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Analysis of Proteins Associated with Chinch Bug (Blissus leucopterus
leucopterus Say)-Infested Corn (Zea mays L.) Seedlings
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Abstract: A proteomics approach was used to study the proteins associated with chinch bug infested corn seedlings. Ex-
amination of two-dimensional gels revealed the presence of more than 600 high quality protein spots each from chinch
bug-infested and healthy corn seedlings. A total of 31 protein spots was selected for matrix-assisted laser desorption and
ionization time-of-flight mass spectrometric analysis. Among the protein spots selected, 13 were from infested plants, 10
from healthy plants, and four each from healthy and infested plants having differential expressions. Peptide mass finger-
printing revealed that each spot analyzed represents a different protein. Thirty-nine percent of the proteins had confirmed
identity and the rest were tentatively identified. Among 13 proteins analyzed from infested seedlings most were related to
defense, cell rescue, virulence and metabolism. Some of these proteins related to metabolism and protein synthesis were
down-regulated in the infested seedlings. All proteins except one from infested corn seedlings seem to be activated in the
plant system because of the chinch bug-induced stresses including osmotic, oxidative and acid stresses, and wounding.
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INTRODUCTION

The common chinch bug, Blissus leucopterus leucopterus
(Say) is an important early season pest of corn, Zea mays L.,
in the southeastern United States [1]. Chinch bug nymphs
and adults have piercing and sucking mouthparts and can
cause serious damage to corn crops. Adults and nymphs suck
plant sap from the base of the stem and roots of the seedlings
causing wilting, stunting, and sometimes death of the plants.
Feeding on and attack at the early developmental stages of
corn may lead to a severe deformation of corn seedlings re-
ferred as ‘goose-necking’ and characterized by abnormally
long whorl with tightly furled leaves [1]. Goose-necking is
terminally detrimental to the seedlings as they do not reach
maturity and often break apart in the curved stalk area. The
level of crop damage and associated yield losses depends on
the insect populations and growth stage of the crop at the
time of the infestation. Seedlings are more sensitive to insect
damage than older plants [2]. The current chinch bug man-
agement strategies are early planting of corn and preventive
or rescue applications of insecticides [1]. Early planting is
not always feasible because of inclement weather conditions.
Similarly, the insecticides are costly and sometimes ineffec-
tive because of difficulties in getting the insecticides to the
chinch bug feeding sites. Moreover, the growing concerns of
public health and environmental impacts have limited the use
of some insecticides. Therefore, both planting date adjust-
ment and pesticide-based management strategies are often
not practical. In this context the utilization of host resistance
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seems very promising. The presence of different levels of
resistance in corn varieties to chinch bug attack has been
reported [1, 3, 4] but no report is available as to the presence
of desired levels of resistance to chinch bug in any commer-
cially cultivated corn varieties.

Abnormal appearance of corn seedlings upon chinch bug
infestation is a complex phenomenon which may be attrib-
uted to several factors. As the insect pierces the plant cells
and tissues and sucks plant sap, the mechanical damage to
the plant cells and tissues and the depletion of nutrients from
the plant system could be important factors responsible for
an abnormal appearance. The possible roles of some chemi-
cal factor (s) of insect origin injected into the plant system
during the infestation process and their interactions with host
factor(s) might have also some importance in this complex
phenomenon. This study aims (1) to investigate and compare
proteomes from chinch bug-infested and healthy corn seed-
lings, and (2) to analyze new and differentially-expressed
proteins from both systems on a functional basis. This study
will elucidate the biological basis of abnormal appearance of
corn seedlings. Such information would be useful in devise
appropriate pest management strategies.

MATERIALS AND METHODOLOGY
Chemicals

Chemicals trichloroacetic acid (TCA) and a-cyano-4-
hydroxycinnamic acid (CHCA) were purchased from Sigma-
Aldrich Chemical Company (St. Louis, MO, USA) and so-
dium dodecyl sulfate (SDS) was obtained from Fischer Sci-
entific Company (Fairfield, NJ, USA). Other chemicals such
as Pharamalyte, 3-[(3-Cholamidopropyl)-dimethylammonio]-
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1-propane sulfonate (CHAPS) and dithiothreitol (DTT) were
purchased from GE Health Care (Piscataway, NJ, USA)
whereas ethylene-diamine-tetra-acetic acid (EDTA) was
obtained from Polysciences (Warrington, PA, USA).

Insects

Chinch bugs, Blissus leucopterus leucopterus (Say), were
collected in the 500 ml polypropylene jars from R. R. Foil
Plant Science Research Center at Mississippi State Univer-
sity. Insects were then transferred into the clear plastic tote
(24-1/4"L X 17-1/4"W X 15"H) containing pre-grown young
corn seedlings. The top of the tote was tightly covered with
muslin cloth to prevent the bugs from escaping. Chinch bugs
in the clear tote were maintained in the growth chamber at 32
°C and 75% relative humidity with a light and dark cycle of
16/8 hr, respectively, until they were used for the infestation
study.

Plant Materials

Corn (Zea mays L.) seeds of the cultivar Trucker’s Fa-
vorite White were planted (two seeds per pot) in 15 cm di-
ameter plastic pots with drainage holes. Plants were watered
as needed through pot bottoms. Three to four days after
emergence, the plants were thinned to one plant per pot.
Plants were maintained in the growth chamber under fluo-
rescent light (6000 Ix, 16 h light period per day) at 75% rela-
tive humidity and 32°C. Seven to ten day old seedlings of
V,.3 leaf stages as described previously [5], were infested
with twelve chinch bugs per seedling for seven days. Healthy
plants were grown in the same environment without chinch
bug infestation. Deformed seedlings were harvested on the
seventh day post infestation along with the healthy seedlings.
Above ground plant tissues were weighed, labeled and stored
at -80°C until further processing.

Protein Extraction

Total protein was extracted according to the method of
Hurkman and Tanaka [6]. Briefly, one gram of lyophilized
plant tissue was pulverized in liquid nitrogen, and suspended
in to 2.5 ml of extraction buffer [0.7M sucrose, 0.5M Tris
(pH 8.5), 0.05M EDTA, 0.1M KCI and 2% (viv) 2-
mercaptoethanol] and incubated for 10-15 min at 4°C. An
equal volume of water-saturated phenol was added, and the
mixture was incubated for 10 min on a shaker at room tem-
perature followed by centrifugation at 5000Xg for 10 min.
The organic phase was recovered and re-extracted with an
equal volume of extraction buffer. Proteins were precipitated
from the organic phase by the addition of five volume of a
methanol solution [0.1M NH4Ac in methanol and 1% (v/v)
2-mercaptoethanol] and incubated at -20°C overnight. The
precipitate was washed three times each with methanol solu-
tion and acetone (80%). The pellet was dried and stored at -
20°C.

Protein Solubilization and Quantification

The protein pellet was suspended in a rehydration buffer
[7M urea, 2M thio-urea, 4% (w/v) CHAPS, 1% (w/v) DTT
and 2% (v/v) Pharmalyte pH 3-10]. The suspension was
sonicated at 18-20°C for 30 min and centrifuged at
190,000Xg for 30 min in a Beckman Airfuge Ultracentrifuge
(Beckman Coulter Inc, Fullerton, CA, USA). Protein con-
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centration was measured using the 2D Quant kit (GE Health
Care, Piscataway, NJ, USA).

IEF and SDS-PAGE

Twenty-four centimeter-long immobilized pH gradient
(IPG) strips with the pH range of 4 to 7 from the Bio-Rad
(Hercules, CA, USA) were rehydrated in 400 pl rehydration
buffer containing approximately 2mg protein in an IEF Pro-
tean Cell (Bio-Rad) for 12 hrs at 50V and 23°C. The voltage
was programmed to increase linearly from 0 to 500 V over
the period of one hour followed by 500 V to 10,000 V over
the period of 5 h and then held at 10,000 V for a total of 100
kVh. After focusing, the IPG strips were incubated with 1%
DTT (w/v) in 10 ml equilibration buffer [6 M Urea, 30%
(wiv) glycerol, 2% (w/v) SDS, 50 mM Tris-HCI (pH 8.8)
and 0.002% (w/v) bromophenol blue] for 15 min and alky-
lated with 2.5% (w/v) iodoacetamide in 10 ml of equilibra-
tion buffer for 15 min. Equilibrated strips were transferred to
12.5% polyacrylamide gel electrophoresis (SDS-PAGE) gels
for second dimension electrophoresis in an Ettan Dalt-six gel
system (GE Healthcare, Piscataway, NJ, USA). Electropho-
resis was performed using 0.1% SDS electrophoresis buffer
(25 mM Tris-HCI, 192 mM glycine and 0.1% (w/v) SDS] in
the lower chamber and 0.2% SDS electrophoresis buffer in
the upper chamber at 100 V for 12-14 hr.

Image Acquisition and Analysis

After the second dimension electrophoresis, gels were
stained using hot Coomassie brilliant blue [7], and destained
with a solution containing 10% acetic acid and 30% metha-
nol. Gel images were captured using a Versa Doc 3000
multi-imager (Bio-Rad) and analyzed with PDQuest 2D
analysis software (Bio-Rad). The protein expression patterns
in the gels from healthy and infested plants were also visu-
ally analyzed, and the protein spot, which were present in
one group of gels and absent in another group and those hav-
ing distinct differential expression patterns were selected for
further analysis.

MS Analysis and Peptide Mass Fingerprinting and Pro-
tein ldentification

Protein spots of interest were manually excised with
OneTouch Spot Pickers (Gel Company, San Francisco,
USA). Excised protein spots were subjected to trypsin diges-
tion using an In-Gel Tryptic Digestion Kit (PIERCE,
Rockford, IL, USA) following the manufacturer’s instruc-
tions. After digestion, the reaction mixture was desalted with
C1sMB pipette tips (Varian, Palo Alto, CA, USA), according
to the manufacturer’s instructions. Peptides were eluted in a
volume of 2 ul using 50% (v/v) acetonitrile containing 0.1%
TFA. Peptides were mixed with an equal volume of matrix
solution [a-CHCA saturated with 50% (v/v) acetonitrile con-
taining 0.3% TFA] and deposited onto the matrix assisted
laser desorption ionization (MALDI) target plate. Peptide
masses were measured using a Voyager Elite MALDI-
TOF/MS (Applied Biosystems, Framingham, MA, USA) in
positive reflectron mode at a maximum accelerating potential
of 20 kV. The peptide mass fingerprints were processed
manually to exclude the non-target fragments originated
from matrix and trypsin autolysis. Edited peptide masses
were used to identify the protein on SwissProt database
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(http://www.matrixscience.com) using MASCOT search
engine software (Matrix Science, London, UK). A signifi-
cant Mowse score at 95% confidence level, maximum pep-
tide coverage and experimental confirmation of M, and pl
values of the protein were considered as a reliable identifica-
tion.

RESULTS AND DISCUSSION
Comparison of Two Dimensional Protein Maps

Protein maps for this study were derived using IPG strips
with pH range of 4 to 7. The selection of this pH range was
based on the results of our preliminary study, which revealed
that more than 95% of the soluble proteins in corn cultivar,
Trucker’s Favorite White, had an isoelectric point in the
range of pH 4 to 7 (data not shown). Previous studies with
other corn lines had reported the majority of corn proteins
having an isoelectric point in this pH range [8, 9]. The pro-
tein maps for the chinch bug-infested and healthy corn seed-
lings are presented in the Figs. (1 and 2), respectively. Pro-
tein expression patterns in 2-D gels of chinch bug-infested
and healthy corn seedlings were generally similar. Approxi-
mately 600 discrete protein spots were detected from both
sample categories. The PDQuest analysis followed by visual
comparison of the gels (three gels from each category) re-
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vealed that 10 protein spots were detected only in healthy
seedlings; 13 were detected only in infested seedlings, and
four proteins each were up-regulated or down-regulated in
the infested seedlings (Figs. 1 and 2). This result is in
agreement with a previous study, which noted the changes in
the protein expression in wheat seedlings upon aphid infesta-
tion without visible changes in the infested seedlings [10].
Presence and absence of proteins and their differential ex-
pression were the common phenomenon when plants were
exposed to stresses such as oxidative stress, salt stress and
drought stress [9, 11-13]. A total of 31 protein spots having
consistent presence or absence in at least two of three gels
were selected for peptide mass fingerprinting. These proteins
had molecular weights between 6 and 64 kDa. However,
proteins having molecular weights of 4 kDa to as high as 200
kDa were also observed in 2-D gels from both sample cate-
gories.

Peptide Mass Fingerprinting and Protein Identification

All thirty-one purposefully selected protein spots resulted
in good quality, reproducible peptide mass fingerprints. Ho-
mology searches for the peptides from the protein spots re-
vealed that each spot represents a separate protein; their de-
tail is presented in the Table 1. Eighteen proteins had 6 to 15
matching peptides, 19 to 45% sequence coverage, and sig-
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Fig. (1). Coomassie-stained 2-D protein map of chinch bug-infested maize seedlings showing the position of the selected protein spots for

mass spectrometric analysis.
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Fig. (2). Coomassie-stained 2-D protein map of healthy maize seedlings showing the position of the selected protein spots for mass spectro-

metric analysis.

nificant Mowse scores at 95% confidence level. The other 13
proteins had 6 to 12 matching peptides, 9 to 29% sequence
coverage, and a non-significant Mowse score (p >0.05). Pro-
teins having a significant Mowse score (= 53) with closer
experimental Mr and/or pl values to theoretical values were
considered reliably identified. In this experiment about 39%
proteins were reliably matched. The other proteins had non-
significant Mowse scores and there was a difference between
experimental and/or theoretical values for either Mr, pl or
both. Such differences in the experimental and theoretical
values could have been the result of post-translational modi-
fication of proteins [14, 15]. Seven of the thirty-one proteins
had approximately three times higher theoretical Mr than
their corresponding experimental Mr. This situation might be
the combined effect of post-translational modifications and
protein fragmentation during the protein purification and
subsequent down-stream application processes.

Functional Analysis of Proteins

Chinch bug infestations cause abnormalities in the corn
seedlings such as stunting, wilting, goose-necking, and
sometimes the death of the seedlings. Therefore the proteins
from healthy and infested corn seedlings with confirmed and
tentative identities were categorized at the functional level. A
scheme of identified proteins according to their biological

functions is presented in Fig. (3). As some proteins have
been associated with more than one function, a single protein
can be placed into different functional groups. Of the 31 pro-
teins with confirmed and tentatively-confirmed identity, 10
proteins were involved in metabolism (biosynthesis of amino
acids, flavonoids and carbohydrates, nitrate assimilation,
lipid hydrolysis and reversal hydration of carbon dioxide),
five in cell rescue, defense and virulence (conversion of
monodehydroascorbate, conjugation of reduced glutathione,
pest resistance and senescence or response to wounding,
molecular chaperon), three in protein fate (recognition, as-
sembly, translocation and folding), three in structural and
binding function, two in energy production (manganese sta-
bilization and ATP production), and other two proteins were
involved in cellular fate (senescence, cell division and
growth). Similarly, each protein was involved in transcrip-
tion, cellular communication (phosphatidic acid accumula-
tion upon dehydration stress), storage (somatic storage), cel-
lular transport (mitochondrial protein import and macromo-
lecular assembly), development, cell cycle and DNA proc-
essing, and interaction with the environment (disease resis-
tance). One protein identified was a hypothetical protein
at1g22800 with an unknown function. For convenience in
the presentation of results, 31 proteins identified in this work
are categorized into one of three different groups as: (i) those
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Table1. Properties of Proteins from Chinch Bug Infested and Healthy Corn Seedlings

Spot Protein Mowse Coverage pl MW (kDa) Sample
No- Acc. No. Name Score () Theo. Exp. Theo. Exp. Source
1 QIMUVO RNA polymerase alpha subunit 56 35 5.4 4.6 35.3 14.0 |
2 049079 Oxygen evolving enhancer protein 1 57 20 6.3 4.6 34.8 15.0 |
3 QISR59 Probable monodehydroascorbate reductase 60 23 5.2 5.1 48.0 135 |
4 P41088 Chalcone-flavonone isomerase 72 45 5.3 5.4 26.6 30.0 H
5 P46422 Glutathione S-transferase PM24 48 20 5.9 5.8 24.0 31.0 H
6 Q9C5Y0 Phospholipase D Delta 45 16 6.7 6.1 97.7 315 |
7 Q95230 Imidazole glycerol phosphate synthase hisHF 50 21 6.3 6.1 64.2 12.0 |
8 Q40147 Glutamate-1-semialdehyde 2, 1-aminomutase 64 30 6.5 6.2 51.3 36.0 H
9 P10743 Stem 31kDa glycoprotein 48 29 6.7 6.1 29.3 355 H
10 P39871 Nitrate reductase NADPH 58 30 6.2 6.1 39.9 35.0 H
11 Q96558 UDP-glucose-6-dehydrogenase 57 19 5.7 6.6 52.9 415 |
12 Q43497 Monodehydroascorbate reductase 65 31 5.8 48 47.0 32.0 |
13 P93527 Phytochrome B 40 13 5.7 43 129.1 36.0 H
14 P92792 Mitochondrial import receptor subunit TOM20 58 37 5.3 45 228 53.5 |
15 080543 Hypothetical protein at1g22800 54 23 5.1 5.8 39.9 57.0 |
16 QBBS3 ATP synthase alpha chain 56 22 5.2 5.7 55.7 59.0 |
17 Q43298 Chaperonin CPN60-2, mitochondrial 33 14 5.7 5.7 60.9 60.5 |
18 P37831 Lypoxygenase 1 40 10 5.4 6.0 96.9 54.0 H
19 QILVT4 Probable disease resistant protein At5g7250 43 14 5.6 6.1 94.7 47.0 H
20 Q43831 RuBisCO binding protein beta subunit 52 21 49 5.2 53.4 36.0 H
21 QIFNF2 Starch synthase, chloroplast 38 15 6.0 5.8 721 36.0 I-UR
22 P27140 Carbonic anhydrase 82 42 55 6.1 295 11.0 I-DR
23 P54774 Cell division cycle protein 48 homolog 29 9 5.2 43 89.7 14.0 I-DR
24 Q09011 Calcium binding protein (CAST) 55 35 4.6 45 22.6 35.0 I-UR
25 P92981 5’-adenyllylsulfate reductase 2, chloroplast 68 33 6.5 6.1 50.6 23.0 I-DR
26 P80608 Cysteine synthase 71 28 5.9 6.2 34.2 345 I-DR
27 P46750 Protein disulfide-isomerase 45 17 52 5.9 57.1 435 I-UR
28 QIFVT2 Probable elongation factor 1-gamma 2 57 21 5.6 5.7 46.4 15.0 I-UR
29 QISN58 Probable UDP-glucose 4-epimerase At4g10960 64 25 55 4.8 38.5 435 I-UR
30 Q08277 Heat shock protein 82 32 14 5.0 438 81.8 435 |
31 P80639 Eukaryotic translation initiation factor 5A 55 27 5.6 5.8 175 16.0 I-UR

Note: Proteins with Mowse score of 53 or higher are considered reliably identified. Letters | and H denote chinch bug infested and healthy corn seedlings, respectively, while UR and
DR denote up-regulation and down-regulation of the corresponding protein in the infested seedlings.
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Fig. (3). Schematic presentation of identified proteins based on their biological functions (protein accession numbers are used for this presen-

tation).

from infested seedlings only, (ii) those from healthy seed-
lings only, and (iii) those present in both sample categories
but having differential expression levels or relative abun-
dance. The role of these proteins in the abnormal appearance
of chinch bug-infested corn seedlings will be discussed in
the following sections as appropriate.

Proteins from Chinch Bug-Infested Corn Seedlings

Proteins associated exclusively with the chinch bug-
infested seedlings are presented with their possible functions
in the Table 2. These proteins were responsible for transcrip-
tion (n=1), energy production (n=2), cell rescue, defense and
virulence (n=3), metabolism (n=2), metabolism and cellular
communications (n=1), protein fate (n=1), protein fate and
cellular transport (n=1), protein binding (n=1) and an un-
known function (n=1).

The DNA-directed RNA polymerase alpha chain sub unit
(spot 1) is a product of gene rpoA, which catalyzes the tran-

scription of DNA into RNA. As this gene has been reported
to be associated with the expression of some virulence genes
within Agrobacterium tumefaciens [16], it might have a role
in the expression of virulence gene(s) of chinch bug origin in
the plant system. The oxygen evolving enhancer protein
(spot 2) is encoded by the gene psbO, and it is essential for
an efficient and stable oxygen evolution, and is present in
higher plants, green algae and cyanobacteria [17, 18]. It ap-
pears to play a major role in the stabilization of manganese
cluster, probably by protecting it from endogenous reduc-
tants [19]. The possible roles of the photosystem II, and
more specifically of psbO in constituting a basal defense
mechanism against biotic stress, i.e. viral infection, have
been proposed previously [20]. Monodehydroascorbate re-
ductase (spots 3 and 12) is a key enzyme in maintaining re-
duced pools of ascorbate by reducing monodehydroascorbate
to ascorbate, oxidizing NADP in the process. The ascorbate
is @ major antioxidant in the plant cell and it can act as a di-
rect free radicals scavenger [21] or as an electron donor to

Table 2.  Proteins from Chinch Bug-Infested Corn Seedlings with Putative Functions

Spot No. Accession No. Protein Name Function
1 QIMUVO DNA directed RNA polymerase alpha chain Transcription
2 049079 Oxygen evolving enhancer protein Energy production
3 QISR59 Probable monodehydroascorbate reductase Cell rescue, defense and virulence
6 Q9C5Y0 Phospholipase D delta Metabolism and cellular communications
7 Q95230 Imidazole glycerol phosphate synthase Metabolism
11 Q96558 UDP glucose 6 dehydrogenase Metabolism
12 Q43497 Monodehydroascorbate reductase Cell rescue, defense and virulence
14 P92792 Mitochondrial import receptor subunit Protein fate
15 08043 Hypothetical protein At1g22800 Unknown
16 QBBS3 ATP synthase alpha chain Energy production
17 Q43298 Chaperonin CPN 60-2 Protein fate and cellular transport
24 Q09011 Calcium binding protein Protein with binding function
30 Q08277 Heat shock protein 82 Cell rescue, defense and virulence
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ascorbate peroxidase for scavenging hydrogen peroxide in-
volved in the ascorbate-glutathione cycle [22, 23]. Phosphol-
ipase D delta (spot 6) may be involved in phosphatidic acid
accumulation in the dehydration stress responses and in the
transduction of the hormonal and environmental signals to
the microtubule cytoskeleton [24]. The production of phos-
pholipase D delta in infested plant tissue could be the result
of the depletion of plant sap by chinch bugs. Imidazole glyc-
erol phosphate synthase (spot 7) is a member of the glu-
tamine amidotransferase family and links histidine and de
novo purine biosynthesis. The amido group of glutamine is
transferred to a large variety of acceptor substrates by glu-
tamine amidotransferase during the synthesis of various
biomolecules including amino acids, nucleotides and coen-
zymes [25, 26]. The UDP-glucose 6-dehydrogenase (spot
11) belongs to the UDP-glucose/mannose dehydrogenase
family and provides UDP glucuronic acid for hemicellulose
precursors [27]. Mitochondrial import receptor subunit
TOM20 (spot 14) functions as central component of the re-
ceptor complex responsible for the recognition and translo-
cation of cytosolically synthesized mitochondrial protein.
ATP synthase alpha chain (spot 16) is essential in producing
ATP from ADP in the presence of a proton gradient across
the membrane. Chaperonin CPN60-2, mitochondrial precur-
sor (spot 17) is responsible for mitochondrial protein import
and macromolecular assembly. It may also prevent misfold-
ing and promote the refolding and proper assembly of un-
folded polypeptides generated under stress conditions in the
mitochondrial matrix. The calcium binding protein (spot 24)
probably binds calcium ions. Calcium acts as a second mes-
senger in many higher plant cellular activities such as cell
elongation, cell division, protoplasmic streaming, and en-
zyme secretion. The HSP82 (spot 30) is one of the most
highly conserved and abundantly synthesized heat shock
proteins in the eukaryotic cells. Cells and tissues from a wide
variety of organisms synthesize heat shock proteins when
exposed to elevated temperatures or other forms of stress
[28].

Proteins from Healthy Corn Seedlings

Proteins associated exclusively with the healthy corn
seedlings are presented in Table 3 along with their biological
functions. These proteins were responsible for metabolism
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(n=2), cell rescue, defense and virulence (n=2), protein syn-
thesis (n=1), protein storage (n=1), gene regulation (n=1),
cell fate and development (n=2), interaction with environ-
ment (n=1), binding function (n=1), and cell cycle and DNA
processing (n=1).

Chalcone-flavonone isomerase (spot 4) is involved in
part of the biosynthetic pathway for all classes of flavonoids.
It is responsible for the isomerization of tetrahydroxychal-
cone into naringenin. Flavonoids constitute a relatively di-
verse family of aromatic molecules that are derived from
phenylalanine and malonyl-coenzyme A [29]. The glu-
tathione S-transferase PM24 (spot 5) is reported from in-
sects, plants, and microbes. It catalyzes nucleophilic attack
by the thiolate anion of glutathione at electrophilic centers of
hydrophobic molecules [30]. Proteins associated with chlo-
rophyll biosynthesis, glutamate 1 semi-aldehyde aminotrans-
ferase (spot 8), and somatic protein storage, stem 31kDa
glycoprotein (spot 9) were also present [31, 32]. Another
protein was the nitrate reductase protein (spot 10) having key
roles in the first step of nitrate assimilation in the plant fungi
and bacteria [33]. The phytochrome B (spot 13) is the most
abundant phytochrome in light-grown plants and it controls
stem and petiole elongation, chloroplast development, and
flowering time [34]. Lipoxygenase 1 (spot 18) is a member
of enzyme lipoxygenases and is widely spread among plants.
Lipoxygenases are differentially expressed in various tissues,
depending on the growth stage and on physiological condi-
tions. These enzymes catalyze the hydroperoxidation of
polyunsaturated fatty acids leading to different primary and
secondary oxidation products. Some of those products are
involved in the physiological response to wounding and in
pathogen resistance [35, 36]. Other tentatively identified pro-
teins were probable disease resistant protein (spot 19), Ru-
BisCO subunit binding proteins beta sub unit (spot 20) and
cell division cycle protein 48 homolog (spot 23) responsible
for interaction with environment, protein binding function
and cell cycle/DNA processing/cell fate, respectively [37-39].

Up-Regulated and Down-Regulated Proteins from In-
fested Seedlings

Differentially expressed proteins in chinch bug-infested
seedlings are presented with their functions in the plant sys-

Table 3. Proteins from Healthy Corn Seedlings with their Putative Functions
Spot No. Accession No. Protein Name Function

4 P41088 Chalcone-flavonone isomerase Metabolism
5 P46422 Glutathione S transferase PM24 Cell rescue, defense and virulence
8 Q40147 Glutamate 1 semi-aldehyde aminomutase Protein synthesis
9 P10743 Stem 31 kDa glycoprotein Storage protein
10 P39871 Nitrate reductase Metabolism
13 P93572 Phytochrome B Gene regulation
18 P37831 Lipoxygenase 1 Cell fate/development/cell rescue, defense and virulence
19 QILVT4 Probable disease resistant protein At5g7250 Interaction with environment
20 Q43831 RuBisCO subunit binding protein B subunit Protein with binding function
23 P54774 Cell division cycle protein 48 homolog Cell cycle/DNA processing/cell fate
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Table4. Up-Regulated and Down-Regulated Proteins from Chinch Bug Infested Corn Seedlings with their Putative Functions
Spot No. Accession No. Protein Name Function
Up-Regulated
21 QIFNF2 Starch Synthase Metabolism
27 P46750 Protein disulfide-isomerase Protein fate
28 QIFVT2 Probable elongation factor 1-gamma 2 Protein with binding function
29 QISN58 Probable UDP-glucose 4-epimerase At4g10960 Metabolism
Down-Regulated
22 P27140 Carbonic anhydrase Metabolism
25 P92981 Adenylylsulfate reductase 2 Metabolism
26 P80608 Cysteine Synthase Metabolism
31 P80639 Eukaryotic translation initiation factor 5A Protein synthesis

tem in Table 4. Five of the eight proteins were related to
metabolism and one each to protein fate, protein binding and
protein synthesis.

Some up-regulated proteins were those responsible for
ATP production (spot 21), protein folding (spot 27), anchor-
ing the complex to cellular components (spot 28) and bio-
synthesis of UDP-galactose (spot 29) [40-42]. The insect
infestation might have initially induced the plant system to
produce additional energy and structural substances. Among
four down-regulated proteins, carbonic anhydrase (spot 22)
catalyzes the reversible hydration of carbon dioxide to car-
bonic acids [43], and therefore may play a role in pH regula-
tion. Adenylylsulfate reductase 2 (spot 25) and cysteine syn-
thase (spot 26) are involved in the cysteine biosynthesis
process [42, 44]. The eukaryotic translation initiation factor
5A (spot 31) is responsible in the formation of the first pep-
tide bond in the process of protein synthesis [44]. Down
regulation of these four proteins in infested seedlings indi-
cates a reduced level of protein synthesis in infested seed-
lings.

CONCLUSION

To the best of our knowledge this is the first investigation
on the interactions between chinch bugs and corn seedlings
using 2-D gel electrophoresis and mass spectrometry. A
large number of high quality protein spots were resolved in
2-D gels from both treatments. Though total number of pro-
teins resolved in each gel did not differ much between treat-
ments, the difference was still enough to explain the biologi-
cal phenomenon associated with an abnormal appearance of
corn seedlings. Presence of 13 and 10 different proteins in
only infested seedlings and / or healthy seedling, and eight
other differentially expressed proteins in infested corn seed-
lings enabled us to make inferences on the biological basis of
abnormal appearance of the chinch bug infested corn seed-
lings. Proteins related to metabolism and defense formed a
major group among the proteins detected from the infested
seedlings showing that the infestation might have induced
these proteins especially at the early stage of infestation. We
also noticed up-regulation of some metabolic and structural
proteins in the infested seedlings, and the down-regulation of

proteins associated with protein synthesis and metabolism
such as carbonic anhydrase, adenylylsulfate reductase and
cysteine synthase.

With one exception, all of the proteins identified in the
chinch bug - corn interaction seem to be activated within the
plant system as a result of chinch bug-induced stresses such
as osmotic stress, oxidative stress, acid stress, and wounding.
A protein related to transcription, the DNA-directed RNA
polymerase alpha chain, was present in the infested seed-
lings. The gene coding this protein has been found associated
with the expression of some virulence genes within bacterial
systems and possibly could be the only protein of chinch bug
origin detected in this system. This ancestral chloroplast
gene was present in Mesostigma viride, an earliest diver-
gence and the most basal green plant lineage [45]. Future
work to isolate, characterize, and localize this protein from
the chinch bug is warranted. This study is important to un-
derstanding the signal mechanisms involved in chinch bug —
corn interaction and may lead to synthesis of molecular an-
tagonists potentially useful in molecular breeding and ex-
ogenous applications. Protein profiles generated in this study
contribute to existing corn protein databases and will serve
as comparisons to those data generated during other pertur-
bation studies in corn.
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