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Metabolic engineering for production of ginsenosides in Panax ginseng
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Abstract Panax ginseng roots produce triterpene saponins
called ginsenosides, which are high value secondary metab-
olites and has been used as drugs, detergents, sweeteners,
and cosmetics. In the recent years plant cell, tissue and organ
cultures have developed as important alternative sources for
the saponin production in Panax ginseng. Adventitious roots
and hairy roots have been successfully induced and cultured
for the improvement of saponin contents. Genetic and met-
abolic engineering to regulate saponin biosynthesis in P.
ginseng might be important way to improve the medicinal
values of P. ginseng. Here we introduced the protocol of
genetic transformation and recent progress of functional
characterization of genes involved in saponin biosynthesis in
P. ginseng.
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014} (Panax ginseng C.A. Meyer)2 =511} (Araliaceae)
of Lo A 22 AZoln], BFstolx tiH
2 oA s 7hd 7P g ol&Ha o

53|, AAte] el HAAAY 24, FAEH S F
LU, PR S3t 2L e ans) e A
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2001; Yun 2001; Dey et al. 2003; Kiefer and Pantuso 2003).
E3F olgfdt FeaytE 7Hxl QIS g, 1, i
F2 9 Q8 BT obalob M8 v ohe Ho]
= 21719) 4+9] & (Quality of life, QOL)S &o|= A ut7}
QUThi teiA 7 % Holu ezt (v, Ach A
N = theket FejY] ARE X AF O R P gtk
(Ellis and Reddy 2002; Coleman et al. 2003).

olAre] thx A oFg]a = triterpencidd IEHEQ A
Al =Alo] = (ginsenoside)ol] o] A LtEfL= A o2 o
A3 glow, AR oF 30 B cheka A=Al
S7b ol W Qg AR EoRRE Helu gt (Shibaa
2001). che¥et AMEHE A AN AL =L 7] o
2 854 725 71 gon, AHARS Fokol 2
2ve] QA Afo B 217] T12 ofe B34S e A
S 2 o %t} (Shibata 2001; Kiefer and Pantuso 2003). ¢l
4ol o A8 JECE = A kAol E o] &fof e
Hs4d A&, EYorEd A&, dd s &, e
A Fol g A Lo m(Park et al. 2003), |5 e, F
4ts}, A - ksl A Fo AeEAe e AeR o
214 Ut} (Hwang et al. 1996; Choi et al. 2003; Han et al.
1985; Lim et al. 2005). o] &3k ¢1Ate] oFyjstal o] Q114
52 A4k Abzd AR AN Ao Zof tfgt BAS
SHAIFH S, 150 tfAdAbe] digh de o] thFE
ek ey durA

ql
P

& 4-69
g o o3t W&l A9 ofg &, &AW 53 Z2 &
M =8 oA A o
g el A8 a7H T 9ok Eek oS AR
ot Y= el AR (germplasm)S ©]
A A STl QA= A=
Q3 (Kwon et al. 2000).
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doz AE 24 7lES YA @458 7HA Furuya 1987). QIatoll A Ak viefo] dFH o H
a9l £ =9, AHugiol vlasto] g2 7|7k %, Choi 5 (2000)> Q14He] A ARFE WAFTT}
ZIWEi S Bt ARAAHE d2 4= Aol S5 7IbE AR B2 (hairy-like root)& F-E8ko] AFZHS A
HFE 7 e AolH, A ZH] (somatic embryos), £ & 4 Qlofal Huskqlh o]2gt BALS A2 EE
L (adventitious root) % HAFL (hairy root)¥} & E4:3} Ao] o]&3F A4 (plant growth regulator-dependent growth)
§ 21g SEofol Pl o= 54 4R oF & ol uiie] ake AR AAS o8 A WU A
Fop waa 0L B44 Adkglol AT ANT B B UL 2HT 5 AL AL ek o2
4= Qlt} (Lee et al. 1995; Choi et al. 1997; Choi et al. 2000; choFst Wi of o3| f= AESHA (regenerants) S-S ©]
Yoshikawa and Furuya 1987). T3, ZZJujofS& 7|Rto = 43 FAAS Y o IFAA A7 AP ATk

3 2 A% 7)< (transfomation technolgy) t}oFst 6.2
§A70) 291& Foto] elabe] SF ek ohj2t oA

Ao ke Jolw 24 ¥ 4 Uk dAEd 39
(metabolic engineering)S 7}35HA4 & 4 Ut

B2 Aarel §8 4 (S8, QU Aol o o
ARS8t dAste 1SS AAlAbo] = (ginsenoside)
9? o] EAH|E (phyt05t6f01)4 o?i- ol B oheket

$A4E B, el Sl 92
A58 T, Sl Anee Hed FOE
Uk U449l A sl m e 20 el 459
TAE o] Qo= AL HoJFUTh (Lee et al. 2004; Tansakul
et al. 2006; Han et al 2006; Han et al. 2009). & 42 9]

¢
¢

Jomiel pedRe dLLS] A A2
7719 2AH % D FUAT 7] %ol Ak AW
A g EFs, oledt SN 714 ol g A
o AR ATARES o 5 el o
A2E Boe WaFe At s,
AREE B8 i3t 7l8t71&0| g

422 o) g3 AT cht A4S BaE
Stk A, EHY YA GEekSE fAKE 42
W2 =eA1717] S8 AR hopt AHA e 4
A EL AR B ARG 5 G 210G 7S
ol Shslolor et 2 ehgo, Fststs fa47)

gty HEE Arzygoz A =
W EY7lE0l WRsT ol2lE fARY £US
3t W o2 G AFE (gene gun B= paticle bombardment;
Janick 2007)2 o] &3tA Y 7N A =2 Agrobacteriom w5

4 Ho H:I

2 Agstol A ARHHAT $H7 £ BHS
7% FAABAE AL 5 oAtk QAare] A9, Hzo)
2AW]9LL 1983 Furuyaol 919 Hn g 908, 158

olAke] Aw o 24-dichlorophenoxyacetic acid (2,4-D)E A
elsto] G AYAT vastol it AEUS A4S}
olch (Furuya et al. 1983). 7L o] & Furuya 18- A A
ol Agrobacterium rhizogenesS T GA A BALES T4
o7 §53to] Q1A A U-S AAFSFYI T (Yoshikawa and

(Lee et al. 1995; Yang and Choi 2000; Chen and Punza 2002,
Lin et al. 1995; Choi et al. 2003; Han and Choi 2009).
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;H ﬂﬁﬁ} ?47P oA FAEHA &
]E} (Butenco et al. 1968; Chang and Hsing 1980,
Shoyama et al. 1988; Arya et al. 1991). w}a}A ZJES}F A] A
o 5120 AR A AEHS AAeHs d 9lo]A dioh
3] 243 Q2o0lt) o]y 3t EAE ZE5HY] Al A
A Zd el oI5 AR AEso] g A7t g
v} it} 22 A (Butenco et al. 1968; Chang and Hsing 1980)
2 2t A AA (Choi and Soh 1997; Choi et al. 1998abe,
1999ab)2HE] G7)5 A Az Wl 771 & o
oy AR ol AlER & E3hE ek Choi S (2001, 2003)
JAH RS BHo Qe A
LI o sto] A A 2ulE Fr=5F
A AGAAE Ts) AR
g QLA vy e gl AN ZEjE F- e
P 413t A2 ol shtebn wastent. 5
T Ak A W A= ofF mlsstr] el et
A E w22 o] &3] M= wAET AL F
2] (moist-chilling treatment) ] 2] S 3}o] FetAjulj7} oF 5
mm 272 AP FolE wHRE ALgslor @
(Kuribayashi and Ohashi 1971).

S A AERA ASEESL B$ L, o
Aoz ols] 71U (in vitro)o| A FAAE A EA]
b 2481717 Azl ARE o] A
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ojEg Q9lo] E 4 Qlth HbHof AL (adventitious
root)> indole-3-butyric acid (IBA)L} naphthalene acetic acid
(NAA)L} 22 A2 AATN O R T F4]&o] =1 (Kevers
et al. 1999; Choi et al. 2000), &=41& 3} AF&EH =24
(IBA == NAA) o)y ALY O] E (jasmonic acid F=
methyl jasmonate)2} 72 phytohormone & 2] o] 2]t AJ=;
%1 (Kim et al. 2004) 2 o] At A4HE O] A EH (Yu
et al. 2002; Kim et al. 2004)0] 7}53}7] o Eof 2 AHS
Aef eheldle 9 ZAo SlojH AEAZ ol g3 A
of wla) golalth. v H FAMY RH2E o] 43

AgetE Qo] BB o8 4 ol

[\ ]
()
[
>
H
ot
oX
il
=
olo
N
=
o2
N
i)

lo
o
oo
ot
—Hr

%
FEAlo] 7hast7] fitel] £ FAATA = ARE
T
et al. 2002).
AgrobacteriumOi| 2|5t FATSt

RALL A rhizogenes7} 74 HE A
& Ri-plasmid®] T-DNA7Z} =] =] o] 7HHFfloll A F/dH
T} (Chilton et al. 1982). A. rhizogenes© 2]3}o] &AM E =
TS FAA S sty

o ebgAeln B e % AR

2
-0

a2 &85 Qrt (Lee et al. 1994; Shanks and Morgan
1999; Giri and Narasu 2000). AL QHojA Al ES 2
=9 Fwol gloj= dsHA s, oW A&
(species)oll QlojAl= ZHA 9] #37F ALA o B A
Aot A =220 Hrtol| oslf dojidtt (Ramsay and
Kumar 1990). 214+9] Qo= HAFZS AajA E= Hf
FAEZE T AL O] gheFo] H& A YEHstTh (Furuya
et al. 1984; Yoshikawa and Furuya 1987). 914} AL 74
g g AZA o Be, 9l £7] dHA o 4 rhizogenes
2 HAEsto] G5t (Yoshikawa and Furuya 1987; Ko
et al. 1990; Hwang et al. 1991; Ko et al. 1993; Lee et al.
1994; Yu et al. 2002). t}ofst AN ZHE G5 HA
o+ AEA] AR Foko] AEEA o mAE
of wlste] of 4-5u] ol4ko] QIAF ALEY S AV 4 9l
= Ao 2 HIESRTE (Woo et al. 2004). Alth7} HAALS
biotic elicitation (yeast or bacteria extract) I} abiotic elicitation

ofN

(salicylic acid, jasmonic acid, or methyl jasmonate)o]] 2|3}
QU ARG AT R 27 AR S %
7 = e Ao R BT (Yu et al. 2000; Jeong
et al. 2005; Kim et al. 2005). E3F 2 AFLof elicitatonT} Z+
& A&A A= BATo] AAFA o ® =3} (habituation)

2 ¢ 9= 582 7FA 2L 9t} (Hoffmann and Hoffmann-
Tsay 1994; Zheng and Wu 2004; Agostini et al. 1997). o}t
A, Z - Yang¥} Choi (2000)°] &J3] s QlAb mAE
omRE frE AYro A ARAS YREFE 7%
o R FUL HEA 4
Slof BT EASEE 9ol 87 7142 Bohee,
A. tumefaciensS FT 222 A4} FAAR A=A )
2 Lee 5(1995)0] ol A== QA ojnf =% 4
4= A. tumefaciens strain LBA4404E- ul) 7] 3t 3-glucuronidase
(GUS) -3 &Folw, QI AHG ol S5 ui &3t v A A=
& Feste] AEAE AYAIZTE L 5 A rhizogenes
of osf fFEH HFTOoRRE Az S =5t
of AZAE =, o A FEAS Q4 AEAY
Berp we) ek SAe 25kl (Yang and Choi
2000). o] 3t A. tumefacienss A Aol FHAIA FA
At AEAE Fedte 7led HATde AxA A%
Al gAY HAE 7Hs oAl dFith Choi 5 (2003)2 4.
tumefaciensg ©]-&5Fo] A 2 A A A £ A (phosphino-
thrichin acetyl transferase, PAT)S 214} A| A Zufjof =<5}
of basta 22| Sto| A= wsjE WA oral FAFA <l A=
< ot A2A WA 3EAE A=HE WEsklt (Choi
et al. 2003). T3t o] Ao A A. tumefaciens®] A <
A el AHAE 0.5 M sucrose £ 0.5 M MgSO40) A
305 F9F A A 2sH B-glucuronidase (GUS) 4R =
o] @A F7HEE o 3tk (Choi et al. 2003). ©]
o Zro] AL Ao wojst= %S AW H7t
ah Aol whet kS wh=th. 2001 Choi G-of <] 3]
Hue AFdnolA e 4] Al&star antAel g4
At YafjA AP EHAZS 1.0 M sucrose 2 plasmolyzing
A2 =) & o B-glucuronidase (GUS) 72 2}2] wha o] 4.
tumefaciens @} 35|} gt o] Fof oA et H
Ftk (Choi et al. 2001). Zjycte] 3 AFLI1EFELS
American ginseng (P. quinquefolius)©l] rice chitinase gene-
A. tumefaciens LBA4404-& o] 8-3lo] =Ist A3 =4
§AR0] oJsto] el4be] 55 k5 (sheath blight)e]
gt Aol F7st= RS B33t} (Chen and Punja
2002). # HanT} Choi (2009)= A. tumefaciensS ©]-8&35}
of A zufdAgo] oJsf Hojxl 7| FEo) Fe| HH

AzEE PR AAABAE A A5 2L 5 9)

= PHS AT o2 el A HARS
A FATY F84e vs ST 23t E A o
ok AS7HA FAE2 A F8 oAt AmtES o
FAAS7] IRt 7P ol ARl AlaEHloR dA
o & 9, AA APl = o B E g 74
Azl ALY A=A A FAE FALAA A
OS2 T HUM HFAHLR M|l E FEFE =

A3}t (Lee et al. 2004; Han et al. 2006; Han et al. 2009).
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3 A 22glo] 23w
el e%zi Are] o] Fo A3 et (Hahn
2 et al. 2005). wWa}A] Hand} Choi (2009)2]
&350 AA Aol = AT $3
©

=
5o BAL QU AEF 7%l Qlolq 1A 712
olr] %ot —EOFOM SletE A9 A4 e

o] ZetEl AL B4 Az o] ure o4t A=A e A
T 7| 4= Qe 22 Sl Q4 triterpene AR
9 phytosterol /g0l o] ¥l squalene synthase (PgSSI) -
RS QAo Tk A1 & 739 triterpene X phytosterol
Aol ZFUlE A sl o (Lee et al. 2004),
squalene epoxidase (PgSQEI and PgSQE2)2 Q14+ AR}
phytosterol®] E7]Ho|A FQ3%t HAELAZ LHA 23-
oxidosqualene FHAdof] THE 7| %L 3= GHAC] AL

2913} A T} (Han et al. 2009). T3+ dammarenediol synthase

(DDS) 71417} knock-out®l A A A EH & o] 5}o]
R'O
R?
R? R' R’
Ginsenoside Rb; H - Glc*-Gle -Glc®-GClc
Ginsenoside Rbz -H - GIc*-Gle -GICG-Ara(pyr)
Ginsenoside Rc H ~GI>-Glc  -GIc®-Ara(fur)
Ginsenoside Rd -H ~GI*-Glc -Gle
Ginsenoside Re -O-Glc®> Rha -H -Gle
Ginsenoside Rf -O-GIc>-Glc -H -H
Ginsenoside Rg1  -O-Gle -H -Glc

Fig. 1 Structure of triterpene aglycon and assembling of sugar
molecules for final ginseonside production of Panax ginseng

DDS 8- A}7} dammarene-type triterpene $HAJof] A= F
AAlet= AS 915} (Han et al. 2006).

TIM| A0 = by

Qlirel Bejol= ol 7HA] FATE 22t AHE O] £
o] e, AAeAte] =& triterpenoid AFEH S 2 A
Ao FaE We dEA Edolth Akl B
Q14+ (Panax species) A=52] Fe (root)o} &7
(thizome)oll Al -2 F8 B 4= oA
Triterpenoid+= 3 13+ F+ 24 thfAd o =4 &4
= 7HAIAL §lem, o3t saponin OFA|, AlAl, &
A Pl o] B EHA BAA R SR8 oA
AL 1T} (Hostettmann and Marston 1995) 01”01]% 30907
T MM :eAto]E7F 9= A2 YE A Qlal (Shibata
2001), Z+7+e] ZA|leAfol = %L%% 3 (SpeCICS)"ﬂ w2}
4] =A FazEo] SIth P. ginseng®] H 2o
A%F 729 triterpenoid AFEZY (A= 9F 5%; Shibata
2001)0] 2JFEo] Sl= AR dEA lon, 1 4o
t}oF3t phytosterolo] EZ3tE o] Q= Ao 2 dFHA Qlrt
(Matsumoto et al. 1986). 214F9] =8 Z A= Alo] == gin-
senosides Rb1, Rb2, Rc, Rd, Re, Rf, Rgl T} 2+ triterpenoid
AbE oty Zh2Ee) XAl Atol B FAEY A FHY,
FEE DA, FATA4E, 2IUAAE, FAAE 2
o] A& thE g2 7HAAL Qe AL R HIilEo]
St} (Shibata 2001; Kiefer and Pantuso 2003). 43+4}9] dammarene-
typex} 58HA}Q] olanane-type 2] triterpene A}F3E-S QJAMEE
o A AJALE ), ) E Q] triterpene-> dammarene-type 2]
4340 ZA-L 7FA] AL 9T} (Kushiro et al. 1997). Dammarene-
type 2] triterpene=> TA| P. ginseng (Kushiro et al. 1997)1}
Gynostemma pentaphyllum (Cui et al. 1999)1} Z-& dH 4
Fol ARk 2l gl

Triterpene @} sterol A 342 C5 isoprenoid 7 2 (isoprenoid
pathway)o]| &Js]jA] o]Fo]x] a1 It} Mevalonate= sterol
I} triterpene = 1% F524 AA ot (Kuzuyama
2002). Squalene synthase+= sterol™} triterpenoid AY ¢3-S ¢
3} isoprenoid 7 2 2] A WA A 2 A farnesyl diphosphate
ZHEE squalene2 4 EZuljste= &Ao]th (Abe et al
1993). 12 A7 squalene2 squalene epoxidase 2] AtA3S} Zul
Z+-& (oxygenation)o]] 2]5}o] 2,3-oxidosqualeneS $HAJgtct,
g = phytosteroll—} triterpene>  oxidosqualene cyclases
(0SCs)9] Zuj2Fg-of 9J3ff 2,3-oxidosqualene 2] 112]3} Hb
-5(cyclization) 2] ’%4 AEe Aol & E T (Fig 2). ©]
A A HA Aol =] AFAQ] dammarene-type 2] 4
Ao Z AL A3l dammarenediolZ} oleanane-type 2]
B-amyrin©] A F ). Kushiro 5 (1998)2 0SCE ¢ &3}t
she ofg] 71A $AAES Rajspgen, oled 44
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J, Dammarenediol synthase
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Fig. 2 The biosynthetic pathway of triterpenes in P. ginseng

< AR Adsdol =A YERTth

Ay 451_1 dammarenediol ¥} B-amyrine YA 4
Ar3} (hydroxylation) ¥F&-3} @3} (glycosidation) HH-2-& &
3 RALATO =2 MBHT A A= B9 41
3} Hh-3-0f+= cytochrome P450s A7}, @3HHES-of| = glycosy-
ltransferase 7} ojeh A OS2 o] AX|3L It} cytochrome
P450L2 protopanaxdiol @] 61 EtA 9] X|of| A AFSHHES-¢f
Tojsty, 1 A3} protopanaxatriol®] F T} (Shibuya et al.
2006). Glycosyltransferase+= protopanaxdiol type2] 3¥H & 20
H BFA 9} protopanxatriol type2] 681 L 20 B4 0] A
7] (hydroxyl group)of| ] @343 o st} (Kushiro et
al. 1997; Kushiro et al. 1998; Haralampidis et al. 2001; Choi
et al. 2005).
AZH ek 7Rl 7|1 24

[REa |

Ak Atz Aol TAH fAAES TEskal V]
T EATE AAES A4t AT Atste|
QoA W& Z a3t QXS A5t 9o, Ak Ft
Fol F7HE AlEA e S 4= et whebA 2
& A YAt et AFehe B AFAEES A4t
A Aol HHE FHE {AXES gEsty] $18t
of theFet W& o838kl ¢ h

e ©

0l 5 (2005)2 methyl
v%

HU %
T T~
ne

rlo

o

o

=z

>

jasmonateS X 2]t HAFZL O
o] expressed sequance tag (EST) 5412 3t A1}, 3,134 ESTs
£ &5 3}o] EST databases (dbEST)2} GeneBank databases
o 522 sheleh. oleja ESTEA 25 Fobol Ayt

Protopanaxatriol |
synthase

},J
4

---> Ginsenosides
Glucosyltransferase

Protopanaxatriol

A

---> Ginsenosides
Glucosyltransferase

Protopanaxadiol

Az o] Ao B E 754 o] 9l 0SCs, cytochrome
P450, glycosyltransferase 5-2] ThFdt TR -FHALE (candidate
genes) SFHSHGIIL, AR o 2] ALLFA o592 7]
SaA gtk A4E WY Foll e ALeE G A Sl
t}. E3F Nam 5 (2005)-2 EST £40] 9]¢ protemlcs LS|
o]-§-5}of ’i’l’a‘ Abszd Aol tigt 7lee At
AE B st 2 28 A3 152 methyl jasmonate
et BATE o]g3lo] 42267 9] ESTsE &H3}
o, 22207 8719 cytochrome P450 hydroxylase &
HEAAQ}F 57]9] glycosyltransferase TH -G HAES A
A st @A 7sEAe AT S A S
At

Ao AHEIAE o]sto] Abzd AT £
AL} 75 AR 229 Ak 2004 Lee 5ol & 3H
A B35}t Lee S (2004)2 phytosterol ¥} triterpenoid 2]
AJstAd of o St squalene synthase (PgSS1)9] JaHS X AlsH
itk itel FAMS BT PeSSI AR BT d
2 squalene epoxidase, [3-amyrin synthase} cycloartenol syn-
thase@} & downstream -3 A5 9] up-regulationS %
ST E3E QA A A EA = phytosterol ([3-sitosterol,
stigmasterol, campesterol)X} triterpene saponins (ginsenosides)
o Yare AR F7HA e

Squalene synthase2] ZujulL-of o]ojx] = AbA3} Hi
L squalene epoxidase”} 21| S 3t} o] AAE HE A
A A (rate-limiting enzyme)= A 2,3-oxidosqualene
Zujsh Aoz # oke A grk A o] &
she fHA5S olgstel 050 7% g B

filo -

Qi

1y
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=]

]

O

2

A}

&, t}. Han 5 (2009)2 % 7] 9] squalene epoxidase
o 519931, 2+2 PgSQEI, PgSQE2 314
. o5 §AREE 8wl AEAS A glem,
N-terminal & & o] A Q] A3l ofm] - AF] Z}o] & el
dth ol 2fgt 2fol= 214H2] RNA 7HA] (RNAI) A#3h
Ao Al = FAAZEY] 7o W ZolE of7|A7| =
Aoz YELEth PgSQEIS] 75 MA| Aol =9 oA
= 2ATHE 75 Hole ASE Yehd Wl PgSQE?
= TolEAEHEFA Y HAst= AR ey
Oxidosqualene cyclase (OSC)of t)3t AF+A= Lo
U2} g9 AFLFNA FAlo] HEET 0SCE
U453l FAAE Fof dammarenediol synthaset 2,3-
oxidosqualene2 112 3}5}o] dammarenediol [1E $HA]3}=
o $83% 9 ste FuiAlz 4¥A ok Han 5
(2006)3} Tansakul 5 (2006)-2 ginsenoside 2] AygHAJof
# E dammarenediol synthase (DDS) &-A A} 2] 7|53 H4
5}4 T} o] 52 lanosterol synthase”} Z o] % erg7 yeast mutant
o DDSE WE A7 © 2 X dammarenediolo] TAHELS H
o] Z9ith E3H Han 5 (2006)2 RNA 7HA (RNAI)O. =
013] dammarenediol synthase (DDS) A#} ¥H& o] &=
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