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ABSTRACT

We constructed the fibroin H-chain expression system to produce enhanced yellow fluorescent proteins (EYFP) in the
silk of transgenic silkworm. Fluorescent silk could be made by fusing EYFP ¢cDNA to the heavy chain gene and inject-
ing it into a silkworm. The EYFP fusion protein, each with N- and C-terminal sequences of the fibroin H-chain, was
designed to be secreted into the lumen of the posterior silk glands. The expression of the EYFP/H-chain fusion gene
was regulated by the fibroin H-chain promoter. The yellow fluorescence proving that the fusion protein was present in
the silk. Accordingly, we suggest that the EYFP fluorescence silk will enable the production of novel biomaterial based

on the transgenic silk.
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o] P42 FlH=EQlo] o 75%°]aL Alg]ile] Y A] 25%
o]al, I Fol|A] T B 2l heavy chain(H-chain), light-
chain(L-chain) ¥ fibrohexamerin 370%] subunit E-8-A| 7}
6:6:12 ExM]E=2 FA =] 2lth(Inoue et al. 2000).
J)B 2] vkl 7]E FAL Hchain 3} L-chain®] 1:1
H| &2 A o| 33 AS o F glem, A3d H-L chain
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Table 1. List of recombinant protein production in the cocoon of transgenic silkworm

Gene expressed

Promoter

Source

Partial collagen sequence and EGFP fused
to fibroin L-chain

Partial prolyl-hydroxylatedcollagen sequence fused
to fibroin L-chain

bFGF fused to fibroin L-chain
Human serum albumin

Feline interferon fused
to fibroin H-chain

Mouse monoclonal antibody

Spider silk fibroin fused
to fibroinH-chain

Soluble GM-CSF receptora

Fibroin L-chain promoter

Fibroin L-chain promoter

Fibroin L-chain promoter

Sericin 1 promoter
enhanced by hr3 and IE1

Fibroin H-chain promoter

Sericin 1 promoter
enhanced by hr3 and IEl

Fibroin H-chain promoter

Sericin 1 promoter
enhanced by hr3 and IE1

Tomita et al. (2003)

Adachi et al. (2006)
Hino et al. (2006)

Ogawa et al. (2007)
Kurihara et al. (2007)
Tizuka et al. (2009)
Zhu et al. (2010)

Urano et al. (2010)

*Tomita et al. 2011.

A FAR= g k] P25l s wlTRA Agew o
ZA=]o] g)ch(Inoue et al. 2000, Tanaka et al. 1999). T3t
)8 2 9] H-chain®] AAH e A EE= Zhou et al.(2003)
off o3 #3ixiEdl, IBEQ]l H-chain®] T&E F 719
A2=(67 bp 2 15,750 bp)t st QIEE(971 bp)oE T
Aol glom ¥lE-E= Gly-Ala(dHE Ser, Tyro 2 |
2=o] 9lg) HHE-TEEA] AA H-chain®] 2/3¢] ©]2%=
39S o] W7} AR5k gle] L-chaindt w7}
2 u]§ 2 494 (hydrophobicity)S W H(Yamada et al.
2001, Zhou et al. 2003, Zhou et al. 2000).

2000 U E-2] Tamura 79> piggyBack A o] ¢l =}
el Ao B E o] 83le] Pl A3 ol Azt
o] A F3l v (Tamura et al. 2000). ©]F piggyBac # °]
HE] S ARSSE -2 rell AAZ Ao A E L,
o] W& A]~ElS- #-8-3lod basic fibroblast growth factor
(bFGF), human serum albumin(HSA), feline interferon
(FeIFN), insulin like growth factor-IhIGF-I) 5-°] A-34
o7 W3 Ely ¥ 1 o] 9lvk(Hino et al. 2006, Kurihara
et al. 2007, Ogawa et al. 2007, Tomita et al. 2003, Zhao
et al. 2009). T3}, Fol| L] oA ol A A 3} A AE]S
o] §-3le] thekst T MEF Aol g
AR 7 oleE BeodFal gl ol AARe] FB
229] Heavy chain?} Light chain 22|31 M|g]4lel|A F=2
ANz b Ao o] Fo{X| L QITh(FE 1).

Follo] AT v AfrellM ZelE 4 ¢l fotslal
st Fe 248 Zhal gler g o E AfrEc 3

BN A2 de) eiA sleh 2eid gtel wlk
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glAn =X pGEMT-CTRE #H3leic}t. 18|32 pGEMT-
pFibH-NTR: Apal®} Salle 2, pGEMT-CTR: SallZh
Sacl®2 Zt7+ AgE A A2gozy dHES FH]3)
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A A A2 sle] Bl dH S AsclF} Fsel2 2 A3k
4 Xiﬁlﬂ pBac-3xP3-EGFPel| E293l91, A s &
gl2r] == pBac-3xP3-EGFP-pFibH-EYFPE. ™ 3}% ).
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Detection Reagents 5 AF4-3le] PVDF membraneS Ah-2-
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Fig. 1. The structures of transformation vectors for generating transgenic silkworms. The vector was constructed for germline
transgenesis. A) pBac-3xP3-EGFP. B) pGEMT-pFibH-NTR. C) pGEMT-CTR. D) pFibHNC-null. E) pFibHNC-EYFP. F) The
transformation vectors pBac-3xP3-EGFP-pFibH-EYFP. Transformation vector was piggyBac-derived vector. The restriction enzyme
sites for the construction of recombinant vectors were indicated. The nucleotide sequences of pFibH-NTR and CTR were derived from
Genebank Accession No. AF226688. pFibH, promoter domain (1124 bp); NTR1, N-terminal region 1 (142 bp); intron, first intron
(871 bp); NTR2, N-terminal region 2 (417 bp); CTR, C-terminal region (179 bp); PolyA, poly (A) signal region (301 bp); EYFP,
enhanced yellow fluorescence protein gene; ITR, inverted repeat sequences of piggyBac arms; 3xP3, 3xP3 promoter; SV40, SV40

polyadenylation signal sequence.

©)

Fig. 2. Fluorescence expression of EGFP in transgenic silkworms. A) Eggs were expressed in the eyes and the abdominal nervous
system of seven days old F1 embryo. Arrows point to eyes and nervous system in panel. B) Larva was expressed in the eyes of a F1
1 th instar larva. C) and D) fluorescent images of pupa and moth. Arrows point to eyes in panel B, C and D.

S AHEEIE AL, o] ARl 2 TR RE|E = 3xP3
promoterS- A2 THOH 1A). I B 29 T2 RTEE o
7] 9130A, 1,124 bp Z2RE A3} 1,430 bp N-Zhol]
B 29l H &R nt 61,312 to 63,870 of AF226688)°]

JEE972bp)el EFHE ©HE Fof AFS2HE PCR
= o83t FFEAH 2™ 1B). =3 I|H 23l H A
ko] C-beh2 180 bpe] ¥ B 23l H-chain gene ORF 3’
et} 300 bpe] F|BEQ] H F-2Knt 79,021 to 80,009
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Table 2. Results of injection of the construct DNA to Baegokjam
embryos

Injected Hatched GO G1 bloods with
embryos embryos broods red positive
3,060 262 120 8

*The Baegokjam strain was used as a host strain. The vector
plasmids, p3xP3-EGFP-pFibH-EYFP (200 ng/ul) and the helper
plasmid (200 ng/ul) were used for injection.

of AF226688) 3’ ¢d9-& PCRS- o|43}o] FZslgvh2d
1C). o]gA A== F42F FHE2 pBluescriptll SK(-)
vectorel| 27} 293 L(2F 1D), FAIEC] Sl
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pBac-3xP3-EGFP-pFibH-EYFPE ™ 3lsith(® 1F).
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injection 3}tk L AF} 262 mhE] ] f5e] FIEL,
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2 WjAlA FINAE 92 F, 343 A 9
| A7 2 gspav|d o2 Fhasisdel. o A}, ol
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Fig. 3. EYFP fluorescence in the silkgland of the transgenic silkworm. A silk glands at the 3 days of the 5th instar larvae of the F2
transgenic silkworm. The silkgland was observed under the YFP-excitation-wavelength light.
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Fig. 4. Yellow fluorescent cocoons. The fluorescent cocoons produced by transgenic silkworms that have used EYFP fluorescent
proteins. A, B) Normal cocoons. C, D) Yellow fluorescent cocoons. A), C) Coons were observed under the white light, respectively.
B) Cocoons were observed under the fluorescent light. D) Cocoons were observed under the YFP-excitation-wavelength light.
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Fig. 5. The yellow fluorescent colored silks. Left: under white light. Right: illuminated by YFP-excitation-wavelength light.
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kDa

Fig. 6. Analysis of the recombinant protein expression by SDS-PAGE and Western blot. (A) The protein samples were subjected to 10%
SDS-PAGE. (B) The protein samples were transferred PVDF membrane and incubated with the anti-YFP antibody. M, molecular mass
standard; 1, normal cocoon; 2, transgenic cocoon with pG-3xP3-EGFP-pFibH-EYFP. The arrows indicate the fusion protein of EYFP

protein and Fibroin protein.
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