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TOM TAT

Flavonoid 1a cac hop chét trao déi thir cAp c6 mit phéd bién & thuc vét c6 mach. Ching dugc phét hién co
nhiéu hoat tinh sinh hoc quan trong nhu khang khudn, khang viém, chng oxy hoa, khang khdi u v.v.. Do d¢,
ngudi ta thuong tim céch chiét xuat va tinh sach flavonoid tir thyc vat va sir dung nhiéu trong cac thir nghiém
sinh dugc hoc. Tuy nhién, phuong phap tach chiét truyen théng thuong doi hoi luong mau 16n, k§ thuat tinh
sach phuc tap va san luong thép. Hién nay, su phat trién manh cua cac k¥ thuat di truyen va protein tai t6 hop
da tao ra nén tang cho phép sinh tong hop nhiéu loai hop chat flavonoid ciing nhu din xuat mdi ciia ching véi
san luong cao, trong thoi gian ngan. Trong bai bao nay, ching tdi trinh bay két qua tong hop morin-3-O-
rhamnopyranoside (thudc loai flavonol) thong qua chuyen hoa sinh hoc (biotransformation) ¢ vi khuén
Escherichia coli cai bién di truyén. Vi khudn E. coli tai t6 hop mang cac gen ngoai lai cia chudi tong hop
dudng hoat hoa TDP-L-rhamnose va dong thoi mang gen glycosyltransferase xiic tic cho phan ing, chuyén
phan tir duong rhamnose sang co chat nhan duoc sir dung lam vat chi trong nghién ciu nay. Co chat morin
duoc bd sung vao moi truong nudi ciy véi lwong thich hop s& duoc vi khudn hip thy va chuyén hoa tao ra san
phdm. Su c6 mit cua morin-3-O-rhamnopyranoside tao thanh dugc kiém tra bé.ng phuong phép séc ky TLC,
HPLC va LC-ESI-MS/MS. Két qua dinh tinh va dinh luong su chuyén hoa san phim cho thay, ham lugng san
phdm 16n nhat thu dugce 13 56,5 uM sau 48 h nudi cdy trong dleu kién 32 °C, pH = 7,2-8,0. Két qua thi nghiém
chimg to rang hop chét morin-3-O-rhamnopyranoside di dugc téng hop thanh cong bang sir dung k¥ thuat sinh
tong hop t6 'hop (combinatiorial biosynthesis) ¢ vi khuén E. coli cai bién di truyén va cho phép nghién ciru
tong hop chét & quy mo 16n hon (pilot).

Tir khéa: Escherichia coli tdi t6 hop, morin, morin-3-O-rhamnopyranoside, sinh tong hop t6 hop
MO DAU hién ¢6 vai tro trong nhiéu qua trinh sinh 1y khac nhu
hoat tinh trc ché hinh thanh amyloid & bénh nhan tiéu
duong type 2 (Noor et al., 2012), hoat tinh chéng
oxy hoa va ha huyét ap (Prahalathan et al., 2012;
Pogula et al., 2012) hoic khang khdi u (Karthick et
al., 2010).

Morin (3,5,7,2',4'-pentahydroxyflavone), hgp
chét thudc loai flavonol, c6 mit phé bién & cac thanh
vién thuc ho Dau tim (Moraceae). Nghién ctru tinh
chat dugc 1y cho thiy hop chit nay c6 vai trdo quan

trong trong viéc trc ché sy tich liy cac amyloid B-
peptide & bénh nhian mic Alzheimer giai doan dau
(Lemkul et al, 2012). Tuong tac gilta morin va
bovine serum albumin (BSA) da dugc sir dung lam
moé hinh mAu mé ta co ché dan truyen thubc (drug
delivery) dé tim hiéu 13 hon vé& co ché phan ung
duoc 1y giita thudc va protein trong hé plasma (Hu et
al., 2012). Ngoai ra, hop chit nay ciing dugc phat

Cho t6i nay, nguoi ta da phan lap duoc hai din
xudt ciia morin bao gdbm morin-3-O-lyxoside va
morin-3-O-arabinoside tir qua 6i (Psidium guajava
L.,) (Arima et al, 2002). Ngoai ra, morin-3-O-
rhamnopyranoside cling dugc phén 1ap tr cdy Tric
tiét (Muehlenbeckia platyclada) va nghién ctru dugc
ly cho thdy chét nay c6 hoat tinh khang viém (v&i
ion am superoxide) cao hon 15 lin so véi chét dbi
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chung duong la phenylmethylsulfonyl fluoride
(PMSF) (Yen et al., 2009) Tuy nhién, ngoai tru
morin, hdu hét cac dan xuét ciia no méc du c6 hoat
tinh sinh duoc quan trong nhung vin chua dugc
thuong mai héa rong rai trén thi truong Nguyén
nhan 14 do viéc tach chiét va tinh ché ching tir nguon
thuc vat gip nhiéu kho khn.

Trong nghién cttu trude day, chung toi da thiét
ké vi khudn E. coli tai tb hgp mang gen tong hop
duong hoat héa va gen ma hoéa cho enzyme
glycosyltransferase. Glycosyltransferase (GT) la
enzyme xuc tic cho phan img chuyén nhém phan tir
duong sang cac phan tir chit nhan dé tao ra cac san
pham duong hoa. Cho t6i nay, nguoi ta da biét dugc
chu trac va mdi lién hé gitra hoat tinh va ciu truc cua
nhidu loai GT. Thuc nghiém cho thay hiu hét cac
enzyme nay c6 mot trinh ty ddc trung nim & dau C
(C-terminal) goi 1a hop PSPG (plant secondary
product glycosyltransferase) bao gdbm 44 amino acid
¢6 chira tai gén phan ti dudng (Offen et al., 2006; Li
et al., 2007; Brazier-Hicks et al., 2007). Sau d6, mot
s6 loai flavonoid nhu myricetin, apigenin va
baicalein dd dwoc sir dung lam co chit cho qué trinh
cai bién sinh hoc théng qua phan tmg in-vivo nhim
thu nhan san phim twong tng (flavonoid glycoside)
(Thuan et al., 2013a; 2013b).

Flavonoid 14 san phim trao dbi chét thir cp dic
trung cua thyc vat bac cao. Cho tdi nay, dua trén
trinh tu gidi mad hé gen & vi khuin E. coli nguoi ta
biét chic chin ring chung khong c6 sin cac gen tong
hop flavonoid va dan xuit. Boi vay vi khuan nay
duoc st dung lam vét chi s& cung cap cac wu diém
nhu khong tao ra flavonoid ndi sinh, co6 it san pham
trao d6i chét thu ca?ip, chu trinh séng nga“in, toc do
sinh trudng cao va dic biét ngudi ta dd hiéu rat 15 vé
cac co ché trao ddi chit, cac ky thuat di truyén va
protein tai t6 hop. Do d6, cho t6i nay c6 rit nhiéu
nghién ctru sinh téng hop flavonoid & E. coli
(Simkhada et al., 2010; Pandey et al., 2013; Ren et
al., 2012). Trong bai bao nay, chiing tdi trinh bay
phwong phap toéng hop, dinh tinh va dinh lwong
morin-3-O-rhamnopyranoside tir co chit 14 morin.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

DNA, plasmid vector va chiing vi khuén

Chung E. coli BL21 (DE3) di bj dot bién hai
gen la pgi (Glucose-6-phosphate isomerase) va zwf
(Glucose-6-phosphate - dehydrogenase) nhim ting
sinh tién chit glucose-1-phosphate. Sau d6, chung
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dot bién nay dwoc chuyén hai vector mang gen ting
cuong téng hop UDP-L-rhamnose (pCD-TGSDH
mang gen khang Streptomycin va pAC-EPKR mang
gen khang Chloramphenicol) va mét vector tai to
hop pETGT3 (chira gen khang kanamycin) mang gen
ma héa cho glycosyltransferase. Enzyme chuyén nay
chiu trach nhiém gin phan tor duong UDP-L-
rhamnose vao co chit nhan (Thuan et al., 2013a).
Mai truong nudi ciy va hoa chit

LB (Luria-Bertani) va TB (terific broth) dugc st
dung 1am méi truong nudi ciy vi khuan E. coli tai td
hop. Céc loai chit khang sinh bao gdbm Ampicillin,
Kanamycin va Chloramphenicol (Biobasics, Canada)
duoc str dyng v6i nong do cudi cung trong dich nudi
vi khudn Ian luot 13 100, 50 va 30 pg/mL. Cac hoa
chét tach chiét nhu ethylacetate, axit sulfuric, toluen,
dimethylsulfoxide v.v c6 ngudn gbc tir Pai Loan,
Indonesia hosic M§y. Ban méng sic ky (Merck, Dirc),
may phan tich sic ky long cao ap (HPLC, Agilent,
M3), may phan tich sic ky 1éng ghép khdi phd
(Waters/Micromass Quattro micro/MS, M¥).

Phwong phap nuoi cfly va chuyén héa co chét

Vi khudn E. coli cai bién di truyén dwoc nuéi
qua dém trong 3 mL moi truong LB c6 chira khang
sinh  la  Kanamycin, Chloramphenicol va
Streptomycin ¢ 37 °C, 220 vong/phut. Tiép theo, 0,5
mL dich nudi duge sir dung dé cdy chuyén sang binh
tam giac thé tich 250 mL c6 chira 50 mL mai truong
LB. Tiép tuc nudi cdy & 37 °C cho dén khi ODeoonm
dat 0,6, bd sung 0,5 mM IPTG ddng thoi ha nhiét d6
xudng 30 °C va nudi tiép trong 3-5 h dé tao diéu kién
cho céc protein tai t hop biéu hién. Tiép theo, bd
sung morin (di hoa tan trong methanol) v6i ndng do
cubi cung 12 100 pM. pH va nhiét d6 cua dich nudi
duogc duy tri & muc 7,0-8,2 va 32 °C.

TAch chiét va phat hién sian phim

Phuong phép tach chiét va phat hién san pham
duoc tién hanh theo Thuan ef al. (2013a) c6 cai tién.
Cu thé, iy 3 mL dich chiét tron v6i 6 mL ethyl
acetate (v/v = 1:2). Lic déu ¢ 250 vong/phut trong 3
h. Thu dich 16p trén, ly tim téc d6 12.000 vong/phat
trong 10 phut, loc qua mang loc c6 duong kinh 0,25
um (Sartorius, M¥).

Kiém tra bang sdc ky ban mong TLC

Séc ky TLC duogce st dung dé kiém tra dinh tinh
sur ¢ mit clia san phdm bang cach sir dung dung méi
1a ethylacete: methanol: nudc: dichloromethane (v:v
=8:1:1:0,2-0,8).
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Tinh sach bang sdc ky ban méng diéu ché (prep-
TLC).

Dich chiét dugc phin doan qua sic ky cot sir
dung hat silica pha thuong. Sau d6 phan doan chua
san phém s& duge chim thanh vét dai trén ban mong
prep-TLC va cho chay trong h¢ dung mdi tuong tu
nhu véi sic ky ban méng. Thu phan doan chira san
phém va kiém tra lai d6 tinh sach.

Kiém tra dinh tinh bang HPLC

St dyng hé dung méi gdm A: nudc chira 0,1%
trifluoroacetic acid (TFA) va B: acetonitrile chua
0,1% TFA. H¢ chuong trinh chay HPLC gf”)m dung
moi B: 10% (0-5 phat), 10-30% (5-10 phut), 30—
80% (10-15 phut), va 80-100% (15-20 phut). Téc
d6 dong va budc song phat hién lan luot la: 1,0
mL/min va 280 nm.

Dinh lwong san phim bang HPLC

Morin-3-O-rhamnoside duoc tinh sach béng
prep TLC, sau d6 duogc pha véi cac ndng do 1an luot
1a 0,025; 0,05; 0,1; 0,5 va 1 mg/mL. St dung cac
néng d6 trén dé xay dung duong chuin chung t6i thu
dugc phuong trinh Y = 21095.8034 X + 1441.6294
trong d6 X la n@)ng d6, Y 1a dién tich cia peak, h¢ )
R?>=0,9722.

Kiém tra bang LC-ESI-MS/MS

San phdm duoc kiém tra trén may HPLC-ESI-
MS/MS suir dung cdt Phenomenex Synergi Polar-RP
column (150 x 4,6 mm, 4 pm) ché d6 ion am
(negative-ion mode) tai phong thi nghiém cua dai
hoc Sun Moon (Han Quéc).

"""""" m\

o B )
I'DP -glucose —> TDP-4-keto —> = —» 1O < oE
i DH 6-deoxyglucose EP ° KR T ]
:._l TGS L _.] TDP-L-rhamnose /
Glucose-1-P
pgm 6-Phossh r —\ HO OH
HO OH OSPRO- . Gluconate-6-phosphate ‘
O Glucose-6-P 73 if gluconolactone “phosp HO
HO O pei / o CH;
O I Fructose-6-P <—— <— Pentose-phosphate pathway 6] (O
OH OH O HO
OH O Acetyl-CoA —> TCA cycle OH
Morin Morin-3-O-rhamnoside

E. coli BL21/Apgi/ Azwfl pCDTGSDH/pAC-
EPKR/pArGT3

%

pCDTGSDH PAC -EPKR PArGt-3
~59§5 bp ~5510 bp ~6731 bp
m Cm 01 —kan’

T7laclarGt=3 f1 origin

Hinh 1. So db tao thé tai t& hop E. coli BL21(DE3)/Apgi/Azwf phuc vu téng hop morin-3-O-rhamnopyranoside. TGS: TDP
glucose synthase; DH:dehydrogenase; EP:epimerase; KR:ketoreductase; ArGT3: glycosyltransferase.

KET QUA VA THAO LUAN

Thi nghiém chuyén héa co chit morin

Phan tir morin, nhu d& mo ta & trén, thudc loai
flavonol va da dugc ching minh cé nhiu hoat tinh
sinh hoc dang cht y. Baoi vay, viée cai bién cAu truc
phan tir co chat thong qua chuyén hoa sinh hoc (gén
thém nhom duong, methyl hodc hydroxyl) nho su
dung enzyme xuc tac dic hiéu gitp tao ra nhidu dan
xudt moi va cung cdp nguyén liéu cho cic thir
nghiém dugc 1y. Qua trinh chuyén hoéa co chit morin

xdy ra ¢ vi khudn E. coli tai t6 hop dugc mé ta &
hinh 1. Cy thé, vi khudn E. coli tai t& hop dugc nudi
trong diéu kién ddy du chat dinh dudng, sinh truong
tbt va cac protein tai td hop dugc biéu hién diy di.
Sau d6, morin dugc bd sung nhiéu 1an @& dat t6i
ndng d6 100 uM (tinh dya theo thé tich nudi cdy ban
dAu). Vi khuén E. coli BL21(DE3)/Apgi/Azwf bi dot
bién hai gen tham gia trong chudi trao dbi chit
nhanh cta glucose-6-phosphate 1a pgi (glucose-6-
phosphate isomerase) va zwf (glucose-6-phosphate-
1-dehydrogenase) do dé s& dan dén ting cuong tich
lity glucose-1-phosphate. Mit khéc, chung vi khudn
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E. coli BL21(DE3) thuong téng hop luong duong
rhamnose thap vi day la loai duong hiém. Do do
ching t6i da dwa vao chudi gen tham gia sinh tong
hop TDP-L-rhamnose bang cach sir dung plasmid tai
t6 hop mang cac gen gs (TDP glucose synthase), dh
(dehydrogenase), ep  (epimerase) va  kr
(ketoreductase) dé nhidm ting cudng ham luong gen.
Két qua dinh luong trude day & chung tai tb hop cho
thdy ham luong TDP-L-rhamnose di ting 1én 8,77
lan so voi dbi chung 1a E. coli BL21(DE3) (Thuan et
al., 2013a). Enzyme glycosyltransferase tai td hop
duoc sinh ra s€ lam nhiém vy xuc tac cho phan tng
gan phéan tir duong TDP-rhamnose vao co chat nhan
dé tao ra san pham I morin-3-O-rhamnopyranoside.

Nghién ciru trude do di chi ra ring, trong qué trinh
nuoi céy, E. coli thuong tao ra céc mubi acetate do do
lam giam pH cuta dich nuéi. Do d6, trong qué trinh nudi
cdy ching toi phai lién tuc duy tri pH trong khoang 7,0-
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8,2 dé vi khuén phat trién binh thuong. Nhiét do tdi wu
cho E. coli phat trién thuong 1a 35-38 °C. Tuy nhién, vi
khuan E. coli ti tb hop mang gen glycosyltransferase
thuong biéu hién tot & trong khoang 25-33 °C nén
chiing t6i chon mirc nhiét 32 °C dé dam bao vi khun
vira phat trién ting sinh khdi va dong thoi tong hop
enzyme (Thuan et al., 2013a).

Pinh tinh va dinh lwgng sin phfim b?lng cac
phwong phap sac ky

Dich chiét chira san pham chuyén hoa dugc tich
chiét nhu md ta & trén. Sy c6 mit cha morin-
rhamnoside va co chét du thira duge nhan biét thong
qua st dung sic ky ban mong TLC (Hinh 2A).
Chung t6i da s dung sic ky TLC diéu ché (prep
TLC) @ tinh sach san phdm nhu trong Hinh 2B va
kiém tra lai bing sic ky TLC (Hinh 2C).

Hinh 2. Kiém tra s tao thanh san pham va tinh sach bang sac ky I6p méng (TLC). (A) 1: Dich chiét vi khuén khong b sung
morin; (2) morin; (3) dich chiét vi khuan cé bd sung morin. (B) Tinh sach morin-3-O-rhamnopyranoside béng sac ky prep-
TLC. (C) Hinh anh sAc ky san phdm (morin-3-O-rhamnopyranoside) thu dwoc.

Dich chlét chira san phdm ciing dugc phan tich
trén may sic ky long cao ap HPLC dé phan tich
dong hoc su chuyén ddi co chit thanh san phim sau
24, 36, 48 va 60 h. Morin-3-O-rhamnopyranoside
va co chét morin xuit hién 1an luot & cic phut thir
17,5 va 18,3 (Hinh 3). Két qua cho thdy ham lugng
morin glycoside ting 1én dan va dat ngudng tbi da
sau khi bd sung co chét 48 h. Sau d6 ham lugng san
pham khong tang thém khi kéo dai thoi gian nudi
cAy cam ung t6i thoi diém 60 h (Hinh 3). Bing cach
so sanh v6i phuong trinh dwong chudn, ching t6i
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tinh  dugc ndng 46 cua  morin-3-O-
rhamnopyranoside dat mirc tbi da 1a 56,5 uM (hiéu
sudt chuyén hoa 56,5%). Mic d6 chuyén héa nay
gin twong duong véi truong hop sir dung co chit
flavonol khac loai nhu myricetin (55,6%) (Thuan et
al., 2013a). Trong khi d6, nhom nghién ciru cua
Ren da st dung UGT78D1 xuic tdc cho cac phan
g cua flavonol vi UDP-glucose va két qua cho
théy hiéu suét chuyén hoéa voi quercetin, fisetin,
kaempferol, isorhamnetin theo cac mirc d§ giam
dan 14 100, 76, 69 va 20% (Ren et al., 2012).
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Phan tich dir liéu LC-ESI-MS/MS

Hinh 4A va 4B cho thiy khdi lugng phan tir
tong s6 cua morin-3-O-rhamnopyranoside ¢ dang
ion [M-H]" tai m/z = 447. Phan manh MS? bao gbm
2 ion peak tai m/z 301 va 163 lan lugt trong ung
v6i manh cu trac bi mét phan tir duong rhamnose
[M-rhamnose] & vi tri 3-OH ctia vong phenol va su
hinh thanh ion &m duong rhamnose, [rhamnose] .

mAU 3
350
300
250
200

Ton tai m/z 135 1a két qua cua ion rhamnose bi mat
gbc —C,H;, [rhamnose-C,H;]. Ngoai ra, dinh
(peak) con tai m/z 179 dug sinh ra tr viéc tach
nhan A cua ion tai m/z = 301 va nhan C (6C) dugc
chuyén thanh vong 5C do sy gén cua nhom ketone,
[M-rhamnose-C7HsO3]. Cubi cung, trong phén
manh MS3, ion & m/z = 301 bi mit rhamnose, -
C7Hs0;3 va CO din dén tao ra peak tai m/z = 151,
[M-rhamnose-C7HO3-CO]".

"~ (V)

mAlU
350 4

250 4
200 3
150 9
100

15 20 mE

(IV)

T T
5 10

T T
15 20 min

Hinh 3. Kiém tra s chuyén hoa morin va tao thanh san phdm morin-3-O-rhamnopyranoside trong dich chiét thu dwoc nho
sac ky HPLC. (1): sac ky do HPLC cua co chat chyén morin; (I1), (1), (IV) va (V): séc ky d HPLC mé ta qua trinh chuyén
héa morin thanh san pham sau thoi gian nuéi cay lan lwot la 24, 36, 48 va 60 h.
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Hinh 4. D@ liéu LC-ESI-MS/MS ctia morin va san ph&m morin-3-O-rhamnopyranoside. Trong d6, (A) so' dd phan manh cua
céac thanh phan cau tric va (B) So do peak ESI-MS/MS clia cac phan manh.
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KET LUAN

Cho t6i nay, ky thuat sinh téng hop t6 hop
(combinatorial biosynthesis) da duoc tng dung rong
rii dé téng hop rat nhidu hop chét thir cip nhu
flavonoid, polyketide, acid béo, terpenoid v.v. Do viéc
tach chiét hop chét flavonoid glycoside tir thuc vét
con c6 nhiéu kho khan vé mat k¥ thudt va san luong
nén viéc sir dung ky thuat sinh tng hop t6 hop da
khic phuc hoan toan han ché trén. Trong nghién ciru
nay, ching t6i di sinh téng hop dugc morin-3-O-
rhamnopyranoside, trong d6 tan dung t5i da hé biéu
hién di dong cac gen khic nguén méd hoa cho
glycosyltransferase, cac enzyme tham gia tong hop
dudng hiém tir thue vat, vi sinh vét khac & vi khudn E.
coli cai bién di truyén. Két qua nghién ciru m ra trién
vong téng hop din xuit ctia morin & quy mé 16n hon
béng k¥ thuét cai bién di truyén & E. coli.

Loi cam on: Nghién ciru ndy dwoc tai tro boi Quy
Phat triéen khoa hoc va Cong nghé Quoc gia
(NAFOSTED) voi dé tai md so: 106-NN.02-2014.25.
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SUMMARY

Flavonoids are significant secondary metabolites of vascular plants. They have been proven to possess
numerous types of anti-bacterial, anti-tumor, anti-oxidant and anti-inflammatory bioactivities etc. Thereby,
there are many flavonoids extracted and purified from plants and have been used for biological tests.
Nevertheless, the traditional extraction methods require a large amount of initial sample, tedious and
professional techniques and low yield of target compound. Until present, the advanced development of genetic
engineerings and recombinant protein as platform allow synthesis of high amount of different types of flavoid
in short time. Escherichia coli is one of the most popular host for whole-cell biotransformation of flavonoids
and their derivatives due to its simple genetical, physiological system and fast growth. In this paper, we
described the biosynthetic method of morin-3-O-rhamnopyranoside from a genetically engineered E. coli using
morin as substrate. In particular, the E. coli harboring biosynthetic gene cluster of activated TDP-L-rhamnose
and gene encoding for glycosyltransferase was used as host for biotransformation. Morin was fed into the
culture broth of recombinant E. coli for rhamnosylation. The formation of morin-3-O-rhamnopyranoside was
then quantitied and qualified using Thin Layer Chromatography (TLC), Reverse Phase High Performance
Liquid Chromatography (RP-HPLC) and Liquid Chromatography Electrospray lonization Tandem Mass
Spectrometric (LC-ESI-MS/MS) assays. The highest yield of product (56.5 uM) was achieved after 48h, 32 °C
and pH = 7.2-8.0. This result showed that morin-3-O-rhamnopyranoside was succesfully synthesized in the
genetically engineered E. coli. Furthermore, metabolic engineering of intra-cellular system for improving
absorption of substrate as well as excretion of product or enhancement of glycosyltransferase activity may
increase the final yield of biotransformation process.

Keywords: recombinant Escherichia coli, morin, morin-3-O-rhamnopyranoside, combinatorial biosynthesis
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