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Abstract. A hospital-based surveillance study of class 1 integron-positive
Acinetobacter isolates in the Urals and Siberia (Russia) demonstrated that
dihydrofolate reductase gene (dfrA5) was located in a functional gene cassette in-
sertion driven from a promoter of a weak type. This insertion is an example of the
integron-associated trimethoprim resistance disseminated worldwide from the
free-living animals to human. Despite the long-term persistence as an integron
insert any loss or modifications in the nucleotide sequence especially at attC site
was not observed. Nucleotide sequence previously referred as a weak type pro-
moter may be considered as a wild-type configuration of an integron promoter
region.
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INTRODUCTION

Synthesized antifolate trimethoprim
(TMP) had a start in the medical practice
in 1962 and now is in use worldwide. A
rise in TMP resistance among bacterial
populations associated with humans has
been traced to both selective pressure and
to a lack of evident contact with TMP. It
has been shown that resistance to TMP and
trimethoprim/sulfonamide combination
(TMP/SXT) are common in the Asian coun-
tries. In 1988, most of Shigella flexneri
strains isolated from patients with acute

diarrhea in Thailand are resistant to TMP
(Lolekha et al, 1991). Strains of Escherichia
coli, Klebsiella pneumoniae, Enterococcus spp,
and Proteus mirabilis among the numbers
of pediatric uropathogens in Taiwan are
TMP/SXT-resistant (48.9% in 1991-2000
and 46.6% in 2001-2005) (Tseng et al, 2008).
It has been reported that Acinetobacter
strains isolated from water sediment and
animal manure on the integrated fish
farms situated near Bangkok also demon-
strate TMP- and TMP/SXT-resistant phe-
notypes (Petersen et al, 2002).

Resistant strains can express genes of
dfr (dhfr) A and B families encoding
dihydrofolate reductase enzyme insensitive
to competitive inhibition by TMP. A signifi-
cant proportion of different dfrA genes (in
the form of gene cassettes) appear to be in-
serted into class 1 and 2 integrons (Alonso
and Gready, 2006). It has been shown that
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class 1 integron-positive E. coli strains iso-
lated from healthy volunteers and outpa-
tients in southern Thailand are more resis-
tant to TMP/SXT (77% to 15% of strains
tested, p<0.001) (Phongpaichit et al, 2008).

We have revealed that representative
isolates of Acinetobacter genus recovered
from hospital wards and community in Rus-
sia are TMP/SXT-resistant (Solomennyi,
2008). The aim of the present study was to
test the hypothesis that TMP-resistance
determinants may be connected with the
mobilizable class 1 integron(s) dissemi-
nated worldwide. Genetic stability of
integron-associated sequences is also dis-
cussed.

MATERIALS AND METHODS

A total number of 36 isolates of
Acinetobacter baumannii group isolates was
recovered from colonized or infected pa-
tients admitted to a major teaching hospi-
tal in Perm City (Russia, the Urals on “in-
visible border between Europe and Asia”)
in 2003-2004 and to a municipal hospital
in Krasnoyarsk (Siberia, geographical cen-
ter of Russia) in 2000-2001. Four environ-
mental isolates were also recovered from
medical equipments in Perm Hospital. All
isolates were routinely identified using
biochemical tests and re-tested by means
of Microscan Dried Gram Negative MIC/
Combo Panels system (Dade Behring)
Antimicrobial susceptibility data were si-
multaneously recorded.

DNA templates for PCR were ob-
tained from bacterial colonies grown on
Mueller-Hinton agar by hot-lysis method.
Primer sequences for the amplification of
both of integron-inserted cassettes and
promoter region were 5’-TCT CGG GTA
ACA TCA AGG (nucleotide target of class
1 integron situated inside integrase-con-
taining segment) and 5’-AAGCAGACTT

GACCTGA (nucleotide target in 3’-con-
served segment). PCR was conducted in a
thermal cycler (MyCycler, BioRad).
Themocycling regimen started with a 4
minute initial denaturation step at 94ºC
followed by 30 cycles of 1 minute of dena-
turation at 94ºC, annealing at 56ºC (1
minute), elongation at 72ºC (4 minutes)
and a final elongation at 72ºC for 10 min-
utes. Electrophoreses of amplified frag-
ments were conducted using standard pro-
tocols in ethidium bromide-stained agar-
ose gel with Bio-Rad mini-sub® cell GT
apparatus. DNA bands were visualized by
exposure to UV light in a transilluminator
and images were recorded for computer
comparison with standard DNA size
markers.

Amplified nucleotide fragments were
purified with DYEnamic ET dye termina-
tor cycle sequencing kit (GE Healthcare,
UK), sequenced in both directions in a cap-
illary sequencer (Amersham Biosciences,
MegaBASE 2000 system) and, after align-
ment, were compared with GenBank data
using BLAST search algorithm.

RESULTS

PCR amplification with primers
complementary to the inner part of
integrase gene and 3’-conserved segment
of class 1 integron resulted in a single
amplicon of approximately 2.7 kb in two
Acinetobacter strains isolated in Perm: one
of A. baumannii persisting in hospital ward
for 9 months and one of Acinetobacter iso-
late 21 (failed to grow at 44ºC, the princi-
pal character for A. baumannii) isolated
from one patient (Fig 1). No amplification
bands were visualized among all twelve
isolates originating from Krasnoyarsk
Hospital (data not shown).

TMP minimum inhibitory concentra-
tion value of more than 8 µg/ml was
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Japan (GenBank accession number
AB188269), Australia (White et al, 2001),
Central African Republic (Frank et al, 2007)
and Spain (Machado et al, 2007); non-O1,
non-O139 Vibrio cholerae strain from India
(accession number AF512546) and
Aeromonas veronii isolated at Taiwan island
(accession number EU085376). In addition,
this combination of gene cassettes was
found in the genome of Enterobacter strain
circulating in a large hospital in The Neth-
erlands (Peters et al, 2001) and in Salmo-
nella Wien strain (isolation in 1988) from
the global Salmonella Reference Collection
B (accession number AY827837). Probably,
the same insert was also amplified from
DNA from coliform water strain isolated
on Scotland’s shore (Rosser and Young,
1999). Promoter region sequence in
integrons enumerated has been published
only for Enterobacter isolate originated
from infected patients at Utrecht, The
Netherlands. In this study we could de-
tect minor mutations in the -35 and ex-
tended -10 hexamers of P1 promoter as
shown in Fig 3.

Search for nucleotide sequences simi-
lar to dfrA5 gene cassette resulted in four-
teen sequences deposited in GenBank un-
der criterion of maximal identity ≥ 98%
and under 100% coverage (from start to
stop codons of dfrA5). Most of bacterial
hosts are related to Enterobacteriaceae and
Salmonella but in this list no non-ferment-
ing bacteria (Acinetobacter, Pseudomonas,
etc) are present.

A single integron-inserted dfrA5 gene
cassette  has been amplified (Waturangi et
al, 2003; accession number AJ419169) in
different E. coli isolates recovered from
feces of free-living Indonesian monitor liz-
ards (Varanus spp). Variations in the nucle-
otides for a functional part of gene in tan-
dem class 1 integron insertion existed as
individual A↔T nucleotide substitutions
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Fig 1–Electrophoretic detection of PCR-ampli-
fied class 1 integron sequence. Lane M,
DNA ladder (1 kb); lane 1, A. baumannii
strain 19; lane 2, T7 phage DNA (nega-
tive control); lane 3,  Acinetobacter isolate
21.

determined for both integron-positive cul-
tures. Direct sequencing of amplicons
revealed two integron-inserted gene cas-
settes, dfrA5, encoding dihydrofolate re-
ductase (Fig 2) and downstream located
ereA2, encoding erythromycin esterase.
Upstream dfrA5 two putative promoters
were recognized: P1 of weak type and P2
characterized by non-optimal spacer se-
quence (from 14-bp only) between -35 and
-10 hexamers (Fig 3).

DISCUSSION

Similar insertion of gene cassettes in
class 1 integron(s) was earlier investigated
in bacterial strains worldwide including
Asia-Pacific region. Available data list in-
cludes the E.coli strains originated from
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Fig 2–Alignment of dfrA5 gene cassette in class 1 integron of Acinetobacter  baumannii-like strain 21
(1, this study) and E. coli (2, a single cassette insert, GenBank accession number AJ419169).
Identical nucleotides are connected with vertical lines; start and stop codons are viewed
against black background; and 1R and 2R sequences of the attC site are underlined.

5'-ACGGATTAAGGCACGAACCCAGTGGACATAAGCCTGTTCGGTTCGTAAGCT

GTAATGCAAGTAGCGTATGCGCTCACGCAACTGGTCCAGAACCTTGACCGAAC

GCAGCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTGTTATGACTGTTTTT

TTGTACAGTCTATGCCTCGGGCATCCAAGCAGCAAG-3'

Fig 3–Promoter region sequence (P1 and P2 promoters) for dfrA5-ereA2 gene cassette insertion into
class 1 integron of Acinetobacter 21 strain. The -35 and -10 hexamers are underlined; for P1
these are typed in bold letters. Potential “hot spots” for nucleotide substitutions (G to T and
C to G according to Peters et al, 2001) are viewed against black background. Nucleotide
sequence shown in italics is the start sequence shown in Fig 2.

1   GGCATCCAAGCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAA   60
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   GGCATCCAAGCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAA   60

1   CGATGTTACGCAGCAGGGCAGTCGCCCTAAAACAATGTTAACCCGGAACCAAAATTGTGA  120
    ||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||||
2   CGATGTTACGCAGCAGGGCAGTCGCCCTAAAACAAAGTTAACCCGGAACCAAAATTGTGA  120

1   AAGTATCATTAATGGCTGCAAAAGCGAAAAACGGAGTGATTGGTTGCGGTCCACACATAC  180
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   AAGTATCATTAATGGCTGCAAAAGCGAAAAACGGAGTGATTGGTTGCGGTCCACACATAC  180

1   CCTGGTCCGCGAAAGGAGAGCAGCTACTCTTTAAAGCCTTGACGTACAACCAGTGGCTTT  240
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   CCTGGTCCGCGAAAGGAGAGCAGCTACTCTTTAAAGCCTTGACGTACAACCAGTGGCTTT  240

1   TGGTGGGCCGCAAGACGTTCGAATCTATGGGAGCACTCCCTAATAGGAAATACGCGGTCG  300
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   TGGTGGGCCGCAAGACGTTCGAATCTATGGGAGCACTCCCTAATAGGAAATACGCGGTCG  300

1   TTACTCGCTCAGCCTGGACGGCCGATAATGACAACGTAGTAGTATACCCGTCGATCGAAG  360
    |||||||||||||||||||||||||||||||||||||| |||||| ||||||||||||||
2   TTACTCGCTCAGCCTGGACGGCCGATAATGACAACGTAATAGTATTCCCGTCGATCGAAG  360

1   AGGCCATGTACGGGCTGGCTGAACTCACCGATCACGTTATAGTGTCTGGTGGCGGGGAGA  420
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   AGGCCATGTACGGGCTGGCTGAACTCACCGATCACGTTATAGTGTCTGGTGGCGGGGAGA  420

1   TTTACAGAGAAACATTGCCCATGGCCTCTACGCTCCATATATCGACGATTGATATTGAGC  480
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   TTTACAGAGAAACATTGCCCATGGCCTCTACGCTCCATATATCGACGATTGATATTGAGC  480

1   CGGAAGGAGATGTTTTCTTTCCGAATATTCCCAATACCTTCGAAGTTGTGCGAGAGCAAC  540
    |||||||||||||||||||||||||||||||||||||||||||||||||    |||||||
2   CGGAAGGAGATGTTTTCTTTCCGAATATTCCCAATACCTTCGAAGTTGTTTTTGAGCAAC  540

1   ACTTTAGCTCAAACATTAACTATTGCTATCAAATTTGGCAAAAGGGTTAACAAAGCTATG  600
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   ACTTTAGCTCAAACATTAACTATTGCTATCAAATTTGGCAAAAGGGTTAACAAAGCTATG  600  

1   CAATTGACGGTAAAAAGCTTCGTTCGCTTCGCTTGCTACGCTTCTTACCGCAATTGATAACGGCGTTA 668      
    ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
2   CAATTGACGGTAAAAAGCTTCGTTCGCTTCGCTTGCTACGCTTCTTACCGCAATTGATAACGGCGTTA 668      
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except for 4 nucleotides located  close to
the stop codon  (Fig 2, positions 530-533).
AttC site possesed 100% similarity in
nucleotide sequence when compared with
other gene cassettes.

Dfr-positive isolates are commonly
present in number of enteric commensals
and pathogens (Alonso and Gready, 2006;
Ahmed et al, 2007). We showed the possibil-
ity of the transfer of dfrA5 gene cassette as
class 1 integron insert to the “water-borne”
opportunistic pathogen Acinetobacter. Rep-
resentatives of this genus probably are
naturally competent and may be trans-
formed with DNA fragments originating
from enteric bacteria including  plasmids,
genome islands or integrons (Fournier et al,
2006).

Attention should be paid to the ori-
gin of integron-associated TMP resistance
encoded by dfrA gene family. It has been
earlier postulated that gene cassettes exist
as small autonomous DNA (Labbate et al,
2009) but insertion into different integron
platforms allows promoterless cassettes to
be expressed immediately. Essential role
of folic acid as growth factor of Lactobacil-
lus, Propionibacterium, and E. coli  may be a
moving force of natural selection of dfr
gene in form of a cassette for expression
this useful metabolic trait in carnivores
and especially herbivores intestinal flora.
Molecular data supporting this hypothesis
in part is that the mol% G+C content of
dfrA5 gene (excluding attC site sequence)
is about 47% compared with the value of
whole genome of E. coli of 50.8% (for
Acinetobacter baumannii group of 40-43%).
Based on the investigation of the dfrA5-
positive integron-positive strain isolated
from animal inhabiting remote areas it
could be suggested that free-living animals
are the undiscovered primary host of
mobilizable TMP resistance. DfrA1 cassette
commonly found in the resistance integrons

was found located at a superintegron of the
marine fish pathogen Vibrio salmonicida
(GenBank accession number AJ277063) and
the gene cassette drift may have occurred
from superintegron to resistance integron
between bacterial commensals and patho-
gens.

Weak promoter configuration was
present in cassette-free class 1integron
(Bissonnette and Roy, 1992) and this se-
quence appears to be a wild-type promoter
conserved in the resistance integrons al-
though an opposite notion has been pre-
sented (Fonseca  et al, 2008). Single or even
second dfrA gene cassette location(s) can
provide a sufficient level of gene expres-
sion driven from weak type promoter only.
As a result, TMP resistance determinants
should not be waiting re-location after
turning out as an integron insert.

In summary, dfrA5 and the other TMP
resistance gene cassettes are able to dis-
seminate globally as class 1 integron in-
serts where these are found in connection
with sulfonamide resistance genes. There-
fore, TMP preparations should not be used
routinely for prophylaxis and treatment of
“travellers” diarrhea in tourists visiting
sub-tropical and tropical regions.
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