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Abstract Innate immunity in insects is divided into humoral immunity and cellular immunity, which function together to

defend against infection by various pathogens including bacteria, fungi, viruses, etc. Humoral immunity mainly includes

melanin synthesis and antimicrobial peptide production.

Cellular immunity relies on phagocytosis, nodulation, and

encapsulation. In the insect innate immune response, pattern recognition proteins are responsible for the recognition of

specific pathogen-associated molecular patterns in invading pathogens. Serine proteases, serine protease inhibitors, a

variety of ligands and receptors are involved in the activation and regulation of signaling pathways. Effectors such as

antimicrobial peptides and melanin kill and eliminate the pathogens. This paper describes recent progress in research on

the insect innate immune response, and looks at the frontiers of research in this field, including gut immunology, immune

priming, and hemimetabolous immunology.

Key words insect, innate immunity, melanization, antimicrobial peptide

TOHHESI Y, AL 45 By, #8IA H HE 3h ) i
A ARAFIE o B RE ) AEE AT AT i AL R
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W ¥ (humoral innate immune response ) F14H Jitd £
¥ ( cellular innate immune response) #5735, ‘B 1]
I3 I A P 2 [R) R A0 200 7 L T o 7 S AN TR B A
{% ( Ashida and Brey, 1998 ), fI & & M /E F
( phagocytosis) \4E 454 Fl (nodulation ) 16 2 1 il
(encapsulation) 7& PN 1Y B B8 40 1 G2 2 52 07 72 #h ik
EL40 g ( hemocytes ) 4 5 195 T LA BB {4 R B A

( melanin synthesis ) fl $it B Bk ( antimicrobial
peptides , AMPs ) 7 A= g £ 3 1) B H A ¥ 0 % S v
D) by i M A AR 24 3 W 2L 30 0 1) JEFJIEE ) R AT 9 1 1
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TP A I AR TR BT R, B 4 BB R
14,2 (An et al. ,2009 ;Jiang et al. ,2010)

B M 1927 4 Serge Metalnikov 1 ¥ W 2% 3| K
I RO L ) AL B4, &2 0 80 2 4 Y T 5T )
R OB EAH B AT B AL RN, Tt R A
PN ANl N S N N AR SR NS e A
BG5BT ALE, & &f T BCh 2T A
W DU R M Ry 1], 2 /0 7 Fh 22 20 1R 36 1 i =
SRR SN k=AY Ok S P RPN #4]
H Bl R i A R BB B 0K T B B-1, 3 -7 SROME ) Ik
J&  TE — %08 B h AN IR AR AE 5 B B-1, 37 R
PUNEE F U, 9K )5 22 1R 55 11 B HP14 1 il 5t
(proHP14) %t # 1% ( Jiang et al. ,2004; Wang and
Jiang,2006) . G B HP14 $: 35 25 3006 o — Fh 22
24 MR 8 A ig-HP21 9 i )5 ( proHP21) |, fiz J i A AL
iy J5L 0% B 2 A1 3 (PAP-2,-3) ¢ HP21 3 {%
(Gorman et al. ,2007 ; Wang and Jiang,2007), [
S5 o R i Wy S A T JORE B PAP-2 /B PAP-3
WO i — 20 P BOR AR WIE L, 58 R AL SO .
TE 55— ZRm v AMIR ) U I L R 0 Y 4 P
WG 22 S TR R U B HP6 [ il )7 ( proHP6 ) , HP6 fif
WO o3 Hb— b iy AT IS OHE B 1 (PAP-1) |, T
P B A AL (P 2) (An et al. ,2009) . H AT E
oAl B A rb % 5 2 A Wy S A 1 D T il O R S
Ry H Y SPE (X LY #¢ B9 CLIPBY (A 48 L (1)
PPAEL (K % () PPAE 7R db K & 6 4 /6 1) PPAF1

S (An et al. ,2011a) . {EF50E R A HP6 KIHE
WU A, B T B0 proPAP-1 Ah 38 AT DL IS 46
K Ik HP8 il Jit (proHP8 ) , 7t — 2 3 B Spz i K Y
WO BT Y Spz PS5 Toll Z K% 5 15 T 9t 1/ K1Y
P (An et al. ,2009) o [F] FE A 0 G & A AR 5
¥y Hrh SPE AT L[R]3 o R S A T D A
Spz FifA ([ 2) (Kim et al. ,2008) ,

AL BR T BE A KA A B i A
S —Be R A AR RS H B R R,
PRI 5 2 8™ A% A 4 o 22 R AR 1 TR 4 A R
(serine protease inhibitors, serpins) & ¥ 7F V8 5 22 &
PR A e R R, S 3 AR HE R BT B (B-
sheet A-C) .9 > a 127 ( ahelices) 1 1 28R 7E 5>
TR TE AL TR R OR S 1Y S P 3 (reactive
center loop ,RCL) . 22 %8 ¥ & 11 il 410 i 77) ) 42 4 2
P A HG 52 7 vt B e (1 LA B (scissile bond) Ab
PRI 528 R % 0w o = AW, I8¢
AR B 22 2 TR A 1 B A 500 R RT3
(Gettins,2002) , HAHIC & 7EVT £ B b %5 5¢ 5|
22 G BR A 1 A0 48 R0 B AF AR O 22 R R EE
R0 Y AE B A A D) BE TE M B R L, U R AE
TR RIRAR N CAT T T 2 09058 . AR K gk
YRR T A 22 g TR AR ) R kA g3 ) 2
serpinl %] serpin7 , H. # serpinl & F 12 4~ 0] A8 57
Y15 2 Y [7] F B (isoforms ) ; serpin-1K Fl serpin-1Z
(Jiang and Kanost, 1997 ; Kanost,1999) , 7£ A )
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Fig.2 Molecular mechanisms of melanization and AMP production in Manduca sexta and Tenebrio molitor
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1y A8 AL Tl 0TS i A2 v, HP21 B serpin-4 45, HP6
# serpin-5 P4, PAP1-3 ¥ 0] #f serpin-3 Fl serpin-
1J 401 (& 2) (Zhu et al. ,2003 ; Tong and Kanost,
2005; An and Kanost,2010;An et al. ,2011b) ,

2.3 BHMMERKE

E 40 B 2 2 H I 4K 2 40 72 ( hemocytes ) 4
TSR, H T B A i b g% AR BIL R AE S
B T2 IR A Ay WA R R S Ik L A0 D L A
PIME. HARZ 5 20 S i S 7 fY) I o L2 4 D i 26
A REAN — A, {EL 2 40 i 5 % S W 7R A ] B v ok
BURR AL A WA S5/ A R

TRWEAE F = 2Rk b LR ST 19 T 0 B AR5 i
AR 200 0 O T B AR B LR, 3 AN o R el PR A i
S8, LG PR I AR X AR 0 D AR 1 8 R RN 4
7S B B 5 U A6 T 45 45 B8 ( Williams , 2007 ), 14 56
Wik AT 200 0 4 TR ) 2 A 22 0l AR L 79 T AR 939, B
7| % Wik T A L 5 o i A =2 ) 22 Y O S O B
Zm ik vk, BT, ERIEhE LK E T 6
N2 5 & wEAE M Z & 5 7 ( Croquemor,
Drosophila scavenger receptor dSR-CI, PGRP-LC |
Draper , Eater , Nimrod C1 ) ( Stuart and Ezekowitz,
2008 ) FNG 4L A& 43 F ( Pretaporter A1 Calreticulin)
( Kuraishi et al. ,2009) ,

BE 25 A TR A B4 2 45 1R 22 1M 94k 12 40 i Al
B B AT AN B AF AP ORI SR T . BRI R L
B S5 T AT X 0 G AR FRUEE R, A 36 AF 2R ) st A
Yy 2k B 58 (Marmaras and Lampropoulou, 2009 ) .
5527 WA K A 5 B 7 50 20 M LA ), 4 25
L BEAE T i 9k 2 40 B 7E AM A 1 A 1) 2
IR J— A 7 4 S 0 0 TR A, e 0 TR 7 8 v Y
NPt 29 R R A 577 A 0 A ik ROS AT RNS
ZE, B fF %2 v 2 B 1M FE ( Nappi and Ottaviani,
2000) MG, B REE R AR AL SN A
(Meister and Lagueux, 2003 ), I, e E
AL BEAE T v, 20 1 9 S I 5 MR TR A 92 R T
RN B A — K, WAMREREY .
Z & Domeless . JAK ( Hopscotch ) | STAT ( Stat92E )
H1 3 A 20 L 3% 2 Unpaired 1 (Updl) , Upd2 ., Upd3
2B Y JAK/STAT & 48 78 A 4 /F Al T 8 2 4R
F (Sorrentino et al. ,2004 ; Krzemien et al. ,2007 )

3 BERARARERNFRBBSG
<]

SN ION SN EIFONAIEY IO £ BERU PN
TP R B R ] O TT 46, & 0d — 1 24 1Y
K AE B R AR G SN, S e R A R LY
KRG BN W Uy VG 9 45 1 23 T LR O T
WO T H R B0 2 R, 00 i L 3l W B R R A B 5
WA —E RHESIET . AR X B B K AR A 5 S
MBI 5Tt 22 9 R B LR JLASJ7 I

3.1 EHFIE R ( gut insect immunology )

ARXT T N\ A4 i 18 b2 A2 45 500 ~ 1000 Ffaf A
P, B HL (51 Gn SR ) fi T v ) A A T 2 DR A
DL RAA 10 ~ 20 Bl A, BT LB ST B AL )l a8
o 2 U] 25 20 2 £E TR {H ) I 3% I8 R 51 i I
AR BN 2 5, HLT 3R A5 19 JR A A B 7 348 )
B2 L NC LN 7 R v I DS = 1 1
SE RIS /INH O 2T R BE Y B R b R 4 i e
A AR R S A TR ok YRR LT S e
838 51 K 5 92 S0 DA T R e R A7 1 B 46 3 26 1)
I BB T84 BF 58 R (Ha et al. ,2009a,
2009b) .,

A B 2 B B o M T f 28 TT LA AT TR IR
F Ak B Duox ., 1 4 & # ( reactive oxygen species,
ROS) 445, Lee 55 & BLAR M NF-«B AR 19 5T 7
JK (40 diptericin F1 cecropin ) Y F= A2 B L AR 47 A1l
BRI FRHE R S5 N T Caudal (Cad) i 1 417
il Tmd 7242 AT 98] 75 3 SE470 TR JIR R P A 3 S M 3R 0k
AT 52 Wi fizg T8 PN 3 A= TR B BE 7% 4589 (Ryu et al.
2008) o HAWAE 5T # AH 4% K 3T HAb g 38 | Bz 4
i Imd & 4% B9 5098 5 5> 7, B i PGRP-SC,
PGRP-LB,PIMS,DAP % ik 28 ## %% ( Bischoff et al. ,
2006 ; Lhocine et al. ,2008) , L) 5 f o P B )
X TR 5 AN E B A 1 2 A TR X o A g D B
Py EE T LG (0 1 ) LR, o W5 7R 5 B A R S P
25 LA BTSSR T A5 5 R B AR i 38 v T R 4 AL
PR IR 7T 68 25 5 | S 9 I 11 1) J2% 4 ( Sommer et al.
2009) .

oAb, Ao AU R ™ ) ROS — A S ok A
RGN, B A R AR ORI T B Bl 1y b e A
ff, JF H B dUllz 16 N AT BE SR A — TR ROS 77
F G0k w1 JE KSR OBE 6 A W 4 gy . Ha 5§
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(2009a) & B —F E AL Duox 7EAK N S By w] 4 &
ROS 17 4=, Duox K& P 1Y i [ T 52 25008 g Jir 48 A
(R B 0 v 1) AR e 8 L T R 0 g T U
e im EBURE . Ha A1 HABR} 22 28 BF5E T Duox H
B 00 85 113 P LA R 7R e 53 K1 J2 0 Ae] 45 8 4 1
Wi fg W CBb ( phospholipase CBb,PLCR)/1,4,5-=
i 12 LB (inositol 1,4 ,5-trisphophate , IP3) /& )
4E 7 51 (calcium mobilization ) 1] 3845 Duox ) H &
G, 1 MEKK1-MKK3-p38 34 45 I 9 #% Duox 1
HeH F3k (Ha et al. ,2009b) , RAGIIEC 294
IR TR R G e ) — e AL (R R A IR £
(1) 70 i A g A, 50 B R i 40 L £y DX 3 A R
FU TR 7 TG Duox B BC AR G548 2 A 2 FE 1 2

3.2 RHBERSA%E S (immune priming
of insect immunology)

G R 0N B A SR A e R &
PRIt il A 23 A 0 0 o e P A A 2 i A2 1 (B R
YRS PEE8) o 9K ,2003 4F Kurtz Fl Franz £ 1]
2% W Schistocephalus solidus J& 4t [ 4 K 8] K #%
Macrocyclops albidus B} % P45 B USR8 £ g4 &
SRR o T3 D 2% U 2% O A KM R B, B
7N TCAMESI Y WA TE — DA LA A 45 5 S g
4 (Kurtz and Franz, 2003 ), #: & 76 K 9 &
Bombus terrestris F1 L 1 v WL %€ 31 38 Bl L 5 19 772
( Pham et al. , 2007 ), ® ® 3 19 & 2010 4F,
Rodrigues 45 & ¥ 42 fik i< 9= R I Plasmodium ) L
F IR BB YL, B A I A ( macrophage-like ) /Y
L HOA0 B S b 23 3G 2 ) 3.2 A, X0 T R 45
il 0 TG A A 2h ) S g e 12 Y B G B HLAT B R
Ja L,

B 22 T AN [+ S 922 52 UK 7 SR I 0 I8 v 18
L, AT OR A {5 B AR A R G R R S 1 B
PR S AFTE 1, I L 7T BE R HE 3h W 1Y A 2 BIL
AR—*#£, Schulenburg 25 (2007 ) G2 T 3 £ 1|
B (1) B A S 2 o0 S AR L Dt A U031 52 4
( pathogen recognition receptors) £/ 8% % ¥ 2 I 47
¥ (immune effectors ) i) AL Z2 BRI 5 (2) 2% Pl g It
ARV 32 1 0/ 88 4 982 250 8E 43 - B ) A T L3
B AR 0 4 S 5 (3) AL A2 A L/l e 5 280
3 B RE AT AR R 1 5 e s T AR R fHLE
B E AT, B A RGBS T HLH, S HES)
Wy G 2 BRI B DX ) A 45 JX SE AR I8 JL P — JC P

i i B — 2L BT .

3.3 AE2TERANEEHAR

e 0k B R AR 9 AR S8 R IS A 2R
— R W KR P ELESR
Horp WARGE RS R MR R G R Z D,
2010 4, 5 — A S8 AL S R B—8 ik
Acyrthosiphon pisum [ 5& R 241 U [ T /E ¢ F 5¢ 1
(TAGC,2010) , Bl ZIF I X A 2 S B By
KIR o e BRG] 6 R

Gerarado 75 (2010) J8 3 % 95 He 5 P 25 v 4
B AR AH OC B L D] BEAT D BETE B AR 2] 1 — 28 9R 3
ABREYSE R (1) 7R durp %58 B — 262 5 Toll i
P R (FL 45 Toll 32 {k | Spitzle | 22 % IR £ 11
F 22 G TR AR B 4 590 25 ), {2 PGRP X 285 A
TEHE RV 2H P B iR 5 (2) W HUJE R 2 rh ek 2
5 Imd AW E AN (3) RN A DA
Domeless . JAK % & % [ ¢ . STATO2E %% 5% A 1 &
255 JAK/STAT 342 ) — 26 [F] P I, E 2 0 56
(% JAK/STAT BC AR 53§ unpaired (upd ) HI K&
o (4) B Bt K 3 35 Defensin, Cecropin | Drosocin |
Diptericin . Drosomycin . Metchnikowin %5475 25 B, it
WA BP0 K, A B, A B B D A R S E B 6
ZEABL T Thaumatin {1947 477 5L 1 1 P 09 48 W T 141 1K
JIT A5 33X S8 AN (] R I 7 A 58 48 35 B U AR
AL AT BEAE B L8 75 AN F] T B AT R S R
KARPER 73T B

4 5iE

Xof B R AR G i B Y WE 5T 28 B 48 AR
PACE AL 7 M AW o TR R A R
FORGA Y RNAT SRR HOR Y S A B
TE ML SR N BT T 248 i oF s SR . o
B IR R AR A 28 S 0 5 i L 8l A AR e R [ R
X SEATF SRR A B A B AR % 4 0 S5 B ) R AR
FER N AL TR BAh, XF B R K AR A R
(14 S At AT 9 10 oAy R 2R 245 ) Al PR 12 W 1)
PRt TRIRE , 3T R B 6F Bk L Toll {5 5 iR A% 1 43
T WL TE A TF e — Fof R B4 A 0 15 G A i, 2 A%
A= Pyl it R RT RE A A TR TS T o AR BE A X R dUR
IR G S K B TR N B W 5T, R A5 b a3 AL
] Py L e 2 ORI Xt G R R Y B A 5
Priz L2 R B3
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