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Abstract

Plants have valuable secondary metabolites that can be used in various fields such as
medicine, cosmetics, flavor, renewable fuels, and foods. However, the production of
secondary metabolites in a large scale from plants has limitations due to environmental
factors. In vitro plant tissue cultures, which is independent of the external environment,
can be an effective alternative approach to conventional cultivation methods. Elicitation
is a technique involving the exogenous addition of abiotic or biotic elicitors to trigger a
stress response. The improved production of the secondary metabolites through elicitation
can provide economic benefits to various industries. Therefore, plant cell cultures and
elicitation are useful techniques that can enhance the content of bioactive secondary
metabolites and can be used for industrial applications. As the importance of anti-aging
and eco-friendly materials is highlighted in an aging society, the value of using
plant-derived bioactive substances is increasing. The main aim of this review is to
summarize the methods of plant cell cultures and elicitation used for the production of
important secondary metabolites.
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ABe 1 EE 2 PAIEE B8 4 ottt §7] SRS A, 2% tpEe
A2 4 $A0] BLHQ BUL oRIA, AR Bt B HA3AIE o] $a% o
2 Tk BE A20] EA15t] AEol] BaHel 13 L] TEAHE, okl A4, 2
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ALEoA] MEALEE skl vikshr| fleiils Jeo] S0t Hix] 24} A8 AR 32
o] IAott. kAo g AMGE= AlE A TEE2 AR EARI cytokinin®} auxinFol
t}. Cytokinin® HEAQ] o2+ kinetin, 6-benzylaminopurine 5°] 311, auxin®] HH&E49l
a2 indole-3-acetic acid, 2,4-dichlorophenoxyacetic acid(2,4-D) 5°] It} Auxin®] gt
Zo] § &2 Aol HY75 cytokinin®] ol § =2 F9ol= Aol fEE7] wiel
auxinZ} cytokinin®] gt & 24S FFHNAI0l H7fete] BHAE ok 1ol 85t
tH2].

o AEHAZ QIgE A9 Hio] ¥kgo| uet BAEE E4S o|EYE X (phytoalexin)ol2t
11 geH2). ol2fgt SRRtE 22 tAKEERA] A8 EJJr L% g8 '3}‘1], QUAel ¥ 24 4
2 Lot ]% B4 L feoks e S22 AHHES FEEEE@AREA, elicitor)
olgkal sHH2]. FEE4dL 7Y ot ol 4(endogenous) 2 2]QlA(exogenous) 2. & EHE
o, E400 =t H]}‘OE—}ZGI( biotico)®} =8 (biotic) FrEdsE E5F2 4= Sl H]""E°W
FrEdolgt & golu &4 811y} 22 77] 3igkE 71¢9] E4doly, AEshs fEdoltt
71%”(chitin), B¥(pectin), AEEXN(cellulose)2} 22 A& MEH} oA FHS dd7E
2ok e 7199 Edolth AEEES A, S8, Ax A, Mg B S5 HYs)
of 22} tiAREE Y o] JRRE mTh BESH ReEdd) v REEES S R
AL G FEAED 22 AR BAkS EX6k= ol o & 454 a3E UERd 4= Sl
o] IFFolA FEEHY T, Bk, A A7| 9 v} FrEdae] A3t A E 2%} At
AE9] SHoll Y= HAl= F8 2E QRloH3].

I} ARR] 2P0 Qlsf gHiedlof thet AR 80 sl A4 AR TS AR
Utk LA o= Xk Hpo] 4GS B A A4 Ha E o] thiREa 1L, SHiolA=
Z18H73 o] @ A4 7ido] =71 AAIGS shE E3F=|T itk 53], A AET AlE Z2AH|
= HIES TR A5 7Ies ol8sto] Hiol AAE k= ARkt TiefstA| o] FoiA|
Qi

o] = AlE RAM|GE o S 7H 22t tiAEY] BikE BEH0E S5l
QIgt ot BEE feEd AP 7led olg B9 A9 7Is e SHCE Q9.

2B
1. MY 23t DAAS MAS 93t A HZHHS

HEAQ 5 7142 BEIle] AL 719t vl o Azlo] A, A=0] A4S WA 43
27 B9k )%, B, ok, vIBEel I ol G W] el @AV QIckdl. 1A B
2717} gL ol NeH oz Agle] glod, Wio 3 ASiH o 2o e A% 24
HloF 7142 BT A7t BEE APH ek

ﬂl

A% 2ARE A2 A7 HY A S(otipotency}S 7HITL ke 4 T8 ok o]
ok o] 714 ABO| jg 24 E AR 52 ABA Relsid Goie] F3E T A

Z1HelA sigsto] AL SARRGE F7IAZIAY, AEAY 71 AT, AIE oA A
st AR Rz 22 L, o BFFbiomassel S oA uﬂot Zol 4 ol
EHGZ] Wolof 2 Aol IAste 27] Alze] FAe Yol ke lok ERE Al v

W 3 Selo] 248 4 et BHE A2 AT, A J—7H 727 olg,
S A Ave F59 OiF A 2E1 AEAe] ZE FEE o8 hssithe A el
AE fEEAL :[L_,_o} AAE WakslA] LA, 7|EA oz kAl o ofm|i-Al 9l SAE
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c}il

Z A%
P Wof EA L & &= k. 27} thARREY] ti#AQ] dl2+= HEH o] E(terpenoid), &
Zt2o]|=(alkaloid), B E& 1t 0]=(phenylpropanoid) 5°] St} HE2H ol 7 2 25
A JEEA teksl Aejehd 9 ejeks 7152 7K1 Qlo] AEHA RACTHE A&
HosHY 9k g, SE 3k, AE A71E, Hlo|edR 59 2935 I3y dgke st} gd=
ot Hdgeid, e24H, O}Eﬂ‘d, 24 9 EYET} Z-2 opu|icAtolA AF E= 7HY
Aoz wAEL o] BRL gxoF NEA 9 H= Ay} 2L ofkzlshd TS xﬂ:r_g}ﬂ],}
A EA ARRS 4 Qe HidZgui-o|=E B2 Al(tyrosine) ¥ EHE K tryptophan)2
A7) shikimate B2 0] 34 ARZo] HUteh o)A ThEH AJEsHA 9l H|ABES}HZ] /\Eaﬂ
2o thgt A1E9] Hof 9 A2o] FofRrH1].

2 VA PRI 2 IR 10 5 ek 4B BT 24 TAES B
|, Agog o] BAe Aol T A2] thefst AEdlAd] 3 W) Uo] Wge

o m

i
S X

rulo 1o

2. 4EIEY 2%t iMtttE ME ol AR RE=SE

=
AE0] ol ‘AEFHA = Q‘ﬂ% A 715, 48 Be WA MYtke e 2d(ETA
A AEsH) R Hojd 4 Anlsl. freEdo] fEtte AEF A0 giet 479 Hhe2 dntEe
Z A2 LFEoIA AT, o] ﬂv‘%]*il: qZEigels 71 gol e fgde o
=40 dishA 7Es] At A2 FEEd Aol tigt 354U FEAIE 7L e
A0 Holth FeEdo] fiedhs o] whaollq &Ab s MHshe AR thadt o] 8°F

T Atk EA0 Rt REEE 14, ¥ ol 9 Al o] 7HA A QAL
2 gelAsl, AEN(Ca™) 371 Cl 2 K" &3 H 9, Alxe] ddest 2 Al =d A3,
| EA(mitogen) st il Qlxkst §A(MAP kinase) 8433}, U FElotuto]= offd tho]H

| QEelE V\}(NADPH) Aka 4 EA5) HRgA Atas W HESA] A Z(reactive oxygen
species[ROS] ¥ reactive nitrogen species[RNS]) A4, 7] ®o] 442 Hd; JATHO|E
(jasmonate) A34F, F7] H}‘ﬂ vk AR I 9 23 AREE S8 (Fig. 1). 34 Aol Slel
AlZ0] 0]R3= H3-2 nlo|EYEAl W pathogenesis-related(PR) THl &} 22 3k SIKHE9]
AYAro g o]ojx|H| ol= Byt AXe] F83 A Fith E3E fEES A= A2 v
HYA ZA] gk AlE AR 2 TVHIE 5 Atk AEEE 41T WSS Ot oA
HSol 9fsf B&4 Q1 HolE Aol TRt 4 84F o]FofA Q=T o2dt 4 84sS
A2 o2 314 vheS fEshs ¥ T 24 9F Ae A2 FAHEHo.

FrEd2 fo|EGHA] Bk RS 5= A= Aol AREE AR EAl= dukdos 2

= 739 AE WolE AFthke SRS oRgttHo]. feEdS 159 7o wet vield 9
QY FEEEE £RT 4 1L, 159 E40 wet BlgE(abiotic) ¥ &4 (biotic) FeE
A2 BR3¢ Utk AE A oA HAsks B2 QR AEEd, AE AlEoA fE

Z] 0 LHO /Kg TI'E-E 10]&_}“_]_ o]—]:]— ]Aﬂ%?_(ﬂ' TI'E- X] O ‘:'E]Z-] ol g—oll-] 8_0]_ io]—o]—]:]— qi_-H-_
Aol E914 QRloE= A9, &, A&, 7He 50l Jon, 3 aRloe Fageld 71
SIS 53 salicylic acid(SA), methyl jasmonate(MeJA) ¥ jamonic acidJA)?} 2 S22
FEEdo| &3t JEA 242 AE, 24, BHHEor 5ol faE freds X3RRIt
o] B =2 AYH R GRLI w2 S22 REEAN AR FErEdS SHoE Hgitt
(Table 1).

JAS MeJAS Z§3E AARYo|EX QS A5 H8-& RHE5M= cyclopentanone AE9)
3KREClH, in vitro BiYRIA 23} thAbES Z38tole BHAQl B EAY AT gtk A
ARYo|Ex E 71X 2831 Aekd 9 Wd 3L SAIGkH= AR EQ9] A5 Bl HY
9] AT} A ool FrEs 220 oIS Iad o2 M4l 0w Ho] WS fUR

>
@
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Fig. 1. Schematic representation of the possible responses of cells to elicitation. The response of
plants to elicitor-induced stress usually begins at the cell plasma membrane. Considerable effort
has been invested to isolate elicitor signal molecules and identify the corresponding receptors.
Several elicitor-binding sites have been identified in cell plasma membranes for a range of elicitors
of different chemical structures. R and avr gene products play a key role in this step. The trans-
duction of the elicitor signal perceived by the receptors entails the action of second messengers,
which further amplify the signal for other downstream reactions. The sequentially occurring events
in elicitor-induced defense responses can be summarized as follows: elicitor perception by the
receptor; reversible phosphorylation and dephosphorylation of plasma membrane proteins and
cytosolic proteins; cytosolic [Ca*] enhancement; Cl~ and K" efflux/H" influx: extracellular alkaliniza-
tion and cytoplasmic acidification; MAPK activation; NADPH oxidase activation and production of
ROS and RNS; early defense gene expression; jasmonate production; late defense response gene
expression, and secondary metabolite accumulation. The systemic responses used by plants to
prevent attacks lead to the production of antimicrobial compounds such as phytoalexins and patho-
genesis-related (PR) proteins, which together play a key role in pathogen rejection. PL, phospholi-
pase; MAPKs, mitogen-activated protein kinases; ROS, reactive oxygen species; RNS, reactive
nitrogen species; TF, transcription factor.

THOL. MeJAe A9 o] fdAE 280t A1e A IgolA 583 JTS sk= Ao= U
A UL, JAE 50 tist AE9] AdS AlTdl= octadecanoid FAEE Sl thFst thil Aol
Bte FEIT MeJAs TRt F9 A= Alzeido] o fesds 28 o, 4df 27}
A A2l FgHeZ JIFE vl 5= drHol. g E°l, W1 (Arabidopsis thaliana)l
MeJAE Aeloto] QIEAlOR] ABARS: JSTAIFHOH(T], Mentha x piperita©l JAS MeJAS A =]of
of 22uEE Aito] SXHT= A+ B3 JTHB). &3, Calendula officinalisll JAS 125}
o] ZEokzAt ALS ST A7 ATHOL. olA™ JASE MeJA+ HIZH| o], 2tk o]
T, =0l 9 Hgungn-o|EE IR tefRt o|3} that 4FE AARS SV 4= Sl tiR
A9l F=EZo|tHo).
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Table 1. Effect of various elicitors on secondary metabolite production in plant in vifro cultures

Elicitors Culture system Plant species Secondary metabolites (SM) Reference
HR Hyoscyamos niger Scopolamine and hyoscyamine 17
CS Vitis vinifera trans-Resveratrol and stilbenes [18]
MeJA HR Catharanthus roseus Catharanthine [19]
CS Artemisia annua Artemisinin [20]
CS Lavandula vera Rosmarinic acid [21]
CS Thevetia peruviana Peruvioside [22]
MeJA, JA CS Mentha x piperita Rosmarinic acid [8]
A CS Vitis vinifera Resveratrol [23]
CS Calendula officinalis Oleanolic acid [9]
CS Corylus avellana Paclitaxel [24]
CS Linum album Podophyllotoxin [25]
SA CS, HR Hypericum spp. Cadensin G; Paxanthone [26]
AR Withania somnifera Withanolide a, b; withaferin a and whitanone [27]
CS Stephania venosa Dicentrine [28]
HR Fagopyrum tataricum Rutin; quercetin [14]
Yeast extract and CS Silybum marianum Silymarin [29]
fungal elicitors CS Gymnema sylvestre Gymnemic acid [30]
HR Ocimum  basilicum Rosmarinic acid [31]
CS Corylus avellana Taxanes [32]
. CS Cistanche deserticola Phenylethanoid glycoside [16]
(C;r::;)san and CS Vitis vinifera Stilbenes; trans-resveratrol [33]
AR Morinda citriflora Total anthraquinones, phenolics and flavonoids [34]
HR Artemisia annua Artemisinin [35]
Taxus globosa Taxanes [36]
Catharanthus roseus Vindoline, catharanthine and ajmalicine [37]
Cyclodextrin CS, HR Taxus media Taxanes [38]
Catharanthus roseus Ajmalicine [39]
Vitis vinifera Trans-resveratrol [18]

MeJA, methyl jasmonate; JA, jasmonic acid; SA, salicylic acid; CS, cell suspensions; HR, hairy roots; AR, adventitious roots.

SAh dhe2jof, ot & Hlol2| At -2 B0l thet AaHde sk Ho] FAAF EE9
Al X Go|t}, A& o] ZF A ]/\Eﬂoﬂ,q ZQ3%F 95k 5l 2R BA] }o]uf] o Ao thek
Al 85 A Froke dHA Utk SA= A HEAQ] Aokl dojd o e
£90oll SA9] wlE SAnt JJru ElRsss Tga}oq A2o] tf2 Huog WA 23} gARIE Ak
FEgho 24 FH Rt Wof §kg-Z doXitk o2igt §kgo2 Isf SA7} 27} thAt REEEEA]
B A8d 4= ITH6l. Taxussol Tt 2 AtolA HE=Ed dd =0t ik S7F
A717] Y8l SAE 083192 (10, Corylus aveliana NEM G4 A= A4S A2sto 2 &
o RIS BARE AEHoE AR TH A T 1L
Yeast extract(YE)2t Zt g2 F2 A& AlE E= AT viollA] 22} thabibE AJ4E
S 7P| Y5t GEAR 9] ARRET Qlth 8% Aureobasidium pullulans® FEES
Vitis vinifera 72|20l A2jgt 23}, A2l so|ELEAC] So] F715ItH12]. 3L Panax
ginseng?| A AEtN} HART wjfollo] frEAE YEE AEsto] Alzd 2 7|e R[4
oro BlslEol kRS ZAAATHE AT Az QuH13]. 12| &% polysaccharides®
Fagopyrum tataricumPA FeEgh 2ol A3y SetE o]t AJ/do] AF=IRUTH14]. o]
A YE 9 A+t OEEXE]S_ 21 7140] gt A7t RESIol e okl tiFskAl ARG Qi
o5 E= W 5257} o859 fEA |2 HAE ALl chitosan ¥ chitin® 232

r_>.i _I:L

(1L
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AREET itk chitin 8019t 3RS ZFRE FE2 Aolole f71Al0l s == B
-(1-4)-N-oHE-D-2FIAM ©9j9] A thgsolm, Aas 4 84volc}. Chitingl 7F¢ %
8% =AY chitosans FZEd 271004 24| chiting 402 opdsl(deacetyla-
tion)SFA Y chitin deacetylaseS AFSH G4% 7lEafjof Qs YojATHE]. Chitosan¥} chitin
S A2t Taxus chinensis A|E EFNL paclitaxel WA S7MAFHILL5], Cistanche deser-
ticola | @EH HjFo] chitosang AJsto] HdoeleolE SEFARIE £49 4 271E
FQlths A7 23 QleHi6l

o2 o-1,4 SEFAE Aoz A4 839 AQ9) cyclodextrin(CD)O] it Bl&
+ A% 59l A4S A8ols FXelA CDe ARt Tl 9 ookl sRleEd X E3AlE
BT &= A gt 1981 T4 o]F gy A+ 7MY dukERl Choll= 244 6, 7 2 8719
Zot A2 39 o, - 2 -CD7} Z3kET:, W2 BAF S443 W Y/dE 7L Qlo] Al
2ol FAHHoR EEstal Rlor, ER SUAE FAdoks Hl ARRERI HE 2 | 5t
CDe A& AlzmejdollA o] Bkg& R=T &= Qlo] 2T FeEd= 2HS 4= Sle AAEA
et TS BTHOL. V. vinifera®lX CDe EAA-EAHES A 2ot Tad 44t
o] IAE Ask= Hftt A QIR AGE EAsole 41 A #Hd(signal transduction
cascade)S FEok= AR eyt
AlE ZEHHUOIN 2|2 2%} AMIES 285t AN S8

A AAZR] 113} A2 o] 2HA] e} AAfjo] et AHRRES] Q1A s} T Al
/g7go] A=A ok Fiest ARA HT S0 AlF AEEjSS 75te R IAMREE, A%
716A1E, o Y AR ZEE= AE AE f AEERIEAIZAY, ARRIAL HElel=
9 AE Al - ok EA@A, WAl 5 HiolQ 9ekR)9] At A 9 Al=7} tFeHA| o F

9,
)
=1
o ¥
=

o

A& G 22} AREES] S8 7]e2 ufe- dEotyon, Aok S 95t AlE thARES)
i EA71e A S metabolomics)?] =Y O Qs Qk&A1E9] S8 vl HuotA 4ty
37} o]FojA| 3L Qirt. o]Hgt Mot HEEs) V&R WEeh AME st HE, AlE F4] 83t
A =/ 5 tFet SAo] wet 593t A8 7154 BAE AR Q). Eo| gHEst PAst
71, "9 71, AR 34 83t 7|5 58 ol8et st E uld 7154 SHE] AREA] Tkt
AEol JHg= AL Sl

£ e B T FU - 9 Ve A ¥ 4 Edcs AnEd o33t gk T E71A
I sPo] EdE WSk o5t SHE, HUE SHE, 7154 SHEE, Y SRS AA YT
8} 71&0] §8H E7NE 7163 176 YieEdo| TR Hiole sRe] ElsE Wslslal
et 0|24 gheo] FEI AES Wetolal £/ MRS Awdshs AA-HIE Ak e
sPEo] R et ol2fdt =i SFEE AR SeAlloll W g A ko Aok £
I okl & Eo] g SPIE AR 9 QPYS) Hbdol| gt Al - 22]9] wigFRS AR Sy
She SPEES] V& W Al HHsiGich B 229 SRR A F HEoE AET AR
71€R] E7INE SR EsE A= Aokl Qi

T 9] AE Al fEf FEEAS Bl A1 889 d2t FUf TS} o] QoY
A (BIO-FD&C, Incheon, Korea) ol E3lH A& Azl 714 L83t AR A2 4
AL, sEHEoE, Au] Y ZEE ot A3 AN ZAYHRELD)S FHo=

ARbslaL glom, et wiE Bl o] RS Aldstal Sl
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[

Q o
AlEoll= 9ok, MR, 3=, A AR, AE 5 TRt 2okl AR 5= Q= 7HA] Sl
22} tjAREC] ok IEU AlEollA 23 AR S tiEe R btk A2 T4 8%
QIsH AIZE Qlet. Qi e7g0] kS WA| = W AlE R 71 Al e ohigk &yt
AR}l tigto] E 4= Qltk. RE=EE A= HABESH Y AETE FEAE QIYH R Aot
AEGA BREE Fohs 7&oltt. B AYE B8 22 AR S22 Theket ARl
AAA o] AFS 4= Sk, wEbA AlE AlEEjeF 2 REEE AEe Aol = 24k tiA
ARE9] AARE ST S QL AR o E SEE 4= Q= R8%t 7ot} R3St ARRloflA w5}
WA 9 J8 A7 $E5S o 2H AE [ A E49 &8 77 =oAL it
o] 2 =79 F8 FAL Fa3% 22 AR Ao ARgEl= AlE AEHYg 9 fe=d A
71eg 89kl Aot
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