Journal of the Korean Applied Science and Technology
Vol. 36, No. 2. June, 2019. 572~580

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2019.36.2.572

&t B —galactosidaseE ©]-83F benzyl alcohol galactoside2]

Enzymatic synthesis of benzyl alcohol galactoside
using Escherichia coli -galactosidase

Kyung-Hwan JungT

Major in Biotechnology, Korea National University of Transportation
Jeungpyung, Chungbuk 27909, Republic of Korea
(Received May 21, 2019, Revised June 28, 2019, Accepted June 28, 2019)

£ oF . FIZo SHE, AE T80 9oFgEo MR AFEEHOAE benzyl alcohol (BzOH)oll
gt 54 wAeh o AR EA7F HuET ok A, 2 dFellA= oft HUHAY] wAIES
SI4st7] $15te] galactose ¥F BEAFE BzOH EAfo| ARTAIZ] benzyl alcohol galactoside (BzO-gal)&
st olfgt EAIE dldstE= AI=E ottt oln] AJATolA thdde] B -galactosidase
(B-gaDE ©o]&ste] BzOHZHE BzO-galo] transgalactosylation ¥H-g02 A= A-S &Aoo
oh 2 dAFtelMs WA didwte] B -gale ol-8ste] BzZOH=FE BzO-gal®] S wHEHe] oA =2
ZotegHn)/dxg BEAS o]8ste] BzO-gal-sodium adduct ion (m/z=293.1004)7} BzO-gal9]
protonated ion (m/z=271.1180)¢] HA&= &I 4 ot 181, BzOHZEE BzO-gal29] 4
a2 AAl & o, 2A9] p-gal ¢, BzOH <, ¥tg &%, ¥F§ pH, lactose &= & W32 A %
AL 2RItk AdS ottt 1 23 0.75 U/ml B-gal, 185 mM BzOH, &% 40C, pH 7.5,
350 g/l lactose®] Z7o] 7M W2 4 BzO-galo] MHE A xS Felstkart. EgE
BzO-gal®] 2 &4 Z7oA 3641 &%t B-galel oJste] 185 mM BzOH=HE °F 131 mM
BzO-galo] A=, o] w, AT 4&(conversion, %)< &F 72%= FQILQIrt, E dA1E E35}o]
Hr} kiRt AlE, sbdE, 193 oorE§ MM Mg ZItista 9lem, BzO-gal®] £4 #4
5 F7HQ AFE Algstar Qith
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Abstract : Recently, it has been reported that benzyl alcohol (BzZOH) as an additive in cosmetics,
food, and medicine lead to toxicity and allergy problem. Then, to circumvent this hurdle, we
carried out the synthesis of benzyl alcohol galactoside (BzO-gal). Previously, it was confirmed that
BzO-gal was synthesized by transgalactosylation reaction using Escherichia coli (E. col) S
—galactosidase (S —gal). Meanwhile, in this study, two peaks of BzO-gal as sodium adduct ion
(m/z=293.1004) and protonated ion (m/z=271.1180) were detected in the reaction mixture by
liquid chromatography/electrospray ionization mass spectrometry (LC/ESI-MS). In addition, the
amount of p-gal and BzOH concentration, temperature, pH, and lactose concentration,
respectively, were optimized (B -gal, 0.75 U/mL; BzOH, 185 mM; temperature, 40°C, pH, 7.5;
lactose, 350 g/1). Under these optimal conditions, 185 mM BzOH was converted into about 131
mM BzO-gal, in which the conversion yield was about 72%. In the future, BzO-gal will be
applicable as a substitute for BzZOH as a less toxic preservative for the cosmetic, pharmaceutical,
and food industries, and we are planning to investigate the characteristics of BzO-gal as a
preservative.
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1. M B [15]. o] wj, CPN, PE I3 HD<t 44
chlorphenesin galactoside (CPN-gal),
Benzyl alcohol (BzOH)-S @A) A& A9l & 2-phenoxyethanol  galactoside ~ (PE-gal), 1,
AL A g8l AF QoA ZAF v 2-hexanediol galactoside (HD-gal)@te] 3
A=A o] AHgEI 9t I¥A]eh BzOH At %Izt mRAEe] digt =4 HudTE A
& F WStE B4 EAS o7 g EAx FckEE, kP mRA R tiet sy A

2% HuE Salo] A QrHi-4]l E @ FolAE CPN-gal, PE-gal, 121 HD-galo]
T oHelME 2 et oo g MY #AH  CPN, PE, Jejal HD Rk o Hgs S
< 857l Y8 YHOZ galactose T EAME 4 AATH7,9,13]. ©fA] HetH, CPN, PE, 18

A BAOl AGAAN, EA4T gefx) BAE 3L HD galacroside REA7F Q1ZE w A
sAstele AxE Adstel  gos56l. =/go] A, K £ v Ad 2HE ¢
Galactose 3 BAE ofd Bz A7 & & Atk o] W, HDO| galactose =A<
WMozl f-galactosidase (f-ga)g ©]43t o HD-galoll M= 2ol A offte] &4o] s
7H4=B3) (reverse hydrolysis) z2 AA9H14], CPN-gal®} PE-gal®] ZH{o&
transgalactosylation W& o|-&stqlch. o] ¥h-g CPN¥} PES} -2 gatelS Hol FAeH7,9].
2 lactose =7} U-¢ E2 270N FPEH, Ae7tA 'R p-gals  ©l87t BzOHS|
ol Eato &A  f-galo] lactoseREH galactoside FEAE AT A+ EFI= E A
galactose ¥ EAE Fatd AGA7E whgo]  HAEI QITHIE1T] HT £ AyEolA= Al
o}, 2 W p-gals ol-§stod BzO-gal 4
1 Fot E AFx"HolAME  chlorphenesin & A&stalor, BzO-gal @&/do] g+ B -gal

(CPN), 2-phenoxyethanol (PE), 1, & ol&sto] Zheds ZRlskle15]. TLEiA,
2-hexanediol (HD) Z7te] o]=gt ¥hg-5 ©]§ 2 ATolA= BzOHY galactoside F-=A42] 9

sto, galactose §F A7t 23t galactoside & e A FAERREIRNCO/EFE A7
SAE &SR T-14]. 1831, T BzOHE] (ESI-MS, liquid chromatography/electrospray
galactoside FZ=A|Q] benzyl alcohol galactoside ionization mass spectrometry)2 T}A] SHH &<l
(BzO-gal) ] M-S Faste] o]E &l shalet Sk, BzO-galo] @4 W8 HAxAS 2= <
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S FPsta, Tt 24 274 BzOHOA
BO-gal2o] A% 8@ 82 DA
A7 Setgtt. ¥ Q7S Seko] urt o
Ak AE, oFE, 81 ooRE-g H ALl A
TS 7Idiekal Al

vy

2. M2 U

21, A2 H g —gal Uik cHER

Benzyl alcohol Sigma—Aldrich (St Louis,
MO, USA)ollA Fdsteal, TLC (thin—layer
chromatography) platet= MACHEREY -
NAGEL GmbH & Co. KG (Diren, Germany)
©]  precoated plates SIL  HD  UVysy
(MN809222)E AR&sttt. BzO-gal AAIE ¢
St Silica gel2 Zeochem (Uetikon am  See,
Switzerland)®] ZEOprep 60 (60-200 pxm)<
Agete, e B oage] AgT Alokse
reagent—gradeE AHESIAS. TS araBAD
mane Asde ealel Wo] ZASE
pBAD/Myc—His/lacZ  vector (7.2 kb)
(Invitrogen, Carlsbad, CA, USA)E Argste] E
coilf MC 10618 ¥d &= ot f-gal& &
skt AR E cold AR AR S -gal
S RS E coiol s Soll tistA
PAAANA ZAS] 7] 55T 18],

Rl

2.2. BzO—gal &

BzO-gal 442 9I5F] 50 ml conical tube®]]
92.5 mM BzOH, 0.45 U/ml B-gal, 300 g/l
lactoseE ¥ (50 mM phosphate buffer, pH
8.0), AA HiE 40 ml=2 F3 shaking
incubatoro Al 40°C, 100 rpm ZHAo= 12 A7t
S Bk AFT Fig. D). A M9z AT

Lactose

W f —galactosidaseE ©]-83F benzyl alcohol galactoside®] 4 A 3

E QIstdAE 50 ml conical tubeollAl S -gal
5, BzOH 5%, 2%, pH, lactose & <A
2 4 RS 2= AEE FIoidth A
A ¥ Huk 40 mlE2 97, 50 mM
phosphate bufferE AH&-5ICE

2.3, x| I 2OtEdMTD]/EE BN 2M
oA I=atE 9 LC)/EH =27
(ESI-MS) (SYNAPT G2, Waters, UK)S AH&3}
Hkgolof A BzO-gal®] AZFS EASHATLH
LC A+ Cis columng ARESHAL, 8uf A
(0.1% formic acid in water)?} €91 B (0.1%
formic acid in acetonitrile)&  gradientZ
column®] F&F5t3}t. ESI-MSOAE time of
flight (TORZ &A48}91, polarity:=positive
ZZA0f|A BA S

2.4, TLC 24

20 X 10 cm TLC plateell 1.0 ul A=RE
loading3}1 ©]5AH(acetonitrile : water = 85
15 /v) 22 15 B Ao a=a
staining solution (1.5 g KMnOs, 10 g K,COs,
1.25 ml 10% NaOH in 200 ml water)& TLC
plateo] & & 80°C ovenollA 15 E7F HalA
HEE 891 ottt BzOHe A% B4 25t
o TLC plate’de] oln|x]E &% =
AlphaFase FC software (Alpha Innotech, San
Leonardo, CA, USA)E ©]85}to] band® 3715
A BAsteH, o] o, EFEEo] BzOH A
B2 Zo] BAsHYh BzO-galdl Y=
BzOHZHE BzO-gal2 X5 conversion H 31Tt
1 7Hgstal BzOH #AZO 2 HE] AAbstict
I8iA, BzOHZRE BzO-galzo] A3 &
(conversion, %) ofefjo] A& o|-gste] Ao}

k.

OH

Glucose /LC;%OH
4
OH 4
©/\ 0™ Ho OH
B-Galactosidase

Benzyl alcohol
(BzOH)

Benzyl alcohol galactoside
(BzO-gal)

Fig. 1. Enzymatic synthesis of BzOH-gal using S —gal.
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Conversion (%) = (BzOH, - BzOH,)/BzOH;, o} Zro] BzO-gal®] $4S TLCE ElstHich

(BzOH,

- W 2709 HD % BOH, = t A Jelm, wgele o] aznteadu-a3 2

Zroll BzOH <) @.7](LC/ESI MS)E  olgstd  ZAsAtHFig.

3). 2 A3 BzO-gal® sodium adduct ion¥t
protonated ion®® FE& £ 9l 293.1004

3. Zn} o ;i (m/2)9F 271.1180 (m/z) F 7]} peaks VI

4= At (Table 1). ©]&&F peak &1-& 55}

3.1, HISOHOA R =M B -galell ©]sl BzOHZRE BzO-galo] =
BzO-gale i B-gal& ol&ste]  AES AT 5 AN

trnasgalactosylation ¥Fg-o2 gt & Fig. 2

Fig. 2.

BzOH Lac Glu Gal 0 12(h)

TLC analysis for BzOH-gal synthesis using £8-gal, in which zero— and 12-h samples
were analyzed. BzOH, lac, Glu, and Gal represent 1% standards of benzyl alcohol,
lactose, glucose, and galactose, respectively. Arrow A and B indicate BzOH and
BzOH-gal, respectively.

M0
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©/\o HO' OH

294.1037
Mmi2s 231306
271.1504
5632106 2696489 7704204 270973
177.0890277.1268 £1% 440 3006 wu T 271.438 91
I i T TSRS 4l it
mn 2‘)0 300 400 500 600 700 800 900 1000 1100 260

Fig. 3.

2n 2n 2 273

High resolution ESI mass spectrum data of purified BzOH-gal. The mass spectrum was
obtained in positive-ion mode. [M+Na]® and [M+H]" indicate sodium adduct ion and
protonated form of BzOH-gal, respectively. The preferred structure of BzOH-gal are
shown in the mass spectrum.
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3.2, BzO—gal &8s & zHEU

B2O-galol AA@Y 20& 2] Slstel
B-gal &, BzOH &%, 2%, pH, lactose &
T Wglo] w2 BzO-gal FAYS TLCE W&
stAcHFig. 4). 22, AE BzO-gal &4
oFogRE Ao BzO-gal T4 AL sHls)
gt 1 A= 0.75 U/ml f-gal, 185 mM
BzOH, &% 40C, pH 7.5, 350 g/l lactose =
AofA 2A o] 7oA BzO-galo] F4%+= A
< =l stthFig. 5).

3.3. #& x=Zi0|Are| BzO—gal &

4 B —galactosidaseE ©]-83F benzyl alcohol galactoside®] 4 A+ 5

ot I8y, A 2L §ote] Fig. 79 &
o] 48 Azt F<tel BzOHSE BzO-gale] ®Wigket
BzOH=ZH ¥ BzO-gal29] Aag E
(conversion, %)& AXsle] Hekth 1 Ax} 36
AZE qEoll g -galell ©]ste] 185 mM BzOH=4
B °F 131 mM BzO-galo] @4% <t} o] o,
BzOH=ZH-E] BzO-gal 29} A =&
(conversion, %) °F 72%2 AAM= AT $HH,
2 A= dgael gJstH, CPN, PE, 1
1 HD=ER¥E CPN-gal, PE-gal, &1
HD-gal®] A% &2 247t <F 64-67% (78],
oF 37.5-50% [9,10]. 18]1L °F 96% [14]2 B

Fig. 49} Fig. 5 A¥& ot 42 BzO-gal 1= Qty, B Ao o] BzOHlA BzO-gal
o] HA Y 270E& olgste] 185 mM BzOH 29] oF 2% A% 4-&2 CPNzt PEo|| H|ot
2H5E BzO-gal& FAsHe BHe-2 48A1F 53t W =2 wolx, HDof| Hlstd W2 groleta &
AAlste], Fig. 63 Zo] TLCRZ HEAste] Ht o},

r

32

A
T

B-gal=7.5 U/ml
Temp=37°C
pH=8.0

BzOH=92.5 mM
Temp=37°C

Eat:i:!oﬂgﬂ @ ',' !7 L]
<

Lactose=300 g/I
LN

Vi 4

BzOH Lac Glu Gal 0.25 0.5 0.75 0.9

a a

BzOH Lac Glu Gal 90 140 185 230

B-gal (U/ml) BzOH (mM)

B-gal=7.5U/ml
BzOH=185 mM
Temp=40°C

B-gal=7.5 U/ml
BzOH=185 mM
Temp=40°C

B-gal=7.5 U/ml
BzOH=185 mM
pH=8.0

Lactose=300 g/I

LA A

Lactose=300 g/l pH=7.5

3 9 w. ¥
A 4 -~

BzOH Lac Glu Gal 30 37 40 45

Temp (°C) pH Lactose (g/I)

Fig. 4. Effects of (A) the amount of S-gal, (B) BzOH concentration, (C) temperature, (D)
pH, and (E) lactose concentration on BzOH-gal synthesis. The samples collected at
18 h were used for TLC analysis. The reaction conditions are shown within the box
in each chromatogram. Dashed boxes indicate the synthesized BzOH-gal. BzOH, Lac,
Glu, and Gal represent 1% standards of benzyl alcohol, lactose, glucose, and
galactose, respectively.
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Relative BzO-gal synthesis

0.0 T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 100 150 200 250

B-gal (U/ml) BzOH (mM)

1.0 ./.,_.\.

0.8
0.6
0.4

0.2

Relative BzO-gal synthesis

0.0

30 35 40 45 6.5 7.0 7.5 8.0
Temperature (°C) PH

0.2 4

Relative BzO-gal synthesis

0.0 T T T .
200 250 300 350 400

Lactose (g/l)

Optimal conditions for BzOH-gal synthesis by G-gal. Values of relative BzOH-gal
synthesis were calculated on the basis that the maximum synthesis of BzOH-gal was 1.0
under each condition, in which BzOH-gal syntheses were measured as scanned TLC spot
areas. (A) Optimization of the amount of f-gal. (B) Optimization of BzOH
concentration. (C) Temperature optimization. (D) pH optimization. (E) Optimization of
lactose concentration. All measurements were conducted three times (n=3) using the same
sample, and the average and standard deviation were calculated.
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BzOH (%.v/v) Time (h)

Fig. 6. TLC analysis of BzO-gal synthesis under optimal conditions. BzOH
standard (0.25-2.0%, v/v) was used. Lac, Glu, Gal indicate 1%
standards of lactose, glucose, and galactose, respectively.
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Fig. 7. (A) Time-course profiles of BzOH and BzO-gal under optimal conditions for
BzO-gal synthesis using pB-gal. BzOH and BzO-gal were analyzed by
TLC-image analysis of Fig. 6. (B) Percent conversion of BzOH to BzO-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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4. 2 B

A B -gal& ]85t trnasgalactosylation
202 AE BzO-gald A I 2utE 1
1(LC/ESI-MS)E ol-g3te] &felst
At o] i, 2931004 (m/2)¢] BzO-gal®
sodium  adduct ion¥ 271.1180 (m/2)9]
BzO-gal®] protonated ion®] &= Act. 1]
1, HAHL BzO-gald HAMY =@ 0.75
U/ml B -gal, 185 mM BzOH, &% 40C, pH
7.5, 350 g/l lactose =71 Aoz el Hglo
o], 185 mM BzOHZRE 48A|7F &<t oF 131
mM BzO-galo] == Aoz EQI o]
o, BzOHZXE BzO-galzo] Hsgt
(conversion, %) °F T2%= AATE| AL

|
~
)
o
Mo
o)
N

A0
T=

aAtel 2

B A7 F47194004 AUshs 2018WE

g9E2d JlemtEY A YA No. C0652452)9]
ATFsgoz Qg AEYS vyt 183,
St sisty AygEstat old|e, uag<;, st
2 shY, EAIcldAo|FE AR o] 2 A
T =& F45U
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