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Electrochemical assay of anti-tetanus toxoid monoclonal antibody by
silver enhancement of gold nanoparticles at carbon nanotubes
modified glassy carbon electrode

Salimeh Raeisi, Ahmad Molaei Rad, Mino Sadri & Hamideh Rouhani Nejad
Faculty of Biological Science and Technology, Department of Chemistry and Chemical Engineering, Malek-e-Ashtar
University of Technology, Tehran, Iran
Correspondent author: Ahmad Molaei Rad, molaeirad@mut.ac.ir

Abstract. Tetanus is caused by the toxin secreted by Clostridium tetani. Due to the rapid infection with this bacterium, it is so
important to investigate the tetanus immunity of people. Therefore, electrochemical biosensors, as one of the most effective
tools in this regard, have demanded characteristics such as being fast, simple, cost-effective and portable. However, their
detection sensitivity is not sufficient. Hereon, silver enhancement of gold-nanoparticles was proposed for the improvement of
detection. Hence, the current study applied gold-nanoparticles as label, following with silver enhancement, to investigate the
yes/no electrochemical detection of anti-tetanus toxoid antibodies in the indirect immunoassay utilizing glassy-carbon
electrodes modified by carbon nanotubes. The analytical procedure consists of the reactions of the tetanus toxoid with the
antibody at electrode, so that followed by the interaction of gold-labeled secondary antibody and then silver enhancement
process. In this study, the cyclic-voltammeter variation and difference of gold to silver signal based on silver ions fluctuations
were also investigated. The results indicated that AE, increased from 0.24 V before silver enhancement reaction to 0.57 V
after the silver enhancement. The results also demonstrated that after silver enhancement, current significantly increased and
current plot at ES, transferred to positive potentials and at E?, moved to negative potentials. In conclusion, this method
increases the detection sensitivity and can simply use to other bio-molecules detection.
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Figure 1. The outline for the detection of anti-tetanus toxoid monoclonal antibody by using silver enhancement of gold
nanoparticles at carbon nanotubes modified glassy-carbon electrode.
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07 4

Gold Hanoparticles

Anax =524

&

“““““ Gold Hanoparticles-Anti Tetanus Tox oid

0.3 A Monoclonal Antibody C onjugates

0.4

03 A

Ahsorhance

02 4

01 A

oo T T T T T T T T T
400 428 459 480 320 350 321 A12 A42 473

Wavelengih (nm)

Amax o 5esili Vo soislS @39l LSPR il 5155 asgnS's o JUslS sige (b oi-Mbo ol3556 ygrslfzmils suiis sl LSPR (ol ¥ JSCis
Crezrabais o) 098 o lral Casly G 4 5ol ¥ (liee 4 Amax 58b 5T L od aS9mmilS 5l e g a3 o lis (o diew Ja3) gl OYF Ll
(558
Figure 3. LSPR spectra confirming of gold nanoparticles-anti tetanus toxoid antibody conjugation; the LSPR spectrum

of bare 10 nm gold colloids shows a Amax 0f 524 nm (solid blue), after conjugation with the monoclonal antibody, the
Amax shifts 7 nm to the red (dashed red).

0&

—t]

=il

0.5

04

—14

Absorhance 03

——16

i £ F

0z
t2

0.1

400 450 500 550 600 650 700
Wavelength(nm)

s S b gl ol (S Sligh slaaSemls gl ol -F S
Figure 4. Consideration of gold nanoparticles-secondary antibody stability during one week

5/b


http://dx.doi.org/10.52547/nbr.8.1.1
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.1.8.7
https://system.khu.ac.ir/nbr/article-1-2878-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.24236330.1400.8.1.8.7 ]

[ DOI: 10.52547/nbr.8.1.1]

Nova Biologica Reperta 7(1): 1-8 (2020) YD) V=AY o)leds o Al o psle 10 (g5 slaasily

06 - Gold Nanopatticles Antthody C onjugates
g = = =Gold Hanoparticles Antibody C onjugates
' o After3ilver Enhancem ent
o
e B PPl b
0.4 T b
§ Apnay =5200,0455%
b= .
£ 03 A “
~
: R
0.2 —fmy
Ay =531.0,0277
0.1 4
I:I T T T T T T T T T
400 428 458 488 520 550 581 612 642 673
Wavelength (nm)

OFY Amax S 0l 5T o34l slaaSsanls LSPR il tol (BT o35l slaaSsamils 0,8 cusis suss ol LSPR ol -0 S
ez ) FO0 Cdx b egll OY Amax S LSPR b 2aS gouilS” ) 8,85 Cogds 3l G o oo (L ) (o8 S5 5 a) ITVY Qda b el

e e plas | (o]
Figure 5. LSPR spectra confirming of silver enhancement of gold nanoparticles- antibody conjugates; the LSPR
spectrum of gold nanoparticles-monoclonal antibody conjugates shows a Amax 0of 531 nm with absorbance of 0.277

(solid red), after silver enhancement of gold nanoparticles-monoclonal antibody conjugates, the absorbance increase to
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Figure 7. The plot of current versus potential for CNT modified GCE (blue plot ¢) and CNT modified GCE with

tetanus toxoid antigen (red plot m).
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