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Abstract: The capsid precursor P1 constitutes the N-terminal part of the enterovirus 

polyprotein. It is processed into VP0, VP3, and VP1 by the viral proteases, and VP0 is 

cleaved autocatalytically into VP4 and VP2. We observed that poliovirus VP0 is rec-

ognized by an antibody against a cellular autophagy protein LC3A. The LC3A-like 

epitope overlapped the VP4/VP2 cleavage site. Individually expressed VP0-EGFP and 

P1 strongly colocalized with a marker of selective autophagy p62/SQSTM1. To assess 

the role of capsid proteins in autophagy development we infected different cells with 

poliovirus or encapsidated polio replicon coding for only the replication proteins. We 

analyzed the processing of LC3B and p62/SQSTM1, markers of the initiation and com-

pletion of the autophagy pathway, and systematically investigated the association of 

the viral antigens with these autophagy proteins in infected cells. We observed cell-

type specific development of autophagy upon infection and found that only the virion 

signal strongly co-localized with p62/SQSTM1 early in infection. Collectively, our 

data suggest that activation of autophagy is an antiviral response, and that capsid 

proteins contain determinants targeting them to p62/SQSTM1-dependent sequestra-

tion. Such a strategy may control the level of capsid proteins so that viral RNAs are 

not removed from the replication/translation pool prematurely.  

Keywords: enteroviruses; poliovirus; autophagy; LC3 processing; enterovirus repli-

cation 

 

1. Introduction 

1. Enteroviruses are ubiquitous human pathogens whose infection may be 

associated with a variety of pathological conditions, including the de-

velopment of type I diabetes, temporary or permanent paralysis, fatal 

encephalitis, and many others. Enteroviruses have non-enveloped viri-

ons of icosahedral symmetry containing a single positive-strand RNA 

genome. The genome RNA codes for one polyprotein which is pro-

cessed by the viral proteases co- and post-translationally into about a 
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dozen of individual peptides. The N-terminal part of the polyprotein 

contains the precursor of structural proteins P1, which is separated in 

cis from the rest of the polyprotein by the viral protease 2A and is fur-

ther processed in trans by the proteases 3CD and/or 3C into VP0, VP3, 

and VP1 (Fig. 1). Sixty copies of each of these structural proteins form 

the immature virion, and RNA packaging triggers the final autocatalytic 

cleavage of VP0 into VP4 and VP2 which stabilizes the virion [1-3].   

2. Poliovirus is the best-studied enterovirus, its replication cycle is short, 

6-8 h in common cell cultures making it an excellent model to study the 

fundamental aspects of enterovirus replication. Poliovirus infection in-

duces profound reorganization of the cellular metabolism, from the in-

activation of the nuclear-cytoplasmic trafficking, transcription, and cap-

dependent translation, to complete reorganization of the cellular mem-

brane architecture due to rewiring of the lipid and membrane synthesis 

and trafficking pathways [4, 5]. These changes in the infected cell reflect 

a balance of the processes creating an environment conducive to the vi-

ral replication, and those aimed at limiting the viral propagation and 

communicating the infected status of the cell to the immune system due 

to activation of the anti-viral mechanisms.  

3. Autophagy is among the cellular membrane metabolism pathways tar-

geted by enteroviruses. Autophagy is a membrane-dependent house-

keeping cellular process responsible for the recycling of organelles and 

metabolites, and it also plays an important role in stress responses, in-

cluding defense against pathogens. The dynamic adaptation of autoph-

agy to changing cellular environment is mediated by multiple regula-

tory networks. The hallmark of autophagy is the formation of character-

istic double-membrane vesicles (autophagosomes) where the cargo des-

tined for degradation is sequestered. The core autophagy machinery is 

highly conserved among eukaryotes, but in multicellular organisms, 

many autophagy-related genes underwent expansion and diversifica-

tion, and some autophagy-related proteins are specific to multicellular 

eukaryotes (reviewed in [6, 7]). The development of autophagosomes 

relies on the concerted action of complexes of autophagy proteins. 

Atg1/ULK kinase complex regulates initiation of autophagosome for-

mation, Atg9 complex coordinates the delivery of lipid material for the 

autophagosome membrane expansion, Atg14/phosphatidylinositol 3-

kinase (PI3K) complex mediates autophagosome nucleation and its ac-

tivity is required for the recruitment of multiple PI3P-binding proteins. 

Finally, closely interconnected Atg12 and Atg8 ubiquitin-like conjuga-

tion systems coordinate autophagosome development and cargo re-

cruitment (reviewed in [8-10]).  

4. Human cells express six members of the Atg8 family proteins which are 

subdivided into subfamilies based on their structural homology. The 

LC3 subfamily includes LC3A, LC3B, and LC3C, and the GABARAP 

subfamily contains GABARAP, GABARAP-L1 and L2. All these pro-

teins are expressed ubiquitously, although LC3C is preferentially ex-

pressed in the lungs, GABARAP-L1 andL2 are strongly expressed in the 
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central nervous system, and GABARAP is preferentially expressed in 

the cells of endocrine glands [11-13]. All Atg8 family proteins have a 

central conserved ubiquitin-like domain which shares with ubiquitin 

the 3D structure but not the primary sequence, and a less conserved N-

terminal part which to the large part determines the specific interactions 

of different Atg8-like proteins [14-18]. LC3 proteins are expressed as 

precursors that undergo cleavage by Atg4 proteases to expose the C-

terminal glycine generating LC3I form. The LC3I serves as a substrate 

for a ubiquitin ligase-like complex that attaches it to the amino group of 

phosphatidylethanolamine generating the lipidated LC3II form decorat-

ing the membrane surface. The ratio between the LC3I and the LC3II 

forms is often used to monitor the activation of autophagy, even though 

LC3II isoform is also degraded in the autolysosomes and its increase 

without the corresponding decrease of the LC3I form may indicate au-

tophagy inhibition [19]. The lipidated LC3II proteins exposed on the 

growing autophagosome membrane mediate cargo recruitment through 

interaction with selective autophagy receptors (SAR). More than 30 

SARs are expressed in mammalian cells, they have different specificities 

in interactions with both Atg8 proteins and the cargo. Some SARs like 

p62/SQSTM1 and NRB1 are implicated in the recruitment of diverse 

types of cargo to autophagosomes, from proteins to bacteria, while oth-

ers are more selective for a particular type of cargo. SARs have an LC3-

interacting region (LIR) and also contain other protein-protein interac-

tion domains including those that mediate oligomerization and interac-

tion with ubiquitinated substrates. SARs recognize ubiquitin and other 

signatures on the cargo destined for autophagosomal degradation and 

coordinate the cargo delivery to growing autophagosomes through the 

interaction of LIR with Atg8 proteins (reviewed in [20]). The final step 

in the autophagy pathway is the fusion of autophagosomes with lyso-

somes so that the cargo is exposed to the degradation machinery. SARs 

are degraded with the autophagosomal content so that changes in the 

concentration of proteins like p62/SQSTM1 are used to monitor the so-

called autophagic flux, i. e. the completion of the degradative pathway 

[19].   

5. While the manipulation of the autophagy pathway by enteroviruses has 

been studied extensively ever since it was discovered in early 2000 [21-

23], the data on the mechanistic contribution of autophagy to the devel-

opment of enterovirus infection remain controversial. In different enter-

ovirus/cell type systems, autophagy has been reported to either directly 

support the virus replication, or to modulate the anti-viral signaling 

thus either suppressing or promoting the replication [24-29]. Yet, the 

consensus picture indicates that enterovirus replication is accompanied 

by the activation of the early steps of the autophagy cascade, often by-

passing conventional signaling checkpoints [30, 31], and by the inhibi-

tion of the final fusion of maturing autophagosomes with lysosomes 

[22, 23, 32, 33]. It was recently established that sequestration of the 

progeny enterovirus virions in the autophagosome-like vesicles that es-

caped the fusion with lysosomes promotes their maturation and a non-
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lytic release from infected cells [34-37]. This scenario suggests that en-

terovirus capsid proteins may have evolved specific features enabling 

interaction with the elements of the cellular autophagy machinery to 

promote nascent virions recruitment into autophagosome-like struc-

tures that support the final steps of the virion maturation and dissemi-

nation.  

6. In this work, we followed an intriguing serendipitous observation of a 

strong cross-reactivity of a monoclonal antibody against a cellular pro-

tein LC3A with a higher molecular weight protein appearing in HeLa 

cells infected with poliovirus. We identified this cross-reacting protein 

as the capsid protein VP0 and localized the LC3A-like epitope at the 

VP4-VP2 cleavage site. This observation prompted us to further investi-

gate the role of capsid proteins in the development of autophagy during 

infection. Taking advantage of our recently developed replicon packag-

ing system [38], we examined the induction of autophagy in cells in-

fected with poliovirus or with a packaged replicon RNA coding only for 

the non-structural proteins (P2P3). We observed a highly cell-type spe-

cific pattern of autophagy development upon either replicon or virus 

infection. No significant association of the poliovirus replication pro-

teins or dsRNA signal with either LC3B or p62/SQSTM1 was detected, 

and the level of LC3B clustering indicative of the activation of autoph-

agy inversely correlated with the amount of the viral antigens. Surpris-

ingly, the replicon replication in HEK293 cells but not in other cell cul-

tures tested was severely compromised compared to the full-length po-

liovirus RNA, suggesting that expression of capsid proteins likely mod-

ulates cellular processes that may be limiting for replication in specific 

cell types. Individually expressed VP0 and an uncleaved capsid protein 

precursor P1 were recruited to p62/SQSTM1-positive structures but 

were not undergoing a significant degradation through either autoph-

agy or proteasome-dependent pathways. Also, in infected cells, we de-

tected a strong co-localization of the virion signal with p62/SQSTM1 at 

the beginning of virion accumulation that was lost as the infection pro-

gressed. Together, our data suggest that activation of autophagy is not 

directly required to support the viral replication but rather reflects an 

early anti-viral response, and that capsid proteins contain determinants 

mediating their sequestration in a p62/SQSTM1-dependent manner. 

Such sequestration would provide enteroviruses with a mechanism of 

regulating the amount of accessible capsid proteins, preventing prema-

ture encapsidation of the replicating RNA early in infection. 

 

2. Materials and Methods 

Cells, poliovirus and polio replicon. HeLa, and HEK293 cells were 

grown in a high glucose DMEM supplemented with pyruvate, non-essential 

amino-acids and 10% fetal bovine serum (FBS). A549 cells were grown in F-

12K medium supplemented with 10%FBS. Poliovirus type I Mahoney was 

propagated in HeLa cells and the titer was determined by plaque assay. P2P3 

polio replicon construct is the same as type I Mahoney poliovirus, but the 
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coding sequence for the capsid protein precursor P1 was removed. The con-

struct was made using the plasmid pXpA-SH containing the full-length 

cDNA of poliovirus type I Mahoney described previously [39, 40]. Replicon 

construct packaging and propagation were performed essentially as de-

scribed in [38]. Briefly, in the first round, the replicon RNA was transfected 

into HeLa cells previously infected with a Newcastle Disease virus (NDV) 

vector expressing poliovirus capsid protein precursor P1 and the protease 

3CD [41]. In subsequent amplification rounds, the packaged polio replicon 

was used to infect the cells previously infected with the NDV expressing po-

lio capsid proteins. Importantly, NDV infection in HeLa cells does not pro-

duce infectious progeny, and all the replicon preparations were tested in a 

plaque assay to confirm the absence of infectious poliovirus. The titer of the 

infectious replicon was determined by serial dilutions, similar to a plaque as-

say, and identification of the number of individually infected cells by immu-

nofluorescence.   

Plasmids. Plasmids pVP0-EGFP and pVP012A-EGFP coding for wt VP0 

or VP0 with alanines substituting the amino-acids at the VP4/VP2 autocata-

lytic site, respectively, were made using pEGFP-N1 vector (Clontech) and the 

corresponding constructs coding for poliovirus type I Mahoney VP0 with a 

codon sequence optimized for translation in human cells synthesized by Ge-

neArt (Invitrogen). Plasmid pM1-P1 was made using a pM1-MT vector for a 

high level of mammalian expression (Roche) and a PCR-amplified                        

P1 sequence of poliovirus type I Mahoney from pXpA-SH [39, 40]. Plasmids 

pM1-P1-12A and pXpA-SH-P1-12A containing P1 with 12A mutation were 

made by cloning a DNA fragment containing 12A mutation synthesized by 

GeneArt (Invitrogen) into pM1-P1 or pXpA-SH, respectively. Cloning details 

are available upon request. Poliovirus or replicon RNAs were synthesized 

using T7 Megascript transcription kit (Ambion), purified and transfected into 

HeLa cells using Mirus mRNA transfection reagent (Mirus Bio) essentially as 

described in [38].   

Antibodies. Mouse monoclonal antibodies against poliovirus antigens 

VP3, VP1, 2B, 2C, and 3A, and rabbit polyclonal antibodies against 3B were a 

gift from Prof. Kurt Bienz, University of Basel, Switzerland, and partially de-

scribed in [42-44]. Rabbit polyclonal antibodies against poliovirus 3D were 

described in [45]. Rabbit monoclonal antibodies against LC3A, LC3A/B, and 

mouse monoclonal antibodies against LC3B were from Cell Signaling. Mouse 

monoclonal antibody and rabbit polyclonal antibodies against  p62/SQSTM1 

were from Santa Cruz Biotechnology and Sigma-Aldrich, respectively. For 

immunostaining, rabbit monoclonal antibody against LC3A/B and mouse 

monoclonal antibody against LC3B, or rabbit polyclonal or mouse monoclo-

nal anti-p62/SQSTM antibodies were used together with the anti-viral mouse 

or rabbit antibodies, respectively. Mouse monoclonal antibody J2 against 

dsRNA was from English and Scientific Consulting. Humanized chimpanzee 

monoclonal antibody A12 that recognizes the assembled polio virions [46] 

was generously provided by Dr. Konstantin Chumakov (FDA). Rabbit poly-

clonal anti-GFP antibodies were from Abcam. Secondary antibody conju-

gates with Alexa dyes were from Molecular Probes. Anti-β-actin antibody 

conjugated to horseradish peroxidase (HRP) was from Sigma-Aldrich. Sec-

ondary antibody conjugates with HRP were from Cell Signaling (anti-rabbit) 

or KPL (anti-mouse). 
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Western blotting. Cells were lysed either in a Tris-HCl buffer with 0.5% 

Triton-X100 (for assessment of the activation of autophagy), or in a standard 

RIPA buffer (for assessment of the effect of autophagy and proteasome inhi-

bition on P1 accumulation) supplemented with a protease inhibitor cocktail 

(Sigma-Aldrich). In the former case, the lysate was clarified by centrifugation, 

in the latter case the lysate was sonicated to break down nuclear DNA. The 

proteins were denatured and resolved on either 12% Tris-glycine SDS or 4-

15% Tris-glycine gradient gels (Bio-Rad), transferred to a PVDF membrane, 

and analyzed with the indicated antibodies. Digital images of Western blots 

developed with ECL Select luminescent substrate (GE Healthcare) were ob-

tained with a C500 imager (Azure Biosystems). 

Co-immunoprecipitation.  HeLa cells were transfected with a plasmid 

pVP0-EGFP or an EGFP-expressing vector and grown on 35-mm Petri dishes 

overnight. The next day a pull-down assay was performed using anti-GFP 

nanobody beads (Chromotec) using the manufacturer's protocol. Western 

blot was developed with anti- p62/SQSTM1 antibodies to assess the VP0- 

p62/SQSTM1 interaction and then with anti-EGFP antibodies to assess the ef-

ficiency of the pull-down. 

Microscopy. HeLa cells grown on coverslips were fixed with 4% formal-

dehyde in phosphate-buffered saline (PBS) for 20 min and washed three 

times with PBS. Staining was performed after permeabilization with 0.2% Tri-

ton-X100 in PBS. Primary and secondary antibodies were diluted in PBS sup-

plemented with 3% of membrane blocking reagent (Amersham). Confocal 

images were taken with a Zeiss LSM 510 microscope. 

Digital image processing. Digital microscopy images were converted 

into TIFF format using Zeiss Zen software. Digital western blot and micros-

copy images were processed in Adobe Photoshop software, all changes were 

applied to the whole image. 

3. Results 

3.1. Poliovirus capsid protein VP0 contains an LC3A-like epitope. While 

assessing in a western blot the processing of a cellular autophagy protein 

LC3A upon infection of HeLa cells with poliovirus, we observed infection-

specific LC3A signals at ~100KDa and ~40KDa, which is significantly higher 

than the endogenous LC3AI or LC3AII (14-17 KDa). The ~100KDa signal 

was of variable intensity in different experiments, while the ~40KDa signal 

was always much stronger than the signal for bona fide LC3A (Fig. 2A and 

data not shown). This pattern is strongly indicative that a viral protein of 

~40 KDa contains an LC3A-like antigen and the transient nature of a 

~100KDa signal corresponds to the processing of a larger piece of a viral 

polyprotein containing this epitope (see Fig 1). To discriminate if the signal 

is associated with structural or replication proteins, we transfected cells 

with either full-length poliovirus RNA or with a replicon RNA coding for 

only P2P3 proteins. The latter RNA is fully replication-competent, but 

obviously, its translation does not produce capsid proteins. As can be seen 

from Fig. 2B, the high molecular weight LC3A signal was observed only 

upon replication of the full-length poliovirus genome, even though the level 

of expression of other viral proteins was higher in the replicon sample. The 

only capsid protein fragment corresponding to ~40KDa is VP0, an 
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uncleaved precursor of VP4 and VP2 (see Fig. 1). We analyzed capsid 

proteins from poliovirus virions purified through the CsCl4  gradient. The 

western blot with anti-LC3A antibodies again showed a strong signal only 

at ~40KDa. The coomassie staining of a gel with resolved capsid proteins 

demonstrated a distinct VP0 band at ~40KDa, in accordance with the 

previous reports that virions contain some unprocessed VP0 molecules [47, 

48] (Fig. 2C). Since neither VP2 nor VP4 was recognized by the anti-LC3A 

antibody, we concluded that the epitope is overlapping the junction 

between the two proteins. To confirm the location of the LC3A-like epitope 

we generated a mutant polio RNA with alanine substitutions spaning the 

VP4/VP2 cleavage site on each side (12A mutant, Fig. 2D). As expected, 

upon 12A RNA transfection no infectious virus was recovered (data not 

shown), but the mutant RNA was fully replication-competent. Analysis of 

the lysates of HeLa cells transfected with the wt and the mutant RNAs 

showed that both RNAs replicated similarly, as evidenced by the 

accumulation of a viral protein 2C, but the high molecular weight LC3A-

specific signal was present only in the wt sample (Fig. 2D).   

Thus, an LC3A-like epitope spans the VP4/VP2 cleavage site in the 

poliovirus capsid protein VP0.  

3.2. Individually expressed VP0 and P1 are recruited to p62/SQSTM1-

positive structures.  No obvious amino-acid sequence resemblance of 

LC3A to the VP4/VP2 cleavage site could be detected, nevertheless, the 

cross-reactivity of VP0 with a monoclonal anti-LC3A antibody indicates a 

region of local structural similarity of the two proteins. To assess the 

interaction of VP0 with the elements of the cellular autophagy machinery 

we generated a construct coding for poliovirus VP0 C-terminally fused to 

EGFP. Such fusion arrangement recapitulates the most N-terminal position 

of VP0 in poliovirus polyprotein. The cells with a low level of VP0-EGFP 

expression demonstrated diffuse cytoplasmic staining, while in cells with a 

higher level of expression the signal was concentrated in distinct punctae of 

heterogeneous size. These VP0-EGFP punctae extensively co-localized with 

endogenous p62/SQSTM1 (Fig. 3A, arrowheads). To see if VP0 can directly 

interact with p62/SQSTM1 we expressed the VP0-EGFP fusions and 

performed a pull-down assay with beads conjugated to an anti-GFP 

nanobody. No p62/SQSTM1 signal was detected in the pull-down material, 

ruling out a strong direct interaction of the two proteins (data not shown).  

The precursor of all enterovirus capsid proteins P1 is separated from the 

rest of the polyprotein in cis by the protease 2A, and, at least before the 

substantial accumulation of proteases 3C and/or 3CD that can process it, P1 

should exist as a single polypeptide (see Fig. 1). We expressed poliovirus P1 

fragment individually and assessed its cellular targeting. Like with the 

expression of VP0-EGFP fusion, we observed a significant accumulation of 

P1 in p62/SQSTM1-positive structures (Fig. 3B, arrowheads. Note that in 

cells not expressing P1 the distribution of p62/SQSTM1 is much more 

diffuse, arrows). Surprisingly, the cellular distribution and the 

colocalization with p62/SQSTM1 of the VP0(12A)-EGFP or P1(12A) with the 

alanine substitutions spanning the VP4/VP2 cleavage site was not 
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noticeably different from that of the wt proteins (data not shown). We did 

not observe any significant effect of either an autophagy inhibitor 

bafilomycin or a proteasome inhibitor MG132 on the accumulation of P1 in 

transfected cells, suggesting that P1 sequestered in p62/SQSTM1-positive 

structures does not enter the degradative pathways (Fig. 3C). Collectively, 

these data suggest that VP0 contains multiple determinants targeting the 

capsid protein precursor P1 for sequestration in a p62/SQSTM1-dependent 

manner. 

3.3. The development of autophagy upon polio infection is cell-type specific. 

The formation of p62/SQSTM1 clusters with VP0-EGFP or P1 suggests that 

capsid proteins can contribute to the modulation of the autophagy pathway 

during the infection. To assess the development of autophagy in the absence 

and in the presence of expression of capsid proteins, we infected different 

cell lines with poliovirus, or encapsidated replicon RNA coding for only the 

P2P3 replication proteins. The infection was performed with the same 

multiplicity of infection (MOI) of 25 of plaque-forming units, or infectious 

units of poliovirus or encapsidated replicon, respectively. We monitored by 

western blot the processing of LC3B and the degradation of p62/SQSTM1 

proteins as the signals for the initial and the late stage of the degradative 

autophagy pathway, respectively. In HeLa cells (human cervical 

carcinoma), we observed a significant reduction of the p62/SQSTM1 signal 

as early as 2 h p.i., which was further disappearing towards the end of 

infection (6 h p.i.), as well as a slight increase of the LC3BII form in all 

infected samples. No significant differences were detected between the 

samples infected with poliovirus or P2P3 replicon (Fig. 4A). In A549 cells 

(human lung carcinoma) neither poliovirus nor replicon infection noticeably 

affected the amount of p62/SQSTM1 and the processing of LC3B (Fig. 4B). In 

HEK293 cells (human embryonal kidney) p62/SQSTM1 was similarly stable 

during the time course of infection. The amount of the LC3BII form was 

increased in poliovirus-infected samples starting from 4 h p. i. (Fig. 4C). 

Interestingly, we repeatedly observed a significantly lower replication of the 

replicon construct compared to the full-length polio RNA in HEK293 cells 

but not in other cell types, especially at the early times post-infection (Fig. 

4C, compare the signal for a polio antigen 2C in replicon and virus samples 

at 4 h p.i.). To confirm this phenomenon, we infected in parallel HeLa and 

HEK293 cells with the same preparations of poliovirus and encapsidated 

replicon. As evidenced from Fig. 4D, the replicon replication was indeed 

significantly compromised in HEK293 cells, even though in HeLa cells it 

was replicating slightly better than poliovirus.  

Thus, the autophagy machinery responds differently to poliovirus infection 

in different cell types, and the expression of capsid proteins can be 

important for the establishment of replication in specific cell types. 

 3.4. Investigation of the association of polio replication complexes and 

virions with LC3B or p62/SQSTM signals in infected cells. The western blot 

signal reflects the averaged protein content from all the cells in the sample 

and may miss the existence of different populations of cells and/or the 

different distribution of the protein in the cells in different samples. To 
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assess the role of the capsid proteins on the development of autophagy in 

situ, we performed immunofluorescence analysis of p62/SQSTM1 and 

LC3A/B antigens in HeLa cells upon infection with poliovirus or P2P3 

replicon. The cells were infected with the MOI of 25 of either the virus or the 

replicon and fixed at 4 h p.i., in the middle of the replication cycle. In the 

sample infected with poliovirus, at 4 h p.i. very few cells with LC3A/B foci 

could be seen, similar to the mock-infected control. At the same time, in 

about half of the replicon-infected cells, multiple bright LC3A/B foci were 

detected, suggesting the activation of autophagosome formation (Fig. 5A, 

yellow arrowheads in the replicon-infected sample). This indicates that 

either the expression of capsid proteins can modulate the activation of 

autophagy, or this phenomenon may reflect a slightly different rate of 

replication of the full length and the replicon RNA so that the difference in 

the LC3B signal is due to different stages of the polio replication cycle. Our 

further data support the latter possibility (see below). 

The distribution of the p62/SQSTM signal was similar in both poliovirus 

and replicon-infected samples and significantly different from that in mock-

infected cells. In the mock-infected sample, p62/SQSTM was diffusely 

distributed in the cytoplasm with scattered concentrated foci. In the infected 

samples, most of the cells lost the diffuse cytoplasmic staining and the 

number and the size of p62/SQSTM foci per cell increased, although these 

parameters could not be reliably quantified due to close clustering of 

p62/SQSTM foci (Fig. 5A, compare arrows and arrowheads in the 

poliovirus-infected sample).  

The current data on whether the activation of autophagy is required to 

support the functioning of the enterovirus replication complexes remain 

controversial. We first analyzed if the viral replication proteins or dsRNA 

signal may be associated with LC3B or p62/SQSTM signals in cells infected 

with the P2P3 replicon, i.e. in the system where active replication is 

established but the virion production is absent. The available panel of anti-

poliovirus antibodies includes those that recognize 2B, 2C, 3B, 3A and 3D, 

thus covering all the final and intermediate products of the processing of 

the P2P3 polyprotein fragment, except for proteases 2A and 3C (see Fig. 1). 

Similar to the results in Fig. 5A, we observed LC3A/B or LC3B punctae only 

in a fraction of infected cells, while p62/SQSTM foci were found in almost 

all of them (Fig. 5B, C). None of the viral replication antigens tested (2B, 2C, 

3A, 3B, 3D, dsRNA) noticeably colocalized with either LC3A/B, LC3B, or 

p62/SQSTM. On the contrary, the cells with clustering of LC3 signals were 

those with a significantly lower level of the viral antigens compared to those 

without LC3 punctae (Fig. 5B, arrows). We conclude that activation of 

autophagy likely represents an early cellular anti-viral response which is 

overcome by the virus as the infection progresses.   

Finally, we analyzed the localization of polio virions using a hybrid human-

chimpanzee monoclonal antibody A12 that recognizes a conformational 

epitope present only in fully assembled poliovirus virion or virus-like 

particles [46]. As with the replication antigens, the signal for virions 

inversely correlated with the LC3B clustering, and in the few cells where 
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both signals could be detected no co-localization between the two antigens 

existed (data not shown). Yet, we observed a strong co-localization of A12 

and p62/SQSTM signals in cells infected with poliovirus, but only in those 

where the A12 signal was relatively weak, i.e. cells where the accumulation 

of the virions is at the early stage (Fig. 5D, inset, arrows). Such co-

localization was lost in cells with a strong A12 signal (Fig. 5D).  

Collectively, our data suggest that autophagy is unlikely to be required to 

directly support the viral replication, but, rather, the activation of 

autophagy represents a cell-type specific response to infection. They also 

indicate that the capsid proteins contain determinants targeting them to 

sequestration in a p62/SQSTM-dependent manner, whether as capsid 

precursors or assembled capsids, but such sequestration is overcome upon 

the accumulation of the capsid proteins at the later stages of infection. 

3.2. Figures 

 

 

Figure 1. Scheme of poliovirus genome organization and polyprotein processing. 

Cleavage sites of the protease 2A are marked by green, those of 3C by red, and those 

by 3CD by blue triangles, respectively. Purple star denotes the autocatalytic cleavage 

site between VP4 and VP2. Numbers indicate the molecular weight of the corre-

sponding proteins in KDa. 
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Figure 2. Poliovirus capsid protein VP0 contains an LC3A-like epitope. A. HeLa cells 

were infected with poliovirus at an MOI of 10 and the samples were collected at the 

indicated times post-infection. Mock-infected samples is collected at 6 h. Western 

blot is developed with a rabbit monoclonal anti-LC3A antibody (Cell Signaling). 

LC3A* designates abnormal higher molecular weight LC3A signals. B. HeLa cells 

were transfected with either full-length poliovirus RNA (V) or replicon RNA (R) 

coding for only P2P3 replication proteins and developed with the same anti-LC3A 

antibody as in A (upper panel). Staining with anti-polio 2C antibody shows polio 

replication (middle panel). Actin is shown as a loading control (lower panel). C. Pro-

teins from poliovirus virions purified through CsCl4 gradient were resolved on an 

SDS-PAGE gel and either subjected to a western blotting with the anti-LC3A anti-

body (left), or visualized with a Coomassie stain (right). D. Top – amino-acid se-

quences of the VP4/VP2 cleavage site in VP0 and the alanine substitutions in the 12A 

mutant. HeLa cells were transfected with either wt polio RNA or the RNA with 12A 

substitution and the cell lysates were subject to western blots with either anti-LC3A 

(top panel) or anti-polio 2C antibodies (bottom panel).  
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Figure 3. Poliovirus capsid proteins are sequestered in a p62/SQSTM-dependent 

manner. A. HeLa cells expressing VP0-EGFP fusion (green) stained with an anti- 

p62/SQSTM antibody (red) Arrowheads show colocalization of both signals. Nuclear 

DNA is stained with Hoechst 33342 (blue).B. HeLa cells expressing the whole capsid 

protein precursor P1 stained with anti-polio VP1 (green) and anti- p62/SQSTM (red) 

antibodies. Arrowheads and arrows show cells that either express or don’t express 

P1, respectively. Note the concentration of p62/SQSTM signal in the former com-

pared to the mostly diffuse staining in the latter.  C. HeLa cells were transfected 

with a plasmid expressing the whole P1 capsid protein precursor, and at 18 h post-

transfection an inhibitor of lysosome acidification bafilomycin or a proteasome in-

hibitor MG132 were added at the indicated concentrations. C-control cells not 

treated with inhibitors. Total cell lysate was prepared after four hours of incubation 

with the inhibitors and analyzed with the anti-VP3 antibodies in a western blot to 

assess the accumulation of P1. Actin is shown as a loading control. 
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Figure 4. The development of autophagy upon polio infection is cell type-specific. A, 

B, C. HeLa, A549, or HEK293 cells, respectively, were infected with the MOI of 25 of 

either poliovirus (V) or encapsidated P2P3 replicon (R), and the cells were lysed at 

the indicated times post-infection. Lysates from mock-infected cells were prepared 

at 6 h. The same lysates were resolved either on 12% (left panels) or on 4-15% gradi-

ent gels (right panels) and analyzed in western blots with the indicated antibodies. 

Staining with anti-2C antibody shows polio replication, staining with anti-VP3 anti-

body confirms the absence of capsid protein expression in cells infected with the 

replicon construct, actin is shown as a loading control. D. HEK293 and HeLa cells 

were infected in parallel with the same preparations of either poliovirus or encapsi-

dated P2P3 replicon, collected at the indicated times post-infection and analyzed in a 

western blot with anti-polio 2C and VP3 (capsid protein) antibodies. Actin is shown 

as a loading control. Note a significantly compromised replication of replicon com-

pared to poliovirus in HEK293 but not HeLa cells.   
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Figure 5. Localization of the viral antigens and autophagy proteins in infected cells. 

A. HeLa cells were infected (or mock-infected) with the MOI of 25 of either po-

liovirus (PV) or encapsidated P2P3 replicon (P2P3), fixed at 4 h p.i and stained with 

anti-LC3A/B (red) and anti-p62/SQSTM (green) antibodies. Nuclear DNA is stained 

with Hoechst 33342 (blue). In the poliovirus-infected sample, arrows show the cells 

with well-developed CPE (crenated nuclei) that show p62/SQSTM signal redistrib-

uted in bright dots. Arrows show cells with delayed CPE (normal nuclear morphol-

ogy) with mostly diffuse cytoplasmic p62/SQSTM staining. In the replicon-infected 

sample, yellow arrowheads show cells with developed LC3B punctae. B. HeLa cells 

were infected with the MOI of 25 of encapsidated P2P3 replicon, fixed at 4 h p.i. and 

processed for immunofluorescence with either rabbit monoclonal anti-LC3A/B or 

mouse monoclonal anti-LC3B (green) antibodies and the indicated polio antigens 

(red). Nuclear DNA is stained with Hoechst 33342 (blue). C. Same as in A but with 

either rabbit polyclonal or mouse monoclonal anti- p62/SQSTM (green) antibodies. 

D. HeLa cells were infected with the MOI of 25 of poliovirus, fixed at 4 h p.i. and 

processed for immunofluorescence with a monoclonal antibody A12 (red) recogniz-

ing assembled polio virions or virus-like particles and an antibody against 

p62/SQSTM (green). Nuclear DNA is stained with Hoechst 33342 (blue). Arrows 

show colocalization of A12 and p62/SQSTM signals in cells at the early stages of vi-

rion accumulation. 
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4. Discussion 2 

Viruses are ultimate parasites and have to actively manipulate the cellular metabo- 3 

lism to support the replication and to counter the anti-viral responses. This implies that 4 

the viral proteins have to contain specific elements allowing them to engage in interactions 5 

with the cellular factors required to reorganize the cellular metabolism and create an en- 6 

vironment favorable for the development of infection. Here we identified a region in the 7 

poliovirus structural protein VP0 which was specifically recognized by a commercial 8 

monoclonal antibody against a cellular protein LC3A, an Atg8-like protein whose best- 9 

studied function is engagement in the early steps of the autophagosome formation [13, 10 

49]. The LC3A-like epitope overlaps the autocatalytic cleavage site between the VP4 and 11 

VP2. Unexpectedly, no substantial amino-acid similarity could be detected between VP0 12 

and LC3A sequences. Still, similar 3D structures of proteins with different primary amino- 13 

acid sequences is a well-known phenomenon. In particular, the Atg8 proteins including 14 

LC3A contain an ubiquitin-like structural domain without a significant sequence homol- 15 

ogy among those proteins and ubiquitin [17].   16 

Since VP0 was recognized by the anti-LC3A antibody in a standard western blot after 17 

SDS-PAGE, i.e. after harsh denaturing treatment, the local epitope structure must be very 18 

stable, and it is tempting to speculate that it may be engaged in the interaction with cellu- 19 

lar proteins. VP4 is the most N-terminal sequence of the viral polyprotein and is only 69 20 

amino-acids long in poliovirus, thus the LC3A-like epitope must emerge from the trans- 21 

lating ribosomes before the whole capsid protein precursor P1 (881 amino-acids) is syn- 22 

thesized and can be cleaved in cis from the growing polyprotein by the protease 2A. In- 23 

teraction of the N-terminal part of the polyprotein containing the LC3A-like epitope with 24 

some cellular factors may mediate specific subcellular targeting of the complex of the viral 25 

RNA with translating ribosomes. Supporting the possible importance of capsid protein- 26 

mediated interactions with cellular factors is our observation of a significantly compro- 27 

mised establishment of replication of the replicon construct lacking the capsid protein- 28 

coding region compared to the full-length poliovirus RNA in HEK293 cells. The mecha- 29 

nism underlying this phenomenon warrants further investigation. 30 

Individual expression of VP0 and P1 induced a significant change in the cellular dis- 31 

tribution of p62/SQSTM, a protein mediating recruitment of ubiquitinated cargo into au- 32 

tophagosomes [20]. p62/SQSTM signal in cells expressing those viral proteins changed 33 

from mostly diffuse cytoplasmic staining with small foci into large punctae, and these 34 

punctae extensively co-localized with the viral capsid proteins.  The nature of these 35 

p62/SQSTM-positive structures containing viral capsid proteins remains to be established, 36 

but it is unlikely that such sequestration of the viral proteins is associated with their tar- 37 

geting for degradation, as neither an inhibitor of autophagy bafilomycin nor a proteasome 38 

inhibitor MG132 affected the level of P1 accumulation in the cells. We did not find evi- 39 

dence that the LC3A-like epitope significantly contributes to the targeting of VP0 or P1 to 40 

p62/SQSTM-positive structures, as could be anticipated since the interaction of LC3 pro- 41 

teins with p62/SQSTM is well established [20], indicating that the capsid protein precursor 42 

P1 contains multiple determinants mediating its sequestration in a p62/SQSTM-depend- 43 

ent manner.  Supporting the notion of multiple domains in the enterovirus capsid pro- 44 

teins that could interact with the cellular autophagy machinery is the report that expres- 45 

sion of a capsid protein VP1, which is the most C-terminal part of the capsid protein pre- 46 

cursor P1, of enterovirus A71 induces autophagy [50]. 47 

Previously it was established that individually expressed poliovirus proteins 2BC 48 

and 3A trigger the autophagy pathway, and at least partially co-localize with autophago- 49 

somal and endosomal markers  [21, 22]. Co-localization of a structural protein VP1 and a 50 

replication protein 2C of enterovirus A71 as well as VP1, 2B, 2C and 3A of foot and mouth 51 

disease virus, a distantly related picornavirus from the Aphthovirus genus, with the LC3 52 
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signal have also been reported [50-52]. These data suggest that the elements of cellular 53 

autophagy may be directly involved in supporting the functioning of the replication com- 54 

plexes, or progeny RNA encapsidation. Here we investigated the development of autoph- 55 

agy in different cell lines infected with either poliovirus or an encapsidated polio replicon 56 

RNA coding for only the replication proteins of the P2P3 polyprotein fragment. We ob- 57 

served a highly cell-type specific pattern of processing of LC3B and degradation of 58 

p62/SQSTM, the markers of autophagy initiation and completion, respectively. Despite 59 

the significant differences in the development of autophagy, all the cell cultures supported 60 

a similar level of poliovirus replication. Moreover, we did not observe any noticeable co- 61 

localization of the signals of dsRNA, or poliovirus replication antigens 2B, 2C, 3B, 3A and 62 

3D, which cover all the P2P3 processing fragments except proteases 2A and 3C, with either 63 

LC3B or p62/SQSTM. Our data strongly suggest that the development of autophagy does 64 

not directly contribute to the formation or functioning of the viral replication complexes 65 

but rather represents a cell type-specific response to infection. Indeed, the cell type-spe- 66 

cific role of autophagy in enterovirus infection has been reported. Atg7-dependent activa- 67 

tion of autophagy in neuronal cells in response to poliovirus infection was associated with 68 

reduced virus production and infection control in human patients [53]. On the other hand, 69 

knockdown of expression of Atg7 in HeLa cells was associated with a drop of enterovirus 70 

D68 replication and non-lytic release [35], underscoring the complex interplay of entero- 71 

viruses with the autophagy machinery, and that the viruses may differently benefit from 72 

its induction or inhibition in different cell types.  73 

Supporting the likely anti-viral effect of autophagy activation are our observations that 74 

LC3 clustering is found only in a fraction of infected cells and that it inversely correlates 75 

with the level of viral antigens. Given that infection with poliovirus and other enterovi- 76 

ruses induces a rapid inactivation of cellular transcription and translation, autophagy may 77 

be a much more relevant element of protection against enterovirus infection than conven- 78 

tional transcription-based antiviral signaling, at least in certain cell types. 79 

Interestingly, we found that the assembled virions strongly co-localize with p62/SQSTM 80 

when the virion signal is only beginning to appear, but such co-localization is lost in cells 81 

with a massive accumulation of virions. Together with the data that individually ex- 82 

pressed VP0 or the whole capsid protein precursor P1 are also recruited to p62/SQSTM- 83 

containing structures, this implies that capsid proteins are sequestered early in infection. 84 

Picornaviruses including enteroviruses are the only animal (+)RNA viruses without an 85 

apparent mechanism of the regulation of the amount of capsid proteins, yet the early ac- 86 

cumulation of capsid proteins would result in a premature encapsidation of progeny RNA 87 

removing it from the translation/replication pool.  Other (+)RNA viruses such as alpha- 88 

viruses,  coronaviruses, noroviruses, hepatitis E virus express capsid proteins from a sub- 89 

genomic RNA which is synthesized at the late stages of infection [4]. In flaviviruses that 90 

have the same arrangement of the polyprotein with the N-terminal part coding for capsid 91 

proteins as in picornaviruses, capsid proteins are targeted to the virion assembly sites dis- 92 

tinct from the RNA replication sites, thus they don’t interfere with the replication process 93 

[54, 55].  The p62/SQSTM-dependent sequestration would provide enteroviruses with 94 

the means of downregulating the accessible capsid proteins early in infection, when the 95 

effective RNA replication is particularly important for the successful establishment of in- 96 

fection. 97 

 98 

 99 
Author Contributions: AZ, study design, data acquisition, analysis, manuscript draft preparation. 100 
EGV, SM, JN, data acquisition, methodology. GAB, study design, data analysis, manuscript prepa- 101 
ration. All authors have read and agreed to the published version of the manuscript.  102 

Funding: The work was supported by the NIH grants R21AI153976 and R01AI125561 to GAB.  103 

Acknowledgments: The authors are grateful to Dr. William Jackson for reagents, advice, and in- 104 
sightful discussions. 105 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 3 of 28 
 

 

Conflicts of Interest: The authors declare no conflict of interest. 106 

References 107 

 108 
 109 

7. 1. Ypmawong, M. F.; Dewalt, P. G.; Johnson, V. H.; Lamb, J. G.; Semler, B. L., Protein 3cd Is the Major Poliovirus Proteinase 110 

Responsible for Cleavage of the P1 Capsid Precursor. Virology 1988, 166, (1), 265-270. 111 

8. 2. Toyoda, H.; Nicklin, M. J.; Murray, M. G.; Anderson, C. W.; Dunn, J. J.; Studier, F. W.; Wimmer, E., A second virus- 112 

encoded proteinase involved in proteolytic processing of poliovirus polyprotein. Cell 1986, 45, (5), 761-70. 113 

9. 3. Putnak, J. R.; Phillips, B. A., Picornaviral structure and assembly. Microbiol Rev 1981, 45, (2), 287-315. 114 

10. 4. Fields, B. N.; Knipe, D. M.; Howley, P. M., Fields virology. 5th ed.; Wolters Kluwer Health/Lippincott Williams & Wilkins: 115 

Philadelphia, 2007. 116 

11. 5. Leveque, N.; Semler, B. L., A 21st Century Perspective of Poliovirus Replication. Plos Pathog 2015, 11, (6). 117 

12. 6. Wollert, T., Autophagy. Curr Biol 2019, 29, (14), R671-R677. 118 

13. 7. Rabinowitz, J. D.; White, E., Autophagy and Metabolism. Science 2010, 330, (6009), 1344-1348. 119 

14. 8. Feng, Y. C.; He, D.; Yao, Z. Y.; Klionsky, D. J., The machinery of macroautophagy. Cell Res 2014, 24, (1), 24-41. 120 

15. 9. Mizushima, N.; Yoshimori, T.; Ohsumi, Y., The Role of Atg Proteins in Autophagosome Formation. Annu Rev Cell Dev 121 

Bi 2011, 27, 107-132. 122 

16. 10. Nakatogawa, H., Two ubiquitin-like conjugation systems that mediate membrane formation during autophagy. Essays 123 

Biochem 2013, 55, 39-50. 124 

17. 11. Nemos, C.; Mansuy, V.; Vernier-Magnin, S.; Fraichard, A.; Jouvenot, M.; Delage-Mourroux, R., Expression of 125 

gec1/GABARAPL1 versus GABARAP mRNAs in human: predominance of gec1/GABARAPL1 in the central nervous 126 

system. Mol Brain Res 2003, 119, (2), 216-219. 127 

18. 12. Xin, Y. R.; Yu, L.; Chen, Z.; Zheng, L. H.; Fu, Q.; Jiang, J. M.; Zhang, P. Z.; Gong, R. M.; Zhao, S. Y., Cloning, expression 128 

patterns, and chromosome localization of three human and two mouse homologues of GABA(A) receptor-associated protein. 129 

Genomics 2001, 74, (3), 408-413. 130 

19. 13. Shpilka, T.; Weidberg, H.; Pietrokovski, S.; Elazar, Z., Atg8: an autophagy-related ubiquitin-like protein family. Genome 131 

Biol 2011, 12, (7). 132 

20. 14. Bavro, V. N.; Sola, M.; Bracher, A.; Kneussel, M.; Betz, H.; Weissenhorn, W., Crystal structure of the GABA(A)-receptor- 133 

associated protein, GABARAP. Embo Rep 2002, 3, (2), 183-189. 134 

21. 15. Mohan, J.; Wollert, T., Human ubiquitin-like proteins as central coordinators in autophagy. Interface Focus 2018, 8, (5). 135 

22. 16. Sagiv, Y.; Legesse-Miller, A.; Porat, A.; Elazar, Z., GATE-16, a membrane transport modulator, interacts with NSF and 136 

the Golgi v-SNARE GOS-28. Embo J 2000, 19, (7), 1494-1504. 137 

23. 17. Sugawara, K.; Suzuki, N. N.; Fujioka, Y.; Mizushima, N.; Ohsumi, Y.; Inagaki, F., The crystal structure of microtubule- 138 

associated protein light chain 3, a mammalian homologue of Saccharomyces cerevisiae Atg8. Genes Cells 2004, 9, (7), 611- 139 

618. 140 

24. 18. Weidberg, H.; Shpilka, T.; Shvets, E.; Abada, A.; Shimron, F.; Elazar, Z., LC3 and GATE-16 N Termini Mediate 141 

Membrane Fusion Processes Required for Autophagosome Biogenesis. Dev Cell 2011, 20, (4), 444-454. 142 

25. 19. Klionsky, D. J.; Abdelmohsen, K.; Abe, A.; Abedin, M. J.; Abeliovich, H.; Arozena, A. A.; Adachi, H.; Adams, C. M.; 143 

Adams, P. D.; Adeli, K.; Adhihetty, P. J.; Adler, S. G.; Agam, G.; Agarwal, R.; Aghi, M. K.; Agnello, M.; Agostinis, P.; Aguilar, 144 

P. V.; Aguirre-Ghiso, J.; Airoldi, E. M.; Ait-Si-Ali, S.; Akematsu, T.; Akporiaye, E. T.; Al-Rubeai, M.; Albaiceta, G. M.; 145 

Albanese, C.; Albani, D.; Albert, M. L.; Aldudo, J.; Algul, H.; Alirezaei, M.; Alloza, I.; Almasan, A.; Almonte-Beceril, M.; 146 

Alnemri, E. S.; Alonso, C.; Altan-Bonnet, N.; Altieri, D. C.; Alvarez, S.; Alvarez-Erviti, L.; Alves, S.; Amadoro, G.; Amano, 147 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 4 of 28 
 

 

A.; Amantini, C.; Ambrosio, S.; Amelio, I.; Amer, A. O.; Amessou, M.; Amon, A.; An, Z. Y.; Anania, F. A.; Andersen, S. U.; 148 

Andley, U. P.; Andreadi, C. K.; Andrieu-Abadie, N.; Anel, A.; Ann, D. K.; Anoopkumar-Dukie, S.; Antonioli, M.; Aoki, H.; 149 

Apostolova, N.; Aquila, S.; Aquilano, K.; Araki, K.; Arama, E.; Aranda, A.; Araya, J.; Arcaro, A.; Arias, E.; Arimoto, H.; 150 

Ariosa, A. R.; Armstrong, J. L.; Arnould, T.; Arsov, I.; Asanuma, K.; Askanas, V.; Asselin, E.; Atarashi, R.; Atherton, S. S.; 151 

Atkin, J. D.; Attardi, L. D.; Auberger, P.; Auburger, G.; Aurelian, L.; Autelli, R.; Avagliano, L.; Avantaggiati, M. L.; Avrahami, 152 

L.; Awale, S.; Azad, N.; Bachetti, T.; Backer, J. M.; Bae, D. H.; Bae, J. S.; Bae, O. N.; Bae, S. H.; Baehrecke, E. H.; Baek, S. H.; 153 

Baghdiguian, S.; Bagniewska-Zadworna, A.; Bai, H.; Bai, J.; Bai, X. Y.; Bailly, Y.; Balaji, K. N.; Balduini, W.; Ballabio, A.; 154 

Balzan, R.; Banerjee, R.; Banhegyi, G.; Bao, H. J.; Barbeau, B.; Barrachina, M. D.; Barreiro, E.; Bartel, B.; Bartolome, A.; 155 

Bassham, D. C.; Bassi, M. T.; Bast, R. C.; Basu, A.; Batista, M. T.; Batoko, H.; Battino, M.; Bauckman, K.; Baumgarner, B. L.; 156 

Bayer, K. U.; Beale, R.; Beaulieu, J. F.; Beck, G. R.; Becker, C.; Beckham, J. D.; Bedard, P. A.; Bednarski, P. J.; Begley, T. J.; Behl, 157 

C.; Behrends, C.; Behrens, G. M. N.; Behrns, K. E.; Bejarano, E.; Belaid, A.; Belleudi, F.; Benard, G.; Berchem, G.; Bergamaschi, 158 

D.; Bergami, M.; Berkhout, B.; Berliocchi, L.; Bernard, A.; Bernard, M.; Bernassola, F.; Bertolotti, A.; Bess, A. S.; Besteiro, S.; 159 

Bettuzzi, S.; Bhalla, S.; Bhattacharyya, S.; Bhutia, S. K.; Biagosch, C.; Bianchi, M. W.; Biard-Piechaczyk, M.; Billes, V.; 160 

Bincoletto, C.; Bingol, B.; Bird, S. W.; Bitoun, M.; Bjedov, I.; Blackstone, C.; Blanc, L.; Blanco, G. A.; Blomhoff, H. K.; Boada- 161 

Romero, E.; Bockler, S.; Boes, M.; Boesze-Battaglia, K.; Boise, L. H.; Bolino, A.; Boman, A.; Bonaldo, P.; Bordi, M.; Bosch, J.; 162 

Botana, L. M.; Botti, J.; Bou, G.; Bouche, M.; Bouchecareilh, M.; Boucher, M. J.; Boulton, M. E.; Bouret, S. G.; Boya, P.; Boyer- 163 

Guittaut, M.; Bozhkov, P. V.; Brady, N.; Braga, V. M. M.; Brancolini, C.; Braus, G. H.; Bravo-San Pedro, J. M.; Brennan, L. A.; 164 

Bresnick, E. H.; Brest, P.; Bridges, D.; Bringer, M. A.; Brini, M.; Brito, G. C.; Brodin, B.; Brookes, P. S.; Brown, E. J.; Brown, K.; 165 

Broxmeyer, H. E.; Bruhat, A.; Brum, P. C.; Brumell, J. H.; Brunetti-Pierri, N.; Bryson-Richardson, R. J.; Buch, S.; Buchan, A. 166 

M.; Budak, H.; Bulavin, D. V.; Bultman, S. J.; Bultman, S. J.; Bumbasirevic, V.; Burelle, Y.; Burke, R. E.; Burmeister, M.; 167 

Butikofer, P.; Caberlotto, L.; Cadwell, K.; Cahova, M.; Cai, D. S.; Cai, J. J.; Cai, Q.; Calatayud, S.; Camougrand, N.; 168 

Campanella, M.; Campbell, G. R.; Campbell, M.; Campello, S.; Candau, R.; Caniggia, I.; Cantoni, L.; Cao, L. Z.; Caplan, A. 169 

B.; Caraglia, M.; Cardinali, C.; Cardoso, S. M.; Carew, J. S.; Carleton, L. A.; Carlin, C. R.; Carloni, S.; Carlsson, S. R.; Carmona- 170 

Gutierrez, D.; Carneiro, L. A. M.; Carnevali, O.; Carra, S.; Carrier, A.; Carroll, B.; Casas, C.; Casas, J.; Cassinelli, G.; Castets, 171 

P.; Castro-Obregon, S.; Cavallini, G.; Ceccherini, I.; Cecconi, F.; Cederbaum, A. I.; Cena, V.; Cenci, S.; Cerella, C.; Cervia, D.; 172 

Cetrullo, S.; Chaachouay, H.; Chae, H. J.; Chagin, A. S.; Chai, C. Y.; Chakrabarti, G.; Chamilos, G.; Chan, E. Y. W.; Chan, M. 173 

T. V.; Chandra, D.; Chandra, P.; Chang, C. P.; Chang, R. C. C.; Chang, T. Y.; Chatham, J. C.; Chatterjee, S.; Chauhan, S.; Che, 174 

Y. S.; Cheetham, M. E.; Cheluvappa, R.; Chen, C. J.; Chen, G.; Chen, G. C.; Chen, G. Q.; Chen, H. Z.; Chen, J. W.; Chen, J. K.; 175 

Chen, M.; Chen, M. Z.; Chen, P. W.; Chen, Q.; Chen, Q.; Chen, S. D.; Chen, S.; Chen, S. S. L.; Chen, W.; Chen, W. J.; Chen, W. 176 

Q.; Chen, W. L.; Chen, X. M.; Chen, Y. H.; Chen, Y. G.; Chen, Y.; Chen, Y. Y.; Chen, Y. S.; Chen, Y. J.; Chen, Y. Q.; Chen, Y. 177 

J.; Chen, Z.; Chen, Z.; Cheng, A.; Cheng, C. H. K.; Cheng, H.; Cheong, H. S.; Cherry, S.; Chesney, J.; Cheung, C. H. A.; Chevet, 178 

E.; Chi, H. C.; Chi, S. G.; Chiacchiera, F.; Chiang, H. L.; Chiarelli, R.; Chiariello, M.; Chieppa, M.; Chin, L. S.; Chiong, M.; 179 

Chiu, G. N. C.; Cho, D. H.; Cho, S. G.; Cho, W. C.; Cho, Y. Y.; Cho, Y. S.; Choi, A. M. K.; Choi, E. J.; Choi, E. K.; Choi, J. Y.; 180 

Choi, M. E.; Choi, S. I.; Chou, T. F.; Chouaib, S.; Choubey, D.; Choubey, V.; Chow, K. C.; Chowdhury, K.; Chu, C. T.; Chuang, 181 

T. H.; Chun, T.; Chung, H. W.; Chung, T. J.; Chung, Y. L.; Chwae, Y. J.; Cianfanelli, V.; Ciarcia, R.; Ciechomska, I. A.; Ciriolo, 182 

M. R.; Cirone, M.; Claerhout, S.; Clague, M. J.; Claria, J.; Clarke, P. G. H.; Clarke, R.; Clementi, E.; Cleyrat, C.; Cnop, M.; 183 

Coccia, E. M.; Cocco, T.; Codogno, P.; Coers, J.; Cohen, E. E. W.; Colecchia, D.; Coletto, L.; Coll, N. S.; Colucci-Guyon, E.; 184 

Comincini, S.; Condello, M.; Cook, K. L.; Coombs, G. H.; Cooper, C. D.; Cooper, J. M.; Coppens, I.; Corasaniti, M. T.; 185 

Corazzari, M.; Corbalan, R.; Corcelle-Termeau, E.; Cordero, M. D.; Corral-Ramos, C.; Corti, O.; Cossarizza, A.; Costelli, P.; 186 

Costes, S.; Costes, S.; Coto-Montes, A.; Cottet, S.; Couve, E.; Covey, L. R.; Cowart, L. A.; Cox, J. S.; Coxon, F. P.; Coyne, C. B.; 187 

Cragg, M. S.; Craven, R. J.; Crepaldi, T.; Crespo, J. L.; Criollo, A.; Crippa, V.; Cruz, M. T.; Cuervo, A. M.; Cuezva, J. M.; Cui, 188 

T. X.; Cutillas, P. R.; Czaja, M. J.; Czyzyk-Krzeska, M. F.; Dagda, R. K.; Dahmen, U.; Dai, C. S.; Dai, W. J.; Dai, Y.; Dalby, K. 189 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 5 of 28 
 

 

N.; Valle, L. D.; Dalmasso, G.; D'Amelio, M.; Damme, M.; Darfeuille-Michaud, A.; Dargemont, C.; Darley-Usmar, V. M.; 190 

Dasarathy, S.; Dasgupta, B.; Dash, S.; Dass, C. R.; Davey, H. M.; Davids, L. M.; Davila, D.; Davis, R. J.; Dawson, T. M.; 191 

Dawson, V. L.; Daza, P.; de Belleroche, J.; de Figueiredo, P.; de Figueiredo, R. C. B. Q.; de la Fuente, J.; De Martino, L.; De 192 

Matteis, A.; De Meyer, G. R. Y.; De Milito, A.; De Santi, M.; de Souza, W.; De Tata, V.; De Zio, D.; Debnath, J.; Dechant, R.; 193 

Decuypere, J. P.; Deegan, S.; Dehay, B.; Del Bello, B.; Del Re, D. P.; Delage-Mourroux, R.; Delbridge, L. M. D.; Deldicque, L.; 194 

Delorme-Axford, E.; Deng, Y. Z.; Dengjel, J.; Denizot, M.; Dent, P.; Der, C. J.; Deretic, V.; Derrien, B.; Deutsch, E.; Devarenne, 195 

T. P.; Devenish, R. J.; Di Bartolomeo, S.; Di Daniele, N.; Di Domenico, F.; Di Nardo, A.; Di Paola, S.; Di Pietro, A.; Di Renzo, 196 

L.; DiAntonio, A.; Diaz-Araya, G.; Diaz-Laviada, I.; Diaz-Meco, M. T.; Diaz-Nido, J.; Dickey, C. A.; Dickson, R. C.; Diederich, 197 

M.; Digard, P.; Dikic, I.; Dinesh-Kumar, S. P.; Ding, C.; Ding, W. X.; Ding, Z. F.; Dini, L.; Distler, J. H. W.; Diwan, A.; 198 

Djavaheri-Mergny, M.; Dmytruk, K.; Dobson, R. C. J.; Doetsch, V.; Dokladny, K.; Dokudovskaya, S.; Donadelli, M.; Dong, 199 

X. C.; Dong, X. N.; Dong, Z.; Donohue, T. M.; Doran, K. S.; D'Orazi, G.; Dorn, G. W.; Dosenko, V.; Dridi, S.; Drucker, L.; Du, 200 

J.; Du, L. L.; Du, L. H.; du Toit, A.; Dua, P.; Duan, L.; Duann, P.; Dubey, V. K.; Duchen, M. R.; Duchosal, M. A.; Duez, H.; 201 

Dugail, I.; Dumit, V. I.; Duncan, M. C.; Dunlop, E. A.; Dunn, W. A.; Dupont, N.; Dupuis, L.; Duran, R. V.; Durcan, T. M.; 202 

Duvezin-Caubet, S.; Duvvuri, U.; Eapen, V.; Ebrahimi-Fakhari, D.; Echard, A.; Eckhart, L.; Edelstein, C. L.; Edinger, A. L.; 203 

Eichinger, L.; Eisenberg, T.; Eisenberg-Lerner, A.; Eissa, N. T.; El-Deiry, W. S.; El-Khoury, V.; Elazar, Z.; Eldar-Finkelman, 204 

H.; Elliott, C. J. H.; Emanuele, E.; Emmenegger, U.; Engedal, N.; Engelbrecht, A. M.; Engelender, S.; Enserink, J. M.; Erdmann, 205 

R.; Erenpreisa, J.; Eri, R.; Eriksen, J. L.; Erman, A.; Escalante, R.; Eskelinen, E. L.; Espert, L.; Esteban-Martinez, L.; Evans, T. 206 

J.; Fabri, M.; Fabrias, G.; Fabrizi, C.; Facchiano, A.; Faergeman, N. J.; Faggioni, A.; Fairlie, W. D.; Fan, C. H.; Fan, D. P.; Fan, 207 

J.; Fang, S. Y.; Fanto, M.; Fanzani, A.; Farkas, T.; Faure, M.; Favier, F. B.; Fearnhead, H.; Federici, M.; Fei, E.; Felizardo, T. C.; 208 

Feng, H.; Feng, Y. B.; Feng, Y. C.; Ferguson, T. A.; Fernandez, A. F.; Fernandez-Barrena, M. G.; Fernandez-Checa, J. C.; 209 

Fernandez-Lopez, A.; Fernandez-Zapico, M. E.; Feron, O.; Ferraro, E.; Ferreira-Halder, C. V.; Fesus, L.; Feuer, R.; Fiesel, F. 210 

C.; Filippi-Chiela, E. C.; Filomeni, G.; Fimia, G. M.; Fingert, J. H.; Finkbeiner, S.; Finkel, T.; Fiorito, F.; Fisher, P. B.; Flajolet, 211 

M.; Flamigni, F.; Florey, O.; Florio, S.; Floto, R. A.; Folini, M.; Follo, C.; Fon, E. A.; Fornai, F.; Fortunato, F.; Fraldi, A.; Franco, 212 

R.; Francois, A.; Francois, A.; Frankel, L. B.; Fraser, I. D. C.; Frey, N.; Freyssenet, D. G.; Frezza, C.; Friedman, S. L.; Frigo, D. 213 

E.; Fu, D. X.; Fuentes, J. M.; Fueyo, J.; Fujitani, Y.; Fujiwara, Y.; Fujiya, M.; Fukuda, M.; Fulda, S.; Fusco, C.; Gabryel, B.; 214 

Gaestel, M.; Gailly, P.; Gajewska, M.; Galadari, S.; Galili, G.; Galindo, I.; Galindo, M. F.; Galliciotti, G.; Galluzzi, L.; Galluzzi, 215 

L.; Galy, V.; Gammoh, N.; Gandy, S.; Ganesan, A. K.; Ganesan, S.; Ganley, I. G.; Gannage, M.; Gao, F. B.; Gao, F.; Gao, J. X.; 216 

Nannig, L. G.; Vescovi, E. G.; Garcia-Macia, M.; Garcia-Ruiz, C.; Garg, A. D.; Garg, P. K.; Gargini, R.; Gassen, N. C.; Gatica, 217 

D.; Gatti, E.; Gavard, J.; Gavathiotis, E.; Ge, L.; Ge, P. F.; Ge, S. F.; Gean, P. W.; Gelmetti, V.; Genazzani, A. A.; Geng, J. F.; 218 

Genschik, P.; Gerner, L.; Gestwicki, J. E.; Gewirtz, D. A.; Ghavami, S.; Ghigo, E.; Ghosh, D.; Giammarioli, A. M.; Giampieri, 219 

F.; Giampietri, C.; Giatromanolaki, A.; Gibbings, D. J.; Gibellini, L.; Gibson, S. B.; Ginet, V.; Giordano, A.; Giorgini, F.; 220 

Giovannetti, E.; Girardin, S. E.; Gispert, S.; Giuliano, S.; Gladson, C. L.; Glavic, A.; Gleave, M.; Godefroy, N.; Gogal, R. M.; 221 

Gokulan, K.; Goldman, G. H.; Goletti, D.; Goligorsky, M. S.; Gomes, A. V.; Gomes, L. C.; Gomez, H.; Gomez-Manzano, C.; 222 

Gomez-Sanchez, R.; Goncalves, D. A. P.; Goncu, E.; Gong, Q. Q.; Gongora, C.; Gonzalez, C. B.; Gonzalez-Alegre, P.; 223 

Gonzalez-Cabo, P.; Gonzalez-Polo, R. A.; Goping, I. S.; Gorbea, C.; Gorbunov, N. V.; Goring, D. R.; Gorman, A. M.; Gorski, 224 

S. M.; Goruppi, S.; Goto-Yamada, S.; Gotor, C.; Gottlieb, R. A.; Gozes, I.; Gozuacik, D.; Graba, Y.; Graef, M.; Granato, G. E.; 225 

Grant, G. D.; Grant, S.; Gravina, G. L.; Green, D. R.; Greenhough, A.; Greenwood, M. T.; Grimaldi, B.; Gros, F.; Grose, C.; 226 

Groulx, J. F.; Gruber, F.; Grumati, P.; Grune, T.; Guan, J. L.; Guan, K. L.; Guerra, B.; Guillen, C.; Gulshan, K.; Gunst, J.;  Guo, 227 

C. Y.; Guo, L.; Guo, M.; Guo, W. J.; Guo, X. G.; Gust, A. A.; Gustafsson, A. B.; Gutierrez, E.; Gutierrez, M. G.; Gwak, H. S.; 228 

Haas, A.; Haber, J. E.; Hadano, S.; Hagedorn, M.; Hahn, D. R.; Halayko, A. J.; Hamacher-Brady, A.; Hamada, K.; Hamai, A.; 229 

Hamann, A.; Hamasaki, M.; Hamer, I.; Hamid, Q.; Hamid, Q.; Han, F.; Han, W. D.; Handa, J. T.; Hanover, J. A.; Hansen, M.; 230 

Harada, M.; Harhaji-Trajkovic, L.; Harper, J. W.; Harrath, A. H.; Harris, A. L.; Harris, J.; Hasler, U.; Hasselblatt, P.; Hasui, 231 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 6 of 28 
 

 

K.; Hawley, R. G.; Hawley, T. S.; He, C. C.; He, C. Y.; He, F. T.; He, G.; He, R. R.; He, X. H.; He, Y. W.; He, Y. Y.; Heath, J. K.; 232 

Hebert, M. J.; Heinzen, R. A.; Helgason, G. V.; Hensel, M.; Henske, E. P.; Her, C. T.; Herman, P. K.; Hernandez, A.; 233 

Hernandez, C.; Hernandez-Tiedra, S.; Hetz, C.; Hiesinger, P. R.; Higaki, K.; Hilfiker, S.; Hill, B. G.; Hill, J. A.; Hill, W. D.; 234 

Hino, K.; Hofius, D.; Hofman, P.; Hoglinger, G. U.; Hohfeld, J.; Holz, M. K.; Hong, Y. G.; Hood, D. A.; Hoozemans, J. J. M.; 235 

Hoppe, T.; Hsu, C.; Hsu, C. Y.; Hsu, L. C.; Hu, D.; Hu, G. C.; Hu, H. M.; Hu, H. B.; Hu, M. C.; Hu, Y. C.; Hu, Z. W.; Hua, F.; 236 

Hua, Y.; Huang, C. H.; Huang, H. L.; Huang, K. H.; Huang, K. Y.; Huang, S. L.; Huang, S. Q.; Huang, W. P.; Huang, Y. R.; 237 

Huang, Y.; Huang, Y. F.; Huber, T. B.; Huebbe, P.; Huh, W. K.; Hulmi, J. J.; Hur, G. M.; Hurley, J. H.; Husak, Z.; Hussain, S. 238 

N. A.; Hussain, S.; Hwang, J. J.; Hwang, S. M.; Hwang, T. I. S.; Ichihara, A.; Imai, Y.; Imbriano, C.; Inomata, M.; Into, T.;  239 

Iovane, V.; Iovanna, J. L.; Iozzo, R. V.; Ip, N. Y.; Irazoqui, J. E.; Iribarren, P.; Isaka, Y.; Isakovic, A. J.; Ischiropoulos, H.; 240 

Isenberg, J. S.; Ishaq, M.; Ishida, H.; Ishii, I.; Ishmael, J. E.; Isidoro, C.; Isobe, K. I.; Isono, E.; Issazadeh-Navikas, S.; Itahana, 241 

K.; Itakura, E.; Ivanov, A. I.; Iyer, A. K. V.; Izquierdo, J. M.; Izumi, Y.; Izzo, V.; Jaattela, M.; Jaber, N.; Jackson, D. J.; Jackson, 242 

W. T.; Jacob, T. G.; Jacques, T. S.; Jagannath, C.; Jain, A.; Jana, N. R.; Jang, B. K.; Jani, A.; Janji, B.; Jannig, P. R.; Jansson, P. J.; 243 

Jean, S.; Jendrach, M.; Jeon, J. H.; Jessen, N.; Jeung, E. B.; Jia, K. L.; Jia, L. J.; Jiang, H.; Jiang, H. C.; Jiang, L. W.; Jiang, T.; Jiang, 244 

X. Y.; Jiang, X. J.; Jiang, X. J.; Jiang, Y.; Jiang, Y. J.; Jimenez, A.; Jin, C.; Jin, H. C.; Jin, L.; Jin, M. Y.; Jin, S. K. ; Jinwal, U. K.; Jo, 245 

E. K.; Johansen, T.; Johnson, D. E.; Johnson, G. V. W.; Johnson, J. D.; Jonasch, E.; Jones, C.; Joosten, L. A. B.; Jordan, J.; Joseph, 246 

A. M.; Joseph, B.; Joubert, A. M.; Ju, D. W.; Ju, J. F.; Juan, H. F.; Juenemann, K.; Juhasz, G.; Jung, H. S.; Jung, J. U.; Jung, Y. 247 

K.; Jungbluth, H.; Justice, M. J.; Jutten, B.; Kaakoush, N. O.; Kaarniranta, K.; Kaasik, A.; Kabuta, T.; Kaeffer, B.; Kagedal, K.; 248 

Kahana, A.; Kajimura, S.; Kakhlon, O.; Kalia, M.; Kalvakolanu, D. V.; Kamada, Y.; Kambas, K.; Kaminskyy, V. O.; Kampinga, 249 

H. H.; Kandouz, M.; Kang, C.; Kang, R.; Kang, T. C.; Kanki, T.; Kanneganti, T. D.; Kanno, H.; Kanthasamy, A. G.; Kantorow, 250 

M.; Kaparakis-Liaskos, M.; Kapuy, O.; Karantza, V.; Karim, M. R.; Karmakar, P.; Kaser, A.; Kaushik, S.; Kawula, T.; Kaynar, 251 

A. M.; Ke, P. Y.; Ke, Z. J.; Kehrl, J. H.; Keller, K. E.; Kemper, J. K.; Kenworthy, A. K.; Kepp, O.; Kern, A.; Kesari, S.; Kessel, 252 

D.; Ketteler, R.; Kettelhut, I. D.; Khambu, B.; Khan, M. M.; Khandelwal, V. K. M.; Khare, S.; Kiang, J. G.; Kiger, A. A.; Kihara, 253 

A.; Kim, A. L.; Kim, C. H.; Kim, D. R.; Kim, D. H.; Kim, E. K.; Kim, H. Y.; Kim, H. R.; Kim, J. S.; Kim, J. H.; Kim, J. C.; Kim, J. 254 

H.; Kim, K. W.; Kim, M. D.; Kim, M. M.; Kim, P. K.; Kim, S. W.; Kim, S. Y.; Kim, Y. S.; Kim, Y.; Kimchi, A.; Kimmelman, A. 255 

C.; Kimura, T.; King, J. S.; Kirkegaard, K.; Kirkin, V.; Kirshenbaum, L. A.; Kishi, S.; Kitajima, Y.; Kitamoto, K.; Kitaoka, Y.; 256 

Kitazato, K.; Kley, R. A.; Klimecki, W. T.; Klinkenberg, M.; Klucken, J.; Knaevelsrud, H.; Knecht, E.; Knuppertz, L.; Ko, J. L.; 257 

Kobayashi, S.; Koch, J. C.; Koechlin-Ramonatxo, C.; Koenig, U.; Koh, Y. H.; Kohler, K.; Kohlwein, S. D.; Koike, M.; Komatsu, 258 

M.; Kominami, E.; Kong, D. X.; Kong, H. J.; Konstantakou, E. G.; Kopp, B. T.; Korcsmaros, T.; Korhonen, L.; Korolchuk, V. 259 

I.; Koshkina, N. V.; Kou, Y. J.; Koukourakis, M. I.; Koumenis, C.; Kovacs, A. L.; Kovacs, T.; Kovacs, W. J.; Koya, D.; Kraft, C.; 260 

Krainc, D.; Kramer, H.; Kravic-Stevovic, T.; Krek, W.; Kretz-Remy, C.; Krick, R.; Krishnamurthy, M.; Kriston-Vizi, J.; 261 

Kroemer, G.; Kruer, M. C.; Kruger, R.; Ktistakis, N. T.; Kuchitsu, K.; Kuhn, C.; Kumar, A. P.; Kumar, A.; Kumar, A.; Kumar, 262 

D.; Kumar, D.; Kumar, R.; Kumar, S.; Kundu, M.; Kung, H. J.; Kuno, A.; Kuo, S. H.; Kuret, J.; Kurz, T.; Kwok, T.; Kwon, T. 263 

K.; Kwon, Y. T.; Kyrmizi, I.; La Spada, A. R.; Lafont, F.; Lahm, T.; Lakkaraju, A.; Lam, T.; Lamark, T.; Lancel, S.; Landowski, 264 

T. H.; Lane, D. J. R.; Lane, J. D.; Lanzi, C.; Lapaquette, P.; Lapierre, L. R.; Laporte, J.; Laukkarinen, J.; Laurie, G. W.; Lavandero, 265 

S.; Lavie, L.; LaVoie, M. J.; Law, B. Y. K.; Law, H. K. W.; Law, K. B.; Layfield, R.; Lazo, P. A.; Le Cam, L.; Le Roch, K. G.; Le 266 

Stunff, H.; Leardkamolkarn, V.; Lecuit, M.; Lee, B. H.; Lee, C. H.; Lee, E. F.; Lee, G. M.; Lee, H. J.; Lee, H.; Lee, J. K.; Lee, J.; 267 

Lee, J. H.; Lee, J. H.; Lee, M.; Lee, M. S.; Lee, P. J.; Lee, S. W.; Lee, S. J.; Lee, S. J.; Lee, S. Y.; Lee, S. H.; Lee, S. S.; Lee, S. J.; Lee, 268 

S.; Lee, Y. R.; Lee, Y. J.; Lee, Y. H.; Leeuwenburgh, C.; Lefort, S.; Legouis, R.; Lei, J. Z.; Lei, Q. Y.; Leib, D. A.; Leibowitz, G.; 269 

Lekli, I.; Lemaire, S. D.; Lemasters, J. J.; Lemberg, M. K.; Lemoine, A.; Leng, S. L.; Lenz, G.; Lenzi, P.; Lerman, L. O.; Barbato, 270 

D. L.; Leu, J. I. J.; Leung, H. Y.; Levine, B.; Lewis, P. A.; Lezoualc'h, F.; Li, C.; Li, F. Q.; Li, F. J.; Li, J.; Li, K.; Li, L.; Li, M.; Li, 271 

M.; Li, Q.; Li, R.; Li, S.; Li, W.; Li, W.; Li, X. T.; Li, Y. M.; Lian, J. Q.; Liang, C. Y.; Liang, Q. R.; Liao, Y. L.; Liberal, J.; Liberski, 272 

P. P.; Lie, P.; Lieberman, A. P.; Lim, H. J.; Lim, K. L.; Lim, K.; Lima, R. T.; Lin, C. S.; Lin, C. F.; Lin, F.; Lin, F. M.; Lin, F. C.; 273 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 7 of 28 
 

 

Lin, K.; Lin, K. H.; Lin, P. H.; Lin, T. W.; Lin, W. W.; Lin, Y. S.; Lin, Y.; Linden, R.; Lindholm, D.; Lindqvist, L. M.; Lingor, P.; 274 

Linkermann, A.; Liotta, L. A.; Lipinski, M. M.; Lira, V. A.; Lisanti, M. P.; Liton, P. B.; Liu, B.; Liu, C.; Liu, C. F.; Liu, F.; Liu, 275 

H. J.; Liu, J. X.; Liu, J. J.; Liu, J. L.; Liu, K.; Liu, L. Y.; Liu, L.; Liu, Q. T.; Liu, R. Y.; Liu, S. M.; Liu, S. W.; Liu, W.; Liu, X. D.; 276 

Liu, X. G.; Liu, X. H.; Liu, X. F.; Liu, X.; Liu, X. Q.; Liu, Y.; Liu, Y. L.; Liu, Z. X.; Liu, Z.; Liuzzi, J. P.; Lizard, G.; Ljujic, M.; 277 

Lodhi, I. J.; Logue, S. E.; Lokeshwar, B. L.; Long, Y. C.; Lonial, S.; Loos, B.; Lopez-Otin, C.; Lopez-Vicario, C.; Lorente, M.; 278 

Lorenzi, P. L.; Lorincz, P.; Los, M.; Lotze, M. T.; Lovat, P. E.; Lu, B. F.; Lu, B.; Lu, J.; Lu, Q.; Lu, S. M.; Lu, S. Y.; Lu, Y. Y.; 279 

Luciano, F.; Luckhart, S.; Lucocq, J. M.; Ludovico, P.; Lugea, A.; Lukacs, N. W.; Lum, J. J.; Lund, A. H.; Luo, H. L.; Luo, J.; 280 

Luo, S. Q.; Luparello, C.; Lyons, T.; Ma, J. J.; Ma, Y.; Ma, Y.; Ma, Z. Y.; Machado, J.; Machado-Santelli, G. M.; Macian, F.; 281 

MacIntosh, G. C.; MacKeigan, J. P.; Macleod, K. F.; MacMicking, J. D.; MacMillan-Crow, L. A.; Madeo, F.; Madesh, M.; 282 

Madrigal-Matute, J.; Maeda, A.; Maeda, T.; Maegawa, G.; Maellaro, E.; Maes, H.; Magarinos, M.; Maiese, K.; Maiti, T. K.; 283 

Maiuri, L.; Maiuri, M. C.; Maki, C. G.; Malli, R.; Malorni, W.; Maloyan, A.; Mami-Chouaib, F.; Man, N.; Mancias, J. D.; 284 

Mandelkow, E. M.; Mandell, M. A.; Manfredi, A. A.; Manie, S. N.; Manzoni, C.; Mao, K.; Mao, Z. X.; Mao, Z. W.; Marambaud, 285 

P.; Marconi, A. M.; Marelja, Z.; Marfe, G.; Margeta, M.; Margittai, E.; Mari, M.; Mariani, F. V.; Marin, C.; Marinelli, S.; Marino, 286 

G.; Markovic, I.; Marquez, R.; Martelli, A. M.; Martens, S.; Martin, K. R.; Martin, S. J.; Martin, S.; Martin-Acebes, M. A.; 287 

Martin-Sanz, P.; Martinand-Mari, C.; Martinet, W.; Martinez, J.; Martinez-Lopez, N.; Martinez-Outschoorn, U.; Martinez- 288 

Velazquez, M.; Martinez-Vicente, M.; Martins, W. K.; Mashima, H.; Mastrianni, J. A.; Matarese, G.; Matarrese, P.; Mateo, R.; 289 

Matoba, S.; Matsumoto, N.; Matsushita, T.; Matsuura, A.; Matsuzawa, T.; Mattson, M. P.; Matus, S.; Maugeri, N.; Mauvezin, 290 

C.; Mayer, A.; Maysinger, D.; Mazzolini, G. D.; McBrayer, M. K.; McCall, K.; McCormick, C.; McInerney, G. M.; McIver, S. 291 

C.; McKenna, S.; McMahon, J. J.; McNeish, I. A.; Mechta-Grigoriou, F.; Medema, J. P.; Medina, D. L.; Megyeri, K.; Mehrpour, 292 

M.; Mehta, J. L.; Mei, Y. D.; Meier, U. C.; Meijer, A. J.; Melendez, A.; Melino, G.; Melino, S.; de Melo, E. J. T.; Mena, M. A.; 293 

Meneghini, M. D.; Menendez, J. A.; Menezes, R.; Meng, L. S.; Meng, L. H.; Meng, S. S.; Menghini, R.; Menko, A. S.; Menna- 294 

Barreto, R. F. S.; Menon, M. B.; Meraz-Rios, M. A.; Merla, G.; Merlini, L.; Merlot, A. M.; Meryk, A.; Meschini, S.; Meyer, J. 295 

N.; Mi, M. T.; Miao, C. Y.; Micale, L.; Michaeli, S.; Michiels, C.; Migliaccio, A. R.; Mihailidou, A. S.; Mijaljica, D.; Mikoshiba, 296 

K.; Milan, E.; Miller-Fleming, L.; Mills, G. B.; Mills, I. G.; Minakaki, G.; Minassian, B. A.; Ming, X. F.; Minibayeva, F.; Minina, 297 

E. A.; Mintern, J. D.; Minucci, S.; Miranda-Vizuete, A.; Mitchell, C. H.; Miyamoto, S.; Miyazawa, K.; Mizushima, N.; Mnich, 298 

K.; Mograbi, B.; Mohseni, S.; Moita, L. F.; Molinari, M.; Molinari, M.; Moller, A. B.; Mollereau, B.; Mollinedo, F.; Monick, M. 299 

M.; Monick, M. M.; Montagnaro, S.; Montell, C.; Moore, D. J.; Moore, M. N.; Mora-Rodriguez, R.; Moreira, P. I.; Morel, E.; 300 

Morelli, M. B.; Moreno, S.; Morgan, M. J.; Moris, A.; Moriyasu, Y.; Morrison, J. L.; Morrison, L. A.; Morselli, E.; Moscat, J.; 301 

Moseley, P. L.; Mostowy, S.; Motori, E.; Mottet, D.; Mottram, J. C.; Moussa, C. E. H.; Mpakou, V. E.; Mukhtar, H.; Levy, J. M. 302 

M.; Muller, S.; Munoz-Moreno, R.; Munoz-Pinedo, C.; Munz, C.; Murphy, M. E.; Murray, J. T.; Murthy, A.; Mysorekar, I. U.; 303 

Nabi, I. R.; Nabissi, M.; Nader, G. A.; Nagahara, Y.; Nagai, Y.; Nagata, K.; Nagelkerke, A.; Nagy, P.; Naidu, S. R.; Nair, S.; 304 

Nakano, H.; Nakatogawa, H.; Nanjundan, M.; Napolitano, G.; Naqvi, N. I.; Nardacci, R.; Narendra, D. P.; Narita, M.; 305 

Nascimbeni, A. C.; Natarajan, R.; Navegantes, L. C.; Nawrocki, S. T.; Nazarko, T. Y.; Nazarko, V. Y.; Neill, T.; Neri, L. M.; 306 

Netea, M. G.; Netea-Maier, R. T.; Neves, B. M.; Ney, P. A.; Nezis, I. P.; Nguyen, H. T. T.; Nguyen, H. P.; Nicot, A. S.; Nilsen, 307 

H.; Nilsson, P.; Nishimura, M.; Nishino, I.; Niso-Santano, M.; Niu, H.; Nixon, R. A.; Njar, V. C. O.; Noda, T.; Noegel, A. A.; 308 

Nolte, E. M.; Norberg, E.; Norga, K. K.; Noureini, S. K.; Notomi, S.; Notterpek, L.; Nowikovsky, K.; Nukina, N.; Nurnberger, 309 

T.; O'Donnell, V. B.; O'Donovan, T.; O'Dwyer, P. J.; Oehme, I.; Oeste, C. L.; Ogawa, M.; Ogretmen, B.; Ogura, Y.; Oh, Y. J.; 310 

Ohmuraya, M.; Ohshima, T.; Ojha, R.; Okamoto, K.; Okazaki, T.; Oliver, F. J.; Ollinger, K.; Olsson, S.; Orban, D. P.; Ordonez, 311 

P.; Orhon, I.; Orosz, L.; O'Rourke, E. J.; Orozco, H.; Ortega, A. L.; Ortona, E.; Osellame, L. D.; Oshima, J.; Oshima, S.; 312 

Osiewacz, H. D.; Otomo, T.; Otsu, K.; Ou, J. H. J.; Outeiro, T. F.; Ouyang, D. Y.; Ouyang, H. J.; Overholtzer, M.; Ozbun, M. 313 

A.; Ozdinler, P. H.; Ozpolat, B.; Pacelli, C.; Paganetti, P.; Page, G.; Pages, G.; Pagnini, U.; Pajak, B.; Pak, S. C.; Pakos-Zebrucka, 314 

K.; Pakpour, N.; Palkova, Z.; Palladino, F.; Pallauf, K.; Pallet, N.; Palmieri, M.; Paludan, S. R.; Palumbo, C.; Palumbo, S.; 315 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 8 of 28 
 

 

Pampliega, O.; Pan, H. M.; Pan, W.; Panaretakis, T.; Pandey, A.; Pantazopoulou, A.; Papackova, Z.; Papademetrio, D. L.; 316 

Papassideri, I.; Papini, A.; Parajuli, N.; Pardo, J.; Parekh, V. V.; Parenti, G.; Park, J. I.; Park, J.; Park, O. K.; Parker, R.; Parlato, 317 

R.; Parys, J. B.; Parzych, K. R.; Pasquet, J. M.; Pasquier, B.; Pasumarthi, K. B. S.; Patschan, D.; Patterson, C.; Pattingre, S.; 318 

Pattison, S.; Pause, A.; Pavenstadt, H.; Pavone, F.; Pedrozo, Z.; Pena, F. J.; Penalva, M. A.; Pende, M.; Peng, J. X.; Penna, F.; 319 

Penninger, J. M.; Pensalfini, A.; Pepe, S.; Pereira, G. J. S.; Pereira, P. C.; la Cruz, V. P.; Perez-Perez, M. E.; Perez-Rodriguez, 320 

D.; Perez-Sala, D.; Perier, C.; Perl, A.; Perlmutter, D. H.; Perrotta, I.; Pervaiz, S.; Pesonen, M.; Pessin, J. E.; Peters, G. J.; 321 

Petersen, M.; Petrache, I.; Petrof, B. J.; Petrovski, G.; Phang, J. M.; Piacentini, M.; Pierdominici, M.; Pierre, P.; Pierrefite-Carle, 322 

V.; Pietrocola, F.; Pimentel-Muinos, F. X.; Pinar, M.; Pineda, B.; Pinkas-Kramarski, R.; Pinti, M.; Pinton, P.; Piperdi, B.; Piret, 323 

J. M.; Platanias, L. C.; Platta, H. W.; Plowey, E. D.; Poggeler, S.; Poirot, M.; Polcic, P.; Poletti, A.; Poon, A. H.; Popelka, H.; 324 

Popova, B.; Poprawa, I.; Poulose, S. M.; Poulton, J.; Powers, S. K.; Powers, T.; Pozuelo-Rubio, M.; Prak, K.; Prange, R.; Prescott, 325 

M.; Priault, M.; Prince, S.; Proia, R. L.; Proikas-Cezanne, T.; Prokisch, H.; Promponas, V. J.; Przyklenk, K.; Puertollano, R.; 326 

Pugazhenthi, S.; Puglielli, L.; Pujol, A.; Puyal, J.; Pyeon, D.; Qi, X.; Qian, W. B.; Qin, Z. H.; Qiu, Y.; Qu, Z. W.; Quadrilatero, 327 

J.; Quinn, F.; Raben, N.; Rabinowich, H.; Radogna, F.; Ragusa, M. J.; Rahmani, M.; Raina, K.; Ramanadham, S.; Ramesh, R.; 328 

Rami, A.; Randall-Demllo, S.; Randow, F.; Rao, H.; Rao, V. A.; Rasmussen, B. B.; Rasse, T. M.; Ratovitski, E. A.; Rautou, P. 329 

E.; Ray, S. K.; Razani, B.; Reed, B. H.; Reggiori, F.; Rehm, M.; Reichert, A. S.; Rein, T.; Reiner, D. J.; Reits, E.; Ren, J.; Ren, X. 330 

C.; Renna, M.; Reusch, J. E. B.; Revuelta, J. L.; Reyes, L.; Rezaie, A. R.; Richards, R. I.; Richardson, D. R.; Richetta, C.; Riehle, 331 

M. A.; Rihn, B. H.; Rikihisa, Y.; Riley, B. E.; Rimbach, G.; Rippo, M. R.; Ritis, K.; Rizzi, F.; Rizzo, E.; Roach, P. J.; Robbins, J.; 332 

Roberge, M.; Roca, G.; Roccheri, M. C.; Rocha, S.; Rodrigues, C. M. P.; Rodriguez, C. I.; de Cordoba, S. R.; Rodriguez-Muela, 333 

N.; Roelofs, J.; Rogov, V. V.; Rohn, T. T.; Rohrer, B.; Romanelli, D.; Romani, L.; Romano, P. S.; Roncero, M. I. G.; Rosa, J. L.; 334 

Rosello, A.; Rosen, K. V.; Rosenstiel, P.; Rost-Roszkowska, M.; Roth, K. A.; Roue, G.; Rouis, M.; Rouschop, K. M.; Ruan, D. 335 

T.; Ruano, D.; Rubinsztein, D. C.; Rucker, E. B.; Rudich, A.; Rudolf, E.; Rudolf, R.; Ruegg, M. A.; Ruiz-Roldan, C.; Ruparelia, 336 

A. A.; Rusmini, P.; Russ, D. W.; Russo, G. L.; Russo, G.; Russo, R.; Rusten, T. E.; Ryabovol, V.; Ryan, K. M.; Ryter, S. W.; 337 

Sabatini, D. M.; Sacher, M.; Sachse, C.; Sack, M. N.; Sadoshima, J.; Saftig, P.; Sagi-Eisenberg, R.; Sahni, S.; Saikumar, P.; Saito, 338 

T.; Saitoh, T.; Sakakura, K.; Sakoh-Nakatogawa, M.; Sakuraba, Y.; Salazar-Roa, M.; Salomoni, P.; Saluja, A. K.; Salvaterra, P. 339 

M.; Salvioli, R.; Samali, A.; Sanchez, A. M. J.; Sanchez-Alcazar, J. A.; Sanchez-Prieto, R.; Sandri, M.; Sanjuan, M. A.; 340 

Santaguida, S.; Santambrogio, L.; Santoni, G.; dos Santos, C. N.; Saran, S.; Sardiello, M.; Sargent, G.; Sarkar, P.; Sarkar, S.; 341 

Sarrias, M. R.; Sarwal, M. M.; Sasakawa, C.; Sasaki, M.; Sass, M.; Sato, K.; Sato, M.; Satriano, J.; Savaraj, N.; Saveljeva, S.; 342 

Schaefer, L.; Schaible, U. E.; Scharl, M.; Schatzl, H. M.; Schekman, R.; Scheper, W.; Schiavi, A.; Schipper, H. M.; Schmeisser, 343 

H.; Schmidt, J.; Schmitz, I.; Schneider, B. E.; Schneider, E. M.; Schneider, J. L.; Schon, E. A.; Schonenberger, M. J.; Schonthal, 344 

A. H.; Schorderet, D. F.; Schroder, B.; Schuck, S.; Schulze, R. J.; Schwarten, M.; Schwarz, T. L.; Sciarretta, S.; Scotto, K.; 345 

Scovassi, A. I.; Screaton, R. A.; Screen, M.; Seca, H.; Sedej, S.; Segatori, L.; Segev, N.; Seglen, P. O.; Segui-Simarro, J. M.; 346 

Segura-Aguilar, J.; Seiliez, I.; Seki, E.; Sell, C.; Semenkovich, C. F.; Semenza, G. L.; Sen, U.; Serra, A. L.; Serrano-Puebla, A.; 347 

Sesaki, H.; Setoguchi, T.; Settembre, C.; Shacka, J. J.; Shajahan-Haq, A. N.; Shapiro, I. M.; Sharma, S.; She, H.; Shen, C. K. J.; 348 

Shen, C. C.; Shen, H. M.; Shen, S. B.; Shen, W. L.; Sheng, R.; Sheng, X. Y.; Sheng, Z. H.; Shepherd, T. G.; Shi, J. Y.; Shi, Q.; Shi, 349 

Q. H.; Shi, Y. G.; Shibutani, S.; Shibuya, K.; Shidoji, Y.; Shieh, J. J.; Shih, C. M.; Shimada, Y.; Shimizu, S.; Shin, D. W.; Shinohara, 350 

M. L.; Shintani, M.; Shintani, T.; Shioi, T.; Shirabe, K.; Shiri-Sverdlov, R.; Shirihai, O.; Shore, G. C.; Shu, C. W.; Shukla, D.; 351 

Sibirny, A. A.; Sica, V.; Sigurdson, C. J.; Sigurdsson, E. M.; Sijwali, P. S.; Sikorska, B.; Silveira, W. A.; Silvente-Poirot, S.; 352 

Silverman, G. A.; Simak, J.; Simmet, T.; Simon, A. K.; Simon, H. U.; Simone, C.; Simons, M.; Simonsen, A.; Singh, R.; Singh, 353 

S. V.; Singh, S. K.; Sinha, D.; Sinha, S.; Sinicrope, F. A.; Sirko, A.; Sirohi, K.; Sishi, B. J. N.; Sittler, A.; Siu, P. M.; Sivridis, E.; 354 

Skwarska, A.; Slack, R.; Slaninova, I.; Slavov, N.; Smaili, S. S.; Smalley, K. S. M.; Smith, D. R.; Soenen, S. J.; Soleimanpour, S. 355 

A.; Solhaug, A.; Somasundaram, K.; Son, J. H.; Sonawane, A.; Song, C. J.; Song, F. Y.; Song, H. K.; Song, J. X.; Song, W.; Soo, 356 

K. Y.; Sood, A. K.; Soong, T. W.; Soontornniyomkij, V.; Sorice, M.; Sotgia, F.; Soto-Pantoja, D. R.; Sotthibundhu, A.; Sousa, 357 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 9 of 28 
 

 

M. J.; Spaink, H. P.; Span, P. N.; Spang, A.; Sparks, J. D.; Speck, P. G.; Spector, S. A.; Spies, C. D.; Springer, W.; St Clair, D.; 358 

Stacchiotti, A.; Staels, B.; Stang, M. T.; Starczynowski, D. T.; Starokadomskyy, P.; Steegborn, C.; Steele, J. W.; Stefanis, L.; 359 

Steffan, J.; Stellrecht, C. M.; Stenmark, H.; Stepkowski, T. M.; Stern, S. T.; Stevens, C.; Stockwell, B. R.; Stoka, V.; Storchova, 360 

Z.; Stork, B.; Stratoulias, V.; Stravopodis, D. J.; Strnad, P.; Strohecker, A. M.; Strom, A. L.; Stromhaug, P.; Stulik, J.; Su, Y. X.; 361 

Su, Z. L.; Subauste, C. S.; Subramaniam, S.; Sue, C. M.; Suh, S. W.; Sui, X. B.; Sukseree, S.; Sulzer, D.; Sun, F. L.; Sun, J. R.; 362 

Sun, J.; Sun, S. Y.; Sun, Y.; Sun, Y.; Sun, Y. J.; Sundaramoorthy, V.; Sung, J.; Suzuki, H.; Suzuki, K.; Suzuki, N.; Suzuki, T.; 363 

Suzuki, Y. J.; Swanson, M. S.; Swanton, C.; Sward, K.; Swarup, G.; Sweeney, S. T.; Sylvester, P. W.; Szatmari, Z.; Szegezdi, 364 

E.; Szlosarek, P. W.; Taegtmeyer, H.; Tafani, M.; Taillebourg, E.; Tait, S. W. G.; Takacs-Vellai, K.; Takahashi, Y.; Takats, S.; 365 

Takemura, G.; Takigawa, N.; Talbot, N. J.; Tamagno, E.; Tamburini, J.; Tan, C. P.; Tan, L.; Tan, M. L.; Tan, M.; Tan, Y. J.; 366 

Tanaka, K.; Tanaka, M.; Tang, D. L.; Tang, D. Z.; Tang, G. M.; Tanida, I.; Tanji, K.; Tannous, B. A.; Tapia, J. A.; Tasset-Cuevas, 367 

I.; Tatar, M.; Tavassoly, I.; Tavernarakis, N.; Taylor, A.; Taylor, G. S.; Taylor, G. A.; Taylor, J. P.; Taylor, M. J.; Tchetina, E. 368 

V.; Tee, A. R.; Teixeira-Clerc, F.; Telang, S.; Tencomnao, T.; Teng, B. B.; Teng, R. J.; Terro, F.; Tettamanti, G.; Theiss, A. L.; 369 

Theron, A. E.; Thomas, K. J.; Thome, M. P.; Thomes, P. G.; Thorburn, A.; Thorner, J.; Thum, T.; Thumm, M.; Thurston, T. L. 370 

M.; Tian, L.; Till, A.; Ting, J. P. Y.; Titorenko, V. I.; Toker, L.; Toldo, S.; Tooze, S. A.; Topisirovic, I.; Torgersen, M. L.; 371 

Torosantucci, L.; Torriglia, A.; Torrisi, M. R.; Tournier, C.; Towns, R.; Trajkovic, V.; Travassos, L. H.; Triola, G.; Tripathi, D. 372 

N.; Trisciuoglio, D.; Troncoso, R.; Trougakos, I. P.; Truttmann, A. C.; Tsai, K. J.; Tschan, M. P.; Tseng, Y. H.; Tsukuba, T.; 373 

Tsung, A.; Tsvetkov, A. S.; Tu, S. P.; Tuan, H. Y.; Tucci, M.; Tumbarello, D. A.; Turk, B.; Turk, V.; Turner, R. F. B.; Tveita, A. 374 

A.; Tyagi, S. C.; Ubukata, M.; Uchiyama, Y.; Udelnow, A.; Ueno, T.; Umekawa, M.; Umemiya-Shirafuji, R.; Underwood, B. 375 

R.; Ungermann, C.; Ureshino, R. P.; Ushioda, R.; Uversky, V. N.; Uzcategui, N. L.; Vaccari, T.; Vaccaro, M. I.; Vachova, L.; 376 

Vakifahmetoglu-Norberg, H.; Valdor, R.; Valente, E. M.; Vallette, F.; Valverde, A. M.; Van den Berghe, G.; Van Den Bosch, 377 

L.; van den Brink, G. R.; van der Goot, F. G.; van der Klei, I. J.; van der Laan, L. J. W.; van Doorn, W. G.; van Egmond, M.;  378 

van Golen, K. L.; Van Kaer, L.; Campagne, M. V.; Vandenabeele, P.; Vandenberghe, W.; Vanhorebeek, I.; Varela-Nieto, I.; 379 

Vasconcelos, M. H.; Vasko, R.; Vavvas, D. G.; Vega-Naredo, I.; Velasco, G.; Velentzas, A. D.; Velentzas, P. D.; Vellai, T.; 380 

Vellenga, E.; Vendelbo, M. H.; Venkatachalam, K.; Ventura, N.; Ventura, S.; Veras, P. S. T.; Verdier, M.; Vertessy, B. G.; Viale, 381 

A.; Vidal, M.; Vieira, H. L. A.; Vierstra, R. D.; Vigneswaran, N.; Vij, N.; Vila, M.; Villar, M.; Villar, V. H.; Villarroya, J.; Vindis, 382 

C.; Viola, G.; Viscomi, M. T.; Vitale, G.; Vogl, D. T.; Voitsekhovskaja, O. V.; von Haefen, C.; von Schwarzenberg, K.; Voth, 383 

D. E.; Vouret-Craviari, V.; Vuori, K.; Vyas, J. M.; Waeber, C.; Walker, C. L.; Walker, M. J.; Walter, J.; Wan, L.; Wan, X. B.; 384 

Wang, B.; Wang, C. H.; Wang, C. Y.; Wang, C. S.; Wang, C. R.; Wang, C. H.; Wang, D.; Wang, F.; Wang, F. X.; Wang, G. H.; 385 

Wang, H. J.; Wang, H. C.; Wang, H. G.; Wang, H. M.; Wang, H. D.; Wang, J.; Wang, J. J.; Wang, M.; Wang, M. Q.; Wang, P. 386 

Y.; Wang, P.; Wang, R. C.; Wang, S.; Wang, T. F.; Wang, X.; Wang, X. J.; Wang, X. W.; Wang, X.; Wang, X. J.; Wang, Y.; Wang, 387 

Y.; Wang, Y.; Wang, Y. J.; Wang, Y. P.; Wang, Y.; Wang, Y. T.; Wang, Y. Q.; Wang, Z. N.; Wappner, P.; Ward, C.; Ward, D. 388 

M.; Warnes, G.; Watada, H.; Watanabe, Y.; Watase, K.; Weaver, T. E.; Weekes, C. D.; Wei, J. W.; Weide, T.; Weihl, C. C.; 389 

Weindl, G.; Weis, S. N.; Wen, L. P.; Wen, X.; Wen, Y. F.; Westermann, B.; Weyand, C. M.; White, A. R.; White, E.; Whitton, J. 390 

L.; Whitworth, A. J.; Wiels, J.; Wild, F.; Wildenberg, M. E.; Wileman, T.; Wilkinson, D. S.; Wilkinson, S.; Willbold, D.; 391 

Williams, C.; Williams, K.; Williamson, P. R.; Winklhofer, K. F.; Witkin, S. S.; Wohlgemuth, S. E.; Wollert, T.; Wolvetang, E. 392 

J.; Wong, E.; Wong, G. W.; Wong, R. W.; Wong, V. K. W.; Woodcock, E. A.; Wright, K. L.; Wu, C. L.; Wu, D. F.; Wu, G. S.; 393 

Wu, J.; Wu, J. F.; Wu, M.; Wu, M.; Wu, S. Z.; Wu, W. K. K.; Wu, Y. H.; Wu, Z. L.; Xavier, C. P. R.; Xavier, R. J.; Xia, G. X.; Xia, 394 

T.; Xia, W. L.; Xia, Y.; Xiao, H. Y.; Xiao, J.; Xiao, S.; Xiao, W. H.; Xie, C. M.; Xie, Z. P.; Xie, Z. L.; Xilouri, M.; Xiong, Y. Y.; Xu, 395 

C. S.; Xu, C. F.; Xu, F.; Xu, H. X.; Xu, H. W.; Xu, J.; Xu, J. Z.; Xu, J. X.; Xu, L.; Xu, X. L.; Xu, Y. Q.; Xu, Y.; Xu, Z. X.; Xu, Z. H.; 396 

Xue, Y.; Yamada, T.; Yamamoto, A.; Yamanaka, K.; Yamashina, S.; Yamashiro, S.; Yan, B.; Yan, B.; Yan, X.; Yan, Z.; Yanagi, 397 

Y.; Yang, D. S.; Yang, J. M.; Yang, L.; Yang, M. H.; Yang, P. M.; Yang, P.; Yang, Q.; Yang, W. N.; Yang, W. Y.; Yang, X. S.; 398 

Yang, Y.; Yang, Y.; Yang, Z. F.; Yang, Z. H.; Yao, M. C.; Yao, P. J.; Yao, X. F.; Yao, Z. Y.; Yao, Z. Y.; Yasui, L. S.; Ye, M. X.; 399 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 10 of 28 
 

 

Yedvobnick, B.; Yeganeh, B.; Yeh, E. S.; Yeyati, P. L.; Yi, F.; Yi, L.; Yin, X. M.; Yip, C. K.; Yoo, Y. M.; Yoo, Y. H.; Yoon, S. Y.; 400 

Yoshida, K. I.; Yoshimori, T.; Young, K. H.; Yu, H. M.; Yu, J. J.; Yu, J. T.; Yu, J.; Yu, L.; Yu, W. H.; Yu, X. F.; Yu, Z. P.; Yuan, J. 401 

Y.; Yuan, Z. M.; Yue, B. Y. J. T.; Yue, J. B.; Yue, Z. Y.; Zacks, D. N.; Zacksenhaus, E.; Zaffaroni, N.; Zaglia, T.; Zakeri, Z.; 402 

Zecchini, V.; Zeng, J. S.; Zeng, M.; Zeng, Q.; Zervos, A. S.; Zhang, D. D.; Zhang, F.; Zhang, G.; Zhang, G. C.; Zhang, H.; 403 

Zhang, H.; Zhang, H.; Zhang, H. B.; Zhang, J.; Zhang, J.; Zhang, J. W.; Zhang, J. H.; Zhang, J. P.; Zhang, L.; Zhang, L.; Zhang, 404 

L.; Zhang, L.; Zhang, M. Y.; Zhang, X. N.; Zhang, X. D.; Zhang, Y.; Zhang, Y.; Zhang, Y. J.; Zhang, Y. M.; Zhang, Y. J.; Zhao, 405 

M.; Zhao, W. L.; Zhao, X. N.; Zhao, Y. G.; Zhao, Y.; Zhao, Y. C.; Zhao, Y. X.; Zhao, Z. D.; Zhao, Z. Z. J.; Zheng, D. X.; Zheng, 406 

X. L.; Zheng, X. X.; Zhivotovsky, B.; Zhong, Q.; Zhou, G. Z.; Zhou, G. F.; Zhou, H. P.; Zhou, S. F.; Zhou, X. J.; Zhu, H. X.; 407 

Zhu, H.; Zhu, W. G.; Zhu, W. H.; Zhu, X. F.; Zhu, Y. H.; Zhuang, S. M.; Zhuang, X. H.; Ziparo, E.; Zois, C. E.; Zoladek, T.; 408 

Zong, W. X.; Zorzano, A.; Zughaier, S. M., Guidelines for the use and interpretation of assays for monitoring autophagy 409 

(3rd edition). Autophagy 2016, 12, (1), 1-222. 410 

26. 20. Kirkin, V.; Rogov, V. V., A Diversity of Selective Autophagy Receptors Determines the Specificity of the Autophagy 411 

Pathway. Mol Cell 2019, 76, (2), 268-285. 412 

27. 21. Suhy, D. A.; Giddings, T. H.; Kirkegaard, K., Remodeling the endoplasmic reticulum by poliovirus infection and by 413 

individual viral proteins: an autophagy-like origin for virus-induced vesicles. J Virol 2000, 74, (19), 8953-8965. 414 

28. 22. Jackson, W. T.; Giddings, T. H.; Taylor, M. P.; Mulinyawe, S.; Rabinovitch, M.; Kopito, R. R.; Kirkegaard, K., Subversion 415 

of cellular autophagosomal machinery by RNA viruses. Plos Biol 2005, 3, (5), 861-871. 416 

29. 23. Taylor, M. P.; Kirkegaard, K., Modification of cellular autophagy protein LC3 by poliovirus. J Virol 2007, 81, (22), 12543- 417 

12553. 418 

30. 24. Wong, J.; Zhang, J. C.; Si, X. N.; Gao, G.; Mao, I.; McManus, B. M.; Luo, H. L., Autophagosome supports coxsackievirus 419 

B3 replication in host cells. J Virol 2008, 82, (18), 9143-9153. 420 

31. 25. Lin, J. Y.; Huang, H. I., Autophagy is induced and supports virus replication in Enterovirus A71-infected human primary 421 

neuronal cells. Sci Rep-Uk 2020, 10, (1). 422 

32. 26. Song, J.; Hu, Y. J.; Li, J. Q.; Zheng, H. W.; Wang, J. J.; Guo, L.; Shi, H.; Liu, L. D., Suppression of the toll-like receptor 7- 423 

dependent type I interferon production pathway by autophagy resulting from enterovirus 71 and coxsackievirus A16 424 

infections facilitates their replication. Arch Virol 2018, 163, (1), 135-144. 425 

33. 27. Harris, K. G.; Morosky, S. A.; Drummond, C. G.; Patel, M.; Kim, C.; Stolz, D. B.; Bergelson, J. M.; Cherry, S.; Coyne, C. 426 

B., RIP3 Regulates Autophagy and Promotes Coxsackievirus B3 Infection of Intestinal Epithelial Cells. Cell Host Microbe 2015, 427 

18, (2), 221-232. 428 

34. 28. Won, M.; Jun, E. J.; Khim, M.; Hong, S. H.; Park, N. H.; Kim, Y. K.; Lee, H., Antiviral protection against enterovirus 71 429 

mediated by autophagy induction following FLICE-inhibitory protein inactivation. Virus Res 2012, 169, (1), 316-320. 430 

35. 29. Richards, A. L.; Jackson, W. T., How Positive-Strand RNA Viruses Benefit from Autophagosome Maturation. J Virol 2013, 431 

87, (18), 9966-9972. 432 

36. 30. Velazquez, A. C.; Corona, A. K.; Klein, K. A.; Jackson, W. T., Poliovirus induces autophagic signaling independent of 433 

the ULK1 complex. Autophagy 2018, 14, (7), 1201-1213. 434 

37. 31. Delorme-Axford, E.; Morosky, S.; Bomberger, J.; Stolz, D. B.; Jackson, W. T.; Coyne, C. B., BPIFB3 Regulates Autophagy 435 

and Coxsackievirus B Replication through a Noncanonical Pathway Independent of the Core Initiation Machinery. Mbio 436 

2014, 5, (6). 437 

38. 32. Taylor, M. P.; Jackson, W. T., Viruses and arrested autophagosome development. Autophagy 2009, 5, (6), 870-871. 438 

39. 33. Kemball, C. C.; Alirezaei, M.; Flynn, C. T.; Wood, M. R.; Harkins, S.; Kiosses, W. B.; Whitton, J. L., Coxsackievirus 439 

Infection Induces Autophagy-Like Vesicles and Megaphagosomes in Pancreatic Acinar Cells In Vivo. J Virol 2010, 84, (23), 440 

12110-12124. 441 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 11 of 28 
 

 

40. 34. Bird, S. W.; Maynard, N. D.; Covert, M. W.; Kirkegaard, K., Nonlytic viral spread enhanced by autophagy components. 442 

P Natl Acad Sci USA 2014, 111, (36), 13081-13086. 443 

41. 35. Corona, A. K.; Saulsbery, H. M.; Velazquez, A. F. C.; Jackson, W. T., Enteroviruses Remodel Autophagic Trafficking 444 

through Regulation of Host SNARE Proteins to Promote Virus Replication and Cell Exit. Cell Rep 2018, 22, (12), 3304-3314. 445 

42. 36. Richards, A. L.; Jackson, W. T., Intracellular Vesicle Acidification Promotes Maturation of Infectious Poliovirus Particles. 446 

Plos Pathog 2012, 8, (11). 447 

43. 37. Chen, Y. H.; Du, W.; Hagemeijer, M. C.; Takvorian, P. M.; Pau, C.; Cali, A.; Brantner, C. A.; Stempinski, E. S.; Connelly, 448 

P. S.; Ma, H. C.; Jiang, P.; Wimmer, E.; Altan-Bonnet, G.; Altan-Bonnet, N., Phosphatidylserine vesicles enable efficient en 449 

bloc transmission of enteroviruses. Cell 2015, 160, (4), 619-630. 450 

44. 38. Viktorova, E. G.; Khattar, S.; Samal, S.; Belov, G. A., Poliovirus Replicon RNA Generation, Transfection, Packaging, and 451 

Quantitation of Replication. Curr Protoc Microbiol 2018, 48, 15H 4 1-15H 4 15. 452 

45. 39. Belov, G. A.; Fogg, M. H.; Ehrenfeld, E., Poliovirus proteins induce membrane association of GTPase ADP-ribosylation 453 

factor. J Virol 2005, 79, (11), 7207-7216. 454 

46. 40. Herold, J.; Andino, R., Poliovirus requires a precise 5' end for efficient positive-strand RNA synthesis. J Virol 2000, 74, 455 

(14), 6394-400. 456 

47. 41. Viktorova, E. G.; Khattar, S. K.; Kouiavskaia, D.; Laassri, M.; Zagorodnyaya, T.; Dragunsky, E.; Samal, S.; Chumakov, 457 

K.; Belov, G. A., Newcastle Disease Virus-Based Vectored Vaccine against Poliomyelitis. J Virol 2018, 92, (17). 458 

48. 42. Pasamontes, L.; Egger, D.; Bienz, K., Production of Monoclonal and Monospecific Antibodies against Non-Capsid 459 

Proteins of Poliovirus. J Gen Virol 1986, 67, 2415-2422. 460 

49. 43. Egger, D.; Pasamontes, L.; Bolten, R.; Boyko, V.; Bienz, K., Reversible dissociation of the poliovirus replication complex: 461 

Functions and interactions of its components in viral RNA synthesis. J Virol 1996, 70, (12), 8675-8683. 462 

50. 44. Doedens, J. R.; Giddings, T. H.; Kirkegaard, K., Inhibition of endoplasmic reticulum-to-Golgi traffic by poliovirus 463 

protein 3A: Genetic and ultrastructural analysis. J Virol 1997, 71, (12), 9054-9064. 464 

51. 45. Nchoutmboube, J. A.; Viktorova, E. G.; Scott, A. J.; Ford, L. A.; Pei, Z.; Watkins, P. A.; Ernst, R. K.; Belov, G. A., Increased 465 

long chain acyl-Coa synthetase activity and fatty acid import is linked to membrane synthesis for development of 466 

picornavirus replication organelles. Plos Pathog 2013, 9, (6), e1003401. 467 

52. 46. Chen, Z. C.; Chumakov, K.; Dragunsky, E.; Kouiavskaia, D.; Makiya, M.; Neverov, A.; Rezapkin, G.; Sebrell, A.; Purcell, 468 

R., Chimpanzee-Human Monoclonal Antibodies for Treatment of Chronic Poliovirus Excretors and Emergency 469 

Postexposure Prophylaxis. J Virol 2011, 85, (9), 4354-4362. 470 

53. 47. Hogle, J. M.; Chow, M.; Filman, D. J., 3-Dimensional Structure of Poliovirus at 2.9 a Resolution. Science 1985, 229, (4720), 471 

1358-1365. 472 

54. 48. Hindiyeh, M.; Li, Q. H.; Basavappa, R.; Hogle, J. M.; Chow, M., Poliovirus mutants at histidine 195 of VP2 do not cleave 473 

VP0 into VP2 and VP4. J Virol 1999, 73, (11), 9072-9079. 474 

55. 49. Nakatogawa, H.; Ichimura, Y.; Ohsumi, Y., Atg8, a ubiquitin-like protein required for autophagosome formation, 475 

mediates membrane tethering and hemifusion. Cell 2007, 130, (1), 165-178. 476 

56. 50. Su, W. T.; Huang, S.; Zhu, H. M.; Zhang, B.; Wu, X. B., Interaction between PHB2 and Enterovirus A71 VP1 Induces 477 

Autophagy and Affects EV-A71 Infection. Viruses-Basel 2020, 12, (4). 478 

57. 51. O'Donnell, V.; Pacheco, J. M.; LaRocco, M.; Burrage, T.; Jackson, W.; Rodriguez, L. L.; Borca, M. V.; Baxt, B., Foot-and- 479 

mouth disease virus utilizes an autophagic pathway during viral replication. Virology 2011, 410, (1), 142-150. 480 

58. 52. Lee, Y. R.; Wang, P. S.; Wang, J. R.; Liu, H. S., Enterovirus 71-induced autophagy increases viral replication and 481 

pathogenesis in a suckling mouse model. J Biomed Sci 2014, 21. 482 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1


Viruses 2021, 13, x FOR PEER REVIEW 12 of 28 
 

 

59. 53. Andersen, N. S. B.; Jorgensen, S. E.; Skipper, K. A.; Larsen, S. M.; Heinz, J.; Thomsen, M. M.; Farahani, E.; Cai, Y. J.; Hait, 483 

A. S.; Kay, L.; Mikkelsen, J. G.; Schleimann, M. H.; Thomsen, M. K.; Paludan, S. R.; Mogensen, T. H., Essential role of 484 

autophagy in restricting poliovirus infection revealed by identification of an ATG7 defect in a poliomyelitis patient. 485 

Autophagy 2020. 486 

60. 54. Welsch, S.; Miller, S.; Romero-Brey, I.; Merz, A.; Bleck, C. K. E.; Walther, P.; Fuller, S. D.; Antony, C.; Krijnse-Locker, J.; 487 

Bartenschlager, R., Composition and Three-Dimensional Architecture of the Dengue Virus Replication and Assembly Sites. 488 

Cell Host Microbe 2009, 5, (4), 365-375. 489 

61. 55. Brinton, M. A., Replication Cycle and Molecular Biology of the West Nile Virus. Viruses-Basel 2014, 6, (1), 13-53. 490 

 491 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2021                   doi:10.20944/preprints202105.0534.v1

https://doi.org/10.20944/preprints202105.0534.v1

