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Claims

1. A hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof compriSing:
(a) a first engineered immunoglobulin chain comprising an engineered dogain with a
5 protein-protein interface, wherein at least one amino acid residue of the/protein-protein
interface of the parent domain of said first engineered immunoglobytin chain is
substituted with an amino acid residue at the equivalent 3D structdral position from a
protein-protein intetface of a donor domain of a first member ¢f the naturally occurring
immunoglobulin super-family; and
10 (b) a second engineered immunoglobulin chain comprisipfg an engineered domain with
a protein-protein interface, wherein at least one aming/acid residue of the protein-
protein interface of the parent domain of said secondi engineered immunoglobulin chain
is substituted with an amino acid residue at the ¢quivalent 3D structural position from a
protein-protein interface of a donor domain ofa second member of the naturally
15 occurring immunoglobulin super-family,
wherein the engincered domain of the fjfst engineered immunoglobulin chain and the
engineered domain of the second engineered immunoglobulin chain are not identical
and,
wherein the donor domain of the first member of the naturally occurring
20 immunoglobulin super-family and the donor domain of the second member of the
naturally occurring immuyfioglobulin super-family form a naturally occurring hetero-
dimer or a naturally ogCurring homo-dimer and,
wherein the parent gomain of the first and/or the second engineered immunoglobulin
chain is a CH3 d¢¥main, wherein the amino acid residue which is substituted in the
25 protein-proteiy interface of the parent domain of the first engineered immunoglobulin
chain compfises the amino acid residue at position 88, and optionally a further amino
acid resjdue at a position selected from the group consisting of 3, 5, 7, 20, 22, 26, 27,
79, 8, 84, 84.2, 85.1, 86, and 90 and, wherein the amino acid residue which is
supstituted in the protein-protein interface of the parent domain of the second
tngineered immunoglobulin chain comprises the amino acid residue at position 85.1
and/or 86 and optionally a further amino acid residue at a position selected from the
group consisting of 3, 5, 7, 20, 22, 26, 27, 79, 81, 84, 84.2, 88, and 90 or at a position
selected from the group consisting of 3, 5, 7, 20, 22, 26, 27, 79, 81, 84, 84.2, 85.1, 88,




WO 2012/131555 PCT/IB2012/051410

266

and 90 or at a position selected from the group consisting of 3, 5, 7, 20, 22, 26, 27/79,

81, 84, 84.2, 86, 88, and 90,

wherein the amino acid residue substituted at position 88 in the parent domajf of the

first engineered immunoglobulin chain is interacting with the amino acid pésidue

5 substituted at position 85.1 and/or 86 in the parent domain of the second engineered
immunoglobulin chain,
wherein the amino acid position of each group member is indicatgd according to the
IMGT® numbering.

10 2. The hetero-dimeric immunoglobulin or hetero-dimeric ffdgment thereof of claim 1,

wherein the parent domain of the first and/or the secofd engineered immunoglobulin

chain is a naturally occurring CH3 domain.

3. The hetero-dimeric immunoglobulin or heterg-dimeric fragment thereof of claim 1,

15 wherein the amino acid sequence of the epgineered domains of the first engineered
immunoglobulin chain and/or the second engineered immunoglobulin chain do not

contain an insertion of one or more gfnino acid residues compared to the amino acid

sequence of the parent domains of'the first engineered immunoglobulin chain and/or

the second engineered immungglobulin chain.

20
4. The hetero-dimeric immyfoglobulin or hetero-dimeric fragment thereof of claim 1,

wherein the donor domfain of the first member of the naturally occurring

25 dimer.

5. The hetgro-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,
whergin the amino acid residue which is substituted in the protein-protein interface of
the’ parent domain of the first engineered immunoglobulin chain at position 88 is not a
30 harged amino acid or is not 881, wherein the amino acid position is indicated

according to the IMGT" numbering.
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6.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,
wherein the amino acid residue which is substituted in the protein-protein interfage of
the parent domain of the first engineered immunoglobulin chain at position 8&/4s 88W
and conservative amino acid substitutions thereof, wherein the amino acid gosition is

5 indicated according to the IMGT® numbering.

7. The hetero-dimeric immunoglobulin or hetero-dimeric fragment t ereof of claim 1,
wherein the amino acid residue which is substituted at position85 and/or 86 in the
protein-protein interface of the parent domain of the second éngineered

10 immunoglobulin chain is selected from the group consistiig of 85.1A, 85.1S, 85.1C
and 85.1N and conservative amino acid substitutions thereof and/or is selected from the
group consisting of 86S and 86V and conservative #mino acid substitutions thereof,

wherein the amino acid position is indicated accérding to the IMGT® numbering.

15 8. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,
wherein the amino acid residuc which jg substituted in the protein-protein interface of
the parent domain of the first engingéred immunoglobulin chain at position 88 is
selected from the group consisting of 88Q, 88L, 88V, 88R, 88E, 88I, 88T, 88Y, 88K
and 88W and/or wherein the fyfrther amino acid residue substituted in the protein-

20 protein interface of the parefit domain of the first engineered immunoglobulin chain is
selected from the group £onsisting of 20V, 20T, 204, 20N, 20Q, 20E, 208, 20K, 20W,
22A,22G, 22T, 221,221, 22V, 26R, 26Q, 26T, 26K, 26V, 26S, 26N, 26E, 85.1T,
85.1M, 85.1A, 85 4, 85.1R, 85.1H, 85.1K, 85.1F, 85.1C, 85.1N, 85.1W, 86S, 861,
86T, 86H, 86 6V, 86W, 86Y and 86F, wherein the amino acid position of each

25 group membér is indicated according to the IMGT® numbering.

9. The hgfero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,
whefrein the amino acid residue which is substituted in the protein-protein interface of
e parent domain of the first engineered immunoglobulin chain at position 88 is
selected from the group consisting of 88Q, 88L, 88V, 88R, 88E, 881, 88T, 88Y, and
88W and/or wherein the further amino acid residue substituted in the protein-protein
interface of the parent domain of the first engineered immunoglobulin chain is selected

from the group consisting of 20V, 20T, 20A, 20N, 20Q, 20E, 208, 20K, 224, 22G,
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22T, 221,221, 22V, 26Q, 26T, 26K, 26V, 26S, 26N, 26E, 85.1T, 85.1M, 85.1A, 854S,
85.1R, 85.1H, 85.1K, 85.1F, 85.1C, 85.1N, 868, 861, 86T, 86H, 86Q, 86V, and §
wherein the amino acid position of each group member is indicated according /o the

IMGT® numbering,

The hetero-dimeric immunoglobulin or hetero-dimeric fragment therg6f of claim I,
wherein the further amino acid residue which is substituted in the protein-protein
interface of the parent domain of the first engineered immunogjébulin chain is selected
from the group consisting of 3E, 3K, 5A, 5T, 7F, TM, 20K, 20N, 20T, 22A, 221, 22V,
26E, 26T, 27E, 27K, 79F, 79Y, 81A, 81G, 81D, 84L, 84M, 84.2E, 84.2S, 85.1A,
85.1C, 85.1M, 85.1N, 85.1S, 86F, 8685, 86V, 90K, 90N, and 90R and conservative
amino acid substitutions thereof, wherein the aming/acid position of each group

member is indicated according to the IMGT" nupfibering.

The hetero-dimeric immunoglobulin or hetéro-dimeric fragment thereof of claim 1,
wherein the amino acid residue which ig/substituted in the protein-protein interface of
the parent domain of the first enginegfed immunoglobulin chain comprises the amino
acid residues at position 88 and at/position 20, and optionally a further amino acid
residue at a position selected figm the group consisting of 3, 5, 7, 22, 26, 27, 79, 81, 84,
84.2, 85.1, 86, and 90, whergin the amino acid position of each group member is

indicated according to th¢/IMGT® numbering.

The hetero-dimericAmmunoglobulin or hetero-dimeric fragment thereof of claim 1,
wherein the amipo acid residue which is substituted in the protein-protein interface of
the parent dopain of the second engineered immunoglobulin chain comprises the
amino acig'residues at position 85.1 and/or 86 and at position 26 and optionally an
amino g€id residue at a further position, wherein the amino acid position is indicated

according to the IMGT® numbering,

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,
wherein the further amino acid residue which is substituted in the protein-protein
interface of the parent domain of the first engineered immunogiobulin chain is at a

position selected from the group consisting of 20, 22, 26, 79, 85.1, 86, and 90, wherein
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the amino acid position of each group member is indicated according to the IMGT%

numbering,

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of/Claim 1,
wherein the further amino acid residue which is substituted in the protejfi-protein
interface of the parent domain of the first engineered immunoglobuljf chain is selected
from the group consisting of 20K, 22V, 26T, 79Y, 85.1S, 86V, agd 90N and
conservative amino acid substitutions thereof, wherein the amifo acid position of each

group member is indicated according to the IMGT® numberihg.

The hetero-dimeric immunoglobulin or hetero-dimerig/fragment thereof of of claim 1,
wherein the further amino acid residue which is subftituted in the protein-protein
interface of the parent domain of the second engiheered immunoglobulin chain is at
position 84 or is 84L and conservative amino/cid substitutions thereof, and optionally
a further amino acid at a position selected from the group consisting of 3, 5, 7, 20, 22,
26, 81, 84.2, 88, and 90 or at a positionclected from the group consisting of 3, 5, 7,
20, 22,26, 81, 84.2, 85.1, 88, and 9(Q/0r at a position selected from the group consisting
of3,5,7,20, 22,26, 81, 84.2, 86,38, and 90, wherein the amino acid position of each

group member is indicated accdrding to the IMGT® numbering.

The hetero-dimeric immyhoglobulin or hetero-dimeric fragment thereof of claim 1,
wherein the further anfino acid residue which is substituted in the protein-protein
interface of the pargnt domain of the second engineered immunoglobulin chain is at a
position selected/from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84, 84.2, 88, and
90 or at a posftion sclected from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84, 84.2,
85.1, 88, g0d 90 or at a position selected from the group consisting of 3, 5, 7, 20, 22,
26, 81, 84, 84.2, 86, 88, and 90, wherein the amino acid position of each group member

is indicated according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,
wherein the amino acid residue which is substituted in the protein-protein interface of
the parent domain of the second engineered immunoglobulin chain comprises the

amino acid residues at position 85.1 and 86 or comprises 85.1C and conservative amino
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acid substitutions thereof and 868 and conservative amino acid substitutions thereo
and wherein the further amino acid residue which is substituted in the protein-profein

interface of the parent domain of the second engineered immunoglobulin chaiy is

18.  The hetero-dimeric immunoglobulin or hetero-dimeric fragmeny/thereof of claim 17,
wherein the amino acid residue substitution 85.1C is replaced by amino acid residue
10 substitution 85.1A or 85.1S, wherein the amino acid positjon of each group member is

indicated according to the IMGT® numbering.

19.  The hetero-dimeric immunoglobulin or hetero-dipderic fragment thereof of claim 1,
wherein the further amino acid residue which j¢ substituted in the protein-protein
15 interface of the parent domain of the first epgineered immunoglobulin chain is at a
position selected from the group consistifg of 3, 5, 20, 22, 26, 27, 81, 84, 85.1, and 86,
wherein the amino acid position of eagh group member is indicated according to the

IMGT® numbering.

20 20. The hetero-dimeric immunogfobulin or hetero-dimeric fragment thereof of claim 1,
wherein the further amino Acid residue which is substituted in the protein-protein
interface of the parent gomain of the first engineered immunoglobulin chain is selected
from the group consijgting of 3K, 5T, 20T, 22L, 26E, 27K, 81G, 84M, 85.1M, 86F and
conservative amind acid substitutions thereof, wherein the amino acid position of each

25 group member 4s indicated according to the IMGT® numbering.
21.  The hetepd-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,

intgfface of the parent domain of the second engineered immunoglobulin chain is at a
osition selected from the group consisting of 7, 20, 22, 27, 79, 81, 84.2, 88, and 90 or

at a position selected from the group consisting of 7, 20, 22, 27, 79, 81, 84.2, 85.1, &8,

and 90 or at a position selected from the group consisting of 7, 20, 22, 27, 79, 81, 84.2,
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86, 88, and 90, wherein the amino acid position of each group member is indicate,

according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof ¢f claim 1,
wherein the further amino acid residue which is substituted in the protén-protein
interface of the parent domain of the second engineered immunoglgbulin chain is at
position 79 or is 79F and conservative amino acid substitutions tfereof, and optionally
a further amino acid residue at a position selected from the grgup consisting of 7, 20,
22,27, 81, 84.2, 88, and 90 or at a position selected from thte group consisting of 7, 20,
22,27, 81, 84.2, 85.1, 88, and 90 or at a position selected from the group consisting of
7,20,22,27,81, 84.2, 86, 88, and 90, wherein the arpino acid position of each group

member is indicated according to the IMGT® nu ering,

The hetero-dimeric immunoglobulin or heteyd-dimeric fragment thereof of claim 1,
wherein the amino acid residue which is gdbstituted in the protein-protein interface of
the parent domain of the second engingéred immunoglobulin chain comprises the
amino acid residues at position 85.1/nd 86 or comprises 85.1N and conservative amino
acid substitutions thereof and 86y and conservative amino acid substitutions thereof,
and wherein the further amino/acid residue which is substituted in the protein-protein
interface of the parent domgpin of the second engineered immunoglobulin chain is
selected from the group ¢onsisting of 7M, 20N, 22A, 27E, 79F, 81A, 84.2S, 85.1N,
86V, 88L, and 90K apd conservative amino acid substitutions thereof, wherein the
amino acid positioyf of each group member is indicated according to the IMGT®

numbering.

The heter¢/dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1,
whereiry/the amino acid residue which is substituted in the protein-protein interface of
the pérent domain of the first engineered immunoglobulin chain is 881 and conservative
apdino acid substitutions therof and the optional further amino acid residue which is
substituted in the protein-protein interface of the parent domain of the first engineered
immunoglobulin chain is 81W and conservative amino acid substitutions thereof,

wherein the amino acid position of each group member is indicated according to the
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IMGT® numbering.

A hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof comprifing:
(a) a first engineered immunoglobulin chain comprising an engineered dopain with a
protein-protein interface, wherein at least one amino acid residue of the/protein-protein
interface of the parent domain of said first engineered immunoglob
substituted with an amino acid residue at the equivalent 3D strucgdral position from a
protein-protein interface of a donor domain of a first member ¢f the naturally occurring
immunoglobulin super-family; and
(b) a second engineered immunoglobulin chain comprisidg an engineered domain with
a protein-protein interface, wherein at least one aming’acid residue of the protein-
protein interface of the parent domain of said secopd engineered immunoglobulin chain
is substituted with an amino acid residue at the gquivalent 3D structural position from a
protein-protein interface of a donor domain ¢f a second member of the naturally
occurring immunoglobulin super-family,
wherein the engineered domain of the first engincered immunoglobulin chain and the
engineered domain of the second enfineered immunoglobulin chain are not identical
and,
wherein the donor domain of she first member of the naturally occurring
immunoglobulin super-fany{ly and the donor domain of the second member of the
naturally occurring immydnoglobulin super-family form a naturally occurring hetero-
dimer or a naturally g€curring homo-dimer and,

wherein the parenydomain of the first and/or the second engineered immunoglobulin
chain is a CH3 domain, wherein the amino acid residue which is substituted in the
protein-protgin interface of the parent domain of the first engineered immunoglobulin

chain copfprises the amino acid residue at position 20, and optionally a further amino

bstituted in the protein-protein interface of the parent domain of the second
engineered immunoglobulin chain comprise the amino acid residues at position 26 and
at a further position selected from the group consisting of 3, 22, 27, 79, 81, 84, 85.1, 86,
and 88, wherein the amino acid residue substituted at position 20 in the parent domain

of the first engineered immunoglobulin chain is interacting with the amino acid residue
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substituted at position 26 in the parent domain of the second engineered
immunoglobulin chain, wherein the amino acid position of each group member j

indicated according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereofof claim 25,
wherein the amino acid residue which is substituted in the protein-prétein interface of
the parent domain of the first engineered immunoglobulin chain ¢émprises the amino
acid residue at position 20, and optionally a further amino acidAesidue at a position
selected from the group consisting of 3, 5, 7, 22, 26,27, 79,61, 84, 84.2, 85.1, 86, 83
and 90 and, wherein the amino acid residues which are sybstituted in the protein-
protein interface of the parent domain of the second epgineered immunoglobulin chain
comprises the amino acid residues at positions 26 gad 86 and optionally at a further
position selected from the group consisting of 3./5, 22, 27, 79, 81, 84, 85.1, 88 and 90,
wherein the amino acid position of each grouyf member is indicated according to the
IMGT® numbering,

The hetero-dimeric immunoglobulinr hetero-dimeric fragment thereof of claim 25,
wherein the amino acid residues ywhich are substituted in the protein-protein interface of
the parent domain of the first efigineered immunoglobulin chain comprise the amino
acid residues at positions 2(/and 22, and optionally a further amino acid residue at a
position selected from the/group consisting of 3, 5, 7, 26, 27, 79, 81, 84, 84.2, 85.1, 86,
88 and 90 and, whereif the amino acid residues which are substituted in the protein-
protein interface of fhe parent domain of the second engineered immunoglobulin chain
comprise the amiho acid residues at positions 26 and at a further position selected from
the group condisting of 3, 5, 22, 27, 79, 81, 84, 85.1, 86, 88 and 90, wherein the amino

acid positigh of each group member is indicated according to the IMGT® numbering.

The Wetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 25,
whHerein the amino acid residues which are substituted in the protein-protein interface of
he parent domain of the first engineered immunoglobulin chain comprise the amino
acid residues at positions 20 and 22, and optionally a further amino acid residue at a
position selected from the group consisting of 3, 5, 7, 26, 27, 79, 81, 84, 84.2, 85.1, 86,

88 and 90 and, wherein the amino acid residues which are substituted in the protein-



10

15

20

25

30

WO 2012/131555 PCT/1B2012/051410

29.

30.

31.

32.

274

wherein the amino acid position of each group member is indicated according to the

IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment ghereof of claim 25,
wherein the parent domain of the first and/or the second enginéered immunoglobulin

chain is a naturally occurring CH3 domain.

The hetero-dimeric immunoglobulin or hetero-dimerig¢ fragment thereof of claim 25,
wherein the amino acid sequence of the engineered/domains of the first engineered
immunoglobulin chain and/or the second engingéred immunoglobulin chain do not
contain an insertion of one or more amino acid residues compared to the amino acid
sequence of the parent domains of the firsy/engineered immunoglobulin chain and/or

the second engineered immunoglobulin/chain.

The hetero-dimeric immunoglobyfin or hetero-dimeric fragment thereof of claim 25,
wherein the donor domain of tife first member of the naturally occurring
immunoglobulin super-famyly and the donor domain of the second member of the
naturally occurring immyhoglobulin super-family form a naturally occurring hetero-

dimer.

The hetero-dimefic immunoglobulin or hetero-dimeric fragment thereof of ¢laim 25,
wherein the afhiino acid residue which is substituted at position 20 in the protein-protein
interface of the parent domain of the first engineered immunoglobulin chain is selected
from the' group consisting of 20N and 20T, and conservative amino acid substitutions
thergdf, wherein the amino acid position is indicated according to the IMGT®

bering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 25,
wherein the amino acid residue which is substituted at position 26 in the protein-protein

interface of the parent domain of the second engineered immunoglobulin chain is
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selected from the group consisting of 26T and 26E and conservative amino acid
substitutions thereof, wherein the amino acid position is indicated according to the

IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment theregf of claim 25,
wherein the amino acid residue which is substituted at position 20 iif'the protein-protein
interface of the parent domain of the first engineered immunoglopulin chain is selected
from the group consisting of 20V, 20T, 20A, 20N, 20Q, 20K, 20S, 20W and 20E and/or
wherein the further amino acid residue substituted in the prétein-protein interface of the
parent domain of the first engineered immunoglobulin ciain is selected from the group
consisting of 22A, 22G, 221, 221, 22V, 22T, 26K, 26R, 26Q, 26T, 26V, 268, 26N, 26E,
85.1W, 85.1F, 85.1T, 85.1M, 85.1A, 85.1S, 85.1R/85.1H, 85.1K, 85.1C, 85.1N, 86W,
86Y, 86S, 861, 86H, 86Q, 86V, 86T, 86F, 88Q.AB8L, 88V, 88R, 88E, 88T, 881, 88Y,
88K and 88W, wherein the amino acid positjén of each group member is indicated

according to the IMGT® numbering.

The hetero-dimeric immunoglobuliy or hetero-dimeric fragment thereof of claim 25,
wherein the amino acid residue which is substituted at position 20 in the protein-protein
interface of the parent domainy/of the first engineered immunoglobulin chain is selected
from the group consisting ¢t 20V, 20T, 20A, 20N, 20Q, 20K, 20S and 20E and/or
wherein the further amipo acid residue substituted in the protein-protein interface of the
parent domain of the first engineered immunoglobulin chain is selected from the group
consisting of 22A /22G, 221, 221, 22V, 26K, 26Q, 26T, 26V, 268, 26N, 26E, 85.1T,
85.1M, 85.1A, 85.18S, 85.1R, 85.1H, 85.1K, 85.1C, 85.1N, 868, 861, 86H, 86Q, 86V,
86T, 8OF, 8, 88L, 88V, 88R, 88E, 88T, 881, 88Y, and 88W, wherein the amino acid

position ¢f each group member is indicated according to the IMGT®™ numbering.

The’hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 25,

herein the further amino acid residue substituted in the protein-protein interface of the
parent domain of the first engineered immunoglobulin chain is selected from the group
consisting of 3E, 3K, 5A, 5T, 7F, TM, 224, 221, 22V, 26E, 26T, 27E, 27K, 79F, 79Y,
81A, 81G, 81D, 84L, 84M, 84.2E, 84.285, 85.1A, 85.1C, 85.1M, 85.1N, 85.18, 86F,
86S, 86V, 88L, 88R, 88W, 90K, 90N, and 90R and conservative amino acid
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substitutions thereof, wherein the amino acid position of each group member is

indicated according to the IMGT® numbering,

37. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of £laim 1-36,
5 wherein the parent domains of the first and second engineered immunogfobulin is the
IgG1 CH3 domain.

38.  The hetero-dimeric immunoglobulin or hetero-dimeric fragmenf thereof of claim 1-36,
wherein the parent domain of the first engineered immunoglgbulin chain is an 1gG1
10 CH3 domain and the parent domain of the second enginegfed immunoglobulin chain is
an IgG3 CH3 domain or wherein the parent domain offhe first engineered
immunoglobulin chain is an IgG3 CH3 domain and/fhe parent domain of the second

engineered immunoglobulin chain is an 1gG1 CE3 domain.

15 39. A hetero-dimeric immunoglobulin or heteyd-dimeric fragment thereof comprising:
(a) a first engineered immunoglobulin ¢fain comprising an engineercd domain with a
protein-protein interface, wherein at Jast one amino acid residue of the protein-protein
interface of the parent domain of g4id first engineered immunoglobulin chain is
substituted with an amino acid fesidue at the equivalent 3D structural position from a
20 protein-protein interface of ¥ donor domain of a first member of the naturally occurring
immunoglobulin super-fafily; and
(b) a second engineergd immunoglobulin chain comprising an engineered domain with
a protein-protein interface, wherein at least one amino acid residue of the protein-
protein interface/of the parent domain of said second engineered immunoglobulin chain
25 is substitutcd vith an amino acid residue at the equivalent 3D structural position from a
protein-prgfein interface of a donor domain of a second member of the naturally
occurripg immunoglobulin super-family,
wherpéin the engineered domain of the first engineered immunoglobulin chain and the

ineered domain of the second engineered immunoglobulin chain are not identical

30

wherein the donor domain of the first member of the naturally occurring
immunoglobulin super-family and the donor domain of the second member of the

naturally occurring immunoglobulin super-family form a naturally occurring hetero-
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dimer or a naturally occurring homo-dimer and,

wherein the parent domain of the first and/or the second engineered immunoglobdlin
chain is a CH2 domain, wherein the amino acid residue which is substituted irY'the
protein-protein interface of the parent domain of the first engineered immugoglobulin
chain comprises the amino acid residue at position 88, and optionally a firther amino
acid residue at a position selected from the group consisting of 3, 5, 7, 20, 22, 26, 27,
79, 81, 83, 84, 84.2, 84.3, 85.1, 86 and 90 and, wherein the amino/cid residue which is
substituted in the protein-protein interface of the parent domaiy/of the second
engineered immunoglobulin chain comprises the amino aci¢/residue at position 85.1
and/or 86 and optionally a further amino acid residue at ¢/position selected from the
group consisting of 3, 5, 7, 20, 22, 26, 27, 79, 81, 83, $4, 84.2, 84.3 and 90 or ata
position selected from the group consisting of 3, 5./7, 20, 22, 26, 27,79, 81, 83, 84,
84.2, 84.3, 85.1 and 90 or at a position selected from the group consisting of 3, 5, 7, 20,
22,26,27,79, 81, 83, 84, 84.2, 84.3, 86 and 90, wherein the amino acid residue
substituted at position 88 in the parent dopiain of the first engineered immunoglobulin
chain is interacting with the amino acig/residuc substituted at position 85.1 and/or 86 in
the parent domain of the second engiheered immunoglobulin chain, wherein the amino

acid position of each group memplfer is indicated according to the IMGT® numbering.

The hetero-dimeric immungglobulin or hetero-dimeric fragment thereof of claim 39,
wherein the parent domgin of the first and the second engineered immunoglobulin

chain is a naturally ogcurring CH2 domain,

The hetero-diméric immunoglobulin or hetero-dimeric fragment thereof of claim 39,
wherein the Amino acid residue which is substituted in the protein-protein interface of
the parent domain of the first engineered immunoglobulin chain at position 88 is 88W
and cofiservative amino acid substitutions thereof, wherein the amino acid position is

indiCated according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 39,
wherein the amino acid residue which is substituted in the protein-protein interface of
the parent domain of the second engineered immunoglobulin chain at position 85

and/or 86 is selected from the group consisting of 85.1A and 85.1N and conservative
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amino acid substitutions thereof, and/or is 86S and conservative amino acid
substitutions thereof, wherein the amino acid position is indicated according to tje

IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof/0f claim 39,
wherein the amino acid residue which is substituted in the protein-prdtein interface of
the parent domain of the first engineered immunoglobulin chain afposition 88 is
selected from the group consisting of 88Q, 88L, 88V, 88R, 881/88T, 88K, 88E, 88Y,
and 88W and/or wherein the further amino acid residue subgfituted in the protein-
protein interface of the parent domain of the first enginegfed immunoglobulin chain is
selected from the group consisting of 20V, 20T, 20A, Z0N, 20K, 20W, 208, 20E, 20Q,
22A, 22G, 22T, 221, 22V, 26Q), 26T, 26K, 26V, 26K, 26R, 26N, 26E, 85.1R, 85.1H,
85.1K, 85.1T, 85.1M, 85.1A, 85.1S, 85.1W, 85 IF, 85.1C, 85.1N, 86S, 861, 86H, 86T,
86W, 86Y, 86V, 86Q and 86F, wherein the aghino acid position of each group member

is indicated according to the IMGT® numpéring.

The hetero-dimeric immunoglobulinyor hetero-dimeric fragment thereof of claim 39,
wherein the amino acid residue which is substituted in the protein-protein interface of
the parent domain of the first gigineered immunoglobulin chain at position 88 is
selected from the group copéisting of 88Q, 88L, 88V, 88R, 881, 88T, 88K, 88E, 88Y,
and 88W and/or whereirythe further amino acid residue substituted in the protein-
protein interface of the parent domain of the first engineered immunoglobulin chain is
selected from the gfoup consisting of 20V, 20T, 204, 20N, 20K, 20W, 208, 224, 22G,
22T, 221, 22V, 26Q, 26T, 26K, 26V, 26S, 26R, 26N, 26E, 85.1T, 85.1M, 85.1A,
85.1S, 85.1W, 85.1F, 85.1C, 85.1N, 868, 861, 86H, 86T, 86W, 86Y, 86V, and 86F,
wherein th€ amino acid position of each group member is indicated according to the

IMGT/numbering.

¢ hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 39,
wherein the further amino acid residue substituted in the protein-protein interface of the
parent domain of the first engineered immunoglobulin chain is selected from the group
consisting of 3E, 3K, 5A, 5T, 5Y, 7M, 7L, 20K, 20N, 20T, 208, 22A, 22L, 22V, 26E,
20T, 27E, 27K, 79F, 79Y, 81A, 81G, 81D, 83M, 83T, 84L, 84.2E, 84.28S, 84.3D, 85.18,
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85.1A, 85.1IN, 85.1M, 85.1F, 868, 86F, 86Y, 90K, 90N, and 90R and conservative
amino acid substitutions thereof, wherein the amino acid position of each group

member is indicated according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 39,
wherein the amino acid residue which is substituted in the protein-protefn interface of
the parent domain of the first engineered immunoglobulin chain comfrises the amino
acid residues at position 88 and at position 20, and optionally a fugfher amino acid
residue at a position selected from the group consisting of 3, 5, 7, 22, 26, 27, 79, 81, 83,
84, 84.2, 84.3, 85.1, 86 and 90, wherein the amino acid positfon of each group member

is indicated according to the IMGT® numbering,

The hetero-dimeric immunoglobulin or hetero-dimeriC fragment thereof of ¢laim 39,
wherein the amino acid residue which is substituted in the protein-protein interface of
the parent domain of the second engineered impfiunoglobulin chain comprises the
amino acid residues at position 85.1 and/or 86 and at position 26 and optionally an
amino acid residue at a further position, wherein the amino acid position of each group
member is indicated according to the IMGT® numbering.

A hetero-dimeric immunoglobuli/or hetero-dimeric fragment thereof comprising:
(a) a first engineered immunogjObulin chain comprising an engineered domain with a
protein-protein interface, whérein at least one amino acid residue of the protein-protein
interface of the parent dordain of said first engineered immunoglobulin chain is
substituted with an amj#o acid residue at the equivalent 3D structural position from a
protein-protein interface of a donor domain of a first member of the naturally occurring

immunoglobulin stiper-family; and

is subspltuted with an amino acid residue at the equivalent 3D structural position from a
prot¢in-protein interface of a donor domain of a second member of the naturally
ogcurring immunoglobulin super-family,

wherein the engineered domain of the first engineered immunoglobulin chain and the
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engineered domain of the second engineered immunoglobulin chain are not identigal
and,

wherein the donor domain of the first member of the naturally occurring
immunoglobulin super-family and the donor domain of the second membgr of the
naturally occurring immunoglobulin super-family form a naturally ocgfirring hetero-
dimer or a naturally occurring homo-dimer and,
wherein the parent domain of the first and/or the second engineeyed immunoglobulin
chain is a CH2 domain, wherein the amino acid residue whiclyis substituted in the
protein-protein interface of the parent domain of the first efgineered immunoglobulin
chain comprises the amino acid residue at position 20, 3Ad optionally a further amino
acid residue at a position selected from the group copfisting of 3, 5, 7, 22, 26, 27, 79,
81, 83, 84, 84.2, 84.3, 85.1, 86, 88 and 90 and, whérein the amino acid residue which is
substituted in the protein-protein interface of th€ parent domain of the second
engineered immunoglobulin chain comprisgd the amino acid residue at position 26 and
optionally a further amino acid residue ay/a position selected from the group consisting
of3,5,7,20,22,27,79, 81, 83, 84, 84.2, 84.3, 85.1, 86, 88 and 90, wherein the amino
acid residue substituted at position Z0 in the parent domain of the first engineered
immunoglobulin chain is interagfing with the amino acid residue substituted at position
26 in the parent domain of th¢'second engineered immunoglobulin chain, wherein the
amino acid position of each group member is indicated according to the IMGT®
numbering.

The hetero-dimeri¢ immunoglobulin or hetero-dimeric fragment thereof of claim 48,
wherein the pgrent domain of the first and/or the second engineered immunoglobulin

chain is a ngturally occurring CH2 domain.

The hgtero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 48,
wherein the amino acid residue which is substituted at position 20 in the protein-protein
fiterface of the parent domain of the first engineered immunoglobulin chain is selected
from the group consisting of 20N and 20T, and conservative amino acid substitutions
thereof, wherein the amino acid position is indicated according to the IMGT®

numbering.
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The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 4
wherein the amino acid residue which is substituted at position 26 in the protein-gr
interface of the parent domain of the second engineered immunoglobulin chaif is
selected from the group consisting of 26T and 26E and conservative amino/cid
substitutions thereof, wherein the amino acid position is indicated according to the
IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment'thereof of claim 48,
wherein the amino acid residue which is substituted in the prdtein-protein interface of
the parent domain of the first engineered immunoglobulinyChain at position 20 is
selected from the group consisting of 20V, 20T, 20A, 20N, 20K, 20Q, 20E, 20W and
208 and/or wherein the further amino acid residue syfbstituted in the protein-protein
interface of the parent domain of the first enginegfed immunoglobulin chain is selected
from the group consisting of 22A, 22G, 22T, 22L, 22V, 221, 26Q, 26T, 26K, 26V, 26S,
26R, 26N, 26E, 85.1R, 85.1H, 85.1K, 85.17, 85.1M, 85.1A, 85.1S, 85.1W, 85.1F,
85.1C, 85.1N, 86Q), 86S, 861, 86H, 86T, A6W, 86Y, 86V, 86F, 88Q, 88L, 88V, S8R,
88E, 881, 88T, 88K, 88Y, and 88W,

member is indicated according to te IMGT® numbering.

erein the amino acid position of each group

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 48,
wherein the amino acid regidue which is substituted in the protein-protein interface of
the parent domain of the first engineered immunoglobulin chain at position 20 is

selected from the grptip consisting of 20V, 20T, 20A, 20N, 20K, 20W and 208 and/or

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 48,

wherein the further amino acid residue substituted in the protein-protein interface of the
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parent domain of the first engineered immunoglobulin chain is selected from the groyp
consisting of 3E, 3K, 5A, 5T, 5Y, 7M, 7L, 22A, 221, 22V, 26E, 26T, 27E, 27K,
79Y, 81A, 81G, 81D, 83M, 83T, 84L, 84.2E, 84.2S, 84.3D, 85.18S, 85.1A, 85.
85.1M, 85.1F, 868, 86F, 86Y, 88K, 88L, 88R, 88W, 90K, 90N, and 90R an
conservative amino acid substitutions thereof, wherein the amino acid pogition of each
group member is indicated according to the IMGT® numbering.
The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 39-54,
wherein the parent domains of the first and second engineergd immunoglobulin chains
are an IgGl CH2 domain or wherein the parent domdin of the first engineered
immunoglobulin chain is an IgG1 CH2 domain and th€ parent domain of the second
engineered immunoglobulin chain is an 1gG3 CHZ domain or wherein the parent
domain of the first engineered immunoglobulin cffain is an IgG3 CH2 domain and the
parent domain of the second engineered imymunoglobulin chain is an IgG1 CH2
domain.

The hetero-dimeric immunoglobulin oyhetero-dimeric fragment thereof of any one of
claims 1-55, wherein the amino aci¢/residues of the protein-protein interface of the
parent domain of the first and/or gecond engineered immunoglobulin chain which are
substituted are not adjacent.
The hetero-dimeric immgnoglobulin or hetero-dimeric fragment thereof of any one of
claims 1-55, wherein At least two amino acid residues of the protein-protein interface of
the parent domain gf the first and/or second engineered immunoglobulin chain are
substituted.
A hetero-gimeric immunoglobulin or hetero-dimeric fragment thereof comprising:

(a) a figgt engineered immunoglobulin chain comprising an engineered domain with a
protein-protein interface, wherein at least one amino acid residue of the protein-protein
inferface of the parent domain of said first engineered immunoglobulin chain is
substituted with an amino acid residue at the equivalent 3D structural position from a
protein-protein interface of a donor domain of a first member of the naturally occurring

immunoglobulin super-family; and
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occurring immunoglobulin super-family,
wherein the engineered domain of the first engineered immunoglopulin chain and the
engineered domain of the second engineered immunoglobulin cffain are not identical
and,
10 wherein the donor domain of the first member of the natugdlly occurring
immunoglobulin super-family and the donor domain offhe second member of the
naturally occurring immunoglobulin super-family fo/m a naturally occurring hetero-
dimer or a naturally occurring homo-dimer and,
wherein the parent domain of the first and/or thé second engineered immunoglobulin
15 chain is a CH4 domain, wherein the proteinprotein interface of the parent domain of
the first engineered immunoglobulin chaj comprises an amino acid residue
substitution at a position selected fronmythe group consisting of 20, 22, 85.1, 86, and 88,
and/or wherein the protein-protein ifterface of the parent domain of the second
engineered immunoglobulin chajd comprises an amino acid residue substitution at a
20 position selected from the groyp consisting of 22, 26, 85.1, 86, and 88, wherein the
amino acid position of eacl/group member is indicated according to the IMGT®

numbering.

59.  The hetero-dimericAmmunoglobulin or hetero-dimeric fragment thereof of claim 58,

25 whercin the pargfit domain of the first and the second engineered immunoglobulin

chain is a natyrally occurring CH4 domain.

60. The hetgfo-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 58,
whergin the amino acid sequence of the engineered domains of the first engineered

30 inyhunoglobulin chain and/or the second engineered immunoglobulin chain do not

ontain an insertion of one or more amino acid residues compared to the amino acid

sequence of the parent domains of the first engineered immunoglobulin chain and/or



10

15

20

25

30

WO 2012/131555 PCT/IB2012/051410

61.

62.

284

the second engineered immunoglobulin chain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of clgdm 58,

wherein the donor domain of the first member of the naturally occurring

dimer.

The hetero-dimeric immunoglobulin or hetero-dimeric fragmént thereof of any one of
claims 1-61, wherein the first engineered immunoglobulin/chain and/or the second
engineered immunoglobulin chain comprise a further efgineered domain with a
protein-protein interface, wherein at least one aming/acid residue of the protein-protein
interface of the parent domain of said further engiicered domain of said first
engineered immunoglobulin chain and/or said gecond engineered immunoglobulin
chain is substituted with an amino acid resiglie at the equivalent 3D structural position
from a protein-protein interface of a dongf domain of a third member of the naturally
occurring immunoglobulin super-famity, and

wherein the protem-protein interfagé of the further engineered domain of the first
engineered immunoglobulin chaih and/or the second engineered immunoglobulin chain
is interacting with the proteinprotein interface of an engineered domain of a third
engineered immunoglobuljd chain by hetero-dimerization or by homo-dimerization,
wherein at least one amjfio acid residue of the protein-protein interface of the parent
domain of said engingered domain of said third engineered immunoglobulin chain is
substituted with apamino acid residue at the equivalent 3D structural position from a
protein-protein fnterface of a donor domain of a fourth member of the naturally
occurring imfunoglobulin super-family, and

wherein tht donor domain of the third member of the naturally occurring
immungglobulin super-family and the donor domain of the fourth member of the
natuyally occurring immunoglobulin super-family form a naturally occurring hetero-
difner or a naturally occurring homo-dimer and,

‘wherein the protein-protein interface of the further engineered domain of the first
engineered immunoglobulin chain and/or the second engineered immunoglobulin chain

and of the engineered domain of the third engineered immunoglobulin chain is different
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from the protein-protein interface of the engineered domain of the first engineered
immunoglobulin chain and of the engineered domain of the second engineered

immunoglobulin chain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 62,
wherein the parent domain of the further engineered domain of the fifst engineered
immunoglobulin chain and/or the second engineered immunoglobfilin chain and the
parent domain of the engineered domain of the third engineered immunoglobulin chain

are naturally occurring domains.

The hetero-dimeric immunoglobulin or hetero-dimeri¢/fragment thereof of claim 62,
wherein the donor domain of the third member of tife naturally occurring
immunoglobulin super-family and the donor dofain of the fourth member of the
naturally occurring immunoglobulin super-faphily form a naturally occurring hetero-
dimer.

The hetero-dimeric immunoglobuliyyor hetero-dimeric fragment thereof of claim 64,
wherein the third and the fourth/member of the naturally occurring immunoglobulin

super-family are selected from the TCR constant domain family.

The hetero-dimeric immyhoglobulin or hetero-dimeric fragment thereof of any one of
claims 62-65, whereinythe parent domain of the further engineered domain of the first
and/or the second £ngineered immunoglobulin chain and the parent domain of the

engineered domgfn of the third engineered immunoglobulin chain form a hetero-dimer.

nd the parent domain of the engineered domain of the third engineered
immunoglobulin chain is a CH1 domain or, wherein the parent domain of the further
engineered domain of the first and/or second engineered immunoglobulin chain is a

CH1 domain and the parent domain of the engineered domain of the third engineered
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immunoglobulin chain is an IGLC domain selected from the group consisting of

IGLC1, IGLC2, IGLC3, IGLC6, and IGLC7 or is an IGKC domain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of/claim 62,
wherein the donor domain of the third member of the naturally occurrir
immunoglobulin super-family and the donor domain of the fourth m
naturally occurring immunoglobulin super-family form a naturally/occurring homo-
dimer.

The hetero-dimeric immunoglobulin or hetero-dimeric frament thereof of claim 68,
wherein the donor domain of the third member of the pAturally occurring

immunoglobulin super-family and the donor domaiy of the fourth member of the

naturally occurring immunoglobulin is a CH3 dofhain.

The hetero-dimeric immunoglobulin or hetgro-dimeric fragment thereof of claim 68

2

wherein the donor domain of the third mé€mber of the naturally occurring

immunoglobulin super-family and thg’donor domain of the fourth member of the

naturally occurring immunoglobulin super-family is the IgG1 CH3 domain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 68,
wherein the donor domaiy/of the third member of the naturally occurring
immunoglobulin super/amily and the donor domain of the fourth member of the
naturally occurring jnmunoglobulin super-family is an IgA1 CH3 domain or an IgA2
CH3 domain.

prgfiein-protein interface of the engineered domain of the third engineered

‘mmunoglobulin chain by hetero-dimerization.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of

claims 68-71, wherein the protein-protein interface of the further engineered domain of
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the first and/or second engineered immunoglobulin chain is interacting with the
protein-protein interface of the engineered domain of the third engineered

immunoglobulin chain by homo-dimerization.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of
claims 62-73, wherein the amino acid residues from the protein-protgin interface of the
donor domain of the third and the fourth member of the naturally 6ccurring
immunoglobulin super-family are amino acids non essential tofhe core integrity of the

domain.

The hetero-dimeric immunoglobulin or hetero-dimerig/fragment thereof of any one of
claims 1-74, wherein the first and second engineergdl immunoglobulin chains comprise

an Fc region.

The hetero-dimeric immunoglobulin or hegro-dimeric fragment thereof of any one of
claims 62-75, wherein at Icast two amind acid residues of the protein-protein interface
of the parent domain of the further epgineered domain of the first engineered
immunoglobulin chain and/or the £econd engineered immunoglobulin chain and/or of
the parent domain of the engingered domain of the third engineered immunoglobulin

chain are substituted.

The hetero-dimeric impunoglobulin or hetero-dimeric fragment thereof of any one of
claims 1-76, wherei# the hetero-dimeric immunoglobulin or hetero-dimeric fragment

thereof is a full-lgngth antibody.

he hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 78,
wherein the bispecific hetero-dimeric immunoglobulin or hetero-dimeric fragment

thereof or the bispecific full-length antibody binds to antigens selected from the group
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consisting of HER2, EGFR, CD19, and VLA-2.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof any ghe of
claims 1-79 wherein at least one additional polypeptide is fused to the firsyand/or

second engineered immunoglobulin chain,

The hetero-dimeric immunoglobulin or hetero-dimeric fragment tfereof of claim 80,
wherein said additional polypeptide is selected from the group onsiting of Fab, scFv,
diabody, domain antibody, pharmacologically active peptidgor protein, receptor
extracellular domain, CDR grafted polypeptide, and thergheutic engineered protein
scaffold.

A hetero-dimeric immunoglobulin or hetero-dingric fragment thereof comprising:

(a) a first engineered immunoglobulin chain gbmprising an engineered domain with a
protein-protein interface, wherein at least ghe amino acid residue of the protein-protein
interface of the parent domain of said fifst enginecred immunoglobulin chain is
substituted with an amino acid residye at the equivalent 3D structural position from a
protein-protein interface of a dongt domain of a first member of the naturally occurring
immunoglobulin super-family;/And

(b) a second engineered imyfunoglobulin chain comprising an engineered domain with
a protein-protein interfacg, wherein at least one amino acid residue of the protein-
protein interface of thgparent domain of said second engineered immunoglobulin chain
is substituted with gh amino acid residue at the equivalent 3D structural position from a
protein-protein iterface of a donor domain of a second member of the naturally
accurring implunoglobulin super-family,

wherein th donor domain of the first member of the naturally occurring
immungglobulin super-family and the donor domain of the second member of the
natupdlly occurring immunoglobulin super-family form a naturally occurring hetero-
digher or a naturally occurring homo-dimer and,

‘wherein the parent domains of the first and the second engineered immunoglobulin
chain are not a CH2 domain, not a CH3 domain, not a VL domain and not a VH
domain and, wherein the protein-protein interface of the parent domain of the first

engineered immunoglobulin chain comprises an amino acid residue substitution at a
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position selected from the group consisting of 20, 22, 85.1, 86, and 88, and wherefh,
if the parent domain of the first engineered immunoglobulin chain is an IGLC ¢bomain
and the parent domain of the second engineered immunoglobulin chain is a ¢H1
domain and the protein-protein interface of the parent domain of the first€nginecred
5 immunoglobulin chain is substituted with an amino acid residue at pogition 5 and the
protein-protein interface of the parent domain of the second enginegred
immunoglobulin chain is substituted with an amino acid residue/at position 20, the
substituted amino acid residue at position 5 and the substitutedl amino acid residue at
position 20 are not a charged pair,
10 if the parent domain of the first engineered immunogloBulin chain is an IGLC domain
or an IGKC domain and the parent domain of the se¢ond engineered immunoglobulin
chain is a CH1 domain and the protein-protein interface of the parent domain of the
first engineered immunoglobulin chain is subgfituted with an amino acid residue at
position 20 and the protein-protein interfacg of the parent domain of the second
15 engineered immunoglobulin chain is sup$tituted with an amino acid residue at position
26, the substituted amino acid residug’at position 20 and the substituted amino acid
residue at position 26 are not a chgfged pair,
if the parent domain of the firsyengineered immunoglobulin chain is an IGLC domain
or an IGKC domain and the/parent domain of the second engineered immunoglobulin
20 chain is a CH1 domain apd the protein-protein interface of the parent domain of the
first engineered immuygoglobulin chain is substituted with an amino acid residue at
position 86 and th

rotein-protein interface of the parent domain of the second

engineered imnydnoglobulin chain is substituted with an amino acid residue at position

25 wherein the amino acid position of each group member is indicated according to the
IMGT/humbering.

83. ¢ hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 82,
wherein the protein-protein interface of the parent domain of the second engineered
immunoglobulin chain comprises an amino acid residue substitution at a position
selected from the group consisting of 22, 26, 85.1, 86, and 88, wherein the amino acid

position of each group member is indicated according to the IMGT® numbering.
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The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 82 4r
83, wherein the parent domains of the first and the second engineered immunoglgbulin

chain are naturally occurring domains.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof 4f claim 82
wherein, if the parent domain of the first engineered immunoglobulin£hain is a CH1
domain and the parent domain of the second engineered immunoglébulin chain is an
IGLC domain and the protein-protein interface of the parent dopfain of the first
engineered immunoglobulin chain is substituted with an amip0 acid residue at position
20 and the protein-protein interface of the parent domain ¢f the second engineered
immunoglobulin chain is substituted with an amino acid residue at position 5, the
substituted amino acid residue at position 5 and the {ibstituted amino acid residue at
position 20 are not a charged pair and wherein, iffhe parent domain of the first
engineered immunoglobulin chain is a CH1 dgfmain and the parent domain of the
second engineered immunoglobulin chain igan IGLC domain or an IGKC domain and
the protein-protein interface of the parenydomain of the first engineered
immunoglobulin chain is substituted With an amino acid residue at position 86 and the
protein-protein interface of the parght domain of the second engineered
immunoglobulin chain is substigdted with an amino acid residue at position 86, the
substituted amino acid residyés at both positions 86 are not a charged pair, wherein the
amino acid position of eagh group member is indicated according to the IMGT®

numbering.

The hetero-dimegfc immunoglobulin or hetero-dimeric fragment thereof of claim 82 or
83, wherein ghe protein-protein interface of the enginecred domain of the first
engineered fmmunoglobulin chain is interacting with the protein-protein interface of the
engineeped domain of the second engineered immunoglobulin chain by hetero-

dimepization.

he hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 82 or
83, wherein the parent domain of the first and/or the second engineered

immunoglobulin chain is not a CH4 domain.
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The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 8%or
83, wherein the parent domain of the first and/or the second engineered
immunoglobulin chain is a domain selected from the group consisting of CH }/domain,
CH4 domain, IGKC domain, IGLC1 domain, IGLC2 domain, IGLC3 domdin, IGLC6
domain, and IGLC7 domain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 82 or
83, wherein the parent domain of the first engineered immunoglobulin chain is an
IGKC domain and the parent domain of the second engineezed immunoglobulin chain

1s a CH1 domain.

The hetero-dimeric immunoglobulin or hetero-dimyéric fragment thereof of claim 82 or
83, wherein the parent domain of the first enginéered immunoglobulin chain is an

IGLC domain selected from the group consigfing of IGLCI, IGLC2, IGLC3, IGLCS,
and IGLC7 and the parent domain of the

CH1 domain.

cond engineered immunoglobulin chain is a

The hetero-dimeric immunoglobdlin or hetero-dimeric fragment thereof of claim 82 or
83, wherein the protein-protejfi interface of the parent domain of the first engineered
immunoglobulin chain comprises an amino acid residue substitution selected from the

group consisting of 20/ 20T, 204, 20N, 20Q, 20E, 20K, 20W, 208, 22A, 22G, 22T,

221,22V, 26Q, 26T, 26K, 26V, 268, 26R, 26N, 26E, 85.1T, 85.1M, 85.1A, 85.1S,
85AR, 85.1H, 85.1K, 85.1W, 85.1F, 85.1C, 85.1N, 868, 861, 86T, 86H, 86Q, 86V,
6W, 86Y, 86F, 88Q, 88L, 88V, 88R, 88E, 881, 88T, 88K, 88Y, and 88 W, wherein the
amino acid position of each group member is indicated according to the IMGT®

numbering,
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The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 8or
83, wherein the protein-protein interface of the parent domain of the first enginegred
immunoglobulin chain comprises an amino acid residue substitution selected from the
group consisting of 20K, 20N, 20T, 208, 22A, 221, 22V, 22T, 85.18S, 85.1A, 85.1N,
85.1M, 85.1F, 86S, 86T, 86F, 86Y, 86V, 88W, 88R, 88L, 881, and 88K And
conservative amino acid substitutions thereof and/or the protein-protéin interface of the
parent domain of the second engineered immunoglobulin chain cgmprises an amino
acid residue substitution selected from the group consisting of 224, 221, 22V, 22T,
26E, 26T, 26K, 26R, 85.1S, 85.1A, 85.1N, 85.1M, 85.1F, 84S, 86T, 86F, 86Y, 86V,
88W, 88R, 88L, 881 and 88K and conservative amino aci substitutions thereof,
wherein the amino acid position of each group membgt is indicated according to the

IMGT® numbering.

The hetero-dimeric immunoglobulin or heterg-dimeric fragment thereof of claim 82 or
83, wherein the protein-protein interface ¢f the parent domain of the first engineered
immunoglobulin chain comprises an apiino acid residue substitution selected from the
group consisting of 20K, 20N, 20T,208S, 22A, 221, 22V, 22T, 85.18S, 85.1A, 85.IN,
85.1M, 85.1F, 868, 86F, 86Y, 86N, B8W, 88R, 88L, and 88K and conservative amino
acid substitutions thercof and/dr, wherein the protein-protein interface of the parent
domain of the second engiptered immunoglobulin chain comprises an amino acid
residue substitution selegted from the group consisting of 22A, 221, 22V, 22T, 26E,
26T, 26K, 85.18, 85 YA, 85.1N, 85.1M, 85.1F, 868, 86F, 36Y, 86V, 88W, 38R, &8L,
and 88K and consgrvative amino acid substitutions thereof, wherein the amino acid

I . . . . ® .
position of eaclf group member is indicated according to the IMGT" numbering.

-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of
claimg/82-93, wherein if the substitution in the parent domain of the first engineered
impfunoglobulin chain is at position 88, the substituted amino acid residue in the parent
Omain of the second engineered immunoglobulin chain which interacts with the
substituted amino acid residue at position 88 in the parent domain of the first
engineered immunoglobulin chain is at position 85.1 and/or 86, or if the substitution in
the parent domain of the second engineered immunoglobulin chain is at position 88, the

substituted amino acid residue in the parent domain of the first engineered
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immunoglobulin chain which interacts with the substituted amino acid residue at

position 85.1 and/or 86, wherein the amino acid position of each group memper is

indicated according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thefeof of any one of
claims 82-93, wherein if the substitution in the parent domain of'the first engineered
immunoglobulin chain is at position 85.1, the substituted amipo acid residue in the
parent domain of the second engineered immunoglobulin ghain which interacts with the
substituted amino acid residue at position 85.1 in the pgrent domain of the first
engineered immunoglobulin chain is at position 86, ¢f if the substitution in the parent
domain of the second engineered immunoglobuliychain is at position 85.1, the
substituted amino acid residue in the parent doghain of the first engineered
immunoglobulin chain which interacts withhe substituted amino acid residue at
position 85.1 in the parent domain of thefecond engineered immunoglobulin chain is at
position 86, wherein the amino acid pgsition of each group member is indicated

according to the IMGT® numbering/

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of
claims 82-93, wherein if fhe substitution in the parent domain of the first engineered
immunoglobulin chain£s at position 22, the substituted amino acid residue in the parent
domain of the second engineered immunoglobulin chain which interacts with the
substituted aming/acid residue at position 22 in the parent domain of the first
engineered imfunoglobulin chain is at position 22 and/or 86, or if the substitution in
the parent gdmain of the second engineered immunoglobulin chain is at position 22, the
substituéd amino acid residue in the parent domain of the first engineered
immyfoglobulin chain which interacts with the substituted amino acid residue at
podition 22 in the parent domain of the second engineered immunoglobulin chain is at
hosition 22 and/or 86, wherein the amino acid position of each group member is

indicated according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of

claims 82-93, wherein if the substitution in the parent domain of the first engineered
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immunoglobulin chain is at position 20, the substituted amino acid residue in the patent
domain of the second engineered immunoglobulin chain which interacts with the
substituted amino acid residue at position 20 in the parent domain of the first
engineered immunoglobulin chain is at position 26, or if the substitution in the parent
domain of the second engineered immunoglobulin chain is at position 20/ the
substituted amino acid residue in the parent domain of the first engineéred
immunoglobulin chain which interacts with the substituted amino a€id residue at
position 20 in the parent domain of the second engineered immyfioglobulin chain is at
position 26, wherein the amino acid position of each group mémber is indicated

according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimerfc fragment thereof of any one of
claims 82-97, wherein the protein-protein interfagé of the parent domain of the first
urther amino acid residue substitution

g of 3,5,7, 11,12, 13, 18, 26, 27,79,

engineered immunoglobulin chain comprises
at a position selected from the group consis
81, 83, 84, 84.2 and 90, wherein the amir

indicated according to the IMGT® nur

acid position of cach group member is

The hetero-dimeric immunoglobylin or hetero-dimeric fragment thereof of any one of
claims 83-97, wherein the progein-protein interface of the parent domain of the second
engineered immunoglobulig chain comprises a further amino acid residue substitution
at a position selected from the group consisting of 3, 5,7, 11, 12, 13, 18, 20, 27, 79,

81, 83, 84, 84.2 and 90, wherein the amino acid position of each group member is

protein/protein interface, wherein at least one amino acid residue of the protein-protein
integface of the parent domain of said first engineered immunoglobulin chain is

stituted with an amino acid residue at the equivalent 3D structural position from a
protein-protein interface of a donor domain of a first member of the naturally occurring
immunoglobulin super-family; and

(b) a second engineered immunoglobulin chain comprising an engineered domain with
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a protein-protein interface, wherein at least one amino acid residue of the protein-

protein interface of the parent domain of said second engineered immunoglobulif chain

occurring immunoglobulin super-family,

wherein the donor domain of the first member of the naturally occuryhg
immunoglobulin super-family and the donor domain of the secong/member of the
naturally occurring immunoglobulin super-family form a naturglly occurring hetero-
dimer or a naturally occurring homo-dimer and,

wherein the parent domains of the first and the second engineered immunoglobulin
chain are not a CH2 domain, not a CH3 domain, not a ¥L domain and not a VH
domain and wherein,

if the parent domain of the first engineered immuyfioglobulin chain is an IGLC domain
or an IGKC domain and the parent domain of the second engineered immunoglobulin
chain is a CH1 domain and the protein-projéin interface of the parent domain of the
first engineered immunoglobulin chain ig substituted with an amino acid residue at
position 12 and the protein-protein infrface of the parent domain of the second
engineered immunoglobulin chainfs substituted with an amino acid residue at position
119, the substituted amino acid Zesidue at position 12 and the substituted amino acid
residue at position 119 are ngt a charged pair,

if the parent domain of th¢/first engineered immunoglobulin chain is a CH1 domain and
the parent domain of thé second engineered immunoglobulin chain is an IGLC domain
and the protein-protgin interface of the parent domain of the first engineered

immunoglobulin ghain is substituted with an amino acid residue at position 26 and the

positigh 13 are not a charged pair,

if the parent domain of the first engineered immunoglobulin chain is an IGLC domain
nd the parent domain of the second engineered immunoglobulin chain is a CH1

domain and the protein-protein interface of the parent domain of the first engineered

immunoglobulin chain is substituted with an amino acid residue at position 5 and the

protein-protein interface of the parent domain of the second engineered
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immunoglobulin chain is substituted with an amino acid residue at position 20, th
substituted amino acid residue at position 5 and the substituted amino acid resigde at
position 20 are not a charged pair,
if the parent domain of the first engineered immunoglobulin chain is a CH4 domain and
5 the parent domain of the second engineered immunoglobulin chain is g IGLC domain
and the protein-protein interface of the parent domain of the first engineered
immunoglobulin chain is substituted with an amino acid residue ¢ position 27 and the
protein-protein interface of the parent domain of the second epfineered
immunoglobulin chain is substituted with an amino acid regddue at position 18, the

10 substituted amino acid residue at position 27 and the subgtituted amino acid residue at
position 18 are not a charged pair,
if the parent domain of the first engineered immundglobulin chain is an IGLC domain
or an IGKC domain and the parent domain of the second engineered immunoglobulin
chain is a CH1 domain and the protein-protej interface of the parent domain of the

15 first engineered immunoglobulin chain is gubstituted with an amino acid residue at
position 20 and the protein-protein intgfface of the parent domain of the second
engineered immunoglobulin chain igsubstituted with an amino acid residue at position
26, the substituted amino acid regidue at position 20 and the substituted amino acid
residue at position 26 are not g/charged pair,

20 if the parent domain of the first engineered immunoglobulin chain is an IGLC domain
and the parent domain of'the second engineered immunoglobulin chain is a CH1
domain and the protejifi-protein interface of the parent domain of the first engineered
immunoglobulin cifain is substituted with an amino acid residue at position 79 and the
protein-protein fhterface of the parent domain of the second engineered

25 immunoglobdlin chain is substituted with an amino acid residue at position §84.3, the

substituted amino acid residue at position 79 and the substituted amino acid residue at

positigf 84.3 are not a charged pair,

if the parent domain of the first engineered immunoglobulin chain is an IGLC domain

an IGKC domain and the parent domain of the second engineered immunoglobulin
chain is a CHI domain and the protein-protein interface of the parent domain of the
first engineered immunoglobulin chain is substituted with an amino acid residue at
position 86 and the protein-protein interface of the parent domain of the second

engineered immunoglobulin chain is substituted with an amino acid residue at position
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86, the substituted amino acid residues at both positions 86 are not a charged pair,

if the parent domain of the first engineered immunoglobulin chain is an IGKC ¢émain
and the amino acid residue which is substituted in the protein-protein interfag€ of the
parent domain of the first engineered immunoglobulin chain is at positionA1 and the
parent domain of the second engineered immunoglobulin chain is a dopfain which
comprises a hinge region, the parent domain of the second engineergdl immunoglobulin
chain is not substituted at position 3 of the hinge region,

wherein the amino acid position of each group member is indigated according to the

IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimerj¢ fragment thereof of claim 100,
wherein the parent domain of the first and/or the sgcond engineered immunoglobulin
chain is a domain selected from the group consjéting of CH1 domain, CH4 domain,
IGKC domain, IGLC1 domain, IGLC2 domgin, IGLC3 domain, IGLC6 domain, and
IGLC7 domain, wherein the amino acid 1¢sidue which is substituted in the protein-
protein interface of the parent domain 4f the first and/or the second engineered
immunoglobulin chain comprises aff amino acid residue at a position selected from the
group consisting of 3,5, 7, 11, }2, 13, 18, 20, 22, 26, 27, 79, 81, 83, 84, 84.2, 85.1, 86,

88 and 90, wherein the aming/acid position of each group member is indicated

according to the IMGT®n bering.

The hetero-dimeric ifimunoglobulin or hetero-dimeric fragment thereof of claim 82 or
100, wherein the garent domains of the first and the second engineered

immunoglobulin chain form a hetero-dimer.

The heteyo-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 102,
whergin the protein-protein interface of the engineered domain of the first engineered
imphunoglobulin chain is interacting with the protein-protein interface of the engineered

omain of the second engineered immunoglobulin chain by homo-dimerization.

. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 82 or

100, wherein the parent domains of the first and the second engineered
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immunoglobulin chain form a homo-dimer.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of c)dim 82 or
100, wherein the donor domain of the first member of the naturally occurping
immunoglobulin super-family and the donor domain of the second mepiber of the
naturally occurring immunoglobulin super-family form a naturally g€curring hetero-

dimer.

The hetero-dimeric immunoglobulin or hetero-dimeric fragfent thereof of claim 82 or
100, wherein the first and the second member of the nagdrally occurring

immunoglobulin super-family are selected from the ¥CR constant domain family.

The hetero-dimeric immunoglobulin or heterodimeric fragment thereof of claim 82 or
100, wherein the donor domain of the first pdember of the naturally occurring
immunoglobulin super-family is the TCR constant domain alpha (SEQ ID NO: 1) and
the donor domain of the second memper of the naturally occurring immunoglobulin
super-family is the TCR constant ¢omain beta (SEQ ID NO: 2) or

wherein the donor domain of th¢ first member of the naturally occurring
immunoglobulin super-fami}¢ is the TCR constant domain beta (SEQ ID NO: 2) and
the donor domain of the sécond member of the naturally occurring immunoglobulin

super-family is the TCR constant domain alpha (SEQ ID NO: 1).

The hetero-dimegric immunoglobulin or hetero-dimeric fragment thereof of claim 107,
wherein the ¢fsteine (C) at amino acid position 75 in SEQ ID NO: 2 is substituted with

alanine (A or serine (S).

The Aetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 82 or

, wherein the donor domain of the first member of the naturally occurring
immunoglobulin super-family is the TCR constant domain gamma (SEQ ID NO: 33)
and the donor domain of the second member of the naturally occurring immunoglobulin
super-family is the TCR constant domain delta (SEQ ID NO: 32) or
wherein the donor domain of the first member of the naturally occurring

immunoglobulin super-family is the TCR constant domain delta (SEQ ID NO: 32) and
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the donor domain of the second member of the naturally occurring immunoglobujn

super-family is the TCR constant domain gamma (SEQ ID NO: 33).

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof/of claim 82 or
100, wherein the donor domain of the first member of the pdturally occurring
immunoglobulin super-family and the donor domain of the s¢éond member of the
naturally occurring immunoglobulin super-family form a ngtrally occurring homo-

dimer.

The hetero-dimeric immunoglobulin or hetero-dimes# fragment thereof of claim 110,
wherein the donor domain of the first mgfber of the naturally occurring
immunoglobulin super-family and the donor Mlomain of the second member of the
naturally occurring immunoglobulin is a CHZ domain.

The hetero-dimeric immunoglobulin gt hetero-dimeric fragment thereof of claim 110,
wherein  the donor domain of/the first member of the naturally occurring
immunoglobulin super-family #nd the donor domain of the second member of the
naturally occurring immunogfobulin super-family is the IgG1 CH3 domain.

The hetero-dimeric imymumnoglobulin or hetero-dimeric fragment thereof of claim 110,
wherein the dongf domain of the first member of the naturally occurring
immunoglobulin/super-family and the donor domain of the second member of the
naturally occdiring immunoglobulin super-family is an IgA1 CH3 domain or an IgA2

CH3 domagin.

The fetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of
cjaims 82-113, wherein at least one amino acid residue of the protein-protein interface
of the parent domain of said first engineered immunoglobulin chain is substituted with
an amino acid residue at the equivalent 3D structural position from a protein-protein
interface of a donor domain of a first member of the naturally occurring
immunoglobulin super-family and additionally at least one amino acid residue of the
protein-protein interface of the parent domain of said first engineered immunoglobulin

chain is substituted with an amino acid residue at the equivalent 3D structural position
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from a protein-protein interface of a donor domain of a third member of the natdrally
occurring immunoglobulin super-family and wherein at least one amino acid rg§idue of
the protein-protein interface of the parent domain of said second /fengineered
immunoglobulin chain is substituted with an amino acid residue at the Aquivalent 3D
structural position from a protein-protein interface of a donor dopfain of a second
member of the naturally occurring immunoglobulin super-family/and additionally at
least one amino acid residue of the protein-protein interface of the parent domain of
said second engineered immunoglobulin chain is substituted yith an amino acid residue
at the equivalent 3D structural position from a proteinjprotein interface of a donor
domain of a fourth member of the naturally occurring’immunoglobulin super-family.
The hetero-dimeric immunoglobulin or hetero-diferic fragment thereof of any one of
claims 82-114, wherein at least one 3D structural position of the protein-protein
interface of the engineered domain of the/first engineered immumnoglobulin chain is
different in amino acid residue comparegd to the identical 3D structural position of the
protein-protein interface of the cAgincered domain of the second engineered

immunoglobulin chain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of
claims 82-115, wherein the engineered domain of the first engineered immunoglobulin
chain and the enginecpéd domain of the second engineered immunoglobulin chain are

not identical.

The hetero-dipieric immunoglobulin or hetero-dimeric fragment thereof of any one of
claims 82- 16, wherein the amino acid residues from the protein-protein interface of

the dongf domain of the first and the second member of the naturally occurring

. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of

claims 82-117, wherein the hetero-dimeric immunoglobulin fragment comprises at least
two engineered domains, wherein the first engineered domain is non identical to the

second engineered domain, and wherein both engineered domains assemble by
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interaction through their protein-protein interfaces.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of cfaim 89,
wherein the parent domain of the first engineered immunoglobulin chain 4 an IGKC
domain and the amino acid residue which is substituted in the protein-grotein interface
of the parent domain of the first engineered immunoglobulin chain fomprises an amino
acid residue at a position selected from the group consisting of 144, 116, 118, 123,
124,131, 133, 137, 138, 160, 162, 164, 165, 167, 174, 176, 178, and 180, wherein the

amino acid position of each group member is indicated acgbrding to the EU numbering.

The hetero-dimeric immunoglobulin or hetero-dimeyic fragment thereof of claim 90,
wherein the parent domain of the first engineered/immunoglobulin chain is an IGLC
domain selected from the group consisting of ¥GLC1, IGLC2, IGLC3, IGLC6, and
IGLC7 and the amino acid residue which iy/substituted in the protein-protein interface
of the parent domain of the first engineered immunoglobulin chain comprises an amino
acid residue at a position selected frop the group consisting of 114, 116, 118, 122, 131
133, 137, 138, 160, 162, 165, 167 /174, 176, 178, and 180, wherein the amino acid

3

position of each group membei/is indicated according to the Kabat numbering.

The hetero-dimeric immuyfioglobulin or hetero-dimeric fragment thereof of claim 89,
wherein the parent dopain of the first engineered immunoglobulin chain is an IGKC
domain and the amjo acid residue which is substituted in the protein-protein interface
of the parent dopain of the first engineered immunoglobulin chain comprises an amino
acid residue gélected from the group consisting of S131V, S131T, S131A, S131N,
S131Q, SJA1E, S131K, S131W, V133A, V133G, V133T, V133L, V1331, N137Q,
NI37T/N137K, N137V, N137S,N137R, N137E, S174T, S174M, S174A, S174R,
S174H, S174K, S174W, S174F, S174C, S174N, S1761, S176T, S176H, S176Q,
SA76V, S176W, S176Y, S176F, T178Q, T178L, T178V, T178R, T178E, T1781,
T178K, T178Y, and T178W, wherein the amino acid position of each group member is

indicated according to the EU numbering.

. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 89,

wherein the parent domain of the first engineered immunoglobulin chain is an IGKC
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domain and the amino acid residue which is substituted in the protein-protein interfdce
of the parent domain of the first engineered immunoglobulin chain comprises aryamino

acid residue selected from the group consisting of S114E, S114K, S1140Q, FIX6A,

S174M, S174N, S174F, S176F, S176V, S176Y, T178W, T178R/T178L, T178K,
T180N, T180R, and T180K and conservative amino acid subsfitutions thereof, wherein
the amino acid position of each group member is indicated According to the EU

numbering.

The hetero-dimeric immunoglobulin or hetero-digferic fragment thereof of claim 90,
wherein the parent domain of the first engineeréd immunoglobulin chain is an IGLC
IGLC1, IGLC2, IGLC3, IGLC6, and

IGLC7 and the amino acid residue whiclyis substituted in the protein-protein interface

domain selected from the group consisting

of the parent domain of the first enginéered immunoglobulin chain compriscs an amino
acid residue selected from the groyp consisting of 131V, 131A, 131N, 131Q, 131E,
131K, 131W, 1318, 133A, 133@, 133T, 133L, 1331, 137Q, 137T, 137K, 137V, 137R,
137N, 137E, 174T, 174M, 174S, 174R, 174H, 174K, 174W, 174F, 174C, 174N, 1761,
176T, 176H, 176Q, 176W, 176Y, 176V, 176F, 178Q, 178L, 178V, 178R, 178E, 178T,
1781, 178K, 178E, ang/178W, wherein the amino acid position of each group member

is indicated accordjfig to the Kabat numbering.

the parent domain of the first engineered immunoglobulin chain comprises an amino
acid residue selected from the group consisting of 114E, 114K, 114Q, 116A, 116Y,
118M, 118L, 122D, 131K, 131N, 133A, 133L, 133T, 137T, 137E, 137K, 138E, 138K,
160Y, 160F, 160K, 162D, 162A, 162G, 165L, 165M, 167E, 1678, 174N, 174M, 174F,
1748, 176V, 176F, 176Y, 178W, 178R, 178L, 178K, 180N, 180R, and 180K and

conservative amino acid substitutions thereof, wherein the amino acid position of each
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group member is indicated according to the Kabat numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of clafm 89,
wherein the parent domain of the first engineered immunoglobulin chain is/an IGKC
domain and the amino acid residue which is substituted in the protein-pyétein interface
of the parent domain of the first engineered immunoglobulin chain cgfmprises the amino
acid residue at position 178 or comprises T178W and conservatiyé amino acid
substitutions thereof, and optionally a further amino acid residyé at a position selected
from the group consisting of 131, 137, 160, 176, and 180, wHerein the amino acid

position of each group member is indicated according to he EU numbering.

The hetero-dimeric immunoglobulin or hetero-dimefic fragment thereof of claim 89,
wherein the parent domain of the first engineered immunoglobulin chain is an IGKC
domain and the amino acid residue which is spbstituted in the protein-protein interface
of the parent domain of the first engineered/immunoglobulin chain comprises the amino
acid residue at position 174 or comprisc€ S174A and conservative amino acid
substitutions thereof, and optionally #further amino acid residue at a position selected
from the group consisting of 114, £16, 131, 137, 162, 165, 167, 178, and 180, wherein
the amino acid position of eaclygroup member is indicated according to the EU

numbering,

The hetero-dimeric imghunoglobulin or hetero-dimeric fragment thereof of claim 89,
wherein the parent gomain of the first engineered immunoglobulin chain is an IGKC
domain and the gfnino acid residue which is substituted in the protein-protein interface
of the parent domain of the first engineered immunoglobulin chain comprises the amino
acid residyé at position 178 or comprises T178 W and conservative amino acid
substityfions thereof, and optionally a further amino acid residue at a position selected
from/he group consisting of 114, 116, 131, 133, 137, 138, 162, 164, 174, and 176,
whterein the amino acid position of each group member is indicated according to the EU

Mumbering.

. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 89,

wherein the parent domain of the first engineered immunoglobulin chain is an IGKC
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domain and the amino acid residue which is substituted in the protein-protein interfdce
of the parent domain of the first engineered immunoglobulin chain comprises the amino
acid residue at position 176 or comprises S176V and conservative amino aci
substitutions thereof, and optionally a further amino acid residue at a positton selected
from the group consisting of 118, 131, 133, 138, 160, 162, 167, 174, 178, and 180,

wherein the amino acid position of each group member is indicated

numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragpient thereof of claim 89,
wherein the parent domain of the first engineered immunodglobulin chain is an IGKC
domain and the amino acid residue which is substituted in the protein-protein interface
of the parent domain of the first engineered immunéglobulin chain comprises the amino
acid residue at position 176 or comprises S176Y/and conservative amino acid
substitutions thereof, and optionally a furtherAmino acid residue at a position selected
123, 124,133, 137, 160, 162, 164, 174, and

178, wherein the amino acid position ofcach group member is indicated according to

from the group consisting of 114, 116, 11
the EU numbering.

The hetero-dimeric immunoglgbulin or hetero-dimeric fragment thereof of claim 89 or
90, wherein the parent domgin of the second engineered immunoglobulin chain is a
CH1 domain and the amjfio acid residue which is substituted in the protein-protein
interface of the parent/domain of the second engineered immunoglobulin chain
comprises an aming acid residue at a position selected from the group consisting of
124, 126, 128, 183, 134, 139, 141, 143, 147, 148, 168, 170, 173, 175, 181, 183, 185,

and 187, whefein the amino acid position of each group member is indicated according

to the EU gumbering.

The Metero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 89 or
90, wherein the parent domain of the second engineered immunoglobulin chain is a
CH1 domain and the amino acid residue which is substituted in the protein-protein
interface of the parent domain of the second engineered immunoglobulin chain
comprises an amino acid residue selected from the group consisting of 141V, 141T,
141N, 141Q, 141E, 141K, 141W, 1418, 143A, 143T, 143L, 1431, 143V, 147Q, 147T,
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147V, 14785, 147R, 147N, 147E, 181T, 181M, 181A, 181R, 181H, 181K, 181W, 181F,
181C, 181N, 1831, 183H, 183Q, 183V, 183T, 183W, 183Y, 183F, 185Q, 185L./185R,
185E, 1851, 185T, 185K, 185Y, and 185W, wherein the amino acid position 6f cach

group member is indicated according to the EU numbering,.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thefeof of claim 89 or
90, wherein the parent domain of the second engineered immungglobulin chain is a
CH1 domain and the amino acid residue which is substituted 1 the protein-protein
interface of the parent domain of the second engineered inynunoglobulin chain
comprises an amino acid residue selected from the grouy consisting of S124E, S124K,
S124Q, F126A, F126T, F126Y, L128F, L128M, K133D, S134E, T139Q, A141K,
Al41T, AI41IN, A1418, G143V, G143A, G143L /G143T, K147T, K147E, D148E,
DI148K, H168Y, H168F, H168K, F170D, F170A, F170G, F170T, V173L, V173M,
QI175E, Q1758, Q175D, S181A, S181N, SI&1M, S181F, S183V, S183F, S183Y,
V185W, V185R, V185L, V185K, T187, T187K and T187R and conservative amino
acid substitutions thercof, wherein the/amino acid position of each group member is

indicated according to the EU numpering.

The hetero-dimeric immunogfobulin or hetero-dimeric fragment thereof of claim 89 or
90, wherein the parent dopain of the second engineered immunoglobulin chain is a
CH1 domain and the aino acid residue which is substituted in the protein-protein
interface of the paregt domain of the second engineered immunoglobulin chain
comprises the amino acid residue at position 185 or comprises V185W and
conservative afino acid substitutions thereof, and optionally a further amino acid
residue at afosition selected from the group consisting of 141, 143, 147, 168, 183, and
187, whetein the amino acid position of each group member is indicated according to

numbering.

he hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 89 or
90, wherein the parent domain of the second engineered immunoglobulin chain is a
CH1 domain and the amino acid residue which is substituted in the protein-protein
interface of the parent domain of the second engineered immunoglobulin chain

comprises the amino acid residue at position 181 or comprises S181A and conservative
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amino acid substitutions thereof, and optionally a further amino acid residue at a
position selected from the group consisting of 124, 126, 128, 141, 143, 147, 174, 173,
175, 185, and 187, wherein the amino acid position of each group member i¢indicated

according to the EU numbering,

The hetero-dimeric immunoglobulin or hetero-dimeric fragment théreof of claim 89 or
90, wherein the parent domain of the second engineered immungglobulin chain is a
CH1 domain and the amino acid residue which is substituted/n the protein-protein
interface of the parent domain of the second engineered ipfmunoglobulin chain
comprises the amino acid residue at position 185 or cofiprises V185W and
conservative amino acid substitutions thereof, and ¢ptionally a further amino acid
residue at a position selected from the group congisting of 124, 126, 141, 143, 147, 148,
170, 173, 181, and 183, wherein the amino agfd position of each group member is

indicated according to the EU numbering.

The hetero-dimeric immunoglobulin/or hetero-dimeric fragment thereof of claim 89 or
90, wherein the parent domain offhe second engineered immunoglobulin chain is a
CH1 domain and the amino acid residue which is substituted in the protein-protein
interface of the parent domgin of the second engineered immunoglobulin chain
comprises the amino acid residue at position 183 or comprises S183V and conservative
amino acid substitutighs thereof, and optionally a further amino acid residue at a
position selected f¥om the group consisting of 128 , 141, 143, 148, 168, 170, 175, 181,
185, and 187, wherein the amino acid position of each group member is indicated

according tg/the EU numbering.

The hgfero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 89 or
90,Avherein the parent domain of the second engineered immunoglobulin chain is a

H1 domain and the amino acid residue which is substituted in the protein-protein
interface of the parent domain of the second engineered immunoglobulin chain
comprises the amino acid residue at position 183 or comprises S183Y and conservative
amino acid substitutions thereof, and optionally a farther amino acid residue at a
position selected from the group consisting of 124, 126, 133, 134, 139, 141, 143, 168,

170, 175, 181, and 185, wherein the amino acid position of each group member is
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indicated according to the EU numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of ayy one of
claims 82-137, wherein the amino acid residues of the protein-protein intefface of the
parent domain of the first and/or the second engineered immunoglobulif chain which

are substituted are not adjacent.

The hetero-dimeric immunoglobulin or hetero-dimeric fragmeht thereof of any one of
claims 82-138, wherein at least two amino acid residues of/the protein-protein interface
of the parent domain of the first and/or the second engigered immunoglobulin chain

are substituted.

The hetero-dimeric immunoglobulin or heteroflimeric fragment thereof of any one of
claims 82-139, wherein the amino acid sequénce of the engineered domains of the first
engineered immunoglobulin chain and/gf the second engineered immunoglobulin chain
do not contain an insertion of one or yfiore amino acid residues compared to the amino
acid sequence of the parent domaiys of the first engineered immunoglobulin chain

and/or the second engineered ipdmunoglobulin chain.

The hetero-dimeric immyfioglobulin or hetero-dimeric fragment thereof of any one of
claims 82-140, wherej# the first and the second engineered immunoglobulin chains
have amino acid seduences which are different from each other by at least one amino
acid or by at leg§t two amino acids or by at least three amino acids or by at least four
amino acids gf by at least five amino acids or by at least five to ten amino acids or by at

least ten tg'thirty amino acids.

TheAetero-dimeric immunoglobulin or hetero-dimeric fragment thereof any one of
claims 82-141, wherein at least one additional polypeptide is fused to the first and/or

second engineered immunoglobulin chain.

. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 142,

wherein said additional polypeptide is selected from the group consiting of Fab, scFv,

diabody, domain antibody, pharmacologically active peptide or protein, receptor
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extracellular domain, CDR grafted polypeptide, and therapeutic engineered protgin
scaffold.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof/of claim 82 or
100, wherein the first engineered immunoglobulin chain and/or the sgcond engineered
immunoglobulin chain comprise a further engineered domain witl/a protein-protein
interface, wherein at least one amino acid residue of the proteipfprotein interface of the
parent domain of said further engineered domain of said firsf engineered
immunoglobulin chain and/or said second engineered impiunoglobulin chain is
substituted with an amino acid residue at the equivalenf 3D structural position from a
protein-protein interface of a donor domain of a thizd member of the naturally
occurring immunoglobulin super-family, and
wherein the protein-protein interface of the fugther engineered domain of the first
engineered immunoglobulin chain and/or the second engineered immunoglobulin chain
is interacting with the protein-protein inyérface of an engineered domain of a third
engineered immunoglobulin chain by/hetero-dimerization or by homo-dimerization,
wherein at least one amino acid regidue of the protein-protein interface of the parent
domain of said engineered domgin of said third engineered immunoglobulin chain is
substituted with an amino acjd residue at the equivalent 3D structural position from a
protein-protein interface gf a donor domain of a fourth member of the naturally
occurring immunoglobylin super-family, and
wherein the donor dgmain of the third member of the naturally occurring
immunoglobulin guper-family and the donor domain of the fourth member of the
naturally occuyfing immunoglobulin super-family form a naturally occurring hetero-
dimer or a naturally occurring homo-dimer and,
wherein ghe protein-protein interface of the further engineered domain of the first
engingtred immunoglobulin chain and/or the second engineered immunoglobulin chain
ang/of the engineered domain of the third engineered immunoglobulin chain is different
om the protein-protein interface of the engineered domain of the first engineered
immunoglobulin chain and of the engineered domain of the second engineered

immunoglobulin chain.
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The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144,

wherein the third and the fourth member of the naturally occurring immydoglobulin

super-family are selected from the TCR constant domain family.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144,
wherein the donor domain of the first member of the/ naturally occurring
a (SEQ ID NO: 1), the
donor domain of the second member of the naturally occurfing immunoglobulin super-

family is the TCR constant domain beta (SEQ ID NO: 2

immunoglobulin super-family is the TCR constant domain al

the donor domain of the third
member of the naturally occurring immunoglobulin guper-family is the TCR constant
domain delta (SEQ ID NO: 32) and the donor démain of the fourth member of the
naturally occurring immunoglobulin super-famj

(SEQ ID NO: 33).

y is the TCR constant domain gamma

The hetero-dimeric immunoglobulin of'hetero-dimeric fragment thereof of claim 144,
wherein the donor domain of the first member of the naturally occurring
immunoglobulin super-family is fhe TCR constant domain delta (SEQ ID NO: 32), the
donor domain of the second mémber of the naturally occurring immunoglobulin super-
family is the TCR constant domain gamma (SEQ ID NO: 33), the donor domain of the
third member of the ngfurally occurring immunoglobulin super-family is the TCR
(SEQ ID NO: 1) and the donor domain of the fourth member of

the naturally occurying immunoglobulin super-family is the TCR constant domain beta

constant domain alph;

TCR constant domain delta (SEQ ID NO: 32), the donor domain of the second
member of the naturally occurring immunoglobulin super-family is the TCR constant
domain beta (SEQ ID NO: 2) or the TCR constant domain gamma (SEQ ID NO: 33),
the donor domain of the third and the fourth member of the naturally occurring
immunoglobulin super-family is the IgG1 CH3 domain (SEQ ID NO: 47), with the

proviso that if the first member of the naturally occurring immunoglobulin super-family
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is the TCR constant domain alpha (SEQ ID NO: 1), the donor domain of the/second
member of the naturally occurring imnmunoglobulin super-family is the TCK constant
domain beta (SEQ ID NO: 2) and if the donor domain of the first m¢mber of the
naturally occurring immunoglobulin super-family is the TCR constafit domain delta
(SEQ ID NO: 32), the donor domain of the second member of the Aaturally occurring
immunoglobulin super-family is the TCR constant domain gammg (SEQ ID NO: 33).

The hetero-dimeric immunoglobulin or hetero-dimeric fragiment thereof of claim 144,
wherein the donor domain of the first member/of the naturally occurring
immunoglobulin super-family is the TCR constant ¢émain alpha (SEQ ID NO: 1) or
the TCR constant domain delta (SEQ ID NO: 32), the donor domain of the second
member of the naturally occurring immunoglopulin super-family is the TCR constant
domain beta (SEQ ID NO: 2) or the TCR c¢hstant domain gamma (SEQ ID NO: 33),
the donor domain of the third and the/fourth member of the naturally occurring
an IGHA1 CH3 domain (SEQ ID NO: 96) or

thc human IGHA2 CH3 domain (SEQ ID NO: 97), with the proviso that if the first

immunoglobulin super-family is the h
member of the naturally occurripg immunoglobulin super-family is the TCR constant
domain alpha (SEQ ID NO;/1), the donor domain of the second member of the
naturally occurring immunéglobulin super-family is the TCR constant domain beta
(SEQ ID NO: 2) and if tife donor domain of the first member of the naturally occurring
immunoglobulin supef-family is the TCR constant domain delta (SEQ ID NO: 32), the

donor domain of the second member of the naturally occurring immunoglobulin super-

ndturally occurring immunoglobulin super-family is an IgA1 CH3 domain or an IgA2
CH3 domain,

. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144,

wherein the parent domain of the further engineered domain of the first engineered

immunoglobulin chain and/or the second engineered immunoglobulin chain and the
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parent domain of the engineered domain of the third engineered immunoglobulj chain

are naturally occurring domains.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144,
wherein the parent domain of the further engineered domain of the fifst engineered
immunoglobulin chain and/or the second engineered immunoglopulin chain is selected
from the group consisting of CH1, CH2, CH3, CH4, IGKC, IGLC1, IGLC2, IGLC3,
IGLCS6, and IGLC7.

The hetero-dimeric immunoglobulin or hetero-dimeri¢ fragment thereof of claim 144,
wherein the parent domain of the engineered domgih of the third engineered
immunoglobulin chain is selected from the groyp consisting of CH1, CH2, CH3, CH4,
IGKC, IGLCI, IGLC2, IGLC3, IGLC6, and ¥GLC7.

The hetero-dimeric immunoglobulin or/hetero-dimeric fragment thereof of claim 144,
wherein the parent domain of the fuyther engineered domain of the first engincered
immunoglobulin chain and/or theSecond engineered immunoglobulin chain and the
parent domain of the engineergd domain of the third engineered immunoglobulin chain

form a hetero-dimer.

The hetero-dimeric im¥munoglobulin or hetero-dimeric fragment thereof of claim 144,
wherein the parent domain of the further engineered domain of the first engineered
immunoglobuliy/chain and/or the second engineered immunoglobulin chain and the
parent domaix of the engineered domain of the third engineered immunoglobulin chain

form a hopio-dimer.

The Hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144,
wherein the further engineered domain of the first engineered immunoglobulin chain
and/or the second engineered immunoglobulin chain and the engineered domain of the

third engineered immunoglobulin chain are not identical.

. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144,

wherein the parent domain of the further engineered domain of the first engineered
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immunoglobulin chain and/or the second engineered immunoglobulin chain apd the

parent domain of the engineered domain of the third engineered immunoglgbulin chain
is a CH3 domain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment théreof of claim 144,
wherein the parent domain of the further engineered domain of ghe first engineered

immunoglobulin chain and/or the second engineered immuno€lobulin chain and the
parent domain of the engineered domain of the third engi

is the IgG1 CH3 domain.

ered immunoglobulin chain

The hetero-dimeric immunoglobulin or hetero-dirgeric fragment thereof of claim 144,
wherein the parent domain of the further engingéred domain of the first engineered
immunoglobulin chain and/or the second engineered immunoglobulin chain is an IgG1
CH3 domain and the parent domain of the’engineered domain of the third engineered
immunoglobulin chain is an IgG3 CH¥domain or wherein the parent domain of the
further engineered domain of the firgt engincered immunoglobulin chain and/or the
second engineered immunoglobytin chain is an IgG3 CH3 domain and the parent
domain of the engineered dor

IgG1 CH3 domain.

in of the third engineered immunoglobulin chain is an

The hetero-dimeric imYmunoglobulin or hetero-dimeric fragment thereof of claim 144,
wherein the amino Acid residues of the protein-protein interface of the parent domain of
the further engin€ered domain of the first engineered immunoglobulin chain and/or the
second engingered immunoglobulin chain and/or the parent domain of the engineered

domain of the third engineered immunoglobulin chain which are substituted are not

Tl hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144,
herein at least two amino acid residues of the protein-protein interface of the parent
domain of the further engineered domain of the first engineered immunoglobulin chain
and/or the second engineered immunoglobulin chain and/or the parent domain of the

engineered domain of the third engineered immunoglobulin chain are substituted.
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The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any/one of
claims 82-161, comprising an Fe¢ region.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment theregf of any one of
claims 82-161, wherein the hetero-dimeric immunoglobulin or hetey6-dimeric fragment
thereof is a full-length antibody.

The hetero-dimeric immunoglobulin or hetero-dimeric fragnent thereof of claim 144 or
163, wherein the hetero-dimeric immunoglobulin or hetgfo-dimeric fragment thereof or
the full-length antibody is bispecific.

The hetero-dimeric immunoglobulin or hetero-gfmeric fragment thereof of claim 164,
wherein the bispecific hetero-dimeric immundglobulin or hetero-dimeric fragment
thereof or the bispecific full-length antibody binds to antigens selected from the group
consisting of HER2, EGFR, CD19 and ¥LA-2.

A method to produce a hetero-dinferic immunoglobulin or hetero-dimeric fragment
thereof comprising:
(a) substituting at least one gmino acid residue of the protein-protein interface of a
parent domain of a first pdrent immunoglobulin chain at the equivalent 3D structural
position from a proteigprotein interface of a donor domain of a first member of the

naturally occurring fmmunoglobulin super-family to obtain a first engineered

¢) culturing a host cell comprising a nucleic acid encoding said engineered
immunoglobulin chains, wherein the culturing is such that the nucleic acid is expressed
and the engineered immunoglobulin chains produced; and

(d) recovering the hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof
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from the host cell culture.

The method of claim 166, wherein the amino acid residue of the grotein-protein
interface of the parent domain of the parent immunoglobulin cffain which is substituted
at the equivalent 3D structural position from the protein-profein interface of a donor
domain is an amino acid residue in the protein-protein ingérface of a donor domain
which when overlaid on the protein-protein interface of the parent domain by
superimposing the carbon alpha traces of both domafns, occupies a 3D position within
less than a distance of 6 A to the closest residue of the parent domain, wherein the

donor domain is different from the parent domg/n.

The method of claim 166, wherein the pajént domain of the first parent
immunoglobulin chain is selected fromhe group consisting of CHI, CH2, CH3, CH4,
IGKC, IGLCI1, IGLC2, IGLC3, IGLZS6, and IGLC7.

The method of claim 166, whergin the parent domain of the second parent
immunoglobulin chain is selgtted from the group consisting of CH1, CH2, CH3, CH4
IGKC, IGLC1, IGLC2, IGLC3, IGLC6, and IGLC7.

>

The method of claim /A 66, wherein the parent domains of the first and the second

engineered immundglobulin chain form a homo-dimer.

The method

claim 166, wherein the parent domain of the first and/or second parent

imphunoglobulin chain is a CH4 domain.

The method of claim 166, wherein the parent domains of the first and the second

engineered immunoglobulin chain form a hetero-dimer.

. The method of claim 166, wherein the parent domain of the first engineered

immunoglobulin chain is a CH1 domain and the parent domain of the second
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engineered immunoglobulin chain is an IGKC domain or, wherein the pargnt domain of
the first engineered immunoglobulin chain is an IGKC domain and the garent domain

of the second engineered immunoglobulin chain is a CH1domain.

The method of claim 166, wherein the parent domain of the firsf engineered
immunoglobulin chain is a CH1 domain and the parent domgin of the second
engineered immunoglobulin chain is an IGLC domain sel¢cted from the group
consisting of IGLC1, IGLC2, IGLC3, IGLC6, and IGLL?7 or is an IGKC domain or,
wherein the parent domain of the first engineered imfnunoglobulin chain is an IGLC
domain selected from the group consisting of IGLC1, IGLC2, IGLC3, IGLCS6, and
IGLC7 or is an IGKC domain and the parent dgmain of the second engineered

immunoglobulin chain is a CH1 domain.

The method of claim 166, wherein the parent domain of the first engineered
immunoglobulin chain is a CH1 dompfain and the parent domain of the second
enginecred immunoglobulin chaiyf is an IGLC domain selected from the group
consisting of IGLC1, IGLC2, JGLC3, IGLC6, and IGLC7 or, wherein the parent
domain of the first engineergd immunoglobulin chain is an IGLC domain selected from
the group consisting of IGLC1, IGLC2, IGLC3, IGLC6, and IGLC7 and the parent

domain of the second ghgineered immunoglobulin chain is a CH1 domain.

The method of ¢ldim 166-176, wherein the donor domain of the first member of the
naturally occupfing immunoglobulin super-family and the donor domain of the second

member of $he naturally occurring immunoglobulin super-family form a naturally

The/method of any one of claims 166-177, wherein the first and the second member of
naturally occurring immunoglobulin super-family are selected from the TCR constant

domain family.

. The method of claim 178, wherein the donor domain of the first member of the

naturally occurring immunoglobulin super-family is the TCR constant domain alpha

(SEQ ID NO: 1) and the donor domain of the second member of the naturally occurring
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immunoglobulin super-family is the TCR constant domain beta (SEQ ID NO:/2).

The method of claim 179, wherein the cysteine (C) at amino acid positi

ID NO: 2 is substituted with alanine (A) or serine (S).

75 in SEQ

The method of claim 178, wherein the the donor domain of the first member of the
naturally occurring immunoglobulin super-family is the TCR/constant domain gamma
(SEQ ID NO: 33) and second member of the naturally ocgdrring immunoglobulin
super-family is the TCR constant domain delta (SEQ ID'NO: 32).

The method of claim 166, wherein the donor domdin of the first member of the
naturally occurring immunoglobulin super-family and the donor domain of the second
member of the naturally occurring immunogfobulin super-family form a naturally

occurring homo-dimer.

¢ donor domain of the first member of the
naturally occurring immunoglobylin super-family and the donor domain of the second

member of the naturally occurting immunoglobulin is a CH3 domain.

The method of claim 16¢} wherein the engineered domain of the first engineered
immunoglobulin chaip and the engineered domain of the second engineered
immunoglobulin ¢cl#in are not identical.

The method of claim 166, wherein the amino acid residues of the protein-protein
interface of the parent domain of the first and/or the second parent immunoglobulin

chain wiich are substituted are not adjacent.

method of claim 166, wherein the amino acid sequence of the engineered domains
f the first engineered immunoglobulin chain and/or the second engineered
immunoglobulin chain do not contain an insertion of one or more amino acid residues
compared to the amino acid sequence of the parent domains of the first engineered

immunoglobulin chain and/or the second engineered immunoglobulin chain.
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The method of claim 166, wherein at least two amino acid residues of the protein
protein interface of the parent domain of the first and/or the second parent

immunoglobulin chain are substituted.

The method of claim 166, wherein the first and the second parent immfinoglobulin

chains comprise an Fe region.

The method of any one of claims 166-188, wherein the aming acid residues from the
protein-protein interface of the donor domain of the first add the second member of the
naturally occurring immunoglobulin super-family are aghino acids non essential to the

core integrity of the domain.

The method of claim 166, wherein the first engineered immunoglobulin chain and/or
the second engineered immunoglobulin chaif comprise a further engineered domain
with a protein-protein interface, wherein/t least one amino acid residue of the protein-
protein interface of the parent domain/0f said further engineered domain of said first
engineered immunoglobulin chain And/or said second engineered immunoglobulin
chain is substituted with an amipo acid residue at the equivalent 3D structural position
from a protein-protein interfgée of a donor domain of a third member of the naturally
occurring immunoglobuliysuper-family, and
wherein the protein-profein interface of the further engineered domain of the first
engineered immunoglobulin chain and/or the second engineered immunoglobulin chain
is interacting witly'the protein-protein interface of an engineered domain of a third
engineered impunoglobulin chain by hetero-dimerization or by homo-dimerization,
wherein at J¢ast one amino acid residue of the protein-protein interface of the parent
domain ¢f said engineered domain of said third engineered immunoglobulin chain is
substithted with an amino acid residue at the equivalent 3D structural position from a
profein-protein interface of a donor domain of a fourth member of the naturally
ccurring immunoglobulin super-family and,
wherein the protein-protein interface of the further engineered domain of the first
engineered immunoglobulin chain and/or the second engineered immunoglobulin chain
and of the engineered domain of the third engineered immunoglobulin chain is different

from the protein-protein interface of the engineered domain of the first engineered
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immunoglobulin chain and of the engineered domain of the second engineergld

immunoglobulin chain.

The method of claim 190, wherein the donor domain of the third mesber of the
naturally occurring immunoglobulin super-family and the donor d¢omain of the fourth
member of the naturally occurring immunoglobulin super-family form a naturally

occurring hetero-dimer or a naturally occurring homo-dimey/

The method of claim 190, wherein the further enginected domain of the first engineered
immunoglobulin chain and/or the second engineered immunoglobulin chain and the
engineered domain of the third engineered immyfioglobulin chain are not identical.
The method of any one of claims 166 or 190, wherein the hetero-dimeric
immunoglobulin or hetero-dimeric fragydent thereof is a full-length antibody.

The method of claim 166 or 193, wherein the hetero-dimeric immunoglobulin or
hetero-dimeric fragment thereof/or the full-length antibody is bispecific.

The method of claim 194 y¢herein the bispecific hetero-dimeric immunoglobulin or
hetero-dimeric fragment thereof or the bispecific antibody binds to antigens selected
from the group consjéting of HER2, EGFR, CD19 and VLA-2.

The method of dny one of claims 166-190, wherein at least one additional polypeptide

is fused to thé first and/or second engineered immunoglobulin chain.

The mgthod of claim 196, wherein said additional polypeptide is selected from the
groyp consiting of Fab, scFv, diabody, domain antibody, pharmacologically active
péptide or protein, receptor extracellular domain, CDR grafted polypeptide, and

therapeutic engineered protein scaffold.

. A method to engineer a protein-protein interface of a domain of a multidomain protein

comprising:

(a) providing a multidomain protein comprising a domain with a protein-protein
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interface;
(b) selecting as a donor domain a naturally occurring immunoglobulin supér-family
member comprising a domain with a protein-protein interface which is
the domain of (a);

(c) overlaying 3D structures of the domain with the protein-proteig interface of (a) and
the donor domain with the protein-protein interface of (b);
(d) identifying exposed protein-protein interface residues inthe overlayed 3D structures
of the domain with the protein-protein interface of (a) an¢/the donor domain with the
protein-protein interface of (b);

e) substituting at least one amino acid residue of the/identified exposed protein-protein
interface amino acid residues of the domain with/the protein-protein interface of (a)
with amino acid residues at the equivalent 3D gtructural position from the identified
exposed protein-protein interface amino acjd residues from the donor domain with the

protein-protein interface of (b).

The method of claim 198, wherein the domain with a protein-protein interface of the
multidomain protein of (a) is capéble to form a homo-dimer with another domain.
The method of claim 198, #wherein the domain with a protein-protein interface of the
multidomain protein of fa) is capable to form a hetero-dimer with another domain.
The method of claiin 198, wherein the exposed interface residues identified in the
domain of the nfultidomain protein and in the donor domain of the naturally occurring

immunogloblin super-family member are non essential to the domain core integrity.

od of claim 198, wherein the naturally occurring immunoglobulin super-

family member is a naturally occurring hetero-dimer.

he method of claim 198, wherein the naturally occurring immunoglobulin super-

family member is selected from the TCR constant domain family.

. The method of claim 198, wherein the donor domain of the naturally occurring

member of the immunoglobulin super-family is the TCR constant domain alpha (SEQ
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ID NO: 1) or the TCR constant domain beta (SEQ ID NO: 2).

. The method of claim 204, wherein the cysteine (C) at amino acid position 74 in SEQ

ID NO: 2 is substituted with alanine (A) or serine (S).

The method of claim 198, wherein the donor domain of the naturalty occurring member
of the immunoglobulin super-family is the TCR constant domajd gamma (SEQ ID NO:
33) or the TCR constant domain delta (SEQ 1D NO: 32).

The method of claim 198, wherein the naturally occurtiig immunoglobulin super-

family member is a naturally occurring homo-dimer,

Use of a donor domain of a first and a second ghember of the naturally occurring
immunoglobulin super-family to engineer g/hetero-dimeric immunoglobulin or hetero-
dimeric fragment thereof comprising a fjist engineered immunoglobulin chain
comprising at least one enginecred dgmain which has a protein-protein interface which
is substituted with at least one amipo acid residue from the protein-protein interface of
the donor domain of the first mgfber of the naturally occurring immunoglobulin super-
family and a second engineepéd immunoglobulin chain comprising at least one
engineered domain which/has a protein-protein interface which is substituted with at
least one amino acid regidue from the protein-protein interface of the donor domain of
the second member ¢f the naturally occurring immunoglobulin super-family, wherein
the donor domain/of the first member of the naturally occurring immunoglobulin super-
family and theflonor domain of the second member of the naturally occurring

immunogloBulin super-family form a naturally occurring hetero-dimer.

Use agcording to claim 208, wherein the donor domain of the first and the second
merhber of the naturally occurring immunoglobulin super-family is selected from T cell

eceptor chains.

. Use according to claim 208, wherein the donor domain of the first member of the

naturally occurring immunoglobulin super-family is the TCR constant domain alpha

(SEQ ID NO: 1) and the donor domain of the second member of the naturally occurring
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immunoglobulin super-family is the TCR constant domain beta (SEQ ID NO: 2)

Use according to claim 208, wherein the donor domain of the first member/6f the
naturally occurring immunoglobulin super-family is the TCR constant gémain delta
(SEQ ID NO: 32) and the donor domain of the second member of the/haturally

occurring immunoglobulin super-family is the TCR constant domgin gamma (SEQ ID




265

CLAIMS

A hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof comprising:

(a) a first engineered immunoglobulin chain comprising an engineered domain with a protein-
protein interface, wherein at least one amino acid residue of the protein-protein interface of the
parent domain of said first engineered immunoglobulin chain is substituted with an amino acid
residue at the equivalent 3D structural position from a protein-protein interface of a donor
domain of a first member of the naturally occurring immunoglobulin super-family; and

(b) a second engineered immunoglobulin chain comprising an engineered domain with a
protein-protein interface, wherein at least one amino acid residue of the protein-protein
interface of the parent domain of said second engineered immunoglobulin chain is substituted
with an amino acid residue at the equivalent 3D structural position from a protein-protein
interface of a donor domain of a second member of the naturally occurring immunoglobulin
super-family,

wherein the engineered domain of the first engineered immunoglobulin chain and the
engineered domain of the second engineered immunoglobulin chain are not identical and,
wherein the donor domain of the first member of the naturally occurring immunoglobulin
super-family and the donor domain of the second member of the naturally occurring
immunoglobulin super-family form a naturally occurring hetero-dimer or a naturally occurring
homo-dimer and,

wherein the parent domain of the first and/or the second engineered immunoglobulin chain is
a CH3 domain, wherein the amino acid residue which is substituted in the protein-protein
interface of the parent domain of the first engineered immunoglobulin chain comprises the
amino acid residue at position 88, and optionally a further amino acid residue at a position
selected from the group consisting of 3, 5, 7, 20, 22, 26, 27, 79, 81, 84, 84.2, 85.1, 86, and 90
and, wherein the amino acid residue which is substituted in the protein-protein interface of the
parent domain of the second engineered immunoglobulin chain comprises the amino acid
residue at position 85.1 and/or 86 and optionally a further amino acid residue at a position
selected from the group consisting of 3, 5, 7, 20, 22, 26, 27, 79, 81, 84, 84.2, 88, and 90 orat a
position selected from the group consisting of 3, 5, 7, 20, 22, 26, 27, 79, 81, 84, 84.2, 85.1, 88,
and 90 or at a position selected from the group consisting of 3, 5, 7, 20, 22, 26, 27, 79, 81, 84,
84.2, 86, 88, and 90,

wherein the amino acid residue substituted at position 88 in the parent domain of the first
engineered immunoglobulin chain is interacting with the amino acid residue substituted at
position 85.1 and/or 86 in the parent domain of the second engineered immunoglobulin chain,
wherein the amino acid position of each group member is indicated according to the IMGT®

numbering.
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The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1, wherein
the parent domain of the first and/or the second engineered immunoglobulin chain is a

naturally occurring CH3 domain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1, wherein:
a) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the first engineered immunoglobulin chain at position 88 is 88 W and conservative
amino acid substitutions thereof, wherein the amino acid position is indicated according to the
IMGT® numbering;

b) the amino acid residue which is substituted at position 85 and/or 86 in the protein-protein
interface of the parent domain of the second engineered immunoglobulin chain is selected
from the group consisting of 85.1A, 85.1S, 85.1C and 85.1N and conservative amino acid
substitutions thereof and/or is selected from the group consisting of 865 and 86V and
conservative amino acid substitutions thereof, wherein the amino acid position is indicated
according to the IMGT® numbering;

¢) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the first engineered immunoglobulin chain at position 88 is selected from the group
consisting of 88Q, 88L, 88V, 88R, 88E, 881, 88T, 88Y, 88K and 88W and/or wherein the
further amino acid residue substituted in the protein-protein interface of the parent domain of
the first engineered immunoglobulin chain is selected from the group consisting of 20V, 20T,
20A, 20N, 200, 20E, 208, 20K, 20W, 224, 22G, 22T, 221, 221, 22V, 26R, 26Q, 26T, 26K,
26V, 268, 26N, 26E, 85.1T, 85.1M, 85.1A, 85.1S, 85.1R, 85.1H, 85.1K, 85.1F, 85.1C, 85.IN,
85.1W, 868, 86], 86T, 86H, 86Q, 86V, 86W, 86Y and 86F, wherein the amino acid position of
each group member is indicated according to the IMGT® numbering;

d) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the first engineered immunoglobulin chain at position 88 is selected from the group
consisting of 88Q), 88L, 88V, 88R, 88E, 881, 88T, 88Y, and §8W and/or wherein the further
amino acid residue substituted in the protein-protein interface of the parent domain of the first
engineered immunoglobulin chain is selected from the group consisting of 20V, 20T, 20A,
20N, 20Q, 20E, 208, 20K, 22A, 22G, 22T, 221, 221, 22V, 26Q, 26T, 26K, 26V, 268, 26N,
26E, 85.1T, 85.1M, 85.1A, 85.1S, 85.1R, 85.1H, 85.1K, §5.1F, 85.1C, 85.1N, 868, 861, 86T,
86H, 86Q, 86V, and 86F, wherein the amino acid position of each group member is indicated
according to the MGT® numbering;

e) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the first engineered immunoglobulin chain comprises the amino acid residues at

position 88 and at position 20, and optionally a further amino acid residue at a position
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selected from the group consisting of 3, 5, 7, 22, 26, 27, 79, 81, 84, 84.2, 85.1, 86, and 90,
wherein the amino acid position of each group member is indicated according to the IMGT®
numbering;

f) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the second engineered immunoglobulin chain comprises the amino acid residues at
position 85.1 and/or 86 and at position 26 and optionally an amino acid residue at a further
position, wherein the amino acid position is indicated according to the IMGT® numbering;

g) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the second engineered immunoglobulin chain comprises the amino acid residues at
position 835.1 and 86 or comprises 85.1C and conservative amino acid substitutions thereof
and 868 and conservative amino acid substitutions thereof, and wherein the further amino acid
residue which is substituted in the protein-protein interface of the parent domain of the second
engineered immunoglobulin chain is selected from the group consisting of 3E, 5A, 7F, 20T,
22V, 26T, 81D, 84L, 84.2E, 88R and 90R and conservative amino acid substitutions thereof,
wherein the amino acid position of each group member is indicated according to the IMGT®
numbering;

h) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the second engineered immunoglobulin chain comprises the amino acid residues at
position 85.1 and 86 or comprises 85.1N and conservative amino acid substitutions thereof
and 86V and conservative amino acid substitutions thereof, and wherein the further amino
acid residue which is substituted in the protein-protein interface of the parent domain of the
second engineered immunoglobulin chain is selected from the group consisting of 7M, 20N,
22A, 27E, 79F, 81A, 84.2S, 85.1N, 86V, 88L, and 90K and conservative amino acid
substitutions thereof, wherein the amino acid position of each group member is indicated
according to the IMGT® numbering; or

i) the amino acid residue which is substituted in the protein-protein interface of the parent
domain of the first engineered immunoglobulin chain is 881 and conservative amino acid
substitutions therof and the optional further amino acid residue which is substituted in the
protein-protein interface of the parent domain of the first engineered immunoglobulin chain is
81'W and conservative amino acid substitutions thereof, wherein the amino acid position of

each group member is indicated according to the IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1, wherein:
a) the further amino acid residue which is substituted in the protein-protein interface of the
parent domain of the first engineered immunoglobulin chain is selected from the group
consisting of 3E, 3K, 5A, 5T, 7F, 7M, 20K, 20N, 20T, 224, 22L, 22V, 26E, 26T, 27E, 27K,
79F, 79Y, 81A, 81G, 81D, 84L, 84M, 84.2E, 84.285, 85.1A, 85.1C, 85.1M, 85.1N, 85.1S, 86F,
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868, 86V, 90K, 90N, and 90R and conservative amino acid substitutions thereof, wherein the
amino acid position of each group member is indicated according to the IMGT® numbering;
b) wherein the further amino acid residue which is substituted in the protein-protein interface
of the parent domain of the first engineered immunoglobulin chain is at a position selected
from the group consisting of 20, 22, 26, 79, 85.1, 86, and 90, wherein the amino acid position
of each group member is indicated according to the IMGT® numbering;

c) the further amino acid residue which is substituted in the protein-protein interface of the
parent domain of the first engineered immunoglobulin chain is selected from the group
consisting of 20K, 22V, 26T, 79Y, 85.1S, 86V, and 90N and conservative amino acid
substitutions thereof, wherein the amino acid position of each group member is indicated
according to the IMGT® numbering;

d) the further amino acid residue which is substituted in the protein-protein interface of the
parent domain of the second engineered immunoglobulin chain is at position 84 or is 84L and
conservative amino acid substitutions thereof, and optionally a further amino acid at a position
selected from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84.2, 88, and 90 or at a position
selected from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84.2, 85.1, 88, and 90 or at a
position selected from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84.2, 86, 88, and 90,
wherein the amino acid position of each group member is indicated according to the IMGT®
numbering;

e) the further amino acid residue which is substituted in the protein-protein interface of the
parent domain of the second engineered immunoglobulin chain is at a position selected from
the group consisting of 3, 5, 7, 20, 22, 26, 81, 84, 84.2, 88, and 90 or at a position selected
from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84, 84.2, 85.1, 88, and 90 or at a position
selected from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84, 84.2, 86, 88, and 90, wherein
the amino acid position of each group member is indicated according to the IMGT®
numbering;

f) wherein the further amino acid residue which is substituted in the protein-protein interface
of the parent domain of the first engineered immunoglobulin chain is at a position selected
from the group consisting of 3, 3, 20, 22, 26, 27, 81, 84, 85.1, and 86, wherein the amino acid
position of each group member is indicated according to the IMGT® numbering;

g) the further amino acid residue which is substituted in the protein-protein interface of the
parent domain of the first engineered immunoglobulin chain is selected from the group
consisting of 3K, 5T, 20T, 221, 26E, 27K, 81G, 84M, 85.1M, 86F and conservative amino
acid substitutions thereof, wherein the amino acid position of each group member is indicated
according to the IMGT® numbering;

h) the further amino acid residue which is substituted in the protein-protein interface of the

parent domain of the second engineered immunoglobulin chain is at a position selected from
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the group consisting of 7, 20, 22, 27, 79, 81, 84.2, 88, and 90 or at a position selected from the
group consisting of 7, 20, 22, 27, 79, 81, 84.2, 85.1, 88, and 90 or at a position selected from
the group consisting of 7, 20, 22, 27, 79, 81, 84.2, 86, 88, and 90, wherein the amino acid
position of each group member is indicated according to the IMGT® numbering; or

i) the further amino acid residue which is substituted in the protein-protein interface of the
parent domain of the second engineered immunoglobulin chain is at position 79 or is 79F and
conservative amino acid substitutions thereof, and optionally a further amino acid residue ata
position selected from the group consisting of 7, 20, 22, 27, 81, 84.2, 88, and 90 or at a
position selected from the group consisting of 7, 20, 22, 27, 81, 84.2, 85.1, 88, and 90 or at a
position selected from the group consisting of 7, 20, 22, 27, 81, 84.2, 86, 88, and 90, wherein
the amino acid position of each group member is indicated according to the IMGT®

numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 4, wherein
the amino acid residue substitution 85.1C is replaced by amino acid residue substitution 85.1A
or 85.18S, wherein the amino acid position of each group member is indicated according to the

IMGT® numbering.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1, wherein
the first engineered immunoglobulin chain and/or the second engineered immunoglobulin
chain comprise a further engineered domain with a protein-protein interface, wherein at least
one amino acid residue of the protein-protein interface of the parent domain of said further
engineered domain of said first engineered immunoglobulin chain and/or said second
engineered immunoglobulin chain is substituted with an amino acid residue at the equivalent
3D structural position from a protein-protein interface of a donor domain of a third member of
the naturally occurring immunoglobulin super-family, and '

wherein the protein-protein interface of the further engineered domain of the first engineered
immunoglobulin chain and/or the second engineered immunoglobulin chain is interacting with
the protein-protein interface of an engineered domain of a third engineered immunoglobulin
chain by hetero-dimerization or by homo-dimerization,

wherein at least one amino acid residue of the protein-protein interface of the parent domain of
said engineered domain of said third engineered immunoglobulin chain is substituted with an
amino acid residue at the equivalent 3D structural position from a protein-protein interface of
a donor domain of a fourth member of the naturally occurring immunoglobulin super-family,
and

wherein the donor domain of the third member of the naturally occurring immunoglobulin

super-family and the donor domain of the fourth member of the naturally occurring
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immunoglobulin super-family form a naturally occurring hetero-dimer or a naturally occurring
homo-dimer and,

wherein the protein-protein interface of the further engineered domain of the first engineered
immunoglobulin chain and/or the second engineered immunoglobulin chain and of the
engineered domain of the third engineered immunoglobulin chain is different from the
protein-protein interface of the engineered domain of the first engineered immunogiobulin

chain and of the engineered domain of the second engineered immunoglobulin chain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of claims |

to 6, wherein the first and second engineered immunoglobulin chains comprise an Fc¢ region.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 6, wherein at
least two amino acid residues of the protein-protein interface of the parent domain of the
further engineered domain of the first engineered immunoglobulin chain and/or the second
engineered immunoglobulin chain and/or of the parent domain of the engineered domain of

the third engineered immunoglobulin chain are substituted.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 6, wherein
the hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof or the full-length

antibody is bispecific.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 9, wherein
the bispecific hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof or the
bispecific full-length antibody binds to antigens selected from the group consisting of HER2,
EGFR, CD19, and VLA-2.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of claims 1
to 10, wherein at least one additional polypeptide is fused to the first and/or second engineered

immunoglobulin chain.

The hetero-dimeric immunoglebulin or hetero-dimeric fragment thereof of claim 11, wherein
said additional polypeptide is selected from the group consisting of Fab, scFv, diabody,
domain antibody, pharmacologically active peptide or protein, receptor extracellular domain,

CDR grafted polypeptide, and therapeutic engineered protein scaffold.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of claims 1

to 12, wherein the amino acid residues of the protein-protein interface of the parent domain of
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the first and/or second engineered immunoglobulin chain which are substituted are not

adjacent,

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of claims 1
to 13, wherein at least two amino acid residues of the protein-protein interface of the parent

domain of the first and/or second engineered immunoglobulin chain are substituted.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of claims 1
to 14, wherein the parent domain of the first engineered immunoglobulin chain is an 1gG1
CH3 domain and the parent domain of the second engineered immunoglobulin chain is an
1¢G3 CH3 domain or wherein the parent domain of the first engineered immunoglobulin chain
is an [gG3 CH3 domain and the parent domain of the second engineered immunoglobulin

chain is an [gG1 CH3 domain.

The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of claims 1
to 15, wherein the amino acid sequence of the engineered domains of the first engineered
immunoglobulin chain and/or the second engineered immunoglobulin chain do not contain an
insertion of one or more amino acid residues compared to the amino acid sequence of the
parent domains of the first engineered immunoglobulin chain and/or the second engineered

immunoglobulin chain.

A method of producing a hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof
of any one of claims 1 to 16, the method comprising:

(a) substituting at least one amino acid residue of the protein-protein interface of a parent
domain of a first parent immunoglobulin chain at the equivalent 3D structural position from a
protein-protein interface of a donor domain of a first member of the naturally occurring
immunoglobulin super-family to obtain a first engineered immunoglobulin chain comprising
an engineered domain;

(b) substituting at least one amino acid residue of the protein-protein interface of the parent
domain of a second parent immunoglobulin chain at the equivalent 3D structural position from
a protein-protein interface of a donor domain of a second member of the naturally occurring
immunoglobulin super-family to obtain a second engineered immunoglobulin chain
comprising an engineered domain;

(¢) culturing a host cell comprising a nucleic acid encoding said engineered immunoglobulin
chains, wherein the culturing is such that the nucleic acid is expressed and the engineered

immunoglobulin chains produced; and
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(d) recovering the hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof from

the host cell culture.

The method of claim 17, wherein the amino acid residue of the protein-protein interface of the
parent domain of the parent immunoglobulin chain which is substituted at the equivalent 3D
structural position from the protein-protein interface of a donor domain is an amino acid
residue in the protein-protein interface of a donor domain which when overlaid on the protein-
protein interface of the parent domain by superimposing the carbon alpha traces of both
domains, occupies a 3D position within less than a distance of 6 A to the closest residue of the

parent domain, wherein the donor domain is different from the parent domain,

The method of claim 17, wherein:

a) the first and the second member of a naturally occurring immunoglobulin super-family are
selected from the TCR constant domain family;

b) the donor domain of the first member of the naturally occurring immunoglobulin super-
family is the TCR constant domain alpha (SEQ ID NO: 1) and the donor domain of the second
member of the naturally occurring immunoglobulin super-family is the TCR constant domain
beta (SEQ ID NO: 2);

c) the donor domain of the first member of the naturally occurring immunoglobulin super-
family is the TCR constant domain alpha (SEQ 1D NO: 1) and the donor domain of the second
member of the naturally occurring immunoglobulin super-family is the TCR constant domain
beta (SEQ ID NO: 2), wherein the cysteine (C) at amino acid position 75 in SEQ IDNO: 2 is
substituted with alanine (A) or serine (S); or

d) the donor domain of the first member of the naturally oceurring immunoglobulin super-
family is the TCR constant domain gamma (SEQ ID NO: 33) and second member of the
naturally occurring immunoglobulin super-family is the TCR constant domain delta (SEQ ID
NO: 32).

The method of claim 17, wherein the first engineered immunoglobulin chain and/or the second
engineered immunoglobulin chain comprise a further engineered domain with a protein-
protein interface, wherein at least one amino acid residue of the protein-protein interface of the
parent domain of said further engineered domain of said first engineered immunoglobulin
chain and/or said second engineered immunoglobulin chain is substituted with an amino acid
residue at the equivalent 3D structural position from a protein-protein interface of a donor
domain of a third member of the naturally occurring immunoglobulin super-family, and
wherein the protein-protein interface of the further engineered domain of the first engineered

immunoglobulin chain and/or the second engineered immunoglobulin chain is interacting with
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the protein-protein interface of an engineered domain of a third engineered immunoglobulin
chain by hetero-dimerization or by homo-dimerization, wherein at least one amino acid
residue of the protein-protein interface of the parent domain of said engineered domain of said
third engineered immunoglobulin chain is substituted with an amino acid residue at the
equivalent 3D structural position from a protein-protein interface of a donor domain of a
fourth member of the naturally occurring immunoglobulin super-family and,

wherein the protein-protein interface of the further engineered domain of the first engineered
immunoglobulin chain and/or the second engineered immunoglobulin chain and of the
engineered domain of the third engineered immunoglobulin chain is different from the
protein-protein interface of the engineered domain of the first engineered immunoglobulin

chain and of the engineered domain of the second engineered immunoglobulin chain.



