B 1 2 i Acta Entomologica Sinica, October 2012, 55(10) : 1221 —1229 ISSN 04546296

FE R RIE &M 5 FHlLH o i R

KA, 71 K, RER", ZF%"

(R KA 5 A R 285, JE3¢ 100193)

WE: BERANBZ RS ST EENREEAZERE, REBKBERBNRARERERIIAE. EE. K
FBEINREYNRY . AU T B R RAR %L RN K AEFMERK G FIHRIMHECHRE, ERERT EEAEMH
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Progress in the molecular mechanisms of the innate immune responses in

insects
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Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract: Insects lack acquired immune system processed by vertebrates, and rely solely on developed
innate immune system to defend against the infection from alien pathogens such as bacteria, fungi, or
virus and so on. In this article, we review the progress in the molecular mechanisms of the development
and action of the innate immune responses in insects, especially focusing on the roles and functioning
mechanisms of some important immune-related molecules. The innate immune response in insects is
divided into humoral immunity and cellular immunity. They function together to kill and eliminate the
pathogens via phagocytosis, nodulation, encapsulation, coagulation, and melanization. When the insects
are infected by the alien pathogens, the pattern recognition proteins/receptor ( PRPs) in insects would
firstly recognize and combine with pathogen-associated molecular pattern (PAMPs) in the pathogens, and
then initiate the activation and regulation of a series of innate immune response containing immune-related
serine proteases and serine protease inhibitors, and finally trigger the production of the immune effectors,
such as antimicrobial peptides, melanin and so on, to kill the alien pathogens. The antimicrobial
peptides are a kind of cationic peptides with low molecular weight, and have a broad spectrum of
antimicrobial activity. They are produced via various mechanisms based on the types of invading
pathogens. There are two signal transduction pathways regulating the production of antimicrobial
peptides: Toll pathway activated by fungi and most of gram-positive bacteria, and Imd pathway initiated
by gram-negative bacteria. These two pathways are contributed to the expression of different antimicrobial
peptides due to the activation of different transcription factors.
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BHEHER Ea i), MRREZKFRE, —
e A 5 T TEE A AR IR A 3R . R UK
WIRZ =S EHESI P B A MR IR R 4,
FE B AT RE AR 2B 15 3R 8E A& A SR ) O 1R S Al
WEMENR, B TRREFGRBHRRBER
Gto B HUA R AR S e IO NL A9 240 ML G B R Y S
B, BATBRA XA XA EER R, & FE A R
PIRIAR . TEXPIRPRBER L, 55— S EK T
B xR R B, AR5 SO B AR AR R
SIS KGRI KRR BRENL . A SORHEH RS
B HR R AR S e S L 2 A AR F R T AL AR AR O
W—&5ik, B R R AR RE B e ) — R 5]
FREAH I3 B S BEANE FAALA o

1 BRXA%ER AR AIYE

Toit 2 B He AR S e b SR 0 ey, R
F B PR IES R o X —it R E T B R
B A = iR 5 28 B ( pattern  recognition proteins/
receptors, PRPs) R 1| 3 45 & o [ 490 2% T 4 A O A
3 4+ T ( pathogen-associated molecular patterns,
PAMPs) Sk SE 3L K (Hughes, 2012) . %22 [REATER
24 M BE 1 Jig Z2 9% (liposaccharide , LPS) | ¥ 22 [R 4
PR T 1 K 2R W (peptidoglycan, PGN) | E Y
B-1,3-H M (B-1,3-glucan) P K& — 26 A\ {2 40 B B¢
TCHA) 2 L 2 32450 240 M R T A R AR T LAAE S Sb
By R R KRG E BRG] (Jiang et al.,
2010) ,

B R B TENR IR ) A R B8 # 3 AR 7E
Fefs (R 2n Mo LA R vk S A M R T, B iR A B
1k N S N il 57 8= w ol s g = B S N i by )
M, WA EAFEMRIEDER ST, BT
EA%ER RN EEZALE p-1,3- BB RMNEA
(B-1,3-glucan recognition protein, BGRP) B & 2% [§
BH 4 40 i 45 & % H ( gram-negative bacteria binding
proteins, GNBPs) . fik 2 ¥ 1R 51| 2 H ( peptidoglycan
recognition proteins, PGRPs). K B E R E H
(hemolin) | C FI%EEEE &K ( C-type lectins) . B ELE H
(integrins ) DA K #i I8 5 H 25 % i, 5t Apolipophorin T
(ApoLp-1I ) % (Jiang et al., 2010; Hughes, 2012),
T A 2 3 ARG E B RS REFIR BB 4
AT R
1.1 g1 3-FRFRANEAME=ZKRAEMAESE
A&H

X PR E H bR LR R — 2R E B
HIFRIAN R 2 B, 76 oA A= 9 bt Ry BE 25 -
B-1, 3-EEMABIEH, XEEATMEAMFEM
G, ERBERMPIHRERES G, RER
WA — BT B-1, 3-H RAEEE R X iR, B-1,
3-FBEMRGE QA 2 KRR 456 R E#0 e
SR X RIIER, HREE WA LA XA . §
FHREB GG & A M BE R B-1, 3% R,
MEHEEGHEZRALE LR ZH. flin, &
Bombyx mori BGRPl, { ¥ K ik Manduca sexta
BGRP1 #1 BGRP2 D) K ENEAUE Plodia interpunctella
BGRP B IRRBIIE5E B-1, 3-H RME MR (AN
3 S AL B2 Bk )2 7 ( Ochiai and Ashida, 1988; Ma
and Kanost, 2000; Fabrick et al., 2004 ; Jiang et al.,
2004) , EIERWE Drosophila melanogaster GNBP1 §g
BRI B 2 [ B P B B AR 2o Tl A A P PR R AR
IR SRR U AR E 1R X (Kim et al.,
2000) ,

1.2 KEHRHEZEA

BRBEEHE TEREPREE LR, FEk
SEAE M R R k. RE R MR, EPEE R AR, /)RR
Plutella xylostella 25 B B p ¥k 4 B s 7i b, BB
PGRPs ZEfR & . RE LG 6 BIFW, &6
—/NER 4 K B T I 3k B 40 fd ( Hughes, 2012),
PGRPs ®] 43 k45 #1 PGRP ( PGRP-S) Fi1{ &I PGRP
(PGRP-L) 55, PGRP-S j&—3J/NpF4r bk
HH, PGRP-L 2 —REBHEERSMPANEH, R
WR AN ML Anopheles albimanus B 3E R 4H 47 i 3
B SRk 4 KA PGRP(-LA, LB, LC, LD,
LE A1 LF) LA J 46 % PGRP(-SA, SBI, SB2, SCIA,
SCIB, SC2 #1SD) , f£7E 13 NEEH JE, @3 F] 25 5]
BRZ e YRS 17 #f PGRP ( Werner et al., 2000) ;
TEHRB P AR 7 A2 A B ( Montafio et al., 2011),
PIFPEAL K PGRP BRER I#R & A — 5407 18
Pt g g [R] 9 A1 2 165 > HEFR B L 1K) PGRP £5 4435,
(Basbous et al., 2011) . PGRPs B2 i 171 1% 45 #4 3%,
SHERE VKRR TS, BOE KRR I L
H ) Toll Fl Imd {55 3% 72 4K T 175 = PL & BK B K3k
(5] 4n 548 PGRP-SA #il PGRP-LE %) ( Kaneko and
Silverman, 2005 ) , 8 R LA By AL B 57 A FR AL
KB () 4n M8 B K & PGRP1 F1 PGRP2 5§ )
(Sumathipala and Jiang, 2010) , i& 0] IR AR
FI (a0 5 1% PGRP-SA %4%) ( Kaneko and Silverman,
2005) ,
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1.3 XHEKEA

XEE LS HIEFESHH B B Uk kA,
FIFL S sk E H KDL, BB eERER
B 4 MR ERE A5 IRA R, =2 B B SR g
ARG B o 1 EE AN REAR 3 I bk £ 40 i 2 [ )
Ghe, RBSEA B 22 PO RH PR RN B v 40 B ( ik EE S A0
/N, 2008 ), AN, TEHMEE KK K 4h B rhE
RNAi 2R e sk E R R 3Rk, ZERERW R
TRXT K B AF B B B RO AE AS BB O 3 R R
(Eleftherianos et al., 2007 ), 7E45 & b K & i
Hyalophora cecropia W, RHERRE HRER S S HE
WIRRZ8E, BTG R B C, 51 kK407
Y& F ( Daffre and Faye, 1997) , Ah, 2 mskEH
A REIEA BUREE T AE, (H2 B ARVE RALH A
HE,
1.4 CRREE

XA —RKETH AW R B G R
( carbohydrate recognition domain, CRD) [ 454 #fi P4
WaieEH, HREMEERE,. K&, XEOKR
Hyphantria cunea . §3%8 8 Helicoverpa armigera . 774l
A% Tribolium castaneum . S 146 M 2] C 7Y K
ERXNWHFE. RTESSRERRPEHRER C R
BERTE AW MRS, HAR R &H
W CRIBERKZHER | MRS H . #
WTEREDA 30 28 CRIBER, ZHHASHE 1
NS, CRIBHER B S ER TR S E
JEBEEERR (lipoteichoic acid) 458, AT 5| A2 40 H |
BB SE AR I BESE . AL, C BUBESE R iR SR
B M A A 1 R AL Bl R ) 0 AR R AES MR R T
TR (TEERSE, 2009) . B4, (a0 K A& AN
TS C BIBEAE R 2 (IML-2) HUiA AR i b B2 IML-
2 MR EIZKPR, & B MLk B X 2 22 PR B TR
BRAEF BEREAR, Uil IML-2 25 T R R g% 3
2 [RPAMETR B9VEBR (Jiang et al., 2003) . Ak, BF5E
KRR B IML-2 36 BEH i if 4k 0 40 e Fr) A0 8 A SR AP
Fi(Yu and Kanost, 2004) ,
1.5 EBEREHR

ER—MEZHMEHNY P ZHAENREE
H, BB TRIH45 6 0 7 40 M 2% T s e S o i v
¥ E H M RGD ( Arginine-Glycine-Aspartic acid ) HH.0»
(BER-HER-RELEAR=IKK) , #M5IRRE
SR o TEHN A VS Ceratitis capitata W, BRECE H
Z: 57 I bk T 40 B %) 440 T 19 7 AR S ( Lamprou er
al., 2007) , FEMHFL R, BB E AT 500 98 i ok

T 200 L #9323 T X 5 J 4 3 4T 6. % ( Zhuang et
al., 2007) ,
1.6 Apolipophorin I ( ApoLp-IIl)

‘B S55EHEI R IR ApoLp- I FI-11 [FlJ& T #R &
HEE, REAKEE. #E80E 1 LBk E
Ho ZXHEAARKBIEEYEMINGE, HERAE
ApoLp- I 7£ B B %% & ¥ /E F ( Hoffmann et al.,
1999) . H:SHE L& K ApoLp- M B, X H KK Y
VUSRI R, I BRI T M B4
WAER (Sun et al., 1995) . #4ifb B KIEMR Galleria
mellonella ApoLp-TI BE4S & JE W BERR . 35 == [ FH I
W ERBATER . R T B-1,3- R
2, YR ApoLp- T E AKX IRBIEE K
fiE(Leon et al., 2006) , {HJ& ApoLp-II 7E B2 H S
155 8 B8 H B B RIRLH] o 75 2 — 28 I BEA o

2 EHRAREREARENH

—BARGSHEREAER ARG,
B2, S A PAY 1) R AR R 8 I o o U A T 7 A 28K
53 F (effectors) LIEBRAMEY) . B B RIA Sy )
LG5 Ay 2 S S AR S IR B R L B
H L4 E2 40 (hemocytes ) 4158 ALY, H RiTXT RS He
M e R AEDLHI B SR B D, BRI
U5 MMk A LU AR X . A, BFPR R EA
Mk AR SE 2 AH R], ELAHE [R1Zh 68 ) Ik 2
MMTEA R B R har 2 WHBOREL. #lan, Rk
WA S P 4npE, FHd 2R 3 b iy B 40 5 43 51
JEIR M ( plasmatocytes ) | T8 )2 21 g (lamellocytes )
N ERZH M (crystal cells) ( Lanot et al., 2001) ; HHEL K
ik . Fax ., WY FEKIE Ostrinia furnacalis %8538 H
BHE 4 Fb ok B2 40 fi—3 40 M. kL 40 Mg
(granular cells) | 5% 40} ( oenocytoids ) FIBRTE 2
Jiti (spherule cells) (Zhuang et al., 2007) , %22
Mk E AR P B 2 1 — 7, ZEX AR ) ) 7
YERIrh R EEZEAEM, HAhS 5 B du g i e 1 Il
W B TEA [F] A B B R AT REAN S8 2 —H

BAS5H MM E AR REA—FE, HR
20 Jfo % % 7E R TR] B ML rp R BOHR 43 45 iR /R A
(phagocytosis) . £E 45 1E A ( nodulation ) #1463 & /£ F
(encapsulation) , T [ #EIX JLFF/E F 59 & £ B 145
— RN,
2.1 FREA

B EARSF R T B AR R A A 2 A
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FTRARRIILE], XA T BB, B
WA FWE L X AR R B BER A 40 M A B 1) 5
YHFE T %0 R (Williams, 2007) , FFWEVE & —1
WMHE RN, EREREARSHREERZ
] 22 B W82 RN LA R B RAF5 15 A BRTE M. R
AU HAER N Z AR AEEES, Aok
AR R o I 9k ECL 4 LX) A [] 40 TR 1) S B2 AN [
Hlo BN, BIPHEL Aedes aegypri F) I B2 240 i X
K % #F B Escherichia coli #1 JE J& H i F 1K
( Plasmodium sporozoite ) F=4= FMEAER , {HXTREE L
BREE Micrococcus luteus 7= H: B4k )z i ( Hernandez-
Martinez et al., 2002) , SL#R%) {5 40 L GEAE 171
HEBAMRFRIEHAEY AR R T4, K
L1554 Rhodnius prolicus F) 3% 2 i RE 48 7 Wi K
W, WwWREMHEEAL BEXSHEGHAHRE
Staphylococcus aureus AV . 75 1R 5% i R ALAE . 1t
Hb, AN T 5 | S f A I B L FE) AR BE R A
[l 4, 72 b Ho ol S AR R B v T & BT K
[ FF T B X 4 B 6 ) A BR T A0 A I B R IR
(Levashina et al., 2001 ; Lamprou et al., 2007) , iX
Wi B 7E B B A RT REAFLE S JLAN AN [R] ) 23 7L
WEHE MR EIER
2.2 ES&5ERMERER

LS RATRZ MM AR I . RETEH o 55
SORYIMRTE . ESELME, RRUENXSR
HKHEX, AEFEY. FAEDHY. KRF
(Marmaras and Lampropoulou, 2009) ., 5% KAEH
K ONEIR P TE A AR, RS RE/E R
LY B 24 B 7E A VR A 0 A B R 2 O i — A
‘R RYEEL, taBEERTHIARYHSH
B ES™ 4K B B3 ROS #1 RNS RIE, sifEH
Hr 25 B T AL ( Nappi and Ottaviani, 2000) , 40, 7&
RN, LZISMNEREY AR, REAAK
T ~F- £ 7802 4 i (lamellocytes ) gt 275 540 4 il
JE 40 %€ (Hultmark,, 2003 ) , SEE5FIETENEFH H
P BEE X 57 1 R AR T (— b B A A e
DL, AR T X) . EEEMERIER P, —
BAMRAWHARA, 4575 A2 M TE BSR4
PR A PR L P 28 200 Y 7 RS G RS 1 1 I o4 B 4
Filo ARSI RIE T E - EHRE TS5,
G B Leucania separata ENF k. 40 B K gk 32 40 fn b
HUBK ( plasmatocyte spreading peptide ) . K & 7 i
Pseudoplusia includens 1 4f B K i, 5% Bk 2 [ 48 #P 4
Ay AR 7 3% 2 JO RS B # 4E f IR) ¥ (Lavine and

Strand, 2002 ; Jiang et al., 2010) ,

3 EHREREERIAIEENS

L5 A IR A B A AR R B 2 i
HFAE, BT 51K F R3] B 2L 40 i S [ R
PASh, e Rlit 5| & 75 Ah—Fh B KRR S )
PN—— R . S5 R E E o (B4
22 ZRE EFESE) LA R AR W 3% 7 AR I 0N 43 F
(BIINHT RS ) K &R 4372 i B B 7 {4 (fat body)
FEAER, WA —ER R AR, EEAW
MRMZE T RROEREE, —RHLEREH
2 5 K Bt 45 ( coagulation ) 5 R b & I
(melanization ) , — & 8155 5 PT B K ( antimicrobial
peptides, AMPs) ;=4 ) Toll Al Imd &4, T HE{UEL
X 3 B S R 2B [ R AR AL A — T A A
3.1 BE5RURKE

i T B RSP E v U I B A, B LA
WIEBL T = ) bk S B AL o E AT OG T RS I
R B & A= WL 7E S 5 % Tachpleus tridentatus P HF5E
BECONERE, BHRRVRIEYRE AR 2R B-1,
3-HEEE RS ERRALE, 5IRT BHE
&£ 45 Factor B, Factor C F Factor G fE N — &
Y| 22 F PR EE, I K S R, i 4% Bk I g . ( pro-
clotting enzyme ) B {1 , T T 25 1ML Wk 2 F) B 45
(Muta and Iwanaga, 1996; Iwanaga et al., 1998) ,

BAL R A T 22 BR AR U R
Wl . R BEFECR AR (melanin) KB K, 7E
HARE AR G O AA UKRE RS 560
P 72 Hh i F = 9 /E M (Lavine and Strand,
2001, 2003; Mavrouli et al., 2005; Jiang et al.,
2010) , By4A fLE# ( phenoloxidase, PO) 2 R @ X E
BRI REEES, 7E0FRAaAERNT, A LEERRIT
BTG B E A RAR IR By, T F AR A AR R TR
XN, BRAHREBBER, MAKBERSR
ANIE ) ] #9152 LA IR ( prophenoloxidase,
PPO) (7B AE 28 48 65 40 i v & LAY, RT3 ol vk
TG R B 8 A B V0S4 BE U A TE PR
By A AL ( An et al., 2009 ; Jiang et al., 2010) , %
WOTE R RO T4 21 2 R EE RS AE N Ik
WiEERE, 2F8REAMRE REMRT. DS
HHEOR, HEENREAE 1 ~2 MEARF 6
B R J L5 (clip domain) , JRIEIG & H — K
LTI B B e Bt 7L 2 B ) R R- R A&
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PR-42 % IR ( His-Asp-Ser ) f1L = f1 4 BUH) AL 451
15, ( catalytic domain) (Jiang and Kanost, 2000) , #£
RREE H A Bt DA IR B T8 278 AR 07 A B T oAk
B &, TEERSBE LA EFER
U7 B T 2 T BT Rl — 2 R R T I B
(Jiang and Kanost, 2000; Jiang et al., 2010) , HHJ
TERMR . X HEAR B Anopheles gambiae , 787 | T}
., Tenebrio molitor, & KiK. AL KB &
Holotrichia diomphalia % B B3 /P #3551 2 E Th RE B9
2 FREAR, HEXNS5BAERNLEREA
BRI RAE B H B R U R R &
WFRAFERERE . T K 322 DU R R 440
TR FRAL SR I & A AL

H BITTEA B RIRFI R 2 b 0 | sE R 2 14 70 15
NEA RREM M 2 B IRE C BT . TR K%
YA R R RS, 2OAET 7 H2ER
EE, YRR, BT H Uk ok E
SRR AL S B-1,3- M RIS, 58
HEHPINEA RSB B-1,3-H R IR B1E 5 iR A,
SRJG L B IREE H G HP14 (g5 ( proHP14 ) 9 G
(Jiang et al., 2004 ; Gupta et al., 2005) , FugFITE
i, S50 K HP14 [7]95 & B B2 A T
FRTE IR [ L 1B fR A B . HP14 B R 4805 )5
A RWOE 7 — 2 Z R E A B HP21 /) R
(proHP21 ), #% J5 My A 1L BE 5L ¥ 16 B 2 0 3
( prophenoloxidase activating protease-2/3, PAP-2/3)
#& HP21 7% ( Gorman et al., 2007 ; Wang and Jiang,
2007) . ZI, MHE R A CEEF R PAP-2 F1/
5 PAP-3 BUE PR BUREARNIER, 5EHRERMA
RN, TEF—ZcEEEE, SMNEMBERNE, KA

PR JLME Drosophila melanogaster HHHE KM% Manduca sexta

EHBHE 2 2 TR E B HP6 ) )5 (proHP6 ) ,
HP6 7] LA F- B0 73 5 — b By S84k 8 5 800 8 1
(PAP-1) , T TE B A ALEE)E (& 1) (An e al.,
2009) , HAT7EHAh B B Hh % 5 2 A A A BRI
THEHEIE B K SPE, [X] [ WE4% &5 CLIPBY
& HU) PPAEL, K& PPAE, RIL KB &M
i) PPAF1 25 (An et al., 2011) , AL NVER T RER
KEMERSL, RN R — g A 4E g
EXEBEENYR, BT EG iR, 2
R R K 1 B 31 ) ] ( serine protease inhibitors,
serpins ) 2 7E 4 15 2 AR E H EF R W47, — M
Hy 350 ~400 MEERBREAR, &F 3 MrfEm
B-1#7Z (B-sheet A - C) | 9 4~ a-12JiE (-helices ) F1 1
AR EETEST 3R T WAL TR EE R I (1) | L 0 FF
(reactive center loop, RCL) , 224 BER7E [ B 1 i 57
FA B 2 I 0 2 I o B H 1 R4 fige 6 ( scissile
bond) YJEPFSZE M E BN RIS TFREESY, N
TABCAR L P 22 28 R 25 | 6 410 41 79) A T 35 b 410 7]
(Gettins, 2002) , HMEAEHFZR RPEER 2
SRR LR R R R AFALE, BB 22 BB AR 1 B
R A A LD REESE R B B &y, SUHRTEME R
RAANER T IZHBI5E . WRE R4 e 3] 7
M2 ZRRE E B R E, 252 serpinl -7,
Hrp serpinl &4 12 A~ 28 39 4] 3 B Y W Y
(isoforms ) : serpinl A-1K FI serpin-1Z ( Jiang and
Kanost, 1997 ; Kanost, 1999), 7E_b A i)y & AL B
UG EEH, HP21 %k serpin4 4%, HP6 #f serpin-
5 JE5E, PAP1 -3 #J 0] $f serpin-3 Fll serpin-1J I i
(K 1) (Zhu et al., 2003 ; Tong et al., 2005; An and
Kanost, 2010; An et al., 2011),

L G o EL #) HL Tenebrio molitor
Gram positive and negative Gram positive bacteria Lys-type PGN/PGRP
bacteria or fungi or fungi /GNBP complex
; |-pore |
i proHP14 HP14 MSP MSF
Y proSAE

proMP2 proHP21
\

proMP1 proPAP2&3
MP1 PAP2&3
i? 1
proPO proPO
‘

SEAC I
Melanization

Melanization

proPO
SRR
Melanization

Melanization
Bl RCORE ., MHE KR . ZE N EO R R AR R R A AR 2 T AL (B A An et al., 2009)

Fig. 1 Molecular mechanisms of melanization in Drosophila melanogaster, Manduca sexta, Bombyx mori and Tenebrio molitor
(Adapted from An et al., 2009)
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3.2 HMEKNTE

B R SR RS P AR DU TR AR, 3R B U
Sk TR A, HIEKE—R/NMrFENHE
TR, BATEHEEE, EEHEN YRS
B, &F LM, AETEE . SREMIEFWEE
7=H: (Nappi and Ottaviani, 2000) , £FXFAS[EIZEHIH)
WRIEY), SUREKE = AEPLREA AR, BREn
FEEWMESHIBERTHEKRK™E: —&
H L PR AR AR 23 3 22 PR PR PR R0 1 Toll 34, —
& H R 22 B MBS A Imd & 42 ((immune
deficiency pathway ) . 3% P F 33 12 3 2o 006 A [ %
SR R VAT R4 R IR EE R 2R 3k (Aggarwal and
Silverman, 2008 ) , H Hij % 4T B B ) 7= 4 L 1 F 5%
RBIERE R 2RI R, T EAL LA R B A
28 Toll F1 Imd X PWIFPIRAE, HSFRBUHA R HXT
YU R W BRI 7T 3 & o
3.2.1 Toll FA2: XM HEAH UK 2 5 IR
24K Toll F1Mf N &AL &5 Tube F11 Myd88, 7E Toll 3%
B, AT MERR R BE R 5 & 3 PGRP-SA Fi GNBPI
PIPRIERG, ¥ 5515345 — L3 Persephone
(Psh) 5522 5 BREE I BBTE N K AR R BK i 72, )
RN T 2 Ik (Spitzle, Spz) 75 ¥ kR i
PO, PR &R R ERSS (cystine knot) FIFRIE
AR, SUMIAR B Toll Z4KL5E, BEK Toll i
REEWE, HZ IR 3 MK EH (Mydss,
Tube #1 Pelle) B % ££ ( Lemaitre and Hoffmann,
2007; Aggarwal and Silverman, 2008; Jiang et al.,
2010) ., Pelle FE ] H ¥ Cactus & A BEERIL A
EHKfR, M5 NF-«B # 5%~ T Dorsal Fi Dif 43
B $REH Dorsal #1 Dif #— BB BN S5HT
B EE R B J3 3 7 s R 455 J8 B AL 4E defensin,
drosomycin, cecropin 7E N B P BRI EIE (E 2)
( Lemaitre and Hoffmann, 2007; Aggarwal and
Silverman, 2008 ; Feldhaar and Gross, 2008), H fij
ITEREE | BRI . KRB 53 T A6
) Spz FEH , BATHIHETA 59 R 88 SPE ( Spitzle-
processing enzyme) . {HE K ik HP8, ZX % BAEEase
FE Ay Bt SPE #3% (Kim et al., 2008; An et al. ,
2009) . AR FEMRME R HPS R /L1558
o bR R AR B ) ) — 22 R R
HP6 15 R (An et al., 2009) , XEIKZE HP6 [F]H}
Z 5T BAC B FPTRE R P R R . RIRER
RE W R ATEE R b, SPE 7] DL [R] B 0% M Ak

Fif J5 A Spz Bijf4 (Kim et al., 2008)

3.2.2 Imd B2 ZBREEBA I T 2 KA
PER AR Gy, fER X H & A B 9 BIF 58 22 i A 40
Toll EAZZEM . H HiXS R Imd R M BFFE R
B 22 PR B 2R T ) DAP-BI R 4% 5 i 4 PGRP-
LE. #4532 /& PGRP-LC 454G, 5 5# L —1
KAWSREAELEA Ind, K5, B B ¥
B2 51 (IKK) Fl caspase 7E P i — R 5 [ 32
T Relish #f ] #] ( Lemaitre and Hoffmann, 2007;
Aggarwal and Silverman, 2008) , Relish F7[# Rel X
B NG — B PR R R R IL, MR
BB S R A AT W IS, PURAR Diptericin J& A 9 5%
KR Imd B4R (Kim er al., 2006) , &
X R R B A A, FEN AR, R o
AR 55 B e rp s 4 5 3] 5 2R Td 37 2 [R] 28 1) 2
Al (orthologous genes) (Evans et al., 2006 ; Tribolium

Genome Sequencing Consortium, 2008) ,

4 HAfpeEEREENEEER

AR EIRNK B R AR S S DA 4 B A e
LSRR S R T N b S e S
Wr, FOATERREESNEY R FE 20 B S
BB EPr ERAHER X, BEKRE—EM,
A AR HE X X P A SR e S AR BB X 4

LR, AV S5 P 40 D S 8 94 R A e R 5 KB
T RAMERR XN B AR KFNERRSMEY) H) i 2
AN REELAMARA I — S E, TR T 2 R R B i & Fh
RN IEFIVE RSN RS . 2B BB AP i R
YRR, SERRTAE S ERAEBLIEN,
B IER R B 598, ZERBUEANER
TWEAE F R 40 SR R T B, X T MR
AEY, RAIUAASTE ST, NI FEYEE
R, FEHEE X — RIS NIEA 5] & B H A A 1 A8
A& BB B K R KAMEY) (Jiang et al., 2010)
ot , FEAL R A AR FE X A i AR AR AR 3 ]
KR (BEAR. 20, ZEKE) —CHE
[ iy B AL EE AN 22 5 i $2 B ( dopa decarboxylase, Ddc)
££] (Marmaras and Lampropoulou, 2009) , Z&{pl b,
R EEVE R AR ALYE Pt 2 BE A X 51 S AH {5 FAH ]
R A — 2o, HCSE, AU By SR AL R X —
o, MFENZS5 T RMRN . FWIER. £451E
A\ R AEEZ RPN (Jiang et al., 2010) ,
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Toll i&f% Imd i&%#%
Toll pathway Imd pathway
FLR Y G4
Fungal infection G* bacteria
ig . PGRP-SA/SD
v GNBP1
proPsh
. = =
Psh g g &
~ . g — )
>~ . g G~ i ©
.. o 2 G~ bacteria 5
<7 i~ =
proSPE l SPE ;_é 2
% £
pro-Spitzle \' w
Spitzle
PGRP-LC/-LE
JRiE Toll Sl
Plasma membrane Plasma membrane
MyD88 IMD
Tube - <——FADD . _
Pelle g TAB2 Dredd 8
= -~
> O
. O =
+ Pellino, TRAF2, ECSIT = l 5
Cact 2 ) =
—_— + W
l N IKKY 1K
Dorsal Dif Dorsal Dif Cactus
-
Dorsal " Dif - 2
L (5]
S Rel ' Rel 3
) \: zZ —HNl Z
AMP = 2
e.g. Drosomycin & AMP g
e. g. Diptericin

B2 R Toll B2 Imd BN EE
Fig. 2 Sketch map of the Toll and Imd pathway in Drosophila melanogaster

5 %R

B RR RN — M EERABEGAKE
MIFFFR A, JEHR B S P3NP R AR Sy R AL
#lth B A — & W) A3 L1 ( Silverman and Maniatis,
2001 ;Kim and Kim, 2005) , A @S84T0 F4EY
S 5EYFETIT, R SR R R S [N
I3 F AL LA B & A 718 R R S vb i 9 42 4
FH, AT Sy B B A2 AR R S B ) R AR SR S g 4
PSRRI RLR . H— T, XRRKRA%
FERIBFSEA R T 4F s 3 B 0B B B R R,
Jobkdr g A R B E AR E KR, XTEE
B R R HERAR 2GR E H 258 14 KR ICEE
BAETREENENL,
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