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1. Materials and apparatus

All chemicals were purchased from the Guangzhou Chemical Reagent Factory. All
DNA sequences were synthesized by Sangon Biotech (Shanghai), and fluorescent
double-labeled probes were synthesized by TaKaRa (Japan). All of the DNA and RNA
sequences are provided in Table S1. T7 RNA polymerase, NTP, and transcription
buffer were from Bio-Lifesci (Guangzhou, China). Human IL-6 and VEGF antigens
and antibodies were purchased from KEY-BIO (Beijing, China). Commercial human
IL-6 and human VEGF ELISA kits were purchased from ExCell Biotech (Shanghai,
China). The reagents for protein expression and purification were obtained from
Abiotech (Jinan, China). The plasmid used to express LbuCasl3a is a gift from
Professor Wang Yanli (Institute of Biophysics, Chinese Academy of Sciences).
Fluorescence detection was performed on a SpectraMax iD5 multi-mode microplate
reader (Molecular Devices). The PAGE electrophoresis experiments were performed
using an instrument (Beijing Liuyi). All other solutions and buffers were prepared
using ultrapure water (> 18.25 MQ).
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2. Experimental methods

Expression and purification of LbuCasl3a proteins. Escherichia coli Rosetta 2
(DE3) cells were cultured overnight in Terrific Broth containing chloramphenicol and
ampicillin to express the LbuCasl3a protein. Then, IPTG was added and induced at
37 °C for 4 h. The collected bacterial solution was centrifuged to obtain a precipitate
and lysed by sonication in 20 mM Tris-HCI, pH 7.5, containing 1 M NaCl, 20 mM
imidazole, and 10% glycerol. The supernatant was purified using a nickel column
(Abiotech, Jinan, China) and eluted with eluent 1 (20 mM Tris-HCI, pH 7.5, 250 mM
imidazole, and 150 mM NaCl) after centrifugation at 4 °C Then the eluted LbuCas13a
protein was purified again using a heparin column (Abiotech, Jinan, China), and the
protein was eluted with eluent 2 (20 mM Tris-HCI, pH 7.5, 1 M NacCl, and 10%
glycerol). Finally, the protein was collected, and glycerol was added to a final
concentration of 50%. The protein was stored at —80 °C for further use (Figure S2B).

In Vitro Transcription of crRNA. The crRNA was prepared by in vitro
transcription. The crDNA1 and crDNA2 templates were heated to 95 °C and then
slowly cooled to room temperature for annealing. In a 50 pL transcription system, 250
U T7 RNA polymerase, NTPs (final concentration of 0.5 mM), 50 U recombination
RNase inhibitor and 200 ng of template DNA were added and incubated for 4 h at
37 °C. Then, DNase I was added to digest the excess DNA template. Finally, the
product of this reaction was purified by an RNA purification kit and stored at =20 °C
for further use (Figure S2A).

CLISA reaction. Dilutions of the specific antibody protein (5 pg/mL) in a coating
buffer (carbonate-bicarbonate buffer, pH 9.6) were added to the plate, 0.1 mL per well,
and incubated at 4 °C overnight. Then, the plate was blocked by adding 1% BSA
protein, 0.3 mL per well, and incubated at 37 °C for 1 h. Serial dilutions of antigen
were added to the plate, 0.1 mL per well, and incubated at 37 °C for 1 h. Diluted
biotinylated detection antibody (50 ng / mL) was added to the plate, 0.1 mL per well,
and incubated at 37 °C for 1 h. Streptavidin and a biotinylated dsDNA amplification
template were added to the plate one by one (0.1 mL per well) and incubated at 37 °C
for 0.5 h. The non-bound solution was removed, and the wells were washed five times
with PBS buffer containing 0.05% Tween-20 between each binding incubation.
Finally, 50 puL of the reaction mixture (1x T7 buffer, 150 U T7 RNA polymerase, 1.25
mM NTPs) was added to each well and reacted at 37 °C for 1 h. Then, 100 pL of the
Casl13a reaction system (final concentration of 100 nM LbuCas13a, 200 nM crRNA,
200 nM RNA fluorescent probe) was performed in different concentrations of the
antigen wells. Fluorescent signals were recorded on a SpectraMax iD5 multi-function
microplate reader. The reaction was conducted at 37 °C for 30 min and the
fluorescence signal was recorded every minute.

For simplified CLISA detection, streptavidin was directly coated on 96-well plates.
Then, the plate was blocked with 1% BSA protein, and a biotinylated dsDNA
amplification template was added to the plate (0.1 mL per well) and incubated at
37 °C for 0.5 h. Next, we carried out the standard CLISA method.
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ELISA reaction. Serial dilutions of antigen were added to the plates at an amount
of 100 pL per well following the protocol of the commercial kit and incubated at
37 °C for 1.5 h. Diluted biotinylated antibody working solution (100 pL/well) was
added to each well and incubated at 37 °C for 1 h. Next, diluted enzyme-binding
working solution (100 uL/well) was added to each well and incubated at 37 °C for 30
minutes in the dark. The plate was washed five times with wash solution between
each binding incubation. Finally, a chromogenic substrate (100 uL/well) was added
and incubated at 37 °C for 15 min in the dark. Stop solution (100 pL/well) was added
and the OD4so value (within 10 min) was measured immediately after mixing.

The calculation method. As shown in Figure 2B, the fluorescence signal of the no
target control after 30 mins reaction is set as the threshold (dashed line), aiming to
correct and normalize the background. The 7 is defined as the minimal time required
for the fluorescent signal to cross the threshold (dashed line) and the definition of 7 is
similar to the definition of Ct value in Real-time PCR!. The calibration value 4z = 30
min — 7, in (min) unit, which indirectly reflects the reaction rate. The 7 is inversely
proportional to the amount of target, but the Az is proportional to the amount of target
and so the calibration curve was established by plotting A7 as a function of target
concentrations, which can be used for linear quantitative analysis.
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3. Supporting tables

Table S1. Sequences used in this study

Name Sequences (5’ to 3°)

DNAI1 GAAATTAATACGACTCACTATAGGGCGCCTGAACCACCAGGCTATATCTGC
CACTTT

DNA2 Biotin-AAAGTGGCAGATATAGCCTGGTGGTTCAGGCGCCCTATAGTGAGTC
GTATTAATTTC

crDNALI GAAATTAATACGACTCACTATAGGGGGCCACCCCAAAAATGAAGGGGACT

AAAACACAGATATAGCCTGGTGGTTC

crDNA2 GAACCACCAGGCTATATCTGTGTTTTAGTCCCCTTCATTTTTGGGGTGGCC
CCCTATAGTGAGTCGTATTAATTTC

FQ reporter =~ FAM-UUUUU-BHQ
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Table S2. Comparison of protein test results across published reports.

Analytical Sensitivity Dynamic Isothermal Timeto  Additional Target
methods range result instrument
CLISA 0.8 fM 3-logs x/ 45h X IL-6,
(this work) VEGF
ELISA 12 pM 3-logs x/ 35h X IL-6,
(this work) VEGF
Nanozyme? 835 M 2-logs V 14h V CEA
Nanoprobe? 33 M 3-logs \ 2h X IL-6
Immune-PCR? 5 M 5-logs X 5h V VEGF
Immune-HCR? 500 fM 3-logs X 3h V 1L-2,9,10
Immune-RCA® 50 fM 3-logs x 3h \/ IL-6
Proximity ligation 10 tM 5-logs x 2h V VEGF
assay’
T7 transcription 0.08 fM 3-logs \ 7h X Her2

amplification®
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4. Supporting figures
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Figure S1. (A) PAGE gels of crRNA. M: DNA marker, L1: ctDNAT1; L2: crDNA2;
L3: ds-crDNA; L4: crRNA. (B) SDS-PAGE gels of purified LbuCasl13a.
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Figure S2. PAGE gels of target RNA. M: DNA marker, L1: DNA1; L2: DNA2; L3:
ds-DNA; L4: Target RNA.
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Figure S3. (A) Casl3a assay for direct detection of chemically synthesized RNA. A
calibration curve was established by plotting At as a function of the concentrations of
target RNA from 5 fM to 5 x 10° fM. (B) Casl3a assay for detection of RNA
produced by T7 polymerase transcription of DNA template. A calibration curve was
established by plotting At as a function of the concentrations of DNA template from 5
x 1072 fM to 50 fM. Data represent mean = s.d., n = 3, three technical replicates.
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Figure S4. (A) Optimization of the streptavidin concentration from 50 pM to 50 nM.
The optimal concentration is 5 nM. (B) Optimization of the biotin-dsDNA template
concentration from 40 pM to 25 nM. The optimal concentration is 5 nM. Data
represent mean =+ s.d., n = 3, three technical replicates.
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