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Abstract 8 
The NLRP3 inflammasome is a key regulator of inflammation that responds to a broad range of stimuli. 9 
The exact mechanism of activation has not been determined, but there is a consensus on cellular 10 
potassium efflux as a major common denominator. Once NLRP3 is activated, it forms high-order 11 
complexes together with NEK7 that trigger aggregation of ASC into specks. Typically, there is only one 12 
speck per cell, consistent with the proposal that specks form – or end up at – the centrosome. ASC 13 
polymerisation in turn triggers caspase-1 activation, leading to maturation and release of IL-1β and 14 
pyroptosis, i.e., highly inflammatory cell death. Several gain-of-function mutations in the NLRP3 15 
inflammasome have been suggested to induce spontaneous activation of NLRP3 and hence contribute 16 
to development and disease severity in numerous autoinflammatory and autoimmune diseases. 17 
Consequently, the NLRP3 inflammasome is of significant clinical interest, and recent attention has 18 
drastically improved our insight in the range of involved triggers and mechanisms of signal 19 
transduction. However, despite recent progress in knowledge, a clear and comprehensive overview of 20 
how these mechanisms interplay to shape the system level function is missing from the literature. 21 
Here, we provide such an overview as a resource to researchers working in or entering the field, as 22 
well as a computational model that allows for evaluating and explaining the function of the NLRP3 23 
inflammasome system from the current molecular knowledge. We present a detailed reconstruction 24 
of the molecular network surrounding the NLRP3 inflammasome, which account for each specific 25 
reaction and the known regulatory constraints on each event as well as the mechanisms of drug action 26 
and impact of genetics when known. Furthermore, an executable model from this network 27 
reconstruction is generated with the aim to be used to explain NLRP3 activation from priming and 28 
activation to the maturation and release of IL-1β and IL-18. Finally, we test this detailed mechanistic 29 
model against data on the effect of different modes of inhibition of NLRP3 assembly. While the exact 30 
mechanisms of NLRP3 activation remains elusive, the literature indicates that the different stimuli 31 
converge on a single activation mechanism that is additionally controlled by distinct (positive or 32 
negative) priming and licensing events through covalent modifications of the NLRP3 molecule. Taken 33 
together, we present a compilation of the literature knowledge on the molecular mechanisms on 34 
NLRP3 activation, a detailed mechanistic model of NLRP3 activation, and explore the convergence of 35 
diverse NLRP3 activation stimuli into a single input mechanism.  36 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 1, 2023. ; https://doi.org/10.1101/2023.05.31.543045doi: bioRxiv preprint 

mailto:marcus.krantz@oru.se
https://doi.org/10.1101/2023.05.31.543045
http://creativecommons.org/licenses/by/4.0/


Introduction 37 
The innate immune system serves as an immediate and essential defence towards exogenous and 38 
endogenous threats. Its activity is influenced by a number of pattern-recognition receptors (PRRs) that 39 
recognize pathogen- and damage-associated molecular patterns (PAMPs/DAMPs). The PAMPs are 40 
families of highly conserved molecular patterns that are indicative of (evolutionarily) common 41 
pathogens, while the DAMPs are endogenous compounds that are released from cells or the 42 
extracellular matrix during tissue or cell damage, or exogenous molecules, such as air pollution 43 
particles. PAMP and DAMPs can be recognised at the plasma membrane, in the endolysosomal system, 44 
or in the cytoplasm. Inflammasomes belong to the latter group, by being centred around intracellular 45 
receptors that can nucleate the formation of a large intracellular protein complex [1]. When activated, 46 
these receptors trigger inflammasome assembly and thereby caspase-1 activation, proteolytic 47 
processing and release of cytokines, such as interleukin (IL)-1β and IL-18, and eventually pyroptosis – 48 
a highly pro-inflammatory form of cell death – via gasdermin D-dependent pore formation. 49 
Inflammasome activation has also been linked to direct anti-microbial actions through autophagy, 50 
presumably to clear the infection [2], and the direct bactericidal effect of mature and active gasdermin 51 
D [3]. Hence, inflammasomes are critical immune regulators at the intersection between immediate 52 
antimicrobial defence and intercellular signalling. 53 

The NLRP3 inflammasome is the odd one out of the inflammasome sensors, as it responds to a large 54 
repertoire of signals. Instead of recognising a conserved molecular pattern, NLRP3 responds to a wide 55 
range of triggers that at a first glance have little in common. These include perturbation to the 56 
membrane potential with ionophoric toxins, such as nigericin, perturbation to mitochondrial function, 57 
and exposure to crystals and crystal forming compounds. In response to each of these triggers, NLRP3 58 
oligomers serve as a nucleation centre for ASC polymerisation. ASC is recruited to NLRP3 through 59 
homotypic PYD domain interactions and can continue to polymerise, forming a large ASC speck that 60 
can be monitored through e.g. fluorescence microscopy. These ASC specks in turn recruit pro-caspase-61 
1, resulting in its activation through proximity-induced trans-autoproteolysis. Active caspase-1 cleaves 62 
pro-IL-1β and pro-IL-18 into their mature and active forms, as well as gasdermin D, which allows the 63 
latter to form pores in the plasma membrane to release IL-1β and IL-18 [4], and, eventually, to trigger 64 
pyroptosis. However, none of these triggers suffice to activate the NLRP3 inflammasome in a healthy 65 
system, as NLRP3 needs to be licensed for activation by a priming signal (reviewed in e.g.: [5], [6]). 66 
Experimentally, LPS is usually used as a priming signal, which, through TLR4, Tak1, IKKβ, and NFκB 67 
affects NLRP3 at two distinct levels: through induction of gene transcription and by posttranslational 68 
licensing. Hence, activation of NLRP3 requires two or three steps, depending on whether the cell type 69 
shows a high basal expression of NLRP3 or not, including: 1) (conditionally) transcriptional priming, 2) 70 
posttranslational licensing, and 3) activation by a trigger. This three-step picture is complicated further 71 
by the apparently wide range and partially unrelated trigger effects, as well as by the fact that multiple 72 
signalling pathways control licensing through multiple modification sites in different components of 73 
the NLRP3 inflammasome. Consequently, both the nature of activation and the integration of licensing 74 
signals remain opaque. 75 

In this work, we take a systems biology approach to gain understanding on the NLRP3 inflammasome 76 
mechanisms. We perform an in-depth literature review and curation to compile the existing 77 
mechanistic knowledge on NLRP3 regulation into a formal knowledge base. Briefly, we use an 78 
established workflow for reconstruction of signal transduction networks, which relies on iterative 79 
literature curation, network validation and gap-filling [7]. The goal is to provide a comprehensive 80 
mechanistic model, i.e., a model that includes all relevant components and processes of the system 81 
under study, and which describes those as an unbroken link of mechanisms and causalities from system 82 
input to output. To this end, we use rxncon, the reaction-contingency language, to formalise the 83 
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network in terms of elemental reactions and contingencies (see methods for details)[8, 9]. Elemental 84 
reactions represent minimal and decontextualised reaction events, similar to the reaction centre in 85 
rule-based modelling [10]. Contingencies represent the regulatory constraints on reactions, similar to 86 
the reaction context in rule-based modelling. The resulting (rxncon) knowledge base has been 87 
processed by the rxncon toolbox to visualise the network and to allow parameter-free simulation [11]. 88 
In particular, we have made use of the scalable regulatory graph to visualise the information flow 89 
through the network (Figures 1-5)[8], to make the content of the knowledge base easily accessible, 90 
and to help the reconstruction process. Building such models is an excellent way to add value to 91 
existing data. The fundamental idea is to collect the available knowledge of NLRP3 activation in a single 92 
knowledge resource, much like the biochemical pathways maps of metabolism, and to analyse how far 93 
the current molecular level knowledge of NLRP3 activation can explain what is known about the system 94 
level function. In this particular case, the question raised is to what extent the molecular knowledge 95 
of NLRP3 inflammasome signalling can explain the release of mature cytokines in response to the 96 
inputs that are known to trigger this release, and to what extent the effect of known mutations or drug 97 
perturbations on this response can be reproduced in the model. Clearly, this work has a strong 98 
component of literature review. However, it also has a number of features that go further. First, the 99 
statements in a mechanistic model need to be concrete and precise, and these explicit interpretations 100 
of the data can be evaluated individually. Second, the model must be internally consistent, which 101 
means that all apparent contradictions must be resolved. Third, the model can be tested through 102 
simulation, to make sure that the expected system level function (activation or not) emerges from the 103 
assembled molecular mechanisms. Fourth, the annotated model with individual references for each 104 
model entry increase reusability, making it easy for the community to update and extend the model 105 
as new knowledge becomes available. Hence, the model constitutes an explicit and internally 106 
consistent compilation of the current molecular level knowledge that is complemented with graphs 107 
that visualise these molecular processes in detail. We envisage it as a research community resource to 108 
serve as an entry point for novices in the field, as a guide for future experiments, and as a contribution 109 
to the discussion on what really activates NLRP3.  110 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 1, 2023. ; https://doi.org/10.1101/2023.05.31.543045doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.31.543045
http://creativecommons.org/licenses/by/4.0/


Material and Methods 111 
Literature curation and network reconstruction 112 
The network reconstruction was performed with a previously developed and demonstrated workflow 113 
[7, 12, 13]. Literature curation started from a number of reviews, essentially providing an initial “parts 114 
list” in terms of components, processes and signals that can prime or trigger NLRP3. This starting point 115 
helped guide a targeted literature search in two complementary directions: First, on specific 116 
interactions, modifications, and mechanisms that constitute the actual signal transduction, to map out 117 
the actual signal transduction processes. Second, on the different trigger signals and their connection 118 
to NLRP3 activation, to determine if and how they could be attributed to a common cellular 119 
perturbation and how that perturbation could be sensed by NLRP3. PubMed, Google and perplexity.ai 120 
were used complementarily to search for literature relevant for specific questions, and these papers, 121 
together with references in initial reviews and retrieved papers, were used to build the network model. 122 
The network reconstruction was compiled in the second generation rxncon language [9] as elemental 123 
reactions and contingencies (see below). Each elemental reaction and contingency is associated with 124 
one or more references through PubMed IDs, or clearly marked as a model hypothesis (see column 125 
“!Reference:Identifiers:pubmed” in Suppelementary Table 1). The following papers are referenced in 126 
the model: [6, 14-68].  127 

 128 

The rxncon language and encoding of knowledge 129 
The network reconstruction was compiled in the second generation rxncon language [9]. The rxncon 130 
network definition is based on site-specific elemental states. Importantly, elemental states capture the 131 
state at a single residue or domain, and multiple elemental states are typically needed to fully define 132 
the protein (micro)state (discussed in [69]). Elemental states do not correspond to disjunct entities, as 133 
components with multiple sites (binding domains or modification residues) are represented by 134 
multiple nodes in the graphs (e.g., each NLRP3 molecule may be phosphorylated on Ser5, Ser198, 135 
Ser295, Ser806, and/or Tyr861). The possible combinations of these states are not represented unless 136 
necessary in a contingency. E.g., AKT mediated phosphorylation of NLRP3 Ser5 requires AKT to be 137 
phosphorylated on both Thr308 and Ser473 (or bound to the activator SC79), and to be bound to 138 
phosphoinositide (PI; which in turn need to be 4-phosphorylated to bind AKT (see below)). This makes 139 
the network representation more abstract than in microstate-based formalisms such as the process 140 
description diagram formalism [70], but brings three distinct advantages: First, the elemental state 141 
representation has an excellent congruence with empirical data, making network reconstruction 142 
precise and straightforward [69]. Second, the omission of unnecessary (in the perspective of empirical 143 
data) enumeration of state combinations abrogates the combinatorial complexity [71]. Third, the 144 
(regulatory graph) representation emphasises causality, providing a clear overview of the information 145 
flow through even very complex networks [8]. The rxncon network is defined at two complementary 146 
levels that are both defined in terms of elemental states and hence both correspond directly to 147 
empirical data: (1) Elemental reactions defines decontextualised reaction events. (2) Contingencies 148 
defines contextual constraints on elemental reactions, in terms of (Boolean combinations of) 149 
elemental states or inputs.  150 

Elemental state are site specific states in one or two components. For example, the Ser5 151 
phosphorylation is NLRP3_[(Ser5)]-{P}, consisting of a component name (NLRP3), a locus (residue 152 
serine 5: _[(S5)]) and a modification (Phosphate: -{P}). Correspondingly, the bond with NEK7 is 153 
NEK7_[clobe]--NLRP3_[HD2LRR], where the first protein (NEK7) via the clobe-domain (_[clobe]) binds 154 
(--) the second component (NLRP3) via the HD2-LRR region of NLRP3 (_[HD2LRR]). Importantly, an 155 
elemental state gives no information on the state at any other residue or domain. 156 
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Elemental reactions include one or two components, but are always defined through two components 157 
(A and B; which in monomolecular reactions are the same). Each component is defined at a certain 158 
resolution (Component, Domain, or Residue), depending on the reaction type and the component’s 159 
role in the reaction, as described in detail elsewhere [9]. The elemental reactions contain no 160 
information on the states of the components beyond the state(s) that change through the reaction. 161 
For example, the phosphorylation of Ser5 by AKT (AKT_P+_NLRP3_[(S5)]) requires the site to be 162 
unmodified (NLRP3_[(S5)]-{0}; where “-{0}” indicates an “empty” residue), but have no other intrinsic 163 
requirements. The contextual states, i.e., those that do not change through the reaction (i.e., the 164 
requirement for AKT phosphorylation and PI binding for activation), are defined as contingencies. The 165 
elemental reactions are defined in the ReactionList sheet of Supplementary Table 1. 166 

The contingencies define the regulatory constraints on reactions. The qualitative model presented 167 
here includes three types of contingencies: Required (!), inhibitory (x), and no effect (0). Simple 168 
constraints may be defined by a single contingency, e.g. that Caspase-1 processing 169 
(Caspase1_cut_Caspase1_[(pro)]) require (!) Caspase-1 dimerisation (Caspase1--Caspase1). However, 170 
more complex requirements can also be accommodated by (possibly nested) Boolean combinations 171 
(AND, OR, or NOT) of Elemental states and inputs, as illustrated by AKT activation above. These 172 
Booleans are also defined in the contingency list, where the <Boolean> (identified by “<>”) appears 173 
both as a target – on the lines where the <Boolean> is defined – and as modifier for elemental reactions 174 
and outputs, and when it is part of the definition of another Boolean expression (in nested Booleans). 175 
Finally, the contingency list is used to define system [Inputs] and [Outputs] (identified by “[]”), which 176 
constitutes the boundary of the system. The contingencies are defined in the ContingencyList sheet of 177 
Supplementary Table 1 178 

In this model, we make a special use of inputs and outputs to describe Signal 2. The effects that trigger 179 
NLRP3 cannot be efficiently described at the level of single molecules, hence we use placeholder 180 
entities that are connected as a chain of inputs/outputs that control each other. While it would have 181 
sufficed to include the most downstream inputs, centrosomal PI(4)P or CL, for the model to be 182 
functional, the inclusion of the steps – even in this relatively crude format – allows us to elaborate on 183 
the hypothesis and distinguish different type of inputs – e.g. in term of potassium efflux and 184 
suppression by extracellular KCl. In addition, we deem the graph useful as an overview complementing 185 
the discussion in the text. 186 

For a detailed description of the rxncon language, see:. [8, 9] 187 

 188 

Visualisation, model generation and simulation 189 
The generation of the rxncon regulatory graph for visualisation and the bipartite Boolean model (bBM) 190 
for simulation was performed with the rxncon2regulatorygraph.py script and rxncon2boolnet script, 191 
respectively. Both scripts are part of the rxncon toolbox that can be downloaded from GitHub 192 
(https://github.com/rxncon/rxncon; without dependencies), installed from the python package index 193 
through “pip install rxncon”, or through kboolnet (Carretero Chavez, et al. accepted). Simulation was 194 
performed using BoolNet as described previously [11, 13]: Starting from a highly artificial initial state, 195 
the model was simulated until it reached its natural off state. From this state, it was exposed to 196 
different treatment by setting the corresponding inputs (grey circles in the regulatory graph) to True. 197 
The signal transmission through the network and the effect on the outputs were monitored to 198 
determine if the NLRP3 inflammasome was activated or not.  199 
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Results 200 
The reconstruction process and scope 201 
The reconstruction process was based on manual literature curation. Starting from an overview, based 202 
on several review articles, targeted literature searches were used to clarify the relationships between 203 
components and the importance of specific modifications and bonds, as well as to connect the 204 
apparently unrelated triggers to a common mechanism of activation. The starting point is taken from 205 
the basic assumption that the molecular functions are the same across cell types, and that any 206 
difference between (isogenic) cells can be explained by expression differences rather than differences 207 
in molecular function. Inclusion of data from different organisms (primarily mouse in addition to 208 
human cells and cell lines) is less straightforward but has been used as indicated in the model. 209 
Importantly, as a mechanistic model requires direct mechanistic connections between components, 210 
components and functions can only be included when their mechanistic function in the network is 211 
known. Concretely, this means that for a molecule to be added into the model it is not enough that it 212 
has been shown to interact with e.g. NLRP3; there must also be a known functional outcome of that 213 
interaction. For example, the model does not include cathepsin B, thioredoxin-interacting protein 214 
(TXNIP), or caspase-8, despite their reported roles in NLRP3 regulation. TXNIP, which dissociates from 215 
its partner thioredoxin upon oxidative stress and elevated ROS, has been suggested as a binding 216 
partner to NLRP3 after dissociation [72]. In silico modelling of predicted binding has indicated 217 
conformational changes in the pyrin domain of NLRP3 by TXNIP binding, facilitating interactions with 218 
ASC [73]. However, TXNIP has been found to be dispensable for NLRP3 activation by ATP, MSU, and 219 
islet amyloid polypeptide [6], and subsequent knock-out studies have been inconclusive. Thus, TXNIP 220 
has not been included in the model. Also, cathepsin B has been excluded due to inconclusive literature, 221 
and studies that have shown it to be dispensable for NLRP3 activation (reviewed in [74]). Similarly, the 222 
model does not include caspase-8, as we have not found any mechanistic information on how it is 223 
connected to NLRP3 activation. Hence, as all caspase-8 dependent mechanisms are absent from the 224 
model, the model is effectively casp8-/-, and consequently NEK7 is absolutely required for NLRP3 225 
activation [75]. However, it is important to bear in mind that some of the activation seen in 226 
experimental data may be due to the caspase-8 dependent, NEK7 independent, mechanism that is not 227 
included in the model. The complete knowledge base can be found in Supplementary Table 1, and it is 228 
visualised as a rxncon regulatory graph in Figure 1 and Supplementary Figure 1. Below, the knowledge, 229 
interpretation, and implementation in the model will be described in detail. 230 
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Figure 1: The NLRP3 inflammasome network. The NLRP3 inflammasome is activated by two signals: 233 
Signal 1, which primes and licenses the system for activation, and Signal 2, which triggers assembly and 234 
activation of the NLRP3 inflammasome. For clarity, the network is divided and discussed in terms of 235 
modules, which are presented in figures 2-11 and described in detail below. Legend: Nodes represent 236 
elemental reactions (red), elemental states (blue), components (green), and inputs/outputs (grey). 237 
Reaction-to-state edges represent the effect of the reaction on the target state (production/synthesis 238 
create states/components, consumption/degradation remove states/components). State-to-reaction 239 
edges represent the regulatory effect of the state on the target reaction (! = required for reaction, x = 240 
blocks reaction). Grey edges indicate that components or states participate in reactions. More complex 241 
requirements are defined as AND or OR combinations of states (and/or inputs), and are represented 242 
as white triangles and diamonds, respectively. Negation of states (NOT) are represented by white 243 
octagons. Note that neutral (unmodified, unbound) states are excluded from the regulatory graph for 244 
clarity. A high-resolution version with labels is included as Supplementary Figure 1. 245 

 246 

NLRP3 priming through NFκB-mediated transcription 247 
The NLRP3 inflammasome is activated in three steps: transcriptional priming, posttranslational 248 
licensing, and triggering. Priming and licensing (also referred to as posttranslational priming) are 249 
induced by “Signal 1”, which corresponds to exposure to PAMPs (e.g. LPS (TLR4 ligand), Pam3CSK4 250 
(TLR1/2 ligand)), or cytokines (e.g. IL-1 or TNF), which activate signalling through Tak1, IKKα/β, and 251 
NFκB [26, 76]. The model also includes amyloid-β aggregates, which have been found to act both as 252 
Signal 1 and, after endocytosis, as Signal 2 [25]. Signal 1 leads to the transcriptional induction of NLRP3 253 
and pro-IL-1β (Figure 2). The priming event is necessary for inflammasome activation in some cell 254 
types, while others, such as human monocytes [77], have sufficiently high basal expression of NLRP3 255 
and only need (posttranslational) licensing to enable a trigger to activate the NLRP3 inflammasome. In 256 
the model, this is implemented as a direct dependence of NLRP3 and pro-IL-1β on Signal 1. 257 

  258 

Figure 2: Transcriptional priming of NLRP3 and pro-IL-1β. The common denominator between the 259 
priming and licensing signals (Signal 1) is the activation of NFκB (omitted in the model), resulting in the 260 
transcription and translation of NLRP3 and pro-IL-1β. The mRNA is turned over (placeholder reactions 261 
catalysed by “X”), and NLRP3 is targeted for either proteasomal or lysosomal degradation depending 262 
on ubiquitylation (see below). The priming signals considered in this model are: LPS 263 
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(Lipopolysaccharides; signalling via TLR4), Pam3csk4 (a synthetic triacylated lipopeptide; signalling via 264 
TLR1/2), IL-1 (interleukin-1, signalling via IL-1R1), TNF (tumour necrosis factor, signalling via TNFR1/2) 265 
and AB-aggregates (amyloid-β aggregates; through toll-like receptors). 266 

 267 

NLRP3 licensing through posttranslational modification 268 
NLRP3 inflammasome activation is also controlled by posttranslational licensing. Effectively, it 269 
constrains NLRP3 activation in space and time, to ensure activation only at the right place at the right 270 
time. NLRP3 activation is restricted by several posttranslational modifications that are only partially 271 
dependent on the priming signal. The picture is somewhat complicated by the observation that 272 
overexpression of NLRP3 is sometimes sufficient to override the need of licensing, as for example in 273 
HeLa cells [32]. This may indicate that licensing only increases the probability of activation, but that 274 
activation by sheer numbers is possible even without a licensing signal. It may also indicate that NLRP3 275 
is licensed through release from a negative modification or stoichiometric inhibition, i.e. that one or 276 
more modifications or interaction partners keeps NLRP3 in an inactive state, and that the (limited) 277 
capacity of this inactivation is exhausted upon overexpression. 278 

NLRP3 contains many potential modification sites. The model includes phosphorylation of Ser5, 279 
Ser198, Ser295, Ser806, and Tyr861, as the functional impact of these are mechanistically well 280 
characterised. These phosphorylation sites are spread across all three main domains of NLRP3: the PYD 281 
domain (residues 1-134), NACHT domain (residues 135-649; including the FISNA (residues 135-217) 282 
and the nucleotide binding domain (NBD)), and the LRR domain (residues 650-1036) [42]. In addition, 283 
the model accounts for K48-linked ubiquitylation of K496 – which targets NLRP3 for proteasomal 284 
degradation – and K63-linked ubiquitylation of the LRR domain – which prevents self-association and 285 
hence activation of NLRP3, and which targets NLRP3 for autophagy and hence lysosomal degradation. 286 
Apart from the control of self-association, ubiquitylation will be discussed further under NLRP3 287 
turnover below. 288 

The most well understood licensing modification of NLRP3 is indeed negative (Figure 3). 289 
Phosphorylation of Ser5 in the pyrin domain (PYD) of NLRP3 inhibits homotypic PYD-PYD interactions 290 
and therefore prevents PYD polymerisation, which is required for ASC recruitment and polymerisation 291 
[56]. Ser5 is phosphorylated by AKT [40] and dephosphorylated by PP2Acα [56]. AKT is considered 292 
constitutive [40] and activated by phosphorylation on Thr308 (by PDK1) and Ser473 (by mTORC2) [63], 293 
and by binding to PI(3,4)P2 or PI(3,4,5)P3 [18]. Hence, this constitutive activity is likely to be spatially 294 
restricted to membrane containing these phosphoinositides, i.e., primarily the plasma membrane and 295 
early endosomes [18]. This suggests that Ser5 phosphorylation imposes a spatial restriction on NLRP3 296 
activation, consistent with the lack of ASC speck formation at the plasma membrane. However, AKT 297 
has also been shown to be activated by Tbk1/IKKε in a (LPS-) priming dependent fashion [46], in which 298 
the priming signal leads to a transient Tbk1/IKKε activation that delays and/or reduces the assembly 299 
of the NLRP3 inflammasome and hence IL-1β release [53]. Phosphorylation of Ser5 also stabilises 300 
NLRP3 [40], suggesting that activation leads to increased turnover of NLRP3. 301 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 1, 2023. ; https://doi.org/10.1101/2023.05.31.543045doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.31.543045
http://creativecommons.org/licenses/by/4.0/


  302 

Figure 3: PYD polymerisation and ASC recruitment is inhibited by Ser5 phosphorylation. 303 
Inflammasome assembly requires formation of a NLRP3-PYD filament, which nucleates an ASC-PYD 304 
filament through homotypic PYD-PYD interactions, and these interactions are prevented by Ser5 305 
phosphorylation. Ser5 phosphorylation is controlled by AKT, which is constitutively active at the plasma 306 
membrane. However, AKT activity is also increased by Signal 1-dependent Tbk1 phosphorylation, 307 
introducing a possible time delay to polymerisation upon priming. In addition, Ser5 phosphorylation 308 
has been reported to stabilise NLRP3 by preventing K48-linked polyubiquitylation of Lys496 and hence 309 
proteasomal degradation of NLRP3. 310 

 311 

In contrast to the inhibitory Ser5 phosphorylation, priming-dependent Ser198 phosphorylation is 312 
required for inflammasome assembly and IL-1β release (Figure 4). Ser198 is phosphorylated by JNK1 313 
upon priming, and this phosphorylation is essential for self-association and hence oligomerisation of 314 
NLRP3 [17]. Phosphorylation of Ser198 also decreases ubiquitylation of NLRP3 [17], by inhibiting 315 
ubiquitylation, promoting deubiquitylation, or both. Hence, Ser198 phosphorylation may constitute a 316 
priming dependent switch between inflammasome assembly and degradation. The Ser198 residue is 317 
localised in the FISNA domain (residues 138-208) [78], which is the region that undergoes the largest 318 
structural changes during NLRP3 activation [42]. The fact that overexpression of NLRP3 can overcome 319 
this licensing requirement, strongly suggests that it is the deubiquitylation (negative licensing) rather 320 
than the phosphorylation (positive licensing) that control NLRP3 assembly. In the model, Ser198 321 
phosphorylation is directly required for deubiquitylation of the leucin-rich repeats (LRR) domain of 322 
NLRP3 and, through this effect, indirectly promotes self-association of NLRP3. 323 
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The Ser198-mediated effect converges with the effects of Ser806 and Tyr861 phosphorylation. Ser806 324 
phosphorylation has been shown to prevent NEK7 interaction and, through this, to prevent BRCC36 325 
dependent deubiquitylation of the LRR-domain of NLRP3 [20]. Again, ubiquitylation in NLRP3 prevents 326 
its self-association and hence the assembly of a signalling competent inflammasome. Ser806 is 327 
targeted by casein kinase (CSNK1a1), which is presumed to be constitutively activated [20], suggesting 328 
that phosphorylation of this site also may impose a spatiotemporal restriction on NLRP3 activation 329 
rather than constitute an actual priming event. Similarly, the Tyr861 phosphorylation interferes with 330 
NEK7 recruitment [19], but is not known to be regulated in response to either Signal 1 or 2 [57]. In the 331 
model, both Ser806 and Tyr861 must be unphosphorylated for NLRP3 to bind NEK7, and NLRP3 must 332 
bind NEK7 to allow BRCC36 mediated deubiquitylation of the LRR domain. 333 

  334 

Figure 4: Control of NEK7 recruitment and BRCC36-dependent deubiquitylation of the LRR domain. 335 
Phosphorylation of Ser806 and Tyr861 prevents NEK7 recruitment and thereby BRCC36 dependent 336 
ubiquitylation, but does not appear to be regulated by Signal 1 or 2, suggesting that phosphorylation 337 
of Ser806 and/or Tyr861 may impose a spatiotemporal restriction on NLRP3 activation. In contrast, 338 
JNK1 dependent phosphorylation of S198 constitute a bona fide licensing event, as it depends on Signal 339 
1 and is a prerequisite for BRCC36-dependent deubiquitylation of the LRR domain, for NLRP3 self-340 
association (encoded as an indirect dependence in the model), and hence for assembly and activation 341 
of the inflammasome. 342 
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 343 

The phosphorylation of Ser295 has been shown to act as both a positive and negative regulator of 344 
NLRP3 activation (Figure 5). This is consistent with its role in controlling the ATPase activity of NLRP3, 345 
as both ATP binding and hydrolysis has been found to be important for NLRP3 activation [6, 66]. Ser295 346 
is phosphorylated by both PKA [21] and PKD [14]. The Ser295 phosphorylation has been shown to 347 
prevent NLRP3 activation [21], but at the same time to be necessary for NLRP3 release from Golgi 348 
membranes and relocation to the compartment of activation, as discussed further below [14]. This 349 
implies that the ATPase activity or ADP-bound form helps NLRP3 to dissociate from the membrane, 350 
and that the Ser295 phosphorylation positively affects this. In the model, this is implemented as an 351 
inhibition by Ser295 phosphorylation of the ADP to ATP exchange, with the result that NLRP3 will 352 
favour the ADP bound form. Similarly, the NLRP3 inhibitor MCC950 is considered an ATPase inhibitor 353 
[68] but stabilises the inactive ADP bound form [79]. This is more consistent with an inhibition of ADP-354 
to-ATP exchange, indirectly decreasing the ATPase activity through reduced exchange, and hence this 355 
is the mechanisms implemented in the model. 356 

  357 

Figure 5: Regulation of the ATPase cycle by MCC950 and Ser295 phosphorylation. Phosphorylation 358 
of NLRP3 at Ser295 is controlled by both PKA and PKD, and it has been ascribed both positive and 359 
negative roles in NLRP3 regulation. These effects have been attributed to inhibition of the ATPase 360 
activity, but, like MCC950, it appears more likely that they stabilise the ADP-bound form by preventing 361 
nucleotide exchange – which would decrease the apparent ATPase activity without shifting NLRP3 362 
towards an ATP-bound active form. 363 

  364 
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 365 

Table 1: NLRP3 inflammasome triggers by trigger class KCl P/E Reference(s) 
Type I (Ionophorous)       
  Aerolysin, hemolysin and MARTX (Aeromonas)  Y N/A [80] 
  ATP Y N/A [37, 81] 
  Biglycan  N/A [82] 
  Exolysin (Pseudomonas)  Y N/A [83] 
  Hemolysin and non-hemolytic enterotoxin (Bacillus)  Y N/A [84, 85] 
  Hemolysin, M1 protein and pneumolysin (Streptococcus) Y N/A [86-88] 
  Hemolysins (Escherichia) Y N/A [89, 90] 
  Hemolysins and leukocidins (Staphylococcus) Y N/A [91-95] 
  Hemolysins and MARTX (Vibrio) Y N/A [96, 97] 
  Listeriolysin O (Listeria) Y N/A [98] 
  Nigericin and valinomycin (Streptomyces) Y N/A [16, 99, 100] 
  Perfringolysin O and tetanolysin O (Clostridium)  Y N/A [101, 102]  
  Serum amyloid A (SAA)  N/A [103] 
  Shiga toxins (Shigella) Y N/A [104] 
Type II (lysosomal destabilisation)       
  Alum Y Y [105, 106] 
  Amyloid-β (fibrillar)  Y [107] 
  Asbestos Y Y [108] 
  Calcium pyrophosphate dihydrate crystals (CPPD) Y Y [106, 109] 
  Carbon nanotubes Y Y [110, 111] 
  Chitosan Y Y [99, 112] 
  Cholesterol crystals Y Y [113, 114]  
  Copper oxide nanoparticles  Y [115] 
  Dextran sodium sulfate (DSS) Y Y [116] 
  Graphene oxide  Y [117]  
  Hyaluronan  Y [118] 
  Leu-Leu-O-methyl ester (LLOMe) Y N/A [62, 106] 
  Monosodium urate crystals (MSU) Y Y [37, 105]  
  Oxidised LDL Y Y [119] 
  Quartz/silica crystals Y Y [105, 106] 
Type III (ETC inhibitors)     
  CL097 N  N/A [37] 
  Imiquimod N  N/A [37] 

Table 1: NLRP3 inflammasome triggers by trigger class. The triggers can be divided into three general 366 
categories: (I) ionophoric compounds and compounds triggering ion fluxes indirectly (such as 367 
extracellular ATP), (II) compounds destabilising the lysosomes, and (III) inhibitors of the mitochondrial 368 
electron transport chain (ETC). Most, but not all, triggers can be suppressed by high extracellular KCl 369 
(column KCl, Y=Yes, can be suppressed, N=No, cannot be suppressed). Most lysosomal destabilising 370 
compounds require phagocytosis or endocytosis (P/E), with the exception of LLOMe. N/A = not 371 
applicable, blanks = no information found. 372 

 373 
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The trigger signal: NLRP3 activation 374 
After priming and licensing, NLRP3 can be activated by a wide range of triggers (“Signal 2”). It is an 375 
outstanding question if these triggers converge on one common signal, and, if so, what the actual 376 
trigger signal is. The known NLRP3 triggers can be divided into three general categories (Table 1), in 377 
this article labelled Type I - III: Type I triggers (e.g., nigericin or ATP via P2X7) cause ion fluxes, Type II 378 
triggers (e.g., MSU or LLOMe) causes lysosomal damage, Type III triggers (e.g., imiquimod and CL097) 379 
inhibit the mitochondrial electron transport chain. Some of these triggers can be suppressed by KCl, 380 
leading to the suggestion that K+ efflux constitutes the trigger signal, but some triggers – notably Type 381 
III triggers – are insensitive to external KCl [37]. Nigericin activation can also be blocked without 382 
affecting K+ efflux [120], showing that K+ efflux cannot be the actual trigger mechanism. Other 383 
proposed unifying mechanisms, such as ROS production, have also been discarded as exceptions have 384 
been discovered [106]. These findings suggest that either the three trigger classes activate NLRP3 in 385 
different ways, or, maybe more likely, that the trigger mechanism is even more fundamental.  386 

The existence of such a fundamental feature of NLRP3 activation could be related to cellular energy 387 
metabolism. All NLRP3 triggers perturb cellular energy, either by increasing ATP consumption through 388 
uncoupling of transmembrane ion pumps (Types I and II) or by disrupting ATP production (Type III). In 389 
line with this, NLRP3 is an ATPase [66], ATP-binding is essential for activity [66], as is ATP hydrolysis 390 
[6]. The most potent NLRP3 specific inhibitor, MCC950, is thought to block NLRP3’s ATPase activity 391 
[68], although this is disputed [121]. In addition, specific phosphorylation at Ser295 blocks NLRP3’s 392 
ATPase activity [6], and several mutations in the vicinity of this phosphorylation site is found in 393 
Cryopyrin-associated periodic syndromes (CAPS) [21], which are associated with spontaneous NLRP3-394 
dependent inflammation. The CAPS mutations in the nucleotide binding domain (NBD) appear to have 395 
a higher affinity for ATP and thereby to stabilise the open, ATP-bound conformation [122]. For 396 
example, the R262W mutation increases speck formation [121], consistent with the predicted increase 397 
in ATP-binding affinity [122]. However, most NLRP3 mutations that decrease the ATPase activity 398 
prevent speck formation [121]. As the ATP-bound form of NLRP3 has been established as active [42], 399 
these apparently contradictory findings suggest that also the ATPase cycle is important for NLRP3 400 
function. However, as a chimeric NLRP3-NLRP6 protein, containing the NLRP6 NBD, responds to 401 
triggers in a similar manner as NLRP3 [16], it is unlikely that NLRP3 itself acts as an energy sensor. 402 
Instead, cellular energy may influence something else that NLRP3 is able to sense. 403 

Approaching the problem from the other end, it is known that licensed NLRP3 can assemble and 404 
activate on two different lipids: cardiolipin (CL) [64] and phosphoinositol-4-phosphate (PI(4)P) [29]. 405 
Incidentally, these lipids are also targeted by gasdermin D [23], the pore forming executioner of 406 
pyroptosis and ultimate effector of NLRP3 inflammasome activation [28]. In the (casp8 -/-) model 407 
presented here, where NLRP3 activation absolutely depends on NEK7 [75],  NLRP3 would need to reach 408 
the centrosome, where NEK7 is localised [123], in order to be activated. Consistently, NLRP3 activation 409 
has been found to depend on microtubule-based transport to bring NLRP3 to the centrosome and 410 
NEK7 [124]. It is worth stressing that caspase-8 is known to be recruited to and activated by CL [125], 411 
pointing to a possible mechanistic role of caspase-8 in NLRP3 activation as well as a potential difference 412 
of the NLRP3 activation by CL and PI(4)P. However, the mechanistic role of caspase-8 in NRLP3 413 
activation remains uncertain [126], and there is evidence for a role for microtubule transport also of 414 
mitochondria in NLRP3 activation [127]. For the purpose of this model, NLRP3 needs to reach NEK7 at 415 
the centrosome for NLRP3 inflammasome activation both by PI(4)P and CL binding. 416 

Cardiolipin (CL) is a bacterial lipid. In healthy eukaryotic cells, CL is only found in the inner 417 
mitochondrial membrane [128]. CL is only exposed to the cytoplasm and to NLRP3 binding after the 418 
outer mitochondrial membrane has been compromised, e.g. after the Mitochondrial membrane 419 
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permeability transition (MPT) [129] and rupture of the outer mitochondrial membrane [130], or after 420 
CL translocation to the outer mitochondrial membrane in response to e.g. apoptotic stimuli [131]. 421 
Hence, in the absence of apoptotic signals, CL-mediated NLRP3 activation requires substantial 422 
mitochondrial damage or an intracellular bacterial infection. CL exposure in the mitochondrial 423 
membrane is a known damage signal inducing mitophagy [132], and in the context of infection (NLRP3 424 
priming) it constitutes a danger signal. MPT may be triggered by a Ca2+-dependent pore opening, which 425 
is sensitised by e.g., oxidative stress or mitochondrial membrane depolarisation [130], offering an 426 
explanation to the conflicting reports on ROS regulation of NLRP3. Importantly, NLRP3 has been shown 427 
to interact with CL, and this interaction depend on an NLRP3 trigger signal (shown for type I (ATP) and 428 
II (Silica) triggers; [64], supporting the notion that NLRP3 triggers cause mitochondrial damage. 429 

In contrast to CL, PI(4)P is constitutively present at cytoplasmic membranes and hence constitutively 430 
available for NLRP3 binding. Under normal conditions, it is found associated with the plasma 431 
membrane and Golgi [133], and it accumulates in autophagosomes [134], Rab7 positive late 432 
endosomes/lysosomes [133], and in Rab7 positive late-stage phagosomes [135]. Exposure of cells to 433 
NLRP3 triggers leads to an accumulation of PI(4)P-containing vesicles, and this accumulation is 434 
independent of NLRP3 [29]. These vesicles were initially thought to represent a dispersed trans-Golgi 435 
network (dTGN) due to the presence of the TGN38/46 marker, but TGN38/46 itself shuttles to the 436 
plasma membrane and back through endosomes, and this transport is known to be impaired by NLRP3 437 
triggers [136]. Hence, these compartments likely correspond to PI(4)P-containing late endosomal Rab7 438 
positive vesicles [133], and they likely accumulate due to endosomal trafficking defects [137]. NLRP3 439 
triggers are known to impair endosomal acidification [37], and impaired endosomal acidification has 440 
been shown to impair trafficking and to prevent return of TGN38/46 to the TGN [138], explaining the 441 
accumulation of these vesicles. Even in plants, V-ATPase inhibition leads to accumulation of vesicles 442 
[139] that are enriched in PI(4)P [140], suggesting that this is a highly conserved and hence 443 
fundamental process. Consistently, genetic disruptions of endosomal trafficking, resulting in 444 
accumulation of PI(4)P containing endosomes, trigger the NLRP3 inflammasome upon priming [32]. 445 
Importantly, the assembly of NLRP3 on late endosomal vesicles enables microtubule-based transport 446 
to the centrosome [141], possibly via Rab7/RILP interaction with Dynein [142], where NLRP3 can 447 
interact with NEK7 to assemble an active inflammasome [58]. This mobility may be the key difference 448 
to NLRP3 recruitment to PI(4)P on the plasma membrane or TGN. In line with this, permanent PI(4)P 449 
localisation did not activate NLRP3 without a trigger [29]. In fact, release of NRLP3 from Golgi PI(4)P 450 
was essential for activation [14]. Importantly, the accumulation of TGN38/46 positive endosomal 451 
vesicles has been observed for all three types of NLRP3 triggers: (I) nigericin, (II) LLOMe, and (III) 452 
imiquimod, making it the most general feature of NLRP3 activation yet identified [137]. However, it 453 
leaves the question to why those vesicles accumulate. 454 

Again, the evidence points towards cellular energy: i) endolysosomal acidification requires ATP, ii) 455 
intracellular ATP has been shown to decease in response to NLRP3 stimuli through K+- and Ca2+-456 
mediated mitochondrial dysfunction, and iii) artificial decrease of intracellular ATP through inhibition 457 
of glycolysis has been shown to trigger NRLP3 [143]. Moreover, triggering of NLRP3 through P2X7 458 
involves mobilisation of mitochondrial potassium [15]. Recently, ATP-generation in mitochondria was 459 
found to be driven to a large extent by the secondary K+ gradient [35] (generated by the mitochondrial 460 
H+/K+ antiporter [52]), providing a possible mechanistic explanation to how potassium outflux could 461 
lead to a strong and immediate reduction of ATP production. This also provides a possible explanation 462 
for why Type III triggers are insensitive to KCl supplementation, as inhibition of the mitochondrial 463 
electron transport chain (ETC) would disrupt both the primary H+ and the secondary K+ gradient over 464 
the mitochondrial inner membrane. In addition, NLRP3 triggers cause NAD+ to decrease, and NAD+ 465 
supplementation has been shown to prevent NLRP3 activation [127]. This effect has been found to 466 
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depend on SIRT2 and possibly on α-tubulin deacetylation, suggesting that low NAD+ drives dynein 467 
dependent transport towards the centrosome [127]. However, NAD+ is also an essential cofactor in 468 
glycolysis and a drop in reoxidation of NADH through ETC inhibitors (like the NLRP3 triggers Imiquimod 469 
and CL097 [37]) would lead to a strong reduction in glycolytic ATP production as well. It is worth 470 
pointing out that endolysosomal pumps appear to be supplied at least partially by endolysosomally 471 
localised GAPDH, which uses NAD+ as a cofactor to produce ATP [144]. Moreover, GAPDH inhibition 472 
can – as inhibition of glycolysis in general – trigger NLRP3 activation [143, 145], although this of course 473 
have an impact on global energy levels. Consistently, direct inhibition of the lysosomal V-ATPase has 474 
been shown to trigger NLRP3, and this activation cannot be prevented by external supplementation of 475 
K+ [146]. This would be consistent with a model in which decreasing cellular energy levels leads to loss 476 
of (internal, proton-gradient driven) membrane potential, which in turn is sensed through its effect on 477 
intracellular trafficking. Hence, the above evidence converges on a scenario where NLRP3 responds to 478 
energy by detecting compromised membranes that are rerouted due to the lack of appropriate 479 
membrane potential. 480 

The evidence on a role for cellular energy in inflammasome activation is also consistent with disruption 481 
of another key physiological feature: osmotic integrity. Animal cells lack cell walls, and hence must 482 
maintain isoosmolarity at all times or they will shrink, swell, or rupture [147]. As cells contain large 483 
amounts of osmotically active compounds, such as proteins and metabolites, they must compensate 484 
these with a net gradient of inorganic ions to maintain isoosmolarity [148]. The primary architect of 485 
this gradient is the Na+/K+-ATPase that establish a gradient over the plasma membrane. The relatively 486 
high permeability to K+ allows this ion to approach its equilibrium potential, maintaining an electric 487 
gradient over the plasma membrane. This in turn drives the outflow of Cl-, and this creates the “osmotic 488 
room”, which is necessary for accommodating all essential biomolecules within the cytoplasm while 489 
maintaining a zero osmotic pressure over the plasma membrane [149]. If this gradient is compromised, 490 
the cell will start taking up water, swell, and eventually burst, and, consequently, detection of this 491 
gradient collapse is an acute danger signal. Several lines of evidence suggest that such a gradient 492 
collapse could be the fundamental trigger for NLRP3 activation. First, NLRP3 is activated by 493 
hypotonicity, and this activation is conserved from mammals to fish [120]. Second, hypertonic 494 
solutions prevent NLRP3-dependent IL-1β release in response to triggers such as nigericin and MSU 495 
[120]. Third, the “symptoms” of hypoosmotic stress is similar to NLRP3 activation, including release of 496 
KCl in order to reduce the volume of “osmotically swollen” cells [148]. Fourth, the endolysosomal 497 
system, the site of (PI(4)P dependent) NLRP3 activation, is considered the “osmometers” of the cell, 498 
playing a key role in adaptation to and survival in hypotonicity [150]. Fifth, Rab7 positive vesicles are 499 
involved in the acute response to hypotonicity, by absorbing water and excreting it on the outside, and 500 
this function relies on the V-ATPase as inhibition with Baf-A1 inhibits vacuolisation and massively 501 
increase cell death in response to hypoosmotic shocks [151], mirroring the conditions of NLRP3 502 
activation. Hence, the activation of NLRP3 on PI(4)P positive endolysosomes could indicate an osmotic 503 
problem. 504 

This reasoning leaves the question to how the NLRP3 triggers affect the inorganic ion gradient. The 505 
simplest answer may again be cellular energy. The maintenance of the inorganic ion gradient over the 506 
plasma membrane is energy expensive (estimated 25-75% of the total cellular ATP consumption, 507 
depending on cell type), and the pump activity is known to strongly depend on the intracellular ATP 508 
concentration [152]. A drop in Na+/K+-ATPase activity below the threshold needed to maintain this Cl- 509 
gradient will invariably lead to an influx of water, cell swelling, and, eventually, cell rupture [147]. 510 
Indeed, the decreased activity of the Na+/K+-ATPase has been proposed as the main mechanism 511 
mediating ATP deficiency-induced apoptosis [153]. Consistently, inhibitors of the Na+/K+-ATPase, such 512 
as Ouabain or Digoxin, trigger NLRP3 after priming with LPS [154]. Importantly, significant K+ efflux 513 
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requires a collapse of the electrical gradient or compensatory transport of other ions, and hence 514 
ATP/P2X7 (cation influx) dependent IL-1β activation does not occur in the absence of extracellular Na+ 515 
and Ca2+ [38]. Similarly, Cl- channel inhibitors specifically target K+ outflux dependent triggers (nigericin, 516 
not imiquimod [155]), highlighting the importance of co- or counter-fluxes for K+ efflux. It is worth to 517 
mention that disruption of the normal regulatory volume decrease (RVD), through knock-out of the 518 
volume-regulated anion channel (VRAC [150]) LRRC8A has no effect on NLRP3 activation by type I, II 519 
or III stimuli [155], which would be consistent with an insufficient pump activity as the underlying 520 
cause. In fact, type II stimuli has been shown to induce K+ leakage into the lysosomes, causing 521 
hyperpolarisation and lysosomal rupture [30] that precedes NLRP3 activation [156]. Of note, the 522 
lysosomal integrity can be rescued by increasing internal K+ through high external KCl [30]. 523 
Furthermore, phosphatidylinositol-4 kinase type 2a (PI4K2A) accumulates rapidly on damaged 524 
lysosomes after LMP, to generate high levels of PI(4)P [157] that allow the compromised lysosome to 525 
serve as a platform for NLRP3 activation. Hence, we hypothesise that NLRP3 is activated by intracellular 526 
trafficking problems originating from compromised osmotic regulation of the intracellular membranes, 527 
which are tagged by PI(4)P. 528 

How does this then lead to NLRP3 activation? A recent study found that the N-terminal part of NLRP3 529 
was sufficient to impose nigericin (type I), MSU (type II), and imiquimod (type III) regulation of a NLRP3-530 
NLRP6 chimera [16]. Inclusion of residues 1-132 of NLRP3 is sufficient for at least partial regulation that 531 
is sensitive to external KCl for type I and II, but not type III, stimuli. Conversely, deletion of residues 92-532 
148, but not residues 92-132, is sufficient to completely abolish this regulation in NLRP3 [16]. This 533 
region of NLRP3 contains one notable feature: the KMKK132 (mouse KKKK) motif required to recruit 534 
NLRP3 to PI(4)P [29]. This motif, however, does not seem critical in human cells, which may be due to 535 
a second polybasic region (RKKYRKYVRSR145; [16]), and this redundancy would explain the apparently 536 
contradictory observation that residues 1-132 is sufficient but not required for regulation. Both these 537 
motifs lie within the short stretch required and sufficient to impose NLRP3-like regulation on the 538 
NLRP3-NLRP6 chimera, i.e. to make the chimera responsive to LPS plus nigericin in a KCl dependent 539 
manner [16]. Hence, these data strongly suggests that the common trigger of NLRP3 is its recruitment 540 
to PI(4)P. However, this recruitment is required, but not sufficient, for inflammasome activation [29], 541 
likely reflecting the need for assembly on mobile vesicles that can reach the centrosome and the 542 
essential interaction partner NEK7. Based on this reasoning, we propose a model where membrane 543 
recruitment and transport to the centrosome combine into a trigger signal for NLRP3 (Figure 6). 544 
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 545 

 546 

Figure 6: A unifying hypothesis for NLRP3 inflammasome activation. Based on current molecular 547 
knowledge, we propose that the common feature of all NLRP3 triggers is that they cause osmotic 548 
disruption of internal membranes and transport of those compartments to the centrosome for 549 
interaction with NEK7. For cardiolipin (CL)-dependent recruitment (right), this scenario would require 550 
mitochondrial membrane permeabilization (MMPT) to expose CL for interaction with NLRP3 and 551 
mitochondrial transport to the centrosome and NEK7. However, this is highly tentative as discussed 552 
below. For phosphoinositol-4-phosphate (PI(4)P)-dependent recruitment, the evidence is stronger as 553 
discussed in the text. Briefly: Type I triggers cause Na+ and/or Ca2+ influx, which in turn allow K+ efflux. 554 
Sinking intracellular potassium levels (which can be suppressed by external KCl) impair ATP generation 555 
in the mitochondria, and the sinking energy levels – possibly in combination with uncontrolled ion 556 
fluxes over internal membranes – disrupts endolysosomal acidification and hence osmotic control. 557 
Type III triggers achieve the same outcome by direct inhibition of the ETC. Type II triggers have been 558 
shown to directly destabilise lysosomes, which burst due to the rising osmotic pressure. Type III 559 
triggers could also disrupt the mitochondrial osmotic control, triggering MPT and CL exposure, 560 
together with mitochondrial transport to the centrosome upon failed mitophagy. Similarly, ionophores 561 
could directly destabilise internal compartments such as endosomes with the same result. In all these 562 
scenarios, the ultimate reason for NLRP3 activation would be osmotic lysis or loss of membrane 563 
potential, resulting in an accumulation of compromised internal compartments that accumulate PI(4)P 564 
and are mobile enough to reach the centrosome for inflammasome activation.  565 
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 566 

NLRP3 inflammasome activation and assembly 567 
The above suggested NLRP3 activation process points to three key aspects of inflammasome 568 
activation: lipid binding, self-association, and assuming or stabilising the (ATP-bound) open 569 
conformation. PI(4)P binding allows NLRP3 to assume an open conformation (as measured e.g. by BRET 570 
[16]), which exposes its nucleotide binding domain and in turn allows ATP binding. ATP stabilised the 571 
open conformation as it is incompatible with the closed structure [42]. Hence, ADP hydrolysis is 572 
required for closing, and the intrinsic ATPase activity will return the monomeric NLRP3 to its closed 573 
state. We hypothesise that the combination of NEK7 and PI(4)P binding suffices to stabilise the open 574 
conformation and, in the context of Ser198 phosphorylation and LRR deubiquitylation, allows the 575 
formation of structured higher-order NLRP3 complexes. The importance of the ATPase cycle could be 576 
explained if ATP hydrolysis (i) is required for dissociation from PI(4)P and hence to sample different 577 
membranes, or (ii) shifts the affinity towards (de)ubiquitinating enzymes and hence the balance 578 
between signalling and degradation, or (iii) both. There is indeed evidence for both of these scenarios: 579 
phosphorylation of Ser295, which seems to favour ATP hydrolysis, has been shown to be essential for 580 
release of NLRP3 from Golgi membranes – where NLRP3 is not activated – to allow assembly of 581 
functional inflammasomes elsewhere [14]. Conversely, Ser295 phosphorylation inhibits activation, 582 
likely by stabilising the ADP-bound conformation as it is linked both to NLRP3 inhibition and decreased 583 
ATP turnover [21]. At the same time, the ATP cycle is associated with the transitions between open 584 
and close conformations. It is easy to envisage that deubiquitylation by BRCC36, which binds to the 585 
NACHT domain and acts on the LRR domain [59] is limited to the closed conformation. Both these 586 
hypotheses are implemented in the model (Figure 7).  587 

  588 

Figure 7: A model of the activation of NLRP3. The combination of phosphoinositol-4-phosphate 589 
(PI(4)P)-accumulation on and transport of compromised vesicles to the centrosome 590 
(“centrosomalPI4P”) with NLRP3 recruitment to PI(4)P localises NLRP3 to the centrosome where it can 591 
interact with NEK7. This interaction is controlled (prevented) by phosphorylation of NLRP3 in Ser806 592 
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or Tyr861, potentially restricting inflammasome activation in space, time, or intensity. At the same 593 
time, PI(4)P binding stimulate the transition of NLRP3 to the open conformation and the exchange of 594 
ADP to ATP. This transition and/or exchange is prevented by MCC950 or phosphorylation on Ser295, 595 
which stabilises the closed/ADP-bound state. The model also includes the effect of the ATP cycle on 596 
NLRP3 translocation as a requirement of NLRP3 dissociation from PI(4)P (and hence membranes) on 597 
ATP hydrolysis (the ADP bound state in the model) and by limiting deubiquitylation to the closed (ADP 598 
bound) conformation. Ser198 phosphorylation (Signal 1 priming via JNK1) is modelled as absolutely 599 
required – in combination with NEK7 binding – to allow BRCC36-mediated deubiquitylation of NLRP3s 600 
LRR domain, which in turn is necessary for self-association of NLRP3 – the first step of inflammasome 601 
assembly in the model. 602 

 603 

Inflammasome assembly starts with the self-association of NLRP3 molecules, which, in the open and 604 
ATP-bound conformation, leads to the polymerisation of the NLRP3 PYD domains in a helical structure 605 
of about six PYD monomers per turn [27], implying that more than six NLRP3 molecules are needed to 606 
form a PYD filament. This initial PYD filament can then recruit ASC PYD domains to nucleate an ASC 607 
PYD filament [22]. The elongation is unidirectional, as ASC only elongates from the B-end of the NLRP3 608 
PYD helix [27]. Hence, these filaments have a polarity. Furthermore, the formation is irreversible, as 609 
they do not disassemble upon dilution [27]. The proximity of the ASC monomers allows the ASC CARD 610 
domains to associate and create platforms for caspase-1 CARD filaments, bringing the caspase domains 611 
into proximity for dimerization, trans-autocleavage, and activation [22]. The model implementation of 612 
NLRP3 inflammasome assembly is shown in Figure 8. 613 

 614 

 615 

Figure 8: Model of the NLRP3 inflammasome assembly. The initial interaction between adjacent 616 
NLRP3s´ NACHT domains requires an open conformation, NEK7 binding, and a lack of LRR domain 617 
ubiquitylation. The open conformation normally corresponds to the ATP-bound form, but is likely 618 
mimicked by certain CAPS mutations, such as R262W or T346M, allowing activation of NLRP3 after 619 
priming by LPS alone. The stable core NLRP3 interaction allow polymerisation of the NLRP3 PYD 620 
domains in the absence of Ser5 phosphorylation, which in turn nucleate the ASC PYD domain filament. 621 
ASC-ASC proximity provide the foundation for CARD filaments and nucleate caspase-1 polymerisation, 622 
which in turn allow caspase-1 cleavage and activation. 623 

 624 

NLRP3 inflammasome effectors and output 625 
The output of NLRP3 signalling is mediated by three effectors that are activated by caspase-1 through 626 
proteolytic cleavage: IL-1β, IL-18, and gasdermin D (Figure 9; reviewed in [158]). Pro-IL-1β and pro-IL-627 
18 are cleaved into their active, signalling competent form. They are leaderless and released into the 628 
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extracellular space via exocytosis, plasma membrane pores, and/or cell rupture, to exercise a local or 629 
systemic pro-inflammatory effect [159]. In contrast, gasdermin D exerts its effect locally: the N-630 
terminal peptide inserts in target membranes to form pores that are large enough to release IL-1β and 631 
IL-18 [28, 160], and to allow uncontrolled ion fluxes, in a similarly manner as type I or type II triggers. 632 
Of note, gasdermin D preferentially targets PI(4)P, PI(4,5)P2, and CL and also, but with apparently 633 
weaker affinity, phosphatidic acid and phosphatidylserine [23]. The overlap in lipid affinity with NLRP3 634 
is striking, and this, in combination with the reported localisation of gasdermin D to the NLRP3 635 
inflammasome complex [65], suggests that gasdermin D might be directed to target the membranes 636 
recruiting NLRP3. Hence, the NLRP3-gasdermin D axis could constitute an intracellular defence system 637 
designed to kill and dispose of – through autophagy – intracellular pathogens. Consistently, gasdermin 638 
D is cytotoxic and has the ability to kill bacteria [28]. It is also worth pointing out that gasdermin D 639 
pores allow ion fluxes that lead to further inflammasome activation in a positive feedback loop, unless 640 
both the original insult and signal are disposed of through autophagy. Consequently, caspase-4 and 641 
caspase-5, which can activate gasdermin D in response to intracellular LPS, indirectly triggers NLRP3 642 
activation through gasdermin D and the ion fluxes it causes [161] (Figure 10). 643 

  644 

Figure 9: A model of NLRP3 output. Activated caspase-1 cleaves gasdermin D, pro-IL-1β, and pro-IL-645 
18. Gasdermin D insertion in bacterial membranes can directly kill bacteria. Insertion in internal 646 
membranes may allow access to pathogens but may also kill the cell through pyroptosis. Cell lysis or 647 
insertion of gasdermin D pores in the plasma membrane will enable the release of IL-1β and IL-18 to 648 
the extracellular space. Formation of gasdermin D pores will allow ion flux that act as an NLRP3 trigger, 649 
creating a positive feedback loop. 650 
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  651 

Figure 10: Non-canonical NLRP3 activation. Intracellular LPS can bind to and activate caspase-4 or 652 
caspase-5. LPS induces caspase dimerization, trans-autocleavage, and activation. Activated caspase-4 653 
or 5 cuts and activates gasdermin D, which inserts into the membrane causing ionic fluxes and hence 654 
constitutes a canonical NLRP3 trigger. 655 

 656 

NLRP3 turnover 657 
NLRP3 degradation seems to occur through both proteasomal and autophagosomal degradation, and 658 
to be controlled at several levels including through ubiquitylation (Figure 11). NLRP3 has also been 659 
reported to be targeted for precision autophagy in a ubiquitin independent manner via interaction 660 
with TRIM20 (pyrin) [24, 60]. As TRIM20 mutations are associated with familial Mediterranean fever 661 
[162], and as TRIM20 interacts with both ASC and NLRP3 [60] and links those to the autophagy 662 
machinery [24], it is tempting to speculate that TRIM20 recognises assembled inflammasome 663 
complexes to target them for autophagy in order to simultaneously remove the (perceived) threat and 664 
the danger signal. In the model, TRIM20 directed autophagy is implemented as dependent on the 665 
NLRP3-ASC interaction. Of note, the degradation of parasitophoric vacuoles have been shown to 666 
depend on ubiquitylation and interferon-γ (IFN-γ) [55], and IFN-γ has been shown to antagonise NLRP3 667 
inflammasome assembly and signalling [163], supporting a role of K63-linked polyubiquitylation as a 668 
switch between NLRP3 dependent signalling and autophagy. It should also be noted that NLRP3 669 
activates autophagy independently of ASC and caspase-1 [2], and the autophagosome targets 670 
ubiquitylated NLRP3 [74] – likely via SQSTM1 (p62) [2]. Autophagy constitutes a primitive example of 671 
innate immunity [164] (also called xenophagy [165]), and it is known to help clear intracellular 672 
pathogens [2]. Taken together, these findings suggests that NLRP3 is targeted for autophagy both 673 
before inflammasome assembly – through K63-linked polyubiquitylation – and after inflammasome 674 
assembly – through TRIM20-directed precision autophagy. 675 
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 676 

  677 

Figure 11: Model of NLRP3 turnover. NLRP3 is degraded both before (right) and after (left) 678 
inflammasome assembly. Proteasomal degradation depend on K48-linked ubiquitylation of Lys496, 679 
while K63-linked ubiquitin chains are recognised by the autophagy receptor SQSTM1 (p62). In the 680 
model, precision autophagy requires inflammasome assembly (interaction between NLRP3 and ASC), 681 
which allows simultaneous binding of TRIM20 (pyrin) to both NLRP3 and ASC, leading to 682 
autophagosomal degradation of both as well as of caspase-1 if it is part of the complex (Casp1fil). 683 

 684 

A computational model explaining NLRP3 activation 685 
After completing the network reconstruction, we asked how well the network can explain the known 686 
behaviour of the NLRP3 inflammasome system. To answer this question, we generated the bipartite 687 
Boolean modelling corresponding to the network and analysed it through simulation (see methods). 688 
First, the model was simulated to its natural initial (off) state. Thereafter, we simulated the model from 689 
this natural initial state in the presence of LPS, nigericin, or LPS plus nigericin. As can be seen from 690 
Figure 12, NLRP3 fails to activate in response to LPS or nigericin per se, but does activate in response 691 
to LPS plus nigericin, as expected [53]. Similar results were obtained with Pam3csk4 and imiquimod, 692 
i.e., neither substance alone triggered NLRP3, but the combination of Pam3csk4 and imiquimod 693 
triggered NLRP3 activation, with the difference that K+ efflux was a consequence of gasdermin D 694 
insertion rather than a trigger in this simulation, and hence occurred only at the end of the simulation. 695 
We also mimicked long term / strong LPS exposure by evaluating the effect of cytoplasmic LPS. Here, 696 
neither extracellular LPS alone, nor intracellular LPS alone was sufficient to activate NLRP3. However, 697 
the combination of intracellular LPS – which triggers non-canonical gasdermin D processing and hence 698 
ionic fluxes – and extracellular LPS – which provides a priming and licensing signal – activates NLRP3. 699 
Finally, the mitochondrial membrane permeabilisation (MMPT)-triggered cytoplasmic exposure of CL 700 
and NLRP3 activation occurred in the presence, but not the absence, of LPS priming. Taken together, 701 
the model reproduces basic NLRP3 activation. 702 

 703 
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 704 

Figure 12: Simulation of the network model. The simulation is divided in four blocks: (A) is the natural 705 
steady state in the absence of Signal 1 and 2, and other inputs, such as mutations or drugs. (B) is the 706 
response to LPS alone, which results in priming (expression) and licensing of NLRP3, but not in 707 
signalling. (C) is the response to nigericin alone, which triggers dispersal of phosphoinositol-4-708 
phosphate (PI(4)P)-positive vesicles but not activation of NLRP3 (which is absent, due to the lack of 709 
priming). (D) is the response to LPS and nigericin, which leads to the activation of NLRP3, pyroptosis, 710 
release of IL-1β and IL-18, and, if applicable, bacterial killing. Inputs are highlighted in yellow, and the 711 
outputs are highlighted in blue, and both are shown enlarged at the top of the figure. The Y axis (rows) 712 
correspond to different reactions and states, while the X-axis (columns) indicate the progression of 713 
time within each time course (B-D). At each time point, each Boolean variable (row) is either True 714 
(black) or False (white). The Boolean variables are divided into three blocks, where only block II is 715 
changing in response to LPS and/or nigericin. Block I correspond to constitutively active reactions and 716 
states, and block III corresponds to variables that never turn on (these correspond to other inputs and 717 
drugs/mutations, and effects directly downstream of those). 718 

 719 

Using the model, we evaluated the effect of inhibitors on NLRP3 activation. First, we tested MCC950, 720 
which initially failed to prevent NLRP3 activation in response to nigericin and LPS. It turned out that 721 
the binding of ATP to newly synthesised NLRP3 sufficed to bypass MCC950 inhibition. When MCC950 722 
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                                                                                                                    S53, Il18_[(pro)]-{0} OK OK S53 1 S53 1 1 1 1 1 1 1 1 1 1 S53 1 1 1 1 1 1 1 1 1 1 1 1 S53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0S199, gasderminD_[(D275)]-{0} OK OK S199 1 S19 1 1 1 1 1 1 1 1 1 1 S19 1 1 1 1 1 1 1 1 1 1 1 1 S19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0S187, [iATP] OK OK S187 1 S18 1 1 1 1 1 1 1 1 1 1 S18 1 1 1 1 1 1 0 0 0 0 0 0 S18 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0S172, [OxPhos] OK OK S172 1 S17 1 1 1 1 1 1 1 1 1 1 S17 1 1 1 1 1 0 0 0 0 0 0 0 S17 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0S194, [mitKgrad] OK OK S194 1 S19 1 1 1 1 1 1 1 1 1 1 S19 1 1 1 1 0 0 0 0 0 0 0 0 S19 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0S189, [intK] OK OK S189 1 S18 1 1 1 1 1 1 1 1 1 1 S18 1 1 1 0 0 0 0 0 0 0 0 0 S18 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0S160, [LPS] OK OK S160 0 S16 1 1 1 1 1 1 1 1 1 1 S16 0 0 0 0 0 0 0 0 0 0 0 0 S16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R81, PolII_trsc_Il1bGene OK OK R81 0 R8 0 1 1 1 1 1 1 1 1 1 R8 0 0 0 0 0 0 0 0 0 0 0 0 R8 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R82, PolII_trsc_NLRP3Gene OK OK R82 0 R8 0 1 1 1 1 1 1 1 1 1 R8 0 0 0 0 0 0 0 0 0 0 0 0 R8 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R90, Tbk1_p+_AKT_[(S473)] OK OK R90 0 R900 1 1 1 1 1 1 1 1 1 R9 0 0 0 0 0 0 0 0 0 0 0 0 R900 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R91, Tbk1_p+_AKT_[(T308)] OK OK R91 0 R9 0 1 1 1 1 1 1 1 1 1 R9 0 0 0 0 0 0 0 0 0 0 0 0 R9 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S58, Il1bmRNA OK OK S58 0 S58 0 0 1 1 1 1 1 1 1 1 S58 0 0 0 0 0 0 0 0 0 0 0 0 S58 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S104, NLRP3mRNA OK OK S104 0 S10 0 0 1 1 1 1 1 1 1 1 S10 0 0 0 0 0 0 0 0 0 0 0 0 S10 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R87, Ribo_trsl_Il1bmRNA OK OK R87 0 R870 0 0 1 1 1 1 1 1 1 R8 0 0 0 0 0 0 0 0 0 0 0 0 R870 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R88, Ribo_trsl_NLRP3mRNA OK OK R88 0 R880 0 0 1 1 1 1 1 1 1 R8 0 0 0 0 0 0 0 0 0 0 0 0 R880 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R92, X_deg_Il1bmRNA OK OK R92 0 R9 0 0 0 1 1 1 1 1 1 1 R9 0 0 0 0 0 0 0 0 0 0 0 0 R9 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R93, X_deg_NLRP3mRNA OK OK R93 0 R930 0 0 1 1 1 1 1 1 1 R9 0 0 0 0 0 0 0 0 0 0 0 0 R930 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S70, NLRP3_[(K496)]-{0} OK OK S70 0 S70 0 0 0 0 1 1 1 1 1 1 S70 0 0 0 0 0 0 0 0 0 0 0 0 S70 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S72, NLRP3_[(NBD)]-{0} OK OK S72 0 S72 0 0 0 0 1 1 1 1 1 1 S72 0 0 0 0 0 0 0 0 0 0 0 0 S72 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S75, NLRP3_[(S198)]-{0} OK OK S75 0 S75 0 0 0 0 1 1 1 1 1 1 S75 0 0 0 0 0 0 0 0 0 0 0 0 S75 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S77, NLRP3_[(S295)]-{0} OK OK S77 0 S77 0 0 0 0 1 1 1 1 1 1 S77 0 0 0 0 0 0 0 0 0 0 0 0 S77 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S79, NLRP3_[(S5)]-{0} OK OK S79 0 S79 0 0 0 0 1 1 1 1 1 1 S79 0 0 0 0 0 0 0 0 0 0 0 0 S79 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S81, NLRP3_[(S806)]-{0} OK OK S81 0 S81 0 0 0 0 1 1 1 1 1 1 S81 0 0 0 0 0 0 0 0 0 0 0 0 S81 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S83, NLRP3_[(Y861)]-{0} OK OK S83 0 S83 0 0 0 0 1 1 1 1 1 1 S83 0 0 0 0 0 0 0 0 0 0 0 0 S83 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S85, NLRP3_[(lrr)]-{0} OK OK S85 0 S85 0 0 0 0 1 1 1 1 1 1 S85 0 0 0 0 0 0 0 0 0 0 0 0 S85 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S87, NLRP3_[HD2LRR]--0 OK OK S87 0 S87 0 0 0 0 1 1 1 1 1 1 S87 0 0 0 0 0 0 0 0 0 0 0 0 S87 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S88, NLRP3_[KMKK]--0 OK OK S88 0 S88 0 0 0 0 1 1 1 1 1 1 S88 0 0 0 0 0 0 0 0 0 0 0 0 S88 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S90, NLRP3_[NACHT]--0 OK OK S90 0 S90 0 0 0 0 1 1 1 1 1 1 S90 0 0 0 0 0 0 0 0 0 0 0 0 S90 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S91, NLRP3_[cl]--0 OK OK S91 0 S91 0 0 0 0 1 1 1 1 1 1 S91 0 0 0 0 0 0 0 0 0 0 0 0 S91 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S92, NLRP3_[fnwA]--0 OK OK S92 0 S92 0 0 0 0 1 1 1 1 1 1 S92 0 0 0 0 0 0 0 0 0 0 0 0 S92 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S94, NLRP3_[fnwB]--0 OK OK S94 0 S94 0 0 0 0 1 1 1 1 1 1 S94 0 0 0 0 0 0 0 0 0 0 0 0 S94 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S95, NLRP3_[lrrUb]--0 OK OK S95 0 S95 0 0 0 0 1 1 1 1 1 1 S95 0 0 0 0 0 0 0 0 0 0 0 0 S95 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S96, NLRP3_[nod]--0 OK OK S96 0 S96 0 0 0 0 1 1 1 1 1 1 S96 0 0 0 0 0 0 0 0 0 0 0 0 S96 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S97, NLRP3_[pydA]--0 OK OK S97 0 S97 0 0 0 0 1 1 1 1 1 1 S97 0 0 0 0 0 0 0 0 0 0 0 0 S97 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S99, NLRP3_[pydB]--0 OK OK S99 0 S99 0 0 0 0 1 1 1 1 1 1 S99 0 0 0 0 0 0 0 0 0 0 0 0 S99 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S100, NLRP3_[trim20]--0 OK OK S100 0 S10 0 0 0 0 1 1 1 1 1 1 S10 0 0 0 0 0 0 0 0 0 0 0 0 S10 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S102, NLRP3_[ub]--0 OK OK S102 0 S10 0 0 0 0 1 1 1 1 1 1 S10 0 0 0 0 0 0 0 0 0 0 0 0 S10 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R4, AKT_p+_NLRP3_[(S5)] OK OK R4 0 R4 0 0 0 0 0 1 1 1 1 1 R4 0 0 0 0 0 0 0 0 0 0 0 0 R4 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R12, BRCC36_[bd]_ppi-_NLRP3_[NACHT] OK OK R12 0 R1 0 0 0 0 0 1 1 1 1 1 R1 0 0 0 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R18, CSNK1A1_p+_NLRP3_[(S806)] OK OK R18 0 R180 0 0 0 0 1 1 1 1 1 R1 0 0 0 0 0 0 0 0 0 0 0 0 R180 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R40, CblB_[UBA]_ppi-_NLRP3_[lrrUb] OK OK R40 0 R400 0 0 0 0 1 1 1 1 1 R4 0 0 0 0 0 0 0 0 0 0 0 0 R400 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R44, JNK1_p+_NLRP3_[(S198)] OK OK R44 0 R440 0 0 0 0 1 1 1 1 1 R4 0 0 0 0 0 0 0 0 0 0 0 0 R440 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R51, MCC950_[bd]_i-_NLRP3_[nod] OK OK R51 0 R5 0 0 0 0 0 1 1 1 1 1 R5 0 0 0 0 0 0 0 0 0 0 0 0 R5 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R53, NEK7_[clobe]_ppi-_NLRP3_[HD2LRR] OK OK R53 0 R530 0 0 0 0 1 1 1 1 1 R5 0 0 0 0 0 0 0 0 0 0 0 0 R530 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R56, NLRP3_[KMKK]_i+_PI_[head] OK OK R56 0 R560 0 0 0 0 1 1 1 1 1 R5 0 0 0 0 0 0 0 0 0 0 0 0 R560 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R59, NLRP3_[cl]_i-_CL_[lrrCL] OK OK R59 0 R590 0 0 0 0 1 1 1 1 1 R5 0 0 0 0 0 0 0 0 0 0 0 0 R590 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R61, NLRP3_[fnwA]_ppi-_NLRP3_[fnwB] OK OK R61 0 R6 0 0 0 0 0 1 1 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R6 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R63, NLRP3_[pydA]_ppi-_NLRP3_[pydB] OK OK R63 0 R630 0 0 0 0 1 1 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R630 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R64, NLRP3_[trim20]_ppi+_TRIM20_[spry] OK OK R64 0 R640 0 0 0 0 1 1 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R640 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R65, NLRP3_[trim20]_ppi-_TRIM20_[spry] OK OK R65 0 R650 0 0 0 0 1 1 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R650 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R67, NLRP3_[ub]_ppi-_SQSTM1_[UBA] OK OK R67 0 R670 0 0 0 0 1 1 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R670 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R70, NLRP3_aHy_NLRP3_[(NBD)] OK OK R70 0 R700 0 0 0 0 1 1 1 1 1 R7 0 0 0 0 0 0 0 0 0 0 0 0 R700 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R77, PKD_p+_NLRP3_[(S295)] OK OK R77 0 R770 0 0 0 0 1 1 1 1 1 R7 0 0 0 0 0 0 0 0 0 0 0 0 R770 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R79, PP2Aca_p-_NLRP3_[(S5)] OK OK R79 0 R790 0 0 0 0 1 1 1 1 1 R7 0 0 0 0 0 0 0 0 0 0 0 0 R790 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R84, RNF125_ub63+_NLRP3_[(lrr)] OK OK R84 0 R840 0 0 0 0 1 1 1 1 1 R8 0 0 0 0 0 0 0 0 0 0 0 0 R840 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R89, TRIM31_ub48+_NLRP3_[(K496)] OK OK R89 0 R890 0 0 0 0 1 1 1 1 1 R8 0 0 0 0 0 0 0 0 0 0 0 0 R890 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R94, X_p-_NLRP3_[(S806)] OK OK R94 0 R940 0 0 0 0 1 1 1 1 1 R9 0 0 0 0 0 0 0 0 0 0 0 0 R940 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R109, uKin_p+_NLRP3_[(Y861)] OK OK R109 0 R100 0 0 0 0 1 1 1 1 1 R1 0 0 0 0 0 0 0 0 0 0 0 0 R100 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R112, uPPase_p-_NLRP3_[(S198)] OK OK R112 0 R1 0 0 0 0 0 1 1 1 1 1 R1 0 0 0 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R113, uPPase_p-_NLRP3_[(S295)] OK OK R113 0 R1 0 0 0 0 0 1 1 1 1 1 R1 0 0 0 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S71, NLRP3_[(K496)]-{ub48} OK OK S71 0 S71 0 0 0 0 0 0 1 1 1 1 S71 0 0 0 0 0 0 0 0 0 0 0 0 S71 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S76, NLRP3_[(S198)]-{p} OK OK S76 0 S76 0 0 0 0 0 0 1 1 1 1 S76 0 0 0 0 0 0 0 0 0 0 0 0 S76 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S78, NLRP3_[(S295)]-{p} OK OK S78 0 S78 0 0 0 0 0 0 1 1 1 1 S78 0 0 0 0 0 0 0 0 0 0 0 0 S78 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S80, NLRP3_[(S5)]-{p} OK OK S80 0 S80 0 0 0 0 0 0 1 1 1 1 S80 0 0 0 0 0 0 0 0 0 0 0 0 S80 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S82, NLRP3_[(S806)]-{p} OK OK S82 0 S82 0 0 0 0 0 0 1 1 1 1 S82 0 0 0 0 0 0 0 0 0 0 0 0 S82 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S84, NLRP3_[(Y861)]-{p} OK OK S84 0 S84 0 0 0 0 0 0 1 1 1 1 S84 0 0 0 0 0 0 0 0 0 0 0 0 S84 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S86, NLRP3_[(lrr)]-{ub63} OK OK S86 0 S86 0 0 0 0 0 0 1 1 1 1 S86 0 0 0 0 0 0 0 0 0 0 0 0 S86 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S89, NLRP3_[KMKK]--PI_[head] OK OK S89 0 S89 0 0 0 0 0 0 1 1 1 1 S89 0 0 0 0 0 0 0 0 0 0 0 0 S89 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S101, NLRP3_[trim20]--TRIM20_[spry] OK OK S101 0 S10 0 0 0 0 0 0 1 1 1 1 S10 0 0 0 0 0 0 0 0 0 0 0 0 S10 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R11, BRCC36_[bd]_ppi+_NLRP3_[NACHT] OK OK R11 0 R1 0 0 0 0 0 0 0 1 1 1 R1 0 0 0 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R39, CblB_[UBA]_ppi+_NLRP3_[lrrUb] OK OK R39 0 R390 0 0 0 0 0 0 1 1 1 R3 0 0 0 0 0 0 0 0 0 0 0 0 R390 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R66, NLRP3_[ub]_ppi+_SQSTM1_[UBA] OK OK R66 0 R660 0 0 0 0 0 0 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R660 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R68, NLRP3_aBind_NLRP3_[(NBD)] OK OK R68 0 R680 0 0 0 0 0 0 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R680 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R69, NLRP3_aEx_NLRP3_[(NBD)] OK OK R69 0 R690 0 0 0 0 0 0 1 1 1 R6 0 0 0 0 0 0 0 0 0 0 0 0 R690 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R83, Proteasome_deg_NLRP3 OK OK R83 0 R830 0 0 0 0 0 0 1 1 1 R8 0 0 0 0 0 0 0 0 0 0 0 0 R830 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S18, BRCC36_[bd]--NLRP3_[NACHT] OK OK S18 0 S18 0 0 0 0 0 0 0 0 1 1 S18 0 0 0 0 0 0 0 0 0 0 0 0 S18 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S48, CblB_[UBA]--NLRP3_[lrrUb] OK OK S48 0 S48 0 0 0 0 0 0 0 0 1 1 S48 0 0 0 0 0 0 0 0 0 0 0 0 S48 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S73, NLRP3_[(NBD)]-{adp} OK OK S73 0 S73 0 0 0 0 0 0 0 0 1 1 S73 0 0 0 0 0 0 0 0 0 0 0 0 S73 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S74, NLRP3_[(NBD)]-{atp} OK OK S74 0 S74 0 0 0 0 0 0 0 0 1 1 S74 0 0 0 0 0 0 0 0 0 0 0 0 S74 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S103, NLRP3_[ub]--SQSTM1_[UBA] OK OK S103 0 S10 0 0 0 0 0 0 0 0 1 1 S10 0 0 0 0 0 0 0 0 0 0 0 0 S10 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R41, CblB_ub48+_NLRP3_[(K496)] OK OK R41 0 R4 0 0 0 0 0 0 0 0 0 1 R4 0 0 0 0 0 0 0 0 0 0 0 0 R4 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R48, LysosomalProteases_deg_NLRP3#c0 OK OK R48 0 R480 0 0 0 0 0 0 0 0 1 R4 0 0 0 0 0 0 0 0 0 0 0 0 R480 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R57, NLRP3_[KMKK]_i-_PI_[head] OK OK R57 0 R570 0 0 0 0 0 0 0 0 1 R5 0 0 0 0 0 0 0 0 0 0 0 0 R570 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S170, [Nigericin] OK OK S170 0 S17 0 0 0 0 0 0 0 0 0 0 S17 1 1 1 1 1 1 1 1 1 1 1 1 S17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S169, [NaOrCaInflux] OK OK S169 0 S16 0 0 0 0 0 0 0 0 0 0 S16 0 1 1 1 1 1 1 1 1 1 1 1 S16 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S158, [Kefflux] OK OK S158 0 S15 0 0 0 0 0 0 0 0 0 0 S15 0 0 1 1 1 1 1 1 1 1 1 1 S15 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S190, [lowATP] OK OK S190 0 S19 0 0 0 0 0 0 0 0 0 0 S19 0 0 0 0 0 0 0 1 1 1 1 1 S19 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S150, [EndolysosomalAcidificationDefect] OK OK S150 0 S15 0 0 0 0 0 0 0 0 0 0 S15 0 0 0 0 0 0 0 0 1 1 1 1 S15 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S174, [PI4Paccumulation] OK OK S174 0 S17 0 0 0 0 0 0 0 0 0 0 S17 0 0 0 0 0 0 0 0 0 1 1 1 S17 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S178, [TGNdispersal] OK OK S178 0 S17 0 0 0 0 0 0 0 0 0 0 S17 0 0 0 0 0 0 0 0 0 1 1 1 S17 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S167, [MTtransport] OK OK S167 0 S16 0 0 0 0 0 0 0 0 0 0 S16 0 0 0 0 0 0 0 0 0 0 1 1 S16 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S147, [CentrosomalPI4P] OK OK S147 0 S14 0 0 0 0 0 0 0 0 0 0 S14 0 0 0 0 0 0 0 0 0 0 0 1 S14 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R52, NEK7_[clobe]_ppi+_NLRP3_[HD2LRR] OK OK R52 0 R5 0 0 0 0 0 0 0 0 0 0 R5 0 0 0 0 0 0 0 0 0 0 0 0 R5 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S65, NEK7_[clobe]--NLRP3_[HD2LRR] OK OK S65 0 S65 0 0 0 0 0 0 0 0 0 0 S65 0 0 0 0 0 0 0 0 0 0 0 0 S65 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R15, BRCC36_ub63-_NLRP3_[(lrr)] OK OK R15 0 R150 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 0 0 0 0 0 0 0 R150 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R60, NLRP3_[fnwA]_ppi+_NLRP3_[fnwB] OK OK R60 0 R600 0 0 0 0 0 0 0 0 0 R6 0 0 0 0 0 0 0 0 0 0 0 0 R600 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S93, NLRP3_[fnwA]--NLRP3_[fnwB] OK OK S93 0 S93 0 0 0 0 0 0 0 0 0 0 S93 0 0 0 0 0 0 0 0 0 0 0 0 S93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R62, NLRP3_[pydA]_ppi+_NLRP3_[pydB] OK OK R62 0 R6 0 0 0 0 0 0 0 0 0 0 R6 0 0 0 0 0 0 0 0 0 0 0 0 R6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S98, NLRP3_[pydA]--NLRP3_[pydB] OK OK S98 0 S98 0 0 0 0 0 0 0 0 0 0 S98 0 0 0 0 0 0 0 0 0 0 0 0 S98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R8, ASC_[pydA]_ppi+_NLRP3_[pydB] OK OK R8 0 R8 0 0 0 0 0 0 0 0 0 0 R8 0 0 0 0 0 0 0 0 0 0 0 0 R8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1S12, ASC_[pydA]--NLRP3_[pydB] OK OK S12 0 S12 0 0 0 0 0 0 0 0 0 0 S12 0 0 0 0 0 0 0 0 0 0 0 0 S12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1R7, ASC_[pydA]_ppi+_ASC_[pydB] OK OK R7 0 R7 0 0 0 0 0 0 0 0 0 0 R7 0 0 0 0 0 0 0 0 0 0 0 0 R7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1R9, ASC_[trim20]_ppi+_TRIM20_[PYD] OK OK R9 0 R9 0 0 0 0 0 0 0 0 0 0 R9 0 0 0 0 0 0 0 0 0 0 0 0 R9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1S11, ASC_[pydA]--ASC_[pydB] OK OK S11 0 S11 0 0 0 0 0 0 0 0 0 0 S11 0 0 0 0 0 0 0 0 0 0 0 0 S11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1S15, ASC_[trim20]--TRIM20_[PYD] OK OK S15 0 S15 0 0 0 0 0 0 0 0 0 0 S15 0 0 0 0 0 0 0 0 0 0 0 0 S15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1R5, ASC_[card]_ppi+_Caspase1_[card1] OK OK R5 0 R5 0 0 0 0 0 0 0 0 0 0 R5 0 0 0 0 0 0 0 0 0 0 0 0 R5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1R45, LysosomalProteases_deg_ASC OK OK R45 0 R450 0 0 0 0 0 0 0 0 0 R4 0 0 0 0 0 0 0 0 0 0 0 0 R450 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1R49, LysosomalProteases_deg_NLRP3#c1 OK OK R49 0 R490 0 0 0 0 0 0 0 0 0 R4 0 0 0 0 0 0 0 0 0 0 0 0 R490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1S9, ASC_[card]--Caspase1_[card1] OK OK S9 0 S9 0 0 0 0 0 0 0 0 0 0 S9 0 0 0 0 0 0 0 0 0 0 0 0 S9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1R23, Caspase1_[card1]_ppi+_Caspase1_[card2] OK OK R23 0 R230 0 0 0 0 0 0 0 0 0 R2 0 0 0 0 0 0 0 0 0 0 0 0 R230 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1R47, LysosomalProteases_deg_Caspase1#c1 OK OK R47 0 R470 0 0 0 0 0 0 0 0 0 R4 0 0 0 0 0 0 0 0 0 0 0 0 R470 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1S30, Caspase1_[card1]--Caspase1_[card2] OK OK S30 0 S30 0 0 0 0 0 0 0 0 0 0 S30 0 0 0 0 0 0 0 0 0 0 0 0 S30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1R19, Caspase1_CUT_Caspase1_[(pro)] OK OK R19 0 R190 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 0 0 0 0 0 0 0 R190 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1R46, LysosomalProteases_deg_Caspase1#c0 OK OK R46 0 R460 0 0 0 0 0 0 0 0 0 R4 0 0 0 0 0 0 0 0 0 0 0 0 R460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1S28, Caspase1_[(pro)]-{truncated} OK OK S28 0 S28 0 0 0 0 0 0 0 0 0 0 S28 0 0 0 0 0 0 0 0 0 0 0 0 S28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1R20, Caspase1_CUT_Il18_[(pro)] OK OK R20 0 R200 0 0 0 0 0 0 0 0 0 R2 0 0 0 0 0 0 0 0 0 0 0 0 R200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1R21, Caspase1_CUT_Il1b_[(pro)] OK OK R21 0 R2 0 0 0 0 0 0 0 0 0 0 R2 0 0 0 0 0 0 0 0 0 0 0 0 R2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1R22, Caspase1_CUT_gasderminD_[(D275)] OK OK R22 0 R2 0 0 0 0 0 0 0 0 0 0 R2 0 0 0 0 0 0 0 0 0 0 0 0 R2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1S54, Il18_[(pro)]-{truncated} OK OK S54 0 S54 0 0 0 0 0 0 0 0 0 0 S54 0 0 0 0 0 0 0 0 0 0 0 0 S54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1S57, Il1b_[(pro)]-{truncated} OK OK S57 0 S57 0 0 0 0 0 0 0 0 0 0 S57 0 0 0 0 0 0 0 0 0 0 0 0 S57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1S200, gasderminD_[(D275)]-{truncated} OK OK S200 0 S20 0 0 0 0 0 0 0 0 0 0 S20 0 0 0 0 0 0 0 0 0 0 0 0 S20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1R102, gasderminD_[cl]_i+_CL_[gd] OK OK R102 0 R100 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 0 0 0 0 0 0 0 R100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1R104, gasderminD_[pi]_i+_PI_[gd] OK OK R104 0 R100 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 0 0 0 0 0 0 0 R100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1R106, gasderminD_[ps]_i+_PS_[gd] OK OK R106 0 R100 0 0 0 0 0 0 0 0 0 R1 0 0 0 0 0 0 0 0 0 0 0 0 R100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1S22, CL_[gd]--gasderminD_[cl] OK OK S22 0 S22 0 0 0 0 0 0 0 0 0 0 S22 0 0 0 0 0 0 0 0 0 0 0 0 S22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1S119, PI_[gd]--gasderminD_[pi] OK OK S119 0 S11 0 0 0 0 0 0 0 0 0 0 S11 0 0 0 0 0 0 0 0 0 0 0 0 S11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1S126, PS_[gd]--gasderminD_[ps] OK OK S126 0 S12 0 0 0 0 0 0 0 0 0 0 S12 0 0 0 0 0 0 0 0 0 0 0 0 S12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1R97, [IL18Release] OK OK R97 0 R970 0 0 0 0 0 0 0 0 0 R9 0 0 0 0 0 0 0 0 0 0 0 0 R970 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1R98, [IL1bRelease] OK OK R98 0 R980 0 0 0 0 0 0 0 0 0 R9 0 0 0 0 0 0 0 0 0 0 0 0 R980 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1R99, [pyroptosis] OK OK R99 0 R990 0 0 0 0 0 0 0 0 0 R9 0 0 0 0 0 0 0 0 0 0 0 0 R990 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1S185, [gFbacterialPoreFormation] OK OK S185 0 S18 0 0 0 0 0 0 0 0 0 0 S18 0 0 0 0 0 0 0 0 0 0 0 0 S18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1R96, [BacterialKilling] OK OK R96 0 R960 0 0 0 0 0 0 0 0 0 R9 0 0 0 0 0 0 0 0 0 0 0 0 R960 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1                                                                              
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inhibit both ADP-to-ATP exchange and ATP binding to empty NLRP3, the activation is interrupted after 723 
NEK7 binding but before any downstream events, imposing a complete inhibition of NLRP3 activation. 724 
Second, we analysed the effect of BRCC36 inhibition by the general deubiquitinase inhibitor G5 [59]. 725 
In the model, G5 completely inhibits deubiquitylation of NLRP3 LRR domain, but fail to prevent NLRP3 726 
activation due to priming dependent synthesis of new (unubiquitylated) NLRP3. Third, we analysed the 727 
effect of the PP2Aca inhibitor Okadaic Acid (OKA) [56]. In the model, OKA completely inhibits the 728 
dephosphorylation of NLRP3 at Ser5, but again the lack of dephosphorylation is offset by synthesis of 729 
new (unphosphorylated) NLRP3. If the bypass of G5 and OKA inhibition by protein synthesis is relevant 730 
in vivo remains unclear, but it demonstrates the limitation of negative licensing, and may help illustrate 731 
why overexpression of NLRP3 can make NLRP3 activation independent of Signal 1. 732 

 733 

Furthermore, we implemented and tested two CAPS mutations and a truncated version of NLRP3 734 
lacking the LRR domain in the model. First, NLRP3 D305G is implemented as an inhibitor of PKA-735 
mediated phosphorylation of Ser295. This mutation failed to activate NLRP3 alone or in combination 736 
with LPS in the simulations, suggesting that the clinical symptoms may be due to quantitative 737 
modulation of the ATP cycle that this qualitative model cannot capture. Second, in the model, the 738 
NLRP3 mutation T346M stabilises the open conformation, making activation of NLRP3 ATP-binding 739 
independent, effectively bypassing the need for PI(4)P binding to achieve the open structure in NLRP3 740 
in the model. This alone is not enough to activate NLRP3, not even in the presence of LPS. However, 741 
this is due to the model requirement of PI(4)P localisation to the centrosome, which should not be 742 
needed if NLRP3 activation is PI(4)P binding independent. If the model accounts for this, then NLRP3 743 
T346M is indeed activated upon priming with LPS alone. Finally, we tested the effect of deleting the 744 
complete LRR domain, mimicking the “miniNLRP3” experiments [36]. This is implemented by inhibiting 745 
all reactions involving exclusively the LRR domain (table 2). The truncated NLRP3 phenocopies the full 746 
length NLRP3 in the model for PI(4)P dependent activation, i.e., it does not respond to LPS or nigericin 747 
alone, but it is activated by LPS and nigericin together. However, miniNLRP3 failed to respond to MMPT 748 
and cytoplasmic CL exposure in the model, as NLRP3 binds CL via its LRR domain, suggesting that 749 
miniNLRP3 should not be activatable by the CL-axis in vivo. 750 

 751 

Table 2: Implementation of miniNLRP3. MiniNLRP3 is a truncated form of NLRP3 completely lacking 752 
the LRR domain, and hence all reactions targeting this domain is unavailable. This is implemented as 753 
an input “[miniNLRP3]” that inhibits all reactions targeting this domain.  754 

!UID:Contingency !Target !Contingency !Modifier
175 RNF125_ub63+_NLRP3_[(lrr)] x [miniNLRP3]
176 BRCC36_ub63-_NLRP3_[(lrr)] x [miniNLRP3]
177 CblB_[UBA]_ppi_NLRP3_[lrrUb] x [miniNLRP3]
178 uKin_P+_NLRP3_[(Y861)] x [miniNLRP3]
179 PTPN22_P-_NLRP3_[(Y861)] x [miniNLRP3]
180 CSNK1A1_P+_NLRP3_[(S806)] x [miniNLRP3]
181 X_P-_NLRP3_[(S806)] x [miniNLRP3]
182 NLRP3_[cl]_i_CL_[lrrCL] x [miniNLRP3]
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Discussion 755 
The trigger signal for NLRP3 remains an open question. In this work, we have made the Ansatz that all 756 
NLRP3 trigger signals converge on one common cellular perturbation, and that this perturbation trigger 757 
NLRP3 activation – given that the priming and licensing conditions are fulfilled. We find that the 758 
evidence supports this, at least when it comes to the activation along the PI(4)P-NEK7 axis as all trigger 759 
signals lead to accumulation of mobile intracellular vesicles, that accumulate PI(4)P, and which 760 
therefore, at least in principle, can support NLRP3 activation. There are some key studies that support 761 
this notion. Most importantly, the PI(4)P binding region is sufficient to impose NLRP3-like regulation 762 
to all three types of stimuli to NLRP6, which normally does not respond to those stimuli [16]. This 763 
localises the Signal 2-sensing to this region, and PI(4)P binding is the only regulatory feature that has 764 
been mapped to this region, strongly suggesting that this is the critical regulatory input. Second, PI(4)P 765 
binding is in itself not enough [29], and NLRP3 release from its resting position on PI(4)P-containing 766 
Golgi membranes is necessary for activation [14], as is microtubule-based transport [124]. However, 767 
some membrane dispersing toxins (shown for monensin) do not result in NLRP3 activation [137], 768 
showing that also dispersal is insufficient for activation, suggesting that either PI(4)P accumulation or 769 
microtubule transport is regulated. At least the first is supported by previous data, as LMP has been 770 
found to trigger rapid recruitment of PI4K after lysosomal rupture/depolarisation [157]. This suggest 771 
that the common feature of NLRP3 regulation is most likely osmotic lysis and/or depolarisation of 772 
internal vesicles, which recruits PI4K and can be transported to the centrosome to create the 773 
conditions for NEK7 and PI(4)P-dependent activation of NLRP3.  774 

Taking one step back, to the question how the diverse NLRP3 triggers cause osmotic lysis or 775 
depolarisation, we propose that the ability of the cell to maintain the ion gradient against leakage is 776 
critically disrupted by energy depletion (which directly affects the ion pumps) and/or membrane 777 
permeabilization. This would immediately result in a loss of osmotic integrity [149], and direct 778 
inhibition of both the plasma membrane (Na+/K+-ATPase; [154]) and vacuolar (V-ATPase; [146]) pumps 779 
have indeed been found to trigger NLRP3 activation after priming. The findings that hypo-osmolarity 780 
can trigger NLRP3 and hyper-osmolarity can suppress NLRP3 activation by other triggers [120] support 781 
this notion. However, there are also evidence for a completely different axis of NLRP3 activation by 782 
which NLRP3 can be activated by CL binding to the c-terminal LRR domain [64], which lies in the 783 
opposite end of the protein to the n-terminal PI(4)P binding domain. Moreover, CL has been shown to 784 
recruit caspase-8 [125], which is an essential component of the NEK7-independent NLRP3 activation 785 
[75]. CL in the cytoplasm could indicate a bacterial infection that should be directly targeted for 786 
destruction, suggesting that the normal time delay in inflammasome activation may be undesirable. 787 
Hence, it is possible that there is a CL-caspase-8 axis of NLRP3 activation that is fundamentally different 788 
– from structure of complex formation to regulation by post-translational modifications – than the 789 
PI(4)P-NEK7 axis of NLRP3 activation. By design or default, almost all the data we have encountered 790 
seem to have studied the latter, as a “mini-NLRP3” lacking the LRR domain than bind CL reproduces 791 
virtually all known regulation [36]. Hence, the potential CL-caspase-8 axis appears largely unexplored 792 
and its mechanistic architecture and relevance for NLRP3 activation in health and disease is therefore 793 
currently difficult to establish. 794 

The network reconstruction process has highlighted the multiple roles of NLRP3: As a signalling 795 
platform, as an activator of autophagy, and as a mediator of direct bactericidal action. The overlap in 796 
lipid affinity between NLRP3 and gasdermin D is striking [23, 29, 64], and this, together with the report 797 
that gasdermin D is part of the NLRP3 inflammasome complex [65], suggests that the NLRP3 798 
inflammasome may catalyse the targeted insertion of bactericidal gasdermin D pores into the 799 
membrane on which it is activated [3, 28]. At the same time, NLRP3 can activate autophagy/xenophagy 800 
[164, 165] to help clear pathogens [2]. However, pathogens are also known to subvert intracellular 801 
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organelles to form replicative niches [166], e.g., by preventing phagosomal-lysosomal fusion [167], 802 
which suggests a potential overlap between such subverted compartments and the compartments 803 
where NLRP3 activation may occur. Hence, NLRP3 may be able to recognise intracellular pathogens 804 
both directly (through CL binding) and through perturbation of the membrane of intracellular 805 
compartments, coordinating a membrane attack or at least permeabilisation of the infected 806 
compartment with autophagic disposal and intercellular signalling through IL-1β and IL-18. With 807 
limited insult and successful clearance, a targeted insertion of gasdermin D should leave the cell able 808 
to recover. However, if insults are saturated, an extensive gasdermin D insertion may trigger the 809 
positive feedback loop through ion leakage, leading to irreversible NLRP3 activation. In fact, pyroptosis 810 
may well be an emergency response to unmanageable infection or damage, or an accidental side effect 811 
of a protective and essentially homeostatic process. Such a harmful outcome may explain the extensive 812 
licensing regulation of NLRP3, which appears to be only partially dependent on Signal 1, and which 813 
may serve to restrict NLRP3 activation to valid target compartments and to selectively exclude NLRP3 814 
activation and hence gasdermin D insertion from, e.g., the plasma membrane, where at least extensive 815 
insertion would likely be suicidal. However, if gasdermin D insertion in the plasma membrane is 816 
prevented, it leaves the question as to how IL-1β and IL-18 are released during physiological responses. 817 
Of note, it was found that NLRP3 activation triggers shedding of IL-1β and IL-18 containing exosomes 818 
[168], which are exported to the extracellular space where they may release their cytokines through 819 
gasdermin D pores or vesicular lysis without impacting cell integrity. It is tempting to speculate that 820 
the physiological NLRP3 response leads to targeted insertion of gasdermin D into specific vesicles, that 821 
are selectively loaded with locally processed IL-1β and IL-18, engulfed through autophagy and 822 
delivered to the extracellular space through exocytosis. In any case, NLRP3 has been shown to be a 823 
critical regulator of intracellular defence and intercellular signalling. 824 

The model presented here is essentially a model of PI(4)P-NEK7 dependent activation of NLRP3, and 825 
even this is merely a snapshot based on the currently available data and knowledge. Moreover, it was 826 
not possible to cover even the already available literature in the field, as a search for “NLRP3” alone 827 
on PubMed yields more than 15,000 hits. This highlights the need to build a formal reusable knowledge 828 
base that the community can use, update, and expand as the field progresses. It is important that such 829 
a knowledge base is highly composable - i.e., allows statements to be added, edited, or removed 830 
individually, and arbitrary parts to be extracted and/or combined for analysis – to allow the distributed 831 
work necessary for sustainable community efforts and to make it useful for a wide range of projects. 832 
To this end, the mechanistic knowledge of the NLRP3 system is broken down into minimal statements 833 
– elemental reactions and contingencies – which are defined in terms of site-specific elemental states. 834 
The advantage of this approach is that the knowledge of individual reactions can be formulated 835 
independently, including both the effect (the elemental reaction) and the regulation (the 836 
contingencies), so that these statements can be individually evaluated, modified, and added or 837 
removed. However, it also requires this information to be available in the literature, i.e., that the effect 838 
of specific modifications on a specific reaction has been examined directly, which is not always the 839 
case. Here, we use targeted literature searches to establish such a mechanistic network for the core 840 
NLRP3 regulation including some, but not all, reported modification sites and interaction partners, as 841 
we have been unable to find sufficient mechanistic data for several of the components and 842 
modifications suggested in the literature to be of importance for NLRP3 regulation. We focussed on 843 
generating a consistent model that could explain NLRP3 activation from the existing data, rather than 844 
on highlighting inconsistencies, meaning that there are a number of assumptions present in the model. 845 
At this level, the network is effectively a formal and highly reusable literature review, with the added 846 
feature that all statements must be precise and internally consistent, and this curation and 847 
formalisation process is indeed the most challenging part of building a network model. However, once 848 
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this knowledge base (consisting of elemental reactions and contingencies) is compiled, it enables 849 
visualisation and computational analysis of (selected parts of) the complete knowledge base. Here, we 850 
make use of the rxncon regulatory graph to visualise the causal information flow through the network, 851 
to make the regulatory structure of the network accessible to readers. Moreover, the biological 852 
knowledge base can be automatically converted into a bipartite Boolean model (bBM). The limitation 853 
of the bBM is that it can only make qualitative predictions (yes/no, active/inactive), without quantities 854 
and meaningful time resolution. With that said, it is uniquely defined by the biological knowledge base, 855 
does not need parametrisation or model optimisation, and can hence be used to directly evaluate the 856 
knowledge base. Here, we use it to evaluate if the assembled knowledge suffices to explain the known 857 
system regulation (does it respond to the given input(s)?), and if it can predict the effect of inhibitors 858 
and mutations (how is the response altered by a given combination of inhibitors and/or mutations?). 859 
The network does indeed suffice to explain NLRP3 activation to a range of inputs, although the effect 860 
of inhibitors and mutations are sometimes less clear to evaluate with the bBM. The simulation results 861 
suggests that, given significant de novo synthesis of NLRP3, the negative licensing may be ineffectual. 862 
However, it is also clear that this modelling scheme cannot explain quantitative effects, and the 863 
importance of quantitative effects may be a general feature in NLRP3 activation, including at the level 864 
of synthesis, spatiotemporal restriction, and regulation by autophagic degradation. Despite these 865 
limitations, the knowledge base of molecular mechanisms presented here is an internally consistent 866 
knowledge base that contain the mechanisms that are necessary and sufficient to explain the 867 
qualitative behaviour of the core NLRP3 network, which can be processed and analysed 868 
computationally, and which can easily be adapted and extended by the community as new data and 869 
knowledge become available.  870 
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