER (19) 2L ABEREEART. R
80 mlI/hTEH UL =, BHARE 10 mdO>HEL, BEEM (ZFY-8-D-7)3Y=
—H—tEELIUCF MY F—EEY) LTI ONIERE (280 nnikXE) ZAlE L =2,
FORE Fig, W ERT LR, THFRY=B-D= LIV hReE+5H
X (75223 >No.65-75) &F b+t EMEFIZIRByOES (75723 >
No.12-21) EADBMT I T ENTER, 22TV IFVY-B-D-T LAV —-¥E
ﬁ@ﬁ&%m\m%%ﬂt@é&iK@%%i%Mit@)H?EE%%@\é%t\%
BEC—R'HBEL =, Ebéiﬁtﬁé%ﬁit\ﬁ%ﬁ (10000x g, 10 3fll) LTHES. 2ED
50 IMEEES S kU ABER (pH 5.5) ([CBREL .,

2) Toyopearl HW-55S 27O~ IS4 —

52 CM-Sephadex 2 O0% /574 —THBAEIFY-B-D-7NIYZZ¥ Yl

KA. T 50 nMEEEEF b 9 LEE®R (pH 5.5) TERI{L L 7zToyopear] HW-555712 A

(2.7x78 cm) [CitL7~, RE&E&EAVTINE 20 nl/ninTAHE L. BHALSIT D
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Fig. 14. Purification of exo- 8-D-glucosaminidase by CM-Sephadex

C-50 chromatography.

@, absorbance at 280 nm; O, exo- B-D-glucosaminidase
activity (units/ml); A, chitosanase activity (units/m1);
———  sodium-¢hloride concentration (M).
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SEU. TFY -B-D-TINIVIZF-—CEMS LY VNN OEEE (280 nmIkyiE)

AAELE. TOER. Fig. 15 ERIELDE. I ONVEBERI>OE—2 & LTARES
n. TFEY-B-D—ZLIYI=F—FREVOES (7523 2No0.50-60) (2L
anizo

3) chitotriitol-Sepharose CL-4B. 72 4 ZF7 4 =20 b5 T7 4~

tZ@ Toyopearl HW-555 2O bS04 —THREIFY-B-D-)aYz=¥
—PES%E. F& 50 nMEEEEF b U D LRRER (pH 5.5) THEE{L L chitotriitol-
Sepharose CL-4BHh S 4 (2.7x42 cm) (U, D5 LZREER TR AR, BEL
2mM@chitotriitol =& CREEERZ AW THRZE 200 nlI/hTEE L. BHAE 50 nl1d D
AL TFY-B-D=-INaY =5 —EENS LTS ONIERE (280 nmikJtiE)
EHELE. TORR. Fig. 1B ECRTYLDIE TFY=B~-D=TZHIVETHF ~-VUE
MrE—F—-27&LTEBSNE, FIZT. ZOED (75923 N0.17-20) 28O,
%N ERBES CAERREMATY YNVEAZLRSE. S5, BARERC 'K
BUE., HUELREEOSE (10000xg, 10 58 LTED. SBO 50 MR IBF
MU LREER (PH 9.0) (2/BREL =,

A AW oO% 57 14— (CM-Sephadex. DEAE-Sephadex) . ¥ /L@@~ 0O~ b7
57 4 — (Sephadex G-100. Bio-Gel P-60) . /\{ KOF TN T7NNFA boOT T ST
4 —. phenyl-Sepharose # 0% h/ 5714 —%. fOBEFBEEZAVTHREGHEEN
TERM- =H. chitotriitol-Sepharose CL-4B 77 4 =574 —20OX M/ S57 14 — (&,
IFY-B-D-7LaY==¥F-—tYORBCIFRCHHTH >

4) DEAE-Sephadex A-50 2O M 574 —

52 chitotriitol-Sepharose CL-48 774 =74 =2 0O b/ 574 —TRELF

V-B-D-ZNaAYI=F—PESESSCHERT B0, 500 n1d 50 MRDEES b
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15. Purification of exo- B-D-glucosaminidase by Toyopear]
HW-55S chromatography.
@, absorbance at 280 nm; O, exo-B-D-glucosaminidase

activity (units/ml).
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Fig. 16. Purification of exo- B-D-glucosaminidase by chitotriitol-
Sepharose CL-4B affinity chromatography.
The arrow indicates the beginning of the elution.
@, absorbance at 280 nm; O, exo-B-D-glucosaminidase

activity (units/ml).




g LEER (pH 8.0) XU TENAITL. FTORBEER TEE/L L 72DEAE-Sephadex

A-501 5 4 (1.8x9.5 cm) (2L, SERBES #EDE, N, 0% ER B LD
CEFERRZMATY VINVEZRRSE. SHCABREC—KERBLE, SUETRE
B0 EE (10000xg, 10 3R) ULTESD. LED20 nMEFEE > b D ABER (pH 6.0)
AR, RRERCK ULERZITo =,
BlErtoL5LTHRELEIFY -B-D-7 N34 —-tFDRBRBRELCHIT S
BEIM. WEMRUCEOINEATable 12 ZRULE, #HBLEIFY-B8-D-IL3
¥ - BHEERICER, 3BXORIINE THEMMNE 16 S LA UL,

5) MUl TV~ 8= DTN S =5 - O

BEUABEOH—MAERRTILHIC. SDS-RUTIVULTI FERXD.
EEAEKAIE LRI TATRUTZIVINT I REQRXBEITo 2. T BEDR
BBREAESDS-RUTPIUNT I REUABETRI LZEREZ Fig. 17 A [ZIRU T,
FhIZ & B EToyopearl HW-55S 7O bS5 4 — (lanel) | Bl &fk <chitotriitol-
Sepharose CL-4B P74 =F 4 —=20% T S74— (lane2) &, AFTv7 2RI L
(z$581 X n. DEAE-Sephadex A-50 2O M ST74—2&D BRERLE—-NTF
(lane3. 4) oz, T, EESESABCHVWTE /Y FERL (Fig. 17 B) |
2 F4TRYUTZIULT I RESABCEVWTHIFY -B-D-7NIY=ZZF -1
EMAERTE N KR S5NE (Fig. 18)

SDS-RYFPIYUNTIREGAKIHECE> TROLEABEDSFEEHK 97000,
FOVEBBETIEE 70000TH- B, 2. ABEOEFEAR. pH 8.8ATHO L

(Fig. 17 B) ,
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Fig. 17. SDS-polyacrylamide gel electrophoresis (A) and isoelectric focusing

(B) of purified exo-B-D-glucosaminidase.

Gel A, the partially purified enzyme (50 ug) obtained from the Toyopearl
HW-55S5 step (lane 1). The enzyme (30ug) obtained from the chitotriitol-
Sepharose step (lane 2). 30 ug (lane 3) and 20 ug (lane 4) of the purified
enzyme. Molecular weight markers: reduced a»-macroglobulin (Mr=170,000),
phosphorylase b (Mr=97,400), glutamate dehydrogenase (Mr=55,400), and
lactate dehydrogenase (Mr=36,500).

Gel B, lane 1, purified enzyme (10 ug); lane 2, pl marker proteins:
amyloglucosidase (3.50), soybean trypsin inhibitor (4.55), B-lactoglobulin
A (5.20), bovine carbonic anhydrase B (5.85), human carbonic anhydrase B
(6.55), myoglobulin-acidic band (6.85), myoglobulin-basic band (7.35),
lentil lectin-acidic band (8.15), lentil lectin-middle band (8.45), lentil

lectin-basic band (8.65), and trypsinogen (8.30).
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Fig. 18. Native polyacrylamide gel electrophoresis of purified
exo- B-D-glucosaminidase.

The purified enzyme (30 ug) was electrophoresed (2 mA/gel)
at 4°C for 3 h. After the gel was cut into 2-mm sections and
the gel slices were incubated in 0.5 ml of 0.1 M sodium acetate
buffer, pH 5.5, at 4°C for 18 h, the exo- B -D-glucosaminidase
activity in each incubation mixture was measured.




|
|
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(23 LY - B-D~-FNITZ I —TORER

1) pHODREZE

0.1 MBFBE S MU D LRE&R (pH 3.0-6.0) . 0.1 MU B+ bU ™ LEER (pH
5.0—-8.0) H&LT 0.1 MR DEE —NaOHEE&E& (pH 8.0—10.0) Z@W\. chitotriitol%
EEELT. IFY - B-D-J LY EI¥-FOEBEHSLUPHREM AT,
FOR. Fig. 19A ERULELDEZ. XBEFREPH 5.5TRAXEMZT UL, pH 3.5BF
BLUPH 8.0l ETIRERERES BNz, Fh. BpHICHBULULZEERA. 4°CT
96 BFRIB LR, KREITDEMZAELLZEZA. pH 3.0-10.00FEH THETHH 2
(Fig. 18 B)

2) REDRE

B4 DB (25—80°C) T. chitotriitol LU F MY &2HEFE LT, EHARE
L. BEEBEAFANLZTOEE. Fig. 20 ZRULELS(C. XBFRE 60°CIHHETRAEM
ERUE. £, BERAZRE (4-75°C) T 15 HEBEV LR, BREITDEMZAE L.
ﬁgfiﬁ&%Nto%@%i\K@%@SWOJFﬁﬁﬁf&OEﬁ\WTuLTMEE
MHAZEULKETLRELREKELZ,

3) T -B-D-7 N3 IF¥ -EFOFBEEN

W ULETHY - B-D—7NIY S —COELORECHT BFH L HBHL
&%Nto$ﬁ§ﬁ\#hﬁ)iujﬁﬁ$0#hﬁ)ﬁﬁbf@%%%tﬁ%btﬁ\
b=k Tzl a SRR YINaYR, 2 DSl g RaT AT
SHMYEKE. p——bOTIoN a-BLTB-T7EFAINIYEZZR, p—= 0O
71:u,a—ﬁ&@ﬁ—?t?%ﬁi?hﬂi:F\jufﬁw#%D\#?DTUjﬁ\
Tho—X, ANRFIAFILELIO-RX, toOAY T8, GalNa1-4GaINEe < BE LR

BN 13,
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Fig. 19. Effects of pH on exo-B-D-glucosaminidase activity and stability.
(A)The enzyme activity was measured at various pH values ranging from
pH 3.0 to 10.0 under the standard assay procedure. (B)The pH-stability
was obserbed by assaying the enzyme activity after standing for 96 h at
4°C at various pHs.
®, 0.1 M sodium acetate buffer; A, 0.1 M sodium phosphate buffer;

¢, 0.1 M borate-NaOH buffer.
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Fig. 20. Effects of temperature on exo-B-D-glucosaminidase activity and
stability.
(A)The enzyme activity was measured at various temperatures under the
standard assay procedure. (B)The thermo-stability was obserbed by assaying
the enzyme activity after incubation for 15 min at various temperatures.
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Fig. 21 [ZIE. ABERZF MY AU I8 (GlcNa. GleNs) BLUEF MY TR

EEEDDRBRERMORIRENL (0 1, 24 B ATICTHULABR AT LA, ABE
(2.0U0) ZF bH > (1.0 ml  1.0%) CERSEREE, YT 1850, 24 B¥R9E
(ZGIcNDHTH o7 (Fig. 21,02, C3) . F. F MY OAYITE (1.0 nl. 50 u«l)
CRULTE. RETHIEGINERBVWAA Y TEEDESEDEVA Y THALER L A4
(Fig. 21, A 2, B 2) . 24 BFRETRICIEGINATEERM &R -7z (Fig. 210 A 3, B 3) ,
CODED . FEREAF M IOELUTCF MY OAUTRCHERL. RREYHME L TGIcNA
KT DIENBELSNER DT,
52, AEEVEFEDERTRIE. IFETRIEDD B 5 5OFKIHH D 561N A b
LTWAMZDOWT, F Y >2A) J8E7)L3—JL (chitopentaitol) ZHWTHAXNE,
shbb,. TFY-B8-D-27)a==-4—+¥ (0.3 U) &chitopentaitol (2mM) %
EnlDEEEEF bU D LRER (pH 5.5) L 40CTRESELZ, RIDEKZ. #FHF
(10 43, 20 4. 3BFfE) L. REESEHMZN -7 FI{EL R HPLCT O &
Tofze ZORER. Fig. 22 TRULEELS . WINORGEREICEVWTS. ERHE
GlcNAcE WA THELDESEQEVWA Y IRBOB7Z7LI-LTHHLEZEMNS. K
BEE. F M4 TEOIERTRIFEN SCIcNAEEH L TWD CHIEIS N, 2DLD
2. XEEE. BEF M UIBBETCEIREINTLW AR 2 EZIFVEOBRETHD L
HETE Nz,
4) TFY-B-D-ZNaAYI=F-—FOF M UEENEICNT ZOHEEE
PNP-GTCN, MY AT, F MO AU TEBET L I-VELTF MY 2 2EH
EL. ABEOMASBIEREAFAT, Table 13 (2. HELXOEE (I 248 IARE
Eﬁbho%@%%\K@i@\mmhGkMﬁ&ﬁ%ﬂB@ﬁ?»:—wtﬁbT%k

NBEEAET L. EAENCINe, GIcNs U EB LT ENUT TR POIEREDE T

83




GlcN

GlcN ,

GlcN ;

GlcN 4
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Fig. 21. Thin layer chromatogram showing hydrolysis of GlcN> (A), GlcNs (B),

and chitosan (C) by exo-B-D-glucosaminidase.

Each substrate (50 umol with respect to GlcNe and GIcNs and 1% with
respect to chitosan) was separately incubated with 2.0 units of the exo-
B-D-glucosaminidase in 1 ml of 50 mM sodium acetate buffer, pH 5.5, at
A0°C. At intervals, aliquots (0.2 ml) of each reaction mixture were taken
and then heated for 3 min in a boiling water bath. The products formed
from each substrate were analyzed by thin layer chromatography as described
in the text.

Lane S, GlcN and chitosan-oligosaccharides from GlcNa to GlcNs. A1l lanes
of A, B, and C are as follows: lane 1, unhydrolyzed substrates; lane 2,
enzymatic hydrolysates after 1 h of incubation; lane 3, enzymatic hydrol-

ysates after 24 h of incubation.
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Fig. 22. HPLC chromatogram showing hydrolysis of chitopentaitol by

exo- B-D-glucosaminidase.
A, standard N-acetylglucosamine (1) and chitin-oligosaccharides

from di-N-acetyl-chitobiose (2) to hexa-N-acety1-chitohexaose (6);
B, standard N-acetylglucosaminitol (1) and reduced chitin-
oligosaccharides from di-N-acetyl-chitobiitol (2") to hexa-N-acetyl-
chitohexaitol (6); C, the products after 10 min of incubation;

D. the products after 20 min of incubation; E, the products after

3 h of incubation.
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Table 13. Relative rates of hydrolysis of various sugars
by exo-/-D-glucosaminidase

Substrate Relative rate (%)
PNP-GlcN & 0.21
chitobiitol 0.30
eghitobliose 38
chitotriitol 85
chitotriose D2
chitotetraitol 100
chitotetraose 99
chitopentaitol 29
chitopentaose 100
chitohexaitol 94
chitohexaose 92
chitosan 90

a)PNP—GlCN, p-nitrophenyl R-D-glucosaminide
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F hY U FOFEC LD THELEZ2ET7EFIUIEF MO ELTBL 7
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B I—ILERCFF AV ITRE7ILI-VE, RiEnERRCUTHRELLZ, B-N-
FEFIAFYHI = - (& N. orientalis IFO12806ZROBERAZHWE ‘2,

(2) B%B LUHERE

(L ETET S E#E. N. orientalis IF012806& A\, Hifi &R UAATHEEZITO 2
(3) HEROAR

pisttEER (1 9) 2RV, AE CRROBREEIT> THEBERBERZHAR U,
(4) ® b F—EEMORE

£ Y+ —tEME. BECRBROBIETAE L,
(5) PI74=5F4—%-0% 7574 — (chitotriose-Sepharose CL-4B) (D%

Marchs>M73E 42 &> TRELEY 7 /7> 7071 KiEM{L Sepharose CL-48
(10 g) %&. chitotriosel8®is (1.0 g, 1.64 nmol) #&T 20 mi 0.1 MEFEES b U
9 LEEE (pH 8.0) CHEB L. R TIHMIRELT o> L. K&K, BEE, 0.0 MO
NaC1&S T 1.0 MRBSKEF U™ LBR. BV THEK. £LT 50 nMOEFET h &,

LEE®E (pH 5.5) T%&E L, 2O&S 2 LTHRL fzchitotriose-Sepharose CL-4B
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HEREER
(1) F b F—FOHRH
1) CM-Sephadex 7O M 27«4 —
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BHEKEEMTONMUL. F M F—UEMS KUY VNNV ERE (280 nnlftfE) Z
=L, ZORE. FISOFig. 14 [RUEERK. FRBEESCF MY F-—UERZA

BN . YNNI BOEL -V L0PPENTAELEENE, EZIT, FhTF— &
MESEED. 0% EL 2 LS CABRREMATY YNVEZARSE. 5[,
AREC—RRELE, £UREGBREZLSE (10000xg, 10 HfE) LTHRD. DPED
50 IMEEBSF R0 Y AEEE (pH 5.5) (CBBLE, RLWT, ZOEEE. TOUE R
BOEE R TEE(L L7 Sephadex 6-25715 4 (2.2x87 cm) (Z# L THREZITV. 7~

N7EES =8O,
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9) chitotriose-Sepharose CL-4B 72O 4 —ZF 4 — 2703 NS5 T 4 —
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Ean. BEF M F PRI IRES LVBHEH LR L. TOERAZFIg. 24 (2
TUB. GINEUHY RELETIA4ZT4—TIE. F o F—E2zRBLEN O
(Fig.'24 A) o £ GlcNaTlE, F MY F—UHPPERTEHEN, F YT -t %
BCBETILOEHEFEN (Fig. 24 B) o —H. GloNa, GleNs ZED A FEL 2T
=T 4 —FIE ABEROFECAV RGN, (Fig. 24 ) CEEC, M<F MTT =
CARE UL (Fig. 24D, E) , 3. RELEF M F—COBHEE. AVEYTY
KEDBEESEOSVWAY TEE7ILI-LHNBELTWE, VAV FERLEGEOAT YT
BB L0 — LT, * M F—FOBEE—INTO-KEZRD, Elzl ENATOR
BEOAY TEE7IILI—-ILTE, BHENBEM D2, zOESBZ LR, 7Y TROE
BENZTNUHY KIFE. F MY F—VARKRET I LETERTZDDTHD.
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T4—(F. Y F—PORBCFEECENTH >R, BE. MEBHOITFY — BB
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23. Purification of chitosanase on chitotriose-Sepharose CL-4B
affinity chromatography.

The arrow indicates the beginning of the elution.

@, absorbance at 280 nm; O, chitosanase activity (units/ml).
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Fig. 24. Affinity chromatography on Sepharose CL-4B with immobilized
chitosan-oligosaccharides.
(A)Sepharose CL-4B with immobilized glucosamine; (B)the gel with
immobilized chitobiose; (C)the gel with immobilized chitotriose;
(D)the gel with immobilized chitotetraose; (E)the gel with immobilized

chitopentaose. )
@, absorbance at 280 nm; O, chitosanase activity (units/ml1).
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VI ZF —EORHICH W Zzchitotriitol-Sepharose CL-48 77 4 =F 4 — 5 L TlE.

A+ P —EFERCRFSIN, chitotriitol~chitohexaitol THBHEENEM - =,

3) Sephadex G-75 20O ST 4 —

58 chitotriose-Sepharose CL-4B 727 4 Z 54 -0 NSS4 —TBEE Y
+—YES%E. F&H 50 nMEEEE S MU D L8EER (pH 6.0) TE®{L L 7zSephadex G-75
NS (2.2%x87 cm) CHL, S CHEEITH R, BREZREHEAAA L TRE
15 m/h A L. BHAE3SnITOFERLT. F M +F—EEMS LT NI ERE
(280 nmIRFEIE) HRE Lz, TR, Fig. 25 CRT LD, EHEY ONTEN—
HUEETERE-INELSNE. COBDZED. 0% ERD LD CEAERE ZMNA
TN IBEREERRSE, TH2 ABRELC—RBE UL L. £ U LINRKZELDE
(10000x g, 10 $¥R) LTESH. 2haLED 50 mMEEEE - b D L&EA& (pPH 6.0)
(AR L. REERCX L TEMZITo 2.

BLEDESZUTHEULEF M F—PORBEERCHIIBREMS LT EDINER
£Table 14 (2R U7, BELAS M F—CE, BEBECHLT, 31 %OEIETILE
MK 52 fBICER L 7z,

4) BEF MY F -

8| AEEOH—MARRTIEDIC. SDS-KUFIVILT I FBRABS &
CEEAES AT EITo 2. FOMR. Fig. 26 (IIRULELD . F MY F—-FESDS
RUPHUNTE RESKE. STESESABELHC. B—NY FRETHRINTY
DIENBASMNER D T2,

SDS-RUFPZYNLTI REKABELC &> TROEFEEDOS FEEHK 26000
(Fig. 26 A) TH O . FILBBETIIH 24000 THo 2o 2. ZNCEADE TP N

PH 4.0 fHrTH- 7= (Fig. 26 B) .
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Fig. 25. Purification of chitosanase by Sephadex G-75 chromatography.
The enzyme obtained at the affinity chromatography step was applied
to a Sephadex G-75 column (2.2X87 cm) previously equilibrated with
50 mM sodium acetate buffer (pH 6.0). The column was eluted with the
above buffer at a flow rate of 15 ml/h, and 3-ml fractions were

collected.
@® , absorbance at 280 nm; O, chitosanase activity (units/ml).
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Fig. 26. SDS-polyacrylamide gel electrophoresis (A) and isoelectric focusing

(B) of purified chitosanase.
Gel A, lane 1, molecular weight markers: phosphorylase (Mr=97,400),

bovine serum albumin (Mr=67,000), ovalbumin (43,000), carbonic
anhydrase (Mr=30,000), soybean trypsin inhibitor (Mr=20,100), and
a-lactalbumin (Mr=14,400); Lane 2, purified chitosanase (5 u«g)

Gel B, lane 1, pI marker proteins: amyloglucosidase (3.50), soybean
trypsin inhibitor (4.55), B-lactoglobulin A (5.20), bovine carbonic
anhydrase B (5.85), human carbonic anhydrase B (6.55), myoglobulin-acidic
band (6.85), myoglobulin-basic band (7.35), lentil lectin-acidic band
(8.15), lentil lectin-middle band (8.45), lentil lectin-basic band (8.65),
trypsinogen (9.30); Lane 2, purified chitosanase (30 ug)
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Fig. 27. Effects of pH on chitosanase activity and stability.
(A)The enzyme activity was measured at various pH values ranging
from pH 3.0 to 10.0 under the standard assay procedure. (B)The pH-
stability was observed by assaying the enzyme activity after

incubation at 40°C for 3 h at various pHs.
@, 0.1 M citrate-phosphate buffer; A, 0.1 M borate-NaOH buffer.
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Fig. 28. Effects of temperature on chitosanase activity and stability.
(A)The enzyme activity was measured at various temperatures under
the standard assay procedure. (B)The thermo-stability was obserbed
by assaying the enzyme activity after incubation for 15 min at

various temperatures.
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Fig. 29. Thin layer chromatogram showing hydrolysis of GlcNs (A), GlcNs (B),
GlcNs (C) and chitosan (D) by chitosanase.
lane S, GlcN) and chitosan-oligosaccharides from GlcN2 to GlcNs.
A11 lanes of A, B, C and D are as follows: lane 1, unhydrolyzed substrate;
lane 2, enzymatic hydrolysates after 30 min of incubation; lane 3,
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Fig. 30. Relative rates of hydrolysis of chitooligosaccharides
and reduced chitooligosaccharides by chitosanase.

The enzymatic reaction was performed by incubating 1.0 mM
suhstrate with 0.05 unit of the enzyme in 1 ml of 50 mM sodium
acetate buffer (pH 6.0) at 40°C. The enzymatic reaction was
stopped at 3-min intervals up to 12 min by adding 1 ml of 1.0 M
sodium carbonate solution. The amount of amino sugars liberated
from each substrate was measured by the method of Blix.

O, chitooligosaccharides; M, reduced chitooligosaccharides.
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Fig. 31. Relative rates of hydrolysis of partially acetylated

chitosans by chitosanase.
The enzyme (0.05 unit) was incubated with 0.5% (w/v) substrate

in 1 ml of 50 mM sodium acetate buffer (pH 6.0). The rate of
hydrolysis was measured by the same method as described in Fig. 30.
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Fig. 32. Proposed pathway of enzymatic degradation of partially

acetylated chitosan.

GlcNase, exo-/3-D-glucosaminidase; NAHase, B-N-acetyl- _
hexosaminidase. @, N-acetylglucosamine residue; O, glucosamine

residue; O %, reducing terminal glucosamine residue.
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Fig. 33. Time course.of'heroTysis of chitosan‘ana1ogues by exo-8-D-

glucosaminidase.

Each chitosan analogue (1%) was individually incubated with 0.03
unit of the enzyme in 1 ml of 50 mM sodium acetate buffer, pH 5.5,

at 40°C. In the cases of partially acetylated chitosans, B-N-acetyl-
hexosaminidase (5 units) was added to the reaction mixtures after 30
min of incubation. The arrows indicate the addition of B-N-acetylhexo-
saminidase. @, chitosan (completely deacetylated); O, 18% acetylated
chitosan ( ) and after the addition of B-N-acetylhexosaminidase

(- --); A, 33% acetylated chitosan ( ) and after the addition of

3-N-acetylhexosaminidase (- - -); A, glycol chitosan.
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Fig. 35. HPLC chromatograms of hydrolysis product of 2% acetylated
chitosan by chitosanolytic enzymes.
HPLC conditions: column, YMC-Pack PA (4.6x250 mm); mobile
phase, acetonitrile/water=3/1; flow rate, 0.8 m1/min; detection,

refractive index.
(A)Standard GlcN and GlcNAc; (B)2% acetylated chitosan.
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Fig. 36. Time course of transglycosylation
B-galactosidases.
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Fig. 37.- HPLC chromatograms of reaction mixture of transglycosylation.
A. refractive index detector; B, ultraviolet detector (210 nm) .
1, water; 2, GlcNAc+glucose; 3, galactose; 4, NAL; 5, NAAL;
6, lactose.
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38. Charcoal-Celite chromatographic separation of transglycosylation
products obtained by treating a solution of lactose and GlcNAc with
B-galactosidase.

Chromatography of the resulting mixture was carried out on a column

(4.0% 120 cm) of charcoal-Celite (1:1) at room temperature.

O, absorbance at 210 nm; @, absorbance at 485 nm; ---, ethanol
concentration (¥).
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Fig. 33. C-H COSY spectrum of N-acetyllactosamine in

D20.




*I93BM UT UOTIJ3NTOS ® pomﬂ~.wwoa UOT3eZTIUOT+ gV cﬁw
61°¢ TI'L ¥6'IF 6¥°¢ 8L'9 08T 0°H 'Toln3%uPlp v8¢ ZLT (q(0°T)0" L2+ I-.®-4
N H 9 N H 3
punoj VIR eINWIOJ (H+W) (92a39p)
'lep TeOIjlATeRUY *TONW A.mN\E *d-m mmﬁﬁu uoT3orIyg

_|-.,e-4 . 10onpoud UOL}e|ASOOA|BSuel] Joj BIep |BOL}A|eue pue ‘gyd ‘Td'w ‘uoljeiol leot3do g1 9|qe]




100 p
s
oA pH 5.0
o
<
2
pH10
S0p
HS
pH 7.0
0
100 ¢
*
; pH 5.0
o
i g
>
.|
< pH 10
<
z' so} pHg.O
o
'&J pH 7.0
=
sl
<
=
. 50 100

Reaction time (h)

Fig. 40. Effects of pH on B-galactosidase-mediated NAL production.

Lactose (180 mg) and GlcNAc (220 mg) in 1 ml of different pH
buffers were incubated with B-galactosidase (0.15 U) at 30°C and
samples were taken during the incubation for analysis by HPLC.
Sodium acetate buffer (50 mM, pH 5.0), sodium phosphate buffer
(50 mM, pH 7.0 and 8.0), and sodium borate buffer (50 mM, pH 10.0)
were used. The upper figure shows the amount of NAL as a function
of time and lower the ratio of NAL to NAL +NAAL production by HPLC
analysis.
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Fig. 41. Effects of temperature on B -galactosidase-mediated NAL
production.

Lactose (180 mg) and GlcNAc (220 mg) in 1 m1 of sodium acetate
buffer (50 mM, pH 5.0) was incubated with B-galactosidase (0.15 U)
at different temperatures and samples were taken during the
incubation for analysis by HPLC. The upper figure shows the amount
of NAL as a function of time and lower the ratio of NAL to NAL+NAAL
production by HPLC analysis.
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Fig. 43. Effects of substrate concentration on [B-galactosidase-mediated
NAL production.
Various amount of Lactose and GlcNAc in 5 ml of sodium acetate buffer
(50 mM, pH 5.0) was incubated with B-galactosidase (0.15 U/ml) at 30°C
and samples were taken during the incubation for analysis by HPLC.
substrate concentration (GlicNAc:lactose): @, 1.0 M:1.0 M;
O, 1.0 M:0.5 M; A, 1.0 M:0.25 M; A, 0.5 M:0.5 M; &, 0.25 M:0.5 M.
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Fig. 44. Charcoal-Celite chromatographic separation of transglycosylation
products obtained by treating a solution of lactose and GlcNAc with
B -galactosidase.
Chromatography of the resulting mixture was carried out on a column
(4.0% 120 cm) of charcoal-Celite at room temperature.
O, absorbance at 210 nm; @, absorbance at 485 nm; ---, ethanol
concentration (%).
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Fig. 46. Time-course of hydrolysis of NAL and NAAL in F-b fraction by
B. circulans B-galactosidase.
A reaction mixture (1 ml1) containing F-b (5 mg) in 20 mM phosphate
buffer (pH 6.0) was incubated at 30°C with 0.025 units of the enzyme.
O, NAAL; @, NAL.
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Fig. 47. Time-course of GlcNAc liberated from NAL and NAAL by
B. circulans B -galactosidase.

A reaction mixture (1.0 m1) containing 50 mg of NAL or NAAL
in 20 mM phosphate buffer (pH 6.0) was incubated at 40°C with
0.20 units of the enzyme.

O, NAAL; @, NAL.
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