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ABSTRACT

To explore efficient of different gene transfer moes and to express human granulocyte-macrophage
colony-stimulating factor (hGM-CSF) in silk glandkstransgenic silkworm, a novel transgenic vectontaining a
hGM-CSF controlled by silkworm fibroin heavy ch@ene promoter (Pfib-H) with a neomycin resistageae
(neo) driven by BmNPV (B. mori nucleopolyhedroyirusimediate-early gene ie-1 promoter (Pie-1) was
constructed. The transgenic vector was transfeinéal the B. mori by using sperm-mediated gene feanparticle
delivery system gene transfer, eggs puncture genefer, and gonadal injection gene transfer, respely, and the
effectiveness of different transfer methods waestiyated. The results showed that the ratio obréscence
silkworm in GO generation for four transform metbBodias 3.44%, 2.07%, 1.25% and 0.02%, respectively,
indicating exogenous DNA can be introduced intaévwairms eggs by the four methods mentioned abowe. Th
obtained transgenic silkworms by using sperm-medigene transfer were screened with neo and gfegyas
selecting markers, and verified with PCR and Saouthiot. The hGM-CSF were expressed to about 13.6.69

and 14.55 +0.65 ng per gram freeze-dried powdesilf glands from G5 and G8 generation transgetiiorsorm,
respectively. A specific 22 kD-band of hGM-CSF watected in western blot. Furthermore, bioactidigsay
indicated that the hGM-CSF expressed in posteritk glands of transgenic silkworm could stimulatee t
proliferation of K562 cells. These results providieresting information for further research of gemous genes in
the silk glands of transgenic silkworm by usingedse methods.

Key words. piggyBag transgenic silkworm; gene transfer; human graoyiymacrophage colony-stimulating
factor.

INTRODUTION

The silkworm Bombyx moriLepidopteraBombycidae) is a kind of silking-producing insetatt was domesticated
from the wild silkworm B. mandarin in ancient times. Comparing with other animald afants, the technique of
transgenic silkworm takes some advantages in reseafr fine structure, function and expression ragiah of
organism’s genome. The silkworm is not only a vesgful animal model for research, but also an ecicelly
important insect. Moreover, with the developmenbiotechnologyB. morihas become an important bioreactor for
recombinant protein productidh?. In recent years, researchers have devoted theess& the investigation of
exogenous gene expression in the silkwdtths The silkworm baculovirus expression vector syst and the
techniques of transgenic silkworts™® have been established. As a whole, the investiggatom the transgenic
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silkworms and bioreactors of silk glands are stilstarting stage. The silk gland of silkworm ikighly specialized
organ that has tremendous ability to synthesizesaadete fibroin. It has extensive prospect ofiappbn as a good
bioreactor.

The mobility and transposition functionsmifigyBacwere established and exploited to develop an itapbsystem
for insect germline transformatiBi' . Secretory expression of exogenous genes in tkeglsind of transgenic
silkworm has been successfully achieved underah&ral of a silk gland-specific promoter, usingiggyBaebased
vector. Expression of human type Il procollagenhia cocoon fiber has been carried out by usefitFla promoter
] The same approach was also applied to the secretqgmession of prolyl hydroxylase-subunit and human
collagen in the posterior silk gladf. Hino et al. succeeded in expressing a fusionepraif fibroin and human
basic fibroblast growth factor in the posterioksiland of transgenic silkworm that secreted tofthmin layer of
cocoo® . But the biological activity of the expressioroguct was rather low because of denaturing anddiefp
in protein. In addition, Ogawa et al. successfakkpressed human serum albumin (rHSA) in the seusing sericin
promoterser14. They achieved as high as 3. rHSA in one mg of cocoon and obtained an act®A with
99% purity by a two-step process that consisteghafsphate buffered solution extraction and ammorsuifate
precipitation. Furthermore, Kurihara et al. desifjacfeline interferon (FelFN) protein fused with &hd C-terminal
sequences of the fibroin H-chain respectively thas expressed in the posterior silk gland, and raggé from
interferon by protease. Although the expressedfugiroteins from transgenic silkworms had almostantivity,
they recovered a very high biological activity afediminating the Fib-H derived N- and C-terminaigsences by
protease cleavad®’. We had used the fibroin heavy chain gefile-t) promoter® with its downstream signal
peptide sequence to secrete the expressed hiGBHkglands into the lumen of silk gland and ultielg reached
the fibroin layer of cocoon. Moreover, we had répdrthat blood glucose level in TIDM mice couldreeuced by
orally administering the silk glands of transgemitGF-I silkworms ¢, Collectively, these approaches for
exogenous gene expression applied a strategy tdipriusion with silk protein. In the design of ngsggyBac
transposon-based vectors, it is usual to introduee exogenous gene (besides the fluorescence-sipregene)
into the genome. At present, there are reporteegbas been used at areas of research transgkwiarsi such as
fluorescence-expression gemeg CAT gene, but all these reporter genes were used,dloméransgenic silkworm
are screened with double reporter genes may be efiecive.

Currently, microinjecting transgenic vector inte tharly stage of fertilized eggs is now commonlkydis silkworm
transgenic studies; however, the hard shell ofsgitkn egg is a physical hindrance to microinjectibisually, the
exogenous DNA can be microinjected after an egg peasetrated first by a fine tungsten needle. Howetre
survival rate of microinjected eggs is very low &ese outflow of the egg contents at the momentedhing the
shell. Moreover, silkworm is in diapause in the egdgge, this diapause can be broken by immediaitcial
hatching with hydrochloric acid at the early stadédertilized eggs. Clearly, the microinjected icied eggs are not
fit for treatment with hydrochloric acid. Therefoigene transfer via microinjection into the ferg@d silkworm egg
is successful in only a few cases, greatly hampesitkworm transgenic research. It is thus necgskadevelop
new approaches for the introduction of exogenonggénto silkworm eggs.

Human granucyto-macrophage colony-stimulating fa¢ttGM-CSF) is a kind of glycoprotein that regukate
hematopoiesis and immunoregulation. The oral adr@nédd hGM-CSF from silkworm expression by recorabtn
baculovirus could be absorbed into the biYddTherefore it will be a possible way to make aadinistered
medicine directly by expressing hGM-CSF in silkrgla of transgenic silkworms. We had reported tikptession
of the hGM-CSF in the silk glands of germline ofigeargeted silkworrfi®! and had confirmed that the silk glands
containing expressed hGM-CSF performed the funatibrignificantly increasing leukocyte count of Ghéated
mice in a time-and dose- dependent mafinein this study, to develop new approaches foritheduction of
exogenous genes into silkworm eggs and to studytimesecretory expression of hGM-CSF in the sikngl of
transgenic silkworms, we constructed a transgeeator that contains a neomycin resistance gead,(the green
fluorescent protein gengff), and a expression cassette GM-CSFgene. Our work investigated the effectiveness
of different gene transfer methods and the expwassif an exogenous gene in the silk glands of gams
silkworms, which provides useful information forrtluer developing new approaches for the introductid
exogenous genes into silkworm eggs and researekogfenous genes in this system.
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EXPERIMENTAL SECTION

Vector and Host-bacteria

The transgenic vector pigA3GFP, the transposaseesgjon helper plasmid pigA3 with tipgggyBactransposase
sequence under the control of tRemori A3promoter, the 8M-CSFcontaining vector pBacPAK-hGM-CSE,
the vector pcDNA3.1 containing the resistance gew( Invitrogen Corporation, Carlsbad), the vectdeled'®
containing theneo gene regulated by the immediate early stage gerE) (promoter (Rj) from the silkworm
baculovirus, the vector pSK-FH-DsRed-PoKfAcontainingDsRedgene regulated by theilkworm fibroin heavy
chain genefib-H) promoter (.4, GenBank accession No. EF540776), the vector pafA3-fib-L-intron1 with the
partial intron 1 (fib-L-intron 1) sequence of thbrbin light chain genefip-L)?Y, the vector pBluescript Il SK (+)
(Stratagene, La Jolla), host bactdfiecoli strainTG1 were provided or previously construdigdhe Laboratory of
Molecular Biology of the College of Basic Mediciaad Biological Sciences, Soochow University.

Enzyme and Reagents

Restriction enzymes, PCR reagents, the gel extra&it and the T4 DNA ligase were purchased from $hanghai
Sangon Biological Engineering Technology & Serviggs., Ltd (Sangon, Shanghai). G418, lipofectin wlas
product from Gibco BRL (Rockville).

Primersand PCR

The primers for thdib-H promoter, fib-H-1 (gcg aat dcaga atg tct gga cag, the underline indicateB@R site)
and fib-H-2 (gcg ata tctga gag ttg gaa ccg, the underline indicate€eoRV site) were designed based on the
sequence published in GenBank (AF226688). The psnfeGM-CSF-1 (tgg ata actgt ggc tgc aga gcc tgc, the
underline indicates akcdRV site) and hGM-CSF-2 (atc tcg aga agr tita ctc ctg gac tgg ctc cc, the underline
indicates anXhd site and aHindlll site) were designed forGM-CSF based on the sequence published on the
GenBank (M11220). The primers for tailing signatjsence fibL-PA) of the silk fibroin light chain gendil-L)
were TPFib-L-3 (ggc tcg &gpaa ttg tgt ttg cgt tag g, the underline indisa&hd site) and TPFib-L-4 (gcg gtacc
act gtc caa tcc acc gtc, the underline indicatkpra site). The primer for neo-2 (agc tcgcagg agg tcg acg g, the
underline indicates akhd site) was designed based on the sequence of pplagag®NA3.1 with neomycin gene.
The primer for IE-1 (ttc gaa tigat ttg cag ttc ggg ac, the underline indicateEeaR| site) was designed based on
ie-1 promoter region of the whole genomic sequendb@BmNPV-T3 strain published on the GenBank (L&51
The primer forgfp gene was designed based on its sequence, term@BME (tgg aat &£tgg tga gca agg gcg agg,
the underline indicates d&caRl site) and DEGFP-2 (ttg gattdac ttg tac agc tcg tcc atg, the underline indisa
BanHI site).The gfp, fib-L-intronl, KGM-CSF neq Py and fibL-PA were amplified using a standard PCR
protocol.

Construction of vector pigA3GFP-hGM -CSF-neo

To construct the plasmid pSK-fibH-hGM-CSF-fibL-Pthe fragment of the ®GM-CSF gene, which encodes the
peptide of hGM-CSF, was amplified from the plasniBacPAK-hGM-CSF with primers hGM-CSF-1 and
hGM-CSF-2, digested witkhd andEcdRV, and then ligated into pSK-FH-DsRed-polyA. Fleseent protein gene
(DsRed was excised in this construction.

The hGM-CSF expression cassette from the plasmil-fiifH-hGM-CSF-fibL-PA was put into plasmid
pigA3GFP-fib-L-intron1 digested witliKpnl and EcoRI to generate plasmid pigA3GFP-hGM-CSF-fib-L-intto
Theie-1-promoter-drivemeogene was isolated from the plasmid plE-NedEogRI, and cloned int&cadRl site of
the plasmid pigA3GFP-hGM-CSF-fib-L-intronl to canett pigA3GFP-hGM-CSF-neo (Fig. 1).

Pragh SVIOPA S mhoml SH-PA MALCSF Fea SVALEA moe Pia
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pigA3GFP-bGM-CSF-neo
116 kb

Fig. 1 Construction of transgenic vector pigA3GFP-hGM-CSF-neo

Pas: A3 promoter of silkworm actirgfp: green fluorescent protein gene; SV40-PA: polydnal sequence of SV40;
fib-L intron 1: the promoter sequence of intron 1 ibfdin light chain genefibL-PA: polyA signal sequence of
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fibroin light chain genehGM-CSFE human granulocyte-macrophage colony-stimulatatgdr gene; £.+: promoter
of fibroin heavy chain genéfib-H); nea neomycin resistance gene, P The promoter ofmmediate-early gene
(ie-1) of silkworm baculovirus.

Introduction of transgenic vectorsinto silkwor ms

Sperm-mediated gene transfer was performed acaptditthe methods described by Zhou et &, and Cao et
al.®. Moths were free to copulate. The transgenic veata concentration of 2g / L was mixed with helper
plasmid pigA3 at a ratio of 1:1 and injected irfte topulatory pouch of female moths (Strain Gaofd&ign female
moths oviposited.

Particle bombardment system gene transfer was meefb according to the methods of the referéfiteGold
microcarriers (5QL, 3 pg) was put to a 1.5 mL centrifuge tube, then2 ®f helper pigA3 vector DNA (Lg/ul),
2.5uL of transgenic vector pigA3GFP-hGM-CSF-neo DNAu@uL), 50 uL of 2.5 mol/L CaCJ and 20uL of 100
mmol/L spermidine were added and vortexed for 248.mAccording to PDS-1000/He apparatus (BIO-RAD
Corporation) manufacturer’s application, the silkmoeggs spawned within 2 hours (Strain Gaobai) were
bombarded.

Eggs puncture gene transfer was performed as fslldlae silkworm eggs spawned within first 2 hourerev
disinfected with2% of formaldehyde for 5 min; the eggs were fixedtloe table. The mixture of the vector pigA3
DNA and the transgenic vector pigA3GFP-hGM-CSF-B&A (1:1) were coated on the surface of eggs, tgse
were punctured gently by using disinfected acupuecheedle, and sealed with 1% of low melt poirtrage gel.

Gonadal injection gene transfer: the transgenitovgigA3GFP-hGM-CSF-neo and the helper plasmid\Bigvere
mixed with cationic lipofectin reagent (Roche, Maeim), and injected into the gonads of silkwornmrg®t Gaobai)

at the second day of thd"dnstars. The silkworms were fed normally, the nsotrere copulated each other and
oviposit. The eggs incubation and silkworms rearimge performed by standard protocols.

Extraction of moth genomic DNA

Moths were washed with ultrapure water and thendgd in 1 mL of TE buffer (100 mmol / L Tris-HCI éri0
mmol/L EDTA, pH8.0). One mL Tris-equilibrating phain(Shanghai Sangon) was added to the homogendte an
mixed well. After incubation of 30 min, the mixtureas centrifuged (13,000 g, 4°C) for 10 min. Thpesunatant
was transferred to a fresh tube and processed ag#inTris-equilibrating phenol as described abote. equal
volume of phenol/chloroform (1:1) was then adde ithhe supernatant, stirred gently for 30 min aadtigfuged
(13,000 g, 4°C) for 10 min. The DNA was spooled with a glass rod after adding one-tenth volumeafium
acetate solution (3 mol/L) and two volumes of absokthanol into the final supernatant. The DNAcpitate was
washed with 70% ethanol, dried and dissolved indlo6f TE buffer, and then stored in -20°C.

Examination of transgenic silkworms

The GO generation silkworms were fed by standamtoppls and screened under the fluorescent micpasco
(Olympus SzX12). Moths of GO generation were copulbetween male and female of positive fluorescence
individuals. The larvae newly molted second inst#r&1 generation were fed 1 day with mulberry Esa¢oated
with 10 ng/mL G418, the surviving silkworms were then fedhmiormal mulberry leaves and were screened at
different stages by fluorescent microscope, andotiMous fluorescencindividuals were copulate each other to
make G2 generation. The silkworms of G2 to G8 gatitar were treated with same methods mentionedeabov

The fluorescent transgenic silkworms’ genomic DNFAGD, G1 and G2 generation were identified by PGk w
primer pairs DEGFP-1/ DEGFP-2 and hGM-CSF-1/ hGM-&S respectively. PCR products were recovered with
the BioFlux Kit (Bioer Technology, Hangzhou) andbfcted to direct sequencing. The fluorescent tranis
silkworms’ genomes of G8 generation were identifigd®CR with primer pairs DEGFP-1/ DEGFP-2, hGM-C3F
hGM-CSF-2 and IE-1/ neo-2, respectively.

The genomic DNA of the G1 generation moth was dagebyKpnl for 4-5 h in total volume of 5QL, about 13ug
of DNA sample for each lane was separated with @igtase gel. DNA hybridization with a DIG-labelgtb probe,
membrane wash and signal detection were carriedadgrding to the manufacturer’s instructions & G DNA
labeling and Detection Kit (Roche, Mannheim). Aesiand negative controls were also included.
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SDS-PAGE and western blotting

The posterior silk glands were from the fourth ddyfifth instar of G3 generation transgenic silkwotarvae
produced by the sperm-mediated gene transfer metiratl were made to freeze-dried powder. 0.01 gratheo
powder was dissolved in 150 of tissue lysis buffer (10% glycerol, 2.5% SDS$ Bnercaptoethanol, 625 mmol/L
Tris-Cl, pH6.8). After centrifugation, the superaratis were mixed with loading buffer, and boiled $omin, then
loaded on 15% SDS-PAGE. Western blot was perforwitda primary antibody of rabbit anti-nGM-CSF (Beg
Biosynthesis Biotechnology) in 1:1000 and a seconamtibody of HRP-conjugated goat anti-rabbit {Bei
Biosynthesis Biotechnology) in 1:1000.

Detection of hGM-CSF expression

The 0.01 g of freeze-dried powder of the postesitik glands from the transgenic silkworm larvaeGS and G8
generation was dissolved in 15 of tissue lysis buffer (10% glycerol, 2.5% SDSp Snercaptoethanol, 625
mmol/L Tri-Cl, pH6.8), deposited for 12 h. Aftermtefugation (13,000 g, 4°C) for 5 min, the supdam was
subjected to ELISA detection. ELISA was performeccarding to the manufacturer’s instructions (Boster
Biotechnology, Wuhan).

Detection of bioactivity for expressed hGM-CSFwith MTT

The freeze-dried powder of the posterior silk glnéithe silkworm larvae of transgenic silkworm@8 generation
or normal silkworm at the fourth day of fifth instaere ground with RPMI-1640 medium (1:10 W/V, GibBRL,
Germany) on ice, aftesonication, the homogenate was incubated for 1247@ and centrifuged (16,000 g, 4°C)
for 30 min, then the supernatant was transferrea foesh tube. According to the previous resultsEbfSA
detection, the supernatant then was diluted ton@/mL of hGM-CSF with fresh RPMI-1640 medium. Stardi
sample of hGM-CSF (SinoBio Biotech, Shanghai) wiagetl to 100 ng/mL with RPMI-1640 medium. The ahim
myelogenous leukemia cells K562 (provided by Dm Dau of College of Basic Medicine and Biologicali&wes,
Soochow University) in logarithmic growth phase wérarvested and centrifuged (11,000 g, 4°C) foriB, m
1x1@/mL of cells were prepared by adding fresh RPMIQ6dedium with 10% fetal calf serum (FCS), of which
100uL was added into each well on the 96-well plateerTthe 96-well plate was divided into five grou@s Test
group: 100uL of the supernatant made of posterior silk glafids transgenic silkworm (SPSG-T) was added to
each well;@ Negative control group 1: 100L of the supernatant made of silk glands from ndrailkworm
posterior (SPSG-N) was added to each w@llPositive control group 1: 99,8 of the SPSG-T and 0,4 of the
contrast of standard hGM-CSF was added to each @#lbsitive control group 2: 99,8 of the fresh RPMI-1640
medium and 0.L of the hGM-CSF standard was added to each @lhegative control group 2: 1QQ of the
fresh RPMI-1640 medium was added to each well. ddlks were cultured under 5% g@t 37°C, and 2@L of
MTT (5 mg/ mL) was added to each well after thdscelere cultured for 12, 24 and 36 h, respectivBling
incubated for another 4 h, after centrifugation,@®0 g, 4°C) for 5 min, the precipitation of thdledor each well
was dissolved with 150L of DMSO, 5QiL of which was poured to a new 96-well plate, tdefold dilution with
DMSO was taken and the absorbance for each wélr@tnm wavelength was determined with ELISA detecto
(2010 type, Anthos Labtec Instrucments Companyiralia).

RESULTSAND DISCUSSION

I dentification of the transgenic vector pigA3GFP-hGM -CSF-neo

In the design of mogpiggyBactransposon-based vectors, one exogenous genedbesbie fluorescent gene) is
usually introduced into the genofffé However, some transgenic approaches requirenthediiction of multiple
heterologous genes into a single target organismoblain stably transgenic silkworms continuoustpressing
exogenous genes through the mediatiopigflyBactransposon by screen with the neomycin resistgeoe, we
constructed the transgenic vector pigA3GFP-hGM-@86&-that contains theeq gfp-tag and BM-CSFexpression
cassette. In this transgenic vector, tl@ViCSFgene was regulated by tfib-H promoter, while th@eogene was
regulated by thee-1 promoter from the silkworm baculovirus. Moreqvtirte enhancer, a PCR amplified partial
sequence of the first intron of the fibroin ligtitain gene (GenBank accession No. DQ679478) waschised into
the transgenic vector to elevate the expressioel lef/the exogenous gene. PCR verified the corstdugector
pigA3GFP-hGM-CSF-neo using the primer pairs fib-#lbdtH-2, hGM-CSF-1/hGM-CSF-2, DEGFP-1/DEGFP-2,
TPFib-L-3/TPFib-L-4, IE-1/neo-2 and Fib-L-5 (cggadtt atg ggc tcc agt aac c) / Fib-L-6 (gcg tcg gtigagg tta
gat taa cgg g). The PCR products of 490, 450, 290, 300 and 1 700 bp corresponding with antiogmain size
were detected, respectively (Fig. 2). These resshiewed that the vector pigA3GFP-hGM-CSF-neo was
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successfully constructed.

Fig. 2 Verifying the plasmid pigA3GFP-hGM -CSF-neo by PCR

PCR amplification showed the presence of the geagnfents in the plasmid. Lanefib-H promoter (R, ); Lane

2: hGM-CSFgene; Lane 3gfp gene; Lane 4: polyA signal sequence of the fibligint chain gendfib-L-PA); Lane

5: intron 1 of the fibroin light chain ger{@b-L intron 1); Lane 6ie-1promoter-driven neomycin-resistance gene
expression cassette; Lane M: 200 bp ladder DNA arark

M ethods comparison of introduction of transgenic vectorsinto silkworms

The transgenic vectors were introduced into silkm®rby using sperm-mediated gene transfer, particle
bombardment system gene transfer, gonadal injeg@e transfer and eggs puncture gene transf@eatgely.
The gonadal injection gene transfer, a new transgiermethod was attempted considering factors aadilkworm
gonad development stage and suitable period foadjamjection. In the eight silkworms whose gonad waected,
three male and two female silkworms developed tehmdinally, and hybridization each other (in whiahmale
moths were discarded). The hatching rate of eggsthe ratio of fluorescence silkworm in GO genematfor
different transgenosis methods were shown in TablEhe ratio of fluorescence silkworm for gonackatjon gene
transfer was the highest, reached to 3.44%. The o&fluorescence silkworm for eggs puncture geaasfer was
up to 2.07%, but the hatching rate of eggs was Xhi% result showed that the eggs were harmed alperncture.
The ratio of fluorescence silkworm for particle dmmdment gene transfer was the lowest, that mighrelative to
the less vectors DNA in eggs because of the thieggshell and difficult to puncture with the padic

Table 1 The hatching rate of eggs and the ratio of fluorescence silkworm in GO generation
Methods of gene Total number Number of Numberof  Rate of

transfer of silkworm  newlyhaiched fluorescence  fluorescence
eggs larvae ndividuals  slkcworm (%)

Sperm-mediated 3523 3513 - 1.25

Particle bombardment 1326 1303 3 0.02

Gonadal injection 786 780 27 344

Egegs puncture 773 85 16 2.07

Screening and identification of transgenic silkwor ms
The fluorescent larvae (Fig. 3A) of GO generatitmamed by sperm-mediated gene transfer were féd warmal
mulberry leaves, green fluorescence also were wbdabviously in pupa stage under a fluorescentos@pe (Fig.
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3B, 3C), after copulation, oviposit, The monthsigmic DNA were extracted and were used for PCR d#icgtion
with the primer pairs DEGFP-1/DEGFP-2 and hGM-C#aM-CSF-2 to detectifp gene and BM-CSF gene,
respectively. The specific PCR product fgfip gene (about 720 bp) andsM-CSF gene (about 450 bp) were
successfully amplified from the genomes of the fisgent moths (results not shown). Results shohetdthegfp
gene and 8M-CSFgene were integrated into the genome of silkworm.

The newly hatched worms of the G1 generation wereesied with antibiotic G418; the surviving silkwar were
then fed with normal artificial food. To verify theable integration affp and tGM-CSFgenes into the genome, we
then randomly selected ten moths of the G1 gemeratnd extracted genomic DNA for PCR amplificatafnthe
gfp and IGM-CSFgenes. The results showed that the 720 bp (Fiy.aBid 450 bp (Fig. 3E) of specific products
were amplified from the genomic DNA of nine mothghathe primer pair DEGFP-1/ DEGFP-2 and hGM-CSF-1/
hGM-CSF-2. DNA sequencing result represented tlistence of thgfp and IGM-CSFgenes in the G1 generation
of silkworm and strongly suggested that these ma#ire transgenic silkworms.

The silkworms’ genomes of G8 generation were alentified by PCR amplification. The results showtleat with
the primer pairs DEGFP-1/ DEGFP-2, hGM-CSF-1/ hGBF and IE-1/ neo-2 the PCR amplicons at theddize
720 bp (Fig. 3G), 450 bp and 1.7 kb(Fig. 3H) warecHically achieved, respectively, and stronglggested that
thegfp, hGM-CSFandneogene had stably integrated into the genome.
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Fig. 3 The fluorescence of transgenic silkwor m identification of PCR

(A): The fluorescent silkworm larva of the GO geaten. (B): A fluorescent silkworm pupa of the Géngration,
under a fluorescent microscope. (C): The silkwonmpa of the GO generation, under a normal vision: ECR
identification of G1 generation silkworms that sued the G418 screening using the primer pair
DEGFP-1/DEGFP-2. Ten silkworms of generation Glised the G418 screening. (E): PCR identificatidrGd
generation silkworms that survived the G418 scragnising the primer pair hGM-CSF-1/hGM-CSF-2, cohtr
pigA3GFP-hGM-CSF-neo vector, M: DNA marker. (F)emdification of G8 generation silkworms by PCR wiitie
primer pair DEGFP-1/DEGFP-2, control: normal silkwo M: DNA marker. (G): identification of G8 gendéimm
silkworms with PCR using the primer pair hGM-CSIRGM-CSF-2, control: normal silkworm, M: DNA marker.
(H): identification of G8 generation silkworms witlPCR with the primer pair IE-1/ neo-2, control:
pigA3GFP-hGM-CSF-neo vector, M: DNA marker.

G418 screening of transgenic silkworms
The larvae of G1 generation obtained by the spepdiated gene transfer method at newly molted seaustidr
were fed with mulberry leaves coated with A§/mL of G418 for 1 day. The developmental differenavere
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obvious among the silkworms in response to G418§. (#), and successive deaths of worms were obseied
fluorescent individuals could be detected in thenxeof normal growth silkworms. In order to undenstahe
transgenic silkworm’s resistance to G418, the silkws of the G2 generation at newly molted secosthis were
randomly divided into four groups and fed with medty leaves coated with 4@y/mL of G418 for different days.
The results showed that the rate of eclosion fomab silkworm (Strain Gaobai) fed with G418 for aydwas only
1.2% (Table 2); it indicated that G418 were higlwedgcity to non-transgenic silkworm. The larvae@2 generation
were fed with G418 forl day, 14% of which were kiépthe cocooning and eclosion, but the rate absech for
silkworms fed with G418 was reduced obviously ie tiroups treated more days, The results demordtitadt an

expression cassette with theoresistance gene in the transgenic vector was coenvieand efficient for screening
transgenic silkworms.

Fig. 4 Thelarvae of G1 generation fed with G418

(A): G1 generation silkworms were fed with mulbelepaves coated with 10g/mL G418; (B): normal (negative
control) silkworm rearing were performed by stamdarotocols.

Table 2 The result of G2 generation were fed with G313

Transgenic silkworm of G2 generation  strain Gaobai

The tme of fed with G418 (d) 1 2 3 0 1
The number of newiyhatched larvae 3537 363 361 378 394
The number of popas 63 12 0 351 13
The number of moths 30 8 0 347 3
The rate of ecloston (%2 14 22 1] a2 ]

Souther n blotting of genomic DNA of transgenic silkworms

The Southern blotting of genomic DNA of transgesilkworms of G1 generation obtained by the sperndiated
gene transfer method showed thatdfegene probe could hybridize the genomes of the désment moths (Fig. 5),
and indicatedjfp gene had been present in the genome of transgidvi@rm.
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Cl C2 Gl

Fig. 5 Southern blot analysisfor genomic DNA of transgenic silkworm

C1: Transgenic vectors pigA3GFP-hGM-CSF-neo; C2nddac DNA from normal silkworm was digested with
Kpnl; G1: Genomic DNA from silkworm of G1 generatiorasvdigested witkKpnl.

Thewestern blotting analysis of hGM -CSF expressed in silk gland of transgenic silkworm

The three transgenic silkworms of G3 generatioraiokt by the sperm-mediated gene transfer mettsmaging
green fluorescence and resistance to G418 shoveedhibgfp and neomycin-resistance genes had been expressed
correctly. After the silk glands of G3 generatioares treated with organization lysis buffer, SDS-BA&halysis and
western blotting analysis were performed. No strexgressed protein bands appear on SDS-PAGE; hove22

kD protein band was detected by specific antibodywestern blotting (Fig. 6). It was correspondirg tihe
recombinant hGM-CSF expressed with baculovirus eésgion system iB. Mori, The results showed that hGM-CSF
had been expressed in silk glands transgenic sitkawoand the expressed hGM-CSF had been modifiedgdithe
processing of post translation.

Fig. 6 SDS-PAGE and western blot analysis of hGM-CSF expressed in transgenic silkworm silk glands

M: Protein Marker; 1-3: The SDS-PAGE for samplespokterior silk glands from the different larvae @8
generation; C: The SDS-PAGE for posterior silk dldrom normal silkworm; 1'-C": The western blottimgas
corresponding with 1-C.

Deter mination of hGM -CSF expression in transgenic silkworm silk glands

The transgenic silkworms of G5 and G8 generatidaiobd by the sperm-mediated gene transfer metterd used

to estimate the expression levels of hGM-CSF withEAISA kit. The expression of hGM-CSF from transige
silkworms of G5 and G8 generation were 13.67 + (Bl 14.55 + 0.65 ng per gram freeze-dried powder o
posterior silk glands, respectively.

Bioactivity assay for expressed hGM-CSF

The chronic myelogenous leukemia cell line K562 isultipotentell line, capable of differentiating along the
megakaryocytic,erythroid, and monocytic pathw&). hGM-CSF plays an important role in promoting
differentiation, survival, and proliferation of @wly-forming unit-granulocyte-macrophage progenitelis”® and
stimulating burst promoting activity for burst-foimg units, erythroii”.It was reported that hGM-CSF activates a
set of genes such adas cjun, andc-mycgenes in both hematopoietic and nonhematopoietigs®®. In this study,
the effect of hGM-CSF expressed in posterior sings of transgenic silkworms on proliferation &6R cells was
investigated. The results showed the SPSG-T pramthte proliferation of K562 cells compared to tloditthe
SPSG-N (Fig. 7), and bio-function of SPSG-T wasilsino that of hGM-CSF standard, therefore, thedvhGSF
expressed by transgenic silkworm was supposed totlegvbiologic activity.
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12 24 36 h

Fig. 7 Effect of hGM-CSF expressed in posterior silk glandson the proliferation of K562 cells

O Test group: supernatant of posterior silk glandsnf transgenic silkworm{2 Negative control group 1:
supernatant of silk glands from normal silkworm tedsr 3 Positive control group 1: supernatant of normal

silkworm posterior silk gland with hGM-CSF standaf@) Positive control group 2: hGM-CSF standafg;
Negative control group 2: RPMI-1640 medium.

DISCUSSION

The investigations of the bioreactors of transgesiikworms and silk glands are still in the stagtistage and
confronting many challenges. First, only a few sigenic vectors are available. So, it is necessacpmstruct new
vectors to meet different needs. Second, altholigtetare several reporter genes, sudf@mandDsRed which can
be used in screening, the workload associated seitbening is still very large and more efficientthegls need to
be developed. Third, exogenous genes may be Idseitransgenic silkworms. A previous work reportedt the
expression of exogenous genes in silkkworms beyenérgtion G3 was notably decreased, indicatingsaiple loss
of the exogenous gends. Thus it is also important to retain the stabiliff exogenous genes in transgenic
silkworms. Finally, microinjection is commonly ajgl for the introduction of exogenous genes intgse¢iowever,
this method requires a high level of experienceiamobt feasible for processing a large numbeilkfverm eggs in

a short period of time.

Many genes have been successfully expressed irLepiloptera insect and its cells through the badrie
expression vector system. However, the recombipesteins expressed in the baculovirus-infecteddnsed its
cells often fail to be completely proces$&d To overcome this problem, a vector-based stakpeession system
has been develop&t and the post-translation modification of recombinmotein could be improvedf]. Recently,
the piggyBactransposon system was applied in the transformatiodies in several types of animiis*”. The
efficiency of transgenic silkworms withiggyBactransposon vector was quite low. Although the reggogene of
fluorescence was helpful for screening the tranisgsitkworms, the workload of screening is stillrydarge.
Notably, our strategy to introduce an expressiossetie with theneo resistance gene into the transgenic vector
successfully overcomes this problem. When the dfigpof the moths processed by gene transfer wedeoh
G418-containing mulberry leaves, the worms withtbetneoresistance gene successively died. Thereforeqythve
concluded thamneo expression cassette cloned into the transgenitowecot only facilitate the screening of
transgenic silkworm, but also prevent loss of exmges genes in transgenic silkkworm under the pressiiG418
selection.

CONCLUSION

The most widely used strategy currently to expeasgenous genes in the silk gland of silkwormsésfusion of
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exogenous genes with the fibroin gén&™ However, this strategy often results in low dtite of gene
expression produdtd®®. In our study, non-secretory expression of tiBVRCSF gene was achieved under the
regulation of thdib-H promoter, although the expression level wasetalitw. The expression level of hGM-CSF of
transgenic silkworms in the posterior silk glandsG® and G8 generation were about 13.67 ng andsldgbper
gram freeze-dried powder, respectively and wereilainto that in the posterior silk glands of geaegeted
silkwormB®l. The theoretical molecular weight of hGM-CSF is2B5kD, while a 22 kD of the specific protein band
was detected in the posterior silk glands of trameation silkworms by Western blotting. Howevere tholecular
weight of recombinant protein is corresponding witlat of recombinant hGM-CSF expressed with baduisv
expression system . mori . The result might due to post translational medifion of hGM-CSF expressed in
the posterior silk glands of transformation silkmar It has been reported that the hGM-CSF expraasgitkworm
with recombinant baculovirus had bioactivity, thraladministered hGM-CSF could be absorbed intdtbed ™.

In this study, we found that the hGM-CSF expresegubsterior silk glands of transgenic silkworm kbstimulate
the proliferation of K562 cells; therefore, thekgjlands of transgenic silkworms with hGM-CSF woplassibly be
directly used as peroral administered medi¢theThe expression level may be influenced by the-semretory
expression, the integration site of the exogen@megn the silkworm genome, or the intrinsic chtastics of the
hGM-CSFgene. The low expression level of hGM-CSF was alsssible closely related to the target gene copy
number comparing with that of baculovirus expressiector system, or might related to the short-lifaf of
MRNA of target gene in the silk glands cells. Theme it is the challenge to improve expression GMiCSF in
transgenic silkworms.

There have been many approaches for the inductfoaxogenous genes into silkworm eggs. Among these
approaches, microinjection is the most popular wektiHowever, this method has several shortcomisgsh as
high requirements of equipment and techniquestdidnimanipulation time and low survival rate of efgjfowing
injection. Moreover, since the injected eggs arefihdor immediate artificial hatching with hydrbtoric acid, this
method is not appropriate for the transgenic studethe silkworms of currently practical varietids is thus
necessary to develop new approaches for the inttimluof exogenous genes into silkworm eggs. Régefthdo
and Fujiwara established a rapid genetic functicaadlysis system for non-model insects using a dost-
electroporator designed for somatic transformatiaith the piggyBac transposon®®. The method of
sperm-mediated gene transfer has several advantagepecific equipments required and no limitatddrvoltine

of varieties. In addition, this method makes itgbke to process a large quantity of virgin mothsiishort period of
time. The efficiency of transgenic silkworm depesrdgene transfer methods and process phase, ifahggenic
vector were injected into the copulatory pouchiafim moths before copulation, as the mating preadssilkworm
requires1-2 h, the most of the exogenous DNA preshipinjected into copulatory pouch may has beegratied,
that resulted in lower transgenic efficiency. Heles transgenic vector was injected into the cdpwyapouch of
female moths after copulation, improving the trasg efficiency and increasing the proportion ainsgenic
individuals. The transgenic efficiency for partiddembardment system gene transfer was not reconedefud
silkworm'’s transgenosis because of the lowest ieffity. In addition, as previous studied, though edecthnique
like electroporation and biolistics could be usedi mori #¢*" they had some drawbacks for restricting on our
purpose. However, gonadal injection gene trangidreygs puncture gene transfer methods were vicjeet for
silkworm'’s transgenosisso it was considered that transfer exogenous DN& $permatocytes and oocytes during
the development of germ cells is an effective tg@n®sis method. The survival rate of eggs treatitd @eggs
puncture gene transfer method was quite low (ah0%t) because of handwrought manipulation, but thegrtion

of transgenic silkworms in survival eggs was mdrant 2%. Therefore, the eggs puncture gene transénod
could be used if there was no microinjector equipinire the lab.
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