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Bacterial cell division is regulated by the bacterial cytoskeletal protein FtsZ/MreB/RodZ and the level of Z ring assembly. MreB actin protein is 

found to regulate the cell wall component peptidoglycan synthesis and insertion. The cytokinesis process also is regulated during the biofilm 

stage at nutrient limiting conditions. However, if the nutrients are available during normal growth of life, the cell division rates and cytokinesis will 

be faster to reach to the optimum density to exhibit the density dependent gene network. Thus, the objective of this study is to find out the 

experimental evidences that the biofilm stage of bacterial cells experiences the effect of genes which regulate cytokinesis, morphology and 

cell wall synthesis for varied shape and size (pleomorphism) to exhibit the coordinated gene expression such as virulence or stress tolerance 

and/or shift to other suitable substratum for establishing the colonization. I propose to study the link of bacterial cytoskeleton genes with the 

different stages of biofilm growth in bacteria. 
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Abstract 

Introduction 

Morphogenesis is a highly important theme in 

both biology and elemental structure. In nature, 

self-organization can lead to significant 

selective advantages for living organisms and 

is found also in biofilm forming bacteria1. 

Biofilms are incredibly heterogeneous at the 

microscopic level and look very much like 

cities bustling with micro colonies, 

connected by channels through which water, 

nutrients, and oxygen can diffuse8. An 

important unexplored consequence of the 

formation of high-density bacterial colonies 

is spatial organization caused by the ‘‘contact 

biomechanics’’ arising from cellular growth and 

division. The main phenotypic characteristic of 

a microbial cell is their shape. Microbes can 

also actively change their morphology in 

response to environmental stimuli, such as 

changes to nutrient levels or predation. 

Bacterial cell shape is structurally determined 

by the cytoskeleton proteins and cell wall 

build with peptidoglycan. The rod shape of 

most bacteria requires the actin homolog, 

MreB/RodZ protein to maintain their structural 

integrity. FtsZ, a tubulin like protein that 

assembles in a concentration-dependent 

manner to form the scaffold for the cytokinetic 

ring helps in the maintaining cell size 

homeostasis 4. 
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Figure 1: Force generated by cytoskeleton protein (a) Crescentin 

(CreS) reduces the strain at one side of the cell (b) FtsZ generates an 

inwardly directed constriction force in vesicle (c) MreB filaments 

provides the stiffness. 

Figure 2: Imbalance of Z ring formation with nutrient deficiency (a) 

The glucosyltransferase UgtP inhibits division in a carbon-

dependent manner. (Top) In a rich carbon source, high intracellular 

concentrations of UDP-glc stimulate UgtP (green) localization to 

mid-cell where it interacts directly with FtsZ to inhibit assembly 

and/or maturation of the FtsZ ring and increase cell size. (Bottom) 

During growth in a poor carbon source, UgtP expression levels are 

reduced and the remaining protein is sequestered in randomly 

positioned foci, permitting division to proceed unimpeded and 

reducing average cell size. (b) control of FtsZ ring formation by 

UgtP. (c) KidO and GdhZ negatively regulate FtsZ assembly, and 

likely function to prevent premature Z ring formation early in the 

cell cycle and to stimulate Z ring disassembly during divisome 

constriction/cytokinesis. (d) PDHE1α may help to stimulate more 

efficient Z ring formation at midcell under nutrient-rich conditions in 

which cells need to divide more often due to a shorter mass 

doubling time. 

Figure 3: Relationship  between (a) cell length and nutrient 

availability. Cell lengths increased with increasing distances 

separating the bacteria from their nutrient source, which decreases 

nutrient flux according to Fick's law. Effect of O2 on cell length (b) in 

absence of oxygen cells were elongated with multiple nucleoid (v) 

Quantitative RT-PCR analysis of genes involved in cell division and 

peptidoglycan synthesis. 

Figure 4: Micro niche within the biofilm (a) topographic pH of biofilm 

(pHs 4.0 to 8.0, red-yellow  (b) horizontal and vertical  structure of 

colony biofilm with simulated concentration of oxygen, with increasing 

depth oxygen concentration will be decreased. Thus, it suggests that 

biofilms consist of  different micro environment. 

Figure 6: Phenotypic variation of Bacillus subtilis MTCC736 in biofilm growth 

(a) time laps of colony biofilm (b) phenotypic variation of bacterial shape in 

different time interval of biofilm formation. They formed chain like structures 

after 15h of biofilm development. 

Preliminary Work 

Conclusion 

Key questions? 

 Do the bacterial phenotypic changes occur during 

biofilm formation? 

 Is there any relationship between cytoskeleton 

protein and biofilm in phenotypic switching? 

 Phenotypic variation of Bacillus subtilis in biofilm mode 

is the indication of the involvement of cytoskeleton protein 

in biofilm development and maintenance. 

 Role of cytoskeleton protein in biofilm development will 

be studied further. 

Figure 5: A schematic diagram illustrating the  different stages in 

phenotypic switching of P. lautus NE3B01 during  biofilm growth.  
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