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Nanoscale surface modification promotes ultra-sensitive detection
of quartz crystal microbalance against cymbidium mosaic

potexvirus: single-wall carbon nanotube and gold nanoparticles
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Institute of Nanotechnology National Chiao Tung University

Abstract

We have developed an ultra-sensitive, convenient, real-time platform for detecting Cymbidium
mosaic potexvirus (CymMV) based on single-wall carbon nanotube (SWNT)-functionalized quartz
crystal microbalance (QCM) sensors. Functionalization was achieved by coating the QCM electrode
with  SWNTs, followed by 1,1’-carbonyldiimidazole-activated Tween 20 (CDI-Tween 20)
modification and conjugation of antibodies. Sensitivity was enhanced from 2.18 Hz ng™ to 11.5 Hz
ng? when 0.1 pg mL™ CymMV was applied. The low limit of detection of SWNT-functionalized
QCM sensors was improved from 2.08 ng to 0.502 ng. The SWNT-functionalized QCM sensor was
successfully used to quantify the amount of CymMYV contained in infected orchid leaves. Compared to
ELISA, SWNT-functionalized QCM sensors are fast, economical, and ultra-sensitive, with
comparable sensitivities. The current study demonstrates the application of QCM sensors as a
convenient platform to detect and quantify CymMV.

We modified the surface of QCM electrode with 37-nm GNP and found that the



sensitivity and capacity of detection was significantly enhanced. Maximum surface coverage
of 35% occurred when 0.5% 1,6-hexanedithiol was applied as cross linking agent. A 10-fold
enhancement of sensitivity was observed at 0.52 ng CymMV, from 4.62 Hz ng™ to 48.1 Hz
ng™. Limit of detection is improved from 1 ng to 0.1 ng. Modification of GNP enhanced 10
folds in sensitivity and in LOD.

Increase in surface charge was observed which in theory enhanced fundamental
resonating frequency (Fo). Ultra-sensitive detection of modified QCM was correlated to the
increase in surface charge. Increase in surface energy was also observed which was correlated

to the increased in binding capacity of QCM electrode.
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