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Abstract 16 
17 
Adenoviruses (AdVs) are prevalent and give rise to chronic and recurrent disease. The 18 
human AdV (HAdV) species B and C, such as HAdV-C2, C5 and B14, cause respiratory 19 
disease, and constitute a health threat for immuno-compromised individuals. HAdV-Cs 20 
are well known for lysing cells, owing to the E3 CR1-β-encoded adenovirus death protein 21 
(ADP). We previously reported a high-throughput image-based screening framework and 22 
identified an inhibitor of HAdV-C2 multi-round infection, Nelfinavir mesylate. Nelfinavir is 23 
the active ingredient of Viracept, an FDA-approved inhibitor of the human immuno-24 
deficiency virus (HIV) aspartyl protease, and used to treat acquired immunodeficiency 25 
syndrome (AIDS). It is not effective against single round HAdV infections. Here, we show 26 
that Nelfinavir inhibits the lytic cell-free transmission of HAdV, indicated by the 27 
suppression of comet-shaped infection foci in cell culture. Comet-shaped foci occur 28 
upon convection-based transmission of cell-free viral particles from an infected cell to 29 
neighbouring uninfected cells. HAdV lacking ADP was insensitive to Nelfinavir, but gave 30 
rise to comet-shaped foci indicating that ADP enhances but is not required for cell lysis. 31 
This was supported by the notion that HAdV-B14 and B14p1 lacking ADP were highly 32 
sensitive to Nelfinavir, although HAdV-A31, B3, B7, B11, B16, B21, D8, D30 or D37 were 33 
less sensitive. Conspicuously, Nelfinavir uncovered slow-growing round-shaped HAdV-34 
C2 foci, independent of neutralizing antibodies in the medium, indicative of non-lytic cell-35 
to-cell transmission. Our study demonstrates the repurposing potential of Nelfinavir with 36 
post-exposure efficacy against different HAdVs, and describes an alternative non-lytic 37 
cell-to-cell transmission mode of HAdV. 38 
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Introduction 40 
41 
Adenovirus (AdV) was first described in 1953 by Rowe and co-workers as a cytopathologic42 
agent isolated fromhumanadenoids (1).More than100humanAdV(HAdV)genotypeshave43 
sincebeencharacterizedbymoleculargeneticsorserologyandgroupedintosevenspecies(2,44 
3).HAdVspeciesA,FandGreplicateinthegastrointestinaltract,B,CandEintherespiratory45 
organs, and B and D in conjunctival cells of the eyes. Species B members have a broad46 
tropism,includingkidneyandcellsofthehematopoieticlineage(4–6).HAdV-causedillnesscan47 
rangefromasymptomaticto lethal,especially in immunocompromised individuals (7–9).HAdV48 
outbreaks are frequent in military training camps, but also nursing homes, as recorded in49 
recurrentoutbreaksofHAdV-E4andHAdV-B7(5,10–13).Tocounter thediseaseburden,an50 
oralHAdV-E4/B7 vaccinewas reintroduced, leading to a sharp decline in adenoviral disease51 
among military recruits (5, 14, 15). In addition to recurrent HAdV outbreaks, novel HAdV52 
variantsemerge,someofthemcausingpneumoniaanddeathofelderlywithchronicdiseases.53 
One of these emerging HAdVs is the HAdV-B14 variant 14p1, also known as 14a (16–20).54 
Furthermore,AdVshaveapotentialforzoonotictransmission(21).Cross-speciesinfectionsto55 
humansfromeithernon-humanprimatesorpsittacinebirdshavebeenreportedfromtheUSA56 
andChina,respectively(22,23).Despitethehighprevalence(5,24–26)andthebroaduseof57 
AdV as gene therapy vectors (27) as well as oncolytic viruses (28, 29) no FDA-approved58 
specific anti-HAdV treatment is available to date. Clinically, HAdV infections are treatedwith59 
Ribavirin,Cidofovir, ormore recently,Brincidofovir,which all inhibit viralDNA replication (30,60 
31).61 
62 
HAdVparticles have beenwell characterized.They have a double-strandedDNAgenomeof63 
~36kilobasepairs(kbp)packagedintoanicosahedralcapsidofabout90nmindiameter(32–64 
35).HAdV-C2andC5replicationcyclehasbeenextensivelystudiedincludingentry,uncoating,65 
replication,assemblyandegressfromtheinfectedcell(36–50).HAdV-Cinfectscellsbybinding66 
to the coxsackievirus adenovirus receptor (CAR) and integrin co-receptors, followed by67 
receptor-mediatedendocytosis,endosomal lysisandmicrotubule-motordriven transport to the68 
nucleus,whereituncoatsDNAanddeliverstheDNAintothenucleus(38,51–62).Thefirstviral69 
protein expressed is E1A, a multifunctional intrinsically disordered protein controlling the70 
transcriptionalactivityofallAdVs,aswellasmanycellularpromoters,therebyaffectingthecell71 
cycle, differentiation, transformation and apoptosis (63–68). Viral early proteins besides E1A72 
mediateimmuneescape,blockactivationofpro-apoptoticpathwaysandformnuclearviralDNA73 
replication compartments. Late viral proteins give rise tomature progeny virions upon limited74 
proteolysis of capsid proteins by the viral cysteine protease L3/p23 (69–71). Mature HAdV75 
progeny is released upon rupture of the nuclear envelope and plasma membrane, which76 
facilitatesrapidviraldisseminationandplaqueformationin vitro(72–74).Theconvectionforces77 
inthemediumgiverisetocomet-shapedinfectionfociincellcultures(72).Fociofinfectedcells78 
are also found in tissue, such as rat liver upon intravenous inoculation of HAdV-C5 (75).79 
Accordingly,acuteHAdV infections triggeran inflammatory response,asshown inairwaysor80 
conjunctivaofsusceptibleanimals (2,76). Incontrast to lyticvirus transmission,directcell-to-81 
celltransmissionleadstoroundplaques,asshownwithvacciniavirus(77–80).82 
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83 
The mechanisms of virus transmission are highly virus-specific. They comprise non-lytic84 
pathways involving the secretory-endocytic circuits, multi-vesicular or autophagic membrane85 
processes, cellular protrusions, or transient breaches of membrane integrity (80–84). In86 
contrast,lyticegresspathwaysfurtherinvolvethedestabilizationofcellularmembranesbyviral87 
andhostfactors,oftentunedbythecytoskeleton(37,85–88).HAdV-C2controlslyticcelldeath88 
by theadenovirusdeathprotein (ADP),alsoknownas11.6K,asconcluded fromgeneticand89 
overexpressionstudies(73,74).ADPisatypeIIImembraneproteintranscribedfromtheCR1-β 90 
region in the immuno-regulatory E3a locus. All HAdV-C members harbour homologous E3a91 
CR1-β sequences (e.g. 10.5K in HAdV-C5). Other HAdV species differ in their E3 region,92 
however (89–91). The N-terminus of ADP is lumenal and the C-terminus protrudes into the93 
cytosol(92).Followingpost-translationalmodifications,ADPistransportedtotheinnernuclear94 
membrane,wheretheN-terminusisintrudingintothenucleus(93).Atlatestages,whencapsid95 
assemblyinthenucleushascommencedADPexpressionisboosted(94,95).Themechanism96 
ofhostcelllysisisstillunknown,althoughnecrosis-like,autophagicandcaspaseactivitieshave97 
beenimplicated(96–99).98 
99 
Here,wereportthatNelfinavirmesylate(Nelfinavirinshort)isaneffectiveinhibitorofHAdVlytic100 
egress.TheidentificationprocessofNelfinavirisdescribedinanaccompanyingpaperusingan101 
imaging-based,highcontentscreenofthePrestwickChemicalLibrary(PCL)comprising1,280102 
mostly clinical or preclinical compounds (100, 101). Nelfinavir is the off-patent active103 
pharmaceutical ingredient of Viracept, FDA-approved, which inhibits the human immuno-104 
deficiency virus (HIV) protease (102). Thework here documents the repurposing potential of105 
Nelfinavir, which is effective against a spectrum of HAdV types in a post exposuremanner.106 
Nelfinavirispartly,butnotexclusively,activeagainstADP-encodingHAdVtypes,anduncovers107 
the appearance of round-shaped plaques, which arise upon non-lytic cell-to-cell viral108 
transmission. 109 
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Materials and Methods 110 
111 
Viruses 112 
HAdV-C2-dE3B-GFPwaspreviouslydescribed (72)(GenBankaccessionnumberMT277585).113 
TheviruswasgeneratedbyexchangeoftheviralE3bgenomeregionwithareportercassette114 
harbouring the enhanced green fluorescent protein (GFP) under a constitutively active115 
cytomegalovirus (CMV) promoter. It was grown in A549 cells and purified by double CsCl116 
gradientcentrifugation(103).Aliquotssupplementedwith10%(v/v)glycerolwerestoredat -117 
80°C.HAdV-C2-dE3B-GFPwas found tobehomogeneousbySDS-PAGEandnegative-stain118 
analyses in transmissionelectronmicroscopy (EM).RecombinantHAdV-C2-dE3B-GFP-dADP119 
was generated using homologous recombination according to the Warming recombineering120 
protocols (104, 105). For a detailed protocol, see Supplementary methods. HAdV-C2-dE3B-121 
GFP-dADPwasplaque-purifiedandamplified,followedbytworoundsofCsClpurification(106).122 
Aliquotscontaining10%(v/v)glycerolwerestoredat -80°C.HAdV-C2-dE3B-GFP-dADPwas123 
foundtobehomogeneousinSDS-PAGEandnegative-stainanalysesbytransmissionEM.Lack124 
of ADP expression was confirmed byWestern immunostaining using the rabbit α-HAdV-C2-125 
ADP78-93antibody,obtainedfromWilliamWoldandAnnTollefson(Saint-LouisUniversity,Saint-126 
Louis,USA)(107).127 
128 
HAdVtypesA31,B7,B11,B14a,B16,B34,C1,C6,D8,D30andD37werekindlyprovidedby129 
the late Thomas Adrian (Hannover Medical School, Germany) and were verified by DNA130 
restrictionanalysis (108,109).HAdVtypesB14(19,20)andB21a, isolateLRTI-6(110)were131 
kindlyprovidedbyAlbertHeim(HannoverMedicalSchool,Germany).HAdV-B3-pIX-FS2A-GFP132 
andB35-pIX-FS2A-GFPcontainanenhancedGFPopenreadingframe(ORF)geneticallyfused133 
to thedownstreamendof theHAdVpIXgeneusinganautocleavageFS2Asequence (111–134 
113). rec700 (114)anddl712 (115)wereobtained fromWilliamWold (Saint-LouisUniversity,135 
Saint-Louis,USA).rec700isarecombinantHAdV-C5containingC2sequencesfromnucleotide136 
-236to2437oftheE3transcriptionunit,andcomprisestheC2E3aORFs12.5K,6.7K,19Kand137 
ADP, aswell asmajor parts of theE3bORFRIDα (10.4K protein) (116).Mouse adenovirus138 
(MAdV)-1-pIX-FS2A-GFP and MAdV-3-pIX-FS2A-GFP were constructed as described (117,139 
118). HAdV-C2 and C5 were obtained from Maarit Suomalainen (University of Zurich,140 
Switzerland). HSV-1-CMV-GFP is a recombinant HSV-1 strain SC16 containing a CMV141 
enhancer/promoter-drivenenhancedGFPexpressioncassetteintheUS5(gJ)locus(119)and142 
waskindlyprovidedbyCornelFraefel(UniversityofZurich,Switzerland).HSV-1-CMV-GFPwas143 
propagatedinVerocellsandpurifiedbysucrosesedimentationasdescribedin (120,121).All144 
viruseswerestoredinsmallaliquotscontaining10%(v/v)glycerolat-80°C.145 
146 
Cell lines 147 
A549 (human adenocarcinomic alveolar basal epithelium, CCL-185), HeLa (human epithelial148 
cervix carcinoma, CCL-2) and HBEC (HBEC3-KT, normal human bronchial epithelium, CRL-149 
4051)cellswereobtainedfromtheAmericanTypeCultureCollection(ATCC,Manassas,USA).150 
HCE (normal human corneal epithelium) cells were obtained from Karl Matter (University151 
College London, UK). CMT93 (mouse rectum carcinoma) cells were obtained from Susan152 
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Compton, Yale School of Medicine, USA. A549, HeLa, HCE and CMT-93 cell cultures were153 
maintainedinhighglucoseDMEM(ThermoFisherScientific,Waltham,USA)containing7.5%(v154 
/ v)FCS (Invitrogen,Carlsbad,USA),1% (v / v) L-glutamine (Sigma-Aldrich,St. Louis,USA)155 
and1%(v/v)penicillinstreptomycin(Sigma-Aldrich,St.Louis,USA)andsubculturedfollowing156 
phosphate-bufferedsaline(PBS)washingandtrypsinisation(Trypsin-EDTA,Sigma-Aldrich,St.157 
Louis, USA) bi-weekly. HBEC cells were maintained in endothelial-basal medium (ATCC,158 
Manassas, USA) and passaged 1:1 weekly following PBS washing and trypsinisation. Cell159 
culturesweregrownatstandardconditions(37°C,5%CO2,95%humidity)andpassagenumber160 
waslimitedto20.Respectivesupplementedmediumisreferredtoassupplementedmedium.161 
162 
Compounds 163 
Nelfinavirmesylate (CASnumber159989-65-8)powderwasobtained fromMedChemExpress164 
LLC (Monmouth Junction, USA and Selleck Chemicals, Houston, USA). Compound was165 
dissolvedinDMSO(Sigma-Aldrich,St.Louis,USA)at100mMandkeptat-80°Cor-20°Cfor166 
long-termorworkingstorage,respectively.167 
168 
Cellular impedance measurement 169 
Impedance-based assays were performed using the xCELLigence system (Roche Applied170 
Science and ACEA Biosciences) as described previously (122, 123) according to the171 
manufacturer’s instructions (124) incellcultureenvironment(37°C,5%CO2,95%humidity) in172 
duplicates. The 16-well E plates have a gold-plated sensor array embedded in their glass173 
bottombywhichtheelectricalimpedanceacrosseachwellbottomismeasured.Theimpedance174 
perwell, termed cell index (CI), is recordedasadimensionlessquantity.ThebackgroundCI175 
was assessed following the addition of 50 µl supplemented medium to each well and176 
equilibrationintheincubationenvironment.After30minequilibration,9,000A549ATCCcellsin177 
50µlsupplementedmediumwereaddedperwellandmeasurementwasstarted.178 
179 
For thequantificationofNelfinavir toxicity,50µl of supernatantwere removed18h laterand180 
replaced by 2-fold concentrated Nelfinavir or DMSO solvent as the control dilution in181 
supplementedmedium(finalNelfinavirconcentration0.4-100µM in100µl /well).Thecontrol182 
wassupplementedmedium.Impedancewasrecordedevery15minover5days.TC50indicates183 
the concentration of Nelfinavir, which caused 50% impedance reduction compared to the184 
solvent-treated cells. TC50 was calculated by non-linear regression of solvent-normalized CI185 
overtheconcentrationofNelfinavir.186 
187 
For the quantification of Nelfinavir effects on the cytopathogenicity of HAdV-C2-dE3B-GFP188 
comparedtoHAdV-C2-dE3B-GFP-dADPinfection,50µlsupernatantwereremoved18h later189 
and replacedwithNelfinavir- and virus-supplementedmedium.25µl of a 4-fold concentrated190 
Nelfinavir(finalconcentration0.4-100µM)orcorrespondingDMSOsolventcontroldilution(final191 
concentration1%)insupplementedmediumorsupplementedmediumonlywereaddedto50µl192 
mediumcontaining cells.Additionally, 25µl of a 4-fold concentratedvirus stockdilutionwere193 
added (final inoculum1.68*106 viral particle(s) (VP) /well HAdV-C2-dE3B-GFPand 2.68*106194 
VP/wellHAdV-C2-dE3B-dADP, corresponding to~30 plaque formingunit(s) (pfu) /well. The195 
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 6 

delay of infection-induced cytotoxicity was calculated as time point at which the CI of the196 
infected cells had decreased by 50% relative to itsmaximum. Data analysis was performed197 
usingGraphPad(GraphPadSoftware,Inc,version8.1.2),andcurvefittingwasperformedusing198 
three-parameter[inhibitor]vs.responsenonlinearregression.199 
200 
Fluorescence-based plaque forming assay 201 
Per96-well,15,000A549,10,000HeLaATCC,30,000HBEC,30,000HCEor30,000CMT-93202 
cellswereseededin100µloftherespectivesupplementedmediumandallowedtosettlefor1203 
hatroomtemperature(RT)priortocellcultureincubationat37°C,5%CO2,95%humidity.The204 
followingday,themediumwasreplacedby50µloftherespectivevirusstockdilutiongivingrise205 
to 5 to 50 plaques per 96-well. 50 µl Nelfinavir to obtain 0.1 to 50 µM final concentration or206 
DMSOsolventcontrolwasalsoadded,bothinsupplementedmedium.Foreachexperiment,a207 
non-infected, treated control was performed. For uphill plaque assays, medium volume was208 
increased to 150 µl with identical virus and drug concentrations. For wash-in / wash-out209 
experiments,viruswas incubatedon thecells insupplementedmediumfor1hat37°C,cells210 
were washed with PBS and 100 µl drug dilution in supplemented medium was added. All211 
experimentswereperformedinfourtechnicalreplicatesorasindicated.Cellswereincubatedat212 
standardcellcultureconditions.Attheindicatedtimepostinfection(pi),thecellswerefixedand213 
thenucleistainedfor1hatRTbyadditionof33µl16%(w/v)para-formaldehyde(PFA)and4214 
µg/mlHoechst33342(Sigma-Aldrich,St.Louis,USA)inPBS.Cellswerewashedthreetimes215 
withPBSandstoredinPBSsupplementedwith0.02%N3forinfectionswithvirusesharbouring216 
aGFPtransgene.Forwildtype(wt)viruses,cellswerequenchedinPBSsupplementedwith50217 
mMNH4Cl,permeabilizedusing0.2%(v/v)Triton-X100inPBSandblockedwith0.5%(w/v)218 
BSA inPBS.Cellswere incubatedwith381.7ng /mlmouseα-HAdVhexonproteinantibody219 
(Mab8052,Sigma-Aldrich,St. Louis,USA) and subsequently stained using 2 µg /ml goat α-220 
mouse-AlexaFluor594 (A21203 or A32742, Thermo Fisher Scientific,Waltham, USA). Plates221 
were imaged on either an IXM-XL or IXM-C automated high-throughput fluorescence micro-222 
scope (Molecular Devices, San Jose,USA) using a 4x objective at widefieldmode. Hoechst223 
stainingwasrecordedinDAPIchannel,FITC/GFPchannelforviralGFPandTRITC/Texas224 
redchannelforimmunofluorescencehexonstaining.225 
226 
Therapeutic index measurement 227 
The infection phenotype for eachwell was quantified using Plaque2.0 (101). The number of228 
plaqueswasdeterminedbasedontheinfectionsignal(viralGFPorhexonimmunofluorescence229 
staining). Nuclei stained with Hoechst were segmented by CellProfiler (125). Infected nuclei230 
were classified based on the median infection signal per nucleus in CellProfiler. Data were231 
plottedandEC50 (infectedand treatedcells),TC50 (non-infected, treatedcells),aswellas the232 
corresponding standard error (SE) determined using curve fitting in GraphPad (GraphPad233 
Software,Inc,version8.1.2)usingthree-parameter[inhibitor]vs.responsenonlinearregression.234 
MeanTI50wascalculatedasEC50/TC50ratioofthemeans.TheTI50SEwascalculatedbyerror235 
propagation.236 
237 
Quantification of viral protein expression  238 
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Infection,HAdVhexonimmunofluorescencestaining,andimagingwereperformedintechnical239 
quadruplicates, as described under Microscopic plaque assay. Single nuclei (Hoechst) were240 
segmented using CellProfiler (125). Median GFP and hexon signals per nucleus were241 
measured,and infectednucleiclassifiedusingthemedianGFPorhexonsignalspernucleus.242 
Subsequently, mean and standard deviation (SD) over all infected nuclei per well were243 
calculated inRversion3.3.2 (126).Datawereplotted inGraphPad (GraphPadSoftware, Inc,244 
version8.1.2).245 
246 
Transmission electron microscopy  247 
A549ATCCcellsgrownonAlcianBlue-treatedcoverslipswereinfectedwithHAdV-C2-dE3B-248 
GFPinsupplementedmediumwith0,1.25or3µMNelfinavirandculturedfor40hatstandard249 
cellcultureconditions.Thesampleswerewashedwithice-cold0.1Mcacodylatebuffer(pH7.4)250 
and fixedat4°C in0.1M ice-coldcacodylatebuffer (pH7.4),supplementedwith2.5%(v /v)251 
glutaraldehydeand0.5mg/mlrutheniumredfor1h.Cellswerewashedwith0.1Mcacodylate252 
buffer (pH7.4) andpost-fixedatRT in0.05Mcacodylatebuffer (pH7.4) supplementedwith253 
0.5% (v / v) OsO4 and 0.25 mg / ml ruthenium red for 1 h. Following washing with 0.1 M254 
cacodylatebuffer(pH7.36)andH2O,thesampleswereincubatedin2%(v/v)uranylacetateat255 
4°C over night (ON). The samples were dehydrated in acetone and embedded in Epon as256 
describedin(127).85nmsliceswereobtained(LeicaUltracutUCT,Leica,Wetzlar,Germany)257 
andstainedwithuranylacetate.258 
259 
HAdV-C5 virus production in presence of Nelfinavir 260 
HAdV-C5wasamplified in themediumcontaining0,1.25or3µMNelfinavir for4days.Cells261 
wereharvestedanddisruptedby three freeze / thawcycles.Thecelldebriswas removedby262 
Freon extraction andmature full HAdV virions were purified by two rounds of CsCl gradient263 
ultracentrifugation (106). Protein concentration was determined by BCA assay (Pierce BCA264 
ProteinAssayKit,ThermoFisherScientific,Waltham,USA).Forlong-termstorage,virusstocks265 
weresupplementedwith10%(v/v)glycerolandkeptat-80°C.266 
267 
Negative staining electron microscopy  268 
DoubleCsClgradient-purifiedHAdVparticleswereadhered toCollodionand2% (v / v)amyl269 
acetatefilm-coveredgrids(300meshFormvar/carbon-supportedcoppersupportfilms,Electron270 
Microscopy Sciences, Hatfield, USA). Viral particles were negatively stained with 2% (v / v)271 
uranyl acetate and viewed on a transmission electron microscope (Philips CM100, Philips,272 
Amsterdam, Netherlands) at 100 kV. Images were acquired using a CCD camera (Orius273 
SC1000with4,000x2,600pixels,Gatan,Pleasanton,USA).274 
275 
Western blot analysis of HAdV protease activity 276 
DoubleCsCl-purifiedgrown inpresence / absenceofNelfinavir (HAdV-C5±Nelfinavir) stocksand277 
sizestandard (PageRulerplus,ThermoFisherScientific,Waltham,USA)weresize-separated278 
on12%acrylamidegelunderreducingconditionsandtransferredtoaPVDFmembrane.HAdV279 
proteinsweredetectedusingthefollowingprimaryantibodies:1:10,000R72rabbitα-fiber(128),280 
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1:1,000rabbitα-pVI/VI(51),1:1,000R3rabbitα-pVII/VII(UlfPetterssonofUppsalaUniversity)281 
andvisualizedusingagoatα-rabbit-HRP(7074,CellSignalingTechnology,Danvers,USA)and282 
ECL Prime Western Blotting Detection Reagent (GE Health Care, Pittsburgh, USA). The283 
membranes were luminescence imaged on an Amersham Imager 680 (GE Health Care,284 
Pittsburgh,USA). 285 
286 
Determination of nuclear size 287 
InfectionandNelfinavirtreatmentofA549cellswereperformedasdescribedunderMicroscopic288 
plaqueassaywithacellseedingdensityof15,000cells/well.WellswereimagedwithIXM-C289 
automatedhigh-throughputfluorescencemicroscope(MolecularDevices,SanJose,USA)using290 
a40xobjective (NA0.95)at confocalmode (62µmpinhole).DAPIchannelwasacquired for291 
nuclearHoechststaining,FITC/GFPchannelwasacquiredforviralGFP,TRITC/Texasred292 
channelwasacquiredforimmunofluorescenceADPstainingandCy5channelwasacquiredfor293 
NHS-estersignal.30zstepswith0.5µmstepsizewereacquiredforeachchannelandmaximal294 
projections were calculated. Image analysis was performed using CellProfiler (125). Nuclei295 
areas were segmented based on thresholded Hoechst signal. Infected cells were classified296 
basedonafixedthresholdformediannuclearGFPintensity.Dataprocessingwasperformedin297 
Rversion3.3.2(126).StatisticalanalysiswasperformedinGraphPad(GraphPadSoftware,Inc,298 
version8.1.2)usingthenon-parametricKolmogorov-Smirnovtest.299 
 300 
Cell binding assay of virus 301 
A549cellswereseededat7,500cellsper96-wellinfullDMEMandallowedtoattachovernight302 
atstandardcellcultureconditions.Thenextday,themediumwasreplacedby3*108VP/wellof303 
doubleCsCl-purifiedHAdV-C5±Nelfinavirvirusstocksin100µlice-coldsupplementedmediumand304 
keptonicefor30min.Followinga15minentryphaseunderstandardcellcultureconditionsthe305 
cellswerefixedandthenucleistainedfor1hatRTbyadditionof33µl16%PFAand4µg/ml306 
Hoechst33342(Sigma-Aldrich,St.Louis,USA)inPBS.Followingtheabovedescribedimmuno-307 
fluorescencestainingprocedure,thecell-boundHAdVvirionswerestainedusing9C12mouse308 
α-hexon (developed by Laurence Fayadat and Wiebe Olijve, obtained from Developmental309 
StudiesHybridomaBankdevelopedundertheauspicesoftheNationalInstituteofChildHealth310 
andHumanDevelopmentandmaintainedbytheUniversityofIowa,IowaCity,USA)(129)and311 
goat α-mouse AlexaFluor488 (A11029, Thermo Fisher Scientific,Waltham, USA). Total area312 
was identified by Alexa-Fluor647 NHS ester staining (A20006, Thermo Fisher Scientific,313 
Waltham,USA).Maxprojectionsofconfocalz-stacks(25zstepsspaced1µm)wereacquired314 
onaSP5resonantAPD(Leica,Wetzlar,Germany)at1.7xzoomusinga63xglycerolobjective315 
(numericalaperture1.4).316 
317 
Assessment of HAdV infectivity of HAdV-C5±Nelfinavir 318 
FifteenthousandA549cellswereseededper96-wellinfullDMEMandallowedtoattachover319 
night at standard cell culture conditions. The next day, themediumwas replaced by double320 
CsCl-purifiedHAdV-C5±Nelfinavirvirusstocksat50 to0.001pg /wellofBCA-basedviralprotein321 
concentration and incubated at standard cell culture conditions. Cells were fixed at 52 hpi,322 
stained for HAdV hexon expression and imaged following the procedure described under323 
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Image-based plaque assay. Images were quantified using Plaque2.0 (101). Nuclei were324 
segmented based on Hoechst signal. Infected cells were segmented based on hexon325 
immunofluorescencestainingsignal.326 
327 
Egress assay 328 
A549 cells were seeded at 480,000 cells per 6-well in full DMEM and infected at 1,100 pfu329 
HAdV-C2-dE3B-GFPperwellthenextday.Following1hofwarmincubation,thesupernatant330 
wasremoved,andcellswerewashedwithPBSanddetachedbytrypsindigestion.Infectedcells331 
were centrifuged and resuspended in freshmedium to remove any unbound input virus and332 
seededat180,000cells/12-wellinmediumsupplementedwith1.25,3or10µMNelfinaviror333 
equivalent amounts of DMSO solvent control. At the indicated times pi, the supernatantwas334 
harvested and cleared by centrifugation. 200 µl PBS / well was added to the infected335 
monolayer. Cells were disrupted by three freeze / thaw cycles and freon extraction was336 
performed.Supernatant and cell lysatewere storedat 4°Cuntil titrationonnaiveA549cells.337 
PFA-fixed,Hoechst-stainedcellswere imagedat44hpiusinga4xobjective(NA0.20)onan338 
epifluorescenceIXM-XL(MolecularDevices,SanJose,USA).GFP-positiveinfectedcellswere339 
classifiedbasedonmediannuclearGFPintensityusingautomatedimageanalysisbyCellProfi-340 
ler(125).341 
342 
Quantification of infectious progeny production 343 
FourhundredandeightythousandA549cellswereseededper6-welldishandinoculatedwith344 
1,100pfuHAdV-C2-dE3B-GFP/wellfor1hat37°C,washedwithPBSanddetachedbytrypsin345 
digestion. Infected cells were centrifuged and resuspended in fresh medium to remove any346 
unboundinputvirus.Cellswereseededat180,000cells/12-wellinmediumsupplementedwith347 
1.25, 3 or 10µMNelfinavir or the respectiveDMSOsolvent control.Viral progeny in the cell348 
monolayerandsupernatantwasharvestedattheindicatedtimepibythreefreeze/thawcycles.349 
Thelysateswereclearedbycentrifugationandstoredat4°CuntiltitrationonnaiveA549cells.350 
PFA-fixed, Hoechst-stained cells were imaged at 44 hpi using a 4x objective on an351 
epifluorescenceIXM-XL(MolecularDevices,SanJose,USA).GFP-positiveinfectedcellswere352 
classified based on median nuclear GFP intensity using automated image analysis by353 
CellProfiler(125).Theyieldper12-wellwasextrapolatedbylinearregressionofthenumberof354 
infectedcellsperµlofharvestedwholewell lysateusingGraphPad(GraphPadSoftware, Inc,355 
version8.1.2).356 
357 
Quantification of the antiviral potency of Nelfinavir 358 
InfectionwasperformedasdescribedunderMicroscopic plaqueassay.Cellswere incubated359 
withan inoculumrangingbetween10 -2,560pfu /wellHAdV-C2-dE3B-GFPfor1hat37°C.360 
CellswerewashedwithPBSand100µlDMEMphenol-freemedium(ThermoFisherScientific,361 
Waltham,USA),supplementedwith1%penicillinstreptomycin(Sigma-Aldrich,St.Louis,USA),362 
1% L-glutamine (Sigma-Aldrich, St. Louis, USA), 7.5% FBS (Invitrogen, Carlsbad USA), 1%363 
non-essential amino acids (Sigma-Aldrich, St. Louis, USA), 1% 100 mM sodium pyruvate364 
(Thermo Fisher Scientific, Waltham, USA), 0.25 ng / ml Hoechst 33342 (Sigma-Aldrich, St.365 
Louis,USA)and1µg/mlpropidiumiodide(PI,MolecularProbes,Eugene,USA).Plateswere366 
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imaged at the indicated times pi on an IXM-C automated high-throughput fluorescence367 
microscope (MolecularDevices,SanJose,USA)usinga40xobjective (NA0.95)at confocal368 
mode (62µmpinhole).DAPIchannelwasacquired fornuclearHoechststaining,FITC /GFP369 
channelwasacquiredforviralGFPandCy5channelwasacquiredforPIsignal.30zstepswith370 
0.5µmstepsizewereacquiredforeachchannelandmaximalprojectionswerecalculated.371 
372 
Morphological plaque characterization 373 
Plaquesweresegmented inPlaque2.0 (101)andplaqueregioneccentricitywasmeasuredas374 
fractionofthedistancebetweenthetwofocalpointsoftheellipsedividedbythelengthofthe375 
major axis. Only plaque regions consisting of at least five infected cells (≥6,000px2) with a376 
centroidlocated600pxfromthewellrimwereconsideredtoexcludespatiallimitations.Plaque377 
roundnesswascalculatedas1-eccentricity(Equation1).378 roundness = 1 −  4π ∗ areaperimeter2                                                      Equation 1
StatisticalanalysiswasperformedinGraphPad(GraphPadSoftware, Inc,version8.1.2)using379 
thenon-parametricKolmogorov-Smirnovtest.380 
381 
Confocal microscopy of ADP localization 382 
Infection and immunofluorescence stainingswere performed as described under Microscopic383 
plaqueassaywithacellseedingdensityof3,000cells/well.Cellswereincubatedwith1:1,000384 
rabbit α-HAdV-C2-ADP87-101 antibody (107) and subsequently stained using donkey α-rabbit-385 
AlexaFluor594(21207,ThermoFisherScientific,Waltham,USA)and0.2µg/mlNHSester(Life386 
Technologies, Carlsbad, USA) for whole cell outline. Plates were imaged on an IXM-C387 
automatedhigh-throughputfluorescencemicroscope(MolecularDevices,SanJose,USA)using388 
a40xobjective (NA0.95)at confocalmode (62µmpinhole).DAPIchannelwasacquired for389 
nuclearHoechststaining,FITC/GFPchannelwasacquiredforviralGFP,TRITC/Texasred390 
channelwasacquiredforimmunofluorescenceADPstainingandCy5channelwasacquiredfor391 
NHSestersignal.30zstepswith0.5µmstepsizewereacquiredforeachchannelandmaximal392 
projectionswerecalculated.ImageanalysiswasperformedusingCellProfiler(125).Nucleiand393 
whole cell areas were segmented based on thresholded Hoechst and NHS ester signal,394 
respectively.Nuclearrimwasdefinedas10pixel-wideareaaroundthenuclearborder.Infected395 
cellswereclassifiedbasedonthewholecell5%quantileGFPintensity.Wholecellandnuclear396 
rimmeanTRITC/Texasred(detectingADP)intensitiesaswellaswholecell5-pixelgranularity397 
per infectedcellwerenormalizedby theaccordingmeanoverall infectedcellsof thesolvent398 
control. Data processing was performed in R version 3.3.2 (126). Statistical analysis was399 
performed in GraphPad (GraphPad Software, Inc, version 8.1.2) using the non-parametric400 
Kolmogorov-Smirnovtest.401 
402 
Western blot analysis of ADP processing 403 
Four hundred and eighty thousand A549 cells were seeded per 6-well, incubated o/n and404 
inoculatedwithHAdV-C2-dE3B-GFPat22,000pfu/wellin1.2mlfullDMEMsupplementedwith405 
0to10µMNelfinavir.Following44hof incubationinstandardcellculturemedium,cellswere406 
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placed on ice and the supernatantwas removed. The cellswerewashed twicewith ice-cold407 
PBS.Cellswerelysedin100µlCOSlysisbuffer(20mMTris-HClpH7.4,100mMNaCl,1mM408 
EDTA,1%TritonX-100,1mMDTT,25mMβ-Glycerophosphatedisodium,25mMNaF,1mM409 
Na3VO4, 1x protease inhibitors (Mini Complete, Roche, Basel, Switzerland) for 5min on ice.410 
SupernatantandwashingPBSwerecollectedandcellspelletedbycentrifugationat16,000xg411 
for5minat4°C.Lysateswerescrapedoffandusedtoresuspendthepelletedcells.Following412 
another centrifugation, the supernatant was collected and stored at -20°C. Samples of 15 µl413 
lysateweresupplementedwithSDS-containingloadingbuffer(0.35MTris-HClpH6.8,0.28%414 
SDS,30g/lDTT,0.6g/lbromophenolblue).Samplesweredenaturedat95°Cfor5minand415 
proteinswereseparatedonadenaturing15%acrylamidegel.Proteins transferred to aPVDF416 
membraneweredetectedwith1:1,000ofarabbitα-HAdV-C2ADP78-93antibody(107)followed417 
by goatα-rabbit-HRP (7074, Cell Signaling Technology,Danvers, USA). Protein bandswere418 
visualizedusingECLPrimeWesternBlottingDetectionReagent (GEHealthCare,Pittsburgh,419 
USA) and luminescence imaged on an Amersham Imager 680 (GEHealth Care, Pittsburgh,420 
USA).421 
422 
Neutralization of HAdV cell-free progeny 423 
A549cellswereseededat15,000cellsperwellofa96-well-plate,incubatedo/nandinoculated424 
withHAdV-C2-dE3B-GFPat34pfu /well for1hat37°C.Viruswas removedandcellswere425 
washedwithPBS,before0.25ng/mlHoechst(Sigma-Aldrich,St.Louis,USA)-supplemented426 
DMEM medium containing 1:12 HAdV-C2/5-neutralizing dog serum, kindly supplied by Anja427 
Ehrhardt,UniversityWitten/Herdecke,Germany (130),supplementedwith40%v /vglycerol),428 
control goat serum (Thermo Fisher Scientific, Waltham, USA, supplemented with 40% v / v429 
glycerol)orthecorrespondingvolumeglycerolonly.Cellswereimagedusinga4xobjective(NA430 
0.20)onanepifluorescenceIXM-XLmicroscope(MolecularDevices,SanJose,USA).431 
432 
Crystal violet-stained plaques 433 
Plaque shapes were also assessed by conventional crystal violet-stained plaque assay,434 
performedinA549cellsinliquidsupplementedDMEMmedium.Allinfectionswereperformedat435 
37°C, 95% humidity and 5%CO2 atmosphere. At the indicated time pi, cells were fixed and436 
stained for 60minwithPBS solution containing 3mg /ml crystal violet and 4%PFA added437 
directly to themedium from a 16% stock solution. Plateswere de-stained inH2O, dried and438 
imagedusingastandard20megapixelphonecameraunderwhitelightillumination. 439 
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Results 440 
441 
Nelfinavir is a non-toxic, potent inhibitor of HAdV-C multicycle infection 442 
Anaccompanyingpaperdescribesafullcycle,image-basedscreenof1,278outof1,280PCL443 
compoundsagainstHAdV-C2-dE3B-GFP,whereClopamideandAmphotericineBwereexclu-444 
dedduetoprecipitationduringacousticdispensionintothescreeningplates(100).Thescreen445 
was conducted in adenocarcinomic human alveolar basal epithelial (A549) cells at 1.25µM446 
compound concentration, and identified Nelfinavir, Aminacrine, Dequalinium dichloride and447 
Thonzoniumbromideashits (SupplementaryTable1).Nelfinavir (CASnumber159989-65-8),448 
hereafter referred to as Nelfinavir, strongly inhibited plaque numbers at nanomolar concen-449 
trations, comparable to the known HAdV nucleoside analogue inhibitor 3'-deoxy-3'-fluorothy-450 
midine (DFT, Figure 1A, 1B). Dequalinium dichloride, Aminacrine and Thonzonium bromide451 
wereexcludedfromfurtheranalysesduetotoxicity(100),andpotentialmutageniceffects(131).452 
Long-term incubations of uninfected A549 cells with Nelfinavir up to 115 h showed median453 
toxicityTC50of25.7µM,asdeterminedbycell impedancemeasurementsusingxCELLigence454 
(Figure 1C). xCELLigence measures the impedance of electrical currents imposed by cell455 
adherence togold-platedmicroelectrodes implanted in culturewells. Impedance isexpressed456 
as cell index (CI), a unitless parameter proportional to the cell number, cell size, and cell457 
adherence. For raw CI profiles, see Supplementary Figure 1A. CI measurements were458 
consistent with presto-blue assays, and cell numbers determined by counting nuclei459 
(Supplementary Table 1). This was in agreement with previous reports, and acceptable side460 
effects inclinicaluseagainstHIV(102,132).Thetherapeutic index50(TI50)ofNelfinavirwas461 
27.1(Figure1D),asdeterminedbytheratiobetweentheconcentrationyielding50%lossofcell462 
nuclei (TC50=10.01µM)andtheeffectiveconcentrationyielding50%inhibitionof fluorescent463 
plaqueformation(EC50=0.37µM).ThedataindicatesthatNelfinavir isaneffective,non-toxic464 
inhibitorofHAdV-C2multi-cycleinfection.465 
466 
Nelfinavir does not affect single round infection  467 
WefirsttestedifNelfinaviraffectedviralproteinproduction.HAdV-C2-dE3B-GFP-infectedA549468 
cells were analysed forGFP under the immediate early CMV promoter, and the late protein469 
hexonexpressedafterviralDNAreplicationat46hourspostinfection(hpi).Resultsindicatethat470 
Nelfinavir had no effect onGFP or hexon expression at the tested concentrations, while the471 
formation of fluorescent plaques was completely inhibited (Figure 2A, and Figure 1D). This472 
resultwasinagreementwiththenotionthatNelfinavirdidnotaffectthereplicationoftheHAdV-473 
C5 genome, as determined by titration of cell-associated infectious particles (133).We next474 
examinedifNelfinaviraffectedtheformationofviralparticles.Transmissionelectronmicroscopy475 
(TEM)ofHAdV-C2-dE3B-GFP-infectedcellsrevealedlargenumbersofvirionsinthenucleiof476 
Nelfinavir-treated and untreated cells (Figure 2B). This result was conforming with the477 
observation that the nuclei of Nelfinavir-treated cells expanded in area over time,478 
indistinguishablefromcontrolcells(SupplementaryFigure1B).479 
480 
Totest ifNelfinaviraffectedvirionmaturation,weanalysedpurifiedvirionsbySDS-PAGEand481 
WesternblottingagainstproteinspVI/VIandpVII/VIIusingpreviouslycharacterizedantibodies.482 
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There was no evidence for increase of precursor VI or VII (pVI or pVII) in HAdV-C5 from483 
Nelfinavir-treated cells, in contrast to temperature-sensitive (ts) 1 particles, which lack the484 
L3/p23proteasedue to thepointmutationP137L inp23 (134) (Figure2C).Thisshowed that485 
NelfinavirdidnotaffecttheproteolyticmaturationofthevirusbytheL3/p23cysteineprotease.486 
Inaccordance,purifiedHAdV-C5fromNelfinavir-treatedcellsattachedtonaiveA549cellsand487 
gaverisetoviralgeneexpressionaseffectivelyascontrolHAdV-C5particles(Figures2D,2E).488 
Together, these results indicate that Nelfinavir does not affect the production of infectious489 
virionsinsingleroundinfections.490 
491 
Nelfinavir inhibits HAdV-C egress 492 
We investigated the kinetics of HAdV-C2-dE3B-GFP production and the release to the493 
supernatant.Supernatantsandwholecelllysatesoftreated-andnon-treatedinfectedcellswere494 
harvestedat different timepoints (Figure3A).At 44hpi, cell lysatesofNelfinavir and control495 
cellscontainedsimilarinfectivity,butdidnotyetreleasevirustothesupernatant,asshownby496 
titrationonnaiveA549cells.At72or120hpi,controlcells,butnotNelfinavir-treatedcellshad497 
releasedvirustothesupernatant.Notably,theviraltiterinthesupernatantofcontrolcellsat120498 
hpiwassohigh,thatnearlyallthecellsintheindicatorplatesdissociatedfromtheplates.The499 
difference in infectious load was confirmed by titration of supernatants from separate time500 
courseexperimentsatthreedifferentconcentrationsofNelfinavir(Figure3B).At7dpi,adosage501 
of1.25µMreduced the totalyieldof infectiousparticles in thesupernatantby threeordersof502 
magnitude,underscoringthepotencyofNelfinavirtoblockthedisseminationofHAdV-C-dE3B-503 
GFP.Moreover,NelfinavirlimitedHAdV-C2transmissionwhenaddedaslateas40hpi(Figure504 
3C).ThesefindingsindicatethatNelfinavirimpairstheegressofprogenyfromthehostcell.505 
506 
Wenextassessed thepotencyof theNelfinaviragainstHAdV-C2 transmissionbyquantifying507 
thenumberofnuclei,whichnormallydecreasesdueto lyticvirusreplication.Nelfinavir(3µM)508 
robustlyreducedthenumberofdeadcells,andstronglyreducedthenumberofinfectedcellsup509 
to 100 pfu / well (Figure 3D). Remarkably, HAdV-C2-dE3B-GFP formed delayed plaques in510 
presenceofNelfinavir,startingat4dpi(Figures3E,3F).Theselateplaquesshowedastrikingly511 
round morphology, which was calculated to be significantly different from the comet-shaped512 
plaques early in infection of control cells (Figure 3G). The direction of the comet tail of lytic513 
plaques can be aligned by tilting of the incubation plate (72). Thereby, the cellmonolayer is514 
positioned non-orthogonally to the vector of thermal convection flux of the liquid cell culture515 
medium.Whilethedirectionofthecomet-shapedplaquescouldbealignedusingthismethodin516 
the non-treated infections, the lateNelfinavir plaques remainedmostly round (Supplementary517 
Figures2A-C).Moreover, therewasnocorrelationbetween thesizeof theplaquesand their518 
roundness irrespectiveofNelfinavirup to7dpi,demonstrating that the roundplaquesdidnot519 
changemorphologyover time (Supplementary Figure 2D).Collectively, the data indicate that520 
virustransmissioninpresenceofNelfinavirisnotdrivenbythebulkcurrentofcellfreemedium.521 
522 
HAdV inhibition by Nelfinavir depends on ADP  523 
ADP isexpressedat high levels late in infectionandenhances cell lysis (94, 135).To test if524 
ADPwasrequiredforNelfinavirinhibitionoflyticspread,wegeneratedanADP-depletedHAdV-525 
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C2-dE3B-GFP mutant, HAdV-C2-dE3B-GFP-dADP. The mutant completely lacks ADP526 
expression,asindicatedbyimmunofluorescenceandWesternblotexperiments(Supplementary527 
Figure3A,3B).HAdV-C2-dE3B-GFP-dADP formedparticles indistinguishable fromHAdV-C2-528 
dE3B-GFP, as indicated by negative stain EM (Supplementary Figure 3C). HAdV-C2-dE3B-529 
GFP-dADPshowedadelayedonsetofplaque formationbyabout1day,compared toHAdV-530 
C2-dE3B-GFP(Figure4A).Thesedataareinagreementwithpreviouskineticstudieswiththe531 
ADP deletion mutant HAdV-C dl712 (107) (see also Supplementary Figure 3A). HAdV-C2-532 
dE3B-GFP-dADPplaqueswerecomet-shaped,albeit their comet-headsappearedbiggerand533 
moredense(Figure4A).WhiletheparentalviruswashighlysensitivetoNelfinavir,HAdV-C2-534 
dE3B-GFP-dADP requiredmuchhigher concentrationsof thecompound to show inhibitionof535 
plaque formation (Figure 4B, Supplementary Table 2). In accordance, the ADP-deleted virus536 
induced cell death independent of Nelfinavir, unlike the ADP-expressing virus, as concluded537 
fromcellimpedancemeasurementswithxCELLigence(Figure4C,SupplementaryFigures3D,538 
3E).Finally,HAdV-C2-dE3B-GFP-dADPexhibitedastronglydiminishedseparationofanti-viral539 
efficacy from toxicity,as indicatedby reducedTI50 values compared to theparental virus, for540 
example2.1versus66.8withA549cells,8.9versus61.0withHeLacells,and4.6versus55.2541 
with HBEC cells (Figure 4D). These effects were in agreement with similar experiments542 
performedwiththepreviouslydescribedADP-knockoutmutantdl712andtheparentalrec700,543 
anHAdV-C5/2hybrid virus (135, 136).Thedataare shown in (SupplementaryFigures3F to544 
3H).Together,theresultsshowthattheselectiveantiviraleffectsofNelfinaviraremorecell-type545 
dependent incaseofHAdV lackingADP than inADP-expressingviruses,and theeffectsare546 
comparativelysmallforviruseslackingADP.547 
548 
Finally, we performed immunofluorescence experiments with HAdV-C2-dE3B-GFP-infected549 
A549cellsat44hpi(Figure4E).Undernon-perturbedconditions,ADPaccumulatedincytoplas-550 
micfociandthenuclearenvelope.NelfinavirtreatmentdidnotaffecttheoverallADPexpression551 
levels nor the amount of ADP in the nuclear periphery, including the nuclear envelope, but552 
completely abolished the cytoplasmic ADP foci as indicated by granularity quantifications553 
(Figure 4E, right graph). Intriguingly, Tollefson and co-workers observed earlier that ADP554 
lacking lumenal O-glycosylation sites did not localize to large cytoplasmic granules and the555 
correspondingHAdV-Cmutantpm734.4wasnon-lytic(107).Wespeculatethatthelocalization556 
ofADPincytoplasmicorganelles,suchasGolgicompartments,whereO-glycosylationoccurs557 
(137),couldenhancethecelllyticfunctionofADP.Together,thedatashowthatADPisamajor558 
susceptibilityfactorforinhibitionofHAdV-CinfectionspreadbyNelfinavir.559 
560 
A round non-lytic plaque phenotype in HAdV-C infection 561 
Virusesaretransmittedbetweencellsbythreemajormechanisms,cell-freethroughtheextra-562 
cellularmedium,directlyfromcell-to-cell,orinanorganismbymeansofinfectedmotilecellsor563 
fluidflowinbloodorlymphoidvessels.Thiscanresultinfar-reachingormostlylocalvirusdisse-564 
mination(forasimplifiedcartoon,seeFigure5A). Incellculture,HAdV-Ctransmissionfroma565 
lytic infected cell (staining PI-positive) yields comet-shaped infection foci due to convective566 
passivemass flow in thecellculturemedium(72,101),consistentwith lyticHAdV-C infection567 
(74, 135). In accordance, neutralizing antibodies against HAdV-C2 added to the cell culture568 
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mediumsuppressedthecomet-shapedplaquesofHAdV-C2-dE3B-GFP,andyieldedconfined,569 
predominantlyround-shapedinfectionfoci4dpi,akintoNelfinavir-treatedinfections(Figure5B).570 
571 
To test if round-shaped infection foci (plaques) occurred in regular HAdV-C2-dE3B-GFP572 
infections,weanalysedA549cellsinfectedwithlessthanoneplaqueformingunit(pfu)perwell573 
in160wellsupto8dpi.Thirtythreewellsdevelopedasingleplaque.Twentyfourofthemwere574 
fast emerging comet-shaped plaques, of which the donor cell (indicated by the pink arrow),575 
disappearedbetween2and3dpi (Figure5C,upperpanel). Incontrast,ninewellsdeveloped576 
delayed roundplaquesstarting6dpi (Figure5D, lowerpanel). Inall thesecases, theoriginal577 
infectedcell(orangearrow)remainedGFP-positiveandapparentlyviable,andthesurrounding578 
cellsgraduallybecameinfected.ThesedatasuggestthatHAdV-C2utilizesbothlyticandnon-579 
lytic transmission, the former involving cell-free transmission, and the latter cell-associated580 
transmission.581 
582 
Nelfinavir has a broad anti-HAdV spectrum 583 
WefinallyassessedtheinhibitionbreadthofNelfinaviragainstvariousHAdVtypesfromspecies584 
A,B,CandD indifferenthumancell lines,aswellasmouseadenovirus (MAdV)1and3 in585 
mouse rectum carcinoma CMT93 cells. To balance statistical significance and automated586 
plaque segmentation, we first determined the optimal amount of inoculum and duration of587 
infectionforeachvirusandcellline.TheresultingTI50valuesofNelfinavirwereheterogeneous588 
fordifferentHAdVtypes,asdeterminedinA549cells(Figure6A,fordetailsseeSupplementary589 
Table 2).While all the tested HAdV-C types as well as HAdV-B14 showed high TI50s (>10)590 
rangingfrom12.22(HAdV-C1)to71.09(HAdV-C2).MembersofHAdVspeciesA,Dandmost591 
of theHAdV-Btypesshowedintermediate(2 -10)to lowNelfinavirsusceptibility(<2),notably592 
HAdV-B7andB11withTI50<1.MAdV-1and3alsoshowedlowsusceptibility.Noticeably,ahigh593 
susceptibilityofHAdV-Cwasconsistentlyobservedinhumanlungepithelialcarcinoma(A549)594 
cells, human epithelial cervix carcinoma (HeLa) cells, immortalized primary normal human595 
cornealepithelial (HCE)cellsaswellasnormalhumanbronchialepithelial (HBEC)cells.The596 
corresponding TI50 values were in the same range as for herpes simplex virus (HSV) 1, for597 
whichNelfinavirwasreportedtobeanegressinhibitor(133,138,139).598 
599 
We finally examined the plaquemorphologies in non-perturbed infections by immunofluores-600 
cence staining of the late proteinsVI andhexon, aswell asmacroscopic analysesof crystal601 
violetstaineddishes forclassicalplaques (Figure6B).Viruses thatwerehighlysusceptible to602 
Nelfinavir (exhibitinghighTI50values) formedexclusivelycomet-shapedplaques.Viruseswith603 
low TI50 values, such as A31, B11 or D37 had a high fraction of round plaques, evenwhen604 
infectedwithmorethan1pfu/well.Thisdemonstratesthattheslowlygrowingroundinfection605 
fociobservedinfluorescentmicroscopygavesimilarlyshapedlesionsduetocytotoxicity,akinto606 
the lyticcomet-shaped foci.Weconclude thatHAdV typesemploy lyticcell-freeandnon-lytic607 
cell-to-celltransmissionmodesandgiverisetodifferentplaquephenotypes.608 
609 
610 
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611 
Discussion 612 
613 
A phenotypic screen of the PCL identified Nelfinavir as a potent, post-exposure inhibitor of614 
HAdV-C2-dE3B-GFPplaqueformationincellculture(100).Nelfinavirisanon-nucleosideclass615 
inhibitor against a range of HAdV types. Surprisingly, we found Nelfinavir to inhibit HAdV616 
infection, although Nelfinavir was previously classified as inactive against HAdV-C based on617 
replicationassays (133). It is theoff-patentFDA-approvedactivepharmaceutical ingredientof618 
Viracept.NelfinavirwasoriginallydevelopedasaninhibitoragainsttheHIVaspartylprotease.It619 
is orally bioavailable,with an inhibitory concentration in the lownanomolar range (102, 132).620 
Nelfinavir inhibits the replication of enveloped viruses, including SARS coronavirus (140),621 
hepatitisCvirus(141)aswellasα-,β-andγ-herpesviruses(133).Inthecaseoftheα-herpes622 
virus HSV-1, Nelfinavir inhibits the envelopment of the capsid with cytoplasmic membranes.623 
This coincided with impaired glycosylation of gB and gC in the TGN (133, 138, 139, 142).624 
NelfinavirwasreportedtoinhibittheactivityofregulatoryproteasesintheGolgi,thegrowthof625 
cancer cells and to induce a wealth of other effects, including autophagy, ER stress, the626 
unfolded protein response, and apoptosis (143–149) (150–152, reviewed in 153–155). It627 
remains unknown if Nelfinavir exerts these pleiotropic effects by interfering with diverse628 
processesoraparticularone.629 
630 
Here,we demonstrate thatNelfinavir inhibits the egress ofHAdVparticleswithout perturbing631 
otherviralreplicationstepsincludingentry,assemblyandmaturation.Morphometricanalysesof632 
thefluorescentplaquesindicatedthatHAdV-Cpropagatesbytwodistinctmechanisms,lyticand633 
non-lytic.Lytictransmissionledtocomet-shapedconvectiondrivenplaques,whereasnon-lytic634 
transmissiongave rise tosymmetric round-shapedplaques.Nelfinavir specificallysuppressed635 
the lytic spreadofHAdV,most prominently theHAdV-C typesandB14, but not otherHAdV,636 
suchasA31orD37. Incidentally,HAdV-CandB14 replicate to considerable levels inSyrian637 
hamsters,whereasotherHAdVtypesdonot(31,156,157).Weinferthatlyticinfectioncouldbe638 
apathogenicitydriver,atleastinthehamstermodel.639 
640 
ThemolecularmechanismsunderlyingcelllysisinAdVinfectionarenotwellunderstood,largely641 
due to the lackofspecificassaysand inhibitors.Singlecellanalysescombinedwithmachine642 
learningstarttoidentifyspecificfeaturesoflyticcells,suchasincreasedintra-nuclearpressure643 
compared to non-lytic cells (158). The lysis induced by HAdV was suggested to involve644 
caspase-dependentfunctions,andnecrosis-likefeatures(99,159,160).Thebestcharacterized645 
factor inHAdVcell lysisisADP,asmallmembraneproteinencodedinHAdV-C(90,91,161).646 
ADP-deletionmutantsshowdelayedonsetofplaqueformation(73,135).Lysisisenhancedby647 
increasedADPlevelsandtunedbypost-translationalADPprocessing(73,74,135).ADPhasa648 
single signal/anchor sequence, and its lumenal domain is N- and O-glycosylated. The N-649 
terminalsegmentiscleavedoffintheGolgilumen,andthemembrane-anchoredADPlocalizes650 
to the inner nuclear membrane (92, 107, 135). Interestingly, two cysteine residues in the651 
cytoplasmicdomainadjacenttothetransmembranesegmentarepalmitoylated(107)(162).S-652 
palmitoylationisknowntosupportanchorageandsortingofhostandviralmembraneproteins.653 
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Accordingly,S-palmitoylationintheGolgifacilitatesproteinoligomerization,virionassemblyand654 
entry,asshownforstructuralproteinsofenvelopedviruses,includingSARS-CoV-1S,vesicular655 
stomatitisvirusG,sindbisvirusE2, influenzavirusHA,respiratorysyncytialvirusF,orrubella656 
virusE1andE2, aswell as viroporin-mediatedmembranepermeabilization, includingmouse657 
hepatitis virusEprotein,SARS-CoV-1Eproteinandsindbisvirus6K.For reviews,see (163,658 
164).659 
660 
Conspicuously, thecell lysisdefectiveHAdVmutantpm734.4encodesaC2mutantADPwith661 
two point mutations in the transmembrane domain, C53R and M56L (107). The mutant ADP662 
localizes to theERand thenuclearenvelope,butnot theGolgi,unlike theparentalwild type663 
virusrec700.Thelocalizationofthepm734.4ADPisakintothelocalizationofHAdV-C2ADPin664 
Nelfinavir-treatedcells,whichresist lysisandlackADPlocalizationintheGolgi.Wespeculate665 
that the palmitoylation of ADP in the Golgi is crucial for ADP to enhance the rupture of the666 
nuclear membrane in lytic HAdV-C egress. Nelfinavir may interfere with ADP palmitoylation667 
eitherby inhibitingapalmitoyl-acyltransferaseorbydispersing thedonorsubstrate forprotein668 
palmitoylation,palmitoyl-coenzymeA(164).Remarkably,Nelfinavirhasahigh logPvalue,4.1669 
to4.68(165,166),andpartitionsintolipophilicdomainsofthecell,includingmembranes.This670 
is akin to another lipophilic drug with pleiotropic effects, the anti-viral and anti-helminthic671 
compoundNiclosamide,which is aweakacidandactsasaprotonophoreextractingprotons672 
from acidic organelles, and thereby inhibits virus entry and uncouples mitochondrial proton673 
gradients(167,168).674 
675 
WenoticedthatADPisnotthesolelysisfactorofHAdV.HAdVtypeslackingADP,suchasB676 
types,alsoreleasetheirprogenybylysis,albeitwithefficaciesthatvarydependingonthecell677 
type(169–171).This is inagreementwith theobservation thatHAdVtypesof theA,BandD678 
species form comet-shaped plaques, and that ADP-deletedHAdV-C2 lyse the host cell, and679 
formcomet-shapedplaques,albeitdelayedandwithlowerefficacythanADP-containingrec700680 
or HAdV-C2-dE3B-GFP. Conspicuously, other AdV proteins besides ADP were reported to681 
interfere with cell lysis, such as the early region 4 ORF4 protein, which induces nuclear682 
envelope blebbing and promotes the loss of nuclear integrity (172, 173). This, together with683 
diverse cellular mechanisms underlying force generation and membrane rupture, could684 
compensateforthelackofADPinsomeformsoflyticvirusegress(51,55,173).Weconsiderit685 
unlikely thatgeneticvariabilityof the inoculumaccounts for thepresenceof lyticandnon-lytic686 
pathways, since the inoculumwas derived from an infectiousDNA clone of HAdV-C2-dE3B-687 
GFP,andlackedanymutationsaffectingaminoacidcodingacrossmanypassages(72).688 
689 
InadditiontoprovidinganewinhibitoroflyticHAdVpropagation,Nelfinavirrevealedanalterna-690 
tive non-lytic HAdV transmission pathway, which gives rise to slow-growing symmetrical691 
plaques.Thisnon-lyticpathwayexistsinunperturbedcells,butiscamouflagedbytherapidand692 
far-reaching lytic infection.Thenon-lyticegresspathway is likelyadeterministicprocess. It is693 
stableforatleasteightdays(seeFig.5C).Itremainstobeexploredifcellscanswitchbetween694 
thelyticandthenon-lyticpathway.Regardless,non-lyticegressfromthenucleusbypassesthe695 
nuclearenvelopeandtheplasmamembrane.Wespeculatethatthenon-lyticpathwayinvolves696 
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sortingofHAdVparticlestomembranesiteswhereoutwardbuddingandscissionoccur.HAdV697 
buddingthroughthenuclearenvelopecouldinvolvetheWASHcomplex,akintonuclearrelease698 
of large RNPs in Drosophila, and perhaps similar to HSV budding (174, 175). Cytoplasmic699 
membrane budding could be enhanced by the ESCRT complex, which is known to release700 
enveloped viruses, such as HIV, and also facultative-enveloped viruses, such as hepatitis A701 
virus (176–178). Alternatively, autophagy could sequester virions from the nucleus and upon702 
fusionwiththeplasmamembranereleasevirionsfrominfectedcell.703 
704 
Inconclusion,ourworkopensnewtherapeuticoptionsfortreatingadenovirusdisease,including705 
acuteandpersistentinfections.Forexample,HAdV-Cpersistsinlymphocytes,whichresistlytic706 
infection,butalsoinepithelialcelllinesundertherepressionofinterferonandactivationofthe707 
unfoldedproteinresponsesensorIRE-1a(122,123,179–182).Nelfinavirmightbeconsidered708 
foranti-HAdVtherapy,forexampleprophylacticallyinhematopoieticstemcellrecipients,whose709 
lifeisthreatenedbyreactivationofHAdV-C(5,6,183).  710 
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HIV,humanimmunodeficiencyvirus;745 
hpi,hour(s)postinfection;746 
HSV,herpessimplexvirus;747 
kbp,kilobasepairs,748 
MAdV,mouseadenovirus;749 
o/n,overnight;750 
ORF,openreadingframe;751 
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PFA,para-formaldehyde;755 
pfu,plaqueformingunit(s);756 
pi,postinfection;757 
PI,propidiumiodide;758 
RT,roomtemperature;759 
SE,standarderror;760 
SD,standarddeviation;761 
TC50,50%toxicconcentration;762 
TI,therapeuticindex;763 
ts,temperature-sensitive;764 
VP,viralparticles;765 
wt,wildtype 766 
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Figures 767 

 768 
Figure 1: The small molecule Nelfinavir is a potent inhibitor of HAdV-C infection.  769 
 770 
A Representative 384-well epifluorescence microscopy images of cells treated with DMSO (left), 771 
Nelfinavir (centre) and DFT (right), infected with HAdV-C2-dE3B-GFP for 72 h. Hoechst-stained nuclei are 772 
shown in blue, viral GFP in green. Dotted lines indicate well outline. Scale bar is 5 mm.  773 
B Structural formula of Nelfinavir mesylate.  774 
C The half-maximal toxicity (TC50) in uninfected A549 cells was determined by Nelfinavir dose-response 775 
impedance measurements at different times of drug treatment. The x-axis indicates the time post cell 776 
seeding, as well as drug addition.  Impedance was recorded at intervals of 15 min using xCELLigence 777 
reporting on the cell number and cell adhesion to the electrode-coated wells. The raw CI data are 778 
available in Supplementary Figure 1.  779 
D Separation of effect (EC50, plaque numbers) and toxicity (TC50, nuclei numbers) of Nelfinavir in A549 780 
cells at 82 hpi based on four technical replicates. Plaque numbers per well are depicted as red circles, 781 
and numbers of infected nuclei as green circles. Numbers of nuclei in Nelfinavir-treated, uninfected wells 782 
are shown in blue; treated, infected wells shown in orange.   783 
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Figure 2. Nelfinavir does not affect early or late steps of HAdV-C infection.  784 
 785 
A No effect of Nelfinavir on the expression of CMV-GFP (green) or the late viral protein hexon (red) in 786 
HAdV-C2-dE3B-GFP-infected A549 cells. Data points represent for each of the four biological replicates: 787 
mean median, nuclear intensities per well normalized to the mean median nuclear intensities of the 788 
DMSO-treated wells. Epifluorescence microscopy images were segmented and analysed using 789 
CellProfiler.  790 
B Representative TEM images of late stage HAdV-C2-dE3B-GFP-infected A549 cells at 41 hpi reveal 791 
viral particles inside the nucleus in both DMSO-treated and Nelfinavir-treated cells (white arrow head). 792 
Black arrow heads indicate the nuclear envelope, arrow head with * points to rupture. Scale bar 793 
equivalent to 2 µm.  794 
C Nelfinavir does not affect the maturation of HAdV-C5, as indicated by fully processed VI and VII 795 
proteins in purified particles grown in presence of Nelfinavir. Note that HAdV-C2-ts1 lacking the L3/p23 796 
protease contains the precursor capsid proteins of VI and VII (pVI and pVII). 797 
D HAdV-C5 grown in presence of Nelfinavir (HAdV-C5+Nelfinavir) binds to naive A549 cells similar as HAdV-798 
C5 from control cells. Cells were incubated with virus at 4°C for 1 h and fixed with PFA. Staining of viral 799 
capsids with an α-hexon antibody (green puncta). Nuclei shown with Hoechst staining (blue). Cells were 800 
visualized by NHS-ester staining (red). Images are max projections of confocal z stacks, and also show 801 
zoomed in views (grey squares). Scale bars = 20 µm.  802 
E Particles produced in presence of Nelfinavir are fully infectious. A549 cells were inoculated with purified 803 
HAdV-C5 and incubated in absence (grey) or presence of Nelfinavir (orange colors) for 44 hpi. Infection 804 
analyses by α-hexon immunofluorescence staining, and cell numbers derived from Hoechst staining 805 
(blue). Bars represent means of four technical replicates. Error bars indicate standard deviation.  806 

807 
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Figure 3. Nelfinavir is a post-exposure inhibitor of HAdV-C egress.  808 
 809 
A A549 cells were imaged at 3 days post inoculation with 1:10 diluted cell lysates (left) or supernatants 810 
(right) from Nelfinavir or control A549 cells, which had been infected with HAdV-C2-dE3B-GFP for the 811 
indicated times (harvested hpi). Results show delayed viral progeny release to the supernatant of 812 
Nelfinair-treated cells. Nuclei are shown in blue, infection marker in green (GFP).  813 
B Released and cell-associated progeny from HAdV-C2-dE3B-GFP-infected A549 cells treated with 814 
Nelfinavir (orange) or DMSO (green), as determined by titration on A549 cells in a 12-well assay format. 815 
Lines indicate mean slopes, dotted lines standard error. Linear regression of three biological triplicates.   816 
C Time-resolved emergence of plaques in HAdV-C2-dE3B-GFP-infected A549 cells treated with 1.25 µM 817 
Nelfinavir. Plaques in infected, non-treated wells are shown in green, Nelfinavir-treated wells in orange 818 
and nuclei in blue. Data points represent one of eight technical replicates. Coloured vertical lines indicate 819 
means and error bars the standard deviations.  820 
D The inhibitory effect of Nelfinavir on HAdV-C2-dE3B-GFP spread is dependent on the amount input 821 
virus during initial infection. Number of infected, GFP-positive cells shown in green at 3 µM Nelfinavir 822 
relative to the mean infection of solvent-treated cells infected with the corresponding dosage. Total 823 
number of nuclei shown in blue, number of PI-positive dead cells in red. Note that the number of infected 824 
cells at 43 hpi is not affected by the Nelfinavir treatment. Data points represent means of four technical 825 
replicates. Dotted lines indicate standard deviation.  826 
E Treatment of HAdV-C2-dE3B-GFP-infected A549 cells with 1.25 µM Nelfinavir suppresses comet-827 
shaped plaques and reveals slow growing quasi-round plaques. Viral GFP expression levels are shown 828 
as 16-color LUT. Scale bar is 1 mm.  829 
F Treatment with 1.25 µM Nelfinavir inhibits HAdV-C2-dE3B-GFP infection of A549 cells by slowing 830 
plaque formation. The numbers of infected cells and plaques per well of DMSO-treated wells are shown 831 
in green, those of Nelfinavir-treated wells in orange. Data points represent means of 24 technical 832 
replicates, including the well shown in the micrographs of panel D. Error bars indicate standard deviation. 833 
Statistical significance of drug versus non-treated cells was derived by the Kolmogorov-Smirnov test, p 834 
value < 0.0001 (****).  835 
G The delayed HAdV-C2-dE3B-GFP plaques in presence of 1.25 µM Nelfinavir are significantly rounder 836 
than control plaques, as indicated by Kolmogorov-Smirnov test. Data points indicate plaque regions in the 837 
well centre harbouring a single peak region. Summary of 24 technical replicates including the well shown 838 
in the micrographs of panel D. Regions consisting of at least 5 infected cells (≥1,500 µm2) were 839 
considered as a plaque. Plaque morphologies in control wells could not be quantified later than 3 dpi due 840 
to rapid virus dissemination. Plaques from DMSO-treated cells 3 dpi compared to Nelfinavir-treated ones 841 
5 dpi: approximate p value < 0.0001 (****). DMSO-treated plaques 3 dpi vs. Nelfinavir-treated plaques 6 842 
dpi: approximate p value < 0.0001 (****). Statistical significance by Kolmogorov-Smirnov test.843 
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Figure 4. ADP contributes to the inhibitory effect of Nelfinavir against HAdV-C.  844 
 845 
A The deletion of ADP from HAdV-C2-dE3B-GFP delays plaque formation in A549 cells by one day, but 846 
does not change plaque shape. Cells were infected with 1.1*105 VP / well. GFP is in green, hexon 847 
staining red, Hoechst signal of nuclei blue. Scale bar is 1 mm.  848 
B The deletion of ADP from HAdV-C2-dE3B-GFP reduces the antiviral effects of Nelfinavir in A549, with 849 
EC50 = 5.82 compared to 0.22 µM for the parental virus. HAdV-C2-dE3B-GFP infection was quantified at 850 
72 hpi, and 96 hpi for the ADP deletion mutant. Plaque numbers per well were normalized to the mean 851 
DMSO control and depicted as full green triangles for HAdV-C2-dE3B-GFP and empty red triangles for 852 
the ADP deletion mutant. Nuclei numbers of non-infected, treated wells were normalized to the mean 853 
DMSO control and depicted as full blue circles (72 h incubation), and empty blue circles (96 h). Data 854 
points represent means of four technical replicates. Error bars indicate standard deviation. EC50 values 855 
were derived from non-linear curve fitting. For detailed information and statistics, see Supplementary 856 
Table 2.  857 
C The delay of dell death was calculated from the highest mean cell index (CI) and its half maximum for 858 
each treatment (mean of two technical replicates). HAdV-C2-dE3B-GFP data in green and dADP in red. 859 
For HAdV-C2-dE3B-GFP-infected A549 treated with 25 µM Nelfinavir, the measurement was aborted due 860 
to overgrowth causing cytotoxicity before the maximal cell index was reached. Treatment with 100 µM 861 
Nelfinavir was toxic.  862 
D Therapeutic index (TI50) derived from the ratio of Nelfinavir concentration causing 50% toxicity (TC50) 863 
and the concentration leading to 50% reduction in plaque numbers per well (EC50). Results from different 864 
cancer and primary cells are shown for HAdV-C2-dE3B-GFP and HAdV-C2-dE3B-dADP lacking ADP. For 865 
detailed information and statistics, see Supplementary Table 2. 866 
E Representative high-magnification confocal images of HAdV-C2-dE3B-GFP-infected A549 cells 44 hpi 867 
showing the effect of Nelfinavir on ADP localization (left panel). ADP was stained by immunofluorescence 868 
with a rabbit α-HAdV-C2-ADP87-101 antibody (red). Cells were stained using NHS-ester (grey scale). White 869 
arrow heads highlight infected cells. Nuclei (blue), viral GFP (green). Images are max projections of 30 z 870 
planes with 0.5 µm z steps. Scale bar 10 µm. Relative units (RU) of total ADP expression (grey), 871 
localization to the nuclear rim (blue) and granularity (red) normalized to the mean values from DMSO 872 
control cells (right panel). The data set is comprised of 20 Nelfinavir-treated infected cells, and 23 control 873 
cells. Solid lines indicate median, dotted lines the 5-95% quantile. Kolmogorov-Smirnov indicated an ADP 874 
granularity p value of 0.0019 (**).   875 
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Figure 5: Round plaque phenotypes in presence of neutralising anti-HAdV-C2 antibodies and in 876 
unperturbed HAdV-C2 infections. 877 
 878 
A Schematic overview of pathogen transmission routes in cell cultures. Cell lysis kills the donor cell and 879 
releases progeny, while non-lytic egress preserves the infected donor cell. Convection in the media leads 880 
to long-distance, comet-shaped plaques, and cell-free virus transmission is susceptible to neutralizing 881 
antibodies. In contrast, direct cell-to-cell spread of virus gives rise to symmetric slow growing plaques, 882 
resistant to neutralizing antibodies. Non-infected cells are shown in grey and nuclei in blue. First round 883 
infected cells are shown in dark green, nuclei with a ruptured envelope in red. Second round infected 884 
cells are shown in light green. Grey arrow represents direction of convective flow. Axes indicate side or 885 
top-down views.  886 
B Inhibition of cell-free HAdV-C2-dE3B-GFP transmission by an anti-HAdV-C2/5-neutralizing serum. 887 
Nuclei are shown in blue, viral GFP in green.  888 
C Infection of A549 cells with limiting amounts of HAdV-C2-dE3B-GFP (<1 pfu/ well, 9-75 VP/ well) in 160 889 
wells gives rise to 33 single plaques / well. Twenty-four wells contained GFP-positive comet-shaped 890 
plaques (upper panel), and nine developed delayed round plaques (lower panel). Dashed coloured 891 
squares indicate magnified regions of first-round infected cell below. Infected cell leading to comet-892 
shaped plaque (upper panel, pink arrow) lyses at 3 dpi as indicated by loss of GFP signal. Infected cell 893 
giving rise to round plaque (lower panel, orange arrow) remains GFP-positive. Scale bar is 1 mm. 894 
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Figure 6: Susceptibility of HAdV to Nelfinavir correlates with plaque shape.  895 
 896 
A Therapeutic index (TI50) calculated from the ratio of Nelfinavir concentration causing 50% toxicity (TC50) 897 
and the concentration leading to 50% plaque reduction (EC50). Different HAdVs, mouse adenoviruses 898 
(MAdV) and herpes simplex virus 1 (HSV-1) were tested in different cancer and primary cell lines. For 899 
detailed information and statistics, see Supplementary Table 2.  900 
B Representative microscopic and macroscopic plaque morphologies of Nelfinavir-sensitive and 901 
insensitive HAdV types. Grey scale images show plaques based on epifluorescence microscopy of hexon 902 
immunostaining or GFP expression in A549 cells (96 well format). Scale bar is 1 mm. Coloured images 903 
show plaques visualized by crystal violet staining in A549 cells (12 well format). Scale bar is 5 mm.904 
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