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12 INTRODUCTION

MicroRNAs (miRNAs) are 18–24 nucleotides
non�coding small RNA molecules derived from a 70–
90 nucleotides hairpin stem�loop pre�miRNA. The
pre�miRNA is then recongnized by Dicer, and cleaved
to produce a mature miRNA [1, 2]. The miRNAs are
widely present in various eukaryotic organisms and play
important roles in many biological processes as post�
transcriptional regulators of gene expression [3–5].
Nowadays study of miRNAs is becoming one of the
hotspots in biologcal research. Mature miRNAs rec�
ognize their target mRNAs by base�pairing interac�
tions between nucleotides 2–8 (seed region) of the
miRNA and the complementary nucleotides in the
3' untranslated region (3'UTR) of the mRNAs [6, 7].
MiRNAs inhibit gene expression by targeting mRNAs
for translational repression or cleavage [8, 9]. Increas�
ing attention has thus been paid to their identification
of their target genes. Identification of the miRNAs is
an important step in elucidating the function of miR�
NAs. Previous studies indicated that potential targets
can be validated experimentally using report gene
assays [10–12].

1 The article is published in the original.
2 Corresponding author: fax: +86 (511) 856�22�507; e�mail:

shenxj63@yahoo.com.cn.

The silkworm (Bombyx mori), an insect that under�
goes complete metamorphosis, not only has great
agronomic value but is also an excellent model for the
study of insect genetics and molecular biology
[13, 14]. The silk gland of silkworm is a very important
organ where fibroin is synthesized and secreted
[15, 16]. Studies confirmed that many regulators are
involved in regulation of silk protein gene expression
[17, 18]. Until now, little is known about the mecha�
nism of regulation of gene expression in silk gland.

In this paper, by bioinformatic search for miRNAs
potentially interacting with the 3'UTR of the Fib�L,
we found that the silkworm miRNA�965 and miRNA�
1926 are perfectly complementary to the target in seed
region. Thus, these two miRNAs may be involved in
the post�transcriptional regulation of the expression of
the Fib�L. In order to check whether these two
miR�NAs may regulate the Fib�L gene expression the
miRNAs expression vector and luciferase gene�based
reporter vector were constructed respectively. The
activities of luciferase were shown to decrease signifi�
cantly implying that miRNA�965 and miRNA�1926
down regulate the expression of Fib�L gene via com�
plementary interaction with the target site in 3'UTR.
These data provide the experimental bases for further
studies of transcriptional regulation of Fib�L gene by
miRNAs targeting.
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RESULTS

Prediction of Silkworm miRNAs Targeting 
3'UTR of Fib�L Gene

In order to explore whether any potential miRNAs
associated with the Fib�L gene can be found, we uti�
lized the RNA22 and RNAhybrid prediction software
to predict the miRNAs which may target 3'UTR of
Fib�L gene. As a result, the 2 miRNA candidates
(miRNA�965 and miRNA�1926) were obtained. The
two miRNAs recognize their target by base�pairing
interactions between nucleotides 2–8 (seed region)
and complementary nucleotides in 3'UTR of Fib�L
(Fig. 1). 

Expression of miRNA in Insect Cells

At forty�eight h post�transfection with the vectors
(pcDNA3/A3�EGFP�miRNA�965 and miRNA�
1926), a fluorescence signal was detected in the most
of the cells. EGFP could be observed under a fluores�
cent microscope, showing the successful expression of
EGFP (Fig. 2). Since genes of miRNA�precursors are
inserted into the 3'�region of EGFP gene they should
be expressed as well in Sf21 cells. Previous studies con�
firmed that EGFP marker gene placed at the 5'end of

the miRNA expression cassette is expressed along with
the mature miRNAs as was shown by northern blot
assay [19–21].

Identification of miRNAs Targeting Fib�L Gene

The interaction of these miRNAs and potential
Fib�L target in Sf21 cells were tested. As illustrated in
Figure 3 (p < 0.05), in cells transfected with Fib�L
3'UTR reporter constructs and miRNA�965 or
miRNA�1926 expression vector, the luciferase activity
was repressed by 50% and 40% (miRNA�965 and
miRNA�1926), respectively.

Luciferase activities of two positive controls were
not significantly altered. Our results indicated that
miRNA�965 and miRNA�1926 down regulate the
expression of Fib�L gene via complementary interac�
tion with the target site in 3'UTR of mRNA. Thus, we
conclude that Fib�L is likely a direct target of
miRNA�965 and miRNA�1926.

DISCUSSION

In plants, the miRNAs often show perfect or near�
perfect complementarity with its target, resulting in tar�
get degradation, whereas animal miRNAs form impre�
cise base�pairing and cause translational repression.
Identification target genes that miRNAs regulated by
miRNAs is important for understanding their specific
biological functions. Experimental validation of targets
is currently done through in vitro reporter assays
[19, 22–24]. For example, luciferase or enhanced green
fluorescent protein (EGFP)�based reporter assay in
cell, in which the entire 3'UTR of the putative target
gene is cloned downstream of reporter gene, after the
introduction of a miRNA to the cell, has been used for
rapid detection of miRNA�target interaction in vitro.
Previous studies showed that constructing miRNA
expression vector is highly flexible and reliable with
the insertion sequence of miRNA precursors and will
facilitate the application of miRNA in functional tar�
gets research. Using eukaryotic vector to expressing

Fig. 1. Prediction of miRNA�965 and miRNA�1926 with
a putative miRNA target site in the 3'UTR of Fib�L by
RNAhybrid and RNA22. miRNA seed pairings with target
site are highlighted by black blod characters and the pair�
ing of adjacent nucleotides is marked.

(а) (b)

Fig. 2. Expression of green fluorescent protein in insect
cells transfected with miRNA expression vectors. (a) Sf 21
cells transfected with pcDNA3/A3�EGFP�miRNA�965.
(b) Sf 21 cells transfected with pcDNA/A3�EGFP�
miRNA�1926.
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miRNAs is considered to suppress target genes in vitro
because insertion of precursor miRNA allows it to be
processed in a similar biogenesis pathway similar as to
that of the natural miRNA in vivo which results in
functional mature miRNAs.

Increasing attention has thus been paid to their reg�
ulation mechanisms and the identification of target
genes [25, 26]. Recently, Cao et al. using the heterolo�
gous (gus) reporter gene expression system by Agro�
bacterium�mediated method have also confirmed that
at least 4 miRNAs (miRNA�33, miRNA�190,
miRNA�276, and miRNA�7) might play an important
role in the regulation of Fib�L expression [27]. It was
also reported for the first time that miRNAs can regu�
late target Fib�L in the silkworm. Between miRNA
and regulated target were both one�to�many and
many�to�one relationships. We speculate that there
are still other miRNAs which may regulate Fib�L
gene. In this paper, by bioinformatic analysis using
RNA22 and RNAhybird target prediction software,
two candidate miRNA (miRNA�965 and miRNA�
1926) targeting Fib�L was identified. To validate that
3'UTR of Fib�L is a functional target of these two
miRNAs, we constructed miRNA expression vectors
and reporter vector containing the 3'UTR of Fib�L at
the 3'position of the luciferase gene. The recombinant
vectors were co�transfected into Sf21 cells and relative
luciferase activity were measured. It was shown that
activity of luciferase was significantly decreased and
was not affected by other endogenous miRNAs. Over�
all, the current study suggests that miRNA�965 and
miRNA�1926 are likely to be involved in the regula�
tion of Fib�L at the post�transcriptional level.

EXPERIMENTAL

Materials

The silkworm strain P50 was provided by the Seri�
cultural Research Institute of the Chinese Academy of
Agricultural Sciences, Zhenjiang, China. The posterior
silk glands of the fifth instar larvae 3 day were dissected,
frozen immediately in liquid nitrogen, and stored at
⎯80°C. A modified pcDNA3/A3�EGFP (Invitrogen)
vector was previously constructed in our laboratory. The
pGL3�basic vector, pRL�TK vector and Dual�
luciferase assay kit were from Promega. Restriction
enzymes, T4 DNA ligase, PCR reagents were obtained
from TaKaRa Company (Dalian), Sf21 cells and cell
culture Grace’s medium, fetal bovine serum (FBS) and
Lipofectamine were from Invitrogen.

Computational Predictions of miRNAs 
Targeting 3'UTR of Fib�L 

The 3'UTR of silkworm Fib�L gene was obtained
from the NCBI Database. The silkworm miRNA
sequence database (miRBase) was obtained from the
University of Manchester. Based on the regulation
mechanism of miRNAs, two targets prediction soft�

ware (RNA22 and RNAhybrid) were used to find
potential miRNAs targeting with sequence of 3'UTR
of Fib�L. The websites for these programs are as fol�
lows: RNAhybrid http://bibiserv.techfak.uni�
bielefeld.de/rnahybrid/ and RNA22 http://cbc�
srv.watson.ibm.com/rna22/ [28, 29].

Vector Constructions

DNA fragments of 300 bp containing miRNA�965
or miRNA�1926 precursors were amplified from silk�
worm genomic DNA. The PCR primers were as fol�
lows: up: (5'–3') GAATTCCGATCTTAACAGGC�
CAGAAATGC, down: AGATCTCCACCAGACA�
GAAGGACCAGAGT, containing the EcoRI and
BglII sites. The amplified fragments were cloned into
the pcDNA3/A3�EGFP vector between the EGFP
gene and the BGH poly(A) signal to generate the
pcDNA3/A3�EGFP�miRNA�965 and miRNA�1926
constructs. The scheme of miRNAs expression vec�
tors is shown in Fig. 4. To construct target vector with
Fib�L 3'UTR sequence, pGL3�basic vector ontaining
the luciferase reporter gene was used (Fig. 5). Silk�
worm cytoplasmic actin A3 promoter from silkworm
DNA was inserted into the BglII and NcoI sites of
pGL3�basic to create pGL3/A3. The resulting vector
was subsequently digested with XbaI and FseI and
then the 340 bp of 3'UTR sequence form Fib�L gene
was inserted downstream of the luciferase gene at the
XbaI and FseI sites to create pGL3/A3�Fib�L�3'UTR.
The PCR primers were as follows (5'–3'): A3�up
AGATCTCCGCTACGATATCATTATCATA; and
A3�down, CCATGGCTTGAATTAGTATAGTAT�
TATTAAATAAGT.

The PCR cycles were as follows: initial denatur�
ation at 94°C for 5 min, followed by 30 cycles
at 94°C for 1 min, 58°C for 45 s, and final extension
at 72°C for 1 min. Fib�L 3'UTR�up, 5'�TCTA�
GAATAAGAACTGTAAATAATGTA; and Fib�L
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Fig. 3. Effect of miRNA expression on luciferase activity in
transfected Sf21 cells. Data are represented as the mean
value ± SD from three independent experiments.
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3'UTR�down, 5'�GGCCGGCCATCTGGAAAACTG�
GATACA. The PCR cycles were as follows: initial
denaturation at 94°C for 5 min, followed by 30 cycles
at 94°C for 1 min, 64°C for 45 s, 72°C for 1 min, and
final extension at 72°C for 8 min. The sequence of the
PCR products and resulting vectors were confirmed by
sequencing performed by a commercial service pro�
vider.

Cell Culture, Transfection and Dual Luciferase Assay

The insect Sf21 cells were grown in Grace’s
medium supplemented with 10% (v/v) FBS,
200 µg/mL penicillin, and 100 µg/mL streptomycin.
Before transfection, the medium was removed and the
cell was washed three times by serum�free Grace’s
medium. For miRNA expressed vectors and targets vec�
tors co�transfection, p cDNA3/A3�EGFP�miRNAs
(miRNA�965�1926; 500 ng each) and 50 ng
pGL3/A3�Fib�L�3'UTR were mixed with 20 µL
Lipofectamine2000. Two positive controls were used:
(1) pGL3/A3 and pcDNA3/A3�EGFP vectors and
(2) pGL3/A3�Fib�L�3'UTR and pcDNA3/A3�
EGFP vectors, respectively. The pRL�TK vector of
(5 ng) harboring the Renilla luciferase gene was co�
transfected as an internal control for the transfection
efficiency. Forty�eight hours after transfection,
expression of EGFP was observed in cells, and then
cells were washed with phosphate�buffered saline
(PBS, pH 7.4) and treated with lysis buffer for
luciferase assays. Luciferase activities were measured
according to the manufacturer’s instructions (Dual�
luciferase assay system; Promega). All transfections
were performed in three independent experiments with
in triplicate each. Data are presented as mean ± SD.
Significant differences between the samples were
assessed using the Student t test. P values < 0.05 were
considered statistically significant.

ACKNOWLEDGMENTS

This research was supported by the Natural Science
Foundation of China (31172266) and Doctoral Sci�
ence Foundation of He Nan University of Science
(09001578).

REFERENCES

1. Huang, Y., Zou, Q., Wang, S.P., Tang, S.M., Zhang, G.Z.,
and Shen, X.J., Mol. Biol. Rep., 2011, vol. 38,
pp. 4125–4135.

2. Huang, Y., Shen, X.J., Zou, Q., and Zhao, Q.L.,
Bioorg. Khim., 2010, vol. 36, pp. 747–752.

3. Bushati, N. and Cohen, S.M., Annu. Rev. Cell. Dev.
Biol., 2007, vol. 23, pp. 175–205.

4. Skalsky, R.L. and Cullen, B.R., Annu. Rev. Microbiol.,
2010, vol. 64, pp. 123–141.

5. Kozomara, A. and Griffiths�Jones, S., Nucleic Acids
Res., 2010, vol. 39, pp. D152–D157.

6. Biryukova, I., Asmar, J., Abdesselem, H., and Heitzler, P.,
Dev. Biol., 2009, vol. 327, pp. 487–496.

7. Xia, W., Cao, G., and Shao, N., Sci. China C Life Sci.,
2009, vol. 52, pp. 1123–1130.

8. Williams, A.E., Cell Mol. Life Sci., 2008, vol. 65,
pp. 545–562.

9. Kloosterman, W.P. and Plasterk, R.H., Dev. Cell., 2006,
vol. 11, pp. 441–450.

10. Lee, J.Y. and Kim, S., Hwang do, W., Jeong, J. M.,
Chung, J. K., Lee, M. C., and Lee, D. S., J. Nucl. Med.,
2008, vol. 49, pp. 285–294.

11. Sun, H., Li, Q.W., Lv, X.Y., Ai, J.Z., Yang, Q.T.,
Duan, J.J., Bian, G.H., Xiao, Y., Wang, Y.D.,
Zhang, Z., Liu, Y.H., Tan, R.Z., Yang, Y., Wei, Y.Q.,
and Zhou, Q., Mol. Biol. Rep., 2010, vol. 37, pp. 2951–
2958.

12. Nicolas, F.E., Methods Mol. Biol., 2011, vol. 732,
pp. 139–152.

13. Xia, Q., Zhou, Z., Lu, C., Cheng, D., Dai, F., Li, B.,
Zhao, P., Zha, X., Cheng, T., Chai, C., Pan, G., Xu, J.,
Liu, C., Lin, Y., Qian, J., Hou, Y., Wu, Z., Li, G.,
Pan, M., Li, C., Shen, Y., Lan, X., Yuan, L., Li, T.,
Xu, H., Yang, G., Wan, Y., Zhu, Y., Yu, M., Shen, W.,
Wu, D., Xiang, Z., Yu, J., Wang, J., Li, R., Shi, J.,
Li, H., Su, J., Wang, X., Zhang, Z., Wu, Q., Li, J.,
Zhang, Q., Wei, N., Sun, H., Dong, L., Liu, D.,
Zhao, S., Zhao, X., Meng, Q., Lan, F., Huang, X.,
Li, Y., Fang, L., Li, D., Sun, Y., Yang, Z., Huang, Y.,
Xi, Y., Qi, Q., He, D., Huang, H., Zhang, X., Wang, Z.,
Li, W., Cao, Y., Yu, Y., Yu, H., Ye, J., Chen, H.,
Zhou, Y., Liu, B., Ji, H., Li, S., Ni, P., Zhang, J.,
Zhang, Y., Zheng, H., Mao, B., Wang, W., Ye, C.,

3'UTR

A3 luciferase SV40 poly(A)

Fig. 5. Schematic map of luciferase assay strategy.

flanked sequence flanked sequence

EGFP+
pre�miRNAs

A3 promoter

pCDNA 3.0

5.4 kb

BGH
11 ori

SV
40

N
eo

m
ycin

SV40

ColE1

A
m

p
icillin

pA

Fig. 4. Schematic map of miRNAs vector construction.



RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 38  No. 4  2012

THE REGULATION OF SILKWORM FIBROIN L CHAIN PRODUCTION 421

Wong, G.K., and Yang, H., Science, 2004, vol. 306,
pp. 1937–1940.

14. Xia, Q., Guo, Y., Zhang, Z., Li, D., Xuan, Z., Li, Z.,
Dai, F., Li, Y., Cheng, D., Li, R., Cheng, T., Jiang, T.,
Becquet, C., Xu, X., Liu, C., Zha, X., Fan, W., Lin, Y.,
Shen, Y., Jiang, L., Jensen, J., Hellmann, I., Tang, S.,
Zhao, P., Xu, H., Yu, C., Zhang, G., Li, J., Cao, J.,
Liu, S., He, N., Zhou, Y., Liu, H., Zhao, J., Ye, C.,
Du, Z., Pan, G., Zhao, A., Shao, H., Zeng, W., Wu, P.,
Li, C., Pan, M., Yin, X., Wang, J., Zheng, H., Wang, W.,
Zhang, X., Li, S., Yang, H., Lu, C., Nielsen, R., Zhou, Z.,
and Xiang, Z., Science, 2009, vol. 326, pp. 433–436.

15. Inoue, S., Kanda, T., Imamura, M., Quan, G.X.,
Kojima, K., Tanaka, H., Tomita, M., Hino, R.,
Yoshizato, K., Mizuno, S., and Tamura, T., Insect. Bio�
chem. Mol. Biol., 2005, vol. 35, pp. 51–59.

16. Ahmad, R., Kamra, A., and Hasnain, S.E., DNA Cell
Biol., 2004, vol. 23, pp. 149–154.

17. Grzelak, K., Comp. Biochem. Physiol. B Biochem. Mol.
Biol., 1995, vol. 110, pp. 671–681

18. Horard, B., Julien, E., Nony, P., Garel, A., and Couble, P.,
Mol. Cell Biol., 1997, vol. 17, pp. 1572–1579.

19. Du, G., Yonekubo, J., Zeng, Y., Osisami, M., and
Frohman, M.A., FEBS J., 2006, vol. 273, pp. 5421–
5427.

20. Chen, C.Z., Li, L., Lodish, H.F., and Bartel, D.P.,
Science, 2004, vol. 303, pp. 83–86.

21. Huang, Y., Zou, Q., Wang, S.P., Tang, S.M., Zhang, G.Z.,
and Shen, X.J., J. Zhejiang Univ. Sci. B., 2011, vol. 12,
pp. 527–533.

22. Chen, H., Chen, Q., Fang, M., and Mi, Y., Sci. China
Life Sci., 2011, vol. 53, pp. 101–106.

23. Hu, T., Chen, P., Fu, Q., Liu, Y., Ishaq, M., Li, J.,
Ma, L., and Guo, D., Mol. Biotechnol., 2010, vol. 46,
pp. 34–40.

24. Nicolas, F.E., Pais, H., Schwach, F., Lindow, M.,
Kauppinen, S., Moulton, V., and Dalmay, T., RNA,
2008, vol. 14, pp. 2513–2520.

25. Pezer, Z. and Ugarkovic, D., Semin. Cancer Biol., 2008,
vol. 18, pp. 123–130.

26. Orom, U.A. and Lund, A.H., Gene, 2010, vol. 451,
pp. 1–5.

27. Cao, J., Tong, C., Wu, X., Lv, J., Yang, Z., and Jin, Y.,
Insect. Biochem. Mol. Biol., 2008, vol. 38, pp. 1066–
1071.

28. Kruger, J. and Rehmsmeier, M., Nucleic Acids Res.,
2006, vol. 34, pp. W451–W454.

29. Miranda, K.C., Huynh, T., Tay, Y., Ang, Y.S.,
Tam, W.L., Thomson, A.M., Lim, B., and Rigoutsos, I.,
Cell, 2006, vol. 126, pp. 1203–1217.


