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Abstract: Extracellular biosynthesis of gold nanoparticles (AuNPs) becomes a significant approach to 

NPs preparation. Development in medical diagnostics focuses on the nanomaterials, particularly 

AuNPs. This study focuses on the biogenic synthesis of AuNPs and, additionally, the use of the 

chemicals made-up in medical detection of hepatitis C Virus-NS4 (HCV-NS4). Cell-free extracts 

(CFE's) and cell biomass (CBM) of E. coli ATCC 8739, B. subtilis ATCC 6633, St. thermophilus ESH1 

and L. acidophilus DSMZ 20079T mixed with Tetrachloroauric acid (HAuCl4) at 1:1(v/v) ratio, kept at 

distinctive temperatures and pHs for time intervals, and observed for AuNPs biogenesis. The chemically 

made-up AuNPs, 5'- hexanethiol, and the critical 20-base target oligonucleotide mixed. Single-stranded 

DNA (ssDNA) adsorbate on citrate-coated AuNPs used for the detection of the HCV-NS4 target 

oligonucleotide sequence. This study has advanced fast biogenic synthesis of stable AuNPs from 10-3M 

HAuCl4 utilizing the bacteria mentioned above at 37 oC, pH 7, and within fifteen minutes. UV spectrum 

at 520 nm, XRD, and TEM assured the development of AuNPs. Incorporated created up AuNPs 

recorded broad uptake bands and obtained the color modification from crimson to blue. The results 

directed to the biogenic synthesis of AuNPs and the attainable utilization of made-up AuNPs to seek 

out HCV-NS4.   

Keywords: Gold nanoparticles; HCV-NS4; oligonucleotide; ssDNA; UV-spectra; XRD. 

© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

The field of nanotechnology gained attention in the recent past due to a wide spectrum 

of applications from biosorption and catalysis, therapeutics, rescue system, factory, farms, 

consumer goods, cosmetics, bioremediation, and biosensors design to diagnostics and 

medicinal applications [1-8]. Physical and chemical methods used for the synthesis of 

nanomaterials are often toxic and flammable [9], need extreme conditions, and environmental 

toxic or biological hazards reducing agents that are too harsh and non-ecofriendly. 

Alternatively, biological approaches using microorganisms and plant extracts for metal 

nanoparticles synthesis suggested as valuable options to traditional methods [10-14] and 

bionanofactories [15]. Attention paid to the biosynthesis of nanomaterials using bacteria [16-

19]. The exposure of Bacillus subtilis treated with gold chloride resulted in the synthesis of 
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gold nanoparticles (AuNPs); however, Beveridge et al. [20] demonstrated that gold particles 

of nanoscale dimensions readily precipitated within bacterial cells by incubation of the cells 

with Au3+ ions. Biosynthesis of AuNPs has been carried out using Rhodopseudomonas 

capsulate [21-23], Bacillus subtilis [24], and actinomycetes [14,25]. An extracellular 

biosynthesis using cell supernatant of the bacteria Pseudomonas aeruginosa [26], the 

thermophilic bacterium Geobacterium stearothermophilus [27], a Gram-negative bacterium P. 

fluorescence [28] and Klebsiella pneumonia [29] have also been described. Although the 

mechanism for the reduction of AuNPs in the bacterium is still not well understood, earlier 

reports claimed that an enzyme belonging to the NADH reductase family was involved [30-

32]. The fight of certain capping proteins secreted by the bacterium G. stearothermophilus in 

the organization and stability of AuNPs was confirmed [27].  

Infectious diseases are still a serious health care problem. Despite advancements in 

pathogen identification, some of the gold-standard diagnostic methods have limitations. 

Innovative, sensitive, specific, robust, and fast approaches to diagnosis are urgently required. 

In this connection, nanotechnology introduces a great chance to produce quick, correct, and 

cost-effective diagnostics to detect the pathogenic infectious agents [2,3,10,33,34]. The highly 

specific recognition properties of biomolecules combined with the unique visual properties of 

the inorganic nanoparticles make these composite materials attractive for use in the fields of 

diagnostics (non-photo bleaching immunolabels), sensitive probes for polynucleotide detection 

[35,36] and nanotechnologies [37]. The absorption of gold ions played a significant function 

in shaping and stabilizing the frame of gold nanocrystals [24,38]. AuNPs sow unique optical, 

thermal, chemical, physical, and electronic properties, derived from their size and composition 

[39,40]. AuNPs of absorption at 520 nm appears red when suspended in solution. Upon 

aggregation, their absorption occurs at 740 nm, and the color changed from pink to blue due to 

the surface Plasmon of AuNPs. This change from crimson to blue color provides an answer to 

the comportment of a specific DNA target. When coupled to affinity legends, these AuNPs, 

when conjugated with specific oligonucleotides, can sense complementary DNA strands that 

detected by color changes [40,41]. Using AuNPs and their plasmonic shifts, the detection of 

nucleic acids of the pathogens attained [41], even in complex media like blood [42].  

Complete eighty-five percent of the world 's nearly 170 million infected viral hepatitis 

(HCV) viruses are present in parts of Africa, Southeast Asia, and Middle Eastern nations. It is 

infecting an estimated 500,000 Egyptian annually. In particular, genotype 4 HCV is very 

prevalent in Egypt, with 19% of the population infected. Despite this, frightening work 

administered characterizing the diversity of the genotype 4 sequence, which can be important 

to develop effective antiviral vaccines and therapies to address this genotype [43]. Egyptian 

population has an illness from the HCV, particularly strains 4 that is way common in Egypt are 

increasing. Central to combating this deadly malady, economic diagnostic tools capable of 

widespread population screening devised. They applied nanotechnology as some way to detect 

viral RNA in a blood sample directly and concluded if the color remains red, the virus is not 

present. If it shifts to blue, the sample is positive for HCV infection [44]. Another survey [45] 

detected HCV-NS4 antigen in patients with chronic hepatitis C exploitation ELISA assay. They 

concluded that the detection of antigens by ELISA is a true check to confirm HCV infection. 

Recently, Draz and Shafiee [46] reviewed the developed applications of AuNPs in virus 

detection in terms of sensitivity, and detection varies, and time.   

Since diagnosis is is that the primary strategy of virus management and elimination, 

and looking forward to the traits of a made-up AuNPs, this study aimed to develop the biogenic 
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synthesis of AuNPs by means that of bacteriologic systems and application of the made-up 

AuNPs in clinical detection and diagnosing of HCV genotype four. 

2. Materials and Methods 

 2.1. Microorganisms and media. 

Escherichia coli ATCC 8739, Bacillus subtilus ATCC 6633 and DSMZ 20079 T for 

Lactobacillus acidophilus from our culture collection (Bacteriology Unit at Botany 

Department, Faculty of Science, Tanta University). Both E. coli and B. subtilus cultivated in 

Luria and Bertani (LB) broth containing (per liter): 10.0 g Tryptone; 5.0 g yeast extract, and 

10.0 g sodium chloride [47]. Streptococcus thermophilus ESH1 isolated from yogurt. Both L. 

acidophilus and St. thermophilus cultivated in ST broth containing (per liter): 10.0 g casein 

enzymes hydrolyzate; 5.0 g yeast extract; 10.0 g sucrose, and  2.0 g dipotassium hydrogen 

phosphate [48]. 

2.2. Biogenic synthesis of AuNPs from bacteria. 

Luria and Burrous and ST broths prepared, sterilized, and inoculated with freshly grown 

inoculums (18 h) of the test strains E. coli ATCC 8739, B. subtilis ATCC 6633, St. 

thermophilus ESH1 and L. acidophilus DSMZ 20079T (1 x 105) cfu/ml. Growth was performed 

in 250 ml Erlenmeyer flasks containing 100 ml growth medium. The culture flasks incubated 

for 24 h at 35oC, and then the cells were separated from the culture by centrifugation at 1360 

xg for 20 min. The resultant pellets were used as wet cell biomass (CBM) for further 

experiments. Other pellets were resuspended in deionized water for 24 hours, centrifuged at 

1360 xg for 20 min, and the clear supernatants used as cell-free extracts (CFE's) for further 

experiments. Different concentrations of tetrachloroauric acid (HAuCl4) were added to the CFE 

or the suspended wet CBM of each bacterium in a 1:1 (v/v) ratio. Mixtures were kept at 

different temperatures 25, 30, 35, 40, and 45oC and pH 7 for different time intervals, and 

observed for nanomaterial formation and color change. Change in color from light yellow to  

pink color is characteristic of AuNPs formation in the solutions. 

2.3. Chemical preparation of AuNPs. 

Rounded approximately 13 nm diameter AuNPs prepared by the citrate reduction of 

HAuCl4.3H2O [51]. An aqueous solution of HAuCl4.3H2O (1 mM, 100 ml) brought to reflux 

while stirring. Then 10 ml of 1% trisodium citrate solution (as nucleating and reducing agent) 

added quickly, which resulted in a change in solution color from pale yellow to deep red. After 

the color change, the solution was refluxed for an extra 15 min, allowed to cool to room 

temperature. A typical solution of 13 nm diameter AuNPs exhibited a characteristic surface 

plasmon band centered at 518-520 nm [49]. 

 2.4. UV-visible and fluorescence spectroscopy. 

The formation of AuNPs characterized by UV-visible spectroscopy using a Shimadzu 

UV-160A Spectro-photometer used at a resolution of 1 nm. Steady-state emission spectra 

measured using a Shimadzu RF 510 spectrofluorophotometer and the fluorescence spectra of 

nanoparticles analysis carried out as illustrated [50,51].  
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2.5. Transmission electron microscopy (TEM). 

The AuNPs formed by the CFE's and CBM of the test bacteria imaged using TEM; Joel, 

100SX, Japan with AMT digital camera. Each specimen separated ultrasonically, and one or 

two drops of the suspension deposited onto holy-carbon coated TEM copper grids and dried 

using an infrared lamp before taking photography.  

2.6. X-ray diffraction analysis. 

The formation of AuNPs checked by XRD technique using an X-ray diffractometer 

(Phillips PW 1729/40 generator, diffractometer, one line reactor) with Cu Kα radiation λ = 

1.5405 Å over a wide range of Bragg angles (20 to 80°). Glass slides coated with of AuNPs 

tested. For more efficient XRD studies, slides were primarily coated with silica gel and then 

loaded with AuNPs solution before drying. 

2.7. Target oligonucleotide detection procedure. 

The nanoparticle-based detection protocol applied here with two different probes that 

would align in a head-to-tail fashion to the complementary 20-base target oligonucleotide 

(Fig.1). The lyophilized target oligonucleotide was suspended in 1 ml of a stock 0.1 M NaCl, 

10 mM phosphate buffer, pH 7. In clean and sterilized Eppendorf tubes, take 0.2 ml AuNPs of 

stock suspension in separate Eppendorf tubes, from each probe 1 and 2, mix 0.2 ml with 0.2 

ml of the stock solution. Allow the mixture to stand for 16 h after first shaking. 

 
Figure 1. Alkanethiol probe oligonucleotide-modified 13 nm diameter Au nanoparticles (probes 1 and 2) and 

target oligonucleotides (3) used for colorimetric detection. Dashed lines represent hexanethiol, HS-(CH2)6 

groups of the mercapto alkyl oligonucleotide strands bound to the nanoparticles. 

2.8. Colorimetric detection of HCV genotype 4. 

A target oligonucleotide of high CG ratio selected in this experiment which is a part of 

the genome sequence in HCV genotype 4 according to Genome Data Base. The selected target 

oligonucleotide sequence was (5'-CCA AGA GGG A CGGGA ACC TC-3'). Two 

complementary probes synthesized and linked to hexane thiols as follows: Probe 1: 3'-GGT 

TCT CCC T (CH2)6-HS 5' and Probe 2: 3'-GCC CTT GGA G (CH2)6-HS 5').     

Oligonucleotides and probes purchased from Sigma in a lyophilized form of the following 

amounts: Probe 1 Code 000040: 5’-[HS-C6]- TCCCTCTTGG-3' ( 21.8 nmol) and Probe 2 

Code 000050: 5’-[HS-C6]-GAGGTTCCCG-3' (373.4 nmol), and Target oligonucleotide Code 

000060: 5’-CCAAGAGGGACGGGAACCTC-3' (35.5 nmol). An aqueous solution of HAuCl4 

(1mM, 500 ml) refluxed during stirring, and then 50 ml of 38.8 mM trisodium citrate solution 

added quickly. Accordingly,  the pale yellow color has changed to a deep red. After the color 

change, the solution was refluxed for the other 15 min and then allowed to cool to room 

temperature. A solution of absorbance: A = 2.5 absorbance units applied as a decent answer. 
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2.9. Loading of gold nanoparticles modified with 5'- alkanethiol probes and spectrophotometric 

detection. 

AuNPs of ≈ 13 diameters were chemically modified with 5'- hexanethiol probes in two 

separate experiments. The UV-vis spectra of solutions measured using a quartz cuvette of 2 

mm path length and the solutions used without further dilution. The target oligonucleotide was 

detected using probe-loaded gold nanoparticles (Alkanethiol probe oligonucleotide-modified 

13 mm diameter AuNPs probes 1 and 2, and target oligonucleotides 3). The nanoparticle-based 

applied two different investigations that would adjust in a head-to-tail fashion to the 

complementary 20-base target oligonucleotide used for colorimetric detection. Dashed lines 

represent hexanethiol, HS-(CH2)6 groups of the mercapto alkyl oligonucleotide strands bound 

to the nanoparticles. Eppendorf tubes containing the mixture of both two solutions were frozen 

in liquid nitrogen for 5 min and then it was dissolved at room temperature. The absorption 

spectrum measured against a buffer solution as a blank using a 0.1 mm path length cuvette. 

3. Results and Discussion 

Cell-free extract (CFE's) of the four bacteria Escherichia coli ATCC 8739, Bacillus 

subtilus ATCC 6633, Lactobacillus acidophilus DSMZ 20079T and Streptococcus 

thermophilus added to different concentations of HAuCl4 solutions  10-1- 10-5 M in 1:1 (v/v) 

ratio at 37oC and pH 7. The highest absorbance observed at 520 nm (Table 1), corresponds to 

the concentration 10-3 M HAuCl4. 

Table 1. Development of the color formation of AuNPs measured at 520 nm, using different concentrations of 

M HAuCl4 and the cell-free extracts (CFE's) of tested bacteria (1/1, v/v) at 37oC, pH 7, and after 15 min. 

 

CFE's 

Concentrations of HAuCl4 (M) / Absorbances  

10-1 10-2 10-3 10-4 10-5 

E. coli precipitation precipitation 0.16 0.10 0.06 

B. subtilis precipitation precipitation 0.02 0 0 

St. thermophilus precipitation precipitation 0.21 0.14 0.05 

L. acidophilus precipitation 0.02 0.11 0.0 0.0 

The biosynthesis efficiency of gold nanoparticles (AuNPs) differed according to the 

temperature used (Table 2) and the nature of enzyme either from CFE's or CBM. It increased 

with increasing temperature until an optimum temperature in the range 35-37 ºC. A decrease 

in biosynthesis efficiency occurs at ca. 45ºC due to enzyme deactivation at high temperatures. 

HAuCl4 gives precipitate in alkaline medium prohibiting pH studies in alkaline media. Thus, 

AuNPs were prepared from the aqueous solution of HAuCl4 in their respective acidic solutions. 

Table 2. Absorbance at 520 nm of the biosynthesized gold nanoparticles using 10-3 M HAuCl4 by the tested 

bacteria at different temperatures, pH 7, and after 15 min. 

 

Sample 

Temperatures (⁰C) /Absorbances 

25 30 35 37 45 

 

E. coli 

CFE 0.02 0.07 0.1 0.15 ND 

CBM ND 0.08 0.11 0.18 ND 

 

B. subtilis 

CFE ND ND ND ND ND 

CBM 0.04 0.09 0.11 0.19 ND 

 

St. thermophilus 

CFE 0.07 0.11 0.12 0.22 ND 

CBM 0.12 0.5 0.2 0.23 0.02 

 

L. acidophilus 

CFE 0.02 0.06 0.08 0.12 ND 

CBM 0.01 0.03 0.2 0.24 ND 

ND=Not detected under the experimental conditions; CEF=Cell free extract; CBM=Cell biomas 
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CFE's of the before four bacteria added to 10-3 M in 1:1 (v/v) ratio at 37oC and pH 7.  

After around 15 min, AuNPs formation observed, and a color change from pale yellow to pink 

coloration occurred (Figure 2). 

 
Figure 2. Color changes obtained after 15 min of mixing CFE's of (from left to right) St. thermophilus, L. 

acidophilus, E. coli, and B. subtilis with 10.3M HAuCl4 solutions in 1:1 (v/v) ratio and at 37oC. 

The addition of wet bacterial cell biomass (CBM) to 10-3M HAuCl4 at 37oC and pH 7 

also resulted in AuNPs formation. Figure 3 shows the color changes accompanying CBM 

action on 10-3M HAuCl4 solutions.  

 
Figure 3. Color changes obtained after 15 min of suspension of wet CBM of L. acidophilus, E. coli, B. subtilis 

and St. thermophilus (from left to right) with 10-3M HAuCl4 solution at 37oC. 
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Figure 4 (a-d) shows the UV-vis. spectra of AuNPs formed CFE's of  E. coli, St. 

thermophilus, L. acidophilus and B. subtilis showing an absorption band at 520 nm. The band 

at 520 nm is characteristic of un-aggregated AuNPs that found stabilized during the formation 

period (15 min) at 37oC. A comparative work was held out for biosynthesis of AuNPs using 

bacterial CFE's and CBM. The UV-vis Spectra of the CFE's and CBM samples measured. 

Figure 5 (a-c) shows the UV- vis. Spectra of incubation products of CBM of B. subtilis, E. coli, 

and St. thermophilus with 103 M HAuCl4 solutions, after 15 min, and at 37oC. The spectra show 

products characteristic to AuNPs. 

 
Figure 4. UV-vis. the spectrum of incubation products of CFE's of  E. coli (a), St. thermophilus (b), L. 

acidophilus (c) and B. subtilis (d) with 10-3 M HAuCl4 solution in 1:1 (v/v) ratio for 15 min and at 37oC. 

 

Figure 5. UV-vis. The spectrum of incubation products of CBM of B. subtilis (a), E. coli (b) and St. 

thermophilus (c) with 10.3 M HAuCl4 solution for 15 min and at 37oC. 

a b 

c 
d 

a 

c 

b 
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The nanoparticles formed by the test bacteria imaged using TEM. The images of the 

AuNPs particles of nanoscale dimensions were corresponding to the round shape (Figure 6).  

 
Figure 6. TEM micrograph of Au NPs. 

X-ray powder diffraction patterns of producing AuNPs shown in Figure 7 that shows 

diffraction peaks characteristic of AuNPs. The XRD patterns show four main peaks in the range 

of 2θ values from 20° to 80° at 2θ values of 39°, 46.5°, 64.7°, and 77.6°, corresponding to 

(111), (20 A gold nanoparticle solution of absorbance: A = 2.5 absorbance units used as a stock 

solution. 0), (220), (311) planes, respectively, for face-centered cubic (fcc) gold nanoparticles. 

The absorption spectrum of this solution exhibits an absorption most at 520 nm, which 

consistent with reported values. The positions of the 520 nm peak remained nearly unchanged, 

as indicated in Figure 5. The color change from crimson to blue for the control experiment 

(right) and experiment using target oligonucleotide (left) is pictured in Figure 8. The change 

in color is due to the formation of large oligonucleotide-binding three- dimensional assemblies 

of AuNPs and change in particle surface plasmon resonance. 

 
Figure 7. X-ray powder diffraction patterns of AuNPs synthesized by B. subtilis, E. coli, and St. thermophilus. 
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Figure 8. Change in color for the control experiment (right) and experiment using target oligonucleotide (left). 

The UV-Vis spectra of unlinked AuNPs probes and of assembled nanoparticle probes 

after treatment with the 20-base oligonucleotide, following their freezing at the temperature of 

the dry ice and thawing at room temperature, are shown in Figure 9. Upon mixing unlinked 

AuNPs solutions in a buffer solution, no change in spectral absorption pattern occurred, and 

this chosen as a control experiment (Figure 9). Upon mixing the loaded gold nanoparticles 

solutions in the mien of the target oligonucleotide: 5’CCAAGAGGGACGGGAACCTC-3', a 

change in absorption spectral pattern occurred, producing a broader absorption band as a result 

of AuNPs aggregation as shown in Figure 8. This accompanied by a color change from crimson 

to blue, as pictured in Figure 8. 

 
Figure 9. The change in absorption spectra. 

The size, shape, and output of the biosynthesized nanoparticles in vivo much depend 

on physiological limits and remarkably affected by growth conditions. In this study, the 

optimum concentration of HAuCl4 for gold nanoparticles (AuNPs ) biosynthesis using bacterial 

cell-free extracts (CFE's) and cell biomass (CBM) of Escherichia coli A TCC 8739, Bacillus 

subtilis ATCC 6633, Streptococcus thermophilus ESH1 and Lactobacillus acidophilus DSMZ 

is around 10-3 M. Higher concentrations of HAuCl4 may cause precipitation of enzyme due to 

salting-out. However,  St. thermophilus shows production at 10-2 M of HAuCl4, but a fast 

aggregation of gold particles observed. The biosynthesis efficiency of AuNPs increased with 

increasing temperature until an optimum temperature in the range 35-37ºC. A decrease in 

biosynthesis occurs at ca. 45ºC due to enzyme deactivation. Accordingly, the rapid biosynthesis 

of stable AuNPs was performed in this investigation using CFE's and CBM of E. coli A TCC 

8739, B. subtilis ATCC 6633, St. thermophilus ESH1 and L acidophilus DSMZ is shown at 37 
oC and pH 7, and within fifteen minutes. These results confirmed by the outcomes obtained 
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[15,25], who demonstrated that gold particles of nanoscale dimensions readily precipitated 

within bacterial cells by incubation of the cells with Au3+ ions. The extracellular formation of 

gold nanoparticles offered a big advantage over an intracellular process of synthesis from the 

application point of view, as supported by the effects obtained from the CFE's of nonpathogenic 

bacteria [14,15]. 

The outcomes of this study indicated color changes of HAuCl4 mixed with CFE's and 

CBM from yellow to pink. This confirmed by the fact that the AuNPs characterized by pink 

coloration due to excitation of Surface Plasmon Resonance (SPR), which brings up to the 

collective oscillation of the free electrons along the surface of AuNPs when they are hit by light 

[49,50,51]. Diffraction peaks characteristic of AuNPs obtained in this field using the selected 

test bacteria that standardized to those covered [52,53]. The XRD patterns showed four main 

points, similar to those received by Sun et al. [54]. The absorption spectrum of AuNPs obtained 

from the tested bacteria showed an absorption maximum at 520 nm, which is coherent with the 

reported values [55]. The absorption of gold ions played a significant function in shaping and 

stabilizing the frame of gold nanocrystals [22,36]. The reduction of the metal ions, rapid 

synthesis, and the stabilization of the AuNPs biosynthesized in this study believed to die off 

by enzymes, acids, and hydrolyzable compounds present in the extract, or secreted by the 

bacteria cells. In this connection, some investigators suggested that the main groups of the 

enzyme secreted by biomass may play a significant role in reducing the Au3+ ions include 

amino, sulfhydryl, and carboxylic groups and the Au3+ ions could bind to biomass through 

these working groups [56-58]. Previous studies [14,59] have indicated that NADH and NADH- 

dependent enzymes are important factors in the biosynthesis of metal nanoparticles. The 

secretion of the cofactors NADH and NAD+- dependent enzymes responsible for reducing 

Au3+ to Au0 and the next formation of AuNPs. The reduction appears initiated by electron 

transport from the NADH by NADH-dependent reductase as an electron carrier [22,31], then 

the gold ions obtain electrons and are reduced to Au0 [60]. Certain capping proteins secreted 

by the bacteria could be responsible for the establishment and stability of AuNPs [26]. 

The AuNPs-based colorimetric method used to detect unamplified HCV RNA extracted 

from clinical specimens directly. The simplicity and sensitivity of AuNP-based nucleic acid 

colorimetric assays have encouraged the development of a cheap assay for HCV virus detection 

[44]. The assay used to directly detect unamplified HCV RNA extracted from the serum of 

clinical samples using unmodified AuNPs. A colorimetric assay using unmodified citrate-

coated AuNPs (negatively charged) based on the fact that single-stranded DNA (ssDNA) 

adsorbs on citrate-coated AuNPs. This adsorption increases the negative direction of the 

AuNPs, leading to increased repulsion between the molecules, thus preventing aggregation. 

The adsorption of ssDNA on AuNPs is because of the conclusion that ssDNA is capable of 

uncoiling and exposing its nitrogenous bases at a low cost. The attractive electrostatic forces 

between the bases and the AuNPs enable the adsorption of the ssDNA. Hepatitis C Virus-NS4 

emerged as the main pathogen in the liver diseases in Egypt. Many clinical diagnostic 

applications need simpler and inexpensive assays that can be solved in a viewing mode. In the 

fields of diagnostics, the application of AuNPs tested in this study for viral detection of HCV-

NS4. A target oligonucleotide of HCV genotype 4 possessing a high CG ratio of the base 

sequence: 5'-CCA AGA GGG A CGGGA ACC TC-3' chosen for viral detection using gold 

nanoparticles aggregation. Two complementary probes synthesized and linked to hexane thiols 

as follows: Probe 1: 3'-GGT TCT CCC T (CH2)6-HS 5', Probe2: 3'-GCC CTT GGA G (CH2)6 

-HS 5'. AuNPs of ≈ 13 diameters prepared then modified with 5'-hexanethiol probes that 
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aligned in a head-to-tail fashion to the complementary 20-base target oligonucleotide. Upon 

freezing and thawing the solution, the color changed from red to pinkish/purple. This color 

change attributed to form large DNA-linked three- dimensional assemblies of AuNPs, which 

led to broadening and redshift in the particle Surface Plasmon Resonance (SPR) [46]. When a 

similar mixture, a mixture containing 150 μl of gold nanoparticle with each probe 1and 2 and 

6 μl of the target oligonucleotide in a hybridization buffer allowed to cool down to -100oC and 

then allowed to warm to room temperature, the solution color changed from red to pink. This 

change results in modest broadening and redshift in the particle SPR. This is due to the effect 

of cooling on the extent of the maturation of high local concentration of oligonucleotide target 

and AuNPs within pockets in the glass structure. A control experiment performed by mixing 

150 μl of gold nanoparticle with each probe (1 and 2) in the absence of linking oligonucleotide 

3. Freezing at the temperature of dry ice and thawing to room temperature did not result in a 

calorimetric change or any alteration in the particle SPR. So, if the color stayed on red, the 

virus is not present in the sample. If it switched to blue, the sample is positive for HCV. In 

HCV positive specimens, the vividness of the solution changed from crimson to blue within 1 

minute.  

4. Conclusions 

 Rapid extracellular biosynthesis of stable AuNPs recovered by reduction of Au3+ ions 

with CFE's and CBM of E. coli A TCC 8739, B. subtilis ATCC 6633, St. thermophilus ESH1 

and L. acidophilus DSMZ in 15 min at 37 oC, and pH 7. The color of the mixture of HAuCl4 

CFE's and CBM changed from pale yellow to reddish. The formed nanoparticles have UV-

visible spectroscopy of the absorption band at 520 nm, XRD, and TEM characteristics of 

AuNPs. Assembly of AuNPs with DNA of HCV-NS4 that resulted in the rapid change of the 

color from red to blue makes the test reliable to detect HCV infection. The developed assay 

allows the rapid detection of unamplified HCV-NS4 ribonucleic acid extracted from samples 

containing the virus. It should provide AuNPs utilized in virus detection. 
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