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TOM TAT

Trong cdy Gido cd lam (Gynostemma pentaphyllum (Thunb) Makino), mot s6 gene cytochrome P450
(CYP) va UDP-glucuronosyltransferase (UGT) da dugc chirng minh dong vai tro chinh trong qua trinh sinh tong
hop gypenoside, trong d6 c6 CYPB9IA2. Trong nghién ciru nay, mirc d6 phién ma va déac diém ctia gene CYP89A2
da duoc xac dinh. Poan gene CYP89A2 phan lap tir cay Gido c¢b lam c6 ngudn goc tinh Quang Nam ¢¢ trinh ty
nucleotide tuong ddng 99,17% voi trinh ty mRNA CYP89A2 da dugc cong bd trén Ngan hang Gene (mi so
MT416753). Két qua du doan ciu trac va dic tinh enzyme cho thiy enzyme CYP89A2 ¢6 15 vi tri gdp cudn xoan
o va 8 vi tri gap cudn phién B, c6 téi 21 vi tri amino acid c6 kha ning xay ra N—glycosylation. CYP89A2 chi yéu
hoat dong xuyén mang, c6 kha nang hoat dong tdt & moi trueong kiém va chiu nhiét do tir 55 - 65 °C. Két qua phan
tich realtime PCR cho thiy gene CYPB9A2 hoat dong manh nhét trong té bao dugc xu ly methyl jasmonate, cao
hon khoang 11 lan so véi d6i chung khong xtr 1y elicitor. Trong khi do, xu 1y té bao bang salycilic acid va dich
chiét nAm men khong lam thay d6i hoat dong cua gene so voi dbi chimg. Két qua nghién clru nay cung clp co s&
khoa hoc dé nghién ctru co ché diéu hoa biéu hién gene tham gia vao qua trinh sinh tong hop gypenoside sau nay.

Tir khéa: Gynostemma pentaphyllum, tin sinh hoc, Cytochrome P450, CYP89A2, té bao huyén phu.

PAT VAN PE UDP-glycosyltransferase (UGT) (Xu et al., 2020).

Zhang va cong sy (2021) da khao sat muc
d6 biéu hién cua 7 enzyme cytochrome P450 va 5
enzyme UDP-glucuronosyltransferases tham gia
vao qua trinh sinh tong hop gypenoside trong cay
Giao ¢ lam, tic gia nhan thay 5 gene 1a CYP77A3,

Giao c6 lam (Gynostemma pentaphyllum
(Thunb.) Makino) 1a mdt loai dugc liéu quy thude
ho Bau bi (Cucurbitaceae), phan bb rong rai tai
Trung Qudc, Nhat Ban, Han Qudc va cac qudc gia

Pong Nam A, trong d6 c6 Viét Nam (Cui et al.,
2020). Gido c¢b lam c6 tac dung ha duong huyét,
chdng oxi hoa, bao vé té bao gan, giam cholesterol
va triglycerol trong mau,... trong d6 saponin dang
dammarane-triterpene dugc cho 1a thanh phan co
vai tro chinh (Bui Dinh Lam va cs., 2015). Hién
nay, c6 hon 180 loai saponin dugc tim thay trong
cay Gigo cb lam, duoc goi chung la gypenoside;
trong d6 nhiéu thanh phan c6 cau trac gidng véi
saponin cua Nhan sam (Panax ginseng) (Chen et
al., 2019). Cac protein ho cytochrom p450 (CYP)
va UDP-glucuronosyltransferase (UGT) dong vai
tro diéu chinh cac gene lién quan dén sinh tong hop
gypenoside. Dic biét, qua trinh glycoside hoa xay
ra & budc phan tmg cudi cung khi cac loai saponin
khéac nhau dugc tong hop bang cach thém mot hodc
mot s& monosaccharide vao triterpene aglycone boi
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CYP86A7, CYP94Al, UGT74F2 va UGT91Cl
biéu hién manh & 14, dén than va . Trong khi do,
cac gene CYP86A8, CYP89A2, CYP90A va
UGT73B4 biéu hién manh trong 14, dén ré va than.
Tang cuong mirc do biéu hién cua cac gene CYP
va UGT c6 thé ting kha nang sinh tong hop
gypenoside. Tuy nhién, ddc diém, cau trac, chic
nang ctia hau hét cac gene nay chwa duoc nghién
ctru k¥ trén cdy Giao co lam, mic du d c6 mot sd
nghién ctru tuong tu trén cac loai cay khac. Hién
nay, gene CYP89A2 méi chi c6 mdt trinh tu dugc
cong bd trén Ngan hang Gene va chua duoc
nghién cuu ¢ Vi¢t Nam.

Trong khu6n khd nghién ctru nay, ching t6i
trinh bay cac két qua phén tich va dy doan dic diém
cia gene CYP89A2 trong cdy Gido cb lam co



ngudn gdc tir tinh Quang Nam. Két qua nghién ctru
1a co s6 khoa hoc dé nghién ctru co ché diéu hoa
bicu hién gene tham gia vao qua trinh sinh tong
hop gypenoside sau nay.
VAT LIEU VA PHUONG PHAP
Vat ligu

Cay Giao c¢b lam 5 14 (Gynostemma
pentaphyllum (Thunb) Makino) in vitro va te bao
hinh thanh tir cay in vitro (Hinh 1) c6 ngudn gbc

tu nhién tai xa Tra Nam, huyén Nam Tra My, tinh
Quéang Nam (Hoang Tan Quang va cs., 2021).

Phuong phap
Nuéi té bao huyén phu va xa Iy kich khang

. Nuo6i cly té bao huyén phu duoc thuc hién
bang cach cay chuyén 3 g callus (30 ngay tudi) vao
binh tam giac 250 mL chtra 50 mL moéi trudng

1ong, toc do lic 1a 120 vong/phit trén may lic SM
30A (Edmund Buhler, birc). Cac elicitor dugce bd
sung vao ngay thir 6 cua qué trinh nudi cay voi
ndéng d6 hidu qua nhit cua timg chit, bao gom
methyl jasmonate (MeJA-50 uM), salicylic acid
(SA-100 uM) va dich chiét nAm men (YE-3 g/L).
Sinh khdi té bao dugc thu sau 18 ngay nu6i cay dé
tach chiét RNA tdng sé (Quang et al., 2022; Tung
etal., 2022).

Tach chiét DNA tong sé

DNA tong s6 duoc tach chiét tir mau la
cdy in vitro bang kit TopPURE Plant DNA
Extraction Kit (ABT, Viét Nam) theo huéng dan
cia nha san xuat. Tién hanh dién di kiém tra DNA
tong s6 thu dugc trén gel argarose 1% (w/v). Mau
DNA tong s6 sau d6 duoc bao quan -20 °C dé thuc
hién céc thi nghiém tiép theo.

Hinh 1. Cay Giao c¢6 lam in vitro va té bao huyén phu.

Khuéch dai gene

Phan iing PCR dugc thyc hién voi DNA
téng s6 1a khudn mau, sir dung 12 cap moi di duge
cong bd boi Zhang et al. (2021). Thanh phan phan
tmg PCR bao géom: 1 uL DNA tong sd (100
ng/pL), 1 pL moi ciia moi loai (10 pmol), 10 pL
2x GoTaq Green Master Mix (Promega, My), 3
uL nude cat, tong thé tich phan tmg 1a 12 pL. Phan
ung PCR dugc thyc hién trong may gia nhiét
(SimpliAmp, ThermoFisher Scientific, USA) voi
quy trinh chay nhu sau: 95 °C trong 3 phut, 30 chu
ky ¢ 95 °C trong 1 phut, 50 °C trong 1 phut, 72 °C
trong 1 phut, 72 °C trong 10 phit. San pham PCR
duogc dién di trén gel agarose 1% va nhudém bang
SafeView™ Classic (abm, Canada).

Phan tich trinh tw gene va xay dwng cay phat
sinh

Trinh tu nucleotide ctia san phdm PCR
gene CYP89A2 dugc phan tich truc tiép bang
phuong phap Sanger (Cong ty Firstbase,
Malaysia). Trinh tuy nucleotide ctia cic mau duoc
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kiém tra bang phin mém BioEdit, sau d6 so sanh
v6i cac trinh ty da dugc cong bd trén Ngan hang
Gene thong qua cong cu  BLAST
(https://blast.ncbi.nlm.nih.gov/). Céac trinh tu
DNA duogc sip xép dong cot bang chirc ning
Clustal W trén phan mém MEGA 11 véi cac tham
s6 mic dinh. Cay phat sinh dugc xay dung dua
trén phuong phap Maximum Likelihood v&i gié tri
bootstrap 1000 (Tamura et al., 2021).

Dw dodn dic diém va chikc néing ciia enzyme
CYP89A2

Pic diém va chic ning clia enzyme
Cytochrome P450 (CYP89A2) tir cdy Giao ¢ lam
duoc du doan bﬁng cac cong cu tin sinh hoc, bao
gdbm  protein  domain  (http:/smart.embl-
heidelberg.de/) (Letunic et al., 2021). M hinh cau
trac khong gian cia CYP89A2 duogc du doan bang
cong cu Phyre2.2
(https://www.sbg.bio.ic.ac.uk/phyre2/html/page.c

gi?id=index) (Kelley et al., 2015). C4u tric xoin
xuyén mang dugc du doan nhod TMHMM Server
v.2.0  (https://services.healthtech.dtu.dk/service.
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php?TMHMM-2.0) (Krogh et al., 2001). Phan tich
kha ning glycosyl hoa kiéu N (N-glycosylation)
clia enzyme bang cong cu NetNGlyc 1.0 Server
(https://services.healthtech.dtu.dk/service.php?Ne
tNGlyc-1.0) (Gavel, von Heijne, 1990).

Dic diém hoa - 1y cia enzyme CYP89A2
duoc du doan nhu diém déng dién béng cong cu
IPC 2.0 (http://www.ipc2-isoelectric-point.org/)
(Kozlowski, 2021), kha nang chiu nhiét dugc dy
doan  bang cong cu Tm  Predictor
(http://140.114.98.13/tm/). M6i trudng xuc tac
(acid/base) ctia enzyme duoc dy doan bang cong
cu AcalPred (http://lin-group.cn/server/AcalPred)
(Linet al., 2013).

Xéac dinh meee dg phién ma ciza gene trong té bao

RNA téng‘ s6 duge tach chiét tir mau té
bao huyén phu bang kit GeneJET Plant RNA

Bang 1. Cac mdi dugc st dung trong nghién ciru.

Purification Kit (Thermo Scientific, M¥) va phan
tg sinh tong hop sgi cDNA thir nhat duoc thyuc
hién bang kit RevertAid First Strand cDNA
Synthesis (Thermo Scientific, M) theo hudng
dan ctia nha san xuat. Bé danh gia mic d phién
mi clia gene CYP89A2, chiing t6i tién hanh phan
{mg realtime PCR v&i cip mdi dic hiéu cta gene
nay l1a RT-CYP89A2, sir dung nodi dbi chung
(control - house keeping gene) la 18sRNA (Bang
1). Phan tng Real-Time PCR dugc thuc hién véi
kit Gotag® gPCR Master Mix (A6001, Promega,
My¥) theo quy trinh chay nhu sau: 95 °C trong 2
phut, 40 chu ky & 95 °C trong 15 gidy va 60 °C
trong 1 phuat (Zhang et al., 2021). Thanh phan
phéan tng: 10 uL. Go Taq qPCR Master Mix 2X
(Promega, M¥), 1 uL mdi mdi loai (10 pmol), 1
uL cDNA, 7 uL nudc cat. Qué trinh khuéch dai
dugc thuc hién trén hé théng QuantStudio™ 5
Real-Time PCR (ABI, M¥).

Mbi Trinh tu (5°-3’) Tai liéu tham khio
5-CCCTTCCAAACTCACAAAAC-3'

RT-CYPSIA2 o AATGGAGATTGCGAAGAGTT-3' (Zhang etal., 2021)
5-ACGATGCCGACCAGGGATT-3

GP-185RNA COATGCCGACCAGGG (Wang et al., 2018)

5-TTCAGCCTTGCGACCATACTC-3'

KET QUA VA THAO LUAN
Phan 1ap gene CYP89A2

DNA tong sb cua ngﬁu cay Gido c¢b lam
duoc su dung lam khuén mau dé thyc hién phan
tng PCR v61 cdp moi déc hiéu, san pham PCR
sau d6 duogc dién di trén agarose gel 1%. K&t

77A3  86A7

qua thim do vé&i cap moi dac hiéu cho 12 gene
theo mo ta clia Zhang va cong sur (2021) cho thay
c6 4/7 gene CYP va 1/5 gene UGT c6 san phim
khuéch dai dic hiéu (Hinh 2). Trong dé, gene
CYP89A2 thé hién sy khuéch dai manh nhét
(bing dam nhat) nén duoc lua chon dé nghién
ctru sau hon.

86A8 §9A2 90A1 91A1 91C1

Hinh 2. Bién di san phdm PCR 12 gene CYP va UGT. MK: thang chuan kich thuéc DNA
(GeneRuler™ 1 kb DNA Ladder, Thermo Scientific, My).

Sén pham PCR gene CYP89A2 (CpQN)
dugce sir dung dé phan tich trinh tu tryc tiép, két
qua cho thay doan trinh ty nucleotide thu duoc co
chiéu dai 850 bp dam bao chit lugng dé so sanh
trinh tw. Két qua so sanh trén Ngan hang Gene cho
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thdy trinh ty thu dugc trong nghién ctru nay tuong
ddng 99,17% véi trinh ty mRNA CYP89A2 clia
ciy Gido cb lam Gynostemma pentaphyllum (ma
s6 MT416753), tir d6 c6 thé khiang dinh doan gene
CYP89A2 da phan lap duoc.



Hién nay, dir liéu cong bd vé trinh tu
gene CYP89A2 trén Ngin hang Gene chua
nhiéu, trong d6 chu yéu la ¢ dang du doan. Két
qua xdy dung cdy pha hé dya trén cac gene da
cong bd cho thiy gene CYP89AZ tir cay Gido cd
lam ¢6 su trong dong cao nhét véi cac cay thudce
ho Bau bi, tuy nhién muc d6 tvong dong khong

qua cao (khoang 75-76%). Ching han, twong
ddng voi  Cucurbita maxima  76,60%
(XM _023130736), Cucumis melo 76,21%
(LN681914) hay Cucurbita moschata 76,21%
(XM_023087977). Béi véi cac ho thuc vat khéc,
su khac biét cao hon, vi du tuong déng 71,92%
so vGi Prunus armeniaca (0Z046361) (Hinh 3).

]

Jatropha curcas XM 012235536 (predicted)
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Hevea brasiliensis KM086719
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Hevea brasiliensis XM 058144350 (predicted)

Populus alba XM 035071058 (predicted)
Mangifera indica XM 044612738 (predicted)
Quercus suber XM 024047802 (predicted)

Corylus avellana XM 059577716 (predicted)
Prunus armeniaca 02046361

: GpQN

100

Malania oleifera XM 058114004 (predicted)

100 Gynostemma pentaphyllum MT416753

e

Cucumis melo LN713265 (predicted)

Cucumis sativus XM 004148049 (predicted)

100

0.050

Cucumis melo LN681914 (predicted)
Cucurbita moschata XM 023088442 (predicted)

9% I: Cucurbita maxima XM 023130736 (predicted)

Hinh 3. Cay di truyén dua trén trinh tu gene CYP89A2. Chi s6 & mbi nhanh thé hién muc do tin cay véi

bootstrap 1000.

Du do4n ciu tric khong gian va dic diém hoéa
ly caa enzyme

Tur két qua phan tich trinh ty, doan gene
CYP89A2 tir mau CpQN c6 murc do trong ddng cao
voi trinh tur gene da duoc cong bd, do do, chiing t6i sir
dung trinh tur mRNA d dugc cong bd (MT416753)
dé du doan ciu tric va chirc ning cia enzyme nay.
Két qua du doan cho thay protein CYP89A2 c6 ciu
triic trong dong 26% véi sugiol synthase ciia ciy Pan
sam Salvia miltiorrhiza CYP76AH3 (mé sé PDB:
7x2q, mi sb Phyre: ¢7x2qA_) véi d bao phu 91%
(460/506 amino acid) va do tin cay 100%. Ciu tric
bac hai ciia CYP89A2 c6 15 vi tri gdp cudn xodn a
(chiém 45%) va 8 vi tri gap cudn P (8%) (Hinh 4).
Ngoai ra, trong ciu triic enzyme con c¢6 cac doan roi
(Disordered) chiém 7% va xoan xuyén mang (TM
helix) chiém 8%.

Vung bao ton dugc du doan béng
chuong trinh SMART cho thiy enzyme c6 13
domain hién dién la PRM, CBM X, PX,
PLCXc, HSF, GLUCA, BRICHOS, BACK,
HPT, KNOX2, TPK Bl binding,
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ClpB_D2 small va MoCF_biosynth. Két qua du
doan cau trac xuyén mang cho thiy phan ti
enzyme phém 16n ndm xuyén mang va mot phan
nho dugc tiét ra mOi trudng ngoai bao, khong co
phan enzyme nam bén trong té bao (Hinh 5). Phan
tich trinh tw CYP89A2 bang cong cu NetNGlyc 1.0
Server nhan thiy c6 ti 21 vi tri amino acid c6 kha
nang xay ra N-glycosylation (Hinh 6).

DPbi voi CYP89A2, trinh tr mRNA c6
chiéu dai 1.521 bp va ma hoa trinh tu polypeptide
dai 506 amino acid, enzyme c6 khdi lwong phan tir
1a 58,44 kDa, diém dang dién (pI) 1a 7,06. Két qua
du doan kha nang chiu nhiét cia CYP89A2 béng cong
cu Tm Predictor cho thy enzyme c6 kha ning chiu
nhiét do tir 55 - 65 °C (Tm index = 0,9846). Enzyme
c6 kha nang chiu nhiét cao, day la co sé dé lua chon
murc nhiét do thich hop nhdm kiém tra hoat tinh
enzyme. Dua vao cong cu du doan kha nang chiu
duoc méi truong xuc tac kiém/acid ciia AcalPred,
ching t6i nhan thay enzyme CYP89A2 c6 kha nang
chiu kiém, chi s6 xtc tic mang tinh base 1a 0,9385
trong khi chi sb acid 14 0,0614.
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Hinh 4. Dy doan céu tric khong gian cua CYPB9A2. Céu tric cudn xodn a duoc trinh bay bing hinh lat
méng dang cudn, cau truc  dugc trinh bay bang hinh miii tén dang soi.
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Hinh 5. M6 hinh cu triic khong gian cia CYP89A2 duoc xay dung nhd TMHMM Server v. 2.0.
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Hinh 6. Vi tri cac amino acid c6 thé glycosyl hoa.

Xéc dinh mire d§ phién ma cia gene CYP89A2
trong té bao huyen phu

Pé hiéu rd vai trd va hoat dong ciia gene
CYP89A2, chung t6i danh gia mirc dd phién ma cia
gene nay trong té bao huyén phii nudi ciy & cac diéu
kién xtr 1y kich khang khéc nhau. Trong nghién ctru
trudc day, cong thire xir Iy kich khang riéng 18 6t nhét
la MeJA (50 uM), SA (100 uM) va YE (3 g/L)
(Quang et al., 2022), vi vay, mic d6 phién ma clia
gene CYP89A2 duoc x4c dinh trong cac cong thire tot
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nhat ny.

Két qua phan tich Real-Time PCR cho thiy
gene CYP89A2 hoat dong manh nhét trong té bao
dugc xur 1y MJ, cao hon khoang 11 lan so voi dbi
chimg khéng xir 1y elicitor. Trong khi do, xir 1y té bao
bang SA va ME khong lam thay d6i hoat dong ctia
gen so voi dbi chimg (Bang 2). Theo Quang va cong
sur (2022), céc elicitor khi xir Iy riéng 1é déu 1am ting
ham lugng gypenoside trong té bao, trong d6 SA cho
hiéu qué cao nhit, dat 79,721 mg/g kho khi xtr Iy voi



SA 100 uM sau 6 ngdy nudi cdy, gap khoang 2 lan
mau tu nhién. Tuy nhién, phan tich muic do phién ma
cho thiy gene CYP89A2 hoat dong manh nhét khi xir
Iy v6i MJ, diéu nay c6 thé gene CYP89A2 c6 thé dong
cac vai tro khac trong chu trinh sinh tong hop
gypenoside. Theo Zhang va cong sy (2021), mirc do
biéu hién cua CYPB9AZ trong la cay Gido c6 lam la
cao nhat, tiép dén 13 ré va biéu hién ¢ than thp nhat.

Theo céc tai liéu da cong b, gene CYP89A2
thuong bi€u hi€n manh khi c6 tac dong cia cac yeu to
moi truong, gitip cay khang lai cac yeu to bat loi bén

ngoai, dac biét la chat diét co. Theo Chen va cdng su
(2023), gene CYP89A2 biéu hién vuot muc & cy
Polypogon fugax nhiam lam giam doc t6 ciia
quizalofop-p-ethyl 1én té bao, 1 yéu t dicu hoa kha
ning khang chat diét co trong cay (Chen et al., 2023).
Gene CYP89A2 ciing biéu hién & cac md trong cy
Apera spica-venti khi xir 1y thudc diét co (Babineau et
al., 2017). O cay Arabidopsis thaliana, biéu hién cua
gene CYP89A2 ciing tang 1én khi xt 1y anh sang do
xa (far red) (Cole, 2018). Tuy nhién, vai tro chirc ndng
cu thé cia gene CYP89A2 vio con dudng sinh tong
hop saponin can nghién ctru thém.

Bang 2. Miic do biéu hién ctia gene CYP89A2 trong cac loai mau khac nhau.

L ] Gia tri Ct
Gene Xir ly kich khang GP-18S Gene 2-AACt
YE 26,30 34,51 0,10
SA 28,79 36,78 0,11
CYPEIAZ  \iy 32,43 33.81 10,83
NC 28,94 33,76 1,00
KET LUAN bang phuong phép in vitro. Tgp chi Néng nghiép

Poan gene CYP89A2 phan lap tir cay Gido
¢b lam c¢6 ngudn gbe tinh Quang Nam c6 trinh ty
nucleotide twong dong 99,17% véi trinh ty mRNA
CYP89A2 cua ciy Gido ¢ lam da duoc cong bd
trén Ngén hang Gene (mé s6 MT416753). Két qua
du doan cau trac va déc tinh enzyme cho thy
enzyme CYP89A2 ¢ 15 vi tri gip cudn xodn o va
8 vi tri gap cudn phién B, c6 21 vi tri amino acid co
kha nang xay ra N-glycosylation. CYP89A2 chu
yeu hoat dong xuyén mang, co kha nang hoat dong
t6t & moi truong kiém va chiu nhiét do tir 55 - 65
°C. Enzyme CYP89A2 hoat dong manh nhét trong
té bao dwoc xir Iy methyl jasmonate, cao hon
khoang 11 lan so véi ddi chiung khong xir 1y
elicitor.

Loi cam on
Cong trinh dugc thuc hién véi sy tai trg kinh

phi cuia nhém Nghién ctru manh, Pai hoc Hué (ma
s0 NCM.DHH2020.12).
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SUMMARY

Gypenosides produced from Gynostemma pentaphyllum (Thunb.) Makino are mainly dammarane-type
triterpenoid saponins with diverse structures and important biological activities. Seven cytochrome P450 (CYP)
and five UDP-glucuronosyltransferase (UGT) genes have been demonstrated to be involved in gypenoside
biosynthesis and distribution in G. pentaphyllum. In this study, the transcription levels and characteristics of the
CYP89A2 gene were determined. The result showed that the nucleotide sequence of CYP89A2 gene fragment had
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99.17% similarity to the reference gene (GenBank accession number of MT416753). The secondary structure
prediction reveals that CYP89A2 has 15 a-helices and 8 B-sheets. The predicted CYP89A2 is an alkaline
extracellular enzyme and resistant to temperatures from 55-65 °C. Realtime PCR analysis showed that the
CYP89A2 transcription level was high in suspension cells with methyl jasmonate treatment, about 11 times higher
than that of control. Meanwhile, salicylic acid and yeast extract elicitation did not change gene transcription
compared to the control. The results provide a scientific basis for studying the gene expression regulation
mechanism of gypenoside biosynthesis in the future.

Keywords: Bioinformatics tools, Gynostemma pentaphyllum, Cytochrome P450, CYP89A2, suspenssion cell.
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