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8 o g 84 f-galE olgste] FAH BzO-gale] EAEZRE NMR (‘H-9F PC-)x} 14
% mass spectrometry= ©|-&5te] BEASgITh BzO-gale 'H NMROJA 147]2] proton 2HE 1274
o Was el WFE melold o= 549 proon WAL WA7] CHelH o0& 27
proton WAL WALTEo] EAlGHE theRATh AE A B 5 432 ~ 3.46 ppmolA] ekt
£ 709] proton WARRE 95t EARSS AT & Ak PC NMR AHEA ekt
L] carbon W% T WAL RS o] BUHAERE UERITE BO-galsl BAE Hels)
7] 915t mass spectrometry 2 EA%F A3t m/z7b 293.099491 BzO-gal®] sodium adduct ion
(M+Nal)& SIZ & Qi oleler AE oz AESgol daE A7te AL Jldsha
Uom, F7HRl SEAFE g ool
FAo] : WILEE, WE-BRENOLE, YHELZ HGUE, A EGEY, DG

Abstract : To characterize the molecular structure of BzO-gal synthesized using Escherichia coli
B -gal, NMR ('H- and "C-) spectroscopy and mass spectrometry of BzO-gal were conducted. 'H
NMR spectrum of BzO-gal showed multiple peaks corresponding to the galactosyl group, which is
an evidence of galactosylation on BzOH. Five proton peaks around the aromatic region at &y 7.43
~ 7.24 ppm and 2 peaks from 8y 4.93 and 4.67 ppm were evidence of the presence of the benzyl
group. Seven proton peaks at 8y 4.32 ~ 3.46 ppm showed the presence of a monosaccharide and
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were indicative of galactosylation on BzOH. C NMR spectrum also revealed the presence of 11
carbons suggestive of BzO-gal. The mass value (sodium adduct ion of BzO-gal, m/z = 293.0994)
from mass spectrometry analysis of BzO-gal, and 'H and *C NMR spectral data were in good

agreement with the expecting structure of BzO-gal. We are expecting that through future study it
will eventually be able to develop a new additive of low cytotoxicity.

Keywords * Benzyl alcohol galactoside, & —Galactosidase, Transgalactosylation, NMR spectroscopy,
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oeFet Bopol] AR EE SFEESY 54T ¢
HAst7] st WO R galactose T

st AlLrb lolghtH1,2]. ol Wt
72l olgst= WS
transgalactosylation (-2 reverse hydrolysis) ©]
g s, O 5¢F & AFHAAAE o HHE
0]-835}o] chlorphenesin (CPN) [3,4],
2-phenoxyethanol (PE) [5,6], 1, 2-hexanediol
(HD) [7,8] #2t9] galactoside =4 A4S Al
TZatglch. " CPN, PE, 8|31 HDeJ
galactoside -FZ=A|(CPN-gal, PE-gal, &1
HD-gaD)E Izt #RAIEZ (HaCaT celoll A&
stele ), Aol wighk S/do] CPN, PE, 17
1 HDel Hste] @AlsHA ik Ae WEs
ReH3,59]. &, HEAE]  dit =40l
galactose S B2t Agor ZAEHE Zg 9l
Sttt ESE HD-gal®] 7ol galactose
227 A%stiA B2l FvtcHe IR
2= 101

olys A HigoR E AFo|AE benzyl
alcohol (BzOH) EAto] galactose $F EAHE 2
& AZle A2 AAsH BzOHE 34 A
E A, PR AR, a3 AleF ArdellA 2
FAL HHEA=A wWol AREEIL oy, BzOH
AHE S WSk =4 A oF deA] 24
7F 2% HAE Foto] dEA|a QoH11-14].
a4, B =RoAME BzO-galg Wi 8
—galactosidase (B -ga)E ©]835te] transga—
lactosylation ¥H o2 Aot 4 EEJE 7
BzO-gal &% &40 digt 'H- and BC-NMR
(nuclear magnetic resonance) spectroscopy, L
2]1 mass spectrometry S 3PS Ao

3axE

ot

thote] =3t gt o]& Fote], BzOH &4}
o] —OH group®ll e 2A}9] galactose?t A9t
BzO-gal7t FAHA= HEH FAE Al
a, olgdt AdE AR 5ol
BzO-gal 449 71288 ATE 4+ A&
o= J7rHE
go= olfg AE HFOR ITtnRA|
et =4 247 i2d ArtEs AEE
< Aoz 7|g=H, ol st BzO-gal
mREA Rz it B4 AR T8 FHAE
AL AAE oA Aol

>
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ot 1o 4~ [

flo & 30 2

2. uuwy

21, M

Benzyl alcohol Sigma—Aldrich (St Louis,
MO, USA)olA Fdsteal, TLC (thin—layer
chromatography) platet= MACHEREY~
NAGEL GmbH & Co. KG (Diiren, Germany)
©]  precoated plates SIL  HD UV,
(MNB809222)& AR&sHth. BzO-gal AAIE 9
3t Silica gel2 Zeochem (Uetikon am  See,
Switzerland)®] ZEOprep 60 (60-200 xm)&
ARBSERaL, ZeE 72 o] ARBRE AloFEE
reagent—gradeE AHESFATE

2.2, p —Galg Mish= MHZE ¥

g araBAD Z2RE AAE] ]5to]
o] ZAEEE vectors AMHESHY] diAwS W
d &z o] Nz p-gal A4S Tt
oh. xR} AR A2 B -gals g
gl miFE ol distire A+
A ZHAI8] 7158k TH15].
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2.3. B —Gal gf H&EFZ2 0|28t BzO-gal

EREL

50 mM phosphate buffer (pH 7.5)& °]-&3}
o] 50 ml conical tube°lAl 350 g/l lactose,
0.75 U/ml B-gal, 185 mM BzOHZ %9 3,
shaking incubator (40°C, 100 rpm) A 48 A]
7+ &S WAA BzO-gale PdsHTh 1e
2, 9 mle] ¥r-gH3t 9 ml ethyl acetate (EA)E
50 ml conical tubed] o] 42 &, E3 EAS
oz BEste] EAZOR Fo] BOHES AAGH
A, B 3oz ¢4H BzO-gal 4 EHS
slstgint. ol#d B8 F 33 AAIsHA,

B
U
w7 gAE ol Hale A% AAlstel 2
L
=z

o ™

I

o] BzOH7} A|A=L, BzO-gal &4 =40]
oA%le & & v Eth AgdTet FE =
702 EA FE= Roixl 8 ml9 &

gel chromatography®ll loading std, AAE A
Attt (0154, FA : Methanol : DW =
221 1). BzO-galz 4=+ 24do] ZFH &
88 wolAd TLC BEAo=g &elgt & rotary
vacuum evaporatorg ©|-8st F=sIch
ARE 23 e Ao AgAls] 7]«stad
tH16,17]. ©] 55 =4°] BzO-gal ol¢h= A&
gRelsty]  #ste]l NMR  spectroscopy?t mass
spectrometry 248 AA|5IY )

2.4, TLC BN

20 X 10 cm TLC plateell 1.0 pl AEE
loadingstxl & ©]&4 (acetonitrile @ water =
85 1 15 (v/v)) &2 15 B ZAsstsct. 181
staining solution (1.5 g KMnQOs, 10 g K,COs,
1.25 ml 10% NaOH in 200 ml water)& TLC
plated] & & 80T ovenollA 15 £3F TaiA
HEE Sl sF3lrh

2.5. '"H- and "®C-NMR spectroscopy

400 MHz NMR  Spectrometer  (Bruker
Ascend 400, Bruker, Germany)S ©]|-&¢t
'H-NMR# “C-NMR £4& 3519t} o] of,
AFESE solvent:= CD;ODol™, AAH BzO-gal
24 248 oF 20 mg 1000 xl CD;ODo] =
o NMR A|82 ARESHATE

2.6. Mass spectrometry
AAE BzO-gal 4 EHO AsF B4 1

s Q-TOF mass spectrometer
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(MicroQTOF 1II, Bruker Co.)& AMHg5te] AA]
5ttt Tonization sourcer= ESI (electrospray
ionization) © &, analyze type2 time of flight
(TOPHZ E2°] m/z (mass to charge ratio)S
ghelstaiet.

3. Zat | nF

3.1. 'H- and "C-NMR spectroscopy
BzO-Gal®] 'H NMR AHEHE B,OHe| 7t
HEASPL FQSS BT o mart u
et QlkFig. 1. 'H NMR ~=HES] th2d
=91 &y 7.43~7.24 ppme] UE}: mIEe
BzOHO| k=717 AR vehdich. 4o
o] CHye 7hold go] o]2sl A fdsele
okl G fAo] AgE F Apolze]
W FeAgor £ )Y waR o] sy 4.93
T 4.67 ppmell A7 e Rl 54
oz yehte 99l &y 4.32, 3,849t 3.82~
3.46 ppmelA 7719 FaEREH Uehte 33
E°] UehtE Zeg Hop o]Eo] BzOHe| Z
FEZ9F g2 ddo]l EYEGES FT

ES
At Absolute configrationol] TafAE, Lut
Hog transglucosylation =
transgalactosylation§F-g-9]  A4dE2  anomeric

position®] conformation®] A7} Hrial 4
A PJoenzg p-galof oJs AtdE & w9
APEE Branomerd Ao FHHECHILL 7]
£ A2 chlorophenesin, 2-phenoxyethanol
9 1, 2-hexanediol 59| t}Fst sPFES At
A& galactosylation acceptor2#] ARg-sle] Zreh
EAfolE BAHES FESHIH3,5,7]. TS o
291 chlorophenesin ¥ 2-phenoxyethanol&
AHESIEE 7S B-anomer¥t Eoldoz A4
HQITH3,5]. BolsHAl=E AE dFEEd 1,
2-hexanediol& AM&-%t galactosylation ¥H-g-2
B-anomer®} a-anomer”} racemic mixture# %
Aol AAgEe] AIEClA WS Holz] oFdth
(7], webA p-galdt WS G| vk
2 iR dAIECIS A AdEe] A
a0 WAL YAIEcldol ddiHe=m
2 Aom Uttt 2 AfollA ARgE Rk
or

=

AL BzOHO A%t YAHEE Egh 22
Z79] anomertt Bol|Hoz EEo] nE
A|E AIE Holi 9},

no ro i 1 o r
o
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'H NMR (400 MHz, CD;OD) & 7.43~7.41
(d, 2H, F7.2 Hz), 7.34~7.30 (t, 2H, F7.2
Hz), 7.28~7.24 (m, 1H), 493 (d, 1H, F12.0
Hz), 4.67 (d, 1H, F12.0 Hz), 432 (d, 1H,
JF1.6 Hz), 384 (d, 1H, 3.2 Ha),
3.82~3.72 (m, 2H), 3.59 (t, 1H, /9.2 Hz),
3.51 (, 1H, F6.0 Hz), 3.46 (dd, 1H, F10.0
Hz, , /=3.6 Hz).

.

Fig. 1. 'TH-NMR spectrum of BzO-gal.

BC NMR 2#E#S BzO-Gal® FZo|A
71918k & 119 ©r4 a7yt yebgchFig. 2).
BzOH®| W ©tAZHE 4719 oot wd
ZA1719] CH, 17§¢] m]3, =1 FOeRHE 6
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7ol w7t &y 76.9~62.7 ppm FHoNA e
U o] B4 3z BzOHO| & 7ol gol A
ge wEAdE 9 & YAtk "C NMR
(100 MHz, CD;OD) & 139.3, 129.4, 129.3,
128.8, 104.0, 76.9, 75.1, 72.7, 71.8, 70.5,

62.7.

L

T T
120 10

Fig. 2. C-NMR spectrum of BzO-gal.
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3.2. Mass spectrometry

Fig. 31 Zo] HAFEA7] (ESI-MSE &l
ARt BzO-gal A2 248 At 293.0994

(m/2)9] peak7} THEQE o] AT peaks o
S o] & & 4 SQlSIth [108.14 (BzOH)
+ 180.156 (galactose) 18.015 (water) +
22,99 (Na") = 293.271] [Ci3sHisNaOgl. Z1=iA
o] peakE BzO-gal®| sodium adduct ion ©]2t

glstdem, it p-galol sl

o

Intens. +MS, 13.5min #792]
x105]

5 203.0094 o

4 i 0. OH

E \ [M+Na]* @AONH

4 7w

] 1+

3] 381.1313

2]

1]

] 185.1156 ll 563.2121  §51.2419

ot b L — :

100 200 300 400 500 600 700 800 900 miz
m/z

Fig. 3. Mass spectrum of BzO-gal using ESI-MS. Arrow indicates a peak of sodium

adduct ion of BzO-gal ([IM+Nal"). In addition, molecular structure of [M+Na]"

is shown beside the arrow.
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Lactose Glucose
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oo S
[-Galactosidase

Benzyl alcohol
(BzOH)

OH
0™ HO OH

Benzyl alcohol galactoside
(BzO-gal)

Fig. 4. Transgalactosylation reaction of BzOH using S —gal.

transgalactosylation ¥hgof 2Jste] BzO-gal©]

-5
FAEYSE AT 5 Ak

4. &

[

A G4 f-gal= ©]8st BzO-gal&
SHA5H7] 9I5ke] transgalactosylation HFES 4
Pstct. o] o, BzO-gal &4 4 24 A
At & NMR (‘H- and *C-) spectroscopy2}
mass spectrometry A& AASGct 11 A}
BzOH®] hydroxyl group (-OH)ell galactose gt
EAE 4%H BzO-gale] Bzt AHg &
AT 4 Uit} ol=dt A& Hig e R BzOH
AA BzO-galo] &A=+  transgalactosylation
Hh-8-2 Fig. 49 Zo] & & 4 Stk Ag4
oA gAdo] Eele CPN-gal [3], PE-gal [5],
HD-gal [9]¢} Zo] 39 ®3} glo] mRAx
of gt Fdo] A" HAVME NS 7|dst

At

Aol 2
2 A7t FA7194004 s 2018WE
EY 71EmEY YA No. C0652452)]
Ao AT ATRYL YU e,
SRaEjoh AREshy olslun wws o
A4, @ACKIAOlEE BARE Sol B AT
82 FAsUt
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