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constructed a fusion protein of biotin ligase from Bacillus subtilis (BS-BirA) and the trans-activation domain, and used its
expression vector as the regulatory vector. Meanwhile, BS-BirA-specific operators were ligated upstream of attenuated
CMYV promoter to obtain the response vector. In this way, a novel eukaryotic gene regulation system responsive to biotin
was established and named BS-Biotin-On system. BS-Biotin-On system was further investigated with the enhancing green
fluorescent protein (EGFP) as the reporter gene. The results showed that our system was superior to the current similar
regulation system in its higher induction ratio, and that the expression of interest gene could be tuned in a rapid and
efficient manner by changing the biotin concentrations in the cultures. Our results show that the established system may

provide a new alternative for the exogenous gene modulation.

Keywords: biotin, gene regulation system, induction rate, BirA
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Table 1 Nucleotide sequences involved in this article

Name Nucleotides sequence (5'-3")

BS-BirA-5 AGCCTTAAGGCCGCCACCATGCGGTCAACATTAAGAAAAGACC
BS-BirA-3 AGCGCGGCCGCTCAATCTACCTTTCTCTTCTTTTTTGGGCCCAATTCGATATCGGCAG

VP-3 CTAGACTCGAGCGGCCGCCAC
BSOB-5 AATTGGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCA
BSOB-3 CGCGTGACTTGTAAACCTAAATCTTTTCAATTTGGTTTACAAGTCC

minCM V-5 GACACGCGTTAGGCGTGTACGGTGGGAGG

minCMV-3 GATCGCTAGCCCCTATAGTGAGTCGTATTAGGCTGGATCGGTCCCGGTG

TCGCGAGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCAGATCTGACTTGTAAA
4BSOB CCAAATTGAAAAGATTTAGGTTTACAAGTCCAATTGGACTTGTAAACCAAATTGAAAAGATT
TAGGTTTACAAGTCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCACGCGT

EC-BirA-5 AGCGCTAGCATGAAGGATAACACCGTGCC

EC-BirA-3 AGCGGTACCTTTTTCTGCACTACGCAGG

BSOB-Nhel CTAGCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCC
BSOB-AflIl TTAAGGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCG
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Fig. 2 Procedure to obtain BS-BV fuse-gene. (A) PCR amplification of BS-BirA. 1: DNA marker; 2: PCR product
of BS-BirA. (B) Enzyme digestion to obtain VP4 fragment. 1: digestion of pc-Hy-GVP4; 2: DNA marker. (C)
Overlapping PCR to obtain BS-BV fuse-gene. 1: PCR product of BS-BV; 2: DNA marker.
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Fig. 3 Diagrams of plasmids comprised of BS-Biotin-On systems. (A) Regulatory vector. (B) Response vector.
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Fig. 4 PCR amplification of minimal CMV promoter.
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Fig. 5 Construction of response vectors with different
copies of BSOBs. (A) Construction of response vector
with four BSOBs. 1: enzyme digestion to obtain
4BSOB fragment; 2: DNA marker DL5 000; 3: enzyme
digestion of pc-minE vector. (B) Construction of
response vectors with two and three copies of BSOBs.
1: enzyme digestion to remove two copies of BSOBs;
2: DNA marker DL5 000; 3: enzyme digestion to
remove one copy of BSOB.
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Fig. 6 PCR amplification of EC-BirA gene. 1: PCR
product of EC-BirA; 2: DNA marker.
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Fig. 8 Effect of operator number on the efficiency of BS-Biotin-On systems.
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Fig. 9

Inductive kinetics of BS-Biotin-On system. (A) Response of BS-Biotin-On system to different concentrations

of biotin. (B) Time course of induced EGFP intensity. (C) EGFP expression at different time points identified by

Western blotting.

. BirA 40 bp

3 Wik [15]
BirA
321 Aas BS-BirA 325 Aas 36.2 kDa
33.5 kDal'"¥ EC-BirA EC-BirA
[13-14]
EC-BirA DNA N- birA (16l BS-BirA
EC-BirA 27%

cjb@im.ac.cn



1264 ISSN 1000-3061

CN 11-1998/Q Chin J Biotech August 25,2014 Vol.30 No.8

3
DNA EC-BirA
ATP
(BS-BirA GRGRMS  EC-BirA
GRGRRG)!!" BS-BirA
EC-BirA
BS-BirA
4
(BS-BirA-VP4)
——BS-Biotin-On
EC-BirA
3 BS-Biotin-On
(3.8) EC-Biotin-On (2.8)
EGFP
BS-Biotin-On
1-4 BSOB
EGFP
pc-Hy-BSOB-minE
4 BSOB BS-Biotin-On
6 h EGFP 1 48-72 h

EGFP SEAP

SEAP

http://journals.im.ac.cn/cjben

(10 pmol/L)

)

ELISA 2)

(18-19] EGFP

Hicham ¥

Western blotting EGFP
SEAP
2122]
2)
3)
4)
5)

BS-Biotin-On



HEE 5 —MERNEHEFSNALERRSRERANEY

REFERENCES

(1]

(2]

(3]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

Malleret G, Haditsch U, Genoux D, et al.
Inducible and reversible enhancement of learning,
memory, and long-term potentiation by genetic
inhibition of calcineurin. Cell, 2001, 104(5):
675-686.

Deans TL, Cantor CR, Collins JJ. A tunable
genetic switch based on RNAi and repressor
proteins for regulating gene expression in
mammalian cells. Cell, 2007, 130(2): 363-372.
Weber W, Fussenegger M. Inducible product gene
expression technology tailored to bioprocess
engineering. Curr Opin Biotechnol, 2007, 18(5):
399-410.

Horner M, Weber W. Molecular switches in animal
cells. FEBS Lett, 2012, 586(15): 2084-2096.

Weber W, Fux C, Daoud-El Baba M, et al.
Macrolide-based transgene control in mammalian
cells and mice. Nat Biotechnol, 2002, 20(9):
901-907.

Aarestrup FM. Veterinary drug usage
antimicrobial resistance in bacteria of animal
origin. Basic Clin Pharmacol Toxicol, 2005, 96(4):
271-281.

Hartenbach S, Daoud-El Baba M, Weber W, et al.
An engineered L-arginine sensor of Chlamydia
pneumoniae enables arginine-adjustable

and

transcription control in mammalian cells and mice.

Nucleic Acids Res, 2007, 35(20): e136.

Weber W, Bacchus W, Gruber F, et al. A novel
vector platform for vitamin H-inducible transgene
expression in mammalian cells. J Biotechnol,
2007, 131(2): 150-158.

Polstein LR, Gerbach CA. Light-inducible
spatiotemporal control of gene activation by
customizable zinc finger transcription factors. J
Am Chem Soc, 2012, 134(40): 16480-16483.
Weber W, Stelling J, Rimann M, et al. A synthetic
time-delay circuit in mammalian cells and mice.
Proc Natl Acad Sci USA, 2007, 104(8): 2643-2648.
Weber W, Lienhart C, Daoud-El Baba M, et al. A
biotin-triggered genetic switch in mammalian
cells and mice. Metab Eng, 2009, 11(2): 117-124.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Barker DF, Campbell AM. Genetic and
biochemical characterization of the birA gene and
its product: evidence for a direct role of biotin
holoenzyme synthetase in repression of the biotin
operon in Escherichia coli. J Mol Biol, 1981,
146(4): 469-492.

Chapman-Smith A, Mulhern TD, Whelan F, et al.
The C-terminal domain of biotin protein ligase
from E. coli is required for catalytic activity.
Protein Sci, 2001, 10(12): 2608-2617.
Chakravartty V, Cronan JE. Altered regulation of
Escherichia coli biotin biosythesis in BirA
superrepressor mutant strains. J Bacteriol, 2012,
194(5): 1113-1126.

Streit WR, Entcheva P. Biotin in microbes, the genes
involved in its biosynthesis, its biochemical role and
perspectives for biotechnological production. Appl
Microbiol Biotechnol, 2003, 61(1): 21-31.

Bower S, Perkins J, Yocum RR, et al. Cloning and
characterization of the Bacillus subtilis birA gene
encoding a repressor of the biotin operon. J
Bacteriol, 1995, 177(9): 2572-2575.

Rodionov DA, Mironov AA, Gelfand MS.
Conservation of the biotin regulon and the BirA
regulatory signal in eubacteria and archaea,
Genome Res, 2002, 12(10): 1507-1516.

Robert JS, Peter PG, Martin NM, et al
Accelerated cell line development using two-color
fluorescence activated cell sorting to select highly
expressing antibody-producing clones. Biotechnol
Bioeng, 2008, 99(3): 578-587.

Oberbek A, Matasci M, Hacker DL, et al.
Generation of stable, high-producing CHO cell
lines by lentiviral vector-mediated gene transfer in
serum-free suspension culture. Biotechnol Bioeng,
2011, 108(3): 600-610.

Hicham B, Reinhard F, Jurgen H. Improvement of
reporter activity by IRES-mediated polycistronic
reporter system. Nucleic Acid Res, 2008, 36(5): e28.
Weber W, Fussenegger M. Inducible product gene
expression technology tailored to bioprocess
engineering. Curr Opin Biotechnol, 2007, 18(5):
399-410.

Auslander S, Fussenegger M. From gene switches to
mammalian designer cells: present and future
prospects. Trends Biotechnol, 2013, 31(3): 155-168.

(LT PR )

cjb@im.ac.cn



