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QIAN Jing-jing' ; LI Xin'; YANG Yue-yue'; LIN Jian'; CHI De-fu’. B-ecdysterone accumulation and
regulation in Ajuga lobata suspension culture. Journal of Beijing Foresiry University(2015)37(9) 91—
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1 College of Life Science, Northeast Forestry University, Harbin, Heilongjiang, 150040, P. R. China;
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Ecdysterone is a naturally occurring steroid hormone secreted by arthropods, including insects, to
regulate the molting process of larvae. Ecdysterone also has many pharmacological functions such as
promoting cell growth and inducing human epidermal cell differentiation. Suspension culture of Ajuga
lobata D. Don cells provides a method of synthesis of the phytoecdysteroid B-ecdysterone (B-EC). In this
study, we tried to characterize the culture conditions to optimize B-EC production. Growth of A. lobata
cells fit the logistic equation curve, with a growth cycle of 19 days and the stationary phase of 11 to 17
days. Medium conductivity was negatively correlated with dry cell weight and 8-EC accumulation, thus
could be used to determine the optimal time for cell harvest. Continuous subculture reduced B-EC
synthesis, but supplementing medium with B-EC precursors mevalonic (MVA) , metabolic inhibitors «-
pinene and elicitor NO could significantly promote cell growth and influence B-EC accumulation.
Combination of a-pinene, MVA and SNP significantly elevated B-EC accumulation, thus may
synergistically enhance B-EC synthesis in A. lobata. The optimal concentrations of a-pinene, MVA and
NO donor SNP in the suspension culture were 50 pL/L, 10 mg/L., 80 wmol/L, respectively.
Key words  Ajuga lobata ; kinetics; precursors; elicitors; metabolic inhibitor; B-ecdysterone ; metabolic
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58 R 5 I i 45 B P N B8 IR s i — 2R N
PEBER AT LA 1 JResh Wy 4l i iz b /i, [l 4
FAEA R TTEER A R A (R AR
B M4 43P 035 1 2 R B A 4 2 B L A
P58 R 55 TR DR 235 g 55 05 K S R ARARL [RTAE P 5
e B2 e AN e Bk A, DA 368 3] 42 42 TIC ¥ % Ml B
THE U BT R IR R 655 R A A b Y
Er R R E S B T 2R T BT
AR 3257 A Al B 2 v O 5 (4 A DR g
PR F R B R (B-EC) , B & s, I
BHA R 0. 1828 g/LU" A5 5o ity 7 ] B 4835
ME

IR A B 5 (Ajuga lobata) , )& T 5 I B
(Lamiaceae ) , {li' 8 5 & (Ajuga ) , Z A FAR FEH
IR AT Z AR AR i R e AR IR
By B-EC, 3Z 3 57 A BE IR R 5 o R TN AR5 7 =X
BE A KRR B s A ) 4H 2 A a3 5 B
AARZIE AN ZE TR0 5538 A W R SR e, HA
A FARES B-EC & a i, o T e iR 5E BRI
BIF SR LI R P2 U YR B-EC B4R AE i Rl
SR B R P A0 T AR B R R A
i RN A 7 B-EC 2 A2 7 W50 K 55 T A S G SR
WikfeZ — , AU B 7 B-EC $2 4 78 2 1Y
Jk, 3 T LA RGARR AR 7 FEAR [ g e AR o B2 A= A A
B GIR AT EE

H AT, X T B B s B oY AR i AR A A Al
I3 09 o3 A LA R 4 SR Y 2 BHTE R R L ROR
SO BN kOB, A A N B (A
decumbens ) FV WL 7 SR 0 & H B & TR E &8
(A. nipponensis ) F1 S4B 5 (A, dictyocar) , H.LL
B S i, TR H 4. 49 mg/ g A X T2/
B ARG T 3N 2 DA SR B A
R FRRVERR R FR AR 5E 7 (R i oK 3 s e v
PR 3 e 4 L ) R TR R AR R R A R K AR
B-EC )2 Jf 32 (0 AH G H i

RACMOL K2R A ) TR 2R R A S = F
2009 4F 4 H MW TLAE Bo M i K e AR AR 2 w2y ik
BB R B R, 2011 4F  HESL TR AR
Fo 2013 48 W A0 H 7 )R R 0 R R B R A
FI RIS T R Y R TR R R AR SR T
AN B AR AR ) B-EC B SE, $ i T
R R )RS A B RV B R R R B B-EC $R X
T2,

B-EC A —Fh = Z AR (T, fEA AR b i
VG BGERE SIER G A BV LR, B 2k

SR TR AR i, S I T AR i R R

(MVA) & 42 F1 5- 12 -D- i A FBiHE /2 -C-H %5-D-
JRHE W B4 R % ( DOXP/MEP) & 78 41 i 152"
MVA B3R YIIAR— 4 EEA R, L EE CoA
LR, A R R IR |, fee A R S T 2 R
ZWI, 1 DOXP/MEP i 72 W) 2 LATA i iR 1 3 -
2 HMEE R B, & B R T, X 2 R
XN AE TR 0t 5 0 SR R R I (1PP) &
SR A I TN S AL R R TR ( DMAPP) 19 & i
B AL ) B Ar A A 7 B[R] B 2 Bhid
A B AR B ] P24 DMAPP A1 IPP, Al L -7
W5 (/N TS AL S W) VE N MVA 3R 12 K&
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AT 80 6 o 55 ) 7= i %) H Y, TR TR BEAE R o
RIS =) —F R T RSB S, W)
BEELA I 600G 26 A Bk 2 W AE . MVA BN
MVA &8 1 Y 5, 56 40T LB O 4 8 5 iR
5 B AR AT, T LRI &R (L-PAL) N —Fp
A YIRS TR , N A — a1 R
REHEFE A RTR P S AN, NO 1R M55 4 el
PR A AR AR P v s A i I

1 #H57%

1.1 EffiEss

SEmh B VE WK R IR AL . MS + 0.4 mg/L
2,4-D +0.5 mg/L 6-BA ¥ 1f pH {H 5. 8, I b it i
B 2% o FEFP RN 0.1 g/mL, RIS EE TR i
J150 mL F5FRIK TS g

UG SR A5 3G 9 = DO RS IR /i a1
916 h/8 h, JEIEEFE 2 000 Ix; IR EE Hy 25 °C 1B H
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1.2 BiZFHEEFHHEAR

VEIARAR 4 Y 3555 7 d 10 R AS A B 0 Ak
IR, ERFRNA 1.3.5.7.9.11,13 15,
17 .19 KM E (FEFP 24 RKAC 0 0 K ) 20 My fof o o
BT pH (E (B35 B-EC &, DL AT
SO BERREL RERREL BRI A, W4 RER B
2H 10 ¥,
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N FARER G E S
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H 20 e 0 1 08, 5 0 S A A i D AR T+ 2 K 4,
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1.2.5 ZFmiad B-EC &F 0 &R 3h /) FAHEAR

0.2 g( TFife) MR FAMET 5 mL @Ak H
P36 24 b, @B 1 h SRR AR (0 T R WT-
8000) ; A ML ik i A5 4o U8 I W U8 VR 4 H T HPLC
( Waters-2900) #: il . B-EC & I {7, 33% 3. MS C18
(4.6 x250 mm,5 pwm R SEHMAT UL SGAG I 2% (I
KL H: 190 ~ 800 nm ) &I I £ 242 nm, i sh H
(Vipge: Ve =50:50) % 0. 8 mL/min , JEFEHE 20 plL,

B E W 0.0.08.0.16,0.24,0.32,
0.40 g/LiY B-EC PR W , TR o3 il #EHE 20 pL,
A 3K, LA R Y E AL bR, BT ik B R
FEARBR, 75 B-EC [0 U5 75 FE 4 B YRCAH €2 335 6 D
FERE T AN, AR 2Rk 1 B-EC i,

R Yy ) R 5 A A K AR DG, B-
EC 4= 5L 1Y 3h ) 27 SRR 4 40 Jf A= K 3l g 2 A X
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b= ALTIR BT
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Xrbp, AP R (mg/L) ,p,. WP PR R
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1.3 #RXRETBZFHAMA B-EC SERFIE

BUs g 26 110 K538 7 d BB 4L 44N, 35 b
£ 50 mL JEREE VR AR SR R RE T d 5
SRRV B-EC 5 & (U 2 R
HAAM) , EEIRK 2 K, REHRKRHEITE 3 ~
15 AR IF R TR B-EC F 8 lE
1.4 SMEFRMYNEZHEMEKE B-EC SEH
=21
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TVEH 5 o 4RAR 10 Y00 B A A B B 4 A, 422 3]
50 mL LA EIRBARIEFRIE T B I IS [ A
I8 R BE (A A AR B ING R TR B 7 Rk, g
20 L A R T A A A TS ) RN TR 4 L B-EC
T, WAMEFY N 1 MRS

YNATE 1R TTC 35 BUEEAN AL 0.2 ¢, A
2.5 mL 0.4% TTC, Fi il A 2.5 mL PBS % i g
(pH=7) , % IR PR AL 14 h; 26 B, FHZEM
IRIE VAL 3 U VRIS I 5 mLL 95% T,
60 °C /KIS 30 min, I ME]4F 5 min FRIEHEA], TE
485 nm &b, FH S8 A3 BE AN A S BE
1.4.1.1 L-PAL fHc I

FREL 0. 165 2 g L-PAL, HITEHE K E 4% 10 mL,
RIHR A 0. 1 mol/L, 1] 50 mL (553K & 43
SANA 0,.50,100,200 pL ¥ JEF K 0.1 mol/L HY
L-PAL, ffi L-PAL 2 ¥R & 4 5 >F 0,0.1,0.2,
0. 4 mmol/L,
1.4.1.2 MVA B H]

F10.1 mol/L ) KOH # i MVA , i i 50 g/L
IV, 1) 50 mL 3G FRAR R o3 mA 0,510
20 .80 pL 450 g/L 1Y MVA I, ffi MVA 2 v
JE43 9 0.5 .10 .20 .80 mg/L,,
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FTEIK SR «-TRIE (Vs Viom =8:2)
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i v 2 v B (AR B ) 43 i S 0,100, 400
600 wL/L,
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Fig.1 Dynamic changes of cells growth in Ajuga lobata
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Fig.2  Dynamic changes of pH in Ajuga lobata

559 K, A0 T i Bk iR (0. 63 +0.021) g i,
AR AR (2. 78 0. 318) (m-s)/em; WNES 11
KEPA st AR G TR FREE 2 (m+s)/cm
LI,

=
)
e @
o N
)

o

—a— B, & Flectric conductivity
—— T Cell dry weight

0.5

1
e 2
(% S

.
I
=

Electric conductivity/(m « s » cm™)

o
io
AR Tt Cell dry weight/(g - L'

=)

1 3 5 6 7 11 13 15 17 19
BB A]Culture time/d
B3 BB R A SR s R 1]
FLRR T B A A
Fig.3 Dynamic changes of electric conductivity

and cell dry weight in culture solution

FH origing. 6 X #) A 1 B 40 i o 5 40 i
AERAFOLHATINE (WLIE 4) BB E TN ¢, =

Coo o+ 0 Y Sy A A RV (o

t-1tg
1+e®

L) ,t, AU A A A B a8 (d) . &PLA 135,
o N 0.64156 ey 0.102 85, ¢, 7 4.849 55 d, dt

 1.535 38 FHEEZRECH 0.982 96, X 1B H (45
R BB A PR AR i 0 B VR | RE NS HL A U 5 i
0.7r

el
>
T

05F

04r

02r

AT ke Cell dry weight/(g+ L)
=
(5]
T

0.] 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16

BEFRBHE] Cullure time/d

Vel 4 RV AN A T B R (R i 2%

Fig.4 Comparison of model parameters between

1 1
18 20

experimental values and calculated values



559 19 ERAHRSE . MR R TR R R D B-I5 B £ R A R R S 95

TR B AR R B SR AR T AR K W Bl 2
FH 1L 5 TR . I A0 P 355 5% 5k TR] A 0, 4 A 1A
B-EC FRAZ R B UGN 215528145 9 K}, B-EC &

A Al 3K (0. 246 0. 011 3) g/,

0.30
7025
50,20
. 015
< 010
L 005

58 M 655 1 5 L
B-EC content/(g

1 3 5 7 9 11 13 15 17 19
$2 FE 6] Culture time/d

K5 AR AR R B-EC S iEE L

Fig.5 Dynamic changes of B-ecdysterone content
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il EARH BRI ) A L R
z g PR, BOE AR T SRS A 0 A R R R R
f;éz 2.3 SMNEFMYEKFBEEBEKRE B-EC
- sbA0)
2.3.1 L-PAL
HEFCY A ubeulure times P 1 AT SRR BE 9 L-PAL X BEA (3
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Fig. 8 Effect of Subculture times on B-ecdysterone élﬂ H@% ﬁk— ,B—EC E/‘] ,ﬁ; }Eﬁ XE /J\ , {1 //I\i ili‘EE' F% T‘ élﬂ H@ E’:J
content i suspension culturd B-EC fr ik, 49k L-PAL Z By B-EC 7l 2% 5K
%1 L-PAL XEEEMEAF M
Tab. 1 Effect of L-PAL on Ajuga lobata cells in suspension culture
L-PAL ¢ % 2 A R O YIS 1 5h R 55 5
L-PAL concentration/ ( mmol -L~") Cell growth Cell activity B-EC content/ (g-L~")

0 + + 0.32 +0. 042 0.087 £0.007 1

0.1 + + 0.58 +0.051 " " 0.104 £0.0130

0.2 + + 0.78 +0.092 * * 0.112 £0.005 8

0.4 + 4 0.66 £0.057 * * 0. 108 +0.003 7
T+ + FORAM R RO WG, " FREFWEE (p<0.01) . T, Notes: + + cells are growing very well, the culture solutions are

green; " Extremely significant differences (p <0.01). The same below.

S ) Y AWV €A N e o R S N e ¥
10 WG AT LK L-PAL AE Jhy 20 3 A 550 % Jin 1 455
Federh YR 0.2 mmol/L ¥ L-PAL fi& & FH Tk
G SRS AR
2.3.2 MVA

126 2 AT s vk B MIVA 23400 ik 200 e 1) A=
At 23 4L A 35 07, O L S 35 R A0 P 1 B-
EC, 5 mg/LMVA /& R ML AL 2 1) B-EC

XTI T 127% , 253 8% ;10 mg/L MVA F40jE
) B-EC X IR T 394. 8% , 2 3 %, H
VR BE () MVA X 240 it 1% 35 3 4 FHAR K, 4t il 23 1R
PABILIET, 5 mg/L [ MVA R, 40 AEIE 3 4 K
MR KA, K20 mg/L ) MVA T, 411 /]
AWILET- IS, B-EC B R B4 AR T R, ik
JE P, A A AR A ] Y 2B AL, R AL
EL7/)

®2 MVA XA BEHMFI
Tab.2 Effect of MVA on Ajuga lobata cells in suspension culture

MVA Joi 5 Al A KR Yl HEIE g Uh Bz 65 T 5
MVA concentration/ ( mg-L™") Cell growth Cell activity B-EC content/(g-L~")
0 + + 0.32 +0. 042 0. 09 +0. 007
5 + 0.38 £0. 028 0.21 £0.042*
10 + 0.38 £0.054 "~ 0.47 £0.016* *
20 - 0.43 £0.059 " * 0.17 0. 061
80 - -

W+ FRM RS R RO A - W Z B, AR T S " RN ER B E (p<0.05), T, Notes; + cells are growing

moderately , the culture solutions are gray; — means that cells are inhibited and dead; *

2.3.3 a-ftF

128 3 AT AN TR) VR BE 1Y) - TR 44 X 4 L 3% T 52
MR A, 2 5 4 3 s ok IR Aot v R B 19 -0 X 4
JELTE Ty AT I A TR 50 W/ L RE 3 R
ERANNLI F1, T8 I 0 BRI 2 £ R AN
2 B-EC & B , 5 0. 14 £0. 006 g/L, Bex)

significant differences(p <0.05). The same below.

WP T 60% . BEH o-IRIGHRE A4, 20 AN B-
EC #YFRZ34 T, 2922 T % 8 E IRk BBy, B-
EC &b me e BT R R Jf B, b
WSE R Ty, AR AR A S B . IR T A MR
WA S 2, AN T -k O PR B SRR H, —
B ZAZEF R
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Tab.3 Effect of a-pinene on Ajuga lobata cells in suspension culture

a-JRIGH 2 A ROIR DL MM T U6 B 55 T 75
a-pinene concentration/ (wL+L™") Cell growth Cell activity B-EC content/(g-L™")
0 + + 0.32 +0. 042 0.09 +0. 007
25 + 0.28 £0. 038 0.11 £0.021 "
50 + 0.60 £0.059 " * 0.14 £0.006 " *
100 B 0.39 £0.047" " 0.13 £0.005" "
2.3.4 wvibEE (R EESE I, & S BRI I , Bl B-EC IR

H 2 4 A AR EE RS IR B RE IR A i KR A
B B-EC, SXTREAH Fb i, #2785 T 145. 4% ; {HAR il i

SRR AR T2 X

x4 MHEX B EAREZIT

Tab.4 Effect of terpineol on Ajuga lobata cellss in suspension culture

AT P e o i g A KR A 1 W58 Bz S W
Terpineol concentration/ ( wL-L~1) Cell growth Cell activity B-EC content/(g-L™")
0 + + 0.32 +0. 042 0. 087 +0. 007
100 + 0.30 +0. 055 0.213 £0.029* *
400 - 0.079 0. 021
600 - 0.078 £0.016
2.3.5 #¥F NO BIR, MBS 478% 325% , S H G AR R

L9 AT LA o AR B NO X il 5 i IR A
R4 B-EC 1E % /N, £E 10,20 .40 wmol/L ()
SNP YEFH T ,B-EC 7 w5 Xt FEMEAIG ; 24 SNP ¥ & 1k
#1] 80 pmol/L I}, 4B Y B-EC & & Al i53 0. 12 +
0.03 g/L, & & i T X5 M8 11 24 SNP ¥k B °h 160
pmol/L I B-EC & &t £ 5 T4 #R, (HAK T 80 wmol/
L i,

0.161
dek
0.14 -
D012
0 7,
41 = 0.10¢ % -
= = S
L .
T s 0.08 .
= € 006F
I omf
=002
0
CK 10 20 40 80 160
SNP € FE SNP content /(umol - L)
9 A NO HREEXTANMIN B-EC M5
Fig.9 Effect of different NO concentrations on
B-ecdysterone content in suspension culture
2.3.6 AFSMRMAE

50 pL/L a-JE% .80 wmol/L SNP 10 mg/L MVA
JERE 8 P2 A (BN I S VR B ) , Herh -9R 45 |
MVA 7E55 1 KGSH, SNP 7658 7 KA, 24 h 5, B
A T 7 d TSR, 25 R ANk 5

HE 5 AT A1 25 A0 U5 416 ¥ 000 3 40 M & 1 B-
EC, 1) MVA J5, 481N B-EC & it ik 42w,
BTN AT R T 440% | 55 SNP il a-TR M 40

486% . H MVA MVA + SNP MVA + o-JR /& +
SNP 2 57 R 3, 1 MVA + a-JRMS A FRBUR$52%
®5 SMNRAGXAMT B-EC EEMFM
Tab.5 Effect of different combination of exogenous

agents on Ajuga lobata cells in suspension culture

. . Y o fif 5T 15t g Bz 55 TR 5
PNIIEYEHES )
Cell fresh weight/ B-EC content/
Substrate '
g (g'L7)

CK 26.74 +1. 87 0. 087 0. 007
a-JEN 24.93 +0. 32 0. 14 0. 006 *
SNP 27.98 +0. 56 0.12 +0. 030
MVA 25.89 +0. 31 0.47 £0.016 * *
MVA + SNP 27.11 £0. 60 0.50 +0. 007 * *
a-JEH + SNP 27.78 +1.05 0.37 £0. 109 * *
MVA + a-JEH 25.15 +0. 68 0.37 £0.089 * *
MVA + a-JE/f + SNP 25.44 +0. 69 0.51 £0.031**

2)WIN a-JEHE G, AN B-EC & I WA,
PR AE R IR 7 60% , a-YRHis + SNP ZbFR R
B R R 325% , a-JR M + MVA b3 2 &
326% , —HILFIMEH T4 T 486% , 75 b #ii 2% ¢
3,

3) WS SNP J5 , 4N B-EC & B B4 B
MR AN B 2 38% , a-TRMS + SNP Ab 3 R 45
N HEAR B 325% ,SNP + MVA A3 FIRE T 478% ,
SHILFEE R TR T 486% , AL IR L R E
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4)3 g S5 B e SN 1 A LG B-EC,
BORHEF . MVA + SNP + a-JE % > MVA + SNP >
MVA > MVA + a-JEHMS = SNP + a-JE M > a-TR M >
SNP > CK, FLHAEH & i 3 102 MVA; I a-JRH
SNP 5 Ho At 4 Jo 26 [ VR FHET , 33 40 A % B-EC 5L
REBE HRINT o-JRAGH MVA ZIEHMA MVA
EHI 2,

3 L ik

TF 5 3 WH AR Al A B o B VR A 2B KA A
T T FERRER s 2R ARAC 2 55 1k 40 it A 7= 05 1z 55 1 1)
87 5 (AR K -9  MVA SNP A3 155
TR AR o] DL 3 5 o A B TR RS R R R P B-
EC (&, fiE A n B siat f v, vl i
1o L SR A A e W G40 i A K g N B-EC B
MR R, BRI R RIRR T
BT MR B B IR 2 LS A B
U, DAHL SR B AR AR R 8 T DU S B 0 3 rp B TRk
SRR A AR A AR KRR A AR PR R R R
BRI AR

B A BT SR R R SR TR S A
I A R A ) A 7 B A O 45 R T AE
LRIELAHSY , (HT5ZEHE A A B R AAH R R 14 T
FEIT AR 20, K 5 45 o, 40 i 35 52 v b B
11. 96% HYRHIR 6 A B M FE 45, ML Eh°M 7.59%
AR ICRP G D DR T R 1) B A ) A I B
FEAE R R THFE I 2 T 10 40 A K T 75 100 2 1 ) A
ER A TR, R AR B AR K A i T BR R Rk
A B-EC 1 1L 78 5 il R 48 %5 VI AH ¢ 5 2) Cusido
12TV P A I A N B NOL 7 A P 23 4 <7 B
Ak, PR R e e Bl NHL X At A Y

FE A B AN MR T AR AR IR, B LR R SR A
BB 19 B-EC & Rt R ke s, 5 4 Ak R i
B-EC A ikH 5 4 0.204 £0. 025 6 ¢/L, FEHELEIUK
g, 40 A B-EC AL BBk ok b A A
JHL 200 B 1A S A B AR SR A R SRR A AN FR
B, PR AR AN A% AR o i o s AR = 25 2 v B
B X — g R SR ey B g e |
DL R ARG v 1 £ 24K A% 10 YRR TR 40 i
S N AN N1 % NI K B 7 o

VEZMF I 46 IR RO AR 5 55 5 1 i
NP GEG T S HARZ Y e R, AR
g, L-PAL i 2 P2 S A0 MU IS 77, 0 MVA fig il
HANMLA R B-EC; AR + 1 ST + 1RIgHm &I 7 28
A (MVA +SNP + a-JR 4 ) 7T L 2 46 5 B-EC 1™
B, TERITARY  o-TE 5 MVA FEEE T, 314 0%
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