
Chapter 4 

Characterization of class 1 integron associated novel 
Trimethoprim resistance gene, dfrA28, from Acinetobacter 

spp. MB52 

4.1 Background 
The genus Acinetobacter comprises aerobic, non-motile, oxidase-negative, catalase-positive, gram

negative, non-fermenting cocci or cocco-bacilli that grow well on common complex media (Bouvet 
and Grimont, 1986). Acinetobacter strains are present ubiquitously in nature and have been isolated 
from diverse habitats like, cotton, soil, water, sewage, plants, animals, humans, insects and activated 
sludge (Baumann et a/., 1968; Carteret a/., 1970; Warskow and juni, 1972; Henriksen, 1976; Bouvet 
and Grimont, 1986; Nishimura eta/., 1988; Nemec eta/., 2001; Carr eta/., 2003; Hwa eta/., 2009; Lee 
et a/., 2009; Rani et a/., 2009). It has been estimated that approximately 0.001% of the total 
culturable heterotrophic aerobic population of soil and water is constituted of Acinetobacter 
(Baumann, 1968). Yet, majority of the strains of described species have been isolated from clinical 
specimens (Carr eta/., 2003). An earlier study to assess the natural habitats of the different members 
of the genus, by studying the colonization with Acinetobacter species of skins of hospitalized patients 
and healthy volunteers, has putatively identified human skin as one of the natural habitats of A. 

lwoffti, A. johnsonii, Acinetobacter DNA group 3, and probably A. radioresistens (Seifert et a/., 1997). 
Interestingly, the most important species associated with hospital infection and epidemic outbreaks, 
A. baumannii, was found rarely on human skin (Seifert et a/., 1997). Another species, A. ursingii, 
isolated from seriously ill hospitalized patien ts were recovered from patients with diagnosed 
bacteremia or septicemia, while s trains of A. schindleri were isolated from non-sterile body sites of 
outpatients (Nemec et a/., 2001). Acinetobacter strains are capable of surviving in extremely 
nutritionally deficient (oligotrophic) abiotic environments of hospitals for a considerable period, for 
example, up to 10 days on dust and dry particles (Webster eta/., 2000) or for more than 4 months on 
both moist and dry surfaces such as polyvinyl chloride, rubber, ceramics, and various types of 
medical equipments (Wendt et a/., 1997) and they are also an important cause of infection in 
immunocompromised patients. The nosocomial strain, A. baumannii exhibits a remarkable ability to 
rapidly develop antibiotic resistance to several classes of antimicrobial agents that led to multidrug 
resistant Acinetobacter (MORA) (Bergogne-Berezin and Towner, 1996) or to almost all currently 
available antibacterial agents (Van Looveren and Goossens, 2004). Genomics of MDR strain, A. 
baumannii AYE has revealed an existence of an 86-kb genomic resistance island where 45 resistance 
genes were found to be clustered (Fournier et a/., 2006) . Sequence similarity and phylogenetic 
analyses confirmed that most of the resistance genes found in AYE have been acquired relatively 
recently from bacteria of the genus Pseudomonas, Salmonella, or Escherichia coli (Fournier et a/., 

2006). 
Conjugation, amongst the three gene transfer modes, plays the significant role in the transfer 

of resistance genes in Acinetobacter (Towner and Vivian, 1977). Acinetobacter develops resistance 
through acquisition of plasmids (Seifert eta/., 1994), transposons (Devaud eta/., 1982) or integrons 
(Segal et a/., 2003). Several classes of integrons have been reported till date, of which the most 
documented and well characterized are the class 1 integrons. The following are the three different 
segments involved: (i) 5' conserved segment (5' CS) containing an intl gene that codes for integrase 
and an attl recombination site, (ii) the 3' conserved segment (3' CS) containing a combination of 
qacE (antiseptic-resistance gene), sull (sulfonamide resistance gene) and one or two additional 
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ORFs, ORF5/and or ORF6 that are hypothesized ISCR1 element for development of complex class 1 
integrons (Toleman eta/., 2006), and (iii) a variable region between 5' CS and 3' CS that constitutes 
a class 1 integron (Hall and Collis, 1998). Very recently, class 1 integrons have been detected and 
characterized among carbapenem-resistant isolates of Acinetobacter spp. (Hwa eta/., 2009). 

This chapter describes a novel class 1 integron-borne dfrA28 gene, conferring resistance to 
trimethoprim. In addition to gene description, the chapter also dealt in details about the oligotrophic 
characteristics along with biochemical and molecular phylogeny of MB52 (dfrA28 harboring 
strain/host). 

4.2. Materials and methods 

4.2.1. Sampling, isolation, and identification of the oligotrophic strain: previously described in 
chapter 1. 

4.2.2. Antibiotic resistance determination: Antibiotic susceptibility and resistance determination 
was performed according to the method described in chapter 1. The bacterium MB52, was identified 
as MAR strain, and could resist trimethoprim 30 mg/L. The control organism (E. cob] was 
susceptible to trimethoprim at 5 mg/L. 

4.2.3. Phenotypic tests of facultatively oligotrophic test strain MB52 
Gram-staining, motility, and growth at different pH and aerobic/anaerobic behaviour were analyzed 
according to the standard procedures. Growths at different temperatures were observed in nutrient 
rich broth (NRB) [composition: peptone, 10 gfL; yeast extract, 5 g/L; sodium chloride, 5 g/L; pH 7.0], 
nutrient poor broth (NPB) [composition: peptone, 10 mg/L; yeast extract, 5 mg/L; sodium chloride 5 
mg/L; pH 7.0], R2A broth, nutrient broth (NB) and tryptone soya broth (TSB) at temperatures: 4, 10, 
30, 37, and 42 "C. All phenotypic tests were performed in tryptone soya broth/agar (TSB/ A, HiMedia, 
Mumbai, India). Tests were carried out at 30 "C unless otherwise specified. The cell morphology and 
motility were examined under Phase contrast microscope (Olympus, japan). To distinguish aerobic
anaerobic nature of MB52, the culture was grown in thioglycollate media (Hi Media, Mumbai, India) 
at 30 "C for 24 h. Gelatin hydrolysis and haemolysis were performed as described previously (Bouvet 
and Grimont, 1986). Staphylococcus aureus was taken as positive control in haemolysis test. A 1% 
(v fv) filter sterilized ethanol was amended to 3m! XfD media (Almeida eta/., 2004) and tubes were 
incubated for 24 to 48 h to detect ethanol as sole carbon source for energy. Catalase activity was 
tested using 3% H,o,. Urea hydrolysis, citrate utilization (Simmons citrate), indole production, 
oxidase activity and carbohydrate utilization/fermentation test were performed according 
manufacturer's instructions (HiMedia, Mumbai, India). 

4.2.4. DNA extraction, amplification, cloning and sequencing of 165 rRNA gene: as described in 
chapter4 

4.2.5. 16S rRNA gene sequence based phylogeny 
The 165 rRNA gene sequence of Acinetobacter johnsonii MB52 was aligned with 165 rRNA gene 
sequences of all the kno\"n species of Acinetobacter retrieved from GenBank using clustal X 
versionl.83 (Thompson eta/., 1997). The 165 rRNA gene sequence of Escherichia coli was included 
as outgroup. The resulted multiply aligned sequence was corrected, edited and approximately 1334 
base pair long nucleotide sequence of all the Acinetobacter were selected for further analysis. Rest 
nucleotide sequence from both the end was omitted due to alignment ambiguities. The multiple 
alignment file was transported to MEGA4 package and tree was constructed. Trees topology was 
inferred by neighbor-joining (N]) (Saitou et a/., 1987). The topology of the phylogenetic tree was 
evaluated using a bootstrap analysis (Felsenstein, 1985) based on 1,000 replications. 
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4.2.6. Oligotrophic characteristics of the strain MB52 
To validate oligotrophic behaviour, the growth was assessed in NPB. Inoculum was prepared by 
transferring a single colony of 24 hold culture into 100 ml Erlenmeyer flask containing 10 ml sterile 
NRB (pH 7.0) followed by incubation at 30 'C for 20 h without agitation. The culture was harvested 
by centrifuging at 7000 rpm for 7 min at 4 'C and washed twice with sterile saline (0.5% NaCI) water 
to ensure removal of traces of media. The washed bacterial cells were finally suspended in 3 ml 
sterile NPB. Aliquots of 0.5ml of concentrated (1.75 x10• to 2.25 x 10•cellsjml) cell suspension(s) 
were transferred to 250 ml Erlenmeyer flask(s) containing 25 ml sterile NPB. The flasks were kept at 
30 'C (without agitation) throughout the period of investigation. Survivability of MB52 cells in NPB 
medium was assessed.through dilution-plating of pure culture aliquots at different time intervals on 
fresh NRA medium. ' 

5.2.7. DNA extraction, detection of class 1 integron, cloning and sequencing of variable region: 
as described in chapter 2. 

4.2.8. Sequence analysis of class 1 integron borne gene cassette and phylogeny of novel DfrA 
protein 
The arrangement of obtained sequenced oligonucleotide, orientation, and trimming of vector 
sequence was done as described in chapter 3. Sequence quality was checked through the developed 
electropherogram. Nucleotide sequence analysis was performed using BLAST (Altschul eta/., 1990) 
search programs [National Center for Biotechnology Information (NCB!)]. Open reading frames were 
identified using ORF finder tool (www.ncbi.nlm.nih.govj) and corrected manually. A phylogenetic 
analysis of novel DfrA protein (translated dfrA gene) was performed by making a phylogenetic tree 
based on one representative microorganism for each trimethoprim-resistance-mediating DfrA 
protein. The multiple alignment was done using program ClustalX (version 1.83) (Thompson eta/., 

1997); an NJ tree was made based on this alignment, which was us~d as a guide tree for the final 
alignment used to produce the final bootstrap NJ tree. 

4.3. Results 

4.3.1. Phenotypic characterization and 165 rRNA phylogeny 
MB52 cells were strictly aerobic, non-fermentative, facultatively oligotrophic, gram-negative, non

motile, coccobacilli. 
The colonies were 
circular, convex, 
smooth and slightly 
opaque on tryptone 
soya agar; colony 
diameter ranged 
between 0.5 to 1.0 
mm after 23h, 1.5-
2.0 mm after 40 h 
and 2.0 to 3.0 mm 
after 60 h of 
incubation at 30 'C. 
The cells could 
grow in a 
temperature range 
of 10 - 30 ·c within 

A= Acinetobacter 
E.G= Escherichia coli 
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L-----,A. tjernbergiae 7N16T(AF509825) 

-A beijerinckfi 58al(AJ626712) 

-lA. haemotyticus DSM 6962T(X81662) 

L----.A. tandoii 4N13T(AF509830) 

,1----A. schinct/erilUHSB32T(AJ278311) 

__rMB52 [FN263374) 
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I L--A lwoffii DSM 24QJT(X81665) 

L--------------------IE.C·KCTC2441T[EU014689) 

Fig. 4.1: Fig. 3. : Unrooted neighbour-joining phylogenetic tree based on 165 rRNA 
gene sequences, showing the position of strain MB52 (Bold face] within the 
members of genus Acinetobacter. E. coli KCTC 244F (EU014689) used as an 
outgroup. Bootstrap values (>60%), expressed as a percentage of 1000 replications, 
are given at branching nodes. EMBLfGenBank accession numbers are given in 
parentheses. Bar, 2% sequence divergence. For extended Nj tree please see Chapter-
3, Fig. 3.19. 

152 



Studies on oligotrophic bacteria .......... Genomics of!ntegrons Chapter 4 

24 h in UOTSB medium (opt imum temperature 28 -30 C) but failed to grow at 37"C. The cells were 

positive to catalase, citrate (Simmons) utilization a nd negative to oxidase, gelatinase, urease, and 

hemolysis. Cells failed to reduce nitrates to nitrites and did not produce mdole, y

glutamyltransfe rase, and ~-xylosidase. It could utilize L-a rginine, L-aspartate, 0-L-Iactate, ethanol, 

malonate but could not trans-aconitate, ~-alanine, OL-4-aminobutyrate, azelate. 2,3-butanediol, 

glutarate, hi sta min e, L-histidine, malona te, L-leucine. 0-rnalate, phenylacetate, a nd L-tyros1ne. The 

phenotypic features of MB5 2 showed a h1gh degree of s 1m ilanty (-100%) w1th the published 

cha racter is ti cs of Acinetobacter johnsonii ATCC 17909T (Bouvet and Grimont, 1986) MB52 was 

found sensitive to all a ntibiOtics used 111 study and recommended by EUCAST for Ac111etobacter 

except cotri moxazole [MIC, 20mg/L in correspondence to EUCAST MIC breakpoint (S$;/>R is 

2/4mg/ L, w he re S is sens itive and R is resistance)] and streptomycin [M IC, lOmg/L in 

corres pond ence to the breakpoint evaluated in thi s s tudy (S</~R is ~.5 mg/L). Sequence homology 

of the 16S rRNA gene sequence of the isolate MB52 produced maximum identity (99%) with the 16S 

rRNA gene sequence of Acinetobacter johnsonii ATCC 17909T (Ac. No. Z93440). The isolate MB52 

branched deeply with the Acinetobacter johnsonii OSM 6963T (X81663) in the NJ phylogenetiC tree 

constructed with 16S rRNA seque nces of Acinetobacter 
sp p. (Fig. 4.1 ). 

4 .3.2. Oligotro phic nature o f MB52 

MB52 cells were able to grow in OLB without 

supplementation of any other carbon or nit rogen source 

or growth factor (Pig. 4 .2). An increase of 2.5 limes the 

initial cell number was noted in s pan of 8 days. The abil ity 

of stra1n MB5 2 to s urvive (without redu ct iOn in v1able cell 

number since inoculation) and multiply in a low nutnent 

medium explains the oligotrophic na ture of the strai n. 

4.3.3. De tec tio n o f class 1 integr o n b o rn e gene 

cassette a nd cha ract e riza ti on of nove l dfrA 28 gen e 

An a mplicon of 1694 bp was obtained from strain M 852 
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by CS-PCR. Purifi ed CS-PCR product of MBS2 was cloned Fig. 4.2: Viab11ity and growth of MBS2 m 

in a pGEM-T easy vector was subjected to DNA seq uencing NPB med1um. Error bJrs show the 
and gene cassettes were identified by seque nce a na lysis. standard errors. 

~----------------------------~ 
Two consecutive gene cassettes were identified carrying 

one novel dihydrofolate reductase gene (dfrA28) conferring resistance to trimethopnm and a gene 

coding for a minoglycos ide adenyl transferase (aadAl) which confer resistance to 

streptomycin/specllnomycin (Fig. 4.3). Both of the gene cassettes were inserted in vanahle reg1on 

between 5' and 

3' co nserved 

segments of a 

class 1 integron 

and were 

1 r art ·~r3J 
5'CS 

c'l ' 89 '61 

djrA28 • aadAl • 3' cs 

flanked by Fig. 4.3: Schematic presentation of the CS-PCR product o,f A. johnsoni i MBS2. 

' 69J 

recombina tion Symbols: CS, conserved segmen t; att/1, attachment site; dfr, dihydrofolate reductase; aad, 

core s ites. aminoglycoside adenyl transferase; be, base element. Numbers above the integron 
Cassettes structure correspond to sequence positions in EMBL Ac. No. FN263_3_7_3. ____________ __. 

encoded fun ction s and antibiotic res is tan ce phenotypes exhibited by bacteriu m MB52 were found 

significantly associa ted to each other. 
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Gene description: The novel gene, dfrA28, was flanked by both a core element (GTTAACC) located 29 
nucleotides 5' to the start codon of the reading frame and differed from the consensus sequence of 
the core element (GTTRRRY) by a single nucleotide. An ORF of 519 bp (potentially encoding a 
polypeptide of 172 amino acids long) was identified at the 35 nucleotide downstream to the att/1 
(attachment site of class 1 integron genetic element present over 5' CS). The ORF began with an ATG 
start codon at positions 134 to 136 and terminated with a TAA stop codon at positions 650 to 652. 
The start codon was preceded by a plausible SD sequence (TGAGGAAGA). The translated polypeptide 
sequence was compared with other amino acid sequences of the SwissProt data base. Results 
revealed that the obtained sequences with the best scores were all Dfr sequences. The maximum 
identity (76.4%) at amino acid level derived from novel dfr gene sequence was found with dfrA1 of E. 

coli (Ac. No. Aj419168). The amino acid identities between the DfrA28 (derived from novel dfr gene 
sequence ofMBS2) and other Dfr(s) ranged between 12.9 and 70.8%; thus DfrA1 and DfrA28 cannot 
be placed in a monophyletic group which was also evident in the phylogenetic tree (Fig. 4.4). A 133 

' bp long nucleotide sequence immediately 3' end of dfrA28 gene was recognized as 59-base element 
or attC (attachment site of gene cassette) (EMBL nucleotide position 653-785). The PROSlTE motif 
scan revealed that the dihydrofolate reductase signature sequence, VlGngpdlPWsakg.EqllFkaiT, was 
intact in the novel DfrA28. The novel Dfr, DfrA28 clustered together with DfrA1 of E coli and DfrA15 
of Vibrio cholerae (Ac. No. AB113114) (Fig. 4.3). The second gene cassette contained an ORF of 792 
nucleotides starting at an ATG codon and ending with TAA stop codon (EM8L nucleotide positions 
789 to 1580). This coding sequence, designated aadAl, shared 100% identity with the same gene 
(Ac. No. DQ388124). The location (based on EMBL nucleotide position) of gene cassettes and other 
features are presented in Fig. 4.3. 

Fig.4.4: Phylogenetic a ... blifis(MlOGJn 

tree of the DfrA ~L15_79 __________ s.haemo~us(ZSIJ141) 
proteins involved in 
trimethoprim DfrA20 P.muboeida (1\.1605332) 

~· resistance. The s.epidermis a48233J 

number at each major ~DfrAIEco/i(AJ419168) 
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accession (in 
parentheses) numbers TRKB:IiOO DlrA27 E.cofi(EU6756S6) 

are given for each 
DfrA protein. The 
placement of DfrA28 
in the tree is indicated 
in bold letters. DfrB 
proteins, which differ 
distinctly from DfrA 
proteins in size and 
structure, have been 
excluded from this 
phylogenetic analysis. 
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4.4. Discussion 
The test strain, MB52, of this study is one representative of the antibiotic-resistant population, 
comprised of only oligotrophic bacteria recovered on NPA medium from Mahananda. Besides water 
and soil, oligotrophic bacteria have also been isolated from clinical materials (Tada et a/., 1995). 
Earlier studies showed that a number of oligotrophic bacteria exhibit antibiotic resistance and can 
therefore be a potential reservoir of antibiotic resistance genes that can be acquired by pathogens 
through diverse gene transfer mechanisms (Tada eta/., 1995). 

The strain MB52 bearing a novel dfrA gene was characterized as Acinetobacter johnsonii on 
the basis of phenotypic study and 16S rRNA phylogeny (Fig. 4.1). All the known bacteria under the 
genus Acinetobacter are strictly aerobic, oxidase-negative and catalase-positive (Bouvet and 
Grimont, 1986). They constitute a unique group of gram-negative bacteria that may be natural 
residents of human skin (Larson, 1981), with carriage rates of 42.5% and -75% in healthy 
individuals and hospitalized patients respectively (Seifert et a/., 1997). Viability assay and growth 
assessment of A. johnsonii MB52 in NPB medium for more than a week by taking viable cell count 
(grown in nutrient deficient condition) on NRA [composition: pepton~. 10 gfL; yeast extract, 5 g/L; 
NaCI, 5 gfL; agar, 15 g/L) plate at harvested at different time intervals (Fig. 4.2) demonstrated that 
cells were capable to switch from oligotrophy (ability to survive and grow in extremely poor 
nutrient condition) to copiotrophy (ability to form colonies in rich medium). Such facultative nature 
of oligotrophy, as shown by the Acinetobacter johnsonii strain MB52, may contribute to the reported 
adaptation of remaining viable on both moist and dry surfaces such as PVC, rubber, ceramics and 
various types of medical equipment (Wendt et a/.,1997; Webster eta/., 2000) and cause nosocomial 
infection in immunocompromised patients (Bergogne-Berezin and Towner, 1996). Many studies 
have demonstrated the presence of antibiotic resistance genes in Acinetobacter spp. on plasmids, 
transposons, and integrons and, on a resistance island (Devaud eta/., 1982; Seifert eta/., 1994; Ruiz 
et 'a/., 2003; Fournier eta/., 2006). Recently in Malaysia, class 1 integrons were detected in 31 of 39 
carbapenem-resistant strains of Acinetobacter spp., of which two A. calcoaceticus strains harbored an 
integron-borne bla1MP·< metal!o-~-lactamase, 1 of which was located on a 36-kb plasmid (Hwa eta/., 
2009). The test strain, MB52, harbored a class 1 integron which carried two gene cassettes, dfrA28 
and aadA1 respectively. Several hundred (>300) of different complete cassette arrays flanked by the 
5' CS and 3' CS have been identified in GenBank and majority arrays h'ad two or three gene cassettes 
(within the limitation of CS-PCR conditions employed) (Patridge et a/., 2009). Most cassette array 
sequences in class 1 integrons with the 5' CS and 3' CS from gram-negative bacteria deposited in 
GenBank were from Escherichia coli (21%), Pseudomonas aeruginosa (19%), Salmonella spp. (14%), 
Acinetobacter baumannii, Klebsiella pneumoniae or Vibrio cholerae (each c. 6%) (Patridge et a/., 
2009). Cassette array flanked by 5' CS and 3' CS had two gene cassettes in the test strain MB52 of 
this study (Fig. 4.3). To the best of our knowledge, dfrA28 gene, conferring resistance to 
trimethoprim, is the first novel dfr gene detected in A. johnsonii. Trimethoprim on its own or in 
combination with sulfamethoxazole is an antibacterial drug for the control of pathogenic gram 
negative organisms which inhibit the bacterial cell growth by blocking dihydrofolate reductase 
(DFR) (Huovinen et a/., 1995; Skold, 2001) which in turn fails to reduce dihydrofolate into 
tetrahydrofolate. Production of an additional plasmid, transposon, or cassette-borne Dfr is the most 
widespread mechanism of resistance to trimethoprim in bacteria which, in contrast to the 
chromosomal enzyme, is less susceptible to inhibition by trimethoprim (Huovinen eta/., 1995). More 
than 30 different trimethoprim-resistance-mediating dihydrofolate reductase (dfr) genes, 
subdivided into two major types, 1 and 2 (also referred as dfrA a11d dfrB), have been observed 
(White and Rawlinson, 2001). A novel trimethoprim resistance gene is claimed when the translated 
dihydrofolate reductase protein (Dfr) encoded by the gene have <95% identity at the amino acid 
level to known Dfr proteins (Skold, 2001). The phylogenetic tree (Fig. 4.4) confirmed DfrA28 to be 
most closely related to DfrAl. Taking into consideration the trimethoprim resistance phenotype and 
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the phylogenetic relationship with other Dfr type-A proteins, this gene was predicted as a novel dfrA, 
dfrA28 gene and naming was done according to the published guidelines (Hall and Patridge, 2003) 
for new genes conferring resistance to trimethoprim. 

4.5, Conclusion 
This study demonstrated the discovery of novel dfrA28 gene conferring resistance to trimethoprim, 
from a facultatively oligotrophic strain, Acinetobacter johnsonii strain MB52. 
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