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Supplementary material S3: A comparison of the figure of merit of some genosensors.

Probe sequence Redox indicator Substrate Detection LOD Linear range Rea Sample Reference
technique
5-GTGGTGGGCTGGGCGATCAA-p- MB Au CC, Swv, cv - - Aeromonas S1
(CH2)3-SH hydrophila
5'-SH-(CH2)6- Ag NPs GC ASV 05 pM 1-600 pM - 2
ACCACGACGTTGTAAAACGACGGCC
AGTCT AT-3
NH2-C12-5'- Label-free PAN/PAC EIS 20 nM 50-200 nM - S3
GCACCTGACTCCTGTGGAGAAGTCT
GCCGT-3
5-NH2- Ferro/ferricyanide Au EIS - - - A
GAGCGCGCAACATTTCAGGTGGA-3
5-NH2- Ferro/ferricyanide  Au/PAN  CV,DPV, EIS 0.31pM 1 pM-1uM - S5
GCCACAAACACCACAAGAGT-3
5'-SH-(CH2)6- Label-free AuNPs DPV 35fM 0.1 pM-10 nM - 6
AATGTATAATTGCGCGACTCTAATC-
3!
5-IATTTTCTTCCTTTTITTC-3 Label-free Pencil cP 0.5mg/L 10-30 mg/L BRCA1 breast S7
graphite cancer gene
5-NH2- Daunomycin MWCNTs DPV 0.1 nM 0.2-50 nM - 8
GAGCGGCGCAACATTTCAGGTCGA-
3
5-NH2- Label-free SWCNTs DPV 0.15pg/mL  25-40 pg/mL Calf thymus 9
CAAGACCACCACTTCGAAACC-3 DNA
5-NH2- Label-free GC EIS 0.50 nM 1-20 nM - S10
AGTTGCTGATGGTCCTCATGCTGGC-
3
5'- Os-C1 Au Amp, CV 600 fM 1.0-300 pM - S11
GCCAGCGTTCAATCTGAGCCATGAT
CAAACTCTTCAAATGCCGATTAGGC-
(A)6-(CH2)6-SH-3
5'- Os-C2 Au Cv, DPV 6 pmol 5-20 pmol Helicobacter S12
HS(CH2)6GCGTTCCAAAGGGCAGGA pylori

TCATTGA-3




5'-GGGGCAGAGCCTCACAACCT- AQMS Au CV, OSwv 0.5nM - - S13
(CH2)3-SH-3'
5-CGACAGTGGTCCCAAAGA-3 Ferro/ferricyanide SWNTs DPV 20 nM 40-110 nM - S14
5'-PO4- Daunomycin Chit/PB/G DPV, CV 0.16 pM 0.21pM-21.2 - S15
GAGCGGCGCAACATTTCAGGTCGA- PE nM
3
5'- Daunomycin MWNTYZ DPV 75 pM 14.9-93.2 nM - S16
GGGCACTCTTGCCTACGCCATCAGC ro,
TCCAACTACCACAAGTTTT-3 NPs/Chit
5-HSTATTAACTTTACTCC-3 p-Aminophenol Au CA, CV 1pM - E. Cali S17
5-GCCACAAACACCACAAGAGT-3 MB Au DPV, CV 24 pM 10 nM-10 uM - S18
NPsPDC
5-HS-(CH2)6- Label-free B2dMPTS EIS 5nM 10 nM-1 uM - S19
ACTGCTAGAGATTTTCCACAT-3
5-TGGACGTGGCTTAGCGTATATT-3 MB Chit- DPV 0.43 pM 1pM-1puM Saphylococcu S20
Co0304-GR saureus
NH2-C6-5'- Ferro/ferricyanide PAMAM- EIS 3.8 pM 10-100 pM - S21
AAGCGGAGGATTGACGACTA-3 Au
5-GAAACACCAATGATATTTTC-3 Label-free MWCNTs EIS 100 pM 20-80 nM Cystic Fibrosis S22
mutant gene
5'- Hematoxylin Au Cv, DPV 3.8nM 12.5-350.0 nM Human S23
HS(CH2)6GTATCTACCACAGTAACAA papilloma
A-3 Virus
5-SH-(CH2)6- hydroquinone AuNPs Amp 5.22nM 0.53-25nM - S24
ACCCTTGGGAGGAAGAGACG-3
5-HS-(CH2)6- Ferro/ferricyanide Au DPV, CV 0.167 pM 0.5 pM-50 nM - S25
GCACGCTAGATGAGTCCGTCCTGCT
GCGTGC-3
5'-PO4- [Ru(NH3)sCl]PFs  NiO, NPs EIS, DPV 68 pM 0.4-10 nM - S26
GGGGGGCCAAGGCCCAGCCCTCACA
CA-3
5-(NH2- Daunomycin Au DPV 0.13 pM 1pM-0.1 uM - S27
C6)ATCAATATTTAACAATAATCC-3
5-TGG MB poly- Cv, DPV 4.35nM 5-100 nM Bovine S28
AAATCTTTTTTTGAAAGGCTTTGG-3 Lysine papilloma

virus




5-HS-(CH2)6CGATTCGGTACTGG-3' TMB Pt CA 0.6 fM 1.0fM-10 pM - S29
NPS/CNTs
5'- TMB Au CV, Amp 13.6 amal 100-100000 - S30
ATTGACCGCTGTGTGACGCAACACT pM
CAATTTCTCCAGTGTAGTATTAGGC
AATGAAATTGAGTGTTTTTTTTTTTT-
(CH2)3-SH-3'
5-GCATATGCAAATGGAACACCTCA- MB Chit-MgO CV, DPV 35.2 mg/L 0.1-0.5 mg/L Vibrio 31
3 cholerae
Cys-0-0O-5- MB Au DPV 9.5 ng/lL 10-300 ng/L Hepatitis C S32
ATGTACCCCATGAGGTCGGC-3 virus
5-HS-(CH2)6- MB Aloe-like SWV 12 aM 50 aM-1 pM - S33
GTTCTTCTCATCATCGAC-3 Au
5'-HS-(CH2)6- [RU(NH3)e]** PAN-Chit- CcC 80 aM 0.1-10fM - S34
GGCCATCGTTGAAGATGCCTCTGCC- AuNPs
3
5-AATTT-CCCCC-AAATT-3 PIND-Ru CPE CcVv 1.5pM 2.5-350 pM - S35
5-GAG-GAG-TTG-GGG-GAG-CAC- [Co(phen)y]** CPE DPV 15 mg/L - Hepatitis B S36
ATT-3 Virus
5'-SH(CH2)6- MDB Au DPV, EIS 20 nM - B. anthracis S37
GCACCTGACCATAGAACGGT-3
5-CTT-TTT-CTT-TTT-GTC-CTT-TTT- Formamide Au-SPE Ccv 25pM 2.5-50 pM SARS Virus S38
AGG-CTCTGT-3-(CH2)3-SH
5'- Adriamycin Au DPV 35fM 10 nM-0.1 pM - S39
(SH)GCGTTCCAAAGGGCAGGATCAT NPs'rGO
TGA-3
5-NH2- MB AU/GR DPV, CV 0.29 pM 1pM-1uM Listeria 40
TGGCGGCACATTTGTCACTGCA-3 monocytogene
S
5-AACCACACAACCTACTACCTCA-3 MB ITO DPV 0.55 pM 1pM-0.1 uM - Al
5-GAAGCTGGCAACGCTACCGGT-3 MB Chit/Fes0, DPV, EIS 0.36 pM 1pM-1puM Soybean 42
-GR Lectin
5- Ferro/ferricyanide  Alumina DPV, EIS 0.3 pM 1pM-1uM Legionella 43
NH2(CH2)6TCGATACTCTCCCCGCCC nanochann spp.
CTTTTGTATCGACG-3 els
5-CTTTTGTTC-3' Au-NPs GR CV, CA 1fM 0.1fM-0.1nM BRCA1 gene A4




5'-SH-(CH2)6- Adriamycin AuNRs DPV 0.35aM 0.1fM-1nM 45
AAAACCCTCCTCAACCCCCT-3
5-SH-(CH2)6 Ferro/ferricyanide Au DPV, EIS 8.7 fM 10fM-1nM Enterobacteria 46
TTTTATGTGGCGGATGAGCGGCA-3 ceae
5-HS-(CH2)6- Au DPV 80 aM 0.1-20fM Bacillus 47
GCAGGTATGCACAGTGAGTCTGGGC subtilis
CGTGTCTCAGT-3
5'-SH-(CHa3)10 TGC CGA TCA CTT AAG MB Au DPV 1.71zM 10 zM-1 pM Human This work
GGC CTT CAT-3 nanostruct subjects,
ure cultured
samples
Abbreviations:

Limit of detection, LOD

Methylene blue, MB

Chronocoulometry, CC

Square wave voltammetry, SWV

Cyclic voltammetry, CV

Anodic stripping voltammetry, ASV

Electrochemical impedance spectroscopy, EIS
Nanoparticles, NP

Polyaniline, PAN

Polyacrylate, PAC

Differentia pulse voltammetry (voltammogram), DPV
Chronopotentiometry, CP

Multi wall carbon nanotube, MWNT

Single wall carbon nanotube, SWCNT

Glassy carbon, GC

Amperometry, Amp
N,N'-big[(3-propyl)imidazole]-1,4,5,8-naphthalene diimide, PIND
PIND-Os, Os-C1



Os(phen),(phen-dione)]*"#, Os-C2
Anthraquinonemonosulfonic acid, AQM S
Osteryoung square wave voltammetry, OSWV
Chitosan, Chit

Chronoamperometry, CA

Carbon nanotube, CNT

Carbon paste electrode, CPE

Reduced grapheme oxide, rGO

Graphene, GR

Indium tin oxide, ITO

Nanorods, NRs

Graphene paste electrode, GPE

Prussian blue, PB
Poly-2,6-pyridinedicarboxylic acid, PDC
Bilayer two-dimensional 3-mercaptopropyltrimethoxysilane, B2dMPTS
3,3,5,5' tetramethylbenzidine, TMB

Meldola's blue, MDB

Screen-printed electrode, SPE
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L egends of supplementary materias:

S1: Variation of OCP of the Au/nAu electrode during the self-assembling process of p-
ssDNA onits surface.

S2: Cyclic voltammograms MB obtained using the genosensor (intercalated MB) and the
Au/nAu €electrode (... M MB present in the solution phase). The potential sweep rate
was50 mV s™.

S3: A comparison of the figure of merit of some genosensors.

SA4: DPVs of the genosensor recorded for the repeating fabrication.

S5: DPV's recorded for the regeneration of the genosensor. Blue curves show DPV's for
the genosensor before hybridization, and red curves show DPVs for the genosensor
before re-hybridization.

S6: Variation of the peak current in DPV's for 1.0x10™° mol dm™ t-ssDNA over 39 days
to check the stability of the genosensor.

S7: DPVs for MB recorded using the genosensor at different concentrations of the
Brucella DNA genome (A), and the dependency of the peak current on concentration
(B).

S8: DPVs for MB recorded using the genosensor at two concentrations of bacterial
genomes of Pseudomonas aeruginosa, Saphylococcus aureus, Klebsiella and
Acinetobacter (negative controls).

S9: DPVsfor MB recorded using the genosensor for the healthy and patient samples.



Details of materials and methods
Materials
All chemicals were of analytical grade from Merck (Germany) or Sigma (USA) and
were used without further purification. All solutions were prepared by redistilled water. A
24 base thiolated oligonucleotide probe (probe oligonuclectide, p-ssDNA) was designed
based on the common genomic sequence in all the Brucella species. p-ssDNA was
ordered from Vivantis (Malaysia). A complementary-sequence oligonucleotide (target
oligonucleotide, t-ssDNA), one-base mismatched oligonucleotide (1m-ssDNA), two-base
mismatched oligonucleotide (2m-ssDNA), three-base mismatched oligonucleotide (3m-
ssDNA), and noncomplementary sequence oligonucleotide (nc-ssDNA) were purchased
from SinaClon BioScience Co. (Iran). The oligonucleotide sequences are as follows:
p-ssDNA sequence: 5' SH-(CHs)s TGC CGA TCA CTT AAG GGC CTT CAT 3;
t-ssSDNA sequence: 5-ATG AAG GCC CTT AAG TGA TCG GCA-3
nc-ssDNA sequence: 5-AGA CCA AAA AGG CCA CCC CCG GGT-3
1m-ssDNA sequence: 5'- ATA AAG GCC CTT AAG TGA TCG GCA-3
2m-ssDNA sequence: 5- ATG AAGTACCTT AAG TGA TCG GCA-3
3m-ssDNA sequence: 5- ATA AAGTCCCTT AAG TAA TCG GCA-3
The oligonucleotide stock solutions were prepared with 20 mmol dm™ Tris-HCI

buffer, pH 7.4 solution (Tris) and were kept frozen.

Apparatus

Electrochemical measurements were carried out in a conventional three-electrode

cell powered by a p-Autolab potentiostat/galvanostat (the Netherlands). An Ag/AgCl, 3



mol dm™ KCl, a platinum wire, and a bare (Au, 2 mm of diameter) or modified gold disk
electrode with gold nanoribbons covered by gold nanoblooms (Au/nAu) were used as the
reference, counter and working electrodes, respectively. The system was run on a PC by
GPES 4.9 software.

DNA samples for PCR amplification were extracted from Brucella strains,
Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella and Acinetobacter. The
PCR reaction was performed on an Eppendorf Mastercycler Gradient PCR system
(USA). To measure the concentration of the extracted DNA samples, Thermo Scientific
NanoDrop 2000c (USA) was employed.

In order to obtain information about the morphology and size of gold
nanostructures, field emission scanning electron microscopy (FESEM) was performed
using a Zeiss, Sigma-IGMA/VP (Germany). The samples were coated by a 2-5-nm thin

film of gold through sputtering.

Preparation of the modified electrode

Before sonoelectrodeposition of gold nanoribbons was covered by gold
nanoblooms, the Au electrode was polished on a sand papers and then on a polishing pad
with 50 nm-alumina powder lubricated by glycerin. Polishing was continued to attain a
mirror-like Au electrode surface. The electrode was then cleaned by immersion in a 1:3
water/ethanol mixture and ultrasonication for 8 min in an ultrasound bath. The electrode
was further electropolished by immersion in a 500 mmol dm™ H,SO, solution and
applying potentia in the range of cathodic to anodic edges of the electrolyte stability in a

regime of cyclic voltammetry for 20 consecutive cycles. Upon this pretreatment, clean



and stable Au electrode surface was attained. The Au electrode was then placed in the
cell containing the synthesis solutions comprising 5 mmol dm™ HAuCl, + 0.5 mol dm®
KCI. Sonoelectrodeposition of gold nanoribbons covered by gold nanoblooms was
performed at -1800 mV for 300 s, while the synthesis solution and also the Au electrode
surface were irradiated by ultrasound wave of 45 W power. The modified electrode was
then rinsed thoroughly with distilled water. For preparation of the Au/nAu electrode for
open circuit potential (OCP) measurements, an Au screen-printed electrode was directly
transferred to the synthesis solutions and the sonoel ectrodedeposition process was done

similarly.

Immobilization of p-ssDNA

Immobilization of p-ssDNA probe was performed by dropping 10.0 uL of 10.0
umol dm™ p-ssDNA solution dissolved in Tris on the Au/nAu electrode surface and kept
refrigerated at 4 °C for 8 h. Then the electrode was rinsed with Tris. The DNA-modified
Au/nAu electrode was further treated with 1.0 mmol dm™ 6-Mercapto-1-hexanol at room
temperature for 30 min to obtain a well aligned p-ssDNA monolayer. Then the electrode
was washed again with Tris and double distilled water, respectively, to remove unspecific

absorbed p-ssDNA. The obtained electrode was denoted as the genosensor.

Hybridization
The hybridization process was performed by immersing the genosensor into Tris
containing various concentrations of t-ssDNA for 1 h at 37 °C. Then, the electrode was

rinsed with Tris to remove the un-hybridized t-ssDNA, and then it was incubated in a



solution containing Tris + NaCl (20 mmol dm®) + methylene blue (MB, 20 pmol dm®)
for 5 min at 37 °C. Finadly, the electrode was rinsed with Tris to remove the physically

absorbed MB.

Electrochemical measurements

Thereal surface area of the Au/nAu electrode was measured electrochemically. The
Au/nAu electrode was transferred to a solution of KClI (0.5 mol dm™®) containing
K4[Fe(CN)¢] (0.5 mmol dm™) and cyclic voltammograms at different potential sweep
rates were measured. Using the Randles-Sevcik equation (Bard et al., 2001) and the value
of 7.60x10° cm s* for the diffusion coefficient of [Fe(CN)e]* (Wang et al., 2007), we
obtained the real surface area of the Au/nAu electrode.

OCP measurements of the Au/nAu electrode during the self assembling process of
p-ssDNA were performed using a digital voltmeter of MS8340B Digital Multimeter,
Mastech (China) connected to a PC and an Au/nAu screen-printed electrode refrigerated
during the measurements.

Electrochemical detection of the DNA hybridization was performed in an
electrochemical cell containing 10 mL Tris by recording cyclic voltammograms (CVs)
and differential pulse voltammograms (DPV's) for the reduction peak of intercalated MB.
The parameters of DPV recording were pulse width of 25 mV, a pulse time of 50 ms, and
a scan rate of 10 mV s*. The concentration of t-ssSDNA was quantified as the MB

reduction peak current.

Bacteria culture, human samples, and genomic DNA extraction



Brucella agar culture medium with the addition of 5% horse blood was used for the
cultivation of Brucella organisms by incubation at 35+2 °C for 48-72 h.

7 human serum samples with Brucellosis (Wright and 2M E tests were positive in all
samples) were provided from veterinary administration of Fars province. It should be
noted that a healthy blood sample was evaluated with suspicious samples. From 7 human
serum samples with Brucellosis, 6 were measured after amplification by PCR and one
sample was measured without amplification. Before performing the required

investigations, the genomes were placed for 5 min at 90 ° C.





