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Regurgitant from Orgyia ericae Germar induces calcium influx and accumulation
of hydrogen peroxide in Ammopiptanthus mongolicus ( Maxim. ex Kom. ) Cheng

f. cells
GAO Haibo', ZHANG Shujing” " ,SHEN Yingbai’
1 College of Life Science, Linyi University Linyi 276005, China

2 College of Biological Science and Biotechnolog, Betjing Forestry University Beijing 100083, China

Abstract; The battle between plants and phytophagous insects has lasted for hundreds of millions of years. Over time,
plants have evolved sophisticated defence systems to counteract attacks from insects. After being attacked by herbivores,
plants quickly generate herbivory-specific signals, and, through complicated networks, these signals then trigger large-scale
biochemical and physiological changes. The success of plants in withstanding herbivore attacks depends on their ability to
quickly recognize elicitors in insect regurgitant. When herbivorous insects feed on plants, their regurgitant inevitably comes
in contact with the wounded plant tissue. Thereby, the insects provide chemical signals that might be involved in the
interaction between the attacking insect and the defending plant. In general, the earliest detectable signalling events in
plants defence responses include transmembrane ion fluxes and production of reactive oxygen species. In plant cells, the
calcium ion is a ubiquitous intracellular second messenger involved in numerous signalling pathways. It is widely
acknowledged that calcium flux across cellular membranes plays a key role in triggering and mediating defence mechanisms.

Hydrogen peroxide is a common component of the defence responses of plants against herbivore attacks. The non-invasive
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microelectrode ion flux measurement technique, which can monitor ion/molecule-specific activities non-disruptively, has
become a popular tool for studying adaptive responses of plant cells and tissues to a large number of abiotic stresses. Using a
non-invasive micro-test system and a confocal laser scanning microscope, Ca’* influx and variation in hydrogen peroxide
production induced by the regurgitant of Orgyia ericae Germar were investigated in Ammopiptanthus mongolicus ( Maxim. ex
Kom. ) Cheng f. cells. Experiments were conducted in the Key Laboratory of Forest Silviculture of the State Forestry
Administration from June 2010 to April 2011. The results showed that Ca>* influx and hydrogen peroxide accumulation were
induced by the regurgitant, indicating that Ca®" influx and variation in hydrogen peroxide production were early signalling
events in response to the regurgitant. Ca”* influx was incompletely inhibited by the Ca® channel blocker GdCl,,
demonstrating that the Ca®* channel on the plasma membrane was not the only route of Ca’" into the cell. Alamethicin, a
voltage-gated ion channel-forming peptide mixture derived from the soil fungus Trichoderma viride Pers. , induced Ca*
influx, but this alamethicin-induced Ca®* influx was not inhibited by the Ca®* channel blocker GdCl,. These results provided
indirect evidence that one or more components of regurgitant exhibited ion channel-forming activities in the cell plasma
membrane, and that the activity of those channels was not inhibited by GdCl,. Hydrogen peroxide accumulation was
completely inhibited by the extracellular calcium chelator EGTA, but GdCl, incompletely inhibited hydrogen peroxide
production, demonstrating that Ca’* influx was necessary for the production of hydrogen peroxide. Some compounds in oral
secretions from 0. ericae induced NADPH oxidase activity. The application of regurgitant from O. ericae resulted in
immediate and rapid hydrogen peroxide accumulation. The accumulation of hydrogen peroxide in cells in response to the
regurgitant of O. ericae was inhibited by the NADPH oxidase inhibitor diphenylene iodonium, demonstrating that hydrogen

peroxide was primarily generated from the activation of NADPH oxidase on the plasma membrane.

Key Words: Ammopiptanthus mongolicus ( Maxim. ex Kom. ) Cheng f. ; non-invasive micro-test system; Orgyiae ricae

Germar; Ca’* flux; hydrogen peroxide
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HHT, 28 B He T Bk vh o3 B9 50 ) 22 B 5 S A 7 A B A S B 8O 1, ik 2 v e AL 8-
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I e R R i B ) T AR AR T S R R B A BN LA R S
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1 #R57EE
1.1 YRR

VAT (Ammopiptanthus mongolicus (Maxim. ex Kom. ) Cheng f. ) Fi F7E#E TAES LA 0. 1% FHRIER
15 min, TCRZK R 3 WK, BB R KA TR R ZE T S B4 B, 55373 (6-BA 1 mg/L,NAA 1 mg/L,20 ¢/L Jif
B, pHAE 5. 8) i WEEE SR, Fp TP J5 4 T IRBIBY R 0. 8—1 em HY/NBERNTE By 7R 5E B (oA |)
RO AT A AU 5

VAT BIF MM 15 - O A SRR T R Sh B B 973K (6-BA 1 mg/L NAA 1 mg/L,20 g/L HEHE,
pH A 5. 8)H FKBAT 4 1 :160 r/min,25 C FFEE MG, RS 12 d #2 BUAR 1:10 (9 Ho 491X 20 B #E 47 1
WARCIEFR . SEBRAITT 3 d X BT FH A BRLEA T AR ARG 55, DAORIIESE 360 F At it A T4 £ 401,

SO V0 2 A M B AT O VR TH R A LR SR O I B SR A, 5 mL YDA B AR 300
g B0 5 min J5 , K BWE ARG 40N 5 mL MU, W 20 M AT 25OV 2 U R A 5 mL T £ 2
h JE s
1.2 R AR e

JRBE T B ( Orgyiae ricae Germar) H T B ER M ARB v &4k . 1108 Sk Wy i WO 86 O v < B 38 JR IR BRE oty 3
WEPUES S (2—3 em) S, HBEHSEA0 (1. D. 0. 9—1. 1 mm) WCAEHFIE H ok 4 F kB4, 10000 1/ min
4 CEL 10 min, B EVERAF 10 pL(BSBFAIE 1 5—2 ul 1) 4046 AR AFTE-80 CARIR VKA Th i &
RO s A, AR 10w PR T R R E 3 mL S
1.3 Ca™ Wil E i ik

Ca* Ll 2 SR FH AE 4 473 S0 B A v 0 4338 29 F 3E B B A HE R (SIET) (SIET R4 A5 BIO-IM-008,
Younger USA Sci. &Tech. Corp. ,USA). FAH#liES Fb#E Ay i Y BARBRAE AL BRI SR AT PRI 4r IF 20 —
P 2 = PP RE R e ik ot Al A B ) B 47 (R38BT 42 2—4 um , XYPG120-2; Xuyue Sci. Fl Tech. Co. , Lid. ) )5
Uit A BE B B AR EEZY 1 mm #9 Ca® AT FEI (Ca® 1100 mmol/L CaCl, ) ;98585 & 7 B UL )
Tl 88 2 B E B AN A B B I A BE 24 20 wm (9 FH 0 VR A B 1 28 #2571 ( LIXs, Liquid Ton Exchanger) ( Sigma
21048, Sigma-Aldrich) ; il 1F 4 (B F BE B ME AR B A Ag/AgCl B % £k 3 88 ( XYEHO1- 1; Xuyue Sci. and
Tech. Co. , Ltd. ) ,HEALLFBER 22 50 SR fik ; 2 LL AR MI-402 ( Microelectrodes, INC. ), I & Fij X il
VRIS e B R T IE . A IE A 43 :0. 05 mmol/L F10. 5 mmol/L 4 CaCl, ; I3 A9 AL 43 :0. 1
mmol/L KCI,0. 1 mmol/L CaCl,,0. 1 mmol/L MgCl,,0. 5 mmol/L NaCl,0. 2 mmol/L Na,SO,,0. 3 mmol/L
MES,0. 1% Sucrose,pH 18 5.8, fHHBENFRIRKT 25 mV 19 T BEPERM

T, 1208 20 R BR 7 3% B8 IS B% FE L ( Glass bottom dishes, P35G-1. 5-10-C, MatTek Corporation ) Ji&
P, LA B ) e o A e el T b (DA T 24 Ak B SN 5 o A e B R A i A L R RS B, BB IR AR ML
o AT AT AL B BRI IR LIRS 90 2 h 5, BB /K o, SRS TEHEAR h 50 C Mk 2 h Ak,
PRSI RE FENLAY IS 29 10 L ¥R 0. 0008 mg/mL Y2 R #i & R ( Poly-L-lysine , P7890- 25MG , sigma ) 7K
VR ,5 min Jo ARSI A8 W E 22 SR , T 2588 T /K TH DE B SIS 1 SR LAY IS 7K 3 Y, 985 50 CHE 2 h 4T,
FIRAEIEE TR T . 50 wL PR MVD 475 B 02 40 M 7 38R IS H5 7R LAY Hh s, 29 20 s 5 AR ok
VRIS 3 U, R BRBEATRG B A 40 i

E LU B S, B BB IC S SR MU 3 mL AR 25— AR, B A SRR O R & L, iy &
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S8 A IR IT 45 5 W GUUE 0 AR BE VR Y B e PRk Fa A i AR ST B D AR B, AR R kAR
HIIR R G0 FF Y ASET BRAEIF45 6 WAORR 2R G0 R0 I8 15 1 2 7 A il i 9 i B 2 I 40 Y 2—5 um, B
FeiEAT 5 min FAAS Ca™ WIS, AR5 IS5 R 0k B 24 4 i B 0 S i 0 I 3 miL S A )
2 30 min,

it SIET 248 H 7 1) ASET 30 15158 sh% il 45 ( CMC- 4) e 815 BE 48 25 1 Ho B 4 vty 122 0 40 i 17%) 2 T
29 2—5 wm, A FHTSCI B UF 0 FR T A B AL S BE 250 10 pum , T 6 P i B) 19 L (67 2508, SRAEASI RSy 0. 2
Hz, REMEIE T A EXCEL £ A&, F I a5 A7 K v il 3% 2l 9 P[] H A7 22 46, 3 2k Al F) 2% ) %) A
MageFlux JEA78S Tt ATHE . 25H0 Ak BES T 1A TN 5 AT 2 min SRAR MR- 5 7EECHE AL BRI 5 | LAGE T R i 25
FHext Ca> iyFgmg
1.4 H,0, ME

it H,0, Fr5 a6 ER H,DCF-DA (2,7 -Dichlorofluorescein diacetate ) il V045 40 N H,0, & &=
MARAE . AN EERY HyDCF-DA HEA IS | 26 W6 il i 4/ FBE 25 R ( DA) |, 42 iR & 9% /9 H,DCF, H,DCF
B H,0, AL POER DCF;H,0, Fit5 DCF 9¢aas B Ik e, R T DUE i 4G I DCF 5O | &
PR E B I A 1,0, BIBhAAEE"

BEASAL B SE AT O IR Ak FRI | B 0 S AT R v B 2 Wyl B e 1 Rk I 3 mL
SERIFFIG T, BERE 5 min 47 1 2K DCF 60 i, Pl 30 min,

ORI B (Leica TCS SPS) IS RO A K 488 nm , K AEHK 510—530 nm, 14
PR 512x512 1% %, W 2 it A7) 25 5 3 wm AY)JZ2 T FHE , H Lecia ApplicationSuit Adanvance Fluorescence
AF RO EMR, =4 @ KRR A 0 i K29¢ 638 E, Lecia ApplicationSuit Adanvance
Fluorescence X4 REE DG EME , H Image] BRI T2 615 R AH (0—255) IS AR ST I Y O I
)5 EHRIE R 100% , 35540 B ] — 200 Gy 2% Fof T AR X 2 6 BE 1L
2 HREHW
2.1 Ca™iiiefk

JRBRE T 171 S Sk W A BV A5 LS, 5508 BEAH L AE DU BN ] A Ca® 5922 N 375100 wmol /L Ca®* 1
I GACL, FALBEYDAT5 A1 30 min J5 , AR 1 BCBE 23k 1 s Sk Wl & 1) Ca TR 1)

WHH K (ALA , Alamethicin ) J&3 B 28 0 K5 ( Trichoderma viride ) B —Fi L 5 1] 48 09 58 138 18 2 B ik 19
RAY, AIVE R 738 i B0 SR AR 5 5 e T AR A R 1 ©L ( Phaseolus lunatus ) T8 VA HLI Y5 I
S5RHGALA 5 A T ol 558 ( Chara corallina) WRIEREES & 5 , BAT 1ENE_ P AU Bz 6 2 1 A0 fLiE
REJI

2 pmol/L 1) ALA BRI b BEVD 45 AL 175 sk Ca PR, Tt 30 B Sk s 7 JRRE vy 2 e 11 s S ek 4y 114 Ak
FH(E 1) ,100 pmol/L GACl, HALHE , I-ARIME] ALA 5HEM) Ca™ N,

2.2 H,0, FEMAEML

JRIRE BRI I S AR BRVD 2 AL H, 0, B R AEALBRIS Y 5 min PG TR 7RI 5 A I E]
HAERFE R AT (B 2) o SRR, KB 28 1 115 Sk 4 b 370 295 A0 i I , SRS B0E 1IN Y 1,0,
ME ARG FHH,0, FREMTHE,

T RS BRLEL ( DPI, Diphenyleneiodonium chloride ) /& B [+ NADPH 48 AL i) & — PR 155 . DPI il
ARFRJE B VD AT 0B, FEA R T K BE B O R s T L0, AR S5 REEI RBE T IRIE S
AL H,0, A5 B E NADPH SALRRA G (K 2) .

h T WRSEIRBE T BE M 1T S s D AT AN HL,0, IR E AR Ca® WA C, R 2 mol/L il
Hh Ca® A7 EGTA H1100 pumol/L i Ca™ il P77 GACI, FALBEVS AT 40/ 30 min, EGTA THALH, )
JEA ] 7 BE B 1 O 5 H,0, RRR R TR BRI TR] Y H,0, & 8 4F2E TR, 30 min J5 FEACAG I
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A AT S 1 U S e A X e T R AR G SRS
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Ca” VAP A N B AR S ARy T2 5 TR
PrE KA F SR RS FE S R ad R IR
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e B A e R i 52 15 R A% 3o 45 20 B PN B 1
S, VS R 1 5 AR g

TERA3 IR F AT LASE I TEAhi s i IS 5k
AMMERITE O, AR B, ARSI i B AR
KRB, RKBE T 0 R 5 S U AT A Ca™t
Tio ZYFR2ESLERRI, GACL, FRA M 1K By i
B Sk 75 T Y Ca™ AU 5 D6 R B BAE v 2 e 1 Js S k)
fil & 1 Ca® PR, B T Al BT 11 Ca™ JHIE HE A VDA
HAMEA 1A T Hh it AN iR AR

T8 AP Wk ( Spodoptera littoralis ) 17 & 52 9 (1)
KI5 B H IR, BE -5 8 AR M) IR RS 52 ik
I ) 8 1 JE T, O HLUERA B H R sk v A SE K )
T HA 5 FRES & 5 e vr B a8 1 FLIE 19 BE
ZoFP i B e s Bt b i 8o BT 5N TR,
BB FALE YRR TR 17 Lk 4 b
FIERIA T Ca® BUBOK B ROLHE F R R P 4 , 40
A Ca® YR BE R T o 5 IFUE R B e E s oty v
IR RIL S 5 B S & 05 TEE IR R T 25 50 15 1 fL
B, TSR Ca™ P BT R A 2E 2 A S N, PR FEL 37
AR S AL SO 1 BB b e FEAROBE Y Ca il B 2 1,
M5 Ca™ i 12T I B RFLL R

1 2%
-u—Or -*-2umol/L ALA
—o—CK —o- 100umol/L GdCl; + Or
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50 o o o o
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Fig.1 Changes of Ca** fluxes induced by regurgitant of Orgyiae
ricae Germar in Ammopiptanthus mongolicus ( Maxim. ex Kom. )
Cheng f. Cell Suspensions

7SR FE 2R IR BE ohy B 0 1 o S - I A B ] 5 7 i A B 1 S
SEEG BT AR TUE, AR IE A B S B bR DR (n
=9—12) ; Or: JKBE I 2R 1 Sy 5 CK: F B ALA L IR H Ak
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Fig.2 Time course of H,0, induced by regurgitant of Orgyiae

RpEE H O R RIS SH D S5 HE H,0, KEF S

ricae Germar of Ammopiptanthus mongolicus ( Maxim. ex Kom. )
Cheng f. Cell Suspensions

BAEEN 6—9 DAL (= 3 WHEK) TS 1 2 E < b5
e

ALA AL PRVD 2 HF AMLIG Ca® TR, LB AR5 3 S BRI V0 435 D Ca® WA FIAT 1R . IR IRE ol 25 06
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GACL, HA T R AR, X B L R [RIZE A Y Ca™ il E 3577 A W MR /E R ) Gdel, Ab B K g
TONJEE ) ¢ BXE vy 706 10 Js S ek 4035 S B VD A 55 AR Ca®* PR IAE , SR 20 Ca™ A P T AN Sl 2 JR L 4 30 16 A
SR, B4 BB B oty B 0k 11 s S k3 v (0 b/ e iy, B 5 V0455 AR A T BEAs 5 T 75 S B 1 JE A%
FVF Ca® i3 BOFLIE , 117 GACL, ASREMIH 3% 25 FLE A 1% 1 .
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