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Abstract 
Two hundred fifty clinical samples were collected from patients suffering different infections, distributed  among  (165) urine , (37) 
sputum, (29) burns, (19) wound.  Morphological,  Biochemical tests,  Microscopic test were used to  identification  bacterial isolates, and 
conform by using VITEK2 system, the result showed  that (85) isolates of  Klebsiella spp. included(78) K. pneumoniae. (5) K. oxytoca 
and (2) isolates of K. planticola. 14 isolates of carbapenem resistant Klebsiella pneumoniae also identified by Polymerase chain reaction 
technique (PCR)  for the detection of 16-23S rRNA gene, results indicated that the 14 isolates have the 16-23S rRNA gene. 
Antibiotic susceptibility  test for K. pneumoniae isolates were performed against 6 antibiotic using disk diffusion method, the result 
showed Imipenem(14.1%), Meropenem(17.7%), (Gentamycin (41.02%), Tobramycin (39.74%),  Tetracycline. (55.12%), and Tigecyclin 
(39.74%). 
Two methods used to detect production of MβLs, the first method  is Combine EDTA Disk Test (CEDT), results indicated that 9 
isolates(64.28%) produced MβLs, and five isolates (35.71 %) gave negative result. The second method is Modified Hodge Test (MHT), 
results indicated that 10 isolates (71.42.%) gave positive results and 4 isolates gave negative results(28.57 %)  
Minimum Inhibitory Concentration (MIC)  for Carbapenem resistant K.pneumoniae was done by VITEK 2 system. The result showed 
that the MIC rang between (2- 64 µg/ml) for Amikacin, Minocycline. Gentamycin, Ciprofloxacin (0.25- 4µg/ml)  (1-16 µg/ml) 
respectively. Imipenem , Meropenem (16-8 µg/ml). Piperacillin Piperacillin / Tazobactam  128 >=µg/m. Ticarcillin and Ticarcillin/ 
Clavulanic acid (128 >=µg/ml). Tobramycin (1-16µg/ml). finally Trimethoprim /Sulfamethoxazole (20-320 µg/ml). 
PCR used for the  detection of blaNDM-1 gene in 14 isolates of  Carbapenem- resistant Klebsiella pneumoniae  by used primer for the 
blaNDM-1 , results indicated that 13 isolates have the blaNDM-1  gene.  
The inhibitory effect of two nanoparticales materials (Tio2 and Zno) was study towards the growth and ability of  bacteria to produce 
metallo - β - lactamase enzymes for 9 isolates of Carbapenem resistant Klebsiella pneumoniae. Results indicated that the MIC for Zno 
size 50nm ranged between (325 - 1300 µg/ml) and the MIC for Tio2 size 25nm ranged between (650 -2600µm/ ml). The results of 
nanoparticales affection of Zno and Tio2 on the production of metallo- β- lactamase enzymes was equal for the two nanoparticales , 5 
isolate from 9 isolates lost the ability of MβL production (55.55%)       

INTRODUCTION 
Klebsiella pneumoniae causes a wide range of diseases, 
including pneumonia, urinary tract infections, wound 
injuries, bacteriaemia, etc. It is the third most common 
cause of hospital acquire diseases  , so it is a highly health-
threatening bacteria (1). β-lactam antibiotics include four 
groups: penicillins, Cephalosporins, Monobactam and 
Carbapenem (2,3). Carbapenem antibiotics is one of the β-
lactam antibiotics groups, which is the last resort to treat 
many infections that cause by gram negative  (Multidrug 
resistant MDR) bacteria, which has the greatest 
effectiveness of β-lactam family (4,5). The most common 
mechanism for resistance to external killing by some 
elements, including antibiotics, and survival for longer is 
the production of enzymes (6), the most importantly of 
these enzymes is the β-lactamase, which include Extended 
spectrum β-lactamase and Carbapenemase enzymes, which 
are produced by many bacterial species, especially 
Enterobacteriaceae  family members such as E. coli, 
Serratia spp., Klebsiella spp, Salmonella (7,8). β-lactamase 
enzymes divided into two family serine β-lactamase and 
Metallo β- lactamase. According to Ambler's classification 
these enzymes are divided into four groups (A, C, D) 
belong to the serine β- lactamase family and the B-class 
enzymes belong to the Metallo β-lactamase family, 
Carbapenemase ezymes belong to A, B, and D classes  (9). 
Metallo β-lactamase  need zinc ion or other heavy metals 
essential for their effectiveness. Metallo β-lactamase 
enzymes able to hydrolyze all β-lactame antibiotic except 
Monobactam antibiotics (10). The most important types of 

class  B and the most common in the Enterobacteriaceae 
family are VIM, IMP and NDM enzymes (11,12). NDM-1 
enzyme is encoded by a gene blaNDM-1 or NDM-1gene. This 
gene encodes 269 amino acid. This enzyme analyzes all β-
lactam antibiotics and cannot be inhibited by clavulonic 
acid or Sulbactam (13).The gene blaNDM-1 is associated with 
other genes that gain bacteriae resistant to antibiotics 
including Erythromycin, Ciprofloxacillin, Rifampicin and 
Chloramphenicol. It is also associated with the genetic 
elements responsible for the flow pumps and Extended 
Spectrum enzyme type CMY-4. These genetic connections 
make the blaNDM-1 gene very dangerous (14). BlaNDM-1 gene 
encodes by plasmid, facilitating its transmission between 
different bacterial strains (15). The emergence of multiple 
antibiotic resistance by K.pneumoniae. has led to a lot of 
treatment failure(16,17). Recently, some nano materials 
have been used and their industry has evolved, with great 
efforts being made to develop. these substances have a 
significant effect on bacterial cell components (17), where 
studies have shown the effectiveness of these substances 
against bacteria and bacteria failure in nanomaterials 
resistance compared to antibiotics that developed different 
mechanisms to resist them (18). And these nanomaterials 
are zinc oxide, titanium oxide and other materials for 
nanoparticles such as copper, cobalt and silicon that have 
high efficacy against microorganisms(19). 
This work aimed to study the distribution of blaNDM-1 gene 
in clinical isolates of K. pneumoniae  isolates from Iraqi 
patients in Baghdad medical hospitals and the effect of 
nanoparticales against resistant K.pneumoniae 
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MATERIALS AND METHODS 

Sample Collection and Identification 
Two hundred fifty samples from four clinical sources were 
collected including 165 urine, 37 sputum samples, 29 
smears of burns and19 smears of wounds. Period between 
October  2017 to February 2018. Identification bacterial 
isolates depended on the culture characteristics, 
microscopic,  biochemical tests, also used the VITEC 2 
system for diagnosis Klebsiella pneumoniae , and use 
polymerase chain reaction technique (PCR) for the 
defection of 16-23SrRNA gene. 
Standard antimicrobial susceptibility testing 
All isolates were tested using 6 antibiotics (Imipenem, 
Meropenem Gentamycin,  Tobramycin, Tetracyclin, 
Tigecyclin) using the Kirby-Bauer method (20). Minimum 
Inhibitory Concentration (MIC) of the Carbapenem-
resistant K. pneumoniae isolates was determination by used 
VITEK 2 system.  
 
Carbapenemase production  
Modified Hodge Test (MHT) 
Modified Hodge Test (MHT) was used to detect the ability 
of K. pneumoniae  isolates to produce carbapenemase 
enzyme(21). This test was conducted according to (22) 
with some modification ( not use E.coli ATCC 25922 but 
use E.coli isolate that susceptible to carbapenem 
antibiotics).  
Sensitive E.coli was suspended with a turbidity similar to 
the McFarland 0.5 which is equivalent to 1.5 CFU / ml 810. 
Spread the suspention on Muller-Hinton agar plates by 
sterile cotton swab. removal of excess moisture by pressing 
on the walls of the tube from the inside and then 
distribution E.coli on all parts of the plates. Leave the 
plates  at room temperature for 3 - 10 minutes and then 
placed on the center Meropenem or Ertapenem antibiotic. 
3-4 colonies  of each  K.pneumoniae isolats were harvested 
by a sterile lobe and cultured in a straight line from the 
edge of the antithesis to the perimeter of the plate and the 
length should not be less than 20-25 mm. - Incubate the 
plates at 37 ° C for 19 hours. Read the result: E.coli growth 
is a positive result for the production of carbapenem 
enzymes. The lack of growth of E. coli has a negative 
effect on the production of carbapenzymes. 
Combine EDTA Disk Test (CEDT). 
The bacterial suspension of K.pneumoniae isolates under 
study was prepared . The suspension turbidity  was equal to 
the McFarland 0.5, which is equivalent to 1.5 CFU / ml 810 
and was cultured on a Müller-Hanton agar plate as 

indicated in (22). 4 μl of sterile EDTA solution added to 
disc of (Meropenem 10mg), EDTA-Meropenem were dried 
in the incubator and stored at -20 ° C. In a flask free of 
dehydrators until use (23). Klebsiella pneumoiae 
suspention spread onto Mueller Hinton agar plates using a 
sterile cotton swab. then Meropenem disk (10 μg) and 
Meropenem-EDTA  was placed on test plates. The distance 
between discs is 20 mm.(24). Test plates incubation at 37 ° 
C for 24 hours, the results were read by measuring the areas 
of inhibition around the disks. Increasing the inhibitory 
area to 7 mm around the Meropenem-EDTA tablet 
compared with the Meropenem alone is a positive result of 
the bacteria and these bacteria are produced by the metallo 
beta lactamase MBL (25). 
DNA extraction 
DNA samples were extracted from Klebsiella pneumoniae 
according to manufacturer’s instructions (using a bacterial 
genomic DNA extraction kit (Geneaid Biotech, Taiwan). 
The concentration and purity of DNA were measured by a 
nanodrop (BioDrop μLITE, BioDrop co., UK), while the 
DNA integrity was checked by a standard 0.8% (w/v) 
agarose gel electrophoresis with ethidium bromide, using a 
1 kb ladder as a molecular weight marker (Cat #D-1040, 
Bioneer, Daejeon, South Korea). The isolated DNA was 
used as a template for PCR. 
PCR design and amplification 
PCR was designed for detection of 16-23SrRNA and 
blaNDM-1 using specific primers. The primers were obtained 
from Macrogen Company, Korea (Table 1.)  
The lyophilized primers were purchased from Bioneer 
(Bioneer, Daejeon, South Korea). The PCR reaction was 
performed using Accu Power PCR premix (Bioneer, 
Daejeon, South Korea). The following program was 
applied in PCR thermocycler (MyGenieTM 96/384 
Thermal Block, Bioneer, Daejeon, South Korea).The 
amplification was began by initial denaturation at 94°C for 
5 min, followed by 30  cycles of denaturation at 94˚C, 
annealingat 58˚C for16-23SrRNA  gene and 50ºC for 
blaNDM-1 gene , and elongationat 72˚C, and was finalized 
with a final extension at 72°C for 10 min. Amplification 
was verified by electrophoresis on an ethidium bromide 
(0.5 mg/ml) pre-stained 1.5% (w/v) agarose gel in 1× TBE 
buffer (2 mM of EDTA, 90 mM of Tris–Borate, pH 8.3), 
using a 100-bp ladder (Bioneer, Daejeon, South Korea) as a 
molecular weight marker. The PCR amplicons of two 
native isolates were commercially sequenced from forward 
terminiaccording to instruction manuals of the sequencing 
company (Macrogen Inc. Geumchen, Seoul, South Korea).   

 
 (Table 1): The specific primers’ pairs designed to amplify two loci of Klebsiella pneumonia. 

Primer Sequence (5′-3′) Amplicon 
size AccessionNumber Reference  

16-23 S rRNA- F ATTTGAAGAGGTTGCAAACGAT 132bp CP027612.1 
(2425935–2426067)  

 (26) 
16-23 S rRNA- R TTCACTCTGAAGTTTTCTTGTGTTC   
blaNDM-1-F GGTTTGGCGATCTGGTTTTC 621bp MF774796.1 

(1686 – 2306)  (27) 
blaNDM-1-R CGGAATGGCTCATCACGATC  
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DNA sequencing 
The purified PCR products of two positive isolates of bla 
NDM-1 and 16-23SrRNA gene were sequenced using the 
ABI capillary system (Macrogen Research, Seoul, Korea). 
Then, the sequences were compared using online BLAST 
software (http://www.ncbi.nlm. nih.gov/ BLAST/), and  
one isolate was confirmed as NDM-1 variant. So far, these 
sequence in the GenBank nucleotide database under 
accession number: LC412681. 
Comprehensive phylogenetic tree construction 
The observed PCR amplicons variants  of blaNDM-1 for one 
isolate of  Klebsiella pneumoniae (genetic locus B7 and 
B12) were compared with their neighbor homologous 
sequences using NCBI-BLASTnsuite 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=Bla
stSearch). Then, the blast results of the observed variants 
were aligned and constructed using Clustal Omega and 
Simple phylogeny tools respectively 
(https://www.ebi.ac.uk/Tools/msa/clustalo/). A full 
inclusive tree, including the observed variant, was 
visualized as polar cladogram (Fig. 8) and a fish eye 
platform (Fig. 9) using Figtree tool 
(http://tree.bio.ed.ac.uk/software/figtree/). The observed 
sequences of each classified phylogenetic species-group in 
the comprehensive tree were colored appropriately. 
Nanoparticles 
 The nutrient broth dilution method was used to 
quantitative estimation of the inhibitory effect of 
nanoparticles made  from M K Impex corp (28,29) with 
some modifications. 
• Zinc oxide and Titanium dioxide nanoparticales were 
present at specific concentrations starting from 5200 μg / 
ml as a primary concentration starting with the dilution 
series (5.07, 10.15, 20.3, 40.6, 81.25, 162.5, 325, 650, 
1300, 2600). 
 • Add 4.9 ml of nutrient  broth to all tubes and then add 5 
ml of initial concentration (5200) μg / ml to tube 1. Mix 
well by moving up and down 6-8 times. Thus, tube 1 at 
2600 μg / ml . 
 • Transfer 5 mL from tube 1 to tube 2 and mix well, thus 
reducing the concentration to 1300 μg / ml. Repeat the 
process up to tube 10 and then pull 5 ml of it .the 
concentration (5.07, 10.15, 20.3, 40.6, 81.25, 162.5, 325, 
650). 
 • Add 0.1 ml of 24-hour bacterial suspension to each tube. 
Only the broth and the bacterial suspension were added to 
tube 11 and prepared a positive control.  
• Only add nutrient broth and nanoparticles to tube 12 and 
prepare a negative control. 
 • Incubate the tubes at 37 ° C for 24 hours. Check for 
growth of bacteria by notice the turbidity in tubes  using the 
eye and then observe the MIC. 
• The effect of nanoparticles on the ability of bacteria to 
produce MβL enzymes was examined by taking a smear by 
cotton swab from the      sub-MIC bacterial suspension and 
used (Combine EDTA Disk Test (CEDT)method. 

 
RESULT AND DISCUSSION 

A total of 250 samples were collected from patient with 
different infections, both sexes and different ages. The 

samples were collected from hospitals in the city of 
medicine (Baghdad Hospital, Martyr Ghazi Hariri Hospital, 
Burns and Wounds Hospital, Central Educational 
Laboratories) and Al-Shaheed Al-Sadr General Hospital, of 
which 165 were urine samples, 37 samples of burns, 29 
samples of burns and 19 samples of wounds. Positive 
samples were 181 samples and 72.4%. The number of 
negative samples was 69 samples and 27.6% did not 
produce growth on the agricultural medium. Species based 
on sex were divided into 65 male samples and 185 female 
samples. 
85 positive isolates of Klebsiella spp. 34% of the total 
samples of. 52 isolates of E. coli and 20.8% of total 
samples. 36 isolates from Pseudomonas bacteria and 14.4% 
of total samples.8 isolates of Enterobacter bacteria 3.2% of 
total samples. 78 isolates and 91.76% were identical to 
Klebsiella pneumoniae, while 5 isolates (5.88%) were 
identical to Klebsiella oxytoca and two isolates (2.35%) 
were identical to Klebsiella planticola. These results 
showed that Klebsiella pneumoniae isolates were the most 
common Compared with other strains of Klebsiella spp. . 
These results are consistent with the findings of (30) the 
percentage of Klebsiella pnemoniae was 90%, whereas the 
percentage of Klebsiella oxytoca 10% was also consistent 
with the study of (31) the percentage of pneumoniae 
Klebsiella 89.28%. The results were close to that of (32), 
which identified 83% of Klebsiella isolates of Klebsiella 
type, while (33) reported that the percentage of pneumoniae 
Klebsiella was 29.1%.  
 
Molecular detection of of 16-23SrRNA gene 
Fourteen isolates of carbapenim-resistant Klebsiella 
pneumoiae were identified using PCR. The results showed 
that all the isolates under study were carry 16-23SrRNA 
gene (100%) Klebsiella pneumoniae. These results were 
close to that of (34) as the number of isolates carrying the 
16- 23S rRNA (33) isolates out of 40 isolats (82.5%), but 
did not agree to (35) in Egypt, where the number of isolates 
carrying the gene 16 isolates out of 27 isolates (59.25%). 
 
Antibiotics susceptibility test 
Six antibiotic disks were used in this study included two 
types of carbapenen antibiotics Imipenem(14.1%), 
Meropenem(17.7%). These results were close to the 
findings of the researchers (36), where they found that the 
resistance to Imipenem antibiotic was 13.9%, these 
antibiotics showed a higher efficacy than all other beta 
lactam antibiotics because they are relatively modern 
antimicrobial. The enzyme NDM-1 plays an important role 
in the resistance of certain strains of K.pneumoniae to the 
carbapenim antibiotics and other antimicrobial agents (37) 
and the ability of these bacteria to produce Klebsiella 
pneumoniae carbapenemases (KPC) enzymes, which are 
encoded by gene first detected in K.pneumoniae and (38). 
The resistance ratio of Gentamycin 41.02%. The results are 
consistent with the findings of the researcher (39). Which 
referred that 45.65% of K.pneumoniae were resistance to 
Gentamycin. Resistance percentage for Tobramycin is 
39.74%, while (40) pointed that all isolates are sensitive to 
this antibiotic. The antibiotic inhibitors of this group to 
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modify the active site  in the molecules of the antibiotic, 
making them less familiarity of the link in the path of the 
composition of RNA Thus discouraging (41). 
Tetracycline resistance was 55.12%, while Tigecycline 
resistance was 39.74%. These results were relatively close 
to the findings of(42) in Iraq, where the resistance 
percentage of Tetracycline was 34.37%.  Minimum 
Inhibitory Concentration (MIC)  for Carbapenem resistant 

K.pneumoniae  isolates was done by VITEK 2 system. The 
result showed that the MIC rang between (2- 64 µg/ml) for 
Amikacin, Minocycline. Gentamycin, Ciprofloxacin (0.25- 
4µg/ml)  (1-16 µg/ml) respectively. Imipenem , 
Meropenem (16-8 µg/ml). Piperacillin Piperacillin / 
Tazobactam  128 >=µg/m. Ticarcillin and Ticarcillin/ 
Clavulanic acid (128 >=µg/ml). Tobramycin (1-16µg/ml). 
finally Trimethoprim /Sulfamethoxazole (20-320 µg/ml). 

 

 
Fig 1: Agarose gel electrophoresis in 1% for 16-12SrRNAgene product show positive results(1- 14). Ethidium 
bromide stain (0.5%), Amplicon size (130), DNA Ladder (100bp), the electric current at 70 volt for 60min. 
 
 
Table 1: resistance percentage for Antibiotics susceptibility 

test 

Antibiotics Percentage % 

Imipenem                         14.1  
Meropenem                     17.7  
Gentamycin                     41.02 
Tobramycin                     39.74  
Tetracycline                     55.12 
Tiegecyclin                       39.74 

 
 
Detection of Carbapenemase enzymes 
Several methods was used for phenotypic detection of 
MβLs The Combined EDTA Disk Test, one of the simplest 
methods of phenotypic detection of MβLs. The results of 
this study showed that 9 isolates out of 14 isolates of 
K.pneumoniae (64%) gave a positive result for this test. 
This percentage was relatively close to that of (43), where 
percentage of K.pneumoniae gave positive result was  
(71.9% - 50%). This means that the MβLs make the 
bacteria resistant to a wide range of β-lactam, due to the 
ability of these enzymes to analyze β-lactam antibiotics 
(44). And the second method is Modified Hodge 
Test(MHT). This test was used to investigate the ability of 
K.pneumonia isolates to produce carbapenimase enzymes. 
The results of this study showed that 10 isolates out of 14 

isolates resistant to the carbapenem antibiotics (71.42%) 
gave a positive result of this test and 4 isolates(K17, K26, 
K91 and K180) gave a negative result ( 28.58%). 
While(45) that   all his isolates showed a positive result 
(100%). (46) in Baghdad pointed that 5 isolates out of 53 
isolates ( 9.43%) gave a positive result for this test. (34) 
reported that the number of isolates that gave a positive 
result for this test was 7 isolates out of 40 isolates 
(21.21%).as shown in Fig.2 

 
Fig 2: Modified Hodge Test (MHT) 

 
Molecular detection of blaNDM-1 gene 
Polymerase chain reaction (PCR) assay for detection of 
blaNDM-1  gene was performed for all 14 resistant isolates. ( 
92.85%) of the resistant Klebsiella pneumoniae isolates 

   M         1     M   2  3   4   5    6 7    8   9  10  11 14 13 12  
 

Neg    
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were positive for blaNDM-1 gene. These results are consistent 
with (47) in Iran, where the number of isolates carrying the 
bla NDM-1  are 27 of 29 isolates were resistant to carbapenim 
(93.1%). These results were also close to (45) in Baghdad 
where all 20 isolates were carrying blaNDM-1 (100%), while 
(48) in Turkey found that the percentage of isolates 
carrying this gene is 20.4%. The isolalt that gave negative 
result (kp11) may be due to the fact that blaNDM-1 is not the 
gene that responsible for showing the resistance 
characteristic,  many studies suggest that the bla-vim - and 
bla imp-1 gene is a widespread MβL gene in 
Enterobacteriaceae  bacteria (49,50,51).  
 
 
 
 

DNA Sequencing 
1. DNA Sequencing of 130 PCR amplicons of 
Klebsiella pneumonia isolates 
The PCR amplicons of two native isolates were 
commercially sequenced from forward termini according to 
instruction manuals of the sequencing company. Only clear 
chromatographs obtained from ABI sequence files were 
further analyzed, ensuring that the annotation and 
variations are not because of PCR or sequencing artifacts. 
By comparing the observed DNA sequences of local 
specimens with the retrieved DNA sequences of K. 
pneumoniae (GenBank acc.CP027612.1), the exact position 
and other details of the retrieved PCR fragmentswere 
identified (Fig.4). Included within this genetic fragment, a 
tRNA encoding gene was found, namely AM475_12260, 
which occupies 76 nucleotides in length. 

 

         
Fig 2: Agarose gel electrophoresis in 1% for bla NDM-1gene product show positive results(1-2-3-4-5-6-7-8-9-10-12-

13- 14) and (11)gave negative resulte. Ethidium bromide stain (0.5%), Amplicon size (621bp), DNA Ladder (100bp), 
the electric current at 70 volt for 60min. 

 
 

 
Fig. 4.The exact position of the studied 132bpamplicon within AM475_12260gene in Klebsiella pneumoniae sequences 
(accno.CP027612.1). The green arrow refers to the starting point of this amplicon while the red arrow refers to its end 

point. 
 
 

   M        1  2   3 4    5    6 7   8  9 10 14 13 12 11 
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Table 2.The position and length of the PCR amplicon used to amplify AM475_12260gene 

inKlebsiellapneumoniaesequences. The amplified sequence was extended from 2425935into 2426067of the NCBI 
reference DNA sequence (GenBank acc. no. CP027612.1).The grey colored regions refer to forward and reverse primers 

respectively. 
 
Amplicon Referring locus sequences (5′ - 3′) Length 

 
ATTTGAAGAGGTTGCAAACGATGGGGCTATAGCTCAGCTGGGAGAGCGCCTGCTTT
GCACGCAGGAGGTCTGCGGTTCGATCCCGCATAGCTCCACCATCTTTACTGCGAAC

ACAAGAAAACTTCAGAGTGAA 
132bp 

 
 

 
Fig. 5.DNA sequences alignment of the observed local strains with their corresponding reference sequences of the 132bp 

amplicon of Klebsiella pneumoniae sp. sequences. The symbol “ref” refers to the NCBI referring sequence. 
 
 

 
Fig.6.The exact position of the studied 621bpampliconwithin blaNDM-1gene in Klebsiellapneumoniae sequences (acc 

no.MF774796.1). The green arrow refers to the starting point of this amplicon while the red arrow refers to its end point. 
 
After positioning the sequences of AM475_12260gene in 
K. pneumoniae sequences sp., the details of its sequences 
was highlighted (Table 2). 
The alignment results of both sequenced samples revealed 
the absenceof any SNP, thus, both samples did not exert 
any noticeable variation(s)(Fig.5).  
DNA Sequencing of 621 bp PCR amplicons of Klebsiella 
pneumonia isolates 
The PCR amplicons of two native isolates were 
commercially sequenced from forward terminiaccording to 
instruction manuals of the sequencing company . Only 
clear chromatographs obtained from ABI sequence files 
were further analyzed, ensuring that the annotation and 

variations are not because of PCR or sequencing artifacts. 
By comparing the observed DNA sequences of local 
specimens with the retrieved DNA sequences of K. 
pneumoniae (GenBank acc.MF774796.1), the exact 
position and other details of the retrieved PCR fragments 
were identified (Fig.6).  
After positioning the sequences of blaNDM-1 gene in K. 
pneumoniae sequences sp., the details of its sequences was 
highlighted  
It was found that this genetic fragment is included within a 
metallobeta-lactamase encoding genetic portion. The later 
protein consists of 270 amino acids, only 206 of them were 
encoded by this amplicon (Table 3). 
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Table 3.The amino acid sequences of metallo-beta lactamase that encoded by the amplified blaNDM-1 gene 
inKlebsiellapneumoniae sequences.The grey colored regions refer to the encoded amino acids from the studied 621 

bpblaNDM-1 amplicon. 
 

Amplicon Referring locus sequences (5′ - 3′) Length 

blaNDM-1 

MELPNIMHPVAKLSTALAAALMLSGCMPGEIRPTIGQQMETGDQRFGDLVFR
QLAPNVWQHTSYLDMPGFGAVASNGLIVRDGGRVLVVDTAWTDDQTAQILN
WIKQEINLPVALAVVTHAHQDKMGGMDALHAAGIATYANALSNQLAPQEGM
VAAQHSLTFAANGWVEPATAPNFGPLKVFYPGPGHTSDNITVGIDGTDIAFGG
CLIKDSKAKSLGNLGDADTEHYAASARAFGAAFPKASMIVMSHSAPDSRAAIT

HTARMADKLR 

270bp 

 

 
Fig. 7.DNA sequences alignment of the observed local strains with their corresponding reference sequences of the 
621bpamplicon of Klebsiellapneumoniae sp. sequences. The symbol “ref” refers to the NCBI referring sequence. 

 
The alignment results of both sequenced samples revealed 
the absence of any SNP, thus, both samples did not exert 
any noticeable variation(s) (Fig. 7).  

 
Comprehensive phylogenetic tree construction 
The current constructed comprehensive tree indicated the 
presence of at least eighteen species allover scanned of 
blaNDM-1 variants sequence – related species. The total 
number of the aligned nucleic acid sequences, in the 
currentblaNDM-1 variants based comprehensive tree was 
100. In relation to both blaNDM-1 variants, the 
comprehensive involved organisms were included; 
Klebsiella pneumoniae, Klebsiella michiganesis, Pnatoea 
agglomerans,Citrobacter freundii,Morganella 
morganii,Acinetobacterbuamanni,Acinetobacter 
sp.,Serratia marcescens ,Escherichia coli, Enterobacter 
sp., Enterobacter cloacae., Enterobacter ludwigii, 
Enterobacter hormaechei, Enterobacter xiangfangensis, 
Chryseobacterium indologenes, Stenotrophomonas 

maltophilia, Salmonella enterica, Proteus mirabilis, and 
Raoultella ornithinolytica of bacterial species. It was found 
that both studied blaNDM-1 variants were occupied a 
distinctive position within the tree. Despite the absence of 
any known mutation, both studied blaNDM-1 variants were 
occupied a unique characterization within the current 
constructedphylogenetic tree. This fact is obviously 
observed in the current constructed comprehensive 
phylogenetic tree as both variants positioned near seven 
variable strains ofKlebsiella pneumoniaein the deposited 
referring sequences. Regarding the current classified 
position of the currently constructed tree, the highly 
association between Klebsiella pneumoniae and 
Escherichia coli was suggested from the constructed 
cladogram in Fig.8. Whereas Fig. 9 was provided another 
suggestion for such association in terms of the apparent 
priority for Klebsiella pneumoniaethen byEscherichia 
colistrains. Followed Klebsiella pneumoniae, it was found 
that occupied a very close position regarding the acc. no. 
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AP018572.1. This positioning of such isolates wasn’t an 
unusual event since Escherichia coli species have belonged 
to the same enteric family of bacteria (52), and it was found 
to occupy a close relation with many Klebsiella 
pneumoniae counterparts (53). However, other bacterial 
species were followed these phylogenetic association 
accordingly. It’s worth mentioning that there is a relatively 
equal relation amongst the presented bacterial species with 
each other regarding the blaNDM-1 gene-based tree. This 
entitles a universal presence for such genetic fragment in 
almost all phylogenetically represented bacterial species. 
though no mutation(s) as observed in both variants, the 
present PCR-sequencing- comprehensive tree construction 
strategy has provided an additional unquestionable answer 
concerning the guaranteed identity of the classically 
identified isolates. This notion provided a further inclusive 
indication about the identity of these local studied isolates. 
 

 

 
Fig. 8.The comprehensive cladogram phylogenetic tree of 
the 620bp variants of blaNDM-1(B7-B12)genetic fragment 
of Klebsiella pneumoniaelocal isolates. Both black square 
color and arrow refer to the sequenced two variants, while 

other colors refer to other referring NCBI deposited 
species. All the mentioned numbers referred to Genbank 

acc. no. of each referring species.The number “11.0” at the 
bottom of the tree refers to the degree of scale range among 

the comprehensive tree categorized organisms. 

 
Fig. 9.The comprehensive fish eye phylogenetic tree of the 
620bp variants of blaNDM-1(B7-B12)genetic fragment of 

Klebsiella pneumoniaelocal isolates. Both black square 
color and arrow refer to the sequenced two variants, while 

other colors refer to other referring NCBI deposited 
species. All the mentioned numbers referred to Genbank 

acc. no. of each referring species.The number “11.0” at the 
bottom of the tree refers to the degree of scale range among 

the comprehensive tree categorized organisms. 
 

Nanoparticales 
The minimum inhibitory concentration MIC value for 
ZnO 
nanoparticles 
The minimum inhibitory concentration of 50 nm zinc oxide 
nanoparticles ranged between  (1300-325 μg / m). There 
are several proposed mechanisms that explain the 
antimicrobial affect of zinc oxide, such as the synthesis of 
hydrogen peroxide (H2O2) on the surface of zinc oxide, 
which inhibits bacterial cell growth (54). Or the release of 
the Zn+ 2 ion, which can break down the fat and proteins of 
the bacterial cell membrane, leading to leakage of internal 
cell components and death(55). 
  
The minimum inhibitory concentration of titanium 
dioxide  
The minimal  inhibitory concentration of 25nm titanium 
dioxide nanoparticles ranged between (2600-650 μg / ml). 
Antimicrobial affect of TiO2 may be achieved through 
TiO2 surface reaction with water. After exposure of TiO2 
nanoparticles to ultraviolet radiation, free radicals such as 
OH, O2, HO2 and H2O2, which is a powerful oxidizing 
force, affect and kill bacteria(56).  
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The phenotypic detection of metallo-β-lactamase 
enzymes after the use of nanoparticles 
After the use of Zno and Tio2 nanoparticles on 9 isolates 
that resistant to carbapenem antibiotics, a combined EDTA 
disk test for subMIC concentrations of both Tio2 and Zno 
nanoparticles was used to investigate  the nanoparticales 
affected on the ability of bacteria to produce the metallo 
beta-lactamase enzyme. The results indicated  that 5 
isolates out of 9 isolates (Kp2, Kp7, Kp9, 10,Kp12) lost 
their ability to produce MβL enzymes by Tio2 and by 
percentage (55,55%), the inhibiting diameter of the 
Meropenem-EDTA was increased by 7 mm from the 
diameter of the inhibition zone of Meropenem alone and 4 
isolates (Kp1, Kp5, Kp6, Kp 14) gave negative results and 
not affected by nanoparticles, as they retained their ability 
to produce the MβL enzymes even after treatment with 
nanoparticles. The results of  Zno indicated that 5 isolates 
(55.55%) gave positive results (Kp2, Kp6, Kp7, Kp9, 
Kp10) and 4 isolates gave negative results (Kp 1, Kp5, 
Kp12,Kp14).  
 

CONCLUSION 
The study had shown the distribution of NDM-1 enzyme in 
K. pneumoniae isolates among patients suffering different 
diseases. K. pneumoniae isolates showed high resistance 
against various antibiotic groups, especially beta lactam 
antibiotics.  The ability of these enzymes to analyze 
Carbapenem as well as their ability to analyze a wide range 
of antibiotics belonging to the group of beta lactam. High 
accuracy in the diagnosis of Klebsiella pneumonia by 
detecting the the present of 16-23SrRNA using polymerase 
chain reaction technique. Effect of nanoparticles of zinc 
oxide and titanium oxides in inhibiting the growth of 
Klebsiella pneumoniae bacteria as well as their effect in the 
production of  MβL enzymes. 
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