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Human Stem Cell Factor (hSCF) is a cytokine that binds to the c-Kit receptor and plays an important
role in hematopoiesis, spermatogenesis, and melanogenesis. To produce the human Stem Cell Factor
(hSCF) recombinant protein, we constructed a germline transgenic silkworm using the piggyback
vector. The expression of the hSCF gene was driven by the Drosophila heat shock protein 70 (dHsp70)
promoter. 3XP3 promotor-driven EGFP was used as a marker which allowed us to rapidly distinguish
the transgenic silkworm. A mixture of the donor and helper vector was micro-injected into 1,020 eggs
of bivoltin silkworms, Keomokjam. We obtained approximately 22 G1 broods that were EGFP-positive.
The expression of the hSCF gene in the transgenic silkworm was analyzed by SDS-PAGE and
immunoblotting. Also, analysis of insertion sites into the silkworm genome using inverse PCR showed
that exogenous DNA was inserted into the transgenic silkworm genome. These results show that suc-
cessfully constructed transgenic silkworm expresses the hSCF recombinant protein.
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Fig. 1. Construction of the transfer vector pG-3xP3-EGFP-dHsp70-hSCF. (A) The PCR product for ORF flanked by Not I/Not I
stie was inserted into pGEM-T vector. The pGEM-T-hSCF was digested with Not I/Not I and then DNA fragment was
subcloned into the Not I/Not I site on piggyBac (pG-3xP3-EGFP-dHsp70-hSCF). (B) M, 1 kb DNA marker; V, The
pG-3xP3-EGFP-dHsp70-hSCF was digested with Not I/Not L



Fig. 2. GFP expression in transgenic silkworms. (A) GFP were
expressed in the eyes and the abdominal nervous system
of seven days old G1 embryo. Arrows point to eyes and
nervous system in panel. (B) GFP was expressed in the
eyes of a G1 1th instar larvae. (C) and (D) Fluorescent
images of pupa and Moth. Arrows point to eyes in panel
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Fig. 3. Analysis of the recombinant protein expression by
SDS-PAGE and Western blot. (A) The protein samples
were subjected to 12% SDS-PAGE. (B) The protein sam-
ples were transferred PVDF mebrane and incubated
with the anti-hSCF antibody. M, molecular mass stand-
ard; 1, wild type 5th instar larva; 2, transgenic 5th instar
larva with pG-3xP3-EGFP-dHsp70-hSCF.

th(Fig. 3B).
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Table 1. Transgenic rate of the construct DNA to Keomokjam embryos

Vector Injected Embryos

Hatched Embryos

GO0 moths G1 EGFP positive

pG-3XP3-EGFP-dHsp70-hSCF 1020

241 (23.6%)

124 (12.1%) 2 (21%)

Table 2. Identification of the genomic insertion of the pG-3xP3-EGFP-dHsp70-hSCF vector in G2 transgenic silkworm genome by

inverse PCR

No. 3 Junction sequence
1 Piggyback-TTAAAGGCAGTGTCTTATCAGGCTATTATATTGATGTTCCAAATGGTGG
GTAATTTCAAAGCAAATACATACTTATAGCATGCACTATCAGATTCCACAATAAGAGG
) Piggyback-TTAAGTACGTGTGTCCGCGTCTCCCGTGTTATTGACTGGCATCAATGGT

GGCGT

Insertion length means the length of genomic DNA between the Sau3A 1 site and the 3" insert boundaries of the vector. TTAA
duplicated sequences appearing at 3" insert boundaries are in underline.



1730 A 3383 x 2011, Vol. 21. No. 12

45 e Ad A9 9o, 2ue] ¥4
2] AHE-E = piggyBac dolH o 21}E] 29 promoter?]
Drosophila heat shock protein 70 (dHsp70) promoter} 3xP3
promoters A&t ol A3 Mol Eje} FAHE +
& A&slA Tt dHsp70 promoter= ©|F] Fojof| A €57
o ofsf AEFodwde] wds 24 & vk A A
TH13]. webA dHsp70 promoteroll 28] hSCFA] =g ey 2
ol PO EMN, ATAY Fiol ute} Fol A5l
FEFES J23 ATIAY Az A BEs A
s}tk =3 EGFP markerd] @d 238 &

H 1o

= FU?{_': 2 FUE
rir

[‘ﬂﬂ
—h‘ OdL,
%0, oo
kol

€2 J‘-ﬂ]

ol
>~
=
oo

delx Aed], T 27w
| 2838k, F537 Hel7], 45
A4 Qo1 28], o] ZZRH
= 2714 @A A FAHEA
g HolHHE FYste AL
Tamura } microinjection & Firate] AE 3G
=4, F ] microinjection Bjo}] F
Abo] €] Zhg-H] # o FAHEOZH FAA
FAANZ § AT =3, FHEAG ALEE Tl
S3& 21259 31409 w R gyt

QL
rir
BN i

fu > $ oo
ol
11 (o
w© B2 fu
2 e X
°
oL =
o
K3
x
N
¢

qo B>

B oo oy
g
R

M

o 2 fr o o

N
¥Q
)
4
-3

T

e}

ol
>
oo
rok

]_

P
N
=

E
-z
M

ol
(o
fu
R

A &2 1020 709 F Lol microinjectiond}o]
241(23.6%)9He] 9 5o F3EAL, T FolAM 124}
Fol Atk TG AFES AE wHjAA
AL, 71 FolA 22 bloods (21%) THo] A
AeA 2 Aws At o AdE wol 32 EA o] A hSCF
ANzFay Ao wE-L Western blots AME-3ted #431H =
o, 4] AHE B ol G Y 58 194 5 o183}
Aot A= Anti-His-taq antibody®} Anti-SCF antibody &
AT B E=EolAE Anti-His-taq antibodyE AHE-3}
of A& A#4E HoFA ZPA T Anti-SCF antibodyE AHE-
gt A7 Y 309kDacl A MEE 1 T AT B
Fig. 20114 &€l EGFP 3499 A% Anti-EGFP antibody 2
Western blot& 53 HdH= A& &A% & AUtk vpA=
O 2, inverse PCR £4& 53] 39 A 2719 S 4&
F AU HE 5G9 NES BS e dAAT, AEE
A& F3A FolAEY Chromosome 15 (14175331-
14175380)1 1Al HolWE 7} AYPd AS &I F U

o 2

ol3e] Aol N hSCFAZTBY AL Aushe Fol 3
A7t HBA0E AR HALS HAF 5 U, oY
Ae A2Y 983 YPYL A7) F89 & U
o2 Azdn

B =R Y8 FY71$EAY 9 A9(307003-03-1-
A

HD140)e] 9ste] o] Fo Axte] Rt}

10.

11.

References

. Ali, S. 2007. Role of c-kit/SCF in cause and treatment of

gastrointestinal stromal tumors (GIST). Gene 401, 38-45.

. Chkoniia, T. T., A. I. Nikolaev, and K. A. Kafiani-Fristavi.

1991. Restriction analysis of autonomously replicating mol-
ecules containing exogenous DNA in a transgenic silkworm
line. Mol. Biol (Mosk). 25, 1427-1436.

. Fraser, M. J., T. Ciszczon, T. Elick, and C. Bauser. 1996.

Precise excision of TTAA-specific lepidopteran transposons
piggyBac (IFP2) and tagalong (TFP3) from the baculovirus
genome in cell lines from two species of Lepidoptera. /nsect
Moal. Biol. 5, 141-151.

. Imamura, M., ]. Nakai, S. Inoue, G. X. Quan, T. Kanda, and

T. Tamura. 2003. Targeted gene expression using the
GAL4/UAS system in the silkworm Bombyx mori. Genetics
165, 1329-1340.

. Mori, H,, M. Yamao, H. Nakazawa, Y. Sugahara, N. Shirai,

F. Matsubara, M. Sumida, and T. Imamura. 1995.
Transovarian transmission of a foreign gene in the silk-
worm, Bombyx mori, by Autographa californica nuclear pol-
yhedrosis virus. Biotechnology (NY) 13, 1005-1007.

. Nagaraju, J. G. and L. Singh. 1997. Assessment of genetic

diversity by DNA profiling and its significance in silkworm,
Bombyx mori. Electrophoresis 18, 1676-1681.

. Nawa, S, B. Sakaguchi, M. A. Yamada, and M. Tsujita. 1971.

Hereditary change in Bombyx after treatment with DNA.
Genetics 67, 221-234.

. Seo, N. S,, ]. R. Hollister, and D. L. Jarvis. 2001. Mammalian

glycosyltransferase expression allows sialoglycoprotein pro-
duction by baculovirus-infected insect cells. Protein Expr.
Purif 22, 234-241.

. Tamura, T., T. Kanda, S. Takiya, K. Okano, and H. Maekawa.

1990. Transient expression of chimeric CAT genes injected
into early embryos of the domesticated silkworm Bombyx
mori. jpn /. Genet. 65, 401-410.

Tamura, T., C. Thibert, C. Royer, T. Kanda, E. Abraham,
M. Kamba, N. Komoto, J. L. Thomas, B. Mauchamp, G.
Chavancy, P. Shirk, M. Fraser, J. C. Prudhomme, and P.
Couble. 2000. Germline transformation of the silkworm
Bombyx mari L. using a piggyBac transposon-derived vector.
Nat. Biotechnol. 18, 81-84.

Thomas, J. L., M. Da Rocha, A. Besse, B. Mauchamp, and



G. Chavancy. 2002. 3xP3-EGFP marker facilitates screening
for transgenic silkworm Bambyx mai L. from the embryonic
stage onwards. Insect Biochem Mol. Bial. 32, 247-253.

12. Tomita, M., H. Munetsuna, T. Sato, T. Adachi, R. Hino, M.
Hayashi, K. Shimizu, N. Nakamura, T. Tamura, and K.
Yoshizato. 2003. Transgenic silkworms produce recombi-
nant human type III procollagen in cocoons. Nat. Biotechnol.
21, 52-56.

Journal of Life Science 2011, Vol. 21. No. 12 1731

13. Uhlirova, M., M. Asahina, L. M. Riddiford, and M. Jindra.
2002. Heat-inducible transgenic expression in the silkmoth
Bombyx mori. Dev. Genes Eval. 212, 145-151.

14. Yamao, M., N. Katayama, H. Nakazawa, M. Yamakawa, Y.
Hayashi, S. Hara, K. Kamei, and H. Mori. 1999. Gene target-
ing in the silkworm by use of a baculovirus. Genes Dev: 13,
511-516.

P
Ju
e
~
EL)
R
@D

3

o
g
—I'I
QO

Q
o)

o)
o}
J
P}

ZeelEtnZio| EelEls FolH e HME

o0 . 7M. b} ]
(Fdsdastd FAgE oA, Z%Ezﬂ}ilﬂ o} 7o sﬂ—r?%h_’)r)

2 A7Y H4L FAFAASAE o] &t Axdeld L A2E S Jpdste o2, B A3
M= hSCERAAE o] &t ool Axddwde Aty ol AH-2 piggyBac Hol¥ 1% hSCF
ARy Bd 248 93] 292 Y dHsp70 promoters AM8-3}% 3L, EGFP markerfr A2+ 3xP3 pro-
moterZ LS ZA3ATh F 1,020 7§ Fol Lol microinjection Fe] G1 ATl A 22 bloodse] &2 EAE
A, AdE Fl @A 27 GAY w3 ABEF, 53 W] 2ga *é% =4 GFP
AFS T2 4 ARH hSCF Az A o] vHd2 Western blot 402 891 & & 1, inverse PCR
A& A ol A 1401“—‘]\517} AdE AS G0 F A AS7AA Y A AR A hSCF A= F
g o] o ]"1 *ﬂ“g F AT G2 & F UM HIE FoloA e hSCF Alzde o) Az g

1
o gk 4ol St AE A piggyBac Ao E 9} microinjection HOZ Foof| A 1
F77HA ] Az A fﬁa* 1} & 5 e B FAda & 5 A webd FellE fEed At
A YAV ZA 8T F S AoE JdEn



