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ampicillin, gentamycin, netilmicin, tobramycin, chloramphenicol, cefotaxime, kanamycin and 
streptomycin) including a high level oftrimethoprim (1500 mg/L) and was also found to be resistant 
to human serum. Antibiotic susceptibility specific to Klebsiella genus was performed following 
standards recommended by EUCAST (http:/ fwww.escmid.orgf); and resistances were determined 
according to EUCAST breakpoints (those present in EUCAST list) anci parameters evaluated in this 
study. To detect extended tolerance of trimethoprim, agar dilution method using Mueller Hinton 
(MH) agar as described in EUCAST definitive document, E. Def 3.1 (2000) 
[http:/ fwww.escmid.orgjfileadmin/srcfmediafPDFs] was used. Escherichia coli ATCC 25922 was 
used as quality control. Criteria for susceptibility or resistance followed the EUCAST guidelines 
(http:/ jwww.eucast.org/clinical_breakpointsj). Resistances to the antibiotics, absent in published 
EUCAST breakpoints table (v 1.1 2010-04-27), were interpreted according to method described in 
chapter 1. 

5.2.3. Phenotypic characterization of MB45 
All phenotypic tests were performed in NRA/NRB medium. Tests were carried out at 37 "C unless 
otherwise specified. Gram-Staining and growth at different pH were analyzed according to the 
standard procedures. Growths at different temperatures were observed in NRB at 7, 10, 15, 25, 30, 
37, and 45±1 "C. The cellular morphology and motility were examined under phase contrast 
microscope (Olympus, japan). The aerobic-anaerobic nature of MB45 was discriminated by growing 
in thioglycollate media (HiMedia, Mumbai, India) at 37 "C for 24 h. Geliitin hydrolysis was performed 
as described earlier (Bouvet and Grimont, 1986). A 0.1% (v fv) filter sterilized ethanol was amended 
to 3 mL minimal medium (composition in gfL: 0.5 g MgSO •. 7Hz0, 0.5 g KH,PO., 0.1 g KCl, 1.2 % 
(NH.) 2SO.; pH 6.5±0.2) containing bacterial cells and was incubated for 24 to 48 h to detect ethanol 
as sole carbon energy source. Catalase and oxidase activities were confirmed by method described 
earlier (Lee, 2006). ~-galactosidase activity was determined using ONPG (onitrophenyl-~-D

galactopyranoside). Hydrolysis of casein, DL-tyrosine and xanthine was examined using the method 
described by Gordon eta/. (1974). Indole production, lysine utilization, ornithine utilization, Urease 
production, deamination of phenyl alanine, reduction of nitrate, H2S production, citrate utilization, 
MR test, VP test, malonate utilization and carbon source utilization/ fermentation tests were carried 
out using HiBio-ID/HiCarbo system according to manufacturer's instruction (HiMedia, Mumbai, 
India). E. coli K12 (in some biochemical test) was used as control organism. 

5.2.4. Determination of oligotrophic characteristics of MB45 
Viability and Growth of MB45 in nutrient-poor-broth (NPB) was studied to test the oligotrophy. 
Inoculum was prepared according to the method described in chapter 4. Aliquots of 1.0 mL of 
concentrated (1x10' cells/mL) cell suspension(s) were added tb 250 mL Erlenmeyer flask 
containing 25 mL volume of NPB medium. The flask was kept at 37 "C without agitation throughout 
the period of investigation. Survivability and growth of MB45 cells in NPB medium was assessed 
through dilution-plating of pure culture (aliquots harvested at different time intervals) on fresh NRA 
plates. 

5.2.5. DNA extraction, amplification, cloning and sequencing of 16S rRNA gene 
Whole cell DNA extraction, amplification, cloning and sequencing of 16S rRNA gene sequence was 
performed according to the method described in chapter 3. 

· 5.2.6. 16S rRNA gene sequence based phylogeny 
The organization, editing, vector trimming, quality checking of sequence, and BlastN program was 
conducted as described in chapter 4. The16S rRNA gene sequences of the validly published 
Klebsiella species were retrieved from GenBank and multiple sequence alignment with the 16S rRNA 
gene sequence of MB45 were carried out in CLUSTAL W (Thompson eta/., 1994) and the resulted 
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aligned sequences were corrected, edited and approximately 1280 base pair long nucleotide stretch 
of all the Klebsiella sp. were selected for building tree. Phylogenetic analyses were conducted using 
software package MEGA4 (Tamura et a/., 2007). Multiple alignments of sequences were done 
Distances were calculated according to the Jukes-Cantor. Three tree-making algorithms: the 
neighbour-joining (ND (Saitou and Nei, 1987), maximum parsimony (Eck and Dayhoff, 1966), and 
UPGMA (Un-weighted Pair Group Method with Arithmetic mean) methods were used to ensure 
consistency of the clusters formed (Sneath and Sakal, 1973). All gaps and missing data in aligned 
sequence were eliminated from the dataset (complete deletion option). Tree topology was evaluated 
by the bootstrap resampling method of Felsenstein (1985) based on 1000 replication. 

5.2.7. Cloning and sequencing of the a mplicon corresponding to the variable region of the 
class 1 integron of MB45 
Whole cell DNA extraction, amplification, cloning (in pGEM-T easy vector) and sequencing were done 
according to method described in chapter 3 except the one modification. Beside 5' CS and 3' CS 
primer, a primer lnt2F (5'-CTCGGGTAACATCAAGG-3') was also used in combination with primer 3' 
CS, to detect proximity of gene cassette to int/1 (gene encoding class 1 integrase) gene of class 1 
integron (Martinez-Freijo et a/., 1998). The location of primer lnt2F is - 600 bp upstream to the 
position of 5' CS primer (as it is expected to generate an additional length of- 600 bp compared to 
the corresponding product length of the CS-PCR). 

5.2.8. Sequence analysis and phylogeny of the novel DfrA protein 
Nucleotide sequence analysis was 
performed using BlastN search programs 
[National Center for Biotechnology 
Information (NCBI)). The phylogenetic 
analysis of novel DfrA protein derived 
from class 1 integron borne gene cassette 
harboured in bacterium MB45, was 
carried out in software package MEGA4 
(Tamura et a/., 2007). Multiple sequence 
alignment of translated novel dfrA gene 
derived from MB45 and other published 
DfrA protein sequences of each 
representative organisms mediating 
trimethoprim resistance were conducted 
in ClustaiW (Thompson eta/., 1994 ). From 
the multiple aligned sequences a guide 
tree was constructed which was used for 
making final bootstrap NJ tree. Cluster 
consistency was evaluated by maximum 
parsimony (MP) algorithm. All gaps and 
missi ng data in aligned sequence were 
eliminated from the dataset (complete 
deletion option). 

5.2.9 Expression of novel dfrA gene in 
p)ET1.2 vector 

r-----------------------------------------, 

pJET1.2/blunt 
2974 bp 

Fig. 5.1: Cloning of novel gene cassette in p)ET1.2/ blunt 
cloning vector. 
Symbols: rep (pMBl), replicon from the pMBl plasmid 
responsible for the replication of p)ET1.2 (ma p location, 
1762-1148); initiation of replication start a t 1162± 1; b/a, ~

lactamase gene (selection marker) conferring res1stance to 
ampicillin (map location 2782-1922); eco47/R, le thal gene 
eco47/R enables positive selection of the recombinants; 
P1ar1 vs, modified Piac promoter for expression of the eco47/R 

gene at a level sufficient to provide positive selection; T7 
promoter, T7 RNA polymerase promoter for in vitro 
transcription of the cloned insert; MCS, multi ple cloning 
site. 

For studying the expression of novel dfrA gene, the CS-PCR amplified variable region of class 1 
integron was ligated in pJET1.2/blunt cloning vector (Fermentas Life Sciences, Vilnius, Lithuania) . 
The map of pJET1.2/blunt cloning vector is shown in Fig. 5.1. The vector offers blunt end DNA 
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ligation and contains a lethal gene in it which is disrupted by ligation of DNA insert in to the cloning 
site and consequences of this is the only recombinant plasmids are able to propagate. The system 
does not require blue-white screening. Since Taq DNA polymerase was used for amplifYing the 
va-riable region of class 1 integron which add 3' -dA overhangs by default, hence, it was necessary to 
remove the 3'- overhangs. To remove 3'- overhangs DNA blunting enzyme supplied by manufacturer 
was used. Reaction mixture for blunting the amplicon contained ZX reaction buffer (10 11l), PCR 
product (1 Jll/ 0.15 pmol ends), DNA blunting enzyme (1 110. and nualease free water to make final 
volume 18 111 followed by incubation at 70"C for 5 minute. After blunting the DNA it was chilled on 
ice. Ligation reaction was setup by adding 50 ng of p)ET1.2/blunt cloning vector to the blunting 
reaction mixture followed by addition of T4 DNA ligase according to the manufacturer's instruction. 
The ligation mix was incubated at 22"C for 5 minute chased by transformation into E coli )M109 pre
made competent cells. For transformation of heat shock method was applied. The clone (pAK45) 
containing plasmid with insert in proper orientation was screened on selective Luria agar plate 
amended with trimethoprim (5 mg/L). The clone, pAK45, was used for determination of maximum 
tolerance to the trimethoprim. Plasmidless E. coli )M109 was used as control. 

5.2.10. Sequence alignment and the effect of mutation in the novel DfrA 
For identification of amino acid residues which are responsible for trimethoprim resistance in the 
novel DfrA protein, multiple sequence alignment of DfrA proteins [novel DfrA, (Ac. No. AM997279), 
DfrA5 (Ac. No. Aj419169), and wild type (WT, trimethoprim sensitive) Dfr (Ac. No. )01609)] was 
carried out using ClustalW (Thompson eta/., 1994). Due to the non-availability of the trimethoprim
bound structure from E. coli in the Protein Data Bank (PDB) (Berman et a/., 2000), sequence 

' alignment was also performed between different trimethoprim-bound Dfr available in PDB. The 
protein from the Mycobacterium avium (PDB ID: 2W3V) gave the highest score and was used for the 
analysis of ligand binding. Pymol http:/ f www.pymol.org was used for molecular visualization. 

5.3. Result 

5.3.1. Phenotypic characterization and 165 rRNA gene sequence phylogeny 
Cells of the strain MB45 were rod shaped, capsulated, gram negative, aerobic (facultative anaerobic) 
and non motile. On nutrient rich medium (Luria agar), colonies were circular with entire margin, 
convex, translucent, mucoid, sticky and off-white in color with diameters of 2-3 mm after 3 days 
incubation at 37 "C . Growth occurs in PY medium (medium devoid of NaCl, detail described in 
chapter 4) amended with 0-6 % NaCl (optimum 0 %). Cells were able to grow at the temperature 
range 20-45 'C (optimum 30-37 "C) and pH range 3-12 (optimum pH 7) within 24 h in LB medium. 
Cells could utilize citrate (simmon's citrate agar) as sole carbon source. Cells were positive for 
catalase (weak), voges proskauer, lysine decarboxylase, ~-galactosidase and ornithine decarboxylase 
but negative to oxidase, indole production, H2S production, methyl red, urease, casienase and 
gelatinase. Nitrate was reduced to nitrite. Acids were produced from lactose, xylose, maltose, 
fructose, dextrose, galactorse, raffinose, trehalose, melibiose, sucrose, L-arabinose, mannose, 
glycerol, inositol, sorbitol, mannitol, ribose, rhamnose, cellobiose, melezitose, D-arabinose and 
sacchrose but not from inulin, dulicitol, adonitol, sodium gluconate, salicin, glucosamine, <I-methyl-D
galacotside, xylitol and sorbose. Gas was not produced from lactose at 44 "C . Cells could utilize 
citrate, ethanol and malonate as sole carbon source of energy. Differential phenotypic and 
biochemical characteristics of strain MB45 and nearest strains are given in Table 6.1. MB45 was 
resistant to antibiotics recommended by EUCAST for Enterobacteriaceae ampicillin (R> is 8 mg/L), 
gentamycin (S!'>/R> is 2/4 mg/L), tobramycin (S,;jR> is 2/4 mg/L), netilmicin (S!'>/R> is 2/4 mg/L), 
cotrimoxazole (S!'>/R> is 2/4 mg/L) and trimethoprim (S!'>/R> is 2/4 mg/L) and antibiotics absent in 
EUCAST kanamycin (S<jR;, is 5 mg/L), streptomycin (S<fR;, is 2.5). The MB45 cells were able to 
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resist trimethoprim (> 1500 
mg/L) and ampicillin (>5000 
mg/L). The 165 rRNA 
homology and phylogenetic 
analysis revealed MB45 to be 
a member of genus Klebsiella. 
Almost complete 165 rRNA 
gene sequence (1503· bp, Ac. 
No. FR677021) was amplified, 

,----K. granuJomatis KH 22T (AF010251) 

K singaporensis LX3T (AF250285) 

K. pneumon{ae subsp. pneumoniae ATCC 13883T (AF130981) 

'------K. alba LMG 244411 (EF154517) 

KlebsieiJapneumoniae MB45 (FR677021) 

K. pneumoniae subsp. rhinoscleromatis ATCC 13884T (AF130983) 

K. pneumonfae subsp. ozaenae ATCC 112961 (AF130982) 

K. oxytoca JCM 1665 (ABOD4754) 

K terrigena ATCC 332571 (AF129442) 

K. oms1hino/ytica ATCC 3189ST (AF129441) 

87 K. planticola ATCC 335311 (AF129443) 

87 K. trevisanii ATCC 335591 (AF129444) 

purified, 
sequenced. 
alignment 
99.4, 99.3, 

cloned, and 
The pair-wise 

exhibited 99.6, · 
98.3, 98.2 and 

'-------------Budvicia aquatica DSM 5075T (AJ233407) 

97.5% identity 
nearest neighbors 
Klebsiella 

with its 
named as 

pneumoniae subsp. 

Fig. 5.2: Nj phylogenetic tree based on 165 rRNA gene sequences 
showing, the position of Klebsiella sp. MB45 (Bold face) within the 
members of genus Klebsiella. Budvicia aquatica DSM 507ST (Aj233407) 
used as an outgroup. Bootstrap values (>70%), expressed as a percentage 
of 1000 replications, are given at branching points. EMBL/GenBank 

rhinoscleromatis ATCC 
13884T (AF130983), 

accession numbers are given in parentheses. Bar, 0.005 substitutions per 
nucleotide. 

klebsiella pneumoniae subsp. pneumoniae ATCC 13883T (AF130981), Klebsiella pneumoniae subsp. 
ozaenae ATCC 11296T (AF130982), Klebsiella granulomatis KH 22T (AF010251), Klebsiella 
singaporensis DSM 16265T (AF250285) 
and Klebsiella alb(I LMG 24441T 
(EF154517) respectively. 
In the Nj tree (Fig. 5.2) constructed with 
165 rRNA gene sequences, strain MB45, 
formed a tight clade with a bootstrap 
support of 83% with the cluster 
comprising the four Klebsiella strains 
named as Klebsiella pneumoniae (subsp. 
rhinoscleromatis; pneumoniae and 

. ozaenae), Klebsiella granulomatis, 
Klebsiella singaporensis and Klebsiella 

alba. Similar output was obtained from 
MP and UPGMA clustering (Fig. 5.3 and 
5.4). 

5.3.2. Oligotrophic nature of strain 
MB45 

K. gfllllu/omalisKH 22 (AF0!0251) 

K. singaporensis lX3 (Af250285) 

K. pneuroon'a~ £ubsp. ptlefiOCme ATCC 13883 (AF130981) 

X. alba L.MG24441 (EF\54511) 

L--------K.pwmoniae&Jbsp. QllleaaeATCC \1296 (Aft30982) 

K Ory!OC3 JCM 1665 (AB004754) 

K. leffi;;enaATCC 33257 {.lft29442) 

K.plalltiOOI<IATCCll531 (Af129443) 

K.lrel'isanii ATCC 33558 (AF 129444) 

L-----------SudliciaaquattaOSMSOTS (.AJ233407) 

Fig. 5.3: Phylogenetic position of strain MB45 (Bold face) 
among the members of genus Klebsiella according to 165 
rRNA gene sequence analysis. The topology shown was 
obtained using the maximum-parsimony (MP) algorithm. 
Budvicia aquatica DSM 507ST (Aj233407) used as an 
outgroup. Bootstrap values (<!50%), expressed as a 
percentage of 1000 replications, and are given at branch 
node. EMBL/GenBank ac~ession numbers are given in The growth of MB45 cells were observed 

in NPB with no additional '-p,_a_r_e_n_th_e_s_es_. _________________ _, 

supplementation of growth factor (Fig. 5.5). An increase of 4.6 times of the initial cell number was 
noted in 2 days. The ability of strain MB45 to survive (without reduction in viable cell number since 
inoculation) and grow in a low nutrient medium explains the oligotrophic nature of the strain. 

5.3.3. Description of class 1 integron borne gene cassette and phylogeny of novel DfrA protein 
The IntzF and 3' CS primers pair yielded an amplicon of approximate 1.3 kb from MB45. The DNA 
sequence analysis showed that the amplicon contained only one gene cassette, corresponding to a 
dfrA gene. The 568 bp long dfrA gene was 93% identical (nucleotide-nucleotide identity) to the gene 
cassette of dfrAS (Ac. No. Aj419169). 
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Gene cassette description : The 5' CS 

terminates at the att/1 core s ite 

G/ TTA [point of insertion a nd 

beginning of first gene cassette 

located a t 686 (EMBL nucleotide 

position) ; Ac. No. AM99 7279) was 

identical to those of class 1 

integrons. The core s ite for the s ite

specific insertion, GTTAACC (1R), 

was found at pos ition 685- 691. A 

471 bp long ORF (open reading 

frame) potentia lly encoding a 

polypeptide of 157 amino acid s was 

id entified 35 nucleotides down

E 
::::> .... 
u 

"' 0 .... 

74 

73 

72 

71 

69 

68 

67 

s tream 

to the 

5' cs. 
The 

ORF 

began 

with 

--- ---- -----------

K pneumon ae subsp mmosc/eromat.s ATCC 1388-!. ,AF130983) 
10 K pneumomae subsp ozaenaeATCC 11296. AF130982) 

K. pneumoniae MB45(FR677021) 
K pneumon~ae subsp pneumonrae ATCC 13883. AF130981) 

K s•ngaporens•s JCM 12419' (AF2502851 
K graniJIOma/JS KH22' !AF010251) 

.--------1'----K alba l MG 2444 i fEF154517) 
K oxytoca JCM 1665 • (A8004 7 54) 
K temgena ATCC 33257 (AF129442) 
K orndhiiiOtytiCa ATCC 318981 (AF129441) 

9B K. plant/COla {'.TCC 335311 (AF129443) 
K. treVIsani ATCC 335581 (AF129444) 

'----------Budvleta aquabca DSM 50751 (AJ233407) 

Fig. 5.4: UPGMA dendogram generated from the 16S rRNA 

sequences. Strain MB45 indicated in boldface among the member 
of genus Klebsiella. Budvicia aquatica DSM 507ST (Aj233407) used 

as an outgroup. 13ootstrap values (~70%). expressed as a 
percentage of 1000 replications, a nd a re given at branch node. 
EMBI./GenBank accession numbers are given in parentheses. Sca le 
shows the percentage similarity. 

66 the initiation codon GTG (ins tead of ATG) at positions 705 to 707 and 

~ terminated with th e s top codon TAA (with in t he inverse core si te) at 

pos itions 1176 to 11 78. Downs tream to the 3' end of the novel dfrA .()5 05 15 25 35 
Days 

Fig. 5.5: Viabi lity and gene, a n 81 bp long s tructure whi ch w~s recognized as attC site (59 

growth in NPB medium. Bars base element) that began w ith the sequence GGTTAAC (1L, inverse 

showsstandarderror. core site at posi tion 1173-1179) and terminated with the core 

sequence GTTAGAT (EMBL nucleotide position, 1253) (Fig. 5 .6). lntegrase binding domains 2 L 

(TATGCAAT, posi tion, 1185-1192) a nd 2R (ATTGATA, pos ition, 1241·1247) with in the attC were 

also identified. 
GTTAACC 

1 686 1254 1309 
~---···----.......... 5' CS -·-··--··-·--·· ----·: d ' A30 II ! .... 3" CS ····; L 1·-······-······-· ·~ casse e ··-·····-·-···]_ _ 

~nt1_1 ______ _ 

1 R _ 
TTAACCCGGGACCAAAATTGTG~~;GTA---
\ s tan 
686 

df[AJO 

~ 

' 

59-base el.ement 
/ 1L 2L 

L~---GGT~CAAAGCTATGCAATTGArGGCAAAAAGCTT~GT- :G c 
5 

op I I I I I I I I I I I I I I I I I I I I I I G 
qcGGCG~TA-GTTAAC-GCCATTTTTCGCATCACTCGC 

"- 2R 
1253 

Fig.5.6: Schematic representation of the lnt·PCR product of Klebsiella sp.MB45. CS, conserved segment; inll , 
integrase gene; attl, attachment site; dfr, dihydrofolate reductase; be, base element. Black thick bar shows the 
distribution of integron features on amplified product. The translation sta rt (GTG) and stop (TAA) codons are 
in underlined bold face. In the 59 be, the putative integrase binding si tes lL, 2L, lR and 2R are indicated by 
arrows. Term ination of 59 be is indicated by star (*). Numbers correspond to sequence pos1llons in EMB L 
Accession No. AM997279. 
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Phylogeny of MB45 DfrA: The translated protein sequence, DfrA protein, was made up of 157 amino 
acids (AA) and thus was in the same size range as of dfrA5 (157 AA) previously reported from E coli 
(Ac. No. A)419169) and plasmid 
pLM020 (Ac. No. X12868). The s. haemofyticus (ZS0141) 

percent identity resulted from pair
wise alignment between the 
predicted protein product of the said 
dfrA gene, translated from 4 71 bp 
long novel open reading frame, and 
the published DfrA proteins 
(responsible for . trimethoprim 
resistance) varied between 15.1 and 
93%. The maximum identity (93%) 
of MB45 DfrA was with the DfrA5 
protein of E coli (Ac. No. A)419169) 
and plasmid pLM020 (Ac. No. 
X12868) followed by 88.5% with the 
DfrA14 of E. coli (Ac. No. A)313522). 
The least identity (15.1 %) was 
observed with the DfrA23 derived 
from S. ~phimurium (Ac. No. 
A)746361). The percent identity 
between MB45 DfrA and E coli 
derived chromospmal dfr (coding for 
fo/A, sensitive to trimethoprim; Ac 
No. )01609) was shared by 33.1 %. 

Since the identity of 
translated novel dfrA gene [this 
particular sequence deposited in the 
GenBank was also annotated as 
novel by Partridge et a/., (2009)] 
derived from MB45 was 93% with 
its nearest variant DfrA5 and 
differed in characteristics described 
earlier to the known Dfr( s ), this gene 
was predicted to be a new dfrA gene 
and named as dfrA30 following 
guidelines for naming new 
trimethoprim resistance genes 
(Sk6ld 0., 2001; Hall and Partridge, 
2003). The detailed features of novel 
gene cassette are shown in Fig. 5.6. 
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63 

L--------Dfr20 P. muftocida (AJ605332) 

'------s. epidermis (Z48233) 

'-----B. subnlis (M20012) 

r-----M. profunda (AJ487535) 

'----DfrA3 S. typhimurium (J03306) 

100 

55 

100 

97 DfrA13 E. coli(Z50802) 

DfrA22 E. coli (AJ628423) 

DfrA12 V. choferae (AY103459) 

DfrA28 A. johnsonii (FN263373) 

DfrA 16 A. sa/monicida (AJ517790) 

DfrAS E. COli (AJ419169) 

DfrA30 MB45 (AM997279) 

DfrA14 E. coli (AJ313522) 

DfrA25 S. enterica (DQ267940) 

'---DfrA27 E. coli (EU675686) 

DfrA7 E. cofi(AJ419170) 

DfrA17 E. coli(AF169041) 

'----DfrA6 P. mirabifis (Z86002) 

66r--------"-DfrA8 E. coli(U10186) 

l--------DfrA24 E. coli (AJ972619) 

I'---------DfrA9 E. coli(X57730) 

______ JQ'"(==~DfrA19 s. typhimurium (AJ310778) 

'---''"If DfrA23 s. typhlinurium (AJ746361) 

'-----------DfrA10 E. cofi(L06418) 

Fig. 5.7: Nj tree showing the position ofDfrA29 (Bold face) within 
the DfrA proteins, involved in trimethoprim resistance. The 
number (>50%) at each major branch point refers to the 
percentage of times that a particular node was found in 1,000 
bootstrap replications. Source and the GenBank/EMBL/DDBj 
accession (in parentheses) numbers are given for each DfrA 
protein. DfrB proteins, which differ distinctly from DfrA proteins 
in size and structure, are not included in this tree. 

In the NJ phylogenetic tree the novel DfrA derived from MB45. branched deeply with DfrA5 of 
E coli (Ac. No. A)419169) constructed from amino acids of different Dfrs (Fig. 5.7). The maximum 
parsimony (MP) tree building algorithms also generated same output (Fig. 5.8). 

5.3.4. Mutation study of DfrA30 
Multiple sequence alignment of DfrA30, DfrA5 and TMP-sensitive wild type (WT) Dfr protein 
(encoded by fo/A gene, Ac. No. )01609)] was done. Residues constituting the binding site for TMP 
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(Matthews et a/., 1985), positions of the mutated amino acids in the active site of DfrA30 with 
respect to the wild type protein and also the non active site residues that are known to play a vital 
role in TMP binding were identified (Fig. 5.9) (Watson eta/., 2007). The sequence alignment between 
wild type (WT) and Mycobacterium avium Dfr (PDB ID: 2W3V) (which was used to visualize the 
ligand binding) is shown in Fig. 5)0. The 3-dimensional structure of Dfr (PDB ID: 2W3V) depicting 
the active site pocket including the two important residues (positions 28 and 94) for TMP binding 
was analysed (Fig. 5.11). 

5.3.5. Expression of the novel dfrA30 in E. coli JM109 
The clone pAK45 (Fig. 5.12], containing novel dfrA gene cassette in correct orientation was used for 
determining the function encoded by gene cassette. The streaking of pAK45 clone onto Luria agar 
plate containing 
different 
concentrations 
of trimethoprim 
revealed that 
the cloned gene 
was functional 
and was 
producing the 
dihydrofolate 
reductase which 
conferred 
resistance to 
the 
trimethoprim. 
The maximum 
tolerance to 
trimethoprim 
was observed to 
be 1000 mg/L 
which is far 
greater than the 
settled 
breakpoint 
(Ss;jR> is 2/4 
mg/L) of 
EUCAST. The 
level of 
trimethoprim
resistance in the 
wild-type host 
strain, MB45, 
was noted to be 
>1500 mgjL. 
The MIC of the 
control strain 
(plasmidless E. 

11 

73 50 

S. haemolyticus (Z50141) 
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'-----DfrA14 E. colf(AJ313522) 

'--------DfrA25 S. enterica (00267940) 

'----------DfrA27 E. coli (EU675686) 

'--------------DfrA6 P. mirabi/is(Z86002) 

96 

99 

DfrA7 E. coli (AJ419170) 

DfrA 17 E. coli (AF169041) 

DfrA 19 S. lyphimurium (AJ310778) 

DfrA23 s. typhimurium (AJ746361) 

'-----------------------DfrA1DE.coli(L06418) 

Fig. 5.8: MP tree showing the position of DfrA29 (Bold face) within the DfrA proteins, 
involved in trimethoprim resistanCe. Bootstrap values (expressed as a percentage of 
1000 replications) are given at branch node. Source and the GenBank/EMBL/DDB) 
accession (in parentheses] numbers are given for each DfrA protein. The Phylogeny was 
performed in MEGA4 package. 

coli JM109) was restricted to 5 mg/L for trimethoprim. 
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CLUSTAL 2 .0.12 mu l t1ple ~equence alignment 

D:lrA29 
D:lrAS 
1oiT D:l!r 

D:lrA29 
D:lrAS 
tiT D:l!r 

D:lrA29 
O:lrAS 
1oiT D:l!r 

VKVSLHAARARNGVIGCGPHI PWSAKGEQLL FKALTYNQVLLVGRKTFE SftG- ALPNRKY 59 
VKVSLMAAKAKNGVIGCGPHIPWSAKGEQLL FKALTYNQWLLVGRKTFES ftG-ALPNRKY 59 
- K ISL IAALAVDRVIG~LNAKPWNLPADLAWFKRNTLNKPVVHGRLTWESIGRPLPGRKN 59 

AVVTRSAVTANNDNVVVFPSIEE AHGGLAKLNGHVrvS GGGE IYRETLPHAS TLHVSTID ~~9 
AVVTRSAVTADNDNVI VF PSIEEAHYGLAELTDHVrvS GGGE IYRETLPHASTLHISTID ~19 
IVIS--SKPGSODRVQWVSSVEEAIAACGOV-EE I HVI GGGRVYEQFLPKAHKLYLTHID 116 
•· · : ... :*.* .. •:•--•: ... : .::• •••.:•.: ••• •·· · 

IEP EGDVFFPN- IPNFFEVVFEQHFSSNIN---- YCYQI WKKG 157 
I EPEGDVFFPN- IPNTFEVVFEQHFSSNIN- - -- YCYQIWQKG 157 
AEVEGOTHF POYD PDEWESVFSEFKDADAQNSHS YCFEILERR 159 . . . . .... . . . . . . . .. .... . 

Fig. 5.9: Sequence alignment of DfrA3 0 with DfrAS and sensitive WT-Dfr protein. The residues which form 
the binding site are shown in red, and the positions of mutations from the wild type (WT) protein are shown 
in bold letters. Residues (beyond the active site) wh ich are known to play an important role in trimethoprim 
binding, and which have been mutated are marked in blue 

CLUST AL 2.0. 12 multiple sequence al1gnment 

liT 
Mycobacteriwn 

---- ~ISL IAALAVDRVIGftENAMPWNLPAOLAWFKRNTLNKPVVMGRLTWES IG---RP 53 
KTRAEVGLVWAQSTSGVI GRGGDIP WSVPE DLTRF KEVTftGHTVIMGRRTWES LPAKVRP 60 

WT 
Mycobacterium 

LPGRKNIVISSKP-GSDDRVQWVSSVEEAIAACGD~EIMVIGGGRVYEQFLPKAHKLYL 112 
LPGRRNVVVS RRPDFVAE GARVAGSLEAALAYAGSDPAPWVI GGAQIYLLALPHATRCEV 120 
........ : 1t: 11": ... : 1f 11"lt1fT • : : A-

WT 
Mycobacterium 

THIDAL~G--DTHFPDYDPD EWESVFSEFHDADAQNS HSYCFIILERR 159 
TEIEIDLRRDDDDALAPALDDS WVGETGEWLAS RSG--LRYRFHSYRRD 1 67 . . . . . . . . . . 

Fig. 5.10: Sequence alignment between wild type (WT) and Mycobacterium avium Dfr (PDB ID: 2W3V). 

5.4. Discussion 
Recent s tudies have shown that t he 

frequency of antibiotic resistance 
has been the second highest in t he 

gen us Klebsiella especially in K 

pneumoniae (next to E. coli) within 

Enterobacteriaceae; and the rate of 

occurrence has been noted to be 

h igher in isolates from developing 

countries than developed countries 

(Adrian PV eta/, 1993; Brolund A 

eta/., 2010; Lopes ACS eta/., 2010; 
Randrianirina et al., 2010). The are in yellow. TMP is shown in stick model. 

Fig. 5.11: Surface 
representation of 
TMP binding site on 
DFR (PDB ID: 

2W3V). Residues 
which form the 
active pocket are 
shown in red, and 
the two residues 
that are mutated in 
DfrA29 are in 
magenta; the 
remaining residues 

incidence rates of trimethoprim resistance in Klebsiella spp. and E. coli in particular have been 
a larming (Adrian PV eta/, 1993; Misra R et a/., 2001; Motakefi A eta/., 2008; Penteadoa AP eta/., 

2009). An earlier surveillance study (1987-88) on community isolates showed an increase in 

trimethoprim resistance from 15.2% to 24% in Klebsiella/ Enterobacter spp. (Amyes and Towner, 

1990). Trimethoprim, a broad-spectrum antimicrobial agent, either alone or in combination with 

s ulfamethoxazole, is used' globally for the treatment of enteric, respiratory, skin, and urinary tract 

infections (Huovi nen et a/., 1995). Trimethoprim on bindi ng to its target enzyme, dihydrofolate 

reductase (DFR), prevents growth and viability of the bacteria. DFR is an essential enzyme of a ll 

living cells whi ch reduces dihdrofolate into tetrahydrofolate, an essential precursor in synthesis of 
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thymid ine monophosphate which in turn serve as precursor for DNA metabolite thymidine 
triphosphate. 

The most frequent mechanism of bacterial trimethoprim-resistance is the production of an 
additional trimethoprim-resistant DFR, frequently found on mobile genetic elements like plasmids, 
transposons, and gene cassettes (Amyes and Towner, 1990; H uovinen et a/., 1995). Other 
mechanisms of bacterial resistance to 
trimethoprim that have been described are 

impermeability (found in isolates of Serratia, 
Enterobacter, Klebsiella, Pseudomonas, and 
Clostridium) and mutational changes in the 
thymidylate synthase gene (Then, 1982; Amyes 

and Towner, 1990; Huovinen et a/., 1995). 
Nosocomial septicemia due to extended 
spectrum beta-lactamase producing K 

pneumoniae and £. coli are a therapeutic 
challenge due to resistance (Mishra et a/., 

2010). Recently, it was shown that treatment 
without resistance selection at the infection 
site with fluoroqu inolone treatment can be 

linked to colonization of the diges tive tract by 
K pneumoniae (originally a pulmonary 
bacteria), followed by the emergence of 

resistance (Kesteman eta/., 2010). The present 
study showed that the test strain, MB45, 

isolated from River Mahananda at Siliguri, 

India, was r esistant to ampicillin, cefepime, 
cefotax:ime, chloramphenicol, netilmicin, 
sulfamethoxazole, cotrimoxazole, gentamycin, 

tobramycin and trimethoprim; and could 
survive in low nutrient condition 

(oligotrophic). The strain MB45 showed high 
level of resistance to trimethoprim (R> 
1500mg/ L). Characterization ofintegron-borne 
cassette arrays in K pneumonia strains from 
China revealed a predominance of dfr and aadA 

genes that confer resis tance to trimethoprim 
and aminoglycos ides respectively (Yao et a/., 
2007). However, the distribution of dfr genes in 

pAK45 
3641 bp 

Fig. 5.12: Constructed recombinant plasmid (not in 
scale), pAK45, harboring novel dfrA30 gene coding for 
dihydrofolate reductase which confer resistance to 
tri methopri m. 

Symbols: rep (pMB1), rep licon from the pMB1 plasmid 
responsible for the replication of pJET1.2 (map 
location, 1762-1148); initiation of replication start at 
1162±1; bla, f3-lactamase gene (selection marker) 
conferring resistance to ampici llin (map location 2782-
1922); eco47/R, le thal gene eco47/R enables positive 
selection of the recombina nts; P1acuvs, modified P1ac 

promoter for expression of the eco47/R gene at a level 
sufficient to provide positive selection; T7 promoter, 
T7 RNA polymerase promoter for in vitro transcription 
of the cloned insert; MCS, multiple cloning site. 

K pneumoniae was not well known until a recent study, conducted on 54 trimethoprim resistant 

strains of K pneumoniae which exhibited the most prevalence of presence of dfrAl, dfrAS, dfrA 7, 
dfrAB, dfrA12, dfra14, dfrA1 7 and rarest of dfrA1 7 (Brolund eta/., 2010). A number of dfr genes 
conferring resistance to trimethoprim have been isolated from numerous bacteria sources (White 
and Rawlinson, 2001). 

A gene coding for trimethoprim resistance can be claimed as novel, if, the translated 
dihydrofolate reductase protein possess <95% identity at the amino acid level when compared to 
known DFR proteins (Agerso eta/., 2006). On the basis percent identity (93%) between the novel Dfr 
and its nearest variant DfrAS and characteristics described earlier, the gene encoding novel DfrA, 
was predicted as new dfrA gene and was named dfrA30 following the guidelines for naming new 
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trimethoprim resistance genes (Skiild 0., 2001). The phylogenetic trees showed that DfrA30 was 
making a deep branching with its neighbor DfrA5 (Fig. 5.7 to 5.8). 

The strain MB45 showed high level of resistance to TMP (>1500 mgfL). Generally, a single 
mutation in the active site of Dfr is enough for TMP-resistance, though multiple mutations are 
common in clinically isolated species. The mutations in the active site residues reduce the binding 
affinity of the enzyme for the drug. Matthews and co-workers have identified the residues that 
constitute the TMP-binding site in E. coli Dfr (Fig. 5.9) (Matthews eta/., 1985). Additionally, the 
mutations in the active site that leads to TMP resistance in E. coli have been enunciated (Watson et 
a/., 2007). The mutations in DfrA30 are of the same type as those in DfrA5. In particular, two 
changes, glutamine for leucine at residue 28 and isoleucine to serine at 94, would change the 
hydrophobic/polar nature at the two opposite sides of the TMP site (Fig. 5.11), thus possibly 
weakening the binding. Other mutations (V10, W30 and 194) beyond the active site have also been 
identified in clinically isolated TMP-resistant genes (Watson et a/., 2007). Some of these are also 
found in DfrA30 (mutations V10K and W31L) (Fig. 5.9). 

The facultatively oligotrophic strain used in this study was characterized as K. pneumoniae 
MB45 (ascertained from phenotype as well as from 16S rRNA phylogeny) (Fig. 5.2 to 5.4). Viability 
assay and growth assessment of K. pneumoniae MB45 cells in NPB for more than 72 h by taking 
viable cell count of the cell suspension on NRA at different times (Fig. 5.5) demonstrated its ability to 
adapt both oligotrophic (ability to survive and grow in extremely poor nutrient conditions) as well 
as copiotrophic (ability to form colonies in a rich medium) conditions of growth. Such facultative 
nature of oligotrophy, as shown by the K. pneumoniae MB45, may contribute to the reported 
adaptation of remaining viable in hospital environment (Tada eta/., 1995) for several days and cause 
nosocomial infection. Microbial contamination of working surfaces, clinical materials, and surgical 
devices poses a major threat in hospitals and intensive care units. 

5.5. Conclusion 
The present work demonstrated the. characterization and expression of novel dfr, dfrA30. Cloning of 
novel dfrA30 gene in p)ET1.2 vector (clone pAK45) revealed that dihydrofolate reductase encoded 
by the novel dfrA gene was functional in conferring resistance to trimethoprim up to 1000 mg/L in E. 

coli JM109. Phenotypic study and 16S rRNA phylogeny showed that tb,e strain, MB45 belonged to the 
genus Klebsiella. The strain MB45 itself was possessing resistance to trimethoprim >1500 mg/L due 

. to possession of dfrA30 gene. In addition to trimethoprim, MB45 was also resistant to nine more 
antibiotics. 

., 
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