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8 ©9F ! Phenylethanol (PhE)OA o=l =i Hz28 EAE FEsp7] 98 dijte=z
phenylethanol galactoside (PhE-gal)oll tiste] A5t 1 FolX= thdw &4 B —galalactosidase
(B-gal)= °]gste] PhERHFE PhE-galE &/dsh= w2 JJX Z70| tiste] zApstGITh 18]
ol B3 ATE SPsto] PhE-gald] SAE ZAWIYCE g2 FolA WAl f-gal Bk, PhE
Bk, BRgHe] pH, 81 2kof tiete] ZARE At XA p-gal®] Tk 0.45 U/ml, A 93
PhES] HZx 1.0%, 7 §hgdo] pHE 8.0, 2 vheent 40T At 121, HF HJ%E&OM
48 AN7H7ER 9] Wre-S TSI, oF 81.9 mMO] PhERHKE oF 47.4 mMo] PhE-galo] FHA= S,
PhEZ ¥ PhE-gal29] Hep8-0 oF 57.9% ALgrh 3F PhEQ} PhE-galo] ZgH WHS-2-S g
EASF MC2 2283 47}, & 302 2] PhE-galo] 22 =1, &1 S22+ PhEZL 29 &
ek 28y, B F229] PhE-gale] EEo] &1 MCE A8 fq1 Eﬂ =ty PeotA yetste
o, & EAS 0|83t BRI Hes] B 502 PhE-galo] 23 =% Iofrh. ¢O 2, PhE-gale
PRl AT £ e HAFEEREANZ sty $1gt %%05%L~ A& AP o Aolrt,

113
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Abstract : To circumvent the skin problem from phenylethanol (PhE), we have studied on the
enzymatic synthesis of phenylethanol galactoside (PhE-gal) as an alternative to PhE. Base on the
previous study, we optimized the reaction conditions for PhE—gal synthesis from PhE using E. colf
B —galactosidase (S5 —gal). The optimal amount of B -gal, PhE concentration, pH, and temperature
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for PhE-gal synthesis were 0.45 U/ml, 1%, 8.0, 40°C, respectively. Under these conditions, about
81.9 mM PhE was converted into about 47.4 mM PhE-gal, in which the conversion yield was
about 57.9%. Meanwhile, when the reaction mixture containing PhE and PhE-gal was mixed and
fractionated with water—immiscible solvent (EA or MC), it was observed that PhE-gal was
distributed in water phase, and PhE was distributed in solvent phase. Additionally, PhE-gal was
clearly distributed into water phase when MC was used, but PE—gal was not when EA was used.
In the future, we are planning to carried out the continuing study on developing an alternative

cosmetic preservative using PhE-gal.

Keywords : Phenylethanol galactoside, [ —Galactosidase, Transgalactosylation, Optimization, Solvent
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1. M E

2-phenylethanol (PhE, CAS number: 98-85
-1, Chemical formula: CgH;(O) & 3SPg=E3}
AFo] AHgEE HHT EEE HEACL WUk
2o PR AFe] HA7EE AMEEo] A
ISl A SAARAE §le AR HIE
UOLH1,2], W Aol High AEAQ 7
EA A7] ofZoll PhES] gt #2-8 7Hs4
AZEHI QUTH3,4,5]. A 2 AFES A
2 7FsAdo]l ¢lE olE|g PhES] Al iRt
to 2 PhEQ] galactoside =A|(phenylethanol
galactoside, PhE-gal)el tisto] ¥HS 7HA]A
Hoich olm] 2 dAFHO Aol
chlorphenesin ~ (CPN)[6,7],  phenoxyethanol
(PE)[8,9], 1, 2-hexanediol HD) [10,11]9]
galactoside F=AE W BA(Escherichia
coli B —galactosidase) & A&t /ot A+

N i oo Ky

(phenylethanol galactoside, PhE-gal)& 4dst=
ATLE Y51o](Fig. 1), PhE-gal®] g4 NMR
((H- and BC-)  spectroscopy}
spectrometryg ©]-85to] 15t TH12].

Hr} QR PhE-galo]l 2 4= vk AdA
7+ chlorphenesin galactoside (CPN-gal)[7],
phenoxyethanol — galactoside (PE-gaD[9], 1,
2-hexanediol galactoside (HD-gal[13]9} Z-2
SA] Bxjok CPN, PE, HDS}S] Q17 w2 A%
=4 ATl on] gfdl HE ittt o] o
galactoside FE=AOIA ME FAo] Z4LE AT
Aoz AT 4 U] "iiEe]l 2 dAFHAA
T o] <7]1& PhE-gal &4l et d7E &+
Bt 4= ATk

2 dFNAE= el EEE B
—galactosidase (B-gaDE AME5FSSH, PhES]
galactoside +=4| PhE-gal& 34 274S 24
s 9 B4 ATE et dRaTol

mass

£ sttt o5 272 PhEY| galactose 3 PhE-gal®] dE =Istelr] diEe] &&H<
BAE  AFAA PhEQ  galactoside F=A] AR F1S fste] FAAxTY] HAZE
OH
Lactose Glucose

OH /

B-Galactosidase

2-Phenylethanol
(PhE)

/éo%%
O™ HO OH

Phenylethanol galactoside
(PhE-gal)

Fig. 1. Enzymatic synthesis of PhE-gal using 5 -gal.
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Vol. 38, No. 1 (2021) gt HEt-ZZEAIG 0] 25 ]85 Phenylethanol Galactoside &4 279 #4st 3

Sapstglon], o ol A7 AuE o
2 urh sk, HA$ gt SHYE A B

o Bel/gA @7, g7 AEAEH PR
54 97 £02 T AP PO Utk

21, AN

2-Phenylethanol2 Sigma—-Aldrich (St Louis,
MO, USA)olA Fdstea, TLC (thin-layer
chromatography) platet= MACHEREY-
NAGEL GmbH & Co. KG (Diiren, Germany)
9] precoated  plates SIL  HD  UVis
(MN809222)& AHE5HATt. 7IEF 2 @Atefl A
43 AJOFEL reagent—gradeS A&

2.2. § -Gal@ MAMSHE MZE CHED

B-Gal AWASH= Aze T, 1
Azt Y m2RE Axd] fetolAis 47
Aol AAE AestrHI4l. 193, AxF
WAzl wFste] p-gal @ WHe] Thstol
A= APATAA 2pH5] 7]&shart14]

2.3. PhE—gal &4 Z[H35t A4

PhE-gal ¥4 =z A d+= 50 ml
conical tubeo|X 3P5FATE Lactose, S —gal
(8 AlZE), PhEE 50 mM phosphate buffer
o 59l & shaking incubator (100 rpm) ©fA
36 Al7F B¢ WESA|A PhE-gal& S &<l

shect.

2.4, TLC EAM

20 X 10 cm TLC platee] 1.0 pl A&2Z
loadingatal ©]54 (Ethyl acetate : Methanol :
Distilled water = 17 : 2 : 1, (v/v))22 75}
Aot 183 staining solution (1.5 g KMnQ,,
10 g K,COs, 1.25 ml 10% NaOH in 200 ml
water)E TLC plated] #& % 80C ovenollAl
15 B3t ZA WEE ZRlstyt. PhEC] A=
EAE foto] AdPAFANA A Widol <A
stol  TLC plated®] olu|AE A7H7F &
AlphaFase FC software (Alpha Innotech, San
Leonardo, CA, USA)E ©]-&3}o] bande] HA-S
=454 th PhES] =g E45loF st 7ol
= Adde Wyt Zo]l ZFEEE(0.125~
1.0%)¢] PhEC] band W& EA4sto], PhE &
L9} band WA AHAT|A LS A3 T, o]F
o] g5t FHgEJA 9] PhE TEE A4St
[15]. Table 12 2 <AF9A PhE =& 5t7]
st AFESH PhE 5%X9 TLC A9l PhE9Q
band WAt A IAE HojF Qlot. 19
11, PhE-gal &S g HHxAS Hst7] 4
gt Ao A= TLC A2 PhE-gal ©]u]A] band
o HHE % &, AR A | kS H|
wope] BT} §RgEo|A] PhE-gale] &4
2 PhEZHE PhE-gal2 W% conversion
ot 71Aska PhE A O ZHE A4tsty e
o, PhEZXE  PhE-gal29] Hg &
(conversion, %)< offe] A& o]gsto] A4ilo}
At
Conversion (%) = (PhEy — PhE,)/PhE,
(PhEy = ¥ %719 PhE ¢, PhE, = t A7
PhE <F)

Table 1. Relationship between PhE concentrations and PhE’s band areas on TLC (p—value

between two experiments’ areas from Exp. 1, 2 and 3 were 0.868~0.951).

Area® (arbitary unit)

Average and standard

PhE (%) Exp. 1 Exp. 2 Exp. 3 deviation of areas
0.125 250 150 120 173.3+68.1
0.250 450 360 521 443.6+80.7
0.500 675 850 798 774.3+89.9
1.000 1131 1300 999 1143.3+150.9

*TLC analysis of standard samples (0.125~1.0% PhE) was carried out three times.
"These were calculated from three data at the same PhE concentration. Using these values, the

linear regression of PhE(%) vs. area was carried out (slope; 1057.3, intercept; 138.0, regression

coefficient; 0.952).
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2,5, 20E 0|88t PhE-gal?| £=
PhE-galZ& £8st7] ot Sali(water—
immiscible solvent)ZA] ethyl acetate (EA) &2
methylene chloride MC)E A5t 2 ml
microtube®]] 500 1 ¥-gHI} 500 x1 GHH(EA
S MOE 1 @1 (v/v& %3 vortexing ¢
. 5 27t dold wizkx] Aol WARL
w27t dojud 8 2 AARM 19,
Wz & Fof oAl 500 xl WiE Ea,
vortexing St, & RIS A7, 40 =& A
o]

< ol

7t of o, ol2dt 23 WS F 499 4
AlstATt.
3. &t ¥ n¥

3.1, PhE—gal®| =X &M =

A z7o] opd AgdAe] g4 xA[12]4]
Al PhE-gal®] 3/ WA &lste] Hofth(Fig.
2). o] o, &4& 50 mM phosphate buffer
(pH 8.005 ©]43l92™, 50 ml conical tube®]
4] 300 g/l lactose, 0.96 U/ml B -gal, 1% PhE
£ 591 & shaking incubator (40°C, 100 rpm)
oA 24 AZF <t ¥RSAIA St 18,
2 AFoAe HHRAS F7] ot v &
ool ZZA B-gal 5%, PhE &%k, pH, 1
1 2ko] fiste] ARSI o] 272 oln]|
AAolx] ZARRE BlgeolH, Adgdrel 22
o s astlrt16,17].

HHsHE Igt o=t W) oigh A ZAx
= Fig. 3o & & ok BE oA 36 Al
742 FAgu-g2 Zsgste] F-gHof thet TLC
=4S AAstart o] o, 4% PhE-gald] &
T AHde=R Huwstlrt. Fig. 3AdA = ¥hg
Mol p-gal] 5X(0.09~0.9 U/ml), Fig. 3B
AE g ¥REE  PhEQl Fk(0.25~
1.0%), Fig. 3ColAe= w¥ESHOl pH(6.5~8.0),
Fig. 3DollAl HFS-@%(25~4070)0] thste] A
steict. olgt 2759 WHate] tigh AdthAE<l
PhE-gal®] &2 Fig. 4o EAlstHt. 1 24
3}, PhE-gal &4dst7] £t #& =4 2He
= A, Tl A p-gald] FEE
0.45 U/ml 3, A ¥-E PhE9 skt
1.0% 93, A whgolo] pHE 800|141,
A g2k 40C At o] ¥, o] §heRAS
A vtexziog sto] RE PhE-galo] FAHt
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PhE lac glu gal 0 12 24 (h)
Time
Fig. 2. TLC analysis for PhE-gal synthesis
using B -gal, in which zero—, 12-h,
and 24-h samples were analyzed. PhE,
lac, glu, and gal represent 1% standards
of phenylethanol, lactose, glucose, and
galactose, respectively. Arrow A and B
indicate PhE and PhE-gal, respectively.

3.2, E|H HZZE0|A PhE-galo| &

A grgx7o)|A PhE-gal /82 4t
S, TLCRZ A7t wZ PhE-gal, PhES] W=
48 A77h2] yrgsto]l Hkth(Fig. 5). o] ®f, Al
He] M-S dfstlen, 1 5 shtel 4
= Fig. 5o FEASHRAL, o] AHo] k-3
A2 BE PhE-gal®] &/J3t PhEofA] PhE-gal
29 Hekrg 55 246to] HodrhFig. 6).
S %, 48 AZHA] oF 81.9 mMO| PhEZHE
SF 47.4 mM2] PhE-galo] §H9E|%11, PhERZH
B PhE-gal29] Hetr&2 oF 57.9% H=gich
H, 2 A" AdgdTe] ostd, CPN
(chlorphenesin), PE (phenoxyethanol), HD (1,
2-hexanediol), 12|12 BzOHZHE| CPN-gal,
PE-gal, HD-gal, 18|31 BzO-gal®] g +&
2 77y oF 64-67% (6,71, &F 37.5-50% [8,9],
F 96% [16], 283 °F 72% (1712 HEIEI
Qe B Ao A o] PhEo|A PhE-galZ o] gt
& °F 57.9%+= CPN, HD, 131 BzOH7}
galactoside FEAZ H¥E= FEHTE 21,
PE7} galactoside FEAE AEE FgHUE=
H|IZSSHAY oftE &2 gholth ofmbk, PES}F PhE
2ROl FE2AQ FAMY wlwdl Ao Az
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Het-ZAZEA|H|0] 25 0] 8%t Phenylethanol Galactoside 34 279 H#Ast 5

PhE

B

Lactose; 300 g/l

B- u/ml a0t

pl

Temp; 40°C § o= = B "'

A B-gal

SAMA AN % JEX
lacglugal 0 12 24 36 0 12 24 36 0 12 24 36 012 24 36 (h)
0.5 1.0 2.0 (¢

C pH D Temp

Lactose; 300 g/I
p-gal 0.45 U/ml
PhE; 1%

Temp; 40°C

{
N S Y J
lacglugal 0 12 24 36 0 12 24 36 O
6.5 7.0

Y ()
12 24 36 (h)
8.0

Y N ) I o BN S 38 .
12 24 36 0 lacglugal 0 12 24 36 0 12 24 36 0 12 24 36 0 12 24 36 (h)
75 25 3 40°C

30

Fig. 3. Effects of (A) the amount of B-gal, (B) PhE concentration, (C) pH, and (D) temperature
on PhE-gal synthesis. The samples collected at 0, 12, 24, and 36 h were used for TLC
analysis. The reaction conditions are shown within the box in each chromatogram. Arrows
indicate the synthesized Phe—gal. Standards (1%) of lactose, glucose, and galactose were
shown by lac, glu, and gal, respectively.
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Fig. 4. Optimal conditions for PhE-gal synthesis by B-gal. Values of relative PhE-gal synthesis
were calculated on the basis that the maximum synthesis of PhE—gal was 1.0 under each
condition, in which PhE-gal syntheses were measured as scanned TLC spot areas. (A)
Optimization of the amount of B-gal. (B) Optimization of PhE concentration. (C) pH
optimization. (D) temperature optimization. All measurements were conducted using 36-h
samples from Fig. 3.

- 103 -



lac glu gal PRE 0 4 8 12 24 36 48(h)

Time
Fig. 5. TLC analysis of PhE-gal synthesis under
optimal conditions. PhE, lac, glu, and
gal indicate 1% standards of PhE,
lactose, glucose, and galactose,
respectively. Arrow A and B indicate
PhE and PhE-gal, respectively.

PhE-gal, synthesized (mM)
PhE, residual (mM)

Conversion (%)

Time (h)

Fig. 6. (A) Time-course profiles of PhE and
PhE-gal under optimal conditions for
PhE-gal synthesis using B-gal. (B)
Percent conversion of PhE to PhE-gal.
All' measurements were performed
three times (n=3) using the same
sample, and the average and standard
deviation were calculated.
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3.3. 42 E 0| M PhEQl PhE-gal2| 22!

PhEEHE PhE-galo] @AH ¥HSEo= ukg
517 9F1 gol 9= PhELE Zo] Z{Eo] 9t}
Jgeg, gulE o]gsto] ofgt vhgdls e

5to] PhE®} PhE-gale] EAS Ist:= AdS
A5G Fig. 7ollA19t o] T 7kx] gu EA
(density=0.902 g/mD& MC (density=1.33
g/m)E /\]'33}04 HES 9ottt EAx =
I ARAE o, S Sl EAISKL, MCe 23 4
A2 w, ot Soll EARITE. Fig. TASH TBA
E"W‘io] + 7 “C‘WH% ARgsto] 43] A&o
2 & 32 EOV\i 9 stee W, = Sl
PhE-galo] 1 3 o7, HH:HE._ PhEh o) =
og H3 H%E’r. o]2fgt A4S galactose St
2271 A%t PhE-galo] PhE Hth o 44
BEE 7HAA Hold dehds ddlA o=
Aoz AZ-HEch EASH MCY EeAS HE,
S Be BN eelA g PhEV £
0 Fog fifi 29 He A #ET 5 3
ME]' 131]’} E‘ = EE’J PhE—gali’J —E‘@-O]
MCoA o Edsty F&obA yersthFig.
7B). EAE o]_9_§_ 2o EA Sl A&siA
PhE-gale] dol <9li, Wgs] & IJFo=
PhE-galo] 2% &[] %ME}(Flg 7A)

Hh-$-59] PhE-galo] €1 MCZ & =49
e olgsto], &5 A 447&“4 A A 2]t
oAl olegt BulE o83t 22 AR
A 7 Pl Egol E 5 s Aer A
Zreoh, 2 Af"elA I w5t 3 dAFE 5
Psto] AL CPN-gal [18], PE-gal [9,18],
HD-gal [19] EZ EX galactose Z2gOZ
CPN, PE, HDo| Hlsto] Hr} a4 4&e 7t
Ae 54e B I2a, A olgt
45 ol&ste] g EQ% A o] AA
Hgor  ARESHETE 2 AFEE
PhE-gal HAIE <lste] 8IS o83t AA e
S AR Aol

gfoz
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PhE lac glu gl M W MC W MC W MC W MC

1 2 3 4

Fig. 7. TLC analysis after the extraction of
reaction mixture using (A) EA and
(B) MC. EA and MC indicate the
phases of and ethyl acetate and
methylene chloride, respectively, after
the extraction of reaction mixture. W
indicates water phase after extraction.
M indicates the reaction mixture at
48 h. Number 1, 2, 3, and 4
represent the first, second, third, and
forth extraction, respectively, using EA
and MC. PhE, lac, glu, and gal
indicate 1% standards of PhE, lactose,
glucose, and galactose, respectively.

4. 2 B

g f-gal& ©]-83 PhE-gal T 759
A 2AMFEHS] p-gal F&, PhE 5k, ¥H&
ofo] pH, =3l &LZ)of tiste] AFsHAT
PhE-gal2 ?Hdst7] <1t A p-gald] ==
0.45 U/ml, & ¥r-& PhES 5%= 1.0%,
2 dkgolio] pHE 8.0, A ¥H-e2Zt 40T
Aot o] HWRSZZANA 48 AZ7kA] 9F 81.9
mMe] PhEZHE °F 47.4 mMe| PhE-galo] &
AEglen, PhEEHRE o 579% A=7t

HEl-ZHEAH 0] 25 0]83F Phenylethanol Galactoside 34 79 A5 7

PhE-gal2 A=t E3E PhESH PhE-galo]
So%e ¥4 =S 81 EAH MCr =€
st9g o, & S22 o] PhE-galo] &%
H9y, 8 o2 PhEsl B3 =itk 19
L}, B Z080] PhE-galo] Eslo] gu] MCo
A gotal HEshA Uetth doe=, oY
3 PhE-gal& /sl 913t A whgxwt
PhE-gal®] &4 ZWE 7|vte= BA s
AL =82 PhE-gal& Y & e ¥hgA]
25lg FET oAoln, PhE-gals SE A7t
= FFANE Adstr] St AR, e Al
AT, 222 fRAE 59T 52 £AHe
2 53 oot

fin
S
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