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Investigating the expression and adhesive role of the heat shock
protein GrpE in Mycoplasma bovis
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Abstract: [Objective] To analyze the evolutionary conservation and structural characteristics of
the heat shock protein GrpE from Mycoplasma bovis, elucidate its subcellular localization, and
investigate its biological properties in mediating the adhesion process. [Methods] Primers were
designed based on the GrpE gene sequence (GenBank accession number: CP002188.1) of
Mycoplasma bovis PG45, and the prokaryotic expression vector pET-GrpE was constructed.
Following gene sequencing, bioinformatics methods were employed to analyze the homology,
phylogenetic relationships, physicochemical properties, and structural characteristics of GrpE.
Following transformation of the recombinant plasmid and induced expression, the yielded
recombinant GrpE protein was purified via nickel affinity chromatography, and then SDS-PAGE
was conducted. The purified recombinant protein was used to immunize New Zealand White
rabbits to generate polyclonal antibodies, with the antibody titer determined by ELISA and
immunogenicity assessed via Western blotting. The subcellular localization of GrpE was examined
via indirect indirect fluorescent antibody assay (IFA), ELISA, and Western blotting. The adhesion
function of GrpE was validated through integrated IFA and ELISA. [Results] The prokaryotic
expression vector pET-GrpE was successfully constructed in this study. Bioinformatics analysis
revealed that the GrpE sequence was highly conserved in Mycoplasma bovis (with identity
exceeding 95%). The encoded protein consisted of 341 amino acid residues, with no signal peptide
and transmembrane domain but potential N-glycosylation and phosphorylation sites. SDS-PAGE
results confirmed the successful expression of GrpE in a soluble form. Polyclonal antibodies
generated via the purified recombinant protein exhibited a titer of 1: 16 000. Western blotting
analysis further verified the strong immunogenicity of the GrpE protein. Localization studies using
IFA, ELISA, and Western blotting indicated that GrpE is distributed in both the cell membrane and
the cytoplasm, with predominant distribution observed on the membrane surface. Importantly, the
anti-GrpE polyclonal antiserum significantly inhibited the adhesion of Mycoplasma bovis to
embryonic bovine lung (EBL) cells. Furthermore, binding assays demonstrated that the interaction
between GrpE and host cell membrane proteins is dose-dependent, and this binding was inhibited
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by the polyclonal antibody (P<0.001). [Conclusion] GrpE is identified as a highly conserved novel
adhesion of Mycoplasma bovis that directly participates in the adhesion to host cells, providing a
key molecular target for elucidating the pathogenic mechanism of Mycoplasma bovis.

Keywords: Mycoplasma bovis;, GrpE protein; prokaryotic expression; subcellular localization;

adhesion properties
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Solarbio /A w]; ECL Rifkilg, LR KA
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BROCHRBHE A FBIGET], BioFroxx A F;
High Affinity Ni-NTA Resin, GenScript 22 H); &
Pt Mb FIRZ PG AT %= 5 .
1.2 Mb 157 R ERE BRI EZE
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BamH I (_L3i5)F1 Xho T (FUH BN &, 5191
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AT ALEEY), 37 °CHEYI] 6-7 h J5 I H 38 F %Y

P4 actamicro@im.ac.cn, 7 010-64807516

DNA lifb IR & Bl =4 . B E
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#1 GrpE2EEKRER

Table 1 Information of GrpE reference strains

R GenBank 5 %5 K Ir A
Strain name GenBank accession number Origins Separatist year
Mpycoplasmopsis bovis PG45 CP002188.1 USA 1962
Mycoplasmopsis bovis HB0801 CP002058.1 China 2012
Mpycoplasmopsis bovis Hubei-1 CP002513.1 China 2008
Mycoplasmopsis bovis CQ-W70 AlA34177.1 China 2009
Mycoplasmopsis bovis KG4397 BBJ33502 Japan 2012
Mycoplasmopsis bovis WP141790845 USA 1962
Mpycoplasmopsis agalactiae WP433962572.1 Poland 1931
Mycoplasmopsis agalactiae 14628 EIN15301.1 France 2006
Mycoplasmopsis primat WP051622776 USA 1971
Mycoplasmopsis tauri WP223656126 Austria 1964
Mpycoplasmopsis felifaucium WP338822355.1 Britain 2000
Mycoplasmopsis phocirhinis WP130429694.1 USA 1991
Mycoplasmopsis gallinarum WP063626320.1 Canada 1955
Mycoplasmopsis californica WP051604552.1 USA 1981
Mpycoplasmopsis hominis WP114091269.1 Germany 1953
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(1:10-1:2 560 Fi B T & B A, FlJE A
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&, Pt GrpE L& (1:1 000)F11L1 -4 % HRP-IgG
(1:5 000) 43 A A —HU R —Hi. 37 °CIFH J5 {H
8 SR & TMB, I ODyso . B X 18
Jy BSA b,
1.11 BB S S0

AR FR P E R 2 . TR Gty
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TR 22 M 3 (P<0.001),

2 ERE599
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LA SRR B/ B Rk DNA s, it
PCR ¥ #3545 4 S JFAR s o B bk GrpE LA T
B, HR/N 1026 bp (K 1A), SFHUHIR/N—
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ity V) Je 4z, 3RS B4R pET-GrpE, 48 XUl
DI I, P45 R & (E 1B).
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Figure 1

Molecular cloning of Mycoplasma bovis GrpE and validation of recombinant plasmid. A: Gene

amplification (Lane M: DNA molecular weight markers; Lane 1: GrpE gene PCR product); B: pET-GrpE double

enzyme digestion identification (Lane M: DNA molecular weight markers; Lane 1: pET-GrpE double enzyme

digestion product).
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AN S SRR ] () A
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39.72 kDa. Z&E & AR (12.9%), 1
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I X 5 . SWISS-MODEL T il %) = 4 4% 4 45 71
(K 3A-3B) B A & = i v SEPE(GMQE 4 0.79),
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I (K 3C), Clash score & 0.36, #E—LUESL T
Y ) ME AR PE . NetNGlye 1.0 Tl 78 55 11 7
RACTEREERFEALAFAE— T BB N-BEIEALA 5
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Figure 2 Homology analysis and phylogenetic tree of GrpE. A: Homology heat map [The colour gradient from
blue (low homology) to red (high homology) indicates the genetic similarity between different strains]; B: The
phylogenetic tree was constructed based on multiple sequence alignment analysis and inferred using the neighbor-
joining method [The numbers on each node in the figure indicate the homology (percentage) of that branch,
reflecting the confidence level of the corresponding branch; The sequence numbers in parentheses are the accession
numbers in the GenBank database, used to identify each strain; Nodes marked with red triangle represent the
Mycoplasma bovis Wuwei isolate analyzed in this study; The scale represents genetic distance (units of 0.10) used

to measure genetic differences between strains, with smaller values indicating closer genetic relationships].
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Figure 3  Prediction of the tertiary structure of Mycoplasma bovis GrpE protein and its Raman spectroscopy
analysis diagram. A - B: Predicted tertiary structure of Mycoplasma bovis GrpE protein (Different colours
represent different secondary structures: blue represents o-helices, orange represents B-sheets, and green
represents random coils); C: Raman spectroscopy analysis diagram (The distribution of points indicates the
dihedral angle values of each residue in the protein; The colour coding indicates different Raman shifts: red dots
represent residues located in the most favourable region, yellow dots represent residues located in the allowed

region, blue dots represent residues located in the loose region).
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Figure 4 Purification of tMb GrpE protein and titration of polyclonal antibody. A: SDS-PAGE analysis of
protein purification [Lane M: Protein molecular weight standards; Lane 1: Whole bacteria; Lane 2: pET-GrpE

induced precipitation; Lane 3: pET-GrpE induced supernatant; Lane 4, 5: Purified recombinant protein; Lane 6:

Induced pET-28a(+)]; B: ELISA assay for determining antibody titers against recombinant human Mycoplasma

bovis GrpE protein.
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Figure 5 Immunogenicity analysis of recombinant
protein. Lane M: Protein molecular weight standards;
Lane 1: Purified recombinant protein GrpE; Lane 2:

IPTG-induced pET-28a(+) expressing bacteria.
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Figure 6 Distribution of the recombinant protein GrpE in Mycoplasma bovis. A: ELISA detection of GrpE
distribution in Mycoplasma bovis [The figure includes a negative control group (BSA) and experimental groups
(cytoplasmic protein, membrane protein, and bacterial protein). Compared with the negative control group, ***
indicates P<0.001, indicating a highly significant difference; Compared with the membrane protein, *** indicates
P<0.001, indicating a highly significant difference. Error bars represent the standard error of the mean (SEM) for
each group]; B: Western blotting analysis of the subcellular localization of the GrpE protein (Lane M: Molecular
weight standards for proteins; Lane 1: Mycoplasma bovis whole bacterial proteins; Lane 2: Mycoplasma bovis
membrane proteins; Lane 3: Mycoplasma bovis cytoplasmic proteins; Lane 4: Purified recombinant protein); C:
Immunofluorescence assay to verify the distribution of GrpE on the Mycoplasma bovis cell membrane surface
(20%) [a: Negative control (pre-immunization serum); b: Positive control (Mycoplasma bovis bacterial antiserum);

c: Test group (rMb GrpE antiserum)].
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Figure 7 Effect of rGrpE antiserum on Mycoplasma bovis-adhered EBL cells. A: Immunofluorescence staining

analysis of the adhesion of Mycoplasma bovis and EBL cells (The GrpE protein was pretreated with rabbit anti-

rGrpE, anti-Mb, or pre-immunisation serum, and then the adhesion ability was observed, with DMEM as the

blank control); B: Immunofluorescence quantitative analysis of adhesion levels [ns indicates no significant

difference, *** indicates extremely significant difference (P<0.001)].
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Figure 8 The adhesion of rGrpE to EBL cells and the inhibition of the adhesion of rGrpE to EBL cells by rGrpE
positive serum. A: rGrpE binds to EBL cell membrane extracts in a dose-dependent manner [Bovine serum
albumin (BSA) was used as a negative control]; B: Anti-rGrpE serum inhibits the binding of rGrpE to EBL cell
membranes [Pre-immune serum was used as a negative control. Compared with the negative group, *** indicates

extremely significant difference (P<0.001)].
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