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TOM TAT

Céc loai nhan sam la cac loai cdy thubc truyén théng c6 gia tri cao, c6 thanh phin dugc chét chinh 14 cac

ginsengnoside thugc nhom saponin, day la cac triterpene glycoside loai dammarane, chura tetracyclic aglycone.
Trong cdy, cic saponin la cac chit chuyén hoa thir cép quan trong dé cay phat trién. Trong cong nghiép y dugc,
céc saponin dugc dung dé sin xudt cac loai thudce de didu tri bénh va phuc hdi strc khoe. Tuy nhién, dé Ung
dung thuong mai con gip nhiéu tro ngai vi nang suét thép va kh¢ nudi trdng, ngudn sam tu nhién lai rt hiém.
Hon nita, cdc hop chat saponin ¢6 cdu trac phirc tap, kho hoa tong hop trén quy mé cong nghiép. Gidi phap
thay thé t6i wu nhit h1en nay la ing dung nudi cay mo in vitro de san xuit dugc luong 16n ngudn té bao hay ré
sam trong thoi gian ngén. Nhung khé khan lén nhét khi san xuét in vitro 13 ham luong saponin thép hon rit
nhiéu so véi ngoai ty nhién. Dé tang ham luong saponin, cac chét kich khang (elicitor) duoc bd sung vao moéi
truong nudi cdy. Dua vao tic dong cua elicitor, cong nghé san xuéit cac hop chét thir cdp c6 thé lam ting biéu
hién cta cac gen ma hoa cho cac tin hi¢u hay cac enzyme tdng hop saponin trong con duang isoprenoid, tir do
néng cao dugce san lugng saponin hodc dleu chinh sdn xuét cac loai saponin theo mong mudn. Do d6, bai tong
quan nay di téng hop nhitng nghién ciru gin day vé hnh vyc ndy O trong nude va trén thé gioi dé tim hiéu va

nang cao dugc hidu qua img dung cua elicitor vao san xuit cac saponin tir nudi cdy in vitro.

Tir khoa: Chi nhdn sam, cong nghé chuyén héa thir cap, in vitro, kich khdng, saponin

GIGI THIEU

Viét Nam c6 hon 4000 loai cdy thudc nam trai
dai khap dit nu6c va da sb nhimng loai thudc quy nay
chira dugc chét chinh 1a cac hop chét saponin. Cong
nghé nudi céy té bao thuc vat 1a mot phuong thtc
hiru hiéu dé san xuét cac chit chuyén héa thuc vat
chuyén biét va phirc tap giéng nhu saponin. Céc loai
thugc chi nhan sam la mét trong nhiing loai cay
thudc néi tiéng chtra nhiéu hop chat saponin quy c6
gié tri rat cao cua phuong Dong (Liang, Zhao, 2008).
Tir thoi ¢b dai, & nhiéu nudc chau A, r& nhan sim
kho da dugc stt dung nhu mot than duoc dé bodi bd
va ting cudng stc khoe. Nhan sam da duoc biét dén
trén toan thé gidi véi cac cong dung nhu ting cudng
mién dich, bdi bd strc khoe va chdng stress, ngoai ra
¢on ¢6 tac dung trong didu tri tiéu duong va cc bénh
nan y nhu ung thu (Faizal, Geelen, 2013). Saponin
khong chi ¢6 vai trd quan trong trong nganh san xuét

dugc phdm, ma con duge Ung dung trong nhidu
nganh cong nghiép khac nhu ché bién thyc phdm va
my pham (Langhansova et al., 2005; Faizal, Geelen,
2013). Tuy nhién, hiéu qua tich lily saponin cua sam
ngoai ty nhién con rat thdp cho nén kho c6 thé
thwong mai hoa cac san phim c saponin chiét xuét
tir cac loai sim quy hién nay. Do san xudt cic
saponin tir chi nhan sam dang phai d6i mat véi nhidu
van d&, ching han nhu ham luong saponin dugc tich
lity trong nudi cay in vitro thap, ngudn sam tu nhién
thi rat hiém, da s6 cac cdy sam rat kho trong va thoi
gian thu hai dai, toi thiéu phai mat 4 nam. Vi vay,
nhitng nd lyc nghién ctru nhim tim cach dé ting
cuong qué trinh tich iy cac saponin hodc thic day
biéu hién gen tong hop cac saponin ¢ chi nhén sam
6 y nghia rét thiét thuc cho nganh san xuét y duoc.
Vi thé, dé c6 thé thu dugc ngudn saponin cao tir cac
chi nhan sim, mét trong nhitng bién phap day hua
hen 1a nuoi céy in vitro trén dién rong. Voi viée bd

211



sung cac chat kich khang (elicitor) vao méi truong
dinh dudng thich hgp trong nudi ciy in vitro, kha
nang tich lily saponin dugc kich thich (Paek et al,
2009). Theo con dudng truyén tin hiéu, cic gen
phong vé va cic enzyme xiic tic cac phan tmg tong
hop cac triterpene saponin dugc kich hoat khi cac
thu thé trén mang té bao nhan dién dugc céc elicitor.
Bén chat ctia cac elicitor chinh 1 cac mdm bénh hay
1a cac yéu t do thuc vat tao ra dé nhan biét duoc cac
tac nhan gay hai, va cac yéu t6 nay co thé dugc tong
hop nhéan tao hay thu nhan tr ty nhién. Co thé noi,
cac elicitor rit da dang va phong pht nhung mdi
elicitor thi chi c6 thé duogc nhian biét boi mot thy thé
va twong tmg vdi timg enzyme, timg gen cu thé trong
timg loai saim. Chinh vi thé, nhiing nghién ctru tng
dung cua elicitor dé kich hoat cic gen san xuat
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saponin trong nudi céy in vitro cac loai thugc chi
nhan sam dang dugc quan tdm rit nhiéu va c6 vai tro
dac biét quan trong trong nganh cong nghi¢p tach
chiét, san xuat héa dugc pham.

SAPONIN

Saponin 1a mot hgp chat glycoside ty nhién c6
hoat tinh bé mit. Pay 1a mdt nhom da dang cua
terpenoid dwoc dic trung boi cac cau tric khac nhau.
Saponin dwoc cu tao tir mot aglycon steroid hodc
triterpenoid véi mot hodc nhidu chudi dwdng. Mot
ciy nhan sam c6 thé chira hang chyc loai saponin c6
ciu tric lién quan chit ché voi nhau (Ali er al.,
2006). Chinh su da dang vé céu triic da tao ra hang
loat cac saponin khac nhau dang dugc khai thac va
ting dung rong rai trong nhiéu linh vyec.
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Hinh 1. Sinh tdng hop cac ginsennoside thuéc nhém dammaran & cay Panax ginseng tir 2,3-oxidosqualene, Gen
PNA ma héa enzyme dammarenediol-ll synthase, P450: cytochrome P450 oxygenase (Pimpimon et al., 2006).

Ngay nay, nhiéu nghién ctru di xac dinh ring
céc saponin 1 cac thanh phan hoat hoa quan trong
trong con dudng chuyén hoa cic chit. Pa sd cac
saponin co tinh khang khudn, diét vi rat, hoic
chdng lai con trung. Theo quan diém nay, co thé
no6i saponin la mot trong nhiing thanh ph?m quan
trong trong co ché bao vé thuc vat va co the duoc
xép vao nhom phytoprotectant va cha yéu thudc
phan nhom phytoalexin (Langhansova et al., 2005;
Namdeo, 2007). Phytoalexin 1 nhitng chat khong
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c6 sin trong cay khoe manh nhung duoc tong hop
dé dap ung lai v6i cac cudc tin cong ciia mam
bénh hodc stress nhu 1a mot phan cua phan tng
bao vé thuc vét va dugce gioi han trong cac mé
Xam chiém bai cic loai nAm va xung quanh ving
té bao bi nhiém trung.

Trong cdy nhan sam, cac ginsenoside saponin
tap trung chi yéu & ngoai ting phat sinh cua ré va
nhiéu nhit ¢ phan vo ngoai periderm va ngoai vo
cortex bén ngoai phloem (Langhansova et al., 2005).



Tap chi Cong nghé Sinh hoc 16(2): 211-221, 2018

Cho dén nay da c6 hon 50 loai ginsenoside saponin
dugc xac dinh cod trong cac loai P. ginseng, P.
notoginseng, P. quinquefolius va P. vietnamensis.

Sinh téng hop terpene trong thuc vat 1a mot qua
trinh phirc tap va khé hoa téng hop, chit yéu qua hai
con dudng sinh téng hop trung gian: mevalonate va
methyl-erythritol (Langhansova et al., 2005), ca hai
déu hinh thanh isopentenyl diphosphate (IPP) va
ddng phan dimethylallyl diphosphate (DMAPP), d6
la nhirg tién chat hinh thanh tat ca terpene. Tich hop
nhém gen mé dau dén két thic cua IPP va DMAPP
giup hinh thanh cac geranyl diphosphate (GPP) va
budc niy tao san phim trung gian 1a GPP synthase
(GPS). Duéi xtic tac FPP synthase (FPS), mot don vi
IPP dugc gin vao GPP tao FPP. Sau d6, squalene
synthase (SS) xuc tac cho phan ung ngung tu hai don
vi FPP tong hop squalene, tién than cia steroid va
triterpene saponin (Christensen, 2009). Sau do,
squalene dugc oxy hoa thanh oxidosqualene, diém
khoi déu thuong thiy dé tao vong trong sinh tong
hop triterpene saponin. Oxidosqualene chuyén hoa
thanh cac dan xuit theo chu ky tao carbocation, c6
thé trai qua mot s6 loai phan ng tao vong. Cac loai
cyclase xuc tac phan ing tao vong va hinh thanh nén
bd khung triterpene saponin. Cac enzyme quan trong
nhét gitp ting cac saponin ctia nhém dammarane 1a
dammarenediol synthase (DDS), B-amyrin synthase
(BAS) va a-amyrin synthase (aAS) (Hinh 1). Sau do,
phu thudc vao ting enzyme khac nhau s€ xuc tac
phan mg tao ra timg loai saponin cu thé nhu G-Rbl1,
MR2, G-Rgl,... Tuy nhién, cac enzyme cu thé cho
ting con dudng van chua rd rang.

ELICITOR

Saponin triterpenoid trong nhan sdm cé céu tric
phirc tap, kho hoa tong hop nén khong thé canh tranh
kinh té khi san xuét trén quy mo6 lon. Nguon cung hlen
tai clia saponin chu yéu dugc chiét xuat tir cay trong
ngoai tw nhién nhung phai dbi mat véi rat nhiéu kho
khin vi qua trinh san xudt va thu nhan tén nhiéu cong
strc, thoi gian va ning suét lai thap. Ngoai ra, san
lugng saponin con chju tdc dong boi cac bién dbi dia
ly va mua vu. Ung dung nudi cdy md té bao thyc vét
la giai phap t6i wu dé san xuét saponin d& dang va
nhanh chéng vi nuéi cdy nhan sam in vitro ¢6 thé khic
phuc nhiéu van dé méc phai khi thu hai ngoai dong va
nang suat con dugc cai thién 1o rét (Pack et al., 2009).
Tuy nhién, lugng saponin trong nuéi cay in vitro thap
hon ngoai ty nhién rat nhidu. Dé cai thién diéu nay,
viéc gy kich khang bing cac elicitor mang lai hiéu
qua vo cung to 16n.

Elicitor (chét kich khang) 1a mot thuat ngit phd
bién dung dé chi cac hoa chit hay cac tic nhan c6
ngudn gde khac nhau tir sinh hoc hodc phi sinh hoc,
cling nhu tu cac yéu td vét 1y co thé gy ra phan ung
trong co the séng dan dén tich tu cic chat chuyén
hoa thir cdp. Ngoai ra, chét kich khang thuc vat con
la cac phan tr kich thich phan ung phong vé hodc
cam ung chéng chiu ¢ thyc vat. Viec tao ra kich
thich dé tang cuong qua trinh sinh tong hop cac chat
chuyén hoa thir cap bang cach bd sung mot lugng
nho céc chét kich khang dugc goi la su kich khang
(Namdeo, 2007).

Elicitor c6 thé dwoc phéan loai dya vao ban chét tu
nhién c¢6 thé phan thanh elicitor phi sinh hoc va
elicitor sinh hoc, hoac dwa vao nguén géc la elicitor
ngoai sinh va elicitor ndi sinh (Bang 1).

CO CHE GAY KICH KHANG O CHI NHAN SAM

Céc elicitor ¢c6 ngudn gbc khac nhau, c¢6 kha
ning gy nén cac dap Gmg vé mat hinh thai, sinh Iy
va tich lily phytoalexin (chit dugc sinh ra ¢ thuc vat
khi chiu tac ddng cia cac tdc nhan gay bénh). Viéc
thuc hién gay kich khang cac cdy nhan sam bdi cac
elicitor hodc sy tin cong ctia mfnn bénh gay ra mot
loat cac phan ing phong vé, bao gdm sy tich lily cac
hop chét saponin dé bao vé cdy ¢ tu nhién ciing nhu
trong nudi cay in vitro (Liang, Zhao, 2008). Mac du
da c6 nhimng nghién ctru sau vé co ché anh hudng
clia elicitor 1én sy san xuat hop chat thir cip ¢ thuc
vat, tuy nhién co ché cua su kich khang van chua
duogc hiéu diy du. Co6 nhiéu gia thuyét di duogc dua
ra dé giai thich tic dong cta elicitor nhu co ché
truyén tin boi Ca*, cac yéu td anh hudéng dén sy
nguyén ven ciia mang té bao, con dudng trc ché/hoat
hoa ndi bao hay thay déi ap suét thaim thau (Namdeo,
2007; Ali et al., 2006).

Mot sb gia thiét cho ring co su lién két giita
elicitor v&i cac thy thé trén mang sinh chét dé kich
hoat qua trinh kich khang. Ca** gin vao mang
nguyén sinh chat tir moi truong bén ngoai té bao va
nguon Ca®” bén trong t& bao. Mot sb tac gia nhin
manh dén sy thay d6i nhanh qua trinh phosphoryl
hoéa protein va kich hoat protein kinase chinh 1a co
ché cta qua trinh kich khing (Zhao et al., 2005).
Trong khi d6, nhiéu tac gia khac nhén thay c6 su tich
lily mitogen-activated protein kinase (MAPK) va
kich hoat G-protein trong qua trinh kich khang o
nhan sdm. Hu va dong tac gia (2004) cho thiy cac
hoat dong gdy ra bdi elicitor sinh hoc chitosan
(CHN) 1én MAPK cén cho viéc téng hop saponin.
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EGTA va LaCl3 di wc ché hoat dong MAPK 39 kD
va 42 kD. Nhing két qua nay con chi ra réng su gia
tang canxi cytosolic do CHN gdy ra la can thiét cho
su téng hop saponin bao gdm ting hoat tinh cua
NADPH oxidase va san sinh H,O; can tré phan tng
oxy hoa. Ngoai ra, elicitor con bat hoat H'-ATPase,
lam giam sy phan cuc cua mang, taing pH bén ngoai
mang. Viéc san xuit cac ROS (reactive oxygen
species) nhu anion superoxide va H,O, tao ra hiéu
ting khang khuén tryc tiép ciing nhu gop phan tao ra
cac dan xuét cua acid béo c6 hoat tinh sinh hoc (Hu
et al., 2003a,b). Tuong tu, ROS tham gia vao qua
trinh lién két voi protein giau proline gén trén thanh
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té bao sau d6 hoat dong nhu 14 tin hiéu thir cép va
kich hoat dich ma cac gen phong vé.

Theo céc gia thuyét khac, sy tich lily cac protein lién
quan dén viéc bao vé khoi tac nhan gdy bénh nhu
chitinase va glucanase, endo-polygalacturonase giip
giai phong cac tin hiéu pectic oligomer (elicitor ndi
sinh), glycoprotein gidu hydroxyproline va chat trc
ché protease (Hu et al., 2004). Kich hoat sy phién
ma cua cac gen phong vé trong qua trinh kich khang
cling dd dwoc cong bd trén cac ddi twong 1a nhan
sam (Wu, Zhong, 1999; Kim et al., 2005; Liang,
Zhao, 2008; Kochan et al., 2012).

Bang 1. Phan loai elicitor trong san xuét cac hop chét thir cip (Namdeo, 2007).

A. Theo ban chét elicitor

Cac elicitor sinh hoc

Cac elicitor phi sinh hoc

- buwoc giz}\i phéng trec tiép tr vi sinh vat va dwoc nhan .
dién bdi té bao thyc vat (cac enzyme, cac manh thanh té
bao)

- Buoc tao thanh b&i hoat dong cua vi sinh vat trén thanh
té bao thyc vat (cac doan pectin)...

- Buoc tao thanh tir hoat ddng clia enzyme thuwc vat trén
thanh té bao vi khuan (chitosan, glucan)

- Cac hop chét: noll sinh va tao thanh trong ty nhién; dwoc
hinh thanh hodc tiét ra b&i té bao thwe vat khi dap trng kich
thich khac nhau

- Tac dung clia cac tac nhan vat ly hoac héa hoc ty nhién
theo dwdng ndi sinh tao thanh cac elicitor sinh hoc
- Tia UV

- Protein bién tinh (Rnase)

- boéng va ra déng

- C4c thanh phan khong thiét yéu ciia méi trudng
(agarose, thiéc...)

- Kim loai nang

- Héa chét:

+ C6 ai lwc cao véi DNA

+ C6 hoat tinh pha v& mang té bao

+ Thubc diét nAm (maneb, butylamin, benomyl)

+ Thubc diét cd (acifluorofen)

B. Theo ngudn gbc cha kich khang

Cac elicitor ngoai sinh

Cac elicitor ndi sinh

- Hinh thanh tir bén ngoai té bao, bao gém phan wng truc
tiep hodc qua cac chat ndi sinh trung gian

- Polysaccharide: glucomanose, glucan, chitosan

- Peptide va chudi cac ion dwong: monilicolin, poly-L-
lysine, polyamine, glycoprotein

- Enzyme: polygalacturonase, endo-polygalacturonase acid
lyase, cellulase

- Acid béo: acid arachidonic, acid eicosapentanoic

- Bugc tao thanh qua cac phan tng thw cép, cam ¢ng
bang maot tin hiéu sinh hoc hoac phi sinh hoc trong té bao
- Dodeca-f3-1,4-D-galacturonide

- Hepta-B-glucoside

- Alginate oligomer

ELICITOR TRONG NUOI CAY CHI NHAN SAM
IN VITRO

Elicitor trong nudi cay te bao nhan sam in vitro

Nang suét san xuit saponin trong nuodi cy té bao
nhan sam rit cao, dic biét nudi cay huyén phu te bao
trong bioreactor 1én dén 4,3% trong khi nudi cay mod
seo chi dat 1,3% (Bang 2) (Langhansova er al.,
2005). Ngoai ra, nudi cdy huyén phi té bao di xac
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dinh dugc moét loat cac saponin riéng 1é trong té bao,
trong d6 c6 chira cac ginsenoside Rbl va Rgl véi
ham lugng rét cao. Do d6, hé thong nay s& phu hop
hon cho viéc san xuét cac hop chét riéng l¢. Viée t6i
uu hoa san lugng saponin trong nudi cay té bao la
két qua cudi cing cua viée t6i wu hoa ca diéu kién
tang truong sinh khéi va téi da héa san xuat saponin,
nhiéu phuong phap tiép can da cb ging ting san
luong saponin va tang truong té bao. Cac nghién ctru
nay bao gébm viéc t6i wu hoa cac thanh phan dinh
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dudng (Liu, Zhong 1997; Zhang, Zhong 1997; Joshi,
Teng 2000), bd sung céac tién chat va cac chat diéu
chinh (Furuya et al, 1983a,b,c) va st dung cac
elicitor (Ciddi et al., 1995; He, 1996; Furuya,
Ushiyama, 1994). Kha nang gia ting ham luong
saponin cua cac elicitor da ching to vuot trdi hon tat
ca yéu t6 khac khi bd sung vao moi truong nudi cdy
in vitro. Theo Lu va ddng tac gia (2001), ca elicitor
sinh hoc nhu dich chiét nim men va methyl
jasmonate déu c6 kha ning gia ting dang ké ham
luong saponin, ham lugng cao nhit cua 7
ginsenoside khdo sat trong nudi cdy té bao Panax
ginseng chiém dén 2,07% khéi luong kho, gip 28 lan
so v6i mau khong xir Iy véi elicitor. Hu va dong tac
gia (2003) con cho thdy chi cdn bd sung 0,2
mMjasmonic acid lam ting san Xudt ginsenoside gép
1,8-3,1 lan trong nudi cay huyén phi té bao sim
Panax ginseng. Wang va dong tac gia (2005) da
nghién ctu sy khac biét v€ san xuat ginsenoside
trong nuoi cay té bao sdm Tam that trong binh tam
giac va bioreactor. Trong binh tam gidc, c6 sy gia
ting manh trong tong ham lugng ginsenoside tir
ngay 8 dén ngay 15 sau khi cam tmg, mirc t6i da dat
vao ngay 15 cao ghp 2,6 lan so véi ddi chimg.
Nguogc lai, cac té bao treong thanh trong bioreactor
su san xuét saponin thi cham hon v&i lugng saponin
cao hon gép 1,8 14n so véi d6i chimg. Tuy nhién, véi
thi nghiém tuong ty sau 5 ngay bd sung methyl
jasmonate va két hop véi ndng do sucrose thich hop
khong nhimng c6 hidu qua khi nudi cdy trong
bioreactor ma con gilp ting cudng sin xuét
ginsenoside (Wang et al., 2005).

Ngoai dich chiét nAm men va cac din xuit cia
jasmonic acid, NO (Nitric monoxide) gan day ciing
dugc danh gia 1a moét elicitor manh c6 tac dung tang
cudng cac hop chét thir cap (Ben et al., 2012). Trong
nudi cay té bao Panax ginseng, NO di ching té hiéu
quatrong vigc gia tang ham lugng cac saponin so voi
cic elicitor khac khi nudi cdy bd sung
oligogalacturonic acid (OGA) tinh ché tir acid
hydrolysate ¢ 16p vo pectin cua qua chanh (Huet al.,
2003b). Hu et al. (2004) khi sir dung chitosan trong
nudi cdy té bao Panax ginseng da ting ham luong
saponin 1én dang ké théng qua viéc kich thich phan
ung oxi héa cia mitogen-activated protein kinase.
Ngoai ra, con rat nhiéu elicitor khac ¢ hiéu qua 1én
con dudng téng hop cac saponin trong chi nhan sam.

Elicitor trong nudi ciy ré bit dinh va ré to chi
nhén sam in vitro

Nubi cdy ré bat dinh hay ré to nhan sam la
phuong phap dugc chu trong nhi€u nhat hién nay,

do cac nuoi céy nay thu nhan dugc lugng sinh
khéi hiéu qua va nhidu nhét trong thoi gian rat
ngan. Hon nira, cdc ginsenoside quy tir nhan sdm
ciing chu yeu tap trung va tich trit trong ré nhan
sam cho nén lugng saponin thu dugc ciing cao hon
nhiéu so véi cac nudi i cay khac. So v6i nudi cly ré
to chuyén gen hay r& trong, nudi cdy ré bat dinh
cling co nhleu wu diém hon vi viéc quan 1y quy
trinh nudi cay ro rang, don gian hon va cac nudi
cay cling Oon dinh va an toan hon (Knn et al.,
2004). Tuy nhién, kha ndng phat trién nhanh
chéng cua ré to ciing 1a mot wu thé dugc nhiéu
ngudi quan tdm va nghién ctru dén. Mic di ham
lugng saponin trong nudi cdy ré bat dinh cao hon
cic nudi cdy khiac nhung van thip hon nhiéu so
v6i cu trong ngoai ty nhién, trong nudi cdy ré bt
dinh Panax ginseng C. A. Meyer, lugng saponin
thu dwgc chi bang 1/3 so v&i ngoai tuy nhién (Yu,
2000). Cho nén, viéc cai tién moi truong, hé théng
nudi cdy dé tang san lugng saponin di c6 nhiéu
budc tién va tng dung elicitor vao nudi cdy ré bat
dinh chi nhdn sam tré6 nén rdt phd bién.
Langhansové va dong tic gia (2005) da thiét lap
dugc hé thdng nudi cay ré bat dinh cua P. ginseng
nham so sanh va danh gia kha nang phat trién va
san xuat saponin trong binh tam gidc trén quy md
16n. Téng ham luong ginsenoside ciing nhu viéc
san xuét cac ginsenoside cu thé co nhiéu khac biét
trong timg hé théng va tinh chit va thanh phin céac
hop chét ginsenoside ddc biét twong tu nhu trong
cii sam thu ngoai ty nhién. Tuy nhién, tong ham
lugng saponin 1a chi c¢6 1,8% khéi luong khod
trong binh tam giac va 1,5% trong bioreactor thap
hon so véi tong ham lugng ci nhan sdm ngoai ty
nhién (3,3% khéi luong kho).

Kich khang tong hop saponin triterpene dugc
nghién ciru & ré bat dinh cdy P. ginseng kha nhiéu
(Bang 2). MeJA ¢ nong do 0,2 mM lam téng san
xuit ginsenoside gip 4 1an trong ré bat dinh so véi
d6i ching (Ellen ef al., 2011).Trong phan tmg véi
0,2 mM SA, saponin ting gip 3 lin trong nudi ciy
& bat dinh P. ginseng (Christensen, 2009). Hon
nira, mot sb nghién ctru cho théy cac elicitor sinh
hoc cling c6 hi¢u qua manh 1én kha nang tich liy
céc hop chat saponin trong nhan sam, khi sir dung
100 mg/l chitosan trong nudi cdy r& bat dinh gitip
tdng ham luong saponin rd rang (Hu et al., 2002).
Ngoai ra, mot sb elicitor sinh hoc khac ciing dugc
tng dung rong rai trong nudi cdy nhan sam in vitro.
Hao va déng tac gia (2013) xac dinh trong 38
ching ndm phéan lap dugc tir ré nhan sim thi
Fusarium sp. c¢6 tiém ning 16n trong viéc gia ting
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ham lugng saponin.
Nam 2006, Jeong va dong tac gia da nghién
ciru anh hudng kich khang ctia oxygen, carbon
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dioxide va ethylene 1én sy tang trudng va qua trinh
san xuat thanh phan dugc chat trén qua trinh nuoi
cay re bat dinh sam Triéu Tién bang bioreactor.

Bang 2. Mt sé nghién ciru v& cac elicitor trong nudi cay chi nhan sam.

Loai Hé théng nuéi Xtr ly Elicitor Lwong Tai liéu tham khao
cay Loai Néngdé Ngay f::;'l‘;:
P. ginseng RBbD/bioreactor MeJA 0,2 mM 7 4,0% Ali et al., 2006
SA 0,2 mM 7 3,0x
P. ginseng RBD IBA 0,025 mM 10 16x% Zhong, Zhang, 2005
P. notoginseng B MeJA 0,2mM 4 3,0% Hu, Zhong, 2008
HEJ 0,2 mM 4 2,0x
P. notoginseng TB/Bioreactor MeJA 0,2mM 4 2,6x% Zhong, Zhang, 2005
P. notoginseng B MeJA 0,2mM 15 2,6x% Wang et al., 2005
TB/bioreactor MeJA 0,2mM 15 1,8x
P. notoginseng B MeJA 0,2mM 14 3,1x% Hu et al., 2007
HEJ 0,2 mM 14 4,4%
P. viethamensis M6 seo JA 10 mg/l 48 2x Dwong T4n Nhyt et al., 2012
P. vietnamensis RT MeJA 200 pg/l 60 1,5% Trinh Thi Hwong, 2017
SA 200 pg/l 60 1,5x
ABA 5 mg/l 60 1,5x

MeJA: Methyl jasmonate,HEJ:2-hydroxyethyl jasmonate,YE: Yeast extract, RBD: Ré& b4t dinh, RT: ré to chuyén gen, TB:
Huyén phu té bao, SA: Salicylic acid, JA: jasmonic acid, ABA: Abcisic acid.

Kich khang véi MeJA hodc SA thuong lam
glam tang truong trong nu01 cay Dbi v6i nudi cay
1& P. ginseng, sinh khéi r& syt giam nghiém trong
khi kich khang dai hon 9 ngay véi 0,2 mM MeJA
hoac SA (Ellen et al., 2011). Ngoai ra, nhidu nudi
cdy nhan sam in vitro c6 thé bd sung thém cac
phytohormone két hop véi cac elicitor dé ting tich
liiy saponin. Kim va dong tic gia (2005) da ching
minh ring viéc bd sung 0,025 mg/l thidiazuron co
thé ngan chan nhitng tic dong tiéu cuc cua MelJA
1én tdng truong toan b cay va ting san lugng
saponin cao hon véi viéc chi dung MeJA. Tuy
nhién, mirc tang nay trong cdy c6 1€ 1a do tang sinh
khéi hon 14 kich thich trao d6i chat thi cép, bai vi,

chi c6 sy tang truong dugce khao sat khi thém MeJA.

Xiang-Yang va ddng tac gia (2003) da xac dinh
dugce mot s tac dong cua enzyme NADPH oxidase,
H,0, va elicitor ngi sinh 1én kha nang trao ddi chét
cua mang té bao trong vi¢c sinh tong hop sapomn
Ngoai nhiing elicitor phd bién trén, Kim va dong
tac gia (2009) cho thay tia y cling 1a mot elicitor c6
hiéu qua khong nhitng thuc dy sinh tong hop cac
saponin ma con lam ting sinh khdi, hiéu qua chiéu
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xa cho ti 1 phét sinh ré bét dinh cao nhat dén 75%
& muc chiéu xa 30 Gy, cac dong dot bién co sinh
khéi gdp 100 lan va c6 sy gia ting ca 7 loai
ginsenoside so v&i ddi ching.

Céc nghién ctru tmg dung elicitor vao nudi cy
in vitro sdm Ngoc Linh nhim san xuét quy md 16n
va ning cao ham lugng cac chuyén héa thir cap con
rat han ché. Duong Tén Nhyt va dong tac gia (2012)
chi budc dau nghién ctu danh gia tac dong cua
elicitor, jasmonic acid 1én viéc tich lily saponin cua
mb seo va ré bat dinh ctia ciy sim Ngoc Linh da cho
thiy hiéu qua cua cac elicitor trong viéc ting cudng
kha ning san sinh cc san phim thir cAp trén loai
sam nay. Tir nhiing thanh cong trong viéc chuyén
gen sam Ngoc Linh, Trinh Thi Huong (2017) ciing
da cho thay mot sé elicitor phi sinh hoc nhu MeJA,
SA va ABA da gilp tang cuong dugc cac hop chat
saponin trong nudi cay re to sam Ngoc Linh.

TAC PONG CUA CAC ELICITOR O MUC PO DI
TRUYEN PHAN TU

Nhiéu nghién ctru & muc d6 di truyén phan tir
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khi cac nudi cdy bi kich khang ciing da duoc thyc
hién & P. ginseng. Dya vio con dudng sinh tong hop
cac triterpene saponin, khi theo doi tac dong cua 200
mM 2-hydroxyethyl jasmonate (HEJ) so vdi hoat
dong cia 2 enzyme SS (squalene synthase) va SE
(squalene epoxidase) cho thdy mirc phién ma cua 2
enzyme nay da tang gap 9-6 lan sau 24 h xir Iy va
tong s6 ginsenoside tang tir 12 h dén 10 ngay sau khi
bd sung HEJ hoic MeJA (Hu, Zhong, 2008). Khi bd
sung cac chit trc ché jasmonate DIECA (NA-diethyl-
dithio-carbamat), jasmonic acid giam di va ham
lugng ginsenoside ciing giam theo. DIECA ciing trc
ché sinh téng hop HEJ can cho viéc tao SS va SE
lién quan dén con duong truyén tin hiéu jasmonate
trong tong hop saponin (Hu, Zhong, 2008). Trong
nudi cy t& bao sim Tam that, khi ting hoat dong
enzyme UGRAGT (glucosyl transferase) sé tang xuc
tac chuyén hoa Rdl thanh Rb1 ¢ nhan sdm (Wang et
al., 2005). Ginsenoside-a-arabinofuranase xtic tac
thuy phan ginsenoside Rc thanh Rd van chua dugc
phat hién. Nhimg két qua nay cho thiy ring con
duong sinh téng hop tir Rd dé tao Rbl hién dién
trong cac dong té bao va methyl jasmonate 1a tic
nhan kich hoat qua trinh nay thong qua hoat dong
UGRAGT (Wang et al., 2005). Cac két qua khac
cling duge ghi nhan béi Hu, Zhong (2008), khi tién
hanh kich khang véi methyl jasmonate hodac HEJ lam
hoat dong gen UGRAGT gia tang va ham lugng ting
1én twong duong.

CONG NGHE SAN XUAT HOP CHAT THU CAP

Dya viao nhitng nghién ctru vé con dudong
chuyén hoa sinh téng hop saponin va tac dong cua
elicitor & mirc d¢ di truyén phéan tir, cong nghé san
Xuét cac hop chit thir cép hay cong nghé chuyén hoa
thir cip dwoc xay dung thong qua viéc ng dung cac
elicitor dé hoat hoa va gy biéu hién qua mirc cac
gen tao ra cdc enzyme xuc tac cac phan ung dan toi
tong hop saponin. Chung toi xin gi6i thiéu mot sb
enzyme va yéu td ting cudng sinh tong hop saponin
duogc xéac dinh nho rng dung cua elicitor.

Farnesyl diphosphate synthase

FPS trude ddy van chua dugc xac dinh 1a mot
enzyme diéu tiét quan trong trong sinh tong hop
triterpene. Yun-Soo va dong tac gia (2009) da cho
thay vai tro cua FPS trong sinh tong hop triterpene
& nhan sdm. Mot cdu traic ¢cDNA mi hoa gen
PgFPS tao FPS cta nhan sim gin v&i promoter
358 cua vi rat gay kham ¢ stup lo (p35S) da duoc
chuyén vao té bao rau ma, khi phan tich mRNA

ctia CaDDS va CaCYS cho thdy biéu hién cao
trong tat ca cac dong ré chuyén gen khi so sanh
v6i d6i ching (Kim er al., 2010). Tuy nhién,
khong c6 sy thay ddi biéu hién gen CaSQS & mach
ngugc ciia CaDDS va CaCYS. Trong diéu hoa
nguoc cac gen ma hoéa cho CaDD, FPS, c6 su
tham gia ctia mot s6 enzyme quan trong gitip sinh
tong hop cac triterpene saponin, tir d6 lam gia tang
lugng saponin 1én cao ¢ nhiing dong b1en ddi gen
(gap 1,5 lan). Cac két qua nay chi ra rang tang
cudng gen ma hoa cho FPS 1 hitu ich dé nang cao
khong chi triterpene saponin ma con c¢o
phytosterol khac trong cay (Kim et al., 2010).

Squalene synthase

O nhén sam, SS (squalene synthase) xuc tac
budc dau tién gitp hinh thanh sterol dé sinh téng hop
triterpenoid do cac gen SS quy dinh (Yun-Soo et al.,
2009). Gen SS 1a chii yéu niam & chdi nhung khong
khac biét voi phan tich liy & cac bd phan khac. Tang
cuong biéu hién gen PgSS1 trong ré bat dinh nhan
sam chuyén gen gilip gia ting diéu hoa phién ma
mach xudi cia cic gen thong qua squalene
epoxidase, dammarenediol synthase, p-amyrin
synthase va cycloartenol synthase. Theo két qua nay,
PgSS1 1a mot enzyme diéu hoa quan trong cho ca hai
con dudng sinh tong hop phytosterol va triterpenoid
saponin. Gen PgSS1 bét nguén tur P. ginseng cling da
dugc dua vao sam Siberia (Christensen, 2009).

Squalene epoxidase

Squalene epoxidase (SE), con dugc goi la
squalene monooxygenase, xUc tac cac budc oxy hoa
dau tién trong phytosterol va triterpenoid saponin. O
thyc vat, c6 hai hay nhidu miu gen SE khac nhau.
Sau ddng dang cua SE di dugc xac dinh cho thiy
rang gen SE c6 chirc niang phu thudc cac dong vi
khéac nhau (Christensen, 2009). Vai tro cua hai gen
epoxidase squalene (PgSQI va PgSQ2) da dugc
nghién ctru & P. ginseng vai trinh tu amino acid rat
ra tir PgSQI1 va PgSQ2 tuong ddng dén 80%, nhung
ving N-terminal (ddu 60 amino acid) 1 rat khac
nhau. PgSQ1 dugc tich liiy nhiéu trong tit ca cac bo
phan cay, trong khi PgSQ2 chu yéu ¢ cudng 14 va nu
hoa. RNAIi cua PgSQI trong P. ginseng chuyén gen
hoan toan bi wc ché biéu hién PgSQI, do d6 lam
giam san xuét ginsenoside. Pic biét 1a, ving PgSQ1
didu hoa ngugc manh PgSQ2 va cycloartenol

synthase dan dén ting cuong tich iy phytosterol.
Nhitng két qua nay cho thdy nhimg biéu hién cia
PgSQ1 va PgSQ2 dugc quy dinh khac nhau. Hon
nita, PgSQ1 chi quy dinh sinh téng hop ginsenoside
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va khong phai 1a cua phytosterol trong P. ginseng. Vi
vay, tang cuong bi€u hién PgSQI1 cé thé la hiru ich
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dé tang san xuét ginsenoside & P. ginseng (Yun-Soo
etal., 2009).

Hinh 3. Nghién ctru anh hudng ciia mét sb elicitor trong nudi cy ré thir cp sam Ngoc Linh tir ngudn ré bat dinh. A. Cay
sam Ngoc Linh, B. Ré bat dinh, C. Re thir cap trén méi trwong thach, D. Re thir cap trong nudi cay I6ng lac, E. Kich khang
v@i dich chiét nam men, F. Kich khang véi salicylic acid, G. Kich khang vé&i chitosan, H. Kich khang v&i methyl jasmonate

(Dwong Tén Nhut et al., 2015, Nguyé&n Thi Nhat Linh et al., 2017).

B-Amyrin synthase

Céc triterpenes nghién ciru nhidu nhit dugc tim
thdy trong thuc vat bac cao la tir cc loai oleanane
(B-amyrin), ursane (o-amyrin) va dammarane
(dammaranediol) (Pimpimon et al. 2006). Ngoai ra,
budc dau tién trong sinh tong hop saponin trong ciy
lién quan dén viéc tao vong cia 2,3-oxidosqualene
thanh cac loai saponin dé cdp ¢ trén. Nhing chuyén
hoéa xlc tdc nhom enzyme: B-amyrin synthase ma
héa B-amyrin synthase dd dugc xac dinh & P.
ginseng (Yun-Soo et al., 2009).
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Cytochrome P450

Cac aglycon cua triterpene saponin la nhitng hop
chat C30 dugc hinh thanh trong qua trinh tao vong
cia 2,3-oxidosqualene oxy hoa tiép theo cua bd
khung triterpene san xuét da dang vé& cdu tric va cac
oxy hda dugc cho 1a xtic tdc bdi mono-oxygenase
cytochrome P450 (P450s). Nhiéu P450s da dugc dé
xudt dé tham gia vao qua trinh tong hop va trao dbi
chat cua triterpenoid saponin (Christensen, 2009).
Trong P. ginseng, ginsenoside dwoc tong hop tir
dammarenediol-II sau hydroxyl hoa bdi cytochrome
P450 (Yun-Soo et al., 2009). Cytochrome P450 tham
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gia vao cac hydroxyl héa cua vi tri C-12 cua
dammarenediol dé tong hop protopanaxadiol va vi tri
C-6 cua protopanaxadiol dé téng  hop
protopanaxatriol. Ca hai hop cht nay duoc sir dung
nhu 12 bg khung cua cac ginsenoside.

Sy tién bo cia k¥ thuat giai trinh ty DNA da tao
ra mdt co hdi tuyét voi dé x4c dinh vo6 sb cac trinh ty
gen ung véi P450. Céac nghién clru bd gen ¢ cac cdy
md hinh di cung cip nén tang cho cac nghién ctru
kham pha ra cac chuc nang ctia P450. So vdi nhitng
trinh ty nay, dén nay chi méi xac dinh dugc mot )
déc tinh sinh hoa cua P450 trong nhan sam (Yun-Soo
et al., 2009). Cubi cung, tir nhitg nghién ciru nay,
hoat dong P450 lién quan dén hoat dong cua cac
enzyme do gen quy dinh. Con dudng sinh téng hop
saponin ¢ nhan sam co thé chi do mot ~gen quy dinh
nhung ciing c6 thé lién quan dén mot sb t6 hop nhidu
gen (Christensen, 2009).

KET LUAN

Hién nay, ngoai methyl jasmonate duoc sir dung
rong rdi trong nudi cdy nhan sdm in vitro, nhidu
elicitor sinh hoc va phi sinh hoc khac ciing cho thay
¢ kha nang tang cuong san xuét saponin nho tang
cuong biéu hién nhimg gen cu thé. Ngoai ra, con
duong chuyén hoa thir cdp cia timg giéng sam ciing
rt khac nhau va twong (mg véi nhitng elicitor khac
nhau. Mac du con dudng xuc tac bdi cac enzyme nay
d3 xay dung duogc trén mot s loai sim nhung hién
nay chi méi tim ra mot s6 enzyme va gen lién quan
nén can c6 nhing nghién ctru sdu hon nira.

Loi cdm on: Nhom tdac gid xin cam on Vién Nghién
cuu Khoa hoc Tday Nguyén (VAST) va Truong Pai
hoc Khoa hoc (Dai hoc Hué) da giup do va hé tro
cho chung toi.
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SUMMARY

The Panax ginseng species are traditional medicinal herbs having high value. The major
pharmacologically active components are the ginsenosides of saponin group, which are dammarane type
triterpene glycosides containing a tetracyclic glycose. Ginseng saponin, one of the secondary metabolites, is
necessary for the growth and development of Panax genus plants. In pharmaceutical industry, triterpene
saponins were purified to produce drugs for its promising healing and restorative properties. However,
commercial applications are still obstacle for practical problems, because ginseng natural resources are rarely
precious; and ginseng resources from field have low and variable yields dependent on season or quality of soil.
Moreover, triterpene saponins have complex structures, making chemical synthesis an economically
uncompetitive option for large-scale production. A current alternative optimal solution that is popular in the
world is the application of cell and tissue culture to produce a large of cell or root yield in short time. But the
difficulty in producing triterpene saponins from in vitro culture is that the triterpene saponin content is much
lower than natural. To increase the triterpene saponin content, elicitors are added to the culture medium. Based
on the effect of the elicitor, metabolic engineering in vitro is also able to enhance the overexpression of genes
which translated enzymes or signals producing saponin in the isoprenoid pathway. Application of elicitor
researches could improve triterpene saponin yields or adjust specific desired triterpene saponins from in vitro
ginseng culture. Therefore, we review the recent studies of elicitor in Panax genus cultures and saponin
biosynthetic gene to study and assess the efficiency of elicitors in triterpene saponin production and metabolic
engineering of triterpene saponins.
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