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 Objective: To evaluate the effect of the glutamate metabolism related gene gltA on E.faecalis biofilm 

formation by gene expression profiling sequencing and constructing knock out and knock in strains. 

Methods: The differential gene of E.faecalis from four clinical isolates of refractory periapical 

periodontitis was analyzed by gene expression profiling sequencing. It is found that the up-regulated 

gltA gene is related to the ability of increased biofilm formation. The knock out and knock in strains of 

E.faecalis was constructed by shuttle vector and homologous recombination. Firstly, the growth curve 

and biofilms formation by both gltA strain strains were evaluated compared with standard strain of 

E.faecalis. Secondly, biofilm incubated in microfluidics were observed using confocal laser scanning 

microscopy (CLSM) at 4h, 12h and 24h. Then, the number of viable bacteria and biomass volume were 

calculated. Thirdly, the hydrophobicity of biofilm was measured in starvation environment, and the 

expression of glutamate metabolism and biofilm formation related genes was investigated using RT-

PCR.  

Results: The results of differential gene analysis showed that 152 genes were down-regulated and 10 

genes were up-regulated from the four clinical isolates of E.faecalis compared with E.f V583. The gltA 

gene is a key molecule of glutamate synthetase in glutamate metabolism among up-regulating genes. 

High expression and defective strains of gltA gene were successfully constructed, and the results 

showed that the gltA gene could affect biofilm formation, whereas it did not affect the bacterial growth 

rate. The CLSM images revealed that the knock out strain tends to grow slowly and relatively loose 

structures and poor thickness, whereas the knock in strain tends to aggregate into distinct clusters and 

relatively dense structures. The viable bacteria and biofilm biomass of knock out strain had reduced 

dramatically at 12h and 24h (P<0.05), but knock in strain had increased significantly at 12h and 24h 

(P<0.05). Then, the hydrophobicity of knock out strain declined under starvation environment (P<0.05) 

while the knock in mutan increased dramatically (P<0.05). In addition, the transcription of glnA, ace 

and esp genes were down-regulated (P<0.05) in the biofilm formation of the knock out strain while the 

three genes were up-regulated respectively in biofilm of the knock in strain.  

Concludes: GltA, a gene related to glutamate metabolism, can affect the biofilm formation of E. 

faecalis and is a key molecule in regulating biofilm.  
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Fig1. Biofilm formation of E.faecalis from clinical 

isolates of refractory periapical periodontitis. 

The biofilm formation ability of four samples 

marked as red box was  stronger than E.fv583. 

*Statistically significant at P<0.5. 

Fig2. Analysis of  differential genes shows that 152 genes were 

down-regulated and 10 genes were up-regulated from the 

four clinical isolates of E.faecalis compared with E.f V583.   

Fig3. Gene pathway map of glutamate metabolism of 

E.faecalis. The red box means up-regulated and 

the green box means down-regulated.  

Fig10. CLSM of biofilm ability of E.f glta in strain and E.f glta 

strain in 4h, 12h and 24h.  

Fig7. Biomass volume of three 

E.faecalis strains in 24h. 

Fig4. Growth curve of three 

E.faecalis strains in 24h. 

Fig5. Bioflim formation of of 

three E.faecalis strains by 

crystal violet  in 24h. 

Fig6. Viable bacteria volume of 

three E.faecalis strains in 

24h. 

Fig8. Hydrophobicity of bioflim 

of three E.faecalis strains 

in 24h. 

Fig9. Expression of related 

biofilm formation genes of 

three E.faecalis strains 
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