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Abstract—The spread of influenza A virus variants requires
continuous monitoring given the high mutation rate. The surveillance of such mutations is essential and therefore highly sensitive
sensor systems are needed. Host changes can be observed as
changes in the bonding between virus protein and host sugar
chains. We have investigated the dispersion of sugar chains such
as sialylglycopeptide (SGP) and sialoglycopolymer, to name a few.
These represent potential candidate molecules in biosensors for
detecting influenza virus host specificity. The clustering of sugar
chains might enhance and stabilize the binding activity and the
relative errors in binding activity fluctuations will be addressed
here.
Index Terms—influenza virus, host specificity, sugar chain,
neoglycoprotein, biosensor

I. I NTRODUCTION
A worldwide outbreak of influenza is the most feared
potential public health emergency of international concern [1].
The spread of influenza A virus variants requires continuous
monitoring given the high mutation rate of the virus [2]. Many
infections in humans have been reported and this might be
due to the potential of these viruses to mutate which results
in a change of host from birds to humans [3], [4]. Since the
surveillance of such mutations is essential, the development of
highly sensitive sensor systems is needed. We have developed
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a biosensor using nano-carbon materials which can detect the
preferred host of the virus [5], [6].
Host changes can be observed as a change in the bonding between virus protein and host sugar chains. We have
developed several processes to fabricate biosensor systems.
One of these utilizes an immobilizing process for the binding
of specific molecules onto the device surface, such as those
found in avian and human influenza viruses [7]–[10]. For
biosensors with host specificity for influenza viruses, we used
sugar chains with different coordination of terminal sialic acid
and penultimate galactose, such as α(2-3)-linkage sialic acid
for an avian influenza virus and α(2-6)-linkage sialic acid for
a human virus.
In this paper, we will discuss about the dispersion of
sugar chains such as sialylglycopeptide (SGP) [11], and
sialoglycopolymer [12], [13] to name a few. These represent
potential candidate molecules for use in biosensors for the
detection of influenza viruses, and we have investigated virus
host specificity using an enzyme-linked immunosorbent assay
(ELISA). Using bovine serum albumin (BSA) localization, we
have obtained a stable distribution. The clustering of sugar
chains might also enhance and stabilize the binding activity.
The relative errors in binding activity fluctuations will also
be addressed here. Compared with single sugar chains of
SGP, clustered molecules of sialoglycopolymer and SGP-BSA
display smaller relative errors.
II. E XPERIMENTS
Sugar chains of SGP (molecular weight (MW) ∼2.8 kDa),
sialoglycopolymer (MW ∼3500 kDa), and neoglycoprotein of
SGP-BSA (MW ∼66 kDa) were used. For SGP, glycopeptide

powder was purified to monomer by reversed-phase HPLC.
For sialoglycopolymer, sialyllactosamine was attached to polymer chains of γ-polyglutamic acid by chemoenzymatic synthesis [14]. The exchange ratio of sugar chains was 51.5%,
and the structures of the synthesized sialoglycopolymer were
confirmed by 1 H and 13 C NMR analysis [15]. For SGP-BSA,
the amino group of SGP was attached to sulfhydryl groups of
BSA using m-maleimidobenzoyl-N-hydroxysulfosuccinimide
ester [16]. The average number of SGP groups attached to
each BSA molecule was approximately 10, as determined by
HPLC analysis of purified fluorescently-labeled N-glycan.
The properties of the binding between viruses and sugar
chains were examined by ELISA. Solutions of sugar chains
at concentrations from 1000 ng/mL to 15.6 ng/mL with twofold serial dilution by PBS were spread onto 96-well plates
(Nunc MaxiSorp flat-bottom, Thermo Fisher Scientific) for
sialoglycopolymer and SGP-BSA. One thousand nanograms
per milliliter of sialoglycopolymer corresponds to 997 pM of
sialic acid, and that of SGP-BSA to 279 pM. SGP was used
at concentrations ranging from 5 ng/mL to 78 pg/mL, and
5 ng/mL of SGP corresponds to 3.49 pM of sialic acid. Following incubation of the sugar chains for 2 hours, viruses comprising 32 HAU of A/California/07/2009 (H1N1) and 6 HAU of
A/mallard/Hokkaido/24/2009 (H5N1), a non-pathogenic avian
influenza virus, were fed into the wells. The viruses were
adsorbed overnight at 4◦ C. Bound viruses were inactivated and
fixed with 10% formalin in PBS buffer (3.7% formaldehyde)
at room temperature for 30 min. Using rabbit anti-human
influenza A and B polyclonal antibodies (Takara Bio) and
Simple Stai MAX PO (Nichirei Bioscience), the addition of
o-phenylenediamine (Wako Pure Chemical) produced a yellow
color. The binding activity was measured by the absorbance
at 490 nm using a Model 680 Microplate Reader (Bio-Rad).
AFM (AFM5010, Hitachi High-Tech Science, Tokyo,
Japan) was used for the observation of sugar chains. For the
SGP and sialoglycopolymer, the stock sample (1 mg/mL) was
diluted to 10 ng/mL or 1 ng/mL with double-distilled water and
then 1 µL of the samples was observed on a freshly cleaved
mica surface in air using a self-sensing micro-cantilever PRCDF40P instrument (Hitachi High-Tech Science) with resonance frequency of 477.2 kHz. For the observation of sugar
chains of SGP-BSA in buffer solution, the stock sample of
the sugar chains (1 mg/mL) was diluted to 1 µg/mL with
double-distilled water, and 100 µL of the samples was spread
onto a freshly cleaved mica surface attached in the dish.
Micro-cantilevers of SI-DF3 (Hitachi High-Tech Science) with
resonance frequency of 27 kHz and spring constant of 1.7 N/m
were used.
III. R ESULTS AND D ISCUSSION
Figure 1(a) shows the binding activity of SGP to avian
influenza virus of H5N1. SGP was directly attached onto
the ELISA plate by the terminal amino groups. Avian type
receptor of α(2-3)-linked sugar chains has a higher binding activity compared to human type receptor of α(2-6)-linked sugar
chains. In this case, however, we observed large fluctuations in

Fig. 1. Binding of viruses to SGP detected by ELISA. (a) Binding activity of
avian H5N1 influenza viruses to α(2-3)- and α(2-6)-linked SGP. (b) Relative
errors for binding activity of SGP. Red and blue (hatched) bars are for human
and avian IFVs, respectively.

Fig. 2. (a) Representative AFM image and (b) height distribution of SGP.

the binding activity. For example, the standard deviation of the
binding activity at an SGP concentration of 3.49 pM was 0.115
with an average absorbance of 0.131. At times we observed no
binding activity of α(2-3)-linked sugar chains to H5N1, and
where control experiments confirmed the presence of active
viruses. Furthermore, the relative errors as shown in Fig. 1(b)
also show a wide distribution, where over 0.4 (40%) relative
errors could be observed. The standard deviation of the relative
errors is 0.170 for the binding activity of α(2-3)-linked sugar
chains to H5N1, and 0.114 for that of α(2-6)-linked sugar
chains.
An AFM image of SGP (10 ng/mL) spread onto mica is
shown in Fig. 2(a). Several molecules are present with wide
height distribution between 0.3 nm and 3.9 nm, as shown in
Fig. 2 (b). This might result from molecular conformational
differences of the SGP. SGP has multiple amino groups that
can potentially bind to the substrate, and differences in the
extent of binding could generate the conformational variety

observed. When the molecules adopt a lying conformation,
which can be observed with heights of less than ca. 1 nm,
the active sites of terminal sialic acid seems to be too close
to the substrate and the binding could be shielded. The
standing conformation of SGP, which can be observed with
heights of ca. 3 nm, could be associated with greater binding
activity. Figure 2(b) shows the spatial size distributions at ca.
15 nm and 20 nm. This might result from the conformational
flexibility of long molecules of SGP. Thus, SGP shows large
fluctuations, which could relate to the observed fluctuations in
binding activity.

lower with small error bars. Figure 3(b) shows the relative
errors of binding activity. The standard deviation of the relative
errors is 0.071 for the binding activity of α(2-6)-linked sugar
chains to H1N1, and 0.169 for H5N1. Therefore, the standard
deviation of the binding activity between H5N1 and α(2-6)linked sugar chains is reduced to 0.071 compared to SGP
(0.114).
Figure 4(a) shows an AFM image of sialoglycopolymer
(1 ng/mL) on mica. Uniform dispersion can be achieved.
Furthermore, the small side chains of sialyllactosamine can
easily adopt a standing conformation. As a result, most of the
molecules have a height of ca. 0.6 nm as shown in Fig. 4(b).
Partially clustered sugar chains might have higher binding
activity, and there is the possibility that many free sugar chains
would remain during the binding experiments.
Finally, we show the binding activity of SGP-BSA in Fig.
5(a). As the range in the number of sialic acids is the same in
Fig. 3 (a), the binding activity could be enhanced in SGP-BSA.
The fluctuations in binding activity seem to be reduced with
small error bars. Figure 5(b) shows the relative errors of the
binding activity. The standard deviation of the relative errors is
0.046 for the binding activity of α(2-6)-linked sugar chains to
H1N1, and 0.084 for H5N1. Therefore, the standard deviation
of the binding activity between H5N1 and α(2-6)-linked sugar
chains is reduced to 0.046. Highly concentrated clusters could
have higher binding activity with smaller fluctuations.

Fig. 3. Binding of viruses to sialoglycopolymer containing α(2-6)-linked
sialic acid detected by ELISA is shown in (a). Filled squares denote human
influenza virus (H1N1), while open circles denote avian virus (H5N1). (b)
Relative errors for binding activity of sialoglycopolymer. Red and blue
(hatched) bars are for human and avian IFVs, respectively.

Fig. 4. Representative AFM image of sialoglycopolymer on mica. (a) AFM
image and (b) height distribution of sialoglycopolymer.

Fig. 5. Binding of viruses to SGP-BSA containing α(2-6)-linked sialic acid
detected by ELISA is shown in (a). Filled squares denote human influenza
virus (H1N1), and open circles denote avian virus (H5N1). (b) Relative errors
for binding activity of SGP-BSA. Red and blue (hatched) bars are for human
and avian IFVs, respectively.

Our attention shall now turn to the clustered structures such
as sialoglycopolymer and SGP-BSA. The binding activity of
α(2-6)-linked sialoglycopolymer to influenza viruses is shown
in Fig. 3 (a). Only the human influenza viruses of H1N1 have
high activity. The fluctuation in binding activity seems to be

Figure 6(a) shows an AFM image of SGP on mica. The
sparse dispersion can be observed, with the sugar chains being
highly concentrated on BSA. The height distribution is shown
in Fig. 6(b) and spreads over the range between 4 nm and 9 nm.
Fluctuations in sugar chains on BSA is evident. As a result of

Fig. 6. Representative AFM image of SGP-BSA in a liquid. (a) AFM image
and (b) height distribution of SGP-BSA.

the scaffolding provided by the BSA molecules, the clustered
sugar chains on BSA with fluctuation can work effectively
[17]. Therefore, we achieved effective use of sugar chains and
high binding activity with fewer free sugar chains. In general,
when the density of viruses is low under actual working
conditions, the high clustering and effective use of sugar chains
seems to be important for the binding molecules. With this in
mind, SGP-BSA appears to be a potential candidate for use
in initial reactions of influenza virus sensors.
IV. C ONCLUSION
We have discussed several clustered sugar chains that
engage in binding to influenza viruses. α(2-6)-linked sugar
chains have higher binding activity to human influenza viruses
compared to α(2-3)-linked sugar chains. Single sugar chains
of SGP display conformational variability due to the presence
of multiple amino groups as binding sites. As a result, SGP
shows large fluctuations in binding activity. On the other hand,
clustered sugar chains such as sialoglycopolymer and SGPBSA show small fluctuations in binding activity. The standard
deviation of the relative errors could be reduced to 0.071 for
sialoglycopolymer and 0.046 for SGP-BSA, while that for
SGP was 0.114. Thus, we have succeeded in reducing the
fluctuations in binding activity by clustering. For SGP-BSA,
the high clustering using scaffold molecules could enhance
the effective use of sugar chains to yield high binding activity
with fewer free sugar chains.
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