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Abstract

AL/TY AR, EEORERIS (RERERE ) ZRALESHFETHY . EREZELD
B2 B7HT, HEMEORAEICAATATVS, EFf, ENYEZKLVYRE- EHEICKRETS
O, AL/TYEAZBERLTITSFENRAREATHY, FEZEHTVWS, LHL., %
OREBERTABENOTREL, BRREANOKAICATTREOBLIRETH S,
T, AE- BE SRERAL/TYLRAORREEXEML. BKBKERCRISPR/Cas12a%
MALLEERSHTNA RAZRREL 2. ZFNAARTYWERTHY, Y27 ILOBT#IEZ
BHEOF)EDEZET, 2TORBERERLETITS. &/\NY RCIBELRENF FTHREF
TNTHEY, PHHICEMTHEZERIDILERFELS, BEXBEORELCLIEND FOER
175, £, BRERAR, TES O —EFFUEEICK ) EEOActivator
DNATEBENTHY, Cas12a® M Z 2V AYIWNEM ERKRICS T FIILBREREE 5T,
AHARTIE, RENRE L TERBFMEICEE NMgGE., BERADISATREMOEIEIC FBRIFLY
ANAKRERE (HBsR ) Z2FAL . BARLETFNARAF, ERNGGEHBsIENAAEZFV
BETRETDCEICHEINL L, 52, HBsHEDOKRERRF12pg/mLEEHEh, ChiFKER
mEXEMBE (FDA ) ORI DHBSIRREDRLEED (500pg/mLEAT ) Z+5 ML, €5
ICHEROHBSIRELISAF ¥ N ( #HHBRFR200pg/mL ) S EFVWRETH 2 1o, £, HBsIR
BAORUNVBEICRRERBLEVC E, 28BENARREFEREB0%A LD T ILAE = H#
BFTEd el nig, 510, BmEP. BEmPICA/NA T U LHBSHUR DR IC € K
BL., ChSOHBSHFRREEILNTDEEBEFAN—RN 7 #VICLDEGDBE TEHEREE L
Tzo MUTAETNA AR, POCTICELESHTZY KT A —LTHV ., HBsHEDRKKREAD
ISATREMA RRE N,

Immunoassays, which are based on antigen—antibody interactions, are among the commonly used
approaches to determine analytical target compounds at low concentration levels. In recent years,
immunoassays on paper platforms have been developed to detect target substances more quickly
and easily, and therefore have been attracting attention as a simple testing method. However, the
improvement of sensitivity still remains an issue for clinical applications.

Here, we have developed a paper-based analytical device for simple, rapid, and highly sensitive
immunoassays utilizing the CRISPR/Cas12a nuclease. This device is an origami-type paper-based
platform with fluorescence signal readout, on which all required assay reagents are pre-deposited.
The reaction is performed by folding the paper after sample application, with no additional reagents
needed. In addition, the detection antibody is labeled with multiple activator DNA through
streptavidin—biotin bonds, which together with the highly efficient catalytic activity of
CRISPR/Cas12a leads to signal amplification. This dual signal amplification system is expected to
improve the sensitivity of paper-based immunoassays.

As detection targets in this work, human IgG for basic evaluation and hepatitis B virus surface
antigen (HBsAg) for clinical applicability demonstration were used. The developed device
successfully detected both human IgG and HBsAg with high sensitivity. In particular, the limit of
detection (LOD) for HBsAg was estimated to be 12 pg/mL, satisfying the FDA (Food and Drug
Administration) recommendation for HBsAg assays (500 pg/mL) and represents over 10-fold
higher sensitivity compared to commercially available HBsAg ELISA kits (LOD: 200pg/mL). In
addition, negligible cross-reactivity against different types of proteins was confirmed. The stability
test of the device showed signal intensities maintained at more than 80% after 28 day—storage at
-20°C. Furthermore, the developed device successfully detected HBsAg spiked into porcine blood
plasma and whole blood with LODs of 26 pg/mL and 210 pg/mL, respectively. The fluorescence
response towards different HBsAg concentrations was also confirmed by capturing images with a
smartphone, demonstrating potential applicability of the device for clinical HBsAg tests at the point
of care.
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Origami Paper-Based Immunoassay Device with CRISPR/Cas12a Signal Amplification
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DT NA RERAFRE LTz, AT REHVEETHY ., YV TILOBETEEEEHR@IFVAEHDEZZET, 2TO
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2. MAKRREEOHE (F:R)
Immunoassays, which are based on antigen—-antibody interactions, are among the commonly used approaches
to determine analytical target compounds at low concentration levels. In recent years, immunoassays on paper|
platforms have been developed to detect target substances more quickly and easily, and therefore have been
attracting attention as a simple testing method. However, the improvement of sensitivity still remains an issue
for clinical applications.
Here, we have developed a paper-based analytical device for simple, rapid, and highly sensitive immunoassays
utilizing the CRISPR/Cas12a nuclease. This device is an origami-type paper-based platform with fluorescence
signal readout, on which all required assay reagents are pre-deposited. The reaction is performed by folding
the paper after sample application, with no additional reagents needed. In addition, the detection antibody is|
labeled with multiple activator DNA through streptavidin—-biotin bonds, which together with the highly efficient
catalytic activity of CRISPR/Cas12a leads to signal amplification. This dual signal amplification system is
expected to improve the sensitivity of paper-based immunoassays.
As detection targets in this work, human IgG for basic evaluation and hepatitis B virus surface antigen (HBsAg)
for clinical applicability demonstration were used. The developed device successfully detected both human IgG
and HBsAg with high sensitivity. In particular, the limit of detection (LOD) for HBsAg was estimated to be 12
pg/mL, satisfying the FDA (Food and Drug Administration) recommendation for HBsAg assays (500 pg/mL) and
represents over 10-fold higher sensitivity compared to commercially available HBsAg ELISA kits (LOD: 200
pg/mL). In addition, negligible cross-reactivity against different types of proteins was confirmed. The stability
test of the device showed signal intensities maintained at more than 80% after 28 day-storage at -20[X
Furthermore, the developed device successfully detected HBsAg spiked into porcine blood plasma and whole
blood with LODs of 26 pg/mL and 210 pg/mL, respectively. The fluorescence response towards different
HBsAg concentrations was also confirmed by capturing images with a smartphone, demonstrating potential
applicability of the device for clinical HBsAg tests at the point of care.
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