
Detection of Human-Infectious Influenza Virus Using 

Sialoglycan-Modified Graphene Field-Effect Transistor 
 

Takao Ono1, Takuya Kawata1, Shota Ushiba2, Yasushi Kanai1, Yasuhide Ohno1,3, Kenzo Maehashi1,4, 

Koichi Inoue1, Yohei Watanabe5, Shin’ichi Nakakita6, Yasuo Suzuki7, Toshio Kawahara7, 

Masahiko Kimura2, and Kazuhiko Matsumoto1 
 

1ISIR, Osaka University, 8-1 Mihogaoka, Ibaraki, Osaka 567-0047, Japan 

Phone: +81-6-6879-8412 E-mail: t-ono@sanken.osaka-u.ac.jp 
2Murata Manufacturing, 1-10-1 Higashi-kotari, Nagaokakyo, Kyoto 617-8555, Japan, 

3Tokushima University, 2-1 Minamijosanjima, Tokushima 770-8506, Japan 
4Tokyo University of Agriculture and Technology, 2-24-16 Nakacho, Koganei, Tokyo 184-8588, Japan 

5Kyoto Prefectural University of Medicine, 465 Kajiicho, Kawaramachi-Hirokoji, Kamigyo, Kyoto 602-8566 Japan  
6Kagawa University, 1750-1 Ikenobe, Mikicho, Kita-gun, Kagawa 761-0701, Japan 

7Chubu University, 1200 Matsumotocho, Kasugai, Aichi 487-8501, Japan 

 

Abstract 

For early detection of emerging human-infectious 

avian influenza virus, sialoglycan-modified graphene 

field-effect transistor was developed. Utilizing infection 

mechanism of influenza virus, this novel device specifi-

cally detected human-infectious influenza virus of 2.56 

HAU concentration, which is comparable to human saliva, 

for around 20 minutes. The speedy and high-sensitive de-

tection will prevent oncoming pandemic caused by hu-

man-infectious avian influenza virus. 

 

1. Introduction 

Graphene has high carrier mobility and two-dimensional 

structure. Owing to these features, graphene field-effect tran-

sistor (G-FET) keenly responds to target molecules bound to 

its graphene channel [1]. In this study, G-FET was applied to 

detection of specific influenza virus (IFV). Highly pathogenic 

avian influenza has attracted global attention in poultry farm-

ing. Although it hardly affects human species, it has high 

mortality rate about 60%, once affecting humans. In 2012, it 

was found that highly pathogenic avian IFV achieves strong 

human infectivity by only four mutation in its membrane pro-

tein hemagglutinin [2]. Now there are global concerns about 

emergence of human-infective avian IFV, which potentially 

cause severe pandemic like Spanish flu in 1918. For the de-

tection of human infectivity of IFV, the authors focused on its 

infection mechanism. IFV infection starts from binding of he-

magglutinin to sialoglycan on human or avian cell surfaces. 

Hemagglutinin recognizes slight difference in structure of hu-

man and avian sialoglycan, and specifically binds to either of 

them. Therefore, if one can detect binding specificity of IFV 

to sialoglycan in high sensitivity, it leads to early detection of 

the pandemic potentials and prevention of the oncoming pan-

demic. Here, the authors modified human-type sialoglycan on 

graphene field-effect transistor (G-FET) and electrically de-

tected the binding of human-infectious IFV to sialoglycan 

(Fig. 1(a)).  

 

2. Experimental procedure 

G-FET was fabricated from exfoliated graphene. After  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: (a) Schematic illustration of IFV detection using G-FET. (b) 

Optical micrograph of G-FET. 

 

transferred to Si/SiO2 substrate, graphene was connected to 

Au/Ni electrodes (Fig. 1(b)). Human-type 2.6 sialoglycan 

was then modified on graphene via -stacking linker 1-

pyrenebutyric acid N-hydroxysuccinimide ester (PBASE). 

The modification was confirmed by atomic force microscopy 

(Fig. 2(a)). Sialoglycan increased graphene thickness from its 

original value (0.32 nm) to 2.3 nm. The modification was also 

confirmed by the shift in ambipolar transfer characteristics of 

G-FET toward positive voltage direction.  electron of 

PBASE and carboxyl group of sialoglycan induced hole car-

rier to graphene [3]. 

Nonspecific binding of IFV was reduced by surface 

blocking using 1 % polyvinylpyrrolidone and 0.05 % poly-

sorbate 20. All measurements were carried out in pH 7.4 

phosphate buffer. 

 

3. Results and discussions 

Transfer characteristics of G-FET modified with human-

type 2.6 sialoglycan were shifted toward positive voltage 

direction after adding human-infectious IFV (H1N1 subtype, 

A/Suita/117/2011, Fig. 3(a)). The shift direction is consistent  
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Fig. 2: Sialoglycan modification of G-FET. (a) Modification scheme 

and cross sectional profile at graphene edge before and after modi-

fication. (b) G-FET transfer characteristics in modification process. 

 

with the negative surface charge of the virus. In contrast, un-

modified G-FET showed little change in transfer characteris-

tics after the adding (Fig. 3(b)). These results show G-FET 

detected sialoglycan-specific binding of IFV. The shift width 

monotonically increased with the virus concentration (Fig. 4). 

Moreover, the G-FET hardly respond to avian influenza virus 

(H9N2 subtype, A/Turkey/Wisconsin/1/1966). Between hu-

man and avian IFV, significant difference was observed in 

electrical response even under virus concentration of 2.56 

HAU, which is almost comparable to that in human saliva. 

The whole measurement took around 20 minutes, while the 

conventional infectivity discrimination takes a week so far, 

due to its lack of sensitivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Transfer characteristics before and after IFV injection on G-

FET with (a) and without (b) sialoglycan modification. Horizontal 

shift width was 32.6 mV in (a) and 1.4 mV in (b). 

 

These results from electrical measurements were sup-

ported by AFM and fluorescent microscope images, that is, 

after fluorescent staining of viral lipids, particles of several 

tens of nm diameter (close to diameter of the virus) were ob-

served in AFM images and the particles were found to contain 

viral lipids by fluorescent images (Fig. 4). These particles 

were observed only on G-FET where human-infections IFV 

was introduced.  

 

4. Conclusion 

Sialoglycan-modified G-FET was developed and success-

fully detected human-infectious IFV selectively. This novel 

method achieved sensitive and quick detection potentially ap-

plicable to on-site diagnosis of influenza for early detection 

of emerging pandemic potentials. 
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Fig. 4: Discrimination of human-infectious IFV. (Left graph) Shift width of transfer characteristics of G-FET under variety of IFV con-
centration. Error bars: one standard deviation of current noise. (Right images) AFM and fluorescent images of G-FETs after introduction 
of human IFV (upper images) and avian IFV (lower images). Virus particles in merged image are indicated by arrows. 
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