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Cloning and expression profile of Bmlin-41 and its regulation
by the silkworm microRNA let-7

Lanting Zhou"?, Ting Zhou', Junling Gao', Wei Wangl, Xiaoyan Wu', Yaxi Huangl,
Qingyou Xia', and Shiping Liu'

1 State Key Laboratory of Silkworm Genome Biology, Southwest University, Chongging 400716, China

2 Medical College, Hubei University of Arts and Science, Xiangyang 441053, Hubei, China

Abstract: The heterochronic genes regulate cell proliferation and switch development stage transitions. Heterochronic
genes might also play important roles in regulating the development of silkworm, but very few of their expression profiles,
functions and their relationship with microRNAs are available so far. Firstly, in this work, the primers for cloning Bmlin-41
were designed based on the homologous sequence of known Drosophila melanogaster lin-41, which was used as the query
to blast against SilkDB. The obtained full CDS (2 166 bp) of Bmlin-41 encodes 721 amino acids and contains B-box and
NHL domains. Then, the spatiotemporal expression patterns of Bmlin-41 were characterized by RT-PCR, quantitative real
time PCR as well as our lab’s previous silkworm genome microarray data. Bmlin-41 was increasingly expressed from
embryonic to adult stage. In diverse tissues of day-3 fifth instar, Bmlin-41 showed the highest accumulation in ovary,
secondly in testis and midgut, but very low expression was observed in other tissues. Finally, 3'UTR of Bmlin-41 1 434 bp
was cloned by rapid-amplification of cDNA ends (3'RACE) and was predicted to bare two binding sites of bmo-let-7 by
using online RNAhybrid. To verify the binding effect, 3'UTR was cloned into psi-CHECK-2 vector and submitted to dual
luciferase assay in the S2 cells in vitro. The dual luciferase assay demonstrated that Bmlin-41 was down-regulated by
bmo-let-7 mimics and upregulated by bmo-let-7 antagomir, thus confirming the Bmlin-41 is negatively regulated by
bmo-let-7. Our work might help further study on the roles of Bmlin-41 and bmo-let-7 and their regulation relationship
involved in controlling metamorphosis of silkworm.

Keywords: silkworm (Bombyx mori), heterochronic gene, bmo-let-7 miRNA, Bmlin-41, expression profile, target gene
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Table 1 Primers used in this study

Primer name Primer sequence (5'-3")

Bmlin-41-OREF-F ATGACAACACTGGCAAAA
Bmlin-41-ORF-R TCAGTTCAGATGTGACACTAG
Bmlin-41-probe-F TTTTATTGCGAGGCTTGTAT

Bmlin-41-probe-R ~ TTCTATTCCGTCAGAGTCCAT

Actin3-F AACACCCCGTCCTGCTCACTG

Actin3-R GGGCGAGACGTGTGATTTCCT

Q-sw22934-F TTCGTACTGGCTCTTCTCGT

Q-sw22934-R CAAAGTTGATAGCAATTCCCT

Q-Bmlin-41-F TCACCAAATCTCGCCTATCG

Q-Bmlin-41-R TAAAACCTGACCGGGTCTCC

Bmlin-41-3'UTR-F CCGCTCGAGGGATTTTGTGG
GCCGTGG

Bmlin-41-3'UTR-R  ATTTGCGGCCGCGGCATACCA
ACGCCTAGAAC

Bmlin-41-outer CAGATATTCAATAGCCGTGGCG

Bmlin-41-inner TAATGGTGGACCCGACCCTG
ACG

3'RACE Outer Primer TACCGTCGTTCCACTAGTGAT
TT

3'RACE Inner Primer CGCGGATCCTCCACTAGTGAT
TTCACTATAGG

The underlined are restriction endonuclease recognition
sites.

Bmlin-41
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600 bp 164 bp Bmlin-41-outer
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1 Bmlin-41 & & CDS Ky

Fig. 1 Cloning of Bmlin-41 coding sequence. (A)
PCR product of Bmlin-41 CDS. M: DNA marker; 1:
PCR product. (B) PCR and restriction digestion of
positive plasmid. M: DNA marker; 1: PCR of positive
plasmid; 2: recovered fragments of Bmlin-41 CDS; 3:
double restriction digestion of positive plasmid by Pst I
and Not [ .
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Fig. 2 Predicted domains of LIN-41. All domains were predicted by SMART online at http://smart.embl-heidelberg.
de/smart™. RING: Ring finger; IG_FLMN: Filamin-type immunoglobulin domains; BBOX: B-box-type zinc finger
domains; BBC: B-Box C-terminal domain; The NHL repeat: named after NCL-1, HT2A and Lin-41, is found largely

in a large number of eukaryotic and prokaryotic proteins.
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Fig. 3 Phylogenetic tree of LIN-41 based on amino acid sequences. The phylogenetic tree was constructed with the
MEGA 6.0 by the neighbor-joining (NJ) method with amino acid sequences of BmLIN-41and its homologues. The
bootstrap method was used in this phylogeny test and poisson model was selected for the substitution model.
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Fig. 4 Spatiotemporal expression profiles of Bmlin-41. (A) Temporal expression patterns of Bmlin-41 by RT-PCR™"!.
e-IL1: early 1st instar larva; e-ML1:early 1st molt larva; 1-ML1: late 1st molt larva; e-IL2: early 2nd instar larva;
e-ML2: early 2nd molt larva; 1-ML2: late 2nd molt larva; e-IL3: early 3rd instar larva; e-ML3: early 3rd molt larva;
1-ML3: late 3rd molt larva; e-IL4: early 4th instar larva; e-ML4: early 4th molt larva; I-ML4: late 4th molt larva.
D3-IL5: 3rd day of fifth instar larva. (B) Temporal expression profile of Bmlin-41 by qPCR. D6-Em: 6th day of
embryo; IL4: 4th instar larva; D3-IL5: 3rd day of fifth instar larva; Ppu: prepupa; Pu: pupa; Ad: adult moth. (C)
Spatial expression profile of Bmlin-41 in day-3 fifth instar larvae by RT-PCR™", (D) Spatial expression profile of
Bmlin-41 in fifth instar larvae based on microarray assay. The microarray data were downloaded from
BmMDB(http://www.silkdb.org/microarray/)*®!. (E) Spatial expression profile of Bmlin-41 in day-3 fifth instar larvae
by qPCR. HD: head; BW: body wall; SG: silk gland; A/MSG: anterior/middle silk gland; PSG: posterior silk gland;
MG: midgut; FB: fat body; HC: hemocyte; MT: Malpighian tubule; OV: ovary; TE: testis.
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Fig. 5 Cloning of Bmlin-41 3'UTR. (A) The 3’RACE
of Bmlin-41 3'UTR. M: DNA marker; 1: cDNA by
reverse transcription PCR; 2: product of inner PCR. (B)
PCR validation of pEASY-T1 [Bmlin-41-3'UTR]
plasmid. M: DNA marker; 1: PCR product of 3'UTR.

® 010-64807509

Bmlin-41  3'UTR 1 434 bp
RNAhybrid Bmlin-41
3'UTR bmo-let-7
35UTR 780 (T1) 919 (T2)
mfe —17.3 kcal/mol  —20.7 kcal/mol
(  6A) Bmlin-41
bmo-let-7

2.4 Bmlin-41 && 3'UTR &7 bmo-let-7 $B4iL

RHYSEIG 36 IE
2.4.1
Bmlin-41
bmo-let-7 Bmlin-41 3'UTR
( Xho I/Not I Y 1)

(psi-CHECK-2) (Renilla

luciferase gene)

( 6B) psi-CHECK-2[Bmlin41-
3'UTR]
2.4.2
S2 48 h
(Renilla/Firefly)
let-7
mimics
( 60 let-7 mimic S2
3'UTR
bmo-let-7 antagomir
( 6D)
let-7 antagomir S2
let-7
Bmlin-41
bmo-let-7 bmo-let-7

K cjb@im.ac.cn

643




ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2016 Vol.32 No.5

A B
T1 T2
! ke
SUTR 780 919
TI 5U U Cc3
UAUUAU AUCUAUUAUUUU 5000
let-7 3 AUGAUA UGGAUGAUGGAG 2 000
UGU us' 1 000
500
T 5C GA U¥ 100
GCUGUAUGGCC CUAU CG
UGAUAUGUUGG GAUG GU
let-7 3' A AU GA 5
C D
15 ) P=0.0273 , 20,000 1
] —(). 1 _ .
? P=0.270 1 — '56 T
5 — g
S 1.0t = S gl
> e >
5 S ' 5
S 05| b 52/
5| pEEE
(7 :_:.‘ B ~ 0
0.0 3'UTR-psi + o
3'UTR-psi + + +
NC mimics = + - let-7 antagomir - +
let-7 mimics — — +

6 X% Bmlin-41 £ & 3'UTR L bmo-let-7 $B4 = &9 7 #0 40 B 7k F 36 3F

Fig. 6 Target site prediction and experimental validation of bmo-let-7 within 3'UTR of Bmlin-41. (A) Target site
prediction by online RNAhybrid. (B) Constructing dual luciferase reporter gene vector. M: DNA marker; 1:
pEASY-T1[Bmlin-41-3'UTR] digested by Pst I and Not I ; 2: recovered fragments of 3'UTR; 3: the psi-CHECK-2
vector digested with Pstl and Notl; 4: the empty psi-CHECK-2 vector; 5: digestion product of
psi-CHECK-2[Bmlin-41-3'UTR] by Pst I and NotI. (C) bmo-let-7 mimics down-regulates Bmlin-41. 3'UTR-psi:
psi-CHECK-2[Bmlin-41-3'UTR] vector; NC mimics: negative control mimics; let-7 mimics: bmo-let-7-5p mimics. (D)
Bmo-let-7 antagomir upregulates Bmlin-41. 3'UTR-psi: psi-CHECK-2[Bmlin-41-3'UTR] vector; let-7 antagomir:
bmo-let-7-5p antagomir; error bars X £S . P<0.05 means significance, P<0.01 means extreme significance (student’s
t test).
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