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We have cloned and sequenced the ftsZ gene, encoding a protein essential for cell division, from a λ phage library of

the chromosome of the deep-sea bacterium Shewanella violacea strain DSS12.  This gene, 1,179 bp in length, was found

to encode a protein consisting of 392 amino acid residues with a molecular mass of 40,727 Da. Significant homology was

evident comparing the ftsZ gene of S. violacea with that of Escherichia coli (63% identity), Pseudomonas putida (51%

identity), Bacillus subtilis (48% identity), and Streptomyces coelicolor (43% identity).  Comparison of the amino acid

sequences of the FtsZ proteins of S. violacea and E. coli revealed the presence of a GTPase domain in N-terminal portion

and a specific conserved region in the C-terminal portion (extreme C-terminus) which is associated with other cell

division proteins.  A variable region  between the GTPase domain and the C-terminal region was also observed.  Phylo-

genetic analyses of 16S rDNAs and FtsZ proteins of several bacteria showed that S. violacea is closely related to E. coli.
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synthesized, based on highly conserved sequences,

TKGLGAGAN and NVDFADVR, in FtsZ proteins.  The

nucleotide sequences of the oligonucleotides were 5’-

CTIGGIGCIGGIGCIAAYCC-3’ (primer 1) and 5’-

CKIACRTCIGCRAARTCIAC-3’ (primer 2).  The PCR

product obtained using S. violacea chromosomal DNA as

the  template and the above primers, was cloned into the

pCR2.1 vector (Invitrogen Co., Carlsbad, CA) and the

nucleotide sequence was determined by the dye termina-

tor method using a DNA sequencer model 377 (Perkin-

Elmer/Applied Biosystems Co., Foster, CA).  Based on

the determined nucleotide sequence, two other PCR prim-

ers were designed for use in amplification of the

digoxigenin (DIG)-labeled ftsZ fragment.  The DIG-labeled

fragment was employed as the probe for plaque hybridiza-

tion in screening by means of the DIG detection system

(Boehringer Mannheim Co., Mannheim, Germany).

2.2. Construction of a λ phage library of the chromo-

some of S. violacea and screening of the library

for the ftsZ gene region.

Chromosomal DNA isolated from S. violacea was par-

tially digested with Sau3AI.  These fragments were in-

serted into the BamHI site of lambda DASH II (Stratagene

Co., La Jolla, CA). Then,  in vitro packaging of the li-

gated DNA was performed using GIGAPACK III XL

packaging extracts (Stratagene Co.) according to the

manufacturer’s instructions.  The λ phage library was

screened for plaque hybridization with the ftsZ probe and

several positive clones were obtained.  The positive clones

containing the ftsZ gene were each purified by several

single plaque isolation steps.  Each of the inserts in λ
phage were amplified by long and accurate PCR and were

subcloned into the pCR-Blunt vector (Invitrogen Co.).  For

sequencing of these cloned fragments, the random shot-

gun sequencing method was used with a DNA sequencer

model 377 (Perkin-Elmer/Applied Biosystems Co.).  As-

sembling and editing of the determined DNA sequences

were performed with AutoAssembler Version 2.0 (Perkin-

Elmer/Applied Biosystems Co.). GENETYX-MAC ver-

sion 10.1 from Software Development (Tokyo, Japan) was

used for sequence analysis.

2.3. Phylogenetic analysis of the ftsZ genes and 16S

rDNAs

To determine the phylogenetic position of the S.

1. Introduction

The moderately piezophilic and psychrophilic bacte-

rium Shewanella violacea strain DSS12 from the Ryukyu

Trench (depth 5,110 m)1) grows optimally at 30 MPa and

8ºC, but also grows at atmospheric pressure (0.1 MPa)

and 8ºC2).  These growth properties are useful for com-

parative study of cell physiology under high and low pres-

sure conditions.  S. violacea shows good growth under

high pressure conditions1), 2), whereas E. coli, which is

closely related to S. violacea, shows poor growth  under

the same conditions3) .  We are interested to further eluci-

date the differences in  cell growth properties of these

two species under high pressure conditions.  When E. coli

is cultured under high pressure conditions, it grows as  a

long filamentous form4).  This phenomenon seems to re-

semble the observed morphological features of certain E.

coli mutants, called fts mutants (the meaning of fts is fila-

ment forming temperature sensitive), which are defec-

tive in cell division at the non-permissive temperature.

The defective gene in these mutants, designated the  fts

gene5),  is known to be important for cell division.  The

Fts proteins are assembled into the cell division appara-

tus at the cell division site6), 7) and the assembly process is

initiated by the FtsZ protein, which is a tubulin-like pro-

tein with GTPase activity, and it provides the cytoskeletal

framework of a cytokinetic ring for membrane constric-

tion in bacteria8)－13).  Our recent observation of filamen-

tous E. coli under high pressure conditions, by immunof-

luorescence microscopy using anti-FtsZ antibody, re-

vealed that the FtsZ protein is not functional (data not

shown). This suggests that the fts-like mutant phenotype

is caused by inhibition of the function of FtsZ in E. coli

under high pressure conditions.  Thus, to understand cell

division under high pressure conditions, characterization

of the FtsZ protein both in vivo and in vitro is definitely

required.

In this study, we isolated and cloned the ftsZ gene from

a deep-sea piezophilic bacterium as the first step in study-

ing the FtsZ protein.  In this report, we describe the se-

quence of the FtsZ protein and the results of phylogenetic

analyses based on comparison of the FtsZ protein and 16S

rDNA of S. violacea with those of other bacteria.

2. Materials and Methods

2.1. Cloning of the ftsZ gene from S. violacea

Two degenerate oligonucleotides were designed and
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Fig.1 Southern blot analysis and restriction map of the ftsZ gene of S. violacea.

A) S. violacea chromosomal DNA was digested with Hind III, Pst I, and Sal I. A single major band was detected

in each lane using the S. violacea ftsZ-specific probe. Lane 1 : λ HindII marker. Lane 2: Hind III-digested

DNA with a fragment approx. 2.5 kb in size showing hybridization with the probe. Lane 3 : Pst I-digested

DNA with a fragment approx. 0.9 kb in size showing hybridization. Lane 4 : SalI-digested DNA with a

fragment approx. 6 kb in size showing hybridization. The sizes of the nucleotides are indicated in kb.

B) Restriction map of the ftsZ gene region. The ftsZ ORF is shown by an arrow.

violacea ftsZ gene, evolutionary distance was calculated

and a phylogenetic tree was constructed.  The evolution-

ary distance was based on comparison of 12 bacteria.  The

16S rDNA sequences or the FtsZ amino acid sequences

were aligned and the tree was constructed by the neigh-

bor-joining method.  The alignment and calculation were

performed using CLASTALX and the PHYLP package

(ver. 3.573; obtained from J. Gelsenstein, University of

Washington, Seattle).

3. Results and Discussion

3.1. Isolation of the ftsZ gene

To clone a part of the ftsZ gene from S. violacea, the

amino acid sequences of the FtsZ proteins from several

bacteria were aligned and a highly conserved domain was

found in the N-terminal portion (Fig. 3).  These conserved

sequences were used to design and synthesize degener-

ate oligonucleotides (primer 1 and primer 2) in order to

amplify a part of the ftsZ gene from S. violacea (Fig. 2).

A fragment containing part of the  ftsZ gene, approxi-

mately 450 bp, amplified by PCR with the primers, was

cloned into the pCR2.1 vector and its nucleotide sequence

was determined.  The deduced amino acid sequence of

the cloned gene was significantly similar to the FtsZ of

other bacteria.  To clone the complete ftsZ gene, the par-

tial ftsZ gene fragment was labeled with digoxigenin by

PCR for use as a hybridization probe.  Southern hybrid-

ization was carried out using this probe  to confirm the

restriction map of the ftsZ region.  The ftsZ probe hybrid-

ized with chromosomal DNA digested with HindIII, PstI
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Fig.2 Nucleotide and amino acid sequences of the S. violacea ftsZ gene.

The deduced amino acid sequence is shown in single-letter code below the nucleotide sequence and the stop codon is

shown with a asterisk. Primers 1 and 2 used for degenerate PCR amplification are indicated by arrows. A putative

ribosome binding site (SD) is underlined.

and SalI as shown in Fig. 1A, and a single major band

was detected in each lane.  Based on these results, sev-

eral restriction sites in the ftsZ gene region were mapped

(Fig. 1B).

3.2. Structural analysis of the complete ftsZ gene of S.

violacea

A λ phage library of S. violacea chromosomal DNA

was constructed and screened using the ftsZ probe.  Sev-

eral positive clones were isolated from among 104 plaques

and purified by repeated single plaque isolation. These

clones were confirmed to contain the ftsZ gene by PCR

at each isolation step.  As a result of the screening, we

obtained five positive clones and the nucleotide sequence

of one of these clones containing a DNA insert approxi-

mately 18 kb in size was determined by the random shot-

gun sequencing method.  The open reading frame of the

ftsZ gene, 1,179 bp in length, was found to encode  a

polypeptide consisting of 392 amino acid residues with a

molecular mass of 40,727 Da.  A possible ribosome bind-

ing site (SD), 5’-GGAGAGAAAGA-3’, was found up-

stream of the start codon (Fig. 2). Restriction analysis

showed that the ftsZ gene region was present within a

PstI fragment approximately 900 bp in size which hy-

bridized with the ftsZ probe (Fig. 2B).  Analysis of the

deduced amino acid sequence confirmed that the cloned
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Fig.3 Multi-alignment of FtsZ proteins from Shewanella violacea (Sv), Escherichia coli (Ec),  Pseudomonas putida (Pp),  Bacillus subtilis

(Bs),  and Streptomyces coelicolor (Stc). Identical residues are indicated by asterisks. A putative GTP binding region and a GTP-

hydrolyzing region (underlined) are highly conserved.

gene contained the complete sequence of the FtsZ pro-

tein.  It was found to be significantly similar to the FtsZ

protein of E. coli (63 % identity), P. putida (51% iden-

tity), B. subtilis (48% identity), and S. coelicolor (43%

identity) (Fig. 3).  Comparison of the FtsZ of S. violacea

with that of E. coli showed that the GTPase domain in

the N-terminus was highly conserved; the GTP binding

and GTP hydrolyzing motifs (GMGGGTGTGAAP10)－12)

and INVFADV14), as shown in Fig. 3), were completely

iden t ica l .   The  sequence  a t  the  C- te rminus

(DYLDIPAFLRKQAD as shown in Fig. 3), which is as-

sociated with  other cell division proteins such as FtsA

and ZipA15), 16), was also highly conserved (Fig. 3). These

observations indicate that the FtsZ proteins of S. violacea

and E. coli have the same functions, that is, GTPase ac-

tivity and protein-protein interaction.

Under high pressure conditions, S. violacea grows with-

out filamentation, but E. coli cells form filaments. It seems

possible that the difference in morphology between these

species may depend on the functions of the FtsZ protein

under high pressure conditions. Comparing the FtsZ pro-

tein of S. violacea and that of E. coli it is evident that the

amino acid sequence is highly conserved and thus the

function of FtsZ in these species must be very similar.

This suggests that the difference in FtsZ function under

high pressure conditions is likely to be due to the vari-

able region of the sequence.  To understand the effect of

pressure on cell division, characterization of the FtsZ pro-

teins in vitro under high pressure conditions is definitely

required.  Characterization of the polymerization of FtsZ

in vitro will help us to understand the effect of pressure

on cell division.

3.3. Phylogenetic analyses of the evolutionary distance

of S. violacea FtsZ.

The ftsZ gene is conserved in a wide range of eubacteria,

archaea and eukaryotes9).  Because the sequence of the

16S rDNA of S. violacea is very similar to that of E. coli,

it is evident that these species are closely related1), 2) .  To

confirm the phylogenetic position of the S. violacea ftsZ,

the evolutionary distance was calculated based on com-

parison of 12 bacteria and a phylogenetic tree was con-

structed (Fig. 4). The 16S rDNA sequences or the FtsZ

amino acid sequences were aligned and the tree was con-
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Fig.4 Phylogenetic tree inferred by neighbor joining analysis of 16S rDNA and FtsZ protein sequences.

A tree showing the  positions of A) 16S rDNA sequences, B) FtsZ amino acid sequences of  12 bacteria. The

S. violacea ftsZ gene is most closely related to that of E. coli.

structed by the neighbor-joining method.  The results

obtained in calculation of the evolutionary distance com-

paring the FtsZ amino acid sequences of 12 bacteria

showed that the FtsZ protein of S. violacea is closely re-

lated that of E. coli. This finding is consistent with the

results obtained comparing the 16S rDNA sequences.

The results of sequence and phylogenetic analyses dem-

onstrate that the FtsZ proteins of S. violacea and E. coli

have highly conserved sequences and are closely related,

but the difference in cell morphology under high pres-

sure conditions indicates that these FtsZ proteins differ

in terms of function under high pressure conditions.

Acknowledgements

We thank Dr. W. R. Bellamy for assistance in editing

the manuscript.  This work was supported in part by a

Grant-in-Aid for Scientific Research on Priority Areas:

Single-Cell Molecular Technology (area number 736).

References

1) Kato C, Sato T, Horikoshi K: Isolation and proper-

ties of barophilic and barotolerant bacteria from deep-

sea mud samples. Biodiv Conserv 4, 1-9 (1995)

2) Nogi Y, Kato C, Horikoshi K: Taxonomic studies of

deep-sea barophilic Shewanella strains and descrip-

tion of Shewanella violacea sp. nov. Arch Microbi-

ology 170, 331-338 (1998)

3) Zobell CE, Cobet AB: Growth, reproduction, and

death rates of Escherichia coli at increased hydro-

static pressures. J Bacteriol 84, 1228-1236 (1962)

4) Zobell CE, Cobet AB: Filament formation by Escheri-

chia coli at increased hydrostatic pressures. J

Bacteriol 87, 710-719 (1963)

5) Hirota Y, Ryter A, Jacob F: Thermosensitive mutants

of E. coli affected in the processes of DNA synthesis

and cellular division. Cold Spring Harb Symp Quant

Biol 33, 677-693 (1968)

6) Lutkenhaus J, Addinall SG: Bacterial cell division

and the Z ring. Annu Rev Biochem 66, 93-116 (1997)

7) Bramhill D: Bacterial cell division. Annu Rev Cell

Dev Biol. 13, 395-424 (1997)

8) Bi EF, Lutkenhaus J: FtsZ ring structure associated

with division in Escherichia coli. Nature 354, 161-

164 (1991)

9) Lutkenhaus J: FtsZ ring in bacterial cytokinesis. Mol



73JAMSTECR, 42 （2000）

Microbiol 9, 403-409 (1993)

10) RayChaudhuri D, Park JT: Escherichia coli cell-di-

vision gene ftsZ encodes a novel GTP-binding pro-

tein. Nature 359, 251-254 (1992)

11) de Boer P, Crossley R, Rothfield L: The essential bac-

terial cell-division protein FtsZ is a GTPase. Nature

359, 254-256 (1992)

12) Mukherjee A, Dai K, Lutkenhaus J: Escherichia coli

cell division protein FtsZ is a guanine nucleotide bind-

ing protein. Proc Natl Acad Sci USA 90, 1053-1057

(1993)

13) Addinall SG, Lutkenhaus J: FtsZ-spirals and -arcs

determine the shape of the invaginating septa in some

mutants of Escherichia coli. Mol Microbiol 22, 231-

237 (1996)

14) Dai K, Lutkenhaus J: ftsZ is an essential cell division

gene in Escherichia coli. J Bacteriol 173, 3500-3506

(1991)

15) Ma X, Margolin W: Genetic and functional analyses

of the conserved C-terminal core domain of Escheri-

chia coli FtsZ. J Bacteriol 181, 7531-7544 (1999)

16) Yan K, Pearce KH, Payne DJ: A conserved residue at

the extreme C-terminus of FtsZ is critical for the FtsA-

FtsZ interaction in Staphylococcus aureus. Biochem

Biophys Res Commun 270, 387-392 (2000)

(Manuscript received 14 July 2000)


	6. Cloning and sequencing of the ftsZ gene from a deep-sea piezophilic bacterium.(Shewanella violacea strain DSS12) 
	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	Acknowledgements
	References


