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8 oF . SPFEE THAR ARSI Q= 1, 2-hexanediol (HD) &2 5%9] lactose (300 g/DE
g, AR T B -galactosidase (B-gaDe ©]8ot]  galactose § EAE AIATIE
transgalactosylation g8 A|#HA], 1, 2-hexanediol galactoside (HD-gal)-& 3Adstdct. 121, T4
¥ HD-gal #4245 &<lst7] $1ate], HD-galell tigk NMR (‘H- and “C-) AHMEF 247} mass ~
HEY 24g A HD-galo] 'H NMR AHEZA HDo| ZHEAS} Hgd HolFE
thFet M35 sttt 'H NMR AZlER ] thedsel 6y 4.44 ppmit 64 3.96~3.58 ppmoilA]
UehE st 0352 HDo| ZZEAS =9ithe 21 & dASk 9lem, gt 'H NMR &
HEH JHEA YEf= 6y 1.60~1.35 ppmt 0.92 ppm2] I+ HDO| CHet CH; 28712
2e vehtbe fazd HD7F 2 B0 EAgthe 22 i ok PC NMR AHE A
HD-gal®] &uj-ofleme} Hjgf-oflem o] oA 7]Qlet= & 219] 7REm=7F ek, Zh ofer
oieh 127]9] 7HEo] EASH=t] o]%F & 68.6, 60.9 and 13.2 ppmo] Holi: 37]9] FHES HAA
et F 24009 m3 F 200 uvebdth ESE AFAHESH EHoAME protonated HD-gal?l
281.1601 (m/2)9] peaks &1st 4 9iglth. o2 EFslH, NMR (‘H- and BC-) 2¥EZ 24 2
dop AgEA AE2 87t 7Y HD-gale] +x9 wfe & dAstal th= AS & 4 U3
ot goz FrtHoz Aol ™It minimum inhibitory concentrations (MICs) ZAFe} human skin
cello] tigt S4ATE F7HHo® g oAAFold, ot AWE ZHAR PF+teS FAIstHA oFA|
zo] gt E4o] A PR WEA Y A/ NEe] ALEZE ZIdstal ok
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Abstract : 1, 2-Hexanediol galactoside (HD-gal) has been synthesized from 1, 2-hexanediol
(HD), a cosmetic preservative, using recombinant FEscherichia coli B —galactosidase (8 —gal) at the
high lactose concentration (300 g/I). To confirm the molecular structure of synthesized HD-gal,
NMR ('H- and *C-) spectroscopy and mass spectrometry of HD-gal were conducted. 'H NMR
spectrum of HD-gal showed multiple peaks corresponding to the galactocyl group, which is an
evidence of galactocylation on HD. Downfield proton peaks at 8y 4.44 ppm and multiple peaks
from 8y 3.96~3.58 ppm were indicative of galactocylation on HD. Up field proton peaks at oy
1.60~1.35 ppm and 0.92 ppm showed the presence of CH, and CHj; protons of HD. “C NMR
spectrum revealed the presence of 21 carbons suggestive of «— and p-anomers of HD-gal.
Among 12 carbon peaks from each anomers, the 3 peaks at 8¢ 68.6, 60.9 and 13.2 ppm were
assigned to be overlapped showing only 21 peaks out of total 24 peaks. The mass value
(protonated HD-gal, m/z = 281.1601) from mass spectrometry analysis of HD-gal, and 'H and
BC NMR spectral data were in well agreement with the expecting structure of HD-gal. For
further study, the minimum inhibitory concentrations (MICs) of HD-gal against bacteria will be
investigated, and, in addition, cytotoxicity to human skin cells of HD-gal will be examined. It is
expected that it will eventually be able to develop a new cosmetic preservative, which have low
cytotoxicity against human skin cell and maintains antimicrobial effect.

Keywords - 1, 2-Hexanediol galactoside, £ —Galactosidase, NMR spectroscopy, Mass spectrometry,
Cosmetic preservative

1. M E o] CPN-gal?} PE-gal E#to] mBAE =4

o] galactose ZAgol| oJste] FAEATHE AL

1, 2-hexanediol (HD)&= 3PFEo| HHA(R HolZL Axlgt & 2 Qlth oju] e o]
W/ EREANE F= ALEHL Jlow, AME ke A o]#3t galactosylationo] o]JoFEo] oFE E4
1-2% Ax olt}t. o]#3t 1, 2-alkanediol A& S W5 4 9y, Hop £ wrgfo g o)ok
o] s1gHEoA alkyl chain®] Zel7t Zojdez & 2 S8 A & <+ "ok waeln

O

/g0l l‘”‘o]'x]”ﬂ 9 712 1, 2-alkanediol& & JTH9-13].
dtoto] ARESHH, mEo] it EA4do] e AL E AF9 transgalactosylation 5o ARggH
2 48A dol1-3]. 2 AF"HoAN= Bt 2 AR diFTeld EdE" B

A5 A AL/AERe 9lste], HD Bt 3 —galactosidase (8 -gal)ol™, APAFo|A H1
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B219] galactosed EAE o]gste] AT, 1, ?l’ A Zo] it AZE Wl inclusion body
2-hexanediol galactoside (HD-gal)& Tr=x o FE= T, Y S ot HEEE
=  A9Ysteigri4]. HD  #yr oYzl ZA35t991, inducer (D-arabinose) A7} &,
chlorphenesin (CPN)¥}t phenoxyethanol (PE) 2 inducer analog& 7Fste]  EHAAZATH14].
S SPAE] ol HHEAO L galactoseE Transgalactosylation 3-8 AJZ wol= g -gal
B2t AA|AA,  chlorphenesin  galactoside < A okA ¢, ARy oA AlE AAE
(CPN-gal)?}  phenoxyethanol  galactoside A7 Aottt 18al lactose X5 300 g/l
(PE-ga)E #o wog ojul FASATHS, A= H7151, reverse hydrolysis ¥-2-of ©]5}o]
6]. &4E CPN-gald} PE-galo] EAS BAs} transgalactosylation ¥F-g-o] dojut== Skt
of By, 7]'7\]51 %% CPNIt PEC] &+t 2 AFolME HD-gal el dieh 2 74
ol & WSt gla, FEAE digt SAo] AgAo] Hit $& AFE A&tk A #
71-J_o].# FAAl 7:14.E AAc}7, 8]. o]t A APAFANAE B gal et Az A
A= transgalactosylation W] oJ5le] & = ©]8oto] transgalactosylation WREOR
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HD-galo] ddtte AHdS Az o= &Qlst
Fa4], & WHA JdFE FdH HD-galS
solvent extraction®} silica gel chromatography
£ olgsto], anror Ze/HAlste ol
tiste] A Foll Aok E TN = &
2¥ HD-gale] ©fg 'H- and C-NMR
(nuclear magnetic resonance) spectroscopy, L
2|1 mass spectrometry A1E FPotATh o]
£ 55}9], HD-gal B §F E219] galactose
7h ogA Akl Sl=Alol it A A
£ AL sttt ko g olzjgh AIE
Az mFo] digt =4do] HAaH SH
Al el wekA rxateE Aed
S5 AZtEH, HD-galol W3t ddAle
54 A9 52 7R AAE 4 3
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1, 2-Hexanediol Sigma—Aldrich (St Louis,
MO, USA)lA +dsteal, HD-gal BAIE <
3t Silica gel2 Zeochem (Uetikon am  See,
Switzerland)©] ZEOprep 60 (60-200 um)<
AHESERAL, 71EF 2 Aol AR AleFE2
reagent—gradeE AHE-5FITH

2.2, f —Galg Mist= =g &R

WdFe] araBAD ZE2RE AAE| o]5ld
o] XAE+= vectorg AHESHY E coille W
d T8 ot X f-gal ALE TG
qiﬂZ“Wﬂﬂwﬂ#ZPW‘Bga Fh3t
E coilo] vjoFd Sof tjstolAm AsaTe
A A 71 =5k 14, 151

ba

2.3. B —Gal &8 HEHF2 0|2st HD-G
g8 ¥ dx
15 ml conical tubee] 300 g/l lactose, 4.8
U/ml B-gal, 75 mM HDE %<9l %, shaking
incubator (37°C, 100 rpm) ©ll4 48 A|7F S<t
H-3A1A HD-gals @/dstlch 718 AR Hh
g 273} WSBOIA ~47 HD-gale] 2ol 3
| el distoiM= AgAte] 28] 7]&st
ScHal

=

)

%
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2.4. '"H- and *C—-NMR spectroscopy

400 MHz NMR  Spectrometer  (Bruker
Ascend 400, Bruker, Germany)g& ©]|-&%t
'H-NMR#} “C-NMR £24& 3tk o] o,
A3 solvent= D00, AAE HD-gal& oF
20 mg 1000 u«l DyO°l 5o NMR A== At
&ohaich.

2.5. Mass spectrometry

SYNAPT G2 (Waters, UK) mass
spectrometers ARg-5to] AAE HD-galo] A%
A& AAs

(electrospray ionization)©.=2, analyze type
time of flight (TOF)& 3to] EA5F9c}

Ionization sourcex= ESI

3. gt # 1
3.1. '"H- and *C—-NMR spectroscopy

'H-NMR A#E&.2 HDeoJ galactosylation®]
HSsS HolFe ot #azh et Ao
(Fig. 1). 'H-NMR A#H|EZo] themrel gy
4.44 ppm} 3.96~3.58 ppmolA UEh}E= thoF
gt #3522 HD| galactosylationo] = SIth=
Ae & LAk QIth#1 peaks in Fig. 1). &
g 'H-NMR ~AZEe] Quhioq vehte
&u 1.60~1.35 ppm¥t 0.92 ppme| 3+ HD
o] CH¢t CH; 287127 Uette ma=4
HD-galo] 2 &40 &4t o & AdE#2
peaks in Fig. 1). 'H NMR (400 MHz, D,0)
444 d, 1H, F7.7 Hz), 3.96 (d, 1H, /3.0
Hz), 3.92~3.90 (m, 1H), 3.86~3.76 (m, 2H),
3.79 (d, 1H, 4.4 Hz), 3.74~3.70 (m, 2H),
368 (d, 1H, /=2.9 Hz). 358 (t, 1H, /=88
Hz), 1.60~1.45 (m, 2H), 1.40~1.35 (m, 4H),
0.92 (t, 3H, /6.7 Hy).

BC-NMR AH®EZHLS HD-gal9] @ -anomer
o} p-anomer®] FROA 7IQlek= F 21 i<
g4 m327F vebgdth. ZF anomer ot 12 749
a7t EASh=H °lF 6c¢ 68.6, 60.9 1AL
13.2 ppmof| Hol= 3719 g4 HAA yeht
Z 24 Aol W3 F 21707t YeERTh (black
dots in Fig. 2). o]24, 2 EZ] HD-galo] &
Ast A, HDQ] galactosylation®] Hth=
Ag el & 4 9 (Fig. 2). PC NMR (100
MHz, D,0O) a-anomer; 103.4, 75.1, 74.2,
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Fig. 1. '"H-NMR spectrum of HD-gal.
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Fig. 2. "C-NMR spectrum of HD-gal.
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72.7, 70.9, 70.5, 68.6, 60.9, 31.9, 26.9, 21.9,
13.2. B -anomer; 1029, 75.1, 73.9, 72.6,
70.8, 70.2, 68.6, 60.9, 31.9, 26.9, 21.9, 13.2.
I8u, NMR g EE AdoA= HD #4449
oJ® hydroxyl group (~OH)ell galactose7} 2%
F=Aol it A4S S 5 ek shARt
AFAT ARde p-galol &Jste] CPN
primary alcohol group®ll galactose?} Aggti=
B7t Qohle, 17]. =4, HD-gal= primary
alcohol groupll galactose?t AR A= =
£ 4 ek

3.2. Mass spectrometry
Fig. 33 Zo] HFEA7] (ESI-MS)E 53

AR HD-gal BAo] Hkg 24 A7
281.1601 (m/2)9] peakE 9& 4 AUt o]
A% peaks theTt Zol F2 ¥ £ oo

140218_HDG_KyotongU_HP

W Het-2HEAHIZE ol gste] Gy
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[118.174 (1, 2-hexanediol) + 180.156
(galactose) — 18.01528 (water) + 1.007276
(HY) = 281.3219762]. Z1=jA ©] peakE
HD-gal®] protonated form ©oJ2txl 15},
fx23 g p-galoll &sf HD-galo] =]
a2 2okt

4. 2 B

NMR ('H- and C-) spectroscopy®} mass
spectrometry A& Eote], xR A B
—gal& ©o]8dte] HDS hydroxyl group®ll
galactose ¥t #AFE AYAIA AT HD-gal
AR ARS @elsiylnh. 1e9al, ot
transgalactosylation ¥-8-& Fig. 4%}t 7‘0] F2

T 4 ok £ A7 Ssjol, ojn A7

140218_HDG_KyotongU_HP 31 (0.501) AM2 (Ar,30000.0,0.00,0.00); ABS; Cm (3:67) 1: TOF MS ES+
2811601 1.23e4
100-
€= [M+H]*
Ht
Hi H*
HO. NS
OH
g.
282.1638
2794711
280. 0237 2822044
sl 2196692 79,9384 2°1"%% 50 9067 om0 4065 2809 2814007 2817008 2212 | 7 282.7932
279 P 282 283

Fig. 3. Mass spectrum of HD-gal using ESI-MS. Arrow indicates a peak of protonate
HD-gal (IM+HI"). In addition, molecular structure of HD-gal is shown below the

arrow.

Lactose

Glucose

E. coli p-gal
1,2-hexanediol

(HD)

1,2-hexanediol galactoside
(HD-gal)

Fig. 4. Transgalactosylation reaction of HD using £ coli 8 —gal.

- 290 -



CPN-gal [7]3 PE-gal [8] Zo] 482 &4
SHAA, mFEAZ et 5o Fas PEEE

HRA e ZIdskaL Sl

o}

A2 =

£ a7t 20169 FFLENFD A9 B
s
T

W5},

References

. W. Johnson Jr., W. F. Bergfeld, D.

V.
Belsito, R. A. Hill, C. D. Klaassen, D.
Liebler, J. G. Marks Jr., R. C Shank, T.
J. Slaga, P. W. Snyder, and F. A.
Andersen,  Safety  Assessment of 1,

YA

2-Glycols as Used in Cosmetics. /nt.
Toxicol., 31(5 Suppl), 147S (2012).

. E. Lee, S. An, S.—A. Cho, Y. Yun, J. Han,

Y. K. Hwang, H. K. Kim, and T. R. Lee,
The Influence of Alkane Chain Length on
the Skin Irritation Potential of 1,
2-Alkanediols, Int. J Cosmet. Sci, 33(5),
421 (2011).

S. B. Levy, A. M. Dulichan, and M.
Helman, Safety of a Preservative System
containing 1, 2-Hexanediol and Caprylyl
glycol, Cutan. Ocul Toxicol, 28(1), 23
(2009).

. Y. -O. Kim and K. -H. Jung, Enzymatic

Synthesis of 1, 2-Hexanediol Galactoside
by Whole B —Galactosidase—
containing Recombinant Escherichia coli. J.
Life Sci., 26(5), 608 (2016).

S. -E. Lee, H. -Y. Lee, and K. -H. Jung,
Production of Chlorphenesin Galactoside
by Whole Cells of p-Galactosidase-
containing Escherichia coli, J. Microbiol.
Biotechnol.,, 23(6), 826 (2013).

cells of

. H. -Y. Lee and K. -H. Jung, Enzymatic

Synthesis of 2—Phenoxyethanol Galactoside
by Whole Cells of p-Galactosidase-
containing Escherichia col, J. Microbiol.

Biotechnol.,, 24(9), 1254 (2014).

1.

10.

11.

12.

13.

14.

15.

- 291 -

R LR

S. -E. Lee, T. M. Jo, H. =Y. Lee, ]. Lee,
and K. -H. Jung, B -Galactosidase-
catalyzed Synthesis of Galactosyl
Chlorphenesin  and its Characterization,

Appl. Biochem. Biotechnol, 171(6), 1299
(2013).

. K. -H. Jung and H. -Y. Lee, Escherichia

coli B —Galactosidase—catalyzed Synthesis
of 2-Phenoxyethanol Galactoside and its
Characterization, Bioprocess Biosyst. Eng.,

38(2), 365 (2015).
G. D. Benjamin and M. A. Robinson,

Drug  Delivery  Systems  based on
Sugar—-macromolecule  Conjugates,  Curr.
Opin.  Drug Discov. Devel, 5(2), 279
(2002).

J. Huang, F. Gao, X. Tang, J. Yu, D.
Wang, S. Liu, and Y. Li, Liver—targeting
Doxorubicin—conjugated Polymeric Prodrug
with pH-Triggered Drug Release Profile,
Polym. Int., 59(10), 1390 (2010).

D. Melisi, A. Curcio, E. Luongo, E.
Morelli, and M. G. Rimoli, D—Galactose
as a Vector for Prodrug Design, Curr.
Top. Med. Chem., 11(18), 2288 (2011).

L. F. Tietze and K. Schmuck, Prodrugs for
Targeted  Tumor  Therapies:  Recent
Developments in ADEPT, GDEPT and
PMT, Curr. Pharm. Design, 17(32), 3527
(2011).

L. Q. Yan, N. Li, and M. H. Zong, First

Enzymatic ~ Galactosylation —of  Acyclic
Nucleoside Drugs by B —Galactosidase:
Synthesis ~ of  Water—soluble B-D-
Galactosidic Prodrugs, Biotechnol.

Bioprocess Eng., 19(4), 586 (2014).

K. -H. Jung, Enhanced Enzyme Activities
of Inclusion Bodies of Recombinant p
—Galactosidase via the Addition of Inducer
Analog after L—Arabinose Induction in the
araBAD Promoter System of FEscherichia
coli, J. Microbiol. Biotechnol, 18(3), 434
(2008).

K. -H. Jung, J. -H. Yeon, S. -K. Moon,
and J. -H. Choi, Methyl «-D-
Glucopyranoside Enhances the Enzymatic



o

Vol. 33, No. 2 (2016) g HEF-ZHEA 0| ZE o] 45t0] FAH 1, 2-Hexanediol Galactosided] NMR Spectroscopy @ Mass spectrometry 7

Activity of Recombinant S —Galactosidase 17. C. Scheckermann, F. Wagner, and L.

Inclusion Bodies in the araBAD Promoter Fischer, Galactosylation of Antibiotics

System  of  Escherichia coli. [ Ind. using the B —Galactosidase from

Microbiol. Biotechnol., 35(7), 695 (2008). Aspergillus  oryae,  Enzyme — Microb.
16. N. Bridiau, S. Taboubi, N. Marzouki, M. Technol., 20(8), 629 (1997).

D. Legoy, and T. Maugard, g8

—Galactosidase Catalyzed Selective

Galactosylation of Aromatic Compounds,

Biotechnol. Prog., 22(1), 326 (2006).

- 292 -



