Bnla gdule : nsdaunszideieulesivesniafiludnngladaleainesuazqnise
Lsziaémﬁwiaﬁwﬁ (ENZYMATIC SYNTHESIS OF PHENOLIC ACID GLUCOSYL ESTERS AND
THEIR EFFECT IN CHOLANGIOCARCINOMA CELLS). aﬁﬁﬂ'ﬁﬁj‘ﬁlﬂ?mﬂ’] L ANANSI5E AT

ud 1nevin-A1sud, 155 i,
Adndty : LsnnglaZieg; naladaleaines; nglawnaduy; unsavietns

0s98Glu31 Wueulwsiludingulnalaledlalasiaa 1 (GH1) Fevimihinanlunisiss
Uffsenlalasla®a was Os9BGlU3T afurtasiunszuiunIsmsudbnalagiatulunisaielo

wyjihaalnaladaiiedunsiansussneulnaladianlneduliseduneuieuaznindueid
ANNETETUINTY azatenla dANEINTAtUNITENAATNAY ULasllgnEnIedInINgs Aely
a1susznaulnala@ianatsaunsaianldiduaiseangndlunisnisunnd sauvisgndlunisdnu
< 1 [ o =] =2 £ a 1 = a

uzi3e egulsinudiliinenuigvsvesasuseneulnala@ian 1w arsusenaunsailludn ng
InZaleamessenisasyvensaauzisewioln

lunisfAnwrilieulesl 0s9BGLU31 gal¥lunsvurunisduasizraisusenaunsailludin

a < a a5 A a & Ao v a £ =~
nalagateaines 8 vila 1NNIANLLUANTaTE AnUuaTNduaT1ERlgnUsEliugran1edinim
wazAnwinalniinededlunsdudsnisiasareuaduziSeionnn oulsl Os9BGlU31 AaLfuuas
naneNuggnHanlauLuATISY Escherichia coli anewiug Origami B(DE3) udvinliusaunalagly
ARANY IMAC 91ntundadusiainnssuiuniamsulnalagiatuvesoulesl Os9BGlU3L uay

L4 [ o . a a 6 v ] Y a é v Y LS s
wulwlnaneiuggnesiaialaglasuilaniigaiaseiuavitliusavslagldneduiiaviand-
Leale20 lnglastassvosansusznaugninszilaedsduduensaninsalnl uazndnsiue
nnsrvIunmmIlnaladiadugninanuanunsailewulunisiuenyadassuasqvadugnis
WS luwaauziseiolnd LamadeuaNaINNTalunTEUTINTUNINIEANLVOUTARNLS W ©
S Ay ax o a A a5 a a sada £ A =
WAMEIBN1595993088ad9 lemansusznaunsailludnngladateames illgvsasnanunfinw
nalnlunisdiudaradueissietnlaen1inszinslasuwlasindnsveswad N1smevessad
wuveznenlada uazinnisuanssenluszauduesiouevesduiiiietesiunalndana

31NN1TNARBINUIT Os9BGlU31 nateudaIuITaduATIEAHEANUNIIINNTEUIUNIT
niulnaladiatulavainnateniteuleddufuiiunisaielownynalagaludwinuniavemy
lansongansonyarsuenda lagndndugindnuiannisduvesnylnalaBandiuniavemy
Asuendaveansailludn oulesl Os9BGLU31 naneugAdumUsnsaawily W243N way W243L
fiAnAanssuveteuledlunssuiummaulnalediaduionisiiandndainainineulvdassi
% a v ¢ o A 2 N a a ¢
Fndndugivaninufie arsuszneunsaiiludnnglefaeanes Inelanivansusenay nIauna

dangladateaves (luanglawnadu) Nllgrsdueuyadasea ICs, Wiy 3.6 0.1 pg/mL



'3

uaziudnglaunadudliqrisudeniaiiyuessaduziaioiid KKU-213A KKU-055 uas K-
100 Taefien ICs, nMendsunansfuiaduiaznguiuia 24 42l Wity 67.3 + 1.3 UM, 19.8
+ 1.3 UM wae 178.7 + 4.1 uM MmUaIAy iwﬁy’qﬂqw‘é’lumié'uéu'qmmwéﬂszmwmwaémft§¢
FamuUiinauasrezatlumsldsuans mutsdauinudnglaunadulifimuduivie
wadUnd nnsAnwnalanisdiudanisiaiaueaaduzie wuinudnglaunaduilihans
wynipinsvenvadilsvey S Wi G2/M uavszey G0/G1 luiwadusiSaviodd KKU-213A uas
KKU-055 mud1du wazdaamnsamienilmaanisaeuuvesnenindaiiuaiiuiaion
wulawaradinisifidy Taewuindnisunisuanseenvesdulungulusiuvdnvesmsauny
anuasoaeulanad nishndy warnisrevauswetlusiuiinisesn (unfolded protein
response) Ao XBP1, s-XBP1, ATF4, ATF6 way CHOP wialuiad KKU-055 uae KKU-213A st
Tunsfnwifagulain toulesd 0s9BGlu31 nwlnaladinaludnaunslindnarseengviti
nsvuaunslnalafiaduiiisstuneudien Tnsanae wiinglaunadu inuindqrlunissudenis
3guarnsunsnsrevegadurimiethilag i duiivdewadunasadudnuuama

= 0§ v & % 2 - o AR
nilalunisin g duansiuuzisamadonvaiiie Snwiuzi5aviauisluauiag

e~

AU Al a’ltliJE]‘UE]Uﬂﬁﬂ‘l:!’l

Un1sfinw 2566 maua*ﬁammsawﬂ%m g.//,/ - ) 7&&—'




EKO SUYANTO : ENZYMATIC SYNTHESIS OF PHENOLIC ACID GLUCOSYL ESTERS
AND THEIR EFFECT IN CHOLANGIOCARCINOMA CELLS. THESIS ADVISOR : PROF.
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Rice Os9BGlu31 is one of enzyme in glycoside hydrolase family 1 (GH1), an
enzyme family that mostly catalyze hydrolysis reactions. In addition to weak hydrolysis
activity, Os9BGlu31 has transslycosylation activity that can transfer a glycosyl moiety
to other aglycone moiety to form glycosylated compounds through a retaining
mechanism. In the transglycosylation reaction, the glycosylated compounds can be
produced in a one-step reaction and the products often are more stable, soluble,
bioavailable and has enhanced bioactivity. Therefore, the glycosylated compounds are
promising functional compounds for human health purposes, including as anti-cancer
agents. However, the effect of glycosylated compounds, such as phenolic acid glucosyl
esters in cholangiocarcinoma cells has not been reported yet.

In this study, Os9BGlu31 was used to synthesize eigsht phenolic acid glucosyl
esters, and their biological activities were evaluated in cholangiocarcinoma cells. The
possible molecular mechanism of inhibition of cholangiocarcinoma cells by phenolic
acid slucosyl ester was then investigated. Os9BGlu31 and its mutant variants were
expressed in Escherichia coli strain Origami B(DE3), then purified by an IMAC column
for further enzymatic reaction. The transglucosylation products were detected by
analytical chromatography, produced, purified by Sephadex-LH20 resin column
chromatography, and their structures were verified by NMR spectroscopy. Furthermore,
the activity of transglucosylation products were evaluated, screened for anti-
proliferative activity, then followed by a wound healing assay to assess anti-migration
activity of selected-phenolic acid glucosyl ester. The possible molecular mechanism
of inhibition of cholangiocarcinoma cells was investigated by cell cycle analysis, cell
apoptosis analysis, and measured the mRNA expression level of related genes.

Os9BGlu31 wild type produced single transglucosylation product, whereas
Os9BGlu31 mutants tend to produce multiple transglucosylation products, which can

transfer a glucosyl moiety to a hydroxyl group or carboxyl group of certain compounds.
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However, glucosyl moiety is preferentially attached on the carboxyl group of phenolic
acid to produce major transglucoylation products. Os9BGlu31 W243N and W243L
showed high activity and also produced high yields of major transglucosylation
products than wild type enzyme. The major transglucosylation products were verified
as phenolic acid glucosyl esters. Among these products, gallic acid glucosyl ester (B-
glucogallin) had strong antioxidant activity with ICsy value of 3.6 + 0.1 pg/mL. B-
Glucogallin also showed anti-proliferative activity in cholangiocarcinoma cells with ICs
values of 67.3 + 1.3 uM, 19.8 + 1.3 uM, and 178.7 + 4.1 uM after incubation for 24 h in
KKU-213A, KKU-055, and KKU-100, respectively. However, B-glucogallin showed no
obvious anti-proliferative activity toward normal human fibroblast cells. It also
inhibited the migration of cholangiocarcinoma cells in a time- and dose-dependent
manner. Moreover, B-glucogallin induced inhibition of proliferation of
cholangiocarcinoma cells through cell cycle arrest in S and G2/M phase in KKU-213A
and G0/G1 phase in KKU-055. It also inhibited cholangiocarcinoma cells through up-
regulating of gene expression of ER-stress and unfolded protein response (UPR)
signaling markers, including XBP1, sXBP1, ATF4, ATF6, and CHOP, in both KKU-055 and
KKU-213A. This study demonstrated that rice Os9BGlu31 transglucosidase is a promising
enzyme for glycosylation and production of glycosylated compounds. It also provides
evidence that B-glucogallin inhibits proliferation and migration of cholangiocarcinoma
cells thus B-glucogallin is a potential agent in the treatment of cholangiocarcinoma

cells.
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