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Construction and expression of a eukaryotic vector
co-expressing immunodominant antigens of CFP10, ESATS,
Ag85A and Ag85B of Mycobacterium tuberculosis

Wau Li, Guangcun Deng, Xiaoming Liu, and Yujiong Wang

Key Laboratory of Ministry of Education for Conservation and Utilization of Special Biological Resources in the Western, Ningxia
University, Yinchuan 750021, Ningxia, China

Abstract: CFP10, ESAT6, Antigen 85A (Ag85A) and antigen 85B (Ag85B) are the key immunodominant antigens of
Mycobacterium tuberculosis. In order to construct a eukaryotic vector able to co-express the four genes in one vector, we
amplified the target gene fragments encoding the CFP10, ESAT6, Ag85A and Ag85B antigens and inserted them into the
multicloning site of the shuttle plasmid vector pcDNA3.1 (+), of which the CFP10 and ESAT6 encoding genes were in
frame fused with a linker encoding (Gly4Ser)3 residue, before the fused gene was inserted downstream of CMV promoter
with a bovine growth hormone poly A(BGH pA) sequence at the 3’-end; Ag85A and Ag85B encoding genes were fused
with a separation of internal ribosome entry site (IRES) sequence before the fused gene cassette was inserted downstream
of RSV promoter with a BGH pA sequence at the 3’-end. The final plasmid containing all four genes was confirmed by
sequence analysis and designated as pcDNA-CFP10-ESAT6-Ag85A-Ag85B (pcDNA-CEAB). In order to verify the ability
of this construct to express target proteins, we then transfected the recombinant plasmid into Human embryonic kidney
(HEK) 293T cells and harvested the cell lysates, and the cell lysates were then separated by SDS-PAGE and subjected to
Western blot analysis 48 h after transfection. All four of the target proteins were detected in the cell lysates against the
respective specific antibodies, suggesting that we have successfully constructed a eukaryotic vector co-expressing the four
immunodominant antigens of Mycobacterium tuberculosis, which lay a foundation for the further study of the
immunogenicity and protective activity of the four antigens.

Keywords: Mycobacterium tuberculosis, immunodominant antigen, co-expression, Western blotting
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*x1 H®EREPCRY 3
Table 1 Primer sequences for the target genes

Primer name Primer sequence (5'-3") Restriction sites Size (bp)

CFP10 forward GCTTAAGGCCACCATGGCAGAGATGAAGACCG Afl

CFP10 reverse CCGGAATTCGAAGCCCATTTGCGAGGAC EcoR 303

ESAT6 forward CCGGAATTCGGTGGCGGTGGAAGCGGCGGTGGCGGAAG ECOR
CGGCGGTGGCGGCAGCTCAACAGAGCAGCAGTGG 288

ESATG6 reverse TTGCGGCCGCGGCGCGCCCTATGCGAACATCCCAGTG Not /Asc

Ag85A forward CGGCTAGCGCCACCATGGTGCAGCTTGTTGACAGG Nhe

Ag85A reverse CGGGATCCCTAGGCGCCCTGGGGCG BamH Lot

Ag85B forward TTGCGGCCGCGCCACCATGGTGACAGACGTGAGCCGA Not o

Ag85B reverse TGCTCTAGACTAGCCGGCGCCTAA Xba I

BGH pA forward TTGGCGCGCCCTGTGCCTTCTAGTTGCCAG Asc

BGH pA reverse TTGCGGCCGCCCATAGAGCCCACCGCAT Not 223

IRES forward CGGGATCCGCCCCTCTCCCTCCCCCCCCCCTAA BamH 585

IRES reverse GAACCACAACCATGGTTATCATCGTGTTTTTCAAAGG BstX

RSV forward ATTTGCGGCCGCCAATTCTCATGTTTGACAG Not

RSV reverse CCGCTCGAGGCTAGCGCCGGCAAGGCCGGATCCG Xho /Nhe >70

Bold face indicates the restriction site, and the underlined terms are the Kozak consensus sequence and the initiation codon,

italic indicates the (Gly4Ser) 3 protein linker sequence.
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Fig. 1 Amplification of the target genes. M:
Trans2k™ plus DNA marker; 1: PCR products of
CFP10; 2: PCR products of ESAT6; 3: PCR products of
Ag85A; 4: PCR products of Ag85B; 5: PCR products
of IRES; 6: PCR products of BGH pA; 7: PCR products
of RSV.
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Fig. 2 Agarose gel electrophoresis of the recombiant
plasmid  pcDNA-CFP10-ESAT6 by  restriction
endonuclease digestion. M: Trans2k™ DNA marker; 1:
pcDNA3.1(+) digested with Xho I; 2: pcDNA-CFP10-
ESAT6 digested with Nhe Iand Asc I; 3: pcDNA-
CFP10-ESAT6 digested with EcoR I and Asc 1.
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3 EHFH pcDNA-CEBR BIEGH] Bk 45 58

Fig. 3 Agarose gel electrophoresis of the recombiant
plasmid pcDNA-CEBR by restriction endonuclease
digestion. M: Trans8k DNA marker; 1: pcDNA3.1(+)
digested with Xho I; 2: pcDNA-CEBR digested with Nhe I;
3: pcDNA-CEBR digested with ECoR I and Not 1.
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Fig. 4 Ideograph of the recombinant plasmid pcDNA-CEAB.
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Fig. 5 Agarose gel electrophoresis of the recombiant
plasmid pcDNA-CEAB by restriction endonuclease
digestion. M: Trans8K DNA marker; 1: pcDNA3.1(+)
digested with Xho ; 2: pcDNA-CEAB digested with

Pme ; 3: pcDNA-CEAB digested with Xho
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Fig. 6 SDS-PAGE analysis of cell lysates from HEK
293T cells transfected with pcDNA3.1 (+) and
pcDNA-CEAB. M: Blue Plus™ II protein marker; 1:
cell lysates from HEK 293T cells transfected with
empty vector pcDNA3.1 (+); 2: cell lysates from HEK
293T cells transfected with the recombinant plasmid
pcDNA-CEAB.
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Fig. 7

Western blotting analysis of cell lysates using anti-CFP10(A), anti-ESAT6(B), anti-Ag85A(C) and

anti-Ag85B(D) antibody, respectively. M: Blue Plus™ II protein marker; 1: cell lysates from HEK 293T cells
transfected with empty vector pcDNA3.1 (+); 2: cell lysates from HEK 293T cells transfected with recombinant

plasmid pcDNA-CEAB.

cjb@im.ac.cn

271




272

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech February 25,2014 Vol.30 No.2

CFP10  ESAT6

(3]

linker [4]
linker
(Gly4Ser)3 linker!'®2"
Ag85A  Ag85B

(3]

[6]

Thl [22-24]
IRES
(EMCV)
IRE
5 71
(23] IRES
RSV
Ag85A  Ag85B (8]
pcDNA-CEAB (Gly4Ser)3 linker
CFP10 ESAT6 IRES
9
Ag85A  Ag85B 7]
MTB
HEK 293T
[10]
[11]
REFERENCES

[1] Dye C, Espinal MA, Watt CJ, et al. Worldwide
incidence of multidrug-resistant tuberculosis. J Infect [12]
Dis, 2002, 185(8): 1197-1202.

[2] Dorman SE, Chaisson RE. From magic bullets back

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

to the magic mountain: the rise of extensively
drug-resistant tuberculosis. Nat Med, 2007, 13(3):
295-298.

Andersen P, Doherty TM. The success and failure of
BCG—implications for a novel tuberculosis vaccine.
Nat Rev Microbiol, 2005, 3(8): 656—662.

Fine PEM. Variation in protection by BCG:
implications of and for heterologous immunity. The
Lancet, 1995, 346(8986): 1339-1345.

Fine PEM. BCG: the challenge continues. Scand J
Infect Dis, 2001, 33(4): 243-245.

Rowland R, Pathan AA, Satti I, et al. Safety and
immunogenicity of an FP9-vectored candidate
tuberculosis vaccine (FP85A), alone and with
candidate vaccine MVAS8S5A in BCG-vaccinated
healthy adults: a phase I clinical trial. Hum Vaccin
Immunother, 2013, 9(1): 50-62.

Yuan W, Dong N, Zhang L, et al. Immunogenicity
and protective efficacy of a tuberculosis DNA
vaccine  expressing a  fusion protein  of
Ag85B-Esat6-HspX in mice. Vaccine, 2012, 30(14):
2490-2497.

LuY, Xu Y, Yang E, et al. Novel recombinant BCG
coexpressing Ag85B, ESAT-6 and Rv2608 elicits
significantly enhanced cellular immune and antibody
responses in C57BL/6 mice. Scand J Immunol, 2012,
76(3): 271-277.

Yu F, Wang J, Dou J, et al. Nanoparticle-based
adjuvant for enhanced protective efficacy of DNA
vaccine Ag85A-ESAT-6-IL-21 against Mycobacterium
tuberculosis infection. Nanomedicine, 2012, 8(8):
1337-1344.

Van Dissel JT, Soonawala D, Joosten SA, et al.
Ag85B-ESAT-6 adjuvanted with IC31(R) promotes
strong and long-lived Mycobacterium tuberculosis
specific T cell responses in volunteers with previous
BCG vaccination or tuberculosis infection. Vaccine, 2011,
29(11): 2100-2109.

You Q, Wu Y, Wei W, et al. Immunogenicity and
protective efficacy of heterologous prime-boost
regimens with mycobacterial vaccines and
recombinant adenovirus- and poxvirus-vectored
vaccines against murine tuberculosis. Int J Infect Dis,
2012, 16(11): e816—e825.

You Q, Jiang C, Wu Y, et al. Subcutanecous
administration of modified vaccinia virus ankara
expressing an Ag85B-ESAT6 fusion protein, but not



TR H/E%KDHITE CFP10. ESAT6. Ag85A Ml Ag8SB IR EMEREKHENBWEERE

[13]

[14]

[15]

[16]

[17]

[18]

[19]

an adenovirus-based vaccine, protects mice against

intravenous challenge with Mycobacterium tuberculosis.

Scand J Immunol, 2012, 75(1): 77-84.

Todoroff J, Lemaire MM, Fillee C, et al. Mucosal
and systemic immune responses to Mycobacterium
tuberculosis antigen 85A following its co-delivery
with CpG, MPLA or LTB to the lungs in mice. PLoS
ONE, 2013, 8(5): €63344.

Berthet F-X, Rasmussen PB, Rosenkrands I, et al. A
Mycobacterium  tuberculosis
ESAT-6 and a novel low-molecular-mass culture
filtrate protein (CFP-10). 1998,
144(11): 3195-3203.

Mahairas GG, Sabo PJ, Hickey MJ, et al. Molecular
analysis  of
Mycobacterium bovis BCG and virulent M. bovis. J
Bacteriol, 1996, 178(5): 1274-1282.

Wiker HG, Harboe M. The antigen 85 complex: a
major secretion product of Mycobacterium
tuberculosis. Microbiol Mol Biol Rev, 1992, 56(4):
648-661.

Spencer AJ, Hill F, Honeycutt JD, et al. Fusion of the
Mycobacterium tuberculosis antigen 85A to an
oligomerization domain enhances its immunogenicity in

operon encoding

Microbiology,

genetic  differences  between

both mice and non-human primates. PLoS ONE,
2012, 7(3): e33555.

Meyer J, Harris SA, Satti I, et al. Comparing the
safety and immunogenicity of a candidate TB
vaccine MVA85A administered by intramuscular and
intradermal Vaccine, 2013, 31(7):
1026-1033.

Zhang L, Zhang H, Zhao Y, et al. Effects of

delivery.

(20]

(21]

[22]

(23]

[24]

Mycobacterium tuberculosis ESAT-6/CFP-10 fusion
protein on the autophagy function of mouse
macrophages. DNA Cell Biol, 2012, 31(2):
171-179.

Zhou H, Fisher RJ, Papas TS. Optimization of primer
sequences for mouse scFv repertoire display library
construction. Nucleic Acids Res, 1994, 22(5):
888-889.

Wu X, Li Q, Yang Y, et al. Latent tuberculosis
infection amongst new recruits to the Chinese army:
Comparison of ELISPOT assay and tuberculin skin
test. Clin Chim Acta, 2009, 405(1): 110-113.

Dou J, Wang Y, Yu F, et al. Protection against
Mycobacterium tuberculosis challenge in mice by
DNA vaccine Ag85A-ESAT-6-IL-21 priming and
BCG boosting. Int J Immunogenet, 2012, 39(2):
183-190.

Wang D, Xu J, Feng Y, et al. Liposomal oral DNA
vaccine (Mycobacterium DNA) elicits
response. Vaccine, 2010, 28(18): 3134-3142.
Scriba TJ, Tameris M, Mansoor N, et al. Modified
Ankara-expressing Ag85A, a

immune

vaccinia novel
tuberculosis vaccine, is safe in adolescents and
children, and induces polyfunctional CD4+ T cells.
Eur J Immunol, 2010, 40(1): 279-290.

Lu J, Zhang JM, Lin MJ, et al. IRES: translation
element of RNA viruses. Chin J Biochem Mol Biol,
2007, 23(7): 513-518 (in Chinese).

FIA, ARIMER, MRELE, 5F. RNA R EEREE R T
PF— P9 A% B AR 3 N AT 5 (IRES). B 2B W4k 2%
54y ¢ A W54, 2007, 23(7): 513-518.

(ALTT9 METTT)

cjb@im.ac.cn

273




