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AL, AT 3R 28A(hIL-284 )5 K] 7 B
F| pIZT/V5-His Bk, # g T %% 5k P 4 4k
pIZT/V5-His- hIL-28A, XS T/ Sk iz E 4
BHFAZL, BATEHSEST5E, BRIk
PRI K 2. RIE =PRI ) 45 R WoR 4L
hIL-28A [ ¥l A 25 ku. 71 G3 AR JE A 4
Ja e R AR LTk P 5 B4 A 0.198,
0.320 F1 0.238 ng/g. HF5T 45 R it i AR5 e 148
AT 0] LLIR A AMIRSEE R I A 0K R B 3 DR R 4
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1.1 KSR

S 6 i L BRI N DI BamH T+ EcoR T -
EcoRV . Xho 1 4 Fermentas 22 &) 77 i ; T4 DNA
Ligase 4 TaKaRa 22 &)/ fit; i fR L Taq DNA %
AW dNTP 4 B T A TR A7 77 i
DNA BRI EE . TobE DNA /Nt il #3851 &
5 PCR = 2lifb i 7 & H V-GENE A4 A 7 5
AE B 4K A Invitrogen life technologies /A 7] /= dhs 1%
1% DIG Fric ik & A% R A AR &k Roche
AT AL SR T PO E P hIL-28A, —HT
KRPLE 1gG, 4374 Santa Cruz Biotechnology Al
IMMUNECHEM 74 &7 . hIL-28 A ELISA X7l
J#J 1 Uscn and Life Technology 7 .

e B DRI T 16 K A ik R pUCST-
hIL-28A ki pIZT/V5-His & E. coli TG1 175 M
KAEHEA B 2 5 AR R 25 B oy 1 AR 2 i e =
TRAF
1.2 5%

H Primer 5.0 K AF 41T 514 hIL-28A-1(5' TAG
AAT TCA TGA AAC TAG ACA TGA C 3/, RIZ#
45 M EcoR 1 B V)47 £5) A hIL-28A-2(5' TTG ATA
TCG ACA CAC AGG TCC CCA CTG 3', %&£k
4% M EcoR V VI 47 15), FGFP-1(5' GCG TCTA
GAG GAT GGC TAG CAA AGG AGA AG 3') 1
FGFP-2 (5' ACG CCC GGG CAT CCA TGC CAT
GTG TAATCC 3"), Jfth FilgA TAY TEARA
H AR
1.3 A&

1.3.1  H4)5kE pIZT/V5-His- hIL-28A (IR %E. Ll
pUCS7-hIL-28A JFUR A A5AR, F5 14 hIL-28A-1/hIL-
28A-2 ifiid PCR ¥ 1 hiL-284 F B(Z) 600 bp). |1l

W hiL-284 FrBt, H EcoR 1 Al EcoR V WY 7
Bt [FIRERFYI I pIZT/V5-His #4A 3545 plZT/V5-
His-hIL-28A A FAK. frixgifkh, hiL-284 H:H
H A2 B A% T 2 A1 R0 BE (Orgyia pseudotsugata
nucleopolyhedrovirus, OpNPV) [ 1z - 1] 5 [X )5 30
T ie-2 ¥EH.
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1.3.3  FEERDR A IR 1% A 03 1 SEE

AR 6 AR A MRS A 5 A T 0k P
FEATON, AR A N IR S G DU A SR DNA 2R
SN, WONMEE LS IEEEIE, AR
B BOW LA (R0 et 0. GO AR 5¢ 't A ik 55 1F 3 4
IS HC kAR, G AR SO G Ak 2 (R AZHC4RAR.

Bl 32 B — %GO~ G3) 7= B Ji5 1) 2 i ik A 41
DNA B, LAl #5etie, 735 514 FGFP-1/FGFP-2
F1 hIL-28A-1/ hIL-28A-2 #E4T PCR Al

B G3 AR AT L K 4] DNA, 28 Wb A8 1 )5 %
MUE PVDF Jii |, BEATT4AC, 5 DIG ARic 1) gfp
TREF 4. WERRE S AT, gfp 22285 bl
FeAE I B A F 20 S U W AT, S5 [ I
WL E W X Ax L N 21 DNA b BRI L R i)
pIZT/V5-His- hIL-28 A #5444y BH 1 % 1L
1.3.4 SDS-PAGE Al Western blotting. H{ G3 fU%%
FENZ TR, n PBS WFEE B0 B3, #6101
In 20 2 24 1@ 75 (8 mol/L JR 2, 2 mol/L i ik, 4%
CHAPS, 20 mmol/L — ¥ HIJE 24 3 HI 5t (Tris base),
30 mmol/L DTT), 4°C 2@t 7. 12 000 r/min 5.0
10 min, H B3, 5 EFEZMBIRG, 100C Kik
5min i FE, #E4T SDS-PAGE(IKZEIE N 5%, 4>
B 12%). B 5 HEAT Western blotting 73 #7.

1.3.5 hIL-28A KA s dll.  H G3 AU A
WAadr. ATl PRidl s TR % 005 g, 7
SIWFEE S, T 500 wl ZH 2R A (8 mol/L JK 3,
2 mol/L i Jlk, 4% CHAPS, 20 mmol/L Tris base,
30 mmol/L DTT), 4C &7, £ 12 000 r/min
20 10 min, X F3EJE, 4% hIL-28A ELISA 7%
Ui EEAT ELISA Farill.
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2.1 EHEEFK pIZT/V5-His-hIL-28A RIS TE

¥ hiL-284 ok pIZT/V5-His 3515 5 41 3 44
pIZT/V5-His-hIL-28A. {EFHE A, hiL-284
tH OpNPV ie-2 Ji5) 45, Zeo-GFP & HH OpNPV
ie-1 38 . 4> 7 H hIL-28A-1/ hIL-28A-2,
FGFP-2/FGFP-2 5| ¥)3k4T PCR &M, w43 Jil 4~
i 600, 720 bp RN (GI R AL R), & PCR
FEPI Ay RS B — B AR AT
J¥, B ST 2 R R R B4k pIZT/V5-His-hIL-
28A ML BT ELR IE A .
22 BERREBENHFESEE

W L B4k pIZT/V5-His- hIL-28A 5 JIg JFi {4
BASG, SRS 2 h R A R, AS S
PR OREIINR IR, BT, JEHOL BB S
AGP I DL, I 5> A B0 R S 5k,
KBS KT SRR DNA S A&, &
KA FACER(Y 3 SkEkIL ™ T 1478 Figy, Hrp
29 70% ) A UN AL . AL ) AT E R, BN
Hr R 2 3 SkAEVE 9O (GO 1), ZIGAIILL
B 29 I EE K 0.3%. 5 a Ak ik S S E
MEMEASE 7 O, DAJS 25 AQ ) 2k () ik Bl 25 St e 2 1)
AR BM, JFEAF K E B BOW 8 4 1) 980
(K 1a~b).

(2)

Fig. 1 The transgenic silkworm

and eggs positive for GFP
(a, b) The transgenic pupa of the G2 generation and normal pupa in the
normal field and fluorescent field, respectively. (c, d) The eggs of the G3
generation transgenic silkworm and normal eggs in the normal field and
fluorescent field, respectively, left part and right part in each picture

presents normal sample and transgenic sample.

DA™ Ol s, SR HUCILIE N 41 DNA, 7331
JH 514 FGFP-1/FGFP-2 Fl hIL-28A-1/ hIL-28A-2 il
A7 PCR AL, 45 R 7s, MHEEIR A RE 4L b AT
Sy g B R S gfp R hIL-28A4 1 Bi(1&] 2a, b).
IR SRR, gfp FENGETfE 5 9t Ak 1)
SENZ AT (P 2¢), RWITHIE IR FOE TR SN
PR 7.

@ GO Gl G2 G3 M

:— 700 bp

® GO Gl G2 G3 M

— 750 bp

Fig. 2 Identification of the transgenic silkworms
(a, b) PCR results amplified from the genomes of the GO ~G3
generations fluorescent moths with the primers of FGFP-1/FGFP-2 or
hIL-28A-1/hIL-28A-2, respectively, M: DNA ladder, GO~ G3: The GO~ G3
generation fluorescent moths. (c) Identification of fluorescent silkworms
by dot hybridization with a dig-labeled gfp probe. I: pIZT/V5-His-
hIL-28A vector; 2: Genomic DNA of the normal silkworm; GO ~ G3:

Genomic DNAs of the GO~ G3 generation fluorescent silkworms.

2.3 hIL-28A EH#ERREFHFRIE

WG3 AU D K & 5 & 22 It A1 2R AT
SDS-PAGE #1 Western blotting 73 #1, 4% % &l 3
s, KETE 25 ku koA —Fe Ptk 4kl , R W)

hIL-28A 7558 14 D
C’ T’ C T M  ku
. 443

— 291

—— 20.0

Fig. 3 hIL-28A expressed in the posterior silk glands
of the transgenic silkworm
M: Protein marker; T and T': The tissue of posterior silk gland from the
transgenic silkworm; C and C’: The tissue of posterior silk gland from

normal silkworm.
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¥ G3 AR RE I R A L S 300 22 iR R0 R s 4L
L0 SR T Ky, FRWT S . 4] 2L A b 7
Ji» % ELISA 51 & i B PO hIL-28A (1)K 1A
K, SRR G3 AL A A J 22 It
NE WG 21 23 hIL-28A (155 & 435l A 0.198. 0.320
F10.238 ng/g.

3 it it

KAz B, KWLk, AR R
w22 25 X —EINLRE, KRR R ARSI
A2 AT AR AR, A T R E I K A ]
MM, VPRI — HEU) Tl K d ik b
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21 P02 Rl S R A U D 3 N K A SR DA A
piggyBac J& 1 KB 702, H piggyBac ¥ %1
N FHREFILN CH R L O iRiERs. (5
JERGAFAE R, piggyBac 13l 1k BYIG ) 77 2,
W AMIERE D SRR DR A, I e i 52 R AR A R
AL TTAA A7 58, AH A5 3 DA o 5 A0 5 DA 40 1)
LB RAAE . B AR A R E AL ] LK Sb
U5 DNA K53 AR A, RV A7 3 A4 9 [
A SRR AT R K A AR IE™), H B RK
PRI R T s AR, plZT-V5-His /&
AR R AR D ST RS B R A R e e Bk, %
BpR R BL WO B 2 M AR R (Orgyia
pseudotsugata nucleopolyhedroviruss, OpNPV) je-1 )3
BT de-2 JA Bl 5 4 A AR I zeo-gfp
MANEEED, EAHAR G B fs, ik
7 25 (zeocin) FU M AR 1L I 126 7T 3R A9 FF 42 R TA AL
DR e A 0 . ASHIE 5 R TR 1 ke iy A
hIL-28A4 3N ) pIZT-V5-His T AR T AZKED,
i g (09I E T 45 7 PCR. DNA 8585673 T
WoE, WESEM IR T HREKN KK, R
pIZT-V5-His HA A] DL T 5 2 1) 3 J DL F 9
pIZT-V5-His A LA BE AL 4G AN fd BB KA, #

pIZT-V5-His ki #% 4« BmN 40 i85, H zeocin i
Sk 1A H, SRl B L ik £ 70%~ 80%,
ARELITIE 1 AN TR AGAE b 2040 I LA A £k
FEANAS,  EANI) R A 40 B 119 25 ' 53 3 A7 B Wk 2
S, HEN gfp FIETCAFAEA RS L )45 DUECAS [+
B P T35 70 40 IR DR 2L (A7 B AN [R) AT 2 7K T
AN[Fjuo L ARIZ A A 1k, 0Tk pIZT/VS-His 4
ANITABRs AN T, A I 4l S,
H pIZT/V5-His KEAR S AT KA LN, £
AT REATAEAG AN 58 2 (1) 35 DR R To M- N SE R 4L 1 B
%, AMJRSE R R IA G ] DL 2 5 DU 1E R AR SE T
g1, BOREHANBIFEE AR XK. Sl K sh
U5 DNA i NX SRR P51 08, A ] Re s 3k A
FATHI o T2 F DR T

£ pIZT/V5-His-hIL-28A #AKH, zeo-gfp HlE
5K OpNPV 8] je-1 3 3 T % Wl ,
pIZT/V5-His-hIL-28A 43 3R A5 ¥ % DR 5K A R I
RIS, R OpNPV 1] je-1 J3 8) T1E
FaEEAWEAE) G hin-284 2K H
OpNPV ] je-2 JA &) 745 1l, Western blotting & Jli
iR EIR, hIL-28A RefEie iR KA rh ki, [k
1] OpNPV 1 je-2 JA 8 1E XK ANt BAT IS
PE. LR R RS R 1 3844 3 1R A B DR ] L
WFCANE A B FAE R A e . ELISA Kl 45 51
7R, hIL-28A 1F G3 fRAEF ik SR Ar . 5 B2 IR
JIG 10 A1 230 10 T () 2 54300 A 0,198, 0.320 Al
0.238 ng, £ OpNPV ] je-2 J& 8 1 1L ZK & A [
AP IRE TR 22

BRI, ASHFSEH hIL-28A 7E8: 3 K 5 275 h
[ RIEKCTFARE, 05 OpNPV 1) je-2 J3 ) Fi%
PE A DR N 3 DR 2 (A B A5 2 TR 3 %
EFPIRIp R IE R, AHFST hIL-28A {E#E
FER R A R IA KT & T EAAF R EAN T
(PIZRIE AP, B R SR BRI AL, FRATTHEDN T BE
o BE DR 5K A v A SRR DR A 5 DRI 201 (19 5 DL e T i
- HE 45 B N i AR DR DL G, A
ML R A ANEIE R R IA TR kG, H il 2 4
YR P 22 B 1 R DR 5 AN DR D £ S IR A 5
AR 22 22 JREN ZR ) W R TE 452, (HIX — SR AT
Al BE S BRI =W AW F AN =), R
FARARRISINERER A I B B, HRILKF
AEOTAAIG, DRI AT e DR 5 A A ) S 7 38 B 3
NSEFIVERY B, B it BE DR R AR AR R IA AR A
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(AT N AR ORI DGR ) T, 2 AT TR
— ST AL

Western blotting 73145 R W7s, {ERE LN 5K 4
HRIK [ E 4L hIL-28A 4 25 ku, LR T =
(22 ku) PR, 57T G i Kk 1 4y 1 i
(25 ku) AHZTPS, AL, HEDIFE AL hIL-28A 7EFEHE A
FAFIL AT T N LA

ANIEHE DS e AR e R K A v B et R LR
15 R F e B DR K A IR AR R AL, ARHIF 9T
H, NGO 2 G3 R, IR dy, HHT
MGr T KA I 2] ofp FI hIL-284 FEIH, {HIE i
pIZT-V5-His 415 %5 i3k 5 A B DR 2 1) A1 5 6k DT 3]
JE BT RSl Ae e LA R T30 2 AR SR,

2 % x M

[1] Tamura T, Thibert C, Royer C, et al. Germline transformation of
the silkworm Bombyx mori L using a piggybac transpon derived
vector. Nat Biotechnol, 2000, 18(1): 81-84

[2] Ogawa S, Tomita M, Shimizu K, et al. Generation of a transgenic
silkworm that secretes recombinant proteins in the sericin layer of
cocoon: Production of recombinant human serum albumin.
Biotechnol, 2007, 128(3): 531-544

31 ®) 00, A, A B, A5 FET piggybac 5% hGM-CSF
FER K2 5T, Bl R, 2006, 32(3): 324-327
Cao GL, Xue RY, He Z, et al. Acta Sericologica Sin, 2006, 32(3):
324-327

[4] Hino R, Tomita M, Yoshizato K, et al. The generation of germline
transgenic silkworms for the production of biologically active
recombinant fusion proteins of fibroin and human basic fibrolast
growth factor. Biomaterials, 2006, 27(33): 5715-5724

[S] ZhaoY, Li X, Cao G L, et al. Expression of hIGF- | in the silk
glands of transgenic silkworms and in transformed silkworm cells.
Sci China Ser C: Life Sci, 2009, 52(12): 1131-1139

[6] 7k U8 By, BECHE, AR R R VOGN RN & AR S
AP ERAEAR, 1999, 31(2): 119-123
Zhang F, Zhao Y, Lu C D, et al. Acta Biochim Biophys Sin, 1999,
31(2): 119-123

[7] Yamao M, Katayama N, Nakazawa H, et al. Gene targeting in the
silkworm by use of a baculovirus. Commun Res, 1999, 13: 511-
516

[8] & By, Bk F5, 2 1P, A R RIV5 A Ol R AR 2 0
FESL R A2 5 A 224, 2001, 33(1): 112-116
Zhao Y, Chen X, Peng W P, et al. Acta Biochim Biophys Sin,
2001, 33(1): 112-116

[9] Wu X F, Cao C P. Targeting of human an aFGF gene into silkworm
Bombyx mori L. through homologous recombination. Zhejiang Univ
Sci, 2004, 5(6): 644-650

[10] 2% Mg, X, J8 SRk, 45, F858 A K A BmN 40 i 3Rik Ak
A - B AR V5 B AL Zk R, 2009, 35(2): 302-307

Li X, Zhao Y, Zhou W L, et al. Acta Sericologica Sin, 2009, 35(2):
302-307

[11] BR3EEHs, )00, B, 45, AR P3N SR e b X &
BmN 4 i i NORL A 0 - B 40 i AR v R . AR TR
%, 2010, 26(6): 830-836
Chen HM, Cao G L, Xue R Y, et al. Chin J Biotech, 2010, 26(6):
830-836

[12] Kotenko S V, Gallagber G, Baurin W, et al. IFN-As mediate
antiviral protection through a distinct class [I cytokine receptor
complex. Nat Immun, 2003, 4(1): 69-77

[13] Sheppard P, Kindsvogel W, Xu W, et al. IL-28, IL-29 and their
class I cytokine receptor IL-28R. Nat Immun, 2003, 4(1): 63-68

[14] Bt i, IR, B4 5%, 45, MR AR e 410 BmN 41 i ik A
hIL-28A J% 3G 355 7= ) 1) A 1 B0 Jie 88 4% 1 . A k&A%, 2010,
36(3): 0452-0457
Lu Y, Zheng X J, Xue R Y, et al. Acta Sericologica Sin, 2010,
36(3): 0452-0457

[15] B o, GREEMK, AN, 55 11-284 £ 54 BmN 41 g &b P i
Rk, PHERE AR G 2 2R 0E, 2010, 30(1): 244
Lu Y, Zhang X L, Zheng X J, et al. Chin J Micro Immun, 2010,
30 (1):244

[16] Z8F57E, B, AR, 55, R RV 5 1) 450 5 N A5 P
FIRIFSL. 2R 2 5 2L M B, 2001, 28(3): 423-425
Guo X Y, ZhouZ Y, Feng L C, et al. Prog Biochem Biophys, 2001,
28(3): 423-425

[17] Xue R Y, Li X, Zhao Y, et al. Elementary research into the
transformation BmN cells mediated by the piggyBac transposon
vector. Biotechnol, 2009, 144(4): 272-278

[18] Ailor E, Betenbaugh M J. Modifying secretion and post-translation
processing in insect cells. Curr Opin Biotechnol, 1999, 10(2): 142-
145

[19] Rubin G M, Spradling A C. Genetic transformation of Drosophila
with transposable element vectors. Science, 1982, 218 (4570):
348-353

[20] Thomas K R, Capecchi M R. Site-directed mutagenesis by gone
targeting in mouse embryo-derived stem cell. Cell, 1987, 51 (3):
503- 512

[21] Koller B H, Smithies O. Inactivating the beta2-micrnglobin locus in
mouse embryo-derived stem cells by homologous recombination.
Proc Natl Acad Sci USA, 1989, 86(22): 8932-8935

[22] Horn C, Wimmer E A. A versatile vector set for animal transgenesis.
Dev Genes Evol, 2000, 210(12): 630-637

[23] Tomita M, Munetsuna H, Sato T, et al. Transgenic silkworms
produce recombinant human type Il procollagen in cocoons. Nat
Biotechnol, 2003, 21(1): 52-56

[24] Takahiro A, Tomita M, Shimizu K, et al. Generation of hybrid
transgenic silkworms that express Bombyx mori prolyl-hydroxylase
a-subunits and human collagens in posterior silk glands: production
of cocoons that contained collagens with hydroxylated praline
residues. Biotech, 2006, 126(2): 205-219

[25] Kurihara H, Sezutsu H, Tamura T, et al. Production of an active

feline interferon in the cocoon of transgenic silkworms using the



2011; 38 (8) EWHE, & FERETFHEANSHFHERRERIE hIL-284 +729¢

fibroin H-chain expression system. Biochem Biophys Res IL-29 expression in A549 cells and antiviral effect of IL-28 and
Commun, 2007, 355(4): 976-980 IL-29 on WISH cells. Acta Pharmacologica Sinica, 2006, 27 (4):
[26] Li M C, Wang H Y, Wang H Y. Liposome-mediated /L-28 and 453-459

Expression of h/1-28A in Transgenic Silkworm Mediated
by Non-transposon Vector"

CUI Lin-Lin"", XUE Ren-Yu"", LU Ye?, CAO Guang-Li", GONG Cheng-Liang"™
(" College of Pre-clinical Medical and Biological Science, Soochow University, Suzhou 215123, China;
2 Pharmaceutical College, Soochow University, Suzhou 215123, China)

Abstract To explore the possibility of foreign gene expression in transgenic silkworm mediated by
non-transposon vector, a h/L-284 gene was inserted into the insect cells expression vector pIZT-V5-His to generate
recombinant vector pIZT/V5-His-hIL-28A, the vector was transferred into silkworm eggs by sperm mediated gene
transfer, screening for gfp gene and verified by PCR and Dot blot hybridization. Transgenic silkworms were
obtained after a specific band with the molecular mass of 25 ku could be detected in transgenic silkworm by
Western blotting using an goat anti-hIL-28A antibody, and the content of hIL-28A in the G3 generation transgenic
silkworms estimated by ELISA was approximately 0.198, 0.32, 0.238 ng/g in freeze-dried whole bodies, posterior
silk glands and fat bodies, respectively. These results suggested that a heterologous gene could be integrated into
silkworm genome by non-transposon vector and expressed successfully.
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