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A gene that encodes a protein homologue to baculoviral
IE-1 was identified and sequenced in the genome of the
Choristoneura fumiferana granulovirus (ChfuGV). The
gene has an 1278 nucleotide (nt) open-reading frame
(ORF) that encodes 426 amino acids with an estimated
molecular weight of 50.33 kDa. At the nucleotide level,
several cis-acting regulatory elements were detected within
the promoter region of the ie-1 gene of ChfuGV along with
other studied granuloviruses (GVs). Two putative CCAAT
elements were detected within the noncoding leader region
of this gene; one was located on the opposite strand at −92
and the other at −420 nt from the putative start triplet.
Two baculoviral late promoter motifs (TAAG) were also
detected within the promoter region of the ie-1 gene of
ChfuGV. A single polyadenylation signal, AATAAA, was
located 18nt downstream of the putative translational stop
codon of ie-1 from ChfuGV. At the protein level, the amino
acid sequence data that was derived from the nucleotide
sequence in ChfuGV IE-1 was compared to those of the
Cydia pomonella granulovirus (CpGV), Xestia c-nigrum
granulovirus (XcGV) and Plutella xylostella granulovirus
(PxGV). The C-terminal regions of the granuloviral IE-1
sequences appeared to be more conserved when compared
to the N-terminal regions. A domain, similar to the basic
helix-loop-helix like (bHLH-like) domain in NPVs, was
detected at the C-terminal region of IE-1 from ChfuGV
(residues 387 to 414). A phylogenetic tree for baculoviral
IE-1 was constructed using a maximum parsimony
analysis. A phylogenetic estimation demonstrates that
ChfuGV IE-1 is most closely related to that of CpGV.

Keywords: Choristoneura fumiferana granulovirus, ie-1,
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Introduction

The baculoviridae are large and complex DNA viruses that
primarily infect arthropods, especially insects that belong
largely to the orders Lepidoptera, Dieptera, and Hymenoptera.
The Baculoviridae are comprised of two genera: the
nucleopolyhedroviruses (NPVs) and the granuloviruses
(GVs). Granuloviruses have been characterized at the
cytological level, and their application for pest control in
agriculture and forestry has been fairly successful (Crook,
1991; Moscardi, 1999). Spruce budworm, Choristoneura
fumiferana, is the most devastating coniferous tree pest in
eastern Canada and the United States. Choristoneura
fumiferana granulovirus (ChfuGV) are being considered as an
alternative biological insecticide due to their specificity for
their insect host.

Baculovirus genes are expressed in a transcriptional
cascade in which each successive phase is dependent on the
expression of genes during the previous phase. Basically, there
are presently four commonly established phases in this
cascade. These phases are the immediate early (IE), delayed
early (DE), late (L), and very late (VL). During the early
phases, the molecular environment and other aspects of the
intracellular environment of the cell are altered in preparation
for the replication and expression of viral DNA. Early virus
promoters are composed of multiple cis-acting regulatory
components. These promoters require host RNA polymerase
II for proper transcription (Nissen and Friesen, 1989;
Theilmann and Stewart, 1991; Rodems and Friesen, 1993;
Guarino and Dong, 1994; Pullen and Friesen 1995a). DE
genes need the presence of regulatory proteins that are
transcribed during the immediate early phase in order to be
efficiently transcribed (Guarino and Summers, 1986).
Baculoviral genes that encode trans-activating factors have
been identified. These regulatory proteins are able to detect
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enhancer elements that are located in several regions of
baculoviral genome. They also contribute to the speed and
facility with which the virus is able to direct the host cell
metabolic machinery to transcribe particular genes that are
necessary for viral replication.

Immediate early protein IE-1 is the principal transcriptional
regulator known in Autographa californica multiple
nucleopolyhedrovirus (AcMNPV) and Orgyia pseudotsugata
MNPV (OpMNPV) (Hayakawa et al., 2000). Transcription
factors are commonly known as structurally-complex proteins
that contain various functional components that are associated
with DNA binding, protein oligomerization, phosphorylation,
activation, and other activities. Transcription factors fall into
different groups, such as zinc fingers, helix-turn-helix (HTH),
helix-loop-helix (HLH), or basic leucine zippers. These
proteins share a short domain that is associated with DNA
binding or oligomerization (Altshul et al., 1992; Lewin,
1997). IE-1 protein in baculovirus is detected throughout
infection (from IE to VL phases); this involvement suggests
that the presence of IE-1 is essential for a productive infection
(Ribeiro et al., 1994; Choi and Guarino, 1995; Okano et al.
1999). The presence of homologous regions (hrs) in the cis
position of the promoter of DE genes enhances the IE-1
transactivation effect (Guarino and Summers, 1986; Choi and
Guarino, 1995). Studies conducted on IE-1 from AcMNPV,
the prototype subgroup I baculovirus, demonstrate that IE-1
oligomerization is a key factor for IE-1 transcriptional
stimulation (Olson et al., 2001). These data also indicate that
IE-1 needs to be oligomerized as a dimer in order to turn into
an active protein that is capable of binding to the 28 bp
palindromic repeats of the hrs. This was revealed using ie-1
defective mutants of AcMNPV. These mutants lose their
oligomerization activity and hence suffer the loss of IE-1 hr-
dependant transactivation (Olson et al., 2001). The 28-mer
palindrome is the minimal requirement for the enhancer
activity of cis linked viral promoters (Guarino and Dong,
1994; Rodems et al., 1997; Kremer and Knebel-Morsdorf,
1998; Leisy and Rohrmann, 2000; Massari and Murre, 2000;
Olson et al., 2001). Evidence demonstrates that it is essential
for IE-1 dimers to interact through cooperative binding with
both palindromic half sites of the 28-mer palindrome in order
to stimulate the hr enhancer activity (Rodems et al., 1997;
Kremer and Knebel-Morsdorf, 1998; Leisy and Rohrmann,
2000). The model that is presented for the DNA binding by
IE-1 proposes that the interaction of the IE-1 dimer across the
28-mer axis of symmetry makes simultaneous contact with
both half sites (Olson et al., 2001). This contact is a vital
parameter that can eventually lead to transcriptional
enhancement.

To date, ie-1 homologues have been reported from 10
NPVs and 3 GVs; however, no significant information about
the granuloviral ie-1 genes is available in literature. This paper
is the first major report that concentrates on the analysis of a
granuloviral ie-1 gene and its deduced amino acid sequence.

Materials and Methods

In vivo production and purification of virus    Choristoneura
fumiferana fourth-instar larvae were infected by ChfuGV using a
virus-contaminated artificial diet (Forté et al., 1999). Progeny
viruses were then extracted from the infected larvae as previously
described (Bah et al., 1997).

DNA extraction, cloning, and sequencing &KIX*9�'1$�ZDV

LVRODWHG� IURP� SXULILHG�HQYHORSHG� QXFOHRFDSVLGV� RI� WKH� YLUXV�� 7R

LVRODWH� WKH� HQYHORSHG� QXFOHRFDSVLGV�� RFFOXVLRQ� ERGLHV� ZHUH

VROXELOL]HG�XQGHU�DONDOLQH�FRQGLWLRQV����� 0�VRGLXP�FDUERQDWH�S+

����� IRU��� PLQ�RQ� LFH��� DQG�XQGLVVROYHG�JUDQXOHV�ZHUH�VHSDUDWHG

E\� FHQWULIXJDWLRQ� ������ J� IRU� �� PLQ��� 7KH� VXSHUQDWDQW�ZDV� WKHQ

OD\HUHG� RQ� D� VXFURVH� JUDGLHQW� ����� WR� ����� DQG� FHQWULIXJHG� DW

������ J� �%HFNPDQ� 6:����� IRU� �� PLQ� DW� �R&�� (QYHORSHG

QXFOHRFDSVLGV� ZHUH� WKHQ� FROOHFWHG�� DQG� DIWHU� EHLQJ� ZDVKHG� LQ

GLVWLOOHG� ZDWHU�� FHQWULIXJHG� DW� ������� J� �%HFNPDQ� 6:����� IRU

�� PLQ�DW��R&��WKHQ�UHVXVSHQGHG�LQ�D�7(�EXIIHU���� P0�7ULV�+&O�

� P0�('7$��S+�������7KH�SXULW\� DQG� LQWHJULW\� RI� WKH� HQYHORSHG

QXFOHRFDSVLGV�ZHUH�H[DPLQHG�E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�

)RU� '1$� H[WUDFWLRQ�� WKH� SXULILHG�HQYHORSHG� QXFOHRFDSVLGV� RI

&KIX*9�ZHUH�GLJHVWHG�LQ���� µJ�PO�SURWHLQDVH�.�LQ�WKH�SUHVHQFH

RI� ����� 6'6�� IRU� � K� DW� ��R&�� 'LJHVWHG� SURWHLQV� ZHUH� H[WUDFWHG

RQFH�ZLWK�VDWXUDWHG�SKHQRO�E\�DGGLQJ�HTXDO�YROXPHV�RI�SKHQRO� WR

WKH�SUHSDUDWLRQ��WZLFH�ZLWK�RQH�YROXPH�RI�SKHQRO��FKORURIRUP��� � �

Y�Y��DQG�RQFH�ZLWK�DQ�HTXDO�YROXPH�RI�FKORURIRUP��LVRDP\ODOFRKRO

��� � ��Y�Y���7KH�'1$�WKDW�ZDV�SUHVHQW� LQ�WKH�DTXHRXV�SKDVH�ZDV

SUHFLSLWDWHG�ZLWK�����YROXPH�RI������HWKDQRO�LQ�WKH�SUHVHQFH�RI����

YROXPH�VRGLXP�DFHWDWH��� 0��S+������IRU�� K�DW��R&��WKHQ�SHOOHWHG�DW

������ J�IRU��� PLQ��7KH�SXULILHG�'1$�ZDV�GULHG�DQG�GLVVROYHG�LQ

D� 7(� EXIIHU�� 7KH� YLUDO� JHQRPH�ZDV� GLJHVWHG� E\�%DP+,�� DQG� WKH

IUDJPHQWV�ZHUH� OLJDWHG� LQWR� S6.�%OXHVFULSW� �6WUDWDJHQH��/D� -ROOD�

86$���'XULQJ�WKH�VHTXHQFH�DQDO\VLV�RI�WKH��� NE�%DP+,�UHVWULFWLRQ

IUDJPHQW�RI�WKH�&KIX*9�JHQRPH��D�KRPRORJXH�RI�WKH�EDFXORYLUDO

LH��� JHQH� ZDV� GHWHFWHG�� 7KH� VHTXHQFLQJ� ZDV� SHUIRUPHG� XVLQJ

VSHFLILF�SULPHUV�LQ�ERWK�GLUHFWLRQV�E\�SULPHU�ZDONLQJ��6DQJHU�HW�DO�

������

Computer analysis The sequences were analyzed by the
Sequencer program version 4.0.5 (Gene Codes Corp., Ann Arbor,
USA) and the MacVector program version 4.5.0 (Eastman Kodak).
The nucleotide sequence and its predicted amino acid sequence
were compared to homologues in GenBank/EMBL and
SWISSPROT by using BLAST algorithm (Altshul et al., 1992).
CLUSTALX (1.81) (Thompson et al., 1997) was used for multiple
amino acid sequence alignments. BOXSHADE was used for
similarity shading and scoring among the aligned sequences. The
alignment was used as the input to construct the phylogenetic tree
with Branch and Bound search settings of PAUP 4.0b4a (Swofford,
2000). Amino acid composition and isoelectric points were
calculated using Peptide Statistic (http://web.umassmed.edu/cgi-
bin/biobin/pepstats) and ProtParam (http://www.expasy.ch/tools/
protparam.html) tools. Hydropathy plots were obtained using Kyte
and Doolittle hydropathy values (−4.5 to 4.5) via Nixon web tools
(http://www.bmb.psu.edu/nixon/webtools.html).
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Results and Discussion

During sequencing of the ChfuGV genome library, a putative
gene that encodes a protein homologue to the baculoviral IE-1
protein was identified. The ie-1 gene from ChfuGV has a
1278 nucleotide open-reading frame (ORF) that encodes 426
amino acids with a predicted molecular mass of 50.33 kDa
(Fig. 1). The amino acid composition in terms of non-polar
(ACFGILMPVWY), polar (DEHKNQRST), basic (HRK),
and acidic residues (DE) indicates a content of non-polar
(48.4%), polar (51.6%), acidic (11%) and basic (16.7%). The
protein is particularly rich in leucine (10.3%) and lysine
(10.1%) residues. Table 1 presents the amino acid
composition, predicted molecular mass, and isoelectric points
of all of the known baculoviral IE-1 proteins.

The upstream region of the ie-1 gene from ChfuGV, along
with all other granuloviruses, was studied with the aim of
detecting all possible cis-acting control elements within this
region. Previous studies on the promoter region of the ie-1
gene from AcMNPV pointed out that these elements were
located from −34 to −546 nt of the start triplet (Pullen and
Friesen, 1995a; Leisy and Rohrmann, 2000). To identify all of
the cis-acting DNA elements that regulate the ChfuGV ie-1
gene expression, along with other known granuloviral ie-1
genes, we examined a region that extends from nucleotide −1
to −800 within the noncoding leader region of all granuloviral
ie-1 genes. The outcome revealed the presence of several cis-
acting regulatory elements within the promoter region of the
ie-1 gene of ChfuGV and other studied granuloviruses.

When these regions in granuloviruses were compared to the
same regions in NPVs, no significant preservation was
observed between the studied sequences from the two genera.
Furthermore, an alignment of all of the granuloviral ie-1 gene
noncoding leader regions revealed that, although the similar
motifs were identified in these regions, still only a small
conservation level was observed among them (data not
shown).

The tetranucleotide CAGT is the consensus baculovirus
early-transcriptional start site of numerous baculovirus genes
(Blissard et al., 1992; Pullen and Friesen, 1995b). Current
evidence suggests that the CAGT motif is an initiator element
that is required for proper ie-1 transcription during AcMNPV
infection. This motif plays a critical role in accelerating the
expression of viral genes, such as ie-1, that are vital in
launching a productive infection. These data suggest that, in
AcMNPV, the CAGT motif affects the rate by which ie-1 is
transcribed and the deletion of sequences, including CAGT,
that is eliminated early in the ie-1 transcription. In AcMNPV,
the nucleotides that surround the CAGT motif are adequate
for appropriate transcription in a TATA-independent mode
(Pullen and Friesen, 1995b). Although no CAGT motif was
detected in the ie-1 promoter region of ChfuGV, we detected a
similar motif (TCATT) that was centered at position −482.
The motif (A/C/T)CA(G/T)T is a proposed consensus for
arthropod transcriptional initiator elements. A large group of

arthropod polymerase II promoters contains one or more
copies of the pentanucleotide TCAGT, or one of its cognates

Fig. 1. Nucleotide sequence and predicted amino acid sequence
of ie-1 gene from ChfuGV. All possible cis-acting elements
located within the noncoding leader region are in underlined
italic. Putative polyadenylation signal is in underlined bold, astrix
(*) shows the stop codon.
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TCATT, ACAGT, and GCAGT. The high conservation level
of this motif at the promoter region of arthropods implies the
significance of these promoter elements (Cherbas and
Cherbas, 1993). The presence of this motif in ChfuGV, as well
as CpGV and XcGV, suggests the importance of this motif as
a transcriptional initiator element in granuloviruses.

The only TATA element in the ie-1 promoter region of
ChfuGV is located 203nt upstream of the start codon triplet.
Potential TATA motifs were observed in the ie-1 promoter
region of all of the GVs that were studied; however, only two
of them (PxGV and CpGV) had these elements located within
a reasonable distance from the putative ATG translation
initiation codon. A CCAAT element was located 92 nt
upstream of the start triplet of the ie-1 gene in ChfuGV on the
opposite strand. Another CCAAT element was also located at
position −420 nt. CCAAT elements were also detected in the
promoter region of PxGV. Two late motifs (TAAG) were
observed at positions −368 and −508 from the putative start
triplet. The late motifs were detected in all of the available GV
promoter regions. A single polyadenylation signal, AATAAA,
was located 18nt downstream of the putative translational stop
codon of ChfuGV ie-1 (Fig. 1).

The multiple sequence alignment of ChfuGV and other
granuloviral IE-1 proteins revealed that the C-terminal regions
of these proteins are more conserved when compared to the
N-terminal regions (Fig. 2). This finding confirms the data
from nucleopolyhedral IE-1 (Olson et al., 2001; Wang et al.,
2001). Available data on IE-1 proteins from NPVs propose
that the C-terminal regions of these proteins play a critical role
in DNA binding; the N-terminal regions of IE1, which are rich
in acidic residues, have been hypothesized to be an acidic
activation domain (Theilmann and Stewart, 1991; Rodems et
al., 1997; Forsythe et al., 1998; Leisy and Rohrmann, 2000;
Olson et al., 2001). Two stretches of amino acid sequences are
well-conserved in the C-terminal regions of all granuloviral
IE-1 proteins. They are 332[R/H][Y/F]R[L/I]NCF[K/R] 339 and
345[L/V]W[I/V]NS[M/I]V 351. Another well-conserved amino
acid sequence, 393KL[V/I]IRY[I/V]L 400, was detected in all of
the GVs, except PxGV. Although PxGV kept almost the same
pattern, the second, fourth, and the eighth residues were found
to be shifted to F, M, and M, respectively.
7KH� GHGXFHG� DPLQR� DFLG� VHTXHQFH� RI� &KIX*9� ,(��� ZDV

FRPSDUHG�WR�RWKHU�NQRZQ�EDFXORYLUDO�,(��V��5HVXOWV�UHYHDOHG

D� QRQ�VLJQLILFDQW� VLPLODULW\� EHWZHHQ� JUDQXORYLUDO� DQG

Table 1. Amino acid compositions (%), isoelectric points and molecular mass of ChfuGV and other baculoviral IE-1 proteins. Peptide
Statistic and ProtParam tools were used for calculation

ChfuGV CpGV XcGV PxGV AcMNPV OpMNPV BmNPV

 (%)
Non polar
Polar
Acidic
Basic

48.40
51.60
11.00
16.70

43.90
56.10
13.10
17.40

45.20
54.80
10.70
16.90

47.60
52.40
13.70
17.00

46.40
53.60
11.50
12.90

46.60
53.40
12.30
14.60

46.70
53.30
11.80
12.30

 (%)
Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
Ile
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

 
2.1
4.0
8.0
6.3
1.4
3.8
4.7
3.3
2.6
8.7

10.30
10.10
3.5
5.4
0.9
6.3
5.9
0.9
5.4
6.3

3.9
6.1
8.0
5.3
1.6
5.3
7.8
2.3
3.7
4.3
7.8
7.6
4.1
4.3
2.0
6.1
6.1
1.0
4.9
7.6

3.9
3.9
6.4
6.6
1.2
4.1
4.1
1.7
5.2
7.2
8.9
7.9
3.1
4.3
4.3
8.7
7.9
1.2
4.3
5.0

2.5
4.6
9.4
6.9
2.3
2.8
6.9
2.0
2.5
6.6
9.2
9.9
3.8
4.1
2.5
5.3
4.1
0.8
5.6
8.1

5.3
2.2
9.5
5.3
1.5
4.0
6.2
2.4
2.7
4.6
7.7
7.9
1.9
5.8
3.1
9.3
6.5
0.2
6.4
7.4

6.6
5.2
8.6
6.4
0.9
4.8
5.9
3.4
1.8
3.6
8.2
7.7
3.4
4.8
3.4
7.5
5.5
0.4
4.8
7.1

5.7
2.1
9.9
5.7
1.5
3.9
6.2
2.6
2.2
4.6
7.7
8.0
2.1
5.7
3.3
8.9
6.3
0.2
6.3
7.2

Isoelectric
Point 09.17 08.23 08.61 08.19 06.09 08.28 05.79

Molecular
Mass(kDa) 50.33 57.92 56.42 46.60 66.88 64.31 66.92
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QXFOHRSRO\KHGUDO� ,(��� SURWHLQV� �7DEOH� ���� (YHQ� WKH

K\GURSKLOLFLW\� SORW� DQDO\VLV� GHPRQVWUDWHG� QR� VLJQLILFDQW

VWUXFWXUDO�FRQVHUYDWLRQ�EHWZHHQ�WKH�,(���SURWHLQV�DQG�WKH�*9V

DQG�139V��)LJ������'HVSLWH�WKH�ODFN�RI�VLJQLILFDQW�KRPRORJ\

EHWZHHQ� DPLQR� DFLG� VHTXHQFHV� RI� WKH� ,(��� SURWHLQV� RI�*9V

DQG�139V��WKH�,(���SURWHLQ�IURP�&KIX*9�VKDUHV�D�FRQVHUYHG

GRPDLQ� (residues 387 to 414) with nucleopolyhedral IE-1s
(Fig. 4). This conserved domain was originally discovered
within the C-terminal region of NPVs IE-1 proteins. Each
domain contains two amphipathic á-helices that are led by a
group of basic residues, and foUPV�D�E+/+�OLNH�GRPDLQ��7KH

+/+�SURWHLQ�IDPLO\�RI�WUDQVFULSWLRQDO�IDFWRUV�LV�FKDUDFWHUL]HG

E\� KLJKO\�FRQVHUYHG� '1$� ELQGLQJ�� GLPHUL]DWLRQ�� DQG

WUDQVDFWLYDWLRQ�PRWLIV�� DQG� FRQWDLQV� YHU\� LPSRUWDQW� HOHPHQWV

WKDW� KDYH� EHHQ� LGHQWLILHG� LQ� GLIIHUHQW� OLYLQJ� RUJDQLVPV� WKDW

UDQJH�IURP�\HDVW�WR�KXPDQV��$WFKOH\�HW�DO����������'HVSLWH�WKH

KLJK� OHYHOV� RI� VLPLODULW\� LQVLGH� WKH� FRQVHUYHG� GRPDLQ�� WKH

+/+� SURWHLQV� XVXDOO\� H[KLELW� FRQVLGHUDEOH� VHTXHQFH

GLYHUJHQFH� RXWVLGH� WKLV� UHJLRQ�� ,Q� $F0139� ,(���� WKH

H[LVWHQFH� RI� K\GURSKRELF� UHVLGXHV� ZLWKLQ� WKH� +/+�OLNH

GRPDLQ� LQ� &�WHUPLQXV� LV� HVVHQWLDO� IRU� ,(��� ROLJRPHUL]DWLRQ

DQG�FRQWULEXWHV� WR�,(���VWDELOLW\��5RGHPV�HW�DO���������6ODFN

DQG�%OLVVDUG���������,W�VHHPV�WKDW�WKH�K\GURSKRELF�VXUIDFH�RI

WKH�DPSKLSDWKLF�KHOLFHV�LV�GLUHFWO\�LQYROYHG�LQ�WKH�KRPRSKLOLF

LQWHUDFWLRQ�EHWZHHQ� ,(���PRQRPHUV��7KH�EDVLF� UHVLGXHV� WKDW

SUHFHGH� WKH� +/+�OLNH� GRPDLQ� RI� EDFXORYLUDO� ,(��� FDQ� EH

UHJDUGHG� DV� HOHPHQWV� WKDW� DUH� LQYROYHG� LQ� '1$�ELQGLQJ

DFWLYLW\��7KHVH�UHVLGXHV�PD\�LQWHUDFW�WKURXJK�LRQLF�LQWHUDFWLRQV

ZLWK� WKH�QHJDWLYHO\�FKDUJHG� SKRVSKR�VXJDU� EDFNERQH� GXULQJ

ELQGLQJ�WR�WKH�'1$�PROHFXOH�

A highly-conserved stretch of five amino acids could be
marked within this domain in most of the known baculoviral
IE-1 proteins, apart from CpGV, XcGV, and PxGV. The
conserved sequence is [V/L][V/L]KL[V/I/L] (residues 391 to
395 in ChfuGV IE-1). Similar sequences could also be
detected in CpGV (VSKLV), XcGV (V-KLI) and PxGV (V-
KFV) (Fig. 4). A multiple sequence alignment of deduced
amino acid sequences of granuloviral and nucleopolyhedral
IE-1 proteins revealed that, beside the basic helix-loop-helix
like (bHLH-like) domain, no significant conservation could be
detected among IE-1 proteins from the two genera of
Baculoviridae family. The IE-1 proteins from ChfuGV and
CpGV showed a high degree of similarity and shared several
distinct motifs within both the C and N-terminals. Five such
motifs were located within the N-terminal (63N[K/H]F[R/
K]TTT69, 71HMF[I/V]C 75, 82YVKNER[Y/F] 88, 102GNA[F/

Table 1. Continued

EpNPV LdMNPV SeMNPV TnSNPV HaNPV CfNPV 

 (%)
Non polar
Polar
Acidic
Basic

46.03
53.96
12.59
13.31

50.53
49.47
15.19
15.37

44.26
55.74
12.47
15.47

41.68
58.32
11.77
15.43

45.84
54.16
10.89
16.04

44.46
55.54
12.68
14.11

 (%)
Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
Ile
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

4.9
4.1

10.60
5.8
0.9
3.8
6.8
2.2
2.2
4.9
8.8
7.0
4.0
4.7
3.6
6.3
7.4
0.5
5.0
6.7

8.8
6.2
4.9
6.2
2.5
3.9
9.0
3.0
1.4
4.6
8.0
7.8
2.7
4.2
4.4
6.4
3.7
0.9
4.6
6.9

4.1
3.5
8.7
7.1
0.8
3.5
5.3
3.1
2.9
7.6
6.4
9.1
4.1
4.5
3.6
9.2
6.3
0.3
4.1
5.7

4.1
3.0
13.1
7.3
1.2
3.7
4.5
2.0
1.9
7.7
6.2

10.60
2.4
4.3
4.3
8.4
6.0
0.3
3.2
5.8

3.8
4.7
9.7
4.7
0.6
3.9
6.2
2.4
3.0
6.4
7.9
8.3
3.8
4.2
4.7
8.6
5.0
0.3
4.2
7.6

3.9
4.6
8.2
5.9
0.9
5.2
6.8
2.9
2.0
5.2
7.5
7.5
2.9
5.2
3.0
8.9
6.4
0.4
5.2
7.5

Isoelectric
Point 05.92 05.85 07.64 08.92 09.17 06.46

Molecular
Mass(kDa) 64.63 65.08 81.94 84.52 76.49 64.95
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Y]E[L/M] 107, and 113KF[F/Y]ITT[K/R]L[I/L]Q 122) while seven
were found in the C-terminal region (222[L/M]F[D/E][I/L][M/

L]YKNG 230, 303DV[D/E][D/E]F[L/M]R[I/L]S [L/V] 312,
317GDV[L/V]FNMK 324, 331QRYR[L/I]NCF[K/R][I/M]D 341,

Fig. 2. Alignment of the N-terminal (a) and C-terminal (b) of granuloviral IE-1 protein. The alignment was processed using CLUSTAL
X software and BOX SHADE tool. Two shading levels were set: gray for more than 50% and black for 100% identity. Accession
numbers for the sequences used are as follow: CpGV AAK70674, XcGV CQ9PZ32; PxGV Q9DW20.
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345[L/V]W[I/V]NSMVY 352, 383M[L/M]SKLH 388, and
393KLVIRY[I/V]LS[K/R]R 403).

A phylogenetic analysis of the IE-1 proteins is shown in Fig.
5. The tree was produced via maximum parsimony to estimate
the evolutionary relationship between baculoviral IE-1 proteins.
These analyses show a clear division between the GV and NPV
IE-1 proteins. Two main branches for NPVs were found in this
tree. However, due to the limited number of known granuloviral
IE-1 proteins, the tree cannot present a complete picture of this
genus. ChfuGV is positioned beside CpGV in the same cluster,
supported by a 99% bootstrap value.

This study provides further information about the
importance of the basic helix-loop-helix like domain in
baculoviral IE-1 proteins. It also demonstrates that the
presence of several potential cis-acting regulatory elements
within the upstream region of the ie-1 gene is a common

Table 2. Comparison of deduced amino acid sequence of ChfuGV IE-1 with that of three GVs and ten NPVs IE-1 proteins. Pair wise
identity values (%) between taxa are shown

CpGV XcGV PxGV HaNPV HzNPV EpNPV BmNPVAcM-
NPV SeNPV LdM-

NPV TnSNPV OpM-
NPV CfNPV

ChfuGV 39.4 24.5 23.4 13.3 12.9 14.3 14.2 14.0 12.5 14.1 12.7 13.0 13.4
CpGV 24.9 22.1 13.1 12.6 11.1 12.0 11.7 11.5 11.2 12.0 10.8 11.3
XcGV 26.9 10.0 10.1 10.8 13.7 12.8 11.5 11.9 12.3 11.2 10.8
PxGV 13.8 13.7 12.6 13.3 12.8 12.1 12.9 11.0 12.6 12.3
HaNPV 98.0 26.0 25.9 26.1 27.0 28.0 22.3 25.9 25.8
HzNPV 26.4 26.0 26.2 27.5 28.1 22.7 25.9 26.1
EpNPV 48.8 49.4 23.7 25.3 22.8 67.0 66.9
BmNPV 95.9 25.3 25.5 21.5 47.5 47.6
AcMNPV 24.8 24.8 21.5 47.9 47.5
SeNPV 25.2 22.4 24.3 24.1
LdMNPV 24.4 25.4 25.5
TnSNPV 22.0 23.1
OpMNPV 74.4

Fig. 3. Hydrophilicity profiles from C-termial regions of all
known granuloviral and two nucleopolyhedral IE-1 proteins.
Above the axis (+) denotes hydrophilic regions and below the
axis (-) indicates hydophobic regions.

)LJ�� ��� �D��+/+�OLNH�GRPDLQ�RI� ,(����&KIX*9� ,(��� UHVLGXHV����

WR� ���� ZHUH� DOLJQHG� ZLWK� HTXLYDOHQW� ,(��� UHVLGXHV� IURP� 139V

DQG� RWKHU� *9s. Conserved hydrophobic (ϕ) residues are
illustrated. (b) Basic residues (+) preceding the HLH-like domain
of ChfuGV IE-1 are depicted
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property in all known baculoviral IE-1 proteins. It will be of
interest to determine the cellular location of the ie-1 gene
product during the process of infection.
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