


Structures of PRV-gD in the free and nectin-1 bound forms

investigatoof theNSFQnnovativédReseara
Group(GrantNo.81621091)Thefundershadno
rolein studydesigndatacollectiorandanalysis,
decisiorto publish,or preparatiorof the
manuscript.

Competingnterests Theauthorshavedeclared
thatno competingnterestsexist.

Author summary

Bothherpessimplexvirus (HSV) and pseudorabiesirus (PRV)recognizenectin-1asthe
cellularreceptor.Theyutilize the envelopegglycoproteinD (gD) on thevirion surfaceo
interactwith nectin-1,initiating the virusinfection. Althoughthe molecularbasisof nec-
tin-1 binding by HSV gD hasbeensuccessfullglucidatedwith high resolutionstructures,
theatomicfeaturesof PRV gD interactingwith the samereceptorremainsuncharacter-
ized.Here,weshowthat PRV gD exhibitsnano-molaraffinitiesfor bothhumanand
swinenectin-1,anddeletionof the membrane-proximaloop in the gD ectodomaindra-
maticallyincrease#ts receptor-bindingavidity. We further solvedthe freeandthe nectin
1-boundPRVgD structuresThefreegD structurerevealsacanonicafold of anlgV-like
corewrappedby the N- and C-terminalextensionssobservedn the HSV homologs.
TheN-terminusof PRVgD, howeverjs shorterthanthat of HSV gDs.The solvedcom-
plexstructuredemonstrateshat PRV gD exhibitsahomologougeceptor-bindingmode
to the HSV counterpartNeverthelesseverauniquefeaturesatthe PRV gD binding
interfacesufficetheviral ligandto engagenectin-1with aserief residuedliffering from
the HSV amino acids.Theseobservationgot only delineatedhe molecularbasisof PRV
engagingiectin-1but alsoenrichedour knowledgeon the receptor-bindingmechanism
of the Alphaherpesvirinae subfamily.

Introduction

Therearethreemajor subfamiliesAlpha-, Beta- and Gamma-herpesvirinae, in the Herpesviri-
dae family [1]. Thethreesubfamiliediffer in their hostrangecapacitiesln contrastto beta
andgammaherpesvirusewhich exhibitrestrictedor limited cell-typetropism, the alphaher-
pesviruselavea muchbroaderhostrangeandareableto infectawide varietyof celltypes[2,
3]. Forexampletherepresentativalphaherpesvirusierpessimplexvirus (HSV), showdow
speciespecificityandis ableto infecthumanandnon-humancellsalike[4]. The capabilityof
HSVto infectmosthumancelltypesis recognizedasanimportant contributing factorto its
high prevalencén theworld populationg5]. Pseudorabiegirus (PRV),anothermemberof
the Alphaherpesvirinae subfamily s reportedto infectboth farming (e.g. pigs,sheepetc)and
pet(e.g.cats)animalg[6]. HerpesB virus,analphaherpesviruthat causesnild or asymptom-
aticinfectionsin macaques;ancrossthe speciebarriersandleadto fataldiseases humans
[7].

Alphaherpesvirusecontainmultiple surfaceglycoproteinge.g.morethan11in HSV)in
thevirion envelopd8]. An earlystepin theinfection of the alphaherpesviruss theengage-
mentof hostreceptorsoy the virus glycoproteinD (gD) [5]. The broadtropism of alphaher-
pesvirugs, therefore atleastpartially the resultof its capacityto recognizeand bind multiple
cellsurfacemoleculesiiagD [8]. Thusfar, sixgD receptorshavebeenidentified. Thesenclude
3-O-sulfonated-heparasulfate(3-O-S-HS)9]; the herpesvirus entry mediatorA (HveA, also
knownasHVEM), aTNF receptor-relategbrotein [10]; andthreeimmunoglobulin superfam-
ily membersHveB(PRR2nectin-2)[11], HveC(PRR1nectin-1)andHveD (PRV,CD155)
[12]. Of theserenownedhostmoleculesnectin-1servessabroadlyusedreceptormediating
theentry of all of the commonlytestedvirusesjncluding HSV type 1 (HSV-1)andtype2
(HSV-2),PRV,andbovineherpesvirustypel (BHV-1) [12+14].In addition, nectin-1wasalso
identified asthe primary receptorfor the HSV-1infection of rat and mousesensoryneurons
[15].
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Nectin-1lisanimmunoglobulin(lg)-like celladhesiormoleculg16]. It playsimportantroles
in organizingthe intercellularjunctionsby selfhomodimerizationand/or by heterodimerization
with othernectinandnectin-likemoleculege.g. nectin-3,nectin-4,nectin-like 1, etc.)[17].
Nectin-1is highly conservedn mammaliananimals.The swineandhumannectin-1share96%
aminoacididentity, andboth homologsareableto mediatethe entry of HSV-1,HSV-2,PRV
andBHV-1[13,18].1t isdemonstratedhatthe gD proteinsof thesealphaherpesvirusdsnd to
nectin-1with nanomolaraffinities[13, 19]. Thedetailedbinding modebetweerHSV gD and
humannectin-1hasbeensuccessfulliflustratedin severapreviousstudie20+22]. ThegD
moleculeis composedf aV-setlg-like (or IgV-like) coreandlong N- and C-terminalexten-
sions|t utilizesboth terminal-extensiorelementgo interactwith nectin-1.Thereceptor with
threelg-like domainsarrangednto arod-shapedstructure projectsits membrane-distalgV
domainfor gD engagement[21+23}. is notablethat the wholegD footprint in nectin-1over-
lapsextensivelyvith the nectin-1dimerizationinterface which explainsanovelmechanisnof
exploitingthe hostcell-adhesioriunctionsby HSV for virus spreadandinfection[21,22].

In additionto tetheringvirus particlesonto cellsurfaceandfacilitatingthe viral spreadgD
isalsobelievedo playakeyrolein triggeringthe membranefusioncascadeherebyleading
to theentry of alphaherpesvirus§24+26].Severapreviousstudiesdemonstratedhat gD
binding to its receptorscould displacghe C-terminal pro-fusiondomain (PFD)to activatethe
fusionexecutorcomposedf glycoproteindB,H andL (or gB,gH andgL) [24, 25]. Interest-
ingly, the structuresof HSV gD in thereceptorboundforms (with nectin-landHVEM,
respectivelyandadimericfreegD structureindeedrevealhat receptorengagementvould
displaceghegD C-terminalloop [20+22 25,27]. Thesestructuralinvestigationpavethe way
for understandinghe basisof gD recognitionof multiple cellularreceptorsandtherebyof the
broadcelltropism of alphaherpesviruseleverthelesshe previousstudiesarealmostexclu-
sivelybasedn HSV gDs.Thestructuralandfunctionalfeaturesof otheralphaherpesviraDs
remainpoorly characterizedTheseareinterestingscientificissueawaitinganswersn the her-
pesvirudield, becausgD homologsof the prevalentalphaherpesvirusde.g. HSV, PRV,
BHV-1, etc.)only shareverylow (22+33%pminoacidsequencélentities[19].

To further delineatehe receptomrecognitionbasisof alphaherpesviruseae setout to
investigatehe detailedinteractionsbetweerPRVgD andnectin-1.Despitethe significant
homologybetweerPRVandHSV,thetwo virusesbelongto differentgenerg PRVin the Vari-
cellovirus genusand HSVin the Simplexvirus genusrespectivelyl]). In the currentstudy,we
showthat PRVinfectshostcellsviaboth humanand swinenectin-1,but not with human
HVEM. PRVgD engagethe humanandswinereceptorswith similar affinities.We further
demonstratehatagD variantlackingthe C-terminalmembrane-proximatesiduesxhibited
much higheraffinity for nectin-1,whichwebelieverepresentaninspiring evidencehatthe
PRVgD C-terminalloop likely alsoplaysarolein triggeringthe virus/cellmembrandusionas
observedor HSV PFD.Thestructuresof PRVgD in theunboundandthe nectin-1-bound
formswerethensolvedat high resolutionsThe PRV protein exhibitsoverallsimilar 3D fold
andnectin-1binding modeto its HSV counterpartbut utilizesdifferentgD residuegfrom
thoseof HSV) for nectin-1engagementinally, wealsoconducteda mutagenesistudyusing
theinterface-residuenutantsof nectin-1,whichin combinationwith the structuralobserva-
tions, providethe basisof receptorrecognitionby PRVgD.

Results
PRV utilizes both human and swine nectin-1, but not HVEM, for cell entry

Of the thus-faridentified gD receptorsnectin-1hasbeenshownto mediatethe cellentry of
multiple alphaherpesvirusgs, 8, 12]. Severapreviousstudiesdemonstratedhat both human
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Fig 1. PRV recognizes both human (HU-nectin-1) and swine (SW-nectin-1) nectin-1 for cell entry. (A)
PRV infects cells expressing HU- and SW-nectin-1, but not cells expressing human HVEM (HU-HVEM).
CHO-K1 cells were transfected for transient expression of HU-, SW-nectin-1 and HU-HVEM, and
subsequently infected with a PRV vaccine strain. Clear cytopathic changes were observed with HU- and SW-
nectin-1, which are marked with arrows. (B) HU- and SW-nectin-1 mediate the gD-dependent cell fusion. A
cell-based fusion assay was set up with CHO-K1 cells as previously applied in the HSV studies[21, 22].
CHO-K1 cells expressing PRV gD/gB/gH/gL and T7 luciferase were mixed and incubated with those
expressing T7 polymerase in combination with HU-/SW-nectin-1 or HU-HVEM. The resultant luciferase
activity was calculated and quantitatively compared with that observed for SW-nectin-1 (determined as 100%
cell fusion). The results of three independent experiments were histogrammed as the means “ standard
deviations (SD).

https://abi.org/10.1371durnal.ppal10063149001

(HU-nectin-1) andswinenectin-1(SW-nectin-1)serveasacellularreceptorfor PRV[13,28].
Asasteptowardsunderstandinghe basisof receptorrecognitionby the virus, wefirst recon-
firmed the nectin-1mediatedviral entry usingthe PRVvaccinestrain BarthK61 (28)in
CHO-K1 cells.CHO-K1 celllacksanyof the known alphaherpesvirugeceptorsaandis
thereforeresistanto PRVinfection[29]. Transientexpressiorof HU- and SW-nectin-1in
CHO-K1, howeversufficeghecellsfor PRVentry.In the presencef eitherthe humanor the
swinereceptorsPRVinfectionwith significantcytopathiceffectsvasobservedywhereas
HU-HVEM failedto promotethe entry of thevirus (Fig 1A). Thisis consistentith previous
reportsshowingthat nectin-1,but not HYEM or 3-O-S-HS could mediatethe PRVinfection
[8].

To quantitativelycomparethe cellentry mediatedby HU- and SW-nectin-1wefurther set
up acellbasedusionassaspreviouslyappliedin the HSV studieg22]. With CHO-K1 cells,
remarkablecellfusioncouldbeobservedvhenthe nectin-1-expressingellsaremixedwith
cellsexpressinddSV gD alongwith theviral fusionexecutorof gB,gH andgL.Byreplacing
the HSV glycoproteinsvith the PRVhomologssignificantincreasen the luciferaseactivity
wasrecordedwhichis highlyindicativeof fusion of the cells.On thewhole,the cellfusion
mediatedoy HU- and SW-nectin-1lis quantitativelyequivaleniFig 1B),indicating similar
capacitie®f gD engagementy thetwo receptors.

PRV gD engages human and swine nectin-1 with a similar binding

affinity

To gainfurther insightinto the PRV-gD/nectin-linteraction,wesetout to characterize¢heir
binding featureausingthereal-timesurfaceplasmonresonanc¢SRP)assayreviousstudies
haveshownthat, by truncation of the C-terminaltrans-membran&nd cytoplasmiaomains,
the entireectodomainof PRV gD couldbeyieldedasarecombinantproteinin the soluble
form [13]. Followingthe samestrategywe successfullgxpressednd purified atruncated
PRVgD protein spanningresiduesl+337(hereaftereferredto asgD337)usingabaculovirus
expressiosystem(Fig 2A and 2B).Notedthattheresiduenumberingsfor HSV gD in previous
structuralstudiesarebasedn the matureprotein[21, 22], the numberingsfor PRVgD amino
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Fig 2. An intimate binding between PRV gD and HU-/SW-nectin-1. (A) A schematic picture of PRV gD. The boundaries of the domain
elements, including the signal peptide (SP), the ectodomain, the transmembrane domain (TM), and the cytoplasmic domain (CP), were
determined by bioinformatic predictions using the SignalP4.1 and TMHMM web-server. For recombinant expression of PRV gD in insect
cells, the protein was truncated (aa 1-337 for gD337 and aa 1-284 for gD284), engineered with a GP67 signal peptide for secretion, and
added with a C-terminal 6His tag for purification. (B) Representative size-exclusion chromatographs of gD337 and gD284. The
recombinant PRV gD proteins were purified from the supernatants of the baculovirus-infected insect cells, analyzed on a Hiload 16/60
Superdex 200 column (GE), and then examined by electrophoresis by SDS-PAGE. The resultant separation profiles are shown. (C) An
SPR assay characterizing the PRV-gD/nectin-1 binding kinetics. Gradient concentrations of gD337 or gD284 were flow through SW- and
HU-nectin-1 immobilized on the chip surface. The real-time binding profiles are recorded and shown.

https://da.org/10.1371durnal.ppal006314.g002

acidsin the currentstudyarethereforealsobasedn the matureprotein (unlessotherwise
specified}o facilitatesequenceomparison(Fig 2A). The ecto-domainproteinsof both HU-
and SW-nectin-1preparedrom E. coli wereindividually immobilizedon the chip andtested
for theinteractionwith gD337 As expectedthe gD protein potentlyinteractswith both recep-
tors, exhibitingtypicalslow-on/slow-ofbinding kinetics(Fig 2C). The equilibrium dissocia-
tion constant{Ky) weredeterminedto be191nM with HU-nectin-1 (Kop, 1.41x 10° M s
Ko, 2.7x 1072 s%) and301nM with SW-nectin-1(Kon, 1.46x 10° Ms™; Ko, 4.4x 102s%),
respectivelyTherefore PRV gD recognizeshe humanandswinereceptorswith essentially
the samebinding affinity. This resultis consistentvith our observatiorin the cellfusionassay
which showsthat nectin-1of thetwo speciesnediateggD-dependenCHO-K1 fusionwith
similar efficiencieshownin the previoussection Furthermore the determinedky valuesare
alsoin goodaccordancevith a previousstudyreportingan affinity of approximatel30nM for
the PRV-gD/HU-nectin-linteractiong[13].

Removal of the PRV gD membrane-proximal residues increases its
affinity for nectin-1

Inspiredby the studieson HSV gD which revealedan approximate2-digit fold affinity differ-
encein receptorbinding betweeralongandashort(lackingabout20residuesat the mem-
brane-proximakegion)gD form [20, 25], wefurther constructedashorterPRV gD variant
without the membrane-proximaloop. This newconstructspanghe gD amino acids1+284
(hereafterreferredto asgD284)(Fig 2A). Theresultantprotein wassimilarly preparedviathe
baculovirusexpressiorsystermmand purified to homogeneity(Fig 2B).WhentestedusingSPR,
this shortform of PRV gD exhibitedsignificantlyincreasedinding avidity to nectin-1.Thecal-
culatedKys of gD284to the humanandswinereceptorsvere16.1nM (Kop, 7.25x 10° M1st:
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Kot 1.17x 102 s1) and18.4nM (Kop, 1.15x 1P MIs™: Ko, 2.11x 1072 51, respectivelyFig
2C).Thesevaluegepresentinapproximatel 2+ 16fold enhancemenin affinity in comparison
to gD337 1t is notablethat gD284 with the enhancedeceptorbinding capacity gxhibitsa simi-
lar affinity for nectin-1to HSV-1gD285barepresentativehortform of HSV gD [21,22].

Accordingto the previousstudiesthe observedaffinity-differencebetweerthelong and
shortformsof HSV gD stemmainly from the changesn their kinetic associatiomates(up to
40-foldin K,,) [25]. Theenhancedhffinity for nectin-1by PRV gD284(relativeto gD337),
howeverarisefrom both theincreaseof the associatiomate (by approximates+8fold in K,
andthedecreasef its dissociatiorrate (by approximate2-fold in Ko).

The structure of free PRV gD

To probeinto the structuralfeaturesof PRV gD, both gD337andgD284weresubjectedo
intensifiedcrystallizationscreeningswe finally managedo collecta1.5-Aresolutiondataset
from the gD337crystalsThe solvedstructurewasrefinedto Ry = 0.169and Rgee= 0.192
(Tablel),andcontains244aminoacidsspanningfrom P7to P250 Theterminalresidues
(Alto V6in theN-terminusandR251to S337n the C-terminus),howeverwereuntraceable.
We believethesetwo parts,especiallyhe largeC-terminalregion,areflexibleand mostlikely

disorderedoops,which might haveundergoneunexpectegroteolyticdigestionsuring

crystallization.

Table 1. Data collection and refinement statistics.

gD337 gD284/SW-nectin-1
Data collection
Space group c2 P212121
Cell dimensions
a,b,c(c) 79.40, 60.98, 60.68 79.95,98.11, 128.40

ao ()

Resolution ( c)

90.00, 111.22, 90.00
50-1.50 (1.55-1.50)

90.00, 90.00, 90.00
50-2.70 (2.80—2.70)

Rsym OF Rmerge 0.062 (0.299) 0.228 (1.187)
1/ 1l 25.5(7.3) 9.6 (1.8)
Completeness (%) 97.6 (97.0) 99.9 (100.0)
Redundancy 6.1(6.3) 8.6 (8.7)
Refinement

Resolution ( ¢) 23.53-1.50 38.17-2.70
No. reflections 42206 28251

Rwork / Rfree 0.1691/0.1923 0.2379/0.2664
No. atoms
Protein 1933 5457
Ligand/ion 0 0
Water 334 85
B-factors
Protein 23.0 46.9
Ligand/ion
Water 36.5 40.1
R.m.s. deviations
Bond lengths ( ¢) 0.006 0.015
Bond angles (°) 1.090 1.512

Values in parentheses are for highest-resolution shell.

https://i.org/10.1371durnal.ppal006314001
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Fig 3. Structure of the unbound PRV gD. (A) Cartoon representation of the overall structure. The PRV gD structure is composed of
an IgV-like core and the surface-exposed N- and C-terminal extensions, which are colored green, orange, and magenta, respectively.
The secondary elements referred to in the text are labeled. The three disulfide bonds and the N- and C-termini are marked. (B)
Superimposition of the PRV (green), HSV-1 (orange), and HSV-2 (magenta) gD structures. The shaded circles and the arrows mark
the variant secondary structure elements and the significant conformational differences between PRV gD and its HSV homologs. The
right panel is rotated along a vertical axis for about 135 degrees to highlight the large orientation variance observed for the terminal
loops. (C) A structure-based sequence alignment for PRV gD and its HSV homologs. The spiral lines and the horizontal arrows
indicate .-helices and -strands, respectively. The conserved cysteine residues that form disulphide bonds in both the PRV and the
HSV gD structures are highlighted and marked numerically. For clarity, sequences of the signal peptide sequence, the C-terminal
membrane-proximal loop, and the transmembrane and cytoplasmic domains were not included for the comparison. The residue
numberings are based on the gD sequences of the mature proteins.

https://da.org/10.1371¢urnal.ppal006314.g003

TheoverallPRVgD structureis expectedliyomposedf anlgV-like coreandthe long N-
andC-terminalextensiongFig 3A), asobservedn its HSV homologg20+22].Thecore-
domain,which spandrom D38to V164,containsanine-strandedA', B,C,C',C",D, E,F,
andG) p-barrelin the center.Thesenine strandsaretopologicallyarrangedn atypicallgV
manner.In contrastto the canonicalgV fold, howeverthe barrelC" strandis kinkedin the
middle,leadingto two strandhalvesconnectedvith adistortedloop. Similarkinked C" strand
hasalsobeenobservedn both HSV-1andHSV-2gD structureswhichlikely represents
uniquefeatureof thealphaherpesviraggDs.In additionto the compactcentralbarrel,the core-
domainalsocontainstwo a-heliceqo.1 andol’), locatingin betweertheBCandthe C"D
strandsyespectivelyFig 3A).

ThelgV-like coreof PRV gD is further wrappedby the N- and C-terminalextensionsThe
former, extendingfrom P7to A37,is largelyaloop structure.lt alsoencompassessmallp-
strand(str2) whichis alignedin parallelwith thefirst half of strandC". Thelatter extension,
with residuesA165-P250is muchmore extendedIt structurallyfoldsinto four a-heliceqo.2',
o2,03"'anda3) andonesmallp-strand(str3),coveringabouthalf of the central-coreouter sur-
face(Fig 3A). In total, threedisulfidebondswereformedin the PRV gD structure.One(C100
with C109)is observedn the lgV-like core,connectingthe C' andC" strandswhile the other
two (C49with C172and C88with C188respectivelyarelocatedbetweerthe centralcoreand
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the C-terminalextensiontying the extensiorioopsto the corecomponentsThesedisulfide
bridgesarealsoconservedn HSV gDs(Fig 3C).

As expectedthe structureof PRV gD is quite similar to thoseof its HSV homologs Super-
imposition of our structurewith previouslyreportedHSV gD structuresrevealedvell-aligned
coredomainandterminal extensiongFig 3B).Despiteof the low sequencéentity, amajority
of the secondangtructureelementsincluding the core-strandsaand mostof the extensiorheli-
ceswereparallel-formedn PRVandHSV gDs.The PRV structure howevergcontainsan
extrac2' helixin the C-terminalextensionln addition, while both PRVandHSYV gDsencom-
passacoreal' helix,their stericpositionsarequite differentin the structuresin PRVgD,
helixo1'islocatedbetweerstrandsC" andD; whereashe HSV-gD a1 helix linesbefore
strandC, directly following the a1 helix (Fig 3Band 3C). Further structuralvariationsbetween
PRVandHSV gDswereobservedor the equivalentx3 helicesandtheir terminalloops.The
former showedasmallvariancen the conformation,while the latter exhibitedlargeorienta-
tion differencegFig 3B).Facilitatedby the structure-basedequencalignment,it is notable
thatHSV gD encompassesmuchlongerN-terminal loop (or N-loop) than PRV gD (Fig 3C).
NotedthatHSV gD reconstitutests N-loop into ahairpin structurefor HYEM binding [27],
thelackof anN-loop of sufficientsizein PRV gD thereforecoincideswellwith itsincompe-
tenceof utilizing HVEM.

The structure of PRV gD bound with swine nectin-1

Inspiredby the high affinity betweergD284and nectin-1,we preparedthe complexof this
shortform of PRV gD boundwith thelgV-domain protein of the SW-nectin-1 and obtained
acomplexcrystalthat diffractsto 2.7 A resolution.The complexstructure with an Ry,q, Of
0.238andan R 0f 0.266(Tablel), containsgD residues$9-D241andthe nectin-lamino
acidsD37-M143 Although ashortenedyD form wasusedfor the complexcrystallizationa
largefraction of the C-terminalresiduesverestill untraceablén the structure.lt is notable
thatsimilar proportion of the gD residuesveresuccessfullfracedin boththe freegD and
thegD/nectin-1complexstructuresdespitethat two differentgD forms (gD337andgD284,
respectivelyyvereindividually usedin the crystallizationexperiments.

As expectedthe gD moleculein the receptor-boundstatesimilarly foldsasangV-like core
wrappedby the extensivaerminal extensionslt recognize SW-nectin-1mainly throughthe
extensiorelementgincluding str2andits flanking loopsin the N-terminal extensionandthe
o2',03', a3 helicesandthe a3'/a3 interveningloopin the C-terminalextensionlandthe
exposedr1' helix of the coredomain (Fig 4A and4B). ThesggD componentsvereexquisitely
positionedoverthe binding interface engagingxclusivelthe V-domain CC'C"FGsheebf
thereceptor(Fig4A and4B).In comparisonto thefreePRV gD structure,its N-loop was
clearlyreorientedupon receptorbinding, extendingto the vicinity of helixa3in thecomplex
structure(Fig 4B).Apart from this N-loop re-orientation,engagementf SW-nectin-1does
not induceothersignificantconformationalchangesn theviral ligand.

Overall,the nectin-1binding modeof PRV gD resemble#ts HSV counterpartsAll the
threeviral ligandsutilize the terminal extensiongo contactthe CC'C"FGsheebf thereceptor
IgV domain.A detailedsuperimpositiorbetweerthe currentstructureandthe previously
reportedHSV-gD/nectin-1complexstructureshoweveryevealedn obviousdifferencein
their stericposition (relativeto the receptor)for the bound gD proteins.With well-aligned
nectin-1moleculesashift-distanceof about3.5A wasobservedetweerthe PRVandHSV
gDs(Fig4C).Furthermore thereceptorCC'loop alsoshowedquite differentconformations
whenboundto theviral ligandsof PRVandHSV (Fig 4C).Notedthat PRVgD containsan
extraa2' helixwhichis projectedoutwardsfor engagementf the receptor the SW-nectin-1
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Nl SW-nectin-1 SW-nectin-1 - SW-/ HU-nectin-1

Fig 4. Structure of the PRV-gD/SW-nectin-1 complex. (A, B) Cartoon representation of the overall structure. The gD
molecule is colored as in Fig 3A, and the membrane-distal IgV domain of SW-nectin-1 is shown in cyan. Those elements
referred to in the text, including the secondary structure elements of SW-nectin-1 IgV and the interface elements in PRV gD, are
labeled. The free PRV gD structure (in gray) was also aligned to the complex structure in (B) to highlight the reorientation of the
gD N-terminal loop upon receptor binding. (A) The complex structure of PRV gD bound to SW-nectin-1. (B) The same complex
structure that is shown after horizontal rotation of about 180 degrees. (C) Comparison of the PRV-gD/SW-nectin-1 (PRV gD in
green and SW-nectin-1 is cyan) complex structure with previously reported HSV-1-gD/HU-nectin-1 (HSV-1 gD in yellow and
HU-nectin-1 in orange) and HSV-2-gD/HU-nectin-1 (HSV-2 gD in magenta and HU-nectin-1 in gray) complex structures. The
CC'’ loop of variant conformations in nectin-1, the 3.5 c shift between the bound PRV and HSV gDs, and the unique .2’ helix in
PRV gD bulged towards the CC’ loop of nectin-1 are highlighted and labeled. For clarity, the view of the structure in panel (C) is
clockwise rotated along the vertical axis for about 90 degrees relative to that in panel (B).

https:/Hoi.org/10.13%/journal.ppat006314.9g004

CC'loopthereforeadoptedanalternativeconformationto accommodaté¢he bulgedhelix.
Apart from the aforementionedlifferencesthe PRVand HSV gDsexhibitedquite similar
overall-receptor-bindingnodefor engagementf nectin-1(Fig 4C).

Structural basis of the nectin-1 recognition by PRV gD

On thewhole extendedsurfaceareaf about1118.1A%in PRVgD and1170.942in SW-nec-
tin-1 wereburied upon complexformation. We thereforescrutinizedthis binding interfaceto
delineatehe aminoacidinteractiondetailsbetweerthe two binding entities.Along the nec-
tin-1 CC'C"FGsheetthe major receptor-engagemerbmponentf gD includeits N-loop,
theol' helixin thelgV-core,andhelicesx?', o3', a3 andthe a3'/a3 loopin its C-terminal
extensionFig5A). In the N-loop, two aromaticresidued-11and W22 wereprojectedout-
wardsfor receptorbinding. Theywerefound to bepackedagainsinectin-laminoacidsk61,
Q64,180,N82,M85-S88and F129 therebyproviding important hydrophobicinteractions
(Fig 5B).It shouldbenotedthat F110f gD is locatedin the N-loop regionthat wasshownto
undergolargeconformationalchangesifterreceptorbinding (Fig 4B).We believethe subse-
quentinteractionsof F11with nectin-1K61andF129arethe major forcesstabilizingthe
observedN-loop orientationin the complexstructure.Asfor theal'ando2' heliceseach
componentpresent®neaminoacid(T119in o1'andY183in o2') towardsthereceptorcon-
tactingmainly the nectin-1residuess73-K75]123,E125N133,andE135viamultiple Van
derWaals(vdw) interactions.In addition,the a1'-residuer 119alsoformsaweakH-bond
with nectin-1E125(Fig 5C). Further PRV-gD/SW-nectin-Interactionswerecontributedby
thea3', a3 helicesandtheir interveningloop, which position multiple residuesincluding
M201-R202P206-Y208y216,and Y219 to interactwith nectin-laminoacidsT63-Q64,
Q76-N77]80,S88]1 90-A91 A127-P13@&ndN133(Fig 5D). In addition to providing
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Fig 5. The atomic interaction details at the PRV-gD/SW-nectin-1 interface. (A) An overview of the binding
interface. The nectin-1 receptor is shown in surface and the gD ligand is presented as ribbons. The interface
components in PRV gD, including the N-loop, the .1’ helix in the IgV-like core, and the .2’, .3’, .3 helices and
the .37/ .3 intervening loop in the C-terminal extension, are highlighted and marked with patch numbers 1-3. The
amino acid interaction details for each of the three patches were delineated in panels (B), (C), and (D),
respectively. (B) The interaction of the gD N-loop with nectin-1. (C) The interaction of the gD .1’ and .2’ helices
with nectin-1. (D) The interaction of the gD .3’, .3 helices and their intervening loop with nectin-1. The residues
referred to in the text are shown and labeled. Dark dashed lines indicate strong H-bonds ( 3.0 c), while orange
ones represent weak H-bonds (3.0-3.5 c). (E) Amino acid sequence alignment between HU- and SW-nectin-1
highlighting their IgV domains that are recognized by PRV gD. The residues interfacing with gD are marked with
black stars. For clarity, only those that contribute !2 inter-molecule Van der Waals contacts were selected. A full
list of the interface residues were summarized in Table 2.

https:/Hoi.org/10.137/ournal.ppat.006314.g005

extensiverdw contactstheseaminoacidsfurther stick the viral ligandto the receptorby creat-
ing aninter-moleculeH-bond network.In total, five strongandtwo weakH-bondswere
observedo form, arisingfrom PRV gD M201andR202interactingwith SW-nectin-1Q76,
N77andA91,gD P206with nectin-1Q64,andgD Y208with nectin-1T63andA127,respec-
tively (Fig 5D). It is notablethat theidentified interfaceresiduesn thereceptorareabsolutely
conservedetweerHU- and SW-nectin-1(Fig 5E),explainingthe similar affinitiesof the two
receptordor PRVgD binding.

Owingto thelow sequencéentity, PRVandHSV gDsutilize differentaminoacidsfor
nectin-lengagementComparisonof their footprintsin nectin-1,howeverrevealessentially
the samesurfacepatchin thereceptor.For both PRVandHSV gDs,thenectin-1residues
locatingwithin adistanceof 4.5A from the boundligandwereselecteéind comparedn
detail. The subsequeninterface-residudist revealed1aminoacidsinteractingwith PRVgD,
22with HSV-1gD and 26with HSV-2gD, respectivelyOf theseresidues20wereutilized for
contactingall thethreeviral ligands contributing more than 90%o0f the total inter-molecule
contactswith eitherligand(Table2). Thoughthe vdw contactsconferredby eachof these
aminoacidsweredifferentbetweerHSV andPRVgDs(Table2),theseshared20nectin-1res-
iduesdominatethe binding to gDsof both viruses.
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Table 2. Comparison of the nectin-1 residues contacting PRV gD with those interfacing with HSV-1

and -2 gDs?.

Nectin-1 in the PRV-gD/SW-

nectin-1 complex

— S59 (1 contact) S59 (2 contacts)
K61 (8 contacts) K61 (10 contacts) K61 (8 contacts)
T63 (10 contacts) T63 (15 contacts) T63 (5 contacts)
Q64 (20 contacts) Q64 (19 contacts) Q64 (13 contacts)
T66 (1 contact) T66 (1 contact) T66 (3 contacts)
Q68 (1 contact) Q68 (6 contacts) Q68 (12 contacts)
A70 (1 contact) e e

G73 (5 contacts) E— G73 (4 contacts)
S74 (11 contacts) e S74 (3 contacts)
K75 (24 contacts) K75 (7 contacts) K75 (13 contacts)
Q76 (15 contacts) Q76 (10 contacts) Q76 (14 contacts)
N77 (29 contacts) N77 (35 contacts) N77 (42 contacts)
180 (11 contacts) 180 (8 contacts) 180 (11 contacts)
Y81 (1 contacts) Y81 (1 contact) Y81 (3 contacts)
N82 (5 contacts) N82 (6 contacts) N82 (4 contacts)
M85 (20 contacts) M85 (32 contacts) M85 (33 contacts)
G86 (4 contacts) G86 (2 contacts) G86 (5 contacts)
V87 (4 contacts) — V87 (3 contacts)
S88 (8 contacts) S88 (10 contacts) S88 (15 contacts)
L90 (10 contacts) L90 (19 contacts) L90 (13 contacts)
A91 (9 contacts) e e

P92 (2 contacts) e e

1123 (4 contacts) e e

E125 (10 contacts) E125 (5 contacts) E125 (6 contacts)
A127 (8 contacts) A127 (4 contact) A127 (1 contact)
T128 (8 contacts) e T128 (2 contacts)
F129 (45 contacts) F129 (21 contacts) F129 (32 contacts)
P130 (22 contacts) P130 (42 contacts) P130 (18 contacts)
e T131 (9 contacts) T131 (2 contacts)
G132 (2 contacts) e e

N133 (15 contacts) N133 (8 contacts) N133 (5 contacts)
E135 (8 contacts) e e

Q137 (1 contact)

Nectin-1 in the HSV1-gD/HU-

nectin-1 complex

Nectin-1 in the HSV2-gD/HU-

nectin-1 complex

& The nectin-1 amino acids locating within a distance of 4.5 cfrom the bound ligand (PRV gD based on the

complex structure reported in the current study, HSV-1 and -2 gDs according to previously reported complex
structures of PDB code 3U82 and 4MYW, respectively) were selected, and then listed in a pairwise manner.
The number of Van der Waals contacts that each interface residues contribute is summarized in
parenthesis. Those amino acids utilized to contact all the three viral ligands were highlighted in boldface.

https://abi.org/10.1371durnal.ppa1006314002

Mutagenesis study of the key interface residues in nectin-1

To further confirm the binding featureobservedn our complexstructure the keyinterface
residuesn nectin-1,including N77,M85 andF129(which contributemorethan 20hydropho-
bic vdw contacteach(Table2) and/or the side-chainH-bonds(Fig 5D), wereindividually
mutatedandtestedfor their interactionswith PRVgD337In the contextthat HU- and SW-
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Fig 6. Mutation of the key interface residues in nectin-1 undermines the interaction with PRV gD. (A) SPR tests of the binding between
nectin-1 mutants and PRV gD337. The kinetic profiles are recorded and shown. (B) Decreased cell fusion with the mutated nectin-1 receptors.
CHO-K1 cells expressing PRV gD/gB/gH/gL and T7 luciferase were mixed and incubated with those expressing T7 polymerase in combination with
wild type or mutant HU-nectin-1. The histogram shows the efficiencies of cell fusion with the indicated nectin-1 mutants in comparison to that with the
wild type receptor. The results are expressed as means “SD from three independent experiments.

https://doiorg/10.1371§urnal.ppal006314.g006

nectin-lareequallycompetenin binding with PRV gD (Fig 2B)andtheir interfaceresidues
contactinggD areabsolutelyconservedFig 5E),wethereforeutilized the humanhomolog
for thetestin our mutagenesistudy.In consistenivith the structuralobservatiorthat F129
providesthe maximumamountof intermoleculecontactg45contacts;Table2),the F129A
mutation almostcompletelyabrogatedhe gD/nectin-1binding (K4 > 40uM) (Fig6A) and
thereforethe gD/nectin-1dependentellfusion (Fig 6B). Thefunctionalindispensabilityof
nectin-1F129in PRV-gDengagementvasalsodemonstratedn apreviousstudy[30].

In contrastto F129with 45vdw contactsfor PRV-gD,theintermoleculebinding contrib-
utedby nectin-1N77 (29 contactsland M85 (20 contacts)wereonly abouthalf of that for
F129(Table2). Accordingly,substitutionof the two residueswith alaninedecreasedyut not
abolishedthe gD/nectin-linteraction.Theaffinitiesof the nectin-1N77Aand M85A for
gD337weredeterminedto be3.4uM and2.8uM, respectivelyFig 6A), andthe two mutants
remaincompetenin the gD-mediateccellfusion,thoughwith decreasedfficienciegFig 6B).
It is notablethat nectin-1N77 and M85 interactmore extensivelywith HSV-gD(e.g.42and
33contactsrespectivelyith HSV-2gD) thanwith PRV-gD(29and 20 contactsrespectively)
(Table2), echoingapreviousstudyreportingtheir importantrolesin binding the HSV ligand
but much compromiseccontributionsto the engagementf the PRV protein[31]. These
mutagenesidatacoincidewell with our structuralobservationwhich converselyerifiedthe
PRV-gD/nectin-1binding modeobservedn the complexstructure.lIt is alsonoteworthythat
nectin-1N77Aand M85A engagd®’RV-gDwith afast-on/fast-ofimode(Fig 6A), forming con-
trastto thewild typeprotein which showshoth slowassociatiorand dissociatiorrates Similar
phenomenaf alteredK,/K o rateshavealsobeenobservedn othervirus-ligand/receptor
binding pairswhentheir interfaceresiduesaremutated[22].

Discussion

Of thethus-faridentified alphaherpesviraiD receptorsnectin-1is likely the mosteffectivein
termsof its wide usagévy differentvirusesHSV-1,HSV-2,PRVand BHV-1 areall reported
to utilize nectin-1for cellentry[8, 12,13,30,31]. Themolecularbasisof nectin-1recognition
by the envelopayD proteinsof thesevirusestherefore js aninterestingbut yetanunresolved
issuePreviousstudiesfocusedn HSV,amemberof the Simplexvirus genusin the Alphaher-
pesvirinae subfamily The structuresof both the freeHSV gD andits complexwith nectin-1
arereportedathigh resolutiong6, 21,22,25]. Neverthelesghe structuralandfunctionalfea-
turesof otheralphaherpesviragiDsremainspoorly understood!n this study,wehavereported
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thefirst structureof gD derivedfrom a Varicellovirus memberof the alphaherpesvirusethe
PRV.Despiteof its low sequencéentity to the HSV homologs~ 22%),PRVgD reserveshe
canonicalgD featuresincluding anlgV-like corewith akinked C° strandandthe surface-
exposedN- and C-terminalextensionsWe further solvedthe complexstructureof PRVgD
boundwith SW-nectin-1whichrevealedisimilar nectin-1binding modeasobservedor
HSVgD. Neverthelesseveraliniquefeaturesatthe PRV-gD/nectin-1binding interface(e.g.
abulgedo2' helixof PRVgD interactswith anadjustedCC'loop in nectin-1,anabout3.5-A
shiftfor PRV gD (relativeto HSV gD) whenboundto thereceptor)sufficethe PRVligandto
recognizenectin-1lusingquite differentgD residuedgrom thoseof the HSV homologsThese
structuralobservationshereforeprovidea systematiowiewon thereceptorbinding mecha-
nism of asecondalphaherpesviruandyetthefirst in the Varicellovirus genus.

It isinterestingthatbothin thefreePRVgD structureandin the PRV-gD/nectin-1com-
plexstructure alargeC-terminalregionof the gD moleculeareuntraceableWe notedthat it
hasbeenalongtime (overfour months)beforethe proteins(gD337for the freestructureand
gD284for the complexstructure)weresuccessfullgrystallizedTakinginto accountthatlarge
disorderedpartsof aprotein arelikely perturbingcrystalformation, it mayindicateapossible
proteolysiof both the gD337andthe gD284C-terminalregionsduring crystallization)eading
to similar proportion of the gD residuegP7-P250n thefreegD structureand P9-D241in the
complexstructure)beingsuccessfullfracedin the freegD andthe nectin-1boundstructures.
Wethereforebelievethatthe re-orientationof the gD N-loop beforeandafternectin-1binding
is morelikely the resultof receptorengagemerthan arisingfrom the differencesn thegD
formsusedfor crystallization A flexibleN-loop which experiencesearrangemenor is struc-
turally stabilizedupon receptorinding hasalsobeenobservedor HSV gDs[22, 26].

With anoverallsimilar structure,PRVandHSV gDsall engagéhe nectin-1CC'C"FG
sheefor receptomrecognition.Along the sheetatotal of 20residuegout of 31for PRVgD, 22
for HSV-1gD and26for HSV-2gD) wererecognizedy all the threeviral ligands(summa-
rizedin Table2). It is notablethat theseamino acidscontributethe majority of theinter-mole-
culeinteractionsandthereforeconstitutea conservedentralcontactinterfacedominating
gD-binding,whereagheremainingnectin-1residuegprovidedadditionaland supplementary
contactdor engagemenf gD. It isinterestingthatthe PRVandHSV gDs,with only 22%
sequenc@entity, selecessentiallyhe samecontactinterfacein nectin-1for recognitionand
engagementVe believethis interfacepatchlikely hasevolvedasamajor ligand-binding
entity, dominatingthe nectin-linteractionnot only with PRVandHSV, but alsowith other
alphaherpesvirusge.g.BHV-1). It is alsonoteworthythatit is not rare phenomenahat dif-
ferentvirusescouldrecognizehe samehostsurfacemoleculeasthe cellularreceptor.t would
thereforebeinterestingto investigatef othervirusessimilarly recognizeextensivelyver-
lappedsurfacepatchegluring receptorengagemengsobservedor the PRV/HSVpair. To
our knowledgethe Middle Eastrespiratorysyndromecoronavirusandtherelatedbat-derived
HKU4 coronavirusrepresenainotherexampleof suchcaseBothvirusesrecognizenuman
CD26viatheviral spikeprotein,andtheywereshownto bind to the samepropellerelements
of thereceptor{32,33].

ThePRVgD footprint in nectin-1alsocoincideswith thereceptordimerizationinterface.
Accordingto the previousstudiesformation of the homo- and/or hetero-dimerds the basis
for nectin-1to exertits celladhesiorfunctions[34]. PRV shouldthereforecompeteagainsthe
receptordimerizationby gD engagement/iawhich jeopardizingthe hostjunction architec-
ture. It shouldbenotedthatthe affinity of PRV gD for HU-nectin-1is determinedto be 191
nM, whichis about100fold higherthanthat calculatedor nectin-1self-interactiong23]. This
shouldconferthe binding with PRV gD anastonishingpriority during theviral infectionover
nectin-1dimerization,thereforeexploitingits celladhesiorfunctions.
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In HSV,the membrane-proximaloop of the gD ectodomainis proposedasthe PFDwhich
would interactwith gB/gH/gLto triggermembranefusion[19]. Accordingto apreviously
reporteddimeric structureof HSV gD, the viral ligandprelocatests PFDin apositionthat
will precludethe binding of gD with its receptord25]. ThegD/receptorengagemertherefore
would only occurwhenthis prelocatedoop is displacedexposinghe otherwisdockedrecep-
tor binding site.Consistenwith this structuralobservationashortHSV gD proteinlacking
PFDis about100-foldmore competenthanthelong gD form in termsof receptorbinding
[20,25].In the currentstudy,wedemonstratedhat the affinity of PRV gD284(ashortgD var-
iant without the membrane-proximaloop) for nectin-1is alsodramatically(~12+16folds)
higherthanthat of gD337(along gD form containingthe wholeectodomain)We believethis
phenomenorechoesvhathasbeenobservedvith HSV-gDPFD,indicatingarole of the PRV-
gD membrane-proximaloop in membranefusion. It is alsonoteworthythatthe enhanced
receptorbinding affinity for the shortvariantof HSV gD stemamainly from asignificantly
increasedinding on-rate(~ 40fold in K,,,), fallingin agoodaccordancevith the prelocation
of PFDin gD [25]. In contrastthe changesn Ky, betweerPRVgD284andgD337is only
about5+8folds.This arguesagainsta prelocationof the membrane-proximaloop in PRVgD
andmayindicateanovelmechanisnof theloopinterferingwith nectin-1binding. Theseare
interestingissueghat areworth of studyingin thefuture.

In contrastto HSV, both previousstudiesandthefunctionaldatain this reportdemon-
stratedthat PRV cannot useHVEM asacellularreceptor{12,35]. It is notablethatthe HVEM
binding sitein HSV gD is allocatedo an N-terminal hairpin whichwasre-constitutedby the
long protein N-loop uponHVEM engagementAn N-loop of sufficientsizeis thereforeapre-
requisitefor the gD ligandto interactwith HVEM [27]. Facilitatedby the structure-based
sequencalignmentbetweerPRVandHSV gDs,it is clearthat the N-loop of the PRV protein
isonly abouthalf sizeof thatin HSV gD. We believethis dramaticallyshortenedN-loop in the
PRVligandcannot supportHVEM-binding, representinghe structuralbasisof its inertness
in HVEM recognition.

ThePRVinfection cancausegpseudorabie&lsoknown asAujeszky'sliseasein pigsand
otheranimalg[6]. Althoughthe diseaseanbeprophylacticallycontrolledwith thelive attenu-
atedvirusvaccinejt remainsaseriougproblemand potentialthreatto the swineindustry of
manycountries leadingto heavyeconomidossegachyear.With anindispensableolein the
viral infection, PRV gD representaigoodvaccinecandidatd36+38].The strategyreportedin
the currentstudyof preparingrecombinantPRV-gDproteins(gD337andgD284)with both
structuralintegrity (correctlyfoldedasdemonstratedvith the freeandthe nectin-1-bound
structureslandfunctionalcompetencyableto engagehe receptorasshownwith the in vitro
SPRdata)might facilitatethe developmenbf agD-basedubunitvaccingn thefuture.

Materials and methods
PRV infection experiment

CHO-K1 cells(a Chinesehamsterovarycellline whichis analready-existingollectionin
thelaboratory)weremaintainedin Dulbecco'sninimal essentiamedium(DMEM) supple-
mentedwith 10%fatalbovineserum(FBS),100U/ml penicillin,and 100mg/ml streptomycin.
For the PRVinfection experimentcellswereseededn the 6 well platewith 70%confluence.
After 24h,cellsweretransfectedvith pcDNA4.0-HU-nectin4d, pcDNA4.0-HU-HVEM or
pcDNA4.0-SW-nectin-ExpressiomplasmidsseparatelyAfter 24 h, cellswereincubatedwith
PRVBartha-K61solution (100TCIDsgdml PRVin DMEM) at37Edor 3 h, afterwhich 2%
FBSwasaddedto the medium.Cellswerethenphotographedindermicroscopéer2h post
infection.
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Construction of the expression plasmids and preparation of the proteins

DNAs encodingthe ectodomain®f the humanand swinenectin-1(aminoacids30£335)wvere
obtainedby PCRusingthe primer pairsof human-Nectin1-H5'- CGCGGATCCGTCCCAGG
TGGTCCAGGTGAAG3") / human-Nectin1l-R5-AAGGAAAAAAGCGGCGSCTTCTGT
GATATTGACCTC-3"%andporcine-Nectin1-H5'-CGCGGATCCGACCCAGGTGEBCCA
GGTGAACG-3')/ porcine-Nectin1-R5-AAGGAAAAAAGCGGCGSCCTCTGTGATATT
GACCTCCACC-3)respectivelyTheamplifiedfragmentsverethenindividually clonedinto
the prokaryoticexpressiorvectorpET21b(Invitrogen) with the BamHIandNotl sitesThe
proteinswerethen preparedollowing thereportedmethodg21]. In brief, the proteinswere
expressedsinclusionbodiesin E. coli BL21(DE3)andtheinclusionbodieswerepreparedn
abuffercomposedf 100mM Tris-HCI, pH 9.0,400mM L-Arginine,2mM EDTA,5mM
reducedglutathioneand 1 mM oxidizedglutathione . Then,therefoldedproteinsweresub-
jectedto gel-filtrationon aHiload 16/60Superdex200column (GE Healthcare)By estimation
of their MWs, the monomerpeaksouldbeobtained.Theresultantmonomericproteinswere
carefullycollectedconcentratedandthen appliedfor kinetic studiesusingsurfaceplasmon
resonance.

TheDNAs codingfor PRV (Beckerstrain) gD ectodomainof residuesl +284(gD284)
and1+337(gD337)wereamplifiedby PCRwith the sameforward primer of PRV-gD-F
(5'-CCGGAATTCAGGAGGTGGACGCCGTGCC-3pairing with differentreversegrim-
ersof PRV-gD284-R5'-CCGCTCGAGTTAGTGGTGAGGTGGTGGTGCCGCGTCGC
CGGCTCGGGCAG-3'andPRV-gD337-R5'-CCGCTCGAGTTA@GGTGATGGTG
GTGGTGGCGGTGGCGCGABCGCC-3Y) respectivelyThecodingsequencef the
swinenectin-11gV domain(amino acids37+143)wasamplifiedusingprimerspNectin-
1-1gV-F (5'-CCGGAATTCAGGACTCATGTATGGTTTCATCGGC-3andpNectin-
1-1gV-R(5'-CCGCTCGAGTTAG@ GGTGATGGTGGTGGTGCATBCAGTGAGGTT
GAGCT-3').TheresultantDNA fragmentghat containa C-terminal 6xhiscodingsequence
werethenindividually cloned,viaEcoRland Xhol sitesjnto apreviouslymodified pFast-
Baclvector,whichhasbeenengineeredo incorporateabaculovirusggp67signalsequence
atthe N-terminus[39+41].The pFastBactonstructfor HSV-1(KOSstrain) gD (residues
1+285gD285) whichis analready-existingollectionin thelab,hasbeendescribedorevi-
ously(21).All the proteinswereexpressewvith the Bac-to-Babaculovirusexpressiorsys-
tem (Invitrogen). Therecombinantbaculovirusvasusedto infectHi5 cells(a Trichoplusia
ni insectcellline whichis analready-existingollectionin the laboratory)for the produc-
tion of the solubleproteins.The proteinswerepurified from the Hi5 cellsupernatantsirst
by nickelaffinity chromatography{GE Healthcareandthenby gel-filtration chromatogra-
phy usingaSuperdex00column (GEHealthcare).

Surface plasmon resonance (SPR) measurements

Themutant proteinsof humannectin-1ectodomainwerepreparedaspreviouslydescribed
[21]. Thebinding kineticsbetweerthe solublegD andnectin-1wasanalysedit 25E@n a BIA-
core3000machinewith CM5 chips(GE Healthcare)HBS-EPbuffer(10mM HEPESpH7.4,
150mM NaCl,3mM EDTA, 0.005%I'ween20)wasusedfor all measurements:zor SPR
measurementdoth gD andnectin-1proteinswerepurified by gelfiltration usingSuperdex
200column (GE Healthcare)We usedthe blank channelasnegativecontrol. About 1,200
responseinits of nectin-1wereimmobilizedon the chip. Whenthe datacollectionwasfin-
ishedin eachcycle the sensoisurfacevasregenerateavith 10mM NaOH. A serialof concen-
trationsup to 2,500nM weredesignedor the experiment.
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Kinetic study

Thekinetic analysisvasperformedby SPRusingthe BIAcore3000systemGradientconcen-
trationsof PRVgD284and PRV gD337wereflowedat 30 uL/min overnectin-1(WT or
mutant) immobilizedat about1,200responseinits, andtestedfor binding at 25ECTherun-
ning bufferis composedf 10mM HEPESpH7.4,150mM NaCl,3mM EDTA, 0.005%
Tween20.

Crystallization

All the crystalsvereobtained with the hang-dropvapor-diffusionmethod,by initial screen-
ing with the commerciaHampton Researclkits andthen by condition optimizations Free
PRVgD crystalwasfinally obtainedby mixing 1 ul of the concentratedyD337proteinat 10
mg/mlwith 1 uL reservoirsolutionconsistingof 0.1M ammoniumacetate0.1M bis-tris pH
5.5,17%w/v polyethylengglycol10,000To obtainthe crystalof the PRVgD/SW-nectin-1
IgV complex two proteins(gD284and SW-nectin-11gV) wereseparatelypurified by gel-fil-
tration chromatographymixedat 1:1molarratio, andincubatedon icefor 2 h. The mixture
wasfurther purified by gel-filtration chromatographysinga Superdex00column (GE
Healthcarelandthe complexpeakwascarefullycollectedandthenthe PRV gD/SW-nectin-1
IgV complexwasconcentratedo 5 mg/mL. Diffractablecrystalaverefinally obtainedby
mixing 1 uL of the protein complexwith 1 uL reservoirsolutionconsistingof 0.2M sodium
chloride,0.1M sodiumacetatgoH 5.5,20%w/v PEG10,000followedby incubationat 4EC
for about4 months.

Data collection and structure determination

Thediffraction datasetsverecollectedat beamlineBL19U1of the ShanghaBynchrotronRadi-
ation Facility (SSRFusingthe synchrotronradiationat 100K.Thecryoprotectansolutionis
composedf 15%V/V glyceroland85%V/V reservoirsolution.Datawerethen processed
with HKL2000[42] for indexing,integrationandscaling Via moleculamreplacementsingthe
PHASER43] programin the CCP4suite[44], thefreePRVgD337andthe PRVgD284/SW-
nectin-11gV complexstructureweresolvedwith HSV2gD (PDBcode4MYV) andHSV-1
gD285/humannectin-1complexstructure(PDBcode3U82)asthe searchmodels.Thecoordi-
natesandtherelatedstructuralfactorshavebeendepositednto the Protein DataBankwith
the PDBcodesof 5X5Vfor the freePRV gD structureand 5X5Wfor the PRV-gD/nectin-1
complexstructure.

Cell fusion assay

Thefusionmediatecby HSV gB/gD/gH/gLandthereceptorshasbeenvalidatedn various
celltypes[24,29].In this study,wesetup acell-basedusionsystemusingCHO-K1 cellsas
previouslyreported[29]. In brief,thegenef PRVgB,gD, gH, andgL andnectin-1were
clonedinto the pcDNA4.0-myc-hissectorto yield the respectivelasmidsor protein expres-
sionin mammaliancells.The T7 polymeras@nd T7 luciferaseexpressiorplasmidswerecon-
structedpreviouslyin our lab. Theexpressinglasmidsor PRVgB,gD,gH, gLandthe T7
luciferaseor the plasmidsfor nectin-landthe T7 polymeraseavereseparatelgo-transfected
into CHO-K1 cellsusingLipo2000(Invitrogen) accordingto the manufacturer'snstructions.
After 24h of transfectionthe cellsexpressingB/gD/gH/gLand nectin-1weremixedand
incubatedfor cellfusion. Theluciferasectivitywastestedusingaluciferaseassagysternkit
(Promega).
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