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INTRODUCTION

The transport of glucose into cells of Gram-negative
bacteria proceeds through the phosphoenolpyruvate :
carbohydrate phosphotransferase system (PTS) [1].
This system utilizes phosphoenolpyruvate (PEP) as an
energy source to transfer glucose and other carbohy-
drates with the D-gluco- and D-manno configuration
and also 6-atomic alcohols, resulting in the formation
of phosphorus ether of carbohydrate in the cell [1, 2].
PTS is a composite protein complex consisting of cyto-
plasmic and membrane-associated components. The
latter are represented by carbohydrate-specific proteins,
enzymes II (IIABC). Enzymes II are three-domain pro-
teins (IIA, IIB, and IIC domains) [1]. The phosphoryl
radical is transferred from PEP to specific proteins with
participation of two common cytoplasmic compo-
nents: enzyme I and the low-molecular-weight HPr
protein [1, 2]. Enzyme I (eI) is the main PTS kinase. In

 

Escherichia coli

 

, approximately 1% of chromosomal
genes encode protein synthesis in this system [1]. Usu-
ally, the 

 

ptsI 

 

and 

 

ptsH

 

 genes, which determine the for-
mation of eI and HPr, respectively, form a linkage group
in Gram-negative bacteria [1]. Damage to these genes
causes the appearance of a typical phenotype [1, 2].
Mutants are unable to metabolize a number of sub-
stances that are PTS substrates (PTS carbohydrates) as
well as substances accomplishing their own transport
and utilization (non-PTS substrates) [1, 2]. These pleio-
tropic disturbances in growth properties are caused by
the absence of the transport of a nitrogen source into the
cell and by drastic inhibition of synthesis of proteins

required for catabolism of the given substrate [2]. The
lack of glucose transport confers to mutant bacteria
resistance to the effect of this carbohydrate on the syn-
thesis of various enzymes (catabolite repression) [2].

In bacteria of the genus 

 

Erwinia

 

 related to 

 

Escheri-
chia coli, pts

 

 mutants remain unexplored. The objective
of the present study was to isolate and genetically study
mutants of bacteria 

 

Erwinia chrysanthemi

 

 and 

 

Erwinia
carotovora

 

 subsp

 

 atroseptica

 

 defective in common PTS
components.

MATERIALS AND METHODS

Bacterial strains and plasmids used in this work are
listed in Table 1.

We used minimal liquid and agar (2%) M-9 media
prepared on the basis of salt medium and a complete
medium prepared on the basis of L-broth [3]. Casamino
acids (0.4%) or carbohydrates (0.2%) were used as a
carbon source in minimal media. The ability to utilize
carbohydrates was tested on indicator media MacCon-
key and EMS with 1% carbon [3–5]. Conjugational
crosses and chemical mutagenesis were conducted
by  methods described in [3]. For transposon
mutagenesis, we crossed the donor strain 

 

Escherichia
coli

 

 S17-1/pUT::mini-Tn

 

5xylE

 

 with 

 

Erwinia

 

 recipient
strains [6]. A conjugative mixture consisting of appro-
priately diluted cells was plated on indicator media
with the addition of 25 

 

µ

 

g/ml of kanamycin and 1%
glucose.
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Abstract

 

—Mutants of bacteria belonging the genus 

 

Erwinia 

 

(

 

Erwinia chrysanthemi

 

 and

 

 Erwinia carotovora

 

)
with pleiotropic disturbances in the utilization of many substrates were obtained through chemical and trans-
poson mutagenesis. Genetic studies revealed that these mutants had defective 

 

ptsI

 

 or 

 

ptsH

 

 genes responsible for
the synthesis of common components of the phosphoenolpyruvate-dependent phosphotransferase system,
enzyme I and the HPr protein, respectively. The 

 

ptsI

 

+

 

 allele in both 

 

Erwinia

 

 species was cloned in vivo. Map-
ping of obtained mutations indicated that the

 

 ptsI 

 

and 

 

ptsH

 

 genes of

 

 E. chrysanthemi

 

 do not constitute a linkage
group. The 

 

ptsI

 

 gene is located at 100 min of the chromosomal map, whereas the

 

 ptsH

 

 gene is located at 175 min.
Sequencing of a portion of the

 

 E. chrysanthemi

 

 

 

ptsI

 

 gene showed that a product of the cloned DNA region had
up to 68% homology with the N terminus of 

 

Escherichia coli

 

 enzyme I.
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To clone the transposon and adjacent genes, bacte-
rial DNA was digested with the enzyme 

 

Pst

 

I, ligated to
the pUC19 vector, and was then transformed to 

 

E. coli

 

HB101. The plasmid DNA isolated from Km

 

r

 

Am

 

r

 

transformants of HB101 underwent restriction map-
ping with subsequent subcloning of a fragment adja-
cent to the transposon into plasmid pUC19. DNA isola-
tion, restriction, and ligation followed standard proce-
dures [7] with the use of enzymes obtained from MBI
“FERMENTAS” (Lithuania, Vilnius). The obtained
DNA fragment adjacent to the transposon was exam-
ined in an automatic ALFExpress sequencing apparatus
with universal M13 primer and M13 reverse primer.

RESULTS AND DISCUSSION

Mutational damage to common PTS components (eI
and HPr protein) in enteric bacteria block glucose
transport into cells of microorganisms [1, 2, 4, 5].
Therefore, the leading criterion of selection of

 

 pts
Erwinia

 

 mutants was their inability to utilize glucose on
an indicator medium or utilize this carbohydrate as a sole
carbon source. Glucose-negative mutants of 

 

E. chrysan-
themi

 

 ENA49 and its 

 

Hfr lac

 

+

 

 derivative VY1449, and
those of

 

 E. atroseptica

 

 3-2 were obtained through
chemical mutagenesis (NG mutagenesis with 50 

 

µ

 

g/ml
nitrosoguanidine) and via insertion of mini-Tn

 

5

 

 trans-
poson by means of plasmid pUT [6]. Clones that cannot

 

Table 1.  

 

Bacterial strains and plasmids used in this work

Strains, plasmids Properties Source

 

Erwinia chrysanthemi:

 

ENA49 Prototroph Collection of the Department of Micro-
biology, Belarussian State University

VY1449 Hfr, 

 

lac

 

+

 

Same

VY1449II VY1449, 

 

ptsH

 

NG mutagenesis of 1449

169 VY1449, 

 

ptsI

 

Same

ENA49/48 ENA49, 

 

ptsI

 

::mini-Tn

 

5xyl

 

This study

ENA49/50 ENA49, 

 

ptsI

 

::mini-Tn

 

5xyl

 

″

 

ENA49/55 ENA49, 

 

ptsI

 

::mini-Tn

 

5xyl

 

″

 

ENA3766 F

 

–

 

, 

 

ilv3 thr1 his2 trp5 arg4 

 

Str

 

r

 

 Nal

 

r

 

Collection of the Department of Micro-
biology, Belarussian State University

ENAH50 ENA3766, 

 

ptsI49/50

 

This study

ENA3767 ENA3766, 

 

ptsH1449II

 

″

 

Erwinia carotovora 

 

subsp. 

 

atroseptica:

 

3-2 Prototroph Collection of the Department of Micro-
biology, Belarussian State University

1-4 3-2, 

 

ptsI

 

::mini-Tn

 

5xyl

 

This study

6-4 3-2, 

 

ptsI

 

::mini-Tn

 

5xyl

 

″

 

1-73 3-2, 

 

ptsH

 

::mini-Tn

 

5xyl

 

″

 

Escherichia coli:

 

LBG1260 F

 

–

 

, 

 

trp30 rpsL4 ptsI1103

 

Gamaleya Scientific Research Institute 
of Epidemiology and Microbiology, 
Russian Academy of Medical Sciences, 
Moscow

LBG1605 F

 

–

 

,

 

 trp30 ilvC7 rpsL4 ptsH5

 

Same

TP2862

 

xyl  argH1 ilvA aroB 

 

∆

 

crr 

 

Km

 

r

 

Institute of Pasteur, France

Plasmids:

pULB113 (RP4::mini-Mu)

 

Tra

 

+

 

 Km Ap Tc mini-Mu3A Collection of the Department of Micro-
biology, Belarussian State University

pUT/Km

 

Tra

 

–

 

mob

 

+

 

 Ap::mini-Tn

 

5

 

 Km 

 

xylE

 

Same

pR'N27 pULB113 containing the 

 

E. chrysan-
themi

 

 chromosomal fragment with the 

 

ptsI

 

 gene

This study

pR'N1 pULB113 containing the 

 

E. atroseptica

 

 
chromosomal fragment with the 

 

ptsI

 

 gene

 

″



 

512

 

RUSSIAN JOURNAL OF GENETICS

 

      

 

Vol. 38

 

      

 

No. 5 

 

     

 

2002

 

DATSENKO

 

 

 

et al

 

.

 

utilize glucose and produce nonpigmented colonies
were selected on indicator media. After purification on
the same medium, glucose-negative cultures were
tested for the ability to utilize this carbohydrate as a
sole carbon source. Later, only those Glu

 

–

 

 cultures were
studied that retained the ability to utilize glucose-6-
phosphate and fructose-1,6-biphosphate. We tested
growth characteristics of these glucose-negative
mutants. For this purpose, cells were incubated in a
minimal liquid medium containing 0.4% of some PTS
or non-PTS substrates taken as a sole carbon source.
We found that the mutants, unlike wild-type strains,
were unable to utilize, apart from glucose, also man-
nose, mannitol, N-acetylglucosoamine, sucrose, raffi-
nose, cellobiose, and L-arabinose. However, mutations
did not affect the utilization of pyruvate and succinate.
All glucose-negative mutants with pleiotropic distur-
bances in growth on various carbon sources fell into
two classes for their ability to utilize fructose: some
mutants retained the ability to grow on fructose at a rate
that is comparable to the rate of original strains and
other mutants lost this ability (Table 2). Further genetic
experiments confirmed an assumption that the isolated

 

Erwinia

 

 mutants had defects in the

 

 ptsI

 

 or 

 

ptsH 

 

genes
responsible for the synthesis of common PTS compo-
nents.

To classify the obtained 

 

Erwinia

 

 mutants more pre-
cisely, we attempted to clone

 

 pts 

 

genes of these micro-
organisms in vivo, using a broad-host-range vector
pULB113(RP4::mini-Mu3A) capable of transferring
chromosomal fragments about 80 kb in size [6]. For
cloning, we used 

 

pts

 

+

 

 cells as donors. It was assumed

that the pts+ allele compensates for the defect in pts
genes of E. coli owing to the possible homology
between eI and the HPr protein in these two microor-
ganisms. Therefore, previously studied ptsI (LBG1260)
and ptsH (LBG1605) mutants of E. coli K12 were used
in crosses as recipients [4, 5]. In a cross with the
LBG1260 recipient on minimal medium with glucose,
transconjugants containing the plasmid that carried an
Erwinia DNA fragment were isolated. The introduction
of the obtained recombinant plasmids into the E. coli
strain with the defective ptsI gene completely restored
the growth of the mutant on PTS and non-PTS sub-
strates (see also Table 2). The elimination of such plas-
mids kind (pR'N1 from E. atroseptica and pR'N27 from
E. chrysanthemi) by means of acridine orange treat-
ment of transconjugants obtained using the LBG1260
recipient restored pleiotropic damage to carbohydrate
utilization typical of pts mutants. Thus, we demon-
strated that these plasmids contained the Erwinia ptsI+

allele. Plasmids with the ptsI gene cloned from Erwinia
strains were employed to identify mutations in the
obtained strains with pleiotropic disturbances in the uti-
lization of carbohydrates. The presence of plasmid
pR'N27 in cells of strains 169, 49/48, 49/50, and 49/55
and of plasmid pR'N1 in cells of strains 1-4 and 6-4 was
accompanied by the correction of all defects in carbo-
hydrate utilization, which points to mutational damage
to ptsI gene in these mutants. No such effect of plasmid
introduction was observed in 1-73 and 1449II
mutants. Note that plasmid pR'N1 (with the ptsI+

allele of E. atroseptica) in cells of the E. chrysanthemi
ENA49/50 mutant and plasmid pR'N27 with the
cloned  ptsI+ gene of E. chrysanthemi (in cells of the
E.atroseptica 1-4 mutant) were virtually similar in
behavior (Table 2). In both cases, we observed almost
complete complementation of mutations expressed as
the possibility of utilizing a number of PTS and non-
PTS substrates.

The isolated recombinant plasmids passed at a high
frequency (2.5–3 × 10–2) to cells of E. coli strains
(LBG1605 and TP2862) carrying mutations in ptsH
and crr genes that specify the synthesis of the HPr pro-
tein and glucose-specific enzyme IIA, respectively.
However, no glucose-utilizing colonies have ever been
found among transconjugants. Nevertheless, transcon-
jugants contained recombinant plasmids that retained
the cloned Erwinia DNA fragments, and their transmis-
sion to strains LBG1206 and ENA49/50 or 1-4 was
accompanied by the correction of the PTS phenotype.
Results of these experiments suggest that the wild-type
allele of ptsH and crr genes may not be present in the
isolated recombinant plasmids. However, the absence
of complementation can be explained by low homology
between ptsH and crr genes of E. coli and Erwinia and
by separate location of genes belonging to the pts
operon in Erwinia (unlike E. coli).

An attempt at cloning the ptsH gene from Erwinia
by means of plasmid pULB113 and from the E. coli
LBG1605 strain was unsuccessful. Tranconjugants

Table 2.  The doubling time of the number of wild-type cells
and mutants of bacteria belonging to the genus Erwinia on
glucose and fructose

Strains
Doubling time (min) on

glucose fructose

E. atroseptica

3-2 105 129

1-4 @500 @500

1-73 310 135

1-4/pR'N1 120 140

1-4/pR'N27 138 168

E. chrysanthemi

VY1449 118 120

VY169 @500 @500

VY1449II @500 120

ENA49 120 120

ENA49/50 @500 @500

ENA49/50/pR'N27 128 130
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that appeared on minimal medium at a frequency of
9 × 10–8 gave rise to pigmented colonies on indicator
media containing various substrates. This indicated that
they were able to utilize the appropriate substances;
however, the Glu+ trait was not transmitted in further
crosses, even if exogenous crosses were conducted.
After plasmid elimination, the recipient phenotype did

not recover in transconjugants. Apparently, variants of
transconjugants, which contained newly arisen sponta-
neous mutations suppressing ptsH mutations, were
selected upon cloning [8].

Thus, the data obtained allowed us to ascertain that
mutants of E. chrysanthemi 169, 49/48, 49/50, and
49/55 as well as mutants of E. atroseptica 1-4 and 6-4

Table 3.  Mapping of the ptsI169 mutation in a cross VY169 × ENA3766

Selected marker Frequency
of transconjugants

Frequency of inheritance of nonselected markers, %

ilv thr his trp arg fosr pts–

ilv+ 4.5 × 10–2 100 9 5 4 0 49 0

thr+ 1.9 × 10–2 100 100 10 6 1 56 0

his+ 1.3 × 10–2 100 21 100 38 0 50 0

trp+ 7.7 × 10–3 93 18 55 100 1 49 0

arg+ 1.1 × 10–4 100 14 20 24 100 23 10

TCCCCGGTGCCGAGCTCGAATTTBDCTAGGCGGCCAGATCTGATCAAGAGACAG

GTCAATGGTAGCCT

GATCAGGATTCTGGTAAATCTTGTTGTTACCCCGTCCAGAATGATGAAATCGCCA

TTCTTGATTTTCT

GGTGGCATCGGTGTGCCCACGATAGCGGGCAGTTCCAGCGAANGCGCCATGATG

GAGGTATGGGACGT

ACGGCCGCCGATATCGGTAATAAAACCCAGëACCTTGTCCAGGTTCAACTGCGCG

GTTTCGGATGGGG

TCAGATCTTTGGCAATCAGAATCACTTCGTCCTGGATGTCGCCCAGGTCGACGAT

GTGCAGGCCCAGA

ATGTTTTTCAGCAGGCGCTTGCCGATGTCGCGCATATCCGCGGCGCGCTCTTTC

AGGTATTCGTCATCCAGTTCTTCCAGTGCTTTCGCCTGGGTCTCGATGACGGAAA

ACGCCGGCCGGTC

CGCGGACGCGTGGTCGTCTTTAATCAGGGAGATGATTTCCTGCTCGAATTCCTCA

TCTTCCAGCAGCA

TGATATGCCCTTCGAAGATGGCTTCTTTCTCTGGCCCCAGCGTTTCAGCCGCTTTT

TGCTTGAATCGC

TTCCAGCTGCTTCGAGGCTTTGGCGCGACCCGTCAGAAAGAGTTCGATTTCCTGA

TCGACCTGGTCTGC

AG

Sequence of the ptsI gene DNA region in bacteria Erwinia chrysanthemi.
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have a defect in the ptsI gene, whereas E. chrysanthemi
1449II and E. atroseptica 1-73 contained the disrupted
ptsH gene.

Mapping of obtained mutations in pts genes of
Erwinia was prompted by the existence of the circular
chromosomal map of these bacteria [9, 10]. Mutations
were mapped in conjugational crosses with regard to
their linkage with certain auxotrophic markers. The
ptsI169 mutant, an Hfr-like E. chrysanthemi strain with
the origin of chromosome transfer located at 165 min of
the chromosomal map [9], was used as a donor. The
chromosome transfer was shown to proceed in the fol-
lowing direction: ilv–thr–his… [9]. The polyaux-
otrophic strain of this Erwinia species (ENA3766) was
used as a recipient (Table 1). Recombinants were
selected on plates containing minimal media of various
amino acid compositions with 0.4% glycerol as a sole
carbon source. We tested selected recombinants for
prototrophy with respect to all markers and for the abil-
ity to utilize glucose and various substrates (which
could indicate the transfer of the ptsI trait). Results of
this cross are shown in Table 3.

Analysis of data from the cross conducted by
approaches described earlier [9] allowed the localiza-
tion of the ptsI mutation at 100 min of the E. chrysan-
themi chromosomal map. Note that VYI169 was
selected as a glucose-negative strain on an indicator
EMS medium with phosphomycin (50 µg/ml). There-
fore, all recombinants were tested for sensitivity to this
antibiotic (fosr). Data in Tables 3 and 4 indicate that a
mutation ensuring resistance of VY169 to phosphomy-
cin and the ptsI169 mutation have independent loca-
tions on Erwinia chromosome. This in turn suggests
that a defect in the ptsI gene of bacteria belonging to the

genus Erwinia, unlike that in E. coli [1, 2], is not
responsible for the acquisition of resistance to phos-
phomycin.

Results of the cross conducted using the pro-
totrophic strain VY1449 (with the origin of transfer like
in the VY169 strain) as a donor and the ENAH50
mutant as a recipient confirmed the location of the ptsI
character at 100 min of the E. chrysanthemi chromo-
somal map indicated above (Table 5).

Thus, genetic studies of the isolated Erwinia
mutants with disturbances typical of ptsI mutants
allowed us to ascertain that the ptsI gene responsible for
the synthesis of enzyme I of PTS in these bacteria is
located in the region of 100 min of the chromosomal
map. Mutational damage to the ptsI gene in bacteria of
the genus Erwinia does not confer to cells resistance to
phosphomycin.

Results of mapping ptsH mutations in Erwinia were
rather unexpected. The strain 1449II manifested a low
efficiency as a donor. Therefore, the ptsH1449II muta-
tion was conjugatively transferred into the polyaux-
otrophic strain ENA3766. The obtained recombinant
ENA3767 characterized by pleiotropic disturbances in
the utilization of glucose and a number of substrates
was used as a recipient in a cross with the donor pro-
totrophic strain VY1449. We found that in a cross of
this type, the Glu+ trait is transmitted at high frequency
(Table 6) and is a proximal marker with respect to other
examined loci. Analysis of the data in Table 6 shows [9]
that the mutation ptsH1449II is located at 175 min of
the E. chrysanthemi chromosomal map.

In Erwinia bacteria, different locations of mutations
affecting common PTS components points to the lack
of the operon organization of pts genes in these bacte-
ria. Possibly, this explains an unsuccessful search for
the ptsH+ allele in recombinant plasmids pR'N1 and
pR'N27 carrying the ptsI+ allele.

The discovery of different locations of ptsH and ptsI
genes in Erwinia is of undoubted interest, because
these genes in Gram-negative bacteria (in particular,
E. coli) form, as a rule, a linkage group in the chromo-
some [1, 2]. One can assume that, despite the close rela-
tionship between E. coli and Erwinia, there is a signif-
icant difference with regard to the organization of pts
genes.

Table 5.  Mapping of the ptsI49/50 mutation in a cross VY1449 × ENAH50

Selected marker Frequency
of transconjugants

Frequency of inheritance of nonselected markers, %

ilv leu trp glu arg

ilv+ 3.0 × 10–2 100 5 1 0 0

leu+ 1.5 × 10–2 92 100 3 0 0

trp+ 4.6 × 10–3 89 15 100 7 1

glu+ 6.0 × 10–4 83 13 29 100 2

arg+ 2.0 × 10–4 82 11 26 25 100

Table 4.  Characterization of arg+ transconjugants obtained
in a cross VY169 × ENA3766

Genotype
of transconjugants Number of clones Frequency

of appearance, %

arg+ pts+ fosr 9 2

arg+ pts– foss 333 74

arg+ pts– fosr 72 16

arg+ pts+ foss 36 8
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Isolation and genetic study of E. chrysanthemi
mutants with mini-Tn5xylE transposon inserted into the
ptsI gene allowed cloning of a gene region adjacent to
the transposon (see Materials and Methods). The
obtained DNA fragment (Fig. 1) was partially
sequenced. A comparison [11] of the read and trans-
lated DNA sequence with the registered sequences
demonstrated that it was identical with the DNA
sequence of the E. coli ptsI gene (figure). In general, the
sequence from Erwinia is successfully fused with the N
end of E. coli protein: high homology (up to 68%) was
detected beginning at amino acid 49. Unfortunately, we
were unable to conduct a detailed analysis, due to the
absence of the complete nucleotide sequence of the
Erwinia ptsI gene.

However, even available data suggest the resem-
blance between E. coli and Erwinia enzyme I (the main
PTS kinase). Mutational damage to enzyme I is
expressed as pleiotropic disturbances in the utilization
of many substrates, the same as in E. coli. The strongest
difference between Erwinia and E. coli PTS is the inde-
pendence of genetic determinants of enzyme I and the
HPr protein (ptsI and ptsH genes) in the bacterial chro-
mosome.
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