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Abstract — In this study, we described a paper-based neuraminidase assay sensor (PNAS) which can be applied to
detect the infection by influenza viruses. The PNAS was designed and manufactured to quantitatively identify the levels
of neuraminidase in the sample, which is based on colorimetric analysis using the X-Neu5Ac substrate. The limit of
detection of the PNAS was determined as 0.004 U/mL of neuraminidase. According to the amount of neuraminidase in
human serum, the PNAS could monitor the enzyme activity with a good linearity (R> > 0.99). In addition, the initial per-
formance of the PNAS has been maintained up to 70 days in the 4 °C. Finally, we demonstrated whether the Michaelis-
Menten kinetics is applied to the PNAS, which can show the reliability of the enzyme reactions. The kinetic studies indi-
cated that the PNAS provides the good condition for enzyme reactions (K,,=8.327x107> M), but they were performed on
paper chip nonetheless. The paper-based neuraminidase assay sensor may be useful in a wide range of rapid and safe
detection of influenza virus.
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2-1. H8 M=
Glyko® sequencing-grade Neuraminidase (Sialidase) A (N-acetylneuraminate
glycohydrolase)= ProzymeAl #|3 2.2 0.1 M potassium acetate

Top view Cross section view

Substrate pre-loading spot

n /

T tman™ 3MM Chr C! Paper

Fig. 1. Schematic of the paper-based neuraminidase assay sensor
(PNAS). The PNAS sensor was simply designed as reservoir
type. It was patterned with circular hydrophilic zone (d~5 mm)
surrounded by a hydrophobic magenta color wax barrier.
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Fig. 2. Overall strategy for paper-based neuraminidase assay sensor. The halogenated 5-bromo-4-chloroindol-3-ol is produced by hydrolysis of
the X-NeuSAc with neuraminidase. Then a 5,5’-dibromo-4-4’-dichloro-indigo (an insoluble dark blue compound) is produced through

the rapid aerobic oxidation reaction.
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2-3. Neuraminidase 2= $H4|(LOD, limit of detection) 53
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2-5. PNAS QF E7}
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3-2. PNAS AOA Neuraminidase & W 4

Neuraminidase 4~ 8- H7FE 91t 5013 AlRRS: 918) HA] FolF
ol 52 1% Al X-NeuSAc 714 55 2] 43} U neuraminidase
G0 & A (limit of detection) #k-& 574 313t} X-NeuSAc
P o9 55, 5, 10,20, 30, 40 mM)E &2 AZ AR 3
neuraminidase (0.1 U/mL)E A g]3to] 7|4 sxo) &
SZ3} Al 2 (onset of saturation)S 2EQ4T), 714 9] 27] FEH
30 mM 7}4] neuraminidase®] 73l WH-S B3l WHEoIX|=
AEo] Azk sl M3 RE > 0.9812)S Holthrt 1 o)ie] %
(40 mM)ollA = Z37F A ZE (R > 0.9669) = gl & 4= 3)3lth
(Fig. 3a). WA, E40] WS SR 9lojA 7] $%1 V7t
V2t 2ot 7149 w2e "8l vt S134E 2 He 71d
52 40 mMolA ©HE neuraminidase®] & 3HA|(limit of
detection)E =7J 33T} 40 mMS] X-NeuSAc 7] 20| &2k 71x9
PNAS®Y| TheFat “55(0.004, 0.006, 0.010, 0.014, 0.016 U/mL)2] <=
4 neuraminidaseE A 2]3}0] Fol3 Aol A WslE 3G
A A3} control (0 U/mL)°ll B3} 0.004 U/mLY-E] 3] 2% 9]
W32 ghel 3 5= Q1A THp value < 0.05). ©]F Aol 4] AFg-31
neuraminidase®] & == i 5341¢] PVDF B} 714} neuraminidase
AT AE Farste] 1ot oekst 714 sszof] disl] Fol7|ut el
A QA o7 A WshE #HEEE A QLSS 0.01 UmL oS ARE-
SISItH(Fig. 3b).
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(b)  Concentration of Neuraminidase (U/mL)
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Fig. 3. Optimization of X-NeuSAc concentration for neuraminidase assay on paper. (a) The neuraminidase substrate (X-NeuSAc, 1, 5, 10, 20,
30, 40 mM) was pre-dried on the circular hydrophilic zone in advance, and then high-concentrated neuraminidase (0.1 U/mL) was
treated to determine the onset of saturation. (b) Characterization of the detection limit of PNAS for neuraminidase enzyme assay.
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k12 &3 (healthy human serum)el] 3718k 40 mM X-NeuSAc
o] &2 71x¥ PNASE o]&3to] a4 &5 HAE siqlthn=3).
Fig. 4914 & = Qlzo] @3 Ulol| b o 9 gixpAlEo] v
343 £A1= 0] glFol = 3713 neuraminidase 5=l whef
PNAS “gellM & v =& 328 A4S BeS g1+ U3

tHR? > 0.9903).

S, Al PNASE 47 713 Bt ol 27] A5 #7471
ol dvht H=A]oll thgt b4 7t HIAES X383t X-

NeuSAc 7|7 0] 723} dle]| 2|42 0 %
Slo)E A~ F Bl ¥ o] neuraminidasee]] T3l -8 217] ol
PNAST Az 3l Hlo| apgy] = o] YolF=31 W4 °C) 2
31t B 713l whE 271d%% 14 A¥= Fig. 50 Hoj|
= A3} o] 70Y 7= 1 2714350 f-AE T 90 e o] =
A sz A|7)7F s RS gl & QLT w9 1kask
Fo|Fo)Aut 2do] YE= oPgA O npeuraminidase &4 FS
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Fig. 4. Validation of quantitative assay for neuraminidase in human
serum. Healthy human serum spiked by each concentration of
neuraminidase (0.0125, 0.025, 0.05, 0.1, 0.25, 0.5, 1, 2.5 U/mL)
was tested on the PNAS (n=3).
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Fig. 5. Characterization of storage stability for PNAS. The PNAS
was stored in the dark at 4 °C to prevent the degradation of
X-Neu5Ac substrate.
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3-4. Neuraminidase activity assay

ZFo]3 “dollA neuraminidase®] &4 G/ H7HE $J3l Michaelise}
Menten®] A% WEE v|7tA 2] A wl €l 59 Sh(Michaelis-Menten
kinetics)©| -8 7534 EHIEFSITH35]. X-NeuSAc 5ol whHe
A E 33 87 ([P] intensity)y= W5 A THZE IS S5
AT oA Aozl T ZERE], FolF A EA RESOISlE
£ -3}l neuraminidase &4~ w7k 2] 2wl gl 5 ShMichaelis-
Menten kinetics)ll W9~ 2 F-3te ] o] & thA] 24 s Pel=
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