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Identification of the peritrophic membrane
proteome of Spodoptera exigua
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Abstract [Objectives] Spodoptera exigua is a major agricultural insect pest that damages the growth of many vegetable
crops. The peritrophic membrane (PM) is a semipermeable membrane secreted by insect midgut cells that plays an important
role in digestion and protects insects from microbes and parasites. The aim of this study was to identify the protein constituents
of the S. exigua peritrophic membrane, in order to increase understanding of the molecular interaction between the PM and
pathogenic microorganisms. [Methods] The PM of 5th instar S. exigua larvae were removed and treated with
trifluoromethane-sulfonic acid (TFMS). The peritrophic membrane proteome of larvae was identified by liquid
chromatography and mass spectrometry (LC-MS/MS), and the results subjected to bioinformatics analysis. BLAST software
was used to compare protein homology online and to explore horizontal gene transfer. [Results] A total of 199 peritrophic
membrane proteins from Spodoptera exigua larvae were identified. These proteins could be enriched in 84 GO terms (P<0.05).
KEGG enrichment results categorized the identified proteins into 73 metabolic pathways. The results of protein-protein
interaction (PPI) analysis indicate that the identified proteins form multiple interaction networks and participate in various
processes, such as energy metabolism, protein hydrolysis, hydrogen peroxide metabolism and immunity. The identified
proteins included stress-related proteins which are involved in detoxification and metabolism. Such proteins can improve the
resistance of insects to pesticides and harsh environmental conditions. [Conclusion] A total of 199 peritrophic membrane

proteins of S. exigua larvae were identified and analyzed. The results provide useful information on the potential biological
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function of the PM and facilitate the development of novel, effective, biological pesticides.

Key words

bioinformatics

FElE X ( Peritrophic membrane, PM ) J&
v i 40 M o3 A 2 PR, R R
KiZefl . JUT BAE A B (XA, 2012),
HobEAFR SRR, Ad 22%-55%, JLT &
255 PM [ 3.7%-13%, —HWEBLESHIGE
PM RETE. PM BB LT HE S W 7
ERRZ, AT LA b i b R 20 50 52 R TH A
W5 1 LB, T HL R BH 1k 28 AR HRU)
AR AR (Lehane, 1997; Terra, 2001 ), fE
R B RN Y5 —IE BR R, PM ANURERS PRI R
TSR S 4 TR B TE AR G, T HL B8 A Rt
MEFFE (Lehane, 1997 ). #F5EFEM, PM 7=
1 1Y AR 235 ) A2 2Rk ORI 2R O ((Abedi
and Brown, 1961 ), PM HT{a] REBBE IR A A5
YR RE AR A (5KRER, 2008; #/hIE,
2013 ), FIHNHFEA K Trichoplusia ni 7k
PIERCR AMERE , PM Z5f iR, S80S
175 P 28 ( Wang and Granados, 1997 ; Peng et al.,
1999 ), FrLL, ¥ PM YENEERR, IR PM YIE
WABRIIRE, RURri B py R EcE, Sl
FEHRPIAIE B B, %R H PM {41 g
TR Y2 DR IR A SE, A B TR B A9
AR % o

AR, XF PM R ETR A . HETR
2R PM 8 O ok, AR
% Musca domestica ( Wang et al., 2016), XLt
WP #4 Anopheles gambiae ( Dinglasan et al.,
2009 ). Hi4% Ht Helicoverpa armigera ( Campbell
etal., 2008 ). |75 1% Glossina morsitans ( Rose
etal., 2014 ). 4 Bombyx mori( Hu et al., 2012;
Zhong et al., 2012 ) Flf% % 7% Wk Mamestra
configurata ( Toprak et al., 2016 ).

HH=E i Spodoptera exigua JE @§# H | 7%
BE, ST, R E SRR R
AR (CE®RY, 2009), HHET, SRR T B
RRSR B2 ok 32, (BB R A2y, i

Spodoptera exigua; peritrophic membrane; liquid chromatography and mass spectrometry; proteome;
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1 #R5AHE

11 XBER

ISR Mk &y A el b R B2 B DU B B 5T
Fr e 4R T 28 CCIEIRESIRA A 3%, M
YR EE R 70%-80%, JERJE AR 141 : 10D, /]
WS i % 1 ik 4 B N AR RIS O 5 25 sk 4
(2006 ),

1.2 EREBEMNLENEARNG S

il IR AL B 7 2 I8 Bdge (2003 ), R4l
TAFRE S I, WO 2 HUBCE VKRR o 24wk,
SR 5B I B B AR T VKA 1Y 0.75% 4 B E:
A R AT e A BB — AN, BESR
B i s DA S 114 T 22 AR B i S s
FIEBE, HEABE TR B, =5
AR AL, 23 10 min, {fi PM _E A8 H 45
R
1.3 BEREAZEANERE

RIS E T, B 5CH SDS-PAGE LK AR
DUZE R o, FBLDK TSR Ak /K8 10 min, 25
LGB ET5 1T SDS-PAGE 4358, s e f sy
B ESY WA 5%FN 12% % R IR FH e o Bk
A, 2% 15 (2016 ) BEEE T, AT
R T RERI B D R S, A R 1 T
REHEW, REHETHRETRE, i 2%)E
I 0.1% R 1) 7K V5 S A ot J A FHROR 7%

(Liquid chromatograph, LC) i ARHF7505 .
WA (5,35 131 FH] Eksigent NanoLC-Ultra™ 2D £%;

(AB SCIEX ), ¥R OREE 2 uL/min A3
S FAEE C18 Tik: (A% R 100 pm>3 cm,
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C18, 3um, 150 A), AkLefffrms tfT i
8 10 min, SEEETHIRSHTFEN C18 RAHEIE
o (HAS A 75 umx15 cm, C18, 3 um, 120 A ),
BT T PR B 9 70 min Z N SIAH B B 5%7F
BN 35%. JEIESCIR ] TripleTOF 5600 &4t
( AB SCIEX), FrHmiss & . iR A ZE 1k
SRS R 2.5kV., 30 PSI. 5 PSI, A Gy
A7 Ao T E R R BB R X
( Information Dependent Analysis , IDA ),
TOF-MS HLik [E 349 i i) (0] 152 & 250 ms,

1.4 HEABSHH

B¥E o M Mascot 2.3 # 4 ( Matrix
Science ), fHfifif# H A MR ( Noctuidae ) & HUAN
s H 2R L B /N2 ik Plutella xylostella 7E 41
$E % . Protein score C.L%TE 95%LA R 2% %
B o

15 HEWEEEST

X %5 5 £5 H % Gene ontology ( fijFX GO ) T
HEJr 1T .Kyoto encyclopedia of genes and genomes
( KEGG ) Pathway 73 #1 fll1& F1 B AE ( Protein-to-
protein interaction, PPI) 7341, GO {KFR 53 H4
i 40 s ( Cellular component ) . 43+ I fig
( Molecular function ) FI4E¥)if#2 ( Biological
process ) —#4r. AWFFEH GO STl FH Y
J& Quick GO $#i5 % . PPI 23 H7K ] String %4
o i P AESMTIESEAT AR, P E/INT
0.05 &R o € SR RITEPE R A BLAST
Bt

2 HRE5SH

21 BERBEZEAHEEMINEES T

ARG IS E RS k4l L PM AR 1 199
SO RN R & T S U S
Noctuidae & AL AN H 32BN Plutella
xylostella, X4 i Bl 2 & 61T GO
AT, GRFHEANFE SN =R AP
( Biological process, BP). ZififiZH 43 ( Cellular

component, CC )F143F I HE( Molecular function,
MF ), BT MEHESET 84 4 GO term (P<
0.05), BFEEHF] BP term AYHT 10 550104
fbifJ5t ( Oxidation reduction ) (P=2.98x1077),
A L 2 ( Glucose metabolic process )
(P=1.69 x 10" ° ). k/KILA o3 i AR T i 2
( Carbohydrate catabolic process )( P=1.90 x 10™° ),
. B AR i if 2 ( Hexose metabolic process )
(P=2.32x10"°), k§sHf#Atisfit 2 (Alcohol
catabolic process ) ( P=5.68 x 10 ®). 4nffifxK ik
AW oy AC i # ( Cellular  carbohydrate
catabolic process ) ( P=5.68 x 10°®), HuifLiftid
£ ( Monosaccharide metabolic process ) ( P=7.02 X
107°), C B4 AR 2 B2 ( Hexose catabolic
process ) ( P=2.48 x 10 )., 4l oA it i
( Glucose catabolic process ) ( P=2.48x107),
Wi o ffe AR 3 #2 ( Monosaccharide  catabolic
process ) (P=2.84x10"), BEHHEF CC term
PTG 10 2% 43 5 i B B UKL ( Lipid particle )
(P=8.22x10"'""). #Hff 4175 i) ( Extracellular
space ) ( P=5.24 x 10~ * ). 40 Jfl b IX 3% 3 43
( Extracellular region part) (P=1.19x10"%), 4
Ja s R AR R 3L ( Cytosolic large ribosomal
subunit ) ( P=2.58 x 10 ~°* ). 4 ffl 4 X
( Extracellular region ) (P=2.79 x 10 * ). %JjHuifi
WEHEAEAEY (Larval serum protein complex )
(P=436x10"°). 4HMI¥A A ( Cytosolic
ribosome ) ( P=221 x 10 "% ). 4 Jid & 3% 4>
( Cytosolic part) (P=2.33x10%), KA
%t ( Large ribosomal subunit ) ( P=3.26 x 107%),
fEiER 4y ( Membrane fraction ) ( P=3.76 X 1072 ),
2 E AR MF term HT 10 5553 01 4 AR R T Bt
i M ( Carboxylesterase activity ) P=9.12x 10 ),
22 AR N K TE 14 ( Serine-type endopeptidase
activity ) (P=3.29x 10™*), BEEEIEE ( Peptidase
activity ) (P=6.79 x 10™*), KA E, /T L-
FHRAK ( Peptidase activity, acting on L-amino
acid peptides ) ( P=7.60 x 10 %), 222 L7 Jik i3
i ( Serine-type peptidase activity ) ( P=8.52 x
10°%), 2% WK % ¥ ( Serine hydrolase
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activity ) (P=9.08 x 10 %), ZUzHiT% 3 ( Oxygen W ( Starch and sucrose metabolism ) ( P=4.69 x
transporter activity ) ( P=1.28 x 10 * ). P ki i% 10°7), A MEH BRI ( Glutathione metabolism )
P£ ( Endopeptidase activity ) (P=2.21x10"?), (P=5.40x10""7), 14 fL¥YIM#A ( Peroxisome )
B IR K FE 3 3 ( Nutrient reservoir activity ) (P=1.86x10""). HEEEA%/ B4 ( Glycolysis/
(P=4.26x10""). 445 4 ( Coenzyme binding ) Gluconeogenesis ) ( P=3.01x10""). J& i1t 5t
(P=1.02x102) (E 1), ( Fatty acid metabolism ) ( P=9.34x10"7), 4%&
XTLL E % R H 3T KEGG 408, 4558 iRt ( Histidine metabolism ) ( P=6.24x10" %),
B EEREET 73 FMUNSEART, Hrh BEMRME & 12 ( Pentose phosphate pathway )
P{E/NT 0.05 A9F 51 %%, HA 76 M Horp ( P=9.55x10 "°). TCA fE# ( TCA cycle )
i AEREEEHT 10 7 (953512 « ARIHE % Metabolic (P=1.44x10"") (£ 1), 4 38% (76/199) 1y
pathways ) ( P=2.17x10"** ) ##{Ci§ ( Carbon YOER PP E AR T Emr iR (P<0.05),
metabolism ) ( P=6.33x10"'2), ¥&H FlREBEAL A R A e — 2 T

35 YR a5y VL
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Fig. 1 The most obvious top 10 of the GO enrichment analysis of the identified peritrophic membrane proteins
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*1 YXEHHWEREEAQN KEGC EENHER
Table 1 KEGG enrichment analysis results of identified peritrophic membrane proteins
KEGG jifi # E % ID P{H QfH HHE

KEGG pathway Pathway ID P-value Q-value Number of proteins
fRig1& 4% Metabolic pathways dme01100  2.17x10°%®  1.97x107% 59
AR Carbon metabolism dme01200  6.33x107"2  2.88x107"° 15
VERY T REREIC I Starch and sucrose metabolism dme00500 4.69x10°° 1.23x1077 10
2B H BRI Glutathione metabolism dme00480 5.40x107° 1.23x1077 10
it E AL YIEHA Peroxisome dme04146  1.86x10x"  2.83x10°° 9
VDR /B8 E Glycolysis/Gluconeogenesis dme00010 3.01x1077 3.92x10°° 8
R Wi ER A1 Fatty acid metabolism dme01212  9.34x1077 1.06x10°° 7
ZH @ 1 C1H Histidine metabolism me .24x10° 31x10°
AR Histidi boli dme00340  6.24x10°° 6 3 4
WL B2 Pentose phosphate pathway dme00030 9.55%10°¢ 8.69x10°° 5
FrEEBRPEER ( TCA G ) Citrate cycle (TCA cycle)  dme00020 1.44x107° 1.19x107* 6

YE B A EAESHT R, LA alphatry |
CG10472, Jon65Aiv S5 NAZ.OAE S 58 H T
IKARACI I T AE M 4%, PGRP-LB, GNBP1 ., Rel.
Toll-7 W IE 1S 5 LA o i b B 1) B AE 25
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Fig. 2 Protein-protein interaction networks of identified peritrophic membrane proteins
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22 HEFEUHEXEONERE

I BT S, DTSR A Mk R £ JE 8, 1 A
HAE 2 SRR RO B T, s R
FR MR ( CarEs )( CG10116, CG6271, CG10175,
CG4757 ). 4iifit % P450 ( Cyp6ul . Cypl2a4,
Cyp4c3. Cypbal3. Cyp9f2 ). &Mt H RK-S-FF%
fitf (GSTs) (GstD1, GstS1), M4k, Fiigsh
SE 3 M REE T, 45 Hsp60. Hsp70 JeH:
[F] Y5 26 1 Hsce70,

23 EEKFEBIRHERE

FLH K% ( Horizontal gene transfer,
HGT )J&HA 2 F WA A PR s e M) i
1L . ARG M S5 AR B Z IR B AP E
HGT M4, ALY %R 199 4~ H LA
WMk 1% A Z ff /K05 % ( Spodoptera  exigua
multicapsid nucleopolyhedrovirus , SeMNPV )

(NC-002169 ) KN %%, #A7 RS>
Bribxt, ZBH A 8 A EH SRS #E I E H
HARFEMFEEME, B0 GenBank %554
FJE: 6960582 ({Z &, V-ubiquitin ), 6960547

(P T-4 )& H, Inhibitor of apoptosis-2 ),
6960526 ( Hf M 3% 15 [N -7, Late expression
factor-5 ), 571272046( HrkiBEFE [, Desmoplakin ),
571271479 ( #4584 1, RING-finger cg30 ),
6960538 ( KHIE ), 6960552 ( DNA R4,
DNA polymerase ), 6960504 ( RHIFEH ). %Ki
SR FUGIESE 1 AR B A 32 B U2 ) A7 A
HGT L4, JWFhit g it 17— s el

3 #HitHitit

BB LT il er 22, e 138X
TR 2548, — S kLT B4 A
(CBD) H5JLT 4 &, D hfrfe—seEss
EREA, XY AHA CBD (Hegedus et al.,
2009; Yin et al., 2010), AHFF%E A 199
A HA 5B CBD, —SLdEgsi G Al
HEE (SRR ) FFAGEEILT L,
HEM PM RIS X S 4R HE TR A G AL

S AT DL R R R AR A BAE . S Ah,
R SRR WA g 5 A CBD By HAH
HAEH, RGO —ER 0 (R4,
2019 ), HBEAI L, SRECTFEEBILT BUE R
KIS EARE G S, AT AR E R

AFFRAIA TMFS i & IR 2 f PR
Hok, UERHEER I PM BB 45 E a2
AETIRASIE R —2RE N . TR, RIS
RHET PM 2R A S 08 AN T BE 53 AT 128 T Bk A
M, HREGELIRZEFNAR, Zhong 55 (2012)
TR PM R I T 45, L3145 305 R,
{8 Hu % (2012) XF5¢7 PM 4 FI Y 5808 25 5L
H 47 Fh ., Toprak %5( 2016 )XJ #7171 ik Mamestra
configurata PM 78 (4% 50, 25 R BT
1E 82 FiEEH . Dinglasan %5 (2009 ) M X HE P $%
I PM R 1 209 FhE L 6T H R dOR
v, BOEEE—4Fr, PM EHEELSRBEA
Fr2%| (Huetal., 2012; Zhong et al., 2012;
ZEETEAE, 2013 ), HEDN i B 22 S 1) Ji PR A
Rz, MFEKREAEE R PM 8 A6l & 7 ikn
L PANER WOAE B B A (2R 1R7E4E, 2013; 22
RS, 2019), BREUGETTIESN, %€ PM EH
AT AR A R % cDNA 3k SCEERY 5k, 88
Je AL R R ARAE o HR % SR i % H A 28 P A K
HraE HFEK ( Wang and Granados, 1997; Shi
etal., 2004; Zhang, 2008 ), HAjZF R A+
cDNA SCEC BRI EE, i/ Nk . 8ok
e RS HL . RTINS (HE IO R A —
FEMGREG, ¥ E] PCR 88, 5y MiAR 3k C
FEr AR, XY G S B ek s D3 AR
WHE S, FEK, BFEH LT HEAR
[

LK K F5 (Horizontal gene transfer,
HGT )& 5 A7 22 F (0 P Fh AR P A ) a5 A2 140 ot 1
B4k (B4, 2011), Katsuma % (2008 )
XA BmNPV YRR AH 4T T 2 A, oF
75 BmNPV A 15 MEH SR E AR
), AT AT B H R B SR R ]
1) HGT 4. AFFAEihn 8 NMEH SR
P B AR AR U3 57, PR URIE S 3 AT 2] i
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HGT M4 . 8 &5 Katsuma 5% (2008 ) 45
RN 15 NMERALAE 4 A, 500
V-Ubiquitin , Inhibitor of apoptosis-2 . Desmoplakin
Fl DNA polymerase, iX 8 ™ DI RER AL 73
CLHIRf . W5 R, 2% Ubiquitin S 5%
I 1 gt ad 7 ( Varshavsky, 2017 ). fE ACMNPV
1, Ubiquitin 5 BV £ ¢, Ubiquitin A8 FHA
GRS, LA BV PRl 80%-90%
( Reilly and Guarino, 1996; Wang etal., 2010 )o
Inhibitor of apoptosis-2 ( 1AP-2 ) J&—FhZH i i 7=
MHIE T, K ACMNPV Bk 1AP-2 J5, Jk#i
FEANSZRENR , 3% AT RE A R o A — i 20 B i 741
I H T p35 MF7EAE ( Griffiths et al., 1999 ), #H
S, K BmNPV B 1AP-2 &3 5 J5 W 2 52 Wi i 748
%8 ( Katsuma et al., 2008 ). 55 %I AcMNPV
) 1AP-2 e e 2 Ry SO I AR I s, ) LA A o
HearNPV /&Y 5 AT, 1 BV "
[% ( Zengetal., 2009 ). DNA polymerase J&—Ff
IS, 7 AcMNPV #l BmNPV 1[5k DNA
polymerase J&5, 2 s &g 1952 il 3§ 4 44 52 31| ™ B
20 ( Gomi et al., 1997; Vanarsdall et al., 2005;
Ono et al.,2012 ), RING-finger cg30 5 AcMNPV
f) ODV A, M BmNPV H 4% 4k P 2> i g
B E FFEYY 90%-99%, Ff H 2 FE T a] 4E K
( Zhang et al., 2012). XJFFIRFEEM Late
expression factor-5 ( LEF-5) #EfTHJCAbHE, M
WL R o B s UTE SIO b %
ey, WEEICEE A (Su et al., 2011 ),
Desmoplakin S Bk H ZE 75 1, [ A%
Kt 25 Z MIREZ N RELTE (Keetal.,
2008 ).
A HUR R 85 1) A2 A R 25 %k B 3 W 38
o, T ES AR Al R v BT M T R o
(Chenetal., 2014 ), ABFFREELIR TR, Fit
SRk vy L £ AR 1 R AR AL | B AR DG 2R
M, g ee e . BEEE . % B
WG R R BRI ( CarEs ), FHMUAER P450,
AW H BK-S-FEF2 0 ( GSTs ), EATR R Mg de
A FEY) T EAT AR, ARSI R B HuxS Ak
MRERRRCR , RS Z A 253 . P A

(40 Hsp60. Hsc70-3), AJ LI$em B XA R
e (iR, T2 ma) mimszbE, IR R
PraspEsgE, MmN a e, M,
WA T R BUEALE], BERPL A SCIE
A AR KRR B H XA 25 IR B IS i 32
SELE BRI E
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