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ABSTRACT

Cyclodextrin glucanotransferase (CGTase) from Bacillus stearothermophilus

synthesized vanillin and ethyl vanillin monoglucoside, with a series of its maltooligoglucosides by
transglycosylation with dexirin as a donor, and vanillin or ethyl vanillin as an acceptor. The
monoglucoside formed from reaction mixture of vanillin or ethyl vanillin by the successive actions
of CGTase and Rhizopus glucoamylase was isolated by extraction with n-butanol saturated with
water and silica gel column chromatography. The structure of the isolated monoglucoside was
identified as vanillin- @ -D-glucoside and ethyl vanillin-  -D-glucoside, respectively, by FAB-MS,
UV, IR, 'H-NMR, BC.NMR spectra and products by hydrolysis with acid, ¢- and S -glucosidases.
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Vanillin(4-hydroxy-3-methoxybenzaldehyde)-&
uldel E-§-9 87)(sweet, creamy and vanilla-like
odor)& 7H EAEHA AF, 4%, 2g 8
AzollA BFA, Wz, 234 Sog FHA s}
A Ags = sbdel smjEke] < 60%E A,
A, $E8goe ALsa, o 0% FEE, 2
g F 1% Ggog ALEI glckPrefert et
al, 2001). Vanillin®} AAZ Pk A7k

12,0008 AR o] Fexor P4 A
o|lx Ao vanillinZ HA A4HEFS] 1% vivtojct
(Li and Rosazza, 2000; Walton et al., 2003). X3
vanillin® wpd@} Z(Vanilla planifolia Andrews
X V. tahitensis J. W. Moore) S 23 E] QA
dl Yl ALdG wpdel Fole fElRHl(free
form)] vanillin® hg=lo] A ¢k Fab At
o oAl gz EAshaA wide) 32 8
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F g Al A wiEA TR &
491 B -glucosidasecl] 23l 7Eai=o] f2¥
g9 vanilline] A= Ao LHA Yok
(Leong et al., 1989; Voisine et al., 1995). 3k
ethyl vanillin{3-ethoxy-4-hydroxybenzaldehyde)-Z
PaAA HdeAE A=A g BAR
vanilling} §AT F7) EAE 7M. QoA
vanillinol] B8] & 7=} AT 7}sle] vanillin
o] AR del AgET gick(Arctander, 1969).
Vanillin®} ethyl vanillin® -§7]-&wflolle AR5
St Bolle oF 1% 8rell %A gk F=3dt
FRolU 719 HFA A ASkE A MY
=¥ whdo] SlvHArctander, 1969). ¥ vanillin
L H34o] glo] olF M F oA EA
gAY AES Az X AR v 2 E
o] 3Akslo] AFe] EAL d3AFIE Yle]
7= gt o9} 72 FAEE M) A% W
gke] shEA vFHbA fEAE A= W
HEo] Wol QAEa glow, 53] EARHA &
FEINE A FEEA dEidE A W
oz IFFE AFAA wigA(glycoside)®] FHel
2 Alzsle] g8ste WEel Eud 9 v
(Anderson et al., 1976; Herron, 1989; %M 3,
1992; —& %, 1992; de Roode et al., 2003). =gt
Azguigl FHiAs dgulddl dfEo] Id=
iAol FAFdASF] FlpEsEo]l  smoke
aromaE NAAZIAY A=A a2 & M7}t
of whl] BFdel & sN4dAl(side stream smoke
flavorant) 24 #-84o] HAEH wrl lrhAnderson
et al., 1976; Heckman et al, 1981; Herron, 1989;
Cai et al., 2002). 22} 382 who)] 23 ol
3 AzAPES o] whAlY HEE dHhEE
AXok i KEAY FU) FulAE A-gMok
st whdo] k. ol#dt S Redlw W
o7 ZtolE 3 AHeol(transglycosylation) 4
< Ad B4LE olg3l A4H dhioew wig
AE Azstels AE7t Hel o]Fo] How, 5
5] cyclodextrin  glucanotransferase [1,4- @ -D-
glucan 4- @ -D-(1,4-glucano)-transferase, cyclizing;
CGTase, EC 2.4.1.19] 9 7% ¥# cyclodextrin
& Azsteul ALEE Edol FHIZolE o] &

Wo) 98k Vanillin- ¢ -Glucoside % Ethyl Vanillin- @ -Glucoside®] 373

&7 AYa g & AolgAg o]fste] uidA|
2 Alzgozy g4, A3ebEA o stel 4
Ao} NEE 7154S Folslr] $3t A7t
Al=% v} 9irHYamamoto, 1989 Okada et al.,
1991; Muto, 2001; Kim et al., 2002).

wleba] B AFolAE vanillint} ethyl vanillin
o] Boll tidt SR ol o HEAE A

=

3 BHoF CGTase’t AV gE 3 oA
S ol&slo] vanillin = ethyl vanillin®] wi<A)

e A v 2 ANE B ek

HE U

M =
Vanillin, ethyl vanillin, rice « -glucosidase
(G-9259) 9 bitter almond B -glucosidase=

SigmaHSt. Louis, MO, USA) A& FUslod
Agstgdet, 428 Bacillus(B) stearothermo-
philusoll] E2l8t CGTase®} dextrin(DE #18)-2
QX Hayashibara*HOkayama, Japan) ~3E3shed
TAaEHE Bokdlol A8l B. maceransell
A E23d CGTases U£ Amano A|2HOsaka,
Japan) 2 2HE]  Fofitol A8t Rhizopus
nevius glucoamylase:™= Y& A3}eEd(Tokyo,
Japan) AES FYste] Agslgda, silica gel
(70-230 mesh)S MerckAHDarmstadt, Germany)
AEE AHgssi

AFB717]

HPTLCE %12~ CamagA2l Linomat IV
HPTLCS} TLC scanner® A831913, 'H-NMR
(500 MHz)@ PC-NMR(126 Miz) spectra:
Bruker9] AMX 5008 AHg3ted ZH7Agsidvh
Ultraviolet(UV) absorption spectra= BeckmanA}
2] DU-70 spectrophotometer, infrared(IR) absor-
ption spectra== Hitachi 260-30 spectrophotometer
5 Agd9lE, BAY S4% A% FAB-MSE
JEOL JMS HX-110A(Tokyo, Japan)E A&}
=

CGTase?| &4 &3
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CGTase AL Suzuki 59 W (Suzuki and
Suzuki, 1991)°l 3}y FA333rh

Vanillin 2! ethyl vanillin BiEA 2| M=

o 8|2 A] vanillin =X ethyl vanillin 2 g
3 7 FolAQ) dextrin(DE #18) 5 goll 0.1 M
CaCly €98 1.0 mL9} 0.1 M 2A93588(pH 6.0)
S Jhsted A 100 mLE ¢ R vanilling}
ethyl vanilling 53] 23)4]17]7] $lsted 80T ol
A 1087 71dstdch, 4zhe) sted e Agoew
W7kt oS B. stearothermophilus CGTase(1,125
U)E 7bsla 50°Ce] ob4=olla] smibsid A 4847k
HESAIZ L WSS vls 824 1087 7t
dsle] BAE BRI ofF Ao YA
sk whENE 0.5 mL4 - Fste] HPTLC 4§
g2 Agsdrl. Ueix) kSRS 4.0 M 24
folod pH 458 24 ¥ glucoamylase(9.0 U)
7kstod 50°CollA] 7417 "HESAIT ohg flellA]
SU whoe F4AS BEANAF o]o]
A Zp7re] WkgeBe chloroformo2 FE3led u
HH2-9] vanillin®} ethyl vanilling AAsHL &
W 222 £=F3] putanolZ T3 FEI o2 et
sEete] Babdel AAES ok AXES o
A silica gel ¥ ZEvlEg#zlels fwE
chloroform™} methanol &&<4(8:2, v/v)& ALt
o] Eal& b2 ethanol = ethanol¥} acetone
Tgtoog AAAIste] vanillin®] ¥H-HoR
Bkl AAE(1) 0.66 g, ethyl
vanillin® ¥H-EHoz HEjs 74 e A4
(1) 042 g& 2t

AE

e

Brli I
FE& A

vanillin):
colorless needles(absolute ethanol); mp: 186-
188°C; FAB-MS(m/z): 337 [M+Nal ; UVpad
236, 274 nm; IR mo(KBr): 3350, 2925, 1690,
1590 cm’; "H-NMR(500 MHz, CD:0D): & 9.84(s,
1H), 7.55-7.50(m, 2H), 7.41(d, 1H, J=8.2 Hz),
5.67(d, 1H, J=3.58 Hz), 3.94-3.86 (dd, 1H,
J=123, 2.2 Hz), 3.92(s, 3H), 3.70-3.58(m, 4H)
“C-NMR(126 MHz, CDsOD): Table 2.

AAE T (reaction product from ethyl vanillin):
177-

I (reaction product from

colorless  needles{ethanol-acetone), mp;

.7]:]3_/}:.

Beg - 93

179°C;  FAB-MS(m/z): 351 [(M+Na] "5 UVt
237, 275 nm; IR v m(KBr): 3350, 2925, 1690,
1590 cm’’; 'H-NMR(500 MHz, CDsOD): & 9.83(s,
1H), 7.40(2H, m), 7.53~7.48(m, 1H), 7.40(d, 1H,
J=8.1 Hz), 5.66(d, 1H, J=3.60 Hz), 4.16(d, 1H,
J=1.0 Hz), 4.14(d, 1H, J=7.0 Hz) 3.51-3.42(m,
5H), 1.45(t, 3H, J=7.0 Hz); “C-NMR(126 MHz,
CD;0D): Table 2.

Mgl E4  n-butanol:acetic
acid:water(3:1:1, v/v) EgH& A-gslo] HPTLC
Z HYdt & scanner® 270 nmoll4 Z peak?)
W& Z4sle] F Hoj(transglycosylation) &

2 sk
g o u¥

CGTase0fl QI8 =Sl MM

Aol EAsle P15 MR AEE F A
o] dFEINE A B HEE Foe G
7 wigAe] Jez EAsichs Aol & 4w
A 9JrHStahl-Biskup et al, 1993; Watanabe et
al., 1993). Vanillin®] A$E 443 npdel ol
A Gl AdE udH2 EAgoe Zle) o
v 22} QrHLeong ef al, 1989; Voisine et al.,
1995). £ Ayl ZF 7154 BR AlzdTo
A o] 5= CGTased] 3 Holddg o]83lo]
vanillin 2 ethyl vanillin® sZH] AzE AL
ek 3 FZAAEA  dextringt 7 G EAEA
vanillin T&¥= ethyl vanillin®] E3gtolel] 2 &
vl BB ke 259 CGTased AH4s}od
Agl# A3} B. stearothermophilusll A §-2sl=
CGTaseell JallAE TLC AellA vanillin £
ethyl vanillin Bt} Rf 3te] o2 459 4bg A
AEo] AAEIPY oY B, marcerans CGTaseoll €]
AHAE B Mol AAEe] AEHAA k. 1 F
dextrin®} vanillin ¥E¥ ethyl vanillin®] £}l
A B. stearothermophilus CGTaseoll £]%t Hh-2-oi
< HPTLCE 4% At Fe. 13 2en, o
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FA A "o &3 Vanillin- ¢ -Glucoside 2 Ethyl Vanillin- ¢ -Glucoside} 4

Z scannerd o]-85t0] 270 nmellA 2k peak®] W
e ZARste] WEEE FARE AxbE Table 13
Zk,

Vanillin®}  dextrin®] &3Holl B. stearo-
thermophilus  CGTaseE HHAIZE o wheel
YolL}A] ¢k vanillin o] 2|l % vanillinel] BF2

ImU] 198+
80
68
484
28+

]

8+ !

A glucoseZt 1MNA 67W7EA] AR w27}
A ovl ethyl vanillin®} dextrin®] Hk-g-<Hol}
A% glucose?} 17HollA] 5707k Zgts] w7t
A=t Holg-2 vanillinol|A <k 47.3%,
ethyl vanillinell4l <F 33.0%2A4] vanillinell 8|3l
ethyl vanillinoll4] & Holgo] U2 AAL + A4

Vanillin

19 28
Wavelength: 278 nm 38 4@

[mV] 188
82
60

48
'.1 Gs Gz
Gaq

281
i

Ly T T T T T T —
€8 79 88 =174 180
Cmm1l

Ethyl vanillin

8 T

18 208 30 40
Wavelength: 278 nm

T T T T Y T M 1 v 1

68 78 8@ 98 100
Emm]

Fig. 1. HPTLC chromatograms of the reaction mixtures of dextrin and vanillin (A) or ethyl vanillin

(B) with B. stearothermophilus CGTase.

G monoglucoside-like, Go¢ maltoside-like, Gs—Gs: maltooligoside-like compounds.

B. stearothermophilus CGTase (225 U) was incubated at 50C for 48 hr in the dark with a mixture
of dextrin (0.5 g) and vanillin or ethyl vanillin (0.4 g) in 10 mL of 0.1 M acetate buffer (pH 6.0)
with 0.1 mL of 0.1 M CaCls. After dilution with MeOH, HPTLC was done with a solvent system

of n-butanol:acetic acid:water (3:1:1, v/v), and each peaks were scanned under UV irradiation (270

nm).
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Table 1. Ratio(%) of transglycosylation to vanillin and ethyl vanillin from dextrin by cyclodextrin

glucanotransferase from Bacillus stearothermophilus

Acceptors A A-G A-G; A-Gs A-Gy A-Gs A-Gs
Vanillin 52.7 16.0 10.9 8.5 5.4 3.7 2.7
Ethyl vanillin 67.0 14.0 7.9 6.1 4.9 - -

#* A: Unreacted acceptors.

* A-Gi;, A-Go, A-G3 A-Gs A-Gs, and A-Ge are calculated tentatively as a-monoglucoside, o

-maltoside, a-maltotrioside,

respectively.

a-maltotetraoside,

a-maltopentaoside and a-maltohexaoside,

* Each reaction mixture was incubated with CGTase as described in materials and methods, and
then a small amount of the reaction mixture was removed to be examined by HPTLC. The ratio
of transglycosylation was scanned under irradiation of UV (270 nm).

ol Eoll oigt &3Sl Aolel 7Y e
ekt CGTaseoll o8t g Aolyh-So] Yo}
71 FlAE SAHR 7 FodAe} J 27t
2ol &afElolol s, B3] F &9 A

Zol7] 3l ExbHoll ¢REVE AU YA
%2 A frleelst B E3ble ALl
% 3KSuzuki and Suzuki, 1991). 3k 7Z+zhe]
Hl-g-olo)) plucoamylases 2|2t 2} vanillin &
= ethyl vanillin oligosaccharides(Ge~Ge)Z 7HF
e AEES o5 st i)
monosaccharide(G) 2 7HFEe AEL SVl
v}, o]#gt A= CGTase}l dextring 7h<=i-3l
BANA AAE ¢ -glucosyl FAAE 2 FL-A9)
ethyl HolA oz
vanillin ¥£¥ ethyl vanillin oligosaccharidesS Y

A3E e F3 9k,

vanillin®]

T
2=

vanillin

MMB0| Ba| U PXEH

VanillinZhe] ®h-3-Holl4]  Helgh BAE(1)S
positive FAB-MS(m/z) 2 543t A3} ZAeko] 337
[M+Na] ‘& Ezlzko] 31498 & % 9lon, IR
spectrumellA  hydroxyl7](3350 cm™'), aldehyde
C-H(2925 cm™), conjugated aldehyde carbonyl
(1690 cm™'), aromatic C=C(1590 cm™)<] ZEAH7}
shel=lgjeh, &t 'H-NMR spectrum(CD;0D)oll Al

59.84(s, 1H)ll4 aldehydic proton signal, &
7.55-7.50(m, 2H)o) 4] aromatic proton signal, &
7.42(d, 1H, J=8.2 Hz)ollA glycosidic linkage2]
aromatic proton signal, &5.67(d, 1H, J=3.58)l]4]
anomeric proton signal, &3.92(s, 3H)olA]
methoxyl®] proton signal % & 3.70-3.58(m, 4H)
NA  glucosyl?]®] proton signale] o]
vanillinol] glucose 1 A7} A¢H #3E5dS <&
4 g9len, E3] anomeric proton?] coupling
constant(/)7} 3.58 Hz Q1 ZAo2 Rol AXYEo]
@ —anomer ¢ £ Yok =gk
BC-NMR(126 MHz, CDsOD)ell% Table 20114

= vke} 7o) 14709 carbon signale] ZHEE
Eull 6149.4-109.9 Aololld] #ZE 6719] signal
£ vanillin®] aromatic groupel 7121t Zeolx, §
19349 654.5v= ZHZ vanillin®]  aldehyde”| 2}
methoxyl”], =8l 596.0-58.7  Ato]oljA
glucosylZloll 71218t 6709] carbon signale] =
o] AAE 12 Fig. 204 Heupel 7ol
vanillinell glucose 1 A7} A% vanillin- @ -
D-glucoside(4-formyl-2-methoxyphenyl-O- a -D-
glucopyranoside)?l Ao.& #eix|giv)

Ethyl vanillin#e] ghg-Helld] Relgt AGE
()2 positive FAB-MS (m/2)2 4% 2z 4
go] 351 [M+Na] " vieh} £xbe] 3289%

ale
&
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#47 "] 93 Vanillin- ¢ -Glucoside 2 Ethyl Vanillin- o -Glucoside] &4

& 4 Jdglem, IR spectrumellA & vanillinel] 42}
Z+o] hydroxyl71(3390 cm_l), aldehyde C-H(2934
cm™?), conjugated aldehyde carbonyl(1695 cm™),

Table 2. C-NMR spectra of vanillin and ethyl
vanillin- ¢ -glucoside

Carbon number Vanillin-¢ - Ethyl vanillin-

glucoside @ ~glucoside
Aglycone moiety
1 149.4 153.4
2 148.1 151.5
3 114.7 118.5
4 129.5 133.3
5 125.2 126.7
6 109.9 113.8
7 54.5 66.1
8 193.3 15.1
9 - 193.1
Glucose moiety
1 96.0 100.0
2’ 69.8 73.5
3 71.4 75.1
4 67.7 71.3
5 71.3 74.9
6 58.7 62.3

aromatic C=C(1601 cm™)el ZA7} A=k
w3 'H-NMR spectrum(CD;OD)ol| 4] & 9.83(s, 1H)
olJA} aldehydic proton signal, & 7.53-7.48(m, 2H)
of]4] aromatic proton signal, ¢ 7.40(d, 1H, j=8.1
Hz)oll4] glycosidic linkage®] aromatic proton
signal, &5.66(d, 1H, J=3.60 Hz)°ll4] anomeric
proton signal, §4.16(d, 1H, J=7.0 Hz)¥&} &
4.14(d, 1H, J=7.0 Hz)ollA] ethoxyl”]9] methylene
proton signale] #-Zxgic}. =3 §3.51-3.42(m,
4N A glucosylZ}e] proton signal 3§ 1.45(t,
3H, J=7.0 Hz)oll4] ethoxyl7l2] methyl proton
signalo] #&x]o] o] AEL ethyl vanillinoll
glucose 1 27 A%H 3IPEAE & F I
], anomeric proton2] coupling constant (J)7}
3.68 Hz ¢ Z1og Ho} o] AE AR gy -anomer
¢ ¢ F 99k =3 PC-NMR (126MHz,
CD:0D)ll A &= Table 2014 Ei= nle} Zol 157
] carbon signale] #ZE vl 6 153.4-113.81]
A 6709] signal2 ethyl vanillin®) aromatic group
o] 7]l Ao, 519349 66.1 B 151 7+
Z+ ethyl vanillin®] aldehyde”]19} ethoxyl?] ¢
methylene¥} methyl7loll 7]¢13t Aolucl, gt &
100.0-62.3 AelollAl  glucosylZlell 7191 6709
carbon signale] #ZHo] HAE I+ Fig. 204
Ri=nlel Zro] ethyl vanillinell glucose 1 E2}7}+
7335 ethyl vanillin- @ -D- glucoside(d-formyl-2-

Fig. 2. Proposed structures of the transglycosylation products.

A: Vanillin- ¢ -D-glucoside, B: Ethyl vanillin-  -D-glucoside.
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ethoxyphenyl-O- @ -D-glucopyranoside)?] 7o

A= ek

Vanillin®} ethyl vanillin® &8¢ 715 714
wa Eoll oF 1% AZ7F f3=HArctander,
1969) £ Ao Azx ot 7<1°]/‘“ 52 B
AREA Fowd g AU A gdgten,
°]& B -glucosidaseZ 7HrEaigig ol Hal

7} HA gkgkont A = ¢ -glucosidaseZ 7
B & Aee sieEdlEle] vanillin® ethyl

vanilline] B#& AU {9 o7l AX=EE
EA4S AU glsith
4 B

AE o g2lg Fa2 del AE3E vanillin
3} ethyl vanillin®] ol izt S-aliAd=t Qofl izt
S MY FHoz HAH el ot #j
A S A=kt 3 FIHEA dextrindt
o F8A|2A] vanillin EE‘“ ethyl vanillin® ¥
&= E3teHol] Bacillus stearothermophilusollA &

2l cyclodextrin  glucanotransferase® “371%
wte X7l Ad}  vanillin  ¥EE  ethyl vanillin

monoglucoside ©]#]oll%E maltooligoglucosideZ. 7+
FEE F%9 U2 A B HAEE AU 27

ul-2-ol Rhizopus nevius glucoamylase *I2|%
I3} Hekg F 1l glica gel A AZ0IEDL

el ofs *3*3%% Eal3 o FAB-MS, UV,
IR, 'H-NMR, “C-NMR 274, 4 7FpEel, a-
glucosidase ¥ B -glucosidaseol] <&t 73]
B4 z=2AAR olgd A
glucoside®} ethyl vanillin- @ -D-glucoside?] %2
g A9k o) wigdAls FEA0wA

vanillin- @ -D-

7 AS glgert olE A E o - glucosidase
2 RS oG "9 @E Ad

vanillin®} ethyl vanilling *84sl%ch

il]

to 2 3
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