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Abstract Due to the excellent performance of two-dimensional materials compared with conventional materials in many
aspects, researchers have paid extensive attention to two-dimensional materials. At present, two-dimensional materials
have become a research hotspot in various fields, and are widely used in biomedicine, electronics, optoelectronics and
catalysis. This paper mainly summarizes and discusses the application of two-dimensional materials in optical sensing in
the biomedical field. This paper mainly discusses the generation and development of two-dimensional materials, the
advantages and disadvantages of two-dimensional materials and the types, principles and manufacturing methods of optical
biosensors based on two-dimensional materials, as well as some achievements of these sensors in single-cell, RNA,
protein molecule highly sensitive detection technology, and combines these results to briefly analyze some advantages of
experimental schemes using two-dimensional materials compared with traditional methods. Finally, the development
status of two-dimensional materials is briefly summarized, and their future development is prospected.
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Fig. 1 Zero-dimensional fullerene, one-dimensional single-wall

carbon nanotube, and three-dimensional graphite formed

by graphene'
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Fig. 2 Atomic structure of typical two-dimensional materials™”
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Fig. 3 Schematic diagram of the detection principle of GO-based fluorescent biosensor
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Table 1 Difference between a graphene-based electrical sensor and a graphene-based optical sensor”™"’

Sensor Work principle Advantage Disadvantage

Since graphene exhibits ambipolar behavior, the p-type .
. . Small size, large surface area,
or n-type behavior can be tuned effectively by the gate

Graphene o L fast electron transfer, fast Only measure current changes, low
) voltage. The principle of sensing is based on changes ) ) . : )
electrical | ) . response time, high sensitivity  spatial resolution, damage samples,
in drain-source conductivity of the graphene channel
sensor oo and reduced surface affect results
upon the binding of the sample to the receptor- o
. . contamination
functionalized graphene
Since the light absorption rate of
Under total internal reflection, graphene exhibits High spatial resolution, wide  single-layer graphene is too low, the
Graphene characteristics of enhanced polarization absorption  and deep detection range, high area generated by the active
optical and broadband absorption. The sensor uses the sensitivity and high precision, photocurrent is too small.
sensor attenuated total reflection method to detect the accurate and fast detection, Aggregation and precipitation of

refractive index change near the sensor surface

unlabeled samples high concentration samples may

affect optical detection
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Fig. 4 Graphene optical sensors for cell recognition. (a) Flow-sensing system for a single-cell setup; (b) discrete time-dependent changes
in voltage that correspond to mixed lymphocytes and Jurkat cells as they roll across the detection window; (¢) enlarged images of
voltage signal at certain positions in Fig. (b); (d) statistical plot of mixed cells of Jurkat cells and lymphocytes detected (regions
R1 and R2 represent the statistical distribution of Jurkat cells and lymphocytes, respectively, inset is the histograms with the

number of counts for each cell population)™
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Fig. 7 Schematic view of the formation of GONS@SurMB and delivery of the nanocarriers to the astrocyte cells to

detect survivin mRNA"
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Fig. 8 Detection of miRNA using antimonene SPR sensor. (a) Schematic diagram of an antimonene sensor for detecting miRNA

hybridization events; (b) SPR spectra with miRNA concentrations ranging from 10~"" mol/L to 10~" mol/L (arrow indicates the

changes in SPR angle)""”
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Fig. 9 The GO-AgNPs SERS sensor detects PSA. (a) [llustration for SERS immunoassay of PSA; (b) SERS spectra;

(¢) linear curve for PSA detection”
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Table 2 Comparison of multiple PSA detection methods

Immunoassay method Detection range /(ng-mL ") Detection limit /(ng-mL ") Years Reference
SERS immunoassay 5X10 *0.5 2.3X10" 2018 [61]
SERS assay 0.05-200 0.05 2016 [64]
Colorimetric assay 0.05-20 0.03 2013 [65]
Colorimetric assay 0-10 4 2016 [66]
Fluoroimmunoassay 0-128 0.33 2014 [67]
light scattering assay 0.05-10 0.02 2017 [68]
light scattering assay 1-20 1 2017 [69]
Electrochemiluminescence 1.4-70 3.5 2013 [70]
Electrochemical assay 0.14-1400 0.14 2013 [71]
Electrochemical assay 0.01-10 0. 006 2012 [72]
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Fig. 10 Graphene SPR sensors specifically detect proteins.
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