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Diabetic foot ulcers

• Diabetic foot wound occurs in 25% of patients in India (Soares et al., 2022)

• Polymicrobial nature causes complexity (Thole et al., 2016)

• Rapid diagnostic and antibiotic sensitivity testing method is the need of the hour

• Possible solution – Gold nanoparticle-based colorimetric method

• Development of gold nanoparticle-based platform for rapid detection of Gram-

positive pathogens and their antibiotic resistance genes

Gram-positive species 

(Dominant)

Gram-negative species

Enterococcus spp. 

Staphylococcus spp. 

Streptococcus spp.

Introduction
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Aim and Objectives

Aim : To develop a gold nanoparticle-based diagnostic platform for the bacterial 

identification and antibiotic resistance profiling of Gram-positive bacteria involved in 

DFU. 

Objectives :

• To develop gold nanoparticle conjugated probes for identification of selected Gram-

positive pathogens (Enterococcus spp., Streptococcus spp., Methicillin Resistant 

Staphylococcus aureus and Methicillin Sensitive Staphylococcus aureus).

• To develop gold nanoparticle conjugated probes for detection of antibiotic resistance 

genes in selected Gram-positive pathogens.

• Test the efficacy of the designed probes by colorimetric assay (aqueous and solid 

phase).
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Non-crosslinking approach
Nanoprobe construction

Hybridization assay

1) Aqueous phase hybridization (Chan et al., 2014)

2) Solid phase hybridization (Bhat et al., 2020)
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Revival Of Isolates For Three Species – Enterococcus spp., Staphylococcus spp., Streptococcus spp. 

Confirmation of Isolates through MacConkey Agar Colony Character, Gram-Staining, and Biochemical Tests

DNA isolation from finalized strains by Phenol-Chloroform extraction method

PCR amplification of 16S rRNA region and antibiotic resistance gene sequences (Based On MIC) 

Synthesis and Characterization of gold nanoparticles

Aqueous phase and Solid phase hybridization assay

Phase-1

Phase-5

Phase-3

Phase-2

Work plan

Designing of detection and resistance probes and conjugation to gold nanoparticlesPhase-4
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1. Colony character, Gram-staining, Biochemical test

• Colony character on MacConkey Agar ; evaluation based on lactose-fermenting ability, 
colony size, and colony type  

• Gram-staining using crystal violet, iodine, decolorizer, and safranin, followed by observation 
under microscope

Biochemical Test Workflow For Gram-positive cocci

Catalase Test

Staphylococcus spp.

Other Gram-

positive cocci 

(Enterococcus spp., 

Streptococcus spp., 

etc.)
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Cefoxitin 

Test

MSSA MRSA

Staphylococcus 

epidermidis 

Methods - 1
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2.(a) DNA isolation protocol (Nishiguchi et al., 2002)

Culture was grown in 5 ml broth, and then cells were pelleted at 3000 xg for 10 minutes

To the pellet, 400 μl TE and 100 μl NaCl (5 M) was added, followed by vortexing

50 μl CTAB was added, followed by vortex, and then incubation at 70ºC for 60 minutes, with occasional mixing 

by inversion of tube

500 μl of chloroform was added, vortexed and mixed thoroughly, followed by incubation on ice for 30 minutes

The sample was then spun at 10,000 xg in microfuge (cold if possible) for 10 minutes

The upper aqueous phase was collected by avoiding the interphase material and lower phase

500 μl phenol:chloroform was added and vortexed until milky solution was, followed by a spin at top speed in

microfuge for 5 minutes

Methods – 2a
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500 μl of chloroform was then added, vortexed, and spun for 5 minutes

To the pellet, 1/10 volume Na-acetate and 2 vol. ice-cold ethanol were added to precipitate the DNA,

followed by incubation at -20ºC for at least 1 hour.

The tube was then spun at top speed in microfuge for 10 minutes, after which the pellet was retained

500 μl 70% ethanol was then added, and pellet was resuspended by flicking, followed by another centrifuge 

round

The tube was inverted on a paper towel with lid open for 5 minutes to drain last bits of 70% ethanol, and then 

the tube was transferred to 60ºC for 10 min to dry residual ethanol.

The pellet was then redissolved in 100 μl of elution buffer

2.(a) DNA isolation protocol (Nishiguchi et al., 2002)

Methods – 2a
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water 



2.(b) PCR for 16S rRNA region
A 10-microliter reaction mixture was prepared with conventional PCR reagents.

Primers – Forward Primer (27F) – AGA GTT TGA TYM TGG CTC AG

Reverse Primer (534R) – ATT ACC GCG GCT GCT GG

PCR was carried out in a thermocycler at the following conditions :

PCR Conditions :

95ºC 5 minutes

95ºC 30 seconds

60ºC 1 minute

72ºC 1 minute 30 seconds

72ºC 15 minutes

4ºC Hold

No. Of Cycles - 30

Methods – 2b

PCR Reaction Mixture :

MilliQ 2 μl

10x PCR Buffer 1 μl

dNTP (4mM each) 1 μl

Taq (1 unit/ μl) 1 μl

27F primer (1 μM) 2 μl

534R primer (1 μM) 2 μl

DNA 1 μl

Total 10 μl
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2.(c) Minimum Inhibitory Concentration Test (MIC)

Performed a lawn culture of the strain on a Mueller Hinton Agar Plate

Methods – 2c

Inoculated the antibiotic strips

After 24 hours of incubation, the plates were observed, and the results were interpreted, to 

determine the MIC value

Sensitive strain Resistant strain 
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3. Synthesis of Gold Nanoparticles (McFarland, 2004) 
1. 1 mM chloroauric acid was prepared by dissolving 0.5

grams of the chloroauric acid powder in 500 ml of

autoclaved water.

2. 38.8 mM trisodium citrate was prepared by dissolving 0.5

grams of trisodium citrate powder in 50 ml of autoclaved

water.

3. 20ml of chloroauric acid was placed on a magnetic stirrer

and heated until boiling.

4. 2 ml of the trisodium citrate solution was added gradually

to the boiling chloroauric acid solution.

5. A color change to red wine indicated the formation of the

gold nanoparticles.

Methods - 3
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4. Designing of Probes – Detection and Resistance
Detection Probe Designing (Stenberg et al., 2005) –

1. To design a detection probe, the 16S rRNA sequence of the given species was retrieved from the 

Silva database.

2. Around five full length sequences (1500 bp) of different strains of the species were downloaded.

3. Multiple sequence alignment was performed on the BioEdit platform, and then based on 

consensus sequence, the primers were designed using the Primer3 software (first 500 base pairs). 

4. The forward primers were selected as probes, and their specificity was analyzed using test probe 

software on Silva database.

Resistance Probe Designing (Alcock et al., 2020) –

1. The FASTA sequence of the resistance gene is downloaded from the CARD database.

2. Based on the FASTA sequence, primers are designed using the Primer3 software.

3.  Resistance probes designed for – mecA, vanA, tetE, erm

Methods - 4
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Streptococcus spp. 

Confirmed isolates – 3006, 3028, 2038

3006 2038

3028

Gram-staining of 

Streptococcus strains

Catalase Negative Bile-Esculin

Negative

Biochemical test result of

Streptococcus strains

3028

3006

2038

Streptococcus strains on 

MacConkey Agar medium

20382193 2199

3032

Results - 1

20383006

3028
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Enterococcus spp.

Isolates – 2045, 3019, and 2000

20453019

2000

Catalase Negative Bile-Esculin 

Positive2000

20453019

Results - 1

Enterococcus strains on 

MacConkey Agar medium

Gram-staining of 

Enterococcus strains

Biochemical test result of 

Enterococcus strains
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Staphylococcus spp.
Confirmed Isolates – 1003, 3002, 3007, 824, 1045, 1015, 1001, and 870

1003 3002

Catalase Positive Coagulase Positive

30073002 2043

30073004

870 1001824

1015 1045

Results - 1

3002 2043

3007825

3004

824

1003

870

1015

3007

3002
3004

1045

1001

1090

Staphylococcus strains on 

MacConkey Agar medium

Gram-staining of 

Staphylococcus strains

Biochemical test result of

Staphylococcus strains
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Isolated DNA – Gel electrophoresis image

0.8% agarose gel | 30 minutes | 100 V

Results – 2a

1 – 1 kb DNA ladder

2 – Gram-negative sample

3 – Gram-negative sample

4 – Gram-negative sample

5 – 3006 (Streptococcus)

6 – 2045 (Enterococcus)

7 – 3007 (Staphylococcus)

1                2              3             4            5             6               7              8
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PCR Results For 16S rRNA Sequence

1% agarose gel

7 minutes

100 V                                

1 – 1 kb Ladder

2 – Negative Control

3 – 2038 (Streptococcus)

4 – 2045 (Enterococcus)

5 – 3007 (Staphylococcus)

Primer run

Results – 2b

1.5% agarose gel

30 minutes

100 V

1 – 27F 

2 – 534R

PCR run

1            2 1           2         3          4           5
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ErythromycinAmpicillin

MIC Results

Results – 2c

Staphylococcus spp.

Ampicillin (64 mcg/ml) Erythromycin (2 mcg/ml)
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Synthesized Gold Nanoparticles (Characterization)

Zeta Sizer Analysis

Results - 3

Spectrophotometric Analysis
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Detection Probes Designed

1. Enterococcus faecalis

2.  Streptococcus pyogenes

3.  Staphylococcus aureus

Results - 4
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Conclusion

• High accuracy, cost-effective and rapid nature

• Solid phase better suited as a Point-Of-Care device

• Clinical Application
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