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Abstract: Insect problem has been one of the most severe problems in agriculture and forestry, which causes
great economic losses to the primary industry in China. For a long time, the use of chemical insecticides for
insect control has led to many issues, such as pollution, insect resistance, etc. Therefore, in recent years, the
research and application on biological pesticides of broad spectrum, high efficiency and low toxicity is
increasing. Insecticidal proteins, especially those of microbial source, as an important branch of biological
insecticides, have been continuously developed and applied due to their excellent insecticidal potential. This
paper aims to classify the information on insecticidal proteins from microorganism over the world, and to
provide fresh opinions for the application of insecticidal proteins in agriculture, forestry and other industries

in China.
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AMER, 2—LHEARBRMRNER L
WYoT o 1 U E A B LR AE 1953 4, Hannay 4%
WA KB, MR IR B & AT (Bacillus
thuringiensis, Bt) JFA RAEH MY B 322 H
PR A M R, LTRSS A I AR 1 A B
REALT, R A REAEFARUE, BEE
TEY AT & JR , 1981 4F, Schnepf F11 Whiteley
W BB RS — R BT Bt AR U R
cry, JFEIT ARMEFAE T KO RBT 220
e, Bk 2 0 2% R R s s, Y.
Y. AR B RHIE S R VR AR TE,
R PR U R R, SR IRAL,
A SORE AR 2 IR TR R R BB ) SR A
B ORI T 7 sUAR R BEATIE A (R 1), NJegk

FHIRHFSE R AR
1 MEMERRER
FHRFER ( Bacillaceae ) /K FATFER
( Paenibacillaceae )

AR, KR AP N AL
ZRMAER . HAT, SRIET IR E IS o6
ZEAOAF R A AR 7 v e ) B Pl )
RZRWET Bt M4 HE AR 298
WAk P, Bt R HUE A N A R R IRE A
(insecticidal crystal proteins, ICPs ), ‘B IR K
[ ( vegetative insecticidal proteins, VIPs) Fl43
WA 2% B 1 ( secreted insecticidal protein, SIPs ).
Forb 1ICPs RAERHCF ALY, 730 Cry Al

1.1

*x1 FAERAGRILER
Table 1 Summary of insecticidal proteins
[Ep7= 3 A HUE 1 A4 PR bR & LD E 27 3k

I & AT ICPs, VIPs, SIPs BHE ., EEE . SEE . BEH. 8%, DBmEEE  [3-9]

( Bacillus thuringiensis ) RIS E . M E . 2 d RiHeE
BROE 25 AT IR Bin I Ay B [10]

( Bacillus sphaericus ) (TPP)
WA 2 LT T SMC (Il I [11]

( Bacillus cereus )
0 5 25 A T Cry75Aa PY 5 E AR H [12]

( Brevibacillus laterosporus ) (Mpp75Aa)
S H o S 2 s e T Tes, Xpt, Mcf, Txp40, i EH, BE#HE ., HHEE ., XAH . BHRE. MR [14-21]

pirA/pirB % W H

U CE 0L} IPD072Aa PO FOKAR B3 [23]

( Psuedomonas chlororaphis )
JEE I A B i v PIP47-Aa PO FORMR A, JbFFRRAE . My HE [24]

( Pseudomonas mosselii ) FORARI, BRI B R SEBAT

A3 NN (T 2

boRCE i) Fit TR U A IS B [25]

( Pseudomonas fluorescens )
I it R Monalysin SR I [26]

( Pseudomonas entomophila )

ERCA NN TeceC iy H [27]

( Pseudomonas Taiwanensis )
BRI AR T BcIP. Bassiacridin IR AR R il [34-35]

( Beauveria bassiana )
-4k OlyA6-PlyB PEERERMRI . BB Z D4 EH L HE [36]

( Pleurotus mushrooms ) PlyA2-PlyB. EryA-PlyB

LOFTH GNIP1Aa ( Mpf3Aal )  PHERE AR H B [38]

( Chromobacterium piscinae )
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Cyt PiZs, X% H ( Lepidoptera ), #4# H
( Coleoptera ), #3# H ( Diptera ). H# H
( Hymenoptera ), [F# H ( Homoptera), H##H
( Orthoptera ), Z&Ht ( Nematode ) M B2 ( Mite )

LA AATRE S AR B HER T VIPs, STPs 2 7E

Bt A KB =, XOGHE | B85 E .
ik JL2K RS R BA A R e

BRIN = & R AT AL, BRIE ZEEFF IS ( Bacillus

sphaericus ) VAR &) B i) s d v 1 4%, H:

FEAR ZOCHE R Bin R R (TPP &M ), B8 2

PER IO Sk [ SEREZEHIFT B ( Bacillus cereus )

AR SR sphingomyelinase C ( SMC ) £ H X 1E KW

FT 78 o 41 2R 38 5 #0030 RT 3 3 ARG 3 S PRk

JERIE AN A SE 1 = /NE ( Blattela germanica ) M,

David Bowen £ 50 T = Aok B 2R HIAT

RO A8 ZE AT R ( Brevibacillus laterosporus )

)38 7 M Cry75Aal ( Mpp75Aal ). Cry75Aa2
( Mpp75Aa2 ) F1 Cry75Aa3 ( Mpp75Aa3 ) HAXf

V9 77 £ KR W ( Diabrotica virgifera virgifera

LeConte ) WA HIETE" . (28) ZEAFFHIRNE H

MIRMAREAMERE, Ol TN NEREAR

B FHAZ R ) B

12 BEBHREZHBEXLEEH/ BHFHEH
( Enterobacteriaceae )

o B e AR TR R — 28 B U SR
( entomopathogenic nematodesm, EPNs) H H{ it
AFRIRAE, B TR, EEaIEEUE
1 J& ( Xenorhabdus ) F1 & YCHF 1 & ( Photorhabdus ).
1998 4F , Bowen %F B K fE kK G AT W
( Photorhabdus luminescens ) W14 R EFR T &

590 2 4 AT B R R AR 1 R B R BR

IEPERBURFRHER Tes REEAEAK, EEHIK
i TcA(280 kDa ), TeB( 170 kDa ), TeC( 110 kDa )

SRR e E 4R, e R &

PR E . B, S SO HEZ R

EREAAREREH R, KU Tes KA

TR 2 e e B U i 2 e b 2R T e

B, sk B BURF R E A A Xpt ( Xenorhabdus

protein toxin ) £5 [, 3K H W RV E KE ( Serratia

entomophila ) ] Sep ( Sentomophila pathogenicity )

HH. 2019 4, Mai Morishita 2 M AT 5 R} 41 B
Enterobacter sp.532 T# kK 7 B 8] —Fh T K A H
AEURHEMEN itcA, HEKEERE Tes EH51K A
HormREY), H VRP1 £S5 2 asr iy, HAE
itcA FEXI, BRI T Tes ZE1K B Fl C sy
SRR HIkE K, Tc B ALEMFTHR
BTG

KR TcS Ab, K IGHF TR 8 A7 78 i B &R
Mcf ( makes caterpillars floppy ) BB L i 4K 5 K
o et e (2 1) O 77 o R D
R R I, R B E A, e Rt Tl
4 Mef (1% C i, PR B8 N s fe 40 i 98 1) BH3
SEASE, ATHREXT AR AR M 4 R e B R R R AN
i EEEY, AT BH3 S5HIE Mcf & HER R
YEMMEEDIREIX . AOCHF B IR A — i UL
A HREH pirA/pirB ( Photorhabdus Insect-
Related, Pr) & FHHA HR I AR AN L 75
P, PR THE A SR E PirA2B2 B O B
B ( Culex quinquefasciatus ) FlHZUFI ( Aedes
albopictus ) A TR HIEYE, X RBEE ( Galleria
mellonella ) FFEISR I ( Spodopteralitura Fabricius )
S H | L ( Tenebrio molitor ). TEE /N

( Blattella germanica ) E.AT — & M I HE A& HUIE M
B4 pirA2 H1 pirB2 K& PE Bl e TR i), Xof SR s L A
RHIIR 5 W4 IR R B S 1EP . Txp4o

( Toxin from Xenorhabdus and Photorhabdus,
40kDa ) J&— P& i 77 75 T B O I 2k d 2R R
W AT B B A AOCAT R th B AR R Y, ZEXTAR
# W ( Helicoverpa armigera ) WEEWF5 H,
Prakash Y %5438 Txp40 7] GE 54322 b i 2 AR 2R
HAGKE I . ATP 256G & . ZEIKME N1 FIgsrE
WRERRE I AR, T A d Y

Bt Jirt 2 e e 2 R DR L5 18 o R R
Kz, REEEZ, S8z e EAR
Bt, JH T8 Y% K T SR Y IS T T
1.3 BREMEF ( Pseudomonadaceae )

MU R 2 LT JTCAEANTE R A TR, A4S 1
IKFIRE R, RER R W, BA AR B
AV RSP AR, 2016459 A, £H
FEIRSCHE A FIHRIE , LRI S TR ( Psuedomonas
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chlororaphis ) W & ¥l IPD072Aa & X P8 7 £ oK
MR A BE T, # ipd072Aa B[ 1 K ]
B2 V9T BRI, HEuEsL HEE R 2
PR N 52 A AT N 5 BT R S AR — AT
2021 42 H 9 H , B & & Fr i JRi( Food Standards
Australia New Zealand, FSANZ ) /& #i fit v fig [] e
3k DvSSJ1 XUiE RNA Fl IPD072Aa 45 H 1T Bk
BORRIHT A R OK R DP23211 FIFE M, X2k
Bt PR 4% B PR ) — U8B i . 2017 4 6 H
5 [ AL B P 5 20 ) PR E 1 DA I B L R

( Pseudomonas mosselii ) "R T — 28R
HUEE [ PIP47-Aa, AAETEAT A0 TR0 A 45 14 Bl AR
. IZE R T REHE R IV 7 EORMR AL, ifhE
g RACHIM H AL 7 F KRR ( Diabrotica barberi ).
BT ERARH ( Diabrotica undecimpunctata howardi ),
& ( Diabrotica speciosa ). % Bk H

( Phyllotreta cruciferae ) I 538 H 35 H /N 32 i

( Plutella xylostella ). KR ( Pseudoplusia
includens ) %5, [AlFE%t 25 BOER JCEEMERY . Al
T MEHEREAR R REE . SEMARENT
LY T PIP47-Aa A RN 3 M
PeFi,

AN, DB AR ( Pseudomonas fluorescens )

B Fit 2 H SRR KRR ( Manduca sexta ) R
HA R RGP, g B A E ( Pseudomonas
entomophila ) f) Monalysin 25 15K H 575 R 5UE
W ( Pseudomonas Taiwanensis ) 1] TecC A& B H
ST I N S Drosophila Y4 B FEERCT
R E P R R E PRI, UEBTE e 4 R
R 2 IR P SRR A R A R
EHA AT REPER

1.4 EH ( Fungi)

LR A g R I AT DAV SR B 6 3 i A

Yy, YT C AN DL Bk Y B B R 750 i
W R B B AL 200 AR Hirb PR R Ak (R
ETERCER AT ) i R AR, H 3R
R = ) A BEIA E ((destruxins, dtxs ), f&H—4>
o FR R RN AN LR Tk B4 S BR S BK, WT LA
1007 240 LRI AR W B B g, AT B B B 7 B
B, SRR H P U TR i

B MIA R N 40 TLEE ( Metarhizium anisopliae )
HIARPA IR E AR B R ( Metarhizium acri ) 1Y)
FERIAAE R, R0k 88 ) PR R AT B SR i T 1
WERA HiERE FE R H dixS1.dtxS2 . dtxS3 . dtxS4
PO JE R g R 45, IRk, SRAE R AR R
AdtxST Bf5EH T NRP 45 g Y SRR AN BE ™ A= i
RE, MU RIS I A A i i 4
P AR A LR A B R, 2l
JESEHSE mast]12, mpll, mrVeA ., mrVelB 453 A
ML BT AR A, Sk B AR et
TEER AR ( Beauveria bassiana ) R5FRW P
3 B Ak H R 3 g T S I R | B 4 B RE R M
AL SR 5E SRE SR U 1 BeIP ( Beauveria
chitosanase-like protein ) FIXf 7R . K & (Locnsta
migratoria) B TALPER) S T AT Bassiacridin
),
AR, KA T TR A M o0 78 A= P A

Nt | A (TSP Y S | s (7
( Pleurotus mushrooms ) ¥ Il % 28 1% &
OlyA6 ( ostreolysin A6 ), PlyA2 ( pleurotolysin A2 )
M EryA (erylysin A ) &5 & H 158 PlyB
( pleurotolysin B ) 54, Wh[EfEH] T BEIR £ BER%
WAL ( ceramide phosphoethanolamine, CPE )
MEBELLAIE N, EHS5EAHBIERNE S
XFPG 7 FORAR dL gy g R 2 B
M ( Leptinotarsa decemlineata ) %)) HU 3¢ B Hi 1 ¢
PEEEME, [WE, T EdE S 2 A EAER,
PR B LA R /NCY Bedh, ECREE R
FH\, rWRE AN JLT AR A R g
fiff 3 HUMACRE DT SA B A R, (R SEfg iy 28 1
FERAT R o,

1.5 Hft

B BRI, A H Tk B4 E AR B

HH, WEOFE ( Chromobacterium piscinae )
R B 2 [RE PR A HUZE T GNIP1Aa( Mpf3Aal )
AP 5 K AR B 22 30t AR S v 1 R s
HA&M P 0 Hr R kSR C AR EA R
A M, X R IIZE B AT RESE A —Fo i Jr =X
A K WCR, 4 Ja A A R R AL T S 2Ry
A REMEDS,
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Hyz, B BP0 H A e, LA
KB BT A A 0 7 s AR TG, AT BE,
20T AR R RV BB, TR s 2R A
R e AR REARME—RIE, 2020 4F,
[l B RO i 44 & Lt L 1998 4R 0R n & 3
FEURT A 26 19 i 44 BN R A0, MR AR 1 2 K
PRAF A AR IO R P 90 BT R AT o0 4, SRR T
44 5o BTS2 15 2 PT ad 40 UR
H %R H0 W ( BPPRC, https:/www.bppre.org/ )
AT R, ZBE O M ERE R RN, e
2021 4E 5 H, A REHA App. Cry. Cyt.
Gpp. Mcf. Mpf. Mpp. Mtx. Pra. Prb. Spp.
Tpp. Vip. Vpa. Vpb. Xpp T/ K%, 1 047
FHUOT, oK A B S AR B T
2 itiE5RE

HoE e E AR E R, dafol s
Th, ARZ Rt Al b PR R A 2R B R 2
300 4278, ARk A A 24 4 it FH A LA 35
PUrEite, mHX BB I g, I R
R BT B AR AR 24 © O R R H
Ve —R L i A B a0, R R 25 L,
BATEZatEs . WA . A5 Ryt
s, FHeARYRAW. BRERERE. HYR
A B S AAE IR R AR LG, SCHA R
VERIAL SRy . A AR IBUSRAR S5 R 5, 7
HUFEBA OB AR R AR A A A 2
AA F AN IE . B H AU A7 o) o A DR A TR, 51
PrBIG I T R =4 A o8 3, KR
T BUELERIE Bt S5 SEI VR LA Sz B —{fi ] Bt 78
M, sz 2R, SEE RS &, L,
Xof A WD BR O 2 4 2 ST T A A 48 1 B R IR
WL Y AR AN S ) R B R P Y
WREXLEEN,

Ji—Jr i, WT Y R S Y 2R 255
TELS TR EVE EAFAE 5 3, TEIT TR b B i H]
ZRIBRM,  H AT U AR I X 52 3R
HUFEBIAIIARE . A AEE AL B A TR AN AR 1B TR
B, RIPARMER T RRENE, el Y
R RS BE T BE o X AART AZE AR B AR
X SEMED I HE RO B8, TR I BB ik 5 3

EAMFRIHEATER, X F Rt 28 KT
TR R, RALHG B

SE WK
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