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Abstract 

     In this study, we investigated the prevalence of aminoglycosides modifying 

enzymes (AMEs)-encoding genes, including aac(3′)-ΙΙ, ant(3′′)-Ι, aph(3′)-VΙ, and 

aac(6′)-Ιb-cr and their potential effect on the development of resistance to 

aminoglycosides and fluoroquinolones in clinical isolates of Klebsiella pneumoniae. 

According to the phenotypic and biochemical characteristics of 150 clinical samples, 

50 (33%) isolates were identified as K. pneumoniae. These isolates were collected 

from different clinical sources, including urine (15, 30%), blood (12, 24%), sputum 

(9, 18%), wounds (9, 18%), and burns (5, 10%). The minimum inhibitory 

concentrations (MICs) assay revealed that the resistance values of isolates were 25 

(50%) to gentamicin (≥16µg/ml), 21 (42%) to amikacin (≥64 µg/ml), 15 (30%) to 

ciprofloxacin (≥4 µg/ml), and 11 (22%) to levofloxacin (≥8 µg/ml). Genotypic 

detection revealed that aac(3′)-ΙΙ, aac(6′)-Ιb-cr, aph(3′)-VΙ, and ant(3′′)-Ι were found 

in 47 (94%), 38 (76%), 18 (36%), and 8 (16%) of K. pneumoniae isolates, 

respectively. The co-resistance pattern for both aminoglycosides and 

fluoroquinolones was detected in 14 (28%) isolates, of these 10 (71.4%) harbored 

aac(6′)-Ιb-cr. DNA sequencing for some isolates revealed the presence of point and 

frameshift mutations in the studied genes. Our study findings suggest that the 

presence of missense and frameshift mutations may contribute to the elevated 

resistance to amikacin and gentamicin. The increased prevalence of AMEs-encoding 

genes among K. pneumoniae isolates could contribute in reducing susceptibility to 

amikacin and gentamicin. The co-resistance pattern for aminoglycosides and 

fluoroquinolones was highly associated with the presence of the aac(6′)-Ιb-cr gene.        

   

Keywords: AMEs, Aminoglycosides, Fluoroquinolones, Klebsiella pneumoniae, 

Co-resistance. 
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 الخلاصة
السحهرة للاميشهكلايكهسيدات  للأنزيساتهدفت هذه الدراسة الى التحري عن تهاجد الجيشات السذفرة      

aac(3′)-ΙΙ  و ant(3′′)-Ι  وaph(3′)-VΙ  وaac(6′)-Ιb-cr  و تأثيرها الفعال في تظهر السقاومة
. Klebsiella pneumoniaeلسزادات الاميشهكلايكهسيدات و الفمهروكيشهليشات في عزلات سريرية لبكتيريا 

عيشة سريرية , اذ شخرت  150من   K. pneumoniae بكتريا %(عزلة من 33) 50تم الحرهل عمى 
%( و 30) 15ت من حالات مختمفة شسمت الادرار  حدب الرفات السغهرية و الكيسهحيهية. جسعت العزلا

%(. اعهرت نتائج التراكيز 10) 5%( و الحروق 18) 9%( و الجروح 18) 9%(  و القذع 24) 12الدم 
  ≥gentamicin  (16 لسزاد  %(50)  25ان قيم السقاومة لمعزلات كانت  MICsالسثبظة الدنيا 

 لسزاد  %(30) 15مل( و \مايكروغرام ≥64) amikacin%( لسزاد 42) 21و   مل(\مايكروغرام
ciprofloxacin  (4≤  مايكروغرام\)( لسزاد 22) 11و   مل%levofloxacin (≤8 مايكروغرام\ )مل. 

  و   aph(3′)-VΙو aac(6′)-Ιb-crو    aac(3′)-ΙΙاعهرت نتائج التذخيص الجيشي ان الجيشات 
ant(3′′)-Ι عزلات %( من 16) 8%( و  36) 18%( و  76) 38%( و  94) 47كانت مهجهدة ضسن

عمى التتالي.  تم تذخيص نسط السقاومة السذتركة لسزادات الاميشهكلايكهسيدات K. pneumoniae بكتريا 
. اعهر  aac(6′)-Ιb-cr %( امتمكت الجين71.4) 10%( و من بيشها 28) 14و الفمهروكيشهليشات في 

في الجيشات  frameshiftو طفرة  نقظيةوجهد طفرات زلات لبعض من الع  DNAتحميل تتابع الحامض الشهوي 
السقاومة من السسكن ان تكهن قد ادت الى زيادة في قيم  frameshiftطفرة السدروسة. ان طفرة الانحذار و 

ان الانتذار الستزايد لمجيشات السذفرة . amikacinو  gentamicinلسزادي  MICsلمتراكيز السثبظة الدنيا 
قد ساهم في اختزال حداسيتها  K. pneumoniae عزلات بكتريا  حهرة للاميشهكلايكهسيدات فيالس للأنزيسات

. ان نسط السقاومة السذتركة لسزادات الاميشهكلايكهسيدات و amikacinو  gentamicinلسزادي 
   .aac(6′)-Ιb-crالفمهروكيشهليشات كان مرتبظا بذكل واضح بتهاجد الجين 

 
Introduction 

     Klebsiella pneumoniae is a Gram-negative bacillus which is classified as a member of the family 

Enterobacteriaceae, with cells that are usually surrounded by a polysaccharide capsule that interferes 

with the host defense by inhibiting phagocytosis [1]. Once humans acquire K. pneumoniae from 

environment or hospital, it can colonize the mucosal membranes of the nasopharynx and 

gastrointestinal tract [2]. This colonization can be progressed into serious infections, especially in 

hospitalized immune-compromised individuals, making them more susceptible to develope urinary 

tract infections (UTIs), bloodstream infections, pneumonia, surgical and burn infections, meningitis, 

cellulitis, and liver abscess [2].  

      Throughout the last decade, K. pneumoniae represented a major worldwide burden concerning 

antibiotics resistance. As a result of the selective pressure of the antibiotics, K. pneumoniae 

continuously undergoes mutations and acquires antibiotic resistance genes by horizontal gene transfer 

[3]. This enables K. pneumoniae to evolve multiple resistance mechanisms against most of the 

common antibiotics in clinical use. Such effect could  lead to the emergence of the multidrug resistant 

(MDR) and extremely drug resistant (XDR) strains that pose a high risk to public health and are often 

associated with prolonged hospitalization along with high rates of morbidity and mortality [3]. 

Aminoglycosides and fluoroquinolones become among the last antimicrobial options used to treat 

infections with K. pneumoniae. Aminoglycosides act by binding to the highly conserved A site, a part 

of the 16S rRNA within the small subunit 30S of bacterial ribosome, leading to the blockage of protein 

synthesis [4]. On the other hand, fluoroquinolones act by preventing the synthesis and replication of 

the bacterial DNA by targeting topoisomerases (DNA gyrase and topoisomerase IV) [5].  

 The aminoglycosides modifying enzymes (AMEs) are the most common mechanism employed by 

K. pneumoniae to interfere with the action of aminoglycosides [6]. Three families of the AMEs were 

detected in K. pneumoniae, including aminoglycosides acetyltransferases (AACs), aminoglycosides 

phosphotransferases (APHs), and aminoglycosides nucleotidyltransferases (ANTs). These are known 

to inhibit the active role of aminoglycosides by N-acetylation, O-phosphorylation, and O-

nucleotidylation of the aforementioned drugs, respectively [4,6]. Interestingly, the frequency of 
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mutations in the AMEs-encoding genes increases the diversity of these genes through the contribution 

in the emergence of new alleles. This results in reducing the active role of common used 

aminoglycosides which imposes a great health challenge for both patients and physicians that can be 

inevitably difficult to be confronted and controlled [4,6].     

   aac(6′)-Ιb-cr is an allele of the aac(6′)-Ιb gene that belongs to the AACs family and confers co-

resistance for both aminoglycosides and fluoroquinolones [7]. Initially, it was detected on the plasmid 

in K. pneumoniae as one of the plasmid mediated quinolone resistance (PMQR) mechanisms, but 

recently was found on the chromosome of this species [5]. aac(6′)-Ιb-cr deactivates fluoroquinolones 

that have amino nitrogen on the piperazinyl ring, the substrate of the encoded enzyme AAC(6′)-Ιb-cr. 

This enzyme is distinguished from the other AAC(6′)-Ιb enzymes by the presence of two unique 

amino acid substitutions, Trp102Arg and Asp179Try, that are required for acetylating the 

fluoroquinolones [5,7].  

      This study was conducted to investigate the prevalence of some AMEs-encoding genes, namely 

aac(3′)-ΙΙ, ant(3′′)-Ι, aph(3′)-VΙ, and aac(6′)-Ιb-cr, along with their effects on the resistance to 

aminoglycosides and fluoroquinolones among clinical isolates of K. pneumoniae. 

Materials and Methods 

Sampling 

     One hundred fifty clinical samples were recovered from patients at different hospitals in Baghdad 

during the period between July 2018 to October 2018. The samples were collected from different 

specimen types, including urine, blood, sputum, wounds, and burns. All urine and sputum samples 

were collected in sterile disposable containers (Himedia, India), while blood samples were collected in 

EDTA tubes (Apex Bio Medicals, India). Also, sterile transport swabs (Pal Surgical Works, India) 

were used for collecting the samples from wound and burn infections. The instructions of the Ethics 

Committee of the Iraqi Ministry of Health were followed to conduct this study according to the official 

ethical approval numbered 31864.  

Laboratory Diagnosis 

     Initially, the clinical samples were cultured on Gram negative selective media, including 

MacConkey agar and Eosin Methylene Blue agar (Oxoid, UK), at incubation conditions of  37°C for 

24 hrs [8]. Then, lactose fermenting colonies were identified by performing several conventional 

biochemical tests, including oxidase, catalase, urease, and IMVIC tests [8]. Ultimately, the Vitek 2 

Compact System (BioMerieux, France) was used to confirm the identified bacteria [9]. 

Susceptibility Test  

     The susceptibility test of all investigated K. pneumoniae isolates was done by determining 

minimum inhibitory concentrations (MICs) using Vitek 2 AST-GN cards (BioMerieux, France) [9]. 

The antimicrobial susceptibility was assayed to Gentamicin (4, 16, 32 µg/ml), Amikacin (8, 16, 64 

µg/ml), Ciprofloxacin (0.5, 2, 4 µg/ml), and Levofloxacin (0.25, 0.5, 2, 8 µg/ml). Several pure 

colonies from an overnight culture of K. pneumoniae were transferred to 3 ml normal saline to form a 

homogenous bacterial suspension with a turbidity range of 0.50-0.63. Then, 145 µl of the suspension 

was transferred into 3 ml normal saline in a second tube which was placed in a cassette opposite the 

AST-GN card [9]. The results were interpreted following CLSI [10]. 

DNA Extraction 

     DNA was extracted from bacterial isolates using the Wizard Genomic DNA Purification Kit 

(Promega, USA) according to the information of the manufacturing company. Briefly, 1400 µl of 

overnight K. pneumoniae broth culture was centrifuged (ThermoScientific, USA) for 2 min at 1300 

rpm, then the cell pellet was collected in an Eppendorf tube (Promega, USA). The subsequent steps of 

DNA extraction included the addition of nuclei lysis solution, RNase solution, and protein 

precipitation solution. After that, DNA was precipitated by adding isopropanol and 70% ethanol. 

Finally, DNA pellet was rehydrated by adding rehydration solution and kept on ice at -20˚C. The 

concentrations and purity of the extracted DNA were measured by Nanodrop spectrophotometer 

(BioDrop, UK) [11]. 

Molecular Screening   

     The extracted DNA was used as a template to detect the presence of  aac(3′)-ΙΙ, ant(3′′)-Ι, aph(3′)-

VΙ, and aac(6′)-Ιb-cr, utilizing Polymerase Chain Reaction (PCR). The lyophilized primers (Alpha 

DNA, USA, reported in Table-1) were dissolved in sterilized deionized distilled water (ddDW) 

(Promega, USA) to obtain 100 pmol/µl and then diluted to 10 pmol/µl according to the instructions of 



Mustafa and Abdullah                            Iraqi Journal of Science, 2020, Vol. 61, No. 11, pp: 2866-2878 

 

2869 

the manufacturing company. The PCR mixture was prepared at a volume of 20 µl, which contained 10 

µl Go Taq Green Master Mix (Promega, USA), 2 µl template DNA, 1 µl of both forward and reverse 

primers, and 6 µl ddDW [11]. The amplification was achieved using Thermal Cycler (BioRad, USA) 

and started by initial denaturation at 95°C for 15 min, followed by 30 cycles of denaturation at 95˚C 

for 1 min, annealing at 55˚C for 1 min, and elongation at 72˚C for 5 min, while it was finalized with a 

final extension at 72°C for 5 min [12].  

Table 1-Sequence of primers used in the present study 

Genes Primer Sequence (5´- 3´) Size (bp) Reference 

aac(3′)-ΙΙ 
F: ATATCGCGATGCATACGCGG 

R: GACGGCCTCTAACCGGAAGG 
877 12 

ant(3′′)-Ι 
F: CATCATGAGGGAAGCGGTG         

R: GACTACCTTGGTGATCTCG 
787 12 

aph(3′)-VΙ 
F: ATGGAATTGCCCAATATTATT              

R: TCAATTCAATTCATCAAGTTT 
780 12 

aac(6′)-Ιb-

cr 

F: 

TTGCGATGCTCTATGAGTGGCTA 

R: CTCGAATGCCTGGCGTGTTT 

482 12 

aac: aminoglycoside acetyltransferase, ant: aminoglycoside nucleotidyltransferase, aph: 

aminoglycoside phosphotransferase, aac(6′)-Ιb-cr: aminoglycoside 6´-N-acetyltransferase-

ciprofloxacin variant, F: forward, R: reverse, bp: base pair. 

     All PCR products were loaded into wells of 1% agarose gel and stained with 0.5 µg/ml ethidium 

bromide in 1X TAE buffer (Promega, USA) at 100 V for 80 min. The DNA ladder (100-1500 bp) 

(Promega, USA) was used as a marker for the molecular weight of DNA bands. The DNA bands were 

photographed under 320 nm UV light using UV-Transilluminator (Major Science, Taiwan) [11].  

DNA Sequencing 

     Two K. pneumoniae PCR products from each of aac(3′)-ΙΙ, ant(3′′)-Ι, and aph(3′)-VΙ were sent to 

Macrogen company in South Korea for sequencing the DNA fragments from both directions using the 

Genetic Analyzer (Macrogen Inc., South Korea). These isolates were selected for sequencing due to 

show resistance to the aminoglycosides used in this study. Consequently, the potential mutations in 

these isolates may be associated with the high amikacin and/or gentamicin resistance rates. Only clear 

chromatographs obtained from ABI sequence files were further analyzed, ensuring that the annotations 

and variations are not because of PCR or sequencing artifacts. By comparing the observed DNA 

sequences of local isolates with the most homologous reference DNA sequences of K. pneumoniae 

retrieved from the National Center for Biotechnology Information (NCBI), the virtual positions and 

other details of the studied PCR fragments were identified using the NCBI BLASTn program 

(https://www.ncbi.nlm.nih.gov) and BioEdit Sequence Alignment Editor Software Version 7.1 

(DNASTAR, Madison, WI, USA) (http://bioedit.software.informer.com/7.1/), respectively. The 

observed variations in each sequenced sample were numbered in PCR amplicons as well as in its 

corresponding position within the referring genome.  

Regarding protein translation, the amino acid sequences of the targeted proteins were also retrieved 

from NCBI. The observed variants in the coding portions were translated into a reading frame, that 

were 3ʹ-5ʹ frame3 for aac(3′)-ΙΙ and 5ʹ-3ʹ frame1 for ant(3′′)-Ι and aph(3′)-VΙ, corresponding to the 

referring amino acid residues, using the Expasy online program (http://web.expasy.org/translate/). 

Results and Discussion 

     In view of the results obtained from biochemical examinations and Vitek 2 Compact System 

analysis, 50 isolates were identified as K. pneumoniae, recovered from urine 15 (30%), blood 12 

(24%), sputum 9 (18%), wounds 9 (18%), and burns 5 (10%). Overall, the most common site of K. 

pneumoniae infection was the UTIs, followed by bloodstream infections. Furthermore, approximately 

13% of wound infections were caused by K. pneumoniae [13]. K. pneumoniae can also be collected 

from other body sites, including pus, stool, cerebrospinal fluid, and catheters [2,13,14,15]. At each of 

these sites, K. pneumoniae represents an opportunistic pathogen and endemic infections can be 

progressed [2]. 

     The results of MICs, listed in Table-2, exhibited that 25 (50%) of K. pneumoniae isolates were 

resistant to gentamicin, with MIC ≥16 µg/ml, while 21 (42%) isolates were resistant to amikacin, with 

https://www.ncbi.nlm.nih.gov/
http://bioedit.software.informer.com/7.1/
http://web.expasy.org/translate/
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MIC ≥64 µg/ml. The resistance rates reported by Zafer and colleagues [16] were nearly in line with 

those observed by this study for both antibacterial agents. In contrast, the investigation of Mokhtari et 

al. [17] reported lower resistance rates to gentamicin and amikacin. The ability of K. pneumoniae to 

produce a wide variety of AMEs confers high resistance against aminoglycosides, in addition to 

overexpression of efflux pumps and loss of porins from cell membrane [4,6]. The emergence of 16S 

rRNA methylases provides high resistance to all common aminoglycosides [4]. 

 Table 2-MICs Values of Klebsiella pneumoniae isolates 

Antibiotic 
Resistant Values of MICs 

(µg/ml) 
Resistant Isolates No.(%) 

Gentamicin ≥16 25 (50) 

Amikacin ≥64 21 (42) 

Ciprofloxacin ≥4 15 (30) 

Levofloxacin ≥8 11 (22) 
 

     In respect to fluoroquinolones, 15 (30%) of K. pneumoniae isolates were resistant to ciprofloxacin 

(MIC ≥4 µg/ml), while 11 (22%) isolates were resistant to levofloxacin (MIC ≥8 µg/ml). Higher 

ciprofloxacin and levofloxacin resistance values were demonstrated by previous findings [16,18]. It 

was found that the resistance for ciprofloxacin and/or levofloxacin among K. pneumoniae isolates was 

correlated with the high prevalence of aac(6′)-Ιb-cr in these isolates. Alongside, there are other 

mechanisms that contribute to fluoroquinolones resistance. These include the accumulation of 

chromosomal mutations in the topoisomerases encoding genes (gyrA and parC), acquisition of other 

PMQR (qnr and oqxAB) that become widely spread even in other genera of Gram negative bacteria, 

particularly these involved in severe nosocomial infections [19], and the alternations of cell 

permeability through the loss of porins and overexpression of the MDR efflux pumps [5,7].   

     Genotypic screening revealed that aac(3′)-ΙΙ and aac(6′)-Ιb-cr genes were found at high prevalence, 

in which 47 (94%) and 38 (76%) of K. pneumoniae isolates possessed these genes with PCR products 

of 877 bp and 482 bp, respectively, as shown in Figures-(1 and 2). Previous studies [20,21] detected 

aac(3′)-ΙΙ at lower rates among their bacterial isolates as compared to this study. With regard to 

aac(6′)-Ιb-cr, the results obtained by previous reports [21,22,23] were relatively in line with that 

gained by this study, while lower rates were seen by others [24,25]. aac(3′)-ΙΙ encodes for 

aminoglycoside 3´-N-acetyltransferase type II [4]. This enzyme confers resistance against 

aminoglycosides by catalyzing the transfer of acetyl group from acetyl-CoA to aminoglycoside 

molecules, resulting in the loss of their antimicrobial activity [6]. On the other hand, aac(6′)-Ιb-cr 

gene encodes for aminoglycoside 6´-N-acyteltransferase type Ib ciprofloxacin variant that can 

acetylate aminoglycosides and fluoroquinolones (bifunctional enzyme), leading to the reduction of 

susceptibility to these agents [5,7].  

Figure 1- Gel electrophoresis of PCR products showing aac(3´)-II gene with 877 bp on 1% agarose at 

100V/80min. Lane M: DNA ladder (100-1500 bp). Lanes 1,3,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19 

represent Klebsiella pneumoniae PCR positive isolates. 
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Figure 2- Gel electrophoresis showing PCR products of aac(6′)-Ιb-cr gene with 482 bp on 1% agarose 

at 100V/80min. Lane M: DNA ladder (100-1500 bp). Lanes 1,8,9,10,11,13,16,17,19 represent 

Klebsiella pneumoniae PCR positive isolates. 

     aph(3′)-VΙ gene was observed in 18 (36%) of  K. pneumoniae isolates with a PCR product of 780 

bp ( Figure-3). This rate of prevalence was lower than that observed by previously published articles 

[20,22]. aph(3′)-VΙ encodes for aminoglycoside 3´-O-phosphotransferases type VI, which confers 

resistance to aminoglycosides by catalyzing the transfer of the γ-phosphoryl group from ATP to 

aminoglycoside molecules, causing a lack of their effectiveness against K. pneumoniae [4].  

     Furthermore, ant(3′′)-Ι was identified in 8 (16%) of  K. pneumoniae isolates with a PCR product 

size of 787 bp ( Figure-4). However, earlier studies reported this gene at higher rates among their K. 

pneumoniae isolates [20,23]. ant(3′′)-Ι encodes for aminoglycoside 3′′-O-nucleotidyltransferases type 

I, which confers resistance to aminoglycosides by catalyzing the transfer of AMP from MgATP to 

aminoglycoside molecules, leading to the loss of their activity against K. pneumoniae [4]. 

 
Figure 3- Gel electrophoresis of PCR products showing aph(3′)-VΙ gene with 780 bp on 1% agarose at 

100V/80min. Lane M: DNA ladder (100-1500 bp). Lane 16 represents Klebsiella pneumoniae PCR 

positive isolate. 
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Figure 4- Gel electrophoresis of PCR products showing ant(3′′)-Ι gene with 787 bp on 1% agarose at 

100V/80min. Lane M: DNA ladder (100-1500 bp). Lanes 6,9,17 represent Klebsiella pneumoniae 

PCR positive isolates. 

     The difference in the prevalence rates of AMEs-encoding genes among the present study and the 

earlier reports can be attributed to the number and source of the studied isolates, working conditions in 

the laboratory, silent colonization by K. pneumoniae carrying AMEs-encoding genes , long term 

health care, misuse of antibiotics, and contact with the possible reservoir animals [26]. More serious 

consequences can arise from the fact that all these factors may facilitate the horizontal gene transfer of 

AMEs-encoding genes between high risk resistant strains of K. pneumoniae and normal flora of these 

bacteria that colonize gastrointestinal tract of healthy humans [3]      

The results of the association between phenotype (MICs) and genotype (PCR) of aminoglycosides 

resistance, listed in Table-3, exhibited that 25 (50%) of K. pneumoniae isolates were resistant for 

amikacin and/or gentamicin, of these 23 (88%) isolates harbored one or more AMEs-encoding genes. 

Alongside, the phenotype (MICs)/ genotype (PCR)  association value for fluoroquinolones resistance 

was 17 (34%) of K. pneumoniae isolates that showed resistance to ciprofloxacin and/or levofloxacin, 

among which 13 (76.4%) possessed aac(6′)-Ιb-cr genes. The co-resistance pattern for both 

aminoglycosides and fluoroquinolones was detected in 14 (28%) isolates, among which 10 (71.4%) 

harbored aac(6′)-Ιb-cr. As with other PMQR, aac(6′)-Ιb-cr confers low or moderate level resistance 

against fluoroquinolones, but it enhances the occurrence of chromosomal mutations in the 

topoisomerases encoding genes (gyrA and parC), resulting in high level fluoroquinolones resistance 

[5,7]. The co-resistance pattern plays an influential role in the continuous emergence of epidemic 

clones that employ various modes of resistance. Thus, pandemic clones can be evolved that constitute 

a substantial challenge for healthcare due to limited options of antimicrobial treatment [3].  

   
Table 3- Association between Phenotype and Genotype of Aminoglycosides and Fluoroquinolones 

Resistance and Co-Resistance Patterns for both Agents in K. pneumoniae isolates 

Isolate 

No. 
Phenotypic Profile Genotypic Profile 

Co-

Resistance 

Pattern 
KP1 GEN, AMK aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP2 GEN, AMK, CIP - - 

KP3 GEN, AMK, CIP, LVX aac(3′ )-ΙΙ - 

KP4 GEN - - 

KP5 - aac(3′ )-ΙΙ, - 

KP6 - aac(3′ )-ΙΙ, ant(3′′ )-Ι - 

KP7 - aac(3′ )-ΙΙ - 

KP8 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 
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KP9 GEN, AMK aac(3′ )-ΙΙ, ant(3′′ )-Ι, aac(6′)-Ιb-cr - 

KP10 GEN aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP11 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP12 - aac(3′ )-ΙΙ, - 

KP13 GEN, AMK, CIP, LVX aac(3′ )-ΙΙ, aac(6′)-Ιb-cr + 

KP14 - aac(3′ )-ΙΙ, - 

KP15 - aac(3′ )-ΙΙ, - 

KP16 GEN, AMK, CIP aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr + 

KP17 GEN, AMK aac(3′ )-ΙΙ, ant(3′′ )-Ι, aac(6′)-Ιb-cr - 

KP18 - aac(3′ )-ΙΙ, - 

KP19 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP20 CIP, LVX aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP21 - aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP22 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP23 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP24 GEN, CIP aac(3′ )-ΙΙ, ant(3′′ )-Ι - 

KP25 - aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP26 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP27 GEN, AMK, CIP aac(3′ )-ΙΙ, ant(3′′ )-Ι, aac(6′)-Ιb-cr + 

KP28 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP29 - aac(3′ )-ΙΙ, aac(6′)-Ιb-cr - 

KP30 GEN, AMK, CIP, LVX aac(3′ )-ΙΙ, aac(6′)-Ιb-cr + 

KP31 GEN, AMK, CIP, LVX aac(3′ )-ΙΙ, ant(3′′ )-Ι, aph(3′ )-VΙ - 

KP32 GEN aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP33 CIP, LVX aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP34 - aac(3′ )-ΙΙ, aph(3′ )-VΙ - 

KP35 - aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP36 GEN, AMK aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP37 - aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP38 GEN, AMK, LVX aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr + 

KP39 - aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP40 GEN, AMK aac(3′ )-ΙΙ, , aac(6′)-Ιb-cr - 

KP41 CIP aac(3′ )-ΙΙ, ant(3′′ )-Ι, aph(3′ )-V, aac(6′)-Ιb-cr - 

KP42 - aac(3′ )-ΙΙ, , aac(6′)-Ιb-cr - 

KP43 GEN, AMK aac(3′ )-ΙΙ, , aac(6′)-Ιb-cr - 

KP44 GEN, AMK aac(3′ )-ΙΙ, , aac(6′)-Ιb-cr - 

KP45 GEN, AMK, CIP aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr + 

KP46 GEN, AMK, LVX aac(3′ )-ΙΙ, , aac(6′)-Ιb-cr + 

KP47 GEN, AMK, CIP, LVX aac(3′ )-ΙΙ, ant(3′′ )-Ι, aph(3′ )-VΙ, aac(6′)-Ιb-cr + 

KP48 GEN, AMK aac(3′ )-ΙΙ, aph(3′ )-VΙ, aac(6′)-Ιb-cr - 

KP49 GEN, AMK, CIP, LVX aac(6′)-Ιb-cr + 

KP50 GEN, AMK, CIP, LVX aac(3′ )-ΙΙ,  aph(3′ )-VΙ, aac(6′)-Ιb-cr + 

KP: Klebsiella pneumoniae, GEN: Gentamicin,  AMK: Amikacin, CIP: Ciprofloxacin, LVX: 

Levofloxacin, aac: aminoglycoside acetyltransferase, ant: aminoglycoside nucleotidyltransferase, aph: 

aminoglycoside phosphotransferase, aac(6′)-Ιb-cr: aminoglycoside 6´-N-acetyltransferase-

ciprofloxacin variant, (+): Positive result, (-): Negative result. 

     The results of DNA sequencing in the present study exhibited the presence of point mutations in 

the selected isolates (Figures-5,6, and 7). Some point mutations were observed to be of transition type, 

in which substitution occurs to pyrimidine with another pyrimidine or purine with another purine, 

whereas others were of transversion type, with replacement of pyrimidine with purine and vice versa 

[27]. Furthermore, the occurrence of frameshift mutation was observed in the DNA sequence of 

ant(3′′)-I gene that led to the insertion of the triple CTT in the mutant sequence (Figure-7). The 

translation of protein revealed that some point mutations were silent, in which the amino acid 

sequences were not affected, but one point mutation was observed to be a missense mutation in which 

one amino acid is replaced with another, as illustrated in Table-4. Besides, the frameshift mutation 

involved the addition of glutamic acid to the amino acid sequence of ant(3′′)-I gene. The missense and 

frameshift mutations may have contributed to the elevated MICs values of amikacin and gentamicin 

through their role in reducing the binding of the aminoglycoside molecule to the bacterial ribosome, 



Mustafa and Abdullah                            Iraqi Journal of Science, 2020, Vol. 61, No. 11, pp: 2866-2878 

 

2874 

leading to subsequent failure of protein synthesis through mistranslation and proofreading rejection 

[4,6].  

 

 
Figure 5-DNA Sequences alignment of the observed native strains with their corresponding reference 

sequences of the 877 bp amplicon of aac(3′)-II gene (GenBank accession number CP025143.1). aac(3′ 

)-ΙΙ-A: KP43, aac(3′ )-ΙΙ-B: KP9. 
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Figure 6-DNA Sequences alignment of the observed native strains with their corresponding reference 

sequences of the 780 bp amplicon of aph(3′)-VI gene (GenBank accession number CP025517.1). 

aph(3′)-VI-A: KP31, aph(3′)-VI-B: KP45. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-DNA Sequences alignment of the observed native strains with their corresponding reference 

sequences of the 787 bp amplicon of ant(3′′)-I gene (GenBank accession number CP025517.1). 

ant(3′′)-I-A: KP17, ant(3′′)-I-B: KP27. 



Mustafa and Abdullah                            Iraqi Journal of Science, 2020, Vol. 61, No. 11, pp: 2866-2878 

 

2876 

Table 4-The observed mutations in the DNA sequence of AMEs-encoding genes and amino acid 

substitutions of the selected Klebsiella pneumoniae isolates. 

Isolate Gene 

DNA base 

substitution 

(Native>All

ele) 

Position 

in the 

reference 

DNA 

Type of 

substitutio

n 

Type of 

point 

mutation 

Amino 

acid 

substi- 

tution 

KP9 aac(3′)-II C>T 141530 Transition Silent - 

KP43 aac(3′)-II C>T 141563 Transition Silent - 

KP43, 

KP9 
aac(3′)-II C>G 141619 

Transversio

n 
Silent - 

KP9 aac(3′)-II C>T 141737 Transition Silent - 

KP43 aac(3′)-II C>T 141781 Transition Silent - 

KP31 
aph(3′)-

VI 
A>C 23353 

Transversio

n 
Missense N>H 

KP27 ant(3′′)-I CTT 
9094-

9095 
Insertion 

Frameshif

t 
E 

KP27 ant(3′′)-I C>T 9111 Transition Silent - 
KP: Klebsiella pneumoniae, aac: aminoglycoside acetyltransferase, aph: aminoglycoside 

phosphotransferase, ant: aminoglycoside nucleotidyltransferase, C: Cytosine, T: Thymine, G: 

Guanine, A: Adenine, E: Glutamic acid, N: Asparagine, H: Histidine. 

 

Conclusions 
     Overall, the present study concluded that AACs were the most prevalent AMEs among the 

investigated K. pneumoniae isolates, followed by APHs and ANTs. The increasing spread of AMEs-

encoding genes  reduced the susceptibility for amikacin and gentamicin, making the control on MDR 

K. pneumoniae inevitably very difficult.  The co-resistance pattern for aminoglycosides and 

fluoroquinolones was found at low prevalence among K. pneumoniae isolates, but it was highly 

associated with the presence of the aac(6′)-Ιb-cr gene. Since  K. pneumoniae serves as a worldwide 

source for the dissemination of AMEs-encoding genes and PMQR, even to other genera of non- 

Enterobacteriaceae, further surveys should be accomplished in this field to control the development of 

antibiotic resistance as much as possible, given the limited options of antimicrobial therapy.  
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