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Each subunit spans the membrane twice

N-terminal ligand recognition loop in the
periplasmic space

C-terminal signaling and adaptation
domain in the cytoplasm

Repellent binding at periplasmic N-terminal
domain stimulates autophosphorylation of
CheA at the cytosplasmic C-terminal
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» Introduction of an Ndel site at the same relative position than in tar and tsr
genes by site directed mutagenesis

» Reciprocal exchange of coding regions on either side of the Ndel site

» All chimera made this way have the ligand-sensing properties corresponding
to the periplasmic domain of the hybrid




Construction of Tar-EnvZ and Trg-EnvZ chimera

o EnvZ is a sensor-kinase of £. coli for osmosensing - chemoreceptor-sensor-
kinase-hybrid

= Also a homodimer and the predicted membrane topology is similar to
chemoreceptors

» similar architecture dictates a similar mechanism of transmembrane signaling ?

o Introduction of Ndel sites in env.Z gene at location judged to be comparable
with that of Ndel site in tar

o Exchange of coding regions
o For monitoring: ompC-/acZ fusion gene

» B-galactosidase induction by Tar/Trg ligands worked quite well, but...
» Problem: reciprocal hybrid not testable because EnvZ lacks a known ligand
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o Regulates expression of genes for utilization of nitrate and nitrite as terminal
electron receptors under anaerobic conditions (nitrate or nitrite reductase)
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o pADA48: containing the narX(270)-tar gene
» no receptor expression detectable in immunoblot

o pAD56: containing the narX(218)-tar gene
» stable expression of Nart receptor of ~55 kDa size

= pMK113 (pfar): containing £. coli tar-gene

E. coli strains:

o RP437: wild type: containing tar, tsr, trg, tap genes

o MM509 (Atar-tap). containing &srand frg genes, but lacks farand {gp genes




cytoplasmic domain of Tsr

o For narX(270)-tar gene: no receptor detectable
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» VB13: no spreading = absence of chemoreceptors renders them exclusively
smooth swimming

» VB13/pAD56: spreading colony - Nart stimulates CheA - - - tumbling

= But no formation of chemotactic rings in semi-solid TB agar containing
various concentrations of nitrate or nitrite

Reason: Formation of chemotactic rings require metabolism of
attractant/repellent to create a relative gradient




= Cells were mixed with antifilament antibody and tethered to glass coverslip

= Whole coverslip was put into a flow chamber

Results:

Table 1. Rotational biases of tethered cells.

Strain Percentage time in CCW rotation®
VB13 99.5 + 0.5

VB13/pAD56 91 + 1

MM509 1+5b

MM509/pAD56 20+ 2

a. The values shown are the means of the percentage time spent
rotating CCW out of 60s, + the standard error. Data from 20 cells
were averaged for each strain.



Table 2. Responses of tethered cells to the addition of repellents.

Time of CW-only rotation (s) until the first CW — CCW reversal after repellent added at the indicated concentration (M)

Leucine added 107 1074 108 10°® Nickel added 107 10~ 1078 1078
Strains Strains

MM500 28 + 1 10+ 0.8 6+0.8 5+04 MM500 26+ 2 19 + 1 5+0.4 3+03
MM509 0 0 0 0 MM509 ND ND ND ND
MM509/pTar 5+0.4 2+0.3 0 0 MM509/pTar 480 + 19 350 + 25 2542 0
MM509/pAD56 0 0 0 0 MM509/pAD56 0 ND ND ND
VB13 0 0 0 0 VB13 0 0 0 0
VB13/pTar 0 ND ND ND VB13/pTar 740 + 28 610 + 26 2+04 0
VB13/pAD56 ND ND ND ND VB13/pAD56 ND ND ND ND
Nitrate added 1072 10 108 106 Nitrite added 102 10 105 106
Strains Strains

MM500 0 ND ND ND MM500 0 ND ND ND
MM509 ND ND ND ND MM509 ND ND ND ND
MM509/pTar ND ND ND ND MM509/pTar ND ND ND ND
[MM509/pAD56 0 ND ND ND MM509/pAD56 0 ND ND ND |
VB3 0 0 0 0 VB13 0 0 0 0
VB13/pTar 0 ND ND ND VB13/pTar 0 ND ND ND
VB13/pAD56 84+7 11 +1 6+ 1 0 VB13/pAD56 10+ 0.6 11 +1 6+ 1 0

ND, not determined.




» flow chamber assay with tethered cells to check response on repellent
removal




= VB13/pAD56

o Extended periods of CCW rotation (thresholds: 10-> M for nitrates, 103 M for
nitrite

o Peak adaptation times (at 102 M): 1100 s for nitrate, 420 s for nitrite

o= MM509/pAD56
o Similar behavior, but lower threshold: for both 10 M
o Peak adaptation times (at 102 M): 790 s for nitrate, 380 s for nitrite

= MM509 and MM509/pAD56

o Removal of leucine also evoke CCW response, but much weaker
o Peak adaption times (at 102 M): 66 s for MM509 and 79 s for MM509/pAD56




move up a diffusion gradient of attractant

= Here: cell suspension with repellent (pond) > cells will flew into a capillary
filled with repellent-free buffer

» counting cells in capillary

» average number of cells in capillary coming out of a pond without repellent is
used as reference
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Summary and conclusion

= Nitrate and nitrite evoked CW flagella rotation (tumbling) as response in
MM509/pAD56 and VB13/pAD56 cells

= The responses of these cells to addition and removal of nitrate/nitrite
resemble those of MM509/pMK113 and VB13/pMK113 cells to addition and

removal of Ni2*

» Nitrate and nitrite elicit bona fide repellent responses in cells expressing the
Nart chimeric receptor

o Results of repellent-in-pond capillary assay reinforce conclusion, that NarX-
Tar fusion protein mediates full functional and normal sensing, signaling and
adaptation

o Nitrate elicited responses at lower concentrations and with longer peak
adaptation times than nitrite

» Nitrate seems to have a higher affinity to the Nart receptor than nitrite
» Similar to the binding affinities to the naive NarX receptor
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