
Shigella sonnei colicin 7 (Scol7) is a unique bacteriocin acting only on certain dysentery-causing bacte-
ria, like enteroinvasive Escherichia coli, S. sonnei or S. boydii. We identified a 4.2 Md plasmid (pScol7)
conferring Scol7 production to the transformants. The entire plasmid was sequenced (Gene Bank
Accession number AJ318075) and the structure gene of Scol7 production (sc7a) was identified.
Analyzing the sequence of the plasmid revealed extensive homology to other colicin plasmids, particu-
larly to pColE1 but only in areas not related to the bacteriocin activity gene. The similarity of the puta-
tive promoter for sc7a to the respective sequences of other colicins suggested that the production of Scol7
is under SOS regulation. Indeed, its production could be increased eightfold by mitomycin C treatment.
The molecular mass of the translated polypeptide as deduced from the nucleotide sequence of sc7a (i.e.
11.2 kDa) is in good agreement with previous estimations for its subunit, but molecular filtration exper-
iments suggest a multimeric structure of at least 50 kDa. While current data are not sufficient to predict
the mode of action of Scol7, the presence of a DTLSN pentapeptide motive suggests that it could be
imported to sensitive cells via the TonB transport system.
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INTRODUCTION

Colicins are bacteriocins, i.e. anti-bacterial polypeptides produced by the members
of the family Enterobacteriaceae. They act upon sensitive cells belonging to the
same or closely related species. Consequently, they are important factors contribut-
ing to the control of the dynamics of microbial populations occupying a given niche
[4, 41]. Most of the colicins are encoded by plasmids; either by small, none-con-
jugative, multi-copy episomes or by large, conjugative, low-copy number ones [41].
Usually three genes are needed for colicin production. The “col” gene serves as the
structure gene (the “activity gene”) of the colicin molecule. The “imm” gene codes
for an immunity protein protecting the producer cell against the lethal effect of its
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own colicin and also against the same colicin produced by other, neighbouring cells.
Finally, a third gene located adjacent to the activity gene (the “lys” gene), is neces-
sary for the release of colicins coded on small plasmids from the producer cell. The
release of colicins coded on large plasmids (e.g. colicin B, Ia, Ib, M) do not require
a lysis proteins [41]. With the exception of colicins lacking the lysis protein, they are
exported semi-specifically from the producing cells. Their secretion is independent
of the Sec export system of the cell and it takes place together with that of other pro-
teins [4].

While in most cases a baseline, constitutive production of colicins can be
observed, the full expressions of their activity genes are often subjected to the SOS
control system of the cell triggered by DNA damaging agents, e.g. mitomycin C or
UV irradiation. In these cases a region binding the LexA repressor protein is located
upstream of the col genes. [41].

Colicins exhibit various modes of action. Some colicins form a pore in the cyto-
plasmic membrane, some exhibit endonuclease activity while others damage cells by
inhibiting murein synthesis or degrading the cell envelope [4, 41]. Structurally, all
colicins consist of three main domains reflecting the three key functions of the mol-
ecule. The central domain is responsible for the binding to membrane receptors, the
uptake is associated with the N-terminal domain, while the C-terminal part contains
the activity centre [4].

The binding of a colicin molecule to its receptor is does not require energy from
the cell [4]. On the other hand, the translocation of the molecule into the cytoplasm
depends on energy produced by the cell acted upon. The uptake takes place either via
the Ton system or, alternatively, via the Tol system [7, 41]. Colicins bind to mole-
cules of these systems via consensus amino acid sequences called the “Ton box” and
the “Tol box” [37, 20], respectively.

The type 7 colicin of Shigella sonnei (Scol7) has been known since Abbott and
Graham introduced colicin typing for S. sonnei [1]. Epidemiological studies showed
considerable differences in the frequency of Scol7 producer strains among clinical
isolates in different countries e.g. in Great Britain 34% [10], in USA 4% [29] and in
Hungary 0.1% [19]. Amako et al. purified and characterised this colicin and found
its molecular weight to be 10 kDa raising also the possibility of pentamer formation
[2]. Later, Smarda et al. estimated the molecular weight to be 46 kDa and proposed
to rename this bacteriocin as colicin Js [40]. Although Horák reported that by conju-
gation the genes coding for this colicin was successfully transferred to a non-pro-
ducer recipient, no further details on the tentative plasmid coding for Scol7 were
provided [13]. The goal of the present study was to identify and characterize this
plasmid and to elucidate the genetic background of Scol7 production.



MATERIALS AND METHODS

Bacterial strains and plasmids

The strains and plasmids used in the study are listed in Table 1.

Table 1
Strains and plasmids used in the study

Genotype and/or phenotype
Source/

reference

STRAINS
E. coli XL-1 Blue MRF’ lacIqZDM15, Tn10 (TetR), host of “Bluescript” cloning vector Stratagene

and recombinant plasmids.
S. sonnei type 7 Reference strain of colicin type 7 of the Abbott-Shannon V. Horak [1]

typing scheme
S. sonnei Nr. 17 Indicator strain sensitive to colicin type 7 of Abbott-Shannon V. Horak [1]

colicin typing scheme
E. coli K12 ROW broad spectrum colicin indicator strain, Col type 7R NCEH*
S. sonnei 92/1458 Wild scol7 producer strains isolated in the UK CPHL**
S. sonnei 92/1603 Wild scol7 producer strains isolated in the UK CPHL
S. sonnei 92/1256 Wild scol7 producer strains isolated in Russia CPHL
S. sonnei 92/1431 Wild scol7 producer strains isolated in Tunisia CPHL
S. sonnei 92/1637 Wild scol7 producer strains isolated in Gambia CPHL
EIEC Nr. 1 Enteroinvasive E. coli (EIEC) O143 This work
EIEC Nr. 1/9 pINV- free derivative of Nr. 1 This work
EIEC Nr. 1/36 EIEC Nr. 1 strain transformed with pScol7; This work
EIEC Nr. 1/36/1 pINV - free derivative of the Nr. 1/36 This work
E. coli K12 J53 NalR, Pro-, Met-, Isoleu-, N. Datta
ZOTI-D2 E. coli XL-1 Blue MRF’ (pD2) This work
ZOTI-SEC3 E. coli XL-1 Blue MRF’ (pSEC3) This work
ZOTI-C3 E. coli XL-1 Blue MRF’ (pORF C+3) This work

PLASMIDS

pBluescript II,KS(-) phagemid cloning vector, AmpR, lacZ Stratagene
pSE380 cloning vector, AmpR, promoter of lacZ Invitrogene
pTIZ1 pBluescript KS carrying the whole pScol 7 (5,21 kb) digested This work

with Sma I at Sma I restriction site
pTIZ2 pBluescript KS carrying whole pScol 7 (5,21 kb) digested This work

with Hinc II at Sma I restriction site
pTIZ31 pBluescript KS carrying a 2,348 kb SmaI – HincII fragment This work

of pScol 7 at SmaI restriction site
pTIZ32 pBluescript KS carrying a 2,836 kb Hinc II – Sma I fragment This work

of pScol 7 at Sma I restriction site
pTIZ33-1 pBluescript KS carrying a 1,533 kb EcoR V fragment This work

of pScol 7 at Sma I restriction site
pTIZ33-2 pBluescript KS carrying a 1,743 kb EcoR V fragment This work

of pScol 7 at Sma I restriction site
pTIZ33-3 pBluescript KS carrying a 1,934 kb EcoR V fragment This work

of pScol 7 at Sma I restriction site
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Table 1 (cont.)

Genotype and/or phenotype
Source/

reference

pTIZ-LSR pBluescript KS carrying a 2216 bp fragment (3050-55) This work
of pScol7 at Kpn I – Sma I restriction site

pU1 pBluescript KS carrying a 868 bp fragment (3050-3917) This work
of pScol7 at Kpn I – Sma I restriction site

pD1 pBluescript KS carrying a 397 bp fragment (3898-4294) This work
of pScol7 at Kpn I – Sma I restriction site

pD2 pBluescript KS carrying a 703 bp fragment (3898-4600) This work
of pScol7 at Kpn I – Sma I restriction site 

pD3 pBluescript KS carrying a 1054 bp fragment (3898-4951) This work
of pScol7 at Kpn I –Sma I restriction site

pD4 pBluescript KS carrying a 1378 bp fragment (3898-5210-55) This work
of pScol7 at Kpn I –Sma I restriction site

pORF H+1 pBluescript KS carrying a 198 bp fragment (4069-4266) This work
of pScol7 at Hind III restriction site in frame

pORF C+1 pBluescript KS carrying a 282 bp fragment (4297-4578) This work
of pScol7 at Hind III restriction site in frame 

pORF C+3 pBluescript KS carrying a 285 bp fragment (4284-4568) This work
of pScol7 at Hind III restriction site in frame 

pORF C–1 pBluescript KS carrying a 282 bp fragment (4272-4550) This work
of pScol7 at Hind III restriction site in frame 

pSEC3 pSE 380 carrying a 285 bp fragment (4284-4568) This work
of pScol7 at Hind III restriction site in frame

* NCEH – National Center of Epidemiology, Hungary.
** CPHL – Central Public Health Laboratory, London.

Growth media

Luria-Bertani broth (LB) and Luria-Bertani agar (LA) were prepared according to
Sambrook et al. [35]. Tryptic soy broth (TSB) was purchased from Scharlau (Spain).
Tryptic soy agar (TSA) was made from TSB by adding 1.7% agar-agar. Congo Red
agar plates (CR) used to detect invasion plasmid (pINV) carrying clones of Shigella
or enteroinvasive Escherichia coli (EIEC) was described by Maurelli et al. [27]. X-
Gal–IPTG plates were prepared as described [35].

Colicin techniques

The production of colicin was tested by the macrocolony method [28]. Stationary
phase LB culture supernatants filtered through Seitz filters were used as crude col-
icin extracts. Aliquots were stored at –20 °C. The quantification of the colicin pro-
duced was carried out by the agar diffusion technique [28] using strain Nr. 17 as indi-
cator. The amount of colicin was expressed in arbitrary units (AU). One AU was
defined as the highest dilution of the extract with growth inhibition (i.e. showing 2
mm zone clear of growth around the well containing the colicin) when tested against



the standard indicator strain, S. sonnei Nr. 17. In induction studies the production of
colicin was tested in LB with and without 0.5 μgml–1 mitomycin C or 0.1 mgml–1 of
IPTG. In these experiments, beyond the colicin content of culture supernatants, that
of cell extracts obtained by sonicating approximately 4 × 109 CFU suspended in 1.5
ml PBS for two 1 minute bursts in pulse mode (9 sec. on – 4.5 sec off at 300 W)
(Ultrasonic processor 600 W, Cole-Parmer) on ice was also measured.

The molecular weight of Scol7 was estimated by filtering overnight LB culture
supernatants through AMICON PM10, XM30, XM50 and ZM100 molecular filtra-
tion membranes with molecular weight cut off value of 10 kD, 30 kD, 50 kD and 100
kD, respectively.

ELISA of invasion plasmid antigen (IpaC)

The assay to detect the invasion plasmid coded antigen IpaC of Shigella or EIEC was
carried out as described using an IpaC-specific monoclonal antibody [9].

DNA techniques

The plasmid profile of the strains was analysed by the method of Kado–Liu [17]. For
digestion and transformation purposes plasmids were isolated either according to
Ish-Horowicz–Burke [16], with the Qiaprep Spine Miniprep kit (Qiagen) or, alterna-
tively, with the Genelute Plasmid Midiprep kit (Sigma-Aldrich Co.). To remove
RNA from the specimens the LiCl method was used [3]. DNA fragments were iso-
lated from low melting points agarose (Sigma-Aldrich Co.) according to Sambrook
et al. [35]. Alternatively, from normal agarose gel, DNA was eluted using an
Unidirectional Electroelutor (Biotechnologies INC) equipment according to the man-
ufacturer’s instructions.

Restriction digestion and cloning experiments were performed according to stan-
dard procedures [3, 35]. Restriction enzymes, T4 ligase, Calf Intestine Alkaline
Phosphatase were purchased form MBI Fermentas AB, Lithuania. The Bluescript II
(KS) vector plasmid was used during the recombinant DNA procedures with E. coli
XL-1 Blue serving as recipient. Electrotransformation was carried out on a
Progenetor II PG200 apparatus (Hoefer, USA) with 473 volts, at a 15,766 Vcm–1

voltage gradient, 100 μF capacity and 2.5 μsec impulse time, according to the man-
ufacturer’s instruction.

PCR fragment cloning was performed according to standard protocols [8]. In these
experiments High fidelity KlenTaq LA DNA polymerase (Sigma-Aldrich) was used
to reduce misreading errors. DNA amplification reactions (PCR) were carried out on
thermal cycler PDR-91 (BLS Ltd., Hungary). 

The DNA sequencing work was performed partly using the Sequi Therm EXCEL
II Long-Read DNA Sequencing Kit for ALF (Epicentre Technologies, USA) with
Cy5 fluorescent labelled primers on an ALFexpress DNA automated Sequencer
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apparatus (Pharmacia Biotech AB). Partly, sequencing was carried out with an ABI
PRISM BigDye Primer Sequencing Kit from Perkin-Elmer Co. on an ABI PRISM
310 Genetic Analyser DNA Sequencer (Perkin-Elmer Co.). For computer-assisted
sequence analysis the ALFwin Sequence Analyser Version 2.10.06., JAMBW 1.1
software, and on-line, the Basic Local Alignment Search Tool (BLAST) 2.1, at
National Center for Biotechnology Information website (http://www.ncbi.nlm.nih.
gov) were used. For restriction recognition site analysis the Web cutter program,
(http://www.medkem.gu.se/cutter) while for primer design the Primerfinder software
(http://eatworms.swmed.edu/~tim/primerfinder) were used.

The complete sequence of pScol7 has been submitted to Gene Bank (Accession
number AJ318075).

RESULTS

Identification of the plasmid coding for Scol7 production

To identify the episome associated with Scol7 production the plasmid profiles of a
set of wild type, Scol7 producer S. sonnei strains were compared. Although isolated
at very different parts of the world, the plasmid profile of all strains contained mul-
tiple bands with identical molecular weight (data not shown). Therefore, attempts
were made to identify the plasmid by transferring the colicin producing phenotype
into a colicin negative recipient by plasmid transformation.

A colicin sensitive EIEC strain, Nr. 1, carrying only pINV, was electrotransformed
with an extract containing the total plasmid DNA of the S. sonnei reference strain of
colicin type 7. Utilising upon the fact that the colicin plasmids usually encodes
immunity to their own colicins, as well [4], after transformation, cells were grown on
plates containing Scol7. Only two types of colonies were expected to grow: tolerant
(tol) mutants [41], which, according to preliminary experiments, arose from the
recipient strain with a frequency of approximately 10–4 but were not to produce
Scol7, and real transformants having acquired the capacity to produce the colicin
and, concomitantly, the immunity to it, as well.

After incubation for 24h at 37 °C colonies were replica-plated [21] and tested for
colicin production. A total of 52 colicin producing colonies were selected for further
studies. All of these clones acquired a plasmid of approximately 3.4 Md while none
of the 32 non-producers (likely tol mutants) tested carried it. When this plasmid was
recovered from the agarose gel and re-transformed again into EIEC Nr. 1 it also gave
rise to Scol7 producing derivatives (data not shown). This clearly proved that it was
indeed responsible for the colicin production and was designated pScol7 (for plasmid
of Shigella colicin type 7).

From a colicin producing transformant of EIEC Nr. 1 (Nr. 1/36) containing both
pScol7 and pINV a derivative having lost the invasion plasmid was selected on CR
agar. This clone (Nr. 1/36/1) still produced Scol7 and was used in subsequent exper-
iments as the source of pScol7.



Nucleotide sequence analysis of pScol 7

The plasmid pScol7 was digested with restriction enzymes Sma I, Hinc II, Sma I-
Hinc II and EcoR V. Of these enzymes Sma I and Hinc II had a single cutting site on
pScol7, while digestion with the other enzymes resulted in several fragments. When
the various restriction fragments were separately cloned into the pBluescript vector
transformants containing the entire pScol7 cut by Sma I (pTIZ1) produced Scol7,
only.

The complete nucleotide sequence of pScol7 as part of pTIZ1 was determined and
deposited to Gene Bank (accession number: AJ318075). Sequence comparison
to known sequences revealed two parts of pScol7 (Fig. 1). One, tentatively called
“High Similarity Region” (HSR), exhibited high level of similarity (84 to 94%) to
pColE1. Consequently, the first nucleotide identical to pColE1 was designated as
first nucleotide of pScol7. Accordingly, HSR stretched from nucleotide 1 to 3120.
Within the HSR, beyond sequences showing similarity to the mob gene of pColE1,
sequences corresponding to the truncated gene cel (from nucleotide 1 to 65) of the
lysis protein, and also to the rep gene (from base 221 to 3119) coding for the repli-
cation functions and origin of pColE1 [42, 43] were found (Fig. 1). Furthermore, a
region from 117 bp to 991 bp showed near identity (93% similarity) to an unmapped
segment of Yersinia pestis pesticin I coding plasmid pPCP1 [15] (data not shown).

The 2090 bp-long region from 3121 bp to 5210 bp, designated as “low similarity
region” (LSR), exhibited sequence similarities (varying from 87% to 89%) to known
sequences in short stretches only, not exceeding 9% of the entire region. The
sequence between nucleotides 3424 and 3572 was similar (89%) to the cer region of
pColE1 necessary for stabilising the plasmid during recombination [5], while the one
between 3975 to 4042 showed 87% similarity to the promoter region of cea-cel, i.e.
the activity and lysis genes of colicin E1 [5], respectively (Fig. 1). A further part
located between 3614 bp to 4003 bp, showed near identity (95%) to a locus of a
hypothetical protein of Y. pestis plasmid pPCP1 [15].
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Fig. 1. The locations of the High and Low Similarity Regions and areas of homology with pColE1 on
the linearised pScol7. The black lane indicates the total length (5210 bp) of the linearised pScol7. Base
1 corresponds to the first base on the homologues cel gene of pColE1. Grey boxes represent homologies

to genes indicated
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A short, 68 bp-long region between 3975 and 4042 exhibited similarities to pro-
moter regions of other colicin activity genes, i.e. 87% similarity to the bidirectional
promoter region of colicin genes of pColE1 [30], 84% similarity to that of a colE1-
like plasmid pKY1 of S. sonnei [22], and to pColU of S. boydii (90%) [38]. Similarly
to what had been described for several other colicin plasmids, this area of pScol7
contained two putative overlapping SOS boxes with LexA protein binding sites [30,
43] (Table 2).

Subcloning of the LSR of pScol7

Fragments containing open reading frames within the LSR of pScol7 were subcloned
into the Kpn I – Sma I restriction site of pBluescript. The arrangement of the poten-
tial ORF-s, that of the subcloned fragments, and the colicin productions of the
respective clones are shown in Figure 2. The plasmid carrying the total length (2216
bp) of the LSR (pTIZ-LSR) conferred colicin activity to the transformants indicating
that, as expected, this region carried all the essential information for Scol7 produc-
tion (data not shown). Fragments U1 (3050 bp to 3917 bp) containing ORF-s
upstream from the putative colicin promoter, and the D1 fragment (3898 bp to 4294
bp) with the first ORF downstream from it did not code for colicin production. On
the other hand, the clones carrying fragments D2 (3898 bp to 4600 bp), D3 (3898 bp
to 4951 bp) and D4 (3898 bp to 5210 bp plus the first 54 bp from the beginning of
pScol7), respectively, all exhibited colicin activity (Fig. 2).

Table 2
Nucleotide sequences of the putative Lex A binding sites (SOS boxes*) of the pScol7

promoter compared to similar sequences on other colicin plasmids

Colicin No. Sequence of SOS boxes 5’→3’ Reference

A 1 C TGT ATA TAA ACA CTG T 23
Cloacin Df 13 1 C TGT GTA TAT ATA CAG TA 43

E1 1 C TGT ATA TAA AAC CAG TG 45
E2 1 C TGT ACA TAA AAC CAG TG 6
E3 1 C TGT ACA TAA ACC CAG TG 26
Ia 1 C TGT ATA TGT ATC CAT AT 25
Ib 1 C TGT ATA TGT ATC CAT AT 44
N 1 C TGT ATA TAA AAC CAG TG 33

U (from S. boydii) 1 C TGT ATA TAA AAC CAG TG 38
E (from S. sonnei) 1 C TGT ATA TAA AAC CAG TG 22

Consensus C TGt ata taN ANN CAG ta 30
Scol7 1 C TGT ATA TAA AAC TAG TA This work

2 G TAT TTA TAT ATA CAG TA

* The first and second SOS boxes are overlapping. Upper case in the consensus sequence mark conserved,
lower case indicate partially conserved, while N represents variable nucleotides. Bold letters indicate
nucleotides identical to ones in the consensus sequence.



The smallest fragment (D2) coding for colicin production contained four possible
ORFs in different reading frames. The first, ORF H+1 (i.e. in frame +1 starting at
base 3121, the first base of LSR) downstream from the putative promoter region was
also part of fragment D1 which did not confer Scol7 production. Further downstream
from ORF H+1, in the same frame within the D2 fragment, a further ORF (C+1) was
found. In the same region, in frame +3, ORF C+3, while on the complementary
strand, in frame –1, ORF C–1 was identified partly overlapping with ORF C+1 (Fig.
2). All four ORF-s, i.e. H+1, C+1, C+3 and C–1, respectively were separately sub-
cloned in frame downstream from the lacZ promoter of the pBluescript vector by
PCR-fragment cloning. Of the resulting transformants only strain ZOTI-C3 contain-
ing the 285 bp long ORF C+3 (4284 – 4568 bp) in the +3 frame in pBluescript (pORF
C+3) produced colicin. The colicin activity in the culture supernatant of this strain,
however, was approximately 30 times lower than that of the wild type, Scol7 pro-
ducer types strain, or that of the transformant ZOTI-D2 carrying the entire D2 frag-
ment (Table 3). The difference was even more pronounced when the colicin content
of the lysates of strains were compared (Table 3). To rule out that this was the result
of a decrease in biological activity due to the effect of the 33 amino acids coded by
the lacZ gene fused to Scol7 when cloned into the pBluescript vector, ORF C+3 was
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Fig. 2. Major ORFs in the Low Similarity Region (LSR) of pScol7. Continuous lines represent the 2090
bp long LSR in three frames indicated with +1 starting at 3121. Arrows and their directions show ORFs.
The grey arrow indicates the ORF identified as scol7. Dotted lines show the fragments and their sizes
cloned together with the production (or the lack of it) of the colicin by the clones carrying the respective

fragment



368 Z. TIGYI et al.

Acta Biologica Hungarica 56, 2005

also inserted into pSE380 carrying an IPTG inducible lacZ promoter without the lacZ
gene. However, strain ZOTI-SEC3 containing pSEC3 exhibited the same level of
colicin activity as did strain ZOTI-C3 both in the culture supernatant as well as in the
cell lysate (Table 3).

These data showed that ORF C+3 alone was sufficient to Scol7 production. The
sequence identified on ORF C+3 was named gene sc7a for Shigella sonnei colicin
type 7 activity. As deduced from its nucleotide sequence, this ORF should code for
a polypeptide of 94 amino acids with a calculated molecular mass of 11.2 kDa. When

Table 3
Scol7 production of various clones and the reference strain

Colicin activity in

Strains Promoter Supernatant Cell extract
(AU*) (AU*)

ZOTI-C3 LacZ promoter** 1 8
ZOTI-SEC3 LacZ promoter** 1 8
ZOTI-D2 natural 32 16,384
S. sonnei type 7 natural 32 4,096

* Arbitrary units.
** Colicin production in these strains were tested after IPTG induction.

Table 4
Comparison of the amino acid sequences of TonB binding sites (TonB boxes)

of Scol7 and other proteins 

Proteins Amino acid sequences
Amino acid

Ref.position

D T I E V
BtuB D T L V V 6–10 11
FecA F T L S V 23–27 32
FepA D T I V V 12–16 32
FhuA D T I T V 7–11 32
FhuE E T F I V 6–10 32
IutA E T F V V 6–10 32

Fox A D T I E V 1–5 18
Col D H S M V V 17–21 34
Col B D T M V V 17–21 34
Col M E T L T V 2–6 34

Col Ia/Ib E I M A V 23–27 34
Pesticin D T M V V 3–7 31
Scol7 D T L S N 33–37 This work

A: alanine, D: aspartic, E: glutamic, H: histidine, I: isoleucine, L: leucine, M: methionine, N: asparagine,
S: serine, T: threonine, V: valine



culture supernatants were subjected to molecular sieving experiments, however, the
colicin activity was retained on molecular filtration membranes with 50 Kdal cut off
while passing through, without activity loss, ones with 100 Kdal cut off. Analysing
the translated amino acid sequence of sc7a a region (4380–4394 bp) coding for a
pentapeptide with {33} DTLSN {37} residues, was found showing considerable sim-
ilarity to the TonB box of several other proteins (Table 4).

Control of Scol7 production

The sequence similarity of the putative promoter region of sc7a to that of other col-
icins being under SOS control (Table 2) raised the possibility of similar regulation
for Scol7. Therefore the effect of mitomycin C, an agent causing DNA damage, on
the production of Scol7 was studied. Four hours of mitomycin C treatment resulted
in 8-fold increase of the colicin concentrations in the culture supernatant in both the
wild type, S. sonnei type 7 reference strain, as well as in EIEC Nr. 1/36/1 carrying
pScol7. This suggested that the regulation of Scol7 could indeed be under SOS con-
trol (data not shown).

DISCUSSION

Although initial, indirect observations suggested the plasmid coded nature of the type
7 colicin-producing phenotype (Scol 7) of Shigella sonnei [13], until recently [39] no
specific information has been available on the genetic background of this toxin. In
the current study we identified a 3.4 Md (5.2 kbp) plasmid (pScol7) coding for Scol7
production. The nucleotide sequence of the entire plasmid was determined (Gene
Bank Accession number AJ318075). Our sequence data was in complete agreement
with those recently published by Smajs et al. [39].

While a part of pScol7, tentatively called High Similarity Region (HSR), con-
tained areas showing extensive homology to non-colicin gene-coding regions of the
colE1 [5], and pesticin-coding plasmids [15], further areas showed rather limited
similarities to known sequences (Low Similarity Region, LSR, Fig. 1). This LSR
contained the structure gene for Scol7 production (sc7a ) showing no similarity to
any other bacteriocins known.

Upstream of sc7a a region showing high level of homology to the promoter
regions of pColE1, to that of the Col E1-like plasmid pKY1, and to pCol U, respec-
tively [22, 38, 43] was identified. The presence of two bi-directional, overlapping
SOS boxes similar to the respective areas of known colicin genes [30, 24] (Table 2)
suggested that the expression of Scol7, similarly to that of other colicins [30], could
be under SOS control. This assumption was corroborated by the increased produc-
tion of Scol7 in cells stimulated with mitomycin C. However, the extent of increase
in Scol7 production upon stimulation did not reach the level, i.e. two log10 order of
magnitude, reported for other inducible colicins [12]. One possible explanation for
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the weak inducibility of Scol7 could be the differences seen in the SOS boxes of
pScol7 and in those of other colicin plasmids (Table 2). In pScol7 three nucleotides
differed from the seven most conserved ones present in the consensus sequence
derived from the SOS boxes of various bacteriocins (Table 2). The effect of ORF
H+1 (Fig. 2) positioned between the tentative promoter and sc7a on the production
of Scol7upon mitomycin C stimulation remains to be determined.

Nevertheless, the similarity observed between the promoter region of pScol7 and
that of other colicin plasmids indicates its phylogenetic link between bacteriocins,
i.e. that the genetic background of individual colicins has evolved by the rearrange-
ment of genes of different colicins [34].

While sc7a cloned alone into pBluescript vector (pORF C+3) carried sufficient
information for Scol7 production, the amount of the colicin in the supernatant of this
transformant (ZOTI-C3) was considerably lower than that produced by the wild type
strain, or by a transformant (ZOTI-D2) carrying pD2 with ORF H+1 positioned
between the putative promoter and sc7a (Fig. 2, Table 3). The possibility that the
decreased bacteriocin activity of ZOTI-C3 was due to the effect of the molecular
fusion between Scol7 and the product of the lacZ gene coded by the pBluescript vec-
tor was clearly ruled out. When sc7a was cloned into pSE 380 the resulting transfor-
mant, ZOTI-SEC3 producing native Scol7, showed similarly weak bacteriocin activ-
ity as did the strain (ZOTI-C3) with the fusion product (Table 3).

The difference between the colicin content of the cell lysates of ZOTI-C3 and
ZOTI-D2 (or that of the wild type Scol 7 producer) was even more pronounced
(Table 3). This raised the possibility that the product of ORF H+1 (Fig. 2) may play
a role in the production and/or the release of Scol7. In the current study the specific
role of the product of ORF H+1 was not addressed. However, recently Smajs et al.
[39] showed the association of a gene (cjl) with location identical to this ORF H+1
to be associated with the release of the bacteriocin. One can speculate that the
increased production of Scol7 in ZOTI-D2 or in the wild type strain, as seen when
testing cell lysates, might be due to the fact that in these clones the sc7a gene is under
the control of its natural promoter rather than the lacZ promoter present in either
pBluescript or pSE 380.

Sc7a encodes for 94 amino acids. The molecular mass of Scol7 deduced from its
nucleotide sequence was 11.2 kDa. This is in good agreement with previous estima-
tions based on electrophoretic migration of the molecule [2]. Furthermore our current
observation that the colicin activity was retained on a membrane filter with cut-off
values of 50 kDa, supports the previously raised possibility [2] that the molecule may
assume a pentameric structure. 

A pentapeptide region of Scol7, DTLSN, showed high sequence similarity to
known TonB box sequences of other proteins (Table 4). The presence of the putative
TonB box suggests that, similarly to some other colicins, the Ton-dependent uptake
system could be involved in the import of Scol7 into sensitive cells [7, 37]. It is note-
worthy, however, that unlike in other colicins, in Scol7 the valine residue at the fifth
position of the pentapeptide motif was replaced by asparagine. It is of particular
interest since this is one of the two most conserved part of TonB boxes of other pro-



teins [36] (Table 4). The significance of this unique amino acid pattern in the uptake
of Scol7 molecule remains to be elucidated. 

In conclusion, we identified the gene responsible for the Scol7 production.
Similarly to its nucleotide sequence, the translated polypeptide did not show any sim-
ilarities to known colicin proteins, either. Due to the lack of similarity to the activity
domain of known bacteriocins further studies are needed to reveal the mode of action
of this unique bacteriocin with a rather narrow spectrum of activity.

ACKNOWLEDGEMENTS

This work was supported by the grants T030201 of the Hungarian Scientific Research Found (OTKA),
Hungary, and by NP/02/25 of the FMHS, UAE University. We (Z. T. and T. P.) dedicate this work to the
memory of our beloved friend and co-author, Dr. Gyula Kispál who tragically passed away recently.

REFERENCES

1. Abbott, J. D., Graham, J. M. (1961) Colicine typing of Shigella sonnei. Mon. Bull. Minist. Health
Public Health Lab. Serv. 20, 51–58.

2. Amako, K., Matsuguchi, M., Takeya, K., Tatsuta, E., Takagi, Y. (1978) Purification and the ultra-
structure of a bacteriocin produced from Shigella sonnei strain 100052. Antimicrob. Agents
Chemother. 14, 488–492.

3. Ausubel, F. M. (1991) Current protocols in molecular biology. In: Ausubel, F. M. et al. (eds) Current
Protocols in Molecular Biology. Green Publishing Associates and Wiley-Interscience, New York.

4. Braun, V., Pilsl, H., Gross, P. (1994) Colicins: structures, modes of action, transfer through mem-
branes, and evolution. Arch. Microbiol. 161, 199–206.

5. Chan, P. T., Ohmori, H., Tomizawa, J., Lebowitz, J. (1985) Nucleotide sequence and gene organiza-
tion of ColE1 DNA. J. Biol. Chem. 260, 8925–8935.

6. Cole, S. T., Saint-Joanis, B., Pugsley, A. P. (1985) Molecular characterisation of the colicin E2 oper-
on and identification of its products. Mol. Gen. Genet. 198, 465–472.

7. Davies, J. K., Reeves, P. (1975) Genetics of resistance to colicins in Escherichia coli K-12: cross-
resistance among colicins of group B. J. Bacteriol. 123, 96–101.

8. Delidow, C. B. (1993) Molecular cloning of polymerase chain reaction fragments with cohesive ends.
In: White, A. B. (ed.) Methods in Molecular Biology, PCR Protocols Current Methods and
Applications. Humana Press Inc., Totowa, pp. 217–228.

9. Floderus, E., Pál, T., Karlsson, K., Lindberg, A. A. (1995) Identification of Shigella and enteroinva-
sive Escherichia coli strains by a virulence-specific, monoclonal antibody-based enzyme immunoas-
say. Eur. J. Clin. Microbiol. Infect. Dis. 14, 111–117.

10. Hart, J. M. (1965) Colicine production as an epidemiological tool. Zbl. Bakt. Hyg. I. Abt. Orig. A 196,
364–369.

11. Heller, K., Kadner, R. J. (1985) Nucleotide sequence of the gene for the vitamin B12 receptor pro-
tein in the outer membrane of Escherichia coli. J. Bacteriol. 161, 904–908.

12. Herschman, H. R., Helinski, D. R. (1967) Comparative study of the events associated with colicin
induction. J. Bacteriol. 94, 691–699.

13. Horak, V. (1994) Seventy colicin types of Shigella sonnei and an indicator system for their determi-
nation. Int. J. Med. Microbiol. Virol. Parasitol. Infect. Dis. 281, 24–29.

14. Horak, V., Sobotkov, J. (1988) Sensitivity to colicin Js, one of important characteristics of
Escherichia coli strains belonging to enteroinvasive serovars. Zentralbl. Bakteriol. Mikrobiol. Hyg.
A 269, 156–159.

Plasmid and structural gene of Shigella sonnei colicin 7 371

Acta Biologica Hungarica 56, 2005



372 Z. TIGYI et al.

Acta Biologica Hungarica 56, 2005

15. Hu, P., Elliott, J., McCready, P., Skowronski, E., Garnes, J., Kobayashi, A., Brubaker, R. R. et al.
(1998) Structural organization of virulence-associated plasmids of Yersinia pestis. J. Bacteriol. 180,
5192–5202.

16. Ish-Horowicz, D., Burke, J. F. (1981) Rapid and efficient cosmid cloning. Nucleic Acids Res. 9,
2989–2998.

17. Kado, C. I., Liu, S. T. (1981) Rapid procedure for detection and isolation of large and small plasmids.
J. Bacteriol. 145, 1365–1373.

18. Koebnik, R., Baumler, A. J., Heesemann, J., Braun, V., Hantke, K. (1993) The TonB protein of
Yersinia enterocolitica and its interactions with TonB-box proteins. Mol. Gen. Genet. 237, 152–160.

19. Laszlo, V. G., Kerekes, L. (1969) Phage and colicin typing of Shigella sonnei. Acta Microbiol. Acad.
Sci. Hung. 16, 309–317.

20. Lazzaroni, J. C., Germon, P., Ray, M. C., Vianney, A. (1999) The Tol proteins of Escherichia coli and
their involvement in the uptake of biomolecules and outer membrane stability. FEMS Microbiol. Lett.
177, 191–197.

21. Lederberg, J., Lederberg, E. M. (1952) Replica plating and indirect selection of bacterial mutants. J.
Bacteriol. 63, 399–406.

22. Lee, H. T., Hase, T., Miyoshi, J., Shimada, K., Masamune, Y., Takagi, Y. (1982) Characterization of
a ColE1-Like Plasmid Isolated from Shigella sonnei. J. Biochem. (Tokyo) 91, 1147–1154.

23. Lloubes, R., Baty, D., Lazdunski, C. (1986) The promoters of the genes for colicin production,
release and immunity in the ColA plasmid: effects of convergent transcription and Lex A protein.
Nucl. Acid. Rese. 14, 2621–2636.

24. Lu, F. M., Chak, K. F. (1996) Two overlapping SOS-boxes in ColE operons are responsible for the
viability of cells harboring the Col plasmid. Mol. Gen. Genet. 251, 407–411.

25. Mankovich, J. A., Hsu, C. H., Konisky, J. (1986) DNA and amino acid sequence analysis of struc-
tural and immunity genes of colicins Ia and Ib. J. Bacteriol. 168, 228–236.

26. Masaki, H., Ohta, T. (1985) Colicin E3 and its immunity genes. J. Mol. Biol. 182, 217–227.
27. Maurelli, A. T., Blackmon, B., Curtiss R, 3.d. (1984) Loss of pigmentation in Shigella flexneri 2a is

correlated with loss of virulence and virulence-associated plasmid. Infect. Immun. 43, 397–401.
28. Mayr-Hartig, A., Hedges, A. J., Berkeley, R. C. W. (1971) Methods for studying bacteriocins. In:

Methods in Microbiology. Academic Press, London, New York, pp. 316–424.
29. Morris, G. K., Wells, J. G. (1974) Colicin typing of Shigella sonnei. Appl. Microbiol. 27, 312–316.
30. Parker, R. C. (1986) Mitomycin C-induced bidirectional transcription from the colicin E1 promoter

region in plasmid ColE1. Biochim. Biophys. Acta 868, 39–44.
31. Pilsl, H., Killmann, H., Hantke, K., Braun, V. (1996) Periplasmic location of the pesticin immunity

protein suggests inactivation of pesticin in the periplasm. J. Bacteriol. 178, 2431–2435.
32. Pressler, U., Staudenmaier, H., Zimmermann, L., Braun, V. (1988) Genetics of the iron dicitrate trans-

port system of Escherichia coli. J. Bacteriol. 170, 2716–2724.
33. Pugsley, A. P. (1987) Nucleotide sequencing of the structural gene for colicin N reveals homology

between the catalytic, C-terminal domains of colicins A and N. Mol. Microbiol. 1, 317–325.
34. Roos, U., Harkness, R. E., Braun, V. (1989) Assembly of colicin genes from a few DNA fragments.

Nucleotide sequence of colicin D. Mol. Microbiol. 3, 891–902.
35. Sambrook, R. W., Fritsch, E. F., Maniatis, T. (1989) Molecular cloning. In: Sambrook, R. W., Fritsch,

E. F., Maniatis, T. (eds) Molecular Cloning. Cold Spring Harbor Laboratory, New York.
36. Schoffler, H., Braun, V. (1989) Transport across the outer membrane of Escherichia coli K12 via the

FhuA receptor is regulated by the TonB protein of the cytoplasmic membrane. Mol. Gen. Genet. 217,
378–383.

37. Schramm, E., Mende, J., Braun, V., Kamp, R. M. (1987) Nucleotide sequence of the colicin B activ-
ity gene cba: consensus pentapeptide among TonB-dependent colicins and receptors. J. Bacteriol.
169, 3350–3357.

38. Smajs, D., Pilsl, H., Braun, V. (1997) Colicin U, a novel colicin produced by Shigella boydii. J.
Bacteriol. 179, 4919–4928.



39. Smajs, D., Weinstock, G. M. (2001) Genetic organization of plasmid ColJs, encoding colicin Js activ-
ity, immunity, and release genes. J. Bacteriol. 183, 3949–3957.

40. Smarda, J., Petrzelova, J., Vyskot, B. (1987) Colicin Js of Shigella sonnei: classification of type col-
icin “7”. Zentralbl. Bakteriol. Mikrobiol. Hyg. A 263, 530–540.

41. Smarda, J., Smajs, D. (1998) Colicins-exocellular lethal proteins of Escherichia coli. Folia
Microbiol. (Praha) 43, 563–582.

42. Tomizawa, J. I., Ohmori, H., Bird, R. E. (1977) Origin of replication of colicin E1 plasmid DNA.
Proc. Natl. Acad. Sci. U.S.A. 74, 1865–1869.

43. van den Elzen, P. J., Maat, J., Walters, H. H., Veltkamp, E., Nijkamp, H. J. (1982) The nucleotide
sequence of the bacteriocin promoters of plasmids Clo DF13 and Co1 E1: role of lexA repressor and
cAMP in the regulation of promoter activity. Nucleic Acids Res. 10, 1913–1928.

44. Varley, J. M., Boulnois, G. J. (1984) Analysis of a cloned colicin Ib gene: complete nucleotide
sequence and implications for regulation of expression. Nucleic Acids Res. 12, 6727–6739.

45. Yamada, M., Ebina, Y., Miyata, T., Nakazawa, T., Nakazawa, A. (1982) Nucleotide sequence of the
structural gene for colicin E1 and predicted structure of the protein. Proc. Natl. Acad. Sci. U.S.A. 79,
2827–2831.

Plasmid and structural gene of Shigella sonnei colicin 7 373

Acta Biologica Hungarica 56, 2005




