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The dew cluster of genes involved in cell division and cell wall synthesis from the piezo-
philic deep-sea bacterium Shewanella violacea was isolated and characterized. It com-
prises 15 open reading frames, of which the organization is mraZ-mraW-ftsL-ftsI-murE-
TnurF-mraY-murD-ftsW-murG-nturC-ftsQ-ftsA-ftaZ-envA, in that order. To analyze tran-
scription upstream from the ftsZ gene, Northern blot and primer extension analyses
were performed. The results showed that gene expression is not pressure dependent.
Western blot analysis showed that the FtsZ protein is equally expressed under several
pressure conditions in the range of atmospheric (0.1 MPa) to high (50 MPa) pressures.
Using immunofluorescence microscopy, the FtsZ ring was observed in the center of cells
at pressure conditions of 0.1 to 50 MPa. These results imply that the FtsZ protein func-
tion is not affected by elevated pressure in this piezophilic bacterium.

Key words: cell division, dew cluster, ftsZ, high pressure, Shewanella violacea.

The moderately piezophilic bacterium Shewanella violacea
strain DSS12 isolated from the Ryukyu Trench (depth
5,110 m) grows optimally at 30 MPa and 8°C, but also
grows under atmospheric pressure conditions (0.1 MPa) at
8°C (1, 2). These growth properties are useful for compara-
tive studies of cell physiology under high- and low-pressure
conditions. This bacterium grows well under high-pressure
conditions (1, 2), but Escherichia coli cells which is closely
related to S. violacea, grows poorly under high-pressure
conditions (3, 4). When E. coli are cultured at high pres-
sure, they grow as a long filamentous form (5), the phenom-
enon that appears to resemble the observed morphological
features of certain E. coli mutants, called filament-forming
temperature sensitive (fts) mutants, which are defective in
cell division at non-permissive temperatures. The defective
genes in these mutants, designated the fts genes (6), are
known to be important for cell division. In many bacterial
species, some of the genes involved in cell division and cell
wall synthesis are organized as a conserved gene cluster,
called dew cluster (7). The dew cluster contains several fts
genes, such as the ftsZ gene, which is widely conserved in
bacteria. This gene codes for a tubulin-like protein with
GTPase activity and provides the cytoskeletal framework of
a cytokinetic ring for membrane constriction in bacteria (8-
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13).
Under high hydrostatic pressure conditions, the volume

of the system (for example any physical, biochemical pro-
cesses and included molecules) is decreased obeying the
principle of Le Chathelier (14,15). Previous studies showed
that in the assembly process of microtubules, myosin and
actin increase in total volume and their filaments become
destabilized and the processes disassemble to monomeric
proteins under high-pressure conditions (16-18). But as-
sembled filaments from deep-sea life are more stable than
those from species living at normal pressures because the
assembly processes for proteins in deep-sea life forms are
altered so that their volumes are much less than those of
proteins from normal pressure species under high-pressure
conditions (16-18).

From these studies, we.are interested in the relationship
between the physical effect of hydrostatic pressure on the
FtsZ protein, a tubulin homologue, and its function and cell
division. Thus, as a first step toward understanding the cell
division mechanisms under high-pressure conditions, the
characteristics of the FtsZ protein from a deep-sea bacte-
rium were studied in vivo. In the present study, we cloned
and sequenced the dew cluster containing the ftsZ gene in
S. violacea (SvftsZ), and the gene expression of ftsZ was
analyzed at the transcriptional and translational levels.
FtsZ protein expression and function were investigated
using immunofluorescence microscopy.

EXPERIMENTAL PROCEDURES

Strains and Growth Conditions—S. violacea was cul-
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tured at 8"C and at pressures of 0.1, 30, and 50 MPa in
Marine Broth 2216 (Becton Dickinson, Sparks, MD, USA)
with the addition of oxygenated Fluorinert FC-72 (Sumi-
tomo 3M, Tokyo) according to the method described previ-
ously (1). E. coli strain TOP10 (Invitrogen, Carlsbad, CA,
USA) was used as the host strain for gene cloning. E. coli
cells were grown at 37'C in LB medium with ampicillin 50
jig ml"1 or kanamycin 20 \ig ml"1.

Isolation and Sequencing of the dew Cluster—To isolate
the dew cluster, a X phage library of S. violacea was
screened using the DIG detection system (Roche Diagnos-
tics, Mannheim, Germany) using part of the ftsZ gene of S.
violacea as a probe (29). Based on a comparison of the
amino acid sequences of the FtsZ proteins from several
Gram-negative bacteria, two degenerate oligonucleotide
primers, 5'-CTIGGIGCIGGIGCIAAYCC-3' and 5'-CKIACR-
TCIGCRAARTCIAC-3', were designed and synthesized. A
target DNA fragment containing part of the ftsZ gene was
amplified by polymerase chain reaction (PCR) using these
primers, and the products (approximately 300 bp) were
cloned into the TA cloning vector pCR2.1 (Invitrogen) and
sequenced. This fragment was labeled with digoxigenin to
prepare a hybridization probe. Plaque hybridization was
carried out with the probe and a positive clone was isolated
from the A. phage library. The nucleotide sequence of the
DNA insert of this clone was determined using an ABI
prism 377 automatic DNA sequencer (Applied Biosystems,
Foster City, CA, USA).

The nucleotide sequence data in this study will appear in
the DDBJ/EMBL/GenBank nucleotide sequence databases
under the accession number AB052554.

Gene Analysis—Assembly and editing of the determined
DNA sequences were performed with AutoAssembler Ver-
sion 2.0 (Applied Biosystems), and GENETYX-MAC ver-
sion 10.1 (Software Development, Tokyo) was used for se-
quence analysis. The ribosome binding site of each ORF
was predicted by the GeneMark and GeneMark.hmm pro-
grams (httpy/opal.biology.gatech.edu/GeneMark/). The se-
quence of the predicted open reading frames (ORFs) was
compared with other bacterial sequences in a homology
search by the FASTA program (http://spiral.genes.nig.ac.jp/
homology/fasta.shtml).

Northern Blot and Primer Extension Analyses—For tran-
scription analysis, total cellular RNA was prepared from
log-phase cells of S. violacea grown under 0.1, 30, or 50 MPa
conditions for 42 h with Sepasole-RNA I (Nacalai Tesque,
Kyoto) as described previously (20).

For Northern blot analysis, 30 mg of total RNA was used
per sample. Amplification of the Sv/isZ-specific DIG-labeled
DNA probe was performed by PCR with two primers (5'-
GTGATGTCACTAAAGGTTTAGGCGCTGGAG-3' and 5'-
TCTAATAAGATGTGCCACGGCCCAAGACC-3') and ftsZ
mRNA was detected using the DIG detection system
(Roche Diagnostics) according to the manufacturer's in-
structions.

Reverse-transcription (RT>PCR and the sequence reac-
tion for primer extension analysis were performed accord-
ing to the method previously described (20). Fifty micro-
grams of total RNA was employed as a template and two
biotinylated primers (5'-biotdn-CrcTACTGCGTTTCCGC-
CACCACC-3' and 5'-biotin-GATACCAGCAGCGACTTGG-
TCCTC-30 were used for RT. For electrophoresis of the RT
products, the GENOQUENSER (ATTO, Tokyo) system was

used with detection by an Imaging High-color device (TO-
YOBO, Kyoto).

In Vitro and In Vivo Immuno-Detection of SvFtsZ—S.
violacea was grown at 0.1, 30, or 50 MPa and the soluble
fraction was obtained for analysis by sonication. The solu-
ble fraction was separated in a 10% acrylamide gel and
immuno-detected with anti-S. violacea FtsZ polyclonal
antibody.

Immunofluorescence microscopy was performed as previ-
ously described (2i). SvFtsZ was immunostained with the
same antibody as for Western blot analysis with Alexa™
488 goat anti-rabbit IgG conjugate (Molecular Probes,
Eugene, OR, USA) used as the second antibody. The immu-
nofluorescence micrographs were modified with Photoshop
5.5 software (Adobe Systems, San Jose, CA, USA).

RESULTS AND DISCUSSION

Isolation and Sequence Analysis of the S. violacea dew
Cluster—To isolate the dew cluster surrounding the ftsZ
gene from S. violacea, a partial DNA fragment of the SvftsZ
gene was amplified by PCR with degenerate oligonucle-
otides designed based on the highly conserved region of
several Gram-negative bacterial FtsZ proteins. The nucle-
otide sequence of the obtained fragment was determined,
and a database search confirmed that the fragment en-
coded part of the ftsZ gene. Two specific primers were
designed to amplify the DIG-labeled SvftsZ probe (approxi-
mately 300 bp), and the probe was employed as the hybrid-
ization probe. Distribution of the SvftsZ gene on the chro-
mosome was determined by Southern blot analysis using
the same probe (Fig. LA). As shown in Fig. LA, analysis
showed that the SvftsZ gene exists as a single copy in the
S. violacea genome. Plaque hybridization of the S. violacea
\ phage library was carried out and few positive clones
were obtained. One positive clone containing the ftsZ gene
was 21 kb in size, and its nucleotide sequence was deter-
mined by the random shotgun sequencing method. Se-
quence analysis of the fragment revealed that it comprises
15 open reading frames (ORFs) thought to be involved in
cell division and cell envelope biosynthesis. As shown in
Fig. IB, the gene organization is mraZ-mraW-ftsL-ftsI-
murE-murF-mraY-murD-ftsW-murG-murC-ftsQ-ftsA-ftsZ-
envA, in that order. Upstream and downstream from the
mraZ and envA genes, respectively, no cell division or cell
wall synthesis gene was found. The dew cluster was orga-
nized surrounding the ftsZ gene in S. violacea as in other
Gram-negative bacteria (22).

The ORFs in the S. violacea dew cluster are listed and
their positions, lengths, putative SD sequences and descrip-
tions are shown (Table D. The deduced proteins in the S.
violacea dew cluster are similar to those in E. coli, Haemo-
philus influenzae, and Vibrio cholerae (Table I). The similar-
ity of the MraW proteins between S. violacea and E. coli
was the highest (75.8% identity), with the lowest similarity
found for ftsQ between S. violacea and E. coli (36.5% iden-
tity). The others show similarities of 40-60%. The FtsZ pro-
tein showed the next highest degree of similarity between
S. violacea and E. coli (72.2% identity). A comparison ofthe
FtsZ amino acid sequences among S. violacea and other
bacteria living under normal atmospheric pressure condi-
tion is shown in Fig. 2. The FtsZ protein was analyzed
according to its functional domains as the GTPase and its
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Fig. 1. Southern blot analysis and gene or-
ganization of the dew cluster in S. violacea.
(A) Southern blot analysis with the SvftsZ
probe. The DNA molecular size markers are
shown in lane 1. & violacea chromosomal DNA
was digested with £coRI (lane 2), HindUl (lane
3), and PstI (lane 4). (B) Restriction sites (B,
SamHI; E, EcoRI; H, HindOJ; P, PstI) in the S.
violacea dew cluster.
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TABLE I. ORF analysis of the dew cluster of S. violacea.

Gene

mraZ

mraW

ftsL

ftsl

murE

murF

mraY

murD

ftsW

murG

murC

ftsQ

fisA

fisZ

envA

Position

1203-1661

1693-2634

2705-3019

3088-4830

4830-6308

6305-7672

7672-8754

8761-10110

10103-11317

11317-12414

12383-13867

13971-14783

14783-16018

16093-17271

17436-18356

(n t )

458

941

314

1,742

1,478

1,367

1,082

1,349

1,214

1,097

1,484

812

1,235

1,178

920

(a-a)

152

313

104

580

492

455

360

449

404

365

494

270

411

392

306

(kDa)

175

35.0

126

64.3

53 0

48.9

39 8

47 8

449

39 0

54.1

30.8

41.6

407

33 9

SD/initiation codon

AAGGACAAGCTAACGTG

OAAOATACTAATG

AGGGAGTTCTGATATC

AACGAGAGCATCATG

CAAGAGGACAGAATAATG

CCGGAGAACAGATATG

AGGGAGTTTGTTTAATG

AAGGTAATTGACGATG

GAGGCTAGTGCTGATG

AGGGAAAAATAGTTAATG

CCGAAAAAGTCK3CTGATG

OTGGGGTACCTATG

GAAGAGAGCCAGTAAATAATG

ACGGAGAOAAGACCATG

CACK3TAAAAATATG

Charact eristics

Smnhr to H li^htmae Rd conjeived hypothetical protein (56 6%
identity)

Sinilir to E mil YibC pfoKii (62^% Kfcnmy)

Sumlti to ¥ choleme FoL protein (41.5% identity)

Stmikr lo V dtolerat peoidflin-bifldfaig pnwcm 3 protcm (51.0% identity)

Sinultr to £. coB UT>P-N-»c«lybmii»mo>'liiinyl-I>-jrljtlJlnte-2,6-
damiuoptoetat I I J IM(EC6ja . l3 ) (451Hldent i ty )

Smihi K E coll UDP-N-tcetylmunmoyialmyl-D^hittmyi-2,6-
dumiiioplmellle-CHtaiyl-D- iltnyl ligijt (EC 6 J J 15) (60 OS nfcnlity)

Sunibr to E coll pbo*f)ao-N^cetytnmTimoyl*pestipeptid<c-[nin^Tuc
(EC17 8 13) C75 8% identity)

Sbnlir lo E coll UDP-N-#cctyBwniiiio>-l*linioe-D^ratijmle hgMc (EC 632 9)
(47 I S «fcntlty)

Similu to E coll FoW protttn (57 I S identity)

Siniitir to E coll UDP-N-icetyt£luco»tinm-N-««iyiimiiiniyl-(pent»peptide)
pyropbo^ibofyi-UDdectpreoot D-Acetytghjcosamnc t rmfense (EC 2 4 1 -)
( 5 2 J S identity)

Snmiir to V cftolerae UDP-N-«etytn»rimile-«linifle bioc (EC6J 2.8) (65 J S
Identity)

SinnUr to E cob FtiO proiein (36 J S identity)

Simflw lo E cob FttA protein (593% identity)

Stmhi toE.coM FnZ proteoi (72 2 S identity)

Stnulu lo V choUroc UDP-3-0-{3-bydroiyniyraHoyf}-N^ceiylglaco««inDie
de»cetyh« (EC 3 J I -) (64.1% identity)

The position and length of each ORF in S. violacea dew cluster, the putative protein size and molecular mass are listed.
The predicted SD sequence (underlined) and initiation codon (bold) are also shown. Proteins homologous to the encoded
protein in each ORF and their identities (%) are given.

self-interaction (23, 24). The GTPase domain in the N-ter-
minus is highly conserved in S. violacea (Fig. 2, broken
underline). The sequence at the C-terminus from amino
acid 320 to the end, which is especially for the self-interac-
tion of FtsZ, however, shows little conservation among bac-
teria (Fig. 2, solid underline). This indicates that the FtsZ
proteins of S. violacea and other ground bacteria have simi-
lar GTPase activities and a specific interaction property in
each FtsZ protein.

Northern Blot Analysis of the SvftsZ Gene—Northern
blot analysis was performed to analyze the expression of
SvftsZ mRNA under several pressure conditions. The
RNAs were hybridized and visualized with the DIG-labeled
Sv/isZ-specific probe and the DIG detection system (Fig. 3).
Two RNA bands, about 2.6 kb and 1.5 kb in size, were

detected under these pressure conditions. The effects of
high pressure on S. violacea gene expression have been
reported (19, 25-28), but the expression of ftsZ was almost
the same under all pressure conditdona

In E. coli, ftsZ gene expression has been well studied. E.
coli ftsZ promoters were found inside the ddlB (ftsQ2p),
ftsQ (ftsAp), and ftsA (/£sZlp-4p) genes in several studies
(29-31), and the contribution of the promoter of the mraZ
gene (mraZp), about 18 kb upstream from ftsZ, has been
suggested (32). After transcription, ftsZ mRNA is cleaved
by RNase E behind the ftsZp in E. coli (33). The multiple
bands in the present Northern blot analysis under different
pressure conditions indicate that the regulation of ftsZ
transcription in S. violacea is similar to that in E. coli.

Primer Extension Analysis of the ftsZ Upstream Region

VoL 132, No. 2, 2002
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{Sc)
1 MFEIMDSHTDEAVrKVIBVGSGGGNRVEHMVKHNIEGVEFVATNTnftQALRKSAAGrriQ
1 MTE SMELTTOA-VITKVIG YG6GGGNAVEHMYRERIEGYEFFAVNTDAQALRKTAVGQTIQ
1 MFDFHDSMVSNAIIKYVGYGGGGGNAYQHMJEEVSD-VEFEALNTDGQALSKSKVQKrEQ
1 MFELVDNYIQSEVIKYIGYGSGGGNAYNHMVKSSIEGVEFICANTDAQALKKIGARTILQ

* * * * * * * * * * * * * * * * * * * * * • * * * * *

( SV) 61 WREVTKGBSAGANPEXGRIiAAEEBRESIRNAlaCGSDMIFIAAGMGGGVGrGAAPYVAEI
(.SC) 60 IGSGITKG WAGAOTEVBRNAAOErjRDALRAAEEGArjMVriAAGMGGGTGTGAAPVVAEV

60 lETNLTKGEGAGANPEZGKRAATErjRAKIEQLEEGADtWFITAGMGGGlSTGGAPVYAEV
61 LGTGVTKGLGAGANPEVGRQAAEEnRERIAEVEQGTNM'/FITTGMGGGTCTGAAEIIAEV

(.SV) 1 2 1 AKEEGILTYAVYTKPFPFEGRKRMAYAEQGIEEI,AKHVDSI.ITIPNEKMKVLGRGTSLL
[Sc) 1 2 0 AKDEGILTVAVVTKPFNFEGKKRMAFAEQGITELSKHVDSIiITIPNDK&LKVLGRGISLL
IJfi) 120 AKElCIL'PVAVVTKPFPFEGPRRMKAAEQGIDELTKHVDSIITVPNEKI.LSVtGKGASLI
( tp) 1 2 1 AKEMSILTVAVVTRPFPFEGRKRMQIADeGIRMLAESVDSLITIPNEKtLTILGKDASLL

( SV) 1 8 1 DArAAAMhfYLLGAVQGIAELintPGLXMVDFADYKTVKSEMSMAMMSTGVASSEDRAEEA
(Sc) 1 8 0 DAFGAA>nDVLKGAVQGIAELITRPGLMWreADVRTVMSEM3YAMM:SGVASGEDRAEEA
(/ft") 1 8 0 E*FNAAnroVKhBWXGVSEEITKPGLIWDTArjVRAYMTHM3LAMM3MGEA93ENRAREA

1 8 1 SAFAKADDYLAGAYRGISDIIKRPGMINVDFADVRTYtDEM3MRMM3TGCASRPNRAREA

60
59
59
60

120
119
119
120

180
179
179
180

240
239
239
240

Fig. 2. Multi-alignment of FteZ
proteins from Shewanella viola-
cea (.Sv), Escherichia coli lEc),
Haemophilus influenzae {Hi), and
Pseudomonat putida (JPp). Identi-
cal residues are indicated by astei^
isks. The conserved GTPase domain
(broken) and variable self-interac-
tion domain (solid) are underlined.

(5V1 2 4 1 AEAAYASPLLEDIDLAGARGYLYNITAGMDMSIEErETVGNHVKAYASDNATVVYGAVID
[SC) 2 40 AEMAISSBLLEDITJLSGARGVLYNITAGFDLRIDEFETVGNTIRAFASrjNA'IVVIGTSLD

2 40 AEAAISSPLLEDINLDGAKSVIVNITAGKDMSIBEFEEVGEYIRSFISDEAIVIAGTVID
2 4 1 TEAAIRNPLLEDVNLQGARGILYNITAGPDLSLGEYSDVGSIIEAFASrjHAMVKYG'IVID

* * * * * * *

( SV) 3 01 PEMSDELRVIYVATC IGAEKKPDIQLVTKP-VPRPEPVIAPE VRTEPQSEE tV-QSMASG
(Sc) 3 00 H3MNDEr.RYTYYATGIGMDKRSEITI,V»fKQVga—SYMD RYQQHGMAPI.T0EQKPY
(Jfi) 3 00 PDMSDSMKYTYWTOI EKYA MKR GFGYEKTSSLQ—QSAS — SrSNK

3 0 1 PDMRDELHVTVVATCEGARIEKPVKVVDNTLQTAQeAYEASNPQSCAGflQEQPAYNYRDL
* * * * . * * .

( SV\ 359 NV-VPAAQTAAABATALRNET DYL DIEAFLRKQWD
ISC) 3 55 AKVVND-NA PQTAKE P DYL DIPAF1RKQAD
(Mi) 3 43 TSAPTLRKETEVYTCASNASKlCSDDV-NKSDIESrtRRR —
( Pp) 361 ERSTVMRNOAHA—GAAAAAKLNSQDDIDYLDIPAFERRQAD

* * * . * * *

300
299
299
300

358
354
3 42
360

392
383
381
400

(kb)
2.6-

1.5-

Fig. 3. Northern blot analysis of SvftsZ gene expression under
different pressure conditions (lane 1, 0.1 MPa; lane 2, 30 MPa;
lane 3,50 MPa). Two RNA bands were detected in each lane and es-
timated to be approximately 2.6 and 1.5 kb in size RNA sizes are in-
dicated on the left.

in S. uiolacea under High-Pressure Conditions—To mea-
sure ftsZ expression levels in S. violacea under several
pressure conditions and to determine the transcription ini-
tiation site, primer extension analysis was performed. The
same transcription initiation sites were identified (Fig. 4) at
pressures of 0.1, 30, and 50 MPa. In the region upstream
from these sites, a putative o^-type promoter consensus se-
quence and a putative ribosome binding site were seen
(Fig. 4).

In Vivo and In Vitro Immuno-Detection of SvFtsZ Pro-
tein—Western blot analysis was carried out to study the
pressure effect on SvFtsZ translation (Fig. 5). Specific
bands were detected in all lanes, and the relative amounts
of SvFtsZ protein in a cell were equal under each pressure
condition.

To study the function of the SvFtsZ protein ire vivo, the

localization of the SvFtsZ protein in cells under atmo-
spheric and high-pressure conditions was observed using
immunofluorescence microscopy. S. violacea cells grown at
0.1, 30, and 50 MPa were observed by differential interfer-
ence contrast microscopy. In S. violacea, rod-shaped mor-
phology and membrane constriction in the cell division site
were observed in the range of 0.1 to 50 MPa (Fig. 6, upper
panel). A single band exhibiting FtsZ ring formation was
visualized at the center of a S. violacea cell, which corre-
sponds to the constriction site (Fig. 6, lower panel). This
observation confirms that SvFtsZ is present ire vivo at a cell
division site under atmospheric and high-pressure condi-
tions.

CONCLUSIONS

We cloned and characterized the dew cluster in the piezo-
philic bacterium S. violacea to study the pressure effect on
the cell division mechanism, especially on the FtsZ protein,
under high-pressure conditions. Northern blot analysis and
primer extension analysis showed that ftsZ gene expression
was not affected by elevated pressure in S. violacea. Fur-
thermore, immunodetection analysis ire vitro and ire vivo re-
vealed that the SvFtsZ protein was translated equally and
was functional at pressures from atmospheric to high-pres-
sure conditions. These results show that FtsZ is not altered
quantitatively and the cell division function is not inhibited

J. Biochem.

 at Islam
ic A

zad U
niversity on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Isolation of the dew Cluster from a Piezophile 187

15532

ATGCCGCTAACAGTAGCAAJUXCATTACCAGTAAAAGGTITATTCGAA 15866
-35 -10

15869 TATCTCGiT^GCCAATATATrCiiC!WTATI«Xrrr<JIT»iClCtAT 15916
pZl

ClJpCAAGAA 15964

16012

TirrAATATTAAffTTGGCG<UAGAATrAAGCGGTCGATrTGC?rATnT 16060

16061 ATATATAACC^ACGCAAAACGGAGAGAAGAC

RB5

.TCATGG 16108

Fig. 4. Determination of the
transcription initiation site by
primer extension analysis.
Transcription upstream from the
S. violacea ftsZ gene at 0.1 MPa
(lane 1), 30 MPa Oane 2), and 50
MPa (lane 3) is shown. The tran-
scription initiation site is indi-
cated by an arrow and under-
lining. The nucleotide sequence in
this region is shown on the right.
The predicted o-70-type promoter
consensus sequences and ribo-
some binding site (RBS, dotted
underlining) are indicated. The
DNA sequence ladders of the
gene are shown on the left

Fig. 5. Western blot analysis of the SvFtsZ protein. S. violacea proteins from cells grown at 0.1 MPa Oane
1), 30 MPa (lane 2), and 50 MPa (lane 3) were immunodetected with anti-S. violacea FtsZ antibody.

•PlsZ

0.1 MPa 30 MPa 50 MPa

DIC

IFM

Fig. 6. Observation of FtsZ ring for-
mation in S. violacea. Upper panel:
Observation of S. violacea cells grown
at 0.1,30, and 50 MPa using differential
interference contrast 03IC) microscopy.
Lower panel: Observation of FtsZ ring
formation using immunofluorescence
microscopy (IFM).

by high-pressure in S. violacea. The cell morphology of E.
coli under high-pressure conditions is, however, quite dif-
ferent from that of S. violacea. The filamentous cells indi-
cate a stop in the cell division steps and we expect that a
hydrostatic pressure effect on FtsZ protein function causes
the inhibition of cell division. In fact, the C-termini of FtsZ
from the four bacteria compared in this study are not con-
served and the region is essential for polymerization activ-
ity. The characteristic property under high-pressure is con-
sidered from the variety.

We attempted to grow E. coli under high-pressure by
means of transduction of the SvftsZ gene. However, the
expression of SvFtsZ caused filamentation and the E. coli

were not able to grow under any pressure conditions (data
not shown). Therefore, we expect that the characterization
of the biochemical features and polymerization activities of
SvFtsZ and terrestrial bacteria (eg. E. coli) in vitro will help
us to understand the effect of pressure on cell division steps
in vivo.

We thank Ms. C. Yenches for assistance in editing the manuscript,
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