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Abstract: LARK protein is an important regulatory transcription factor involved in multiple developmental
pathways. In order to study the activity of the promoter of the silkworm Bmlark gene and its regulatory
protein this study cloned the promoter sequence of the Bmlark gene of the silkworm ( —1 232 ~ +211)

to construct the luciferase reporter plasmid of the promoter and transfected it into the silkworm Bm12
cells. Promoter luciferase activity was tested and the results showed that the —124 ~ -92 bp and -220 ~
—124 bp regions of the Bmlark gene were involved in its transcriptional regulation. Using the DNA
fragment of — 124 ~ - 92 bp region as a molecular probe it was found that this region may bind to protein
TAF7 Ets transcription factor protein abrupt isoform X1 and forkhead box protein N3. The research results
provided clues for further in-depth study of the molecular mechanism of Bmlark transcription regulation.

Key words: Bmlark gene; promoter; dual luciferase reporter system; binding protein

Lark ( Zhang et al.

( Newby et al. 1993) 2000; Wang er al. 2005) o Lark

(31720103916 31930102 32000337)
E - mail: 596931098@ qq. com

P .
Author for correspondence:

mail:  qlfeng@ scnu. edu. cn

Received: 2021 -03 -02; Accepted: 2022 -04 - 14



3 : Bmlark 705
LARK 1
mRNA ( Huang et al.
2009) 1.1
. LARK Bm12
; ( FBS) Grace
Gibco o Opti-MEM
lark ( Newby and Invitrogen o X-remeGENE™ HP DNA
Jackson 1996; Gerard et al. 1998; Iwai and SIGMA o
Takeda 2007) . ClonExpress© Il One StepCloning Kit
Lark Vazyme o DH5«
o McNeil (1999) o dANTP (10 mM) . rTaq DNA
lark (0~2h) . Xho 1 « Hind 1 Ttakara
lark mRNA o DNA Magen
lark lark
o LightShift©
“ 7 Chemiluminescent EMSA Kit Thermo o
DNA
( Mcneil et al. 2009) . o
Bombyx mori o
CRISPR/Cas9 Bmlark 1.2
Bmlark ™"~ 1.2.1 Bmlark PCR
o ( National
lark o Center for Biotechnology Information NCBI)
LARK Bmlark
( Newby et al. 1993) , ( —=1232~+211) ( GenBank Accession No.: NC_
( CNS) ( VNS) 051360. 1) » Primer premier 5. 0
LARK DNA PCR N 57
CCAP ( Crustacean cardioactive peptide) 16 bp
LARK ( Huang et al. Xho 1  Hind 1l ( 1o
2007) o DNA PCR
LARK - PCR (20 pL) 2 X taq Master
LARK RNA N 10 wL. DNA 2.5 pls 0.5 plL.
N ( Kojima et al. ddH,0 6.5 pL. PCR © 95C 3 min
2007; Huang et al. 2014) , 95°C 30s 53C 30s 72°C 90 s
Bmlark 35 72°C 5 min. PCR 1%
o Bmlark PCR
DNA
PCR PL (—1232~4+221) .
Bmlark o P1 PCR
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PCR P2 ( -529 ~ +211) . P3
(=220 ~+211) . P4 (-124 ~+211) . P5 ( -92 ~

+211) . P6 ( -66 ~+211)  P7 ( -8 ~+211)
PCR .

1

Bmlark

PCR

Table 1 PCR primers for amplifying each sequence fragment in the promoter region of Bmlark gene

Primer name

(57 -3") Primer sequence

Bmlark —F ( -1 232)
Bmlark - F ( -529)
Bmlark - F ( -220)
Bmlark - F ( - 124)
Bmlark - F ( —92)
Bmlark - F ( - 66)
Bmlark - F ( -8)
Bmlark -R ( +211)

CGCGTGCTAGCCCGGGCTCGAGTGGAGAATCTTT
CGCGTGCTAGCCCGGGCTCGAGAAATTCATCAAA
CGCGTGCTAGCCCGGGCTCGAGGGTTGGACTGGTTGC
CGCGTGCTAGCCCGGGCTCGAGAATAATGTCGCCA
CGCGTGCTAGCCCGGGCTCGAGATTTTATAGTCTGGT
CGCGTGCTAGCCCGGGCTCGAGTAGGATGTATGAGTG

CGCGTGCTAGCCCGGGCTCGAGGACTTGAACGCCATT

ACAGTACCGGAATGCCAAGCTTTAGATTCTGAAACGCATAC

o Note: ltalic part represented the homologous

sequence to the linearized plasmid terminal the underlined part represented the restriction enzyme cutting site.

1.2.2 Bmlark 1.2.4
Xho 1  Hind M pGL3-
Basic o o 48 h
Bmlark PCR pGL3- 4C 5 min
Basic vazyme 10 000 rpm 1 min 20 pL
ClonExpress® Il One StepCloning Kit o 1.5 mL
DH5« Promega Glo Max
37C o 100 pL
DNA M2 MI1/M2
PCR PCR ( Relative Luciferase Activity RLA)
o pLP1 3 o
(-1232~+221) . pLP2 ( -529 ~ +211) ., pLP3 1.2.5 Bml2
(-220 ~ +211) . pLP4 ( -124 ~ +211) . pLP5 90% ~ 100%
(=92 ~+211) ., pLP6 ( —66 ~ +211) pLP7 PBS
(-8~+211), o 360 L
1.2.3 5 min,
10% Grace 1.5 mL 15
27°C ~28%C Bm12 5 min; 0.5 mL
o 24 10° mL 10 000 rpm 5 min
80% ~ 90% o 150 pL
0.1 pg Bmlark 1 min 4
+ 0.01 pg SV40. 0.3 uL 14 000 rpm
25 pL Opti-MEM -80C
15 ~20 min Bm12 o 1.2. 6
3 pGL3Basic assay EMSA)
o 6% o

200 pL

100 pL

M1

s 4°C
PBS

15 s

30 s

( DNA mobility shift

0.5 x
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TBE 100 V N 1 h. LightShift® Chemiluminescent EMSA Kit
DNA- : DNA
Bmlark 32 bp ( -124 ~ o
-92) 1.3
GraphPad Prism 7
For: 5"-AATAATGTCGCCAAATATTATGCCGA “ *
AAAATAA3” Rev: S5ATATTTTTCGGCATAATAT ”
TTGGCGACATTATT3". DNA- t " P<0.05 TP
2 pL 8 uL 2 pL 10 x <0.01 *** P <0.001
1 pL 50% 1 pL 1% NP-40 1L poly P >0.05 o
(dI-dC)
DNA MgCl2. KCI  EDTA. 2
28°C 20 min
( 2.1 Bmlark
50 100 ) o DNA
0.5 x TBE 100 V Bmlark-¥ ( -1 232) BmlarkR ( +211)
2 h, PCR 1.4 Kb PCR P1
(-1232~+211) ( 14A),
( 254 nm) 0. 8 mino, Thermo PCR Bmlark 0
1 Bmlark
Fig. 1  Construction of the luciferase reporter plasmid of the Bmlark gene promoter in silkworm
A Bmlark Pl ( -1232~+211) PCR ;M DL2000 DNA
;B Bmlark ; C Bmlark

pLPl ( —=1232~+211)  Xho |  Hind 1l

; M DL5000 DNA

o Note: A Gel electrophoresis

analysis of the PCR amplified product of the promoter sequence P1 ( —1 232 ~ +211) of the silkworm Bmlark gene; M DI.2000 DNA

standard molecular weight; B Schematic diagram of constructing the luciferase reporter plasmid of the silkworm Bmlark gene promoter

by homologous recombination; C Xho [ and Hind Il double enzyme digestion analysis of the luciferase reporter plasmid pLP1 ( —1
232 ~ +211) of the Bmlark gene promoter; M DL5000 DNA standard molecular weight.
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PCR pGL3 Basic
Xho 1  Hind 1 pGL3-
Basic Bmlark
P1 ( -1232~+211)
pGL3Basic ( 1B).
1 475bp pGL3Basic
Bmlark
pLP1
(-1232~+211) o
Bmlark
pLP1  pGL3Basic
SV40 (
) Bml2 .
pLP1
pGL3-Basic 461 ( P =0.0002
2) Bmlark -1232 ~+211 bp
2 Bmlark

pLP1 ( -1 232~ +211)
Fig. 2 Detection of the transcriptional activity of the Bmlark
ne promoter luciferase reporter plasmid pLP1 ( -1 232 ~ +211)
“ + ”

n=3 ***P<0.001. Note: Relative activity of luciferase
n=3

"

was expressed as " mean * standard deviation"

*F P <0.001.

2.2 Bmlark
Bmlark

pLP1 ( -1 232 ~ +211)
pLP1 ( -1 232 ~ +211)
6
P2 ( =529 ~ +211) ., P3 ( -220 ~
+211) . P4 ( -124 ~ +211) . PS5 ( =92 ~ +211) .
P6 ( -66~+211) . P7 ( -8 ~+211) ( 3-A)
pGL3Basic o
( 38
Bmlark
pLP2 ( =529 ~ +211) . pLP3
(-220 ~ +211) . pLP4 ( - 124 ~ +211) . pLP5
(-92 ~+211) ., pLP6 ( — 66 ~ + 211) . pLP7
(-8 ~+211) o

SV40
Bm12 pGL3 - Basic
48 h o
pLP1. pLP2. pLP3. pLP4. pLP5. pLP6
pGL3Basic o
pLP4 pLP3 13
( P =0.0004) -220 ~ -124 bp
o pLP5 pLP4
5 (P=0.0007) pLP6
pLP5 6 (P =0.0007)
-124 ~ -92 bp
( 4o
2.3 EMSA
-124/ -92 bp
Bml2
(32 bp) ( For: 5"-AATAATGTCGC

CAAATATTATGCCGAAAAATAA-3” Rev: 5°-ITAT
TTTTCGGCATAATATTTGGCGACATTATT3")
EMSA o 4

( 5. (
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3 Bmlark
Fig. 3 Construction of a series of truncated Bmlark gene promoter luciferase reporter plasmids
A Bmlark PCR ;M DL2000 DNA ;B
Bmlark Xho | Hind 1l ;M DL5000 DNA » Note: A Gel

electrophoresis of PCR amplified products of a series of truncated silkworm Bmlark gene promoter sequence; M DL2000 DNA
standard molecular weight; B A series of truncated silkworm Bmlark gene promoter luciferase reporter plasmids Xho | and Hind 1l

double restriction digestion identification; M DL5000 DNA standard molecular weight.

4 Bmlark
Fig. 4 Transcriptional activity detection of a series of truncated silkworm Bmlark gene promoter luciferase reporter plasmids
“ ”»

+ n=3 “**P<0.00l. Note: Relative activity of luciferase was

expressed as “mean + standard deviation” n=3 ***P<0.001.

5 ( EMSA) Bmlark -124 ~-92 bp Bml2
Fig. 5 Electrophoretic mobility transfer method ( EMSA) analysis of Bmlark gene promoter
—124 ~ —92 bp sequence probe binding to Bm12 nuclear protein
Bmlark -124 ~ -92 bp o Note: —-124 ~-92 bp

sequence probe of Bmlark gene promoter was labeled with biotin and the unlabeled probe was used as a cold probe.
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1~4 o 4 - 124 ~
protein 1. protein 2. protein 3. protein 4 -92 bp TAF7 ( NC_
177, 124, 104. 95 ( S1) 051358.1)  Ets transcription factor ( NC
Omic Share Gene 051374.1)  protein abrupt isoform X1 ( NW _
Ontology GO 021011484. 1) forkhead box protein N3 ( XM _
N N 004928387.4) (  2), 4
( 6)s o
DNA
6 GO
Fig. 6 GO enrichment analysis
: 500 Gene Ontology term GO term

GO o Note: Map a total of 500 proteins obtained by mass

spectrometry to each term in the Gene Ontology database selected GO terms that were significantly enriched in different proteins and

used GO significance analysis to determine the main biological functions of the proteins detected by mass spectrometry. Cellular

process ; Single-organism process ;. Metabolic process ;  Biological regulation ;
Regulation of biological process ; Cellular component organization or biogenesis ; Response
to stimulus ; Localization i Multicellular organismal process i Developmental process
i Positive regulation of biological process i Negative regulation of biological process ;
Reproduction ; Reproductive process ; Multi-organism process ; Signaling ;
Locomotion . Behavior ; Immune system process . Growth ; Biological adhesion ;
Rhythmic process ; Presynaptic process involved in synaptic transmission ; Cell
i Cell part i Organelle ; Organelle part i Macromolecular complex ;
Membrane : Membrane-enclosed lumen ; Membrane part ; Extracellular region ;  synapse
; Synapse part ; Cell junction ; Extracellular region part i Supramolecular fiber
. Extracellular matrix i Extracellular matrix component ; Binding ; Catalytic activity
i Transporter activity i Transcription factor activity i Protein binding i Molecular
transducer activity ; Nuclei acid binding transcription factor activity i Structural
molecule activity i Electron carrier activity i Molecular function regulator ; Signal

transducer activity ; Protein tag ; Translation regulator activity o
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Table 2 Information about the 4 candidate proteins

GenBank ( kDa)

Protein name Accession No.

Molecular weight

Predictive functional domain Possible target genes

TAF7 NC_051358. 1 44.3 TAFIIS5S_N TATA
Ets transcription factor NC_051374. 1 23.4 ETS DNA-binding domain GGAA
Protein abrupt isoform X1 ~NW_021011484. 1 33.4 zf-C2H2 GCCAGG
Forkhead box protein N3~ XM_004928387. 4 41.2 Fork_head GACGC. RYAAAYA
TAF7  RNA I TAF1
3 ( Gegonne et al. 2008)
( Gegonne et al. 2013) .
Bmlark TAF7
( Devaiah et al. 2010) . TAF7
( Sundram et al. TAF7
2012) TAF7
Bmlark . MHC 1 ( Gegonne et al. 2012) ., Ets
Bmlark transcription factor RNA II
Bmlark o DNA N
Bmlark ( Poon and Kim 2017; Sizemore and Pitarresi
Bmlark pLPI, 2017) . Protein abrupt isoform X1 tai
SV40 Bm12 o
Bmlark -1232 ~+211 bp
- 124 ~ ( Julie et al. 2011; Turkel et al. 2013;
-92 bp Turkel et al. 2015) , Forkhead box protein N3
Bmlark o -220 ~ RNA II DNA
- 124 bp ( Rogers et al. 2019) .
o Bmlark N
o Jaspar ( Kong et al. 2019) .
-124 ~ -92 bp Cad. Dbx. EMSA
Ade-B —-220 ~ -124 bp
Su( Hw) . Br. H2.0 EMSA
EMSA o
o Bmlark
- 124 ~ -92 bp -124 ~
Bm12 EMSA -92 bp
4 proteinl . protein2 . —-220 ~ - 124 bp
protein3 . proteind .
TAF7. Ets transcription factor. protein abrupt isoform -124 ~-92 bp o
X1. forkhead box protein N3 4 Bmlark o

Bmlark o
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