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We recently showed that disrup-
tion of damX causes bile sensitiv-

ity in Salmonella enterica. The damX 
gene is part of an operon that contains 
genes with heterogeneous functions: 
DNA adenine methylation, biosynthesis 
of aromatic compounds, carbohydrate 
metabolism, and tRNA charging. The 
damX gene encodes a protein with a 
predicted size of 46 kDa. In Salmonella, 
DamX is found in the inner membrane 
of both dividing and non-dividing cells. 
The DamX protein contains a pepti-
doglycan-binding SPOR domain, and 
accumulates in the E. coli septal ring. E. 
coli mutants lacking DamX are bile-sen-
sitive like their Salmonella counterparts.

The damX gene maps immediately 
upstream of dam, the gene for DNA 
adenine methyltransferase, in the chromo-
somes of Escherichia coli and Salmonella 
enterica. Initially, damX was described 
as an unidentified reading frame located 
at centisome 74.3 on the E. coli chromo-
some; for this reason, it is also known as 
urf74.3.1 damX is the third gene in an 
operon that contains at least six addi-
tional genes with heterogeneous functions 
(Fig. 1): aroK, encoding shikimic acid 
kinase;2,3 aroB, encoding 3-hydroquinate 
synthase;4 dam;5,6 rpe, encoding ribulose-
5-phosphate 3-epimerase;7 gph, encoding 
2-phosphoglycolate phosphatase;8 and 
trpS, encoding tryptophanyl-tRNA syn-
thetase.9 Until recently, damX was the 
only gene in the operon whose function 
remained unknown. Below we summa-
rize recent studies on DamX structure 
and function.
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Structure of DamX

DamX is highly conserved in E. coli and 
Salmonella (≈77% identity). DamX is 
an inner membrane protein with a single 
transmembrane segment, an N-terminal 
cytoplasmic domain of around 100 
amino acid residues and a relatively large, 
unstructured C-terminal periplasmic 
domain of about 300 amino acids. The 
predicted molecular weight of DamX is 
around 46 kDa. However, for reasons still 
unknown, the protein runs more slowly 
than expected in SDS polyacrylamide 
gels.1,10,11 In both E. coli and Salmonella, 
DamX harbors a conserved peptidoglycan-
binding domain at its C-terminus, known 
as the SPOR domain.12 This domain is 
present in some septal ring components, 
and is thought to be important for septal 
ring localization (see below).

Expression of the damX Gene

In E. coli, transcription of damX is driven 
by at least three promoters, named P1, 
P2 and P3,13 (Fig. 1). All three promot-
ers resemble a classical σ70-dependent pro-
moter. P1 and P2 are located upstream of 
aroK, while P3 is inside the aroB coding 
sequence.13,14 P2 is the strongest promoter, 
followed by P1 and P3. It has been pro-
posed that P1 and P2 ensure basal levels 
of expression of the entire operon, while 
P3 may modulate the expression level of 
downstream genes.13 Two additional pro-
moters (P4 and P5) have been identified 
in the E. coli damX-containing operon, 
but neither of them contributes to damX 
transcription. P4 is inside the damX cod-
ing sequence, while P5 is located in the 
intergenic region between damX and 
dam.13,15,16 P1 and P2 are highly conserved 
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duodenum. Bile salts are the main compo-
nent of bile. The most abundant bile salts 
in humans are cholate and deoxycholate. 
Bile salts cause emulsification and solubi-
lization of lipids, and their detergent activ-
ity endows bile with strong antimicrobial 
capacity. Enteric bacteria are intrinsically 
resistant to both bile and individual bile 
salts.21 However, specific mutations can 
render E. coli and Salmonella sensitive to 
the antimicrobial effects of bile salts. In 
Salmonella enterica serovar Typhimurium, 
null damX alleles cause sensitivity to 
deoxycholate.11 Similar results have been 
reported in E. coli.10 Interestingly, a similar 
phenotype is observed in mutants lacking 
the downstream gene, dam.22 However, 
several lines of evidence suggest that bile 
sensitivity in damX mutants is not due to a 
polar effect on dam expression:

(i) Complementation of a damX muta-
tion with a functional version of DamX 
restores bile resistance to wild type levels 
in S. enterica and E. coli.10,11

(ii) Sensitivity to bile in S. enterica dam 
mutants is suppressed by inactivation of 
either the MutHLS system or the AsmA 
protein.22,23 In S. enterica damX mutants, 
however, bile sensitivity is suppressed by 
inactivation of AsmA, but not by inacti-
vation of the MutHLS system, suggesting 
that the causes of bile sensitivity in dam 
and damX mutants are different.11

Bile exerts its primary effects on cell 
membranes.24 Most bile-sensitive mutants 
have defects in proteins involved in the 
maintenance of envelope integrity.24 This 
may explain the bile sensitive phenotype 
of damX mutants.

Other phenotypes. Overexpression of 
damX alters biofilm formation in E.  coli 
rendering a “filamentous biofilm”, usu-
ally associated with elongated cells.25 
Thus, altered biofilm formation may be a 
side effect of cellular filamentation when 
damX is overexpressed. Filamentous bio-
films are also observed when certain cell 
division proteins are overproduced.25

is ftsNslm117, which contains a transposon 
insertion at codon 119 in the ftsN coding 
sequence.17 The ftsNslm117 allele promotes 
mild elongation and chaining. As in the 
case of dedD, lack of DamX aggravates 
both phenotypes.

(iii) An intriguing phenotype of damX 
mutants is rescue of a mutant containing 
an ftsQ thermosensitive allele.10 FtsQ is an 
essential component of the septal ring, but 
thermosensitive alleles have been obtained. 
After a shift to 42°C, strains with an 
ftsQ1(Ts) allele undergo cell filamenta-
tion and a strong decrease in plating effi-
ciency. Introduction of a damX mutation 
suppresses both phenotypes. However, an 
ftsQ null mutation is still lethal in a damX 
background. These results suggest that 
DamX might antagonize FtsQ function. 
A direct interaction between FtsQ and 
DamX has been reported.10

DamX shows septal localization in 
around 80% of dividing E. coli cells, sug-
gesting that DamX may be recruited to 
the septal ring early during septal ring 
assembly.10 This possibility is supported by 
the following evidence: the components of 
the septal ring are thought to be recruited 
in a defined order, reflected by a remark-
ably linear set of dependencies. Certain 
components do not localize to the septal 
ring in the absence of other specific com-
ponents. The first step in the assembly of 
the septal ring is polymerization of FtsZ 
at the inner face of the cytoplasmic mem-
brane, to form the Z ring.18,19 The Z ring 
then serves as a scaffold for the assembly 
of the remaining components. FtsZ is the 
only protein required for recruitment of 
DamX to the septal ring. In strains lack-
ing functional components located down-
stream in the recruitment cascade, DamX 
still localizes to the septal ring.10

Bile resistance. Bile is a complex fluid 
containing bile salts, cholesterol, biliru-
bin and other organic molecules.20 Bile is 
stored and concentrated in the gall bladder. 
During digestion, bile is secreted into the 

in Salmonella, while P3, P4 and P5 are 
not. However, additional promoters may 
be present in Salmonella.11

Phenotypes of damX Mutants

Several phenotypes have been associated 
with lack and overexpression of DamX. 
However, some of the phenotypes resem-
ble those found in strains lacking the 
downstream gene dam, and may be due to 
a polar effect on dam expression and/or to 
disruption of the P4 and P5 promoters (see 
below).

Cell division. In 1995, it was shown 
that overproduction of DamX in E. coli 
produces cell filamentation, suggesting 
that DamX could be somehow involved 
in cell division.1 Almost fifteen years later, 
two independent studies have shown that 
the E. coli DamX protein contains a pep-
tidoglycan-binding domain at its C termi-
nus, known as the SPOR domain.10,17 The 
same domain is also present in S. enterica 
DamX, according to the Pfam data-
base.12 The SPOR domain makes DamX 
accumulate in the septal ring during cell 
division, probably by direct binding to 
septal peptidoglycan.10,17 Lack of DamX 
does not produce any observable division 
defect. However, a damX mutation alters 
the division defects observed in mutants 
with alterations in other components of 
the septal ring:

(i) DedD is a component of the septal 
ring that also contains a SPOR domain at 
its C terminus. Cells of a dedD mutant are 
elongated and form small chains of cells 
(“chaining phenotype”).10,17 If damX is 
mutated in a dedD background, both the 
elongation and the chaining phenotype 
are enhanced.10,17

(ii) ftsN is an essential component 
of the septal ring that also contains a 
SPOR domain at its C terminus. An 
FtsN null mutation is lethal in E. coli 
and Salmonella, but some viable alleles 
have been constructed. One such allele 

Figure 1. Diagram of the damX-containing operon, indicating the ORFs and promoters described in E. coli.
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ring and contribution to bile resistance. 
Many bile-sensitive mutants described 
in E. coli and Salmonella have defects in 
envelope integrity. However, none of the 
bile-sensitive mutants so far identified has 
defects in septal ring components. DamX 
is an inner membrane protein, and its pres-
ence in both dividing and non-dividing 
cells11 suggests that, besides its role in 
cytokinesis, DamX may contribute to the 
maintenance of envelope integrity (Fig. 2).
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Cytokinesis and envelope integrity: a 
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cytokinesis as a component of the septal 

Figure 2. Model of DamX localization in growing and non-growing cells. (A) In non-growing 
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accumulates in the septum, perhaps reflecting the affinity of the SPOR domain for septal peptido-
glycan.
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