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ORTHOGONALMUTATIONSFORHETERODIMER[ZATION 

1. CROSS-REFERENCETORELATIONAPPLICATIONS 

100011ThisapplicationclaimsthebenefitofandprioritytoU.S.ProvisionalApplication 

No.63/123,915,filedDecember10,2020,whichisincorporatedbyreferenceinitsentirety.  

2. SEQUENCELISTING 

[0002JTheinstantapplicationcontainsaSequenceListingwhichhasbeensubmittedvia 

EFS-Webandisherebyincorporatedhereinbyreferenceinitsentirety.SaidASCIIcopy, 

createdonMonthXX,202XisnamedXXXXXsequencelisting.txtandisXXXbytesin 

size.  

3. BACKGROUNDOFTHEINVENTION 
S 

100031Properassemblyofproteinheterodimerswithinacellrequiresprotein:protein 
interactionsthatfavorheterodimerizationoverhomodimerizationoftheconstituent 

polypeptidechains.Theneedtodrivespecificassociationofdistinctpolypeptidechains 

increasesasthenumberofpolypeptidesintheproteinincreases.Forexamplecorrect 

assemblyofbivalentbispecificantibodieshavingtwodifferentheavychainsandtwo 

differentlightchainsrequiresspecificheterodimerizationofthefirstlightchaintothefirst 

secondheavychain.Efficientassemblyrequiresthattheprotein:proteininteractionsthat 

driveassociationofthevariousheterodimersbedifferentforeachsuchheterodimericpair.  

100041Avarietyoforthogonalmutationshavebeendevelopedthatdrivepreferential 
heterodimerizationofcertainengineeredantibodydomainsincludingknob-in-hole(KIR) 

mutationsseee.g.USPat.Nos. , 5,807,706and5,821,333chargepairmutations 

seee.g.U.S.Pat.No.9,358,286disulfide-stabilizedKIRmutationsseee.g.USPat.Nos.  

, 8,642,745and9,409,989,andothers.  

100051Thereisaneedintheartforfurtherapproachestodrivingspecificheterodimerization 
andmultimerizationtobeusedaloneandincombinationwithknownheterodimerization 

features.  
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4. SUMMARYOFTHEINVENTION 

100061Wehaveengineeredneworthogonalmutationsthatarecapableofdrivingspecific 

heterodimerizationofmultiplepolypeptidechainsfacilitatinghighfidelityassociationof 

polypeptidesparticularlyusefulformultivalentmultispecificantibodyconstructs.  

5. BRIEFDESCRIPTIONOFTHESEVERALVIEWSOFTHEDRAWINGS 

100071Theseandotherfeaturesaspectsandadvantagesofthepresentinventionwill 

becomebetterunderstoodwithregardtothefollowingdescriptionandaccompanying 

drawingswhere: 

100081FIGS.lA-lEillustrateheterodimericCR3domainswithexemplaryorthogonal 

mutationsofthepresentinvention.FIG.lAshowsdimerizedCR3domainswithno 

additionalmutations.FIG.lBshowsdimerizedCR3domainswithadditionalknob-in-hole 

mutationsinwhichtheknobisinthesamedomainastheE357Wmutation.FIG.iCshows 

dimerizedCR3domainswithadditionalknob-in-holemutationsinwhichtheknobisinthe 

oppositedomainfromtheE357Wmutation.FIG.iDshowsfurthercascade"mutationsin 

theCR3domainoppositethedomainhavinganE357Wmutation.FIG.lBshowsfurther 

cascade"mutationsintheCR3domainthatcontainsanE357Wmutation.  

100091FIG.2presentsaschematicarchitecturewithrespectivenamingconventionsfor 

variousbivalentantibodyconstructsdescribedherein.  

antibodyconstruct"BC1".Theorthogonalmutationsdescribedhereincanbefurther 

engineeredintotheE:Kpaireddomains.  

110011JFIG.4presentsaschematicshowingthedomaincontentofexemplarybivalent 

antibodyconstruct"BC6".Theorthogonalmutationsdescribedhereincanbefurther 

engineeredintotheE:Kpaireddomains.  

100121FIG.5presentsaschematicshowingthedomaincontentofexemplarybivalent 

antibodyconstruct"BC2S".Theorthogonalmutationsdescribedhereincanbefurther 

engineeredintotheB:GpaireddomainsorE:Kpaireddomains.  

-2

100101FIG.3presentsaschematicshowingthedomaincontentofexemplarybivalent
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100131FIG.6presentsaschematicshowingthedomaincontentofexemplarybivalent 

antibodyconstruct"BC44".Theorthogonalmutationsdescribedhereincanbefurther 

engineeredintotheB:GpaireddomainsorE:Kpaireddomains.  

[0014JFIG.7presentsaschematicshowingthedomaincontentofexemplarybivalent 

antibodyconstruct"BC-96"whichincludesvariousorthogonalmutationsdescribedherein.  

100151FIGS.8A-8Dshowresultsofsizeexclusionchromatography(SEC)analysis 
e 

followingCR1purificationofBC96andvanousalternatives.FIG.SAshowsresultsfroma 

variantthatdiffersfromBC96inthatDomainBlacksaK370mutationandDomain0lacks 

anE357mutation.FIG.8BshowsresultsfromavariantthatdiffersfromBC96inthat 
DomainBlacksaK370mutation.FIG.8Cshowsresultsfroma S 

vanantthatdiffersfrom 

BC96inthatDomainGlacksanE357mutation.FIG.SDshowsresultsfromBC96which 

containsbothaK370RmutationinDomainBandanE357WmutationinDomainG.  

100161FIG.9presentsaschematicoftheconstructcreatedtoevaluatethedegreeof 

orthogonalityimpartedbyindividualmutations.ArepresentativeSDS-PAGEgelshowing 

bandscorrespondingtothedesiredproductandcontaminantsisshownalongwithschematics 

ofthehomodimercontaminants.  

[0017JFIGS.1OA-1OCshowresultsofsizeexclusionchromatography(SEC)andSDS

PAGEanalysisfollowingProteinApurificationofvariousconstructs.FIG.1OAshows 

secondopposingCR3domaincontainsaY349Cmutation.FIG.lOBshowsresultsfroma 

constructinwhichafirstCR3domaincontainsS354CandE357Wmutationsandasecond 

opposingCR3domaincontainsaY349Cmutation.FIG.lOCshowsresultsfromaconstruct 

inwhichafirstCR3domaincontainsS354CE357WandS364Rmutationsandasecond 

opposingCH3domaincontainsaY349Cmutation.  

100181FIGS.ilA-liBshowresultsofSECandSDS-PAGEanalysisfollowingCR1 

purificationofvariousconstructs.FIG.11Ashowsresultsfromaconstructinwhichafirst 

CR3domaincontainsS354CandE357WmutationsandasecondopposingCR3domain 

containsaY349Cmutation.FIG.1lBshowsresultsfromaconstructinwhichafirstCR3 

-3

resultsfromaconstructinwhichafirstCH3domaincontainsanS354Cmutationanda
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domaincontainsS354CE357WandS364RmutationsandasecondopposingCR3domain 

containsaY349Cmutation.  

6. DETAILEDDESCRIPTIONOFTHEINVENTION 

6.1. Definitions 

100191Unlessotherwisedefinedhereinalltechnicalandscientifictermsusedhereinhave 

themeaningcommonlyunderstoodbyapersonskilledinthearttowhichthisinvention 
e 

pertains.  

100201Asusedhereinthefollowingtermshavethemeaningsascribedtothembelow.  

100211Byantigenbindingsite"("ABS")ismeantaregionofanantibodyconstructthat 

specificallyrecognizesorbindstoagivenantigenorepitope.AnABSandtheantibody 

constructcomprisingsuchABSissaidtorecognize"theepitope(ormoregenerallythe 

antigen)towhichtheABSspecificallybindsandtheepitope(ormoregenerallytheantigen) 

issaidtobethe"recognitionspecificity"or"bindingspecificity"oftheABS.  

[0022JTheABSissaidtobindtoitsspecificantigenorepitopewithaparticularaffinity.As 

describedherein"affinity"referstothestrengthofinteractionofnon-covalent 

intermolecularforcesbetweenonemoleculeandanother.TheaffinityS 
1.e.thestrengthofthe 

interactioncanbeexpressedasadissociationequilibriumconstant(KD),whereinalowerKD 

valuereferstoastrongerinteractionbetweenmolecules.KDvaluesofantibodyconstructs 

interferometry(e.g.OctetIORTEBJO~),surfaceplasmonresonance(SPR)technology(e.g.  

Biacore~)andcellbindingassays.Unlessotherwisespecifiedforpurposeshereinaffinities 

aredissociationequilibriumconstantsmeasuredbybio-layerinterferometryusing 

OctetiORTEBJO~.  

100231"SpecificbindingasusedhereinreferstoanaffinitybetweenanABSandits 

cognateantigenorepitopeinwhichtheKDvalueisbelow10 6 M107 M,108 M,109 Mor 

1OmtoM.  

100241ThenumberofABSsinanantibodyconstructasdescribedhereindefinesthe 

valency"oftheantibodyconstruct.AnantibodyconstructhavingasingleABSis 

monovalent".AnantibodyconstructhavingapluralityofABSsissaidtobe 

-4

aremeasuredbymethodswellknownintheartincludingbutnotlimitedtobio-layer
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multivalent".AmultivalentantibodyconstructhavingtwoABSsis"bivalent."A 

multivalentantibodyconstructthreeABSsis"trivalent."Amultivalentantibodyconstruct 

havingfourABSsis"tetravalent." 

[0025JInvariousmultivalentembodimentsofantibodyconstructsallofthepluralityof 

ABSshavethesamerecognitionspecificity.Suchaconstructisamonospecific 

multivalent"antibodyconstruct.Inothermultivalentembodimentsatleasttwoofthe 

pluralityofNBSshavedifferentrecognitionspecificities.Suchantibodyconstructsare 

multivalentand"multispecific".InmultivalentembodimentsinwhichtheABSscollectively 
havetworecognitionspecificitiesthebindingmoleculeis .  

"bispecific. Inmultivalent 

embodimentsinwhichtheABSscollectivelyhavethreerecognitionspecificitiesthebinding 

moleculeis"trispecific.  

100261InmultivalentembodimentsinwhichtheNBSscollectivelyhaveapluralityof 

recognitionspecificitiesfordifferentepitopespresentonthesameantigentheantibody 

constructis"multiparatopic."MultivalentembodimentsinwhichtheNBSscollectively 

recognizetwoepitopesonthesameantigenare"biparatopic." 
S 

100271Invanousmultivalentembodimentsmultivalencyoftheantibodyconstructimproves 

theavidityofthebindingmoleculeforaspecifictarget.Asdescribedherein avidity"refers 

totheoverallstrengthofinteractionbetweentwoormoremoleculese.g.amultivalent 

bindingmoleculeforaspecifictargetwhereintheavidityisthecumulativestrengthof 

methodsasthoseusedtodetermineaffinityasdescribedabove.Incertainembodimentsthe 

avidityofabindingmoleculeforaspecifictargetissuchthattheinteractionisaspecific 

bindinginteractionwhereintheaviditybetweentwomoleculeshasaKDvaluebelow10 6 M 

107 M,108 M,109 Mor10'0 M.Incertainembodimentstheavidityofabindingmolecule 

foraspecifictargethasaKDvaluesuchthattheinteractionisaspecificbindinginteraction 

whereintheoneormoreaffinitiesofindividualABSsdonothavehasaKDvaluethat 

qualifiesasspecificallybindingtheirrespectiveantigensorepitopesontheirown.Incertain 

embodimentstheavidityisthecumulativestrengthofinteractionprovidedbytheaffinities 

ofmultipleABSsforseparateantigensonasharedspecifictargetorcomplexsuchas 

separateantigensfoundonanindividualcell.Incertainembodimentstheavidityisthe 

cumulativestrengthofinteractionprovidedbytheaffinitiesofmultipleABSsforseparate 

epitopesonasharedindividualantigen.  

-5

interactionprovidedbytheaffinitiesofmultipleABSs.Aviditycanbemeasuredbythesame
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100281"B-BodyasusedhereinreferstoantibodyconstructsasshowninFIG.2, 

comprisingafirstandasecondpolypeptidechainwherein:(a)thefirstpolypeptidechain 

comprisesadomainAadomainBadomainDandadomainBwhereinthedomainsare 
S 

arrangedfromN-terminustoC-terminusinaA-B-D-EonentationandwhereindomainA 

hasa"/LaminoacidsequencedomainBhasaCR3aminoacidsequencedomainDhasa 

CR2aminoacidsequenceanddomainBhasaconstantregiondomainaminoacidsequence 

(b)thesecondpolypeptidechain compnsesadomainFandadomain0whereinthedomains 

arearrangedfromN-terminustoC-terminusinaF-GorientationandwhereindomainFhas 

aMRaminoacidsequenceanddomainGhasaCH3aminoacidsequenceand(c)thefirst 

andthesecondpolypeptidesareassociatedthroughaninteractionbetweentheAandtheF 

domainsandaninteractionbetweentheBandtheGdomainstoformtheantibodyconstruct.  

B-bodiesaredescribedinmoredetailinUS2018/0118811andWO2019/204522,the 

disclosuresofwhichareincorporatedbyreferenceintheirentiretiesherein.  

100291"Orthogonalmodificationsorsynonymously"orthogonalmutations"asdescribed 

hereinareoneormoreengineeredmutationsinanaminoacidsequenceofanantibody 

domainthataltertheaffinityofbindingofafirstdomainhavinganorthogonalmodification 

foraseconddomainhavingacomplementaryorthogonalmodificationascomparedto 

bindingofthefirstandseconddomainsintheabsenceoftheorthogonalmodifications.In 

someembodimentstheorthogonalmodificationsdecreasetheaffinityofbindingofthefirst 

domainhavingtheorthogonalmodificationfortheseconddomainhavingthecomplementary 

absenceoftheorthogonalmodifications.Insomeembodimentstheorthogonal 

modificationsdonotaltertheaffinityofbindingofthefirstdomainhavingtheorthogonal 

modificationfortheseconddomainhavingthecomplementaryorthogonalmodificationas 

comparedtobindingofthefirstandseconddomainsintheabsenceoftheorthogonal 

modifications.Inpreferredembodimentstheorthogonalmodificationsincreasetheaffinity 

ofbindingofthefirstdomainhavingtheorthogonalmodificationfortheseconddomain 

havingthecomplementaryorthogonalmodificationascomparedtobindingofthefirstand 

seconddomainsintheabsenceoftheorthogonalmodifications.Incertainpreferred 

embodimentstheorthogonalmodificationsdecreasetheaffinityofadomainhavingthe 

orthogonalmodificationsforadomainlackingthecomplementaryorthogonalmodifications.  

-6
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100301Inparticularembodimentsorthogonalmodificationsincludebutarenotlimitedto 

engineereddisulfidebridgesknob-in-holemutationsandcharge-pairmutationsasdescribed 

ingreaterdetailbelow.Inparticularembodimentsorthogonalmodificationsincludea 

combinationoforthogonalmodificationsselectedfrombutnotlimitedtoengineered 

disulfidebridgesknob-in-holemutationsandcharge-pairmutations.  

6.2. Otherinterpretationalconventions 

100311Unlessotherwisespecifiedallreferencestosequences' hereinaretoaminoacid 

sequences.Byendogenoussequence,, ornativesequenceismeantanysequence, 

includingnucleicacidandaminoacidsequencesascontextdictateswhichoriginatesfroman 

organismtissueorcellandhasnotbeenartificiallymodifiedormutated.  

100321Unlessotherwisespecifiedantibodyconstantregionresiduenumberingisaccording 

totheEuindexasdescribedat 

www. imgt. org/JMGTScientificChart/Numbenng/HuJGHGnber. html#refs 

whichisherebyincorporatedbyreferenceinitsentiretyandidentifiestheresidueaccording 

toitslocationinanendogenousconstantregionsequenceregardlessoftheresidue'sphysical 

locationwithinachainoftheantibodyconstructsdescribedherein.  

100331Unlessotherwisespecifiedallreferencestocomplementaritydeterminingregions 

(CDRs)areKabat-definedCDRs.  

100341Theterms"first""second""third""fourth"etcwhenusedwithrespectto 

polypeptidechains(e.g., afirst"polypeptidechainasecond"polypeptidechainetc.or 

polypeptide"chain1" chainn" etc.)areusedhereinasauniqueidentifierforspecific 

polypeptidechainsthatformamultimericmoleculeandarenotintendedtoconnoteorderor 

quantityofthedifferentpolypeptidechainswithintheantibodyconstruct.  

100351Theterms"first""second""third""fourth"etcwhenusedwithrespecttoCR3 

domainsareusedtodesignatespecificdomainsandarenotintendedtoconnoteorderor 

quantityofthedomains.  

9, ~~6 

[0036JInthisdisclosurecomprises, comprising, containing," "having, includes, 
~~6 

includingandlinguisticvariantsthereofhavethemeaningascribedtotheminU.S.Patent 

lawpermittingthepresenceofadditionalcomponentsbeyondthoseexplicitlyrecited.  

-7
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100371Rangesprovidedhereinareunderstoodtobeshorthandforallofthevalueswithinthe 

rangeinclusiveoftherecitedendpoints.Forexamplearangeof1to50isunderstoodto 

includeanynumbercombinationofnumbersorsub-rangefromthegroupconsistingof1, 2, 

3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29, 

30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,and50.  
,, 

100381Unlessspecificallystatedorapparentfromcontextasusedhereinthetermoris 

understoodtobeinclusive.Unlessspecificallystatedorapparentfromcontextasused 

hereintheterms~, "an and"the"areunderstoodtobesingularorplural.  

100391Unlessspecificallystatedorotherwiseapparentfromcontextasusedhereintheterm 

"about"isunderstoodaswithinarangeofnormaltoleranceintheartforexamplewithin2 

standarddeviationsofthemean.Aboutcanbeunderstoodaswithin100~ 90~ 80~ 70~60o, 

0,0.050 oor0.Ol0 oofthestatedvalue.Unlessotherwise 
50~ 30o 20o 3%0.50oO.l0 
specified"about"meanswithin10~oofthestatedvalue.  

6.3. Heterodimericproteins 

100401Inafirstaspectheterodimericproteinsareprovided.Theheterodimericproteins 

compriseafirstpolypeptidechainandasecondpolypeptidechainwherein 

a) thefirstpolypeptidechaincomprisesafirstCR3domainandthesecond 

polypeptidechaincomprisesasecondCR3domain 

c) S354ofthesecondCH3domainissubstitutedwithcysteine(C)(S354C),and 

d) E357ofthesecondCR3domainissubstitutedwithahydrophobicoraromatic 

aminoacid, 

whereinthepositionsarenumberedaccordingtotheEuindex.  

100411Invariousembodimentsthehydrophobicaminoacidresidueisselectedfromthe 

groupconsistingofalanine(A),isoleucine(I),leucine(L),methionine(M),proline(P),and 

valine(V).In vanousembodimentsthearomaticaminoacidresidueisselectedfromthe 

groupconsistingofhistidine(H),tryptophan(W),phenylalanine(F),andtyrosine(Y).  

100421IncertainembodimentsE357ofthesecondCR3domainissubstitutedwitha 

hydrophobicaminoacid.Inaparticularembodimentthehydrophobicaminoacidresidueis 

methionine(M)(E357M).  

-8

b) Y349ofthefirstCR3domainissubstitutedwithcysteine(C)(Y349C),
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100431IncertainembodimentsE357ofthesecondCR3domainissubstitutedwithan 

aromaticaminoacid.Inparticularembodimentsthearomaticaminoacidresidueis 

tryptophan(W)(E357W).  

6.3.1. CR3Domains 

100441TheCR3domainsoftheheterodimericproteinsdescribedhereinhaveaminoacid 

sequencesderivedfromdomainsthatarenaturallypositionedattheC-terminusofan 

antibodyheavychainintowhichthemutationsdescribedaboveareengineered.  

100451InavarietyofembodimentstheCR3sequencesaremammaliansequences 

includingbutnotlimitedtomouserathamsterrabbitcaninefelinecameldonkeygoat, 

andhumansequences.InapreferredembodimenttheCR3sequencesarehumansequences.  

IncertainembodimentstheCR3sequencesarefromanIgAlJgA2,JgD,1gB,1gMIgGi 

IgG2,IgG3,IgG4isotype.InspecificembodimentstheCR3sequencesarefromanIgG 

isotype.InapreferredembodimenttheCH3sequencesarefromanIgGiisotype.Insome 

embodimentstheCR3sequenceisfromanIgAisotype.  

100461IncertainembodimentstheCR3sequencesareCR4sequencesfroman1gBor1gM 
S 

isotype.  

100471IncertainembodimentstheCR3sequencesareendogenoussequences.Inparticular 

embodimentstheCR3sequenceisUniProtaccessionnumberP01857aminoacids224-330.  

particularembodimentsaCR3sequencehasanendogenousCR3sequencethatlacksthe 

N-terminalaminoacidsG224andQ225. InparticularembodimentsaCR3sequencehasan 

endogenousCR3sequencethatlackstheC-terminalaminoacidsP328,G329,andK330.In 

particularembodimentsaCR3sequencehasanendogenousCR3sequencethatlacksboth 

theN-terminalaminoacidsG224andQ225andtheC-terminalaminoacidsP328,G329,and 

K330.  

100481IncertainembodimentstheCR3sequencesareengineeredtoreduceimmunogenicity 

byreplacingspecificaminoacidsofoneallotypewiththoseofanotherallotype(referredto 

hereinasisoallotypemutations),asdescribedinmoredetailinStickleretal.(GenesImmun.  

2011Apr;12(3):213221),whichishereinincorporatedbyreferenceforallthatitteaches.  

InparticularembodimentsspecificaminoacidsoftheGimiallotypearereplaced.Ina 

-9

InvariousembodimentsaCR3sequenceisasegmentofanendogenousCR3sequence.In
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preferredembodimentisoallotypemutationsD356EandL358MaremadeintheCR3 

sequence.  

100491Insomeembodimentstherearenoadditionalengineeredmutationsinthefirstor 

secondCR3domains.InsomeembodimentstheCR3sequencesareendogenoussequences 

thathaveoneormoreengineeredmutationsadditionaltothosedescribedaboveasdescribed 

below.  

6.3.2.AdditionalengineeredorthogonalmutationsintheCR3domain 

100501Insomeembodimentsthereisatleastoneadditionalorthogonalmutationengineered 
intothefirstand/orsecondCR3domain.  

6.3.2.1 Cascademutations 

100511Invariousembodimentsthefirstand/orsecondCR3domainfurthercomprisesa 

mutationnewlymadepossiblebytheE357mutationsuchasanE357Wmutation(a 

cascade"mutation).  

100521InsomeembodimentstheCR3domainoppositethatcontaininganE357mutation 

furthercomprisesamutationinK370.Invariousembodimentsthelysine(K)ismutatedto 

ADBF,0,HILMNPQRSTVWorY.Inparticularembodimentsthelysine 

(K)ismutatedtoDBFHMNQRSTWorY.Inparticularembodimentsthe 

100531InsomeembodimentstheCR3domainthatcontainsanE357mutationfurther 
comprisesamutationinS364.Invariousembodimentstheserine(S)ismutatedtoADB, 

FGHIKLMNPQRTVWorY.Inparticularembodimentstheserineis 

mutatedtoADBHKLNQRTWorY.Inapreferredembodimenttheserineis 

mutatedtoR.  

100541InsomeembodimentstheCR3domainoppositethatcontaininganE357mutation 
furthercomprisesamutationinK370andthedomainthatcontainstheE357mutationfurther 

comprisesamutationinS364.InvariousembodimentstheK370ismutatedtoDBFH, 

MNQRSTWorY.InparticularembodimentsthemutationisK370R.Invarious 

embodimentsS364ismutatedtoADBHKLNQRTWorY.  

-10

mutationisK370R.



WO20221125986 PCTfLTS2O21/062951 

6.3.2.2 Knob-in-hole 

100551InvariousembodimentsthefirstandsecondCH3domainsfurthercomprise 

orthogonalknob-in-hole("K-I-H")mutations.  

100561Asusedhereinknob-in-holemutationsaremutationsthatchangethestericfeatures 

ofafirstdomain'ssurfacesuchthatthefirstdomainwillpreferentiallyassociatewitha 

seconddomainhavingcomplementarystericmutationsrelativetoassociationwithdomains 

withoutthecomplementarystericmutations.Knob-in-holemutationsaredescribedingreater 

detailinU.S.Pat.No.5,821,333andU.S.Pat.No.8,216,805,eachofwhichisincorporated 

hereininitsentirety.  

100571Insomeembodimentstheatleastoneadditionalengineeredmutationisaknob 

mutationinthefirstCR3domainandaholemutationinthesecondCR3domain.Insome 

embodimentsthereisaholemutationinthefirstCR3domainandaknobmutationinthe 

secondCR3domain.  

[0058JIncertainembodimentstheknobmutationisT366WorT366Y.  

100591IncertainembodimentstheholemutationisselectedfromT366SL368AF405T, 

Y407VorY407T.InaspecificembodimenttheholemutationisF405T.  

100601Incertainembodimentstheknob-in-holemutationsareaT366Wmutationinthefirst 

CR3domainandaY407AmutationinthesecondCR3domain.Incertainembodimentsthe 

mutationinthefirstCR3domain.  

100611Incertainembodimentstheknob-in-holemutationsareaT366Ymutationinthefirst 

CR3domainandaY407Tmutationintheseconddomain.Incertainembodimentsthe 

knob-in-holemutationsareaT366YmutationinthesecondCR3domainandaY407T 

mutationinthefirstdomain.  

100621Incertainembodimentstheknob-in-holemutationsareaT394WinthefirstCR3 

domainandF405AinthesecondCR3domain.Incertainembodimentstheknob-in-hole 

mutationsareaT394WinthesecondCR3domainandF405AinthefirstCR3domain.  

[0063JIncertainembodimentstheknob-in-holemutationsareaT366Ymutationanda 

F4OSAinthefirstCR3domainandaT394WmutationandaY407Tmutationinthesecond 
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domain.Incertainembodimentstheknob-in-holemutationsareaT366Ymutationand 

aF405AinthesecondCR3domainandaT394WmutationandaY407Tmutationinthefirst 

CR3 S 

domain.  
6.3.2.3 Engineeredchargepair 

100641InvariousembodimentsthefirstandsecondCR3domainsfurthercomprise 

orthogonalcharge-pairmutations.  

100651Asusedhereincharge-pairmutationsaremutationsthataffectthechargeofanamino 

acidinadomain'ssurfacesuchthatthedomainwillpreferentiallyassociatewithasecond 

domainhavingcomplementarycharge-pairmutationsrelativetoassociationwithdomains 

withoutthecomplementarycharge-pairmutations.Incertainembodimentscharge-pair 

mutationsimproveorthogonalassociationbetweenspecificdomains.Charge-pairmutations 

aredescribedingreaterdetailinU.S.Pat.Nos. , 9,248,182,and9,358,286,eachof 

whichisincorporatedhereinbyreferencehereininitsentirety.  

100661Incertainembodimentsthecharge-pairmutationsareaT366Kmutationinthefirst 
CR3domainandaL3SiDmutationinthesecondCR3 S 

domain.Incertainembodimentsthe 

charge-pairmutationsareaT366KmutationinthesecondCR3domainandaL35iD 

mutationinthefirstCR3domain.  

6.4.1.Variabledomains 

100671Invariousembodimentsatleastoneofthefirstandsecondpolypeptidechainsofthe 

heterodimericproteinfurthercomprisesanimmunoglobulinvariabledomain.  

100681Insomeembodimentsboththefirstandsecondpolypeptidechainfurthercomprises 

animmunoglobulinvariabledomain.  

100691InsomeembodimentsboththefirstandsecondpolypeptidechainscomprisesaVH 

domain.InsomeembodimentsboththefirstandsecondpolypeptidechainscomprisesaVL 

domain.  

100701InsomeembodimentsthefirstpolypeptidechaincomprisesaVHdomainandthe 

secondpolypeptidechaincomprisesaVLdomainorthefirstpolypeptidechaincomprisesa 

-12
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VLdomainandthesecondpolypeptidechain S 

compnsesaVHdomain.Intheseembodiments 

thevariabledomainsofthefirstandsecondpolypeptidesassociatetoformafirstantigen 

bindingsite(ABS)andtheheterodimericproteinisanantibodyconstruct.  

[0071JIncertainantibodyconstructsthepolypeptidechaincomprisingtheVHdomain 

furthercomprisesaCR2domainandathirdCR3domainwhereinthedomainsareordered 

fromNterminustoCterminus, 

a) VH-firstCH3-CH2-thirdCR3, 

b) VH-secondCH3-CH2-thirdCR3, 

c) VH-thirdCH3-CH2-firstCR3,or 

d) VH-thirdCH3-CH2-secondCR3.  

InparticularembodimentsthedomainsofthepolypeptidechaincomprisingtheVHdomain 

areorderedfromNterminustoCterminus, 

a) VH-firstCH3-CH2-thirclCR3,or 

b) VH-secondCH3-CH2-thirdCR3.  

100721IncertainantibodyconstructembodimentsthepolypeptidechaincomprisingtheVL 
domainfurthercomprisesaCR2domainandathirdCR3 S 

domain.Inparticular 

embodimentswithreferencetoFIG.2,thedomainsareorderedfromNterminustoC 
S 

domainA domainB domainD domainB 

a) VL firstCR3 CR2 thirdCR3,or 

b) VL secondCR3 CR2 thirdCR3,or 

c) VL thirdCR3 CR2 firstCR3,or 

d) VL thirdCR3 CR2 secondCR3.  

100731InparticularembodimentswithreferencetoFRi.2,thedomainsofthepolypeptide 

chaincomprisingtheVLdomainareorderedfromNterminustoCterminus: 

domainA domainB domainD domainB 

a) VL firstCR3 CR2 thirdCR3,or 
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b) VL secondCR3 CH2 third 9 

100741InparticularembodimentswithreferencetoFIG.2,thedomainsofthepolypeptide 

chaincomprisingtheVLdomainandthepolypeptidechaincomprisingtheVHdomainare 

respectivelyorderedfromNterminustoCterminus: 

a) firstpolypeptidechain 

domainA domainB domainD domainB 

VL firstCR3 CR2 thirdCR3 

secondpolypeptidechain 

domain F domain G 

VH secondCR3 

or 

b) firstpolypeptidechain 

domainA domainB domainD domainB 

VL secondCR3 CR2 thirdCR3 

secondpolypeptidechain 

VH firstCR3.  

100751InvariousembodimentswithreferencetoFIG.2,theantibodyconstructfurther 
9 comprisesathirdpolypeptidechainandafourthpolypeptidechainwherein.  

(a)thethirdpolypeptidechaincomprisesadomainRadomainIadomainJanda 

domainKwhereinthedomainsarearrangedfromN-terminustoC-terminusinaR-I-J-K 

orientationandwhereindomainRhasavariableregiondomainaminoacidsequence 

domainIhasaconstantregiondomainaminoacidsequencedomainJhasaCR2aminoacid 

sequenceandKhasaconstantregiondomainaminoacidsequence 

(b)thefourthpolypeptidechaincomprisesadomainLandadomainMwhereinthe 

domainsarearrangedfromN-terminustoC-terminusinaL-Morientationandwherein 
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domainLhasavariableregiondomainaminoacidsequenceanddomainMhasaconstant 

regiondomainaminoacidsequence 

(c)thethirdandthefourthpolypeptidesareassociatedthroughaninteractionbetween 

theHandtheLdomainswhichformasecondantigenbindingsite(ABS)andaninteraction 

betweentheIandtheMdomainwand 

(d)thefirstandthethirdpolypeptidesareassociatedthroughaninteractionbetween 

theDandtheJdomainsandaninteractionbetweentheBandtheKdomains.  

100761InparticularembodimentsdomainHisaVLdomaiirdomainIisaCLdomaiw 

domainJisaCR2domaiwanddomainKisafourthCR3domain.Inspecificembodiments 

domainLisaVHdomainsanddomainMisaCR1domain.  

100771InparticularembodimentsdomainAhasaNFLantibodydomainsequenceand 

domainFhasaVIIantibodydomainsequence.InsomeembodimentsdomainAhasaVII 

antibodydomainsequenceanddomainFhasaMLantibodydomainsequence.  

100781Insomeembodimentstheantibodyconstructcomprisesanativeantibody 

architecturewhereindomainsAandHcompriseVIIaminoacidsequencesdomainsFandL 

comprise'/LaminoacidsequencesdomainsBandIcompriseCHidomains0andM 

compriseCLdomainsDandJcompriseCH2,anddomainsBandKcompnseCH3.  
100791InsomeembodimentstheantibodyconstructisaB-BodyTM 

, B-Body~'antibody 

constructsaredescribedinUS2018/0118811andWO2019/204522,thedisclosuresofwhich 

describedbelow.  

[0080JInsomeembodimentstheantibodyconstructisaCrossMab~'.CrossMab~r%~~ 
antibodiesaredescribedinU.S.PatentNos. , ,266,967;and8,227,577,U.S.Patent 

8,242,247w9 

ApplicationPub.No.20120237506U.S.PatentApplicationPub.No.US20090162359 

W02016016299,W02015052230.Insomeembodimentstheantibodyconstructisa 

bivalentbispecificantibodycomprising:a)thelightchainandheavychainofanantibody 

specificallybindingtoafirstantigen;andb)thelightchainandheavychainofanantibody 

specificallybindingtoasecondantigenwhereinconstantdomainsCLandCHifromthe 

antibodyspecificallybindingtoasecondantigenarereplacedbyeachother.  
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100811Insomeembodimentstheantibodyconstructisanantibodyhavingageneral 

architecturedescribedinU.S.PatentNo.8,871,912andWO2016/087650.Insome 

embodimentstheantibodyconstructisadomain-exchangedantibodycomprisingalight 

chain(LC)composedofVL-CR3,andaheavychain(HC)comprisingVH-CH3-CH2-CH3, 

whereinthe'VL-CH3oftheLCdimerizeswiththeVH-CH3oftheHCtherebyforminga 
e 

domain-exchangedLC/HCdimercomprisingaCH3LC/CH3HCdomainpair.  

100821InsomeembodimentstheantibodyconstructisasdescribedinWO2017/011342.In 

someembodimentstheantibodyconstructisasdescribedinWO2006/093794.  

6.4.1.1.1 VIIDomains 

100831Invariousembodimentsthe~~vVHdomainhasanaminoacidsequencethatisa 

mammaliansequenceincludinghumansequenceshumanizedsequencessynthetic 

sequencesorcombinationsofhumannon-humanmammalianand/orsyntheticsequences.  

Invariousembodimentsthe'[Haminoacidsequencesaremutatedsequencesofnaturally 

occurringsequences.  

6.4.1.1.2 VLDomains 

100841InvariousembodimentstheNFLdomainhasanaminoacidsequencethatisa 

mammaliansequenceincludinghumansequenceshumanizedsequencessynthetic 

sequencesorcombinationsofhumannon-humanmammalianand/orsyntheticsequences.  

occurringsequences.  

100851IncertainembodimentstheNFLaminoacidsequenceisalambda(K)lightchain 

variabledomainsequence.IncertainembodimentstheMLaminoacidsequenceisakappa 

(K)lightchainvariabledomainsequence.  

6.4.1.1.3 ComplementarityDeterminingRegions 

100861The~~vQHandNFLdomainsoftheantibodyconstructsdescribedhereincomprisehighly 

variablesequencestermed"complementaritydeterminingregions"(CDRs),typicallythree 

CDRs(CDR1CD2,andCDR3).Ina vanetyofembodimentstheCDRsaremammalian 

sequencesincludingbutnotlimitedtomouse, rathamsterrabbitcameldonkeygoatand 

humansequences.InapreferredembodimenttheCDRsarehumansequences.Invarious 

-16

Invariousembodiments,'VLaminoacidsequencesaremutatedsequencesofnaturally



WO20221125986 PCTfLTS2O21/062951 

S 

embodimentstheCDRsarenaturallyoccurnngsequences.Invariousembodimentsthe 

CDRsarenaturallyoccurringsequencesthathavebeenmutatedtoalterthebindingaffinity 

oftheantigen-bindingsiteforaparticularantigenorepitope.Incertainembodimentsthe 

naturallyoccurringCDRshavebeenmutatedinaninvitohostthroughaffinitymaturation 

andsomatichypermutation.IncertainembodimentstheCDRshavebeenmutatedin 9 

throughmethodsincludingbutnotlimitedtoPCR-mutagenesisandchemicalmutagenesis.  

InvariousembodimentstheCDRsaresynthesizedsequencesincludingbutnotlimitedto 

CDRsobtainedfromrandomsequenceCDRlibrariesandrationallydesignedCDRlibraries.  

6.4.1.1.4 FrameworkRegionsandCDRGrafting 

[0087JTheNilandNFLdomainsoftheantibodyconstructsdescribedhereincomprise 

"frameworkregion"(FR)sequences.FRsaregenerallyconservedsequenceregionsthatact 

asascaffoldforinterspersedCDRstypicallyinaFR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

arrangement(fromN-terminustoC-terminus).InavarietyofembodimentstheFRsare 

mammaliansequencesincludingbutnotlimitedtomouse, rathamsterrabbitcanine, 

felinecameldonkeygoatandhumansequences.InapreferredembodimenttheFRsare 

humansequences.InvariousembodimentstheFRsarenaturallyoccurringsequences.In 

variousembodimentstheFRsaresynthesizedsequencesincludingbutnotlimitedrationally 

designedsequences.  

100881InavarietyofembodimentstheFRsandtheCDRsarebothfromthesamenaturally 

fromdifferentvariabledomainsequenceswhereintheCDRsaregraftedontotheFRscaffold 

withtheCDRsprovidingspecificityforaparticularantigen.Incertainembodimentsthe 

graftedCDRsareallderivedfromthesamenaturallyoccurringvariabledomainsequence.In 

certainembodimentsthegraftedCDRsarederivedfromdifferentvariabledomain 

sequences.IncertainembodimentsthegraftedCDRsaresyntheticsequencesincludingbut 

notlimitedtoCDRsobtainedfromrandomsequenceCDRlibrariesandrationallydesigned 

CDRlibraries.IncertainembodimentsthegraftedCDRsandtheFRsarefromthesame 

species.IncertainembodimentsthegraftedCDRsandtheFRsarefromdifferentspecies.In 

apreferredgraftedCDRembodimentanantibodyis"humanized"whereinthegraftedCDRs 

arenon-humanmammaliansequencesincludingbutnotlimitedtomouserathamster 

rabbitcameldonkeyandgoatsequencesandtheFRsarehumansequences.Humanized 

antibodiesarediscussedinmoredetailinU.S.Pat.No.6,407,213,theentiretyofwhichis 
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herebyincorporatedbyreferenceforallitteaches.Invariousembodimentsportionsor 

specificsequencesofFRsfromonespeciesareusedtoreplaceportionsorspecificsequences 

ofanotherspecies'FRs.  

6.4.2. CR1andCLDomains 

100891Invariousembodimentsatleastoneofthefirstandsecondpolypeptidechainsofthe 
e 

antibodyconstructfurthercomprisesanimmunoglobulinCR1domain.Invarious 

embodimentsatleastoneofthefirstandsecondpolypeptidechainsoftheheterodimeric 

proteinfurthercomprisesanimmunoglobulinCLdomain.  

[0090JInvariousembodimentsthefirstpolypeptidefurthercomprisesaCR1domainand 

thesecondpolypeptidefurthercomprisesaCLdomain.Invariousembodimentsthesecond 

polypeptidefurthercomprisesaCHidomainandthefirstpolypeptidefurthercomprisesaCL 

domain.  

100911InvariousembodimentstheCR1sequencesareendogenoussequences.Inavariety 

ofembodimentstheCR1sequencesaremammaliansequencesincludingbutnotlimitedto 

mouserathamsterrabbitcameldonkeygoatandhumansequences.Inapreferred 

embodimenttheCR1sequencesarehumansequences.IncertainembodimentstheCR1 

sequencesarefromanIgAlIgA2,IgD,1gBIgGiIgG2,IgG3,IgG4,or1gMisotype.Ina 

preferredembodimenttheCR1sequencesarefromanIgGiisotype.Inpreferred 

100921TheCLdomainsoftheantibodyconstructsdescribedhereinareantibodylightchain 

constantdomains.IncertainembodimentstheCLdomainshavesequencesthatare 

endogenoussequences.InavarietyofembodimentstheCLsequencesaremammalian 

sequencesincludingbutnotlimitedtomouserathamsterrabbitcaninefelinecamel, 

donkeygoatandhumansequences.InapreferredembodimentCLsequencesarehuman 

sequences.  

100931IncertainembodimentstheCLaminoacidsequencesarelambda(K)lightchain 

constantdomainsequences.InparticularembodimentstheCLaminoacidsequencesare 

humanlambdalightchainconstantdomainsequences.Inpreferredembodimentsthelambda 

(K)lightchainsequenceisUniProtaccessionnumberPOCGO4.  
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100941IncertainembodimentstheCLaminoacidsequencesarekappa(K)lightchain 

constantdomainsequences.InapreferredembodimenttheCLaminoacidsequencesare 

humankappa(K)lightchainconstantdomainsequences.Inapreferredembodimentthe 

kappalightchainsequenceisUniProtaccessionnumberP01834.  

100951IncertainembodimentstheCR1sequenceandtheCLsequencesareboth 

endogenoussequences.  

100961TheCR1domainfoldingistypicallytheratelimitingstepinthesecretionofJgG 

(Feigeetal.MolCell.2009Jun , 4(5):569-79hereinincorporatedbyreferenceinits 

entirety).Thuspurifyingtheantibodyconstructsdescribedhereinbasedontheratelimiting 

componentofCR1-comprisingpolypeptidechainscanprovideameanstopurifycomplete 

complexesfromincompletechainse.g.,purifyingcomplexeshavingalimitingCR1domain 

fromcomplexesonlyhavingoneormorenon-CHicomprisingchains.  

100971WhiletheCR1limitingexpressionmaybeabenefitinsomeaspectsasdiscussed, 

thereisthepotentialforCR1tolimitoverallexpressionofthecompleteantibodyconstructs.  

ThusincertainembodimentstheexpressionofthepolypeptidechaincomprisingtheCR1 

sequence(s)isadjustedtoimprovetheefficiencyoftheantibodyconstructsformingcomplete 

complexes.Inanillustrativeexampletheratioofaplasmidvectorconstructedtoexpressthe 

polypeptidechaincomprisingtheCR1sequence(s)canbeincreasedrelativetotheplasmid 

vectorsconstructedtoexpresstheotherpolypeptidechains.Inanotherillustrativeexample, 

chaincomprisingtheCLsequence(s)canbethesmallerofthetwopolypeptidechains.In 

anotherspecificembodimenttheexpressionofthepolypeptidechaincomprisingtheCR1 

sequence(s)canbeadjustedbycontrollingwhichpolypeptidechainhastheCR1sequence(s).  

ForexampleengineeringtheantibodyconstructsuchthattheCR1domainispresentina 

two-domainpolypeptidechain(e.g.,the4thpolypeptidechaindescribedherein),insteadof 

theCR1sequencesnativepositioninafour-domainpolypeptidechain(e.g.,the3rd 

polypeptidechaindescribedherein),canbeusedtocontroltheexpressionofthepolypeptide 

chaincomprisingtheCR1sequence(s).Roweverinotheraspectsarelativeexpressionlevel 

ofCR1containingchainsthatistoohighcomparedtotheotherchainscanresultin 

incompletecomplexesthehavetheCR1chainbutnoteachoftheotherchains.Thusin 

certainembodimentstheexpressionofthepolypeptidechaincomprisingtheCR1 

sequence(s)isadjustedtobothreducetheformationincompletecomplexeswithouttheCR1 
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containingchainandtoreducetheformationincompletecomplexeswiththeCHicontaining 

chainbutwithouttheotherchainspresentinacompletecomplex.  

100981IncertainembodimentstheCR1sequenceandtheCLsequencesseparatelycomprise 

respectivelyorthogonalmodificationsinendogenousCR1andCLsequencesasdiscussedin 

greaterdetailbelow.PreferablytheorthogonalmutationsintheCHisequencedonot 

eliminatethespecificbindinginteractionbetweentheCR1domainandCR1-specificbinding 

reagentusedforpurification.  

6.4.2.1 CR1andCLOrthogonalModifications 

[0099JIncertainembodimentstheCR1sequenceandtheCLsequencesfurthercomprise 

respectivelyorthogonalmodificationsofendogenousCR1andCLsequences.ACR1/CL 

orthogonalmodificationmayaffecttheCR1/CLdomainpairingviaaninteractionbetweena 

modifiedresidueintheCR1domainandacorrespondingmodifiedorunmodifiedresiduein 

theCLdomain.  

101001Inparticularembodimentstheorthogonalmodificationscanbecombinedwithamino 
acidsubstitutionsthatreduceimmunogenicitysuchasisoallotypemutations.  

101011InotherembodimentsonesequenceoftheCR1/CLpaircomprisesatleastone 
modificationwhiletheothersequenceoftheCR1/CLpairdoesnotcompriseamodification 

101021CR1andCLsequencescanalsobeportionsthereofeitherofanendogenousor 
modifiedsequencesuchthatadomainhavingtheCR1sequenceorportionthereofcan 

associatewithadomainhavingtheCR1sequenceorportionthereofFurthermorethe 

antibodyconstructhavingaportionoftheCR1sequencesdescribedhereincanbeboundbya 

CR1bindingreagent.  

6.4.2.1.1 ExemplaryCR1/CLorthogonal 
modifications:engineereddisulfidebridges 

101031SomeembodimentsofaCR1/CLorthogonalmodificationcompriseanengineered 

disulfidebridgebetweenengineeredcysteinesinCR1andCL.Suchengineereddisulfide 

bridgesmaystabilizeaninteractionbetweenthepolypeptidecomprisingthemodifiedCR1 

andthepolypeptidecomprisingthecorrespondingmodifiedCL.  
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101041AnorthogonalCR1/CLmodificationcomprisinganengineereddisulfidebridgecan 

comprisebywayofexampleonlyaCR1domainhavinganengineeredcysteineatposition 

128,129,138,141168,or171,asnumberedbytheEUindex.SuchanorthogonalCR1/CL 

modificationcomprisinganengineereddisulfidebridgemayfurthercomprisebywayof 

exampleonlyaCLdomainhavinganengineeredcysteineatposition116,118,119,164, 

162,or210,asnumberedbytheEUindex.  

101051ForexampleaCR1/CLorthogonalmodificationmaybeselectedfromengineered 
cysteinesatposition138oftheCR1sequenceandposition116oftheCLsequenceat 

position128oftheCR1sequenceandposition119oftheCLsequenceoratposition129of 

theCR1sequenceandposition210oftheCLsequenceasnumberedanddiscussedinmore 

detailinU.S.Pat.No.8,053,562andU.S.Pat.No.9,527,927,eachincorporatedhereinby 

referenceinitsentirety.InsomeembodimentstheCR1/CLorthogonalmodification 

comprisesanengineeredcysteineatposition141oftheCR1sequenceandposition118of 

theCLsequenceasnumberedbytheEUindex.  

101061InsomeembodimentstheCR1/CLorthogonalmodificationcomprisesanengineered 

cysteineatposition168oftheCR1sequenceandposition164oftheCLsequenceas 

numberedbytheEUindex.InsomeembodimentstheCR1/CLorthogonalmodification 

comprisesanengineeredcysteineatposition128oftheCR1sequenceandposition118of 

theCLsequenceasnumberedbytheEUindex.InsomeembodimentstheCR1/CL 

sequenceandposition162oftheCLsequenceasnumberedbytheEUindex.Insome 

embodimentstheCLsequenceisaCL-lambdasequence.InpreferredembodimentstheCL 

sequenceisaCL-kappasequence.Insomeembodimentstheengineeredcysteinesareat 

position128oftheCR1sequenceandposition118oftheCLKappasequenceasnumbered 

bytheEUindex.  

[0107JTable1belowprovidesexemplaryCR1/CLorthogonalmodificationscomprisingan 

engineereddisulfidebridgebetweenCR1andCLnumberedaccordingtotheEUindex.  
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Table 
ExemplaryCu/CLengineereddisulfidebridges 

CHimutation CLmutation 

A141C F118C 

H16BC T164C 

L128C F118C 

P171C S162C 

101081Inaseriesofpreferredembodimentsthemutationsthatprovidenon-endogenous 

(engineered)cysteineaminoacidsareaF11SCmutationintheCLsequencewitha 
correspondingA141CintheCR1sequenceoraFl18CmutationintheCLsequencewitha 

correspondingL128CintheCHisequenceaT164CmutationintheCLsequencewitha 

correspondingH16SCmutationintheCR1sequenceoraS162CmutationintheCL 

sequencewithacorrespondingP171CmutationintheCR1sequenceasnumberedbytheEu 

index.  

6.4.2.1.2 CR1/CLorthogonalmodifications: 
engineeredcharge-pairmutations 

101091InavarietyofembodimentstheorthogonalmodificationsintheCLsequenceandthe 

101101Inspecificembodimentsthecharge-pairmutationsareaFliSSFliSAorFliSV 
mutationintheCLsequencewithacorrespondingA141LintheCR1sequenceoraT129R 

mutationintheCLsequencewithacorrespondingK147DintheCR1sequenceasnumbered 

bytheEuindexanddescribedingreaterdetailinBonischetal.(ProteinEngineeringDesign 

&Selection2017,pp.1-12),hereinincorporatedbyreferenceforallthatitteaches.  

101111InsomecasestheCR1/CLcharge-pairmutationsareaN13SKmutationintheCL 
sequencewithacorrespondingG166DintheCR1sequenceoraN13SDmutationintheCL 

sequencewithacorrespondingG166KintheCR1sequenceasnumberedbytheEuindex.  

Insomeembodimentsthecharge-pairmutationsareaP127EmutationinCR1sequencewith 

acorrespondingE123KmutationinthecorrespondingCLsequence.Insomeembodiments, 

thecharge-pairmutationsareaP127KmutationinCR1sequencewithacorrespondingE123 

(notmutated)inthecorrespondingCLsequence.  
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101121Table2belowprovidesexemplaryCH1/CLorthogonalcharged-pairmodifications.  

Table2:exemplaryCu/CLorthogonalcharged-pairmodifications 

CR1mutation CLmutation 

G166K N13SK 

G166K N13SD 

P12713 E123K 

P12713 NomutationQ3123) 

P127K 13123K 

P127K NomutationQ3123) 

6.4.2.1.3 CombinationsofCR1/CLorthogonal 
modifications 

101131IncertainembodimentstheCR1andCLdomainsofasingleCR1/CLpairseparately 

containtwoormorerespectivelyorthogonalmodificationsinendogenousCR1andCL 

sequences.ForinstancetheCR1andCLsequencemaycontainafirstorthogonal 

modificationandasecondorthogonalmodificationintheendogenousCR1andCL 

sequences.ThetwoormorerespectivelyorthogonalmodificationsinendogenousCR1and 

CLsequencescanbeselectedfromanyoftheCR1/CLorthogonalmodificationsdescribed 

herein.  

mutationandthesecondorthogonalmodificationisanorthogonalengineereddisulfide 

bridge.Insomeembodimentsthefirstorthogonalmodificationisanorthogonalcharge-pair 

mutationasdescribedinTable2,andtheadditionalorthogonalmodificationcomprisean 

engineereddisulfidebridgeselectedfromengineeredcysteinesatposition138oftheCR1 

sequenceandposition116oftheCLsequenceatposition128oftheCR1sequenceand 

position119oftheCLsequenceoratposition129oftheCR1sequenceandposition210of 

theCLsequenceasnumberedanddiscussedinmoredetailinU.S.Pat.No.8,053,562and 

U.S.Pat.No.9,527,927,eachincorporatedhereinbyreferenceinitsentirety.  

101151Insomeembodimentsthefirstorthogonalmodificationisanorthogonalcharge-pair 

mutationasdescribedinTable2,andtheadditionalorthogonalmodificationcomprisean 

engineereddisulfidebridgeasdescribedinTable1. Insomeembodimentsthefirst 
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orthogonalmodificationcomprisesanL128CmutationintheCR1sequenceandanFl1SC 

mutationintheCLsequenceandthesecondorthogonalmodificationcomprisesa 

modificationofresidue166inthesameCR1sequenceandamodificationofresidue138in 

thesameCLsequence.  

101161InsomeembodimentsthefirstorthogonalmodificationcomprisesanL128C 

mutationintheCR1sequenceandanF11SCmutationintheCLsequenceandthesecond 

orthogonalmodificationcomprisesaG166DmutationintheCR1sequenceandaN13SK 

mutationintheCLsequence.Insomeembodimentsthefirstorthogonalmodification 

comprisesanL12SCmutationintheCR1sequenceandanFlBCmutationintheCL 

sequenceandthesecondorthogonalmodificationcomprisesaG166KmutationintheCR1 

sequenceandaN138DmutationintheCLsequence.  

6.4.3. CR2domains 

110117JInvariousembodimentsatleastoneofthefirstandsecondpolypeptidechainsofthe 
antibodyconstructfurthercomprisesaCR2domain.Invariousembodimentsboththefirst 

S 

polypeptideandthesecondpolypeptidecomprisesaCR2domain.  

[0118JInsomeembodimentstheantibodyconstructhasmorethanonepairedsetofCR2 

domains.InvariousoftheseembodimentsafirstsetofpairedCR2domainshasCR2amino 

acidsequencesfromafirstisotypeandoneormoreorthologoussetsofCR2aminoacid 

hereinareabletointeractwithCR2aminoacidsequencesfromasharedisotypebutnot 

significantlyinteractwiththeCR2aminoacidsequencesfromanotherisotypepresentinthe 

antibodyconstruct.  

110119JInparticularembodimentsthefirstsetofCR2aminoacidsequencesisfromthesame 
isotypeastheothernon-CR2domainsintheantibodyconstruct.Inaspecificembodiment, 

thefirstsethasCR2aminoacidsequencesfromanJgGisotypeandtheoneormore 

orthologoussetshaveCR2aminoacidsequencesfroman1gMor1gBisotype.  

101201IncertainembodimentsoneormoreofthesetsofCR2aminoacidsequencesare 

endogenousCR2sequences.InotherembodimentsoneormoreofthesetsofCR2amino 

acidsequencesareendogenousCR2sequencesthathaveoneormoremutations.In 

particularembodimentstheoneormoremutationsareorthogonalknob-holemutations 
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sequencesfromanotherisotype.TheorthologousCR2aminoacidsequencesasdescribed
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orthogonalcharge-pairmutationsororthogonalhydrophobicmutations.OrthologousCR2 

aminoacidsequencesusefulfortheantibodyconstructsdescribedhereinaredescribedin 

moredetailininternationalPCTapplicationsW02017/O11342andW02017/106462,herein 

incorporatedbyreferenceintheirentireties.  

101211InparticularembodimentsallsetsofCR2aminoacidsequencesarefromthesame 

species.InpreferredembodimentsallsetsofCR2aminoacidsequencesarehumanCR2 

aminoacidsequences.InotherembodimentsthesetsofCR2aminoacidsequencesarefrom 

differentspecies.  

6.4.4. Specificbivalentantibodyconstructs 

101221InvariousembodimentstheantibodyconstructhasthearchitectureshowninFIG.2.  

6.4.4.1 DomainA 

101231WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainAhasavariableregiondomainaminoacidsequence.Ina 

preferredembodimentdomainAhasaMLantibodydomainsequenceanddomainFhasa 

\1 ~ Rantibodydomainsequence.InsomeembodimentsdomainAhasa\THantibodydomain 

sequenceanddomainFhasa"/Lantibodydomainsequence.  

[0124JIntheantibodyconstructsdescribedhereintheC-terminusofdomainAisconnected 

sequencethatismutatedatitsC-terminusatthejunctionbetweendomainAanddomainB.  

6.4.4.2 DomainB 

101251WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainBhasaconstantregiondomainsequence.  

101261InsomeembodimentsdomainBhasaCR3sequence.  

101271IncertainembodimentsdomainBhasaCR3sequencecomprising"knob-in-hole" 

("KIR")orthogonalmutations.  
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101281IncertainembodimentsdomainBhasaCH3sequenceandeitheraS354Cora 

Y349CmutationthatformsanengineereddisulfidebridgewithaCR3domaincontainingan 

orthogonalmutation.  

[0129JIncertainembodimentsdomainBhasfirstCR3domainsequencewhereinY349of 

thefirstCH3domainissubstitutedwithcysteine(C)(Y349C),whereinthepositionsare 

numberedaccordingtotheEuindex.  

101301IncertainembodimentsdomainBhasasecondCH3domainsequencewhereinS354 

ofthesecondCR3domainissubstitutedwithcysteine(C)(S354C),andE357ofthesecond 

CR3domainissubstitutedwithahydrophobicoraromaticaminoacidwhereinthepositions 

arenumberedaccordingtotheEuindex.InparticularembodimentsthesecondCR3domain 

hasanE357Wmutation.  

101311IncertainembodimentsdomainBhasahumanIgGiCH3aminoacidsequencewith 

thefollowingmutationalchanges:P343VY349&andatripeptideinsertion445P,446G, 

447K.InotherpreferredembodimentsdomainBhasahumanIgGiCR3sequencewiththe 

followingmutationalchanges:T366Kandatripeptideinsertion,445K,446S,447C.Instill 

otherpreferredembodimentsdomainBhasahumanIgGiCR3sequencewiththefollowing 

mutationalchanges:Y349Candatripeptideinsertion445P,446G,447K.  

101321IncertainembodimentsdomainBhasahumanIgGiCR3sequencewithaK447C 

101331InsomeembodimentstheconstantregionsequenceisanorthologousCR2sequence.  

InsomeembodimentsdomainBhasaCR2sequencefrom1gB.Insomeembodiments 

domainBhasaCR2sequencefrom1gM.  

101341Insomeembodimentsforexamplewhereinthevalencyofthebindingmoleculeis 

threeorgreaterthanthreetheconstantregionsequenceisaCR1orCLsequence.Insome 

embodimentsdomainBhasaCHisequence.Insomeembodimentstheconstantregion 

sequenceisaCLsequence.InsomeembodimentstheCR1orCLsequencecomprisesone 

ormoreCR1orCLorthogonalmodificationsdescribedherein.  
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101351IntheantibodyconstructsdescribedhereintheN-terminusofdomainBisconnected 

totheC-terminusofdomainA.IncertainembodimentsdomainBhasaCR3aminoacid 

sequencethatismutatedatitsN-terminusatthejunctionbetweendomainAanddomainB.  

[0136JIntheantibodyconstructsdescribedhereintheC-terminusofdomainBisconnected 

totheN-terminusofdomainD.IncertainembodimentsdomainBhasaCH3aminoacid 

sequencethatisextendedattheC-terminusatthejunctionbetweendomainBanddomainD.  

101371InsomeembodimentsdomainBcomprisesahumanIgACR3sequence.Insome 

embodimentstheIgACR3sequencecomprisesaCR3linkersequence.  

6.4.4.3 DomainD 

101381WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainDhasaconstantregionaminoacidsequence.  

101391InapreferredseriesofembodimentsdomainDhasaCR2aminoacidsequence.In 

certainembodimentstheCR2sequencesareendogenoussequences.Inparticular 

embodimentsthesequenceisUniProtaccessionnumberP01857aminoacids111-223.Ina 

preferredembodimenttheCR2sequenceshaveanN-terminalhingeregionpeptidethat 

connectstheN-terminalvariabledomain-constantdomainsegmenttotheCR2domain.In 

someembodimentstheCR2sequencecomprisesoneormoremutationsthatmodulate 

effectorfunction.IncertainembodimentstheCR2sequencecomprisesoneormore 

oneormoremutationsthatmodulateFcRNbinding.IncertainembodimentstheCR2 

sequencecomprisesoneormoremutationsthatreduceFcRNbinding.  

101401IntheantibodyconstructsdescribedhereintheN-terminusofdomainDisconnected 

totheC-terminusofdomainB.IncertainembodimentsdomainBhasaCR3aminoacid 

sequencethatisextendedattheC-terminusatthejunctionbetweendomainDanddomainB.  

6.4.4.4 DomainE 

101411WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainBhasaconstantregiondomainaminoacidsequence.  

101421IncertainembodimentstheconstantregionsequenceisaCR3sequence.  
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101431IncertainembodimentsdomainBhasaCR3sequencecomprising"knob-in-hole" 

("KIR")orthogonalmutations.  

101441IncertainembodimentsdomainBhasaCR3sequenceandeitheraS354Cora 

Y349CmutationthatformsanengineereddisulfidebridgewithaCR3domaincontainingan 

orthogonalmutation.  

101451IncertainembodimentsdomainBhasfirstCR3domainsequencewhereinY349of 

thefirstCH3domainissubstitutedwithcysteine(C)(Y349C).  

101461IncertainembodimentsdomainBhasasecondCR3domainsequencewhereinS354 

ofthesecondCH3domainissubstitutedwithcysteine(C)(S354C),andE357ofthesecond 

CR3domainissubstitutedwithahydrophobicoraromaticaminoacidwhereinthepositions 

arenumberedaccordingtotheEuindex.InparticularembodimentsthesecondCR3domain 

hasanE357Wmutation.  

101471IncertainembodimentstheconstantregiondomainsequenceisaCR1sequence.In 

particularembodimentstheCR1aminoacidsequenceofdomainBistheonlyCR1amino 

acidsequenceinthebindingmolecule.IncertainembodimentstheN-terminusoftheCR1 

domainisconnectedtotheC-terminusofaCR2domain.  

101481IncertainembodimentstheconstantregionsequenceisaCLsequence. Incertain 

embodimentstheN-terminusoftheCLdomainisconnectedtotheC-terminusofaCR2 

6.4.4.5 Domain13' 

101491WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainFhasavariableregiondomainaminoacidsequence.Inapreferred 

embodimentdomainFhasaMElantibodydomainsequence.Insomeembodimentsdomain 

Fhasa'/Lantibodydomainsequence.  

6.4.4.6 DomainG 

101501WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 
describedhereindomainGhasaconstantregionaminoacidsequence.  

101511InsomeembodimentsdomainGhasaCR3aminoacidsequence.  
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101521IncertainembodimentsdomainGhasahumanIgGiCR3sequencewiththe 

followingmutationalchanges:S354Candatripeptideinsertion,445P,446G,447K.Insome 

embodimentsdomainGhasahumanIgGiCR3sequencewiththefollowingmutational 

changes:S354Cand445P,446G,447Ktripeptideinsertion.Insomepreferred 

embodimentsdomainGhasahumanIgGiCR3sequencewiththefollowingchanges: 

L35iDandatripeptideinsertionof44SG,446E,447C.  

101531IncertainembodimentsdomainGhasaCR3sequencecomprising"knob-in-hole" 

("KIH")orthogonalmutations.  

101541IncertainembodimentsdomainGhasaCR3sequenceandeitheraS354Cora 

Y349CmutationthatformsanengineereddisulfidebridgewithaCH3domaincontainingan 

orthogonalmutation.  

101551IncertainembodimentsdomainGhasfirstCH3domainsequencewhereinY349of 

thefirstCR3domainissubstitutedwithcysteine(C)(Y349C).  

101561IncertainembodimentsdomainGhasasecondCR3domainsequencewhereinS354 

ofthesecondCR3domainissubstitutedwithcysteine(C)(S354C),andE357ofthesecond 

CR3domainissubstitutedwithahydrophobicoraromaticaminoacidwhereinthepositions 

arenumberedaccordingtotheEuindex.InparticularembodimentsthesecondCR3domain 

hasanE357Wmutation.  

101581InsomeembodimentsdomainGhasaCLsequence.  

101591InsomeembodimentsdomainGhasaCR2sequencefrom1gB.Insome 

embodimentsdomainGhasaCR2sequencefrom1gM.  

101601Inparticularembodimentsforexamplewhereinthevalencyofthebindingmolecule 

isthreeorgreaterthanthreetheconstantregionsequenceisaCR1orCLsequence.Insome 

embodimentswhereindomainBisaCLsequencedomainGisaCR1sequence.Insome 

embodimentstheCR1orCLsequencecomprisesoneormoreCHiorClorthogonal 

modificationsdescribedherein.  

-29

[0157JInsomeembodimentsdomainGhasahumanIgACR3sequence.



WO20221125986 PCTfLTS2O21/062951 

101611InsomeembodimentstheC-terminusofdomainGisconnectedtotheN-terminusof 

domainD.Incertainembodimentsdomain0hasaCR3aminoacidsequencethatis 

extendedattheC-terminusatthejunctionbetweendomainGanddomainD.  

6.4.4.7 DomainH 

101621WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainHhasavariableregiondomainaminoacidsequence.Ina 

preferredembodimentdomainHhasa~VLantibodydomainsequence.Insome 

embodimentsdomainHhasaVIIantibodydomainsequence.  

6.4.4.8 DomainI 

[0163JWithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainIhasaconstantregiondomainaminoacidsequence.  

101641InaseriesofpreferredembodimentsofthebindingmoleculesdomainIhasaCL 

aminoacidsequence.InanotherseriesofembodimentsdomainIhasaCHiaminoacid 

sequence.  

6.4.4.9 DomainJ 

101651WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainJhasaCH2aminoacidsequence.Inapreferredembodimentthe 

I.InsomeembodimentstheCH2sequencecomprisesoneormoremutationsthatmodulate 

effectorfunction.IncertainembodimentstheCH2sequencecomprisesoneormore 

mutationsthatreduceeffectorfunction.InsomeembodimentstheCH2sequencecomprises 

oneormoremutationsthatmodulateFcRNbinding.IncertainembodimentstheCH2 

sequencecomprisesoneormoremutationsthatreduceFcRNbinding.  

[0166JTheC-terminusofdomainJisconnectedtotheN-terminusofdomainK.In 

particularembodimentsdomainJisconnectedtotheN-terminusofdomainKthathasaCHi 

aminoacidsequenceorCLaminoacidsequence.  

-30

CH2aminoacidsequencehasanN-terminalhingeregionthatconnectsdomainJtodomain



WO20221125986 PCTfLTS2O21/062951 

6.4.4.10 DomainK 

101671WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainKhasaconstantregiondomainaminoacidsequence.  

101681InsomeembodimentsdomainKhasaCR3sequence.  

101691IncertainembodimentsdomainKhasaCR3sequencecomprising"knob-in-hole" 

("KIH")orthogonalmutations.  

101701IncertainembodimentsdomainKhasaCR3sequenceandeitheraS354Cora 

Y349CmutationthatformsanengineereddisulfidebridgewithaCR3domaincontainingan 

orthogonalmutation.  

101711IncertainembodimentsdomainKhasfirstCR3domainsequencewhereinY349of 

thefirstCR3domainissubstitutedwithcysteine(C)(Y349C).  

[0172JIncertainembodimentsdomainKhasasecondCR3domainsequencewhereinS354 

ofthesecondCR3domainissubstitutedwithcysteine(C)(S354C),andE357ofthesecond 

CR3domainissubstitutedwithahydrophobicoraromaticaminoacidwhereinthepositions 

arenumberedaccordingtotheEuindex.InparticularembodimentsthesecondCR3domain 

hasanE357Wmutation.  

101731Insomeembodimentsknob-in-holeorthogonalmutationsarecombinedwith 

certainembodimentstheholemutationisselectedfromT366SL368AF405TY407Vor 

Y407T.InaspecificembodimenttheholemutationisF4OST.  

[0174JIncertainembodimentstheconstantregiondomainsequenceisaCR1sequence.In 

particularembodimentstheCR1aminoacidsequenceofdomainKistheonlyCR1amino 

acidsequenceinthebindingmolecule.IncertainembodimentstheN-terminusoftheCR1 

domainisconnectedtotheC-terminusofaCR2domain.Incertainembodimentsthe 

constantregionsequenceisaCLsequence.IncertainembodimentstheN-terminusofthe 

CLdomainisconnectedtotheC-terminusofaCR2domain.  
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6.4.4.11 DomainL 

101751WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainLhasavariableregiondomainaminoacidsequence.Inapreferred 

embodimentdomainLhasa~~vQHantibodydomainsequence.Insomeembodimentsdomain 

LhasaNFLantibodydomainsequence.  

6.4.4.12 DomainM 

101761WithreferencetoFIG.2,invariousembodimentsoftheantibodyconstructs 

describedhereindomainMhasaconstantregiondomainaminoacidsequence.Inaseriesof 

preferredembodimentsdomainIhasaCR1aminoacidsequenceanddomainMhasaCL 

aminoacidsequence.InanotherseriesofpreferredembodimentsdomainIhasaCLamino 

acidsequenceanddomainMhasaCR1aminoacidsequence.  

6.4.4.13 PairingofDomainsA&F 

101771IntheantibodyconstructsillustratedinFIG.2,adomain"A"VLorNfl-Iaminoacid 

sequenceandacognatedomain"F"VHorMLaminoacidsequenceareassociatedandform 

anantigenbindingsite(ABS).TheA:Fantigenbindingsite(ABS)iscapableofspecifically 

bindinganepitopeofanantigen.  

101781InavarietyofmultivalentembodimentstheABSformedbydomainsAandF(A:F) 

isidenticalinsequencetooneormoreotherABSswithinthebindingmoleculeandtherefore 

thebindingmolecule.  

101791InavarietyofmultivalentembodimentstheA:FABSisnon-identicalinsequenceto 

oneormoreotherABSswithinthebindingmolecule.IncertainembodimentstheA:FABS 

hasarecognitionspecificitydifferentfromthatofoneormoreothersequence-non-identical 

ABSsinthebindingmolecule.InparticularembodimentstheA:FABSrecognizesa 

differentantigenfromthatrecognizedbyatleastoneothersequence-non-identicalABSin 

thebindingmolecule.InparticularembodimentstheA:FABSrecognizesadifferentepitope 

ofanantigenthatisalsorecognizedbyatleastoneothersequence-non-identicalABSinthe 

bindingmolecule.IntheseembodimentstheABSformedbydomainsAandFrecognizesan 

epitopeofantigenwhereinoneormoreotherABSswithinthebindingmoleculerecognizes 

thesameantigenbutnotthesameepitope.  
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6.4.4.14 PairingofDomainsB&G 

101801IntheantibodyconstructsillustratedinFIG.2,adomain"B"constantregionamino 

acidsequenceandadomain"0"constantregionaminoacidsequenceareassociated.  

101811InsomeembodimentsdomainBanddomainGhaveCH3aminoacidsequences.  

101821IncertainembodimentsdomainBisafirstCR3domainanddomainGisasecond 

CR3domainwhereinY349ofthefirstCR3domainissubstitutedwithcysteine(C) 

(Y349C),S354ofthesecondCR3domainissubstitutedwithcysteine(C)(S354C),and 

E357ofthesecondCR3domainissubstitutedwithahydrophobicoraromaticaminoacid 

whereinthepositionsarenumberedaccordingtotheEuindex.  

101831IncertainembodimentsdomainBisasecondCR3domainanddomainGisafirst 

CR3domainwhereinY349ofthefirstCR3domainissubstitutedwithcysteine(C) 

(Y349C),S354ofthesecondCR3domainissubstitutedwithcysteine(C)(S354C),and 

E357ofthesecondCR3domainissubstitutedwithahydrophobicoraromaticaminoacid 

whereinthepositionsarenumberedaccordingtotheEuindex.  

101841InvariousembodimentstheaminoacidsequencesoftheBandtheGdomainsare 

identical.IncertainoftheseembodimentsthesequenceisanendogenousCR3sequence.  

ThesequencemaybeaCH3sequencefromhumanIgGi. Thesequencemaybeasequence 

101851InavarietyofembodimentstheaminoacidsequencesoftheBandtheGdomains 

aredifferentandseparatelycompriserespectivelyorthogonalmodificationsinan 

endogenousCR3sequencewhereintheBdomaininteractswiththeGdomainandwherein 

neithertheBdomainnortheGdomainsignificantlyinteractswithaCH3domainlackingthe 

orthogonalmodification.  

101861Inparticularembodimentsitisdesirabletoreduceanundesiredassociationof 

domainsBorGcontainingCR3sequenceswithdomainsBandKalsocontainingCR3 

sequences.InsuchcasesuseofCR3sequencesfromhumanIgA(IgA-CH3)indomainsB 

and/or0mayimproveantibodyassemblyandstabilitybyreducingsuchundesired 

associations.InsomeembodimentsofabindingmoleculewhereindomainsBandK 

compriseIgG-CH3sequencesdomainsBandGcompriseIgA-CH3sequences.  
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6.4.4.15 PairingofDomainsE&K 

101871IncertainembodimentsdomainBisafirstCR3domainanddomainKisasecond 

CR3domainwhereinY349ofthefirstCR3domainissubstitutedwithcysteine(C) 

(Y349C),S354ofthesecondCR3domainissubstitutedwithcysteine(C)(S354C),and 

E357ofthesecondCR3domainissubstitutedwithahydrophobicoraromaticaminoacid 

whereinthepositionsarenumberedaccordingtotheEuindex.  

101881IncertainembodimentsdomainBisasecondCH3domainanddomainKisafirst 

CR3domainwhereinY349ofthefirstCR3domainissubstitutedwithcysteine(C) 

(Y349C),S354ofthesecondCH3domainissubstitutedwithcysteine(C)(S354C),and 

E357ofthesecondCR3domainissubstitutedwithahydrophobicoraromaticaminoacid 

whereinthepositionsarenumberedaccordingtotheEuindex.  

[0189JIncertainembodimentsthedifferentsequencesseparatelycompriserespectively 

orthogonalmodificationsinanendogenousCR3sequencewhereintheBdomaininteracts 

withtheKdomainandwhereinneithertheBdomainnortheKdomainsignificantly 

interactswithaCR3domainlackingtheorthogonalmodification.Incertainembodiments, 

theorthogonalmodificationsincludebutarenotlimitedtoengineereddisulfidebridges, 

knob-in-holemutationsandcharge-pairmutations.Inparticularembodimentsorthogonal 

modificationsincludeacombinationoforthogonalmodificationsselectedfrombutnot 

limitedtoengineereddisulfidebridgesknob-in-holemutationsandcharge-pairmutations.  

acidsubstitutionsthatreduceimmunogenicitysuchasisoallotypemutations.  

101911InvariousembodimentstheaminoacidsequencesoftheBandtheKdomainsare 

identical.  

6.4.4.16 PairingofDomainsH&L 

101921InavarietyofembodimentsdomainHhasaNFLsequenceanddomainLhasaVIII 

sequenceanddomain"H"NFLadomain"L"Nfl-Iaminoacidsequenceareassociatedand 

formanantigenbindingsite(ABS).TheH:Lantigenbindingsite(ABS)iscapableof 

specificallybindinganepitopeofanantigen.  
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101931InpreferredembodimentsdomainHhasaMLaminoacidsequencedomainIhasa 

CLaminoacidsequencedomainLhasaNIHaminoacidsequenceanddomainMhasaCR1 

aminoacidsequence.  

[0194JInavarietyofembodimentstheaminoacidsequencesoftheHdomainandtheL 

domainseparatelycompriserespectivelyorthogonalmodificationsinanendogenous 

sequencewhereintheHdomaininteractswiththeLdomainandwhereinneithertheH 

domainnortheLdomainsignificantlyinteractswithadomainlackingtheorthogonal 

modification.InaseriesofembodimentstheorthogonalmutationsintheHdomainareina 

\1 ~ LsequenceandtheorthogonalmutationsintheLdomainarein'[Hsequence.Inspecific 

embodimentstheorthogonalmutationsarecharge-pairmutationsattheVH/VLinterface.In 

preferredembodimentsthecharge-pairmutationsatthe\THATLinterfaceareaQ39EinN/H 

withacorrespondingQ38KinVLoraQ39KinNIHwithacorrespondingQ3SEinVLas 

describedingreaterdetailinIgawaetal.(ProteinEng.Des.Sel.,2010,vol.23667-677), 

hereinincorporatedbyreferenceinitsentirety.  

101951IncertainembodimentstheinteractionbetweentheAdomainandtheFdomainform 

afirstantigenbindingsitespecificforafirstantigenandtheinteractionbetweentheH 

domainandtheLdomainformasecondantigenbindingsitespecificforasecondantigen.In 

certainembodimentstheinteractionbetweentheAdomainandtheFdomainformafirst 

antigenbindingsitespecificforafirstantigenandtheinteractionbetweentheHdomainand 

6.4.4.17 PairingofdomainsI&M 

101961InavarietyofembodimentsdomainIhasaCLsequenceanddomainMhasaCR1 

sequence.  

101971InavarietyofembodimentstheaminoacidsequencesoftheIdomainandtheM 

domainseparatelycompriserespectivelyorthogonalmodificationsinanendogenous 

sequencewhereintheIdomaininteractswiththeMdomainandwhereinneithertheI 

domainnortheMdomainsignificantlyinteractswithadomainlackingtheorthogonal 

modification.InaseriesofembodimentstheorthogonalmutationsintheIdomainareina 

CLsequenceandtheorthogonalmutationsintheMdomainareinCR1sequence.  
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6.4.4.18 DomainJunctions 

6.4.4.18.1 JunctionsConnectingVLandCR3Domains 

101981Inavarietyofembodimentstheaminoacidsequencethatformsajunctionbetween 

theC-terminusofa'/LdomainandtheN-terminusofaCR3domainisanengineered 

sequence.  

[0199JIncertainembodimentsoneormoreaminoacidsaredeletedoraddedintheC
terminusoftheML e 

domain.InparticularembodimentsAl11isdeletedintheC-terminusof 

theNFL S Incertainembodimentsoneormoreaminoacidsaredeletedoraddedinthe 

N-terminusoftheCR3domain.InparticularembodimentsP343isdeletedintheN-terminus 

oftheCR3domain.InparticularembodimentsP343andR344aredeletedintheN-terminus 

oftheCR3domain.Incertainembodimentsoneormoreaminoacidsaredeletedoradded 

toboththeC-terminusoftheMLdomainandtheN-terminusoftheCR3domain.In 

particularembodimentsAl11isdeletedintheC-terminusoftheNFLdomainandP343is 

deletedintheN-terminusoftheCR3domain.InapreferredembodimentAl11andVl10 

aredeletedintheC-terminusofthe'/Ldomain.InanotherpreferredembodimentAl11and 

Vl10aredeletedintheC-terminusofthe~VLdomainandtheN-terminusoftheCR3domain 

hasaP343Vmutation.  

6.4.4.18.2 JunctionsConnectingVIIandCR3Domains 

theC-terminusofaMRdomainandtheN-terminusofaCR3domainisanengineered 

sequence.  

102011IncertainembodimentsoneormoreaminoacidsaredeletedoraddedintheC

terminusofthe\TH domain.InparticularembodimentsKl17andGil18aredeletedintheC

terminusofthe\TH domain.Incertainembodimentsoneormoreaminoacidsaredeletedor 

addedintheN-terminusoftheCR3 domain.InparticularembodimentsP343isdeletedin 

theN-terminusoftheCR3domain.InparticularembodimentsP343andR344aredeletedin 

theN-terminusoftheCR3domain.InparticularembodimentsP343R344,andE345are 

deletedintheN-terminusoftheCR3domain.Incertainembodimentsoneormoreamino 

acidsaredeletedoraddedtoboththeC-terminusofthe\THdomainandtheN-terminusof 
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theCR3domain.InapreferredembodimentTi16,Ki17,andGi18aredeletedintheC
terminusoftheN/H S 

domain.  

6.4.4.18.3 JunctionsConnectingCR3C-terminusto 
CR2N-terminus(Hinge) 

102021InsomeembodimentsoftheantibodyconstructsdescribedhereintheN-terminusof 

theCR2domainhasa"hinge"regionaminoacidsequence.Asusedhereinhingeregions 
S 

aresequencesofanantibodyheavychainthatlinktheN-terminalvariabledomain-constant 
domainsegmentofanantibodyandaCR2domainofanantibody.Inadditionthehinge 

regiontypicallyprovidesbothflexibilitybetweentheN-terminalvariabledomain-constant 

domainsegmentandCR2domainaswellasaminoacidsequencemotifsthatformdisulfide 

bridgesbetweenheavychains(e.g.thefirstandthethirdpolypeptidechains).  

102031InavarietyofembodimentsaCR3aminoacidsequenceisextendedattheC

terminusatthejunctionbetweentheC-terminusoftheCR3domainandtheN-terminusofa 

domain.IncertainembodimentsaCR3aminoacidsequenceisextendedattheC

terminusatthejunctionbetweentheC-terminusoftheCR3domainandahingeregion, 

whichinturnisconnectedtotheN-terminusofaCR2domain.Inapreferredembodiment 

theCR3aminoacidsequenceisextendedbyinsertingaCR3aminoacidextensionsequence 
,, 

("CR3linkersequenceor'CR3linker").InsomeembodimentstheCR3aminoacid 
extensionsequenceisfollowedbytheDKTHTmotifofanIgGihingeregion.Insome 

someembodimentstheCR3aminoacidextensionsequenceis3-8aminoacidsinlength.In 

someembodimentstheCR3aminoacidextensionsequenceis3-6aminoacidsinlength.  

102041InsomeembodimentstheCR3aminoacidextensionsequenceisaP0Ktripeptide.  

InsomeembodimentstheCR3aminoacidextensionsequenceisanAGCtripeptide.In 

someembodimentstheCR3aminoacidextensionsequenceisaGECtripeptide.Insome 

embodimentstheCR3aminoacidextensionsequenceisAGKC.Insomeembodimentsthe 

CR3aminoacidextensionsequenceisPGKC.InsomeembodimentstheCR3aminoacid 

extensionsequenceisAGKGC.InsomeembodimentstheCR3aminoacidextension 

sequenceisAGKGSC.  

102051InaparticularembodimenttheextensionattheC-terminusoftheCR3domain 

incorporatesaminoacidsequencesthatcanformadisulfidebondwithorthogonalC-terminal 
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extensionofanotherCR3domain.InapreferredembodimenttheextensionattheC

terminusoftheCR3domainincorporatesaKSCtripeptidesequencethatisfollowedbythe 

DKTHTmotifofanIgGihingeregionthatformsadisulfidebondwithorthogonalC

terminalextensionofanotherCR3domainthatincorporatesaGECmotifofakappalight 

chain.  

102061InsomeembodimentsofabindingmoleculewhereindomainsBandGcompriseCR3 

aminoacidsequencesdomainBcomprisesafirstCR3linkersequenceanddomainG 

comprisesasecondCR3linkersequence.InsomeembodimentsthefirstCR3linker 

sequenceassociateswiththesecondCR3linkersequencebyformationofadisulfidebridge 

betweencysteineresiduesofthefirstandsecondCR3linkersequences.Insome 

embodimentsthefirstCR3linkerandthesecondCR3linkerareidentical.Insome 

embodimentsthefirstCR3linkerandsecondCR3linkerarenon-identical.Insome 

embodimentsthefirstCR3linkerandsecondCR3linkerdifferinlengthby1-6aminoacids.  

InsomeembodimentsthefirstCR3linkerandsecondCR3linkerdifferinlengthby1-3 

aminoacids.  

102071InpreferredembodimentsthefirstCR3linkerisAGCandthesecondCR3linkeris 

AGKGSC.InsomeembodimentsthefirstCR3linkerisAGKGCandthesecondCR3 

linkerisAGC.InsomeembodimentsthefirstCR3linkerisAGKGSCandthesecondCR3 

linkerisAGC.InsomeembodimentsthefirstCR3linkerisAGKCandthesecondCR3 

6.4.4.18.4 JunctionsConnectingCLC-Terminusand 
CR2N-Terminus(Hinge) 

102081InavarietyofembodimentsaCLaminoacidsequenceisconnectedthroughitsC

terminustoahingeregionwhichinturnisconnectedtotheN-terminusofaCR2domain.  

6.4.4.18.5 JunctionsConnectingCR2C-terminusto 
ConstantRegionDomain 

102091InavarietyofembodimentsaCR2aminoacidsequenceisconnectedthroughitsC

terminustotheN-terminusofaconstantregiondomain.InapreferredembodimenttheCR2 

sequenceisconnectedtoaCR3sequenceviaitsendogenoussequence.Inother 

embodimentstheCR2sequenceisconnectedtoaCR1orCLsequence.Examples 
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discussingconnectingaCR2sequencetoaCR1orCLsequencearedescribedinmoredetail 

inU.S.Pat.No.8,242,247,whichisherebyincorporatedbyreferenceinitsentirety.  

6.4.4.19 BivalentBispecificB-Body"BC1" 

102101Withreferenceto131G.2andFIG.3inaseriesofembodimentstheantibody 

constructhasafirstsecondthirdandfourthpolypeptidechainwherein(a)thefirst 

polypeptidechaincomprisesadomainAadomainBadomainDandadomainBwherein 

thedomainsarearrangedfromN-terminustoC-terminusinaA-B-D-Eorientationand 

domainAhasafirstMLaminoacidsequencedomainBhasahumanIgGiCR3aminoacid 

sequencewithaT366KmutationandaC-terminalextensionincorporatingaKSCtripeptide 

sequencethatisfollowedbytheDKTHTmotifofanIgGihingeregiondomainDhasa 

humanIgGiCR2aminoacidsequenceanddomainBhashumanIgGiCR3aminoacidwith 

aS354CandT366Wmutation;(b)thesecondpolypeptidechainhasadomainFanda 

domainGwhereinthedomainsarearrangedfromN-terminustoC-terminusinaF-G 

orientationandwhereindomainFhasafirstMRaminoacidsequenceanddomainGhasa 

humanIgGiCR3aminoacidsequencewithaL35iDmutationandaC-terminalextension 

incorporatingaGECaminoaciddisulfide , (c)thethirdpolypeptidechainhasadomain 

HadomainIadomainJandadomainKwhereinthedomainsarearrangedfromN

terminustoC-terminusinaH-J-J-KorientationandwhereindomainHhasasecondML 

aminoacidsequencedomainIhasahumanCLkappaaminoacidsequencedomainJhasa 

humanIgGiCR2aminoacidsequenceandKhasahumanIgGiCR3aminoacidsequence 

polypeptidechainhasadomainLandadomainMwhereinthedomainsarearrangedfrom 

N-terminustoC-terminusinaL-MorientationandwhereindomainLhasasecond~V7H 

aminoacidsequenceanddomainMhasahumanIgGiCR1aminoacid , (e)the 

firstandthesecondpolypeptidesareassociatedthroughaninteractionbetweentheAandthe 

FdomainsandaninteractionbetweentheBandtheGdomainw(f)thethirdandthefourth 

polypeptidesareassociatedthroughaninteractionbetweentheHandtheLdomainsandan 

interactionbetweentheIandtheMdomains;(g)thefirstandthethirdpolypeptidesare 

associatedthroughaninteractionbetweentheDandtheJdomainsandaninteraction 

betweentheBandtheKdomainstoformthebindingmolecule;(h)domainAanddomainF 

formafirstantigenbindingsitespecificforafirstantigen;and(i)domainHanddomainL 

formasecondantigenbindingsitespecificforasecondantigen.  

-39

withaY349CaD356EaL358MaT366SaL368AandaY407Vmutation;(d)thefourth



WO20221125986 PCTfLTS2O21/062951 

102111TheorthogonalmutationsdescribedhereincanbefurtherengineeredintotheE:K 

paireddomainsofthisconstruct.  

6.4.4.20 BivalentBispecificB-Body"BC6" 

102121Withreferenceto131G.2andFIG.4inaseriesofembodimentsthebinding 

moleculehasafirstsecondthirdandfourthpolypeptidechainwherein(a)thefirst 

polypeptidechaincomprisesadomainAadomainBadomainDandadomainBwherein 

thedomainsarearrangedfromN-terminustoC-terminusinaA-B-D-Eorientationand 

domainAhasafirstMLaminoacidsequencedomainBhasahumanIgGiCR3aminoacid 

sequencewithaC-terminalextensionincorporatingaKSCtripeptidesequencethatis 

followedbytheDKTHTmotifofanIgGihingeregiondomainDhasahumanIgGiCR2 

aminoacidsequenceanddomainBhashumanIgGiCR3aminoacidwithaS354Canda 

T366Wmutatiow(b)thesecondpolypeptidechainhasadomainFandadomainGwherein 

thedomainsarearrangedfromN-terminustoC-terminusinaF-Gorientationandwherein 

domainFhasafirst\FHaminoacidsequenceanddomainGhasahumanIgGiCR3amino 

acidsequencewithaC-terminalextensionincorporatingaGECaminoaciddisulfidemotif 

(c)thethirdpolypeptidechainhasadomainHadomainIadomainJandadomainK 

whereinthedomainsarearrangedfromN-terminustoC-terminusinaH-J-J-Korientation 

andwhereindomainHhasasecondVLaminoacidsequencedomainIhasahumanCL 

kappaaminoacidsequencedomainJhasahumanIgGiCR2aminoacidsequenceandK 

hasahumanIgGiCR3aminoacidsequencewithaY349CaD356EaL358MaT366Sa 

domainMwhereinthedomainsarearrangedfromN-terminustoC-terminusinaL-M 

orientationandwhereindomainLhasasecondMElaminoacidsequenceanddomainMhas 

ahumanIgGiaminoacid , (e)thefirstandthesecondpolypeptidesareassociated 

throughaninteractionbetweentheAandtheFdomainsandaninteractionbetweentheBand 

the0domains,(f)thethirdandthefourthpolypeptidesareassociatedthroughaninteraction 

betweentheHandtheLdomainsandaninteractionbetweentheIandtheMdomains,(g)the 

firstandthethirdpolypeptidesareassociatedthroughaninteractionbetweentheDandtheJ 

domainsandaninteractionbetweentheBandtheKdomainstoformthebindingmolecule 

(h)domainAanddomainFformafirstantigenbindingsitespecificforafirstantigen;and 

(i)domainHanddomainLformasecondantigenbindingsitespecificforasecondantigen.  
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102131TheorthogonalmutationsdescribedhereincanbefurtherengineeredintotheE:K 

paireddomains.  

6.4.4.21 BivalentBispecificB-Body"BC28" 

102141Withreferenceto131G.2andFIG.5inaseriesofembodimentsthebinding 

moleculehasafirstsecondthirdandfourthpolypeptidechainwherein(a)thefirst 

polypeptidechaincomprisesadomainAadomainBadomainDandadomainBwherein 

thedomainsarearrangedfromN-terminustoC-terminusinaA-B-D-Eorientationand 

domainAhasafirstMLaminoacidsequencedomainBhasahumanIgGiCR3aminoacid 

sequencewithaY349CmutationandaC-terminalextensionincorporatingaPGKtripeptide 

sequencethatisfollowedbytheDKTHTmotifofanIgGihingeregiondomainDhasa 

humanIgGiCR2aminoacidsequenceanddomainBhasahumanIgGiCR3aminoacid 

withaS354CandaT366Wmutation;(b)thesecondpolypeptidechainhasadomainFanda 

domainGwhereinthedomainsarearrangedfromN-terminustoC-terminusinaF-G 

orientationandwhereindomainFhasafirstMRaminoacidsequenceanddomainGhasa 

humanIgGiCR3aminoacidsequencewithaS354CmutationandaC-terminalextension 

incorporatingaPGKtripeptide , (c)thethirdpolypeptidechainhasadomainHa 

domainIadomainJandadomainKwhereinthedomainsarearrangedfromN-terminusto 

C-terminusinaH-J-J-KorientationandwhereindomainHhasasecondN/Laminoacid 

sequencedomainIhasahumanCLkappaaminoacidsequencedomainJhasahumanIgGi 

CR2aminoacidsequenceandKhasahumanIgGiCR3aminoacidsequencewitha 

chainhasadomainLandadomainMwhereinthedomainsarearrangedfromN-terminus 

toC-terminusinaL-MorientationandwhereindomainLhasasecondVIIIaminoacid 

sequenceanddomainMhasahumanIgGiCR1aminoacid , (e)thefirstandthe 

secondpolypeptidesareassociatedthroughaninteractionbetweentheAandtheFdomains 

andaninteractionbetweentheBandtheGdomains;(t)thethirdandthefourthpolypeptides 

areassociatedthroughaninteractionbetweentheHandtheLdomainsandaninteraction 

betweentheIandtheMdomains,(g)thefirstandthethirdpolypeptidesareassociated 

throughaninteractionbetweentheDandtheJdomainsandaninteractionbetweentheBand 

theKdomainstoformthebindingmolecule;(h)domainAanddomainFformafirstantigen 

bindingsitespecificforafirstantigen;and(i)domainHanddomainLformasecondantigen 

bindingsitespecificforasecondantigen.  
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102151TheorthogonalmutationsdescribedhereincanbefurtherengineeredintotheB:G 

paireddomainsorE:Kpaireddomains.  

6.4.4.22 BivalentBispecificB-Body"BC44" 

102161Withreferenceto131G.2andFIG.6inaseriesofembodimentsthebinding 

moleculehasafirstsecondthirdandfourthpolypeptidechainwherein(a)thefirst 

polypeptidechaincomprisesadomainAadomainBadomainDandadomainBwherein 

thedomainsarearrangedfromN-terminustoC-terminusinaA-B-D-Eorientationand 

domainAhasafirstMLaminoacidsequencedomainBhasahumanIgGiCR3aminoacid 

sequencewithaY349CmutationaP343VmutationandaC-terminalextension 

incorporatingaP0KtripeptidesequencethatisfollowedbytheDKTHTmotifofanIgGi 

hingeregiondomainDhasahumanIgGiCR2aminoacidsequenceanddomainBhas 

humanIgGiCR3aminoacidwithaS354CmutationandaT366W , (b)thesecond 

polypeptidechainhasadomainFandadomainGwhereinthedomainsarearrangedfrom 

N-terminustoC-terminusinaF-GorientationandwhereindomainFhasafirstMRamino 

acidsequenceanddomainGhasahumanIgGiCR3aminoacidsequencewithaS354C 

mutationandaC-terminalextensionincorporatingaPGKtripeptidesequence;(c)thethird 

polypeptidechainhasadomainHadomainIadomainJandadomainKwhereinthe 

domainsarearrangedfromN-terminustoC-terminusinaH-J-J-Korientationandwherein 

domainHhasasecondNFLaminoacidsequencedomainIhasahumanCLkappaamino 

acidsequencedomainJhasahumanIgGiCR2aminoacidsequenceandKhasahuman 

polypeptidechainhasadomainLandadomainMwhereinthedomainsarearrangedfrom 

N-terminustoC-terminusinaL-MorientationandwhereindomainLhasasecondVIII 

aminoacidsequenceanddomainMhasahumanIgGiaminoacidsequence;(e)thefirstand 

thesecondpolypeptidesareassociatedthroughaninteractionbetweentheAandtheF 

domainsandaninteractionbetweentheBandtheGdomains;(f)thethirdandthefourth 

polypeptidesareassociatedthroughaninteractionbetweentheHandtheLdomainsandan 

interactionbetweentheIandtheMdomainsand(g)thefirstandthethirdpolypeptidesare 

associatedthroughaninteractionbetweentheDandtheJdomainsandaninteraction 

betweentheBandtheKdomainstoformthebindingmolecule;(h)domainAanddomainF 

formafirstantigenbindingsitespecificforafirstantigen;and(i)domainHanddomainL 

formasecondantigenbindingsitespecificforasecondantigen.  
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102171TheorthogonalmutationsdescribedhereincanbefurtherengineeredintotheB:G 

paireddomainsorE:Kpaireddomains.  

6.5. EXAMPLES 

102181Belowareexamplesofspecificembodimentsforcarryingoutthepresentinvention.  

Theexamplesareofferedforillustrativepurposesonlyandarenotintendedtolimitthe 

scopeofthepresentinventioninanyway.Effortshavebeenmadetoensureaccuracywith 

respecttonumbersused(e.g.,amountstemperaturesetc.),butsomeexperimentalerrorand 

deviationshouldofcoursebeallowedfor.  

[0219JThepracticeofthepresentinventionwillemployunlessotherwiseindicated, 

conventionalmethodsofproteinchemistrybiochemistryrecombinantDNAtechniquesand 

pharmacologywithintheskilloftheart.Suchtechniquesareexplainedfullyinthe 

literature.  

6.5.1. Example "BC96"bivalentantibodyconstruct 

102201Weconstructedanewbivalentbispecificconstructtermed"BC96",specificfora 

firstantigen,"AntigenIA",andasecondantigen,"AntigenB', S various 

orthogonalmutationstodrivespecificheterodimerization.Salientfeaturesofanexemplary 

"BC96"architectureareillustratedinFIG.7.  

withFIG.2mutationsfromwildtypesequencesindicatedinparenthesesandsequencesset 

forthinSection5belowthearchitectureis: 

1st ra ~ tin(SEQIDNO:I) 

I AA~L('Antfr~:enA 

DomainBrCH3(ry349~ K370R)(SEQID 2 

DomainD::::C112(SE 
. '4:?HI)NO:6) 

DomainE:::(TI3(T366W)(SEQ[0 -'--4 * I) 

.r) 

am
4 poiypeptidecinin(SEQIDN T C):2) 
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4Anfi~teii~-k") 

1~~ ~pj Pr 

4. (2htH3(G34IAzSt -, 

:~E.357W)(SEQIDNO:8) 

~rt rri 

~J poiypeywhckebain(SEQIL)NO;3) 

a 1{::VL.(cc!\ti$1., B'~) 

I D:CL(K appa)(SEQIDNO:9) 

I kCH2A
~L SIIOii)NC):I0) 

I 

* K47ImI3h A 

(D3S611L353MT366S. 1268A.Y407½ xx, 

4"~potypcptidcchain(SEQIDNO:4i: 

4. L~VH(4 cAnti.genif') 

e NIi~CimTi(SEQII)tJO:12)r 

102221TheAdomainandFdomainformanantigenbindingsite(A:F)specificfor"Antigen 

A".TheHdomainandtheLdomainassociatetoformanantigenbindingsite(H:L)specific 

for"AntigenB".  

mutations:Y349CandK370R.TheY349Cmutationintroducesacysteinethatisableto 

formadisulfidewiththecognateC354mutationindomainGwhiletheK370Rmutationcan 

increasetheyieldofcorrectlyformedmoleculeswhenincludedinthecontextofthe357W 

mutationinchain& 

[0224JDomainD(SEQEDNO:6)hasthesequenceofhumanIgGiCR2 

102251DomainB(SEQIDNO:7)hasthesequenceofhumanIgGiCR3withthemutation 

T366W.The366Wisthe"knob"mutation.  

102261DomainG(SEQTEDNO:8)hasthesequenceofhumanIgGiCR3withthefollowing 

mutations:G341AS354CandE357W.TheG341Amutationcanincreasetheyieldof 

correctlyformedmoleculesthe354Cmutationintroducesacysteinethatisabletoforma 

disulfidebondwiththecognate349CmutationinDomainBandtheE357Wmutation 
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102231TheBdomain(SEQIDNO:5)hasthesequenceofhumanIgGiCR3withtwo
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improvestheorthogonalityoftheheterodimericinterfaceandcanincreasetheyieldof 

correctlyformedmolecules.  

102271DomainI(SEQIDNO:9)hasthesequenceofhumanCkappalightchain(CK) 

102281DomainJ(SEQIDNO:10)hasthesequenceofhumanIgGiCR2domainandis 

identicaltothesequenceofdomainD.  

102291DomainK(SEQlIDNO:11)hasthesequenceofhumanIgGiCR3withthefollowing 

changes:D356EL358MT366SL368AY407V.The356EandL358Mintroduce 

isoallotypeaminoacidsthatreduceimmunogenicity.The3665,368Aand407Vare"hole" 
S 

mutations.  

102301DomainM(SEQIDNO:12)hasthesequenceofthehumanIgGiCR1region.  

[0231JSequencesareprovidedinSection5,belowwithallpositionsthataremutatedfrom 

wildtypeunderlinedinSEQIDNOs:1-12.Thesequencesforthefourvariabledomainsare 

notprovidedinfullandinsteadareindicatedforantigenbindingsites"A"and"B" 

respectivelyas<'IL-A><VH-A>and<'IL-B><VH-B>.Toindicatethepointof 

junctionalfusionthelastthreeaminoacidsinatypicalhumankappaVLdomain"ElK"are 

includedandshowninitalicsandthelastthreeaminoacidsinatypicalhuman\TJ-Jdomain 

"vSS",areincludedandshowninitalics.  

depictedinFIG.7omitstheengineereddisulfideindomainsE:K.Alternativeembodiments 

thatvaryfromthedepictedstructureinclude:(a)includingtheengineereddisulfidebondin 

domainsE:K;(b)flippingtheknob-in-holemutationsbetweendomainsE:K;(c)flippingthe 

Y+K:S+EpairsindomainsB:GoranysubsetorcombinationthereofInadditionother 

knownorthogonalmutationsinCR3domainscanbeusedinadditiontoorinsteadofthe 

knob-in-holemutationsindomainsE:K.  

[0233J"BC96"couldreadilybeexpressedathighlevelsusingmammalianexpressionat 

concentrationsgreaterthan100jig/ml.Wefoundthatthebivalentbispecific"BC96"protein 

couldeasilybepurifiedinasinglestepusingaCR1-specificCaptureSelectTMaffinityresin 

fromThermoFisher.  
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102341TheBC96proteinwasexpressedalongwithalternativestoexplorethecontributions 

ofvariousmutationstoproperassemblyofBC96.Resultsofsizeexclusionchromatography 

(SEC)analysisfollowingCR1purificationofeachconstructdemonstratethatpresenceofthe 

E357WmutationinafirstCR3domainandtheK370RmutationinasecondCR3domain 

thatisoppositethefirstCR3domainissignificantinyieldinghigherpurityoftheproperly 

assembledproduct(FIGS.8A-8D).BC96variantslackingbothaK370mutationinDomain 

BandanE357mutationinDomain0(FIGSA),lackingaK370mutationinDomainBbut 

containinganE357WmutationinDomainG(FIGSB),andcontainingaK370Rmutationin 

DomainBbutlackinganE357mutationinDomainG(FIG.SC)werecomparedtoBC96 

thatcontainsbothaK370RmutationinDomainBandaE357WmutationinDomainG(FIG 

SD).TheresultsdemonstratethatpresenceofanE357WmutationinafirstCR3domainand 

aK370RmutationinanopposingCH3domainsignificantlyimprovesefficiencyof 

dimerizationofthetwodomainsandproperassemblyoftheBC96antibodyconstruct.  

6.5.2.Example2- EvaluatingCR3modificationsforimprovedCR3 
dimerization 

102351Inordertoevaluatethedegreeoforthogonalityimpartedbyindividualmutationsan 

asymmetncantibodyconstructwasgeneratedconsistingoftwosideswithdistinctlydifferent 

mass(FIG.9).MutationsweremadeintheCR3domainsintheFcregion(DomainsBand 

K)Thepolypeptidesmakingupeachsideoftheconstructwereco-expressedandSDS-PAGE 

andsizeexclusionchromatographywereusedtoassessassemblyofthedesiredheterodimer 

[0236JEachconstructevaluatedcontainedaCR3domainwithaY349Cmutation(Domain 

B)andanopposingCH3domainwithaS354Cmutation(DomainK),resultinginan 

engineereddisulfidebetweenthetwoCR3domainsintheproperlyassembledproduct(FIG.  

9).AdditionalsubstitutionsweremadeintheCR3sequenceofDomainKtogenerate 

constructsthatalsocontainedanE357Wand/oraS364Rmutation.Followingpurification 

presenceofthelargehomodimercontaminant(contaminant1)andthesmallhomodimer 

contaminant(contaminant2)couldbereadilydistinguishedfromthedesiredheterodimerby 

sizeusingSDS-PAGEgel.  

102371Resultsdemonstratedsignificantassemblyofbothhomodimercontaminantsinthe 

absenceofbothE357and5364mutationsintheCR3sequenceofDomainK(FIG.bA).  

Lesscontaminant1homodimerwasgeneratedwhentheCR3sequenceofDomainK 
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productandthehomodimercontaminants(FIGS.bA-bCand1lA-iiB).
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containedanE357WmutationbutnoS364mutation(FIG.lOBandFIG.1lA).Incontrast, 

virtuallynocontaminant1homodimerwasdetectablewhentheCR3sequenceofDomainK 

containedboththeE357WandS364Rmutations(FIG.lOCandFIG.1iB).  

[0238JResultsinFIGS.1OA-1OCshowanalysisofproductsbySECandSDS-PAGE 

followingpurificationwithProteinA.ResultsinFIGS.1lA-ilBshowanalysisofproducts 

bySECandSDS-PAGEfollowingpurificationwithCR1.  

102391Theseresultssuggestthatpresenceof5354CE357Wand5364Rmutationsinafirst 

CR3domainandaY349CmutationinasecondCR3domainoppositethefirstcan 

significantlyimproveefficiencyofassemblyofaproductrequiringdimerizationofthefirst 

-47

andsecondCR3domains.
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7. SEQUENCES 

BC96Chain1 SEQJDNO:1 

KVL-A>EIKGQBREBQVCTLBBSRDELTKNQVSLTCLVRGFYBSDIAVEWESNGQBE 

NNYKTTBBVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSB 

GKDKTHTCBBCBABELLGGBSVFLFBBKBKDTLNEISRTBEVTCVWJDVSHEDBEVKF 
NWYVDGVEVHNAKTKBREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALBABI 

EKTISKAKGQBREBQVYTLBBSRDELTKNQVSLWCLVKGFYBSDIAVEWESNGQBEN 

NYKTTBBVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVIKHEALHNHYTQKSLSLSBG 

K 

BC96Chain2 SEQIDNO:2 

KVH-A>VSSAQBREBQVYTLBBCRDWLTKNQVSLTCLVKGFYBSDIAVEWESNGQBE 

NNYKTTBBVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVIKHEALHNHYTQKSLSLSB 

GK 

BC96Chain3 SEQIDNO:3 

KVL-B>FIKRTVAZkBSVFIFBBSDEQLKSGTASWJCLLNNFYBREAKVQWKVDNALQ 

SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSBVTKSFNRG 
ECDKTHTCBBCBABELLGGBSVFLFBBKBKDTLNEISRTBEVTCVWJDVSHEDBEVKF 

NWYVDGVEVHNAKTKBREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALBABI 

EKTISKAKGQBREBQVYTLBBSREEMTKNQVSLSCAVKGFYBSDIAVEWESNGQBEN 

NYKTTBBVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSBG 

K 

BC96Chain4 SEQIDNO:4 

KVH-B>VSSASTKGBSVFBLABSSKSTSGGTAALGCLVKDYFBEBVTVSWNSGALTS 

BC96DomainB SEQIDNO:5 

GQBREBQVCTLBBSRDELTKNQVSLTCLVRGFYBSDIAVEWESNGQBENNYKTTBBV 

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSBGK 

BC96DomainD SEQIDNO:6 

ABELLGGBSVFLFBBKBKDTLPIISRTBEVTCVWVDVSHEDBEVKFNWYVDGVEVHNA 

KTKBREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALBABIEKTISKAK 

BC96DomainB SEQIDNO:7 

GQBREBQVYTLBBSRDELTKNQVSLWCLVKGFYBSDIAVEWESNGQBENNYKTTBBV 

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVIKHEALHNHYTQKSLSLSBGK 

BC96Domain0 SEQIDNO:8 
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GVHTFBAVLQSSGLYSLSSVVTVBSSSLGTQTYICNVNHKBSNTKVDKKVEBKSC
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AQBREBQVYTLBBCRDWLTKNQVSLTCLVKGFYBSDIAVEWESNGQBENNYKTTBBV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVIKHEALHNHYTQKSLSLSBGK 

BC96DomainI SEQIDNO:9 

RTVAABSVFIFBBSDEQLKSGTASVVCLLNNFYBREAKVQWKVDNALQSGNSQESVT 

EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSBVTKSFNRGEC 

BC96DomainJ SEQIDNO:10 

ABELLGGBSVFLFBBKBKDTLPIISRTBEVTCVYVDVSHEDBEVKFNWYVDGVEVHNA 

KTKBREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALBABIEKTISKAK 

BC96DomainK SEQJDNO:11 

GQBREBQVYTLBBSREEMTKNQVSLSCAVKGFYBSDIAVEWESNGQBENNYKTTBBV 
LDSDGSFFLVSKLTVDKSRWQQGNVFSCSVI4HEALHNHYTQKSLSLSBGK 

BC96DomainM SEQIDNO:12 

ASTKGBSVFBLABSSKSTSGGTAALGCLVKDYFBEBVTVSWNSGALTSGVHTFBAVL 
QSSGLYSLSSWJTVBSSSLGTQTYICNVNHKBSNTKVDKKVEBKSC 

BC96Chain1DNAsequence(notincludingVL) SEQIDNO:13 

GAGATCAAGGGCCAGCCCCGGGAGCCCCAGGTCTGTACCCTGCCGCCGTCACGGGAC 
GAACTCACTAAGAACCAAGTGTCCCTGaCTTGCCTGGTCAGAGGATTCTATCCGAGC 

GACATCGCCGTGGAGTGGGAGTCCAACGGCCAGCCCGAGAACAACTACAAGACGACA 
CCCCCGGTGCTTGACAGCGACGGTTCCTTCTTTTTGTACTCGAAGTTGACCGTCGAT 

AAGTCACGCTGGCAACAGGGAAACGTGTTCAGCTGCTCCGTGATGCACGAAGCCCTG 
CACAACCACTACACCCAGAAGTCTCTGAGCCTCTCCCCGGGAZAAGGACAAGACTCAC 
ACGTGCCCGCCGTGCCCAGCACCTGAGCTGTTGGGAGGTCCTAGCGTGTTCCTGTTC 

GTGGTGGATGTGTCCCATGAGGACCCCGAAGTCAAATTCAATTGGTACGTGGATGGA 

GTGGAAGTGCACAATGCCAAGACTAAGCCCAGAGAAGAACAGTACAACTCGACCTAC 

CGCGTGGTGTCCGTGCTGACTGTGTTGCATCAGGACTGGCTCAACGGAAZAAGAGTAC 
AAGTGCAAAGTCTCCAACAAGGCCCTCCCGGCACCGATCGAGAAAACCATCTCGAAA 

GCCAAGGGCCAGCCCCGGGAGCCTCAGGTCTACACCCTGCCACCATCGCGGGATGAA 

CTCACCAAGAACCAAGTGTCGCTGTGGTGTCTCGTGAAGGGCTTTTACCCTTCCGAC 
ATTGCCGTGGAGTGGGAATCCAACGGGCAGCCTGAAZAACAACTACAAGACCACCCCG 

CCCGTGCTCGACTCGGATGGAAGCTTCTTCCTGTACTCTAAGCTGACCGTGGACAAG 
TCCCGGTGGCAGCAGGGAZAACGTGTTCAGCTGCTCGGTCATGCACGAAGCCCTGCAT 
AACCACTACACCCAGAAGTCACTGTCCCTGAGCCCGGGGAAG 

BC96Chain2DNAseq(notincludingWI) SEQJDNO:14 

GTGTCCAGCGCCCAGCCCCGGGAGCCCCAGGTCTACACCCTGCCGCCGTGTCGGGAC 

TGGCTCACTAAGAACCAAGTGTCCCTGACTTGCCTGGTCAAGGGATTCTATCCGAGC 

GACATCGCCGTGGAGTGGGAGTCCAACGGCCAGCCCGAGAACAACTACAAGACGACA 

CCCCCGGTGCTTGACAGCGACGGTTCCTTCTTTTTGTACTCGAAGTTGACCGTCGAT 
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CCGCCGAAGCCCAAGGACACCCTGATGATTTCGAGGACTCCGGAAGTGACCTGTGTG
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AAGTCACGCTGGCAACAGGGAZAACGTGTTCAGCTGCTCCGTGATGCACGAAGCCCTG 
CACAACCACTACACCCAGAAGTCTCTGAGCCTCTCCCCGGGAZAAG 

Chain3DNAseq(notincludingWI) SEQflJNO:15 

GAGATTAAGAGAACCGTCGCAGCCCCCTCCGTGTTCATCTTCCCTCCCTCGGATGAG 

CAGCTGAAGTCCGGCACCGCGAGCGTGGTCTGCCTGCTCAACAACTTCTATCCGCGG 

GAAGCGAAGGTCCAGTGGAAGGTCGACAACGCCCTGCAGTCGGGAZAACTCCCAGGAG 
TCCGTGACTGAGCAGGATTCAZAAGGACAGCACCTACTCCCTGTCGTCTACCCTCACC 

CTGAGCAAGGCCGACTACGAGAAGCACAAGGTCTACGCCTGCGAAGTCACGCACCAA 

GGCCTTAGCTCCCCTGTGACCAAGTCATTCAACCGGGGGGAGTGCGACAAGACTCAC 
ACGTGCCCGCCGTGCCCAGCACCTGAGCTGTTGGGAGGTCCTAGCGTGTTCCTGTTC 

CCGCCGAAGCCCAAGGACACCCTGATGATTTCGAGGACTCCGGAAGTGACCTGTGTG 
GTGGTGGATGTGTCCCATGAGGACCCCGAAGTCAZAATTCAATTGGTACGTGGATGGA 
GTGGAAGTGCACAATGCCAAGACTAAGCCCAGAGAAGAACAGTACAACTCGACCTAC 

CGCGTGGTGTCCGTGCTGACTGTGTTGCATCAGGACTGGCTCAACGGAAZAAGAGTAC 
AAGTGCAAAGTCTCCAACAAGGCCCTCCCGGCACCGATCGAGAAAACCATCTCGAAA 

GCCAAGGGCCAGCCCCGGGAACCTCAAGTCTACACTCTGCCACCCTCGCGGGAAGAA 
ATGACCAAGAACCAAGTGTCCCTGAGCTGTGCCGTGAAGGGCTTCTACCCGTCCGAC 
ATCGCCGTGGAATGGGAATCGAACGGGCAGCCGGAGAACAATTACAAGACCACCCCT 

CCCGTGCTGGACAGCGATGGATCGTTCTTCCTGGTGTCCAAGCTCACTGTGGACAAG 
TCGCGGTGGCAGCAGGGAAACGTGTTTAGCTGCTCCGTGATGCACGAGGCCCTGCAT 

AACCACTACACCCAGAAGTCCCTGTCCCTCTCACCCGGGAAG 

Chain4DNAseq(notincludingWI) SEQflJNO:16 

GTATCAAGCGCCTCAACTAAGGGCCCCTCGGTGTTCCCTCTGGCCCCGAGCTCCAAG 

TCGACCTCCGGCGGTACAGCCGCTCTGGGTTGCCTCGTGAAGGACTACTTCCCTGAA 

CCAGTGACCGTGTCCTGGAACTCTGGGGCGCTGACCAGCGGGGTGCACACTTTCCCG 
GCGGTGCTGCAGTCGTCGGGACTGTACTCCCTGTCCTCCGTCGTGACGGTGCCCTCC 
TCCTCACTGGGCACCCAGACTTACATTTGCAACGTGAACCACAAGCCGAGCAACACC 

BC96-AChain1 SEQJDNO:17 

KVL-A>FIKGQBREBQVCTLBBSRDELTKNQVSLTCLVKGFYBSDIAVEWESNGQBE 
NNYKTTBBVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVIKHEALHNHYTQKSLSLSB 

GKDKTHTCBBCBABELLGGBSVFLFBBKBKDTLPIISRTBEVTCVYVDVSHEDBEVKF 

NWYVDGVEVHNAKTKBREEQYNSTYRWJSVLTVLHQDWLNGKEYKCKVSNKALBABI 
EKTISKAKGQBREBQVYTLBBSRDELTKNQVSLWCLVKGFYBSDIAVEWESNGQBEN 

NYKTTBBVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSm VMHEALHNHYTQKSLSLSBG 

K 

BC96-AChain2 SEQJDNO:18 

KVH-A>VSSAQBREBQVYTLBBCRDWLTKNQVRLTCLVKGFYBSDIAVEWESNGQBE 
NNYKTTBBVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVI4HEALHNHYTQKSLSLSB 

GK 

BC96-ADomainB SEQIDNO:19 
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AAGGTCGACAAGAAGGTCGAGCCCAAGTCCTGT
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GQBREBQVCTLBBSRDELTKNQVSLTCLVKGFYBSDIAVEWESNGQBENNYKTTBBV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVIKHEALHNHYTQKSLSLSBGK 

BC96-ADomain0 SEQIDNO:20 

AQBREBQVYTLBBCRDWLTKNQVRLTCLVKGFYBSDIAVEWESNGQBENNYKTTBBVLDSDG 

SFFLYSKLTVDKSRWQQGNVFSCSVIKHEALHNHYTQKSLSLSBGK 

8. EQUIVALENTSANDINCORPORATIONBYREFERENCE 

102401Whiletheinventionhasbeenparticularlyshownanddescribedwithreferencetoa 

preferredembodimentandvariousalternateembodimentsitwillbeunderstoodbypersons 

skilledintherelevantartthatvariouschangesinformanddetailscanbemadetherein 

withoutdepartingfromthespiritandscopeoftheinvention.  

102411Allreferencesissuedpatentsandpatentapplicationscitedwithinthebodyofthe 
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instantspecificationareherebyincorporatedbyreferenceintheirentiretyforallpurposes.
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WHATISCLAIMEDIS: 

1. Aheterodimericproteincomprising: 

afirstpolypeptidechainandasecondpolypeptidechain 

wherein 

a) thefirstpolypeptidechaincomprisesafirstCH3domainandthesecond 

polypeptidechaincomprisesasecondCR3domain 

b) Y349ofthefirstCR3domainissubstitutedwithcysteine(C)(Y349C), 

c) S354ofthesecondCR3domainissubstitutedwithcysteine(C)(S354C),and 

d) E357ofthesecondCR3domainissubstitutedwithahydrophobicoraromatic 

aminoacid, 

whereinthepositionsarenumberedaccordingtotheEuindex.  

2. Theheterodimericproteinofclaim1, whereinthehydrophobicaminoacid 

residueisselectedfromthegroupconsistingofalanine(A),isoleucine(I),leucine(L), 

methionine(M),proline(P),andvaline(V) 9 

3. Theheterodimericproteinofclaim1orclaim2,whereinE357ofthesecond 

CR3domainissubstitutedwithahydrophobicaminoacid.  

residueismethionine(M)(E357M).  

5. Theheterodimericproteinofclaim1orclaim2,whereinthearomaticamino 

acidresidueisselectedfromthegroupconsistingofhistidine(H),tryptophan(W), 

phenylalanine(F),andtyrosine(Y).  

6. Theheterodimericproteinofanyoneofclaims1,2,or5,whereinE357is 

substitutedwithanaromaticaminoacid.  

-52

4. Theheterodimericproteinofclaim3whereinthehydrophobicaminoacid
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7. Theheterodimericproteinofclaim6whereinthearomaticaminoacidresidue 

istryptophan(W)(E357W).  

8. Theheterodimericproteinofanyoneofclaims1-7whereinS364ofthe 

secondCR3domainissubstitutedwithanaminoacidresidueselectedfromthegroup 

consistingofalanine(A),asparticacid(D),glutamicacid(B),histidine(H),lysine(K), 

leucine(L),asparagine(N),glutamine(Q),arginine(R),threonine(T),tryptophan(W),and 

tyrosine(Y).  

9. Theheterodimericproteinofanyoneofclaims1-8whereinS364ofthe 

secondCR3domainissubstitutedwitharginine(R)(S364R).  

10. Theheterodimericproteinofanyoneofclaims1-7whereinK370ofthefirst 

CR3domainissubstitutedwithanaminoacidresidueselectedfromthegroupconsistingof 

asparticacid(D),glutamicacid(B),phenylalanine(F),histidine(H),methionine(M), 

asparagine(N),glutamine(Q),arginine(R),serine(S),threonine(T),tryptophan(W),and 

tyrosine(Y).  

issubstitutedwitharginine(R)(K370R).  

12. Theheterodimericproteinofanyoneofclaims1- 11, whereineachCR3 

domainisindependentlyselectedfromahumanIgGiJgG2,JgG3,JgG4,IgGAlorJgGA2 

CR3 S 

domain.  

13. Theheterodimericproteinofanyoneofclaims1- 11, whereinbothCR3 

domainsareidenticallyselectedfromahumanIgGiJgG2,JgG3,JgG4,IgGAlorJgGA2 

CR3 S 

domain.  

-53

11. Theheterodimericproteinofclaim10,whereinK370ofthefirstCH3domain
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14. Theheterodimericproteinofclaim13,whereinbothCR3domainsarehuman 

IgGidomains.  

15. Theheterodimericproteinofclaim13,whereinbothCR3domainsarehuman 

JgG4domains.  

16. Theheterodimericproteinofanyoneofclaims1- 15,whereinthereareno 

additionalengineeredmutationsinthefirstorsecondCR3domains.  

17. Theheterodimericproteinofanyoneofclaims1- 15,whereinthereisatleast 

oneadditionalengineeredmutationinthefirstand/orsecondCR3domain.  

18. Theheterodimericproteinofclaim17,whereinatleastoneoftheatleastone 

additionalengineeredmutationisaknobmutationinthefirstCR3domainandahole 

mutationinthesecondCR3domain.  

19. Theheterodimericproteinofclaim17,whereinthereisaholemutationinthe 

firstCR3domainandaknobmutationinthesecondCR3 S 

20. Theheterodimericproteinofclaim18orclaim19,whereintheknobmutation 

isT366W.  

21. Theheterodimericproteinofanyoneofclaims18-20whereinthehole 

mutationisselectedfromT366SL368AF4OSTorY407V.  

22. Theheterodimericproteinofclaim21,whereintheholemutationisF405T.  
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domain.
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23. Theheterodimericproteinofanyoneofclaims17-22whereinatleastoneof 

theatleastoneadditionalengineeredmutationisanengineeredcharge S 

24. Theheterodimericproteinofclaim23,whereinthefirstCR3domain 

comprisesanL35iDmutationandthesecondCR3domaincomprisesaT366Kmutation.  

25. Theheterodimericproteinofclaim23,whereinthesecondCH3domain 

comprisesanL35iDmutationandthefirstCR3domaincomprisesaT366Kmutation.  

26. Theheterodimericproteinofanyoneofclaims1-25,whereineachofthefirst 

andsecondpolypeptidechainfurthercomprisesanimmunoglobulinvariable S 

27. Theheterodimericproteinofanyoneofclaims1-26,whereinthefirst 

polypeptidecomprisestheaminoacidsequenceofSEQIDNO:1orSEQTEDNO:17.  

28. Theheterodimericproteinofanyoneofclaims1-27,whereinthesecond 

29. Theheterodimericproteinofclaim26,whereinboththefirstandsecond 

polypeptidechainscomprisesaVHdomain.  

30. Theheterodimericproteinofclaim26,wherein 

(a) thefirstpolypeptidechaincomprisesaVHdomainandthesecondpolypeptide 

chaincomprisesaVLdomainor 

(b) thefirstpolypeptidechaincomprisesaVLdomainandthesecondpolypeptide 

chaincomprisesaVHdomainand 

whereinthevariabledomainsofthefirstandsecondpolypeptidesassociatetoforma 

firstantigenbindingsite(AB5)andtheheterodimericproteinformsanantibodyconstruct.  
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polypeptidecomprisestheaminoacidsequenceofSEQIDNO:2orSEQlIDNO:18.
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31. Theantibodyconstructofclaim30,whereinthepolypeptidechaincomprising 

theVHdomainfurthercomprisesaCR2domainandathirdCR3domainwhereinthe 

domainsareorderedfromNterminustoCterminus, 

a) VH-firstCH3-CH2-thirdCR3, 

b) VH-secondCH3-CH2-thirdCR3, 

c) VH-thirdCR3-CR2-firstCR3,or 

d) VH-thirdCR3-CR2-second 9 

32. Theantibodyconstructofclaim31, whereinthedomainsofthepolypeptide 

chaincomprisingtheVHdomainareorderedfromNterminustoCterminus, 

a) VH-firstCH3-CH2-thirdCR3,or 

b) VH-secondCR3-CR2-third 9 

33. Theantibodyconstructofclaim30,whereinthepolypeptidechaincomprising 

theVLdomainfurthercomprisesaCR2domainandathirdCR3domainwhereinthe 

domainsareorderedfromNterminustoCterminus, 

domainA domainB domainD domainB 

a) VL firstCR3 CR2 thirdCR3,or 

c) VL thirdCR3 CR2 firstCR3,or 

d) VL thirdCR3 CR2 secondCR3.  

34. Theantibodyconstructofclaim33whereinthedomainsofthepolypeptide 

chaincomprisingtheVLdomainareorderedfromNterminustoCterminus: 

domainA domainB domainD domainB 

a) VL firstCR3 CR2 thirdCR3,or 

b) VL secondCR3 CR2 third 9 
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b) VL secondCR3 CR2 thirdCR3,or
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35. Theantibodyconstructofclaim34whereinthedomainsofthepolypeptide 

chaincomprisingtheVLdomainandthepolypeptidechaincomprisingtheVHdomainare 

respectivelyorderedfromNterminustoCterminus: 

a) 

firstpolypeptidechain 

domainA domainB domainD domainB 

VL firstCR3 CR2 thirdCH3 

secondpolypeptidechain 

domain F domain G 

VH secondCR3 , or 

b) 

firstpolypeptidechain 

domainA domainB domainD domainB 

VL secondCR3 CR2 thirdCR3 

secondpolypeptidechain 

VH firstCR3.  

36. Theantibodyconstructofclaim35,furthercomprisingathirdpolypeptide 

chainandafourthpolypeptidechainwherein: 

(a)thethirdpolypeptidechaincomprisesadomainRadomainIadomainJanda 

domainKwhereinthedomainsarearrangedfromN-terminustoC-terminusinaR-J-J-K 

orientationandwhereindomainRhasavariableregiondomainaminoacidsequence 

domainIhasaconstantregiondomainaminoacidsequencedomainJhasaCR2aminoacid 

sequenceandKhasaconstantregiondomainaminoacidsequence 

(b)thefourthpolypeptidechaincomprisesadomainLandadomainMwhereinthe 

domainsarearrangedfromN-terminustoC-terminusinaL-Morientationandwherein 
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domain F domain G
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domainLhasavariableregiondomainaminoacidsequenceanddomainMhasaconstant 

regiondomainaminoacidsequence 

(c)thethirdandthefourthpolypeptidesareassociatedthroughaninteractionbetween 

theHandtheLdomainswhichformasecondantigenbindingsite(ABS)andaninteraction 

betweentheIandtheMdomainwand 

(d)thefirstandthethirdpolypeptidesareassociatedthroughaninteractionbetween 

theDandtheJdomainsandaninteractionbetweentheBandtheKdomains.  

wherein.  

37. Theantibodyconstructofclaim36, 9 

domainHisaVLdomains 

domainIisaCLdomains 

domainJisaCR2domainsand 

domainKisafourthCR3 e 

domain.  

38. Theantibodyconstructofclaim37,wherein: 

domainLisaVHdomaiwand 
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domainMisaCR1domain.
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