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The activities of PAL, LOX and PPO in tomato and pepper plants induced
by aphid herbivory and mechanical damage

LU Min,SU Jian-kun, BAI He-sheng, LIU Huai-a

(Institute of Agricultural Sciences of the Lixiahe District in Jiangsu Province, Yangzhou 225007, China)

Abstract: In order to clarify plant communication induced by herbivory, green peach aphid-tomato-pepper and
green peach aphid-pepper-tomato as interaction system were chosen to detect the activities of phenylalanine ammonia-
lyase ( PAL) , lipoxygenase ( LOX) and polyphenol oxidase ( PPO) in tomato and pepper under different treatments
including aphid-feeding pepper (tomato) , mechanical damage pepper (tomato) and its neighboring heathy seedlings
tomato ( pepper). The results showed that the activities of PAL were greatly induced in not only mechanical wounding
and herbivory seedlings but also their neighboring healthy seedlings. The activities of LOX and PPO were increased in
mechanical wounding and herbivory tomato and pepper seedlings, while the activities of LOX and PPO were not in-

duced in the receiver seedlings. These results suggested that PAL, LOX and PPO played a role in pepper and tomato

defense responses induced by green peach aphid feeding
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and mechanical damage, while PAL played an important
role in the communication between tomato and pepper
induced by green peach aphid feeding and mechanical
damage.
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AR A R v, A B PR R R IR
hE AT BT WA T T AR S B AR RO, —
5T 2 L B A s g, BV A O B A R i
SRR A U AR AR B 5 3 — T T 2 () 2 By 10, B0
A2 I ELRE O S U A A o i 5] R R R
AT U 0 R B R B A AR TN R il
(PAL) FIIE 43 B (LOX ) J& B HUCR 5 5 I AR 4
7 A 52 o7 F A S R, L 0 UE S 45 b 2 R T A
FERUBA 5 | B IR 0 it T 1R L AR 8 175 3
Y1 PAL M1 LOX FENIFRIE . BF B4R Y K A2 R 48
J&i ,PAL G ¥E T+ Fl D 5 ( Phaseolus lunatus )
B ( Tetranychus urticae) 22 BWUE N FE 5 LOX
Hofih 5 Bl B TL3E B9 mRNA kB, B LOX
PRI 5 >4 O w0 R g 3 A G W AR B i 7 AR
LS P b 31K 2 12 28 B R 5 Gt i [ A g
AN LOX I P BN mRNA KF2 . Z AL
fit (PPO) 2 5 Fa ) 1) 1422 B 480 S 1N e s 1 ik
( Leucoptera coffeella ) BUE BA TV FR ( Cimicifuga racem-
osa) Ji B JEL TR & i A 22 By A AL WS R W2 1
IR

B BV AL RE S 32 F A Y F B B R M3
i, RE 5 E R AE Y BT OSN3 RFR A ) 1]
3E AR o AL (38 TR 2 )2 B David Rhoad-
es £ 1983 4F4 H R Y, Ml 1 52 5 A8 4 A1 40 3 A
Yyl By & i TR Re 5 | RSB AE D B K -1
Hahn, J5 kAR 22 g6 25 SR AIE S5 AE ) 1) 22 1Y A7
FEUS R s i S A R R 4 2R 2 A R A 1) 2
AR A . A& EE T & & B-ocimene MY
It B TR B 4 A P00 T3 v R e S5O0 HF H P o e
1%, HLW 5| 5 22 118 R BT R WF 5 W ( Aphidius ervi A.
ervi) . Qin ARV BIFSE S B o HE AN AL A A 15
5 PARAERE R S AR AT (e BEAE AR 9 PAL I LOX 15
PERZER N, HETATSE 2 4 b T [ R 4 8] e
WA, ik S Fb oA ) 6] B B 58 4220 . Karban 55 (1)
FE Vi) 2% 56 445 A0 B 1 1Ly 38 R0 08 ) A7 e R
TR 9 W N Q& B= g iUE 7 K NI E R ST E 7 N b
Pk s,

e it R BROBL S Y B R AE . MR R
S b B R H B A R E A )Tz R g R
i, HRTIE BA 5CT B -7 il TR A
AT LA BE o B 114 7 A0 AR | A B ) R
- a0 S WEFE AR ZR 00 7 AN [] Ak SRR 7 il 7Y

KN AR 2 W ( PAL) JE R AW (LOX) F £ 1
AL (PPO) 5P LT IH B R 4 [A) B4 38 TR AR
FHHLHI , gk 0oF 2 45 36 42 4 IS4 38 N R 2

f¥o
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1.1 ##l

FRBUFN R Attt B0 23 1 R 0B S 5 RIS % 1402,
Fh IR AOMEZF T A T 2R 0 8 55 b TR
26 ~28 °C ,AHXHBEE 60% ~80% ,14 d J54hwi T
RIS, BRI SRR N 25 ~35 °C, MIXHEE60% ~
80% , FARGJRII
1.2 iIG4bIE

DA SRS A R 32 F R, ORGSR N R S
AR 3 R A— S0 T nhi RN BB, 7E 3
MRS LB TR AR N, 430 X BE R ik 0 R
WU, LA 0 7 8 e (R ) 50 fL, LR 2
mm ) FTCHAG BB, 55 BB (bR 100 k) F il
BRI B RO B, 2R 3 b A E A 3
W, BEAEIE 6 BRI 6 PRARHUET . 43 i 7EAL BT
FFUR)E 24 h 48 h A1 72 h I 5E 2 5t AN BfURURE AR A0 28
TR R 48 A RN 22 S AL G 0 e
IR Y B e e ), I E JC W IR P B R A
RENG WU S , B PRI AR 36 AN S5 T B A5 5 )
FLAEARILE

DI 1R b 2 FH Y, /AR NS
VBT 2 MW . 3k B 3 — B0 7 il R BB
TE3 DA 5 LTSRN, 2 0l s e X HR B
AT B, BB O ARG (R 50 fL LA
2 mm) FATCHR 15 75 3k v, WA R HCES (B bk 100 k)
BB R JC O OB e v, L 3 AL A
B3, B 6 BRE T .6 PRI . 435
TEAEFRIF AR 5 24 h 48 h 1 72 h I 5E 3 45 R0 R AR
FEAR 2R TN 20 IR e 20 T R 486 Tl F 22 1y 481 il
T
1.3 EEENER X
1.3.1 KA AR MAE 0B 5T AR
PRETER A TS 1 g i A 0.1 g Rk
e B LA S 4 ml B 2 22 o Wk (pH 8. 8, & 20
mmol/L B-3i 3 Z %, 1 mmol/LAS H FL i ik 310 ) , 4
°C .12 000 g &0 20 min, f5 2 ML B, B 3% P U
E S % Dubery R ITEER, 30 C KRR BN 1



B AR B LA 10 X F SR B PAL (LOX 1 PPO 35 14 0375 SR H 1275

h, A 1 ml 6 mol/L HCl £ 1k [z I , I 2544 B iy
FH R AEH, IR 5,10 000 g B0 10 min, DLH 7R
XF R, SR A oy 6 6 B TTAE 290 nm A0 N R W %
B, ™ ¥ M B /R 6 R % SH 20000
(mol/L) 'em™ | HuiE M FpKat/ (ml « mg) FIR ,
1.3.2 FR 8685 35 5 AU B 5 M50 )5 vk
TERA TS 1 ¢ 21 A 0.1 g R 2L e
i A1 3 ml 0.1 mol/L B MR %% M (pH 7.0, &
0. 1% Triton, Fl T & i 1) 8L 0. 1 mol/L B R 2% ik
W (pH 7.8, 1 FHHMUE) ,4 °C .12 000 g B.0> 20
min, PSR TG E, 75 A B E
NARZ (3 ml)  BERRZZ 4P (pH 6.0)2. 920 ml, JIX
Y120 pl, B 60 wl, BRSNS A G B R S A &
(3 ml) . & MR-EE MR 22 M (pH 3. 5)2. 930 ml, i
Y120 pl, B SO pl, JEA) A T ] AN TG R 0 e 2 2%
Axelord ZE 7 814 0 30 € F T 234 nm P KA,
FHBE IR S AR F sh W 1 min N OD,,, 281k, 7=
YIRgTE 6 250 25 000 (mol/L) 'em™ , A 1 min
AT pumol FEHE G Y 1 ASTE MR
1.3.3 2B 8ALEE  FAnFUBORLE 57 AR S vk
FHER AT 1 g ST INA 0. 1 g R LIS b
A4 ml 0. 1 mol/L BEERZZ v (pH 7.0, F i )
570. 1 mol/L MR ZZ vhil (pH 7. 8, H#H ) ,4 C.
12 000 g 5.0 20 min, FI5W A TREEENE, &
P I P U S o7 A R Oy« AR 92 v (pHL 6. 5)
2 000 wl, ¥ 0. 1 mol/L £ 3 500 wl, B 500
w5 BRABUR S AR 2R« R 22 #h i (pH 5. 5) 2 400
wl, JFEH 0.1 mol/L 4F7E — 1 200 wl, B 400 wl.
T 420 nm PAAL, BT EIER SH AR Y H 30 M0 2 min
WH) 0D, 54k, LA 1 min 0D, 3010. 01 51 Ni%
PERLA
1.3.4 E@RAENE S8 Bradford 7% Dl
FEWE G250 JriEY L LAAR IS U N AR E R A
I ERRE LR
1.4 HiEaE

AN[R) b PR 2 6] A &8s He 8 A Duncan’ s 28
Fedd: , Geit oAy SPSS 11,5,

2 ER 5

2.1 SREFERE AR G X BRI A PAL & &
HiES
530S REA LE , B 37 BCE ANATLARAS £ AR 48 3

i PAL 3612 0 E M (P<0.05) (£ 1.3 2),
MU O FMLAR A 45 75 5 (0 BRARL PAL 1% M 75 A 28
72 h A E e, A3 BT R 1. 83 A1 1. 37 7% i
QI3 1 TOAk F BES RN HILAR A 4 7 a1 PAL 5 T 7
48 h B E i, 4 X B AY 2. 16 11,39 £i5, Bk
Ao B FIML AR A3 47 7 it B L4030 BRARL PAL 3% P45
BERTXMM(P<0.05) (K3 .3k4), BUIIREH
ST PAL WGP RAE H PLAE AL BE 48 b, i 4B
T BRBLEY) PAL 15 Ve fse KA RAEAL PR 72 h, &
1 ~ 2 4308 0T UE H AT HCE X BB 25 PAL %
PRS- SAE R T OB A5 0915 VR . 3B PAL
FEAJ A L E R 15755 (9 BRURL 5 7 6 22 ] )3
AR ER,

F1 BEFERE YR F SR PAL B
Table 1 Induction of pepper PAL activity by mechanical wounding

and green peach aphid herbivory

PAL 15[ pKat/ (ml + mg) ]

g
24 h 48 h 72 h
it 4.3520.27a 4.4520. 13a 4. 87+0. 10a
B 13 5.90+0. 24b 5.85+0.33b 6. 6720. 11b
MiF I £ 6.920. 09¢ 7.5720. 15¢ 8.9410.21c

)51 FOAS [ /NG 7 BERR AN [ AR PR 7] 2 5 1225 (P<0. 05)

F2 HFEREMYMIRGEHRMIESMIEEM PAL BEHE
Table 2 Induction of PAL activity of neighboring tomato seedlings
by wound and green peach aphid-infested pepper

PAL 15[ pKat/ (ml - mg) ]

b3
24 h 48 h 72 h

Xif B 22.35+0.55a 23.08+0. 13a 18.89+0. 65a
KB HLIRAR G BB 7 5% 28. 53 1. 33b 32.09+1.23b 25.34+0. 54b

AR A IO AR B i 31. 47+0. 73¢ 49.85+5. 04c 23.99+2.49b
[ 8] Hp AN [l /NG T2 RE 2 7R AR ) A B TR) 25 57 i 325 (P<0. 05)

®3 HMUFRSMIHIRGESEN PAL BiEE
Table 3 Induction of tomato PAL activity by mechanical wounding

and green peach aphid herbivory

PAL 15[ pKat/ (ml + mg) ]

pis:l
24 h 48 h 72 h
it & 18.63+0.47a  19.40+1.78a  19.84+0.7la
MU 27.24+1.03b 30.79+1.67b  29.41 +0.25b
POIFHCE: 3299 +1.62¢  40.76 £0.92¢  37.14 +2.05¢

)31 FOAS [l /N R R OR AN [ gb B 22 57 12 35 (P<0. 05)
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Table 4 Induction of PAL activity of neighboring pepper seedlings

by wound and green peach aphid-infested tomato

PAL 15[ pKat/ (ml - mg) ]
gL

24 h 48 h 72 h

popiist 3.87+0.21a 3.98+0.12a 3.76+0.35a
AR HLBAR A5 T 0 BT 4.95+0.68b  5.90+0.16b  5.08+0. 14b

AR AT B T YL 6.35+0.91¢  7.45+0. 18¢ 10.78+1.33c
[RIZ H AR R /NG B3R AN [R) Ab B ) 22 57 B8 3 ( P<0. 05)

2.2 BREFEREANALA R X SR FEFE A LOX A
PPO EHERIFES
5 K6 W, M BUE AL 15175 5 50
WORFEAG LOX W& METH i, B 50 BEOH Lt 25 53 g 3
(P<0.05), TEALFH 24 h 48 h 72 h, WL IG5
AL LOX T 1 4390 S % BE A 1..07 (1. 15 i1 1. 25
R R 5 S OB LOX 105 1 43 391 SRy XoF B 1)
1.08,1.37 . 1.35 {5, HLARH 1 FIdk 7 R 75 = 1)
Tl LOX 15 PESr WIAE 48 h 72 h i F &K, 4351
XTRERY 1. 43 F 1. 65 5, 3R 7 FI3 8 WoR, Mkt EL
T FIATUBCA 1 BRS040 30 25 i Sk o B R
P05 T 50V AR AP T B LOX 1% M 55 X BE AR L % A
AR URRA R B R 3 g 15 S HUURn
FEih LOX T 1% 1 &, BN BB 75 3 L 40 i AL 9 1)
LOX BEHEPEF S
*5  BUFEAMYLIRG E SN LOX MiEl
Table 5 Induction of pepper LOX activity by mechanical wounding

and green peach aphid herbivory

LOX {5 %[ mmol/ ( mg - min) ]

pis:
24 h 48 h 72h
X R 11.63 £ 0. 19a 11.95 £ 0. 30a 11.18 +0.23a
UGS  12.49+£0.33ab  13.77+£0.40b  13.96 = 0. 46b
BRIFHCE  12.6020.26b  16.37+0.49¢  15.06 0. 32b

[ F AN ) /NG R R AN [ b BE i) 22 5 3 (P<0. 05)

F6 MUFEREMYMIRGIESEM LOX KIEN
Table 6 Induction of tomato LOX activity by mechanical wounding

and green peach aphid herbivory

LOX 314 [ mmol/ (mg + min) |

pis:
24 h 48 h 72 h
it HE 39.43+2.02a  39.35+0.97a  39.45+1.74a
UG 43.33£2.25ab  56.14+4.63b  51.84 +2.88h
PR 47.03£0.77b  62.44+2.50b  65.07 +4.42¢

F7 SEFEREFYRIRGRMIESIEES LOX BiEHE
Table 7 Induction of LOX activity of neighboring tomato seedlings
by wound and green peach aphid-infested pepper

LOX 1%5PE[ mmol/(mg - min) ]
QbR

24 h 48 h 72 h

popiict 40.03+0.32a 39.15+0.39a 39.33+0.6la
AR 3R B i 39. 30+1. 73a 39.10+1.17a 39.29+1.22a

A8 3 A HBCES A Y B A 40. 06£0. 30a 40.00+0. 84a 39.39+1.20a
[ 3] Hr AN [l /NG S RE 2 7R AR ) A B TR 25 57 i 35 (P<0. 05)

F8 BRUFERE ARG B FE FMEERM LOX HiFEE
Table 8 Induction of LOX activity of neighboring pepper seedlings

by wound and green peach aphid-infested tomato

LOX 354 [ mmol/ (mg « min) ]

b3
24 h 48 h 72 h

o 11.27+0.50a 12.13+0.82a 11.26+0.70a
AT HLIRAG A5 T B3 11. 48£0. 58a 12.08+0.86a 11.55+1.13a

S8 M A £ T T YA 10. 67£0. 86a 12.16+1. 13a 11.2020. 84a
[R1%1 F AR TR /NG B 3R AR TRl Ab PR A] 22 57 i 25 (P<0. 05)

MRAEF HBCES FHL AR 43 BRABURN 2 736 PPO T 1 45
W E TR (P<0.05) , HERFE 72 h ik 3 K (H
(#9.%10), BEFBCE S HBABRIE i PPO %
P TR A5 RO (RS2 U ALK
P BB 08 30 2 i S Bk e BB AL 0 473 7 it
FIABIT ML PPO 15155 REAH HL AT i 5 A8 M (3R
11.%12),

®9 BEFEEMAMIRGIE SEHM PPO KiEHE
Table 9 Induction of pepper PPO activity by mechanical wounding

and green peach aphid herbivory

PPO iEME(U/g)

b3
24 h 48 h 72h
it R 1.00 £ 0. 03a 0.96 + 0. 06a 0.97 + 0. 09a
B 3 1.30 = 0. 04b 1.52 +0.08b 1.74 £0. 12b
P[0 6 1.49 0. 08¢ 1.87 +0. 09¢ 1.93 +0.12b

[RIB AN R) /NG R R AN R AR B ) 22 57 8.3 (P<0. 05)

F10 MEFNEFRYMIRGIESER PPO BIEE
Table 10 Induction of tomato PPO activity by mechanical woun-

ding and green peach aphid herbivory

PPO i ME(U/g)

s
24 h 48 h 72 h
it HE 0.16 +0.02a 0.17 +0.97a 0.15 +0.02a
B4 0.24 +0.01b 0.29 +0.01b 0.26 +0.01b
BraF i & 0.29 +0.01b 0.34+0.0lc 0.32+0.01b

7)) FOAS )/ R R OR AN [ gb B 22 57 12 35 (P<0. 05)

)51 PO ) /NG - B R AN [ Ah B W) 2 53 1235 (P<0. 05)
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Table 11 1 Induction of PPO activity of neighboring tomato seed-
lings by wound and green peach aphid-infested pepper

PPO HPE(U/g)
Ab 3R

24 h 48 h 72 h

X BE 0.18+0.02a 0.18+0.02a 0.18+0.0la
BRI HLAR GBI T 0.19+0.01a  0.2120.01a 0.18+0.01a
LRI H I IR BB T 0.18+0.02a  0.1920.02a 0.17+0.02a

[ 81 H AR R /ING S R AN ) A B ) 22 57 4 2 (P<0. 05)

F12 BRI EAYURIRG S SPILEM PPO BEM
Table 12 2 Induction of PPO activity of neighboring pepper seed-

lings by wound and green peach aphid-infested tomato

PPO T (U/g)

Ab 3
24 h 48 h 72 h

Xt R
AR MU T A A B 0.91+0.03a  0.84+0.03a 0.89=0.02a
AR HRIF UL T A A 0. 83+0.02a  0.89+0.02a 0.83+0.02a
FIF AR ) /NG B R AN IR A 380 i) 22 57 6l % ( P<0. 05)

0.83+0.05a 0.85+0.0la 0.86+0.02a

3 1 i

PAL RN EEZEAL A P A& A2 v (0 SC B
— U)K N BB 2R ) B AR B i AR A i E )
PR, XL E A A K R B R R A
. PAL S ¥=HIK G IR A BLUETE , /K A% IR 2 Al
PR EE S SYIE, LOX RIE RS B et
B, BRE GBI YA AR A Y a5 5
Yo, GRMHERYEIR A SRR, Yz
Ja B — B L - R A B R LA HE R
Bt Tang S5 5% 2% B0 L sUEBCED R B
itk S PAL JE R KK B3N | Felton
SGUFBA T H 2 MR RS T O R AR AL
(9 LOX THMERGIN) S Qin 55T K& B0, A3 i B £ A
BUBAR G535 24348 PAL 1 LOX 1EYETHE D AHF
5% TP i R AURE Bk B sl sz BIHLARA S, A
B PAL R LOX 1EPES N, 3X 5 Qin 251 (45
—8, WHIRNEEREFIRA GBS S T
iR BRSSP B i AR B AR S N, PPO
5 48 By B4 480 2 1 AH & . Constable 251°7 F1 Stout
5 VIR S BSR4l MUBCE REVE SAEY) PPO 1
T, PPO TEAE YA N4 AL 8 254 it %1k, Con-
stable 45 & IUHLIR A 105 Fl I R ICE AR BE 5 5 PPO 1

PERE NN, AN ZE R 18 PPO 5 138 Jin g HL W] — A
B EARZEIRTH PPO WEHEMBAE T . AKX
S5 W Mk dor I VAL B A 40 15 5 BORBURN 3
PPO TENE T ZZ G0, 2 W02 IR X iy 480 52 o7 i i
PERTE A F FEHLAAR 75, X 2 ol T B U A
PUBASA B5 SHLHRIA R, 1R 2 B HUR B S IR RETE
P VA 5 AR S 8 & 7, 491 40 i S 82 8 ( Spo-
doptera exigua) F 5369 v B BE T R -2 L PR B0 &
PI(FACs) ™, S5 4 MU 5 5 B ok B 46 103 11
ANRL R AR ] | 422 ok F BB i 0 15 5 ) o
AL PAL 3G PETE 72 h BHEK, T LB 47515
SR PAL TEPETE 48 h B H K,

B B AU AT AN 5 5 32 T A 7 A B
RO, 3 BE 75 5 408 AT i R A 0 ) e PR A,
IR — S S X R W 1) /Y S R e TR A A
W) SRR A 22 A B T 45 SRR W T R 4 )
VR BIAFAE . (R R4 (8] A7 72 38 THAE A S A
Pe A D LARREA . B EE T ZREM R T
L SRR A 25 Wy v ) e R ) D XA 1 R
SISy BE AN, A —BEn 495 4 E A S FREC ) Tscharn-
tke S5 FH [E] R0 2 RS0 25 R A UERT T A4 K AEm
YRCEE PRAE AR ST 1) R ARG A 2 1 Wt A1 74500 P T R
I e HeERE N SRR A IR (8 TR A IR
IS SRR, B ER T REN IR R D SR 4
SR T IO ol B M A i | e
Karban 25 & 3, 52 173 S A HE AT A9 A5 PPO T5

50, 52 W ORI O i £ 1 AR B /N Qi
S5 5 SRR S IR A UMD 15340 RE 5 | B R fE RRE AR AE
(1) PAL F LOX T&EMERE TN . BB IF5E 45 R %
G T AR IR AU 05 5 5 RO AR AE 45 5 ) v
FEEK PAL Fl LOX JEVERG I, ABFFE 45 3R W]
G T HRIF IR AU 05 5544 5 ) v fE R B
AT PAL 5V 8 25 58 m, i LOX F1 PPO /Y15
PEBA N, UL N 2R = ek I SR AL
AL 1175 5 14 RO - 7 A5t A 7 7t - BRI TR ] e
VERT . T A F -8B - 7 53k 1) LA Mk 4F - 3 ki - SR AL )
(438 TRAE IS BE175- T SR T il AT AR i 415 1l A 22 T
AT R TS PR

E U 5 S 45 K AL G W RE S i SR AE YY)
MBS M I T 4 SRR P
KHAL S b B TR FTR R, w25k & Co
45 Wy o B TR AR T A AR IRR Y A ) B A
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