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Abstract

Amplified labeling platforms consisting of layers of enzyme on carbon nanomaterials
have been developed. The first label used tyrosinase immobilized on carbon nanotubes
as an electrochemical label for immunoassay. The second label used a multienzyme
system consisting of alkaline phosphatase and diaphorase immobilized on graphene
nanoparticles for immunoassay.

The first amplified labeling platform was developed to enhance the ability of an
electrochemical immunoassay. The platform consisted of multi-wall carbon nanotubes
(MWNTSs) supporting layers of the enzyme tyrosinase (TYR), which provide an
amplification cycle due to substrate recycling at the electrode. The immobilization of
multi-layered TYR on the surface of MWNTs by using stepwise layer-by-layer
deposition was demonstrated. The optimal assay conditions were obtained after
experimenting with the pH and applied potential. Two TYR layers on the MWNTSs
provide the maximum response towards catechol. The results indicated that the
conjugation of MWNTs and TYR exhibited a high sensitivity toward the catechol
substrate (320.8 mA.M™),with a short response time (2 s). Kinetics studies of the TYR
on MWNTSs toward catechol substrate were performed. The result found that Ky / Ky
was one order of magnitude less than the value for free tyrosinase. MWNTs-TYR
conjugation was applied to labeling for an electrochemical immunoassay detecting
Salmonella Typhimurium. Via rabbit anti-salmonella polyclonal antibodies. The results
indicate that the system provide a detection limit for Salmonella Typhimurium
approximately 340 CFU/mL in pure culture and 10° CFU/mL in milk samples (spike).
The system also provide a colorimetric detection route by monitoring the absorbance of
the enzyme product at 410 nm, and provide a detection for Salmonella Typhimurium of
approximately 10° CFU/mL.



The second nano-structured platform consisted of graphene nanoparticles (GO) and bi-
enzyme layers of alkaline phosphatase (ALP) and diaphorase (DI) to enhance the
detection ability for Salmonella Typhimurium detection. The immobilization of multi-
layer enzyme on the surface of GO was based on a stepwise layer-by-layer electrostatic
deposition. The surface of GO allowed more enzyme molecules to absorb compared
with MWNTSs, based on optical measurements. The kinetics of GO/PAH/DI modified
SPEs were investigated. kc/Kyv of the enzyme could not be determined due to the
unproportional response of the system towards PAP concentrations. The result of
electrochemical study of the second nano-structured platform indicate that the response
was not largely amplified and could not be applied to immunoassay.

Keywords: Alkaline phosphatase / Carbon nanotubes/ Diaphorase / Electrochemical
Immunosensor / Enzyme recycling/ Graphene nanoparticles / Layer-by-layer /
Tyrosinase
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LIST OF ACRONYMS

alkaline phosphatase

antibody

antigen

silver/silver chloride reference electrode
bovine serum albumin

catechol

carbon nanotubes

cyclic voltemmetry

chemical vapor deposition
differential pulse voltammetry
deoxyribonucleic acid

enzyme linked immunosorbent assay

enzyme immunoassay

graphene oxide

diaphorase

Immunoglobulin G

limit of detection

layer-by-layer

multi-walled carbon nanotubes
multi-walled carbon nanotubes carboxylic acid
functionalized

nicotinamide adenine dinucleotide
phosphate buffer solution

poly allylamine hydrochloride
para-amiophenylphosphate
para-Iminoquinone
single-walled carbon nanotubes
screen-printed carbon electrodes
scanning electron microscopy
sodium dodecyl sulfate
tyrosinase
3,3',5,5'-tetramethylbenzidine
ultraviolet-visible

working electrode



