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Cloning of the rpoZ gene encoding RNA polymerase w subunit from a deep
sea piezophilic bacterium 

Kaoru Nakasone 

We have cloned the rpoZ gene, encoding RNA polymerase (j) protein, by PCR approach from the deep-sea piezophilic and 

psychrophilic bacterium, Shewanella violacea strain DSSI2. The cloned gene, 285 bp in length, was found to encode a 

protein consisting of 93 amino acid residues with a molecular mass of 10,227 Da. Significant homology was evident 

comparing the rpoZ protein of S. violacea with that of Escherichia coli K-12 (71% identity), Vibrio cholerae (70% identity) 

and Haemophilus injluenzae (61% identity). Phylogenetic analysis of RpoZ proteins of several bacteria suggested that S. 

violacea is independent from other bacteria. We constructed expression plasmid to overproduce the RpoZ protein and 

transformed into E. coli JM 109 as a host of overproduction. Upon induction, the recombinant protein encoded by plasmid 

pQrpoZ was overexpressed and purified using Ne+ affinity column. The result of SDS-PAGE during purification suggests 

that a chimeric RNA polymerase (u2t'f:3'a70oo) was assembled in E. coli 

Keywords Shewanella violacea strain DSS 12, RNA polymerase 00 protein, rpoZ gene, expression plasmid 

1. Introduction 

The moderately piezophilic and psychrophilic bacterium 

Shewanella violacea strain DSS 12 from Ryukyu Trench 

(depth 5,110 m) grows optimally at 30 MPa and 8°C, but 

also grows at atmospheric pressure (0.1 MPa) and 8°C [1, 

2]. These growth properties are useful for comparative 

study of cell physiology under high and low pressure 
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conditions. Recently an operon identified as a pressure

regulated operon, with a promoter activated under high

pressure conditions, was cloned and characterized from this 

strain [3-5]. We have reported that gene expression 

from this operon is controlled at the transcriptional level by 

elevated pressure [3]. However, the mechanisms 

controlling transcription of this operon at the molecular 
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level remain to be elucidated. One approach to 

understanding the basis of gene expression under 

defined condition is via detailed characterization of 

transcriptional machinery involved. 

Thus, cloning of the genes for RNA polymerase 

subunits from piezophiles and the establishment of an 

in vitro system for reconstitution of the enzyme are 

essential. Transcription in eubacteria is mediated by 

an RNA polymerase, which governs the selectivity of 

the promoter sequences of a gene. It is a mutisubunit 

complex composed of mainly a, (3, (3' and one of 

several a subunits [6]. Among these subunits, we 

have previously reported piezoresponse of S. violacea 

a operon and some positive regulators may exist and 

interact with RNA polymerase [7]. It is essential to 

elucidate and to characterize several factors interact 

with RNA polymerase and relate to transcriptional 

regulation at several conditions. In the case of E. coli, 

one of these factors named w protein is present in both 

highly purified core and holo RNA polymerase, but the 

roles of this protein is very little known. One of 

estimated functions of E. coli w protein is a regulator of 

RNA polymerase, to control promoter selectivity at 

specific stringent promoters, rpsA and rpU, mediated 

by ppGpp [8]. In this study, we report the isolation of 

the rpoZ gene encoding RNA polymerase w protein 

from S. violacea. The results of phylogenetic analyses 

based on comparison of the RpoZ protein and 

construction of expression plasmid, overproduction and 

affmity purification will be described. 

2. Materials and Methods 

2.1. Cloning of the rpoZ gene from S. violacea 

Two degenerate oligonucleotides were designed and 

synthesized, based on highly conserved sequences, 

MARVTV and VIALREI, in RpoZ proteins. The 

nucleotide sequences of origonucleotides were 5' -

ATGGCNCGNGTAACWGTN-3' (primer 1) and 5'-

DATYTCRCGYAGNGCDATWAC-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 dye terminator method using a DNA 

sequencer model 377 (Perkin-Elmer/applied 

Biosystems Co., Foster, CA). Based on the 

determined nucleotide sequence, two other PCR 

primers were designed for use in amplification of the 

digoxygenin (DIG)-labeled rpoZ fragment. The DIG

labeled fragment was employed as the probe for plaque 

hybridization in screening by means of the DIG 

detection system (Boehringer Mannheim Co., 

Mannheim, Germany). 

2.2. Southern blotting analysis and mapping of the rpoZ 

gene of S. violacea 

The rpoZ gene was identified from I phage library of 

S. violacea chromosomal DNA and significant 

homologies to known rpoZ gene. Based on the 

determined nucleotide open reading flame sequence, 

two other PCR primers were designed for use in 

amplification of the digoxygenin (DIG)-labeled rpoZ 

fragment and for use in cloning (method of 2.5.). The 

nucleotide sequences of the oligonucleotides were 5'

ATGGCTCGCGTAACTGTAGAA-3'(primer I) and 

5' -TTTATAATATGTCGTTGCGACC-3' (primer 2). 

The DIG labeled fragment was employed as the probe 

for southern blotting analysis. The chromosomal 

DNA of S. violacea was digested with Bam HI, Eco RI, 

Hind III, Kpn I, Sal I and Pst I, digested fragments were 

separated on 1% agarose gel and blotted onto a PVDF 

membrane. The fragments were detected by means of 

the DIG detection system (Boehringer Manheim Co., 

Mannheim, Germany). 

2.3. Construction of a lambda phage library of the 
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chromosome of S. violacea and screening of the library 

for the rpoZ gene region 

Chromosomal DNA isolated from S. violacea was 

partially digested with Sau3AI. These fragments were 

inserted into the Bam HI site of lambda DASH II 

(Stratagene Co., La Jolla, CA). Then, in vitro 

packaging of the ligated DNA was perfonned using 

GIGAPACK III XL packaging extracts (Stratagene Co.) 

according to the manufacture's instructions. The I 

phage library was screened for plaque hybridization 

with the rpoZ probe and several positive clones were 

obtained. The positive clones containing the rpoZ 

version 10.1 from software Development (Tokyo, 

Japan) was used for sequence analysis. 

2.4. Phylogenetic analysis of the RpoZ protein 

To detennine the phylogenetic position of the S. 

violacea RpoZ protein, evolutionary distance was 

calculated and a phylogenetic tree was constructed. 

The alignment and calculation were perfonned using 

CLASTALX and the PHYLP (ver. 3.573; obtained from 

1. Gelsenstein, University of Washington, seattle). 

2.5. Construction of expression plasmid harboring rpoZ 

gene were each purified by several single plaque gene 

isolation steps. Each of the inserts in I phage was 

amplified by long PCR and was subcloned into the 

pCR-Blunt vector (Invitrogen Co.). For sequencing of 

these cloned fragments, the random shotgun sequencing 

method was used with a DNA sequencer model 377 

(perkin-Elmer/applied Biosystems Co.). Assembling 

and editing of the detennined DNA sequences were 

perfonned with AutoAssembler Version 2.0 (Perkin

Elmer/Applied Biosystems Co.). GENETYX-MAC 

lkb 

-
~ 
'" y I 

H pgtB 

lOObp 

To construct plasmids for expression of 

hexahistidine-tagged derivative of the RpoZ protein 

from strain DSS 12, PCR was perfonned to amplify the 

rpoZ gene. The PCR product was cloned into the 

pCR2.1 vector and sequenced. The resulting fragment, 

digested with both Bam HI and Hind III, was cloned 

into expression plasmid pQE80L (QIAGEN) and then it 

was designated as pQrpoZ (Fig. 4A). 

Fig. I Results of southern blotting analysis, restriction map of the RNA polymerase (j) subunit gene 

of S. violacea strain DSS12 

Restriction map of the S. violacea rpoZ 10 kb fragment containing the genes pgtB, mdse, unknown, gmkc, rpoZ, spoT, 

unknown, spoU, ribD, unknown. 
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2.6. Overexpression and affmity purification of the (0 

subunit (RpoZ protein) 

The expression plasmids of pQrpoZ were 

transformed into E. coli JMI09. Overexpression of 

the protein was carried out by the procedure described 

by Nakasone et al. [7]. Overexpressed protein was 

fractionated by 15% SDS-PAGE and the molecular 

mass was determined (Fig. 4B). 

3. Results and discussion 

3.1. Isolation of the rpoZ gene of S. violacea 

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

amino acid sequences of the RpoZ proteins from 

several bacteria were aligned and a highly conserved 

region was found (data not shown). These conserved 

sequences were used to design and synthesize 

degenerate oligonucleotides in order to amplify a part 

of the rpoZ gene from S. violacea. A fragment 

containing part of the rpoZ gene, approximately 170 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 RpoZ 

proteins of other bacteria (data not shown). To clone 

the complete rpoZ gene, the partial rpoZ gene fragment 

was labeled with DIG (digoxygenin) by PCR as a 

hybridization probe. From the Southern blotting 

analysis using DIG-labeled S. violacea rpoZ gene as a 

probe, a positive band was detected from digested 

fragments of S. violacea Chromosomal DNA with 

several restriction enzymes (data not shown). As 

shown in Fig. 1 it showed that the rpoZ gene was 

present in a 35.7 kb (Bam HI), 8.1 kb (Hind III), 9.6 kb 

(Eco R I), 5.5 kb (Kpn I), 2 kb (Pst I) and 17.1 kb 

fragment (Sal I). 3.2. Structural analysis of the rpoZ 

gene of S. violacea 

A lambda phage library of S. violacea chromosomal 

DNA was constructed and screened using the rpoZ 

probe. Several positive clones were isolated from 

among 104 plaques and purified by repeated single 

plaque isolation. These clones were confinned to 

contain the rpoZ gene by PCR at each isolation step. 

As a result of screening, we obtained several positive 

clones and the nucleotide sequence of one of these 

clones containing a DNA insert approximately 10 kb in 

size was detennined by the random shotgun sequencing 

method [8]. Based on the results of sequence and 

Southern blotting analysis, we constructed the 

restriction map of rpoZ gene. As shown in Fig. 1 B, 

the 10 kb DNA fragment, including rpoZ gene, had ten 

open reading frames (ORFs) and each ORFs protein 

names were determined with Genbank database. 

Besides of the rpoZ gene, the determined 10kb DNA 

fragment contained nine other genes, pgtB, mdse, 

fUnctionally unknown gene 1, gmkc, spoT, fUnctionally 

unknown gene 2, spoU, ribD andfUnctionally unknown 

gene 3, respectively. It was reported that the rpoZ 

gene of E. coli is located in an operon that also encodes 

the spoT gene whose product is involved in the 

metabolism of ppGpp [9-10]. The rpoZ gene of S. 

violacea was located at the upstream region of spoT 

gene as well as E. coli. From the alignment of the 

upstream region of S. violacea with that of E. coli, two 

promoter like sequences of RNA polymerase were 

identified (data not shown). From these results, the 

transcriptional regulation of this region may be 

conserved in two species and raised possibility of the w 

is required for transcriptional regulation by ppGpp. The 

open reading frame of rpoZ gene, 285 bp in length, was 

found to encode a polypeptide consisting of 94 amino 

acid residues with a molecular mass of 10,227 Da (Fig. 

2A). Analysis of the deduced amino acid sequence 

confirmed that the cloned gene contained the complete 

sequence of the RpoZ protein (Fig. 1). 
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10 20 30 40 50 60 
ATGGCTCGCGTAACTGTAGAAGACGCCGTAAACCAAATCGGCAACCGTTTTGATATGATC 
MAR V T V E D A V N Q I G N R F D M I 

Primer 1 
.. 

70 80 90 100 110 120 
CTGGTTGCAGCGCGTCGTGCTCGCCAAATCGCTGTGCAGGGTAAAGACCCTATGGTTGAA 
L V A A R R A R Q I A V Q G K D P M V E 

130 140 150 160 170 180 
GAAGAGAACGACAAGCCTACGGTTATCGCACTGCGCGAAATCGAATTAGGTTTAGTTACT 
E END K P T V I A L REI E L G L V T .. 

Primer 2 
190 200 210 220 230 240 

GCTGACACTTTGGATGCCGATGAGCGCCAAACTGTTCGTGAACGTGAAGCAGCTGAAATT 
A D T L DAD E R Q T V R ERE A A E I 

250 260 270 280 
GCTGCTGTAGCTGCGATTGCTGAAGGTCGCAACGACATATTATAA 
A A V A A I A E G R N D I L * 

OmpT 

290 

1 MARVTVQDAVEKIGNRFDLVLvE:QMQVGGKDPLVPEENDKTTVIALREIEEGLIN. 
1 MARVTVEDAVNQIGNRFDMILV QIAVQGKDPMVEEENDKPTVIALREIELGLVT 
1 MARVTVQDAVEKIGNRFDLVLV QMQSGGKDALVPEENDKPTVIALREIEEGLIT 

******.*** ****** ********* *** * *****.*********.** 

61 NQILDVRERQEQQEQEAAELQAVTAlAEGRR---
61 ADTLDADERQTVREREAAElAAVAAlAEGRNDIL 
61 KDVLDARERQEQQEQEAAELAAVSSIMHNR----

• ** •• *** ••• *.**** •• ** .* .•• * 

60 
60 
60 

91 
94 
90 

Fig.2 Nucleotide and deduced amino acid sequences of the RNA polymerase 0) subunit gene of S. 
violacea strain DSSI2. 

Nucleotide and sequence encoded by the gene is shown in single-letter notation below the codon; an in-frame stop 

codon is indicated by an asterisk. The numbers of the right refer to nucleotide positions. The nucleotide sequences 

corresponding to the peR primers used (Primer land Primer 2) are indicated by arrows. The predicted OmpT 

protease dependent residues are squared. 
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From the comparison ofRpoZ protein with E')cherichia 

coli and Vibrio cholerae, the amino acid sequences of S. 

violacea RpoZ shows a high degree of similarity to 

those of RpoZ homologues (Fig. 2B). The N-tenninal 

two-thirds of RpoZ protein is significantly conserved, 

but the C-terminal region is not so conserved among 

these organisms. The result suggests that the two

thirds of N-terminal region of RpoZ protein is 

important to bind with RNA polymerase molecules. 

As shown in Fig. 2B, it was reported the N-terminal24 

and 25 residues (Arg-Arg) of E. coli (0 protein is 

efficiently cIeavaged by the OmpT protease [11]. This 

site is observed in the case of w protein of S. violacea 

and V. cholerae. This feature indicating the w protein 

of S. violacea is cleavaged if it was overproduced in E. 

coli JM 1 09 as a host. As predicted, one other 

fragment was observed after overproduced RpoZ 

protein by SDS-PAGE (described in 3.3). 

---------------- PsCl,domollas at:nlgilloSQ 

,....---------------- Call1obacter cresccntus 

,....---------------- Bradyrlli1.obiIll1l japoniclIm 

,....------ Brucella Sliis 
_----- Mesorlli1f)billm loti 

.__--- Asrobacterillm hmze{aczens 

'-----S'=-=--I.---=o-SUIIJrllilObiu11l me liloh 
..... -------- "c;wtDlt.uu ,,·.,. .. ell 

..---- Vibrio cholerac 
..... --yersillia peshs 

Escllcriclua coli 
SJligella flcx.ncri 

..... -------Hacmophih,s inflllen1l1C ..... _--...... 

..... ---------- Pasteurella mll/tocida 
----- XJlcllafashdlosa 

...... ---- XantlJomollaJ axo7lopodis 

.... ---------- F1:dstollia so!anaceanm, 
Rickettsia conorii 

0.1 
-----;:=------------- Ps£'lldomonas aeTll8inosa 

_-------------- Call/obacterCTcrcentw 

...---------------- BradyrJuzobiumjaptJniCll11l 
r------ Brucella rillS 
_----~ McsorJulf)bilmzlotl r---- Asrobacterillm tlmlifactau 

_----===='17i1i1wmuwmUD ~VoW~i.°blllm meliloti 
..... __ Vibno choierac 

Ycrsillia pestis 
Eschcriclria coil 
Slugella jlc.tllcn 

_------Hacmoplulus mf/lIcn1.ll£ 
'-----""t _________ Pasteurella nUlitodda 

r------ X~·lcl1afashdiosa 

------ Xalllhomonas avmopodis 

_-------- Ralstolua so/aJltlCl'afllm 

'----------------------- RIckettsia COllOm 
0.1 

Fig. 3 Phylogenetic tree inferred by neighbor joining analysis of RpoZ protein sequences. 
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Fig. 4 Construction of expression plasmid harboring rpoZ gene and purification of hexahistidine-tagged 

co protein. 

(A) Construction of expression plasmid 

(B) SDS-PAGE analysis of the S. violacea w hexahistidine-tagged fusion protein expressed in E. coli JM109. Lane 

1, the sizes of the molecular mass standards indicated in kDa; lane 2, before induction of expression of the rpoZ gene 

encoded by pQrpoZ; lane 3, soluble fraction, after overexpression of the rpoZ gene encoded by pQrpoZ was induced 

by treatment with 1 mM IPTG; lane 4, purified His6-w protein from soluble fraction; lane 5, E. coli RNA 

polymerase; lane 6, fraction No.1 during elution of w protein. An arrow indicates the position of the protein, His6-<o 

with a mass of 14.8 kDa, a fragment, and RNA polymerase subunits (a, (3, (3', 0
7'1 of E. coli. 
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3.2. Phylogenetic analysis of the evolutionary distance 

of S. vio/acea RpoZ protein 

From the alignment of amino acid residues of the S. 

vio/acea RpoZ protein with other organisms, the RpoZ 

protein is conserved in a wide range of organisms (data 

not shown). To confIrm the phylogenetic position of 

the S. violacea RpoZ protein, the evolutionary distance 

was calculated based on comparison of 17 organisms 

and a phylogenetic tree was constructed (Fig. 3). The 

RpoZ amino acid sequences were aligned and the tree 

was constructed by the neighbor-joining method. The 

results obtained from calculation of the evolutionary 

distance comparing the RpoZ amino acid sequences of 

17 organisms showed that the RpoZ protein of S. 

violacea is independent of other 17 organisms. 3.3. 

Construction of expression plasmid and overproduction 

of S. violacea w protein 

A recombinant expression plasmid harboring the S. 

violacea rpoZ gene was constructed (pQrpoZ) and 

transformed into E. coli JM109 (Fig. 4B). Upon 

induction, the recombinant RpoZ protein was 

overexpressed as shown in lane 3 of Fig. 4B. As 

discussed in 3 .2, the amino acid sequence with E. coli 

and S. violacea, the Arg-Arg recognition site of OmpT 

protease was identifIed. In this experiment, we 

detected a fragment, observed at smaller size of 

hexahistidine-tagged protein after induction. This 

fragment is probably two-thirds of w protein. These 

results indicating that the E. coli OmpT protease can 

cut S. vio/acea w protein off as well as that of E. coli. 

Hexahistidine-tagged w protein was purifIed by a 

simple chromatographic step and the molecular mass 

was determined to be 14.8 kDa by SDS-PAGE (lane 4 

of Fig. 4B). We purifIed this w protein from soluble 

fraction not only for purifIcation by nondenaturing 

treatments but also for detection of several interacted 

protein with w protein in E. coli. As shown in lane 6 

of Fig. 4B, we identifIed several protein bands 

fractionated simultaneously during elution steps by 

SDS-PAGE. In these protein bands, we identifIed 

some proteins which are estimated as RNA polymerase 

subunits (0.,13, /3', 07~. This result suggests that, a 

chimeric RNA polymerase composed of 0.213, /3', 0
70 

from E. coli and w from S. violacea was assembled in 

the E. coli JM 109 harboring pQrpoZ. In addition, we 

also used E. coli TOP 10 as a host of overproduction, 

but could not observe expression of pQrpoZ (data not 

shown). Using highly purifIed RpoZ protein, to 

determine its effect on in vitro transcription process is 

expected. From the establishment of this 

overproduction method, we could obtain several 

recombinant ill proteins and could introduce mutation to 

determine the role of this protein using knockout 

mutant. 
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