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Effect of MeJA combined with high temperature stress in treatment for
accumulation of triterpenoids in birch suspension cells
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Abstract: Objective To investigate the effect of MeJA combined with high temperature stress in the treatment for the accumulation of
triterpenoids in the birch (Betula platyphylla) suspension cells. Methods After MeJA (25, 50, 100, and 150 pmol/L) and high
temperature (50 ‘C for 2 h) treatment, the cell growth, viability, content of MDA, the activity of defense enzyme, total triterpenoids
content, and the gene expression levels of triterpenoids synthesis were measured. Results The combination of high temperature stress
and MeJA treatment had a more powerful positive effect on the synthesis of triterpenoids than single MeJA or high temperature treatment
in birch cells. Moreover, the concentration of total triterpenoids had the highest level when adding 150 umol/L MeJA after the high
temperature processing, was up to 76.6 mg/g, which was 81.3%, 159.9% and 13.1% higher than those in the blank control, individual
MelJA treatment or the heat treatment alone respectively. Meanwhile, the gene expression levels of SS, SE, BPW, and BPY, related to the
triterpenoids synthesis, had an increase about 297.1%, 83.7%, 1 032.6%, and 282.4% compare to the control. The MeJA after high
temperature treatment enhanced the activity of SOD and PAL compared with the control, inhibited the cell growth and viability.
Conclusion The treatment of MeJA after high temperature affects the cell growth, viability, and activity of defense enzyme, regulates
the genes expression level of triterpenoids synthesis, and eventually could make cells to produce the triterpenoids substance effectively.
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R U FRE T IR AR e,
BERLSy AMEBRIE 1 MERR R AN S R R A 3 o S g2
I~ AT W 20 M R T IR R BRI e . I S AR
JHEE 5 T R8BS a7 e =28
JRAEH 20T % b BAT B U,

KFRAEY) R (jasmonates, JAs) Fllif 5 Jipie
VER T S FAEAEE AR =6 S R R b O3
F)Z N, MR FIAR S S S s N xR
AEAR P S AR R TR A O R A A e )
BLEIS, B BF IS . TAs T B HE S AT R
(jasmonic acid, JA) K¢ HA7 A= 4 i 28 i 1 7 IS
(methyl-jasmonate, MeJA, WFKNHFIESEHIR) V.
WL, JAs TEAED) PR E 2 5K
BSOS IIES 2 Bl JAs 202040
Ak, REEIM R, [ A A S B R
PEMIPE R, (AN M) A AR AR 1) IR AEAR G 34 12
e, JRIE I WOEAH G TR AR IR A AR )
(1) OB DR RN S DR, e 284 vy H AR AR AR
PN R SRR, B e A M bR R TR 41
3N 200 pmol/L MeJA Ji ¥y 3~9 d, il b 5 3%
i 2 EbooF W S 89 00 . Hayashi 268 USVE BF 97 40 U5
MeJA 5 H BG40 & ok S B 1 I sgma e, K
PUH B4 AE AN 100 pmol/L [ MeJA £53% 10 d
Jo B-ERIERESEE (BAS) FikE o i 11
F, KRERHREEYE ST, el oR
MeJA 753 AW AR AR = P T 5 R IRAE
MeJA % SAREE 24 h JEEERY A5 b
F, FREREAGR N 30.87%H N3] 37.92%, F5kE
WS A 1T AR N 6.03%34 151 9.18%, AL
FE A N 1.47%38 N3 4.45%.

Fer D [RIRE 2 0 R ) IR AR AR = 1) 5 ™
AT, 2P RS I ) 1 A
PP A S R R, ORI 25~35
CHIEME T, B amAL b i 25
CHI 30 °C N, AN 0.497%F0
0.570%. AV AT IIWT 50 IAE 35~55 Coril
AP AMERVFAII 1. 2. 4h )5, fE50 CAEFE2h
Jii FREEH 8 = i e g o

TEAVREA AR I 50 CAbFE 2 h
SR FH v L 18 5 T M 2R BBV A A S
YR B i AL BE A, FEURER AR NG 5
Ji MeJA, R mEPHEEF MeJA 155 HAEGH =
5 I TG B AR AR AR G 1) AR B AR AL FR AR 1R 56

M, FP BRI AL 5 75 3 FOME AN e — it 254
JFEE A BORIAR B IR AR LA -
1 mREAEZE
11wl

FE il B AR AEARME R 22 2R i Bh 2 2 Bt £ e 4%
U558 FAMEBetula platyphylla Suk. HE W ZEEB, A
RS AMEAR, e A R ) AR
MM FPRL,  FE100=2THHETE I 2 AN 50 mLIFINT
WK FRAE, RIS gEMEs 4, NREIR
C 120 r/min) & IFH: 57, $592 R h24~26 C,
SRR R2 000 1xo MeJAWY [ 26 [E Sigma 2 7]
1.2 A%
121 AMERIZAMALEE  MeJA Ab PR & B
4 DNJKAF: 250 500 1004 150 pmol/L; ikl
50 CHEBE 2 ho 73 /e IR TR 6. 7 RiFATA
[MAbEE, J: 420 (6dT+7dM. 6dM-+7dT. 6dM Al
7dMD, [RIBEE X CK. CK (T1) A1 CK (T2),
AN (R b 3 AR T AR 1.

FIHEA M 7E 40 5 R 105 8 Rai—Wk, s
I3 AIRR T I F R AR PR s RN, T i,
AMWEALRE (SOD). EMLERE (CAT). KA
ARG (PAL) MZ B4 RS (PPO) HIETE,
o g SR e e ' PCR 7 VARSI (1 ME 4 i
T A OB O IR A (SS) . BRI
filf (SE). FIBEEAEF (BPW) I B-Fr b e lz &
(BPY) HEDAI AT 1A & .

£1 FFE MeJA N5EHBRIAIEAE

Tab. 1 Combinations of different MeJA and high
temperature stress
Qb FR Jit

6dT+7dM 6 K50 CAbPE 2 h; 5 7 RMIA 25, 50,
100, 150 umol/L MeJA

6dM+7dT 6 KA 25, 50, 100+ 150 pmol/L MeJA;
7R 50 CAFE2h

6dM %6 KA 25, 50, 100, 150 pmol/L MeJA

7dM &7 KA 25 50, 100, 150 pmol/L MeJA

CK Kb HE

CK(T1) B 7R 50 CLFE2h

CK(T2) 6K 50 CUFE2h

122 AR ERIE AL RS 1
FIMEZE Bea i an i o T anfa gt , A% Ja g
UK R I H] DR AR L A R 1K 7y, )R
e 25 L A A

1.2.3  FIMEAN IR R BRI e
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iR R R 5 B R ik
1.2.4  FIMEAOE DD HME e i s ) il e
Hik sk ai R ik
1.2.5 FI#E40)f SOD. CAT. PAL Al PPO Ji5E(H)
Wi HAks %12 RO mR 24 2P ik,
1.2.6  FIHE =G O OC R R IA 1l e SR
SN 9¢ )6 5E 7 PCR (real-time PCR) [J%, RNA [
FEHL, RIS 7 ¥R ] TaKaRa 24 7] A2 77 [#32
% (RNA Extraction kit fil PrimeScript RT reagent
Kit), HAAEAES WU, SN2 E & PCR J
. ] 2XSYBR Premix Ex TaqTM II %4t 5E &t
PCR 7, HARERMES W EHS5P 50k,
2 HBRE5NH
2.1 MeJAZEEIRMBM BHAME K ST
MK EWE 1 R, SRR MeJA (25~
150 pmol/L) FH ikl Ak BEA AEF 1 1A% 40 o ff it
(F3E I, Hr 6dM ALEELE 150 pmol/L ¥ MeJA 4b
PG AR, EEAS R IR 38.6%. MeJA it
T 1R 526 A B 6T 41 AR K 1 0 AR BE B
MeJA FlEi b 2, Hr 6dM+7dT 425
i it KR AR, BL 6dM+-7dT 75 MeJA ¥Rk 150
umol/L i N e K, 43 5l BL 2 U Bl ) MeJA
AIER A B D> 43.2%. 7.5%F1 24.5%. DL g5 3
KU, MeJA FEEMMAES IS4 A, H=
B A AL BRI 1 FH S 5

i M /g

25 50 1
MeJA #JE/(umol-L ™)

1 MeJA FEmERMNEN AMERIZEF ML KEMF M0
Fig. 1 Effects of MeJA combined with high temperature

stress on growth of birch suspension culture cells

22 MelA A SEMEX AHEIRES =52 RIFNE
Wi 2 frs, B LA MeJA AR RESE =
IR 5 TR, LA CK(T1) FER 6 KA 150
umol/L ] MeJA AbHJE B =ik &=, 0hlh 68.3
F153.5 mg/g, 43l L6 0 HESE N 61.5%F1 26.7%.

PZACK (T1) EECK(T2)
36dM+7dT
PZ26dT+1dM

Z N

N
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2 MeJA FEmmmEx A RIZFERMIES =R R
SRR

Fig. 2 Effects of MeJA combined with high temperature
stress on accumulation of total triterpenoid in birch

suspension culture cells

MeJA 4545 il I A2 A A B A0S =l 15 i 75 5
YEHLLFRSR MeJA Flmi b sisg, H 6dT+7dM
BT TR e i = AR S . L 6dT+7dM 4k
PRLE MeJA W54 150 umol/L B 4 g il — ik st i
h 76,6 mglg, F3HIELAS IR, FT) MeJA Rl
ACFEBEN 81.3%- 159.9%F1 13.1%; 6dT+7dM AbFiAE
MeJA WS 50 pmol/L I IIALFE ., A 73.1 mg/g,
LS U L B MeJA R Ak HE R i
72.9%- 43.9%H17.9%. LI LEEHRAEIH MeJA Al
TEPBREAEE FIREAN M i 1R B, FLssil e 1d s
N MeJA AEFR FIHE R =0 A 575 S et
2.3 MeJAEE&EEMEX BHERARTE H A Z§
E RN

B MeJA RlEREACHIESAE T S RIS /)
R, Forb CK(T1) F1EE 7 KN 150 pmol/L [#) MeJA
AbH S A MTE ) B, ol b o sk b 85.5%
71.2% (B 3-A). MeJA 456 il A A0 B 5 40 i
THBACTAUNA MeJA [FAREFRIZS IR, (Him T
B SR AL EE, Horp 6dMA7dT ALFEZE MelA W%
50 pmol/L N4 MO A S b v vt AL P T -d5
i, W0 189.3% (& 3-A). N BEEAEAIE AP G
S TS ORI, Hrh CR(T2) FIES 6 KA 100
umol/L (1) MeJA AbBE A i, 0l bbas Fxd
TR 27.9%F1 78.0%; 6dT+7dM AbFRAE MeJA W
A 150 pumol/L A s, A0l B TR, B
B MeJA FTEREACFEEE N 42.6%- 25.0%F1 11.5%(
3-B). DLESSHERM, mlifl MeJA Ab3 K 35 M5
GRS RIS ), (R R R
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24 MeJA GE&E=mMB XS B #ELRAERE EIBE IR 14 RY

MeJA Rl S —H A AR5 T A4
JMuf¥s SOD v tE 0, Fodh CK(T1) FIEE 6 KA 50
umol/L ] MeJA 4b¥1 5 SOD ik, 43 Ebas A
SR 51.7%M1 114.2% (& 4-A); MeJA 454 =il
WA a5 SOD it m, HH 6dT+7dM b
FRAE MeJA W4 150 umol/L i SOD 3 LT+,
A3 A EEZE TR R MeJA AbFURT i AL BRI
57.6%- 23.7%F1 60.4% (& 4-A). FAhK) MeJA i
VAL P S FIMEAN NI CAT IEPERMIS T2 Font i, 3
B CK(T1) A% 6 RN 25 umol/L ] MeJA Ab#H )5
CAT 1 TEBAR, 530 beos o] sk 89.2%411 73.9%
(K1 4-B). MelA 456 il 2 6 b B S CAT 5 PE
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Fig. 3 Effects of MeJA combined with high temperature
stress on activity of cell viability (A) and content of MDA (B)
in birch suspension culture cells
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Fig.4 Effects of MeJA combined high temperature stress on activity of SOD (A), CAT (B), PAL (C), and PPO (D) in birch suspension culture cells
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MelJA 55 miR i E ALl 6dT+7dM AL EELE
MeJA #1524 150 pmol/L I PAL #% 1 f i, 237t
T AR MeJA R Ei AR BERE N 650.0%-
297.1%H1 25.0% (& 4-C)o il AT IS 1R (1 HELH ity
PPO 75 PG MeJA 4B PPO 5 1 & 25 F
W, o 38 7 R BN 150 pmol/L () MeJ A 4b ¥ 5 PPO
TR, HEA O RIS 21.3% (] 4-D); MeJA
GEE ER I A AL B S PPO TE RIS T4 AR R, (H
Eb B il A ERAT BT n,  $Lrh 6dM+7dT Ab#E
# MeJA WE A 100 pmol/L I PPO 1% M f i, b
B R AL BRI N 47.1% (& 4-D). LI E4ETRE
B, MeJA Flmilh b3 f 8 1R G A BT Gid ik
WA 4HEE (SOD. CAT. PAL 1 PPO) JFE(AE
b, JE—20 05 3 RN M =5 &
2.5 MeJAEEEEMEXN A= FEA B KIREEE
SESvy:0EA

FR) MeJA Fll sy A BEFAE$E i SS FE [RIAH
Sof ik, HohAE CK(T1) A5 6 RN 100 umol/L

722 CK 55 CK(T1) ESICK(T2)

=6dM gz 6dM+7dT
7dM 6dT+7dM

) MeJA Ja A Ik fd i, J3 il B s O g n
93.6%F1 189.7% (& 5-A). MelA &&= &
APRJE SS JEPRIAH G Fk 5 0 Tl MeJA
MR ALTE, . 6dT+7dM AbFE Bk, Ho
6dT+7dM AL FETE MeJ A ¥4 25 pmol/L B A XS 3£
IR, s FOR . B MeJ A R i
ALFHETN 313.4% 495.6%A1 338.1% (F 5-A).
) MeJA FlEii AL BRAS REdE =y BPW JEPRIAHXT £
A5, HHPYE CK(THFEE 6 KA 25 umol/L [
MeJA 4B f5 BPW 5 PAAH X Rk i e 2900l b2
16 HR A 0 321.6%A11 1 877.3% (& 5-B). MeJA 4
A EAR I E A EG BPW JERAF G 2808 0 2
T HA MeJA FlEa AP, H 6dT+7dM AbFHE
R, b 6dT+7dM ALFRAE MeJA W K 50
pmol/L I eIk &g K, 3l Lu s o6 L )
MeJA Fl SRR A BN T 111.9%.411.7%81256.9%( ¥
5-B). 1) MeJA AEEMYAEES 6 KM 50 pmol/L
(1) MeJA J& SE BEDE AR ik B, b fon)

ZCK B3 CK(T1)=] CK(T2)
= 6dM gz 6dM+7dT
Em 7dM 6dT+7dM
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Fig.5 Effects of MeJA combined with high temperature stress on relative expression of SS (A), BPW (B), SE (C), and BPY (D)
gene in birch suspension culture cells
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1 35.3%. MeJA 454 sl M52 & 4215 SE FE A
AR 3R 0K 1 I 2 Ry T SR MeJ A R vy il Ak B %
FEXHE, Hrp 6dM+7dT A BAE MeJA WE K
100 pmol/L I AH XS ik & d i, 40 ) b2 ok
JEL, BT Me A R Sl AL R 1 232.4% 1 209.4%
H1 567.2%. FA) MeJA Fl i AL FEARAESE =5 BPY
JE RUAFDOG 2Rk £, FoH 7E CK(T2) FIER 6 KA 100
umol/L ) MeJA b3 5 BPY ik KM X %54 B 45 1w
3 A LS X B 0 85.8% 1 462.8%. MelA 44
R R A AL S BPY LA R EHE S T
B MeJA Rl A3, H 6dT-+7dM AL BE S 44
g, Hh 6dT+7dM ALBRLE MeJA WIE K 50
pmol/L I IR T I A, 40 Al LL 2 0 . Bl )
MeJA Al SR AL FERA TN 339.6% 92.9%F1 136.6%.
PLEgE SRR, HA MeJA B AL FLARAE S 5
SS. BPW #l BPY XN )RIA Fiff, H-#FMES
ABEXF SS. BPW. SE 1 BPY HE[K (14614 19155 G4k
PS5
3 iWig

LRI MeJA TEAESER ) IR A ARG G 1
W C&BR T Z NN, e a2
HOR IR MeJA 58X it Ab B (1) 772 T 2 i AR 4))
B B R i AR A ) . A
TR IR FVHEAN H7E Bl i R MeJ A AL 3RS 40
PR s R IR N, i HAESE 6 R AL a
JE AN MeJA IR A (6dT+7dMD i, WA
W= s = A, I = A O B L ]
SS. SE. BPW Fl BPY AHX} i it AR v T2
AbPE, I 6dT+7dM 7E MeJA #EH 50 F1 150
pmol/L I & =il & dz v, 43124 73.1 AT 76.6 mg/g,
Iy LS R R I 72.9% 1 81.3%, Eb HUpY
MeJA AbFEHE AN 43.9%H1 159.9%, b2 i Ab
FEHAIN 7.9%F0 13.1% (& 2). SS EZH 2 731k
We Kk — iR (FPP) 4fpliald, X517 SE/ERT
WA 2,358, G AEAN R = Gk
FEMITERT, S AR =859, 41 BPW &k
FIMETE R A [ HEBE R s BPY & 55 R R a5 2028,
AW RIAE 6dT+7dM ALBEAE MeJA WIE K 50
A1 150 pumol/L i SS. SE. BPY Fl BPW J Kl AH %}
Feakw B, 4300 L 23 ot B T 255.3%11 297.1%-
119.8%F183.7%-339.6%F1282.4%- 1 111.9%411 032.6%
(& 5), Ah, # 6dM+7dT #F MeJA #EH 100
pumol/L i SS. SE fil BPW ikt g i, 1H

=it VR, IX T BE N AE FIME s A B s,
A BB A Al A5 P O B g 5 DR 3 o AR
o T HEINANE MeJA T LAAG 244 R 0 e i 4
PE, 1M H MeJA FH il A B2 X AR 41 i 1) 1 AR
PR = — R A, g s, A
(R0, WERAED AN SR B e HE v, 5 AR DGR 4
B 1) )5 205 DT Tk A AR 77 4 I X e
SRR, BAAE IR IR A P I A RS
F 21829321 SOD, CAT. PPO 1 PAL &Mk N
TP, Horb SOD. CAT S A4 H 4 1
AL ER N, SOD ¥ O* #54 Hy0,. CAT HE/MiE
H,0,, 2l 35 I RIVE T s A0 A )
0 it PR A93 5 5 PPO 2 A ) T 2L (1 A A D
JLAEHCHUR A E D AR G, BRI 2840 JTO0) 40 ) 453
&, WAL S T AT L EEH ;s PAL 2
VP B EACHT 4 A B ST, 7 A
A R PLE AP R B2 R B A HEL . R
R B 8407 20 25U vt A I w00 40 i g A A
YNME Sy, F P EEE (SOD. CAT. APX Al POD)
TEVERE . AERF T R IAE SR ) MeJA AbBE ]
7 S A AN IR H RE 40 a7 {8 SOD. CAT.
POD # PAL %1t J2 MDA (#1341, AwF57 Kk
LR MeJA BY v Ak B AR BE 51 40 i A
MDA #t. SOD Fl PAL ¥& ¥ 134 I, i (1 #e 40
AR K A ), S RIREEST S AL, FERT
GO R BER E R A R, 8 R A I MeJA
AT BE M AE 2 L A AR S 4 SOD. CAT Al
APX (3G PE, BRI A XS T R, R RE
FA . AR IS A RS I MeJA Ab3H,
#fiet = SOD. CAT. PAL 1 PPO fftk, Jrp
SOD. CAT F1 PAL {35 LA 6dT+7dM 71 MeJA #
J& 4 150 pumol/L i & 7, 435 Eb it AL HE 3
60.4%- 12.0%- 25.0% (|8 4); PPO i&1ELL 6dM+7dT
AL FHAE MeJA WFE A 100 pmol/L I BT & BT, Hos
UL BRI 47.1% (B 4-D), 5 _FiR#FoT 45 B AL,
AL, AREFITIE I, SR PEET A MeJA 1)
AR EE, ARSI AR A M AR T R AR, LA
6dM +7dT A EEFE MeJA ¥WRJE N 50 pmol/L i B i
ETb, WAL PR N 189.3% (K] 3-A).

gty FIRA T, LEER RS S I MeJA Ab#E
Jois BUR FIMEAN M (0 AR K52 B4R, (E40 s )
SOD. CAT. PAL F1 PPO fif 'k b s iy il Ak BEL AT
AN IR S 3 0, g LA R R A T
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AL, XA RE AT i i S R L, MeJA

0T T 2D T VR S I 0l PR A A5 90 A S

Hash, —J7 g sR 7 Al A, — T

ST AR AR P = A OSBRSS N SE.

SS. BPW H1 BPY HIX[&ILH ) Eil, & {edtam

W= S RS LR
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