10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.28.466260; this version posted October 29, 2021. The copyright holder for this

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

RACK1 associates with RNA-binding proteins Vigilin and SERBP1 to

control dengue virus replication

Alexis Brugier', Mohamed-Lamine Hafirrassou', Marie Pourcelot!, Morgane
Baldaccini 2, Laurine Couture’, Vasiliya Kril ', Beate M. Kimmerer 3, Sarah Gallois-
Montbrun®, Lucie Bonnet-Madin'®, Sébastien Pfeffer 2 Pierre -Olivier Vidalain®,

Constance Delaugerre’- | Laurent Meertens’, Ali Amara®&

T Université de Paris, INSERM U944 CNRS 7212, Biology of Emerging Viruses team,
Institut de Recherche Saint-Louis, Hbpital Saint-Louis, 75010 Paris, France

2 Université de Strasbourg, Architecture et Réactivité de I'ARN, Institut de Biologie
Moléculaire et Cellulaire du CNRS, 67084 Strasbourg, France

3 Institute of Virology, Medical Faculty, University of Bonn, 53127 Bonn, Germany

4 Université de Paris, Institut Cochin, INSERM, CNRS, F-750014 PARIS, France
Inserm U1016 - CNRS UMR8104 —75014 Paris

> Centre International de Recherche en Infectiologie (CIRI), Team Viral Infection,
Metabolism and Immunity, Univ Lyon, Inserm U1111, CNRS UMRS5308, ENS de Lyon,
Université Claude Bernard Lyon 1, 69007 Lyon, France

6 Laboratoire de Virologie et Département des Maladies Infectieuses, Hopital Saint-

Louis, APHP, 75010 Paris, France

# Current address : Institut de Génétique Humaine, Laboratoire de Virologie

Moléculaire, CNRS-Université de Montpellier, 34000 Montpellier, France

& Corresponding author


https://doi.org/10.1101/2021.10.28.466260

25

26

27

28

29

30

31

32

33

34

35

36

37

38

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.28.466260; this version posted October 29, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Abstract

Dengue virus (DENV), a re-emerging virus transmitted by Aedes mosquitoes, causes
severe pathogenesis in humans. No effective treatment is available against this virus.
We recently identified the scaffold protein RACK1 as a component of the DENV
replication complex, a macromolecular complex essential for viral genome
amplification. Here, we show that RACK1 is important for DENV infection. RACK1
mediates DENV replication through binding to the 40S ribosomal subunit. Mass
spectrometry analysis of RACK1 partners coupled to a loss-of-function screen
identified the RNA binding proteins Vigilin and SERBP1 as DENV host dependency
factors. Vigilin and SERBP1 interact with DENV viral RNA (vVRNA), forming a ternary
complex with RACK1 to mediate viral replication. Overall, our results indicate that
RACK1 recruits Vigilin and SERBP1, linking the DENV vRNA to the translation

machinery for optimal translation and replication.
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Introduction

Dengue virus (DENV) belongs to the genus Flavivirus of the family Flaviviridae,
which includes important emerging and reemerging viruses such as West Nile virus
(WNV), yellow fever virus (YFV), Zika virus (ZIKV), and tick-borne encephalitis virus
(TBEV) '. DENV is transmitted to human by an Aedes mosquitoe bite and may lead to
a variety of diseases ranging from mild fever to lethal dengue hemorrhagic fever and
dengue shock syndrome 2. Recent estimations indicate that half of the world’s
population lives in areas where dengue fever is endemic 3, with 100 million
symptomatic infections including 500,000 cases of severe manifestations of the
disease per year . There are currently no approved antiviral therapies against DENV,
although a promising inhibitor targeting the viral NS3-NS4B interaction was recently
described °. Conversely, the recently approved tetravalent lived-attenuated vaccine
showed disappointing efficacy ©7.

DENV is an enveloped virus containing a positive-stranded RNA genome of
~11-kb. Upon entry into the host cell, the viral genome is released in the cytoplasm
and translated by the host machinery into a large polyprotein precursor that is
processed by host and viral proteases. Co- and post-translational processing gives
rise to three structural proteins, [C (core), prM (precursor of the M protein) and E
(envelope) glycoproteins] which form the viral particle and seven non-structural
proteins (NS) called NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS58 that play central
roles in viral genome replication, assembly and modulation of innate immune
responses®. Like other flaviviruses, DENV genome replication takes place within virus-
induced vesicles (Ve) derived from invaginations of the endoplasmic reticulum (ER)
membrane %1, These structures consist of 90 nm-wide vesicles containing a + 11 nm

pore allowing exchanges between the Ve lumen and the cytosol ''. Within the Ve, viral
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NS proteins, viral RNA (VRNA), and some host factors assemble to form the viral
replication complex (RC) that is essential for viral RNA synthesis. We have recently
purified the DENV RC in human cells, using a tagged DENV subgenomic replicon, and
determined its composition by mass spectrometry '2. Our study provided an
unprecedented mapping of the DENV RC host interactome and identified cellular
modules exploited by DENV during active replication. By combining these proteomics
data with gene silencing experiments, we identified a set of Host Dependency Factors
(HDFs) that critically impact DENV infection and established an important role for
Receptor for Activated C-Kinase 1 (RACK1) in DENV vRNA amplification '?, which was
recently confirmed by others 3.
RACK1 is a core component of the 40S ribosomal subunit ', containing
seven WD40 domains that mediate protein / protein interactions 617, RACK1 is a
scaffold protein 819 described to interact with many cellular pathways such as
Sarcoma (Src) tyrosine kinase 202", cAMP/PKA 22 or receptor tyrosine kinase 23.
Ribosomal RACK1 has also been shown to be involved in the association of mMRNAs
with polysomes 24, the recruitment and phosphorylation of translational initiation factors
25-27 and in quality control during translation 28. The non-ribosomal form of RACK1 is
involved in innate immunity, by recruiting the PP2A phosphatase 2° or by targeting the
VISA/TRAF complexes % and participates in the assembly and activation of the NLRP3
inflammasome 3'. To date, only one proteomic study aiming to identify RACK1
cofactors has been performed in Drosphila S2 cells 32, RACK1 cellular partners in
human cells are largely unknown.
Several viruses depend on RACK1 to complete their infectious cycle '-35, For
instance, RACK1 is involved in IRES-mediated translation of viruses possessing a type

| IRES such as cricket paralysis virus or hepatitis C virus 33. RACK1 also contribute to
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poxvirus infection through a ribosome customization mechanism. Indeed, poxviruses
trigger the phosphorylation of the serine 278 of RACK1 34 to promote the selective
translation of viral RNAs .

In this work, we have investigated the function of RACK1 during DENYV life cycle.
We performed the first interactome of RACK1 in human cells. Functional studies
revealed that RACK1 forms with the RNA binding proteins Vigilin and SERBP1 a

ternary complex that binds viral RNA to regulate DENV genome amplification.
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97 Results and discussion

98

99 RACK1 interaction with the 40S ribosomal subunit is required for DENV infection
100 To confirm the role of RACK1 in DENV infection, we challenged parental and
101  RACK1 knockout (RACK1K®) HAP1 cells with DENV2-16681 particles at different
102 multiplicity of infections (m.o.i) and measured viral infection by quantifying the
103  percentage of cells expressing the DENV antigen PrM. In agreement with our previous
104  studies "2, DENV infection was severely impaired in HAP1 cells lacking RACK1 (Fig. 1
105 a, b). Importantly, trans-complementation of the HAP1 RACK1 KO cells with a plasmid
106  encoding human RACK1 rescued cell susceptibility to DENV infection (Fig. 1 a, b),
107  ruling out off-target effects and demonstrating that RACK1 is an important host factor
108  for DENV.

109 RACK1 is a component of the 40S subunit of the ribosome and is located in
110 near the mRNA exit channel 7. To test whether DENV infection requires RACK1
111  association with the 40S ribosome, we trans-complemented RACK1 KO cells with a
112 RACK1 mutant defective for ribosome-binding (RACK1R36D/K38E, DE mutant) 3435
113 The RACK1 DE mutant which displayed WT expression level and was unable to
114 associated with polysomes (supplementary Fig.1), as previously described ¢ and,
115  importantly failed to rescue DENV2-16681 infection (Fig. 1 ¢, d). These results indicate
116 that the interaction with the 40S ribosomal subunit is important for RACK1 proviral
117  function.

118

119  Mapping the RACK1 interactome

120 Because RACK1 is a scaffold protein, we hypothesized that its proviral activity

121 may rely on its ability to recruit host proteins near the ribosome for optimal translation.
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122 To characterize the RACK1 interactome in mammalian cells, we transfected 293T cells
123 with a plasmid encoding an HA-tagged version of human RACK1. We pulled-down
124  RACK-1 and its binding partners using HA beads and eluated purified proteins with HA
125 peptide according to the experimental procedure that we recently described.
126  Immunoprecipitated proteins were separated by SDS-PAGE, visualized by silver-
127  staining, and subjected to mass spectrometry (MS) analysis (Fig. 2a, supplementary
128 Fig. 2 a, b). By analyzing the raw AP-MS dataset with SAINT express and MiST
129  softwares 3’, we identified 135 high confidence host factors that co-purified with
130 RACK1 and showed a SAINT express score >0.8 (Table 1). Next, we analyzed the list
131  of 135 high-confidence interactors with DAVID 6.8 to identify statistical enrichments for
132 specific Gene Ontology (GO) terms from the “cellular component” (CC) annotation 3839
133 (Fig. 2b) and built the corresponding interaction network using Cytoscape 3.4.0 40 (
134 Fig.2c). The 135 RACK1- interacting proteins were clustered into functional modules
135 using enriched GO terms as a guideline and literature mining (Fig. 2c). As expected,
136 the RACK1 interactome was significantly enriched in proteins associated to
137  ribosome/polysome and mRNA translation (Rps3, EIF3, elF4G, elF4J), stress
138 granules (G3BP2, LARP1), P-Bodies (Ago1 and 2) and RNA splicing factors
139  (HNRNPA2B1, U2AF2) (Fig. 2c).

140  Vigilin, SERBP1 and ZNF598 are DENV host dependency factors

141 To pinpoint the function of the RACK-1 binding partners during DENV infection,
142 we silenced by RNA interference (RNAi) the expression of the 49 highest ranked hit
143 with an average peptide count >28 , (Fig. 3a, supplementary Fig. 2c) and determined
144  the consequences on viral infection (Fig. 3a, supplementary Fig. 3a, Table 2). Four
145  proteins, namely HNRNPA2B1, Vigilin, SERBP1 and ZNF598 whose silencing

146  decreased infection by at least 50% without affecting cell viability in the two cell lines
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147  were considered for further investigations (Fig. 3a, supplementary Fig. 3a, Table 2)
148 These factors are RNA-Binding Proteins (RBP) involved in RNA splicing
149 (HNRNPA2B1) 4 or translation regulation (Vigilin, SERBP1, ZNF598) 284243,
150 HNRNPA2B1 was already described to interact with the 3'UTR part of the virus 44 .
151 Because HNRNPA2B1 is a nuclear protein 4%, it was not further considered in our
152 study. Vigilin is a multiple K-homology (KH) domain protein implicated in translation
153  regulation and lipidic metabolism 244346 This protein was recently described to bind
154 the DENV RNA and, in association with the ribosomal-binding protein 1 (RRBP1), to
155 facilitate viral RNA translation and replication 4’. However, how this protein interacts
156  with RACK1 to regulate DENV infection is still unknown. SERBP1 is a RACK1 cofactor
157 8 that is located at the entry channel of ribosomes #° and enhances translation by
158  promoting the association of mMRNAs with polysomes 4?>. SERBP1 was also described
159  to interact with DENV RNA, however its role in DENV replication remains unclear .
160  Finally, ZNF598 is an E3 ubiquitin-protein ligase known to interact with RACK1 and
161  playing a key role in the ribosome quality control 8. ZNF598 was also described to
162  play a role in innate immunity ®' , however its role in DENV infection is unknow.

163 We first confirmed that endogenous Vigilin, ZNF598 and SERBP1 proteins co-
164  immunoprecipitated with HA-RACK1 ectopically expressed in 293T cells (Fig. 3b). Next
165 we validated the requirement of Vigilin, SERBP1 and ZNF598 using two approaches.
166  On one hand, we found that knocking-down by RNA interference Vigilin, SERBP1or
167 ZNF598 significantly impaired DENV infection of primary human fibroblasts which are
168 DENV target cells (Supplementary Fig. 3b, c). On the other hand, we use the
169 CRISPRCas9 technology to edit the corresponding genes in HAP1 cells (Vigilin KO,
170 SERBP1 KO, ZNF598 K°). Gene editing and knock-out generation were confirmed by

171  genomic DNA sequencing (Supplementary Fig. 3d) and western blot analysis
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172 (Supplementary Fig. 3e), respectively. In agreement with our previous findings, lack of
173 RACK1, Vigilin, SERBP1 and ZNF598 expression had no impact on cell growth and
174  viability as assessed by quantification of ATP levels in culture wells at different
175  timepoints (Supplementary Fig. 3f). HAP1 cells lacking Vigilin, SERBP1 or ZNF598
176  expression were poorly permissive to DENV infection as shown by the quantification
177  of viral progeny in supernatants of infected cells (Fig. 3c), western blot analysis of the
178  DENYV protein expression (NS3, E, PrM) (Fig. 3d), and quantification of the viral RNA
179  (Fig. 3e). Parental (Control) and HAP1 cells transfected with a non-specific gRNA
180 (sgGFP) were used as negative controls (Fig. 3) while RACK1 X© HAP1 cells as a
181  positive control (Fig. 3). We then investigated if these phenotypes were specific to
182 DENV2-16681 or could be observed with other flaviviruses. We found that Vigilin,
183 SERBP1 and ZNF598 mediate infection by other DENV serotypes (Supplemental Fig.
184  39g), as well as by Zika virus (ZIKV), a related flavivirus (Fig. 3f). In contrast, infections
185 by the alphavirus Chikungunya virus (CHIKV) or vesicular stomatitis virus G protein
186  (VSV-G)-pseudotyped Human Immunodeficiency Virus (VSVpp), were unaffected in
187  Viligin KOand SERBP1 X© cells (Fig. 3f). CHIKV infection but not VSVpp was
188  significantly reduced in RACK1 KO and ZNF598 KO cells (Fig. 3f). Altogether, our data
189 indicate that Vigilin, SERBP1 and ZNF598 are important host factors for DENV.
190  ZNF598 is required for DENV and CHIKYV infection while Vigilin and SERBP1 are
191  exclusively exploited by DENV and other related flaviviruses.

192 Vigilin and SERBP1 regulate DENV translation and replication

193 To determine whether Vigilin and SERBP1 impact initial vVRNA translation or
194  amplification, Vigilin X© and SERPB1 X© cells were challenged with DENV2 Renilla
195 luciferase (Luc) reporter virus (DV-R2A) through a time-course experiment to monitor

196  the kinetic of viral infection (Fig. 4a). RACK1 KO cells were used as a positive control.
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197 A small peak of the Luc activity was detected at 6 hr post-infection, reflecting the initial
198 translation of the incoming VRNA. This was followed by a marked increase in Luc
199  activity due to vVRNA amplification (translation and replication) (Fig. 4a). Depletion of
200 RACKH1, Vigilin and SERBP1 had no impact on initial translation step but strongly
201 impaired DENV vRNA amplification at later time-points (Fig. 4a). Importantly, viral
202 genome replication was completely restored in KO cells transduced with RACK1,
203  SERBP1 or Vigilin cDNAs (Fig. 4a and supplementary Fig. 4a). Consistent with Fig. 3f,
204  CHIKV expressing the Gaussia luciferase replicated as efficiently in Vigilin or SERBP1
205 KOcells than control cells while its replication in RACK1KX® was impaired (Fig. 4b). To
206  assess further the effect of Vigilin and SERBP1 on DENV vRNA replication, we used
207  a Renilla luciferase (Rluc) reporter sub-genomic replicon (sgDVR2A). This latter is a
208  self-replicating DENV RNA containing a large in-frame deletion in the structural genes
209 and represents a useful tool to exclusively monitor DENV translation and RNA
210  amplification. Control, Vigilin X°, SERBP1 X©, and RACK1 KO HAP1 cells were
211  transfected with the in vitro-transcribed DENVR2A sub-genomic RNA and vRNA
212 replication was monitored over time by quantifying the Rluc activity in infected cell
213 lysates (Fig. 4c). Depletion of RACK1, Vigilin or SERBP1 had no impact during the
214  early phase of DENV RNA translation. At 12h post-transfection, the RLuc signal
215 increased over time in control cells, while a strong reduction was observed (more than
216  10-fold reduction at 48 hpi) in Vigilink® and SERBP1 X© cells (Fig. 4c). The RLuc signal
217  was restored in Vigilin KO or SERBP1 KO trans-complemented with their corresponding
218 cDNAs (Fig. 4c).

219 Vigilin has been previously shown to mediate, in association with the host factor
220 RRBP1, the stability of DENV vRNA 47, Since SERBP1 also binds the DENV RNA °,

221 we reasoned that it might play a similar role. To assess this hypothesis RACK1KO,

10
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222 Vigilink® or SERBP1X® HAP1 cells where challenged with DENV followed by treatment
223 with MKO0608 to inhibit viral replication 4°. Then, we monitored the decay of the VRNA
224 overtime by northern blot analysis using a probe that targets the DENV 3’'UTR
225  (supplementary data Fig. 4b). We observed that the levels of the DENV genomic RNA
226  was similar in control, RACK1 K°and SERBP1 K° HAP1 cells up to 24 h after MK0608
227  treatment (supplementary data Fig. 4b). Surprisingly, lack of Vigilin expression had a
228  very mild effect on DENV RNA stability (supplementary data Fig. 4b). Together, these
229  results show that RACK1, Vigilin and SERBP1 promote viral replication without a major
230  impact on the stability of DENV vRNA.

231 Vigilin and SERBP1 interactions with RACK1 are important for DENV infection
232 Scp160p and Asci1p, the yeast homologs of Vigilin and RACK1 respectively,
233 have been shown to interact each other 24, This interaction is thought to promote
234  translation of specific mMRNAs linked to Scp160p by mediating their association with
235 polysomes 24. Because Vigilin is very well-conserved amongst different species, a
236  similar interaction with RACK1 might occur in mammalian cells. Having established
237  that Vigilin and SERBP1 do not have a major influence on the stability of the vVRNA,
238 we hypothesized that their proviral effect might be linked to their interaction with
239 RACK1. Previous studies showed that Scp160p interacts with Asc1p via the KH 13
240  and 14 domains located in its C-terminal region 2 while SERBP1 interacts directly with
241 RACK1 through a motif (aa 354 to 474) which contains the RGG domain “®
242  (supplementary data Fig. 5a). On the bases of these observations, we generated the
243  corresponding deletion mutants of Flag-tagged Vigilin (Flag Vigilin Mut) and Myc-
244  tagged SERBP1 (Myc SERPB1 Mut) (supplementary data Fig. 5a)and test their ability
245  to interact with RACK1 (Fig. 5a, supplementary data Fig. 5). Pull-down experiments

246  showed that RACK1 binds both WT FLAG Vigilin or WT Myc SERBP1 ectopically

11
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247  expressed in HEK-293T cells (Fig. 5a). In contrast, RACK1 failed to associate with
248 mutant forms of Vigilin and SERBP1 (Fig. 5a). Using an RNA-IP assay, we showed
249  that Vigilin Mut and SERBP1 Mut bound the DENV vRNA as the same extent as their
250  WT counterparts (Fig. 5b and supplementary Fig. 5b). Finally, infection studies showed
251 that expression of Mut Vigilin or Mut SERBP1 in Vigilin KO or SERBP1 X°© cells,
252 respectively, did not restore DENV2-16681 infection in contrast to their WT
253  counterparts (Fig. 5c, supplementary Fig. 5c). Together, these data indicate that the
254  ability of Vigilin and SERBP1 to bind RACK1 but not the VRNA is required for DENV
255  infection.

256

257 Conclusions

258 In this study, we performed the first RACK1 interactome in human cells and identified
259  Vigilin and SERBP1 as host factors for DENV infection. Both are RNA-binding proteins
260 that interact with the DENV RNA and regulate viral replication. Importantly, our data
261  suggest that Vigilin, SERBP1 and RACK1 form a ternary complex important for DENV
262  RNA amplification. The proviral function of RACK1 dependents on its association with
263  the 40S ribosomal subunit. Furthermore, mutants of SERBP1 or Vigilin that lost their
264  ability to interact with RACK1 were unable to support infection. Overall, our results
265  provide new insights into the molecular mechanisms of DENV replication and indicate
266 that RACK1 acts as a binding platform at the surface of the 40S ribosomal subunit to
267  recruit Vigilin and SERBP1, which may therefore function as linkers between the viral
268 RNA and the translation machinery to selectively amplify DENV genome. Strategies
269 thatinterfere with RACK1-ribosome association or disturb the RACK1-Vigilin -SERBP1
270  complex may represent new ways to combat DENV-induced disease.

271
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273
274  Methods

275  Cell lines

276  HAP1 cells (Horizon Discovery), and HAP1 RACK1 KO (provided by Dr Gabriele Fuchs;
277  University at Albany) were cultured in IMDM supplemented with 10% fetal bovine
278 serum (FBS), 1% penicillin—streptomycin, 1% GlutaMAX and 25 mM HEPES.
279 HEK293T (ATCC), Vero E6 (ATCC), BHK-21 (ATCC), HeLa (ATCC) cells were
280  cultured in DMEM supplemented with 10% FBS, 1% penicillin—streptomycin, 1%
281  GlutaMAX and 25 mM HEPES. Fibroblast BJ-5ta cells (ATCC) were cultured according
282  to the manufacturer’s instructions. A final concentration of 50 uM of MK0608 was used
283  in this study. All cell lines were cultured at 37°C and 5% CO2.

284

285  Virus strains and replicons.

286 DENV1-KDHOO026A (gift from L. Lambrechts, Pasteur Institute, Paris), DENV2-16681
287  (Thailand/16681/84), DENV4 (H241) and ZIKV HD78788 were propagated in mosquito
288  APG61 cell monolayers with limited cell passages. DENV2 Rluc reporter virus (DVR2A)
289 wasprovided by Ralf Bartenschlager (University of Heidelberg). The CHIKV Luc
290 reporter virus was described previously 53 .To generate infectious virus, capped viral
291 RNAs were generated from the Notl-linearized plasmids using a mMessage
292 mMACHINE T7 Transcription Kit (Thermo Fisher Scientific) according to the
293  manufacturer’s instructions. RNAs were purified (see RNA IP protocol), resuspended
294  in Dnase/Rnase free water, aliquoted and stored at =80 °C until used. 30 pg of purified
295 RNAs were transfected in BHK21 cells using lipofectamine 3000 reagent.
296  Supernatants were collected 72 hrs later and used for viral propagation on Vero E6

297 cells. For all of the viral stocks used in flow cytometry experiments, viruses were

14
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298  purified through a 20% sucrose cushion by ultracentrifugation at 80,000g for 2 h at 4
299  °C. Pellets were resuspended in HNE1X pH 7.4 (HEPES 5 mM, NaCl 150 mM, EDTA
300 0.1 mM), aliquoted and stored at —80 °C. Viral stock titers were determined on Vero
301 EG6 cells by plaque-forming assay and were expressed as plaque-forming units (PFU)
302  per ml. Virus stocks were also determined by flow cytometry as described 4. Vero E6
303 cells were incubated 1 hour with 100 pl of tenfold serial dilutions of viral stocks. The
304 inoculum was then replaced with 500 pl of culture medium and the percentage of
305 infected cells was quantified by flow cytometry using the 2H2 anti-PrM mAb at 8 h after
306 infection. Viral titers were calculated and expressed as FIU per ml: Titer = (average
307 percentage of infection) x (number of cells in well) x (dilution factor) / (ml of inoculum
308 added to cells).

309 To establish a DENV replicon plasmid, based on the infectious DENV2-
310 16681 cDNA clone, the region encoding the structural proteins was mostly deleted and
311 replaced by a cassette encoding ubiquitin - Renilla luciferase - foot-and-mouth disease
312 virus (FMDV) 2A. DENV replicon RNA was generated as previously described .
313 Infection or replication was determined by measuring the luciferase activity using
314  TriStar LB942 microplate reader (Berthold Technologies). RFP-expressing lentiviral
315 vector pseudotyped with vesicular stomatitis virus glycoprotein G (VSV-G) were
316  generated by transfecting HEK293FT cells with pNL4.3 Luc RFP AEnv, psPAX2 and
317  pVSV-G (4:3:1 ratio) using lipofectamine 3000. Supernatants were harvested 48 h after
318 transfection, cleared by centrifugation, filtered, and frozen at -80°C.

319 Antibodies and reagents.

320  All antibodies and reagents are listed in Table 3

321 Polysome profiling.

15


https://doi.org/10.1101/2021.10.28.466260

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.28.466260; this version posted October 29, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

322 2 x 108 of indicated cells were incubated with 100 pyg/mL of cycloheximide (CHX) for
323 10 min at 37°C and washed twice with cold PBS + 100 uyg/mL CHX. Cells were pelleted
324 by centrifugation at 4 °C, 300 x g for 10 min and washed once with cold PBS + 100
325  pg/mL CHX. The pellet was resuspended in 2 ml Lysis Buffer (10 mM Tris-HCI pH7.5;
326 100 mM KCI; 10 mM Magnesium acetate; 1% Triton X100; 2 mM DTT) containing 100
327  pg/ml CHX. Cells were pulverized by adding glass beads and vortexed for 5 min at
328 4°C. Cells debris were removed by centrifugation at 4 °C, 3,000 x rpm for 10 min and
329 the supernatant was transferred to a 2 ml cryovial. The determination of polysome
330 concentration was done by spectrophotometric estimation, based on the fact that
331 ribosomes are ribonucleoprotein particles. Supernatant was quickly flash-frozen in
332 liquid nitrogen and stored in a —80 °C freezer. The supernatant was loaded on a 10—
333 50 % sucrose gradient (31% sucrose; 50 mM Tris-acetate pH 7.6; 50 mM NH4CI; 12
334  mM MgCl 2; 1 mM DTT) and spinned for 3 h at 39,000 rpm, 4 °C, in an SW41 swing-
335 outrotor. The gradient was fractionated by hand and analyzed by immunoblotting.
336 Mass spectrometry analysis.

337  HAP1 cells (5 x 108), expressing either the WT or the HA-tagged RACK1 proteins,
338 were lysed in Pierce IP lysis buffer (Thermo Scientific) in the presence of Halt protease
339 inhibitor cocktail (Thermo Scientific) for 30min at 4°C and then cleared by
340  centrifugation for 30 min at 6,000 x g. Supernatants were incubated overnight at 4°C
341  with anti-HA magnetic beads. Beads were washed three times with B015 buffer (20
342 mM Tris-HCI pH 7.4, 150 mM NaCl, 5 mM MgCI2, 10% glycerol, 0.5 mM EDTA, 0.05%
343  Triton, 0.1% Tween-20) and immune complexes were eluted twice with HA peptide
344 (400 mg/mL) 30 min at room temperature (RT). Eluates were concentrated on a Pierce
345  Concentrator, PES 10K, and stored at - 20°C until used. A total of three co-affinity

346  purifications and MS analysis experiments were performed with the HA-tagged RACK1
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347  protein or the untagged RACK1 protein as a control in 293T cells. Samples were
348 analyzed at Taplin Biological Mass Spectrometry Facility (Harvard Medical School).
349  Briefly, concentrated eluates issued from immunopurification of endogenous and
350 RACK1-HA-tagged protein are separated on 10% Tris-glycine SDS-PAGE gels
351  (Invitrogen), and stained with Imperial Protein Stain (Thermo Fisher). Individual regions
352 of the gel were cut into 1 mm?3 pieces and subjected to a modified in-gel trypsin
353  digestion procedure *°. Peptides were desalted and subjected to a nano-scale reverse-
354 phase HPLC %, Eluted peptides were then subjected to electrospray ionization and
355 then MS/MS analysis into an LTQ Orbitrap Velos Pro ion-trap mass spectrometer
356 (Thermo Fisher Scientific, Waltham, MA). Peptides were detected, isolated, and
357 fragmented to produce a tandem mass spectrum of specific fragment ions for each
358 peptide. Peptide sequences were determined by matching protein databases with the
359 acquired fragmentation pattern by the Sequest software program (Thermo Fisher
360  Scientific, Waltham, MA) %7, All databases include a reversed version of all the
361 sequences, and the data were filtered to < 2% peptide false discovery rate.

362  Network analysis.

363 The AP-MS dataset was analyzed with SAINTexpress and MIST software 37. Of the
364 1671 proteins selected in our pipeline, 193/1671 showed a probability score > 0.80
365  with SAINTexpress and 135/193 showed an AveragePeptide Count > 10. This list of
366 135 host proteins was analyzed with DAVID 6.8 to identify statistical enrichments for
367  specific GO terms from the “cellular component” (CC) annotation 3839, The interaction
368  network was built using Cytoscape 3.4.0 4%, and proteins were clustered into functional
369 modules using enriched GO terms as a guideline and manual curation of literature.

370 siRNA Screen Assay
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371  An arrayed ON-TARGETplus SMARTpool siRNA library targeting 49/135 proteins of
372 our RACK1 network, which had an average peptide count > 28 was purchased from
373  Horizon Discovery. To this end, HeLa or 293T cells were transfected with a 30 nM final
374  concentration of siRNA using the Lipofectamine RNAiMax (Life Technologies). 48 hrs
375 post-transfection, cells were infected with DENV2-16681 at MOI 5. Infection was
376  quantified 48 hrs post infection by flow cytometry and viability by CellTiter-Glo 2.0
377 Assay (Promega). Two siRNA controls were included in the screen: a non-targeting
378 siRNA used as a reference (siNT) and a siRNA targeting RACK1(siRACK1) as a
379  positive control for host dependency factors HDFs) 2. HDFs were defined as factors
380 whose inhibition in both cell types decreases infection by at least 50% compared to
381  siNT and viability by at most 20% of the siNT.

382  Gene editing and trans-complementation experiments.

383  sgRNA targeting Vigilin, SERBP1 and ZNF598 were designed using the CRISPOR
384  software %8. Sequences for all the sgRNAs are listed in the Table 1. The sgRNAs were
385 cloned into the plasmid lentiCRISPR v2 (Addgene) according to the recommendations
386  provided by the members of the Zhang'’s laboratory (Broad Institute, Cambridge, MA .
387 HAP1 cells were transiently transfected with the plasmid expressing sgRNAs and
388  selected with puromycin until all mock-transfected cells died. Clonal cell lines were
389 isolated by limiting dilution and assessed by DNA sequencing and immunoblot for gene
390 editing. The human HA-RACK1 WT and HA-RACK1 DE mutant plasmid were provided
391 by the Gabriele Fuchs Lab (University at Albany) , the FLAG-tagged Vigilin cDNA was
392 purchased from Genscript (Clone ID: OHu17734) and the Myc-tagged SERBP1 cDNA
393 was purchased from Genscript (Clone ID: OHu26811C). After PCR, amplification
394  products were cloned into a Spel-Notl (RACK1), Notl-Xhol (Vigilin) or EcoRI-BamH]

395 (SERBP1) digested pLVX-IRES-ZsGreen1 vector. SERBP1 mutant and Vigilin mutant
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396 were obtained using the Q5® Site-Directed Mutagenesis Kit (E0554) (NEB) with
397  deletion primers using the WT cDNA in pLVX as template. All primers are listed in
398 Table 1. Lentiviral like particles for transduction were prepared in 293T cells by co-
399 transfecting the plasmid of interest with psPAX2 (from N. Manel’s lab, Curie Institute,
400 Paris) and pCMV-VSV-G at a ratio of 4:3:1 with Lipofectamine 3,000 (Thermo Fisher
401  Scientific). Supernatants were collected 48 h after transfection, centrifugated (750 g,
402 10 min), filtered using a 0.45um filter, and purified through a 20% sucrose cushion by
403  ultracentrifugation (80,000 g for 2 h at 4°C). Pellets were resuspended in HNE1X pH
404 7.4, aliquoted, and stored at =80°C. Cells of interest were transduced by spinoculation
405 (750 g for 2 h at 32°C) and sorted for GFP-positive cells by flow cytometry if necessary.
406 Flow cytometry analysis.

407 Indicated cells were plated in 24 well plates and infected. At indicated times, cells were
408 trypsinized and fixed with 2% paraformaldehyde (PFA) diluted in PBS for 15 min at
409  room temperature. Cells were incubated for 1 hour at 4°C with 1 ug/ml of 3E4 anti-E2
410  monoclonal antibody (CHIKV), 2H2 anti-prM monoclonal antibody (mAb) (DENV) or
411  the anti-E protein mAb 4G2 (ZIKV). Antibodies were diluted in permeabilization flow
412  cytometry buffer (PBS supplemented with 5% FBS, 0.5% saponin, 0.1% sodium
413  azide). After washing, cells were incubated with 1 pg/ml of Alexa Fluor 488 or 647-
414  conjugated goat anti-mouse IgG diluted in permeabilization flow cytometry buffer for
415 30 min at 4°C. Acquisition was performed on Attune NxT Flow Cytometer (Thermo
416  Fisher Scientific) and data were analyzed by FlowJo software (TreeStar).

417 Infectious virus yield assay.

418 To assess the release of infectious particles during infection, indicated cells were
419  inoculated for 3 h with DENV2-16681, washed once with PBS and maintained in the

420  culture medium for 48 h. At the indicated time points, supernatants were collected and
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421 kept at -80°C. Vero E6 cells were incubated with three-fold serial dilutions of
422  supernatant for 24 h and prM expression was quantified by flow cytometry as
423  previously described %4.

424  Immunoblots.

425  Cell pellets were lysed in Pierce IP Lysis Buffer (Thermo Fisher Scientific) containing
426  Halt protease and phosphatase inhibitor cocktails (Thermo Fisher Scientific) for 30 min
427 at 4 °C. Equal amounts of protein, determined by DC Protein Assay (BioRad), were
428  prepared in 4X LDS sample buffer (Pierce) containing 25 mM dithiothreitol (DTT) and
429  heated at 95 °C for 5 min. Samples were separated on Bolt 4—12% Bis-Tris gels in Bolt
430 MOPS SDS Running Buffer (Thermo Scientific) and proteins were transferred onto a
431 PVDF membrane (BioRad) using the Power Blotter system (Thermo Fisher Scientific).
432 Membranes were blocked with PBS containing 0.1% Tween-20 and 5% non-fat dry
433  milk and incubated overnight at 4 °C with primary antibodies (HA 1/5,000, RACK1
434  1/4,000, GAPDH 1/5,000, Vigilin 1/500, SERBP1 1/2,000, NS3 DENV 1/4,000, 2H2
435 prM DENV 1/4,000, E DENV 1/5,000, FLAG 1/2,000, Myc 1/1,000, Tubulin 1/500,
436  ZNF598 1/10,000, Anti Mouse HRP 1/5,000, Anti Rabbit HRP 1/10,000 . Staining was
437 revealed with corresponding horseradish peroxidase (HRP)-coupled secondary
438  antibodies and developed using Super Signal West Dura Extended Duration Substrate
439  (Thermo Fisher Scientific) following the manufacturer’s instructions. The signals were
440  acquired with Fusion Fx camera (VILBERT Lourmat).

441 Co-immunoprecipitation assay.

442  Indicated cells were plated in 10 cm dishes (5 x 10°) After 24 h, the cells were
443  transfected with a total of 15 uyg DNA expression plasmids (7.5 pg of each plasmid in
444  co-transfection assays) using Lipofectamine 3,000 (Thermo Fisher Scientific). After 24

445  h of transfection, the cells were washed once with PBS, collected, and centrifugated
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446  (400g for 5 min). Cell pellets were lysed in Pierce IP Lysis Buffer (Thermo Fisher
447  Scientific) containing Halt protease and phosphatase inhibitor cocktails (Thermo Fisher
448  Scientific) for 30 min at 4 °C. Equal amounts of protein, determined by DC Protein
449  Assay (BioRad), were incubated overnight at 4 °C, with either anti-FLAG magnetic
450 beads, anti-HA magnetic beads or anti-Myc magnetic beads. Beads were washed
451  three times with BO15 buffer (20 mM Tris-HCI pH 7.4, 150 mM NaCl, 5 mM MgCly,
452  10% glycerol, 0.5 mM EDTA, 0.05% Triton X-100, 0.1% Tween-20) before incubation.
453  The retained complexes were eluted twice with either 3x FLAG peptide (200 pug/ml
454  Sigma-Aldrich), HA peptide (400 ug/ml Roche) or cMyc peptide (200 pg/ml Sigma-
455  Aldrich) for 30 min at RT. Samples were prepared and immunoblotted as described
456  above. For input, 1% of whole-cell lysates was loaded on the gel.

457 RNA preparation and quantitative RT-qPCR.

458  Total RNA extraction from the indicated cells was performed using the RNeasy Plus
459  Mini kit (Qiagen). RNA was quantified using a Nanodrop One (Thermo Fisher
460  Scientific) before cDNA amplification. cDNA was prepared from 100 ng total RNA with
461 Maxima First Strand Synthesis Kit (Thermo Fisher Scientific) including an additional
462  step of RNase H treatment after reverse transcription. RT-qPCR was performed using
463  Power Syber green PCR master Mix (Thermo Fisher Scientific) on a Light Cycler 480
464  (Roche). Quantification was based on the comparative threshold cycle (Ct) method,
465 using GAPDH as endogenous reference control. All primers are listed in Table 1.

466 RNA immunoprecipiation (RNA-IP).

467 Indicated cells (2 x 10 ®)were plated in 10 cm dishes, transfected 48 h with the
468  corresponding plasmids using Lipofectamine 3000 and then infected with DENV2-
469 16681 at m.o.i 2. 48 h post infection, culture media was removed, and cells were

470 washed twice with cold PBS. 10 ml of cold PBS were added on the cell before UV
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471  cross-link (2000mdJ/cm2). Cells were collected and spun 5 min at 4°C 2,000 rpm. Cell
472 pellets were lysed in 1 ml of Pierce IP Lysis Buffer (Thermo Fisher Scientific) containing
473  Halt protease and phosphatase inhibitor cocktails (Thermo Fisher Scientific) + 250 U
474  of RNasin (Promega) for 30 min at 4 °C. 250 U of turbo DNase was added and the
475  lysate was put 30 min at 37°C and centrifugated at 15,000 rpm for 15 min. The
476  supernatant was then collected. The protein of interest was immunoprecipitated and
477  eluted (see co-immunoprecipitation assay). 100 ul of Input and Elution were incubated
478  with 150 pl of proteinase K buffer (117 yl NT-2, 15 ul SDS 10 %, and 18 pl of Proteinase
479  K) 1 h at 56°C and then 750 pl of Trizol Reagent was added. RNA was extracted by
480  phenol chloroform precipitation: 0.2 ml of chloroform per 1 ml of TRIZOL Reagent was
481 added. Samples were vortexed vigorously for 15 seconds and incubated at room
482  temperature for 2 to 3 minutes and then centrifuged at 12,000 x g for 15 minutes at
483  4°C. Following centrifugation, the upper aqueous phase was transferred carefully
484  without disturbing the interphase into fresh tube. The RNA from the aqueous phase
485  was precipitated by mixing with 0.5 ml of isopropyl alcohol per 1 ml of TRIZOL reagent
486  used for the initial homogenization. Samples was incubated at RT for 10 minutes and
487  centrifuged at 12,000 x g for 10 minutes at 2 to 4°C. The supernatant was removed
488  completely, and the RNA pellet was washed twice with 1 ml of 75% ethanol per 1 ml
489  of TRIZOL Reagent used for the initial homogenization. The samples were mixed by
490  vortexing and centrifuged at 7,500 x g for 5 minutes at 2 to 8°C. The RNA pellet was
491  air dried for 5-10 minutes and then dissolved in RNase free water.

492  Cell viability assay.

493  Cell viability and proliferation were assessed using CellTiter-Glo 2.0 assay (Promega)
494  according to the manufacturer’s protocol. Cells (3 x 10 %) were plated in 48 well plates.

495 At the indicated times, 100 pl of CellTiter-Glo reagent were added to each well. After
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496 10 min of incubation, 200 pl from each well was transferred in an opaque 96-well plate
497  (Cellstar, Greiner Bio-One) and luminescence was measured on a TriStar2 LB 942
498  (Berthold) with 0.1 s integration time.

499  RNA stability measurement by high molecular weight northern blot analysis.
500 Indicated cells (1 x 10 ) were plated on a 60-mm dish and infected with DENV2-16681.
501 48 h post infection, medium was replaced by MK0608 (50 uM final concentration)
502  containing medium to block viral replication. At the indicated time post treatment, cells
503  were washed twice with cold PBS and harvested in TRIzol (Thermo Fisher Scientific).
504 Total RNA extraction was performed as previously described in RIP protocol. The
505 DENV2-specific probe was obtained after PCR amplification of the 3’UTR of the
506 DENV2-16681 infectious clone (from 10,205 to 10,704). Probes were then labeled with
507  o-3?P dCTP using the Prime-a-gene kit (Promega). For high molecular weight northern
508  blot analysis to detect DENV2 genomic RNA, 5 ug of total RNA were denatured for 5
509 minutes at 65°C in RNA sample buffer (32% deionized formamide, 4% formaldehyde,
510  1X MOPS, ethidium bromide 1 pg/ul). Then, RNA loading buffer (50% glycerol, EDTA
511 1mM, 0.4% bromophenol blue) was added. RNAs were resolved in a 1% agarose gel
512 containing 1X MOPS and 3.7% formaldehyde in 1X MOPS buffer, before being
513  transferred overnight on a nylon Hybond N+ membrane (Cytiva) in a 20X SSC solution
514  (Euromedex). RNAs were UV crosslinked (120 mJoules) with Stratagene Stratalinker
515 1800 (LabX). Membrane was blocked and hybridized overnight at 42°C using
516  PerfectHyb™ Plus hybridization buffer (Sigma) with the corresponding labeled probe.
517  The day after, the membrane was washed using 2X SSC, 0.1% SDS solution twice at
518 42°Cand 0.1X SSC, 0.1% SDS twice at 50°C before being exposed on an Image Plate

519  (Fujifilm) during 24 h. The plate was revealed using Typhoon™ FLA 7,000 (GE
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520  Healthcare). Densitometry analysis of the bands was performed using Image Quant
521  TL 8.1 software (GE healthcare).

522 Graphics and statistical analyses.

523  The number of independent experimental replications is indicated in the legends.
524  Graphical representation and statistical analyses of mean and s.e.m. were performed
525  using Prism 8 software (GraphPad Software) as well as Student’s t-test.

526
527
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561 Legends

562
563  Figure 1: The interaction between RACK1 and the 40S ribosome is required for

564 DENV infection

565 (a) Western Blot analysis of RACK1 expression in control, RACK1K® and RACK1K°
566  HAP1 cells trans-complemented with a HA-RACK1 cDNA. Cell lysates were probed
567 with the indicated antibodies. Representative western blot of n=3 technically
568 independent experiments. (b) Role of RACK1 in DENV infection. Controls, RACK1K®
569 or RACK1KO cells transcomplemented with a cDNA encoding WT HA-RACK1 were
570  infected at different m.o.i with DENV2-16681. Levels of infection were determined by
571  flow cytometry using the 2H2 prM mAb at 48 hpi. Data shown are mean +/- s.e.m of 4
572  independent experiments performed in duplicate. Significance was calculated using
573  two-way ANOVA with Dunnett’s multiple comparison test (c¢) Western Blot analysis of
574  RACK1 expression in RACK1X© HAP1 transcomplemented with cDNA encoding WT
575 HA-RACK1 or the HA-RACK1 D/E mutant. Cells lysates were probed with the indicated
576  antibodies. Representative western blot of 3 independent experiments. (d) Impact of
577 RACK1 association to the 40S subunit of the ribosome in DENV infection. Control,
578  RACK1X© and RACK1KO HAP1 cells trans-complemented with cDNA encoding WT
579  HA-RACK1 or the HA-RACK1 DE mutant were infected at m.o.i 1 with DENV2-16681
580 and harvested at 48 hpi. Levels of infection were determined by flow cytometry as
581 described above. Data shown are mean +/- s.e.m of 3 independent experiments
582  performed in duplicate. Significance was calculated using one-way ANOVA with
583  Dunnett’s multiple comparison test. ns, not significant; ****, P < 0.0001

584

585

586  Figure 2: Global map of the RACK1 interactome in human cells
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587 (@) Experimental scheme of our RACK1 immunoprecipitation approach. 293T cells
588  expressing RACK1 or HA-RACK1 were lysed, and extracts were purified with anti-HA-
589 coated beads before SDS-PAGE and mass spectrometry (MS) analysis. (b) Histogram
590 indicating statistical enrichment for specific biological processes (BP) and cellular
591 components (CC), determined by Gene Ontology (GO) analysis. (c) Interaction
592 network of RACK1-associated proteins identified by MS in 293T cells. Proteins were
593  clustered into functional modules using enriched GO terms as a guideline and manual
594  mining of literature. Representative network of n=3 independent experiments showing
595  similar results.

596

597  Figure 3: Vigilin, SERBP1 and ZNF598 are DENV host dependency factors

598 (@) Host dependency factors (HDFs) found in our RNAi screen. Data shown are
599 representative of 3 independent experiments. Host dependency factors are marked in
600 green. Positive control (siRNA pool targeting RACK1) is highlighted in blue. (b)
601 Validation of the interaction between RACK1 and endogenous Vigilin or SERBP1 in
602  293T cells by immunoprecipitation. Cell extracts from 293T cells expressing RACK1 or
603 HA-RACK1 were subjected to affinity-purification using anti-HA beads and interacting
604 proteins were revealed by western blot. Data shown are representative of 3
605 independent experiments. (c-e) Impact of RACK1/VigilinfSERBP1/ZNF598 gene
606 editing on DENV infectious cycle in HAP1 cells. The indicated cells were infected for
607 48 hrs at m.o.i 1 with DENV2-16681. (c) Supernatants from infected cells were
608 harvested, then titered by flow cytometry on Vero cells and expressed as FIU/ml. FIU,
609  FACS Infectious Unit. (d) Infection was assessed by immunoblot using anti-NS3, anti-
610 prM and anti-E DENV mAb. Data shown are representative of 3 independent

611 experiments. (e) Levels of infection were assessed by quantification of DENV vRNA
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612 by gRT-PCR using NS3 primers. (¢ and d) Data shown are mean +/- s.e.m of 3
613 independent experiments performed in duplicate. Significance was calculated using a
614 two-tailed Student’s ttest. (f) The indicated cells were infected with ZIKV HD78 at
615 m.o.i 2 (left), CHIKV 21 at m.o.i 2 (middle), VSV-pp at m.o.i 2 (right). Levels of infection
616 were determined by flow cytometry at 48 hpi. Data shown are mean +/- s.e.m of at
617 least 2 independent experiments performed in duplicate. Significance was calculated
618 using one-way ANOVA with Dunnett’'s multiple comparison test.. ns: not significant;
619 ****: P <0.0001

620

621  Figure 4: Vigilin and SERBP1 regulate DENV translation and replication

622 (@) The indicated cells were infected at m.o.i 1 with DENV-Luc. At indicated time points
623  Renilla luciferase activity reflecting RNA translation (1 to 8 hpi) and replication (12 to
624 72 hpi) was measured. Data shown are mean +/- s.e.m of 3 independent experiments
625 performed in triplicate. two-way ANOVA with Dunnett’s multiple comparison test. (b)
626 Indicated cells were infected at m.o.i 1 with CHIKV-Luc. Gaussia luciferase activity was
627 monitored at the indicated time points. Data shown are mean +/- s.e.m of 3
628 independent experiments performed in triplicate. Significance was calculated using
629 two-way ANOVA with Dunnett's multiple comparison test. (¢) Impact of
630 RACK1/NVigilin/SERBP1 KO on DENV life cycle in HAP1 cells transfected with a DENV
631 replicon RNA expressing Renilla luciferase. Renilla luciferase activity was monitored
632 at the indicated time point. Data shown are mean +/- s.e.m of 3 independent
633 experiments performed in ftriplicate. Significance was calculated using two-way
634  ANOVA with Dunnett’s multiple comparison test. ns: not significant; ****: P < 0.0001.
635 Figure 5: Vigilin and SERBP1 interaction with RACK1 is important for DENV

636 infection
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637 (a) Evaluation of FLAG-Vigilin mutant (left) or Myc-SERBP1 mutant (right) interaction
638  with RACK1. Cell extracts from 293T expressing Wt or mutated form of Vigilin and
639 SERBP1 were subjected to affinity-purification using anti-FLAG or -Myc coated beads,
640 respectively. Input and eluates were resolved by SDS-PAGE and interacting proteins
641 were revealed by western blot using corresponding antibodies. Representative
642  western blot of 3 independent experiments. (b) RIP analysis of the interaction of Vigilin
643  (WT and Mut) and SERBP1 (WT and Mut) with the DENV vRNA. Cells were infected
644 at m.o.i 1 by DENV2-16681 and harvested 48 hpi. Tagged-proteins were
645 immunoprecipitated after UV crosslink at 254 nm using anti-FLAG or -Myc coated
646  beads. The amount of vVRNA in the input (in purple) and the elution fractions (in orange)
647  were determined by RT-qPCR using DENV2 specific primers. Data shown are mean
648 +/- s.e.m of 3 independent experiments performed in triplicate. Significance was
649 calculated using a one-way ANOVA with Dunnett’s multiple comparison test (¢) DENV
650 infection in HAP1 cells expressing Vigilin (WT or Mut) and SERBP1 (WT or Mut). The
651 indicated cells were infected at m.o.i 1 with DENV2-16681 . Levels of infection were
652  determined by flow cytometry at 48 hpi. Data shown are mean +/- s.e.m of 3 technically
653 independent experiments performed in duplicate. . Significance was calculated using
654  one-way ANOVA with Dunnett’s multiple comparison test. ns: not significant; ****: P <

655 0.0001.
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