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LOI CAM DOAN

T6i xin cam doan day 14 cong trinh nghién ctru ctia chung toi. Cac két qua
nghién ciru, s6 liéu dugc trinh bay trong luan an 1 trung thuc, khach quan va chua
tung duoc st dung dé bao vé cho bat ky hoc vi nao trude day. Cac s6 liéu da duoc
cong bd trén cac Tap chi, bao cao Hoi nghi chuyén nganh véi su dong ¥ va chap
thuan cua cac ddng tac gia. Toi ciing cam két da ghi & ngudn gdc tat ca cac thong
tin, s6 liéu, va tai liéu tham khao st dung trong luan 4n. Moi sy hd tro, gitip d&
trong qua trinh thyc hién luan an déu da dugc tran trong ghi nhan va cam on day
du.

Néu c6 bat ky vi pham nao lién quan dén tinh trung thuc va ban quyén cia

luan an, t61 xin chiu hoan toan trach nhiém theo quy dinh cua don vi dao tao.

Tac gia luan an
-

Pang Ngoc Sang



LOI CAM ON

Pé hoan thanh Luén an nay, toi xin giri 101 cam on dic biét dén PGS. TS.
Tran Quéc Dung va TS. Hoang Tan Quang, nhiing ngudi Thay dd hudng dan tan
tinh cho toi ké tir khi nhap hoc dén khi hoan thanh Luén an.

T6i xin giri 10i cam on chan thanh dén Ban lanh dao, Phong Nghién ctru
Khoa hoc, Pao tao va hop tac quéc té, B6 mon Sinh hoc va Cong nghé sinh hoc
ung dung, Vién Cong nghé sinh hoc, Pai hoc Hué di tao moi diéu kién thuan loi
vé thoi gian ciing nhu hd tro toi da vé mit vat chat, kién thirc cho toi hoan thanh

luan an.

Xin dugc gui 161 cam on tdi cac déng nghi¢p va cac ban hoc vién, sinh vién
tai Vién Cong nghé sinh hoc, Pai hoc Hué, dic biét 1a tai Phong thi nghiém cong
nghé Gen, TS. Nguyén Anh Tuén, khoa Thay san, Trudong Pai hoc Nong Lam,
Pai hoc Hué d3 gitip d& t6i trong sudt thoi gian thuc hién dé tai, xin chan thanh
cam on nhitng dong nghiép, hoc vién, sinh vién 1a déng tac gia ctia cic cong trinh
d3 cong bd. Trong qua trinh hoc tap tai Vién, toi 1a san pham dao tao va di nhan
duoc su hd tro kinh phi tu dé tai KHCN cép Bo6 Giao duc va Pao tao (ma s6
B2019-DHH-562-09 do TS. Hoang Tan Quang lam chti nhiém) va nhom Nghién
ctru manh c4p Pai hoc Hué (ma s6 NCM.DHH.2020.12 do TS. Hoang Tan Quang

lam truong nhom), toi xin guri 16i cdm on nhitng sy hd tro to 16n nay.

Xin cam on Ban Giam ddc, Ban Pao tao Sau dai hoc ctia Pai hoc Hué; Ban
lanh dao Vién Cong nghé sinh hoc, Pai hoc Hué; Ban giam hiéu, théy co giao to
Sinh — Cong nghé néng nghiép, Truong THPT chuyén VO Nguyén Giap, Quang
Binh di c6 nhiéu gitp d& quy bau, tao moi diéu kién tot nhat dé ching t61 hoan

thanh luan an.

1



T6i xin bay to 10ng biét on dén bd, me va cac nguoi than trong gia dinh da
tao diéu kién tdt nhat ca vé vat chét 1an tinh than cho toi trong sudt qua trinh thuc

hién Luén an.

Cudi cung, xin cdm on cac dong nghi¢p, ban bé da nhi¢t tinh dong vién, ho

tro chiing t61 hoan thanh luan an.
Hué, ngay 1 thang 6 nam 2026

Tac gia
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Dang Ngoc Sang

111



MUC LUC

LOT CAM DOAN ....coutiitiiiiieiieieeiierieerierseeseernerseerseessessneesnns i
LOTCAM ON...vutnenrneenrneeneeesnesassesncsesassnssnsassssnssssssssssassssnssssnnsnns ii
1Y L0l 31 0 OSSR iv
DANH MUC CAC BANG....ccuuuiiriteeeriieerenneeereneeeessneessseeessnneenes vi
DANH MUC CAC HINH ANH.......ccvvvunirrineerrnneerreneeeeseneessnneennees vii
DANH MUC CAC TU VIET TAT ..oucuceeeecrenrerneressesessesssessesssssssssssessssesseses viii
MO DAU .uueererrncsnsesesessessssessssssssssssssssssssssssessssssssssssssssssssesssssssessssessssesseses 1
1. TINH CAP THIET CUA DE TAL ..o 1
2. MUC TIEU CUA NGHIEN CUU ... 2
3. DOI TUQGNG VA PHAM VINGHIEN CUU ......oooiiviieeeeeeeeeeeereeae. 3
4. NOIDUNG NGHIEN CUU ..ot 3
5.Y NGHIA KHOA HQC VA THUC TIEN CUABPE TAL ...coovovevceeeee.. 4
6. NHUNG DPONG GOP MOI CUA LUAN AN ......ooovimiiiieeeeeeeeeeeeeeae. 4
CHUONG I. TONG QUAN VE VAN DPE NGHIEN CUU cuueeevrrerereecncrnnne 6
1.1. CAY GTIAO COLAM.....ooiiieeeeeeeeeeeeeeeeeeeeee e 6
1.1.1. Nguon g0¢ VA PRAN DO ... 6
1.1.2. Phan loai va dic diém thue VAL NOC c..vveeeeeeeeeeeeeeeeeee e 6
1.1.3. Dicu Kien sinh thai ........c.oooviviieeeeeeeeeeeeeeee e 7
1.1.4. Thanh phan hoa hoc ctia cAy Gido ¢ 1am ...........ccoueveueeeeeeeeeereeenn. 7
1.1.5. Tac dung duogc 1y ctia cAy Gido €0 1am.........coveveeveveeeeeeeeeeeeeeeaen. 9
1.2. SAN XUAT HOP CHAT THU CAP TU NUOI CAY TEBAO............. 12
1.2.1. Nudi cay huyén phit t& bA0 thure VA ......evveeeeeeeeeeeeeeeeeeeeee e 12
1.2.2. San xuét hop chét thir cAp bang nudi cay t& BA0.........ovveewrveereenene. 14
1.2.3. Chién luoc trong san xuit cac san pham thir cdp bang nudi ciy té bao
..................................................................................................................... 15
1.3 ELICITOR ..ot 16
1.3 1. KNAT B 16
1.3.2. PhAn J0@1......ccoiiiiiiiiiiiiiec e 16
1.3.3. Co ché tAc dung clia liCItOr. ........v.cvveeeeeeeeeeee e 18
1.3.4. Cac yéu t6 anh huong dén qua trinh kich khang .............cccocoueenne... 19
1.3.5. San xuét hop chat thir cap o thuc vét co bo sung elicitor ................... 20
1.4. CACNGHIEN CUU THEO HUONG DE TAT ..ot 22
1.4.1. Thu nhan gypenoside tir nudi cdy cay Giao c6 lam...........occ........ 22
1.4.2. Nghién ctru biéu hién ctia gene ma héa cac enzyme tham gia vao qua
trinh sinh tong hop EYPENOSIAe. ........c..cvveeveeeeeeeeeeeeeeeee oo, 24

v


User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle


CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU ......coeuuu.. 34

2.1. VAT LIEUNGHIEN CUU ....coooouiiriirieieeieiie s 34
2.2. PHUONG PHAP NGHIEN CUU .....cooouiiiiiieiirieeiee e 35
2.2.1. Cam tng va nudi cay mo S0 (CAIIUS).......vevreeeeeeeeeeeeeeeeeeeeeans 36
2.2.2. Nudi cAy t& bAo NUYEN PAU ..o 36
2.2.3. XU 1Y @HCIEOT .ottt et 40
2.2.4. Xac dinh dic diém cia mot sd gene CYP va UGT ..o, 41
2.2.5. Xac dinh mirc d¢ phién ma cua cac gene CYP va UGT................... 44
2.2.6. Phan tach hop Chat thir CAP ......o.oveveeeeeeceeee e 46
2.2.7. Thir nghiém kha ning trc ché t& bao ung thir.........o.ceveeveereveeereeenn, 46
2.2.8. Thir nghiém kha néing bao vé tinh hoan chudt cta cao chiét............ 48
2.2.9. XU 1Y thONE K&.....eeeeeeeeeeeeeeeeeeeee e, 50
2.2.10. Thi€t bi, h6a ChAL.......eiiiieieiiiiiiii e 51
CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN......ccuerrernnnee 52
3.1. ANH HUONG CUA PIEU KIEN NUOI CAY LEN QUA TRINH TiCH
LUY GYPENOSIDE TRONG TE BAO HUYEN PHU ........oooooveririrriannns 52
3.1.1. Xay dung duong cong sinh trudng va tich iy gypenoside.............. 52
3.1.2. Anh huong ctia moi trudng nudi cay 1én qua trinh tich lily gypenoside
trong t€ DA0 NUYEN PRLL. ... 57
3.1.3. Anh huong cta céc diéu kién nudi cdy 1én tich lily gypenoside trong té
DAO MUY PR ..ot 61
3.1.4. Thir nghiém nudi cdy té bao trong bioreactor 12 L ........ccooevemeec.... 63
3.2. ANH HUONG CUA ELICITOR TRONG TANG CUONG KHA NANG
SAN XUAT GYPENOSIDE TU NUOI CAY HUYEN PHU....................... 65
3.2.1. Anh hudng ctia ndng do elicitor 1én sinh trudng va tich liy
EYPENOSIAC tTONEG t& DAO ..., 66
3.2.2. Anh hudng cua thoi diém bo sung elicitor 1én sinh truéng va tich liy
EYPENOSIAC CUA 18 DAO ..ot 69
3.2.3. Anh huéng cua sy phdi hop nhiéu elicitor 1én sinh truéng va tich liy
EYPENOSIAE CUA T8 DAO ..., 73
3.2.4. Xac dinh muc d6 biéu hién ctia cac gene CYP va UGT .................. 76
3.3. THU NHAN VA THU NGHIEM HOAT TINH CUA CHE PHAM CO
CHUA GYPENOSIDE TU TE BAO HUYEN PHU .....coooooiivnriiriiieinnee. 85
3.3.1. Thu nhan cao chiét va ché pham co chta gypenoside...................... 85
3.3.2. Thir nghiém kha ning gay doc té bao ung thir..........cc.oveevveeeeeeenee. 85
3.3.3. Panh gia tac dung bao vé mo tinh hoan chudt in vivo ctia ché pham
CAO CHIEL ..ot 92
KET LUAN VA KIEN NGHI ...couuireecrenncecrnscsenesesssesssssessssessssssesessessssssess 95
NHUNG CONG TRINH PA PUQC CONG BO LIEN QUAN PEN LUAN
AN criiineioneiossanessansssassssssssssssssssssssassssassssassssassssasssssssossassssassssassssssssssssssssssssane 97


User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle

User
Rectangle


DANH MUC CAC BANG

Bang 1.1. Phan loai elicitor trong san xuat cac hop chat thir cap [43] 17
Bang 2.1. Trinh ty moi trong nhan dién cac gene [134] 42
Bang 2.2. Cac mdi dugce str dung dé phan tich mac do phién ma 45
Bang 3.1. Anh hudng cua thoi gian nudi cdy 1én tich lity gypenoside va 53
Rbl

Bang 3.2. Anh hudng ctia BAP hoic KIN két hop véi 0,5 mg/L IBA 1én 57
sinh trudng va tich iy gypenoside

Bang 3.3. Anh hudng cta ngudn carbon 1én sinh trudng va tich lity 59
gypenoside

Bang 3.4. Anh hudng cuia mat do tiép giong nudi cy 1én sinh truong va 61
tich lly gypenoside

Bang 3.5. Anh hudng cua téc do lac 1én sinh trudng va tich liiy gypenoside | 63
Bang 3.6. Anh hudng cia MeJA va SA 1én sinh trudng va tich lity 67
gypenoside

Bang 3.7. Anh huong cua YE va Fox 1én sinh trudng va tich liy 68
gypenoside

Bang 3.8. Anh hudng ciia thoi diém bo sung elicitor 1én sinh truong va tich | 69
lity gypenoside cua té bao

Bang 3.9. Anh hudng cua phdi hop céc elicitor 1én sinh trudng va tich liy 74
gypenoside

Bang 3.10. Dy doan céu triic khong gian va dic diém Iy hoa clia enzyme 81
Bang 3.11. Kha ning trc ché cac dong té bao ung thu phdi ngudi cia cao 86
chiét Giao ¢ lam

Bang 3.12. Kha ning trc ché cic dong té bao ung thu ctia ché pham chira 89

gypenoside

vi




DANH MUC CAC HINH ANH

Hinh 1.1. Cay Giao ¢6 lam 5 14 7
Hinh 1.2. Cu trtic chung ctia gypenoside kiéu dammarane 9
Hinh 1.3. So d6 con dudng sinh tong hop triterpen gypenoside 24
Hinh 2.1. Callus thtr cip cay Giao c¢o lam 34
Hinh 2.2. So d6 thi nghiém thuc hi¢n cac budc chinh cta luan an 35
Hinh 3.1. Pudng cong sinh truéng cta té bao huyén phu 52
Hinh 3.2. Té bao huyén phu cdy Gido c6 lam sau 20 ngdy nudi cdy trén | 54
moi trudng MS ¢6 bd sung 2,0 mg/L KIN va 0,5 mg/L IBA

Hinh 3.3. DPudng cong sinh trudng cia té bao huyén phu nudi cy trong 64
bioreactor 12 L

Hinh 3.4. Nudi ciy té bao huyén phu Giao co lam trong bioreactor 12 L | 65
Hinh 3.5. Sinh khéi twoi va khé sau khi bd sung elicitor 71
Hinh 3.6. Sic ky d6 HPLC té bao huyén phu Gido c6 lam 75
Hinh 3.7. Cay phat sinh loai dya trén trinh ty gene CYP8942 79
Hinh 3.8. Cay phat sinh loai dya trén cac trinh ty gene UGT91A1 79
Hinh 3.9. Dy doan ciu trac khong gian ctia enzyme CYP89A2 (trai) va 82
UGTY91A41 (phai)

Hinh 3.10. Dy doén topo xuyén mang (2D) cua CYP89A42 (trén) va 83
UGT91A41-QN (dudi) duge xay dung nho TMHMM Server v. 2.0

Hinh 3.11. Vi tri cac amino acid c6 thé glycosyl hoa caa CYP89A2 83
Hinh 3.12. Anh chyp kha ning trc ché cac dong té bao ung thu nudi cdy | 91
bam dinh ctia dich chiét chira gypenoside

Hinh 3.13. Anh huéng ctia cao chiét Gido cd lam 1én cau trac vi thé 92
6ng sinh tinh & md tinh hoan chuot.

Hinh 3.14. Anh hudng cta cao chiét Gido c6 lam 1én nong do 93

testosterone trong mau chudt xu ly nhiét

Vil




DANH MUC CAC TU VIET TAT

2,4D : 2,4 - Dichlorophenoxyacetic acid
BAP : 6-benzylaminopurine

CYP : Cytochrome P450

DNA : Deoxyribonucleic acid

DW : Khéi luong kho

bC : Bdi chimg

PHST : Biéu hoa sinh truong

FPS : Farnesyl pyrophosphate synthase
FPP : Farnesyl pyrophosphate

FW : Khoéi luong tuoi

KIN : Kinetin

IUCN : Lién minh Qudc té Bao ton Thién nhién va tai nguyén

Thién nhién

NAA : Naphthaleneacetic acid

IBA : 3-indolebutyric acid

HepG2 : Té bao ung thu gan ¢ ngudi
HPLC : Sdc ky 1ong hiéu ning cao

MeJA : Methyl jasmonate

MEP : Methylerythritol Phosphate

MVA : Mevalonate

MAPK : Mitogen - activated protein kinase
MS : Murashige va Skoog (1962)

NS : Sai khac khong c6 ¥ nghia thong ké
OSC : Oxidative squalene cyclase

PCR : Phan tng chudi polymerase

PTN : Phong thi nghiém

PPD : Protopanaxadiol

viil



PPT : Protopanaxatriol

ROS : Cac loai oxygen phan ung

SA : Salicylic acid

SE : Squalene - 2,3 - epoxidase

SS : Gene sinh tong hop squalene

UGT : UDP - glucuronosyltransferase

YE - Dich chiét nAm men

SYM : Ca 3 loai elicitor 1a YE, SA va MeJA

LC - MS/MS: Sic ky long ghép ndi khoi pho hai lan (hay khoi pho kép)

ICso : Nong d6 chét gay ra 50% muc tc ché dap tng sinh hoc
PgSS : Gene sinh tong hop squalene ¢ nhan sim (Panax ginseng)
PgSE : Squalene - 2,3 — epoxidase & nhan sam (Panax ginseng)
LOD : G161 han phat hién

LOQ : G161 han dinh lugng

X



MO DAU
1. TINH CAP THIET CUA DE TAI

Giao ¢6 lam (Gynostemma pentaphyllum (Thunb.) Makino) 1a mot loai
duogc liéu quy thudc ho Bau bi (Cucurbitaceae), phan bd rong rai tai Trung Quéc,
Nhat Ban, Han Quéc va cac qudc gia Pong Nam A, trong d6 c6 Viét Nam [32].
Cay Gido cb lam c6 than manh c6 kha ning bo hodc leo, c6 nhiéu tac dung duoc
1y va duoc ghi nhan véi cac hoat tinh bao vé gan, chéng khdi u, chéng viém, cling
nhu duy tri can bang duong huyét va lipid mau. La thanh phan hoat tinh chinh cua
cdy Gido cb lam, cac gypenoside thé hién cdu trac dic trung kiéu dammaran cta
nhom tetracyclic triterpen. So voi nhan sim (Panax ginseng) thi cay Giao c6 lam
khéng chi tao ra luong triterpen saponin cao gap gan nam 1an ma con c6 toc do
sinh trudng nhanh hon. Do d6, Gido ¢6 lam dugc xem nhu mot nguodn thay thé

kinh té dé san xuat ginsenosid trong tuong lai [64], [174], [99].

Hién nay, c6 hon 180 loai saponin duoc tim thay trong cdy Gido c¢6 lam,
duoc goi chung 1a gypenoside; trong d6 nhiéu thanh phan cé cau trac gidng voi
saponin cua nhan sam [38]. Do ¢0 vai tro tuong tu nhan sam, trong khi qua trinh
trong dé hon va thoi gian thu hoach ngan hon so voi nhan sim, nén Gido c¢6 lam
duoc xem 13 ngudn dugce lidu thay thé nhan sim day trién vong [99]. Tuy nhién,
ngudn Gido cb lam trong tu nhién di va dang bi khai thac qua muc dan dén khan
hiém. Theo sach dé Viét Nam nam 2007, Gido ¢6 lam duogc xép vao nhom nguy

cap (EN Ala, c, d).

Viéc nghién ctru dé tao ra ngudn nguyén liéu in vitro thay thé cay Giao cd
lam tu nhién 12 can thiét. Nudi cay huyén phu té bao duoc xem la giai phap hiéu
qua va da duoc ap dung thanh cong trén nhiéu dbi tuong khac nhau, nguyén liéu
dé nudi cay huyén phu chinh 1 callus [12], [8], [169]. Nudi cdy té bao huyén phu
c6 nhiéu loi thé hon so v6i khai thac cdy tu nhién nhu san xuat cic hop chat thir
cap co hoat tinh sinh hoc cao, chu dong trong cung cap nguyén liéu, khong bi

nhiém ban boi thudc trir sau, thudc diét co, can it dién tich san xuat, ... [4]. Mot



sO tac gia trén thé gidi da nghién ciru nudi cdy callus cdy Gido c¢d lam nhu Ao va
cong su (1998) [21], tuy nhién, cic budc tiép theo vé nudi cdy huyén phu té bao

cay nay chua duogc thuc hién.

Trong tu nhién, thuc vat san xuat cac hop chat thi cap dé chong lai cac yéu
t6 gy bénh. Elicitor kich thich qua trinh hinh thanh cac hop chit thir cip, bd sung
elicitor vao méi trudng nudi ciy 1a phuong thic dé thu duoc cac san pham hop
chat thir cAp mot cach hiéu qua nhat. Do dé, viéc nudi cy té bao ciy Giao cd lam
c6 str dung elicitor dé thu nhan gypenoside hira hen s& mang lai hiéu qua cao, thay

the dan cho viéc khai thac cay Gido co6 lam tu nhién.

Xuat phat tir nhitng 1y do thuc tién trén, chung toi tién hanh dé tai: “Nghién
ciru thu nhén va xdc dinh hoat tinh ciia Gypenoside tir nuéi cdy té bao cay Gido

¢ lam (Gynostemma pentaphyllum (Thunb.) Makino)”.
2. MUC TIEU CUA NGHIEN CUU

Muc tiéu chung: Xay dung co so khoa hoc va phat trién quy trinh nudi cay
té bao huyén phu cay Giao co lam (Gynostemma pentaphyllum (Thunb.) Makino)
nhim nang cao hiéu qua sinh trudong va sinh tong hop hoat chét thtr cap, phuc vu

dinh hudéng phat trién ngudn nguyén liéu dugc lidu.

Muc tiéu cu thé:

Xay dung duoc quy trinh nudi cay va thu nhan gypenoside tir t& bao huyén
phu cdy Giao c6 lam (Gynostemma pentaphyllum (Thunb.) Makino).

Xéc dinh loai, ndng d6 va thoi diém xu 1y elicitor thich hop dé thu duogc
gypenoside tir t& bao huyén phu cao nhat.

Phan 1ap va danh gid mutrc d6 biéu hién ctia mot s6 gene tham gia con dudng
sinh tong hop gypenoside trong té bao huyén phu cay Giao ¢ lam dudi tac dong
cua elicitor.

Xac dinh hoat tinh ctia gypenoside tach chiét tir té bao huyén phu vé kha
nang khang té bao ung thu trén mot sé dong té bao ung thu.

Xéc dinh kha ning bao vé tinh hoan chudt tir cao chiét tong s6.



3. POI TUQNG VA PHAM VI NGHIEN CUU

Poi twong nghién ciru: Cay Giao c¢o lam 5 1a (Gynostemma pentaphyllum
(Thunb) Makino) in vitro ¢6 ngudn gbc tir cdy tu nhién tai xa Tra Linh, thanh phd
Pa Ning, duoc dinh danh hinh thai va cung cap boi Trung tim Ung dung va
Thong tin Khoa hoc cong nghé Quang Nam (cii), nay 1a Trung tim Ung dung va
Thong tin Khoa hoc cong nghé Pa Ning, dong thoi da tién hanh dinh danh phan
ti & Phong thi nghiém Cong nghé Gen, Vién Cong nghé sinh hoc, Pai hoc Hué.
Trong toan bo luén an, tén goi "Gido ¢6 lam" dugc st dung théng nhat dé chi loai
Gynostemma pentaphyllum (Thunb.) Makino 12 d6i twong nghién ctru, nham tranh
nham 14n vdi cac loai khac thudc chi Gynostemma.

Pham vi nghién ctru

- Pham vi thoi gian: tir thang 3/2021 dén thang 9/2025.

- Pham vi d6i tuong: t& bao huyén phu cdy Gido cd lam, cac dong té bao

ung thu gan, ung thu phéi, ung thu bach cau, tinh hoan chuot.

- Pham vi khong gian:

Phong thi nghiém Cong ngh¢ Gen, Vién Cong ngh¢ sinh hoc, Pai hoc Hué:
tién hanh cac thi nghiém vé nudi céy, phan tich hoa sinh, mot sb thi nghi¢m vé
sinh hoc phan tir.

Khoa Thuy san, Truong Pai hoc Nong Lam, Pai hoc Hué: tién hanh mot
s6 thi nghiém vé sinh hoc phan tu.

Khoa Co ban va B mon M6 phoi, Giai phau bénh va Phap Y, Truong Dai
hoc Y Dugc, Pai hoc Hué: Céc thu nghiém kha nang bao v¢ tinh hoan chudt.

Phong Thir nghiém sinh hoc, Vién Cong nghé sinh hoc, Vién Han Lam

khoa hoc Viét Nam: Cac thi nghiém vé kha ning trc ché té bao ung thu.
4. NOI DUNG NGHIEN CUU

Noi dung 1: Nghién ctu anh huong cua di€u kién nuoi cay 1én qua trinh

tich lity gypenoside trong té bao huyén phu.



Noi dung 2: Nghién ctru anh hudng cuia céc elicitor trong vi¢c tdng cudng

kha ning san xuit gypenoside tir nudi cdy huyén phu.

Noi dung 3: Nghién ctru qué trinh thu nhan va thtr nghi€ém hoat tinh cua

gypenoside tir té bao huyén phu.
5. Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI
Y nghia khoa hoc

- K&t qua nghién ctru cua dé tai s¢ cung cap dan li€u khoa hoc mdéi vé kha
nang san xuat gypenoside thong qua nudi cay huyén phu cdy Gido c6 lam co xt

1y elicitor.

- Cung cap dit liéu vé mirc @6 phién ma cta cic gene tham gia vao chu trinh
sinh t6ng hop gypenoside trong té bao huyén phu, kha ning khang té bao ung thu
va bao vé té bao tinh hoan chudt cia cao chiét tong s va ché pham chira
gypenoside.

Y nghia thye tién

Két qua ciia luan an gép phan hoan thién quy trinh nuéi cdy huyén phu té
bao Giao co lam, tao co so cho viéc san xuat ngudn nguyén liéu gidu gypenoside
phuc vu linh vuc dugc phﬁm. Déng thoi, hoat tinh sinh hoc cta cao chiét cho théy
tiém ning (mg dung trong nghién ctru va phat trién cac ché pham c6 ngudn goc tu
nhién.

6. NHUNG PONG GOP MOI CUA LUAN AN

Tir cac két qua nghién ctru thu duoc, luan an c6 mot sé dong gop mai nhur
sau:

1. Xay dyng quy trinh nudi cdy té bao huyén phu cdy Gido c6 lam trong
binh tam gidc trén moi truong MS 16ng chira 2,0 mg/L KIN va 0,5 mg/L IBA, voi
ty 16 mau 3 g/50 mL va toc d6 lac 120 vong/phut.

2. Nang cao kha nang tich lily gypenoside trong nudi cay té bao huyén phu



bang elicitor. Pdi voi xtr 1y don 1¢, SA ¢ ndng d6 100 pM sau 6 ngady nudi cay
cho ham lugng gypenoside cao nhit dat 79,721 mg/g chat kho, xap xi gp 2 lan
mau ty nhién. Khi phdi hop elicitor, t6 hop MeJA (50 uM), SA (100 uM) va YE
(3 g/L) cho hiéu qua t6i wu, voi ham luong gypenoside dat 103,810 mg/g chat kho
va ginsenoside Rb1 dat 0,127 mg/g chat kho.

3. Pi xé4c dinh dugc murc do biéu hién cua 12 gene lién quan dén sinh téng
hop gypenoside trong té bao huyén phi cy Gido ¢b lam dudi tac dong cua elicitor.
Xt Iy MeJA 1am tang biéu hién cua cac gene CYP86AS, CYP94A1 va CYPS9A2
1an luot 8,25; 10,01 va 11,14 1an so voi d6i chirng, trong khi gene UGT73B4 biéu
hién manh nhat khi xur 1y SYM véi muc tang 15,35 lan.

4. X4c dinh dugce hoat tinh sinh hoc cua cao chiét té bao Gido cd lam, thé
hién kha niang wrc ché mot s6 dong té bao ung thu gan, phoi va bach cau, dong thoi

tang kha ning sinh tinh va nong do testosterone trong mé hinh chudt xir 1y nhiét.



CHUONG I. TONG QUAN VE VAN DE NGHIEN CUU

1.1. CAY GIAO CO LAM
1.1.1. Nguon gbc va phan bod

Giao cb lam (Gynostemma pentaphyllum) c6 ngudn goc tir cac vung ndi
cia mién nam Trung Quédc, Nhat Ban va Pong Nam A. Ciy phat trién ty nhién
trong rung, trong cac thung liing, moc leo trén cac cdy gb hay cac bui tai cac noi
am udt & d6 cao tir 300-3.200 m [1]. Trén thé gidi, Giao c6 lam phan bd & An
Do, Srilanca, Myanma, Trung Qubc, Triéu Tién, Nhat Ban, Thai Lan, Lao va ban
dao Malaysia [37]. Tai Viét Nam Gido c6 lam phan bd khip cac ving ndi thude
mién bac va mién trung, chu yéu & cac viing c6 nai da voi. Cay moc nhiéu trong
rimg, ring thwa, lim bui tr ving déng bang dén do cao 2000 m nhu Lao Cai,
Lang Son, Cao Bﬁng, Hoa Binh.
1.1.2. Phén loai va diic diém thue vat hoc

Giao ¢6 lam con c6 tén goi khéc 13: co than ki, cay bo dang, cay dén toong
hodc sdm phuong nam. Giao c6 lam 1a mét loai cay leo song nhiéu ndm thudc chi
Gynostemma, ho Cucurbitaceae [37], [1]. Do bi khai thac qua mirc dé 1y nguyén
liéu 1am thudc nén Giao cd lam da dugc xép trong thang bac phan hang IUCN
1994 sach do VN: EN Ala,c trong sach d6 Viét Nam [14], [6].

Hinh 1.1 14 cay Gido ¢6 lam 5 14 duoc tré)ng ¢ Vién Cong nghé sinh hoc,

DPai hoc Hué.



Hinh 1.1. Cay Gido ¢ lam 5 14

1.1.3. Piéu kién sinh thai

Gio c6 lam 12 loai thuc vt wa 4m va thich hop véi diéu kién anh sang tan
xa, sinh truong t6t trong moi trudng c6 dd Am cao trén nhiéu loai dat giau dinh
dudng va thoat nudc tbt. Cay c6 kha ndng thich nghi vi diéu kién nhiét d6 tuong
d6i rong, chiu lanh kha va duy tri sinh truéng 6n dinh & cac ving khi hau am [11].
1.1.4. Thanh phén ho4 hoc ciia ciy Gido ¢ lam

Trong thanh phan ctia Giao ¢ lam chira hon 180 saponin ciu tric triterpen
kiéu dammaran con duogc goi 1a gypenoside, trong d6 c6 nhiéu loai gidng véi nhan
sim va tam that. Dammarane triterpenoids dugc dic trung béi khung tetracyclic
Cs0 dang dammarane, mang cac nhoém hydroxyl chu yéu tai C - 3, C - 6 va C - 20,
cung voi chudi dudng glycoside gan tai C - 3 hodc C - 20. Nhimng bién d6i hau
hydroxyl hoa va mé hinh glycosyl hoa tao ra hang traim dan xuat khac nhau, quyét
dinh phé tinh sinh hoc dac trung cua nhom saponin dammarane. Hinh 1.2 da thé
hién céu trac dién hinh cia gypenoside bao gdm ca phan sapogenin ky nudc va
phan duong wa nudc trong phan tir (trong d6 R1 va R2 = glucose, rhamnose; R3

= glucose, xylose) [159], [168].

Dammarane triterpenoids dugc chia thanh ba nhém chinh gom



protopanaxadiol (PPD), protopanaxatriol (PPT) va ocotillol - type dua trén kiéu
hydroxyl hoa ¢ khung dammarane va muic d6 bién d6i & vi tri C - 20. Hai nhom
PPD va PPT chiém wu thé trong ho Araliaceae va ho Cucurbitaceae, trong khi
nhom ocotillol-type xuét hién han ché hon. Céc bién thé nhu acetyl hoa, malonyl
hoa va epoxy hoa tao ra cac dang dan xuat thir cip dic biét, gop phan lam phong
pht phd hoat tinh sinh hoc ctia nhém saponin dammarane [96], [107], [89]. Cac
nghién ctru di cong bd déu cho thay thanh phan chinh ctia Gido ¢6 lam 1a cac
dammarane-type triterpene saponin va dugc dit tén 1a gypenoside, cau trac kha
gidng véi ginsenoside, duoc xem 1a thanh phan c6 hoat tinh sinh hoc chinh cua

Gido co lam [143].

Gypenoside 1a nhom saponin triterpenoid dic trung caa Giao cb lam, c6 vai
trd quan trong trong co ché phong vé ty nhién cta thuc vat. Cac hop chét nay gitp
tang kha nang chéng chiu trudc sy tin cong cia vi sinh vat gdy bénh, con tring
va cac diéu kién bat 1oi cia moi trudng thong qua hoat tinh chdng oxy hoa va bao
vé té bao. Su tich lily gypenoside thudng tang 18n khi cdy chiu cac tac nhan stress
sinh hoc hodc phi sinh hoc, gop phan nang cao kha nang thich nghi va duy tri sinh
trudng cua thuc vat.

C6 chira nhiéu flavonoid, chit c6 tac dung sinh hoc cao va chéng lao hoa
manh. Flavonoids 1a mot nhom polyphenol phd bién bac nhét trong thyc vét bac
cao, dugc hinh thanh tir con duong shikimate va acetate—malonate, véi by khung
C6 — C3 — C6 dic trung. Tinh da dang cua flavonoids xuét phat tir sy bién d6i &
muc do hydroxyl hoa, methyl hoa, glycosyl hoa, acyl hoa va dimer hoa. Trong
linh vuc dugc 1y, flavonoids 1a nhém hoat chit duoc quan tam dac bi¢t nho phé)
tac dung sinh hoc rong, gom chong oxy héa manh, chéng viém, bao vé tim mach,
chdng ung thu, diéu hoa mién dich, chdng virus va hd tro kiém soat dudng huyét
[175], [73], [176].

Chtra nhiéu amino acid tan trong nuéc, nhiéu vitamin va cic nguyén té vi

lugng nhu Zn, Fe, Se. S6 saponin cia Gido c¢6 lam nhiéu gap 3 - 4 1an so vo1 nhan



sam. Trong do, mot so c6 cau truc hoa hoc giong nhu cau truc cé trong Nhan sam
(ginsenoside). Ngoai ra Gido c¢6 lam con chira cac vitamin va cac chat khoang nhu

selen, k&m, sat, mangan,...[13], [95], [166].

R3\O
OH

R1..
R2—0

Hinh 1.2. Cu triic chung ciia gypenoside kiéu dammarane [92].
(R1 va R2 = glucose, rhamnose; R3 = glucose, xylose))
1.1.5. Tac dung dwoc Iy ciia ciy Gido co lam

Giao ¢ lam c6 vi déng, tinh 6n trung, b6 Am va trg duong, 1a thube dung
tang stc dé khang véi vi khuan ciing nhu cac tac nhan gy viém khac. Giao co
lam duoc dung trong cac bénh tang lipid mau, danh tréng nguc, ching chong mat,
dau dau, U tai va chimg tu ra mo hoi, co thé suy nhugce, cac chimg bénh tam ty khi
kém, dam huyét r tré. Do d6, Gido c6 lam di dugc dua vao hau hét cac tir dién
thao dugc Trung Quéc dung dé giai doc, lam thudc ho, diéu tri triéu chirng danh
tréng nguc, cac triéu ching mét moi, viém phé quan cép va man tinh [14], [18],
[44].

Nghién ctru tac dung ha cholesterol mau cho thay dich chiét nudc (ty 18 1:1)
ctia cay Giao cb lam c6 tac dung giam 71% luong cholesterol trong mau chudt thi
nghiém & lidu st dung 10 g/kg [1]. Gido cb lam c6 tac dung ting dap (mg mién
dich trén chudt & ca hai m6 hinh gy @c ché mién dich bang cyclophosphamid va
tia xa voi lidu thi nghiém 3,4 mg cao dic/20 g chudt/ngay. M6 hinh giy e ché
mién dich bang Cyclophosphamid cho thay thudc Gido c6 lam cé tac dung ting

dap tmg mién dich té bao [2].



Bang ching vé saponin Giao c6 lam c6 tic dung nhu mot chat chéng ung
thu hi¢u qua dé diéu tri trén mé hinh chuot bi ung thu dai truc trang ApcMin / +
da dugc cong bd boi Tai va cong sur (2016). Két qua cho thay diéu tri bang saponin
Giao cb lam c6 thé trc ché dang ké sy hinh thanh polyp & chudt bi ung thu dai truc
trang. Tac dung chéng ung thu cia saponin dugc thé hién qua trung gian diéu bién
tin hiéu INK/p38 MAPK, diéu chinh Prdx1 va Prdx2, va uc ché tin hiéu Ras,
RAF/MEK/ERK/STAT, PI3K/AKT/mTOR. Hon nira, saponin Gido ¢ lam c6 thé
tang cuong hiéu qua chdng ung thu ctia 5-FU nhu mot chit b tro trong diéu tri
ung thu dai truc trang [148]. Mac du c6 nhiéu bao cdo cho théy tac dung chéng
ung thu cta chiét xuat Giao co lam tu nhién trén ca in vitro va in vivo, nhung
khong c6 bang chimg nao giai thich liéu huyén phu té bao Giao cb lam c6 thé i
ché ung thu hay khong. Do d6, chung t6i da chon mot s6 dong té bao da duoc
cong bd dé thir nghiém kha ning gay doc cua cao chiét gdm dong té bao ung thu

phoi A549, ung thu gan HepG2, ung thu gan Huh7 vé ung thu bach cau HL — 60.

Li va cong sy (2016) da phan 1ap mot chiét xuat khong phan cuc EA1.3A
tir Giao ¢ lam (bao gdm céc alkaloid, ester hitu co, terpene va catechol) cho thay
kha ning trc ché ung thu manh chdng lai bén dong té bao ung thu (Dong té bao
ung thu biéu mé vi & ngudi MDA-MB-453 va MCF7, ung thu biéu mé tuyén tién
liét & ngudi LNCaP va dong té bao ung thu biéu mé truc trang ¢ ngudi HCT116).
Chiét xuat khong phan cuc EA1.3A tir Giao ¢6 lam ngan chin su ting sinh cia té
bao ung thu thong qua cac con duong tin hiéu lam trung gian cho qua trinh

apoptosis va ngimg chu ky té bao [97].

Ttr thanh phéan saponin tong sé cta Gido ¢6 lam, Shi va cong su (2018) da
tién hanh phan tich thanh phan hoa hoc va xéac dinh dugc 27 hop chét triterpenes
loai dammarane trong d6 c¢6 3 hop chiat méi 1a Gypenoside C, Gypenoside D,
Gypenoside E va 24 hop chat da biét. Tt ca cac hop chét phan 1ap duoc danh gia
vé hoat dong trc ché sy phat trién cua Té bao hinh sao ¢ gan ngudi (t - HSC/Cl-

6). Két qua nghién ctru cho thay, cac hop chat 2, 9, 10, 17, 24, 25, 26, 27 ¢6 tac
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dong gay doc té bao dang ké. Trong s6 d6, hop chat 27 thé hién cac hoat dong tc
ché cao v6i gia tri ICso (24,4 pM) thap hon 10 1an so véi silymarin dugc st dung
lam ddi ching dwong. Viéc phat hién ra chat trc ché t - HSC/CI-6 mai tir Giao ¢
lam cho thay né c6 tiém nang str dung dé lam thuc pham chirc nang giup bao vé

suc khoé con nguoi [143].

Wang va cong su (2018) da tim thay bén hop chat (bao gom 3.4 - dihydroxy
phenyl-O-B-D-glucoside, gypenoside XLVI, gypenoside L va ginsenoside Rd)
trong dich chiét Giao c6 lam v&i dung mdi ethyl acetate va n-butanol. Gypenoside
L va ginsenoside Rd cho thdy tac dong can thiép dén su gia ting ctia dong té bao
ung thu vt (MCF-7) va ung thu phdi (A549) [158]. Cheng va cong sy (2011) khi
thir nghiém dich chiét flavonoid va saponin tir Gido c¢6 lam cho thay ca hai phan
déu gy ra qua trinh chét theo chu ki cua té bao ung thu tuyén tién liét PC - 3 ¢ ca
hai pha S va G2/M. Dich chiét Giao c6 lam gay ra sy gia tang ca quan thé té bao
apoptosis sém va mudn khi phu thudc vao liéu luong [41]. Xing va cong su (2019)
cho réng Damulin B, mot saponin loai dammarane dugc phan lap tir Gido 6 lam,
c6 tac dung trc ché ting trudng cac té bao ung thu biéu mé phdi A549 & ngudi.
Damulin B thé hién tac dung chong ung thu bang cach gay ra qua trinh apoptosis,

ngan chin sy di cu va chu ky té bao & giai doan dau GO/G1 [162].

Co ché tac dong cua gypenoside tir Gido cb lam d6i v6i té bao SW - 480
ung thu dai truc trang & ngudi da dugc nghién ctiru bdi Yan va cong su (2014).
Gypenosides tir Gido ¢6 lam c6 thé 1a 1am ton thuong ty thé, tao ROS va gy ra
qua trinh apoptosis trén cac té bao ung thu dai truc trang ¢ nguoi [165]. Nam 2020,
Hussain va cong su di bao co tiém ning chéng ung thu cua chiét xuat Gido co
lam dbi voi qua trinh bat gitt va cam ung apoptosis cua té bao ung thu gan
(HepG2). Chiét xuat Giao c6 lam {rc ché sy phat trién cta té bao HepG2 bang
cach giy ra chu ky chét t& bao pha GO/G1 thong qua viéc diéu chinh biéu hién
gene. Ngoai ra, chiét xuit Gido cd lam gy ra qua trinh apoptosis cua té bao

HepG2 [68].
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Céc nghién ctru thyc nghiém trén dong vat cho théy viéc su dung cao chiét
Gido ¢6 lam c6 thé cai thién ciu triic 6ng sinh tinh, ting s6 luong va kha ning di
dong cua tinh trung, dong thdi gop phan duy tri ndng do testosterone huyét thanh
thong qua bao vé chirc ning cia té bao Leydig. Ngoai ra, Giao ¢6 lam con dugc
ghi nhan c6 kha ning diéu hoa qua trinh chét theo chwong trinh cua té bao, giam
phan mg viém va duy tri can bang oxy hoa khir trong mé tinh hoan. Nhiing dic
tinh duoc 1y nay la co s& khoa hoc quan trong cho viéc nghién ctru tdc dung bao
vé tinh hoan cua cao chiét té bao huyén phu Giao cd lam trong diéu kién stress
nhiét cua luan an.

1.2. SAN XUAT HQP CHAT THU CAP TU NUOI CAY TE BAO
1.2.1. Nudi cay huyén phu té bao thure vat

Nudi cay huyén phu 1a phuwong phap nudi cdy trong dé cac té bao don 1é
hodc cac tap hop té bao nho duoc nhan 1én ¢ trang thai lo ling trong méi trudng
16ng duoc khudy tron. Nudi cay huyén phu té bao thuc vat thuong dugc tng dung
dé san xuat chat chuyén hoa thtr cap; nghién ctru cac yéu to anh hudng dén sy
tang trudng va biét hoa ciing nhu vai tro ctia cac hop chit va chat chuyén hoa;
phat trién phoi soma [45].

Nghién ctru cia Liu va cong su (2022) vé hé théng nudi cay huyén phu té
bao d6i v6i loai La han qua da duogc thiét ké dé ting cuong kha nang sinh tong
hop polyphenol. Tdi uu héa to hop chat diéu hoa sinh truéng gitp ting sinh khoi
va ham luong polyphenol 1an luot xap xi 32,18% va 13,86% so voi diéu kién ban
dau. He huyén phu thu duoc c6 tinh déng nhét cao, toc do tang truéng nhanh, dat
t6i da khoang 25,5 g/L sinh khéi kho va khoang 30,75 mg/g polyphenol. Cac phan
tich cho thay 15 polyphenol duoc sinh tong hop trong qué trinh nudi cdy huyén
pht déu dong gop tich cuc vao hoat tinh chéng oxy hoa cua dich chiét té bao,
khang dinh tiém ning cta hé théng nudi ciy huyén phil nhu mot nén tang san xuét

hop chét sinh hoc trong ho Cucurbitaceae [101].
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Céc nghién ctru trong va ngoai nudc vé nudi cay té bao huyén phu thuc vat
d3 ching minh day 1a mot phuong phap tiém ning dé san xuat cac hop chit thu
cép, dac biét ¢ nhitng loai c6 gia tri dugc licu. Nhiéu cong trinh quéc té trén céc
loai thudc ho Cucurbitaceae cho thiy té bao huyén phu c6 thé tich lily cac nhém
triterpen, phenolic hodc cucurbitacin khi dugc ti wu hoa moi trudng va xu 1y
elicitor [83], [125], [22].

Nuoi céy huyén phu té bao thuc vat van tdn tai nhiéu han ché mang tinh h¢
théng, anh huong dén kha ning Gng dung trong san xuit quy mé 1on. Viéc méat
ciu tric mo lam thay d6i co ché diéu hoa sinh 1y tu nhién cta té bao, tir d6 thuong
lam giam hiéu qua sinh téng hop cac hop chét tht cap. Trong qué trinh nudi cdy,
té bao ¢ xu hudng két ty thanh cum, tao nén cac vi moi trudng khong dong nhat
trong cung mot hé thong. Khi mé rong quy md, té bao dé chiu tac dong ciia stress
co hoc, dan dén suy giam kha ning sinh truong va tich Iily sinh khdi trong
bioreactor. Bén canh d6, nudi cdy huyén phu phy thudc chat ché vao thé tich lam
viéc va mat do té bao tdi wu; néu thiét ké bioreactor va cac thong sb6 van hanh
khong duoc kiém soat phu hop, hiéu suat nudi cdy va chat luong san pham c6 thé
bi suy giam. Ngoai ra, tinh khong 6n dinh di truyén ctia dong té bao cing vai hiéu
qua kinh té con han ché ciing 1a nhitng yéu t6 can tro viéc tmg dung 1au dai & quy
mo cong nghiép [27].

Bén canh d6, nang suat san pham thuong khong ty 1¢ thuan vai sinh khoi té
bao, giy kho khan cho viéc tdi wu hoa quy trinh. Hoat tinh sinh tong hop ¢ xu
hudng suy giam theo sd 1an cay chuyén do 4p luc chon loc trong diéu kién nhan
tao. Viéc kiém soat chinh xac trang thai sinh 1y t& bao trong huyén phu van con
nhiéu thach thirc vé mit k§y thuat.

S6 lugng nghién ciru chuyén sau trén Gio ¢6 lam con han ché, chu yéu
dimg ¢ mirc tao callus hodc khao sat so b sinh trudng té bao, trong khi cac yéu
t6 quyét dinh nhu thoi diém xir 1y elicitor, co ché diéu hoa gene CYP, UGT va

moi lién hé gitra phién ma va tich lily gypenoside chua dugc lam rd.
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1.2.2. San xuit hop chit thir cip bang nudi cy té bao

MGi té bao thuc vat trong nudi ciy in vitro chita dung céc thong tin di truyén
hoan chinh va vi thé n6 c6 kha nang san xuat cac hop chat hoa hoc gibng nhu cay
géc [132]. Nhiing thanh tyu dat duoc trong linh vuc cong nghé sinh hoc, dac biét
1a phuong phap nudi cay té bao thuc vat, da cung cap mot phuong thirc méi cho
qua trinh thuong mai hoa cac chit héa hoc c6 ngudn gbe tir thuc vat [114]. Phuong
phap nay s& mé rong va ting kha ning thu hoi cac hoa chit co gia tri, mot sy thay
thé tir quy mo néng nghiép truyén thdng 1én quy mo céng nghiép trong san xuét
cac hop chét thu cap.

Nuoi céy té bao thuc vat dugc phat trién nham nang cao hi¢u Suét san xuét
cac hop chét c6 hoat tinh sinh hoc. K thuat nay cho phép tong hop hop chat thir
cép trong diéu kién kiém soat, doc 1ap v61 khi hau va canh tac, han ché anh huong
ctia sinh vat gdy hai, dong thoi c6 kha ning ty dong hoa qua trinh sinh trudng va
chuyén hoa, gop phan giam chi phi va ting ning suat san pham [5], [108], [17],
[126].

Nhiéu nghién ctru cho théy, mot sb hop chét thir cép & té bao thuc vat nubi
cdy duoc tich liiy cao hon so voi cdy b me, chang han nhu su tich lity anthocyanin
trong nudi cdy té bao cay Nho, Xuong rin va Tia to lan luot cao gap 1,6; 13,3 va
16 1an; anthraquinone trong té bao nudi cdy cdy Nhau cao gip 8 lan; berberin
trong té bao nudi cdy cdy Hoang lién va Phan huong lan luot cao gap 3,3 va 1000
lan; rosmarinic acid trong té bao nudi cay cay La gdm cao gap 9,3 lan; shikonin
trong té bao nudi cdy cdy Co ngoc cao gip 9,3 1an so véi cac cdy ngoai tu nhién.
Piéu nay cho thiy uu diém cia viéc san xuat cac hop chat trao doi thir cap dic
trung ctia thuc vét thong qua phuong thirc nudi cy té bao [142].

Trong thoi gian qua, di ¢ nhiéu nghién ctru thanh cong vé san xuat cac hop
chat duoc liéu tir nudi ciy té bao. Nguyén Hoang Loc va cong su (2010) di nghién
clru san xuat solasodine tir callus cdy Ca gai leo in vitro va két qua thu dugc cho

thay, ham luong solasodine tich lily trong callus cao hon khoang 8.5 1an so véi
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tach chiét tir ré cay tu nhién 1 nam tudi [102]. Nhom tac gia tiép tuc nghién ctru
nudi ciy té bao Ca gai leo trong chai tam giac dé thu solasodine va nhan théy,
solasodine tich lily trong té bao cao hon trong callus [106]. Quach Ngb Diém
Phuong va cong sy (2010) d3 tién hanh nudi cdy mé seo va dich huyén phu té bao
cdy Bét rudi cho muc tiéu thu nhan quinone. Két qua ghi nhan ham luong
plumbagin trong sinh khéi té bao 1a 0,02% [9]. Vincristine va vinblastine duoc
san xudt bang nudi ciy té bao & cdy Dira can 1a cac indole alkaloid da trd thanh
thudc c6 gia tri trong hoa trj liéu ung thu [155].

1.2.3. Chién lrge trong san xuit cic san pham thi cAp bang nudi ciy té bao

Trong nudi ciy té bao, la chon can than cac té bao co kha ning ting truong
va diéu kién nudi cay t6i uu sé& giup gia ting kha ning tich lily hoat chat thir cap
& murc cao hon. Pé thu duge hiéu suit cao cho khai thac thuong mai, nguoi ta
da stir dung nhiéu phuong phap nham kich thich hoat dong sinh tong hop hoat
chat ther cdp cua cac t& bao nudi ciy. Té bao nudi ciy tich liy mot luong 16n
hop chat thir cap ¢ didu kién t6i wu: chon lya thanh phan méi trudng va diéu
kién nudi cay thich hop, chon lya cac dong té bao niang suat cao, bo sung tién chat
nudi cay va cac chat kich khang bao vé thyc vt (elicitor) [114].

Toi wu héa diéu kign nudi cdy: Cac nhan t6 hoa hoc va vat Iy nhu thanh
phén moi truong, chét kich thich sinh trudng, pH, nhiét d§ nuoi céy, su thong khi,
su lac hodc khudy va anh sang anh huéng dén ham lugng cac hop chat thi cap da
duogc nghién ciru nhiéu. Mot vai san pham tich liy trong té bao ¢ murc cao hon so
v6i ¢ trong cdy trong tu nhién khi duoc nudi cdy ¢ diéu kién tbi wu [4], [33].

Chon loc cdc dong té bao cho nding sudt cao:

Viéc nang cao tich liiy hop chat thir cap thudng bat dau tir lya chon vat liéu
ban dau c¢6 ham luong hoat chit cao dé cam ung tao callus va thiét lap cac dong
té bao. Bén canh do, cac phuong phép gay dot bién va tao stress c6 kiém soat duoc
ap dung nham tao bién di di truyén va sinh Iy trong quan thé té bao. Sau xur 1y, chi

nhimg dong té bao c6 kha nang sinh truéng 6n dinh va tich lily san phdm & mirc
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cao duoc tuyén chon va duy tri, tir d6 thu nhan cac dong té bao c6 ning suat vuot
troi [132].

Cung cdp tién chit: B sung cac tién chét cta qua trinh sinh tong hop noi
bao vao méi trudng nudi cdy ciing cé thé ting sinh khdi, do mot sé hop chat trung
gian nhanh chong bat dau sinh tong hop cac hop chét thit cap vi thé lam ting luong
san pham cudi cung. Phuong phap nay hitu ich khi dung cac tién chit c6 gia thanh
ré [112].

Sw kich khang bdo vé thuce vat: Elicitor bao hi¢u vi¢c hinh thanh cac hop
chat thir cip. Sir dung céc elicitor don 18 hodc két hop cung véi loai bo cac san
pham cudi va su tich liy trong pha tach chiét da dugc ching minh 1a mét hudng
thich hop dé gia tang hiéu suat chuyén hoa [142].

Sdn xudt cdc hop chit thir cdp 6 té bao thwe vit: Ung dung cong nghé
chuyén hoa & té bao thuong 1a két qua cta ky thuat DNA téi t6 hop. Ngoai ra, con
c6 thé thiét ké hé théng cac phan Gng héa sinh dé dat duoc mot muc tiéu nao do.
Vi dy, ting toc d6 san xuat cac san pham mong mudn, giam cac san pham khong
mong mudn, hoic phan hiy cac chat doc [142].

1.3. ELICITOR
1.3.1. Khai niém

Elicitor (chat kich khang) c6 thé duoc dinh nghia nhu 1a mét chét co ban khi
dua véi cac néng do nho vao hé théng té bao séng thi khéi dong hodc cai thién su
sinh tong hop cac hop chat thir cap [118]. Su kich khang thuc vat 1 qué trinh cam
g ting cuong sinh tong hop cac chat chuyén hoa thir cap do sy bod sung theo
ham lugng cua elicitor. Ngoai ra, elicitor 1a cac phan tir ma kich thich cac dap ung
phong vé hodc cam tng chdng chiu trong thuc vat [141].

1.3.2. Phan loai

Elicitor dugc phan loai hoac dua trén ban chét ty nhién cua chang 1a elicitor
phi sinh hoc va elicitor sinh hoc, hodc dua trén ngudn gbc cia ching 14 elicitor

ngoai sinh va elicitor ndi sinh (Bang 1.1). Elicitor sinh hoc 14 cac chit c6 ngudn
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gbc sinh vat, bao gdm cac polysaccharide c6 ngudn gdc tir thanh té bao thuc vat
(pectin hodc cellulose), cac vi sinh vat (chitin hodc glucan) va cac glycoprotein,
G-protein hay céc protein ndi bao cé chirc ning gin vdi cac receptor va tac dong
bﬁng cach hoat hoa hodc bat hoat mét sd cac enzyme hodc cac kénh ion. Elicitor
phi sinh hoc 14 cac chat khong c6 ngudn gdc tir sinh vat, chu yéu 1a cac mudi vo
0O va céc tac nhan vat Iy nhu ion Cu?* va Cd**, Ca®* va pH cao. Elicitor ngoai sinh
1a cac chit c6 ngudn gbe bén ngoai té bao nhu cac polysaccharide, polyamine va
cac acid béo. Nguoc lai, elicitor ndi sinh 1a cac chat co ngudn gdc bén trong té
bao nhu 1a galacturonide hoac hepta-p-glucoside,... [118].

Bang 1.1. Phan loai elicitor trong san xuat cic hop chat thir cap [59]

Phin loai dua tinh chat ty nhién caa elicitor
La dang chiét xuét tho hodc tinh sach c6 nguén géc tir mam bénh
(ném, vi khuan, nAm men) hodc cua chinh thuc vat, ¢6 2 loai:
Loai Thanh phan
Elicitor
- Polysaccharide, glycoprotein, glucan, chitin,
sin
h Xac dinh chitosan, pectin, alginate, xanthan, elicitin, enzyme
oc .
bat hoat, ...
Dich chiét thd nam men, dich chiét vi khuan, dich
Chwa xac dinh |
nam,...
Loai Thanh phan
Muoi  va
, ) Ag28203, AgNO3, CdClz, CuClz,
Elicitor cac kim ) .
CuSQOy4, VOSOy4, N1SOy, selenium, ...
phi loai nang
sinh Hoa hoc .| Mannitol, sorbitol, sodium chloride,
Stress tham . . .
hoc , potassium chloride, cadmium
thau . ' _
chloride, polyvinyl pyrrolidone, ...
Co  chdt | NO, ethylene, ...
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dang khi

Tia UV, thay ddi trang thai nhiét do, mudi, han
Vat ly "y
an,...

Cac phan tw o _ o
Jasmonic acid, methyl jasmonate (MeJA), salicylic
tinh hiéu noi | S .
Iy acid (SA), acetyl salicylic acid, systemin, ...

ao

Phan loai dua vao nguon goc cua elicitor

Elicitor | Glucomannose, glucan, chitosan, monilicolin, polyamine,

ngoai | glycoprotein, polygalacturonase, endopolygalacturonic, acid lyase,

sinh cellulose, arachidonic acid, eicosapentanoic acid, ...
EliCitor . . . . . . . . .
N Jasmonic acid, methyl jasmonate, salicylic acid, acetyl salicylic acid,
noi
) systemin, ....
sinh

1.3.3. Co ché tic dung cia elicitor

Elicitor 1a céc tin hi€u sinh hoc hodc phi sinh hoc c6 kha nang kich hoat h¢
théng phong vé€ cua thuc vat. Sau khi dugc té bao nhan biét, elicitor s& hoat hoa
cac con dudng truyén tin hiéu noi bao, thiic day biéu hién cac gene lién quan dén
sinh tong hop hop chat thir cip va lam ting hoat tinh cta cic enzyme tham gia
con dudng chuyén hoa. Nho dé, qua trinh tich lily cac hop chat co hoat tinh sinh
hoc, trong d6 c6 gypenoside, duoc ting cuong dang ké. Co nhiéu gia thuyét khac
nhau vé co ché tac dung cua elicitor 1én thuc vat nhu:

Gia thuyét cho rang Ca?* gan vao mang nguyén sinh chét tir moi truong bén
ngoai t& bao va ngudn Ca>* bén trong té bao kich hoat qua trinh kich khang [144].
Mot s6 tac gia nhan manh dén sy thay d6i nhanh qua trinh phosphoryl héa protein
va kich hoat protein kinase chinh 1a co ché ctia qua trinh kich khang [80]. Trong
khi d6, nhiéu tac gia khac nhan thiy su tich liiy mitogen-activated protein kinase

(MAPK) va kich hoat G-protein trong qua trinh kich khang [172]. San xuat cac
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ROS (reactive oxygen species) nhu anion superoxide va H,O; tao ra hi€u ung
khang khuén tryc tiép ciing nhu gop phan tao ra cac dan xudt cua acid béo c¢6 hoat
tinh sinh hoc. Tuong tu, ROS tham gia vao qué trinh lién két véi protein giau
proline gén trén thanh té bao sau d6 hoat dong nhu 1a tin hi¢u thi cép va kich hoat
dich ma céac gene bao vé [121]. Kich hoat su phién ma cia cac gene bao vé trong
qua trinh kich khang ciing da dugc cong bd [127], [86], [31].

1.3.4. Cac yéu t6 anh hwéng dén qua trinh kich khang

Do tudi nudi cdy, dong té bao, chat diéu hoa sinh trudng, thanh phan dinh
dudng va chit lugng cta thanh té bao 13 nhitng yéu t6 quan trong anh hudng dén
qua trinh san xudt cac hop chat chuyén hoa thir cdp. Mot sé thong sd nhu loai,
nong do va thoi gian tiép xuc véi elicitor cling anh huéng quyét dinh dén qua trinh
kich khang [116].

Noéng d elicitor: Nong d6 elicitor thich hop dong mot vai tro rat quan trong
trong qua trinh kich khang. Nghién ctru cua tac gia Benavides va cong sy (2023)
cho thay nong d6 toi wu cia MeJA va SA nam trong khoang tir 50 uM dén 200
UM [25]. Cong bd cua Naik va cong su (2016) cho thay xir 1y elicitor & ndng do
cao di gy ra phan Gmg qua min cam dan dén chét té bao, chi khi nong d6 ¢ mirc
t6i uu mai gy ra cam ng can thiét cho qua trinh kich khang [116].

Thoi gian tiép xiic vdi elicitor: Nudi ciy té bao huyén phu loai diy thia
canh xtr Iy vdi MeJA sau 72 gid cho két qua ham luong gymnemic acid dat gia tri
cuc dai, tang gap 15,4 1an so voi cac mau doi chung khong xu 1y elicitor. Xir 1y
bang SA sau 48 gio xir Iy tao ra mot lugng 16n gymnemic acid (43,27 mg/g) [116].

D§ tudi nudi cdy: Do tudi nudi ciy dong vai trd quan trong trong san xuat
cac hop chat thir cp c6 hoat tinh sinh hoc dugc xir 1y vai céc elilcitor. Xur 1y véi
MelJA va SA trong nudi cdy té bao 1& to loai Sim An Do sau 40 ngdy cho tich liy
ham luong withanolide A, withanone va withaferin A cao nhat. Nudi cay mo loai
Dira can 20 ngay tudi ¢6 xir Iy cac elicitor khac nhau cho san luong ajmalicine

cao hon so véi ddi chimg khong st dung elicitor. Khi xir Iy bang MeJA & nong
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d6 10 uM va 100 uM vao ngay thit 6 cta sy sinh truong té bao, ham luong
ajmalicine va serpentine déu ting [116].

Thanh phin dinh dwéng: Thanh phan ciia moi trudng ciing dong mot vai
trd quan trong trong qua trinh kich khang. Trong nudi cdy callus cay C6 ca, ham
lugng cocaine, cinnamoylcocaine, chlorogenic acid va 4 - coumaroyl quinate bi
anh huong dang ké boi moi trudng nudi cdy. Qua trinh san xuét cocaine ting manh
khi nudi cdy ¢ cac moi trudng Anderson rhododendron, Gamborg B5 va moi
truong Murashige - Tucker. Qua trinh tong hop cinnamoylcocaine ciing chiu anh
huong theo cach tuong tu [116].

Nghién ctru cua tac gia Isah (2019) cho thdy c6 nhiéu chién lugc dé ting
san xuét hop chét thir cap ¢ thuc vat thong qua cac cam tng sinh 1y dugc tao ra
bang cach thay d6i moi trudng nudi cay in vitro, ting hodc giam cac thanh phan
dinh dudng ctia méi trudng so véi muc tdi vu ciing anh hudng dén qua trinh sinh
trudng, phat trién va sinh tong hop hop chat thir cap [71]. Hiéu qué clia qué trinh
kich khang con phu thudc vao tinh dac trung cia cac loai elicitor khac nhau, cac
dong té bao khac nhau hodc céc loai vi sinh vat duoc st dung cung véi sy ¢6 mat
ctia chat diéu hoa sinh truong, thanh phan dinh dudng ciia méi truong va diéu
kién nudi cay [26].

1.3.5. San xuat hop chat thir cAp & thue vt c6 bd sung elicitor

Saponin 1a mdt nhom hop chat thir cap pho bién trong thé gidi thuc vat. Cac
hop chat saponin c6 hoat tinh sinh hoc cao nén rat co gia tri trong linh vuc y dugc.
Hién nay, viéc tach chiét va san xuat cac hop chit saponin bang phuong phap nudi
cdy té bao thuc vat c6 bo sung elicitor da va dang duoc nghién ciru nhiéu nham
t6i da hoa luong saponin. Saponin cta rau méa dugc biét dén véi tén goi 1a
centelloside, c6 hoat tinh sinh hoc giup diéu tri nhiéu chimg bénh khac nhau nhur
da kho, phong va bénh vay nén. Hidalgo va cong su (2017) da xay dung hé thdng
t6i wu cho viéc san xuat centelloside trén co sé sir dung elicitor trong nudi cay té

bao. Két qua cho thay, viéc stir dung coronatine két hgp véi cac resin giau amyrin
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lam tang kha nang san xuat centelloside mot cach manh mé&. Qua trinh nuoi cay
nay co thé dugc mo rong san xuat & quy mo 1én nham gitup tang san lugng sinh

khéi va centelloside [63].

Methyl jasmonate (MeJA) 1a mdt dang chit dan truyén tin hiéu dac hiéu o
thuc vat, dong vai tro quan trong trong kich hoat hang rao dap g véi tac nhan
bén ngoai, trong qua trinh phat trién va tong hop cac hop chat tha cap [74, 160].
Hiéu qua cia MeJA trong qua trinh sinh tong hop triterpene saponin (& Giao co
lam thi goi la gypenoside) da dugc cong bd. Theo Liang va cong su (2019), mot
s6 gene tham gia sinh tong hop gypenoside trong Giao c6 lam nhu including 3-
hydroxy-3-methyl glutaryl coenzyme A reductase, farnesyl pyrophosphate
synthase (FPS), squalene epoxidase (SE), and squalene synthase (SS) dugc cam
g boi MeJA [99]. Guo va cong su (2016) nhan thay squalene epoxidase trong
cdy Gido co lam (GpSET) biéu hién rat manh trong 14 non so vdi 14 truéng thanh
cling nhu trong ré. Két qua nay cho thdy kha ning biéu hién dic hiéu mo cua
GpSE] va nhan dinh rang 14 non cua cdy Gido c6 lam 14 noi dién ra qua trinh sinh
tong hop gypenoside chinh. Xt Iy MeJA ting cudng biéu hién ctia GpSE! trong
14 non cao hon trong 14 trudng thanh, biéu hién cao nhat khi dwgc xu 1y 50 uM

MeJA [55].

Murc 0 phién ma cua cac gene PgSS, PgSE, and PgDS tham gia chinh vao
qua trinh sinh tong hop ginsenoside trong cdy Nhan sam ting 1én trong ré to hay
ré bat dinh sau khi xtr Iy MeJA, din dén lam ting ham luong ginsenoside [74,
156]. Xtr Iy MeJA ting cudng biéu hién cta gene BfSS! trong ré cay Sai hd 13
liém [75]. Tuy nhién trén mot s6 gene, xtr Iy MeJA khong cho su khac biét so v6i
d6i chimg. Kim va cong su (2009) nghién ctru sinh tong hop triterpene trong té
bao 1é to cdy Nhan sim nhén thay khong c6 su khac biét 16n vé murc do biéu hién
ctia ho cytochrome P450 khi xtr Iy MeJA so v6i d6i ching [74].

Alkaloid 1a nhitng hop chét hitu co c6 chua nito, da s ¢6 nhan di vong, ¢

phan Ung kiém, thuong gap ¢ thuc vat va doi khi ca & dong vat, thuong cé duogc
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tinh manh va cho nhiing phan tng ho4 hoc véi mot s6 thude thir goi 1a thudc thir
chung cua alkaloid. Huang va cong su (2021) tién hanh nghién ctru anh huéng
cia elicitor MeJA, SA va giy thuong ton lén qua trinh tong hop
benzophenanthridine alkaloids bao gdm sanguinarine, chelerythrine, protopine va
allocryptopine 1én loai Anh tic hong. Ham lugng cua cac hop chat thi cip nhom
alkaloid ting dang ké sau khi dugc xir Iy boi MeJA so véi cac elicitor khac (P <
0,05) tai thoi diém 120 gid [66]. Magsood va cong su (2017) dd nghién ctru thanh
cong ting san luong vinblastine va vincristine 1én nhiéu 1an bang cach st dung

YE lam elicitor trong qua trinh nudi cay in vitro ciy Dira can [109].

Céc hop chat phenol ty nhién déng mot vai trd quan trong trong viéc phong
va diéu tri ung thu [67]. Dé ting cudng san xuat cac hop chat phenol va flavonoid
tir cdy Cha 1a, Al-Khayri va cong sy (2020) tién hanh nghién ctru xtr 1y elicitor
trong qua trinh nudi cdy té bao cdy Cha 13, két qua thé hién c6 sy ting cuong san
xuat cac hop chét phenol va flavonoid so voi dbi chimg khong st dung elicitor
[19].

Tur cac tai licu da duoc téng hop cho théiy, viéc st dung elicitor nham tdng
cudng sinh tong hop cac hop chat thir cAp thong qua nudi cdy té bao thuc vat 1a
huéng nghién ctru duge quan tim rdng rdi trong khoang hai thap ky gan day. Tuy
nhién, nhiéu loai ciy dugc liéu van chua dugc khao sat day du, do d6 hudng tiép
can nay con nhiéu tiém ning khai thac. Pbi voi cay Giao cd lam, viéc nghién ciru
hé thong nudi cay huyén phu té bao két hop elicitor dé san xuét cac hop chat tht
cap, dic biét 1a gypenoside, co ¥ nghia khoa hoc va thuc tién quan trong, gop phan
mé rong ngudn nguyén liéu chu déng cho khai thac hoat chat.

1.4. CAC NGHIEN CUU THEO HUONG DE TAI
1.4.1. Thu nhin gypenoside tir nudi cay ciy Giso co lam

Céc nghién ctru vé nudi cay té bao cay Giao c6 lam dé thu nhan gypenoside
chua duge thue hién, chi c6 mét sb cong bd lién quan dén nuoi céy callus hay nuéi

cdy 18 to dugc cong bd. Chang va cong sy (2005) di tién hanh nudi ciy ré to Giao
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c6 lam. Thi nghiém da duogc tién hanh bang cach 1y nhiém mé 1a véi ching
Agrobacterium rhizogenes. Sau 49 ngay nudi cay trong moi trudng MS, sinh khéi
ré to kho thu duoc khoang 7,3 g/L véi ham luong gypenoside dat xap xi 38 mg/g
chét kho [35].

Zhonghua va cong sy (1998) dd nghién ctru anh hudng ctia mot sb tac nhan
gay stress 1én sy tich lily gypenoside cua callus cdy Gido c6 lam, tac gia nhan thiy
ham luong gypenoside ting 1én khoang 91% khi nong d6 Mn?* ting 1én 20 lan
trong moi truong, manitol lam ting gypenoside 1én khoang 83% & nong do 680
mM. Ngoai ra, Cu®" khong c¢6 anh hudéng trong khi NaCl lam giam sy tich liy
gypenoside trong té bao callus [21].

Theo Hoang T4n Quang va cong su (2021), callus so cap duoc nudi cdy trén
moi truong MS ¢ bd sung 2,0 mg/L kinetin va 0,5 mg/L indole-3-butyric acid
sinh truong tot nhat; ty 18 tao callus thir cip cao (100%); callus dap Gmg dugc tiéu
chuan dé nuoi cay huyén phu. Ham lugng gypenoside va Rb1 trong callus khoang
36,298 va 0,009 mg/g chat kho; gypenoside thip hon trong 14 (65,58%) va gan
tuong duong véi mau than (92,38%) ciia san pham thu mua tir thi truong [10].

Mac du cac nghién ctru trude day da thuc hién nuoi céy callus hoic ré to
Giao c6 lam va ghi nhan sy bién dong ham luong gypenoside dudi tac dong cua
mot s6 yéu td mdi trudng, cac cong trinh ndy chi dimg lai & mirc mé tach roi va
chua tiép can hé théng nudi cay huyén phu vén 1a nén tang quan trong dé phat
trién quy trinh san xuat & quy mé 16n. Pic biét, chua c6 cong bd nao danh gia
dong hoc sinh trudng, kha ning tich lily gypenoside hay dap tmg ctia té bao huyén
phu ddi véi cac elicitor nhu MeJA, SA hoic YE. Viéc thiéu phan tich sau vé han
ché cua hé thong callus va ré to cho thay khoang tréng dang ké trong linh vrc.

Do d6, ¢ thé nhan dinh rﬁng mic du d3 ton tai mot sd nghién ctru tién dé
vé callus va 1é to, quy trinh nudi cdy huyén phu té bao Gido cd lam c6 bd sung
elicitor van chua dugc trién khai, va day chinh 1a diém méi va dong gop doc dao

cua luan an. Khoang trong khoa hoc nay tao ra co s& 1o rang cho viéc phat trién
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mot quy trinh t6i wu héa nham ning cao sinh tong hop gypenoside 1a muc tiéu

trong tam cua deé tai.

1.4.2. Nghién ctru biéu hién cia gene ma hdéa cac enzyme tham gia vao qua

trinh sinh tong hop gypenoside

1.4.2.1. Céc gene tham gia vao qud trinh sinh tong hop gypenoside

Acetyl-CoA

AACT

Acetoacetyl-
CoA

Sesquiterpenoids |« —===-» Diterpenoids

LUS

B-AS >~ DS . UGT -
g CYP | Gypenoside }—’|7Gypen051de-|
A

[ Cycloartenol ] [ Beta-amyrin

Lanosterol Dammarenediol

Lupeol ]

UGT | Gypenoside } ----- >| Tnterpenmdsl

Hinh 1.3. So' @6 con dwdng sinh tong hop triterpen gypenoside [173]

Hinh 1.3 minh hoa con dudng sinh tong hop triterpen gypenoside & thuc
vat, tir cac tién chat isoprenoid thong qua cic phan tng oxy héa do CYP xuc tac
va glycosyl hoa do UGT xuc tac.

Trong nhitng nim gan day, cac nghién ctru vé cach thirc cac enzyme diéu
hoa gdp phan vao sy da dang khong 16 ctia ciu tric triterpen saponin & cay Giao
cb lam d3 thu hat sy cha ¥ ngay cang ting. Cac ho CYP va UGT la nhimg yéu t6

then chét trong sy da dang ciu triic ctia gypenosid thong qua hai con dudng da
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dugc bao céo [113]. Giai trinh tu két hop cua transcriptome ctia Gido co lam d3
cai thi¢n do chinh xac trong dy doan trinh tu, xac dinh réng GpOSCl1, GpCYP89
va GpUGT35 1a céc ng vién hang dau cho qua trinh sinh téng hop gypenosid
thong qua phan tich cic gene dong biéu hién [99].

Farnesyl pyrophosphate synthase gene (FPS)

Farnesyl pyrophosphate synthase (FPS) 1a mot enzyme then chdt trong con
duong sinh tong hop isoprenoid, xuc tic phan Umg ngung tu tudn ty giita
isopentenyl pyrophosphate va dimethylallyl pyrophosphate dé tao ra geranyl
pyrophosphate, sau d6 1a farnesyl pyrophosphate (FPP). FPP déng vai tro 1a tién
chat trung tdm cho nhiéu hop chat isoprenoid quan trong, bao gém sterol,
sesquiterpenoid, dolichol, ubiquinone va dac biét la triterpenoid saponin nhu
gypenoside & cay Giao cb lam [39].

So v&i nhan sam, noi gene PgFPS cling thé hién biéu hién wu tién tai ré to
va callus nuoi1 céy, Giao ¢ lam cho théy didc diém sinh hoc khac biét khi tap trung
tich lily gypenoside chu yéu & 14 va tua cudn [94]. V& diéu hoa biéu hién,
transcriptome phan giai don bao (scRNA-seq) chirng minh rang GpFPS c6 mic
phién ma cao trong t& bao mod mém, dic biét tai vung chdi non. Sy cam ung boi
methyl jasmonate (MeJA) dd dugc ghi nhan 1am tang cuong biéu hién cua FPS,
qua d6 thic day su tich liy triterpenoid saponin [65]. Ung dung céng nghé sinh
hoc hién dai da chirng minh gia tri caa FPS. Biéu hién cua GpFPS trong nim men
gitip tai 1ap thanh céng con dudng dan t6i qua trinh tong hop squalene va
triterpenoid [136].

Tom lai, gene FPS giit vai tro trung tim trong viéc cung cap FPP 1a tién
chat tryc tiép cho sinh tong hop triterpenoid. Pic diém biéu hién wu tién & 14 non,
su cam ung bai tin hidu jasmonate va kha nang khai thac trong hé thong di sinh
d3 khang dinh FPS 12 mot mét xich chién lugc, ¢6 tiém nang 16n trong ca nghién
ctru co ban 1an tng dung céng nghé sinh hoc nham nang cao san xuit gypenoside.

Squalene synthase gene (SS)
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Squalene synthase (SS) la enzyme dau tién trong nhanh sinh tong hop
triterpenoid, xuc tac phan tmg két hop hai phén tir farnesyl pyrophosphate (FPP)
dé tao thanh squalene. Pay 13 budc chuyén hoa then chét, vi né danh dau su tach
biét khoi con dudng sterol, ddng thoi dinh hudng FPP vé phia qué trinh hinh thanh
2,3-oxidosqualene-tién chét truc tiép ciia cac hop chét triterpenoid saponin nhu
gypenoside. Do d6, SS thuong dugc coi 1a van diéu tiét trong hé théng isoprenoid
[39].

So sanh lién loai cho thay gene SS dugc bao ton manh mé trong qua trinh
tién héa. O nhan sim, gene PgSS dugc ching minh 1a ¢6 biéu hién cao trong ré
va dugc cam Gmg manh boi methyl jasmonate (MeJA). Trong khi d6, cay Giao cb
lam lai c6 ddc diém sinh hoc khéc biét, khi gene SS dwoc bicu hién manh ¢ 14 co

quan tich lily gypenoside chu yéu [65].

Gene SS gilt vai tro trung tam trong qua trinh dinh huéng FPP vao nhanh
triterpenoid. Su uu tién biéu hién & 14 non, tinh cam tng boi elicitor di khang dinh
SS 1a mot diém nat quan trong, co gia tri trong nghién ctu co ban 1an tmg dung
cong nghé sinh hoc dé ting cuong sinh téng hop gypenoside.

Squalene-2,3-epoxidase gene (SE)

Squalene-2,3-epoxidase (SE) 1a enzyme then chdt xtic tic budc oxy hoa
squalene thanh 2,3-oxidosqualene bang co ché phu thuoc FAD va NADPH. Pay
1a phan tng quyét dinh vi 2,3-oxidosqualene chinh 14 tién chat tryc tiép cho qua
trinh vong hoda tao nén nhiéu khung triterpenoid khiac nhau, bao gbém
dammarenediol-I1, khung xuong co ban cua gypenoside ¢ cdy Gido cd lam.

Gene ma hoa SE da dugc xac dinh trong nhiéu loai thuc vat, cho théy tinh
bao ton cao trong qué trinh tién héa. O cdy Gido co lam, cic nghién cuu
transcriptome da phat hién it nhat bon isoform, ky hiéu 1a GpSEI — 4 [39]. So sanh
v6i Nhan sam, gene PgSE ciling biéu hién manh & 1& va callus, va dugc chimg
minh 14 lién quan mat thiét dén sy tich lily ginsenoside. Tuy nhién & cay Giao co

lam, dic diém phan b6 SE uu tién ¢ 14 va tua cudn phan anh sy tién hoa khac biét
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ctia co ché sinh tong hop gypenoside & Cucurbitaceae so voi Araliaceae [65].
Nhiéu nghién ctru cho théy SE chiju su diéu hoa manh mé& béi tin hiéu jasmonate
va elicitor ngoai sinh. [94].

Gene SE gitr vai tro trung tam trong qué trinh tao 2,3-oxidosqualene budc
khoi dau khong thé thiéu cho con dudng triterpenoid. Su biéu hién dic trung & 14
non, tinh cdm Ung manh badi jasmonate va gia tri tng dung trong cong nghé vi
sinh vat di khang dinh SE 13 mot mét xich quan trong, c6 tiém nang 16n trong ca
nghién ctru co ban va tng dung cong nghé sinh hoc nhim gia ting san xuat
gypenoside.

Oxidative squalene cyclase gene (OSC)

Oxidative squalene cyclase (OSC), con goi la oxidosqualene cyclase, 1a
enzyme chiu trich nhiém vong hoéa 2,3-oxidosqualene thanh nhiéu khung
triterpenoid khac nhau. O cay Giao c6 lam, cac nghién ctru transcriptome da xac
dinh it nhat hai gene OSC tiém ning, trong d6 GpOSC1 c6 biéu hién cao & 14 non
va chdi dinh [39]. So sanh voi Nhan sim, gene PgDDS (dammarenediol - II
synthase) 1a mot loai OSC ddc hi¢u da dugc ching minh dong vai tro trung tam
trong qua trinh sinh tong hop ginsenoside. Trong khi d6, Giao c¢6 lam c6 GpOSC1
duoc du doan la déng chtrc nang véi PgDDS, tao ra dammarenediol-II lam khung
co ban cho gypenoside [167]. Piéu hoa biéu hién OSC chiu anh hudng manh boi
MeJA va SA cung véi cac yéu té moi truong. [94].

Gene OSC dong vai trd nén tang trong viéc hinh thanh khung triterpenoid,
dic biét la dammarenediol - 11 13 tién chét truc tiép ciia gypenoside. Su biéu hién
dic trung & 14 non, cam tmg bdi MeJA va kha ning (mg dung trong hé thong di
sinh da khﬁng dinh OSC 1a mot muc tiéu then chdt trong chién lugc metabolic
engineering nham nang cao ning suat gypenoside & cay Giao co lam.

Cytochrome P450 gene (CYP)

Qua trinh oxy hoa dic hiéu vi tri do CYP xuc tac dé tao ra sapogenin voi

nhiéu cu trac khac nhau, chang han nhu hydroxyl héa, carboxyl hoa va ester hoa,
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nham hinh thanh phan khong duong ctia saponin. Cac CYP déng vai tro quan
trong trong viéc hydroxyl hoa va cac stra d6i khac ctia khung triterpenoid, tao ra
su da dang cau tric ciia gypenoside. Mot s6 gene CYP lién quan dén qué trinh
hydroxyl héa ¢ vi tri C - 2 va oxy hoa ¢ vi tri C - 19 da dugc xac dinh 1a ung cu
vién [65].

Trong hé gene cia cay Gido co lam, khoang 216 gene CYP da duoc xac
dinh, trong d6 c6 9 gene thudc ho CYP716 dugc du doan co lién quan truc tiép
dén sinh tong hop gypenoside [65]. Ngoai ra, cac gene CYP71B19, CYP77A3,
CYP86A7, CYP86AS, CYP89A2, CYP90AI va CYP94A1 cling dugc ching minh
c6 lién quan dén qua trinh hydroxyl hoa khung triterpenoid [39]. So sanh lién loai
cho thdy CYP716 1a enzyme bao ton giita Nhan sam va Gido c6 lam, déu tham gia
bién d6i dammarenediol - II. Tuy nhién, Giao ¢ lam c6 xu huéng biéu hién CYP
nhiéu hon & 14 non va chdi dinh, trong khi Nhan sam lai wu tién & ré [167]. D6i
v6i cac gene nhom CYP, khi xir Iy v6i MeJA, két qua phan tich qPCR cho thay
mirc biéu hién ctia mot s6 gene CYP716 trong Giao cd lam tang gap 3 - 4 1an chi
sau 24 gio, ching minh rang CYP khong chi chiu sy diéu hoa phat trién ma con

phéan Uing nhay cam vdi elicitor. [94].

Theo Zhang va cong sy (2021), mirc d6 biéu hién cia CYP89A2 trong 1a cay
Giao cb lam 1a cao nhat, tiép dén 1a ré va biéu hién & than thép nhét [173]. Theo cac
tai liéu da cong bd, gene CYP8IA?2 thudng bicu hién manh khi c6 tac dong clia cac
yéu td moi truong, gitip cay khang lai cac yéu t6 bat loi bén ngoai, dic biét 1a chat diét
6. Theo Chen va cong su (2023), gene CYP89A2 biéu hién vuot mirc & cdy CO tai
twrong nham 1am giam doc td ctia quizalofop-p-ethyl 1én té bao, 13 yéu t6 diéu hoa kha
ning khang chat diét co trong cdy [40]. Gene CYP89A2 ciing biéu hién ¢ cac md trong
cay Co gi6 khi xir Iy thude diét co [23]. O cay Cai xoong, biéu hién cia gene CYPS9A2
ciing ting 1én khi xir 1y anh sang d6 xa [29]. Piéu hoa biéu hién CYP lién quan dén
nhiéu yéu t6 phién ma nhu MYB, bHLH, WRKY va AP2/ERF [93]. Gene CYP giir
vai tro khong thé thiéu trong qua trinh da dang hoa gypenoside thong qua cac phan
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ung oxy hoda dac hiéu.
UDP-glucuronosyltransferase gene (UGT)

UDP-glycosyltransferase (UGT) 1a nhom enzyme quan trong xtc tac budc
glycosyl hoa trong con duong sinh tong hop triterpenoid saponin. Céc protein ho
cytochrom p450 (CYP) va UDP-glucuronosyltransferase (UGT) déng vai tro diéu
chinh cic gene lién quan dén sinh téng hop saponin. Pic biét, qua trinh
glycoside hoa xay ra ¢ budc phan tmg cudi ciing khi cac loai saponin khac nhau
duoc téng hop béng cach thém mot hoic mot sd monosacharide vao
triterpene aglycone bo1 UDP-glycosyltransferase (UGT) [164].

Glycosyl hoa 12 qua trinh gan mot hodc nhiéu phan tir dudng vao hop chat
thir cap dudi xuc tac ciia cac enzyme glycosyltransferase (UGTSs). Qua trinh nay
lam tang d6 tan, do on dinh va kha nang van chuyén cua cac hop chét trong té bao
thuc vat, dong thoi 1am giam doc tinh ctia cac chat trung gian chuyén hoa. Dbi voi
cac saponin triterpenoid nhu gypenoside, glycosyl hoa 13 budc quan trong quyét
dinh sy da dang vé cau tric va hoat tinh sinh hoc cta san pham cudi cing. Vi vy,
cac gene thuoc ho UGT, trong d6 c6 UGTI91A1, dong vai tro quan trong trong
qua trinh sinh tong hop va tich lily hop chét thir cap ¢ thuc vat. O cay Giao cb
lam, cac nghién ctru h¢ gene va transcriptome da xac dinh 151 unigene dugc chi
thich 1a UGT, trong d6 c6 12 gene duoc coi la img ctr vién quan trong cho qua
trinh sinh téng hop gypenoside [65], [94], [39].

Phén tich hé phién ma (scRNA-seq) da cung cip bang chimg rd rang rang
mot s6 UGT, nhu GpUGT71V3 va GpUGT71AW1, biéu hién cao trong té bao md
mém tai chdi non va 14 non [94]. So sénh lién loai, Nhan sim c¢6 cac UGT dic
hiéu nhu PgUGT74AE?2 tham gia glycosyl hoa ginsenoside, trong khi Giao c6 lam
lai co6 cac isoform khac bi¢t hon, phan anh su tién hoa doc 1ap trong viéc mo rong

da dang cdu trac saponin dammaran [163].

Stress phi sinh hoc nhu han han, do man, nhiét d6 cao hoac nhiét do thép c6 thé

kich hoat sur biéu hién ctia cac gene lién quan dén sinh tong hop hop chat thtr cép,
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trong do co6 cac gene thudc ho UGT. Sy tang cuong hoat dong cia UGTI91A1 thac
ddy qua trinh glycosyl hoa cac chat chuyén hoa, gop phan 6n dinh céu trac, ting kha
nang chéng oxy hoa va duy tri can bf?mg ndi mdi cua té bao. Nho do, thuc vat nang cao
kha ning thich nghi va giam thiéu ton thuong do cac diéu kién moi truong bat loi gay
ra. Cac bao céo true day cua Stracke va cong su (2007) vé UGT91A1, hay Kuwahara
(2019) vé DN42708 c1 gl _i9 tuong ty nhu UGT91A41, duoc dy doan 1a c6 lién quan
dén qué trinh glycosyl héa flavonol hogc flavonol glycoside trong loai Cai xoong [81,
147]. Theo Zhang va cong su (2021), mac do biéu hién ctia UGT91A41 va UGT76BI
trong than cao hon trong ré [173].

Tém lai, UGT 1a nhom gene then chot trong qua trinh hoan thién cau tric
gypenoside, quyét dinh sy da dang va gia tri dugc hoc ctia gypenoside ¢ cay Gido
co lam.
1.4.2.2. Vi tri sinh té?ng hop va tich liiy trong cay

Cac gypenoside cha yéu duoc tong hop & 14 non cta ciy Gido ¢ lam. Phan
tich biéu hién gene trén bay loai mo6 khac nhau (ré, than, tua cudn, 14 non, 14 trudong
thanh, hoa, va qua) cho thay nhiéu gene sinh tong hop som (nhu GpFPS1, GpSS1,
GpSE2, va GpSE3) c6 biéu hién dic trung & 14 non. Nghién ctru cong nghé giai
trinh tu RNA cho thiy qua trinh sinh tong hop gypenoside cha yéu dién ra trong
té bao md mém & ca chdi dinh va 14 caa cay Giao c6 lam. Mirc d6 biéu hién cua
cac gene con duong MEP va MVA cao hon ¢ té bao m6é mém so véi cac loai té
bao khac. Cac gene quan trong nhu SS, SE, va GpDS ciing biéu hién uu tién trong
té bao md mém cua ca chdi dinh va 14. Ham luong gypenoside cao nhat duoc tim
thay ¢ 14 va ciing cao ¢ tua cudn [65].
1.4.2.3. Phén tich biéu hién gene UGT va CYP trong qud trinh sinh tong hop
saponin

Gene sinh tong hop mudn: UGT va CYP450 1a cac enzyme dugc ma hoa
bdi cac gene sinh tong hop mudn, tham gia vao qua trinh san xuat gypenoside sau

budc tao 2,3-oxidosqualene [65]. CYP450s chiu trach nhiém cho cac phan tng
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hydroxyl hoa va cac stra d6i khac ctia khung triterpenoid, tao ra sy da dang cau
tric ciia gypenoside. Enzyme UGTS xtc tac qué trinh glycosyl hoa, 1a bude cudi
cling va quan trong trong con dudng sinh téng hop triterpenoid, quyét dinh céu
tric va tac dung duoc 1y cta cac hop chat nay [167].

Biéu hién gene UGT trong sinh tong hop saponin

Trong cay cai xoong, cac gene UGT73B3 va UGT73B5 da dugc ching
minh 14 dugc cam ung manh mé khi cdy bi nhiém khuan Pseudomonas syringae
hodc xir Iy bang acid salicylic (SA), ciing nhu trong dap tng véi stress oxy hoa
nhu hydrogen peroxide. Phan tich gPCR cho thay mtic phién ma ciia hai gene nay
tang dang ké trong giai doan sém cta phan tng phong vé, khang dinh vai trd cua
UGT trong co ché khang bénh thong qua viéc glycosyl héa cac hop chat phenolic
hodc cac chuyén hoa thir cép co lién quan nham trung hoa ROS [85], [145].

DPéi véi cay Bach chi, loai thuc vat chira nhiéu saponin c6 gia tri dugc 1y
16n, mot nghién ctru di tién hanh phan tich transcriptome két hop véi xac nhan
biéu hién bﬁng gRT - PCR cho théy it nhat 16 gene UGT biéu hién khac biét theo
co quan (14, than, r8). Trong d6, mot sé gene UGT thé hién wu thé biéu hién ¢ ré,
trong khi nhiing gene khac lai biéu hién cao hon & 13, khp véi sy phan bd khong
gian ctia saponin duoc quan sat trong cac mé ciia thuc vat. Cu thé, Cheng va cong
su (2020) da lva chon 16 UGT trong s6 hon 122 UGT dugc tim théy qua
transcriptome dé xac nhan bang qRT - PCR cho két qua cac gene nhu UGTs lién
quan dén nhom UGT71-- va UGT73-- ¢6 biéu hién cao hon & mo ré hodc gan 14
so vo1 than [42].

Trong nghién ctru cia Liang va cdng su (2019) trén 13 gene GpUGTs &
Giao ¢6 lam (thudc cac phan ho UGT71, UGT74, UGT94) tng vién cho con duong
sinh tong hop gypenoside dé phan tich biéu hién theo moé bang qPCR. Két qua
cho thly GpUGT35 c6 biéu hién rit cao & l4: gdp x4p xi 28 1an so v6i than va gip
xap xi 453 1an so v6i ré. Khi xtr Iy bang MeJA, GpUGT35 biéu hién ting dan tir
6 gio dén 18 gio, cao nhat vao 18 gid, khoang 2,17 1an so vai thoi diém 0 gior [99].
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Zhang va cong su (2021) da nghién ctru & Gido cd lam xéac dinh 5 gene
UGT doéng vai trd sau budce chinh stra khung trong gypenoside. Khi dinh luong
bang qPCR, cac gene UGT nhu UGT73B4, UGT76BI c6 biéu hién cao ¢ 14 non
[173].

Biéu hién gen CYP450 trong sinh tong hop saponin

Cytochrome P450 monooxygenase (CYP450) la mdt trong nhiing ho
enzyme 16n va da dang nhat & thuc vat, giir vai tro trung tAm trong viéc bién doi
cac khung triterpenoid dé tao nén sy da dang cdu triic cta saponin dammaran.
Nhiing phan mg oxy héa do CYP xiic tac, bao gdm hydroxyl hoa, carboxyl hoa
va doi khi ca ester hoa, 12 budc quyét dinh dé chuyén tién chét 2,3-oxidosqualene
thanh sapogenin mang hoat tinh sinh hoc. Nhiéu nghién ctru di ung dung k¥ thuat
real - time PCR (qPCR) dé dinh luong biéu hién cia cac gene CYP450, qua d6
cung cap dit liéu thuc nghiém c6 gia tri vé mitc phién ma theo md, theo giai doan
phat trién va theo diéu kién sinh 1y, sinh thai.

O Nhan sam, CYP716447 d3 dugc dinh danh 1a enzyme xUc tac budc
chuyén dammarenediol-II thanh protopanaxadiol (PPD), 4 tién chét cua hau hét
ginsenoside nhém PPD. qPCR chimg minh rang CYP716447 ¢c6 muc biéu hién
cao nhat trong ré, dic biét ¢ ré trudng thanh, véi cudng do6 vuot trdi so voi than
va 1a. Dir liéu nay giai thich co ché tai sao ginsenoside tich liy chil yéu trong ré
Nhan sam, noi déng vai tro 1a kho du trit phong vé lau dai. Mt isoform khac,
CYP716A453v2, xuc tac hydroxyl hoa PPD thanh protopanaxatriol (PPT), cling
dugc phat hién co biéu hién manh & ré, nhung voi ty 1€ thép hon, phan anh sy
chuyén biét mé va cin bang ty 16 PPD/PPT cua Nhéan sim [60].

Khac v6i Nhan sam, & Gido c6 lam két qua qPCR cho thay nhiéu gene CYP
g cr vién biéu hién manh tai 14 non von 14 co quan chinh tich lily gypenoside.
Vi du, cac gene thugc ho CYP71, CYP86 va CYP§89 thé hién muc phién ma cao
gap 3 - 6 1an & 14 non so véi 1& hodc qua. Pic biét, mot s6 isoform CYP716 dugce

tim thay trong hé gene cay Gido ¢6 lam c6 muc bi€u hién vuot trdi ¢ 1a non, goi
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¥ vai tro truc tiép trong hydroxyl hoa khung dammaran, trude khi bude glycosyl
héa dugc xtc tac boi UGT. Piéu nay tao nén mot ddi trong tién hoa thu vi: trong
khi Nhan sam uu tién tich lily ginsenoside tai ré, Giao c6 lam lai tdi da hoa
gypenoside ¢ 14, phan anh chién luoc sinh thai khac nhau trong dbi pho véi stress
moi truong [39].

Tom lai, tir céc tai liéu da cong bd cho thdy Gido ¢6 lam 13 cay thude quy,
c6 nhiéu tac dung nhu ha huyét ap, ha mé& trong méu, ting cuong sitc khoe, chdng
ndo suy, khang ung thu... Do bi khai thac qua murc dé ldy nguyén liéu lam thudc
nén Giao co lam da dugc xép trong thang bac phan hang IUCN 1994 sach do VN:
EN Ala,c trong sach d6 Viét Nam. Mot s6 tac gia trén thé gi61 da nghién ctru nhan
gidng in vitro, nudi cay callus cdy Gido co lam nhu Jala va cong su (2012) hay
Ao va cong su (1998), tuy nhién, cac budc tiép theo vé nudi cdy huyén phu té bao
cdy nay chua duogc thyuc hién. Mic du da c6 nghién ciru vé callus hay ré to Giao
co lam, viéc nudi cay huyén phu té bao cay nay co bo sung elicitor van chua dugc
thuc hién. Diéu nay tao nén tang virng chic cho cac muc tiéu nghién ctru hi¢n tai

cua luan an.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. VAT LIEU NGHIEN CUU

Vat liéu thuec vat:

- Vat liéu dé nudi cdy huyén phu 1a callus thi cap c¢6 ngudn gde tir callus
so cap (Bat dau tir cay in vitro, st dung 14 non dé tao callus so cap, sau do tiép tuc
nudi cdy trén méi truong MS c6 bod sung 2,0 mg/L KIN va 0,5 mg/L IBA dé tao
callus thur cap. Pay 1a dong callus tot nhat, co thé sir dung dé nudi ciy té bao
huyén phu) [10].

- Ché pham chira gypenoside c6 ngudn gdc tir té bao huyén phu cay Gido
c6 lam.

- Té bao huyén phu.

Té bao ung thu: Cic dong té bao ung thu gan (HepG2, Huh7), ung thu
phdi (A549) va té bao ung thu bach cau (HL - 60).

Chudt due truwédng thanh dong Swiss

Hinh 2.1. Callus thit cip ciy Gido co lam
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2.2. PHUONG PHAP NGHIEN CUU

Hinh 2.2 thé hién khai quat so do thi nghi¢m thuc hién cac bude chinh ctua
luan 4n, bat dau tir nudi cdy tao callus dé nudi cay té bao huyén phu trong cac diéu
kién thi nghiém khac nhau. Két qua thu duoc s& duoc danh gia cac chi sé nhu kha
nang sinh truéng, mic do tich liy gypenoside va xac dinh mirc d6 biéu hién cua

mot s6 gene CYP va UGT.

Callus

N
Thiét 1ap nudi cdy té bao huyén phu

Pudng cong sinh Moi trudng nudi Diéu kién nuéi Su tich liy
trudng té bao cly té bao cly té bao gypenoside
|
Nudi cdy trong . Quy trinh nuéi ciy huyén
bioreactor | phi trong binh tam gidc
Xir Iy elicitor trong nuéi cdy Xac dinh mitc do
huyén phit ¢ binh tam gidc |—| bidu hién cia cac
(MeJA, SA, YE va Fox) gen CYP va UGT
Xac dinh sinh trudéng Xéc dinh sy tich liy
clia té bao gypenoside
Thu nhén gypenoside |—> Thir nghlem hoat tinh ciia

cao chiét va gypenoside

Hinh 2.2. So' @6 thi nghiém thwe hién cic budc chinh ciia luin an

Quy trinh nudi ciy té bao huyén phu cay Gido c6 lam duoc thuc hién theo
trinh tu tir tao callus, lua chon callus thir cép, thiét 1ap hé nuoi céy huyén phu, xay
dung dudng cong sinh trudng, xu ly elicitor, xac dinh ham lugng gypenoside va

danh gia mirc do biéu hién cua cic gene lién quan dén sinh tong hop gypenoside.
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Céc diéu kién nudi cdy va phuong phap phan tich duoc t6i wu hoa va trién khai
théng nhit trong toan bd qua trinh nghién ctru nham bao dam tinh 6n dinh, kha

nang lap lai va do tin cay cua két qua thuc nghiém.
2.2.1. Cam irng va nudi ciy mo seo (callus)

Mau 14 (14 non, kich thudc 0,5 x 0,5 cm) va cudng 14 (0,5 - 1 cm) in vitro 4
tuan tudi duoc tao vét thuong nhe bang dao cay, sau d6 cdy 1én mdi truong MS
co ban c6 bd sung NAA (tir 0,2 - 2,0 mg/L) hodc 2,4 - D (tr 0,2 - 2,0 mg/L) dé
cam ung tao callus so cap. Tiép theo callus so cap dugc nudi ciy duy tri dé tao
thanh callus thir cdp trén moi truong MS [115] co ban c6 chira 3% sucrose, 0,8%

agar, bo sung 2,0 mg/L KIN va 0,5 mg/L IBA [10].

Hinh 2.1 thé hién callus thir cap 30 ngay tudi duogc str dung trong budc tiép
theo 14 nudi cdy huyén phu trong binh tam giac. Tat ca cac thi nghiém nudi cay
duoc tién hanh trong phong nudi cay mé té bao thuc vat, moi trudng nudi cy co
pH 5.8 va dugc hap khtr tring & 121°C trong thoi gian 15 phit, nhiét ¢ phong
nudi 25 + 2°C, thoi gian nudi cdy chiéu sang 12h sang/ngay, cudng do chiéu séang

2.000 lux [10].
2.2.2. Nudi cdy té bao huyén phu
2.2.2.1. Xdy dung dwong cong sinh truwong va tich liiy gypenoside

Té bao huyén phu duoc nudi trong cac binh tam giac 250 mL chira 50 mL
moi trudng MS 16ng ¢6 thanh phan gibng nhu méi trudng nudi cdy callus tét nhat
(khong c6 agar). Callus (30 ngdy tudi) dugce cAy chuyén vao binh tam giac voéi
mat do tiép giéng ban dau 1a 2 g va téc do lic 1a 120 vong/phut trén may lic SM
30A trong sudt thoi gian nudi cay dé xay dung duong cong sinh trudng cia té bao.

Thoti gian xay dung duong cong sinh truong dugc theo doi lién tuc tir ngay
0 cho dén khi té bao budc vao pha suy vong. Giai doan pha thich nghi (lag phase)
rat ngan vi moi truong méi trong binh tam giac & nudi cay huyén phu co thanh

phan rat gidng méi trudng nudi cdy tao callus thir cip trude do, khi té bao khong
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can phai diéu chinh sinh 1y nhiéu dé thich ung véi diéu kién nudi cdy moi trude
khi chuyén sang pha sinh truéng liiy thira.

Chi tiéu theo ddi 1a khéi luong twoi, khéi lwong khd va ham luong
gypenoside ciia t& bao huyén phu. Sinh khdi dugc thu nhan dinh ky sau mdi 2
ngay nudi cdy bang phuong phép loc chin khong, rira nhe bang nude cat dé loai
bo moi truong nudi céy con bam trén bé mit té bao, sau d6 xac dinh khbi luong
tuoi. Mot phan sinh khéi tiép tuc dugc sdy ¢ 50°C dén khéi luong khong doi dé
xac dinh khéi luong kho. Cac chi tiéu nay duoc sir dung dé xay dung duong cong

sinh trudng va xac dinh thoi diém tich lily gypenoside cua té bao huyén phu [123].
2.2.2.2. Xdc dinh ham lugng gypenoside

Tach chiét gypenoside: Dé xac dinh ham lugng gypenoside trong mau, té
bao duoc say kho ¢ 50°C dén khdi lugng khong doi va tach chiét trong dung moi
methanol. Can chinh x4c 0,5 g mau kho, chiét trong 10 mL methanol 80% cé sir
dung siéu Am & 40°C, thoi gian 1,5 gio sau d6 dé bay hoi dén kho. San pham dugc
can va tai hoa tan trong methanol 80% dén ndng d6 khoang 5 mg/mL, loc qua

mang loc 0,22 um sau d6 bao quan & 4°C cho céc thi nghiém tiép theo [161].

Xdc dinh ham lwong gypenoside: Ham luong gypenoside duoc xac dinh
bang phan Gmg mau véi vanillin. 50 pL dich chiét gypenoside duoc chuyén vao
6ng nghiém sau d6 bo sung 250 pL dung dich 8% vanillin (pha trong ethanol).
Hdn hop phan tng dugc dit trong nudc da, tiép tuc bo sung 2,5 mL sulphuric acid
72%, tron déu va dé trén d4 it nhat 3 phat. Ong nghiém chira hdn hop phan tng
duoc 1am néng dén 60°C trong 10 phut sau d6 duoc 1am lanh trén nude da. Phan
mg so mau duoc thyc hién trén may quang phd & budc séng 544 nm [53, 62].
Chét chuan dugc sir dung trong phéan tich HPLC 1a ginsenoside Rb1 (Y0001347,
CRS, Phép, d6 tinh khiét 98%) [36], [152]. Ham luong gypenoside tong s duoc
xéac dinh theo phuong phap quy d6i vé chuan Rbl.

Mau phan tich duogc can chinh x4c, tach chiét va dinh murc vé thé tich V.
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Sau khi do mat do quang tai cung diéu kién v6i chuan, ndong do gypenoside quy

d6i theo Rb1 dugc tinh bang Cx = (Ax — b)/a. Ham luong gypenoside tong s6

duoc xéc dinh theo cong thirc:

Ham luong (mg Rb1 tuong duong/g chat kho) = Cx x V /(1000 x m)
m: 1a khéi luong méu kho (g).

A: Gia tri mat d6 quang do.

a: Hé sb goc cua duong chuén.

b: Hé s6 chéch (intercept) ctia dudong chuan.

Cx: Nong do gypenoside

Phuong trinh duong chuan sau khi tién hanh thi nghiém 1a:

y =0.0017x + 0.026, hé s6 twong quan R2=0.999

Xdc dinh ham lwong Rb1:

Chét chuan ginsenoside Rb1 tinh khiét > 98% dugc can chinh xac 1,0 mg

va hoa tan trong methanol dé thu duoc dung dich chuan gbc c6 néng do 1.000

pg/mL. T dung dich gdc nay, tién hanh pha lodng tuan ty bang methanol dé tao

day chuan gdm cac mirc ndng d6 20, 40, 60, 80 va 100 pg/mL.

Can chinh xdc mau nghién ctru 10 — 20 mg, thém methanol, siéu 4m trong

30 phut, sau do ly tdm va loc qua mang 0,22 um trude khi dua vao chay HPLC.

Toan bo mau va dung dich chuan dugc xir Iy dudi cung di€u kién d€ dam bao tinh

so sanh khi quy déi theo duong chuan Rbl.

HPLC duoc thuc hién trén hé théng Alliance E2695 v6i ¢t Symmetry®C18

(4,6 mm x 250 mm x 5 mm). Ham lugng Rb1 trong mau dugc tinh theo quan hé

ty 1€:

Ham luong Rb1 trong mau (mg/g) = (Am/ A,) x C, X (V / m)
Trong do:

An: Dién tich peak Rb1 ctia mau

A,: Dién tich peak Rb1 cta dung dich chuan

C,: Nong d6 chuan Rb1 (mg/mL)
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V: Thé tich dinh murc dich chiét mau (mL)

m: Khéi luong mau khé ban dau (g)

Trong phan tich HPLC, céac thong s6 gidi han phét hién (Limit of Detection,
LOD) va gi6i han dinh lwong (Limit of Quantification, LOQ) dugc st dung dé
danh gia do nhay ctia phuwong phap phan tich. LOD biéu thi ndng do thap nhit cua
chat phén tich c6 thé duoc phat hién, con LOQ 13 ndng d6 thip nhat c6 thé dinh
luong véi d6 chinh xac va do 1ap lai phu hop. Cac thong s6 nay 1a co s¢ dé khang
dinh kha nang img dung ctia phuong phap HPLC trong phéan tich va dinh lugong

ginsenoside trong mau nghién curu.

2.2.2.3. Anh hwéng ciia méi trwong va diéu kign nuéi cdy lén sinh truéng ciia
té bao

Sau khi xac dinh duoc thoi gian tich lily sinh khoi va gypenoside téi uu,
chung tdi tiép tuc tién hanh khao sat anh hudng cta cac yéu to cua dicu kién nudi
cdy, bao gém: cac chat diéu hoa sinh truong trong d6 c6 su phdi hop giita
cytokinin (BAP va KIN) va auxin (IBA) tuong tu nhu trong thi nghiém phat sinh
callus thtr cdp; Ngudn carbon bao gdm sucrose, glucose, fructose, galactose,
lactose va glycerol dugc bd sung riéng 1é vao mdi trudng nudi cay huyén phu té
bao & nong dd 3%; St dung cac mat d tiép gidbng ban dau khac nhau (tir 4 - 8%,
tuong duong 2 - 4 g té bao/binh); Tién hanh véi cac tdc d6 lac khac nhau (100,
120 va 150 vong/phut) [10].

Mau duoc thu vao thoi gian dat sinh truéng va tich iy gypenoside cuc dai,
cac chi tiéu dugc danh gia bao gdm khéi luong twoi, khdi lvgng kho va ham luong
gypenoside.
2.2.2.4. Thir nghigm nuéi cdy trong bioreactor 12 L

Hé hong LiFlux GX (Hanil, Han Qudc) dugc sir dung dé nuéi cay, thé tich
nudi cay 12 L, ty 16 mau ban dau 1a 10% (v/v) (twong duwong véi bo sung 12 binh
50 mL), tbc d6 khudy 150 vong/phut, cac thong sd khac duoc cai dit mic dinh

[105]. Mbi trudng sir dung trong thir nghiém 1a moi trudng 1ong t6t nhat thu dugc
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trong nudi cay t€ bao. Mau dugc thu sau moi 2 ngay nudi cay, cac chi ti€u dugc

danh gia bao gdm khdi luong tuoi, khdi lugng kho va ham lugng gypenoside.

Sinh truéng ctia huyén phu té bao trong bioreactor 12 L duoc theo ddi thong
qua lay mau dinh ky sau mdi 2 ngay nudi cdy. Truéc mdi lan ldy mau, dich nudi
dugc khudy tron déu, sau d6 hat mot thé tich xac dinh (50 mL) qua van 14y méu
trong diéu kién vo trung. Ly tam thu sinh khéi, thim kho trén gidy loc dé xac dinh
khéi lwong tuoi, sau d6 sdy ¢ 60 °C dén khéi lwong khong d6i dé xac dinh khdi
lugng kho.

2.2.3. Xir ly elicitor
2.2.3.1. Chudn bj elicitor

MeJA (392707 - SML, Sigma, My) va SA (30422 - 05, Nacalai, Nhat Ban)
duogc khir tring bang mang loc 0,22 um va bo sung vao mdi truong da khir trung,
Nam Fox (Fusarium oxysporum) [69]. Fox va YE (64343, Biorad, My) dugc
thém vao moi trudng trude khi khir tring. Cac elicitor duge bd sung vao moi

truong nudi cay lac cac té bao Gido cb lam trong binh tam giAc.
2.2.3.2. Khdo sdt anh hwéng ciia nong dp elicitor

Anh huéng ctia ndng d6 cac elicitor duoc danh gia bang cach bd sung riéng
1¢ MeJA, SA, YE va Fox vao méi trudng véi cac nong do khac nhau tai thoi diém
bat dau nudi cay (thoi diém ngay 0). Trong d6, MeJA va SA c6 nong do tir 25 -
200 uM, YE va Fox tir 1 - 5 g/L. P6i ching 1a cong thitc khong bo sung elicitor,
2.2.3.3. Khdo sdt anh hwéng ciia thoi diém bo sung elicitor

Céc ndng do cua elicitor cho té bao huyén phu Gido cb lam sinh trudng va
tich lily gypenoside tot nhat duoc lwa chon dé danh gia thoi diém bo sung t6i wu.
Céc nong do dugc lya chon 1a MeJA (50 uM), SA (100 uM), va YE (3 g/L).
Elicitor dugc bo sung vao mdi truong & thoi diém tir 0 - 15 ngay nudi cay (mdi
cong thuc thi nghiém cach nhau 3 ngay). P6i ching 1a cong thirc bo sung elicitor

tai thoi diém ban dau [120], [130], [135]. Cac té bao duoc thu vao ngay thir 18
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deé danh gia.
Sau khi xac dinh nong d¢ va thoi diém bo sung thich hgp d61 vai cac elicitor
riéng 18, cac elicitor s¢ dugc bo sung dong thoi vao moi trudong nudi cay theo cac

t6 hop phdi hop khac nhau dé danh gia kha nang phéi hop cua céc elicitor.
2.2.4. Xac dinh dic diém ctia mot s6 gene CYP va UGT
2.2.4.1. Tdach chiét DNA tong sé va khuéch dai gene

DNA tong s6 duoc tach chiét tir miu 14 cay in vitro bang kit TopPURE
Plant DNA Extraction Kit (ABT, Viét Nam) theo hudng dan cua nha san xuat.
Tién hanh dién di kiém tra DNA tong sb thu duoc trén gel argarose 1% (W/v).
M3au DNA tong sb sau d6 dugc bao quan -20°C dé thuc hién cac thi nghiém tiép
theo.

Phén tmg PCR duoc thyc hién véi DNA tong s6 1a khuon mau, sir dung 12
cdp moi di duoc cong bd boi Zhang va cong sy (2021) (Bang 2.1) [173]. Trong
d6 cac moi khuéch dai ORF (Open Reading Frame) day du cua 12 gen CYP va
UGT duoc thiét ké dua trén trinh tu cDNA/ORF da cong bo trong bo dir li€u
transcriptome va proteome ctia Giao cd lam. Trinh tw FASTA cia timg gen duoc
lay tir phan phu luc ctia bai bao. Cac mdi dugce thiét ké tir ving ORF day du bang
Primer Premier 5 va kiém tra dic hiéu bﬁng BLASTn trén toan bd bd
transcriptome. Thanh phan phan ung PCR bao gdm: 1 uL DNA tong sb (100
ng/uL), 1 uL mdi ctia mdi loai (10 pmol), 10 uL 2x GoTaq Green Master Mix
(Promega, M¥), 3 pL nudc cét, tong thé tich phan tng 1a 12 pL. Phan tmg PCR
dugc thuc hién trong may gia nhiét (SimpliAmp, ThermoFisher Scientific, USA)
voi1 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 duoc

dién di trén gel agarose 1% va nhudm bang SafeView™ Classic (abm, Canada).
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Bang 2.1. Trinh tw mdi trong nhén dién cic gene [173]

Kich thwée Nhiét do
Gene Trinh tw mdi (Chiéu tir 5° -> 3°) san pham gin moi
PCR (bp) °C

TAAACCAAAGAAACCATGAAGGA

CYP 71B19 1666 52
TCATCCGACCATAAACTTTTCA
CCCATTTCCTTTCTTCAACAAT

CYP 7743 1522 50
ATGCTCCTTTAAACCCTAGA
GTCAATGATGGATACGGTG

CYP 8647 1637 50
TCGGCCTGAAACCTCAA
AAGAAAGATATGGAGTTGGG

CYP 8648 1668 49
CAACCAATCACGCCTTC
GAAGTGAAACAGAAATGGAGA

CYP 8942 1533 50
GCTAGAACCTGGAACGTAAA
CCCATTTCAATGGCGTG

CYP 9041 1506 51
CTGCTCCTCTCTACATTATCAA
TCTTTCTCTAATGGATATCTGTGTT

CYP 9441 1523 51
GAACTCACATCTCCCTCTTCT
AGAAGAAACGGAGCACA

UGT 73B4 1466 48
ACCATTCATAAATCAAACCG
CATGGACAGGATCCAACAA

UGT 76B1 1375 50
CAAGCATTTTTACAATCTTATCG
GGCAGACAAAAATGAAAACGG

UGT 74F2 1398 54
TTGATTCTATTTCAAAGCCAAA
GCCTTCAAATGGAAAACGAA

UGT 9ICI 1425 49
CCTTCCATTTTTCAAATCCTCA
AAGCACATTTACCATGGCTGC

UGT 9141 1400 49

AGCATCAATGGCTTTTCAGATACT
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2.2.4.2. Phdn tich trinh tw gene va xdy dung cdy phat sinh

Trinh tu nucleotide cua san phém PCR dai dién cho 2 nhém CYP va UGT
dugc phan tich truc tiép bang phuong phap Sanger (cong ty Firstbase, Malaysia).
Trinh tu nucleotide cua cac mau dugc kiém tra bang phan mém BioEdit, sau d6
so sanh véi cac trinh tu di duoc cong bd trén ngan hang gene thong qua cong cu
BLAST. Céc trinh ty DNA duoc sap xép giong cdt bang chic nang Clustal W
trén phan mém MEGA 11 véi cac tham s mic dinh. Cdy phat sinh duoc xay dung

dua trén phuong phap Maximum Likelihood voi gia tri bootstrap 1000 [149].
2.2.4.3. Dw dodn diic diém va chirc nang ciia enzyme

Poan gene CYP89A42 cb mirc 6 tuong dong cao véi trinh ti gene da duoc cong
b, do d6, chiing toi sir dung trinh ty mRNA d4 duoc cong bd (MT416753) dé dy doan
cau triic va chirc ning ciia enzyme nay. Két qua dy doan cho thay protein CYPS9A2
c6 cau tric tuong dong 26% vai sugiol synthase cia cay Pan saim CYP764H3 (mi sb
PDB: 7x2q, mi sd Phyre: ¢7x2qA._) véi d6 bao pht 91% (460/506 amino acid) va do
tin cay 100%.

Pic diém va chuc nang cua enzyme dai di¢n cho 2 nhém CYP va UGT tur
cay Gido ¢6 lam duoc du doan b'fmg cac cong cu tin sinh hoc, bao gém protein
domain [91]. Du doan topo xuyén mang (2D) cua enzyme duoc du doan bang
cong cu Phyre2.2 [72]. Céu triic xodn xuyén mang dugc du doan nhd TMHMM
Server v. 2.0 [79]. Phan tich kha ning glycosyl hoa kiéu N (N-glycosylation) ctia
enzyme bang cong cu NetNGlyc 1.0 Server [51].

Pic diém hoa-1y ctua cac enzyme dugc du doan nhu diém d:flng dién b:?mg
cong cu IPC 2.0 [78], kha nang chiu nhiét duoc du doan béng cong cu Tm
Predictor. Mbi trudng xuc tac (acid/base) cua enzyme dugc du doan bang cong

cu AcalPred [100].
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2.2.5. Xac dinh mirc d§ phién ma cia cac gene CYP va UGT

2.2.5.1. Tdch chiét RNA téng sé va tong hop cDNA mach don

Tién hanh thu mau té bao huyén phu sau xi Iy kich khang, cu thé 1a: mau xtr
Iy voi YE thi 1ay mau té bao sau 2 gid xir Iy, mau xur 1y v6i SA thi 1dy miu sau 4
gid, mau xtr Iy voi MeJA thi 1dy mAu sau 18 gid.

RNA tong s6 cia té bao duoc tach chiét bang kit GeneJET Plant RNA
Purification Kit theo huéng din cua nha san xuét.

Phan tng tong hgp cDNA mach don bang kit First Strand cDNA Synthesis
(#K 1612, Fermentas) theo huéng din cia nha san xuat. Tong thé tich phan tng
20 uL chita 5 pg RNA tong sd, 0.5 pg oligo(dT)18 primer, 4 L dém phan tng,
20 don vi enzyme RiboLockTM ribonuclease inhibitor, 2 pL. 10 mM dNTP va 40
don vi enzyme phién ma ngugc. Hon hop phan tmg duoc i & 37°C trong 60 phit,
sau d6 dimg phan tng bang cach G 70°C trong 5 phat va lam lanh trén dé, bao
quan ¢ nhiét do -40°C.
2.2.5.2. Phan tich realtime - PCR

Pé danh gia mic do phién ma cua cac gene CYP va UGT, chung t6i tién hanh
phan tng realtime PCR véi cap mdi dic hiéu cua gene nay [173], str dung noi doi

chimg 1a 18sRNA [157] (Bang 2.2).

Phan (g realtime PCR duogc thuc hién voi kit Gotag® qPCR Master Mix
(A6001, Promega, M¥) theo quy trinh chay nhu sau: 95°C trong 2 phut, 40 chu ky
& 95°C trong 15 gidy va 60°C trong 1 phit [173]. Thanh phan phan tmg: 10 pL
Go Taq qPCR Master Mix 2X (Promega, M¥), 1 pL mdi mdi loai (10 pmol), 1 uL
cDNA, 7 uL nuéc cat. Qua trinh khuéch dai duoc thuc hién trén hé théng
QuantStudio™ 5 Real - Time PCR (ABI, My).

Mirc d6 phién ma twong ddi cua cac gene dugce tinh theo phuwong phap 244,
Gi4 tr1 Ct dugc xac dinh cho gene dich va gen noi chuan. V&i mdi mau, tinh ACt

= Ct_gene dich — Ct_gene ndi chuan. Tinh AACt = ACt xir Iy — ACt_dbi chung.
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Hé s6 thay ddi biéu hién (fold-change) duoc tinh theo cong thirc: Fold-change =
7-AACE

Bang 2.2. Cac mdi dugc sir dung dé phan tich mirc d9 phién ma

Kich thwdc san

Gene Trinh ty moi ((Chiéu tir 5> -> 3°)) .
pham PCR (bp)
AATGGCGGAACTCGCAAAAC
CYP7IBI9 TCATCGGTTTCGGTTTCGGT Hi
TCAACAACGAGACGATGGCA
CYP 8647 AGGAACGTGTCGGAGTAGGA 108
TTCCAAACTCACAAAA
CYP 8942 ii?fGGiCGATT((:}C%fAGAGT(’:F He
AAATCTCGGTTTACCCTT
CYP 9041 iiCAAAin}C(?FCGTGCA(ESAAC 128
TGGAACTAAAACTGCCTCT
vGT 7681 G((}}((}}ATEAATCGS}A(;%%AC;&SA 103
TTTCTTTTT AA
UGT 742 AAACGCCCCSE(;?:SCCCCSEA o7
AATCGGTCAACTCCCGACAA
vGT 914l CTTGACTCGGTTTGGCTTCG 140
TGAGGCGAATCTGAGCGAAA
veIoIci TGAATCCCGCCGGTAACATC 128
GP-18SRNA ACGATGCCGACCAGGGATT 106

TTCAGCCTTGCGACCATACTC
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2.2.6. Phan tach hop chat thir cip
2.2.6.1. Chudn bj cao chiét Gido co lam

Mau Giao c6 lam dugc chiét trong methanol 80% véi ti 18 1:20 khoi
luong/thé tich c6 sir dung siéu am & 40°C, thoi gian 1,5 gio sau d6 tién hanh co
quay thu hdi dung moi tao cao chiét tong sb. Cao chiét dugc tai hoa tan dén cac
néng do nhat dinh dé sir dung trong thi nghiém danh gia kha ning bao vé tinh

hoan chudt (v6i dung mdi 1a nude) va gy doc té bao ung thu (dung moéi DMSO).

Pé thir nghiém hoat tinh gypenoside, mau Giao c6 lam ty nhién (khoang
50% than va 50% 14) va té bao huyén phu cdy Giao c6 lam khong xir 1y elicitor
sau 18 ngay nudi cay duogc chiét xuat bang dung moi methanol va thu nhan mau

cao kho.

2.2.6.2. Tinh ché ché phdm cé chira gypenoside

Quy trinh tach chiét dugc thuc hién theo theo Liang va cong su (2014) [98]
c6 diéu chinh phu hop véi diéu kién phong thi nghiém. Sau khi thu duoc cao chiét
tong tir quy trinh chiét t6i wu, cao chiét dugc 1am kho & nhiét do 50°C. Bo sung
petroleum ether véi thé tich gap 3 1an khdi luong cao chiét, sau d6 siéu am (S10H,
Elmasonic) & 40°C trong 30 phut, loc va thu tua. Phan két tha dugce rira hai 1an véi
chloroform, mdi lan sir dung lugng chloroform gap 3 lan khéi lugng két tiia. Dung
dich dugc loc dé loai bo chloroform. Tiép tuc chiét voi ethyl acetate dé loai
flavonoid va polyphenol. Budc cudi cung 1a chiét v&i n -butanol va thu nhan ché
pham c6 chita gypenoside twong dbi tinh khiét. Ché pham sau d6 duoc hoa tan tro
lai trong DMSO dé nghién ctru kha ning gay doc té bao hoic trong methanol dé
tao su dung trong phuong phap HPLC.

2.2.7. Thir nghiém kha ning trc ché té bao ung thw
2.2.7.1. Nuéi cdy té bao ung thuw

Céc dong té bao ung thu gan (HepG2, Huh7) va ung thu phoi (A549) duoc
nudi cay trén dia nudi cdy bam dinh T75 (Nunc, Pan Mach), trong khi 6 dong té
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bao ung thu bach cau (HL - 60) duoc nudi huyén phi. Té bao dugc nudi trén moi
truong DMEM (Dulbecco s Modified Eagle Medium) hoac MEME (Minimum
Essential Medium with Eagle salt) bo sung 10% FBS (Fetal Bovine Serum), 100
unit/mL penicillin va 100 pg/mL streptomycin (Invitrogen Gibco) & 37°C trong
diéu kién 5% CO,. Céc té bao duoc céy chuyén khi dat dén mat do6 80%, ty 1€
song cua té bao dugc xac dinh bang phuwong phap nhuém trypan blue va quan sat

dudi budng dém hdng cau [137], [170], [151].

Pé danh gia tac dong cua cao chiét Gido c6 lam va gypenoside 1én su sinh
truong va phat trién cua té bao, sau ngan té bao duoc cdy vao mdi giéng trén dia
96 giéng trong 200 pL moi trudong va duge nudi cay trong 24 gid. Sau do, moi
truong cii duoc loai bo trudce khi xtr Iy té bao bang méi trudng nudi cdy cé chira
cao chiét Gido co lam hoic gypenoside & cac nong do 4, 20, 100 va 200 pg/mL
trong 72 gio. Mot dia khac khong xir 1y cao chiét Gido c6 lam hodc gypenoside
dugc u trong 30 phut va dung nhu ngay 0.

2.2.7.2. Phan tich déc tinh té bao

Phuong phap nhu¢m sulforhodamine B dugc thuc hién theo Vajrabhaya va
cong su (2018) [153]. Sau khi duoc xtr Iy voi cao chiét Gido ¢6 lam hodc
gypenoside, cac t& bao nudi cay bam dinh 16p don (HepG2, Huh7 va A549) dugc
¢d dinh v&i 10% trichloroacetic acid. Té bao sau khi ¢ dinh duge nhudém véi
sulforhodamine B trong 30 phut, sau do6 rira va phan tach véi 1% acetic acid (v/v)
dé loai bo thudc nhudm thira. Kha ning sinh trudng cua té bao duoc xac dinh bang
cach hoa tan protein-bound dye trong dung dich 10 mM Tris base sau d6 do mat

do quang & budc song 540 nm [140], [84].
2.2.7.3. Phdn tich Tetrazolium

Anh huéng cia cao chiét Gido cd lam hodc gypenoside 1én su sinh truong
va phat trién cua té bao ung thu bach cau HL - 60 duoc xac dinh bang phan tich
MMT [139]. Pau tién, té bao huyén phu HL - 60 duoc nudi & mat do 4x10* té

bao/mL trén dia 96 giéng. Sau dé, té bao duoc xir Iy bang cac nong do cao chiét
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Gido co lam hoic gypenoside khac nhau va nudi cy trong 24 gio. Dung dich mudi
tetrazolium MTT (5 mg/mL) dugc bo sung vao mdi giéng va 1 tiép 4 gio & 37°C
trong diéu kién 5% CO,. Pia nudi cdy sau d6 duoc ly tim va loai bo dich noi.
Tinh thé formaran duoc hoa tan bang 50 uL DMSO 100% sau d6 mat d6 quang
dugc xac dinh ¢ budc séng 540 nm bang may doc dia. Ty 1¢ phan tram e ché su
phat trién cua té bao khi c6 mat cao chiét Giao cb lam hodc gypenoside s& dugc

xac dinh thong qua cong thirc sau:
% trc ché = 100% - [OD (mau) — OD (blank)]/[OD (DMSO) — OD (blank)]

Thi nghiém dugc lap lai 3 1dn dé dam bao tinh chinh xac. Ellipticine & cac
néng d6 10 pg/mL, 2 pg/mL, 0,4 ng/mL va 0,08 pug/mL duge st dung nhu lam dbi
ching duong; 1% DMSO duoc sir dung 1am ddi ching am [30], [110], [52].

2.2.8. Thir nghiém kha ning bao vé tinh hoan chuét ciia cao chiét

Stress nhiét anh hudong nghiém trong dén céu tric mo hoc tinh hoan va qua
trinh sinh tinh [150]. Stress nhiét anh huéng dén tat ca cac té bao trong mé tinh
hoan, dit biét 1a cac té bao dong tinh. Co ché tac dong chinh cua stress nhiét lién
quan dén qué trinh gia ting san xuét cac goc oxy hoa tu do, chét 1ap trinh va dut
giy DNA [138]. Nghién ctru cua Kopalli va cong sy (2019) cho thay Nhan sam
Han Qudc véi thanh phan chinh 1a Rg3 ¢6 tic dung bao vé hé thdng sinh san cua

chudt duc dudi tac dung cua stress nhiét [77].

Thi nghiém dugc tién hanh trén 40 con chudt duc tréng dong Swiss, c6 stic
khoe tot khong b1 bénh, 10 - 12 tuan tudi, can nang 20 - 25 g. Chudt duge phan
bd ngau nhién: nhém ching 10 con chudt duoc xtr 1y véi nhiét do 25°C, nhém
stress nhié¢t 40°C (H40) gém 10 con chudt dugce xur 1y vai nhi¢t o 40°C, nhom
stress nhiét 40°C udng dich cao chiét Gido c6 lam ty nhién 200 mg/kg (H40+N)
va nhom stress nhiét 40°C udng dich cao chiét té bao huyén phu Giao c6 lam 200

mg/ke (H40+CS) [15], [133], [50], [122].

Quy trinh thi nghiém trén dong vat trong nghién ctru nay duoc trién khai
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theo cac yéu cau vé dao duc nghién ciru, da duoc tham dinh va phé duyét boi
Truong Pai hoc Y Dugc, Dai hoc Hué (ching nhéan $6 H2019/345). Bong vat thi
nghiém (chudt duc Swiss truong thanh) dugc nuoi trong diéu kién kiém soat nhim
bao dam phuc loi va giam sai 1éch thyc nghiém, gém nhiét d6 on dinh 25+1°C,
chu ky sang/tdi 12 gid, ddng thoi duoc cung cip thic dn va nudc udng day du,
theo ddi strc khoe trong sudt thoi gian nghién ciru. Khi két thiic thi nghiém, chudt
dugc gdy mé dé phuc vu cac phén tich tiép theo, nham giam dau va han ché t6i da

kho chiu cho dong vat.
2.2.8.1. Phwong phap xw ly stress nhiét

Chuot duc cung cép bo1 Vién Pasteur Nha Trang dugc nu6i thich nghi tai
phong thi nghiém trong 2 tudn. Sau d6 nhém c6 udng dich cao chiét dugc udng 1
tuan trude khi xir 1y nhiét. Chudt duoc xir 1y stress nhiét bang cach ngam 1/3 than
du6i bao gdm biu ctia chudt vao nude trong bé 6n nhiét theo thir ti nhiét do: nhom
chtng 25°C (CON); nhom stress nhiét 40°C (H40), nhom stress 40°C ¢ udng
ubng dich cao chiét Gido co lam tu nhién 200 mg/kg (H40 + N), va nhom stress
40°C ¢6 udng udng cao dich chiét té bao huyén phu Gido c¢b lam 200 mg/kg (H40
+ CS). Thoi gian xir 1y nhiét: mdi 1an 10 phat, 2 1an mdi ngay cach nhau 10 phut
va 6 ngay mdi tuan (nghi Chu Nhat) trong 5 tuan lién tiép. Sau khi hoan thanh
thoi gian thi nghiém xur 1y nhiét, tit ca chudt dugc xir Iy va tién hanh thu mau mau

va tinh hoan [15], [133], [50], [122].
2.2.8.2. Phwong phdp xdc dinh néng dé testosterone

Testosterone duoc san xuat chii yéu ¢ té bao Leydig trong mé tinh hoan, c6
chtrc nang chinh 1a duy tri chirc ning sinh san ctia nam gidi va thuc day qua trinh
sinh tinh [57]. Nong d testosterone ¢ nam gidi ¢6 xu hudng giam dan theo tudi
tac, bénh 1y, va cac yéu t stress. Testosterone thap c6 lién quan dén ting nguy co
mac bénh va tir vong. Hi¢n tai, li¢u phap thay thé testosterone, co thé 1am tram
trong thém c4c tinh trang bénh 1y da co tu trude. Do do, viéc sir dung cac lya chon

thay thé, chéng han nhu str dung thdo moc 1a mét lya chon diéu tri tiém nang [146].
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Sau 5 tuan xir 1y nhiét, chudt dugce xur ly, boc 16 viing nguc va thu mau qua
tim. MAu mau duoc thu vao 6ng méau chtra chat chéng dong, sau d6 duoc ly tim
3000 vong trong 5 phit dé thu huyét twong. Huyét twong duoc sir dung dé xéac
dinh néng do testosterone sir dung may xét nghiém mién dich ti dong Cobas e411
(ROCHE). Néng d¢ testosterone trong huyét twong duoc xac dinh bang ky thuat
mién dich dién hoa phat quang sir dung bo kit Elecsys Testosterone II. Mau duoc
thu tir tim chudt dudi gdy mé, ly tim ¢ 2.000 vong/phut, 4°C trong 20 phut dé thu
huyét twong. Mau sau d6 duoc phan tich theo dung huéng dan ctia nha san xuét
[76], [122], [16]. Trong mdi lan chay, hé théng tu dong hi¢u chuén bﬁng hai dung
dich chuéan (Calibrator 1 va 2) di kém bo kit.

2.2.8.3. Nhup¢m Hematoxylin va Eosin

MAu mo6 tinh hoan chudt sau khi ¢d dinh duge chuyén dtic miu trong
paraffin. Mau mé dugc cat 1at mong bang may cat tiéu ban. Tiéu ban mo hoc tinh
hoan chudt dugc nhu¢m Hematoxylin va Eosin. K¥ thuat nhuém Hematoxylin va
Eosin dugc tién hanh gom céc budce theo hudng dan quy trinh k¥ thuat giai phau
bénh - té bao hoc cua BO Y té. MAu md tinh hoan sau khi léy ra khoi co thé chudt
dugc ngam vao dung dich ¢ dinh formol dém trung tinh 4% trong 24 gio. Mau
mo duoc xur 1y qua cac cong doan: khir nudc béng ethanol, khir ethanol béng xylen,
vui parafin dé dtc khéi, sau d6 tién hanh cit cac manh mé véi d6 day 5 um va
chuyén 1én c¢b dinh trén lam kinh trang gelatin. Tiép theo, mau moé duoc loai
parafin bang xylen, loai xylen bang ethanol, loai ethanol bang nuéc. Cubi cing,
mau md duge tién hanh nhuém Hematoxylin va Eosin. Hinh 4anh m6 hoc dugc

quan sat dudi kinh hién vi quang hoc dé phan tich mo6 bénh hoc [16], [46].
2.2.9. Xir Iy thong ké

Céc thi nghiém duoc bd tri hoan toan ngiu nhién (CRD) va lap lai 3 lan,
sau d6 cac két qua thi nghiém duoc tinh trung binh va phéan tich ANOVA bang
Duncan’s test v6i p<0,05 st dung phan mém SPSS ver 20.0.
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2.2.10. Thiét bi, héa chat

Céc hoéa chat sir dung trong nghién cru bao gdm moéi trudng nudi cy
Murashige va Skoog (MS), cac chat diéu hoa sinh truong thuc vat (KIN, IBA,
BAP, NAA), cac chit cam tmg sinh tong hop thtr cap (MeJA, SA, YE), clng céc
dung méi va hoa chat dat cap do HPLC grade phuc vu phan tich sic ky. Cac bd
kit tach RNA, tong hop cDNA, SYBR Green Master Mix, enzyme va thudc thir
cho phan tmg PCR, qRT-PCR duoc sir dung theo hudng din cua nha san xuit.

Céc dung cu va thiét bi chinh duoc sir dung trong nghién ctru bao gém ta
cdy vO trung, t nudi cay thuc vat, may lic tron, may ly tdm lanh, may do quang
phd, may PCR, hé thong qRT-PCR, hé théng dién di DNA, hé thong sac ky long
hiéu ning cao (HPLC) va hé théng bioreactor nudi cdy té bao huyén phu. Tat ca
cac thiét bi dugc van hanh theo dung quy trinh cua nha san xuat va duoc hiéu
chuan, bao tri dinh ky nham dam bao do chinh xac va do tin cay cta két qua nghién

cuu.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. ANH HUONG CUA PIEU KIEN NUOI CAY LEN QUA TRINH TiCH
LUY GYPENOSIDE TRONG TE BAO HUYEN PHU
3.1.1. Xay dung dwong cong sinh truwdng va tich lily gypenoside

Két qua nghién ctru anh hudng cua thoi gian nudi cdy 1én sinh trudng cia
té bao huyén phu cdy Giao c6 lam duoc trinh bay ¢ hinh 3.1 va hinh 3.2. Tir khi
bét dau nudi ciy dén giai doan 10 ngay, té bao sinh trudng rat it, chi ting tr 2 g
1én 2,28 g. Sau do, sinh khéi té bao tang lién tuc tir 10 ngay dén 20 ngay nudi cdy,
sinh khéi cao nhét dat 3,78 g twoi/binh, trong tng véi 0,09 g khd/binh véi chi sb
sinh truong 1a 1,89 sau 20 ngay nudi cay. Sau khi sinh truong toi wu, sinh khoi té
bao giam lién tuc, dén ngay thir 24 chi thu dugc 3,01 g tuoi (0,06 g kho) véi chi
s6 sinh truong 1a 1,51,

Trong nudi cay té bao thuc vat, cac hop chat thir cap tich lily nhiéu nhat vao
cudi giai doan sinh trudng cuc dai. Khi tdc do sinh trudng cao, cac qua trinh so
cip cua té bao 1 phan chia t& bao va san xuét sinh khéi té bao dd dién ra manh
mé&. Nguoc lai, trong pha tinh khi su sinh truéng giam, lic ndy hoat dong san xuét

va tich liiy cac chét thir cap méi ting 1én [154].
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Hinh 3.1. Pwong cong sinh truéng ciia té bao huyén phu
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Bang 3.1. Anh huéng ciia thoi gian nudi cy 1én tich liiy gypenoside va Rbl

Thoi gian nudi ciy (ngay) Gypenoside (mg/g khé) Rbl1 (mg/g khd)

10 28,291¢ 0,010¢
12 30,343¢ 0,0114
14 36,210° 0,012¢
16 41,321% 0,022°¢
18 42,1222 0,049%
20 34,100°¢ 0,050%
22 25,5104 0,041*
24 24,081¢ 0,024¢

Cdc chit cai khdac nhau (a—d) trong cung mot cot biéu thi sw khac biét ¢é ¥
nghia thong ké giita cdc thoi diém nudi cdy (ANOVA mét nhén to, phép thir
hdu nghiém DUNCAN; p < 0,05). Cdc gid tri co cung chit cdi khong khac biét
6 y nghia théng ké (p > 0,05).

So voi sinh trudng cia té bao, su tich lily gypenoside trong té bao Giao cb
lam dat cuc dai som hon tir 2-4 ngay. Kha ning tich liiy gypenoside trong té bao
tang dan tir ngdy thtr 10 dén ngay thtr 16, 6n dinh trong khoang ngay 16-18 sau
d6 giam dan tir ngay thir 20. Ham luong gypenoside thu duoc cao nhat 1a 42,122
mg/g vao ngay thi 18 (sai khac khong c6 y nghia thong ké so voi ngay thir 16)
(Bang 3.1). Trong khi d6, ham luong Rb1 thu duoc cao nhét roi vao khoang ngay
thr 18-20 (khoang 0,05 mg/g kho), cham hon so véi tich Ity gypenoside khoang
2 ngay. So véi callus va miu ty nhién, sy tich lily gypenoside trong té bao huyén
phu cao hon, ham lugng gypenoside va Rb1 trong callus 1a 36,298 va 0,009 mg/g
chat kho [10].

Mic du sinh khéi té bao tiép tuc ting va dat gia tri cao nhat vao ngay th

20, ham luong gypenoside lai dat cuc dai & ngay thtr 18 va giam sau d6. Diéu nay
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cho thdy qua trinh tich liiy hop chat thir cap khong hoan toan dong bd véi qua
trinh ting sinh sinh khéi. O giai doan cudi pha lity thira va dau pha can bang
(khoang ngdy 16-18), té bao bat dau chuyén mot phan ngudn carbon va ning
luong tir sinh trudng sang sinh tong hop cac chat chuyén hoa thir cip, dan dén su
gia tang ham luong gypenoside. Khi nudi cdy kéo dai, mac du sinh khéi van tiép
tuc tang do té bao tich lily nudc va vat chat du trit, toc do sinh tong hop gypenoside
giam va hoat chat c6 thé bj tiéu thu hodc pha lodng boi su gia ting sinh khéi, 1am
cho ham lugng gypenoside tinh trén don vi khéi luong kho giam & céc thoi diém

sau.

Hinh 3.2. T¢ bao huyén phu ciy Gido co lam sau 20 ngay nudi ciy trén moi

treong MS cé bo sung 2,0 mg/L KIN va 0,5 mg/L IBA

Trong cac nghién ctru da céng bd trude ddy, ham luong gypenoside trong
mau Gido c¢b lam dao dong tir 15 dén 60 mg/g kho, twong dwong véi sb liéu trong
nghién ctru ctia ching t6i. Vi du, trong ré to ¢6 xap xi 38 mg gypenoside/g kho,
trong ré cy trudng thanh chtra xdp xi 15 mg/g, trong 14 khoang 42 mg/g va trong
cac san pham thuong mai tai Trung Qudc dao dong tir 53 - 66 mg/g kho [35]. Tai
Viét Nam, ham luong saponin toan phan trong cdy Gido c6 lam 5 14 thu hai tai

Thai Nguyén khoang 46,9 mg/g kho (4,69%) [7].
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Mot s6 nghién ctru trude ddy cho thay, da sb truong hop nudi cdy callus hodc
té bao thuc vat déu cho ham luong cac chat thir cp cao hon nhiéu lan so véi trong
diéu kién ty nhién. Ching han, Nguyén Hoang Loc va cong su (2010) da nghién
ctru san xudt solasodine tir callus cdy ca gai leo in vitro va két qua cho thy, ham
lugng solasodine tich lily trong callus cao hon khoang 8,5 14n so véi tach chiét tir
ré cdy ty nhién 1 ndm tudi [102]. Tiép tuc nghién ctru nudi cdy té bao ca gai leo
trong binh tam giac, cc tic gia nhan thiy solasodine tich lily trong té bao huyén
phtl cao hon trong callus [106]. Theo Ncube va cong sy (2015), trong diéu kién
binh thudng, thyc vat chi san xuit ra mot luong hop chat thir cip ¢ muc tdi thiéu
theo nhu cau cta co thé va chung khong dong vai tro 16n dbi vdi cac hoat dong
séng so cap cua té bao [119]. Khi gip cac diéu kién bat loi ctia méi truong, hop
chat thtr cap mdi duoc san xuat nhiéu hon trong té bao dé chéng lai cac tac nhan

bén ngoai [28].

Nhu vy, su sinh tong hop gypenoside noi chung va Rbl néi riéng da dién
ra trong té bao huyén phu cay Gido co lam, trong d6 ham luong gypenoside 1an
Rb1 trong té bao déu cao hon so vdi callus, tuong dwong véi mau than nhung van
thép hon mau 14 tu nhién. So véi mau ré to da duoc cong bd, ham luong

gypenoside trong té bao c¢o gia tri twong duong [35].

San xuat cac hop chit nhém saponin bang nuéi cy té bao huyén phu da
duoc nhidu tac gid thuc hién va cong bd. Ginsenoside 1a cac hop chét saponin
thudc nhom triterpene, duge xem la thanh phﬁn c6 hoat tinh sinh hoc quan trong
nhat trong Nhan sim. Kha ning tong hop ginsenoside tir nudi cdy ré da duoc gay
d6t bién cuia Nhan sim c6 st dung elicitor sinh hoc di duoc Le va cong su (2018)
nghién ctru. T4t ca 5 chung vi khuan ¢ dinh dam va 4 chang vi khuan 1én men
duogc sir dung déu c6 anh hudng dén kha nang tich liy sinh khoi va ginsenoside.
Ham luong saponin cao nhat thu duoc trong nudi cay ré voi Mesorhizobium
amorphae (GS3037) sau 5 ngay khoang 105,58 mg/g khdi lugng kho so voi 74,48

mg/g & thi nghiém ddi ching khong bo sung elicitor. Sy tich lily clia ginsenosides
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Rb2 va Rb3 ting dang ké, twong Gmg 12 19,4 va 4,4 1an; 18,8 va 4,8 1an sau 5 ngay
xtr Iy vo1 M. amorphae (GS3037) va M. amorphae (GS336) [87].

Nhiéu loai saponin khéc cling d3 dugc san xuat bang phuong phap nudi cy
mo thuc vat ¢ xu 1y elicitor. Lee va cong su (2018) da nghién ctru phuong thirc
tang tong hop saponin trong nudi cy té bao cdy Gai thau dau bang cach sir dung
elicitor. Khi nudi cdy té bao khong b sung elicitor, ham lugng saponin tong s6
thu dugc 1a 1,56 mg/60 mL sau 15 ngdy nudi cdy. Khi bd sung coronatine 1 pM,
luong saponin tich liy ting 1én 160%. Ngoai ra, cic tac gia nhan thiy, coronatine
lam ting biéu hién sinh tong hop beta - amyrin tir 46 dan dén tich liiy oleanolic

acid [88].

Nhan va cong su (2018) nghién ctru anh hudng cua elicitor 1én qua trinh tong
hop eurycomanone ¢ loai Mat nhan. Eurycomanone 1a mot hop chét th cap co
gia tri, thudc nhom hop chat quassinoid, biéu hién hoat tinh chéng st rét va tang
cudng san xuat testosterone ¢ chudt, e ché té bao ung thu phdi. Cac ndng do
khac nhau cua dich chiét nam men (YE) (20 - 250 mg/L), MeJA (20 - 500 uM)
va SA (20 - 500 pM) da dugc str dung dé phan tich anh huong 1én sinh trudng cua
té bao va tich lily eurycomanone sau 14 ngdy nudi cdy. Két qua cho thdy ham
lugng eurycomanone trong té bao dugc xir Iy voi 20 uM MeJA sau 4 ngay nudi
cdy dat gia tri cuc dai khoang 17,36 mg/g khéi luong kho va tang tir 8-10 1an so
v&1 nhom khong xu 1y elicitor [123]. Kwan va cOng su (2021) nghién ctru anh hudng
ctia 3 elicitor sinh hoc (YE, pectin va valine) 1én kha ning san xuat cac hop chét sinh
hoc ¢6 hoat tinh chdng lai cac dong t& bao ung thu trong nudi cdy té bao huyén phu
cay Béach bénh. Két qua cho thay cé 3 elicitor nay déu 1am ting hoat tinh giy doc doi
v6i dong té bao ung thu & ngudi, HTC116, tuong tir nhur dich chiét tir ré cta cay
truong thanh, ma khong anh dén sy sinh truong cuia té bao cay Bach bénh [82].

Trén co so su tich Iy sinh khéi tuoi, sinh khéi kho, ham lugng gypenoside
téng $6 cling nhu Rb1, thoi diém thu nhan té bao, vira dam bao thu duoc sinh khoi

16n vira thu duoc ham luong cac hop chat cao 1a 18 ngay.
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3.1.2. Anh hwéng ciia mdi trueong nudi cAy 1én qua trinh tich liiy gypenoside

trong té bao huyén phu
3.1.2.1. Anh hwéng ciia phoi hop cdc chit diéu hoa sinh truéng

Vé sinh khdi, c6 2 méi trudng cho sinh khdi cao nhat sau 18 ngay nudi cay,
d6 1a méi truong MS bo sung 2,5 mg/L BAP két hop v6i 0,5 mg/L IBA (sinh khdi
tuoi dat 3,501 g/binh) va méi truong chira 2 mg/L KIN két hop 0,5 mg/L IBA
(sinh khéi tuoi dat 3,693 g/binh). Cac méi trudng con lai déu cho hiéu qua thap
hon (Bang 3.2).

Péi véi qua trinh tich lily gypenosdie, cac mdi truong chira KIN va IBA ¢
hiéu qua tich lily cao hon cic mdi truong chua BAP va IBA, trong d6 néng do
KIN tir 1,5 - 2 mg/L cho hiéu quéa cao nhat (40 - 41 mg gypenoside/g kho), ham
lugng Rb1 cao nhat thu dugc & méi truong chira 2 mg/L KIN két hop 0,5 mg/L
IBA (0,041 mg/g kho).

Bang 3.2. Anh huéng ciia BAP hoic KIN két hop véi 0,5 mg/L IBA 1én sinh

truong va tich lily gypenoside

BAP KIN Khoi lwong Khdilwong Gypenoside Rbl
(mg/L) (mg/L) twoi kho (mg/g kho) (mg/g
(g/binh) (g/binh) kho)
1 - 3,203 0,149% 26,3601 0,0254
1,5 - 2,822°¢ 0,120° 34,601° 0,043
2 - 2,997° 0,138° 34,932° 0,049?
2,5 - 3,501¢ 0,161° 35,850° 0,048°
3 - 2,732¢ 0,113 25,0534 0,019¢
- 1 2,573 0,121°¢ 23,2874 0,025¢
- 1,5 2,860° 0,118°¢ 40,9002 0,034¢
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- 2 3,693% 0,157¢ 40,240° 0,041°
- 2,5 3,274° 0,144 31,733°¢ 0,032¢

- 3 2,3694 0,095¢ 24,1904 0,013f

Cdc chit cdi khdc nhau trong ciing mot ¢ét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA mét nhan t6: loai chat diéu hoa sinh trucng; phép thir hdu nghiém
Duncan, p < 0,05). Cdc gid tri ¢é cung chit cdi khéng khdc biét c6 y nghia thong
ké (p > 0,05).

Pbi v6i sinh trudng, hai cong thire MS b6 sung 2,5 mg/L BAP + 0,5 mg/L
IBA va 2 mg/L KIN + 0,5 mg/L IBA déu cho sinh khdi thudc nhém cao nhét va
khong khac biét c6 ¥ nghia théng ké (p > 0,05). Tuy nhién, xét dong thoi kha nang
tich lily gypenoside, méi truong chira 2 mg/L KIN két hop 0,5 mg/L IBA duoc
Ira chon cho céc thi nghiém tiép theo do cho ham luong gypenoside cao hon va

thudc nhom thong ké cao nht.

Su khac biét vé sinh khdi va kha ning tich lily gypenoside giita cic nghiém
thire cho thay ty 18 cytokinin va auxin c6 anh hudng dang ké dén qué trinh sinh
truong va chuyén hoa tht cip cua té bao huyén phu. KIN két hop véi IBA & nong
d6 thich hop khong chi duy tri kha ning phan chia té bao ma con thuc day con
duong sinh tong hop gypenoside, dan dén ham lugng hoat chét cao hon so véi cac
cong thie sir dung BAP. Tuy nhién, khi ting ndng do chat diéu hoa sinh truéng
vuot murc toi wu, hiéu qua tich liy gypenoside c6 xu huéng giam, cho thiy su cin
bang hormone déng vai trd quan trong trong viéc diéu hoa dong thoi qua trinh

sinh trudng va tong hop hop chat thir cip cua té bao thyc vat.

Ham luong gypenoside trong Bang 3.2 thap hon so véi diéu kién nudi ciy
chuan trong moi truong MS 16ng 1a do céc thi nghiém dugc thuc hién & cac giai
doan t6i wu hoa khac nhau va véi muc dich dénh gia khac nhau. O Bang 3.2, thi
nghiém tap trung khao sat anh hudng riéng ctia BAP hodc KIN khi phdi hop véi
0,5 mg/L IBA dén sinh trudng va tich lily gypenoside, nham Iya chon t6 hop chit
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diéu hoa sinh truéng phi hop cho nudi cay té bao huyén phu. Trong khi do, diéu
kién nuéi cdy chuan duoc xac 1ap sau khi da lya chon méi truong phu hop va téi
rru cac yéu to nudi cdy khac. Ngoai ra, su tich lily gypenoside phu thudc khong
chi vao loai va nong do chat diéu hoa sinh truong ma con chiu anh hudng boi
trang thai sinh 1y cua té bao, thoi gian nuoi céy, mat do céy ban dau va diéu kién
van hanh. Vi vay, su khac biét vé ham luong gypenoside gitta cac thi nghiém 13

pht hop véi ddc diém bién dong ctia hé nudi cay té bao huyén phu.
3.1.2.2. Anh huéng ciia nguén carbon

Két qua trinh bay ¢ bang 3.3 cho thdy sucrose van 13 ngudn carbon tét
nhat cho sinh trudong (khoang 3,641 g tuoi/binh) va tich liiy gypenoside cua té
bao (xap xi 39,845 mg gypenoside/g kho), tiép theo 1a glucose. Ngudn carbon
duoc bo sung vao moi truong nudi cay in vitro voi vai trd vira 1a ngudn nang
lugng, vira 1a chat diéu chinh 4p suat thim thau cua té bao [20]. Ngoai ra, chung
cling c6 thé 1a phén tir tin hiéu va dong vai tro tuong tu chat diéu hoa sinh trudng
(PHST) thuc vat, gitp diéu chinh qua trinh trao d6i chat, ting truong va phat
trién cta té bao bé“mg su kich thich biéu hién hodc e ché céc gene ma hoa

enzyme [70].

Bang 3.3. Anh huéng ciia ngudn carbon 1én sinh truéng va tich liiy

gypenoside

Nguon Carbon Khoilwong  Khoilwong Gypenoside Rbl (mg/g

twoi (g/binh) khoé (mg/g kho) kho)
(g/binh)
Sucrose 3,6412 0,157% 39,845° 0,037%
Glucose 3,247° 0,106° 22,3494 0,031°
Fructose 2,383¢ 0,095° 27,862°¢ 0,030P
Galactose 2,795¢ 0,114° 15,033¢ 0,034°

59



Lactose 2,311° 0,091° 31,397° 0,034°

Glycerol 2,471° 0,094° 29,905% 0,031°

Cdc chit cdi khdc nhau trong ciing mot cét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA mét nhan t6: nguon carbon; phép thir hiu nghiém Duncan, p < 0,05).
Cdc gid tri ¢é cung chir cdi khong khdc biét c6 y nghia thong ké (p > 0,05).

Mic du sucrose va glucose duoc sir dung phd bién trong nuéi ciy té bao
thuc vat. Tuy nhién, mdi loai lai thich hop véi mot nguén carbon khac nhau can
cho qua trinh hinh thanh cac san pham trao d6i chét ctia ching. Trong nudi ciy
té bao thuc vat, nhiéu loai duong don cling da dugc st dung nhu glucose,
fructose, sorbitol, galactose...[111]. Do d6, viéc khao sat ngudn cung cap carbon
va nong do thich hop 1a can thiét.

Sucrose dugc xem 1a ngudn carbon thich hop nhat cho sinh truéng cua té
bao thyuc vat, nong do thuong dung 1a tir 20 - 70 g/L. Sucrose vira cung cap ning
luong vira 1a mot thanh phan trong sinh tong hop cac chat thir cip. Tc do tang
trudng sinh khoi thue vat ludn lién quan truc tiép td1 su tiéu thu sucrose. Vai tro
clia sucrose trong viéc tang tich lity sinh khoi kho té bao c¢6 thé do anh hudng cua
n6 1én tubulin, mot protein chiu trach nhiém trong sinh truéng va phat trién cua té
bao. Trén moi trudng ma tat ca cac nguon dinh dudng & mirc du thira, sy gia ting
ndng d6 sucrose s& dan dén ting sinh khdi kho. Mot s nghién ctru nhu nudi cay
té bao cdy Ca dai hoa tim, Ca dai hoa tring hay B6 ¢t chi... té bao tang sinh khoi
kho cing véi viée ting nong do sucrose. Tuy nhién, khi ndng do sucrose qua cao
s& dan dén ap suat tham thau vuot gidi han cho phép cua té bao, vi thé anh hudng
x4u 1én sinh trudng cua chung [3].

Trén mot s6 d6i twong khac, ngudn carbon tét nhat cho sinh truong va tich
lity hop chét thr cdp khong phai 1a sucrose ma 1a cac loai duong khac. Chang han,
fructose 5% gitip ting sinh trudng cua té bao cdy Nhau. Trong nudi ciy té bao
ciy ngd, fructose dugc van chuyén nhanh nhét, tiép dén 1a glucose va sau clng

1a sucrose. Mot s6 nghién ctru khac ciing thu duoc két qua tuwong ty nhu khi nudi
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cdy té bao cta cdy Ca doc dugc 14 bac, Sung tam gui va day Than thong [131].
3.1.3. Anh hwéng ciia cac diéu kién nudi cdy Ién tich lily gypenoside trong té
bao huyén phu

Trong qua trinh nuoi céy, cac diéu kién nudi céy thuong duoc ti wu cho su
sinh truong va san xuat hop chat thir cip cua té bao. Cac diéu kién nudi cdy nhu
nhiét do, do am, cuong do chiéu sang, mat do nudi céy, tdc do khuéy,. .. cling déu
anh huong [33].
3.1.3.1. Anh hwéng cia ty 1é méu ban dau

Té bao véi cac ty 1¢ mau ban dau khac nhau (4 - 8%, tuong duong 2 - 4 g
té bao/binh) duogc nudi cay trén moi truong 1ong co thanh phan tdi wu. Su sinh
trudng cta té bao huyén phu sau 18 ngay nudi cdy duoc trinh by ¢ bang 3.4.

Véi lugng mau nudi cdy ban dau 14 3 g, qua trinh nudi ciy cho hiéu qua cao
nhat, kha nang sinh truong cua té bao tot (khdi luong twoi dat xap xi 5,392 g/binh)
va tich lily gypenoside cao (khoang 46,498 mg/g kho). Vi mat do tiép gidng 1a 2
g, tuy c6 chi s6 sinh truong cao nhung chat luong dich huyén phu té bao ¢ chat
luong khong cao, t& bao bi két khdi va it ddng nhit so v6i khi sir dung 3 g té bao
(dich huyén phu té bao c6 mau vang dam, tuoi va dong nhat). Khi nudi cay ban
dau v6i 4 g callus, té bao cling dat sinh khdi trong duong voi khi nudi cay 3 g,
tuy nhién su tich lily gypenoside thap hon nhiéu (khoang 34,520 mg/g kho). Panh
gia ham luong Rb1, chiing t6i nhan thay nudi cay 2 g callus cho két qua cao nhat,
tipdénla3d gvadg.
Bang 3.4. Anh huéng clia mat dd tiép gidng nudi cdy Ién sinh truéng va tich

lily gypenoside

Lwong miu Khéilwong Khdilwong  Gypenoside Rbl (mg/g
nudi cdy (g) twoi (g/binh) khd (g/binh) (mg/g khd) kho)

2 3,661° 0,082° 42,876 0,049%
3 5,392% 0,128% 46,498 0,038°
4 5,430% 0,130? 34,520¢ 0,021¢

Cdc chit cdi khdc nhau trong cing mot cét biéu thi sw khdc biét c6 ¥ nghia thong
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ké (ANOVA mét nhén t6: lwong mau nudi cdy; phép thir hiu nghiém Duncan, p <
0,05). Cdc gid tri ¢ ciing chir cdi khong khdc biét cé ¥ nghia thong ké (p > 0,05).

Nhin chung, viéc xac dinh mat do tiép giong nudi cdy ban dau 1a rat can
thiét cho qua trinh sinh truong cta té bao trong nudi cay huyén phu. Khi mat do
té bao trong binh nudi ciy qua cao hoic quéa thip déu lam cho sinh truéng cua té
bao kém di [117]. Anh huong ctiia mat do tiép gidng nudi cdy ban dau 1én sinh
trudng cua té bao nudi ciy huyén phu da dugc khao sat trén nhiéu loai thyc vat
khac nhau. Gou va Zhang (2005) khi nghién ctru nudi cdy huyén phu té bao cay
Gung nhan thay, néu lugng miu ban dau thap hon 0,5% (w/v) té bao sinh truéng
cham, trong khi véi lugng mau cao hon 2,0% (w/v) té bao s& sinh truéng nhanh

[56].

Nhu vay, tiy vao muc dich nghién ctru ma c6 thé chon 2 g hay 3 g dé bat
dau qua trinh nudi cdy. Trong nghién ciru nay, chung toi lya chon cong thirc cho
ham luong gypenoside cao nhat. Vi vay mat do tiép giong nudi ciy 1a 3 g duogc su
dung trong cac nghién ctru tiép theo va thu hoach sinh khéi sau 18 ngay nudi cay
dé khao sat anh hudng cac diéu kién nudi cdy khac 1én sinh trudng va tich liy
gypenoside cta té bao Giao ¢6 lam.

Théng thuong, mat do tiép gibng nudi cdy co anh huong dén sy san xuit
sinh khéi ciing nhu tich liiy hop chat thit cAp [54]. Trong nghién ctru ndy, mat do
tiép gibng ti wru cho sinh trudng ctia té€ bao cling nhu tich liy gypenoside 1a 3 g
callus trén 50 mL méi trudng (tuong duong 6% w/v), két qua nay twong duong
v6i nudi cdy té bao rau ma dé san xuit madecassoside [104] hay san xuét
eucorymanone tir nudi cdy té bao cy Bach bénh [123]. O mot s6 nghién ctru khac,
mat do tiép gidng tdi wu thuong thap hon, vi du san xuét flavonoid & té bao cay
Bang cam thach 13 2% [58], anthocyanin & cAy Nho 1a 3,2% [128].
3.1.3.2. Anh hwong cia toc dp lic

Tbc d6 lac 1a mot trong nhitng théng sb quan trong ctia qua trinh nudi ciy

huyén phu té bao, lién quan dén qua trinh trao d6i chat cua té bao. Thong thuong,
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tbc d6 lac 120 vong/phut cho hiéu qua t6t nhat d6i véi da sé cac tuong hop. Vi du,
sinh tong hop eurycomanone trong té bao ciy Bach bénh [123] hay flavonoid
trong té bao cdy Bang cam thach [58].

O thi nghiém nay, céc tc do lic khac nhau (100 - 150 vong/phit) duoc st
dung trong qua trinh nuéi ciy, két qua sinh truong cua té bao sau 18 ngdy nudi
cdy duoc trinh bay & bang 3.5. Trong thi nghiém cta ching toi, toc do lic 120
vong/phut van cho két qua tét nhat, cac téc do lic cao hon hay thip hon déu khong

cho két qua tt bang.

Bang 3.5. Anh huéng ciia téc dd lic 1én sinh truéng va tich liily gypenoside

Toc dp lic  Khoilwong Khdi lwong
Rb1 (mg/g  Gypenoside (mg/g

(vong/phut) twoi kho
kho) kho)
(g/binh) (g/binh)
100 3,462°¢ 0,066° - 13,542¢
120 5,430° 0,131¢ 0,039° 46,870°
150 4,521° 0,049° 0,022° 38,041°

Cdc chit cdi khac nhau trong cing mét ¢ét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA mdt nhén to: toc do lic; phép thir hdu nghiém Duncan, p < 0,05).
Cdc gid tri ¢é cung chiv cdi khéng khdc biét c6 y nghia théng ké (p > 0,05).

3.1.4. Thir nghiém nudi cay té bao trong bioreactor 12 L

Sau 7 ngay nudi cay, sinh khoi t€ bao Giao c6 lam chua tang truéng nhiéu,

khéi lwong tuoi thu duoc 1a khoang 3,1 g.

Dich huyén phu té bao nudi cdy trong cac binh tam giac dugc bo sung vao
bioreactor 12 L vi ti 16 mau ban dau 1a 10% (v/v), tbc d6 khudy 1a 150 vong/phut.
Sau 10 ngay nudi cay, thu nhan 10 mL dich huyén phu thong qua van thu mau
trén bioreactor 12 L. Sinh khdi tuoi, sinh khéi kho trong qua trinh nuéi cdy duoc

thé hién & hinh 3.4 va 3.5.
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Trong 10 ngdy dau ctia qua trinh nudi cdy, sinh khéi tuoi cta té bao ting
cham, chi dat 38,860 g trong khi khéi lugng dau vao khoang 37,221 g. Sau qué
trinh thich nghi ban dau, sinh khéi té bao ting nhanh trong nhitng ngay tiép theo,
tr 38,860 - 45,611 g twong ung véi 1,341 - 1,792 g sinh khdi khé; trong do sinh
khéi dat dinh & ngay thr 18. Trong giai doan nay sinh khdi c6 mau vang dam, két
thanh nhiéu khdi nho. Sau giai doan nay té bao bat dau chuyén sang giai doan chét
do dinh dudng trong binh nudi cy bat dau can; sinh khéi twoi va khé cua té bao
huyén phu giam dan theo thoi gian (tir 45,611 g tuoi giam xudng 41,370 g sau 4
ngay). Té bao chuyén mau dam hon. Sau 22 ngdy nudi cdy, chung toi tién hanh
dirng va thu sinh khéi. Cac mAu sinh khéi kho thu timg giai doan duoc sir dung

dé phan tich ham luong gypenoside tich liy.
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Hinh 3.3. Pwong cong sinh truwéng ciia té bao huyén phu nudi ciy trong

bioreactor 12 L.
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a b c

Hinh 3.4. Nudi cdy té bao huyén phi Gido c6 lam trong bioreactor 12 L

a. Binh bioreactor 12 L. b. Sinh khdi twoi sau khi thu tir binh bioreactor. c. Sy
kho sinh khéi dén khéi luong khong doi.

Sinh khéi kho thu dugc tir cic ngay nudi cay khac nhau trong bioreactor 12
L duoc chiét v6i methanol dé thu gypenosie tong s6.

Hinh anh va s6 liéu & hinh 3.3 va hinh 3.4 di thé hién dudng cong sinh
truong cta té bao huyén phu Gido ¢ lam nudi ciy trong bioreactor 12 L ting
treong nhanh bat dau tir ngdy thir 10 ctia qua trinh nudi ciy. Trong khi do, sy tich
lily gypenoside ting nhanh va dat cuc dai & ngay nudi cdy thir 16 vi ham luong
dat tir 26,412 - 40,090 mg/g kho. Sau d6, ham luong bat dau giam trong cic ngay
nudi cdy tiép theo. Haim luong Rb1 tich lily ciing dat cuc dai ¢ ngay tht 16 (0,038
mg/g kho). Té bao thuc vat thuong cé sy tich liy nhiéu cac hop chat thi cap khi
té bao chuan bi budc vao pha 6n dinh cia qua trinh sinh trudong. Trong pha sinh
trudng té bao tap trung chat dinh dudng cho qua trinh phéan chia va nhan 1én. Cubi
pha sinh truéng, té bao tong hop nhiéu hop chat thir cip nham bao vé té bao tranh
khoi nhiing tac dong X4u tir moi truong nhu su can kiét nguén dinh dudng, su tich

lity nhiéu hon cac chat doc ciia qua trinh trao d6i chat. .. [4].

3.2. ANH HUONG CUA ELICITOR TRONG TANG CUONG KHA NANG
SAN XUAT GYPENOSIDE TU NUOI CAY HUYEN PHU

Trong nudi cay té bao thuc vat, ham luong hop chit thi cip thuong thip hon
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s0 voi cay tu nhién do thiéu céc tin hiéu sinh hoc tir méi truong séng. Vi vay, viéc
st dung elicitor dugc xem la mét trong nhitng chién lugc hiéu qua nham kich hoat
co ché phong vé cua té bao, tir 46 thuc ddy qua trinh sinh tong hop va tich liy cac
hop chét c6 hoat tinh sinh hoc. Nhiéu nghién ctru di chtrng minh cac elicitor nhu
methyl jasmonate (MeJA), salicylic acid (SA) va yeast extract (YE) c6 kha nang
lam ting dang ké ham lugng hop chét thir cip ¢ nhiéu loai thyc vat. Trén co so
d6, nghién ctru nay tién hanh danh gia anh hudng cua cac elicitor dén kha ning
san xuat gypenoside trong hé nudi cdy té bao huyén phu cay Gido co lam. Xt Iy
YE 0,5 g/L va AgNO; 30 mg/L & cac thoi diém khac nhau déu lam ting biéu hién
cua céac cac gene trong chu trinh phenylpropanoid va sy tich ity cua rosmarinic acid
trong nudi ciy té bao cdy Hodc huong nai [124], [48]. Mtic d6 biéu hién cia cac
gene tham gia vao con duong tong hop phytosterol va triterpene trong té bao cay

Rau m4 ciing tang 1én dang ké sau khi duoc xur Iy bang SA [103].

3.2.1. Anh huéng ciia ndng dd elicitor 1én sinh trwéng va tich lily gypenoside

trong té bao

Két qua trinh bay & bang 3.6 cho thay tat ca cic ndong 46 MeJA déu tic ché
sy sinh trudng cua té bao, sinh khoi khéo dao dong tir 0,063 dén 0,118 g/binh (déi
chtmg 0,190 g/binh). So voi ddi chimg, ham lugng gypenoside ting 1én khi bd
sung 25 - 100 pM MeJA, cao nhat khi b6 sung 50 pM (58,116 mg/g chat kho).
Tuong tu nhu khi xir Iy MeJA, té bao dugc xir Iy SA ¢6 su tich lily sinh khéi giam,
ham luong gypenoside thu duoc cao nhat khi xtr Iy 100 uM SA (76,809 mg/g chét

khé), cao gip khoang 1,52 1an so véi ddi chimg khong xir 1y elicitor.
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Bang 3.6. Anh hwéng ciia MeJA va SA 1én sinh truéng va tich liy

gypenoside
Nong a9 Elicitor ~ Khdi Khoi Gypenoside Rbl (mg/g
(mM) lwgng twoi lwong khé (mg/g kho)  kho)
(2 (2
0 - 5,7322 0,190? 50,5454 0,048
MeJA 5,043b<d 0,165% 54,546% 0,052°b¢d
» SA 5,763 0,204% 58,475 0,060°
MelJA 5,0030¢ 0,163% 58,116 0,0530<
> SA 5,456 0,163 63,980° 0,062°
MeJA 4,8760¢de 0,0944% 53,617¢ 0,041¢%
10 SA 5,187%¢ 0,141°¢ 76,809% 0,075%
MelJA 4,854bcde 0,0884¢ 32,552¢ 0,037¢
0 SA 4,659¢de 0,107¢ 32,100¢ 0,061°
MeJA 4,4724¢ 0,063¢ 29,514¢ 0,037¢
200
SA 4,331°¢ 0,026 9,7241 0,056

Cdc chit cdi khdc nhau trong ciing mot cét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA hai nhén t6: néng dé va loqi elicitor; phép thir hdu nghiém Duncan,
p < 0,05). Cdc gid tri c6 cung chit cdi khéng khdc biét c6 ¥ nghia thong ké (p >
0,05).

Két qua trinh bay & bang 3.7 cho thay YE la elicitor t6t nhat khi bo sung
vao thoi diém nudi cdy ban dau. Trong qua trinh xt Iy YE, su tich ldy sinh khéi
té bao khong c6 sy thay doi giira cac cong thire thi nghiém. Ham luong gypenoside
tich lily cao nhat khi 3 g/L YE dugc bo sung vao mdi trudng nudi cay (khoang

73,767 mg/g chat kho), cao gip khoang 1,46 1an so véi d6i chimg khong xtr 1y
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elicitor.

Nguoc v6i YE, khi xir 1y bang Fox, ca sinh khi té bao va gypenoside déu
giam so v6i ddi chimg, xtr Iy Fox nong d6 cang cao sinh khdi té bao cang giam.
Ham lugng gypenoside thu dugc chi dao dong trong khoang 23,066 - 36,790 mg/g
chat kho (Bang 3.7).

Thong thuong, bo sung cac elicitor vao moi trudng nudi cdy déu te ché kha
ning sinh truong cua té bao, két qua nay dugc cong bd trén nhiéu coéng trinh
nghién cuu trude day. Ch'fmg han, cac elicitor nhw MeJA, Ag", chitosan va dich
chiét tir nAm (polysaccharide) ¢ cac nong d6 khac nhau déu trc ché sinh truong
ctia té bao cay Thong do [171]. Két qua nghién ctru ciia Frankfater va cong su
(2009) vé anh hudng ciia MeJA va SA trong nudi cay ré to cdy Bong hai dao ciing
cho thay MeJA c6 tac dung trc ché qué trinh sinh truéng cua té bao [49]. Trong
qua trinh nudi cdy té bao thuc vat, bd sung elicitor vao méi trudng nudi cdy sé
dan dén viéc ngimg sinh truéng tam thoi hay vinh vién cta té bao, diéu nay ciing
c6 thé dan dén cac phan Gmg phong vé bang cach chuyén tir trang thai chuyén hoa
so cAp sang san xudt chat chuyén hoa thtr cap [90]. Ngoai ra, khi xtr 1y elicitor &
ndng do cao hon ndng do t6i wu thuong dan dén hién tuong dap tng qua mirc, gy

chét té bao [19].

Bang 3.7. Anh huéng ciia YE va Fox Ién sinh truéng va tich lily gypenoside

Nong @6 Elicitor  Khoi Khoi lwong Gypenoside Rbl
(g/L) lwgng twoi kho (g) (mg/g kho) (mg/g
(2 kho)
0 - 5,4332 0,1712¢ 50,478% 0,052°
YE 5,499? 0,170 54,9744 0,061°
1 Fox 4,597b 0,181% 36,790" 0,049
YE 54112 0,1314 67,135" 0,063
? Fox 4,885% 0,174% 34,924 0,050
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YE 5,410% 0,137% 73,767% 0,066?

’ Fox 4,521% 0,170%¢ 31,115% 0,043¢
YE 5,4242 0,123 60,915°¢ 0,063?

* Fox 4,076 0,165% 27,411 0,040¢
YE 5,387% 0,105 46,338°¢ 0,062?

’ Fox 3,9314 0,142b¢de 23,066" 0,039¢

Cdc chit cdi khdc nhau trong ciing mot ¢ét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA hai nhén t6: nong dé va loqi elicitor; phép thir hdu nghiém Duncan,
p < 0,05). Cdc gid tri c6 cung chir cdi khéng khdc biét c6 y nghia thong ké (p >
0,05).

3.2.2. Anh huéng ciia thoi diém bd sung elicitor 1én sinh truwéng va tich liy

gypenoside cua té bao

Trong thi nghiém t6i wu hoa thoi diém cam ung, cac gia tri dugc so sanh theo
baseline ndi tai (ngay 0) ctia timg elicitor. Két qua cho thiy MeJA dat hiéu qua cam
ting cao nhét khi bd sung & ngay thtr 9 v6i ham luong gypenoside 73,901 mg/g khd.
SA tao dap mg manh nhat khi xtr Iy & ngay thtr 6, dat 79,721 mg/g kho. Pang chu
¥, YE lai thé hién mé hinh phan tmg khéc véi cac elicitor phi sinh hoc: ham luong
gypenoside cao nhét xuat hién khi bd sung ngay tir ngdy dau nudi cdy, phan anh dic
tinh cam Gmg sém va manh cia YE (Hinh 3.5).

Bang 3.8. Anh hwéng ciia thoi diém bo sung elicitor 1én sinh truwéng va tich

liiy gypenoside ciia té bao

Ngay xit  Elicitor Khoi Khoi lwong Gypenoside Rb1 (mg/g
ly lwgng twoi  kho (g) (mg/g kho)  kho)
()
MeJA 4,968 0,207% 57,852M 0,052¢
’ SA 4,908¢de 0,148 76,480% 0,075¢
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YE 4,855°¢ 0,186 74,579 0,061f

MeJA  5,110° 0,212¢f 65,633 0,055¢h
3 SA 4,906% 0,149 76,661 0,088
YE 4,980°de 0,192h 61,2028 0,056
MeJA 5,168 0,216% 73,461° 0,055¢h
6 SA 4,9070de 0,157% 79,721% 0,093%
YE 5,041bcde 0,204¢ 57,543M 0,035%
MeJA 5,302 0,244° 73,901° 0,066%
9 SA 5,025 0,178 73,558" 0,063
YE 5,137b¢de 0,209¢ 54,1631 0,031
MeJA  5,254b 0,229¢ 68,6224 0,067¢
12 SA 5,259b<d 0,211f 70,547 0,059
YE 5,424° 0,221¢ 51,3219 0,027%
MeJA 5,018 0,191M 60,8142 0,045
15 SA 5,327 0,221¢ 62,628 0,054¢hi
YE 6,048* 0,252% 49,989 0,024%

Cdc chit cdi khdc nhau trong ciing mot cét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA hai nhén t6: ngdy xit Iy va loai elicitor; phép thir hdu nghiém Duncan,
p < 0,05). Céc gid tri ¢é ciing chir cdi khéng khdc biét c6 y nghia thong ké (p >
0,05).
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¢ (scale bar = 10 mm)
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Hinh 3.5. Sinh khoi twoi va khé sau khi b6 sung elicitor
a. Sinh khéi twoi va kho sau khi bd sung 50 pM MeJA vao ngay thir 9
b. Sinh khdi tuoi va kho sau khi bo sung 100 pM SA vao ngay thi 6

c. Sinh khéi tuoi va kho sau khi bo sung 3 g/L YE vao ngay dau tién
Két qua & Bang 3.8 cho thay thoi diém b sung elicitor ¢6 anh hudng rd rét
dén sinh truong va tich lily gypenoside cta té bao huyén phu Giao cd lam, va hiéu
qua nay phu thudc chit ch& vao ban chat cua timg elicitor. Trong s cac elicitor
khao sat, SA cho hiéu qua cam tng manh nhat khi dugc bo sung vao ngay tht 6,
voi ham lugng gypenoside dat 79,721 mg/g kho, trong khi MeJA dat gia tri cao
nhat khi bo sung mudn hon (ngay tht 9). Nguoc lai, YE thé hién xu huéng cam
mg som, v6i ham luong gypenoside cao nhat khi bd sung ngay tir dau qué trinh

nudi cay, sau d6 giam dan khi bd sung & cac thoi diém mudn hon.

Su khac biét ndy c6 thé lién quan dén co ché cam Gng dic trung cla ting
loai elicitor. SA va MeJA 1a cac elicitor héa hoc tham gia truc tiép vao mang ludi
tin hi¢u phong v¢ cua té bao thuc vat, trong d6 SA thuong lién quan dén dap ung
khang sinh hoc, con MeJA gin véi con duong stress va diéu hoa sinh tong hop
cac hop chat thir cip. Viéce bo sung cac elicitor nay ¢ thoi diém té bao di budc
vao pha sinh trudng manh gitp t6i wu hoa kha ning chuyén dong carbon tir sinh
trudng sang sinh tong hop gypenoside. Nguoc lai, YE 14 elicitor sinh hoc phirc
hop, co thé kich hoat nhanh dap ung phong vé ngay tir giai doan som, din dén
hiéu qua cam tng cao khi bo sung sém nhung khong duy tri dugc & cac thoi diém

muon.

Xu hudng nay phu hop voi cac bao céo trude ddy trén nhiéu hé théng nudi
céy té bao thuc vét, trong d6 hi€u qua cam rng cua elicitor phu thudc chat ché vao
d6i tugng nghién ciru, loai hop chét thir cap va thoi diém xtr 1y. Trén nhan sam,
xtr Iy NaCl & ndng d6 thap lam ting tich liiy saponin va ning suat ré, trong khi xur
Iy & nong do cao gay trc ché sinh truong. Trén Pan sim, SA & nong do va thoi

gian xur 1y thich hgp lam ting tich lliy salvianolic acid B va caffeic acid, nhung
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hiéu qua giam rd rét khi xir Iy kéo dai hoic & ndng do cao. Tuong tu, trong nudi
cay huyén phu DAy thia canh va Sdm An Do, MeJA va SA chi phat huy hiéu qua
t6i uu trong mot khoang nong do va thoi diém xu 1y nhat dinh [116], [43].

Nhu vay, két qua cua luan an mot lan nira khéng dinh r:?mg khong tdn tai
mot thoi diém b sung elicitor tdi wu chung cho moi hé thdng nudi cdy, ma can
duogc xac dinh riéng cho timg dbi twong va timg loai elicitor. Cac két qua thu dugc
trong nghién ctru ndy da lam rd dic diém dap Gmg cua té bao huyén phu Gido cb
lam dbi voi MeJA, SA va YE, dong thoi cung cip co s khoa hoc quan trong cho
viéc toi wu hoa chién luge cam tmg nham nang cao tich lily gypenoside trong hé

thong nuoi cay teé bao.

3.2.3. Anh huéng ciia sy phoi hop nhiéu elicitor 1én sinh truwéng va tich liiy

gypenoside cua té bao

Bén canh viéc st dung riéng 1¢ cac loai elicitor sinh hoc va phi sinh hoc,
rat nhiéu cong trinh nghién ctru di str dung két hop cac elicitor dé mang lai hiéu
qua cao hon. D& nghién ctru kha ning phdi hop céc elicitor 1én kha niang sinh
trudng va tong hop saponin ctia té bao, ching t6i chon cac ndng do tot nhét cua
tirng chat dé két hop véi nhau, bao gdom MeJA (50 uM), SA (100 uM) va YE (3
g/L), két qua dugc trinh bay & bang 3.9.

Nhin chung, xtr Iy két hop cac elicitor & nghién ciru nay déu cé tac dung
tang tich lily gypenoside trong té bao so v&i ddi chimg. Cong thirc két hop tét nhat
(két hop ca 3 chét) cho luong gypenoside dat 103,810 mg/g kho, cao hon khoang
2,22 1an so v4i té bao khong duoc xtr 1y elicitor va khoang 2,78 1an so voi mau tu
nhién. Cac cong thitrc két hop 2 elicitor gitta SA va MeJA hodc phdi hop giita YE
va MeJA déu cho két qua twong duong hoic tot hon st dung ting chit riéng 18
nhung khong cao bang phdi hop ca 3 chat. Lugng gypenoside dat cao nhat & cong
thirc phéi hop giita SA va YE hoic phdi hop dong thoi 3 elicitor 1a MeJA, YE va
SA.
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Bang 3.9. Anh huéng ciia phdi hop cac elicitor 1én sinh truéng va tich liy

gypenoside
Elicitor Khoi lwong Khoi lwong Gypenoside Rbl1 (mg/g
twoi kho (mg/g kho) kho)

(g/binh) (g/binh)

MelJA 4,958? 0,172% 73,114° 0,055°¢
SA 3,887° 0,122° 79,830° 0,087°
YE 4,031° 0,152° 73,767° 0,067%
MelJA + SA 3,475°¢ 0,106° 79,487° 0,075°
MeJA + YE 4,623¢% 0,197? 77,554° 0,079°
SA +YE 4,275% 0,105° 98,044* 0,108?
MeJA + SA + 4,633¢% 0,187? 103,810% 0,127%
YE

Cdc chit cdi khdc nhau trong ciing mot cét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA mét nhan t6: loai elicitor; phép thir hdu nghiém Duncan, p < 0,05).
Cdc gid tri ¢é cung chiv cdi khéng khdc biét c6 y nghia théng ké (p > 0,05).

Két qua phan tich HPLC cac mau thu duoc cho thdy khi xtr Iy SA (mau
xanh 13), mot s6 peak c6 dinh tang cao, trong khi cac peak con lai twong duong so
véi cac cong thue xir Iy khac (Hinh 3.6). Két qua phan tich ciing cho thay c6 24
peak gi nhan 16 & cac mau, trong d6 xtr Iy MeJA thu duoc sb peak nhiéu nhét
(21/24). Mot s6 peak khong ghi nhan & doi chimg nhu cac peak c6 thoi gian luu
7,73; 8,49; 15,78; 17,03; 17,81; 38,45 hay 40 phut, day la cac chét khong Xuat
hién hodc xuét hién dudi ngudng phat hién, va dugc ting cuong tong hop trong

cac cong thue co xu ly elicitor (Bang 3.11).

Thong thuong, khi bd sung elicitor vao moi trudng, dau tién sé ting cudng

kha nang sinh truong cua t€ bao, sau do kich hoat cac hang rao bao vé€ bang cach
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chuyén tir tong hop cac hop chat so cap sang sinh tong hop cac hop chat thir cip
[129]. Céac hop chat thir cp c6 thanh phan hoa hoc phirc tap va dugc san xuat dé
dap tng vdi cac dang stress khac nhau dé thuc hién cac nhiém vu sinh 1y khac
nhau & thuc vat [34]. Cac stress dugc tao ra boi cac loai elicitor khac nhau co thé

dan dén su tich lily gypenoside trong té bao cay Giao co lam.

ov'ZiL
29 06€ €l
P!

Thoti gian (phtt)

Hinh 3.6. Sic ky 40 HPLC té bao huyén phu Gido ¢ lam dwéi anh huéng

ciia elicitor. Miii tén thé hién peak Rb1.

Hién nay, san xuat hop chat thir cap tir nudi cay té bao thyuc vat co sir dung
elicitor van dang duoc nhiéu nhom tac gia nghién ciru va cong b, trong do tap
trung vao san xuét cac hop chat duoc liéu. Sak va cong su (2021) khi nudi cdy té
bao huyén phu cdy Nho co bd sung elicitor sinh hoc 1a cellulose tir nam
Trichoderma viride cho tich luy luong stilbene cao hon nhiéu so véi khi xur 1 véi
elicitor phi sinh hoc 13 jasmonate va cao hon gap 3 lan so voi trong mau tu nhién
[134]. Barrales - Curefio va cong su (2022) di sir dung elicitor dé nghién ctru ting
kha ning san xuét taxoid trong nudi ciy huyén phu té bao cay Thong. Nguyén liéu
str dung trong nudi cdy huyén phu 13 callus dang mém, bd. Qua trinh nudi cay
dugc bd sung cac elicitor 1a MeJA, ethanol, buthionine sulphoximine va hydrogen

peroxide. Sinh khdi té bao cao nhit thu dugc ¢ nghiém thtrc EtOH - 2 (0,12 mg/g
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khéi luong kho) sau 8 ngay, trong khi sinh khéi ¢ nghiém thac d6i ching cung
thoi diém 13 0,095 mg/g khéi lwong kho. Két hop xir 1i buthionin va hydrogen
peroxide trong dich nudi cdy huyén phu té bao da lam ting dang ké ndng do cua
10 - deacetylbaccatin (1,662 pg/g khéi luong khd), cephalomannine (334,32 pg/g
khéi lwong kho) va san xudt taxol (157,0 pg/g khdi lugng kho). Xir 1y véi cac hop
chat khac nhu 60 pM MeJA khong tich luy taxol hay 300 pL EtOH - 2 khong tich
luy 10 - deacetylbaccatin [24].

Elbouzidi va cong su (2025) sir dung chitosan va SA lam elicitor dé san
xuat cac hop chét phenolic va flavonoid trong cdy Phong lir thao. Nudi cdy md
seo trén moi truong ran, nham muc dich ting cudng cac dic tinh chong oxy hoa,
khang tyrosinase va khang elastase. Cac mé seo duoc xtr 1y véi cac nong do
chitosan khac nhau (25, 50, 75 va 100 mg/mL) va SA (25, 50, 75 va 100 uM), va
cac hop chit dugc phan tich bang LC - MS/MS. Két qua cho thiy SA va chitosan
lam ting dang ké ham luong phenolic tong sd va ham lugng flavonoid tong sb.
Su gia ting ham luong phenolic 16n nhat duge thdy & cac nudi cdy duoc xir 1y
bang 25 uM SA (SA2), ghi nhan 336,80 mg/100 g DW va & cac nudi cdy duoc
xtr Iy bang 100 mg/mL chitosan, cho thdy 325,74 mg/100 g DW. Trong sd cac
hop chét phenolic riéng 1é, kaempferol cho thay su gia ting dang ké ¢ nghiém
thire SA2 (192,82 mg/100 g DW) so v6i nghiém thire ddi chimg (103,68 mg/100
g DW) va nghiém thuc chitosan 5 (119,68 mg/100 g DW). Ngoai ra, su tich liiy
rutin dat dinh & murc 30,64 mg/100 g DW trong nghiém thirc SA2. Hoat tinh chéng
oxy hoa ciing dugc ting cudng, voi nghiém thirc SA2 va chitosan 5 cho thay sy

cai thién dang ké so voi nghiém thic d6i ching [47].
3.2.4. Xac dinh mirc dd biéu hién ciia cac gene CYP va UGT trong té bao
huyén phu

Gypenoside 1a thanh phan hoat tinh chinh cua cdy Gido ¢6 lam, thé hién
cau trac dic trung kiéu dammaran ctia nhom tetracyclic triterpen. O thuc vat bac

cao, cac triterpen saponin 14 nhitng hop chat chuyén hoéa thir cap thudc nhoém
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isoprenoid. Sapogenin va dudng, acid uronic cing cac acid hiru co khac cau thanh
nén cac thanh phan chinh cua triterpen saponin. Sy da dang cua triterpen saponin
duoc tao ra boi qua trinh oxy hoa va glycosyl hoa cua cytochrome P450 va UDP-
dependent glycosyltransferase, 1an luot dan dén sy bién d6i ciia cac nhom chirc
trén khung triterpenoid [61], [99], [136]. Tién hanh giai trinh ty phién ma cta ciy
Giao cb lam cho thdy méi lién hé tich cuc giita ham luong triterpen saponin va su
biéu hién ctia cac gene nhu farnesyl pyrophosphate synthase - FPS, squalene

synthase - SS, squalene - 2,3 — epoxidase - SE, OSC, CYP, UGT [39].
3.2.4.1. Phén Igp va dw dodn dic diém ciia gen CYP va UGT

DNA tong sd ciia mau cay Gido c6 lam duoc sir dung lam khudén mau dé
thuc hién phan tmg PCR véi cip mdi dic hiéu, san pham PCR sau d6 duoc dién
di trén agarose gel 1%. Két qua tham do véi cap moi dic hiéu cho 12 gene theo
mo ta ciia Zhang va cong su (2021) cho thy c6 7 gene CYP va 5 gene UGT c6

san pham khuéch dai dac hi¢u.

Trong sb 12 gene dugc khuéch dai dic hiéu (7 gene CYP va 5 gene UGT),
hai gene CYP89A2 va UGT91A41 dugc lua chon dé nghién ctu chuyén sau dua
trén mot s tiéu chi sinh hoc phan tir va bé‘mg chirng thyc nghiém. Tha nhat, theo
phan tich chu giai chitc nang va doi chiéu vdi cac cong bd gan diy, CYPS9IA2
thudc nhom cytochrome P450 c6 vai tro lién quan dén qué trinh oxy héa—khir
trong khung triterpenoid 12 budc then chdt quyét dinh sy hinh thanh ciu truc
aglycone cua gypenoside. Bén canh do, UGT9141 thugoc nhom UDP-
glycosyltransferase c6 kha niang xuc tic gin dudng & vi tri dic trung cua
dammarane-type triterpenoid, 1a budc cudi ciing tao thanh cac gypenoside hoan
chinh. Do doé, hai gene CYP89A42 va UGT91A41 dugc chon lam doi tuong phan

tich sau hon.

San pham PCR gene CYP8942 (CpQN) duoc st dung dé phan tich trinh tu
truc tiép, két qua cho théiy doan trinh tu nucleotide thu duoc c6 chiéu dai 850 bp

dam bao chét luong dé so sanh trinh ty. Két qua so sanh trén ngan hang gene cho
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thdy trinh tu thu dugc trong nghién ctru nay twong dong 99,17% véi trinh tu
mRNA CYP89A42 cua ciy Giao ¢6 lam (Gynostemma pentaphyllum) (mi sb
MT416753). Két qua phan tich trinh tu gene UGT91A41 cho thiy c6 sy thay doi
rat 16n gitra gene phan lap duoc so voi gene duoc st dung dé thiét ké moi
(MN128698). Gene phan 1ap dugc dai 1.457 bp (bao gdm ca stop codon), két qua
du doan bﬁng cong cu AUGUSTUS version 3.3.3 va tham chiéu véi trinh tu co
mi s6 MN128698 cho thiy gene c6 1 intron va 2 exon, chiéu dai doan ma héa sau
khi loai bo intron 1a 1.383 bp (gene sau do dugc goi la UGT914 - ON). Mac du
c¢6 chiéu dai twong ddng vai gene duoc sir dung dé thiét ké modi (MN128698),
trinh ty thu duoc cua gene UGT91A1 - ON tir cdy Gido co lam Quang Nam chi
tuong dong 92,55% so voi trinh tu tham chiéu. Két qua nay co thé xuat phat tir
viéc 2 gene c6 nguodn goc tir 2 gidng khac xa nhau vé mat dia 1y (Viét Nam va

Trung Qudc).

Hién nay, dit liéu cong bd vé trinh tu gene CYP89A2 trén ngan hang gene
chua nhiéu, trong d6 chu yéu 1a ¢ dang dy doan. Két qua xiy dung cay pha hé dwa
trén cac gene di cong bd cho thy gene CYP89A2 tir cay Gido ¢ lam co sy tuong
d6ng cao nhit véi cac cdy thude ho Bau bi, tuy nhién muc do twong dong khong
qua cao (khoang 75 - 76%). Chang han, twong déng véi Bi ngd 76,60%
(XM_023130736), Dua gang 76,21% (LN681914) hay Dua ludi 76,21%
(XM _023087977). Ddi voi cac ho thue vat khac, su khac biét cao hon, vi du tuong
ddng 71,92% so vai cdy Mo tdy (0Z046361) (Hinh 3.7). Déi véi gene UGT91A1,
két qua xay dung cdy pha hé dua trén cic gene di cong bd cho thiy gene
UGT91A41 - ON ciing c6 su tuong dong cao nhat véi cac cdy thudc ho Bau bi va
murc d6 twong ddng ciing khong qua cao (khoang 66 - 74%). Chang han, twong
dong v4i Bi ro khoang 74,53% (XM_023107554) hay Dua ludi khoang 73.44%
(LN713262). Dbi véi cac ho khac, su khac biét cao hon, vi du tuong déng Xép X1
65,94% so vai cay Loc nai (OW569315) (Hinh 3.8).
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Hevea brasiliensis (KM086719)
80 Hevea brasiliensis (XM 058144350)
8 Populus euphratica (XM 011015413)
& Jatropha curcas (XM 012235536)
- ° Populus alba (XM 03507 1058)
Mangifera indica (XM 044612738)
_{ Prunus armeniaca (0Z046361)
73 Malania oleifera (XM 058114004)
Quercus suber (XM 024047802)
9 Corylus avellana (XM 059577716)
r CYP89A2-QN
wo - Gynostemma pentaphyllum (MT416753)
Cucumis melo (LN681914)
Cucurbita moschata (XM 023088442)
1o 100 Cucurbita maxima (XM 023130736)
55 Cucumis melo (LN713265)
86 Cucumis sativus (XM 004148049)

30

100

0.050

Hinh 3.7. Ciy phat sinh loai dwa trén trinh tw gene CYP89A42. Chi s6 & mdi

nhanh thé hién mrc d tin cdy voi bootstrap 1000.

Cucurbita maxima 91A1-like (XM 023147486)
W L Cucurbita moschata 91A1-like (XM 023107554)
54 —— Benincasa hispida 91A1-like (XM 039026380)
i:Benmcasa hispida 91A1-like (XM 039027056)
Cucumis sativus 91A1 (XM 004143391)
— UGT91A1-QN
wo — Gynostemma pentaphyllum UGT91A1 (MN128698)
L: Ricinus communis 91A1-like (XM 048377408)
Glycine max 91A1 (XM 003552036)
Cucumis melo (LN713262)

Mercurialis annua LG7 (OW569315)
82 Ailanthus altissima (OX327706)

F Cucurbita pepo 91A1-like (XM 023663123)
1

25
5 38

57

100

n.za

Hinh 3.8. Cay phat sinh loai dua trén cac trinh tu gene UGT91A1.
3.2.4.2. Dw dodn cdu triic khong gian va dic diém héa Iy ciia enzyme

Poan gene CYP89A2 c6 muc do twong dong cao véi trinh tir gene di dugc cong
bd, do do, chiing t61 str dung trinh tr mRNA da duogc cong bd (MT416753) dé dy doan
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cau triic va chirc ning cia enzyme nay. Két qua du doan cho thdy protein CYP89A2
c6 cau triic twong ddng 26% véi sugiol synthase ctia cdy Pan sim CYP764H3 (ma sb
PDB: 7 x 2q, mi s6 Phyre: ¢7 x 2qA_) v6i dd bao pht 91% (460/506 amino acid) va
do tin cay 100%.

Cau tric bac hai ctia CYP89A2 ¢6 15 vi tri gap cudn xoan a (chiém 45%) va 8
vi tri gap cudn B (8%) (Hinh 3.9). Ngoai ra, trong cdu tric enzyme con cb cac doan roi
(Disordered) chiém 7% va xodn xuyén mang (TM helix) chiém 8% (Bang 3.10).

Déi v6i gene UGTI1AI, két qua du doan cho thay enzyme UGT9141-QN cd
cau trac tuong dong 40% véi glycosyltransferase OsUGT91C1 (apo form) cta cay
Lua (Oryza sativa subsp. Japonica) (ma s6 PDB: 7ery, mi so Phyre: c7eryA ) véi do
bao phu 98,48% (453/460 amino acid) va d§ tin cay 100%. CAu trac béc hai cua
UGT9141-QN c6 16 vi tri gap cudn xodn a (chiém 42%) va 15 vi tri gap cudn phién
B (14%). Cau tric phién p duoc trinh bay bang hinh mili tén dang lat mong; ciu tric
cudn xoan a duge trinh bay bang hinh 14t méng dang cudn (Hinh 3.9). Ngoai ra, trong
cau tric enzyme con c6 cac doan r6i (Disordered) chiém 15% va xoan xuyén mang
(TM helix) chiém 11%.

DPdi v&i CYP89A2, trinh tu mRNA c6 chiéu dai 1.521 bp va ma hoa doan
polypeptide dai 506 amino acid, enzyme c6 khdi luong phan tir 1a 58,44 kDa,
diém dang dién (pI) 1a 7,06. Két qua du doan kha ning chiu nhiét ciia CYP8942 bang
coéng cu Tm Predictor cho thay enzyme c6 kha ning chiu nhiét do tir 55 - 65°C (Tm
index = 0,9846). Enzyme c6 kha nang chiu nhiét cao, day 1a co so dé lya chon murc
nhiét do thich hop nhim kiém tra hoat tinh enzyme. Dya vao cong cu du doan kha
nang chiu dugc moi trudng xuc tac kiém/acid cua AcalPred, ching t61 nhan théy
enzyme CYP89A2 c6 kha niang chiu kiém, chi s6 xtic tic mang tinh base 13 0,9385
trong khi chi s6 acid 12 0,0614.

Pbi v6i UGT91AI - ON, gene ¢ chiéu dai 1.457 bp, khung doc mo dai
1.383 bp va ma hoéa trinh ty polypeptide dai 460 amino acid, khdi luong phén tir
1a 52,786 kDa, diém dang dién (pI) 1a 5,66. Enzyme c6 kha niang chiu nhiét do tir
55 - 65°C (Tm index = 0,2732) va c¢6 kha nang chiu kiém. Tuy nhién, cac chi sb du
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doan cho thay enzyme c6 xu hudng hoat dong & pH hoi trung tinh, chi s6 xtc tic mang
tinh base 1a 0,5997 trong khi chi s6 acid 12 0,4002, khong qua chénh Iéch nhau. Hién
nay, dic diém hoa 1y cta enzyme UGT91A41 chua duoc cong bd, két qua phan tich
dic diém enzyme UGT91A41 tir trinh ty amino acid & ngan hang Gene (QLL91378)
cho thay su khac biét giita enzyme da cong bd va enzyme cua chung t6i khéng qua
16n, cho du su khac biét trong chudi polypeptide 1én tdi 12%. Su gidng nhau vé cac
dac tinh hoa 1y va chirc nang do 2 trinh tu ¢6 kich thude twong duong, ving chirc nang
(domain UDPGT) khong c6 su khac biét gitra 2 trinh tu.

Bang 3.10. Dy do4n ciu triic khong gian va dic diém ly hoa ciia enzyme

Pic diém CYP89A2 UGT91A1-QN

Gene hoan chinh (bp) 2.438 1.460

cDNA 1.521 1.383

Chudi polypeptide (amino 506 460

acid)

Khéi luong phan tir (kDa) 58,44 52,786

Piém dang dién (pI) 7,06 5,66

Tm 55°C~65°C 55°C~65°C

Acid/base kiém kiém

Domain PRM, CBM X, PX, UDPGT (224-
PLCXc, HSF, GLUCA, 443)

BRICHOS, BACK, HPT,
KNOX2, TPK Bl binding,
ClpB_D2 small va
MoCF_biosynth

a helix 15 16

B strain 8 15
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Hinh 3.9. Du doan cdu tric khong gian ciia enzyme CYP8942 (trai) va
UGT91A1 (phai). Cau tric cudn xoan o duge trinh bay bang hinh lat mong dang

cudn, cau trac  dugc trinh bay bang hinh miii tén dang soi.

Ving bao ton duoc du doan bang chuong trinh SMART cho thdy CYP89A2
c6 13 domain hién dién la PRM, CBM X, PX, PLCXc, HSF, GLUCA,
BRICHOS, BACK, HPT, KNOX2, TPK Bl binding, ClpB D2 small va
MoCF _biosynth. Két qua du doan cdu triic xuyén mang cho thdy phan tir enzyme
phén 16n nam xuyén mang va mot phén nho duogc tiét ra moi truong ngoai bao,
khong c6 phan enzyme nam bén trong té bao. Ving bao ton ctia UGT91A1 ¢6 1
domain (UDPGT) tir vi tri amino acid 224 dén 443. Két qua du doan ciu trac xuyén
mang cho thdy phéan tir enzyme phan 16n duoc tiét ra moi truong ngoai bio va mot
phan nhé nam xuyén mang, khong c6 phan enzyme nam bén trong té bao (Hinh 3.10).
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Hinh 3.10. Dy doan topo xuyén mang (2D) ciia CYP89A42 (trén) va
UGT91A1-QN (du6i) duwge xay dung nho TMHMM Server v. 2.0
Phén tich trinh ty CYP89A42 bang cong cu NetNGlyc 1.0 Server nhan thay
c6 to1 21 vi tri amino acid c¢6 kha nang xay ra N — glycosylation, trong khi do,
khong c6 vi tri amino acid c6 kha ndng xay ra N — glycosylation 6 UGT91A41 (Hinh
3.11).
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Hinh 3.11. Vi tri cic amino acid c6 thé glycosyl héa ciia CYP89A42.
3.2.4.3. Xdc dinh mirc do phién md cua cdac gene CYP va UGT

Sau khi danh giad murec @6 phién ma cia gene CYP89A42 - ONva UGT91A41 - QN
trong t& bao huyén phu c¢6 xtr Iy elicitor, chung t6i nhan thidy mirc d6 phién ma cta
gene nay khong cao, chi c6 mot sd gene biéu hién manh.

Déi voi cac gene CYP, trong té bao huyén phu cac gene CYP71B19, CYP86AS,
CYP89A42 va CYP 9441 phién ma manh, trong khi cac gene con lai khong dugc phién
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ma hodc phién ma rat yéu. Gene CYP71B19 phién ma manh nhét khi xir Iy SYM, ting
6,14 1an so véi ddi chimg khong xir 1y elicitor. Trong khi d6, cac gene khéc ting murc
d6 phién ma 1én nhiéu 1an khi dugc xir Iy voi MeJA. Gene CYP86A8 ting 8,25 1an so
v6i dbi ching, gene CYP94A1 tang 10,01 1an va gene CYP89A2 tang 11,14 1an. Nhu
vay, MeJA dong vai tro quan trong trong viée tang cuong kha nang phién ma cta cac

gene CYP trong té bao cay Giao c6 lam.

Déi v6i cac gene UGT, trong té bao huyén phu chi c6 gene UGT73B4 phién ma
manh, trong khi cac gene con lai khong dugc phién ma (khong phat hi¢n). Gene
UGT73B4 phién mi manh nhét khi xtr Iy SYM, ting toi 15,35 lan so vé6i ddi chung

khong xur 1y elicitor.

Trong 2 gene dai dién dugc nghién ctru, két qua phén tich realtime PCR cho
thdy gene CYP89A2 hoat dong manh nhat trong t& bao duoc xtr Iy MeJA, cao hon
khoang 11 1an so v&i d6i chimg khong xtr 1y elicitor. Trong khi dé, xtr 1y té bao bang

SA va YE khong 1am thay d6i hoat dong ctia gene nay so véi ddi ching.

Két qua phan tich cho thiy UGT9141 va UGT91C1 khong dugc phién ma hodc
phién ma dudi ngudng phat hién trong tat ca cac cong thire xtr 1y elicitor, do d6 c6 kha
ning cac gen UGT khéc (khong duoc khao sat) hodc UGT73B4 (ting 15,35 lan) dam
nhan vai tro glycosyl hoa chinh.

Theo két qua trinh bay & bang 3.9, céc elicitor khi xir Iy riéng 1¢ déu lam ting
ham luong gypenoside trong té bao, trong d6 SA cho hiéu qua cao nhat, dat 79,721
mg/g kho khi xir Iy v6i SA 100 uM sau 6 ngay nudi cdy, gap khoang 2 1an mau tu
nhién. Tuy nhién, phan tich mtc do phién ma cho thdy cic gene nhu CYP89A2,
CYP86A8, CYP94A41 hoat dong manh nhét khi xtr Iy v6i MeJA, hoac khi xur 1y phoi
hop ca 3 elicitor (CYP71B19, UGT73B4). Biéu ndy co thé thay cac gene c6 thé dong
cac vai tro khéac trong chu trinh sinh tong hop gypenoside va duoc kich hoat béi cac

elicitor khac nhau.

Toém lai, cac gene CYP va UGT c6 mirc phién ma khac nhau trong té bao

huyén phu duoc xur 1y béi céc elicitor. Gene CYP71B19 phién ma manh nhat khi
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xtr Iy SYM, ting 6,14 1an so voi d6i ching khong xir 1y elicitor. Gene CYPS86A8
ting 8,25 1an so v6i ddi chimg, gene CYP94A41 tang 10,01 lan va gene CYP89A2
tang 11,14 1an so v&i ddi ching khi duoc xir Iy MeJA. Déi véi cac gene UGT,
gene UGT73B4 phién ma manh nhat khi xtr Iy SYM, tang t6i 15,35 1an so véi ddi
chtng khong xt 1y elicitor. Do d6, xir Iy dong thoi 3 loai elicitor dugc st dung dé
nudi cay té bao san xuat gypenoside cho cac thi nghiém thir hoat tinh vé sau.

3.3. THU NHAN VA THU NGHIEM HOAT TiNH CUA CHE PHAM CO
CHUA GYPENOSIDE TU TE BAO HUYEN PHU

3.3.1. Thu nhén cao chiét va ché pham cé chira gypenoside
3.3.1.1. Thu nhén cao chiét

Céc mau cao duoc phan tich ham luong gypenoside bang phuong phép
quang pho va ham lugng Rbl bang ky thuat HPLC. Két qua ham luong
gypenoside cho thay miu cao chiét té bao c6 ham luong gypenoside 1a 472,159
mg/g kho, cao hon so v6i miu cao chiét ty nhién 1a 369,489 mg/g kho. Cac mau
cao nay dugc sir dung trong cac thi nghiém tiép theo dé danh gia hoat tinh.
3.3.1.2. Sin xudt ché phdm cé chira gypenoside

Té bao huyén phu sau 18 ngay nudi cay duoc ding dé thu sinh khéi. Téng
khéi luong sinh khdi tuoi thu duogc khoang 1.350 g va khéi luong kho khoang
54,77 g. Sinh khdi kho sau khi chiét véi methanol 80% thu duoc xap xi 11,13 g
cao chiét. Cao chiét tiép tuc dugc tinh ché dé thu dugc khoang 5,2 g ché pham c6
chtra gypenoside dugc sir dung dé danh gia kha ning gay doc té bao.

3.3.2. Thir nghiém kha ning giy doc té bao ung thw
3.3.2.1. Thir nghigm hoat tinh gdy djc té bao ung thw ciia cao chiét toan phin
Anh hwéng ciia cao chiét dén dong té bao A549

Hiéu qua tc ché ¢ nong do cao nhat (200 pg/mL) khoang 25,15% ddi voi

cao chiét huyén phu té bao va khoang 37,68% ddi voi cao chiét ty nhién. C6 su
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khac biét dang ké vé su trc ché ting sinh té bao trong cao chiét huyén phu té bao
va cao chiét tu nhién d6i v6i té bao A549 (Bang 3.11). Tuy nhién, kha ning trc

ché dbi voi dong té bao A549 khong manh.

Bang 3.11. Kha niing trc ché cac dong té biao ung thw phdi nguoi ciia

cao chiét Gidao co lam

Nong d6 cao Kha niing e ché (%, M £ SD)

(ng/mL) Cao chiét t nhién Cao chiét té bao

Té bao ung thw phoi A549

4 0,72+ 0,79 0,90 + 0,39
20 6,98 1,18 6,03 + 0,62
100 23,56 £1,52 13,88 £ 0,28"
200 25,15+2,03 37,68 £1,26
ICso >100 >100

Té bao ung thw gan HepG2

4 0,63 +£0,38 0,69 +0,13
20 8,93 +0,6 8,81 £0,93
100 22,51 £ 0,58 32,89 +1,43"
200 3436 £1,12 41,16 +2,18°
ICso >100 >100

Té bao ung thw gan Huh?7

4 2,44+ 0,13 1,72 £ 0,47
20 7,24 + 1,06 7,42 £0,57
100 34,84 +1,72 15,19 £0,63"
200 36,07 + 1,89 44,43 + 1,65
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ICso >100 >100

Té bao ung thw bach ciu HL-60

4 3,57 + 0,62 5,88+ 0,93
20 6,42 + 0,93 11,23+ 1,41
100 33,51 2,02 39,04 £ 1,07
200 42,17 +2,48 48,76 + 1,94"
ICso >100 >100

Ellipticine 1a chat dbi chimg duong; DMSO 1% la d6i ching am.
*Sai khdc cé y nghia thong ké véi P < 0,05,
Anh hwéng ciia cao chiét dén dong té bao HepG?2 va Huh7

Trong cac dong té bao ung thu gan ngudi, cao chiét té bao va cao chiét tu
nhién e ché sy ting sinh cua ca té bao HepG2 va Huh7. Su tic ché ting truong
ctia t& bao HepG2 va Huh7 ting nhiéu & ndng do cao (100 - 200 pg/mL). Cao
chiét & ndong d6 200 pg/mL cho thay hoat tinh trc ché cao nhat trong mau chiét tu
nhién (khoang 34,36% & HepG2 va 36,07% & Huh7) ciing nhu trong cao chiét
huyén phu té bao (xap xi 41,16% & HepG2 va 44,43% & Huh7) (Bang 3.11).

Anh hwéng ciia cao chiét dén dong té bao HL-60

Cao chiét té bao va cao chiét tu nhién trc ché sy tang sinh té bao ung thu
bach cau & nguoi ¢ hai néng dd cao nhét, 100 va 200 pug/mL (co6 su khac bigt co
¥y nghia théng ké giira cao chiét ty nhién va cao chiét té bao). Su tang sinh té bao
ung thu bach cau & ngudi bi e ché dang ké bai cao chiét Giao c¢b lam & nong do
200 pg/mL trong ca miu ty nhién (khoang 42,17%) va méu té bao (khoang
48,76%) (Bang 3.11).

Ellipticine duoc str dung 1am dbi ching duong va cho hoat tinh gay doc té
bao rat manh trén cac dong A549, HepG2, Huh7, HL-60 va HEK-293A, v&i ty 1€
trc ché dat 88,30-99,12% ¢ ndng d6 10 pg/mL va 77,49-87,52% & ndng do 2
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ng/mL. Gia tri ICso nam trong khoang 0,33 + 0,03-0,42 + 0,05 pg/mL, thap hon
rat nhiéu so v4i cdc mau nghién cuu, khfmg dinh hi¢u luc gay doc té bao cao cua

d6i chimg duong.

3.3.2.2. Thir nghiém hoat tinh gdy djc té bao ung thw ciia ché phim chira
gypenoside

Tu két qua danh gia hoat tinh sinh hoc cua cao chiét Gido cb lam (mau ty
nhién va té bao), chiing t6i da tinh ché ché pham co chira gypenoside tir cao chiét

va tiép tuc thir nghiém anh huong 1én kha ning e ché cac dong té bao ung thu.
Anh hwéng ciia gypenoside dén dong té bao A549

Két qua thtr nghiém cho thy gypenoside trc ché phy thudc vao néng d6 doi
v6i sy ting sinh té bao A549. Hiéu qua wc ché & nong do cao nhat (200 pg/mL)
1a khoang 83,37% ddi voi mau té bao va khoang 33,76% ddi v&i mau ty nhién.
Su khac biét co y nghia thong ké vé e ché tang sinh té bao gilta mau huyén phu
té bao va mau ty nhién ddi véi té bao A549, gia tri ICso thu duoc & mau té bao 1a

94,07 ng/mL (Bang 3.12).
Anh hwéng ciia gypenoside dén dong té bao HepG2 va Huh?7

Trong cac dong té bao ung thu gan ngudi, mau té bao va mau ty nhién tc
ché su ting sinh cia ca té bao HepG2 va Huh7. Su tic ché ting trudng cua té bao
HepG2 va Huh7 ting nhiéu ¢ ndng d6 cao (100 - 200 pg/mL). Thir nghiém & ndng
d6 200 pg/mL cho thay hoat tinh trc ché cao nhat trong mau chiét ty nhién (khoang
42,30% & HepG2 va 42,17% & Huh7) ciing nhu trong mau huyén phu té bao
(khoang 88,21% & HepG2 va 63,11% & Huh?7), gia tri ICso thu dugc & mau té bao
l1a 86,66 ng/mL ¢ HepG2 va 136,99 ug/mL & Huh7.

Anh hwéng ciia gypenoside dén dong té bao HL-60

Mau té bao va mau ty nhién tc ché sy ting sinh té bao ung thu bach cau ¢
ngudi & hai ndong d6 cao nhat 1a 200 ug/mL (c6 su khac biét co y nghia thong ké

gilrta mau ty nhién va mau té bao). Sy tang sinh t€ bao ung thu bach cau & nguoi
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bi wc ché dang ké bdi mau Gido cd lam & néng do 200 pg/mL trong ca mau tu
nhién (khoang 37,80%) va mau té bao (khoang 96,35%), gia tri ICs thu dugc &
mau té bao 14 119,30 pg/mL (Hinh 3.12).

Chiét xudt ty nhién cta Gido ¢ lam d3 duoc nghién ctu nhu mat chat
chéng ung thu manh chdng lai mot sb loai té bao ung thu ting sinh trong dng
nghiém, bao gém cac té bao ung thu va, ung thu phoi, ung thu dai truc trang, ung
thu tuyén tién 1iét va té bao ung thu gan. Dammarane-type saponin, gypenosides
VN1-VN7 (1-7) da duoc tach chiét tir ciy Gido c6 lam va dugc phan tich cau tric
hoa hoc. Céc chat nay déu co tac dung giy doc 1én cac dong té bao ung thu &
nguoi nhu A549 (phoi), HT - 29 (dai trang), MCF - 7 (va) va SK — OV - 3 (budng
trimg), voi cac gia tri ICso tir 19,6 dén 43,1 uM. Ddi v6i dong té bao HL - 60 (ung
thu bach cau cép tinh), cac hop chit 1, 5 va 6 hoat dong yéu voi cac gia tri 1Cs
1a 62,8, 72,6 va 82,4 nM, trong khi cac hop chat 2, 3, 4 va 7 mat hoat tinh ¢ gia
tri ICso> 100 uM [2].

Déi ching duong Ellipticine thé hién hoat tinh gy doc té bao rat manh trén
cac dong A549, HepG2, Huh7 va HL-60, véi ty 1& uc ché dat 81,78-97,65% &
ndéng do 10 pg/mL va 70,63-76,13% ¢ ndng d6 2 pg/mL. Gia tri ICso dao dong tir
0,46 + 0,04 dén 0,52 + 0,05 ug/mkL, thép hon nhiéu so v&i cac mau nghién ctru,

khang dinh hiéu luc gay doc té bao cao cua chat ddi chimg.

Bang 3.12. Kha niing trc ché cac dong té bao ung thw ciia ché pham chira

gypenoside

Nong d9 gypenoside Kha niing e ché (%, M £ SD)

(ng/mL) Mau tu nhién MAu té bao

Té bao ung thw phoi A549

4 3,57+ 1,48 5,48 £1,70
20 8,47 +1,70 8,57+0,71
100 22,86 £1,28 53,78 +1,31"
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200 33,76 £2,70 83,37 +5,04"
ICso > 200 94,07 +£ 6,22
Té bao ung thw gan HepG2

4 8,45+ 0,46 15,04 + 0,50
20 15,54 +0,13 23,58 +£2,83
100 36,75+ 1,28 51,74 £1,24"
200 42,30 + 3,37 88,21 £4,87"
ICso > 200 86,06 +2,22
Té bao ung thw gan Huh?7

4 2,66 £0,12 1,53 +£0,25
20 8,47+ 0,49 11,03 +0,43
100 15,41 + 0,49 42,66 £2,27°
200 42,17 +2,03 63,11 +£3,12°
ICso > 200 136,99 £ 11,60

Té bao ung thw bach cAu HL-60

4 5,44 £0,37 4,79+ 0,18
20 10,82 +£1,19 10,88 £1,75
100 17,42 £ 1,37 38,46 £2.47"
200 37,80 + 3,81 96,35 + 3.,48"
ICso >200 119,30 + 5,45

Ellipticine 1a chat d6i chimg duong; DMSO 1% la ddi chimg am.

*Sai khdc cé y nghia thong ké véi P < 0,05,
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Dong té bao

Hinh 3.12. Anh chup kha ning e ché cac dong té bao ung thw nudi ciy

bam dinh ciia dich chiét chira gypenoside.
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3.3.3. Panh gia tac dung bao vé mé tinh hoan chudt in vivo ciia ché pham
cao chiét

3.3.3.1. Anh hwéng ciia cao chiét dén khd néng cdi thién qud trinh sinh tinh

Qua trinh sinh tinh dién ra binh thudng trong 1ong éng sinh tinh & mé tinh
hoan chudt nhom ddi chimg. Tinh nguyén bao xép thanh 1 hang sat véi mang co
ban cta Ong sinh tinh. Céc tinh bao huéng vao trong long éng. Cac tinh bao 1
gidm phan tao ra cac tinh tu tron, sau do bi¢t hoa thanh tinh tir dai tap trung trong
1ong 6ng sinh tinh. Két qua cudi ciing ctia qua trinh biét hoa tao ra tinh tring. Tinh
trung s& di chuyén trong 1ong dng sinh tinh dén tip trung & mao tinh (Hinh 3.13a).
Xtr Iy nhiét & nhiét d6 40°C lam anh hudng nghiém trong dén qua trinh sinh tinh.
Trong long ong sinh tinh chi con su hién dién cua céac tinh nguyén bao 1a cac té

bao dau dong tinh, mot sd it tinh bao va té bao leydig 1a té bao nudi (Hinh 3.13b).

Chudt xtr Iy nhiét c6 ubng cao chiét Gido cd lam cai thién qua trinh sinh
tinh, 10ng dng sinh tinh c6 sur hién dién cta nhiéu té bao dong tinh. Tuy nhién, qua

trinh sinh tinh b1 dirng lai ¢ giai doan tinh bao (Hinh 3.13c).

Cao chiét tir t& bao Giao c6 lam nudi cdy huyén phu cai thién dang ké qua
trinh sinh tinh dién ra trong long ong sinh tinh. S6 luong té bao dong tinh trong
long 6ng di tang 1én dang ké, dd quan sat thdy mot s té bao tinh tir tron va tinh
tir dai. Tuy nhién rat khé dé quan sat thay tinh tring trong long 6ng sinh tinh (Hinh
3.134d).
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Hinh 3.13. Anh huéng ciia cao chiét Gido co lam Ién ciu triic vi thé 6ng sinh
tinh & mo tinh hoan chudt. A. Qua trinh phat sinh tinh binh thuong dién ra trong
long 6ng sinh tinh chudt nhém ddi ching (CON). B. Ong sinh tinh chudt xt 1y
nhiét 40°C. C. Ong sinh tinh chudt x 1y nhiét 40 °C va c6 udng cao chiét Giao
cb lam tir cdy tu nhién. D. Ong sinh tinh chudt xt Iy nhiét 40 °C va ¢ udng cao
chiét Giao co lam tir t& bao nudi cdy huyén phu. Le (Leydig cells): té bao leydig,
Se (Sertoli cells): t& bao sertoli, Sg (Spermatogonia): tinh nguyén bao, Sc
(Spermatocytes): tinh bao, rs (round spermatids): tinh tur tron, es (elongating

spermatids): tinh tur dai, S (Spermatozoa): tinh trung.

3.3.3.2. Anh huwéng ciia cao chiét dén khd nang cdi thién nong dp testosterone

trong mdu

Két qua nghién ciru ctia chung toi cho thay cao chiét ciia Giao co lam giup
phuc hoi kha ning san xuat testosterone cia chudt stress nhiét. Cao chiét tir huyén
phu té bao ¢ két qua giup cai thién testosterone & chudt stress nhiét tuong duong

voi dich chiét cay tu nhién.
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Hinh 3.14. Anh huéng ciia cao chiét Gido co lam 1én ndng d9 testosterone

trong mau chudt xir ly nhiét
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Né)ng do testosterone trong méau chudgt nhém ddi chung 6 muc 13,44 ng/mL,
xtr 1y nhiét 40°C trong 5 tuan lam cho ndng do testosterone trong mau giam manh
(0,20 ng/mL). Chudt udng cao chiét Gido co lam tir cdy tu nhién hay huyén phu
té bao cai thién ndng do testosterone trong méu, cao hon c6 ¥ nghia thng ké so
v6i nhom chi xir 1y nhiét. Nhom chudt xir Iy nhiét c6 ubng cao chiét tir huyén phu
té bao Gido cd lam c6 nong dd testosterone trong mau 1a 3,19 ng/mL, cao hon so
v61 nhom chudt xur 1y nhiét cé uéng cao chiét tur cay Giao ¢ lam tu nhién 1 1,57
ng/mL. Tuy nhién, sy khac biét ndy khong dat mirc c6 ¥ nghia thong ké ¢ do tin
cay 95% (Hinh 3.14).
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KET LUAN VA KIEN NGHI
KET LUAN

Ttr cac két qua nghién ctru thu duoc, chung t6i rit ra mot sd két luan nhu
sau:

1. Luin an di xdy dung thanh cong hé théng nudi cay huyén phu té bao
Gynostemma pentaphyllum & quy md binh tam giac va budc dau mé rong 1én hé
thng bioreactor. Trong diéu kién nudi cdy tbi uu, té bao huyén phu c6 kha ning
tich Iy gypenoside & muc cao (khoang 46,9 mg/g kho trong binh tam giac va
khoang 40,1 mg/g kho trong bioreactor), cho thdy hé thong nudi ciy té bao 1a
huéng tiép can kha thi nham tao nguén nguyén liéu cha dong cho khai thac

gypenoside.

2. Céc elicitor riéng 1& va phdi hgp déu c6 kha ning cam tng 1am gia ting
tich lily gypenoside trong té bao huyén phu. Pic biét, xir Iy SA don 1¢ ¢6 thé lam
tang ham luong gypenoside 1én x4p xi 80 mg/g kho, trong khi phdi hop MeJA,
SA va YE cho ham luong gypenoside cao nhét, dat trén 100 mg/g khé. Két qua
cho thay ton tai tac dong hiép dong giita cac elicitor trong diéu hoa sinh tong hop

gypenoside.

3. Cac elicitor c6 kha nang diéu hoa biéu hién cua nhiéu gene thudc hai ho
CYP va UGT trong té bao huyén phi. Mot s6 gene CYP va UGT thé hién muc
tang phién ma dang ké dén trén 10 1an so véi d6i ching nhu CYP89A2 tang 11,14
lan, CYP94A1 ting 10,01 l1an, UGT73B4 tang 15,35 1an. Nhiing két qua d6 chung
t6 con dudng sinh tong hop triterpen saponin da dugc hoat hoa & mirc phan tir. Su
gia ting déng thoi biéu hién cia cac gene tham gia cac budc oxy hoa va glycosyl

hoa gop phan giai thich co ché cta sy gia tang tich lily gypenoside quan sat duoc.

4. Luan 4n da xay dung quy trinh xr 1y cao chiét tong s6 thong qua cac

budc loai bo thanh phr:?m kém phan cyc va ky nudc, thu dugc phan doan hoa tan
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tt trong methanol va DMSO, phtt hop cho phéan tich HPLC va cac thir nghiém
hoat tinh sinh hoc.

5. Gypenoside va cao chiét tir té bao huyén phi Gynostemma pentaphyllum
thé hién hoat tinh sinh hoc dang cha ¥, trong d6 gypenoside c6 kha ning wrc ché
dong té bao ung thu gan HepG2 (ICso khoang 86,7 pug/mL), dong thdi cao chiét
c6 tac dung bao vé té bao tinh hoan, cai thién qua trinh sinh tinh va tang néng do

testosterone trong mo hinh chuot xur Iy nhiét.

KIEN NGHI

Can tiép tuc mé rong quy mod nudi cay va téi wu quy trinh san xuét
gypenoside trén hé thong pilot nham danh gia tinh 6n dinh cia sinh trudng, kha
nang tich lily hoat chat va tinh kha thi cta viéc ing dung hé nudi ciy té bao trong
san xuat ngudn nguyén liéu dugc licu.

Nghién ctru chirc ndng cua cac gene CYP va UGT tham gia con duong sinh
tong hop gypenoside, két hop véi cac chién luoc xir Iy elicitor va nudi ciy quy
mo 16n nham nang cao hiéu qua san xuit gypenoside tir t& bao huyén phu Giao cb

lam.
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CONG HOA XA HQI CHU NGHIA VIET NAM
Doc lap — Tw do — Hanh phuc

BAN NHAN XET PANH GIA LUAN AN TIEN ST

Ho tén nghién ctru sinh: Pang Ngoc Sang
Tén luan an: Nghién ciru thu nhin va xdc dinh hogt tinh ciia Gypenoside tir nudi cc“iy
1é bao cdy gido co lam (Gynostemma pentaphyllum (Thunb.) Makino)
Nganh: Sinh hoc
Ngudi huéng dan:
1. PGS.TS. Tran Quéc Dung, Trudng Dai hoc Su pham, Pai hoc Hué
2. TS. Hoang Téin Quang, Vién Cong nghé sinh hoc, Pai hoc Hué
Y KIEN NHAN XET
1. Qua trinh thwc hién luin an ciia nghién ciru sinh
Qua qud trinh thyc hién ludn 4n, NCS Ding Ngoc Sang da thé hién duge nang luc
tu doc 1ap nghién ctu, nghiém tic trung thue vé6i sé liéu dat duoc, tu ¢b ging nd luc,
khéc phuc cac kho khin khach quan dé hoan thanh luan 4n.
Quan hé véi gido vién hudng d?lr_l, céc ban bé va ddng nghiép tbt, c6 tinh than hoc
hoéi khong ngai kho.
NCS hoan thanh tét luan 4n theo cac yéu cau dit ra.
2. Chét lwgng va y nghia khoa hoc va thue tién ciia ludn 4n
Luén 4n 1 nghién ctru dau tién xdy dung duoc quy trinh nubi cdy té bao huyén phi
va quy trinh san xuét gypenoside thong qua nudi cdy té bao huyén phil cdy gido cb lam
c6 st dung elicitor; Lan dAu tién cong b kha ning bao vé té bao tinh hoan chudt cua
cao chiét té bao cdy gido ¢b lam. Ddng thoi di dénh gia duoe mitc d6 phién ma ciia 12
gen tham gia vao qud trinh sinh téng hop gypenoside trong té bao huyén phu céy giao
c¢b lam dudi anh hudng cua cac loai elicitor khac nhau. Luan 4n d4 dat duoc nhitng két
qua nghién ctru t6t va da duoc xuit ban trén tap chi quc té uy tin SCIE/Scopus va céc
tap chi trong nuéec. |
Két qua nghién ctru ciia d@ tai 1a nhitng din liéu khoa hoc méi vé kha ning san
xuit gypenoside thong qua nudi cdy huyén phu cay Giao c¢b lam c6 xir ly elicitor, v&
mirc d6 phién ma cua céc gen tham gia vao chu trinh sinh tdng hop gypenoside trong té

bao huyén phu, kha ning khang té bao ung thu ctia gypenoside. Day 14 ngudn thong tin,




tai liéu tham khao gia tri cho viéc tng dung k¥ thuét nudi ciy huyén phi té bao, phan
tich biéu hién gen, danh gia hoat tinh clia gypenoside trén cac dong té bao ung thu.
3. Két ludn

Cong trinh cia NCS Pang Ngoc Sang da dap ing dAy du cac yéu cau ciia mot luan
4n tién si nganh Sinh hoc. Chiing t6i dé nghi cho phép nghién ctru sinh dugc bao vé

trudc Hoi dong danh gia luén an.

Théanh phé Hué, ngay 28 thang 1 ndm 2026

Xéc nhén cia tap thé hwéng din
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PGS.TS. Tran Qudc Dung TS. Hoang T4n Quang




BO GIAO DUC VA PAO TAO CONG HOA XA HQI CHU NGHIA VIET NAM

PAI HQC HUE Dgc 1ap - Tu do - Hanh phuc
S6: 174 /QP-PHH Hué, ngay 30 thang 01 ndm 2026
‘ _ QUYETPINH , ,
Ve viéc thanh 1ap Hi dong danh gid ludn an tién si cap Dai hoc Hué
GIAM POC PAI HQC HUE

Can cir Nghi dinh s6 30/CP ngdy 04 thang 4 nam 1994 cia Chinh phii vé viéc thanh
ldp Pai hoc Hué;

Can cit Théng tw s6 10/2020/TT-BGDDT ngay 14 thang 5 ndam 2020 ciia BY truong
B¢ Gido duc va Pao tao vé viéc ban hanh Quy ché 16 chitc va hoat dong cua dai hoc viung
va cac co so giao duc dai hoc thanh vién,

Can cit Nghi quyét s6 36/NO-HPPH ngay 20 thang 5 nam 2022 cua Héi dong Pai
hoc Hué vé viéc ban hanh Quy ché t6 chirc va hoat dong cua Dai hoc Hué; Nghi quyét sO
50/NQ-HBBH ngdy 23 thang 11 nam 2023 cua Hoi dong Pai hoc Hué vé viéc sira dél b(;
sung mét so diéu cia Quy ché t6 chirc va hoat dong cua Dai hoc Hue va Nghi quyet so
14/NQ-HBBH ngay 19 thang 3 nam 2025 cua Hoi dong Pai hoc Hué vé viéc sira doi mét sé
diéu ciia Quy ché t6 chirc va hoat dong cia Dai hoc Hué;

Can cit Théong tw s6 08/2017/TT-BGDDOT ngay 04 thang 4 nam 2017 ciia BY truong
B¢ Gido duc va Pao tao vé viéc ban hanh Quy ché dao tao trinh do tién si:

Can cir Quyét dinh s6 1695/0D-DHH ngay 20 thang 12 nam 2019 ciia Gidm déc Pai
hoc Hué vé viéc ban hanh Quy dinh vé tuyén sinh va dao tao trinh dé tién s tai Pai hoc Hué,

Can cit Quyét dinh sé 278/0P-PHH ngay 16 thang 3 ndm 2021 ciia Gidm déc Pai
hoc Hué vé viéc cong nhan nghién cuu sinh khoda nam 2021 cua Pai hoc Hué va Quyét dinh
56 47/0P-VCNSH ngay 30 thang 3 ndam 2021 cia Vién truong Vién Cong nghé sinh hoc vé
viée giao dé tai ludn dn va cir nguwoi hwéng dan nghién ciru sinh khod nam 2021 cia Vién
Cong nghé sinh hoc, Pai hoc Hué;

Theo dé nghi ciia Truéng Ban Pao tao va Cong tac sinh vién.

QUYET PINH:

Piéu 1. Thanh lap Hoi dong danh gid ludn an tién si cap Dai hoc Hué voi dé tai:
“Nghién ctru thu nhan va x4c dinh hoat tinh ciia gypenoside tir nudi cay té bao ciy gido co
lam (Gynostemma pentaphyllum (Thunb.) Makino)”.

Cua Nghién cutru sinh: DPang Ngoc Sang

Nganh: Sinh hoc

M s0: 9420101

(Danh sach thanh vién Hoi dong kém theo Quyét dinh nay)

Piéu 2. Hoi dong 6 trach nhiém danh gia luan an theo dung Quy ché dao tao trinh do
tién si cia Bo Gido duc va Pao tao va Quy dinh dao tao trinh do tién si ctia Pai hoc Hué.

Piéu 3. Chanh Vin phong Dai hoc Hué, Trudng cac Ban: Pao tao va Cong tac sinh
vién; T6 chirc can bd; Ké hoach, Tai chinh va Co s& vat chat; Vién truong Vién Cong nghé sinh
hoc, Pai hoc Hué va cac Ong (Ba) c6 tén & Piéu 1 chiu trach nhiém thi hanh Quyét dinh nay./.

Tl
Noi nhgn: KT, GIAM POC
- Nhu Diéu 3; :
- Luu: VT, BTCTSV. HLQC.




BO GIAO DUC VA PAO TAO
PAI HOC HUE

DANH SACH HQI PONG PANH GIA LUAN AN TIEN Si CAP PAI HQC HUE
(Ban hanh kém theo Quyét dinh s6: 174 /QD-DHH ngay30 thang 01 nim 2026
cia Gidm doc Pai hoc Hué)
Cho luan an ctia Nghién ctru sinh: Pang Ngoc Sang
Pon vi ddo tao: Vién Cong nghé sinh hoc, Pai hoc Hué

Ngudi huéng dan:

- PGSTS. Tran Qudc Dung, Truwong Pai hoc Sw pham, Pai hoc Hué
- TS. Hoang T4n Quang, Vién Cong nghé sinh hoc, Pai hoc Hué

s o - 3 Chirc trach
TT Ho va tén Don vi cong tac e <A
trong Hoi dong
~ Truong Pai hoc Khoa hoc,
1 | GS.TS. Nguyén Hoang Léc & ar oe A0a e Chii tich
bai hoc Hué

2 | PGS.TS. La Viét Hong

Truong Pai hoc Su pham Ha Noi 2

Phan bién 1

Truong Pai hoc Khoa hoc tu nhién,

3 | PGS.TS. Nguyén Du Sanh . ‘ Phin bién 2
guyen Pai hoc Qudc gia TP. H6 Chi Minh A bien

4 | PGS.TS. Pinh Trudong Son Hoc vién Nong nghiép Viét Nam Phén bién 3

x Vién Co hé sinh hoc,
5 | TS. Nguyén Bio Hung en ong nene Sl? 0° Thu ky
bai hoc Hué
6 | PGS.TS. Hoang Thanh Tung Trudng Pai hoc Pa Lat Uy vién
7 | PGS.TS. Nguyén Xuin Huy Dai hoc Hué Uy vién

Danh sach gém 07 thanh vién.|.

Tl
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“( CONG NGHE

Cho luén &n cda nghién ctru sinh:

CONG HOA XA HOI CHU NGHIA VIET NAM
Doc 1ap — Tw do — Hanh phic

Hué, ngay

NH SACH THANH VIEN THAM DU
ANH GIA LUAN AN TIEN ST CAP PAI HQC HUE

thang

nam 2026

V& d@ tai: Nghién ctru thu nhin va xac dinh hoat tinh cia Gypenoside tir nudi ciy

té bao cay gido cb lam (Gynostemma pentaphyllum (Thunb.) Makino)
Nganh: Sinh hoc
Ma sb: 9420101
Pon vi ddo tao: Vién Cong nghé sinh hoc, Pai hoc Hué
Hoi dong hop: Ngay 13 thang 3 nim 2026

Chitc trach Chir ky
STT Ho va tén Don vi cong tac trong Hoi
dong
1. | GS.TS. Nguyén Hoang Léc Trggé‘gfi?lh};‘c’ﬁgoa Chi tich U

Trudong Pai hoc Su

2. | PGS.TS. La Viét Hong pham Ha N&i 2 Phén bién 1 W
Truong Pai hoc Khoa
x hoc tu nhién, Pai hoc e /@4(///‘&
. A 9 ot ¥ Ph b 2
3. | PGS.TS. Nguyén Du Sanh Quéc gia TP. Hb Chi an bién il
Minh ~
4. | PGS.TS. Dinh Trudmg Son Hoo vién Nong | ppypians |
i g nghiép Viét Nam '
5. | TS. Nguyén Bao Hung Vf:ccggigl?oih%zglh Thu ky ‘\7}0/ ’
6 ‘ ‘ Trudng Dai hoc Pa — o &
.| PGS.TS. Hoang Thanh Tung Lot o Uy vién v’ T
7. | PGS.TS. Nguyén Xuin Huy Pai hoc Hué Uy vién

Danh sdach nay c6 07 thanh vién./.




DAIHOC HUE CONG HOA XA HQI CHU NGHIA VIET NAM
VIEN CONG NGHE SINH HQC Poc lap - Tw do - Hanh Phiic

Hué, ngay 16 thdng 3 nam 2026

’ NGHI QUYET CUA HQOI PONG )
DANH GIA LUAN AN TIEN ST CAP PAI HQC HUE

Tén dé tai: Nghién ciru thu nhén va xéc dinh hoat tinh ciia Gypenoside tir nudi ciy
té bao cy gido cb lam (Gynostemma pentaphyllum (Thunb.) Makino)
Nghién ctru sinh: Ping Ngoc Sang

e Khoa: 2021
e Nganh: Sinh hoc
o Mi sb: 9420101

Hoi déng chdm ludn 4n tién st cép Pai hoc Hué, dugc thanh 1ap theo quyét dinh sb
174/QD-PHH ngay 30 thang 01 nim 2026 clia Giam dc Pai hoc Hué da hop vao luc
14h00, ngay 13/3/2026 tai Pai hoc Hué. Sau khi thao luan, Hoi ddng da théng nhét véi
quyét nghi vé luan 4n nhu sau: |

1. Két luén vé tinh cép thiét, y nghia khoa hoc va thwe tién ciia Iudn an

Giao cb lam 1a loai dugce li¢u cod gia tri cao, chira nhiéu hop chét saponin
triterpen (gypenoside) c6 hoat tinh sinh hoc da dang nhu chdng oxy hoéa, chéng ung
thu, diéu hoa mién dich va bao v€ gan. Tuy nhién, nguén dugc li€u ty nhién dang bi
khai thdc qua murc va c6 nguy co suy giam trong tu nhién. Trong bdi canh do, viéc
nghién ctru nudi cdy té bao huyén phu dé san xuét hop chét tht clp duge xem 1a
huéng tiép can hién dai, cho phép chi dong ngudn nguyén liéu sinh hoc, giam ap luc
khai thac ty nhién va c6 kha ning mo rong quy md san xut.

2. Két luan vé phwong phap nghién ciru, mirc d9 chinh xac ciia dit li€u s
dung

Luén 4n st dyng nhiéu phwong phap nghién ciru hién dai, phit hop véi ndi dung
nghién ctru, bao gdm: nudi cly callus va nudi cdy té bao huyén phi; nudi cdy
bioreactor 12 L; phan tich hgp chédt bing HPLC; phén tich biéu hién gene bang ky
thuat sinh hoc phan tlr; thir nghiém hoat tinh sinh hoc in vitro va in vivo.

Céc phuong phap nay phu hop véi myc tiéu nghién ctru va duge 4p dung kha diy du.
Viéc p dung phuong d6 tao ra nhitng két qua c6 d6 chinh xac va do tin cy cao.

3. Két luan vé nhitng thanh céng va déng g6p mai cia ludn an vé Iy ludn va

thue tién

Luén 4n d4 1an dau tién xay dung dwoc xdy dung dwoc hé nudi cdy té bao
huyén phit Gido c¢b lam trén moi truong MS bd sung KIN va IBA véi diéu kién
nudi cdy tdi wu tai Viét Nam.



Luan an da xac dinh dugc anh hudng cua céc elicitor (SA, MeJA, YE) dén
qua trinh tich Ity gypenoside.

Luan 4n 1an diu tién x4c dinh va phan tich bidu hién cua cac gen CYP va
UGT tham gia vio qué trinh sinh tdng hop gypenoside.

Luan 4n da 1am 18 co ché didu hoa sinh tdng hop triterpen saponin & thuc
vét bac cao, cung cép dit liéu m&i v& mdi quan hé giita tac nhan kich khéng — biéu
hién gen — tich liiy hop chét thi cép.

4. Két luan vé sy phit hep ciia tén dé tai véi ndi dung va ma sé nganh:

Tén dé tai phan anh sy phu hop vai ndi dung nghién ciru; cd6 muc ti€u nghién ciru
rd rang, phu hgp véi nganh Sinh hoc, ma s6: 9420101.
5. Két luan vé cac han ché va yéu ciu chinh sira
Luan 4n con mot s6 thiéu sét can bd sung chinh sira v& hinh thirc va noi dung
theo bién ban cia hoi dong va cac gop y cia cac thanh vién hoi dong.
6. Két luan vé viéc tra 1oi cdu héi, trinh d¢ hiéu biét ciia nghién ciru sinh
Nghién ctru sinh da tra 101 day da nhitng cau hoi ma cac thanh vién héi dong dat
ra. Céc thanh vién hoi ddng danh gia cao sy hiéu biét NCS trong linh vuc nghién
ciru ma NCS dang theo duoi.
7. Két luin chung
- Két qua bé phiéu:
- Két qua bé phiéu:
C6 07/07 phiéu tan thanh ludn an.
C6 0/07 phiéu khéng tan thanh lun an.
- Két luéin vé gia tri khoa hoc va thyec tién ciia ludn an, két ludn vé trinh do
va nang lwc ciia nghién ctru sinh:
Dam bdao tinh khoa hoc va thuc tién
Nghién ciru sinh du trinh d6 va ning lyc dé nhan bang Tién st
- Két luin yéu cau vé chinh sira ciia luin 4n:
+ Can chinh stra cac 10i chinh ta, 16i van ban nhu gép y.
+ C4c tai liéu tham khao nén dugc cén trong ra soat vé cach thirc tham khdo, noi
tham khao va dinh dang danh sach tham khao. Liét ké dy du céac chit viét tét.
- Ngi dung:
Nhin chung, luén 4n van con 1 sd han ché nhét dinh, vi du nhu thiéu quy trinh
nudi cay te bao tich lily gypenoside.
Luan 4n cin chinh sira theo c4c ¥ kién cua hoi ddng gop ¥ nén ra trong cac ban
nhan xét.
+ Phdn tong quan
Chinh stra theo ¥ kién ctia hoi ddng
+ Phdn phwong phdp



Viét theo cac ndi dung nghién ctru
B sung va chinh sira cac phuong phap nhu gop y
+ Phdn két qua:
B sung va chinh sira theo ¥ kién hoi ddng
+ Phdn két luén va kién nghi
Ra soat, viét ngan gon lai két luan bam st cac van dé dit ra tai muc tiéu nghién
ciu
- Két luan \"é viéc & nghi cip bang tién si va nhan hoc vj tién sf:
- Hoi dong dé nghi Giam dbc Pai hoc Hué cong nhén hoc vi va cép b?mg tién si
chuyén nganh Sinh hoc cho nghién ctru sinh Dang Ngoc Séang.

Thw ky Hji dong Chii tich H¢i dong
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Nguyén Bao Hung Nguyén Hoang Loc
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CONG HOA XA HOQI CHU NGHIA VIET NAM
Déc lap - Tw do - Hanh phic

Ngay 11 thang 3 nam 2026, Hoi dong danh gi4 ludn an tién st cép Dai hoc
Hué duoc thanh lép theo quyét dinh s6 174/QD-DHH ngay 30 thang 01 nam 2026
ctia Pai hoc Hué cho nghién ctru sinh Diang Ngoc Séng, nganh Sinh hoc d3 bau ra
Ban kiém phiéu véi thanh phan nhu sau:

1/. Pf,(ﬁ.ﬂ ]\/W Xm..M.......:TruéngBan
Z/PZK (X L‘\_\/ulﬁs WQ\»Z ........... e .: Uy vién
3/ WTKW?M(\ ~...: Uy vién

Ban kiém phiéu da tién hanh kiém phiéu vdi két qua nhu sau:

S6 phiéu phat ra: OY .. S6 phiéu thu vao: : Oa/—

Séphiéuhoplé: .0.%~. S6phiéukhonghoplée: ... 0.

S6 phiéu tan thanh: ..0 4T S phiéu khong tén thanh: ...... '
UY VIEN UY VIEN TRUONG BAN

(ky va ghi ho tén) (ky va ghi ho tén) (ky va ghi ho tén)

) .
b ity ey ThAk Ty ool




PAI HOC HUE
VIEN CONG NGHE SINH HQC

CONG HOA XA HQI CHU NGHIA VIET NAM
Doc lap - Tw do - Hanh Phic

Hué, ngay 1, thdng 3 ndm 2026

BIEN BAN
HOQP HQI PONG PANH GIA LUAN AN TIEN SI CAP PAI HQC HUE

1. Ho va tén nghién ctru sinh: Péng Ngoc Sang

Khéa: 2021

Nganh: Sinh hoc

Ma s6: 9420101

Tén dé tai: Nghién ciru thu nhin va xac dinh hoat tinh ciia Gypenoside
tir nudi cdy té bao cay gido c¢b lam (Gynostemma pentaphyllum (Thunb.)
Makino)

2. Thanh phéan hdi dong: Theo quyét dinh s6 174/QD-DHH ngay 30 thang 01

ndm 2026 cia Gidm doc Pai hoc Hu€ gom cac thanh vién sau:

Ho va tén Don vi cong tac e Ex:ackh
trong HoQi dong
1. | GS.TS. Nguyén Hoang Loc Tr“"ngD}Z‘;‘lhl(‘)‘chIgéioa hee, Chi tich
2. | PGS.TS. La Viét Hong Truong Dai hoc Swpham | ppsp pian 1
Ha Noi 2
3 Trudong Pai hoc Kho'f‘l hoc
3. | PGS.TS. Nguyén Du Sanh tu nhién, Dai hoc Quoc gia Phan bién 2
TP. Ho6 Chi Minh
4. | PGS.TS. Dinh Trudmg Son | 1196 Vien N;‘;ﬁl nghiép Vi€t | pp s pign 3
5. | TS. Nguyén Bao Hung Vien ngigﬁl Ogchlc_hsllélh hoc, Thu ky
Vién Bao v¢ thyc vét, Vién .
6. A N ¥ 5 v Ly S
PGS.TS. Hoang Thanh Tung KH Néng nghiép Viét Nam Uy vién
PGS.TS. Nguyén Xuan Huy Dai hoc Hué Uy vién

S6 thanh vién c6 mat: 07 / 07 thanh vién.




3. Dién bién chi tiét budi bdo vé nhw sau:
3.1. Khai mac budi bao vé ludn an tién si cAp Pai hoc Hué

Hoi déng danh gia luan 4n tién si cip Pai hoc Hué dugc thanh 1ap theo quyét
dinh s6 174/QD-PHH ngay 30/01/2026 ctia Giam dc Dai hoc Hué tuyén bd ly do,
gi6i thidu dai biéu va doc quyét dinh thanh 1ap Hoi dong.

Gidi thiéu chu tich hoi déng - GS.TS. Nguyén Hoang Loc, didu khién budi danh
gi4 luan an tién si cAp Pai hoc Hué.
3.2. Chii tich Hoi ddng théng qua chwong trinh lam viéc

Chu tich Hoi dong thong bao danh sach thanh vién Hoi dong c6 mat 07 / 07
thanh vién, nhu vy Hoi ddng da diéu kién cho budi bao vé 1am viéc.

Chu tich Hoi déng thong qua chuong trinh lam viéc ctia Hoi d?)ng va toan bo
thanh vién Hoi ddng da ddng y vé chwong trinh lam viéc.
3.3. Hoi ddng thong qua diéu kién bio vé

Thu ky hoi ddng cong b cac diéu didu dé bao vé cuia nghién ctru sinh Nguyén
Quang Hoang Vii nhu sau:

- Nghién ctru sinh dd hoan thanh chuong trinh dao tao theo ding quy dinh tai
khoan 2, 3 Piéu 5 ctia Quyét dinh s6 1695/QD-PHH ngay 20 thang 12 nam 2019 cua
Giam dbc Pai hoc Hué vé viéc ban hanh Quy dinh v& dao tao trinh d tién si, cu thé
nghién ctru sinh d& hoan thanh:

P A A Aj 4R
gpp| ©hchRcphaneuyon detion Miasé | S6 tin chi | Piém TB
luan tong quan
05 hoc phdn bt bugc
1 | Hoa sinh hién dai HPBSSH-04 2 9,1
2 | Vi sinh vat hoc nang cao HPBSSH-09 2 9,6
3 | Cong nghé DNA tai to hop HPBSSH-05 2 8,2
4 | Cong ngh¢ sinh hoc nang cao HPBSSH-01 2 9.5
5 | Sinh hoc t€ bao HPBSSH-03 2 8,5
02 hoc phin bit bugc
1 |Di tru‘yén phén tr va hé gen HPTSSH-01 2 8,6
2 | Bao ton da dang sinh hoc HPTSSH-02 2 8,8
02 hoc plu‘in tw chon
1| Sinh Iy thyc vt img dung HPTSSH-07 2 9,1
2 | Tin sinh hoc tmg dyng HPTSSH-11 2 9,4
03 chuyén dé
1 | Chén doan phan tu CDTSSH-05 ) 9,7
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) IiJ’ng dung cbng nghé¢ t& bao trong

san xudt cic hop chét dugc ligu CDTSSH-12 2 8,8

3 | Cong nghé sinh hoc nam dugc

" CDTSSH-13 2 9,3
liéu

01 tiéu lu@n tong quan

Nghién cttu thu nhén va xac dinh
hoat tinh ctia Gypenoside tir nu6i
I |cdy t& bao cay gido cb lam 2 9,4
(Gynostemma pentaphyllum
(Thunb.) Makino)

- Luan an dép tng dy du yéu ciu ¢ Didu 17 cia Quyét dinh sé 1695/QP-DHH
ngay 20 thang 12 nam 2019 cua Gidm dbc Pai hoc Hué vé viéc ban hanh Quy dinh vé
tuyén sinh va dao tao trinh do tién si tai Pai hoc Hué.

- Tap thé huéng din da c6 van ban khang dinh chét luong cla luan 4n va dong y
cho nghién ctru sinh dugc bao v¢ luan an trudce hdi dong cap Pai hoc Hue.

1. Hoang Tan Quang, Pham Thi Diem Thi, Dang Ngoc Sang, Tran Thi Ngoc
Tram, Nguyen Duc Huy, Tran Quoc Dung, Quach Thi Thu The (2022) Effects of plant
elicitors on growth and gypenosides biosynthesis in cell culture of Giao co lam
(Gynostemma pentaphyllum). Molecules 27(9): 2972.

2. Nguyen Thanh Tung, Pham Thi Diem Thi, Dang Ngoc Sang, Do Thi Thao,
Hoang Tan Quang (2022) Biomass accumulation of Gynostemma pentaphyllum
(Thunb.) Makino in cell suspension cultures inhibiting human cancer cell growth.
Research Journal of Biotechnology 17(3): 61-68.

3. Tung Nguyen-Thanh, Sang Dang-Ngoc, Dung Tran-Quoc, Quang Hoang Tan
(2023) Gypenosides production and spermatogenesis recovery potentials of extracts
from cell suspension cultures of Gynostemma pentaphyllum. Avicenna Journal of
Medical Biotechnology 15(4): 216-222.

4. Ping Ngoc Sang, Nguyén Quang Hoang Vii, Nguyén Thi Nguyén Main,
Nguyén Hitu Thuin Anh, Trin Qudc Dung, Hoang T4n Quéang (2025) Phan 1ap gene,
du doan dic diém va phan tich mirc d6 phién ma gene Cytochrome P450 (CYP89A2)
tir cdy gido c6 lam (Gynostemma pentaphyllum (Thunb) Makino). Ky yéu Hoi nghi
Sinh ly thuc vat Toan qudc 1an thir 3 - 2025: 79-86.

5. Ping Ngoc Sang, Pham Thi Diém Thi, Trdn Thi Thoa, Trdn Qudc Dung,
Hoang T4n Quang (2025) Nghién ciru san xuét sinh khéi va gypenoside tir nudi cdy té
bao cdy gido cd lam (Gynostemma pentaphyllum). Tap chi Khoa hoc Pai hoc Hué:
Nong nghiép va Phat trién Nong thon 134(3A): 119-129

Céc ngi dung diang béo trén ding véi cac ndi dung trong luén an.

3.4. Nghién citu sinh trinh bay ludn an
Nghién ctru sinh Dang Ngoc Sang trinh bay tom tit ndi dung luan 4n tién si trong

thoi gian 30 phut.
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3.5. Cac y kién danh gia va gop y ciia thanh vién Hoi dong

Chi tiét cac y kién ciia thanh vién hoi ddng xem ban nhén xét ciia cac thanh vién
hoi dong dinh kém bién ban nay. Sau day la nhitng nhén xét co ban clia céc thanh vién
hoi dong:

- Y nghia khoa hoc ciia dé tai lu@n dn:

+ Dé tai cé y nghia khoa hoc thé hién:

Giao cb lam (Gynostemma pentaphyllum (Thumb.) Makino) 1a mét dugc lidu quy
c6 gia trj cao trong y hoc ¢b truyén ciing nhu hién dai, hién da dugc xép vao nhém cay
thudc nguy cp trong Sach dé Viét Nam (2007), loai ndy dugce ghi nhan véi nhidu tac
dung duogc 1y quan trong nhu bao vé té bao gan, trc ché sy phat trién ciia khbi u, chéng
viém va diéu hoa duong huyét. Thanh phin hoat chét chu yéu trong Gido cb lam 1a
gypenosid, mot nhém saponin triterpenoid c6 ciu tric va hoat tinh sinh hoc twong
ddng v6i ginsenosid trong nhén sdm (Panax ginseng). Nho kha ning sinh trudng
manh, d& thich nghi véi diéu kién ty nhién va c6 thoi gian thu hoach ngén, Giao cb
lam dugc xem 12 ngudn dugc liéu thay thé nhan sém‘déy tiém ning.

Vé y nghia khoa hoc, dé tai da xdy dung dwoc quy trinh nudi cdy huyén phu té
bao Giao cb lam va quy trinh san xudt gypenoside c6 st dung céc elicitor. Cong trinh
cung cip dit liéu méi vé co ché sinh téng hop va biéu hién gen (CYP, UGT) lién quan
dén tdng hop gypenoside, ddng thoi 14n dau tién cong bd kha niang bao vé té bao tinh
hoan va hoat tinh trc ché t& bao ung thu cta cao chiét té bao huyén phi Gido cb lam.
Nhirng két qua nay gép phin 1am 18 co s& khoa hoc cia viée ting cudng tich liy hop
chit thir cdp bing k§ thut nudi cdy té bao thuc vat, c6 gia tri tham khao va Gng dung

rong réi trong linh vuc sinh hoc phén tir va cong nghé dugc lidu.

+ Dé tai cé Y nghia thuc tién thé hién:

Vé y nghia thyc tién, két qua cta ludn 4n c6 thé Gng dung trong san xuét
gypenoside quy md phong thi nghiém, gép phan giam khai thac ty nhién, chi dong
ngudn nguyén liéu sach, an toan va dn dinh cho nganh cong nghiép duoc phim va thuc
phim chirc nang. Quy trinh dugc thiét 14p c6 thé md rong quy md cong nghiép, déng
thoi 13 co sé khoa hoc cho céc nghién ctru tiép theo vé sinh tong hop va tach chiét hop
chét thir cép tir nudi cdy té bao thyc vat.

- Sw hop ly, dd tin cdy va tinh hi¢n dai ciia cic phwong phap nghién ciru:

Céc phwong phép nghién ctru, sir dung trong luin 4n déu 1a phuong phéap chuén,
phit hgp gdm: i) Nhém phwong phép nudi cdy t& bao nhu nudi chy callus (m6 seo),

khao sat anh hudng cla cac yéu td nudi cdy trong bioreactor; ii) Nhém phuwong phép
4



hoéa sinh va phan tich hop chét nhu tach chiét, dinh lwong gypenoside st dung séc ky
long hiéu ning cao (HPLC); iii) Nhom phuong phap xtr 1y elicitor; iv) Nhém phuong
phap sinh hoc phén tit nhur phén tich biéu hién gen; phan tich trinh ty gen va xay dyng
cdy phét sinh loai; giai trinh tw Sanger sequencing, phén tich déng dang, du doan churc
ndng enzyme (tin sinh hoc); v) Nhom phuong phép thir nghiém hoat tinh sinh hoc nhu
phan tich doc tinh té bao (cytotoxicity assays), Thir nghiém kha ning bao vé tinh hoan
chudt stress nhiét; vi) Phuong phép xir Iy va phan tich sb liéu két qua dugc tinh trung
binh + sai s6 chuén, phan tich ANOVA va Duncan’s test (p < 0,05) bang SPSS v20.0.
Vit liéu nghién ctru néu trong luan an c6 ngudn gbc ro rang, Phong thi nghiém thyc
hién lun 4n c6 ngudn gbc, dia chi rd rang, tin cay.

- Panh gia két qua dat dwgc, nhirng dong gép mai va gia tri ciia nhirng dong
gop do:

Luan 4n “la cong trinh c¢6 tinh m&i, c6 hé théng, va dat nhidu két qua nghién cuu
dang ghi nhéan. Két qué cua luan an c6 gia tri khoa hoc va thuc tién va déng g6p thiét
thuc cho phat trién khoa hoc céng nghé sinh hoc dugce lidu cua Viét Nam.

Tac gia da 14n dau tién xay dyng dugc quy trinh nudi ciy huyén phu t& bao cay
Gido cb lam tai Viét Nam, xac dinh céc didu kién t6i wu cho sy sinh trudng va tich liy
gypenoside, dat ham lugng 46,87 mg/g kho sau 18 ngay nubi cdy. Dic biét, viéc tng
dung két hop cic elicitor (MeJA, SA, YE) gitip ham lugng gypenoside ting 1én 103,81
mg/g khd, cao gp 2,2 14n so véi dbi chimg va 2,8 14n so v6i mAu ty nhién.

Ngoai ra, lugn 4n 1an dAu tién x4c dinh va phén tich biéu hién cta cic gen CYP
va UGT tham gia vao quaé trinh sinh téng hop gypenoside, ddng thoi chimg minh hoat
tinh sinh hoc ctia ché phdm gypenoside in vitro, thé hién kha ning trc ché té bao ung
thu gan HepG2 va bao vé té bao tinh hoan chudt stress nhiét.

Luén 4n d3 1am 16 co ché diéu hoa sinh téng hop triterpen saponin & thuc vat bac
cao, cung cap dit liéu méi vé mdi quan hé giita tic nhan kich khang — biéu hién gen —
tich lity hop chit thir cip, gop phin hoan thién hudng tiép can cong nghé té bao thyc
vit trong san xuét duge chit ty nhién. DAy 1a nhitng dong gop quan trong cho chuyén
nganh Cong ngh¢ sinh hoc dugc li€u va sinh hoc phén tir thuc vat.

Vé dong gop cho san xudt, kinh t&, xa hoi va doi sdng: Két qua nghién ctru luan
4n da hinh thanh céng nghé nén cho san xuit gypenoside quy mé phong thi nghiém,
tao ngudn nguyén lidu 6n dinh, sach va bén viing thay thé khai thac tu nhién. Luan 4n
c6 y nghia thuc tién trong phét trién dugc pham, thuc phdm chirc ning, bao tdn da
dang sinh hoc va phat trién kinh té sinh hoc ving trong dugc lidu.

- Nhitng wu diém va nhwoc diém, thiéu sot, nhitng diém cin bd sung va sira
chira:

Lu4n 4n van con 1 sb tdn tai nhit dinh, va dd dugc cac thanh vién hoi d?)ng néu
ra trong budi bao vé théng qua cic y kién nhan xét. Nghién ctru sinh cn nghién ctru
can than nhitng y kién ctia 7 thanh vién hoi ddng, va bam sat 7 ban nhén xét dé chinh
stta hoan thién luén an.



- Nhén xét vé chit lwgng cac bai bao khoa hoc:

Vi két qua dé tai, nghién ctru sinh da cong bd 5 cong trinh trén cac tap chi uy tin
trong va ngoai nudc. Pam bao chat luong.

Bao gbm:
-1 Bai bao trén Molecules (SCI Q1) vé tac dong ciia elicitor ddi voi nudi cy véi
(ddng tac gia)

- 1 Bai nghién ctru sinh khdi va e ché té bao ung thu trén Research Journal of
Biotechnology (Scopus, Q4) (ddng tac gia)
- 1 Bai v& san xuét gypenoside va phuc hdi sinh tinh trén Avicenna Journal of
Medical Biotechnology (d6ng tac gi)
- 1 Béo céo tai H)i nghi Sinh ly thuc vat Viét Nam (tac gid chinh)
- 1 Bai ding trén Tap chi Khoa hoc Pai hoc Hué (tac gia chinh)
- Két luan:
nhin chung ludn 4n dap ung dugc yéu cu cua 1 ludn 4n tién si, tuy nhién cin chinh
sira theo nhu y kién nhén xét hoi ddng trude khi bao vé & cip Pai hoc Hué.
3.6. Nghién ctru sinh giai thich cac y kién ciia cac thanh vién Hoi dong:

Nghién ctru sinh d3 tra 16i diy du nhitng cdu hoi ma cac thanh vién hoi déng dat
ra. Cac thanh vién hoi ddng danh gia cao sy hiéu biét NCS trong linh vuc nghién ctru
ma NCS dang theo dudi.

3.7. Hoi ddng hop kin danh gia két qua
- Hoi ddng bau ban kiém phiéu va nhét tri bu:
PGS.TS Nguyén Xuan Huy  Trudng ban
PGS.TS La Viét Hong Uy vién
PGS.TS Hoang Thanh Tung Uy vién
- Két qua bé phiéu:
C6 07/07 phiéu tan thanh luan 4n.
C6 0/07 phiéu khong tan thanh luén an.
- Ban kiém phiéu thong qua két qua trudc Hoi ddng va da duoc toan thé nhét tri.
(c6 bién ban kiém phiéu dinh kém theo bién bdn nay)
- Hoi ddng thong qua nghi quyét véi cac ndi dung sau:
+Y nghia khoa hoc va thuc tién ciia ludn dn:
Vé y nghia khoa hoc: d& tai da xay dung dwoc hé nudi cdy té bao huyén phu
Gido cb lam duge quy trinh nudi cdy huyén phu t& bao Gido cb lam san xuét
gypenoside c6 st dung cac elicitor. Cong trinh cung cip dit liéu méi vé co ché sinh
téng hop va biéu hién gen (CYP, UGT) lién quan dén téng hop gypenoside, ddng thoi

S

\=\ ¥ 5



1An dau tién cong bd kha ning bao vé té bao tinh hoan va hoat tinh tc ché té bao ung
thu cia cao chiét té bao huyén phi Gio ¢ lam.

V& y nghia thyc tién: két qua cia ludn 4n c6 thé ting dung trong san xuit
gypenoside quy md phong thi nghiém, gép phin giam khai thac ty nhién, chi dong
ngudn nguyén lidu sach, an toan va én dinh cho nganh cong nghiép dugc phim va thyc
pham chtrc ning.

+ Dé tin cdy cua cdc ludn diem khoa hoc néu trong ludn dn:
Céc luén diem khoa hoc nén ra trong ludn an dang tin cay
+ Nhitng diém mdi cua cong trinh:

Ludn 4n da 1an déu tién xay dung dugc xdy dung dugc hé nudi cdy té bao
huyén phit Gido ¢b lam trén moi trudng MS bd sung KIN va IBA véi diéu kién
nudi cy tbi wu tai Viét Nam.

Luén an da xac dinh dugc anh huong cua céc elicitor (SA, MeJA, YE) dén
qué trinh tich lily gypenoside.

Luén 4n 1an déu tién xac dinh va phén tich biéu hién cua cac gen CYP va
UGT tham gia vao qua trinh sinh tdng hop gypenoside.

Luan 4n d3 1am 13 co ché diéu hoa sinh tong hop triterpen saponin & thuc
vét bac cao, cung cip dir liéu méi vé mébi quan hé gitra tc nhan kich khang — biéu
hién gen — tich lity hop chat thir cip.

+ Sw phit hop cua tén dé tai voi ngi dung va ma soé nganh:

- Tén @& tai phan 4nh sy pht hop voi ndi dung nghién ctru; ¢6 muc tiéu nghién
ctru 18 rang, phit hop véi nganh Sinh hoc, ma sb: 9420101.

+ Nhitng thiéu sot can chinh siva:

- Tén d& tai phan anh sy phi hop véi ndi dung nghién ciu; c6 muc tiéu
nghién ctru rd rang, phtt hop v&i nganh Sinh hoc, ma sb: 9420101.
g g p p g

+ Dadnh gid chung:

Luén 4n nhin chung bao dam tinh khoa hoc va thuc tién. N6i dung va hinh thirc
ctia ludn 4n dap tmg dugc yéu ciu mot luan 4n tién si theo quy dinh va c6 du didu kién
dé bao vé trudc Hoi ddng chdm luén 4n tién si cAp Pai hoc Hué. Tuy nhién, luan 4n
con mdt s6 thiéu sot can bd sung chinh sira v& hinh thirc va ndi dung theo bién ban cta
hoi ddng va cac gop ¥ cua cac thanh vién hoi ddng.

3.8. Hoi dong cong bod két qua va nghj quyét

- Truéng ban kiém phiéu doc bién ban kiém phiéu va cong bd két qua danh gia
ctia Hoi dong.

- Chu tich Hoi déng doc nghi quyét cua hoi déng danh gia luén an tién st cép Dai
hoc Hué cho nghién ctru sinh Dang Ngoc Séang.
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- Hoi dong dé nghi Giam déc Dai hoc Hué c6ng nhén hoc vi va cép bang tién si
chuyén nganh Sinh hoc cho nghién ctru sinh Dang Ngoc Sang.

Thw ky Héi dong Chii tich Hgi dong

i Mot

Nguyén Biao Hung Nguyén Hoang Loc

Xac nhan cia don vi dao tao

ary




PAI HQC HUE CONG HOA XA HQI CHU NGHIA VIET NAM
VIEN CONG NGHE SINH HOC Poc Iap — Tw do — Hanh phiic

BAN NHAN XET LUAN AN TIEN Si CAP PAI HQOC HUE,
Ho va tén ngudi nhan xét: La Viét HE‘)ng
Hoc ham: PGS Hoc vi: TS
Chuyén nganh: Sinh Iy hoc thuc vat
Co quan cong tac: Trudng Dai hoc Su pham Ha No6i 2
Chure trach trong hoi déng: phan bién 1
Ho va tén nghién ctru sinh: bing Ngoc Sang
Chuyén nganh: Sinh hoc M s6: 9420101
Tén dé tai: Nghién ciru thu nhan va x4c dinh hoat tinh ciia Gypenoside tir
nudi ciy té bao cdy gido ¢ lam (Gynostemma pentaphyllum (Thunb.)
Makino)
Y KIEN NHAN XET

1. Tinh cin thiét, thoi sw, y nghia khoa hoc va thue tién ciia dé taj ludn an

Luan én nghién ctru vé thu nhén va xéc dinh hoat tinh ctia gypenoside tir nudi
cy té bao céy Giao ¢ lam (Gynostemma pentaphyllum). Giao ¢6 lam 14 loai dugc liéu
¢6 gid trj cao, chira nhidu hop cht saponin triterpen (gypenoside) c6 hoat tinh sinh hoc
da dang nhu chong oxy hda, chéng ung thu, didu hoa midn dich va béo vé gan. Tuy
nhién, ngudn duoc liéu ty nhién dang bi khai thac qua mirc va c6 nguy co suy giam
trong tw nhién. Trong bdi canh do, viéc nghién ctru nudi cdy té bao huyén pht dé san
Xudt hop chit thir cép duoc xem la huéng tiép can hién dai, cho phép chu dong ngudn
nguyén liéu sinh hoc, gidm 4p luc khai thac tu nhién va c6 kha ndng mo rong quy mo
san xuét. Dong thai, viéc ing dung elicitor nham kich thich tich Ity gypenoside va phan
tich biéu hién cac gene lién quan dén sinh tong hop 1a huéng nghién ctru ¢6 gid tri khoa
hoc cao.

Do vy, d& tai luan 4n c6 tinh cin thiét, tinh thoi su va y nghia khoa hoc rd rang,

g6p phéan bd sung dif liéu vé cong nghé nudi cdy té bao thuc vét trong san xuét hop chit
thtt cép c6 hoat tinh sinh hoc.



2. Sw khong trang 13p ciia dé tai nghién ciru so véi cac cong trinh, ludn vin, luin
an da dwgc cong bd trong va ngoai nwéc ciia cac tic gia khac; tinh trung thue, rod
rang, diy di trong trich din tai liéu tham khao

Qua tdng quan tai liéu va noi dung trinh bay trong luén 4n cho thay dé tai khong
trung 1ap véi cac cong trinh da cong b trude day. Mot sb nghién ctru trude day mdi chi
dirng lai & mirc: tao callus tir Gido ¢b lam hoiic khao sat so b sinh trudng té bao.

Trong khi d6, luén an da thyc hién mot hé thdng nghién ctru tuong dbi day du
bao gém: x4y dung hé nudi cdy té bao huyén phu; t6i wu didu kién nuoi cdy; khao sat
anh hudng cua elicitor; phan tich biéu hién gene CYP va UGT; thir nghiém hoat tinh
sinh hoc cta cao chiét.

Tai liéu tham khao nhin chung dugc trich ddn kha df&y du. Tuy nhién thir ty trich
dan trong danh muc tai liéu tham khao can duoc kiém tra va sép Xép lai theo thir ty tang
dan, do hién con mét s6 chd chua thdng nhét.

3. Sw phu hop giira tén dé tai véi ndi dung, giita ndi dung véi chuyén nganh va ma
s6 chuyén nganh

Tén dé tai: “Nghién ctru thu nhan va x4c dinh hoat tinh cia Gypenoside tir nudi
cdy té bao cdy Gido cd lam (Gynostemma pentaphyllum (Thunb.) Makino)” phu hgp
v6i ndi dung nghién ctru, phan anh rd céc hudéng nghién ctru chinh: nudi cdy té bao
huyén phu; tdng cuong sinh tong hop gypenoside; xac dinh hoat tinh sinh hoc ctia san
pham.

Noi dung luén 4n cling phd hop véi chuyén nganh Sinh hoc (ma sé 9420101),
dac biét trong c4c linh vyc: cong nghé sinh hoc thuc vat, sinh hoc phan tir, sinh hoa hop
chit thu cép.

4. D) tin cdy, tinh hién dai cia cac phwong phap di sit dung dé nghién ciru

Luén 4n st dung nhiéu phuong phép nghién ctru hién dai, phu hop vé6i noi dung
nghién ctru, bao gdm: nuoi cdy callus va nuoi cy té bao huyén phi; nuéi cy bioreactor
12 L; phén tich hop chit bing HPLC; phan tich biéu hién gene bang k¥ thuét sinh hoc
phén tr; thir nghiém hoat tinh sinh hoc in vitro v in vivo.

Cac phuong phdp nay pht hop véi muc tiéu nghién ctru va dugc ap dung khéa ddy
di. Tuy nhién trong phan Vat liéu va phuong phap nghién ctru, nén bd sung thém tidu
muc mo ta chi tiét hoa chét, thiét bivahé théng phan tich (vi du: model, cac tham sé/didu
kién van hanh h¢ HPLC, hé théng bioreactor, hang cung cdp hoa chit chuin) dé tdng

tinh chuan hoa cia phuong phap.
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5. Panh gia cac két qua nghién ciru méi dat dwoc; nhitng déng gép méi cho sy phat
trién khoa hoc ciia chuyén nganh; dong g0p méi cho phuc vu san xuét, kinh té, xa
hoi va doi song. Y nghia khoa hoc, gia tri d9 tin ciy cia nhitng két qua dé

Luén 4n da dat dugc mot sd két qua dang cht y: (i) Xay dung dugc hé nuoi ciy
té bao huyén phu Gi&o ¢ lam trén moi truong MS bd sung KIN va IBA vé6i didu kién
nuoi cdy tdi wu. (ii) X4c dinh duge anh hudng cta céc elicitor (SA, MeJA, YE) dén qua
trinh tich iy gypenoside. (iii) X4c dinh mtrc d6 biéu hién cua mdt s6 gene CYP va UGT
lién quan dén con dudng sinh tong hop gypenoside. (iv) Danh gi4 hoat tinh sinh hoc cia
cao chiét ddi véi mot sb dong té bao ung thu va m6 hinh bao vé tinh hoan chudt.

Céc két qua nay c6 gia tri khoa hoc nhét dinh va g6p phén cung cép dir lieu vé
sinh tong hop gypenoside, mg dung nudi céy té bao thuc vét trong san xuét duge ligu.
6. Nhitng wu diém va nhuoc diém vé ndi dung, két cAu va hinh thire ciia ludn an.
Nhitng gop y chinh siva vé hinh thirc, ndi dung, phwong phap nghién ciru, ciu
tric...cia luin 4n

U'u diém: Luan 4n c6 bb cuc r0 rang, hop ly; Phuong phap nghién ciu da dang,
két hop nuoi cdy té bao, sinh hoc phan ti, hoa sinh, thir nghiém hoat tinh sinh hoc. Két
qua nghién ctru da dang, c6 chit luong tdt, dugce trinh bay tuong dbi chi tiét,

Cac gop y chinh sira:

V& hinh thtre trinh bay, danh muyc tai liéu tham khao can dugc ra soat va sip xép
lai theo thir ty ting dan cua sb trich dan, vi hién van con mot sb vi tri trich dan chua
dung thi tuy.

O Hinh 1.3 (trang 22), day 1a so dd quy trinh nghién ctru nén phu hop hon khi
dat trong phan Vat liéu va phuong phap nghién ctru, do d6 ¢6 thé chuyén sang muc 2.2
(trang 35). Pdng thoi can thay hinh ¢6 d§ phan giai cao hon vi hinh hién con mo. Hinh
1.4 (trang 24) cling nén kiém tra lai cht lwong hinh anh dé dam bao kha nang quan sat.

Trong phan VAt liéu va phuong phéap nghién ctru (trang 34), nén bd sung tiéu muc
riéng vé hoa chét, dung cu va thiét b nghién ctru, trong d6 néu ro thong tin cc hé thong
phan tich nhw HPLC (héng, model) hodc hé bioreactor. O Hinh 2.1, cin bd sung thanh
ty 1€ (scale bar).

Tiéu d& muc 2.2.1 (trang 35) nén chinh thanh “Cam tng va nudi cdy mo seo
(callus)”. O trang 36, nén thay cac thuat ngit “trong lugng kho”, “trong luong khong
d6i” bing “khéi luwgng kho” va “khoi luong khong d6i”.

Tai trang 37, cdn bd sung thong tin hang cung cip di voi chét chuin Ginsenoside

Rb1 (98%). Khi sit dung ky higu ORF (trang 40) nén viét ddy du khi xuit hién lan dau:



Open Reading Frame (ORF). Ngoai ra, cAu mo ta vé ngudn trinh ty gene can dién dat
lai rd rang hon va kém trich dan tai lieu.

Trong Bang 2.1 (trang 40) va Bang 2.2 (trang 43), phén trinh tw mdi nén ghi ro
chiéu (5°—3%). O muyc 2.2.9 — Xir Iy théng ké (trang 49), nén md ta ddy du rang thi
nghiém dugc bé tri theo kiéu hoan toan ngau nhién (CRD) v6i ba 1in lap lai.

O Hinh 3.2 (trang 52), can kiém tra lai hinh 4nh vi ¢6 d4u hiéu mau chua that su
dong nhét véi mo ta dong huyén phu.

Trong Bang 3.2 (trang 55), két luan vé& moi truong t6i uu chua diy du vi ca hai
cong thire BAP 2,5 mg/L + IBA 0,5 mg/L va KIN 2 mg/L +IBA 0,5 mg/L déu dat cung
mirc phén hang thdng ké cao nhét; do d6 cin didu chinh phan nhén xét cho phu hop véi
sb liéu.

Trong Béang 3.6 (trang 62), chu thich vé viéc thi nghiém chi thuc hién mét 1an do
han ché ngudn luc nén duge dién dat lai hogc chuyén sang phén phuong phéap nghién
cluu.

NOi dung muc 3.2.1 nén chia thanh hai tiéu muc riéng dé r3 rang hon: nhém
elicitor MeJA, JA va nhém YE, FOX. O Hinh 3.5 (trang 68) cin bd sung scale bar.,

Doi v6i Hinh 3.6 (trang 72), tiéu d& hinh nén viét ddy d hon, vi du: “Phd HPLC
xéc dinh gypenoside trong té bao huyén phti Gido ¢ lam dudi anh hudng cua elicitor”;
dong thoi didu chinh cach hién thi dé c4c peak sic ky dé phan biét hon.

Trong myc 3.3.1 (trang 86) nén thay cum tir “san xuit cao chiét” bang “thu nhan
cao chiét” cho pht hop véi quy mé6 nghién ctu. O Béng 3.16 (trang 87) nén bo sung
thém gid trji dbi ching duong (Ellipticine) dé thuan tién so sanh.

Cubi cing, phan két luan (trang 96) nén viét lai ngén gon, bam sét muc tiéu
nghién ctru, tranh cdc cdu mang tinh dién giai.

7. Noi dung luin 4n da dwgc cong bb trén tap chi, ky yéu hoi nghi khoa hoc nao va
gia tri khoa hoc ciia cac cong trinh da cong bd

Trong qud trinh thuc hién ludn 4n, nghién ctu sinh da cong bd mot sb cOng trinh
khoa hoc lién quan truc tiép dén noi dung nghién ctru. Céc cong trinh nay bao gdm céc
bai bdo déng trén tap chi khoa hoc quéc té va trong nudc, cling nhur bao cdo tai hoi nghi
khoa hoc chuyén nganh. C4c két qua nghién ctru vé& nudi cdy té bao huyén phu cdy Gido
cb lam, tich Iy gypenoside va danh gia hoat tinh sinh hoc ctia cao chiét da duoc cong
b6 trén cac tap chi qudc t& nhu Research Journal of Biotechnology (ScopusQ4, ESCI),
Molecules (SCIE) va Avicenna Journal of Medical Biotechnology (tap chi c6 phan
bién). Céc bai bdo nay trinh bay két qua nghién ctru vé tich lity sinh khéi va gypenoside

trong nuoi cdy té bao, anh hudng ciia cac elicitor dén qua trinh sinh tong hgp gypenoside,
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cling nhu tiém ndng hoat tinh sinh hoc ctia cao chiét té bao huyén phu ddi véi cac mo
hinh bénh hoc. Bén canh d6, mot sb két qua cia ludn an cling d3 duogc cong bb trén cac
tap chi khoa hoc trong nuéce va ky yéu hoi nghi chuyén nganh, bao gdm nghién ctru vé
san xuét sinh khdi va gypenoside tir nudi cdy t& bao Gido ¢b lam va nghién ctru phan
1ap, du doan dic diém va phén tich mirc d¢ phién ma ctia gene CYP89A?2 lién quan dén
con dudng sinh tong hop gypenoside. Céc cong trinh ndy gép phan 1am 1o co s& sinh
hoc va tiém ndng tmg dung cta hé nuoi cdy té bao trong san xuat hop chét thi cp tir
cay Giao ¢6 lam.

Nhin chung, cdc cong trinh da cong bd phan anh kha day du cac ndi dung chinh
clia luéin 4n, gép phan khing dinh gia tri khoa hoc va tinh c4p nhat cua cac két qua
nghién ciru.

8. Két ludn chung cin khiing dinh mirc d9 dap wng cac yéu ciu dbi vei mdgt luin 4n
tién si; ban tém tit ludn 4n phan 4nh trung thanh ngi dung co ban cia luin 4n hay
khong

Luén an da nghién ctru mot cdch hé théng v& nuoi cay té bao cdy Gido ¢b lam
(Gynostemma pentaphyllum), tir xdy dung hé thdng nudi cdy mo seo va té bao huyén
phu, khéo sat anh hudng ctia cac chét didu hoa sinh trudng va elicitor dén sinh trudng
va tich lily gypenoside, dén thu nhén cao chiét va danh gid mot sb hoat tinh sinh hoc.
Bén canh d6, ludn 4n cling budc dau phan 1ap va phan tich dic diém ctia gene CYP89A?2
lién quan dén con dudng sinh tong hop gypenoside, gép phan 1am 3 co s& sinh hoc cta
qué trinh tich Iy hop chét thir cép trong hé nuéi céy té bao.

Céc két qua nghién ctru cia luén an c6 y nghia khoa hoc va thuc tién, gop phén
b sung dit liéu v& nudi céy té bao va sinh tong hop gypenoside & cay Giao ¢ lam, dong
thoi m¢& ra khd nang Gng dung hé nudi cdy té bao trong san xudt cac hop chit ¢6 hoat
tinh sinh hoc. Mot s6 két qua chinh cta luan an da duge cong bd trén cac tap chi khoa
hoc trong nuéce va qubc té.

Tuy nhién, luin 4n van con mot sb diém cin chinh sira vé hinh thtre trinh bay,
cach dién dat va mot sb noi dung thao luén nhu da néu & trén. Nhitng van dé nay khong
lam thay ddi ban chit khoa hoc cta ludn 4n va c6 thé duoc tac gia chinh stra, bd sung
trong qua trinh hoan thién lu4n 4n.

Trén co s¢ cac két qua dat duoc, c6 thé khing dinh ring ludn 4n dap tng cac yéu
clu cla mot ludn 4n tién si chuyén nganh Sinh hoc. Vi vay, t6i dé nghi Hoi déng xem
x¢t cho phép nghién ctru sinh dugc bao vé lun an trude Hoi ddng chdm luan 4n tién si
cép Pai hoc Hué.

Y KIEN PE NGHI




(Ghi ré dong y hay khéng dong Y cho NCS bdo vé truéc hoi dong
ddnh gid lugn én cdp Pai hoc Hué)

Luén 4n dugc thuc hién cdng phu, ¢6 ¥ nghia khoa hoc va thyc tidn trong linh
vuc cong nghé sinh hoc thue vat, dic biét trong nghién ctru nudi cdy té bao va sinh tbng
hop gypenoside & ciy Giéo cb lam (Gynostemma pentaphyllum). Cac két qua nghién
clru co ban dép g muc tiéu dé ra va da dugc cong b mot phén trén cac tap chi khoa
hoc trong nuée va quéc té. Tuy luén 4n van con mot s6 diém can chinh stra, bo sung vé
hinh thirc trinh bay, thuét ngit va mét sé noi dung thao luén nhu da néu trong ban nhan
xét. Cac diém nay khong anh huéng dén két qua va gid tri khoa hoc cua luén én.

Vi vay, t6i dé nghi Hoi ddng cho phép nghién ctru sinh chinh stta, hoan thién luan
an theo cdc gop y va duoc bao vé ludn 4n tién si trude Hoi ddng chidm luan an cép Dai
hoc Hué,

X4c nhin cia co quan Phii Tho , ngay 5 thang 3 nim 2026
Ngwoi nhan xét ky tén

PHO VIEN TRUGNG PGS.TS. La Viét Hong
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DATHOC HUE CONG HOA XA HQOI CHU NGHIA VIET NAM
VIEN CONG NGHE SINH HQC Poc lap — Tu do — Hanh phuc

BAN NHAN XET LUAN AN TIEN ST CAP PAI HOC HUE

Ho va tén nguoi nhan xét: Nguyén Xuan Huy

Hoc ham: PGS Hoc vi: Tién st

Chuyén nganh: Sinh hoc

Co quan cdng tac: Vin phong Pai hoc Hué

Chire trach trong hoi ddng: Uy vién

Ho va tén nghién ctu sinh: Pang Ngoc Sang

Chuyén nganh: Sinh hoc Mi s6: 9420101

Tén dé tai: Nghién ciru thu nhin va x4c dinh hoat tinh ctia Gypenoside tir

nudi ciy té bao cdy gido ¢6 lam (Gynostemma pentaphyllum (Thunb.)

Makino)

Y KIEN NHAN XET
1. Tinh cén thiét, thoi sw, ¥ nghia khoa hoc va thye tién ciia dé tai luin 4n

Giao cb lam (Gynostemma pentaphyllum) 1a dugc liéu quy, chira hon 180 loai

gypenoside —c6 cdu tric va hoat tinh twong tu ginsenoside trong nhan sam, khién n6
tré thanh ngu@)n duoc liéu dz‘iy trién vong. Loai cdy nay co nhiéu tac dung duogc ly
quan trong nhu bao vé gan, chdng khdi u, chéng viém, én dinh duong huyét va lipid
méu. Tuy nhién, ngudn Gido c¢b lam dang ngay cang khan hiém va duoc xép vao
nhém nguy cap (EN) trong Sach d6 Viét Nam. Do do, nghién ciru nubi cdy té bao
huyén phi — dic biét két hop elicitor dé tang tich lily gypenoside — trd nén cap thiét,
nhim tao nguén nguyén liéu in vitro chti dong, hiéu qua cao, thay thé dan khai thac
tw nhién va gép phan bao ton lodi ciy quy nay. Tir thyc tin trén, dé tai “Nghién ctu
thu nhan va xéc dinh hoat tinh ctia Gypenoside tir nuéi cdy té bao cay Gido cb lam”
mang tinh thoi sw va khoa hoc cao.
2. Sw khéng trung lip clia dé tai nghién ciu so véi cac cong trinh, luén vin, luin
4n da dwogc cong bd trong va ngoai nudc cia cac tac gia khac; tinh trung thue,

1o rang, day di trong trich din tai liéu tham khio



Luan an khong sao chép hay tring lip ndi dung voi bat ky nghién ctu doc lap nao

trudec.

3. Sw phu hop giira tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh va

ma so0 chuyén nganh

Tén d8 tai va ndi dung ludn &n hoan toan pht hop véi Chuyén nganh: Sinh hoc; M3
s6: 9420101

4. D9 tin cly, tinh hién dai ciia cdc phwong phép di sir dung dé nghién ctru

Ludn 4n st dung thiét ké thi nghiém toan dién, két hop nuéi cdy in vitro, phén tich
phén tit, héa sinh va thir nghiém sinh hoc dé thu nhan va danh gia gypenoside hodc
cao chiét tir t& bao huyén phi ciy Gido ¢ lam. Cac phuong phap nghién cttu bao
goém: (1) Nuoi cdy callus va bd sung chit diéu hoa sinh trudng (auxin va cytokinin
phit hop); (2) Nudi cdy té bao huyén phu (suspension culture); thir nghiém diéu kién
t6i wu va Kich thich san xuét gypenoside bang elicitor (Methyl jasmonate - MeJA
25-200 puM; Salicylic acid - SA 25-200 uM; biotic (Yeast extract - YE 1-5 g/L;
Fusarium biomass — Fox va phéi hop da elicitor (MeJA + SA + YE)). (3) Phan tich
phan tir va gene CYP va UGT tham gia sinh tong hop gypenoside; dinh lwong muc
d6 biéu hién (mRNA) ciia cic gene nay dudi tac dong elicitor bang k§ thuat RT-
qPCR véi mdi dic hiéu. (4) Thu nhan va Chiét xuét cao methanol tir té bao huyén
phu, phan tich thanh phan gypenoside bing phwong phap mau (colorimetric) va
HPLC (High-Performance Liquid Chromatography) dé dinh lwong tong gypenoside
va céc thanh phan cu thé (Rbl, v.v.). (5) Danh gia hoat tinh sinh hoc: Kha niang trc
ché té bao ung thu (in vitro) bing thir nghiém trén céc dong té bao ung thu (HepG2,
A549, Huh7, HL-60) bang phuong phap MTT hogc twong tw dé do IC50 va ddc tinh
chon loc va kha nang bao vé tinh hoan (in vivo): Thit nghiém trén mo hinh chudt bi
ton thuong tinh hoan do nhiét (scrotal heat exposure), danh gia phuc hoi sinh tinh,
ndng do testosterone mau va thay @61 mo hoc. Sé liéu dugc xir ly thdng ké bing
ANOVA (SPSS 20.0); Duncan (p<0,05) lip 3 lin. Phuong phéap nghién ctru dam
bao tinh khoa hoc va d¢ lap lai cao.

5. D4nh gia cic két qua nghién ciru méi dat dwgce; nhirng dong gop mai cho sy

phat trién khoa hoc ciia chuyén nganh; déng gép méi cho phuc vu sin xuét,



kinh té, xa héi va doi song. Y nghia khoa hoc, gia tri d§ tin cdy ciia nhirng két
qua dé

Luan 4n tién sT dd c6 04 déng gop chinh cho khoa hoc, dac biét trong linh vuc cong
nghé sinh hoc thuc vit, san xuat hop chit thi cip tir nudi cdy té bao huyén phu va
g dung dugce ligu cua Giao ¢b lam (Gynostemma pentaphyllum) nhu sau:

- Xay dung va t6i wu héa quy trinh nuéi cdy t& bao huyén phu quy md lon.

- Tang cudng tich lily gypenoside bing phdi hop elicitor da loai v6i cac thoi diém
thoi diém bd sung elicitor t8i wu va ndng do ph hop, gitip tang hiéu suit san xudt
hop chit thir cAp ma khong anh hudng 16n dén sinh truong té bao.

- Phan tich biéu hién gene lién quan dén sinh téng hop gypenoside: Xac dinh va du
doén cdu tric khong gian, dic diém ly hoa ctia mot sb gene CYP (cytochrome P450,
CYP89A2) va UGT (UDP-glycosyltransferase) — cic enzyme trong chu trinh téng
hop gypenoside va dinh lugng mic @ biéu hién mRNA (RT-qPCR) dudi téc dong
elicitor.

- Panh gié hoat tinh sinh hoc toan dién tir cao chiét t& bao huyén phi: Chéng ung
thu in vitro va bao vé tinh hoan chudt in vivo.

Cac két qua nghién ctru c6 do tin cay.

6. Nhitng vu diém va nhwgce diém vé ndi dung, két ciu va hinh thic cia luan
an. Nhitng gop y chinh sira vé hinh thirc, ndi dung, phuong phap nghién ciru,

cau tric...cia luan an

* Un diém ciia luan an:

- Céu trac luén 4n logic, dap g yéu cau cia luan 4n tién st

- Luan 4n c6 tinh cdp thiét va y nghia thuc tién cao; s liéu va hinh anh r3 rang va
¢6 tinh khoa hoc rd.

- Luén 4n da c6 tinh maéi trong d6 ¢6 04 doéng gdép chinh cho khoa hoc.

- Phuong phap hién dai, dang tin cay: Két hop nuéi cdy té bao, elicitor, bioreactor,
RT-qPCR, HPLC, thtr nghiém in vitro/in vivo trén té bao ung thu va trén chudt.

- Cong bé chit lwong: Két qua da dang trén tap chi WoS/Scopus (Journal of
Biotechnology 2022, Molecules 2022, Avicenna J Med Biotech 2023) va Tap chi
KH PH Hué 2025 — ching t6 tinh khoa hoc va dwoc cong nhan.

* Cac noi dung can chinh sira:



- Danh muc cac tlr viét tit: can ra soat va bd sung céc tu viét tat caa toan bo luan an:
vi du viét tit vé cac gen & cdy nhan sam. ..

- Chuong 1. Tong quan vé van dé nghién ctru

+ Trang 5 vé nhitng déng g6p méi clia luan an: “Hoat tinh ctia cao chiét té bao huyén
phu dén dén cac dong té bao ung thu in vitro” c6 phai tinh mdéi khong?

+ Trang 10 céu cudi ¢ doan diu tién cin ndi rd mot sb té dong té bao nao da duoc
dung dé thir nghiém 1a dong té bao ung thu nao?

+ B0 sung tong quan vé tic dung dugc 1y ctia Gido c¢d lam dén bao vé t& bao tinh
hoan chudt hodc cac hoat chét lién quan dén tac dung duoc Iy nay dé dé xuét nghién
ctiru va c6 két qua nghién ciu ¢ c4c phan sau.

+ Hinh 1.3 (trang 22). So d6 thi nghiém thyc hién céc budc chinh cia luin 4n nén
dwa vao phin phuong phap nghién ctru va bd sung thém phan tao t& bao callus tir
mau 14 nhu mé ta & phan 2.2.1. Nubi cdy callus (trang 35).

- Chuong 3.

+ Phan 3.1.1. nén bd sung thao luan vi sao sinh khdi twoi va khé déu cao nhét sau
20 ngay nudi ciy nhung tich liy gypenoside lai dat cao nhat (42,122 mg/g khd) vao
ngay 18.

+ Bang 3.2 (trang 55). Vi sao khi nghién ctru anh huéng cua BAP va KIN 1én tich
liy gypenoside thi ham lwgng tich lity gypenoside (35, 850 mg/g kho va 40,9 mg/g
kho twong tng) lai thap hon diéu kién nuéi cdy chuén trong méi treong MS 16ng.
Diéu nay ciing twong ty nhw khi nghién ciru anh huéng cua ngudn carbon & Bang
3.3 (trang 56).

+ O muc 3.2 (trang 63) cin bd sung thém phan viét bién luan ¢ khd dau tién dé lam
rd y vé anh huong cia elicitor dén san xudt gypenoside tir nudi cdy huyén phu.

+ O muc 1.4.2 da téng quan 05 nhém gene ma hoa enyme tham gia vao qua trinh
sinh tong hop gypenoside nhung khi nghién cru thi chi nghién ctu 02 ho gene
Cytochrome P450 gene (CYP — 5 gene) va UDP- glucuronosyltransferase gene
(UGT -7 gene). Hay bd sung céc li do giai thich cho su: lya chon trén.

- B6 sung hinh 4nh chay dién di khi phan l4p 12 gene trén vao phan 3.2.4.1. Khi sir
dung céc cip mdi tir Zhang Y va Cs 2021 thi c¢6 gip khé khan gi khi phan lap 12

gene nay ¢ Gido c¢6 lam dugc nghién ctru khong?



- Bang 3.13 & trang 82, két qua phan tich ctia CYP8942 khéac véi két quéa cong bd
trén Ky yéu Hoi nghj sinh 1y thyc vat 1in Toan quéc 1an thir 3 — 20252

- Bang 3.13 va Bang 3.14. Hay giai thich vi sao gia tri Ct cia gene GP-18s RNA c6
gi4 tri cao hon 32 (15 két qua) trong khi RT-PCR chay 40 chu ky?

- Phén két luan va kién nghi: Két luan 03 can ghi 16 gene CYP va UGT nao ting

phién ma. Khong nén ldp lai tir “ludn 4n” qué nhidu lan ¢ 05 két luan.

7. Noi dung luin 4n d3 dwoc cong bd trén tap chi, ky yéu héi nghi khoa hoc nao

va gia tri khoa hoc ciia cac cong trinh da cong bo

- Két qua nghién ctru da duoc cong bd trén cac tap chi WoS/Scopus (Journal of
Biotechnology 2022, Molecules 2022, Avicenna J Med Biotech 2023) va Tap chi
KH PH Hué: Néng nghiép va phét trién nong thon 2025; Ky yéu Hoi nghi sinh ly
thuc vat Toan quéc lan thi 3 — 2025. Tuy nhién, NCS khong phai la tac gia chinh
clia céc cong bd trén cac tap chi WoS/Scopus.
8. Két luan chung cin khing dinh mirc d9 dap wng cac yéu chu ddi véi mot
luin 4n tién si; ban tém tit ludn 4n phan anh trung thanh néi dung co ban ciia
ludn 4n hay khong
- Noi dung ctia lugn 4n va céc cong bd khoa hoc dap tng céc yéu cau déi véi luan
4n tién si theo Thong tu 08/ 2017/TT-BGDDT vé Quy ché tuyén sinh va dao tao
trinh d¢ tién s.
- Ban tém tt phan 4nh trung thanh noi dung co ban cia luan an.

Y KIEN BE NGHI

Béng y cho NCS bao vé trude hoi déng danh gia luan an cép Pai hoc Hué

Hué , ngay 02 thang 03 nim 2026
Nguwoi nhan xét ky tén
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PAI HQC HUE CONG HOA XA HQI CHU NGHIA VIET N: i
VIEN CONG NGHE SINH HQC Poc 1ap — Tw do — Hanh phic

BAN NHAN XET LUAN AN TIEN ST CAP PAI HQC HUE
Ho va tén ngudi nhén xét: Nguyén Bio Hung
Hoc ham: Hoc vi: TS A
Chuyén nganh: Cong nghé sinh hoc
Co quan cong tdc:  Vién Cong nghé sinh hoc
Chirc trach trong hoi ddng: Thu ky
Ho va tén nghién ctru sinh: Péng Ngoc Sang
Chuyén nganh: Sinh hoc Ma s6: 9420101
Tén dé tai: Nghién ciru thu nhin va xic dinh hoat tinh cia Gypenoside i
nudi ciy té bao ciy gido ¢6 lam (Gynostemma pentaphyllum (Thunb.).
Makino)

Y KIEN NHAN XET
1. Tinh cin thiét, thoi sw, § nghia khoa hoc va thye tién ciia dé tai ludn 4n

Gido ¢b lam (Gynostemma pentaphyllum (Thunb.) Makino) la dugc liéu c6 gia tu
duoc tinh cao, hién dugc xép vao danh muc céc loai nguy cAp trong Sach d6 Viét Nam
(2007). Cac nghlen ctu thuc nghiém da chirng minh loai nay s& hitu phd tac dung dro.

- ly rdng, bao gdm bao vé t& bao gan, khang viém, ha dudng huyét va tc ché sy tang sn‘x
t& bao khéi u. V& mit hoa hoc, thanh phan hoat chét chinh 1a gypenoside — nhém saponm
triterpenoid ¢6 cdu tric va hoat tinh sinh hoc tuong ddng voi ginsenoside trong nhén
sAm (Panax ginseng). V6i dic tinh sinh trudng manh, kha nang thich nghi cao va chu
- ‘ky thu hoach ngén, G. pentaphyllum dugc danh gia 1a ngudn nguyén lidu tidm ning dé
thay thé hodc bd trg cho nhan sdm trong cong nghiép dugc phém. L
Trong bdi canh nhu clu duoc liéu ting cao, cong nghé nudi cly té bao thuc vat (j

ﬂ vitro) duoc xem 12 giai phéap chién lugc nhim san xuét sinh khdi va cac hop chét thi
cap mot cach bén vitng. Phuong phip nay cho phép chu dong kiém soat quy mo sa;,
xuét, dam bao tinh &n dinh vé chét lugng va khong bi phu thudc vao cac yéu t6 ngoai’
~ canh nhu kh1 h4u hay thd nhudng. Dic biét, hé thdng nudi cdy té bao dam bao d tinh
khiét cua san phdm, loai bd nguy co 6 nhiém kim loai ning va du lugng thudc bao vé

thuc vat. Ngqal ra, viéc ung dung céc k¥ thuat bd sung tidn chét (precursors), chét kich



khang (elicitors) hodc chuyén gen cho phép t6i wu hoa va nang cao hiéu suét téng hop
cac hoat chit c6 gia tri.

Mic du cac nghién ctru vé nubi cdy mo seo (callus) trén Gido cb lam da duoc ghi
nhén, tuy nhién viéc thiét 1ap hé thdng nudi cy huyén phi té bao nhim khai thac va
déanh gia hoat tinh sinh hoc cuia gypenoside vain con nhiéu han ché. Xut phat tir thuc €
d6, nghién ctru ndy duge thyc hién nham xay dung quy trinh nudi cdy té bao Gido ¢
* lam t6i vu, ddng thoi thu nhan va dinh lwong hoat tinh cua gypenoside tir nguén sin!
khéi nay. Két qua ctia ludn 4n khong chi g6p phan 1am sang t6 co s& khoa hoc cua con
nghé t& bao thuc vat trong san xuat dugc chit ma con cung cép dit lidu thuc tién quun
trong cho linh vyc cong nghé sinh hoc dugc phim.

2. Sw khong trung lip ciia dé tai nghién ciru so véi cic cong trinh, ludn vin, ludn
an da dwoc cong bd trong va ngoai nwéc ciia cac tac gia khac; tinh trung thwe, ré
rang, diy di trong trich din tai liéu tham khao o

Céc két qua nghién ctu trinh bay trong ludn 4n khong tring 13p véi bat ky cong
trinh, ludn vin hay luén 4n ndo da dugc cong bd trong va ngoai nuéc. Toan bd ndi dune
nghién ctru duge x4y dyung trén co sé ké thira, phan tich va téng hop c6 chon loc tix 176
tai liéu tham khao c6 ngudn gbe rd rang, trong d6 gém 14 tai lidu tiéng Viét va 162 tai
lidu tiéng Anh. Déng chu y, 58/176 tai liéu dugc trich din thudc giai doan 5 nim gan
déay (2021-2026), phan 4nh tinh cip nhat va hién dai cia co sé ly luan. Téc gia da thuc
hién viéc trich dan dﬁy du, chinh xac va trung thyc, tuan thi cac quy dinh v& dao dic
chuin muc trong nghién ctru khoa hoc.
3. Sw phu hop giira tén dé tai véi ndi dung, giita ndi dung véi chuyén nganh va ms
“'s6 chuyén nganh

Luan 4n ¢6 3 ni dung nghién ctru lién quan, phit hgp vé6i tén va muc tidu d& tai
luén 4n “Nghién ctru thu nhan va x4c dinh hoat tinh ctia Gypenoside tir nudi ciy té bao
cy gido cd lam (Gynostemma pentaphyllum (Thunb.) Makino)” va phu hop vé6i chuyén
nganh Sinh hoc, ma s 9420101.
4. D) tin cdy, tinh hién dai ciia cic phwong phép di sit dung dé nghién ctru

Ludn 4n d4 st dung tong hop nhidu phuong phap nghién ctru hién dai, ¢ do tin céy

cao, dugc xem 1a phwong phap chuin trong linh vuc cong nghé sinh hoc dugc lidu, dau

béo tinh chinh x4c va gia trj khoa hoc cia cac két qua thu duoc.



5. Panh gia cac két qua nghién ciru méi dat dwee; nhitng dong gép ma&i cho sy phat
trién khoa hoc ciia chuyén nganh; déng gop méi cho phuc vu san xuét, kinh té, x
hoi va doi séng. Y nghia khoa hgc, gia trj o tin ciy clia nhirng két qua dé

Luén 4n d3 x4c 1ap dugc nhitng déng gop quan trong, ¢6 gid tri khoa hocva thyc tién
cao trong linh vue cdng ngh¢ sinh hoc duogc ligu. Cu thé, cong trinh da xay dung thanh
céng quy trinh nuoi chy huyén phu té bao Gido cb lam (Gynostemma pentaphyllun:
(Thunb.) Makino) dat hiéu suét cao trong viéc sinh tong hop gypenoside —nhém sapoair
triterpenoid c6 hoat tinh sinh hoc ddc hitu. Dac biét, nghién ctru nay 14n d4u tién phér
tich dinh luong va lam sang to su bién ddi mc do bidu hién (gene expression) clia cao
gen then chét trong con dudng sinh tdng hop gypenoside dudi tac dong cuia céc tac nhap
kich khang (elicitors).

Nhitng két qua dat duge khong chi cung cip cac dan liéu khoa hoc m&i vé co ché
didu hoa sinh téng hop hop chét thi cap & Gido cd lam, ma con tao tién dé cho hudéng
nghién ctu tng dyng san xudt cac hop chét sinh hoc ¢6 gié tri kinh té cao & quy mo cong
nghiép thong qua hé théng bioreactor. Qua do, luéin 4n gop phén cling ¢b co's& khoa Lo«
cho viéc bao ton, khai thac va phét trién bén vitng ngudn dugc liéu ban dia, dap Gng nh::
cau nguyén liéu cho nganh cdng nghiép dugc phim va nang cao gia tri kinh té — x4 hoi,

Tinh khoa hoc va d9 tin cdy cuia cac phat hién trong ludn 4n da dugc khing dinh thong
qua viéc cong bd 05 bai bao khoa hoc trén céac tap chi chuyén nganh uy tin trong nudc
va qubc té. Pidu nay minh chimg cho tinh méi, tinh khdch quan va su thira nhan ciia
cong dong khoa hoc d6i voi két qua nghién ciu.

6. Nhitng wu diém va nhwoc diém v& ndi dung, két cAu va hinh thire ciia luin an.
Nhitng gép y chinh sira vé hinh thitc, noéi dung, phwong phap nghién ciru, ci
tric...cia ludn an 1

a. Uu diém

Luan 4n c6 hinh thic trinh bay khoa hoc, 10 rang, dé theo ddi, dung quy dinh va dat yéu

cau v& b cuc va ndi dung ctia mot ludn an tién si.
Ngoai ra, ludn 4n c6 hinh 4nh bang biéu, dd thi trinh bay dep tai liéu tham khfi(‘
phong phu.
b. Nhuge diém
Hinh thtrc:
- Muc luc cAn dinh dang lai dé dong cudi khong bi sang 1 trang mdi
- Danh muc hinh can dinh dang lai dé giam nhiing dong cudi sang 1 trang méi

- Danh muc cdc tir viét tat tach riéng sang trang moi
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- CAn ra soat va thdng nhét 1 dinh dang trich d4n d& hoan thién ludn vin

- CAn ra so4t va sip xép lai danh muc tai liéu tham khao theo ding trinh ty trich din
(ting dan). Hién nay, mot s trich dAn trong ndi dung luan 4n va danh muc tham khao
chua dam bao tinh ddng nhit vé tht: tu |

- Hinh 1.3; 1.4 md cin lam lai. Tuong ty ra soat tAt ca céac hinh.

- Bang 2.2 can bd sung chiéu cua trinh tu moi

Noi dung:

- cac chu thich vé théng ké phan tich: can lwu y dd chich xac cac doan “Céc gidi tri
c¢6 cung chit cai khong khéac biét c6 y nghia théng ké (p>=0.05)”

- Nén thay cum tu “san xuét cao chiét” bang “thu nhan cao chiét” cho phu hop v6i
quy mo nghién ciru.

- Vi cong thire BAP 2,5 mg/L +IBA 0,5 mg/L va KIN 2 mg/L +IBA 0,5 mg/L khong
cho thiy su khac biét c6 ¥ nghia théng ké (cing thudc nhém hang cao nhét), nén két qua
can duoc dién dat lai dé phan 4nh sy twong duong vé hiéu qua gitta hai td hop nay

7. Noi dung luin an da dwgce cong b6 trén tap chi, ky yéu hdi nghi khoa hoc nio’

va gia tri khoa hoc ciia cic cong trinh da cong bd

Vi ket qué d8 tai, nghién ctru sinh di cong bd 5 cong trinh trén cac tap chi uy tin.
Bao gom:

- 1 Bai bao trén Molecules (SCI Q1) vé tac dong cua elicitor d6i voi nudi cay véi
(ddng tac gia)

- 1 Bai nghién ctu sinh khdi va tc ché t& bao ung thu trén Research Journal of
Biotechnology (Scopus, Q4) (ddng tac gi)

- 1 Bai v& san xuét gypenoside va phuc hoi sinh tinh trén Avicenna Journal of
Medical Biotechnology (dong tac gi&) ‘

- 1 B4o c4o tai Hoi nghi Sinh ly thyc vét Viét Nam (tac gia chinh)

- 1 Bai ding trén Tap chi Khoa hoc Dai hoc Hué (tac gia chinh)

r‘

8. Két luin chung cin khing dinh mirc dy dap Wng cic yéu ciu d6i véi mot ludn 4n
tién si; ban tém tit luin 4n phén 4nh trung thanh ndi dung co béan ciia ludn an hay
khong

Nhin chung, ludn 4n duogc danh gia cao vé gia tri khoa hoc hé théng va tinh thuc tién
15 rét. Hé théng phuong phéap luén dugc thiét 1ap va trién khai mot cach bai ban, phtt
hop v&i muyc tiéu nghién ctru, dam bao do tin céy va tinh khach quan cua cac s6 lidu thuc
nghiém. Cac két qua nghién ctru dugc phén tich va trinh bay theo cAu trac logic, phén
4nh toan dién cac ndi dung chuyén mén ciing nhu dinh huong khoa hoc ma dé tai da xac

n

lap.



Bén tom tit ludn 4n da khai quat héa mdt cach trung thyc, cd dong cac dong gop cot
18i va nhitng phét hién méi cua cong trinh. Ddc biét, gi4 tri cua ludn an con dugc khéng
dinh thong qua céc cong b6 khoa hoc trén cac tap chi chuyén nganh uy tin thudc dani:
muc trong nudc va qubc té. Diéu nay minh ching cho viéc luén 4n da dap Gng day dix
nghiém tuc cac ti€u chudn vé& khéi lugng va chit lugng cong viéc theo Quy ché dao tao

trinh d0 tién si hién hanh cua co s& dao tao.

Y KIEN PE NGHI
(Ghi r& dong y hay khong dong y cho NCS bdo vé truéc hji dong danh gid ludn dn cdy
Dai hoc Hué)
Pdng y cho NCS bao vé truéc hoi ddng danh gid luan an cép Pai hoc Hué

X4c nhén ciia co quan //m"/, ngay 2& thang 2 ndm 2025

Ngudi nhin xét ky tén
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PAI HOC HUE CONG HOA XA HOI CHU NGHIA VIET NAM
VIEN CONG NGHE SINH HQC Doc ldp — Tw do — Hanh phiic

BAN NHAN XET LUAN AN TIEN S CAP PAI HQC HUE,

Théng tin v& ngudi nhin xét:

Ho va tén: Nguyén Hoang Loc

Chtrc danh: GS Hoc vi: TS

Chuyén nganh: Cong nghé sinh hoc

Co quan cdng tac: Truong DPai hoc Khoa hoc, Pai hoc Hué
Chure trach trong hoi dong: Chu tich

Ho tén nghién ctru sinh: Pang Ngoc Sang

Nganh: Sinh hoc Mi s6: 9420101

Tén dé tai: Nghlen ctru thu nhan va x4c dinh hoat tinh cua gypenoside tir nuoi cy té
bao cdy gido cb lam (Gynostemma pentaphyllum (Thunb.) Makino)

Y KIEN NHAN XET

1. Tinh cin thiét, y nghia khoa hoc va thye tién ciia ludn 4n

D& tai nghién ctru v& Gido cb lam 1a rét cdp thiét nhim giai quyét sw khan hiém ngudn
dugc ligu tu nhlen va déap tmg nhu ciu hoat chét gypenoside chét lugng cao thong qua
k¥ thuat nudi cdy té bao huyen phu két hop elicitor va he thdng bioreactor hién dal Vé
mit khoa hoc, luan 4n cung cip nhitng din liéu méi vé co ché sinh tong hop & cdp do
phén tir cung nhu chiing minh cac hoat tinh sinh hoc quan trong nhu khang ung thu va
bao vé t& bao tinh hoan, tao nén tang 1y thuyét VLrng chic cho hnh vuc cong nghé té
bao thuc vat. Vé mit thuc t1en quy trinh san xuét sinh khéi én dinh & quy md 16n
khong chi gitip chu dong ngudn nguyén liéu sach, an toan cho nganh dugc ma con mé
ra tiém ning phat trién cac dong thuc pham chuc nang va dugc phdm hd tro didu trj
bénh, gép phan ning cao gi4 tri kinh t va bao tén ngudn gene dugce liéu quy cua Viét
Nam.

2. Sw khong trung Lip ciia dé tai, sb lidu, két qua nghién ciru, két luin cia lugn an
v6i cac dé tai, ludn vin, ludn 4an, cong trinh khoa hoc khéac; tinh trung thuc, 1o
rang, diy du trong trich din tai liéu tham khio

Dé tai ludn 4n khong trung 13p véi cac két qua nghién ctru lién quan da dugc cong bd
trude ddy 0 trong va ngoai nude. Tai liu tham khao trong lusn 4n dwgc trich din r&
rang, day du, trung thyc, cap nhat va phi hop véi ndi dung ludn an.

3. Su phit hop ciia d@ tai nghién ciru

Tén d8 tai phan 4nh dung ndi dung va muyc tiéu nghién ctru; phit hop véi ma sb chuyén
nganh dao tao Sinh hoc 9420201.



4. D tin cy, tinh hién dai ciia phwong phap nghién citu

Luén an st dung cac phuong phéap nghién ctru thuong quy phu hop v6i ndi dung va
muyc tiéu ctia dé tai, ddm bao duge do tin cay cho cac s6 liéu thyuc nghiém. Céc phuong
phap xit Iy théng ké hop ly.

5. Nhitng dong gép méi cilia ludin 4n va y nghia khoa hoc, @9 tin ciy
5.1. Nhiing dong gdp mdi cua ludn dn

- Thiét 1ap dugc quy trinh tr tao md seo, nudi cay huyén phu té bao dén mé rong quy
md trong hé théng bioreactor 12 lit, dat hidu suit sinh khéi va ham lugng gypenoside
cao bang cach phdi hop cac tién chit va chit kich khéng (elicitor) nhu methyl
jasmonate va chitosan.

- Déy 1a nghién ciru tién phong trong viéc phan tich mtc dd biéu hién cta 12 gen dac
hiéu thude ho CYP va UGT lién quan dén con duorng sinh tdng hop gypenoside trong
té bao Gido cb lam duéi tac dong ctia cac yéu td kich thich moi truong.

- Chung minh duogc cao chiét tir t& bao nuéi cdy khong chi c6 kha ning khang cac
dong té bao ung thu (gan, phdi, bach cAu) ma con c6 tac dung bao vé Va phuc hdi chuc
ning tinh hoan chudt thdng qua viéc cai thién cac chi sb sinh tinh va ndéng d6 hormone
testosterone.

5.2. Y nghia khoa hoc

- Cung cdp céc bing chimg thyc nghiém quan trong vé sy tuong tac giua cac tdc nhan
kich khang va phéan ting cua té bao thuc vat trong viéc ting cudng tdng hop hop chét
thir cép.

- Lam sang t6 moi lién hé gitta sy biéu hién gen va sy tich Iily hoat chét, gop phan
hoan thién con dudong chuyén hoa cac hop chat saponin kiéu dammarane & thuc vat,

- Khing dinh gié tri cia sinh khéi té bao nubi cdy trong ong nghiém cé tac dung sinh
hoc twong duwong hodc vuot trdi so véi cdy tu nhién, tao tién dé cho cic nghién ciru
dugc ly chuyén siu hon.

5.3. D¢ tin cdy cua ludn dn

- Céc thi nghiém dugc thiét ké khoa hoc, st dung cic ky thuét hién dai va phd bién
trong cong nghe sinh hoc nhu real-time RT-PCR dé dinh lugng su biéu hién cua gen
va HPLC d dinh luong hoat chét.

- Két qua nghién ctru dya trén cac 14n lap lai thi nghiém dam béo tinh théng ké. Cac
thong s thu duoc tir hé thdng bioreactor 12 lit cho thdy tinh 8n dinh va kha ndng lap
lai ctia quy trinh.

- Cac ndi dung cot 13i clia ludn 4n dd duge cong bo trén cac tap chi khoa hoc chuyén
nganh uy tin va béo céo tai cac hoi nghj khoa hoc, trai qua qué trinh phan bién khét
khe cua cdc chuyén gia trong cting linh vuc.



6. Uu vi khuyét diém ciia ban ludn 4n
6.1. Uu diém

- Tinh toan dién va hé théng: Lun 4n di tir nhitng budc co ban (tao md seo, dic diém
smh truéng) dén cac nghién ctu chuyén siu (biéu hién gen, tdi wu héa bioreactor) va
cudi ciing 1a danh gid hoat tinh sinh hoc. Py 1a mdt quy trinh nghién ctru logic va
hoan chinh.

- Ung dung c6ng nghé hién dai: Vigc st dung céc ky thuat nhu real-time RT-PCR dé
dinh luorng biéu hién gen va HPLC dé phén tich hoat chét gitp cac két luan co sic
ning vé mit khoa hoc. Pic biét, vi€c thir nghiém thanh cong trén hé théng bioreactor
12 lit cho théy tiém néng (mg dyung thyc tién cao, vuot xa quy mod phong thi nghiém
thong thuong.

- Gid tri khoa hoc méi: Luén 4n khong chi dirng lai & viéce ting sinh khéi ma con di sau
vao co ché phan tir, xdc dinh duoc cac gen then chét (CYP, UGT) phan ung vai
elicitor, dong gép quan trong vao kho tang tri thirc vé& sinh téng hop saponin kiéu
dammarane.

- Danh gid duoc ly da dang: Viéc thir nghiém trén ca dong té bao ung thu va mo hinh
dong vat (chudt) giup khang dinh gid trj thuc té ctia san phim tir t& bao nuoi cdy, tao
niém tin cho viéc phat trién thye phim chire nang sau nay.

6.2. Khuyét diém

- Pham vi elicitor: Mdc du methyl jasmonate va chitosan 1a nhiing elicitor phd bién va
hiéu qua, ludn 4n c6 thé mé rong thi nghiém thém cédc tic nhin vat ly (nhu tia UV,
anh sang LED chuyén dung) hodc céc elicitor sinh hoc khéc dé tim ra su phdi hop tdi
uu hon nita.

- Phén tich s4u vé thanh phin gypenoside: Gypenoside 1a mdt nhém hop chét rét phirc
tap (hang trdm loai). Luén &n tdp trung vao ham lugng tdng sb 13 chinh; néu c6 thém
phan tich dmh lugng chi tiét cho tu’ng loai gypenoside cu thé (vi du gypenoside XLIX
hodc V) vén c6 hoat tinh manh, két qua s& cang co gia tri hon.

- Tinh kinh té - ky thuat: Do da nudi quy mé bioreactor 12 lit, luin 4n chua c6 mot
phan tich so bo vé gia thanh san xuét smh khéi té bao so véi vic thu hoach cay tu
nhién hoic trdng trot truyén thdng @& 1am ndi bat hon nita tinh wu viét vé& mit kinh té.

- P 6n dinh cia dong té bao: Nudi cy huyen phu dai ngay c6 thé din dén sy blen di
soma hodc giam hiéu suit tng hop hoat chit. Luan an néu bd sung thém dit liéu vé do
6n dinh cua dong té bao qua nhiéu thé hé nuoi chy (subculture) s& tang thém tinh
thuyét phuc cho viéc san xuét & quy md cdng nghiép bén viing.

Tom lai, ddy 12 mot ban luén 4n c6 chét lugng chuyén mon cao, giai quyét duoc ca van
d& hoc thuét 13n thyc tién. Nhitng han ché néu trén chi yéu mang tinh chét g01 m& cho
cdc hudng nghién ciru chuyén sau hon sau tién sfi.



7. Noi dung luiin 4n da dugc cong bd trén tap chi va gia tri ciia cong trinh cong b
Luan 4n ¢6 5 cong bb: 3 bai bao & tap chi qudc té (1 Q1, 1 Q3val Q4) 1 bai & tap chi
trong nude va 1 bai & ky yéu Hoi nghi Sinh ly thuc vat toan quéc. Nhin chung, cac
cong trinh ¢6 ndi dung phu hop véi ludn an.

8. Két luan chung

Luén 4n dap Gng yéu ciu ciia mot luan 4n tién si Sinh hoc. Ban tém tit luan 4n phéan
anh trung thanh ndi dung co ban ctia luan 4n.

Y KIEN PE NGHI

Pong y cho nghién cttu sinh bao vé truée Hoi dong danh gia luan 4n cip Pai hoc Hué

Hué, ngay 9 théng 3 ndm 2026
Nguwdi nhin xét
X4c nhén ciia co quan (Ky tén, ghi ho tén)
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Xdc nhin:. O(\% W walg Loc /&Wﬂ/

cdn bo ®ua tniing vi chif ky bén 1a diing
Huc nmy dwunnﬂ .S.nim 2044..

Nguyén Hoang Loc

Nguyén Thi Thazh Huyén



DPAIHOC HUE CONG HOA XA HQI CHU NGHIA VIET NAM
VIEN CONG NGHE SINH HOC Poc 1ap — Tw do — Hanh phiic

BAN NHAN XET LUAN AN TIEN ST CAP PAI HQC HUE

Ho va tén nguoi nhan xét: Nguyén Du Sanh
Hoc ham:  Pho gido su Hoc vi: Tién si
Chuyén nganh: Sinh ly Thuc vat
Co quan cdng tac: Truong DH Khoa hoc ty nhién, PHQGTPHCM
Chtie trach trong hoi dong: Phan bién 2
Ho va tén nghién ctru sinh: Déng Ngoc Sang
Chuyén nganh: Sinh hoc M3 sb: 9420101
Tén dé tai: Nghién ciru thu nhén va xic dinh hoat tinh ciia Gypenoside tir nudi
cly té bao ciy gido ¢ lam (Gynostemma pentaphyllum (Thunb.) Makino)
¥ KIEN NHAN XET
1. Tinh cén thiét, thoi sw, y nghia khoa hoc va thue tién ctia dé tai luin 4n
Giao ¢b lam (Gynostemma pentaphyllum (Thunb.) Makino) 1a mot loai dugce li¢u quy
thudc ho Bau bi (Cucurbitaceae), c6 nhiéu tac dung duogc ly, ¢ chira nhiéu gypenoside c6
gia tri. Trong tu nhién, Gido ¢d lam da va dang bi khai thac qua murc dAn dén khan hiém,
n6 dugce xép vao nhom nguy cAp trong sach do Viét Nam. Nghién ciru d2 tao ra ngudn
nguyén ligu in vitro thay thé cay Gido cb lam ty nhién 13 rat cin thiét. Viéc sir dung kién
thire khoa hoc, k§ thuat dé tao ra céc san pham c6 nang suét va gia tri cao 1a didurit co y

nghia khoa hoc va thyc tién trong hoat dong ctia chung ta gop phan cai thién cudc sbng.

2. Sw khong trung lip cia dé tai nghién ciru so v6i cac cong trinh, luin vén, ludn an
da dwgce cong b6 trong va ngoai nwdc ciia cc tac gia khéc; tinh trung thwe, ro rang,
diy di trong trich dAn tai liéu tham khéo

Cong trinh da xdy dung duoc quy trinh nudi cdy té bao huyén phu cdy Gido cd lam
trong binh tam gidc va tmg dung vao bioreactor 12 lit v6i cac diéu kién thich hop dé co
luong sinh khdi va ham lugng gypenoside cao (sir dung elicitor). Da ghi nhan trong qua
trinh sinh téng hop gypenoside c6 su tham gia cla 12 gene trong d6 ¢ cac gene CYP806AS,
gene CYP94A1 gene CYP89A42 ting nhidu 14n, gene UGT73B4 phién mé manh nhét so voi
d6i ching. Két qua cling ghi nhén cao chiét t& bao cay Giao ¢b lam c6 kha nang bao vé té

bao tinh hoan chuét do lam ting kha nang sinh tinh va ting ndng do testosterone trong



mau khi xir ly nhiét. Ban than chua thay co6 su trung ldap v€ ndi dung ctia cong trinh va luan

an dugc cong bo truge day.

3. Su phit hop giira tén dé tai véi ndi dung, giira ndi dung v6i chuyén nganh va ma sb

chuyén nganh
Ndi dung ludn 4n phi hop véi tén cta dé tai, thudc nganh Sinh hoc. M4 sé: 94 20 101.
4. Pp tin ciy, tinh hién dai ciia cac phwong phap da sit dung dé nghién ciru

Phuong phap nghién ctru trong luén an la cac phuong phap thuong dugce st dung trong
nghién ctru vé sinh ly, sinh hoa hoc thuc vat nhu k¥ thuét nuoi céy mo dé tao vat liéu nudi
cdy dich huyén phu té bao, rdi thir nghiém trén bioreactor 12 lit, bing cach st dung
phytohormone, diéu kién moi truong nhu nguén carbon, c& mau, tdc do lic, loai chit, néng
do, thoi diém bd sung elicitor dé xac dinh duong cong sinh trudng, thoi diém tich Iy sinh
khéi va Iugng gypenoside tdt nhét. Tiép theo, sir dung k¥ thuét sinh hoc phén tir d& phan
tich trinh tu gene, du doan dac diém va chirc nang enzyme dai dién cho 2 nhém gene CYP
va UGT cia ciy Giao c6 lam. Ché phdm cao chiét c6 chira gypenoside duoc chiét tach tir
dich nudi cdy va dem thir nghiém hoat tinh trén cac dong t& bao ung thu gan (HepG2,
Huh7), ung thu bach cau (HL - 60) va ung thu phoi (A549) ctia ngudi, cling nhu khé ning
bao v¢ hé théng sinh san cua chudt duc dudi tic dung cua stress nhiét. Céc két qué do dac

déu dugc ghi nhin qua hinh anh, bang, cac sb liéu thu nhan déu dugc tinh thdng ké.

5. Panh gia cic két qua nghién ciru méi dat dwoc; nhitng dong gop méi cho sw phat
trién khoa hoc ciia chuyén nganh; déng gép mai cho phuc vu san xuét, kinh té, xa hoi
va doi séng. Y nghia khoa hoc, gia tri d¢ tin ciy ciia nhirng két qua d6

Luan 4n d3 thyc hién gdm 3 ndi dung: Anh hudng cta didu kién nuéi cdy 1én qué trinh
tich lily gypenoside trong t& bao huyén phi; Anh huéng ciia cac elicitor trong viée ting
cuong kha ning san xuit gypenoside; Thu nhan va thir nghiém hoat tinh cua gypenoside.
Luan 4n c6 mot sd dong gop mai: 1. Xay dung duge quy trinh nudi cdy t& bao huyén phu
cdy Giao cd lam trong binh tam giac, bioreactor 12 lit. 2. Xéc dinh dugc thoi diém sir dung
elicitor riéng 1¢ hay phbi hop dé c6 ham lugng gypenoside dat cao nhit trong qua trinh
nudi cdy dich té bao Giao cd lam. 3. Xac dinh dugc kha ning bao vé té bao tinh hoan chudt
ctia cao chiét tir dich té bao ciy Gido cb lam. Céc két qua nay giup cac nha nghién ciru c6

mdt cai nhin khai quat hon vé con dudng sinh téng hop gypenoside cua cdy Gido cd. Tix



46 c6 thé ¢6 khai thac duoc lidu quy nay mot cach hiu qua ma khong cin hay gidi han

khai thac tir cdy trong tu nhién.

6. Nhirng wu diém va nhuwoc diém vé ndi dung, két cAu va hinh thic cia luin an.
Nhitng gop y chinh sira vé hinh thire, ndi dung, phwong phap nghién ciru, cAu

tric...ciia ludn an

U'u didm: Luan an c6 day du cac phan theo qui dinh. Luén n ¢6 112 trang voi phan Mé&
diu 5 trang; Chwong 1: TQTL 28 trang; Chuwong 2: VL& PPNC 16 trang; Chwong 3:
KQNC & TL 46 trang; Két ludn & Kién nghi 2 trang; TLTK 14 trang voi 176 tai ligu
bing tiéng Viét & tiéng Anh. Luén an ciing ¢ phan Phu luc 6 trang lién quan dén ndi
dung. Lun 4n trinh bay sach dep, r0 rang.

Mé& dau kha 1o, néu duge ly do va muc tiéu, dbi tugng va pham vi nghién ctru. Tong
quan tai liéu c6 lién quan dén n6i dung luén an, day du, va co tinh cap nhét. Vit liéu &
phuong phap trinh bay céc thi nghiém can thyc hién dé dat dugc muc tiéu dé ra. Nhitng
két qué thi nghiém dugc thao luan. Két luan 1a phén khai quat cac Kkét qua dat dugc. Sau
d6 dwa ra cac kién nghi dé 1am rd hon cac vén dé lién quan.

ft 181 in 4n (tr.59,71,..); Co bang & hinh minh hoa v6i cac ghi chu nén dé& theo doi.

Tuy nhién can xem lai

Bang Danh muyc céc hinh anh khong trung khop véi s6 trang trong luan an (tr.viii). Hinh
anh, bang voi phan ghi chi nén sp xép trén cung mot trang 8 d& theo ddi (nhidu chd); Sb
liéu dién dat (tr.60,..); S6 liéu dién dat va hinh mo ta chua trung khép (tr.61.). Hinh cit
dan chua khdp (H.3.13 tr.93). Céach viét gene va protein tuong ung clia gene.

Phén téng quan doi chd can xem lai dé dat ding vi tri trong ludn an.

Phin VL&PP: Cén chi tiét, cu thé va rd hon, doi chd cn rit gon (tr.34-37; 39- 42, 48-
49,.): Vit li¢u ngudn cho cdy in vitro; Cy tu nhién dé 13y cao chiét cAn c6 ngudn gbe,
xut x@, diéu kién nudi trong 16 hon. So dd bd tri thi nghiém phai dat & phan VLPP (tr.22);

Phin Két qua thao luan khong phai 1a phan TLTK hay VLPP, nén djt ding chd (tr.53-
54: 63-65;73-75;....) va @ mdi phan chuyén sang thi nghiém hay ndi dung ké tiép can co
ciu gidi thidu ngén gon bén canh phan tom lugc két qua phia trude dé d theo ddi. Pa phan
cac két qua thi nghiém c6 thao ludn nhung d6i chd thi khong (tr.55). Doi chd dién dat chua
£, chua khép (chua thdo ludn) phan VLPP véi phén két qua (tr.35,38;50,60-61).

Céau héi:



1) Tac gia theo quan diém nao khi cho ring jasmonate 14 elicitor phi sinh hoc (tr.73)

v6i cac khai niém vé elicitor (tr.15-17).

2. Giai thich co s& khoa hoc khi nubi ciy 1ong lic trong binh tam giac va nudi cy trong

elicitor khac nhau din dén két qua sai khac? (35,38, 50, 60-61);°
3. Giai thich y nghia cta lugng Rb1 ghi “-“ trong bang 3.5 (tr.60).

7. N¢i dung luin an di dwoc cong bd trén tap chi, ky yéu héi nghi khoa hoc nao va

gia tri khoa hoc ciia cac cong trinh da cong bo

C6 05 bai bao lién quan dén ndi dung ludn an dugc cong b trén tap chi chuyén nganh
cd uy tin ¢ trong va ngoai nudc: nam 2022 = 02 bai, nam 2023 = 01 bai, nim 2025 = 02
bai c6 lién quan dén ndi dung ludn 4n. Trong d6 c6 2 bai ndm 2025 véi tén tac gia ludn an
12 nguoi dung dau.
8. Két luin chung cin khiing dinh mirc do dap wng cac yéu cau ddi véi mét ludn an
tién si; ban tom tit luin 4n phan anh trung thanh ndi dung co ban cia luin an hay

khong?
Ludn dn ddp veng day dii cdc yéu cau ciia mot ludn dn tién si.

Bin tom tit lugn dn thé hign ddy dii va trung thuc ciia ndi dung lud@n dn.

Y KIEN PE NGHI
(Ghi ré dong y hay khéng dong y cho NCS bdo vé trudc hdi dong

ddnh gid lugn én cdp Pai hoc Hué)

Ddng y cho NCS bio vé trude h$i dong danh gia ludn 4n cAp Pai hoc Hué dé nhan

bang Tién si Sinh hoc.

Xéc nhan clia co quan Tp.H6 Chi Minh, ngay 22 thdang 02 nam 2026
Ngwoi nhan xét ky tén

O /

Nguyén Du Sanh



PAI HOC HUE CONG HOA XA HQI CHU NGHIA VIET NAM

VIEN CONG NGHE SINH HQC DPjc 1ap — Ty do — Hanh phiic

BAN NHAN XET LUAN AN TIEN SI CAP PAI HQC HUE

Ho va tén nguoi nhan xét: Pinh Trudong Son
Hoc ham: Pho gido su Hoc vi: Tién si
Chuyén nganh: Sinh hoc phan tir
Co quan cong tac: Khoa Cong nghé sinh hoc, Hoc vién Nong nghi¢p Viét Nam
Chuc trach trong hoi déng: Phan bién 3
Ho va tén nghién ciru sinh: Pang Ngoc Sang
Chuyén nganh: Sinh hoc Mi s6: 9420101
Tén d& tai: Nghién ciru thu nhin va xdc dinh hoat tinh ciia Gypenoside tir nudi cy
té bao cily gido ¢6 lam (Gynostemma pentaphyllum (Thunb.) Makino)
Y KIEN NHAN XET
1. Tinh cén thiét, thoi sw, ¥ nghia khoa hoc va thuec tién ciia dé tai ludn 4n

Tinh can thiét, thoi sw: Gido cb lam (Gynostemma pentaphyllum) 1a cay dugc
lidu c6 chira nhom hop chit saponin triterpenoid (gypenoside) c6 ciu trac va hoat tinh
twong dong voi nhan sdm (Panax ginseng). Tuy nhién, ngudn nguyén lidu gido cd lam
trong tw nhién dang suy giam nghiém trong (nam trong Sach Do Viét Nam) do khai thac
quéa mirc va bién ddi khi hdu. Luan an c¢6 cach tiép can van dé di tir nhu cau bao tén dén
gidi phap cong nghé sinh hoc 1a logic va phu hop véi xu hudng nghién ciru hién dai.
Viée thiét 1ap quy trinh nudi cdy huyén phu té bao két hop vdi sir dung chét kich hoat
(elicitor) dé ting cudng sinh tong hop gypenoside khong chi c6 ¥ nghia khoa hoc trong
viéc tim hiéu co ché diéu hoa trao d6i chat ma con mang lai gia tri thuc tién to 1on trong
viéc chii dong ngudn nguyén liéu duge, phi hop véi xu hudng phat trién cong nghiép
duoc liéu xanh va bén viing,

Y nghia khoa hoc: Luan an cung cap cac dan liéu méi vé dong hoc sinh trudng,
tac dong riéng 1& va hiép dong cua cac loai elicitor (MeJA, SA, YE) va co ché didu hoa
sinh tong hop thir cdp & cap do phan tir (thong qua phan tich mirc d6 phién ma cua cac
gen CYP va UGT).

Y nghia thue tién: Quy trinh nudi cdy thiét 1ap thanh cong tir quy md binh tam
giac 1én bioreactor 12 L 1a nhiing két qua budc dau hira hen mé ra tiém nang cho viéc
phét trién cac nghién ciru mé rong quy mo nhiam san xuit gypenoside trong tuwong lai.
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2. Su khong trung l1ap cia deé tai nghién ctu so véi cadc cong trinh, ludn vén, luin
an da dwgc cong bo trong va ngoai nuwdc cua cac tac gia khdc; tinh trung thue, ro
rang, day du trong trich dan tai li€u tham khao

Do 1a cay duoc liéu quy nén da c6 nhiéu nghién ctru trong nude va quoc té vé
nhén gidng ciing nhu thanh phén thao dugc cta gido c¢b lam. Trén thé gidi, d4 c6 nhidu
nghién ctru vé nubi cdy mé seo (callus) va 1& to (hairy root) cling nhu ki thut nudi cay
huyén phu cta cac cay dugc liéu thudc chi Gynostemma. Miac du vay, chua cé nhiéu
nghién ctru 1am 18 mdi lién hé dinh luong gitta mirc ¢ phién ma cia cac gen thude ho
CYP450 va UGT véi ning suat cia cac phan doan gypenoside trong hé thong nudi ciy
quy md bioreactor. O Viét Nam, cac nghién ctru vé nhan sinh khéi da sb 1a trén dbi
twong mbd seo (callus) hodc 18 to. Chua c6 cong bd nao xay dung duoc hé théng nhan
sinh khdi bang nudi cdy huyén phu ciing nhu co ché biéu hién gen dudi tac dong cua to
hop elicitor trén gido ¢d lam. Chinh vi véy, d¢ tai luan an c6 tinh méi, khong trung lap
vdi cac nghién curu trude day.

Luan 4n da tham khao nhiéu tai liéu, dwgc trich ddn day di, trung thuc va c6 tinh
cap nhat cao.

3. Sw pht hop giira tén dé tai véi ndi dung, giita ndi dung véi chuyén nganh va ma
s0 chuyén nganh

Ve tong thé, tén d¢ tai phan anh kha 16 dinh hudng nghién ctru chinh cua luan an,
bao gom hai n6i dung trong tdm: (1) Thu nhan gypenoside tir hé nudi cdy té bao huyén
phu cua Gynostemma pentaphyllum va (2) Panh gia hoat tinh sinh hoc ctia gypenoside
hodc cao chiét thu duoc.

Cac ndi dung nghién ctru chinh ctia luén an bao gdm: nudi cay té bao thye vat in
vitro, anh hudng cia elicitor dén sinh trudng va chuyén hoa thir cap, phén tich tich liy
hop chat thir cap (gypenoside), nghién ciru biéu hién gene lién quan dén sinh tong hop
triterpenoid, dw doan c4u tric va chirc nang cta protein CYP va UGT, danh gia mot sb
hoat tinh sinh hoc cta cao chiét. Cac ndi dung trén thudc cac linh vuc: sinh hoc té bao
thuc vat, cong nghé sinh hoc thyuc vat, sinh hoc phan tir, sinh hoc chuyén héa (metabolic
biology) va do vay hoan toan phul hgp véi chuyén nganh Sinh hoc (M sb: 9420101).

4. D) tin cdy, tinh hién dai ciia cic phwong phép da sir dung dé nghién ciru

Luan an sir dung nhiéu phwong phap nghién ctru thue cac linh viyre sinh hoc thye
vat, sinh hoc phan tir, hda sinh va tin sinh hoc nhw nudi ciy té bao huyén phu, xir ly
elicitor dé kich thich tich liiy hop chat thir c4p, phan tich ham luong gypenoside bang
HPLC-PDA, phan tich biéu hién gene bang real-time PCR va dy doan cau trac protein
bang cac cong cy tin sinh hoc. Pay 14 nhiing phuong phap hién dai, duoc sit dung phd
bién trong cac nghién ciru vé sinh tdng hop hop chét thir cip & thuc vét va nhin chung
phit hop véi myc tiéu nghién ctru ctia dé tai. Tuy nhién, ludn 4n can trinh bay 16 hon mot
s thong tin lién quan dén d6 tin cay ctia phuwong phap, chiang han nhu cac thong s6 kiém
chiing cua phuong phap phan tich HPLC.
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5. Panh gia cac két qua nghién ciru méi dat dwge; nhitng dong gép méi cho sy phat
trién khoa hoc ciia chuyén nganh; déng gép méi cho phuc vu san xuat, kinh té, xa
hi va doi sdng. Y nghia khoa hoc, gia tri d§ tin ciy ciia nhiing két qua dé

Luan 4n d3 tién hanh nghién ctru hé thong nudi cdy t& bao huyén phu ciia loai
Gynostemma pentaphyllum nham ting cudng tich lily gypenoside va danh gia mot so
hoat tinh sinh hoc ctia hop chit nay. Mot s6 két qua chinh cta ludn an co thé duoc ghi
nhan nhu sau:

- Xay dung va duy tri dwoc hé nudi cdy té bao huyén phu cua loai Gynostemma
pentaphyllum, tao co s& cho viéc nghién ciru sinh tong hop gypenoside trong diéu
kién nubi cay in vitro.

Khao sat anh hudng riéng ré va hiép dong ctia mot s6 elicitor dén sinh trudng cua té
bao va kha nang tich lity gypenoside, qua d6 budc dau xac dinh duge didu kién xur
Iy ¢ thé 1am ting ham luong gypenoside trong sinh khoi té bao nudi cay.

- Phan tich mtrc d6 biéu hién ctia mot s6 gene lién quan dén con dudng sinh tong hop
triterpenoid thudc hai ho CYP va UGT trong té bao huyén phu, gop phan cung cap
thém thong tin vé co ché sinh hoc phan tir lién quan dén su tich lily gypenoside trong
té bao nudi cdy.

- Buéc dau danh gia mot s6 hoat tinh sinh hoc cua gypenoside va cao chiét thu duoc
tir té bao nudi cdy, cho thdy cac méu thir c6 kha ning wc ché sy ting sinh cia dong
té bao ung thu gan HepG2 & mirc d9 nhat dinh.

Céac két qua trén c¢6 y nghia nhét dinh vé mat khoa hoc, dic biét trong linh vuc
nghién ctru sinh tong hop hop chét thir cap trong hé nudi cdy té bao thuc vat. Pong thoi,
viéc nghién ciru san xuat gypenoside tir ngudn sinh khdi nudi cdy in vitro ciing c6 y
nghia tiém ning trong viéc khai thac va phat trién ngudn duoc lidu tir loai gido co lam
ma khong phu thudc hoan toan vao ngudn nguyén liéu ty nhién.

Tuy nhién, mot sd két qua ciia luan an vin mang tinh khao sat va dinh hudng,
dac biét 1a cac két qua lién quan dén hoat tinh sinh hoc ciia gypenoside. Cac thi nghiém
danh gia hoat tinh sinh hoc méi dimg lai & murc thir nghiém budc dau trén mot s6 hé thir
nghiém in vitro, do &6 can c6 thém cac nghién ciru sdu hon dé khang dinh 1& hon gia tri
duoc 1y cta hop chat nay.

Nhin chung, cac két qua nghién ctru cua luan an c6 gia tri khoa hoc nhét dinh va
dong gop thém dit li€u cho linh vuc nghién ctru sinh hoc thuc vat va cong ngh¢ sinh hoc
thuce vat, déng thoi mé ra mot sb hudng nghién ciru tiép theo li€n quan dén khai thac
hop chat thir cap tir hé nudi cay té bao thuc vat.

6. Nhitng wu diém va nhwgc diém vé ndi dung, két ciu va hinh thirc ciia ludn 4n.
Nhitng gop y chinh sira vé hinh thire, ngi dung, phwong phap nghién ciru, cau
truc... cia lugn an

Luan 4n c6 vu diém 13 Iya chon hudng nghién ctru c6 ¥ nghia khoa hoc va thuc
tién, tap trung vao viéc khai thac hop chat gypenoside tir hé nudi cay té bao huyén phu
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Gynostemma pentaphyllum. Tac gia da sit dung nhiéu phuong phap nghién ciru khac
nhau thude cac linh vuc sinh hoc thuc vat, hoa sinh, sinh hoc phan tir va tin sinh hoc,
qua d6 xay dung duoc hé théng dit liéu twong ddi day dia vé sinh trudng té bao, sy tich
lily gypenoside va biéu hién mét s6 gene lién quan dén con dudng sinh tong hop
triterpenoid. Méc du vay, ludn an ciing con mot s6 diém can chinh sira nhim hoan thién
hon, cu thé:

Céc muc tiéu nghién ctru ciia luan 4n nhin chung pht hop véi huéng tiép cén cia dé
tai. Tuy nhién, c6 su chua hoan toan thong nhit giita myc tiéu va ndi dung két qua
ctia luan an. Cu thé, ludn an cé trinh bay két qua gii trinh tu va phén tich mac d6
biéu hién ctia mot s gen CYP va UGT lién quan dén sinh tong hop gypenoside,
nhung ndi dung nay chwa duoc dé cip trong cac muc tiéu nghién ciru. Tac gia cin
lam 18 hon mdi lién hé gitta ndi dung nghién ctru ndy voi muc tiéu cua dé tai dé ting
tinh logic va nhat quan cua luan an.

Gido c6 lam 13 tén goi thong thuong, khong phai danh phap phan loai sinh hoc nén
khong bat budc viét hoa. Trong thuc té, thuét ngit nay cé thé duoc str dung dé chi
cac loai thudc chi Gynostemma. Do d6, trong pham vi luan 4n, can xac dinh rd thuat
ngit “gido co lam” 1a dé chi loai Gynostemma pentaphyllum (Thunb.) Makino ma tac
gia nghién clru hay néi chung,

Luan an con 15i chinh ta, 16i in 4n, vi dy Hinh 3.10;: TMHMM 14 cong cu du doan
topo xuyén mang (2D), nhung NCS ghi nham tén hinh 14 "M6 hinh c4u trac khong
gian". Can chuan h6a mét sb thuat ngit khoa hoc nhu d6i "cay di truyén" thanh "cay
phat sinh loai". P6i "c& mau" trong nudi cdy thanh "mat d6 tiép gidng". D61 "bit giit
chu ky t& bao" néu dich tir cum tir “cell cycle arrest” thi can chuyén thanh "ngimg
chu ky t€ bao", “soi cDNA thir nhat” thanh “cDNA mach don”, “gii trinh tu lai”
thanh “giai trinh tw két hop”... Panh s6 lai Bang biéu (hién dang thiéu Bang 3.16
trong danh muc). Phan tich HPLC cho ra "sdc ky d0" (chromatogram), chir khong
phai 13 "phd" (phd chi danh cho MS, NMR, UV-Vis) (Hinh 3.6)... Mot s6 cdu van
dién dat chua that rd nghia va chwa chuan vé cach dién dat khoa hoc, vi du “Nghién
ciru cong nghé gidi trinh tw RNA té bao don cho thdy qud trinh sinh tong hop
gypenoside... ”.

Phan tong quan tai liéu ctia luén an d4 trinh bay kh4 ddy da cac nghién ciru vé thanh
phan héa hoc va hoat tinh sinh hoc ciia gypenoside. Tuy nhién, d 1am 15 hon co s6
khoa hoc ciia hudng nghién ciru, tac gia nén bd sung thém cac nodi dung lién quan
dén vai tro sinh thai ciia gypenoside trong co ché phong vé cta thuc vat, co ché kich
hoat sinh tong hop hop chat thir cip boi elicitor (JA/SA signaling). Viéc bd sung cac
noi dung nay s& gitp tao mbi lién hé logic 16 rang, xuyén sudt: Tir Iy thuyét sinh thai
hoc/tin sinh hoc & Xay dung gia thuyét & Thiét ké thi nghiém = Va cubi cing 1a
gidi thich dwoc nhitng hién tugng bat thuong cua so liéu.

Téc gia can ra soat va chinh sta lai tén tiéu muc, bang biéu va viét lai cho phu hop
v6i ndi dung. Vi du “Bang 3.11. Thanh phan hop chit c¢6 trong cao chiét methanol
tir t€ bao huyén phu gido c6 lam dya trén phan tich HPLC” 1a khong phu hop. HPLC
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thong thuong véi dau do UV (nhu ludn an 1am) chi x4c dinh duoc thoi gian luu va
dién tich peak, khong thé dinh danh chéc chin cac thanh phan hop chat néu khong
c6 chuén d6i chiéu hoic phan tich LC-MS cho tat ca 24 peak. Tiéu muc “3.3.3. Thur
nghiém kha nang bao vé té bao tinh hoan cta cao chiét” nén ddi thanh “3.3.3. Danh
gia tac dung bao vé md tinh hoan chudt in vivo ciia ché pham cao chiét”.

Phén phuong phap nghién ctru nhin chung dugc trinh bay kha day da va sit dung cac
k¥ thuét phd bién trong nghién ciru sinh hoc thuc vét va sinh hoc phan tir. Tuy nhién,
dé dam bao tinh ti 1ap cta thi nghiém, mot s6 phuong phap can duge mo ta chi tiét
hon, dic biét 1a cac thong s6 nudi cay té bao huyén phu, diéu kién xtr ly elicitor, cc
théng s6 tham dinh phuong phap cia hé thong HPLC (giéi han phat hién (LOD),
gidi han dinh lwong (LOQ), sdc ky db cta chat chuan Rbl va quy trinh phan tich
qPCR. Ngoai ra, phan xir Iy thong ké dit liéu ciing nén dugc trinh bay rd hon, bao
gom s6 1an 1ap sinh hoc va cac phép kiém dinh thong ké dugc st dung.

Can bd sung nhiét d6 gan mdi vao Bang 2.1. Trinh ty mdi trong nhan dién cac gene.

NCS liét ké peak sd 1 c6 thoi gian luu (RT) khoang 1,04 phiit va chiém téi 94-96%
dién tich (Bang 3.11, trang 72). Tuy nhién, trong sdc ky pha dao C18, cac peak xuit
hién & thoi gian luyu rat som (khoang ~1 phut) thuong 1a peak dung mdi hodic cac tap
chit c6 d6 phan cyc cao, do d6 it c6 kha ning 1a cic saponin triterpenoid nhu
gypenoside. Bén canh d6, viéc gan peak Rbl & khoang phut thir 5 cling can duoc
xem xét thém, vi thoi gian lvu nay tuong d6i sém d6i véi mot saponin ¢é bon don
vi glucose nhu Rb1 trong diéu kién sic ky pha ddo thong thuong. Do d6, dé nghi
NCS lam 16 co sé& dinh danh cac peak nay, vi du thong qua so sanh véi chromatogram
ctia chudn Rb1 hodc phé hép thu UV dic trung. Néu can thiét, tac gia nén ra soat lai
cach gan peak va cap nhat lai s6 liéu trong Bang 3.11 dé dam bao do tin cdy cua két
qua phan tich.

NCS lya chon hai gene CYP89A42 va UGT91A1 d nghién ciru chuyén sau dua trén
mdt s tiéu chi sinh hoc phén tir va bang ching thuc nghiém (trang 75) nhung két
qué thyc nghiém lai thay gen UGT91A41 khong biéu hién (Bang 3.14, trang 84). Tac
gia nén gidi thi€u gen UGT91A4 1 dong vai tro quan trong trong vi€e glycosyl hoa cac
hop chat thir cdp (nhw saponin, anthocyanin) dé phan tng lai véi cac stress phi sinh
hoc (abiotic stress) nhu kho han, do man, hoac nhiét d§ lanh (bé sung vao phﬁn téng
quan tai liéu). UGT thuong 1a enzyme & bude glycosyl hoa cubi ciia pathway nén
thudng mang tinh mé chuyén héa cao. P 14 nhitng théng tin dé tac gia thao luan
cho két qua ctia minh, vi du minh c6 thé dua ra gia thuyét 1a UGT91A1 c6 thé khong
phéan tng/phéan tmg yéu véi MeJA/SA (v6n 1a tin hidu cta stress sinh hoc/ton thuwong)
trong t€ bao huyén phu vi té bao huyén phi d mat td chirc mo. ..

Cac thi nghiém khéo sat anh hudng cua elicitor dugc thyc hién vdi nhiéu thoi diém
xir Iy khac nhau, tao ra bo dit liéu kha ddy du vé sinh trudng té bao va ham luong
gypenoside. Tuy nhién, dit li€¢u ndy mdi duoc phan tich theo tirng nghiém thirc ri€éng
1¢, trong khi thiét ké thi nghiém thuc chat 1a thi nghiém hai nhan t5 (loai elicitor va
thoi diém xir 1y). Do d6, néu dugc phan tich theo md hinh ANOVA hai nhan t6 dé
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d4nh gia ddng thoi 4nh hudng cua timg nhan 6 va twong tac giita ching thi két qua
s& ¢o gia tri khoa hoc cao hon va gitip khai thac t6t hon y nghia ciia b dit liéu thu
duoc.

- Mot s6 két luan can viét lai cho phu hop véi $O liéu. Cu thé ph?ln két luén thir 4 vé
viée “thiét 1ap quy trinh lam gidu gypenoside” va “tao co s& cho chuan héa, phat
trién ché pham” chua dwgc ching minh day du bang dit liéu thye nghiém. Noi dung
trinh bay trong muc 3.3.1.2 chit yéu m6 ta qué trinh chiét va thu dugc mot phan doan
cao chiét sir dung cho thir nghiém sinh hoc, nhung chua cé cac s6 liéu dinh luong
ching minh hiéu qua lam giau gypenoside (vi du: ham luong trudc—sau, hé s lam
giau, hiéu sudt thu hdi). Di voi két luan “Gypenoside va cao chiét tir té bao huyén
phiit Gynostemma pentaphyllum thé hién tiém ning hoat tinh sinh hoc, trong d6
gypenoside rc ché manh d6i véi té bao ung thu gan HepG2 (ICso khoang 86,7
ng/mL)” (trang 97). Gia tri ICso nay thuc chat chi phan anh mirc hoat tinh trung binh
yéu trong cac thang danh gia cytotoxicity thong thuong. Téac gia can diéu chinh lai
cac két luan nay theo hudng phan anh diing pham vi thi nghiém va két qua thu duoc.

- Céac kién nghi ciia luan an vé viéc tiép tuc nghién ctru ti wu hoa nudi céy va mé 1ong
quy mo san xudt gypenoside 1 hop Iy & muc dinh huéng nghién cuu tlep theo. Tuy
nhién, can dién dat than trong hon khi dé cdp dén kha ning cung cap ngudn nguyén
liéu quy mo 16n cho nganh dugc vi cac thi nghiém trong luan an maéi diung & quy mo
phong thi nghiém. Kién nghi v& viéc nghién ctru sinh téng hop flavonoid chua thuc
su gén chit véi cac két qua chinh ctia luan an, do nghién ciru hién tai chu yéu tap
trung vao nhém hop chét gypenoside.

7. Noi dung ludn an da dwoc cong b trén tap chi, ky yéu hgi nghi khoa hoc nio va
gia tri khoa hoc cita cic cong trinh da cong bd

Noi dung luan 4n d duoc cong b trén cac tap chi khoa hoc qudc té uy tin thude
danh muc WoS/Scopus (nhu Research Journal of Biotechnology, Molecules, Avicenna
Journal of Medical Biotechnology) va cac tap chi khoa hoc chuyén nganh trong nudc
(Tap chi Khoa hoc Pai hoc Hué: Néng nghiép va Phat trién Nong thon, Bai toan van
dang tai ky yéu Hoi nghi Sinh 1y thyc vét Toan quc 1an thir 3 — 2025). Cac cong bd nay
12 minh chimg cho gia tri va sy cong nhén ciia cong ddng khoa hoc d6i véi mot phan két
qué cua dé tai. S6 lwong va chat lwgng bai bao dap ing vugt mirc yéu cau cua quy ché
dao tao Tién si.

8. Két luan chung cin khiing dinh mirc d§ dap wng cic yéu cAu dbi véi mot ludn 4n
tién si; ban tém tit lufin 4n phan anh trung thanh ni dung co ban cia luin 4n hay
khong

Nhin chung, luén an da lya chon dugc hudng nghién ciru c6 y nghia khoa hoc va
thyc tién, sir dung nhiéu phuong phap nghién ctru thude cac linh vuce sinh hoc thyce vat,
hoa sinh va sinh hoc phan tir ¢ khao sat kha ning tich liiy gypenoside trong hé nudi cdy
té bao huyén phi Gynostemma pentaphyllum. Tuy nhién, mot s6 noi dung trong luén an
con can duoc chinh stra va lam rd thém, dic biét 1a cach dién giai két qua, co s¢ dinh
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danh cac hop chét trong phan tich HPLC, ciing nhu phuong phap xit ly va trinh bay dix
liéu hoat tinh sinh hoc. Nhiing gép v trén cht yéu nham gitp tac gid hoan thién hon luan
an vé& mit khoa hoc va hinh thtc trinh bay, ddng thoi khong lam thay dbi nhiing dong
gop chinh cua luan an d6i voi linh vie nghién ciu.

Bén tom tét ludn 4n trinh bay kha day du cac ndi dung chinh clia cong trinh nghién
ctru, bao gdm muc tiéu, phuong phap, két qua va nhitng déng gép ctia luan an. Tuy
nhién, mot 6 noi dung can duoc chinh sira dé tang tinh logic va tinh chuin muc khoa
hoc, chéng han 1am 13 mdi lién hé giita muc tiéu nghién ctru va cac ndi dung thuc hién,
dién dat than trong hon d6i véi mot sd két luan, chuén hoa mét sd thuat ngit chuyén mon
va 14 soat lai 181 trinh bay. Nhiing diéu chinh nay s& giip ban tém tit phan 4nh rd rang
va chinh xac hon cac két qua ciia luan an.

Sau khi NCS xem xét chinh sira chinh theo mot s6 gép y vé chuyén mén trén,
luén 4n hoan toan d4p tmg ddy du cac yéu cau ctia mot Luan an Tién si chuyén nganh
Sinh hoc theo quy ché cia B GD&DT va Pai hoc Hué.

Y KIEN PE NGHI

Pdng ¥ cho Nghién ctru sinh Piang Ngoc Sang duoc bao vé trude Hoi dong danh
gia luan an cap Dai hoc Hué (sau khi di tién hanh ra soat va chinh sira cac gop y vé
chuyén mon trén).

Ha Noi, ngay 3 thang 3 nam 2026

Nguwoi nhin xét ky tén

Pinh Truong Son
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PAI HQC HUE CONG HOA XA HQI CHU NGHIA VIET NAM
VIEN CONG NGHE SINH HQC DPic 14p - Tw do - Hanh phiic

BAN NHAN XET LUAN AN TIEN ST CAP PAI HOC HUE

Ho va tén nguoi nhan xét: Hoang Thanh Tung

Hoc ham: Phé Gi4o su; Hoc vi: Tién si

Chuyén nganh: Sinh ly thyuc vat

Co quan cong tac: Trudong Dai hoc Da Lat

Chure trach trong hoi dong: Uy vién

Ho va tén nghién ctru sinh: Piing Ngoc Sang

Chuyén nganh: Sinh hoc Mi s6: 9420101

Tén luén an: Nghién ciru thu nhan va xac dinh hoat tinh ciia gypenoside tir nudi

cay té bao Gido ¢b lam (Gynostemma pentaphyllum (Thunb.) Maikino)
Y KIEN NHAN XET

1. Tinh cin thiét, thoi sw, y nghia khoa hoc ciia luin an .

Giao ¢b lam 12 loai duoc liéu quy, c6 nhiéu tac dung dugc ly va dugce st dung
trong bao v¢ strc khoe. Ngoai ra, chiing c6 chira cac hoat chét triterpen sanponin cao
gip nhiéu 1in so v6i nhan sam; do d6, c6 thé thay thé ngudn sinh khéi san xuét
ginsenoid.

Nghién ctru dé tao ra ngudn sinh khéi in vitro dé thay thé cay Giéo cb lam & tur
nhién 13 diéu cin thiét. Trong d6, nudi cdy huyén phu t& bao 14 mot trong nhitng giai
phap hiéu quéa da duge ng dung trén nhiéu cay duoc liéu khac. Két qua cua luan an
da cung cép nhitng co s& dit liéu quan trong va kha ning sin xuit sinh khéi,
gypenpside thong qua nudi ciy huyén phu cdy Giao cb lam c6 xtr ly v6i mot sb
elicitor.

Luan 4n cung cép duge co sé dit lidu vé mirc do phién ma ctia cac gen tham gia
vao qua trinh sinh téng hop gypenpside trong nudi cdy huyén phi té bao. Ngoai ra,
cac thir nghiém trén cac té bao ung thu va bao vé tinh hoan chudt ciia cao chiét tong

s6 va ché pham gypenpside 1a dang ghi nhan



2. Sutrung Lip cia dé tai, s6 lidu, két qua nghién ciru, két luén cia lun 4n so
v6i cac ludin 4n, cong trinh khoa hgc da cong b & trong va ngoai nwére, tinh
trung thue ré rang, diy di trong trich din tai liéu tham khao
Luan 4n khong c6 sy trung lip vé két qua nghién ctru véi céc ludn an va dé tai

khéc.

Céc sb lidu trung thue va duoc phan tich théng ké rd rang.

Két qua nghién ctru duogc trinh bay rd rang, phu hgp véi ndi dung va muc tiéu
cua nghién ctru

Két luan cta luén 4n phan anh dung cac ndi dung nghién ciru
3. Suw phu hop giita tén dé tai véi ndi dung, giita ni dung véi chuyén nganh

va mi s6 chuyén nganh

Cac ndi dung nghién ctru ctia ludn dn phi hop véi tén dé tai. :

Noi dung dap (g duge yéu clu cia luan 4n tién siva phu hop v6i chuyén nganh
Sinh hoc, M s6: 9420101.

4. D{ tin ciy va tinh hién dai ctia phwong phap da sir dung
Phuong phép nghién ctru sit dung két hop céc k¥ thuét, phuong phép phd bién

hién nay trong nghién ctru thu nhén sinh khéi huyén phu t& bio va cai thién tich Ity

hop chat thir cép thong qua xir Iy véi céc elicitor & thi diém thich hop.

Ngoai ra, trong nghién ctru thir nghiém céc chét c6 hoat tinh sinh hoc trén mo6
hinh dong vat nhu: phan 1ap, tach chiét, thi nghiém trén mo hinh dong vat (chudt
nhét), cic k§ thuat lam tiéu ban, nghién ctru co ché in vivo,... Nhitng phuong phép
nay c6 dg tin cdy cao va c6 tinh cip nhat, dap ung duoc yéu ciu ddt ra cta luén 4n.

Céc phuong phap xé4c dinh cdu triic héa hoc, xt Iy s6 liéu 1a phi hop.

Nhitng két qua ctia luan 4n c6 y nghia khoa hoc va d6 tin cdy cao.

5. Kétqua nghién ciru, déng gop méi, dd tin cdy va tinh hién dai ciia phuwong
phap da sir dung
Két qua nghién ciru:

Luén 4n da trinh bay két qua coa 3 ndi dung nghién cttu véi cac thi nghiém lién
quan va céc két qua phan 4anh trung thuc va chinh xac.

Dong gop mdi cua ludn dn:

Luén an trinh bay 4 déng gép méi cia ludn 4n. Nhitng dong g0p nay la trinh

bay trung thuc két qua cta luan 4n va co nhitng cong bd trén cac tap chi chuyén



nganh. Tuy nhién, nhitng déng gop nay con viét dai dong, chua xuc tich, tac gia can
hoan thién lai nhitng déng gop méi nay. Péng gop méi cin d& hiéu va néu bat duogc
nhitng nét chinh, khéng trinh bay qua chi tiét két qua.
6. Nhin xét gop y
6.1. Uu diém

B cuc ludn 4n gbm 112 trang, dugc phan chia thanh cic chuong, muc 13 rang.
Noi dung gitta cdc phan dugc phan chia hop ly va giai quyét dugce muc tiéu dit ra ciia
dé tai.

Luan 4n dap tng day du tit ca cac noi dung cta 1 luan 4n tién si nganh sinh hoc.

Tai li¢u tham khao céip nhat trong 5 ndm gan nhét khoang 34% (59/176) tir 2021
—2025).
6.2. Nhuwoc diém

Vé hinh thikc:

Ra sodt cac 16i khoang céch, chinh ta, forrmat déu chdm () phdy (,) & phan s6
trong toan bd lun an.

B sung thanh bar (thude do) & cac hinh con thiéu.

T4c gia can nhic mot s& “Hinh” 14 biéu dd nén bd sung thém phan hang va sb
lidu.

Xem xét lai viéc dit tén cho cac “Tiéu dé&” cua phén “Két qua”.

Vé noi dung:

Muyc luc:

Format lai muc lyc theo gop y dinh kém.

Danh muc hinh va Bing

Format lai, bé mot sd ghi chu.

M¢ dau:

B6 sung mot s tai liéu tham khao con thiéu, mot s cau con ling cling, néu mot
s6 han ché cua nuo6i cay huyén phu té bao.

Muc tiéu chung can viét tong quat hon (xem dinh kém cuén luan 4n). (quy trinh
nudi cdy ?2?)

Muc tiéu cu thé cin bam sat cac ndi dung nghién ctru dé xdy dung muc tiéu chi
tiet.

Y nghia thyc ti&n viét ngén gon hon.



Doéng gép méi can viét ngén gon, sic tich, trinh bay nhiing déng gop chinh
khong di sdu vao liét ké két qua, dong gop nay con dich ra tiéng anh va dua lén
website nén can d& hidu.

Chuong 1. Tong quan:

Mot s6 noi dung cta tong quan khéng cdn md ta qué chi tiét nhu dic diém thyc
vét hoc, diéu kién sinh thai, day 1a kién thirc chung.

M6t s hinh anh khong duge chu thich va dua vao noi dung bai (vi du 1.2,...).
Hinh 1.3 chuyén sang phin vat liéu va phuong phap.

Nhiéu doan viét cau don va thiu nguén trich din, cAu vin ling cing.

Cin viét hoa céc tén loai trong toan bo ndi dung.

Chuong 2. Vit liéu va phurong phdp nghién ciru:

Khong gach dau hang cac doan, viét thanh doan van hoan chinh

Xem lai format s

Mo ta thém Chi tiéu theo dai.

Chuwong 3. Két qud va théo ludn:

Mot s6 hinh, bang biéu cin viét héa sb liu, bd sung chi thich.

Hinh 3.4, 3.5 chét luong kém.

Bang 3.6 chi lip lai 1 14n, chua du do tin cay dé dua vao ludn an (trong ty 1a
bang 3.11)

Bang 3.7, 3.8, 3.9 nén bb sung phan tich théng ké 2 yéu té.

Hinh 3.10 gom thanh 1 trang va chi thich (a), (b)

Bang 3.15 b6 sung LSD

Nén bo sung quy trinh nuéi cdy va thu nhén sinh khéi té bao cdy Gido cé lam.

Két lugn va kién nghi:

Két luan can ngén gon va sic tich hon va bam sat ndi dung va muc tiéu nghién
ctru cling nhu tiéu dé cia luan 4n.

Tai liéu tham khdo:

Théng nhét fomat.

Tém tat ludn dn

Sau khi chinh stra lun an, cin ra soat va viét lai dGng nhu luén 4n d4 chinh sia.

Chu y céc 16 format, chinh ta, khoang cach,...



7. Két qua cong bd khoa hoc khoa hoc:

Luan 4n dd cong bd duge 5 bai bao trén cac tap chi khoa hoc trong va ngoai
nudce, hoi nghi chuyén nganh sinh ly hoc thuc vat ¢6 ham lugng khoa hoc cao, day la
ngudn tu lidu quy gia cho cac nghién ctru tiép theo.

Dénh gia theo mirc d¢ dong gop va sy phu hop:

Bai thit nhit diang trén tap chi Molecules phén 4nh ndi dung lién quan dén cac
elicitor thuc vat va sinh tong hop gypenpside trong nudi cay té bao cy Giao cb lam
phén 4nh ding ndi dung ciia ludn 4n. Nghién ctru sinh déng vai trd 12 dong tac gia.

Bai thtr hai dang trén tap chi Research Journal Biotechnology lién quan dén
tich Ity sinh khéi cta ciy Gido cb lam trong nudi cdy huyén phu té bao 1én tc ché té
bao ung thu ¢6 ndi dung phtt hop véi ludn 4n. Nghién ctru sinh dong vai tro 1a dong
tac gia.

Bai thtr ba dédng trén tap chi Avicenna Journal of Medical Biotechnology lién
quan dén san xuét gypenpside va qua trinh sinh tinh tao tinh tring cia dich chiét
huyén phu té bao c¢6 noi dung phu hop v6i luan an. Nghién ctru sinh déng vai trod 1a
ddng tac gia.

Bai thir tu déng trén Hoi nghi Sinh Iy thire vdt ¢6 ndi dung lién quan phan 1ap
gen, du doan va phan tich do phién ma gen CYP89A2 c6 ndi dung phit hop véi ludn
an. Nghi€n ctru sinh dong vai tro 1a tac gia.

Bai tht nam déng trén Tap chi Khoa hoc hoc Pai hoc Hué lién quan dén san
xuét sinh khdi va gypenpside cdy Gido cd lam c¢6 ndi dung phu hop véi ludn 4an.
Nghién ctru sinh déng vai tro la tic gia.

S6 luong cong bd cua ludn an bao gdm 05 bai 1a dap ttng yéu cau; tuy nhién,
néu dya trén muc do dong gop cho nghién ctru thi nghién ctru sinh méi chi ding lai
& cac cong bd trong nude 1a tac gia chinh.

8. Kétluan

Luan d4 hoan thanh t6t cic muc tiéu dit ra va dap tng dugc yéu ciu cia 1 ludn
4n tién si nganh sinh hoc. Lun 4n cdn chinh stta va bd sung nhitng phan gop y cia
Phéan bién.

Tém tét luan 4n phén 4nh trung thue két qué ludn éan.



Y KIEN PE NGHI
Pong y cho nghién ciru sinh bio v¢ truéc hgi dong danh gi4 luin 4an cip
Pai hoc Hué.
Ldm Déng, ngay ©Zthdng3 ndm 2026

X4c nhén ciia co quan quan ly Nguwdi viet nhan xét

PGS.TS. Hoang Thanh Ting
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Abstract

Gynostemma pentaphyllum (Thunb.) Makino (GpM) is
a medicinal plant in traditional medicine throughout
Asia for the treatment of several diseases including
cancer. GpM plant cell suspension cultures provide a
time and cost effective well-controlled means
promising a high-yielding biomass production of
pharmaceutical compounds. The purpose of the current
work is to investigate the effect of GpM cell suspension
cultures on human cancer cell lines growth. The
biomass was produced by cell suspension culture of
GpM callus into 250 mL Erlenmeyer flask containing
50 mL of liquid medium culture. Gypenosides in GpM
were confirmed by HPLC. Pharmacological activities
of GpM extract were tested on human cancer cell line
(HepG2, Huh7, A549 and HL-60) using
Sulforhodamine B (SRB) cytotoxicity assay and
Tetrazolium (MTT) assay.

We successfully produced 5.485 £ 0.223 g GpM fresh
biomass per 250 mL Erlenmeyer flask after 18 days
culture. Total gypenosides and Rbl in dry cell
suspension were 48.844 + 3.933 mg/g and 0.041 +
0.004 mg/g. The crude extract from GpM cell
suspension cultures exhibited significant cancerous
cell growth inhibition in a dose dependent manner.
From the MTT assay and SRB cytotoxicity assay, it is
obvious that GpM cell suspension culture extract at
200 pg/mL significantly inhibited the growth of
multiple human cancer cells including hepatoma cell
lines (HepG2, Huh7), lung carcinoma cell line (A549)
and leukemia cell line (HL-60). Anti-cancer cell
proliferation properties of GpM cell suspension culture
were significantly higher than those of natural plants’
extracts. In this framework, GpM in cell suspension
cultures was found to inhibit the proliferation of
several human cancer cells. Biomass accumulation of
GpM in cell suspension cultures may contribute to the
development of efficient strategies for plant-derived
anticancer compound production.

Keywords: Plant biomass production, cell suspension
cultures, Gynostemma  pentaphyllum, cancer cell,
proliferation, inhibition.
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Introduction

Gynostemma pentaphyllum (Thunb.) Makino (GpM) has
been widely used in traditional medicine throughout Asia
(China, Japan, Korea, Vietnam etc.) for the treatment of
several diseases including hepatitis, diabetes and
cardiovascular disease and cancer®®. Recent reports have
shown that GpM exhibits a variety of biological effects such
as anti-inflammatory, antioxidative, lipid metabolism
regulatory, antiproliferative, immunopotentiating,
neuroprotective and anxiolytic activities®. In Vietnam, GpM
has been used as a folk medicine to treat cough and chronic
bronchitis and is distributed from the plains to mountainous
areas at altitudes up to 2000 m*.,

The most pharmacologically active components in GpM is
gypenosides, molecular formula CssHg2024, Which are well-
known pharmacologically active components in Panax
ginseng?®. Gypenosides primarily exist as dammarane type-
triterpene saponins or glycosides, responsible for the herbal
pharmacological activities®. Gypenosides from GpM are
same as ginsenoside Rbl (Gypenoside Ill), Rc, Rb3, Rd
(Gypenoside VIII), F2, Rg3, malonyl-Rb1 and malonyl-Rd
from ginseng (Panax spp.)®.

Cancer is among the leading cause of death globally. In
2018, the estimated number of new cases was 18.1 million
and 9.6 million deaths were linked to cancer. In Vietnam,
there were 164671 new cancer cases and 114 871 deaths in
2018518, Currently, herbal medicine-based therapies have
unraveled anticancer effects without significant side
effects?2.

GpM has recently been shown as a strong anticancer
potential. Gypenosides in GpM played an important role in
lung cancer cell cytotoxicity and could be used as potential
cancer-preventive chemopreventive agents®2°. GpM water
extraction and ethanol precipitation are effective
supplementary agents for the treatment of hepatocellular
carcinoma via improving immune responses of host
organism'®. GpM also has potential for oral cancer therapy.
Gypenosides isolated from GpM induce oral cancer cell
death, cell cycle arrest and apoptosis®. In colorectal cancer
cells, GpM induced the changes of intracellular reactive
oxygen species leading to apoptosis®. Anti-cancer activities
of GpM have been proposed regarding multiple mechanisms
including immunomodulating activities, inhibition of
metastasis or glycolysis, cell cycle arrest and apoptosis*2.
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Medicinal plant cell suspension cultures offer promise for
high-yielding production of valuable secondary metabolites
and could be a promising alternative "chemical factory"32.
Plant cell culture in bioreactors provides a time and cost
effective well-controlled means for large quantities of
biomass production of pharmaceutical agents of industrial
importance?®. Up to date, numerous anticancer compounds
in medicinal plant are produced through application of plant
cell and tissue culture such as Catharanthus roseus,
Dioscorea doryphora, Ginkgo biloba, Arnebia euchroma
and Coleus blumei?.

GpM suspension cells cultures are potential sources of
biomass  production of anti-cancer and  other
pharmacological agents. Biological activities of GpM
suspension cells culture are not well studied. The purpose of
this study is to investigate the human cancer cell lines growth
inhibition of GpM cell suspension cultures.

Material and Methods

Plant biomass production: Cells suspension culture was
conducted by transfer of 3 g of 30-day-old callus into 250
mL Erlenmeyer flask containing 50 mL of liquid medium
culture. The medium consists of basic MS components'’
supplemented with 3% sucrose, 2.0 mg/L KIN and 0.5 mg/L
IBA. Culture flasks were then incubated at 25+2°C, shaking
speed of 120 rpm?. The cell biomass was harvested after 18
days of culture for determination of the fresh and dry weights
and gypenosides content.

Extraction preparation: Fresh cells biomass was filtered,
washed with distilled water and weighed. The dry weight
was determined by drying the fresh biomass at 50°C until a
constant weight was obtained. 10 g dried samples (cells
biomass or natural leaf and stem of GpM) were extracted
with 10 mL of 80% methanol assisted with ultrasonication
for 30 mins, repeated for 3 times and evaporated at room
temperature?®. The residues were used for human cancer
cytotoxicity assay.

Total gypenosides quantification: Total gypenosides
concentration was estimated by colorimetric methods”. Ten
milligram of gypenosides residue were dissolved in 5 mL of
80% methanol. Fifty ml of solution was transferred to
another test tube and 0.25 mL of vanillin reagent (8% w/v)
was added. The reaction solution was placed on ice and 2.5
mL of 72% (v/v) sulphuric acid was added, mixed and left
for 3 min. The test tube was warmed to 60°C for 10 min and
then cooled in ice. Absorbance was measured at 544 nm
using UV-Vis scanning spectrophotometer (Spectro UV-
2650, Labomed, Inc.). Gypenosides content was calculated
based on the ginsennoside Rb1 (Y0001347, CRS) standard
curves.

Rbl quantification: The residues were re-suspended in
methanol to final concentration of apromaxitely 5 mg/mL
and filtered (0.22 um). Rb1 content was qualified by HPLC
with Alliance E2695 system with C18 column (4.6 mm x
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250 mm x 5 mm). The mobile phase consists of acetonitrile
(34%) and distiller water (56%). HPLC procedure was
conducted for 20 minutes with flow rate at 0.8 mL/min,
injected volume of 20 pL and column temperature of 30°C.
The signal was measured by PDA2998 detector at a
wavelength of 203 nm!4. Rb1 content was calculated based
on the peak area of HPLC dendrogram compared with the
standard Rb1.

Human cancer cell culture: Human cell line was a kind gift
of Prof. Pezzuto J. M. (Long-Island University, New York,
USA) and Prof. Maier J. (Milan University, Milan, Italy).
The hepatocarcinoma cell lines (HepG2, Huh7) and lung
carcinoma cell line (A549) were adherent cultured on T75
culture flasks (Nunc, Denmark) while human leukemia cell
line (HL-60) was cultured in suspension. Cells were
incubated in DMEM (Dulbecco s Modified Eagle Medium)
or MEME (Minimum Essential Medium with Eagle salt)
supplemented with 10% FBS (Fetal Bovine Serum), 100
units/mL penicillin and 100 pg/mL streptomycin (all from
Invitrogen Gibco) at 37°C under 5% CO,. The cells were
sub-cultured upon reaching 80% confluence.

The cell viability was determined by trypan blue exclusion
using a hemocytometer. Six thousand cells were seeded in
200 pL of medium per well of 96-well flat-bottom culture
plates (Nunc, Denmark) and incubated for 24 h. Then, old
medium was removed before treating cells with GpM extract
at the concentration of 4, 20, 100 and 200 pg/mL for 72
hours. Another plate without sample treatment will be
incubated for 30 minutes and served as day 0.

Sulforhodamine B (SRB) cytotoxicity assay: The
sulforhodamine B (SRB) assay was performed as previously
described?*. After an incubation with GpM extract, cell
monolayers of HepG2, Huh7 and A549 were fixed with
trichloroacetic acid (10% wt/vol). The fixed cells were
stained with sulforhodamine B for 30 min, then wash the
cells repeatedly with acetic acid (1% vol/vol) to remove the
unbound dye. The cell growth was assessed by dissolving
the protein-bound dye in 10 mM Tris base solution and
optical density specifically determination at 540 nm
wavelength.

Tetrazolium (MTT) assay: Human leukemia HL-60 cells
cytotoxicity and proliferation were assessed using the MTT
chromophore?®. Briefly, HL-60 cells suspension were
seeded at a density of 4x10* cells/mL in 96 well tissue
culture plates. Cells were treated with various concentrations
of GpM for 24 h in culture medium. The tetrazolium salt
MTT solution (5 mg/mL) was added to each well and
incubated for 4 hours at 37°C in humidified 5% CO.
incubator. Cell culture plates were centrifuged and carefully
aspirated in supernatant culture medium.

The formazan crystals produced by cell metabolism were
dissolved in DMSO and the absorbance (OD) values were
determined at 570 nm using a microplate reader.
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OD(treated cells) — 0D (Day 0)
OD(DMSO0) — 0D (Day 0)

Statistical analysis: All experiments were repeated three
times. Data were reported as mean + standard deviation. To
evaluate significant differences, the means were compared
using a one-way analysis of variance (ANOVA) followed by
Duncan’s test. Differences were considered to be statistically
significant if P < 0.05.

% Inhibition = 100% —

Results

Plant biomass production by cell suspension culture:
GpM biomass was produced by cell suspension culture. 3 g
of callus were cultured in 50 mL of liquid medium at shaking
speed of 120 rpm for 18 days *. Biomass accumulation in the
same condition was shown in table 1. In the suspension cells
culture, the cells biomass reached 5.485 + 0.223 g/flask
corresponding of 0.155 + 0.034 g dry biomass (Table 1 and
fig. 1).
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Bioactive compounds in cell suspension culture: In 50 mL
GpM cells suspension culture, the accumulation of total
gypenosides and Rb1 was 48.844 + 3.933 mg/g and 0.041 +
0.004 mg/g dry cells weight respectively. In methanol
extraction, total gypenosides was 472.159 + 59.098 mg/g dry
weight, Rb1 content was 0.394 + 0.021 mg/g dry weight and
gypenosides occupied approximate 47% of methanol
extraction.

In natural product of GpM including 50% of dry leaf and
50% of dry stem, the accumulation of total gypenosides was
37.270 + 4.710 mg/g dry weight while Rb1 content was
0.072 + 0.021 mg Rb1/g dry weight.

In methanol extraction, total gypenosides and Rbl were
369.489 + 25.317 mg/g and 0.697 + 0.081 mg/g dry weight
respectively. Gypenosides occupied approximate 37% of
methanol extraction.

-

Figure 1: GpM biomass production by cell suspension culture.

a. In vitro propagation of GpM, b. cell suspension culture in shake flasks c. suspension cells,
d. fresh cell suspension culture biomass, e. dry cell suspension culture biomass.
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Total gypenosides in dry biomass in extract of cell
suspension culture were significantly higher than those in
natural plant biomass (P < 0.05) (Figure 2c and e).
Meanwhile, RB1 in dry biomass in extract of cell suspension
culture was significantly lower than those in natural plant
biomass (P < 0.005) (Figure 2d and f). HPLC analysis
showed that more compounds were detected in natural
sample than in suspension cells such as retention times were
3.58 min, 6.11 min (Fig. 2). However, some compounds in
cell had higher content than in natural sample, such as the
retention time was 2.41 min.

The effect of GpM Extract on Cell Proliferation of
Human lung carcinoma cell line (A549): To examine the
cancer cell inhibitory effect of the GpM extract, we did SRB
assay using human lung carcinoma cell line (A549). The
GpM extracts presented concentration-dependent inhibition
of A549 cell proliferation (Figure 3a). The inhibition effect
of the highest concentration of extracts (200 pg/mL) was
25.15+2.03 and 37.68+1.26% for the natural GpM and plant
cell suspension culture extracts. There was a significant

Vol. 17 (3) March (2022)
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difference of the inhibition of cell proliferation in the GpM
extracts between natural and plant cell suspension culture for
A549 cells.

The effect of GpM Extract on Cell Proliferation of
Human hepatoma cell lines (HepG2 and Huh7): In human
hepatoma cell lines, GpM extracts from natural and plant cell
suspension culture inhibited proliferation of both HepG2 and
Huh7 cells (Figure 3b and c). Growth inhibition of HepG2
and Huh7 cells was increased dramatically at higher
concentrations  (100-200 pg/mL). The extract in
concentrations of 200 pug/ml showed the highest inhibiting
activity in natural extract (34.36+1.12 in HepG2 and
36.07+1.89 in Huh7) as well as in cell suspension culture
(41.16 £2.28 in HepG2 and 44.43+1.65 in Huh?).

The Effect of GpM Extract on Cell Proliferation of
Human leukemia cell line (HL-60): The extracts from
natural and plant cell suspension culture inhibited human
leukemia cell proliferation at the two highest concentrations
100 and 200 pg/mL.

Table 1
Total gypenosides accumulation in GpM samples (M * SD)

Samples Natural plant Cell suspension culture
Fresh weight (g) - 5.485 £ 0.223

Dry weight (g) - 0.155 £ 0.034
Total gypenosides in dry cells (mg/g) 37.270 +4.710 48.844 + 3.933
RB1 in dry cells (mg/g dry weight) 0.072 £ 0.021 0.041 £+ 0.004
Total gypenosides in extraction (mg/g) 369.489 + 25.317 472.159 + 59.098
RB1 in extraction (mg/g dry weight) 0.697 £ 0.081 0.394 £ 0.021

Table 2

Comparison the cancer cell growth inhibitory potential of natural GpM and plant cell suspension culture

Inhibition (%0)
Concentration (ug/mL) Natural plant | Cell suspension culture | Significant
Human lung carcinoma cell line (A549)

4 0.72+0.79 0.9+£0.39 NS
20 6.98 +£1.18 6.03 £ 0.62 NS
100 23.56 +1.52 13.88 £0.28 P <0.05
200 25.15+2.03 37.68 +1.26 P <0.05

Human hepatoma cell line (HepG2)

4 0.63+0.38 0.69+£0.13 NS
20 8.93+0.6 8.81+0.93 NS
100 22,51 +£0.58 32.89+1.43 P <0.05
200 3436 +1.12 4116 +2.18 P <0.05

Human hepatoma cell line (Huh?7)

4 2.44 +0.13 1.72 +0.47 NS
20 7.24 £1.06 7.42 £0.57 NS
100 34.84+1.72 15.19 £ 0.63 P <0.05
200 36.07 £ 1.89 4443 +1.65 P <0.05

Human leukemia cell line (HL-60)

4 3.57 £0.62 5.88 £0.93 NS
20 6.42 £ 0.93 11.23+1.41 NS
100 33.51+2.02 39.04 + 1.07 NS
200 42,17 +2.48 48.76 + 1.94 P <0.05
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In principle, there was a statistically significant difference in
the inhibition of the proliferation between the extracts from
natural and plant cell suspension culture. Human leukemia
cell proliferation was significantly inhibited by the GpM
extract in concentrations of 200 pg/ml in both GpM from
natural (42.17+2.48) and cell biomass (48.76+1.94)

Discussion

Medicinal plants have been used worldwide since ancient
time. The pharmacological properties of medicinal plants are
based on their phytochemical components especially the
secondary metabolites which are outstanding sources of
value added bioactive compounds. Extended use of these
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metabolites in pharmaceutical industry has initiated a need
to focus research on increasing the production by employing
plant tissue culture techniques. Plant tissue culture
techniques being independent of climatic and geographical
conditions will provide an incessant, sustainable,
economical and viable production of secondary
metabolites?.

In this study, gypenosides had good accumulation in the
suspension cells, total gypenosides were 48.844 + 3.933
mg/g dry weight, higher than that of natural product (37.270
+ 4.710 mg/g dry weight). However, biosynthesis of Rb1 in
cells was lower than natural plant (0.041 + 0.004 mg Rb1/g
dry cells weight against 0.072 = 0.021 mg/g dry weight).
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b
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Figure 2: Bioactive compounds analysis of GpM biomass.

a. HPLC profile of GpM extract from natural plant biomas, b. HPLC profile of GpM extract from cells suspension
culture, c. Comparison of total gypenosides in dry biomass of natural and plant cell culture, d. Comparison of RB1
in dry biomass of natural and plant cell culture, e. Comparison of total gypenosides in extract of natural
and plant cell culture, f. Comparison of RB1 in extract of natural and plant cell culture
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Figure 3: The effects of natural GpM and plant cell suspension culture on proliferation of human cancer cell lines.
a. Human lung carcinoma cell line (A549). b. Human hepatoma cell line (HepG2). ¢c. Human hepatoma
cell line (Huh7). d. Human leukemia cell line (HL-60). p<0.05: Significant; NS: Non-significant

Biosynthesis of valuable secondary compounds in
suspension cells higher than that of natural plants was
previous reported for example production of rosmarinic acid
from Lavandula officinalis?’, phenylethylamines dopamine
and tyramine in Piper cernuum® cell culture. Secondary
metabolites have complex chemical composition and are
produced in response to various forms of stress to perform
different physiological tasks in plants?. The diffirent stress
in cell culture system and natural condition may led to the
diffirent acumulation of gypenosides in GpM cell and
natural biomass.

Natural extract of GpM has been investigated as a potent
anti-cancer agent against several types of cancers cell in
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vitro proliferation including breast cancer, lung cancer,

colorectal cancer cells, prostate cancer and liver cancer
Ce||4,10,13,26,30,31_

Li et al'? isolated a nonpolar fraction EA1.3A from GpM
(including alkaloids, organic esters, terpenes and catechol
substance) and showed potent cancer suppression activities
against four cancer cell lines (Human breast adenocarcinoma
cell lines MDA-MB-453 and MCF7, human prostatic
adenocarcinoma cell line LNCaP and human colorectal
carcinoma cell line HCT116). The nonpolar fraction
EAL1.3A from GpM suppresses cancer cell proliferation
through signaling pathways mediating apoptosis and cell
cycle arrest.
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Wang et al’® showed that four compounds (including 3,4-
dihydroxy phenyl-O-p-D-glucoside, gypenoside XLVI,
gypenoside L and ginsenoside Rd) were isolated from the
ethyl acetate and n-butanol fractions of GpM. Gypenoside L
and ginsenoside Rd displayed a strong interference effect on
the proliferation of breast cancer (MCF-7) and lung cancer
(A549) cell line.

Cheng et al* isolated both flavonoid and saponin fractions
from GpM, both fractions induced cell cycle arrest of
prostate cancer cell PC-3 at both S and G2/M phases. GpM
induced an increase both early and late apoptotic cell
populations in dose-dependent. Xing et al*® reported that
Damulin B, a dammarane-type saponin isolated from GpM,
showed the strong potent growth inhibitory activities against
human lung carcinoma A549 cells. Damulin B exhibited an
anti-cancer effect by inducing apoptosis, suppressing
migration and cell cycle arest at early GO/G1 phase®.

Mechanisms of effect of gypenosides from GpM on human
colorectal cancer SW-480 cells were investigated by Yan et
al.3* Gypenosides from GpM may imply mitochondria
damage, ROS generation and induce apoptosis on human
colorectal cancer cells.

In 2020, Hussain et al'® reported the anticancer activity
potential of GpM extract on liver cancer cell (HepG2) cycle
arrest and apoptotic induction. GpM extract inhibited the
growth of HepG2 cells by arrested GO/G1 phase cell cycle
via regulating the gene expression. In addition, GpM extract
induced apoptosis of HepG2 cells via generation of
intracellular reactive oxygen species, mitochondrial
pathway and death receptor.

Conclusion

First evidence of GpM saponins as an effective anti-cancer
agent for the treatment the ApcM™* colorectal cancer mouse
model was reported by Tai et al?!. Results show that GpM
saponins treatment could significantly inhibit polyp
formation in colorectal cancer mice. The anti-cancer effect
of GpM saponins was mediated through modulation of
JNK/p38 MAPK signaling, upregulation of Prdx1 and Prdx2
and suppression of Ras, RAF/MEK/ERK/STAT,
PIBK/AKT/mTOR signaling. Moreover, GpM saponins
could enhance the anti-cancer efficacy of 5-FU as an
adjuvant in the treatment of colorectal cancer?!.

Although many report show the anti-cancer effect of natural
GpM extract on both in vitro and in vivo, there is no evidence
to explain whether GpM cell suspension can inhibit cancer.
Our results provide the evidence that biomass accumulation
of GpM in cell suspension cultures inhibits human cancer
cell growth in vitro.
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Abstract: Giao co lam (Gynostemma pentaphyllum (Thunb.) Makino) is used in Northeast and Southeast
Asia countries for the treatment of various diseases, including hepatitis, diabetes, and cardiovascular
disease. G. pentaphyllum saponins (gypenosides) are the major components responsible for the
pharmacological activities. In this study, different concentrations of abiotic (25-200 uM methyl
jasmonate-MeJA and salicylic acid-SA) or biotic elicitors (1-5 g/L yeast extract-YE and Fusarium
biomass) were used as plant elicitors, in order to investigate their influences on cell growth and
gypenosides accumulation in G. pentaphyllum suspension cells. Suspension cells were grown on a
MS medium containing 2.0 mg/L KIN and 0.5 mg/L IBA, with initial inoculum sizes of 3 g and
shaking speeds of 120 rpm for 18 days. Gypenoside and Rb1 contents were measured by colorimetric
and HPLC methods. Among three elicitors, SA was suitable for gypenosides accumulation in
individual treatment. The cell biomass had the same values in elicitated and control suspension
cells. Gypenosides content in cells treated with 100 uM salicylic acid after 6 days of culture reached a
maximum value of 79.721 mg gypenoside/g dry biomass (including 0.093 mg ginsenoside Rb1/mg
dry weight), which was 2.18-folds higher than that of the natural product. The elicitation promises an
efficiency strategy for the production gypenosides in Gynostemma pentaphyllum suspension cells.

Keywords: elicitation; gypenosides; methyl jasmonate; salicylic acid; suspension cells culture

1. Introduction

Gynostemma pentaphyllum, belonging to Cucurbitaceae, is a perennial creeping medic-
inal plant, widely distributed in China, as well as Japan, Korea, and other Southeast
Asian countries. G. pentaphyllum exhibits a wide range of biological activities, consist-
ing of antioxidant, anticancer, anti-hyperlipidemic, hypoglycemic, immunomodulatory,
and anti-inflammatory activities, as well as atherosclerotic effects [1]. Dammarane-type
triterpene saponins (called gypenosides) are the major components responsible for the
pharmacological activities. Over 180 gypenosides from G. pentaphyllum have been isolated
and characterized [2].

Gypenosides are structurally similar as the ginsenosides, which are well-known
pharmacologically active components of ginseng root (Panax ginseng) [2]. The content
of triterpene saponins in G. pentaphyllum is almost five times higher than that of Panax
ginseng. In addition, G. pentaphyllum is much easier for cultivation, and its growth is faster
than p. ginseng. Therefore, G. pentaphyllum is a good alternative resource for gypenoside
production and has attracted great interest worldwide [3]. Ginsenoside Rb1 belongs to
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protopanaxadiol ginsenosides (PPD), in which sugar residues attached to the 3-OH at
position C3 and/or C20 [4]. Rb1 is one of the most important 20(S)-protopanaxadiol-type
ginsenosides that exhibits the importance pharmacological activities, including antitumor,
neuroprotective, cardiovascular-protective, anti-aging effects, anti-apoptosis, and anti-
oxidative stress, etc. [5-7].

Plant tissue culture is considering a methodology for the large scale production of
plant secondary metabolites (PSMs), with less time consumption and being more cost-
effective than parent wide-type cultivation [8]. Biotechnological approaches, such as plant
and suspension cell cultures, have been extensively applied for enhancing the production
of PSMs [9]. Among of factors affecting on PSMs production, elicitors have been reported
as common effectiveness factor [8]. In particular, elicitors act as stress agents that further
induce the secondary metabolites accumulation in parent plants, as well as plant cell
cultures. The production of secondary products is regarded as a part of the defense system
of the intact plant [10]. Meanwhile, methyl jasmonate (MeJA) and salicylic acid (SA) are two
key signaling molecules that trigger cell defense mechanisms in planta during herbivore
predation, thus activating secondary metabolites production [11].

Elicitors have also been shown to induce a range of other plant secondary metabolites.
For example, MeJA can increase the eurycomanone production in Eurycoma longifolia
cells [12]. Yeast extract (YE) enhances the solasodine biosynthesis in Solanum hainanense
cells [13] or ginsenosides production in Panax quinquefolium hairy roots [14]. Salicylic
acid stimulates the accumulation of phenolic compounds in Phoenix dactylifera [15] or
madecassoside in Centella asiatica cells [16]. Pathogen fungi Fusarium oxysporum was also
used as a plant elicitor, such as for increasing the rutin, hypersoid, and quercitin production
in the tissue cultures of Hypericum triquetrifolium [17] or enhancing the expression of
pathogenesis-related genes 1 (NPR1)-liked gene in bananas [18].

However, there are limited information on gypenosides production in Giao co lam cell
cultures. To our knowledge, gypenosides production in elicited-suspension cell cultures
are not well-studied. The aims of this study were to establish a G. pentaphyllum suspension
cells culture system, in integration with elicitors treatment for gypenosides production, as
well as the analysis of the gypenosides accumulated in the cells.

2. Results
2.1. Determinaton of Rb1 in Suspension Cell

G. pentaphyllum suspension cells were reported to reach maximal accumulated gypeno-
sides after an 18 day culture [19]; thus, in this work, the gypenosides biosynthesis from
in vitro cultures were evaluated at day 18 of culture.

HPLC analysis of non-elicited cell (control) and Rb1 standard showed a corresponding
peak, with a retention time of 6.8 min (Figure 1). Thus, Rb1 are accumulating in Giao co lam
cells, and Rb1 was further used for gypenosides quantification.
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Figure 1. HPLC chromatogram profile of standard Rb1 (A) and suspension cell of Giao co lam (B).

2.2. Effect of Elicitor Concentrations

Different concentrations of abiotic (MeJA and SA) or biotic elicitors (g/L YE and
Fusarium biomass-Fox) were used to investigate their influences on cell growth and gypeno-
sides accumulation. Data in Table 1 show that MeJA, in all concentrations, inhibited the
cell growth, with dry weight ranges between 0.063 and 0.165 g/flask (non-elicited con-
trol: 0.190 g/flask). The total gypenosides level increased, with a maximum value of
58.116 mg/g dry weight at 50 uM (Rb1 concentration was 0.053 mg/g dry weight), slightly
higher than that of the control (50.545 and 0.048 mg/g dry weight). Similar results occurred
when YE (3 g/L) was added to the medium, at which, the highest gypenosides content was
73.767 mg/g dry weight (0.066 mg Rb1/g dry weight) (Table 2).
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Table 1. Effects of concentrations of MeJA and SA on the cell growth and gypenosides accumulation.

Conc(?:l:ze)\tions Elicitors Fresh Weight (g) Dry Weight (g) (m;glg?yosi’:iegsht) (mg/g DE?IWeight)
0 - 5.732 2 0.1902 50.545 4 0.048 cde
MeJA 5.043 bed 0.165 bc 54,546 <d 0.052 bed
» SA 5.763 2 0.204 2 58.475 be 0.060 b°
MeJA 5.003 bed 0.163 be 58.116 bed 0.053 bed
%0 SA 5.456 2P 0.163 be 63.980 ° 0.062®
MeJA 4.876 bede 0.094 de 53.617 d 0.041 de
100 SA 5.187 abe 0.141°¢ 76.809 2 0.075 2
MeJA 4,854 bede 0.088 de 32552 ¢ 0.037
10 SA 4,659 ode 0.107 4 32.100 © 0.061°
MeJA 4472 de 0.063 © 29.514 ¢ 0.037 £
200 SA 4331¢ 0.026 f 9.724 f 0.056 b¢
Different letters (a, b, ¢, ... ) in each column indicate significantly different means (Duncan’s test, p < 0.05).
Table 2. Effects of concentrations of YE and Fox on the cell growth and gypenosides accumulation.
Conc(e;lt]f)ations Elicitors Fresh Weight (g) Dry Weight (g) (mgGl;’};;:yo::’c:iegsht) gl Dliglweight)
0 - 5.4332 0.171 abe 50.478 de 0.052°
YE 5.499 2 0.170 abe 54,974 4 0.061 2
! Fox 4,597 be 0.1812 36.790 f 0.049 be
YE 54112 0.131 de 67.135 P 0.063 2
2 Fox 4,885 ab 0.174 2b 34924 f 0.050 be
YE 54102 0.137 de 73.767 2 0.066 2
3 Fox 4,521 be 0.170 abe 31.115f8 0.043 «d
YE 5.424 2 0.123 ¢f 60.915 ¢ 0.063 2
* Fox 4076 <d 0.165 abed 27.411 8h 0.040 4
YE 53872 0.105 f 46.338 ¢ 0.062 2
> Fox 39314 0.142 bede 23.066 1 0.039 4

Different letters (a, b, ¢, ... ) in each column indicate significantly different means (Duncan’s test, p < 0.05).

Among the four elicitors, SA is the best one for cell growth and gypenosides accumu-
lation. Gypenosides concentration reached the highest value of 76.809 mg/g dry weight
(0.075 mg Rb1/g dry weight) when 100 pM SA was added, which is about 1.52-time higher
than the control (Table 1). In contrast, supplementation Fusarium biomass decreased on
both cell cultures dry weight and gypenoside concentration of Giao co lam cell. The cell
growth dramatically decreased when the Fox concentration increased from 1-5 g/L, while
the gypenosides content in all Fox treatments was lower (23.066-36.790 mg/g dry weight).

The results in Tables 1 and 2 indicate that Rb1 biosynthesis had the same profiles,
with gypenosides accumulation in elicited G. pentaphyllum suspension cells. The optimum
elicitor concentrations for gypenosides biosynthesis (100 uM SA, 50 uM MeJA, or 3 g/L
YE) were also the best treatment of each elicitor for Rb1 accumulation.
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2.3. Effect of Elicitation Time

The timing of elicitor addition is a critical factor that affect the response of in vitro cul-
tured plant cells [12]. The optimal concentrations of elicitors, from the above investigations,
were applied to determine suitable elicitation period for improvement of gypenosides pro-
ductivity. Fusarium biomass was not good for cell growth and gypenosides accumulation,
so it was eliminated in this investigation.

The results showed that the gypenosides content in treated cells with 100 uM SA
reached maximum value of 79.721 mg/g dry weight (0.093 mg Rb1/mg dry weight)
after 6 days of culture (Table 3, Figure 2), resulting in 1.58-, 1.53-, and 2.18-times higher
results than that of non-elicited cells (Table 1) and the leaves and stems of natural product,
respectively [20].

Table 3. Effect of elicitation times on the cell growth and gypenosides accumulation.

Treatment Days Elicitors Fresh Weight (g)  Dry Weight (g) En:tga/;cg,rl;,e;lv(;siigﬁi (mg/g DI:;IWeight)

MeJA 4.968 cde 0.207 8 57.852 hi 0.052 8

0 SA 4.908 ode 0.148! 76.480 2P 0.075 ¢
YE 4.855¢ 0.1861 74.579 be 0.061 f

MeJA 5.110 bede 0.212 ¢f 65.633 ©f 0.055 8hi

3 SA 4.906 de 0.149! 76.661 2P 0.088®

YE 4,980 ode 0.192h 61.202 8h 0.056 8"

MeJA 5.168 bede 0.216 de 73.461 be 0.055 8hi

6 SA 4.907 bde 0.157 % 79.7212 0.0932
YE 5.041 bede 0.204 8 57.543 hi 0.035 k

MeJA 5.302 be 0.244b 73.901 be 0.066 de

9 SA 5.025 cde 0.178] 73.558 be 0.063 ¢f
YE 5.137 bede 0.209 f 54.163 1 0.0311

MeJA 5.254 bed 0.229 © 68.622 de 0.067 4

12 SA 5.259 bed 0.211f 70.547 <& 0.059 f8
YE 5.424 b 0.2214 51.321J 0.027 &
MeJA 5.018 cde 0.191 hi 60.814 8h 0.045]

15 SA 5.327 be 0.2214 62.628 8 0.054 8hi
YE 6.048 2 0.2522 49,989 0.024 k

Different letters (a, b, c,

Figure 2. Suspension cells and dry biomass of Giao co lam, elicited with 100 uM SA after 6 days
of culture.

... ) in each column indicate significantly different means (Duncan’s test, p < 0.05).
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In other treatments, gypenosides content in cells reached highest values of 73.901 mg/g
and 74.579 mg/g dry weight when 50 uM MeJA and 3 g/L YE were treated to the cells
after 9 and 0 days of culture, respectively (Table 3, Figure 2). Generally, elicitors stimulated
the biosynthesis of gypenosides in different elicitation times.

3. Discussion

Elicitation is one of the strategies employed in plant cell culture to improve the
productivity of bioactive compounds [21]. Various parameters, such as the elicitor types
(biotic or abiotic, exogenous or endogenous elicitor, etc.), elicitor concentrations, and
duration of elicitor exposure, are important factors to induce the optimum level of bioactive
compounds [22,23]. Studies, related to elicitors, on the synthesis of secondary metabolite in
medicinal plants have been conducted, in order to increase the economic value of these
species [12]. According to Al-Khayri et al. (2020), who used 50-200 mg/L elicitors, such
as pectin, YE, SA, cadmium chloride (CdCl,), and silver nitrate (AgNO3), to increase
the production of phenolic compounds from Phoenix dactylifera cells. The accumulation
of optimum catechin (26.6 ng/g dry weight), caffeic acid (31.4 nug/g dry weight), and
kaempferol (13.6 ug/g dry weight) were found in the 50 mg/L SA-treated culture, when
compared to the control [15]. MeJA and SA (100 uM), alone and in combination, were used
to enhance the sanguinarine and chelerythrine biosynthesis from seedlings of Macleaya
cordata. The study of Huang et al. (2021) showed that MeJA alone was the best treatment for
sanguinarine and chelerythrine production in Macleaya cordata [8]. Recently, the influence
of elicitors on the biosynthesis and accumulation of saponin in medicinal plant cells were
reported. Vijendra et al. (2020) conducted a study on the influence of MeJA and SA
(50-200 uM) on enhanced ursolic acid and oleanolic acid production in Leucas aspera
Spreng suspension cells. MeJA exhibited a maximum level of total saponin content (18.2
mg/g dry weight) at 100 uM concentration over a period of 18 days, which is four-fold
higher than the respective non-elicited control [24]. In the previous reports, we found that
G. pentaphyllum suspension cells reached maximal accumulated gypenosides after 18 days
of culture [19]. Thus, cells were harvested at day 18, in order to evaluate the effects of
elicitors on gypenosides biosynthesis from in vitro cultures. Ginsenoside Rb1 was also
present in both callus and suspension cells [19,20,25]; so, Rb1 was used as standard for
gypenosides and Rb1 quantification.

In the present study, an inverse relationship was observed between gypenosides
production and biomass accumulation after elicitor treatments. The data in Tables 1 and 2
showed the elicitation at the beginning of culture inhibits G. pentaphyllum cells growth at
high concentration. The dry weights of cell biomasses were only 32-62% (25-200 uM MeJA
treatment), 14-86% (50-200 pM SA treatment), 70-87% (2-5 g/L YE treatment), and 73-93%
(1-5 g/L Fox treatment), compared to non-elicited cells after 18 days of culture (Figure 1). In
contrast, a low concentration of elicitors increased cell growth, up to 107% (25 uM SA) and
113% (1 g/L YE). In the suitable elicitor concentration (50 tM MeJA, 100 pM SA and 3 g/L
YE) treatments, the gypenosides contents increased from 1.15-fold (MeJA treatment) to
1.52-fold (SA treatment). Meanwhile, Fusarium biomass inhibited the gypenosides level in
all concentration treatments, indicating that Fusarium biomass is not suitable for enhancing
gypenosides accumulation (Tables 1 and 2). Typically, adding elicitors into in vitro cultures,
temporarily or permanently, improves the cells growth, activating the defense response
by switching primary metabolism to secondary metabolite production [25]. Meanwhile, a
higher concentration of elicitors induces a hypersensitive response, leading to cell death.
Thus, elicitors concentration need to be investigated for optimal induction processing [15].

Elicitor treatments have been reported for improving the generation of reactive oxy-
gen species (ROS), which has been demonstrated to act in signaling molecules to mod-
ulate specific protein activities, gene expression, and metabolic fluxes [26]. According
to Liang et al. (2019), the gypenosides biosynthetic pathway can be divided into three
parts: the initial steps consist of: the synthesis of IPP (isopentenyl diphosphate) or DMAPP
(dimethylallyl pyrophosphate); the skeletal formation steps include: the cyclization of
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2,3-oxidosqualene; and the modification steps involve: hydroxylation and glycosylation
of the skeletons. The following, involved in the gypenoside biosynthetic pathway, are
induced by MeJA in G. pentaphyllum: 3-hydroxy-3-methyl glutaryl coenzyme A reductase
(HMRG), farnesyl pyrophosphate synthase (FPS), squalene epoxidase (SE), and squalene
synthase (SS) [3]. Study of Zhang et al. (2021) demonstrated that seven cytochrome P450s
(CYP71B19, CYP77A3, CYP86A7, CYP86AS, CYP89A2, CYPI0A1, and CYP94A1) and five
UDP-glucuronosyltransferases (UGT73B4, UGT76B1, UGT74F2, UGT91C1, and UGT91A1)
contributed to gypenoside biosynthesis and the distribution in G. pentaphyllum [27]. Enhanc-
ing the expression of CYP and UGT genes may also increase the production of gypenoside
in elucidated G. pentaphyllum suspension cells.

The results of this study are in agreements with other previous reports, whereas
50-100 uM of abiotic elicitors or 2-3 g of YE are optimum for medicinal compounds
production. The accumulation of secondary compounds in suspension cells was 1.5- and
2.0-folds higher than that of the control. The highest rosmarinic acid (12% of dry weight)
in Mentha X piperita cells was found after the addition of 100 uM MeJA, nearly 1.5 times,
when compared to the non-elicited cells [28]. Cai et al. (2014) reported that chitosan or YE
increased the production of phenolic acids by 1.5- and 2.0-fold, compared to that of control,
after 3 day of culture, respectively [29]. Meanwhile, Loc el at (2017) found that the highest
madecassoside content (114 mg/g dry weight) was obtained when 100 uM SA added after
10 days of culture [16].

The present results also indicated that the most suitable elicitor treatment time for
G. pentaphyllum cells was 6 days after inoculation. Supplementation of 100 pM SA to
medium culture increased the gypenosides accumulation, up to 79.721 mg/g dry weight
(0.093 mg Rb1/mg dry weight), which is 1.58-folds higher than that of the untreated cells.
For MeJA, 50 uM improved gypenosides up to 73.901 mg/g dry weight at the day of
9, resulting in 1.46-folds higher than that of control (Table 3). In contrast, the optimal
gypenosides content was found when YE was added at concentration of 3 g/L on the
beginning of culture.

Suitable elicitor exposure time are different, depending on the plant species. Krzyzano-
wska et al. (2012) used 100 uM MeJA to improve the production of rosmarinic acid in the
suspension cells of Mentha x piperita The rosmarinic acid content reached a maximum
value of 117.95 mg/g dry weight within 24 h [28]. Meanwhile, study by Nhan and Loc
(2018) showed that eurycomanone accumulation in Eurycoma longifolia cell cultures reached
the highest value after 4 days treatment with 20 uM MeJA (eurycomanone content of
17.36 mg/g in treated cells and 1.70 mg/g dry weight in control cells) [12].

In our study, HPLC analysis showed different profiles of elucidated cells. For example,
the peak with retention time of 3.862 or 4.146 min (Figure 2). Secondary metabolites have
complex chemical composition and are produced in response to various forms of stress
to perform different physiological tasks in plants [30]. The different stress in cell culture
system may lead to the different accumulation of gypenosides in G. pentaphyllum.

4. Materials and Methods
4.1. Cell Suspension Cultivation

Gynostemma pentaphyllum (Thunb.) Makino callus were provided by Laboratory of
Gene Technology, Institute of Biotechnology, Hue University, Vietnam. Callus cultivation
was descripted previously [31].

Cells suspension culture was conducted via the transfer of 3 g of 30-day-old callus
into a 250-mL Erlenmeyer flask, containing 50 mL of liquid medium culture. The medium
consisted of basic MS components [32], supplemented with 3% sucrose, 2.0 mg/L KIN, and
0.5 mg/L IBA. Culture flasks were then incubated at 25 £ 2 °C, with a shaking speed of
120 rpm and light intensity of 500 lux, with a photoperiod of 10-h daylight [19,31].
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4.2. Elicitation

Elicitation effects of biotic (YE and Fox) and abiotic (MeJA and SA) elicitors were
evaluated by adding their different concentrations to the liquid medium at the beginning of
culture [12]. Elicitors were prepared depending on their characteristics. MeJA (392707-5ML,
Sigma-Aldrich, St. Louis, MO, USA) and SA (30422-05, Nacalai Tesque, Kyoto, Japan) were
dissolved in water, sterilized using 0.22 um filters (Millipore, Darmstadt, Germany), and
added to medium after autoclave. F. oxysporum HUIB02 was used for Fox elicitation [33].
YE (64343, Biorad, Hercules, CA, USA) and Fox were added directly to the medium
before autoclave.

The cell biomass was harvested after 18 days of culture, in order to determine the
fresh, dry weights and gypenosides content. Fresh cells biomass was filtered, washed, and
weighed with a technical balance. The fresh biomass was dried at 50 °C, until a constant
weight [19]. Non-elicited cells were used as control.

Optimal concentration of elicitors (100 uM SA, 50 uM MeJA, or 3 g/L YE) were selected
to investigate elicitation time. Elicitors were added to the medium at the day of 3-15 after
cell culture (3-day intervals). The addition of elicitors at the beginning of cell culture was
used as the control in this experiment. The cells were also harvested after 18 days of culture
to evaluate the growth and gypenosides accumulation.

4.3. Gypenosides Quantification

Gypenosides extraction: Dried suspension cells of G. pentaphyllum (0.5 g) were grinded
and extracted with 5 mL of 80% methanol, assisted with ultrasonication for 30 mins,
repeated three times, and evaporated at room temperature. Gypenosides residue was kept
at 4 °C for further experiments [34].

Total gypenosides quantification: Total gypenosides concentration were estimated by
colorimetric methods [35,36]. Ten milligrams of gypenoside residues were dissolved in
5 mL of 80% methanol. Fifty microliters of solution were transferred to another test tube,
and 0.25 mL of vanillin reagent (8% w/v) was added. The reaction solution was placed on
ice, and 2.5 mL of 72% (v/v) sulfuric acid was added, mixed, and left for 3 min. The test
tube was warmed to 60 °C for 10 min and then cooled in ice. Absorbance was measured
at 544 nm using UV-Vis scanning spectrophotometer (Spectro UV-2650, Labomed, Los
Angeles, CA, USA.). Gypenoside contents were calculated based on the ginsenoside Rb1
(Y0001347, CRS) standard curves [31].

Rb1 quantification: The gypenosides extractions were re-suspended in methanol, to a
final concentration of approximately 5 mg/mL, and filtered (0.22 um, Sarorius, Gottingen,
Germany). Rb1 was detected by HPLC, with Alliance E2695 system, with Symmetry®C18
column (WAT045905, Waters, UK; column parameters: inner diameter 4.6 mm, length
250 mm, particle size 5 mm, pore size 100 A, high purity base-deactived silica). The mobile
phase consisted of acetonitrile (34%) and distiller water (66%).

The HPLC procedure was conducted for 20 min (with a flow rate at 0.8 mL/min),
injected volume of 20 pL, and with a column temperature of 30 °C. The signal was measured
via a PDA2998 detector, at a wavelength of 203 nm [37]. Rb1 content was calculated
based on the Rb1 peak area of HPLC chromatogram, compared with the standard Rbl
(y = 0.0000192x, R? = 0.998, x was peak area, and y was Rb1 content (10-100 pg/mL)).

4.4. Statistical Analysis

All experiments of the cell culture and gypenosides quantification were repeated
three times, with five Erlenmeyer flasks per experiment. The means were compared using
ANOVA (a one-way analysis of variance), followed by Duncan’s test (p < 0.05).

5. Conclusions

Gypenosides production, by G. pentaphyllum suspension cells, was improved with
the supplementation of elicitors. Among of evaluated elicitors, salicylic acid was the most
supportive for gypenosides accumulation, at a concentration of 100 uM. Gypenosides
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content reached a maximum value of 79.721 mg/g dry biomass, which was 1.58-, 1.43-,
and 2.18-folds higher than that of untreated cells and the leaves and stems of the natural
product, respectively. HPLC analysis indicated a peak, corresponding to Rb1 and other
metabolite compounds. Interestingly, SA did not inhibit cells growth, promising a potential
candidate for high gypenoside production in industry scale-up production.
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Abstract

Background: Gynostemma pentaphyllum (GP), also called Giao-co-lam, is a traditional
Vietnamese herb, also known as the "Herb of Immortality”, that grows throughout
Asian countries and is used for the treatment of hematuria, edema in the pharynx and
neck, tumors, and trauma.

Methods: In this study, we investigated the effects of culture conditions on cell growth
and total gypenoside accumulation in the GP suspension cells. Cells were cultured on
Murashige and Skoog (MS) medium supplemented with 2.0 mg/L KIN and 0.5 mg/L
IBA, and different inoculum sizes (2-4 g) for 10-24 days.

Results: The results showed that the optimum inoculum size and shaking speed were 3
g of callus and 120 rpm, respectively. The highest cell biomass reached was 5.833 g of
fresh weight, corresponding to 0.136 g of dry weight after 20 days of culture. The total
gypenoside and Rb1 accumulation was the highest after 18 days of culture, with 46.498
mg/g and 0.038 mg/g dry weight, respectively. In addition, the crude extract from GP
cell suspension cultures remarkably improved pathological changes in mouse testicular
tissue after scrotal heat exposure. Blood testosterone levels were significantly increased
in heat-exposed mice treated with the GP cell suspension culture extract.

Conclusion: Taken together, these results suggest that GP bio-mass production by cell
suspension cultures leads to the accumulation of gypenosides in large amounts, and
provides the potential for the recovery of spermatogenesis following heat stress.
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Introduction
Gynostemma pentaphyllum (Thunb.) Makino (GP)
belongs to the Gynostemma, Cucurbitaceae family, and
is a perennial creeping herb *. GP is a medicinal plant

Gypenosides, dammarane saponins isolated from
GP, are the most important bioactive compounds that
respond to their biological activities and clinical effects
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with potential pharmacological activities such as anti-
oxidant, antitumor, immunopotentiating, cholesterol-
lowering, hypoglycemic, and antidiabetic effects 2.
More than 180 gypenosides, flavonoids, and polysac-
charides have been isolated and characterized from GP
3, In Vietnam, GP has been used as a folk medicine to
treat cough and chronic bronchitis and is distributed
from plains to mountainous areas at altitudes of up to
2000 m 4,

Copyright © 2023, Avicenna Journal of Medical Biotechnology. All rights reserved.

45, The chemical structure of gypenosides closely re-
sembles that of the ginsenosides in Panax ginseng 2.
The eight saponins found in GP are similar to the pro-
topanaxadiol-type in Panax ginseng, including gin-
senosides Rb1 (Gypenoside I11), Rc, Rb3, Rd (Gypeno-
side VIII), F2, Rg3, malonyl-Rb1, and malonyl-Rd ®.
Numerous bioactive compounds are produced in
plants through the application of bioreactors to culti-
vate plant cells and organs. Plant cell culture in a bio-
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reactor has many advantages over classical tissue cul-
ture such as easy optimization of the real-time tempera-
ture, nutrients, oxygen concentration, and pH of the
medium. On the other hand, the cost and time con-
sumed are reduced, the quality of products is enhanced
without pesticide contamination, and production is in-
dependent of cultivation season or geographical con-
straints 6. However, there is limited information on
gypenoside production in GP cell culture 2. However,
in vitro gypenoside production has been reported, such
as in hairy root cultures 2 or calli ”. Gypenoside produc-
tion in cell suspension cultures has not been well stud-
ied.

GP extract has been reported to affect cell and ani-
mal models of several diseases such as chronic liver
disease &, dermal cell aging °, obesity *°, and cancer .
GP has been proposed to correlate with multiple signal-
ing pathways, including apoptosis, cell cycle arrest,
inhibition of glycolysis, immunomodulatory activity,
and antioxidant activity by upregulating SIRT1 and
regulating the EGFR/PI3K/Akt signaling pathway %2,
Furthermore, several clinical studies have shown that
the GP extract could have potent curative effects on
cancer %, chronic stressful conditions 3, treating obese
individuals !4, and improving body composition in
overweight males and females *°.

This study aimed to establish a suspension cell cul-
ture system of Gynostemma pentaphyllum for gypeno-
side production, analyze the gypenosides accumulated
in the cells, and investigate the effect of suspension cell
biomass extract on spermatogenesis in mice.

Materials and Methods
Cell suspension culture

GP calli were provided by the Laboratory of Gene
Technology, Institute of Biotechnology, Hue Universi-
ty, Vietnam 6. Cell suspension culture was conducted
by transferring 2 g of 30-day-old calli into a 250 ml
Erlenmeyer flask containing 50 ml of Murashige and
Skoog (MS) liquid medium supplemented with 2.0 mg/
L KIN and 0.5 mg/L IBA. The culture flasks were then
incubated at 25+2°C, shaking at 120 rpm . Suspen-
sion cells were harvested every two days, starting from
day 10 to day 24. The fresh cell biomass was filtered,
washed with distilled water, and weighed. Dry weight
was determined by drying the fresh biomass at 50°C
until a constant weight was achieved. Cell growth and
gypenoside accumulation during the culture period
were estimated.

To investigate the effects of inoculum size on gype-
noside accumulation, culture systems with different
inoculum sizes (2-4 g of calli per flack) were used.
Suspensions of cells were collected on the day with the
highest total gypenoside concentration, as previously
determined.

Quantification of gypenosides accumulation
Dried suspension cells of GP (0.5 g) were extracted

with 5 ml of 80% methanol, ultrasonicated for 30 min,
repeated three times, and evaporated at room tempera-
ture. The residues were resuspended in methanol and
filtered through a 0.22 um membrane. The gypenoside
solution was maintained at 4°C for further experiments
18
Total gypenosides quantification

The total gypenoside concentration was estimated
using colorimetric methods %2, Ten mg of gypeno-
sides residue were dissolved in 5 ml of 80% methanol.
Fifty pl of the solution was transferred to another test
tube and 0.25 ml of vanillin reagent (8% w/v) was add-
ed. The reaction solution was placed on ice and 2.5 ml
of 72% (v/v) sulfuric acid was added, mixed, and left
for 3 min. The test tubes were warmed to 60°C for 10
min and then cooled on ice. Absorbance was measured
at 544 nm using a UV-Vis scanning spectrophotometer
(Spectro UV-2650, Labomed, Inc.). The ginsenoside
content was calculated based on ginsenoside Rbl
(Y0001347, CRS) standard curves.

Rb1 quantification

The residue was resuspended in methanol to a final
concentration of approximately 5 mg/ml and filtered
(0.22 um). Rb1 content was determined by HPLC using
an Alliance E2695 system with a C18 column (4.6 mm
x250 mmx5 mm). The mobile phase consisted of water
(66%) and acetonitrile (34%) for 20 min, a column
temperature of 30°C, a flow rate of 0.8 ml/min, and an
injected volume of 20 pl. The signal was measured
using a PDA2998 detector at a wavelength of 203 nm
2L The Rb1 content was calculated based on the peak
area of the HPLC dendrogram compared to the stand-
ard Rb1.

Animal model for heat stress-induced spermatogenesis

The animal experimental protocol was reviewed and
approved by the Hue University of Medicine and Phar-
macy (certificate no. H2019/345). Adult male Swiss
mice, aged 8-10 weeks old (20-23 g), were purchased
from the Pasteur Institute of Nha Trang, Vietnam. Mice
were kept in an animal facility at a controlled tempera-
ture (25+1°C) and photoperiod (12 hr light: 12 hr dark)
with free access to food and water. The animals were
randomly divided into four groups of 10 mice each:
Control group (CON), 40°C Heat exposure group
(H40), 40°C heat exposure and treatment with extrac-
tion of natural products from GP at 200 mg/kg group
(H40+N), 40°C heat exposure and treatment with ex-
traction of biomass products from GP cell suspension
culture at 200 mg/kg group (H40+CS).

The heat-stress procedure was performed as de-
scribed in a previous study. In brief, the lower half of

the mouse's body, including the scrotum, was sub- .

merged in a temperature-controlled water bath at 40°C

for 10 min, twice per day, at 10 min intervals, 6 days [l

per week for 5 weeks. Control mice were treated in the
same way but in a water bath maintained at 25°C. After
the bath, the mice were dried and examined for any
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injury or redness of the scrotal skin before being re-
turned to their cages. Mice in the four groups were
housed in different cages and had free access to water
and food. All animals were cared for under identical
environmental conditions. Mice were monitored for
general health. After completing the heat exposure ex-
periment for five weeks, all mice were sacrificed under
anesthesia. Blood and testicular tissues were harvested
for testosterone and histological morphometric anal-
yses.

Tissue processing and hematoxylin-eosin staining

At the end of the surgical procedure, testicular spec-
imens were individually immersed in 4% buffered
formaldehyde, dehydrated with graded concentrations
of ethyl alcohol, and embedded into paraffin blocks.
Paraffin sections 5 um thick were obtained and trans-
ferred onto gelatin-coated slides, deparaffinized with
xylene, and then rehydrated through a descending se-
ries of ethanol and water. The slides were stained with
Hematoxylin and Eosin (H&E) and observed under a
light microscope for histopathological analysis.

Blood sampling and plasma testosterone assays

Blood samples were harvested from anesthetized
mice by heart puncture using a syringe and collected in
EDTA blood collection tubes. Serum was obtained
after centrifugation at 2000 rpm at 4°C for 20 min.
Plasma testosterone concentration was measured by
electrochemiluminescence immunoassay using Elecsys
Testosterone 11 (05200067190; Roche, Basel, Switzer-
land), according to the manufacturer’s instructions.

Statistical analysis

All cell culture and gypenoside quantification exper-
iments were repeated thrice. Means were compared
using one-way analysis of variance (ANOVA), fol-
lowed by Duncan’s test (p<0.05).

Results

Biomass production by suspension cell cultures

A preliminary investigation of the growth of GP
suspension cells showed that the growth rate was low
during 0-10 days of culture, in which fresh biomass
increased from 2.000 to 2.280 g/flask (data not shown).
Thus, cell biomass and gypenoside content were esti-
mated only after 10 days of incubation. As shown in
figure 1, the cell biomass increased continuously from
10 to 20 days of culture. The highest fresh biomass
reached was 3.780 g/flask (0.087 g dry biomass). Cell
biomass accumulation dramatically decreased, accu-
mulating only 3.010 g and 0.059 g of fresh and dry
weight, respectively, after 24 days of culture.

Kinetic gypenosides accumulation in cell suspension culture

The accumulation of Rb1 and gypenosides in sus-
pension cells reached the highest value 2-4 days earlier
than biomass accumulation (Table 1). The total gype-
nosides increased from day 10 to day 18, reaching a
maximum of 42.122 mg/g dry weight, and then de-
creased after 20 days of cultivation. There were no
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Figure 1. Cell growth kinetics and biomass accumulation of Gyno-
stemma pentaphyllum using cell suspension culture.

A) Gynostemma pentaphyllum suspension cell culture, B) Fresh
biomass accumulation, C) and dried biomass, D) Growth kinetics
curves of fresh and dry weights of suspension cells in MS liquid
medium supplemented with 2.0 mg/L KIN and 0.5 mg/I IBA on cul-
turing days.

Table 1. Gypenosides accumulation in cell suspension culture

Cultivation time Rb1 Total gypenosides
(days) (mg/g dry weight) (mg/g dry weight)
10 0.010¢ 28.291
12 0.0114 30.343°¢
14 0.0124 36.210°
16 0.022°¢ 413212
18 0.0492 42.122*
20 0.050 2 34.100 ¢
22 0.0412 25510 ¢
24 0.024 ¢ 24,0811

Different letters (a, b, c, ...) in each column indicate significantly different
means (Duncan’s test, p<0.05).

significant differences in gypenoside concentration
between days 16 and 18. The biosynthesis of Rb1 was
not relevant to gypenoside accumulation. Gypenoside
content in cells increased from 10 to 18 days to a max-
imum of 42.122 mg/g dry weight. Meanwhile, Rbl
content was maintained in the cell until day 20, and
then decreased sharply from days 22 to 24.

Optimization of culture conditions for gypenosides biosyn-
thesis

Table 2 shows the data on the growth and gypeno-
side accumulation of 16-20-day suspension cell lines
that differed in inoculum sizes (2-4 g callus). The re-
sults indicated that the fresh biomass reached the high-
est value on day 20 when the inoculum sizes were 2
and 3 g. Meanwhile, the biomass reached its highest
value earlier with 4 g inoculum. Increasing the inocu-
lum size to 3 g and 4 g also enhanced biomass accumu-
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Table 2. Effects of inoculum sizes on cells growth and gypenosides accumulation

Inoculum size (g) Cultivation time Fw Dw Rbl ) Gypenosid_es
(days) (g/flack) (g/flack) (mg/g dry weight) (mg/g dry weight)

16 3.602 ¢ 0.069 ¢ 0.022° 41.320°

2 18 3.661°¢ 0.082° 0.0492 42.876°
20 3.781°¢ 0.087° 0.050? 34.103 ¢
16 4.660° 0.1222 0.019°¢ 32.291°¢

3 18 5.392° 0.128® 0.038° 46.498 2
20 5.8332 0.136? 0.029 ¢ 43.439°
16 5.1892 0.1292 0.020°¢ 33.169 ¢

4 18 5.430* 0.130? 0.021°¢ 34.520°¢
20 4570° 0.112° 0.019° 31.981°¢

Different letters (a, b, c, ...) in each column indicate significantly different means (Duncan’s test, p<0.05).

lation in comparison with an inoculum size of 2 g,
reaching 5.833 g, 5.430 g, and 3.781 g, respectively.
The data suggest that cell growth may require a certain
initial density of cells, where lower or higher inoculum
sizes inhibit the growth of the suspension cell culture.
HPLC analysis of gypenoside showed the highest con-
centration of 46.498 mg/g dry weight after 18 days of
culture with an inoculum size of 3 g. In contrast, the
highest Rb1 concentration was observed in the culture
system with 2 g of inoculum. The present study sug-
gests that the inoculum size of the GP suspension cell
culture may vary depending on the research purpose
where gypenodises or Rb1 production is targeted.

Cell biomass of GP cell recovery of spermatogenesis after
heat stress

Control mice without heat exposure and those who
didn't receive GP extract showed histopathology of
normal testicles with the complete process of spermat-
ogenesis in which progenitor spermatogonia developed
into mature spermatozoa in the seminiferous tubules
(Figure 2A). Meanwhile, chronic heat exposure at
40°C for 5 weeks (H40 group) impaired the histologi-
cal architecture of the testicular tissue, and spermato-
genesis was completely arrested. The testicular histol-
ogy of the heat-exposed group exhibited degenerated
and disorganized features of spermatogenic epithelium
and reduced spermatogenic cell numbers (Figure 2B).
Heat-exposed mice receiving GP extract from natural
plants (H40+N group) or cell suspension cultures
(H40+CS group) showed histological recovery of tes-
ticular tissue compared to those in the heat-stress expo-
sure group. Several round and elongated spermatids
were found in the spermatogenic epithelium near the
lumen. Spermatogenesis was ameliorated with the dif-
ferentiation process that occurs in the seminiferous
epithelium observed in the testis of heat-exposure mice
receiving GP extract (Figures 2C and D).

Plasma testosterone assay was performed to assess
spermatogenesis. Figure 2E shows that GP extract at-
tenuated the heat stress-induced disruption of spermat-
ogenesis. Control mice had higher levels of plasma

=

Testosteron ng/ml

Con H40 H40+N H40+CS
Figure 2. Attenuation of heat-stress-induced spermatogenesis com-
plications by GP extract in mice. A) Normal spermatogenesis in the
seminiferous tubules in the testes of the control group (CON). B)
Spermatogenesis in seminiferous tubules disruption in heat stress-
induced mice at 40°C (H40). C) Extraction of natural products from
plant recovery spermatogenesis (H40+N). D) Extraction of biomass
products from cell suspension culture recovered spermatogenesis
(H40+CS). E) The extraction of natural products from plants and
biomass products from cell suspension cultures recovers blood testo-
sterone levels. Le: Leydig cells, Se: Sertoli cells, Sg: Spermatogonia,
Sc: Spermatocytes, rs: round spermatids, es: elongating spermatids,
S: Spermatozoa

testosterone than those exposed to heat. Chronic heat
exposure at 40°C for five weeks significantly sup-
pressed serum testosterone levels. Heat exposure may
disrupt testosterone biosynthesis in mice. Interestingly,
GP extract from natural plants and cell suspension cul-
ture significantly increased plasma testosterone levels
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compared to those in mice that received only heat
stress. There was no significant difference in testos-
terone levels in mice that received the GP extract from
natural plants or cell suspension cultures.

Discussion

Plant cell suspension culture in a bioreactor, an in-
cessant, sustainable, economical, and viable produc-
tion of secondary metabolites, has been considered a
powerful tool for the production of bioactive com-
pounds from medicinal plants 2. Numerous com-
pounds in medicinal plants are produced through plant
tissue culture, such as catechin from Ajuga bracteosa 2
and eurycomanone from Eurycoma longi-folia 24, Pro-
duction of high-value active secondary metabolites at
the industry al level, such as shikonin, berberine, and
sanguinarine, has been achieved in cell cultures of
Lithospermum erythrorhizon, Coptis japonica, and
Papaver somniferum, respectively 2.

Only a few studies have been conducted on the ac-
cumulation of bioactive metabolites in in vitro cultures
of Gynostemma pentaphyllum (G. penta-phyllum). For
example, Chang et al established a hairy root culture
system of G. pentaphyllum and found that the dry bio-
mass of hairy roots grown in MS medium for 49 days
was 7.3 g/L with a gypenoside content of 38 mg/g dry
weight 2. Gypenoside is also produced from the callus
culture of G. pentaphyllum 76, Gy-penoside produc-
tion has not been well studied, except for the first re-
sults of our studies 2627,

Our data confirmed that both gypenosides and Rb1l
accumulated the most after 18 days of suspension cell
culture. Thus, further gypenoside and Rbl accumul-
ation studies were conducted on suspension cells har-
vested after 18 days of culture. Moreover, gypeno-
sides in a cell line are higher than those of callus and
stem 16, and similar to a hairy root in a previous report
2

In particular, inoculum size had a positive effect on
biomass and metabolite production up to an optimum
concentration 28, In this study, the optimal inoculum
size for biomass accumulation and gypenoside pro-
duction was 3 g of callus per 50 ml culture medium
(6% w/v), which is similar to that reported by Loc et al
for the production of madecassoside in Centella asiati-
ca (L.) suspension cell culture 2, Nhan et al also found
that an inoculum size of 6% (w/v) is optimal for eury-
comanone biosynthesis in long jack (Eurycoma longi-
folia) suspension cells culture 24 In other reports, the
optimal initial inoculum sizes for secondary meta-bolic
compound production were lower, such as 2% for fla-
vonoid production from Ficus deltoidea var. kun-stleri
cell ¥, or 3.2% in anthocyanin production from Vitis
vinifera cell %,

Our histological examination and plasma testoster-
one analysis indicated that both GP extract from na-
tural plants and cell suspension culture attenuated heat
stress-induced damage to testicular tissue and sperma-

togenesis complications. For centuries, many herbs
have been used by humans in folk medicine as thera-
peutics for male reproductive impairment, such as bio-
active compounds (Curcumin, Ellagic Acid, Vitamin
C, Vitamin E) and natural products with bioactive
compounds (Garlic, Ginger, Grape, Green Tea) 3. Heat
stress can negatively affect male reproduction in
mammals. Arun et al showed that Phyllanthus emblica
leaf extract protects against testicular damage in rats
with chronic stress by changing to functional proteins,
especially testicular tyrosine-phosphorylated proteins
32, Green tea extract (Camellia sinensis) has been re-
ported to lead to better recovery of sperm motility and
morphology after testicular heat shock in rats 3. Hou et
al show that twenty-five herbs in the Duzhong Bu-
tiansu prescription improved heat stress-induced sper-
matogenic disorders by regulating sperm formation and
the HSF/Hsp70 signaling pathway 34,

Conclusion

In conclusion, the highest gypenoside concentration
in suspension cells obtained in the 50 ml MS liquid
medium culture system contained 3 g of inoculum size
and a shaking speed of 120 rpm. The total gypenosides
and Rb1 accumulation reach their highest after 18 days
of culture with 46.498 mg/g and 0.038 mg/g dry
weight, respectively. This study provides evidence for
the efficient use of GP suspension cells to accelerate
the production of gypenosides and Rb1. GP cell sus-
pension biomass extract attenuates heat stress-induced
disruption of spermatogenesis in seminiferous tubules
and plasma testosterone level.

Acknowledgement
This work was partially supported by Hue Univer-
sity under the Core Research Program Grant No. NCM.
DHH2020.12. We thank the reviewer and approval by
the Hue University of Medicine and pharmacy ethics
committee.

Conflict of Interest
No conflict of interest.

References

1. Lee KH. Jiaogulan: China's “Immortality Herb”. Journal
of Natural Products 2000;63:431.

2. Chang CK, Chang KS, Lin YC, Liu SY, Chen CY. Hairy
root cultures of Gynostemma pentaphyllum (Thunb.)
Makino: a promising approach for the production of gy-
penosides as an alternative of ginseng saponins. Bio-
technol Lett 2005 Aug;27:1165-9.

3. Chen PY, Chang CC, Huang HC, Zhang LJ, Liaw CC,
Lin YC, et al. New dammarane-type saponins from
Gynostemma pentaphyllum. Molecules 2019 Apr 8;24
(7):1375.

4. Ky PT, Huong PT, My TK, Anh PT, Van Kiem P, Van
Minh C, et al. Dammarane-type saponins from Gynos-

Avicenna Journal of Medical Biotechnology, Vol. 15, No. 4, October-December 2023



10.

11.

12.

13.

14.

15.

16.

17.

Nguyen-Thanh T, et o/

temma pentaphyllum. Phytochemistry 2010 Jun 1;71(8-
9):994-1001.

Razmovski-Naumovski V, Huang TH, Tran VH, Li GQ,
Duke CC, Roufogalis BD. Chemistry and pharmacology
of Gynostemma pentaphyllum. Phytochemistry Review
2005 Jul;4:197-219.

Wang J, Gao WY, Zhang J, Zuo BM, Zhang LM, Huang
LQ. Production of ginsenoside and polysaccharide by
two-stage cultivation of Panax quinquefolium L. cells. In
Vitro Cellular & Developmental Biology-Plant. 2012
Feb;48:107-12.

Zhonghua A, Zhangzheng Q. Effect of some stress fac-
tors on gypenoside accumulation in callus of Gyno-
stemma pentaphyllum. Chin J Appl Environ Biol 1998;
4:10-14.

Hong M, Cai Z, Song L, Liu Y, Wang Q, Feng X.
Gynostemma pentaphyllum attenuates the progression of
nonalcoholic fatty liver disease in mice: a biomedical
investigation integrated with in silico assay. Evid Based
Complement Alternat Med 2018 Mar 21;2018.

Lobo SN, Qi YQ, Liu QZ. The effect of Gynostemma
pentaphyllum extract on mouse dermal fibroblasts. ISRN
Dermatol 2014;2014.

Lee HS, Lim SM, Jung JI, Kim SM, Lee JK, Kim YH, et
al. Gynostemma pentaphyllum extract ameliorates high-
fat diet-induced obesity in C57BL/6N mice by upre-
gulating SIRT1. Nutrients 2019 Oct 15;11(10):2475.

Li Y, Lin W, Huang J, Xie Y, Ma W. Anti-cancer effects
of Gynostemma pentaphyllum (thunb.) makino (jiao-
gulan). Chin Med 2016 Dec;11(1):43.

Zhang Y, Shi G, Luo Z, Wang J, Wu S, Zhang X, Zhao
Y. Activity components from Gynostemma penta-
phyllum for preventing hepatic fibrosis and of its mole-
cular targets by network pharmacology approach. Mole-
cules 2021 May 18;26(10):3006.

Choi EK, Won YH, Kim SY, Noh SO, Park SH, Jung SJ,
Lee CK, Hwang BY, Lee MK, Ha KC, Baek HI. Sup-
plementation with extract of Gynostemma pentaphyllum
leaves reduces anxiety in healthy subjects with chronic
psychological stress: A randomized, double-blind, pla-
cebo-controlled clinical trial. Phytomedicine. 2019 Jan
1;52:198-205.

Park SH, Huh TL, Kim SY, Oh MR, Tirupathi Pichiah
PB, Chae SW, et al. Antiobesity effect of Gynostemma
pentaphyllum extract (actiponin): a randomized, double-
blind, placebo-controlled trial. Obesity 2014 Jan;22(1):
63-71.

Rao A, Clayton P, Briskey D. The effect of an
orally-dosed Gynostemma pentaphyllum extract (Activ-
AMP®) on body composition in overweight, adult men
and women: A double-blind, randomised, placebo-
controlled study. J Hum Nutr Diet 2022 Jun;35(3):583-9.

Quang HT, Thi PTD, Lan TT, Thuy PMT, Hoang VD,
Kim PTA. [Effects of culture medium on callus growth
of Gynostemma pentaphyllum (Thunb.) Makino - a
valuable medicinal plant]. Hue University Journal of
Science: Natural Science 2021;130:127-37. Vietnamese.

Haida Z, Syahida A, Ariff SM, Maziah M, Hakiman M.
Factors affecting cell biomass and flavonoid production

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

of Ficus deltoidea var. kunstleri in cell suspension culture
system. Sci Rep. 2019 Jul 2;9(1):9533.

Wu Q, Jang M, Piao XL. Determination by UPLC-MS of
four dammarane-type saponins from heat-processed Gy-
nostemma pentaphyllum. Biosci Biotechnol Biochem
2014 Feb 1;78(2):311-6.

Goel N, Sirohi SK, Dwivedi J. Estimation of total
saponins and evaluate their effect on in vitro methano-
genesis and rumen fermentation pattern in wheat straw
based diet. Journal of Advanced Veterinary Research
2012 Apr 1;2(2):120-6.

Hiai S, Oura H, Nakajima T. Color reaction of some
sapogenins and saponins with vanillin and sulfurlc acid.
Planta Med 1976 Mar;29(02):116-22.

Liu F, Ren D, Guo DA, Pan Y, Zhang H, Hu P. Method
development for gypenosides fingerprint by high per-
formance liquid chromatography with diode-array detec-
tion and the addition of internal standard. Chem Pharm
Bull 2008 Mar 1;56(3):389-93.

Chandran H, Meena , Barupal T, Sharma K. Plant tissue
culture as a perpetual source for production of indus-
trially important bioactive compounds. Biotechnol Rep
(Amst) (Amsterdam, Netherlands) 2020, 26, e00450-
€00450.

Ali H, Khan MA, Kayani WK, Dilshad E, Rani R, Khan
RS. Production of biomass and medicinal metabolites
through adventitious roots in Ajuga bracteosa under
different spectral lights. J Photochem Photobiol B 2019
Apr 1;193:109-17.

Nhan NH, Loc NH. Enhancement of eurycomanone bio-
synthesis in cell culture of longjack (Eurycoma longi-
folia) by elicitor treatment. Journal of Plant Biotechno-
logy 2018;45: 340-6.

Rao SR, Ravishankar GA. Plant cell cultures: chemical
factories of secondary metabolites. Biotechnol Adv 2002
May 1;20(2):101-53.

Anh TT, Thi PT, Lan TT, Dung TQ, Vu NQ, Phuong TT,
Quang HT. Affect of culture conditions on growth and
accumulation of saponin Rbl in Gynostemma penta-
phyllum (Thunb.) Makino suspension cells. InProc.
Vietnam. Natl. Conf. Biotechnol 2020 (pp. 885-890).

Thanh TN, Thi DT, Ngoc SD, Do Thi T, Tan QH.
Biomass accumulation of Gynostemma pentaphyllum
(Thunb.) Makino in cell suspension cultures inhibiting
human cancer cell growth. Research Journal of Bio-
technology Vol. 2022 Mar;17:3.

Gorret N, bin Rosli SK, Oppenheim SF, Willis LB,
Lessard PA, Rha C, et al. Bioreactor culture of oil palm
(Elaeis guineensis) and effects of nitrogen source, ino-
culum size, and conditioned medium on biomass pro-
duction. J Biotechnol 2004 Mar 18;108(3):253-63.

Loc NH, Giang NT, Huy ND, Lan TT. Accumulation of
madecassoside-a major component of centelloside-in
centella (Centella asiatica (L.) Urban) cells elicited by
salicylic acid. Periodicum Biologorum 2017 Apr 24;119
1).

Jun-Ge QU, Zhang W, Quan-Li HU, Mei-Fang JI.
[Impact of subculture cycles and inoculum sizes on

Avicenna Journal of Medical Biotechnology, Vol. 15, No. 4, October-December 2023

221



222

31.

32.

Cell Suspension Cultures and Spermatogenesis Recovery Potentials of Gynostemma pentaphyllum

suspension cultures of Vitis vinifera]. Sheng Wu Gong
Cheng Xue Bao 2006 Nov;22(6):984-9. Chinese.

Martins RV, Silva AM, Duarte AP, Socorro S, Correia S,
Maia CJ. Natural products as protective agents for male
fertility. BioChem 2021 Sep 28;1(3):122-47.

Arun S, Burawat J, Yannasithinon S, Sukhorum W, Lim-
pongsa A, lamsaard S. Phyllanthus emblica leaf extract
ameliorates testicular damage in rats with chronic stress.
J Zhejiang Univ Sci B 2018 Dec;19(12):948.

33.

34.

Vieira JI, Silva TA, Barbosa WM, Azevédo GL, Arruda
LC, Guerra MM, et al. Effect of green tea extract
(Camellia sinensis) on the spermatic parameters of
Wistar rats submitted or not to testicular heat shock.
Anim Reprod 2020 Jun 5;17(2):20190049.

Hou Y, Yuan P, Fu Y, Zhang Q, Wei Y, Gao L, et al.
Duzhong butiansu prescription improves heat stress-
induced spermatogenic dysfunction by regulating sperm
formation and heat stress pathway. Evid Based Com-
plement Alternat Med 2020 Feb 27;2020:6723204.

Avicenna Journal of Medical Biotechnology, Vol. 15, No. 4, October-December 2023



Tap chi Khoa hoc Pai hoc Hué: Néng nghiép va Phat trién Néng thon
pISSN: 2588-1191; eISSN: 2615-9708
Tap 134, S6 3A, 2025, Tr. 119-129, DOI: 10.26459/hueunijard.v134i3A.7717

NGHIEN CUU SAN XUAT SINH KHOI VA GYPENOSIDE TU
NUOI CAY TE BAO CAY GIAO CO LAM
(Gynostemma pentaphyllum)

Ding Ngoc Sang! 2, Pham Thi Diém Thi?, Tran Thi Thoa?,
Tran Qudc Dung?, Hoang Tan Quang! *

1Vién Coéng nghé sinh hoc, Dai hoc Hué, Nguyén Pinh T&, Hué, Viét Nam
2Truong THPT Chuyén V& Nguyén Giap, Tran Quang Khai, Déng Héi, Quang Binh, Viét Nam
3Truong Pai hoc Sw pham, Dai hoc Hué, 34 Lé Loi, Hué, Viét Nam

* Tac gia lién hé: Hoang Tan Quang <htquang@hueuni.edu.vn>
(Ngay nhdn bai: 9-01-2025; Ngay chdp nhin ding: 20-2-2025)

Tém tat. Giao c6 lam (Gynostemma pentaphyllum (Thunb.) Makino) duoc stt dung nhie mét loai dwoc liéu hay
lam tra uéng voi tac dung giam md mdu. Gido cd lam con c6 nhiéu tac dung cé 1oi nhw ha duong huyét,
chéng ung thw, bao vé tim mach, gan va than kinh, chong ti€u duong va viém. Thanh phan c6 hoat tinh sinh
hoc chinh la flavonoid va saponin. Trong nghién cttu nay, xac dinh moéi truong nudi cdy pht hop va thie
nghiém nubi cdy trong bioreactor t& bao huyén phu d€ san xuét sinh khéi va gypenoside da duoc thuc hién.
Khi nuoi cdy trong binh tam gidc, méi truong nudi cdy t&'bao gido ¢d lam tot nhat 1a MS co ban bd sung 2
mg/L KIN két hop 0,5 mg/L IBA, sucrose 3% véi sinh khoi tuoi dat 3,693 g/50 mL mdi treong, ham luong
gypenoside dat 40,240 mg/g va Rb1 dat 0,041 mg/g kho sau 18 ngay nudi cay. Thir nghiém nubi cdy trong
bioreactor chita 6 L méi truong cho thdy sinh khéi t&'bao dat cao nhéat sau 18 ngay, v6i 45,611 g twoi. Trong
khi d6, ham luong gypenoside va Rb1 dat cao nhét vao ngay thit 16, véi gia tri twong ting 1a 40,090 mg/g va
0,038 mg/g khd. Két qua nghién cttu cho thdy c thé€ nubi té bao huyén pht cay Gido b lam dé€ san xuét sinh

khoi, cung cap nguyén liéu cho qud trinh san xuét gypenoside.

Tt khoa: bioreactor, gido c& lam Gynostemma pentaphyllum, gypenoside, t& bao huyén phu
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Abstract. Gynostemma pentaphyllum (Thunb.) Makino can be used for both medicinal and tea and has lipid-
lowering properties. It has many beneficial effects such as hypolipidemic, anti-cancer, cardioprotective,
hepatoprotective, neuroprotective, anti-diabetic and anti-inflammatory. Its main bioactive components are
flavonoids and saponins. In this study, determining a suitable culture medium and testing the bioreactor
culture of suspension cells for biomass and gypenoside production were performed. In Erlenmeyer flasks
cultivation, the suitable culture medium is basic MS supplemented with 2 mg/L KIN combined with 0.5
mg/L IBA, 3% sucrose with fresh biomass value of 3.693 g/50 mL medium, gypenoside and Rb1 content
reached 40.240 mg/g and 0.041 mg/g dry weight after 18 days of culture, respectively. Preliminary
cultivation in bioreactor containing 6 L of medium showed that fresh cell biomass reached the highest after
18 days, reaching 45,611 g. Meanwhile, gypenoside and Rb1 content reached the highest on day 16, with
values of 40.090 mg/g and 0.038 mg/g dry weight, respectively. The results show that it is possible to grow
suspension cell of jiaogulan in bioreactor to produce biomass, providing raw materials for the gypenoside

pI'OdLICtiOI‘l process.

Keywords: bioreactor, jiaogulan, Gynostemma pentaphyllum, gypenoside, suspenssion cell

1  Datvan dé

Giao ¢ lam (Gynostemma pentaphyllum (Thunb.) Makino) 1a mét loai dwgc liéu quy thude
ho Bau bi (Cucurbitaceae), phan b6 rong rai tai Trung Qudc, Nhat Ban, Han Qudc va cac quoc gia
Dong Nam A, trong d6 c6 Viét Nam [1]. Giao c6 lam c6 tac dung ha duong huyét, chong oxi hoa,
bao vé t&'bao gan, giam cholesterol va triglycerol trong mau, ... [2]. Thanh phan hoat tinh sinh
hoc chinh la flavonoid va saponin, trong dé saponin dang dammarane-triterpene duoc cho la
thanh phan c6 vai tro chinh [2, 3]. Hién nay, c6 hon 180 loai saponin duoc tim thay trong cay Giao
0 lam, duoc goi chung la gypenoside; trong d6 nhiéu thanh phan c6 cau truc giong véi saponin

ctia nhan sam (Panax ginseng) [4].

Do ¢6 vai tro twong tu nhan sam nhung gia thanh ré hon, nén Giao c¢6 lam dugc xem la
ngudn duoc liéu thay thé nhan sam day trién vong [5]. Tuy nhién, ngudn Giao cd lam trong tw

nhién da va dang bi khai thdc qua mic dan dén khan hiém. Theo sdch d6 Viét Nam nam 2007,
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Giao cd lam dugc xép vao nhdm nguy cap (EN Ala, ¢, d). Do d6, viéc nghién ctru d€ tao ra ngudn
nguyén liéu in vitro thay thé cay Giao c6 lam ty nhién la can thiét. Trong d6, nudi cdy huyén phu
t&’bao duoc xem 1a giai phap hiéu qua va da duwoc ap dung thanh céng trén nhiéu doi twong khac
nhau [6].

Nudi cdy t&€bao huyén pht c6 nhiéu lgi thé’hon so véi khai thac cay tu nhién nhu san xuat
cac hop chat thit cap cé hoat tinh sinh hoc cao, cht dong trong cung cap nguyén liéu, khéng bi
nhiém ban boi thudc trir siu, thudc diét co, can it dién tich san xuat, ... [7]. Mot sd tac gia trén thé
gioi da nghién cttu nudi cdy callus cay Gido cd lam nhu Jala va cs. [8] hay Ao va cs. [9], tuy nhién,
cac budce tiép theo vé€ nudi cdy huyén phu té bao cay nay chuwa duoc cac tac gia trén thyc hién.
Trong thoi gian qua, nhém nghién cttu ctia chung t6i da tao va nudi cdy thanh cong t€'bao huyén
phu cay Giao cd lam, mot s6 yéu t6 diéu kién nudi cay ciing da duoc xac dinh nhu ty 1€ tiép giong,
tdc d6 lac, thoi gian nuodi, ... Trong d6, cc loai gypenoside, déc biét 1a Rb1, da dwoc chitng minh
la xuat hién trong t€ bao huyén phu [10, 11]. Trong bai bao nay, ching toi tiép tuc trinh bay cac
két qua nghién cttu xac dinh méi treong nudi cdy t€ bao va két qua budc ddu vé nudi cdy t&bao

huyén phu cay Giao ¢6 lam trong bioreactor.

2 Vatliéu va phuwong phap nghién cttu
Vat liéu

Té&€ bao huyén phu cay Giao c¢6 lam 5 1a (Gynostemma pentaphyllum (Thunb) Makino) hinh
thanh tw cay in vitro, day la cay c6 ngudn goc tw nhién tai xa Tra Nam, huyén Nam Tra My, tinh
Quang Nam [12].
Phuwong phap nghién cttu

Anh huéng cta chit diéu hoa sinh tredng dén sinh treong va tich lily gypenoside

Nudi cay t& bao huyén phit dugc thuc hién bang cach cay chuyén 2 g callus (30 ngay tudi)
vao binh tam giac 250 mL chita 50 mL moi truong 1ong, tdc dd lac 1a 120 vong/phit trén may lac
SM 30A (Edmund Bubhler, Dtc) [10] d€ danh gia anh hwong ctia chat diéu hoa sinh truong va
nguodn carbon dén kha nang sinh trudng va tich liiy gypenoside ctia té’ bao huyén phu.

- Chat diéu hoa sinh trueong: phoi hop gitta 0,5 mg/L IBA (3-indolebutyric acid) va cac
cytokinin riéng lé la BAP (6-benzylaminopurine - BAP) hodc KIN (Kinetin) ¢ cac nong d6 1,0-3,0
mg/L tuong tw nhu trong thi nghiém d6i véi callus [12].

- Ngudn carbon: bao gdm sucrose, glucose, fructose, galactose, lactose va glycerol dugc bé
sung riéng l1é vao moéi treong nudi cdy huyén phu té'bao 6 nong do 3%.

Tat ca cac thi nghiém nudi cdy dwgc tién hanh tai Phong thi nghiém Cong nghé Gen, Vién
Cong nghé sinh hoc, Dai hoc Hué, nhiét d6 phong nudi 25 + 2 °C, chu ky chiéu sang 12h/12h
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sang/tdi, cuong do chiéu sang 2.000 lux. M6i treong nudi cay la moi treong Murashige va Skoog,
1962 (MS) [13] co ban c6 chita 3% dwong sucrose, bd sung cac chat diéu hoa sinh truong khac
nhau tuy theo ting thi nghiém, pH 5,8 va dugc hap khtr trung ¢ 121 °C trong thoi gian 15 phut.

Sinh khoi t€'bao dwgc thu sau 18 ngay nudi cdy d€ xac dinh khoi luwong twoi va khoi lwgng
kho. T& bao dwoc loc va rira sach mdi trieong véi nwede cat bang hé thong loc chan khong, can dé
xac dinh trong leong twoi. T€bao sau d6 duoc sdy 6 50 °C dén trong luong khong doi, can dé xac
dinh trong luong kho [14].

Céc tiéu chi duoc st dung dé€ danh gia kha nang sinh trudng cua té bao huyén phu bao
gom khoi luong twoi, khoi lwong kho, va ham luwong gypenoside.

Th nghiém nuéi cdy trong bioreactor

Dbé thir nghiém kha nang sinh trueong va tich lity gypenoside cta t€ bao trong bioreactor,
ching t6i stt dung hé thong LiFlux GX (thé tich binh 14 lit, Hanil, Han Qudc) d€ tién hanh nudi
cay; thé tich nudi cay 6 lit, ty 1é tiép giong 10% (v/v) (twong dwong voi khoang 6 g khoi luong
twoi/L mdi truong), tdc do khudy 150 vong/phut, cac thong s6 khac duoc cai dat méc dinh [15].
Moéi truong st dung trong thir nghiém la moéi treong long tot nhat thu duoc trong thi nghiém
anh huong cua chét diéu hoa sinh treong. Diéu kién nhiét do, anh sang phong nuodi twong ty thi

nghiém nuoi cay té bao trong binh tam giac.

Dé danh giad anh hudng cta thoi gian nubi cady, mau duoc thu sau mdi hai ngay nuoi tir
ngay thit 10 (10 mL dich huyén pht, mbi 1an 18y 3 mau) thong qua van thu mau trén bioreactor,
cac chi tiéu dwoc danh gia bao gdm khoi luong twoi, khoi lwong kho va ham luong gypenoside.
Sinh khoi va sy sinh trudng ctia t€ bao trong hé 1én men duoc quy d6i tir sinh khéi twoi va sinh

khdi kho trong mdi 1an thu.

Xac dinh ham lwong gypenoside

Tich chiét gypenoside: Sinh khoi kho t€ bao Giao ¢6 lam (thu ttr binh nudi cdy hodc hé 1én
men) dugc st dung d€ tach chiét gypenoside theo ti 1& 0,5 g mau: 10 mL methanol 80% va siéu
am (S10H, Elmasonic) ¢ 40 °C trong thoi gian 30 phut, 1ap lai 3 1an. Dich chiét thu duoc dé bay
hoi dén kho ¢ 50 °C. Cao chiét dwoc can va tai hoa tan trong methanol dén nong d6 5 mg/mL, loc
qua mang loc 0,22 pum sau d6 bao quan ¢ 4 °C dé thyc hién céc thi nghiém tiép theo [16].

Xdc dinh ham lwgng gypenoside: Ham lueong gypenoside dugc xac dinh bang phan tmg mau
v6i vanillin. 50 uL dich chiét gypenoside dugc chuyén vao 6ng nghiém sau dé bé sung 250 pL
dung dich vanillin 8% (pha trong ethanol). Hdn hop phan ting duoc dit trong nuwde d4, tiép tuc
bd sung 2,5 mL sulphuric acid 72%, tron déu va dé trén da it nhat 3 phat. 6ng nghiém chita hén
hop phan ting dwgc lam néng dén 60 °C trong 10 phut sau d6 duwoc lam lanh trén nudc da. Phan
tng so mau duoc thuc hién trén may quang phd (UV-2650, Labomed, My) & budc song 544 nm.
Chat chuan duoc st dung trong phan tich la ginsenoside Rb1 (Rb1) (Y0001347, CRS) [17].
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Xdc dinh ham lwong Rb1: Rb1 duoc dinh luong bang phiong phap HPLC thuc hién trén hé
thong Alliance E2695 v6i cot Symmetry®C18 (4,6 mm x 250 mm x 5 mm). Pha dong bao gom nudc
va acetonitrile (34%) trong thoi gian 20 phut, nhiét d6 chay 30 °C, toc d¢ dong 0,8 mL/phdt, thé
tich chay 20 pL. Tin hiéu dwoc thu nhan béng dau do PDA2998 ¢ bude song 203 nm. Ham luong
Rb1 duoc xac dinh dua trén dién tich ctia peak c6 thoi gian luu trung véi peak chuan [17].

Xt ly thong ké

Céc thi nghiém duoc bd tri ng?lu nhién, mdi thi nghiém duoc lap lai 3 lan. Két qua thi
nghiém duoc tinh trung binh va phan tich ANOVA bang Duncan’s test v6i p < 0,05 st dung phan
mém SPSS ver 20.0.

3 K&t qua va thio luan

Anh hurong ctia chét diéu hoa sinh triedng 1én sinh truong va tich lily gypenoside cta t&

bao.

Trong qua trinh nuodi cay, cac diéu kién nudi cdy thuong duoc t6i vu cho sy sinh trueong
va san xuat hop chat thit cap cua t& bao. Sut lya chon cac thanh phan méi treong phtt hop dong
mot vai tro quan trong trong viéc san xuat hop chét thit cdp. Cac thanh phan dinh dudng da
lwong va vi lwong, vitamin, ngudn carbon, amino acid, cac chat diéu hoa sinh truwdng (cytokinin,
auxin) déu anh huong 1én qua trinh san xuat hgp chat th cap [18]. D€ tham do anh hudng cua
cac chat diéu hoa sinh truong 1én sinh triedng va tich Ity saponin cta té€'bao, chung toi sit dung
10 mdi treong voi cac t6 hop chéat diéu hoa sinh treong khéc nhau, két qua trinh duoc trinh bay
0 Bang 1.

Bang 1. Anh huodng ctia BAP hodc KIN két hop v6i 0,5 mg/L IBA 1én sinh trudng va tich lily gypenoside

BAP (mg/L) KIN (mg/L)  Khéilwong  Khdilugng kho Gypenoside Rb1
tuoi (g/binh) (g/binh) (mg/g kho) (mg/g kho)
1 - 3,203k 0,149 26,3604 0,025¢
1,5 - 2,822¢ 0,120¢ 34,601° 0,043
2 - 2,997k« 0,138° 34,932° 0,0492
2,5 - 3,501 0,1612 35,850° 0,0482
3 - 2,732¢ 0,113 25,0534 0,019¢
- 1 2,573 0,121¢ 23,2874 0,0254
- 1,5 2,860¢ 0,118¢ 40,9002 0,034¢
- 2 3,6932 0,1572 40,2402 0,041
- 2,5 3,274b 0,1442» 31,733¢ 0,032¢
- 3 2,369 0,095¢ 24,1904 0,013f

Chii thich: Cac chit cai khdc nhau trén cung mét cot chi sw sai khac ¢ y nghia thong ké ctia cac
trung binh mau véi p <0,05 (Duncan’s test).
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Vé sinh khéi, ¢6 2 méi truong cho sinh khoi cao nhét sau 18 ngay nudi cay, d6 1a méi truong
b sung 2,5 mg/L BAP két hop véi 0,5 mg/L IBA (sinh khoi twoi dat 3,501 g/binh) va moi truong
chita 2 mg/L KIN két hop 0,5 mg/L IBA (sinh khoi twoi dat 3,693 g/binh). Cac moi treong con lai
déu cho hiéu qua thap hon.

D6i voi qua trinh tich lity gypenoside, cac moi treong chira KIN va IBA ¢6 hiéu qua tich
lity cao hon cac moi treong chwa BAP va IBA, trong d6 nong dd KIN tir 1,5-2 mg/L cho hiéu qua
cao nhat (4041 mg gypenoside/g kho), ham lwgng Rb1 cao nhét thu duoc & moi treong chira
2 mg/L KIN két hop 0,5 mg/L IBA (0,041 mg/g kho).

Nhu vdy, sau khi tham do cac diéu kién nudi cdy, ching tdi nhan thdy moi truong chira
2 mg/L KIN két hop 0,5 mg/L IBA phut hgp nhét cho nudi ciy té€'bao cay Gido co lam, day ciing
chinh la méi treong t6t nhat khi nuodi cay callus [12].

Anh hudng ctia ngudn carbon 1én sinh triedng va tich lity gypenoside ctia t& bao.

Nguon carbon dugc bd sung vao moéi treong nudi cdy in vitro véi vai tro vira la nguén
nang luong, vira la chat di€u chinh 4p suat tham thau cua té'bao [19]. Ngoai ra, chung cing ¢
thé la phan tr tin hiéu va déng vai tro twong tu chat diéu hoa sinh trudng thuc vat, giup diéu
chinh qud trinh trao d&i chat, ting trueong va phat trién ctia t& bao bang su kich thich biéu hién
hodc ttc ché cac gene ma hoa enzyme [20]. Mdc du sucrose va glucose dugc st dung pho bién
trong nudi cay t& bao thyc vat. Tuy nhién, mdi loai lai thich hop véi mot ngudn carbon khac
nhau can cho qud trinh hinh thanh cac san pham trao d6i chat ctia ching. Trong nudi cay té
bao thuc vat, nhiéu loai duong don cling da dugc st dung nhu glucose, fructose, sorbitol,

galactose... [21]. Do d6, viéc khao sat ngudn cung cap carbon va nong d¢ thich hop la can thiét.

Trong nghién ctru ctia chung t6i, cac ngudn carbon dugc sit dung la sucrose, glucose,
fructose, galactose, lactose, va glycerol & nong do 3%. Két qua trinh bay ¢ Bang 2 cho thay
sucrose van 1a nguon carbon t6t nhat cho sinh treéng (3,641 g twoi/binh) va tich liiy gypenoside
ctia t&'bao (39,845 mg gypenoside/g khd), tiép theo 1a glucose. O tt ca cac ngudn carbon khéc,
t& bao déu sinh treong va tich liiy gypenoside khong tot bang.

Sucrose dugc xem la ngudn carbon thich hop nhat cho sinh trueong cua t€ bao thuce vat,
nodng do thuong dung la tir 20-70 g/L. Sucrose vira cung cap nang luwong vira la mot thanh phan
trong sinh tong hop cac chat thi cap. Téc do tang tredng sinh khoi thiee vat ludn lién quan triee
tiép tdi su tiéu thu sucrose. Vai tro cta sucrose trong viéc tang tich iy sinh khoi kho t€'bao ¢
thé do anh huong cua né 1én tubulin, mot protein chiu trach nhiém trong sinh trudng va phat
trién ctia t&€ bao. Trén moi treong ma tat ca cac nguon dinh dudng 6 muirc du thira, sy gia tang
ndng d6 sucrose sé dan dén tang sinh khéi kho. Tuy nhién, khi ndng d6 sucrose qua cao sé dan
dén 4p sudt tham thau vuot gidi han cho phép cua té'bao vi thé' anh hudng xau 1én sinh trudng
cua ching [22]. Trén mét s6 doi twong khac, nguon carbon t6t nhat cho sinh treong va tich lay
hop chat thit cdp khong phai 1a sucrose ma la cac loai duwong khéc. Chang han, fructose 5% gitup

tang sinh truwdng cta té' bao cay Morinda elliptica. Trong nudi cay t€bao cay ngd fructose dugc
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Bang 2. Anh hudng ctia ngudn carbon 1én sinh treong va tich liiy gypenoside

Nguén carbon Khdi luegng Khdi lwgng khé Gypenoside Rb1 (mg/g khd)
troi (g/binh) (g/binh) (mg/g kho)
Sucrose 3,6412 0,157 39,8452 0,037
Glucose 3,247° 0,106 22,3494 0,031°
Fructose 2,383¢ 0,095P 27,862¢ 0,030°
Galactose 2,795¢ 0,114° 15,033 0,034°
Lactose 2,311¢ 0,091b 31,397° 0,034°
Glycerol 2,471¢ 0,094° 29,905b¢ 0,031b

Chii thich: Cac chit cai khdc nhau trén cung mot cot chi sw sai khac ¢d y nghia thong ké cta cac
trung binh mau véi p < 0,05 (Duncan’s test).
van chuyén nhanh nhat, tiép dén la glucose va sau cung la sucrose. Mot s6 nghién ctru khéc
cting thu duoc két qua twong tw nhuw khi nudi cdy té' bao cua cay ca doc duoc la bac (Solanum

eleagnifolium), Ficus deltoide va day than thong (Tinospora cordifolia) [23].

Thit nghiém nuéi cdy t&€ bao trong bioreactor

Cac khoi callus Giao c¢6 lam trude khi nudi cdy trong bioreactor duoc chuyén vao nudi cdy
trong cac binh tam giac chita moéi treong long, day la budc chuyén tiép quan trong dé tao dich
huyén phu té bao. Sau 7 ngay nudi cay, sinh khoi t& bao Gido c¢6 lam chua tang trudong nhiéu,

khoi luong tuoi thu dwgc la khoang 3,1 g.

Trong 10 ngay dau ctua qua trinh nudi cdy, sinh khéi tuoi cua t€ bao tang cham, chi dat
38,860 g trong khi khoi lwong dau vao khoang 37,221 g. Sau qua trinh thich nghi ban dau, sinh
khéi t& bao tang nhanh trong nhitng ngay tiép theo, tir 38,860-45,611 g (1,341 - 1,792 g sinh khoi
kho), trong d6 sinh khoi dat dinh ¢ ngay th 18 (Hinh 1). Trong giai doan nay sinh khéi c¢6 mau
vang dam, két thanh nhiéu khdi nhé (Hinh 2). Sau giai doan nay té'bao bat dau chuyén sang giai
doan chét do dinh dudng trong binh nuoi cay bat dau can, sinh khdi twoi va khd cta t&' bao huyén
pht giam dan theo thoi gian (ttr 45,611 g tuoi giam xudng 41,370 g sau 4 ngay). T€ bao chuyén
mau dam hon. Sau 22 ngay nudi cay, chiing t6i tiéh hanh ding va thu sinh khoi. Cac mau sinh
kh&i kho thu timng giai doan duoc stt dung d€ phan tich ham luong gypenoside tich liiy. O thi
nghiém nuoi cay trong bioreactor, thé tich mau thu trong moi dot 1a 30 mL, chi chiém ty 1é nho

so0 voi thé tich nuoi (> 6 L) nén khdng anh hudong dén qua trinh sinh trueong cta té bao.
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A. T&bao sinh trudng trong bioreactor, B. Sinh khoi twoi, C. Sinh khoi kho. bar =1 cm
ay t&€'bao huyén phu Gido c§ lam trong bioreactor 12 lit

Sinh khoi kho thu dwgc tir cac ngay nudi cay khac nhau trong bioreactor duwoc chiét véi
methanol d€ thu gypenoside tong . Két qua phan tich ham luong gypenoside tich lity trong té&
bao huyén phu dugc thé hién & Bang 3.

Duong cong sinh trudng cuia t€ bao huyén phu Gido c6 lam nudi cay trong bioreactor tang
truong nhanh bat dau tir ngay thiz 10 ctia qud trinh nuoi cay. Trong khi d6, su tich liy gypenoside
tang nhanh va dat ciec dai & ngay nudi cay thit 16 véi ham luong dat tir 26,412-40,090 mg/g kho.
Sau d6, ham luong bat dau giam trong cac ngay nuoi cay tiép theo. Ham luong Rbl1 tich liy cling

dat cuee dai 0 ngay thit 16 (0,038 mg/g kho). Té bao thuc vat thuong co su tich lay nhi€u cac hop
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Bang 3. Anh hwong ctia thoi gian nudi cdy 1én qud trinh tich lily gypenoside ctia t&' bao huyén ph trong

bioreactor
Thoi gian nudi cdy (ngay) Gypenoside (mg/g kho) Rb1 (mg/g kho)
10 26,412 0,013
12 31,524 0,017
14 34,483 0,022
16 40,090 0,038
18 38,121 0,032
20 32,675 0,030
22 28,736 0,026

Chii thich: Cac chit cai khdc nhau trén cung mét cot chi sw sai khéc ¢é y nghia thong ké cta céc
trung binh mau véi p < 0,05 (Duncan’s test).
chat thit cap khi t&'bao chuan bi bude vao pha 6n dinh ctia qud trinh sinh truong. Trong pha sinh
trudng t&€ bao tap trung chat dinh dudng cho qua trinh phéan chia va nhan lén. Cu6i pha sinh
truong, t& bao tong hop nhiéu hop chét thit cAp nhdm bao vé t& bao tranh khéi nhitng tac dong
xau ttr mdi treong nhu sy can kiét ngudn dinh dudng, su tich lity nhiéu hon cac chat doc cua qua
trinh trao doi chét... [7].

4  Kétluan

Nudi té'bao huyén phu cay Giao cd lam c6 thé duoc thuc hién d€ san xuat sinh khoi, cung
cap nguyén liéu cho qua trinh san xuét gypenoside ¢ quy md bioreactor. Thit nghiém nuoi cay
trong bioreactor chita 6 L moi treong cho thay sinh khoi t& bao dat cao nhat sau 18 ngay, voi
45,611 g twoi. Trong khi d6, ham lugng gypenoside va Rb1 dat cao nhét vao ngay thi 16, véi gia
tri twong tng la 40,090 mg/g va 0,038 mg/g kho.
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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.



Ky yéu Hoi nghi Sinh 1y thyc vat Toan qudc lan thir 3 - 2025

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)

73

Populus euphratica XM 011015413 (predicted)
Hevea brasiliensis KM086719

—

a8

4&,—

—

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.

Xac suat
o
o

Al

200
Xuyén mang

400
ngoai bao

300
néi bao

Hinh 5. M6 hinh cu triic khong gian cia CYP89A2 duoc xay dung nhd TMHMM Server v. 2.0.

1

0.79

0.5

Nouwing —
Tiem nang ——

0.25

Tiém n#ng N-glycosyl hoa

’ l

0 100 200

300 400 500

Vi tri amino acid

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
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GENE ISOLATION, CHARACTERISTICS PREDICTION AND TRANSCRIPTION
LEVEL OF CYTOCHROME P450 GENE (CYP89A2) FROM Gynostemma pentaphyllum
(Thunb.) Makino
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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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Yéu cau, gop ¥ ciia Hi dong

Sira chira hodc bo luu

1

VE HINH THU'C TRONG LUAN
AN '

- Muc luc cin dinh dang lai dé dong
cudi khong bi sang 1 trang mai.

Giai trinh, chinh sira:

- NCS da dinh dang lai myc lyc dé
dong cubi khong bi sang 1 trang
moi.

- Yéu cau vé chinh stra, bd sung,
thay thé cho hinh anh bi mo, thiéu
chu thich, Viét héa

- NCS d4 thay thé c4c hinh anh mo
bing hinh anh c6 do phan gii tét
hon. B6 sung Viét héa, bd sung chu
thich cho céc hinh anh, bidu db.




- Danh muc hinh cin dinh dang lai
dé giam nhing dong cudi sang 1
trang moi.

- NCS da dinh dang lai danh muc
hinh dé giam nhiing dong cubi sang
trang mai.

- Danh myc céc tir viét tat tich riéng
sang trang mai.

- NCS da tach riéng danh muc céc tur
viét tht sang trang mai.

- Can ra soat va thdng nhét 1 dinh
dang trich din d& hoan thién luan
van.

- NCS d4 ra so4t lai va thong nhat 1
dinh dang trich dan.

- Can ra so4t va sép xép lai danh muc
tai liéu tham khao theo dung trinh tu
trich dan (tang dan). Hién nay, mot
50 trich dan trong néi dung luén 4n
va danh muc tham khao chua dam
bao tinh dong nhét vé tht tu

- NCS da ra so4t va sap xép lai danh
muc tai liéu tham khao theo thir tu
alphabet va trich dan theo thi tu d6.

- Hinh 1.3; 1.4 md can lam lai.
Tuong tu ra soat tit ca cc hinh.

- NCS d3 d6i lai Hinh 1.3 va 1.4 d8
tang d6 phan giai cua hinh.

- Bang 2.2 can bo sung chiéu cta
trinh ty moi.

- NCS da b6 sung chidu cua trinh tu
moi & Bang 2.2.

-OHinh 1.3 (trang 22), day 14 so do
quy trinh nghién ctru nén phu hop
hon khi dit trong phan Vat liéu va
phuong phép nghién ctru, do do cé
thé chuyén sang muc 2.2 (trang 35).
Dong thoi cin thay hinh c6 do phan
gidi cao hon vi hinh hién con mo.
Hinh 1.4 (trang 24) ciing nén kiém
tra lai chat luong hinh anh d& dam
bao kha nang quan sat.

- NCS da chuyén Hinh 1.3 sang muc
2.2 dong thoi NCS da thay thé Hinh
1.3 va Hinh 1.4 bing hinh c6 do
phan giai cao hon.

- Bang Danh muc c4c hinh anh
| khong trung khép véi sb trang trong
luén én (tr.viii). Hinh anh, bang véi
phin ghi cha nén sap xép trén cung
mét trang dé d& theo doi (nhiéu
chd);

- NCS d chinh sira dé trong Bang
danh muc c4c hinh anh tring khép
v6i s6 trang trong luan an.

- NCS d4 sap xép phan ghi cht cta
hinh anh va bang biéu dé ca hai déu
nam trén mot trang cho d& theo doi.




Hinh cdt dan chua khép (H.3.13
tr.93).

- Cach viet gene va protein tuong
ung cua gene.

- NCS da thay thé Hinh 3.13 thay thé
cho hinh cii ¢t d4n chua khép.

- NCS da théng nhit cach viét gene
va protein tuong Ung trong toan bo
luén an.

- Danh muc céc tir viét tt: can
ra so4t va bd sung cac tir viét tat
cla toan bd luan 4an: vi du viét
tat vé cac gen ¢ cdy nhan sam...

- NCS d4 ra soat va bo sung day du
cac tur viet tat cia toan bd luan an.

- Ra so4t céc 16i khoang cach, chinh
ta, forrmat ddu chdm (.) phéy () &
phén sb trong toan bo luan an.

- B6 sung thanh bar (thudce do) & cac
hinh con thiéu.

- NCS dd ra soat va chinh stra lai céc
161 khoang cach, chinh ta, format
diu chdm, diu phiy & phan sb trong
toan bo luan 4n.

- NCS d3 bd sung thanh bar (thude
do) & cac hinh con thiéu.

- Luan 4n con 16i chinh ta, 13i in 4n,
vi du Hinh 3.10: TMHMM 14 cong
cu dy doan topo xuyén mang (2D),
nhung NCS ghi nhdm tén hinh 13
"M5 hinh c4u trtic khong gian".

- Can chuén héa mét sé thuat ngtt
khoa hoc nhu dbi "cay di truyén"
thanh "cy phat sinh loai". Ddi "c&
mau" trong nudi cy thanh "mat do
tiép gidng". Ddi "bét giit chu ky té
bao" néu dich tir cum tir “cell cycle
arrest” thi cdn chuyén thanh "ngling
chu ky t€ bao", “soi cDNA thir nhat”
thanh “cDNA mach don”, “giai trinh
tu lai” thanh “giai trinh tw két hop”...
- Bénh 6 lai Bang biéu (hién dang
thiéu Bang 3.16 trong danh muc).

- NCS d4 doi lai tén hinh la: “dy
dodn topo xuyén mang (2D)...”

- NCS d& chuin héa mdt sb thuat
nglt khoa hoc nhu dbi "cay di
truyén" thanh "cdy phét sinh loai".
D6i "c& mau" trong nudi ciy thanh
"mét do tiép gibng". DS "bit gift
chu ky té bao" thanh "ngimg chu ky
t& bao", “soi ¢cDNA thtt nhat” thanh
“cDNA mach don”, “giai trinh tu
lai” thanh “giai trinh ty két hop”

- NCS da danh s lai c4c Bang biéu
trong danh muc dé thir ty duoc lién
tuc.




- Phén tich HPLC cho ra "sic ky dd"
(chromatogram), chr khong phai 13
"phd" (phd chi danh cho MS, NMR,
UV-Vis) (Hinh 3.6)...

- M6t s6 cau van didn dat chua that
rd nghia va chua chudn vé cach dién
dat khoa hoc, vi du “Nghién ciru
cong nghé gidi trinh tw RNA té bao
don cho thdy qud trinh sinh tong
hop gypenoside...”.

- NCS d4 d6i tén ctia hinh 3.6 thanh
“Sac ky db...” d& phan 4nh ding két
qua ctia phan tich HPLC.

- NCS da dién dat lai mot so cau vin
dé dam bao muac dd chinh xac va 16
nghia.

VE MUC TIEU NGHIEN CUU

- Muc tiéu chung can viét tong quat
hon. Muc tiéu cu thé cAn bam sat cac
ndi dung nghién ctu dé xay dung
muyc tiéu chi tiét.

- Luén 4n c6 trinh bay két qua giai
trinh ty va phan tich méc do bidu
hién ctia mét s6 gen CYP va UGT
lién quan dén sinh tong hop
gypenoside, nhung ndi dung nay
chua duoc dé cdp trong cac muc tiéu
nghién ctru.

Giai trinh, chinh stra:

- NCS xin tran trong tiép thu y kién
g6p ¥ clia Hoi ddng phan bién.

- Muc ti€u chung cta luin an da
dugc NCS chinh sira theo hudng
khai quat hon, phan anh dinh huéng
khoa hoc tong thé cua dé tai thay vi
md ta truc tiép mot ndi dung nghién
ctru cu thé.

- Déng thoi, cac muc tiéu cu thé da
dugc ra soat va chinh stra dé bam sat
cac ndi dung nghién ctru chinh cua
luén 4n, bdo dam tinh logic va su
thdng nhét gilta myc tiéu, ndi dung
nghién ctu, két qua dat duoc va
phan két luan.

- NCS da ra soat va chinh stra muc
tiéu nghién ctru theo huéng thé hién
rd hon ni dung nghién ctru vé phan
tich biéu hién céc gen lién quan dén
sinh tong hop gypenoside.




VE PHUONG PHAP NGHIEN
CUU

- Trong phan Vat lidu va phuong
phép nghién ctu (trang 34), nén bd
sung tiéu muc riéng vé& hoa chét,
dung cu va thiét bj nghién ciru.

- So d6 b tri thi nghiém phai dit &
phdn Vat lidu va phuong phap
nghién cuu (tr.22).

- Can bo sung nhiét do gan mdi vao
Bang 2.1. Trinh tu méi trong nhan
dién cac gene.

- Tiéu d& muc 2.2.1 (trang 35) nén
chinh thanh “Cam tng va nudi cdy
mé seo (callus)”. O trang 36, nén
thay cac thuat ngit “trong lugng
kho”, “trong lugng khong d6i” bang
“khdi lugng kho” va “khéi luong
khoéng d6i”.

- Khi st dung ky hiéu ORF (trang
40) nén viét day ¢t khi xuit hién lan
du: Open Reading Frame (ORF).

- O muc 2.2.9 — Xt Iy théng ké
(trang 49), nén mb ta day du rang thi
nghiém dugc bd tri theo kidu hoan
toan ngiu nhién (CRD) véi ba lan
1ap lai.

- Néu mot s han ché cia nubi cy
huyén phu té bao.

- Nén b sung quy trinh nudi cdy va
thu nhén sinh khéi té bao cay Gido
cb lam.

Giai trinh, chinh stra:

- NCS d3 b6 sung tidu muc “Hoba
chét, dung cy va thiét bi nghién ctiru”
trong Chuong 2.

- NCS d4 chuyén so dd bd tri thi
nghiém tr phan Téng quan sang
Chuong 2 — Vit liéu va phuong
phap nghién ciru.

- NCS d4 bd sung nhiét d6 gén mbi
vao Bang 2.1. Trinh tu mdi trong
nhan dién céc gene.

- NCS da chinh sta tiéu dé muc
2.2.1 (trang 35) cling nhu thay thé
cac thuat nglt nhu gép y cua Hoi
dong.

- NCS dd viét ddy du cta ky hidu
viét tit ORF la Open Reading Frame
khi xuét hién 14n dau

- NCS d4 chinh stra, b6 sung mé ta:
thi nghiém dugc bd tri theo kidu
hoan toan ngiu nhién (CRD) véi ba
1an 1ap lai.

- NCS d3 bd sung mot s6 han ché
ctia phuong phdp nudi cdy huyén
phu té bao.

- NCS xin tiép thu ¥ kién cta phan
bién va da ra soét lai phan Phuong
phép nghién ctru. Quy trinh nuéi ciy
hién da dugc trinh bay tai cdc muc




2.2.1va2.2.2 véi cac budce thuc hién
va diéu kién nudi chy tuong tng. Dé
bdo dam tinh mach lac va tranh
trung lap, nghién ctu sinh chi chinh
stra, hoan thién cach dién dat ma
khong b6 sung thém mot quy trinh
riéng biét.

VE PHAN TONG QUAN
NGHIEN CUU

- Trang 10 c4u cubi & doan diu tién
cén néi rd mot sb té dong té bao nao
da dugc dung dé thit nghiém 1a dong
té bao ung thu nao?

- B6 sung tong quan vé& téc dung
duoc ly cua Giao cb lam dén bao vé
té bao tinh hoan chuét.

- Mot s6 nodi dung cia téng quan
khéng can md ta qua chi tiét nhu dic
diém thye vat hoc, diéu kién sinh
théi, day 1 kién thirc chung.

- Phan tdng quan tai liéu nén bd
sung thém céc ndi dung lién quan
dén vai trd sinh thai cta gypenoside
trong co ché phong vé cua thuc vét,
co ché kich hoat sinh tong hop hop
chit thir clp bai elicitor.

- Tac gia nén gi¢i thiéu gen
UGT91A1 déng vai trd quan trong
trong vige glycosyl hoa cac hop chét
th cip (nhu saponin, anthocyanin)

Giai trinh, chinh sira:

- NCS d4 chinh stra, b6 sung tén ciia
mdot s6 dong t& bao ung thu da duoc
dung dé thir nghiém trong luin 4n.

- NCS di bd sung noi dung tong
quan vé co ché va hidu qua tac dung
duoc 1y ctia Gido ¢b lam dén bao vé
té bao tinh hoan chuot.

- NCS d4 ra sot lai toan bd phin
Tdng quan, luge bd hodc rat gon cac
ndi dung md ta qua chi tiét vé dic
diém thuc vat hoc, didu kién sinh
thai va cac kién thirc mang tinh phd
théng d3 dugc cong bd rong réi
trong céc tai liéu chuyén nganh.

- NCS d4 ra soét va b sung céc noi
dung tong quan lién quan dén chirc
nang sinh théi cta gypenoside cfing
nhu co ché kich hoat con duong sinh
tong hop hop chét thit cdp dudi téc
dong cla elicitor, gép phin hoan
thién co s& 1y luén cho c4c ndi dung
nghién cru cia luén an.

- NCS d4 tiép thu y kién cta Hoi
dong va bd sung ndi dung vé vai tro
cua gene UGT91AL1 trong qué trinh
glycosyl hda c4c hop chét thir cép va




dé phan Ung lai vdi céc stress phi
sinh hoc (abiotic stress) nhu kho
han, d¢ man, hodc nhiét do lanh (bé
sung vao phan téng quan tai liéu).

- Hinh anh 1.2 khong duoc chi thich
va dua vao ndi dung bai.

- Trong pham vi luan 4n, cin xéc
dinh r& thuit ngft “gido c6 lam” 1a
dé chi loai Gynostemma
pentaphyllum (Thunb.) Makino ma
tac gia nghién ctru hay néi chung.

dap Umg clia thuc vét ddi voi stress
phi sinh hoc vao phan Téng quan tai
liéu.

- NCS d b6 sung chi thich Hinh 1.2
va dua vao ndi dung bai.

- NCS da x4c dinh 3 hon vé& déi
tuong nghién ctru véi thong tin bd
sung: “Trong toan bd luin 4n, tén
goi "Gido ¢b lam" duoc sit dung
thdng nhit d& chi loai Gynostemma
pentaphyllum (Thunb.) Makino 1a
dbi twong nghién ctu, nhim tranh
nham 18n véi cac loai khac thudc chi
Gynostemma.”

VE PHAN KET QUA NGHIEN
CUU VA THAO LUAN

- Da phan cac két qua thi nghiém c6
thdo luan nhung déi chd thi khong
(tr.55).

- Phan 3.1.1. nén b sung thao ludn
vi sao sinh khéi tuoi va kho déu cao
nhit sau 20 ngdy nudi cay nhung
tich lliy gypenoside lai dat cao nhat
(42,122 mg/g khd) vao ngay 18.

- Bang 3.2 (trang 55). Vi sao khi
nghién ciu anh hudng ctia BAP va
KIN Ién tich Iy gypenoside thi ham
lugng tich 1ty gypenoside (35, 850
mg/g khoé va 40,9 mg/g kho tuong
ng) lai thap hon didu kién nuoi ciy
chuin trong moi truong MS 10ng.

Giai trinh, chinh stra:

-NCS d3 bd sung noi dung thao luin
nhim 1am r& ty 1¢ cytokinin va auxin
c6 anh huong dang ké dén qua trinh
sinh trudng va chuyén héa thi clp
clia té bao huyén phu.

- NCS d3 b sung thao lusn & phan
3.1.1 d¢ 1am 18 qua trinh tich lily hop
chat thtt cap khéng hoan toan ddng
bd v6i qud trinh ting sinh sinh khéi.

- NCS d4 b6 sung phéan théo luan dé
lam rd réng chit diéu hoa sinh
truéng (BAP, KIN) va ngudn carbon
khéng chi anh huéng dén qu4 trinh
sinh tong hop gypenoside ma con
tac dong dén su phén chia va ting
truéng cia té bao. Trong mot s didu
kién, ngudn carbon va nang lugng
duoc wu tién cho qué trinh sinh




- O muc 3.2 (trang 63) can bd sung
thém phan viét bién luan ¢ kho dau
tién dé lam ré ¥ vé anh huoéng cua
elicitor dén san xuét gypenoside tir
nudi cdy huyén phu.

- Trong Bang 3.2 (trang 55), két qua
vé mdi trudng t6i vu chua day du vi
ca hai cong thic BAP 2,5 mg/L +
IBA 0,5 mg/L va KIN 2 mg/L + IBA
0,5 mg/L déu dat cing méc phén
hang théng ké cao nhét; do d6 can
diéu chinh phan nhén xét cho phu
hop véi s6 liéu.

- O Hinh 3.2 (trang 52), can kiém tra
lai hinh anh vi c6 d4u hiéu mAu chua
that sy dong nhat véi mo ta dong
huyén phu.

- Noi dung muc 3.2.1 nén chia thanh
hai tiéu muc riéng dé r& rang hon:
nhom elicitor MeJA, JA va nhém
YE, FOX.

- O Hinh 3.5 (trang 68) can bd sung
scale bar.

truéng hon 14 chuyén héa thir cp,
dan dén ham luong gypenoside tinh
trén don vi khéi luong kho thap hon
so v6i diéu kién nudi cdy chudn
trong moi truong MS 16ng.

- NCS di b6 sung phan bién ludn &
khé dau tién myc 3.2 dé lam 16 hon
nita anh hudng clia elicitor dén san
xuit gypenoside tir nudi ciy huyén
phu.

- NCS d3 diéu chinh phan nhén xét
& két qua thé hién trong Bang 3.2 dé
pht hop véi s6 lidu thong ké.

- NCS d4 kiém tra lai hinh anh va
xa&c nhan hinh anh Iya chon la chinh
xé4c v6i mo ta dong té bao nudi cly
huyén phu.

- Nighién ctru sinh xin tiép thu y kién
ctia Hbi ddng. Tuy nhién, do céc ndi
dung trong muc 3.2.1 déu thudc
cing mot nhém nghién ciu vé& anh
huéng cia cac elicitor dén nudi cly
t& bao huyén phi va duoc trinh bay
theo mot céu trac thdng nhit dé
thuan loi cho viée ddi chiéu, so sanh
két qua, nghién ctru sinh xin duoc
git nguyén b cyc cta tiéu muc

- NCS d thay thé bang hinh anh c6
scale bar.




- D6i véi Hinh 3.6 (trang 72), tiéu d
hinh nén viét day da hon.

- Trong muc 3.3.1 (trang 86) nén
thay cum tir “san xuét cao chiét”
bang “thu nhan cao chiét” cho phu
hop véi quy mé nghién ctu.

- B6 sung hinh anh chay dién di khi
phén 14p 12 gene trén vao phan
3.24.1.

- Tiéu myc “3.3.3. Thir nghiém kha
ning bao vé té bao tinh hoan cia cao
chiét” nén ddi thanh “3.3.3. Panh
gia tac dyng bao vé md tinh hoan
chudt in vivo cta ché phim cao
chiét”.

- NCS d4 chinh stra lai tiéu dé cua
hinh nhu nhén xét cua Hoi d@)ng.

- NCS d4 thay thé cum tir “san xuét
cao chiét” bang “thu nhan cao chiét”
dé phu hop véi quy mo nghién clru.

- Giai trinh: NCS xin trin trong cam
on ¥ kién gép y cta Hoi dong. Cac
thi nghiém phan 1ap 12 gene trong
nghién ctu dugc thuc hién doc lap &
nhiéu thoi diém khéc nhau theo tién
do trién khai cua tung nhom gene va
khéng duge tién hanh trong cung
mot 1an dién di. Do d6, NCS khong
c6 hinh anh dién di chung cho toan
bo 12 gene. Mt khac, két qua phéan
1&p cua timg gene d4 dugc xac nhan
théng qua kich thuéc san phim
PCR, két qua giai trinh tu nucleotide
va cac phan tich tin sinh hoc tuong
ung duogc trinh bay trong luan 4n. Vi
vay, nghién ctu sinh xin phép git
nguyén cdch trinh bay hién tai cia
luén 4n.

- NCS da chinh stra, thay di tén cua
tiéu muc 3.3.3 theo gop y cua Hoi
dong phan bién.

VE PHAN KET LUAN VA KIEN
NGHI

- Phan két luan (trang 96) nén viét
lai ngén gon, bam sit muc tiéu

Giai trinh, chinh sia:

- NCS d4 ra soét, bién tap lai phan
Két ludn theo huéng ngén gon, suc
tich va bim sat c4c myc tiéu nghién
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nghién clru, tranh céc cAu mang tinh
dién giai.

- Phén két luan va kién nghi: Két
luan 03 can ghi rd gene CYPva UGT
nao tang phién ma. Khong nén lip
lai tir “luén 4n” qu4 nhiéu 1dn & 05
két luan.

- Mot s6 két luan can vidt lai cho phu
hop véi s6 lidu, vi du & két luan thi
4,

- T4c gia can diéu chinh lai cac két
luén vé gid tri ICsy theo huéng phan
anh ding pham vi thi nghiém va két
qua thu duoc.

- Céc kién nghi cta ludn 4n cin didn
dat than trong hon khi dé cap dén
kha nang cung cdp ngudn nguyén
liéu quy mé 16n cho nganh duoc vi
cac thi nghiém trong luin 4n méi
dimg & quy mé phong thi nghiém.

ctu cta ludn 4n. Trong d6 cac két
ludn dugc trinh bay dudi dang cac
két qua chinh dat dugc, han ché cac
ndi dung mang tinh dién giai, so
sénh hodc thao luan nhim bao dam
tinh logic va théng nhét véi cAu tric
clia mdt ludn 4n tién si.

- NCS da ghi 1 cic gene CYP va
UGT tang phién mé & phan két luan
cu thé 1&: “...CYP8942 tang 11,14
lan, CYP9441 ting 10,01 lin
UGT73B4 tang 15,35 14n.”

- NCS da viét lai két luan thé: 4 theo
gop y ctia Hoi dong phan bién vi noi
dung “thiét lap quy trinh lam giau
gypenoside” va “tao co s& cho
chudn hoa, phat trién ché phim”
chua dugc chimg minh day du bing
dit liéu thuc nghiém.

9

- NCS da diéu chinh lai két lugn v&
gia tri ICso & két luan 05: Vi gi4 tr
ICso khoang 86,7 pg/mL nay thuc
chit chi phan anh muc hoat tinh
trung binh yéu trong cac thang danh
gia cytotoxicity thong thudng.

- NCS d4 chinh stra lai kién nghj thi
nhét nhu sau: “Can tiép tuc mé rong
quy mo nudi ciy va tdi uu quy trinh
san xuAt gypenoside trén hé thdng
pilot nhdm dénh gi4 tinh én dinh cta
sinh trudng, kha ning tich Ity hoat
cht va tinh kha thi cta viéc ang
dung hé nudi cdy t& bao trong san
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- Kién nghi v& viéc nghién cttu sinh
tong hop flavonoid chua thuc su gén
chiit v6i cac két qua chinh cua luan
an, do nghién ctru hién tai chi yéu
tdp trung vao nhém hop chét
gypenoside.

Xuat nguon nguyén liéu duogc lidu.”

- NCS da chinh sira lai kién nghj th(r
hai nhu sau: “Nghién cttu chitc ning
cua cac gene CYP va UGT tham gia
con duong téng hop
gypenoside, két hop v6i cac chién
lwge xir 1y elicitor va nudi cdy quy
md 16n nhdm nang cao hiéu qua san
Xuét gypenoside tir t& bao huyén phu
Gi4o ¢6 lam.”
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