RS28A, RS28B, RS28C, RS28F, RS28R, RS28bae, RS28AB (Table 6.1): Strain TB28
(Bernhardt and de Boer 2003) was used to provide a AlacZYA background for certain strains.
RS28A resulted from P1 transduction of AyqjA::Tet® into strain TB28. RS28B was prepared by
P1 transduction of AyghB781::Kan® into TB28. Similarly, RS28C, RS28F, RS28R, and RS28bae
were created by P1 transduction of AcpxR772::Kan®, ApspF739::Kan®, AresB770::Kan® and
AbaeR778::Kan® into TB28, respectively. RS28AB was generated by P1 transduction of

AygjA::Tet? into strain RS28B.

RS28ABC, RS28ABF, RS28ABR, RS28ABrcsF, RS28ABbae (Table 6.1): RS28ABC
was generated starting from RS28B. The removal of the Kan® cassette from RS28B with FLP
recombinase expressed from pCP20 resulted in the strain RS28B*. P1 transduction of
AcpxR772::Kan® into RS28B* resulted in generation of strain RS28BC. Subsequent P1
transduction of AygjA::Tet® into RS28BC resulted in strain RS28ABC. Similarly, RS28ABF,
RS28ABR, RS28ABrcsF and RS28ABbae were generated starting from P1 transduction of
ApspF739::Kan®, AresB770::Kan®, ArcsF721:Kan® and AbaeR778::Kan® into RS28B*,
respectively, followed by subsequent P1 transduction of AygjA::Tet® into each of the resulting

strains.

BC202C, BC202F, BC202R and BC202bae: BC203 (Thompkins, Chattopadhyay et al.
2008) was transduced to Kan® using a P1 lysate from strain JW3883 (Table 6.1), and an isolate
was subsequently cured of Kan® using FLP recombinase resulting in strain BC203C. Subsequent
P1 transduction of AyghB781::Kan" into strain BC203C resulted in strain BC202C. Following a
similar order, ApspF739::Kan®, ArcsB770::Kan® and AbaeR778::Kan® were transduced into

BC203 followed by curing of Kan® from each of the resultant strains using FLP recombinase and
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The strong Rcs activation in BC202 automatically begs the question if the temperature
sensitivity of BC202, which also results from cell lysis after about a 2 hr growth at non-
permissive temperatures (Thompkins, Chattopadhyay et al. 2008), is due to its strong Rcs
activation. Therefore, it was verified if the activation of Rcs phosphorelay in BC202 is related in
any way to its phenotypes. Both RS28ABR and BC202R retain the characteristic cell division
defects (data not shown) and temperature sensitivity (Fig. 6.10Ei), even when the Rcs activation
has been attenuated by the removal of the transcriptional response regulator RcsB (Fig. 6.1D).
This suggests that Rcs activation in BC202 is not the cause of its cell division defects and
temperature sensitivity. Growth of the strain RS28AB harboring pRS103 in LB supplemented
with 10 mM MgCl, completely alleviated the Rcs stress response while addition of 400 mM
NaCl in growth media or growth in acidic media (pH 6.0) partially but significantly attenuated
the Rcs response in RS28AB (Fig. 6.6). All of these growth conditions can restore the cell
division and temperature sensitivity of BC202/RS28AB (this study and (Thompkins,
Chattopadhyay et al. 2008)). These results led to the conclusion that the cell division and
temperature sensitivity of BC202 are unrelated to its Rcs activation and probably share a

common cause as or an effect stemming from a perturbed envelope.

The Bae stress response is significantly activated in BC202. In order to measure the
activation of Bae stress response system, lacZ was cloned under regulation of the BaeR
responsive mdtA promoter in the low-copy vector pACYC184 resulting in the plasmid pRS104
(Table 6.1). The promoter of mdtA is dependent on both CpxR and BaeR for optimal activation
(Hirakawa, Inazumi et al. 2005). Since the Cpx pathway is already induced in BC202, it was

verified if pRS104 responds to only Cpx activation. As shown in (Fig 1E), deletion of cpxR did
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for multicopy suppressors of BAL420 using a genomic DNA library prepared from BAL420
itself has revealed a region of E. coli genome which contains two genes - focB encoding for a
putative formate transporter of the FNT (Formate Nitrate Transporter) protein family catering to
the respiration-linked proton translocating formate hydrogenylase (Hyf) complex (Andrews,
Berks et al. 1997) and yfgO, encoding a predicted IM permease belonging to the UPF0118
protein family (Saier, Tran et al. 2006) (preliminary observations; unpublished). The same
“multicopy suppressor” construct is also able to suppress the temperature sensitivity of BC202.
Further characterization of BAL420 is expected reveal more intriguing details about the “C-

group” of DedA family proteins in E. coli.

The models proposed here to explain the physiological roles of YgjA/YghB in E. coli
need a lot of further work and refinement. The primary concern is establishing the molecular
mechanism of PMF homeostasis in BC202 and how it differs from the wild-type parent strains
under similar conditions. The membrane potential of BC202 has been determined under various
growth conditions but the intracellular pH still needs to be established. As proton influx seems to
be crucial for the correction of the phenotypes exhibited by BC202, we are harboring the idea
that the intracellular pH is likely to be more alkaline than normal (i.e. the cells experiencing
alkaline stress). The cytoplasmic pH of E. coli can be accurately determined by several well
established spectrofluorimetric techniques using ratiometric GFP (Wilks and Slonczewski 2007)
as well as other fluorescent molecules (Slonczewski, Fujisawa et al. 2009). In addition, the
cellular energetics (for e.g. the ATP levels, electron transport etc.) need to be analyzed if indeed
YQqjA/YghB is playing a role in the regulation of respiratory complexes. The exact cause of the
temperature sensitivity is still not determined and neither is the nature of attenuation that is

imparted on the activity of membrane associated PssA in BC202 for the regulation of membrane
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phospholipid composition. Finally, demonstration of actual proton translocation in inverted
membrane vesicles prepared from W3110 and BC202 will refine the proposed models
considerably and will establish YqjA/YghB as bona fide proton transporters. In addition, protein-
protein interactions (immunoprecipitation and co-immunoprecipitation techniques) will unravel
the exact molecular nature of the interactions YqjA/YghB might have with each other or with

other cognate partners to further understand their precise functional nature in the cell.

179



REFERENCES

Adams, D. W. and J. Errington (2009). "Bacterial cell division: assembly, maintenance and
disassembly of the Z ring." Nat Rev Microbiol 7(9): 642-653.

Addinall, S. G., E. Bi, et al. (1996). "FtsZ ring formation in fts mutants.” J Bacteriol 178(13):
3877-3884.

Ades, S. E., I. L. Grigorova, et al. (2003). "Regulation of the alternative sigma factor sigma(E)
during initiation, adaptation, and shutoff of the extracytoplasmic heat shock response in
Escherichia coli." J Bacteriol 185(8): 2512-2519.

Adler, J. and E. Bibi (2002). "Membrane topology of the multidrug transporter MdfA:
complementary gene fusion studies reveal a nonessential C-terminal domain." J Bacteriol
184(12): 3313-3320.

Alami, M., D. Trescher, et al. (2002). "Separate analysis of twin-arginine translocation (Tat)-
specific membrane binding and translocation in Escherichia coli.” J Biol Chem 277(23):
20499-20503.

Alder, N. N. and S. M. Theg (2003). "Energetics of protein transport across biological
membranes. a study of the thylakoid DeltapH-dependent/cpTat pathway." Cell 112(2):
231-242.

Anderson, D. E., F. J. Gueiros-Filho, et al. (2004). "Assembly dynamics of FtsZ rings in Bacillus
subtilis and Escherichia coli and effects of FtsZ-regulating proteins.” J Bacteriol 186(17):
5775-5781.

Andrews, S. C., B. C. Berks, et al. (1997). "A 12-cistron Escherichia coli operon (hyf) encoding
a putative proton-translocating formate hydrogenlyase system.” Microbiology 143 ( Pt
11): 3633-3647.

Arai, M., L. Liu, et al. "DedA Protein Relates to Action-Mechanism of Halicyclamine A, a
Marine Spongean Macrocyclic Alkaloid, as an Anti-dormant Mycobacterial
Substance.” Mar Drugs 9(6): 984-993.

180



Baba, T., T. Ara, et al. (2006). "Construction of Escherichia coli K-12 in-frame, single-gene
knockout mutants: the Keio collection.” Mol Syst Biol 2: 2006 0008.

Bageshwar, U. K. and S. M. Musser (2007). "Two electrical potential-dependent steps are
required for transport by the Escherichia coli Tat machinery.™ J Cell Biol 179(1): 87-99.

Barabote, R. D., D. G. Tamang, et al. (2006). "Extra domains in secondary transport carriers and
channel proteins."” Biochim Biophys Acta 1758(10): 1557-1579.

Baranova, N. and H. Nikaido (2002). "The baeSR two-component regulatory system activates
transcription of the yegMNOB (mdtABCD) transporter gene cluster in Escherichia coli
and increases its resistance to novobiocin and deoxycholate." J Bacteriol 184(15): 4168-
4176.

Bassler, B. L. and R. Losick (2006). "Bacterially speaking." Cell 125(2): 237-246.

Begg, K. J. and W. D. Donachie (1985). "Cell shape and division in Escherichia coli:
experiments with shape and division mutants.” J Bacteriol 163(2): 615-622.

Beloin, C., J. Valle, et al. (2004). "Global impact of mature biofilm lifestyle on Escherichia coli
K-12 gene expression." Mol Microbiol 51(3): 659-674.

Bergler, H., D. Abraham, et al. (1994). "Inhibition of lipid biosynthesis induces the expression of
the pspA gene." Microbiology 140 ( Pt 8): 1937-1944.

Bernhardt, T. G. and P. A. de Boer (2003). "The Escherichia coli amidase AmiC is a periplasmic
septal ring component exported via the twin-arginine transport pathway." Mol Microbiol
48(5): 1171-1182.

Bernhardt, T. G. and P. A. de Boer (2004). "Screening for synthetic lethal mutants in Escherichia
coli and identification of EnvC (YibP) as a periplasmic septal ring factor with murein
hydrolase activity." Mol Microbiol 52(5): 1255-12609.

Bernhardt, T. G. and P. A. de Boer (2005). "SImA, a nucleoid-associated, FtsZ binding protein
required for blocking septal ring assembly over Chromosomes in E. coli." Mol Cell
18(5): 555-564.

181



Bi, E. F. and J. Lutkenhaus (1991). "FtsZ ring structure associated with division in Escherichia
coli." Nature 354(6349): 161-164.

Bianchi, A. A. and F. Baneyx (1999). "Hyperosmotic shock induces the sigma32 and sigmakE
stress regulons of Escherichia coli.” Mol Microbiol 34(5): 1029-1038.

Blankenhorn, D., J. Phillips, et al. (1999). "Acid- and base-induced proteins during aerobic and
anaerobic growth of Escherichia coli revealed by two-dimensional gel electrophoresis.” J
Bacteriol 181(7): 2209-2216.

Boughner, L. A. and W. T. Doerrler (2012). "Multiple Deletions Reveal The Essentiality of The
DedA Membrane Protein Family in Escherichia coli." Microbiology.

Bramkamp, M. and S. van Baarle (2009). "Division site selection in rod-shaped bacteria.” Curr
Opin Microbiol 12(6): 683-688.

Braun, V. (1975). "Covalent lipoprotein from the outer membrane of Escherichia coli.” Biochim
Biophys Acta 415(3): 335-377.

Buddelmeijer, N. and J. Beckwith (2004). "A complex of the Escherichia coli cell division
proteins FtsL, FtsB and FtsQ forms independently of its localization to the septal
region." Mol Microbiol 52(5): 1315-1327.

Bulygin, V. V. and A. D. Vinogradov (1991). "Interaction of Mg2+ with FO.F1 mitochondrial
ATPase as related to its slow active/inactive transition." Biochem J 276 ( Pt 1): 149-156.

Bury-Mone, S., Y. Nomane, et al. (2009). "Global analysis of extracytoplasmic stress signaling
in Escherichia coli.” PLoS Genet 5(9): €1000651.

Caldelari, 1., T. Palmer, et al. (2008). "Escherichia coli tat mutant strains are able to transport
maltose in the absence of an active malE gene." Arch Microbiol 189(6): 597-604.

Carballes, F., C. Bertrand, et al. (1999). "Regulation of Escherichia coli cell division genes ftsA
and ftsZ by the two-component system rcsC-rcsB." Mol Microbiol 34(3): 442-450.

182



Chen, J. C. and J. Beckwith (2001). "FtsQ, FtsL and Ftsl require FtsK, but not FtsN, for co-
localization with FtsZ during Escherichia coli cell division." Mol Microbiol 42(2): 395-
413.

Chen, J. C., D. S. Weiss, et al. (1999). "Septal localization of FtsQ, an essential cell division
protein in Escherichia coli.” J Bacteriol 181(2): 521-530.

Chen, M. H., S. Takeda, et al. (2001). "Characterization of the RcsC-->Y0jN-->RcsB
phosphorelay signaling pathway involved in capsular synthesis in Escherichia
coli.” Biosci Biotechnol Biochem 65(10): 2364-2367.

Cherepanov, P. P. and W. Wackernagel (1995). "Gene disruption in Escherichia coli: TcR and
KmR cassettes with the option of Flp-catalyzed excision of the antibiotic-resistance
determinant.” Gene 158(1): 9-14.

Clejan, S., T. A. Krulwich, et al. (1986). "Membrane lipid composition of obligately and
facultatively alkalophilic strains of Bacillus spp.” J Bacteriol 168(1): 334-340.

Connolly, L., A. De Las Penas, et al. (1997). "The response to extracytoplasmic stress in
Escherichia coli is controlled by partially overlapping pathways.” Genes Dev 11(15):
2012-2021.

Cormack, B. P., R. H. Valdivia, et al. (1996). "FACS-optimized mutants of the green fluorescent
protein (GFP)." Gene 173(1 Spec No): 33-38.

Costanzo, A. and S. E. Ades (2006). "Growth phase-dependent regulation of the
extracytoplasmic stress factor, sigmak, by guanosine 3',5'-bispyrophosphate (ppGpp)."” J
Bacteriol 188(13): 4627-4634.

Cronan, J. E. (2003). "Bacterial membrane lipids: where do we stand?" Annu Rev Microbiol 57:
203-224.

Cronan, J. E., Jr. (2002). "Phospholipid modifications in bacteria." Curr Opin Microbiol 5(2):
202-205.

183



Cronan, J. E., Jr. and E. P. Gelmann (1975). "Physical properties of membrane lipids: biological
relevance and regulation."” Bacteriol Rev 39(3): 232-256.

Dai, K., Y. Xu, et al. (1993). "Cloning and characterization of ftsN, an essential cell division
gene in Escherichia coli isolated as a multicopy suppressor of ftsA12(Ts)." J Bacteriol
175(12): 3790-3797.

Dajkovic, A. and J. Lutkenhaus (2006). "Z ring as executor of bacterial cell division." J Mol
Microbiol Biotechnol 11(3-5): 140-151.

Dalal, K. and F. Duong (2011). "The SecY complex: conducting the orchestra of protein
translocation.”" Trends Cell Biol 21(9): 506-514.

Daley, D. O., M. Rapp, et al. (2005). "Global topology analysis of the Escherichia coli inner
membrane proteome.” Science 308(5726): 1321-1323.

Danese, P. N. and T. J. Silhavy (1997). "The sigma(E) and the Cpx signal transduction systems
control the synthesis of periplasmic protein-folding enzymes in Escherichia coli." Genes
Dev 11(9): 1183-1193.

Danese, P. N. and T. J. Silhavy (1998). "CpxP, a stress-combative member of the Cpx
regulon.” J Bacteriol 180(4): 831-839.

Dartigalongue, C., D. Missiakas, et al. (2001). "Characterization of the Escherichia coli sigma E
regulon.” J Biol Chem 276(24): 20866-20875.

Darwin, A. J. (2005). "The phage-shock-protein response.” Mol Microbiol 57(3): 621-628.

Datsenko, K. A. and B. L. Wanner (2000). "One-step inactivation of chromosomal genes in
Escherichia coli K-12 using PCR products.” Proc Natl Acad Sci U S A 97(12): 6640-
6645.

Davis, M. S. and J. E. Cronan, Jr. (2001). "Inhibition of Escherichia coli acetyl coenzyme A
carboxylase by acyl-acyl carrier protein.” J Bacteriol 183(4): 1499-1503.

184



de Boer, P. A., R. E. Crossley, et al. (1989). "A division inhibitor and a topological specificity
factor coded for by the minicell locus determine proper placement of the division septum
in E. coli.” Cell 56(4): 641-649.

De Las Penas, A., L. Connolly, et al. (1997). "SigmaE is an essential sigma factor in Escherichia
coli." J Bacteriol 179(21): 6862-6864.

de Vrije, T., R. L. de Swart, et al. (1988). "Phosphatidylglycerol is involved in protein
translocation across Escherichia coli inner membranes.” Nature 334(6178): 173-175.

De Wulf, P., O. Kwon, et al. (1999). "The CpxRA signal transduction system of Escherichia coli:
growth-related autoactivation and control of unanticipated target operons.” J Bacteriol
181(21): 6772-6778.

DeChavigny, A., P. N. Heacock, et al. (1991). "Sequence and inactivation of the pss gene of
Escherichia coli. Phosphatidylethanolamine may not be essential for cell viability.” J Biol
Chem 266(8): 5323-5332.

DeLisa, M. P., P. Lee, et al. (2004). "Phage shock protein PspA of Escherichia coli relieves
saturation of protein export via the Tat pathway." J Bacteriol 186(2): 366-373.

DeLisa, M. P., C. F. Wu, et al. (2001). "DNA microarray-based identification of genes controlled
by autoinducer 2-stimulated quorum sensing in Escherichia coli." J Bacteriol 183(18):
5239-5247.

Diaz-Acosta, A., M. L. Sandoval, et al. (2006). "Effect of anaerobic and stationary phase growth
conditions on the heat shock and oxidative stress responses in Escherichia coli K-
12." Arch Microbiol 185(6): 429-438.

Dilks, K., R. W. Rose, et al. (2003). "Prokaryotic utilization of the twin-arginine translocation
pathway: a genomic survey." J Bacteriol 185(4): 1478-1483.

Doerrler, W. T. (2007). "Density gradient enrichment of Escherichia coli conditional msbA
mutants.” Appl Environ Microbiol 73(24): 7992-7996.

185



Doerrler, W. T. and C. R. H. Raetz (2002). "ATPase activity of the MsbA lipid flippase of
Escherichia coli.” J Biol Chem 277(39): 36697-36705.

Doerrler, W. T. and C. R. H. Raetz (2005). "Loss of outer membrane proteins without inhibition
of lipid export in an Escherichia coli YaeT mutant.” J Biol Chem 280(30): 27679-27687.

Doerrler, W. T., R. Sikdar, et al. (2012). "New functions for the ancient DedA membrane protein
family." J Bacteriol.

Dowhan, W. (1992). "Phosphatidylserine synthase from Escherichia coli." Methods Enzymol
209: 287-298.

Dowhan, W. (1997). "Molecular basis for membrane phospholipid diversity: why are there so
many lipids?" Annu Rev Biochem 66: 199-232.

Dubarry, N., C. Possoz, et al. (2010). "Multiple regions along the Escherichia coli FtsK protein
are implicated in cell division.” Mol Microbiol 78(5): 1088-1100.

Duguay, A. R. and T. J. Silhavy (2004). "Quality control in the bacterial periplasm." Biochim
Biophys Acta 1694(1-3): 121-134.

Ebel, W., G. J. Vaughn, et al. (1997). "Inactivation of mdoH leads to increased expression of
colanic acid capsular polysaccharide in Escherichia coli.” J Bacteriol 179(21): 6858-
6861.

Edgar, R. and E. Bibi (1997). "MdfA, an Escherichia coli multidrug resistance protein with an
extraordinarily broad spectrum of drug recognition.” J Bacteriol 179(7): 2274-2280.

Egler, M., C. Grosse, et al. (2005). "Role of the extracytoplasmic function protein family sigma
factor RpoE in metal resistance of Escherichia coli." J Bacteriol 187(7): 2297-2307.

Emoto, K. and M. Umeda (2001). "Membrane lipid control of cytokinesis." Cell Struct Funct
26(6): 659-665.

186



Engl, C., A. T. Beek, et al. (2011). "Dissipation of proton motive force is not sufficient to induce
the phage shock protein response in Escherichia coli.” Curr Microbiol 62(5): 1374-1385.

Engl, C., G. Jovanovic, et al. (2009). "In vivo localizations of membrane stress controllers PspA
and PspG in Escherichia coli.” Mol Microbiol 73(3): 382-396.

Faham, S., A. Watanabe, et al. (2008). "The crystal structure of a sodium galactose transporter
reveals mechanistic insights into Na+/sugar symport." Science 321(5890): 810-814.

Felle, H., J. S. Porter, et al. (1980). "Quantitative measurements of membrane potential in
Escherichia coli.” Biochemistry 19(15): 3585-3590.

Fitch, W. M. (2000). "Homology a personal view on some of the problems." Trends Genet 16(5):
227-231.

Fleischer, R., R. Heermann, et al. (2007). "Purification, reconstitution, and characterization of
the CpxRAP envelope stress system of Escherichia coli.” J Biol Chem 282(12): 8583-
8593.

Geissler, B., D. Elraheb, et al. (2003). "A gain-of-function mutation in ftsA bypasses the
requirement for the essential cell division gene zipA in Escherichia coli." Proc Natl Acad
Sci U S A 100(7): 4197-4202.

Geissler, B. and W. Margolin (2005). "Evidence for functional overlap among multiple bacterial
cell division proteins: compensating for the loss of FtsK." Mol Microbiol 58(2): 596-612.

Gerken, H., E. S. Charlson, et al. (2009). "MzrA: a novel modulator of the EnvZ/OmpR two-
component regulon.™ Mol Microbiol 72(6): 1408-1422.

Gervais, F. G., P. Phoenix, et al. (1992). "The rcsB gene, a positive regulator of colanic acid
biosynthesis in Escherichia coli, is also an activator of ftsZ expression.” J Bacteriol
174(12): 3964-3971.

Ghigo, J. M., D. S. Weiss, et al. (1999). "Localization of FtsL to the Escherichia coli septal
ring." Mol Microbiol 31(2): 725-737.

187



Goehring, N. W. and J. Beckwith (2005). "Diverse paths to midcell: assembly of the bacterial
cell division machinery." Curr Biol 15(13): R514-526.

Goehring, N. W., M. D. Gonzalez, et al. (2006). "Premature targeting of cell division proteins to
midcell reveals hierarchies of protein interactions involved in divisome assembly.” Mol
Microbiol 61(1): 33-45.

Goehring, N. W., I. Petrovska, et al. (2007). "Mutants, suppressors, and wrinkled colonies:
mutant alleles of the cell division gene ftsQ point to functional domains in FtsQ and a
role for domain 1C of FtsA in divisome assembly.” J Bacteriol 189(2): 633-645.

Gragerov, A. I., E. S. Martin, et al. (1991). "Protein aggregation and inclusion body formation in
Escherichia coli rpoH mutant defective in heat shock protein induction.” FEBS Lett
291(2): 222-224.

Grainge, 1., C. Lesterlin, et al. (2011). "Activation of XerCD-dif recombination by the FtsK
DNA translocase.” Nucleic Acids Res 39(12): 5140-5148.

Gueiros-Filho, F. J. and R. Losick (2002). "A widely conserved bacterial cell division protein
that promotes assembly of the tubulin-like protein FtsZ." Genes Dev 16(19): 2544-2556

Guisbert, E., T. Yura, et al. (2008). "Convergence of molecular, modeling, and systems
approaches for an understanding of the Escherichia coli heat shock response.” Microbiol
Mol Biol Rev 72(3): 545-554.

Guzman, L. M., D. S. Weiss, et al. (1997). "Domain-swapping analysis of Ftsl, FtsL, and FtsQ,
bitopic membrane proteins essential for cell division in Escherichia coli." J Bacteriol
179(16): 5094-5103.

Heath, R. J., S. Jackowski, et al. (1994). "Guanosine tetraphosphate inhibition of fatty acid and
phospholipid synthesis in Escherichia coli is relieved by overexpression of glycerol-3-
phosphate acyltransferase (plsB)." J Biol Chem 269(42): 26584-26590.

Heidrich, C., A. Ursinus, et al. (2002). "Effects of multiple deletions of murein hydrolases on
viability, septum cleavage, and sensitivity to large toxic molecules in Escherichia coli." J
Bacteriol 184(22): 6093-6099.

188



Hirakawa, H., Y. Inazumi, et al. (2005). "Indole induces the expression of multidrug exporter
genes in Escherichia coli.” Mol Microbiol 55(4): 1113-1126.

Hiratsu, K., M. Amemura, et al. (1995). "The rpoE gene of Escherichia coli, which encodes
sigma E, is essential for bacterial growth at high temperature.” J Bacteriol 177(10): 2918-
2922.

Hoch, J. A. (2000). "Two-component and phosphorelay signal transduction.” Curr Opin
Microbiol 3(2): 165-170.

Houppert, A. S., E. Kwiatkowski, et al. (2012). "Identification of chromosomal genes in Yersinia
pestis that influence type 111 secretion and delivery of Yops into target cells."” PLoS One
7(3): €34039.

Huang, Y. H., L. Ferrieres, et al. (2006). "The role of the Rcs phosphorelay in
Enterobacteriaceae.” Res Microbiol 157(3): 206-212.

Inadome, H., Y. Noda, et al. (2007). "Tvp38, Tvp23, Tvpl8 and Tvpl5: novel membrane
proteins in the TIg2-containing Golgi/endosome compartments of Saccharomyces
cerevisiae." Exp Cell Res 313(4): 688-697.

Inoue, H., H. Nojima, et al. (1990). "High efficiency transformation of Escherichia coli with
plasmids.” Gene 96(1): 23-28.

Inoue, K., H. Matsuzaki, et al. (1997). "Unbalanced membrane phospholipid compositions affect
transcriptional expression of certain regulatory genes in Escherichia coli." J Bacteriol
179(9): 2872-2878.

Ize, B., N. R. Stanley, et al. (2003). "Role of the Escherichia coli Tat pathway in outer membrane
integrity.” Mol Microbiol 48(5): 1183-1193.

Jenkins, D. E., E. A. Auger, et al. (1991). "Role of RpoH, a heat shock regulator protein, in
Escherichia coli carbon starvation protein synthesis and survival." J Bacteriol 173(6):
1992-1996.

189



Maurer, L. M., E. Yohannes, et al. (2005). "pH regulates genes for flagellar motility, catabolism,
and oxidative stress in Escherichia coli K-12." J Bacteriol 187(1): 304-319.

Mecsas, J., P. E. Rouviere, et al. (1993). "The activity of sigma E, an Escherichia coli heat-
inducible sigma-factor, is modulated by expression of outer membrane proteins.” Genes
Dev 7(12B): 2618-2628.

Mikhaleva, N. 1., V. V. Golovastov, et al. (2001). "Depletion of phosphatidylethanolamine
affects secretion of Escherichia coli alkaline phosphatase and its transcriptional
expression." FEBS Lett 493(2-3): 85-90.

Mikhaleva, N. 1., C. L. Santini, et al. (1999). "Requirement for phospholipids of the translocation
of the trimethylamine N-oxide reductase through the Tat pathway in Escherichia
coli." FEBS Lett 463(3): 331-335.

Mileykovskaya, E. and W. Dowhan (1997). "The Cpx two-component signal transduction
pathway is activated in  Escherichia coli  mutant strains lacking
phosphatidylethanolamine.” J Bacteriol 179(4): 1029-1034.

Mileykovskaya, E. and W. Dowhan (2005). "Role of membrane lipids in bacterial division-site
selection.” Curr Opin Microbiol 8(2): 135-142.

Mileykovskaya, E., Q. Sun, et al. (1998). "Localization and function of early cell division
proteins in filamentous Escherichia coli cells lacking phosphatidylethanolamine.” J
Bacteriol 180(16): 4252-4257.

Miller, J. H. (1972). Experiments in molecular genetics. [Cold Spring Harbor, N.Y.], Cold
Spring Harbor Laboratory.

Mogensen, J. E. and D. E. Otzen (2005). "Interactions between folding factors and bacterial
outer membrane proteins.” Mol Microbiol 57(2): 326-346.

Mohammadi, T., V. van Dam, et al. (2011). "ldentification of FtsW as a transporter of lipid-
linked cell wall precursors across the membrane.” Embo J 30(8): 1425-1432.

194



Mould, R. M. and C. Robinson (1991). "A proton gradient is required for the transport of two
lumenal oxygen-evolving proteins across the thylakoid membrane.” J Biol Chem
266(19): 12189-12193.

Nagahama, H., T. Oshima, et al. (2007). "Hyperexpression of the osmB gene in an acidic
phospholipid-deficient Escherichia coli mutant.” J Gen Appl Microbiol 53(2): 143-151.

Nagasawa, S., K. Ishige, et al. (1993). "Novel members of the two-component signal
transduction genes in Escherichia coli." J Biochem 114(3): 350-357.

Nikaido, H. (2003). "Molecular basis of bacterial outer membrane permeability
revisited." Microbiol Mol Biol Rev 67(4): 593-656.

Nishijima, S., Y. Asami, et al. (1988). "Disruption of the Escherichia coli cls gene responsible
for cardiolipin synthesis." J Bacteriol 170(2): 775-780.

Nishino, K., T. Honda, et al. (2005). "Genome-wide analyses of Escherichia coli gene expression
responsive to the BaeSR two-component regulatory system.” J Bacteriol 187(5): 1763-
1772.

Nonaka, G., M. Blankschien, et al. (2006). "Regulon and promoter analysis of the E. coli heat-
shock factor, sigma32, reveals a multifaceted cellular response to heat stress.” Genes Dev
20(13): 1776-17809.

Nonet, M. L., C. C. Marvel, et al. (1987). "The hisT-purF region of the Escherichia coli K-12
chromosome. Identification of additional genes of the hisT and purF operons.” J Biol
Chem 262(25): 12209-12217.

Ogura, T., K. Inoue, et al. (1999). "Balanced biosynthesis of major membrane components
through regulated degradation of the committed enzyme of lipid A biosynthesis by the
AAA protease FtsH (HfIB) in Escherichia coli.” Mol Microbiol 31(3): 833-844.

Ohashi, T., C. A. Hale, et al. (2002). "Structural evidence that the P/Q domain of ZipA is an
unstructured, flexible tether between the membrane and the C-terminal FtsZ-binding
domain.” J Bacteriol 184(15): 4313-4315.

195



Okada, M., H. Matsuzaki, et al. (1994). "Cloning, sequencing, and expression in Escherichia coli
of the Bacillus subtilis gene for phosphatidylserine synthase.” J Bacteriol 176(24): 7456-
7461.

Otto, K. and T. J. Silhavy (2002). "Surface sensing and adhesion of Escherichia coli controlled
by the Cpx-signaling pathway." Proc Natl Acad Sci U S A 99(4): 2287-2292.

Padan, E. (2008). "The enlightening encounter between structure and function in the NhaA Na+-
H+ antiporter." Trends Biochem Sci 33(9): 435-443.

Padan, E., E. Bibi, et al. (2005). "Alkaline pH homeostasis in bacteria: new insights.” Biochim
Biophys Acta 1717(2): 67-88.

Palmer, T. and B. C. Berks (2012). "The twin-arginine translocation (Tat) protein export
pathway." Nat Rev Microbiol 10(7): 483-496.

Parker, C. T., A. W. Kloser, et al. (1992). "Role of the rfaG and rfaP genes in determining the
lipopolysaccharide core structure and cell surface properties of Escherichia coli K-12." J
Bacteriol 174(8): 2525-2538.

Paulsen, 1. T., M. H. Brown, et al. (1996). "Proton-dependent multidrug efflux
systems." Microbiol Rev 60(4): 575-608.

Pichoff, S. and J. Lutkenhaus (2002). "Unique and overlapping roles for ZipA and FtsA in septal
ring assembly in Escherichia coli.” Embo J 21(4): 685-693.

Pogliano, J., J. M. Dong, et al. (1998). "Aberrant cell division and random FtsZ ring positioning
in Escherichia coli cpxA* mutants.” J Bacteriol 180(13): 3486-3490.

Pogliano, J., K. Pogliano, et al. (1997). "Inactivation of Ftsl inhibits constriction of the FtsZ
cytokinetic ring and delays the assembly of FtsZ rings at potential division sites." Proc
Natl Acad Sci U S A 94(2): 559-564.

Pratt, L. A. and R. Kolter (1998). "Genetic analysis of Escherichia coli biofilm formation: roles
of flagella, motility, chemotaxis and type I pili." Mol Microbiol 30(2): 285-293.

196



Price, N. L. and T. L. Raivio (2009). "Characterization of the Cpx regulon in Escherichia coli
strain MC4100." J Bacteriol 191(6): 1798-1815.

Priyadarshini, R., M. A. de Pedro, et al. (2007). "Role of peptidoglycan amidases in the
development and morphology of the division septum in Escherichia coli." J Bacteriol
189(14): 5334-5347.

Radchenko, M. V., K. Tanaka, et al. (2006). "Potassium/proton antiport system of Escherichia
coli." J Biol Chem 281(29): 19822-19829.

Raetz, C. R., C. M. Reynolds, et al. (2007). "Lipid A modification systems in gram-negative
bacteria." Annu Rev Biochem 76: 295-329.

Raetz, C. R. H. and J. Foulds (1977). "Envelope composition and antibiotic hypersensitivity of
Escherichia coli mutants defective in phosphatidylserine synthetase.” J Biol Chem
252(16): 5911-5915.

Raetz, C. R. H., G. D. Kantor, et al. (1979). "Cardiolipin accumulation in the inner and outer
membranes of Escherichia coli mutants defective in phosphatidylserine synthetase.” J
Bacteriol 139(2): 544-551.

Raetz, C. R. H., T. J. Larson, et al. (1977). "Gene cloning for the isolation of enzymes of
membrane lipid synthesis: phosphatidylserine synthase overproduction in Escherichia
coli." Proc Natl Acad Sci U S A 74(4): 1412-1416.

Raetz, C. R. H. and C. Whitfield (2002). "Lipopolysaccharide endotoxins.” Annu Rev Biochem
71: 635-700.

Raivio, T. L., D. L. Popkin, et al. (1999). "The Cpx envelope stress response is controlled by
amplification and feedback inhibition." J Bacteriol 181(17): 5263-5272.

Raivio, T. L. and T. J. Silhavy (1997). "Transduction of envelope stress in Escherichia coli by
the Cpx two-component system." J Bacteriol 179(24): 7724-7733.

197



Raivio, T. L. and T. J. Silhavy (1999). "The sigmaE and Cpx regulatory pathways: overlapping
but distinct envelope stress responses.” Curr Opin Microbiol 2(2): 159-165.

Rice, K. C. and K. W. Bayles (2008). "Molecular control of bacterial death and lysis." Microbiol
Mol Biol Rev 72(1): 85-109, table of contents.

Richard, H. and J. W. Foster (2004). "Escherichia coli glutamate- and arginine-dependent acid
resistance systems increase internal pH and reverse transmembrane potential.” J Bacteriol
186(18): 6032-6041.

Rietveld, A. G., A. J. Verkleij, et al. (1997). "A freeze-fracture study of the membrane
morphology of phosphatidylethanolamine-deficient Escherichia coli cells." Biochim
Biophys Acta 1324(2): 263-272.

Rose, P. W., B. Beran, et al. (2011). "The RCSB Protein Data Bank: redesigned web site and
web services." Nucleic Acids Res 39(Database issue): D392-401.

Rose, R. W., T. Bruser, et al. (2002). "Adaptation of protein secretion to extremely high-salt
conditions by extensive use of the twin-arginine translocation pathway." Mol Microbiol
45(4): 943-950.

Rottenberg, H. (1979). "The measurement of membrane potential and deltapH in cells,
organelles, and vesicles." Methods Enzymol 55: 547-569.

Rouviere, P. E., A. De Las Penas, et al. (1995). "rpoE, the gene encoding the second heat-shock
sigma factor, sigma E, in Escherichia coli."” Embo J 14(5): 1032-1042.

Rowley, G., M. Spector, et al. (2006). "Pushing the envelope: extracytoplasmic stress responses
in bacterial pathogens.” Nat Rev Microbiol 4(5): 383-394.

Ruiz, N., D. Kahne, et al. (2006). "Advances in understanding bacterial outer-membrane
biogenesis." Nat Rev Microbiol 4(1): 57-66.

Ruiz, N., D. Kahne, et al. (2009). "Transport of lipopolysaccharide across the cell envelope: the
long road of discovery.” Nat Rev Microbiol 7(9): 677-683.

198



Shiba, Y., Y. Yokoyama, et al. (2004). "Activation of the Rcs signal transduction system is
responsible for the thermosensitive growth defect of an Escherichia coli mutant lacking
phosphatidylglycerol and cardiolipin.” J Bacteriol 186(19): 6526-6535.

Shibuya, 1., C. Miyazaki, et al. (1985). "Alteration of phospholipid composition by combined
defects in phosphatidylserine and cardiolipin synthases and physiological consequences
in Escherichia coli." J Bacteriol 161(3): 1086-1092.

Shimamoto, T., K. Inaba, et al. (1994). "The NhaB Nat+/H+ antiporter is essential for
intracellular pH regulation under alkaline conditions in Escherichia coli." J Biochem
116(2): 285-290.

Shimohata, N., S. Chiba, et al. (2002). "The Cpx stress response system of Escherichia coli
senses plasma membrane proteins and controls HtpX, a membrane protease with a
cytosolic active site." Genes Cells 7(7): 653-662.

Sikdar, R. and W. T. Doerrler (2010). "Inefficient Tat-dependent export of periplasmic amidases
in an Escherichia coli strain with mutations in two DedA family genes." J Bacteriol
192(3): 807-818.

Silhavy, T. J., D. Kahne, et al. (2010). "The bacterial cell envelope.” Cold Spring Harb Perspect
Biol 2(5): a000414.

Six, D. A., B. Lambert, et al. (2012). "Density gradient enrichment of Escherichia coli IpxL
mutants.” Biochim Biophys Acta 1821(7): 989-993.

Sledjeski, D. and S. Gottesman (1995). "A small RNA acts as an antisilencer of the H-NS-
silenced rcsA gene of Escherichia coli.” Proc Natl Acad Sci U S A 92(6): 2003-2007.

Slonczewski, J. L., M. Fujisawa, et al. (2009). "Cytoplasmic pH measurement and homeostasis
in bacteria and archaea.” Adv Microb Physiol 55: 1-79, 317.

Small, P., D. Blankenhorn, et al. (1994). "Acid and base resistance in Escherichia coli and
Shigella flexneri: role of rpoS and growth pH." J Bacteriol 176(6): 1729-1737.

Stancik, L. M., D. M. Stancik, et al. (2002). "pH-dependent expression of periplasmic proteins
and amino acid catabolism in Escherichia coli." J Bacteriol 184(15): 4246-4258.

200









Fig 5.7, 5.8

221



Chapter 6

Copyright T —
o 3 =

@ Center
Title: Multiple envelope stress Logged in as:
response pathways are Rakesh Sikdar
activated in an Escherichia coli Account #:
AMERICAN strain with mutations in two 3000568026
SOCIETY FOR members of the DedA _
MICROBIOLOGY meambrane protein family Gty

Author: Rakesh Sikdar, Angelica R.
Simmaons, William T. Doerrler

Publication: Journal of Bactericlogy
Publisher: American Society for

Microbiology
Date: Oct 5, 2012
Copyright & 2012, American Society for

Microbiology

Permissions Request

Authors in ASM journals retain the right to republish discrete portions of his/her article in any other
publication (including print, CD-ROM, and other electronic formats) of which he or she is author or
editor, provided that proper credit is given to the original ASM publication. ASM authors also retain
the right to reuse the full article in his/her dissertation or thesis. For a full list of author rights,
please see: http:/fjournals.asm.ora/site/misc/ASM Author Statement.xhtml

BACK CLOSE WINDOW

Copyright & 2012 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement.
Comments? We would like to hear from you. E-mail us at customercare@copyright.com

Fig 7.1 and Fig 1.2

Copyright Account
R S =3 &

Center
Title: New functions for the ancient Logged in as:
DedA membrane protein family Rakesh Sikdar
AMERICAN Author: William T. Doerrler, Rakesh Account #:
SOCIETY FOR Sikdar, Sujeet Kumar, Lisa A. 3000568026

Bough
MICROBIOLOGY iz

Publication: Journal of Bacteriology

Publisher: American Society for
Microbiology

Date: Oct 19, 2012

Copyright @ 2012, American Society for
Microbiclogy

Permissions Request

Authors in ASM journals retain the right to republish discrete portions of his/her article in any other
publication (including print, CD-ROM, and other electronic formats) of which he or she is author or
editor, provided that proper credit is given to the original ASM publication. ASM authors also retain
the right to reuse the full article in his/her dissertation or thesis. For a full list of author rights,
please see: http://journals.asm.ora/site/misc/ASM Author Statement.xhtml

BACK CLOSE WINDOW

Copyright @ 2012 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement.
Comments? We would like to hear from you. E-mail us at customercare@copyright.com

222



VITA

Rakesh Sikdar was born in September 1984, in 24 parganas (N) district of West Bengal,
India to Preeti Kana Sikdar and Rabindra Nath Sikdar. Rakesh grew up in Newbarrackpore, now
a part of the city of Kolkata (Calcutta). He attended Julien Day School (Ganganagar Branch) till
10™ grade and passed his ICSE examinations in 2000. Rakesh attended The Salt lake English
Medium school (CA Block, Salt Lake) for his 11" and 12™ grades and graduated in 2002 when
he passed his ISC examinations. He cleared the all-India joint entrance examinations (JEE) for
the Indian Institute of Technology (IIT) in 2002 and began his undergraduate career at T
Kharagpur in West Bengal, India. Rakesh graduated with his Bachelor of Technology (Honors)
degree in Biotechnology and Biochemical Engineering in 2006. He entered the graduate program
at Louisiana State University in the Department of Biological Sciences in the fall of 2007 as a
doctoral student under the mentorship of Dr. William Doerrler. Rakesh will graduate with his

Doctor of Philosophy degree in Biological Sciences on December 14, 2012.

223



