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Summary

Comparison of the predicted amino acid sequence of
the cell-cycle RodA protein with the National Research
Foundation protein sequence database shows that the
370-amino-acid RodA, a protein that is essential for
wall elongation in Escherichia coliand maintenance of
the rod shape of the cell, is highly analogous, in terms
of primary structure, with the Bacillus subtilis SpoVE
protein involved in stage V of sporulation.

Intrdduction

There are two important morphogene clusters in the
chromosome of Escherichia coli. One of these clusters lies
in the 2-minute region of the genetic map and contains
genes that are required for cell division and septum
formation (Robinson et al., 1984; Tashner et al., 1988).
Among them, pbpB encodes the 588-amino-acid peni-
cillin-binding protein 3 (or PBP3) (Nakamura et al., 1983),
ftsA the 420-amino-acid FtsA protein (Robinson et al.,
1988), and ftsZ the 383-amino-acid FtsZ protein (Yi and
Lutkenhaus, 1985). PBP3 is anchored in the plasma
membrane by a short peptide segment at the amino
terminus of the protein whereas the bulk of the polypep-
tide chain is in the periplasm (Bartholomé-De Belder et al.,
1988; Bowler and Spratt, 1989). Inactivation of PBP3
either by mutation or by selective inhibition by p-lactam
antibiotics such as aztreonam, leads to filamentous
growth of the cell. FtsA is thought to participate in the
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construction of the septum (Tormo and Vicente, 1984) and
to interact with PBP3 (Tormo et al., 1986). FtsA must be
synthesized during a short period just before division in
order for cell division to be completed (Donachie et al.,
1979; Tormo et al., 1980). Overexpression of FtsZ leads to
a hyperdivision activity displayed as the minicell pheno-
type (Ward and Lutkenhaus, 1985) and FtsZ is the target of
the SOS-induced division inhibitor, SfiA (Jones and Hol-
land, 1985).

The second cluster lies in the 14-minute region of the
map and contains genes that are required for cell wall
elongation and maintenance of the rod shape of the cell.
Among them, dacA encodes the 403-amino-acid PBP5
(Broome-Smith et al., 1988), pbpA the 633-amino-acid
PBP2 (Asoh et al., 1986) and rodA the highly hydrophobic,
370-amino-acid RodA protein (Matsuzawa et al., 1989).
PBP5 is anchored in the plasma membrane by a short
peptide sequence of the carboxy-terminal region of the
protein (Pratt et al., 1986). Inactivation of dacA does not
cause severe growth defects but a 10-fold overproduction
of PBP5 results in spherical cells (Stoker ef al., 1983a).
PBP2 has the same type of membrane topology as PBP3
(Adachi et al., 1987) and RodA is an integral membrane
protein that would possess at least nine membrane-
spanning segments (Stoker et al., 1983b; Matsuzawa et
al., 1989). Inactivation of PBP2 by mecillinam causes E.
coli to grow and divide as round coccal forms. Mutations
in either pbpA or rodA also have that effect and confer
resistance to mecillinam. It has been suggested that RodA
interacts with both PBP3 (Begg et al., 1986) and PBP2
(Ishino et al., 1986) and that the complex PBP2-RodA is
linked to the ribosomes via the lov gene product (Bouloc et
al., 1989; Ogura et al., 1989).

Based on the principle that similarity of sequence
indicates similarity of three-dimensional structure and
function, comparison with other proteins of known primary
structure can provide insights into the possible roles that
FtsA, FtsZ and RodA play in the morphogenesis of E. coli.
As shown below, a comparison of the amino acid
sequence of RodA with the National Research Foundation
protein sequence database (version 20; 10527
sequences; 2802 055 residues) led to the conclusion that
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the 370-amino-acid RodA protein and the SpoVE protein
of Bacillus subtilis (Bugaichuk and Piggot, 1986) are very
similar in terms of primary structure.

Results and Discussion

The alignment between the published sequence of the
293-amino-acid SpoVE (Bugaichuk and Piggot, 1986) and
that of the 298-amino-acid carboxy-terminal region (from
E72 to V370) of the 370-amino-acid RodA (Matsuzawa et
al., 1989) had a score of —540, which was more than 29
standard deviations above that expected from a run of 20
randomized pairs of proteins having the same amino acid
compositions as the two proteins under consideration. In
addition, the aligned sequences had almost super-
imposable profiles of predicted transmembrane seg-
ments. Thus SpoVE essentially differed from RodA in that
it lacked a 72-amino-acid amino-terminal region and two
transmembrane segments. This difference prompted us to
re-examine the sequence of spoVE, which also extended
50 bases upstream of the published one. We confirmed

the sequence for all bases except that a ‘T’ was missed out
at position 278.

This correction has several consequences. (j) It extends
the amino-terminal coding region of the long open reading
frame which was identified as the spoVE gene by the map
position of spoVE mutations and which was shown to be
read in vivo by studying translational lacZ fusions (Bugai-
chuk and Piggot, 1986). (i) The most likely translational
start codon for SpoVE is UUG at bases 22-24 of the
published sequence. This codon is preceded by a
potential ribosome binding site (at bases 7 to 12) of
GGGGTG, with a free energy of base pairing (AG) with the
3’ end of the B. subtilis 165-RNA of —16.2 kcal mol™!
calculated using the rules of Tinoco et al. (1973). (i)} The
22-amino-acid amino-terminal region of the published
SpoVE sequence is replaced by a 95-amino-acid stretch.
The revised SpoVE sequence extends the homology of
RodA to SpoVE so that it covers essentially the entire
length of both proteins. The alignment shown in Fig. 1 has
a score of —636 and a standard deviation of 40. The
similarity is especially significant in the ~=140-amino-acid
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Fig. 1. Comparison of amino acid sequences of
370 the E. coli RodA protein and the B. subtilis SpoVE
RODA  FGIVMSIHTH RKMLSKSY protein. The sequences are aligned for maximal
* homologies. Identities between the two
SPOVE VGVLLNVSRY SRY sequences are shown by asterisks. For more
366 details, see text.
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region that extends from Arg212 to Gly355 in SpoVE and
from Arg210 to Gly354 in RodA, both of which contain
46% of strict identities. The two proteins have identical
profiles of predicted transmembrane segments (Fig. 2).

The modes of action, at the molecular level, of RodA in
E. coli and SpoVE in B. subtilis are unknown but the
striking similarity that exists between the two proteins
suggests a common property. The spoVE locus is defined
by mutations that cause a blockage at stage V of
sporulation (Piggot and Coote, 1976). Strikingly, spoVE
mutants appear to be grossly deficient in cortex, which
consists of a sporulation-specific peptidoglycan (Coote,
1972; Piggot and Coote, 1976). Thus SpoVE may have a
role in cortex synthesis, although no biochemical studies
have been performed to test this possibility. The spoVE
locus is transcribed well before cortex synthesis starts and
its transcription is absolutely dependent on the spoOH
and spoOK loci (Bugaichuk, 1987).

Changes in cell wall synthesis and breakdown are
among the first events observed after the initiation of
sporulation (Uratani et al., 1983). In the course of sporu-
lation, the PBP profile of B. subtilis undergoes profound
remodelling, with a sporulation-specific increase in vege-
tative PBPs and a de novo synthesis of other PBPs
(Buchanan and Sowell, 1983; Sowell and Buchanan, 1983;
Todd et al., 1983). In particular, the sporulation-specific
PBP5a, an analogue of the E. coli PBP5 with respect to the
catalysed reactions, is temporally and spatially regulated.
itis detected in large amounts during spore peptidoglycan
synthesis from stage Il to stage V (Todd et al., 1983; 1985;
Buchanan and Neyman, 1986). On the basis of these
observations and by analogy with RodA (see the Introduc-
tion), SpoVE might also link specific intracellular structures
or enzymes and some PBPs at the surface of the cell.

In addition to the pair rodA-spoVE, B. subtilis also
contains homologues of the E. coli cell-division genes ftsA
and ftsZ and expression of these B. subtilis homologues in
E. coli resuits in filamentation and cell death (Bealll et al.,
1988). Note also that a significant similarity has been
observed over a 60-amino-acid region between the E. coii
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Fig. 2. Predicted transmembrane segments of the

3 W ' ' o Hohobic & coli RodA protein and the B. subtilis SpoVE
0 phooic protein, using the program of Kyte and Doolittle
-3 Hphitic  (1982) (window: 9). The program of Engelman et

' al. (1986) (window: 20) generated the same
profile.

FtsA and the yeast cell-cycle proteins CDC28 and CDC2
(Robinson et al., 1987). It is intriguing that in B. subtilis,
SpoVE maps very close to ftsA and ftsZ, and indeed all
three loci were identified on the same A clone (Beall et al.,
1988).

Experimental procedures

Comparison of the primary structure of RodA with the protein
sequence database was made using the Wordsearch algorithm of
the software package of the Genetics Computer Group (GCG)
(University of Wisconsin Biotechnology Center, Madison, Wi,
USA; Devereux et al., 1984). Sequences similar to a query
sequence were identified with the procedure of Wilbur and
Lipman (1983) using, in the present case, a word size of one. The
amino-acid alignment between RodA and SpoVE was optimized
with the local homology procedure of Smith and Waterman (1981)
(Bestfit program in the GCG package; gap weight: 5.0; length
weight: 0.3), and the significance of the homology found between
the two alignments was estimated with the seqdp program of
Goad and Kanehisa (1982). Prediction of transmembrane
segments was made using the procedures of Kyte and Doolittle
(1982) and Engelman et al. (1986).

Notes added in proof

While this paper was in press, lkeda et al. showed that the E. coli
FtsW was aiso similar to RodA and SpoVE: lkeda, M., Sato, 1.,
Wachi, M., Jung, H.K,, Ishino, F., Kobayashi, Y., and Matsuhashi,
M. (1989) Structural similarity among Escherichia coli FtsW and
RodA proteins and Bacillus subtilis SpoVE protein, which function
in cell division, cell elongation, and spore formation, respectively.
J Bacteriol 171: 6375-6378.
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