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a-Amylase2] wHo|ukg-of] 2ls] 7} HEC ZHE benzylalcohol-a-glucosideBG)E §HAdstglc}. o)u)] glycosyl

719 FogAl sHEAAE

1%, glycosyl7]2] 4=&A]2l benzylalcohol 90%, pH 5.0¢] 0.1 M citrate 230 10%,

Aspergillus oryzae fre}2] a-amylase 10 unitE F-7-3H= % (water-organic two phase)ollx] ZFHo|ukgo] 713

&30 Ydojykon 400C, 8047 A2

#hSoll] AE 10 mg o258 o 4 mge| BGrL A=Ak §427]

o benzplalcobobocmaloside @M} 2 AASD} eAze] AsAgol et ol b2 AT o2

£ BGHlo] AR=STh YL 25 Bgo) ¢

I a-glucosidased]] 2J3) 7}E-3= 2 0w ESI-Masse]] ]3|

EApgo] 27k 270, 4322 ZR=e] 2 :.5_7} BG, BM‘Q% Flsiiet.
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53 %7—49 Aol *de—‘l FoAlex Eie FeAdel

MAAH T 5, ko] FAlGIA Bak oheh vl
GRROIAE FFsahchs AMde] Qzgel et 520
ol 542 7|5 o84 4 TM g4o] BAskE7] A

2rsielvh(4, 15). Z7)oll+= =& esterase, lipase, oxidase &
hydrogenase 5-2] E_;J} 7+ 714 A1€A (substrate
selectivity), enantioselectivity -+ regioselectivity(11, 24, 25)
E_g] EL AAo] a7} chiral AHEA|, 3pAE-%] S7HA,

S3EAL] o 2 wiA} HARHE T TA °ﬂ °IJQ—EI
01 gor], = ol Yol o8] £/ TAEE o
43 27t o] B AAte] 7hgstA B]‘ﬁﬂr. 531 &
9] e Re 2AVE 2 o HAE o5 Fa
2 g5 2k Ak 5 gleke Aol yleiA|wA, &
25 o] 43 EXEA Aeld gk o) /\]55101(1,9, 12),
o5l o5t ATFEAL] Fo] A FEL W] Asteh
olch HAl olef 7he Wl-g-o Z= lipase, esterase, protease
Soll Slgt Aera) eel ke W oad= wmas
(16), @7}Rs)E gl glycosidase, galactosidase, amylase
Soll 93k 715A e qd ¢ transglycosylatlon HF—(14)
T B2 497 48A ik % functional group, Z hy-
droxyl7| & 7}A]7] wfjiol) transglycosylation, alkylation, re-
verse hydrolysis ¥ 52| 7|A 2 25 AM8Ew], o o7
/H porcine pancreatic lipaseol] 2|3} glucose?] acylation ¥}
&, B-glucosidase?] transglycosylation, TE= reverse hydroly-
sis Hh-3-ol] ]38t cellobiose®] alkylation H-g-0] &al=] 51 9]
oH6,25,28). B 72 sto] T wlAl SHarEe
Aol AR aglycone] EFol we} chopak 4AE 717
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F= AMBEA, 7154 AFE HAA
AA (plasticizer), A1F H7HE, A, A2
3 455 Jehlls Aoz oA

o5

A=A, o5&
(denaturant), -3
P9z Toz Pue
9Irh8, 10,13, 18, 31).

2 AT A 5L u5A Slola] Fee Ea4
HEEIRE o §Ae] E]ri A2 WS fresle] B} ¥
TR & AEA Y Ao FHE ] ATE A%
st glom ofn| f7] gvllAloA lipasee] <3 74]”4@}”
ol + 2 acyl HPES ‘J’“ﬁ}ﬁ 2 T8} 7E
Bl vl gloh(19~22). o] 5ke) ul-g-& 0|9} z-e o Fe] “:J_ﬂ
o2 oo seRFEsel ot-amylase'J transglycosyla-
tion ¥H$-& T#HR(water-organic two phase)ol|#] & 5}ed
starch 2 H-E] w4 (glycoside)s e AFAT}olv], o]
uje] £3 747k 2Au)E 2 wheAtee] F2E 8
g Az} Sl A 7]gstaat o

Mz 3 g

ARZAIZ S 717

o-amylase(Aspergillus oryzae and Bacillus sp.), o-glucosid-
ase o SigmaAle] AE-g ALs)eic). Soluble starch+=
Yachuri Pure Chemicals Co., LTD.(Japan) #|3-%-, benzylal-
cohol& Aldrich(U.S.A)A} A Z& ALg3lgic). Dth HES-AF
£ HPLC(Waters, U.S.A)2] Sugar pak column(Waters, U.
SA)e2 Asislon FAE glycosideo] #AlEFS ESI-
MASS(V. G. Quatrro., England)& 23] a}9jc}.

HISZ0HA
Benzylalcohol#} A -8 7|2 & &}o] g-amylase?] transgly-
cosylation ¥H-§-2 2 wi} A S A sl| 94 7|=7ke] uke
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HE-S Aol & F4ukgo] Hv) s o)A

H]*&—% AAst7] $18] 71430 benzylaicohol?] FE2 e

slo] 438 sslodct. Aspergillus oryzae 53¢ o-
= =}

amylase= 28-214 pH7} 5 ZWo]7] wF-ol] 0.1 M citrate
buffer(pH 5.0)el] 7H8A AE3} FAZ La)sto] ukS Ao
Hbsba w)gAle) Aol w3 2Aelsich. olufe] 112
o] ek | mlo]w, starchi= 10 mg/ml, &3S 10 unitE
A71aled om benzylalcohol?] o4F&- 0%ell 4] 100%7}4] 2 W
A7) A] uke-S dskedvh. EANRS-S 40°C, shaking
water batholl2] 37} 3)3}¢] Octi vl & slodof ofg) u)
$9 Hx A7) BRIl AHEEL AL & ol
2] AAeke- HPLCE Aekslein).

HISANES| BN

Starch®} benzylalcohol2] transglycosylation BF-S-ol| 4] 444
A A2 S0 SPBlel WeFel ARE 10004
1082 hedelo] WS AAAA L, AL T Ad
9 A8E TLC ¥ HPLCE A8l AL chloro-
form : acetic acid : water(3:3.5:0.5)5 A}§-3] o, Wbl =
glycolipid Al A]ekol  diphenylamine : aniline : phosphoric
acid(5:5: )2} sulfuric acid'methanoI(SO'SO)ﬁ’A ARg-slodrh.
TLCE Hk3AHES 3118k 3 HPLCE 248 AHaksladv}
HPLCx71-& co}33} #t}; column, Sugar pak; mobile
phase, water; flow rate, 0.8 ml/min; detector, Waters 410 dif-
ferential refractometer; temperature, 85°C, #ekE-Alol|x=
internal standard 2 fructose-S ©]-8-3}9ic}.

HSAE0| N ¥ &l

o-amylaseol] 2]8] starch®} benzylalcohol 258 §HA 5
glycoside®] & W A4S 2AE] $1s] o) Akl
ok 1%9] starch®} 10unit®] F4:, 90%2] benzylalcohol,
10%2] 0.1 M citrate buffer solution(pH 5. 0)___‘11 TAE uk
S8-& 40°C shaking water bathol|4] 20|17} uk$-A]7] =
10,000 rppm, 10% oF YAl Ee)ste] B84 H-3-& A 73
% 7kekesol 28l benzylalcohols A|A s}t FEde
2] volume®] chloroform .8 23] Z&3d}o] zko] ben-
zylalcohol 2 A|A8}ar, ©}A] 2v) E2k2] ethanol2- & 7}8}o]
dligontah BEEAT A, AANAL. A5k Az F
708w 1 mlol] £33 3 Silicagel G602 2 column chro-
matography(column; 2.5x 70 cm, flow rate; 30 ml/hr, frac-
tion volume; 3 mlyE #Ys}gict. o]w] AHsfLvjZE chloro-
form/methanol(80/20, V/V)& ARg-3ldr). AA AL +5
= HPLCE 7Zsigirt. AAI7E &% glycoside:= 1 -
Z5 #alslz] 98] ESI(Electron Spray lonization)-MASS 2
FAlekS A4 FAlo| o-glucosidase, o-amylaseo]] 2|3}
Aol 5 2AbalT.

Zda 3 F
OlatAiel &3

o-Amylase®] transglycosylation HFg-oll 2]a] glycoside S
A 1 glucosee] Fol Al A B Hal opfe of
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Table 1. Effect of benzylalcohol content for the synthesis of ben-
zylalcohol-c-glucoside  from soluble starch by o-amylase in
watcr-organic two phase system

Benzylalcohol (%)

Benzylalcohol-a-glucoside (mg/ml)

0 0
5 1.3
10 1.3
20 1.3
30 1.3
40 1.1
50 1.1
60 14
70 1.6
80 1.6
85 2.9
90 3.7
95 0.1

100 0

The reaction mixture containing 10 mg starch, the concentration
of benzylalcohol as indicated, and 10 unit enzyme in 1 ml was
incubated at 40°C in 0.1 M citrate buffer (pH 5.0). After 3 days
reaction, the glycoside synthesized was measured by HPLC.
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SR Fhefo] 7] wlitel] o]AbAlel wls AE L Fio
7HeehE SHiAA A glel WSS AT WAk
B9 k& A S 9l Aog gaEgrh nely A

o]

T AR

s A= A5 zleFol glrt.

uhg- 390 3.9] producte] benzylalcohol-o-

%] ke R Al A A=

HEH O 2 o-amylase:= *] 2o B35l
g2l gle] of A5 ukgAtEo ofz



Vol. 35, No. 1

250 WA 20 Aoz AZeg ot A B £
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olW] AEY FEZ 1%2 AT AL /A AEE o
o gkale)] Sa)ste] whgAld] Hrpsfokat Aol
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Fopdod =g w S 7elsle] dEHOE 2 FEE 3
odt}. = benzylalcohol?] ¥%7} & wlole 59 %
o] Ay] wjiel] 1= AR U FAo] L7t oA
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2712 transglycosylation A& ol 4] wH E-2 oligod-2
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HESAREO| FA| ¥ x| Fol

a-Amylasee]] 2]a] starch$} benzylalcohol ZH-€] A%l
glycoside?] 72 4 E4& 2Rl $1d) A& whd=
AL AAstdn). AAG F 242 1 £EF HPLC®
ghel3}a(Fig. 1A and Fig. 2A), ESI-Mass2 ¥x}eks 34
519]th(Fig. 1B and Fig. 2B). Fig. 12] Product 1 [M-H] ,
[M+CI" €] ko] ZH7h m/z 2685, m/z 30472 vheh} B2t
o] 2709] 7o 2 zhel=lglom, Fig. 29| product 2= [M-
H], [M+Cl] 9] ghol 27t miz 4307, m/z 466.8% vteht
wAjaro) 43249 Ao FESIch webd product 1€
g Bx}9] glucosee]] benzylalcohol & #-x}7} glycosidic
bond® 733} benzylalcohol-glucoside(BG)o|™, product 2
= maltoseo]] benzylalcohol &+ ¥-x}7} 73+t benzylalcohol-
maltoside )& 13 4= glglc}. 22{v} glucose®] o] hy-
droxyl7] ]| benzylalcohole] A& UeA & 4= 7] d
o AAEA] FAHE S5t 2 An PR glyco-
sidel= FUH S 2R ok 7102 Ho} glucose?] 14 914
o dFe] A Sl AR FAHNACL

g9l A" 3atee] BGel BMaS thi] #lshr] 9
3 AAEA 2F 10 mgS o-glucosidase$} o-amylase & 7|
oA 7hislatech. Fig 3Ael viebd Aol o] pro-
duct 18 25°C, pH 7.00|4] o-glucosidase]] 2|3} glucose<}
benzylalcohol 2 $+413] Aoz Has s B
¥ E3e] BGHol #elEgdom FAle| anomeric con-
figuration=. o typed-S & & dgioh. w3 BMS 40°C,
pH 5.0¢14] o-amylaseo]] )3 Al&alA] 7lpRsiEo] glu-
cose®} BGE AJA)stoich(Fig. 3B). o] A= Fig. 49 A
olh-g-9] time course®}® U= Z R Z7|d ™
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2 olvh. webA ol 2 AdE FHe & o) HEA
©.2 o-amylaseo]| 93] FAH glycosidetr glucose?] 14
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alcohol-o-glucoside(BG)Y & & & glom 7% Hk-S-%27]
o AA4%l BM slrialel o3 T2 AAEE= AR
gtz et

ol Al A 9] Aol 3
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Fig. 1. HPLC chromatogram (A) and ESI-Mass spectrum (B) of
purified benzylalcohol-o-glycoside (product 1).
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23S glycosylationA] 7]t kel] wiebr] F-84, 8A4e] H
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HESAIZH [ gE0lHS

1%2] starch, 90%2] benzylalcohol, 10%%] citrate buffer
(0.1 M, pH 5.0), 10 unit®] o-amylase® 33} HHSA <l
A transglycosylationel] 23} glycoside2] AJAIEFS A2
2 ZAsle] Fig. 4of] epligic). o] 79 vhg-Z27]o] BG
9} BMo] FAloll A=} whso] A Fgte] wel BGH
ool Z713He- & = stk F wkS-Eoe] wWESER BM
o] A=} Azke] Z=dtel] whel AAdE BMo] tiA|
o-amylasee]] &]&) 71pEaE]o] glucoses} BGE &= AL
& 4= glch Ag Z7]oll= &3 Table 1ol 49} ZHe] BG
who] AEF o] £ F 4o uhgAHEe] BG ¥4l Lo Z it
sl on), BMo| ukg-27]dl| tlEko R AabE Tz} vbgA|
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Fig. 2. HPLC chromatogram (A) and ESI-Mass spectrum (B) of
purified benzylalcohol-o-maltoside (product 2).
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Fig. 3. Hydrolysis of benzylalcohol-a-glycoside (A) and ben-
zylalcohol-o-maltoside (B) by a-glucosidase and o-amylase. The
reaction mixtures containing 10 mg glycosides and 5 unit en-
zymes were incubated in 1 ml of phosphate buffer (0.1 M, pH 7.
0) and citrate buffer (0.1 M, pH 5.0), respectively. The hy-
drolysis rate of glycosides at 25°C and 40°C was measured to
time intervals as indicated. BG: benzylalcohol-a-glycoside. BM:
benzylalcohol-a-glycoside.

lation ¥F-g-0] FAof] eojipi= 7oz Azbst 4= 9lc)

Schellenbarger(18) %! Sulistyo(23) %ol 2]8b4H invertase2}
xylosidase 2 sucrose9} xylooligosaccharide s =50l
transglycosylationA| Z1-- w} &5 glycoside7} ¥4 7F2]
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Az AF el EA dgkel. dEbA R sleReas
= FACAE TR 4hs-S, f 8 Al e T
ao] dub3- (3 yE Evlshebs oedA gle] fr)-4-mf Ao
4] gl glycosidee Al A= FARA] o8] oA
7Rzt Has Aol e olont B AdelA A
BG= FA AR 7hital = A °z}'f- e eyt o
Ak 2 A gEEATE S {8l A obd o]t
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Fig. 4. The enzymatic synthesis of benzylalcohol-a-glycoside
(BG) and benzylalcohol-o-maltoside (BM) by the transglycosy-
lation of o-amylase from soluble starch in water-organic two
phase system. The reaction mixture containing 1% starch, 90%
benzylalcohol, 10% citrate buffer solution (0.1 M, pH 5.0), and
10 unit enzyme was incubated at 40°C with shaking. The pro-
ducts synthesized were measured to time intervals as indicated
by HPLC. -O-: BG. -@-: BM.
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ABSTRACT : Synthesis of Glycosides by Transglycosylation of o-Amylase from Soluble Starch
in Water-Organic Two Phase System

Jong Yi Park, Jae Dong Lee, Kyung Lib Jang, and Tae Ho Lee* (Department of
Microbiology, College of Natural Sciences, Pusan National University, Pusan 609-735,
Korea)

Benzylalcohol-o-glucoside (BG) was synthesized from soluble starch by transglycosylation of o-
amylase. Transglycosylation in water-organic two phase system containing 1% soluble starch as a
glycosyl donor, 90% benzylalcohol as a glycosyl acceptor, 10% citrate buffer solution (0.1 M, pH 5.0),
and 10 unit of a-amylase (Aspergillus oryzae) was showed highest efficiency. About 4 mg BG was
obtained from 10 mg starch in reaction for 80 hrs at 40°C. Initially benzylalcohol-c-maltoside (BM)
was major product, but as the reaction proceeded, it was hydrolyzed to glucose and BG. Finally the
product of transglycosylation by o-amylase was only BG. The both products did not show reducing
power and hydrolyzed by a-glucosidase and o-amylase, respectively. The molecular weights of both
were estimated to be 270 and 432 by ESI-Mass, respectively.



