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Abstract. The polyhedrin gene (polh) was identified from the Trichoplusia ni (Tnit)
single capsid nuclear polyhedrosis virus (SNPV). An EcoRI fragment containing
the truncated polyhedrin gene was detected by hybridization with an AcMNPV
expression vector probe; the remaining portion of the gene was amplified by
reverse PCR. An open reading frame (ORF) of 741 nucleotides (nt), encoding a putative
protein of 246 amino acids (a.a) with My 28,780 Da was identified. The 5t-noncoding

region contained the putative late (TAAG) transcription initiation motif. The 3t end,
downstream of the translation stop codon, lacked an obvious putative poly (A) signal.
Nucleotide and amino acid homology are greater than 80% to that of Mamestra
brassicae polyhedrin sequences. Results suggest that T. niSNPV is a member of the
group II nuclear polyhedrosis viruses.

Introduction

The Family Baculoviridae are invertebrate-specific pathogens that contain a single circular
supercoiled double stranded DNA molecule that ranges in size from 80-220 kilobases (1).
In excess of 600 insect species are susceptible to baculovirus infection, with a single virus isolate
normallyrestricted toone hostora few closely related species.

The nuclear polyhedrosis virus (NPV) genome is complex and is capable of encoding for at
least 150 proteins (2,3), of which polyhedrin is hyperexpressed late in the infection cycle (4).
Polyhedrin, a protein approximately 29-kD in size, is the primary constituent of the crystalline
matrix surrounding enveloped nucleocapsids or occluded viruses (5,6). Since non- occluded
viruses have been found to be rapidly inactivated in the soil and on plant tissues as well as in
dead larvae (7), it is accepted that polyhedrin is essential for the persistence of the
biological activity of the virus in the environment.

Homology studies have identified polyhedrin as the most conserved baculovirus protein so far
characterized. Among lepidopteran baculovirus polyhedrin genes more than 80% sequence
identity has been reported. Additionally, in excess of 50% identity has been reported
between lepidopteran baculovirus granulin and polyhedrin sequences (8). The introduction of
foreign genes in lieu of the polyhedrin gene to increase the efficacy of the virus, has resulted
in varying success (9-12).
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Based on phylogenetic studies using polyhedrin sequences, NPVs have been classified
into two groups, namely Group I and Group II. This suggests NPV evolution comprises of
two distinct branches (13,14). However, conclusive support for this hypo- thesis could only
be gained through continued molecular analysis of various other conserved baculovirus
genes.

In this study we characterize the polyhedrin gene of a nuclear polyhedrosis virus isolated from
a field population of Trichoplusia ni as a prelude to the introduction of a foreign gene to
increase the efficacy of the virus. The EcoRI-V fragment of 1.35 kbs, shown to hybridize
to a portion of the AcMNPV polyhedrin gene coding region, was cloned and
sequenced. The predicted polyhedrin gene product is compared to 9 other
occlusion proteins and a phylogenetic relationship is proposed. The nucleotide and
amino acid sequences were most homologous (83% and 94%, respectively) to
that of Mamestra brassicae MNPV. Sequence comparisons suggests that TniSNPV is
a member of the previously defined group II nuclear polyhedrosis viruses.

Methods

Viruses and Insect Hosts

Virus was isolated from diseased Trichoplusia ni (Noctuidae: Lepidoptera) larvae
collected in the Eastern Cape, South Africa. Propagation of virus was done using

second instar larvae reared at 269C (artificial 12 h day-night cycle; 65% humidity)
on an artificial lepidopteran diet. Virus killed larvae were collected and virus
capsules isolated and purified as previously described (Crook, personal
communication).

DNA Extraction and Digestion
Purified viral capsules were alkali lysed and phenol extracted. Extracted DNA was
digested with EcoRI, Pstll, Dral and Xbal according to the manufacturers

instructions (Boehringer Mannheim) for 1.5 h at 37°C.

Clone Construction and Location of Polyhedrin Gene
EcoRI restriction fragments were cloned into the compatible site of the multiple

cloning region of SK T -Bluescript and transformed into supercompetent E. coli JM
105 cells. Following blue-white selection, plasmid DNA was extracted by the mini-
prep method (15). Positive clones were EcoRI- digested, run on 0.8% agarose gels,
visualized and transferred to Hybond-N nitrocellulose membranes (Amersham,
Life Sciences) by capillary Southern Blot techniques; these were routinely screened
for the presence of the polyhedrin gene by hybridization to a labeled probe. The
probe consisted of an expression vector ( pAcRP23), containing a portion of the
AcMNPV polyhedrin gene, labeled using the DIG Nick Translation Mix kit
(Boehringer Mannheim) according to the manufacturers' specifications.

Prehybridizations and hybridizations were performed under stringent conditions, at 68°C for 2
and 18 h respectively. Detection of results were done using the DIG-DNA Labeling and Detection
Kit according to the manufacturers instructions (Boehringer Mannheim) and visualized after 18 h.
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Sequencing and Homology Searches

Sequencing of the EcoRI-V fragment (clone pSKE1V) was done by automated sequencing
using a Pharmacia ALF/Express automated sequencer, with universal primers. Amino acid
and nucleotide sequences were compared with those in GenBank at the National Centre for
Biotechnology by using the Advanced Blast Search Server. The initial results indicated an
incomplete polyhedrin ORF at the 3t end of the sequence. PCR primers were designed and the
missing sequence amplified by reverse PCR methods (15).

Results and Discussion

The TniSNPV polyhedrin gene was found by using an expression vector containing
the AcNPV polyhedrin gene to probe an EcoRi DNA library from TniSNPV by
Southern blotting. This identified a positive signal from a 1.35 kb clone. End
sequencing of this clone using universal sequencing primers found it to be similar

to other baculovirus polyhedrin genes at both ends, however the 3t end was found
to be truncated. To find the missing sequence from the truncated end, reverse PCR
primers were designed. By using reverse PCR on Hindlll digested genomic DNA, it
was possible to amplify the remaining portion of the gene. Sequencing of the positive
EcoR1 clone, subclones from it and the reverse PCR product was achieved using
the sequencing strategy indicated in Fig. 1.

Fig. 2 shows the nucleotide sequence of a 1551-bp region of the TniSNPV DNA that
contains the complete coding region for the polyhedrin. The sequences obtained
were confirmed by at least two overlapping sequences. Two restriction
endonuclease cleavage sites (Dral and Hindlll) had been previously located by
restriction enzyme analysis and were correctly predicted by the nucleotide
sequence. The sequencing data from the 1551 nucleotides sequenced suggests an
ORF of 741 nucleotides encoding a putative protein of 247 amino acids with an
estimated size of 28.89 kDa (Fig. 2).
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Fig. !, Enzyme map, sequencing strategy and ORF distribution of the TniSNPY DNA region. A, Sequencing strategy. Deletion clones are
represented by arrows starting at the beginning of the insert and pointing in the sequencing direction. B. Map of selected restriction enzyvme
recognition sites: E = EcoRILL H = Hindlll: D = Dral.
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The nontranslated leader sequence of TniSNPV was most similar to that of Panolis
flammae MNPV (92%) and Mamestra brassicae MNPV (89%). Overall, elements
in the noncoding leader sequence were found to be very similar to those of other
NPV polyhedrin genes (Fig. 3a). Similarities included an adenine at position — 3
and the possible duplication of the TTNGTA motif (16). The non-coding leader
sequence containing the baculovirus late transcription initiation motif (TAAG) is AT
rich consistent with other baculovirus late expression genes (8). Comparison of the
nucleotide sequence of the ORF shows the TniSNPV to be most closely related to
the polyhedrin sequences of Mamestra brassicae NPV (strain Oxford) (83%
identity) and Panolis flammae MNPV (80%). Also, homology values for the
prototype baculoviruses, Orgyia pseudotsugata SNPV (80%) and Autographa
californica MNPV (84%) were in excess of 80.

At the amino acid level the greatest homologies were found to Mamestra brassicae
NPV (strain Oxford), Panolis flammae MNPV, Orgyia pseudotsu- gata SNPV, and
Autographa californica MNPV, with homologies of 94%, 93%, 93% and 92%
respectively (Fig. 3b). Attempts have been made to design a phylogenetic
relationship between the different baculoviruses based on polyhedrin and ecdysteroid
glucosyltransferase gene sequences (16,17). On this basis it has been proposed that the
baculoviruses fit into two phylogenetically diverse groups. Group I is characterised by a
N-terminal peptide sequence: MP (D/N) YS, a length of 245 amino acids and an obvious
poly (A) terminal motif. Group II is characterised by a N-terminal peptide sequence MYT
(R/P) YS, a length of 246 amino acids and some members of this group lack a poly (A)
tail. Group II has been further divided into two clades based on sequence similarity (13).
Consistent with the characteristics of group 11, the TniSNPV was found to have a MYTRYS
polypeptide sequence at the start of the ORF and a length of 246 amino acids, also there
was no apparent poly (A) tail. Previous reports suggest that the appearance of a poly (A)
tail is a defining characteristic of group I viruses (16). Since no poly A tail was found here
it is further evidence for TniSNPV being in group II.

A knowledge of the phylogenetic relationships among baculoviruses is highly relevant to
understanding the virus host range and the development of biological control agents.
Gene sequence data relating to polyhedrin genes is providing an important tool for
discerning phylogenetic relationships. Such analysis has clearly indicated that NPV
evolution is divided into two distinct branches. Although the evidence suggests that
TniSNPV is phylogenetically related to the other group II NPVs, in order to assess
phylogenetic relationships more than one gene family needs to be studied
(17). It is therefore necessary for more baculovirus genes to be characterised in
order to establish accurate phylogenetic relationships.
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Fig. 2. Nucleotide and predicied amino 2cid sequences of the T NFY polyhedrn gene and (lanking regions. Resinic bion recogmilion sikes

for Hindlll and EcoRlame indicaed The pulative lale tramslation milistion malil-come (TAA) & mderlined. Mo abvious pay (A) malil is
presenl

w1
MEMBN BV AATG TARG TAA TTTTCTCCTTICGTAGAAGATTOTCAARAATAAAATATANTG
TniSKPY AARA TAAE TAT TTTTCTCCTTTCGTAAAAGTTTGTEAARAATCARATATAATG
PEMNEY BATG TAAG TAA TTTTCTCCTTTCGTAGAAGATTOTCAARAATAARATATAATG
SeMNPY ATTG TAARG TAA TTTTTTCCTTTCGTAAAACATTGTGAARAMATARATATAATG
SEMNPY ATTG TAAG TAA TTTTTTCCTTTCGTAAAACATTGTGAAAAARTARATATAATG
ACMN PV Thmad TRAG TAT TITTACTETTTICGTAACAGTTTTCTAATAARMARACCTATARATATG
BmMN PV TAAk TARAG TAT TTTACTETTTTCGTAACAGTTTTCTAATAAAARRACCTATARATATG
AgMHPYV TTAA TAAG TAT TTTGCTETTATTGTAGCAACTTTGTAGTAAAMTTTGCTATAACTATG
OpMHEPV TTAN TAAG TAM TTTCCTGTTATTGTAACAATTTTGTAAALAAATTTCCTATAACCATG

Fig. 3a. Alignmeni of the noncoding |esder sequences from seleckd haouloviuses {16). The adenosine of the iramslation milistion codm
(AT s considered 2 + 1. Only numbermg fir MBNPY & shown The conserved iramscoriplion mitiztion medil'is in bold 2nd the posible
duplicated elemen underlined.
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Fig. 3b. Alignment of amino acud sequences of TniSNPV ployhedrn, © five Group 11 and four Group | NPV, Dashes were inserted (o
align the sequences. The shaded sress mdicate homologous and functionally substitutable amino ackls between 211 NPVs. The sequences
aligned were 25 follows: Tn, Tnchgplusa ni SNPV; B, Buzura superessana SNPV (18); Pf, Panolis flammea MNPV(19); Ag, Anscarsia
gemmesalis MNPV (14); Se, Spodoptera exigua MNPV (X)), 81, Spodoptera frugiperda MNPV (21); Mh, Manmesra brasscae MNPV

M7

(22); Ac, Awographa califonica MNPV (23 ); Opn, Orgyia pseudotsugasa MNPV (24) and Bm, Bambyx NPV (25).
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