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Introduction

Baculoviruses, belonging to the family Baculoviridae,

are a large group of viruses found naturally in the

environment. They are pathogenic to arthropods,

mainly insects from orders Lepidoptera, Diptera, and

Hymenoptera [1]. In addition, baculoviruses have been

used extensively as an effective tool for foreign protein

expression [2−4]. Family Baculoviridae includes insect-

specific viruses with dsDNA virus genomes ranging in

size from 80 to 180 kb. Based on virus-occlusion body

(OB) morphology, the family Baculoviridae is divided

into two genera: nucleopolyhedrovirus (NPV) and granu-

lovirus (GV) [5]. NPVs have large polyhedra that occlude

many virions, whereas GVs have smaller granule-like

OBs and occluding a single virion in its granulin matrix.

The full nucleotide sequences of several baculovirus iso-

lates have enhanced the extensive analysis of the viral

genome component and its properties toward the effec-

tive control of insect pests [5−8]. Baculoviruses are the

The cotton leafworm, Spodoptera littoralis, is a major pest in Egypt and many countries worldwide, and

causes heavy economic losses. As a result, management measures to control the spread of the worm are

required. S. littoralis nucleopolyhedrovirus (SpliNPV) is one of the most promising bioagents for the efficient

control of insect pests. In this study, a chitinase gene (chitA) of a 1.8 kb DNA fragment was cloned and fully

characterized from SpliNPV-EG1, an Egyptian isolate. A sequence of 601 amino acids was deduced when

the gene was completely sequenced with a predicted molecular mass of 67 kDa for the preprotein. Tran-

scriptional analyses using reverse transcription polymerase chain reaction (RT-PCR) revealed that chitA

transcripts were detected first at 12 h post infection (hpi) and remained detectable until 168 hpi, suggesting

their transcriptional regulation from a putative late promoter motif. In addition, quantitative analysis

using quantitative RT-PCR showed a steady increase of 7.86-fold at 12 hpi in chitA transcription levels,

which increased up to 71.4-fold at 120 hpi. An approximately 50 kDa protein fragment with chitinolytic

activity was purified from ChitA-induced bacterial culture and detected by western blotting with an anti-

recombinant SpliNPV chitinase antibody. Moreover, purification of the expressed ChitA recombinant pro-

tein showed in vitro growth inhibition of two different fungi species, Fusarium solani and F. oxysporum,

confirming that the enzyme assembly and activity was correct. The results supported the potential role and

application of the SpliNPV-ChitA protein as a synergistic agent in agricultural fungal and pest control

programs.
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most commonly investigated insect viruses concerning

their development as biological control agents due to

their favorable features, such as safety to the environ-

ment, humans, other vertebrates, plants, and natural

enemies of pests [9].

Chitin is the most widely recognized common polysac-

charide comprising N-acetylglucosamine subunits. It

can be found in exoskeletons of crustaceans, fungi, and

insects [10]. Chitin degradation is initiated by the

chitinase enzyme, which plays a crucial role in chitin

degradation to its monosaccharides. Chitinases are

involved in plant defense mechanisms [11], breakdown

activity of old cuticle in insects [12], and pathogenicity of

baculovirus toward its insect hosts [13]. Chitinases are

categorized into glycosyl hydrolase families 18 to 20

depending on the similarity of amino acid sequences,

structure, and reaction mechanism. Chitinases of NPVs

belong to the chitinase family 18 and are expressed at a

late stage of viral infection, causing the liquefaction of

the insect host and leading to the release of progeny

virus into the environment [14].

Genes that encode chitinases are found in most bacu-

loviral genomes that have been completely sequenced to

date. Baculovirus chitinase phylogenetic analyses have

shown that they are monophyletic, but the broad divi-

sion between GVs and NPVs indicates that the chitinase

gene was present in an ancestral virus before the two

genera were isolated [15, 16].

The first chitinase gene (chitA) was identified from the

genome of the prototype virus, Autographa californica

NPV (AcNPV) [17]. In the late stage of the virus lifecycle,

endochitinase and exochitinase activities were detected

first at 12 h postinfection (hpi) with a relatively high

amount. The analysis showed that the chitinase protein

of AcNPV was approximately 58 kDa. In addition, the

protein sequence predicted by AcNPV chitA shared sub-

stantial sequence similarity (60.5% of the same residue)

to Serratia marcescens chitinase A.

Phylogenetic analyses pointed out that AcNPV

acquired the chitinase gene from a bacterium passing

through horizontal gene transfer [17]. The enzyme was

found associated with viral OBs (polyhedral) that are

expected to be released during polyhedral dissolving in

the high alkaline midgut of infected insects. This may

lead to the degradation of the peritrophic membrane

(PM), allowing the virus to more efficiently reach midgut

epithelial cells [14]. Chitinase expression at the late

phase of viral infection causes the liquefaction of the

insect host, allowing the release of virus progeny into the

environment [14].

The role of viral chitinase in infected larvae liquefac-

tion is highly important, as the complete deletion of the

viral chitinase gene from the viral genome fails the

liquefaction of dead larvae after viral infection [18]. A C-

terminal KDEL motif or its variants (XXEL) are con-

served in baculovirus chitinase gene sequences. The

complete knocking out of this motif or its variants

results in the earlier secretion of virus-infected cells into

the insect medium [19, 20].

Spodoptera littoralis NPV (SpliNPV) of the family

Baculoviridae is one of the most promising biocontrol

agents for the effective control of S. littoralis [21, 22].

The published genome sequence of SpliNPV allowed

first insights into the genetic make-up of the virus and

its coding genes in addition to its relationship to other

baculoviruses [23].

This study aimed to investigate the molecular properties

of chitinase gene A (chitA) from SpliNPV-EG1, an Egyp-

tian isolate, by analyzing the phylogeny of the chitinase

gene, temporal transcriptional regulation of chitA

mRNA upon infection of S. littoralis, and in vitro protein

expression profile, and determining its antifungal activity

on economic plant pathogen fungi.

Materials and Methods

Insect, virus, and propagation of SpliNPV
The cotton leafworm S. littoralis (Boisd) used for virus

propagation was derived from the insect rearing facility

of the Agricultural Genetic Engineering Research Insti-

tute, Agricultural Research Center (ARC). The SpliNPV

used in this study is a field-collected baculovirus isolate

genus NPV collected from infected S. littoralis cadavers

from Giza District in Egypt (isolate SpliNPV-EG1).

Insect larvae were reared on a semiartificial diet contain-

ing agar-agar, maize meal, wheat germ, brewer’s yeast,

ascorbic acid, and Nipagin (hydroxybenzoic acid methyl),

as described previously by Ivaldi-Sender [24]. The fourth

instar of S. littoralis larvae was inoculated by feeding

them on cubes of a semiartificial diet inoculated with 105

OBs of SpliNPV. Only larvae that had completely

ingested the medium within 24 h were transferred to a
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virus-free medium and reared individually at 26℃ until

the observation of viral infection symptoms (7−10 days

postinfection) and then collected in 1.5-ml Eppendorf

tubes just after larval death and kept frozen at -20℃.

Virus OB purification
Infected S. littoralis larvae were collected and homoge-

nized in a grinding mortar using 0.1% sodium dodecyl

sulfate (SDS) and then ground well. The suspension was

filtered using a piece of cotton and filter paper. An excess

of 0.1% SDS was added until the filtrate became clear.

Ground tissue containing OBs was centrifuged at

6000 rpm for 15 min at room temperature. The superna-

tant was discarded, and the pellet was resuspended in

1 ml 0.5% SDS/larva using vortex and then centrifuged

again at 6000 rpm for 15 min at room temperature. The

pellet was resuspended in 0.5 M NaCl by vortexing and

then centrifuged again at 6000 rpm for 15 min. The

pellet containing the purified virus was resuspended in

a small volume of distilled H2O (0.5 ml/larvae) by gentle

vortexing and kept frozen at -20℃ until use.

Viral DNA extraction
About 300 µl purified virus OBs were precipitated for

15 min at 6000 rpm, the supernatant was discarded, and

the pellet was resuspended in 200 µl double-distilled

H2O. One molar of Na2CO3 at a final concentration of

0.1 M was used and mixed by vortexing and then incu-

bated for 1 h at 37℃ in a water bath until the solution

became clear. The solution was neutralized with 1 M

HCl to pH 8, and 10% (w/w) SDS was added at a final

concentration of 1%. Proteinase K (50 μg/ml) was added

at a final concentration of 250 µg/ml, and the mixture

was vortexed and then incubated for 1 h at 37℃. The

probe was washed with TE saturated phenol/chloroform

(1:1, v/v), vortexed thoroughly, and spun down for 5 min

at 14,000 rpm. The supernatant was collected in a new

Eppendorf tube, and the sample was washed again with

phenol mixture (phenol/chloroform 1:1, v/v) until there

was no more white color between layers. The sample

was washed twice with chloroform until the phenolic

traces were removed. About 2.5 volumes of ice-cold 96%

ethanol and 1/10 volume of 3 M NaAc (pH 5.2) were

added to the sample, and genomic DNA was further

precipitated for 30 min at -80℃ followed by centrifuga-

tion for 10 min at 14,000 rpm. The DNA pellet was

washed twice with 70% ethanol and spun down for

10 min at 14,000 rpm at room temperature. Viral

genomic DNA was eluted overnight in 50 µl autoclaved

water at 4℃.

Amplification and sequence of chitA gene
One set of specific primers, ORF38EcoRI-F (5′-GAC-

GGTACCATGTTAACGAAAAGTCATACAA-3′) and

ORF38XhoI-R (5′-GCCAAGCTTTTAATAATTCCGAATG

ATG-3′), was designed and used to amplify the full-

length chitA gene using virus genomic DNA as a tem-

plate. EcoRI and XhoI restriction sites were added to the

5′-end of the forward and reverse primers, respectively,

to facilitate the downstream cloning work. In a total

volume of 50 µl, PCR was carried out. The PCR program

started with an initial temperature of 95℃ for 3 min, a

total of 35 cycles of denaturation at 95℃ for 1 min,

annealing at 64℃ for 1 min, and extension at 72℃ for

2 min, in addition to a final cycle at 72℃ for 7 min. The

PCR product was electrophoresed using agarose gel and

purified using a QiaQuick PCR purification kit (Qiagen,

Germany). The purified product was cloned into pLUG-

Prime TA-Cloning Vector (iNtRON Biotechnology) and

transformed into Top10 competent cells. The purified

plasmid was subjected to nucleotide sequencing using

the Sanger method [25]. The partial nucleotide sequence

of chitA was submitted to GenBank under accession

number MN581943. A high-quality DNA sequence was

used to predict amino acid sequence using an open read-

ing frame (ORF) finder information database (https://

www.ncbi.nlm.nih.gov/), filtering BLAST results accord-

ing to their accession number, and rendering them

restricted to only referenced sequences. Multiple sequence

alignment (MSA) was performed using Clustal Omega

(https:/www.ebi.ac.uk/Tools/msa/clustalo/), Newick format,

one of the outputs of Clustal Omega used to create a

phylogenetic tree using IcyTree (https:/icytree.org).

Cloning and expression of chitA gene
The chitA gene fragment was released from the

demonstrated plasmid followed by subcloning into the

pGEX-4T1 expression vector (Invitrogen). The clones

harboring the chitA gene were verified and subsequently

transformed into BL21 (DE3) Escherichia coli expres-

sion host. A bacterial colony containing the recombinant

vector was cultured overnight with shaking at 37℃. The
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next day, 10 ml LB-broth medium with appropriate

antibiotics was inoculated using 1 ml of the overnight

culture and shaken at 37℃ (~3 h) until OD600 reached

0.6. ChitA protein expression was induced by adding

IPTG at a final concentration of 1 mM, and bacteria were

regrown overnight for 16 h at 17℃. The culture (1 ml)

was collected in a time course at 0, 1, 2, 3, and overnight

postinoculation, pelleted, and kept at -20℃ until use.

Recombinant ChitA protein purification
Spli-ChitA was expressed as a recombinant fusion pro-

tein with GST-tag located at pGEX-4T1, which was

directly analyzed by SDS-polyacrylamide gel electropho-

resis (PAGE), as described by Laemmli [26]. After the

induction process for 16 h at 17℃, bacterial culture (1 L)

was harvested and lysed in 100 ml lysis buffer (50 mM

NaH2PO4 and 500 mM NaCl [pH 8]), followed by 10

times thawing and freezing in liquid nitrogen. Lysozyme

was added at a final concentration of 1 mg/ml and incu-

bated on ice for 30 min. Triton X-100 was added from a

20% stock at a final concentration of 1×, and the mixture

was shaken for 30 min, sonicated on ice at 40 amp, 10 s/

10 s for 4 min, and centrifuged for 20 min at 6000 rpm at

4℃. The prepared protein extract was added to the

equilibrated resin and mixed on an end-over-end rotator

for 60 min at 4℃. The mixture was centrifuged for 5 min

at 6000 rpm, and the supernatant was discarded. The

extracted protein was separated by SDS-PAGE (12%

gel) and subjected to western blot detection using anti-

GST monoclonal antibodies.

Mice immunization and western blotting
Whole-protein extract from the bacterial culture was

separated based on their molecular mass using SDS-

PAGE, as described by Salem et al. [27], run on SDS-

PAGE, and transferred to polyvinylidene difluoride

using a Semi-Dry Transfer Cell (Bio-Rad). The mem-

brane was blocked in 2% fat-free milk at 4℃ overnight.

Immunodetection was performed using the primary spe-

cific anti-GST monoclonal antibodies and the secondary

antibody against mouse IgG conjugated with alkaline

phosphatase. GST-fused Spli-ChitA detection was car-

ried out using 5-Bromo-4-chloro-3-indolyl phosphate

(BCIP) and nitro blue tetrazolium (NBT) substrates.

To generate IgG-specific polyclonal against ChitA

expressed protein, the purified protein was injected into

mice. Four female BALB/c mice (21 days old), obtained

from the Research Institute of Ophthalmology, Egypt,

were treated under the principles and policies of the

National Institute of Health animal care. Mice were

injected with the purified ChitA recombinant protein

using the protocol described by Salem et al. [28]. The

primary immune response was initiated by intraperito-

neal injection of mice with 50 μg ChitA protein emulsified

in incomplete Freund’s adjuvant, followed by four subse-

quent intravenous boosters, at weekly intervals, each

with 100 µg ChitA emulsified in incomplete Freund’s

adjuvant that was excluded from the last booster. Seven

days after the fifth injection, sera were collected for the

assessment of anti-ChitA seroconversion. Endogenous

ChitA expression was analyzed by SDS-PAGE separa-

tion of cuticular proteins prepared from staged S. littoralis

larvae guts, followed by western blotting analysis using

the above raised anti-ChitA polyclonal antibodies.

Transcriptional analysis of ChitA using quantitative RT-
PCR (qRT-PCR)

Total RNA was extracted from five pooled fourth

instar S. littoralis larval midguts infected with SpliNPV

using 50 to 100 mg tissue at different time points (12, 24,

48, 84, 96, 120, 148, and 168 hpi) using RNeasy Mini Kit

(Qiagen). cDNA was synthesized from extracted mRNA

of the infected S. littoralis larvae using RevertAid first-

strand cDNA synthesis kit (Thermo Scientific, USA)

according to the manufacturer’s instructions. RT-PCR

was performed in a final volume of 25 µl reaction using

the following components: EmeraldAmp GT PCR Mas-

ter Mix (2× Premix; Takara Bio, Japan), 2 µl cDNA, and

1 µl of 10 pmol of each gene-specific ChitA-DET-F as a

forward primer 5′-ATAGAGGCGGATCGTTTAGTGC-3′

and ChitA-DET-R as a reverse primer 5′-GCCGGTGCT-

GCGTCTCG-3′. The amplification condition was as

follows: 94℃ for 3 min, 35 cycles of 94℃ for 45 s, 58℃ for

45 s, and 72℃ 1 min, and finally 72℃ for 7 min. qRT-

PCR was performed in a final volume of 20 µl reaction

containing SYBR (Applied Biosystems, USA), cDNA,

and gene-specific forward primer (ChitA-qRT-F) 5′-

TTGAGTGGGCCGACAGAAAT-3′ and reverse primer

(ChitA-qRT-R) 5′-AAACGTACGCCTCATCGCCTCCAC-

3′. The Spodoptera frugiperda ubiquitin gene was used

as a housekeeping gene to normalize gene transcription

data. The qPCR conditions were optimized as follows:
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94℃ for 10 min, followed by 40 cycles of 95℃ for 15 s and

60℃ for 1 min. The dissociation curve was determined

by heating at 95℃ for 60 s, followed by 55℃ for 30 s and

0.2℃ increase per cycle until 95℃. Three technical repli-

cates were performed for each biological replicate. The

relative gene transcription data were calculated using

the 2−∆∆Ct method. p < 0.05 was considered significantly

different according to Duncan’s post hoc test. The results

are presented as the mean ± standard error.

Antifungal activity of recombinant ChitA protein
The semipurified ChitA recombinant protein was

assayed for antifungal activity against Fusarium

oxysporum and Fusarium solani using the well diffusion

assay on PDA plates (300 g/l potato extract, 20 g/l dextrose,

and 15 g/l agar) [29]. A fungal plug (6 mm diameter) was

removed from the 5-day old culture. The plug was

transferred onto the center of the PDA plate loaded with

different concentrations of the ChitA protein in two

wells. The third well was loaded with the same volume

of protein elution buffer, and the fourth well was loaded

with the same amount of water as a negative control.

The plates were incubated for 5 days at 28℃ and subse-

quently monitored for the inhibition zone around the

wells.

Results

Sequencing and phylogenetic analysis of chitA gene
The chitA coding sequence was amplified from the

genomic DNA of SpliNPV using two specific primers

designed based on the published sequence of SpliNPV-

Fig. 1. Phylogenetic analysis of 19 chitinases genes from baculoviruses isolates located in GenBank. (A) Phylogenetic tree
includes the NPV baculovirus isolates with their accession number as follow; Spodoptera littoralis NPV (YP_009505847.1), Spodoptera litura
NPV (NP_258310.1), Perigonia lusca SNPV (YP_009165660.1), Leucania separata NPV (YP_758354.1), Orgyia leucostigma NPV
(YP_001650934.1), Perigonia lusca SNPV (YP_009165660.1), Buzura suppressaria NPV (YP_009001828.1), Clanis bilineata NPV
(YP_717597.1), Sucra jujuba NPV (YP_009186745.1), Hyphantria cunea NPV (YP_473218.1), Orgyia pseudotsugata MNPV
(NP_046280.1), Lymantria dispar MNPV (NP_047707.1), [Helicoverpa armigera NPV (NP_203597.1), Autographa californica NPV
(NP_054156.1), Bombyx mori NPV (NP_047523.1), Choristoneura fumiferana MNPV (NP_848428.1) Ectropis obliqua NPV(YP_874243.1),
Catopsilia pomona NPV (YP_009255371.1), Antheraea pernyi NPV (YP_611002.1), and Choristoneura murinana NPV (YP_008992124.1).
(B) The partial deduced amino acid sequence of ChitA of selected baculovirus isolates show the presence of a C-terminal of XXEL
motif. Red frame shows similarly between baculovirus isolates in the C-terminal motifs of  HSEL and XDEL. 
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AN1956 (accession no. JX454574.1). The PCR amplicon

with the expected fragment size of chitA (1.8 kb) and its

identity were confirmed by nucleotide sequencing subse-

quently submitted to GenBank under accession number

MN581943. Nucleotide sequence analysis revealed that

chitA is composed of 1805 nucleotides encoding 601

amino acids. The MSA of the deduced amino acids was

performed using Clustal Omega. Phylogenetic analyses

showed that ChitA deduced amino acid sequence has dif-

ferent percentages similar to other baculovirus chiti-

nases. As shown in Fig. 1A, MSA showed 99.33%

identity with SpliNPV (accession no. NC_038369.1),

99.29% identity with Spodoptera litura NPV (accession

no. NP_258310.1), 60.23% identity with Bombyx mori

NPV (accession no. NP_047523.1), 59.31% identity with

A. californica multiple NPV (accession no. NP_054156.1),

and 58.38% identity with Helicoverpa armigera multiple

NPV (accession no. NP_203597.1). The MAS results in

Newick format were used to construct the phylogenetic

tree using the ETE Toolkit. In addition, the deduced

amino acid sequence of ChitA showed the presence of a

C-terminal HSEL motif (Fig. 1B). The amino acid align-

ment with the selected baculovirus chitinases showed

the similarity of the C-terminal HSEL motif to both

chitinases of SpliNPV-AN1956 and SpltNPV. Interest-

ingly, the C-terminal of the KDEL motif was identified

in other baculovirus chitinase sequences (e.g., CapoNPV,

AcNPV, BmNPV, HycuNPV, OrpsNPV, AnpeNPV,

ChfuNPV, and ChmuNPV; Fig. 1B).

Transcription regulation of chitA gene
To examine the transcription and expression regula-

tion of the chitA gene throughout the virus life cycle, RT-

PCR and qRT-PCR analyses were performed. Transcrip-

tional analysis was performed using different time inter-

vals of infected S. littoralis fourth instar larvae at 12, 24,

48, 84, 120, 144, and 168 hpi. As shown in Fig. 2A, chitA

transcripts were first detected at 12 hpi, reached the

Fig. 2. (A) Gel electrophoresis of Spli-ChitA transcripts. The gel showing the transcrips of Spli-chitA gene at 12, 24, 48, 84, 120,
144 and 168 hpi. The gel shows a clear band at 850 bp corresponding to chiA gene transcripts. The SpliNPV genomic DNA was used
as a positive control (+ve control) and the negative control was used in which reverse transcriptase was omitted (-ve control). Lane
M corresponds to the 1kb DNA standard marker. (B) Real-Time PCR quantitative analysis of the Spli-chitA transcripts. The line chart
shows the quantitative analyses of chitA transcripts at different time points from 12 hpi to 168 hpi compared to untreated larvae.
Error bars are located in each time point. 
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peak at 120 hpi with high DNA fragment intensity, and

remained detectable until 168 hpi. To substantiate the

results obtained by RT-PCR, qRT-PCR was performed

using cDNAs generated from the same RNA extracts

used for RT-PCR. Quantified cDNAs were presented by

the line graph in Fig. 2B. The results showed that a

steady increase in the transcription levels of chitA was

detected in SpliNPV-infected larvae, resulting in about a

7.8-fold increase at 84 hpi up to a 71.4-fold increase at

120 hpi, followed by dramatic decreases in transcription

levels to 14-fold at 144 hpi.

Detection of ChitA protein by western blotting
Western blotting analysis was performed to confirm

the identity of the ChitA protein and its molecular

weight. Using anti-GST monoclonal antibodies, western

blotting was applied to the total proteins extracted from

the overnight bacterial culture. As shown in Fig. 3A,

monospecific antibodies of GST strongly responded to

ChitA with a protein band of ~93 kDa corresponding to

26 kDa plus 67 kDa for GST and ChitA, respectively. To

determine the native molecular mass of ChitA in S.

littoralis larvae tissue, western blotting was performed

in total protein extracted from midgut tissue of infected

S. littoralis larvae. As shown in Fig. 3B, a protein band

of about ~50 kDa was detected using an anti-ChitA poly-

clonal antibody previously generated against the puri-

fied ChitA protein.

Antifungal activity of purified ChitA protein
The enzymatic activity of the purified Spli-ChitA pro-

tein was examined using two phytopathogenic fungi: F.

oxysporum and F. solani. As shown in Fig. 4, it exhibited

a strong inhibitory effect on the mycelial growth of the

subjected fungi. Significant growth retardation in the

mycelia of F. oxysporum was observed at a concentration

Fig. 3. Western blot analysis of ChitA immobilized on PVDF membrane. (A) Signals of ChitA protein detected using GST-tag
monoclonal antibody. S1: Bacterial induced ChitA fused with GST-Tag. C1-: represent negative control (empty bacterial culture) (B)
Membrane shows clear signals of ChitA protein detected by anti-SpliChitA polyclonal antibody. S2: ChitA in S. littoralis SpliNPV-
infected larval tissue. C2-: corresponding to total protein extracted from midgut tissue from S. littoralis healthy larvae.  M corresponds
to the prestained protein standard marker. Protein molecular mass is given to the left by kilo Dalton (Kda).

Fig. 4. Antifungal activity assay of ChitA protein towards (A)
Fusarium Oxysporum (B) Fusarium solani. Each selected
fungus was subjected to two different protein concentrations
as well as two negative controls. (1) 100 mg/ml, (2) 200 mg/ml,
(3) represent free pGEX4T1 empty vector in elution buffer, (4)
represents distilled water. (C) represent control plates for S.
oxysporum and S. solani fungi. 



312 Yasser et al. 

http://dx.doi.org/10.48022/mbl.2104.04002

of 200 mg/ml of the purified chitinase protein, whereas

the inhibition zone was lower around the wells where a

concentration of 100 mg/ml of the purified protein was

applied. No inhibitory effect was observed in control

samples in which a free pGEX4T1 empty vector in pro-

tein elution buffer or a distilled water was used (Fig.

4A). In F. solani, less inhibition was observed at the

100 mg/ml concentration of the purified protein com-

pared to other tested fungi, whereas a clear zone of inhi-

bition at a concentration of 200 mg/ml can be seen

compared to the negative controls (Fig. 4B).

Discussion

Among insect viruses found in nature, those belonging

to the baculovirus family (Baculoviridae) were considered

for the development of most commercial viral biopesticides.

Upon infection, chitinase enzymes of baculoviruses are

responsible for chitin degradation of the insect host that

has a vital role during insect growth and development.

Chitinases are a group of enzymes that degrade chitin.

Chitin and chitinolytic enzymes have a highly important

role in agricultural applications, especially for controlling

pathogens. In this study, chitA from SpliNPV-EG1, an

Egyptian isolate, was characterized. ChitA is a protein

that promotes the final liquefaction of infected larvae

[30]. The first baculovirus chitinase was previously

reported from AcNPV infecting the alfalfa looper [17].

The functional characterization of SpliNPV chitinase is

critical as few reports are available from Alphabaculo-

virus [17]. The ORF of the chitA gene contains 1805 bp

and encodes a protein of 601 amino acids with a pre-

dicted molecular weight of ~67 kDa. Phylogenetic analy-

sis using the deduced amino acid sequence of SpliNPV

chitinase showed different similarity percentages to

other reported baculovirus chitinases in GenBank to

date. The highest identity was 99.33% with SpliNPV-

AN1956 (accession no. NC_038369), and the lowest

identity was 59.31% with chitinase of AcNPV (accession

no. NP_054156.1). Wang et al. [31] reported that AcNPV

chitinase is closely related to chitinase of S. marcescens

bacteria, suggesting a horizontal gene transfer from S.

marcescens to baculoviruses. S. marcescens is an enteric

pathogen of a wide diversity of animals and is regularly

found in the insect gut. Baculoviruses replicate their

genome within the host nucleus, and S. marcescens can

attack the cavity of the insect body through midgut cells.

A baculovirus and a Serratia-like entomopathogenic

bacterium may have contact with the host’s DNA,

subsequently leading to DNA fragment exchange [32].

chitA has been classified as a member of glycosyl

hydrolase family 18 due to the presence of two family 18

conserved motifs, SIGG and FDGVDIDWE, as con-

served regions. All insect chitinases reported so far have

been classified to glycosyl hydrolase family 18 [33]. This

family includes several chitinase-related proteins that

lack the active-site glutamate residue. The deduced

amino acid sequence of Spli-ChitA showed the presence

of a C-terminal HSEL motif. These data agreed with the

earlier findings in most baculoviruses for the presence of

a C-terminal KDEL motif [34, 35] or its variants

(XXEL), such as RDEL [36], HNEL [37], and KTEL [38],

which plays a significant role in the retention and stabil-

ity of the enzyme within endoplasmic reticulum vesicles

[39]. The accumulated data revealed that the KDEL

motif is a significant determinant for the secretion of

viral chitinases.

Transcription analysis of Spli-ChitA mRNA was car-

ried out in a stage- and tissue-specific manner by RT-

PCR and quantified by qRT-PCR. Transcriptional analy-

sis was applied using different time points of fourth

instars at 12, 24, 48, 84, 120, 144, and 168 hpi. Spli-chitA

transcripts were first detected at 12 hpi, reached the

peak at 120 hpi, and remained detectable until 168 hpi.

These observations suggested that chitA is transcribed

at the late phase of viral infection, consistent with the

presence of a late promoter motif (ATAAG) located

within 100 nucleotides upstream from the first ATG

start codon. These data also confirmed earlier findings

that chitinase is a late baculovirus gene product as

recorded in the AcNPV genome [17]. qRT-PCR showed a

steady increase in the transcription amount of chitA

from 12 to 120 hpi, resulting in a 7.5-fold increase at

84 hpi up to a 71-fold at 120 hpi. qRT-PCR demon-

strated that the expression of the transcripts reached a

maximum at 4 to 5 days postinfection, with a significant

decrease toward the later period of infection. In insects,

chitinase expressed in the ecdysis gland specifically reg-

ulates insect growth [40]. Its transcription in the midgut

has a digestive purpose and degrades the chitin of the

PM [41].

mRNA expression of chitinase increased significantly
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before each molting and decreased rapidly after each

molting, most likely due to the occurrence or lack of

ecdysteroids [42]. RNA interference experiments in

Tribolium castaneum showed that some chitinase genes

undertook redundant functions other than molting [43].

Takahashi et al. [44] reported that, in the fourth instar,

B. mori chitinase (BmChiR1) mRNA was induced on the

third day, at the ecdysteroid peak, and decreased to

basal levels on day 3.5. In the fifth instar, BmChiR1

mRNA was rarely detected during spinning periods and

feeding [44]. Alternatively, some chitinases were needed

under particular conditions, such as digestion or innate

immunity [45].

Western blotting using the anti-SpliNPV chitinase

antibody identified a protein of about 50 kDa corre-

sponding to the mature chitinase of SpliNPV. This was

in accordance with Oh et al. [46], who characterized the

chitinase gene from Pieris rapae GV. They demonstrated

that SDS-PAGE and western blotting identified a pro-

tein of 72 kDa with an N-terminal leader sequence that

might be cleaved after the putative 18-amino acid-long

signal peptide sequence to generate a mature protein of

70 kDa. However, the size of chitA is not consistent with

the predicted size of the mature protein of 66 kDa based

on the published sequence, suggesting that degradation

of the mature protein may happen due to protein insta-

bility because of high protease activity that decreased

the protein’s molecular weight. To examine the effects of

ChitA protein on phytopathogenic fungi, its inhibitory

effect on fungal growth was determined. Recombinant

ChitA expressed in E. coli showed in vitro inhibitory

activity toward the growth of two fungi species, F. solani

and F. oxysporum, on PDA plates at 28℃ with clear

zones surrounding the growth area of Fusarium spp. in

all treated plates. These observations suggested the

correct assembly and activity of the purified ChitA pro-

tein.

Earlier studies of some Fusarium spp. have revealed

that the main polysaccharides found in these walls were

chitin and β-glucan. The fungal cell wall comprises the

following components: glucuronic acid, glucose, galactose,

N-acetylglucosamine, mannose, and proteins [47]. Other

studies suggested that the antifungal activities of

chitinase family 18 were not that effective; however,

Chi18bA relatively inhibited the growth of Trichoderma

viride, Mucorjavaniccus, and Trichoderma reesei [48].

The antifungal potential of chitinases depends mainly

on the morphology of the complex fungal cell walls. This

revealed that chitin is constructed in the cell wall in

such a way that can simply be exposed to chitinases.

However, in chitinase-resistant fungal species, the chitin

layer is not always exposed to chitinases.

In conclusion, this work highlights SpliNPV chitinase

by its molecular characterization and transcriptional

and expression regulation and its activity against two

common soil fungal species. Together with its effects on

pathogenic fungi, these features indicate that this

protein could be included in biocontrol studies in addi-

tion to fungi and insect pest industrial formulations for

sustainable agricultural biocontrol applications.
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