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Abstract The Epinotia aporema Granulovirus GP37

protein gene has been identified, located, and sequenced.

This gene was similar to other baculovirus gp37, to ento-

mopoxvirus fusolin gene, and to the chitin-binding protein

gene of bacteria. Sequence analysis indicated that the open

reading frame is 669 bp long (the smallest gp37 sequenced

at present) and encodes a predicted 222-amino acid protein.

This protein is glycosylated and specifically recognized

by an entomopoxvirus fusolin antiserum. The pairwise

comparison of EpapGV gp37 gene product with all the

baculovirus sequences in GenBank yields high similarity

values ranging from 45 to 63 % with Cydia pomonella

Granulovirus gp37 being the most closely related. The

phylogenetic analysis interestingly grouped the granulovi-

ruses in a cluster more closely related to entomopoxviruses

than to nucleopolyhedroviruses, suggesting a possible hor-

izontal transfer event between the granulovirus group and

the entomopoxvirus group.
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The bean shoot borer, Epinotia aporema (Lepidoptera:

Totricidae), is an economically important pest of legume

crops in South America. A viral candidate for the control of

this pest was isolated, studied, and named Epinotia aporema

granulovirus (EpapGV) [1, 2] and belongs to the Betabacu-

lovirus genus of the Baculoviridae family [3]. Baculoviruses

are insect-specific DNA viruses that infect species mainly

within the order Lepidoptera and have been widely used as

bioinsecticides around the world. Two different virion phe-

notypes are produced during infection: the occlusion-derived

virus (ODV), which establishes primary infection in the

midgut of the host, and budded virus (BV), which mediates

virus spread within the host. Virions of the ODV phenotype are

embedded within crystalline occlusions’ bodies (OBs), which

protect the virions from adverse environmental conditions.

When ingested, OBs are dissolved by the alkaline envi-

ronment of the insect midgut, resulting in the release of

ODVs which cross the peritrophic membrane (PM) barrier

and infect midgut epithelial cells. Insect PMs are composed

primarily of chitin and proteins [4] and provide the first line

of defense in the midgut. Two baculoviral gene products

are known to assist the ODVs to overcome the PM:

VEF (viral-enhancing factor or enhancin) and GP37. En-

hancins are metalloproteases that degrade PM proteins [5],
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resulting in the insect’s increased susceptibility to infec-

tion. Baculovirus GP37 is homologous to entomopoxvirus

(EPV) fusolin and both share a 30–40 % amino acid

sequence identity [6]. Fusolin forms a type of inclusion

body termed spindle [6–8], which mediates disruption of

the PM facilitating the infection of the insect host [9]. In

baculoviruses, these types of inclusion bodies were

observed only in Orgyia pseudotsugata multiple nucleo-

polyhedrovirus (OpMNPV) and Choristoneura fumiferana

defective nucleopolyhedrovirus (CfDEFNPV) [10, 11].

Fusolins and GP37 proteins have a chitin-binding domain

(CBD) and the chitin-binding capacity of a baculovirus

GP37 was demonstrated for Spodoptera litura nucleo-

polyhedrovirus (SpliMNPV) [12].

In Anticarsia gemmatalis nucleopolyhedrovirus (AgMNPV)

genome, the enhancin and gp37 genes are absent [13]. Our

preliminary results showed that the addition of EpapGV OBs to

AgMNPV preparation increased its biopesticidal activity on

A. gemmatalis larvae (manuscript in preparation). The recently

sequenced genome of EpapGV (unpublished) confirmed the

presence of a gp37 homolog (ORF 30, accession number:

JX073280) and the absence of an enhancin gene. A recent study

demonstrated that administration of GP37 of Cydia pomonella

granulovirus (CpGV) to Spodoptera exigua larvae enhanced

baculovirus oral infectivity and Bacillus thuringiensis

toxin lethality [14]. Therefore, EpapGV GP37 might be a

good candidate protein responsible for the effect observed on

AgMNPV infection.

EpapGV gp37 sequence analysis indicated that this gene

contains a 669-bp-long ORF encoding a predicted 222-amino

acid-long protein. Two characteristic late promoter elements

(TTAAGTAAG) were found in tandem 7 bp upstream of the

translation initiation codon. The full amino acid sequence

deduced from the gp37 ORF shows that it is the smallest in this

group of viral proteins so far. EpapGV GP37 analysis revealed

the presence of a chitin-binding domain (CBD 3, INTERPRO

database accession number: IPR 004302). This domain

includes the five regions and the 6 conserved cysteines that

may be involved in disulfide bonds (Online resource 1), but

between region 1 and 2, there is a gap of 13 amino acids. It also

contains a consensus recognition site His-Gly-Tyr, that is

considered to constitute a signal sequence [8, 15, 16], and two

putative N-glycosylation sites (91–93 and 145–147 aa resi-

dues). While the N-terminal region is highly conserved among

these proteins, the C-terminal portion is highly variable in

sequence and length as previously described [17]. BLASTP

searches showed that EpapGV GP37 has a significant identity

to all known baculovirus GP37, entomopoxvirus fusolin, and

some bacterial CBPs (chitin-binding proteins). The pairwise

comparison of EpapGV GP37 with baculovirus homologous

sequences yielded high similarity values ranging from 45 to

67 % identity, with CpGV GP37 protein being the most clo-

sely related.

The gp37 ORF was cloned in pBacPak9 (Invitrogen)

and expressed using bApGOZA [18] system in High Five

cells [19]. Briefly, gp37 ORF was amplified with specific

primers containing the EcoRI and PstI sites and cloned in

pBacPak9. The resulting plasmid was cotransfected in

insect cells with parental bApGOZA. As the parental

genome is non-viable, only recombinant virions were

recovered from the supernatant. Recombinant GP37

expression was verified in SDS-PAGE [20], yielding a

product of *25 kDa as expected from the predicted amino

acid sequence (Fig. 1a, line 1). Partial sequencing by the

Edman method [21] confirmed GP37 identity. Western

Blot (WB) analysis was performed with polyclonal anti-

bodies raised against fusolin of Anomala cuprea entomo-

poxvirus, AcEPV [9] (Fig. 1a, lines 3–5). SDS-PAGE

analysis shows that higher MW bands were detected

probably due to different versions of glycosylated protein.

To verify this assumption, glycosylation was inhibited by

the addition of tunicamycin to the cell culture as previously

described [17]. WB reveals that higher bands disappeared

confirming that this protein is naturally glycosylated

(Fig. 1a, line 4). The cross reaction of these antibodies with

EpapGV GP37 evidences a close relationship between the

GP37 protein of a granulovirus and an entomopoxvirus

fusolin protein. On the contrary, Li et al. [10] reported that

CfDEFNPV GP37 and fusolin from two entomopoxviruses

(EPVs) were not serologically related, even though they

share conserved polypeptide domains.

Previous phylogenetic analysis showed that baculovirus

gp37 genes and entomopoxvirus fusolin genes form two

distinct and well-separated clades [14, 17] and that within

the baculovirus clade, the GP37 phylogeny is consistent

with previously published baculovirus phylogenies based

on other proteins [22]. In this report, a new phylogenetic

analysis by means of MEGA 3 program with default

parameters [23] was performed based on the baculovirus

GP37, EPVs fusolin, and bacterial CBPs sequences

(Fig. 1b) (Online resource 2). When including all granu-

lovirus (GVs) sequences in our analysis, we found that they

were grouped into a cluster closest to entomopoxvirus than

to the rest of baculoviruses. This is in accordance with WB

observations detailed above. EPVs formed two separated

groups, lepidopteran viruses (CbEPV, CfEPV, HaEPV, and

PsEPV) and coleopteran viruses (AcEPV and MmEPV) as

described previously [17]. The bacterial CBPs cluster

appeared separated from the virus group. Current evidence

does not support firm conclusions on the origin of this gene

family and its presence in both baculoviruses and EPVs

lineages [17]. The analysis presented in this paper suggests

that a horizontal transfer of this gene could have happened

between both viral families. It is known that representatives

of the Baculoviridae and Entomopoxviridae have the same

insect host [8, 24–26], and this situation would benefit the
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horizontal transmission of genes. It is necessary to include

more gp37/fusolin sequence data in order to clarify the

relationship of these proteins between EPV and GVs.

Within EpapGV genome, gp37 ORF is located adjacent

to a chitinase gene (v-chiA) (Online resource 3). V-CHIA

plays an important role in the degradation of chitin during

the final stages of the infection in the insect, facilitating the

release of the virus OBs in the environment [27, 28]. The

v-chiA is homologous to bacterial genes and previous

results strongly suggest that baculoviruses acquired their

chitinase genes from bacteria [29, 30]. In bacteria, the

functional relationship between CHIA and CBPs was

demonstrated [31–33]. Through their binding to chitin,

CBPs lead to structural changes and increase accessibility

of chitin substrate to the action of chitinase [34]. The viral

homologs of CBPs, namely GP37 and fusolins, also bind to

chitin. Therefore, it is possible that GP37 plays a role not

only in the initial steps of infection at the PM level, but also

at the final stages by facilitating chitinase activity. This

hypothesis remains to be elucidated.

Previous reports demonstrated the potential use of Gp37/

fusolin proteins in viral formulations [14] and transgenic plants

[35] in order to increase the host susceptibility to baculoviral

infection. Therefore, EpapGV Gp37 is an important protein

candidate for its use in strategies to control the E. aporema

pest.
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