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Germ Line Transformation of the Silkworm, Bombyx mori L. with
a piggyBac Vector Harboring the Human Lactoferrin Gene
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ABSTRACT

Lactoferrin, an ion-binding 80-kDa glycoprotein, has been suggested to have many biologic activities, such as facil-
itating ion absorption and having antimicrobial and anti-inflammatory effects. Several of these activities are likely to
only be facilitated by human lactoferrin because they depend on the binding of human lactoferrin to specific receptor.
To produce recombinant human lactoferrin to animal foods using transgenic silkworm, Bombyx mori L, we have cloned
and sequenced the cDNA encoding for a human lactoferrin (HLf) from the mRNA in mammary tumor line (GI-101).
As a result, the 2.5-kb fragment of HLf gene was cloned with pGEM-T vector and then this fragment was sequenced.
In the nucleotide sequence analysis, single open reading frame of the 2,136-bp encoding for a polypeptide of 712 amino
acid residues was detected. On the other hand, we constructed a recombinant plasmid(pPT-HLf), containing human
lactoferrin gene for germ line transformation of the silkworm using a piggyBac transposon-derived vector. A non-
autonomous helper plasmid encodes the piggyBac transposase. Approximately 6.7% of individuals in the GO silkworms
expressed green fluorescent protein (GFP). PCR analyses of GFP-positive silkworms (GO and G1) revealed that inde-
pendent insertions occurred frequently. Furthermore, Western blot analysis showed that the recombinant HLf expressed
in hemolymph has the same molecular weight (80 kDa) as a native protein. On the basis of these experiments, expres-
sion of HLf in next generation of transgenic silkworm is now in process.
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Fig. 1. Scheme of mating and screening method for transgenic
silkworm.
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Fig. 2. Restriction enzyme map of the human lactoferrin (HLf)
gene. The HLf gene, which is located in the 2,136 bp Sacl-Nof
site, was cloned on pGEM T-easy vector and then subcloning
pBluescript KS vector. The nucleotide sequence of the denoted
region by the dotted box was analyzed.
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Fig. 3. Construction of recombinant plasmid containing human
latoferrin (HLf) gene for expressed in Sf9 cells (A) and Western
blot analysis of stably transformed Sf9 cells expressing HLf
protein (B). Lanes 1 and 2 are cellular fraction of stably
transformed Sf9 cells. Numbers on the left indicate the molecular
weight markers and arrowhead indicates the HLf protein.

Fig. 4. Construction of transposable vector containing human
lactoferrin gene and helper plasmid. A3, B. mori cytoplasmic
actin gene promoter; GFP, green fluorescent protein; SV40,
3'untranslated sequences; IE2, OplE2 promoter; HLf, human
lactoferrin gene; polyA, OplE2 polyadenylation sequence Trans,
piggyBac transposase; ITR, inverted terminal repeats; Amp,
ampicillin resistance.
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Fig. 5. GEP expression in G1 transgenic silkworms transformed
by pPT-HLf vector. Transformed larvae are fluorescent (white
arrows), as compared with non-transformed controls (black
arrows).

Fig. 6. Gel electrophoresis of products amplified by the HLf gene
primers PCR (lanes 1 to 8). Arrowhead indicates the HLf gene
bands(2.1kb). PCR products amplified from genomic DNA of
GFP positive individuals (G1).

T AT (Fig. 5).
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Table 1. Injection of pPT-HLf vector in silkworm embryos of the polyvoltin strain

Number of Number of Number of Number of GFP positive Number of GFP positive
injected embryos hatched embryos fertile moths larvae larvae(%)
1,907 962 725 49 6.7
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Fig. 7. Western blot hybridization by the GFP-positive individuals
(G1). Arrowhead indicates the HLf protein bands (80 kDa). Lanes
1to 4 and 7 to 9, transformed individuals; lane 6, positive control.
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