C-terminal charged cluster of the mechanosensitive channel MscL, RKKEE, functions as a pH
sensor
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A highly consered cluster of charged residues, RKKEE, located within the C-terminus of the bacterial
mechanosensite dannel MscL is essential for the channatigg. The mutated protein lacking these amino
acid residues is not functional (Haateal., 1997). Thisstructural motif is a part of a cytoplasmic helix and is
proposed to seevas a gbilizing element of the closed configuration of the MscL channel (Pet@tg 2001).

The crystal structure of MscL was obtained av [gH showing the channel in its closed state (Chahal.,

1998). In the crystal structure the charged residuesaainegf each other inside the C-terminal heliaahdie.

However an independent study of the channel closed structure (Petatq 2001) shows that at neutral pH

these residues are outwardly oriented facing the aqueous medium. This suggests that the orientation of the C
terminal helices relate o the aqueous medium is pH dependent. Thus, it is possible that the RKKEE cluster
functions as a pH sensdn the present study we examined the effects of pH as well as of cheegeareand
substitution within the RKKEE cluster on mechanoserigitiof E. coli MscL reconstituted into liposomes

using the patch-clamp technique.

Chage reversal mutations did not affect the free energy ofvatitin or actvation pressure of the channel
(AG, = 15.8 KT, p,, = 76.3 mmHg and\G,, = 16.4 KT, p, , = 84.2 mmHg) for the RKKEE wild type and the
EEKKR mutant respeately. Protonation of E107 and E108 residues, agdeby decreasing thexperimental
pH or replacement of getive chalges by glutamine, significantly increased free energy ofaticth for the
MscL channel due to an increase in\ation pressure p, (AG, = 26.9 KT, p,, = 120.2 mmHg for wild type
MscL at pH 5.5 and\G,, = 26.1 KT, p,, = 130.3 mmHg for the RKKQQ mutant channel at pH 7.0). A similar
increase IMG,, was dosened when posite chaiges were substituted by glutamidesy = 23.8 kT, p, , = 118.6
mmHg at pH 7.0) or thewverall charge of the clusteras neutralized by increasing experimental pH of the
RKKQQ mutant AG, = 25.7 KT, p,,, = 124.0 pH 9.5). Interestingly protonation of the positely chaged
residues of the RKKQQ mutant by lowering the experimental pH to 5.5 resulted (B0 mmHg) and\G,

(13.0 kT) comparable to the wild-type MscL atyplological pH of 7.0 suggesting the importance of the
preseration of the total charge of the clust®ur data indicate that the RKKEE ched cluster acts as a pH
sensor that regulates the stability of the cytoplasmic helix. Our data further suggest that, in contraatitgthe g
model proposed by Anishkigt al. (2003) the cytoplasmic helix is not only functioning as a siadusion filter

but also substantially influences channel gating.
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