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A B S T R A C T   

The NLRP3 inflammasome is a key macromolecular complex of the innate immune system that activates the 
inflammatory signalling cascade in response to a wide range of stimuli. Structural studies have shown that the 
intracellular cytosolic receptor NLRP3 oligomerizes upon stimulation and serves as a scaffold to form the ASC 
filaments necessary for procaspase-1 activation. Despite the abundant structural evidences on NLRP3 inflam
masome, the interactions of the NLRP3 Pyrin domain and its functional relevance are poorly understood. In this 
study, the split luciferase complementation assay is used as an alternative approach to investigate NLRP3PYD- 
NLRP3PYD interactions during inflammasome formation. Since the homotypic NLRP3 interaction is mainly based 
on electrostatic interactions, a phosphomimetic residue (S5) at the interface of the NLRP3PYDs interactions has 
been mutated to show a disruptive effect on luciferase activity. According to the results presented, the designed 
biosensor was able to monitor the NLRP3PYD-NLRP3PYD interaction in vitro. The current reporter assay not only 
provides a specific NLRP3PYD-NLRP3PYD assay to study the PYD-PYD interaction in vitro, but also provides a 
suitable system for screening chemicals and drugs to identify activators and inhibitors of NLRP3.   

1. Introduction 

Activation of inflammasome as a core component of the innate im
mune system in response to a wide range of damage and pathogen 
associated molecules implicate as a mechanism of body defence. How
ever, the extreme activity of inflammasome primes to autoinflammatory 
disorders and autoimmune diseases such as, type 1 diabetes, multiple 
sclerosis (MS), and rheumatoid arthritis (RA) [1,2]. 

Most typical inflammasomes consist of three main parts: one sensor 
compartment such as NLRP3, an adaptor protein like ASC, and an 
effector caspase such as caspase-1 [3,4]. The NLRP3 inflammasome 
complex promotes proteolytic cleavage of procaspase-1 to caspase-1. 
Then, activated caspase-1 induces an inflammatory response through 
interleukin1β (IL-1β) and IL-18 secretion and drives the cell to pyrop
totic cell death by cleavage of Gasdermin-D [5]. 

NLRP3 has a Pyrin Domain (PYD) with a high affinity for homotypic 
interactions. The crystal structure of the NLRP3 Pyrin Domain 

(NLRP3PYD), procaspase-1 zymogen domain and ASC have been identi
fied in previous studies [6–8]. Also, the interactions between the NLRP3 
inflammasome components and the amino acids involved in these in
teractions are known [9–12]. In the ASC-dependent inflammasomes, 
upstream sensor proteins, such as NLRP3, recruit ASC through the 
interaction between their PYD domains. Then, ASC interacts and acti
vates procaspase-1 through CARD-CARD interactions. Therefore, the 
dual nature of ASC forms the central structure of the inflammasomes 
[13]. Previous reports have shown that the self-association of NLRP3 
and NLRP3 interaction with ASC are mediated through some partially 
identical binding regions [10]. 

Until now, three-dimensional structures of more than 10 different 
PYD domains have been reported in the Protein Data Bank (PDB) [6, 
14–23], but our understanding on NLRP3PYD-NLRP3PYD homotypic in
teractions is not so clear. Considering the significant importance of 
inflammasome complexes and pyroptosis as a vital process, it would be 
valuable to study this process and developing methods which provide 
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more information about complex assembly and interactions between the 
inflammasome compounds. 

Split-luciferase complementary assay has been used to investigate 
protein-protein interactions during complex formation. This approach is 
based on reconstruction of dissected luciferase fragments. Each frag
ment of the luciferase is fused to one of interacting proteins. Proximity of 
luciferase fragments upon the interaction of target proteins converts to 
bioluminescence, which can be quantitatively measured by photon 
counting. This procedure represents the important benefit of providing a 
signal with low background noise [24,25]. Split luciferase complemen
tary assay has been used to show the Apaf1-Apaf1 interaction during 
apoptosome formation both in vitro and in vivo conditions [26–29]. 

In the current study, a biosensor is designed based on split luciferase 
complementation to study the specific intramolecular NLRP3PYD- 
NLRP3PYD interaction that involved in NLRP3 inflammasome complex 
formation. The split luciferase fragments of 1–416 amino acids (NLuc) 
and 395–550 amino acids (CLuc) have been developed and used to make 
split reporters according to this technology [26,30]. To corroborate the 
reporting abilities of split luciferase complementary system in response 
to NLRP3PYD-NLRP3PYD interaction, NLRP3PYD mutants [NLuc-NLRP3
PYD S5D and CLuc-NLRP3PYD S5D] were constructed as a negative con
trol. Also, since the NLRP3 interacts with ASC through some partially 
identical binding regions, ASC was used as a competitive inhibitor of 
interactions between NLuc-NLRP3PYD and CLuc-NLRP3PYD. This is the 
first report on application of split-luciferase complementation assay to 
investigate the interaction between components of the inflammasome 
complex. 

2. Materials and methods 

2.1. Design and cloning of constructs 

The N-terminal (NLuc: 1–1248 bp) and C-terminal (CLuc: 1183–1650 
bp) fragments of luciferase were PCR-amplified from pGL3 vector 
encoding P. pyralis luciferase (Promega) with appropriate primers. 
Based on previous reports [31,32], a flexible Gly and Ser linker joined to 
the reverse primers of NLuc and CLuc. Amplification was also added 
restriction enzyme sites of NdeI/SalI and NdeI/NdeI to the NLuc and 
CLuc fragments, respectively. The purified NLuc and CLuc fragments 
were digested by NdeI/SalI and NdeI/NdeI, and then cloned into the 
NdeI/SalI and NdeI/NdeI digested/dephosphorylated pET28a (+) vec
tors. In the next step, the purified NLRP3PYD gene was modified by PCR 
to introduce restriction enzyme sites of SalI (NLuc-NLRP3PYD) and EcoRI 
(CLuc-NLRP3PYD) to the N-terminus, and XhoI enzyme site to the 
C-terminus of NLRP3PYD. All used primers are detailed in Table 1. 

Thereafter, the ligation products (NLuc-NLRP3PYD and CLuc- 
NLRP3PYD) were transformed into DH5-alpha Competent E. coli (Bio
Labs-C2987I) and screened by antibiotic (100 mg/ml Kanamycin) se
lection. Positive clones were selected by colony PCR and double 
digestion and then sequenced (Macrogen, Korea) to ensure inserted 
DNAs. NLuc-NLRP3PYD S5D and CLuc-NLRP3PYD S5D mutants were 

constructed using the appropriate primers and splicing by overlap 
extension PCR (SOE-PCR). All genes were amplified by Pfu DNA poly
merase and then cloned into the pET28a (+) expression vector by T4 
DNA ligase. Enzymes were purchased from BioLabs (UK). 

2.2. Structural superimposition 

Molecular docking of NLRP3PYD-NLRP3PYD homodimer interaction 
was performed with HADDOCK (High Ambiguity Driven protein-protein 
DOCKing) web server [33] using crystal structure of NLRP3PYD (Protein 
Data Bank ID code 3QF2 (chain A)) as template. Active residues were 
determined by referring to previous study [34] and surface exposure of 
these residues were calculated by GETAREA [35] with 30% solvent 
accessibility threshold. The interfaces that specified for interaction were 
formed by α-helices H1 and H4 (residues Ser 5, Arg 7, Cys 8, Glu 15, Asp 
50, Val 52, Asp 53 and Thr 56) of one NLRP3PYD molecule and residues 
from H2 (Lys 23, Lys 24, Met 27 and Asp 31) of the other NLRP3PYD. All 
other HADDOCK parameters were left unchanged to their respective 
default values in docking procedure. In each docking, the conformation 
with the lowest energy cluster was chosen as the docked model for the 
next analysis. 

Modelling of mutation (Ser to Asp) and phosphorylation of Ser 5 was 
carried out manually by Maestro release 2020-4 (version 12.6, Schro
dinger, LLC, New York, NY, 2020) software. Structural superimposition 
of native and mutant docked models was analyzed by PYMOL v.2.3.3. 
Poisson-Boltzmann electrostatic potential surfaces were calculated by 
Maestro. All structures and docking results visualized and modelled 
using PYMOL v 2.3.3 and Maestro. 

2.3. Protein expression and purification 

BL21 (DE3) competent E. coli (BioLabs-C2527H) was used to express 
the proteins. Bacterial cells were grown in 2xYT (Yeast Extract Tryp
tone) medium. In OD600 = 0.7, the protein expression was induced by 
adding 0.5 mM IPTG (Sigma-Aldrich-367-93-1) and cultivation 
continued with reciprocal shaking (180 RPM) at 20 

◦

C for 16 h. NLuc- 
NLRP3PYD, CLuc-NLRP3PYD and their mutants, as well as ASC protein 
were purified from E. coli cell pellets after centrifugation (5000 RPM, 20 
min). Cell lysis was continued by sonication in a lysis buffer including 
20 mM Tris (pH 7.8), 500 mM NaCl and 5 mM imidazole. Since ASC 
protein was in the inclusion bodies, the pellets were lysed in the lysis 
buffer containing 8 M urea, pH 8.0. After sonication, the centrifuge was 
performed, and the supernatant was used for purification. Because of a 
polyhistidine tag at the N-terminus of NLuc-NLRP3PYD, CLuc-NLRP3PYD, 
their mutants, and ASC, Ni-NTA-Sepharose chromatography was used 
for the purification step. Bacterial supernatant was added to the equil
ibrated Ni-NTA- Sepharose column and the column was washed by 
washing buffer (20 mM Tris, 500 mM NaCl, 40 mM imidazole, pH 7.8) 
after 20 min. For ASC protein, re-folding was performed on the Ni-NTA- 
Sepharose column at a gradient of decreasing urea concentration. In the 
next step, elution of adsorbed proteins was performed by elution buffer 

Table 1 
Primers used to generate the constructs.   

Primer sequence 5′–3′

F-NLuc- containing the NdeI site CCCATATGATGGAAGACGCCAAAAAC 
R-NLuc- containing the SalI site TTGTCGACGGCTACCGCCGCCACCGCTGCCACCGCCACCTCCATCCTTGT 
F-CLuc- containing the NdeI site CCATGGTTCATATGTCCGGTTATGTAAACAATC 
R-CLuc- containing the NdeI site AGCCATATGGCTGCCACCACCGCCGCTACCACCGCCACCGCTACCGCCACCACCGAGCTCCAATTTG 
F-NLRP3PYD- containing the EcoRI site TTGAATTCATGAAGATGGCAAGCACCC 
F-NLRP3PYD- containing the SalI site TTGTCGACAAATGAAGATGGCAAGCACCC 
R-NLRP3PYD- containing the XhoI site TTCTCGAGTTACTTCGGCTCATCTCTTTTTG 
F1- NLuc-NLRP3PYD S5D- containing the HindIII site ATAGAAAAGCTTTTATGGAAGACGCCAAAAAC 
F1- CLuc-NLRP3PYD S5D- containing the HindIII site ATAGAAAAGCTTTTATGTCCGGTTATGTAAAC 
R1- NLuc/CLuc-NLRP3PYD S5D GGGTGTCTGCCATCTTCAT 
F2- NLuc/CLuc-NLRP3PYD S5D GAAGATGGCAGACACCCGCTG 
R2- NLuc/CLuc-NLRP3PYD S5D- containing the XhoI site ATAGAACTCGAGTTACTTCGGCTCATC  
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(20 mM Tris, 300 mM NaCl, 275 mM imidazole, pH 7.8). Expression and 
purification of proteins were investigated by 12% SDS-PAGE analysis 
and measurement of total protein concentration was carried out by the 
Bradford technique. 

2.4. Immunoblotting 

Bacterial lysis of each constructs was resolved by SDS-PAGE gel. 
After protein separation by gel electrophoresis, proteins transferred to a 
nitrocellulose membrane (250 mA for 150 min). The membrane block
ing was carried out by 4% skimmed milk in TBST for 1 h at room tem
perature followed with an overnight incubation with primary antibody 
at 4 ◦C. The membrane was washed 3–5 times for 10 min with TBS 
containing 0.1% Tween 20 (TBST) before incubation with secondary 
antibody. Mouse anti-6X His Tag antibody was used as primary antibody 
and goat anti-mouse (Li-cor, 926–68020) was used as secondary anti
body. After that, the membrane was scanned using a LICOR system. 

2.5. Luciferase activity assay 

The proteins containing CLuc (CLuc-NLRP3PYD or CLuc-NLRP3PYD 

S5D) (0.3 mg/mL) were added in the separate wells of a 96-well plate at 
first and then, the proteins containing NLuc (NLuc-NLRP3PYD or NLuc- 
NLRP3PYD S5D) (0.3 mg/mL) were added. The luciferase activity was 
monitored by using Sirius tube luminometer (Berthold detection sys
tems), as a detectable luminescence signal produced upon addition of 
10 μL of luciferase assay complex (25 mM Tris, 10 mM MgSO4, 1 mM 
luciferin, and 2 mM ATP) to protein mixtures. 

2.5.1. Evaluation of the effect of ASC protein in vitro and in cell-based 
system 

In order to evaluate the efficiency of the recombinant proteins for 
recruiting ASC, full length human ASC was added to the assay mixture. 
In this experiment, NLuc-NLRP3PYD and CLuc-NLRP3PYD were mixed 
with different concentration of ASC protein and the luminescence signal 
was immediately monitored as detailed above. 

To confirm the effects of ASC on NLRP3 oligomerization in cell-based 
system, human embryonic kidney cells (HEK293T; Iranian Biological 
Resource Center) were cultured in high glucose Dulbecco’s Modified 
Eagle’s Medium (Gibco) supplemented with 10% (v/v) fetal bovine 
serum (FBS; Gibco) and 1% (v/v) penicillin/streptomycin (Gibco). The 
cells were transiently transfected with pEGFP-C2-NLRP3 (Addgene 
plasmid # 73955) and pcDNA3.1+-ASC plasmids (250 ng/well of a 24- 
well plate for each plasmid) with branched 25 kDa polyethylenimine 
(Sigma-Aldrich). The cell cultures were incubated at 37 ◦C in an atmo
sphere with 5% (v/v) CO2. After 24 h, fluorescence imaging of cells was 
taken with Cytation™ 3 cell imaging Multi-Mode Reader (BioTek In
struments, USA). 

2.5.2. Evaluation of the effect of MCC950 on the luciferase activity of 
designed reporters 

In order to evaluate the effects of MCC950, as an NLRP3 inflamma
some inhibitor, on luciferase activity of NLuc-NLRP3PYD and CLuc- 
NLRP3PYD reporters, CLuc-NLRP3PYD protein was incubated with 
different concentrations of MCC950 at room temperature. After 15 min, 
NLuc-NLRP3PYD protein was added to the mixture and luciferase activity 
was immediately monitored as detailed above. 

3. Results and discussion 

Bioluminescence assays hold an invaluable role in high-throughput 
screening methods due to the high sensitivity and wide dynamic 
ranges of bioluminescence. In the current study, we established an assay 
based on split luciferase reporters to investigate the homotypic PYD 
domain of NLRP3 (NLRP3PYD) interactions in vitro in order to use this 
new method to study inflammasome complex formation and identify 

NLRP3 activators and inhibitors. 

3.1. Design and construction of a split luciferase sensor for detecting 
NLRP3PYD-NLRP3PYD interaction 

Based on crystal structure of human NLRP3PYD (PDB ID code: 3QF2), 
a split luciferase biosensor was designed. Combination of theoretical 
data and empirically driven structure are needed to create an effective 
interaction-induced split luciferase reassembly. For this purpose, several 
factors should be evaluated including the distance between the reporter 
protein fragments before and after the interaction, the position and 
orientation of complementary fragments through the complementation 
of protein dimer after the interaction, and the dissection sites of split 
luciferase fragments [36,37]. 

Based on previous studies, the best luciferase complementary frag
ments are from 1 to 416 and 395 to 550 amino acids as N-terminal and C- 
terminal fragments respectively [38,39]. In this study, considering these 
crucial factors and crystal structure of NLRP3 protein containing high 
affinity PYD domain, an intermolecular assay for monitoring of 
NLRP3PYD-NLRP3PYD interactions were produced. To enhance the 
folding and flexibility of luciferase fragments, a flexible linker composed 
of (GGGGS)n was inserted at the junction between the luciferase frag
ments and NLRP3PYD ((GGGGS)3 linker for NLuc and (GGGGS)4 linker 
for CLuc fragment) (Fig. 1A). 

3.2. S5D mutation: a loss of function phosphomimetic mutant 

As noted previously, luciferase complementation occurs when two 
complementary fragments of luciferase bring together in subsequence of 
protein-protein interaction of two targeted proteins. Alternatively, two 
luciferase fragments can come together by random collision even the 
pair of interacting proteins may not interact. Luminescence signals that 
generated through random collisions are considered as non-specific 
signal. So, to reveal specific protein interactions, contribution of non- 
specific luminescence must be determined [40,41]. Because of these 
concerns, we introduced a disrupting mutation at Ser 5, the first residue 
in helix 1 involved in inflammasome formation through NLRP3PYD in
teractions which is mainly based on electrostatic interactions, as re
ported earlier [34]. So, the interaction between PYDs would be 
interrupted by introduction of negative charges by phosphorylation or a 
negatively charged residue such as aspartate at position S5. As shown in 
Fig. 1B, the electrostatic surface potential of wild type and mutant (S5D) 
NLRP3PYD and NLRP3PYD with phosphorylated S5 (SEP 5) was checked 
in order to determine the effect of mutation on the charge distribution of 
the surface and consequently on PYD-PYD interaction. To better un
derstand, Fig. 1C illustrated the changes in electrostatic surface poten
tial of homotypic NLRP3PYD-NLRP3PYD interaction interface of PYDs. 
Obviously, the positively charged surface area decreased in mutant 
(S5D) and phosphorylated S5 NLRP3PYD, while more negatively charged 
regions displayed around the interface residues. Together, these data 
show the charge distribution of structures is entirely different, sug
gesting that the mutation may influence interaction by electrostatic 
repulsion of two PYDs. 

Therefore, to corroborate the reporting abilities of split luciferase 
complementary system in response to NLRP3PYD-NLRP3PYD interaction, 
the biosensor harboured NLRP3PYD mutation [NLuc-NLRP3PYD S5D and 
CLuc-NLRP3PYD S5D] was prepared as a disrupting control mutant. As 
indicated in Fig. 1D, superimposition of NLRP3PYD and NLRP3PYD S5D 
structures with RMSD value of 1.071 indicated no significant confor
mational changes and suggested a stable structural orientation before 
and after mutation. It should be noted other NLRP3 mutant could also be 
used for further NLRP3 homotypic interaction and heterotypic interac
tion with ASC. For example, NLRP3 Y32 mutants were able to bind to 
WT NLRP3 in HEK 293T cells, suggesting that NLRP3 dephosphorylation 
at Tyr 32 is not necessary for NLRP3 oligomerization, while it was found 
that NLRP3 Y32D or NLRP3 Y32E could not recruit ASC, suggesting that 
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NLRP3 dephosphorylation at Tyr 32 is a prerequisite for NLRP3–ASC 
interaction [42]. 

Expression and purification of NLuc-NLRP3PYD, CLuc-NLRP3PYD and 
their S5D mutants were done as described at general scheme of Fig. 2A. 
As shown in Fig. 2B and C, CLuc-NLRP3PYD, NLuc-NLRP3PYD and 
mutated forms were purified by Ni-NTA-Sepharose. Based on SDS-PAGE 
gel results, NLuc-NLRP3PYD and its mutant form showed an estimated 
MW about 60 kDa. CLuc-NLRP3PYD and its mutated form showed a 
molecular weight of about 35 kDa. Also, expression of NLuc-NLRP3PYD 

and CLuc-NLRP3PYD was confirmed through western blotting using an 
antibody against 6X His Tag (Fig. 2D). 

3.3. Reconstitution of luciferase activity through PYD-PYD interaction 

It is clearly shown that the NLRP3PYD domain has a dual binding role 
in which both recruits ASC via PYD–PYD interaction and binds to 
another NLRP3PYD domain and it is therefore required for the formation 
of the active inflammasome complex [10]. Moreover, Crystal structure 
of NLRP3 protein Pyrin domain (PYD) shows, it has a six-helical bundle 
structural fold containing several conserved residues as compared to 
other PYD domains interacting with ASC and with a possible homodi
meric interface [6]. NLRP3 inflammasome has been considered as an 
attractive target for the development of NLRP3 inhibitors [43]. 

Therefore, we hypothesized that due to the interaction of NLRP3PYDs, 

the N-terminal and C-terminal fragments of luciferase would interact, 
and the functional structure of the firefly luciferase would be recon
stituted leading to luminescence activity. In order to test our designed 
reporter, the luciferase activity of NLuc-NLRP3PYD/CLuc-NLRP3PYD and 
NLuc-NLRP3PYD S5D/CLuc-NLRP3PYD S5D were measured after simple 
mixing of purified proteins. Moreover, luciferase activity of each frag
ment separately was detected as specificity controls. As demonstrated in 
Fig. 2E, separate constructs did not result in detectable luminescence 
recovery, indicating that the luciferase fragments alone have no signif
icant activity. While, both luciferase fragments of NLuc-NLRP3PYD/ 
CLuc-NLRP3PYD brought about a high level of luminescence signal, 
reflect NLRP3PYD oligomerization in the assay mixture. Luciferase ac
tivity was totally abolished when S5 was mutated to the phosphomi
metic aspartate in NLuc-NLRP3PYD S5D/CLuc-NLRP3PYD S5D mixture. 
Indeed, mutant NLRP3PYD S5D cannot make homotypic interactions. 
That is to say, reconstitution of luciferase activity was due to right 
juxtaposition of PYD domains and their productive interactions. It is 
noteworthy that a recent report for monitoring of α-synuclein in
teractions using split luciferase complementation assay confirmed that 
right orientation of interacting targeting molecules is crucial in induc
tion of split-luciferase activity [44]. Using ASC as second player in 
NLRP3 inflammasome shows saturating concentration of ASC in the 
assay medium brought about with a moderate increase in luciferase 
complementary activity which is more supported with Speck-like 

Fig. 1. A) General scheme of constructs with the split luciferase fragments (NLuc and CLuc). The N-terminal fragment of firefly luciferase (1–416 amino acids) 
connected to N-terminus of NLRP3PYD through (GGGGS)2 flexible linker and the C-terminal fragment of firefly luciferase (395–550 amino acids) connected to N- 
terminus of NLRP3PYD through (GGGGS)3 linker. B) The electrostatic surface potential of wild type (i), S5D mutant (ii) and phosphorylated S5 (iii) NLRP3PYDs (PDB 
ID code:3QF2), with the same orientation. Positive and negative charged residues have been represented by blue and red areas; respectively. C) The changes in 
electrostatic surface potential of homotypic NLRP3PYD-NLRP3PYD interaction interface of wild type (i), S5D mutant (ii) and phosphorylated S5 (iii) NLRP3PYDs with 
the same orientation. The surface is characterized ranging from positive electrostatic potential (blue surface) to a negative potential (red surface) with 30% 
transparency. In i and ii, Ser and Asp residues are shown in ball and stick representation. D) Structural comparison of wild type NLRP3PYD (cyan) and its S5D mutant 
(light pink) on helix H1 has performed by superimposition of structures using PYMOL. Inset shows the zoomed version of wild type and mutant residue in stick 
representation. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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formation with co-transfection of GFP-NRP3 and ASC (Fig. 3). In fact, it 
may be suggested expression of ASC in presence of NLRP3 lead to 
stronger assembly of NLRP3 and inflammasome formation, as further 
supported by higher Pyd-Pyd interaction in vitro condition (Fig. 3). It 
should be pointed out that observed ASC effect on luciferase comple
mentation were obtained at high salt conecntration of elution buffer 
(275 mM imidazol and 300 mM NaCl) which may be different in other 

buffer concentrations. However, the effect of different concentration of 
ASC on free firefly luciferase showed luciferase activity was not 
decreased in presence of exogenous ASC protein. 

It should be pointed out, the effect of a known inflammasome in
hibitor (MCC950) on split luciferase complementation assay as an in
dicator of Pyd-Pyd assembly up to 10 μM was also monitored which 
showed no significant effect. It has been shown that MCC950 as a potent 

Fig. 2. A) General scheme of expression and 
purification of constructs. B) SDS-PAGE of 
purified CLuc-NLRP3PYD and CLuc- 
NLRP3PYD S5D; and C) NLuc-NLRP3PYD and 
NLuc-NLRP3PYD S5D via affinity Ni-NTA- 
Sepharose column chromatography. D) 
Immunoblot analysis of NLRP3PYD constructs 
confirmed expression of NLuc-NLRP3PYD and 
CLuc-NLRP3PYD through western blotting 
using an antibody against 6X His Tag E) 
Relative split-luciferase complementary 
assay. The luciferase activity was performed 
for 30 min and maximum luciferase activity 
was reported. RLU refers to relative lumi
nescence units. Data are the mean ± SD of 
three independent experiments.   
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and specific small-molecule inhibitor of the NLRP3 pathway directly 
interacts with the Walker B motif within the NLRP3 NACHT domain, 
thereby blocking ATP hydrolysis and inhibiting NLRP3 activation and 
inflammasome formation [45]. Therefore, lack of inhibition of Pyd-Pyd 
interaction through even higher concentration of MCC950 could be 
expected. 

4. Conclusion 

According to the results presented in this manuscript, split luciferase 
complementation assay is an efficient method to monitor the NLRP3PYD 

homo-interactions. Previous reported sensor for homo-oligomerization 
of NLRP3 based on BRET assay has been reported [46]. However, 
need of cell-based expression of reporters, high cost and heterogeneous 
intracellular microenvironment makes high throughput screening of 
chemical libraries difficult to be achieved. However, recombinant 
bacterial-based expression and affinity chromatography brought about 
an easy procedure to obtain a remarkable quantity of purified NLRP3PYD 

domains for future screening analyses. While the native PYD domain of 
NLRP3 has the ability to homo-oligomerize and reconstitute luciferase 
activity, the phosphomimetic mutant form, NLRP3PYD S5D, disrupts the 
oligomer and does not show luciferase activity, reinforcing the reli
ability of the NLRP3PYD split luciferase complementation assay as a 
reliable method to study NLRP3PYD self-assembly. This assay could be 
easily adapted to high throughput screening format providing a new 
method to identify drugs targeting the NLRP3PYD domain and further 
investigation of NLRP3 structure as performed for Apaf-1 [47]. 
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