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26  The outlined protocol describes the procedure for producing the HiBiT-receptor-binding domain
27  protein complex and its application for fast and sensitive detection of SARS-CoV-2 antibodies.
28
29  ABSTRACT:
30 The emergence of the COVID-19 pandemic has increased the need for better serological
31 detection methods to determine the epidemiologic impact of severe acute respiratory syndrome
32 coronavirus 2 (SARS-CoV-2). The increasing number of SARS-CoV-2 infections raises the need for
33  better antibody detection assays. Current antibody detection methods compromise sensitivity
34  for speed or are sensitive but time-consuming. A large proportion of SARS-CoV-2-neutralizing
35 antibodies target the receptor-binding domain (RBD), one of the primary immunogenic
36 compartments of SARS-CoV-2. We have recently designed and developed a highly sensitive,
37  bioluminescent-tagged RBD (NanoLuc HiBiT-RBD) to detect SARS-CoV-2 antibodies. The following
38 text describes the procedure to produce the HiBiT-RBD complex and a fast assay to evaluate the
39 presence of RBD-targeting antibodies using this tool. Due to the durability of the HiBiT-RBD
40  protein product over a wide range of temperatures and the shorter experimental procedure that
41  can be completed within 1 h, the protocol can be considered as a more efficient alternative to
42  detect SARS-CoV-2 antibodies in patient serum samples.
43
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The recent emergence of a new coronavirus, SARS-CoV2!, has caused more than 2,800,000
fatalities and 128 million infections as of March 30t", 20212. Due to the lack of a reliable and well-
established treatment procedure for SARS-CoV-2 clinical therapies, many endeavors have been
made to restrict further viral transmission and more importantly, to develop an effective and
robust treatment or a vaccine3. To date, there are more than 50 COVID-19 vaccine candidates in
trials reported by the World Health Organization®. Detection of antibodies against SARS-CoV-2 is
of paramount importance to determine the long-term stability of humoral response upon
administration of the vaccine as well as in recovered patients of COVID-19°. Some studies have
demonstrated that there is a possibility that recovered SARS-CoV-2 patients lose most of the
RBD-binding antibodies after 1 year>>. Further investigation is required to better understand
lasting immunity, and more sensitive antibody detection platforms can help further such work.
Reports of sustained immunity of mild SARS-CoV-2 infections, which suggest long-term antibody
responses, is also an interesting and worthwhile area of study. A fast and accurate method of
detection is essential for monitoring antibodies in individuals' sera to provide more information
about immunity in the population.

Like other coronaviruses, SARS-CoV-2 uses protruding spike glycoprotein to bind to angiotensin-
converting enzyme-2 (ACE2) to initiate a cascade of events that lead to the fusion of the viral and
cell membranes®’. Several studies have recently proved the RBD of the Spike protein to have a
crucial role in eliciting powerful and specific antibody response against SARS-CoV28!l, In
particular, correlations observed by Premkumar et al. between the titer of RBD-binding antibody
and SARS-CoV-2 neutralization potency of patients' plasma are consistent with RBD being an
immunogenic compartment of the virus structure®. With that in mind, many diagnostic tests
available for SARS-CoV-2 antibody detection are time and cost-intensive, require a lengthy
procedure of incubation and washing (enzyme-linked immunosorbent assay [ELISA]), or lack
sensitivity and accuracy (lateral flow immunoassay [LFIA])!2. Therefore, a quantitative and rapid
complementary serological method of COVID-19-derived antibody detection with high
sensitivity, fast response, and relatively low cost would serve the need for a reliable serologic test
for SARS-CoV-2 epidemiologic surveillance.

Collectively, the limitations of current serological assays prompted the investigation of the
bioluminescent reporting system as a potential diagnostic agent in future serosurveys.
Bioluminescence is a naturally occurring enzyme/substrate reaction, with light emission. Nanoluc
luciferase is the smallest (19 kDa), yet the brightest system compared to Renilla and firefly
luciferase (36 kDa and 61 kDa, respectively)'3*#. Further, Nanoluc has the highest signal to noise
ratio and stability among the previously mentioned systems. The high signal intensity of Nanoluc
supports the detection of even very low amounts of reporter fusions!>. Nanoluc Binary
Technology (NanoBiT) is a split version of the Nanoluc system, which is comprised of two
segments: small BiT (11 amino acids; SmBIT) and large BiT (LgBiT) with relatively low-affinity
interactions (Kp = 1.5 pM ) to form a luminescent complex!®. NanoBiT is extensively used in
various studies involving the identification of protein-protein interactions'>'’1% and cellular
signaling pathways'%-20:2%,
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Recently, another small peptide with a distinctly higher affinity to LgBiT (Kp = 0.7 nM ) was
introduced, namely the HiBiT Nano-Glo system, in place of SmBIT. The high affinity and strong
signal of the Nano-Glo "add-mix-read" assay makes HiBiT a suitable, quantitative, luminescent
peptide tag. In this approach, the HiBiT tag is appended to the target protein by developing a
construct imposing minimal structural interference. HiBiT-protein fusion would actively bind to
the LgBiT counterpart, producing a highly active luciferase enzyme to generate detectable
bioluminescence in the presence of detection reagents (Figure 1). Similarly, we developed a HiBiT
Nano-Glo-based system to readily measure the neutralizing antibody titer in the sera of SARS-
CoV-2 recovered individuals and recently developed a HiBiT-tagged SARS-CoV-2 RBD. This paper
describes the protocol for producing the HiBiT-RBD bioreporter using standard laboratory
procedures and equipment, and shows how this bioreporter can be used in a fast and efficient
assay to detect SARS-CoV-2 RBD-targeting antibodies.

PROTOCOL:

NOTE: The protocol described below adheres to all ethics guidelines according to protocol code
20200371-01H.

1. Production and evaluation of the HiBiT-RBD bioreporter
1.1.  Producing a sufficient quantity of HiBiT-RBD bioreporter
1.1.1. Prepare for cell culture

1.1.1.1. Prepare complete Dulbecco’s modified Eagle medium (DMEM) containing 10%
fetal bovine serum and 1% penicillin/streptomycin. Then, warm the media in a 37 °C water bath.

1.1.1.2. Turn the biological safety cabinet (BSC) on, and use 70% v/v ethanol for sterilizing
the cabinet surface.

1.1.2. Culture the cell line.

1.1.2.1. Take out the cell line from -80 °C or liquid nitrogen, and thaw it in a 37 °C water
bath.

NOTE: An appropriate cell line is easy to maintain in culture, has high transfection efficiency, and
is suitable for exogenous protein production. Human embryonic kidney, HEK293 cells were used
for this protocol.

1.1.2.2. Mix the thawed cells with at least 10 mL of complete medium, pipette the cell suspension
to a 10 cm Petri dish, and swirl the plate to distribute cells in the dish uniformly. Place the dish in
a cell culture incubator at 37 °C, 5% CO3, and 85-95% humidity.
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1.1.2.3. Observe the cells under the microscope until the confluency level reaches 80—90%. At
high confluency, remove the medium, wash the cells with warm phosphate-buffered saline (PBS),
and add 1 mL of 0.25% trypsin-ethylenediamine tetraacetic acid to detach the cells from the
surface.

NOTE: The HEK293 cells are fairly easily detached. Hence, the washing step should be done very
gently to prevent accidental detachment and loss of cells.

1.1.2.4. After approximately 5 min, look at the cells under a microscope. If all cells are floating,
add at least 4 mL of medium, and transfer the cell suspension into a new sterile tube. Count the
cells using a hemocytometer, and add 1 x 10° cells into each well of a 6-well plate for transfection.

NOTE: After 24 h, cells should be at 80% or more confluent.
1.1.3. Transfection of the HiBiT-RBD plasmid

1.1.3.1. Use 1 pg of the HiBiT-RBD expression plasmid with a suitable transfection reagent.
Incubate for 10-15 min at room temperature, and then add the total volume to each well of the
plate, drop-wise.

NOTE: Follow the manufacturer’s transfection protocol. In this case, a mixture (a specified
amount) of the transfection reagent with DMEM was added to the diluted plasmid (1 pg) in
DMEM (see the Table of Materials). Use a marker containing (e.g., green fluorescent protein
[GFP]) plasmid as a control to monitor the transfection efficiency.

1.1.3.2. On the next day, replace the medium containing the transfection mixture with complete
medium. Observe the transfection control well 48 h after transfection.

NOTE: If the transfection was positive and efficient (more than 80% GFP-positive), the cells should
be ready for harvesting the HiBiT-RBD bioreporter. The construct also contains His-tag, which can

be used to obtain purified protein in place of the total supernatant.

1.1.3.3. Collect the supernatant in 1.5 mL microtubes. Add 500 pL of 1x passive lysis buffer (PLB)
to the cells; incubate and shake the plate for 15 min at room temperature for cell lysis.

NOTE: The supernatant and the lysate solution can be preserved at -20 °C with minor loss of
integrity for at least 6 months. According to Azad et al.??, the reporter is stable at a wide range
of pH (4-12) and temperature (4-42 °C).

1.2.  Evaluation of the luminescent signal from the bioreporter by luciferase assay

1.2.1. Preparing the reaction components

1.2.1.1. Use the supernatant as the source of the bioreporter.
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NOTE: Both supernatant and lysate contain the HiBiT-RBD bioreporter and can be used for the
assay. However, the supernatant is recommended as the source due to reasons explained in the
following notes.

1.2.1.2. Dilute the LgBiT and substrate to 1x before use (stock concentration is 100x).
NOTE: See the Table of Materials for details about the LgBiT.

1.2.2. Luciferase assay

1.2.2.1. Transfer 50 plL of the supernatant from each well or tube to a 96-well plate, and
add 50 pL of 1x LgBiT to each well. Incubate for 5 min at room temperature.

1.2.2.2. Open the luminometer software, add 50 pL of 1x substrate (furimazine) to each
well, place the plate in the luminometer, and run the software.

NOTE: Add the substrate immediately before reading the plate to prevent consumption of the
substrate by the active enzymes before signal measurement.

2. Detecting anti-RBD antibody with a fast and sensitive assay

2.1. HiBiT-RBD antibody detection assay

2.1.1. Prepare the HiBiT-RBD bioreporter as described in section 1.1 of the protocol.

NOTE: It is recommended to use the supernatant for the following assay as it is simpler to collect
and contains the mature glycosylated version of the protein. Moreover, the lysate has several
other proteins that could interfere with the HiBiT-RBD-antibody interaction.

2.1.2. Combine 50 pL of the HiBiT-RBD-containing supernatant with 1 pg of the commercial
SARS-CoV-2-RBD antibody in a 1.5 mL microtube. Add 20 pL of immunoglobulin-binding protein

(protein G) to the solution. Bring up the total volume to 300 puL by adding PBS.

NOTE: The total volume of the mixture can be decreased to 150 uL. Lower total volumes are not
recommended as it could result in inadequate mixing of antibodies with the bioreporter.

2.1.3. Incubate the tube(s) on a tube shaker or rotator for 30 min. Centrifuge at 12,000 x g for 30
s, discard the supernatant, and wash with PBS. Repeat the process three times to remove free
HiBiT-RBD. Resuspend in 50 pL of PBS and transfer to a 96-well plate.

2.1.4. Add 50 pL of 1x LgBiT and wait for 5 min. Then, add 50 pL of 1x NanolLuc substrate.
Immediately read the luminescent signal with a luminometer.
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3. High-throughput detection of the SARS-CoV-2-specific antibodies from patient serum
samples

3.1.  Prepare larger quantities of the HiBiT-RBD bioreporter for a high-throughput assay by
following section 1.1 of the protocol.

3.2. Combine 20 pL of magnetic protein G with 50 pL of the HiBiT-RBD supernatant in a well
of 96-well plate for each sample. Add 10 pL of the serum sample to each well and bring up the
total volume to 150 uL by adding PBS.

NOTE: Use both nonspecific IgG (negative control) and neutralizing SARS-CoV-2 antibody
(positive control) at 1 ug/mL concentration as described in step 2.1.2. Moreover, serum samples
from vaccinated mice can also be assessed for antibodies. In this test, serum samples were
obtained from Ottawa Hospital General Campus under an approved procedure and with
informed consent from individuals.

3.3. Incubate for 30 min on a shaker at room temperature. Place the plate on a magnetic washer
to precipitate the protein G—antibody complex.

NOTE: The specific structure of the magnetic washer will precipitate the complex on the side
walls of each well.

3.4. Discard the solution in the middle section of each well, and add PBS for washing. Repeat the
washing step at least three times to remove excess HiBiT-RBD. Add 50 pL of 1x PBS and 50 pL of
1x LgBiT. Incubate for at least 5 min at room temperature.

3.5. Prepare the luminometer software, and then add 50 pL of 1x substrate. Place the plate in
the machine, run the software, and record the signals. Compare the signals from serum samples,
control samples, and background (empty wells).

REPRESENTATIVE RESULTS:

The signals from both the HiBit-RBD-containing cell lysate and supernatant of the transfected
cells were recorded (Figure 2) to evaluate the appropriate protein source. HiBiT-RBD and LgBit
were separately used as controls, and the data showed low background compared to a strong
signal when both parts were combined. Hence, HiBiT-RBD interaction with LgBiT is necessary to
generate active enzyme for substrate digestion and bioluminescence activity (Figure 1).

The addition of protein G will help antibody precipitation (Figure 3). The assay was used to
compare the signal from a commercial SARS-CoV-2-neutralizing antibody with a control IgG. The
specific antibody signal was robust, while the control antibody had close to the luminescent
background level (Figure 4A). Recombinant attenuated oncolytic vesicular stomatitis virus (VSV)
with a mutation at position 51 of the M protein (A51) expressing exogenous RBD was used to
vaccinate mice. The serum collected from vaccinated mice produced a robust signal compared to
no signal in mice injected with control VSV (Figure 4B).



263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

FIGURE AND TABLE LEGENDS:

Figure 1: LgBiT interaction with HiBiT connected to RBD. Upon interaction of the small portion
of the nanoluciferase, HiBiT, with the large subunit of the enzyme, LgBiT, the active enzyme
complex can produce a luminescent signal after substrate consumption. The RBD does not
interfere with this process. Abbreviations: RBD = receptor-binding domain.

Figure 2: Robust reporter activity from both lysate and supernatant of transfected cells. The
protein is present in both supernatant and lysate and produces a strong signal. Control groups’
luminescent signals were close to the background. Error bars represent Standard Deviation (SD).

Figure 3: Schematic of the HiBiT-RBD interaction with antibodies bound to protein G. The
schematic depicts the antibody precipitation by protein G and interaction with HiBiT-RBD. The
addition of the LgBit to the mixture will produce a robust signal when the antibody is specific for
RBD.

Figure 4: HiBiT-RBD bioreporter generates strong bioluminescence with purified neutralizing
antibodies, vaccinated mouse serum, and patient serum samples. (A) HiBiT-RBD interacts with
RBD-specific neutralizing antibody and generates significantly high signal compared to the
negligible signal for nonspecific IgG. (B) The bioreporter can detect SARS-CoV-2 antibodies in
vaccinated mouse serum. Abbreviations: RBD = receptor-binding domain; IgG = immunoglobulin
G; Ab = antibody; VSV = vesicular stomatitis virus; Fluc = firefly luciferase. (C) Detection of the
SARS-CoV-2 antibodies in patient serum samples, reproduced from Azad et al.?2.

DISCUSSION:

The increasing number of people infected with the SARS-CoV-2 and the ongoing effort for global
vaccination necessitates sensitive and fast serologic tests that can be used in large-scale
serosurveys. Recent research shows that split nanoluciferase-based bioreporters can be used to
develop such assays. We recently developed the HiBiT-RBD bioreporter to design a test that can
be used to detect SARS-CoV-2-specific antibodies in patient serum in a fast and reliable fashion
(Figure 4C).

There are a few critical steps in this assay. Because the system’s efficiency depends on RBD
protein expression, the protein levels should be validated by western blotting. Moreover, it is
necessary to use a positive control, such as a commercial antibody against RBD, and a negative
control antibody. Addition of a Nanoluciferase protein is recommended to be used as a positive
control for bioluminescence detection. The protein product also contains a His-tag, which can be
used for purification for a large number of serum samples.

There are several advantages to using this bioreporter compared to other competing methods.
First, an experienced user can perform the complete assay procedure in less than one hour, which
is considerably faster than existing tests such as ELISA. Second, the minimum preparation and
testing requirements make this test highly valuable for large-scale production at a low cost.
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Moreover, the detection limit of the assay is as low as 1 ng of the SARS-CoV-2-neutralizing
antibody as described by Azad et al.?2. A drawback of this approach is the inability to differentiate
between different antibody isotypes. Moving forward, the sensitivity of the test should be
compared to other routinely used serologic tests.

Azad et al.?? had used serum samples from patients to evaluate the applicability of the assay. It
is also essential that the system is tested for antibody detection in blood samples from patients.
This tool could also be very impactful in the assessment of the correlation between the severity
of COVID-19 and the presence of SARS-CoV-2-specific antibodies. Overall, such serologic tests
could have a substantial impact in estimating the epidemiological impact of the SARS-CoV-2 and
can be a convenient substitute for time-consuming and less sensitive detection methods.
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Table of Materials Click here to access/download;Table of Materials;JoVE_Materials (1).xIs 2

Name of Material/ Equipment Company Catalog Number
5x Passive Lysis Buffer Promega E194A
Bio-Plex Handheld Magnetic Washer Bio-Rad 171020100
DMEM Sigma D6429-500ml
Dual-Glo luciferase Assay System Promega E2940
Fetal Bovine Serum (FBS) Sigma F1051

HiBiT-RBD Plasmid

LgBiT Promega N3030
Thermo Fisher

penicillin Streptomycin Scientific 15140122

Pierce Protein G Magnetic Beads Thermo Fisher Scientific 88848

PolyJet In Vitro DNA Transfection

Reagent Signagen SL100688.5
SARS-CoV-2 (2019-nCoV) Spike

Neutralizing Antibody, Mouse Mab SinoBiological 40592-MM57
Synergy Mx Microplate Reader BioTek

Trypsin-EDTA Thermo Fisher Scientific 2520056
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Comments/Description

30mL
100 mL kit
gac atggt, ctgctctgatgecgeatagttaagecagtatctgeteectgcttgtgtgts agty tt; tgaccgacaattgcatgaagaatctgcttagggttaggegttttgegetgcttcgegatgtacgggecagatatacgegttgacattgattattgactagttattaatagtaat
caattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgttcccatagtaacgeccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagtacatce atatgccaagtacgcecccctattgacgtcaatgac ccgee
tggcatt acatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgcetattaccatggtgatgeggttt ggatagcggtttgact ttccaagtct t ttgttt ttccaaaatgtcgtaacaact t gggag
gtctatataagcagagctctctggctaactagagaacccactgcttactggcttatcgaaattaatacgactcactat ccaagctggcetagegtttaaacttaagettggtaccgageteggatccgeccaccATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTTCCACTGGTGACtctggctctageggetetggetctageggcggcATGGTGAGC
GGCTGGCGGCTGTTCAAGAAGATTAGCtctagcggcGACTACAAGGACCACGACGGTGACTACAAGGACCACGACATCGACTACAAGGACGACGACGACAA ct t gttt t gtatgcctggaa
cc ctctaattgcgtggecgactatagegtgctgtacaatagegectcecttctctacctttaagtgctatggegtgteccccacaaagetgaacgacctgtgcttcaccaacgtgtacgecgactcttttgtgatcaggggcgatgaggtgcgecagategeacctggacagacaggcaagategecgactacaactataagetgecagacgatttcaccggetgegtgatcgectggaatagcaacaatctgga
tt acaattatctgtaccggctgt gaagccctttgagegggatat ct accectt tcaattgttattttcccctgcagagctacggcttccagect acagggtggtggtectgtectttgaget cctet
gggccgecacatgc catcatcaccatcatcaccaccaccaccactgatageggecgcetcgagtctagagggeecgtttaaaccegctgatcagectegactgtgecttctagttgecagecatctgttgtttgecccteccecgtgecttecttgaccctggaaggtgecactcccactgtcctttectaat tgcatcgcattgtctgagtaggtgtcattctattct

gggctctatgget gggectctagggggtatccccacgegecctgt ggtt gaccgctacact agcgeeegcetectttegetttetteecttectttctegecacgt ttcccegtcaagctctaa

atcgggggctccctttagggttccgatttagtgetttacggeacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggecategecctgatagacggtttttcgecctttgacgttggagtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatcteggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaatgagetgatttaacaaaaatttaa

cgcgaattaattctgt agttagggtgt at t gt at t cgcecctaactecgeccat aactccgceccagttecgeccattetecgecccatggetgactaatttttttta
tttatgcagaggccgaggeegectetgectetgagetattec ttttttggaggcctaggettttgcaaaaagetcccgggagettgtatatecattttcggatctgatcaagagacaggatgaggatcegtttcgeatgattgaacaagatggattgeacgcaggttcteeggeegct tattcggctatgactgggcacaacagacaatcggetgetetgatgeegeegtgtteeg
get tetttttgt gtecggt at tccttgegeagetgt 1 gctatt gt tgctect ggctgatgcaat gcatacgct
tgatccggctacctgeccattcgaccaccaagegaaacatcgcatcgagegageacgtactcggatggaageeggtettgtegate tggacgaagagcatcaggggctcgegecagecgaactgttcgecaggcetcaaggegegeatgeccgacggegaggatctegtegtgacccatggegatgectgettgecgaatatcat ggcegcttttctggattcatcgactgtggeeggetgggt
gt tggctaccegtgatatt t gaccgcttcctegtgetttacggt t cgccttctatcgecttcttgacgagttct ctggggttcgaaat cacgagatttcgatt tc tgggcttcggaatcgttttce
gggacgceggetggatgatcectccagegeggggatctcatgetggagttcttcgeccaccecaacttgtttattgeaget tac aatagcatcacaaatttcacaaataaagcatttttttcactgeattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgtataccgtcgacctctagetagagettggegtaatcatggtcatagetgtttec tgttatccgctcac
aatti ggggtgcct aactcacattaattgcgtt ttccagt gt gcattaat ttgcgtatt tccgettectegeteactgactegetgegeteggtegtt at

acggttatccacagaatc 8C atgtgagcaaaaggccagcaaaaggccaggaacc cgegttgetggegtttttccataggetecgecceectgacgagceatcacaaaaatcgacgetcaagtcagaggtggegaaaccegacaggac caggcgtttcccectggaageteectegtgegetetectgttccgaceetgecgettaccggatacctgtecge
ctttcteect ttctcat cagttc gt gggctgtgt tcagcccgaccgetgegecttatecggtaactategtct tat ggt t atgtaggcggtgctacagagttcttgaagtggt

gctaca agtatttggtatctgegetctgetgaagecagttace tggtagctcttgatccggeaaacaaaccaccgcetggtageggtggtttttttgtttgcaageageagattacgege ctc ctttgatcttttctacggggtctgacgetcagtggaacgaaaactcacgttaagggattttggtcatgagatta cttcacctagatc
cttttaaattaaaaatgaagttttaaatcaatct aaactt, taccaatgcttaatcagty ctgtctatttegttcatccatagttgectgacts gtagataactacgat t gctgeaat ttatcagcaat
gegeagaagtggtectgeaactttatcegectecatecagtctattaattgttgecgggaaget tcgccagttaatagtttgcgcaacgttgttgecattgctacaggeategtggtgtcacgetegtegtt ttcattcagctceggttcccaacgatcaaggegagttacatgateccccatgttgtge ggttagcetcctteggtectecgategttgtcagaagtaagttggecgea
gtgtt ggttat gcataattctcttactgt aagatgcttttctgtgactggtgagt cattctgagaat tgctctt caatacgggataat ttaaaagtgctcatcatt tct cttaccgcetgtt tcgatgtaaccca
ctegtgcacccaactgatcttcagcatcttttactttcaccagegtttc aaaaac aaaatgccgc aagggcgacacggaaatgttgaatactcatactcttectttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatt tccgegcacattteecc cacctgacgt ¢

96-well plate reader luminometer

0.25%
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Editorial comments:
Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.

2. Please provide an email address for each author.

3. Please include an ethics statement before your numbered protocol steps, indicating that the protocol
follows the human/animal care guidelines of your institution, with reference to the steps involving
serum tests.

4. Use “mL” instead of “ml”, “uL” instead of “uL/uL”. Include a single space between the quantity and its
unit. “5 mm” instead of “5mm”.

5. Line 149, 216: Please check the comment.

|II

6. Please clarify what “section 1 of protocol 1”, “section 1 of the previous protocol” refers to.

7. Line 175: How is the serum sample obtained?

8. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and a
maximum of 4 sentences per step. Please include a single line space between each step and ensure that
that the highlighted section is no more than 3 pages.

9. Please include a Disclosures section, providing information regarding the authors’ competing financial
interests or other conflicts of interest. If authors have no competing financial interests, then a statement
indicating no competing financial interests must be included.

10. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName,
F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage (YEAR).] For more than 6 authors, list only
the first author then et al. Do not abbreviate journal names. Please include volume and issue numbers
for all references.

11. Please revise the table of materials to include all the essential supplies, reagents, and equipment.
The table should include the name, company, and catalog number of all relevant materials in separate
columns in an xIs/xIsx file. Please sort the Materials Table alphabetically by the name of the material.

12. Please upload each figure individually to your editorial manager account.

Thanks for the suggestions. We addressed all of them now.

Reviewers' comments:

Reviewer #1:

L]


https://www.editorialmanager.com/jove/download.aspx?id=1317972&guid=32fbd42d-c8e6-4edc-8696-3bb21bbd099a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1317972&guid=32fbd42d-c8e6-4edc-8696-3bb21bbd099a&scheme=1

Manuscript Summary:

The authors have applied a commercial detection system based on split luciferase to the detection of
antibodies to SARS-CoV-2 receptor binding domain. An example of applying the assay to show
gualitatively the presence of antibodies to SARS-CoV-2 RBD in mice immunized with a pseudotyped VSV
expressing RBD is described. The assay is relatively rapid compared to standard ELISAs

We thank the reviewer for the insightful comments.
Major Concerns:

The assay is described as highly sensitive but no data are provided. To understand the value of the
method the limit of detection would needs to be addressed.

The detailed information on the limit of detection of the assay are provided in the Azad et al.
[Nanomaterials -2021] and the current manuscript is the in-depth protocol for that work. The
mentioned paper was added to the references and the detection limit data was added to the text (line
327) according to the original publication.

Minor Concerns:

Details and availability of the RBD-HiBIT RBD vector should provided e.g. a plasmid map and vector
deposited with Addgene.

The sequence of the plasmid was added to the materials file and the plasmid is available on request
from the authors.

The reporter is produced by transient expression and not purified which makes standardization difficult
and raises the following questions.

As the referee pointed out, there are some issues with transient expression. Hence, we added a note at
line 151 explaining that the construct contains a His tag which can be used for purification of the protein
in case of a large scale testing. Moreover, a positive control can be used for transient expression to
normalize all samples based on that.

Is the same volume of cell supernatant used for different assays and if so what is it?
The volume of the supernatant was added to the text at lines 188, 203 and 236.

How long can the reporter be stored or does the transfection have to be repeated each time the assay is
run?

The information on the stability of the biosensor has been reported in the original publication and also
was added to the protocol as a note at line 156-157.

Minor point



According to the Promega website the KDs for SmBIiT and HiBiT binding to LgBiT are 1.5 uM and 0.7 nM
respectively rather then >10 mM and 700 mM as stated on lines 71 and 74. Presumably these are
typographical errors ?

We appreciate reviewer’s accurate view of the paper. The typographic error on lines 78 and 81 was
revised.

Reviewer #2:
Manuscript Summary:

Rezaei and co-workers describe a method to produce a luciferase-based assay to detect antibodies
targeting the receptor binding domain (RBD) of SARS-CoV-2 spike protein. The method exploits a split
version of the small Nanoluc that consists of the small peptide HiBiT that, upon binding to the LgBiT
larger fragment, produce an active luciferase enzyme. The authors fused the HiBiT tag to the RBD of the
spike protein and produced this chimeric protein in HEK293. The conditioned medium from cells
expressing the HiBiT-RBD is then incubated with solutions containing anti-RBD antibodies (either patient
serum, purified monoclonal antibodies or sera from mice infected with RBD-expressing VSV) and the
immunocomplexes are precipitated with protein G-conjugated beads. After washing, the LgBiT is added
together with the luciferase substrate and luminescent signal is recorded in a luminometer. The assay
principle is very simple, yet elegant and can be easily scaled-up and performed in a high-throughput
fashion to test large numbers of patient sera.

We thank the reviewer for their comprehensive feedback and comments on the protocol and results.

Major comments:

The abstract and introduction are well written, the expected results and discussion need to be carefully
rephrased and the protocol is quite confusing. The expected results are not described with a level of
detail that allows to understand what the authors tested in each experiment. In addition, the expected
outcome for part 3 of their protocol (High-throughput detection of the SARS-CoV-2 specific antibodies
from patient serum) is missing. Actually, from the discussion it seems that the assay has never been
tested on patient samples (line 244-245). If so, why the authors provide a protocol that has never been
tested? Please include representative results for part-3 or remove it from the manuscript.

The current manuscript is the detailed protocol for the assay developed in the Azad et al paper. Hence,
the results of the high-throughput testing have been reported in the original manuscript. However, as
per reviewer’s suggestion, a sentence (line 318-320) was added to the discussion about the application
of the assay on the patient serum samples which was reported in the original paper.

There are other aspects of this protocol that are not completely clear to me. First, the protocol explains
how to produce the HiBiT-RBD protein starting from the HiBiT-RBD plasmid transfection but does not
state how to obtain the plasmid. Is it available from the authors on request? Since it is the center of the
method, the authors should include how to obtain the plasmid or how to clone it.

The plasmid sequence was added to the supplementary file and it is available upon request from the
authors.



Second, there is no mention on how to produce the LgBiT. On line 141 the authors wrote that LgBiT
stock is 100x but they did not write how to produce such stock solution. Is it commercially available?
Again, this is essential to reproduce the experiment.

The LgBiT protein is commercially available from Promega company and the ordering information was
added to the text and the supplementary material table.

On line 133 the authors wrote that supernatant can be stored for some minutes at -20°C. Is it correct?
Also, information on stability of the supernatants containing the HiBiT-RDB are missing. Can the HiBiT-
RDB containing supernatant be stored at -80°C or at 4°C for long term? If the supernatants are stable for
only few minutes, as written by the authors on line 133, the assay has major drawbacks in terms of
scale-up since the supernatants must be prepared fresh and differences among batches might introduce
variability in the assay. At least, if this is the case, it should be mentioned in the discussion.

The information on the stability of the biosensor has been reported in the original publication and also
was added to the protocol as a note at line 131. The part indicating “few minutes of stability” was a
typographic error which was revised and replaced with the correct information from the original paper.

Finally, it is not clear how much HiBiT-RDB supernatants should be used in the assay. The authors only
suggest to mix the supernatants containing the HiBit-RDB with the 1ug or 10 ul of patient serum. How
much HiBiT-RDB must be used? It is not clear to me how the protocol can be reproduced without
knowing the amounts of enzyme to be used in the assay. The author should at least include a range of
luminescence units (as fold of the controls) they expect to be present in the supernatants of efficiently
transfected HEK293 cells and how much of such supernatants should be used for the subsequent assays.

The volume of the supernatant was added to the text at lines 188, 203 and 236.
Minor comments:

SARS-CoV-2 with minus before the 2 (line 51).

Line 83 is missing a reference.

Double check references 5-9 (line 40). At first inspection none of the cited manuscripts state that
patients can become re-infected after one year. Piccoli et al. states that 99% of RDB binding abs might
decay after 1 year but this is a different message respect that patients can be re-infected one year after
first exposure. None of the other references addressed this point. Thus, please include the correct
references or rephrase the sentence.

The text at line 40 was rephrased.

While HEK293 cells are in general highly transfectable, the author could specify which and how much
transfection reagent they used.

The information for commercially available Polylet transfection reagent and the amount used was
added to the text (line 122).

Line 129 - how much efficient? Give a % of expected transfection efficiency

The expected transfection efficiency was added to the text at line 145.



Line 149 - delete "How to prepare the substrate?". | guess this is a note the authors left for themselves
and indeed it might be interesting, if there is a special issue with substrate preparation, to include this
step.

The typographic errors were fixed at line 149.

Change the y-axis of the graphs from linear scale to logarithmic so it is clear which is the background
signal expected from this assay.

In the representative results, figure 2 appear before figure 1. Please invert them so the order is correct.
Or start the paragraph by describing the concept of the assay (Figure 1).

Line 178: double check the sentence. It is not clear if 1 ug total antibody or 1 ug/ml final concentration
should be added as control

The typographic errors at line 178 was corrected.

Reviewer #3:
Manuscript Summary:

The manuscript entitled "Detection of SARS-CoV-2 RBD antibody using a HiBiT based bioreporter"
dealing with factors

associated with COVID-19 is interesting and potentially represent a significant contribution to this area
of research.

| have pointed out the following corrections listed below. The following shortfalls could be addressed to
improve

the quality of the study:

We greatly appreciate reviewer’s feedback and tried to improve the text accordingly.
Minor Concerns:

1. The introduction section reports disease epidemiology only until January 4 2021,

the status needs to be updated as the current numbers reported are outdated.

2. The authors have not provided any evidence from the literature for their findings

on many occasion. There have been studies on the topic; it would be good to support their
discussion with supportive literature.

The authors could cite one of the latest review paper by Ullah et al. 2020. "Novel coronavirus 2019
(COVID-19)

pandemic outbreak: A comprehensive review of the current literature".



https://doi.org/10.1016/j.vacun.2020.09.009

As reviewer suggested, the epidemiology report was updated and the comprehensive review on SARS-
CoV-2 was added to the introduction.

3. The overall discussion is fine, just curiously short in terms of what the findings mean for moving the
research field forward and the future perspectives. This would have been interesting to read from
someone who has worked on the relevant issue.

A final sentence on the future perspective of the method was added to the discussion.
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