
Rev Fac Cien Med (Quito) 2012; 37 (1-2)

SCIENTIFIC REPORT

79

RodZ, a key player of the bacterial
morphogenic apparatus
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Bacteria display a variety of cell shapes, including straight cylinders, banana-shaped cylinders, spirals and 
American footballs. Maintenance of cell shape is vital for cell growth and division. The distinct shape of 
most bacteria is maintained by their peptidoglycan layer (PG). Nowadays, we know how sub-unites of the 
PG are synthesized within the cell, but how the synthesis of PG is coordinated with cell division and growth 
remains elusive. The PG is inserted into the periplasm and covalently linked into the cell wall. This process 
is regulated by the morphogenic apparatus composed of MreBCD, PBP2 and RodA. Recently, RodZ an inner 
membrane protein has been shown to be part of the morphogenic apparatus. Studies using Escherichia 
coli and Caulobacter crescentus showed that RodZ has a key role in the morphogenesis of Gram-negative 
bacteria; however, its functions are still unclear in Gram-positive bacteria.
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Background

The shape of bacteria is maintained by the sha-
pe of their peptidoglycan (PG) layer.  Precursors 
of the PG are inserted into the periplasm. In 
this process the bacterial actin-homolog, MreB, 
may function as a cytoplasmatic track for murein 
synthases [1]. Depletion of mreB leads to loss of 
normal shape with the formation of spherical 
shapes. MreB forms helical structures beneath 
the cell surface and interacts with the inner 
membrane protein MreC. The latter protein 
appears to act as a bridge between MreB and 
the murein biosynthetic machinery, specifically 
PBP2 [2, 3]. In Escherichia coli PBP2 is the only mu-
rein-synthase that is specifically required for cell 
extension [4]. The sub-complex MreBC may in-
teract with RodA which is likely to be important 
for the proper function of PBP2 [5]. In addition, 
MreC interacts with another inner membrane 
protein, MreD [6]. MreC, MreD and PBP2 accu-
mulate in a spoty or helical manner along the 
cell envelope in E. coli, Bacillus subtilis and 
C. crecensus [7 – 11]. These multiple interactions 
suggest that MreC intercalates between MreB 
and MreD to form the morphogenic appara-
tus; (Figure1).

Figure 1. Schematic diagram of the suggested
morphogenic apparatus model for E coli.
RodZ, MreB, MreC, RodA, PBP2, MraD, inner-membrane, 
peptidoglycan, outer-membrane, lipopolysaccharide, 
outer-membrane protein  are indicated in orange, 
green, red, purple, blue and sky blue, IM, PG, OM,
LPS, OMP respectively.



Rev Fac Cien Med (Quito) 2012; 37 (1-2)

Robalino-Espinosa JS.

80

Recently, RodZ has been shown to be critical 
for cell shape maintenance [12 – 14]. RodZ mutants 
are affected mainly in their length [12]. For instan-
ce, E. coli and C. crescentus cells that lacked 
RodZ are round or otherwise misshapen [12 – 14]. 
Remarkably, these defects were also imprinted 
in the isolated sacculli of C. crescentus [14].

RodZ localizes in a spiral-type manner and this 
pattern is apparently dependent on MreB. The 
latter was probed using fluorescent tagged 
versions of MreB and RodZ. When these fluo-
rescent fusions are co-expressed in E. coli they 
appear to co-localize in a spiral-type manner, 
but when RodZ is expressed in MreB-null cells 
it fails to adopt such localization [13]. However, 
the evidence of interdependent localization 
between RodZ and MreB is still controversial [12]. 
Likewise MreB and RodZ co-localize in time and 
space in C. crescentus, but the proper RodZ lo-
calization is also dependent on FtsZ. The latter 
is consistent with the unusual behavior of RodZ 
and MreB during the cell cycle of C. crescentus, 
in which RodZ and MreB have a patchy locali-
zation during the initial states of the cell cycle, 
while they are latter redistributed as a band at 
mid cell [14]. Remarkably, co-localization evidence 
of RodZ with FtsZ in E. coli was also reported [12]. 

The growth properties of rodZ-null cells are 
complex and their cell shape depends to some 
extent on growth conditions. Just as the other 

proteins, that form the morphogenic appa-
ratus, RodZ is conditionally essential since an 
extra supply in E. coli of the tubulin homolog, 
FtsZ, allows rodZ mutants to propagate. In addi-
tion, rodZ-null cells exhibited a cold sensitive 
phenotype. At low temperatures, cells cannot 
divide anymore and form misshapen spheres. 
One notable difference between MreBCD, 
PBP2 and RodA mutants with rodZ-null cells is 
the mass doubling time since cells that lacked 
RodZ showed medium dependence for their 
growth [13]. 

Over-expression in E. coli of either RodZ or MreB 
causes elongation of the long axis or loss of the 
rod shape depending on growth medium [12, 13]. 
Similarly, overproduction of RodZ in C. crescen-
tus resulted in straighter cells, but there has not 
been reported to our knowledge, any medium 
dependence [14]. Remarkably, co-overexpres-
sion of both RodZ and MreB in E. coli prevents 
loss of the rod shape. The latter indicates that 
proper MreB to RodZ ratio is essential for the 
normal cell shape maintenance [13]. In addition, 
evidences suggest that the over-production of 
RodZ may cause cell division defects. Cells that 
over-expressed RodZ showed bulges along the 
long axis and thin connections [13, 14].
 
RodZ is broadly conserved across bacterial 
phyla [14]. Studies of fractionated membrane 
confirmed that RodZ is an inner membrane 
protein and phoA fusion assays showed that its 
C-terminal part is exposed in the periplasm [12]. 
Predictions show that RodZ is a type II protein 
(N-in) with 337 and 354 residues in E. coli and C. 
crescentus respectively. RodZ possesses multi-
ple putative domains [12 – 14]; (Figure 2). Regions 
of interest include: H-T-H motif, HTH Cro/CI-type 
(HTH), basic juxta membrane (JM), trans-mem-
brane (TM), and periplasmatic (P) domains. 
Functionality and structure analysis of each 
domain in E. coli have shown the importance 
of P domain in maintaining the rod shape [12, 

13]. However, the JM domain is the only strictly 
required domain for cell shape maintenance 
and to accomplish its function this region must 
be membrane tethered and be accompanied 
by either the HTH or the P domains [13].

In E. coli and C. crescentus the proper localiza-
tion of RodZ is depended on the HTH domain 
membrane tethered [12 – 14]. The HTH domain in 
its N-terminus part has a classical helix-turn-helix 
motif (HTH motif). This fold comprises the first 
three α-helices (H1, H2, and H3) arranged in a 
triangular manner. The HTH motif is followed by 
two α-helices (H4 and H5); (Figure 3A) [15].

Structural evidence for the interaction between 
MreB and RodZ was reported in Thermatoga ma-
ritima. The co-crystal structure of MreB and the 
HTH domain revealed an interesting packing, in 
which RodZ is in the middle of two MreB sub-

Figure 2. Predicted domain and motif
organization of E coli-RodZ.

 The H-T-H motif, HTH Cro/CI-type (HTH), basic juxta
membrane (JM), trans-membrane (TM), and
peri-plasmatic (P) domains, N-terminal part,
C-terminal part are illustrated in red, green,
orange, purple, (N-) & (-C) respectively (13).

Role of RodZ in the morphogenic
apparatus



Rev Fac Cien Med (Quito) 2012; 37 (1-2)

SCIENTIFIC REPORT

81

domains. Hence, RodZ shared two distinct 
interfaces when interacting with MreB. Single 
amino-acids substitutions in RodZ showed that 
Lys36, TyR57, and Tyr53 are essential for the inte-
raction of this protein with MreB; (Figure 3B) [15].

It is clear that RodZ plays a key role in maintai-
ning the cell shape of Gram-negative bacte-
ria. However, does RodZ have a similar role 
in Gram-positive bacteria? A screen for 
weak-organic acids susceptible genes with 
transposon mutagenesis identified rodZ (forma-
lly named ymfM) in Bacillus subtilis. Null-ymfM 
cells displayed modifications in membrane 
composition. ymfM transposon mutants show 
similar phenotype as pgsA conditional mutants 
on solid plates. Remarkably, the pgsA gene was 
also found in the same type of screening that 
leads with the discovery of rodZ in B subtilis. The 
pgsA gene is in the same operon of ymfM, and 
codes for the essential phosphatidyl-glycerol 
synthase, which is involved in lipid biosynthesis [16]. 
Moreover, it has been observed that the over-
production of RodZ inhibited growth in minimal 
medium unless magnesium is present. Remo-
val of magnesium resulted in progressive cell 
widening and mid-cell bulging [14]. In summary, 
RodZ is a key player in the morphogenic 
apparatus and the discovery of its function 
in Gram-negative bacteria open new possibi-
lities to uncover the mysteries of the biogenesis 
of the cell-wall in Gram-positive bacteria.

Concluding Remarks
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Figure 3. MreB and RodZ ribbon diagrams.
(Panel 3A) Ribbon representation of the crystal structure of the HTH domain of 
RodZ helices 1, 2, 3, 4, 5 are indicated in red, green, pink purple and yellow. 
(Panel 3B) Binding mode of RodZ, residues Lys36, Tyr57 and Try53 are indicated in 
green, red and yellow. RodZ and sub-domains of MreB are indicated in sky blue 
and purple. Imagines were generated using Swiss-PBD Viewer 4.0.1. (PDB 2WUS) 

[15]
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Resumen

Las bacterias presentan una gran variedad de formas entre ellas se incluyen cilindros no curvos, cilindros tipo 
bananas, espirales, y círculos tipo balones de fútbol. El mantenimiento de las diferentes formas celulares está 
mediado por su peptidoglucano (PG). En la actualidad es un misterio como la síntesis de PG es coordinada 
con la división y el crecimiento celular. El PG es insertado en el periplasma y unido de manera covalente a la 
pared celular. Este proceso es regulado por el aparato morfogenético compuesto por las proteínas: MreBCD, 
PBP2, y RodA. Recientemente RodZ fue descubierta como una proteína de membrana interna que además 
forma parte del aparato morfogenético. Estudios usando células de Escherichia coli y Caulobacter crescentus  
han mostrado que RodZ tiene un rol importante en la morfogenesis de bacterias Gram-negativas; no obstante, 
las funciones de esta proteína en organismos Gram-positivos no han sido esclarecidas hasta el momento.    
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