¢ 3% Chinese Traditional and Herbal Drugs 3 50 % 25 137 201941 A +203 -

R B EREE X LN EFEER S MENEEAURNRENES ST

b M ERET, BRET, REHC, L 90, MRLC, LB, RRC, BAAT

1 BRITN\—RERZER¥ER, BRIL KKK 163319

2. R ERG A RFEBE G B SRR BRI 0T A4 i A A7) 5 DR 0 Y bl R 1) o) B P IO 30 = W R A N
AW L, R BN 571737

 E. BE WHCAVEERA FAL o 4 R IR S B 3 M E LR E T DL R LRI SR 5 R
WRE . SREEN M Z B . A3E LL0.01. 0.10. 1.00. 10.00 mmol/L HIZEFIM HEE (MeJA) 1ENINEFESH, &
MEARF AL R Gl AR 2D NSEIRXT R, BAEKER (TAA). KR (ABA). FER (GAy. £XK
# (ZD 4 MAFEBESEMTEMMYEF (POD). FEMNAR (CAT). #EMYEALE (SOD) 3 My LB 13 )
PAR & ME RSy L- S i & B VE R 4845 . 455 1.00 mmol/L (1] MeJA % L- i A B3R E T AR E 1) MeJA
FHEF, PIEIENLERE 2. T POD K, F&7T 10.00 mmol/L MeJA K B ALEE R M L 987 3 ANHALIH Fr ef
HEBMMT XA, HAREAET, PODE 72 h B EEH & TR (P<0.05). X T CAT Ki#, 10.00 mmol/L MeJA
HET, LHE3IAMAL FHEEIE 24 h WA BIR &, Z/GHEER RN, CAT W& JIHE T M. 78 H ALK b2
T, W R R CAT BgRE I7E 72 h, BEAR TR, 0 7E B BR T 0.10 mmol/L MeJA 43, ¥J7E 72 h i &
FxFHR . XF SOD SRk, BT 1.00 mmol/L MeJA A4HEf 3 ANHALIIIH H7E 48 h Z 5, SOD & & TxHE, H5xt
RAFEZEZER (P<0.05) 4, HRIWREAAI TR SOD HME T X . IR R MeJA (<0.10 mmol/L) 7] DA ik % 44
FH A IAA. GA; M ZT AR R, MiERE K MeJA (=10.00 mmol/L) i ABA MR R, &g U FRIRES
P MeJA (1.00 mmol/L) 55 T AT LA HEWG M ey AR, L ki A 7= 32 L 38 A 38

KPR KRR NS PUEEE: AKER: B A& EXR

FESES: R282.21 MERFRSRD: A XEHRS: 0253 -2670(2019)01 - 0203 - 07

DOI: 10.7501/j.issn.0253-2670.2019.01.030

Effects of methyle jasmonate on active components, anti-oxidant enzyme
activities and endogenous hormone content in Blumea balsamifera
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Abstract: Objective To study the regulation among the content of L-borneol and four endogenous hormones and the activity of three
anti-oxidant enzymes in Blumea balsamifera leaves located at different leaf positions and the concentration of inducer and the sampling
time. Methods Methyle Jasmonate (MeJA) of 0.01 mmol/L, 0.10 mmol/L, 1.00 mmol/L, and 10.00 mmol/L was chosen for
exogenous inducer in this experiment. The leaves of B. balsamifera located at different leaf positions (tender leaves, mature leaves,
aged leaves) were experimental materials. The active content of L-borneol, the content of four endogenous hormones of auxin (IAA),
abscisic acid (ABA), gibberellic acid (GAj3), and zeatin (ZT), and the activity of three antioxidant enzymes of peroxidase (POD),
catalase (CAT), and superoxide dismutase (SOD) were detection indexes. Results The results showed that the effect of 1.00 mmol/L
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MeJA on the accumulation of L-borneol was good. The changes of anti-oxidant enzymes induced by different concentrations of
MeJA were complex. For the content of POD, except that the B. balsamifera leaves treated with 10.00 mmol/L MeJA were lower
than that in the control, POD were significantly higher than those of the control (P < 0.05) at 72 h in other conditions. Under the
induction of 10.00 mmol/L MeJA, the CAT content of the B. balsamifera leaves at three leaf positions was highest at 24 h, and the
activity of CAT was decreased rapidly over time. Under the MeJA treatments of other concentrations, the activities of CAT in
young leaves and old leaves were significantly lower than those in the control at 72 h, but higher than those in the control at 72 h
except for the treatment of 0.1 mmol/L MeJA in mature leaves. The content of SOD in the three leaf positions was lower than the
control except that the B. balsamifera leaves treated with 1 mmol/L MeJA was significantly higher than that of the control after 48
h. The rest of the concentration of superoxide dismutase were lower than the control. Low concentration of MeJA (< 0.10
mmol/L) could promote the accumulation of IAA, GA;, and ZT in leaves of B. balsamifera, whereas the high concentration of
MeJA (> 10.00 mmol/L) could promote the accumulation of ABA. Conclusion Under the induction of exogenous MeJA (1.00
mmol/L), B. balsamifera can promote the accumulation of active ingredients, providing a theoretical basis for its cultivation and
production.

Key words: methyl jasmonate; Blumea balsamifera L. DC.; anti-oxidant enzyme; endogenous hormone; abscisic acid; gibberellic acid; zeatin
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VA A M PRI R B, X g A A IR i X 2
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FF 2 min, ZRJ5 L 5 “C/min FHEZE 100 °C, FLL 20
‘C/min FHEZ 200 C; ZEFE DR 220 °C; FID &
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PAFE B Aggo 224K 0.01 —A POD % f3 8 fir
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APz R SIS 1] P Agr TELIAEAL s Vo A2 BRHEL SR A 1A
VI R AR mOR T T I R N
B 2l H AT, Upop=~AAw0X 10 000
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SN, BN 50 uL BB, 7F 240 nm JE K AL
M LA Aoso (., FEFE Ss1d3xk 1K, FLIE 30 s.
CAT B3 1Bt 55 AR 738 Aggo D2 0.01 y—
ANEFIE F1 84T (Ucar)o

Ucar=AAoso X Vo/(mV, X 0.01 t)
APy BB TET Y AR Vo R BEHAER PEFR V,
SN2 B EE AR AR s mOR TR BB R R E A [
ZtHRM A I, Ucar=AAs X 4 000
2.3.4 SODVEAME  MELE 42K 1 EHI%
IR AT AN MEER (gD, H
FRZE. A ORI AR E R,
SR G KB TE 4 000 1x YEHEREFRAFE TR G AL EE 20
min, 7E 560 nm KA 5E Aseo {E . SOD Hifik /7 .
RS DA NBT Jetbid )5 B 50%1E N —A4
T J1EAL (Usop)o

Usop= (A= Ag) X V/(0.5 X Ay XWX V))
A IR AME: A RFESE AME: VO RFEREER: W
FETERE B s VI R X ) SR P s S X A 5
H I, Usop=400 X (Ag—Ag)/Ax
24 ARBZERENE

S CERIE IR, KRR R 10 T
Wk, MAZ) 0.5 ¢ AP, A 2 mL $#HGH
(80%H %, W&H BHT Al PVPP), UKV EE 247}
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&1 SOD E 5L ik B9 Be )
Table 1 Preparation of reaction solution for SOD determination

WA HHE (B AmL W ORE) 4UmL #ERAmL
Wi (pH=6) 1.50 1.50 1.50
Met (130 mmol-L™) 030 030 0.30
MM (NBT) 0.30 030 030
EDTA-Na, (100 ymol-L™) 030 030 030
K 0.5 0.5 025
R 0 0 0.50
BEE (20 pmol L) 030 030 030

HAR, EEEN 10mL B OE T, 4 CHREL10h,
4 000 r/min 20> 15 min, B ETEWBUON C g U
JEIE, ARIEON BUZS B OIR G T8Ik 4, INH
BRERSE ImL, %M.

W b3 1) 25 R FH IR G 28 V2 03 iR AT AR K
% (IAA). 752 (ABA). #FE X (GAy) %
K& (ZT) HEEME. ELISA R & b st it
B ARG IR A m 4L, U BT RAE
25 HuEALE

SIG KR 79 B % Al Microsoft Excel 2003 01
SPSS 20.0 Zi it Hr At
3 ER59H
3.1 TELERER MeJA WMEPEMH P L-EKES
g0 A

HR 2 AT, AS[FHE 1) MeJA X L-J% i #7
K o SRR E A R 1 MeJA 33681 1
AN o LR R BT 10 mmol/L

MeJA JbBEAN, HAMA AL B 390 F 3 A AL
B B L-Je i AR B8 B B o I (A HE R 5B T B
Fhi#a#A, JCHIKEAN 1 mmol/L 1 MeJA [1J4bHE
MR BT, 18 72 h B 3 AN E 3k 2 L-
TR R W KAE, 2009 3.346. 3.043. 2.044
mg/g, H 5 XA EEZR . HILn L, 1 mmol/L
) MeJA Kb BT 3 g0 2 i v of L= i AR 2R

K,
32 AELRER MeJA MINEHHRFHNREE
SENEME

R 3 A%, AFKRE MeJA 4bFE, X390 #
ANEHAIH TAA. ABA. GA; Al ZT B &2 BF A
FEEE MM . 2 MeJA ¥RJE N 0.1 mmol/L B}, 4N
FE2 R IAA GRTE 24 h kB E s, SEE TN
MR (P<<0.05). 7ERZAMH 1, 0.1 mmol/L ] MeJA
AFER TAA S EA(E 48 h Bk miE, Ik E
MeJA AN [FIFR EEHBAD G 1 i TAA &8, 1AA
B B R 0 T e i B A

B 10 mmol/L 4Ny Hifth MeJA IKEEALFE R, fi
e ABA SEHEEFEILT XK (P<0.05). 10
mmol/L MeJA B 5 24 h, H ABA &2 EE
TR R EE A 0.01 mmol/L MeJA AbF Y g7 Bl
S, AR ABA S RIITE 72 h
BEE T (P<0.05). #KE AN 10 mmol/L MeJA
AbFR LGN A S, L ABA S ETE 24 h IBEK
B, ZJEidudigb, 72h b H&ik.

Fz2 MeJARERYXHAEHAD L-ERASE
Table 2 L-borneol content of B. balsamifera leaves after treatments of MeJA

SKREI 8] /h

L—ﬁ'ZH‘W/(mg'g*l)

MeJA #J&/(mmol-L™")

o 53000 Z

0.01 24 1.2584+0.114 B 0.950+0.183 B 0.85240.370
48 1.7881+1.024 AB 1.542+0.388 AB 1.4831+0.516

72 2.01610.469 AB 1.68940.658 AB 1.73040.681

0.10 24 1.736+0.511 AB 1.36940.151 AB 0.93140.081
48 1.86040.592 AB 1.548+0.318 AB 1.47240.851

72 2.058+0.300 AB 1.53740.685 AB 1.81340.890

1.00 24 1.307+0.202 B 0.876+0.136 B 0.75040.128
48 1.4641+0.542 AB 1.9994+0.620 AB 1.510+0.946

7 3.3461+0.281 A 3.0431+0.759 A 2.04410.655

10.00 24 1.5531+0.439 AB 1.22940.113 AB 0.90040.045
48 2.017+1.173 AB 1.79040.954 AB 1.01240.415

72 1.416+0.439 AB 1.16940.308 AB 1.20340.111

X i 1.163+£0.297 B 0.925+0.159 B 0.650+0.130

RETREHOR P<0.05 K P FREZER, TH; EMESREACH T RARERZERL

Capital letters in table indicate significant differences at P < 0.05 levels, same as below; old leaves did not change significantly under various

concentrations
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£33 MelJA MIBFINEMH T IAA. ABA, GA;FNZT &8
Table 3 TAA, ABA, GA;, and ZT content of B. balsamifera leaves after treatments of MeJA
MeA KR/ Rt 1AA/ng'g ) ABA/(ng-g )
(mmolL™)  [Al/h G AT Zh et R Zht
0.01 24 689.27£0.33D 187.28%0.24 1] 311.74%0.67 EFG 12.61£0.25C 9.89£0.09D 15.42£0.20 AB
48 20643+0.12GH  1359.96+192A  2093.17+1.81A 10.06+0.02 C 6.29£0.22D 7.631£0.02 B
n 739.1240.33C 302.75+£035GH  439.90+£047D 6.43£0.01 C 26.9740.02B 18.72+0.00 A
0.10 24 342.99+0.17F 673.72+0.01C 683.27+0.02C 12.65+0.01C 1423£0.00CD  11.85+£0.02AB
48 1400.00£126B  1071.85£1.03B 352.38+0.40 EF 8.33£0.19C 3.79%0.16 E 3.57£0.09C
72 1544.99£0.96 A 51.731£0.04 K 627.86+0.55C 6.54£0.01 C 477£021D 6.71£0.01 B
1.00 24 250.01£043 G 218231026 H]  356.16%0.65E 9.63£0.12C 25.16£0.17BC  12.85+0.00 AB
48 124,76 £0.11 586.56+0.67D 142.08+0.301 6.1610.00 C 9.97£0.07D 8.85+0.13B
n 146.19£0.15F 53747+£092DF 1071.85£1.32B 9.63+1.23C 12.65+0.01D 5.59£0.12B
10.00 24 220.62+045G 153.83£0.08J 226.23£0.31 GHI 46.19£0.06 A 35752028 A 12.75+0.37AB
48 130.00£0.33 F 15.36£0.06K 132.65£0.08 1 24.8310.35B 10.10£0.14D 10.231+0.07AB
72 165.20£0.14 HF 170.26+0.017J 198.69+0.22 HI 24.6310.19B 4.80£0.36D 5.9240.07B
i 712224090 C 449.14+£0.29 FG 278.96+0.14 FGH 17.5940.17BC 7.2240.06 D 11.30£0.03 AB
MelA I/ RPN GAy(ng-g ) LTng ¢ )
(mmolL)  Jil/h T WA B T AT Zif
0.01 24 13.17£0.03ABC ~ 4.17£0.11 AB 22.3520.05A 2.0240.06 DE 1.38+0.02DE  10.05£0.26 CD
48 18.82+0.06 AB 0.61£0.01 B 10.67+0.00 B 26.3410.05 BC 39.60£0.05B 12.45+0.01 BCD
n 19.27£0.46 A 221£0.24AB 7.80£0.58 BC 6.38£0.03CDE  24.60£0.22C 49.00£0.00 A
0.10 24 2.60£023D 2.74%0.14 AB 10.13£0.36 BC 0.26£0.08 E 0.12£0.00C 0.22£0.06 D
48 0.25£0.01D 0.1610.02B 4.31£0.06 BC 0.13£0.04 E 0.16£037C 274%0.13D
72 1.05£0.02D 0.394+0.01 B 21.95+0.56 A 021£0.03E 0.6810.06 E 1.40+0.12D
1.00 24 54940.01 CD 5.12£0.02AB 1.34£0.14 BC 44.74£0.00 A 742310.02A 19.64£0.07 BC
48 0.6610.08 D 1.18£0.38 B 0.40£0.00C 1.82£0.04 DE 0.16£0.01 E 0.37£0.00D
n 0.6610.03 D 0.96+0.29B 0.6940.11 BC 0.10£0.01 E 0.81+0.67E 0.25£0.01D
10.00 24 3.99£0.09 CD 4.6110.09AB 6.34£0.21 BC 1324+0.12CDE ~ 27.631023BC  442710.04A
48 1.42+0.01D 2.82£0.00 AB 0.324£0.05C 16.34+0.06BCD  21.02£0.08 C 2530%0.13B
n 0.18£0.16 D 3241047 AB 0.36£0.02C 29.881+0.04 B 0.08%0.13E 0.14£044D
i 8.02£0.03BCD 12.21+£0.24A 1.71£0.05 BC 5.51£0.03 CDE 1.01+0.11E 0.57£0.01D

Fr 7 0.01 mmol/L 7k, HAMKEL K] MeJA 4bFE
NEFWH S, GA; S EHCTXHE. 0.01 mmol/L
MeJA ARG 72 h, Hi R GA IEEIE &I
BKAH . TERREA R, ANFERE MeJA X GA; R
BE AR R HEE R o 11 0.01 mmol/L MeJA
WFEZMJG 24 h, GAs A REEFIE N (P<<0.05).

PR ZT S8R Ul AS AR MeJA
N EARFEMAL AR ZT S &R RH AR H
TR e #EEFH o 1 mmol/L MeJA AbFRAR L 407
FREAMTE 24 h i), ZT SEikfig RME. MK 37T
W, AFIHE ) MeJA &b B T 3L g F i ob s
FERME MR, A LUK EE S 0.01 mmol/L
(1] MeJA IR R LT
33 ARIKER MeJA 3P EM F it LEE
pERE:abA)

ANFIHE MeJA St N AR A2 H POD
CAT H1 SOD (i /1 W& m (£ 4). Hi, 10

mmol/L ] MeJA 4 T 3484 % fr o POD 7%
PR FC TR (P<<0.05), JuHxt 2t
POD )3 P 52 7 8, B8 77 5 A S5 K B IA 2
1 000 U/(min-g)PA F. 0.01 mmol/L A1 0.10 mmol/L
) MeJA 5 51 il B FI 2 H-7E 24 h I} POD 1%
PEAR T X R (E B & B[R] (4R , POD i 14 1% i 7
&, fE 72 h &AL POD SR 3 B3 & T
XHRAH (P<<0.05); TMdrt7EX 2 Mkl TR
WA, 1E 48 h I} POD ¥ /15 fik, 7E 72 h BB 71
BEETAE (P<0.05). MEMAKE, 1 mmol/L
1) MeJA A 753 LGN E i POD W& 3 = A A
IXFRE PR S AT R 55, TE R R B
3 AN B R A i 3 TR R AL AR,
1 mmol/L ] MeJA 7EALH J5 &I (7] 254k, BV
JI RIS, SRS BRI A .

Xt CAT MM, MRHELNEHAIIIARE, WAFE
WRIE ) MeJA 1 TR AR I H s e A .
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R4 MeJA LBEINEM FH POD. CAT 1 SOD HyiEHE
Table 4 POD, CAT, and SOD activies of B. balsamifera leaves after treatments of MeJA
MelASkE/ T POD/(Urmin™g ) CAT(Umin ™) S0D(Ug)
(molL) i ftet it it fik it it fi st it
001 W AMI00Z14BCDE  52300£0.71CDE  298800£101C  17880£025BC  12520£011C 11520001 BC 158300028 13230£001CD 25830203548
48 4M900Z091CDE  5454002096C  31200£096C  17960047BC  I8L40L00IAB  12880£008ABC ~ 20100£002CD  19400£006DE  17850+0.02BCD
o SBL009TA 5980040808 34B00£082B  I7240£128BC  18720Z002AB  1920+085ABC  23450Z00IBC  4450£000BC  237.90£005AB
010 U SI00£082BC 493100208 [ 20800£072EF  16880£000BC 92402001 C $20078C 1B50Z005BC  17950£005DE 144502001 CD
48 48M400L101BCD  S299004034CD  2542001036D  I7760001BC  1960£009C 136800.18ABC  18950£001CD  20100£067CD  89.00£045D
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TERFA, 0.01 mmol/L ff] MeJA #5535, CAT &
IR (R HERS T E G 5, 3058 72 /N CAT 36 77
ks, BEETHEA (P<0.05), XAt
BEBIEG AR E 2 . 10 mmol/L ) MeJA
AP ONFRO S, 55 24, 48 /NI CAT 3% s
SR, BESTRANES . HA 3 MNKRE
MeJA AbHE A F M, CAT FE FI KT X R 41
TERATH, 10 mmol/L [ MeJA TEAREE 5 156 24
/NI CAT 1% 7 B35 158, 2 518 NI, Hak
AR E T R

ANEHRE MeJA AFE R A& A SOD
W 1A EE RN 1 mmol/L 1 MeJA fEALE 2 5
24 h N, ZAIEAFERAL A H R SOD il PRI
RTXHR, Z )55 48, 72 /NEF, BEE B8 T,
2 72 NRTERE A RK, BEETARA. K
RUER MeJA X LGIEAFALH 7 F) SOD
T IR ], e o AR 2 X 10
mmol/L MeJA FJM M 5#E . 0.1 mmol/L ] MeJA
Pt SOD MdIfE H &eok. ok, RIKREER
MeJA (<0.1 mmol/L) X} SOD ¥4 15 i it B[]
HERS 1M 12T DTS
4 g

AR R A Arig s AR = A 1), AT R
W — e Y R R AR AE Y R R S S K=
FEAE o LA SN A B s R I AR =
WR LN HE WA TSRS, s S EX T

VNENAAMEFEEENE L. AL,
AMJER i 0.1 mmol/L MeJA 55, 1] DL fa i
i, MeJA R BERR Ry, S x f U B B 1
AHMHIER, It HERE R MeJA 25 HEY)IE R
AL, Fah, BRREKBL, EEE I AE R
R EIABAIEE, FRORKPUANEE ST, WTEA—
Fhbe S A DR -7 B bt 53 P 38 5 5 = AR I i
P4 (reactive oxygen species, ROS) U, Zxszigh
T AN WEREAS [FR B 1 MeJA SRWLEE L- e i A
TR RPUAEE S BN, 4REW 1
mmol/L #] MeJA Xt T NI i) L-JeiwFH 22
PRI LT o W] e TR I TR I HERS Tmmol/L
MeJA 55 N X gEnt o SOD & &#4 0, /£ SOD
A FH B 28 A B8 - S A o — B L B 1 S o 1
H,0,, FiHH CAT #1 POD JHB&US), (H 2 b2 i 8] i
4, 1 mmol/L MeJA 5% N Y& 4 CAT Al
POD HEAAFTHIMMEA KR, ROS =4 HiGk
RIS P BN, SRR b A B s
PERMIRE IR, fRi3ET ROS DL HyO0, JEAM &R,
Rk, S g A R R AR R i L i S il S o 1)
KREAR R PRI PP AL i 38 Bl 14535
AHFFER, ARIAKE R MeJA (<0.1 mmol/L) 1]
DAL E T 3987 1 B Fh ) TAA . GA f ZT IR &,
M ER I MeJA (=10 mmol/L) X} F ABA HJFH
KA. TR TAA 7] DIHER M F =%,
PR 9K, GA; AT LA R4 B 8, 4t
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GEnEERE, ZT AR R SR B 25 75 4 i 7
RITZAHET AN, BRSNS, w5
WHYZEZRAEM, T ABA B4 T A EARARIR
DA BRI AT, EEERMHERAEL,
F4k, ABA AT LIS SRR L v AR
MeJA (<0.1 mmol/L) R X GNEAR N 3R &=
RAEREFENR, Rz N FERNEK. &
WEE) MeJA (=10 mmol/L) —J7H N T ABA
i, BT WEMRINEE, iR
FHEM ARG, PPAEKER ABA KD GHE
S ER =

S 30k
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