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ABSTRACT

The aim of this study was to construct, expression of a novel recombinant chimeric protein
consisting of Pyruvate dehydrogenase beta subunit (PDHB) and high antigenic region of
integral membrane lipoprotein P80 of Mycoplasma agalactiae as a potential diagnostic tool. The
full-length sequence of pdhb and a portion of antigenic regions of P80 were selected and
analyzed by CLC main workbench 5.5 software. Several linkers and three dimensional structure
of PDHB-P80 were compared to the native PDHB and analyzed to select a proper one for
expression. The fusion gene sequence was optimized and synthesized in pMAT cloning vector.
The synthetic pMAT-pdhb-p80 was digested using Bam HI and Sal | restriction enzymes and
ligated into pMAL-p5X expression vector. The pMAL-pdhb-p80 construct was transfected into
E.coli BL21 strain cells and expressed protein were purified using amylose resin. and the
purified protein was analyzed in sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blotting. In silico analysis demonstrated that fusion proteins using
1gG4 middle hinge (CPSCP) with TM-score of 0.99 showed the higher similarity between three
dimensional structure of PDHB before and after fusion with high antigenic region of P80.
Successful cloning verified by PCR colony, double digestion and sequence analysis. Besides,
SDS-PAGE analysis and Western blotting indicated and confirmed the expression of intact
recombinant chimeric protein MBP-PDHB-P80 along with some truncated forms of the
recombinant protein. it could be concluded that the fusion construct has a potential for
serodiagnostic assay in future studies.
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INTRODUCTION

Mycoplasma agalactiae is a cell wall-less bacteria identified as the classical agent of
contagious agalactia (CA) which is a worldwide serious syndrome affecting sheep and goats and
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responsible for severe economic losses to dairy industry [1-3]. Regarding the potential risk of
disease durability and chronicity due to the transmission of the pathogen via asymptomatic
carriers, the issue of diagnosis has grown in importance [4, 5]. Recent developments in the field
of recombinant proteins have led the researchers to an interest in analysis the antigenic proteins
such as P30, P40, P48, P55 and P80 of Mycoplasma agalactiae in order to find out a
diagnostically relevant marker [6-10]. The studies carried out on P80 demonstrated the presence
of this integral membrane lipoprotein at the first symptoms of infection and its conservation
among Mycoplasma agalactiae strains [9, 11] which makes it a proper candidate for developing
an efficient serodiagnostic assay. Pyruvate dehydrogenase beta subunit (PDHB) is considered as
a dual functional phosphoprotein, playing a vital role in metabolic pathway along with the
pathogen attachment to the host cell surface. Until now, PDHB is identified as an
immunoreactive protein in some Mycoplasma species such as Mycoplasma capricolum subsp.
capripneumoniae, Mycoplasma hyopneumoniae and Mycoplasma bovis [12-14]. The purpose of
this study was to express a novel chimeric recombinant protein consisting of PDHB and high
antigenic region of P80. Since the three dimension structure of the antigen is an important issue
for its immune-reactivity, we evaluated three dimension structure of PDHB in designed
chimeric protein compared with native PDHB and then expressed the desired fusion protein in
E. coli as host.

MATERIALS AND METHODS

Antigens selection: Sequences registered at National Center for Biotechnology Information
(NCBI) for pdhb gene (GenBank no. CBH40332.1, 984 bp) and C-terminal of p80 gene
(GenBank no. AF299294 1011 bp) were analyzed. Assessment of high antigenic part of P80
among the full length sequence of gene was done using CLC main workbench 5.5 software.

Construction of fusion gene pdhb-p80 with conserving of three dimensional structure
of PDHB protein: For better folding of PDHB, 39 natural linkers and 18 artificial linkers
(listed in supplementary information) were tried to be introduced between two genes [15]. Also,
secondary structure of PDHB for determination of the best composition of linker amino acids,
was evaluated by assessment of each protein before and after fusion with linker using CLC
software. Three dimensional structure of PDHB and chimeric fusion protein (PDHB-P80) to
obtain PDB (protein data bank) files, was done using Protein Homology/analogY Recognition
Engine (Phyre2) http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index). Then alignment
of three dimensional structure of PDHB-P80 with native PDHB was analyzed using TM-align
based on achieved TM-scores (http://zhanglab.ccmb.med.umich.edu/TM-align) [16].

Plasmid designing: The designed fusion gene, conserving the three dimensional structure
of PDHB, has been constructed. Since the universal stop codon TGA is translated to tryptophan
in Mycoplasma [17], the sequence was scanned for this genetic code and one TGA converted to
alternative stop codon TGG. Besides, six-HIS tag-encoding was inserted at N-terminal and the
restriction sites of Bam HI and Sal | were added at 5 and 3’ ends, respectively. Nucleotide
sequence of fusion gene was optimized for the proper expression in E. coli and synthesized in
PMAT cloning vector by Thermo Fisher Scientific Company (USA).

Cloning procedure: E. coli BL21 was grown at 37°C in 2X Yeast Tryptone (2YT) glucose
broth (16 g Tryptone, 5 g, NaCl, 10 g yeast extract and 0.1% D-Glucose per liter) supplemented
with ampicillin (100 mg/ml). The synthetic pMAT-PDHB-P80 was electroporated into E.coli
BL21 strain using Bio-Rad Gene Pulsar Xcell™ electroporation system (Bio-Rad Laboratories,
Inc USA). 100pg/ml ampicillin was used to select the recombinant transformants. After
amplification, the plasmid was extracted, then digested with restriction enzymes Bam HI and
Sal | (Invitrogen Anza™, Thermo Fisher Scientific, USA). Same enzymes were used for

http://mbrc.shirazu.ac.ir 124



http://mbrc.shirazu.ac.ir/
http://www.sbg.bio.ic.ac.uk/%7Ephyre2/html/page.cgi?id=index
http://zhanglab.ccmb.med.umich.edu/TM-align

Akbarzadeh-Niaki et al., / Mol Biol Res Commun 2020;9(3):123-128 DOI: 10.22099/mbrc.2020.37684.1513 M B RC

digestion of pMAL-p5X expression vector producing compatible sticky ends. Digested vector
and insert resolved in a 0.75% agarose gel after electrophoresis and purified using QlAquick
Gel Extraction kit (QIAGEN, Germany), then ligated by Anza™T4 DNA ligase master mix
(Thermo Fisher Scientific, USA) according to the manufacturer's instructions. Finally, the
constructed recombinant expression vector of PDHB-P80-pMAL were transformed into fresh
electrocompetent E.coli BL21. At the next step, the obtained colonies were verified to contain
PDHB-P80-pMAL using double digestion and PCR colony using pMAL-p5X expression vector
primers (F:5-GGT CGT CAG ACT GTC GAT GAA GCC-3’and R:5" TGT CCT ACT CAG
GAG AGC GTT CAC-3") with an annealing temperature of 55°C. Also, Sanger sequencing
analysis (Australian Genome Research Facility, AGRF) confirmed the positive recombinant
colonies [18].

Protein expression and western blotting: Overnight cultures of positive recombinant
bacteria were diluted 1:10 in a total volume of 100ml of 2YT containing ampicillin and
incubated at 37°C with shaking at 180 rpm to optical density (OD)eoo Of 0.7. Protein expression
was induced with 0.5 mM isopropyl-b-D-thiogalactopyranoside (IPTG) and after 4 hours
incubation at 25°C under agitation, the culture fluid was centrifuged at 4000g for 15 minutes
and the pelleted cells were obtained. The whole cell proteins were analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with 10% polyacrylamide gels
followed by Coomassie Blue staining. A non-induced culture was included as negative control.
The apparent molecular weight of the expressed protein were determined using SMOBIO
PM1500 (Taiwan) protein marker. To conform the expression of the recombinant chimeric
protein, the proteins were run in SDS-PAGE then transferred on to a nitrocellulose membrane
using a Trans-Blot semidry apparatus (Bio-Rad, U.S.A) as described by the manufacturer. The
membrane was blocked by 10% bovine serum albumen (BSA) in PBS containing 0.05% Tween
20 for overnight under rotating. After several washing with PBST, Blots were incubated for 1
hour at 37°C with 1:1000 Anti-poly Histidine-HRP antibody (Sigma, A7058). After three more
washes, protein bands were visualized using diaminobenzidine (DAB) (Sigma-Aldrich Pty. Ltd)
as substrate [18, 19].

RESULTS

The full length of pdhb and 480 bp as high antigenic region of the p80 gene were selected.
After assessment of all results for analyzing alignment of three dimension structure of PDHB
protein before and after fusion with high antigenic region of P80 depended on different linkers
between them, 1gG4 middle hinge (CPSCP) was subsequently used as linker with TM-score of
0.99 (Fig. 1).

The synthetic fusion gene pdhb-p80 was successfully cloned into the expression vector
PMAL-p5X and constructed mbp-pdhb-p80 fusion gene. Then, the obtained colonies were
verified to contain pdhb-p80-pMAL by PCR colony and double digestion and confirmed by
sequencing in both directions.

According to the predicted MBP-PDHB-P80 protein molecular mass, approximately 96.5
kDa, a proper expression was observed after IPTG induction on Coomassie blue stained SDS-
polyacrylamide gel, which was not existed in uninduced cells (Fig. 2A). 30ul of whole induced
cells were used for western blotting and the Anti-poly Histidine-HRP antibody specifically
reacted with the histidine tag of the expressed recombinant chimeric protein. The protein band
around 96.5 kDa is corresponded to the expected recombinant protein containing 54 kDa
PHDB-P80 and 42.5 kDa MBP. However, three more bands about 45, 62 and 72 kDa have been
observed that are probably the truncated forms of MBP-PDHB-P80 protein. The presence of
these bands confirmed the expression of a less amount of truncated MBP-PDHB-P80 protein
along with the intact one (Fig. 2B).
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Figure 1: Three dimension structure alignment of chimeric protein with native
form of PDHB. Alignment of PDHB-P80 (in blue) with native PDHB (in red).
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Figure 2: A: SDS-PAGE analysis showing the expression of 96 kDa recombinant protein compared
negative control, Lane M: SMOBIO PM1500 protein marker, Lane 1: non-induced cells, Lane 2: 0.5 mM
IPTG-induced cells after 4 hours at 25°C. B: Western blotting analysis using Anti-poly Histidine-HRP
antibody confirming the expression of 96 kDa recombinant protein along with the truncated forms of
recombinant protein around 45, 62 and 72 kDa.

DISCUSSION

Contagious agalactia caused by Mycoplasma agalactiae is a worldwide multifactorial
syndrome in goat and sheep [3]. Several researches demonstrated the presence of this agent in

http://mbrc.shirazu.ac.ir 126



http://mbrc.shirazu.ac.ir/

Akbarzadeh-Niaki et al., / Mol Biol Res Commun 2020;9(3):123-128 DOI: 10.22099/mbrc.2020.37684.1513 M B RC

both naturally and experimentally infected carriers several months after the acute stage of
infection, leads to disease persistence and chronicity, which could be an important threat for
dairy industry [4, 5, 20]. Hence, considerable attention has been paid to evaluation of antigenic
proteins of Mycoplasma agalactiae for diagnostic applications to control this disease [6-10]. In
this study, we designed, cloned and expressed a chimeric recombinant protein consisting of
PDHB and high antigenic region of P80 for further immunogenicity evaluation. To our
knowledge, this is the first study to propose PDHB in Mycoplasma agalactiae, although, cell
surface location and the antigenicity of this protein has been confirmed in some other
mycoplasma species such as, Mycoplasma capricolum subsp. Capripneumoniae, Mycoplasma
hyopneumoniae and Mycoplasma bovis [12-14]. We selected P80 to construct the fusion protein
based on the findings obtained in Tola (2001) and Fusco (2007) investigations, which proved
the antigenicity, stability and conservation of this lipoprotein in Mycoplasma agalactiae and
suggested it as a potential serodiagnostic marker [8, 9]. Two protein were fused via IlgG4 middle
hinge (CPSCP) with TM-score of 0.99 demonstrating a high similarity index between three
dimension structure of PDHB before and after fusion with high antigenic region of P80. These
findings suggest a great potential of this chimeric protein for serodiagnostic applications
regarding the conservation of three dimension structure of PDHB. Sun et al. established an
indirect ELISA using recombinant PDHB as coating antigen and suggested it as a suitable
approach for antibody detection in Mycoplasma bovis [14] Their finding is in agreement with
our estimation.

The molecular weight of expressed protein indicated in western blotting analysis is 96.5
kDa, which is consistent with the estimated molecular weight by CLC software analysis;
however, there have been other 45, 62 and 72 kDa protein bands. It is common especially for
large proteins that we have multiple bands due to protein truncation. Truncated proteins are due
to protein degradation or premature termination in ribosomes [21]. We can conclude that
breaking down of our large 96.5 kDa recombinant protein results in these truncated forms of
protein, which retain the histidine tag specifically reacting with Anti-poly Histidine-HRP
antibody. Several studies on expression of recombinant MBP fusion proteins faced this issue
and considered it as a normal situation [18, 22].

Western blot analysis confirmed the expression of our constructed recombinant protein
PDHB-P80 using Anti-poly Histidine-HRP antibody, whereas, clearly further research including
the protein purification and testing the reaction of infected sera with recombinant PDHB-P80
will be required to validate the immunologic reactions of the recombinant protein. Summing up,
we proposed a novel designed chimeric protein of Mycoplasma agalactiae as a potential marker
for serodiagnostic assays. Moreover, the next stage of our research will be protein purification
and experimental confirmation of immunogenicity of our novel fusion protein.

Conflict of Interest: The authors declare that they have no conflict of interest.

REFERENCES

1.Ariza-Miguel J, Rodriguez-Lazaro D, Hernandez M. A survey of Mycoplasma agalactiae in
dairy sheep farms in Spain. BMC Vet Res 2012;8:171.

2.Kumar A, Rahal A, Chakraborty S, Verma AK, Dhama K. Mycoplasma agalactiae, an
etiological agent of contagious agalactia in small ruminants: A review. Vet Med Int 2014;
2014:286752.

3. Bergonier D, Berthelot X, Poumarat F. Contagious agalactia of small ruminants: current
knowledge concerning epidemiology, diagnosis and control. Rev Sci Tech 1997;16:848-873.

4. Hegde Sh, Zimmermann M, Fléck M, Brunthaler R, Spergser J, Rosengarten R, Chopra-
Dewasthaly R. Genetic loci of Mycoplasma agalactiae involved in systemic spreading
during experimental intramammary infection of sheep. Veterinary Research 2016;47:106.

http://mbrc.shirazu.ac.ir 127



http://mbrc.shirazu.ac.ir/

Akbarzadeh-Niaki et al., / Mol Biol Res Commun 2020;9(3):123-128 DOI: 10.22099/mbrc.2020.37684.1513 M B RC

5. Gomez-Martin A, De la Fe Ch, Amores J, Sanchez A, Contreras A, Paterna A, Buendia AJ,
Corrales JC. Anatomic location of Mycoplasma mycoides subsp. capri and Mycoplasma
agalactiae in naturally infected goat male auricular carriers. Vet Microbiol 2012;157:355-
362.

6. Fleury B, Bergonier D, Berthelot X, Schlatter Y, Frey J, Vilei EM. Characterization and
analysis of a stable serotype-associated membrane protein (P30) of Mycoplasma agalactiae.
J Clin Microb 2001;39:2814-2822.

7. Fleury B, Bergonier D, Berthelot X, Peterhans E, Frey J, Vilei EM. Characterization of P40, a
cytadhesin of Mycoplasma agalactiae. Infect Immun 2002;70:5612-5621.

8. Tola S, Crobeddu S, Chessa G, Uzzau S, Idini G, Ibba B, Rocca S. Sequence, cloning,
expression and characterisation of the 81-kDa surface membrane protein (P80) of
Mycoplasma agalactiae. FEMS Microbiol Lett 2001;202:45-50.

9. Fusco M, Corona L, Onni T, Marras E, Longheu C, Idini G, Tola S. Development of a
sensitive and specific enzyme-linked immunosorbent assay based on recombinant antigens
for rapid detection of antibodies against Mycoplasma agalactiae in sheep. Clin Vaccine
Immunol 2007;14:420-425.

10. Cheema PS, Singh S, Kathiresan S, Kumar R, Bhanot V, Singh VP. Synthesis of
recombinant P48 of Mycoplasma agalactiae by site directed mutagenesis and its
immunological characterization. Anim Biotechnol 2017;28:11-17.

11. Tola S, Manunta D, Cocco M, Turrini F, Rocchigiani AM, Idini G, Angioi A, Leori G.
Characterization of membrane surface proteins of Mycoplasma agalactiae during natural
infection. FEMS Microbiol Lett 1997;154:355-362.

12. Zhao P, He Y, Chu Yf, Gao PC, Zhang X, Zhang NZ, Zhao HY, Zhang K, Zhong XL.
Identification of novel immunogenic proteins in Mycoplasma capricolum subsp.
Capripneumoniae strain M1601. J Vet Med Sci 2012;74:1109-1115.

13. Dallo ShF, Kannan TR, Blaylock MW, Baseman JB. Elongation factor Tu and E1 B subunit
of pyruvate dehydrogenase complex act as fibronectin binding proteins in Mycoplasma
pneumoniae. Mol Microbiol 2002;46:1041-1051.

14. Sun Zh, Fu P, Wei K, Zhang H, Zhang Y, Xu J, Jiang F, Liu X, Xu W, Wu W. Identification
of novel immunogenic proteins from Mycoplasma bovis and establishment of an indirect
ELISA based on recombinant E1 beta subunit of the pyruvate dehydrogenase complex. PL0S
One 2014:9.

15. Liu Ch, Chin JX, Lee DY. SynLinker: an integrated system for designing linkers and
synthetic fusion proteins. Bioinformatics 2015;31:3700-3702.

16. Zhang Y, Skolnick J. TM-align: a protein structure alignment algorithm based on the TM-
score. Nucleic Acids Res 2005;33:2302-2309.

17. Inamine JM, Ho KC, Loechel S, Hu PC. Evidence that UGA is read as a tryptophan codon
rather than as a stop codon by Mycoplasma pneumoniae, Mycoplasma genitalium, and
Mycoplasma gallisepticum. J Bacteriol 1990;172:504-506.

18. Hemmatzadeh F, Sumarningsih S, Tarigan S, Indriani R, Dharmayanti NLPI, Ebrahimie E,
Igniatovic J. Recombinant M2e protein-based ELISA: a novel and inexpensive approach for
differentiating avian influenza infected chickens from vaccinated ones. PLoS One 2013;
8:56801.

19. Gabe CM, Brookes SJ, Kirkham J. Preparative SDS PAGE as an alternative to His-Tag
purification of recombinant amelogenin. Front Physiol 2017;8:424.

20. MacOwan KJ, Brand TF, McGillveray N, Hunter AR. Experimental infection of castrated
lambs with Mycoplasma agalactiae. J Hyg (Lond) 1984;93:455-463.

21.Whitaker WR, Lee H, Arkin AP, Dueber JE. Avoidance of truncated proteins from
unintended ribosome binding sites within heterologous protein coding sequences. ACS Synth
Biol 2015;4:249-257.

22. Salema V, Fernandez LA. High yield purification of nanobodies from the periplasm of E.
coli as fusions with the maltose binding protein. Protein Expr Purif 2013;91:42-48.

http://mbrc.shirazu.ac.ir 128



http://mbrc.shirazu.ac.ir/

