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8 9F . XY p-galactosidase (f-gal) & ©]83}4] transgalactosylation Wr-goz TR
2-phenoxyethanol galactoside (PE-gal)Z} chlorphenesin galactoside (CPN-gal)®] AAE AA|5HT].
HA PEQ} PE-galo] XESHH HhS-Eof ethyl acetate (EA)S Y1, EA/water o|AA AAEA PESE
PE-gal& 2853t} o] A|AROA PEx= EAZ O R PE-galZ waterd o= REEQITE 181, &5
£ IOLA silica gel chromatographys AAISFATE XEFH 02, silica gel chromatography®t A A5}
PE-gal& AAIR 4, EA A ¥ silica gel chromatographyE A Al5t] PE-gal& A 399
A PE-galoll el HPLC (High performance liquid chromatography)®} TLC (thin-layer
chromatography) £4-& #3519t 1 23 EAS AHelste] E2gH & silica gel chromatographyE
535k K| =o|A] 7kl PE7} 6] AAHE A BWEEIAT, silica gel chromatography3t A1 X5k
PE-gal& AAIgH A-oll= A o] PEZF TEEQITE o] o, mole 7|02 oF 21%9] FA| 4
2 I = Ao "R CPN-gal®] AAlAZ EA 2% A & silica gl
chromatographyS 3548 Y, Zo] CPNo| A9l Q= 4435 CPN-galS

FAo] : 2-H NS PHEAIE, SR 2T ZEEALE, HE-ZEEAH0),
o gopElelE £&, I Z2rpE 1T

Abstract : We investigated the purifications of PE-gal and CPN-gal, synthesized by
transgalactosylation reaction using recombinant B-gal. The reaction mixture containing PE and
PE-gal was first mixed with EA, and thereafter PE and PE-gal were distributed in two—phase
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(EA/water) system. In this system, PE and PE-gal was selectively moved into EA and water phase,
respectively. Then, the water phase was collected, and silica gel chromatography was carried out

using the collected water phase. Finally, we compared two purified PE—gal samples using HPLC
and TLC analysis, in which the one was purified only by silica gel chromatography and the other
was purified by EA extraction followed by silica gel chromatography. In the latter case, the

residual PE was almost completely removed, whereas, in the former case, the residual PE was
remained remarkably. Additionally, the purification yield of PE—gal was about 21% on the basis of

mole. In the same purification protocol, CPN-gal was able to be purified using EA extraction
followed by silica gel chromatography, in which the residual CPN was almost removed when

CPN-gal was purified by EA extraction followed by silica gel chromatography.

Keywords * 2-Phenoxyethanol galactoside, Chlorphenesin galactoside, (5 —Galactosidase,
Ethyl acetate extraction, Silica gel chromatography
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34 AT TFs Aol YEAE Fopueln g,
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2-Phenoxyethanol 2} chlorphenesin =
Sigma-Aldrich (St Louis, MO, USA)oA <1
5t AL, thin-layer chromatography (TLC) plate
£  Macherey-Nagel (Diiren,  Germany)2]
DC-Fertigplatten SIL G-25 UVyus A5
t}. PE-gal¥t CPN-gal HAS It silica gel2
Zeochem (Uetikon am See, Switzerland)2]
ZEOprep 60 (60-200 xm)& AHgstEA, 71Et
2 Aol ARERF A|9FE2 reagent—gradeE Al
&5t

[e)

2.2, f —GalZ Mist= TZE CHEA

AR araBAD ZRRE A2AH| 95t
o]l RAEEE pBAD/Myc-His/lacZ vector
(7.2 kb) (Invitrogen, Carlsbad, CA, USA)S A}
45t E coil MCI061E & &52 5t
—gals TASHAUCE  p-gal FHA= pBAD/
Myc—His expression kit o] FHAE AHEsH
ot Az E coid AR NZF p-galS T
S E coil®] B Foll distodA: YA+
ol ZAIs] 71 =5k 6-9].

2.3. B —Gal g8 CH&HFZS 0|28t PE-gall}
CPN-gal g4

PE-gal &9 Ao+ 15 ml conical tube
o 300 g/l lactose, 0.96 U/ml B-gal TF ti
4t 1% PEE 50 mM phosphate buffer (pH
8.0)2 IolA, M4 HuE 10 ml A 3 =
P5tact(Fig. 1). 131 shaking incubator
(40°C, 100 rpm) oA 48 A)Zt &+ A W
AZ 2a, o g2 Fe] PE-gal &= H
stol= A ¥hg HuE 40 ml7bA] F7HAA
50 ml conical tubeclAl W& Saotar, W
ol Za3t lactose, f-gal 7 dFA, 1%
PES] & e Hl&=2 F7HZIH

CPN-gal®] 342 50 mM phosphate buffer
(pH7.0)ll 400 g/l lactose, 4.8 U/ml (-gal ¥
1, 40 mM CPNE =<1 ¥, 40 ml2 Fog g9
31 50 ml conical tube®A] ¥ F=sYstATH
(Fig. 1). ZpAIRE ¥hg 202 AgAto] Ao

Solvent Extractiondt Gel ChromatographyE ©|-43 Phenoxyethanol Galactoside®} Chlorphenesin Galactoside® B4~ 3

7= o] Sdrtle, 71.

A Lactose Glucose ol
N o
O~
OH - o~
©/ p-Glactosidase ©/ 07 Ho' OH
PE PE-gal
B | w0 o
I L O NS
OH Lactose Glucose v oy o
|~ j S HO “oH OH ;4\
N ~ ( i
[e] p-Glactosidase X
Cl
CPN CPN-gal

Fig. 1. Enzymatic galactosylation of (A) PE
and (B) CPN using £ coli -gal.

2.4, Silica gel chromatographyE& 0|2t
PE-gal XA

Econo—column (ID: 5 cm, L: 10 cm,
maximum vol.: 193 ml; Bio—Rad, Hercules,
CA, USA) 20G FAMIES 923811, column
ol silica gel& 7 cm ®ol|2 A, olFA
(acetonitrilie : water =85 : 15, v/v)2& g
MAgty, )3l o]l silica gele] =
0.5-1.0 cm ¥ o, PE-gal &2 CPN-gal°]
S gl o} 81 EE 8 mlE loading
gt 1 % o]lFAE
SEHA 80 ml¥ EIFIES
TLCZ 2453t g
rotary vacuum evaporatorz HEES B2 &
T AlA s

2.5. Extraction of the reaction mixture
using ethyl acetate

10 ml ¥-gHe] Heols 500 pl ¥R}
500 xl |WEAE 1 @ 1 /w2 ¥Y1
vortexing ¥ &, & Ee7b dojd w7tz d&
of HAE & &7t dojutd &1 2 Al
Agter, 293, Uz & Foll oA 500 ul &
o} ¥11, vortexing Sk, & EEE A71A, &
i S5 AAgH &9 Foll& PEo], & Jole
PE-galo] o & == Ad& ol&ste] PEW
PE-gal2 EZStATHIL. o] w, olzg &3 v
He T 339 AAste] £5& Hol PE-gal
25tk TeF 40 ml HFgHS AT g A
ol 9 ml A 472 e, 919 Wy
Z47be 9 mlo] gujz 33 B35ty 2&7

fis

ofw ol

o
b 2 Ho
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oA PE-gal & CPN-gal& 2ottt 1]
I, "9 wahA rotary vacuum evaporatorZ
259 B T AA w559

2.6. TLC 24

20 X 10 cm TLC plateo]] A|ZE loadingst
1 acetonitrile : water = 85 : 15 (v/v) &
EA : MeOH : water = 17 : 2 : 1 (v/v)& ©]
TFeR ste] 15 & A7fskth. EA ¢ MeOH
Dwater = 17 12 11 (v/v)= olFHoR A&
o Ao 33 HA/NSIHTt. 18]I staining
solution #1 (1.5 g KMnO4, 10 g K,COs, 1.25
ml 10 % NaOH in 200 ml water) 2
staining solution #2 (5 g phosphomolybdic acid
hydrate, 2 g cerium(IV) sulfate tetrahydrate, 12
ml sulfuric acid in 200 ml water) & TLC
plated] & &, 80C ovenollA 15 £3F TalA
HEE 8kl &fgitt. TLC EA ARESE A=
RoEs 71230z 1.0 ul o]H, silica gel
chromatography& ©]-8% A4 &, Z28&& &

M s 20 419 ARE At
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2,7. HPLC &AM

High performance liquid chromatography
(HPLC) (YL 9100 system, Younglin, Seoul,
Korea)E& PES} PE-gal®] EAo] ARgstaict.
Cis column (Hypersil GOLD, 150 X 4.6 mm,
particle size 5 um, Thermo Scientific, USA)=
AFgSHe] BASHET, 280 nmollAl UV/Vis
detector2 HAE3IATE Alm Ho+= 20 gl ol
Ao &2 30% acetonitrileS ARSI o]FALe)
42 1.0 ml/min ©]ic}.

3. #at A nF
3.1, Silica gel chromatographyS 0| &8t
PE—gal HH|

transgalactosylation -2 % PE-gal 952
AASE & PE-gal= AA| 57| $Iot] silica gel
chromatography & ~5t{thFig. 2). o] =, &F
5% 8 mlE columnol loading st A5t =

4= PE

e 4= PE-gal

- - e

0"

‘ 4= PE-gal

4= PE-gal

PUSEUID W S—

PE glugallac 1 2 3 4 5 6
Fraction numbers

8 PE PE-gal

(purified)

Fig. 2. TLC analyses of (A)(B) the fractions from silica gel chromatography and
(C) purified PE-gal. Mobile phase composition was (A) acetonitrile :

water = 85

15 (v/v) and (B) FEA : methanol : water = 17 : 2 : 1

(v/v). TLC plates were stained using (A) staining solution #1 and (B)
#2. PE, glu, gal, and lac represent 1% standards of 2-phenoxyethanol,

glucose, galactose, and lactose,

monosaccharide.

respectively. Open arrow indicates
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o, o] W2 Aol PE-gal [6, 7] &2
CPN-gal [8, 91°] HAIE flIste] d¥tAo=w A
Bote ®Holqltt. Fig. 2A%} Fig. 2Bl ¢
Z=%o] fraction HMHHol= PE7} 8&H AL,
FHbRol= gdR Fol §EHSIh oo 22
Ait= HD-galo] AAIE 435 AgAFolA
22 A4Jo] WA CH14]. Fig. 2A%} Fig. 2B
9] TLC AL Higtog o] PEZE FHAR &
U=, o] dgRTl ez 2909 4, 5, 61
fractiong HWold, Eslo] PE-galo] A4S ¢
At 12y, Fig. 2Ce] ZAifoflA{ et o] o]
gt JA| o] ko] PEZL 9d5] AAEA] ¢
ZYEo] Y= AL &Il & 5 Uik S, vk
=04 PE-gal& AAIGH] flote] silica gel
chromatography € AAIE 7ol o] PEZL
A AAHA gon, &% &2 PE-gal A
£ flIstoiA= PES] a&2Ql AA7F Basith=
2ES 24 =k

3.2. PE—gal ™H|0l| Ethyl acetate 25! 0|2
Fig. 29] ZAuo]A ¥H-gFof|A Zto] PES AA
7b dgsitts ZES GV i), AYaF

AE vt o 2 silica gel chromatography 4%

20 1.0 05 025 R glu gal lac
PE (%)

Solvent Extraction} Gel ChromatographyE ©43t Phenoxyethanol GalactosideSt Chlorphenesin Galactoside®) A4~ 5

Hell EAE WhgHof| &3t oA AlARloA
EASY =502 PE® PE-gal®] #2& AAlst
o BE7|2 Strh9]. TeiA Fig. 3olAet Zol
kSl 9 mlE EASF Eo] Sl oldAlolA &4
Aelstoirt. o] uf, BN A& ROHA A4
°o=2 33 EAE Y1 EF A=sieitt. 1 A
E%02%L PE-gal7} Ro|1, EAZOg2E: PE7}
Dol @S TSI, EFoAME o ol
PE7} BEER] ¢ty, &5l PE-galdt TLC
Aol TEE QT PEE= A H#| FAS AT
o, 2 EASO=E EE AARHE Aoz 1l
=it

3.3. Ethyl acetate £&l31} Silica gel
chromatographyS 0|2%t PE—gal ™A
Fig. 29} Fig. 39] A2 wjgoz 40 ml ¥
=014 PE-gale] HAE AAlsttt. WA gt
&= FAR £ AHelsto] zto] PEE A|AT
2 silica gel chromatographyg 435t &
43t PE-galZ AAIstA. o] of, HlwE <o}
o] Fig. 204e} Zo] EA £8 A& oA &1
PE-gal2 A o A%< 2F HA A5k FH
steitt. o] & 71A9] HF HA AEE HPLCR

4= PE

PE-gal

EA W EA W

EA W

1 2 3

Fig. 3. TLC analysis after the extraction of reaction mixture using EA. EA
and W indicates ethyl acetate and water phase, respectively, after

the extraction of reaction mixture. Number 1, 2, and 3 represent
the first, second, third extraction, respectively, using EA. Mobile

phase composition was acetonitrile :

water = 85 : 15 (v/v). TLC

plate was stained using staining solution #1. PE represents 0.25 to
2.0% standards of 2-phenoxyethanol. R, glu, gal, and lac indicate

the reaction mixture,
lactose, respectively.

1% standards of glucose, galactose, and
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BAsto] Hok=d], 1 A¥} Fig. 4A9t Fig. 4B
Zo| EAS Agt 9o HAH PE-gal A&
A e Z2 o PEZ ERIEA(PE-gal
I 99.3%), EA AH2& o172 o2 Afele 4
Hog Heh g2 o] ol PE (PE-gal &5k
85.1%)7F & =tk o] & 742 AlgE TLC
2 BAG Ao EAR ¥FSES H3E] A

& Ao Helsta ghe A9l ziol PE £Y
P US| BAY & UUTKFg 40). ol

o, 24 ARES F 7HA Alme silica gel
chromatography ~ fraction®  XOFA  rotary
vacuum evaporatorofAl -s&ste] dglow, 1
Fe 150 ul A=A, 1,0008) 3]45t9] HPLC
oF TLC &4l AH&-stairt.

PE-gal Ao AFA HEAS fIste], EAR
23 Agste], zto] PES A|ASIL, silica gel
chromatography=  gAgt 299 AA &5
Axtstel B7]12 stglch 40ml & ¥HEHoA 9
ml A 4o rojA EAE AFstil, &50=
PE-gal& HSITh o] o, 8 ml 238 43 ¥&
& AA, olE A 409 silica  gel

chromatography column®ll loading st HAE
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Fgstact. 3 A3 FoJF chromatographyfl
fraction®] Hu= 1,600 ml ¥} ©]& rotary
vacuum evaporator®|A] FEsto] 150 plo]
% A PE-galZ ATt o] diE offjet &
o] mole 710 R FE&S EASIESIT
k2o 71t PEQ] mole (1% PE7} ZEgtd 36
ml SHgAA HE] A A, PE EAEF
=138.16) 2 ot Alat Zo] ALt 7Hsstal,

10(9)

= B RsislaNenn v 5 omE b oae
138.16 (-2) %0036 () = 2.6 X 107~ (mole) D

%% AAH PE-gal®] mole (150 x12] PE-gal
AN, PE-gal®] HIF 112 7}14) &F2 ot
A3} Zro] A FRsolsiet,

0.165 (g)

—_———— — _4 ..........
001625 ~ 5.5 x 107" (mole) @

T12jA4, PE-gale] Al #&(@®2)2 °F 21%
AR AMEATE. &8 PE-galo] HIFE 112
PR Aap oxRk, oo A AxfolA
HD-gal®] AA & 8.9% (mole 71%) Hroi=
e =2 Axtz AYZEEH14].

2500 PE-gal

mV
@
8
8

PE

0.00 2.00 4.00 6.00 8.00

PE-gal

mV

PE PE-gal o R PE-gal PE-gal

(w/oE) (w/E)

0.00 2,00 4.00 6.00 2.00
Time (min)

Fig. 4. Comparison of purified PE-gal

without

10.00

and with EA extraction. HPLC

chromatograms of purified PE—gal (A) without and (B) with EA extraction. Peaks
of PE—gal and PE were shown at 2.45 and 4.21 min, respectively. (C) TLC

analysis of purified PE-gal. PE

indicate the sample at zero time and reaction mixture, respectively,

and PE-gal
2-phenoxyethanol and 2-phenoxyethanol galactoside,

indicate 1% standards of
respectively. 0 and R

from

transgalactosylation of PE, respectively. PE-gal(w/oE) and PE-gal(w/E) indicate
purified PE-gal without EA extraction and purified PE-gal with EA extraction,

respectively. Mobile phase and staining solution were the same as those in Fig. 3.

- 959 -



Vol. 34, No. 4 (2017)

3.4, Ethyl acetate 22 2 Silica gel
chromatography2| CPN—gal X0l
HE

PE-gal  AAleAet o]

CPN-gal& AA| Al, EA 29 AHYE stA gL
silica gel chromatography %t  AA|5}o]
CPN-gal&  AAIstqlcHe6, 71, 21au, 2

fractiono|A] CPNeo] E=]|o] oA, &4 A
E ot HT & A& fraction 7} Zﬂ°W°l
OlMD} A, ellA Fe8_t PE-gale] HA|
Wyl e wog CPN-galo] AAIS AA)
olH gkt Fig. 59 Zo] TLCE EAR £3E A7
gt Aot 192 ¢ A-E Hlw B4t
Y, |7 §RgAE EA 22 Aoy, silica gel
chromatographyE AAIRE g0l s zto
CPN7} AlASE Aoz TALL. I84, EA
28 A& ok ¢ Aol o CPN7F o
2 PEEA. o] Y= HAFT CPN-gal= %

CPN CPN-gal 0 R

CPN-gal CPN-gal

(w/oE)  (w/E)

Fig. 5. TLC analysis of purified CPN-gal. CPN
and CPN-gal indicate 1% standards of
chlorphenesin and chlorphenesin
galactoside, respectively. 0 and R
indicate the sample at zero time and

reaction mixture, respectively, from
transgalactosylation of CPN,
respectively. CPN-gal(w/oF) and

CPN-gal(w/E) indicate purified
CPN-gal without EA extraction and
purified CPN-gal with EA extraction,
respectively. Mobile phase and staining

solution were the same as those in Fig.
3.

A AT

Solvent Extraction} Gel ChromatographyE 0|43t Phenoxyethanol GalactosideSt Chlorphenesin Galactoside® A4 7

ZHO= rotary vacuum evaporatorollA &
Eoto] oF 150 ul A=o] ¥& FHT 4
t}. TLC BAH% %% CPN-gal A4 &
10008 3]4fste] Ah-gStEAH.

12 30 i
o 32 mlo

B-Gal fFot= XY S ol-8oto]
transgalactosylation J%EE PE-gal¥}
CPN-gal®] durg2 AARt %, PE-gal¢t
CPN-gal®] AAE @’\]0}9&3}. PE-gal ZA|2]
A% WA HREES EAR EE AHste] zto

FE AT S silica gel chromatographyE
—r°§°]'°:] =%t PE—gal& AAID & Udch o]
i, EAE A2ste] Rt A9t 137 ok
B5e = 71 2F A AlmE HPLCeH TLC
& AL, EAS A2lste] 2] AlmofA
Zkol PE7F €H5] AARE Ze gelskleh 1
iz, olgA W&ol EA E2ZAH e} silica
gel chromatographyS ©]85}%] PE-gal& A
A mole 7|22 SF 21%°] AA| &
gl 4= Uieh. 7R ®= CPN-gal9 74
T 2 o g whgEofA 1}01 CPN2 A
Astzl St EA Y AHE] &, silica gel
chromatography & 235Gy, B
CPN-gal& €& & AUSith

H rUlO ek
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