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BT ERNSIEXFLBRERMASYRARLIER TR MHEEH, A XK
TR A FE D2 AR, 3 3R 5 /DR IR0 <5 /N8 N0 I AR I 2 /N 0 A ) HE
MIGEEHAAT T RAUR, IESERBBWT:

1 GRS/ EBURA TR R IR 91 M %2 BT K e

SROE S /NI, 57, WOIE. 2HHEHKRREDAE LT 3OS HER
WEREIRMSS, HAMERE. FEr-E R Sephadex A-50 BRI AR 53 RALLHT R
EER, MR N R B & %] 40 fu R X X Sephadex A-50 fERKIERE, FHE|ARMm 4

R BEIT. A0, BS/ M EERANMEELFE AR TERF. HEERKTH
B BRI ETRE4 DNA i (PDV) KHBE KR,

2 BFS/PRERERIIERSLRENTREANXR

FLRE QRS DENTIREE S N E A YRR, SRKERUEAR, SXRE
R, HERPLE, BREEEN,. MERNEZETSEEARAERR, EaaR0E04
m, 3dERET—EKE FFERILT. ARVBEKNEGS/ EEFTIRG, HR
KEZEUAHE, EEXAFHNERE, ERShHEHE. TR RS AT R4/ &
01 TN SR /D R R 8 BRGS0 B 3 0, ZE I A S DR /) b o K NN B B
HEE, EMXEEKNLE4EEE EmEN,

BRNE K EXENRRES PRBEELANBINET SHPNTRRIIE
REGFHEEMHXKR, TEHMMRP | ZIENTERNBERERHLKR. BRETART
A ENEHEERMNNERXR . TRSES MDEEREERB SHENT I EH%E

FHEMAXRR, EREHCETSRMPEEPHBD LK R, BRET R AL
ZBREBEREEXRR.

3 MRS/ PERENEAARES T

Wihe PARBREANBE PAGE HXGRERE 12 £WFAR, 4T7BH 1747 ~
879.67 kDa, HF 7 &H KT 100kDa, HEHEE LI TR N 558.64 kDa, 308 kDa 1 178.17
kDa ) =& EHHHHE. WIRNE S/ MEBRE QKK PAGE Blili gy 9 24, 7
B4 17.62 ~ 809.94 kDa, HP LIS FEH 24620 kDa a5 B NEE. SDS-PAGE 4%
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H, RS HHEREQTIRH 17 £WEM, 2FEN 1411 ~165.18kDa, Kb 9 £%4
CEETT 2117~ 4441 kDa, MBEES/MEFRECD 14 £FHAR, 0 TEHF 140
~ 15593 kDa, K™ 6 ZHEP T 21.15 ~ 36.68 kDa. B & M BEHREOALHAED T 4~
7, MBHESIEFREAEFEAERT 5. MRHS/PEERNRBEXBARERER
E I 7 4~ RiAT MALDI-TOF FRi%4r#f, L) UCSF i) MS-FIT W&, %7 HEBASHK
RETHAROLREEYAE, BEIY 35%. B¢ N EERNEHERNSI0MARE Tn

7 B0 2 SE R S IR AN SE T WS A 4 b 2 T B AT 100kDa & A, 52 Ha FRALT
HIE A A KT 100 kDa EH.

4 BWHESS S ERAERESELE T

B AN P pH BRI S DI ARGE RS MR BB E A B W . RS
#37) SDS. Tween 20. Triton X-100. NP 40 ] Chaps 5B H & I EREBREHHTREER
M. 1 mg/ml NEER K AR 10 min SRS/ EBRCEWN, B {{RRERE N EE
WIhEERR ST ¥R, 1 mg/m] FIRE MO E RS/ MEBREH 2T R. Bl hik
B (NaCD) MPEHE&/ MNERERABREADTEEEN. iSSP MENTRERS DEE R
ECRRBDNKER S HEREE, MENEEAEREYE, B ZRRBUEAIUEME

AT A RSN . R 4 B R OB SR P EB A EFER SRR EEEYE
XK.

5 PIFha/h TN B4 A S M E O W ) sh 2R

B AR R, FiRhe MR AR R, R, W .
ERIREM, MRS R E R BRI E TSR, RGNS MR T
BIRE AN, TGS MNESHERIZ 2 . RS RS NS
B3 d R, MEBE TR KT, HEHEITT.

6 FHBFMBNIMAM R, . A EERAKER

EREBPREE M RTEREHERS, HERERETENS0S5~4d 5K FEH. &
B TBS TS MRIEEES MEER AL EEAR, SHENS/ MEBRS, SOM KM
MR SRIFEFALZERIREE, TS TBS FIRHSRREH & /N 535 7 S0 50K 4 03 10 40 iy
BEERATFERALEREAEE. AXRYROLAREBABEEE, SLEFHDARAY
BT 24 B E, RIGREIE.
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RIS ML EVEH SR, KM S Edi4EIE 0.5 ~ 4 4 BHF
%, AFAEW. FH TBS KRk & N a4 /o 85 95 00 S0 aR0h 2% 40 ML B 5 BB T 0.5 ~ 3 d
TAK, BIFE4dRETHRE, SRR, HEARREERZ, BRSSPSRV RZ
P SRy i i K MM AR A EL B, 3R B Uk i 2% A 1) EE ]

R NEFFEFH BRI EEREANE N ARNER. FARDERN. 4
BT ST RS 0.5 ~ 4 d JOky M BR IR (fn 40 B RN MRS i 48 i B 3E R 2 L £ 7% % B %t Sephadex A-50
RO RERBDEERTAREERS. W TBS RENTHERES PEEBE .

7T BRSO RTHBERB AR RELHRES. ERATHINER

TS/ A B ISR AN 5S40 chL % 3% 1L 4 AN SR 40 R .
FES 0.5 VRE FTAREEAES /MERT SR MRTA 5 840 s o AR 1 A I RO T 6 5
Mo, e NEERET B ELWORERT 5 89 RE A0 MRS R
7 FTARAEIES /MO VS S MO 5 80 S LAV AR AR B
B

RS MG RO R SO 5 84k MR AR R N A
B3 A . BRARAERE S I T R SR M L AT L AL 5 840 s % 1 4
MRS BEEW, SRR I RAER T B W, X300 A 4 4
SERNAMPEESTEELH,

0.5 VRE MR & /M TR0 ] 5536 b RARARRD 5 80 4 507 P 40 ORISR 46 g
MEERFATE. 0.5 VRE FRARMIAES M B RRT A FUBAERD 5 84) st 1 I FIBER
L4 M EE RIS T B W,

SRS/ B BRI RRRER 5 8940 K 38 1 41 AR 4 PR SE R
PR B AR STARARAE &/ SRR BSRAR A S S50 ek 4 LRV 4
R AISERE FIRET B MBI L, TORHRRE R 5 4040 32 I ARG 008 ) B A 7
EEEEW,

R/ AT B R NEB MRS 5 B4 e 4m 4 i 45 je s
Sephadex A-50 BRI LAY, FANEREHE S /B WK A /E R

8 AR <t /1N P00 A - 95R  40 BSEA S E R of k E2 RALAE F R

WRRE o /N A B M BRI OB R A B S S T E S R,



PYRWE

H ] SO ER AR AR A A . FAMIES TBS 88 A 5 3 55 ROk 48 ifn 48 o
MEFAEBEYAEEREY, BEEHRIE K, hARTEECBEEEERESS, TEEE
HEAEHRBOMROHFCBETEXEZR . EHNENHEREHE T ESFHHR
Ja, M#FEIT Sephadex A-50 RIALERBARZEMNHE], DARNOMKEKELENBETES
R o R4 S /NG BN F A AT 5 S L AU S A AR KSR Rl LA A BB K

%4 Sephadex A-50 BRRBL/EHBLIMFBER, TWERGR (PTU> W5 &HEXFRILE
H .

O BB EHERELRREAANRNEN

RO /DI RS & /MR BIOGRMME REANR. HTHET, EHRLEN
8. AHRER, HERENTBER &N QL RYBAFEDLEMER, LBE
0.5 14 h FIEARNATRLN 0. BHS MEBERTBEENIE. W THEY., PhE
FERI G R SRIT AT E X LR, BRES/ DERBTFERI T, TR R rARET 4%

= ANE o VARG G /3 SR W 1 BT A R A R TF IR MR BT R B X
i,

10 FWPONIRRES/PEEF T B Rl A K5 B R R W

KB4 & /> T RO 24 SORR4 SR 37 0 40 SRR FBURY I 0 B BV SEE RO S 197 BN s
A, TITRARRESE S NI ITE R o /N 25 0 SRR RO S R 5 sl 3 48 L
AR AR E RS B E MR, BES MERBN NG A ER, T
EXT TR R L. SRR . R ., BRI R, IR, KR
Yk, KESHE. B Rsh, FEGR. BAEERLE. FREGR. AR hgh,
B RN SR B+ F R SR E R E B E W,

55, WilE MEERT BENS To MREVERFLE, TIHHRENEERE Tn
MWENERNEEHLEEMHE. FRhE MESHY Ha ARRNEE A BEYN.

11 NSRRI T T MEE TR R B EH RPN

88 O &/ R R E A ST SR S R R R A S AL EE N, A ]
SERGBREEPAEHEASREE THNMHERBEREPAIRHEOIEREH
7 BBE MNEFENSIERBEHEARRRE LI R BERR, FHERTEER
REBEEERW.
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TR F B LF AW Bige e RS &/ & HH AT 548 R

AR R A AYAHE 178, TEAILE0L ), FBALEEBRELEHE
B 90%LL b BB, BENFEEE M, LEREEINSVETER 6%EL-
RS TN BRI P REL B BBEERATEYRPEN I B L EE A,
MERRHEERILEWAT 18 8, UREERE (3 M), FBASEEEKILETL
ERI S0%LL £ BRIMBAHKPRE M, FLRERILESYEREN 20%LL E; HHLE
F, BB 2R, HOERERIUEVEEN S%EL. HBERBHHYRE MNEFER, H
& B R E LAY Bis(2-ethythexyl)phthalate. Hexacosane F! Heptacosane (& B 5 ¥4
WAL B E AT, W Oxirane, heptadecyl- I & M BE ML, FEMNMERBREPRE. B
K. BERFIRENENSRYLTEREW, THAREDRNHNSBEEEEZES.

12 S50/ B RO P RR A R BB B4 L B RS R W

FAMNKRGENHBERABRROLHACTREEASRENEREEH, EH BRI 5RS
A ETTHEERED S ENRER & FENEHERT 5RO R RASSE AR &
EAMDHERERSBOBE TR, X _HEHEPERSENEZERY.,

13 35 AT S HE HON S0 0 1 3 £ S 2L R A R P

FAENTREOHE P EHRERS B EEEYN, B3 RAKERABNEY
TR, EHERENERRENKETEHRERNSEERSRILEEDH. REEMK
FISK B, RS /M AN R E T S B R AR RS AN S TR R
m, BERBIEHEEERIROEE TR, 5 0% SR MRS I o 55 5 G
R REEMAATREERNOEN S BT EE .

H#S008A S 0. F4A0. BN SREMEATBSRHMHE T SRR EYE
BERW, MHEHEERS TS REN., REXBRHICRE, 0B ONE S48,
TR, FHERBNEHTBSROME T S ERRERS RSB EEEN, kL.
VEST BRI TSR B P A R A B A B B R W, ToX 340 Mk P b 2
HREEMAREREYW, MAFAER. B0, MR H TBSHH i 3 & ARy
EEERABNABELN.

KA WS/ MR, TR MG, B, Bk, RSN, TR, RHERUE, My
M, R, 75, AERN, FRARRAASL, F5ERH, RAMREA RHEA, B
TRHELS, REBRILSY, REBE, MUk, D#KE, BAK KL, S
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Biochemical characters and physiological functions of venoms
from two pteromalid wasps, Pteromalus puparum and Nasonia

vitripennis (Hymenoptea: Pteromalidae)

Abstract

Studies of biochemial characters and physiological founctions of parasitoid were foused on
braconid and ichneumonid wasps, but in other families were fewer. 8o we studied the biochemical
characters and physiological functions of venoms from two peromalid wasps, Pteromalus

puparum and Nasonia vitripennis. The results were shown as follows.

1. Host immune inhibiting factors in the reproductive system of Pteromalus

puparum

Extracts of ovary, eggs, oviduct from female P. puparum and testes, male accessory gland from
male P. puparum had no effects on spreading, mortality and encapsulation capability of hemocytes
from P. rapae and P. xuthus pupae. But venom from female P. puparum could inhibit the
spreading and encapsulation capability of the hemocyles and elicit significant death of hemocytes.
We considered venom is the host immunity inhibiting factor in P. puparum female. Venom

functions in the parasitoid was different with venoms from braconid and ichneumonid wasps had

polydnavirus.

2. Development of venom apparatus from two pteromalid wasps and their

relationship with the oogenesis

The length of venom glands from female P. puparum and N. vitripennis fed with 20% honey
water had no significantly change with the development of female wasps, but the diameters of
venom reservoir and proteins in them increased rapidly in the first 3 days after female wasps’
eclosion, and persisted at the levels until the death of female wasps. The length of venom glands
from non-fed P. puparum and N. vitripennis female also had no significantly changes, but the
development of venom reservoirs were much slower. Mating and feeding had no effects on the
length of venom glands from P. puparum and N. vitripennis female, mating had no effects on the
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diameters and protein content of venom reservoirs, but feeding had significantly beneficial effects
on them.

Development of vepom apparatus from mating and feeding P. puparum had positive
relationship with the numbers of mature eggs and negative relationship with the numbers of
grade ] and grade Il eggs from the ovary. But development of venom apparatus from mating and
feeding N. vitrirpennis had no correlation with the numbers of mature eggs and immature eggs
except that venom reservoir diameter had negative relationship with the numbers of grade Il eggs

n the ovary. Parts of venom apparatus of two pteromalid wasps also had positive relationships

with each other.

3. Composition and molecular character of venom proteins from two pteromalid

wasps

Analysis of the 5 ~ 15% gradent-PAGE profile revealed the presence of 12 protein bands with
molecular weight ranging from 17.47 to 879.67 kDa in the P. puparum venom, of which 558.64
kDa, 308 kDa and 178.17 kDa proteins were the highest three in the venom. The factors in P.
puparum venom inhibiting the spreading and inducing the death of hosts’ hemocytes were both
proteins with native molecular weight above 100 kDa. Conversely, 9 protein bands with molecular
weight between 17.62 to 805.94 kDa were detected in the N. vitripennis venom.

Analysis of the 10% SDS-PAGE profile revealed the presence of 17 protein bands with
molecular weight ranging from 14.11 kDa to 165.18 kDa, of which 9 protein bands between 21.17
~ 44.41 kDa were relatively abundant, were observed in P. puparum venom. In contrast, 14
protein bands between 14.11 ~ 155.93 kDa, of which 6 protein bands between 21.15 ~ 36.68 kDa
were relatively rich, were found in N. vitripennis venom. The factors in P. puparum venom
inhibiting the spreading and inducing the death of hosts’ hemocytes were both proteins with native
molecular weight above 100 kDa.

pl of venom proteins from P. puparum were between 4 and 7, and 5 to 10 from N, Vitripennis.
After analyzed with MALDI-TOF MS for seven higher expression spots from 2-DE gel of P.
puparum venom and searched in UCSF with MS-FIT, we found the matching ratio of the checking

proteins and proteins from database were very lower, with the highest matching ratio of 35%.

4. Physical and chemical factors affected the physiological functions of venoms
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from Pteromalus puparum and Nasonia vitripennis

Temperature and pH had significantly effects on the physiological functions of venoms from £.
puparum and Nasonia vitripennis, but detergents as SDS, Tween 20, Triton-X 100, NP 40 and
chaps had no effects on them. When treated with 1mg/ml proteinase XK at 37 Cfor 10 min, the
functions of P. puparum venom were not affected, but the functions of N. vitripennis venom were
partially lost, After treated with 1 mg/ml trypsin, the functions of the two pteromalid venoms were
lost. Salt concentration (NaCl) in the venom distilling buffer had no effects on the functions of the
two venoms. The aqueous phase of hexane exiractions of the two pteromalid wasps’ venom had
activity, but the organic phase had no activity. Chloroform/methanol extraction could make the
two venoms lose their physical functions both m organic and aqueous phase. 5™ instar P. rapae

larvae salivary secretion and mid-gut fluid incubated with the two venoms at 37C for 10 min

could make them be inactive.

5. Enzyme categories and their activity dynamic in the venoms from two

pteronalid wasps

Alkaline phosphatase, acid phosphatase, phosphodiesterase, phospholipase and esterase were
detected in the two pteromalid wasps venoms, the enzyme activity in the venoms were declined
with the development of the two pteromalid wasps. Protease were only detected in the venom of V.

vitripennis, the enzyme activity increased rapidly at the first 3 days after the eclosion of the female
wasps, and then stabled at the level till death.

6. Venoms from two pteromalid wasps on the number, composition, spreading,

viability and encapsulation capability of hemocytes from Pieris rapae pupae

Both in parasitized and P. puparum venom mjected hosts, total hemocytes counts (THCs) were
significantly higher than those of the non-parasitized, TBS-injected and N. vitripennis venom
injected ones, while there were no marked difference in THCs between parasitized and P.

puparum venom-injected hosts. As to N. vitripennis venom-injected pupae, the changes of THCs
were similar to those of non-parasitized and TBS injected ones. THCs in the treated pupae were all

increased at the first 2 days after pupation and then decreased gradually.

Percentage of plasmatocytes in parasifized and P. puparum venom injected P. rapae pupae were
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decreased gradually after the treatment for 0.5 to 4 days. Buit the percentage of plasmatocytes in
parasitized and P. puparum venom injected P. rapae pupae had no significant changes after the
treatment for 0.5 to 3 days, but decreased at the 4™ day afier treatment. The changes of granular
cells percent from P. rapae pupae were on the opposition. Parasitization and P. puparum venom
injection could decrease the percentage of P. rapae pupae plasmatocytes, and increase granular
cell percentage. Parasitization or P. puparum venom injection could decrease the spreading

percentage, viability and encapsulation capacity of P. rapae pupae hemocytes, but N. vitripennis

venom injection had no effects.

7. Effects of venoms from Pleromalus puparum and Nasonia vitripennis on the

spreading, viability and encapsulation capibility of hemocytes from Pieris rapae

and Papilio xuthus 5 instar larvae and pupae

The spreading percentage of plasmatocytes (PLs) and granular cells (GRs) from P, rapae and P.
xuthus 5% instar larvae and pupae decreased significantly after injected with 0.5 VRE (venom
reservolr equivalent) P. puparum venom for 0.5 to 96 h, P. puparum venom also had negative
effects on the viability of PLs but not GRs from P. rapae and P. xuthus 5™ instar larvae and pupae
in vivo. Injected with 0.5 VRE N. vitripennis venom had no effects on spreading and viability of
PLs and GRs from P. rapae and P. xuthus 5 instar larvae and pupae, -

P. puparum venom with concentrations from 0.002 to 0.02 VRE/ul had serious effects on
spreading and viability of PLs and GRs from P. rapae and P. xuthus 5* instarl larvae and pupae i
vitro. But N. vitripennis venom only had significant effects on cell spreading with concentration

above 0.016 VRE/ u 1 and had no significant effects on cell viabitity.

P. puparum venom could reduce the encapsulation capability of hemocytes from P. rapae and P.

xuthus 5" instar larvae and pupae in vivo and in vitro significantly.

8. Effects of Pteromalus puparum venom on the hemocyte phenoloxidase activity

and melanization capability of hemolymph from Pieris rapae and Papilio xuthus
pupae

The hemocytes phenoloxidase acivity decreased gradually with the development of

non-parasitized, parasitized and TBS-injected and N. vitripennis venom injected P. rapae and P.
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xuthus pupae, but maintained at the same level in P. puparum venom injected hosts after injected
for 0.5 to 4 days. Parasitization or P. puparum venom injection had no effects on melanization
capability of hemolymph from P. rapae and P. xuthus pupae to Sephadex A-50 beads. Hemocytes
also had no effects on the melanization capability of hemolymph. P. puparum venom had no
effects on melamization capability of parasitized and non-parasitized P. rapae hemolymph with or

without hemocytes, but PTU could inhibit the melanization completely.

9. Effects of venoms from Pteromalus puparum and Nasonia vitripennis on the

non-immune system organic cells

Venom from P. puparum had no effects on viability of brain, subpharyngeal ganglion, testis,
female adult ovary, silk-gland of larvae, mid-gut and fat body cells, but could prevent the
adhering behavior of brain, subpharyngeal ganglion, mid-gut and fat body cells. On the oppostte,

venom from N. vitripennis had no effects on the viability and adhering behavior of these cells.

10. Effects of venoms from Pteromalus puparum and Nasonia vitripennis on

hemocytes from non-target insects of Pteromalus puparum and insect cell lines

Venom from P. puparum but not N. viripennis could inhibit the spreading and viability of PLs
and GRs from Spodoptera litura larvae in vitro significantly. Both of venoms from the two
pteromalid wasps had adverse effects on the spreading and viability of PLs and GRs from Musca
domestica and Sarcophaga peregrine larvae in vitro.

Conversely, venoms from the two pteromalid wasﬁs bhad no effects on the spreading of
hemocytes from non-target insects of P. puparum as, Oxya chinensis, Periplaneta americana,
Odontotermes formosanus, Acanthocoris scaber, Empoascﬁ vitis, Plutella xylostella, Galleria
mellonella, Sesamia inferen, Helicoverpa armigera, Ectropis obligue, Bombyx mori, Parnara
guttatus, Colaphellus bowringi and Apis cerana in vitro.

P. puparum but not N, vitripennis venom had adverse effects on spreading and viability of Tn

cells in vitro. Both of the two venoms could induce the significant death of Ha cells in vitro.

11. Effects of Pteromalus puparum venom on the composition and content of main

substance in cuticle of Pieris rapae and Papilio xuthus pupae

Parasitization or P. puparum venom injecthon had no effects on the titers of cuticular proteins of
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P. rapae and P. xuthus pupae, but could induce the increasing of soluble protein titers in cuticle of
P. rapae pupae and decreasing in P. xuthus pupae. Titers of cuticular lipid in P. rapae and P.

xuthus pupae decreased significantly after parasitized by P. puparum. But venom injection had no

effects on these.

17 kinds of cuticular hydrocarbon were detected in the P. rapae pupae cuticle, including 14
kinds of hydrocarbon, 1 kind of heterocycle, ester and ketone was detected, respectively, of which
hydrocarbon accounting for more than 90% of the total mass. Parasitization had no effects on the
relative contents of different cuticular hydrocarbon in P. rapae pupae cuticle. P, xuthus cuticle
contained 18 kinds of cuticular hydrocarbon, including 13 kinds of hydrocarbon, 2 kinds of ester,
1 kind of alcohol, heterocycle and organic acid, respectively. Afier parasitization, relative contents

of Bis(2-ethylhexyl)phthalate, Hexacosane and Heptacosane were increased significantly, but

Oxirane, heptadecyl- decreased significantly.

12. Effects of Pteromalus puparum venom on the metabolism of protein and lipid

in hemolymph and fat body of Pieris rapae and Papilio xuthus pupae

The titers of hemolymph soluble proteins in parasitized P. rapae and P. xuthus pupae were
similar to non-parasitized ones, but increased significantly in the venom injected pupae. The total
lipid titers in hemolymph of parasitized and venom injected pupae decreased significantly. The
titers of soluble proteins in the fat body decreased after parasitization or P. puparum venom
injection P. rapae and P. xuthus pupae; whereas the lipid titers in the fat body maintained at the

same leve] as non-parasitized or TBS injected ones.

13. Parasitizaiton and Pteromalus puparum venom injection on the composing of

amino acid in Pieris rapae pupae hemolymph

Parsitization had no effects on the relative contents of different amino acids in the P, rapae
pupae hemolymph, whereas induced the decreasing of the titer of total amino acid. But P.
puparum venom injection had no effects on the rela;ive contents of different amino acids and titer
of total amino acid in P. rapae pupae hemolymph. Parasitization had no effects on the relative

contents of aromatic and heterocyclic amino acid, but could induce the stgnificant decreasing

relative contents of aliphatic amino acid in the P. rapae pupae hemolymph. Conversely, venom
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injection had no effects on the relative contents of aromatic, heterocyclic and aliphatic amino acid

n the P. rapae pupae hemolymph.

Age had significant effects on total amino acid amount in non-parasitized, parasitized,

venom-injected and TBS-injected P. rapae pupae hemolymph, but had no effects on different

amino acids relative contents of them.

Key words: Pteromalus puparum, Nasonia vitripennis, Venom, Electrophoresis, MALDI-TOF
analysis, Pieris rapae, Papilio xuthus, Hemocyte, Spreading, Viability, Encapsulation capability,
Non-immune system, Non-target insects, Insect cell lines, Cuticular protein, Scluble protein in

cuticle, Cuticular hydrocarbon, Cuticular Lipid, Fat body, Protein, Lipid, Amino acid.
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BB ARAERKFRAENES, BERESNT AA0MEKT LR HER Q™
i, M ANBEREAMEERSE (RETEZEMYR) FRERBAPEAREY. ERAW
b, H 20 #2408 90 ALK, R FERKRRAEFEGHRE T BSEMBH BIIR WL
WAEHE RBERR, U2 RGHBROERIKITEIR (Matteson, 1995), %
fr, REBKRTANMIRESR, RUVITF 2001 4 ARERRZHT “TAFRHTE
w7 REwm, E44EF LEAIEHTSKBTHERY, LERABENHBISE
BEE, ROZEEFRABDRRERR. BET, HTRERBEEHRET 130 5,
AT A RA IR KT 2 6% RABRORBZ 14128, £ESEERGRERN
HEZFRERIE 160 L4470, AUk, (hERHBERPETRGDELR, REHKFEH
AEHE, BE. BEMMARERAT. EARACSH T HEGENREBIINHTEE R,
o, |ARVWHHASHXWIIHNIER, R, EFALREHRAXDERAUSRER, 2001 ~
2003 SFRAGB B FIVEIR 15% ~ 37.5%. EMERTEH “TARRHITIR” BUEK
2004 FFHEEFEEH 25% FREFEEEF. Aok, TERFSREAFHEN®
BT EHF R, MaRK. Réb. KSR HAH ORUBBANSE B 2582 1 H
Sreap AR R, EREMATRE DRI R0 DT BEAKFTH GBREH
S RIEEFEFE 400 ~ 500 f5). W, 2002 FHTILE OREFHRERE I (RS E WITR E
BIEAEOBXRANEYBTET 20%0 29%. EXLRBEAEMNBE _LBLIRGE, HEEL
B EASELEROFRAREIIAE, RERHH R0 EARRHRR. Bk, g
BFHRREDEARFFER, BEAFRESREYHAOHFRESHNE, PR B EMR)

RIS R SF R ERT RN, JTREE RAEVBIBHRE, IR AWAS BHS KN E KB R
KB KB AR .
FEBE -XEENF REHERAYD, EEEEHTUECRARINEE. B van

Driesche % (1996) %ivh, FEREIN 860 FIRHMBIIE 2741 FERHEHF, 216 FIRTHIEH
PRk KRR 393 BEER. KU, ESNMASERTFLENEHRES, IERA~NRSE
LY K, KEERNEEZAEETHEEWAENA MR B RAHSESE6E
B —EEH R DMNEIEF EARRBETEEKRTNER, 850 REDT AT IR
FHEREEERNEN. FEARBRETRECHE AKNEEN, A EEHEHE
MR B F AR miE YR, M ABRENFEF AR REORITEERB AR A EhBEE
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pH

B %0 2 o Y B KRR B) Cones e al., 1993; Dani er al., 2003; Backage ez al., 2004). ¥ T i
F. kS ER D ERSERERPEETEN (ZKERE) MRAESMNHEERR,
ZSMAEDTA, FAERFRHLFFERATHIFEIERANBEFEIEKATR Y (W
PDV HEEHUENKNF—EIDNA FRAR, HFEBSTHFEEENAD, EMNHARS
WEAES) ESRAZTERNBN. MSSTERRXACKIMAE THREATRAE R
7] (McCutchene et al., 1991; Regev et al., 2003) HEHHEERH Y (Baron e al,
1990). EBRXEBEERHFHEHEMENLR, HETHRLREORBMERX. A2 T, AF
THERAIAENNATEE LS, BAREHATEBERFOIE TR FEHERE
H, RO TREXOEHEED (Lelukeral, 1989), NBEMHEFE4E. BEFILKES
%, TR Hones ef al., 1993; Quicke, 1997; Backage et al., 2004 ). IEBk, ©*
FLRERNEREEYROERE LB, UAFHEYRNERSHHMER N,
RTIX A AR ES 7 5455

ST & /NG Preromalus puparum B—F3ERE Pieris rapae TSR Papilio xuthus
R B R EH E, APl AR HAEYENEESY (8%, 1986; MERTT N, 1988;
ERMHAR, 1987 EREFTMERXROCAREUR (BVTE, 2000; EE®%, 2000;
2001; 2002; Csi et al,, 2001; 2004), L EEZ b, RIOFFBRI R BATLEZHE T
P THSAREE & /MG R — MR H A RB N R T . HHMRNEEMETH &
M Wolbachia 3t X E MU HIRENTHR (Nur ef al,, 1988; Weren et al., 1986; 1987;

Bordenstein & Werren, 1998; Werren & Minnot, 1999; Pultz ez 2., 2000; Tram & Sullivan, 2002;

Rivero et al., 2003; Shuker & West, 2004; Shuker et al., 2004). FRBRBEH S /MER A B 3L W
X F LR ENH. ERVEENFEFFIERRBBARIOPII (Rivers & Denlinger, 1994;
1995 a; 1995b; Rivers et al., 1993; 1999; 2002; Rivers, 2004), X MRS NERREEH
REAZAAMEBRNEHNiGD . RS MARENREXR, ANRNESERES
i, EHREES/PMEEATLEG, TREES MNERITLR, HHERERETHARZA,
XEEAAFHA, RITATN ZHERSHELEPOFR, —HFHNBREEEERTHE
IMEFEHREEA. BASH BRSARNEDRAFERBRNSINRAERRE, UNF
R ET I XRBANB WML, BHHRIREFERAUERDE, WIS ATSe
a0 B2 RN E B HIAE A A RAEIGHRMR B M H R R R 1R B
ZHOARE “SER1” BERERFERERUE DL DISHOTFARSHRS.
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AT N L L MR G R A O & I R TR L e B

BoOW

eyt @BOT, SAIME TG XL, LRAEBEREASR. BN, BY
FIEAFrs - 3T A ) b

F it VAR RN RRECKEER, SYFEFOOLTERSE IHN-GMm.
REHE X b Y B RE FREE BRI, RN SITERRTRE, “MEh,
HR A" MBRERAETN. CHMBEYHEERIN LA TR A, ghtEs
HEATFHSES. TERER LS THRNE, ElRrEi!

EHNED, FHASEHE. BETHE. RSN, REERR. EEsE.
TSR RIENE. REEHE. WARHRR. RRONIE. BBXHRR. %k
W, FHERE. /U, MEAREENEZRRATRITFALRTERGES
BH, BMEARPMITRMED AR, BT CERL 5AMBAR ¥ RN SRR S
LY VM. RORE IR DA EIEE AR LSO SRBE KR KSR R
i?ﬁﬁﬁﬁﬁfﬂiﬁﬁmmt%ﬁ—ﬁﬂﬂ*i%ﬁ&ﬁ&ﬁikéﬁﬂWIVEL%:]"TE%%
Bh, BRI R

PHILA¥ N M FEFAMARBE—NEL, Bt SAMBOGEEN THEIE,
BT 2R I C kb FACE RO ML T B, BT SRR P L R i A R R SR R L
FRAE, HAHRBRHEBEEHHIN BRE. UFR. £OE. HEL, MmEsHt
By SR KR A RBEGER . BUHMG B L ST @ R & 1, Mt ie
PERBHCEENTL KR, MBS ERNTEE. AEREFY. BE. RERE. &
B, TH. BR. SER. B, £55. 81K 7. &K TR RO, kKEE.
HH. WA, BEA. EASREERRTRPREN, 2BALERE. BEF. TH
E550 0K, KRFELOGER. FE0RERETREE RO SCTENS S TEE, &«
WA —Htordil | ZSF TATERIKES. BINE. BIWF. AES. Fug.
BIEA. ZHHE. HER. BRG. S, T, Tﬁ?ﬁfﬂIﬁ%ﬂ%ﬂ@ﬁﬁh F. N2
NEEFRUT BA SRR, AR TREH

BEBRIE. S8 RERER, 0 RSWHERMAT RS . SR
WRHKXAFHE LS, BEESHRBRE K. RROECERENREHESRS
R, ZaosErle, UREBFISERFELMFER, WE B8 0L R 2.
RYRES I, BEEMHEEE.

BIG, WRENE RN ASHERSMERE. SRR EENER

I oy . X, 4i
SEL NS

+
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T RFHTEM R SR IPHENRARBES PEH RNTMHSTEHERIIG

B—& FEERREANRS R E

FAEBER —BH 3 HREESW, MoUENRASHENEEOMNEREER (oviduct
oruterus gland). 4rHATHERNESHERIPEMR (poison gland) 4> A AH B SRS AI BN B AR MG
A RO AE B BR ( Dufour’s gland), JRR 49 A & F B 45 M9 1R 55 4 09 267 & (Ratcliffe & King
1969; Edson & Vinson, 1979; Coudron & Jones, 1994).

AN BEBRATIRER T AR . 419 4 W00 8 2 B 7 BT 40 20 40 Hi o) sk
®, RAFHAFFM: MAEHRLARAFENTENERABRBIEEKETOTIGE

(Grossniklaus-Biirgin, 1998). A& EJER AL ZIERAEN, RMHSHEMHT L
RRATFEERNFITFEOAMERE. HEFETEKEAE. IRFEEERERBLERTE L
RIA SR, BRAOTERDIREAOR, REHELRRBMHN (Lawrence & Akin,
1990) FH VLAY (Fukushima ef al, 1990; Skinner et al, 1990; Shimizu et a/, 1993),
RBEBHRBOR, WAERTFERERECERSHRAENIMTFRBRTE—NE.

1 FAEBFERERIEERS B

FERERETORRFIUIRNERODACHIENERAR, LEHRET T
B, AOFHUSHRBRE. BR—RO=RARAR, 5 PRRAVAR, 58
REFNRFERE, ERNBTHARENRTAREHR.

FLEEBERENEHF B, Racliffe 1 King(1969)HR T FIRNER & V& Nasonia
vitripennis FIEERBMEH: van Marle (1977) LB T FRBEEE Bracon heberor MiEH

Philanthus triangulum BEHEHI; Edson 1 Vinson (1979) PI3T 160 MARER TS,
HAAMMER. —RERARERRHRTISE (BEEHHLMR), AFE Doryctinae,
Spathiinae, Braconinae, Rogadinae, Opiinae, Alysiinae, Ichneutinae 1 Aphidiinae %3¢ #},
HREBHAKNERFIE (BBFHIHEEK), B Cheloninae, Microgasterinae,

Agathidinae, Microcentrinae, Helconinae, Neoneurinae, Centitistinae, axylommatinae, Euphorinae
and Apohidiinae ¥IE%}. Edson 5F (1982) XX} 7 W#l ¢ HEBRMER TKBMEHMITH
B, d—PWERBRRERTHRS, P I VERENERINANESE, ASHL5E,
RBETSERE: [HESTNFERTRANABTY —HAE, BBEMARUERTNER
B Quicke % (1992) BT 10 TH| 84 BEEE IR T LN, IHitid T KA

3



B—F aEsad PR FEmUER U

LR ERASEMERERELE .

2 FEBERPHAT SR

B 4t R SR R R BT R VY, AR SR R OB SR 5. A
FEEEERAYERE (Strand e al., 1994). Leiuk 2 (1989) 3 21 & 25 M H B hs
W E QU R R S AR AT R R, 7RI, 3SR BN B P IR R4
FREAMSIK, MEFMAN 6 HESERTIRSHES FREAS /K, BRER,
EATREEAHTSHEE: BRARESRFLHUREEANE, THSEBRIERE
BREERPHEANBEES: SRERTHELEASHSRIE R aBREAERAR
R, WRAFEHEREARESN LEE ML ER. BRESFS, BT EEEHP
EBEBNRNSFHE. B0, TEWAMIREE Goniozus legneri PHAAER B2 RRHE
BHOTCESE. B, WERNORL PR, b5 R R UL R B Tim i
(ITHEE (Skinner ef al., 1990); i LR Apanteles kariyai RN B R P FES BREL
MEENEY: BER. BE. ARE528. NRORER, FRNLHHEEREE
MEERRE, BBERANBEARZR—BEAR, REEM—EEM (Shimiz e al, 1993);
{6 F R Bracon hebetor MIERR (—HBRAHKBNESY) S O RA—FHF N
BER SR —®S (Fukushima et al., 1990),

FERERFELASHSBELERSVR, AN FERERPEHEAHA IS E
FIThGE R TF SL R L2 1-1.

SERBREOLASNER LR HTEROHEROHR. Jones (1994) HILTE K
R {8 & Chelonus sp. near curvimaculatus B FIcDNA S B, R %333 kDa’i B K & 7] 4%
B—E 81k, T TN-3RHA5000 kDafRAKENEREAFFIR 12 R BRRERFII4A
B, BT EMMREMNLEFHERNEEFIILSL, HEEIRFXARUNREREE
AR, HEMRTII KDaBEM—. =, =. WELEH. T hHETEAEERTS52 KDa
EHA—MEYERD (plN4.8~50), BB DNATELHEHNMETRESE. RAEE,
RURE— MR EIEER, RO 3 EEMNEA, HFEF 562 kDaltt )L T Rk
AR B  FEVE AVE R RO RF RO, X Fish B (126382 ~ 46450 22 (G py 38 4 A 4R LAY - 4
iy, ERAMRERFHHNAERR, X MKER2 kD BEAWEHNEH, LWEAFET
JL ) RIBXMW F SRR S, MABIE S B, THLGX N INERT X (Krishnan’,
1994 3,




Wil AFW AR . SRS /IR R /R A R 3 AR

*® 1-1

ST L AR 01 TR AL

‘Table 1-) Character and functions of venom proteins from different parasiteid species

Venom origin Molecular Character and function Reference
weight (kDa)
Apidius ervi 2,36  MWHERELAHED, JEEEZTEFANTE  Digilicerof, 2000
Bracon hebetor 73 REBEN Quistad et al., 1994
Cardiochiles > 30 66 kDe 8UEHB SHE T HRABMBEK Tanaka & Vinson,
nigriceps 1991
Chelonus sp. neas 325,47, 325,530 13) kDa GBI HMEE.pI B 4.9~69, Jones & Leluk, 1990;
curvimaculatus 53,131  AEOMNEY, BXHREIOMRABRESME  Joneseral, 1994
f, SAOMHEEON. XRFONPOXREAR
33 FLEZRE, 54 WAUERBREMENFT]  Joneseral, 1994
52 AR, 562kDa LT ANRESRE Krishnan et al., 1994
Cotesia rubecular 1.598 RO R PDV REERXRNROAR  Zhang et of., 2004
Hh 2k I A MR BY
Euplectus comstockis 66  MPFEIRHE Coudron & Brandt,
MEBE. FHIEN. REZREZOMSLRES 1996
Habrobracon hebetor 18 I ERWEfET Slavnova ef al., 1989
Microplitis demolitor ~ 64.5, 30.8 Strand ef al, 1994
Pimpla 390 AE R Parkinson & Weaver,
hypochondricac 27 o | A 2% WA B b AR 1999
<13 MERMBER SF2 FHHK
12,<13 DRI MER
28,32  WEHOMMHEEENCERN Parkinson et al., 2002
74 M A R S Pk P B WG 2R 10U ( Angiotensin-converting  Dani er al., 2003

enzyme (ACE)-like enzyme) #E#:

G W B Pimpla hypchondriaca® W fFIcDNA X EE 4 B3 T34 %R, POI, POI, POIII,
B85S RBmEARPPORN = PAEX, BRBERRFF)FEPPOMELE AR (Parkinson et al.,
2001); MFEBFEHMNECREAR S FRA22kDaE R, HIIMALDI-TOFS M, B
10.544 F! 6.318 kDaf )Py IV ZLA AR, KIEHEFIEFRwIZ15 kDaEH, 7 — M5 FEAT B &,
RANERSREE—MRIBK, SBESTARBKEETHERTP (Parkinson ef al,
2002) . HERRONAEDPTHE —3mI925.3 kDaE [1cDNA, EA&E 5. L4288



i Rk 2 S RS T AR RV ok ) R bt

WA TRITY, €FHEPAR28R32 kDafiEA, M2 EA v $ % S
IR ENE{ RN (Parkinson e al., 2002); 54, HERDNAXETHISNcDNAREE, Ho
vpr1 Flvpr3gi 32 kDac G E 1, BHF%) LjGenbank P RIEFRIE AFFIE AL vor2
w57 kDati (., WMELLSEWRATIGEERAAL: re/BF9RIE61 kDak, LGS
BEE R, JacI %376 kDA FIR3ARIRS B A RMMAS AL, 5K
WiCoprinus cinereustVEERFH — EWARLME (Parkinson ef al,, 2003) . FMRFEEB. hebetord
BRPAREAERASHERBATH FREKAAHTIKDa, IFEERNEHYRE, HBA
HPi¥ 1 (Quistad et al., 1994).

3 AR AR A T T B

FERDER SR TNNE EARETLAANHS ENES. METENEKEEH
EBRLNRE. BYFEOADBERE (LR 12). BEROREN TSR,
HEWR T, E5WMMIES DNA AE. BBAM. BNEASLTEERTARE.
B, Sl R AR — SR,

3.1 MR %

3.1.1 BRAE

FEBROERSH T ERRFFHEFR (SRR, SEHARS) TREF T
M A5 LG R YR IR, URMARIE RN 3R 0 48RS AR 24 i 40 A A X
TMHEEFELEWES Leptopiline heterotoma RIBBM U LN T EM R M Drosophila
melanogaster R (lamellocyte) BIFEAR, {EZ I ILIEIR (bipolar morpology),
R, B R M S T2 a8 K B lamellolysin # A (Rizki & Rizki, 1992; 1994 ), Webb
& Luckhart (1994) A ARG Campoletis sonorensis ¥ BB HPEEABTHETRF T
M 40 PV TS o 40 ML AP0 40 L R SRR S et SRR R R T, TR A% A B R e
KRR EMBERITAMRETR (Caieral,2004), FERBRALAECHHFTILARFHFIR
Mg w RE 1-3.

32 ARFEIENEKERE

FLEMBRERSSHERERFIMETERF IMEKRENSA, SIEFHHL
Mo —FhRAKMBIRY, 2 LT Cardiochiles nigriceps  (Guillot & Vinson, 1972).

6
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Tablel- 2 Functions of venoms from parasitic wasps

12 HLEF BRI

Venom fanctions

Reference

¥t Death
& BRI Temporary paralysis
7K A BEH Permanent paralysis

WA R EF W R K Inhibit of
encapsulation and phagocytosis
SEAREETL, H5EMMILT
Effects of morphology and mortality of
host hemocytes

05 % F AL BETE #  Inhibitien of
phenoloxidase activity

1] 33

Cytotoxicity to cell lines

SHERECE

Inducing cuticular encystment

¥ PDV ZEERRXRE/MASTFER
A Effect PDV uncoating in vitro
and PDV persistence in vivo

%t PDV XEEF EMARA/RERE
51 Required for PDV expression in
host hemocytes
iR W R X

Cessation of development or reducing
growth ratio

Bl 11 %5 ¥ 4% 5% Blocking host ecdysis
E] % WM RIREL Suppression of
host thoracic gland activity

R

Regulation of metabolism

R HWE ORI Uprcgulation of
transcripts of heat shock proteins

PR (TG AE BB I 1

Reduced cholinesterase activity

N FrY 2

Antibacterial activity

Rivers et al. 1993; Doury et al., 1995; Moreau e al., 2002
Parkinson & Weaver, 1999

Bocchino & Sullivan, 1981; Visser et al., 1983; Klein & Becakge,
1990; Libesert, 2003

Kitano, 1982; Davies et al, 1987; Tanaka, 1987 a; Richards &
Edwaerds, 2000a, b; Parkinson et al., 2002; Cai et al., 2004

Tanaka, 1987 b; Rizki & Rizki, [990; 1991; Richards & Edwards,
1999 b; Richards & Parkinson, 2000; Rivers et al., 2002

Lehmann-Danzinger, 1984; Richards & Edward, 2000; Shelby et al,
2000; Willers & Asgani ef al., 2003;Zhang et al., 2004a

Rivers er al., 1993; Parkinson & Weaver, 1999; Rivers et al., 1999,
Rivers, 2004

Arthur & Ewen, 1975

Stoltz et al., 1988

Zhang et al., 2004 b

Bocchino & Sullivan, 1981; Thompson, 19824; Visser ef al., 1983;
Uematsu & Sakanoshita, 1987; Coudron et al, 1990; Kelly &
Coudron, 1590; Rivers & Denlinger, 1994; Morale-Ramos et al., 1995;
Coudron & Brandt, 1996; Alleyne & Beckage, 1997; Coudron et al.,

1997; Gelman et al., 1997; Marris et al., 1999; Richards & Edwards,

1999 b; Condron e al., 2000; Nakamatsu et al,, 2001

Uematsu & Sakanoshita, 1987; Steiner, et al., 1999

Beckage, 1985; Tanaka et af, 1987, Tanaka & Vinson, 1991
Pennacchio et al., 1997, 1998; Kelly et al., 1998;

Waller, 1965; Dahlamn & Vinson, 1976; Thompson, 1982 b; Pick &
Spanjer, 1986; Guerra ef o/, 1993; Rivers & Denlinger, 1994, 1995 a,
1995 b; Morales-Ramos et al., 1995; Doury er al., 1995, 1997; Alleyne
& Beckage, 1997, Alieyne et al, 1997; Thompson & Dahlman, 199§;

Marris et af., 1999
Rinehart & Denhinger, 2002

E}-Sawaf & Zohdy, 1976

Dami et al., 2003
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Table 1-3 Effects of venom and other hosts immune mnhibiting factors on hemocytes of hosts

Hemocytes
Parasitotd/host mmune Encapsulation Spreadig, number and Reference
factors Egg or larvae
Nen-self morphology
of parasitoid
Apanteles glomeratus / CF £} Kitano , 1982;
Fierts rapae v S IRARE Ih-2d8 A% SOEREEEER O
crucivora 30% % 80% Wago&
CF/V 24-~48hJE, 1h~2d5, HE Kitano, 1985
X: 5dE., %R
B#E 30%
Campoletis PDV HHE 24h, THC A Davies e ol
sonorensis/ ZEW, PL ¥ 1987
Heliothis virescens v THC HIPLYAEEW
CF/v #HME 24h, THC
PL B3pk/b
Chelonus inantius CF/V x H Miln BB  Steiner er af,
/Spodoptera littoralis THC XEW 1999
Cotesia CF " 4d 5, R IEE 50% Strand&Pech,
kariyai/Pseudaletia \Y ddje, FEKE 1995
separaita CF/V 4d 5. RIE 15% PLERHEMNK
Cotesia melanoscela CF 2h~-1d 5, Guzo& Stoltz,
(Cm)& Hyposter H SRR # 1987
spp(HYOrgyia CF/V H 83 ¥
leucostigma £ i B BHBREEH.
PDVHIV S ERE
Microplitis demolitor CF %X x Strand&Noda,
/Pseudoplusia v BHEE 7% AR 75% BAZER 1991;
includens CF/V x X GR M PL R MK, Stand&Pech,
THC i#fm, DHC A% 1995
Em
PDV/V x x PL 3! GR f%. GR &
ERTURT
Pimple Vv BHETRE Marris et al.,
Ivpochondriaca/ : 1999
Lacanobia oferacea
Pteromalus puparum  V J6h 5, 8% PL FERHE % Cai et al,
/Pieris rapae £ 25.6% 2004
Tranosema rostrale CF THC #&%/b Doucetde
Choristoneura A% THC A3 kW Cusson, 1996
Jumiferana CF/v THC &b

ke

PL: Plasmatocyte 32 M4MAd: GR: Granular heamocyte BIRIM4AM: PDV: Polydnavirus 4 DNA Fii .
CF: Calyx fluid @#: V: venom ##: THC: Total heamocyte count MM R DHC: Differential
heamocyte count & P 1L 40 fg % .



AL AF B EFLERI: SRS PENHNEE & MEF M 5 £ B Th8E

fii R2K 5198 Apanteles kariyai(Tanaka et al., 1987; Wani et al., 1990) €12 74 588 Microplitis
croceipes (Tanaka & Vinson, 1991; Gupta & Ferkovich, 1998) RS E W8 5% Aphidius ervi

(Digilio et al,, 1998), EfINER. ERN-ENREYIRETEMHELK. HRIZEE
5. Sh3F 4NE Euplectus comstockii BB AF Y SURME Trichoplusia ni % 844 Py a8 f7 532
FIACERMEILE T, BSMMREIBE. SEME. 20 32-4 RIS R G AE RS 50 R4k 1,
HPHBISETERT N 66 kDa MEH, ARFEEAPTHEBEREYE, HEAXMNEE.
HALER. REEBEONIILBEE (Coudron & Brandt, 1996); 55— R BRMAAN, 4
H RS ¥ Chelonus sp.BUERG . B X RO 5 MBS R EBETS (Jones & Wache,
1998). HEELL EREFpRAh, Fixt M thE R MER.

R B H ¥ Campoletis sonorensis 1 PDV FIEE 5 X B8 A MEEH BB,
ZHEOZNEATHRANRRGGEE, XSRS LEED, POV “RBk” TRRELKE
R, BEBARIT PDV MEHED, SHERFHENRFRYE, —HEERNEBRHS —F
% £ 4G PDV ARSI FI% PDV FIHBARFEEBN (Webb & Summers, 1990),
ORI e I = PO E SR FER, YW BRI H virescens 5
B3 d MY REAE, SRR AL b M. TR kT R R B
54 R MY E SN BRSO EHOR S WA S B B /b4 (Tanaka & Vinson, 1991).,

33 HNEHFENAT B

R A R VAL W, T A B R SR R A I AT TR B R S R M R I R
B, Wi R (Jones et al., 1992; Steiner ef al, 1999). P %% (Brown &

Friedlander, 1995; Grossniklaus-Biirgin ef al., 1998); R ¥ 7T 087 3= e oy 30035038 Sy G 2%
ISR I MR (Weaver eral, 2000) ; 3HI% L AINMRIIERD. B2 MR
SFAMMAET (Tanaka & Vinson, 1991); &% X ATMRAIER Y, 42 HPTTHY R NASS
A ER, R RITRK M AR 5 IR BB RS, 4) R R AT RS2 3
i, RTBREE (PTTH) HIRMEEHHZBME], ALHBIERE TEFR, Rt
THLEE ERAE, R FEFORH AN FRRL) RIS HPTTH £ KB, TRt >
B RARBE L MR E B0 BT AR A MR A B X PTTHAO RN 2 58T, B0 B K5 2%
(Steiner, et al., 1999). Marris ¥ (2000) FRTHHFERERXETHIBHEELE, |

7 R #EEulophidae (Eutophus spp., Euplectrus spp.), Eupelmidae (Fuplemus spp.), Pteromalidae

(Catolaccus sp., Nasonia sp.) $1Megaspilidae (Dendrocerus sp.), BFEAMMEE T LGS

9
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T NSRBI
3.4 B FHFHE

FIHSFWANFTFEIHAERYRERATREFHTACERKLZOR. W Rivers
Denlinger (1995) HIBIR KR, BEYR Sarcophaga bullata FRAK 54 A AR 40 8 & /1 8 18
(Envenomated, FASEBRFTERIN 5, RHKEHEHAPIRESEBI TR, Phormia
regine MMKE TR B, BIHAPIRETR TR, FW Musca domestica IL#KE P 5
REBTUAK, TEMEPEESEA S, Y S stemodontus TLA D HARRTFFIRES
BT, TS BRI S bullata W5 ESERIHALURNERRN, —HEEHE. 1A
FEENFEMNBEFBEAEERYE, BHAEURY. A—HETEENTRATEEFRRES
A 7 [ . Nakamatsu 1 Tanaka( 2003 a)IBE S R, $ Bt Pseudaletia separate B Euplectrus
sp. near plathypenae 4G, MHEFEAFEXSREEZAR, NENAT_ESRES
HHE EMK, 38 03 VRE BRI =4 S HAHAUMNERUMN, EEHEREF T mHEF
FEAFMBEAMS SR EHLA®N, BHERA_E4RSHENNRLEERER, #—PH
RRY. P separate MMEPIEEE R HA RN Euplectrus sp. near plathypenae TS|
S A48 L 4 BT B (Nakamatsu & Tanaka, 2004) . Rivers (2004) BfH 2 MRS 8 fra
AREEN R, FAEREERERSTSEIRAT 24 h AT, TIR T AW
BHERE, FaEsSIETFETDRHEPIEISRERIFA®, H Nasonia longicornis M Muscidifurax
raptorellus LS, BESREFTHARFERFBEIDEIEMKX. Eupletrus comstockii i
Euplectrus plathypenge M ERTIHABRBHEBAE, THMRCNESEXRE R LKE P
FXREEM, SRR PERNE, OHEPERESIRNUESETR. BEEINBRHF
FhHEFCREGHBYENEY, EHERMIEBREEIERFARED S RN MY
{feH (Brandter al., 1996) .

35 MHFIETHEHEARENERT

FEBBRNH NPT I 4EEFREAHTIEREAARANTL. £EH

PDV fi& £ 48T, PDV BEEMM, HiBXS POV E—EHHIAER. ki RAH & Coresia
kariyai W) PDV R AT HEEIM B Pseudaletia separata M)XK B (Tanaka, et al., 1994), =

MINEE Ascogaster quadriden BRF/EwTHIBIE R B Crdic pomonella BB THARNEE
(Brown & Friedldnder, 1995), HRESE A PDV RIEH T HEHF X EH Uones, 1996), ¥4

10



WD NF G Lo e 3. B0 & /8 0 N aig e £ -/~ 8% ey ol 0 A 4 e 1 P AR L b

LR BT f A POV —REIEST A 4 SEHIRIRS R4 ik N ol W RRE LR B IR 8 5 e
. i, iy HL% & X0 2x B i R) 38 M Tagashira & Tanaka, 1998) . {HEE R 4R 148 Cotesia congregata
) PDV FIEBTHERME KR Manduca sexta %) HRIBITH, MR AR &
(Reed & Beckage, 1997). FEFABRKNBRIHHFTLMEMATLEER, miFHE
Aphidius ervi BB O] 5[ EH G Acyrrhos:}::han' pisum TR RA WA R, 24h 7, FT
bR S A0 M A 2K, 40 MR R PRl L B R T BU 0 (electron-dense material ), 38 % R 0 nuage
Tm”; 48h 5, HMAVERE, TRESIRBROERFIET (Digilio ef al., 2000).

3.6 WRELE R B 4L 530 PH b

2 I Ly SR AT B B # S A RRRAE R (Doury eral., 1995). &L
BRRORERANE, BFEFTI-RUBERE. RIKE/DE Eupelmus orientalis FIE KL
ERF L REAKARE (Doury ef al., 1995), FBREE Laelius pedatus BIBRTTE £ K
2 B & Trogoderma granarium §1R5TE BB, TiEM& ¥ Carolaccus grandis HEH
B, FERRAEFEMLLESMERER RIEL . AR TESGEN T EERTHF EMPEW
ZEEENL-VNARSE, BEREARNNREFAAUNERERNHE], SRS
R TR ZRHE. SHTEINEHBE FAEaR > B EERT T EREME RN NS
P, WTTRREMEESHOES (Pick, 1990), FAEN EMEH KERMEIT LHERER
H14%= . Habrobracon hebetor BRI &R ERM, EXFCRMPHIELEMAEH, K%
B R ME A TR RS (Beard, 1952), Spanjer % (1977) H Visser 2% (1983) P
LB 43.7 71 56.7 kDa iEHEA, 2 MEAAS5ERBANIIEE, NEARK
BXRFEAR: R Pimpla hypochondricac PR 22 kDa B, T 5| RF MM R
BEBE (Parkinson & Weaver, 1999).

4 FF A EE BN AR RS

FEROFREE RED . HRFNEBERRPET ANSANR. i, BES
Pimpla hypochondriaca B VIR ¥ & MW MR Lacanobia oleracea 4 3T ¥R FHH B
Bacillus cereus #) BB Beauveria bassiana BYBUBNE (Dani eral, 2004) : MRTF A& 4
¥ PDV MWL EN EREEHFHRBBR (Hoch & Schopf, 2001) ; FAEBER RS
T BB HRAEFBEYE (Coudron ef al, 1999) . IXELH5 B 25 A 0 1) 46 1% #0360 Rl -1 5]
BEIPHIE TRERR, RARTEBYMNERMRE. ETB Y. SIS HEEBE RS
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BT AESEsEUE LR sk

PGB AR E TR EARE, ASTAVEY R, % &SRt R
I X TR T KR BT EA S MV T % i (1 PDV 2 R AL
% A AN DNA H B0 i, 388 T A M IERA D, EHM AR SREAES).
WA, U5 R B B M P TR ER T A AT R T 2 o U B 2 (R S E 4D
(Possce et al., 1993; Regev ef al,, 2003), {HIXKERH BERBER, LANERELMR
KBk, M2 F, FERNEREXTEESR BHXSHSREREATRTETS
MERED RATREXOMEERS, MASIE £ R EMER S E0RE R F £ E
DA MEREIER, B, B EEE S QR RS E AR TR S
AT EANEANESNER, R—HES, 25N “BAER", AVEHEERHS
EYR AR R IEE AtEB (Beckage & Gelman, 2004).
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i

F_E#Ho R B H

13



PTRFEEFL R GRS MELNREES RN LT SE 8k

IR MRS /MR A AR G4 A0 e R R T e

B + SR 0 ERE LA sh B B AR (Strand & Pech, 19950, +
BB RNETIEAERE~RIEPRFHER (Veom). £4 DNA HE
(Polydnavirus, PDV ). 25 BB (Virus like particle, VLP) ISR SLE & (Ovary protein, OP)
RER & BSR4 M RAR (Teratocyte) M4 M%) #49% (Dahlman et al., 1990; Vinson,
1990; Fleming, 1992; Asgan & Schmidt, 1994; Shelby & Webb, 1994; 1997; 1999; Jones, 1996;
Luckhart & Webb, 1996; Beckage, 1998; Vinson et al., 1998; #T#4 & $%, 1998; Kinuthia
ef al., 1999; ZRFREE, 2000; KEHEE, 2000; 2001; 2002; Cai ef al, 2001; 2004; ?Wﬁ, 2001;
B354, 2003; Zhang et al, 2004 2); WENHEBIER, FAMTEHHTHE0 A
HEARIA BT3RO 8% TN (Kranijeveld & van Alphen, 1994; Eslin & Prévost, 2000), R iE
i SR B4 TR R % A %A )R Y (Davies & Vinson, 1986; Asgari & Schmidt, 1994;
Hayakawa & Yazaki, 1997; Asgari ef al., 1998; Kinuthia et al,, 1999; Hu ez al, 2003). BE¥E—4%5
RELMIE, JRARSRS R OTHHHETRERTR, RARS MME, BHA
M L MR R RTAE (S, 2001; 2002; Cai ef al., 2004), TTLL LBFFIE R HIS S
S/MEEBRER TS HEM, HARTTNES MR MR R E R 2% i
ARMEM, HARNEE RO T EE T RAEANANEER.

1 RS hk

1.1 Bl

RESPERERENE, 5 1998 FTATSBEEN (25£1T, 75%, L:D=14:10h)
FFRZES, FORFEHMNBE, RAREHEAERETEN TR 80 BB B ir-se
% 3m*x2mx3m) AP, EATHFTFHENA L. $RMEENEEERTKLE
M, KT 3 BHEESA T VRS ARSI Bt %, HEE. FiHE R
FEBHRARERREALERABRNZREN.

WS MR ERRAE T LR A A TSBEN. BIE, Rk 1.2 ftbftos:
BEME -1HE 0% EKHEISRES “FRE” XEED, FOLUYH, £HKR
B KR, 3d R THE. R, SIELNE 12h ANREEEHA 1.8 an x 8.2 om K
EEN, BE 1k REEAPLE 3 d HEEPXRNME 1 %, LUBEED, WNEH
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BT REG A E SR R LA TR N TR E

EEW, B8 1L REEAPLE3d SRS P LR MK 1 3k, LURIEED, NEH
Pracas ERRE, TR b,

SRR A R BRI AR T, £ LRGN D02 R ET B or, 4
BALEESG, T, BRI e,

1.2 B4 AR S R 4 5 RE 4 i A

BCPIMCRE 3 d RIREEE Olympus BRI T, RIRMSR N HEBEL (B 2-14), BT
SPAL. BT (0K, MIMERERE, PG dOREMHIRERA (B2-18), 45
BEIRHEH —E AR TBS EHH (50 mmol/L Tris, 307mmol/L NaCl, 1‘ NHCI #% pH
E 7.4) i) Eppendorf BALEH ., KBPHER, 4°C 10000 pm B> 10 min, B LT, BF@
T RG R LA, MR E S B LA S IR, BRI /RS, Ll TBS
FerBiET R AR R, 451 w TBS BB 4IEE | MEBEREEERESL
LEMER, RI0CCREEHRLMATENR.

B 21 SRR (A) TR (B) £MEAE
Fig 2-1 Female (A) and male (B) reproductive system of Pteromalus puparum
O: $A8 Ovary: OV: BS9E Oviduct; VR: MIE Venom reservoir, VG: %M Venom gland: SV: ¥+
F% % Seminal vesicle; T: BH, Testis: MAG: SR M Male accessory gland. #RAFE 1 mm.

1.3 % I 490 L EEE R RO EIE R U s

PL7s% MR EACEE)E 1 d RS R AR A R, TEEREGARELHE,
B T& 0 8RR Eppendorl BB &, AL S0 pl 4 BIINBIGH.& 198 W B TC100 B
HARUESFE (F 10%R4 ) #7196 LARIEHEHEILNR. BB, BRBEEHRESL
BERHREUEIE 2 pl MBS BB 3 AFEILA S, 8002 pl TBS Erhiihs 8. &%,
B 2rCHREFEDIER, ST 05 MAhEE Leica BIR BRUE T ik 3 MBI,
EWELBALNTERNALZR (B 2-2) HOBRKE, HIAFHMLARNERSE, £



WHT N L0 0 B G s 5 & /N B B (K dhhe 1 1 4 B LBt

T, ERE (%) = EREADARREATRD AR SEEx100. M, Ll Eppendorf
U RS VR VR HL - SRR FL TP i 40 B RE AL, INTHAARM 0.04% & YIS IR S, HRM
& 10min J5, LUMIKH R T Olympus E B FERRBES GEr) MARRE 3F
i) MnMRMEERE, WHOMNRE T,

1.4 5o if 4 0 60 2 £ R B ) 9 s

BHTIE 13, HEHEEH R RN ERMA ] TC100 B i s 3% 48 FL4
FUESRILAT: FRAM RS ERBA RN 2 W HELNIA 3 AFRER S,
ARTEREASTIN 0.008 LB/l BEESMLATMA 10 B Sephadex A-50 9k,
B 27CHREFEDIEN. R0 2 pl TBS 5010 $ Sephadex A-50 BBEAMERTE. 451
THIE 0.5 74 b, B Leica IR B WM T 53 4B A R LB 549 Sephadex A-50
IS, T HAREER, X, AERCO=(E (X —REEN X L AME R K Sephadex
A-50 BRI E D/ (B4 Sephadex A-50 BRI EHX5) 1X100. SIBIIRH AR Sephadex
A-S0 BHREARANEMBARCEEELETNSL S £, Hb, 1 8% WERELTSLHK
AR (<10 1) 2 & WERBMARTLOE: 3 & PHRTFENERTLER; 4
% NARTLOENE CEREHESITHELR: S@ MARTLANNE 5O
WEEEATRIELR (B 23), |

1.5 A RBOTIREE &/ MR A MR N B W

MRS MEPLERERE S T, — BRI, BRI, 20%8 &k 5
3dE, AFRE. UGS SN, THER 4 h ESS0RKSE, 8k
BEBFKARNBBE MNER, FHPREERE, AAEHREE 2 B2, —85
BTBIE, BESTHITELE 0%8E8K0E 1 d. FETH0E, SEUEEER.
ARG HRAE, 0%8EKMEE1d, SPRTERNFLRLE, EHLL &84T,
ARBAT MM R R,

2 R

2.0 HFHARGEE RIS M FAE £ MW

B 24 TTELE L, BeRE TR, BT, B, SA. BN BRI LR T
SEBTB RIS AR R RIS, MRERER N T 85%, SEr-FEH AT 20%, 3 Sephadex
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S MR G NER R TR T A R R T

A-50 TRERAI AL BETRMAL IR 0.5 h 1K1 40%, SEEEFT 4h WIF L 55%, SHBMHAEF
. TSR EEEAL SN, IR LM ) RE AR ANVF 20%, BHRFET-E AT 30%. 3t
Sephadex A-50 PHERATALIEHUD T-35%, BFM XM ol W, BEES/DEHEENRF
Ll R LS.

Bl 2-2 SERYBTHRL R R 00 40 3 A IR AR
Fig. 2-2 Changes in the micrographs of pupae hemocytes from Pieris rapae and Papilio xuthus after treatment
with Preromalus puparum venom
A, B: #UCHEITENERNOLAR: C. D. HALENGHERKEMIOER. HRAE 10 um.
A, B: Pieris rapae hemocytes treated with or without Preromalus puarum venom, C, D: Papilio xuthus hemocytes
treated with or without Preromalus buarum venom. Scale bar =10 um.

I 2-3 A IR Sephadex A-50 PR - TRy (L0 0 35 ¥ BRES
Fig. 2-3 Micrographs of the complex of Sephadex A-50 beads and Pieris rapae hemocytes with different
encapsulated grades
A~EZbr 1. 20 3. 4 A0S 40 BRRACK 10 pme A, B, C, D and E: Showing the complex of beads
and hemocytes with the encapsulated grade of 1, 2, 3, 4 and 5, respectively. Scale bar =10 pm.
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HIT A0 -S40t X W8S MRt 3 & et 9 E AU 1 1y IR

Birary Blge DOnvdoct W Toss B Make accessony glhand @ Yeram B Cential

% Spreading

4 |

F

Montality (%}

m 1

ol
1]

‘T

m ‘

" .
a5h 4h

Tirme after treatment

.
c
“|
0w .
P
|
n -
151

2-4 SRR G/ E R L B RIR B T B A S R R SO AR LR L R O

i

Encapsulation inde»
(%)

Fig. 24 Effects of the extracts from different major apparatus from the reproductive system of Preromalus
puparum on the hemocytes from Pieris rapae and Papilio xuthus pupae
A, B, C 5 Rk 23 fo SR M 4R R R . U148 K7 Scphadex A-50 ﬁﬂﬁﬂi?&!ﬁ; D,E F4#A
S 3B FE 1 RO 0 0 e ) R PR . BET R R X Sephadex A-50 BRI EIIEY. *RESHBMEREEP <
0.05), A, B and C mean the spreading percentage, mortality and encapsulation capable of hemocytes from Pieris
rapae pupac after venom treatment, respectively; D, E and F.meany the spreading, mortality and encapsulation
capable of hemocytes from Papilio xuthus pupace after venom treatment, respectively. * Represents significantly

different by comparison with the control (P < 0.05).



RO BBS DEREYERAERHF IHREZER TR

2.2 FAERBOT IR S D I O R

WSS KT O S 2 RER/A0) (F=097, P=034) R 3IK (F=085 P=059) %
ThBHEBENLEEMEEETEEER, PHEEHRETERIRNEOEELEEEZW,
X E IR (F=029, P=0.60). W= (F=0.14,P=0.71) FNE=IKr= (F

=000,P=099) HERRYELEEEE (X2-1),
% 2-1 FAERBHTEATEES R ERIERN

Table 2-1 Effect of parasitization times and mating on the ratio of egg encapsulation

Mated Times of parasitization Remated Encapsulation ratio of cggs (%)
1 - 0.562090a
5 No 1.54+19%a
Mated Yes 1.841186a
3 No 2.16+265a
Yes 291+445a
1 - 0.8411.044a
) No 1.6211.634a
Non-mated Yes 1.841+186a
3 No 274%226a
Yes 278+%278a
3 Wig

FERTPIORAFORBBAHECERREHFEDEH AT E AR (Beckage &
Gelman, 2004), WAMFEEFMEL . SHDNARERRBHENE, ST AW AT
F (HPWEZHDNARE) HESMEEMEL, SR/ NERBNFEESEY AT

(E2-1A), MATHEFLHDNARSE. HEH, 5iF. RPEREERENER. R
Tt SRR S RUREE 0 MMM TE A . FEIE RAT A TAE AW, T ARMESE R T 23 4l i
MRNERREERN, HSBMMAMET (EH2-4), BT EEEE/MERERRH
FTmAMERNTERT, X5RWHE Pimpla hypochondriaca X NRIRREE & /& Nasonia
vitripennisB 1B FEAB{L (Richard & Edwards, 1999 a, b; Parkinson et al., 1999; 2001; 2002;
Richard & Parkinson, 2000 a, b). T0 #8585 /M ERpk ¥ 50 R 1 3y B 55 SO0 W 0 40 FH AE R 4
RRER, LR A FHRES BT X NARER (Caieral,2004), BTN,
FERE S /N SR EA (< 0.5 h), PIEgd 99FR E B A8 3hk B % = A4 i s 1 &
4, BWHESHEHE—E/ER, MEHRRES, SHAMNEHMEEIEEX4EH, &
EFEHSHRL. BASREEML, B SRIE.
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HILL A (00 o SRS e AR Rl 5 &) $e s HE BB U1 'y 4 )i

U6 & IR B ST KBRS RERT P R E R B (£ 2-D), BHZ K
Fh (F0 3K MRS BRI G REN AT RE, T RPEI 04
MR, #E o WO RIS R RIS T s RET SRR,

i /1 MBI 25 0 D 00 12 O R M T B, A1 S B R SR AR
B S MR RS AR, 3 SRS MR T, DTSR
R E S R SR AR,
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WL AN iR 2. 0 & MR AN DS ME SR /D 0 2 A A AR R DB

PoE WM MEESEAE RSN TRENXR

HFEENTRET RO R EORE AR SRH K. €4, §X
FHEBFRAW O FBED T HEERAEEEHY —LFr 3 (Bender, 1943; Togashi, 1963;
Robertson, 1968; Edson & Vinson, 1979), T/R/DiF REER . B&/ MERT S, ¥ Ratcliffe &
King (1969) XTRIRSESES MER M T RE, HUIH T HEMEH. HLLZT, HAER
EMRADSRRSBFREXRHFRUESD, L Uematsu & Sakanoshita (1987) #f 73X
AEMER. RAFRDTRE. X, FERBE~TRPABEERDEA, HES
BERRESRTRE FERRZE LT RRETIHXMA. A ERN L ENTTIRSES
BERKE. ERERRERTHREL A ROBAMTTHR, AREVRTESAREIE
BEMFRAMAEMRRE.

1 MEE5FE
L1 Rl

EREARRE MR AR ELE-E ). v

TRABSESE & /i B S EMTTA, LURRIINIR Boettcheriaca (Sarcophaga peregrine)
FEAFRETERE. (82 d AERRZIKREERT 500 m) EORBE S,
B 100 kit BARTTRIMERAES ME20%, FE24hF, ZBRFEE, B
FARRMEE A T REN (25£1C, L:D=14:10h) R, HFERL. PETFE
T8 20%EE KRN “ FRY" XRED, BTERRARBENHE.

12 HREPEFHRE

FABPE, EERST, B TLAE: BaBE TR, BEEACRRT
K, RREBEKIR, KREEARTRE. BEKKREY 20%. BEBPAERT, €0
AREEMBERKE. SRER, GRELEER 20 LG, IR EREKITIRN
e, TEOPRPREFTHRE. FFOIRFENT: PRAREOHEESREREK
FEMIEEFI AL 3 N 2Rnl: 1 RE0, SRR < 12 WREK,; HEH, RERBES = 12
B MIZOE, SFRERR MERAEIRREIPE, B | KR UAHHRE R
FLFABR, TIIZR S0 4 pcREp (I 3-1,3-2),
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B MESIHERTREML W TRERNXA

AR, A T TR RRERS, T TR & TBS b mMIMgE A L Olympus
FHRET. DRWERLTEERS, MEERELECARSE, SRR S 0SSR
KELGEAST. K5, DR RaEs, SR, HTEREAERNE, EA5E
WE L Bradford (1976) W77, HLUBARFMKEFAEN (BSA) fErrAElisk.

1.3 St HEE

WE R FH DPS (BB RS HNE, 2002) AT 2547/ Duncan K& B HHE
HI77 ¥k,

B 3-1 MRS & R IR WE R RS
Fig. 3-1 The morphology of Pteromalus puparum eggs with different developmental grades
a: 198 b INERSR: c:MMBEE (RSP TC: MMM, a: Grade- I eggs; b ; Grade-1I

eggs; ¢: Grade-]I] eggs.

B 3-7 a2 R R R W R A R
Fig. 3-2 Morphology of Nasonia vitripennis eggs with different developmental grades

a: D 4%50; b HERER: o NISRER (REMEE); TC: BEIMIM. e Grade- I emgs; b: Grade-1l cggs;

c: Grade-IIl eggs.
2 BR
21 BRMAE

Sl NI NE SRS R - M AT EAHNEE. —ARSWThEEN
BREA (B 3-3A fIB). _EMBEBELEHY Uematsu & Sakanoshita (1987) WIRNE
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AREL AN bl 2 SRS G b o A SR A o S I R AR R A

fi R N Euplectrus kuwanae JZ Edson 81 Vinson (19797 IF58H7 160 Fi A8}
HEHAHEE.

2.1.1 BG4S MR

FILABE KO L H TR AR & MERB R EEER, BRKEREIK, #1523~
234mm. HETRLAE, AIRLY, SEERN 03mmEL, BREATEREN 033 pg/
BE, SREEEE, MlENEEERLERL, ERLE 24 BERTE 024 mm,
RYECR A, BRPRRBEEOIRENNE 1.05 ug/BE (1 3-4),

TRAEMERICH (F=004, P=084), BRHE (F=005 P=0.82) REHE
AER (F=0009, P=093) WERELW. MEABREXMEBRKE (F=246,P=013)
LREERM, HNERER (F=3812,P<10") HEEEASE (F=827,P=0007) B
FRELRE® (H34),

H 33 mRalaauanl

Fig. 3-3 Venom apparatus of Preromalus puparunt (A) anid Nasonia vitripennis (B)
VG: M Venom gland; VR: ¥ Venom reservoir; DG: # &M Doufor gland.

2.1.2 RGHE ME
FLARE K E# TR R AR & DR S TR, BREMETRERL, 414
3.0 ~33mm. HEFLHE, HERIFLN, BEBERLN 0.1 mm, KEZEETLS
F3d, HERWX02mm I HREATRUBERIPLN 017 ny/B RN S 5 R
B 0.60 po/ B (B 3-5),
LRRHESBRKA (F=000, P=098). HEER (F=0.10, P=0.75) EEWE
ABE(F=000, P=09NHEEERE. BEBE KX M EER Y (F=094, P=0.34)
EEHEW, MANHEREAR (F=530, P=0.03) MBAEAXE (F=792, P=0.008)
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BIF AN ISR ERAEAREMTRENLEA

MEBZErHEER (B3-5)
BEKLIEZEREHES MENTREEL MERBN S S, YAREREUBEK
i, KESIHBESIMSIEET 1240104,

m Feeding and mating B Feeding but oot mating
3. @ Mot feeding but mating O Not keding and mating

(mm)

LR T LIRS TILI T}

Length of venom gland

m;.umumMmlllllilIIIIIIIIIlIII||Iikl|lllll|ill-

e T e TR T EI KRN G S e TR R LT NI KA )

L ETEEDE DL LD TR TT 2R NG Y
e L G T L PO F G E X TTELT)
TR e O T TR D

e

(mm)
o
=

Diameter of venom reservior

0s |

Venom protgin content
(ug/venom reservior)

RN s
A L T I T T
T L A R T CTTTE]
SIRNLANEIBEA EELIVIAER IR ITTIRAITA0RERNEE ORI
FLERLGELUT DI LI R

oo lll!lllllu!Illllill[llumlulmnllrl!i:l:'

Time after eclosion (d)

34 B HBRTRTIA
Fig. 3-4 Development of venom apperatus from Preromalus puparum females
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T RFW LS00 SB S METITE IR &/ 8 Sl A SR ThE

Length af venom gland

Diameter of venom reservior

(mm) (mm)

Venom protcin content
(ug/venom mservior)

@ Feeding and mating B Feeding but not mating

B Not feeding bot nzting O Not feeding and mating

AU GO EEEEUTINN WL,

P LHSERITREE LI I LSRR HEE I DN TRE I

e TG T

025

02

015

01+

BSLIREIREIBETGALE LA 340 LEERRLIID

005

il

A M I AT TNRE)

09 -

T IR R LLRR RN

Time afier eclosion (d)

B 3-5 WRENS PRERTRNAE
Fig. 3-5 Development of venom apparatus from Nosonia vitripennis females
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NG IEESERALAL LW TAANRE

22 BRERGAHEWTRENXRER
Wi e AR T KRR NEE S0P R RO, TS RIS
T RSN RSB B R AHX (B 3-6); HBERMMRAS ZMARH R EMEHEX
FEE 3. TREES MEEEEE () =4.649-1.021 x, R* =0.399, F= 5976, P=0.037)
SHEESI %&ﬁﬁﬁ(iﬁ‘zﬁ#ﬁ% EREHTAS SPEPRRERRHTHEXHE 5-8);
ERESARASZAOEEME EARXXR (B 3-9),

Length of venom gland
(mm)

Diameter of venom reserviot
(mm)

Cantent of venom profein
{pg/venom reservior)

24

23

2l
03

02

8l

[k]

Q  Gmmdc-icggs & Gudellegps & Maupeggs
-------- €4 (Gande-d eggs) —-—-~- i (Gude-1l engs) ¥ (Mature eggs)
r=~2424-0006x
TR 079, F = 24029, P =0.000)
A i
L\
‘IQ'_
ﬁ-
‘\"'\ 2393003z ¥ = 1802+ 00085
" (K ~ 0397, F = 13308, P =0.005) (] = 077, F «31.7%, P = 0.0003)
[ ) A
¥ =0296-0016x
® =071, F = 25197, F - 0.0007)
Y ¢
-y )
[ .
.“ ..l:
L
|
.\ 7=0280- 0022 ¥ =- 0458+ 0008 x
YL (R =0664, F = 1748, P ~0.000) (& =074, F = 26,115, P = 0.0006)
® O &
¥y =1364-0095x
R’;o.s'».r = 12373, P =000}
;&
mv\ A
Ay ¥ =1297 -0.16x ¥ =+ 0965+0030x
. X (R = 0632, F = 15460, P = 0.005) N (R« 0704, F = 21430, P ~0.001)
!
0 10 . » A 0 & o 8
Number of exgs

B30 A MESRERTSHAPEAMEANRR

Fig. 3-6 Relationships between development of venom apparatus and numbers of different developemtal grades

eggs in the ovaries of Preromalus puaprum females
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Diameter of venom resenvia)

WL N bk . SRR/ MR & S S E U T o A RE

03 1S

15

3 = -1.085 +056%x
(R = D963, F = 269862, P < 16)

—
—— — »

03

02 i , 8%
| =
3§
£ g p
£ L E
- £ &
il
. ) g0 A
01} - {05 £ 2 03
b _.- y =<1837+ 3806 R y =0551+ 6582x
e i -
q‘,.—" ® =0918,F = 100645, P <10") | A (R =098, F = 100.546, P < 107}
ﬂ i 1 L 1 U B 1 ——— A - .- wd
21 2.15 22 225 23 235 .1 015 02 025
Length of veromgland {mm) Diameter of venom reservior {mm)

3-7 WS/ ERBELHNMT AT IEPHHELR
Fig. 3-7 Relationships among different parts of venom apparatus in female Preromalus puparum

a: BRELERRKEXE; b: BRESYEEERKCHEXE: c: BHECARSERELHXE.

a: Rclationships between venom reservoir diameter and venom gland length; b: Relationship between venom

protein content and venom gland length; ¢: Relationship between venom reservoir diameter and venom protein

content,
3 e

R & AR TR R S PR ERTHH—MEEFHEANER. —£ Aot aE
R (E 3-3), T LB B 3/ NE Euplectrus kuwanae BT EH B, BEHER P LTk
MIhEER S IRMFFLE (Uematsu & Sakanoshita, 1987), ZEFRS MR T IE S,

BN AR HREETIME0~3dREER, RERETHX—KE, KEEHEBAE
%, RBABRNEREZOSBULEER "D, XEBEE AR #E /4 Euplectrus kuwanae

" #8{ul (Uematsu & Sakanoshita, 1987).

ARSNGB ERTORE, WRB R EN T LR Ao 6 i
BREUNEFRTAEHIRIPTHESERBLIEE, BEaH QovndEl) HEREH

BIFHIABAAEEEE MR, KRR T LM KR th o R & RIS, 8 -

AHEBEHRE (20%REAK), FEKREFGPENTOTREEL ~FERFENENEDR.
AR NBIREEE LT IRT, DRI 3d R EASYE, UEREARETEE—KE,
HEWT. XKEMBERTRETLEEFEW, AR TAMBIiECERE, FNHESERRY
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R =0317,F =4.169, P = 0.072)
o Tl
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Fig. 3-8 Relationships between development of venom apparatus and numbers of different developmental grade

eggs in ovary of female Nasonia vitripennis
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B 3-9 MMnES SR EX N IRPHBE XK
Fig. 3-9 Relationships among different parts of venom apparatus in female Nasonia vitripennis
a: ERATSERKEXR: b: BHFTASEEERKEXER: o BHESSRSBERERNXE.
a: Relationship between venom reservoir diameter and venom gland length; b: Relationship between venom

protein content and venom gland length; ¢: Relationship between venom reservoir diameter and venom protein

content.

RABEFEFAENEHS/ M RERKE., SEELABAEAIRIYSHEPE
EOEERMXKR, S I MIEAPHBEAELXER, CHENE  MDEEEEEREM
P, HEREETIREERTFRAER . ML MEERTEBARBTESHPE TS
I 80 HRSFE BRI YBESHRELXR, BH-ERELS B, I5HAFLEBMNE
HRMUEXR, BHS/PEENATERE, PTHF P, PREEZHTIERAB RS
RFEE, TOBRBRITT BEMEIXMIER (Caieral,2004), WEBREEHSHTFRETN—H
WX REHFEERAHN, MMRNES MNERITLEY, T THFIRAEDNAREL
b, REMRRREREAEATRIR, HEBTRESHTRES-—BOREN, Kz
FERELSF TR R PR —HERN.

BEOEFHE NG Euplectrus kuwanae PULIE 0 ~ 6 d BREBBSHED R ROY
BREMX HAEHEENRERENRBFSNTFRETRE NN, BEXERFY (PSS 8
~10d) AHFEAXFPHXME (Uematsu & Sakanoshita, 1987), Ef&BEHE KA.

K}
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ATLAFBETLMR I WG NEITHRE S S S EALSS I S B e

HUE PP s i

i

RHALA TR

TS BRI R 5 hEECH A /LB (Jones & Leluk, 1990; Jones et al., 1994; Krishnan
et al., 1994; Coudron & Brandt, 1996; Parkinson & Weaver, 1999; Parkinson ef al., 2002; Dani et
al., 2003; Zhang et al., 2004 a, b), FHAXIHEBAFOHERSROTIRBRE (AE—FFX
1-1), BXN#EFBHEEHCEMT 7 il EE (Parkinson et al., 2002; Zhang ef al., 2004 b).
HAMARESED T HGRNERR, X &/ MEERER Eﬁﬁ!ﬁ&ﬁ}?ﬁﬁmﬁ% S
R, HROFRESTHHR. 2EBLEHEHHRKER, 2HFEHSNEERNES
HARE, XTSRRI A Bk M RARARR RN AT T RBEE.

1 AR5

1.1 LB H

KRG/ N MRS /M SO HERS RO R R R MR B — R =&,
Tn ! Ha AR BRI AENH R REFRABKARBEEN.

1.2 FTh4as /N8 W 00 8 1 4

1.2.1 B PAGE

BRI FERETEHERE MR, B5, 10000 g MO0 10 min HR. SBXkFEH
Tris-H RRBEBEAPR AL, UEHFRBHMBITHK, 2. REEREXHH 5 ~
15% 4%, LRRN 10 pl (4520 7)), KRB IR FLLS mA 715 mA BBH
RidK. FLUKIMAIEIKIX4 5% Bio-Rad 4 7K PROTEAN 3 cell I Model 3000 Xi. BERCA
% LERR R250 Rl BB 4y 05 he /RE, B, Bio-Rad AT GS-800 & EHHIR
HY B8, Quantity-one™ 43 by 1%,

1.2.2 SDS-PAGE

BHRBAINEEL SDS BIKEFAZH, B, PS5 min HELE, L. Bk
XA Tris-HEM-SDS BRENFHRR. SEEK. REBERES N 10%0 4%, 85
10ul (2920 - 53), k. . BERRMAMIAZER L. 24 Bio-Rad 4 7 XU H
kER{EIE®E. /KRG, B, Ll Bio-Rad ABH GS-800™ NHFAFAMMKKNEAR, U
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Quantity-one’ ™ B {443 b7 ik

1.2.3 2-DE

i S MR I ARRE S G /DR R OO BBk A Bio-Rad 2 7] A9 AN (] lB 3k 2 1E
2, AFEHILREBRIESEOT.

F—HFBRE (Tem KL, pH 3 ~ 10): AKETR 20 CA KRR KL RS
W, BEZRBEME. £ EPMA 001 gDTT, Biolyted~6. 5~7%25ul, £HRS. B
200 pg FAMAKIL LB EATY 125 ul, RS . WKER-20C A HRER IPG
PmIkEF (Tem, pH 3 ~10), TEBBE 10 min. HWFET KT PN DL ELETNE S
HEMAER. HRENEARESHNCENARRERSALATE, BETFRSHERE
# IPG & LAMRIPE . BREMIE IPG IRAREH T B TRAR UKL DR REH L, ﬁ
BRFNER GFAH NNTRESNER. ZORRE RS 2~3m 7Y, BkE

KR TPHENE K. HFE, il mbHmT. IRSEREERY,

FE 41 GFEREENF
Table 4-1 the process of Isoelectric focusing

Step Voltage Voltage increasing form purpose
Time

K4k 50V - 12-16 h C17C) E3715, $1
S} 250 V £ 2 30 min 737
52 500V Pk 30 min B &k
S3 4000 vV St 3h F B
S4 4000 V thix 20000 Vh XA
85 500V /973 2 Codt R ¥

%211 SDS-PAGE Hitk: I 10 %N MBIAR 1. EMRAFAMAH 1. 11,
EREABETOFER, REFHRAREELRETHEER L. 5 —4 ML
MilliQ K&, HZZRKy, REERBETREL, BRETRE LNTHHEBRENS.
HREFHBER2ERZT, BM—BREE, EHERENMTDA S ml BREPHENHE 1. &
MK R KCE R LB R 15 min. B PHLHE, BIREHRERBE Sk
PRI R TR 16 M KFE.2% SDS.0.375 M pH 8.8 Tris-HC1.20%H #ifl 0.2 g DTT).
HAHEERR S REFER. BOMAKFEHEDNH 1 (6MRE. 2% SDS. 0.375M pH 8.8
Tris-HC1 . 20%H#hiFl 0.25 p MUZ B, SEEAACOFRKESBIER 15 min. FHIELRE =
SDS-PAGE FRARGBLE AR £J7 S8R A1 2 RO E. KBS mBRBESRE L,
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AL A VS S R < /o FInH e 12 & /e gy ik 0 B U T R S IDRE

[LRIEMA b, IR L, BERINENE O . BERIEHEHEREETINRGEE. K10
XOBPKE MR | X WK E M. HEEPRREN . B TFEESER, R H M
WA UKL R PR A TR 1. BTN E RS8R, ¥ PG BEMHS
AU PBY, HEFRAERFN —m RSB RE | X Bk PE D . REERERE
N BERIR ) KT b . ¥R B4 SDS-PAGE BB BRI |, SR
MNEEHC. ERBINEFMARE SIEESRE. AR FRSEREAR T, F25%
H R MR I E o2kt THE 5 min, S SHEEBIRRAIERRE . EEASEIE
W aEREG. BEKEBZakiNT. EHXKMMABKENARE, HEHEE, 10mA
{Ef ek, FFREEE A& AL &N BInT &L k. BIKEHRE, BRERAFHEHEE,
B, HIRALUMERR S . REAEDATER R250 16, HER (PR KEERR: k=1:1:8)
B, RS, B GS-800™ J#E B $3R{X (Bio-Rad) #47 ik MR I3H . B3k E#E PDQuest™
2-D BRI HTHA (Bio-Rad) #AT4H47, '

1.3 BRiEE/MNEBERE H FX E Bk BG83 B SR i

R B LR BB AYITE, 4514 1. 2. 30 4. 5, 6. 7, ALK
REREMN R RE 42, VITFHAES 1.5 ml Eppendorf B, BEE LERERARBST
MALDI-TOF MS #3tfr. 3fA MS-FIT (htip:ﬂ prospector.ucsf.edu /) FHEFEXT MS/MS BHEHt
THHT, FRNBRENSHREWNT.: Digest Used: Trypsin; Max. # Missed Cleavages: 1;
Peptide N terminus: Hydrogen; Peptide C terminus: Free Acid; Cysteine Modification:
cz.trbamidomeﬂlylation; Instrument Name: MALDI-TOF; Sample ID (comment): Magic Bullet
digests; Minimum Matches: 4, Sort Type: Score Sort; Considered modifications: | Peptide
N-terminal Gin to pyroGlu | Oxidation of M | Protein N-terminus Acetylated |; Min Parent lon

Matches: 1; MOWSE On: 1; MOWSE P Factor: 0.4

14 BES/ MNEEREHASOVSHE

BB RA L Millipore A A} Microcon® B LB E 2B, BHEAVIS I ET 100
kDa, /pF 100kDa, AF 50kDa, /pF 50kDa4 R4, FHiAFKEE 2 VRE/p, TEIH
TR E-70°CRTE.

RO B A 3 L RA AR 7 S WA . T AR B R A TE A o

t: 96 FLANRUIEFFAR DA 98 nt Tn SBMR F0E Ha 0B 52 A3 35 (IR L 10%/mD),
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AR TUR, A 2 W SIS RS, EEHA AR N 0.02 VREW, &
B3 OKEE, 4URE T 2rCHRERETIER, AT 0.5 R4 hBE Leica B8 Bt 1
{3 A RBTIE. EHE B ERAKERA Tn GH. T8, B Eppendorf
BT AR LA R B, ISR 0.04% & MERIRS, TAME
10 min i, LLUMBHRT Olympus 2 B FAERRES B MARRE (7
#&) B T SHA Ha SRR SR, T EMMIETE. LU TBS ML HBAMESTR, Lifn 2 VRE
BRRRENTL YRS, SAEER L.

2 &5
2.1 BR&/EEREOMER LS MRS EANRIESE

BEPAGE)S, LAQuantity One™#k#: (Bio-Rad, USA) HiT# W, BHL NGB EEN
EERREFT BR2EHER, 2 TRBEEH1747 ~879.67kDa, HR7&£HFATFL100 kDa, &
HaRk u%%iﬁssss.m kDa, 308 kDaf1178.17 kDafI=MEAN E. Eﬁﬁmﬁﬁd\ﬁﬁi&
FEAMBEPAGER B £ WHEM, HFRAEA1762 ~ 809.94 kDa, KA ULTFRA
246.20 kDaE -5 4| H (B4-1A). SDS-PAGES, LAQuantity One™#4F (Bio-Rad, USA)
SHEY, KRGS PEEREETRRI7RWHEM, A TEAMN14.11~165.18kDa, HP
OF W FRHEP T21.17~44.41 kDa, TiTHARREE S MEEHEOB4EFESR, H»FRE

Bl J714.11~ 15593 kDa, EF6&#H D T21.15 ~ 36.68 kDa (E4-1B).

WA EKE, L PDQuest™ (Bio-Rad, USA) 4Hi7RH, B4 MEBWESH 1434
B SHAETEHPT4~7 20 (42, F42), TMRSES/ MEEREOEE A
L AT 5B 4-3). R &S FHORF 0K L BB 7 4 AT R 5 () 4-4),
Jx R BIE AT ERRY, b 7 rABEREPHRECAESNEREDNRE (%43
~ 49, BESMHFEEETEAEANRTHENERNEON S FRASEAERS, M)
il 2 AT BE A 20-8EL B RRZKAFRS (ecdysone 20 hydroxylase); 3 14 9T#E3% (transcription factor
hunchback): 5 AJRE U EBEMM (arginine kinase); 6 ATAENMBEEI T (troponin T); 7
e A RMEREH (tropomyosin), EEAEETRIE.
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4-1 ¥R & MR E ONBE PAGE (A) 1 SDS-PAGE (B) Hilt
Fig. 4-1 Gradient PAGE (A) and SDS-PAGE (B) profiles of venom proteins from two pteromalid wasps
Pp: ¥EMiERRMN: Nv: WIS MRS,

Pp: Pteromalus puparum venom; Nv: Nasonia vitripennis venom.

2.2 B S MERBETA S NS HE

WM& /DRI BI R R MR To SRR RIS RAMFE L RE A S 55

FRAT 100 kDa MEH, Sl Ha AREFLT- RAOFBHASEH KT 100 kDa HH (F
4-10),

B 4-2 ol e I AR Y T 1) ik B
Fig. 4-2 Two-directiona} electrophoresis profile of venom proteins of Preromalus puparum

A: REEHE: B: BfSH4BERE
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3 S ) L]

L}
M43 et S EERE
HIAR i R ik i
1160 el Fig. 4-3 Two-directional
: electrophoresis profile of venom
proteins of

Nasonia vitripennis

3 itie

S & DMERBEAE 7 FHH AR FEAT 100kDa, HEXBRBER 3 MRS
FREKT 100kD (B 4-1A). TRGERE MEED ERRET B 9 £H4R, REBRH
K& AR 246.20 kDa (B 4-1B) . R & PREH P HEBEWE TR KT 100 kDa FIEOHS
BANTEA, XERBEHLUHERBRPEHASEIEN TFTEABMKEFFR. B
Wik Pimpla hypochondriaca HHH ERMME SF21 EHHMAN BT 13 kDaFEH,
)% £ o 40 B R A AV TS HE B FH 28 A 32 kDa B, B S A E RS
PARENARNERARRERENAINEF 0 ARERFESOARET-MET
A KT 100kDa EE, RUFAFESRHAPTRERFEHTR . ﬁ’#ﬁﬂﬁd\ﬁ#i&'
I RARERAE - NETR—HEARE—AEA? NFELARTEENEAES
S5HEHARRAEANEAASREAR? HEMEE .

SDS-PAGE ##1% %, MME PHEREESHTREEMFTF 21.17~44.41 kDo, IR
HEL/NEEREADTFREELF T 21.15~36.68 kDa. HlN 5ESH AN F Lo
| IS, REREHZR AKX (Nakamatsu & Tanaka , 2003 a; Coudron ef al., 2000), 1R
A E AL

HERE S MR R B KBS 7 D RERRENE QST EO SRR, 7
A5 UCSF BiBEDATE A0S R RLUBE SRR, BB 35%, WHHHEHEE
=, HEFERREBRES TRIE KM Locusta migratoria. ¥Vi88 Schistocerca gregaria.
FMAME Periplaneta americana . BT W Leptinotarsa decemlineata 55 LA B, HHE
HEAHF R AN,
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Table 4-2 Protein spots in the profile of 2-D electrophorests of Preremalus puparum venom

SSP Mr pl sSSP Mr pl

6001 1847 713 2302 48.33 5 84
1001 18.6 5.56 3301 4839 597
2001 19.55 5.84 2303 4871 59
9004 2165 8.56 7302 4887 765
4004 233 6.34 7303 49.07 7.85
7003 23.77 192 7301 493 7.59
3001 24.17 6 6302 49.76 7.0
4002 24.86 6.18 4304 49.79 6.36
9005 24.88 835 4303 49.83 6.18
7002 25 763 6301 50.23 6.89
7001 2521 7.46 6403 5238 734
6002 25.84 122 6402 5297 725
4001 2%.16 6.17 4404 53.93 637
2002 2635 5584 4401 54 6.7
5001 26.35 672 1401 54.07 6.07
7004 27.01 193 6401 56.22 725
4005 27.09 634 2401 574 584
4003 27.44 63 2402 57.46 6.17
2101 2847 5.64 9402 60.44 958
2104 28.51 581 4403 60.86 6.17
2105 28.55 592 3402 60.96 6.07
1101 28.62 5.04 2402 61 584
3105 28.64 6.14 7401 63.03 7.63
9104 28.66 816 6501 64.46 6.9
1103 2867 542 4502 64.46 6.33
9102 29.05 8.86 4501 64.5) 6.18
5103 29.15 651 5502 64.56 6.66
4103 30.07 632 4503 64.68 6.42
5101 30.26 665 3502 64.83 6.07
102 30.71 79 3501 64.84 5.94
3103 30.76 6.13 2502 6485 . s
2103 30.97 58 2501 65.01 5.66
2102 31.06 565 5501 65.04 6.51
5104 3132 653 6505 6767 737
4101 TR 6.16 6504 67.92 7.25
9103 32.59 844 7502 6822 7.59
4102 1288 631 6503 68.37 716
7101 1296 7.94 2501 68.38 7.49
3102 3315 6.13 7503 68.43 172
5102 3338 6.68 7504 68.51 791
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4 42

N Y Mr pl Ssp Mr pl
3101 33.96 5.95 6502 68.58 7.04
3104 34.01 6.14 2601 69.02 8.11
1102 36.24 5.34 6601 69.27 6.89
9101 36.53 9.98 4601 69.27 6.18
4104 37.05 6.4 4602 69.43 6.34
5202 38.01 6.61 3602 69.48 6.08
4203 3822 6.28 5603 69.61 6.75
7202 3827 7.86 2602 69.62 5.84
4201 3836 6.16 3601 69.64 5.96
1204 3344 5.6 3601 69.65 6.54
1202 38.49 5.43 5602 69.73 6.64
9202 39.84 8353 2601 69.78 5.66
9201 3994 8.12 6602 75.13 6.9
2201 40.17 5.65 7601 81.35 7.98
2203 40.27 5.92 9501 84.9 812
1203 40.35 5.49 903 85 4
1201 40.43 492 6505 85.01 7.16
7204 40.7 7.54 2902 85.84 5.85
2202 4191 575 1502 85.92 4.92
4202 422 6.17 2503 85.98 592
201 4338 157 25901 86.03 5.66
5201 43.69 6.54 5901 86.06 6.66
5203 44.1 6.68 4901 ' 86.06 6.18
6201 4424 7.23 4903 86.1 6.43
7203 44.39 7.89 390 86.23 6.08
4301 44.54 6.16 1903 86.36 5.23
3302 44.68 6.07 1501 86.53 4.63
9303 45 9.88 9504 87 10
1301 4525 5.33 4902 89.13 6.32
4302 4715 6.17 6503 89.28 7.05
93N 482 8.09 7901 942 1.74
2301 48.28 5.66
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Fig. 4-4 MALDE-TOF MS identification of seven 2-DE spets from Preromalus puparum venom (1~ 4)
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Fig. 4-4 MALDI-TOF MS identification of seven 2-DE spots from Preromalus puparum venom (5 ~ 7)
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AT XERTF R X EE MENNEEE o TR E LT ST T6E

FIE EMARE/MESEREETNELET

HAEBHEEIEIE 8B R (Parkinson & Weaver, 1999; Rivers er al., 2002; Asgari et

al., 2003; Cai et al., 2004; Zhang et al., 2004). AEFITAHSWFTHE I EEEEKERTH
( Morale-Ramos et al., 1995; Coudron & Brandt, 19960, iB#F F T EFIREL (Rivers er 2/, 1993;
Nakamatsu & Tanaka, 2003 a; 2004; Rivers, 2004) ZH$IE TAEME LK KX T (Reed & Beckage,
1997; Digilio et al., 2000) HIThEE. XLLIEEMIERF SRR R4, HNERK. BWEE.
IR, HEMENEW. RN, WHTAFRED (Coudron & Brandt, 1996). Hik, &
A NE X GHE DR INREE S MEENEBIEH ALY, 2EF 2L RS
B MR, BRE. BAM. REENAREIBNSLERNS MBI, ERIIR

RN 28, AR ER T oo AL S AN, BEUSELYBI BT NN RREE
WEAL.

1 MBS
1.1 A8 4R

RiH < /DR, RUARWEE &/ SO MR RBAER R ERRD LS —BNE=%.
Tn # Ha HRRKRFERBNE.

1.2 R 2E

1.2.1 B

WEHAHRA, A TBS BEZHPIKREND 2 VREAL 95T 30, 40, 50, 60, 80,
100CAEE 10 min, MEPRTEE. UASREBAA FNEHALESH TBS MK, L
AU EE BN B ¥R
1.2.2 B

SHERIpH 3, 5, 67, 7.5, 8, 10 RIGIFH, BTHEREANRER, FFRSERR
Boh 2 VREA), SHBTFRBN-70CHF. URSERHBHTR pH HOD b 5 x5,
RAEHEHAREN .

1.2.3 REHEHH

£ 1 ml BHARME P4 5MA 100 mg SDS. Chaps, 100 uINP 40, Tween 20 # Triton
X-100, FHHLBEHBARE W T 2 VREN ), THATFRBB-70CHEE. LRSS HHL
FEFE BRI BN B, R B PR .
1.24 EAN

EFHHRBEPMATEORK SUEEOBFEZ L%RE D 1 mg/ml, 3T 37°CRE 10 min,
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BAT Pm b ERET RN T

BRVIRY SR A 2 VREAML 7 HEHFRIGI-TOCRA . LIRS S | mg/ml R824
B K oRRECBX B PERIEE, LUK b2 S804 B X 8
125 W

BB BARE S 2 VRE/Q, 10 NaCl fFE£HRIESA B4 0.2, 04, 0.8M (f NaCl #, L
BRI T3 B-70CRIF. UARBBMRRRER NaCl BH A AN, LIRSBEAT
iRy
L2.6  HPAEH

£ Coudron & Brandt (1996) f1 5. BEREHERBESSHHONNE: 08 (2
Lviv) BREEHEERS, WE2K, K1 min, 84, 12000 g ®.L 5 min, BHHRST
BiE, BTLHK, FBEFTK-ANRES 25mM RRFE%, PPB, pH7.0: 7H =7
Lo v), KHERETREU—EHR0 PPB EREATEM. LURABMN PPB LW
12.7 R 4 BGOSR BE BT

B 4 B4R DES BB, % 1: 10 (W) BHHIINTMREES /3 80E
RSP, ARSI % 2 VREAL 37CHRHE 10 min, ZEIATRE, Lin#E
#% 10 min JGHI3EHE 4 ﬁﬁﬁu&ﬁiﬁ&ﬂﬂP%iﬁJmﬁﬁﬂﬁ. AL B BR B

1.3 B SHAHE N RRE

H# LA EEES M B i MR R B RARREITELRNE, F4RL TBS
PEBAMERT I, LABEHORIRAE MR . G EEN 3 K. SO MR Rk M 4 R I
BRAHEAERNSRER, BERERANEESERIEIEEREMFZESRENE.

2 &R
2.1 BE

B ARG/ MEERERZHE REY S, MARRENABERNEEENRES,
LHABRBIET SOCH, WS MEEREEEATEER, HN4oBRML 60T, BRE
PRI K HREM AT S0'CH, BMEN LA (B 5-1). HEEEE 30~ 100
TR, MEAEBEEAFRE, BROFEENES, HEXL, CBEFLHERGIE Ha iR
MR EFET-RRRAEX (H 5-3), ABJF 0.5 b 514 50%F 90%Ha HRFE R4 iR 58
4 53.10 (22.17 ~ 249.04) F01 3334 (15.40 ~ 130.69), 4FBSS 4 h 3[4 50%F 90%Ha H
ML mAb BB B R 5944 (45.82 ~80.05) H48.61 (37.95~64.53).

RERANEEERRARRLS PRBROEREE, J0BREE S0CH, BHlE
H ISR, SRR KT 60°Ch, BT hkE R A %, A BB A 30 ~ 100
CH, BELCBBREOAR, BEAOGEEENES, HEEE (B 5-1), EABERFSHH
S#200 Ha AR T RARAHX (B 5-3), 4EF0.5h, 31E 50%F0 90%Ha I T
P BRI B RN 47.37 (25.04 ~122.05) F133.02 (1851 ~77.93), 45 4h, 3 50%
F1 90%Ha FRAET- ML R R 51.30(45.92 ~ 57.69)F1 3.95(39.51 ~ 49.20) (% 5-1).
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Fig. 4-5 Effects of temperature on physiological functions of Preromaius puparum and Nasonia vitripennis venoms

A B SRR & R A NSRS NIEE (A) JTEE (B) MEBW; ¢ D SHESHS
BRI AN A RITR (C) A% (D) M E F: HBEMES MR Tn AREE
B (E) M (F) MEM: G, H BELCEEMES BT (G) NFIRNES MEEE () A Ha
MATFRE IS, A, B: Treated Preromalus pupgram venom on spreading {A) and monality (B) of Pieris rapoe
hemocytes; , D: Treated Pieromalus puporam venom on spreading {C} and montality (D) of Papifio xuthus
hemocytes; E, F: Treated Preromalus puparum venom on spreading (£} and monality (F) of Tn cells; G H: Effects

of Pleromatus puparym venom (G) and Nasonia vitripennis venom {H) treated with different temperature on the
mortality of Ha cells.
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SRR R PRl A R MEIN T

T 5-1 MIRbG R ATH | AS Ha HIRRFETT 50%H 90%IH 1 &b IP &L 1 pH
Table 5-1 Treated temperature and pH of venoms from twa species of pieromalid wasps resulied in 50% and 90%

mortality of Ha cells

Pp-venom Mv-venom
Treatment
0.5h 4h 0.5h 4h
y=15.94-634x y=31.04-1468x  y=18.70-8.18x y=37.64-19.09x
(R?=0.93,P<10™  (R’=099, P<10%) (R'=095P<10% (R*=099, P <10
53.10 59.44 47.37 5130
Temperature 17,
(22.17 ~ 249.04) (45.82 ~ 80.05) (25.04 ~ 122.05) (45.92 ~ 57.69)
- 33.34 48.61 33.02 43.95
* {15.40 ~ 130.69) (37.95 ~ 64.53) (18.51 ~ 77.93) (39.51 ~ 49.20)
y=191-453x y=-415+1526x y=-167+858x »=1870-8.18x
(R*=089, P <10 (R*=099,P<10*) (R=097,P<10Y  (R*=099, P<10)
pH

LpHs 481 (277~2482) 398 (3.67~4.36) 5.99 (4.56~ 8.82) 5.18(5.05 ~ 5.32)

LpHy,  9.23(4.30~92.56)  4.83(441~535)  845(6.12~13.37) 5.60 (5.45 ~ 5.76)

FE: LTg, LToo: 5142 50%F0 90%Ha SMIFET-0 M AT BB, LpHy, LpHa: 5138 50%F0 50%Ha MBIFE
TR B HCHRROR A pH B, LT, and LTyq: Venom treated temperature inducing 50 and 90% hemocytes mortality;
LpHse, LpHy : Venom treated pH inducing 50 and 9%0% hemocytes mortality.

22 BBE

B pH ERIB RS DB R FE A BEEE. SRR pH 4 3 1, B
RELEREE, DGR pH S5 ~ AR, TRERRNERNEREN, TWARPH
pH % 10 B, HWAEMEHREEER (B 5-2), HEHMpH 3 ~ 8 2N, HAHSIEN
Ha ST E @ pH (2 IEH#% (R 5-3), 4385 0.5h, 3t 50%Ha HRIET- %
HATASR pH ERMAY 4.81 (2.77~24.82), 4B 4h, 5l 50%H 90% Ha 4 UFET-
BT AN pH MEGE X 3.98 (3.67~4.36) 1483 (441 ~5.35),

FrPH pH EX PR S NGB WA FEN DA R X, N2 pH 430 3 5,
B ERFRLES R, Fohi pH B2 5 i, HRNABSERFH, Bk pH 8 6.7
~8 2[4, AHREERAIEREEEN, S pH 60X 10 B BHATEIEEES K

(P 5-1). HBPH pH 7E 3 ~ 8 Z AT, HHGIAEM Ha MHRFET- R KB b pH HR T H
* (1 5-3). 435 0.5h, 31 50% Ha HMFE T HIEBHT AN pH BB 5.99 (4.56 ~

8.82), 45 4h, 5| 50%F0 90%Ha MRIELT- M EMATASZ M pH BN H 5.18 (505~
5.32) F05.60 (5.54~5.76), )
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Fig.5-2 Effects of acidity on the physiological functions of Preromalus pﬁparum and Nasonia vitripennis venoms
Ar B: SESHRINE MESHR RRERERER (A) MRETH (B) MEW, C. D: ARERNMG
DR AR (C) FIFET R (D) (W E, F. 4EGHESES MEHR Th 9K
RER (E) FISETZR (F) 635 G, H: RRIBEAF FERS MEHM (G) MIMBES MEER (H)
%t Ha AN ARFET-F B M. A. B: Treated Preromalus puparum venom on spreading (A) and mortality (B) of

35



Corrected mortality

BET WWBNG DRSO T

Preres rapae hemocytes: C, D: Treated Pleromalus puparum venom on spreading (C) and montality (D) of Papilio
xuthus hemocytes: E, F: Treated Preromalus puparum venom on spreading (E) and monatity (F) of Tn cells: G H:

LiTects of Preromalus puparum venom (G) and Nasonia vitripennts venom (H) treated with different acidily on the

morality of Ha cells.

®  Pp-venom

©  Nv-venom

¥ (Pp-venom) sesesies R (Nv-venom)
A B
80 . [ ]
y--18489+ 280 @ $ -
O IR = 06827, F = 27500, P = 0.007) ®=0881, F=91382 P < 10)
© . ¥ =-STET24 17053x ¥ =1LT30. 12772 z
< (R =087, F =93.015,F <16} O =0.7806, F = 56977, P <107) .
2 8
o ©
z 0 o —
ES (o]
[ ]
9 - D
$ .
LY ¥ =-256894 17059 ¥ = 148420 15641 1
&0 (K =008, F 31011, P <10° - ! =073, F = 109.580, P < 10
o
40 - ¥ = - 68071+ 2 291x r = ML 1.636x
B @@ =0500,F = 116432, P <10™) R =077, F = 54510, P <10
20 ; -
B . o L]
o .ot . 8 o
0 2 4 1 ] 1 » ) & » 100
pH Trested tempersiure {C)

B 5-3 AR ENETIR Ba HBEMHRERT R 5RALSE KRB M XE
Fig. 5-3 Corrclation between the corrected mortality of Ha cells and venoms treated condition
A, B: B EHLAE 0.5h: C, D: BHANAISS 41, A, B: Treated with venoms afler 0.5 h; C, D: Treated

with venoms after 4 h,.

2.3 REEHN

T AEFREEHN SDS, JE8 FRAFEEN Tween 20. Triton X-100, NP 40, B2
P ERETFEN Chaps MBH & EBRLBENITEE LW (B 54).

24 HAM

EAK K CEXGRE MERERFHELEE (£ 52), AU EWEHAS MNGE
WIRESMA R E (R S5-3). EE, WEEBUTERHE MMBERFHETLER (K520

5-3)0

2.5 HhikE

FrbHP HIRIE (NaCD MFF S B BRERTHITEELW (K 5-4 T 5.5).
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Fig. 5-4 Effects of detergents on the physiological functions of two species of ptcromalid venoms
Ay B CEE GRS BN IR N B RTER (A) TR (B) f1EW: C, D: 4#RARHS
A EERE S T RS R R (C) MIFETE (D) KW, E F: AFREEHNE/ MEIEHR To 958
RER (B) FETE () f¥m: 6, H: EDESALEERRES MGEER (C) HRMER S MEE
¥ (H) % Ha MEFET"R AR, A, B: Treated Preromalus puparuim venom on spreading {A) and mortality (B)
of Pieris rapae hemocytes; C, D: Treated Pleromalus puparum venom ot spreading (C) and mortality (D) of
Papitio xuthus hemocytes; E. F: Treated Pteromalus puparum venom on spreading (E) and mortality (F) of Tn

cells; G, H: Effects of Pteromalus puparum venom (G) and Nasonia vitripennis venom (H) treated with different
deterpents on the mortality of Ha cells.
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Table 3-2 E ffect of proteinase on the functions of venom from Pteromalus. Puparum

Cells Time afier treatment Trypsin Proteinase K Controf Venom
Pr(S) 05h 80.11 £ 1.89a 166311370 81.28+141a 1536+1.69b
4 h 83.73+ 6284 10,15+ 1.83b 83.18+ 1.03 a 946+1.030b
Br (M) 0.5h 33325770 24.09 :!:'3.?2 a 238+4.120 2564+4444a
4 h 370+ 642b 34.192392a 534+ 464b 363121032
P (5) 0.5h 80.72+ 1752 1444+ 086D 8355+ 107a 1472+ 1.69b
4 h 81691+ 1.56a 985+0.53b 844212544 935+1.23b
Px (M) 0.5h 278+4381b 33.23+3.18a 222+385b 3399 1.13a
4 h 495+429b 3949+ 089a 534 £ 4.64Db 4063 £ 4.65a
0.5h 72.82 4390 10221+ 1.25¢ 87.04%157a 9721296 ¢
o) 4 h 62.12+ 1320 92911.2%¢ 90.75+248a 915+1.00c
05h 30,79+ 2.81b 80.04+ 4054 1113+ 0.62¢ B1.53+1.68a
M sh 3655+113b  85834220a  1444:193c  8630:280a
0.5h 1032+ 344 ¢ 5795+£3.55b 333x577¢ 73051+ 1.8} a
Ha (M) 4 h 1094+ 387¢ 67.31+931b 3370+ 6.42 ¢ 94.44 +:4.81 a

i: Pr,Px, Tn ¥ Ha A RBMOHEREHMER. BOEBAMKLDAME; M: FETE; S: TR

. - RS REFERAREE R AT (L <0.05). EEP LT ERFZ . Note: Pr, Px, Tn and Ha mean
hemocytes of Pieris rapae and Papilio xuthus, cell lines of Trichoplusia ni and Helicoverpa armigera, respectively;
M: Mortality; S: Spreading percent; Maens at the same row followed by different letters differ significantly (P <

0.05). The same for the following tables in this chapter.

& 53 ROMLEIRERES MEERERDROEWN

Table 5-3 Effect of proteinase on the functions of venom from Nasonia vitripennis

Celis Time after ircatment Trypsin Proteinase K Contro} Venom
0.5h - 333+5.77c¢ 43.061+1.20b 333577 ¢ 7305+ 181a
Ha (M}
4h 581504 ¢ 5485+501b 3.70x 642 ¢ 9444+ 4.81a
2.6 HHLEH

W 4 /1 R FI T ARG & DB M IE ORI K B B EWsTE, TR PR
¥, $PRERTERESREOR, HERRSHEANYER. K ZETERs M
EWARFBENES, THREHSIEERPEHEALITERETX (K56 W 5-7),

2.7 X 4 B RO SHY AT

20

ZW 4 B OSSN E TR EREAE BB EBEEEERAR (K58

593,

3 Wi
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A # 0T ARRSR S & /D E RO SO IR R I 40 I To MR AN ERMNEFNTLE #
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Table 5-4 Effects of salt concentration on the physiological functions of venom from Pteromalus puparum

Salt concentration (mol/L)

Cells Time 02 M 04 M 0.8 M Control Venom

Pr(S) 0.5h  21.15+£142b  1915£151b 2056+043b 8128+141a 184241150
4h 1218+ 1.78b  11.83+062b 1262+132b 83.18+1.03a 10.88+2.58b

e (M) 0.5h  3254+3.64a 30931:028a 304613042 23814.12b 31.6813.66a
© 4h 36.31£1.03a 3656+385a 3685+144a 534+464b 3726+3.49a

0.5h  1506+0.68b 16.65+0.66b 1640+2.10b 8355+1.07a 1524%0.71b

Px(5) 4h 9.76£0.62b  973+120b 1018%1.16b 844212542 896+0.76b
Px (M) 0.5h  3689%130%9a 37.22113%9a 3685+144a 222+385b 3723+1.39a
4h 401212682 40.04:1.60a 4067+28la 534+464b 40771+440a

05h 1086+201b 11.52+321b 11L.14+347b 87.04+157a 1024+255b

Tnis) 4h 9.15£1.09b  875+1.23b 9241 154b 90.75:248e 916+ 1.090
. 05h  71.05+209a 72531+396a 7964+804a 997+290b 8196+2.39a

Tn (M) 4 h 84.55+2.16a 83.76+0D.74a 8529+331a 1559+2.16b 8535+263a
Ha (M) 05h  73891+09a 72651464a 73.08+897a 3.33+577b 7305+ 181a
4h 9521+£4.18a 94195042 9364+553a 3.70+642b 9444+ 481a

%

£ 5-5 RWEXTHMNE LS NERNERDRHER
Table 5-5 Effects of salt concentration on the physiological functions of venom from Nasonia vitripennis

Salt concentration (mol/L)
Cells Time Control Venom
0.2 M 0.4 M 0.8 M
Ha (M) 0.5h 73416112 716918198 7186+0.75a 333+577b 73.05+18la
a
4h 9484 +4.51a 9466+464a 91.16:044a 3.70+6.42b 9444 +481a

o NGB ROCLL LB AT 10 min J§, BRAREN ST, MHMWeEE
S RBREEHEMEREERA 60C. HITR, WRFEHS MESRE, LB ILER
FEMRM, SREINEKE L#T, TRRS SR —EORRet, MEM, =
BEVAHAT, BIBNE MEERABTHET THERBES MESHE (8 4-3).

HGPhHE pH E7E 5 ~ 8 Z N, WS MEERATEXEEISH, MTEBGEES
W EEH e PR RIS pH {20 6.7 ~ 8. dlLTT4N, WHS MEEBFErE pH EENTET
%Lk, HSErR SR AR U IR, MRS MRS RIS T B Y
PR, BRIk 42 §1 43 HATHHIX— 4. FEERERHS MEBRE, 12
MR R PR AF At . TR IR SO RO RGeS K B pH R R A, 0 pH B
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210 6~7, BOTERUEEREE S /)88 8RR IF LW RIAEIEEYE. T8 B/ B B ZhR i ifi 4 EL pH
{f1£97h 7.5, Lo {RUEAFS WAL & B H WAL W B Ii6e .

Table 5-6 Effects of organic solvent on activity of Preromalus puparum venom

£ 5-6 AHUBETIISEMe NEREREHNER

(S);gj:;f Cells 1::;::: A:::z:ﬂ Organic phase Control Venom
b (S) 0.5h 1834+ 124b R02210%4a 8128+141a 16.72+138b
Ah 1046+191b 8395+197a 83.18+103a 9.15:077b
e (M) 0.5h 3327+247a 256+444b  278+481b  33.23+3.18a
4h 3514+ 1602 370+642b  303+525b  36.05+258a
P (S) 0.5 h 1670+ 091b  81.79+2.12b 81.85+141a 1558:0.99b
4h 1011£1.54b 8469:148a 841012212 987+1.02b
Hexane ox (M) 0.5h 3484+545a 256+444b  277+481b  34.78+127a
extraction 4h 4030+346a 4.79+4.18b  559:490b  42.46+029a
0.5h 12602 0.96b 903010.46a B8756+228a 123010.84b
Te (3) 4h 946+1.35b 91.57+1522 90.73+248a 8.92+1.09b
0.5h 2189+ 0712 9.73+490b 11.79+0.69b 81.511287a
Te (M) 4h 8571+ 157a 1647+424b 1533£2.18b 85.75+3.05a
05h  74453+279b 3331577c¢  303:525c 73.69%1.18a
Ha (M) ah 944114902 611%536¢c  571%515¢ 96974525
br(S) 0.5 h 8037+233a 7938+052a 8128+14la 1568+087b
4 h 83.99+2.53a 83.92%3.13a 831841038 9.37+3.17b
0.5h 33315776 611+536b  3031£525b  34.92+137a
Pr (M) 4h 3701 6.42b  636+553b  3701642b 37.62+6.75a
P (S) 0.5h 81.63+097a 8139+284a 81.724291a 1526+3.77b
4h 8415+ 083a B8437+229a B8470+178a 9.60+2.92b
Chli:f:r)w ox (M) 0.5h 256+4.44b 2.78+481b 2.781481b 3498+3.90a
methanol Ah 559+450b S4134.79b  5341464b  40.7714.40a
extraction 0.5h $8.73+1.30a 8880+121a 88.05%123a 11.45+122b
™) 4h 6035+2.66a 905512252 90.09:204a B8.94+141b
0.5h 11.60£1.00b 976+3.19b  971+301b 82.69+287a2
Tn M) 4 h 1493£297b 17.6834231b 15683087b 86.55+1.46a
0.5h 581£504b  5341464b  333:577b  73.08+4.88a
He (M) 4 h 6361 553b 694t636b 534:+464b 97.62+4.12a

REEHER SDS. Tween 20, Triton X-100. NP 40 0 Chaps X MfP &/ M FHIEH RN E
EERZW, BN BERFEAS#HITHBALE, ML RBFEEURERSE

lmg/ml HAK K MM e PRRREECEY, B EHERES MNEFRER
HHES X, Imgml BEABSAAHS/ MEFRGEESEE R A K MERMA
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Table 5-7 Effects of organic solvent on activity of Masonia vitripennis venom

Time after

Organic solvent Cells treatment A;E:;us Organic phase Control Venom
0.5h 7567+569b 333:577c¢ 333+£577b 73.05+ ].8‘1 a
Hexane extraction Ha (M)
4 h 92961+ 6.12a 4.171+722¢ 3.70x 6420 G4.44 + 4.8 a
0.5h TJOx 6.4 2. 78 £ 4.81 3.33+5.77b 73.05 % 1.8}
Chiorform/ Ha (M) 3 ‘e ? a
methanol extraction 4 h 694+636a 66715772 3.70+642b 9444+481a

aaa

F 5-8 MWL) 0B 5 T h B AT MR & /) e 1 A B N
Table 5-8 Effects of Pieris rapoe larvae salivary secretions and mid gut fluid on the functions of the venom from

Preromalus puparum
Cells Tltr?;t:d Sao};“;a;}:iﬁim Commol gﬁﬁ;ﬂfl"mﬁ; Control Venom
arvac

Pr(S) 0.5h 81.61+2.00a 81.75+1.84a  81.90:18la 81.07+138a 1534+1.70b
4h 8443+2.76a  8451+125a  81.37:t043a 33.80+2.14a 10.4712.80b
br (M) 0.5h 2.56+4440 3031525 3.032525b 278+481b 294631 576a
4h 5815040 54134790 534146406 515451b  3741%6.32a

P (S) 0.5h 8257+348a  8169+4.53a 81.97+296a 8§1.56+£2.70a  13.56+0.84 b
4h 83.58+098a  8439+267a  83.0710.70a 84.95+1.86a  9.04+281b

Px () 0.5h 2.08+361b 222+3.85b 238+4.12b 256+444b 3617+ 1.17a
4h 479+418a 534+464a 46013994 303£525b  41.52+2.99a

n ) 0.5h 88.60+050a  88.18+098a  88.66+1.50a 87.95+1.20a  10.24+255b
4h 90.19+1.62a  91.14+1.82a  91.38+1.14a 91,15+ 1.80a  9.20+297b

o (M) 0.5h 11.43 £4.15b 9.78+1.83b 9.57+3.26b 999+209b  8524+1.72a
4h 16.68 £ 0.87 b 1568+0.87b  1577+1.71b 15.82+2.73b  B9.35+212a

0.5h 2.78+4.81b 2.56+4.44b 2561444 b 333+577b  73.05%1.8)a

Ha (Y 4h 581+504b 5341464Db 6361553 b 3.70£6.42b 9444+ 48]a

& 5-9 BB ORI HRY HNNR S BN EBRERNER

Table 5-9 Effects of Pieris rapae larvae salivary secretions and mid gut fluid on the functions of the venom from

Nasonia vitripennis

Salivary secretions

Treated Midgut fluid of
Cells of Pieris rapae Controf Control Venom
time Fieris rapae larvae
larvae
- 0.5h 704+£6.12b * 238+4.12b 6364553 b 333+£577b 7305+ 18la
a (M)
4h 1007101 b 571 £5.15b 10.28+2.10b 370 6420b 94.44 + 481 a

Al kil —

BHEHATTLERSEBE R, N—H RN AEEE %, EHEBHEEK, O
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K o] et @i ih &/ g Bl S84 54 K (Coudron & Brandt, 1996). BEER 1M
L, FIRRMER . RERNEESLBRORER, AFHS  METFIENEGMS
DR R T R S . RER RS MRS RN, FBEERIERIAEAR
7).

R AR PR PR & MR B BRSNS B B R TS P 4 NS AR AR AT
B LRGSR TR B B TR R, EM BRI £ TR, B
A BRA A (HIERRN), BHBRERASREAEES. FAAIBALE
FIERE AR, Ul NaCl B YRR S R A T i5 4

B S/ MNEBHE SR AR EEIE T A VAT, M0 2R (2 1,
viv) BHERNAKABEEREY, RAERPEEASREA, ffﬁ;'ﬂiﬂggén 5 Z80I{E
HRS EEREREE R THSHIIEERPERESASITHEX.

ML 4 B4R O RS R R T RS MRS T2 B R, TRERAE
BHEOME X, XEEANT T ERTNEEES T ERER.

2 ETR, MRS NGRS & MR R REGT RS, BIFTEE TR, 3
ARSI, pH EBIFY 6~ 8, FEXMBBERENBITEAN KL, BEHES
A pH BN 6 ~8, MEATEPHBEAELRRT 60C CXEARHE), LFEEPT
M R T E AL £ B RS, B4 B2 PR R h A P, Yl R
YR NaCl A2 MR AR, RIIDSEF RN S MEEREREAS
AT 100 kDa B H, HWAERAFHERTAIONS B, BALHTXBEMNASE#—F
wiqL,.
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BNE WIRI e /MR P SRR 58S D ZRAL I () B A

A B B (Schmidt, 1982; King er al., 1984; Piek, 1986). ¥k, 85 (Bettini, 1978; Geren
& Oedll; 1984) K ¥¢ (Iwanaga & Suzuki, 1979) BT EHSY . AT E. M LM
RAEX LA S5 HRKE, HBEWARNE@T e, HARER RS (Deshimaru et al., 1996; Assi
& Nasser, 1999; Hill & Mackessy, 2000; Kudo & Tu, 2000; Matsui ef al., 2000; Veiga et al.,
2000; da Silvera et al.,2002) . EEHFRPHAANRL RRY B BT BB — L,
InE¥E (Habermann, 1971; Banks & Shipolini, 19863, A ¥MFNIHE (Edery et al, 1978
Nakajima, 1986) X48# (Blum & Hermann, 1978; Schmidt, 1986) #%#, HEWHEPH
—LEQ 5, OEMAK. BARERE A, BEAMMES. S X E B hBERDPEHIRLRE 5-1.
FEBEBROTRTERD TEERTEERST I XEHE, MEASPBNTIRRD,
RISV F AR Eupelmus orientalis B PH BRI ZARBMEEYE, TR EHE
(Doury et al., 1997, Nakamatsu &Tanaka, 2004), ¥ H U8 & 448 { P RA BB T4
ARHHRE, BBERPHEHENRFH LEAHERHRERT ABLE, WRIIEES
/N Pteromalus puparum TR0 MR8 & /N Nasonia vitripennis 23 ¥ 6 FF 1B 3 5 TR Y.

1 MRS58
1.1 LB %

ke MNENTANRE S MR IMER T2 A RN g =%,
1.2 BRIME

BRI % BSE/ MR BMBPLS 05, 1. 2, 3, 4. 5. 6. 7. 8 d REFLASM S
B EHEEETIL)S 0.5, 1. 24 3. 44 5. 6. 7d A HIMRIEEE, MR RER 200 3L, EREERE, #F
Olympus BEHIBI T, DIRMEH AR AR RS, S UBERE, WTEE, 7 50 mM TBS
(pH 7.4, 50 mM Tris, IN HC1 W7 pH F 7.4, P EF 0.9%H NaCl) $iltk 3 &k, B8B83
KEPEH 10001 TBS BALED, MU NRERE, 4C, 10000 rpm B0 10 min, B
LA, WHEBREZE2VRE/ ul, BIABBEEN, R TUTERHMEHIIE.

1.2.1 BREERE NI LS AR

SRFLHR (1987) K5H, UUBRE _#0RMEiT. BN 10 ul, MAZHE.

BRI (1: 1) 190u), F37CHRE 1 h, TIBIMAMMEREE 400 n], 6 p/L FAE 2Btk 200
ul, 24 o/L BeMALE 200 ), B-AJFLL UV-2550 S Hh-6] WA 6T (Shimadzu B, H
A) 8 ODsy, PIAIMEBEHEIIEMPBETEXNE, UXMEHEREEZ.

63



BFSH My Rh G/ ey e T AR R A ABTE ) BRI B Sh S

F 3-1 BRAMIEY H B REHW P ITR R

Table 5-1 Enzymes in venom of Hymenoptera wasps

Species PLA HYA EST LIP ALP ACP PD PROT  Reference

Mutilidae HE& &l Schmidt ef af.,

Dasymutilla tepeletierii + + + - - + - - 1986
Anthophoridae FB 5] .

Xviocopa virginica + +

Vespidae 31 EE}

Polistes infuscantus +

+
+
.|,.
¥

P annularis

+

Apoica lallens

Polybia sericea
Brachygastra bilineolata
Dolichovespula maculata
Vespula squamosa

V. maculifrons

+ + o+ + o+
+

+ + + + + o+ o+ o+ o+
]
B

+ + + + + "+ + <+
1
1
1

1
+ + +
L |

V. prnsylvanica
Formicidae $(H#

Ponerinae AN TEH
Dinoponera gr;zndfs
Platythyrea cribrinodis
Paraponera cribrinodis
Ectatomma gquadridens

E. tuberculatum

+ o+ + 4+ 4+
+ + + + 4+ +
)
]
+
+ + + + + +
¥
1

Odontomachus hematodus
Ecitoninae #f45 FH
Eciton burchelli
Pseudomyrmicinae
Pseudomyrmex mexicanus
Myrmicinae ¥ EH
Paogonomyrmex badius
Eupelmidae ¥é// 88}

Lupelmus orientalis ¥ + - Doury et al,
1997

Euplectrus separatae + + Nazkamatsn &
Tanaka, 2004

7F: PLA- Phospholiopase A S¢BSEEM A; HYA- Hyaluronidase #553 JEMOM; EST- Esterase %68¥; LIP -Lipase §5
B§: ALP -Alkaline phosphatase BE¥E B ER8§; ACP -Acid phosphatase N4 M &§; PD- Phosphodiesterase #%8
N&A8:; PROT -Protease [ il 5 1% .

1.2.2 RS

£ Hama ¥ (1983) M7k, HL 20 pl FHHEME, WA 0.5 ml 13X 10* M i o-BE RS
ZfE, 37CH&RR 10min, BHIMAGSm B (1%H22B th: 5%SDS=2: 5) & &M,
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10000 rpm B5Cr 10 min, L#EL UV-2550 3401 W4 F76EE (Shimadzu Bigt, BA)
E ODpgoo LA IH B ME MR ET AR, Ll o-ES8EltebrfEdhze.
1.2.3 | i&EAE

Z I8 FEHAS (1995) A, BBiiEct, EEMEEEBEAAREY, BT 0.15 M NaCl
RECRRKAIH, IREH Smeg/ml. 20 BB, MAOImI Yk, 30CRN2h, BEH

A 0.6 ml ) 2% (wiv) I =LKL R Y, 4°C 11200 g B0 15 min J& » BU_EE R ODagso
VA INEESANZREETSER, DRESSERERE.

1.2.4 B4B6 — Ba4RS

£ M Schmidt % (1986) KA, MRS M (PNPP) AFY), E 20 pl B0
A 0.5ml 85 0.1 M Tris-Cl1(pH8.9), 0.3 m! 87 1 mM PNPP 1 0.2 ml 4K, T 37°CHE 8 h,

BEMA 1.5 ml §7 0.05 N NaOH #81t RS, & ODyjo. AMEBREFEEIZEMPRAET AR,
LA oT 1 3 2 B MORR VE B 4%

1.2.5 BRORERE A

28 Doury 8 (1997) M5 ¥E e, MFEME 14 ZRERNER, REXD
200 pl WAABEAT, B S mi 1 10 ml 0.15 M NaCl, i NaOH 8% pH £ 8.0, /8. &%l 1%
MIZREEE, mAE, BERIERE, B 20m! A pH 8.0 BEER, BATFRNEEN
15cm HFEMP, EEY Smm, BEFHITAST, LEEH025cm, FLEIFEN 4 cm,
FEFLARAOA 20 pl B, UL TBS fEFAXE, 37CRKB4h 5, MBER LI ABEAMRE
BHIKA

13 Pifte/MgEBTAIETES S RN E

HEa SR ERXH Bradford (1976) RIJ7#E. LIRS0 A EAFEREMLZE,
2 g7 |
2.1 BRI BN

Wi &/ B P R R R 7S TR ETPHLE TR T &, T RL/E 3 d KB,
M/ EFrE, PHLE 3 d SRS/ DRI E DM RS LR THRSES ME, T
P 3d EWB R . PiR&/NBREP IR RREET P EHEEN TRz 8. B
RIS E R PRI RSN TSRS N E.

2.2 KRS

PRk & /NS B R ERRE T TRML R T 86 FRE, PG 2 ~ 3 d IABMK, TERAR,
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WvE PR S e ds HE T AE AP I RS ) R T R S0

H TG S~6diA—EuE, TRHHES VB P BER & DIHSR TiReg & Dt
23 JTEEABE

WO BB & /NS EHE R IR R QMRS S, BE A TAEREAR, 2d HAH—R
EAE, BEET. B/ ERHRTNZ) EEAMETT.

2.4 BRE T BiMY

HRS NEERP OB _EEEOE N TRET R TR, FRkE2~3dE—%
AT, 2J5, IREESHRER TR _BBEHREAR, THWNE 7488, R
&ABEHTHE - FENTPULE SdE—HBSXHIETRE, ERL/E8dERIK. B
MG S R DR RS HERPLSE 1d TS ~7d BTSN,
TiPHESE 2 ~4d ZHEEXHMR.

2.5 HERARME A

FRh &/ MG PR RS A 107E H7EST L YIBORR, MERETREANE 24
BERR-KE, HERT. BREERA RN MR RS NEEHEER.

3 it

BRI T %R P (Benton, 1967), {BYZRE Pogonomyrmex badius ( Schmidt
& Blum, 1978 a)F1 3 Tt &4 AR P 205 ML IS 4 (Hoffman, 1977 &), Schmidt 2(1986)
BN RN, HEUPRERTAFERLBRE. BIRW P badius MR Paraponera
clavata FIER P BHEIRIERBEENY, AIHCIRERRE S RAHRERANRS
BRAPITEE.

AT REAGES B A IR EE NN, R RMNER P L ERY . RUERRETT T HIK.
K # & P, maculifron. Polistes spp. B AR¥ P. badius HHF (Benton, 1967; Hoffman, 1977 4,
b, 1978; Schmidt & Blum, 1978 a), ZHFL P H R Fh & /N PRI R R RR
i, BEMASAH.

RERsFE7E T ¥ (Benton, 1967). $3K4L P. badius (Schmidt & Blum, 1978 b) R Kk
P maculifrons (Hoffman & Wood, 1984) P, BN HPHIMRWE ML, Schmidt
 (1986) R 20 MM R BRSPS T E RN, MMEET 6 HRABED, A
5 4 MoV, —RINEH—RESAYG. BREBRUBRTPAIRERM €
AP RIBIE R EEXER, Bty E AR ER X, FiX 6 2 amERl e A
R, BAWRER, —SHEENNABHBEATREMREBEELE (Dejong ef al,
1975, 1982; Dejong & Bleumink, 1977). Schmidt % (1986) KIWFFIIEERY, & 20 FERHH
Wrhrp, HREESVE MM ENIRT REONEY, A EAMEENERPRRNRE RN
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AENF I LSRRl S0 E e M SRR 5 4 b B S 0 (R 1 A L) RE

. AR AR, WS NSRS HBEE A, K T s
Wtk T MINE e e BT

g EAMARERERPHFACLINE (Edery er al, 1972; Ishay et al., 1973; Littler e
al, 1985), BFEHILERIE, EFBRTHBRERALEMTIR, MEEHRHAPEAREERD
K LRBHETH"ER (King ef al, 1983). Schmidt & (1986) BFFA 18 FEEE RS
BEP, N3WAECEBEHE. TRRESPIEEEPREREEEE, XREEAERERN
H%g, HEBARETEREAQEMR, MXLEANREHEHERPEOMKRE, TTHHE
BRPEFEFROBARNARRFEENED, B — PR @RS/ MEFEREPIMEEA
REjEdE, WREEHFARUEX, WRHEES PRI TER, A RKERARET L)
BEREOHE, MBS EREART EERTHAB TGN R, BbEEPEA
Bpih D3RR AL AT AHER), ARSRBIE & DM # A Ak SH B b & 8IS b A,
X5 EFFWRERBAEN, WRHES NP ERTETETH, WMEIMEEI ~54d
FAREHBGR, MEFTL, MMFETATRESEL, TGS EEAFEE, ik
HEFHTHFEAAR, Y9G THENAFEAARER, SRR L EHaEEELE
IE# .

B KRN R P EOREIE R (Tu, 1977; Iwanaga & Suzuki, 1979), B BHAET
HLABE . Schmidt ¥ (1986) WIRAKEEAE 15 MAIEHF, {X Ectatomma F1 Paraponera
ER AR _EMET, KRB RIGE, 2R ERBANFREXR. BR _ESAERP
MITHRER TR, TREN BB P IR CHALOTIREE I RER. AFEBTHRNFHHE MEH
WA AR NS, EIMRENSE WA,

BXNEBE A (phospholipase) [ ZFETEREHREXL MO ERE S, HIEHERE X, —
R RS FERPAIRAERE R, BNEHPHNRE, RO A FHRhER,
AR A, NIIRNERE A, DHFPRAHREER A, HE Polistes germanica WP A HAEE A,

(King et al., 1984). TEAXRSERHE LK 7 WENAF A, FIABIAE A,, WEEICRERENENS A.
BNAE A AAESARR EOHEEE, WMERKSE S, TR bR ILRILE
A, BURRBHEDRRRBEIER. REREANLHURRBEBRELAMKE, 20k
i B EBE, AZNE& L4 5WREE FIRXERKRN. HEEN A, RESENNT
BRASZ—, SHERBESEN 12%, BHE o0%MEBRNEHAX, HHRRE.
Kuchler % (1989) Wi T MAF/EEERTHEMN A, HRE, FHERXIARBFF]. £
T EBHZY P RREERE A, FREEME. Owen % (1990) BT 7T AREIES BB E R PR
B A, F19E77. Dudler %, (1992) AXBATERAREN SR KON A, ZEH
T A RIE. BRI ESRFHRTPH PLA, h#1T T — 8 MR, WL E%%E (2002) /i
SiRE T EERDEERTK PLA, BEE ., BRE/ BRI A WHF R fib R —
Pt R, PRSI R B
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Fig. 5-1 Enzyme activity in venom of Preromalus puparum and Nasonia vitripennis

ALP: Alkaline phosphatase I MERME: ACP: Acid phosphatase ¥ BIRM; EST: Esterase Bil; PD:
Phosphodiesterase B8 " Mil¥; PLA: Phospholiopase A REIREEIN A.
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WL XFETFMW . RES/ AENIRRES /M FRAENE TS S B A

FLE SHCT ORI AR Ak, BR. FE50
FAT A BN

FEBRY T T RENFRA T3HMBIMBsh kB A (Strand & Pech, 1995), {E
FRMPRLED, FEBNFEIARLEAETHNNEERERLBEFTF TARNBRIRERX
2. B, FER0NFLASHMHE T ARERTIESSIRADMMBERE. A5, Bi.
T ARFERNENL BLZIRE, 1991; Strand & Noda, 1991; Strand & Pech, 1995; Lavine &
Beckage, 1996; Richards & Edwards, 1999, 2000; Cai ez al., 2000; Russo ef al., 2001; Rivers et
al., 2002). TMATABTRISEE N —HFEBRM —HEFZHRTHE, ORERFERFETE
- HFEIRERNARNE. ARAFEEHFTHEHNOEN, RAFEFREEHE. RS, RIS
HEARATEMATHRERNBAEOGE, BARES NEERT GRS T SO0
PRBRE. B BE. FRETAETTRERR, URNSERERHTENEF

FEAMREANIE, HFHEPRRAREERAENF T B hb4T 4 M 88 M%) 05 HR
IhEE.

1 MRS 8
1.1 BB

R/ M. TR S DR NI LS — TR, EEEE 0.5d LAY
KOSMATRE.

1.2 FENHERES

ERREE LT ENE R,

XTI R 3T AT, UL Eppendorf BT A 285 2014 0.5 VRE HIRH S NS ER
RS TS 0.5 4 RS S SOnWRi&n, it nmel Atk (BP, UK) 1k,
B3K 1S ml KEHOED, T25CHEFEARBRETREY. 235 2 01 TBS Brhiiay
PAERTTR. RS/ ER LR BT RO TILERE 3% T, BFLE
KAERICTF /AT 10%, HE TBS RAFERRIPLRIBETF 90%, FET-FDF 10%,
RHERNOEH A EERAR LERRTH (R 7-1),

71 FENEHBA LRSS DL ENE
Table 7-1 Effect of venom on emergence ratio of Pieris rapae pupac

Parasitized Non-parasitized Pp-venom Nv-venom TBS

% Eclosion 241 97.50 2.67 93.33 92.21

Number treated pupae 83 80 75 75 77

M
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FLE AR IEERNENRBOAREE. 4N YR TESERTHHED

1.3 MR HH 535 551 5

A RTINS 05, 1. 24 3. 4ad R, LR RA R, REREREN S
Mk, BEOED, WA Sp B (100 ml F1EAEA NaCl 095, KCI 0942 g,
CaCl2 0.082g, EDTA 2g) #¥, RAE, THERMET, CURBRAERANE WA
R 0 48 A3 R (Gupta, 1979). SRR EFHWF ERHMTHEE 5 %, FAMRS4E
WIS TBS MM, '

1.4 Jin 40 RIFE R 2 MRS M E

S HEE ARSI BBUE 05, 1. 2. 3. 4d MUEEHEENE 3 %, M 10u1 MHET Leica
8 B TR, SETRAKRERNOFMARTRLDARAGHE (LB 224~D);
A 10 ul M EEHER 0.04% N A B BHEHE (GBE 0.04g BT 100mL EFAKP) B
3, 10 min J& AR AT Olympus HERME T EERREE GErD AXERE (F
%) B A RS RS R, TR LAERFEEE. SRR SEMEN TRS
L iogi

1.5 it £ A 0. A A 0N 5

4 UK FF AR S S &/ MR I TE MR & RS 05, 1, 2, 3, 4d MR,
B 50 1 1 M0FIE 50w 1TC 100 B H5EIFHA 96 FLAMRBEIE S (Coming®, USA), T4
FLAMA Sephadex A-50 k&) 30 4, B 27 CHBUE A TI5HL 4 b, WU /FIRHE Sephadex
ASOBEFRMBA RN AR ARZAN, SEREMSHSE GELE 21 5im), 3t
WMk RS (BRE_F). CURFEMEH TBS MEXIMSENH.

1.6 A A S IR0 5 SO0 MEAE 40 B DR P D A4

BAFAENTEHERS 0.5+ 1. 2. 3 440K E,. 4T 1000 g L 10min )5,
WRITSE A A, LA V-gene EEARRARA (BR, HUHD BEERE DNA, HUL
0.8% B FE Rk ARAE e Y oRr I A ) e |t -

2 5%

2.1 X SORRRNE I PR R RN W

EHEHRRES/ M ERTHERR, XK. BROMAREOARERT 42
505 ~4d 5RFARES TBS Ryr K MM S NESRINEHELLS BEA BB 7-1).
EHEES M EHEISTRRNLARSESAPFEAELERTEE, £ TBS O
MREE S PERROERBENEREESRFEHERERVARE. TR EEEM
MO ESRE, FLARENARIEHTLERS 2d WA, REMEE.
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WL AR . BRSSP ETMENE & RN SA R

SO GRS A R BT SIS S MBS HAR MMM PR R, KWL,
L5 TBS sl Sl TaBh o & A H M LB WK M MBEF S HHF 05~3d BETKA,
F9E 4 d BE TR, PR MBS WHNENRRZ (B 72), FEDEHREE MRS
T & PR SO R 3R 0 A0 BRAG LR, 48 L i 20 BRA B 81

22 0 ifi 4 K E RE R AFTE W

Loy TR e

RERNEBRTEER

@ Parasitied 0 Nomeparasitized @ Pp-venom {3 % A % of & Pl At
@Nvvenom  @TBS EEE.FEREHS
WG 05 ~ 4 d3Eke
95 3 10 440 i F0 SBURL L
90 0 ) B R 1S B B
R, TIRE 4., E5
TBS SLERARNEMRE & /b
W 5 0 3% o o AR RO
6 L1 4 i 5 R S )
FAK, BhE NG
BRFAESEH R
ot 3E 06 W 5 1 4 B 0%
SE R A UM SR
B, ¥4 TBS BREALE
B MR, R
VNG AR R
BAZER (B 7-3).
M BTE

e BESBEHRETRE
T R 30 48 1 98

Time afer treatment {6 B 3 S R 4

B 7.1 SRR R AR I R A FEREHBRE 0.5

Fig. 7-1 Effects of parasitization by Pleromalus puparum and venoms from ~ 4 d, B i #F s &

Pteromalus puparum and Nasonia vitripennis injection on plasmatocytes, granular WEN T, TEFE
cells and total hemocyte counts in the hemolymph of Pieris rapae pupae.
Pls: #Mm#AB:; GRs: PR MMM, PLs: Plasmatocytes; GRs: Granular cells.

Nurrber of PLs (10/d)

Nurber of GRs (16/mi)

Narrbes of total hemoeytes (10/mi)

#5. H 5 TBS BLRRAE
WS /T R I
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ELE AR RSENTHRGELARNE. AN, TR, SES0RETAMEN

SRR AR RN K, MR /DB 3 4% 5 SR A A M T A SOMY SR O 46 B 4 0 e A AR
IR ERSE, TiEST TBS MTAELESE & N B 3 JON R it 40 Bl (9 7775 LB 2 Bw).

wPiraierd [ Nosopanaroed G Ppresom @ Nyoermom @ THS

. %Fls
% ORs

Tene afier reatment {d)

B 7-2 MO AR A T S 2 N S R A 2 o £ B F IR 4 R o L
Fig, 7-2 Effects of paragitization by Preromaius puparum and venom from Pleromalus puparum and Nasoniz
vitripennis injection on the percentage of PLs and GRs in the hemolymph of Pieris rapae pupac

m Pamsiteed O Non-pamsitied @ Pp-venom @ MNv-venom @ TRS

LT I R T

% Spresding

Vishility (%)

i TR TSI ]
+ [T

L]

Titne after treatment (d)

7-3 R AR 2R O WK 4 MR SE RO TERS M
Fig. 7-3 Effects of parasitization and venom from Pteremalus puparum and Nasonia vitripennis injection on the
spreading and viability of hemocytes from Pierts rapae pupae
A, C: RIMAME: B, D: BRAUHM. A, C: Plasmatocytes; B, D: Granular cells.
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WL N LAt 0 SRS b N S0 IR & M REDVE RS R YRR

2.3 0BT BE HOH R SO AR I 0 A PR A ) Ak 4 AT

A RIE ST B80T T AR A R A R AT IR SRR, KT RILEH ONA BB ER
200 bp Ao RIS AR EE & /D 00 A 1 BT T FLH T e R 0B AR o 0 L A
BT,

Pas Py Py MaMy M BNog Ny Ny MMy Vo Vi Ve ViV M T T, T, Tu T

A 74 FFAEFOLEN BERT IS S0 0N 0 48 MR B 4 DNA By N BB b ik
Fig. 7-4 Eclectrophoresis profiles of hemocyte genome DNA from parasitized and non-parasitized, Peromalus
puparum venom injected and TBS injecied Pieris rapae puape
Pos~Py: HEF 05~4d; Nys~Ny: 05~4 BMEHEM: M: S TR Hind 11l digest ADNA, 5+F
B KB R0 23130, 9416, 6557, 4361, 2322, 2027, 564 bp. Pos ~ P,: Pupae parasitized for 0.5 1o 4 days;
Nos ~ Ng: Non—ﬁamsiﬁz:d pupac day-aged 0.5 to 4 days; M: Marker. V5 ~ V,: Pupac in;iected with Pleromalus
puparurr venom for 0.5 to 4 days; Ty s ~ T,: Pupae injected with TBS for 0.5 to 4 days.

2.4 FiAHREREEHKER

RS /R BT M T B RSN R AAX Sephadex A-SO BRiKILIEAE
M. FEREHEHE 05 ~ 4 dNMBOBROERENEN TR, TAFEREL TBS
FOX TROEINEE 2 A RYBEA R, TEENIHE, BSEEHEAREE 2 JARE. BHe/
S4B A T A R SO WO o 4 R 0. B AE R AR RN S M, TTHES TB'S X S0 Rl
AR ARENEEFEE (B 7-5).

i)

aa 0 @a .
" T o f"oal T
& | i
a0 |
b h b |
! b [b b
- I o |
1 I
0s 1 2 3

Time rfter reatment (d)

%)

Encapsulation inde>

B 7-5 & L0 B 2000 S W 160 40 BT . X Y
Fig. 7-5 Effects of parasitization and venom injection on the encapsulation capability of Pieris rapae pupae

hemocyies in vive
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LT NS ARG E . dbk. k. FEREITAEER

3 e

ME S NEFA R 1~ 44, XHBWBMBRPEE £H 5, KimBRET HLLFIEF F B,
B MARA N PERE LA, KOsl BMRZRERTFEFEEETH, D BEEE
N EERK, MES 0.5 VRE MERG, W45 aRF LB AN, #—5ir f
R4 MR BER R RN LB RN TIER T, |

HEBNTENF I OARGERERERBERXRESE, KBOTHA"F: 1. 45
FEMAF IO AREBREBLEEFERN. Hu% (2003) BFAXKE, RWKERE
Macrocentrus cingulum IR LXMW TR Ostrinia furnacalis 1o 4808 35 B . 228 ifn 40 . A¥)
¥BEOSBRMESTITAHTEEEW, MTFLETHBTREWEHHRBET INEHER
B 2. HAERFETS T MK TR, Rives® (2002) FREM, Rk
Sarcophaga bullata W ATMBERE S /N Nasonia vitripennis B R|(F AR BT LI G h,
MAMAKARODAREEDEE TR, IR nARSEVNLEER, X58RTEHHE
M A—BY, 37 B A a0 R 50 K MR 3% 1o 39 B SR it A B T e K B B RE RO RE D 3. &
FRELTIREEF N EBRERANN. M=H% (1991) B, 4 Chilo suppressalis
gh i — (LNR R B Mk Apanteles chilonisBE R A MMBR AP E WM. StrandFNoda

(1991) i, A GWRPseudoplsia includens# S MR B EMicroplitis demolitor & 4 J5 L 48
RAKFTHE, BRHOARERIEE L. FXNERSMNHO—H, RHERNE
AEFESIETHFENRBEGBRN. :

Fl—HEIHARARERTES, FELSEARNERREN. WBEFR B Heliothis
virescens&h 819 S R i U5 MR SRC. sonorensisF1 8 kB HMEC. nigriceps®F £ /5 Ef RUMEL .
ZRBHBERBELBERFES, FTOAMBHEAEFER ~3dBE TR, £FEHF2d
FRFRIETR, PHOSRSELH; ERLTKERELS, FIEHABIEETAE
fE6~8dF BE T, BMSEREMARAMEN MK BELASKX (Davies et al., 1987,
Vinson, 1971). T4 XCHIRLRES, TR GRS EHE RN TR i 3R
MARBLEEER, RBEGAOFEREMYE —CRNERGHE, & = 4Rk
PEm R,

R 5 4 e ) B2k MR AT LR 3 i BRI TE R L AT S AAEFE (Lavine & Beckage, 1996,
Richards & Edwards, 1999 a; 2000b), AX MR ERBIRX— A (E7-3F17-5). B4
S/ EFERFRHHABEABREESRELARMNEER T, BONRERAH KL E
R, HAMRE R NEREAGEESF O ARKAMBL, X 5Pechfl Strand (2000)
FIWRFT 45 RA AT AN ] SEEE & /D e a3 i 3 25 3 1o 40 i B B A48 mi 0 e i . RS ol 40 B SE Rg
BEFHISSMMBILTHONE NS B,
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HIFT A 122 fie 3 Sl /N TR I € /Dol B S A T 1o S e

FINE BHROSRBE MERE EARRSDARER. 715
58T R

EHEBSFIEMRBLIED, ERLSEOREEH, HF4B8—BREESS
B — RER LA . HEBHMO0HIHE T HE A8 0 A RN EERY
(Parkinson & Edwards, 1999 a; Richards & Parkinson, 2000 b), &4, BRIXFEEEHE
W, ERFERRRERTER TEGRIEER, hit, RIMGEERRE MERI004
Wa M ERFERNERAHUARY. REAF EROARER T T BT ERITE
FEEFRANAN, REEFHTEREEXBTENFEOORARSTEREOSE
(FEETE, 2000, 2001). A EIF (Caieral,2001) RMMERH (Caieral, 2004) MW,
HELBHFENPREZRBREL EHNHF EROARLZHEIEETF (Cai o al,
2004), Bl 38 W WiERX — A EHERE b, RRCARIRMIKS K Nasonia vitripennis
HEHCH SR, EEAREE ANEER OB TS, RSN  EERHERE R R

HEMRGER. FERNEREDNERERETIT, Uit— 55 RRR g0 B,

1 ¥B 5 Xk
L1 K B
e RN AL AR S MR R RS - RNE R,
1.2 FHRR
BN LY .
13 FHX & A RERNESYRNE
130 EHES
AN R L RERAESORN T E2RE-LE.
132 Mgk
1 4 R P 4 5 5 B S B EE PR A AR S RO L T B LS — K
1.4 B0 i 40 A0 0 JEAE P RO B 2
1.:.1 5 &k 48

WSS R ARG EAEANTFR A EEEELE,
142 HikiEsE
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AR dri e AR E R R A A S SRR TR . 0 LR AR

BT 14 077E, BN R TS M EMA S TC 100 Eh
S L 3 WG 48 TLAR MRS FRARALACR . TS AR (Rl R P /D e MR MR 2 i BT
SmA 3 AFREFL R, EXILADERRES HIRE R 0.002. 0.004. 0.008. 0.016
f10.02 VREAQ; BRAESAILAPIA 10 B Sephadex A-50 #iEk, & 27CHMEFHFHTE
F&. FIHTHA0 2 ul TBS F1 10 ¥i Sephadex A-50 THERIIVERT . 355%. 43T 4, 120 24n /5,
WA 141 F Leica 88 BHE T E AR LBILAP TR L REHH Sephadex A-50 HiF
o, THaREEN.

2 &7

2.1 SEXyS4h d2 FEhiE v i 2

WPpvenom  BNvevensm O THS
W0 [ A (B
o Y L gt ] | a2 £l . I
" | |
.l! |
@ |
|
||'| |
|
ALl |k 1
p Ol . - » ' 1 |
- 1M1 A3
i ol JH ; | A 1N IN ¥
o
w
g o ? ]
N [ gl o L= @ d & &
1] | | ‘_
| |
. |
. !
. |
Fuil * W . ¥ \ . \ t ® g . | . .
|
o : .
05 4 8 12 M 4 T 05 4 E B2 M 4 | %
Time afler injestion (1)

B 3-1 FHE/MEREHNRT IS KR LI I AR R AW
Fig. 8-1 Effects of venoms from two species of pteromalid wasps on the spreading of hemocyies of Pieris rapee
larvae and pupac in vive
A C: ENGSEMMARNEROEE: B, D: FRMEEE QRGN Ppvenom: A%
WS A EREHE; Nvovenom: 5 TMMES MERE: TBS: #§ TBS npHl, * sHXNEERAEE (P
<0.05) #F (Student’s +-1%R), FikATEA TBS FORIMNEN S MERMORMWL DR, K2~ 4/
2+ A, C: PLs and GRs from Pieris rapae larvae; B, D: PLs and GRs from Pieris rapae pupac; Pp-venom:
Injection with Peromalus puparum venom: Nv-venom: Injection with Nasonia vitripennis venom; TBS: Injection
with Tris buffer solution as the control. * Showing significant difference from the control a1 P < 0.05. Arrow shows

the Pieris rapae 5™ instar larvae pupated. The same for table 8-2 ~ 4.
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WL K0 SR 30 A S T R 3 S S ) SRR T A B

P A0E, U G DR W TS 5 B AR (F = 121823, P< 10
T AR (F=2911.59, P<t0™") WHERE, JE4t/SHHIENRIEETT B & R un gl i 4l b3 i
HEME (F=24.50, P<107") MBI (F=4.04, P=001) RUERE, By 5w EniT
K, Wb MO RE R 230 FE FIE, FRE0H] 50%F0 90%3K i 40 o A0 R i 40 K T I i
AL §-1. FRASHASES MEBFHXT B LI AR (F =025, P=0.62) Figkd 485

(F=0.004,P=095) MERYEREEN (BI81AFC).

WIS S /R O E A RMAAE (F= 130291, P < 107) FUETRIAME (F=
2062.97, P < 10*) MEERMH B FMEIHER . HLL 0.5 VRE Ml & /MEHHEN T8
SIE A PY 5 0.5 ~ 96 h, HE i 40 LR SR i 40 M A R AR A (K T4 TBS f9% B (H 8-1
BH D), HHEH XN EMME (F=38.69, P=00002) HEHMMAM (F=1697,P<10™)
MERHTEERN, BROARMERETERS 0.5~9h BN TRE. EHEREES
NSRRI M (F=1.40,P=024) N MAA (F=0.62, P=044) HERY
TRE/MMH (B 8-1 BHD). RmMKRFHRRE, FORBENERLH % AWk 4 fa L 37 i
40 PSS R /D S AU TR s, SRS St A0 SR 40 it 4R
MR SRR PR AR (X 8-1).

X 8-1 BRNE& DM BER R PR T R PR IR BB R SR
Table 8-1 Time effect of Pteromalus puparum venom on spreading of two hosts hemocytes in vivo

Insect Cell Time tffect
type Equation 1T (h) 1T (b}
Pieris rapae PLs y=584+035x 0.0038 18.09
larvae (r=0592,F=123.58 P<10Y (0.0007 ~ 8.012 (9.65~45.93)
GRs y=591+0.19x 0.00002 79.74
(r=078, F=3331,P<10") €0.0000 ~0.0006>  (17.45~3788.56)
Pieris rapae PLs y=582+035x 0.004 20.28
pupae (r=073,F=27.24, P< 10 (0.00001 ~0.03> (5.87 ~ 585.45)
GRs .o y=598+022x 0.00003 23.15
(r=093, F=13237,P<10*)  (0.0000 ~0.0003) (1236 ~ 57.67)
Papilio xuthus  PLs y=603+0.30x 0.0004 6.90
larvae (r=086, F=6532,P<10") (0.00002 ~ 0.002) (3.92 ~ 16.20)
GRs »=596+0.21x 0.00002 3228
' (r=0.68, F=19.13, P = 0.0002) (0.0000 ~ 9001 (7.48 ~ 6040.03)
Papilio xuthus  PLs y=596+025x 0.0001 21.03
pupac (r=0.86, F=64.90, P < 107 (0.00000 ~ 0.001 ) (9.24 ~ 86.09)
GRs y=6.01+0.24x 0.00007 13.21
(r=078, F=3352, P<107") €0.00000 ~ 0.001) (5.24 ~85.98)

B MEBGE V] B E B E AR AR (F=13016, P < 10*) MEkML

M (F=6660, P<10*) BIFEH, TESTERIERMEX ZMMM (F=593, P=0002) HITE
IHHRERW, MIXNERDMARAETTEETR (F=0943, P=0.50); TBEES P
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B NS MR T A e AR R 48 L IR0

W PR E K AR (F= 0001, P=098) FISHMBM (F=049, P=049) HI4E
BEFEN (B 82 BAID). BEE MR BERRE AR 5 W4 d ma
il (F=96.15,P<10") B MAM (F=12089 P<10™) MESKE, EHEHEMNED
MHBMIFEREERM (F=11.23, P<10"), X BROMRNOEELEERm (F=2.57,
P=006). BFSRGHES/MEFTIIONE S W REARIEM (F=0.07, P=0380) HE
KM (F=020,P=066) MERHLLEER (B 82A M C). Bk,

FEAARE T, MR R0 Sh th I 40 B E 3R i A SR R N B HUE R . T A

HeVh, B3R 0 B GURLI0L 40 O % R &/ R T AV RO LS B R A A AR 2 (R
8'])0

u Pp-venom B My-venom OTHS
A B
10 = & IT Is I H =| i BL
B | |
'
o0 |
a0
1] I .l
z . R . H | | IR IN 1}
& C t D
| 10D el " T - I . T
3 - . s # » B 8 L] 2 g - I
| L] : 1 * L] b * L
| ] | I ’ "
| |
& |
& ¥ |
| |
i ‘ |
0% 4 L] 12 4 48 r . L1E] 4 E 12 | 48 T2 b
Time after injection (h)

Bl 8-2 ¥ M SR SO KD S i iin 8 M 1S 1 R
Fig. 8-2 Effects of venoms from two species of pteromalid wasps on the viability of hemocytes of Pieris rapae
. larvae and pupae in vivo
A, C: BB HBAERR R B, D: JCHWWER: o R b Pp-venom: H:§ig
Wi /DB N Nv-venom: B8 ARWRNESE & B 7E; TBS: 43 TBS #APH, A, C: PLs and GRs from Pieris
rapae larvae; B, D: PLs and GRs from Pieris rapae pupac; Pp-venom: Injection with Peromalus puparum venom;

Nv-venom: Injection with Nasenia vitripennis venom; TBS; Injection with Tris buffer solution as the control.

2.2 A B &) o A0 0 i 42 i 4 R

0.5 VRE 8845 & /ST B F 2wl REsh s A (F=2514.98, P<10™) i
Bkl i AR (F=2285.73, P < 107) BOZERE, vk 51/ BB AL T B35 B v 3 o 40 8 (F = 10,76,
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WL A R 0 S AN s S W R R

P=0.0001) FITR MM (F=593, F=0002) FER, WiTHLFEIEL, HA0QE
MO Fry 48 JE S U W MR SO%6AT1 093 i 4 M0 Sk 0 490 Y 42 JB Y 2503 18] WL % 8-1.
PABENE SR & S TR RS 4 R AR (F=0.25, P=0.62) MPKiM A (F=024, P
=0.63) MERGEEFBA (B 8-3A F1 C)o SR80S /R MR HHS RO G5 46 48 1 41 B
(F=349230, P<10") HIFHMAM (F=266701, P<10") WEERBH BEME, F4
Fri A EAE T M AR (F=16.11, P<10™) FIEEIMAAN (F=4.97, P=0.004) HHEEEH
HEREEW, HESEHBAEK, FERDSRNGEREEA TR, SHIH S0%M 90%
3 1 S0 BP0 L 0 40 0 B SR BT S T (B L 8-1. MR SE MR EEE RTINS RS AR R
MM (F=1.13,P=0.30) NBELMAMEA (F=057, P=045) MERBHTEEZW (B 838
D).
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B 8-3 AR MR A AHERRY R NN0EREROE S
Fig. 8-3 Effects of venoms from two specics of pteromalid wasps on the spreading of hemocytes of Papilio xuthus
larvae and pupac ir vivo
A, C: RSOOSR MAMBER mAMM: B, D: HEREMGEDHNNGTRAMMHA: Pp-venom:
AT N BB R Nv-venom: {4 fHINAT & /N 85 TBS: 4 TRS #pF#. A, C: PLs and GRs from
Papilio xuthus larvae; B, D: PLs and GRs from Papilio xuthus pupac; Pp-venom: Injection with Preromaius

puparum venom;, Nv-venom: Injection with Nasonia vitripennis venom; TBS: Injection with Tris buffer solution as

the control.

8 G/ B S YT S R A T 3 i PR (7= 67,39, P < 107 R G i S BT ( F = 71.95,
P<10™Y FIEIEH BB, TEOE T mad R Bl h M 4HM (F=59.29, P<10™) M
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BT R e 2 R R A N AR . 5 S AR MR

FHL MM (F=11.12, P<107) WEREARTT BF R, BUvES Ao e A0 A IR 4 B 0
TEFHEHTE FB IIEHE & MR RIS IR MMM (F=0.13,P=0.79) A
Bk mApE (F=149,P=023) MERHEEEEZSE H4AMC). FHRHBE MRS
PO ] 5 % B SR 37 0 4 0 ( F = 81.49, P < 107" ) FIBAL fn 498 Jf € F = 54.72, P< 107
RIS, BETESTERTIA M EE I, M AMAR (F = 10.43, P=0.0001) FIZRF M ML (F = 19.33,
P<10%) WERENEE TR, HHTRRES MBI RREE DMK (F=297,
P=0.09) FERMANR (F=0.50,P=049) MFFRHERERW (848 H D).
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_ B 8-4  AFba/ MEBERE R R M) DA L0 M E W
Fig. 8-4 Effects of venoms from two species of pteromalid wasps on the viability of hemocytes of Papilio xuthus
larvae and pupae in vivo
A, C: HMERSHHZNANNSREIMAN: B, D: HERESEEIARDBAMAR: Pp.venom:
VS S0 2 /MR BRI Nv-venom: FES MBI & /MBI TBS: HEH TBS H#L, A, C: PLs and GRs from
Papilio xuthus larvac; B, D: PLs and GRs from Papifio xuthuse pupac; Pp-venom: Injection with Preromalus
puparum venom; Nv-venom: Injection with Nasorie vitripennis venom; TBS: Injection with Tris buffer solution as

the control.

2.3 L A E R AR

WES MEERT EE RIS BB MMM (F = 560.78, P < 10™) F0Pki i 48 M
(F =804.05 P < 10™) MREER, TRmMRERDIFHZMHEEATHRREMNE X
B (F=4.84, P=0002), EMARKERMAFZHERRELRE (F=0.17, P=017). &
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WY N LR R 30, SRE G/ A SR G i A A (R REEE AR B URE

R AR MR (F=107.26, P<10™) MR MR (F=3645, P<10™) MERST
BERW, MLOHEMMER, CHERBNERA TR (85 AR C). WREES g
LSRRI AR (F=4.72, P=0.03) IER AR  £=5.74, P=0.02) PR
WA RE W, HAEHNEREOA S, KM (F=14.93, P<10™") FEHI0MENR (F
= 1408, P<107) MEREDE TR, SBEMHENEOMRKIERETBELW (F-
3.58,P=0.04), MMM IFRATRLEEEL] (F=2.05,=012) (BS6AFC).

0002 VRE .l 0 VEE Gl B0 YRE ul
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B85 NS G ARSI ARERMER
Fig. 8-5 Effect of venom from Pleromalus puparvm on the spreading of hemocytes of Pieris rapge larvae and
pupae in vitro
A, C: MmN AR B, D: EMNEHE D NRAB MMM, A, C: Plasmatocytes
and granular cells frf;m FPieris rapae larvae; B, I:: Plasmatocytes and granular cells from Pieris‘ rapae pupac.

W5 S /M E O B R A R F = 634.69, P < 10 YRR AR CF = 9611,
P<10") MEER R BEMSIER, BBH iS5 R RO E RN (F
=445 P=0003), MERRFEXNLOARYIEREREER (F=1.09,P=037), 4B
R SR I (F=146.22, P < 10°) FISHLMMMEER (F=3603,P<10™)
HHERERW (B 8-5BH D). WBHES NS THBEEM MM (F =137, P=
0.0004) RERTBELW, BHEBRREOAHEMNAR (F=2892, P<10") HEEL

FREESR, TR AN KERMER ERME (F=0.75 P=053), THRELS METH
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WNE dppoi iy el 4 bRl Lo el R B . R LB W

R EBNEEI N AREREELRW (F=2.17,P=0.14) (B 8-6 B A D). BEHRMEK
il RS AR 1Co, B, AR5 SR MRS S I IR ol S B AN B0 . S YD 49 BiE
JE xRS NS BB R AARR (R 8-2), T 1T M ITe &, HOM ML M 405
Eibgh R m AP (R 8-3)
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B 8-6 FERRSIEREEEENRGINRAERERNESR
Fig. 8-6 Effccts of venom from Nasonia vitripennis on the spreading of hemocytes of Pieris rapae larvac and

pupag in vitro
A, C: TH¥SHREAMRABEMAR: B, D: TR i 48 MABK I AH. A, C: Plasmatocytes and
granular cells from Pieris rapae larvae; B, D: Plasmatocytes and granulac celts from Pieris rapae pupae.

S NS BT A AR AR A (F= 13170, P <10*) RFRMAR (F=
5200, P < 10") WAESHEEEW, FERMLERMOT®, KOER (F= 1092
P<10™) MBI I ARCF = 6.20, P = 0.0003) KIFF 751 F M, AR B fE I Tapa R M 4A L (7 = 9.70,
P<10") MBHMAMM (F=1448, P<10") WMFFHHEEENR, BAERENEK, =
EFEEEN VR (B 87A M C). TSRS MEXTBERRRGHERNER (F=032,
P=0.57) FMTMER (F=3.00,P=009) NTEHLEEEN (B3'AMC.

WRUE & /e 0 S A TR R 3 AR F = 182.41, P < 10°) RIGTRLM M F = 56.14,
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T A¥H P Ie . WS MRk E S SRR AT S e

P10 e B B, HEIESRCERIORE, RO (F=8.85P<10"
HIEH AR = 7.45, P= 0.000DMITFERBE & MR, IR EES EX R i MMCF = 14.73,
P<10™) MEHLMAMM (F=14.66, P< 10" MfFiGHhA ERE. WIRGRELS g BHT
SHASE S I A (F=0.002, P=097) MFkmAE (F=0.16, P=0.69) HEEHLE
E®m (H87BFD).

F 8-2 MRS/ MEF T FI O 3 M4 M I R R R

Table 8-2 Dose effect of Preromaltus puparum venom on spreading of two hosts hemocytes in virro

Insect Cell Venom dose effect
ype Equation ICsq (VREMI} ICs (VRE/R )
PLs - - -
Pieris rapae y=6.93+043x 0.03
larvae GRs -
(r=044, F=13.62, P=0.0005) €0.00001 ~ 0.16
. PLs - - -
Pieris rapae y=7.00+043x 0.00002 002
pupas ORs (=048, F=17.11, P=0.0001)  (0.000001 0004  (0.00001 ~0.16)
PLs y=7.15+040x ) 0.007
Papilio xuthus (r=062, F=3627, F<10") {0.00003 ~ 0.04)
larvae 7=6.99+040x 0.01
ORS  (r=0.57, Fo27.72. P<10% ) (0,00000 ~ 0.07)
y=T748+054x 0.00002 0.006
Papilio xuthus PLs (=063, F=3762, P<10")  (0.000001~0.0008)  (0.00003~0.03)
pupac GRs y=6.82+0345 ) 0.02
(r=0.66, F=4519, P<10™") {0.0001 ~ 0.10)

3 8-3 WS | k00 TG o o N4 o S0 PO PR i (R R

Table 8-3 Time effect of Preromalus puparum venom on spreading of two hosts hemaocytes in virro

Insect Cell Pp-venom
type Equation ITsp () ITs0 (h}
Pieris rapae PLs y=575+061x 0.06 7.42
larvae (r=090, F=25293, P<10™ (0.02~0.12) (431 ~17.16)
GRs y=573+048x 0.03 14.10
(r=083, F=1318), P<10") €0.003 ~ 0.08> (5.89 ~ 81.48)
Pieris rapae PLs y=585+050x 0.09 2.31
pupae (r=093, F=36597, P<10) (0.06 ~0.13) (1,83 ~3.0D
GRs y=583+041x 0.60% 127
{r=077, F=8588, P<I0" (6.0002 ~ 0.043 {493~ 108.53)
Rclxpifio xuithus PLs . - -
larvae GRs - - -
Fapilio xuthus PLs y=6.12+031x 0.0003 335
pupae (=064, F=3637, P<10") £0.00001 ~ 0.04) (1.56~ 15.81)
GRs .
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Fig. 8-7 Effects of venom from Pteromalus puparum on the viability of hemocytes of Pieris rapae larvae and

pupac in vitre
A, C: MR MMMATRAER: B, D: FHWNEE N RFIBHN M. A, C: Plasmatocytes and
granulat cells from Pieris rapae larvac; B, D: Plasmatocytes and granular cells from Pieris rapae pupac.

2.4 HiFS R4 A8 B 4 i 41 A

RS ST S RIS R i 4 (F = 2368.55, P < 10°) FSh 4 (F =
2175.88, P < 10°) MBERth# BE MBI, BBATRE i EH RERE (F=985, P<
104 F=17.64, P=00001), TiAbEEREIMHAMR (F=020, P=090) FUFKIMAM (F
=2.55,P=0.12) MEBHEEEELW (B 8-9A 1 C). THRMNES MNEBFHHHERBL
BEMAM (F=11.14,P=0.01) MMM (F=9.64, P=0003) WERFABAEEY
i, ESERARKRE AT 0016 VRE/W B, MARMERAZFEEMH, S
FtthE BEHW (F=27.63, P<10%; F=17.19, P <10™), b3 )5 {A)X H#HS A4
mARKERT BREEW(F=298,P=0.04), MWLl AAMAERITESE RN (F=0234,
P=0.56) (E8-10A FIC),
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Fig. 8-8 Effect of venom from Nasonia vitripennis on the viability of hemocytes of Pieris rapae larvae and pupae
’ n vitro

A, C: ZBRG S MARIOER DN B, D: FRu D ARTER R MR, A, C: Plasmatocytes and
granular cells from Pieris rapae arvee; B, D: Plasmatocytes and granular eells from Pieris rapae pupac.

SRR /MR M AAHE RN R R AN (F=1547.08, P <10™) FERid 4
M (F=2555.23, P<107) R B EMAMER, BRREARTESEREOIR (7
= 1230, P<10™) MBI (F=12.14, P<10”) WER, MLEREOHE, AR
IR T B, W5, SR B EIRHHH FURSN S RAEER T B M (F=0.73, P=
0.40), TR EMAMMEREESEL® (F=8.10, P=0.0001) (B 8-9BF D). THIREIE
S/ AR R R fn A (F = 7.57, P=0.008) BRI 40BR (F =738, P=0.008)
WAER T EEMEER, ERRNSHERNTE, SR RERE 0.02 VRE/yl Ti88
WS ML, WHOARAERBERT 70%. THLLERERT 0.016 VREAI
i, AR LAERNERDEEEMIER, ERRNRART BEEEREMER (F=42.83,
P<10™) MEKLMEI (F=33.57, P<10™) MIER, k5 H 20 M (F=0.83, P
=037) MBHHMR (F=23),P=009) MERYEEZEYMR (B8-10BMD). aBHR
RRBRL DA AR 1C &, B AE S 0TS ch A8 2 o 500 BN 30K [ 4 G
RIZEREXTARSE &/ DS B AR EFHR (£ 8-2).
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Fig. 8-9 Effect of venom fiom Pteromalus puparum on the spreading of hemocytes of Papilio xuthus larvae and
pupae in vitro

A, C: HIFRABSHUFENBERPMMUMAR: B, D: HEASEMXLMERNEROHR. A C
Plasmatocytes and granular cells from Papifio xuthus larvae; B, D: Plasmatocytes and granular cells from
Papilio xuthus pupae.

SRR &/ R BT RAES) AR i B (F=15.91, P = 0.0002) FBR MMM (F=
36.23, P <10™) WAFERINE BEEW, BRLERENBRLARNFEHESERW (F=
3.85, P=0.008), i EOMRAFFVEBERR (F=242,P=006), LBEHEN &
MERBERERM (F=5091,P<10%; F=26.08P<10"), MsEREINEE, KM
RRFNRL 4 B A A TE I T I (B 8-11 A 2 C). FHSRSAEE &/ MBS R4 th 3
MK (F=0001,P =097) FGRMME (F~ 0.02, P = 0.90) RFESLEE TN
8-12 A F1 C). ¥WE4 /iy W O] 5 B R RUBHIG it 4088 (F = 59.80, P < 10™) fjG
HMME (F=6138,P<10") WEAEE, FHSRLCERENNN _EFERHNEET
B (F=439,P=0004; F=419 P=0005), it4F, HBEHFAN _EFFELEEER
W (F=3857, P<10% F=2149,P<10"), HMABKRMHELFEREH TR (B 8-11
B0 D); BEARYHHE & /N B o 3 1 LR 3 1l 40 BLCF = 0.03, P = 0.87 )FIRRL (f 48 . ( 7 = 0.000,
P=099) MFFMER AEW (K 8-12B M D).
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- Fig. 8-10 Effects of venoms from Nasonia vitripennis on the spreading of hemocytes of Papilio xuthus larvae and
pupae in vitro
A, Co S R Sh A 3% i 4 AN ST GHBE: B, D 5 3R MRMON 32 ML £90 R JSERE i S B8 A, C: Plasmatocytes
and granutar cells from Papilio xuthus larvae; B, D: Plasmatocytes and granular cells from Papilio xuthus pupae.

2.5 RIS 4h K50 41 S 3 1E

FREFHEERBAEMAT, IR0 AR 7Y Sephadex A-50 WKV L0 K
BB, BB B RT KR Sephadex A-50 WEEREAFEMNMLARR X CREFE TR 5 &,
RS EIRHENE —F.

EANELRRY, BRSMEHNT EEMRNEHE (F=162500,P<10")
§i (F=2700.13, P< 10) % Sephadex A-50 BMVEMIER. XLlMHE NEBRIE T
R ah R AEE Ak AT, 14 BERT Sephadex A-50 BRIV M B E{E0UM TBS MR, 4
BHRER TR (F=12.60, P <10*) f08F (F=11.68, P <10™) 43 Sephadex
A-50 BREVIEHA BE MW, HEEEKERRAT T, FHREMENNLHR (F=002,P
=0.98) M (F=0.003, P=1.00) WO ARMEEEALEEEm (B 8-13A fIC). MiRE
H S MRS B (F=3.56, P=0.06) FIf (F=0.55P=073) mARBERN
BERFER (H 814 A 1 C). HEELMN T, S /Mg TR ERLN R (F=3159.79,

87



BAT GRHAVHSIHERF IR BIMBE R, 45 ERY HNRW

P<10™) FIgH (F=2700.13, P<10) MARMBREENTTE #MHER, SHRERET
B A RRMERGLID (F=2689, P<10") T (F=689, P=0.0003) f4iRaE%EE
B AT TR A AT BEAh R (F=0.017, P=0.98) A (F=0.06, P =094 NARNDEGE
AXEFER (E 813 B H D). FISREE S BN B AT & (F~0.69, P=041)
Hidd (F=0017,P=098) MAKRMBREENHLEEE® (E8-14B D).
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W CE VRE WD VEERD O Lontol
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Fig. 8-11 Effects of venoms from Pleromals puparum on the vigbility of hemocytes of Papilio xuthus larvac and

pupae in vitro

A, C: HERBROHAEMEMAFMERAK: B, D: HI5ASNNREIERANENDAK. A C
Plasmatocytes and granular cells from Papilio xuthus larvas; B, D: Plasmatocytes and granular cells from
Papilio xuthus pupae.

2.6 1 RIS & 1 70 440 P L BB 4 FH

ESREARRY, BES MR EEEHEBRRRY N (F=939.66, P <10
FIHG(F = 239.23, P=0.0001 )XT Sephadex A-50 BEEI BT FH, R B R RN B (F = 0.02,
P=098) i (F=002 P=098) MARHERIEHHEZEEN. HAEES MIEH
IR SRR S (F=028, P=0.61) A (F=028, P=061) MMIEEELNYLE
EZm (H8-15). BHEN T, BWE MERHHBERARS SR (F=185060, P <10™
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WOT KSR SRS R & A b 5 & e dp il 9 B AR 1 L DR

g (F=3175.14, P<10") MAREEDERRDTT B EHMHINH: SBRIT R B3
HFS RAR4h L (F=689.10, P<10™) M (F=1576.31, P<10") MBRILEEES. Wit
R EEHE RS (F=0.04, P=096) Fidf (F=002, P=098) mABHAIELEL
EEEEM (816 A F1C); MRS MR E A BN BRENR (F=0.00001, P=
0.98) M1 (F=001,P=092) RN AEEHILRELS (B 816 B F D).
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Fig. 8-12 Effects of venoms from Nasonia vitripennis on the viability of hemocytes of Papifio xuthus larvae and
pupas in vifro
A, C: TS RIS B3R i S BRI SR PN B, D HEES R 32 i 3 D F SR is 4 0. A, C: Plasmatocytes
and granular cells from Papilic xuthus larvae; B, D: Plasmatocytes and granubar cells from Papific xuihus pupae.

3 T

ARG REN, HRBS/ M EERMTEH TEIEARHLUAEREERE T 0N
K, $EEE &R a9 2 5 i A0 BB AR A TERS, 3] 80%EZE 90% Ll % =¥ m
MRAEAMAMRER, WA RO SRER. H4 ARG (FEEE, 2000; 2001;

2002; Cai et al., 2004) FZ2 BRI RLER, RN ZSBAENHELT T O MM E%E$ 2
FHEFHM. ZEHERAXMAEEINE SBLAR T L4 DNA RBOFERN, HAa00R
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WK ARG RN N R . FE SO RITANE R

Lacanobia oleracea 8 W 75 'L BB I8 Pimpla hypochondriaca F; W88 Sorcophaga bullata (]
SR HHAL %5 4 ITARAR S &/ 8F O BRI ThARAR L. Mk, JRTiR 4 N S AS (X Bl 95 e o . 40
MEENH (Marris et al., 1999; Parkinson et al., 2002), i H BAEINEIEF 3 6 #4hh f1MAR
EREHAFTEREN, SROEMATEL K. BRSNS ETMR) HFET (Richards &
_Parkinson, 2000b)., {Hi2, AHAMHEXFARTAT, FREBIEFTS LR 3 FEHET
R, SHRAETLER S, DNA BHENEFPEIARZAT TRRAL PR LS
134 (Beckage, 1998; Beckage & Dahlman, 2004). §iin, #RFE4> DNA RmBHEL
HEEh, ZRE R E 40 b R R KRR, TR R DUE 2 (Guzo & Stoltz,
1987; Kitano, 1986; Tanaka, 1987 a, b}, HIERAHIE ] RERIEH PDV RBRAF MM
(Stoltz et al., 1988; Strand & Dover, 1991; Strand & Noda, 1991; Zhang e? al., 2004 b). X f0,
Webb I Lubart (1996) iF3t, RE4 DNA AENRER RNEE Campoletis sonorensis
BB IR R R, Heliothis virescens SR RSGREPRFIEH, HEBEEMM
BB OEERIAALERE. B, E/M Euophus pennicornis S B EB IR 5
Bahd, AEISIE R il 4p M R RR SERER, SR hBRnEE O aREE, $
BOX R MARFE R EF, BN SRS RTIEARN AR, NEREYE
HFENEEAH PR RIERR (Richards & Edwards, 1999 a,2000 b).

BARZEERT. FWRE ORISR, ARSI b R b R e R A
FHERFHX. Franchini F (1996) HIRE, L£RHFEM Calliphora vomitoria P8 5%
Wi Y A T R R A 4 o 4 0 S o 40 PR LA A s 4 B A R O B 4t 4R Al
%S4 (chemo-attractant) —{¢ % LIRME (ACTH) M o-HBIFESF (0-TNF) £
L) B8 S REHEMI B ( Genedani et al., 1994; Hughes et al., 1990; Ottaviani ef al., 1995). Rivers
B (2002) HERI7ERRAR M 40 At A 2D L, R WS /) R B SR 3 O i 4 R
%, HEASRERERTARNRY. mARERTEPBARFEAORLAR, TH
3 4 PO AL S 1 B W RO S « TIARE G /MR IR HEAE RD T 0 3R M0 B VBRI S B RS
F AL AR, BRI, LAt RATOEEE T el &/ ok B O R 00 4 B Th BE,
HRERFRFARAFERFASREAEHMERGAAT, HHEALEREBN
BBk ik — BB, .

G Epd, FERBRENOEBNEEFEBEABRATFENTEIRENR, ZTHRRE
i 5% A DRGSR, Bt RAOEVRFERERE = SR R E BRI
FER-FIHRM2ETNHXFEROHF L AT XRFRERERRERTHHMAL
XE, BTASAAT . FHRPHLRET . WS MEERR RS A RE T8
88 I S BB S A0 I 40 B S B, (B ARG &/ ) SR & N R O TR AR BB & D B
fEREH A TRABHE SRTERBAMMBWAETRE (Rivers ef al., 2002), BNAERKAER

(AEEWRE AT 0.016 VREMD HE B3 300 R4S SR 55 M 40 ) 3 8 1 4001
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iE A S b iR . S G R RN BENE I S/ S REAY R S E UNEE

. Hi b LR35 F PE RIS /NEE Melintobia digitata B3RS BHE FURF T8 B AR M 4R M
kil SRR TETS . RhiA . ERURESEMMIER (Riverseral,, 2002) RIEFARLL I,
FEGHHIIHT T LE AT S TSR, X TRRE RN EF ER SR A RE
FIEENREAE.

BOSVE (=l |2 VRE W YRRl B VRl 8 EHENEEul

W miVEF LR ndrmml BA0I6VRE ) W02 T Cenml

Encapsulstion index (%)

Time after treatment (h)

B 8-13 SRR e/ SR 00T AR G Y 8 s P o £ B £ A G R oy
Fig. 8-13 Effects of venom from Preromalus puparim on the encapsulation capability of hemocytes from
Pieris rapae larvae anhd pupae in vive snd in vitro

A, B: FOWr&h o5 R B ffn 41 MR Sephadex A-50 WERIIANESEA: C, D: RWIEAIMANRE
JERT Sephadex A-50 #ERATE TAE . A, B The encapsulation index of hemocytes from Pieris rapae larvae

to Sephadex A-50 in vivo and in vitro; C, D: The encapsulation index of hemocytes from Pieris rapae pupae
1o Sephadex A-30 in vivo and in vitro.

BRI PHERNBTEN AR RNEARER, MEXHERFANPERRTHF LK
iR BMERES (Racliffe & Rowley, 1987; Strand & Pech, 1995; Beckage, 1998;
Shelby & Webb, 1999). PDV B3} # X i MMmAGiEsEH B EMSEMOYI (Beckage,
1998), FSLERH PDV WH LT, HBFELRMEERTE PDV, WRIEERE
Campoletis sonoresis (‘& PDV) MBHERFESHEPTEMFER (Webb & Luckhart,
1994). WERS POV BIF LS IBIEW Pimpla hypochondriaca B A] 1 BAMHI% £ 5%
Fa B Lacanobia oferacea f) ML ERE R (Richard & Parkinson, 20000, X 53AHIBH
Tk RARALL, H— W R R, MR P hypochondricca EHIMBIEF TOBRELORRK
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WAE ARG MR S AR RN AR . L QR AN BN

RATERA S A 28 132 kDa # A (Parkinson ef al, 2002), T ¥E% 4 /M8 IS 3 i 4
PR €138 2 7 9 4 R 401 50 O 0 B AAL FT OB — 5 1 5. TR AR & D Bl L IE b
BTG RS R e S0 R A0 B 3 R R B E MR, i iR A R A —
SEERTEE.

SR P TN SR /A VL R R SO M S SR U ol 5 4 Bk o o
AL R R B S, AR A TR B R4, BT RO RS R A4 s
ERAAGEH S METR BRI TANERLEY, SFRE NN RAERTES
BRSNS R R H , SRS /TR T TR S s R Ry shzh
e RGBSy, T RER SR AT R4 A R R B & MR L B E .

B(iVEE B YRE Bl VHE BODO2YREpl  @es VB @ e VRE
W WRE w5 VRE Oicomnal BO0lEVRE  WO0ZVEEs O CLentwl
B B
B = =™ - .
0 |
|
£ = :
g
T .
E ol —~ . i -5 L
3
L E
IE =
[
1
ki

Tie after treatmeny (i)

Bl 8-14 R OV 00 A 3 SR VR 1A 0 2 S R o oy s 4 B (R 4 PR A
Fig. 8-14 Effects of venom from Nasonia vitripennis on the encapsulation capability of Pieris rapae larvae

pupae hemocytes in vivo and in vitre
A, B: DL BSR4 R MMRT Scphadex A-50 WK SEAER: C, D: MRS RTE &9 Bzt
Sephadex A-30 BIBKRIUIIER. A, B: The encapsulation index of hemocytes from Pieris rapae larvae to

Sephadex A-50 in vive and /n vitro; C, D: The encapsulation index of hernocytes from Pieris rapae pupae o

Sephadex A-50 in vivo and in vitro.
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BT N L F A . SRS R BB R & N 0 RS M S e

W Ppoaeram Tl WavEnan 1735

20k

Encapsulaton windex (%)

Time after treatment (h)

8-15 W& MBI R (A) JIN (B) SRR ENER
Fig. 8-15 Effects of venoms from two Pteromalid wasps on the encapsulation capacity of hemocytes from Papilio

authus larvae (A) and pupae (B) in vivo
B{CE YRE L VRE B LN YR ]
WA VRE .| O Rl DiCenitrg!

ol

a0

Encapsulation index (%)
[

o]

LA

Time afler treatment (h) '

B 8-16 FFh MRS AR H IR A M B AL R R BN
Fig. 8-16 Effects of venoms from two Pteromalid wasps on the encapsulation capacity of hemocytes from Papilio
: xuthus Jarvae and pupae in vitro
A B HHBRARGEEAAROINEN: C. D: THERAMEEEOREEAEW. A B: Effects of
venoms from two Pteromalid wasps on the encapsulation capacity of hemocytes from Papifio xuthus larvae a in

vitro, C. D: Effects of venoms from two Pieromalid wasps on the encapsufation capacity of hemocytes from
FPapilio xuthus pupae in vitro.
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B RFEIYHR L S AENIRRERE MEERNELH TSI

BNE GHE /MR A PR 32 1 M LR RS A K i
HERMAERKER

BAKRKEAERS SRR ENER (Hopkins & Kramer, 1992). thO®A KX
B Rnr B OEIER (Gillespie ez al,, 1997). Hat BT P KRR B E L. B
SRR B UL BRI R SR JE (074, AR P P A M B AR R EHE
By RRMANBRDRTEMH BV (Ashida & Brey, 1998; Vass & Nappi, 2000), [F k% 4 #
X3 7 B A R B A R T R AT R AL B A R B R Y T

HFERXN B LRSS HORBERDELMT AP B R (Lavine & Beckage, 1995; Nappi
& Christensen, 2005), TS ADNARBRNEMFUBRED, SHDNARBRBES
TR ERET (Beckage ef al., 1990; Shelby ef al., 2000; FELL, 2001; HEFS,
2003), EENBHEMLSELTHER (Asgar ef al,, 2003; Zhang et al., 2004 2), EREE S
DNAJK 3 B IR Pimpla hypochondriaca B AF BB 7 BYF (L BEEHE 0IWSIEF (Parkinson
& Weaver, 1999).

R Cai & (2001) HFRER, ORMMHERE MEFTER, DHEPRENENE
HHA®, EXREEOARET SR NMNERLEDOMNRT WG4/ MR
BRI TR REEHR. ERMAAREETRERMDED (Brebelin o
al., 1989; FWRLL, 2001), Tm4ARE7E MR BAEET REFAER? RBXTHRIE. &R
eI 8 T ET o W T < el B 0 SR o6 ot K 2 R PR R R P RS & /R R
RYE TR ROV,

1 MRS HE

1.1 fA R R
SRk, AR RTINS & MR R REFR TR A R,
1.2 HERMEH

ERMEH e B LE,
1.3 I % BB

A B ARG ARSI MR B R AW B S RSB I A iR Bt LA RN
MHRMAE ., D#KE—#5LL 1000 g B0 10 min, LHE0Mm¥E, TRAFRY, 55—
WaHERTAR.

1.4 il 40 KIS E AL RS
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B WS DS B L R UL RS 1 R LA R

BW Lanz % (1993) fIFiE. HRBFERESF0S. 1. 2. 3. 4 dRFORIRAE
AT i, 1000 gB5.0010 minf, MAKEEIF T'PBS (0.01 M, pH 7.0 . ¥EHR3WS,
Bl A, AP EER B AT, R B30 min{i 4 GRS, #FH0.02 MEGPBS(pH 7.0, &
10%3B /R4 FSELh, ZiRT2 mgmlfD, L.DOPAFR E 100G, EHEBMBTUE,
M B AR OB (LEY-D, AN ERENAREOMREE, FHMAR
Buem e, o 4 B £ 38 1 52 B o 20 PO MY LA R TR PR R 55

B 9-1 Sokrebatm s it R AL R
iyt :alut]) (e Y B e 2kl ke

5 i M CERTKETR).
* - i Fig, 9-1 Phenoloxidase stained results of hemocytes
5N # Stained hemocytes (black arrow) and non-stained
*s hemocytes (white arrow).
.. 10ym

1.5 13 = RAGFEFE AV B E

SURFEREHNEIRE 0.5, 1, 2, 3, 44 FHARNTE D HA IR R
SENFELHEEY 30 Wi, IDEIA 70 Wl TC 100 B4 IEIFRN 96 FLARREIRE T, HimA 30
¥4 4 Sephadex A-50 Bk, HiRE% 2 hJE, T Leica BB THHBRAN KRN Sephadex
A-S0 3k, BALBES 3 K. FUARBR SRS TBS JOB WO SR U EAE

1.6 JEM ke L Wk (5 5 44 RRALFE

& 1 40 RO 4 o 540 L 5 2 S ALK ES 30 pl BNZE R 70 pl TBS MI4BMLIRSRBH, IF
EFLEHRMAZER 2 1l (& SVRE), | mM EEHR (PTU) 5pl, EAin 5wl TBS FLIEX
W, THRE2h URELPOHERAMEA, HHE. RRLER A B MAL 0AE
171f) Sephadex A-50 B, HABEN 3 K, FTRE 2h 7, WA Sephadex A-50 FH R
1oL,

2 &R

2.1 i o AR AL IETE

By AL S R B i 4 S0 PR 9-1 TR #E (F =011, P=0.75) FEREH
(F=0.06, P=0.82) X3EMEHMMRABEILBEELEERM. F4 (F=042,P=
0.54) FESTEEB (F=0.002, P=0.97) XHTFE RS i 40 i - ALt RS th L B X W .
H ¥4 2S00 3 AE 8 (F = 2041, P=0.001). 4% (F=7.78, P= 0.004) 14 TBS
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AL A R E L RS DN & B M Y E AR

W (F=35),P=005 MARHEIEEENTE %N, BSOS E RIEm, nm
M My LR R A RSE, B R SRR (F =335, P = 0.06) OLAEMREY T /LB
HEEFEW. OB RBRFLEY (F=587,P=0.01), HEH (F=534, P=0.02).
VES TBS 88 (F=7.41,P=0005) RZFG BB (F=4.77,P=002) Mm4HMAILEERE T
BERERW, MRS E RN, DARPRMPICEHSE RN RS (B 92,

B Parasitized O Non-parasitized N Venom OTBS

3 r

]

2

2

§ B

3

1 2 3 4 0.5 1 2 3 4
Time after treatment {d}

B 9-2 FAEMEMH BRI (A F0C) MR (B D) WML RN LS R
Fig. 9-2 Effects of parasitization and venom injection on phenoloxidese activity of hemocytes from Pieris rapae
( Aand C) and Papilio xuthus (B and Dpupac

22 mHERMEA

MK MALED Sephadex A-50 SRAUEME 9.3 iR, FORWATHHE FMGEE ¥ £
ERBHG, MAE Sephadex A-50 BRI BEMS, bk mmBiLash
thEREEM (X 9-1 ME9-2),

2.3 M # & B

%ﬁﬁIJ\ﬁiiﬁﬂ‘J‘ﬁEﬁﬁﬁ%m%ﬂﬂ%ﬂ‘ﬁmﬂ&ﬂﬂ@%wﬁﬁm#Eﬁﬁi%ﬁ:f"ﬁﬁii‘iJ
AIDEUER, TEETIR (PTUY RV 55 2SS i B M 4 B4k (B 9-5), 48
SNBSS A S PR S i 40 ML R A 40 B B9 K R Sephadex A-50 (B 4% 4k,

A B, i PTU ﬂﬂﬂ;‘%’éfmﬁ%m&mﬁ%ﬂﬁm%fﬂﬁ Sephadex A-50 Tkf924L
(E 9-5),
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LR WO G AR X PR A T L e RS 1 R IR £ B A £ L S

93 NS/ EEE (AR B) APTU (C. D) 4BEIMER Sephadex A-50 BB IL1HM
Fig. 9-3 Effects of Preromalus puparum venom (A and B) and PTU (C and D)on the melanization capability of
hemolymph to Sephadex A-30 beads
ARC: AFMMARMMKE: BRAD: SEMMHAEMRE. A C Hemolymph with hemocytes; B, D:
Hemolymph with out hemocytes.

FTU TBS Venom

B 9-4 S0 /e R RO R RO SR SR S R R LA R I B
Fig. 9-4 Effects of Preromalus puparum venom and PTU on melanization of hemeolymph from Pieris rapae pupace
in vitro
PTU: PTU 4%: TBS: TBS 4R, Al Venom: HMME: N: AFEMMMAE: P: FEBLHE,
1, 2, 3: SMARAHKE: 1. 2, 3: AELHRMME. PTU: Treated with PTU; TBS: Treated with TBS;
Venom: Treated with Preromalus puparum venom; N: hemolymph of non-parasitized pupae; P: hemolymph of
parasitized pupae; 1, 2, 3: Hemolymph with hemocytes; 1, 2', 3" Hemocytes free hemolymph.
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HOT A A0 3 MRS NIRRT D B I E s 1 R AR

% Melamzation

Treaiment

B 9-5 RS 2 R FEERE MR MR RS R L R AL fE AR
Fig. 9-5 Effects of Preromalus puparum venom and PTU on melanization capbility of hemolymph from Pieris
rapae and Papilio xuthus pupae to Scphadex A-50 beads in vitro
A: EBBRMHE: B: HERMKOME; HH: FOAMOGOHE: H: TETMARPMHE; Venom.
TBS I PTU: 4+ RIEANRSE & /KM, TBS A PTU 438 . A: Pieris rapae pupae, B: Papilio xuthus pupac; HH:

Hemolymph with hemocytes; H: Hemolymph without hemocytes; Venom, TBS, PTU: Treated with venom, TBS
and PTU, respectively.

3 i

—BRER, FEENEIDNARERMBEE T NHENBILEERE B
(Beckage ef al., 1990; Shelby ez al., 2000; FWLL, 2001) RIEEEF. Shelby® (2000) #t
— IR RA, XHNEHERSHELRERERBKT LR AL HDNARERHAHAEX.
FERBREEOSHFZOHCRHIUEEREM. WAsgari® (2003) TEERBMT R
A ¥ Cotesia rubeculaB P 53 W E RIS M4 LI B BILRIS0 kDB, WEBSHE
¥ A K551 (serine proteinase homologs, SPHS?ﬁ*EMB‘]FFFUR%ﬂE(Kwon et al., 2000;
Lee ef al., 2002; Yu et al., 2003). TOSRSH S/ 4 SR ST IL 3 2 SORRRHRME R
W 1 4k 5 R AL AE R AL T (F9-1f019-2; E9-4F19-5), TiFRMYES /] f Bt
X DB R AR, MATRLURRY AT o FHE" R8T F e
BYEARRMIRAIE T, AN F X hdkes E‘]ﬁﬂﬁlﬂﬂﬁﬂﬂﬁﬁﬂﬁ%%ﬁﬂ?iﬂfﬂ%%ﬁ (F9-1
F9-2), RAMDMRMNEEXRIERAFRLTEYN, BREPEERDHIENETF, 15
HRPREEFENERSARNERRL, AMERDRL. BB TLED A S K RHIE
THAFARRY, MTEHFR. ERAEREVFAREERN, HUl FidiE, AHEA
BERIRPEEHTELTE, OMRANOKESIRHBFETHR, —EMEERD
ful 7 20 2 G e A A AR BE PR R R B 0 ] 7 X AR R A BRI I IR
BRud & METR R AT HMARNER . FERAEERH, CHEFEOMRPE

10}



IV SO/ O PR L 00BN FUILBR T P AL I A AT F 0 e

FULBHEME R R 1 m, EL AL 4000 5 i FL R A H R RN R R AT Y th A — b
W5,

B2, RRe P ERETHRAS ENMRGEERN (WE . BHIAZ), mxH
EAR AR MEEEINEIEN, SRR R, RAADBRE S MEE Ry Rk

B AR, BB ST R T MRS, AR AT
WIKIHEE .
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AT RFE P . SRR/ MEFTTARNEE & MEE M ATE A5 S5 I BE

FTE RO SRR AR S R S0 i 1K) 3

AERBRAERRE LR TWFERER T % T9%58 4 (Richards & Edwards, 1999
b; Richards & Edwards, 2000a, b; Richards & Parkinson, 2000 a; Richards & Edward, 2000 a, b;
Shelby et al., 2000; Parkinson et al., 2002; Rivers et al., 2002; Asgari et al., 2003; Cai e al., 2004;

Zhang et al., 2004a). HERYE (Bocchino & Sullivan, 1981; Visser et al., 1983: Klein &
Becakge, 1990; Parkinson & Weaver, 1999; Libesert, 2003). AWM A% (Tanaka, er al., 1994;
Jones , 1996; Reed & Beckage, 1997; Tagashira & Tanaka, 1998; Digilio ef al., 2000). P44 &
% (Beckage, 1985; Tanaka et al., 1987, Tanaka & Vinson, 1991; Pennacchio et a/., 1997, 1998;
Kelly er al., 1998). HLAIRL (Beard, 1952) MR (Nakamatsu & Tanaka, 2003 a, 2004)
FALRE . D EHFAHEH N E—HARBEHITOFR, MTEENEETEIRbERE
RAFRCALRTEREHNORFE N AT ALR, GROVET TR, FEBRAF L
e RS/ DEEAIONREN R . TSN, Bh. RamK. 5. ERGRS S
£ IR AR AR AIAT o RAF IS IO, ZE 0 A MO F N IE R B A 0dE a8 REER 19
B, SR FERERINERTEE.

1 AR5

1.1 R EH®

PRGN S NS RN BB KB R AR S E _—ENELE,
1.2 WA RARAMNS B, BN

7RISR . BT, B, R (R, 2K (YH). PBEE
Bifk, URBTKIEE3 KRGS, DBINRRHIME, BA/DAES, A 30 ~50 {54
RN 0.25%BREAR (5 0.1%ABE). 37CH, #EESmin BB 1K, 1h EEHZ
#, RARIALBATREE, DIRERH . B 500 0] BEMIESEM (Coming®, US)
F, FMA 1 ml TC 100 ERAMRIEFRE, MAERK, FEVHIRESN 0.01 VREAL LUN
A TBS ZMBEPEFF M B AN M. 28 CTRARZRBARFEO0SF 40 )5S, Ul Leica HER
AR RN, I 100 p) 5% 0% ENKEIES, HBTF 10 min 5

T Leica B EEWATEERRER GED) FRFE (FF) NARKKE, 945
g

2 g5

iz /NG TIRRAEE & DR B AT BB Z R AN, B TWEY, 48 A%N
. BRE. WURENT BRI SNL L8 RRRBTE T MER, LEE
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5B Ao AR R S M B R R )

0.5 14 h FIERIRAIATFERH 0 (K 9-1). BHS/MEEBT MMM (F=199.44,
P <10 M N (F=18593, P<10™). R (F=129.22, P < 107) BRHGHi 4 (F = 956.36,
P<10™) MMAERITHERER g, BMS MESHAABRY, OMERGIEETA
PP EAE], TR RIRE (F=0.006,P=094), A (F=035 P=0.57) KRR
MR (F=0.21,P=0.66> RIMGBEAT A3 R Z M. BHMERRE & D i e aifio (F
=0.01, P=091). B THEN (F=131,P=028). A (F=0.001,7=098). pkiypi
(F=0.03,P=0.88). $hRM (F=0.10,P=0.76). F8 (F=0.004, P=0.95) KJehiE
(F=0.06,P=0.81) MRAIFENGRIT AL REELH,

3 Wig

WROE & NI REAE & DR R AN, B THEY, £HEAN
B, SR, HUREKTBERH AL RNLBARFEDYTEAES, RBESH
SUKSE LR B RGEFOWERE. BURE., FRRKXENHADBTEEEWA.
AN SRIT S & /NS HACT RSN AR . TS Bh. RRBEE, PB. Blidask
# R B F R BE F IR ) AL AT, i B DL R U JE IR & DR fEF KRR . o i
SMGERNEFEEREEN Tn RARN Ha AREVEENERELH. WRGEES
NGB Ha BRANFELEEEYW (WELE), TXSTH0IERRAAEBN
FEHEEYY, KERNFH— WA, CHRAEE, HRSXS MNEERTDEE B
AR RSk R ) NIH-SaPed 11 CRL-1963 4 iR #4338 B B R EHE K TN-368 F sf21,
Ba3 50 BT1-TNSB1-4 FASR K %) IPL-Ldfbe] BB T HHEEZYE ICR-2A S AN
FEHHE EZEN (Rivers et al.,, 1999). Parkinson & Weaver (1999) {B¥EME ¥ Pimpla
hypochondriaca B C& 7 BAIN sf21 WRAFHHEFDT 13kDa H1EB. UL LYMRE
BRFFETERNFLERSE, BRERBETERSTTY, TERBRNEARNRVEEERE
Ew, e B AL LERFRENAARXAFERENNEELIRRE? FLRERYE
HARARIIKRENARBEMEAREFTHAR? FEBHRBSHAMARILT VLM
%7 HREBAREATWHIHNHE.
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HHLAFE TERN: RS EHRRES M EHNE A 5 E T i

BT SO/ AE Ay - B i 40 & RO AL AR K

EAIA R TR, B F A BNE TR E RS, FESRR RS S .
FEGBEELE Y ENERRE, AFEEFHOEBREE A THE £ (Coudron
& Puttler, 1988; Rivers et al., 1993) . HAEBRERAIPHET I MARMERE, IHiHS M
fIFIFET: (Richard & Edwards, 1999 a; Richard & Parkinson, 2000 b: Rivers et al., 2002: Cai et
al, 2004, CEFAVIRTHLBERNHEFTRRMRTRAFBNET (Coudron &
Puttler, 1988; Coudron et al., 1993; Rivers et al., 1993) . AT, FERFLBBERMNRIET T
ER. £ 4 LS PRI 7715 OSSO LIRSS, St o 2 A R T AT EE RO BT L Tk
AABLE, ARINMTHTEHTR. ARP, ENATFELEES MEITIRNR, X8
REEX 10 B 17 HEFEIRRNMMAL 2 HERERREINER, 55— 54
[F) B SR B /N F A R L, — 0 T B 5 Ak B O L R 9 3 B Al 4 B SE B R VR B
Bw, HEEN ATENIFERERKEAGREE 3T, RN EATE S EERRE
PR S ) B RN AR B L R RV

1 BH5S

1.1 KB Hh

SRR & /MR IREE BN RE R AF T LA KNS =%, EhARRARER
BFTERARER. FOARBEHELUT 178 PAEREER Oxya chinensis. FEH AW &
Periplaneta americana JAR¥EE B Acanthocoris scaber {RWB /MR WE . Empoasca vitis
INIRERE R, Plutella xylostella. ARSI B Galleria mellonetla. JAR&h S Sesamia inferens-
Mt B4 Helicoverpa armigera. #18BRSI R Spodoptera litura. FKE4 B Bombyx mori.
HERR RYR Parnara guttatus. KB 1R Colaphellus bowringi. FHEEBRY S Apis
cerana~ R+ BB R Odontotermes formosanus. T R4 R Ectropis obliqua. & Musca
domestica F1i7 B3I WEMB%) B Sarcophaga peregrina.

1.2 FFRRHEE

FERERIRNGFENE &,

1.3 B oo 40 B A B A 1S 5%
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BRI EmMBCHTHEREEE. WEMDHESHNE TS0 EEERREMN
Eppendorf #0785, %L 50 pl 7 MIDFIEILE 198wt B TC 100 RABRIBZFIE (& 10%
FRFHLT) R 48 FLANMBIS AR B AL AT . )G, B RERENSEHRIEE 2 p 85
WA 3 AARFLAS, 3 XILA P ERAR SR T A 0.002. 0.004. 0.008. 0.016

002 VREAL. BUIN 20 TBS BAHCHRIE. BE, B 27 CRRSHESER, HOUT
0.5 M 4hjE, & Leica 48 B8 FE% 3 MIBINE. EHSMELNPEEMXEREL
MEHEE, O ARNERENERBE. LSRERENHERTRRIET =,

14 BRARRKER

£ 96 LA RESER AL P AN, UL TC 100 B R4 Mideg, MY &EmE oo, 27C
FHRRBREAEK 24 b, REEKREFOILAMA 1 0 BH, FHFLABRIRES Y
0.0005, 0.001, 0.002, 0.003, 0.004, 0.005, 0.01, 0.02, 0.04, 0.05 VRE/ul, LL7 1 pul TBS
PR, BRRRELEIL, HHTERE 0S4 b TERBETLE 13 45t
Tn FMAER. KRR, FREAETHERE Ha SRETHEE.

2 £R

2.1 e 3 B hin 44 L R
2.1.1 FE@sh duitn 41

MR S /I R R AU TR A s 3Rl 40 L CF = 24.40, P < 1071) T8 40 R (F = 23.90,
P<10) MEREBEWHER, XMEASHERRENEEEE (F=24123, P<10%
F=182.56, P <10*), TiA~SE4b 28 f5 B /A) IR (F=0.0001, P = 0.98; F=0.05,P=0.83) (K
11-1A 1 B; B 11-2). AT, TR S MBI S BRI R BARR (F=270,P=
0.11) HRAMME (F=004,P=084) ERETEL® (B 11-2). BhMBFHRNER
B3k, LR TR I AT EE R M AR AR & BB (3R 1141 A1 11-2),

SRER S /M TR R B G RO 4D S I B CF = 69.23, P < 107 ) FNG0HL tin 40 il (7 = 75.83,
P10 M B EMSMEE, ZFER R I BRK TN EE R (F=160.13, P<10™;
F=5298, P <10, MAZLBREHEMER (F=013,P=072; F=033,P=057). W
W B4 G /| 0 T S A U BDAR S E 2 o AR B DR i A R FE TR T B W (3 11-3).

2.1.2 FERAER R b a
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HHEAF B L#40850 SME DMENTRNE S MERHIE LIS 5L

R S/ MR SO SRR AR (F = 40.92, P < 10™") MBBIMAM (F=2095P=
0.0001) MERE BEMEIEM, XHEMARRERREMNEELM (F=29763,P<10% F=
308.18, P < 107™), WARLHGHRMAEME (F=007,P=0.79; F=0.04, P=085), TR
W5 S /N R FUBI M AN (F=48.46, P< 10") FUEKRMAM (F=16.97, P=00002) &
HREEAHREMEER, XHEHZRERRENEEXEN (F=586.55 P<10% F=484.50,
P<10), MARAREHFMGER (F=0002, P=097: F=0.005 P=094) (E11-3
11-4). AR M AE R IERR R A, SR 0% ot 490 0 L L i 40 R0 B8 o 4/ i o 0 8 AR

(R 11180 11-2). PR E R, SR0RD RO SO0 R I 40 MU FE FR R B
BT S MEHH (R 1115112,

B 11-1 PR BRUR FOR £ A0 ot 4% 8 4 R B D

Fig. 11-1 Micrographs of Spodoptera liturg Jarvae hemocytes and two insect cell lines
A, Co Fr EWS#OBRL HMMMR. To MEA Ha A B, D, G W& HBHLER NS
SRR, Tn MM He M; E, H: TIRMEREESNAETH Tn MMM Ha . IFRIKE
10 ym. A, C, F: Spodoptera litura larvae hemoctes and two cell lines in norms! condatien; B, D, G: Spodoptera
litura larvae hemoctes and two cell lines after treated with Preromalus puparum venom; E, H: Tn cells and Ha

cells after treated with Nasonia viiripennis venom. Seale bar = 10 pm.
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Fig, 11-2 Effects of venoms from two species of pteromalid wasps on spreading of Spodoptera litura hemocytes
A. B: MWMEERENMELERNREDARDRENENERNER; C. D WARNKS MEBH
¢ SR i ARSNGB M S, A, B: Spreading percent of plamatocytes and granular
cells from Spodoptera litura lsrvac after treated with Preromalus puparum venom; C, D: Spreading percent of
plamatocyles and granular cells from Spodopiera litura \arvee afier treated with Nasonia vitripernis venom.

45 & /MG B R R RS SR MR (F = 34.35, P <10°) FRBAM (F=
18.37, P=0.0001) RERH BEMEER, XAERZERRENEEL® (F=783.56,F
<10%; F=300.39, P < 10*), AR AR EH R KB (F = 0.05, P=0.83; F=0.02, P =050)

(1 11-5)., TABMESEE MABETTRRBIREML S AR (F=47.43, P < 10") FOBH
M4 (F=15.89, P=0.0003) MERGH EEWRER, XMEARTZERRENEE
ER(F = 987.69, P < 10% F=422.08, P < 10"), A2 4305 B RIKHEMCF =0.01, P=0.92;
F=004,P=085) (B 1138 11-4). AFRRAOMBATRESR, 7R ARGAE MR
YR o 0 R B R B RUR (R 111 0 11-2), BRFEER, WS MEER
oot R 0 R 8 P o o 400 R R MDA ) LU AR AR & MR TR (3R 111 0 11-2).
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Table 11-1 Response of plasmatocytes from three kinds of insects to the venoms from Preromalus puparum and

Nasonia vitripennis after treatment for 0.5 and 4 hours

0.5h 4h
Insect Venom ICsq ICs
Slope t SE P Slope + SE P
(10 VRE/)) (10 VRE/L)
Spodoptera .07 1.00
Pp 160036 <107 146031  <10%
litura (0.68, 2.15) (0.67, 1.80)
larvae MNv >2 - - >2 - -
0.89 0.69
Musca Pp 135028 <I10" 1232021  <10”
{0.31, 1.88) (0.35,1.19)
domestica
. 0.66 0.57
larvae Nv 133+031 <10t 123+026 <10*
{0.15, 1.77) (0.18, 1.26)
0.64 0.59
Sarcophaga Pp 1.53+032 <10* 1.52£032  <10*
045, 1100 - (041, 0.97)
peregina
0.54 0.47
tarvae Nv 133035  <19* 1384032 <10*
(0.35,1.17) (0.33, 0.82)

% 11-2 & DB HERN. R RS R SRR e 4 N R P
Table 1 ll-2 Spreading percentage of granular cells from three kinds of insects after treated with venoms from

Pieromalus puparum and Nasonia vitripernis for 0.5 and 4 hours.

05h 4h
Insect Venom Ic ACs
Lo Slope + SE A Slope tSE P
(107 VRERD) (102 VRE/l) -
Spodoptera 0.57 " 0.50
Pp 118022 <10 1.04+02t <10
fitura (0.39,0.77) (0.31, 0.70)
larvae Ny >2 - - >2 - -
1.58 Y 1.39
Musca Pp 1454027 <10 1474029 <I0*
(0.86, 2.54) (0.65, 2.46)
domestica
2.18 ., 1.82
larvae Nv 149£033 <10 1542031 <i0*
(1.03, 3.76) {0.94, 3.01)
121 0.98
Sarcophaga Pp 1774034 <10* 1712030 <10
) (0.8, 1.99) (0.72, 1.46)
peregina
139 117
larvae Nv 1771038 <10 1824034 <10”

(0.89, 2.63) {0.82, 1.39)

m
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Table 11-3 Monality of piasmatocytes and gruanular cells from three kinds of insects after treated with venoms

from Pteromalus puparum and Nasonia vitripennis for 0.5 and 4 hours.

Cell

0.5h Ah
Insect _
tyP€  pp-venom Nv-venom Control Pp-venom  Ny-venom Control
Spodoptera PLs 350x10b 75+07a 6.1x18a 364x09b 89+13a 57x10a
titura
larvae GRs 346+1])b 70+03a 49+432 387+1L1b 74+06a 40+35a
Musca PLs 402+09b 443+19b 29x11a 416217b 433+15b 52+13a
domestica
\arvae GRs  392+19b 44.0%04b 30x52a 442+07b 466+14b 54x42a
Sarcophage PLs  350%10% 361+11b 34x16a 356x17b 374x12b 46=10a
peregina
larvac GRs 348+15b 36]1+14b 35x34a 380+09b 397x0%b 73x24a
B NI R B M VEEG) B 505 VRSN
B 0300 WRE ® 00 WiEW = Canwul

% Spreading

3

E

Time after trestmend (k)

B 1.3 ¥65E /MG F AR AL BIRRME 4 ot i 4 HRFE R 1 B

Fig. 11-3 Effects of venom from Pteromafus puparum with various concentrations on the spreading of hemocytes

from Musca domestica and Sarcophaga peregrina tarvae

Ar FMSHRIMAE: B: RS RER AN C: RESMEHBRENAR: D LRMARTR N

#Hi. A, B: Plasamatocytes and granular cells from Musca domestica larvae; C, D: Plasmatocytes and granular

cells from Sarcophaga peregrina larvae.
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% Spreading
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B 13-4 ERORNALE /IR R REMHIR B 5Bk O I 4060 S RO R 4
Fig. 1-1-4 Effects of venom from Nasonia vitripennis with various concentmtiuns. an the spreading of hemocytes
from Musca domestica and Sarcophaga peregrina larvac
ARB XRPHHAXHERVFNAMN:; € B D: BEMNERGDEONBMMP M BN, A B
Plasamatocytes and granular cells fm:ﬁ Musca domestica larvac; €, D: Plasmatocytes end granular cells from
Sarcophaga peregrina larvac.

SRS RERNFMEDAR (F=76.14, P < 10*) FRDAR (F=80.69, P=
0.0001) WI7FENH BEEN, BRREN “ENEELETERYW (F=16575,P <10™:
F=3813,P<10"), LBEHEAN_EFEMEEEL® (F=023,P=064; F=089,P=
035). MBFHES ENFIROER (F= 17565 P < 10") MERMHAR (F=8462, P=
0.0002) BHEE REYW, BHREN —ENFELEEEET (F=188.79,7 <10 F=
47.33, P<10*), B EHEN —F FENE R EBW (F=037, P=0.55; F=0.60, P =0.44)

(F11-3).
RS /M B IR R AR MR (F=71.47, P <10™) FORRLE4RA (F=84.88,
P = 00000 MEFERHBELR, SRR _ENFEEETREER (F= 19257, P <
104 F=5741, P <10, &tﬂﬁﬁﬁ]ﬁ:ﬁ#%'}iﬂ%&%%qﬁ (F=0.01,P=097; F=092,
P =0.34). THAEIRE & AT RIS 4 AUCF = 60.06, P < 107 ) AIH I 4B L. C F = 60.59,
P<10) T EAEW, BRREXN _HNFEHTEEER (F=16239,P<10%; F

13



S 10 R h A RTIRON S/l A R OIS A R A R ) R

=4235, P <10, BFArtEN I EEEUMEEH W (F=022, P=065 F=119,P=

0.28) (% 11-3).
213 iEs AEnNEvES RS

Mo & NS FTRARSN S & MR PR R R OMR . FREE . IR
ANERRTRE L NEERSDA. KB4, KaRg s, s, ZEAH, HEBERAS
gha, AEntdghe, @i, RE L AWRR. RREN NI ARNERBTEE
Tom (B 11-5 5011-6),

22 BRARE
2.2.1Tn 4K

RS MR ERE, To SREZREZING, AROBHEHNRTE, MR
LK, HRERBAL, JFEIEEREE (B 111 CRD). Bl MEERTREEE
W Tn ARRKER (F=15.39,P=0.0002) FEFE (F=17.05P=0.0001). ¥EAKAEH
MISGERE (F=438.88, P<107) MEE (F=17072, P<10") HEXEW, HBHELLERE
/1 0.0005 VRE/ F+#E 0.05 VRE/), HREEREEHIE 100%FE 5% T, MBFETRE 0
FE 90%EA L, ALE/EREX AR (F=026,P=061> MAE (F= 0.13, P=0.72) ¥
XEEHER (B 1-7). &85 0.5 h, BB/ MEBHINE 50%F 90% ) Tn ARTERFH
Rk L4 B2 0.0039 71 0.0061 VRE/Q, &35 4 h, BT EEHRE 5 5120 0.0033 5 0.0057
VRE/ul. 235 0.5 b, B S /NEE RS 50%F 90%H Tn M RIET-H MR B 53 14 0.0084
1 0.052VREMl, &35 4 h, FimEERAES H2 0.0074 7 0.0468 VRE/H (R 11-4),
R & /M EEACY Tn ARRIERE (F=295P=0.09) RFEF (F=0.02,P=089) i3
LEEE® (E11-7),

22Ha AR E

AR S MEERAEE, Ha SRGRIIE B, REANERR (A1AGIE AR 4B 40 AR
FIREE (B 11-1G 71 H). B¥EE/h 8 (F=11.11, P=0002> RN & /M (F=7.93, P
= 0.007) HHx He HREMFEDH BERW, BRKEHARFEEETEEYR (F=
131.32, P < 10*, F=160.87, P < 10"), AL BB A0 MU FE 59 B B W (F = 0.03, P=0.87,
F=031,P=058), B #X Ha MR LCs, K5, WS MEERNTR L (4 1-8; &
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Fig. 11-5 Effeets of venom from Pteromalus puparum with various concentrations on the spreading of hemocytes
from factitious insects
K A~0: @8 MERRN RS 0.5 M4 h, PEIEREE. RMAMED. BELOSRE.
MR ED. BRRHOEN, PRGN, KRR, KRS, BHaHh. FRENSE. R
S, HEABEBRY K. KR Ry a R pLugyhm@RMERE. A ~ O: Spreading percent of
hemocytes from Oxya chinensis, Periplaneta americana, Odontotermes formosanus, Acanthocoris scaber,
Empoasca vitis, Plutelia xylostella, Gaileria metionella, Sesantia inferen, Helicoverpa armigera, Ectrapis oblique,
Bombyx mori, Parnara guttatus, Colaphellus bowringi snd Apis cerane after treated with various concentrations of

Preromalus puparum venom for 0.5 and 4 h, respectively.
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Fig. 11-6 Effects of venom from Nasonia vitripennis with various concentrations on the spreading of hemocytes
from factitious insects of Pleomafis puparum
Hebh A ~ O: BSiS/MEARINRBALESPEERES. XMNAMESE. RETAOWER. B
B, HERgerEd, DR, KERGAH. AEGA. wehghR, FREGR. FESL H
wRE SRR, KRN Agd, PEEEhDhBRKIERE. A~ O: Spreading percent of hemocytes from
Oxya chinensis, Periplaneta americana, Odoniotermes formosanus, Acanthocoris scaber, Empoasca vitis, Pluteila
xylosteila, Galleria meilonella, Sesamia inferen, Helicoverpa armigera, Ectropis oblique, Bombyx mori, Parnara
gutiatus, Calaphellus bowringi and Apis cerana after treated with various concentrations of venom from Nasonia

vitripennis for 0.5 and 4 h, respectively.
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137 Bh&aRant Tn AREERATENES
Fig. 11-7 Effects of venoms from Preromalus puparum and Nasonia vitripennis with various concentrations on the
spreading ability and viability of Tn cells in vive
AR BES/ (A EWEES HRENR (B) 125 Tn ANNHERE; CHD. REL MR (L
AR ES MERE (B) LH/S Tn MPEAYFET-#E, A and B: the spreading percentages of the cells afier
treatment by venoms from Pteromalus puparum and Nesonia vitripennis, respectively. C and D: the mortality of

the cells after treatment by venoms from Preromalus puparum and Nasonia vitripennis, rcsp;ctively.
> 3
3 iWie

B GHWAE — T NIEBEE, W Hobrobracon BHX XN+ B REKMFE KIE
Pyrausta nubilalis TREBVER, TN BIRE X Galleria WA KERARSAEMA (Beard, 1952),
BANE A VLRI NG Melittobia digitata B3 3L 3k B JR 5 - RAR 24 3% 1 498 LA G 61 40
PIFEE. B, ERUREATEFER (Rivers et al, 2002). B¥F BB DR
AT HA LT (ones & Coudron, 1993) . MABMARER, Qe MEERAT 3 #
FHE R m AR To ARWRNERSFER Ha @RROFEHEEEREN, WARE
14 BTFIRMOAROERILEELM. WRNES MEERENE 2 HF TR Am
MPAERFIE L Ha ARENAEFZH B EHW. BB R, B4 MESHER L A
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B 118 MNESDEE (A) TS AR (B) 3 He RFETENEM
Fig. 11-8 Effects of venoms from Preromalus puparum (A) and Nasonia vitripennis (B) with various
concentrations on the vihility of Ha cells i vivo

BB R, ITNRREA &/ T % MR B AR W &) s it 4R PROSEE R 7400
FEL I ERT RSN, T BN AR EROFPEIRE A RS MRS (R
11-1, & 11-2). BS MEHEAPHE S He BRITTHEHERTHRGES MEBH (B
13-4, e 40 L AR SO 0 JELR MR D IS BRI B« IR R AR MRS B > K
BAR > MBS h: BRI RXERS MRERDEBE: SRR > BR
BIRRRLH AL > FMGh . IR 0L LRGN i 40 R B MRS R M. RS
FREshH > FAh R > BEEALE Gk 11-1 0 11-2). X5 Rivers % (1993) MR
B —ERAREUE, 3 LF IR B R SR E S R, B Sarcophaga bullata
AR A S /DR R, B4, S RNEEAER, FRMBBE A EE.
B, FERNEMFERLBEANE, AR L XMTE S WREEL [ ENTERH.

RS D EEHX ERR R ARBRNEY, SRS OERKRNHENER,
RO AR &/ N OB ER A A ERIET (Rivers %, 1993). TRATBIREH,
SO R4t 440 R A JE R AV IR S C B AR, 7T A et 40 LR 7 ZE BB 4 4 /]
HHFRMEAM A,
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Table 11-4 Responses of Tn and Ha cells to venoms from Pteromalus puparum and Nosonia vitripennis with

Various concentrations in vivo

Venam  Cell 0.5h 4h

1021Css (VRE/)
10%1Cy (VRE/L

0.39(0.25,0.47)
0.61 (0.45, 0.80)

033 (0.26,041)
0.57 (0.46, 0.70)

Slope + SE 5.16 1 0.94 52840382
- P <10* <10
102LCyp (VRE/MI) 0.84 (0.40, 1.50) 0.74 (0.28, 1.52)
o 102 L s (VRE/D 5.20(3.20, 7.64) 4.68 {245, 7.57)
Slope (SE) 1621030 160533
P <1p? <10
10°LCsy (VRE/I) 0. 24 (0.14, 0.40) 0.22(0.11,0.21)
Ha 107 LCy (VRE/D) 0.40 (0.23, 0.63) 0.40 (0.20, 0.69)
Slope  SE 595£0.91 5.1840.89
P <10 <10*
1071Cyy  (VRE/ul) >5 >5
I 1071Cs  (VRE/I) >5 >5
107LCs (VRE/H) >5 >5
- 10%LCs (VRE/I) >5 >5
102LCs (VRE/uI) 0.45(0.39,0.52) 0.43 (0.31, 0.58)
10%LCs (VREAD) 0.73 (0.64, 0.83) 0.84 (0.63, 1.10)

Ha
v Slope £ SE 6.16+0.77 4441069
P <1t <

RS/ DRBEX Tn FERARMERNFEDTEEMHER. WRGEEE/ MEEIT
Tn MRAMERNFEDTRELW, X5 Rivers B (1993 1 1999) BFFRMR, ThEX
ETR-ERARARMEREANFA—FHELRFRNEERRARN. Fihg MEEn
Ha%ﬁhﬁﬁﬁﬁﬁ.Eﬂﬁﬁ$ﬁﬁﬁﬁﬁ§ﬁ;ﬁ-@ﬁﬁﬁﬁﬁﬁ%&mm@%&
BREFEHEEZFEW, tJBAROARIAFERRERNERLS, ML LREY
Ha IR ANl EFERFHALA.

HEERRERER, AFERETRERDMAROEABECER, XTER5NF
TR FERNIIRAR. AFERFROREETEIOMES, EREN S I OAKR
MR, EMEAFEEIMEEF (0 PDV %) MERT, BHRANGE T LA KK
SRR kR, A RE{RIEE SR RS ER RE . TS Ba ML
ERETHRINR FITNBRFEEFHTEE, SaRMBEP, SHI B
ARBAH, BTE L KEERRANEFRR, AFEBNENEBRESEMNLEBRT
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BT GRAREG IR T L RINMER R RUBAFER

K¢ (Coudron & Brandt, 1996; Doury er al., 1995; Marris ef al., 2000; Nakamatsu & Tanaka, 2003
a; b; Rinehart & Denlinger, 2002; Rivers & Denlinger, 1994; 19952} . M/RESAFEEEHIE
HA 00 % e i 40 B % 36 PR %38 O T BE (Richards & Edward, 2000 a; Rivers et al., 2002),
ek B EBMMRMIET (Rivers er al., 1993; 1999), BIXWERRILKEIRE. XBEK
EPRE RS, SRS B E AN A R TN S M R T
ST /i 7 PT D R A S BOR ) 4 BR U RE TR T A S B OB 5 OB ME R R R
90 B ARCL T B 3% . R /NG 35 W PT BI T WA 4E &/ R - SRR AR R B R S
MMM FERE, To MR TEAAGRE & /N o AT 456K 0E & /D 3 R LA SRR (B
B), HARRERPRRAERMFEEAS. DRSS — PP .

FiFb & DB 7] 52 Ha BRHMFRT, SUHERHERTHEEAREEET, W
EEMERPNARELETRTHR? —FHSERACHIEATHE? HERETF
55 Rivers B (1993 #11999) #1 Parkinson 1 Weaver (1999) BRI M#HE PRIMBE LR
FHEMAR? BEBGE PR
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HAYT RS 0 e S BEE NG FBRR IR &/ IR AT (T 1 9B EThEE

BT E GME/MERBRIARMT TRE T EMREES
AW

FEEAFETMTHAEEFEIAANERYAELAFINRBTURERYBRELAE
(Rivers & Denlinger, 1994; Coudron & Brandt, 1996; Alleyne & Beckage, 1997; Coudron et al.,

1997; Coudron et al., 1999; Richards & Edwards, 1999 b; Marris ef al., 1999; Steiner, ef al.,
1999) . FXHEHELER, AR REHERN—SRERYE, mEGH. 82X, HEEXR.
Fa by ipE B B RS 5 R CHBVEWH (Dahlwan, 1970, 1975; Dahlman & Vinson,
1976; Vinson, 1990; Guerra et al., 1993; Rivers & Denlinger, 1994; 1995; Brandt ef al., 1996;
Richard & Edwards, 1999 b; B B4, 2000; Nakamatsu, 2001; Nakamatsu & Tanaka, 2003 1, b;
2004; Thompson & Dahiman, 1998). Ti#& EREE T EFEMRBHBH R OEAHR. LB
SR ETEPRETHATFIXREPRERED . REEARRNE? FEENETREX
tefn F AR RS RBIARSIRBWARER.

FEREFTREANARAENEBRET TARENRK. MERAABEKTZIEN, B
SR FARES AERRT, AR FENHEAFRRNEW, i B RREREL
SMPTEIBRRBFHBIYR, FTRATEREFHBEHER (Chen et al.,, 1990;
Densena et al., 1999). FAMMMENH LS HNENR HHEAT TR RERELA NS
B S5ARSTERAE? BRI T A TAIER, UHHRBRORPERASRRERLRR
BRE T HFLENRAEBRRENERDRLE.

1 S5 hAH

1.1 fHAR®R
BRSSP, R EHERBPRELRERFEINB _ BB,
1.2 4T HEK

MEOR S /MR O MR R RN AE E TR &/ NMEERNRBTVERLE —&.
TN & MR T ESRE-LE,

1.3 REMNG%E

£ 8 Missios 5§ (20000 #17%k, #ral#@H s kFANTHERS 05, 1, 2. 3. 4 70
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W% RS NRERNBNY MR L 2PR T R SRR

5d RS FHE RN R E, RELARENUIALRERN, U LETAKEERI0K, T
BRAE. HUURER R B A AR, TIEL S SkITHHA B L olsk 4T TBS 981 4 M.

1.4 REEANATHEEEARERASBWE

PRARERBE THREPPIERS, L 2ml BB (0.5 MNaCl, 50 mM Tris, pH
7.5, AE 1mM XBPEEKRS PMSF, ZRAKREFARANHIND LERKRER (PTU), HLl
mi ¥ I B FoKEE 10 &, BEMAMREHE, BES, ARREEARLKA 5000, B4
REPOTHEHEOREE, BRNREBERE AT REEANIRI

FiRFEBELEEMANEBN (1% SDS; 7M B, 5mM Tris (pH 8.6) , 1% Triton
X-100 AW F7K) 500 pl T 4CREX 16 h, BULJS, FLL 500 pl BRI CARIRE £ 4HR Y,
A3 2 IIREE L, RIFIREE 500 pl, B ARBEEHBH. REES SR E XA Folin
Wk, WTEHEARERFKH Bradford (1976) BIJ7E.

1.5 REMRFEMIME L

£ [ Nakamatsu &Tanaka (2003) Bh:. —e® 1.3 PRERERE, RETERR
G, 0.2 m! AR 30 min, 10000 g .0 5 min, Ui L3, WA 0.5ml ¥ H,S0,, #
K#E 10min, RHEFRGE, A 1ml FEEHFH (13mM HEEET 14M BR$),
R 30min J5, # ODsy;, IEL 2.5 mg/m) B ERE{ETRAEMME .

1.6 REHFELSYHHRBERN

SHEBRFELEF 0S5, 1, 2, 3, 4F5d FEERERMBREE, DRORREFESEN
R, EAEGEHE 3 k. WA UEKE 3 RS, BUERTARNE K BEEHIRTF -
KOG, MUERILE TR 3 KRB E CALYERE 3 A9 10 x 35 mm MEEBET, DA
53 KB IE T4 0.5 mi. S RASE T2 3 IR ik CAREEE D3 KM 20 x 75 mm
BB, AL 3 REENEDLE 1 ml, L ERESISIRIN 25 min, BUHHEE, HE0H
RET, A 10 23 REENERK, AABRER LONR, UARERLLAY
FIIREY). REBREL SR TERBUREE-FIEE AN Agilent GC (6890 N) - MS
(5793N). REREMLAWHAUTLMBENE (Agilen) BB 1 gl THTOHHE, HH
O#E R 250C. BIEFH A HP-S MS B AREHAER (EK 30 m, WA 025 mm,
=¥ h 0.25 um), FRAZHEFAR: 50°C (2min) 25°C/min 200°C 3°C/min 270°C (20min) .

A KM 99.999% A E, HIEHN 7.05 psi; IS4 FID t#idg, EE A 300°C, e
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AT NG A0 30 MReEE NN I AR e I8 & e dE I A AR A Y D R

SCMES, WUE A 40 mimin, FRHGE N 350 mUmin. AUE/STIEE DR A 280C; Bl &
FId, BES 70eV, ER4SHM.

B AL T AR B — RS BRI ) 55 NISTOS i Fr oh U bnE4L &0 1 s B ik 17 BRI
WEEN, FERMRN ZFYRHITHENER.

1.7 ARy
HCI% K F DPS $0B SHTAEREAT 7 24007 ¢ R 46T 4307 RS SURIIG A 38, 2002).
2 R

21 REEAMREPAUHEEED

RS & /N EF AT AT (F=0.22, P=0.64) FIHRS M (F=2.07,P=016) &
BEEASRISEEELW, HAT BRI (F =081, P=0.37) FHERGERE (F=1.71,
P=020) REEASREBEEEEW. RHBGETER 1d. RESASEHEERE,
MHER 05, 2, 3, 4, 5d, RREFATRSHEAEEEES (B12-1). EHSHR
1 fl2d, OBEREFAIEEEARS, MEHF0S, 3, 4, 54, REEATESME
HMERBEER (B 12-1). MEREHEFENEHEHS MNEERS 1 d, HEREAS
BRE5WEMEEETR, MEHNE0S5, 2, 3, 4MSIHARSHEEZREEZR (B 12-2).

FENENENE, TSI RREPTRHEASEPNEE TR (F=19.60, P=
0.0001; F=21.33, P=0.0001) M RMHREPIRHEASTERNEENR (F=26.05,
P<10% F=1250, P=0.001). SEESMEFERTHEHE 1~5d, REPITHHER
FEBYBEMTRFENTH TBS KRS BEE 12-1). RN FER 1~54,
EEFAHEEEASEDERNTRBARFEOXNRE, EHBREE 1, 3 W44, #HHRE
SRR E T ARSI RE R T EMEH TBS fw (B 12-2).

123



1T ARG AR R PR AR SR B S AL IR
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E 50 r n
£ * .
01 ¥ 15 ¢ »
30 [ ]

10 ¢+

I

05 1 2 3 4 5 D5 1 2 3 4 5

20t

10 r

Time after treatment (d)

B 12-1 RS AR A REMEREEARREPIRENESS RNER
Fig. 12-1 Effects of parasitization and venom injection on the titers of cuticular protein and soluble protein in the

cuticle of Pieris rapae pupae

2.2 RE RSk

FAEASHRICHE (F=509, P=0.03) FIftH R (F=795 P=0.008) RIS
REREZRM, EHEFB RN (F=0.03, P=0.87) [ RBEE(F =297, P=0.09)
RERRIBUEREEWE. KHBNHTLES, XREBLRABTEERE 1d 5RMRSE
WEMEALEEAR®, FER2~4dWUBEETE, SHEHRS 1 d SRYEFEX AL
EEAH, THE3dEBETRE (812-3). HERBEETER 2~5sdMEHEBRE3~4
d, HEEPRERSESRVAFAMBLLEETR (8 124).
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B Parasitized O Non-parasitized

50 - 20 . * .
Cuticular protein Soluble protein

40 - * "

15 ¢ * *
30 ¢
10

20 r
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g
E 0 ‘ -0
u
:
o B Venom QOTBS
4
e 50 - i .
£ * Cuticular protein 2 Soluble protein
40 L . ® *
15 |
30 L

20

10 r

L1 U -d

05 ] 2 3 4 5 " 05 1 2 3 4 5

Time afier reatment (d)

B 12-2 SR MEFENTH SR HERMRAREEONREPAEEEASEOEN
Fig. 12-2 Effect of parasitization and venom injection on the contents of cuticular protein and soluble protein in

the cuticle of Papilio xuthus pupae

2.3 RERBULEY

ROBRREFBNLTYNE 17 ¥, TBIER, 4/, SREREBRILEY
SR 90%LL L, RIFRYIE. BERBWEE —F, REBERIASHE SR %ES.
KRGRERES P EFER, RERBLSYIRLRARILEERL (X 12-1 B
12-5). RELYAMS, FEMBRETRE, BRAHBANSBTHES 05~5d 5RAW
AFEXRBALLH LR ETN, MBAFEYENESRUTHERICBEETHR (B 12-6).
WROH & PR X BRI PIEE (F=073, P=041). B3 (F=0.56, P=047).

AEE (F=091, P=036) RZ¥HIEWHE (F=0.05, P=083) KA SBHTESEm (F
12-6).
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Time after treatment (d)
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Fig. 12-3 Effects of parasitization or injected with venom from P. puarum on the content of lipid in cuticle of

Pieris rapae pupae
60 1 3
B Parasitized 0O Non-parasitized @ Venom DTBS
B 40 | * * * -
2 v
:
g 20
=7
8
ﬂ i X t ! 1 1 1 |
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Time afler treatment (d)

B 12-4 WG MEA E SR SO AR IR A R

Fig. 12-4 Effects of parasitization or venom injection on the content of lipid in cuticle of Papilio xuthus pupae
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R 12-1 RSB R P F AL SRR R &L AR LR S Rk

Table 12-1 Effects of parasitization on the compose of cuticular hydrocarbon from Pieris rapae pupae

L

Stage time Relative content in Relative content in
No. Chemical compounds '
(min) parasitized pupae (%) non-parasitized pupae (%)
! 20.00 Heptadecane 0.17+0.2%a 0.09+0.13a
2 20.06 Tetracosone 04210422 0381051 a
3 22.15 Heneicosane 0.6610.56a 077+ 08542
4 23.25 Bis(2-ethylhexy!)phthalate 0.49+045a 0.72+0.59a
5 24.27 Hexacosane 0.20+0.16a 028x032a
6 26.34 1- Docosene 2081+249a 144+ 152 a
7 26.44 Heptacosane 3.55x200a 3.30 :I:_2~18 a
8 28.60 Henecicosane 0810302 0.86 1034 a
9 29.27 2,6,10,14,18,22-Tetracosahexa 1.94+£230a 242+202a
ene,2,6,10,15,19,23,-hexameth
yl-,(all-E}-
10 30.85 Octacosane 3276 £ 12.05 a 3245+ 12.88a
11 32.96 Triacontane (a) 1.18+£ (.81 a 1.35+0.76a
12 35.24 15-Nonacosanone 12020792 1551083 a
13 35.68 Triacontane (b) 13.22+884a 1398+ 11.25a
14 40.51 Oxirane, Heptadecyl- 372+ 1.82a 3041178 a
15 43.17 9-Tricosene, (zi- 3491 +1877a 27.719+ 1590 a
16 50.51 E-11(13-Methyl)tetradecen-1- 149+ 248a 1693052
ol acetate
17 54.68 17-Pentatriacontene 1.28%1.15a 0.81+0.85a

— _ e o0t SV
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Fig. 12-5 The GC-MS total ionic chromatogram of cuticular hydrocarbon from Pieris rapae after parasitization by
Pteromalus puparum
Pos~Ps: HER05d~5dW: Nos~Ns: 0.5d~5d FIERFEM, B 12782, B Pys ~ Ps: Pupae after
parasitization for 0.5 to 5 days; No s ~ Ns: Non-parasitization pupae at same age. The same for Fig. 12-7.

R RRBRERELGHAT 18 7, LUREAE, 7 138, SBRANKEBRAL
SMERN S0%LLE, BEAMRAFTXIRE—F, ELHRERILESHDERN 20%L L,
B F, B2 R, SREREASHERNS%ES (K 12-2 F4K 12-7). HiEs
FHREBEPIPERTFERS, HRXBEBEALAYNETIR - 2- 28R
Bis(2-ethylhexyl)phthalate. iFE —-75%% Hexacosane 1 1E —-+-t4% Heptacosane 5B 5% %
A 3 R REHE e B E T B, T+ LI B #4243 Oxirane, heptadecyl- 14 B B H (& 12-8).
MELEYAME, BHS/PENTER 05~5d, HIBERMAEBEDBAE, B, KRG
MMM RS FAMAFEM RSB TR EER, MFLER 0.5 7 1 d 225K L9 4
MNEAELFIRAF AN AR EE TH. NS/ MENFENHERABREDRE (F=
0.70, P=0.42). MR (F=0.39, P=0.54). BE (F=2.70, P=0.11) RH I (F=1.40,
P=025) WAHNXTRIT R FEW, MMM EMANENSBEEEEEW (F=5.17, P=

0.03> (I 12-9).
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Fig. 12-6 Effect of parasitization on the relative contents of hydrocarbon from Pieris rapae pupae
1222 R FSNEEREASWRRHER LS HN & R
Table 12-2 Effects of parasitization on the compose of cuticular hydrocarbon from Pieris rapae pupac
Relative content in
Stage time Relative content in
No. Chemical compounds parasitized pupae
(min) non-parasitized pupae (%)
(%) '
] 12.58 N-Hexadecanoic acid 187+208a 1.181+ 1.36a
2 12.78 Dibutyl phthalaie 160+ 138a 1.45+0.75a
3 16.25 Docosane 041+040a 0.32+0.18a
4 18.10 Nonadecane 069+0.59a 0.88£085a
5 20.10 Tetracosane 0.66+0.63 a 04720254
6 22.18 Eicosane 151111 a 1.2 £ 0.87 a
7 23.27 Bis{2-ethylhexyl)phthalate 2411323 1.14 £ 0.62 b
8 24.35 Hexacosane 0.85x0.59a 052+025b
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2.6,10,14,18,22-Tetracosahexae

29.29 ne,2,6,10,15, 4.01 £6.63 a 204+305a

19,23,-hexamethyl-, (all-E)-

32.78 Nonacasane 15461 8.42a 134551426 a
32.99 Triacontane (a) 471+864a 2.58+425a
35.66 Triacontane 19821791 a 19.16 £ 8.17 a
40.60 Oxirane,heptadecyl- 122327250 18.39 £ 8.94 a
42.88 Hexatriacontane 3.69+239a 505+393a
48.78 Z-12-Pentacosene 3.67%4.06 a 1.74+ 1.82 a
50.66 Oleyl Alcohol 22.541£10.76 a 24321+ 5.691
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Fig. 12-7 The GC-MS total ionic chromatogram of cuticular hydrocarbon from Papilio xuthus after parasitization

by Pteromalus puparum
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Fig. 12-9 Effect of parasitization on the relative content of cuticular hydrocarbon from Papilio xuthus pupae
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WV IR dRmn & et X Bk T bR Y B B A Rl s

3 g

WRig & /MR A E VO S R AN R R R EAN S B EE Y,
Enf5RIHRBEREPITFHEONSEMNES FEIHBREEX PR EANS
EMEEF & (B 12-1 50 12-2). HFEEME, FENRFFATERLRUMAW, fix
B o (Y] s B 2 T gL of DA RN, SRR RO RS g # A- skiE S B S, &
FEANS SRR ZIEE. SR P AT S Bl MiE N — g aME
B e MRS Ry EMIMBRENRE D, OBREZHR, SREPTTESEEASE
THRAENREHEBREEZTRE. B THEPREENEK R (LHE. BIHES) E5
PREBENFEREE, HREPEEEABEIR, HEFTHRIMMES, §EE
FERHEE G S RSB EET.

TFERKT IR T HEME STt RTTURAER. SEERMEHE Ryt
o, REPIERNS ESRKF AN BRI EE TR, MEHERN UL R EER(E
12-3 1 12-4), WREHTRETREEHE/NESHDRE A, WEFETFERE DK
KHSRIYBETRK.

R EHRBALEYEARN S RN RE— 9 R B P AT R, #TT eUH
T &YFH 2328 (Carlson ef al., 1999; Haverty&Nelséon, 1997; Lockey, 1976). ¥fh 4>
&Y (Cuvillier-Hot ef ol, 2001) BRA TR RESRIEN (Chen er al,, 1990; Densena et
al1999; IEHE, 2003), REERBREHR LHARE . TN FREBBILAWENES
A RS S ALY Trabalon % (2000) #BFSL, MM TFHFEIHRFTERFEFHE
BEBRANSHARBEARREES, MUBNET LRSS MR, MR
RRGRET EEREBREAEYRMARE, BAHULUTER: WS % £ xR
WREREUEDHNAREEEER (F12-1, B 12-5), TATHERBEERZSHE%E
hi& Bis(2-ethylhexyl)phthalate. Hexacosane. Heptacosane #} Oxirane heptadecyl-fIAHx & & -
HEZEEW, RYBRHENE, #HRLEY 17 RERHLK) HERTEEEEER
€ (R 122 M 12-9). XiZBRES/ MG EXNENREREDRENTLEEEER, ©
BEOE & /N A BB A TN R R L (BE-LIE), X R RIS AT B I 7E 2L
Bk oR ok 3 B R ACT 8934k . o MR R & /) 8 A5 A AP A S BB R B b A ) LR R L S AR
FEHEAEE, XHEYRANSBROTUN—FERBRFEERHRTRA, NERFTA
LXBNBEKTFER, B, ZHEOTHIERHE RS SN BEKENZL O
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WL NS 20700 30 B S /e I e o B &/ F sk 00 LR 1S R T RE

FHE) RLUHFEBYBERMENETGHMALLR, 2{HTRAVIRARE. RARRE T
M EHFLBREIEVOERNESY, Yaldx R e R ER B IENRRE o
P, VTRESE BBl AL F AR IRNEAL e, HEMIE&AY Y 2EKKIUEH, 5§
b /MRS B A TR Z LIS iEN (Aftx 2). MERRED, REYRIERA
RHET A AR TERI IE B 5. ﬁﬁ%i%ﬂﬁﬁﬁ*iﬁﬂﬁ%iﬁﬁﬁ%)ﬁ%iﬂﬂﬂr e bt T
HEM, MBS S /N E A AR B EWRT R AR Y R, BT AT A AR VAR A
REMAMERNAZEHATFERTERARELDNZN, HHFEFCDETIBELEE.
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AL K A0 . WeRe M iR 5 DS IR 54 B IR

P R /MR WO A Rk ERR AP £
5 RRFACH R W

AN
I
=

EREFINAERGE, FEBETEDHT T LAENEFAEHE K RIEEGE L
BAHEMEFRKE (Beckage & Kanost, 1993; Thompson, 1993) . Balff& i &F E8ExT & Fi#
ITEFR AN T EIRRE (Dong et al., 1996; Shelby & Webb, 1994) , FA ST HERT
5l E X ENRENSHE (Nakamatsu ef al., 2001; Nakamatsu & Tanaka, 2003 a, b; 2004;
Richard & Edwards, 1999 b; Thompson, 2001 + % LB QMR (Brandt ef al., 1996;
Beckage & Kanost, 1993; Shelby & Webb, 1997; Zhang et al., 1997) Bt {R ¥ H A B (Brandt et al.,
1996; Coudron et al., 1997, 1998) , THXFFRIAE M X o] B % 3 ik B b B A RIS R K
W (Rivers & Denlinger, 1994; 1995; Rivers et al., 2004) . JRIABE S /Mgt X HFE =
FIEEIE IR, AEUIR T MBS /N B AR EF A F0H: 58 000 7 4 o R R B R R R
AERERME W, CLEARBREES /N X EFYEREH RS, BB
HEE T ERYENS REAH, FAGRKNETRASENEIFFE.

1 MRS

1.1 LR BER
LTS/, SERBEHE RSB RBEEARTELB K,
1.2 FEETEHER

BRI S /DB SNSRI RENNEFLE. BRSIREERPMRRSLE_ENS
=%, BRENNTZERLETE.

1.3 AR EME

1.3.1 M EEA

B 100 p | AR B 0.5, 2, 3, 4 54 HRHMNTMAE, 1000 g L 10 min
DLEEri M, LA TELSBRERBKSth. EAEEEX A Bradford (1976) FHE:,
SrAMUARIFIAR FAEMES TBS MMM EEXR, SAEER 3 3449, DLERFMEAE
H (BSA) sz,
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WS T MRS A T 3 B8 W ARG 44 o B 1R TE R AR R

1.3.2 fEhidER

HWAER 0.5, 2, 3, 43 5d REHWBIRRT 5. UL TBS 8t 3 5, BT K4,
. WIEES, UL 10000 g B0 10 min, ERFEIAH RN theT SR S IREGE. WE iR
HEZAFTRBME. .

SRUEER . 283 dRHE (EZRROmp fiEh#EA#1T SDS-PAGE H ik
., CARIRHR SR8, BIkFA Bio-Rad PROTEAN 3 cell R4, ULLAREERBIX,
D ERIRE R 10%, WHREREN 4%, 5 mA HEREBRAFASEERE. B 10 ma EHR
ERRAIBE R R AL | om RS ATEIK, E DR R 250 i, FAFEM.

14 RESREE
1.4.1 foERRA

£ Nakamatsu &Tanaka (2003 a) B, FHEMTHRMT 05, 2, 3, 454
S+ RIS ul SO B BKE, 1000 g B 10 min, _EFLL 100 d EAh, B 5 min, OA 0.5
ml Y 150, WAHE 10 min, BHAHERE. WA ) ml FEEEH (13mM EHER
T 14M &), B 30min, ¥ ODsyy. RN, 4HUEREENEH TBS #1895 Mok
B, SAEER 3 LE, 2.5 my/ml IBERBMEENERE.

1.4.2 MERi4EREE

WEFLAEHEHS 05, 2, 3, 4705 d F3EHWRAEDT&, LLTBS ik 3 Wa, ¥
Tk, WE, BL0.5sml ®AFAIK, 10000 g BC: 10min, B L, BRESREORES
R 141 URSREFEMTE TBS SRR AEN R, SLEEE 3 KE.

2 HBR
2.1 SR S0 i 6 2 K% B A kb B 9 R S AR
210 A

EFEEAHERAX—ETANR T, FENENEROHEPEASELEEYT
(F =147, P =023), EHEHUNTIRAOMOEASBNEEA®R (F=759, P=
0.008), WHE (F=19.84, P=0.0001) SEFHEHE (F=15.59, P=0.0004) HO[FERH
RERHGRT R A N R E TR
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R NIV SO 3 R S S HTLET e S BN L S o A A R Rl R

ERUERREAT A ) A0 2 d BRIES BHS 1~ S d, MKE R REASE L AT XA
thB#EFta (B 13-1AFB), M THALFEHERT | ~5d. BIRTEASELYRTL
WSTES TBS MK B B E (M 13-2A MIB),

it SDS-PAGE 47 e, JEXNEMBF LR 1 ~ 3 d MUKE Rk EE P FEL TR
95 1 23 kDa £ £, TRBMAEELS 1 d R & AR A A 1 Ak A 7 05
kDa E (1, W42 BRSBTS PHA, RALEA RO 1 f12 ORBRERF. M
Be SRR EEEREPNAHARES. 23 kDa EEATRRNWE LT TR 45
ESFREAFE (8133),

80 " W Pamsitied O Non-parasitized [ & Venom DOTBS
g o
£ .
- L ]
g 40 * * *
£
B
g 0t I

0

G5 1 2 3 4 5 05 | 2 3 4 5

Tive after treatment (d)

B 13-1 M/ AT A A MR RN R E S e

Fig. 13-1 Effects of parasitization and venom injection on the titers of soluble proteins in Pieris rapae pupae

hemolymph
80 , r :
M Paresitized [ Non-parastized A Venom oOTBS
3 &
E +
b= = * i
v
A :
o
=
B

Time after n-aalrm:nii {d)

Bl 13-2 SRER & /A A R N R R R B A SRR
Fig. 13-2 Effecis of parasilization and venom injection on the concentration of soluble proiein in the fat body of

Pieris rapae pupae
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Fl 5 SRem S N MO A i AR ED MG A VR T S U 0 B

116D

35 kDa
bl —

480 —anel
a0

e 23 hDn

C R
133 FEASRXBENLHER R4 %GO RSDS-PAGER i
Fig. 13-3 SDS-PAGE profile of plasma and fat body proteins from parasitized and non-parasitized Pleris rapae
pupae
P2, 3 FER L 2WM3FEME: 1, 2, 3. AREAFLERREN: M: ESEEaTR. 12,1

Parasitized Pieris rapae pupac for 1, 2 and 3 days, respectively; 1, 2, 3: non-parasitized Pieris ropae pupae with -

day age of 1, 2 and 3 days; M: Protein marker.

2.1.2 k¥

EAERATE G EX—EFE, $ilis/ETFE (F=8.86, 7=0.005) i HER (F
= 24.66, P < 10) M5 EXMERNHCTHEESRNEE TR, THE (F=263,P=
0.11) BRIFFHEM (F=096, P=033) MEMEHEPERSROLEERY.

B

B Pamsitized £ Non-parasitized 1 B Venem OTBS
— 40 . » -
£ .
E 30 - *
B
§
Z
= 10
!
0
05 1 2 3 4 5 0.5 i 2 3 4 5
|
Time after treatment (d)

W 334 MR G /IR A RO B R SRRSO L o 2 o A2 A BB 0

Fig. 13-3 Effects of parasitization and venom injection on the titers of lipids in Pieris rapae pupae hemolymph
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WL AFI e 2 SRR G DR i B S D FE ST SRR A A

RIS 1, 2, AR SdEEHERF 1 ~5d, LHETREE KFEREY
TBS 4B B EF NI (8 13-4, M T &S 3 5 d ik s &G 3 4, Rl ias
B RE AT TS X ROEEL EF N (B 13-5).

40 .
i W Parasitized O Non-pamsttized O Venom »TES
cHE .
E »
3
=
=3
S !
ANA i}
05 1 2 3 4 5 05 1 2 3 4 5

Time after treatment (d)

B 13-5 SRR R A al S I R IORMNE RS B MR 25 5 MW

Fig. 13-4 Effects of parasitization and venom injection on the titers of lipid in Pieris rapae pupae fat body

2.2 FHRE R Lk 2 B BE R feh B B S R

2.2.1 EAHK

EXRZEHEEFHRRLT, FEMHERAGROLACTTEEEOARTEEEW (F
=3.63, P=007), ME S BHMAI5 EHBRAEHOLKERTEERO S REETH & (F=17.56,
P=001), §% (F=1031,P=0003) BFHEW (F=10.62, P=0.003) ¥0I51BEMH
HEAERNEETR.

80 i [
| W Panasitized O Non-parasitized 8 Venom OTBS

% @t .
E ;
8
g
g 0

Q

05 1 2 3 4 5 0.5 1 2 3 4 5
Time after treatnaent (d)

B 13-6 85 S ADEEAE HIGE AT 2 AU RS ROMENTE i K 2 245 £ B e
Fig. 13-6 Effects of parasitization and venom injection on the titers of hemolymph proteins from Papilio xuthus
pupae
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1= AR G oy R i 0o ARG T b o R Y MR A (R R

80

B Parasitized ONow-parasitid - ®Venom  DOTES
Eg 60 N * * * *
g . .
g
2w,
S
=
)24
E pi]
1
0
05 1 2 3 4 5 s 1z 3 4 5
Time after treatment {d)

B 13-7 SRR /DR TE AR R AR R PR O & R W
Fig. 13-7 Effects of parasitization and venom injection on the titers of fat body proteins from Papifio xuthus
pupac
HH RS 1~ 20 EMEHE 1 ~4 4, DREFTHEESSES RN
FEBES TBS M REHLEER S (B 136), THREE 1 3, 4d SENTRE 1 ~4
d, BENTER P AT E B A R S FIA A SR TBS M AR L B TR (8 13-0),

22.2 REk
ERERHEETRERT, BB/ MEOEE (F=478, P=004) SEHER (F=

13.85, P=0.0007) $In[ A Rl 2 h RS MEE TR, &L (F=096,P=034)
BB (F=234, P=014) MEMEFEERSEHTEEEN.

m -
B Parasitied D Non-parasitzed B Venom OTBS
§ © » . * *
E
2 X
B
]
0
65 1 2 3 4 5
Time after treatment (d)

B 13.8 MENE SRR AT F R RS RN i R IR S R

Fig. 13-8 Effects of parasitization and venom injection on the titers of hemolymph lipids from Papilio xuthus

pupae

142



WL NS M 000 2 SRR & o B B G A R AR L T R LR

# Paras Aized O Non-paras nized & Venom OTBS

Lipid contentimg/g)
]
[=]

Tie after treatment (d)

B 13-9 5GBS RN M AT R RN A & R0 W
Fig. 13-9 Effects of parasitization and venom injection on the titers of fat body lipids from Papilio xuthus pupac
WHERBHETES | M3 NEHBRE2~5d, DRETREARSFAPEXTES
¥4 TBS MM HEMHLEZE TR (B 12-8), HERREEES MEFER 1 ~ 2 d ik HE
HG 1~4d, BEREPRRERFEMLSN TBS Mt EALLBEARA®E (8129,

3 T

EFGEE N RERE, REBRIHERRE IR RES SR B X AR
HEASRANEE TR, FRME MERPE WEAR LAAE), WERe I GE
T AE (Rt T SRR BT P R O AR BE 2, AT AESRORY MR AT 7R P K B 3T
BREMAET, SBE NSRS NEEE AT RS RN TRELHKEHES
SROAR. THROHERGSERGS MEFES, DARCPIEEEASBFEES
&, MARMTFR AN EA SR EE TR, BEEE SNSRI WA
HASBE B E MM E NGBS RS U A, BT H BSR4 S
nHENTEEEASTRSRFEHBEALEEEXRZAR.

O &/ MR E RIS, MBS kDaE A BRI AA R, H @R 24k
BHELKET, 23 kDaWRHRHREFIBEFHEEFFRESFB (H13-3). B#
FEXLBROHOFRERAFRERNFERFRHES (Richards & Edwards, 1999;
Reed & Brown, 1998) .

RS/ NE R F SN B RER A AR O RE LS BOEE Y
B, BXXHEMERNSBRIEEER, — 7 OERRREE MY RE B VY S0 F
H T MR B R P B2, B— N, TR RS MR R T ISR
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L T SRR SN A L RIS A T SR SRR RS IR

WM RS R R 0 4 2 P R B 2 AL IR A, 12 L BB T — E PRk & /g o SR A
Tt PR 2 B2 15 2 A 4 B (IR T LB 3T 4 AR — 3. Thompson I Bralow (19833 A
Xy FEYABEIEN S AT ERRIE T 0 KRS FASZE R BT S840 0 45y #K £ cp
HE 2R i A 0 4 /1N o 0 SE R HH U RE IR

Rivers 1 Denlinger (1995 (IR SR, FRIR Sarcophaga bullata ﬁﬁﬁﬁ?ﬁﬁl@ﬁ%ﬁ
AR (Envenomated, FAEF XBRF LI 5, MREIEXS BN TERASH kig
B RHIFH M, Phormia regine MAKEL P AR & B &y, MR AT AEEES BT M, 8 Musca
domestica 1 # B PREXE BELSK, TRV I3 BT B, Sarcodexia stemodontus i
WEAMIE &R RERSRYT R, TS TR B Sarcophaga bullata W 512 SR AALL
FIERBR, X—HEEN, TRFEENEFENERREOTRERY, BT thEYg,
B —Fh ¥ Ak AR £ B Rl 5 B . Nakamatsu ) Tanaka (2003 a) KBTI
B, Wk Pseudaletia separate i /N6 Euplectrus sp. near plathypenae 4G, MMEDPE
AMEXASREEAR, TEHAD - Z4RESHEERE, HH 03 VRE BRI 4L
FAADNARE, SRS E O EE DA A R SRR,
HEHAZEATEEFENHLEREEZR, XERNMEREXLFHELMLLZ 4. T Nakamatsu
0 Tanaka (2004) #—SHRRB, RAKB P. separate DHEFRESRNOFER BB
/N8§ Euplectrus sp. near plathypenae BRI IEN &2 M H .
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WL A 000 S0 BRI &/ 9 DN R 5 & /v a5 il I A A5 1 0 R 2hag

B Paras nzed 00 Non-paras nzed B Venom O TBS

i obblin

] 2 3 4 3 4 5

30 -

20 |

Lipid content{mg/g)

Tore after treatment {d}

B 13-9 ¥REES/ MR SR S EENERTHES SRR A RY kAR 2 & R A
Fig. 13-9 Effects of parasitization and venom injection on the titers of fat body lipids from Papilio xuthus pupae
HEARREETES 1 N34 REHBRGE2~54, MREFELEXIBRERIEXTER
A4 TBS XML EE TR (H 12-8), HERREEES MNEFA)R 1 ~ 2 d IFHE
WUG 1 ~4d, RERIEPRRRSRTFENTS TBS Bzt R EEARA® (B 12-9).

3 118

EHWRE/ N EERE, RORRAOHERSEGLEPEASRHBEATRAER
BEASRNEE TR, HRGS MSRTE BEAN (UBAE), WES EE
HOE] BRI 7 SR N AR AT 4 9 U B KRR BR S, AT RS R e B A A R B K B R 3+
HFHBOAES, SBEHSHERNENEERTEEESS BN TRALHE S EA
SEROAR. BHEAHERBSEENS  MNEFEE, MHRE PR EQSEHEEE
24k, MR FEARTFTEERES SENEZE TR, SESS AR RS AERY
HASHEBRZOREABERES R, BT aRsRIRTHE RS T £S5
MHERTEEEASRSRFEX BREALLLEZERZEE.

WS /MG F LIRS, MKEPS kDaE A B ER, H TS 245G
BHEMMET, 23 kDaNERBGHABTIRT>EEI FREAFE (H13-3). A#
FEXRREWM AP RHRMAFAREIOFERFHEED (Richards & Edwards, 1999;
Reed & Brown, 1998) ,

e NN FLERTH ERS BRI E RSO ACTERSBHEE Y
Re, BTG EREENERIESER, — T HRHARBES ISR RE TR Y 5
HT 3RS RO s i K 2P IS, B— i, thOTRER %6 /ME T vT IS8
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b B ERRR G/ B i A s A D A T R T AR R R

WS RS RUBR S 0 A 2 P R A R AL R B8 42, X LB — E P p R & /DX A
i AS KA R R AR R R E AR HE ST 54 48 —3 Thompson ! Bralow (1983 ) iA
Moy B R BARHEN & AT R R BB M K H I KTk . (R TTD S0 M ofp 4 2. o
HaZR vl Re MR 98 & /N e B SE R R R RE U -

Rivers ! Denlinger (i995) FIF AR R, WKW Sarcophaga bullata ﬁﬁiiﬁﬁ!@ﬁ%ﬁ
EER (Envenomated, FAEFEXRTEHRI) 5, MHEELRSEOTRAASH &%
B RMIFHH, Phormiaregine IMMHKEPIEREZ BA R, MEHATRESR TR, F¥B Musca
domestica i ¥ B fE2 & B K, TORgNT T 5% & BT 8, Sarcodexia stemodontus 1l
HEMERAPIRES R TR, TN BRI M Sarcophaga bullata W 512 5 HRIAL.
MK, X—HHEE, TRFEENIFINERRERFIGEY, SHmtb g,
Bl —F R LGN AR F EERFNE T AR EAFF. Nakamatsu H Tanaka (2003 a) KIBFILE
B, X588 Pseudaletia separate ¥R /¥ Euplectrus sp. near plathypense ®E )G, MMM EDE
FBHEXASREEA®, MENAP _ESREGHEERE, EH 03 VREBRT X4 5
FAAD TR, (B ERUE % M E R ARG A R 5 H AR,
ERA—EASEREFEINALEREER, IHERIIMNERXFREMLZ 4. 7 Nakamatsu
0 Tanaka (2004) H—EFR KRB, KRB P. separate MHEFREEXSROAHRAHE
/Mg Euplectrus sp. near plathypenae B 5| BISH &3 M E .
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W R A R0 . RS METIR R E & M R R F AL 5L BT

S PUEE SR MR IR OB T ifn 4 L P A AR B

FERFENSIRTFIAMEPHERERSRNTE, WRM A HEMicroplitis
croceipes M 3 B #L ¥ Campoletis sonoresis ¥t 1 2 W AR Heliothis virescens 81T (Vinson,
1990). 3% B4 % 85 ¥ Cotesia glomerata Xt KX B8 Pieris brassicae®1 ¥ (Junnikkala,
1966, {BE kI HX BB Cardiochiles nigricepst¥1 8 £ R nl S R 2B, virescens L.
BEEAMARMNTRAN KL EEZEW (Bamas ef of, 1969; Vinson, 1990). MHHFRMAH
virescens#i Toxoneuron nigriceps H4 516 ~28h, MMETERBERIN, REBRML
¥l HER. 245K, 488, RAERINERARBEEAR, FEARIRARSE
£3% T M (Consoli & Vinson, 2004) . Rahbé %5 (2002) &M, ME ¥ Acyrthosiphon pisum
BUTHE Aphidius ervi FHF4d MHEPRASERATREEFAR, BFENBER.
BER. FEME. XEBE, X4ER. HERAARSAEARNARERZE. R
B g o A U U 2 P R A o RN 2 AN AR L, O A o I A BRSO A
MR EEFGERESE . hilt, FEGITTT 000 G /N & o F e 5 B 580 W .4
EhaERaBENARNES, DN ERANE THTERRETOER, HgEmsh
SRR A T AN R R B R R,

1 MBS

1.1 RS
WS MNEN B AR R LN RN L E —BRELE,
1.2 B

WAE RN EHG05, 1, 2, 3, 4d MO, BRRBMERE, UNBEHE
HOR B H A, 4°C 1000 gB 10 min, B{ b, -0CERER BB TRY, HURE
BRI IS KRS fEX R .

1.3 EEAMESROME T

HEEE B ARE FH Agilent 1100( Agilent, USAYHAREIE T4, 1384 3420 RBAX
Eclipse AAA, BRFACH 340 pm, WEEKD 450um, LLEEIGH 90 pmol/ vl FEE8E
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BV SR o O I O P R R R R

b B DA P MY A TP MR A
2 #Hif

EHBROKREPATHAEBENAER, TREARSERE (£ 14,142) , #
BRI, CURMEAMY S, 0 S EEMA RO 80% C 141 7 142)

SO0 /N A RV B SR P SRR RSN TR EEW(E 141
M142)  BETSEXHBHEOHELTERER (F=852,P<10") HEEXTE. @
HHEFMEMTREY (F=4.15,P=006) (& 14-1 8 14-1) .

REEMRFINE, WS DT EX N DM E S EREAR (F=430,P=
0.06) MFHKERER (F=022,P=065) ARHEREER, BF5RMHETLRS
BREE TR (F=1830,,=00001) (B 14-2) . ¥4 20005000 I 3K b 35 F R
BB (F=0.69,P=043) . JEMTREER (F=2.69, P=0.11) MZAFFHEEER (F=252,P
=0.15) B@#ﬂiﬁﬁ!ﬁiﬂ%ﬁlﬁ' (B 142) ,

]
OTES B Yenom B Mo =pumasiniaed W Paragilieed

Todal amino acid
{pmol/ul}

|

Time after treatment (d)

B 14-1 MRS /NS A A T O MR L o LR B S RO
Fig. 14-1 Efecis of paresitization and venom injection on the total amino acid fiters in hemolymph of Pieris rapae
pupac
HRXRBRFELER (F=2285P<10") . HEH (F=1216,P<10%) . EHE
WEE (F=40.09, P <10™) FHEHTBSE (F=9.88, P<10") MHEPEEEAMA BT E
HEm, MAEHEEMSEHEEEEW (F 14-1,142) , HREMBETER (F=
1L, P=0.007) . WA (F=4893,P=0001) . i HEHSD (F=681, P=0.04) FijE
HTBSH (F=1762,P=0008) MHEFFFRELE SR TR ELE, HAFEHE (F
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WL AZE I P ie . M 4 R M s & &/ e A0 IR 1 R R IhRE

=48.79, P=0.001) . S EHEG (F=6.82, P=0.04) FITSTBSEH (F=835 P,=003) (I
HRETARKREERTECEEERE, MEEE (F=-266, P~ 0.18) MMEPEAK
AEMESBLEERW, MAFLM (F=1843,P<10”) . A (F=1113,P<10" .
TEST RIS (F=30.89, P<10™) MEHTBSH (F=7.78,P<10") kB IERikEER
ERGHEEDS. |

~—&—Panasitized  ----O----Non-parsitzed 5 TBS «~-A--- Venom

Aromatic amino acid Aromatic amino acid

0 L L L 1 L L —1 -

=
G 10
o
=}
L]
B
Heterocyclic amino acid Heterocyclic amino acid
0 1 1 L. 1 ) 1 L 1.
—
90 .-'o
80

—_—t L, 1 _— L 1 -

Time after treatment (d)

142 FF 4SBT EHHANG L 1 = S M MART-S AW
-
Fig. 14-2 Effects of parasitization and venom injection on relative contents of 3 kinds of amino acid in hemolymph

of Pieris rapae pupae
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s 1 PUTT e <5 /b 8 i oot ST R 0 A [ A o A B AH B R R

3 TR

WK /N T D FVE B O SER Rk P S PR R S B E B W, A4 ]
SESRERTENEETR, AHERNLNER £ Rm, HGES S AT dH ST
REELIEA A TR RE M 2h BER. FENOME TS FENNMIEEERAIEEER
g, B REREENEEERSE, FHRA R EAERYHSENTEZEW, H19
W&/ PBRNBESRERIEPF T hRHEPHENEEEEROR BT — IR
H, RUCZEX A At TR OO SR, A TR E SRR SR,
L ERATFRNRE. ROBERIRTFE. SHERATEHTBS FI308 M i ¥k 1 &
HERBER. RWTRAERE. MMEREELLEERS YT REYW, % E8G M
EhGEEUENEREREREEEEEW, MANFESOMEPRAREXRSELE
Z R, (B Fh AL B SR R M B R BRI R AR & A A )
FRAE, SE0E & /MR B A v MBI RS0 S 5 Wk 2 TR A R -A i S5 A0,
TR —KF.

REFEBRNFLBRSBREEXEE, O0FE84h Bt T4 A AN, BE
a0 R 20- 3308 TRt R W AR L EEMYEA (Thompson, 1986; 1999; Nakahara er al., 1999) .
Hifl, XERHRFEEHOBAC AR ERTNL, (URBRERES /g4 BB RN
AMA, TSR RS EMENF AT R RESEITHAFEE.
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i KEBHELR: Rge PEINMENE S MEFRAENRTT 5B

SR

HFEBNF I XA -ARBREEFMANIL, BFR, BT LN XEFHERE N
A 33 (Hayakawa, 1990; 1991; 1994; Aizawa et al., 1999; Glatz et a/., 2003; Hayakawa & Kawano,
2003; Oliver et al., 2003; Tada et al., 2003; Zhang et al., 2004; Cohen et al., 2005). BRI &
K, —BRTHE—HFEENGF 2B T ITHTERENRFOREEDTR, &
REMBALE-FOER. IRKFUERA—, NEYEREHELES TFRKEHEB R
(Parkinson et al., 2002: Rivers et al., 2002; Villagra et al., 2002; Hu et al, 2003; Cai et al., 2004;
Rivers, 2004; Zhang et al., 2004). XIS, MNWHRLRHF Eﬁfﬁﬁi{‘hﬁﬁﬂiﬂlﬁﬁé
EER B SR RHEARN B Z (Russo et al., 2001; Moreau et al., 2003; Rivers, 2004) . #BA]
ERFHHARFERRFERATRER, BT ERBRECFERERIIE, FRATHE |
FEBEFIXCREFERBRTYN F I HTER T PEA.

1 FARINH R RN

HERNTFEHTEBWMENEFIBEGTRD ErDNARBLIREBERR, SRS

H, IRVRAFERRRAEFTIESPEVMEHEREASERG R HBIE (Asgan &
Schmidt, 1994; Jones, 1996; Luckhart & Webb, 1996; Beckage, 1998; Vinson ef al., 1998; H-#%
RAFIBEZEK, 1998; Hochuli ef al., 1999; Kinuthia et al., 1999; Shelby & Webb, 1999; FE4L, 2001;
Rivers et al,, 20020 AR AN RS MAERETIHRESBIRRDHHE L LAR
RIER. FHEERATHNERER, BESHANMFENERAZNTETERF, EX49
DNA . WEHERS 0T A R 1 R R W L o 7= A 0w T2 40 B it ¥ Rl
(Cai et al., 2004). X 5 Wi WRREIE & /N MkNasonia vitripennis IR S ¥Pimpla hypochondriaca
MHFE AR NETFREARR. SRR TNTEITEEMSES MNEBRURTF, 35T
RS/ DREMEN L, B —HRHE, VATSEREINEERERNEF IR AT SRR
BEREANFEHMENRRALEE—BRX ORFEBNEBRFERRSEFORN, \TTH
TR AERERN G EHTAERBENTI6R, FEHSRETERSET T HRELPHER.
FAE BRI S TR E T, L n A ERRLREE. R

YER. mampscl. R, FEAOEENYEMPHER (Asgar et al., 2003; Cai et al., 2004;
Parkinson et 4/, 2002; Richards & Edward, 1999 3, b; 2000 3, b; Willers & Lehmann-Danzinger,

1984; Zhang et al., 2004). B84/ GHF LT H EREXNSIOH ARHABEEAS. ¥
I 48 A Ay o EE B B T . TRRLIN A UL, T S O R A 4 I i O 3R
2, RHFERHEA —EMERAE. E—SiEdNAREATREBNATIAEN, o)
S /NE BN B E REASOR SR 4h R ISR IR 48 fe B i MNP RE R . FEE B B4R
B, BIREL (> 0.016 VREMD FEMRSTEE S /3 M0 SEM B 5 %% 4h oo F09% i 98 B 1 3 FB AR
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2idw

A, i X i 40 R R A IR P I B

EOR 6 /N E B — T T B REO B N A B S A hn, M MRS E 5 H 6 %A
HEH, B ki, FAE SSRGS AT Sephadex A-50 B BE IV R T X F
ESRBREE, 55 EER X FTIHSOMEwL AR ERANGES S, BRBIFRABIEE
B on i AR MARE SR (Caieral, 2004), RBIHHKATRERIN T 8 46 A0 I 40 MO ZERR BA A
HREFTIE (Clark ef 2, 1997, 2001, 2004) SR H T HF T O ERIUDH ERHIENB F5915
S1&%, WET FE MR IE R R R RE R B . BRSSO o i 40
FEAN, AAEXTSHEENBRE N ARNEERT, XNE—XFE, HiEHRHK
Sy o o B 1R, X UFFE? MRS IR S /A AR IR 1 M 28
HRE NN, BHER. SRS /RS S RO ORGP 1 40
R FALREIE . AR ERALAE R I REINE). 7T 508 SRR 7 AR S/ MER IR Z BT LUK
B EmWERL, TTRHETRRMEGET “7FiHla” 28T #F ik EHiRHET R
A, MTfFeeipt @ F T REREE, FEXIBARDIERE.

2 FERHRTEFAALSHFRENHENE

FERNBRE RERFTRE —RIEISFORE. 20 CFREY, MARER
RS PERRY RS ERANEN, MAANANEEEYW, RUBRENRY
TESANOEN. EEHUNRT, RN, GRS ¥ 28
MR E RS ES.

FAERFRGED, PEEARLTRSETRMEARIAR, ARERERYRH
MRS MFRRWEE—ERANELE. BAHE L ELTRNMES NERKE, EX
BB R R S I O e S B TE A2, TG S5 SR T RO T 53l £
%, HRRAS  ERERERE SHTHRRE BN, TERTERRNE EHBNR
B RET25 00, THMRNGI S /MRS 28 10 % 1 5 355 B 5 R AR LB 55 K R S B TR
RN . BRERTREFRF AR ERDEE, FRERS NERIE L8,
ERTRARBNRES L, FERBFIRT AR RALEER, HEBERTEHFR
BR—3. TS MERATER, ERTEEORT, BNEEENTE ST RO/
B, BBERWSHTREN BT QAR BRI, R LA 2

K1. Fifre MERREAAREIZRNATFE-ERHEXE, RASREHEFTHHEMY
Bt iR

3 FEBRRBEROABREE LR

G/ MEREST T&AFTNERL TRAT 100kDs, HREHBHNAINEES
FREHKT 100 kD. FESERE/DMEFEOBRRETH o £FFHR, TEXBBENHESH
246.20kDa. WS/ MEFWTHEHASRKAT 100kDa WEAH S, BASTEHES, X
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WHT X FB IFAOR N e/ MENIRBE &/ MEHNMEANT SE 8T

SEPEHEHERERPENHASZ KR FEAINIKTHAAE. BRE Pimpla
hypochondriaca Fix R B AR SF21 FHMEHA T AT 13 kDa e, M%1F T4
FE MDA A ANEHEET 0 28 #1 32 kDa HH (Parkinson et al,, 2002). WHHTRRF ¥
HER T EFHEFEHmNR. RPBGEES SR P I ERRERTIT TN R —#HE S
R-BE0? XFINMRFEENER4HS SNARERARFERNGA S EEHER? &
BEREE—PHIR.

SDS-PAGE 71Tk, W& MASHEESS FREEHETT 21.17~44.41 kDa, W48
ESNEREEASTREEEDT 21.15~36.68kDa. BT EEEHAXNNFTEHER
KIZH - HtE, TR#IEFKZE R AKX (Nakamatsn & Tanaka , 2003 a; Coudron et al., 2000), /B
A B SRR

W EEREASRSEPT 4~ 720, TIWRHES PEBBREASE LN S
~10. JT4EeE & NEMERN M B IR RARBR ) 7 N S#1T MALDIL-TOF Ji# 47, 3
LLUCSFRIMS-FITEWEN, kT HER SEIREFHT RO LR, BEN Y 34%.
HEHKERERRZ, D EREBELIRPTERIECY Locusta migratoria, YLk
Schistocerca gregaria. =W X Periplaneta americana . 5% W 5 Leptinotarsa decemlineata
FHER RARKESAFTIRHEMME.

PIFE DR E BB RS R RAER, %L 50CAE 10 min, BHE& HE
BABRBEHEAAZEY, TR RS MERNNTELENZ SR EN, RRES
PMEBRNABESHBETTHREES N GBE. SBrHpHHEAES ~ s 2RI, BES
NS ER BT, TITHRENS MR RN RE pH #2067 ~8, EPH%
T, ZHEYTREEROEIEEYE, HbE W MAF S NESE, FRErERLT H S
. TOSRRRARE RS M E pH #3940 6 ~ 7, MOATRIEEEE PEERREEEN
AN . BRI WMAIEE pH HA% 75, HARIERRERS PSRN E
wA I,

AT &/ DRRHUE TR KA ERERmH VR RS, RSN g L8
EENRSREATSEEREREY, 8. 28RN NTRESIRRESTHIERISH
¥R, REFENHNFBREDEBRINELENE, WO REHASE, oJAURIGEERE
Gr—tekEH, ABALRLPR. RS IEEHNBESRULEBERE, | ngml B
HAMLH 10 min 5, A& ERHAEBBEENRAER: 1 myml HEAE K UE#
AR NEBAEH RS R, MBS/ M BEFFEELETER BEARE —#
. ANRBAR. FERNRESSEAVER, HFHNE MR FENEAAS DS
BRI ATERE. EAM K RN AR S, SRS EER D ENE
FFAZLERNSER D, MEEHES MEEREHAPLEN IR, hijaels
AEEEA R, HFAEMNAERK, EEE K AL FHRe MBS S L AT
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Bihe

g, HEEW R/ DEEEN, AL EREBRTINAEa®BEMRR, URIEEA BTG,
SWE MG DR BEEETER, MENSERPHEE S #THBALTIEF,
LAERRIE NaCl ¥R A4 EMERASNEEEMN . 08 4 B ROPHEHORS
e iERft e B SRAEEBHER, TRSATENEABNFEERXR.

¥, Sk, BT RHUSHEDERRMER. H%. AR ERPHSZRHEX,
MBARERDPF LML RE LD (Doury et al., 1997; Nakamaisu & Tanaka, 2004), Eid
MUZEFTENESRERY, FHEIMEERTARARMERKN . BRIERRE. HNER N
AR, MEMHHEERBVENETEANLE TRED . FRMESPEFEPER EEHE
N, MRESMEERPUZ L. B DMEHERPRENLMXH SHFERNE XK, TR
MRS NENSEFER, YREFEMAERNEE LEF, BT DRRIETERERRE
FMAERMERKEEHRES, ANRBEES PEERTREAMTTRSREFTERH
BARTEKRERHERKMED, #F449BHR R TR A, ke ERE—F A7
B, 9BERTEFELER, THENRTFEIARNRETAR, FABRBBLEKERE, W
BHPARRECSMNFA. WRBES DRERPR SEANEETIMLS 24 AR
Bk, MERBETEKY, HERLT, XE5HFEEHE —EHHEXY, HmMRGES D
PRI 6, MXFERNTRLE2~7d 8%, AUHNEETERESIRAS
WP R AMEENERERRKE. SRTEHMESRPRITIRERNT - S TR .

4 MEFEREREFRREER

FERRBEHFENAEREEAR, AL ZHTRBARTZAANEIRE, WiXFR
EAEATRANHRT, ANFEOREINFEERHANSHAR . REREILEYEFHIISE,
WERTRRIEPHR, HTEHIEEWNREYA (Lockey, 1976; Haverty & Nelsson, 1997;
Carlson ef al., 1999; Cuvillier-Hot et al., 2001), BFERSRREHART, i BENMEIFE,
A AT B RERAOHER, X TR EBRAL S8 T4 RE RS H R A3 Trabalon
% (20000 AR, MM FIHFEETEEREBRLLSPHAROZELNEE T 2R,
BAIKBTRER, BRS MERHEFEN NN R RN STOARLBERER, Turitt
1 RS R B2 “UAR B i%  Bis(2-ethylhexyl)phthalate. Hexacosane. Heptacosane 1 Oxirane,
heptadecyl-fTAENT & BA B EEW, MYFHETE, 2FBLAY 07 REFAZEH) M
SETHLEEEEMRE, REBALSD BT EHIE, HRIMITHRENFEREYD
M=k, AHRSEIHRE-FERBLEE, TETRNER, —HERBUEE— )M FESE-F
FERHAHFHEGRYE, R HEERER, SREAFEFEEYHRE LK. BRES NBHFE
AHIERG AR RGP, RN R B LTINS, M ERBRESS 28K
HEOSLAEZIEME, EXRESPIBERPEARTRIESNN, HERTA 12
520 REERRCEEL, TREEASTEREERMEMEA. Y RELRER, B
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WO XFHIFHRT: RGeS NNERES MESEREASE SEE G

EDEEE SR AT MR EAT A RN, A SRR, TR AT F A MR
THRE, MALENENBWMEL I CHRBREY A EH KA BETH, BRI DY R o] 8
MR, SHESRERE TS i GC-MS 44, ¥ X PR~ it yyies,
X HRFEBEAN T AF A

SEMBANHERBH T ERF RGBS MEEEE, REPREEAFBELEETH,
A ERXSBRERETNBEESEE TRANEREBBRETAIBEEAMNBEEAS, i
HEETREPROREEONFEERS IR FETIERE RN, iRE P EEEA N E
AUAMAMRE. BERSMETEFIEEEIHERBRELRLXSREERE, 5
BENREEREREEEEW, BT X ERRE DR T LY Bt B e LA
ZHIR, HREE EG RIRRRRR EERNARARE TRETAIREERS.

FLEAFENFRETREF TAANERYREAZNL, B TERS MY REFETEE
FMEERN, MHERHHEABNEEFRPH. BREVGSREBERERYVENTEARREY.,
MBI At B &F £ M BT EF RSN T ERE. W& /MR & SO IR R,
RFOAETFESSRHLTEEFER, FHEANTSR_FLKEEAARNEEAR,
& A B S B RO T 5 R MR A RO R A S RN EE TR, BHRES /G
ENA AR IANENEERABIEREOBER B IHEEEEARAERNHE
R (AR NEERPASEOR), PT6EE BRI ¥GE SR 2Rl 4 & 5 07K AR
R MBE R AT EOKREZ MM e P s B H M. FESEH BRI 5 RER
ARG ASMLHEPRESEMEETR, M ZEREAFEXSEHEEELMR,
WM R “IBR” FEMEABI &AM ERRBIBERS. X5 Euplectrus sp. near
plathypenae 3 % X WHREBE R NEHPIZ 4, Euplectrus sp. near plathypenae RN &
BSEFECALRKCEANBERSROAR, XNEHAAFHHFDRSETE X BN

(Nakamatso & Tanaka, 2003 a). XA BES5 I NN LR X, BHORER EERLER,
EEREFEAADREYRAEKRE, T BRI R R BRI 44 o B 30 76 i i 4k
EFEEHNTYHREFRMBIES, FBRAEKRE. Bl EN, O0RAHR R
WEHEREaRILEERN RS M ENABEEERE.

SR & /N EF AL B ST B HGE O R e SR L 2 P R R A i, A SO
MHCFERRERSEITEEEW, AFFIELAERSENEETRE. EHEHTE
PRHRBEOHETEHEERNSTIERSBENTEELYE. HMERAHRR, BHLS/ NE
FENXBROACT S EERRERNNMLETERIBILREYW, BasRiEHK
BERSBODE TR, R UISEEE /L) doo] B R OB R ik B S RS,
B IEBi e B RBERIFI R — R I mIF2E, SEEh b a Ak B T B AR se0t, AT
P EAminEEEERSR, UAREEFTORE., NEN BRI REL. o5%
BOHITESE TBS MFEHEHNKE RS EHEREEY. EHEEER. AAEEIERALREAE
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Bt

RERBAREERW, NFEHOMETHFERNENKRIAERSELREZEW, x4F
FIMMETRAEZAEE TR LD ERW, G BRSO G o E 5 F FK AR
R EE BRI S RR AR X970 LY IR R 4F . Wewh < /M ) 27 25 A 31513 F 3 8y g o ofy 4 2.
RAEBRERE S AR, BZEFTEKF.

5 FARSHERNERRE

FHEBHERRPMNSHERNFINRTERTEENRERA (Asgar et al., 2003; Cai et
al., 2004; Parkinson et al., 2002; Richards & Edwards, 2000a, b; Richards & Edwards, 1999 b;
Richards & Parldnson, 2000 a; Richards & Edward, 2000 a; b; Rivers ef al., 2002; Shelby et al.,

2000; Zhang ef al., 2004a). HZRK (Bocchino & Sullivan, 1981; Klein & Becakge, 1990;
Libesert, 2003; Parkinson & Weaver, 1999; Visser et al., 1983). M R4 (Digilio ef al., 2000;
Jones , 1996; Reed & Beckage, 1997; Tagashira & Tanaka, 1998; Tanaka , et al., 1994). 3 &

& (Beckage, 1985; Kelly ez al., 1998; Pennacchio ef al., 1997, 1998; Tanaka et al., 1987; Tanaka
& Vinson, 1991)« LA RLE (Beard, 1952) FER#4& (Nakamatsu & Tanaka, 2003 a; 2004) %
HARE, TS/ NMNEMITRSR S NEER BB RERANE. M THESY, £
FARGHEA. BRI, HARKN PRI &R b IR RIS TAMER,
RBARGKE RSN N BREORBRE. MLRE. FHEE RN ST HE
BN, MR ES MENRNTERRER. B THey, Bh. R, $/5. B
Rgh o RARARRFFESEAMEE, AU AR TSRS MERERR
AR

S MERERN T E R A AR RARKEN To ARRT Ha IRANTFEYEER
EXW. ARG/ MERIN Ha IRENFHRETERESR, TSR SR
MRGFEENEETW, KERNGS—LHR. CEHARH, WlsiEs MR
9 B B HBEMRE K NIH-SaPed F1 CRL-1963 MK 3 H B i MRkFH TN-368 H
sf21. FERRRIEN BT1-TN5B1-4 FAEEI AR R) [PL-Ldfbel B ¥ THHZIMA ICR-2A
MRAPFEDTEEEE (Riversefal,, 1999). Parkinson & Weaver (1999) A WiE %
Pimpla hypochondriaca AP L BB sf 21 ARMERB /AN DT 13 xDa B/, UL
HURYERBET ERAFRBRE, EEXETERSIY, FEREHAEEEEEY
W, B UL MRk N AS TR AR H LM S T SRR
RAEARAZRERENEZBENFHARTARR? FERENFSERER - HIE
M7 ? MRAE/BEFEATTORE.

6 A EMHRBRIEHEH

FEBARNENTINE, WHERFHARERARE—BATHSEHEE Uones &
Coudron, 1993). AW XHKIRSR R, RS MEFE BEXWIET T B HA G008
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AT KF - R . Ride s ¢ MR BRA LN 5B HEE

Wi, FIRRGER AR R AR ERMNAT, MOTHERRMPLBERR. FMHK
YRR R, JRISREEE . RIR/NERnHREE . NGEdkSh . KRS A, KAESh 4, AR
B, XEY R, BEBERRSS. B Rghd, heEggid, EH L REEER, KRE
MR AMRAERMFEDLEERR, BRA —EHEE LIEH T Jones & Coudron (1993)
WA, SR4E e DS E R RTERE &/ M F i MR ERBAFFERBHAMSMER, W
ERESMMERINRES ST I NARMERERSER, RBRMEHNERLEHE
X, BRMIHEET —ENAENE, TTRERE MEEEIDGXREX. BER
XHREREXR AFERTHAN EROBRAGERTGELER, Xt N FEBF044
FERPIIHER, AFEERANSGEETEFEZOMES, EEEXNNFEnMREER.
BmERTREEFNHEAT (WPDV H) KERT, BHRANHIE E I RRE R R
B Gk, o RERER SR AL BRI EE R E . TAMFESRMLhEETH
THER, FETOHRAEEREATRL, SEKH#EEED, BREENRELARELE

A BN TEKRERREARNEIRRR, AT ERHENETIRMESE N HIFE (Rivers
& Denlinger, 1994; 1995 a; Doury et al., 1995; Coudron & Brandt, 1996; Marris et al., 2000;
Rinehart & Denlinger, 2002; Nakamatsu & Tanaka, 2003 a; b) . R4 ERRF T EEME

# o0 B S AR NI T S 9T EE  (Richards & Edward, 2000 a; Rivers ef al., 2002), 3R] #%
S RHMARFEMIFET (Rivers er al., 1993; 1999), {HiXP[SER K BWOKENE. HAF4E
P ()R 4 /N T TR B2 o 440 LY 1 PR R A A A M (O R MBS /AR I B R B

R SR AT S /N W 2 HON R A T 1 1R SR A 2 (Riivers et al,, 1993), TIRATRRFAR W,
Eik g 4 i EERAFE LB SR, THEGHMRTEERMERS MR
HRRR, BEERNROMRHERNEENTEENA, MESBERE NEGEBRA S
s, VLIS TRIREES DR EB AR T R RIET. BRIV M ERERTE
SHEFBHHTREVERRR, TASERNTEETERNQEHERRE. B4,
W&/ NS Tn MNERRBOBE, THIMRES MEER T ARENERNZE
BEBEYW, 5 Rivers HF (1993) MBFIRMHR, THEFHFHBRARE TR —BREF
EAFEX. R4 SEH Ha QRSESREY, BERES MESYEL TR 1t
{B RO HAS Sl R AR A0 SE B R ARV B 00, W AL es 4 SR ZEAE B P B
IV FRBY A, TGRSR Ha 400K M PT S6 77 20 304 A £ A5
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