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ABSTRACT: B -Glucosidase-catalysed synthesis of glucosides with aromatic alcohols and
monoterpene alcohols as acceptors and cellobiose as a donor in the presence of various
commercial B -glucosidases were described. B -Glucosidases from Aspergillus niger spp.,
Trichoderma spp., Penicillium spp. and bitter almond have been shown to catalyze synthesis of
B -glucosides of benzyl alcohol, 2-hydroxybenzyl alcohol, 4-hydroxybenzyl alcohol, 2-phenylethyl
alcohol, geraniol and citronellol in the presence of cellobiose as sugar donor. Among enzyme
preparations tested, each S -glucosides prepared from Aspergillus niger were isolated in the pure
state by Diaion HP-20 and silica gel column chromatography. The products were identified as
B -glucosyl products of benzyl alcohol, 2-hydroxybenzyl alcohol, 4-hydroxybenzyl alcohol,
2-phenyl ethyl alcohol, geraniol and citronellol by spectrometry (UV, IR, 'H-NMR, "“C-NMR)
and enzymatic hydrolysis with B- glucosidase. Monoterpene alcohols with a sterically hindered
hydroxyl group, such as linalool, £-menthol and a -terpineol were not used as acceptors in
transglycosylation reaction.

Key words : aromatic alcohols, monoterpene alcohols, [ -glucosidase, enzymatic transglycosylation,
B -glucosides
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Fallslol 715 A ks dFE
9} monoterpene alcoholir& MAToTA] X%
Frau EEF0] o] ZstEicts Aol dEH
t} (Strauss et al., 1987; Williams et al., 1990;
Mateo and Jiménez, 2000). =1 o]Z& Z+E AlEH|
Yolu} By ° & FolNE Wk I SH
monoterpene alcohol2] @7} W7AElo] A4
9] grEel Fa3 A4S sl A
¥z 9lew (Schwab et al., 1989 Koba-
vashi, 1993; Watanabe et al, 1993), 53] Wak%
GIAEFE el QlolAE AdEFo] Wi
A HelZ EAstel gl gul U3l Fa
g dge e ZAer Had ul gl
(Anderson et al., 1976; Heckman et al., 1981;
Cai et al, 2002). YHbH o2 [alge)o] =9haks
o7 &H1} monoterpene alcoholiv A4l olo]
A Eoll 2 54 gkx el Ayl wiiel
gupd-E FHog ofHdl TAEE Dl A
23A =l e tEH e AlEE A=
F AR EmE F5IA FAE] AE

FFAl 7 = gle] HIIE gt olet
< MAs7 g ke shEA 4
A2 A7l A Eel Bel A
=

lo oft

lo

e £ fo

7124 i e Wy
FAIZL g A o] HeE Alzste] 283}
Zo] B vl glov} (Anderson et al., 1976;
Herron, 1989 Voirin et al., 1990) 313 ol
ofgk widA] Az ofz] A9 3HH wk
& Xk s el gidh ol whHE B
el o2 FHZodle 2 Heolltransglyco-
sylation) &4& A BLE o] §3le] Wk &
F-E&5} monoterpene alcoholi+2] #EAE A=
371 gk A7l As" W JrkVie and
Thomas, 1992; Gunata et al., 1994; Park et al.,
1999; Shin et al., 2000).

gkd B -glucosidase

(EC 3.2.1.21: pB-D-

Monoterpene AlcoholF2] wiZ] 34

glycoside glucohydrolase)s= A -glucoside 3=
star Qe shgHECl Agsle] wigky wWwke] B
-glucosideZ2§H-& H&lsle] B -D-glucoseE A4
she fiol Ak &AVt g AF £
8 -D-glucosyl71 & G&Aoll HojAF &= #A
E26 AU glen, B -glucosidase BAS X
d 72 v AE §U B4Ee] AdFeR
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291 monoterpene alcoholiF9] ©]3}EHA]-L-
Edog A#A¥Ei 9+ B -glucosidase ¥
AV e 4 ulBE F2Hl BLE o] §wld]
ek ol 7.2 29l monoterpene alcohol+2| Wi
A FAE Axg vf 2 AE BaIA; g,

to et o

T2 U e

M= {ot
s benzyl alcohol (BA),
2-hydroxybenzyl alcohol (2-HBA), 4-hydroxy-
benzyl alcohol (4-HBA), 2-phenylethyl alcohol
(2-PEA)3} alcohol72]
citronellol, Hnalool, ¢ -menthol, «-terpineol %
220] cellobiosey= Nacalai TesqueAt (L) A&
< A835199 1, Diaion HP-20 <FAl+= Mitsubishi
A (DR AFS ALt B -Glucosidase 2
e AY FA (enzyme preparations)E-S Sigma
A (9]5), AmanoA|¢F (YHE) = Tokyo Kasel
A (B)ZFRE] FYsle] Agsielen, 7El A
G2 A EFF FYste] AAlsA g3z AR

sk3ich

A
= =
= AIEFH9

ogt yo

monoterpene geraniol,

Thin layer chromatography (TLC)

TLC= MerckA (59)A1E Kiesel gel 60 Fosy
TLC plates® Agsldar, ANEuE  ethyl
acetate-acetic acid-water (3:1:1, v/v/v) E3HE
Agstoick. TLC o= Zeld A8 HES
20% HA-ollgba5 5% 110-120°CollAl 102
7+ 7hdsted HhAgsg) T,

High performance liquid chromatography
(HPLC)
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HPLC #71e 2 Z32 . -Bondasphere Cig
(3.9 mm x 15 cm, Nihon Water's, Y&), g &
o= acetonitrile-water (29:71, v/v), flow ratet:=
Bt 06 md, BE7]E= Waters UV moniter 21
401 (214 nm) AH-gsllom, szl skl g
€ peak area (%)E Al4slAc).

A4S £H

B-Glucosidase €412 Unno 52 W (1993)
o] &l At & 3.4 mM9 p-nitrop-
henyl- 8 -D-glucoside (pNPG)= i3l A
88 (pH 5.0)0 HANE slaled A 0.8
meE kg 30TCellAl YA A vb-g-A1 At vhs
o 0.4 miE 3l 100 mM2] sodium carbonate-&
ol 10 mE 7I3tth2 f2l¥ p-nitrophenol®] <%
= 420 nmollA FA3Gch olw] FHa4 FA 1
units pNPGollA] £ 1.0 xmol®] p-nitrophenol
& AAdsle B4 9o ot

21712

Ultraviolet (UV)s= HitachiAt (4%) =4
EPS-3T UV spectrophotometer, Infrared (IR)+=
HitachiA} (¥&) == 260-30 IR spectropho-
tometerS AHg3t2ivh. 'H-NMR (500 MHz)Z}
“C-NMR (126 MHz)}& Varianft (5%) =l
VXR-500 spectrometer, £vll+= CDsOD *+£ CDCls,
HE71EEA (ISTD)E tetramethylsilane (TMS)
< A&k

B -Glucoside2| 44

2 FoA|Z 4] cellobiose 1.0 g 3 FEA=
A BA, 2-HBA, 4-HBA %t 2-PEA 77 0.2 g
< 0.1 M 24384 (pH 4.8)0 &8iAA 10
wE gehg ZHE v AR e AE f8 AL 6
-glucosidase activity 65 units ¢-§)1E 718 o2
ksl A 37°Ce] 9bAollA] 48A)17F ®h2A]H el
Fol| fallde] F& geraniol, citronellol, linalool,
¢ -menthol % ¢ -terpineol> 40%2] acetonitrile
< Reke 244 skl EAAITl o
20°C oA 72417 ukgAIZi ) HEEH L wls
Sz F 5E7 vhdste] ALE EEAS

il

A
C AT U=

9 - Suzuki Yukio

A]Z] 3L membrane filter (0.45 m)& o]#}3t o}-&
TLC %% HPLC 4§ A5% &9k

MME HiENCS 22 ¥ FXSH

B Zod A2 A cellobiose 10 gt & 8224
BA, 2-HBA, 4-HBA X 2-PEA 27} 0.2 g&
0.1 M ZAr2hE-8-H (pH 4.8)9l E-elA713L of7]
ol Asp. niger +# cellulase (type II, SigmaA})
£ B-glucosidaseZ4] 650 units7?} FHEE=E X
748k ohe 37°CY Aol awbslH Al 484)7¢
vk&-X73t}.  Monoterpene  alcohol F¢!
citronellol, linalool, £ -menthol ¥ « -terpineol<-
Z+zke] sIhE 0.2 g7} cellobiose 10 g 40%<)
acetonitriles Fsle 2AHAE=829 (pH 4.8)0|
SMAZIChE 20T 9] haoflA 72417 WH-SAZ
HEGo2 HlG - EZellA] 57 7hedsted
E2AAZ kg vhgsla 4
EXgog FEste AAs =
MRS Relshr] gstol 43 2
2 = maegth ®2AS Digion

# (20 x 40 cm)oll HAE Z
TFrE AFstY] $ad RE AAS g 40%
Heh-g o g PAES EEIch &5
& EEHT silica gels 73 Ay §58

e FRRIEF-vgE e EEEWE
sto] A ES Hrt o) Felskeich

AAE 1 (reaction product from BA) : colorless
needles (absolute ethanol); mp: 111-112°C; IR v
(KBr):  3500-3200, 1500, 1080 cm™; 'H-NMR
(500 MHz, CDsOD): & 3.23-3.36 (4H, m), 4.35
(1H, d, J = 7.8 Hz), 4.66 (1H, d, J = 11.8 Hz),
493 (1M, d, J = 11.8 Hz), 7.25-7.42 (5H, m);
BC-NMR (126 MHz, CD;OD) : Table 3.

ARE 1
colorless needles (ethanol-acetone); mp: 109-1117C;
UVimax * 233, 270 nm; IR v max (KBr): 3500-3200
em’; 'H-NMR (500 MHz, CD;OD): & 3.26-3.38
(4H, m), 4.39 (IH, d, J = 7.8 Hz), 473 (1H, d, J
= 11.9 Hz), 4.93 (1H, d, J = 11.9 Hz), 6.78-7.34
(4H, m); “C-NMR (126 MHz, CD;OD) : Table 3

AAAE M (reaction product from 4-HBA):

geraniol,
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(reaction product from 2-HBA)



colorless needles (ethanol-acetone); mp: 153-155C;
UViax 238, 278 nm; IR vana (KBr): 1520,
3550-3300 cm™; 'H-NMR (500 MHz, CD;0D): &
3.31-3.34 (4H, m), 4.70 (1H, d, J = 11.8 Mz),
473 (14, d, J = 7.7 Hz), 4.89 (1Y, q4, J = 11.8
Hz), 6.81-7.36 (4H, m); "C-NMR (126 MHz,
CDs0OD): Table 3.

AL IV (reaction product from 2-PEA):
colorless needles {ethanol-ethyl acetate); mp:
115-117°C; IR vmae (KBr): 3500-3200, 3010,
1490 cm™; 'H-NMR (500 MHz, CDCL): & 4.32
(I, d, J = 7.3 Hz), 7.13-7.26 (5H,
PC-NMR (126 MHz, CDCly): Table 3.

AdE vV
viscous 0ili IR v (neat):
1010 em™; '"H-NMR (500 MHz, CDCl): & 1.60
(3H, s), 1.66 (3H, s), 1.68 (3H, s), 2.04 (4H,
m), 3.26 (1H, d, J = 8.4 Hz), 3.40 (1H, t, J =
8.4 Hz), 352 (1H, t, J = 9.2 Hz), 3.63 (1, t, J
= 9.2 Hz), 3.84 (21, m), 4.20 (11, d, J = 7.8
Hz), 4.33 (2H, m), 5.08 (1H, t, J = 6.7 Hz), 5.35
(1H, t, J = 6.7 Hz); °C-NMR (126 Mlz, CDCl):
Table 3.

m);

(reaction product from geraniol):

3300, 1650, 1440,

Monoterpene Alcohol 72} w3 34

A5 VI (reaction product from citronellol):
viscous oil; TR v (neat): 3350, 1640, 1450,
1030 ecm’; "H-NMR (500 MHz CDCL): & 0.89
(3H, d, J = 65 Hz), 1.60 (3H, s), 1.68 (3H, s),
3.30 (1IH, d, J = 9.3 Hz), 3.38 (1H, t, J = 8.9
Hz), 355 (1H, t, J = 9.3 Hz), 3.60 (1, t, J =
8.9 Hz), 4.30 (1H, d, J = 7.8 Hz), 5.08 (1H, t, J
= 7.1 Hz); C-NMR (126 MHz, CDCl): Table 3.

2 9 g

Asper. niger T2l f-glucosidaselll 2|t 5-
glucoside A4Ad

W FoAZ A o]FFol cellobiosed} B &

HZA e AT/ 2-HBA 3= 2-PEA

=

= Ah&to] oA A ellA B-glucosidase BAS
vebd 2% v yE {24
B-glucosidase s ¥HSAIZ1E wERgoHg oiilog
HPLCol| oJal] widH| &2 Aolgt nl&-g =AE 2
e Table 13} Zrh 2 Ayl Ag3 Asp.
niger, Trichoderma viride 8 Penicillum%olA %
el A% olelr A&l bitter almondoll
A Be]gk B -glucosidasec| % 3 A o]3tA]o]

1) bitter almond

Table 1. Yields (%) of transglycosylation products by various enzyme preparations

Enzyme preparations

alcohol-B -glucoside

2-Phenylethyl
alcohol-$ -glucoside

2—Ilydr0kybenzyl

Asp niger

From Sigma Type 1

From Tokyo Kasei C0057

From Amano CQ 10523

From Amano C006501
Trichoderma viride

From Sigma C-9422

From Amano CT 010517
Penicillium spp.

P. funiculosum (Sigma C-0901)

P. decumbens (Sigma H-1385)
Bitter almond (Sigma G-8625)

41.1 18.3
22.8 16.3
23.0 17.6
17.3 11.9
21.7 20.7
19.4 14.8
23.0 17.5
14.3 8.0
6.4 3.3

a : Yields as peak area (%) by HPLC analysis.
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gglon 1 FHE Asp. niger?t Trichoderma
virideol| Al Fellshs HaolA 3 Hol@Yo]
=3

WS Table 1014l & AoldAo]l A Zoz
t}ebd Asp. niger cellulase (type I, SigmatH)&

e ¢ [
BA 2-HBA 4-HBA 2-PEA Ger Cit
Fig. 1. Thin layer chromatograms of reaction

products by B-glucosidase from Asp. niger.

BA : benzyl alcohol

2-HBA : 2-hydroxyhenzyl alcohol
4-HBA : 4-hydroxybenzyl alcohol
2-PEA : 2-phenylethyl alcohol

Ger : geraniol

Cit : citronellol

A : aglycones

G : the A -glucosyl-like compounds
S : sugar.

The reaction was done under the condition
described in materials and methods. TLC was
done with ethyl acetate~acetic acid-water (3:1:1,
v/v/v) and spots were detected by heating at
110-120°C for 10 min after being sprayed with
20% sulfuric acid in ethanol.

Pt
.

- Suzuki Yukio

g

ALgslo] 7]e} Wk I L T monoterpene
alcohol 58} cellobioseS HHS-A|Zt ©h2 HE-GAE
TLCE ¥43 7= Fig. 13 b Fig. 10014
Bl uiekE FERQ] BA, 2-HBA, 4-HBA 3
2-PEA, monoterpene alcoholi+¢] geraniol %
citronellol¥} cellobioseE ¥HSAIZ-S Wl Rl el
) wlekZ AF-EF1} monoterpenene alcohol i<
Rk (R 0.9) Hx} o} Zhzbe] wigdx= ofjds
(Rr 0.5-0.8)0] AJAl=Ile

Aefoll Al Zhzhe] wkak

rfir

cellobioseE -3lA] 9k

& o3.2H = monoterpene alcohol 79} A
TS uREA)ZS dollE AR ARSe] A4E

3t linalool, ¢ -menthol % «
~terpineol T F FEAE AL ddle F A

oluh-go] YehtAl ekgkrh.

MME MEBES| 22 Y FXEH

zbzbe] whgolo gHE] wiwkdle] AALE
(peak area %) HPLCE®E &3t Zx} gl z}zhe]
A S Diaion HP-20 = Al2ly} A Z44 32

nhEaeel ou ¢ Held the |3k
54 (TLCHNA Rr 3k, mp, UV Am)& ZARE
73} Table 29 7t}

WA AAFES 78~411%F AHEE &
Alell wpet =eol & vepyow, tix2 25 mono-
terpene alcoholfr Rty whakE I g oA A
Aagol & wHolglr. mat Zzhe] Aol
agFAA 5 &lslr] 93k
23k o 4F J171E4E
2ich. BA% cellobiosed] HHg-oHo &HE]
BRETL IR AFEZA aromatic ring (1500
em )@} hydroxyl7] (3500-3200, 1080 cm )8l &
A7F AAE G, 'H-NMR A~#E#ol4 § 4.66

VB

o]
A

(1H, d, J = 11.8 Hz)3} 6493 (1H, d, J = 11.8
Hz)oll 4] benzylic methyleneol) 7]%1sh= AB-type

signal, 1719] anomeric proton signal (& 4.35,
1H, d, J = 7.8 Hz), aromatic proton signal (&
7.3-74, 5H, m) ¥ glucoyl”] (8 3.2-3.4, 4H, m)
9] ZA)7} B&E|e). =gk Table 3914 HE=ulb
9} 7o} PC-NMR 2slE2loll A% BAS} glucosyl
719 ZA7F BEHEQer, feldde]l BAS
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Table 2. Yields and chemical properties of 8-glucosyl compounds of aromatic alcohols and monoterpene
alcohols formed by Asp. niger cellulase.

B-Glucoside Yield (%) Ry value’ mp (°C) UVA oy
Benzyl-# -glucoside () 27.1 0.63 111 - 112 -
2-Hydroxybenzyl-7-8 -glucoside (1) 41.1 0.55 109 - 111 270, 233
4-Hydroxybenzyl-7-8 -glucoside (1) 22.2 0.50 153 - 155 238, 278
2-Phenylethyl-$ -glucoside (IV) 18.3 0.63 115 - 117 -
Geranyl-# -glucoside (V) 10.4 0.74 Viscous oil -
Citronellyl-8 -glucoside (V1) 7.8 0.77 Viscous oil -

a: Peak area (%) by HPLC; b: ethyl acetateiacetic acid:Hx0=3:1:1, v/v/v

I VI

Fig. 2. Structures of reaction products formed by S-glucosidase from Asp. niger.

1: benzyl- 8 -D-glucopyranoside(G) II: 2-hydroxybenzyl- 8-D-G
II: 4-hydroxybenzyl- 8 -D-G IV: 2-phenylethyl- 8 -D-G
V: geranyl- 3 -D-G VI: citronellyl- 8 -D-G.
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PC-NMR ~#ERD w23e uf C-7 ke
signal & AARAZog § 64 AE, C-1 #@&
signal> IAPAFEo R § 37 AL o|%slo] I
Z5o] AAE 12 Fig. 2001492k Zo] BAo
glucoseZ} 182 A= benzyl-5-D-gluco-
pyranoside?] Z1o2 FH=ct o] wlddxl= 7
F AEA del Exste dghulolE Za3ict
= Zo] oju] Bk A 9lv} (Heckman et al., 1981;
Ito et al., 2000).

2-HBAS} cellobiose®] HH-gHo zHE] Ha)gh
APE TE IR 2#EdA A4 hydroxyl”)
(3500-3200 cm™)9] FAH7} A|AE L3, 'H-NMR
ZHER (CD:OD)NAE 6 473 (IH, d, J =
11.9 Hz2)3 6 493 (1H, d, J = 11.9 Hz)olA
benzylic methyleneoll 7218l AB-type signal, 1
7W2] anomeric proton signal (8 4.39, 1M, d, J =
78 Hz), & 6.78-7.34 (4H, m)ollA aromatic
proton signal B & 3.26-3.38 (4H, m)ellA
glucosylZ]oll 7]9)slE signale]l ZA&EE i), et

U=

4 - Suzuki Yukio

BC-NMR £#E# o4 2-HBAS} glucosyl7]ell 7]
sk signale] FFE YR, Felgele] 2-HBA
9} ®lazls ) 2-HBA moietyd] C-7 ©h49
signale] AAAZo 7 § 6.70 AL o] %3t vy
C-2 eh4:9] signalo] A& o g § 331 AL
ol Fsle] HAZEowm ol ANE wigow
A% O+ 2-hydroxybenzyl-7-8-D-glucopyra-
noside® FHslgdch 3k 4-HBAS) cellobiosed]
e g HEl Feldt A4E IS IR &8lEdy
ol4 aromatic ring (1520 cm )@ hydroxyl”]
(3550-3300 cm )2l ZA7} AAE93, 'H-NMR
2#HEdy (CD:0D)A= ¢ 470 (IH, d, J =
11.8 H2)#F 6 489 (1H, d, J = 11.8 Hz)ollA
benzylic methyleneoll 7]21s}l:= AB-type signal®}
1719] anomeric proton signal (8 4.73, 1H, d, J
= 7.7 Hz), & 6.81-7.36 (4H, m)ollA] aromatic
signal B §3.31-3.34 (4H, m)ollA
glucosylZlell  7]Q1sl=  signalel A&}
PC-NMR ~=1E=o)4 geldele] 4-HBASH |

proton

Table 3. "“C-NMR spectral data of B-glucosyl compounds

Carbon number I I m \Y \% VI

Aglycone moiety
1 139.1 156.6 129.7 138.0 65.9 68.9
2 129.2 125.2 131.1 128.5 119.7 36.6
3 120.3 120.6 116.0 128.9 1414 29.6
4 198.7 116.3 158.3 126.4 39.7 37.2
5 129.3 131.1 116.0 128.9 26.4 25.7
6 129.2 130.1 131.3 128.5 123.9 124.6
7 71.7 67.9 71.7 36.0 131.7 131.3
8 T 69.3 16.4 17.7
9 17.7 19.5
10 25.7 25.4

Glucose moiety
1 103.3 103.5 102.8 102.8 101.4 102.8
2! 75.1 75.2 75.1 73.3 73.2 73.4
3 78.1 78.1 78.1 76.3 75.6 76.3
4 71.7 71.7 71.7 71.0 69.3 69.5
5 78.0 78.1 78.0 75.5 76.4 75.5
6’ 62.8 62.8 62.8 61.3 61.3 61.5

__: B —glucosylation site.
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23S u] 4-HBAQ] C-7 €49 signale] A=A
Zog § 509, C-1 g4 signal IAAZo R
8 533 AE olF¥o] o] AXo| 4-hydroxy-
benzyl-7-8-D-glucopyranoside & Hadgleic),
2-PEAS} cellobiose®| uh-g-oHo g HE{ K3l A
AE Ve IR &2HE-H]A] HA] benzyl”] (3010,
1490 ecm™)2} hydroxyl”] (3500-3200 em™)9] &
A7} AAHAR D, 'H-NMR (CDCly) 2= =l 4]
= 5§ 7.13-7.26 (5H, m)ollA] aromatic proton
signal, 6 4.32 (1H, d, J = 7.3 Hz)ollA anomeric
proton signale] 71Z&=glar, PC-NMR AsEZ |
4] 2-PEA®} glucosylZ] &) £A7} A A=),

=gk Feldele] 2-PEAS vla e ) C-8 &
4 signale] AAZEoZ § 670 A%, C-7 B4
signale TAREOR § 331 AE o%H Aow
Hol o] AlRo] 2-phenylethyl-8- 8 -D-glucopyr~
anoside?l & & 4 At o] wigAlE Al EA) ol
Qe EAske dReE EAgE Aol o)
ghs)2 9le}l (Heckman et al., 1981 Ito et al.,
2000).

Geraniol?} cellobiose2] HF-golo zHE] Eegl3)
AAE Ve B2 A EAZA IR AHE
2ol hydroxyl7] (3300 cm™) o]&lo% 1650,
1440, 1010 cm'ollA] <= band7} Jebuks, 'H-
NMR (CDCls) A~ E=4 § 1.60 (3H, s), 1.66
(3, s) = & 1.68 (3H, s)lA 370 methyl
signal, § 5.08 (IH, t, J = 6.7 Hz)® §5.35 (1H,
t, J = 6.7 Hz)ollAl 2702] vinylic proton signal,
& 4.20 (111, d, J = 7.8 Hz)ollA anomeric proton
signale] #1&=gle}h. =3 PC-NMR £4 A7}l
A% geraniol?} glucosyl”]| 9] &7} EelEod 7,
el ele]  geraniol#t H[FEWE uw  geraniol
moiety C-1 ¥49] signale] AzAAZo =z §
6.50, C-2 B4 signalS a2 o2 5331 AE
olzHo] el ZHAxtZ of 3EL geraniol
hydroxylZlell glucose7} 182+ Z3tE geranyl- £
-D-glucopyranoside 2 = E k. o] sidH<]
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