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Abstract MicroRNAs (miRNAs) are a class of endogenous non-protein coding small RNAs that regulate expression of
target genes at post-transcriptional levels by base pairing with target mRNAs. Silk fibroin heavy chain (Fib-H) is an im-
portant component of the silk protein in silkworm ( Bombyx mori). To study the regulatory function of miRNAs on Fib-H
gene will provide a better understanding of the molecular mechanism of high efficiency synthesis of silk protein in silk
gland. We analyzed the 3’-UTR of Fib-H gene and the known miRNAs of silkworm by using target gene prediction soft-
ware RNA22 and RNAhybrid, and found a target site of Bmo-miR-2739 in the 3’-UTR of Fib-H gene. To verify the regula-
tory function of Bmo-miR-2739 on the expression of Fib-H gene, Fib-H 3’-UTR was fused with firefly luciferase gene to
construct the reporter plasmid. Then, BmN cells were co-transfected with artificially synthesized Bmo-miR-2739 mimics
and the reporter plasmid. The result indicated that luciferase expression was up-regulated by 13% at 48 h after transfec-
tion, suggesting that Bmo-miR-2739 has positive regulatory function on Fib-H.
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9 E AN EC X A 5 3O R AR L ) mRNA ) 5 5
AT e ER R M IR N B R
P—REN TR T, 25— R &HE W E eyt
(DR A= Fiin e BN I - M= A | R 7E IR
YR TR IF L5 R A 2 e 1Y kA 2 DD AR
S X miRNA A A 92 D REATT 5% B 0 35 [R] 5
SEC AR F U S 2 —, 1240k, B
EEEREBEEHERAP LR T KREMW
miRNAs, {H /& K3 7> miRNAs 4 4 4 2% T RE i K
A, FARFE A miRNAs THHE A0 A e 4R 8 AR/,
5% miRNAs I 6 A9 — Bl A 20 7 ikt 2 % 2
miRNAs ELHZA/E 0 0 56 PR 3% 7 125 38 5 K 0 3 1A
) 3'-UTR %< 't 28 i 5k [A 3 422 o 4, 7 A1 DA
miRNA 1 TR E I N | M e Z BI85
b, NTT4EE miRNAs FYEESE P SR miRNAs A9 2E
YIFoigE o AR EMH T & A Bmo-miR-9a I
Bmo-miR-2b MR EAA , H- & B Bmo-miR-2b X Z #x
2 FZ LN P25 WFEA HAREERAY 2 )5 Xl it
FEEC R BGIF SE I % P Bmo-miR-965 #11 Bmo-miR-1926
REAL I R A 22 RERBESEIN (Fib-L) (3651

WA A2 A Y miRNA B (miRNA
mimics ) BEALLZH L P miRNA (1) 755 26325 K - 39 5 P 15
miRNA B3R VE FH , AT i 28 40 it P 2 141 R 1 36 38
it 17 2 BE 3K 15 P ( gain-of-function ) B 5%, B2 48 /&
miRNAs FEILRISE 18 ik, AE FIHAT
AR miRNA AL S miRNA Rk Bk,
it AN T A A miR-205 B AR T & SH2
SERGBRY N IR 2 B R 5" WERR NG 2 KPR (SHIP2) 1)
FERAKEN il i S ASNIE miR-27a Fl miR-451 A
Y SHEBLRIPFSE miR-27a & miR-451 XF A £ 2 it
2 1(MDR1) mRNA IR

Z A% (Bombyx mori ) J& i F AT N TR SR Y4
TRRZ — e 2 AR ERLFMEN =Y,
w2 72 F& (fibroin, FIB) F14Z ¢ ( sericin, SER) £H
B, Hirb 22 2 485 1 i #%% (heavy chain, Fib-H) $2%
(light chain, Fib-L) I Fhx/P25( fibrohexamerin ) 4% &
IR 6:6: TR KAghdl s & 200 A K 5
22 RS ORN A3 U A 22 36 LI RRBR AR, 20 TR
YR (ASG) R R (MSG) FG 22 IR (PSG) 3
Ay, LFEEAN 3 TR RIS TE 5 L IR A
B Lo R FR R 2R A T i i
YRR A L E AN YIRS, LB AN X £

INFREAZ B 2 B I AR S PR R R A 2R e R
TR 22 R 5L 0 3k A % B AR 3 oK
o, 22 R IER S i BT 51 2 AR S A X
WEAZLIR ST LW R T 5 322 MR
R IoE N & T B SR T R v UEE 3458 7T
PRV R EAE PRSI E A, SR
B 70% 0L 1217 2 R EREIEA s
FEAE 6 TG S D 5 2 45 G JF P H 3R IR 40 i 2
SGF-1,SGF-2,SGF-3 ,SGF-4 FMBP-1 #1 FBF-A1"**)
{HIE AR W miRNA X Fib-H 45 4 FH 56 BF 5% 4% 38
Bmo-miR-2739 J& Yu %%/ T 2009 4F f 75 52 A ik
R4 i & B — > miRNA, f7 T nscaf3027 )
1195 025~1 195 122 nt Z[f], By 26 HRFEL K, AF
PP L DR i AN R TR S A A B
MrigoR , Fib-H Z£ ] fig J& Bmo-miR-2739 (145 [
Z—, It —2 R L PR 50 S 58 IE B Bmo-miR-
2739 X} Fib-H SR B PREEAEH

1 #REFE

L1 #MRmEERLH

PG A A p50, b RO B 27 Bt 2l A
FEHTHR AL,

RIMFFR AR TR, #5570 8 1B 9Ot R M i Ak
K 5 KE pRL-CMV , pGL3-Basic J&i ki, pGL3 [ FH-
luc ] BTHRL, BmN 40 A, 35 /Al 3 A s AL ot B 1
RIPTRSE R = AR A7, BUR A pMDI8-T Il B 5 /4=
YT (RIE) A BRA T, ZO6 2 WA 50 &
H Promega /A wl, ¥ YL ik 5§ Lipofectamine 2000 14
&l Invitrogen NI
1.2 miRNAs #2471 =2 7

Z % miRNA 55K 1 miRBase 503 % (hitp.//
www.mirbase.org/) , Z A& mRNA J#513& H NCBI %k
P& (http ://www.ncbi.nlm.nih. gov/sites/entrez? db=
unigene) , ZKAx Fib-H T3 55 A AF226688 , 3k
3L 3'-UTR J#41, i RNA22 #1355 T 75 6 4K 1
(http :// cbesrv.watson.ibm. com/rna22. html ) Fiil| 5% %%
miRNA 9 58 JE A, % 31 3K0IA 2 %, #45 H
RNAhybrid #  P $3 I 78 £k 4K {4 (http ://bibiserv.
techfak.uni-bielefeld.de/rnahybrid ) T & I | >R F %k
RS,

RN T FE 41 (miRNA B 573 2 ~ 8 v Bl & ¢
1)) BEXTE B LA B miRNA 53007 23454 1 g, O
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£ miRNAs fEEHE AL N, JF IR e B8 2 Fh R rh 40
T 2] (AL R miRNA BEF 75 SE0IE 5256
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HRAE NCBI Hh A0 175145 B 4 Bl it Fib-H
)5 311 3'-UTR J¥ 515149 . Fib-H J& 87 _Lii#51
1 (5'-AGATCTGCAGTATGTCGTGCTAA-3' | T % £&
N Bgl I B U ), Fib-H J5 80 1 N iiF 519 (5'-
CCATGGTGAGAGTTGGAACCGAAC-3", F %l £k K
Neo T BEVIN 5, Fib-H 3"UTR 35514 (5'-TCTA-
GATTTTTAATATAAAATAACC-3", F R4k Xba 1
fitiv) {37 f5), Fib-H 3" UTR F % 51 ¥ ( 5'-GGCCG-
GCCAAGCTTCTCTATACACGAC-3", F I K Fse |
BEUIEs5) o DA Eg I3 i A TAEY TR (i) i
WA A FA
1.4 HMERRFBENRE

R4 5 855 3 RYI RN G EBL IR L2 0.5
g, ZHRSCHR[ 24 ] AL SR IBGE R 2 DNA

PCR J W /& % (25 plL) : 10xPCR Buffer (Mg™
Plus) 28 ¥ 2.5 plL,2.5 mmol/L dNTP Mixture 1.0
pL,50 pmol/L I F5[#45 0.4 pL, 100 ng/pL FEH
20 DNA 0.5 pL,5 U/uL Ex Taq fiff 0.2 pL, Hi4H
ddH,0 #M 2, PCR KW 27 :94 C BZE M 4 min;
94 °C 30,55 °C 305,72 °C 45 5,25 MEFF ;72 CIE
15 min, P8Il elifl, FE R E] pMDIS-T 2%
T L e Al PR A TRt T S0 E
1.5 FiXFHEHHE

LA pGL3-Basic JFUR R 4 K $EIE A Fib-H 1)
3'-UTR sabE RN R M IR Luc 7R IE, I Fib-
H 33 7R3, #% pGL3 [ FH-luc-FH 3'UTR ] I &
A (E 1) .

Neo 1 Luc Xba 1

Fib-H 3'UTR

Fib-H promoter

Fse 1

pGL3 [FH-luc-FH 3'UTR]

N\ Amp

B 1 pGL3[ FH-luc-FH 3'UTR$EE R FHEHWEHRE
Fig. 1 Schematic diagram of pGL3[ FH-luc-FH 3'UTR] vector
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BmN ZH i i 15 95 2 BOCHR[ 25-26 ], % Y4 1
d, K AR 3 24 FLARMRE TR (600 WL/ fL) i
B REFATHIGRE | YL ARG SRR s, PR AN
T ILIE Y TC-100 $5FR G VEAIML 2 Ik, Tl AN %%
YL 0. 1 pg MAEIER AR pGL3[ FH-luc-FH 3'UTR | 5%,
pGL3[ FH-luc ], 10 ng N B ki pRL-CMV % 0.05
nmol A T.4& 8 ) Bmo-miR-2739 1% 1 %) Bmo-miR-
2739 mimics ( GAGAUGUGGAUAUUAUGGUGUGGA-
GG) , 43 )i 1 5% Y457 Lipofectamine 2000 %% 4% 41
Ji, EAAD RS B E T

W3 UM S8 BRI 3 N EE PR
AT FRZH F g0 20, 3B LR 404K pGL3 [ FH-luc-FH
3'UTR ] LA pGL3[ FH-luc ] A% B, N T4 B miRNA
Bmo-miR-2739 mimics LA mimics negative control ( UC-
ACAACCUCCUAGAAAGAGUAGA) g % B8 I D) i
K pRL-CMV AN
1.7  SBEFE R8I R IA G

BEYL 48 h J5, W 2 A M8 IR L R B IR,
PBS Z2 PR IGFRAL , SR 5 B AL R BRI 25 B3
FLH A 150 wL 1xPassive Lysis Buffer (1xPLB),
TEFRIR FAREFE SN 15 min, {07 40 0 78 40 24 0% ; 40
MORRBEEE] 1.5 mL B0 4 C &M 12 000
r/min 2.0 30 s, WH RIS 2809 1.5 mL .08,
B 20 WL 4 A 2 o m A T4 O A 100 L
Luciferase Assay Reagent Il (LAR 1) 1%, K48
JLA 20/20 Luminometer %¢ Y6 25 BEAS 1Y ( Promega
e E]D) W FFGR RTINS 1 RPEN Il SR EE s A 100
pL Stop & Glo™ , # i 55 2 W, id sk 4ds .,
Spss GLit 8o ik e At o

2 ZEREHSWHw

2.1 Bmo-miR-2739 5¥BE A Fib-H W& EHLR

BN Fib-H 3£ 42K 16 788 bp, polyA 13 f5 A
TR TAA FiiF 85 bp 4777 #i:& Fib-H
Y 3'-UTR KK 85 bp, J#5) 4 : TTTTTAATATAA-
AATAACCCTTGTTTCTTACTTCGTCCTGGATACAT-
CTATGTTTTTTTTTTCGTTAATAAATGAGAGCATT-
TAA, 45884 RNA22 F RNAhybrid %f miRNAs #
PLER TR ZE R ([ 2) | IR AS 70 LA R AER 7 X
2~ 8 i B i B AR BC X A9 A AL, #E I Bmo-miR-2739
AIREAE T Fib-H 4 3'-UTR,,
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(A) Fibv-H 5’

- CTTCGTCCTGGATACATCTATGTTTT -3’

BmomiR-2739 3’ GGAGGUGUGGUAUUA-UAGGUGUAGAG 5’

(B) Fib-H

A RNA22 BT 45

5’ - GUUUCUUACUUC

Bmo-miR-2739 3’ GGAGGUGUGGUAUUAUAGG

GUCCUGGAUACAUCUA -3’

UGUAGAG 5’

P& REE N -26. 0 keal/mol , $EIL PR 45 G AL AR A7 550 37-UTR 55 31 ffili 3k,

B.RNAhybrid # /4TRSS R $7&HER H—-19. 0 keal/mol , B P 25 &AL A AL 5 3'-UTR 45 23 sk,
A. Result predicted by software RNA22  The folding energy was —26. 0 kcal/mol. The initiation binding site of

target gene was the 31st base of 3'-UTR. B. Result predicted by software RNAhybrid The folding energy was —19. 0 kcal/mol.

The initiation binding site of target gene was the 23rd base of 3'-UTR.

B2 2 MEEFRNA Bmo-miR-2739 S$E R Fib-H M &R
Fig.2 Prediction of the binding site of Bmo-miR-2739 and Fib-H by two kinds of target prediction software

2.2 ¥BEEA Fib-H 19 3'-UTR EAFRKETILE

ARG T Fib-H 7 8T K/ 566 bp, fif
T Fib-H S PR IG %S T ATG [iF-568 ~ -3 nt
fb, pGL3[ FH-luc-FH 3'UTR | #84K % Neo 1 Bgl I
XU 5 UE W Fib-H )5 s 1 2 8946 A B Luce
FEPR 10
2.3 AN IA A Bmo-miR-2739 mimics X 8 &
Fib-H FRiXEH) 550

MM YL S 48 h IR EFIAF IS SRR
Bmo-miR-2739 mimics 5% # mimics negative control £H
e, EJE pGL3 [ FH-luc-FH 3'UTR ] H Luc F 315 &
25 13% (1K 3) , i Fib-H J& Bmo-miR-2739 [1J# %k
, H Bmo-miR-2739 % Fib-H #3635 H 1 #E4E
AN SR04 A T o ARG 21 1) 2¢O &K il e A
IR 13% A 47, T RESE T miRNA XL R
PR B — b e S I RO T s A A L

60 B Bmo-miR-2739 mimics
@ mimics negative control
=50
d1 s 40
vl
£
EE£20
23
<
~ 10
0

pGL3[FH-luc]
3 AREESE 48 h R EEE

Fig. 3 The luciferase activity at 48 h after cell transfection

pGL3[FH-luc-FH 3'UTR]

3 it

AL 45 B 5 7R Bmo-miR-2739 fEfE | #E
SN Fib-H (2635, 1X 5 miRNA T8 5 00 i 18 #1025 5]
FRMBGAR,, HOE PR LT miRNA i) —
SO AR FH O =X, A0 O R R 2 10 1 R A, 2
miRNA A4 BL R 3R 1 7 P8 4 7, 78— 24
T miRNA 0 A] | R 80 E A Rk 7 200 it J) 09 452
WEE LT, N miR369-3 BEAS L I I K b Jg 3K 4t
[HF TNFa mRNA 95552 KD 1 i & % R ik
FF, B miR-10a 455 T AR H 1 2 ) mRNA Y
5'-UTR %K mRNA 1955 5K N fE k4%
BHAE A Y . A miRNA-122 B85 454 T
FF R IR EERE N 41 RNA 5/-UTR 19 2 ANHRA7 5 b 7
FHIERY R 46 B BOE s AZ M AR 599 7 RNA 256, A
TR U 485 7 RNA A5G 52 WA A
i miRNA F5 e 41 i J5 R LR 58 BR B4, HR
PRI BE 7 T 40 i N AR U P 1 miRNA 5 P IR
miRNA 35 P45 4 3 0 41 A Py 26 B DT 5 1 7 — Fob
USSR A 2R miRNA FEfE
SRIEIK X 22 R B R B IR AR AR A T —
AP 22 F2FR R IB ML BT B
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