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ABSTRACT

Aims: To identify the partial sequence of beta-galactosidase (EC 3.2.1.23) enzyme of sunn
pest, Eurygaster integriceps Putton (Hemiptera: Scutelleridae), which is a key pest of
wheat and barley in the wide area of the world and its relationship with other creatures.
Place and Duration of Study: Department of Plant Protection, Varamin-Pishva Branch,
Islamic Azad University, Varamin, Iran, and Department of Entomology, Science and
Reaserch Branch, Islamic Azad University, Tehran, Iran. Between March 2012 and July
2013.

Methodology: A part of B-galactosidase (Bgal) gene was isolated from E. integriceps
(designated as Ej-Bgal-JQ889818), containing 328 bp. Nucleotide sequences were
translated into 109 amino acids by translation tools. Twenty-six beta-galactosidase protein
sequences from twenty-seven insect species, two animal samples including human and
mouse, two bacteria samples including Escherichia coli and Synechococcus sp. and a
sample of plants including Arabidopsis thaliana were aligned. Homology search was done
by BLAST to identify the most similar protein sequences to Ei-Bgal-JQ889818.

Results: Protein structure analysis revealed that the deduced Ei-Bgal-JQ889818 had
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extensive homology with other insect Bgals and contained two catalytic domains of Bgals.
The predicted 3-D model of Ei-Bgal-JQ889818 has a typical spatial structure of fgals and is
partly similar to Bgals. Phylogenetic tree analysis of Ei-Bgal-JQ889818 showed that there is
a close relationship among Arabidopsis thaliana, Acyrthosiphun pisum and Mus musculus.
Conclusion: Accordingly, Bgals should be functional proteins involved in the biosynthesis
of lactose and are derived from a common ancestor. This research will lead us to know
more about the role of Bgal as a digestive enzyme through its phylogenetic relationship.

Keywords: [B-Galactosidase; Carbohydrate enzyme; Catalytic domain; Eurygaster
integriceps; Phylogenetic tree.

1. INTRODUCTION

Feeding habits of the Hemipteran order is in extreme range from strict phytophagy to exact
zoophagy as well as omnivory [1,2]. Some families contain omnivores which depend on the
comparative degree of animal versus plant consumption [1]. Many insects, which constitute
serious pests of cereals (polysaccharide-rich diet) are dependent on their glycosidases (a-
amylase, glucosidases and galactosidases) for survival. The Sunn pest, Eurygaster
integriceps Puton (Hemiptera: Scutelleridae), is an oligophagous species that feeds on
graminous plants including wheat and barley. It is a major pest of cereals in a wide area of
the world including Middle East [3]. The Sunn pest infestations in some regions of the earth
are so extensive which causes 100% crop loss in the absence of controlling measures [4].
They cause serious damage to crops by feeding on leaves, stems and grains. Sunn pest
penetrates plant tissues with their stylets and injects digestive enzymes through the salivary
canal to make liquid the plant tissue into a nutrient-rich slurry [5,6]. Proteolytic and
amylolytic enzymes, injected into wheat grains, demolish their gluten and lessen the baking
quality of flour [7,8,6,4]. Pesticide usage is the main method of the insect control which is
used either against adults or nymphs. In recent years, different methods based on molecular
approaches are used in order to control insect pest especially the first-generation of crop
expressing BT toxin have been successful [9,10]. These approaches are use of digestive
enzymes inhibitors, BT toxins alone or in combination with a-amylase or proteinase
inhibitors, glycosidae inhibitors, lectins, and RNA interference technology [11,4,12].

Many insect species, which constitute serious pests of cereals (polysaccharide-rich diet) are
depended on their carbohydrate-active enzymes for their survival. In insects, different type
of digestive glycosidases including a- and B-glucosidase, a- and (-galactosidase, a- and (-
mannosidase, B-fructofuranosidase and some other carbohydrate hydrolyzing enzymes are
known to exist [13,14,15,16,17].

B-Galactosidase (EC 3.2.1.23) is a hydrolase enzyme that catalyzes the hydrolysis of [3-
galactosides (like lactose) into monosaccharides (such as galactose and glucose), where
the glucosidic group on the non-reducing B-D-galactose residue is replaced by a hydroxyl
group (an acceptor group). B-Galactosidase is also known to catalyze the transglycosylation
of sugars i.e. when a sugar moiety is the acceptor instead of the water molecule. Latter on
this will cause the synthesis of new oligosaccharides [18]. BGal, the product of the lacZ gene
of Escherichia coli, is the most extensively reporter gene which is used in the study of
genetics, cell and molecular biology [19]. The 1024 amino acid residues of E. coli B-
galactosidase were sequenced in 1970 by Fowler and Zabin for the first time [20]. fGal
monomer constructed from five different domains arranged around a central alpha/beta
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barrel [21]. Domain one is a jelly-roll type barrel; domain two and four are a fibronectin type
lll-like barrels, domain five a B-sandwich, while the central domain three is a TIM-type
barrel. The third domain contains the active site [22]. The active site is shaped from residues
of four of the domains into a pocket which complements the relatively tiny size of lactose.
Beta-galactosidase can be split in two peptides, LacZa and LacZQ, none of which is active
by itself but both spontaneously reassemble into a functional enzyme [21].

Despite the fact that some functions of B-galactosidases have been investigated before,
limited information is available on this protein structure in creatures. Recently, bioinformatics
and genomic tools have revolutionized the studies of the metabolism in different organisms
[23,24,25]. By considering the significance of carbohydrate digestion as a target for sunn
pest control, a study on their digestive enzymes could surely be crucial in adopting of new
control procedures. So, the aim of the current study was to identify a part of Bgal protein of
E. integriceps and the phylogenetic relationship of Bgals by different tools to gain a better
understanding of the digestive physiology of the insect. This knowledge will optimistically
lead to new and winning management strategies for controlling of this pest.

2. MATERIALS AND METHODS
2.1 Insect Samples and Growth Condition

Adult insects (Eurygaster integriceps) were collected from the Pakdasht wheat farm of
Tehran Province, Iran. They maintained on wheat kernels in the laboratory at 27+2°c under a
14h light: 10h dark (LD 14:10) photoperiod [4].

2.2 DNA Isolation

Adults of sunn pest were used for DNA isolation in all experiments. Total DNA of E.
integriceps was extracted using the modified CTAB method [26] with slight modification. The
qualities of the extracted DNA were checked by agarose gel electrophoresis and Nano-Drop
spectrophotometer (Model Thermo Scientific 1000). After the extraction, the DNA samples
were stored at -20°C for subsequent usage.

2.3 Isolation of B-galactosidase Gene Fragment

Four degenerate oligonucleotide primers were designed and synthesized based on the
conserved DNA sequence regions of all insects Bgal by AllelliD 6.0 as follows:

Bgal F1- 5- CGGAATTCACNTAYGTNGAR-3’

Bgal F2- 5- AATTCCARGTNGARAAYGARTAY-3
Bgal R1- 5- AAGCTTNCCNCCRTARAACATRTA-3
Bgal R2- 5- AAGCTTNGCRTCRTARTCRTA-3

PCR was performed to amplify the fragment of fgal gene with the two degenerate primers
according to the protocol of CinnaGen Master Mix PCR Kit. The PCR program was carried
out at 94°C for 5 min followed by 35 cycles of amplification (1 min of denaturation at 94°C, 1
min of annealing 52°C, 1 min of extension at 72°C). After the final cycle, the amplification
was extended for 10 min at 72°C. The PCR products were separated on 1.2% agarose gel
stained with ethidium bromide.
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A pair of primers, 18S-F (5-ATTGAGGTCTTCGGAGTG-3) and 18S-R (5-
GATTTCGGTCATCTTGCG-3), were also designed by AllellD 6.0 as an internal control. The
template was denatured at 94°C for 5 min, followed by 35 cycles of amplification (94°C for 1
min, 50°C for 1 min and 72°C for 1 min) and by extension at 72°C for 10 min. The products
were separated on 1.2% agarose gel stained with ethidium bromide, and the amplified
products were sent to CinnaGen Company for DNA sequencing.

2.4 Data Collection and Analysis

The BGal protein sequence belonging to the sunn pest which was identified in this study was
compared with sequences of two animal species, including Homo sapiens (Hominidae) and
Mus musculus (Muridae), a plant species, Arabidopsis thaliana (Brassicaceae), and two
bacterial species, Escherischia coli (Enterobacteriaceae) and Synechococcus sp.
(Synechococcaceae) which were downloaded from NCBI (http://www.ncbi.nim.nih.gov)
(date received: May 2013) in FASTA and GenBank format. The number of data given was
consisted of 26 insects’ protein data, two animals, one plant and two bacterial protein data,
which were related to B-galactosidase enzyme. They are listed in Table 1.

The homology-based 3-D structural modeling of fgal was accomplished by EsyPred 3-D,
and Web Lab Viewer Lite 4.0 was used for 3-D structure displaying. Functional domains of
Ei-3gal-JQ889818 were analyzed by ProDom. Homology search was carried out online by
BLAST (Basic Local Alignment Search Tool) at the NCBI website
(http://www.ncbi.nim.nih.gov). Nucleotide Sequence was translated to amino acid by
Translate tool in EXPASY webserver (http://www.expasy.org). The sequence alignment of
Bgals was performed by CLUSTALW (MegAlign) using default parameters. To investigate
the evolutionary relationships among different Bgal proteins, a phylogenetic tree was
constructed based on the deduced amino acid sequence of Ei-Bgal-JQ889818 and other
Bgals from different organisms including insects, human, plants, bacteria and animals using
the Mega 5 program from aligned sequences. Maximum parsimony method (MP) was used
to construct the tree.

Table 1. The thirty two species and their family which were analyzed in this study. The
abbreviations of each sequence were used for better access to the species

Index Scientific name Family Abbreviation
1 Aedes aegypti Culicidae Aa-Bgal
2 Acyrthosiphun pisum Aphididae Ap-Bgal
3 Acromyrmex echinator Formicidae Ae-Bgal
4 Anopheles darlingi Culicidae Ad-Bgal
5 Anopheles gambiae str. Pest Culicidae Ag-Bgal
6 Apis melifera Apidae Am-Bgal
7 Arabidopsis thaliana Brassicaceae At-Bgal
8 Bombyx mori Bombycidae Bm-Bgal
9 Camponatus floridanus Formicidae Cf-Bgal
10 Culex quinquefasciatus Culicidae Cqg-Bgal
1 Drosophila ananassae Drosophilidae Da-Bgal
12 Drosophila erecta Drosophilidae De-Bgal
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13 Drosophila grimshawi Drosophilidae Dg-Bgal
14 Drosophila melanogaster Drosophilidae Dm-fBgal
15 Drosophila mojavensis Drosophilidae Dmo-f3gal
16 Drosophila persimilis Drosophilidae Dp-Bgal
17 Drosophila pseudoobscura Drosophilidae Dps-Bgal
18 Drosobhi/a sechellia Drosophilidae Ds-Bgal
19 Drosophila simulans Drosophilidae Dsi-Bgal
20 Drosophila virilis Drosophilidae Dv-Bgal
21 Drosophila willistoni Drosophilidae Dw-Bgal
22 Drosophila yakuba Drosophilidae Dy-Bgal
23 Escherschia coli Enterobacteriaceae Ec-Bgal
24 Eurygaster integriceps Scutelleridae Ei-Bgal
25 Glossina moristans moristans Glossinidae Gmm-f3gal
26 Harpegnathos saltator Formicidae Hsal-Bgal
27 Homo sapiens Homonidae Hs-Bgal
28 Mus musculus Muridae Mm-Bgal
29 Nasonia vitripennis Pteromalidae Nv-Bgal
30 Pediculus humanus corporis Pediculidae Ph-Bgal
31 Synechococcus sp. Synechococcaceae Ss-Bgal
32 Tribolium castaneum Tenebrionidae Tc-Bgal

3. RESULTS AND DISCUSSION
3.1 BGal Identification

Total DNA isolated from E. integriceps and subjected to the PCR using two pairs of
degenerate primers named Bgal F1 and Bgal F2 as forward primers and Bgal R1 and Bgal
R2 as reverse primers. Results showed that a pair of Bgal F2 and Bgal R1 primers amplified
328-bp product of the gene of interest (Bgal) (Fig. 1). The obtained sequence was deposited
to NCBI with an accession number of JQ889818.

3.2 Characterization of the Bgal Protein

Sequence comparisons performing BLAST search in GenBank database
(http://www.ncbi.nih.gov) and multiple alignment analysis revealed that Ei-Bgal-JQ889818
had high homology with a bacteria Bgal, Paenibacillus sp but fewer homologies with an
insect species, Tribolium castaneum and an animal species, Rattus norvegicus. Ei-Bgal-
JQ889818 which contained 328 bp was translated into 109 amino acids by Translate tool
(Fig. 2). Results analysis by ProDom revealed that the catalytic regions of Ei-gal-JQ889818
consisted of two domains: PD003386 with 95bp, between amino acids 6-101 and PD328308
with 65bp, between amino acids 40-105 (Fig. 2).
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B-Galactosidase

M Sm Suz Suz Sue Sus Sus Sur Sug

Fig. 1. DNA isolated from Eurygaster integriceps by the degenerate primers Bgal F2
and Bgal R1. M is the Ladder, Su,-Sug are E. integriceps gals samples repetitions.

gcagccacatatgaccaccttgggga.cggga.tgctgcaacga.gggata.gacgtcccgct;
T A T Y D H L 6D G ML Q R G I DV P L
attacatgtgttggcggagcggaaggaacgattgaaggagcgaacttctggtctggtgig
I T ¢ v 6 G A E G T I E G A N F W S8 G A
gatggacattatgcgaatttgegtgegaaacageccggatacaccaaagatggttactgaa

D G H Y A N L R A K Q@ P DT P K M V T E
ttctggaccggatggtttgaaaattggggaggacctteggecateccagaagacggettet
F W T G W F E N W G G P 8 A I Q K T A s

ctgetggaccgaagaatecatggaaattetgagagetggatataceggaatcagttactat

L L. D RRIMETILURAGY T G I S Y Y

atgttctacggaggaaagecttaatacaa

LMFYGGKLNT y

Fig. 2. The partial nucleotide and protein sequence of Ei-3gal-JQ889818. ProDom
indicated two catalytic domains: PD003386 (marked with yellow) and PD328308
(underlined with red).

Protein BLAST revealed that Ei-Bgal-JQ889818 belongs to the Glyco-hydro-42 superfamily
and was known as Bgals family. On the amino acid scale, Ei-3gal-JQ889818 was 30.4%
identical to Tribolium castaneum (Tc-Bgal-XP_968058) and 4.5% identical to Drosophila
sechellia (Ds-Bgal-CAL44598) and Drosophila simulans (Dsi-Bgal-CAL44599) as the highest
and lowest identical, respectively. Multiple alignments revealed that Bgal protein in different
organisms had high similarity with each other (Fig. 3). The most identities are shown in
Table 2.
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Fig. 3. The degree of percentage sequence identity of residues across the thirty-two

different organisms’ protein sequences.

Table 2. The percentage identity between Bgal protein sequences (above 80%) in the
multiple alignments of different insect species

Characteristics

>
Q.
[
X

Identity (%)

©CONOOPLWN-=-

Ae-Bgal-EGI69843, Cf-Bgal-EFN73255
Cqg-Bgal-Xp_001845064, Aa-Bgal-Xp_001649403
Dmo-Bgal-CAL44596, Dp-Bgal-CAL44597
Dp-Bgal-CAL44597, Ds-Bgal-CAL44598
Dmo-Bgal-CAL44596, Ds-Bgal-CAL44598
Dmo-Bgal-CAL44596, Dsi-Bgal-CAL44599
Dp-Bgal-CAL44597, Dsi-Bgal-CAL44599
Ds-Bgal-CAL44598, Dsi-fgal-CAL44599
Dps-Bgal-XP_001359480, Dy-Bgal-XP_002097317

83
81.1
91.7
87
91.2
91.2
87
99.6
80.7

Phylogenetic tree constructed based on deduced amino acid sequences of Ei-Bgal-
JQ889818 and other Bgals from different organisms revealed that Bgals were derived from
an ancestor protein and evolved into different groups including insects, animals, plants and
bacteria Bgal groups. According to the phylogenetic tree, Ei-Bgal-JQ889818 belongs to the
insect group and has the closest relationship with Bgal from Arabidopsis thaliana,
Acyrthosiphun pisum and Mus musculus (Fig. 4).
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Am-Bgal-XP_001121565
Nv-Bgal-XP_001603160

Cf-Bgal-EFN73255
Hsal-Bgal-EFN79021
99  Dps-Bgal-XP_001359480
Dy-Bgal-XP_002097317
19 Bm-Bgal-NP_001157373
14 Ad-Bgal-EFR24840
14 Ph-Bgal-XP_002423332

31

19

Ae-Bgal-EGI69843
Hs-Bgal-NP_001129074
Tc-Bgal-XP_968058

Ap-Bgal-XP_001947370
Mm-Bgal-NP_001106794
At-Bgal-NP_568399
@ Fi-Bgal-JQ889818

47
Ec-Bgal-EGH38654
Ss-Bgal-YP_001227158

Ag-Bgal-XP_311001

Da-Bgal-XP_001953286
De-Bgal-XP_001978782
Dg-Bgal-XP_001989608
Dw-Bgal-XP_002070455
Dp-Bgal-CAL44597
Dmo-Bgal-CAL44596
Ds-Bgal-CALA44598

75 I Dsi-Bgal-CAL44599

35

—_—
10

Fig. 4. The phylogenetic tree of insects, bacteria, Arabidopsis thaliana, human and

mouse constructed by MEGA 5 program (using the CLUSTALW method).
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The Maximum Parsimony (MP) method was used to construct the tree. The new Bgal
protein sequence of Eurygaster integriceps was marked by red circle. The percentage of
500 bootstrap replicates was given at each node. The accession number of each species is
followed by their abbreviations.

The homology-based 3-D structural modeling of Ei-Bgal-JQ889818 was predicted by
ESYPred 3-D (Automated homology modeling program using neural networks)
(http://www.fundp.ac.be/sciences/biologie/urbm/bioinfo/esypred/) and compared with swiss-
modeling (http://swissmodel.expasy.org/) [27,28,29] on the basis of E.coli crystal structure
and displayed by Web Lab Viewer Lite. Molecular modeling results showed that Ei-Bgal-
JQ889818 has a simple spatial architecture (Fig. 5).

Fig. 5. 3-D Structure of Ei-Bgal-JQ889818 established by homology-based modeling
using EsyPred 3-D. The a-helix is shown with helix-shaped, the beta sheet with wide
ribbon-shaped and the random coil with line-shaped.

B-Galactosidase (Bgal, EC 3.2.1.23) is an eukaryotic hydrolase localized in the lysosome
[30]. In the present study, we isolated and characterized a partial sequence of gal gene of
E. integriceps, a key pest of wheat and barley. This gene size is not the same in different
insects so that in Acyrthosophon pisum a 172bp pgal was known whereas 1745bp (gal was
found in Tribolium castaneum. In this study the 328bp (Bgal was identified which codes 109
amino acids in Sunn pest. This may be larger in E. integriceps, but there are no witnesses to
say the exact size of Bgal gene because the sunn pest genome has not identified yet. Beta-
galactosidase is an exoglycosidase that cleaves B-linked terminal galactosyl residues from a
variety of natural and artificial substrates [31]. B-Galactosidase assay is used frequently in
genetics, molecular biology for a blue white screen, and other life sciences. The (gal
reporter gene is vastly used in the biological research. Although originally identified from E.
coli, this reporter is functional in many other organisms such as yeast, Caenorhabditis
elegans, Drosophila and mammals. Other advantages of the pgal system contain the
stability of Bgal enzyme, easy activity assay procedure, and availability of a broad range of
substrates [19]. Protein BLAST showed that Ei-3gal-JQ889818 belongs to Bgal family and
shared significant sequence similarity with Bgal from other organisms. In E. coli, the
biologically active gal enzyme exists as a tetramer of four identical subunits [32]. In this
study, the 3-D structure of Ec-Bgal has been known, and the structural basis for its reaction
mechanism has been reported. 3-D structural modeling of Ei-Bgal-JQ889818 which has a
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simple spatial architecture was similar to one part of E. coli gal whose catalytic portion and
activity was determined before [20,22]. Two functional domains has been found in E.
integriceps Bgal gene (Ei-fgal-JQ889818), which was confirmed by Gene Ontology as one
of the most crucial subunits of beta-galactosidase protein. So, Gene Ontology
(http://www.geneontology.org/) results strongly suggest that Ei-fgal-JQ889818 is a
functional B-galactosidase protein in E. integriceps which involved in the catalyzing the
hydrolysis of terminal, non-reducing beta-D-galactose residues in beta-D-galactosides.

Phylogenetic tree constructed based on the amino acid sequences and the sequence
similarities were found. Different organisms’ Bgal were close to each other and it can be
used in future studies. For instance phylogenetic analysis revealed that E. integriceps pgal
has a close relationship with some bacteria’s Bgal. So, in order to improve a functional role it
is better to isolate this enzyme from these two creatures and compare their kinetic
parameters in order to achieve better understanding of the characterization of the fgal from
two different phylogenetic groups, i.e. insect and bacteria. Fig. 4 showed that Bgals were
derived from an ancestor protein in all organisms and evolved into different groups.

Digestive system of the Sunn pest can be a proper target to apply new managing strategies
based on interruption in the digestion process, i.e. enzyme inhibition and toxin delivery.
Thus, study of the digestive system and enzymes of the Sunn pest can provide more
information regarding phytophagus digestive physiology. Further, and make this possible to
find new digestion related controlling methods [33]. This study can lead us to new strategies
of sunn pest control such as transgenic insects.

4. CONCLUSION

The partial sunn pest fgal enzyme was identified and deposited to NCBI with the JQ889818
accession number. It was compared with twenty-six beta-galactosidase protein sequences
from twenty-seven insect species, two animal samples including human and mouse, two
bacteria samples including Escherichia coli and Synechococcus sp. and a sample of plants
including Arabidopsis thaliana by bioinformatics tools. Different computational tools were
used in this study. The alignment was performed by MegAlign and the phylogenetic trees
were constructed by Molecular Evolutionary Genetics Analysis (MEGA), version 5.
Functional domains ad 3-D structure were analyzed by PRODOM and EsyPred 3-D,
respectively. Sequence comparison analysis showed that there is a high identity between
these species and phylogenetic analysis indicated that there is a relationship among species
of different organisms. These results of phylogenetic tree showed Bgal have a relationship
with each other in different creatures, also it can be proved they were derived from an
ancestor gene and evolved into different groups.
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