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Abstract: In response to the need for rapid and highly sensitive detection of tuberculosis antigens and novel corona-
virus proteins, a highly-sensitivity optical microfiber sensor for detecting tuberculosis antigens (MPT64 protein, Ag85B
protein) and the nucleocapsid (N) protein of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been de-
veloped. The optical microfiber sensor is coated with graphene oxide (GO) which offers extremely high surface area and
excellent optical properties, and can significantly enhance the conical optical fiber's immobilization capacity; the GO -
coated conical optical fiber is further functionalized with single-stranded DNA (ssDNA) aptamers, enabling efficient cap-
ture of target proteins and facilitating real-time detection in vitro. The prepared sensor is employed to detect the target
analytes. The experimental results reveal that the sensor can rapidly detect MPT64 and Ag85B in complex samples within

10 s, achieving detection limits of 4.23 X 1072 M and 3.11 x 107" M, respectively. Additionally, the sensor exhibits a de-
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tection limit of 6.25 X 107" M for the N protein of SARS-CoV-2. The optical microfiber sensor possesses the advantages of

high sensitivity and rapid detection, and is expected to play an important role in medical fields such as tuberculosis diag-

nosis and coronavirus detection.
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Fig.1  The process of conical fiber surface functionalization.
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MPTG64 (100%)
MRIKIFMLVTAVVLLCCSGVATAAPKTYCEELKGTDTGQACQIQMSDPAYNINISLPSYY
MRIKIFMLVTAVVLLCCSGVATAAPKTYCEELKGTDTGQACQIQMSDPAYNINISLPSYY
MRIKIFMLVTAVVLLCCSGVATAAPKTYCEELKGTDTGQACQIQMSDPAYNINISLPSYY
PDQKSLENYIAQTRDKFLSAATSSTPREAPYELNITSATYQSAIPPRGTQAVVLKVYQNA
PDQKSLENYIAQTRDKFLSAATSSTPREAPYELNITSATYQSAIPPRGTQAVVLKVYQNA
PDQKSLENYIAQTRDKFLSAATSSTPREAPYELNITSATYQSAIPPRGTQAVVLKVYQNA
GGTHPTTTYKAFDWDQAYRKPITYDTLWQADTDPLPVVFPIVQGELSKQTGQQVSIAPNA
GGTHPTTTYKAFDWDQAYRKPITYDTLWQADTDPLPVVFPIVQGELSKQTGQQVSIAPNA
GGTHPTTTYKAFDWDQAYRKPITYDTLWQADTDPLPVVFPIVQGELSKQTGQQVSIAPNA
GLDPVNYQNFAVTNDGVIFFFNPGELLPEAAGPTQVLVPRSAIDSMLA
GLDPVNYQNFAVTNDGVIFFFNPGELLPEAAGPTQVLVPRSAIDSMLA
GLDPVNYQNFAVTNDGVIFFFNPGELLPEAAGPTQVLVPRSAIDSMLA

(a) MPT64 % A W% R /7 51 LU
(a) Nucleotide sequence alignment of MPT64 protein

Ag85B (99%)
MTDVSRKIRAWGRRLMIGTAAAVVLPGLVGLAGGAATAGAFSRPGLPVEYLQVPSPSMGR
MTDVSRKIRAWGRRLMIGTAAAVVLPGLVGLAGGAATAGAFSRPGLPVEYLQVPSPSMGR
MTDVSRKIRAWGRRLMIGTAAAVVLPGLVGLAGGAATAGAFSRPGLPVEYLQVPSPSMGR
DIKVQFQSGGNNSPAVYLLDGLRAQDDYNGWDINTPAFEWYYQSGLSIVMPVGGQSSFYS
DIKVQFQSGGNNSPAVYLLDGLRAQDDYNGWDINTPAFEWY YQSGLSIVMPV GGQSSFYS
DIKVQFQSGGNNSPAVYLLDGLRAQDDYNGWDINTPAFEWY YQSGLSIVMPV GGQSSFYS
DWYSPACGKAGCQTYKWETLLTSELPQWLSANRAVKPTGSAAIGLSMAGSSAMILAAYHP
DWYSPACGKAGCQTYKWETLLTSELPQWLSANRAVKPTGSAAIGLSMAGSSAMILAAYHP
DWYSPACGKAGCQTYKWETLLTSELPQWLSANRAVKPTGSAAIGLSMAGSSAMILAAYHP
QQFIYAGSLSALLDPSQGMGPSLIGLAMGDAGGYKAADMWGPSSDPAWERNDPTQQIPKL
QQFIYAGSLSALLDPSQGMGPSLIGLAMGDAGGYKAADMWGPSSDPAWERNDPTQQIPKL
QQFIYAGSLSALLDPSQGMGPSLIGLAMGDAGGYKAADMWGPSSDPAWERNDPTQQIPKL
VANNTRLWYVYCGNGTPNELGGANIPAEFLENFVRSSNLKFQDAYNAAGGHNAVENFPPNG
VANNTRLWYVYCGNGTPNELGGANIPAEFLENFVRSSNLKFQDAYNAAGGHNAVENFPPNG
VANNTRLWYVYCGNGTPNELGGANIPAEFLENFVRSSNLKFQDAYNAAGGHNAVENFPPNG

THSWEYWGAQLNAMKGDLQSSLGAG
THSWEYWGAQLNAMKGDLQSSLGAG
THSWEYWGAQLNAMKGDLQSSLGAG

(c) Ag85BAE AR 7 41 X

(¢) Nucleotide sequence alignment of Ag85B protein
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(b) EMSA of MPT64-AP protein
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(d) EMSA of Ag85B-AP protein

1 YKL RS 28 87341 (Electrophoretic mobility shift analysis, EMSA) .
3 MPT64 Fl Ag85B 7E (1 Rk Halifk
Fig.3 Expression and purification of MPT64 and Ag85B proteins
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(a) Fluorescence-based binding affinity
studies of MPT64-AP to MPT64
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Fig.5 Binding studies of MPT64-AP and Ag85B-AP proteins to MPT64 and Ag85B proteins using fluorescence spectroscopy
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(a) Transmission spectra of the MPT64-AP@GO
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(b) The relationship between wavelengths
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(c) Transmission spectra of the AG85B-AP@GO
modified microfiber sensor in different
concentrations of Ag85B protein solutions
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(d) The relationship between wavelengths
and concentrations in Fig.6(c)
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Fig.6  The transmission spectra of different concentrations of target proteins detected by MPT64-AP@GO and Ag85B-AP@GO

modified ensors and the corresponding relationships between wavelengths and concentrations
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Fig.7 The optical response characteristics of different sensors were compared under undisturbed and disturbed conditions to

evaluate their performance differences(n = 3), **#%p < 0.001
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Tab.1 This article compares the biosensor system with commercial biochemical tests and similar sensors

UL A Hix LRI TP o 0 S S R L [ %E\E]j& LOD
ELEREs=AL|
RT-PCR RdRp’, E or N* 4h & = 2 -
ELISA IgG, IgM 2~4h N P = -
EIA IgG, IgM 2h = p=s i -
Co-TNT Spike-RBD 30s I = & 14x10°M
MIPs Nucleocapsid 15 min 2 75 75 15x107° M
FET Spike 1h P 5 = 1 fg/mL
MPT64-AP: 4.23 X 10 M
S s MPT64 11, Ag85BHEIT, 104 B = = Ag85B-AP: 3.11x 107" M

N#EH

RNA-AP: 6.25x 107%M
DNA-AP: 6.25%x 107" M
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