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Enzymatic Synthesis of High Molecular Alcohol B-Xylosides by
the Transfer Reaction of 8-Xylosidase in The Presence of Alcohol

Tsuneo YASUI
Seitoku Junior College of Nutrition .
(1-4-6, Nishi-shinkotwa, Katsushika-ku, Tokyo, 124, Japan)

Among several fungal f-xylosidases, Aspergillus niger B-xylosidase had the highest hydro-
Iytic activity and stability in the presence of water miscible solvents such as acetone and
alcohols. The enzymatic synthesis of alkyl B-xylosides from xylobiose and alcohols through the

_ transxylosylation reaction of the enzyme was studied. Various alkyl B-xylosides were effectively -
synthesized from xylobiose and water miscible alcohol such as methanol, ethanol and 2-propanol,
Water immiscible alcohol such as 1-butanol, 1-hexanol, benzyl ‘alcohol and 2-butanol, also acted
+as effective acceptors for transxylosyl reaction, where a great part of synthesized B-xylosides '
were found in the insoluble alcohol layer. Therefore, the synthesized B-xyloside, such as /-hexyl
B-xyloside, could be readily separated from the reaction mixture and crystallized. ‘

Xylooligomers and xylan hydrolyzates acted as an effective xylosyl donor. Accumulation
factors of alkyl B-xyloside produced enzymatically in the transxylosylation and superiority of
Asp. niger B-xylosidase for the enzymatic synthesis of alkyl B-xylosides were also described.
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Table 1. Enzymatic (Hydrolytic) activity of various S-xylosidases in the presence of 25% (v/v)

of water miscible solvents at 50°C.

The reaction mixture consisted of 0.25ml of 0.02M phenyl S-D-xyloside, 0.25ml of various
organic solvents and 0.5ml of enzyme solution [Asp. niger (0.06 U/ml), P. wortmanni (0.05
U/ml), T. viride (0.04 U/ml), E. nidulans (0.05U/ml)]. The enzyme activity is expressed as
a percentage of the control (substituted 0.25ml of 0.1 M acetate buffer for solvent).

Relative activity (%)

Organic solvents

Asp. niger  P. wortmanni T. viride E. nidulans
Control 100 100 100 100
Acetone 69 42 22 9
Dimethylsulfoxide . 48 56 53 42
Dioxane 45 38 16 13
Acetonitrile 17 5 4 4
Methanol 118 102 117 26
Ethanol 131 114 78 16
1-Propanol 44 19 14 10
2-Propanol 143 72 35 11




Table 2. Stability of various B-xylosidases in the presence of 25% (v/v) of water miscible

solvents at 30'C after 24 hr.

A quarter ml of S-xylosidase solutions [Asp. niger (0.10 U/ml), P. wortmanni (0.10 U/ml),
© T. viride (0.09U/ml), E. nidulans (0.09 U/ml)] were mixed with 0.25ml of 50% (v/v) of
. water miscible solvents. After the mixtures were incubated for 24 hr at 30°C, the residual activ-

ities were measured by the same method as described in the text.

The residual activity is

expressed as a percentage of the control (without thermal treatment).

Residual activity (%)
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D fFvryF—ErBAVTTolk. SLRFMH
HULEER, 72 vE2EURTIL30°~50C THER
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RELE. 7ot vARBERR DR (0% (v/V) F
vE M)A —ADERBHREL KD, FRIGOEREY
BERDEF Vet U - ROEREZ LD HERT
THRZ Edbhot. LALERBORGTCIRF VYR E
F—ARRBLCKEIh, *va b )t —ARHERT
EETHC Liir ot (Figl).
REKBED T A2 - ELT2-TRA) — LD
WTRE L. 72—V ERNOBE, RIGHD HP-

Solvents
' : Asp. niger P. wortmanni T. viride E. nidulans
Distilled water 103 96 99 ' 96
Acetone . 75 "N. T. N. T. N. T.
‘Methanol 105 27 o2 16
2-Propanol 80 22 20 .16
N. T., not tested. '
BB OREMICONTIZT £ b Y, 28—, 2-7 3
Bt — 0 25%(v/v) B, 30C, 24 BERID &M TR 510 gto' ®
ERLBIE L (Table 2). 3 Z
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ARMEHOET ARSI, Asp. niger DBAR, X x
7o - VEETTHRBHEVERLRL, 72ty 2 52
RHETTHEEOBETRE L e ote. REMCE, 0 ol =\
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: Concn. of acetone (%) Time (hr)

Effect of concentration of acetone on -
transxylosyl reaction. .

Fig. 1.

Effect of concentration of acetone (A). The
reaction mixture, containing 0.25ml of 10%
xylobiose (0. 1 M acetate buffer, pH 4.0) and 0.5
ml of acetone in various concentrations and 0. 25
ml of Asp. niger B-xylosidase (10 U/ml), was
incubated for 1 hr at 30°C. Aliquots of reaction
mixture were withdrawn and analyzed by HPLC.

Time course of-transxylosyl reaction in 25%
(v/v) acetone (B). The reaction mixture with
the same composition as in (A) , was incubated
for the periods indicated at 30°C. Aliquots of
reaction mixture were withdrawn and analyzed
by HPLC as mentioned in the text. @, Presence

of 25% acetone ; O, absence of acetone. Sym-
bols : X1, xylose ; X3, xylotriose.
LC 4T+ e b Y F— ADERHIE &bfbht# 2-7
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Fig. 2. Time course of formation of 2-propyl

B-xyloside.

Reaction mixture (5. 0 ml) containing xylobiose
(50 mM in final concentration), 2-propanol (25%,
v/v) and Asp. niger enzyme solution (12. 5 units/
5.0ml of B-xylosidase activity) was incubated
at 30C. Two hundred gl of samples were taken
out at the times indicated, and analyzed by
HPLC. @, 2-propyl B-xyloside ; O, xylose ; O,
xylobiose.
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Table 3. Production of various alkyl B-xylosides.

Reaction mixture (2ml) containing xylobiose (50
mM in final concentration), various alcohols (25%,
v/v), Asp. niger enzyme solution (5 Units/2 ml)
and additional distilled water were incubated for
24 hr at 30°C. After emulsifing by the addition of
6ml of acetonitrile, the samples were separated
on TLC, and alkyl B-xylosides and xylose spots
were visualized and the amount of the sugars was
estimated by densitometry.

Concentration of sugar (mM)

Alcohol
Xyloside (Yield, %) Xylose
Primary
Methanol 42 ( 84) 52
Ethanol 42 ( 84) 44
1-Propanol 45 ( 90) 41
1-Butanol 41 ( 82) 46
#so-Butanol 50 (100) 44
1-Pentanol 41 ( 82) 60
1-Hexanol 29 ( 58) 58
1-Heptanol 22 ( 44) 68
1-Octanol 10 ( 20) 72
Benzyl alcohol 50 (100) 60
P Ethlf;lylalcohol 57 (114) 58
Secondary
2-Propanol 47 ( 94) 50
2-Butanol 44 ( 88) 61
2-Hexanol 8 ( 16) 91
Cyclohexanol 21 ( 42) 73
Tertiary
tert-Butanol 12 ( 24) 68"

Ny =B )= 1-Fr) — LORERLIZIERAETH -
oo ¥ -7 EAF Y Y FOARBRI I DX 3k
RIE&HTEES v n €4 — A BE (0~100 mM) ik
BILWKRL. 2-FTmry —LBE (5, 10, 25, 35, 50%
(v/V)) R LI L2 B 25~35%(v/v) BEET, *
hUETHF v e v FORKIMETT 5 L id/nuvaig
B VrEdr—AOREANEDLI B L 5 KIL-Te.
EBRIGTHE (xylosyl donor) #ver vt — 20
xylosyl ENFRTCT7La—AREB LI LTS 4R
ThEFveYNEFver—ADEAHINIIIE 1:1 &
5. Asp. niger B¢ GU), 25% (v/v) D7 ra—n
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2. Xylosyl acceptor &723 7/La—LOREY

Fovr At —R% xylosyl donor ¢ LEEAD7 L2 —
NERIGEE, RIGEY TLC X h B, BB
#®, FvvbA MY -CHEEHLYER L (Table 3).
ZhiFte Ci~Cs DEFEL1KZE T ra—n, C; Cy, Ce
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a—n, 3{ETFAT N 2 - VEEBERYIRD S
R, 1-F 28/ —N, 2-~FH) =N, 3JETFATA
2= ADRBIZVL SAEI D, ThUAD T A
2—-LDF ey Fiihih IFIRLTHELR.

Water immiscible 7 2 — A DBERKIER L 2 BE
Eheh TRTRIERTHT b =) AL H B
we L TLC CoHsE, LR HRLIL.

COREBRNLNBI ST AR ) =N, =& =,
1-7m )=, 2-Fu2) -0k 57 water mis-
cible 7 a—1DRicbY, Ci~ U EDEE1IKET V
a—n, 2873 — A% water immiscible 7= —
AOBE BFIETE v v FABbRIC &ILEEE
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3. I-~%H4/—) f-% 0L FOBRARY
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S A B

Fig.3. Thin layer chromatogram of reaction
' products of the transxylosyl reaction in
1-hexanol.
Reaction was carried out as described in Fig.
4. S, standard (X1, xylose ; X2, xylobiose ; X3,
xylotriose) ; A, water layer ; B, 1-hexanol layer.

2HBLEB.

500 ml DEEFEE (3.2 U/ml Asp. niger - e v
F—+¥), 125ml © 1-~%4% /) — 1L, S5gDF Ve
F—ARXbieBHRE 30C, 2485H, BER: > # LT
Rt €, RIGE 1-~F4 /7 —VBEKBE2YEETS.

Xylobiose S g 1-Hexanol

101 g
(125 ml)

Protein 2.46 g
(A. niger soln. 500 ml)

! -

v

(Reaction)

" (Separation of two layers)

}f’ ppt. trace

¥

—1

Water layer 490 ml Alcohol layer 125 ml
. 1-Hexyl B- [(B20—» (Evap*oration)'
xyloside 0.05 g :
1-Hexanol, H20
Xylose 3.72 g
(Crystallization)
Xylobiose 0.54 g : I
Protein 2.00 g - i *
Crude crystal Filtrate
1-Hexyl B- 1-Hexyl B-
xyloside 0.72 g xyloside 0.11 g
Xylose ] g
Xylobiose -0 g

Fig.4. Procedure for enzymatic preparation of 1-hexyl S-xyloside trom xylobiose.
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MEDIC LT, ERIhiFve v PRt ~THE
Bz b, KBRIFELKL. 0T LIty &5
LR FEHECHEFIRL TV 5. ‘

2BRT, TH—RRIETHAHLD|RYELLETIIR
EEEXBDLZ ENTELLEBLh 5D, RIGL¥M
BAISHOBRETHD. CORKCT v b vEERMLT
REH—T B ERRLN, Fve v FORKBHEF
BB LG o (RER).

1V. 28443 xylosyl donor®

Zh¥ CDERTIE xylosyl donor & LT7 = =43
vyryvF, Fveetr—ARARAVLRTWA., 7==/
Fve Y FRAERDBESTHRIA TV 22, TEMC
BubtihiIBlch s Fve vt —A3RERE
ELTHB IR CE D FIHTRETH 2B EHMTH
3. L, BEFveEr—2Fveit ) IEOR
LR, ABRERORKIFEED, kFvn
Ed—AvEERETHF VL) SfEvr, N2~
SOLENLEEIRTE D, ThbE %k, T¥
BRI RTRE 7 xylosyl donor & igB 3D EEL LR S.

—FFxvr v —CRIBEBRIGEBEY#E2 5 &,
BRIF ety TEOERBTRRMCIFAL, BRER
BHEBEYEELT, ReF v —ABRE O TcF ¥
vt ) IREE xylosyl BRVBERINBEELLRS.
ERErFve b YA —RRHBELTERALLES, *
YREF—-RADBESLERETAEALE YR Y FHRERKL,
RIEORETIEF vr €4 —2ADBE LAK, RKKGES
it TLC Tt ey FEFvr—RA0RBE IR,
Foer bVA—AREHELLTHWEES, FYr Y ¥

DEBIRIZF vr A —ADHFIVEITTHD
2, BETBRORILT-> T B. Fvm b Y+ —AN
xylosyl donor 75D T, *FvrAt ) I e, 7,
* U5 VORBETSKES S xylosyl donor & LT+4
ERTEBR T THS. EELZ h bix+4 xylosyl
donor ¢ LTEATAHZEALMAE IR TWS. W
Brvety) gEye, 7TOBERD 1A RTEF Y
REA—R42.3%, ¥vwu bV A—R37.2%, Fv®
FroA—APE20.4% Lo Tk Fvr—2 G R
A, L Ly s vOBERSS KB IIE v
B—ANREERTVA. ZFZTl-~Fordve v F
ARCRETFvr —R0BEYRILL. $Yyr—2R
NEBLEEET S X v e v FOERIT R ME &
NIcH2.5% UTOBETIILALHEB IR OA
hol. ZOMROEREGFTITLA BRIV
Lt B,
Foutz)afEse, FREV I VOBRRYKEY
M xylosyl donor IZFIH$% & & BT Eh ISR
Fue v FERERBTTREL S0 LBbh%.

V. ¥ I8LVERTLO-L
B-*ny FOBREK
* o5 VERTHBERROF Y F—-ERXEHAIE
TELh3FveAt ) TERAR, FCRHRF e A
) T e .y, ST Asp. niger B-F Vv X —ERT N
2 - VEETCERIRER 7 va—-1F e Y FOR
A A&

LXylarq [xYlanas:I
(Realtion)
ppt.

[ Xylan hydrolyzates (Xylooligomer )]

B-Xylosidase,

1-Hexanol

(Reaction)

(Separation 9f two layers)

IWaterw layerl B-Hem::l layer]
Evapo'x]:ation)
Crystal]l.ization)

[1-Hexyl B-xylo:Ide (crystal) [Fil:rate]

Fig. 5. Procedure for the enzymatic preparation
of 1-hexyl B-xyloside from xylan hydro-
lyzates.
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Fig.6. Thin layer chromatogram of reaction
-products of the transxylosyl reaction
from xylan hydrolyzates in 1-hexanol.

S, standards (X1, xylose ; X2, xylobiose ; X3, -
xylotriose) ; A, xylan hydrolyzates by xylanase ;

B, 1-hexanol layer ; C, water layer.

Table 4. Preparation of various alkyl 8-xylosides
from xylooligomers.

Alcohol Sub(stgrz;tea’ Alfl(()ﬁn[i-é(y(l%side Y(irenlg)h’
1-Pentanol 12. 42 2.67 - 215
1-Hexanol 13. 80 2.16 157
1-Heptanol 13. 80 0.83 60
1-Octanol 20.70 0. 42 20
Benzyl alcohol 12 42 . 1. 46 118

a) Xylooligomer (xylobiose, 42.3% ; xylotriose,’
37. 2% ; xylotetraose, 20.4%) ® Yield of alkyl -
xylosides from 1g of xylooligomers

EFARELTI-~Fvid ey FOSKRMAY Fig.
5 Rt. #v5 VERI0g kB ERXF Y5 —¥
100 ml (1167 U) #*#fnx, 55C, 2MERE, Mnkom@LT-.
RICEOFELEB*vrt ) ke L OEER :
Frer—R 2.39g, Foert—2x 3.36g Fve b
Yk —20.29g). CDFvud ) LRI Asp. ni-
ger B 900 ml (2700 U), 1-~%+ , — 250 ml %
x, 30C, 8RskHRE 5, RiGXeh. KIGHK 2 KB
EABLIC. AROZLL I-~Foadve v F iR
EAENFEY ) —VRBOZRBHEIh T b (Fig. 6),
BRBER, 72 bV TERKL, 0.75g D 1-~F v 1
Fve v FORBERNBLR. _

REFRORIERTEET L% 1% v m v FOBRE
Rad. ZofRi Table 4 KREATHS. &0
DEBRIHFE* v e ) T m , ZHH LR TED,
IR BTEDREIL LT d o B DT, 43BE LT 5

Table 5. Melting point and specific rotation of
prepared alkyl B-xylosides.

Aglycon m.p. (C) [a]®
1-Pentyl 88-89  —54.8° c=1, MeOH

(88-89  —54.5° c=2, MeOH)»
1-Hexyl 88-89  —50.1° c=1, MeOH
o (88-89  —50.9° c=2, MeOH)®»
1-Heptyl 83-84 —46.1° c=1, MeOH

(84-85 ~ —48.4° c=2, MeOH)®
1-Octyl 92-93  —45.7° ¢c=1, MeOH

T (91-92  —45.1° c=2, MeOH)®

Benzyl 116-117 —63.7° ¢=1, H;0

(112 —6842° ¢=2.4, HO)®»

2 See reference 6). b See reference 7).

DENLEHLTWA. Al L dBECZOBREDX
YR Y ERBLRBZ EERLTWS. '

K, BOhAT7 A% A% YRy VERORA, Wi
YE At Table 5 KRIhTHH, LHMEE X < —FKL
T 5.

VI. B&7La—-LF>OY FOD
FSRmEO FTREH®

REEHAC I VA WALREELD D, £I¥0HER
TEEALHRLT 254, REEEFLX{Ebh3.
Lirl, TRTOBRADTBICHEHTES L 5 R
HEESFDED B btV EvbhTws, Fhdx,
FhFROBEEARCKH L TWAWA L REERAZRL
THZLERDD. TOL 5 KBERADOTTHLICX
bh 5 EHEHIO—DIT octyl B-glucoside RDIEA + v
RMATERRSD 5. ZHOTEOBRT L3 — A+
By FiREh EBENEEC I UTW 5D TEyry
FORBEEF & LTOREYR L.

ERICIIAHRCEEAGR IR I-~FFre e
Y FEMRE L. :

Critical micelle concentration (cmc) bﬁ&ik:u:
DOHERB . — oI FE{L  hic ANS (8 ani-

']ino-l-naphthalehesulfdnic acid) D 50CI i 58X

BRI L REESAIREOBG YN, AMCEREN
M Bl AOBEYNET 5 HE, BIEEEDE
REESAIRE DX & OBFEH,SEMADEREL bR
DEFENE b, ¥ EEOBEROBEOE
5 corresponding molecular area (A) #EHE Xhtc.
7¢% micellar weight, aggregation number kii’ﬁﬁfﬂ
BECHIE Shi.



Table 6.

Surface active properties of alkyl
glycosides and some other sur-

factants.
Surfactants cme (mM) A (A) (kdgx;eﬂl\fi:mv;;)
Heptyl 30 43 20700
xyloside (78
Octyl 22 41%* 25800**
glucoside (87
Sucrose 2.52%% — 10500%*
monodecanoate (22
Triton X-100 0. 25%* 52. 4%* 63000**
(100)
SDS 8. 1** 45%* 23000%*
( 80)

** See reference 8).

1-~FF 1 B-% v m v F, l-octyl B-glucoside, R 7
m—2x%, ¥4, =4 b, Triton X-100, SDS &5\
“C cmc fH, Af#H micellar weight (aggregation num-
ber) OEHIE, X VXHMEL Table 6 WREHTL>
5.

I-~7FrFve s FOLEBEHEMEIL 1-octyl B-gluco-
side DYDLIEHTEMULTE ), MCANKFHAL
55 LERBLTW3.

1-octyl §-glucoside (34 {LEED % CH A LR EE
UFD—>T, k2T KBED lactose carrier DHh
H - #58, lipid vesicle OB THS. ~ 7 F
NFEVRYFEZOWTHSBEBICHRRBR L TARABLLEN
BB TAFAFYRYFETAFAI N2 Y FiIHE
BCELULTWAE, 7Y a2 vBSTIRRkERENRDD,
DT ENTAFAXT VR Y FEEOBERLRTEER
bhHD, SERHOBTRLIDAS.

VII. Z0h3A—LBRBORETEBERD
DOT7LFLFOL FHBEETIER

EBRIETERT A7+ L+ v e v FIZKBES T
13 Asp. niger OF v n v F—XTHKIBERDILTD
bbb, Tra—ARETOEBRIGKR TREEL

FEL, LOdBERNROEWENESRTWS. 20

EBEYOERER I EHRHLL.
1. BROFREH ,
FHERTHON L 5 25% (v/v) DT va—n
FETCREBERIABHRET, Fve v VERK, B
ENFEHE IR D TRV LIZALSHTH 5.

2. ERTALFLFLAL FOMASRICHT DK
itk -

fEaADT7AFAF YR Y FOKEBEPTOMKSEE
EYHBLICRER, 7==1*¥YeYVORRBREEY
100 & LIcEE, 2F4, 2-FrEN, 1-XvFu, 1-
~TFALF v Y FORMNMMK S BEE X 1.2,
27.3, 12.7, 2.6 ThHotr. ZOREILAFALEIT
I-~FFLF Ve vy FOBSRIRSFEEIEBLC LA
EROI1BEREEL D ENTES. LL 2-Fr E
A ve Y FORBEE I, D EVE b LTE
ERNCERTIOT, HRBROESHEROCERI DL
TEZBREW.

3. &£RFA—-ZRHBMREZMEET S THEMY
FoyrtEA—R, Fvet ) TEPEELLICES,
TrAFAF YR Y NOERELIRF YR —RALIRES
EAFRRFRUEERIRD. FETH YR —RADF
ve v A —EERERRIETEELYRARL. F Ve X
100 mM DFFFET 54% % CIEMIMET T 50, £ETH
B37z2=nAFvrvF (10mM) tRBECEBEDF v
B — AT 0% DIEE TR L T &b, Bl4ET
B ve—ARIBDBRICHEBICX 5 DTkl LW
Ihie.

100

Relative activity (%)

o 1 | 1 V 1
(] 5 10 15 20 25
Concan. of alcohol (%, v/v)

Fig.7. Hydrolysis of 2-propyl S-xyloside in the
presence of methanol or 2-propanol.

The reaction mixture, containing 0.25ml of
2-propyl B-xyloside solution (50 mM), 0.25ml of
2-propanol or methanol solution in various
_concentratiohs and 0.5ml of enzyme solution
(0.06 U/ml), was incubated at 50C. O, Metha-
nol ; @, 2-propanol.



Table 7. Formation of alkyl glycosides in the presence of alcohols.

B-Xylosidase a-Glucosidase

B-Glucosidase B-Galactosidase

Alcohol :
Asp. niger® Rice® Yeast? mﬁe;fi’b’ Almond® méjfa) lacffs:”b’ E. coli® oryfz;eﬂ" oryzaed®
Methanol 1 + (=) o0 H H 0 Y H# o
Ethanol H# + (=) ® + + o H(+) o u
1-Propanol +H + —(=) o) + CH —(=) +
1-Butanol H ) . + + +(+) o+ O
1-Pentanol + - x(+) e} - + —(+) —
1-Hexanol + = —(H) - - —(+) -
* 1-Octanol - + - —(4) - - o —(+) -
Benzyl alcohol S+ —=(=) + + : —(=) +
Z-Propanol' W + —(=) + + o +(4) 4+ o
2-Butanol " H + —(+H) - - +(+) +
2-Hexanol _* - —(+) - - —(+) - v
Cyclohexaynol + - —(+H) - - +(+) - o .
tert- Butanol + - —=(H) — — X —(+) —_
a) / for yield from expenmental results. —, not detected ; =+, ~194 s+, 20~59% ; +, 60~100/ b) Qual-

itative estimate from literatures. O, Produced x, Not produced

dxsaccharlde

4 TFLA-LCEBTILFLFI AL FOHRER

-7 RELF VR Y FTOWT, MASMECRIET £
B =N, 2-Frst) = (0~25%(v/v) 50C, 15 %)
HBMOPELHAX. 7o —idt 25% (v/v) BEFR
ETBEARI =N, 22T 0% =L FHOBAICS
MASBILIE & A E5E4E Shic (Fig 7).
FURBYL—ENT A2 AL > THRB IR i T
U ERATROED THB. 2-F R EAF YR Y FD
NFERARBTAERT S xylosyl BEEVFU2-F » 2 ) —
NMNCEBTAXBRRIGHE > TWBZ ENXTFEINS.
T lml f2-FerFvr v P 50mM, £
J =N BY(v/Y), B-FvmvF—¥ 32U SR

AWy 30C, 24 BEIRIGX¢, Kis#% HPLC TH#f

L. 2DBRAFLEY e Y FOEENEDLR, T
HRIYEBESBOBETELL xylbsyl BERH A & ) —
NERBUIKREELbRE. SZTAR ) —ADh
bh2-7 v, — ANFEETIE, xylosyl B 2-
TR VML, 2-F R E Ak vy FAEAS
hakd, B E2-Frersrove s YOoHNENE
bhltnhwdbotExbhic. R o-7r-2/)— 103k
FRIAFHOBHIEROTETH S LR IR

shit

b

© Hydrolytic activity for corresponding

VIIL. Glycoside OBRSRICHEL
BEROBH
Asp. niger O B-F wm 9}7’——501L‘73L‘6}£E'CE
EBRIGCHHREEY £ TV 5. & okt gly-
ﬁmd%eﬂﬁ&ﬁﬁmklégbwmk@imhomf
P3HTCRELLDEELLRS.

FTH | CERBEH COMROEER S HT b h
5. HoRT7T A2 - AR TOEBEDEDOILITHS.
Table 7 i « D&EF D 4% glycosidase D7 L2 — 1
B FICIsit 5 alkyl glycoside 4 gD\ TORIE
BENFLHBOLI T\W5B. Asp. niger © f-F v B v
F—CIBEDERD HHRERDIRLALTRTOT L
- AREBYRLTWS. LALBOEEDES, £
Ay T Ci~Cs B 1Rt acceptor & 75 A%,
2fg7va—n, 3/T A2 — 2R & A L acceptor
Asp. niger f-Fovr v X —¥iXhEilk 7
Joa— L% acceptor kL5 B LAibnd. BEOD a-
ThavF—EFREAEDT NV a - VEEBRIGY T
v, Ci~Cqy EHEET V2 — VDR TINKY #8751
SUWETEHCDOTEELSERIAELTHH 0L
Bbhs. LhL Ce~Cs OEHT &2 — AR TIIMAK
PREHRIROh I BREBRIIEOL T, ZoEED
EBENMEVZ EARLTW3S. E coli ® B-75 7 ¢+



VE-EDPE, C, C, CLEBE 1B 7 V2 —1D3kFF
T, BBYYERIRDN, 1-F 03 —AhTCREFEE
PRELEEDIITE\. C~Cs DEGE7 L2 —
TR RIERIZD G 3P EBYIIRE Shic
V. CODXSERITAI-VDREETRETH-T
% acceptor DIEVR EF{ EBEXRILVHEDH 5.
Glycosylation RFHERIT 1) 7ra—-LORE
TTRETHY, »o 2) BADT Lz —ARKHLT,
CBVCEBFAYIOBRLVOI I ENTES.
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(SRR} kg TE

ERBEPORETERINEBANERT D12,
REACHT3BROBAELIE LBV B THD L
BMIEZ B2 L3 TEROTLY 52
(€:))]

DX SREZLT, BHFENTEREYLTHY ERA
DT, BEIXBETHZ LI TETERAN, KBRS
TRAFAFYr Y FOSRIIFEBETE D TTH,
2-ZeeaFvey FOS/BINRIECDT, £BH
DORBOBERBCIBL0TIREWEELOhET. ¥1o
-Feearrvey FiIZ7Aa—A 25% (v/v) OFLE
TEDHRITT LA ERLCHEEZRETL, 2-7r
¥ YRYFR 25% (v/v) A% 7 —nAphCEREIER
BRDEAFARY Y FOERNRORBDT, 7
2 - VEOXRBRRIEHERTE > T\ 5, OF HhFHD

 RBEHHLEELOhET. BEROBRENEL

Iofeinb bEX B EXBRIEHFEA LI WEBbh
7.
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