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Abstract: In plants, flavonol synthase (FLS) is a multifunctional enzyme that converts
dihydroflavonol into flavonols and naringenin into dihydrokaempferol. FLS from tea has been
shown to metabolize dihydroquercetin to quercetin. In this study, we conducted studying on the
relationship between quercetin content and the expression level of FLS in two traditional tea
cultivars of Vietnam, TrungDuxanh and TrungDutim tea grown in tea garden of Thai Nguyen
University of Agriculture and Forestry. Tea shoots with one apical bud and two to three young leaves
using as research materials which collected in September 2017. The using of HPLC technique did
not detect the quercetin content from the these tea samples. The preliminary results of quantification
of FLS gene expression by real time PCR showed the expression level of FLS in green Trung Du
tea is higher than purple Trung Du, although the difference is not great. Thus, at the time of
collecting, the expression of FLS in green Trung Du and purple Trung Du can not synthesize
quercetin but synthesize other flavonols.
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Tom tit: O thuc vat, flavonol synthase (FLS) 1a mot enzyme da chirc ning, c6 hoat tinh chuyén héa
cac dihydroflavonol thanh flavonols va naringenin thanh dihydrokaempferol. FLS tir che da duoc
chirng minh ¢é hoat tinh chuyén héa dihydroquercetin thanh quercetin. Trong nghién ctru nay, ching
t6i tién hanh nghién ctru méi lién quan gitra ham lugng quercetin véi mire d6 biéu hién cua FLS & 2
gidng che truyén théng cua Viét Nam, ché Trung Du xanh va Trung Du tim dugc trong tai vion ché
ctia Truong Pai hoc Nong Lam Thai Nguyén. Bup ché 1 tom 2 dén 3 14 non thu thap vao thang 09
nam 2017 dwoc sir dung lam nguyén liéu nghién ciu. Str dung k¥ thuat HPLC khdng phét hién dugc
ham lugng quercetin tir 2 mau ché nghién ciru. Két qua nghién ciru bude dau khi dinh luong biéu
hién gen FLS bang real time PCR cho thay, sy biéu hién ciia FLS & ché Trung Du xanh cao hon so
vé6i ché Trung Du tim, mic du su khac biét khong 16n. Nhu vay, tai thoi diém Iy mau nghién cuu,
su biéu hién cua FLS & ché Trung Du xanh va Trung Du tim c6 thé khong tong hop quercetin ma
tong hop cac flavonol khac.

Tur khéa: ché Trung Du, che Trung Du xanh, che Trung Du tim, flavonol, quercetin, flavonol synthase

1. Mé dau

Flavonoid 14 cac hop chat chuyén hoa thir
cip, ¢6 vai tro quan trong ddi véi su ting truong
va sinh 1y binh thuong cua thuc vat [1]. Cho dén
nay, khoang 10.000 flavonoid khac nhau da dugc
mo ta; cau tric chung cua ching bao gém hai
vong thom sau carbon (vong A va B) va moét di
vong 3 carbon chira mot nguyén tir oxy (vong C).

* Tac gia lién hé.
Pja chi email: yenhtt@tnus.edu.vn
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Cau trdc nay c6 thé duoc thay doi bang cach sap
xép lai, kiém hoa, oxy hoa va glycosyl héa [2].
Sy thay dbi vong C tao nén cac nhoém phu
flavonoid nhu: flavones, flavonols, flavan-3-ols
(catechins - proanthocyanidins - PAs) va
anthocyanin [3]. Cac flavonoid dugc chung
minh I c¢6 nhiéu lgi ich cho sirc khoe con ngudi
nhu chéng oxi hda, khang viém, khang lai tac
nhan gay bénh va chit gay ung thu [4,5]. Hién
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nay, hau hét cac gen ma hoa cac enzyme tham
gia con duong flavonoid da dugc phén lap va
nghién ciru chirc nang ¢ nhiéu loai thuc vat khac
nhau (Hinh 1).

O nhiéu loai thyc vat, flavonol 1a thanh phan
c6 nhiéu nhét trong céc hop chit flavonoid [6].
Flanovol quy dinh mau sic, hwong vi, chét luong
va dinh dudng cua l4, hoa va qua, chidng cé kha
ning chdng viém, chéng oxy héa, chong dong
mau [6,7]. Flavonol & thuc vat bao gom 3 loai
chinh: quercetin, kaempferol va myricetin [8-
10]. Bang phuong phép dinh lwong HPLC, He va
cong su da chi ra & che ngoai 3 loai flavonol
chinh con c6 rutina, chung déu ton tai dudi dang
glycosyl hoa (O-Glycosylated favonols) [9].
Flavonol 1a mét trong hai thanh phan chi yéu cua
flavonoid & ché [11] va duoc cho la c6 lgi cho
mot sb bénh mén tinh & nguoi [12]. Céc flavonol
duoc téng hop t cac dihydroflavonol
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Ngoai ra, & Arabidopsis thaliana, FLS c6 thé
chuyén d6i naringenin thanh dihydrokaempferol
[3,8,10].

Str dung phuong phap real time PCR dinh
lugng, Wang va cong su da xac nhin gen FLS
biéu hién cao hon & gidng cheé c6 1 tim so voi
ché 14 xanh [15]. Gen m& hoa cho FLS cua gidng
ché trong ¢ Han Québc da dugc tao dong va
nghién ctru biéu hién trén E. coli; FLS tai té hop
dugc chang minh c6 hoat tinh chuyén hoa
dihydroquercetin thanh quercetin [16]. Do do,
trong nghién ctru nay chdng tdi tién hanh nghién
ctru mdi twong quan gitra ham luong quercetin
v6i mirc d biéu hién cua FLS ¢ 2 giéng cheé
truyén théng cua Viét Nam: ché Trung Du xanh
va Trung Du tim.
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Hinh 1. Cac con duong c6 thé sinh tdng hop cac hop chét flavonol & ché [8-10,13,14].

Chu thich: ANR (anthocyanidin reductase); ANS (anthocyanin synthase); 4CL (4-coumarate: CoA ligase); C4H (cinnamate
4-hydroxylase); CHI (chalcone isomerase); CHS (chalcone synthase); DFR (dihydroflavonol reductase); F3H (flavanone 3f-
hydroxylase); F3'H (flavonoid 3’-hydroxylase); F3'5'H (flavonoid 3'5’-hydroxylase); FLS (flavonol synthase); FST: flavonol
4-sulfotransferase; LAR (leuacoanthocyanidin reductase); PAL (phenylalanine ammonialyase); proanthocyanidins — PAs;
UFGT (UDP-glucoseflavonoid 3-O-glucosyl transferase).
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2. Doi twong va phwong phip
2.1. Béi twong

Gidng ché Trung Du xanh va Trung Du tim
(Camellia sinensis var. Macrophylla) trong tai
vuon che caa Truong Pai hoc Nong Lam Thai
Nguyén tai Thai Nguyén. Blp ché (chdi dinh va
hai dén ba 14 dau tién) da duoc thu thap vao thang
9 nam 2017. Cac mau ché duoc chia thanh hai
phan: phan thi nhat dugc str dung dé phan tich
ham luong quercetin, phan thi hai dugc dong
lanh trong nito l6ng va duoc bao quan ¢ -80°C
dé tach chiét RNA.

2.2. Phurong phap

- Phéan tich HPLC: Sau khi tham khao tai
liéu [17,18] va thir nghiém cac diéu kién hé dung
moi va cot khac nhau, ching téi da luya chon
dugc diéu kién sic ky dé xay dung phuong phap.
Pha dong str dung hé dung méi kénh A H.0 (1%
acetic) — kénh B ACN dugc thiét lap gradient
bién thién tur ti 16 95/5 dén ti 16 5/95 trong 45
phit; Téc do dong: 0,5 mL/phit; Lugng bom
mau: 5 pL; Thoi gian phan tich: 45 phat; Nhiét
dd cot: 25°C; Budc song lua chon: 370 nm. Hé
théng LC duoc két ndi véi phan mém Agilent
OpenLAB Control Panel. Khi nito duwgc bom véi
tbc d6 dong 5,0 L/phdt, &p suat dau phun dat 40
psi, nhiét do 1am kho dat 250°C.

Truéc tién, 4 mg (0,1 mg) chit chuén
guercetin (Sigma-Aldrich) dwgc cho vao binh
dinh mc 5 mL, hoa tan va dinh mac dén vach
bang methanol. Day dung dich chuan duogc khao
sat co néng d6 1, 5, 20, 50, 200 va 500 pg/mL.
Phan tich chat chuan néi trén dugc thuc hién theo
diéu kién sic ky da xy dung, Iap lai 3 1an va xac
dinh phuong trinh hdi quy tuyén tinh. Phuong
trinh duong chuan duoc xay dung trén phan
mém ChemStation, Agilent c6 dang: y = ax + b
VGi yéu cau hé sb tuong quan R? > 0,99; trong
d6: y 1a dién tich dinh hap thu thu duoc tuong
g vé6i ndng d6 chat chuan x (ug/mL). Phuong
phap xac dinh gidi han phat hién (LOD) va giéi
han dinh luvong (LOQ) dya trén ti 1€ tin hiéu trén
nhiéu (S/N). Trong d6: S 1a chiéu cao tin hiéu
cua chat phan tich; N 1a nhiu duong nén. LOD
va LOQ dugc chap nhan tai ndng d6 ma tai d6

tin hiéu I6n gap 3 Ian nhidu duong nén (d6i voi
LOD) va 10 lan (d6i véi LOQ).

Mau ché ngay sau khi thu héi duoc giit trong
da lanh, sau d6 duoc raa sach va cat nho. Tiép
theo, chiing t6i tién hanh cho 0,5 g mau vao ng
nghiém, thém 5 mL dung méi methanol, chiét
siéu am 15 phuat, ly tdm 4000v/ph0t trong 5 phut,
hat 1ay dich chiét va lap lai quy trinh chiét 02 lan,
thu dich chiét vao binh dinh mirc 25 mL va dinh
muc dén vach bang methanol. Mau nghién ctu
duogc loc qua mang loc 0,45 um va phan tich
bang hé théng LC Agilent Single Quadrupole
6120 (Agilent, Santa Clara, USA), cot sic ky
Zorbax SB-C18 (4,6 x 150 mm, 5 um), cét bao
vé SB-C18 Agilent 1260 (CA, USA).

Téach chiét RNA tong sb, tong hop cDNA:
RNA tong sé duoc tach chiét tir mau ché (chdi
dinh va 2 dén ba Ia non) bang bo kit tich RNA
thuc vat (GeneJET Plant RNA Purification) cuaa
hdng Thermo Scientific. Mau RNA duoc kiém
tra bang phuong phap dién di trén gel agarose.
0,5 ug RNA tong s0 dugc dung lam khuon dé
tong hop cDNA biang moi Oligo(dT) va Reverse
Transcriptase, str dung bo kit First-Strand cDNA
Synthesis Kit for Real — Time PCR cua héng
Affymetrix.

Pinh lwgng mirc d9 biéu hién gen FLS
bang Real time PCR: Thi nghiém Real time
PCR dinh luong tuong ddi dwoc thuc hién voi
gen dich (target gene = Tg) va gen tham chiéu
(reference gene = Ref) & cc mau ché khac nhau
theo phuong phap cua Wang va cong su (2012).
Khi d6, twong (ng véi tirng mau, s& c6 két qua
dinh luong cho ca gen dich va gen tham chiéu
véi gia tri Ct khac nhau. Dya trén cac gia tri nay,
chu ki ngudng cua gen dich trén cic mau che
duoc tiéu chuan hda bing cach tinh hiéu sé
chénh léch Ct caa gen dich vai gen tham chiéu
trén cac mau theo cong thuc:

ACt = Ct(Tg) — Ct(Ref) Q)

Dé so0 sanh ty 1& biéu hién ciia mot gen trén
cac mau thi nghiém khac nhau, ching toi chon
mau ché xanh lam miau dinh chuan
(calibrator=C). Khi d6, mirc d6 biéu hién caa gen
dich trén mau ché tim so vai ché xanh duogc tinh
theo cong thuc:
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R = 2-(ACt(ché tim) — ACt(ché xanh)) (2)

Cap moi duoc thiét ké dé khuéch dai gen
GADPH (gen tham chiéu) va gen FLS (gen dich)
dua trén trinh ty gen di dugc dang ky trén
Genbank véi ma sé tuong (tng XM002263109,
MH232961 va duogc téng hop boi cong ty Phusa
Biochem Ltd (Bang 1). Phan thg PCR st dung
Luna® Universal gPCR Master Mix (New
England Biolabs, Inc.) dugc thuc hién trong hé
thong LightCycler® 96 (Roche, Thuy Si). Phan
ing v&i mdi gen & tirng mau ché duoc lap lai ba

lan. Mdi 6ng phan ¢ng chtra 5 pl Luna Universal
gPCR Mastermix 2 X, 0,2 ul méi mdi loai, 0,2
ul DMSO, 0,5 ul cDNA 10 ng/ul, va bd sung
nude dén thé tich 10 pl. Phan ung real-time PCR
duogc thuc hién theo chu trinh nhiét nhu sau:
95°C -10 phut, sau d6 45 chu ki gdm 2 budc:
95°C -15 gidy va 62°C -30 giay, tiép theo budc
phan tich bién tinh gém: 95°C - 5 giay, 65°C -1
phut va ting dan nhiét do 1én 97°C. Dix liéu duoc
phan tich véi phan mém LightCycler® 96 phién
ban 1.1.

Bang 1. Danh sach va trinh ty cac mdi dwoc sir dung trong nghién ctu

TT Tén moi Trinh tw nucleotide (5’-3°)" Gen dich Kich thuéc
1 | qCsGAPDHF | TCAAGCAAGGACTGGAGAGG Glyceraldehyde-
3-phosphate 140 bp
2 | qCSGAPDHR | ACAGTGGGAACGCGGAAAG dehydrogenase
3 | qCsFLSF AGAGGGACTAGGTTTGGATGG Flavonol svnthase 161b
4 | qCsFLSR GGACAAGTAAAGTGAGAGCAGAC y P

3. Két qua va thio luin

3.1. Xdc dinh ham lwong quercetin & mau ché
Trung Du xanh va tim

Dé dinh lugng quercetin tir mau ché nghién
ctu, chling t6i tién hanh xay dung duong chuan
dinh luong cua quercetin. Trén hé théng LC, tin
hiéu dinh hap thy cua chat chuan quercetin duoc
phéat hién tai thoi gian luu ¢ phat 29 (Hinh 2).
Puong chuan duoc tinh toan xay dung bing
phan mém Chemstation dya trén dién tich dinh
hap thu tai budc song UV 280 nm c6 dang Y =
39,05957x — 8,54829 va c6 hé sb trong quan R?
> 0,99987. Pdng thoi, gia tri phat hién LOD =
0,02 va gi6i han dinh lwong LOQ = 0,07. Két qua
LOD va LOQ nay cho thay phuong phéap c6 do
nhay cao. Theo nghién ctru cua He va dtg (2018)
62 glong ché xanh va ché tim trong tai Han Quéc
cho thdy, & ché c6 4 loai flavonol, ngoai
quercetin kaemferol va myricetin con c6 rutina
va déu ton tai dudi dang glycosyl hda. Ham
luong flavonol tong sé cia ché tim cao hon so
véGi ché xanh. Ngoai ra, lugng flavonol trong la
ché moa hé cao hon dang ké so véi mua xuan.
Ham luong ciia quercetin cao hon khoang 2,8 lan
& 14 ché xanh va ché tim mua mua hée so vai mua

xuan [9]. Tuy nhién, diéu dang ngac nhién Ia
ching téi khdng phat hién duoc ham lugng
quercetin & ché Trung Du xanh va Trung Du tim
(Hinh 2). Chlng tdi gia thiét rang c6 thé lwong
quercetin trong cac mau ché qua it nén khong
phat hién duoc hozc do cac mau ché nghién ciu
duogc thu thap trong tiét troi mia thu ¢ Viét Nam
- giai doan ché chuan bi nga déng hoic tuy thudc
vao loai giéng, diéu kién thé nhuong anh huong
dén su chuyén héa téng hop quercetin & ché.
3.2. Dinh lvong murc do biéu hién ciia FLS
Trong thi nghiém dinh lugng mirc do biéu
hién cua gen FLS & 2 mau ché nghién ctu, ching
toi sir dung gen GADPH ma hoa cho enzyme
glyceraldehyde-3-phosphate dehydrogenase lam
gen tham chiéu. Gen GADPH I gen quan gia
(houseskeeping gene), da dugc chirng minh la
mét trong cac gen tham chiéu c6 sy biéu hién 6n
dinh & cac md, cac giai doan phat trién cua l4 va
dudi mot sé diéu kién kich thich ¢ cac giéng che
khéc nhau [19-21]. Trén thyc té, Wang va cong
(2012) da sir dung gen GADPH lam gen tham
chiéu dé dinh lwong mirc d6 biéu hién cua gen
FLS trong phan tich real time PCR [22]. Két qua
khuéch dai qua mdi chu ki ciia cac gen GADPH
va FLS ¢ mdi mau ché dugc thé hién ¢ Hinh 3.
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Hinh 3. D6 thi khuéch dai gen GADPH va FLS trong phan ting real time PCR.
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Hinh 4. Biéu d6 dinh néng chay cua san pham khuéch dai gen GADPH va FLS.

C6 thé nhan thiy, d thi khuéch dai cua cac
gen déu c6 hinh dang dic trung véi Ii thuyét. Két
qua & Hinh 4 minh hoa rd san pham khuéch dai
cuia cac gen kha dic hiéu, thé hién 1a mot dinh
hap thu rd rang trén do thi. Tm cia cac san pham
khuéch dai gen GADPH la 83,7 va gen FLS la
82,9.

Tir mdi biéu d6 khuéch dai cua gen, mot
duong tin hiéu nguong cit cac duong cong
khuéch dai cua gen tai cac vi tri xac dinh. Gié tri
hoanh d¢ cua cac diém trén la gia tri chu ki
ngudng Ct cua ong phan @ng. Chang tdi thu
duoc két qua gia tri Ct cua gen quan tdm va gen
tham chiéu trén hai mau ché nhu Bang 2.

Bang 2. Gia tri chu ki ngudng Ct cua gen GADPH
va FLS trén hai mau ché nghién ctru

Mau GADPH FLS
Che xanh | 17,34+0,064 | 17,15+0,015
Che tim 18,73+0,04 | 19,26 + 0,056

Str dung céng thuc (1), gié tri ACt cua gen
FLS quan tdm dwa trén gen tham chiéu GDAPH
& mau ché Trung Du xanh va Trung Du tim
twong ung la -0.19 + 0.079 va 0.53 + 0.096.
Trong thi nghiém nay, chidng téi su dung ché
xanh 1am mau dinh chuan. Khi d6, coi mtic d¢

biéu hién cua gen quan tdm ¢ ché xanh 1a 1, muc
d6 biéu hién cua gen twong ung trén ché tim
duoc tinh toan theo cong thirc (2). Két qua tinh
toan cho thiy, gen FLS c6 mutc do biéu hién &
cay cheé tim bang 0,607 so v6i mirc do biéu hién
ciia gen nay ¢ cay ché xanh. Muc d6 biéu hién
gen FLS ¢ ché Trung Du xanh va Trung Du tim
duoc thé hién trén Hinh 5.
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Hinh 5. Biéu do so sanh murc d6 biéu hién cua gen
FLS & hai mau ché tim va ché xanh. CT: ché Trung
Du tim, CX: ché Trung Du xanh.
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Két qua nghién ctiru Hinh 5 cho thay ca 2 mau
ché Trung Du xanh va Trung Du tim déu c6 sy
biéu hién cua gen FLS, gen FLS biéu hién cao
hon & cdy ché Trung Du xanh. Nguoc lai véi két
qua nay, nhém nghién cau cua Wang va dtg
(2017) cho rang mirc d6 biéu hién cua gen FLS
& ché tim cao hon ché xanh [15]. Theo téng hop
cua Chen va cong su (2014), FLS la mot enzyme
da chtrc ning, ngoai chirc niang chuyén hoa
dihydroquercetin thanh quercetin, FLS con co
chtre nang chuyén hoa céc dihydroflavonol khéac
(dihydrokaempferol va dihydromyricetin) va
naringenin twong ung thanh  muyricetin,
kaemferol va dihydrokaempferol [3]. Nhu vay,
su biéu hién caa FLS ¢ ché Trung Du xanh va
Trung Du tim c6 thé tong hop luong it quercetin
hoic khong tong hop ma téng hop céc flavonol
khac. Hon nira, con duong sinh téng hop cua
anthocyanin, flavonol va PAs chia sé cac budc
phd bién trong con dudng phenylpropanoid va
favonoid (tir PAL dén F3H). Mdi nhém hop chat
flavonoid duoc tdng hop tir nhiéu phan nhéanh
ctia con dudng favonoid chung (Hinh 1). Mot s6
nghién ctru da chi ra mdi quan hé canh tranh gitra
cac favonoid khac nhau do sy canh tranh co chét
[9,23,24]. Mat khac, nghién cuu cia He va dtg
(2018) con chirng minh anthocyanin va flavonol
cung cé vai tro trong qua trinh hinh thanh 14 ché
c6 mau tim [9]. Do vay, can c6 nhiéu nghién ciu
hon dé 1am sang t6 chirc ning cia FLS va mdi
lién quan dén su tich lily anthocyanin, PAs va
flavonol trong con duong tong hop cac hop chat
flavonoid ¢ che.

4. Két luan

Blp ché Trung Du xanh, Trung Du tim c6
chdi dinh va 2 dén 3 1a non thu thap vao thang
09 nam 2017 tai vuon ché cua Pai hoc Néng
Lam Thai Nguyén dugc su dung lam nguyén li¢u
nghién ctru. St dung ky thuat HPLC khéng phat
hién dugc ham lugng quercetin tir 2 mau che
nghién ctru. Két qua nghién ciru bude dau dinh
luong sy biéu hién gen FLS bang real time PCR
cho thay su biéu hién cua FLS & ché Trung Du
xanh cao hon so vai ché Trung Du tim, mac du
su khéc biét khong Ion. Nhu vay, tai thoi diém

lay mau nghién ctu, sy biéu hién cua FLS ¢ ché
Trung Du xanh va Trung Du tim c6 thé khong
tong hop quercetin ma tong hop cac flavonol
khac.

Loi cam on

_ Cong trinh thyc hi¢n duoc hd tro kinh phi tir
de tai cap Bo Gido duc va Bao tao, ma s6 B2016-
TNA-24.
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