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• A specific pattern related to hybridization was observed and a weighted average 

performed for both hybridization and non-hybridization experiments. The sensors 

primed with the forward RNA was able to detect the complementary sequence in a 

mixed sample in 10 minutes from the starting time. 

• Hybridization between a target DNA sequence and the complementary probe 

sequence that was wrapped around a SWNT occurs on the nanotube surface. [1]

• When the complementary strand was added to the bionanosensor, two RNA 

strands bind on the surface of carbon nanotube and leading to increase in the 

voltage and resistance values due to increase in the surface coverage of RNA on 

the CNT surface.

• On the other hand, when the non-complementary strand was added on the sensor 

as a second sample, the two RNA strands cannot hybridize each other and 

decreased in the voltage and resistance values, leading to increased in 

conductivity, occurred due to binding of negatively charged RNA to CNT.

Introduction

• Materials: RNA samples, Carbon Nanotube (CNT) Graphene and Graphite, 

filter paper. 

• In this technique, single-stranded (ss) DNA probe (known as priming) is 

immobilized on a substrate. This recognizes a specific complementary 

target DNA in a sample solution and gets hybridized leading to a detectable 

electrical signal. In this study we have expanded the scope of this BNS by 

using it to detect quick in-situ RNA hybridization. A sample of RNA 

(Forward: 5’ CCG AUA CGC UGC CAA UCA GU 3’) was tested 

simultaneously in an array of 4 biosensors (each primed by the reverse-

RNA).

• The voltage and resistance across each of the biosensors was measured 

with a self-designed, feed-back controlled, balanced Wheatstone bridge 

circuit with an Arduino interface. 

Methods and Materials
• Our results can prove that the hybridization of RNA and non-hybridization of RNA 

sequences can be detected by using carbon nanotubes and graphene. 

• The pattern in the graph of normalized voltage of the experiments can indicate that 

the reaction between first and second RNA samples happened within 320 to 380 

seconds, as soon as the second drop was put on the sensor surface. 

• This detection method is fast and  can detect the presence or absence of  

complementary RNA sequence within 10 minutes.
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Conclusions

• Viral infections (like different types of influenza virus) are becoming 

alarmingly common often leading to epidemics. Since viruses can multiply 

from genomic materials it can spread the infection quickly as well as cause 

other complications like birth defects, autoimmune disease and even 

cancer. Diagnostics of viral infection traditionally is performed using 

antigen-antibody reaction, which is time consuming and labor intensive. 

Also, viral infections can be latent or show false negative results when 

antibody reaction is tested.   In-situ direct hybridization detection is possible 

by expensive, long and difficult radiation-based methods.  

• Our group has developed a Carbon Nanotube (CNT) & Graphene based  

Bionanosensor (BNS) for rapid and direct detection of specific nucleic acid 

sequences.

Results

Figure 1A- Hybridization of RNA (the normalized voltage increased after second drop around 310 seconds),
1B- Non-Hybridization of RNA (the normalized voltage decreased after second drop around 310 secs

Figure 2- Total 9 hybridization experiments were averaged and the average graph shows that the increasing 
pattern in Normalized voltage after complementary second drop of RNA.

-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

300 320 340 360 380 400 420 440 460

N
or

m
al

ize
d 

Vo
lta

ge

Time (sec)

0.084

0.086

0.088

0.09

0.092

0.094

0.096

0.098

0.1

0.102

300 320 340 360 380 400 420 440 460

N
or

m
al

ize
d 

Vo
lta

ge

Time (sec)

Figure 3- Total 9 non-hybridization experiments were averaged and the average graph shows that the decreasing
pattern in Normalized voltage after non-complementary second drop of RNA.
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