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By using shotgun HPLC-ESI-MS proteomics approach, 2043 peptides were identified from the midgut
of Spodoptera litura larvae at the sixth instar feeding stage, out of which 1489 (72.9%) were found to
have their homologues in the public protein databases and 842 had identities of molecular functions.
Seven-hundred forty-one peptides were annotated according to Gene Ontology Annotation in terms
of molecular function, biological process, and cellular localization, with 336 and 251 peptides being
related to catalytic activity and binding activity, respectively. Most of the catalytic proteins had activity
of hydrolases, oxidoreductases and transferases and most of the binding proteins were involved in
protein-binding activity. Among the annotated peptides, 487 were classified into different cellular
processes and 490 were classified to locate in the cytoplasm. Nonredundant enzymes associated with
the metabolisms of carbohydrates, lipids and fatty acids, amino acids and proteins, translation, transport,
and stress resistance were identified. Presence and expression at high levels of numerous enzymes of
glycolysis pathway, synthesis of proteins, and absorption and transport of fatty acids and lipids indicate
that active metabolism processes of carbohydrates, proteins, and lipids occurred in the midgut of sixth
instar feeding larvae of S. litura. The protein profile provides a basis for further study of the physiological
events in the midgut of S. litura.
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1. Introduction
Many methods, such as two-dimensional gel electrophoresis/

mass spectrometer (2-DE/MS), matrix-assisted laser desorp-
tion/ionization time-of-flight/mass spectrometer (MALDI-TOF-
MS), surface-enhanced laser desorption/ionization time-of-
flight/mass spectrometry (SELDI-TOF-MS), and liquid
chromatography mass spectrometry (LC-MS/MS), have been
used to study protein expression profiles in insect tissues. The
2-DE/MS method is currently the main approach for separation
and comparison of complex protein mixtures and is advanta-
geous because of its high resolution and sensitivity. However,
it has a few restrictions, such as limited loading capacity,
dependence on physicochemical properties of proteins, and
problems of transferring proteins from the first-dimensional
gel onto the second one. The 2-DE/MS method is often unable
to detect those proteins that have extremes in molecular mass
and isoelectric points and that are hydrophobic or unsolvable,
such as the integral membrane proteins.1 During the past
several years, shotgun proteomics has been proven to be an
alternative technology capable of identifying hundreds of
proteins from single samples and to be complementary to
2-DE-based analysis.2-4 Shotgun proteomics relies on protein
separation after the proteolytic digestion and takes advantage

of MS/MS to infer the amino acid sequences of individual
peptides. Compared to the 2-DE/MS proteomics approach, the
shotgun method possesses the virtues of high efficiency and
time and labor saving.

Insect gut is a main organ for food digestion, nutrient
absorption and protection from pathogen invasion and, there-
fore, is an important target for novel biological and chemical
controlling strategies. Studies on expression profiles of genes
and/or proteins in the midgut can facilitate identification of
molecular targets that can be used for developing novel and
environmentally benign controlling strategies. Four-hundred
fifty individual proteins were detected in the brush border
membrane vesicles (BBMV) of the midgut of Manduca sexta
fifth instar larvae by using a 2-DE/MS approach.5 Changes of
gut proteins in fourth instar larvae of the Indianmeal moth
Plodia interpunctella exhibiting resistance to Bacillus thuring-
iensis toxins were examined, and approximately 300 individual
proteins with molecular sizes ranging from 15 to 150 kDa and
isoelectric points between 4 and 10 in 2-DE gels were identi-
fied.6 In the posterior midgut of fifth instar larvae of Bombyx
mori, 1100 individual protein spots were identified by using
2-DE gels.7 Protein profiles of midguts of the trypanosome-
susceptible and wild type tsetse flies, Glossina morsitans
morsitans, were compared using isotope coded affinity tag
(ICAT) technique, and a total of 207 proteins were identified
in the trypanosome-susceptible flies, including 17 up-regulated
proteins and 9 down-regulated proteins.8 Most of the up-
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regulated proteins were associated with midgut immunity. Nine
proteins that were differentially expressed in response to dietary
Bowman-Birk inhibitor in the Drosophila melanogaster midgut
were identified.9 Using 2-DE/MS/MS de novo peptide sequenc-
ing major proteins persisting in the midgut lumen were
examined in the cotton bollworm Helicoverpa armigera.10

Spodoptera litura is one of the most damaging insect pests
in the tropical and subtropical areas around the world. In the
present study, midgut protein profile of S. litura sixth instar
larvae at the feeding stage was analyzed for the first time by
using the shotgun high performance liquid chromatography
electrospray ionization mass spectrometry (HPLC-ESI-MS)
proteomics approach. A detailed list of midgut proteins in-
volved in different metabolisms are given and discussed.

2. Materials and Methods

2.1. Preparation of Protein Extracts from the S. litura
Midgut. Spodoptera litura (Lepidoptera:Noctuidae) larvae were
provided by the Entomology Institute of SUN YAT-SEN Uni-
versity, Guangzhou, China, and reared at 25 °C on artificial diet
after egg hatching. Midguts were dissected carefully from the
larvae at day 3 after ecdysis into sixth instar stage, when the
larvae were actively feeding. Protein extraction procedure was
conducted as described in Feng et al.11 with modification. The
midguts were homogenized in homogenization buffer (5 mL/g
tissue; 50 mM Tris, 10 mM EDTA, 15% glycerol, 0.005%
phenylthiourea, pH 7.8) using a motor-driven Teflon pestle in
a 1.5 mL polypropylene microcentrifuge tube. The homogenate
was centrifuged at 10 000× g for 5 min. The supernatant was
collected and recentrifuged again under the same conditions.
A mixture of 0.07% �-mercaptoethanol and 10% trichloracetic
acid in cold acetone were added to the supernatant, which was
then kept at 4 °C for 10 min. The protein extract was then
centrifuged at 12 000× g and 4 °C for 10 min. The pellet was
washed in cold acetone with 0.07% �-mercaptoethanol and
centrifuged at 12 000× g and 4 °C for 10 min. This washing
step was repeated twice. The resultant pellet was resuspended
in 10 mL lysis buffer consisting of 7 M urea, 2 M thiourea, 4%
(w/v) CHAPS and 40 mM Tris, 1% (w/v) dithiothreitol12 and
then centrifuged at 12 000× g and 4 °C for 10 min. The
supernatant was stored at -80 °C and total protein concentra-
tion was determined using Bradford’s method13 according to
the manufacturer’s instruction (Invitrogen, Carlsbad, CA).

2.2. SDS-PAGE Separation of the Proteins. One-hundred
micrograms of the midgut proteins was denatured at 100 °C
for 5 min in an equal volume of 2× protein loading buffer (0.1
M Tris buffer, pH 6.8, 4% SDS, 0.2% �-mercaptoethanol, 40%
glycerol, and 0.002% brompenol blue) and subjected to SDS-
PAGE in 12.5% acrylamide gels and Tris-glycine-SDS buffer (10
mM Tris, 50 mM glycine, 0.1% SDS, pH 8.0) at 15 mA for 20
min and then 30 mA for 1.5 h in a mini-vertical electrophoresis
system. The gels were then stained with Coomassie Brilliant
Blue G250 (Invitrogen, Carlsbad, CA).

2.3. In-Gel Trypsin Digestion. The in-gel trypsin digestion
of proteins was conducted according to Shevchenko et al.14

The protein lane of the stained gel was cut into four pieces in
equal size (Figure 1), which were destained with 0.2 mL of 100
mM NH4HCO3 in 50% acetonitrile for 45 min at 37 °C, followed
by excision and dehydration in acetonitrile for 5 min. The gel
pieces were then dried in a vacuum centrifuge. A volume of 10
mM dithiotreitol in 100 mM NH4HCO3 sufficient to cover the
gel pieces was added to treat the proteins at 56 °C for 1 h. After
cooling to room temperature, the dithiotreitol solution was

replaced with the same volume of 55 mM iodoacetamide in
100 mM NH4HCO3. After 45 min incubation at room temper-
ature in the dark with occasional vortexing, the gel pieces were
washed with 100 µL of 100 mM NH4HCO3 for 10 min,
dehydrated in 100 µL of acetonitrile, swollen by rehydration in
100 µL of 100 mM NH4HCO3, and shrunk again by adding the
same volume of acetonitrile. The liquid phase was removed
and the gel pieces were dried in a vacuum centrifuge. The gel
pieces were swollen in 10 µL of digestion buffer containing 50
mM NH4HCO3, 5 mM CaCl2, and 12.5 ng/µL of trypsin in an
ice-cold bath. After 45 min, the supernatant was removed and
replaced with 10 µL of the same buffer, but without trypsin, to
keep the gel pieces wet during enzymic cleavage at 37 °C for
overnight. Peptides were extracted by one change of 20 mM
NH4HCO3 and three changes of 5% formic acid in 50%
acetonitrile (20 min for each change) at room temperature.

2.4. HPLC-ESI-MS/MS Shotgun Analysis. Chromatogra-
phy was performed using a surveyor LC system (Thermo
Finnigan, San Jose, CA) on a C18 reverse phase column (RP,
180 µm × 150 mm, BioBasic C18, 5 µm, Thermo Hypersil-
Keystone). The pump flow rate was split 1:100 for a column
flow rate of 1.5 µL/min. The mobile phase A was 0.1% formic
acid in water, and the mobile phase B was 0.1% formic acid in
acetonitrile. Separation of the peptides obtained by enzymatic
digestion was achieved with a gradient of 2-80% solution B
over 60 min. The effluent from the reverse phase column was
analyzed by an ESI mass spectrometer (LCQ Deca XP; Thermo
Finnigan, San Jose, CA). The microelectrospray interface used
a 30 µM metal needle, which was orthogonal to the inlet of
the LCQ. The mass spectrometer was set so that one full MS
scan was followed by three MS/MS scans on the three most
intense ions from the MS spectrum with the following Dynamic
Exclusion settings: repeat count, 2; repeat duration, 0.5 min;
exclusion duration, 3.0 min.

2.5. Protein Identification and Annotation. Protein iden-
tification results were extracted from the SEQUEST out.file with
in-house software (BuildSummary). The protein identification
and annotation criteria were based on Delta CN (g0.1) and
Xcorr (one charge g1.9, two charges g2.2, three charges
g3.75).15 Insect protein databases in the National Center for

Figure 1. Separation of the midgut proteins by SDS-PAGE. One
hundred micrograms of the midgut proteins isolated from 3-day-
old 6th instar feeding larvae of S. litura were separated on a
12.5% acrylamide SDS-PAGE gel. Four equally spaced sections
were excised and subsequently used for shotgun ESI-MS
analysis. The portion I contained the proteins larger than 66 kDa;
the portion II contained the proteins between 39 and 66 kDa; the
portion III contained the proteins between 27 and 39 kDa and
the portion IV contained the proteins smaller than 27 kDa.

research articles Liu et al.

2118 Journal of Proteome Research • Vol. 9, No. 5, 2010



Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.
gov/) were searched for protein identification and annotation.
Classifications were performed using Gene Ontology Annota-
tion (GOA; http://www.ebi.ac.uk/goa/) according to the protein
accession numbers.

3. Results and Discussion

3.1. Identification and Annotation of the Midgut Proteins.
Protein extracts from the midgut of sixth instar actively feeding
larvae was separated by SDS-PAGE and the gel was cut into
four equal pieces in size for shotgun ESI-MS analysis (Figure
1). The portion I contained the proteins larger than 66 kDa;
the portion II contained the proteins between 39 and 66
kDa; the portion III contained the proteins between 27 and 39
kDa and the portion IV contained the proteins smaller than 27
kDa. A total of 2043 peptides were identified by the shotgun
ESI-MS analysis, of which 842 (41.2%) peptides were annotated
by Blast search in the NCBI insect protein databases and the
remaining 1201 (58.8%) peptides could not be annotated (Table
1). Among these unknown (or unannotated) proteins, 647 were
either hypothetical, putative or predicted proteins, while the
remaining 554 had no any homologues in these databases.

Among the 842 annotated proteins, 741 had identities of
molecular functions, while 84 were ribosomal proteins and 17
were mitochondrial proteins. Overall, 1489 (72.9% of 2,043)
proteins, including hypothetical, putative, predicted and an-
notated proteins, were found to have their homologues in these
insect protein data sets.

3.2. Characterization of the Midgut Protein Profile. Dis-
tribution of molecular mass and isoelectric points (pI) of the
identified proteins was analyzed. Molecular mass ranged
between 1.38 kDa (a homologue of vespid chemotactic peptide
L from Vespula lewisii16 and 2353 kDa [a predicted protein
similar to the isoform C of B. mori BmKettin (CG1915-PC)17]
with 1541 proteins (75.4%) smaller than 100 kDa (Figure 2A).
For the annotated proteins, most of them were between 10 and
60 kDa in size (Figure 2B). pI of the proteins ranged between
3.8 (a homologue of peritrophic matrix insect intestinal mucin
from Plutella xylostella18 and 11.99 (a predicted protein similar
to that in Anopheles gambiae str. PEST) with the most pIs
between 5 and 10 (Figure 3).

Classification of the 741 annotated peptides (except mito-
chondrial and ribosomal proteins) in terms of molecular
function, biological process and cellular localization was
performed according to the Gene Ontology Annotation (http://
www.ebi.ac.uk/goa/). Twelve catalogues of molecular function
were clustered (Figure 4A) and the catalytic activity (336
proteins, 45.3% of 741 annotated peptides) and binding activity
(251, 33.9%) groups were the most majority. The proteins in
the catalytic activity group were further classified into nine
subgroups based on their specific functions (Figure 4B). Most
proteins are related to hydrolase activity (122 out of 336, 36.3%),
oxidoreductase activity (81, 24.1%) and transferase activity (70,
20.8%). High levels of hydrolases, oxidoreductase and trans-
ferases indicated that hydrolysis, oxidoreduction and transfor-
mation of carbohydrates, lipids and proteins were extremely
active in the feeding midgut. More than a half of the binding

Table 1. Numbers of the Peptides Identified from the Midgut
of the Sixth Instar Feeding Larvae of S. litura by Shotgun
ESI-MS Analysis

no. of proteins percentage (%)

Total 2043 100
Unannotated 1201 58.8
No homologue 554 27.1

Hypothetical/putative/predicted 647 31.7
Annotated 842 41.2

Mitochondrial proteins 17 0.8
Ribosomal proteins 84 4.1
Others 741 36.3

Figure 2. Distributions of molecular mass for all of the proteins (A) and for the annotated proteins (B) identified by the shotgun ESI-MS
approach.
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proteins (142 out of 251, 56.6%) were associated with the
protein-binding (Figure 4C).

Most (487 out of 741, 65.7%) of the annotated proteins were
involved in different cellular processes, particularly in various
metabolism processes (320 out of 487 peptides, 65.7%) and
cellular component organization and biogenesis (114, 23.4%).
Less than 3% (19 proteins) were directly involved in develop-
mental events. This suggests that at the feeding stage, most of
physiological and biochemical events occurring in the midgut
are involved in the metabolic processes associated with the
feeding functions such as food digestion and nutrient absorp-
tion, but not associated with tissue formation or degeneration.

Most (490, 66.1%) of the annotated proteins were localized
in the cytoplasm, while only 130 (17.5%) and 93 (12.6%)
proteins were localized in cell membranes and nuclei, respec-
tively. Although the extraction of the membrane and nuclear
proteins is usually more difficult than soluble cytoplasmic
proteins and the method of protein isolation in this study may
be favor to soluble proteins, a high ration of cytoplasmic
proteins to membrane and nuclear proteins indicates that at
the feeding stage, the epithelium cells of the S. litura midgut
was undertaking the active metabolic activities.

3.3. Most Abundant Proteins in the Midgut of Sixth In-
star Feeding Larvae. The top 20 most abundant proteins in
the midgut of sixth instar feeding larvae are listed in Table 2.
Most were the products of the so-called house-keeping genes,
such as vascular ATP synthase subunit, tubulin, actin, arginine
kinase and heat shock proteins. As these house-keeping
proteins are constitutively and highly expressed in cells and
provide the basic but essential functions for cell survival and
growth, it is therefore not surprised to find that these proteins
are the most majority in the epithelium cells of the midgut.19

This result simply proves that this shotgun strategy is an
unbiased approach for protein profile analysis.

The top 20 most abundant nonredundant proteins are listed
in Table 3 after excluding the house-keeping proteins listed in
Table 2. Three proteins, diazepam-binding inhibitor, apolipo-
phorin, and sterol carrier protein 2/3-oxoacyl-CoA thiolase,
were found to be highly expressed in the feeding midgut. Some
proteins involved in the transport and metabolisms of proteins

and carbohydrates, such as aminopeptidase N (EC3.4.11.2),
methionine-rich storage protein, glucose-3-phosphate dehy-
drogenase (EC1.1.1.49), enoyl-CoA hydratase precursor 1, glu-
cosidase, glutamate dehydrogenase (EC1.4.1.3), fructose 1,6-
bisphosphate aldolase (EC4.1.2.13) and triosephosphate iso-
merase (EC5.3.1.1) also had high expression levels.

3.4. Proteins that are Involved in Different Metabolism
Processes. 3.4.1. Carbohydrate Metabolism. Several key en-
zymes in the carbohydrate metabolism, particularly glycolysis
pathway, were identified at relatively high levels, including
phosphopyruvate dehydratase (EC4.2.1.11), glucose-3-phos-
phate dehydrogenase (EC1.1.1.49), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH, EC1.2.1.12), glycerol-3-phosphate de-
hydrogenase (GPDH, EC1.1.1.8), fructose 1,6-bisphosphate
aldolase (FBPA, EC4.1.2.13), isocitrate dehydrogenase (IDH,
EC1.1.1.42), acyl-CoA dehydrogenase (EC1.3.99), alcohol de-
hydrogenase (ADH, EC1.1.1.1), aldehyde dehydrogenase
(EC1.2.1.3), and triosephosphate isomerase (TIM, EC5.3.1.1)
(Table 4). Phosphopyruvate dehydratase (also called enolase
or 2-phospho-D-glycerate hydrolase) is a key glycolytic enzyme
responsible for catalyzing the interconversion of 2-phospho-
D-glycerate (2-PG) and phosphoenolpyruvate (PEP) between the
glycolysis and gluconeogenesis pathways (Figure 5).20 In ver-
tebrates, three tissue-specific isoenzymes (designated alpha,
beta and gamma) of enolase were found and the functional
enzyme exists as a dimer of any 2 isoforms. The existence of
this essential glycolytic enzyme at high abundance in the
midgut of feeding larvae indicates that the glycolysis pathway
is very active for the carbohydrate conversion during the
feeding stage.

For the glycolysis pathway, three key enzymes, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH, EC1.2.1.12), fructose-
bisphosphate aldolase (FBPA, EC4.1.2.13), and triosephosphate
isomerase (TIM, EC5.3.1.1), were identified (Figure 5). FBPA
catalyzes conversion of D-fructose 1,6-bisphosphate into D-
glyceraldehyde 3-phosphate, which can subsequently be con-
versed by GAPDH into 3-phospho-D-glyceroyl phosphate,
which is used for gluconeogenesis. TIM catalyzes interconver-
sion between D-glyceraldehyde 3-phosphate and glycerone
phosphate. High levels of expression of these enzymes indicate
that the pentose phosphate pathway might be essential for
carbohydrate utilization in the midgut of S. litura feeding
larvae.

For the further phosphoenolpyruvate metabolism, several
key enzymes were identified (Figure 5), including pyruvate
kinase (PK, EC2.7.1.40), D-lactate dehydrogenase (LDH, EC1.1.
1.27), pyruvate dehydrogenase (PDH, EC1.2.4.1), dihydrolipoyl
dehydrogenase (DLD, EC1.8.1.4), alcohol dehydrogenase
(EC1.1.1.1), and aldehyde dehydrogenase (EC1.2.1.3). LDH
catalyzes pyruvate synthesis from D-lactate, while PK converses
phosphoenolpyruvate into pyruvate, which then enters either
the citrate cycle through acetyl-CoA or the amino acids
metabolism pathway. PDH catalyzes the pyruvate conversion
into dihydroxyethyl-ThPP, 6-S-acetyl-dihydrolipoamide and
finally acetyl-CoA. DLD catalyzes the interconversion between
dihydrolipoamide and lipoamide in the formation of acetyl-
CoA. Alcohol dehydrogenase and aldehyde dehydrogenase
catalyze the reactions of ethanol to aldehyde and of aldehyde
to acetate, respectively. The existence of these enzymes for
formation of phosphoenolpyruvate, pyruvate, acetyl-CoA and
acetate implies that pyruvate metabolism, therefore glycolysis
pathway, is very active in the feeding midgut.

Figure 3. Distribution of isoelectric points (pI) for all of the
proteins (A) and for the annotated proteins (B) identified by the
shotgun ESI-MS approach.
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Other enzymes, including trehalase (EC3.2.1.28), which is
involved in the hydrolysis of ingested trehalose, and UTP-
glucose-1-phosphate uridylyltransferase (EC2.7.7.9), which cata-
lyzes the formation of UDP-glucose and plays a central role as
a glucosyl donor in the glycogen biosynthetic process, were
also found in the midgut, implying that different types of
carbohydrates such as trehalose, glucose and fructose can be

used for sugar sources for carbohydrate metabolism in the S.
litura midgut. On the other hand, R-amylase, which preferen-
tially hydrolyzes long R-1,4-glucan chains of native starch or
glycogens, had a relatively low abundance in the feeding midgut
of the insect.

3.4.2. Lipid and Fatty Acid Metabolisms. For lipid and fatty
acid metabolisms, most of lipid- and fatty acid-related proteins

Figure 4. Classification of molecular functions of the annotated midgut proteins of S. litura 3-day-old 6th instar feeding larvae (L6D3).
(A) Numbers and percentages of the annotated proteins in 12 groups of molecular functions; (B) numbers and percentages of the
annotated proteins with catalytic activity; (C) numbers and percentages of the annotated proteins with binding activity.

Midgut protein profile of Spodoptera litura research articles

Journal of Proteome Research • Vol. 9, No. 5, 2010 2121



T
a
b

le
2
.

T
o

p
20

M
o

st
A

b
u

n
d

an
t

P
ro

te
in

s
Id

en
ti

fi
ed

in
th

e
M

id
g

u
t

o
f

S
ix

th
In

st
ar

Fe
ed

in
g

La
rv

ae
o

f
S

.
lit

u
ra

b
y

S
h

o
tg

u
n

E
S

I-
M

S
A

n
al

ys
is

n
o

.
G

A
N

a
o

f
h

o
m

o
lo

gu
es

p
ro

te
in

d
es

cr
ip

ti
o

n
M

W
p

I
sp

ec
ie

s

n
o

.
o

f
p

ep
ti

d
e

se
q

u
en

ce
s

n
o

.
o

f
u

n
iq

u
e

p
ep

ti
d

es

co
ve

r
p

er
ce

n
t

(%
)

se
q

u
en

ce
s

1
P

31
40

9
V

ac
u

o
la

r
A

T
P

sy
n

th
as

e
su

b
u

n
it

B

54
54

9.
54

5.
25

D
.

m
el

an
og

as
te

r
13

4
21

60
.4

1
K

.A
V

V
G

E
E

A
LT

P
D

D
LL

Y
LE

F
LT

K
.F

;
K

.A
V

V
Q

V
F

E
G

T
SG

ID
A

K
.N

;
K

.G
P

P
IL

A
E

D
F

LD
IQ

G
Q

P
IN

P
W

SR
.I

;
K

.H
V

LV
IL

T
D

M
*S

SY
A

E
A

LR
.E

;
K

.H
V

LV
IL

T
D

M
SS

Y
A

E
A

LR
.E

;
K

.I
P

IF
SA

A
G

LP
H

N
E

IA
A

Q
IC

R
.Q

;
K

.N
F

IS
Q

G
N

Y
E

N
R

.T
;

K
.N

T
LC

E
F

T
G

D
IL

R
.T

;
K

.R
IP

A
SI

LA
E

F
Y

P
R

.D
;

K
.T

V
SG

V
N

G
P

LV
IL

D
E

V
K

.F
;

K
.T

V
SG

V
N

G
P

LV
IL

D
E

V
K

F
P

K
.F

;
R

.D
F

IS
Q

P
R

.L
;

R
.G

F
P

G
Y

M
*Y

T
D

LA
T

IY
E

R
.A

;
R

.I
P

A
SI

LA
E

F
Y

P
R

.D
;

R
.I

Y
P

E
E

M
IQ

T
G

IS
A

ID
V

M
N

SI
A

R
.G

;
R

.L
A

LT
A

A
E

F
LA

Y
Q

C
E

K
.H

;
R

.N
G

SI
T

Q
IP

IL
T

M
*P

N
D

D
IT

H
P

IP
D

LT
G

Y
IT

E
G

Q
IY

V
D

R
.Q

;
R

.Q
IY

P
P

V
N

V
LP

SL
SR

.L
;

R
.T

P
V

SE
D

M
*L

G
R

.V
;

R
.T

V
F

E
SL

D
IG

W
Q

LL
R

.I
;

R
.V

F
N

G
SG

K
P

ID
K

.G
2

P
31

41
0

V
ac

u
o

la
r

A
T

P
sy

n
th

as
e

su
b

u
n

it
B

54
89

4.
03

5.
26

H
.

vi
re

sc
en

s
12

9
21

59
.9

2
K

.A
V

V
G

E
E

A
LT

P
D

D
LL

Y
LE

F
LT

K
.F

;
K

.A
V

V
Q

V
F

E
G

T
SG

ID
A

K
.N

;
K

.F
SE

IV
Q

LR
.L

;
K

.G
P

P
IL

A
E

D
F

LD
IQ

G
Q

P
IN

P
W

SR
.I

;
K

.H
V

LV
IL

T
D

M
*S

SY
A

E
A

LR
.E

;
K

.H
V

LV
IL

T
D

M
SS

Y
A

E
A

LR
.E

;
K

.I
P

IF
SA

A
G

LP
H

N
E

IA
A

Q
IC

R
.Q

;
K

.N
F

IS
Q

G
N

Y
E

N
R

.T
;

K
.N

T
LC

E
F

T
G

D
IL

R
.T

;
K

.R
IP

A
SI

LA
E

F
Y

P
R

.D
;

R
.D

F
IS

Q
P

R
.L

;
R

.G
F

P
G

Y
M

*Y
T

D
LA

T
IY

E
R

.A
;

R
.I

P
A

SI
LA

E
F

Y
P

R
.D

;
R

.I
Y

P
E

E
M

IQ
T

G
IS

A
ID

V
M

N
SI

A
R

.G
;

R
.L

A
LT

A
A

E
F

LA
Y

Q
C

E
K

.H
;

R
.N

G
SI

T
Q

IP
IL

T
M

*P
N

D
D

IT
H

P
IP

D
LT

G
Y

IT
E

G
Q

IY
V

D
R

.Q
;

R
.Q

IY
P

P
V

N
V

LP
SL

SR
.L

;
R

.S
G

Q
V

LE
V

SG
T

K
.A

;
R

.T
P

V
SE

D
M

*L
G

R
.V

;
R

.T
V

F
E

SL
D

IG
W

Q
LL

R
.I

;
R

.V
F

N
G

SG
K

P
ID

K
.G

3
P

06
60

5
T

u
b

u
lin

al
p

h
a-

3
49

89
0.

44
5.

00
D

.
m

el
an

og
as

te
r

12
1

11
40

.6
7

K
.D

V
N

A
A

IA
T

IK
.T

;
K

.E
IV

D
IV

LD
R

.I
;

.L
A

D
Q

C
T

G
LQ

G
F

LI
F

H
SF

G
G

G
T

G
SG

F
T

SL
LM

*E
R

.L
;

K
.T

V
G

G
G

D
D

SF
N

T
F

F
SE

T
G

A
G

K
.H

;
K

.V
G

IN
Y

Q
P

P
T

V
V

P
G

G
D

LA
K

.V
;

R
.A

V
C

M
*L

SN
T

T
A

IA
E

A
W

A
R

.L
;

R
.F

D
G

A
LN

V
D

LT
E

F
Q

T
N

LV
P

Y
P

R
.I

;
R

.I
H

F
P

LV
T

Y
A

P
V

IS
A

E
K

.A
;

R
.L

IG
Q

IV
SS

IT
A

SL
R

.F
;

R
.N

LD
IE

R
P

T
Y

T
N

LN
R

.L
;

R
.Q

LF
H

P
E

Q
LI

T
G

K
.E

4
A

A
Y

81
97

2
A

ct
in

5
41

82
1.

9
5.

30
A

.
ae

gy
p

ti
11

9
19

62
.7

7
-.

V
A

IQ
A

V
LS

LY
A

SG
R

.T
;

K
.A

G
F

A
G

D
D

A
P

R
.A

;
K

.D
LY

A
N

T
V

LS
G

G
T

T
M

*Y
P

G
IA

D
R

.M
;

K
.D

SY
V

G
D

E
A

Q
SK

.R
;

K
.D

SY
V

G
D

E
A

Q
SK

R
.G

;
K

.E
IT

A
LA

P
ST

M
*K

.I
;

K
.E

IT
A

X
A

P
ST

M
*K

.I
K

.I
K

II
A

P
P

E
R

.K
;

K
.I

K
IX

A
P

P
E

R
.K

;
K

.I
W

H
H

T
F

Y
N

E
LR

.V
;

K
.L

C
Y

V
A

LD
F

E
Q

E
M

A
T

A
A

SS
SS

LE
K

.S
;

K
.Q

E
Y

D
E

SG
P

SI
V

H
R

.K
;

K
.S

Y
E

LP
D

G
Q

V
IT

IG
N

E
R

.F
;

K
.Y

P
IE

H
G

II
T

N
W

D
D

M
*E

K
.I

;
R

.A
V

F
P

SI
V

G
R

.P
;

R
.A

V
F

P
SI

V
G

R
P

R
.H

;
R

.G
Y

SF
T

T
T

A
E

R
.E

;
R

.H
Q

G
V

M
V

G
M

G
Q

K
.D

;
R

.T
T

G
IV

LD
SG

D
G

V
SH

T
V

P
IY

E
G

Y
A

LP
H

.-
;

R
.T

T
G

IV
LD

SG
D

G
V

SH
T

V
P

IY
E

G
Y

A
LP

H
A

IL
R

.L
;

R
.V

A
P

E
E

H
P

V
LL

T
E

A
P

LN
P

K
.A

5
X

P
_9

66
41

5
A

ct
in

-8
7E

is
o

fo
rm

1
41

82
8.

9
5.

29
T

.
ca

st
an

eu
m

10
7

16
50

.2
7

-.
V

A
IQ

A
V

LS
LY

A
SG

R
.T

;
K

.A
G

F
A

G
D

D
A

P
R

.A
;

K
.D

LY
A

N
T

V
LS

G
G

T
T

M
*Y

P
G

IA
D

R
.M

;
K

.D
SY

V
G

D
E

A
Q

SK
.R

;
K

.D
SY

V
G

D
E

A
Q

SK
R

.G
;

K
.I

K
II

A
P

P
E

R
.K

;
K

.I
W

H
H

T
F

Y
N

E
LR

.V
K

.S
Y

E
LP

D
G

Q
V

IT
IG

N
E

R
.F

;
K

.Y
P

IE
H

G
II

T
N

W
D

D
M

*E
K

.I
;

R
.A

V
F

P
SI

V
G

R
.P

;
R

.A
V

F
P

SI
V

G
R

P
R

.H
;

R
.G

Y
SF

T
T

T
A

E
R

.E
;

R
.H

Q
G

V
M

V
G

M
G

Q
K

.D
;

R
.T

T
G

IV
LD

SG
D

G
V

SH
T

V
P

IY
E

G
Y

A
LP

H
.-

;
R

.T
T

G
IV

LD
SG

D
G

V
SH

T
V

P
IY

E
G

Y
A

LP
H

A
IL

R
.L

;
R

.V
A

P
E

E
H

P
IL

LT
E

A
P

LN
P

K
.S

6
P

31
40

0
V

ac
u

o
la

r
A

T
P

sy
n

th
as

e
ca

ta
ly

ti
c

su
b

u
n

it
A

68
16

5.
8

5.
14

M
.

se
xt

a
10

3
23

50
.7

3
K

.A
D

F
D

Q
LL

E
D

M
SA

A
F

R
.N

;
K

.A
SL

A
E

T
D

K
IT

LE
V

A
K

.L
;

K
.D

D
F

LQ
Q

N
SY

SS
Y

D
R

.F
;

K
.D

IN
E

LT
Q

SI
Y

IP
K

.G
;

K
.E

IL
Q

E
E

E
D

LS
E

IV
Q

LV
G

K
.A

;
K

.L
LK

D
D

F
LQ

Q
N

SY
SS

Y
D

R
.F

;
K

.L
P

A
N

H
P

LL
T

G
Q

R
.V

;
K

.V
G

SH
IT

G
G

D
LY

G
IV

H
E

N
T

LV
K

.H
;

K
.V

K
E

IL
Q

E
E

E
D

LS
E

IV
Q

LV
G

K
.A

;
K

.V
T

D
V

V
LE

T
E

F
D

G
E

K
.A

;
K

.Y
SN

SD
V

II
Y

V
G

C
G

E
R

.G
;

R
.D

A
M

*G
N

V
LY

Q
LS

SM
*K

.F
;

R
.D

M
*G

Y
N

V
SM

*M
*A

D
ST

SR
.W

;
R

.E
A

SI
Y

T
G

IT
IS

E
Y

F
R

.D
;

R
.E

G
SV

SI
V

G
A

V
SP

P
G

G
D

F
SD

P
V

T
A

A
T

LG
IV

Q
V

F
W

G
LD

K
.K

;
R

.G
N

E
M

*S
E

V
LR

.D
;

R
.H

A
V

E
ST

A
Q

SD
N

K
.I

;
R

.L
A

E
M

*P
A

D
SG

Y
P

A
Y

LG
A

R
.L

;
R

.M
*S

G
SA

M
*Y

E
LV

R
.V

;
R

.M
SG

SA
M

Y
E

LV
R

.V
;

R
.T

A
LV

A
N

T
SN

M
*P

V
A

A
R

.E
;

R
.T

A
LV

A
N

T
SN

M
P

V
A

A
R

.E
;

R
.T

G
K

P
LS

V
E

LG
P

G
IL

G
SI

F
D

G
IQ

R
P

LK
.D

research articles Liu et al.

2122 Journal of Proteome Research • Vol. 9, No. 5, 2010



T
a
b

le
2
.

C
o

n
ti

n
u

ed

n
o

.
G

A
N

a
o

f
h

o
m

o
lo

gu
es

p
ro

te
in

d
es

cr
ip

ti
o

n
M

W
p

I
sp

ec
ie

s

n
o

.
o

f
p

ep
ti

d
e

se
q

u
en

ce
s

n
o

.
o

f
u

n
iq

u
e

p
ep

ti
d

es

co
ve

r
p

er
ce

n
t

(%
)

se
q

u
en

ce
s

7
E

A
T

47
18

8
A

ct
in

41
77

6.
85

5.
22

A
.

ae
gy

p
ti

10
1

17
53

.7
2

-.
V

A
IQ

A
V

LS
LY

A
SG

R
.T

;
K

.A
G

F
A

G
D

D
A

P
R

.A
;

K
.D

LY
A

N
T

V
M

SG
G

T
T

M
Y

P
G

IA
D

R
.M

;
K

.D
SY

V
G

D
E

A
Q

SK
.R

;
K

.D
SY

V
G

D
E

A
Q

SK
R

.G
;

K
.E

E
Y

D
E

SG
P

G
IV

H
R

.K
;

K
.I

K
II

A
P

P
E

R
.K

K
.I

W
H

H
T

F
Y

N
E

LR
.V

;
K

.S
Y

E
LP

D
G

Q
V

IT
IG

N
E

R
.F

;
K

.Y
P

IE
H

G
II

T
N

W
D

D
M

*E
K

.I
;

R
.A

V
F

P
SI

V
G

R
.P

;
R

.A
V

F
P

SI
V

G
R

P
R

.H
;

R
.G

Y
SF

T
T

T
A

E
R

.E
;

R
.H

Q
G

V
M

V
G

M
G

Q
K

.D
;

R
.T

T
G

IV
LD

SG
D

G
V

SH
T

V
P

IY
E

G
Y

A
LP

H
.-

;
.T

T
G

IV
LD

SG
D

G
V

SH
T

V
P

IY
E

G
Y

A
LP

H
A

IL
R

.L
;

R
.V

A
P

E
E

H
P

V
LL

T
E

A
P

LN
P

K
.A

8
A

B
F

18
09

2
A

ct
in

41
79

1.
86

5.
30

A
.

ae
gy

p
ti

98
16

52
.1

3
-.

V
A

IQ
A

V
LS

LY
A

SG
R

.T
;

K
.A

G
F

A
G

D
D

A
P

R
.A

;
K

.D
LY

A
N

T
V

M
SG

G
T

T
M

Y
P

G
IA

D
R

.M
;

K
.D

SY
V

G
D

E
A

Q
SK

.R
;

K
.D

SY
V

G
D

E
A

Q
SK

R
.G

;
K

.I
K

II
A

P
P

E
R

.K
;

K
.I

W
H

H
T

F
Y

N
E

LR
.V

;
K

.L
C

Y
V

A
LD

F
E

Q
E

M
A

T
A

A
SS

SS
LE

K
.S

;
K

.S
Y

E
LP

D
G

Q
V

IT
IG

N
E

R
.F

;
R

.A
V

F
P

SI
V

G
R

.P
R

.A
V

F
P

SI
V

G
R

P
R

.H
;

R
.G

Y
SF

T
T

T
A

E
R

.E
;

R
.H

Q
G

V
M

V
G

M
G

Q
K

.D
;

R
.T

T
G

IV
LD

SG
D

G
V

SH
T

V
P

IY
E

G
Y

A
LP

H
.-

;
R

.T
T

G
IV

LD
SG

D
G

V
SH

T
V

P
IY

E
G

Y
A

LP
H

A
IL

R
.L

R
.V

A
P

E
E

H
P

V
LL

T
E

A
P

LN
P

K
.A

9
X

P
_6

25
01

5
A

ct
in

41
79

6.
87

5.
29

A
.

m
el

li
fe

ra
93

15
43

.8
8

-.
V

A
IQ

A
V

LS
LY

A
SG

R
.T

;
K

.A
G

F
A

G
D

D
A

P
R

.A
;

K
.D

SY
V

G
D

E
A

Q
SK

.R
;

K
.D

SY
V

G
D

E
A

Q
SK

R
.G

;
K

.E
IT

A
LA

P
ST

M
*K

.I
;

K
.I

K
II

A
P

P
E

R
.K

;
K

.I
K

IX
A

P
P

E
R

.K
;

K
.I

W
H

H
T

F
Y

N
E

LR
.V

;
K

.Q
E

Y
D

E
SG

P
SI

V
H

R
.K

;
K

.S
Y

E
LP

D
G

Q
V

IT
IG

N
E

R
.F

;
R

.A
V

F
P

SI
V

G
R

.P
;

R
.A

V
F

P
SI

V
G

R
P

R
.H

;
R

.G
Y

SF
T

T
T

A
E

R
.E

;
R

.I
A

P
E

E
H

P
V

LL
T

E
A

P
LN

P
K

.A
;

R
.T

T
G

IV
LD

SG
D

G
V

SH
T

V
P

IY
E

G
Y

A
LP

H
.-

;
R

.T
T

G
IV

LD
SG

D
G

V
SH

T
V

P
IY

E
G

Y
A

LP
H

A
IL

R
.L

10
A

A
S9

23
14

A
rg

in
in

e
ki

n
as

e
28

99
3.

77
6.

23
E

p
ic

ep
h

al
a

sp
.

E
97

A
T

88
16

65
.1

0
K

.E
T

Q
Q

K
LI

D
D

H
F

LF
K

.E
;

K
.G

T
F

Y
P

LT
G

M
*S

K
.E

;
K

.N
W

G
D

V
E

T
LG

N
LD

P
A

G
E

F
V

V
ST

R
.V

;
K

.T
F

LV
W

C
N

E
E

D
H

LR
.I

;
K

.V
A

ST
LS

G
LE

G
E

LK
.G

;
R

.F
LQ

A
A

N
A

C
R

.F
;

R
.G

E
H

T
E

A
E

G
G

V
Y

D
IS

N
K

.R
;

R
.G

IY
H

N
E

N
K

.T
;

R
.G

T
R

G
E

H
T

E
A

E
G

G
V

Y
D

IS
N

K
.R

;
R

.G
T

R
G

E
H

T
E

A
E

G
G

V
Y

D
IS

N
K

R
.R

;
R

.L
G

F
LT

F
C

P
T

N
LG

T
T

V
R

.A
;

R
.L

IS
M

*Q
M

*G
G

D
LK

.Q
;

R
.L

V
T

A
V

N
D

IE
K

.R
;

R
.L

V
T

A
V

N
D

IE
K

R
.I

;
R

.R
LV

T
A

V
N

D
IE

K
R

.I
;

R
.S

M
*E

G
Y

P
F

N
P

C
LT

E
A

Q
Y

K
.E

11
X

P
_6

24
11

2
H

(+
)-

tr
an

sp
o

rt
in

g
A

T
P

as
e

55
14

4.
19

5.
41

A
.

m
el

li
fe

ra
88

15
43

.8
4

K
.A

V
V

Q
V

F
E

G
T

SG
ID

A
K

.N
;

K
.G

P
P

IL
A

E
D

F
LD

IE
G

Q
P

IN
P

W
SR

.I
;

K
.H

V
LV

IL
T

D
M

*S
SY

A
E

A
LR

.E
;

K
.H

V
LV

IL
T

D
M

SS
Y

A
E

A
LR

.E
;

K
.I

P
IF

SA
A

G
LP

H
N

E
IA

A
Q

IC
R

.Q
;

.P
ID

K
G

P
P

IL
A

E
D

F
LD

IE
G

Q
P

IN
P

W
SR

.I
;

K
.T

V
SG

V
N

G
P

LV
IL

D
E

V
K

.F
;

K
.T

V
SG

V
N

G
P

LV
IL

D
E

V
K

F
P

K
.F

;
R

.D
F

IS
Q

P
R

.L
;

R
.G

F
P

G
Y

M
*Y

T
D

LA
T

IY
E

R
.A

;
R

.L
A

LT
A

A
E

F
LA

Y
Q

C
E

K
.H

;
R

.N
G

SI
T

Q
IP

IL
T

M
*P

N
D

D
IT

H
P

IP
D

LT
G

Y
IT

E
G

Q
IY

V
D

R
.Q

;
R

.Q
IY

P
P

V
N

V
LP

SL
SR

.L
;

R
.T

P
V

SE
D

M
*L

G
R

.V
;

R
.T

V
F

E
SL

D
IG

W
Q

LL
R

.I
;

R
.V

F
N

G
SG

K
P

ID
K

.G
12

A
A

B
06

23
9

H
ea

t
sh

o
ck

p
ro

te
in

70
71

86
3.

22
5.

50
T

.
n

i
73

20
35

.3
8

K
.D

A
G

T
IS

G
LN

V
LR

.I
;

K
.F

E
LT

G
IP

P
A

P
R

.G
;

K
.I

SD
SD

K
Q

T
IL

D
K

.C
;

K
.L

LQ
D

F
F

N
G

K
.E

;
K

.M
*K

E
T

A
E

A
Y

LG
K

.T
;

K
.M

K
E

T
A

E
A

Y
LG

K
.T

;
K

.N
Q

V
A

M
*N

P
N

N
T

IF
D

A
K

.R
;

K
.Q

T
Q

T
F

T
T

Y
SD

N
Q

P
G

V
LI

Q
V

F
E

G
E

R
.A

;
K

.S
Q

IH
D

IV
LV

G
G

ST
R

.I
;

K
.T

F
F

P
E

E
V

SS
M

*V
LT

K
.M

;
K

.T
F

F
P

E
E

V
SS

M
V

LT
K

.M
;

K
.T

V
Q

N
A

V
IT

V
P

A
Y

F
N

D
SQ

R
.Q

;
K

.V
E

II
A

N
D

Q
G

N
R

.T
;

R
.A

R
F

E
E

LN
A

D
LF

R
.S

;
R

.I
IN

E
P

T
A

A
A

IA
Y

G
LD

K
.K

;
R

.I
IN

E
P

T
A

A
A

IA
Y

G
LD

K
K

.G
;

R
.K

F
E

D
A

T
V

Q
A

D
M

*K
.H

;
R

.M
*V

N
H

F
V

Q
E

F
K

.R
;

R
.M

V
N

H
F

V
Q

E
F

K
.R

;
R

.S
T

A
G

D
T

H
LG

G
E

D
F

D
N

R
.L

;
R

.T
T

P
SY

V
A

F
T

D
T

E
R

.L
13

O
16

10
9

V
ac

u
o

la
r

A
T

P
sy

n
th

as
e

ca
ta

ly
ti

c
su

b
u

n
it

A
68

59
9.

51
5.

44
A

.
ae

gy
p

ti
73

13
25

.2
0

K
.A

SL
A

E
T

D
K

IT
LE

V
A

K
.L

;
K

.E
IL

Q
E

E
E

D
LS

E
IV

Q
LV

G
K

.A
;

K
.L

P
A

N
H

P
LL

T
G

Q
R

.V
;

K
.N

F
Q

E
F

V
P

T
A

Y
K

V
K

.E
;

K
.V

K
E

IL
Q

E
E

E
D

LS
E

IV
Q

LV
G

K
.A

;
K

.Y
SN

SD
V

II
Y

V
G

C
G

E
R

.G
;

R
.D

M
*G

Y
N

V
SM

*M
*A

D
ST

SR
.W

;
R

.E
A

SI
Y

T
G

IT
IS

E
Y

F
R

.D
;

R
.G

N
E

M
*S

E
V

LR
.D

;
R

.L
A

E
M

*P
A

D
SG

Y
P

A
Y

LG
A

R
.L

;
R

.M
*S

G
SA

M
*Y

E
LV

R
.V

;
R

.M
SG

SA
M

Y
E

LV
R

.V
;

R
.T

A
LV

A
N

T
SN

M
*P

V
A

A
R

.E
;

R
.T

A
LV

A
N

T
SN

M
P

V
A

A
R

.E

Midgut protein profile of Spodoptera litura research articles

Journal of Proteome Research • Vol. 9, No. 5, 2010 2123



T
a
b

le
2
.

C
o

n
ti

n
u

ed

n
o

.
G

A
N

a
o

f
h

o
m

o
lo

gu
es

p
ro

te
in

d
es

cr
ip

ti
o

n
M

W
p

I
sp

ec
ie

s

n
o

.
o

f
p

ep
ti

d
e

se
q

u
en

ce
s

n
o

.
o

f
u

n
iq

u
e

p
ep

ti
d

es

co
ve

r
p

er
ce

n
t

(%
)

se
q

u
en

ce
s

14
Q

9U
63

9
H

ea
t

sh
o

ck
70

kD
a

p
ro

te
in

co
gn

at
e

4
71

43
1.

58
5.

33
M

.
se

xt
a

72
20

36
.9

6
K

.D
A

G
T

IS
G

LN
V

LR
.I

;
K

.F
E

LT
G

IP
P

A
P

R
.G

;
K

.I
SD

SD
K

Q
T

IL
D

K
.C

K
.L

LQ
D

F
F

N
G

K
.E

;
K

.M
*K

E
T

A
E

A
Y

LG
K

.T
;

K
.M

K
E

T
A

E
A

Y
LG

K
.T

K
.N

Q
V

A
M

*N
P

N
N

T
IF

D
A

K
.R

;
K

.Q
T

Q
T

F
T

T
Y

SD
N

Q
P

G
V

LI
Q

V
F

E
G

E
R

.A
;

K
.S

IN
P

D
E

A
V

A
Y

G
A

A
V

Q
A

A
IL

H
G

D
K

.S
;

K
.S

Q
IH

D
IV

LV
G

G
ST

R
.I

;
K

.T
F

F
P

E
E

V
SS

M
*V

LT
K

.M
;

K
.T

F
F

P
E

E
V

SS
M

V
LT

K
.M

;
K

.T
V

Q
N

A
V

IT
V

P
A

Y
F

N
D

SQ
R

.Q
;

K
.V

E
II

A
N

D
Q

G
N

R
.T

;
R

.A
R

F
E

E
LN

A
D

LF
R

.S
;

R
.I

IN
E

P
T

A
A

A
IA

Y
G

LD
K

.K
;

R
.I

IN
E

P
T

A
A

A
IA

Y
G

LD
K

K
.G

;
R

.K
F

E
D

A
T

V
Q

A
D

M
*K

.H
;

R
.M

*V
N

H
F

V
Q

E
F

K
.R

;
R

.M
V

N
H

F
V

Q
E

F
K

.R
;

R
.S

T
A

G
D

T
H

LG
G

E
D

F
D

N
R

.L
15

B
A

B
92

07
4

H
ea

t
sh

o
ck

co
gn

at
e

p
ro

te
in

71
17

5.
3

5.
33

B
.

m
or

i
70

20
36

.9
8

K
.F

E
LT

G
IP

P
A

P
R

.G
;

K
.I

SD
SD

K
Q

T
IL

D
K

.C
;

K
.L

LQ
D

F
F

N
G

K
.E

;
K

.M
*K

E
T

A
E

A
Y

LG
K

.T
;

K
.M

K
E

T
A

E
A

Y
LG

K
.T

;
K

.N
Q

V
A

M
*N

P
N

N
T

IF
D

A
K

.R
;

K
.Q

T
Q

T
F

T
T

Y
SD

N
Q

P
G

V
LI

Q
V

F
E

G
E

R
.A

;
K

.S
IN

P
D

E
A

V
A

Y
G

A
A

V
Q

A
A

IL
H

G
D

K
.S

;
K

.T
F

F
P

E
E

V
SS

M
*V

LT
K

.M
;

K
.T

F
F

P
E

E
V

SS
M

V
LT

K
.M

;
K

.T
V

Q
N

A
V

IT
V

P
A

Y
F

N
D

SQ
R

.Q
;

K
.V

E
II

A
N

D
Q

G
N

R
.T

;
R

.A
R

F
E

E
LN

A
D

LF
R

.S
;

R
.I

IN
E

P
T

A
A

A
IA

Y
G

LD
K

.K
;

R
.I

IN
E

P
T

A
A

A
IA

Y
G

LD
K

K
.G

;
R

.K
F

E
D

A
T

V
Q

A
D

M
*K

.H
;

R
.M

*V
N

H
F

V
Q

E
F

K
.R

;
R

.M
V

N
H

F
V

Q
E

F
K

.R
;

R
.S

T
A

G
D

T
H

LG
G

E
D

F
D

N
R

.L
;

R
.T

T
P

SY
V

A
F

T
D

T
E

R
.L

16
A

A
V

91
46

5
H

ea
t

sh
o

ck
p

ro
te

in
4

71
60

2.
76

5.
33

L.
ob

li
qu

a
68

19
35

.4
7

K
.D

A
G

T
IS

G
LN

V
LR

.I
;

K
.F

E
LT

G
IP

P
A

P
R

.G
;

K
.L

LQ
D

F
F

N
G

K
.E

;
K

.M
*K

E
T

A
E

A
Y

LG
K

.T
;

K
.M

K
E

T
A

E
A

Y
LG

K
.T

;
K

.N
Q

V
A

M
*N

P
N

N
T

IF
D

A
K

.R
;

K
.Q

T
Q

T
F

T
T

Y
SD

N
Q

P
G

V
LI

Q
V

F
E

G
E

R
.A

;
K

.S
IN

P
D

E
A

V
A

Y
G

A
A

V
Q

A
A

IL
H

G
D

K
.S

;
K

.S
Q

IH
D

IV
LV

G
G

ST
R

.I
;

K
.T

F
F

P
E

E
V

SS
M

*V
LT

K
.M

;
K

.T
F

F
P

E
E

V
SS

M
V

LT
K

.M
;

K
.T

V
Q

N
A

V
IT

V
P

A
Y

F
N

D
SQ

R
.Q

;
K

.V
E

II
A

N
D

Q
G

N
R

.T
;

R
.A

R
F

E
E

LN
A

D
LF

R
.S

;
R

.I
IN

E
P

T
A

A
A

IA
Y

G
LD

K
.K

;
R

.I
IN

E
P

T
A

A
A

IA
Y

G
LD

K
K

.G
;

R
.K

F
E

D
A

T
V

Q
A

D
M

*K
.H

;
R

.S
T

A
G

D
T

H
LG

G
E

D
F

D
N

R
.L

;
R

.T
T

P
SY

V
A

F
T

D
T

E
R

.L
17

B
A

B
86

85
3

B
et

a-
tu

b
u

lin
50

21
4.

47
4.

75
B

.
m

or
i

67
14

43
.4

0
K

.E
V

D
E

Q
M

*L
N

IQ
N

K
.N

;
K

.E
V

D
E

Q
M

LN
IQ

N
K

.N
;

K
.F

W
E

II
SD

E
H

G
ID

P
T

G
A

Y
H

G
D

SD
LQ

LE
R

.I
;

K
.G

H
Y

T
E

G
A

E
LV

D
SV

LD
V

V
R

.K
;

K
.I

A
V

N
M

*V
P

F
P

R
.L

;
K

.I
A

V
N

M
V

P
F

P
R

.L
;

K
.M

A
A

T
F

IG
N

ST
A

IQ
E

LF
K

.R
;

R
.A

IL
V

D
LE

P
G

T
M

*D
SV

R
.S

;
R

.A
LT

V
P

E
LT

Q
Q

M
*F

D
A

K
.N

;
R

.F
P

G
Q

LN
A

D
LR

.K
;

R
.I

M
*N

T
Y

SV
V

P
SP

K
.V

;
R

.I
M

N
T

Y
SV

V
P

SP
K

.V
;

R
.I

N
V

Y
Y

N
E

A
SG

G
K

.Y
;

R
.I

SE
Q

F
T

A
M

*F
R

.R
;

R
.I

SE
Q

F
T

A
M

F
R

.R
;

R
.K

IA
V

N
M

*V
P

F
P

R
.L

;
R

.S
G

P
F

G
Q

IF
R

P
D

N
F

V
F

G
Q

SG
A

G
N

N
W

A
K

.G
;

R
.Y

LT
V

A
A

IF
R

.G
18

A
A

S9
23

00
A

rg
in

in
e

ki
n

as
e

28
86

3.
63

6.
08

E
p

ic
ep

h
al

a
sp

.
E

90
A

T
65

14
57

.2
5

K
.E

T
Q

Q
K

LI
D

D
H

F
LF

K
.E

;
K

.G
T

F
Y

P
LT

G
M

*S
K

.E
;

K
.N

W
G

D
V

E
T

LG
N

LD
P

A
G

E
F

V
V

ST
R

.V
;

K
.T

F
LV

W
C

N
E

E
D

H
LR

.I
;

K
.V

A
ST

LS
G

LE
A

E
LK

.G
;

R
.F

LQ
A

A
N

A
C

R
.F

;
R

.G
IY

H
N

E
N

K
.T

;
R

.L
G

F
LT

F
C

P
T

N
LG

T
T

V
R

.A
;

R
.L

IS
M

*Q
M

*G
G

D
LK

.Q
;

R
.L

V
T

A
V

N
D

IE
K

.R
;

R
.L

V
T

A
V

N
D

IE
K

R
.I

;
R

.R
LV

T
A

V
N

D
IE

K
R

.I
;

R
.S

M
*E

G
Y

P
F

N
P

C
LT

E
A

Q
Y

K
.E

19
Q

24
56

0
T

u
b

u
lin

b
et

a-
1

ch
ai

n
50

14
7.

37
4.

76
D

.
m

el
an

og
as

te
r

65
12

33
.5

6
K

.E
V

D
E

Q
M

*L
N

IQ
N

K
.N

;
K

.E
V

D
E

Q
M

LN
IQ

N
K

.N
;

K
.G

H
Y

T
E

G
A

E
LV

D
SV

LD
V

V
R

.K
;

K
.I

A
V

N
M

*V
P

F
P

R
.L

;
K

.I
A

V
N

M
V

P
F

P
R

.L
;

R
.A

LT
V

P
E

LT
Q

Q
M

*F
D

A
K

.N
;

R
.A

V
LV

D
LE

P
G

T
M

*D
SV

R
.S

;
R

.A
V

LV
D

LE
P

G
T

M
D

SV
R

.S
;

R
.F

P
G

Q
LN

A
D

LR
.K

;
R

.I
M

*N
T

Y
SV

V
P

SP
K

.V
;

R
.I

M
N

T
Y

SV
V

P
SP

K
.V

;
R

.I
N

V
Y

Y
N

E
A

SG
G

K
.Y

;
R

.I
SE

Q
F

T
A

M
*F

R
.R

;
R

.I
SE

Q
F

T
A

M
F

R
.R

;
R

.K
IA

V
N

M
*V

P
F

P
R

.L
;

R
.S

G
P

F
G

Q
IF

R
P

D
N

F
V

F
G

Q
SG

A
G

N
N

W
A

K
.G

;
R

.Y
LT

V
A

A
IF

R
.G

20
Q

95
P

M
9

A
rg

in
in

e
ki

n
as

e
39

87
9.

37
6.

24
P

.
in

te
rp

u
n

ct
el

la
59

13
42

.5
4

K
.E

M
*Y

D
G

IA
E

LI
K

.I
;

K
.E

T
Q

Q
K

LI
D

D
H

F
LF

K
.E

;
K

.N
W

G
D

V
E

T
LG

N
LD

P
A

G
E

F
V

V
ST

R
.V

;
K

.T
F

LV
W

C
N

E
E

D
H

LR
.I

;
R

.F
LQ

A
A

N
A

C
R

.F
;

R
.G

E
H

T
E

A
E

G
G

V
Y

D
IS

N
K

.R
;

R
.G

IY
H

N
E

N
K

.T
;

R
.G

T
R

G
E

H
T

E
A

E
G

G
V

Y
D

IS
N

K
.R

;
R

.G
T

R
G

E
H

T
E

A
E

G
G

V
Y

D
IS

N
K

R
.R

;
R

.L
G

F
LT

F
C

P
T

N
LG

T
T

V
R

.A
;

R
.L

IS
M

*Q
M

*G
G

D
LK

.Q
;

R
.M

*G
LT

E
Y

E
A

V
K

.E
;

R
.S

M
*E

G
Y

P
F

N
P

C
LT

E
A

Q
Y

K
.E

a
G

A
N

st
an

d
s

fo
r

G
en

B
an

k
A

cc
es

si
o

n
N

u
m

er
s

in
al

l
o

f
th

e
ta

b
le

s.

research articles Liu et al.

2124 Journal of Proteome Research • Vol. 9, No. 5, 2010



T
a
b

le
3
.

T
o

p
20

M
o

st
A

b
u

n
d

an
t

N
o

n
re

d
u

n
d

an
t

P
ro

te
in

s
Id

en
ti

fi
ed

in
th

e
M

id
g

u
t

o
f

S
ix

th
In

st
ar

Fe
ed

in
g

La
rv

ae
o

f
S

.
lit

u
ra

b
y

S
h

o
tg

u
n

E
S

I-
M

S
A

n
al

ys
is

n
o

.
G

A
N

o
f

h
o

m
o

lo
gu

es
p

ro
te

in
d

es
cr

ip
ti

o
n

M
W

p
I

sp
ec

ie
s

n
o

.
o

f
p

ep
ti

d
es

n
o

.
o

f
u

n
iq

u
e

p
ep

ti
d

es

co
ve

r
p

er
ce

n
t

(%
)

se
q

u
en

ce
s

1
A

A
R

37
33

4
D

ia
ze

p
am

-b
in

d
in

g
in

h
ib

it
o

r
98

23
.2

8
8.

86
H

.
ar

m
ig

er
a

45
6

60
.0

0
K

.A
K

F
E

A
W

SK
.Q

;
K

.A
P

G
F

LD
LK

.G
;

K
.F

E
A

W
SK

.Q
;

K
.Q

A
T

V
G

D
SD

P
SK

A
P

G
F

LD
LK

.G
;

K
.S

LP
SD

A
D

LL
E

LY
A

LF
K

.Q
;

K
.V

E
K

LI
A

SI
G

LQ
.-

2
O

77
24

8
A

p
o

lip
o

p
h

o
ri

n
-3

p
re

cu
rs

o
r

20
64

9.
27

7.
03

S.
li

tu
ra

41
9

53
.1

9
K

.A
IK

D
G

SD
SV

LQ
Q

LS
A

LS
SS

LQ
SA

M
*T

D
A

N
A

K
.A

;
K

.D
G

SD
SV

LQ
Q

LS
A

LS
SS

LQ
SA

M
*T

D
A

N
A

K
.A

;
K

.D
G

SD
SV

LQ
Q

LS
A

LS
SS

LQ
SA

M
T

D
A

N
A

K
.A

;
K

.E
V

A
SN

V
E

E
T

N
E

K
.L

;
K

.H
V

E
E

V
Q

K
.K

;
K

.L
K

E
A

Y
E

N
F

SK
.H

;
K

.L
Q

A
A

V
Q

N
T

A
Q

E
V

Q
K

.L
;

K
.T

F
SE

Q
LN

SI
A

N
SK

.N
;

R
.D

A
P

P
A

N
T

LL
Q

D
IE

K
.H

3
A

A
O

32
81

7
A

D
P

/A
T

P
tr

an
sl

o
ca

se
32

89
1.

13
9.

88
B

.
m

or
i

28
11

36
.6

7
K

.D
F

LA
G

G
IS

A
A

V
SK

.T
;

K
.E

Q
G

LL
SF

W
R

.G
;

K
.G

IV
D

A
F

V
R

.I
;

K
.L

LL
Q

V
Q

H
V

SK
.Q

;
K

.S
D

G
II

G
LY

R
.G

;
R

.A
SY

F
G

F
Y

D
T

A
R

.G
;

R
.G

N
F

A
N

V
IR

.Y
;

R
.G

T
G

G
A

F
V

LV
LY

D
E

IK
.K

;
R

.L
A

A
D

V
G

K
G

D
G

Q
R

.E
;

R
.Y

F
P

T
Q

A
LN

F
A

F
K

.D
;

R
.Y

K
G

IV
D

A
F

V
R

.I
4

A
A

S7
98

91
G

ST
1

23
93

9.
4

6.
20

S.
li

tu
ra

26
6

48
.3

9
K

.E
Q

T
D

K
LN

SA
Y

E
IL

D
K

.F
;

K
.L

T
A

W
F

N
T

IQ
Q

E
D

W
Y

K
.K

;
K

.N
P

Q
H

T
V

P
LL

E
D

G
D

F
Y

V
A

D
SH

A
IN

T
Y

LA
SK

.Y
;

K
.Y

G
G

A
Q

SA
Q

LY
P

T
D

LQ
V

R
.A

;
R

.G
D

IT
SP

T
K

E
Q

T
D

K
.L

;
R

.L
Y

F
D

IS
A

IA
G

N
SG

A
IV

SA
LL

R
.G

5
C

A
B

55
60

5
A

ry
lp

h
o

ri
n

su
b

u
n

it
84

11
2.

88
6.

70
S.

li
tu

ra
21

10
17

.0
5

K
.D

LH
Q

Y
SY

E
II

A
R

.H
;

K
.D

Y
D

IE
A

N
IQ

N
Y

SN
K

.Q
;

K
.F

Y
E

LD
W

F
V

Q
K

.L
;

K
.Q

A
V

E
E

F
LL

LY
R

.T
;

K
.S

D
V

A
SD

A
V

F
K

.I
;

K
.T

F
F

Q
F

LQ
K

.A
;

K
.V

P
Y

D
M

*S
V

Q
P

D
N

M
*P

R
.R

;
K

.Y
T

F
M

*P
SA

LD
F

Y
Q

T
SL

R
.D

;
R

.D
E

A
IA

LF
H

V
LY

Y
A

K
.D

;
R

.S
N

D
Y

N
LH

N
E

K
.N

6
A

B
B

90
02

2
G

lu
co

se
-3

-p
h

o
sp

h
at

e
d

eh
yd

ro
ge

n
as

e
33

60
4.

26
7.

17
C

.
m

ea
d

ii
21

6
31

.3
3

K
.A

SA
H

IE
G

G
A

K
.K

;
K

.G
A

K
V

V
A

IN
D

P
F

IG
LD

Y
M

*V
Y

LF
K

.Y
;

K
.G

A
K

V
V

A
IN

D
P

F
IG

LD
Y

M
V

Y
LF

K
.Y

;
K

.V
IH

D
N

F
E

IV
E

G
LM

*T
T

V
H

A
T

T
A

T
Q

K
.T

;
K

.V
IH

D
N

F
E

IV
E

G
LM

T
T

V
H

A
T

T
A

T
Q

K
.T

;
K

.V
IS

N
A

SC
T

T
N

C
LA

P
LA

K
.V

;
R

.G
A

Q
Q

N
II

P
A

A
T

G
A

A
K

.A
;

R
.L

G
K

P
A

SY
D

A
IK

.Q
7

A
B

D
36

10
7

E
n

o
yl

-C
o

A
h

yd
ra

ta
se

p
re

cu
rs

o
r

1

31
85

3.
56

8.
44

B
.

m
or

i
19

5
17

.9
1

K
.A

F
A

A
G

A
D

IK
.E

;
K

.F
G

Q
P

E
IN

IG
T

IP
G

A
G

G
T

Q
R

.L
;

K
.L

LE
E

T
IK

.L
;

K
.N

V
G

LI
Q

LN
R

P
K

.A
;

K
.S

G
LQ

F
E

K
.S

8
A

A
T

72
92

2
St

er
o

l
ca

rr
ie

r
p

ro
te

in
2/

3-
o

xo
ac

yl
-c

o
a

th
io

la
se

(l
ip

id
)

57
45

0.
85

8.
21

S.
li

tt
or

al
is

18
8

19
.2

5
K

.E
A

V
LA

A
LA

D
A

R
.I

;
K

.F
ID

A
G

D
N

T
Y

G
G

R
.V

;
K

.G
H

P
LG

A
T

G
LA

Q
C

A
E

LV
W

Q
LR

.G
;

K
.I

LE
E

A
M

*A
N

D
T

D
N

LI
E

K
.V

;
K

.I
LE

E
A

M
A

N
D

T
D

N
LI

E
K

.V
;

K
.K

Y
G

T
T

E
LH

LA
K

.I
;

R
.E

Y
T

V
E

E
V

LN
SR

.R
;

R
.L

Y
Q

N
T

G
V

SP
K

.Q
;

R
.V

V
V

N
P

SG
G

LI
A

K
.G

9
Q

9V
3P

0
P

er
o

xi
re

d
o

xi
n

1
21

73
7.

93
5.

52
D

.
m

el
an

og
as

te
r

18
4

22
.1

6
R

.D
Y

G
V

LD
E

E
T

G
IP

F
R

.G
;

R
.G

LF
II

D
D

K
.Q

;
R

.L
V

Q
A

F
Q

Y
T

D
K

.H
;

R
.Q

IT
V

N
D

LP
V

G
R

.S

Midgut protein profile of Spodoptera litura research articles

Journal of Proteome Research • Vol. 9, No. 5, 2010 2125



T
a
b

le
3
.

C
o

n
ti

n
u

ed

n
o

.
G

A
N

o
f

h
o

m
o

lo
gu

es
p

ro
te

in
d

es
cr

ip
ti

o
n

M
W

p
I

sp
ec

ie
s

n
o

.
o

f
p

ep
ti

d
es

n
o

.
o

f
u

n
iq

u
e

p
ep

ti
d

es

co
ve

r
p

er
ce

n
t

(%
)

se
q

u
en

ce
s

10
A

A
R

15
42

0
T

h
io

l
p

er
o

xi
re

d
o

xi
n

21
91

6.
03

6.
09

B
.

m
or

i
17

6
32

.3
1

K
.Q

G
G

LG
P

M
*N

IP
LI

SD
K

.S
;

R
.D

Y
G

V
LD

E
E

T
G

IP
F

R
.G

;
R

.G
LF

II
D

D
K

.Q
;

R
.K

IG
C

E
V

LG
A

ST
D

SH
F

T
H

LA
W

IN
T

P
R

.K
;

R
.K

Q
G

G
LG

P
M

*N
IP

LI
SD

K
.S

;
R

.K
Q

G
G

LG
P

M
N

IP
LI

SD
K

.S
11

E
A

T
36

32
7

C
h

ap
er

o
n

in
-6

0k
d

60
79

3.
61

5.
47

A
.

ae
gy

p
ti

15
4

10
.2

8
K

.I
G

LQ
V

A
A

V
K

.A
;

K
.L

V
Q

D
V

A
N

N
T

N
E

E
A

G
D

G
T

T
T

A
T

V
LA

R
.A

;
K

.V
E

F
Q

D
A

LV
LF

SE
K

.K
;

R
.N

V
II

E
Q

SW
G

SP
K

.I
;

12
A

A
P

13
85

2
G

lu
co

si
d

as
e

55
59

6.
07

4.
80

B
.

m
or

i
14

4
13

.0
3

K
.D

T
G

SI
T

SL
E

V
G

G
D

SA
SE

W
LR

.V
;

K
.S

E
N

V
W

D
R

.L
;

K
.S

SY
N

D
P

P
IY

IT
E

N
G

F
SD

R
G

T
LQ

D
Y

G
R

.I
;

R
.L

E
Q

F
D

D
Y

W
IQ

R
.I

13
A

B
D

36
30

3
G

lu
ta

m
at

e
d

eh
yd

ro
ge

n
as

e
61

39
7.

42
8.

36
B

.
m

or
i

13
7

16
.7

9
K

.A
Y

E
G

E
N

M
*L

Y
E

K
.C

;
K

.C
A

C
V

D
V

P
F

G
G

A
K

.A
;

K
.F

N
LG

LD
LR

.T
;

K
.G

F
IG

P
G

V
D

V
P

A
P

D
M

*G
T

G
E

R
.E

;
K

.I
IA

E
A

A
N

G
P

T
T

P
A

A
D

K
.I

;
R

.E
SN

Y
H

LL
E

SV
Q

E
SL

E
R

.R
;

R
.I

P
V

T
P

SE
SF

Q
K

.R
14

A
B

F
51

42
7

N
A

D
P

-d
ep

en
d

en
t

o
xi

d
o

re
d

u
ct

as
e

36
78

4.
2

6.
90

B
.

m
or

i
13

1
6.

87
K

.A
G

E
T

V
V

V
T

G
A

A
G

A
V

G
SL

V
G

Q
IA

K
.I

15
B

A
D

12
42

6
F

ru
ct

o
se

1,
6-

b
is

p
h

o
sp

h
at

e
al

d
o

la
se

39
70

8.
37

7.
59

A
.

ya
m

am
ai

12
6

21
.1

5
K

.G
IL

A
A

D
E

ST
G

T
M

G
K

.R
;

K
.V

T
E

V
V

LA
A

V
Y

K
.A

;
R

.I
V

P
IV

E
P

E
V

LP
D

G
E

H
D

LD
R

.A
;

R
.K

IA
E

A
IV

A
P

G
K

.G
;

R
.L

Q
D

IG
V

E
N

T
E

E
N

R
.R

;
R

.Y
A

SI
C

Q
SQ

R
.I

16
A

A
C

24
31

7
C

el
lu

la
r

re
ti

n
o

ic
ac

id
b

in
d

in
g

p
ro

te
in

14
77

0.
83

5.
65

M
.

se
xt

a
10

4
25

.0
0

K
.A

A
N

A
V

T
P

T
V

E
LR

.K
;

K
.A

IG
V

G
LI

T
R

.K
;

K
.S

V
C

T
F

E
G

N
T

LK
.Q

;
R

.K
A

A
N

A
V

T
P

T
V

E
LR

.K

17
C

A
B

55
60

4
M

et
h

io
n

in
e-

ri
ch

st
o

ra
ge

p
ro

te
in

88
96

5.
34

9.
12

S.
li

tu
ra

9
7

13
.4

5
K

.A
A

N
D

P
V

LM
*N

Y
Y

G
IK

.V
;

K
.A

A
N

D
P

V
LM

N
Y

Y
G

IK
.V

;
K

.D
N

M
*V

N
F

D
IK

.M
;

K
.L

LN
H

IL
Q

P
T

IY
D

D
V

R
.E

;
R

.G
E

V
F

V
H

T
N

E
LH

II
Q

A
V

K
.V

;
R

.L
G

G
F

P
LQ

M
*Y

V
II

SP
V

K
.T

;
R

.M
*V

LG
G

M
*G

LV
SD

D
A

K
.F

;
R

.W
SV

C
F

D
T

M
*P

LG
F

P
F

D
R

.K
18

A
A

K
69

60
5

A
m

in
o

p
ep

ti
d

as
e

N
10

85
05

.8
7

5.
53

S.
li

tu
ra

9
6

10
.2

9
K

.A
IA

E
D

H
T

F
LS

D
F

P
N

IN
F

G
N

V
F

D
SW

V
Q

N
R

.G
;

K
.T

LG
F

E
V

LD
F

LR
.S

;
K

.V
N

LE
N

ID
LE

G
A

R
.F

;
R

.A
Q

IV
N

D
V

LH
F

IR
.S

;
R

.E
A

Y
LL

Y
D

P
A

N
T

N
LV

N
K

.I
;

R
.S

E
T

D
Y

Y
V

W
N

G
A

LT
Q

LD
W

IR
.R

19
A

B
D

36
15

6
T

ri
o

se
p

h
o

sp
h

at
e

is
o

m
er

as
e

26
87

4.
64

4.
98

B
.

m
or

i
9

4
20

.5
8

K
.A

IG
SG

SE
G

A
Q

Q
SL

K
.E

;
R

.G
V

N
T

F
SP

E
G

R
.L

;
R

.L
F

Q
V

E
Y

A
IE

A
IK

.L
;

R
.P

F
G

V
A

V
M

F
A

G
ID

E
K

.G
20

A
B

D
36

31
9

P
ro

te
as

o
m

e
ze

ta
su

b
u

n
it

35
46

2.
92

6.
85

B
.

m
or

i
9

4
16

.0
1

K
.V

LV
V

G
N

P
A

N
T

N
A

LI
C

SK
.Y

;
R

.I
F

K
E

Q
G

Q
A

LD
K

.V
;

R
.K

D
LL

A
A

N
V

R
.I

;
R

.W
V

SM
*G

V
V

SD
G

SY
G

T
P

R
.D

research articles Liu et al.

2126 Journal of Proteome Research • Vol. 9, No. 5, 2010



T
a
b

le
4
.

P
ro

te
in

s
In

vo
lv

ed
in

C
ar

b
o

h
yd

ra
te

T
ra

n
sp

o
rt

an
d

M
et

ab
o

lis
m

in
th

e
M

id
g

u
t

o
f

S
ix

th
In

st
ar

Fe
ed

in
g

La
rv

ae
o

f
S

.
lit

u
ra

b
y

S
h

o
tg

u
n

E
S

I-
M

S
A

n
al

ys
is

n
o

.
G

A
N

o
f

h
o

m
o

lo
gu

es
p

ro
te

in
d

es
cr

ip
ti

o
n

M
W

p
I

sp
ec

ie
s

n
o

.
o

f
p

ep
ti

d
es

n
o

.
o

f
u

n
iq

u
e

p
ep

ti
d

es

co
ve

r
p

er
ce

n
t

(%
)

se
q

u
en

ce
s

1
E

A
T

43
12

3
2-

h
yd

ro
xy

ac
id

d
eh

yd
ro

ge
n

as
e

46
96

0.
83

6.
68

A
.

ae
gy

p
ti

1
1

2.
52

R
.I

G
SG

V
D

N
ID

V
K

.A

2
A

B
D

36
22

2
2-

h
yd

ro
xy

p
h

yt
an

o
yl

-C
o

A
ly

as
e

64
84

4.
86

7.
11

B
.

m
or

i
2

1
1.

69
K

.A
E

R
P

LI
IV

G
K

.G

3
A

A
F

70
49

9
3-

d
eh

yd
ro

ec
d

ys
o

n
e

3
al

p
h

a-
re

d
u

ct
as

e
26

07
9.

02
5.

82
S.

li
tt

or
al

is
4

3
14

.8
6

K
.E

G
A

SV
A

F
V

G
R

.N
;

K
.G

SI
V

N
V

SS
IL

ST
IV

R
.I

;
K

.L
D

V
LV

N
N

A
G

IL
R

.F

4
A

B
F

51
36

2
3-

h
yd

ro
xy

ac
yl

-C
o

A
d

eh
yd

ro
ge

n
as

e
26

93
1.

12
8.

55
B

.
m

or
i

1
1

4.
71

K
.A

G
V

V
G

M
*T

LP
LA

R
.D

5
A

B
F

71
56

6
A

cy
l-

co
en

zy
m

e
A

d
eh

yd
ro

ge
n

as
e

47
08

0.
19

7.
07

B
.

m
or

i
13

4
14

.6
9

K
.C

ID
F

M
G

G
V

G
F

T
R

.D
;

K
.I

G
T

IY
E

G
T

SN
M

*Q
LQ

T
IA

K
.L

;
K

.I
G

T
IY

E
G

T
SN

M
Q

LQ
T

IA
K

.L
;

K
.Y

A
A

G
F

LN
E

G
R

.I
;

R
.V

D
P

A
V

A
A

Y
V

D
IH

N
T

LV
N

SL
F

M
*K

.L
;

R
.V

D
P

A
V

A
A

Y
V

D
IH

N
T

LV
N

SL
F

M
K

.L
6

A
B

F
51

21
1

A
lc

o
h

o
l

d
eh

yd
ro

ge
n

as
e

40
03

3.
17

6.
47

B
.

m
or

i
7

2
6.

65
K

.F
G

V
N

E
F

V
N

P
K

.D
;

R
.I

IG
V

D
IN

P
D

K
F

E
V

A
K

.K
;

7
A

B
F

51
50

8
A

lc
o

h
o

l
d

eh
yd

ro
ge

n
as

e
33

42
3.

56
9.

41
B

.
m

or
i

1
1

5.
94

K
.N

M
F

LP
F

F
LG

F
G

G
P

IG
D

G
K

.Q
8

A
A

R
09

96
3

A
lc

o
h

o
l

d
eh

yd
ro

ge
n

as
e

11
74

1.
98

4.
44

D
.

ya
ku

ba
1

1
12

.5
0

K
.N

G
F

IS
H

E
E

F
SG

P
K

.H
9

X
P

_3
96

48
7

A
ld

eh
yd

e
d

eh
yd

ro
ge

n
as

e
41

47
42

.6
2

5.
80

A
.

m
el

li
fe

ra
1

1
0.

41
K

.M
*E

F
SI

T
E

Q
Q

V
P

M
LL

R
.L

10
N

P
_6

09
28

5
A

ld
eh

yd
e

d
eh

yd
ro

ge
n

as
e

57
01

8.
95

6.
37

D
.

m
el

an
og

as
te

r
2

2
5.

38
K

.R
V

T
LE

LG
G

K
.S

;
R

.A
N

N
SE

Y
G

LA
A

A
V

F
T

K
D

LD
K

.A
11

E
A

T
33

63
8

A
ld

eh
yd

e
d

eh
yd

ro
ge

n
as

e
53

05
3.

04
5.

47
A

.
ae

gy
p

ti
7

3
5.

32
K

.E
E

IF
G

P
V

Q
SI

IK
.F

;
K

.V
A

F
T

G
SV

E
T

G
R

.L
;

R
.I

A
R

E
E

IF
G

P
V

Q
SI

LK
.F

12
E

A
T

45
27

8
A

lp
h

a-
am

yl
as

e
68

47
0.

4
5.

27
A

.
ae

gy
p

ti
1

1
3.

50
K

.D
SD

G
D

G
IG

D
LN

G
IT

SK
LS

Y
LK

.E
13

A
A

V
84

20
2

A
lp

h
a-

L-
fu

co
si

d
as

e
32

28
1.

04
5.

56
C

.
so

n
or

en
si

s
1

1
5.

51
K

.S
SI

E
V

N
P

N
V

IF
LP

T
K

.N
14

A
A

C
06

03
8

B
et

a-
gl

u
co

si
d

as
e

p
re

cu
rs

o
r

58
13

7.
54

4.
79

S.
fr

u
gi

p
er

d
a

3
2

4.
32

K
.M

*F
IT

F
N

E
P

R
.E

;
K

.M
F

IT
F

N
E

P
R

.E
;

R
.F

G
LY

E
V

D
F

SD
P

A
R

.T
15

E
A

T
42

32
3

B
ra

in
C

h
it

in
as

e
an

d
ch

ia
44

80
4.

59
5.

78
A

.
ae

gy
p

ti
1

1
4.

80
K

.L
LR

T
IN

N
A

IV
A

A
E

D
E

IH
N

S.
-

16
E

A
T

38
41

8
C

ar
b

o
xy

la
se

13
06

33
.9

7
6.

43
A

.
ae

gy
p

ti
1

1
0.

93
R

.E
A

N
LL

LG
D

II
K

.V
17

A
B

D
36

31
9

C
yt

o
so

lic
m

al
at

e
d

eh
yd

ro
ge

n
as

e
35

46
2.

92
6.

85
B

.
m

or
i

9
4

16
.0

1
K

.V
LV

V
G

N
P

A
N

T
N

A
LI

C
SK

.Y
;

R
.I

F
K

E
Q

G
Q

A
LD

K
.V

;
R

.K
D

LL
A

A
N

V
R

.I
;

R
.W

V
SM

*G
V

V
SD

G
SY

G
T

P
R

.D
18

O
18

48
0

D
ih

yd
ro

lip
o

am
id

e
d

eh
yd

ro
ge

n
as

e
53

08
2.

37
8.

86
M

.
se

xt
a

2
2

10
.2

6
K

.A
T

D
V

IL
G

T
H

II
G

P
G

G
G

E
LI

N
E

A
V

LA
Q

E
Y

G
A

A
A

E
D

V
A

R
.V

;
R

.E
A

N
LA

A
Y

C
G

K
P

IN
F

.-
19

A
A

U
95

20
0

E
n

o
la

se
46

69
2.

18
5.

92
O

.
n

ig
ri

ca
n

s
29

3
9.

01
R

.G
N

P
T

V
E

V
D

LV
T

E
LG

LF
R

.A
;

R
.S

G
E

T
E

D
T

F
IA

D
LV

V
G

LS
T

G
Q

IK
.T

20
E

A
L3

34
48

E
n

o
la

se
11

67
18

.7
6

7.
83

D
.

p
se

u
d

oo
bs

cu
ra

1
1

1.
40

R
.A

E
D

R
LM

*Y
SI

LI
Y

LS
R

.A
21

A
B

D
36

10
7

E
n

o
yl

-C
o

A
h

yd
ra

ta
se

p
re

cu
rs

o
r

1
31

85
3.

56
8.

44
B

.
m

or
i

19
5

17
.9

1
K

.A
F

A
A

G
A

D
IK

.E
;

K
.F

G
Q

P
E

IN
IG

T
IP

G
A

G
G

T
Q

R
.L

;
K

.L
LE

E
T

IK
.L

;
K

.N
V

G
LI

Q
LN

R
P

K
.A

;
K

.S
G

LQ
F

E
K

.S
22

B
A

D
12

42
6

F
ru

ct
o

se
1,

6-
b

is
p

h
o

sp
h

at
e

al
d

o
la

se
39

70
8.

37
7.

59
A

.
ya

m
am

ai
12

6
21

.1
5

K
.G

IL
A

A
D

E
ST

G
T

M
G

K
.R

;
K

.V
T

E
V

V
LA

A
V

Y
K

.A
;

R
.I

V
P

IV
E

P
E

V
LP

D
G

E
H

D
LD

R
.A

;
R

.K
IA

E
A

IV
A

P
G

K
.G

;
R

.L
Q

D
IG

V
E

N
T

E
E

N
R

.R
;

R
.Y

A
SI

C
Q

SQ
R

.I
23

E
A

T
42

70
4

F
ru

ct
o

se
-b

is
p

h
o

sp
h

at
e

al
d

o
la

se
39

11
9.

67
8.

02
A

.
ae

gy
p

ti
3

1
2.

75
R

.I
A

K
A

IV
A

P
G

K
.G

24
E

A
T

44
64

2
G

lu
co

se
d

eh
yd

ro
ge

n
as

e
68

89
3.

4
9.

27
A

.
ae

gy
p

ti
2

1
1.

61
K

.I
LM

*L
SG

IG
P

K
.K

25
E

A
L2

99
16

G
lu

co
se

d
eh

yd
ro

ge
n

as
e

16
74

6.
81

4.
57

D
.

p
se

u
d

oo
bs

cu
ra

1
1

7.
84

R
.A

T
M

E
E

LH
K

SQ
Q

K
.Q

26
N

P
_5

24
68

4
G

lu
co

se
d

eh
yd

ro
ge

n
as

e
18

45
6.

27
4.

68
D

.
m

el
an

og
as

te
r

1
1

8.
98

K
.F

T
C

D
M

*F
H

P
N

IF
A

D
G

R
.V

27
A

B
B

90
02

2
G

lu
co

se
-3

-p
h

o
sp

h
at

e
d

eh
yd

ro
ge

n
as

e
33

60
4.

26
7.

17
C

.
m

ea
d

ii
21

6
31

.3
3

K
.A

SA
H

IE
G

G
A

K
.K

;
K

.G
A

K
V

V
A

IN
D

P
F

IG
LD

Y
M

*V
Y

LF
K

.Y
;

K
.G

A
K

V
V

A
IN

D
P

F
IG

LD
Y

M
V

Y
LF

K
.Y

;
.V

IH
D

N
F

E
IV

E
G

LM
*T

T
V

H
A

T
T

A
T

Q
K

.T
;

K
.V

IH
D

N
F

E
IV

E
G

LM
T

T
V

H
A

T
T

A
T

Q
K

.T
;

K
.V

IS
N

A
SC

T
T

N
C

LA
P

LA
K

.V
;

R
.G

A
Q

Q
N

II
P

A
A

T
G

A
A

K
.A

;
R

.L
G

K
P

A
SY

D
A

IK
.Q

28
A

A
P

13
85

2
G

lu
co

si
d

as
e

55
59

6.
07

4.
80

B
.

m
or

i
14

4
13

.0
3

K
.D

T
G

SI
T

SL
E

V
G

G
D

SA
SE

W
LR

.V
;

K
.S

E
N

V
W

D
R

.L
;

K
.S

SY
N

D
P

P
IY

IT
E

N
G

F
SD

R
G

T
LQ

D
Y

G
R

.I
;

R
.L

E
Q

F
D

D
Y

W
IQ

R
.I

29
E

A
T

35
44

1
G

lu
co

si
d

as
e

II
b

et
a

su
b

u
n

it
63

03
9.

28
4.

52
A

.
ae

gy
p

ti
1

1
2.

17
K

.M
*G

N
Q

LR
T

E
M

SQ
R

.G
30

E
A

T
47

33
9

G
lu

co
sy

l/
gl

u
cu

ro
n

o
sy

l
tr

an
sf

er
as

es
58

56
0.

18
9.

12
A

.
ae

gy
p

ti
1

1
2.

86
R

.P
Y

LP
N

IV
E

V
G

G
LQ

IK
.A

31
A

B
D

36
30

3
G

lu
ta

m
at

e
d

eh
yd

ro
ge

n
as

e
61

39
7.

42
8.

36
B

.
m

or
i

13
8

16
.7

9
K

.A
Y

E
G

E
N

M
*L

Y
E

K
.C

;
K

.C
A

C
V

D
V

P
F

G
G

A
K

.A
;

K
.F

N
LG

LD
LR

.T
;

K
.G

F
IG

P
G

V
D

V
P

A
P

D
M

*G
T

G
E

R
.E

;
K

.I
IA

E
A

A
N

G
P

T
T

P
A

A
D

K
.I

;
R

.E
SN

Y
H

LL
E

SV
Q

E
SL

E
R

.R
;

R
.I

P
V

T
P

SE
SF

Q
K

.R
32

A
A

T
01

07
5

G
ly

ce
ra

ld
eh

yd
e

3-
p

h
o

sp
h

at
e

d
eh

yd
ro

ge
n

as
e

35
47

6.
5

8.
30

H
.

co
ag

u
la

ta
15

4
21

.6
9

K
.V

ID
IL

K
.A

;
K

.V
IH

D
N

F
E

IV
E

G
LM

*T
T

V
H

A
T

T
A

T
Q

K
.T

;
K

.V
IH

D
N

F
E

IV
E

G
LM

T
T

V
H

A
T

T
A

T
Q

K
.T

;
K

.V
II

SA
P

SA
D

A
P

M
*F

V
V

G
V

N
LD

A
Y

D
P

SY
K

.V
;

R
.G

A
Q

Q
N

II
P

A
A

T
G

A
A

K
.A

33
B

A
D

38
67

5
G

ly
ce

ro
l-

3-
p

h
o

sp
h

at
e

d
eh

yd
ro

ge
n

as
e-

2
38

68
4.

94
5.

62
B

.
m

or
i

12
4

15
.0

1
K

.D
A

D
LL

IF
V

V
P

H
Q

F
V

R
.T

;
K

.F
P

LF
T

A
V

F
R

.I
;

K
.F

V
D

V
F

Y
P

G
SK

.L
;

K
.G

F
D

IA
E

G
G

G
ID

LI
SH

II
T

R
.C

34
B

A
E

96
01

1
G

ly
ce

ro
l-

3-
p

h
o

sp
h

at
e

d
eh

yd
ro

ge
n

as
e

35
42

8.
41

7.
7

B
.

m
or

i
34

7
28

.0
1

K
.A

SA
H

IE
G

G
A

K
.K

;
K

.G
A

K
V

V
A

IN
D

P
F

IG
LD

Y
M

*V
Y

LF
K

.Y
;

K
.G

A
K

V
V

A
IN

D
P

F
IG

LD
Y

M
V

Y
LF

K
.Y

;
K

.V
ID

IL
K

.A
;

K
.V

IH
D

N
F

E
IV

E
G

LM
*T

T
V

H
A

T
T

A
T

Q
K

.T
;

K
.V

IS
N

A
SC

T
T

N
C

LA
P

LA
K

.V
;

R
.V

P
V

A
N

V
SV

V
D

LT
V

R
.L

Midgut protein profile of Spodoptera litura research articles

Journal of Proteome Research • Vol. 9, No. 5, 2010 2127



T
a
b

le
4
.

C
o

n
ti

n
u

ed

n
o

.
G

A
N

o
f

h
o

m
o

lo
gu

es
p

ro
te

in
d

es
cr

ip
ti

o
n

M
W

p
I

sp
ec

ie
s

n
o

.
o

f
p

ep
ti

d
es

n
o

.
o

f
u

n
iq

u
e

p
ep

ti
d

es

co
ve

r
p

er
ce

n
t

(%
)

se
q

u
en

ce
s

35
A

A
Y

41
17

8
G

ly
ce

ro
l-

3-
p

h
o

sp
h

at
e

d
eh

yd
ro

ge
n

as
e

35
66

2.
69

6.
96

G
.

m
or

si
ta

n
s

m
or

si
ta

n
s

11
3

13
.2

1
K

.L
IS

W
Y

D
N

E
F

G
Y

SN
R

.V
;

K
.V

ID
IL

K
.A

;
K

.V
IH

D
N

F
E

IV
E

G
LM

*T
T

V
H

A
T

T
A

T
Q

K
.T

;
K

.V
IH

D
N

F
E

IV
E

G
LM

T
T

V
H

A
T

T
A

T
Q

K
.T

36
C

A
D

33
82

7
G

ly
ce

ro
l-

3-
p

h
o

sp
h

at
e

d
eh

yd
ro

ge
n

as
e

35
46

8.
4

6.
54

P
.

xy
lo

st
el

la
18

5
24

.1
0

K
.A

SA
H

IE
G

G
A

K
.K

;
K

.L
IS

W
Y

D
N

E
Y

G
Y

SN
R

.V
;

K
.V

IH
D

N
F

E
IV

E
G

LM
*T

T
V

H
A

T
T

A
T

Q
K

.T
;

K
.V

IH
D

N
F

E
IV

E
G

LM
T

T
V

H
A

T
T

A
T

Q
K

.T
;

K
.V

IS
N

A
SC

T
T

N
C

LA
P

LA
K

.V
;

R
.G

A
Q

Q
N

II
P

A
A

T
G

A
A

K
.A

;
37

E
A

T
32

29
1

H
yd

ro
xy

ac
yl

d
eh

yd
ro

ge
n

as
e

38
41

6.
14

8.
66

A
.

ae
gy

p
ti

1
1

3.
80

R
.T

V
SI

N
LI

G
SF

N
M

IR
.L

38
A

B
D

36
13

1
H

yd
ro

xy
ac

yl
-c

o
en

zy
m

e
A

d
eh

yd
ro

ge
n

as
e

82
14

1.
33

9.
38

B
.

m
or

i
1

1
1.

57
R

.F
V

N
E

A
V

LS
LE

E
K

.I

39
A

B
D

36
13

3
H

yd
ro

xy
m

et
h

yl
gl

u
ta

ry
l-

C
o

A
ly

as
e

is
o

fo
rm

2
30

62
5.

28
8.

86
B

.
m

or
i

2
2

10
.7

9
K

.T
V

D
SS

IS
G

LG
G

C
P

Y
A

R
.G

;
R

.V
P

G
V

N
Y

P
V

LV
P

N
LK

.G

40
Q

9W
2Q

7
In

o
si

to
l-

p
en

ta
ki

sp
h

o
sp

h
at

e
2-

ki
n

as
e

67
44

6.
89

9.
16

D
.

m
el

an
og

as
te

r
1

1
2.

58
R

.A
A

A
A

T
A

T
T

Q
R

Y
T

K
V

A
R

.V

41
N

P
_7

88
47

6
Is

o
ci

tr
at

e
d

eh
yd

ro
ge

n
as

e
50

43
1.

75
7.

59
D

.
m

el
an

og
as

te
r

14
6

13
.5

6
K

.A
G

P
V

V
D

V
LG

D
E

M
*T

R
.I

;
K

.E
T

ST
N

P
IA

SI
F

A
W

T
R

.G
;

K
.S

E
G

G
F

V
W

A
C

K
.N

;
K

.T
V

E
A

E
A

A
H

G
T

V
T

R
.H

;
R

.N
IL

G
G

T
V

F
R

.E
42

A
B

D
36

13
6

Is
o

ci
tr

at
e

d
eh

yd
ro

ge
n

as
e

46
17

6.
05

6.
24

B
.

m
or

i
13

6
13

.2
4

K
.E

T
ST

N
P

IA
SI

F
A

W
T

R
.G

;
K

.S
E

G
G

F
V

W
A

C
K

.N
;

K
.T

V
E

A
E

A
A

H
G

T
V

T
R

.H
;

R
.I

IW
D

LI
K

.E
;

R
.N

IL
G

G
T

V
F

R
.E

43
E

A
T

35
35

3
M

an
n

o
sy

l-
o

lig
o

sa
cc

h
ar

id
e

gl
u

co
si

d
as

e
84

44
3.

63
8.

87
A

.
ae

gy
p

ti
1

1
1.

24
K

.L
D

LV
V

E
SI

R
.F

44
E

A
T

35
46

3
O

-l
in

ke
d

N
-a

ce
ty

lg
lu

co
sa

m
in

e
tr

an
sf

er
as

e

32
00

4.
34

5.
71

A
.

ae
gy

p
ti

2
1

7.
02

K
.A

V
A

LD
P

N
F

LD
A

Y
IN

LG
N

V
LK

.E

45
E

A
T

43
20

2
P

h
o

sp
h

o
gl

yc
er

at
e

d
eh

yd
ro

ge
n

as
e

35
34

4.
88

8.
08

A
.

ae
gy

p
ti

1
1

2.
71

K
.T

LA
IL

G
LG

R
.I

46
A

A
O

32
15

4
P

h
o

sp
h

o
en

o
lp

yr
u

va
te

ca
rb

o
xy

ki
n

as
e

23
08

2.
2

5.
46

C
.

gr
an

d
id

ie
ri

1
1

6.
70

K
.M

*X
E

T
K

T
P

A
A

H
P

N
SR

.F

47
X

P
_5

62
54

7
P

h
o

sp
h

o
en

o
lp

yr
u

va
te

ca
rb

o
xy

ki
n

as
e

27
42

5.
8

10
.0

3
A

.
ga

m
bi

ae
st

r.
P

E
ST

1
1

6.
67

K
.M

*Y
D

A
LK

E
V

V
E

K
LP

SH
K

.V

48
A

A
F

32
48

8
P

h
o

sp
h

o
en

o
lp

yr
u

va
te

ca
rb

o
xy

ki
n

as
e

19
89

8.
54

5.
53

G
.

fa
br

i
2

1
6.

63
R

.S
E

A
T

A
A

A
E

H
A

G
K

.V

49
A

A
L5

80
80

P
h

o
sp

h
o

gl
yc

er
at

e
ki

n
as

e
44

05
7.

63
8.

21
A

.
ae

gy
p

ti
1

1
5.

30
K

.V
LN

N
M

*E
IG

R
SL

F
D

E
E

G
SK

IV
Q

K
.L

50
E

A
T

43
25

1
P

yr
u

va
te

d
eh

yd
ro

ge
n

as
e

45
90

1.
15

8.
61

A
.

ae
gy

p
ti

2
1

3.
32

R
.Y

SG
H

SM
*S

D
P

G
T

SY
R

.S
51

B
A

D
01

63
6

P
yr

u
va

te
ki

n
as

e
43

58
0.

99
5.

34
B

.
m

or
i

3
2

7.
20

K
.N

IT
N

V
V

K
P

G
N

R
.I

;
R

.K
G

V
N

LP
G

IP
V

D
LP

A
V

SE
K

.D
52

A
B

D
36

16
6

Sh
o

rt
-c

h
ai

n
d

eh
yd

ro
ge

n
ea

se
/

re
d

u
ct

as
e

2

27
63

9.
57

7.
63

B
.

m
or

i
3

2
5.

79
K

.G
N

IV
N

V
SS

V
T

G
LR

.S
;

K
.T

K
G

N
IV

N
V

SS
V

T
G

LR
.S

53
A

A
D

05
30

2
SN

-g
ly

ce
ro

l-
3-

p
h

o
sp

h
at

e
d

eh
yd

ro
ge

n
as

e
is

o
fo

rm
38

16
5.

62
6.

67
L.

m
ig

ra
to

ri
a

1
1

4.
29

K
.V

C
II

G
SG

N
W

G
SA

IA
K

.I

54
E

A
T

37
54

3
Su

ga
r

tr
an

sp
o

rt
er

52
18

1.
00

5.
59

A
.

ae
gy

p
ti

2
1

2.
50

R
.K

N
D

A
IQ

SL
Q

F
LR

.G
55

E
A

T
38

74
5

T
ra

n
sa

ld
o

la
se

36
99

1.
64

6.
18

A
.

ae
gy

p
ti

1
1

3.
60

K
.L

A
ST

W
E

G
IQ

A
A

R
.V

56
A

B
D

36
17

2
T

ra
n

sk
et

o
la

se
67

38
4.

01
6.

40
B

.
m

or
i

4
3

6.
11

K
.L

D
N

LV
V

IF
D

V
N

R
.L

;
R

.A
V

E
LA

A
N

T
R

.G
;

R
.T

SR
P

N
T

A
IL

Y
P

N
D

E
V

F
K

.V
57

A
B

E
27

18
9

T
re

h
al

as
e

67
21

0.
2

4.
72

S.
fr

u
gi

p
er

d
a

3
3

4.
77

K
.A

A
T

Y
G

Q
LA

Q
Q

W
R

.D
;

R
.E

F
A

K
N

IN
D

IW
P

LL
A

R
.K

;
R

.K
A

A
T

Y
G

Q
LA

Q
Q

W
R

.D
58

C
A

A
40

80
4

T
ri

o
se

p
h

o
sp

h
at

e
is

o
m

er
as

e
26

57
9.

47
6.

00
D

.
m

el
an

og
as

te
r

7
4

21
.8

6
K

.D
IG

A
D

W
V

IL
G

H
SE

R
.R

;
K

.T
A

T
P

D
Q

A
Q

E
V

H
A

SL
R

.Q
;

K
.V

IA
C

IG
E

T
LE

E
R

.E
;

R
.I

Q
Y

G
G

SV
T

A
A

N
A

K
.-

research articles Liu et al.

2128 Journal of Proteome Research • Vol. 9, No. 5, 2010



were generally in low abundance, while the expression levels
of diazepam-binding inhibitor, apolipophorin-3 precursor, and
sterol carrier protein 2/3-oxoacyl-CoA thiolase were much
higher than the others (Table 5). Diazepam-binding inhibitor
(DBI) or acyl-CoA-binding protein (ACBP) is a small and highly
conserved multifunctional protein involved in regulation of
gamma-aminobutyric acid (GABA) receptor activity, synthesis
and transport of medium-chain acyl-CoA-ester, synthesis of
steroid hormones, and secretion of glucose-induced insulin.21

In H. armigera this protein is found to regulate biosynthesis of
ecdysteroids in the prothoracic gland.22 This protein is also
found to express predominantly in the midgut columnar cells
of H. armigera and to be stimulated by a high juvenile hormone
titer and increased along with feeding at 12 h postecdysis,
suggesting that it is probably associated with nutrition absorp-
tion.23 This protein also plays a significant role in the produc-
tion of sex pheromones regulated by the pheromone biosyn-
thesis activating neuropeptide (PBAN) in B. mori.24 In this
study, DBI/ACBP was found to express at the highest abun-
dance in the lipid metabolism catalog, implicating that this
protein may play an unidentified role in the feeding process.

Apolipophorin 3 is a lipid carrier protein in the hemolymph
of insects. It helps loading diacylglycerol onto the hemolymph
lipoprotein, lipophorin, increasing its lipid carrying capacity
and therefore plays a critical role in the transport of lipids.25

In Galleria mellonella, the level of apolipophorin-3 reached a
maximum in the hemolymph at the end of the feeding phase
of the seventh instar larvae and declined to a background level
in the pupal and the adult stages.26 This is consistent with the
result observed in this study.

Sterol carrier protein 2/3-oxoacyl-CoA thiolase (SCPx) be-
longs to a well-characterized SCP-2 gene family. SCP-2 is
present in both vertebrates and invertebrates and involved in
intracellular sterol/lipid transfer, synthesis and metabolism of
steroids and fatty acids.27 In insects, cholesterol is required for
cellular membranes and ecdysteroid biosynthesis.28 Choles-
terol, which is converted from phytosterols, is a precursor of
ecdysteroids, which are synthesized in the prothoracic glands.28

However, insects can not synthesize cholesterol via de novo
biosynthesis pathway using simple molecules because they lack
at least two key enzymes, squalene monooxygenase and
lanosterol synthase, therefore insects must uptake cholesterol

Figure 5. Glycolysis and gluconeogenesis pathways constructed by KEGG bioinformatics resource developed by the Kanehisa
Laboratories in the Bioinformatics Center of Kyoto University and the Human Genome Center of the University of Tokyo
(http://www.kegg.jp/). The enzymes that were identified in this study are labeled with gray background. EC4.2.1.11, phosphopyruvate
dehydratase; EC1.2.1.12, glyceraldehyde-3-phosphate dehydrogenase; EC4.1.2.13, fructose-bisphosphate aldolase; EC5.3.1.1, triose-
phosphate isomerase; EC2.7.1.40, pyruvate kinase; EC1.2.4.1, pyruvate dehydrogenase; EC1.8.1.4, dihydrolipoyl dehydrogenase; EC1.1.1.1,
alcohol dehydrogenase; EC1.2.1.3, aldehyde dehydrogenase; EC1.1.1.27, L-lactate dehydrogenase.
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or sterols from diet to fulfill the requirements for their normal
growth, development and reproduction.29,30 In the lepidopteran
insects B. mori and S. littoralis, a single SCPx gene encodes a
fusion protein containing 3-oxoacyl-CoA thiolase (SCPx-t) and
SCPx-2 domains, which are post-translationally cleaved into
two separate proteins.31,32 A S. litura SCPx gene was cloned
and characterized.33 High levels of S. litura SCPx expression
in the midgut of sixth instar feeding larvae were detected and
overexpression of this gene increased cholesterol absorption
in the cells in vitro cultured.

A low-density lipoprotein (LDL) receptor was found in the
feeding midgut. LDL receptor binds LDL, the major cholesterol-
carrying lipoprotein of plasma, and transports it into cells by
endocytosis, an important mechanism for cholesterol uptake
in mammals.34 But in insects, it seems this receptor has a
different mechanism from the mammal system for cholesterol
shuttle.35 Another protein that was highly expressed in the
feeding midgut and involved in steroidogenesis is hydroxys-
teroid dehydrogenase, or 3-beta-hydroxy-delta (5)-steroid de-
hydrogenase (EC1.1.1.145). This protein is a bifunctional
enzyme that catalyzes the oxidative conversion of delta (5)-
ene-3-beta-hydroxy steroid, and the oxidative conversion of
ketosteroids. The 3-beta-steroid dehydrogenase enzymatic
system plays a crucial role in the biosynthesis of all classes of
hormonal steroids. It would be interesting to know the physi-
ological roles of this enzyme in the midgut of the feeding larvae.

The discovery of LDL receptor, hydroxysteroid dehydroge-
nase and SCPx in the midgut indicates that active absorption
and conversion of steroids take place during the feeding stage.
Other enzymes and proteins involved in lipid and fatty acid
absorption, transport and metabolism included esterases,
lipases, transferases, fatty acid synthase, which catalyzes the
formation of long-chain fatty acids from acetyl-CoA, malonyl-
CoA and NADPH, and fatty acid-binding proteins (Table 5), but
transcripts of these enzymes were relatively low abundant.

3.4.3. Protein and Amino Acid Metabolism. Numerous
proteins that are involved in transport and metabolism of
proteins and amino acids were found in the feeding midgut
(Table 6). Among these identified proteins, as expected, pro-
teasome-related proteins were relatively abundant. Many uniq-
uitin and uniquitin-related proteins are found, including
ubiquitin, ubiquitin-like protein, E3 ubiquitin ligase, ubiquitin-
conjugating enzyme and ubiquitin specific proteases. Protea-
somes are large protein complexes and their main function is
to degrade proteins by proteolysis into small polypeptides.
Proteins to be degraded are tagged by ubiquitin through
ubiquitin ligases. This ubiquitin-proteasome system is essential
for many cellular processes, including the cell cycle, the
regulation of gene expression, and responses to oxidative
stress.36 The presence of numerous enzymes of this system
indicates that active protein degradation was in processing in
the epithelial cells of the midgut during the feeding stage.

Another group of abundant enzymes for degradation of
proteins include aminopeptidase N (EC 3.4.11.2), prolyl en-
dopeptidase (EC 3.4.21.26), tripeptidyl peptidase II (EC 3.4.14.10),
chymotrypsin (EC 3.4.21.1), trypsin (EC 3.4.21.4), cysteine
proteinase (EC 3.4.22.1) and other serine proteases. Unlike the
ubiquitin-proteasome system, this group of protein-degrada-
tion enzymes usually are involved in degradation of secreted,
intercellular or exogenous proteins, such as hemolymphic,
pathogenic and food proteins. These proteases usually digest
the peptides internally or from terminal ends of the protein
peptides in the processes of protein activation and/or degrada-T
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tion. Aminopeptidases N from several insect species have been
shown to be putative receptors for Bacillus thuringiensis (Bt)
toxins in the midgut epithelial cells of susceptible insects.37-39

Homologues of all four midgut class of aminopeptidase N that
were found in Bt Cry1Ca-resistant S. exigua40 were present in
the midgut of S. litura at relatively high levels as compared to
other proteases. Interestingly, not many carboxypeptidases,
which hydrolyze single amino acids from the C-terminus of the
protein peptide chains, were identified in the midgut of S. litura
feeding larvae.

Serine proteases are one of the most important groups of
digestive enzymes in the larval gut and account for about 95%
of digestive activity.40-42 Insects produce and release serine
proteases into the lumen of the gut to digest food proteins for
being absorbed by the insects.43 In addition to protein diges-
tion, serine proteases may be involved in other physiological
processes in the gut. For example, a M. sexta chymotrypsin is
involved in activation of chitin synthase, which is necessary
for peritrophic matrix formation.44 In this study, both trypsin
and chymotrypsin were identified at similar abundance in the
feeding midgut (Table 6). Interestingly, several serine protease
inhibitors including serpin 1 and serpin 2 were also found in
the same sample, suggesting that serine proteases and serpins
can simultaneously exist in an organ at the same stage,
although it is not clear whether or not the identified serpins
act at these serine proteases.

Another major group of the identified proteins includes
protein kinases, such as calcium-dependent protein kinase
(EC2.7.11.1), cAMP-dependent protein kinase (EC2.7.11.11),
cGMP-dependent protein kinase (EC2.7.11.12), Serine/threonine-
protein kinase Ial (EC2.7.11.1), protein kinase C, protein kinase
shaggy (EC2.7.11.1) and protein tyrosine kinase (EC2.7.10.2).
Protein kinases are a superfamily of enzymes that catalyze
phosphorylation of proteins involved in different signal trans-
duction pathways. Phosphorylation usually results in a func-
tional change of the target proteins by changing enzyme
activity, cellular location, or association with other proteins.
Ca2+-dependent and cAMP-dependent protein kinases and
protein kinase C were found in this study, indicating that active
phosphorylation of proteins is necessary for functions of the
midgut proteins.

High level (21 peptides) of arylphorin protein was found in
the feeding midgut (Table 6). Arylphorin is a larval storage
protein and used primarily as a source of aromatic amino acids
for protein synthesis.45 It is also involved in the sclerotizing
system of the cuticle and serves as a carrier for ecdysteroid
hormone and usually secreted into the hemolymph and binds
with its substrates such as ecdysteroid hormones.46

3.4.4. Nucleotide Metabolism. Abundance of proteins re-
lated to nucleotide transport and metabolism was relatively
lower as compared to the proteins for other metabolisms (Table
7). A high level of ADP/ATP translocase protein was found. This
enzyme catalyzes the exchange of ADP and ATP across the
mitochondrial inner membrane.47 The presence of this enzyme
at a high level in the feeding midgut indicated that active
exchange of ADP and ATP between the mitochondria and
cytoplasm and energy supply were required for the feeding
midgut.

Several homologues of DEAD box DNA/RNA helicases were
found in the protein profile, including DNA repair helicase
rad3/xp-d, ATP-dependent RNA helicase (EC 3.6.1.), Dead-box
protein 3 and DEAD/DEAH RNA helicase 1 (Table 7). DNA/
RNA helicases unwind double-stranded DNA/RNA in a 3′ to 5′T
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direction and influence the interactions between the proteins
and their target DNA or RNA molecules. Therefore, DNA/RNA
helicases usually function as a transcriptional activator and are
involved in mRNA splicing. Several proteins that are involved
in RNA modification post transcription were found, such as
nonsense-mediated decay protein, which is involved in decay
of mRNAs containing premature stop codons,48 Ser/Arg repeti-
tive matrix protein 2, poly(A)-binding protein 1, RNA binding
motif protein (mRNA 3′-end-processing protein RNA15), mi-
tosis protein DIM1 and small nuclear ribonucleoprotein, which
is required for splicing of pre-mRNA.49 At least three proteins
involved in RNA transport between nucleus and cytosol were
identified, such as equilibrative nucleoside transporter 1,
importin subunit alpha-3 and nuclear RNA export factor 1.

Numerous amino acid-tRNA synthetases (or amino acid-
tRNA ligases) were identified, including alanyl-tRNA synthetase
(EC6.1.1.7), glycyl-tRNA synthetase (EC6.1.1.14), isoleucyl-tRNA
synthetase (EC6.1.1.5), leucyl-tRNA synthetase (EC6.1.1.4), me-
thionine-tRNA synthetase (EC6.1.1.10), seryl-tRNA synthetase
((EC6.1.1.11), tyrosyl-tRNA synthetase (EC6.1.1.1) and bifunc-
tional aminoacyl-tRNA synthetase. Abundance of helicases and
proteins for RNA modification, RNA transport and amino acid-
tRNA synthesis indicated that active RNA and protein synthesis
were taking place in the epithelial cells of the feeding midgut.

3.4.5. Protein Translation. A large number of proteins that
are associated to protein translation initiation and elongation
processes were found in the midgut (Table 8). Different
eukaryotic initiation factor (eIF) proteins were found, including
eIF-1, eIF-2, eIF-3, eIF-4 and eIF-6. These factors are required
for the formation of initiation complexes with 5′ mRNA, the
binding mRNA-eIF to Met-tRNA, and the scanning mRNA for
the initiator codon AUG. Several different eukaryotic elongation
factors (eEFs) were detected in high abundance. Totally, 619
peptides of eEFs were identified and these include R, � and γ
subunits of eEF-1 and eEF-2. The R and � subunits and the γ
subunit of eEF-1 act as the prokaryotic counterparts EF-Tu and
EF-Ts, respectively. eEF-2 is homologous to the prokaryotic EF-
G. High levels of eIFs and eEFs presenting in the feeding midgut
indicate again that very active protein synthesis was occurring
during the feeding stage.

3.4.6. Transporters. Midgut maintains balance of ions and
water between the midgut epithelium and the lumen by
transmembrane transporters. Many transporters and membrane-
bound receptor proteins were detected in the midgut but at a
relatively low abundance, such as ATP-binding cassette trans-
porter (ABC transporter), adaptin and voltage-dependent ion
channels (Table 9). ABC transporters are members of a trans-
membrane protein superfamily50 and they utilize energy gener-
ated by ATP hydrolysis to transport a wide variety of substrates
across extra- and intracellular membranes, including metabolic
products, lipids, sterols and exogenous drugs. Transferrin is a
blood plasma protein for iron ion delivery in insects. When a
transferrin protein loaded with iron reaches a transferrin
receptor on the surface of a cell, it binds to its receptor and is
transported into the cell in a vesicle. Vacuole sorting proteins
are transmembrane proteins that associate with different
functions such as autophagy, cell adhesion and membrane
traffic.51 Many proteins associated with voltage gradient and
ion channels such as calcium, potassium and sodium channels
were also identified. Although the abundance of these proteins
was relatively low, they play important roles in regulation of
the ion balance in the midgut of the insect.T
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3.4.7. Stress Resistance. Three major groups of proteins
related to stress resistance were identified in the midgut (Table
10). The first group is cytochrome P450 (CYP, EC 1.14.14.1),
which is a family of dedox enzymes involved in metabolism of
an extremely large number of endogenous and exogenous
compounds.52 Fifteen peptides of CYPs were identified in the
midgut; it would be interesting to know the functions of these
CYPs in the midgut involved in exogenous compounds and
undertakes remodeling during molting and metamorphosis.

Thesecondgroupconsistsofglutathioneperoxidase(EC1.11.1.9)
and glutathione S-transferase (GST, EC 2.5.1.18). Glutathione
peroxidase is the general name of an enzyme family with
peroxidase activity. Glutathione peroxidase reduces lipid hy-
droperoxides to their corresponding alcohols and reduces free
hydrogen peroxide to water, protecting the organism from
oxidative damage. GSTs are involved in detoxification of
xenobiotics. In insects, GSTs have been classified into six
classes: delta, epsilon, omega, sigma, theta and zeta.53,54 Several
GSTs including delta, epsilon, omega, sigma and theta were
found in the feeding midgut of S. litura.55

Heat shock proteins (HSPs) is the third group. A large
number (452) of different HSP peptides were identified in the
feeding midgut (Table 10). High levels of HSPs can be triggered
by exposure to elevated temperatures and different kinds of
environmental stress conditions, such as infection, inflamma-
tion, exercise, toxins, starvation, hypoxia, nitrogen deficiency
or water deprivation.56 HSPs, particularly Hsp70, are involved
in binding antigens and presenting them to the immune
system.57 Of all the HSPs identified in this study, Hsp70 was
most highly expressed, though its role in the feeding midgut is
not clear.

3.5. Shotgun Analysis and Protein Expression Profile.
Shotgun protein sequencing strategy has been proven to be a
powerful proteomics analysis approach.2,58,59 The prominent
advantage of this method is avoiding complicated sample
preparation and high efficiency to identify hundreds of proteins
in a single run. In this study, 2043 peptides were identified by
using shotgun approach in the midgut of the sixth instar
feeding larvae. However, only approximately 600 protein spots
were identified in the same sample using 2-DE/MS approach
(Jisheng Liu and Qili Feng, unpublished data). McNall and
Adang identified 450 individual proteins from BBMV of the
midgut of M. sexta fifth instar larvae by using 2-DE/MS
technique.5 Approximately 300 individual protein spots were
identified in the gut of fourth instar larvae of Plodia interpunc-
tella by 2-DE/MS analysis.6 Zhang et al. identified 1100
individual protein spots from the posterior midgut of B. mori
fifth instar larvae by using 2-DE/MS method.7 Haddow et al.
used isotope coded affinity tag (ICAT) technique to identify a
total of 207 proteins from the midgut of G. morsitans morsi-
tans.8 It appears that the shotgun approach has a higher
efficiency to identify proteins than 2-DE/MS analysis, as
indicated by identification of 2,043 peptides in the midgut of
the sixth instar feeding larvae. Among the proteins identified
in M. sexta,5 P. interpunctella,6 B. mori,7 and G. morsitans
morsitans,8 at least 56 proteins were detected in the midgut of
S. litura in this study.

In addition, the identified proteins from this study had broad
ranges of molecular mass and pI (Figure 2 and 3). Molecular
mass of the identified proteins from the midgut ranged between
2353 and 1.38 kDa, with the most (74.4% of the total proteins)
being 10 to 100 kDa and pIs ranged between 3.8 and 11.99.
2-DE/MS method can efficiently separate proteins between 7T
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and 200 kDa with pIs between 4 and 9.6.60 Although there are
some shortcomings with the shotgun approach, such as lower
resolution of protein isoforms as compared to the 2-DE/MS
method,61 this technique holds great promises to be a more
valid and high-throughput strategy for insect proteomics,
particularly, given that the midgut lumens of Lipidoptera
usually have a broad and alkaline pH range.62

4. Conclusion

In summary, 2043 peptides were identified, out of which 842
were annotated, from the midgut of S. litura sixth instar feeding
larvae by the shotgun RP-HPLC-ESI-MS approach. Numerous
nonredundant proteins, particularly associated with the pro-
cesses of carbohydrate conversion, protein synthesis and
degradation, lipid and sterol absorption and metabolism are
identified, with many being found to be highly expressed, such
as diazepam-binding inhibitor, sterol carrier protein 2/3-
oxoacyl-CoA, glucose-3-phosphate dehydrogenase, enoyl-CoA
hydratase, glutamate dehydrogenase, fructose 1,6-bisphosphate
aldolase and triosephosphate isomerase in the feeding midgut.
The results suggest that these processes of carbohydrate,
protein and lipid metabolisms are extremely active in the
midgut during the feeding stage. This protein profile provides
for the first time comprehensive information on midgut protein
expression of this tropical and subtropical lepidopteran species,
which feeds on large numbers of plant species, and will benefit
the comparative analysis of feeding habits and digestive enzyme
systems with other insects, such as polyphagous D. melano-
gaster, blood-feeding A. gambiae and monophagous B. mori,
and further study of the relationships between the physiological
events and functions of the related proteins in the midgut and
development of novel controlling strategies against S. litura,
as well as other Lepidoptera.
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