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Water-holding Capacity and Antimicrobial Activity and of
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2 ok Az thATe B —galactosidase (8 —gal) & ©]-83}4] transgalactosylation #2292 1, 2—hex—
anediol galactoside (HD—gal) &/4< F33tAth WA, A4 ¥-g& AT o], f—gal9] & 1, 2—hex—
anediol (HD)9] %, ¥k& pH, ¥h8 2% 5 ¥H&27S A8tk f—Gal2 4.8 U/mL, HD+ 75 mM,
pHe 7.0, 5& 37 T &7o] H& 34 oo, ojuf, ¢F 96%<] HD7F HD—galZ conversion =%}
o} 183, #iA epidermisE ©]-83te] HD9F HD—gal®| water holding capacity (WHC) E Hlw &% 3}
Hte=), olu, epidermis Tl HD9F HD—galS 84.4, 126.6, 168.8, 211.0 mM< A 2lst¥ oM, 84.4,
126.6, 168.8 mM<] HD9} HD—gal= A&3tA <= 4% HD—galel HDET ©f & WHC #& Hol U3,
168.8 mM9] A $-oll= HD—gale] HD$} vlwste] Hoj ¢F 20% =S o 2 WHC #h& Bl o 280,
HD—gal®] MIC (minimal inhibitory concentration) @& ZA3| ¥ A3}, Enterococcus faecalis®] 7%=
HD2] MICS} 2k e\, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus®] 73-$-9ll+= <F
3ol A 10u17kA] HD—gale] MIC gke] HDOl H|3te] F7tE= dibo] &= AT 22822, HDY trans—
galactosylation ¥H&- 0.2 213} A H HD—gale] H&EE-8 HDel Hlste] 71w a1, HD—gal®] &3-S HD
9} Hlwdte] Fradhe @S FESI T

Abstract: We carried out the enzymatic synthesis of 1, 2-hexanediol galactoside (HD-gal) by transgalactosylation re-
action using recombinant Escherichia coli [ -galactosidase (3 -gal). The amounts of S-gal and 1, 2-hexanediol (HD),
pH, and temperature, respectively, were first optimized ( 8-Gal, 4.8 U/mL; HD, 75 mM; pH, 7.0; temperature, 37 C).
Under these optimal conditions, about 96% HD was converted to HD-gal. When we investigated the water holding ca-
pacities (WHCs) of HD and HD-gal using pig epidermis in the concentrations of 84.4, 126.6, 168.8, 211.0 mM, WHC
of HD-gal was superior to HD. In particular, at 168.8 mM HD and HD-gal, WHC of HD-gal showed about 20% greater
than that of HD. However, it was observed that MIC values against Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus of HD-gal were about three to ten times greater than those of HD, although MIC value of HD-gal
against Enterococcus faecalis was almost the same as that of HD. Finally, it was concluded that the covalent bonding
of a galactose molecule to HD (transgalactosylation) resulted in an increase in WHC of HD-gal and a decrease in an-
ti-bacterial activity.

Keywords: 1, 2-hexanediol galactoside, (G-galactosidase, transgalactosylation, water holding capacity, minimal inhibitory concentration
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HITMA 8] sPEE A (A REA) 25
g fiEs 9Rdge] A7 BaHa T1-5]
olZgt ZAIE &3t A7 sj2str] ffste], B AT
Holl A= 7]1&el ARESkaL s WAl o] FARgS 7
2A717] S8 Weg WEA QY galactoside =)
of 3t A7E A skeie-10]. o= st B
-galactosidase ( 3-gal)= $Hsh= AZE S ]
£3F] 3159 lactose 7oA galactose FAS

B

FA| EAol] o]+ transgalactosylation HH-&-0 2 w5
A galactoside F=AE AF3FATE o]# g A o]
v 83 59 7154 HIE A WUte® we

AF7F o] Fozl Fokolth1l]. ¥ ATHS I1FU¢
chlorphenesin (CPN), 2-phenoxyethanol (PE), 1, 2-hex-
anediol (HD)®] galactoside +=4%] chlorphenesin gal-
actoside (CPN-gal) [6,7], 2-phenoxyethanol galactoside
(PE-gal) [8,9], ZLE]3L 1, 2-hexanediol galactoside
(HD-gal) [10]2] §dol tigt AFE FHtATh x|
FAE 4% CPN-gal¥} PE-gal®] "] =<l tgt min-
imal inhibitory concentration (MIC) %= CPN3} PE<]
MIC @3 7 ¢] Zgkont, JFA Lol Agsto] Az
548 AR 2 Z3, CPN-gal?} PE-gal®] A=
‘o] CPN3} PE°| Hlgt] WA SH| Zame AAE
A = AATHT9]. o127 AFAE ZAo THa
BT} ol AGT WEA A o3 A ekat Bzt
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4% AAE xHske AR A ATHi2-14]
CPN-gal#} PE-gal®] 7d-$-9ll&= galactose AEe] o]t
2Hg 7)ol S FA Fe Aom At o
B AT A= HD9 transgalactosylation ¥Hg 71
< FHA3} A7 Ages 9A FPeRa, Fee
HD-gal= “A|3}] transgalactosylation ¥Hg- .2 gal-
actose 3t A7} HDOl 14 HD-galo] A< 45
of ¥ BHFH w3t FFS nx|=Aol thet =
ARS o]oj A AAJEtt 1elan, F7HA o' MIC #%
A& B3] HD-gal®] d++e W& HDeF v}
AA ZARSE Hodt) B Aol 7] A ] 542 1)

thatabaEss| A, A 4398 A 4 &, 2017
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1, 2-Hexanediol-> Sigma-Aldrich (St Louis, MO, USA)
oAl FY43FH AL, TLC (thin-layer chromatography) plate
& Macherey-Nagel (Diiren, Germany)2] DC-Fertigplatten
SIL G-25 UVass & AHE3FA T HD-gal A E #1%F sili-
ca gel Zeochem (Uetikon am See, Switzerland)2]
ZEOprep 60 (60-200 um)< AH8-3} 1L, nutrient broth,
nutrient agar, potato dextrose broth 12| 3L peptone, yeast
extract 5 MIC &t S AHE&-H viA] A& Beckton
Dickinson (New Jersey, USA)o A F+U3tH Tt 71EF &£
Aol ARE3E A|FEL reagent-gradeE AR5 T

22, B-Galg Mitsk= Mzgt
A2E Old=

TS| araBAD ZERE] A 2~Flof] ojste] W o]
Z %= pBAD/Myc-His/lacZ vector (7.2 kb) (Invitrogen,
Carlsbad, CA, USA)E AH&-3t E. coil MC 10615 &
d 52 3t p-gals HHIAT B-gal A=
pBAD/Myc-His expression kite] FHAE AFE-3FH 1,
ANZ3 E. coil AZ} ANZE B-galS S-S E. coil®)
Hj Ry ol theted = A AFoNA ZHA|F] 7
E3FATH15]. MIC &HES 93 Gram-positive?]
Escherichia coli (E. coliy ATCC 25922, Enterococcus fae-
calis (E. faecalisy ATCC 29212, Gram-negative$!
Pseudomonas aeruginosa (P. aeruginosa) ATCC 27853,
Staphylococcus aureus (S. aureus) ATCC 292137} A&
=

&R T MIC EFo0l

2.3, HD—gal&t

HD-gal 42 213+ 300 g/L9] lactose -8-<H A S
-gal®] oF HDY| %, pH, 181 2% <07 H37 %
AE ZARIEY. ¥H-82 15 mL conical tube®l A4 50
mM phosphate buffer (pH 7.0) 7oA AAEHa, =
A F3)E 10 mLe]™H, shaking incubatorol]| 4 37°C, 100
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pmlE 48 h &< vh3 AlFTh HAHx

%, HD-gal®] B5E 3} MIC 3 SH S 913+
1ol A4 50 mL conical tube oA FAIHFS-S
Ko, MA F3] 40 mLATh 183, 9 mLe
7} 9 mL ethyl acetate (EA)E- 50 mL conical tubel] 2]
e & B EATOE £33t EAT SR %] HD
£ AASL, EFoZ FAE HD-gal S EIAh
ol 8L F 33] AL, YA §ESAE o]
23k B8-S AL AAst k] HD7F AAH,
HD-galo] B Q& &5 THs Bt AgdTe 2
2 F7 O = silica gel chromatography$} rotary vacuum
evaporatorg ©]-83t =53 HD-gal= A A/ 5533
o ZA R 238 ARy ATl FAIS] Z1EstATHIe6).
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2.4, TLC 24

20 x 10 cm TLC plate®] 1.0 uLAIEE loading3}iL
acetonitrile : water = 85 : 15 (v/v)= ©] 84O 2 3} 15
min 713 T 18] 3L staining solution (1.5 g KMnO,,
10 g K,COs, 1.25 mL 10% NaOH in 200 mL water)E
TLC plate®] ¥ % 80C oven®llA] 15 minZt L&Al
HES SRl A% £4L St EFsEY
HD A 85 A&} o] 43193, TLC plateE ©]v]
A& 2788 3, AlphaEase FC software (Alpha Innotech,
San Leonardo, CA, USA)E ©]8-3}] band (52 spot)
o] FA71E A BA33 T HD transgalactosylation
Hk-3-ol 4] HDEZ4-E] HD-gal 22| conversion (%)< 343
H HD”} HD-gal 2 5. conversion = $1THal 718k,
HDY] ZAads 7|20 2 ofgljo 23 o] Altetth

Conversion (%) = (HDy - HD,)/HD,

(HDy = ¥F-& 2719] HD %, HD, = t A7kl HD <)

2.5. HD and HD—galQ| Water Holding Capacity
Z2} ¥ box (295 x 23 x 11.8 cm)ol] 2o A2l
cottons 23, ol FE IS =0 183, =53 A
12 h o]l 9] pig epidermisE 1 x 2 cmZ Z&} 8%
11, HD2} HD-gal2- 84.4, 126.6, 168.8, 211.0 mM2] &
=2 Z}7+9] pig epidermis 3 9ol 200 LA loading
slal =4S 2=t} 183, 25T incubatorol] A 1 h &
ok TolFE & & =7 7]|(Aramo-SG moisture checker,

Aramhuvis, Gyeonggi-do, Korea)Z pig epidermis 39

il
B\

o] e W3t Attt &S] epi-
dermis 2] capacitanceE =7 3HH

©]& water holding capacity (WHC)Z F @3 ar, A1zt
of] @2 relative water holding capacity (RWHC)2] ®3}
£ zero time®] capacitance S8 4= 100%= 5t JTh
2Rl gro g2 ALksitt. o] AddolA control& HD2}
HD-gal 257 A2k 4o, E7F A 2g Algo|tth

2.6. Bacteria0l| CHSt HD2} HD—gal2| MIC Test

Cell stock vial (-70 C XE¥)ZHF-E| nutrient agar me-
dium .= THE petri disholl ZH2F2] bacteriag streaking
&lad 37°C incubatorol|l A v eFstEA T 18]a1, 96 well
plate®] HD3} HD-gal®] =2 3Z3H nutrient agar
mediumes THEo] E+d H 100 ul¥ EFSEATH
Nutrient agar medium®| 4] bacteria”} 1= A% colony
£ A5t A4, colonyE #9141 1 mL nutrient
brothol] A1 &3 %= Fh(optical density at 600 nm)°]
E. coli®] 751 0.016, S. aureus®] 75l 0.03, E.
feacalis®] 73-%-9N= 0.03, P. aeruginosa®] 7%= 5.0
o] FA grEAtt olu], ODgy %X nutrient brothZ 3]
2J5te] grE=QlT} O] bacteria 3]43-8-94-& nutrient agar
medium”7} 252 96 well plate®] HJA] EHol| streaking
3te] 377 CANA 24 h vt 1 3 96 well plate©l| 4]
9] colonyd] A% AR5 woZ #HF SIS
3. Zm ¥ 2y
3.1, HD—gal9| z|™ &t =7

Figure 13} o] APATE 53t B-gal TFdhe
Az thdvtS ]85t HDEHE HD-galo] ¥4 =
© A& FIsATH16]. HA Y ¥hg 21E AR
#138t Figure 29} 2] B-gal %, HD §%, ¥H3 pH
831 RS 2% 0% By 2105 HA s o]
ul, galactose] donor?! lactose &5+ 300 g/L=E 1143}
At o] W2 B A5 ©9 galactooligosaccharide ¢
ze HASLE st AREEAE HeH[17],
TLCE o] 83dte] Ao HD ¥ 5 L4AE HD-
gal O Z B4kl HDQ HD-galZ2] % con-
version ©. 2 HD-gal 34 & EAISE vl skt 1
Z 3} Figure 29} 20| f-gal?] H%2] 4.8 U/mL, HD9J
FEE 75 mM, pHE 7.0, ¥H8 2=+ 37C7)F H 39
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Figure 1. Enzymatic synthesis of HD-gal from HD using /3 -gal.

2 A5G T olul, B-gal ot FE3E
Fo g HA 271& AL, HD F5+= 75 mM ©]%
of| A= HD-gal®] &4 gol S7F8tA ZotA 75 mM=
X2 HD %% #3}9 thdata not shown).

olg st H2 7oA HD-gals #AE wje] TLC
24 A3} HD-gal®] % conversion A3}-E- Figure 39
Al B 4= 9tk 48 h7FA] HD-galo] $HAo] AlSE a
HDE Z4Ee= AS TLC B40A & 4 d3lom,
A AAHE Fsted oF 96%] HDZ} HD-galZ con-
version E| AT o] AF= B AT ©HO f-gals o] &
3l CPN-gal[6,7]%} PE-gal[8,9]2 $AlsH= ATollA g
oF 64-67%2] conversion 2T} =2 Zrolt}.

3.2. HDQ HD—gal2| E&3nt MIC 2t H|w

= 122 GAg HD-gal S 7FA 1L galactose T &
ko] Agjte] Bgdo) ot JaFs FeA ZA}E}%
t}. Figure 40142} 2] pig epidermisll A A|ZFo] R}
Zrol| whebA o] Fshs @] BE 244
#EE o, HDY HD-gal S A &3k Al5olA Ho}
& %9 RWHC #ko] 4=tk 84.4 mM¥ 126.6
mM<2] HDU HD-gal-& *2|5}H, *2] % 3 h7}x] HD
U HD-galS 2] Al5o)A 2F 10-30% A =2 RWHC
ol o A #AFHAJL, 168.8 mMIF 211.0 mMY]
HDU HD-gal& A &3t 9ol Ag] 3 4 h7HA
oF 10-40% AE° & RWHC %ol #ZEih

¢Hd, HD9} HD-gal& * €]k Al 59 RWHC 235
AME Hlaste] BH, BE 904 HD-galS A&t
7497} HDE A 23 7¢- 2o} ] & RWHC #<S X2
4Tt 84.4 mM} 126.6 mMe] HD2} HD-galS %] &3}
9e A% A % 3 h7kA] HD-gal®] HD Xt} FHUj
°F 10% JE=Z RWHC kel A 4= Ao, 168.8
mMe| HD®} HD-gal-& A 2]3t3-& 7d-F-oll= g 34
h 74 #7tA] HD-gale] HD Bttt FHti ¢F 10-20% ©]/32]
RWHC %ol =LA 3=tk 1214, 211.0 mM2)
HDY HD-gal & A |3l9& A$ole F Alm Aol

thEkal ek s] A, A 439 Al 4 &, 2017
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Figure 2. Optimal conditions for HD-gal synthesis by /2
-gal-containing E. coli cells. (A) optimization of the amount of
B-gal (50 mM HD, pH 7.0, 40 C); (B) optimization of HD
concentration (4.8 U/mL S-gal, pH 7.0, 40 C); (C) pH
optimization (4.8 U/mL B-gal, 75 mM, 40 T); (D)
temperature optimization (4.8 U/mL j-gal, 75 mM, pH 7.0).
Lactose concentration in the reaction mixture was 300 g/L. All
measurements were conducted three times (n=3) using the
same sample, and the average and standard deviation was
calculated.

RWHC # zke|7F A9 gl o3k A5 nigt e
Z HD-gal®] B5Eo] FJulx o2 HD Bt} ¢ Ate=
AES WY & deH, olfg 3442 HDOl gal-
actose I+ EAF A4 wjZoll dojuke Aol
i AZtEth HDE YWbd o2 sl WA 24
0.00005%°1 41 10%2] T=2] Mol AHE== AL
& A JATH3]. Figure 4014 A AT HDO| &5 49
= 9F 1.0-2.5% A Eo]a, HD-gal-> °F 2.3-5.7% A X0]
ot 1y BuE, sPAFA AHEE e = e
A BEe Al & 5 9o, HD-galo] HeY Z
7}7} AA )Rl S8 Aol FET AAA O o

g F7F A7e o 28T Ao=w Adn

E AFA SAT RWHC 352 3] 5-2] capacitance
E A%t 4L #olH, o w3S AEY gi
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Figure 3. Time-course profiles of HD-gal synthesis under the
optimal conditions. (A) TLC analysis during HD-gal synthesis
and (B) conversion (%) of HD to HD-gal. All measurements
were performed three times (n = 3) using the same sample,
and the average and standard deviation were calculated.

o3k B2 tefst 34 Aot 717180] a0
3 JTH18,19]. HF-9] capacitanceEs ZH3I= 4%
M, conductances ZFsh= 7-7-9F H]Fol|A 9]
¥ evaporatione 73} transepidermal water loss
(TEWL)E S43= %= At} Conductance =74 &t
I TEWL =3 Zro] A& vlg|do =2 A ABAo)
AT Aol B §lom[20], | F-f i ol
solue A9 o AgtekA FESES SAHY
A= HHO| conductanceE S 3= 74-9-0| a1, il
o] pito] A= 7ol o Rt &S
-% .Z_X-]i:;l— 2= O]_‘:_ l:ﬂ-\:ﬂ O] Capac1tanceE .__1_7& Q}"E l:ﬂ-\:ﬂ
e Rax Ju19]. 283z, o] Al 714 ¥ele]
do] QA 3 F AoA A2 DI AdAATE
v TEYEY SAHAMOE dHAL JTH19]. FF
‘]«] TEWLOI| )%t mathematical model®] o] R 315
I A=l FAFANA o] FAEE profile©]
Figure 49 A9 & FHE o|F2 ot =3, 7=
ol RS AxAZ W9 relative humidityoll o3

HU

(o]
JN

W

e digk A+ 377

84.4 mM 126.6 mM

100 —e— None
—a— HD
—0— HD-gal
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Figure 4. Comparison of water holding capacity of HD and
HD-gal using pig epidermis. Concentrations of HD (M) and
HD-gal (L) used in this experiment were shown on the upper
right corner of each panel; (A) 84.4, (B) 126.6, (C) 168.8, and
(D) 211.0 mM. Closed circle (@) indicates the result when
neither HD nor HD-gal was used in this experiment. All
measurements were performed three times (n=3) using the
same sample, and the average and standard deviation were
calculated.

mathematical model®l| 4] = Figure 42} #2] 22 profile
<= Kol lvH22]. LA, B AT-olA ¢ Figure 42
A= H o= pig epidermisol| A 9] 8 A9} HD2}

HD-gal®] H5HS o= A & %3 sl + U= &
AE AABIL g & 5 A

HD7} P38 WHA R 220]7] Wil galactose”}
g 22 A3 HD-galo] A=A ] A5 W3t
it ZAbste] Bkt A ATl A = CPN-gal ¥
PE-gal®] 7d-9-9ll CPN#} PE°| galactose &+ A7} A3t
St = MIC #holl= 2 W3yt BEEA F3UTH7,9].
a2g o= HDOl g &EA+2] galactose”} A3
HD-gal® MIC #< SA3dte] Hkth o|w, HDY
MIC @5 #Zo] SAsto vlwstRa, iy PAE=R
Gram-positive bacterial E. coli®} E. faecalis, Gram-
negative bacteria?l P. aeruginosa®}t S. aureus”} A8
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Table 1. MICs" of HD and HD-gal
Microorganisms HD (mM) HD-gal (mM)
Escherichi
echeniciid 527 + 0.0 [105.5] ® 611.0 + 109.1
coli ATCC 25922
Enterococcus
. 211.0 = 0.0 240.2 + 54.8
faecalis ATCC 29212
Pseudomonas 105.5 + 0.0 [105.5] ® 3055 + 54.5
aeruginosa ATCC 27853 ' ' ' ' '
Staphyl X
dpliococcus 211.0 + 0.0 [211.0] * 7063 + 126.8

aureus ATCC 29213

* All measurements were performed three times (n = 3) using the same sample, and the average and standard deviation were calculated.

" MIC data in bracket from reference number 4.

ATh Table 13 20| E. faecalis®] 7359l HD<:
HD-gal®] MIC Zkol A& zto]7} Qlo] i8S B
o, UMA| E coli, P. aeruginosa, S. aureus®| A2
HD-gal®] MIC #t2 HD2| MIC #holl Hl3le] 3ujjef A
109] B = S7FHATh Galactose ¥ 417} HDll 2%
sto], HDO| &te 287l daks & A& A7)
Hrh
HD9| &++2-2 bacteria®] AZ9 752 A3 25
R ATH12]. CPN} PE2] 790
Fid A FEo] A8t
3 o]& st Axute] 7S Adfstal, A=l
Ao Aa-e AT deA JTH7,9]. HFAT
o] 43 CPN-gal¥} PE-gal®] A$-ZS {&s] W,
galactose 3+ A} Ao g MICS] H3lr| F&EE A ¢
TH7,9]. S, CPN-gal#} PE-gal2] MIC %2 CPN¥ PE
of zpol7} gl 18, o] F &R A gl BT
HD%h= th2A] WiAdlg o] &2 o] A3t #lo]
Aol Utk HDS} vlwsl & of, ojvix o3t &4
TFx2#<Ql Aol7F CPN-gald} PE-gald+= THEA
HD-galol Al MICS] W3E & A= Aztd
e aed FiLo] EA)ska
o|& Qlste] Mlazute] FaFg Fo| ME S A3l
SFA| Tk, HD-gal®] 7-$-°ll= galactose ®-Ar2] Ao =
FiEo] AA A A 2R E= BlFo] STt

ahel, 9ol HD 247k /M3 gl AR /254 3

r
it
o
Kl
f
Ll
Kt
oy

o=

=] >~
44

olkol
TS AR

thatabaEss| A, A 4398 A 4 &, 2017

rhu

B AFoA= HDOl galactose 3 EAIE EO|=
transgalactosylation RF-8-ol tleh & Z27-& A5},
48 h &<t ¢F 96%°] HDE HD-gal= conversion A1
T AATE HD2} HD-gal S pig epidermis®l *{ 2|3}
T =2 HEHES vlwste] Hpet), 844, 1266,
168.8 mM2] HDU HD-gal2 8|3} 7%l Xz
% 3 holl A4 4 h7kA] HD-gal®] HD Rt} 2F 10-20% ]/
o] RWHC #el| ¥ ZA A=A o] dI}=27E
HD®| transgalactosylation ¥H-8-2. 2 ZAZE galactose $F
EAZ Qlste] HD-gal®] H58o] JiA & HD B
o o ARtes 2ES 45 F AT =3 HD-gal
o] MIC %5 HDS} Hlawste] EAate] B A E. fae-
calis®] 73%-°= HD9} HD-gal9] MIC #ko] A& zto]
7F il o, UHA] E. coli, P. aeruginosa, S. aureus®l|
A1 HD-gal®] MIC #ke] HDS] MIC #kell Hlste] 3u)
oA 109 A= A #EHUG o|H3 A3+ HD
A7 M A e s/ 1o HlE HEE
o1l ge Aty FE3IY
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