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Abstract

Virus-encoded molecular signatures, such as cytosolic double-stranded or otherwise biochemically 

distinct RNA species, trigger cellular antiviral signaling. Cytoplasmic proteins recognize these 

non-self RNAs and activate signal transduction pathways that drive the expression of virus-

induced genes, including the primary antiviral cytokine, IFNβ, and diverse direct and indirect 

antiviral effectors [1–4]. One important group of cytosolic RNA sensors known as the RIG-I like 

receptors (RLRs) is comprised of three proteins that are similar in structure and function. The 

RLR proteins, RIG-I, MDA5, and LGP2, share the ability to recognize nucleic acid signatures 

produced by virus infections and activate antiviral signaling. Emerging evidence indicates that 

RNA detection by RLRs culminates in the assembly of dynamic multimeric ribonucleoprotein 

(RNP) complexes. These RNPs can act as signaling platforms that are capable of propagating and 

amplifying antiviral signaling responses. Despite their common domain structures and similar 

abilities to induce antiviral responses, the RLRs differ in their enzymatic properties, their intrinsic 

abilities to recognize RNA, and their ability to assemble into filamentous complexes. This 

molecular specialization has enabled the RLRs to recognize and respond to diverse virus 

infections, and to mediate both unique and overlapping functions in immune regulation [5, 6].

Overview of RLR Structure and Function

RLR proteins are characterized by the fusion of RNA binding, ATP hydrolysis, and signal 

transduction domains into a single antiviral sentry (Figure 1). All three RLR proteins share a 

prominent DECH-box helicase domain that is required for dsRNA binding and ATP 

hydrolysis. Like other superfamily 2 helicase proteins, this domain’s catalytic core is 

composed of two RecA-like domains (Hel1 and Hel2), and these two fundamental helicase 

domains are interrupted by an intervening insertion, Hel2i, within the N-terminus of Hel2. 

Prominent, highly conserved helicase domain sequence motifs cluster within the two RecA 

subdomains and function to coordinate dsRNA binding and ATP hydrolysis [7]. These 

motifs are identifiable in the three RLRs, but shared variations clearly distinguish these 

motifs as related versions of the consensus sequences [8]. Although the term “helicase” is 
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used to indicate unwinding of double stranded DNA and RNA, DECH-box proteins are 

known to have many diverse functions, including translocation along single-stranded and 

double-stranded nucleic acids, unwinding of double-stranded nucleic acids, annealing of 

complementary strands, and displacement of proteins from ribonucleoprotein complexes [9]. 

There is little evidence for duplex unwinding activity by the RLR proteins, but ATP 

hydrolysis is essential for proper RLR signal transduction. Each RLR uses ATP to power 

specific actions related to their RNA recognition and oligomerization properties, required 

for activation of antiviral signal transduction.

At the C-terminus of the RLRs is a regulatory domain that has been implicated in 

recognition of non-self RNA termini and both cis and trans regulation of antiviral signaling 

[10–12]. Analysis of the RLR CTDs demonstrated that the analogous regions of LGP2 and 

MDA5 exhibit some affinity for the termini of dsRNA, but only the RIG-I CTD specifically 

recognizes RNA 5′ end tri-phosphorylation [10, 13–17]. The RLR proteins differ in their 

intrinsic abilities to interact with RNA substrates, and recent structural and biochemical 

experiments have revealed that RIG-I and MDA5 are able to assemble into filamentous 

structures in association with dsRNA templates. This common ordered-aggregation 

mechanism facilitates the oligomerization of their N-terminal CARD domains, protein 

interaction modules that can associate with and nucleate the oligomerization of the essential 

mitochondria-localized antiviral signaling protein, MAVS. Organization of the MAVS 

CARD by RIG-I or MDA5 can initiate the formation of detergent-resistant, high-molecular-

weight MAVS polymers. These activated MAVS fibers can seed further activation of 

MAVS molecules, perpetuating and amplifying the antiviral signal [18, 19]. Current 

information suggests that the initiation of MAVS fibril assembly is a central outcome of 

RNA recognition by the RLR proteins, and is critical for the efficient activation of 

downstream antiviral signaling cascades. Here, fundamental aspects of RLR-mediated RNA 

recognition, assembly, and signal transduction are reviewed, with particular emphasis on the 

enzymatic and functional distinctions between RIG-I, MDA5, and LGP2.

RIG-I

RIG-I is the first recognized RLR, and serves as a prototype [20]. RIG-I is auto-inhibited at 

steady state, ensuring low activity in the absence of high-affinity ligand RNAs. Crystal 

structures have revealed that in the absence of suitable RNA ligands, hydrophobic 

interactions and salt bridges between the second CARD and the Hel2i domain form a 

repressed structure, leaving the CTD free to scan the cytoplasm for suitable RNA ligands. 

Engagement of an appropriate RNA ligand by the CTD conformationally activates RIG-I to 

assume signaling competence by releasing the auto-repressed CARDs and exposing a 

functional ATP-binding helicase domain [12, 21, 22]. Thus, RNA interaction induces RIG-

I’s ATP hydrolysis activity, which is required for signaling. RIG-I is activated by 

interactions with short dsRNA containing a 5′ tri- or di- phosphate and base-paired ends, a 

non-self signature common to many virus genomes, replication intermediates, and defective-

interfering particles, including poly (I:C), viral hairpins and DI genomes, and HCV poly U-

rich UTR RNA [23]. Cells derived from RIG-I knockout mice fail to initiate antiviral 

signaling programs, resulting in reduced production of IFNβ, failure of antiviral immunity, 

and broad susceptibility to virus infections [24]. These diverse activating ligands reflect the 
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broad range of RNA viruses that have been demonstrated to be susceptible to detection by 

RIG-I.

After RNA recognition, the exposed CARDs are able to interact with the MAVS CARD, 

seeding its oligomerization and initiating the assembly of antiviral signaling complexes. 

ATP hydrolysis is essential for RIG-I signal transduction, and ATPase-deficient mutants 

have a dominant-negative phenotype able to suppress signaling by wild-type RIG-I [8]. The 

precise roles played by ATP hydrolysis in RIG-I signaling remain to be fully accounted for, 

but it is likely that enzymatic activity enables the protein to more effectively achieve its 

activated conformational state for downstream signaling. Intriguingly, the ATP hydrolysis 

requirement for RIG-I signaling can be bypassed by mutations to conserved helicase motifs 

that inactivate enzymatic activity but render the protein constitutively active. These 

hyperactive alleles likely encode RIG-I proteins that constitutively assume de-repressed 

conformations that expose the CARDs, allowing their oligomerization in the absence of 

virus infection or ligand stimulation [8].

Single molecule analysis of RIG-I-RNA interactions has demonstrated that it can use the 

energy from ATP hydrolysis to translocate along the dsRNA duplex [25]. Though the 

biological impact of RIG-I translocation is yet to be clarified, this movement was suggested 

to enable RIG-I to discriminate templates based on the length of time spent in translocation, 

or to displace viral RNA-binding proteins that obscure substrate recognition. More recent 

results indicate that ATP-dependent translocation may also increase the frequency or 

efficiency of RIG-I assembly into high molecular weight aggregates on RNA templates. 

RIG-I interacts with short target dsRNAs as a monomer, with the CTD mediating end 

recognition, and there is little evidence for cooperative binding under these conditions [12, 

21, 22], though it must be noted that many contributing studies analyzed RIG-I fragments 

that may not accurately represent native interactions, or were carried out in conditions that 

did not include ATP hydrolysis [26]. Monomeric RIG-I binds to a minimal 9–10 base pair 

dsRNA with a 5′ triphosphate [27], but oligomerization on longer base-paired stretches of 

RNA was observed under ATP hydrolysis conditions. Oligomerization was further 

correlated with enhanced signaling ability, suggesting that a higher order structure 

represents the most active conformation [28].

Biochemical and electron microscopic analysis of the oligomeric state of the full length 

RIG-I revealed that it is capable of assembling into a filamentous structure on dsRNA in an 

ATP-dependent process [29]. Current evidence suggests a recognition and activation process 

(Figure 2A) in which monomers of RIG-I initially interact with dsRNA ends (5′-PPP) that 

are recognized by the CTD. This substrate recognition simultaneously exposes the CARDs, 

while the helicase domain engages the dsRNA template and uses ATP hydrolysis to 

translocate away from the end and toward the dsRNA interior. Thus, the monomeric 

recognition of RNA is ATP-independent and produces end-capping structures prior to 

translocation. ATP-mediated translocation results in tighter stacking of RIG-I oligomers into 

a more filamentous architecture. RIG-I translocation is not very processive under the 

conditions tested, and these RIG-I RNP structures have limited ability to spread, resulting in 

short, end-directed filaments on dsRNA. Direct contact between monomers is required for 

appropriate, signaling-competent RIG-I filament packing [29].
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Several studies have indicated that ubiquitin has a fundamental function in RIG-I activation 

[30, 31]. It has been demonstrated that K63-linked ubiquitin can be conjugated to the RIG-I 

CARD by the TRIM25 protein, and that this modification facilitates downstream antiviral 

signaling [32]. In addition, it has been demonstrated that unattached K63-linked ubiquitin 

chains can promote RIG-I activation through a non-covalent mechanism in vitro and in vivo 

[33]. Structural studies have revealed the non-covalent K63 ubiquitin chains can organize 

RIG-I CARD-CARD interactions to form a tetrameric structure that is bridged by three K63-

ubiquitin chains. These tetrameric CARDs are sufficient to interact with and organize the 

assembly of the MAVS CARD, promoting the initiation of MAVS filament formation and 

its subsequent prion-like aggregation [34]. The efficacy of RIG-I CARDs to simulate MAVS 

filament assembly was enhanced by covalent K63 ubiquitin conjugation. As such, three 

mechanisms can non-exclusively contribute to RIG-I signaling by organizing the CARDs 

into higher-order oligomers: (i) non-covalent interactions with ubiquitin chains, (ii) covalent 

modification by ubiquitin, and (iii) ATP-mediated filament formation. Together, these 

mechanisms ensure efficient and specific RIG-I activation by diverse pathogens that can 

present appropriate non-self RNA species.

MDA5

MDA5 shares the overall domain structure of RIG-I with tandem CARDs fused to 

homologous helicase and CTD regions (Figure 1), and is thought to signal through a similar 

CARD-mediated, MAVS-dependent system to activate antiviral gene expression. Unlike the 

auto-inhibited RIG-I, expression of MDA5 alone is sufficient to activate the IFNβ gene in 

the absence of specific RNA recognition [8, 35], though its activity is regulated in vivo by 

CARD ubiquitination, phosphorylation, and direct or indirect association with other antiviral 

mediators [3, 36–39]. MDA5 deficient mice fail to respond to treatment with the synthetic 

dsRNA analog, poly(I:C), and exhibit greater susceptibility to certain positive-sense single-

stranded RNA viruses, including the picornaviruses, poliovirus and encephalomyocarditis 

virus (EMCV), and murine norovirus [24, 40, 41], all of which are poorly recognized by 

RIG-I.

There is a relative lack of detailed information regarding MDA5 RNA recognition 

substrates, in part due to the apparently poor RNA binding activity of MDA5. However, a 

few studies have elucidated potential RNA features, modifications, or specific viral RNA 

regions that are discriminated by MDA5. MDA5 was found to be activated by enzymatically 

digested or sheared populations of RNA longer than 2kbp [42], and high molecular weight 

RNAs extracted from virus-infected cells were shown to preferentially activate MDA5-

mediated signaling [43]. It was proposed that structural features, such as RNA branches 

found in RNAs with both single-stranded and double-stranded regions might be required for 

recognition by MDA5. This is consistent with the observation that poly (I:C) is able to 

activate MDA5 in vitro and in vivo [24, 40]. MDA5 may also be able to discriminate some 

features specific to virus-derived mRNAs, including 2′-O-methylation or secondary 

structures [44, 45]. EMCV is a virus that effectively escapes RIG-I detection by masking its 

RNA 5′ ends and replicates more efficiently in the absence of either MDA5 or LGP2. A 

region of the transcribed negative-strand RNA acts as a physiological agonist of MDA5 -

dependent signaling that is necessary and sufficient for MDA5-mediated antiviral responses 
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to EMCV infection [46]. However, this EMCV-encoded MDA5 agonist RNA was identified 

based on its association with LGP2, and binds poorly to MDA5. Therefore, while RNA 

features specific for MDA5 recognition were not revealed, this study added to the increasing 

evidence that LGP2 acts as a collaborator for MDA5 RNA recognition [47]. Further 

attempts to isolate MDA5-specific RNA ligands have exploited photo-activated RNA 

crosslinking of measles virus-infected cells to preserve low-affinity interactions during 

subsequent immunoprecipitation. The captured RNA sequences were evaluated by statistical 

approaches to determine if MDA5 binds particular viral motifs. Although RNA features 

specific for MDA5 recognition were not clearly identified, the informatic analysis revealed a 

correlation between RNA A/U content and the activation of both RIG-I and MDA5 signal 

transduction. Curiously, A/U-rich RNAs that stimulate MDA5 signaling were found to be 

less effective at stimulating MDA5 ATP hydrolysis. ATP hydrolysis is essential for MDA5 

signal transduction [8], and mutations that disrupt MDA5 ATP hydrolysis are inactive but, 

unlike RIG-I, do not interfere with wild-type MDA5 in trans. The reasons for this difference 

are unclear but may be related to the unique ways that MDA5 and RIG-I utilize ATP 

hydrolysis in generating signaling-competent oligomers or filamentous assemblies.

Despite its relatively low solution RNA binding affinity compared to RIG-I or LGP2, 

electron microscopy has revealed that MDA5 is able to assemble cooperatively into 

filaments on dsRNA, with ring-like asymmetric units that form helical twists [48–53]. The 

unit structures of MDA5 and RIG-I are similar, with the helicase domains surrounding the 

dsRNA core. However, while RIG-I uses its CTD to bind tightly to the 5′-triphosphate ends, 

MDA5 does not preferentially recognize dsRNA ends and instead the MDA5 CTD 

associates with its helicase domain to form a more complete ring around the dsRNA duplex. 

Data indicate that MDA5 initially binds slowly, with low affinity, to dsRNA. Once engaged, 

MDA5 oligomerization is mediated by cooperative binding, and long RNP filaments can be 

assembled in vitro (Figure 2B). In the presence of the ATP transition state analogue, ADP-

AlF4, these structures can assemble processively into long head-to-tail filaments, but are 

destabilized by MDA5 ATP hydrolysis [51, 53–55]. Physiological ATP levels promote 

MDA5 dissociation from RNA, and these long RNP filaments have yet to be detected inside 

living cells. The observed long MDA5 filaments may represent a captured transition state 

formed during MDA5 signaling rather than a stable intracellular structure. Moreover, it 

remains likely that additional proteins or post-translational modifications regulate the extent 

of MDA5 filament assembly in vivo during virus infections.

Recent investigation of mouse and human genetic abnormalities that contribute to 

autoimmune syndromes has revealed a novel clinical connection to MDA5. Early 

identification of MDA5 characterized it as a melanoma- differentiation associated gene [56, 

57], and it was also implicated in the regulation of nuclear remodeling occurring during 

apoptosis [58]. These biological regulatory properties implicate MDA5 in biological actions 

beyond innate antiviral signaling. An early intersection of MDA5 with autoimmune disease 

was established by a genome-wide association linking the MDA5 locus as a risk factor for 

type 1 diabetes [59]. MDA5 connections to autoimmune disease were extended to lupus 

susceptibility [60], and other diseases that are characterized by chronic IFN stimulated gene 

expression signatures [61].
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Molecular insights into the ability of MDA5 to participate in autoimmune signaling were 

acquired recently from a study of mutagenized mice that acquired a lupus-like phenotype, 

including chronic multi-organ inflammation, widespread lymphocyte infiltration, and 

unregulated cytokine expression. These mice featured widespread IFN and IFN-stimulated 

gene expression, and this was dependent on MDA5 signaling through MAVS [62]. A single 

point mutation in MDA5 (G821S) was found to produce an MDA5 protein defective in ATP 

hydrolysis activity, but constitutively active for signal transduction. As a result, the mouse 

cells homozygous for the mutant MDA5 express high constitutive levels of IFNβ but cannot 

properly recognize and respond to the challenge of infection with EMCV. Although these 

findings may seem to present a paradox for RLR signaling, prior studies clearly established 

a precedent for interpreting the mutant phenotype. Engineered mutations targeting the 

human MDA5 helicase domain can produce MDA5 proteins with constitutive and 

hyperactive interferon signal transduction capacity in the absence of RNA binding and ATP 

hydrolysis [8]. Paradoxically, while MDA5 does require ATP hydrolysis for its antiviral 

activity, some catalytically-inactive MDA5 mutants are capable of constitutive signaling. 

The discovery of a signaling-competent, ATPase-deficient MDA5 mutant as the basis 

mammalian autoimmunity [62] suggests that a greater appreciation of the mechanisms 

underlying MDA5 signaling is needed to reconcile its roles in regulating both autoimmunity 

and antiviral signaling.

The mouse mutant demonstrated the potential for MDA5 to mediate autoimmunity, and the 

discovery of MDA5 variants in human patients underscores its clinical importance to 

autoimmunity. Aicardi-Goutieres Syndrome (AGS) is a hereditary autoimmune disease that 

is characterized by early onset of neurological degeneration and deterioration of myelinated 

nerve fibers [63]. Most relevantly, AGS is also characterized by constitutive expression of 

IFN response gene signatures. Applying whole-exome sequencing determined the molecular 

basis underpinning genetically uncharacterized cases of AGS to be gain-of-function 

mutations in MDA5. Analysis of these mutant MDA5 proteins determined that they have 

normal or increased RNA binding activity and are competent for ATP hydrolysis. It will be 

interesting to analyze the connections and distinctions among these altered MDA5 alleles to 

determine the factors that lead to increased IFN signaling and heightened antiviral immunity 

versus the autoimmune manifestations of SLE, AGS, or autoimmune diabetes. These new 

findings bring to mind a comment from the late Dr. Jurg Tschopp, that “undoubtedly, 

MDA5 has not yet disclosed all its secrets” [64].

LGP2

The third member of the RLR family shares sequence conservation within the helicase 

domain and the CTD, but lacks CARD or other known signaling domains. Despite its 

recognition as a close relative of MDA5 and RIG-I, the functions of LGP2 in innate antiviral 

immunity remain to be completely understood. A number of experiments carried out in vivo 

and in vitro have revealed antithetic activities for LGP2 as both an activator and an inhibitor 

of RLR-mediated antiviral signaling [47, 65], and three independent LGP2 knockout mouse 

lines were reported with distinct but overlapping phenotypes [11, 66–70]. LGP2 can mediate 

cellular responses related to viral RNA recognition and antiviral signaling, and participates 
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in antiviral T cell expansion [69], responses triggered by cytosolic dsDNA [71], and cancer 

cell resistance to ionizing radiation [72].

The LGP2 mRNA is transcribed in response to virus infections or stimulation with antiviral 

mediators including poly(I:C) and IFNs [11, 66, 67, 73–75]. It has been established that 

LGP2 expressed from plasmid vectors can act as a negative regulator of RLR signaling [11, 

66, 67], suggesting that LGP2 functions as a feedback inhibitor of antiviral responses. 

However, while the mechanistic basis for LGP2-mediated feedback inhibition remains 

unclear, it has been attributed to PAMP RNA sequestration [67], inhibitory protein 

interactions [11], and direct interference with MAVS signaling [66]. These mechanisms may 

or may not be mutually exclusive and could represent temporally or spatially separated 

functions in RLR signaling.

Accumulating results indicate that LGP2 also participates in virus detection and the positive 

regulation of antiviral signaling. Mice lacking LGP2 are more susceptible to picornaviruses 

that had been previously linked to detection by MDA5 [24, 68]. Co-expression of LGP2 

with MDA5 synergistically increases antiviral signaling activity, and it has been 

demonstrated that LGP2 can enhance MDA5-dependent responses [35, 68, 76, 77]. LGP2 

positive regulation of antiviral signaling through MDA5 is further supported by virological 

implications. It is specifically noted that the EMCV-derived MDA5 agonist RNA was 

identified through its association with LGP2, and has little affinity for MDA5 [46]. In 

addition, a number of RNA viruses in the Paramyxovirus family encode antagonist proteins 

that interfere with ATP hydrolysis by directly binding to the Hel2 domain of both MDA5 

and LGP2, but not RIG-I [78].

The connections between MDA5 and LGP2 are yet to be fully deciphered, but the positive 

and negative properties of LGP2 can be distinguished from one another on the basis of their 

requirements for RNA binding and ATP hydrolysis. The negative regulatory activity of 

LGP2 is independent of enzymatic activity and remains intact despite mutations that target 

key helicase domain residues [8, 35, 47, 79]. In contrast, helicase domain mutations disrupt 

LGP2’s ability to co-activate MDA5 signaling, which requires both ATP hydrolysis and 

RNA binding [35, 47, 79]. Unlike the RNA-induced activity of other RLRs, LGP2 has a 

high basal ATP hydrolysis activity that is independent of RNA binding [8, 35]. RNA 

interaction further stimulates LGP2 enzymatic activity, and LGP2 uses this basal ATP 

hydrolysis to enhance its ability to scan the cytoplasm and efficiently engage diverse dsRNA 

species. This ATP-powered RNA interaction is connected to the ability of LGP2 to 

potentiate MDA5-mediated signal transduction, as mutations that block basal ATP 

hydrolysis also prevent its ability to enhance MDA5.

Understanding these features of LGP2 have expanded our understanding of this innate 

immune sensor and enabled the generation of new models to help reconcile its dual roles in 

RLR regulation [8, 80, 81]. For example, we have proposed a working model in which 

LGP2 switches between MDA5-specific enhancement and a more general RLR negative 

regulation [47]. Titrating LGP2 expression into MDA5-dependent signaling demonstrates 

that low levels of LGP2 are synergistic with MDA5 [35, 47, 79, 82], a process that requires 

LGP2 ATP hydrolysis and RNA binding activities. The MDA5-stimulating activity of LGP2 
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is revealed in a narrow stoichiometric range, and further titration of LGP2 expression 

ultimately achieves an inhibitory concentration that disrupts RLR signaling activity [35, 76] 

[11, 66, 67].

Although many aspects of MDA5-LGP2 synergy remain to be addressed experimentally, 

our recent work has unraveled one element of this co-regulation (Figure 2C, [82]). It was 

observed that LGP2 catalytically increases the initial rate and stability of MDA5-dsRNA 

interactions. In addition, although LGP2 did not form dsRNA filaments by itself, the 

presence of LGP2 dramatically altered the quantity and quality of MDA5 filaments. LGP2 

enabled MDA5 to generate a greater number of filaments, although the filaments were 

shorter in length. LGP2 enhances MDA5 activity by facilitating its initial RNA interaction, 

and has the effect of increasing the number and regulating the length of MDA5-RNA 

filaments. This MDA5 co-activation requires LGP2 ATP hydrolysis and RNA-binding 

activities, as well as an intact MDA5 oligomeric interface. This phenomenon apparently 

ensures MDA5 RNA recognition and optimizes signaling output, providing a plausible 

mechanistic basis for LGP2 co-activation.

Concluding Statements

In the decade since the recognition of RIG-I, MDA5, and LGP2 as a family of antiviral 

signaling proteins [20], our understanding of the mechanisms underlying intracellular RNA 

virus recognition and signal transduction has grown dramatically. Contemporary insights 

into antiviral signaling have rapidly moved from RLR identification to defining non-self 

RNA features and three-dimensional analysis of antiviral RNP filaments. Activation of 

beneficial MAVS prion-like assembly has drawn parallels with inflammasome processes, 

and RLRs have been independently implicated as mediators of immune defects of non-viral 

etiology. The next decade promises to expand upon these recent findings by revealing the 

secrets of each RLR protein, and exposing the mysteries of innate antiviral immune 

regulation.
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Highlights

RLRs share the ability to recognize nucleic acid signatures and activate antiviral 

signaling.

RLRs assemble dynamic multimeric ribonucleoprotein complexes.

RLRs differ in enzymatic properties, RNA recognition, and RNP assembly.
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Figure 1. RLR family protein domain structures
Diagram illustrating domain structure and features of RIG-I, MDA5, and LGP2. The three 

RLRs are composed of a central DECH-box Helicase domain that encompasses conserved 

helicase subdomains, Hel1 (surrounding helicase motifs Q, I, II, and III) and Hel2 

(surrounding helicase motifs IV, V, and VI). Between them lies the helicase insert domain, 

Hel2i. A C-terminal domain (CTD) is required for auto-regulation and RNA terminus 

recognition by RIG-I and shares some similarity with MDA5 and LGP2. RIG-I and MDA5 

contain tandem caspase activation and recruitment domain (CARD) regions at their N-

termini, which are essential for interactions with MAVS to promote downstream signaling.
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Figure 2. Comparison of RNA filament assembly by RLR proteins
Panels illustrate features of RLR assembly onto RNA templates. Each RLR protein is 

illustrated as a colored module, and inset box demonstrates positions of CARD, Helicase 

and CTD regions. Black lines indicate dsRNA.

A) RIG-I (red) is auto-repressed at steady state by CARD-Hel2i interactions. Recognition of 

a 5′-triphosphorylated dsRNA terminus (5′-PPP) by the CTD results in CARD de-

repression. The helicase domain mediates ATP-dependent translocation away from the RNA 

terminus with limited processivity, and leads to packaging of RIG-I into short, end-directed 

filaments.

B) MDA5 (magenta) has a low monomeric RNA binding affinity that is insensitive to 

terminal structures and characterized by a slow on-rate. ATP-mediated destabilization 

prevents MDA5 accumulation on dsRNA, but cooperative interactions between monomers 

can enhance processive filament assembly. Long MDA5 filaments are observed in vitro.

C) LGP2 (blue) has a high affinity for dsRNA and uses ATP hydrolysis to enable high-

efficiency binding to diverse RNA species. LGP2 is able to facilitate and stabilize MDA5-

dsRNA interactions leading to increased filament nucleation, producing a greater number of 

shorter MDA5 filaments.
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