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Supplementary Table 1: E. coli genes whose deletions caused “glycogen-deficient” or 

“glycogen-less” phenotypes in E. coli cells cultured in solid KM-ADPG medium. 

Cellular localization: OM (outer membrane), IM (inner membrane), C (cytoplasm), P 

(periplasm). The function of each gene for which deletion affects glycogen 

accumulation was identified by referring to the EchoBASE (http://ecoli-york.org/) and 

EcoCyc (http://www.ecocyc.org/) databases. 

Gene 
aCellular 

Localization 
Function 

crp C 
Cyclic AMP-activated global transcription factor protein, mediator of 

catabolite repression 

cya C Adenylate cyclase, cyclic AMP synthesis 

glgA C Glycogen synthase 

glgC C ADPG pyrophosphorylase 

nupC IM 
High-affinity transporter of (deoxy) nucleosides except (deoxy) guanosine, 

(deoxy) inosine, and xanthosine; Nucleoside:H+ symporter of the 

Concentrative Nucleoside Transporter (CNT) family 

nupG IM High-affinity transporter of all natural purine and pyrimidine (deoxy) 

nucleosides except xanthosine; Nucleoside:H+ Symporter (NHS) family	 

lpd C 

Lipoamide dehydrogenase, E3 component of pyruvate and 2-oxoglutarate 

dehydrogenases complexes. Lpd catalyzes the transfer of electrons to the 

ultimate acceptor, NAD+ 

rssA C Predicted phospholipase, patatin-like family. Function unknown 

ybjL IM Putative AAE family transporter. Function unknown. 

ycgB C RpoS regulon member. Function unknown 

yedF C predicted sulfurtransferase (TusA family). Function unknown.  

yegV C Predicted sugar/nucleoside kinase.  

yoaE IM Predicted inner membrane protein. Function unknown. 

 



Supplementary Table 2: E. coli genes whose deletions caused a “glycogen-excess” 

phenotype in E. coli cells cultured in solid KM-ADPG. Cellular localization: OM (outer 

membrane), IM (inner membrane), C (cytoplasm), P (periplasm). Asterisks indicate 

genes for which evidence exists (**) or are suspected to (*) participate in the 

biogenesis/integrity of envelope components. The function of each gene for which 

deletion affects glycogen accumulation was identified by referring to the EchoBASE 

(http://ecoli-york.org/) and EcoCyc (http://www.ecocyc.org/) databases. 

Gene 

deletion  

(Predicted 

impairment 

in the 

mutant) 

(Cell 

location 

of the 

gene 

product)  

Function of the gene product according to EcoGene 

(http://www.ecogene.org/old/index.php) and/or the cited references 

amiD 

(Envelope 

integrity)* 

OM 

amiD encodes an OM-anchored lipoprotein with 1,6-anhydro-N-

acetylmuramyl-L-alanine amidase activity. Probable roles in 

peptidoglycan (autolysis) [Typas et al. 2012]. 

carA 

(purine/pyri

midine 

metabolism) 

C 

Carbamoyl phosphate synthase, small subunit. With carB below forms the 

carAB operon participating in pyrimidine nucleotide biosynthesis: UMP, 

UTP and CTP (RNA synthesis); dCTP and dTTP (DNA synthesis) [Jensen 

et al 2008]. 

carB 

(purine/pyri

midine 

metabolism) 

C 
Carbamoyl phosphate synthase, large subunit. With carA above forms the 

carAB operon participating in pyrimidine nucleotide biosynthesis. 

cheB C Chemotaxis MCP protein-glutamate methylesterase 

clpA 

(Envelope 

integrity)* 

C 

clpA encodes an ATP-dependent molecular chaperone that serves as a 

substrate-specifying adapter for the ClpP serine protease in the ClpAP and 

ClpAXP protease complexes. Probable roles in cell division by 

modulating the levels of FtsZ forming the FtsZ ring at midcell and 

possibly other downstream cell division components [Camberg et al. 



2011, Williams et al. 2014] 

dam 

(DNA 

replication, 

recombinatio

n and/or 

repair; 

Envelope 

integrity)** 

C 

dam encodes a DNA adenine methyltransferase (Dam) responsible for 

methylation of nearly all GATC sequences in the E. coli chromosome. 

Δdam mutants display a pleiotropic phenotype (increased mutability, 

hyperrecombination, increased number of single-strand breaks, and 

random timing of chromosome replication). Δdam mutants of Salmonella 

enterica show severe defects in envelope composition and integrity and 

increased susceptibility to bile salts such as deoxycholate [Pucciarelli et 

al. 2002, Begley et al. 2005].  

dedD 

(Envelope 

integrity)** 

P, IM 

dedD encodes a periplasmic protein anchored to the inner membrane 

which localizes at the septal ring during the late stages of divisome 

complex assembly required for OM invagination during cell division.  E. 

coli ΔdedD mutants show mild defects in division under normal 

conditions and growth impairments under envelope stress induced by 

detergents or high temperatures [Murata et al. 2011; Typas et al. 2012, 

Black et al. 2013; Nicolaes et al. 2014].  

degP 

(Envelope 

integrity)** 

P 

degP encodes a periplasmic serine protease required for the degradation of 

damaged envelope proteins, primarily OM proteins. ΔdegP mutants 

accumulate toxic misfolded outer membrane (OM) proteins promoting 

induction of the RpoE envelope stress response, and show increased 

susceptibility to high (45-47 °C) temperature. degP is also controlled by 

the CpxR/CpxA two-component system sensing envelope stress [Ruiz and 

Silhavy 2005, Murata et al. 2011; Rigel and Silhavy 2012, Ge et al. 2014, 

Klein et al. 2016].  

dnaT 

(DNA 

replication, 

recombinatio

n and/or 

repair) 

C 

dnaT encodes a protein participating in DNA replication (primosomal 

protein I) under stress situations such as the SOS response and exposure to 

base alkylating agents. E. coli ΔdnaT cells are susceptible to high 

hydrostatic pressure suggesting envelope alterations [Rooney et al. 2009, 

Black et al. 2013].  

dsbB 

(Envelope 

integrity)* 

IM 

The dsbB product is a protein disulfide oxidoreductase that re-oxidizes 

periplasmic DsbA involved in the oxidative folding of many periplasmic 

and OM proteins.	dsbA is controlled by the CpxR/CpxA two-component 

system sensing envelope stress, and ΔdsbA mutants have abnormal levels 

of many periplasmic and OM proteins inducing envelope stress responses 



[Ruiz and Silhavy 2005, Vertommen et al. 2008, Goemans et al. 2014].  

emrE 

(Osmoprotec

tion) 

IM 

emrE encodes a member of the small multidrug resistance (SMR) protein 

family participating in the efflux of a broad range of toxic quaternary 

cationic compounds including osmoprotectants, suggesting roles in E. coli 

osmotic tolerance [Bay and Turner 2012]  

envC 

(Envelope 

integrity)** 

P, OM 

envC encodes a divisome-associated protein bearing a C-terminal LytM 

domain specifically activating periplasmic AmiA and AmiB N-

acetylmuramyl-L-alanine amidases mediating PG hydrolysis at the septal 

ring. The ΔenvC mutant shows increased susceptibility to high (45-47 °C) 

temperature. Other proteins identified in this screening recruited or 

interacting with the divisome are DedD, MrcB (PBP1B), the PBP1B 

activator YcfM (LpoB), and TolQ-R-A-B-Pal Cell Envelope Complex 

(Tol-Pal complex) proteins [Weiss 2004, Murata et al. 2011; Typas et al. 

2012]. 

envZ 

(Osmoprotec

tion, 

Envelope 

integrity)* 

IM 

envZ encodes an osmosensor histidine-protein kinase/phosphatase of the 

EnvZ/OmpR two-component system. Regulates the production of outer 

membrane proteins in response to different stress situations including 

temperature and osmotic stress [Ruiz and Silhavy 2005, Rigel and Silhavy 

2012]. 

fabH 

(Envelope 

integrity)** 

C 

fabH encodes β-ketoacyl-ACP synthase participating in the elongation 

step of fatty acid biosynthesis, thus generating precursors for the synthesis 

of phospholipids and lipid A of the lipopolysaccharide (LPS). Imbalances 

in this synthesis induce the RpoE-mediated response. Accordingly, E. coli 

ΔfabH mutants show envelope defects and are unable to regulate cell size 

in response to nutrient excess [Yao et al. 2012, Klein and Raina 2015]. 

galU 

(Envelope 

integrity)** 

C 

galU encodes (UDP-glucose pyrophosphorylase  synthesizing UDP-

glucose from glucose 1-phosphate and UTP providing precursors for LPS 

core components. E. coli ΔgalU mutants produce altered LPS structures 

lacking all sugars beyond the heptose residues, resulting in envelope 

integrity defects and increased susceptibility to SDS [Jiang et al. 2010, 

Nicolaes et al. 2014, Klein and Raina 2015]. galU participates in bile 

resistance in Vibrio cholerae [Begley et al. 2005].    

gmhB 

(Envelope 

C 
gmhB encodes D,D-heptose 1,7-bisphosphate phosphatase, an enzyme of 

the ADP-heptose biosynthesis pathway required for LPS core 

biosynthesis. The absence of L-glycero-D-manno-heptose in the LPS 



integrity)** dramatically increases bacterial susceptibility to hydrophobic antibiotics 

and detergents indicating defects in envelope integrity. gmhB is required 

for E. coli survival at 45-47 °C [Kneidinger et al. 2002, Murata et al. 

2011, Nicolaes et al. 2014]. The gmhA gene of the ADP-heptose pathway 

was also identified in this screening (see below). 

gpmM 

(Envelope 

integrity)* 

C 

gpmI encodes a 2,3-bisphosphoglycerate-independent phosphoglycerate 

mutase. The gpmI gene is the first gene of the gpmI-envC-yibQ operon. 

envC, also identified in this screening (see above) encodes the EnvC factor 

required for the activation of amidases mediating peptidoglycan 

hydrolysis at the septal ring. gpmM deletion may thus have a polar effect 

on the transcription of the downstream envC gene.  

hflD 

(purine 

biosynthesis) 

IM 

The hflD gene product downregulates bacteriophage lambda 

lysogenization. hflD is the first gene of the hflD-purB operon, with purB 

encoding adenylosuccinate lyase involved in purine synthesis [Jensen et 

al. 2008]. Thus, hflD deletion may have a polar effect on the transcription 

of the downstream purB gene  

ldcA 

(Envelope 

integrity)** 

C 

ldcA encodes a cytoplasmic L,D-carboxypeptidase releasing terminal D-

alanine from L-alanyl-D-glutamyl-meso-diaminopimelyl-D-alanine 

peptides generated during peptidoglycan turnover. E. coli ΔldcA mutants 

contain high levels of the PG precursor uridine 5'-pyrophosphoryl N-

acetylmuramyl-tetrapeptide and lyse at the stationary growth phase, thus 

indicating envelope defects [Templin et al. 1999].  

lpcA 

 (Envelope 

integrity)** 

C 

lpcA/gmhA encodes sedoheptulose 7-phosphate isomerase catalyzing the 

isomerization of D-sedoheptulose 7-phosphate into D-glycero-D-manno-

heptose 7-phosphate, the first committed step of the ADP-heptose 

synthesis pathway for LPS biosynthesis. The absence of L-glycero-D-

manno-heptose in the LPS is associated with dramatically increased 

bacterial susceptibility to hydrophobic antibiotics, detergents, and high 

temperature (45-47 °C) indicating envelope integrity defects [Kneidinger 

et al. 2002, Murata et al. 2011, Nicolaes et al. 2014]. The gmhB gene of 

this pathway was also identified in this screening (see above). 

lpxL 

(Envelope 

integrity)** 

IM 

lpxL/waaM encodes a KDO2-lipid IVA lauroyl-ACP acyltransferase 

involved in the synthesis of lipid A during LPS biosynthesis pathway. 

ΔlpxL mutants show altered cell division, growth, and high-temperature 

(45-47 ºC) susceptibility indicating envelope integrity defects [Murata et 

al. 2011]. 



mltE 

(Envelope 

integrity)* 

OM 

mltE encodes lytic murein transglycosylase E cleaving β-1,4 glycosidic 

bonds between N-acetylglucosamine and N-acetylmuramic acid residues 

in the peptidoglycan. It has roles in PG hydrolysis (autolysis) [Typas et 

asl. 2012]. 

mrcB 

(Envelope 

integrity)** 

IM 

mrcB encodes the major bifunctional peptidoglycan synthase PBP1B 

catalyzing the transglycosylation and transpeptidation of murein 

precursors. PBP1B is mainly involved in cell division interacting with the 

divisome complex during the late stages of divisome assembly required 

for OM invagination during septation. Also identified in this screening are 

the PBP1B activator YcfM (LpoB), EnvC, DedD, and Tol-Pal proteins, 

which are recruited or interact with the divisome [Typas et al. 2012]. 	  

narU 

(Severe 

nutrient 

starvation) 

IM 

narU encodes a member of the Major Facilitator Superfamily (MFS) 

involved in nitrate/nitrite transport. NarU confers a selective advantage 

during severe nutrient starvation or slow growth [Clegg et al. 2006]. 

nlpI 

(Envelope 

integrity)** 

OM? 

nlpI encodes a verified lipoprotein. E. coli ΔnlpI mutants are osmotically 

sensitive and form filaments at 42 °C indicating envelope defects. nlpI 

overexpression dramatically alteres E. coli normal morphology suggesting 

roles in cell division [Ohara et al. 1999].  

ompA 

(Envelope 

integrity)** 

OM 

ompA encodes a main OM protein in E. coli. ΔompA mutants show 

alterations in OM architecture and LPS structure triggering the RpoE 

response [Ruiz and Silhavy 2005, Rigel and Silhavy 2012, Klein and 

Raina 2015, Klein et al. 2016] 

ompC 

(Osmoprotec

tion, 

Envelope 

integrity)** 

OM 

ompC encodes a major non-specific porin of the E. coli OM. ΔompC 

mutants show alterations in OM architecture and LPS structure triggering 

the RpoE response. Transcription of ompC is controlled by a complex 

regulatory network that includes the EnvZ-OmpR two-component system 

sensing osmotic stress as well as by the CpxR/CpxA two-component 

system and RpoE-regulated responses sensing envelope stress [Batchelor 

et al. 2005, Ruiz and Silhavy 2005, Rigel and Silhavy 2012, Klein and 

Raina 2015; Klein et al. 2016].  

pal 

(Envelope 

OM 

pal encodes a peptidoglycan-associated OM lipoprotein member of the 

Tol-Pal complex localizing at the divisome during the late stages of 

divisome assembly and required for OM invagination during septation. E. 

coli Δpal mutant shows increased susceptibility to high temperature (45-



integrity)** 47 °C) [Murata et al. 2011, Typas et al. 2012]. Other proteins also 

identified in this screening recruited or interacting with the divisome are 

EnvC, DedD, MrcB (PBP1B), and YcfM (LpoB). 

pgm 

(Envelope 

integrity)** 

C 

pgm encodes phosphoglucomutase (PGM), which catalyzes the reversible 

transformation of glucose-1-phosphate and glucose-6-phosphate. PGM 

participate in the provision of glucose-1-phosphate required for the 

synthesis of sugar nucleotide precursors such as ADP-glucose required for 

glycogen synthesis and UDP-glucose required for LPS core components 

synthesis [Klein and Raina 2015]. E. coli Δpgm mutants show alterations 

in morphology with reductions in size indicating altered envelope 

structure [Lu and Kleckner 1994]. 

phoP 

(Envelope 

integrity)** 

C 

phoP encodes PhoP, a member of the two-component regulatory system 

PhoP/PhoQ involved in sensing divalent cations such as Mg2+. PhoP is 

involved in a complex network of reactions modulated by small RNAs 

responsible of controlling lipid A and LPS composition and heterogeneity, 

as well as LPS translocation to the OM. E. coli ΔphoP mutants contain 

LPS structural defects likely triggering the RpoE stress response. 

PhoP/PhoQ participates in bile resistance in Salmonella enterica [Begley 

et al. 2005, Klein and Raina 2015, Klein et al. 2016].   

phoU 

(Envelope 

integrity; 

DNA 

replication, 

recombinatio

n and/or 

repair)* 

C 

phoU encodes one of the negative regulators of the pho regulon involved 

in phosphate metabolism mediated by the interaction with the phosphate 

sensor kinase PhoR of the PhoR/PhoB two-component system. phoU 

forms part of the pstSCAB-phoU operon also encompassing pstA and pstC 

identified in this group (see below). E. coli ΔphoU mutants show 

constitutive PhoB kinase production leading to high expression of the pho 

regulon, including eptC, waaH, and ugd genes involved in LPS core and 

lipid A modifications suggesting altered envelope integrity. ΔphoU 

mutants also show defects in the mutagenic repair of DNA breaks and 

severe growth defects [Steed and Wanner 1993, Al Mamun et al. 2012, 

Gardner et al. 2014, Gibson et al. 2015, Klein and Raina 2015].  

pphA 

(Envelope 

integrity)* 

C 

pphA/prpA encodes a phosphoprotein phosphatase involved in signalling 

periplasmic protein misfolding in a pathway that includes the CpxR/CpxA 

two-component system. pphA belongs to the RpoH heat shock regulon 

[Missiakas and Raina 1997]. 

prc IM, P prc encodes a periplasmic protease involved in the cleavage of a C-

terminal peptide from the precursor form of penicillin-binding protein 3 



(Osmoprotec

tion) 

(PBP3). E. coli Δprc cells show altered morphologies in high-salinity 

medium. May be involved in protection from thermal and osmotic stresses 

[Kerr et al. 2014]. 

prfB C peptide chain release factor RF2 

 

proA 

 

C 

proA encodes glutamate-5-semialdehyde dehydrogenase, involved in 

proline biosynthesis. Loss of proline production may affect E. coli 

osmotolerance [Smith 1985]  

proQ 

(Osmoprotec

tion) 

C 

proQ encodes a protein with RNA chaperone activity involved in the post-

transcriptional control of ProP, an osmolyte:H+ symporter of the inner 

membrane. proQ deficiency decreases the level of the osmoregulatory 

glycine-betaine transporter ProP, reduces growth and affects cell 

morphology under high medium osmolarity [Kerr et al. 2014].  

proX 

(Osmoprotec

tion) 

P 

proX encodes a glycine-betaine periplasmic binding protein component of 

the ABC-type transporter ProU, responsible of translocating a wide range 

of compatible solutes contributing to the regulation of cell volume under 

fluctuations of medium osmolarity. 

prpE C prpE encodes a propionate-CoA ligase. cAMP/CRP regulon member. 

pstA 

 
IM 

pstA encodes the phosphate permease subunit of an ABC-type transporter. 

Forms part of the pstSCAB-phoU operon of the pho regulon, with pstC 

and phoU also identified in this screening.  

pstC 

 
IM 

pstC encodes a phosphate permease subunit of the ABC transporter type. 

Forms part of the pstSCAB-phoU operon also encompassing pstA and 

phoU identified in this group.  

recB  

(DNA 

replication, 

recombinatio

n and/or 

repair) 

C 
recB encodes a subunit of the RecBCD Exonuclease V subunit, involved 

in DNA recombination and repair [Al Mamun et al. 2012]. 

rfaC 

(Envelope 

C, IM rfaC/waaC encodes LPS heptosyltransferase I. It forms part of the rfaD-

waaFCL operon involved in LPS core biosynthesis. ΔrfaC mutants show 



integrity)** envelope defects as indicated by an increased susceptibility to anionic 

detergents and high temperature (45-47 °C) and constitutive expression of 

RpoE [Murata et al. 2011; Nicolaes et al. 2014, Klein and Raina 2015]. 

rfaE 

(Envelope 

integrity)** 

C 

rfaE/waaE encodes a heptose 7-P kinase/heptose 1-P adenyltransferase 

envolved in LPS core synthesis. E. coli ΔrfaE mutants show envelope 

defects as indicated by the increased susceptibility to anionic detergents 

and high temperature (45-47 °C [Murata et al. 2011, Nicolaes et al. 2014, 

Klein and Raina 2015]. 

rfaF 

(Envelope 

integrity)** 

C 

rfaF/waaF encodes ADP-heptose:LPS heptosyltransferase II, a member of 

the rfaD-waaFCL operon involved in LPS core biosynthesis from which 

waaC was also identified in this screening (see above). E. coli ΔrfaF 

mutants show envelope defects as indicated by the increased susceptibility 

to anionic detergents and high temperatures (45-47 °C), and elevated 

RpoE levels [Murata et al. 2011; Nicolaes et al. 2014, Klein and Raina 

2015]. 

rfaH 

(Envelope 

integrity)** 

C 

rfaH encodes RfaH, a transcription antitermination factor which positively 

controls transcription of LPS biosynthesis genes of the waaQGPSBOJYZU 

operon. E. coli ΔrfaH mutants show envelope defects as indicated by the 

increased susceptibility to anionic detergents [Nicolaes et al. 2014, Klein 

and Raina 2015]. 

rfaP 

(Envelope 

integrity)** 

IM 

rfaP/waaP encodes lipopolysaccharide core heptose (I) kinase. rfaP is a 

member of the waaQGPSBOJYZU operon positively controlled by RfaH, 

also identified in this screening. E. coli ΔrfaP mutants show envelope 

defects as indicated by increased susceptibility to anionic detergents 

Nicolaes et al. 2014, Klein and Raina 2015]. 

rpsT C 30S ribosomal subunit protein S20 

rseA 

(Envelope 

integrity)** 

IM, C 

rseA encodes an anti-RpoE sigma factor that sequesters RpoE in the inner 

membrane thus preventing its interaction with the core RNA polymerase 

to activate transcription of genes required to respond to envelope stress. E. 

coli ΔrseA mutants thus contain elevated RpoE levels leading to an 

unregulated envelope stress response that results in global alterations in 

LPS composition and envelope integrity, as indicated by an increased 

susceptibility to anionic detergents and high (45-47 °C) temperature 

[Murata et al. 2011, Klein and Raina 2015, Nicolaes et al. 2014]. 



ruvC 

(DNA 

replication, 

recombinatio

n and/or 

repair, 

Envelope 

integrity)* 

C 

ruvC encodes a component of the RuvABC resolvasome which binds to 

and cleaves Holliday junctions generated during repair of DNA breaks. 

This also results in a number of chromosome dimers that are resolved by 

XerC/D recombinases (also identified here, see below). Interruption of 

this process leads to impairements in chromosome segregation and cell 

division. E. coli ΔruvC mutants show increased susceptibility to high (45-

47 °C) temperature suggesting envelope alterations [Al Mamun et al. 

2012, Murata et al. 2011, Buljubašić et al. 2013].  

slyB 

(Envelope 

integrity)* 

OM 

slyB encodes an OM lipoprotein structured in homo-oligomeric complexes 

of unknown function [Maddalo et al. 2011]. Removal of this protein from 

the OM may result in envelope defects and an RpoE-mediated response.   

surA 

(Envelope 

integrity)** 

P 

surA encodes a peptidyl-prolyl cis-trans isomerase necessary for the 

proper folding/assembly of OM proteins including OmpA, OmpC, and the 

essential LPS assembly factor LptD. ΔsurA mutants show increased 

permeability to anionic detergents and envelope defects including LPS 

alterations and deficient OM protein assembly leading to the induction of 

the RpoE stress response [Ruiz and Silhavy 2005, Rigel and Silhavy 2012, 

Nicolaes et al. 2014].  

tatA 

(Envelope 

integrity)** 

IM 

The tatA gene product is a component of the TatABCE (twin-arginine 

translocation) protein translocation complex mediating export of folded 

and ligand-bound proteins. E. coli mutants lacking a functional Tat system 

show outer membrane defects and cell division impairements [Stanley et 

al. 2001, Bernhardt and de Boer 2003, Ize et al. 2003, Peters et al. 2011, 

Black et al. 2013]. 

tatB 

(Envelope 

integrity)** 

IM 

The tatB gene product is another component of the TatABCE protein 

translocation system (see above). E. coli ΔtatB mutants show envelope 

integrity defects and increased susceptibility to SDS (Ize et al. 2003, 

Nicolaes et al. 2014). 

tatC 

(Envelope 

integrity)** 

IM 

The tatC gene product is another component of the TatABCE protein 

translocation system (see above). E. coli ΔtatC mutants show envelope 

integrity defects and increased susceptibility to SDS (Ize et al. 2003, 

Nicolaes et al. 2014). tatC was identified in a screening of genes involved 

in DNA repair by homologous recombination [Al Mamun et al. 2012]. 



tolB 

(Envelope 

integrity)** 

P 

Tol B is a periplasmic protein member of the Tol-Pal complex localizing 

at the divisome and required for OM invagination during septation. E. coli 

ΔtolB mutants show envelope integrity defects and increased susceptibility 

to SDS [Nicolaes et al. 2014; Typas et al. 2012]. Other proteins also 

identified in this screening which are recruited or interact with the 

divisome are DedD, MrcB, (PBP1B), and YcfM (LpoB). 

tolQ 

(Envelope 

integrity)** 

IM 

TolQ is one of three inner membrane proteins, along with TolA and TolR, 

composing the Tol-Pal complex. E. coli ΔtolQ mutant shows envelope 

integrity defects as inferred from their increased susceptibility to SDS and 

high temperature (45-47 °C)  [Murata et al. 2011; Nicolaes et al. 2014]. 

TolQ participates in bile resistance in Salmonella enterica [Begley et al. 

2005].  

tolR 

(Envelope 

integrity)** 

IM 

TolR is one of three inner membrane proteins, along with TolA and TolQ, 

forming the Tol-Pal complex. E. coli ΔtolR mutant shows envelope 

integrity defects as inferred from their increased susceptibility to SDS and 

high temperature (45-47 °C)  [Murata et al. 2011; Nicolaes et al. 2014]. 

TolR participates in bile resistance in Salmonella enterica [Begley et al. 

2005]. See also above. 

xerC 

(DNA 

replication, 

recombinatio

n and/or 

repair; 

Envelope 

integrity)* 

C 

xerC encodes a component of the XerCD recombinase involved in the 

resolution of chromosome dimers recruited at the septal ring by the DNA 

translocase FtsK to coordinate chromosome segregation with cell division. 

xerC mutants form filaments unable to partition correctly and show 

increased susceptibility to high temperature (45-47 °C)  suggesting 

envelope alterations [Blakely et al. 1991, Murata et al. 2011, Typas et al. 

2012; Weiss 2004]. 

 

xerD 

(DNA 

replication, 

Envelope 

integrity)* 

C 

xerD encodes the second component of the XerCD recombinase. For 

details see above. 

 

ybgC 

(Envelope 

IM, C 

ybgC encodes an ACP-binding protein with thioesterase activity which 

forms a complex in the IM with the phospholipid synthetic enzymes PssA 

(phosphatidylserine synthetase) and PlsB (glycerol-3-phosphate 

acyltransferase) catalyzing the first committed step in phospholipid 



integrity)* biosynthesis leading to phosphatidylglycerol. ybgC is the first gene of the 

ybgC-tolQRA operon, and its deletion may have polar effects on the 

expression of the downstream tol genes also identified in this screening 

(see above)	[Parsons and Rock 2013].  

ycfM 

(Envelope 

integrity)** 

OM 

ycfM encodes LpoB, an outer membrane lipoprotein that activates the 

bifunctional PBP1B (also identified in this screening, see above) involved 

in cell division. LpoB is located at the divisome complex during the late 

stages of divisome assembly required for OM invagination during 

septation. Also identified in this screening are EnvC, DedD, and Tol-Pal 

complex proteins which are also recruited or interact with the divisome 

[Typas et al. 2012]. 	 

yciM 

(Envelope 

integrity)** 

IM 

yciM encodes an inner membrane protein required for the down-regulation 

of LPS synthesis by modulating the levels of the lipid A synthesis enzyme 

LpxC in an FtsH-dependent manner. E. coli ΔyciM mutants show 

envelope integrity defects as indicated by their increased susceptibility to 

SDS and high temperature (45-47 °C). The yciM and envC genes (also 

uncovered in this screen, see above) genetically interact (Murata et al. 

2011, Nicolaes et al. 2014). 

yciS 

(Envelope 

integrity)* 

IM 

yciS/lapA encodes LapA, the LPS assembly protein A, and forms with 

yciM/lapB the yciSM operon. LapB coordinates assembly of proteins 

involved in LPS synthesis at the plasma membrane and regulates turnover 

of LpxC, thereby ensuring balanced LPS/phospholipid biosynthesis. E. 

coli yciM conditional mutants show increased susceptibility to anionic 

detergents and an elevated RpoE-mediated response indicating envelope 

defects [Nicolaes et al. 2014; Klein and Raina 2015]. Deletion of yciS may 

thus have polar effects on downstream yciM. 

ydaS 

(DNA 

replication, 

recombinatio

n and/or 

repair) 

? 

ydsA encodes a putative Cro-like repressor. E. coli ΔydaS mutants are 

more susceptible to base alkylating agents, suggesting roles in DNA repair	

[Rooney et al. 2009]. 

ydgI 

(Purine/thym

idylate 

IM 

Predicted basic amino acid antiporter of the AraD family. ydgI forms an 

operon with the downstream folM gene encoding an alternative 

dihydrofolate reductase involved in C1 metabolism and capable of 

replacing the main dihydrofolate reductase FolA in its absence. [Levin et 



biosynthesis) al. 2004]. The ydgI deletion may have polar effects on the downstream 

folM gene. 

yfgJ C Required for swarming phenotype, function unknown 

ygeG C 
ygeG, located in a cryptic type III secretion system (T3SS) of E. coli K-

12, encodes a SicA-like chaperone of unknown function [Ren et al. 2004] 

ygfA 

(purine 

biosynthesis) 

 

IM 

ygfA encodes 5-formyltetrahydrofolate cycloligase (YgfA) required for the 

removal of toxic 5-formyltetrahydrofolate (5-CHO-THF), a side product 

of the synthesis of 5,10-methylene-tetrahydrofolate by serine 

hydroxymethyltransferase. 5-CHO-THF is a potent inhibitor of various 

folate-dependent enzymes of the C1 metabolism network, including 

enzymes of both the thymidylate and purine biosynthetic pathways.  

[Jensen et al. 2008, Jeanguenin et al. 2010].   

yhcB IM Uncharacterized membrane-anchored protein 

yhdP IM Conserved membrane protein, predicted transporter. 

yigZ C 
Function unknown, UPF0029 family, IMPACT family; distantly related to 

elongation factors 

yiiS 

(DNA 

replication, 

nutrient 

starvation) 

C 

yiiS encodes an UPF0381 family protein, function unknown. The yiiS gene 

forms part of the yiiS-uspD operon under control of an RpoE-dependent 

promoter. The uspD gene encodes UspD, the universal stress protein D 

involved in defense against DNA damage, nutrient starvation, and other 

stress situations [Gustavsson et al. 2002]. The yiiS deletion may thus have 

polar effects on the transcription of the downstream uspD gene. 
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Supplementary Figure S1: ADPG consumption by BW25113 E. coli cells in liquid 
KM supplemented with 1,5 mM ADPG. Each plot represents the mean and SEM 
of one biological replicate with three technical replicates each.
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Supplementary Figure S2: Growth of BW25113 E. coli cells cultured in liquid M9 medium 
supplemented with 1,5 mM ADPG, adenosine, AMP or ADP.
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Supplementary Figure S3: Bacterial growth in experiments for which results are 
shown in Figs 1, 3, 4 and 6-8.
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