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Research progress in programmed cell death in insects
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Abstract Cell apoptosis and autophagic cell death are common during insect development and resistance
against pathogens. Insect cell apoptosis has been elucidated better than insect cell autophagic death. There are
at least three signal transduction pathways in insect cell apoptosis the first one is similar to nematode apoptosis
pathway the second similar to that used by mammals and the third independent on caspases. Although insect
cell apoptosis is distinguished from insect cell autophagic death the cross-talking may exist between both. The
two types of cell death pathways can promote inhibit or substitute each other in insect cells. It is of great
significance in pest control to understand programmed cell death in insects.

Key words Insect cell cell apoptosis autophagic programmed cell death signal transduction pathway

cross-talking

cysteine aspartic acid-

3 specific protease caspase
apoptosis autophagic cell death

necrosis  Edinger and extrinsic intrinsic

Thompson 2004 1 I caspase-8  caspase-9
caspase-3
2007 2007ABA160 30470073 30370056 .
1968 11 E-mail liukaiyu @ mail. ccnu.

edu.cn
* Author for correspondence E-mail  hzhong @ mail. cenu. edu. en

Received 2007-12-29 Accepted  2008-05-20



6 653
1
1.1

31
autophagic gene Aig  Apg DNA
NO
Lee and
3 Baehrecke 2000 Xia et al. 2005 Xiu et al.
Mapllc3 2005
18 kDa  Mapllc3 Autographa californica
1 LC3- 1 multicapsid nucleopolyhedrosis virus  AcMNPV
16 kDa  Mapllc3
LC3-11 Atg5-Atgl2- Sl-zsu-1 AcMNPV DNA
Atgl6L,
LC3-11 LC3-11/LC3- 1
Beclin | Sl-zsu-1
myosin-like BCL-2 interacting protein Atgo -1l
Class [ PI3K 1997 WNV  Flaviviridae
Sec secretory genes Secl2 Secl6 Sec23/ Flavivirus Culex pipiens
24 ATP
TOR G Vaidyanathan and Scott 2006
Gai3
Dpp

Decapentaplegic Dpp brinker

Lockshin and Zakeri
2004

Tittel and
Steller 2000 Lee and Baehrecke 2000 Cashio et al.
2005

brinker

Moreno et al. 2002
1.2

Dorstyn et al . 2004

C eyt-c-d  cyt-c-p

Arama et al. 2006
Apaf-1 Apoptosis protease activating factor 1

apoptosome -9 caspase-9-



654 Acta Entomologica Sinica 51

like Apaf-1 RNAi C
BG2 DRONC
Caspase-9/ Apaf- DRICE 2
1/eytochrome-c C
Kanuka et al. 1999 lLee and Baehrecke et
al. 2000 BG2 3
C
C
S2  BG2 C
C
mitochondria permeability transition MPT Means et al .
2006 Arama et al. 2006 Kanuka et al. 2006
Malagoli et al 2002 Mohan et al. 2003 Xiu et al C
2005 Liu et al. 2007b BCL-2 C
MPT
C MPT
Lin 2005
Bimavirus ~ bel-2 C Tait et al. 2004
C
C C
C S2 zVAD-fmk
Debcl death executioner Bel-2 homologue
Kanuka et al . S2
2006 RNAi RNA interference
BG2 C
DRONC DRICE Zimmermann ef al . 2002 reaper
Dorstyn et al. 2004 IAP
S2 C
Dorstyn et al. 2002
S2 BG2 C Tai et al. 2004
1
C
DApaf-1 2 C
Apaf-1 Apaf-1
CED-4 3
C Kanuka et
al. 1999 Zhou et al. 1999 1.3
BCL-2 IAPs

Jadttela 1999  Kim et al.
C 2003
Kim et
Dorstyn 2004 1 al. 2003a 2003b



6 655
2.3
TOR
-p35 iap  inhibitor of Zhang et al. 2000 PI3K/TOR
apoptosis Neufeld
2006 . 2003 PI3K/TOR
2 PI3K/TOR
TOR
2.1 Rusten et al.

C2-

Myohara 2004

Ravikumar et al. 2006

Cheng  Chian 1995

Diploptera punctata

3 3
Manduca sexta 20-
Kinch
et al. 2003
ATP
ILd
Sl-zsu-1
ATP
Tettamanti et
al. 2006 Liu et al. 2007a
Grewal and Saucedo
2004
2.2
31 A
Atg 11
Atg Gorski et al. 2003 Klionsky et al. 2003

Grewal and Saucedo
Atgl

2004 Cao and Klionsky 2007

50%

2004 Grewal and Saucedo 2004

2.4
Atgl Atg5
Scott et
al. 2004
3
3.1
Gorski 2003

apg5S-like apgl2-like apg6-

like dronc  dep-1

Zacarin 2007

Akdemir 2006

Liu et
al. 2007a
Tettamanti

et al. 2006  Tettamanti 2007



656 Acta Entomologica Sinica 51

Heliothis virescens

Atgl

DNA Scott et

al. 2007  Velentzas 2007

AKT
3.2 BCL-2
Swerdlow  Distelhorst 2007
BCL-2
BCL-2 BCL-2
Atgb/

Beclinl

Pattingre et al. 2005 Cao
and Klionsky 2007 BCL-2

p35

Lee and Baehrecke 2001
Martin and Baehrecke 2003

3.3
ATP
Sl-zsu-1 ATP
Liu et
al. 2007a
ATP
Tettamanti et al . 2006

3.4

Miiller 2004

DNA

DNA -3

Ravikumar 2006

rapamycin

Lee 2007 Aigl
S6

Scott et al. 2004

Hurd Carter 2004

yoelii nigeriensis

Plasmodium

Anopheles stephenst

Hopwood et al. 2001

Clem and Miller 1993

Dougherty et
al. 2004
Rhee 1999



657

30 kDa

Kim et al. 2003a 2003b

11 Ag
31 Ag

References

Akdemir F Farkas R Chen P Juhasz G Medved’ ova . Sass M Wang
L Wang X Chittaranjan S Gorski SM  2006. Autophagy occurs
upstream or parallel to the apoptosome during histolytic cell death.
Dev. 133 8 1457-1465.

Arama E Bader M Srivastava M Bergmann A Steller H 2006. The two
Drosophila cytochrome C proteins can function in both respiration and
caspase activation. EMBO J. 25 1 232-243.

Bao R WuJ Wu X 2006. The apoptosis induced by insect baculoviruses.

Chin. J. Cell Biol. 28 5 676-680.
2006.
285 676-680
Cao Y Klionsky DJ 2007. Physiological functions of Atg6/Beclin 1 a

unique autophagy-related protein. Cell Res. 17 10 839 —849.

Cashio P Lee TV Bergmann A 2005. Genetic control of programmed cell

death in Drosophila melanogaster . Semin Cell Dev. Biol. 16 2 225
-235.

Cheng HW  Chiang AS 1995. Autophagy and acid phosphatase activity in
the corpora allata of adult mated females of Diploptera punctata . Cell
Tissue Res. 281 1  109-117.

Clem RJ Miller LK 1993. Apoptosis reduces both the in vitro replication
and the in vivo infectivity of a baculovirus. J. Virol. 67 7 3730

-3738.

Dai X 1997. Apoptosis Induced by Baculoviruses and Expression of Lucilia
cuprina  Ecdysteroid Receptor. Ph. D Dissertation ~ Zhongshan
University Guangzhou. 1997.

LeEcR

Dorstyn L Read S Cakouros D Huh JR Hay BA Kumar S 2002. The
role of cytochrome ¢ in caspase activation in Drosophila melanogaster
cells. J. Cell Biol. 156 1089 -1 098.

Dorstyn . Mills K Lazebnik Y Kumar S 2004. The two cytochrome ¢
species DC3 and DC4 are not required for caspase activation and
apoptosis in Drosophila cells. J. Cell Biol. 167 3 405 -410.

Dougherty - Narang N Toeb M Lynn D Shapiro M 2004. Fluorescent
brightener inhibits apoptosis in baculovirus-infected gypsy moth larval
midgut cells in vitro. Biocontrol Sci. Techn. 16 2 157 - 168.

Edinger AL Thompson CB  2004. Death by design apoptosis necrosis and
autophagy. Curr. Opin. Cell Biol. 16 6 663 —669.

Gorski SM  Chittaranjan S Pleasance ED  Freeman JD  Anderson CL
Varhol RJ Coughlin SM Zuyderduyn SD  Jones S] Marra MA  2003.
A SAGE approach to discovery of genes involved in autophagic cell
death. Cuwrr. Biol. 13 4 358 - 363.

Grewal SS Saucedo LJ 2004. Chewing the fat regulating autophagy in
Drosophila. Dev. Cell 7 2 148 - 150.

Hopwood JA'  Ahmed AM Polwart A Williams GT Hurd H 2001.
Malaria-induced apoptosis in mosquito ovaries a mechanism to control
vector egg production. J. Exp. Biol. 204 16 2773 -2780.

Hurd H Carter V. 2004. The role of programmed cell death in plasmodium-
mosquito interactions. Int. J. Parasitol. 34 13 -14 1 459 -
1472.

Jaiitteld M 1999. Escaping cell death survival proteins in cancer. Exp.
Cell Res. 248 1 30-43.

Kanuka H Sawamoto K Inohara N Matsuno K Okano H Miura M
1999. Control of the cell death pathway by Dapaf-1 a Drosophila Apaf-
1/CED-4-related caspase activator. Mol. Cell 4 5 757 -769.

Kim EJ
Bioprocess Eng. 8 76 -82.

Kim EJ Park HJ Park TH 2003b. Inhibition of apoptosis by recombinant

Park TH 2003a. Anti-apoptosis engineering. Biotechnol .

30K protein originating from silkworm hemolymph. Biochem . Biophys .
Res. Commun. 308 3 523 -528.

Kinch G Hoffman KL Rodrigues EM  Zee MC Weeks JC 2003. Steroid-
triggered programmed cell death of a motoneuron is autophagic and
involves structural changes in mitochondria. J. Comp. Neurol. 457
4 384-403.

Klionsky DJ Cregg JM Dunn Jr WA Emr SD Sakai Y Sandoval IV
Sibirny A Subraman S Thumm M Veenhuis M Ohsumi Y 2003. A

unified nomenclature for yeast autophagy-related genes. Dev. Cell 5



658 Acta Entomologica Sinica 51

4 539-545.

Lee C  Baehrecke EH 2000. Genetic regulation of programmed cell death
in Drosophila . Cell Res. 10 3 193 -204.

Lee CY Baehrecke EH 2001. Steroid regulation of autophagic programmed
cell death during development. Dev. 28 1443 -1 455.

Lee SB KimS lee] Park] Lee G KimY Kim JM Chung]J 2007.
ATGl an autophagy regulator inhibits cell growth by negatively
regulating S6 kinase. EMBO J. 8 4 360 - 365.

Lin J Zhang C Suzuki S 2005. An anti-apoptosis gene of the Bcl-2 family
from marine birnavirus inhibiting apoptosis of insect cells infected with
baculovirus. Virus Genes 31 2 185-193.

Liu K TangQ FuC PengJ YangH LiY HongH 2007a. Influence of
glucose starvation on the pathway of death in insect cell line Sl
apoptosis follows autophagy. Cytotechnol. 54 2 97 -105.

LiuL Peng ] Liu K Yang H Li Y Hong H 2007b. Influence of
cytochrome ¢ on apoptosis induced by Anagrapha  Syngrapha  falcifera
multiple nuclear polyhedrosis virus  AfMNPV  in insect Spodoptera
litura cells. Cell Biol. Int. 31 9 996-1001.

Lockshin RA  Zakeri Z 2004. Apoptosis autophagy and more. Int. J.
Biochem . Cell Biol. 36 12 2405-2419.

Malagoli D Conte A Ottaviani E  2002. Protein kinases mediate nitric
oxide-induced apoptosis in the insect cell line IPLB-LAFB. Cell Mol .
Life. Sci. 595 894-901.

Martin DN Baehrecke EH  2003. Caspases function in autophagic
programmed cell death in Drosophila. Dev. 131 2 275-284.
Means JC Muro I Clem RJ 2006. Lack of involvement of mitochondrial
factors in caspase activation in a Drosophila cell-free system. Cell

Death Differ. 13 1222-1 234.

Mohan M Taneja TK Sahdev S Mohareer K Begum R Athar R Sah
NK Hasnain SE 2003. Antioxidants prevent UV-induced apoptosis by
inhibiting mitochondrial cytochrome ¢ release and caspase activation in
Spodoptera frugiperda  S9  cells. Cell Biol. Int. 27 6 483 -
490.

Moreno E  Basler K Morata G 2002. Cells compete for decapentaplegic
survival factor to prevent apoptosis in Drosophila wing development.
Nature 416 755 -1759.

Miiller F - adori C Sass M 2004. Autophagic and apoptotic features during
programmed cell death in the fat body of the tobacco homworm

Manduca sexta . Eur. J. Cell Biol. 83 2 67-78.

Myohara M 2004. Real-time observation of autophagic programmed cell
death of Drosophila salivary glands in vitro. Dev. Genes Evol. 214
2 99-104.

Neufeld TP 2003. Body building regulation of shape and size by PI3K/TOR
signaling during development. Mech. Dev. 120 11 1283 -1 296.

Pattingre S Tassa A Qu X Garuti R Liang XH Mizushima N Packer
M Schneider MD Levine B 2005. Bel-2 antiapoptotic proteins inhibit
beclin 1-dependent autophagy. Cell 122 6 927 -939.

Ravikumar B Berger Z Vacher C O’ Kane CJ Rubinsztein DC  2006.
Rapamycin pre-treatment protects against apoptosis. Hum. Mol.
Genet. 157 1209-1216.

Rhee W] Kim EJ Park TH 1999. Kinetic effect of silkworm hemolymph on

the delayed host cell death in an insect cell-baculovirus system.

Biotechnol . Prog. 15 1028 -1 032.

Rusten TE  Lindmo K Juhasz G Sass M Seglen PO Brech A Stenmark
H 2004. Programmed autophagy in the Drosophila fat body is induced
by ecdysone through regulation of the PI3K pathway. Dev. Cell 7 2
179 - 192.

Scott RC Schuldiner O  Neufeld TP 2004. Role and regulation of
starvation-induced autophagy in the Drosophila fat body. Dev. Cell 7
2 1448-1450.

Scott RC  Juhdisz G Neufeld TP 2007. Direct induction of autophagy by
Atgl inhibits cell growth and induces apoptotic cell death. Curr.
Biol. 171 1-11.

Swerdlow S Distelhorst CW  2007. Bel-2-regulated Calcium signals as
common mediators of both apoptosis and autophagy. Dev. Cell 12 2
178 - 179.

Tait SWG Werner AB de Vries E Borsrt ] 2004. Mechanism of action of
Drosophila Reaper in mammalian cells Reaper globally inhibits protein
synthesis and induces apoptosis independent of mitochondrial
permeability. Cell Death Differ. 11 800 - 811.

Tettamanti G Malagoli D Marchesini E  Congiu T Eguileor M Ottaviani
E 2006. Oligomycin A induces autophagy in the IPLB-LAFB insect cell
line. Cell Tissue Res. 326 1 179 - 186.

Tettamanti G Grimaldi A Pennacchio F  de Eguileor M 2007.

Lepidopteran larval midgut during prepupal instar digestion or self-

digestion Autophagy 3 6 630-631.

Tittel JN  Steller H 2000. A comparison of programmed cell death between
species. Genome Biol. 13 1-6.

Vaidyanathan R~ Scott TW 2006. Apoptosis in mosquito midgut epithelia
associated with West Nile virus infection. Apoptosis 11 9 1643 —
1 651.

Velentzas A Nezis IP  Stravopodis D] Papassideri IS Margaritis LH
2007. Mechanisms of programmed cell death during oogenesis in
Drosophila virilis . Cell Tissue Res. 327 2 399 — 414.

XiaQ Sun H Hu X ShuY Gu D Zhang G 2005. Apoptosis of
Spodoptera litura larval hemocytes induced by heavy metal zinc. Chin .
Sci. Bull. 50 24 2856 - 2 860.

Xiu M Peng ] Hong H 2005. Mitochondrial response and calcium ion
change in apoptotic insect cells induced by SfaMNPV. Chin. Sci.
Bull. 50 12 1191-1 198.

Zacarin EC  2007. Autophagy and apoptosis coordinate physiological cell
death in larval salivary glands of Apis mellifera
Apidae . Autophagy 3 5 516-518.

Zhang H Stallock JP Ng JC Reinhard C  Neufeld TP 2000. Regulation

Hymenoptera

of cellular growth by the Drosophila target of rapamycin dTOR. Genes
Dev. 14 21 2712-2724.

Zhou L Song Z Tittel J Steller H 1999. HAC-1 a Drosophila homolog of
APAF-1 and CED-4 functions in developmental and radiation-induced
apoptosis. Mol. Cell 4 5 745-755.

Zimmermann KC Ricci ] Droin NM  Green DR 2002. The role of ARK in
stress-induced apoptosis in Drosophila cells. J. Cell Biol. 156 6
1077 -1 087.





