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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.
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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 beé da nhiét tinh dong vién, ho

tro chiing t61 hoan thanh luan an.
Hué, ngay 28 thang I nam 2026

Tac gia

Dang Ngoc Sang
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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 va t6i wu quy trinh nudi ciy té bao huyén phu
cay Giao co lam (Gynostemma pentaphyllum (Thunb.) Makino) nham nang cao
sinh trudng va tich lily hoat chét thir cdp, hudng dén tao ngudn nguyén liéu 6n

dinh phuc vu san xuat dugc li¢u.

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 diéu kién xtr 1y elicitor thich hop dé thu dugc
gypenoside tir t& bao huyén phu cao nhat.

Xéc 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
tir & Phong thi nghiém Cong nghé Gen, Vién Cong nghé sinh hoc, Pai hoc Hué.

Pham vi nghién ciru

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

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

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

- Pham vi khong gian:

Phong thi nghiém Cong ngh¢ Gen, Vién Cong nghé sinh hoc, Pai hoc Hué:
tién hanh cac thi nghiém vé nudi cdy, phan tich hoa sinh, mot s thi nghiém vé
sinh hoc phan tu.

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 mdn M6 phoi, Gidi phau bénh va Phap Y, Truong Dai
hoc Y Dugec, 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 ctru anh huong cia diéu kién nudi cay 1én qué trinh
tich lity gypenoside trong té bao huyén phu.

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

kha nang san xuat gypenoside tir nudi cay huyén phu.



NOi dung 3: Nghién clru qué trinh thu nhan va thr nghiém 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 maéi vé kha
nang san xuat gypenoside thong qua nudi cay huyén phu cdy Gido c6 lam co xt

1y elicitor.

- Cung cp 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 s6 va ché pham chira

gypenoside.
Y nghia thue tién

Két qua luan 4n tao co s& cho viée tng dung quy trinh nudi cay huyén phu
té bao Giao cb lam trong san xuat cac hoat chat thir cAp, gop phan cha dong ngudn
nguyén liéu cho nganh duogc. Pong thoi, hoat tinh sinh hoc cta cao chiét cho thay

tiém nang phat trién cac ché pham duoc liéu va nghién ctru Gng dung.
6. NHUNG PONG GOP MOI CUA LUAN AN

Tt cac két qua nghién ctru thu duogc, ludn an cé mot s6 dong géop madi nhu

sau:

1. Xay dyng dugc quy trinh nudi cay té bao huyén phu cay Gido co lam.
trong binh tam gidc v&i moi truong long MS b sung 2,0 mg/L KIN va 0,5 mg/L
IBA, ty 16 mau 3 g/50 mL mdi truong, trén may lac tbe do lic 120 vong/phit.

2. San xuat gypenoside thong qua nudi cdy té bao huyén phu c6 s dung
elicitor. Khi st dung elicitor don 1¢ thi ham luong gypenoside dat cao nhat 1a
79,721 mg/g kho khi xtr Iy v&i 100 pM SA sau 6 ngay nudi cay, gap khoang 2 lan
mau ty nhién. Str dung phdi hop ecicitor thi két qua toi wu nhat khi két hop dong



thoi ca ba loai elicitor cu thé 13: MeJA (50 uM), SA (100 pM) va YE (3 g/L), ham
lwgng gypenoside thu duge cao nhat dat 103,810 mg/g khd va ham lugng Rb1 dat
gia tri cao nhat 14 0,127 mg/g kho.

3. ba danh gid dugc mic d§ phién ma cua 12 gene tham gia vao qua trinh
sinh tong hop gypenoside trong té bao huyén phu ciy Gido c6 lam dudi anh hudng
clia cac loai elicitor khac nhau. Gene CYP8648 tang 8,25 1an, gene CYP94A1 ting
10,01 1an va gene CYP89A42 tang 11,14 1an so véi ddi chimg khi duge xir 1y MeJA.
Gene UGT73B4 phién ma manh nhét khi xir Iy SYM, ting 15,35 1an so v&i ddi
ching.

4. X4c dinh dugc kha nang bao vé té bao tinh hoan chuét cua cao chiét té
bao cay Giao cb lam: ting kha ning sinh tinh va ting ndng do testosterone trong

mau chudt xur Iy nhiét.



CHUONG I. TONG QUAN VE VAN PE 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 d6 VN: EN Ala,c trong sach do Viét Nam [14].

Giao ¢6 lam 1a cay than thao dang day leo, c6 tua cudn, thudng moc bam
trén cay khac hodc vach da. L4 kép hinh chan vit, gom 3 — 7 14 chét, 1a moc cach.
Hoa nhé, mau tr'fmg, qua dang qua kho, hinh cau, chira 2 — 3 hat [6].

Hinh 1.1 1a cay Giao ¢6 lam 5 14 duoc trong & Vién Cong nghé sinh hoc,

Pai hoc Hué.



Hinh 1.1. Cay Gido ¢ lam 5 14

1.1.3. Piéu kién sinh thai

Gido cb lam 1a cdy wa 4m, ua anh sang tan xa, sinh truong tot & vung khi
hau am, trén nhiéu loai dat c6 kha ning thoat nudc tot va giau dinh dudng. Cay
c6 kha nang chiu lanh kha va phat trién trong khoang nhi¢t do tuong dbi rong [11].
1.1.4. Thanh phan ho4 hoc ciia ciy Gido c6 lam

Trong thanh phan ciia Gido cb lam chira hon 180 saponin c4u truc triterpen
kiéu dammaran con duoc goi 1a gypenoside, trong d6 c¢6 nhiéu loai gidng véi nhan
sim va tam that. Dammarane triterpenoids dugc dic trung béi khung tetracyclic
Cs0 dang dammarane, mang cac nhom hydroxyl chi yéu tai C - 3, C - 6 va C - 20,
cung véi chudi dudng glycoside gan tai C - 3 hodc C - 20. Nhitng bién d6i hau
hydroxyl hoa va mé hinh glycosyl hoa tao ra hang trim dan xuét khac nhau, quyét
dinh phé tinh sinh hoc ddc trung cua nhém saponin dammarane. Minh hoa ¢ hinh
1.2 thé hién gypenoside bao gdm ca phan sapogenin ky nudc va phan duong wa
nudc trong phan tu (trong d6 R1 va R2 = glucose, rhamnose; R3 = glucose,

xylose) [159], [168].

Dammarane triterpenoids dugc chia thanh ba nhom chinh gdm

protopanaxadiol (PPD), protopanaxatriol (PPT) va ocotillol - type dua trén kiéu



hydroxyl héa ¢ khung dammarane va murc do 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 xuat 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 ciru da cong bd déu cho thay thanh phan chinh ciia Gido ¢6 lam 1a cac
dammarane-type triterpene saponin va duogc dit tén 1a gypenoside, cau trac kha
gidng véi ginsenoside, duoc xem 1a thanh phan c6 hoat tinh sinh hoc chinh cua

Giao ¢6 lam [143].

C6 chtra nhiéu flavonoid, chat co tac dung sinh hoc cao va chdng l3o hoa
manh. Flavonoids 1a mot nhom polyphenol ph 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 cta flavonoids xudt phat tir su bién d6i &
muc d§ hydroxyl hoa, methyl hoa, glycosyl hoa, acyl héa 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, gém chéng oxy hoa manh, chéng viém, bao v€ tim mach,
chdng ung thu, diéu hoa mién dich, chdng virus va h tro kiém soat duong huyét
[175], [73], [176].

Chira nhiéu amino acid tan trong nudc, nhiéu vitamin va cac nguyén t vi
luong nhu Zn, Fe, Se. S6 saponin cua Gido ¢ lam nhiéu gép 3 - 4 14n so v6i nhan
sam. Trong d6, mot s6 ¢6 cau trac hoa hoc giéng nhu cau trac c6 trong Nhan sam
(ginsenoside). Ngoai ra Gido c6 lam con chtra cac vitamin va cac chat khoang nhu

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



Hinh 1.2. Ciu triic chung ciia gypenoside kiéu dammarane [92].
1.1.5. Tac dung dwoc Iy ciia ciy Gido co lam

Giao ¢ lam c6 vi dang, tinh on trung, bd am va trg duong, 1a thudc ding
tang stc dé khang véi vi khuan ciing nhu cic tac nhan gy viém khac. Giao co
lam dugc dung trong cac bénh tang lipid méau, ddnh tréng nguc, chtng chong mit,
dau dau, U tai va ching tu ra md hdi, co thé suy nhugc, cac ching bénh tam ty khi
kém, dam huyét & tré. Do d6, Gido c6 lam da duoc dua vao hau hét cac tir dién
thao duoc Trung Qubc dung dé giai doc, 1am thude ho, diéu tri triéu ching danh
trong ngyc, cac triéu chimg mét moi, viém phé quan cap va man tinh [14], [18],
[44].

Nghién ctru tac dung ha cholesterol mau cho thay dich chiét nude (ty 18 1:1)
ctia cay Giao cd lam c6 tac dung giam 71% luong cholesterol trong mau chudt thi
nghiém & liéu sir dung 10 g/kg [1]. Gido c¢b lam c6 tac dung ting dap Gmg mién
dich trén chudt & ca hai mo hinh gay @rc ché mién dich bang cyclophosphamid va
tia xa voi lidu thi nghiém 3,4 mg cao dic/20 g chudt/ngay. M6 hinh gay e ché
mién dich bang Cyclophosphamid cho thiy thudc Gido ¢6 lam cé tac dung ting

dap Gmg mién dich té bao [2].

Bang chtng vé saponin Gido ¢6 lam c6 tac dung nhu mot chat chéng ung
thu hiéu qua dé diéu tri trén mo hinh chuét bi ung thu dai tryc trang ApcMin / +
da dugc cong bd boi Tai va cong su (2016). Két qua cho thdy diéu trj 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 ctia saponin dugc thé hién qua trung gian diéu bién
tin hi¢u JNK/p38 MAPK, diéu chinh Prdx1 va Prdx2, va tc ché tin hiéu Ras,
RAF/MEK/ERK/STAT, PI3K/AKT/mTOR. Hon nita, saponin Gizo c¢6 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]. Mic du c6 nhiéu bao cdo cho thay tic dung chéng
ung thu cua chiét xuat Gido cb lam ty nhién trén ca in vitro va in vivo, nhung
khong ¢ bang chimg nao giai thich liéu huyén phu té bao Giao cb lam c6 thé G
ché ung thu hay khong. Do do, ching t6i da chon mot s6 dong té bao di duogc

cong bd dé thir nghiém kha nang gay doc cua cao chiét.

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 tc ché ung thu manh chong lai bén dong té bao ung thu (Dong té bao
ung thu biéu mo vi & nguoi 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 hi¢u lam trung gian cho qué trinh

apoptosis va bat giit chu ky té bao [97].

Ttr thanh phéan saponin tong sd cta Gido ¢6 lam, Shi va cong su (2018) da
tién hanh phan tich thanh phﬁn hoa hoc va xac dinh dugc 27 hop chét triterpenes
loai dammarane trong d6 c6 3 hop chat méi 1a Gypenoside C, Gypenoside D,
Gypenoside E va 24 hop chat da biét. Tét 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 chit 2, 9, 10, 17, 24, 25, 26, 27 ¢6 tac
dong gay doc té bao dang ké. Trong s d6, hop chat 27 thé hién cac hoat dong tc
ché cao véi gia tri ICso (24,4 uM) thap hon 10 14n so véi silymarin duoc st dung
lam ddi ching dwong. Viéc phat hién ra chat trc ché t - HSC/CI-6 mai tir Gido ¢
lam cho thay né c6 tiém nang str dung dé lam thuc pham chirc ning giup bao vé

suc khoé con nguoi [143].
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Wang va cong su (2018) da tim thay bbn hop chét (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 tic dong can thiép dén su gia ting ctia dong té bao
ung thu vii (MCF-7) va ung thu phdi (A549) [158]. Cheng va cong su (2011) khi
thir nghiém dich chiét flavonoid va saponin tir Gido c¢6 lam cho thay ca hai phan
déu gay ra qua trinh chét theo chu ki ctia 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 ting 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 o lam,
c6 tac dung trc ché ting trudng cac té bao ung thu biéu mé phdi A549 & ngudi.
Damulin B thé hién tac dung chéng ung thu bang cach gy ra qua trinh apoptosis,

ngan chin sy di cur 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 ctru bdi Yan va cong su (2014).
Gypenosides tir Gido c6 lam c6 thé 1 1am ton thuong ty thé, tao ROS va giy 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 théng qua viéc diéu chinh biéu hién
gene. Ngoai ra, chiét xuit Gido cd lam gy ra qua trinh apoptosis cua té bao
HepG2 [68].
1.2. SAN XUAT HQP CHAT THU CAP TU NUOI CAY TE BAO
1.2.1. Nudi cay huyén phu té bao thue vat

Nudi cay huyén phu 1a phuong phap nudi ciy trong dé cac té bao don 1é
hoac cac tap hop té bao nho duoc nhan 1én & trang thai lo ltrng trong moi trudong

long duoc khudy tron. Nudi cay huyén phu té bao thuc vat thuong dugc tng dung
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dé san xuat chat chuyén hoa thr cap; nghién ctru cac yéu to anh huong dén su
tang trudng va biét hoa ciing nhu vai trd cta cac hop chit va chit chuyén hoa;
phat trién phoi soma [45].

Nghién ctru cia Liu va cong su (2022) vé hé théng nudi cay huyén phu té
bao ddi voi loai La han qua da dugc thiét ké dé ting cuong kha ning sinh tong
hop polyphenol. Téi vu hoa t6 hop chét diéu hoa sinh truéng gitp ting sinh khéi
va ham luong polyphenol 1an lugt xap xi 32,18% va 13,86% so v6i diéu kién ban
dau. Hé huyén phu thu dugc cé tinh déng nhét cao, toc do tang trudng nhanh, dat
t6i da khoang 25,5 g/L sinh khoi 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
phu déu dong gop tich cuc vao hoat tinh chong oxy héa cua dich chiét té bao,
khang dinh tiém nang cta hé thong nudi cdy huyén phil nhu mot nén tang san xuét
hop chét sinh hoc trong ho Cucurbitaceae [101].

Céc nghién ctru trong va ngoai nudc vé nudi cay té bao huyén phu thuc vat
d3 chting minh day 1a mot phuong phap tiém ning dé san xuat cac hop chit thu
Célp, dac biét & nhitng loai c¢6 gia tri duoc ligu. Nhiéu cong trinh quéc té trén cac
loai thudc ho Cucurbitaceae cho thiy té bao huyén phu c6 thé tich liy cac nhém
triterpen, phenolic hodc cucurbitacin khi dugc toi wu héa méi trudng va xu 1y
elicitor [83], [125], [22].

Nuoi céy huyén phu té bao thyc vat ton tai nhiéu han ché mang tinh hé
théng. Viéc mat cau triic mé 1am rdi loan diéu hoa sinh 1y va thuong khong thuan
lo1 cho sinh téng hop hop chét thu cép. Qu?m thé té bao co hién tuong két tu, tao
vi méi trudng khong ddng nhat trong cuing hé nudi cdy. Khi mo rong quy mé, té
bao dé chiu stress co hoc va suy giam sinh trudng trong bioreactor. Nudi cay
huyén phu bi rang budc boi thé tich 1am viéc va mat do té bao ti wu; néu khong
kiém soat tdt thiét ké bioreactor va diéu kién van hanh, hiéu suét va chat lugng co
thé giam. Ngoai ra, tinh khong on dinh di truyén va hiéu qua kinh té han ché 1am

gidm kha nang ing dung 1au dai & quy mé cong nghiép [27].
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Bén canh d6, ning suat san pham thuong khong ty 18 thuan véi sinh khoi té
bao, giy kho khan cho viéc tdi wu hoa quy trinh. Hoat tinh sinh tong hop ¢ xu
huéng suy giam theo s6 1an cdy chuyén do ap 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 mat k¥ thuat.

S6 luong nghién ciru chuyén sau trén Gido ¢ lam con han ché, chi yéu
dimg ¢ mirc tao callus hodc khao sat so b sinh trudng té bao, trong khi cac yéu
t6 quyét dinh nhu thoi diém xu 1y elicitor, co ché diéu hoa gene CYP, UGT va
mobi lién hé gitta phién ma va tich lily gypenoside chua dugc lam rd.

1.2.2. San xuit hop chat thir cAp bang nudi ciy té bao

MG&i 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 gidng nhu cay
géc [132]. Nhitng thanh tyu dat duoc trong linh vuc cong ngh¢ sinh hoc, dac biét
1a phuong phap nudi cay té bao thuc vat, 3 cung cap mot phuong thirc méi cho
qua trinh thuong mai hoa céc chat héa hoc c6 ngudn gbe tir thuc vat [114]. Phuong
phap nay s& mé rong va tang kha ning thu hoi cac hoa chat co gia tri, mot sy thay
thé tir quy mo ndéng nghiép truyén thong 1én quy mo cong nghiép trong san xuét
cac hop chét thu cap.

Nuoi céy té bao thuc vat dugc phat trién nham nang cao hiéu suat san xuét
cac hop chat ¢6 hoat tinh sinh hoc. K¥ thuét nay cho phép tong hop hop chat thir
cép trong diéu kién kiém soat, doc 1ap vo1 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 thdy, mot s6 hop chit thir cap & té bao thuc vat nudi
cay dugc tich lily cao hon so v&i cdy bd me, chang han nhu sy tich lily anthocyanin
trong nuodi céy té bao cay Nho, Xuong ran va Tia t6 1an luot cao gép 1,6; 13,3 va

16 lan; anthraquinone trong té bao nudi cay cdy Nhau cao gap 8 lan; berberin
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trong té bao nuoi cdy cdy Hoang lién va Phan huong lan luot cao gap 3,3 va 1000
lan; rosmarinic acid trong té bao nuéi cdy cdy La gdm cao gip 9,3 lan; shikonin
trong té bao nudi cdy cdy Co ngoc cao gip 9,3 1an so véi cac cdy ngoai tu nhién.
Diéu nay cho thay uu diém cila viéc san xuét cac hop chat trao d6i thir cap dic
trung cta thuc vat 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 lidu tir nudi cdy té bao. Nguyén Hoang Loc va cong su (2010) di nghién
clru san xut 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 lan so véi
tach chiét tir ré cdy tu nhién 1 nam tudi [102]. Nhom tac gia tiép tuc nghién ctru
nudi cy té bao Ca gai leo trong chai tam giac dé thu solasodine va nhan thay,
solasodine tich liiy trong té bao cao hon trong callus [106]. Quach Ngo Diém
Phuong va cong sy (2010) d3 tién hanh nudi cdy mé seo va dich huyén phu té bao
cdy Bat rudi cho muc tiéu thu nhan quinone. Két qua ghi nhin 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
thube c6 gida tri trong hoéa tri liéu ung thu [155].

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

Trong nudi cdy té bao, lya chon can than cac té bao c6 kha ning ting truong
va diéu kién nudi cdy t6i uu sé& giup gia ting kha ning tich lity hoat chat thir cap
& murc cao hon. Pé thu duge hiéu suit cao cho khai thac thuong mai, nguoi ta
d3 str dung nhiéu phuwong phap nham kich thich hoat dong sinh téng hop hoat
chat the cdp cua cac t& bao nudi ciy. Té bao nudi cdy tich liy mot luong 16n
hop chat tha cép & diéu kién toi wu: chon lya thanh phﬁn moi truong va diéu
kién nudi cay thich hop, chon lua cac dong té bao ning suat cao, bd sung tién chat
nudi cay va cac chat kich khang bao vé thyc vat (elicitor) [114].

Téi wu héa diéu kign nuéi cdy: Cac nhan t6 hoa hoc va vat Iy nhu thanh

ph?m moi truong, chét kich thich sinh trudng, pH, nhiét d§ nuoi céy, su thong khi,
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su lac hodc khudy va anh sang anh huong dén ham luong cac hop chat thir cap da
dugc 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 lpc cdc dong té bao cho ning suit cao:

Viéc nang cao tich liiy hop chat thir cap thuong bat dau tir lya chon vat liéu
ban dau c6 ham lugng hoat chit cao dé cam ung tao callus va thiét 1ap cac dong
té bao. Bén canh d0, cac phuong phap giy dot bién va tao stress c6 kiém soat dugc
ap dung nham tao bién di di truyén va sinh 1y trong quan thé té bao. Sau xir Iy, chi
nhitg dong té bao c6 kha ning sinh truéng on dinh va tich liy san pham ¢ mic
cao duoc tuyén chon va duy tri, tir d6 thu nhan cac dong té bao co nang suat vuot
troi [132].

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

Sw kich khdang bdo vé thuc vit: Elicitor bdo hi€u viéc 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 lily trong pha tach chiét da dugc ching minh 1a mot hudng
thich hop dé gia tang hiéu suat chuyén hoa [142].

Sdn xudt cdc hop chit thir cdp & té bao thwe vit: Ung dung cong nghé
chuyén hoa & té bao thudng 1a két qua cta ki thuat DNA téi t6 hop. Ngoai ra, con
c6 thé thiét ké hé théng cac phan tng hoa sinh dé dat duogc mot muc tiéu nao do.
Vi du, tang téc d6 san xuat cac san pham mong mudn, giam cac san pham khong
mong mudn, hodc 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 mot chét co ban khi
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dua véi cac néng do nho vao hé théng té bao séng thi khoi dong hodc cai thién su
sinh tong hop cac hop chat thir cap [118]. Su kich khang thuc vat 1a qua 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 hodc dua trén ban chét ty nhién caa ching 1a elicitor
phi sinh hoc va elicitor sinh hoc, hoac dua trén ngué)n géc cua chung la elicitor
ngoai sinh va elicitor ndi sinh (Bang 1.1). Elicitor sinh hoc 14 cac chit c6 ngudn
gbc sinh vat, bao gdm cac polysaccharide c6 ngudn gde tir thanh té bao thuc vt
(pectin hoac cellulose), cac vi sinh vat (chitin hoac glucan) va céc glycoprotein,
G-protein hay céc protein ndi bao cé chirc ning gin vdi cac receptor va tac dong
béng cach hoat hoa hodc bat hoat mot sb cac enzyme hodc cac kénh ion. Elicitor
phi sinh hoc 1a cac chat khong c6 nguodn goc 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 chét c6 ngudn gdc 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 14 galacturonide hoac hepta-B-glucoside,... [118].

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

Phén loai dua tinh chat tu nhién ciia elicitor

La dang chiét xuét tho hodc tinh sach ¢6 nguén géc tr mam bénh

(nam, vi khuan, nam men) hoéc cua chinh thuc vat, ¢6 2 loai:

Elicitor Loai Thanh phan
sinh Polysaccharide, glycoprotein, glucan, chitin,
hoc Xac dinh chitosan, pectin, alginate, xanthan, elicitin, enzyme
bat hoat, ...
Chua xdc dinh | Dich chiét thé nAm men, dich chiét vi khuan, dich
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Loai Thanh phan
Muéi  va
Ag2S203, AgNO3, CdClz, CuClz,
cac kim . _
CuSOg4, VOSOy4, NiSOy, selenium, ...
logi nang
.| Mannitol, sorbitol, sodium chloride,
Hoa hoc Stress tham . ' .
Elicitor . potassium chloride, cadmium
thau
phi chloride, polyvinyl pyrrolidone, ...
sinh Co  chat
NO, ethylene, ...
hoc dang khi

Tia UV, thay d6i trang thai nhiét d6, mudi, han
Vat ly y
an,...

Cac phan  tu o . o
Jasmonic acid, methyl jasmonate (MeJA), salicylic
tinh hiéu noi _ o _ .
b 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 tac dung cia elicitor

C6 nhiéu gia thuyét khac nhau vé co ché tac dung cua elicitor 1én thuc vt

nhu:

Gia thuyét cho rang Ca2* gin vao mang nguyén sinh chat tir moi truong bén
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ngoai té bao va ngudn Ca>" bén trong té bao kich hoat qua trinh kich khang [144].
Mot sb 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 thay su tich lily mitogen-activated protein kinase
(MAPK) va kich hoat G-protein trong qua trinh kich khang [172]. San xuat cac
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 ca 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 th 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 duoc cong bd [127], [86], [31].

1.3.4. Cac yéu td anh hwong dén qua trinh kich khang

Do tudi nudi cdy, dong té bao, chat diéu hoa sinh trudng, thanh phan dinh
dudng va chat lugng ctia thanh té bao 1a nhitng yéu t6 quan trong anh huong dén
qua trinh san xudt cac hop chit chuyén hoa thir cap. Mot sé thong sé 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 do elicitor thich hop dong mot vai tro rat quan trong
trong qua trinh kich khang. Nghién ctru cia tac gia Benavides va cong sy (2023)
cho thdy ndng d6 toi wu ciia MeJA va SA nam trong khoang tir 50 pM 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 xir Iy véi MeJA sau 72 gio cho két qua ham lugng gymnemic acid dat gia tri
cuc dai, tang gip 15,4 1an so voi cac mau doi chung khong xu 1y elicitor. Xir 1y
bang SA sau 48 gid xir Iy tao ra mot lugng 16n gymnemic acid (43,27 mg/g) [116].

Do tudi nuoi cdy: Do tudi nudi cay dong vai tro quan trong trong san xuat
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cac hop chét thu cép c6 hoat tinh sinh hoc dugc xr 1y voi céc elilcitor. Xu Iy véi
MelJA va SA trong nudi ciy té bao ré to loai Sam An Do sau 40 ngay cho tich liy
ham luong withanolide A, withanone va withaferin A cao nhat. Nubi céy mo loai
Dira can 20 ngay tudi co xtr 1y céc elicitor khac nhau cho san luong ajmalicine
cao hon so v6i ddi chimg khong st dung elicitor. Khi xir Iy bang MeJA & ndng
d6 10 uM va 100 uM vao ngay thi 6 cta sy sinh truong té bao, ham luong
ajmalicine va serpentine déu ting [116].

Thanh phdn dinh dwéng: Thanh phan ciia moi trudng ciing dong mot vai
trd quan trong trong qua trinh kich khang. Trong nudi cay callus cdy C6 ca, ham
lugng cocaine, cinnamoylcocaine, chlorogenic acid va 4 - coumaroyl quinate bi
anh huong dang ké boi moi truong nudi cdy. Qua trinh san xuét cocaine ting manh
khi nudi cay & cac méi trudng Anderson rhododendron, Gamborg B5 va moi
truong Murashige - Tucker. Qua trinh tong hop cinnamoylcocaine cling chiu dnh
hudng 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 uu 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 vét duge sit dung ciing véi sy c6 mit
ctia chat diéu hoa sinh truong, thanh phan dinh dudng ciia méi truong va diéu
kién nuoi cay [26].

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

Saponin 1a mot nhom hop chat thir cap phd 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 duoc.
Hién nay, viéc tach chiét va san xuat cac hop cht saponin bang phuong phap nudi

cay te bao thuc vat c6 bd sung elicitor da va dang dugc nghién cru nhi€éu nham
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t6i da hoa luong saponin. Saponin cta rau ma dugc biét dén véi tén goi 1a
centelloside, ¢6 hoat tinh sinh hoc giup diéu trj nhiéu chirg bénh khéac nhau nhu
da kho, phong va bénh vay nén. Hidalgo va cong su (2017) da xay dung hé thong
t6i uu cho viée san xuét centelloside trén co so str dung elicitor trong nudi cay té
bao. Két qua cho thdy, viéc st dung coronatine két hop v6i cac resin giau amyrin
lam ting kha ning san xuat centelloside mot cach manh mé. Qua trinh nudi ciy
nay cé thé duoc mé rong san xuit & quy mo 16n nham gitp ting san lugng sinh

khéi va centelloside [63].

Methyl jasmonate (MeJA) 1a mot dang chit dan truyén tin hi€u dac hiéu &
thuc vat, dong vai tro quan trong trong kich hoat hang rao dap ting véi tac nhan
bén ngoai, trong qua trinh phat trién va tong hop cac hop chat thi cap [74, 160].
Hiéu qua ciia MeJA trong qué trinh sinh tong hop triterpene saponin (& Gido co
lam thi goi 12 gypenoside) da duoc cong bo. 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 thdy squalene epoxidase trong
ciy Giao c6 lam (GpSEI) biéu hién rat manh trong 14 non so véi 14 trudng 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 cta 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 pM

MeJA [55].

Murc 0 phién ma cua cac gene PgSS, PgSE, and PgDS tham gia chinh vao
qué trinh sinh tong hop ginsenoside trong cay 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 14

liém [75]. Tuy nhién trén mot s6 gene, xir Iy MeJA khong cho sy khac biét so véi

20



d6i chung. Kim va cong sy (2009) nghién ctru sinh tong hop triterpene trong té
bao ré to cdy Nhan sam nhan théy khong c6 su khac biét 1on vé murc do biéu hién
ctia ho cytochrome P450 khi xtr Iy MeJA so v6i d6i ching [74].

Alkaloid 1a nhimg hop chit hitu co ¢6 chira nito, da sé ¢6 nhan di vong, c¢6
phan tmg kiém, thuong gip & thuc vat va do6i khi ca & dong vat, thuong c6 dugc
tinh manh va cho nhitng phan tmg hoa hoc véi mét sé thude thir goi 1a thude 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 luong cua cac hop chit thir cAp nhém
alkaloid ting dang ké sau khi dugc xir Iy béi MeJA so véi cac elicitor khac (P <
0,05) tai thoi diém 120 gid [66]. Magsood va cong su (2017) da nghién ctru thanh
cong tang san luong vinblastine va vincristine 1én nhiéu 1an bang cach st dung
YE lam elicitor trong qua trinh nudi cay in vitro cay Dira can [109].

Céc hop chat phenol ty nhién dong mét vai tro 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 13, Al-Khayri va cong sy (2020) tién hanh nghién ctru xir 1y elicitor
trong qua trinh nudi ciy té bao cay Cha la, két qua thé hién c6 sy ting cuong san
xuat cac hop chat phenol va flavonoid so v&i ddi ching khong sir dung elicitor
[19].

Tir céc tai lidu da dugc tong hop cho thdy, viéc st dung elicitor nham ting
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 cay duoc ligu van chua duoc khao sat dﬁy du, do d6 hudng tiép
can nay con nhiéu tiém ning khai thac. DPbi véi cay Giao co lam, viéc nghién ciu
hé thong nudi cay huyén phu té bao két hop elicitor dé san xuat cac hop chat thu
cap, dic biét 1a gypenoside, co ¥ nghia khoa hoc va thuc tién quan trong, gop phan

mo rong ngudn nguyén liéu chu dong cho khai thac hoat chat.
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bioreactor phu trong binh tam giic

X I\ elicitor trong nuéi cay Xic dinh muc do
hmen phu & binh tam giac biéu hién caa cic
(MeJA, SA, YE va Fox) gen CYPvaUGT

/\

Xic dinh sinh truéng Xac dmh sy tich iy
cua té bao gypenoside

\/

Tha nghiém hoat tinh caa
cao chiét va gypenoside

Thunhin gypenoside |—»

Hinh 1.3. So' d6 thi nghiém thyc hién cic bwéc chinh ciia ludn an
1.4. CAC NGHIEN CUU THEO HUONG DE TAI
1.4.1. Thu nhin gypenoside tir nudi ciy ciy Gido c6 lam

Céc nghién ctru vé nudi ciy té bao cay Giao co lam dé thu nhan gypenoside
chua duoc thue hién, chi c6 mot sb cong bd lién quan dén nuoi céy callus hay nu6i1
cly ré to dugc cong bd. Chang va cong su (2005) di tién hanh nudi cdy ré to Giao

c6 lam. Thi nghiém da duoc tién hanh bang cach 1y nhiém mé 14 véi ching
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Agrobacterium rhizogenes. Sau 49 ngay nudi cdy trong moi truong 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) da nghién ciru anh hudng ciia mot s6 tic nhan
gay stress lén sy tich lily gypenoside cua callus cay Gido c6 lam, tac gia nhan thay
ham lugng gypenoside ting 1én khoang 91% khi ndng do Mn?* ting 1én 20 1an
trong méi trudong, manitol lam ting gypenoside 1én khoang 83% & ndéng do 680
mM. Ngoai ra, Cu®*" khong c6 anh hudng trong khi NaCl 1am giam sy tich Iy
gypenoside trong té bao callus [21].

Theo Hoang Tan Quang va cong su (2021), callus so cip duoc nudi cdy trén
moi truong MS ¢ bo sung 2,0 mg/L kinetin va 0,5 mg/L indole-3-butyric acid
sinh truong tot nhat; ty 1€ tao callus thtr cép cao (100%); callus dap trng dugc tieu
chuan dé nuoi cdy huyén phu. Him 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%) ctia san pham thu mua tir thi truong [10].

Mic du cac nghién ctu trude ddy da thuce hién nudi ciy callus hodc ré to
Gido cd lam va ghi nhan su bién dong ham luong gypenoside dudi tac dong cta
mot s yéu td moi trudng, cac cong trinh nay chi dimg lai & mic mé tach roi va
chua tiép can hé théng nudi ciy 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 voi céc elicitor nhu MeJA, SA hodc YE. Viéc thiéu phan tich sau vé han
ché cta hé thong callus va ré to cho thay khoang tréng dang ké trong linh vuc.

Do d6, ¢ thé nhan dinh rﬁng mic du da tdn tai mot sd nghién ctru tién dé
vé callus va 1é to, quy trinh nudi cdy huyén phu té bao Gido cd lam c6 bo sung
elicitor van chua duogc trién khai, va dy chinh 1a diém mdi va dong gop doc dao
ctia luan 4n. Khoang trong khoa hoc nay tao ra co sd 1o rang cho viéc phat trién

mot quy trinh t6i wu héa nhim ning cao sinh téng hop gypenoside 1a muc tiéu
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trong tdm cua de tai.

1.4.2. Nghién ctru bi€éu hién ciia gene ma hoa cac enzyme tham gia vao qua

trinh sinh tong hop gypenoside

1.4.2.1. Cdc gene tham gia vdo qud trinh sinh tong hop gypenoside
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Hinh 1.4 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 héa do UGT xuc tac.

Trong nhitng nam gan day, cac nghién ctru vé cach thirc cac enzyme diéu
hoa gdp phan vao su da dang khong 16 ctia ciu truc triterpen saponin & cay Giao
cb lam da thu hat sy cha y ngdy cang tang. Cac ho CYP va UGT 1a nhiing yéu to
then chét trong sy da dang ciu tric ctia gypenosid thong qua hai con dudng da

dugc bao cao [113]. Giai trinh tu lai cua transcriptome ctiia Gido ¢6 lam da cai
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thién d6 chinh xéac trong du doan trinh tu, xac dinh rang GpOSC1, GpCYP89 va
GpUGT?35 1a cac ing vién hang dau cho qua trinh sinh tong hop gypenosid thong
qua phan tich cc gene dong biéu hién [99].

Farnesyl pyrophosphate synthase gene (FPS)

Farnesyl pyrophosphate synthase (FPS) 1a mot enzyme then chét trong con
duong sinh tong hop isoprenoid, xuc tic phan (mg ngung tu tuin tuy 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 chit isoprenoid quan trong, bao gém sterol,
sesquiterpenoid, dolichol, ubiquinone va dac biét 1a triterpenoid saponin nhu
gypenoside ¢ cay Giao c¢6 lam [39].

So v&i nhan sam, noi gene PgFPS cling thé hién biéu hién wu tién tai ré to
va callus nuo1 céy, Giéo c6 lam cho théy dic 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) chimg minh rang GpFPS c6 mic
phién ma cao trong té bao mo mém, dic biét tai vung chdi non. Sy cam ung boi
methyl jasmonate (MeJA) dd dugc ghi nhan 1am tang cuong biéu hién cta FPS,
qua d6 thuc day su tich lily triterpenoid saponin [65]. Ung dung cong ngh¢ sinh
hoc hi¢n dai da chirng minh gia tri cia FPS. Biéu hién cia GpFPS trong nim men
gitip tai 1ap thanh céng con dudng dan téi qua trinh tong hop squalene va
triterpenoid [136].

Tom lai, gene FPS giit vai trd trung tim trong viéc cung cap FPP 1a tién
chét truc tiép cho sinh tong hop triterpenoid. Dic diém biéu hién vu tién ¢ 14 non,
su cam Umg bai tin hiéu jasmonate va kha ning khai thac trong hé thong di sinh
d3 khang dinh FPS 13 mot mét xich chién lugc, ¢6 tiém nang 16n trong ca nghién
ctru co ban 13n ing dung cong nghé sinh hoc nham nang cao san xuat gypenoside.

Squalene synthase gene (S.)

Squalene synthase (SS) la enzyme dau tién trong nhanh sinh tong hop
triterpenoid, xuc tac phan tng két hop hai phan tir farnesyl pyrophosphate (FPP)
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dé tao thanh squalene. Pay 13 budc chuyén hoa then chét, vi né danh dau su tach
biét khoi con dudng sterol, dong thoi dinh huéng FPP vé phia qua 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 hoa. O nhan sam, gene PgSS dugc chimg minh 13 ¢6 biéu hién cao trong ré
va duoc cam (mg manh boi methyl jasmonate (MeJA). Trong khi d6, cay Giao co
lam lai c6 ddc diém sinh hoc khéc biét, khi gene SS dwoc bicu hién manh ¢ 14 co
quan tich lity gypenoside chu yéu [65].

Gene SS gilt vai tro trung tam trong qué trinh dinh huéng FPP vao nhénh
triterpenoid. Sy uu ti€n biéu hién & 14 non, tinh cam ung boi elicitor da khéng dinh
SS 1a mot diém nat quan trong, ¢ gia tri trong nghién ctiru co ban 1an tng dung
cong nghé sinh hoc dé tang cudng sinh tong hop gypenoside.

Squalene-2,3-epoxidase gene (SE)

Squalene-2,3-epoxidase (SE) 13 enzyme then chét xtic tac budc oxy hoa
squalene thanh 2,3-oxidosqualene bang co ché phu thuoc FAD va NADPH. Pay
1a phan tmg quyét dinh vi 2,3-oxidosqualene chinh 14 tién chét truc tiép cho qua
trinh vong hoda tao nén nhiéu khung triterpenoid khic nhau, bao goém

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 qua trinh tién hoéa. O cdy Gido cd lam, cac nghién ctu
transcriptome da phat hién it nhat bon isoform, ky hiéu 1a GpSEI — 4 [39]. So sanh
v6i Nhan sam, gene PgSE ciing biéu hién manh & 1& va callus, va dugc chimg
minh 12 lién quan mat thiét dén sy tich liiy ginsenoside. Tuy nhién & cay Gido cb
lam, dic diém phan bd SE uu tién & 14 va tua cudn phan anh su tién hoa khac biét

ctia co ché sinh tong hop gypenoside & Cucurbitaceae so voi Araliaceae [65].
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Nhiéu nghién ctru cho théy SE chiu sy 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
khai dau khong thé thiéu cho con dudng triterpenoid. Su biéu hién dic trung o 13
non, tinh cdm Gng manh bo1 jasmonate va gia tri img dung trong cong nghé vi
sinh vat di khang dinh SE 1a mot mét xich quan trong, c6 tiém nang 16n trong ca
nghién ctru co ban va Gng dung cong nghé sinh hoc nhim gia ting san xuét
gypenoside.

Oxidative squalene cyclase gene (OSC)

Oxidative squalene cyclase (OSC), con goi l1a oxidosqualene cyclase, 1a
enzyme chiu trach nhiém vong hoa 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 GpOSC]1 c6 biéu hién cao & 14 non
va choi dinh [39]. So sanh v&i Nhan sam, gene PgDDS (dammarenediol - II
synthase) 1a mot loai OSC dac hiéu 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 1 ddng chirc nang voi PgDDS, tao ra dammarenediol-1I 1am khung
co ban cho gypenoside [167]. Piéu hoa biéu hién OSC chiu anh huéng manh boi
MeJA va SA cing vé6i cac yéu tb méi truong. [94].

Gene OSC dong vai tro nén tang trong viéc hinh thanh khung triterpenoid,
dic biét 1a dammarenediol - 11 13 tién chét truc tiép ciia gypenoside. Su biéu hién
dic trung ¢ 14 non, cam g boi MeJA va kha ning tmg dung trong hé thong di
sinh da khéng dinh OSC 1a mot muc tiéu then chdt trong chién lugc metabolic
engineering nhdm nang cao ning suit gypenoside & cdy Giao co lam.

Cytochrome P450 gene (CYP)

Qua trinh oxy hoa dac hi¢u vi tri do CYP xuc tac dé tao ra sapogenin v&i
nhiéu cau tric khac nhau, chang han nhu hydroxyl hoa, carboxyl hoa va ester hoa,

nham hinh thanh phan khong duong cia saponin. Cac CYP ddng vai tro quan
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trong trong viéc hydroxyl héa va cac stra d6i khac ciia khung triterpenoid, tao ra
su da dang ciu tric cua gypenoside. Mot s& gene CYP lién quan dén qua trinh
hydroxyl héa & vi tri C - 2 va oxy héa & vi tri C - 19 da dugc xac dinh 1a tng cu
vién [65].

Trong hé gene ciia cay Gido c6 lam, khoang 216 gene CYP da dugc 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, CYP77A43,
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 c6 lam c6 xu huéng biéu hién CYP
nhiéu hon & 14 non va chéi dinh, trong khi Nhan sdm lai wu tién & ré [167]. Déi
v6i cac gene nhom CYP, khi xtr Iy v6i MeJA, két qua phan tich gPCR cho thay
murc biéu hién ctia mot s6 gene CYP716 trong Giao co lam ting gip 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 vai elicitor. [94].

Theo Zhang va cong sy (2021), mirc d6 biéu hién cia CYP89A2 trong 1a cay
Giao ¢b lam 14 cao nhét, tiép dén 13 r& va biéu hién & than thap nhat [173]. Theo cac
tai liéu da cong bd, gene CYP8IA?2 thudng biéu hién manh khi c6 tac dong clia cac
yéu to moi truong, gitp ciy khang lai cac yéu t bat loi bén ngoai, dic biét 1a chat diét
c6. Theo Chen va cong su (2023), gene CYP89A2 biéu hién vuot mic & cay C0 tai
twrong nham 1am giam doc t6 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 mo trong
cay Co gi6 khi xir Iy thude diét co [23]. O cay Cai xoong, biéu hién cia gene CYP89A2
ciing tang 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 trd khong thé thiéu trong qua trinh da dang héa gypenoside thong qua cac phan

ung oxy hoa dac hi¢u.
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UDP-glucuronosyltransferase gene (UGT)

UDP-glycosyltransferase (UGT) 1a nhom enzyme quan trong xic tac budc
glycosyl héa trong con dudng sinh tong hop triterpenoid saponin. Céc protein ho
cytochrom p450 (CYP) va UDP-glucuronosyltransferase (UGT) déng vai tro diéu
chinh cac gene lién quan dén sinh tong 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 b&i UDP-glycosyltransferase (UGT) [164].

O cay Gido c6 lam, cac nghién ciru hé gene va transcriptome da xac dinh
151 unigene dugc chu thich 1a UGT, trong d6 c6 12 gene duogc coi la ing cir vién

quan trong cho qua trinh sinh téng hop gypenoside [65], [94], [39].

Phén tich transcriptome don bao (scRNA-seq) di cung cap bang ching 1d
rang rang mot s6 UGT, nhu GpUGT71V3 va GpUGT71AW1, biéu hién cao trong
t& bao m6 mém tai chdi non va 14 non [94]. So sanh lién loai, Nhan sim co céc
UGT dac hi¢u nhu PgUGT74AE2 tham gia glycosyl hoa ginsenoside, trong khi
Giao co lam lai ¢ cac isoform khac biét hon, phan anh su tién hoa doc lap trong

viéc mo rong da dang cau tric saponin dammaran [163].

Céc bao cao trudc day ciia Stracke va cong su (2007) vé UGT9IAI, hay
Kuwahara (2019) vé DN42708 c1 gl i9 tuong tu nhu UGT91A41, duge du doan 13
c6 lién quan dén qua trinh glycosyl hoa flavonol hoic flavonol glycoside trong loai
Cai xoong [81, 147]. Theo Zhang va cong su (2021), mirc d6 biéu hién ctia UGT91A1
va UGT76B] trong than cao hon trong ré [173].

Tém lai, UGT 1a nhom gene then chdt trong qué trinh hoan thién cau tric
gypenoside, quyét dinh sy da dang va gia tri duoc hoc cia gypenoside & cdy Giao

co lam.
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1.4.2.2. Vi tri sinh tong hop va tich liiy trong cdy

Céc gypenoside chu yéu duoc tong hop ¢ 14 non ctia cay Gido ¢6 lam. Phan
tich biéu hién gene trén bay loai mé khac nhau (1€, than, tua cudn, 14 non, 14 trudng
thanh, hoa, va qua) cho thiy nhiéu gene sinh tong hop sdm (nhu GpFPS1, GpSS1,
GpSE2, va GpSE3) c6 biéu hién dic trung & 14 non. Nghién ctru cong nghé giai
trinh ty RNA té bao don cho thdy qué trinh sinh téng hop gypenoside chu yéu
dién ra trong té bao m6é mém & ca chdi dinh va 1a cta cay Giao cb lam. Muc do
biéu hién cua cac gene con duong MEP va MVA cao hon ¢ té bao mé mém so
v6i cac loai té bao khac. Cac gene quan trong nhu SS, SE, va GpDS ciing biéu
hién vu tién trong té bao mé mém cua ca choi dinh va 14. Ham luong gypenoside
cao nhat dugc tim théy 0 14 va cling 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 13 cic 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
hydroxyl hoa va cac stra ddi khac cua khung triterpenoid, tao ra su da dang ciu
tric cia gypenoside. Enzyme UGTs xtc tac qua trinh glycosyl hoa, 1a budc cudi
cling va quan trong trong con dudng sinh téng hop triterpenoid, quyét dinh céu
triic va tac dung duoc 1y cia 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 1 duoc cam ing 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 thiy mtic phién ma ciia hai gene nay
tang dang ké trong giai doan sém clia phan img 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 cdp c6 lién quan nham trung hoa ROS [85], [145].
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DPéi véi cay Bach chi, loai thuc vat chtra nhiéu saponin c6 gia tri duoc ly
16n, mot nghién ctru d3 tién hanh phan tich transcriptome két hop véi xac nhan
biéu hién bang qRT - PCR cho théy it nhat 16 gene UGT biéu hién khéc biét theo
co quan (14, than, r8). Trong d6, mot sé gene UGT thé hién uu thé biéu hién ¢ ré,
trong khi nhitng gene khéc lai biéu hién cao hon & 14, khép vé6i su phan bd khong
gian cta saponin duoc quan sat trong cac mé ctia thuc vat. Cu thé, Cheng va cong
su (2020) di lya chon 16 UGT trong sb hon 122 UGT duoc tim thdy qua
transcriptome dé xac nhan bang qRT - PCR cho két qua cac gene nhu UGT lién
quan dén nhom UGT7I-- va UGT73-- ¢6 biéu hién cao hon ¢ mé ré hodc gan la
so voi than [42].

Trong nghién ciru cua Liang va cong su (2019) trén 13 gene GpUGTs &
Giao c6 lam (thudc cac phan ho UGT71, UGT74, UGT94) ng vién cho con duong
sinh tong hop gypenoside dé phan tich biéu hién theo mo bang qPCR. Két qua
cho thdy GpUGT35 6 biéu hién rat cao & 14: gap xap xi 28 1an so v4i than va gap
xap xi 453 1an so vé6i ré. Khi xtr Iy bang MeJA, GpUGT35 biéu hién ting dan tir
6 gior dén 18 gid, cao nhat vao 18 gio, khoang 2,17 1an so véi thoi diém 0 gio [99].

Zhang va cong su (2021) da nghién ctru & Gido cd lam xéac dinh 5 gene
UGT dong vai tro sau budc chinh stra khung trong gypenoside. Khi dinh lugng
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 nhitng ho
enzyme 16n va da dang nhat & thuc vat, gii vai tro trung tAm trong viéc bién doi
cac khung triterpenoid dé tao nén sy da dang cdu triic cta saponin dammaran.
Nhiing phan img 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 ciru d tmg dung k¥ thuat
real - time PCR (qPCR) dé dinh luong biéu hién cua cac gene CYP450, qua do
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cung cép dir li€u thyc nghiém c6 gia tri vé muc 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), 14 tién chit ctia hau hét
ginsenoside nhém PPD. qPCR ching minh rang CYP716447 c6 muc biéu hién
cao nhat trong ré, dic biét & ré trudng thanh, véi cudng do vuot trdi so voi than
va 1a. Dir liéu nay giai thich co ché tai sao ginsenoside tich liiy chi yéu trong ré
Nhéan sam, noi dong vai tro 1a kho du trit phong vé¢ 1au dai. Mot isoform khéc,
CYP716A453v2, xac tac hydroxyl hoa PPD thanh protopanaxatriol (PPT), cling
dugc phat hién c6 biéu hién manh & r&, nhung véi ty 18 thap hon, phan anh su
chuyén biét mé va cin bang ty 16 PPD/PPT cuia Nhan sim [60].

Khac véi Nhan sam, & Giao c¢o lam két qua qPCR cho thay nhiéu gene CYP
mg ctr vién biéu hién manh tai 14 non von 1a co quan chinh tich liiy gypenoside.
Vi du, cac gene thudc ho CYP71, CYP86 va CYP89 thé hién mirc phién ma cao
gép 3 - 6 1an & 14 non so v&i ré hodc qua. Bac bi¢t, mdt s6 isoform CYP716 duoc
tim thay trong hé gene cdy Giao c6 lam c6 mirc biéu hién vuot troi ¢ 14 non, goi
¥ vai tro truc tiép trong hydroxyl hoa khung dammaran, trude khi bude glycosyl
héa dugc xuc tac boi UGT. Piéu ndy tao nén mot ddi trong tién hoa tha vi: trong
khi Nhan sam wu tién tich Iily ginsenoside tai r&, Gido c6 lam lai t6i 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 1a cay thude quy,
¢ nhiéu tac dung nhu ha huyét ap, ha mod trong mau, tang cudng suc khoe, chéng
néo suy, khang ung thu... Do bi khai thac qua mirc dé ldy nguyén liéu lam thudc
nén Gido c6 lam da dugc xép trong thang bac phan hang IUCN 1994 sach do VN:
EN Ala,c trong sach dé Viét Nam. Mot s6 tac gia trén thé gidi dd nghién ciru nhan
gidng in vitro, nudi cay callus cdy Gido c6 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
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cay nay chua dugc thyc hién. Mac du da c6 nghién ctru ve callus hay re to Gido
co lam, viéc nuoi cay huyén phu té€ bao cay nay c6 bo sung elicitor van chua duoc
thuc hién. Dic¢u nay tao nén tang viing chac cho cac muc ti€u nghién ctru hién 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 1.3 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.
2.2.1. Nudi cdy 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 moi trudng MS
co ban c6 bo sung NAA (tir 0,2 - 2,0 mg/L) hodc 2.4 - D (tr 0,2 - 2,0 mg/L) d¢
cam tng tao callus so cap. Tiép theo callus so cap dugc nudi ciy duy tri dé tao
thanh callus thir cp trén mdi 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 st 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 ciy 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 lily gypenoside

Té bao huyén phu duoc nudi trong cac binh tam giac 250 mL chira 50 mL
moi truong MS 16ng c6 thanh phan giéng nhu méi trudng nudi cay callus tét nhat
(khong co agar). Callus (30 ngay tuoi) dugc cdy chuyén vao binh tam giac voi c&
mau ban dau 14 2 g va téc d6 lac 1a 120 vong/phut trén may lic SM 30A trong

sudt thoi gian nudi cdy dé xdy dung dudng cong sinh truéng ciia té bao.
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Thot gian x8y dung dudng cong sinh truong dugce 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 mdi trong binh tam gidc & nudi cdy huyén phu co thanh
phan rat gidng moi trudng nudi cdy tao callus thir cap trude do, khi té bao khong
can phai diéu chinh sinh 1y nhiéu dé thich tng voi diéu kién nudi cdy méi trude
khi chuyén sang pha sinh truéng lily thira.

Chi tiéu theo ddi 1a khéi luong tuoi, khéi lwong kho va ham luong
gypenoside cta té bao huyén phu. Cac thong s6 duoc thu thap dinh ky nham xac
dinh rd rang cac pha sinh truong va thoi diém bét dau tich litly gypenoside. Sinh
khéi té bao duogc thu sau mdi 2 ngay nudi cay dé xac dinh khéi luong twoi va khoi
luong kho. Té bao duoc loc va rira sach méi trudong vol nudc cAt béng hé théng
loc chan khong, can dé xac dinh trong luong tuoi. Té bao sau do duoc séy 0 50°C

dén trong luong khong doi, can dé xac dinh trong luong kho [123].
2.2.2.2. Xac dinh ham luwgng gypenoside

Tdch chiét gypenoside: Dé xac dinh ham lugng gypenoside trong mau, té
bao duoc say kho ¢ 50°C dén khdi lugng khong ddi va tach chiét trong dung moi
methanol. Can chinh x4c 0,5 g mau kho, chiét trong 10 mL methanol 80% co6 st
dung siéu am & 40°C, thoi gian 1,5 gio sau d6 dé bay hoi dén kho. San pham duoc
can va tai hoa tan trong methanol 80% dén nong do 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 dugc xac dinh
bang phan tmg mau véi vanillin. 50 pL dich chiét gypenoside duoc chuyén vao
6ng nghiém sau d6 bod sung 250 pL dung dich 8% vanillin (pha trong ethanol).
Hdn hop phan tng dugc dit trong nude da, tiép tuc bo sung 2,5 mL sulphuric acid
72%, tron déu va dé trén da it nhat 3 phat. Ong nghiém chira hdn hop phan tng
duoc 1am nong dén 60°C trong 10 phut sau d6 dugc lam lanh trén nude da. Phan
g 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,
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CRS, Phép, d6 tinh khiét 98%) [36], [152]. Ham luong gypenoside tong s duoc
xéc dinh theo phuong phap quy d6i vé chuin Rbl.

Mau phan tich duoc can chinh x4c, tich chiét va dinh muc vé thé tich V.
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. Him luong gypenoside tong s6
duoc xéc dinh theo cong thirc:

Ham luong (mg Rb1 tuong duong/g chat khd) = Cx x V /(1000 x m)

m: 1a khéi luong mau kho (g).

A: Gia tr1 mat do quang do.

a: Hé sd goc ctia duong chuan.

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

Cx: Nong d6 gypenoside

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

y =0.0017x + 0.026, h¢ s6 twong quan R>=0.999

Xdc dinh ham lwong Rb1:

Chat chuan ginsenoside Rb1 tinh khiét > 98% duoc can chinh xac 1,0 mg
va hoa tan trong methanol dé thu duoc dung dich chuan gbc c6 ndng do 1.000
ng/mL. Tt 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 x4c mau nghién ctru 10 — 20 mg, thém methanol, siéu 4m trong
30 phut, sau do ly tam va loc qua mang 0,22 pum truée khi dua vao chay HPLC.
Toan bd miu va dung dich chuan dugc xtr Iy dudi cung diéu kién dé dam bao tinh

so sanh khi quy déi theo duong chuan Rbl.

HPLC duoc thuc hién trén hé théng Alliance E2695 voi ¢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 lugng Rb1 trong mau (mg/g) = (Am/ A,) X C, X (V/ m)

Trong do:
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An: Dién tich peak Rbl1 ctia miu

A,: Dién tich peak Rb1 cta dung dich chuan
C,: Nong d6 chuan Rb1 (mg/mL)

V: Thé tich dinh murc dich chiét mau (mL)
m: Khéi luong mau khé ban dau (g)

2.2.2.3. Anh hwéng ciia méi trwong va diéu kién nuéi cdy lén sinh truong ciia
té bao

Sau khi x4c dinh dugc thoi gian tich lily sinh khéi va gypenoside t6i uu,
chung t6i tiép tuc tién hanh khao sat anh hudng cua cac yéu td cua diéu kién nudi
cdy, bao gom: cic 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 thur cép; Nguén carbon bao gém sucrose, glucose, fructose, galactose,
lactose va glycerol duoc bo sung riéng 1¢ vao méi trudng nudi cdy huyén phu té
bao ¢ néng do 3%; St dung céc co mau ban diu khac nhau (tir 4 - 8%, tuong
duong 2 - 4 g té bao/binh); Tién hanh véi cac tée do lic 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 tidu duoc danh gia bao gom khéi luong tuoi, khdi lugng kho va ham luong
gypenoside.
2.2.2.4. Thir nghi¢m nuéi cdy trong bioreactor 12 L

Hé hong LiFlux GX (Hanil, Han Qudc) dugc sir dung dé nudi cdy, thé tich
nudi cay 12 L, ty 16 mau ban dau 1a 10% (v/v) (twong dwong voi bo sung 12 binh
50 mL), téc d6 khudy 150 vong/phut, cic thong sé khac dugc cai dat mic dinh
[105]. Moi truong st dung trong thir nghiém 13 méi trudng 16ng tot nhat thu dugc
trong nudi cdy té bao. Mau dugc thu sau mdi 2 ngay nudi cdy, cac chi tiéu dugc
danh gia bao gom khdi luong tuoi, khoi lugng kho va ham lugng gypenoside.

Sinh truéng ctia huyén phu té bao trong bioreactor 12 L duoc theo ddi thong
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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 1dy méu
trong diéu kién vo trung. Ly tdm thu sinh khéi, thim kho trén gidy loc dé xac dinh
khéi luong tuoi, sau d6 sy & 60 °C dén khdi luong khong ddi dé xac dinh khoi
luong kho.

2.2.3. X ly elicitor
2.2.3.1. Chudn bi elicitor

MeJA (392707 - SML, Sigma, My) va SA (30422 - 05, Nacalai, Nhat Ban)
duogc khir tring bang mang loc 0,22 pm va bo sung vao méi truong da khir trung,
Nam Fox (Fusarium oxysporum) [69]. Fox va YE (64343, Biorad, My) dugc
thém vao moi trudong 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 dnh hwéng ciia nong dp elicitor

Anh hudng ctia ndng d6 cac elicitor duoc danh gia bang cach bd sung riéng
1¢ MeJA, SA, YE va Fox vao méi trudng vdi cac nong do khac nhau tai thoi diém
bat dau nudi cdy (thoi diém ngay 0). Trong d6, MeJA va SA ¢ nong do tir 25 -
200 uM, YE va Fox tir 1 - 5 g/L. Déi chimg 1a cong thirc khong bd sung elicitor.

2.2.3.3. Khdo sdt anh hwéng ciia thoi diém bé sung elicitor

Céc ndng do cua elicitor cho té bao huyén phu Gido cb lam sinh truéng va
tich lily gypenoside tot nhat dugc lya chon dé danh gia thoi diém bo sung t6i wu.
Céac noéng d6 duogc lya chon 13 MeJA (50 pM), SA (100 uM), va YE (3 g/L).
Elicitor dugc bd sung vao méi truong & thdi 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
dé danh gia.

Sau khi x4c dinh ndng d6 va thoi diém bo sung thich hop d6i vai cac elicitor

riéng 1€, céc elicitor s€ duoc bo sung dong tho1 vao moi trudng nudi cay theo cac
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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. Tdch chiét DNA tong sé va khuéch dai gene

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

Phéan 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 day du cua 12 gen CYP va UGT duoc thiét ké dua
trén trinh ty cDNA/ORF d3 cong bo trong bo dir lidu transcriptome va proteome
ctia Gido c6 lam. Trinh tw FASTA cua timg gen dugc lay tir phan phy luc cua bai
bao. Cac mdi duoc thiét ké tir ving ORF day du bang Primer Premier 5 va kiém
tra dic hiéu bang BLASTn trén toan bd bd transcriptome. Thanh phan phan tmg
PCR bao gom: 1 pL DNA téng s6 (100 ng/uL), 1 pL mdi ctia mdi loai (10 pmol),
10 uL 2x GoTaq Green Master Mix (Promega, M¥), 3 pL nudc cét, tong thé tich
phan tng la 12 pL. Phan ung PCR dugc thuc hién trong may gia nhiét
(SimpliAmp, ThermoFisher Scientific, USA) vd1 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 phat. San pham PCR duoc dién di trén gel agarose 1% va nhudm

bang SafeView™ Classic (abm, Canada).

Bang 2.1. Trinh tw mdi trong nhén dién cic gene [173]

Kich thwdce san

Gene Trinh ty moi .
pham PCR (bp)

TAAACCAAAGAAACCATGAAGGA
CYP71BI19 1666
TCATCCGACCATAAACTTTTCA
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CCCATTTCCTTTCTTCAACAAT

CYP 7743 1522
ATGCTCCTTTAAACCCTAGA
GTCAATGATGGATACGGTG

CYP 8647 1637
TCGGCCTGAAACCTCAA
AAGAAAGATATGGAGTTGGG

CYP 8648 1668
CAACCAATCACGCCTTC
GAAGTGAAACAGAAATGGAGA

CYP 8942 1533
GCTAGAACCTGGAACGTAAA
CCCATTTCAATGGCGTG

CYP 9041 1506
CTGCTCCTCTCTACATTATCAA
TCTTTCTCTAATGGATATCTGTGTT

CYP 9441 1523
GAACTCACATCTCCCTCTTCT
AGAAGAAACGGAGCACA

UGT 73B4 1466
ACCATTCATAAATCAAACCG
CATGGACAGGATCCAACAA

UGT 76B1 1375
CAAGCATTTTTACAATCTTATCG
GGCAGACAAAAATGAAAACGG

UGT 74F2 1398
TTGATTCTATTTCAAAGCCAAA
GCCTTCAAATGGAAAACGAA

UGT 91CI1 1425
CCTTCCATTTTTCAAATCCTCA
AAGCACATTTACCATGGCTGC

UGT 9141 1400

AGCATCAATGGCTTTTCAGATACT

2.2.4.2. Phén tich trinh tw gene va xdy dung cdy phdt 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 cta cac mau dugc kiém tra béng phr:fm mém BioEdit, sau d6
so sanh véi cac trinh tu d duoc cong b trén ngan hang gene thong qua cong cu

BLAST. Céc trinh ty DNA duoc sap xép giong cot bang chirc nang Clustal W
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trén phan mém MEGA 11 véi cac tham s6 mic dinh. Cay phét sinh duoc xay dung

dua trén phuong phdp Maximum Likelihood véi gia tri bootstrap 1000 [149].
2.2.4.3. Dw dodn diic diém va chikc ning ciia enzyme

Poan gene CYP89A42 c6 muc do twong ddng cao véi trinh tir gene di duogc cong
b, do d6, chiing toi sir dung trinh ty mRNA dé duoc cong bd (MT416753) dé dy doan
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: 7x2q, mi sd Phyre: ¢7x2qA._) véi do bao pht 91% (460/506 amino acid) va do
tin cay 100%.

Pic diém va chtic ning clia enzyme dai dién cho 2 nhom CYP va UGT tir
cay Gido ¢6 lam duoc du doan béng cac cong cu tin sinh hoc, bao gém protein
domain [91]. M6 hinh céu tric khong gian ctia enzyme duoc dy doan bang cong
cu Phyre2.2 [72]. Céu tric 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], kh4 ndng chiu nhiét dugc duy doan béng cong cu Tm
Predictor. M6i trudng xtc tac (acid/base) cta enzyme dugce du doan bang cong
cu AcalPred [100].

2.2.5. Xac dinh mirc d§ phién ma cia cac gene CYP va UGT
2.2.5.1. Tdch chiét RNA tong s va tong hop soi cDNA thir nhit

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

RNA tong s6 cua té bao dugc tach chiét bang kit GeneJET Plant RNA

Purification Kit theo huéng dan ctia nha san xuat.

Phan tng tong hop soi cDNA thir nhat bang kit First Strand cDNA Synthesis
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(#K 1612, Fermentas) theo huéng din ctia nha san xuat. Tong thé tich phan tng
20 puL chira 5 ug RNA tong sd, 0.5 pg oligo(dT)18 primer, 4 uL 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 t & 37°C trong 60 phut,
sau d6 dimg phan tng bang cach @ 70°C trong 5 phit va lam lanh trén d4, bao
quan & nhiét do -40°C.
2.2.5.2. Phén tich realtime - PCR

Pé danh gia mic do phién ma cua cac gene CYP va UGT, chung t6i tién hanh
phan tng realtime PCR vé6i cap mdi dic hiéu cia gene nay [173], str dung noi doi

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

Phan {rng 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 dugce thuc hién trén hé théng
QuantStudio™ 5 Real - Time PCR (ABI, M¥).

Mitrc d6 phién ma twong ddi cua cac gene duoc tinh theo phwong phap 2724t
Gia tri Ct dugc xéac dinh cho gene dich va gen ndi chuan. Véi mdi mau, tinh ACt
= Ct_gene dich — Ct_gene ndi chuan. Tinh AACt = ACt_xtr Iy — ACt_d6i chung.
Hé s6 thay ddi biéu hién (fold-change) duoc tinh theo cong thirc: Fold-change =

2—AACt

Bang 2.2. Cac mdi dwore sir dung dé phén tich mirc dd phién ma

Kich thwdc san

Gene Trinh tw moi ,
pham PCR (bp)
AATGGCGGAACTCGCAAAAC
CYP 71B19 111
TCATCGGTTTCGGTTTCGGT
CYP 7743 CAATCTCTTCCAAATCGCTC 136
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AATCAAACCAGCATCACTCA

TCAACAACGAGACGATGGCA

CYP 8647 108
AGGAACGTGTCGGAGTAGGA
AGTATGGCCTGAAAGTGAAC

CYP 86A48 105
TAACGGCGGTAATTATTGGA
CCCTTCCAAACTCACAAAAC

CYP 8942 116
AATGGAGATTGCGAAGAGTT
GGAAATCTCGGTTTACCCTT

CYP 9041 128
AACAAATGGGTCGTGAAAAC
TTTCTTGGGCCGTGGAATCT

CYP 9441 147
ATCGGAATCAGCCTCGTCTT
TGGAACTAAAACTGCCTCTG

UGT 76B1 103
GGGATAAATCGGAACCAAGA
TTTCTTTTTCCGGCGAACCC

UGT 74F2 97
AAAGCCCCCATTAACCCGAA
GGGTTTGGGATTGGTATTGA

UGT 73B4 108
TCCCTTCTCTCCATTCATCA
AATCGGTCAACTCCCGACAA

UGT 9141 140
CTTGACTCGGTTTGGCTTCG
TGAGGCGAATCTGAGCGAAA

UGT 9iICI1 128
TGAATCCCGCCGGTAACATC

GP-18sRNA ACGATGCCGACCAGGGATT 106

TTCAGCCTTGCGACCATACTC

2.2.6. Phén tich hop chat thit cap

2.2.6.1. Chudn bj cao chiét Gido cé lam

Mau Gido c6 lam dugce chiét trong methanol 80% véi ti 18 1:20 khéi
lu:o’ng/thé tich c¢6 stir dung si€éu am & 40°C, thoi gian 1,5 gio sau do tién hanh c6

quay thu hdi dung moéi tao cao chiét tong sd. Cao chiét duogc tai hoa tan dén céac
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noéng d6 nhat dinh dé stir 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% 1a) va té bao huyén phu cay Giao c6 lam khong xir 1y elicitor
sau 18 ngdy nudi cay duogc chiét xuit bang dung moi methanol va thu nhan mau

cao kho.

2.2.6.2. Tinh ché ché phim 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 dugce 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 taa. Phan két tia duoc rira hai lan véi
chloroform, mdi lan sir dung lugng chloroform gap 3 1an khéi lugng két tiia. Dung
dich duoc loc dé loai bo chloroform. Tiép tuc chiét véi ethyl acetate dé loai
flavonoid va polyphenol. Budc cudi cung 1a chiét vdi 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 giy doc té bao hoic trong methanol dé
tao s dung trong phuong phap HPLC.
2.2.7. Thir nghiém kha ning e ché té bao ung thw
2.2.7.1. Nuéi cdy té bao ung thw

Cac dong té bao ung thu gan (HepG2, Huh7) va ung thu phdi (A549) duoc
nudi cdy trén dia nudi cdy bam dinh T75 (Nunc, Pan Mach), trong khi d6 dong té
bao ung thu bach cau (HL - 60) duoc nudi huyén phi. Té bao duoc 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,. Cac té bao dugc ciy chuyén khi dat dén mat do 80%, ty 16

song cua té bao dugc xac dinh bang phuwong phap nhuém trypan blue va quan sat
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dudi budng dém hong cau [137], [170], [151].

Pé danh gia tac dong ctia cao chiét Gido ¢ 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 trudng va dugc nudi ciy trong 24 gio. Sau do, moi
truong cii duoc loai bo trude khi xtr 1y té bao bang méi trudng nudi ciy cé chira
cao chiét Gido ¢ lam hoic gypenoside & cac nong do 4, 20, 100 va 200 pg/mL
trong 72 gid. Mot dia khac khong xur Iy cao chiét Giao c6 lam hodc gypenoside
duoc u trong 30 phut va dung nhu ngay 0.

2.2.7.2. Phan tich djc tinh té bao

Phuong phap nhudém sulforhodamine B duoc thuc hién theo Vajrabhaya va
cong su (2018) [153]. Sau khi duoc xt 1y voi cao chiét Gido c6 lam hodc
gypenoside, cac t& bao nudi cay bam dinh 16p don (HepG2, Huh7 va A549) dugc
¢d dinh voi 10% trichloroacetic acid. Té bao sau khi ¢d dinh dugc nhuém véi
sulforhodamine B trong 30 phut, sau d6 rira va phan tach véi 1% acetic acid (v/v)
dé loai bo thudc nhudém thira. Kha nang 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 cua cao chiét Gido cd lam hodc gypenoside 1én su sinh trudng
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 d6, té bao dugc xur Iy bang cac ndng do cao chiét
Giao c6 lam hoidc gypenoside khac nhau va nudi cay trong 24 gio. Dung dich mudi
tetrazolium MTT (5 mg/mL) dugc bd sung vao mdi giéng va u tiép 4 gid & 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 do quang
duogc xac dinh ¢ budc song 540 nm bang may doc dia. Ty 1¢ phan tram Gc ché su

phat trién cua té bao khi c6 mat cao chiét Gido c6 lam hoac gypenoside sé& dugc
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xac dinh thong qua cong thiic sau:
% trc ché = 100% - [OD (mau) — OD (blank)]/[OD (DMSO) — OD (blank)]

Thi nghiém dugc lap lai 3 1dn dé dam béo tinh chinh xac. Ellipticine & cac
néng do 10 pg/mL, 2 pg/mL, 0,4 pg/mL va 0,08 pg/mL duge st dung nhu 1am dbi
chimg duong; 1% DMSO dugc st dung lam dbi chimg am [307, [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 huong dén tat ca cac té bao trong mo tinh
hoan, dit biét 1a cac té bao dong tinh. Co ché tac dong chinh cua stress nhiét 1ién
quan dén qu4 trinh gia ting san xuét cac gbc 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 c6 tic dung bao vé hé thong sinh san cua

chudt duc dudi taic dung cua stress nhi¢t [77].

Thi nghiém dugc tién hanh trén 40 con chuét 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 nhiét 40°C (H40) gém 10 con chudt dugc xur Iy voi nhiét do 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/kg (H40+CS) [15], [133], [50], [122].

Quy trinh thi nghiém trén dong vat trong nghién ctru ndy dugc trién khai
theo cac yéu cau vé dao dirc nghién ctru, dd dugc tham dinh va phé duyét boi
Truong Pai hoc Y Dugc, Dai hoc Hué (ching nhéan s6 H2019/345). Bong vat thi
nghiém (chudt duc Swiss truong thanh) dugc nuoi trong diéu kién kiém soat nhim
bao dam phuc loi va gidm sai 1éch thyc nghiém, gém nhiét d6 6n dinh 25+1°C,
chu ky sang/tdi 12 gid, ddng thoi duoc cung cap thic an va nudc udng day du,

theo d&i strc khoe trong sudt thoi gian nghién ctru. Khi két thiic thi nghiém, chuot
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dugc gdy mé dé phuc vu cac phan tich tiép theo, nham giam dau va han ché ti da

khoé chiu cho dong vat.
2.2.8.1. Phwong phap x ly stress nhiét

Chudt duc cung cép boi Vién Pasteur Nha Trang duoc nudi thich nghi tai
phong thi nghiém trong 2 tuan. Sau d6 nhom c6 udng dich cao chiét duwoc udng 1
tuan trude khi xir 1y nhiét. Chuot dugc xtr ly stress nhiét b::ing cach ngam 1/3 than
dudi bao gém biu cua chudt vao nudc trong bé 6n nhiét theo tht ty nhiét d6: nhom
chtng 25°C (CON); nhom stress nhiét 40°C (H40), nhom stress 40°C ¢ udng
ubng dich cao chiét Gido c¢6 lam tu nhién 200 mg/kg (H40 + N), va nhom stress
40°C c6 udng udng cao dich chiét té bao huyén phu Gido c¢6 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
tho1 gian thi nghiém xur 1y nhiét, tat ca chudt duoc xur Iy va tién hanh thu mau mau

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

Testosterone duoc san xuat chi yéu ¢ té bao Leydig trong mé tinh hoan, c6
chure ning chinh 14 duy tri chtrc ning sinh san ctia nam gi6i va thiic ddy qua trinh
sinh tinh [57]. Nong d testosterone & nam gidi c6 xu hudng giam dan theo tudi
tac, bénh 1y, va cac yéu t stress. Testosterone thip c6 lién quan dén ting nguy co
mic bénh va tir vong. Hién tai, liéu phap thay thé testosterone, c6 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 st dung thao mdc 1a mot lya chon diéu tri tiém nang [146].

Sau 5 tuan xir 1y nhiét, chudt dugc xur ly, bdc 16 vung nguc va thu mau qua
tim. MAu mau duoc thu vao 6ng mau 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 str dung mdy xét nghiém mién dich ty 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 11. Mau duoc
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thu tir tim chuot dudi gdy mé, ly tam ¢ 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 chuén (Calibrator 1 va 2) di kém bd kit.

2.2.8.3. Nhup¢m Hematoxylin va Eosin

Mau md tinh hoan chudt sau khi ¢b dinh duoc chuyén dic mau trong
paraffin. Mau mé duogc cit 1at mong bang may cét tiéu ban. Tiéu ban mé hoc tinh
hoan chuot dugc nhuém Hematoxylin va Eosin. K¥ thuat nhuém Hematoxylin va
Eosin duoc tién hanh gdm cac budc theo huéng 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 ¢d dinh formol dém trung tinh 4% trong 24 gio. Mau
mo duoc xir Iy qua cac cong doan: khir nude bang ethanol, khir ethanol bang xylen,
vui parafin dé dtic khéi, sau d6 tién hanh cit cac manh mé véi do day 5 pm va
chuyén 1én ¢b dinh trén lam kinh trang gelatin. Tiép theo, mau mo duoc loai
parafin bang xylen, loai xylen bang ethanol, loai ethanol bang nuéc. Cubi clng,
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 mé bénh hoc [16], [46].
2.2.9. Xir Iy thong ké

Céc thi nghiém duoc b tri ng?lu nhién va lap lai 3 lan, sau do céc két qua
thi nghiém dugc tinh trung binh va phan tich ANOVA bang Duncan’s test voi
p<0,05 st dung phan mém SPSS ver 20.0.
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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 ngdy thr 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¢ 0,011¢
14 36,210 0,012¢
16 41,321° 0,022¢
18 42,122¢ 0,049°
20 34,100° 0,050°
22 25,510¢ 0,041°
24 24,0814 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].
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Hinh 3.2. Té bao huyén phui cAy Gido c6 lam sau 20 ngay nudi cdy trén moi

trwong MS c6 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 ¢6 lam dao dong tir 15 dén 60 mg/g kho, trong duwong véi sd liéu trong
nghién ctru ctia ching t6i. Vi du, trong ré to ¢6 xap xi 38 mg gypenoside/g kho,
trong ré cdy truong thanh chira x4p xi 15 mg/g, trong 1a 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 ¢6 lam 5 14 thu hai tai

Thai Nguyén khoang 46,9 mg/g khd (4,69%) [7].

Mot sb nghién ctru trude day cho thay, da sb truong hop nudi cdy callus hoic
té bao thuc vat déu cho ham luong cac chét thir cép cao hon nhiéu 1an so véi trong
diéu kién ty nhién. Chang han, Nguyén Hoang Loc va cong su (2010) dd nghién
clru san xuét solasodine tir callus cdy ca gai leo in vitro va két qua cho thdy, ham
lwong solasodine tich lity 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, cac tic gia nhan thay solasodine tich lily trong té bao huyén
phtt cao hon trong callus [106]. Theo Ncube va cong su (2015), trong diéu kién
binh thuong, thuc vat chi san xudt ra mot luong hop chét thu cép & mue toi thiéu

theo nhu cau cua co thé va chung khong déng vai tro 16n doi véi cac hoat dong
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song so cap cua té bao [119]. Khi gap cac di€u kién bat 1¢91 cia moi truong, hop
chat thr cap mo1 dugce san xuat nhiéu hon trong t€ bao dé chong 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 cdy Gido c¢b lam, trong d6 ham lugng gypenoside 13n
Rb1 trong té bao déu cao hon so vdi callus, tuong dwong véi mau than nhung van
thdp hon mau 14 tu nhién. So v6i mau ré to di dugc cong bd, ham luong

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

San xuat cac hop chit nhém saponin bang nudi cy té bao huyén phu da
dugc nhiéu tac gid thuc hién va cong b6. Ginsenoside 1a cac hop chat saponin
thudc nhom triterpene, duge xem la thanh phﬁn co hoat tinh sinh hoc quan trong
nhat trong Nhan saim. Kha ning tong hop ginsenoside tir nudi cy ré da duoc gay
dot bién ctia Nhan sam co st dung elicitor sinh hoc da dugc 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 dugc trong nudi ciy ré véi Mesorhizobium
amorphae (GS3037) sau 5 ngay khoang 105,58 mg/g khdi lwong kho so voi 74,48
mg/g & thi nghiém ddi chtig khong bo sung elicitor. Sy tich lily cuia ginsenosides
Rb2 va Rb3 ting dang ké, twong Gmg 12 19,4 va 4,4 1an; 18,8 va 4,8 1an sau 5 ngay
xu 1y v&i M. amorphae (GS3037) va M. amorphae (GS336) [87].

Nhiéu loai saponin khéc cling d3 dugc san xuat bang phuong phap nudi cdy
mo thuc vat co xu 1y elicitor. Lee va cong sy (2018) da nghién ctiru phuong thirc
tang tong hop saponin trong nudi cdy té bao ciy Gai thau dau bang cach sir dung
elicitor. Khi nudi cdy té bao khong b sung elicitor, ham lwgng saponin tong s6
thu dugc 1a 1,56 mg/60 mL sau 15 ngay nuéi cay. Khi b6 sung coronatine 1 pM,
luong saponin tich lily ting 1én 160%. Ngoai ra, cac tac gia nhan thay, coronatine
lam ting biéu hién sinh tong hop beta - amyrin tir 46 din dén tich liiy oleanolic

acid [88].
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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 c6
gia tri, thuéc nhoém hop chét quassinoid, biéu hién hoat tinh chéng sOt rét va tang
cudng san xuat testosterone ¢ chudt, ¢ ché té bao ung thu phdi. Cac ndng do
khac nhau cua dich chiét nAm men (YE) (20 - 250 mg/L), MeJA (20 - 500 pM)
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
luong eurycomanone trong té bao dugc xir Iy voi 20 uM MeJA sau 4 ngay nubi
cdy dat gia trj cuc dai khoang 17,36 mg/g trong lugng kho va tang tir 8-10 1an so
v&1 nhom khong xur 1y elicitor [123]. Kwan va cOng su (2021) nghién ctru anh hudéng
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 té bao ung thu trong nudi cay té bao huyén phu
cay Bach bénh. Két qua cho thay cé 3 elicitor nay déu 1am tang hoat tinh giy doc doi
v6i dong té bao ung thu & ngudi, HTC116, tuong tir nhu dich chiét tir ré cta cay
trudng thanh, ma khéng anh dén su sinh trudng cua té bao cay Bach bénh [82].

Trén co so su tich liy sinh khéi tuoi, sinh khéi kho, ham luong gypenoside
téng $6 cling nhu Rb1, thoi diém thu nhan té bao, vira dam bao thu duoc sinh khéi
16n vira thu duge ham lugng cac hop chét cao 14 18 ngay.

3.1.2. Anh hwéng ciia méi treong nudi cdy 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 trwéng

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

Déi véi qua trinh tich liy gypenosdie, cac moi truong chira KIN va IBA ¢

hiéu qua tich lily cao hon cac méi truong chua BAP va IBA, trong d6 ndng do
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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 trudong 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 Ién sinh

truong va tich lity 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° 34,9320 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 0,0254
- 1,5 2,860° 0,118°¢ 40,900? 0,034¢
- 2 3,693¢ 0,157¢ 40,240° 0,041°
- 2,5 3,274° 0,144 31,733¢ 0,032°¢
- 3 2,3694 0,0954 24,190¢ 0,013f

Cdc chit cdi khdc nhau trong ciing mot cdt biéu thi sy khdc biét ¢é y nghia thong
ké (ANOVA mét nhan t6: logi chat diéu hoa sinh truéng; phép thir hdu nghiém
Duncan, p < 0,05). Cdc gid tri c6 cung chit cdi khong khdc biét ¢é y nghia thong
ke (p = 0,05).

Nhu véy, sau khi tham do cac diéu kién nuoi cdy, chiing toi nhan thiy moi
truong chira 2 mg/L KIN két hop 0,5 mg/L IBA phu hop nhat cho nudi cay té bao

cdy Gido cb lam, day ciing chinh 13 méi trudng tét nhat khi nuéi cdy callus.
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3.1.2.2. Anh huwéng ciia nguén carbon

Két qua trinh bay ¢ bang 3.3 cho thiy sucrose van 1a ngudn carbon tét
nhat cho sinh trudong (khoang 3,641 g tuoi/binh) va tich lily gypenoside cua té
bao (xap xi 39,845 mg gypenoside/g kho), tiép theo 1a glucose. Ngudn carbon
duoc bd sung vao méi trudong nudi cdy in vitro voi vai trd vira 1a ngudn ning
luong, vira 1a chat diéu chinh ap suat tham thau cua té bao [20]. Ngoai ra, chung
cling c6 thé 14 phén tir tin hiéu va dong vai tro twong tu chat diéu hoa sinh trudng
(PHST) thuc vat, gitp diéu chinh qua trinh trao d6i chat, ting trudng va phat
trién cta té bao br?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) kho (mg/g khd) khd)
(2/binh)
Sucrose 3,641° 0,1572 39,845¢% 0,0372
Glucose 3,247° 0,106° 22,3494 0,031°
Fructose 2,383¢ 0,095° 27,862°¢ 0,030°
Galactose 2,795¢ 0,114° 15,033¢ 0,034
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 chiv cdi khéng khdc biét c6 y nghia théng 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 ngudn carbon khac nhau can
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cho qua trinh hinh thanh céc san pham trao doi chat ciia chung. 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 cép carbon
va nong do thich hop 1a can thiét.

Sucrose duoc xem 1a ngudn carbon thich hop nhét cho sinh trudng cia té
bao thuc vat, ndng do thuong dung 1a tir 20 - 70 g/L. Sucrose vira cung cap ning
lwong vira 1a mot thanh phan trong sinh tong hop cac chét thir cip. Tdc d6 ting
trudng sinh khdi thue vat ludn lién quan tryuc tiép to1 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 ngudn dinh dudng & mire du thira, sy gia ting
noéng do sucrose s& dan dén ting sinh khoi kho. Mot s6 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 viéc ting ndng do6 sucrose. Tuy nhién, khi ndng d6 sucrose qua cao
s& dan dén 4p suat tham thau vuot gidi han cho phép cua té bao, vi thé anh hudng
x4u 1én sinh truéng cua chiang [3].

Trén mot s6 d6i twong khac, ngudn carbon tbt nhat cho sinh trudng va tich
lity hop chat thir cap khong phai 14 sucrose ma 13 cac loai duong khac. Chang han,
fructose 5% gitip ting sinh trudng cua té bao cdy Nhau. Trong nudi cdy té bao
cdy ngd, fructose dugc van chuyén nhanh nhét, tiép dén 1a glucose va sau cing
1a sucrose. Mot s6 nghién ctru khac ciing thu duoc két qua tuong tu nhu khi nudi
cdy té bao cua cdy Ca doc duogc 14 bac, Sung tam gui va day Than thong [131].
3.1.3. Anh huéng ciia cac diéu kién nudi ciy 1én tich lily gypenoside trong té
bao huyén phu

Trong qua trinh nu6i céy, cac diéu kién nuoi céy thuong duoc t6i wu cho su
sinh truong va san xuat hop chat thir cap cia té bao. Cac diéu kién nudi cdy nhu
nhiét do, do am, cuong do chiéu sang, mat do nuodi céy, tdc do khuéy,. .. cling déu

anh huéng [33].
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3.1.3.1. Anh hwong cia ty 1é méu ban dau

Té bao véi cac ty 16 mau ban dau khac nhau (4 - 8%, tuong duong 2 - 4 g
té bao/binh) dugc nudi cay trén moi truong 16ng co thanh phan tdi vu. Su sinh

truong ctia té bao huyén phu sau 18 ngay nudi cdy duoc trinh by & bang 3.4.

Véi lugng méiu nudi cdy ban dau 1a 3 g, qua trinh nudi ciy cho hiéu qua cao
nhat, kha ning sinh trudng cua té bao tét (khdi luong twoi dat xap xi 5,392 g/binh)
va tich lily gypenoside cao (khoang 46,498 mg/g kho). Vi cd mau 1a 2 g, tuy c6
chi s6 sinh truong cao nhung chat luong dich huyén phu té bao co chat luong
khong cao, té bao bj két khdi va it ddng nhét so v&i khi st dung 3 g té bao (dich
huyén phu té bao c6 mau vang dam, tuoi va déng nhat). Khi nudi cay ban dau voi
4 g callus, té bao ciing dat sinh khéi trong duong v6i khi nudi cdy 3 g, tuy nhién
su tich lily gypenoside thap hon nhiéu (khoang 34,520 mg/g kho). Panh gia ham
lugng Rb1, chiing t6i nhan thay nudi cay 2 g callus cho két qua cao nhat, tiép dén

la3gva4dg.

Bing 3.4. Anh huéng clia ¢& mAu nudi cdy Ién sinh truéng va tich liy

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¢ 0,1282 46,498% 0,038°
4 5,430% 0,130? 34,520°¢ 0,021°¢

Cdc chit cdi khdc nhau trong ciing mot cét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA mét nhén t6: lwong mau nudi cdy; phép thir hiu nghiém Duncan, p <
0,05). Cdc gid tri ¢ ciing chiv cdi khéong khdc biét ¢6 ¥ nghia théng ké (p > 0,05).

Nhin chung, viéc xac dinh ¢& mau nudi cay ban dau la rat can thiét cho qua
trinh sinh truéng cia té bao trong nuodi cay huyén phu. Khi mat d6 té bao trong

binh nuoi cay qué cao hodc qua thap déu lam cho sinh truong cta té bao kém di
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[117]. Anh hudng ctia ¢& mau nudi cay ban dau 1én sinh trudng cia té bao nudi
cay huyén phu di duoc khao sat trén nhiéu loai thyc vat khac nhau. Gou va Zhang
(2005) khi nghién ctru nudi cay huyén phu té bao cdy Gimg nhan thiy, néu luong
mau ban dau thap hon 0,5% (w/v) té bao sinh trudng cham, trong khi véi luong

mau cao hon 2,0% (w/v) té bao sé& sinh truong nhanh [56].

Nhu vay, tiy vao muc dich nghién ctru ma c6 thé chon 2 g hay 3 g dé bat
dau qué trinh nudi cdy. Trong nghién ciru nay, chung toi lya chon cong thirc cho
ham luong gypenoside cao nhat. Vi vy c¢& mau nudi cdy 1a 3 g duoc st dung
trong cac nghién ciru tiép theo va thu hoach sinh khi sau 18 ngay nudi cay dé
khao sat anh hudng cac diéu kién nudi cay khac 1én sinh trudng va tich lity
gypenoside cta té bao Giao ¢6 lam.

Thoéng thudng, ¢& miu nudi cay cd anh hudong dén su san xuat sinh khoi
cling nhu tich lity hop cht thir cap [54]. Trong nghién ctru nay, ¢& mau ti vu cho
sinh trudng cia té bao ciing nhu tich liy gypenoside 1a 3 g callus trén 50 mL méi
truong (twong duong 6% w/v), két qua nay turong duong véi nudi cdy té bao rau
ma dé san xuit madecassoside [104] hay san xuat eucorymanone tir nudi ciy té
bao cdy Bach bénh [123]. O mét s6 nghién ctru khac, ¢& mau t6i wu thudng thap
hon, vi dy san xuét flavonoid & té bao cdy Bang cam thach 14 2% [58], anthocyanin

& cay Nho 1a 3,2% [128].
3.1.3.2. Anh hwéng ciia toc dé lic

Tbc do 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 chit cua té bao. Thong thuong,
tbc do 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 cdy Bach bénh [123] hay flavonoid
trong té bao cay Bang cam thach [58].

O thi nghiém nay, céc tc do lac khac nhau (100 - 150 vong/phit) duoc st
dung trong qua trinh nuéi ciy, két qua sinh truéng cua té bao sau 18 ngdy nudi

cay dugc trinh bay & bang 3.5. Trong thi nghiém ciia chiing t6i, toc do lac 120
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vong/phit van cho két qua tét nhét, cc toc do lac cao hon hay thap hon déu khong

cho két qua tt bang.

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

Téc dd lic  Khdilwong Khoi hrong
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 cdai khac nhau trong cing mét ¢ét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA mét nhan to: toc do lac; 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 Gido c¢6 lam chua tang trudng nhiéu,

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

Dich huyén phu té bao nudi cdy trong cac binh tam giac dugc bo sung vio
bioreactor 12 L vdi ti 16 mAu ban dau 1a 10% (v/v), toc d6 khudy 1 150 vong/phit.
Sau 10 ngdy nudi cdy, thu nhan 10 mL dich huyén phu thong qua van thu mau
trén bioreactor 12 L. Sinh khéi tuoi, sinh khoi khé trong qué trinh nuéi cdy duge

thé hién & hinh 3.4 va 3.5.

Trong 10 ngdy dau cta qua trinh nudi cdy, sinh khéi tuoi cua té bao ting
cham, chi dat 38,860 g trong khi khéi luong dau vao khoang 37,221 g. Sau qua
trinh thich nghi ban dau, sinh khéi té bao ting nhanh trong nhitng ngay tiép theo,
tir 38,860 - 45,611 g twong ung vé&i 1,341 - 1,792 g sinh khéi kho; trong d6 sinh
khéi dat dinh ¢ ngay thir 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
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do dinh dudng trong binh nudi cdy bat dau can; sinh khéi twoi va kho cua té bao
huyén phu giam dan theo thoi gian (tir 45,611 g twoi giam xudng 41,370 g sau 4
ngay). Té bao chuyén mau ¢am hon. Sau 22 ngay nudi cdy, chung toi tién hanh
ding va thu sinh khéi. Cac mau sinh khéi kho thu timg giai doan dugc sir dung

dé phan tich ham lugng gypenoside tich liy.

46 2
45
L 1,6
44
w 43 - 12
= 00
D 42 ©
= <
41 0,8
40
L 0,4
39
38 0 ,
10 12 14 16 18 20 22 Ngay tudi

—0—Khbi lvong twvoi  —e—Khébi lwong khd

Hinh 3.3. Puong cong sinh truéng ciia té bao huyén phi nudi cy trong

bioreactor 12 L.

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 d6i.
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Sinh khéi kho thu dugc tir cic ngay nudi cdy khac nhau trong bioreactor 12
L duogc chiét voi methanol dé thu gypenosie tong sb. Két qua phan tich bang
HPLC ham luong tich lily gypenoside trong té bao huyén phu duoc thé hién &
bang 3.6.

Hinh anh va s6 liéu ¢ hinh 3.3 va hinh 3.4 d4 thé hién dudng cong sinh
truéng cua té bao huyén phu Gido c6 lam nudi cay trong bioreactor 12 L ting
trwdng nhanh bat dau tir ngdy thir 10 cta qua trinh nudi ciy. Trong khi d6, sy tich
lily gypenoside tang nhanh va dat cuc dai & ngay nudi cay tht 16 véi ham lugng
dat tir 26,412 - 40,090 mg/g kho. Sau d6, ham luong bat dau giam trong cic ngay
nudi cay tiép theo. Ham luong Rbl1 tich lily ciing dat cuc dai & ngay thir 16 (0,038
mg/g khd). Té bao thuc vat thudng cé sy tich lily nhiéu cac hop chét thtr cap khi
té bao chuan bi budc vao pha on dinh cua qué trinh sinh truéng. Trong pha sinh
trudng té bao tap trung chat dinh dudng cho qua trinh phan chia va nhan 1én. Cubi
pha sinh truong, té bao tong hop nhiéu hop chat thir cap nham bao vé té bao tranh
khoi nhitng tac dong x4u tir moi truong nhu su can kiét nguén dinh dudng, su tich
lity nhiéu hon cac chit doc ctia qua trinh trao d6i chat. .. [4].

Bang 3.6. Anh huéng ciia thoi gian nudi ciy 1én qua trinh tich liy

gypenoside ciia té bao huyén phu trong bioreactor 12 L

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

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

Ghi chii: S6 liéu & bang 3.6 la két qua ciia thi nghiém khdo sdt anh hwong cia
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thoi gian nudi cdy dén ham lwong gypenoside va Rb1 trong bioreactor 12 L, dwoc
thwe hién duoi dang mot meé van hanh tham do, chi dwoc tién hanh mot lan do han

ché vé nguon lic nén khéng di diéu kién dé ANOVA/phén hang.

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

X1y YE 0,5 g/L va AgNO330 mg/L & cac thoi diém khac nhau déu 1am ting
biéu hién cua cac cac gene trong chu trinh phenylpropanoid va su tich liy cua
rosmarinic acid trong nudi cay té bao cdy Hoac huong nti [124], [48]. Miic d6 biéu
hién cua cac gene tham gia vao con duong tong hop phytosterol va triterpene trong

té bao cdy Rau ma ciing ting 1én déng ké sau khi dugc xir 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 3.7 cho thay tat ca cic nong d6 MeJA déu tic ché
su sinh trudng cua té bao, sinh khdi kho dao dong tir 0,063 dén 0,118 g/binh (ddi
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 lity sinh khéi giam,
ham lugng gypenoside thu duoc cao nhat khi xir Iy 100 uM SA (76,809 mg/g chat

khé), cao gip khoang 1,52 1an so véi ddi chimg khong xir 1y elicitor.

Bang 3.7. Anh huéng clia MeJA va SA 1én sinh truéng va tich liiy

gypenoside
Nong a9 Elicitor  Khdi Khoi Gypenoside Rbl (mg/g
(mM) lwgng twoi lwong khé (mg/g kho)  kho)
(2 (2
0 - 5,732¢ 0,190° 50,545¢ 0,048
25 MeJA 5,0430cd 0,165 54,546 0,0520d
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SA 5,763 0,204* 58,475° 0,060

MeJA 5,0030¢ 0,163 58,1164 0,053b¢d

50

SA 5,456% 0,163 63,980° 0,062°

MeJA 4,876 0,0944 53,617 0,041%
100

SA 5,1872¢ 0,141°¢ 76,809% 0,075?

MeJA 4,854bcde 0,0884 32,552°¢ 0,037*
150

SA 4,659 0,107¢ 32,100° 0,061°

MelJA 4,4724¢ 0,063° 29,514¢ 0,037f
200

SA 4,331°¢ 0,026 9,7241 0,056

Cdc chit cai khac nhau trong cing mét cét biéu thi sw khdc biét c6 y nghia thong
ké (ANOVA hai nhén té: 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).

Két qua trinh bay ¢ bang 3.8 cho thdy YE la elicitor t6t nhat khi bo sung
vao thoi diém nudi cdy ban dau. Trong qua trinh xtr Iy YE, su tich liy sinh khoi
té bao khong co sy thay doi giita cac cong thirc thi nghiém. Ham lugng gypenoside
tich lily cao nhat khi 3 g/L YE dugc bd sung vao méi trudng nudi ciy (khoang
73,767 mg/g chat kho), cao gip khoang 1,46 1an so véi d6i chimg khong xt 1y
elicitor.

Nguoc v6i YE, khi xir Iy bang Fox, ca sinh khdi té bao va gypenoside déu
giam so v6i ddi chimg, xtr Iy Fox ndng 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 3.8).

Thong thuong, bo sung cac elicitor vao moi trudng nudi cdy déu te ché kha

nang sinh truéng cua té bao, két qua nay dugc cong bd trén nhiéu cong trinh
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nghién ctru trudce ddy. Chang han, céc elicitor nhu MeJA, Ag®, chitosan va dich
chiét tir nAm (polysaccharide) ¢ cac ndng d6 khac nhau déu trc ché sinh trudng
ctia té bao cay Thong do [171]. Két qua nghién ctru ctia Frankfater va cong su
(2009) vé anh hudng ciia MeJA va SA trong nudi cy ré to cdy Bong hai dao ciing
cho thdy MeJA c6 tac dung wc ché qua trinh sinh truong ciia té bao [49]. Trong
qua trinh nudi ciy 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 tht cap [90]. Ngoai ra, khi xtr 1y elicitor &
noéng do cao hon ndng do t6i wu thuong dan dén hién tuong dap tng qua mirc, gay

chét t& bao [19].

Bing 3.8. Anh huéng ciia YE va Fox Ién sinh truéng va tich liiy gypenoside

Nong @6 Elicitor  Khoi Khoi lwong Gypenoside Rbl

(g/L) lwong twoi kho (g) (mg/g kho) (mg/g
(2) kho)
0 - 5,433¢ 0,171%¢ 50,478% 0,052°
YE 5,499° 0,170%¢ 54,9749 0,061°
1 Fox 4,597" 0,181¢ 36,790" 0,049%¢
YE 5,411° 0,1314¢ 67,135° 0,063?
? Fox 4,885% 0,174% 34,9241 0,050
YE 5,410° 0,1374¢ 73,767% 0,066
’ Fox 4,521% 0,1702° 31,115% 0,043
YE 5,424° 0,123¢ 60,915¢ 0,063?
* Fox 4,076 0,165acd 27,411¢ 0,0404
YE 5,387% 0,105¢ 46,338°¢ 0,062°
’ Fox 3,931¢ 0,142bcde 23,066" 0,0394
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Cdc chit cdi khdc nhau trong cing mot cét biéu thi sw khdc biét c6 ¥ nghia thong
ké (ANOVA hai nhén t6: néng dg va logi elicitor; phép thir hdu nghiém Duncan,
p < 0,05). Cdc gid tri c6 cung chit cdi khéng khdc biét c6 y nghia thong ké (p >
0,05).

3.2.2. Anh huwéng cia thoi diém bd sung elicitor 1én sinh truéng va tich liy

gypenoside cua té bao

Trong thi nghiém t6i wu hoa thoi diém cam tmg, cac gid tri duoc so sanh theo
baseline ndi tai (ngay 0) cta 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 g manh nhat khi xtr Iy & ngay tht 6, dat 79,721 mg/g kho. Pang chu
¥, YE lai thé hién md hinh phan ting khéc véi céc elicitor phi sinh hoc: ham luong
gypenoside cao nhat xuat hién khi bd sung ngay tir ngay dau nudi cdy, phan anh dic
tinh cam Gmg sém va manh cia YE (Hinh 3.5).

Bang 3.9. Anh huéng ciia thoi diém bo sung elicitor 1én sinh truwémg va tich

liiy gypenoside ciia té bao

Ngay xit  Elicitor Khoi Khoi lwong Gypenoside Rb1 (mg/g
ly lwgng twoi  kho (g) (mg/g khé)  kho)
(2)
MeJA 4,968 0,207 57,852M 0,052¢
0 SA 4,908¢de 0,148! 76,480% 0,075¢
YE 4,855¢ 0,186 74,579 0,061°
MeJA 51100 0,212¢f 65,633 0,055¢h
3 SA 4,9064% 0,149' 76,661 0,088"
YE 4,980¢d 0,192" 61,202¢" 0,056¢"
6 MeJA 5,168  0,216% 73,461 0,055¢h
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SA 4,907°d 0,157* 79,7212 0,093?
YE 5,04 1bede 0,204# 57,543M 0,035k
MeJA 5,302 0,244° 73,901°¢ 0,066%
9 SA 5,025¢e 0,178 73,558" 0,063¢f
YE 5,1370cde 0,209° 54,1631 0,031
MeJA  5,254b« 0,229°¢ 68,6224 0,067¢
12 SA 5,2590 0,211f 70,5474 0,059
YE 5,424° 0,221¢ 51,321 0,027k
MeJA 5,018 0,191M 60,814 0,045
15 SA 5,327° 0,221¢ 62,628 0,0548hi
YE 6,048? 0,2522 49,989 0,024

Cdc chir cdi khdc nhau trong ciing mét ¢ét biéu thi sw khdc biét ¢é y nghia thong
ké (ANOVA hai nhén t6: ngay xit Iy va logi elicitor; phép thir hdu nghiém Duncan,
p < 0,05). Cdc gid tri c6 cing chir cdi khéng khdc biét ¢ ¥ nghia thong ké (p >

0,05).
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2.
c
Hinh 3.5. Sinh khoi twoi va kho sau khi bo sung elicitor
a. Sinh khéi tuoi va kho sau khi bo sung 50 pM MeJA vao ngay tht 9
b. Sinh khéi tuoi va kho sau khi bo sung 100 pM SA vao ngay thi 6

c. Sinh khdi tuoi va kho sau khi b6 sung 3 g/L YE vao ngay dau tién

Két qua & Bang 3.9 cho thay thoi diém b sung elicitor ¢6 anh hudéng o rét
dén sinh truéng va tich lily gypenoside cua té bao huyén phi Gido c6 lam, va hiéu
qua nay phu thudc chit ché vao ban chat cua ting elicitor. Trong sb cac elicitor
khao sat, SA cho hiéu qua cam rng manh nhét khi dugc bo sung vao ngay tht 6,
vo1 ham lugng gypenoside dat 79,721 mg/g kho, trong khi MeJA dat gia tri cao

nhat khi b6 sung muodn hon (ngay thir 9). Nguogc lai, YE thé hién xu huéng cam
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g som, v4i ham luong gypenoside cao nhat khi bo sung ngay tir dau qua trinh

nudi cay, sau do6 giam dan khi bo sung & cac thoi diém mudn hon.

Su khéc biét nay co thé lién quan dén co ché cam ung dic trung cua timg
loai elicitor. SA va MeJA la céc elicitor hoa hoc tham gia tryc tiép vao mang ludi
tin hiéu phong vé cua té bao thuc vat, trong d6 SA thuong lién quan dén dap tng
khang sinh hoc, con MeJA gin v&i con dudng stress va diéu hoa sinh tong hop
cac hop chat thir cip. Viéc bo sung cac elicitor nay ¢ thoi diém té bao di budc
vao pha sinh truéng manh gitp toi wu héa kha ning chuyén dong carbon tir sinh
truong sang sinh tong hop gypenoside. Nguoc lai, YE 1a elicitor sinh hoc phirc
hop, o 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 phi hop voi cac bao céo trude ddy trén nhiéu hé théng nudi
cdy té bao thyuc vat, trong d6 hiéu qua cam Gng cua elicitor phu thudc chit ché vao
d6i tuong nghién ciru, loai hop chat tha cap va thoi diém xtr 1y. Trén nhan sam,
xtr Iy NaCl & ndng d6 thap lam tang tich liiy saponin va ning suat ré, trong khi xur
1y & nong d6 cao gy trc ché sinh truong. Trén Pan sim, SA ¢ nong do va thoi
gian xur 1y thich hgp lam tang tich lliy salvianolic acid B va caffeic acid, nhung
hiéu qua giam 0 rét khi xur 1y kéo dai hoac & néng do cao. Tuong tu, trong nudi
cdy huyén phu DAy thia canh va Sam An D9, 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 1an nira khéng dinh r.%mg khong tdn tai
mot thoi diém bo sung elicitor tdi wu chung cho moi hé thong nudi cay, ma can
duogc xac dinh riéng cho timg dbi tuong va timg loai elicitor. Cac két qua thu dugc
trong nghién ctru ndy di 1am rd dic diém dap ung cia té bao huyén phu Giao co
lam ddi v&i MeJA, SA va YE, déng thoi cung cép co sO khoa hoc quan trong cho
viéc toi wu hoa chién luge cam tmg nham nang cao tich lity gypenoside trong hé

thong nuoi cay té bao.
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3.2.3. Anh hwéng ciia sy phdi hop nhiéu elicitor 1én sinh truéng va tich liy

gypenoside cia té bao

Bén canh vi¢c 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 cac elicitor 1én kha ning sinh
trudng va tong hop saponin ctia té bao, ching t6i chon cac ndng do tot nhét cua
timg chat dé két hop vé6i nhau, bao gdbm MeJA (50 pM), SA (100 uM) va YE (3
g/L), két qua duoc trinh bay ¢ bang 3.10.

Nhin chung, xtr Iy két hop cac elicitor & nghién ciru nay déu cé tac dung
tang tich liiy gypenoside trong té bao so v6i d6i chimg. Cong thire 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 thirc 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 chat riéng 18
nhung khong cao bang phdi hop ca 3 chat. Luong gypenoside dat cao nhat & cong
thire phdi hop giita SA va YE hoic phdi hop dong thoi 3 elicitor 1a MeJA, YE va
SA.

Bing 3.10. Anh huéng ciia phoi hop cac elicitor 1én sinh truéng va tich liy

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

(g/binh) (g/binh)

MeJA 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
MeJA + SA 3,475°¢ 0,106° 79,487° 0,075°
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MelJA + 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 ot biéu thi sw khdc biét ¢é y nghia thong
ké (ANOVA mét nhan t6: loai elicitor; phép thir hdu nghiém Duncan, p < 0,05).
Cdc gid tri ¢é cung chir cdi khéng khdc biét c6 y nghia thong ké (p > 0,05).

Két qua phan tich HPLC chong phd cac mau thu duge cho thay khi xu 1y
SA (mau xanh 13), mot s6 peak co dinh ting cao, trong khi cac peak con lai trong
duong so véi cac cong thuce xtr 1y khac (Hinh 3.6). Két qua phan tich ciing cho
thdy c6 24 peak gi nhan 1d & cac mau, trong d6 xir Iy MeJA thu dugc s peak
nhiéu nhét (21/24). Mot s6 peak khong ghi nhan ¢ ddi ching 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
xudt hién hodc xuét hién dudi nguong phat hi¢n, va dugc tang cuong téng hop

trong cac cong thuc co xur 1y elicitor (Bang 3.11).

Thong thuong, khi bd sung elicitor vao moi trudng, dau tién sé ting cudng
kha nang sinh truéng cta té bao, sau d6 kich hoat cac hang rao bao vé bang cach
chuyén tir tong hop cac hop chat so cap sang sinh tong hop cac hop chat thi cap
[129]. Cac hop chat thir cAp c6 thanh phan héa hoc phire tap va duoc san xuat dé
dap Gmg voi cac dang stress khac nhau dé thue hién cic nhiém vu sinh 1y khac
nhau & thuc vat [34]. Céc stress dugc tao ra boi cac loai elicitor khac nhau c6 thé

dan dén sy tich lily gypenoside trong té bao cay Giao ¢ lam.
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Hinh 3.6. Pho HPLC té bao huyén phu Gido c¢6 lam. Miii tén thé hién peak
Rbl.

Bang 3.11. Thanh phan hop chat ¢ trong cao chiét methanol tir té bao
huyén phii Gido ¢6 lam dwa trén phan tich HPLC.

S6 peak Thoi gian Dién tich peak (%)

lvu (phit) YE SA MeJa SYM  Doi
chirng

1 1,04 96,42 94,18 9563 9549 94,80
2 4,59 0,55 0,41 0,37 - 0,50
3 5,75 0,32 - 0,34 - 0,50
4 7,73 - 2,01 - 0,34 -
5 8,49 - 0,11 - - -
6 11,08 - 0,32 0,21 - 0,10
7 11,80 - - - - 0,20
8 12,40 0,23 0,63 0,51 0,40 0,40
9 13,39 0,23 0,61 0,62 0,49 0,40
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10 14,21 0,11 0,28 0,24 0,20 0,20

11 14,89 - 0,09 0,06 0,07 0,10
12 15,78 - - 0,04 - -
13 17,03 - - 0,04 i ]
14 17,81 - - 0,02 - -
15 22,59 0,13 0,08 0,08 0,21 0,20
16 25,28 0,60 0,44 0,32 0,77 0,80
17 32,00 0,43 0,29 0,29 0,78 0,80
18 36,54 0,34 0,19 0,49 0,28 0,60
19 38,45 - - 0,12 0,31 -
20 40,00 0,09 - 0,04 - -
21 41,14 - - 0,07 - -
22 48,20 0,18 0,13 0,21 0,14 0,20
23 54,60 0,11 0,05 0,11 0,08 0,10
24 55,22 0,25 0,18 0,17 0,44 0,40

Hién nay, san xuat hop chat thir cap tir nudi cay té bao thuc vat co sir dung
elicitor van dang duoc nhiéu nhom tac gia nghién ctru va cong b, trong d6 tap
trung vao san xuét cac hop chat duoc liéu. Sak va cong su (2021) khi nudi cay té
bao huyén phu cdy Nho co bd sung elicitor sinh hoc 1a cellulose tir nam
Trichoderma viride cho tich luy lugng stilbene cao hon nhiéu so voi 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 str 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 khéi té bao cao nhat thu dugc & nghiém thirc EtOH - 2 (0,12 mg/g
khéi luong kho) sau 8 ngay, trong khi sinh khéi ¢ nghiém thic d6i ching cung
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thoi diém 1a 0,095 mg/g khdi luong kho. Két hop xir 1i buthionin va hydrogen
peroxide trong dich nudi cdy huyén phu té bao da lam ting dang ké nong do cua
10 - deacetylbaccatin (1,662 pg/g khéi luong khd), cephalomannine (334,32 pg/g
khéi luong kho) va san xuat taxol (157,0 pg/g khdi lugng kho). Xir 1y vai cac hop
chat khac nhu 60 pM MeJA khong tich lu¥ taxol hay 300 pL EtOH - 2 khong tich
luy 10 - deacetylbaccatin [24].

Elbouzidi va cong su (2025) st dung chitosan va SA 1am elicitor dé san
xuat cac hop chét phenolic va flavonoid trong cdy Phong lir thao. Nudi cdy mo
seo trén méi truong ran, nham muc dich ting cudng cac dic tinh chdng oxy hoa,
khang tyrosinase va khang elastase. Cac mo 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 tang dang ké ham luong phenolic tong s6 va ham luong flavonoid tong so.
Sy gia ting ham luwong phenolic 16n nhit dugc thdy & cac nudi cdy duoc xir Iy
bang 25 uM SA (SA2), ghi nhan 336,80 mg/100 g DW va & cac nudi cay 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 thiy su gia ting dang ké & nghiém
thire SA2 (192,82 mg/100 g DW) so v&i nghiém thire ddi chimg (103,68 mg/100
g DW) va nghiém thirc chitosan 5 (119,68 mg/100 g DW). Ngoai ra, sy tich liy
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 thirc d6i chimg [47].

3.2.4. X4ac dinh mirc d9 biéu hién ciia cic 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 13 nhitng hop chat chuyén hoa thtr cip thudc nhom

1soprenoid. Sapogenin va duong, acid uronic cung cac acid hitu co khéac cau thanh
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nén cac thanh phan chinh cua triterpen saponin. Su da dang cua triterpen saponin
duoc tao ra boi qua trinh oxy hoa va glycosyl hoa ctia cytochrome P450 va UDP-
dependent glycosyltransferase, 1an luot dan dén su bién d6i ciia cac nhom chirc
trén khung triterpenoid [61], [99], [136]. Tién hanh giai trinh ty phién ma cta cay
Gido ¢6 lam cho thdy méi lién hé tich cuc giita ham lugng triterpen saponin va sy
biéu hién cta cic 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 ctia mau cay Gido ¢6 lam duoc sir dung lam khudén méiu dé
thuc hién phan tng 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 thdy c6 7 gene CYP va 5 gene UGT c6

san pham khuéch dai dac hiéu.

Trong sb 12 gene duogc khuéch dai dic hiéu (7 gene CYP va 5 gene UGT),
hai gene CYP89A2 va UGT91A41 duogc lya chon dé nghién ctiu chuyén sau dua
trén mot s tiéu chi sinh hoc phan tir va béng chirng thyc nghiém. Tha nhét, theo
phan tich chu giai chitrc ning va ddi chiéu véi cac cong bd gan day, CYP89IA2
thudc nhom cytochrome P450 c6 vai trd lién quan dén qua trinh oxy héa—khu
trong khung triterpenoid 1a budc then chdt quyét dinh sy hinh thanh ciu tric
aglycone cua gypenoside. Bén canh do, UGT91/4I1 thudoc nhém UDP-
glycosyltransferase c6 kha niang xuc tic gin dudng & vi tri dic trung cua
dammarane-type triterpenoid, 14 budc cudi ciing tao thanh cac gypenoside hoan
chinh. Do doé, hai gene CYP89A42 va UGT91A41 dugc chon lam ddi tuong phan

tich sau hon.

San pham PCR gene CYP8942 (CpQN) duoc st dung dé phan tich trinh tu
truc tiép, két qua cho théy doan trinh tu nucleotide thu duoc co chiéu dai 850 bp
dam bao chat luong dé so sanh trinh ty. Két qua so sanh trén ngan hang gene cho

thay trinh ty thu dugc trong nghién ctru nay twong dong 99,17% véi trinh tu
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mRNA CYP8942 cua ciy Gido c6 lam (Gynostemma pentaphyllum) (ma sb
MT416753). Két qua phan tich trinh tu gene UGT91A41 cho thay c6 su thay doi
rat 16n gitra gene phan lap duoc so voi gene duoc st dung dé thiét ké moi
(MN128698). Gene phan 1ap duoc dai 1.457 bp (bao gdm ca stop codon), két qua
du doan br:?mg cong cu AUGUSTUS version 3.3.3 va tham chiéu voi trinh tu co
ma s6 MN128698 cho thdy gene c6 1 intron va 2 exon, chiéu dai doan ma hoa sau
khi loai bo intron 1a 1.383 bp (gene sau do dugc goi la UGT914 - ON). Méc 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 ¢6 lam Quang Nam chi
tuong dong 92,55% so v&i trinh tu tham chiéu. Két qua nay c6 thé xuat phat tir
viéc 2 gene c6 ngudn gdc 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 chi yéu 12 ¢ dang du doan. Két qua xdy dung ciy pha hé dya
trén cac gene di cong bé cho thdy gene CYP89A42 tir cay Gido c6 lam co sy tuong
d6ng cao nhat véi cac cdy thudc ho Bau bi, tuy nhién muc do twong dong khong
qua cao (khoang 75 - 76%). Chang han, twong doéng voéi 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, sy khac biét cao hon, vi du tuong
dong 71,92% so vai ciy Mo tdy (0Z046361) (Hinh 3.7). D6i 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 nht véi cac cay thude ho Bau bi va
muc do twong doéng ciing khéng qua cao (khoang 66 - 74%). Chang han, tuong
ddng v6i Bi ro khoang 74,53% (XM_023107554) hay Dua lu6i khoang 73.44%
(LN713262). Béi voi cac ho khac, su khac biét cao hon, vi du twong dong xap xi
65,94% so voi cay Loc nai (OW569315) (Hinh 3.8).
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Hinh 3.7. CAy di truyén dua 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)
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Hinh 3.8. Gian dd di truyén duwa trén cac trinh tw gene UGT9IAI.
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 3.12).

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 s6 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 rdi (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, chung 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 3.12. 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. M6 hinh ciu triic khdng gian ciia CYP89A42 (trén) va UGT91AI-
QN (dwéi) dwge 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 s6 gene biéu hién manh (Bang 3.13 va 3.14).

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 d6i chimg, gene CYP94A1 tang 10,01 1an va gene CYP89A2 tang 11,14 1an (Bang
3.13). Nhu vay, MeJA doéng vai tro quan trong trong viéc tng cuong kha nang phién

ma cua cac gene CYP trong t€ bao cay Gido co 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 (Bang 3.14).

Bang 3.13. Mirc d§ biéu hién ciia cic gene CYP trong té bao huyén phu

3 Gia tri Ct
Gene Mau xir ly Gia tri 2-AACt
GP-18S Gene
YE 26,30 33,67 0,30
SA 28,79 34,19 1,18
CYP71B19 MJ 32,43 36,09 3,95
SYM 33,35 36,37 6,14
NC 28,94 34,58 1,00
YE 26,30 - -
SA 28,79 - -
CYP7743 MJ 32,43 - -
SYM 22,23 - -
NC 28,94 - -
YE 26,30 - -
CYPS86A7
SA 28,79 - -
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MJ 32,43 ; ]
SYM 22,23 - -
NC 28,94 ; ]
YE 26,30 30,53 0,22
SA 28,79 30,90 0,96
CYP8648 MI 32,43 31,44 8,25
SYM 22,23 31,37 0,01
NC 28,94 30,99 1,00
YE 26,30 35,01 0,10
SA 28,79 37,28 0,11
CYP8942 MJ 32,43 34,27 11,14
SYM 22,23 35,72 0,00
NC 28,94 34,26 1,00
YE 26,30 35,96 -
SA 28,79 - -
CYP90AI MJ 32,43 - -
SYM 22,23 ; ;
NC 28,94 - 1,00
YE 26,30 - -
SA 28,79 37,64 0,38
CYP9441 MJ 32,43 36,58 10,01
SYM 22,23 ; ;
NC 28,94 36,41 1,00
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“-: khong phat hién. MeJA: xu Iy methyl jasmonate, SA: xu Iy salycilic acid, YE:

xie Iy dich chiét ndm men, SYM: xir Iy dong thoi ca 3 elicitor, NC: déi chitng khéng

xu Ly elicitor.

Bang 3.14. Mirc d biéu hién ciia cic gene UGT trong té biao huyén phu

B Gia tri Ct
Gene Mau xir ly Gia tri 2-AACt
GP-18S Gene
YE 26,30 - -
SA 28,79 - -
UGT76B1 MJ 32,43 - -
SYM 22,23 - -
NC 28,94 - -
YE 26,30 - -
SA 28,79 - -
UGT74F2 MJ 32,43 - -
SYM 22,23 - -
NC 28,94 - -
YE 26,30 - -
SA 28,79 39,53 0,04
UGT73B4 MJ 32,43 36,17 5,38
SYM 33,35 35,57 15,35
NC 28,94 35,11 1,00
YE 26,30 - -
UGT914A1 SA 28,79 - -
Ml 32,43 - -
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SYM 33,35 - -

NC 28,94 35,61 1,00
YE 26,30 ; ]
SA 28,79 - -
UGT91CI MJ 32,43 - -
SYM 22,23 - -
NC 28,94 34,72 1,00

“-7: khong phat hién. MeJA: xu Iy methyl jasmonate, SA: xu Iy salycilic acid, YE:
xit Iy dich chiét nam men, SYM: xir Iy dong thoi ca 3 elicitor, NC: doi chimg khong
xu Ly elicitor.

Trong 2 gene dai dién dugc nghién ctru, két qua phan tich realtime PCR cho
théy gene CYP89A2 hoat dong manh nhét trong té bao duoc xir 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 ME khong lam thay doi hoat dong ctia gene nay so véi d6i chimg.

Két qua phan tich cho thiy UGT9141 va UGT91C1 khong dugc phién ma hodc
phién ma duéi ngudng phat hién trong tat ca cac cong thirc xtr Iy elicitor, do d6 ¢ 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 3.10, cac elicitor khi xtr 1y riéng 1¢ déu 1am tang
ham lugng gypenoside trong té bao, trong d6 SA cho hi€u qua cao nhét, 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,
CYP86AS8, CYP94A41 hoat dong manh nhét khi xir Iy v6i MeJA, hodc khi xtr 1y phdi
hop ca 3 elicitor (CYP71B19, UGT73B4). Biéu nay co thé thiy cac gene c6 thé dong
cac vai tro khac trong chu trinh sinh tong hop gypenoside va dugc kich hoat boi cac

elicitor khac nhau.
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Tém lai, cac gene CYP va UGT c6 mirc phién ma khac nhau trong té bao
huyén phu duoc xur 1y bai cac elicitor. Gene CYP71B19 phién md manh nhét khi
xtr Iy SYM, ting 6,14 1an so voi ddi ching khong xir 1y elicitor. Gene CYPS86AS
tang 8,25 1an so v&i d6i chung, gene CYP94A1 ting 10,01 1an va gene CYP89A2
tang 11,14 1an so véi ddi chimg khi dugc xtr Iy MeJA. Dbi 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 céac 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. San xuit cao chiét va ché pham cé chira gypenoside
3.3.1.1. Sén xudt cao chiét

Cac mau cao duoc phan tich ham luong gypenoside bang phuong phap
quang pho va ham luong Rb1 bang k¥ thuat HPLC. Ham luong gypenoside duoc
thé hién ¢ bang 3.15 cho thdy mau cao chiét té bao c6 ham luong gypenoside 1a
472,159 mg/g khd, cao hon so véi mau cao chiét ty nhién 1a 369,489 mg/g kho.
Céac méu cao nay dugc st dung trong cac thi nghiém tiép theo dé danh gia hoat

tinh.

Bang 3.15. Su tich lily gypenoside trong miu cao chiét Giao c6 lam

Mau Tu nhién Té bao huyén phu

Gypenoside trong sinh khéi kho 37270 £4,710 48,844 + 3,933
(mg/g)

Rb1 trong sinh khbi kho (mg/g) 0,072 + 0,021 0,041 + 0,004
Gypenoside trong cao chiét (mg/g 369,489 £25317 472,159 + 59,098
kho)

Rbl trong cao chiét (mg/g kho) 0,697 + 0,081 0,394 + 0,021
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3.3.1.2. Sin xudt ché phim 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 duoc khoang 1.350 g va khéi luong kho khoang
54,77 g. Sinh khoi kho sau khi chiét véi methanol 80% thu duoc xap xi 11,13 g
cao chiét. Cao chiét tiép tuc duoc tinh ché dé thu dugc khoang 5,2 g ché pham co

chtra gypenoside dugc sir dung dé danh gia kha ning gay doc té bao.

3.3.2. Thir nghiém kha ning giy djc té bao ung thu

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
khac biét ddng ké vé su trc ché tang sinh té bao trong cao chiét huyén phu té bao
va cao chiét tu nhién d6i vdi té bao A549 (Bang 3.16). Tuy nhién, kha ning trc

ché dbi voi dong té bao A549 khong manh.

Bing 3.16. Kha ning irc ché cac dong té bao ung thw phoi nguoi ciia

cao chiét Giido co lam

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

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

Té bao ung thu 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
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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 Huh7

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
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 d6i chimg duong; DMSO 1% la d6i ching am.
*Sai khdc ¢6 ¥ nghia théng ké véi P < 0,05.
Anh hwéng ciia cao chiét dén dong té bao HepG2 va Huh7

Trong cac dong té bao ung thu gan nguoi, cao chiét té bao va cao chiét ty
nhién trc ché sy tang sinh cta ca té bao HepG2 va Huh7. Sy tc ché ting truong
cta té bao HepG2 va Huh7 ting nhiéu & ndng do cao (100 - 200 pg/mL). Cao

chiét & nong d6 200 pg/mL cho thay hoat tinh trc ché cao nhat trong mau chiét tu
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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 3.16).

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

Cao chiét t& bao va cao chiét tu nhién e ché sy tang sinh té bao ung thu
bach ciu ¢ ngudi ¢ hai ndng do cao nhat, 100 va 200 pg/mL (c6 su khac biét c6
y nghia thong ké giita cao chiét ty nhién va cao chiét té bao). Sy ting sinh té bao
ung thu bach ciu & ngudi bi e ché dang ké boi cao chiét Gido c6 lam & nong do
200 pg/mL trong ca miu ty nhién (khoang 42,17%) va mau té bao (khoang
48,76%) (Bang 3.16).

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

Tir két qua danh gia hoat tinh sinh hoc cua cao chiét Giao c6 lam (mau ty
nhién va té bao), chiing t6i di 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 thir nghiém cho thiy gypenoside trc ché phu thudc vao nong do dbi
v6i sy tang sinh té bao A549. Hiéu qua wrc ché ¢ nong do cao nhat (200 pg/mL)
1a khoang 83,37% ddi v6i mau té bao va khoang 33,76% dbi voi mau tu nhién.
Su khac biét co y nghia thdng ké vé trc ché tang sinh té bao giita miu huyén phu
té bao va mau ty nhién ddi véi té bao A549, gia tri ICs thu duoc & mau té bao 1a
94,07 ug/mL (Béang 3.17).

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 ctia ca té bao HepG2 va Huh7. Su tic ché ting trudng cua té bao
HepG2 va Huh7 tang nhiéu & ndng do cao (100 - 200 ug/mL). Thir nghiém & nong
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
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(khoang 88,21% & HepG2 va 63,11% & Huh7), gia tri ICso thu dugc ¢ mau té bao
1a 86,66 pg/mL & HepG2 va 136,99 pg/mL ¢ Huh7.

Anh hwéng ciia gypenoside dén dong té bao HL-60

Mau té bao va mau ty nhién tGc ché sy tang sinh té bao ung thu bach ciu &
ngudi & hai ndng d6 cao nhat 1 200 pg/mL (co su khac biét c6 y nghia thong ké
gitta mau ty nhién va mau té bao). Su tang sinh té bao ung thu bach cau & nguoi
bi e ché dang ké bai mau Gido cd lam ¢ ndng d6 200 pg/mL trong ca mau tu
nhién (khoang 37,80%) va mau té bao (khoang 96,35%), gia tri ICso thu dugc &
mau té bao 14 119,30 pg/mL (Hinh 3.12).

Chiét xut tu nhién ctia Gido c6 lam d3 duoc nghién ctru nhu mot chat
chéng ung thu manh chdong lai mot sé loai té bao ung thu ting sinh trong dng
nghiém, bao gdm cac té bao ung thu v, 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) d& duoc tach chiét tir ciy Gido c6 lam va dugc phan tich cau tric
hoa hoc. Cac chat nay déu cé tac dung gy doc 1én cac dong té bao ung thu &
nguoi nhu A549 (phdi), 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
tr1 [Cso> 100 puM [2].

Bang 3.17. Kha niing trc ché cac dong té bao ung thw ciia ché phim chira

gypenoside

Nong d6 gypenoside Kha ning e ché (%, M = SD)

(ng/mL) Maiu ty 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
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100 22,86 + 1,28 53,78 £ 1,31°
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 86,66 + 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 ciu 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 dbi 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

s

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. Thir nghiém kha niing bo vé té bao tinh hoan ciia 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 thuong trong long 6ng sinh tinh & mo tinh
hoan chudt nhom ddi chimg. Tinh nguyén bao xép thanh 1 hang sat véi mang co
ban ctia 6ng sinh tinh. Cac tinh bao hudng 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 dng sinh tinh. Két qua cudi ciing ctia qua trinh biét hoa tao ra tinh trung. 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 1am anh hudng nghiém trong dén qua trinh sinh tinh.
Trong 1ong dng sinh tinh chi con sy hién dién cta cac tinh nguyén bao 1a cac té

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

Chudt xir 1y nhiét c6 udng cao chiét Gido ¢6 lam cai thién qua trinh sinh
tinh, long 6ng sinh tinh co sy hién dién cta nhiéu té bao dong tinh. Tuy nhién, qua

trinh sinh tinh bi dung 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 1ong dng sinh tinh. S lwong té bao dong tinh trong
long 6ng di tang 1én dang ké, dd quan sat thay mot so té bao tinh tir tron va tinh
tir dai. Tuy nhién rat kho dé quan sat thay tinh tring trong long dng 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.

P <0.005
20 I
P <0.005
' p<o0.005
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g 10 |
n
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5 P <0.05 I
| |
. i T e
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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 cb 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 v6i ddi chtng), chimg t6 con dudng
sinh tong hop triterpen saponin dd duoc hoat hda & murc phén tir. Sy gia ting dong
thoi biéu hién cta cac gene tham gia cac budc oxy hoa va glycosyl hoa gop phan

giai thich co ché cua sy gia ting tich liiy gypenoside quan sat duoc.

4. Luan an da thiét 1ap dugc quy trinh 1am gidu gypenoside tir cao chiét
tong s6 thong qua cac budc khir tap kém phéan cuc va ky nudc, thu duge phan

doan gidu gypenoside hoa tan tot trong methanol va DMSO, phu hop cho phan
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tich HPLC va cac thtr nghi¢m sinh hoc. Quy trinh nay tao co s cho cac nghién

ctru chuan hoa va phat trién ché pham trong tuwong lai.

5. Gypenoside va cao chiét tir té bao huyén phi Gynostemma pentaphyllum
thé hién tiém nang hoat tinh sinh hoc, trong d6 gypenoside trc ché manh d6i vai
té bao ung thu gan HepG2 (ICso khoang 86,7 pg/mL), dong thoi cao chiét co kha
ning bao vé té bao tinh hoan, gbp phan cai thién qua trinh sinh tinh va ndng do
testosterone trong mé hinh chudt xr Iy nhiét. Nhimg két qua nay khang dinh gia
tri tng dung tiém ning cua hé thong nudi ciy té bao trong linh vuc dugc liu.

KIEN NGHI

Can tiép tuc nghién ctu tdi wu cac diéu kién nudi cdy va san xuét
gypenoside & quy mo pilot trong hé théng huyén phu té bao Gido ¢ lam nham
danh gia tinh 6n dinh cuta sinh trudng, hiéu suat tao sinh khdi va kha ning tich liy
gypenoside. Viéc hoan thién quy trinh & quy mo pilot s€ tao co s& khoa hoc va
cong nghé dé chu dong cung cap ngudn nguyén liéu gypenoside véi s6 lugng 16n
va chat lugng 6n dinh cho nganh dugc.

Bén canh gypenoside, nén mé rong nghién ctru sinh tong hop va thu nhan
cac nhom hop chat thtr cap khac nhu flavonoid tir nudi cay huyén phu Giao cb
lam nhdm da dang héa ngudn hoat chit sinh hoc va nang cao gia trj tng dung cta

cong nghé nudi cay té€ bao thuc vat trong san xuat duoc liéu.
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