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8 oF @ T YR HEA e ATE Aot 1, 2-octanediol (OD)ll galactose
} A&% 1, 2-octanediol galactoside (OD-gal)9] #4d& A=t o5 $jate], =g of
B —galactosidase (B -gal)& ©]85F] transgalactosylation ¥H-g-= Fh5t2™, OD-gal S
71§15+ mass spectrometry 243 NMR (‘H- and “C-) spectroscopy £4-& AA|5}At},
S EolA m/z=331.17329] sodium adduct ion FEHZ OD-gal EAte] TS Eelsiy, AAH
OD-gal®] NMR £4& 53te] OD-gal®] 'H NMR ~HEJ|A ODe] Z2EAS} HodgS
olFE oket 3 s skt 'H NMR AHERS] th¥Eel §y 4.39 ppmdt 64 3.98~3.55
ppmolA UEhtE thefst 352 o]50] ODefl ZEARL Hirks 2S & ofAlshr glom, &
g '"H NMR AZEZS] dhod Yehts 6y 1.52~1.26 ppm} 0.89 ppme| 3= OD2 CH,
o} CHs #8712 HE Yehte mazx OD7 2 Edo EA4gE & & 3tk PC NMR AHE
HolA= OD-gal®] duf-ofl-mio} Het-ofirm|o] Lo Z|Qlsh= F 24719 ©4x| a7} ey,
Zr oficm with 147)¢] gtA7t EXst=d olF ¢ 31.4, 29.0, 22.3 182 13.7 ppme] Eeol= OD
4709 't AEE AREY] ERZC] sideh 2kt FxO fAMJC R Qlste] g4 3=t HAA
vehd Zios B wEbd F 28709 ©4 w3 F 24707F yEsth gtz HE OD-gal
o] B-gal& o]&st IR ¥Hg-& Fote] OD-galol gale] A= o] qth= AS ERIstart. ol
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Abstract :
(OD), as a safer cosmetic preservative, using recombinant Escherichia coli [ —galactosidase (8 —gal).
To confirm the molecular structure of synthesized OD-gal, mass spectrometry and NMR (‘H- and

1, 2-Octanediol galactoside (OD-gal) has been synthesized from 1, 2-octanediol

BC-) spectroscopy of OD-gal were carried out. In the reaction mixture, a sodium adduct ion of
OD-gal (m/z=331.1732) was identified using mass spectrometry analysis. In addition, 'H NMR
spectrum of OD-gal showed multiple peaks corresponding to the galactosyl group, which is
evidence of galactosylation on OD. Downfield proton peaks at &y 4.39 ppm and multiple peaks
from 6u 3.98~3.55 ppm were indicative of galactosylation on OD. Up field proton peaks at 6y
1.52~1.26 ppm and 0.89 ppm showed the presence of CH, and CHj protons of OD. C NMR
spectrum revealed the presence of 24 carbons suggestive of «— and p-anomers of OD-gal.
Among 14 carbon peaks from each anomer, the 4 peaks at §¢ 31.4, 29.0, 22.3, and 13.7 ppm
were assigned to be overlapped showing only 24 peaks out of a total of 28 peaks. The mass value
from mass spectrometry analysis of OD-gal, and '"H and »C NMR spectral data were in good
agreement with the expecting structure of OD-gal. Finally, we identified a galactose molecule from
the hydrolysate of OD-gal using [-gal. We are expecting that through future study it will
eventually be able to develop a safe cosmetic preservative.

Keywords © 1, 2-Octanediol galactoside, [ —Galactosidase, NMR spectroscopy, Mass spectrometry,
Cosmetic preservative

1. M 2 hydrolysis) ¥r-goll #et A5 1 5t st
o £}7,8,9,10,11,12]. o]t A+ AIE HE
oz chlorphenesin (CPN) [5,6],
CAS number: 1117-86-8, d% Caprylyl phenoxyethanol (PE) [7,8], 1, 2-hexanediol
glycol, Fig. D2 87 HE5EHES 7HAA Q= (HD) [9,10], 28|21 phenylethanol (PhE)

E2A2 A, PFE 0.59014 1.0%2] &= AL [11,12]7 22 38 WUREAR 2ol B

1, 2—Octanediol (Molecular formula: CgH;30,,

=7 9ith. 11 <t 1, 2-Octanediol (OD)%= H]
A QrARt JEoz Wrirlo] gfou(l], 2Y
AFoAs mE BAE IAE & S 7t
54 o= BAE AAStE IH2,3,4]. o=
A, B A ME I B B Age] ¥ JHA]

¢t galactoside F-=A| &3 58 o] OD
o] EAIAS sfiZst] It Wte2A 7HagtA]
£ A ESiT}

2 ARHAE Jactose &7} 30~40(%)Q]
27004 tFe] B -galactosidase (B -galE

o83t  transgalactosylation (&2  reverse

galactoside F=AE Y PHo=r g+
o] B-galE ©]83l9 transgalactosylation HHg-
o2 ODERE 1, 2-octanediol galactoside
(OD-gaD9] M 7+sd& Eeloh= 975 +
Forgict. APAFolA on] FEE HHA Y
galactoside +=A7F 917t wRA Lo gt 54
< A2t AFEATRE Q6] ol
[5,7,13], ODel4] OD-galo] 42 & Utd,
Hop bt 3PdE8 WHEAE SdET 5 U
Ho, o]F o|&% 4tdst &8 A= Jhed
Aoz AZsta, OD-gal 4 A5 S5k
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ol AFoAE OD-gal A9 &4E &l
5t7] $Jote], OD-gal 34 HH-g-oHO] thin-layer
chromatography (TLC)®} mass spectrometry &
A, AA"E OD-gal®] NMR spectroscopy 4],
aJea " OD-gald] 7ZheEsiE &9t
galactose wAF &l AT 5& S do
& OD-gal ##F0] ot A9} It m7Aa
of et FA4AF 5= FAL Ao, o
oAR Hrh ¢ OD-gal®] 332 HRAR
Aol AFist 7Fs Aol =ASE Alge st
Art.

OH

Fig. 1. Chemical structure of 1, 2—octanediol.

2, Ny

2.1, A<t

1, 2-Octanediol Sigma-Aldrich (St Louis,
MO, USA)ollA Fdsta, TLC (thin-layer
chromatography) platex= MACHEREY-
NAGEL GmbH & Co. KG (Diren, Germany)
©]  precoated plates SIL  HD UV,
(MN809222)E Argstltt. OD-gal AAIE ¢
ot Silica gel2 Zeochem (Uetikon am  See,
Switzerland)®] ZEOprep 60 (60-200 xm)<
AFSAT, Sl B Apel AgT AR
reagent—gradeE AM&-5HITE

2.2, =g g —Gal2 Ysst= HEH

WgTOl araBAD ZRRE AlAHo] o]5te
grdo] 2AEEE pBAD/Myc-His/lacZ  vector
(7.2 kb) (Invitrogen, Carlsbad, CA, USA)E A}
&5t E coil MC 10615 & @ %52 5}o]
B-galZ WASIHTE. L-gal A= pBAD/
Myc-His expression kit®] Fd2E AHg-ot9 L,
Nz E coil AAT A} p-gale S
E. coil®] viFTH Foll distelAr AdaPA
A ZAAS] 71 = SEATH 14].

2.3. f -Gal 9 HIZS 0|88 OD-gal
By %

o
OD-gal &42 50 mM phosphate buffer

Mass spectrometry2t NMR Spectroscopy s ]84t 1, 2-Octanediol Galactoside®] 4 &2l 3

(pH 7.0)& °]835t4, 50 ml conical tubeol 1%
OD, 4.5 U/ml B-gal, 300 g/l lactoseE <!
5, AA 9-g BulE 10 ml =4 5k, shaking
incubator (37°C, 100 rpm) ©llA 48 AJ7F F<t
gl o w, FREHO URE= mass
spectrometry Ao ARBSERIER Al
OD-gal AA% silica gel chromatography (°]%
A}, ethyl acetate: methanol: distilled water =
17:2: D& olg3dl9en, OD-gal2 FH5E &
o] gy EIS B2 G rotary vacuum
evaporatorg ©]-§ste] F=s5H3itt. 7et A9
et AR 2T HHe st Ao
71&sttt15,16]. 283 o|gA A
OD-gal-& AHE3Fe] NMR spectroscopy 47}
g B-gal& o83 OD-gal 7t4EsiE A

AJshlt,

2.4, TLC M

20 X 10 cm TLC platee] 1.0 ul A=E
loadingstxl ©]84 (Ethyl acetate: Methanol:
Distilled water = 17:2:1 (v/v))2.2 ZH7fstct.
230 staining solution (1.5 g KMnOs, 10 g
K,COs, 1.25 ml 10% NaOH in 200 ml water)
£ TLC plateo] & ¥, 80C ovenollAd 15 &
7t @A spote ZRIsHH

2.5. Mass spectrometry

A EAML High Resolution ESI-Mass
spectrometer (SYNAPT G2, Waters, UK)E At
|5t AASHYITE.  Tonization  sourcex=  ESI
(electrospray ionization), analyze type< time
of flight (TOF)eolH, AHEZHL positive-ion
mode®l 4l m/z (mass to charge ratio)2 215}t

k.

2.6. '"H- and "*C—-NMR spectroscopy

400 MHz NMR  Spectrometer  (Bruker
Ascend 400, Bruker, Germany)E& ©|-&%t
'H-NMR# “C-NMR £4& atict. o] df,
AHESE solvent= D,0°]H, AAIE OD-gal& oF
20 mg 1000 ul DyO° = NMR A|R2Z At
|5kt

2.7. OD—gal2| 7t4-Eal
OD-gal& 7Fesfist7] flste] i+t B -gal
(Sigma—Aldrich) 8 (2 U/ml) 100 mle} A7
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H OD-gal (0.03 mM) 100 mlE 50 mM
phosphate buffer (pH 7.5)° &3¢t &, 37°Ce]
A 12 ARE JESAIZ

3. #at A nF

3.1. Mass spectrometry
Conical tube (50 mDolA 1% OD, 4.5 U/ml
B-gal, 300 g/l lactose® 50 mM phosphate
buffer (pH 7.002 so]3, ¥ Hul 10 ml 5
7| 8t %, shaking incubator (37°C, 100 rpm)
oA 48 AIZt F<¢F ODEFE OD-galo] 34
APE okt Fig. 29t Zo] 48 AIZhaE<t
Y5t Hkgo] HkgE9] TLC B4 A=
spot& LAY 0191‘:]'. dt OD-galo] 4
H Ao=m FAstal, o] ¥REEC] tisto] mass
spectrometry 4% AA|SIATE Fig. 33 #2
spectrums  Aow], Al F peak FollA
m/z=331.17322] sodium adduct ion
(CHs07Na) FH|9] OD-gal S =<l oF3h

[

>

|
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A Aojgt= F4of thet At ZAE T 7R
2kE 4= Qlgtt. 1 o]€]ell spectrumeollA] ©EF9
sodium adduct ion (m/z=230.0523, CsHi,OsNa)
1} o]t H2] sodium adduct ion (m/z=365.1058,

CiHpHiNa) = shelst 4= 9loich,

Lac Glu Gal
Fig. 2. TLC analysis for OD—gal synthesis using

B-gal. The reaction mixture at 48 h
was analyzed. Lac, Glu, Gal and OD

OD 48h

th. o] peak®] ©]EZH<Ql calculated mass represent 1% standards of lactose,
331.173322 spectrumof|A] &RIgt OD-gal] glucose, galactose and 1, 2-octanediol,
sodium adduct ion¥t A9 LXA|SHATE watA, respectively. Arrow indicates OD-gal
SEoflA TLCZ &Rl" AM2-& spoto] OD-gal (presumed).
@
20210811_02 DGC 02 KNJT_HRP 139 (0.779) AV (A,30000.0,0.00.0.00) 1: TOF VBESH
100 3651088 300e5
OH
H3C\/\/\/K/0H
Na*
> @ [M+Na]*
E o 2080536
g \
P, (321784 381.079% 48220
o e i [ ey | =] 2 R e e |

100 120 140 160

180 20 | 20 | 240 | 20 280 | 300 20 340 360 | 30 400

40 40 40 | 40 50
m/z

Fig. 3. High resolution ESI mass spectrometry of OD-gal in the reaction mixture.

[M+Na]*

indicates a sodium adduct ion of OD-gal.

The preferred

structure of OD-gal is shown in the mass spectrum. @ and @ indicate

sodium adduct ions of monosaccharide and disaccharide, respectively.
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3.2. '"H- and "*C—-NMR spectroscopy
ANEA 9 B2 BAHRE gelsr] ¢
3to] OD-gal2 F4=E B8 FAS 'H-
and ®C-NMR spectroscopy #4-& $3h5tATt,
'H-NMR AHIE®2 ODeo] galactosylation©]
Hee HolF= ofer fazt vedt ok
(Fig. 4). 'H-NMR A"EZS] gpeHmEol §y
4.39 ppm3} 3.98~3.55 ppmofA UER}E ohoF
ot #3552 OD9| galactosylationo] = o=
Ag & dAtL UTH#] peaks in Fig. 4). &
g 'H-NMR 2#HEZ9] JuEofx yeites
§u 1.52~1.26 ppm}t 0.89 ppme] 3= OD
o] CH,¢t CH; 287|285 E Yehts o324
OD7} & &4 EA%& & 4 Utt#H2 peaks
in Fig. 4. 'H NMR (400MHz, D,0) 4.39 (d,
2H, J=7.6 Hz), 3.98~3.95 (m, 4H), 3.90~3.82
(m, 2H), 3.81~3.77 (m, 6H), 3.71~3.66 (m,
6H), 3.60~3.55 (m, 2H), 1.52~1.42 (m, 4H),
1.36~1.26 (m, 16H), 0.89 (t, 6H, /=6.0 Hz).
BC-NMR AZlEZ2 OD-gal® «-anomer
o} B-anomer?] FEOA 7IQlsk= F 24719
g4 0=27F etk ZF anomer Wit 14 7)€
247t ZAstEY olF §¢ 31.4, 29.0, 22.3 1
23 13.7 ppme] EolE OD 4749 g4E A
W A2 E570] sigst webd NMRO
A gt4 9] 3FshA o]F(chemical shift)o] FAFote]
AHA degoh A= F anomer=HEH F 28
7hel &4 m=rzt yehdol sk o] F 2470%F
Uehd Aoz Bt (black dots in Fig. 5). ©]

Mass spectrometry?} NMR SpectroscopyE 0|83 1, 2-Octanediol Galactoside®] EAFH &

#1

re
(@)

ZH, B EZo] OD-galo] £A5l2 31, OD
o] galactosylationo] Erh= & & & 4
At (Fig. 5). *C NMR (100 MHz, D;0O)
103.6, 103.0, 75.0, 74.9, 74.4, 74.0, T2.71,
72.66, 70.9, 70.8, 70.5, 70.1, 68.5, 68.4, 60.8,
60.6, 32.64, 32.58, 31.4, 29.0, 25.1, 25.0,
22.3, 13.6.

I3y, 'H-, PC-NMR 2#HEZ Anze
OD Exe] % 7/ % o= hydroxyl group
(-OH)el galactose?7t ZFA=A= & & 9%
oh. ot At Aol B -galoll ofsto]
CPN, HD9] primary alcohol group®ll galactose
7b AtEoiar HeA QUoh5,101 mebA,
OD-gal% primary alcohol group®ll galactose’}
2YPE Aoz FZHrt

3.3. OD-gal2| 7}4-E3l

ODZHH 44" OD-galoll galactose”} 2
Hol SQlth= AS =Ishr]  fished, J
OD-gal& f-gal2 7hpRasH,
galactose”t  THA]  REEEAE =I5
OD-gal& 12 Azt &<t 7k-Eoligt <,
A% Ayl OD-galol4 galactose?} £2]% o]
Hes AL EIsHHEg 6. =2
galactoser= TLCOlA] Rf=0.389] spotoz 22l
=9loem, o] m, standardq] lactose, glucose,
galactose®] Rf &2 Z+ZF 0.29, 0.413, 0.373 ©]
93, OD] Rf g-& 0.97, OD-gal®] Rf
0.7330] 1. Standard galactose®] Rf 3t 0.373

#2

_

|

r T T T
H s 7 s s

a

T T T
3 2 1 ]

Fig. 4. '"H-NMR spectrum of OD-gal.
* 1 artifact(CH3CN)
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1%0 180 170 160 150 140 130 120 110 100 S0

70 so so a0 30 zo 10 o PPm

Fig. 5. P"C-NMR spectrum of OD-gal.

LE T I

Lac Glu Gal

= o

- |

4= C
= Pk
0 12(h)

Fig. 6. TLC analysis of hydrolysate of OD-gal by E coli f-gal for 12 hr. Zero— and 12

h-sample were analyzed. Arrow a,
respectively.
and 1, 2—oactanediol, respectively.

3t OD-galof|A] 7tEa) ghgolA EHE spot

o] Rf gk 0.382 ™% fFAsHH, ol=qt Axt=

OD galoﬂ galactose T EA7F A= o] U
T oE A & 5 Stk

il

4. 2 E

Mass spectrometry 243 NMR (‘H- and

b and c¢ indicate OD, OD-gal and galactose,
Lac, Glu, Gal and OD indicate 1% standards of lactose, glucose, galactose

BC-) spectroscopy 242 F3to], Azxg diF
o B-galZ o]&3stod ODY hydroxyl group
(-OH)ell galactose ¥ #AE HeE OD-galo]
s AS FEdsioh 19y, dAdd
OD-gal®] 7}=&3| Hhg-& o]835te] OD-galZ2
¥ galactose A7} vﬂﬂﬁh AE ZRlgte
24, OD-gal £} galactose?} A= o] 4
Hltts AS FESHA. wEA, dige 8
—gal& ©]83% OD-gal29] transgalactosylation
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Lactose

OH : i
HSC\/\/\)\/OH

B-Galactosidase

1, 2-Octanediol

Glucose

Mass spectrometry2t NMR Spectroscopy s ]84t 1, 2-Octanediol Galactoside®] 4 &l 7

OH
(0] OH
AN A
HSC\/\/\)\/O HO OH

1, 2-Octanediol galactoside

Fig. 7. Enzymatic synthesis of OD-gal using S -gal.
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