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Abstract: This study introduces a portable gold-nanoparticle-enhanced surface plasmon resonance
(SPR) biosensor for the swift and highly sensitive detection of β-bungarotoxin in krait venom.
Demonstrating a 103-fold increase in sensitivity over traditional SPR sensors, this compact tool
underscores the potential of portable SPR biosensors for efficient point-of-care venom diagnostics.
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1. Introduction

There is a significant drive to establish a portable, swift, and highly sensitive method
for the quantification of β-bungarotoxin (β-btx), an essential biomarker from krait venom,
to replace the lateral flow quantification method, which has shown inadequate accuracy
and limited capacity in providing immediate results for snake poisoning diagnoses [1,2].
Complementary methodologies, such as immunoassay techniques, have been introduced
alongside conventional immunoassays, addressing the demand for high-sensitivity and
quantitative approaches. However, these methodologies still grapple with limitations
regarding portability and speed [2], thus accentuating the necessity for continued advance-
ments in krait venom detection tools. Concurrently, surface plasmon resonance (SPR)
biosensors are emerging as a promising technology for the real-time, rapid, and label-free
detection of various biomarkers. The portability of SPR instrumentation, characterized by
its lightweight and compact design, offers a distinct advantage [3,4]. As such, the diagnosis
of krait poisoning could be feasibly conducted at low-cost clinics, point-of-care facilities in
remote areas, in the field, or within emergency vehicles. However, quantification of β-btx
via SPR biosensors has been sparsely reported in the literature [2,5].

In this study, we present, for the first time, a real-time, highly sensitive approach for
quantifying β-btx using a label-free gold nanoparticle (AuNP)-enhanced SPR sensor chip.
Incorporating AuNPs enhances the SPR curve due to an intensified localized electric field
near the nanoparticle surfaces, significantly boosting sensor sensitivity. Remarkably, the
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detection threshold of the AuNP-enhanced SPR sensor exceeds that of traditional sensors
by a factor of 103-fold. Additionally, we used serum samples to evaluate our enhanced
assay’s performance and establish a qualitative–quantitative correlation, offering a practical
reference for gauging the severity of krait envenomation.

2. Results and Discussion

Figure 1a presents our portable SPR instrument, which utilizes an OLED light source
and a sensor chip designed for β-btx quantification. This sensor chip features 40 nm diame-
ter AuNPs coated with streptavidin and aptamers. We analyzed β-btx concentrations from
500 fg mL−1 to 1 ng mL−1 in PBS and diluted serum. Figure 1b showcases the enhanced
SPR sensitivity achieved through AuNP immobilization on gold films, leading to a deeper
reflection spectrum. This enhancement is evident in Figure 1c, demonstrating a significant
red shift in the SPR resonance wavelength when AuNP-modified films were used for β-btx
detection. Figure 1d depicts the calibration curve of SPR response against β-btx concen-
tration, showing higher signals for AuNP-modified films and a 99% correlation between
SPR response trends. Notably, the LOD decreased from 310 fg mL−1 to 0.31 fg mL−1 with
AuNPs, a 103-fold improvement. Additionally, we perform a semi-quantitative analysis
and categorize the SPR signal into five grades, each corresponding to a distinct toxin level
in diluted serum samples, as depicted in Figure 1e. This categorization provides a valuable
guide for assessing the severity of krait bites in patients.

Proceedings 2024, 97, x  2 of 3 
 

 

by a factor of 103-fold. Additionally, we used serum samples to evaluate our enhanced 
assay’s performance and establish a qualitative–quantitative correlation, offering a practi-
cal reference for gauging the severity of krait envenomation. 

2. Results and Discussion 
Figure 1a presents our portable SPR instrument, which utilizes an OLED light source 

and a sensor chip designed for β-btx quantification. This sensor chip features 40 nm di-
ameter AuNPs coated with streptavidin and aptamers. We analyzed β-btx concentrations 
from 500 fg mL−1 to 1 ng mL−1 in PBS and diluted serum. Figure 1b showcases the enhanced 
SPR sensitivity achieved through AuNP immobilization on gold films, leading to a deeper 
reflection spectrum. This enhancement is evident in Figure 1c, demonstrating a significant 
red shift in the SPR resonance wavelength when AuNP-modified films were used for β-
btx detection. Figure 1d depicts the calibration curve of SPR response against β-btx con-
centration, showing higher signals for AuNP-modified films and a 99% correlation be-
tween SPR response trends. Notably, the LOD decreased from 310 fg mL−1 to 0.31 fg mL−1 

with AuNPs, a 103-fold improvement. Additionally, we perform a semi-quantitative anal-
ysis and categorize the SPR signal into five grades, each corresponding to a distinct toxin 
level in diluted serum samples, as depicted in Figure 1e. This categorization provides a 
valuable guide for assessing the severity of krait bites in patients. 

 
Figure 1. (a) Schematic illustration of the operation procedure of the handheld SPR sensor for di-
rectly detecting β-btx in serum samples. (b) Comparison of different SPR reflection spectra either 
with or without AuNPs. (c) A comparison of two different SPR responses either with or without 
AuNPs at a fixed β-btx concentration of 500 fg mL−1. (d) SPR response as a function of β-btx concen-
tration either with or without AuNPs. (e) SPR responses for reading and scoring the krait bite sever-
ity level. 

Therefore, the highly sensitive performance and semi-quantitative mapping of our 
handheld SPR sensor presents it as an efficacious compact diagnostic solution for krait 
poisoning cases. 

Author Contributions: Conceptualization, S.H.S.M., and M.J.; methodology, S.H.S.M., M.J., and C.-
C.L.; software, S.H.S.M.; validation, S.H.S.M., C.-C.L., and M.J.; formal analysis, S.H.S.M., and M.J.; 
investigation, S.H.S.M.; resources, C.-C.L., and J.-S.Y.; data curation, S.H.S.M.; writing—original 
draft preparation, S.H.S.M., and M.J.; writing—review and editing, S.H.S.M., M.J., and K.-C.L.; 

Figure 1. (a) Schematic illustration of the operation procedure of the handheld SPR sensor for directly
detecting β-btx in serum samples. (b) Comparison of different SPR reflection spectra either with or
without AuNPs. (c) A comparison of two different SPR responses either with or without AuNPs at
a fixed β-btx concentration of 500 fg mL−1. (d) SPR response as a function of β-btx concentration
either with or without AuNPs. (e) SPR responses for reading and scoring the krait bite severity level.

Therefore, the highly sensitive performance and semi-quantitative mapping of our
handheld SPR sensor presents it as an efficacious compact diagnostic solution for krait
poisoning cases.
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