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Abstract:  
  Acinetobacter baumannii (A. baumannii ) is considered a critical healthcare problem for patients in 

intensive care units due to its high ability to be multidrug-resistant to most commercially available 

antibiotics. The aim of this study is to develop a colorimetric assay to quantitatively detect the target DNA of 

A. baumannii based on unmodified gold nanoparticles (AuNPs) from different clinical samples (burns, 

surgical wounds, sputum, blood and urine). A total of thirty-six A. baumannii clinical isolates were collected 

from five Iraqi hospitals in Erbil and Mosul provinces within the period from September 2020 to January 

2021. Bacterial isolation and biochemical identification of isolates were carried out followed by DNA 

extraction from 36 isolates and six negative control ATCC strains (Salmonalle typhi, Escherichia coli, 

Klebsiella pneumonia, Pseudomonas aeruginosa, Enterobacter aeruginosa, Staphylococcus aures) and only 

one positive control ATCC A. baumannii using Phenol/Chloroform method. AuNPs were synthesized using 

the citrate reduction method and examined by XDR, FTIR, UV-VIS, FE-SEM, and TEM.  The optimized 

colorimetric assay was employed based on unmodified spherical AuNPs and PCR amplification of 16S rRNA 

intergenic spacer sequences (ITS) with species-specific DNA oligo-targeters. Detection and optimization of 

A. baumannii amplicons using unmodified AuNPs were performed based on species-specific DNA 

oligonucleotide. The AuNPs assay was able to colorimetrically detect and distinguish A. baumannii from 

other ATCC bacterial isolates. The turnaround time of this assay was about 3 hours, including sample 

preparation and amplification, to show (0.025-6 ngµl-1) as a detection limit of DNA concentration. The 

efficacy of colorimetric detection was proved to effectively diagnose A. baumannii isolates with high 

sensitivity, simplicity, and robustness to rapidly diagnose A. baumannii isolates from different clinical 

samples. 
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Introduction: 
        Acinetobacter baumannii has become a global 

health threat and burden, especially in hospitals. 

Acinetobacter species were found to be the reason 

behind a wide range of hospital- acquired infections 

such as nosocomial pneumonia, urinary tract 

infections, meningitis, septicemia, endocarditis, 

burn, and wound infections 1- 3. A. baumannii is the 

most outstanding and virulent reason for bacterial 

pathogens, the infections which are caused by A.  

baumannii complex (ACB) predominantly referred 

to A. baumannii infections 4. This bacterium has 

been involved with two crucial human pathogens; 

firstly, it can survive on  alive and inert surfaces for 

a long time with high epidemic risks. Secondly, it is 

considered as one of the most multidrug-resistant 

microbes to many antibiotics such as carbapenems 

which probably leads to complicated medication 

issues 5. It causes complicated cases that may lead 

to death. It has been noticed by the medical 

community that A. baumannii can develop new 

mechanisms to be resistant to other clinical 

effective medicines employed 6. 

      Several studies have been reported by 

employing conventional biochemical tests and 

automated systems such as API20 E and Vitek GNI 
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card to detect A. baumannii 7- 9. However, these 

techniques encountered some challenges and were 

characterized by time-consuming, expensive, and 

semi-automatic methods that waste a significant 

amount of biological stuff 8, 10. Polymerase chain 

reaction (PCR), has a great ability to simplify, 

specify, diagnose, characterize and classify the type 

of bacterial infection11. The genus of Acinetobacter 

was identified by employing PCR to analyze the 

gene 16S rRNA 7. Furthermore, PCR tools were 

robust to identify Acinetobacter species with high 

sensitivity. However, there are some challenges 

encountered by this technology which require high 

expense and effort, complicated laboratory 

equipment with highly experienced people 11, 12 

It was obviously noticed that the biosynthesis 

method to prepare nanoparticles based on different 

materials such as silver and gold provided efficient 

ways to treat various diseases in biomedical 

applications13, 14. Particularly, AuNps was 

considered an effective metal against many 

pathogenic diseases and tumor cases15. Different 

methods based on chemical, physical, and 

biological materials were reported. interestingly, it 

was reported that the biological methods to prepare 

AuNPs based on extracted stuff from plants such as 

phytocompounds can produce an easy and less toxic 

process16. Some publications found that 

biosynthesis based on AuNPs is more efficient 

against gram-negative bacteria compared to gram-

positive bacterial strains, where gram positive 

possess a thick layer of peptidoglycan which has the 

ability to curb the AuNPs invasion17. 

         Gold nanoparticles (GNPs) were getting more 

commonly used than other metals, because of 

producing excellent biocompatible results with a 

high possibility to be employed in  biology and 

medicine fields, easy functionalization on the 

surfaces, high solubility, strong scattering, and 

absorption with eco-friendly material18. The gold 

spherical nanoparticles diameters roughly ranged 

(2-100 nm), which reveals a wide range of spectra 

for bacterial detection 10. The optical method which 

is used for bacterial pathogens detection based on 

NPs is classified into three techniques colorimetric, 

fluorescent, and nonlinear optical methods 18. In the 

present work, there will be highlighting on the 

colorimetric assay to detect A. baumannii from 

different clinical samples based on AuNPs. 

        In 1996, the first application of bacterial 

detection based on gold NPs using a colorimetric 

method of target DNA was achieved 19 . 

Colorimetric assay can either be used for qualitative 

detection via naked eyes based on a target-induced 

visual color change or quantitatively by depending 

on absorption measurement within the region of 

UV–Vis 20 . Gold nanoparticles offer unique 

features called Localized Surface Plasmon 

Resonance (LSPR), which is responsible for the 

intensity of red color in solution. The red-to-blue 

color change depends on aggregated AuNPs, which 

allow for easily visible detection without supporting 

any other instruments. This chromatic change of 

solution comes from salt addition that grants a 

negative charge to the surface of AuNPs due to 

citrate ions reduction  21 .   

        Li and his colleagues studied the interactions 

of single (ss-DNA) and double - stranded DNA (ds-

DNA) with AuNPs. It was observed that ss-DNA 

primers can be absorbed on the surface of 

unmodified AuNPs (negative charged) due to the 

attraction force with naked positive charged 

nitrogenous bases of ss-DNA22. Consequently, the 

primers will be restricted on the AuNPs surface, 

leading to aggregate the AuNPs and changing the 

colour solution to blue 10 . Whereas the repulsion 

phenomenon, which occurs with a negative charge 

phosphate backbone, will lead to preventing the 

absorption of ds-DNA on the surface of AuNPs 22. 

In this case, it will allow for AuNPs to resist salt-

induced aggregation with no red to blue colour 

change due to the presence of free ds-DNA primers 
10. 

 

Materials and Methods: 
Bacterial Isolates 

        A total number of 36 A. baumannii isolates 

were recovered from 375 samples (burns, surgical 

wounds, sputum, blood and urine) at Intensive Care 

Unite (ICU) wards of three different hospitals in 

Erbil city (Emergency Management Centre (EMC), 

Par Hospital and Virkary Children's Educational 

hospitals) and two hospitals in Mosul city (Al-

Jumhori Teaching Hospital/Burns ward plastic 

Surgery and Al-Salam Teaching Hospital)/Iraq from 

September 2020 to January 2021. Those 36 isolates 

of A. baumannii were previously diagnosed by 

cultivation (Chromagar Acinetobacter media, 

MacConkey, and blood agars), and biochemical 

tests (Catalase, Oxidase, API20E, and VITEK® 2 

system). These strains were employed to assess the 

ability of advanced detection. Seven references of 

ATCC strains have been used as controls, six of 

them are negative (other G-ve and G+ve bacteira) with 

only one positive as mentioned in Table 1.  
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Table 1. Types of ATCC strains that are used for A. baumannii detection as standard control strains. 
Isolate /Strain Sources Name of the bacteria Control 

ATCC 19606 MDC A.baumannii    Positive 

ATCC 14028 MDC Salmonalle typhi Negative 

ATCC 25922 MDC Escherichia coli Negative 

ATCC 23495 MDC Klebsiella pneumonia Negative 

ATCC 27853 MDC Pseudomonas aeruginosa Negative 

 ATCC 13048 MDC Enterobacter aeruginosa Negative 

ATCC 43300 MDC Staphylococcus aures Negative 

 

DNA Extraction of A. baumannii and reference 

ATCC strain 

         DNA extraction for all 36 A. baumannii and 7 

reference ATCC strains was achieved by using a 

manual method based on phenol/chloroform. Gel 

electrophoresis technique was carried out to confirm 

genomic DNA extraction of all isolates that showed 

clear bands. Then, it was stored in the refrigerator at 

4◦C 23. Bacterium-universal forward and reversed 

primers 5'-TTGTACACACCGCCCGTC-3'(18mer) 

and 5'-TTCGCCTTTCCCTCACGGTA-3'(20mer) 

(Humanizing Genomics Macrogen, Korea) were 

used to amplify a DNA fragment of 23S-16S rRNA 

intergenic gene spacer (ITS) 12 as observed in the 

Tables 2 and 3.  

 

Table 2. The optimal reaction mixture of 

PCR for 16S rRNA gene. 
Reagent (Conc.) Volume (µl) 

Master mix 20 

DNA templates (50 ng/uL) 2 

Primer forward (10 picoMol) 2 

Primer reverse (10 picoMol) 2 

MgCl2 0.5 

Free nuclease D.W 23.5 

 

Table 3. The optimum conditions of PCR thermocycling for ITS region. 
Stage Steps Temp(◦C) Time No. of cycles 

First Initial Denaturation 95 5 min 1 

Second I DNA Denaturation 94 30 sec 35 

II Primer annealing * 63 30 sec 

III Extension 72 90 sec 

Third Final Extension 72 5 min 1 

 

   * The optimum temperature (63 ◦C) at Primer 

annealing step.  

      The visualization of Amplicons was done in a 2 

% agarose gel at 7volt/cm 1x TBE buffer for 45 min 

stained with ethidium bromide. Fine PCR Clean-up 

Kit (SSufine, USA) was employed to purify PCR 

products. Then, a UV-Vis spectrophotometer 

instrument (NanoDrop, Analytik Jena™ 844-00200-

2, ThermoFisher Scientific Inc.) was utilized to 

determine the DNA concentration.  

 

Preparation of Gold Nanoparticle  

         Spherical AuNPs were reduced to Au ions by 

trisodium citrate dehydrate. Firstly, it was prepared 

(0.03 mol/L) of HAuCl4 solution by dissolving 1 g 

of HAuCl4 salt in 100 ml of deionized water. Then, 

0.8 ml of HAuCl4 solution was added to 16 ml H2O 

with magnetic stirring under reflux, followed by 

adding 2 ml of sodium citrate solution (1%) at a 

boiling degree. The mixed solution needs to stay 

boiling for 15 min and then cooled  at room 

temperature. After that, filter the produced wine-red 

colored solution using a 0.45 Mm syringe filter to 

be transferred into a new glass bottle 24.  

 

Characterization of Gold Nanoparticle 

     Some techniques were used to study the 

absorption spectra and morphological properties of 

AuNPs which are listed with procedures: 

 

X-ray diffraction preparation samples 

        Gold Nanoparticles were analyzed by 

employing X-ray diffraction. This process involves 

the reduction of AuNPs solution by dropping it on 

the glass surface under low heating equipment. The 

fallen drops will dry gradually to cover the glass 

surface used for visualization at 40 KV voltage. 

And then, the AuNPs were investigated by running 

the X-ray instrument at the voltage of 20 mA with 

Cu K radiations 25. 

 

Fourier Transform Infrared Spectroscopy 

(FTIR) 

        Fourier Transform Infrared measurements of 

AuNPs were achieved by using technology 

(IRAffinity-1-SHMADZU). This instrument can be 

used to measure the liquid and solid samples 

without preparation. FTIR scanning was achieved 
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within the range (500 - 4000 cm-1). 

 

Measurements of UV-Visible  

        Spectrophotometric measurements were 

achieved to confirm the wavelength scanning range 

of AuNPs by using a spectrophotometer instrument 

(UV-1900i, SHIMADZU, JAPAN). Absorbance 

measurements of the AuNPs were scanned within 

the range of (400–800 nm) region to find out the 

optimum wavelength 12. 

 

Field Scanning Electron Microscopic (FSEM) 

sample preparation 

       The morphological features of AuNPs were 

studied under Field Scanning Electron Microscopic 

imaging (Inspect F 50 FE-SEM, USA). The frozen 

and dried sample of synthesized AuNPs was 

sonicated with an ultrasonic instrument. The sample 

was basically prepared by placing a small drop of 

AuNPs solution on the clean glass slide to dry using 

the oven with kind heating gradually. The dried 

samples were transferred onto FESEM alumina 

supports and sputtered with gold by a coater of 

Blazers. The photographs were picked up under a 

range (14-10 6X) magnification and a width 19.9 

mm26.  

 

Transmission Electron Microscope (TEM) 

     The morphology and size of gold nanoparticles 

were characterized by considering TEM technology. 

The procedure was carried out by spreading one 

drop of GNPs suspension onto carbon-coated TEM 

copper grids. Then, a Tecnai G2 Spirit transmission 

electron microscope equipped with a BioTwin lens 

configuration (TEM Carl Zeiss EM10C-100Kv- 

Germany) was employed by applying 80 kV of 

accelerating voltage 27.  

 

Colorimetric detection of A. baumannii isolates  

        Colorimetric detection of A. baumannii based 

on unmodified spherical AuNPs and Amplicon of 

ITS region DNA was carried out. Sequencing 

detection includes adding 1µL of Amplicon product 

to 2 µL of hybridization buffer. This buffer consists 

of two oligo-targeters (specific targets sequence), 

the first one is (ACB 5'- 

GACTGGTTGAAGTTATAGA-TAAAAGAT-3') 

used for genus, and another one is (ACI 5'- 

AATTCATATACCAAAACGCTCGATTC-3') 

utilized for species28. The mixture of reaction 

consists of (0.3 µmol.l-1 oligotargeters, 1.3 mmol l-1 

phosphate buffer (pH 7.4), and 15 mmol l-1 NaCl) 

were added to each other. The Denaturation occurs 

when the mixture reaction is heated for 3 min at 95 

◦C, followed by cooling the reaction to 50 ◦C for 1 

min annealing. After that, 200 µL of AuNPs was 

added where the images would be picked up when 

changing the color from red to blue for 10 min. The 

scanning process was done for each sample using a 

spectrophotometer (UV-Vis) within the 

wavelengths of (400 to 800nm) 12.  

 

Optimal AuNPs prototype assay of A. baumannii 

detection 

        A series of various DNA target concentrations 

were prepared from (0.01-15 ngµl-1), 1 µL was 

taken from each concentration to be individually 

mixed with 2 µLof hybridization buffer 1.3mmol l-1 

pbs (pH7.4), 15 mmol l-1 NaCl and various 

concentrations of oligotargeter (0.5-7 pmol/ µL). 

The mixed solutions were heated to 95 ◦C for 

denaturation event for 3 min and then decreased the 

temperature to 50 ◦C for the annealing step for 1 

min. After that, 200 µL of AuNPs were added to the 

mixture. The color solution would change from red 

to blue as a result of AuNPs aggregation. Different 

responses of mixture solutions have been 

determined at various wavelengths ranging from  

400-800 nm  to find out the highest reading. The 

same process was done with negative control by 

adding only 2 µL of Salmonella typhi DNA 

(ATCC) to be mixed with 2 µL hybridization buffer 
29. 

   

  Statistical Analysis 

        In the current study, analysis of the size 

distribution of the prepared AuNPs was measured 

by Java-based image processing program. 

Moreover, the results of Absorbances were 

statistically analyzed based on Excel to show the 

Absorbance ratio (A610/A520) of Colorimetric 

responses of A. baumannii based on AuNPs 

protocol and optimium concentrations of both NaCl 

and DNA. 

  

Results and Discussions: 
Result  

        In the current study, one positive control 

(ATCC 19606) of A. baumannii was employed as a 

reference strain, while 6 negative controls belong to 

different bacterial strains (ATCC 14028, ATCC 

25922, ATCC 23495, ATCC 27853, ATCC 13048, 

and ATCC 43300) were utilized. Those 36 isolates 

of A. baumannii were previously diagnosed using 

different strategies such as conventional methods, 

cultivation, biochemical tests, API20E, and 

VITEK® 2 system. Furthermore, all A. baumannii 

strains have been identified by the molecular 

method based on the amplification of the 16S rRNA 

ITS region using universal primers and gel 

electrophoresis, size of amplicon (1242 bp) as 

observed in Fig. 1. 



Open Access     Baghdad Science Journal                                 P-ISSN: 2078-8665 

Published Online First: January, 2023                         2023, 20(4): 1228-1241                                            E-ISSN: 2411-7986 

 

1232 

 
Figure 1. Electrophoresis of PCR product (clean up) of 16S rRNA on Agarose gel (2%) for 45 min at 7 

volt/cm, 1242bp. Lane 1-26: A. baumannii isolates with ATCC; Lane (27) S. typhi; Lane (28) E. 

aerogenes; Lane (29) P. aeruginosa; Lane (30) E. coli; Lane (31) K. pneumonia; Lane (32): S. aureus 

(33) respectively. 

 

Characterization of AuNPs  

        In this study, different characterization 

methods were used to confirm AuNPs by: 

XRD:          
        The first technique was used to investigate 

gold nanoparticle sizes. Four different peaks of gold 

nanoparticle diffraction pattern with Miller Index 

were obtained at 2 Theta (2θ) values scale  38.25, 

44.35, 64.5, and 77.07. These peaks are respectively 

compatible with the (111), (200), (220), and (311) 

sets of lattice planes, observed and indexed to the 

face-centred cubic structures for gold to produce the 

same database of some publications 30, 31  as shown 

in Fig. 2. 

 

 
Figure 2. X-ray diffraction (XDR) analysis of synthetic AuNps by Tri-sodium citrate

        RD was successfully achieved to produce four 

peaks, as noticed in Fig. 2 above. In the current 

study, a peak at 38.2° attributed to the (111) 

diffraction plane of Au. This peak confirms the 

formation of crystalline Au in the face-centered 

cubic structure corresponding with JCPDS# 04-

0784. The appearance of the high intensity peak 

(111) comes as a result of adding more AuNps in 

the solution compared with other peaks that hold 

(200), (220), and (311) that produced poor spectra 

less than one. All intensities are assigned to 

diffraction peaks of gold metal. The current results 

were relatively identical with a previous study that 

reported three peaks of AuNps (111), (200), and 

(220) produced by the XRD technique 32, 33. 

        However, it was demonstrated that the 

diffraction of gold nanoparticles products is not 

entirely pure, despite the appearance of the 

diffraction pattern. The present finding supports the 

author's study, which reported that the AuNPs peaks 

are not completely pure 34. 
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FTIR:  

        This technique is an indication of the 

absorption bands for the characterization of Gold 

(NPs) which were prepared by tri-sodium citrate. 

The results have shown a high intensity of AuNPs 

at 524 cm−1. Moreover, two strong bands at 

different intensities were shown, the sharp band was 

noticed at 1612 cm−1 is related to (C=C) stretching 

vibrations, while the broad band which has been 

observed at 3244 cm−1 is assigned to O-H stretching 

vibrations as explained in Fig. 3. 

 

 

 

 
Figure 3. Fourier Transform Infrared Spectroscopy (FTIR) analysis spectra for AuNPs chemically 

synthesize

        FTIR results that are mentioned in Fig. 3 are 

relatively compatible with the FTIR analysis that 

was reported by Moghaddam and co-workers to 

reveal the intensities 577, 1641, and 3416 cm−1 that 

are related to AuNPs, (C=C) and O-H stretching 

vibrations respectively 35. 

UV-Vis:  

        Another technique was carried out to 

investigate the optical features of synthesized 

AuNPs using UV-Vis spectroscopy within the range 

of wavelength  400-800 nm. The reduction of 

HAuCl4 to AuNPs has been successfully confirmed 

due to observing the color change of the reaction 

mixture from yellow to red 31 . In the present work, 

a sharp absorption peak of Gold-NPs at 521 nm was 

noticed, which is known as Surface Plasmon 

Resonance (SPR) as shown in Fig. 4. 

 

 
Figure 0. UV-Vis of maximum absorption spectrum of synthesized AuPNs 

 

        In the UV-VIS technique, a maximum 

response was produced at 521 nm as a result of 

HAuCl4 reduction by Tri sodium citrate to form 

AuNPs to significantly correspond with the surface 

plasmon resonance (SPR) band as shown in Fig. 4. 

The current findings were significantly compatible 

with the recent paper that reported a strong response 

(SPR) of Gold-NPs at 520 nm as a result of the 

yellow to red color change 27.  
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 FE-SEM:  

        The morphology of synthesized AuNPs was 

studied using (Inspect F50 FE-SEM) technology 

under magnification (130000X) and working 

different sizes ranging 15-24 nm. The present data 

showed much finer AuNPs when compared with 

another study conducted in 2013, Gold-NPs were 

measured by SEM that showed particles in spherical 

morphology within the size range of  53-67  nm 

with few aggregations  30 as shown in Fig. 5. 

 

 
Figure 5. Field emission scanning electron microscopy (FE-SEM) image showing the spherical 

morphology of gold nanoparticles. 

 

        The present data showed  finer AuNPs when 

compared with another study conducted in 2013, 

gold-NPs were measured by SEM that showed 

particles in spherical morphology within the size 

range of  53-67 nm with few aggregations 30. 

 

TEM:  

        This technology was employed to check the 

morphological features of AuNPs, including shape 

and size under different magnifications  21,560, 

60,000, and 100,000 KX  respectively. The 

micrographs refer that AuNPs were spherical in 

shapes, uniform distribution with few aggregated 

particles. The mean of gold particles size was 

measured to be 17.48 ±2 nm using a Java-based 

image processing program, which supports FE-SEM 

results as observed in Fig. 6. The characteristics of 

GNPs in the current study were relatively 

compatible with the findings of another recent 

publication, which was performed in 2021, that 

revealed spherical shapes with an average particle 

size of 22.18 ±2 nm  27 . 
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Figure 6. Transmission Electron Microscope (TEM)  Characterization of gold nanoparticles (GNPs) 

under different magnifications (A) 21,560KX, (B) 60,000KX, (C) 100,000KX, and (D) Analysis of the 

size distribution of the prepared AuNPs measured by Java-based image processing program. 

Optimization of Colorimetric assay 
        The color solution of colloidal gold-NPs is 

significantly influenced by some major parameters:  

Phosphate buffer saline PBS, AuNPs, primer 

concentrations, and temperature  29. However, in the 

present, it was observed that two other factors had a 

significant effect on the color change of AuNPs, 

such as buffer and target DNA concentrations. A. 

baumannii isolates were investigated using the 

colorimetric technique with positive and negative 

controls (ATCC) were equivalently employed. The 

positive and negative controls were compared with 

each other to observe different colors. The negative 

control created a sharp response at 520 nm with no 

color change (red), while the positive control 

produced an abroad absorption peak shifting at 610 

nm with red to blue color change as seen in Fig. 7. 

 

 
Figure 7. The absorption peaks of (ATCC) including negative (Salmonella typhi 14028) and positive (A. 

baumannii 19606) samples that showed (non-aggregated AuNPs; red) at 520 nm and (aggregated 

AuNPs; blue) at 610 nm respectively. 

 



Open Access     Baghdad Science Journal                                 P-ISSN: 2078-8665 

Published Online First: January, 2023                         2023, 20(4): 1228-1241                                            E-ISSN: 2411-7986 

 

1236 

        The surfaces of AuNPs were covered with 

citrate anions (negative charges). These anions have 

no ability to aggregate the nanoparticles, the red 

color stays with no change. Salt (NaCl) increases 

the growth of nanoparticle clusters, leading to 

shifting in color from red to blue. In the current 

study, the optimum concentration of NaCl was 

examined to be  200 mmol l-1  to produce a response 

at 610 nm a color change to blue as explained in 

Fig. 8. 

 

 
Figure 8. Investigation different concentrations 

of NaCl ranged from  6.6, 13.3, 20, 26.6, 33.3, 

66.6, 133.3, 200, 333.3, 530.3, 666.6 mmol l-1, to 

find out the optimal concentration that leads to 

red to blue color change. 

        

 In the AuNPs protocol, various concentrations of 

ss-DNA  0.025, 0.15, 0.3, 0.9, 1.5, 3, and 6 ngµl-1,  

have been investigated, and then compared with ds-

DNA as a negative control to determine the 

detection concentration of ss-DNA added that 

ranged  0.025-6 ngµl-1  as noticed in Fig. 9. 

 

 

 

 
Figure 9. (A) The colorimetric responses of 

AuNPs solution with ssDNAs at absorbance ratio 

(A610/A520) (B) Nano-gold assay detection limit 

of A. baumannii PCR amplicon  ATCC 19606  

ranged  0.025 - 6 ngµl-1  compared with the 

negative control  Salmonella typhi ATCC 14028 .  

        

Interestingly, the absorbance ratio (A 610 /A 520) 

nm was employed to assess the aggregation degree 

of AuNPs in the solution. The low value of ratio 

refers to the dispersion of AuNPs; however, the 

high ratio indicates that gold NPs have been 

aggregated well in the solution. As a result, the 

optimal concentration of PCR amplicon to achieve 

high GNPs aggregation is  0.9 ngµl-1 . The present 

results showed a high agreement with Yang et al. 

interpretation 36.  

        All isolates that were already identified as 

positive, were investigated with positive and 

negative ATCC controls based on AuNPs protocol. 

Those isolates produced a shift in response at 610 

nm with red to blue or purple color change. In 

contrast, different strains of ATCC negative 

samples were tested to produce an absorption band 

at 520 nm with no color change (red), as observed 

in Fig. 10: A, B and C. 
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Figure 10. Colorimetric detection of A. baumannii isolates (1-36) with positive ATCC (A.baumannii), 

AuNPs blank and negative ATCC (S. typhi, E. aerogenes, P.aeruginosa, E. coli, K. pneumonia, S. 

aureus). (A) Photographs of AuNPs solutions in the presence of ssDNA with species-specific 

Oligotargeters. (B and C) Absorbance ratio (A610/A520) show Colorimetric responses of A. baumannii 

based on AuNPs protocol. 
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Discussion: 
        Many recent papers have been reported by 

employing conventional biochemical tests, API20 E 

and automated VITEK®2 GNI card to detect A. 

baumannii 8, 9, 37.  However, these techniques 

encountered some difficulties such as time-

consuming, expensive, and semi-automatic 

techniques to waste large amounts of biological 

reagents 8, 10. In the current study, all 36 isolates of 

A. baumannii were previously diagnosed using 

different strategies such as conventional methods, 

cultivation, biochemical tests, API 20E, and 

VITEK® 2 systems. Another technique was 

employed to identify those isolates utilizing the 

molecular method. This technique was based on the 

amplification of the 16S rRNA ITS region using 

universal primers and gel electrophoresis, size of 

amplicon 1242 bp  with only one positive control 

(ATCC 19606) of A. baumannii as a reference 

strain, while 6 negative controls that belong to 

different bacterial strains (ATCC 14028, ATCC 

25922, ATCC 23495, ATCC 27853, ATCC 13048, 

and ATCC 43300) were utilized as shown in Fig. 1. 

        The internal transcribed spacer (ITS) region 

was considered a known region to characterize 

different bacterial species. Genus and species-

specific oligotargeters were used by Ko  and co-

workers to recognize the ITS region of 

Acinetobacter complex 28. 

        The previous results of PCR showed an 

accurate confirmation that all Acinetobacter species 

whose conventionally diagnosed were indeed A. 

baumannii based on the 16S rRNA  38. Furthermore, 

specific oligo-targeters of Acinetobacter spp was 

employed to identify the ITS region which is a 

typical fingerprint of bacterial isolates recognition. 

        The principle of this method is to identify A. 

baumannii based on AuNPs by extracting DNA 

from bacterial colonies. After the amplification of 

DNA, the oligotargeters were used to detect PCR 

products based on unmodified spherical GNPs. 

Several parameters such as size, shape, and 

temperature of GNPs, as well as oligotargeters and 

salt concentration, have a direct influence on the 

GNPs assay 12 . Therefore, these factors were 

carefully optimized to obtain the best results. In the 

present work, the denaturation step was carried out, 

the PCR products were heated up to 95◦C for 3 

minutes to break the hydrogen bonds and split the 

dsDNA to ssDNA. Then, the reaction was cooled at 

55 ◦C for 1 minute annealing to enable ssDNA 

binding with oligotargeters. These steps were 

compared with another publication to show a   high 

consistency by using  94-96 ◦C to denaturation the 

Amplicon, followed by decreasing the temperature 

to the range of  45-60 ◦C at the annealing step 39. 

After that, 200 µL of AuNPs was added to stabilize 

the ssDNA  primers in the colloidal solution to stop 

salt-induced clustering. In general, the amplicon 

(ssDNA) has a significant absorption on the surface 

of AuNPs compared with dsDNA. Consequently, 

the coated AuNPs with ssDNA are becoming more 

stable compared with uncoated Gold, this 

interpretation showed a high agreement with 

another study 40 . 

        The primers combine with the complementary 

DNA sequence in the target-present (positive 

sample), leading to aggregation after adding the 

AuNPs in the presence of salt in hybridization 

buffer to obtain a signal shifted at 610 nm with red 

to blue color change. While the ssDNA primers 

remain with no binding in the case of DNA target 

absence that leads to stabilizing AuNPs and 

preventing the aggregation by the salt to produce a 

peak at 520 nm with no change color from red to 

blue. These steps were compatible with the 

procedure performed by an Arabian study in Qatar 

that shows a color change from red to blue 10 . The 

detection range of DNA Amplicon was carried out 

to be 0.025-6 ngµl-1. The optimal concentration was 

chosen for DNA to be 0.9, which revealed a higher 

aggregation of AuNps. The current study showed 

higher sensitivity compared with the detection limit 

of a published paper (0.4-13 ngµl-1) 12. 

         It was noticed that the absorbance of positive 

samples and ATCC A. baumannii at 520 nm 

revealed low values compared with the increased 

responses at 610 nm to show high ratios (A610/ 

A520) due to color change to blue. In contrast, the 

intensities of negative samples (AuNPs Blank and 

ATCC) showed higher values at 520 nm compared 

with 610 nm that produced low values leading to 

lower ratios (A610/ A520) nm due to no shifted 

occurrence with no color change (red) as shown in 

Fig. 7. The high ratios (A610/A520) indicate the 

significant aggregation of AuNPs compared to the 

lower ones that attribute to weak AuNPs clustering 

in the solution. These data revealed high 

compatibility with the recent research that was done 

in 2018 36. Accordingly, the ratio (A610/ A520) was 

employed as a function of quantitative 

determination of target DNA concentration in the 

mixture solution. These findings were highly 

consistent with a previous study, which reported 

that an absorbance peak ratio at 610 nm and 520 nm 

could be effectively employed to detect the 

concentration of DNA target 41. 

 

 

 

Conclusion:  
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         In conclusion, an eco-friendly strategy was 

employed to prepare AuNPs based on trisodium 

citrate, described as a reducing and non-dispersive 

agent that resists the change in pH solution. In the 

current research, different characterization 

techniques, XDR, FTIR, UV-VIS, FE-SEM, and 

TEM, are employed. However, TEM, FE-SEM, and 

UV-Vis have efficiently been considered  the most 

common characterization methods. Both TEM and 

FE-SEM provide high-resolution images for better 

understanding to measure AuNPs features such as 

particle size distribution and spherical morphology. 

Furthermore, UV-Vis is used to study the 

absorption peaks of AuNps shifted in SPR and gain 

more information about conjugation and 

aggregation. AuNPs are successfully prepared and 

detected using a colorimetric assay by showing a 

sharp intensity at 610 nm due to the color change 

from red to blue. AuNPs is an interesting metal to 

be more commonly used for bacterial detection by 

many researchers than other metals, due to their 

high stability, optical features, high 

biocompatibility, and ease of surface 

functionalization. Consequently, the colorimetric 

assay based on AuNPs is characterized as sensitive, 

simple, rapid, robust, and inexpensive that had a 

high potential to diagnose A. baumannii from 

different samples compared to conventional 

methods. 
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معدلة لتحديد عزلات بكتريا التطوير طريقة التحليل اللوني باستخدام الجسيمات النانوية من الذهب غير

Acinetobacter baumannii  مختلفةمن عينات 
 

 2هناء ناجي عبدالله            2اماني محمد جسم             1محمد موفق سحري

  
 .العراق تلعفر، جامعة كلية التمريض ،1 
 .، بغداد ،العراقالتقنيات الصحية والطبية الجامعة التقنية الوسطى كلية 2 

 

  :الخلاصة

أحد المشاكل الصحية الخطيرة لكونها بكتيريا ذات مقاومة عالية للأدوية المتعددة  Acinetobacter baumannii  تعُد بكتريا    

و تطوير طريقة التحليل اللوني للكشف الكمي عن الحامض النووي لأغلب المضادات الحيوية المتاحة تجاريا. إن الهدف من هذه الدراسة ه

من عينات مختلفة ) الحروق والجروح والبلغم  (AuNPs)بالاعتماد على جسيمات الذهب النانوية  A. baumanniiلبكتريا  DNA الهدف

الى شهر  2222العراق من شهر أيلول  من ثلاث مستشفيات في A. baumanniiوالدم والادرار( . تم جمع سته وثلاثون عزلة بكتيرية 

 3و  DNA عزلة من الحامض النووي 33 . تم اجراء العزل البكتيري والاختبارات الكيموحيوية متبوعة باستخلاص2221الثاني  كانون

 ATCC (Salmonalle typhi, Escherichia coli, Klebsiella pneumonia, Pseudomonasسلالات قياسية سالبة 

aeruginosa, Enterobacter aeruginosa, Staphylococcus aures و سلالة موجبة )ATCC  واحدة تعود لبكترياA. 

baumannii  باستخدام طريقة الفينول/كلورفورم تم تصنيعAuNPs  طريقة اختزال السترات وفحصت بالـ باستخدامXDR  و FTIR و 

UV-VIS وFE-SEM  وTEM التحليل اللوني اعتماداً على جسيمات الذهب النانوية )ألكروية( غير المعدلة. تم تضخيم . وظفت طريقة

للحامض  oligotargeters( مع البادئ المستهدف المتخصص ITS)  16S rRNAلتسلسل الجينوم للمنطقة الفاصلة  PCR بتقنية الـ

باستخدام جسيمات الذهب النانوية غير المعدلة  A. baumanniiالأفضل للبكتريا  amplicon. أجري فحص واختيار  DNAالنووي

AuNPs إذ تمتلك .AuNPs  قابلية على كشف وتمييز بكترياA. baumannii  لونياً عن باقي السلالات الأخرى للبكتريا القياسية. وكان الوقت

( كحد ngµl-1 3-2.220العينة والتضخيم بحدود )ساعات، بما في ذلك عمليتي إعداد  3المستغرق لإجراء التحوّل لهذه العزلة القياسية حوالي 

بحساسية عالية وبساطة وقوة في  baumanniiالحامض النووي البكتيري. اثبتت كفاءة كشف التحلل اللوني لتشخيص عزلة  لتركيز كشفي
 من عينات سريرية مختلفة A. baumanniiالتشخيص السريع لعزلات 

 

  ،تفاعل البوليمراز المتسلسل16S rRNA جسيمات الذهب النانوي، الفحص اللوني، , Acinetobacter baumanniiالكلمات المفتاحية: 
  

 


