
N4BP1 is dimerization-dependent linear ubiquitin reader regulating TNFR1 signalling 

through linear ubiquitin binding and Caspase-8-mediated processing 

 

Katarzyna Kliza1,8,11,12, Wei Song2,9,11, Irene Pinzuti2, Simone Schaubeck1, Simone 
Kunzelmann3, David Kuntin1,10, Arianna Fornili4

, Alessandro Pandini5, Kay Hofmann6, James A. 
Garnett7, Benjamin Stieglitz2,12, Koraljka Husnjak1,12 

1Institute of Biochemistry II, Goethe University School of Medicine, Frankfurt (Main), 
Germany. 2School of Biological and Behavioural Sciences, Queen Mary University of London, 
London, United Kingdom. 3Structural Biology Science Technology Platform, Francis Crick 
Institute, London, United Kingdom. 4School of Physical and Chemical Sciences, Queen Mary 
University of London, London, United Kingdom. 5Department of Computer Science, Brunel 
University London, Uxbridge, United Kingdom. 6Institute for Genetics, University of Cologne, 
Cologne, Germany. 7Centre for Host-Microbiome Interactions, Dental Institute, King’s College 
London, London, United Kingdom. 8Current address: Department of Molecular Biology, 
Radboud Institute for Molecular Life Sciences, Radboud University, Nijmegen, The Netherlands. 
9Current address: Department of Oncology, University of Oxford, Oxford, United Kingdom. 
10Current address: Department of Biology, University of York, Wentworth Way, York, United 
Kingdom.11These authors contributed equally. 12Correspondence: K.Kliza@science.ru.nl, 
B.Stieglitz@qmul.ac.uk, K.Husnjak@biochem2.uni-frankfurt.de. 
 

Abstract 

Signalling through TNFR1 modulates proinflammatory gene transcription and programmed cell 

death, and its impairment causes autoimmune diseases and cancer. NEDD4-binding protein 1 

(N4BP1) was recently identified as a critical suppressor of proinflammatory cytokine 

production1, whose mode of action remained unknown. Here, we show that N4BP1 is a novel 

linear ubiquitin reader that negatively regulates NFκB signalling by its unique dimerization-

dependent ubiquitin-binding module that we named LUBIN. Dimeric N4BP1 strategically 

positions two non-selective ubiquitin-binding domains to ensure exclusive recognition of linear 

ubiquitin. Under proinflammatory conditions, N4BP1 is recruited to the nascent TNFR1 

signalling complex, where it regulates duration of proinflammatory signalling in LUBIN-

dependent manner. N4BP1 deficiency accelerates TNFα-induced cell death by increasing 

complex II assembly. Under proapoptotic conditions, Caspase-8 mediates proteolytic processing 

of N4BP1 and the resulting cleavage fragment of N4BP1, which retains the ability to bind linear 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted November 2, 2021. ; https://doi.org/10.1101/2021.11.02.466974doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.02.466974


 2

ubiquitin, is rapidly degraded by the 26S proteasome, accelerating apoptosis. In summary, our 

findings demonstrate that N4BP1 dimerization creates a unique linear ubiquitin reader that 

ensures timely and coordinated regulation of TNFR1-mediated inflammation and cell death. 

Main text 

TNFα is a potent, pleiotropic cytokine, regulating inflammation, immunity and programmed cell 

death2. Activation of TNFR1 induces the assembly of the membrane-bound TNFR1 signalling 

complex (TNFR1-SC) composed of adaptor proteins (i.e., TRADD), kinase RIP1 and E3 ligases, 

including LUBAC3. TNFR1 signalling highly depends on numerous posttranslational 

modifications, including linear ubiquitination3,4. The E3 ligase complex LUBAC stabilizes 

TNFR1-SC by assembling linear ubiquitin (Ub) chains on several complex components (TNFR1, 

RIP1, NEMO). These modifications are recognized by a subset of linear Ub-binding domain 

(UBD)-containing (LUBID) proteins that further regulate downstream signalling, including the 

UBAN (Ub binding in ABIN and NEMO) domain in NEMO4–8. Together with K11-, K48- and 

K63-linked Ub chains7,9, these Ub linkages provide a platform for the recruitment of the kinase 

complex IKK to initiate NFκB pathway for pro-survival gene induction3,10. Prolonged activation 

of TNFR1 signalling can also trigger the assembly of the cytosolic complex II, composed of 

TRADD, FADD, RIP1, c-FLIP and procaspase-8, subsequently leading to caspase-8 (CASP8) 

activation11. Among others, apoptosis progression requires removal of M1 linkages from FADD 

and linear Ub-modified substrates within TNFR1-SC4,12. Moreover, LUBAC deficiencies 

promote complex II assembly and induce aberrant TNFα-mediated endothelial cell death13. 

 

N4BP1 is a novel linear ubiquitin reader 

By using a Y2H assay, we identified a novel UBD in N4BP1 and demonstrated that endogenous 

N4BP1 selectively binds linear Ub (Fig. 1A). The minimal UBD obtained by Y2H encompasses 

the divergent CUE domain of N4BP1 (Fig. 1B). Bioinformatic analysis identified two additional 

putative UBDs in N4BP1: non-functional UBM-like domain and divergent UBA domain (Fig. 

1B, Extended Data Figs. 1A-1B), which bind to all Ub species (Extended Data Fig. 1A). 

However, our Ub-binding analysis indicated that N4BP1’s divergent CUE domain is 

indispensable for specific recognition of linear Ub chains (Extended Data Fig. 1A). 

Accordingly, mutation of the canonical Ub-binding motif, FP (F862G/P863A in mouse N4BP1), 
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which is conserved among CUE domains (Extended Data Fig. 1C)14–16, abolished the binding 

between the isolated CUE domain and linear tetraUb (Fig. 1C). In order to further investigate the 

Ub-binding specificity of N4BP1 for linear Ub, we performed ITC measurements and 

determined KD values for the isolated CUE domain (Table 1, Extended Data Fig. 2A-2E). 

Since the obtained equilibrium dissociation constants did not indicate a clear preferential 

interaction between N4BP1 and M1-linked Ub chains, we characterised the binding by NMR 

spectroscopy and established a structural model for the N4BP1 CUE domain spanning residues 

850-893. The obtained structure folds into the canonical three-helical bundle, as observed for 

other CUE domains17. 

To reveal how the CUE domain forms distinctive interfaces with different Ub linkages, we 

performed 1H-15N HSQC NMR titration experiments with monoUb, K48-, K63- and M1-linked 

diUb (Extended Data Figs. 3A-3B, 4A-4B). All interface areas between the CUE domain and 

Ub species are highly similar, confirming that the isolated CUE domain of N4BP1 recognizes Ub 

in a nonspecific manner. To further investigate how the CUE domain interacts with Ub, we 

found that it forms a small hydrophobic interface of 830 Å2 with Ub, which comprises the 

aliphatic portion of the C-terminal D893 of helix α3 and F862 and P863 residues located 

between helices α1 and α2 (Fig. 1D) and recognizes a nonpolar surface area of Ub, involving the 

hydrophobic patch around I44. Chemical shift mapping of monoUb, K63- or M1-linked diUb 

show marked chemical shift perturbation (CSP) values for K48 residue of Ub, which is absent in 

K48-linked diUb (Extended Data Fig. 4C) and contributes to the interface by forming a contact 

with D893 of the CUE domain of N4BP1. Mutations D893A in N4BP1 or K48A in Ub, abolish 

complex formation, indicating that this polar interaction is essential for robust binding (Fig. 1E, 

Table 1, Extended Data Fig. 2). Interestingly, mutation K48R in Ub does not affect the affinity 

towards N4BP1, which demonstrates that a positive charge at the position K48 plays a dominant 

role in the interaction with N4BP1, a finding that is in line with the reduced ability of the isolated 

CUE domain to co-precipitate K48-diUb (Extended Data Figs. 5A-5B). Here, the side chain of 

the K48 participates in the formation of the isopeptide bond, and therefore, only the distal Ub 

moiety of K48-linked Ub chains can fully engage with the CUE domain of N4BP1, causing a 

reduced binding affinity compared to other Ub linkages. 
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An N4BP1 dimer functions as a unique linear ubiquitin reader 

We set out to determine how specificity for Met1-linked Ub chains is achieved. Towards that 

aim, we tested three CUE-containing N4BP1 fragments (aa850-893, aa706-893 and aa343-893) 

for binding to a set of synthetic diUbs18–20  and observed increasing specificity for the linear 

diUb (Extended Data Figs. 5A-5B). We therefore hypothesized that the adjacent RNase domain 

is involved in the high affinity binding to M1-linked Ub chains and probed this interaction by 

SPR measurements. Remarkably, the extended construct that comprised the RNase and CUE 

domains (aa613-893) shows a 65-fold increase in linear Ub binding, while all other tested Ub 

interactions display no significant difference when compared to the isolated CUE domain (Fig. 

2A, Table 1). However, we did not observe any interaction between the isolated RNase domain 

(613-773) and Ub linkages (Table 1, Extended Data Fig. 5C), further raising the question of 

how N4BP1 specificity for Met1-linked Ub chains is achieved. Intriguely, N4BP1 constructs 

comprising the RNase domain had a strong tendency to self-associate in vivo and in vitro 

(Extended Data Figs. 6A-6E), suggesting that N4BP1 dimerizes through its RNAse domain. 

Interestingly, the protein MCPIP1, which shares 52% sequence identity with N4BP1, features the 

same oligomeric nature caused by the formation of an asymmetric dimer of its RNase domain21. 

A homology model of the N4BP1 RNase domain, based on the structure of the MCPIP1 RNase 

domain, shows that an N4BP1 dimer can be formed (Extended Data Fig. 6F). We confirmed the 

N4BP1 dimerization mode by creating point mutants of several interface residues and found that 

these mutations completely abolished N4BP1 dimerization (Fig. 2B). To explain how N4BP1 

dimerization creates specificity for linear linkages, we hypothesized that the spatial arrangement 

of the dimer brings the two adjacent CUE domains into close vicinity, which could result in the 

simultaneous interaction of the CUE domains with the same linear M1-linked diUb molecule 

(Fig. 2C, Extended Data Fig. 6G). To further examine this scenario, we deployed a homology 

modelling and docking approach to generate a model of N4BP1 (613-893) in complex with M1-

linked diUb, which aligns with the experimental constraints derived from our CSP experiments 

and mutational analysis of interface residues between the CUE domain and Ub. The refined 

model, which satisfies all experimental criteria, demonstrates that dimerization of N4BP1 via the 

RNase domain is well suited to generate a spatial composite arrangement of the CUE domains 

that permits binding of M1-diUb with high affinity (Fig. 2D) 
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To validate the dimer-induced mechanism for high affinity interaction with linear Ub in more 

detail, we probed the ability of the artificially dissociated RNase-like domain (Extended Data 

Fig. 6H) and RNase-like domain interface mutants to specifically bind to M1-linked diUb 

(Extended Data Fig. 6I, Extended discussion). Strikingly, the capacity of all the mutants to 

specifically recognize linear Ub was drastically reduced, which further supports the notion that 

both CUE-like domains of the N4BP1 dimer engage in specific interaction with a single M1-

linked Ub chain. Furthermore, a prerequisite to allow simultaneous interaction of both CUE-like 

domains with linear Ub is the linker region (775-849) that connects RNase- and CUE-like 

domains and its deletion interferes with the ability of N4BP1 to bind Ub in a linear Ub-specific 

manner (Extended Data Fig. 6I). Since we could not detect a direct intramolecular interaction 

between the RNase and the CUE domain, which would fix the relative orientation beween both 

domains (Extended Data Fig. 2F), we suggest that the linker region acts as a scafold that 

supports the specific arrangement of CUE domains in the N4BP1 dimer to establish linear Ub 

specificity. 

In conclusion, our data suggest that N4BP1 is utilising a novel, unique mechanism for M1-linked 

Ub chains recognition. We therefore named the newly discovered N4BP1 LUBID “Linear Ub-

Interacting Domain in N4BP1” (LUBIN) (Figure 2C). 

 

N4BP1 is a negative regulator of NFκB signalling 

Basal cellular levels of linear Ub species are very low and their assembly is induced by stimuli, 

such as TNFα, IL-1β and poly (I:C)6. Identification of TNFα-induced linear Ub high molecular 

weight (HMW) species in immunoprecipitated endogenous N4BP1 samples, further confirmed 

the ability of N4BP1 to bind linear Ub chains (Fig. 3A), and prompted us to examine the role of 

N4BP1 in TNFα-induced NFκB signalling. Towards that aim, we utilized the N4BP1 knock-out 

(N4BP1-/-) and wild-type (N4BP1+/+) mouse embryonic fibroblasts (MEFs) that express similar 

levels of various proteins involved in TNFR1 signalling pathway (Extended Data Fig. 7A). We 

observed a strong increase of TNFα-induced NFκB transcription activity (Extended Data Fig. 

7B), the expression of TNFα target genes CXCL1 and IL-6 (Extended Data Fig. 7C), and 

significantly increased nuclear translocation of NFκB subunit p65 (Fig. 3B, Extended Data Fig. 

7D) in N4BP1-/- MEFs, contrary to N4BP1+/+ MEFs. Consistently, kinetics of the IκBα 
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phosphorylation and degradation differ in N4BP1-/- and N4BP1+/+ MEFs (Fig. 3C, Extended 

Data Fig. 7E). Noteworthy, cytoplasmic N4BP1 (Extended Data Fig. 7F-7G)22 specifically 

affects TNFα-induced NFκB pathway, as IκBα degradation kinetics induced by IL-1β 

stimulation remains unaltered in N4BP1-/-, compared to N4BP1+/+ MEFs (Extended Data Fig. 

7H). N4BP1 functions in close proximity to TNFR1, as it is recruited to the nascent TNFR1-SC 

within 5 min of TNFα stimulation (Fig. 3D). To determine the correlation between N4BP1 

ability to bind linear Ub chains and its function in proinflammatory TNFR1 signalling, we 

monitored the activation of NFκB pathway upon TNFα stimulation in N4BP1-/- MEFs 

reconstituted with either empty vector, HA-N4BP1 (1-893) or HA-N4BP1 (1-893, 

F862G/P863A) (Extended Data Fig. 8A). Contrary to N4BP1+/+, Ub binding-deficient N4BP1 

mutant failed to restrict activation of NFκB pathway (Fig. 3E, Extended Data Fig. 8B). The 

presence of N4BP1 stabilized TNFα-induced linear Ub HMW conjugates over time, implying 

the competition between N4BP1 and linear Ub-specific deubiquitinating enzymes (DUBs) for 

M1 linkages (Extended Data Fig. 8C). Hence, N4BP1 is a previously uncharacterized 

component of TNFR1-SC that modulates proinflammatory TNFR1 signalling through its ability 

to specifically recognize linear Ub chains. 

 

N4BP1 is cleaved by CASP8 upon prolonged TNF stimulation 

The presence of M1 linkages within TNFR1-SC preserves the architecture of the complex and 

prevents assembly of the complex II, which is a prerequisite for apoptotic cell death3. As such, 

we next examined the effect of N4BP1 on TNFα-mediated cell death. N4BP1-deficient MEFs 

were significantly sensitized to apoptosis induced by combined TNFα and CHX treatment (Fig. 

4A-4B). The suppressive effect of N4BP1 on apoptosis depends on a functional LUBIN, as 

N4BP1-/- MEFs reconstituted with HA-N4BP1 (1-893, F862G/P863A) are significantly more 

susceptible to cell death than N4BP1-/- MEFs stably expressing HA-N4BP1 (1-893) (Fig. 4C). 

Accordingly, N4BP1 deficiency enhanced the assembly of RIP1 and proximal components of the 

complex II (FADD and CASP8) under proapoptotic conditions (Fig. 4D, lanes 5 and 6). 

Moreover, N4BP1 was found in complex II upon cell death-inducing treatments (Fig. 4D, lanes 

3 and 5). FADD is modified by LUBAC and deubiquitinated upon apoptosis induction12. Hence, 

the observed recruitment of N4BP1 to complex II could be explained by the recognition of linear 
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Ub-modified FADD by N4BP1 LUBIN, which presumably sequesters FADD in TNFR1-SC, 

thereby slowing down the complex II formation. 

Interestingly, we observed that prolonged TNFα stimulation results in the proteolytic cleavage of 

N4BP1 (Extended Data Fig. 9A). Important regulators of TNFR1 signalling, such as RIP1, 

CYLD and catalytic LUBAC subunit HOIP, are targets of CASP8-mediated cleavage12,23,24. 

Based on the computational analysis25, CASP8 was the most promising candidate to cleave 

N4BP1. Indeed, N4BP1 interacts and is processed by CASP8 both in vivo and in vitro 

(Extended Data Fig. 9B-9E), with cleavage pattern indicating multiple cleavage sites within 

N4BP1 (Extended Data Fig. 9F-9G). Mass spectrometry (MS)-based analysis of TNFα- and 

CHX-treated, immunoprecipitated N4BP1, identified two N4BP1 peptides 
477QNSSCTVDLETD488 and 297QFSLENVPEGELLPD311 that are most likely a result of the 

CASP8 proteolytic activity (Extended Data Fig. 10A-10B). The mutational analysis confirmed 

N4BP1 residues D311 and D488 as major CASP8 recognition sites and showed that D484 

residue is also cleaved, likely due to its close proximity to D488 (Fig. 4E, Extended Data Fig. 

10C). Proteolytic processing of N4BP1 generates a N4BP1 (1-488) fragment, which preserves 

the ability to unspecifically bind Ub (Extended Data Fig. 10D), and the N4BP1 (489-893) 

fragment, which contains functional LUBIN (Extended Data Fig. 10D). N4BP1-/- MEFs 

reconstituted with full-length HA-N4BP1 (1-893), uncleavable N4BP1 (1-893, D311/484/488A) 

or LUBIN-containing HA-N4BP1 (489-893) could suppress TNFα-mediated cell death, contrary 

to cells reconstituted with either empty vector or HA-N4BP1 (1-488) (Fig. 4F). The effect of 

LUBIN-containing N4BP1 fragment was striking, considering its very low expression level in 

N4BP1-/- MEFs (Extended Data Fig. 10E). Noteworthy, we observed that LUBIN-containing 

N4BP1 fragment is unstable and undergoes proteasomal degradation (Extended Data Fig. 10F). 

Hence, CASP8-mediated proteolytic processing of N4BP1 removes antiapoptotic LUBIN-

containing fragment, facilitating apoptosis. 

 

Discussion 

N4BP1 was initially described as a substrate of E3 ligase NEDD426 and shown to inhibit 

ubiquitination and proteasomal degradation of E3 ligase ITCH substrates27. N4BP1 was also 

identified, but not further studied, as a Ub binder in a protein array and Ub-interactor affinity 

enrichment-MS (UbIA-MS) screens18,28. Nepravishta et al.,15 have recently described the 
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structural model of CoCUN domain that encompasses the last 50 amino acids of human N4BP1 

and binds to the I44 hydrophobic patch of monoUb, similar to our findings. Interestingly, related 

proteins MCPIP1-4 and KHNYN also contain divergent CUE domains (Extended Fig. 1C), but 

only KHNYN CUE binds Ub (data not shown and 29). 

MCPIP1 possesses ribonuclease activity within its PIN domain and plays a critical role in the 

inflammatory response by degrading mRNA of many cytokines30. MCPIP1 PIN domain 

undergoes head-to-tail intermolecular dimerization, enabling mRNA processing, and mutations 

preventing oligomerization abolish RNase activity21. N4BP1 was also recently identified as an 

interferon-inducible inhibitor of HIV-1 in primary T cells and macrophages, and shown to 

specifically degrade HIV-1 mRNA to control HIV-1 latency and reactivation31. Since RNase 

activity-deficient N4BP1 mutant failed to dimerize (data not shown), we were unable to 

determine the potential contribution of RNase activity to the effect of LUBIN in NFκB 

signalling. Future studies should systematically screen for specific N4BP1 RNase substrates and 

their potential role in NFκB signalling. 

Two classes of structurally distinct LUBID interaction modes have been characterized so far8. 

The UBAN domains in NEMO, OPTN and ABIN form a parallel coiled-coil, which enables 

interactions with M1 linkages (Extended Data Fig. 11A). In contrast, HOIL-1L and A20 utilize 

structural elements that adopt a zinc finger fold to recognize and bind linear Ub chains with high 

affinity (Extended Data Fig. 11B). Our findings indicate that N4BP1 utilizes a third and hitherto 

uncharacterized interaction mode, which depends on its RNase domain as a dimerization module 

(Extended Data Fig. 11C). Homodimerization of N4BP1 elicits a specific orientation of the two 

CUE domains, which facilitates a formation of a highly stable complex with M1-linked diUb. 

Some CUE domains have been reported to self-associate and form functional dimers32,33. In fact, 

our analytical gel filtration experiments show that the elution volume of the CUE domain 

corresponds to a molecular weight of 8.4 kDa (Extended Data Figs. 6C-6D), which is larger 

than the calculated molecular weight (5.4 kDa) of a monomer, thus indicating a tendency for 

self-association that potentially contributes to linear chain specificity of the N4BP1 dimer. 

However, our ITC data of the isolated CUE domain do not show a marked preference to bind to 

linear Ub over monoUb (Extended Data Fig. 2). We therefore conclude that the potential of the 

CUE domain to dimerise is not sufficient to induce Ub chain binding specificity, which is only 
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realised in the context of the N4BP1 constructs comprising the RNase domain. According to our 

knowledge, this is the first example of a UBD that does not display any Ub chain binding 

preference on its own, but can mediate a highly specific Ub chain interaction in combination 

with a dimerization module. Our results suggest a new combinatorial mechanism, which exploits 

the modular nature of domains with different functions to create linear Ub-binding specificity. 

Several LUBID-containing proteins also play an important role in TNFR1 signalling. UBAN-

containing OPTN acts as a negative regulator of TNFR1 signalling upon TNFα stimulation, with 

linear Ub and CASP8 binding being critical for NFκB and apoptosis suppression respectively34–

36. Abolished Ub binding by UBAN-containing protein ABIN-1 promotes NFκB and 

proinflammatory signalling, enhancing the production of proinflammatory mediators37–39. 

Furthermore, ABIN-1 prevents cell death by inhibiting CASP8 recruitment to FADD in UBAN-

dependent manner40, presumably by binding linear Ub-modified FADD that prevents it from 

forming complex II with CASP812. Ub-editing enzyme A20 is recruited to TNFR1-SC through 

its M1- (ZnF7) and K63-specific (ZnF4) UBDs41,42. By protecting linear Ub chains from DUB 

cleavage, A20 prevents formation of the complex II42. These data are in agreement with our 

results, showing how distinct linear Ub readers within TNFR1-SC regulate TNFR1 signalling, as 

well as with data showing how deficiency of LUBAC components promotes complex II 

assembly and induces aberrant TNF-mediated endothelial cell death43. 

Gitlin et al.1 identified N4BP1 as a suppressor of cytokine production that is inactivated by 

CASP8, similar to our findings. Mice lacking N4BP1 show increased production of a subset of 

cytokines, which is in agreement with our data. We here provide a detailed mechanism on how 

N4BP1 exerts its activity in TNFR1 signalling through the newly identified LUBIN, and explain 

how CASP8 cleavage leads to removal of functional LUBIN that is no longer able to stabilize 

linear Ub linkages and the integrity of TNFR1-SC. Similarly, HOIP is also cleaved upon the 

induction of apoptosis and subjected to proteasomal degradation. Whereas the C-terminal 

fragment of HOIP retains NFκB activity, linear ubiquitination of NEMO and FADD are 

decreased12, facilitating the assembly of complex II and apoptosis. It was also recently shown 

that CASP8 inhibitor cFLIP is modified by LUBAC to prevent its proteasomal degradation. 

Inactivation or depletion of HOIP leads to the removal of cFLIP, releasing CASP8 inhibition44. 
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This implies that multiple proapoptotic regulators are kept in check by linear Ub chains 

generated by LUBAC and that the removal of these linkages unleashes apoptosis. 

In summary, we propose that N4BP1 is recruited to the nascent TNFR1-SC upon TNFα 

stimulation, where it binds linear Ub linkages via LUBIN to regulate the integrity of TNFR1-SC 

and duration of proinflammatory signalling (Fig. 4G). Prolonged TNFα stimulation leads to the 

activation of CASP8 that cleaves N4BP1. After the C-terminal part of N4BP1 is removed by 26S 

proteasome, complex II formation and apoptosis are accelerated. Thus, N4BP1 utilizes a 

complex mechanism to regulate the progression of the TNFα-mediated NFκB pathway and cell 

death. 
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Figure legends 

 

Figure 1. N4BP1 is a novel linear Ub-binding protein 

(A) GST pull-down assay of endogenous mouse N4BP1 with GST fusions of mono-, di- and 

tetraUb. (B) Schematic representation of human N4BP1 with predicted domains. Domains: KH-

like (K Homology), UBM-like (Ub-binding motif-like), divergent UBA (Ub-associated), NYN 

RNase and divergent CUE. Legend: the numbers outside and inside the brackets indicate amino 

acid residues of human and mouse N4BP1 respectively. (C) GST pull-down assay with GST 

fusions of mono- and tetraUb with N4BP1 CUE domain and predicted Ub binding-deficient 

(F862G, P863A) mutant transiently overexpressed in HEK293T cells as EGFP fusions. (D) 

Structural model of the CUE domain of N4BP1 (green) in the complex with Ub (blue) in a 

cartoon and surface presentation. Residues of N4BP1 and Ub, which form the interface of the 

complex are shown in purple and yellow respectively. (E) GST pull-down assay of mouse 

N4BP1 CUE domain (850-893) transiently overexpressed as EGFP fusion in HEK293T cells 

with GST fusions of mono- and diUb. The mutation D893A diminishes Ub binding by disrupting 

the polar interaction between N4BP1 and Ub, as indicated in the structural model of the complex 

in D. 

 

Figure 2. N4BP1 achieves linear ubiquitin binding through unique dimerization of its 

RNase and CUE domains 

(A) Quantitative analysis of Ub binding specificity of N4BP1 (613-893) by surface plasmon 

resonance (SPR). Average binding responses of increasing concentrations of monoUb and K48-, 

K63- and M1-linked diUb were fitted to a saturation equilibrium binding model to obtain 

equilibrium dissociation constants. (B) The effect of point mutations in the RNase domain on 

dimerization of mouse N4BP1 (613-893). Each lysate was prepared both under non-denaturing 

(lysate mixed with 1xLDS buffer) or denaturing (lysate mixed with 1xLDS+ β-Me, followed by 

thermal denaturation) conditions and analysed by Western blotting. (*) indicates N4BP1 (613-

893) monomer, (**) is N4BP1 (613-893) dimer that is destroyed under denaturing conditions. 

(C) Schematic representation of human N4BP1 with indicated monoUb- and linear Ub-binding 

domains, as well as dimerization module consisting of RNase and CUE domains. (D) Structural 

model of the N4BP1 (613-893) dimer in complex with M1-linked diUb. A homology model of 
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the RNase domain was generated using residues 135-339 of the X-ray structure of dimeric 

MCPIP1 (PDB ID: 5H9W) as a template. The RNase domain (orange) is interconnected to the 

NMR based solution structure of the CUE domain (green) via a flexible linker region (residues 

775-849), which is shown as a C-α backbone trace (grey, dashed line). The dimeric arrangement 

of N4BP1 is compatible with simultaneous interaction of both CUE domains with the 

experimentally defined interface areas of M1-linked diUb (blue). Residues involved in N4BP1 

recognition are shown in yellow and the corresponding contact surface of the CUE domain is 

depicted in purple. 

 

Figure 3. N4BP1 is a novel negative regulator of TNFR1 signalling 

(A) Binding of M1-linked HMW Ub species to N4BP1. Immunoprecipitated endogenous N4BP1 

and total cell lysates upon TNFα (20 ng/ml) treatment for indicated time periods were analysed 

by Western blotting with indicated antibodies. (B) Effect of N4BP1 on nuclear translocation of 

p65 upon TNFα stimulation. Sixteen hours post-starvation, N4BP1+/+ and N4BP1-/- MEFs were 

treated with TNFα (20 ng/ml) for 10 min. Localization of p65 was detected by indirect 

immunofluorescence using anti-p65 antibody (1st and 4th column). Nucleoli were stained with 

DAPI (2nd and 5th column). (C) The effect of N4BP1 on activation of TNFα-mediated NFκB 

pathway. After 16 hours of serum starvation, N4BP1+/+ and N4BP1-/- MEFs were treated with 

TNFα (20 ng/ml) for indicated time periods. Total cell lysates were analysed by Western blotting 

with indicated antibodies. (D) Analysis of N4BP1 interaction with TNFR1-SC complex. After 16 

hours starvation, N4BP1+/+ MEFs were stimulated with recombinant HS-TNFα (1 μg/ml, 5 min) 

and TNFα-bound signalling complex was pulled down with Strep-tactin resins and subsequently 

resolved and analysed by Western blotting with indicated antibodies. (E) The effect of linear Ub 

binding-deficient N4BP1 on NFκB transcriptional activity. N4BP1-/- MEFs stably expressing 

either empty vector, HA-N4BP1 (1-893) or HA-N4BP1 (1-893, F862G/P863A) were transiently 

transfected with pNFκB-Luc and pUT651 plasmids encoding luciferase and β-galactosidase, 

respectively. After 24 hours, cells were starved for 16 hours, followed by 6 hours stimulation 

with TNFα (20 ng/ml). Lysates were subjected to luciferase and β-galactosidase assays. Three 

independent experimental replicates consisting of technical duplicates were performed. Results 

are shown as means and s.e.m. (n=3). n.s., no statistically significant difference, * P < 0.05 and 
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**** P < 0.0001, determined by two-way ANOVA test post hoc Sidak's multiple comparisons 

test. 

 

Figure 4. CASP8-mediated proteolytic processing of N4BP1 promotes TNFα-induced cell 

death 

(A) Cell viability of N4BP1+/+ and N4BP1-/- MEFs left untreated or exposed for 12 hours to 

TNFα alone (10 ng/ml) or TNFα combined with CHX (10 ng/ml and 0.5 μg/ml respectively). 

Cell survival was determined by crystal violet staining. Results are shown as means and s.e.m. 

(n=3). **** P < 0.0001, determined by two-way ANOVA, post hoc Sidak's multiple 

comparisons test. (B) The effect of N4BP1 on apoptotic cell death. N4BP1+/+ and N4BP1-/- 

MEFs were treated with TNFα (10 ng/ml) and CHX (0.5 μg/ml) for indicated time periods. The 

proteolytic processing of apoptotic markers was measured by monitoring the appearance of a 

cleaved form of CASP3, the disappearance of the full-length CASP8 and RIP1, and both cleaved 

and uncleaved forms of PARP1. (C) Cell viability of N4BP1-/- MEFs reconstituted with empty 

vector, N4BP1 (1-893) or N4BP1 (1-893, F862G/P863A) under apoptotic conditions. Cells were 

left untreated or exposed for 10 hours to TNFα and CHX (10 ng/ml and 0.5 μg/ml respectively). 

Cell viability was determined by the CellTiter-Glo Luminescent assay. Three independent 

experimental replicates consisting of technical triplicates were performed. Results are shown as 

means and s.e.m. (n=3). n.s., no statistically significant difference, * P < 0.05, **** P < 0.0001, 

determined by two-way ANOVA, post hoc Sidak's multiple comparisons test. (D) Effect of 

N4BP1 on proapoptotic complex II formation. N4BP1+/+ and N4BP1-/- MEFs were left untreated 

or exposed to TNFα and CHX (10 ng/ml and 0.5 μg/ml, respectively) without or with z-VAD-

fmk (20 μM) for 90 min. Immunoprecipitated endogenous FADD and total cell lysates were 

analysed by Western blotting. (E) Schematic representation of N4BP1 protein with indicated 

CASP8 cleavage sites. (F) The effect of N4BP1 and its cleavage fragments on cell viability. 

N4BP1-/- MEFs reconstituted with empty vector, HA-N4BP1 (1-893), HA-N4BP1 (1-893, 

D311/484/488A), HA-N4BP1 (1-488) or HA-N4BP1 (489-893) were either exposed for 10 hours 

to TNFα (10 ng/ml) and CHX (0.5 μg/ml) or left untreated. Cell viability was determined by the 

CellTiter-Glo Luminescent assay. Three independent experimental replicates consisting of 

technical duplicates were performed. Results are shown as means and s.e.m. (n=3). n.s., no 

statistically significant difference, **** P < 0.0001, determined by two-way ANOVA, followed 
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by post hoc Tukey's multiple comparisons test. (G) Upon binding of TNFα, transmembrane 

TNFR1 undergoes trimerization, which enables formation of TNFR1-SC. Initially, TNFR1 

trimer independently binds TRADD and RIP1. TRADD functions as a scaffold protein, which 

recruits Ub ligases cIAP1 and cIAP2 through TRAF2/5 to TNFR1-SC. cIAP1/2 attaches K63-

linked Ub chains on RIP1 and automodifies itself, which is a prerequisite for LUBAC 

recruitment. Once recruited, LUBAC assembles M1 linkages on TNFR1-SC components, which 

are recognized by adapter subunit NEMO of IKK complex. Subsequently, LUBAC conjugates 

M1 linkages on NEMO, which is essential for the IKK activation. Next, IKK-mediated 

phosphorylation of NFκB inhibitor IκB leads to its K48 ubiquitination by SCFβ-TrCP. Subsequent 

26S proteasome-mediated removal of IκB enables nuclear translocation of NFκB/REL 

transcription factors and the induction of NFκB-dependent gene expression. We propose that 

N4BP1 regulates prosurvival TNFR1 signalling by recognizing linear Ub chains of nascent 

TNFR1-SC through its LUBIN. N4BP1 likely competes with linear Ub-specific DUBs (CYLD 

and OTULIN) for binding to M1 linkages, similarly to other linear Ub readers. During apoptosis, 

active CASP8 recognizes and cleaves N4BP1. N4BP1 (489-893) cleavage fragment, which 

contains LUBIN, undergoes proteasomal degradation. Consequently, the removal of C-terminal 

N4BP1 cleavage fragment promotes cell death. 
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Extended Data Figure 5.
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Extended Data Figure 6.
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Extended Data Figure 7.
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Extended data Figure 9.
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Extended Data Figure 11

dist. Ubprox. Ub

RNase

dist. Ubprox. Ub

UBAN

dist. Ubprox. Ub

NZF

C 

A 

B

dist. Ubprox. Ub

RNase

CUE
CUE

N4BP1 

NEMO

HOIL-1L

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted November 2, 2021. ; https://doi.org/10.1101/2021.11.02.466974doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.02.466974


Table 1. KD values of different N4BP1 fragments with various ubiquitin linkages determined by ITC and SPR 
measurements 
 

ITC 
KD 

[μM] 

ΔH 

[kcal/mol] 

-TΔS 

[kcal/mol] 

ΔG 

[kcal/mol] 
N 

N4BP1 (850-893) 

monoUb 27.5 ± 5.6 -5.2 -1.03 -6.21 0.915 

M1-diUb 28.1 ± 2.7 -5.3 -0.86 -6.21 2.16 

K63-diUb 16.7 ± 8.2 -5.88 -3.15 -6.62 1.71 

K48-diUb 47.0 ± 5.6 -5.87 -0.42 -5.67 1.29 

monoUb K48A no binding detected - - - - 

monoUb K48R 28.1 ± 9 -4.61 -1.58 -6.2 0.82 

      

SPR 
KD 

[μM] 
    

N4BP1 (613-774) 

monoUb 

no binding detected 

    

M1-diUb     

K63-diUb     

K48-diUb     

N4BP1 (613-893) 

monoUb 84.93     

M1-diUb 0.43     

K63-diUb 10.85     

K48-diUb 34.23     
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