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Expression, purification and characterization of c-di-GMP binding
protein YcgR from Salmonella typhimurium
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Abstract: [Background] In the Salmonella typhimurium, the c-di-GMP binding protein YcgR could
inhibit flagellar motor speed by interacting with flagellar protein, which cause the bacteria stop
migrate, generate biofilm and infect the host. However, the structure and functions of YcgR as well
as the molecular mechanism of YcgR suppressing bacterial motion after binding to c-di-GMP are not
clear. [Objective] In this study, YcgR protein was expressed and purified in recombinant E. coli, and
then the c-di-GMP binding activity of YcgR were further characterized, which could lay a foundation
for determining the structure of YcgR and clarifying how c-di-GMP binding protein YcgR slowing
the movement of Salmonella typhimurium. [Methods] The recombinant E. coli was constructed for
expressing YcgR protein, which was further purified by Ni-NTA and SEC (Size exclusion
chromatography). After that, we predicted the structure of YcgR protein by comparing with other
homologous family proteins, and the secondary structure of YcgR was determined by circular
dichroism (CD). Finally, the binding parameters of YcgR and c-di-GMP were determined by
isothermal titration calorimetry (ITC) and protein thermal shift. [Results] Colony PCR and DNA
sequencing results showed that the recombinant E. coli for expressing YcgR was successfully
constructed. The size exclusion chromatography and polyacrylamide gel electrophoresis showed that
the molecular weight of YcgR was 28 kD and existed as dimer in the supernatant. The structure of
YcgR is highly similar to the homologous protein PP4396, which has a PilZ domain for binding
c-di-GMP, and CD results showed that YcgR had a stable secondary structure. In addition, ITC and
Thermal Shift indicated that YcgR had a strong and specific binding activity with c-di-GMP, and the Ky
value was 50 nmol/L. [Conclusion] The YcgR protein from Salmonella typhimurium was successfully
expressed in E. coli for the first time, and its ¢c-di-GMP binding activity were also characterized in
this study, which is very important for the study of the molecular mechanism of c-di-GMP binding
protein YcgR regulating flagellin, and provide a new strategy for bacterial anti-infective therapy.

Keywords: Salmonella, YcgR protein, c-di-GMP, Cloning expression and purification, Structural
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Figure 1 Production of ycgR gene amplified by PCR
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Figure 2 Colony PCR results of pET-28a-ycgR monoclonal
bacteria

M DL10000 DNA 1-5

Note: M: DL10000 DNA marker; 1-5: Represent different
monoclonal bacteria.
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Figure 3 SDS-PAGE analysis of prokaryotic expression
product YcgR protein

M OH 8H

P S

FT W E .
Note: M: Prestained protein marker; OH: Uninduced bacteria; 8H:
Induced bacteria; P: The pellet obtained by centrifugation; S: The

supernatant obtained by centrifugation; FT: Flow through; W:
The wash buffer; E: Elution buffer.
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Superdex 75 10/300 GL ( 4A) 2.4 YcgR EEBMTN R E & XiENE
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4 YcgR ERA{L K SDS-PAGE 2 f
Figure 4 YcgR protein purification and SDS-PAGE analysis
A B SDS-PAGE .
Note: A: Size exclusion chromatography purification result; B: SDS-PAGE analysis of purified protein samples.
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YegR 233 ENRERENE " RE 244
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Figure 5 YcgR protein sequence alignment and structural prediction and circular dichroism determination
A YcgR  PP4397 B- B- B YcgR PP4397
YcgR PP4397 C YcgR YcgR
Note: A: YcgR protein sequence alignment with PP4397, arrows represent p-sheet, cylinders represent a-Helix; B: Structural prediction
and compared with the structure of the PP4397 protein, blue represents YcgR, purple represents PP4397; C: Circular dichroism
determination, the different curve represent different concentrations of YcgR protein.
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Figure 6 ITC and thermal shift results
A YcgR c-di-GMP ITC B C YcgR c-di-GMP c-di-AMP
c-di-GMP  c-di-AMP.

Note: A: ITC results of YcgR with c-di-GMP, fitted titration curves and parameters; B, C: Protein thermal shift of YcgR with c-di-GMP
and c-di-AMP, the different curve represents different concentrations of c-di-GMP and c-di-AMP.
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