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2 2k sAEo HEA (Ad/REA) E AFEE = 1, 2—hexanediol (HD) & <QIgk H2H8-8 FE317] 951,
Escherichia coli (E. col)®] B —galactosidase (B —gal)S ©]&3}4 transgalactosylation ¥H3-o2 1
2—hexanediol galactoside (HD—Gal) & 433t th 2 AFoA= FA4E HD—-Gal9 QA7 3 FA| o tfgl
F40] o HERIAE HD9 Hlwste] #zstH T HD—Gald HDO Alx54-2 I3F 7223 dM 2
(HaCaT cell line) ol HDS} HD—Gal2 A &gk 3 cell proliferation assay & ©]-&3}] Hlnl E4439 0}, =3
ojmj, $1g2F Ar|7d 0.2 HD-Galst HD= A 2f3t Alxo] e & vla AFsiith. 11 23 HD-Gal2 42.2
mMolA] 211 mMe] F5 WA MEZFo] #ARA oo, dulyd HFAAE & Hls #FT +
Atk 23y, HDY A$-ole As=olM (42.2 mM and 84.4 mM) & HEEA 0] #AH R dgtoy) 1%

(168.8 and 211 mM) ol A "¢ E2 Al Z54E JeP Y, v BFAE DeEolies 0], Alx
540] BFEA &2 HDO AFEAdANE MZRYH ME oA Myt BFEHUT o2 Az 54 0]
Z4a¥ HD—Gale] HDE| dAAZA ¢bd, 247 2 49 /3] A2 852 /MdE § & o= A=

b

Abstract: We synthesized 1, 2-hexanediol galactoside (HD-Gal) from HD wusing Escherichia coli (E. coli)
-galactosidase (/5-gal), in which the reaction is generally called as transgalactosylation (reverse hydrolysis). In this
study, we investigated how much HD-Gal and HD had a cytotoxic effect on HaCaT cell, in order to compare HD-Gal
with HD in terms of the cytotoxicity of human skin cell. Cell proliferation assay and phase-contrast microscope ob-
servation were used for investigating the cytotoxicity. As a result, HD-Gal had not cytotoxic effect on HaCaT cell in
the concentration range from 42.2 to 211 mM. In addition, when we observed the cells using microscopy, there was
no change in the cell morphology. Meanwhile, when 42.2 mM and 84.4 mM HD were treated on HaCaT cell, we did
not observe the cytotoxicity; however, when 168.8 mM and 211 mM HD were on HaCaT cell, HD had a higher cyto-
toxic effect on HaCaT cell. In addition, when HD was treated on the cells regardless of the concentration of HD, there
were obvious changes in cell morphology and cell number. It was expected hopefully that HD-Gal would be applicable
as a substitute for HD as a less toxic preservative in views of safety, health, and well-being.
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Figure 1. Enzymatic synthesis of HD-Gal from HD using /3 -gal.

=

—

1. M

H 29 Haro A sPgFol ARE- Hoj A& A
(A/REAE Qlete] WA E A= FA-&ol tist
o] A3k AT} Chlorphenesin  (CPN), 2-phenox-
yethanol (PE), HD®ll &gt #28 Hirl 9Jlom
[1-4], ¥ ATHNAE 15 o] & S5 #sts,
galactose ¢+ #-AHS CPN, PE, HDOl AAIZ] galacto-
side -5 A|(CPN-gal, PE-gal, HD-Gal)3 g4 alo] 32+
& EAE S5 A=AT5-7]. oW, E coli®] B
-gal & ©]&3}] 1F T2 lactose’} £ Y= WS Z
A4 transgalactosylation HH-&-©.2 CPN-gal, PE-gal,
HD-Gal& 43ttt AATE &3] galactose -
S49] CPN-gal¥} PE-gal®] <17t 3] H-A| ZE(HaCaT cell,
human keratinocyte cell line)oll thgt 5/d©] CPN¥} PE
of st Ath= AMS APAOE F3turh

HD9] galactoside =A% HD-Galoll thdt] A=
HD-Gal 43 &<l, Z12]aL ethyl acetate (EA)S} silica
gel chromatography & ©]-&-3F A Wyol thet 3=
A8 =Fol W THs,9]. L8lal, galactose”} HD
of ZAgtsle], I|FME| HFH(water holding ca-
pacity) S SXIAZ T Uth= A& AFHOE gy
[10]. ¥ AFolA+= HD-Gal®t HDS Hlw S uwj,
HD-Gale] QIZtF S FA| o] o= A= =54 7H4 &3
£ Uehd ¢ JESAE Wile dATE FHAT
CPN-gal#} PE-gal*l¥ HD2| galactose =417} <17t
g RAZe B} AL 54& BY Zo=E Tty

B d7E stk
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1 ,2-Hexanediol<> Sigma (USA)°IA], £-gal A4kS
)3t ¥l A= Beckton Dickinson (New Jersey, USA)°ll 4]
TY3+H AL, HD-Gal HAIE 91t silica gel> Zeochem
(Uetikon am See, Switzerland)2] ZEOprep 60 (60-200
um)y= 7Y AHESEATE Z1EF B Ao ARRS Aok

£ reagent-gradeE AHE-SFRITH

22, B-Galg Milst= WX &R

N AF2] araBAD ZZRE] A 2Elo] o5l W3 o)
ZA =)= pBAD/Myc-His/lacZ vector (7.2 kb) (Invitrogen,
USA)Z AMR-3L E. coil MC 10618 28 <32 3}
B-gals FHSAT f-gal FAAE pBAD/Myc-His
expression kit®] FAAE AHESIAL, AT E coil
A& A2 f-gals T E coil?] MIFYH T
o] tistdM = APATNA AAS] 7] F3HHATHS-T].

o

2.3. HD—Gal &1} HA|
HD-Gal 335 913l 50 mL conical tube®ll 75 mM
HD, 4.8 UmL B-gal, 300 g/L lactoseS ¥ 3(50 mM
phosphate buffer, pH 7.0), A F3]& 40 mLE %5
11, shaking incubator®ll 4] 37 C, 100 rpm £ 0.2 48
h &2 TS AIFHTHRES-41-S Figure 13 2. 183,
9 mLe] HF-S-¥3} 9 mL EAE- 50 mL conical tube®l]
2o 3 B3 EAFOE Bl EATOE Zh]
HDE AA3s, & S22 F4¥ HD-Gals 23131
o olggt £ F 33 AAEA I, YA §ES
A& AAIBEe k] HD7}F Al A= A,
< 29T ddTe) 2

LA
O F EA FE2 BolZ 8 mLY & &< silica
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Figure 2. Microscopic observation using phase contrast

Hexanediol

microscopy of HaCaT cells. Control was not treated with
hexanediol or hexanediol-gal. Magnification was 40X.

gel chromatography®l| loading 3t], FA& AA8IH 2,
HD-Gal®] X348 £8-S& RO}A rotary vacuum evapo-
ratorg ©]-8-3t 3 HD-Gal =3Itk AHAIgH
218 A ATol FAIE] 7]=3tATH8-10].

2.4. Cytotoxicity Assay2} QAtx} &0l zat

Cell proliferation/cytotoxicity assay kit (EZ-CYTOX,
DoGenBio, Korea)E AH&-3ste] A3ttt HaCaT Al
= AEol 100 mm AEZ8]F HAANA 5% FBS<}
1% (50X) penicillin/streptomycin”} Z&-% fresh media
DMEM (WELGENE, Korea)& ©]-83}%] CO, incubator
(5% CO,, 37 C)ollA vigsATt. AE7F HA o vb
Z1¢] 80-90% A3k l, Trypsin-EDTA -&<}(WELGENE,
Korea) S ©]-83}4] trypsinizationd}e] MEZE Wodl 3
AAEE)(1,500 tpm, 5 min)E AABHACE 8], 4
82 WAL pellet?t F3t, 1 mLe] DMEM2 % o]
oAl A= skt O F, o] AEY 100 uLE 96-well
plate®] Z}+ well vlt} £53}<], CO, incubatorol A 24 h
ksl wl ekt Aol HDSF HD-GalS 10 uL®
TEEE H7KSE ¥ 12 h, 24 holl EZ-CYTOX 10 uL
AS 7F wellll H718FH a1, 28131 30 min &<t CO,
incubator®l| A ¥H-g-AlA, 450 nmoN A FF =S S35}
ek o, thz=-& EFHste] HD9F HD-Gal 2 5=
Z 3709] well & AR&-3te] A3 THn = 3). Relative
cell viability (%)= HD -2 HD-Gal-S A &]|3}A] %2

wello| Aol &3 % ko & HD 3-& HD-Galo] H71=H
welloll A 2] FFEE Uro] FiL 1002 Fske] 78t
Atk HDE 83 3 HD-Gal2 8|3 72 2}o]
£ EAA o F vwdlr] Y5, student’s testS 53
3tggom. oluf, p ol 0.05H T AS uf, "2 FAE}
AKp < 0.05). LB AL, 12 h3} 24 holl phase contrast
microscopy & ©|-83t] MEZE AT

3. At ¥ nF
Galactose”} 2% HD-Galo] A +dAS At
7] &, A3 FA|EQ) HaCaT AHEol| thaFdt &
oF NZFeE AEd &, MEe] BeF Wt W AEE
< AT Anlg stollA tixzae] D RAZE
AP A F24 Axe] Fert Uehve Wi, HDE
12 h B¢+ A3 D RA L5 Bk HAAo] Alg}
Ae T FHES Hsrt #FEQIL, AEEQ21]
mM)2] HDE A 2]3tA-& 7 -F-oll & BRIt ol
2 AT A2 7o) FA7EA] R A THFigw
o]#]3t A= HDE 24 h B¢+ H sty e A o
% =7}l tHFigure 2B). B ATE 93 AL
HD-Gal& A 2|§t AodAMe BE FZolA Hxe
& 2 AEZ o] I} 27 vlaste] S

315 FholE = I TH(Figure 2A, B).
2o 2 9= drA stollA HAXE HE
o] 7447} HDO| MZ=AZSE Q1% ZIRIA] ZAR) K
7] 918k EZ-CYTOX cell viability assayE 4~333}53
o} 1% 5(168.8 mM, 211 mM)&] HDE 12 h Thol| 3
Azl gk MEFAdo] ul-g- EA YERE RHE,
HD-Gal& A28 BE EToA AZE5A0] e}
2 Th(Figure 3A). 18], 24 ho] At 3, 168.8 mM
7 211 mM9] EEolA= HDY Al =4o] 4< 4
el Zo® #EE oY, HD-Gald EE %0
Al A Z=4E JEPA U THFigure 3B). 2=, o]
3 AFRELS 15 HD HNAE AlZEAHS X
shet g A zo] A 75 B dFE =
=5 Bl Aolgt & ok 2 AFolA AREE
HD-Gal2 7]&9] HDoll Hla)| wl-¢- @2 ME 545
Ve 7] wj el A ek o] @ FHAY FRE| ok
S H5 o8 7R A Fl HDE A
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Figure 3. Cell viability assay (EZ-CYTOX) for HaCaT cells
(p < 0.05).
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o |
S

2 AFodA = sE AAE AFEET] 17 A 2R
HD2] galactosideQ! HD-Gal®] UA| I]F-A|Zo digh
545 AT @A HDE ol WA 24
0.00005%°11 41 10%°] F=2] HfllA AMEE I Atk
[11]. Figure 3°|4 A¥3 s W= HD7F <F
0.5-2.5% AXZo|al, HD-Gal> ¢F 1.2-5.7% AHXo|th
B, sPFlA AHEE F e T HAdA
wEE A & vk B AFRllA vERd A3
15 5(168.8 and 211 mM)©] HDE "¢~ &2 Al Z
AL YERAIL, AFE(422 and 84.4 mM)olA =
Z73 vl wate] 1 RA Lo BA-S ERA] &gk
CHFigure 3A, B). HD2| &%= 42.2 mM<} 84.4 mMol| A
Ao tigk HA4d0] §la, kst AzkE 4= A
oh @r)A StellA] HoX = IRAxe] Bof W=
£ wj(Figure 2A, B), ©] TS TRA L tjgh
5Ao] v & 4 Qdrt HhAe] HD-Gal®] A&
AFZos 20|, 1FEANAE IFEA L o)

¢

£ o

tatabaEsls| A, A 4498 A 3 &, 2018

)
H

Lk

gt o] vl AA BHEAS ¥YE ofY 2l(Figure
3A, B), @n7 shellA HoR|= A HA 25| 2ol
= vl AP0 F24 Mz BE5S e
WA SHFigure 2A, B).

2 dAF"HA = A3 AFE B3 AEA 8=
HD-Gal®| 7154 Tl &tsdd 5ol thalo
ZAFste] Bkt 10]. 71 23, HD-Gal] Aol tigh
e HDo| HIst ZHbA o= ZHAEI o
HD-Gal®] E.<5¥(water holding capacity)> HD®l| B]3}
o F7tEE ACE #FHHJY. B A7EHE= HD-Gal
S BANSo 2 3HAELa, o5 HA 5 silica gel

chromatography & ©]-&&+ A 7|&S o|v] 3| =
2 ZFelelth89]. 1ei4l, HD-Galo] &M= &
A7F FAARE, B o] HDOJ HIste] $-<7aar 1%t 7
A3z tigk =Ado] HDOll Blske] Zhad AAfo]7]
wfZol ol2lgt 75/l e A3 571 i &
o]d Ao Z 7thsta vk o &, HD-Gal 7]& 3}
ZAF &A1) HDY| tAIAIZA dA LHIAE] B4l
I g FARRRD b, A B ARl w2 Rk

Ao Azkact

2
=

X =4S HDOF vl BESHH T HaCaT cellol] ot
Ax254 A7 A7, HD-Gal 422 mMol|A] 211 mM

[e)
H7 #FNME Z HstE BT 5 gtk a8,
HDE] 7Z-$-oll= s o)A (42.2 Mm and 84.4 Mm)+=
MESGo] JEAHA] Yo, 1FE(168.8 and 211
=& AEEAS YEL, drA
FHANME LEEAME EE0)aL, Alx5go] #F
H A %48 HDO| A e =A% AEZRYFH AEZ G0
Aol syl #EE QY. HDeF vl & uf,
Z40] 744 % HD-Galo] HDE] tiAAIZA b4, 747

9 W] Apde] AlRe SRR RE 5 le Ao
= gzte,
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