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In  Cereibacter  sphaeroides,  expression of  the Fla2 flagellar  genes depends on 
activation  of  the  conserved CckA–ChpT–CtrA phosphorelay,  broadly  distributed 
among  α-proteobacteria.  In  Caulobacter  crescentus,  the  pseudokinase  DivL 
modulates  CckA  activity:  it  promotes  kinase  activity  in  flagellated  cells,  while 
interaction with phosphorylated DivK in stalked cells favors phosphatase activity. C. 
sphaeroides lacks DivK but encodes a truncated DivL homolog composed solely of 
PAS domains. In this species, CckA is directly inhibited by Osp, a single-domain 
response  regulator  that  binds  its  transmitter  domain.  This  study  aimed  to 
characterize the PAS-only DivL and determine its role in Fla2 regulation.

Soft-agar assays revealed that SP13ΔdivL cells lost the Fla2-dependent swimming 
halo,  which  was  fully  rescued  by  expressing  divL  in  trans.  Consistently,  CtrA 
immunodetection and reporter assays revealed a marked decrease in CtrA levels 
and activity in SP13ΔdivL. In contrast, Δosp mutants exhibited enlarged swimming 
halos, and the  ΔdivLΔosp  strain regained this enhanced motility, suggesting that 
DivL counteracts Osp-mediated inhibition to promote CckA activation. 

An  in  vitro assay  confirmed  that  DivL  binds  directly  to  CckA’s  PAS  domains, 
providing the first direct evidence of a DivL–CckA interaction in any bacterium. To 
confirm this interaction in vivo,  we generated DivL-YFP and CckA-CFP fusions 
coexpressed in the same cell. Both fusions formed colocalized subpolar foci, and 
FRET analysis demonstrated their close proximity under physiological conditions.

To  further  understand  CckA  activation,  pseudorevertants  were  isolated  from 
SP13ΔdivL expressing osp in trans. These revealed mutations in the HisKA domain 
(Q451P, two Q443E) and the CA domain at  residue R497 (R497P/C/L).  Unlike 
CckAWT, which failed to rescue motility in the SP13ΔdivLΔcckA background, these 
mutants  restored  swimming  more  effectively  than  the  previously  characterized 
CckAL391F variant with enhanced autophosporylation activity.

In vitro phosphorylation assays revealed that CckAQ451P, CckAQ443E, and CckAR497C 

exhibited increased autophosphorylation rates and showed enhanced resistance to 
Osp-mediated  inhibition.  These  biochemical  traits  correlated  with  motility 
phenotypes observed when osp was expressed in trans. CckAR497C displayed the 
highest resistance, suggesting a stabilized active conformation that impairs Osp 
inhibition, despite detectable interaction in yeast two-hybrid assays that may not 
capture  subtle  changes  in  binding  affinity.  These  results  suggest  that  in  C. 
sphaeroides,  DivL  promotes  Fla2-dependent  motility  by  interacting  with  and 
activating CckA through its PAS domains, stabilizing a conformation that reduces 
Osp affinity and impairs its inhibitory function.

mailto:jrenico22@gmail.com

