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SI 1. Primers used in polymerase chain reaction for the amplification of uidA and nuc gene of 

Escherichia coli and Staphylococcus aureus respectively. 

 

 

 

 

 

Target 

organism 

Gene 

(primer) 

Sequence (5′→3′) Tm 

(°C) 

Product 

size 

E. coli uidA 

(Forward) 

TGGCAGGTGGTGGCAAA

TGGTGGTG 

60 200 bp 

uidA 

(Reverse) 

CCGACGCGCAGCGGGTA

GATAT 

  

S. aureus nuc 

(Forward) 

GATGGCTATCAGTAATG

TTTCGAAAGGGC 

60 516 bp 

nuc 

(Reverse) 

ACATAAGCAACTTTAGC

CAAGCCTTGACG 

  



2 
 

SI 2. Weight % composition of iron oxide nanoparticles (IONP) and chitosan-coated iron oxide 

nanoparticles (IONP@Chitosan) by EDS analysis. 

 

 

 

 

SI 3. Atomic % composition of iron oxide nanoparticles (IONP) and chitosan-coated iron oxide 

nanoparticles (IONP@Chitosan) by EDS analysis. 

 

 

 

 

SI 4. Dynamic light scattering (DLS) measurements of uncoated iron oxide nanoparticles 

(IONPs) and chitosan-coated iron oxide nanoparticles (IONP@Chitosan). Individual 

replicate values (n = 3) and corresponding mean ± standard deviation (SD) are presented for 

hydrodynamic diameter (Z-average) and polydispersity index (PDI). 

 

 

Element Description IONP IONP@Chitosan 

Fe Iron 63.78 75.07 

C Carbon 19.89 17.43 

O Oxygen 16.34 6.80 

N Nitrogen - 0.70 

Element Description IONP IONP@Chitosan 

Fe Iron 29.90 41.11 

C Carbon 43.36 44.37 

O Oxygen 26.74 13.00 

N Nitrogen - 1.52 

Sample Z-Average 

(d. nm) 

Polydispersity 

Index (PDI) 

Mean ± SD 

(Size) 

Mean ± SD 

(PDI) 

IONP 175.4 0.285 175.9 ± 7.0 0.324 ± 0.040 

169.1 0.321 

183.1 0.365 

IONP@Chitosan 271.6 0.201 283.3 ±10.2 0.275 ± 0.064 

290.3 0.307 

288.0 0.317 
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SI 5. Zeta potential measurements of uncoated iron oxide nanoparticles (IONPs) and 

chitosan-coated iron oxide nanoparticles (IONP@Chitosan). Individual replicate values (n 

= 3) and corresponding mean ± standard deviation (SD) are presented. 

 

 

SI 6. Adsorption and desorption of genomic DNA of Escherichia coli and Staphylococcus 

aureus on uncoated iron oxide nanoparticles (IONPs) and chitosan-coated iron oxide 

nanoparticles (IONP@Chitosan). 

 

 

SI 7. The concentration of DNA in the adsorption-desorption process was measured 

quantitatively using uncoated iron oxide nanoparticles (IONP) and chitosan-coated iron 

oxide nanoparticles (IONP@Chitosan) with genomic DNA of Escherichia coli (I) and 

Staphylococcus aureus (II). The reduction in DNA levels after adsorption and a large amount 

of recovery in the elution fractions are evidence of the high DNA-binding and release 

efficiency of IONP@Chitosan as compared to that of bare IONP. s = stock DNA (initial input); 

b1, w1, e1 = binding supernatant, wash, and elution fractions of IONP; b2, w2, e2 = binding 

supernatant, wash, and elution fractions of IONP@Chitosan. 

Sample Z-Potential (mV) Mean ± SD (Zeta) 

IONP 6.20 7.51 ± 1.15 

8.37 

7.95 

IONP@Chitosan 38.2 38.9 ± 1.82 

37.5 

41.0 

Bacterial 

Species 

Initial 

DNA Input 

(µg) 

Nanoparticle 

Type 

Adsorbed 

DNA 

(%) 

Desorbed 

DNA 

(µg) 

Desorption 

Efficiency 

(%) 

E. coli 50.7 IONP 39.4 4.1 8.1 

IONP@Chitosan 92.8 38.5 76.8 

S. aureus 43.0 IONP 36.3 3.6 8.4 

IONP@Chitosan 90.5 31.5 75.9 
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*Washing fractions which have negative value are the artifacts of NanoDrop baseline 

correction and reflects that the DNA concentration was below the detection limit. 

 

SI 8. Ultraviolet (UV) spectra of genomic DNA of Escherichia coli were measured prior 

to adsorption (control), following adsorption and following desorption. Left: uncoated iron 

oxide nanoparticles (IONP) were partially adsorbed and DNA could not be recovered 

completely, only 41.3 ng/µL DNA eluted. Right: DNA desorption was much higher in 

chitosan-coated iron oxide nanoparticles (IONP@Chitosan) with 389.9 ng/µL DNA obtained. 

These results are in line with the gel electrophoresis results in Figure 6(a). 

 

Sample Concentration (ng/ μl) 

Stock DNA (s)         507.4  

Binding Solution (b1)         307.4  

Washing Solution (w1)         70.7  

Elution Solution (e1)         20.9  

Binding Solution (b2)         36.3  

Washing Solution (w2)        -1.0* 

Elution Solution (e2)         389.9  

Sample Concentration (ng/ μl) 

Stock DNA (s)         430.5  

Binding Solution (b1)         265.3  

Washing Solution (w1)         59.6  

Elution Solution (e1)         11.2 

Binding Solution (b2)         40.8  

Washing Solution (w2)        -3.5* 

Elution Solution (e2)         323.2 

(II) 

(I) 
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SI 9. Ultraviolet (UV) spectra of genomic DNA of Staphylococcus aureus were measured 

prior to adsorption (control), following adsorption and following desorption.  

Left: when the iron oxide nanoparticles (IONPs) were not coated, the DNA yield was low with 

only 36.4 ng/µL of DNA eluted. Right: chitosan-coated iron oxide nanoparticles 

(IONP@Chitosan) have showed higher DNA desorption and 323.2 ng/µL DNA is obtained. 

The gel electrophoresis results outcomes and findings indicated in Figure 6(b) are supported 

by these observations. 

 

 

SI 10. DNA yield and purity ratios of genomic DNA of Escherichia coli and Staphylococcus 

aureus using uncoated iron oxide nanoparticles (IONPs) and chitosan-coated iron oxide 

nanoparticles (IONP@Chitosan). 

 

 

 

 

 

SI 11. Ultraviolet-visible (UV-Vis) spectrum of Escherichia coli genomic DNA (I) and  

Staphylococcus aureus genomic DNA (II) indicated increased absorbance at 260 nm with the 

use of chitosan-coated iron oxide nanoparticles (IONP@Chitosan) in comparison to the 

uncoated iron oxide nanoparticles (IONP) consistent with higher DNA recovery. 

Bacterial 

Species 

Nanoparticle 

Type 

DNA Yield 

(ng/µL) 

A260/280  

Ratio 

A260/230  

Ratio 

E. coli 

 

IONP 14.3 1.46 1.10 

IONP@Chitosan 170.9 1.95 2.70 

S. 

aureus 

 

IONP 22.2 2.70 4.70* 

IONP@Chitosan 153.6 1.86 2.72 
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SI 12. Schematic illustration of β-(1→4)-linked chitosan-mediated functionalization of iron 

oxide nanoparticles and electrostatic interaction between protonated amine groups (-NH₃⁺) and 

the phosphate backbone of bacterial genomic DNA under acidic conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(I) (II) 

(I) (II) 
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SI 13. Comparison of the adsorption and desorption capacity of the DNA on chitosan-coated 

iron oxide nanoparticles with the reported magnetic DNA adsorbents emphasizing on pH 

conditions, contact time, and extraction efficiency. 

 

 

 

 

 

 

 

 

Surface 

Functionalization 

DNA 

Adsorbed 

pH  Adsorption 

time (min) 

Adsorption 

Efficiency 

(%) 

Desorption 

time (min) 

Desorption 

Efficiency 

(%) 

Ref. 

Mesoporous silica Salmon 

sperm 

7.6 20 83 60 89.5 [1] 

Hemoglobin Plasmid 6.1 15 68.3 15 68.3 [2] 

Bromoacetic 

acid/acridine 

Plasmid 6.2 15 88 - - [3] 

Montmorillonite Salmon 

sperm 

2.0 

- 

5.0 

30 72 140 46.6 [4] 

Polyethyleneimine Salmon 

sperm 

4.0 20 70 5 70.0 [5] 

Zirconia Tobacco 2.0 20 85 5 81.3 [6] 

Polydopamine Calf 

thymus 

2.0 10 90 10 - [7] 

1-hexyl-3-

methylimidazolium 

bromide 

Herring 

sperm 

3.0 20 85 30 96.0 [8] 

Chitosan-

Nanotube-PEG 

Salmon 

sperm 

4.0 15 88 - 79.0 [9] 

Au - 

Polyethyleneimine 

Salmon 

sperm 

5.0 20 83 20 87.0 [10] 

Zirconia 

phosphonates 

Salmon 

sperm 

- 30 92 240 89.0 [11] 

PSG-NH2-SiO2 Plasmid 5.0 20 80 - 56.3 [12] 

Polyaniline 

Polypyrrole 

Aspergillus 

niger 

- 10 96 40 - 60 - [13] 

Polyaniline Salmon 

sperm 

3.8 10 92 2 96.5 [14] 

Chitosan-

Polyaniline 

Salmon 

sperm 

3.6 10 98 - 66.0 [15] 

PEDOT Salmon 

sperm 

2.5 10  60 5 94.2 [16] 

Chitosan E. coli/S. 

aureus 

3.2 5 92.8/90.5 5 76.8/75.9 This 

work 
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SI 14. Uncropped gel imgaes. 

 

(a) Full-length uncropped agarose gel corresponding to Figure 6(a) showing genomic DNA 

adsorption and desorption by uncoated iron oxide nanoparticles (IONP) and chitosan-coated 

iron oxide nanoparticles (IONP@Chitosan) using Escherichia coli genomic DNA. Lanes: s, 

stock DNA; b₁ and b₂, binding supernatants; w₁ and w₂, wash fractions; e₁ and e₂, elution 

fractions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Full-length uncropped agarose gel corresponding to Figure 6(b) showing genomic DNA 

adsorption and desorption by uncoated iron oxide nanoparticles (IONP) and chitosan-coated 

iron oxide nanoparticles (IONP@Chitosan) using Staphylococcus aureus genomic DNA. 

Lanes: s, stock DNA; b₁ and b₂, binding supernatants; w₁ and w₂, wash fractions; e₁ and e₂, 

elution fractions. 

    

   s   b1  w1 e1  b2 w2 e2       
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(c) Uncropped agarose gel corresponding to Figure 7(a) showing genomic DNA isolated from 

Escherichia coli using uncoated iron oxide nanoparticles (IONPs) and chitosan-coated iron 

oxide nanoparticles (IONP@Chitosan). Lanes N₁ and N₂ represent negative controls. Lane E₁ 

corresponds to DNA isolated using uncoated IONPs, whereas lane E₂ corresponds to DNA 

isolated using IONP@Chitosan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

   s  b1  w1 e1  b2  w2  e2       

 N1 E1 N2 E2         
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(d) Uncropped agarose gel corresponding to Figure 7(b) showing genomic DNA isolated from 

Staphylococcus aureus using uncoated iron oxide nanoparticles (IONPs) and chitosan-coated 

iron oxide nanoparticles (IONP@Chitosan). Lanes N₁ and N₂ represent negative controls. Lane 

S₁ corresponds to DNA isolated using uncoated IONPs, whereas lane S₂ corresponds to DNA 

isolated using IONP@Chitosan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(e) Full-length uncropped agarose gel corresponding to Figure 8(I) showing PCR 

amplification of the uidA gene from Escherichia coli genomic DNA isolated using iron oxide 

nanoparticles (IONP) and chitosan-coated iron oxide nanoparticles (IONP@Chitosan). 

Additional lanes visible in the gel correspond to unrelated samples analyzed on the same gel 

and were not included in Figure 8(I). 

 

 

N1 S1  N2 S2         
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(f) Full-length uncropped agarose gel corresponding to Figure 8(II) showing PCR 

amplification of the nuc gene from Staphylococcus aureus genomic DNA isolated using iron 

oxide nanoparticles (IONP) and chitosan-coated iron oxide nanoparticles (IONP@Chitosan). 

Additional lanes visible in the gel correspond to unrelated samples analyzed on the same gel 

and were not included in Figure 8(II). 

 

 

 

 

 

 

 

 

 

 

 

 

  M  N1 E1 N2 E2 C1 C2         

  N1 S1  N2 S2  C1 C2 M         
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