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ABSTRACT

The nucleotide sequence from about 100 base-pairs downstream to about
600 base pairs upstream the CloDF13 replication origin has been determined.
A comparison of this sequence with the corresponding ColEl origin sequence
reveals that:
. The sequence at the origin of replication is conserved.
. There are large differences in the nucleotide sequence downstream the
replication origin, whereas there is a large homology in the region of
about 410 base-pairs upstream the replication origin.

. This conserved region might code for a largely homologous basic, arginine
rich polypeptide of about 45 amino-acids, for both ColEl and CloDF13.

. Although there are large differences in the primary structure of the
region coding for the 100 nucleotide RNA, the secondary structure of
this region seems to be conserved.

INTRODUCTION

Previous studies have shown that the bacteriocinogenic plasmid CloDF13

replicates unindirectionally from a unique origin, which i3 located at

2.8% on the C1ODF13 physical map (1). In our study on the control of

C1ODF13 replication, we used both conditional (2,3) and nonconditional

(4) plasmid copy number (cop) mutants. It was shown that the region

between 1.8% and 11.5% of the plasmid genome contains sufficient

information for autonomous plasmid DNA replication. In addition this region

also contains information for the control of the plasmid copy number

since the nonconditional cop 3 mutation has been mapped within this part

of the plasmid (3). Recently we were able to show that the temperature

sensitive cop 1 ts mutation also resides within this region (Stuitje e_£ al.

manuscript in preparation).

In this paper we initiate a study on the molecular basis of the control

of CloDF13 pla3mid replication. For thi3 purpose we intend to compare the
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base sequences of the wild type CloDF13 origin region to that of the

different copy number mutants. In this study we have determined the base

sequence of the 1.8-9% region of the CloDF13 -cop 3 mutant. A comparison

between this sequence and the sequence of the corresponding region of

plasmid ColEl is given. A possible role of particular sequences in the

control of CloDF13 replication is discussed.

MATERIALS AND METHODS

Materials

Hpa I endonuclease was a genereous gift of mrs. M. Lupker-Wille. Sau 96

was a gift of Dr. J. van Embden. All other restriction endonucleases were

obtained from New England Biolabs. T4 kinase and DNA polymerase I were

obtained from Boehringer Mannheim (FRG). Piperidine, Hydrazine and

dimethylsulfate were purchased from Serva. All other materials used have

been described elsewhere (5,6,7).

Isolation of plasmid DNA

The C1ODF13 miniplasmids used in this study, were derived from the

CloDF13-cop3 plasmid as described previously (1,3). For the isolation of

the plasmid DNA, Escherichia coli cells harbouring the plasmid were

grown in BHI medium. Plasmid DNA was isolated from cleared lysates which

were prepared from stationary fase cells, as described by VeltXamp et al.,

(8).

Isolation of restriction fragments

Restriction fragments produced by cleavage of about 2-20 pM plasmid

DNA with an endonuclease of interest, were separated on 5% polyacrylamide

slabgels (400x200x0,4 mm). Electrophoresis was carried out at appr. 15 V/cm

for about 1.5-4 hr in 90 mM Tris-borate pH 8.3, 1 mM EDTA. DNA bands were

visualized by staining with ethidium bromide and irradiation with long

wave U.V. light. The DNA was recovered from the gel by 0/N elution at 37 C

with 500 mM Ammonium acetate, 10 mM Magnesium acetate, 0.1% SDS, 0.1 mM

EDTA, without crushing the gel (9). Ethidium bromide was removed by

extraction with n-butanol, and the DNA was precipitated twice. This

approach enables rapid isolation of DNA fragments within the size range

of 20-500 bp.
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Terminal labelling of restriction fragments

For sequencing procedures, DNA fragments were routinely labelled at

the 51 termini with y- P-dATPandT polynucleotide kinase as describee

previously (7) 3' end labelling of HinFI fragments was carried out by
32

complementary strand synthesis, with DNA polymerase I and a- P-dNTP's

as described by Donelson and Wu (10).

Sequencing procedures

31 or 51 one end labelled restriction fragments were routinely

sequenced, using the Maxam and Gilbert chemical degradation procedure

(9). In special cases 5' end labelled fragments were sequenced with the

procedure described by Maat and Smith (5), which involves nicktranslation

in the presence of dideoxynucleoside triphosphates (ddNTP's). In order

to sequence across certain restriction sites (see Figure 1) we have used

the primed synthesis sequencing procedure as described by Sanger et al.

(6). For this purpose single stranded template DNA was prepared by

exonuclease III (Biolabs.) digestion of Bam HI or Hpal generated linear

pEV35 duplex DNA: 3-4 pM digested pEV35 DNA, was extracted with phenol

and precipitated twice:

The exo III reaction was carried out at a DNA concentration of about

0.2 pM/ul in a reaction mixture containing 66 mM Tris-HCl pH 8.0, 0.66 mM

MgCL, 1.0 mM2-mercaphtoethanol, for 2 hours at 37 C (21). The reaction

was stopped by heating the mixture for 10 min. at 100 C. Primer DNA

was prepared by cleaving 10 pM pEV with Hhal endonuclease. Suitable

fragments (see Figure 40-130 bp) were isolated as described above.

The priming reaction was carried out by heating a primer/template

(3:1) mixture (66 mM Tris-HCl pH 8.0, 0.66 mM MgCl , 1.0 mM 2-mercaptho-

ethanol, 0.05 pM Template/ul) for 3 min. at 100 C, and subsequently

incubating this mixture for 1 hr. at 65 C.

Primed synthesis reactions using Klenow DNA polymerase I (Boehringer),

dideoxynucleosides triphosphates and a- P-dATP were carried out as

detailed by Sanger et al. (6).

Sequencing gels were prepared as described previously (5)

RESULTS

A fine cleavage map of the 0-15% part of the CloDF13 genome

Previous studies have shown that both the origin of replication and
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sequences involved In the control of CloDF13 replication are located within

the 1.8-11.5% part of the plasmid genome (1,3). To determine the base

sequence of the origin region, we have constructed a fine cleavage map,

comprizing this part of the CloDF13 genome. For this purpose we have used

deletion mutant pEV35, which was constructed from a CloDF13-Tn901 insertion

mutant, by in vitro deletion of Bam HI restriction fragments (3). Figure

lb shows the physical map of pEV35 as well as the deleted parts of Clo DF13

and Tn901.

This plasmid contains single Hpal and BamHI cleavage sites, located at

resp. 0% and 15%. To construct a fine cleavage map of the 0-15% region of

the Clo DF13 genome, pEV35 linearized with either Hpal or BamHI was 5' end

labelled and subsequently digested with resp. BamHI or Hpal. In this way,

one end labelled 0-15% fragments were obtained. Restriction cleavage sites

were mapped by using the partical digestion method described by Smith e_t

al. (21). Figure la shows the cleavage map of this 0-15% part of the Clo

DF13 genome.

The nucleotide sequence of the 1.8%-9% region of the Clo DF13 copy muntant

Clo DF13-COP 3

To determine the base sequence of the Clo DF13-cop3 origin region, we

have constructed a small Clo DF13-cop3 deletion mutant, pEV22. This

deletion mutant was obtained from a Clo DFl 3-cop3. '. Tn901 insertion mutant

pJN 67 by in vitro deletion of Haell restriction fragments (7). The

plasmid pJN 67 contains a Tn901, transposon inserted between the origin

of replication and the immunity gene (1,3), at 11.5% on the Clo DFl3

physical map.

Figure 1C shows the physical map of pEV22 as well as the deleted parts

of pJN67. pEV22 only contains the Clo DF13 region between 1.8% and 11.5%,

as well as the region of transposon Tn901 between 0-45% comprizing the 6-

lactamase gene. Cleavage with Haell endonuclease generates two fragments,

a small 300 bp Hae II origin fragment containing the 1.8-5% part of Clo

DF13, and a large fragment containing the Clo DF13 region between 5% and

11.5%, as well as the 45% part of the Tn901. Previous studies have shown

that the cop3 mutation is preserved on this plasmid. (1,3) pEV22 is

present in E.coll cells to the extend of about 200 copies per cell and

therefore, plasmid DNA is easily isolated without amplification with

chloramphenicol. pEV22 restriction fragments were prepared and sequenced

as described in materials and methods. Figure 1A shows the DNA strands
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Figure 1. A) Fine cleavage maps of the 0-15% part of plasmid Clo DF13. The
arrows show the part of the restriction fragments sequenced.
The direction of the arrows indicate which strands were
sequenced; they are aligned in the 51 to 3' direction.

B) Physical map of plasmid pEV35, the dashed lines indicate those
parts of Clo DF13 and Tn901 which have been deleted in_ vitro
with BamHI endonuclease.

C) Physical map of plasmid pEV22, the dashed lines indicate those
parts of CloDF13 and Tn901 which have been deleted ±n_ vitro
with Haell endonuclease.

sequenced by this approach and the extend of overlapping sequences

obtained. However by using this approach we were not able to sequence

accross certain essential restriction sites, (see figure 1A). For this

purpose we have used the primed synthesis method as described by Sanger

et al. (6), which involves the synthesis of a radioactive copy of the

single-stranded target sequence with DNA polyroerase I and a restriction

fragment, which is used as a primer.

In this study we have prepared single stranded template DNA by exonuclease

III digestion of linear duplex DNA. For this purpose we used pEV35 DNA

linearized at either the Hpal or BamHI site (see above, and also figure IB) .

Exonuclease III digestion thus generates a single stranded origin region.
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Figure 2.

Result of
respectively the
Gilbert and Maxam
procedure (left)
and the primed
synthesis DNA
sequencing method
(right), applied
to the same part
of the + strand,
overlapping the
replication
origin
see text)
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Subsequently Hhal origin fragments (see figure 1A), isolated from pEV22

were annealed to this partially single stranded template, and the reactions

were carried out as described in materials and methods.

In figure 1A the Hha fragments which were used as a primer are indicated

by the dotted lines, whereas the solid lines represent the part of the

DNA strands sequenced by this approach. Figure 2, shows an example of

respectively the Maxam and Gilbert procedure and the primed synthesis

method, applied to the same part of the + strand , overlapping the origin

of replication.

The DNA sequence of the origin region is shown in figure 3. The upper-

line of this figure represents that part of the Clo DF13 - strand between

the Haell site at 1.8% and the Hhal site at 9%, comprising 705 base pairs.

The lower sequence represents the corresponding sequence of the Col El

origin region, as determined by Oka et al (11). The sequences are alined

in such a way, that maximum homology was obtained„

DISCUSSION

Both Col El and Clo DF13 belong to a group of plasmids with a relaxed

replication control. As a result these plasmids are present in about

10-20 copies per cell (12,13). The replication of both Col El and Clo DF13

depends on the presence of the same host encoded DNA gene products, whereas

their replication continues in absence of de novo protein synthesis (14).

Furthermore Clo DF13 and Col El share large homologies in respect of their

overall genetic organization (see figure 4), however, the gene products

are not mutually exchangeable. These data suggest that Clo DF13 and Col El

share homology with regard to the organization of base sequences within

the origin region.

Perusal of the corresponding sequences, shown in figure 3 allows some

speculation about the function of the base sequences within this region.

Some of the features of this base sequence are discussed below:

a) The origin of replication

Tomizawa e_t JLI. (15), showed that the initiation of Col El replication

in vitro, or tne transition point from primer RNA to DNA, occurs within a

» Clo DF13 replicates unindirectionally, therefore the DNA strands can
be distinguished ,- the DNA strand synthesized discontinuously is
arbitrarily denoted as the - strand.
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Col El
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ACACATACAAAGTTACCCACAGA'
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TAGGCTCCGCCCCCCTGAC-GAi
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.CITAACCTTCGATCAAACCACCTCCCaiGGTGGTTrrTTCGTrTACAGGGCAAAAGATA

iTXXGGCAAACAAACCACCTTC^^A^TGGTTTTITTCITITGCAA-GCAGCAGATA

Figure 3.

Comparison of the
Clo DF13-cop3 and
Col El nucleotide
sequences
surrounding the
origin of DNA
replication. The
upperline represents
the Clo DF13
nucleotide sequence
of the + strand (see
text) between the
Haell site at 1.8%

and the Hhal site
at 9%. The lower
sequence represents
the corresponding
Col El sequence (11).
The sequence are
aligned in such a
way that maximum
homology was
obtained. The
direction of
replication is
indicated by the
arrow. The
differences between
the sequences are
indicated by the
vertical lines.
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direction and

ication

Figure 4. Comparison of genetic and functional maps of the non-conjugative
plasmids Col El and Clo DF13. For references see Inselburg e_t
al. ( 22 ) , Dougan et al. ( 23 ) , Collins e_t a^. ( 24 ) , Andreoli
e£ aj^. (25), van de~Po:T~e_t a^. (26,27,28) and Stuitue et al.
(1,3).

region of the Col El genome, which consists of a sequence of five A

residues. The corresponding sequence of five T residues, within the Col El

H-strand (15) is indicated in figure 3. Furthermore this figure shows that

for Clo DF13 the same sequence is present at a position which highly

agrees with the site of the replication origin, as determined by electron-

microscopic analysis of in vivo replicating molecules (1). Bolivar et al.

(16) also showed that in vivo replication of pMBl (a Col El type plasmid)

initiates at this sequence. Moreover a comparison of the Clo DF13 and Col

El sequences surrounding the origin, reveals a large divergence in the

nucleotide sequences downstream the replication origin (i.e.in the direction)

of DNA chain growth) whereas there is a remarkable conservation of the

nucleotide sequence, within a region of approximately 410 base pairs,

upstream the replication origin (with exception of the ± 40 base pairs

insertion, see below). This observation is consistant with the results of

Oka et al. (11), which showed that in case of Col El, a region of about

430 base pairs downstream the replication origin contains sufficient

information for autonomous plasmid replication. We therefore suggest that

the sequences which are indispensable for the plasmid DNA replication are
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located within this region.

b) Presence of a 40 base pair insertion near the replication origin of

Clo DF13

As shown in figure 3 a continuous stretch of bases seem to be inserted

at about 45 base pairs upstream the replication origin of Clo DF13, when

compared to Col El. Whether this sequence plays a role in the control of

plasmid replication remains unclear, however recently we were able to show

that the cop3 mutation, which results in an increased plasmid copy number,

is not located within this sequence (Stuitje et̂  al_. , manuscript in

preparation).

c) The 100 nucleotide RNA cistron

Upstream the replication origin there is a second region within the

Clo DF13 sequence (position + 500-670) , which diverges largely from the

corresponding Col El sequence. It has been shown that, in case of Col El,

this region is transcribed by RNA polyroerase both in_ vivo and in_ vitro

(17,18). Moreover, Morita and Oka, have determined the sequence of the

approximately 100 nucleotide transcription product (17). In figure 3,

this noncoding RNA molecule is transcribed from left to right.

Transcription initiates at position 580, while the terminator region is

located at position 684-686 (17) in this figure. Recently van den Elzen

et al.(manuscript in preparation) showed that the corresponding region of

Clo DF13 also codes for an approximately 100 nucleotide RNA in vivo.

Figure 3 shows that although the primary structure of the corresponding

region differ largely (about 30%), the base sequences of the RNA polymerase

recognition (position 542-546) and binding (position 568-574) sites as

well as the terminator region at the other end, seem to be conserved (17).

In fact figure 5 shows that these corresponding RHA molecules can be fol-

ded into a similar secondary structures. Backman ej^ a^. (20) suggested

that this 100 nucleotide RNA is required for replication since in pMBl-

pSC201 co-integrates, the Col El type replication is elimated when the

pSClOl derivative is inserted at the Alul site (position 637) within this

RNA coding region, whereas the insertion of a small EcoRI linker fragment

(net insertion 10 bp) at the same site, is tolerated. The observation of

Heffron et al. (33) and Conrad and Campbell (32), that an insertion of a
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A possible secondary
structure for the 100
nucleotide RNA transcript.

bp EcoRI linker fragment, somewhere within the 100 nucleotide RNA coding

region, caused an increase in plasmid copy number, also implicates that

the 100 nucleotide RNA is involved in Col El replication and control of

plasmid copy namber. Backman et a^. (20) proposed a model for the repli-

cation of Col El type plasmids in which this RNA is processed, and the

product of this processing serves as a primer for elongation by DNA poly-

merase I at the origin of replication, since this RNA contains a region

homologuous to the sequence at the origin of replication (position 620-

626). Supporting thi3 model, Conrad and Campbell (32) showed that RNA'se

III, an enzyme which preferentially cleaves double stranded RNA, is re-

quired for Col El replication in vitro.

However, perusal of the sequence of the 100 nucleotide RNA coding region

of plasmid Clo DF13, shows that this region in contrast to Col El, has no

horoology with the sequence at the origin of replication. Furthermore the

results obtained by Oka et̂  al̂ . (11), showing that the 436 base pair

Col El Haelll fragment located between position 78-555 (figure 3) con-

tains suffient information to permit replication, implicates that the

100 nucleotide RNA is not required for replication. However, preliminary

sequence data of the wild type Clo DF13 origin region, revealed that the
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cop3 mutant contains at least one mutation within the 100 nucleotide RNA

coding region. Further sequence analysis of the wild type plasmid and that

of different nonconditional and conditional copy number mutants, may

therefore help to resolve the contradictory results obtained by Oka e_t al.

on the one side, and Backman e_t al_. (20) , Heffron e_t al̂ . (33) and Conrad

et al. (32) on the other hand.

d) Codon analysis

The codon analysis of the Clo DF13 sequence between 1.8% and 9% is

shown in figure 6. Initiation and termination codons present on each DNA

strand, were plotted on the corresponding reading frames. Long and short

angled lines represent the initiation codons AUG and GUG respectively,

whereas the vertical lines represent the termination codons UAG, UAA and

UGA. The boxes indicate those parts of the sequence that might code for

Clo OF 13 'iy-

rvoding framt

TOO

- protein '

^""w™^^T^^^^^^

Figure 6.

Codon analysis of the Clo DF13-cop3 sequence, between 1.8 and 9% (see
discussion). The lower part of this figure shows the corresponding
Col El region, containing sufficient information to permit replication.
The 100 nucleotide RNA is also indicated.
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polypeptides. We have also looked for homology between these polypeptides

and the polypeptides for which the corresponding Col El sequence might

code. In figure 6 those coding sequences are indicated in black. The lar-

gest homologous coding sequence occurs between position 479-339 (reading

frame 2). ffranslation of this coding sequence into an amino-acid sequence,

reveals that we are dealing with a very arginine rich, basic protein (3ee

figure 7). Interestingly this coding sequence is preceded

by a large conserved symmetrical sequence, (22 base pairs, position 475-

496.) figure 3 which in turn is composed of a smaller duplicated symmetri-

cal sequence (underlined in figure 3). This sequence resembles known pro-

tein-DNA interaction sites. Staudenbauer (14) as well as Kahn and Helins-

ky (29) have demonstrated that no plasmid encoded proteins are required

for the replication of pla3mid Col El. However, temperature sensitive

copy number mutants have been isolated for both Col El and Clo DF13 (4,30)

suggesting a possibly negatively controlled replication. In case of the

temperature inducable copy number mutant Clo DF13-copl ts, it was shown

recently in our laboratory, that the kill phenotype at 42 C (4), depends

on transcription initiated at the cloacin promotor located at approximate-

490

UC GCU AAC CA . . 5 '

cioorn °

G CCA UG CCG UUU UAC CGU GCU UUU CCG GGU UGC ACU CAA GOG AAC AGU UAC

460 470 460 450 440

Fiam t-Ala-Pht~Tyi^Arg-Atu-Ptis-Pro-€lif-Trp-Thr-Gln-Val-A*n-Sir-Tyr-
• • • • •

Fm*t-Ala-L4u-Arg-Arg-Ala-L*n-Pro-Gly-Trp-T>u—Gln-Asp-ABp-S*r-Ty]~-
UG CCA GUG GCC UUA AGG CGU GCC UUA CCG GGU UCG ACU CAA GAC GAU AGU UAC

Col El
UC GCU ^ CA

CGG AUA AGG CGC AGC AGU CCC GCU GAA CGG GGU GUU CUU GCU UAC ACC CCA

430 420 410 400 390

CGG AUA AGG CGC ACC GGL CGG GCU GAA CGC GGG GUU CGU GCA CAC AGC CCA

Clo0ri3 GCU UGG AGC GAA CCA CCU ACA CCG AGC CGA GAU ACC AGU GUG UAG ...3

3B0 370 360 3S0 340

Ala-Trp-Scr-Glu-Arg-Pro-Thr-Pro-Asn

GCU UCG AGC GAA CGA CCU ACA CCG AAC UGA . 3

Figure 7. Comparison of the aminoacid sequence of a protein, possibly en-
coded by the origin region of plasmids Col El and Clo DF13.
Differences between both sequences are indicated by an asterisk.
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Ly 32% (van den Elzen e_t al_. , manuscript submitted) . In figure 3 this

transcription proceeds from right to left. Deletion of the cloacin promotor,

results in the loss of the kill phenotype, without effecting the tempera-

ture inducable copy number. However by _in_ vitro recombination of restric-

tion fragments, it was shown that the kill phenotype is restored by posi-

tioning the (3-lactamase promotor of Tn901 in the same orientation. Fur-

thermore we have located the copl ts mutation, within the 1,8-12% region

of the plasmid (Stuitje et al., manuscript In preparation). These results

suggest that Clo DF13 replication is possibly negatively controlled by a

plasmid encoded protein. However it has been shown (31) that a single ba-

se substitution in a non-coding region of SV40 DNA can cause a tempera-

ture sensitive replication. Furthermore Conrad et al̂ . (32) have demon-

strated that a plasmid encoded, highly secondary structured 100 nucleo-

tide non-coding RNA is involved in the control of Col El plasmid copy

number.

In view of these observations it is still premature to conclude that both

plasmid encoded RNA as well as protein are involved in the regulations of

plasmid replication. Further sequence analysis of plasrald mutants with an

altered plasmid copy number is therefore necessary to obtain a more pro-

found insight in how the replication of relaxed plasmids is regulated.
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