The expression of GFP under the control of fibroin promotor
in primary ovarian cells of Antheraea pernyi

WENLI LI, Liar IN, PENGCHENG Bu and L1JA AN*
Bioengineering Department, Dalian University of Technology, Dalian 116012, People’s Republic of China

*Corresponding author (Fax, 86-411-4706365; Email, bioeng@alut.edu.cn)

The fibroin promoter can stably express foreign gene in lepidopteran cells. Total RNA was extracted from the
gland of silkworm, Antheraea pernyi and the transcription initiation site of fibroin gene of A. pernyi was identi-
fied by RNA ligase mediated rapid amplification of cDNA ends (RLM-RACE). The expression vector (pGFP-
N2/Fib) was constructed by use of replacing the CMV promoter with the fibroin promoter. The results of visual
screening under a fluorescent inverted microscope and Western blot analysis indicated that the GFP gene was
expressed in the primary cells of ovary origins from A. pernyi.
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1. Introduction

Lepidopteran insects and their cells have been increas-
ingly utilized in the past few years for the expression of
heterologous proteins by baculovirus expression vectors
(Luckow and Summers 1988; Miller 1988; Rama-
chandran et al 2001). Nuclear polyhedrosis virus (NPV)
promoters allow high level expression of foreign genes
after infection of host cells, but the expression is tran-
sient because the host cells die from virus infection, and
continuous expression of the recombinant protein can not
be obtained at late phase of infection. So, new promoters,
which can be utilized for stable transformation of lepi-
dopteran cells and expression of foreign gene would
be useful (Jarvis et al 1990; Jarvis 1993; Giraud et al 1992;
Yamao et al 1999; Hua et al 1994; Zhang et al 1999).

Larva of Antheraea pernyi, a Lepidopteran insect, pro-
duces a number of fibroin proteins during its 5th stage
in the posterior section of silk gland. In the past, we have
shown that 5¢flanking region of the fibroin gene contains
promoter sequences including elements such as TATA
and CAAT box (Li et al 2002).

In this report, the transcription initiation site of fibroin
gene of A. pernyi is identified and the GFP is expressed
in the primary cultures of ovary cells of A. pernyi using
the cloned fibroin promoter.

Keywords.

2. Materialsand methods
2.1 Preparation of the total RNA from silk gland

The silk gland of the silkworm, A. pernyi, was dissected,
homogenized by adding Trizol (Gibco BRL, USA) imme-
diately after removal and 4 ny total RNA (figure 1a) was
extracted according to the method described by the
manufacturer.

2.2 Determination of the transcription initiation
site of fibroin gene

Freshly prepared total RNA (1 ng) was incubated at 65°C
for 10 min and then transferred on ice immediately. A
FirstChoice™ RLM-RACE Kit (Ambion, USA) was used
for determining the transcription initiation site according
to manufacturer’s protocol. Briefly, full-length mRNAs
are selected by treating total RNA with calf intestinal
phosphatase (CIP) to remove the 5¢phosphate from all
molecules which contain free 5¢phosphates. The RNA is
then treated with tobacco acid pyrophosphatase (TAP) to
remove the cap structure from the capped mRNA and
leave aterminal 5¢monophosphate. A synthetic RNA adap-
ter is ligated to the RNA population and only molecules
containing a 5¢phosphate (the uncapped, full-length
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mMRNAS) can accept the adapter. After reverse transcription
reactions, the cDNA was obtained by nested PCR using the
following two specific reverse primers (AF1l): 56CGG
ATC CTC TTC GAG GAC AAT AGT-3¢ (AF2): 5¢
GCC CCT GGT ACT CTC TTG ATA ACA ACT C-3¢
and two forward primers from the kit respectively. The
PCR production was sequenced after being cloned into
T-vector.

2.3 Construction of expression vector

The 1 kb fragment containing some important elements,
such as TATA box, CAAT box and promoter region was
amplified by PCR by placing the Smal site at its 5¢termi-
nal and 3¢terminal. This fragment was used to replace
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Figure 1. Determination of transcripts site with RLM-RACE.
(a) The template RNA was prepared from the posterior section
of silk glands taken from the last instar larvae 8 day. (b) RLM-
RACE of the transcripts start are as follows: Full-length mRNAs
are selected by treating total RNA with calf intestinal phos-
phatase (CIP) to remove the 5¢phosphate from all molecules
which contained free 5¢phosphates. The RNA was then treated
with tobacco acid pyrophosphatase (TAP) to remove the cap
structure from the full-length mRNA leaving a 5¢mono-
phosphate. A synthetic RNA adapter was ligated to the RNA
population, only molecules containing a 5¢phosphate (the un-
capped, full-length MRNAS) accepted the adapter. After reverse
transcription reactions and nested PCR the production of
316 bp (line 2) was sequenced.
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CMYV promoter of expression vector pGFP-N2 (Clontech,
USA).

2.4 Transient transfection

The primary cells derived from ovary of A. pernyi were
washed with PBS(-) and adjusted to 5 x 10° cells/well,
and were transfected with linear DNA templates (150 ng
in 12%6m of reaction mixture of Cellfectin reagent)
according to the procedure (Gibco BRL). The transfected
cells were cultivated in MGM448 medium at 27°C for
one week. The cultures were observed periodicaly 6-72 h
after the transfection under fluorescence microscope at
499 nM wavelength.

2.5 SDSPAGE assay and Western blot

SDS-PAGE assay was performed following the manual
of Sambrook et al (1989). After electrophoresis, the pro-
teins were transferred onto a HybondC Nitrocellulose fil-
ter. The Western blot analysis was performed according
to the protocol of ECL Kit (Amersham Pharmacia Bio-
tech, Sweden) with anti-GFP antibody (Clonetech, USA).

3. Resultsand discussion

3.1 ldentification of transcription initiation site and
analysis of 5¢flanking region of fibroin gene

The FirstChoice RLM-RACE procedure was used to detect
transcription initiation site of fibroin gene. After reverse
transcription reactions and nested PCR, a band of about
300 bases was observed by agarose gel electrophoresis
and the RT-PCR product was subjected directly to sequence
analysis (figure 1b). Comparing with primary transcript
sequence of L-chain gene of Bombyx mori (Kikuchi et al
1992) and A. yamamai (Meng et al 1997), we found that
nucleotide at — 26 bp upstream from initiating ATG codon
seemed to be used as a major transcription start point
(tsp) in A. pernyi fibroin gene. Our results indicated that
the sequence of the primary transcript was highly con-
served with that of A. yamamai and the L-chain gene of
B. mori (figure 2).

ATCAGTTCGG TTCCAACTCT Cheeeaeae AGATG AGA GTC Aal ACC
ATCAGTTCGG TTCCAGCTCT CATAS CCATC AGA GTA ACA GC
ATCAGTTCGG TTCCAGCTCT CATAA CCATG AGA GTA ATA GCC TCC

Figure 2. Alignment of transcript sequences of fibroin gene from A. pernyi, A. yamamai and B. mori. The
start code is underlined gray indicates differences between them. Missing nucleotides are indicated by - - - -.
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The nucleotide sequence of the 5¢flanking region of fib-
roin gene has been reported for A. yamamai and the L-chain
gene of B. mori, but not for A. pernyi (Tsujimoto et al
1979; Meng et al 1997). In order to study the molecular
basis of transcriptional regulation of fibroin gene, we
isolated the A. pernyi genomic fibroin gene 14 kb frag-
ment, and aligned its sequence with the L-chain gene of
B. mori. Two important elements, CAAT box and TATA
box, were identified at — 97 bp and — 52 bp upstream of the
transcription initiation site of the fibroin gene, identical to
the mammalian sequence, as shown in figure 3. In addition,
three TAAT motifs were observed at the 5¢end of the
300 bp region upstream from the TATA box, which were
considered to be binding sites for some proteins, i.e. two
Drosophila homeodomain proteins, ZEN (zerkniillt) and
EVE (even-skipped) (Hui et al 1990; Takiya and Suzuki
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1989). The specific regions, — 164 to — 151 and — 101 to
— 88, recognize common silk gland-specific factors (SGF-1).

3.2 Transient expression and reporter gene assay

We constructed a recombinant pGFP-N2/Fib to express
the GFP reporter gene under the control of fibroin pro-
moter (figure 4). The promoter activity of the 5¢flanking
region of the fibroin gene was examined using the GFP
gene as a reporter in cultured A. pernyi ovary primary
cells. The expression of GFP was checked under fluores-
cence microscope at 499 nM excitation wavelength after
transient transfection. Green fluorescent cells were seen
24 h after transfection (figure 5). Western blot analysis
showed that a band of the same molecular weight as the
positive control GFP was expressed in transfected cells
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Figure 3. Nucleotide sequences of several regions of cloned fibroin DNA. The numbers denote
the distance from the 5¢nd of the mRNA coding part of the gene. The CAAT and the TATA box
are marked by box. The A + T-rich stretches are underlined. The TGTTT motifs (silk gland fac-
tor, SGF) are marked by the shadow. Start code ATG isin italic.
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Figure 4. Construction of pGFP-N2/Fib. The 1x kb fragment containing promoter region was ampli-
fied by PCR by placing the Smal site at its 5¢terminal and 3¢terminal. This fragment was inserted into

the vector pGFP-N2.

Figure 5. Expression of green fluorescent protein in primary cells of A. pernyi. Screen-
ing for gene expression under the fluorescent inverse microscope after transfected 60 h by
use of (a) pGFP-N2/Fib, (b) pGFP-N2 and (d) pGFP-N2 . Photo of pGFP-N2/Fib trans-
fected after 60 h under visible light (c).
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Figure 6. SDS-PAGE and Western blot analysis of GFP.
(a) SDS-PAGE analysis of expression of GFP, and (b) Western
blot analysis. Line 1 control; lines 2-5 transfected with pGFP-
N2/Fib after 24, 36, 48 and 60 h; line 6, transfected with pGFP-
N2 after 60 h.

but not in control cells (figure 6). All these results sug-
gest that upstream of the 5¢flanking region of the fibroin
gene contains elements which can promote and regulate
the expression of GFP gene in the A. pernyi ovary pri-
mary cells. A silk gland transcription factor (SGF-1)
binding site was found in the 5¢flanking DNA of fibroin
and this interaction may play a general role in regulation
of silk gland genes (Hui et al 1990). It is interesting to
note that sequences with similarity to the SGF-1 site are
present in Drosophila salivary gland genes (Harshman
et al 1998). It is known that fibroin promoter activity is
restricted to the silk gland of B. mori from in vivo studies
using a variety of cell extracts (Suzuki et al 1986). This
tissue-specificity probably is the result of the presence or
absence of certain proteins in these extracts, which can
bind to the fibroin promoter. We consider that ovary
primary cells are not highly differentiated, and probably
there are some other factors to recognize and activate the
fibroin promoter and promote the process of expression
of the reporter gene.

In summary, we describe a functional fibroin promoter
from A. pernyi which can be used for expression of
heterologous gene in primary ovarian cells.

References

Giraud C, Devauchelle G and Bergoin M 1992 The densovirus
of Junonia coenia (JcDNV) as an insect cell expression vec-
tor; Virology 186 207-218

Harshman L G and James A A 1998 Differential gene expres-
sion in insects: Transcriptional control; Annu. Rev. Entomol.
43 671-700

Hua G, Qian B and Wu X F 1994 Transient expression of Lac
gene under the control of fibroin promoter of Bombyx mori in
the cells of silkworm; Acta Biochim. Biophys. Sin. 26 549-552

Hui C-C, Matsuno K and Suzuki Y 1990 Fibroin gene promoter
contains a cluster of homeodomain binding sites that interact
with three silk gland factors; J. Mol. Biol. 213 651-670

Hui C-C, Suzuki Y, Kikuchi Y and Mizumo 1990 Homeodomain
binding sites in the 5¢lanking region of the Bombyx mori silk
fibroin light-chain gene; J. Mol. Biol. 213 395-398

Jarvis D L 1993 Effects of baculovirus infection on IE1-
mediated foreign gene expression in stably transformed in-
sect cells; J. Virol. 67 2583-2591

Jarvis D L, Fleming J G W, Kovacs G R, Summers M D and
Guarino L A 1990 Use of early baculovirus promoters for
continuous expression and efficient processing of foreign
gene products in stably transformed lepidopteran cells; Bio-
Technology 8 950-955

Kikuchi Y, Mori K, Suzuki S, Yamaguchi K and Mizuno S
1992 Structure of Bombyx mori fibroin light-chain-encoding
gene: Up-stream seguence elements common to the light and
heavy chain; Gene 110 151-158

Li WL, Jin LJ Fan Qand AnL J2002 Cloning and structure
study on 5¢lanking sequence of fibroin gene of Chinese oak
silkworm; Sci. Agric. Sini. 35 218-221

Luckow V A and Summers M D 1988 Trends in the develop-
ment of baculovirus expression vector; BioTechnology 6 47-55

Meng Q Z, Liu J and Xiang Y B 1997 Cloning of 5¢nds and
5¢lanking regions of fibroin gene of Antheraea yamamai;
Sci. Sericult. 23 183-184

Miller L K 1988 Baculoviruses as gene expression Vectors;
Annu. Rev. Microbiol. 42 177-199

Ramachandran A, Bashyam M D, Viswanathan P, Ghosh S,
Kumar M S and Hasnain S E 2001 The bountiful and baffling
baculovirus: The story of polyhedrin transcription; Curr. Sci.
81 998-1002

Suzuki Y, Tsuda M, Takiya S, Hirose S, Suzuki E, Kameda M
and Ninaki O 1986 Tissue-specific transcription enhance-
ment of the fibroin gene characterized by cell-free system;
Proc. Natl. Acad. Sci. USA 83 9522-9526

Takiya S and Suzuki Y 1989 Factors involved in preferential
transcription of fibroin gene; Eur. J. Biochem. 179 1-9

Tsujimoto Y and Suzuki Y 1979 Structural analysis of the fibroin
gene at the 5¢end and its surrounding regions; Cell 16 425-436

Yamao M, Katayama H N and Yamakawa Y H 1999 Gene tar-
geting in the silkworm by use of a baculovirus; Genes Dev.
13 511-516

Zhang F, Zhao Y, Chen X and Lu C D 1999 Fluorescent trans-
genic silkworm; Acta Biochim. Biophys. Sin. 31 119-123

MSreceived 19 March 2003; accepted 16 August 2003

Corresponding editor: SEYED E HASNAIN

J. Biosci. | Vol. 28 | No. 6 | December 2003



