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Abstract: cyclic di-GMP (c-di-GMP) is a universal second messenger in bacterial cells. It regulates various biological
processes such as biofilm development, pathogenicity, motility, exopolysaccharide (EPS) production and cell cycle. The
second messenger exerts its function by binding to effectors, such as riboswitches and proteins. However, due to the diverse
conformations of c-di-GMP, its effectors are hardly to be predicted by homology search. Identification of c-di-GMP
effectorsistheinitial step to investigate its regulatory function in bacterial signal transduction, however, it remains to be a
technically difficult task. Here we reviewed the mechanism of biofilm development controlled by c-di-GMP through
binding to various types of protein effectors, and summarized the screening strategies, including genetics analysis, protein
pull-down combined with LC/MS/MS identification, DRaCALA systematic screening and molecular docking-based
prediction. We also summarized experimental methods for verifying protein-c-di-GMP interaction, including isothermal
titration calorimetry, surface plasmon resonance, microscale thermophoresis etc. In addition, we discussed the advantages
and disadvantages of these strategies and methods. The present review aims to facilitate the future investigations that are
focused on regulatory role of novel c-di-GMP effectors.

Keywords: cyclic di-GMP, diguanylate cyclase, phosphodiesterase, effector, biofilm
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Fig. 1 Screening and verification of c-di-GMP effectors. Red dots represents c-di-GMP; blue, orange, ydlow, brown and purple
dots represent GTP, GMP, pGpG, cGMP and c-di-AMP respectively. Green dllipse represents candidate c-di-GMP effector; gray,
yellow and light yellow represent other proteins. (A) Genetic screening. Elevated cellular c-di-GMP concentration mutant was
obtained by overexpression a DGC, the candidate genes were screened by transposon mutagenesis and phenotypic test. Candidate
genes were sequenced and the coding protein interaction with ¢c-di-GMP was experimental proved in vitro. (B) Pull-down
combined LC/IMSMS. Cdl lysates, biotin-c-di-GMP and streptavid in beads were incubated at the absence or presence of
c-di-GMP, after severd times washing, the eluted proteins were andyzed by LC-MSMS. (C) DRaCALA screening. Proteins
expression grains were congtructed and used for DRaCALA assay, the candidate effectors were confirmed by nucleotides
competition assays. (D) Molecular docking. c-di-GMP conformation information was obtained from previoudy studied and
proteins structure information were obtained for PDB data bank, molecular docking was performed, the candidate protein
receptors were confirmed by in vitro interaction assay and genetic functions of the coding genes were analyzed.
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