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Synthesis of Glycoside by Transglycosylation of Amyloglucosidase from Starch. Park, Jong Yi,
Hee Jung Lee, and Tae Ho Lee*. Deparfment of Microbiology, College of Natural Sciences,
Pusan National University, Pusan 609-735, Korea - Glycosides were synthesized using transglycosyla-
tion reaction of amylase in water system. Starch as a glycosyl donor and benzylalcohol as an acceptor
were selected as substrates of transglycosylation reaction. Among tested 9 commercial amylase, amyloglu-
cosidase from Rhizopus sp. had high activity for transglycosylation from starch. The glycoside syn-
thesized in water phase by amyloglucosidase was identified as benzylalcohol-o-glucoside (BG) of
which one molecule of benzylalcohol was bound to 1-OH of glucose. The transglycosylation reaction
by amyloglucosidase were carried out in reaction system containing 50 mg starch, 50 mg benzylalcohol,
and 10 units enzyme in pH 5.0 at 45C. The synthesized BG was hydrolyzed by o-glucosidase to pro-

duce glucose and benzylalcohol.

Key words: transglycosylation, glycoside, benzylalcohol-a-glucoside

54 49 A4 slo] AgA SvjAEA 2
F8Ae] AAA I 914, 15], HxH-So] FA oA
Bk ole} vleAIFEKF) MR 753t ARl
g5l wet o]A a4 Bl 7]5E o4 AE
A 2] FAlo] &AF=E]7] A AFEksITh 7)ol FE est-
erase, lipase, oxidase ¥ hydrogenase 59 &4} 7}
A= 713 A9 (substrate selectivity), enantioselec-
tivity ¥+ regioselectivity[11, 24, 251 59 S A4
o] 317}9] chiral ATAl, FAEA F74A)|, B35 2
olekF 2 34} 3jHE 5o FA ol o]8F o] gton,
HIollE olF o= o] F7e AxES o8¢ 2
K717k 8 EA-AALe] 7EsstA| EH ok B3] o]§ &
22 F99 frIdAH 2 e A7 T3W oA A
£ {3 ZhdstA] AR o ok S ARde] ¥HE R
WA, EAFE 0|43 S EAL AdA gHio] Alxs]
¢i[1, 8], o1&l & AFEASY Aol ZA F5-8 1t
7] A1AFska gleH12].

A o)e} 22 uhE 92+ lipase, esterase, prote-
ase 5ol &3 78 ub-s-2) duk- H ol aE 2 W
w8161, & 7Hral 49 glycosidase, galactosid-
ase, amylase 5l 2% 7154 <9 ¥4 2 trans-
glycosylationiF-§-[16] 5 22 397} &4 ik 2
oll+= functional group, & hydroxyl7]7} &o] &2}3}7]
w9l transglycosylation, alkylation, reverse hydro-

*Corresponding author
Tel. 82-51-510-2267, Fax. 82-51-583-0134
E-mail: leeth@hyowon.pusan.ac.kr

lysis #HE- 52 71A 2 25 AM-E, 1 424 por-
cine pancreatic lipase®] glucose®] acylation®h5-[24],
B-glucosidase®] transglycosylation, ¥ reverse hy-
drolysisti-&-oll 2]} cellobiose?] alkylation®ih-g-o] &2l
=32 o5, 27]. F& V1A E ste] FAAEHE wiFA 3t
FE-2 A7) AdE aglycond] F7-l wle} ohekit A
Ag 7HAA =, o] &L FE ARLAA, 7154 AE,
WAA] (denaturant), <A (plasticizer), 2]¥ H71E,
FAA, BB EAL o7 Pt 55 el
Aoz okelA gle}(3, 9, 10, 13, 18, 291].

£ AFE FA FL2 A Sl FHe Al
g 1 Aol ofE A2 ¥h-& =3l Hro
F7EA7F & AEA Y A S wFo] AgH
Az, olm o]=¥ o] U}z f{r] LvlA A
lipasedl] &J3] AMBA 5] 53 FacylFHHES A
3t 2 729 7158 wE vk rH19-22]. B dA+=
o 7Rl &34 amyloglucosidase®] transglycos-
ylationh$-& ©]-§-3}o] starch& %€ w4 (glycoside)
E AT WE-o82A4, A9 vkS-ellA] transglycosyla-
tiondA4 o] 2 A4E AAT vhg, EA8AF A
o VA= FFARE AR vke- A 271 FF
slo] uk-AHEY) F2E I Aol &) rl&stast
ghct,

M= 3 2

ABAIZE S D17



188 PaRk et al.

Biozyme S(Aspergillus oryzae amylase)= Amano
(Japan)At®] A|¥E-L, porcine pancrease, O-amylase
(barley malt), a-amylase(human saliva), ®-amylase
(Aspergillus oryzae and Bacillus sp.), amyloglucosid-
ase(Rhizopus sp.), B-amylase(from Barley), o-glu-
cosidase, B-glucosidase 5~ SigmaAle] A|E-S AME-3}
o}, Soluble starch+ Yachuri Pure Chemicals Co.,
LTD.(Japan) A¥E-%, benzylalcohol Aldrich(U.S.A)
Ab A E-&, Maltotriose= Sigma(U.S.A)AR] AlE-S Al
4315}, 93} 9hg-AHE-2 HPLC(Waters, U.S.A)E At
£-3}o] Sugar pak column(Waters, U.S.A)2.2 #aFs}
goul AIE glycoside®] FAFEF2 ESI-MASS(V. G.
Quatrro., England) 2 &3 sl3ic}.
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Table 1. Glycoside synthesis from starch by various enzyme

ENzyMATIC SYNTHESIS OF GLYCOSIDE FROM STARCH 189

Enzyme

BG:BM(mg/ml) pH 5.0

BG:BM(mg/ml) pH 7.0

Control, no enzyme

Biozyme S(amylase from Aspergillus oryzae)
o-amylase(from porcine pancrease)
o-amylase(from Barley malt)

o-amylase(from Bacillus sp.)

o~amylase(from human saliva)
o-amylase(from Aspergillus oryzae)
B-amylase(from Barley)
Amyloglucosidase(from Rhizopus sp.)
o-glucosidase

0 0
2.43:0 1.06:1.73
0.69:0.09 0.93:0
1.29:0 0.15:0.47
0:0.35 0:1.01
0 0
3.83:0 0.92:2.49
0 0
1.67:0 0.19:0
0 0

The reaction mixture containing 50 mg starch, 50 mg benzylalcohol, and 10 unit enzyme in 1 ml was incubated at 40C. After 3 days
reaction, the synthesized glycosides were measured as Materials and Methods. The enzyme reaction were carried out in 0.1 M citric
acid-sodium citrate buffer(pH 5.0) and 1 M Na,HPO,-NaH,PO, buffer(pH 7.0), respectively. BG, benzylalcohol-o-glucoside; BM, ben-

zylalcohol-c-maltoside.
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ol glucose ¥4AFe} benzylalcohol ¥HEAN7} AjsE
BGHte] ¥k pHell FAge] A=A 28 o] 7
Sl W] A vehbe AA o] iR ddF
2] glycoside® A gt P AAM B BAE transg-
lycosylationiF-8-¢] 2H-8-ofA} &l A B0 F2E Fql3)
= o]F9 AFE g FTAELEZ AAIACE o]y
7z} amylase®] transglycosylation®H-g-¢llA YA E24
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goF e Al AAEbE g FAsigor xd
amyloglucosidase®] 73-$-oll= U F2] glycosideo] <]l
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Starch®] transglycosylation®F-3-oll #] x|+ pH¢] <3 3F
£+ AE37] 938 50 mg/ml®] starchd =<l 2 pHY
buffer solution(pH 3.0~7.0) 1mlel 22} 50 mg2]
benzylalcohol® 10 unit®] amyloglucosidaseZ *7}s}
o] 40Tl 3d F<F AR F Wk AN ES HPLC
2 A&Fstalrt. Table 20 vebd Z 3} 7o) pH 4-6
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Table 2. Effect of pH for the enzymatic synthesis of benzy-
lalcohol-0- glucoside

pH Glucose benzylalcohol-a-glucoside
(mg/ml) (mg/ml)
3.0 15.21 0.57
35 24.36 0.67
4.0 36.41 1.45
45 39.50 1.51
5.0 41.86 1.77
55 41.20 1.43
6.0 32.43 1.08
6.5 17.92 0.52
7.0 15.33 0.19

The reaction mixture containing 50 mg starch, 50 mg benzyl-
alcohol, and 10 unit enzyme in 1 ml was incubated in various
pHs as indicated at 40°C. After 3 days reaction, the synthesized
glycosides were measured as Materials and Methods. pH 3.0~
6.0, 0.1 M citric acid-sodium citrate buffer; pH 6.5~7.0, 0.1 M

3} starch®] s w2 3¢S AES] $138 50 mg/
ml®] starch’} 3o} 31+ 0.1 M citric acid-sodium ci-
trate buffer solution(pH 5.0) 1 miell 10 unit®] amy-
loglucosidase® % 7}3F ¥ benzylalcohol®] ¥%-& 7z}
04 100 mg7HA] W3tA|A 40TellA 3Y Fet ¥hE-A]
A Wk3- A ES HPLCE A3},

=3} starch Fxol| oE WHSFAS 2ARsE7] 93
Z¥z}+ 10, 50, 100, 200 mg®] starch’} o9l 0.1 M
citric acid-sodium citrate buffer solution(pH 5.0) 1
mlel 10 unit®] amyloglucosidase®} 50 mg®] ben-
zylalcohol & 3713k ¥ 40ColA 2 whgA| 782 A8
£ AA = AH 3] vbg A ES HPLCE AFFs}oict
7 AF}E Table 35 Fig. 1] 22 vehligich. Table
3¢l starch®] F%F 50 mg/mlZ 7433 benzylal-
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Table 3. Effect of benzylalcohol concentration for the enzy-
matic synthesis of benzylalcohol-o-glucoside

Benzylalcohol Glucose benzylalcohol-o-glucoside
(mg/ml) (mg/ml) (mg/ml)
0 4528 0
10 42.81 0.35
20 42.56 0.61
40 42.00 1.55
50 37.73 1.86
80 36.27 1.75
100 35.96 1.66

The reaction mixture containing 50 mg starch, the concentration
of benzylalcohol as indicated, and 10 unit enzyme in 1 ml was
incubated in pH 5.0 at 407C. After 3 days reaction, the glucose
and synthesized glycosides were measured as Materials and
Methods.
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A FEE AA3}7] ¢ benzylalcohold] ¥%EF 50

Yield of BG (mg/ml)
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Fig. 1. Effect of starch concentration for the enzymatic syn-
thesis of benzylalcohol-ci-glucoside(BG).

Concentration of starch are as follows; —@— : 10 mg/ml, —O—
: 50 mg/ml, —%— : 100 mg/ml, —7— : 200 mg/ml.
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T o F2 glucosed] FEolME 23]8 FAsgo] 7
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A, ek uh-e-A] f-2] glucoseE 7)EA 02 AAYL St
U2 glycosided] &S Y F UL ALEE 47
o} o]3le] AYeMe A7 JAE R BE
BGel $4E5 z#38lo starch®] FEF 50 mg/mlE
st A3S A13P3ssich

SNasT

Aagked W& vhFAS HAES] 8] 50 mg/
ml®] starch’} Z¢} 9l 0.1 M citrate buffer solution
(pH 5.0) 1 mlell 50 mg®] benzylalcohol® amylogluco-
sidase® 2t} 1, 5, 10, 25 unit¥ A7}sted 40°collA 2
HR3AIZPE R A 8E HAFF samplingdte] WHAME-S
HPLCE A#stsir}. Fig. 20 vheld Aaje} o] 54
9] ofo] F713hel| e} Hhg-& =) walkx]= A o] gl
O} glycosided] Akl 2 Wiyt Jehlx] o9t
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<> B0 s FRA ALY AR HEE Ay
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vl#3ted S713ME e F9ich

HEE2x

50 mg/ml®] starch7} =} gl 0.1 M citric acid-
sodium citrate buffer solution(pH 5.0) 1 ml°ll benzy-
lalcohol 50 mg¥ 10 unit®] amyloglucosidase”} &7}
ARE 77 25THA 60T7IA S LE0lA] 3UE2l 1l
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Fig. 2. Effect of enzyme concentration for the enzymatic syn-
thesis of benzylalcohol-0t-glucoside.

The reaction mixture containing 50 mg starch, 50 mg ben-
zylalcohol, and 1 unit (@), 5 unit (O), 10 unit (W), and 25 unit
(V) of enzyme in 1 ml was incubated in 0.1 M citric acid-so-
dium citrate buffer (pH 5.0) at 457C. The synthesized glycosides
were measured to time intervals as indicated.

Table 4. Effect of temperature for the enzymatic synthesis
of benzylalcohol-ai-glucoside

Temperature Glucose Benzylalcohol-a-glucoside
(v (mg/ml) (mg/ml)
25 25.96 0.68
30 29.57 1.13
35 35.45 1.53
40 41.86 1.67
45 38.54 1.97
50 28.96 0.86
55 28.87 0.80
60 29.17 0.66

The reaction mixture containing 50 mg starch, 50 mg benzylal-
cohol, and 10 unit enzyme in 1 ml was incubated in 0.1 M ci-
trate buffer (pH 5.0) at various temperatures as indicated. After 3
days reaction, the synthesized glycosides were measured as Ma-
terials and Methods.

A7 F Hhg- AAES HPLCE AH#slsich. 2 Ao
(Table 4) 45CelA] starch®] 7I=%3] 2 transgly-
cosylationdhg-0] 713+ 2 dojri= Ao g eyt

HISAIZH ,

olatoll A A uk-g-F 7oA & A2 transglycosy-
lation®F-5-& A AIA 22 FA3)e] Fig. 3o e}
HR2-7)A] 8A]17F Foll= 72 2E starch’} ZlriEsl=
o] uhg-o] FA=E ALE eyt o uh-gAZkS A%
3ty X glycosided] oFoll WH3b7) vFeldx] eighry. o]
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40 A — 5

Glucose (mg/ml)
Yield of BG (mg/ml)
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Fig. 3. The time courses for the enzymatic synthesis of ben-
zylalcohol-o. -gluceside.

The reaction mixture containing 50 mg starch, 50 mg benzyl-
alcohol, and 10 unit of enzyme in 1 ml was incubated in 0.1 M
citric acid-sodium citrate buffer (pH 5.0) at 45C. The syn-
thesized glycosides were measured to time intervals as indicated.
—O— : benzylalcohol-g-glucoside, —@— : glucose.
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column(column: 2.5X70cm, flow rate: 30 ml/hr,
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o1&k & A Ao 3-Z HPLCE A3 (Fig. 4) 312 peak
2 veht Ed-o] ¢ AAENSE FAF 5 3l
Aok AAERL] F2EF FAsp] 8 4 BAES
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Response
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Retention time (min)
Fig. 4. HrLC chromatogram of purified benzylalcohol-a-glu-
coside.
Mobile phase:water, Colume : Sugar pak, Temperature:85T,
Flow rate : 0.8 ml/min, Detector : Waters 410 Differential Refrac-
tometer.
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Fig. 5. ESI-Mass spectrum of purified benzylalcohol-o-glu-
coside.
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Fig. 6. Hydrolysis of benzylalcohol-a-glucoside by a-gluco-
sidase.

The reaction mixture containing 10 mg benzylalcohol-a-glu-
coside and 5 units of a-glucosidase was incubated in 1 ml of
phosphate buffer (pH 7.0) at 25°C. The hydrolysis rate of glyco-
side was measured to time intervals as indicated. —O— : ben-
zylalcohol-a-glucoside, —{1— : benzylalcohol, —@— : glucose.

E3slsdd. Fig. 691 viebd A=k} 2Fe] 25T, pH 7.0
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cohol & ¥2}7} adJ el 2 Z 3= benzylalcohol-a-glu-
cosided S & = alsdet.

Z9 Fxe 7 BHDHH A dlel17, 23] ©E o
#HZ o] 9o} AE-E 7|AH= 3] A glycomdee
FA% A= & A7t 219—"]“4 ol A4l MEL F
A& o4t ArAFAEty & 5 glth & ole o 7}
TH EF 0|83}, o]8Ae] & A B
fr8Ado] 2 A2 FEES AR Al et
glon, o F57-2] 7|& | ©F-& glycosylationA] 7] =
vhel| mhebil= -84, S84 0] Held vty A ¥
AE 7Fesitda sk 235 AAgcke £t g &
£ %*%-’“ = 55}7] A Ao Aed2 4F
oilF<l gt §-35 2 AwEAd5(data not shown)&
ZAl e 712 Ez’ o] ZAo] vehA| ot #
A 2 ARZYARA L e FANE Ao w9
o el o2 455 HA HES it

2 o

FANA AL 7RS4 transglycosylation't
S o]-g3le] widAl(glycoside) & A3} Gly-
cosyl donord! starch®} glycosyl acceptordl ben-
zylalcohol s BHS71A 2 AWslgict AlgE= 959 2




7HE-al E49] transglycosylation®Ad-& AR 2}
glucoses} & F72] glycosidettS AAF3h= amylog-
lucosidase(from Rhizopus sp.) S ¥rgEAZ A1A 3y
t}. Amyloglucosidaseel] 93 FAH widAE o3 7}
Al E4& E3 glucose®] 11 OHZ]9l| benzylalcohol
o] a¥d el 2 Z 3= benzylalcohol-o-glucoside(BG) Y&
galslel. FANA o] Eaell 93t transglycosyla-
tion Whg-9] - 2718 starch 50 mg/ml, benzylal-
cohol 50 mg/ml, 2% 45C, 4% 10 unit/ml, pH 5.0,
"1 3247 019l e.d 4% BG= amyloglucosid-
aseol] YA =] &gk a-glucosidases] <3l
glucose$} benzylalcoholZ 7143 = gl .

ZAlS

o] At I=HIFAT(FANE 971-1108-054-2)
2 19979% ZSH e T2A](BSRI-97-4410)9)
d7aol] o8 =gl e o]d] ZFAL=g L)
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