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Anticarsia gemmatalis and Spodoptera frugiperda (Lepidoptera: Noctuidae) are serious defoliators of a 
number of crops. In order to better understand the digestion process of these pests and considering 
that the midgut is one of the most important and attractive targets for biological pesticides, this report 
shows the evaluation of midgut proteins from A. gemmatalis and S. frugiperda by proteomic analyses. 
Larval midguts were removed and total proteins (approximately 650 µg) were extracted and further 
submitted to two-dimensional electrophoresis (2-DE). Proteins were identified by tandem mass 
spectrometry (MS/MS) including catalase, enolase, glyceraldehyde-3-phosphate dehydrogenase, 
arginine kinase, pyrophosphatase and farnesoic acid O-methyl transferase. All proteins identified seem 
to be involved in insect development in different ways, being directly involved in their growth or used in 
metabolic pathways that may influence pest development. The identification of those proteins could 
contribute to a better understanding of pest physiology, leading to the development of novel strategies 
for pest management. In short, the identification of proteins by 2D may lead to the use of new 
approaches for pest management. 
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INTRODUCTION 
 
Extensive monocrops such as soybean, maize, cotton 
and cabbage require enormous agrochemicals input to 
control insect-pests, especially Lepidoptera such as the 
velvet bean caterpillar Anticarsia gemmatalis Hübner and 
the fall armyworm Spodoptera frugiperda (J.E. Smith) 
(Lepidoptera: Noctuidae). Chemical pesticides pose a 
major risk to the environment and human health, while 
biological pesticides such as bacteria, fungi,  and  viruses 
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generally present natural effectiveness in controlling the 
targeted pest and are safe for the environment (Bravo et 
al., 2007, 2011; Roh et al., 2007; Moscardi et al., 2011). 

The high costs involved in insect control sometimes 
make crop cultivation financially unviable, since a wide 
diversity of insect-pests is able to reduce crop production. 
Among insect-pests, A. gemmatalis and S. frugiperda are 
serious defoliators of soybean in Latin America and other 
regions (Moscardi, 1999, 2011; Cruz et al., 1999; 
Hoffmann-Campo et al., 2000; Silva et al., 2003, Farinelli 
and Fornasieri Filho, 2006; Alves and Lopes, 2008; 
Barrera et al., 2011), causing considerable losses in 
previously   described   crops    (Martins    et   al.,   2009). 



 
 
 
 
Although, it is clearly vital to know more about these two 
pests, no proteome database has yet been constructed 
for either of them.  

In particular, knowledge of insect gut proteins is 
extremely important in a pest management program, in  
that it involves understanding food digestion, nutrient 
absorption and protection from pathogen invasion. The 
midgut has been observed as a common target of 
biopesticides, since it can be disrupted in several ways. 
This disruption process could lead to feeding cessation, 
growth reduction and increased susceptibility to toxins 
and pathogens involved in biological control (Nan Gong 
et al., 2005; Bravo et al., 2007; Guo et al., 2007).  

In recent years, proteomic analysis has been used to 
boost biological control of insect-pests (Pigott and Ellar, 
2007; Murad et al., 2008; Yao et al., 2009; Zhang et al., 
2011). Proteomic technologies have shown several 
practical applications in pest-management, including the 
identification of novel compounds involved in biological 
control of insect-pests by entomopathogens (McNall and 
Adang, 2003; Baum et al., 2007; Krishnamoorthy et al., 
2007; Murad et al., 2008; Barros et al., 2010; Gao et al., 
2011, Yuan et al., 2011, ). However, in addition to studies 
focusing on bioinsecticidal development, the target insect 
must also be investigated. Studies on protein expression 
profiles in the midgut can facilitate the identification of 
molecular targets for use in developing novel and 
environmentally benign control strategies (Rabilloud, 
2002; Dechklar et al., 2011). In this work, the midgut 
proteins of A. gemmatalis and S. frugiperda were 
evaluated by proteomic analyses, aiming to contribute to 
pest management programs.  
 
 
MATERIALS AND METHODS 
 
Preparation of protein extracts from A. gemmatalis and S. 
frugiperda midguts  
 
The noctuid larvae of about 2-day-old fifth instars of A. gemmatalis 
and S. frugiperda were provided by the Insect Rearing Laboratory 
(Caballero, 2005) of Embrapa Genetic Resources and 
Biotechnology, Brasília- DF, Brazil, after being reared on an artificial 
diet.  
 
 
Protein extraction from the gut of S. frugiperda and A. 
gemmatalis 
 

Larvae were anaesthetized by chilling on ice, and the midguts were 
dissected by using a binocular microscope. After dissecting and 
homogenizing guts by using saline solution, the extraction enzymes 
of the midgut were estimated for determining protein concentration 
(Bradford, 1976).  
 
 
Gel electrophoresis analyses 
 
Approximately 650 µg of total protein of the samples were 
precipitated in TCA 75% and incubated at 4°C for 30 min, then 
centrifuged at 12000 g for 15 min. The pellet was washed with 1 ml 
of cold acetone and centrifuged at  12000 g  for  15 min.  Aiming  to 
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remove carbohydrates and other possible interferences, samples 
were submitted to a novel precipitation step using 2-D Clean-Up Kit 
(GE Healthcare) according to the manufacturer’s instructions. 
Isoelectric focusing and molecular mass separation were conducted 
by using 13 cm immobilized pH gradient (IPG) strips with a non 
linear pH ranging from 3 to11 (GE HealthCare, Biosciences AB, 
Sweden). Strips were re-hydrated with samples re-suspended in 
rehydration solution (250 ml solution of 2% CHAPS, 8 M urea, 2 M 
thiourea, 1% DTT, traces of bromophenol blue) for 16 h. Isoelectric 
focusing was carried out at Ettan IPGphor3 (GE Healthcare Life 
Sciences) following a voltage step-gradient (50 V for 3 h, 500 V for 
1 h, 1000 V for 1 h, 2000 V for 1 h, 4000 V for 1 h and 6000 V for 
12 h) for six strips. After the first dimension, strips were equilibrated 
in solutions of 1% DTT and 1% iodoacetamide for 15 min (1.5 M 
Tris–HCl pH 8.8, 6 M urea, 30% glycerol, traces of bromophenol 
blue and 2% SDS). A second dimension was performed using 
12.5% sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
(SDS–PAGE) as described by Laemmli (1970), which contained 
acrylamide 30%, 1.5 M tris–HCl pH 8.8, 10% sodium dodecyl 
sulfate (SDS), 10% ammonium persulfate (APS), 10% tetramethyl-
ethylenediamine (TEMED) and Milli-Q water. For pI standard, the 
Broad pI Kit (3 to 10) (GE Healthcare) was used as marker and for 
molecular weight marker, Unstained Protein Molecular Weight 
Marker (Fermentas) was used. Electrophoresis was performed at 
15°C using Ettan DAL Tsix vertical electrophoresis system (GE 
Healthcare Life Sciences). The first phase was set at 600 V, 90 mA, 
100 W for 30 min and the second phase was set at 700 V, 240 mA, 
100 W for 6 h, which was set for 6 gels. The gels were fixed in 30% 
methanol, 10% acetic acid and stained by Coomassie Brilliant Blue 
G-250 (0.1%). The number of biological and technical replicates 
was 6 and 12, respectively.  
 
 
In silico gel analyses 
 
Gels were digitalized using the HP Scanjet Model 8290 scanner 
and further analyzed with BioNumerics software v. 5.1 (Applied-
Maths). Each protein sample was analyzed in triplicate. First, 
calibration with a gray scale was necessary to transform gray levels 
into values for each pixel of the gel picture. The calibration method 
used a calibration curve from BioNumerics software. All gel pictures 
were analyzed as tiff files. The six gel images were placed in one 
folder and the wizard detection method proposed by the software 
was used for spot detection. Automatically detected spots were 
manually checked, and some of them manually added or removed 
according to the size (>0.2 cm was used as the cutoff limit for 
inclusion), shape (circular) and density (>2 pixel cm-1). Following 
the detection procedure, the normalization step was carried out to 
attribute a common protein identity to identical spots from different 
gel images. For this procedure, a reference gel was constructed 
and automatically matching options of BioNumerics software were 
used. For each sample, when a protein was detected in all gel 
images, this protein was automatically added to the reference gel. 
 
 
Protein digestion 
 
The most significant spots were excised from the gels using a 
scalpel. In-gel digestion with Gold sequencing-grade trypsin 
(Promega) was conducted following the protocol described by 
Shevchenko et al. (1996). Briefly, after removing the Coomassie 
from spots by de-staining solution, 400 µl of 50% ACN (acetonitrile) 
and 25 mM NH4HCO3 were added to the tubes and incubated for 20 
min on the vortex. Supernatants were removed and 200 µl of 100% 
ACN was added to the tubes and incubated for 10 min, then spots 
were dried in a speed vacuum for 20 min. Next, 600 ŋg/2 µl (30% 
acetic-acid 50 mM and 195 µl of 50 mM NH4HCO3) were added to 
the tubes and incubated on ice for 30 min. After this  process,  40 µl
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Figure 1. Two-dimensional gels of proteins guts extracted from the fifth-instar larvae of (A) Spodoptera frugiperda and B). Anticarsia 
gemmatalis. Numbers indicate the differential spots further identified by mass spectrometry technology (Table 1). Numbers on the left side of 
the gel correspond to the molecular mass marker. Numbers on the top correspond to pI marker. 

 
 
 
of 50 mM NH4HCO3 was added to each tube and they were 
incubated in a water bath at 37°C for 22 h. The supernatant was 
used for mass spectrometry analysis. 

 
 
Protein identification by mass spectrometry 

 
Monoisotopic masses of the molecular components from digested 
peptides ranging from 600 to 6000 m/z were determined by mass 
spectrometry using a 4700 MALDI-TOF/TOF (Applied Biosystems, 
Framingham, MA) controlled by the manufacturer’s software. A 
sample of 2 ml was mixed with 6 ml of 0.1% a-cyano-4- 
hydroxycinnamic acid, 0.1% trifluoroacetic acid and acetonitrile 
(1:1). A volume of 0.5 ml was applied to a MALDI plate and air-dried 
at room temperature. The spectrometer was operated in linear 
mode for MS acquisition and reflected mode for MS/MS acquisitions 
using modulated power with 200 random shots. Data were saved in 
standard Bruker’s software format.  

 
 
Protein identification 

 
Spots were identified using peptide mass fingerprinting (PMF) and 
“de novo” sequencing. The mass list for each sample was analyzed 
using the program MASCOT v2.1.0, Matrix Science, London 
(http://www.matrixscience.com) assuming one missed cleavage, 
carboxymethylation and methionine oxidation was used as 
modifications. The lists of masses were compared against the non-
redundant NCBI database. Results were evaluated by comparing 
the molecular mass and isoelectric point of the hit of the highest 
score data reported and observed in 2D gels. De novo sequencing 
was conducted manually, subtracting the masses from y series and 
comparing to amino acid masses. Sequences were then compared 
to the Swiss-Prot Data base (www.expasy.org ) using the MPSrch 
tool from the European Bioinformatics Institute (EBI). Only protein 
hits with molecular mass and isoelectric point values similar to 
those found on gels, together with coverage, similarity and tryptic 
digestion pattern were considered as a match. 

RESULTS  

 
Comparative analyses of protein maps 

 
Proteins were extracted from midguts of 2-day-old, fifth 
instar larvae of A. gemmatalis and S. frugiperda. After 
extraction, two-dimensional gels from midguts of S. 
frugiperda (Figure 1a) and A. gemmatalis (Figure 1b) 
larvae were obtained using a pH range varying from 3.0 
to 11.0 and molecular mass varying from 14.4 to 116 
kDa. Protein maps obtained from two independent 
samples were scanned and further compared to identify 
differences in protein expression using the BioNumerics 
software. Each protein sample was analyzed in triplicate 
and corresponding gels showed correlation values higher 
than 0.9 (data not shown). Two-dimensional gels from the 
S. frugiperda analyzed showed 206 spots, distributed 
throughout the gel. pIs and molecular masses of 
identified proteins varied from 3.0 to 11.0 and from 11 to 
78 kDa, respectively (Figure 1a). Most of the spots were 
situated between pIs 5.0 and 8.0, where the most 
abundant proteins are also located. A similar profile was 
observed for A. gemmatalis (Figure 1b), where a high 
quantity of spots were resolved (385 spots), showing 
proteins with pH varying from 3.0 to 11 and molecular 
masses ranging from 6.67 to 88 kDa (Figure 1b). Most of 
the spots were situated between pIs 6.0 and 8.0, where 
the most abundant proteins are also located.  

Spots were sliced for mass spectrometry protein 
identification, trypsinized, submitted to mass 
spectrometry analyses (MALDI-ToF-ToF) and further 
analyzed. Thirty spots were analyzed, and 10 of these 
were identified by mass spectrometry. The  spot  proteins 
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Table 1. Proteins identified by MALDI ToF MS from Spodoptera frugiperda (proteins spots 1-5) and Anticarsia gemmatalis (Protein spots 6-10).  
 

Spot Protein class (species) Species 
Accession 
number 

Score 
Gel molecular 

mass (KDa) 
Theoretical 

molecular mass (Da) 
Gel pI Partial sequences 

S1 Catalase 1  A. gambiae gi|40792585 50 54.48 54958 7.98 R.FSTVGGESGSADTVRDPR.G 

S2 Hypothetical protein  L. loa gi|312071189 37 34.00 24550 3.00 R.SAIPAAIQAPCTVVHIR.D 

S3 Putative enolase protein  S. frugiperda gi|158451691 149 49.63 40899 6.78 PMF 

S4 Phaseolin  V. legumin gi|640273 147 24.57 44965 3.51 PMF 
         

S5 
Glyceraldehyde-3-
phosphate dehydrogenase  

R. norvegicus gi|56188 105 39.84 36098 8.98 K.LISWYDNEYGYSNR.V 

         

A6 Putative enolase  S. incertulas gi|254934399 106 83.49 40802 11.61 PMF 

A7 Arginine kinase  K. rumia gi|269116647 99 36.42 19248 9.51 PMF 

A8 Hypothetical protein  S. moellendorffii gi|300156048 86 49.02 95526 4.59 PMF 

A9 Inorganic pyrophosphatase  E. cuniculi  gi|19074643 74 59.04 32079 8.16 R.GDNDPLDVIEIGRK.R 
         

A10 
Farnesoic acid O-methyl 
transferase  

B. mori gi|148298754 51 27.58 25359 8.07 R.VGTDADGDEIYAGR.A 

 

Peptide mass fingerprint (PMF) and MS/MS ion search was performed and further submitted to Mascot software. Mpsrch score, sequence, pI and molecular mass were used for protein identification. 
Proteins that showed no sequence, identified by PMF, were only identified by Mascot scores. 
 
 
 

identified from S. frugiperda were named S1, S2, 
S3, S4 and S5. Spots were named A6, A7, A8, A9 
and A10 for the proteins identified from A. 
gemmatalis (Table 1). Peptide mass fingerprint 
(PMF) and MS/MS ion search were performed 
with trypsinized samples, and Mascot search and 
EBI databanks were used for further data mining 
(Table 1).  
 
 
Mass spectrometry protein identification of S. 
frugiperda 
 
Protein S1 from S. frugiperda showed a clear 
similarity to catalase I protein from Anopheles 
gambiae (Table 1) (David and Ranson, 2004). 
The second spot (S2) was also identified by 
MS/MS analyses, as a hypothetical protein, 
showing similarities to proteins from Loa loa 

(Nematoda: Onchocercidae) (Table 1, spot S2) 
being impossible to relate a clear function 
(Nutman et al., 2010). Protein spot S3 obtained 
from S. frugiperda showed similarity to putative 
enolase protein from S. frugiperda (Regier et al., 
2009). Lastly, protein spot S5 from S. frugiperda 
was identified as glyceraldehyde-3-phosphate 
dehydrogenase protein (Piechaczyk et al., 1984).  
 
 
Mass spectrometry protein identification of A. 
gemmatalis 
 
The midgut of A. gemmatalis also generates 
differential proteins. Protein spot A6, obtained 
from A. gemmatalis, showed similarity to a 
putative enolase protein from Scirpophaga 
incertulas (Regier et al., 2009). Arginine kinase 
(AK) protein (spot A7) is one of the proteins which 

are identified by fingerprint analyses (Wahlberg et 
al., 2009). The next spot, A8, was also identified 
by fingerprint analyses as hypothetical proteins, 
showing similarities to proteins from the nematode 
Selaginella moellendorfii (Table 1, spot A8) 
(Banks et al., 2011). Spot A9 from A. gemmatalis 
was identified as an inorganic pyrophosphatase 
GB-M1 protein (Katinka et al., 2001), which is 
responsible for catalyzing the conversion of one 
molecule of pyrophosphate to two phosphate ions 
(Harold, 1966). Finally, the last protein identified in 
A. gemmatalis, named A10, showed homology to 
putative farnesoic acid O-methyl transferase from 
Bombyx mori (Xu et al., 2008). Farnesoic acid O-
methyltransferase (FaMeT) is the enzyme respon-
sible for the conversion of farnesoic acid (FA) to 
methyl farnesoate (MF) in the final step of MF 
synthesis (Kuballa et al., 2007). The FAMeT gene 
was   well   identified  in crustaceans in  which MF 

http://www.matrixscience.com/cgi/master_results.pl?file=../data/20101210/FttAfrTtT.dat#Hit1
http://www.matrixscience.com/cgi/master_results.pl?file=../data/20101210/FttAfrTtT.dat#Hit1
http://www.matrixscience.com/cgi/protein_view.pl?file=../data/20101210/FttAfauwt.dat&hit=gi%7c67043757&db_idx=1&px=1&ave_thresh=50&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0
http://www.matrixscience.com/cgi/master_results.pl?file=../data/20101210/FttAfrcOh.dat#Hit1
http://www.matrixscience.com/cgi/master_results.pl?file=../data/20101210/FttAfrawR.dat#Hit1
http://www.matrixscience.com/cgi/master_results.pl?file=../data/20101210/FttAfGYeR.dat#Hit1
http://www.matrixscience.com/cgi/master_results.pl?file=../data/20101210/FttAfrcaR.dat#Hit1
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production is specific to the mandibular organ, and 
homologous to the insect brain gland Corpora allata 
(Chang, 1993; Kuballa et al., 2007). Vannini et al. (2010) 
reported that this gene has been found in the penultimate 
step of insect juvenile insect development and repro-
duction. Additionally, JH hormone is effective in insect 
metamorphosis, regulating modification processes in 
larval instars. 
 
 
DISCUSSION 
 
Protein S1 from S. frugiperda showed a clear similarity to 
catalase I protein, which are commonly accumulated 
inside peroxisomes, which are present in a wide variety 
of eukaryotic organisms, including insects. They 
commonly contain oxidases that generate hydrogen 
peroxide and catalase that degrades hydrogen peroxide 
to oxygen and water (Switala and Loewen, 2002; 
Chelikani et al., 2004; Kurisu et al., 2003), being 
important for detoxification. Moreover, peroxysomes play 
an indispensable role in the oxidation of very long-chain 
fatty acids (Reddy and Mannaerts, 1994), as well as 
playing an anabolic role in the biosynthesis of cholesterol, 
bile acids and plasmalogen (van den Bosch et al., 1992) 
suggesting that this enzyme is also involved in lipid 
metabolism. Finally, since catalases are involved in 
cholesterol biosynthesis, this enzyme is also important for 
biosynthesis of ecdysion, one of the most important 
hormones which control the ecdysis process in insects 
(van den Bosch et al., 1992; Nation, 2002).  

Protein spot S3 which was identified from larvae of S. 
frugiperda showed similarity to putative enolase protein 
from S. frugiperda. Enolase is a well-known enzyme in 
cell metabolism, mediating the activation of multiple 
enzymes involved in tissue response to invasion by 
pathogens and tumor cells, being controlled by host 
immune response (Falabella et al., 2009). Some protein 
spots showed clear similarity to proteins not directly 
related to midgut proteins. For example, spot 4 showed 
similarity to a common Vicili legumin structure of seed 
storage proteins (Lawrence et al., 1990), indicating that 
proteins previously digested from broth may also be 
observed in this kind of approach.  

Glyceraldehyde-3-phosphate dehydrogenase protein 
was another protein obtained from this species (S5). This 
~37 kDa enzyme catalyzes the sixth step of glycolysis 
and thus serves to break down glucose for energy and 
carbon molecule production. In addition to this long 
established metabolic function, GAPDH has recently 
been implicated in several non-metabolic processes, 
including transcription activation and initiation of 
apoptosis (Tarze et al., 2007).  

Arginine kinase (AK) protein (spot A7) is one of the 
proteins identified by fingerprint analyses. AK belongs to 
a class of kinases that play a role in the maintenance of 
ATP levels by phosphorylation  of  "phosphagens",  which 

 
 
 
 
then serve as a high energy source from which ATP can 
be rapidly replenished. In a wide variety of invertebrates, 
phosphoarginine is the most important phosphagen, in 
contrast to phosphocreatine normally found in vertebrates 
(Pereira et al., 2000). Furthermore, Pereira et al. (2000) 
showed that AK is important for chitin biosynthesis. Chitin 
is one of the polysaccharides that are used in cuticle 
structures of insects, and it provides stability and 
firmness of the cuticle, inhibiting the impact of external 
factors such as pathogens, predators, parasites and 
pesticides (Nation, 2002).  

Spot A9 from A. gemmatalis was identified as an 
inorganic pyrophosphatase GB-M1 protein (Katinlka et 
al., 2001), which is responsible for catalyzing the 
conversion of one molecule of pyrophosphate to two 
phosphate ions (Harold, 1966). This is a highly exergonic 
reaction, and can therefore be coupled to unfavorable 
biochemical transformations in order to drive these 
transformations to completion (Terkeltaub, 2001). The 
functionality of this enzyme plays a critical role in lipid 
metabolism (including lipid synthesis and degradation), 
calcium absorption and bone formation (Orimo et al., 
1971; Poole and Reeve, 2005) and DNA synthesis 
(Nelson and Cox, 2000), as well as other biochemical 
transformations (Ko et al., 2007; Usui et al., 2010). 

Finally, the last protein identified in A. gemmatalis, 
named A10, showed homology to putative farnesoic acid 
O-methyl transferase (FaMeT) from Bombyx mori, which 
is responsible for the conversion of farnesoic acid (FA) to 
methyl farnesoate (MF) in the final step of MF synthesis 
(Kuballa et al., 2007). The FAMeT gene was well 
identified in crustaceans in which MF production is 
specific to the mandibular organ, homologous to the 
insect brain gland Corpora allata (Chang, 1993; Kuballa 
et al., 2007). Vannini et al. (2010) reported that this gene 
has been found in the penultimate step of insect juvenile 
hormone (JH) biosynthesis, thus being a key regulator in 
insect development and reproduction. Additionally, JH 
hormone is effective in insect metamorphosis, regulating 
modification processes in larval instars. 

This proteomic work indicates novel targets that could 
be used for insect-pest control. For example, the 
blockage of farnesoic acid O-methyltransferase by 
different inhibitors could lead to the creation of novel 
insect growth regulators (IGRs). These normally cause 
delay in larval transformation to the next instar, be it pupa 
or adult, making them effective as a natural control. If 
larvae manage to overcome this product and enter the 
next instar, this novel IGR could affect size and 
reproduction system, decreasing the oviposition period 
(Nation, 2002). Furthermore, other identified proteins, 
such as catalases and arginine kinases, were effective in 
physiological process including lipid metabolism 
metamorphosis, ecdysis and reproduction. So, 
manipulation in the biosynthesis of these pathways by 
inhibitors could also be an effective step in controlling 
these pests. 

http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Glycolysis
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Transcription_(genetics)
http://en.wikipedia.org/wiki/Apoptosis


 
 
 
 

Conclusion 
 
Our report indicates different targets found in the midgets 
of two important insect-pests that could be used for 
bioinsecticidal development. These data encourage us to 
take a new route toward creating different strategies for 
insect-pest control. In short, the identification of proteins 
by 2D can lead to new approaches involving synthetic or 
chemical plant proteinase inhibitors in pest management. 
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