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Claims 

1. A hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof comer' ing: 

(a) a first engineered immunoglobulin chain comprising an engineered do 	a n with a 

5 protein-protein interface, wherein at least one amino acid residue of th- protein-protein 

interface of the parent domain of said first engineered immunoglob 	chain is 

substituted with an amino acid residue at the equivalent 3D struc Oral position from a 

protein-protein interface of a donor domain of a first member • the naturally occurring 

immunoglobulin super-family; and 

10 (b) a second engineered immunoglobulin chain comprisi g an engineered domain with 

a protein-protein interface, wherein at least one amine, acid residue of the protein- 

protein interface of the parent domain of said seco 	engineered immunoglobulin chain 

is substituted with an amino acid residue at the - uivalent 3D structural position from a 

protein-protein interface of a donor domain o a second member of the naturally 

15 occurring immunoglobulin super-family, 

wherein the engineered domain of the f st engineered immunoglobulin chain and the 

engineered domain of the second eng neered immunoglobulin chain are not identical 

and, 

wherein the donor domain oft 	first member of the naturally occurring 

20 immunoglobulin super-fain 	and the donor domain of the second member of the 

naturally occurring imm 	oglobulin super-family form a naturally occurring hetero- 

dimer or a naturally o 	'urring homo-dimer and, 

wherein the parent ,omain of the first and/or the second engineered immunoglobulin 

chain is a CH3 	main, wherein the amino acid residue which is substituted in the 

25 protein-protci 	iterface of the parent domain of the first engineered immunoglobulin 

chain com 	ises the amino acid residue at position 88, and optionally a further amino 

acid res 	ue at a position selected from the group consisting of 3, 5, 7, 20, 22, 26, 27, 

79, 8 t , 84, 84.2, 85.1, 86, and 90 and, wherein the amino acid residue which is 

s 	s ituted in the protein-protein interface of the parent domain of the second 

30 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 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, 
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and 90 or at a position selected from the group consisting of 3, 5, 7, 20, 22, 26, 27 	9, 

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

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

first engineered immunoglobulin chain is interacting with the amino acid esidue 

5 substituted at position 85.1 and/or 86 in the parent domain of the secoi 	engineered 

immunoglobulin chain, 

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

IMGr numbering. 

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

wherein the parent domain of the first and/or the seco d engineered immunoglobulin 

chain is a naturally occurring CH3 domain. 

15 

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

wherein the amino acid sequence of the et 	ineered domains of the first engineered 

immunoglobulin chain and/or the sem 	engineered immunoglobulin chain do not 

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

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

the second engineered immune. 1obulin chain. 

20 

4.  The hetero-dimeric imm 	oglobulin or hetero-dimeric fragment thereof of claim 1, 

wherein the donor do r am of the first member of the naturally occurring 

immunoglobulin s 	er-family and the donor domain of the second member of the 

naturally occur 	g immunoglobulin super-family form a naturally occurring hetero- 

25 dimer. 

5.  The he 	o-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1, 

wher 	n the amino acid residue which is substituted in the protein-protein interface of 

th 	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 IMGT11)  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 interfa e of 

the parent domain of the first engineered immunoglobulin chain at position 8: is 88W 

and conservative amino acid substitutions thereof, wherein the amino acid 	osi ion is 

5 indicated according to the IMGT®  numbering. 

7.  The hetero-dirneric immunoglobulin or hetero-dimeric fragment t F ereof of claim 1, 

wherein the amino acid residue which is substituted at position 	5 and/or 86 in the 

protein-protein interface of the parent domain of the second ngineered 

10 immunoglobulin chain is selected from the group consist ig of 85.1A, 85.1S, 85.1C 

and 85.1N and conservative amino acid substitutions 	ereof and/or is selected from the 

group consisting of 86S and 86V and conservative amino acid substitutions thereof, 

wherein the amino acid position is indicated acc •rding to the IMGT®  numbering. 

15 8.  The hetero-dimeric immunoglobulin or he ero-dimeric fragment thereof of claim 1, 

wherein the amino acid residue which • 	substituted in the protein-protein interface of 

the parent domain of the first engin 	red immunoglobulin chain at position 88 is 

selected from the group consisti 	of 88Q, 88L, 88V, 88R, 88E, 881, 88T, 88Y, 88K 

and 88W and/or wherein the f 	ther amino acid residue substituted in the protein- 

20 protein interface of the parr t domain of the first engineered immunoglobulin chain is 

selected from the group 	onsisting of 20V, 20T, 20A, 20N, 20Q, 20E, 20S, 20K, 20W, 

22A, 22G, 22T, 22L, 	21, 22V, 26R, 26Q, 26T, 26K, 26V, 26S, 26N, 26E, 85.1T, 

85.1M, 85.1A, 85. 	S, 85.1R, 85.1H, 85.1K, 85.1F, 85.1C, 85.1N, 85.1W, 86S, 861, 

86T, 86H, 86I 	:6V, 86W, 86Y and 86F, wherein the amino acid position of each 

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

9.  The hero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1, 

why e n 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 

30 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, 20S, 20K, 22A, 22G, 
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22T, 22L, 221, 22V, 26Q, 26T, 26K, 26V, 26S, 26N, 26E, 85.1T, 85.1M, 85.1A, 85 	S, 

85.IR, 85.1H, 85.1K, 85.1F, 85.1C, 85.1N, 86S, 861, 86T, 86H, 86Q, 86V, and 8 	, 

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

IMGT®  numbering. 

5 

10 

10.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment ther, of of claim 1, 

wherein the further amino acid residue which is substituted in the 	otein-protein 

interface of the parent domain of the first engineered immunog a bulin chain is selected 

from the group consisting of 3E, 3K, 5A, 5T, 7F, 7M, 20K, 	IN, 20T, 22A, 22L, 	22V, 

26E, 26T, 27E, 27K, 79F, 79Y, 81A, 81G, 81D, 84L, 84 	, 84.2E, 84.2S, 85.1A, 

85.1C, 85.1M, 85.1N, 85.1S, 86F, 86S, 86V, 90K, 90 	and 90R and conservative 

amino acid substitutions thereof, wherein the amino acid position of each group 

member is indicated according to the IMGV
, 
 nu' bering. 

15 

20 

11.  The hetero-dimeric immunoglobulin or he 	ro-dimeric fragment thereof of claim 1, 

wherein the amino acid residue which i 	substituted in the protein-protein interface of 

the parent domain of the first engine 	ed immunoglobulin chain comprises the amino 

acid residues at position 88 and at ► osition 20, and optionally a further amino acid 

residue at a position selected fr m the group consisting of 3, 5, 7, 22, 26, 27, 79, 81, 84, 

84.2, 85.1, 86, and 90, whet.- n the amino acid position of each group member is 

indicated according to th<  MGT®  numbering. 

12.  The hetero-dimeric mmunoglobulin or hetero-dimeric fragment thereof of claim 1, 

wherein the ami r o acid residue which is substituted in the protein-protein interface of 

25 the parent do 	arn of the second engineered immunoglobulin chain comprises the 

amino acir residues at position 85.1 and/or 86 and at position 26 and optionally an 

amino 	id residue at a further position, wherein the amino acid position is indicated 

acco ding to the IMGT®  numbering. 

30 13.  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 immunoglobulin 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. 

14.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof o claim 1, 

5 wherein the further amino acid residue which is substituted in the pro e 	-protein 

interface of the parent domain of the first engineered immunoglobu • 	chain is selected 

from the group consisting of 20K, 22V, 26T, 79Y, 85.1S, 86V, at 	90N and 

conservative amino acid substitutions thereof, wherein the am 	o acid position of each 

group member is indicated according to the IMGT)  numbe 	g. 

10 

15.  The hetero-dimeric immunoglobulin or hetero-dime 	• fragment thereof of of claim 1, 

wherein the further amino acid residue which is su 	uted in the protein-protein 

interface of the parent domain of the second en , 	eered immunoglobulin chain is at 

position 84 or is 84L and conservative amino •cid substitutions thereof, and optionally 

15 a further amino acid at a position selected 	oin the group consisting of 3, 5, 7, 20, 22, 

26, 81, 84.2, 88, and 90 or at a position 	elected from the group consisting of 3, 5, 7, 

20, 22, 26, 81, 84.2, 85.1, 88, and 91 or at a position selected from the group consisting 

of 3, 5, 7, 20, 22, 26, 81, 84.2, 86, 	8, and 90, wherein the amino acid position of each 

group member is indicated acc rding to the IMGT®  numbering. 

20 

16.  The hetero-dimeric inn 	oglobulin or hetero-dimeric fragment thereof of claim 1, 

wherein the further ai i to acid residue which is substituted in the protein-protein 

interface of the parent domain of the second engineered immunoglobulin chain is at a 

position selecteeom the group consisting of 3, 5, 7, 20, 22, 26, 81, 84, 84.2, 88, and 

25 90 or at a po 'tion selected from the group consisting of 3, 5, 7, 20, 22, 26, 81, 84, 84.2, 

85.1, 88, 	d 90 or at a position selected from the group consisting of 3, 5, 7, 20, 22, 

26, 81, 	4, 84.2, 86, 88, and 90, wherein the amino acid position of each group member 

is ii ficated according to the IMGT®  numbering. 

30 17.  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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5 

acid substitutions thereof and 86S and conservative amino acid substitutions thereo 

and wherein the further amino acid residue which is substituted in the protein-pry em 

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

selected from the group consisting of 3E, 5A, 7F, 20T, 22V, 26T, 81D, 84 , 84.2E, 

88R and 90R and conservative amino acid substitutions thereof, wherei 	the amino acid 

position of each group member is indicated according to the 1MGT®  R mbering. 

18.  The hetero-dimeric immunoglobulin or hetero-dimeric fragmen thereof of claim 17, 

wherein the amino acid residue substitution 85.1C is replace, by amino acid residue 

10 substitution 85.1A or 85.1S, wherein the amino acid posi en of each group member is 

indicated according to the IMGT®  numbering. 

19.  The hetero-dimeric immunoglobulin or hetero-d. , eric fragment thereof of claim 1, 

wherein the further amino acid residue which ' 	substituted in the protein-protein 

15 interface of the parent domain of the first e • meered immunoglobulin chain is at a 

position selected from the group consisti g of 3, 5, 20, 22, 26, 27, 81, 84, 85.1, and 86, 

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

1MGT®  numbering. 

20 20.  The hetero-dimeric immuno 	obulin or hetero-dimeric fragment thereof of claim 1, 

wherein the further amino 	cid residue which is substituted in the protein-protein 

interface of the parent 	main of the first engineered immunoglobulin chain is selected 

from the group consisting of 3K, 51, 20T, 22L, 26E, 27K, 81G, 84M, 85.1M, 86F and 

conservative ami 1 acid substitutions thereof, wherein the amino acid position of each 

25 group member s indicated according to the IMGT®  numbering. 

21.  The hete ,e-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 1, 

wher 	-1 the further amino acid residue which is substituted in the protein-protein 

inti face of the parent domain of the second engineered immunoglobulin chain is at a 

30 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, 88, 

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. 

22.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof 	claim 1, 

5 

10 

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 at 

position 79 or is 79F and conservative amino acid substitutions 	ereof, and optionally 

a further amino acid residue at a position selected from the gr ',up consisting of 7, 20, 

22, 27, 81, 84.2, 88, and 90 or at a position selected from t, e group consisting of 7, 20, 

22, 27, 81, 84.2, 85.1, 88, and 90 or at a position selec e 	from the group consisting of 

7, 20, 22, 27, 81, 84.2, 86, 88, and 90, wherein the an. mo acid position of each group 

member is indicated according to the 'MGT®  nu 	.e 	g. 

23.  The hetero-dimeric immunoglobulin or hete 	-dimeric fragment thereof of claim 1, 

15 wherein the amino acid residue which is 	bstituted in the protein-protein interface of 

the parent domain of the second engin 	red immunoglobulin chain comprises the 

amino acid residues at position 85.1 •nd 86 or comprises 85.1N and conservative amino 

acid substitutions thereof and 86 	and conservative amino acid substitutions thereof, 

and wherein the further amino '•cid residue which is substituted in the protein-protein 

20 interface of the parent domain 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 a 	conservative amino acid substitutions thereof, wherein the 

amino acid positio 	of each group member is indicated according to the IMGT®  

numbering. 

25 

24.  The hetet., dimeric immunoglobulin or hetero-dirneric fragment thereof of claim 1, 

wherein the amino acid residue which is substituted in the protein-protein interface of 

the 	rent domain of the first engineered immunoglobulin chain is 881 and conservative 

a r ino acid substitutions therof and the optional further amino acid residue which is 

30 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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IMGr)  numbering. 

25. 	A hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof comp 	ing: 

(a) a first engineered immunoglobulin chain comprising an engineered do r  am with a 

5 protein-protein interface, wherein at least one amino acid residue of th- I otein-protein 

interface of the parent domain of said first engineered immunoglob 	n chain is 

substituted with an amino acid residue at the equivalent 3D struc d al position from a 

protein-protein interface of a donor domain of a first member 	the naturally occurring 

immunoglobulin super-family; and 

10 (b) a second engineered immunoglobulin chain compris 	g 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 seco,  d 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 	a second member of the naturally 

15 occurring immunoglobulin super-family, 

wherein the engineered domain of the rrst engineered immunoglobulin chain and the 

engineered domain of the second e 	ineered immunoglobulin chain are not identical 

and, 

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

20 immunoglobulin super-fan 	y and the donor domain of the second member of the 

naturally occurring im 	loglobulin super-family form a naturally occurring hetero- 

dimer or a naturally 	.curring homo-dimer and, 

wherein the paren domain of the first and/or the second engineered immunoglobulin 

chain is a CH3 i omain, wherein the amino acid residue which is substituted in the 

25 protein-prot' 	interface of the parent domain of the first engineered immunoglobulin 

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

acid 	due at a position selected from the group consisting of 3, 5, 7, 22, 26, 27, 79, 

81, 	4, 84.2, 85.1, 86, 88 and 90 and, wherein the amino acid residues which are 

bstituted in the protein-protein interface of the parent domain of the second 

30 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 ' 

indicated according to the IMGT 	numbering. 

5 	26. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereo • of claim 25, 

wherein the amino acid residue which is substituted in the protein-p stein interface of 

the parent domain of the first engineered immunoglobulin chain 	4 uprises the amino 

acid residue at position 20, and optionally a further amino aci 	esidue at a position 

selected from the group consisting of 3, 5, 7, 22, 26, 27, 79, 	84, 84.2, 85.1, 86, 88 

10 and 90 and, wherein the amino acid residues which are s •stituted in the protein-

protein interface of the parent domain of the second e gineered inununoglobulin chain 

comprises the amino acid residues at positions 26 • d 86 and optionally at a further 

position selected from the group consisting of 3 	, 22, 27, 79, 81, 84, 85.1, 88 and 90, 

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

15 IMG14' numbering. 

27.  The hetero-dimeric immunoglobuli 	•r hetero-dimeric fragment thereof of claim 25, 

wherein the amino acid residues \ Zich are substituted in the protein-protein interface of 

the parent domain of the first - gineered immunoglobulin chain comprise the amino 

20 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, where 	the amino acid residues which are substituted in the protein- 

protein interface of 	e parent domain of the second engineered immunoglobulin chain 

comprise the a 	o acid residues at positions 26 and at a further position selected from 

25 the group co ,fisting of 3, 5, 22, 27, 79, 81, 84, 85.1, 86, 88 and 90, wherein the amino 

acid position of each group member is indicated according to the IMGT13)  numbering. 

28.  The 	e ero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 25, 

w erein the amino acid residues which are substituted in the protein-protein interface of 

30 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- 
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protein interface of the parent domain of the second engineered immunoglobulin 	ain 

comprise the amino acid residues at positions 26 and 86 and optionally at a fort er  

position selected from the group consisting of 3, 5, 22, 27, 79, 81, 84, 85.1, : : and 90, 

wherein the amino acid position of each group member is indicated acco , mg to the 

IMGT®  numbering. 

29.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment 	ereof of claim 25, 

wherein the parent domain of the first and/or the second engi 	eyed immunoglobulin 

chain is a naturally occurring CH3 domain. 

30.  The hetero-dimeric immunoglobulin or hetero-dimer 	fragment thereof of claim 25, 

wherein the amino acid sequence of the engineerea domains of the first engineered 

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

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

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

the second engineered immunoglobuli 	chain. 

31.  The hetero-dhneric immunoglob 	in or hetero-dimeric fragment thereof of claim 25, 

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

immunoglobulin super-fam y and the donor domain of the second member of the 

naturally occurring imm 	oglobulin super-family form a naturally occurring hetero- 

dimer. 

32.  The hetero-dim- 	c immunoglobulin or hetero-dimeric fragment thereof of claim 25, 

wherein the 	o acid residue which is substituted at position 20 in the protein-protein 

interface o the parent domain of the first engineered immunoglobulin chain is selected 

from th group consisting of 20N and 20T, and conservative amino acid substitutions 

ther •f, 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 	1e 

IMGT°  numbering. 

5 34.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment there 	of claim 25, 

wherein the amino acid residue which is substituted at position 20 ' • the protein-protein 

interface of the parent domain of the first engineered immunoglo julin chain is selected 

from the group consisting of 20V, 20T, 20A, 20N, 20Q, 20K, > OS, 20W and 20E and/or 

wherein the further amino acid residue substituted in the protein-protein interface of the 

10 parent domain of the first engineered immunoglobulin c am is selected from the group 

consisting of 22A, 22G, 22L, 221, 22V, 22T, 26K, 26 	, 26Q, 26T, 26V, 26S, 26N, 26E, 

85.1W, 85.1F, 85.1T, 85.1M, 85.1A, 85.1S, 85.1'85.1H, 85.1K, 85.1C, 85.IN, 86W, 

86Y, 86S, 861, 86H, 86Q, 86V, 86T, 86F, 88Q:8L,   88V, 88R, 88E, 88T, 881, 88Y, 

88K and 88W, wherein the amino acid posit .n of each group member is indicated 

15 according to the IMGT®  numbering. 

35.  The hetero-dimerie immunoglobuli , or hetero-dimeric fragment thereof of claim 25, 

wherein the amino acid residue 	-Lich is substituted at position 20 in the protein-protein 

interface of the parent domai 	of the first engineered immunoglobulin chain is selected 

20 

25 

from the group consisting 	20V, 20T, 20A, 20N, 20Q, 20K, 20S and 20E and/or 

wherein the further ami o acid residue substituted in the protein-protein interface of the 

parent domain of the irst engineered immunoglobulin chain is selected from the group 

consisting of 22A 	2G, 22L, 221, 22V, 26K, 26Q, 26T, 26V, 26S, 26N, 26E, 85.1T, 

85.1M, 85.1A, 	5.1S, 85.1R, 85.1H, 85.1K, 85.1C, 85.1N, 86S, 861, 86H, 86Q, 86V, 

86T, 86F, 8; • 88L, 88V, 88R, 88E, 88T, 881, 88Y, and 88W, wherein the amino acid 

position 	each group member is indicated according to the IMG-14)  numbering. 

36.  Th= le ero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 25, 

herein the further amino acid residue substituted in the protein-protein interface of the 

30 parent domain of the first engineered immunoglobulin chain is selected from the group 

consisting of 3E, 3K, 5A, 51, 7F, 7M, 22A, 22L, 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.IS, 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 immuno 	obulin is the 

IgG1 CH3 domain. 

38.  The hetero-dimeric immunoglobulin or hetero-dimeric fragme 	thereof of claim 1-36, 

wherein the parent domain of the first engineered immunog . •ulin chain is an IgGI 

10 CH3 domain and the parent domain of the second engine= ed immunoglobulin chain is 

an IgG3 CH3 domain or wherein the parent domain of ie first engineered 

immunoglobulin chain is an IgG3 CH3 domain an 	he parent domain of the second 

engineered immunoglobulin chain is an IgG1 C 	domain. 

15 39.  A hetero-dimeric immunoglobulin or hetei -dimeric fragment thereof comprising: 

(a) a first engineered immunoglobulin 	a n comprising an engineered domain with a 

protein-protein interface, wherein at 	ast one amino acid residue of the protein-protein 

interface of the parent domain of -.id first engineered inununoglobulin chain is 

substituted with an amino acid esidue 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- 	i y; and 

(b) a second engineer-immunoglobulin chain comprising an engineered domain with 

a protein-protein in erface, wherein at least one amino acid residue of the protein-

protein interfac- of the parent domain of said second engineered immunoglobulin chain 

25 is substituted with an amino acid residue at the equivalent 3D structural position from a 

protein-pr 	ein interface of a donor domain of a second member of the naturally 

occurringmmunoglobulin super-family, 

whe -in the engineered domain of the first engineered immunoglobulin chain and the 

ei 	neered domain of the second engineered immunoglobulin chain are not identical 

30 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- 
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dimer or a naturally occurring homo-dimer and, 

wherein the parent domain of the first and/or the second engineered immunog omiln 

chain is a CH2 domain, wherein the amino acid residue which is substituted i r the 

protein-protein interface of the parent domain of the first engineered imm 	oglobulin 

5 chain comprises the amino acid residue at position 88, and optionally a ' rther amino 

acid residue at a position selected from the group consisting of 3, 5, 	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 domai 	of the second 

engineered immunoglobulin chain comprises the amino acir residue at position 85.1 

10 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 at a 

position selected from the group consisting of 3, 5 	, 20, 22, 26, 27, 79, 81, 83, 84, 

84.2, 84.3, 85.1 and 90 or at a position selected ' om the group consisting of 3, 5, 7, 20, 

22, 26, 27, 79, 81, 83, 84, 84.2, 84.3, 86 and 	0, wherein the amino acid residue 

15 substituted at position 88 in the parent do 	am of the first engineered immunoglobulin 

chain is interacting with the amino aci • residue substituted at position 85.1 and/or 86 in 

the parent domain of the second en:, leered immunoglobulin chain, wherein the amino 

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

20 40.  The hetero-dimeric immui 	globulin or hetero-dimeric fragment thereof of claim 39, 

wherein the parent domk n of the first and the second engineered immunoglobulin 

chain is a naturally o curring CH2 domain. 

41.  The hetero-di 	nc immunoglobulin or hetero-dimeric fragment thereof of claim 39, 

25 wherein the 	mino acid residue which is substituted in the protein-protein interface of 

the pares 	domain of the first engineered immunoglobulin chain at position 88 is 88W 

and c 	iservative amino acid substitutions thereof, wherein the amino acid position is 

in cated according to the IMGT®  numbering. 

30 42 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 tot e 

IMGT®  numbering. 

5 43.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment there° 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 	position 88 is 

selected from the group consisting of 88Q, 88L, 88V, 88R, 88 	88T, 88K, 88E, 88Y, 

and 88W and/or wherein the further amino acid residue sub ituted in the protein- 

10 protein interface of the parent domain of the first engine 	ed immunoglobulin chain is 

selected from the group consisting of 20V, 20T, 20A, 	ON, 20K, 20W, 20S, 20E, 20Q, 

22A, 22G, 22T, 22L, 22V, 26Q, 26T, 26K, 26V, 2, 	, 26R, 26N, 26E, 85.1R, 85.1H, 

85.1K, 85.1T, 85.1M, 85.1A, 85.1S, 85.1W, 85. 	, 85.1C, 85.1N, 86S, 861, 86H, 86T, 

86W, 86Y, 86V, 86Q and 86F, wherein the a 	mo acid position of each group member 

15 is indicated according to the IMGT®  num b ering. 

44.  The hetero-dimeric immunoglobuli 	or hetero-dimeric fragment thereof of claim 39, 

wherein the amino acid residue w ich is substituted in the protein-protein interface of 

the parent domain of the first 	gineered immunoglobulin chain at position 88 is 

20 

25 

selected from the group co misting of 88Q, 88L, 88V, 88R, 881, 88T, 88K, 88E, 88Y, 

and 88W and/or wherei 	he further amino acid residue substituted in the protein- 

protein interface of tl 	parent domain of the first engineered immunoglobulin chain is 

selected from the • oup consisting of 20V, 20T, 20A, 20N, 20K, 20W, 20S, 22A, 22G, 

22T, 22L, 22V, 	6Q, 26T, 26K, 26V, 26S, 26R, 26N, 26E, 85.1T, 85.1M, 85.1A, 

85.1S, 85.1 	, 85.1F, 85.IC, 85.1N, 86S, 861, 86H, 86T, 86W, 86Y, 86V, and 86F, 

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

1MGT®  numbering. 

45.  e hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 39, 

30 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, 20S, 22A, 22L, 22V, 26E, 

26T, 27E, 27K, 79F, 79Y, 81A, 81G, 81D, 83M, 83T, 84L, 84.2E, 84.2S, 84.3D, 85.1S, 
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85.1A, 85.1N, 85.1M, 85.1F, 86S, 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. 

5 

10 

46.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof o claim 39, 

wherein the amino acid residue which is substituted in the protein-prot• n interface of 

the parent domain of the first engineered immunoglobulin chain co 	rises the amino 

acid residues at position 88 and at position 20, and optionally a fu her amino acid 

residue at a position selected from the group consisting of 3, 5, 	22, 26, 27, 79, 81, 83, 

84, 84.2, 84.3, 85.1, 86 and 90, wherein the amino acid posi on of each group member 

is indicated according to the IMGT®  numbering. 

47.  The hetero-dimeric immunoglobulin or hetero-dime c fragment thereof of claim 39, 

wherein the amino acid residue which is substitutii in the protein-protein interface of 

15 the parent domain of the second engineered imr unoglobulin chain comprises the 

amino acid residues at position 85.1 and/or :: and at position 26 and optionally an 

amino acid residue at a further position, w erein the amino acid position of each group 

member is indicated according to the I 	GT®  numbering. 

20 	48. A hetero-dimeric immunoglobul r or hetero-dimeric fragment thereof comprising: 

(a) a first engineered immuno = 	bulin chain comprising an engineered domain with a 

protein-protein interface, wi 	rein at least one amino acid residue of the protein-protein 

interface of the parent doi am of said first engineered immunoglobulin chain is 

substituted with an a 	o acid residue at the equivalent 3D structural position from a 

25 protein-protein inter 	ce of a donor domain of a first member of the naturally occurring 

immunoglobulin 	per-family; and 

(b) a second e 	meered immunoglobulin chain comprising an engineered domain with 

a protein-pr 	e n interface, wherein at least one amino acid residue of the protein- 

protein i 	dace of the parent domain of said second engineered immunoglobulin chain 

30 is subs tuted with an amino acid residue at the equivalent 3D structural position from a 

pro 	1-protein interface of a donor domain of a second member of the naturally 

o,  curring 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 ide lti 

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 

5 naturally occurring immunoglobulin super-family form a naturally oc 	ing hetero-

dimer or a naturally occurring homo-dimer and, 

wherein the parent domain of the first and/or the second enginee ed immunoglobulin 

chain is a CH2 domain, wherein the amino acid residue whit r is substituted in the 

protein-protein interface of the parent domain of the first e gineered immunoglobulin 

10 chain comprises the amino acid residue at position 20, • d optionally a further amino 

acid residue at a position selected from the group co 	sting of 3, 5, 7, 22, 26, 27, 79, 

81, 83, 84, 84.2, 84.3, 85.1, 86, 88 and 90 and, w -rein the amino acid residue which is 

substituted in the protein-protein interface of t 	parent domain of the second 

engineered immunoglobulin chain compris 	the amino acid residue at position 26 and 

15 optionally a further amino acid residue a a position selected from the group consisting 

of 3, 5, 7, 20, 22, 27, 79, 81, 83, 84, 8 .2, 84.3, 85.1, 86, 88 and 90, wherein the amino 

acid residue substituted at position 	0 in the parent domain of the first engineered 

immunoglobulin chain is intera 	ing with the amino acid residue substituted at position 

26 in the parent domain of tl - second engineered immunoglobulin chain, wherein the 

20 amino acid position of ea 	group member is indicated according to the IMGt 

numbering. 

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

wherein the p• e rt domain of the first and/or the second engineered immunoglobulin 

25 chain is a n 	rally occurring CH2 domain. 

50.  The h te o-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 48, 

wl rein the amino acid residue which is substituted at position 20 in the protein-protein 

terface of the parent domain of the first engineered immunoglobulin chain is selected 

30 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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51.  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- 	•otein 

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

selected from the group consisting of 26T and 26E and conservative amino 	cid 

5 substitutions thereof, wherein the amino acid position is indicated acco 	mg to the 

IMG-14  numbering. 

52.  The hetero-dimeric immunoglobulin or hetero-dimeric fragme 	thereof of claim 48, 

wherein the amino acid residue which is substituted in the protein-protein interface of 

10 the parent domain of the first engineered immunoglobulit chain at position 20 is 

selected from the group consisting of 20V, 20T, 20A, 	IN, 20K, 20Q, 20E, 20W and 

15 

20S and/or wherein the further amino acid residue s..stituted in the protein-protein 

interface of the parent domain of the first engine: ed immunoglobulin chain is selected 

from the group consisting of 22A, 22G, 22T, 	L, 22V, 221, 26Q, 26T, 26K, 26V, 26S, 

26R, 26N, 26E, 85.1R, 85.1H, 85.1K, 85.1 ', 85.IM, 85.1A, 85.1S, 85.1W, 85.1F, 

85.1C, 85.1N, 86Q, 86S, 861, 86H, 86T, 	6W, 86Y, 86V, 86F, 88Q, 88L, 88V, 88R, 

88E, 881, 88T, 88K, 88Y, and 88W, 	erein the amino acid position of each group 

member is indicated according to 	e IMGT g̀' numbering. 

20 53.  The hetero-dimeric immuno 	obulin or hetero-dimeric fragment thereof of claim 48, 

wherein the amino acid residue which is substituted in the protein-protein interface of 

the parent domain oft 	first engineered immunoglobulin chain at position 20 is 

selected from the gr• p consisting of 20V, 20T, 20A, 20N, 20K, 20W and 20S and/or 

wherein the furth= 	amino acid residue substituted in the protein-protein interface of the 

25 parent domain if the first engineered immunoglobulin chain is selected from the group 

consisting • 22A, 22G, 22T, 22L, 22V, 26Q, 26T, 26K, 26V, 26S, 26R, 26N, 26E, 

85.1T, 8..1M, 85.1A, 85.1S, 85.1W, 85.1F, 85.1C, 85.1N, 86S, 861, 86H, 86T, 86W, 

86Y, t6V, 86F, 88Q, 88L, 88V, 88R, 88E, 881, 88T, 88K, 88Y, and 88W, wherein the 

a 	-to acid position of each group member is indicated according to the IMGT- 

30 cumbering. 

A. 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 gro p 

consisting of 3E, 3K, 5A, 5T, 5Y, 7M, 7L, 22A, 22L, 22V, 26E, 26T, 27E, 27K, 	'F,  

79Y, 81A, 81G, 81D, 83M, 83T, 84L, 84.2E, 84.2S, 84.3D, 85.1S, 85.1A, 85. 

5 

85.1M, 85.1F, 86S, 86F, 86Y, 88K, 88L, 88R, 88W, 90K, 90N, and 90R an,  

conservative amino acid substitutions thereof, wherein the amino acid portion of each 

group member is indicated according to the IMGT(8' numbering. 

55.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment 	ereof of claim 39-54, 

wherein the parent domains of the first and second engineer 	immunoglobulin chains 

10 are an IgG1 CH2 domain or wherein the parent don 11 of the first engineered 

immunoglobulin chain is an IgG1 CH2 domain and 	parent domain of the second 

engineered immunoglobulin chain is an IgG3 C 	domain or wherein the parent 

domain of the first engineered immunoglobulin c a n is an IgG3 CH2 domain and the 

parent domain of the second engineered ii 	mnoglobulin chain is an IgG1 CH2 

15 domain. 

56.  The hetero-dimeric immunoglobulin o r 	etero-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 second engineered immunoglobulin chain which are 

20 substituted are not adjacent. 

57.  The hetero-dimeric im 	noglobulin or hetero-dimeric fragment thereof of any one of 

claims 1-55, wherein ut least two amino acid residues of the protein-protein interface of 

the parent domain %f the first and/or second engineered immunoglobulin chain are 

25 substituted. 

58.  A hetero-r merit immunoglobulin or hetero-dimeric fragment thereof comprising: 

(a) a fi 	engineered immunoglobulin chain comprising an engineered domain with a 

pro 	-protein interface, wherein at least one amino acid residue of the protein-protein 

30 ii erface 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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(b) a second engineered immunoglobulin chain comprising an engineered domain f nth 

a protein-protein interface, wherein at least one amino acid residue of the proteil 

protein interface of the parent domain of said second engineered immunoglo. 4 1in chain 

is substituted with an amino acid residue at the equivalent 3D structural position from a 

5 

10 

protein-protein interface of a donor domain of a second member of the 	. turally 

occurring immunoglobulin super-family, 

wherein the engineered domain of the first engineered irrununog o2ulin chain and the 

engineered domain of the second engineered immunoglobulin c a n are not identical 

and, 

wherein the donor domain of the first member of the natu 	I y occurring 

immunoglobulin super-family and the donor domain of he 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 	second engineered immunoglobulin 

15 chain is a CH4 domain, wherein the protein • otein interface of the parent domain of 

the first engineered immunoglobulin cha 	comprises an amino acid residue 

substitution at a position selected fro 	he group consisting of 20, 22, 85.1, 86, and 88, 

and/or wherein the protein-protein 	terface of the parent domain of the second 

engineered immunoglobulin cha 	comprises an amino acid residue substitution at a 

20 position selected from the gro •p consisting of 22, 26, 85.1, 86, and 88, wherein the 

amino acid position of eacl group member is indicated according to the IMG'T 

numbering. 

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

25 wherein the par 	t domain of the first and the second engineered immunoglobulin 

chain is a na 	rally occurring CH4 domain. 

60.  The he 	o-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 58, 

whey' 1 the amino acid sequence of the engineered domains of the first engineered 

30 in 	unoglobulin 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 
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the second engineered immunoglobulin chain. 

61.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of cl 	m 58, 

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

5 immunoglobulin super-family and the donor domain of the second me 	A er of the 

naturally occurring immunoglobulin super-family form a naturally o 	urring hetero- 

dimer. 

62.  The hetero-dimeric immunoglobulin or hetero-dimeric fray 	-nt thereof of any one of 

10 claims 1-61, wherein the first engineered immunoglobulit chain and/or the second 

engineered immunoglobulin chain comprise a further e gineered 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 eng.  leered domain of said first 

engineered immunoglobulin chain and/or said econd engineered immunoglobulin 

15 chain is substituted with an amino acid resi r e at the equivalent 3D structural position 

from a protein-protein interface of a don. 	domain of a third member of the naturally 

occurring immunoglobulin super-fam' 	and 

wherein the protein-protein interfa 	of the further engineered domain of the first 

engineered immunoglobulin ch• 	and/or the second engineered immunoglobulin chain 

20 is interacting with the protein protein interface of an engineered domain of a third 

engineered immunoglobul 	chain by hetero-dimerization or by homo-dimerization, 

wherein at least one am 	o acid residue of the protein-protein interface of the parent 

domain of said engineered domain of said third engineered immunoglobulin chain is 

substituted with a. amino acid residue at the equivalent 3D structural position from a 

25 protein-protein 	terface of a donor domain of a fourth member of the naturally 

occurring i 	unoglobulin super-family, and 

wherein t e donor domain of the third member of the naturally occurring 

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

natu • 1 y occurring immunoglobulin super-family form a naturally occurring hetero- 

30 d 	er 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. 

5 63.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereo' of claim 62, 

wherein the parent domain of the further engineered domain of the f st engineered 

immunoglobulin chain and/or the second engineered immunoglor lin chain and the 

parent domain of the engineered domain of the third engineere, immunoglobulin chain 

are naturally occurring domains. 

10 

64.  The hetero-dimeric immunoglobulin or hetero-dimeri• fragment thereof of claim 62, 

wherein the donor domain of the third member oft ,  e naturally occurring 

immunoglobulin super-family and the donor do 	am of the fourth member of the 

naturally occurring immunoglobulin super-fa 	i y form a naturally occurring hetero- 

15 dimer. 

65.  The hetero-dimeric immunoglobuli 	or hetero-dimeric fragment thereof of claim 64, 

wherein the third and the fourth nember of the naturally occurring immunoglobulin 

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

20 

66.  The hetero-dimeric imm 	oglobulin or hetero-dimeric fragment thereof of any one of 

claims 62-65, wherei 	the parent domain of the further engineered domain of the first 

and/or the second 	ngineered immunoglobulin chain and the parent domain of the 

engineered dom 	n of the third engineered immunoglobulin chain &tun a hetero-dimer. 

25 

67.  The hete o 	imeric immunoglobulin or hetero-dimeric fragment thereof of any one of 

claims 6 -65, wherein the parent domain of the further engineered domain of the first 

and/o second engineered immunoglobulin chain is an IGLC domain selected from the 

g • p consisting of IGLC1, IGLC2, IGLC3, IGLC6, and IGLC7 or is an IGKC domain 

30 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 

CHI 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. 

68.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 62, 

5 wherein the donor domain of the third member of the naturally occurrii  

immunoglobulin super-family and the donor domain of the fourth 	ber of the 

naturally occurring immunoglobulin super-family form a naturall 	occurring homo-

dimer. 

10 69.  The hetero-dimeric immunoglobulin or hetero-dimeric fr• •meat thereof of claim 68, 

wherein the donor domain of the third member of the 	• turally occurring 

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

naturally occurring immunoglobulin is a CH3 do 	am. 

15 70.  The hetero-dimeric immunoglobulin or het,  ro-dimeric fragment thereof of claim 68, 

wherein the donor domain of the third i 	mber of the naturally occurring 

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

naturally occurring immunoglobu 	1. super-family is the IgG1 CH3 domain. 

20 71.  The hetero-dimeric immuno 	obulin or hetero-dimeric fragment thereof of claim 68, 

wherein the donor doma • of the third member of the naturally occurring 

immunoglobulin super amily and the donor domain of the fourth member of the 

naturally occurring nmunoglobulin super-family is an IgAl CH3 domain or an IgA2 

CH3 domain. 

25 

72.  The hete o i nneric immunoglobulin or hetero-dimeric fragment thereof of any one of 

claims 6 -67, wherein the protein-protein interface of the further engineered domain of 

the fi ,  t and/or second engineered immunoglobulin chain is interacting with the 

pr ,'e in-protein interface of the engineered domain of the third engineered 

30 mmunoglobulin chain by hetero-dimerization. 

3. 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. 

5 74.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereo.' of any one of 

claims 62-73, wherein the amino acid residues from the protein-prot 	interface of the 

donor domain of the third and the fourth member of the naturally occurring 

immunoglobulin super-family are amino acids non essential to he core integrity of the 

domain. 

10 

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

claims 1-74, wherein the first and second engineer: 4 immunoglobulin chains comprise 

an Fe region. 

15 76.  The hetero-dimeric immunoglobulin or he ro-dimeric fragment thereof of any one of 

claims 62-75, wherein at least two amt 	. acid residues of the protein-protein interface 

of the parent domain of the further e, gineered 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 

20 chain are substituted. 

77.  The hetero-dimeric im 	unoglobulin or hetero-dimeric fragment thereof of any one of 

claims 1-76, where 	the hetero-dimeric immunoglobulin or hetero-dimeric fragment 

thereof is a full-length antibody. 

25 

78.  The hetero 	imeric immunoglobulin or hetero-dimeric fragment thereof of claim 62 or 

77, whe 	.11 the hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof or 

the 	-length antibody is bispecific. 

30 79.  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. 

80.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof any cne of 

claims 1-79 wherein at least one additional polypeptide is fused to the firs and/or 

5 second engineered immunoglobulin chain. 

81.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment 	ereof of claim 80, 

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

diabody, domain antibody, phaimacologically active peptid ,  or protein, receptor 

10 extracellular domain, CDR grafted polypeptide, and then •eutic engineered protein 

scaffold. 

82.  A hetero-dimeric immunoglobulin or hetero-di u -ric fragment thereof comprising: 

(a) a first engineered immunoglobulin chain •imprising an engineered domain with a 

15 protein-protein interface, wherein at least 	e amino acid residue of the protein-protein 

interface of the parent domain of said f st engineered immunoglobulin chain is 

substituted with an amino acid resid e at the equivalent 3D structural position from a 

protein-protein interface of a done • domain of a first member of the naturally occurring 

immunoglobulin super-family-  .nd 

20 (b) a second engineered hut unoglobulin chain comprising an engineered domain with 

a protein-protein interfac , wherein at least one amino acid residue of the protein-

protein interface of th= parent domain of said second engineered immunoglobulin chain 

is substituted with 	amino acid residue at the equivalent 3D structural position from a 

protein-protein 	terface of a donor domain of a second member of the naturally 

25 

30 

occurring im ►  unoglobulin super-family, 

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

immune .lobulin super-family and the donor domain of the second member of the 

natu 	ly occurring immunoglobulin super-family form a naturally occurring hetero- 

d. 	er 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 whe 	n, 

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

and the parent domain of the second engineered immunoglobulin chain is a i  H1 

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

5 

10 

immunoglobulin chain is substituted with an amino acid residue at po, tion 5 and the 

protein-protein interface of the parent domain of the second engine red 

immunoglobulin chain is substituted with an amino acid residue 	t position 20, the 

substituted amino acid residue at position 5 and the substitute amino acid residue at 

position 20 are not a charged pair, 

if the parent domain of the first engineered immunoglo tiulin chain is an IGLC domain 

or an IGKC domain and the parent domain of the se and engineered immunoglobulin 

chain is a CH1 domain and the protein-protein 	erface of the parent domain of the 

first engineered immunoglobulin chain is sub 	ituted with an amino acid residue at 

position 20 and the protein-protein interface of the parent domain of the second 

15 engineered immunoglobulin chain is su 	tituted with an amino acid residue at position 

26, the substituted amino acid residue at position 20 and the substituted amino acid 

residue at position 26 are not a ch 	ged pair, 

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

or an IGKC domain and the Jarent domain of the second engineered immunoglobulin 

20 chain is a CH1 domain a d the protein-protein interface of the parent domain of the 

first engineered imm 	oglobulin chain is substituted with an amino acid residue at 

position 86 and th 	rotein-protein interface of the parent domain of the second 

engineered imn 	noglobulin chain is substituted with an amino acid residue at position 

25 

86, the subst. 	ted amino acid residues at both positions 86 are not a charged pair, 

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

IMGr numbering. 

83. e hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 82, 

wherein the protein-protein interface of the parent domain of the second engineered 

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

83, wherein the parent domains of the first and the second engineered immunogl • oulin 

chain are naturally occurring domains. 

5 85.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof 4 f 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 immunog •bulin chain is an 

IGLC domain and the protein-protein interface of the parent do ►  aM of the first 

engineered immunoglobulin chain is substituted with an am,  o acid residue at position 

10 20 and the protein-protein interface of the parent domain 	the second engineered 

immunoglobulin chain is substituted with an amino ac 	residue at position 5, the 

substituted amino acid residue at position 5 and the 	bstituted amino acid residue 	at 

position 20 are not a charged pair arid wherein, if ie parent domain of the first 

engineered immunoglobulin chain is a CH1 de 	ain and the parent domain of the 

15 second engineered immunoglobulin chain • an IGLC domain or an IGKC domain and 

the protein-protein interface of the parci 	domain of the first engineered 

immunoglobulin chain is substituted 	i h an amino acid residue at position 86 and the 

protein-protein interface of the parr 	domain of the second engineered 

immunoglobulin chain is substi tu ted with an amino acid residue at position 86, the 

20 substituted amino acid resid 	s at both positions 86 are not a charged pair, wherein the 

amino acid position of ea 	group member is indicated according to the IMGr 

numbering. 

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

25 83, wherein 	le protein-protein interface of the engineered domain 	of the first 

engineered 'mmunoglobulin chain is interacting with the protein-protein interface of the 

enginee -d domain of the second engineered immunoglobulin chain by hetero-

dime' zation. 

30 87.  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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88.  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 don in, IGLC6 

5 domain, and IGLC7 domain. 

89.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment 	ereof of claim 82 or 

83, wherein the parent domain of the first engineered immuno 	obulin chain is an 

IGKC domain and the parent domain of the second enginee ed immunoglobulin chain 

10 is a CH1 domain. 

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

83, wherein the parent domain of the first engi 	eyed immunoglobulin chain is an 

15 

IGLC domain selected from the group consi 	g of IGLC1, IGLC2, IGLC3, IGLC6, 

and IGLC7 and the parent domain of the 	cond engineered immunoglobulin chain is 	a 

CH1 domain. 

91.  The hetero-dimeric immunoglob • lin or hetero-dimeric fragment thereof of claim 82 or 

83, wherein the protein-prote 	interface of the parent domain of the first engineered 

2 0 immunoglobulin chain cor, prises an amino acid residue substitution selected from the 

group consisting of 20V, 20T, 20A, 20N, 20Q, 20E, 20K, 20W, 20S, 22A, 22G, 22T, 

22L, 221, 22V, 85.1 	, 85.1M, 85.1A, 85.1S, 85.1R, 85.1H, 85.1K, 85.1W, 85.1F, 

85.1C, 85.1N, 86!, 861, 86T, 86H, 86Q, 86V, 86W, 86Y, 86F, 88Q, 88L, 88V, 88R, 

88E, 88T, 881 	8K, 88Y, and 88W and/or wherein the protein-protein interface of the 

15 parent dom.; n of the second engineered immunoglobulin chain comprises an amino 

acid resi' 	e substitution selected from the group consisting of 22A, 22G, 22T, 22L, 

221, 2 V, 26Q, 26T, 26K, 26V, 26S, 26R, 26N, 26E, 85.1T, 85.1M, 85.1A, 85.1S, 

85 	R, 85.1H, 85.1K, 85.1W, 85.1F, 85.1C, 85.1N, 86S, 861, 86T, 86H, 86Q, 86V, 

6W, 86Y, 86F, 88Q, 88L, 88V, 88R, 88E, 881, 88T, 88K, 88Y, and 88W, wherein the 

30 amino acid position of each group member is indicated according to the IMGV-6  

numbering. 
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92.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 8 	or  

5 

10 

83, wherein the protein-protein interface of the parent domain of the first engine- •ed 

immunoglobulin chain comprises an amino acid residue substitution selected .'rom the 

group consisting of 20K, 20N, 20T, 20S, 22A, 22L, 22V, 22T, 85.1S, 85. 	85.1N, 

85.1M, 85.1F, 86S, 86T, 86F, 86Y, 86V, 88W, 88R, 88L, 881, and 88 	•nd 

conservative amino acid substitutions thereof and/or the protein-pro 	in interface of 	the 

parent domain of the second engineered immunoglobulin chain c 	prises an amino 

acid residue substitution selected from the group consisting of i 2A, 22L, 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 ac 	substitutions thereof, 

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

IMGV)  numbering. 

93.  The hetero-dirneric immunoglobulin or hete • -dimeric fragment thereof of claim 82 or 

15 83, wherein the protein-protein interface • 	the parent domain of the first engineered 

immunoglobulin chain comprises an a 	ino acid residue substitution selected from the 

group consisting of 20K, 20N, 20T 	OS, 22A, 22L, 22V, 22T, 85.1S, 85.1A, 85.1N, 

85.1M, 85.1F, 86S, 86F, 86Y, 8. 	, 88W, 88R, 88L, and 88K and conservative amino 

acid substitutions thereof and/or, wherein the protein-protein interface of the parent 

20 domain of the second engi eered immunoglobulin chain comprises an amino acid 

residue substitution sele ted from the group consisting of 22A, 22L, 22V, 22T, 26E, 

26T, 26K, 85.1S, 85.'A, 85.1N, 85.1M, 85.1F, 86S, 86F, 86Y, 86V, 88W, 88R, 88L, 

and 88K and conservative amino acid substitutions thereof, wherein the amino acid 

position of eac 	group member is indicated according to the IMGT®  numbering. 

25 

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

claim 	82-93, wherein if the substitution in the parent domain of the first engineered 

inn unoglobulin chain is at position 88, the substituted amino acid residue in the parent 

Pomain of the second engineered immunoglobulin chain which interacts with the 

30 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 88 in the parent domain of the second engineered inununoglobulin ch.' i is at 

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

indicated according to the IMGT®  numbering. 

5 

95.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment the eof of any one of 

claims 82-93, wherein if the substitution in the parent domain o the first engineered 

immunoglobulin chain is at position 85.1, the substituted ami o acid residue in the 

parent domain of the second engineered immunoglobulin 	ai i which interacts with the 

10 substituted amino acid residue at position 85.1 in the p 	ent domain of the first 

engineered immunoglobulin chain is at position 86, • 	if the substitution in the parent 

domain of the second engineered immunoglobulin chain is at position 85.1, the 

substituted amino acid residue in the parent do lain of the first engineered 

immunoglobulin chain which interacts wit 	to substituted amino acid residue at 

15 position 85.1 in the parent domain of the econd engineered immunoglobulin chain is at 

position 86, wherein the amino acid position of each group member is indicated 

according to the IMGT8)  numberin . 

96.  The hetero-dimeric immuno 	obulin or hetero-dimeric fragment thereof of any one of 

20 claims 82-93, wherein if 	e 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 seco i engineered immunoglobulin chain which interacts with the 

substituted amino acid residue at position 22 in the parent domain of the first 

engineered i 	unoglobulin chain is at position 22 and/or 86, or if the substitution in 

25 the parent • smain of the second engineered immunoglobulin chain is at position 22, the 

substitu 	d amino acid residue in the parent domain of the first engineered 

imm ioglobulin chain which interacts with the substituted amino acid residue at 

p • ition 22 in the parent domain of the second engineered immunoglobulin chain is at 

position 22 and/or 86, wherein the amino acid position of each group member is 

30 indicated according to the IMGT®  numbering. 

97.  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 p.. ent 

domain of the second engineered immunoglobulin chain which interacts with th- 

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 	e parent 

5 domain of the second engineered immunoglobulin chain is at position 21 the 

substituted amino acid residue in the parent domain of the first engin 	red 

immunoglobulin chain which interacts with the substituted amino 	id residue at 

position 20 in the parent domain of the second engineered imm 	oglobulin chain is at 

position 26, wherein the amino acid position of each group i-tuber is indicated 

10 according to the IMGT®  numbering. 

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

claims 82-97, wherein the protein-protein interfa 	of the parent domain of the first 

engineered immunoglobulin chain comprises 	urther amino acid residue substitution 

15 at a position selected from the group consis 	of 3, 5, 7, 11, 12, 13, 18, 26, 27, 79, 

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

indicated according to the IMGT®  nun, . e -Mg. 

99.  The hetero-dimeric immunoglob 	in or hetero-dimeric fragment thereof of any one of 

20 claims 83-97, wherein the pro ein-protein interface of the parent domain of the second 

engineered immunoglobuf 	chain comprises a further amino acid residue substitution 

at a position selected fi- 	the group consisting of 3, 5, 7, 11, 12, 13, 18, 20, 27, 79, 

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

indicated accordi 	to the IMGT®  numbering. 

25 

100.  A hetero-di x ric immunoglobulin or hetero-dimeric fragment thereof comprising: 

(a) a first 	gineered immunoglobulin chain comprising an engineered domain with a 

protein 	otein interface, wherein at least one amino acid residue of the protein-protein 

interface of the parent domain of said first engineered immunoglobulin chain is 

30 s 	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 immunoglobur 	chain 

is substituted with an amino acid residue at the equivalent 3D structural posit'-.n from a 

protein-protein interface of a donor domain of a second member of the na 	ally 

5 

10 

occurring immunoglobulin super-family, 

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

immunoglobulin super-family and the donor domain of the secone member of the 

naturally occurring immunoglobulin super-family form a natur 	y occurring hetero- 

dimer or a naturally occurring homo-dimer and, 

wherein the parent domains of the first and the second e ,:meered 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 imm 	oglobulin chain is an IGLC domain 

or an IGKC domain and the parent domain of 	e second engineered immunoglobulin 

15 chain is a CH1 domain and the protein-pro -in interface of the parent domain of the 

first engineered immunoglobulin chain i: substituted with an amino acid residue at 

position 12 and the protein-protein ii 	rface of the parent domain of the second 

engineered immunoglobulin chain s substituted with an amino acid residue at position 

119, the substituted amino acid esidue at position 12 and the substituted amino acid 

20 residue at position 119 are n• 	a charged pair, 

if the parent domain of the first engineered immunoglobulin chain is a CH1 domain and 

the parent domain of tl 	second engineered immunoglobulin chain is an IGLC domain 

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

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

25 protein-protci 	interface of the parent domain of the second engineered 

immunoglobulin chain is substituted with an amino acid residue at position 13, the 

substitute. amino acid residue at position 26 and the substituted amino acid residue at 

positi• i 13 are not a charged pair, 

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

30 . id 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, 1 - 

substituted amino acid residue at position 5 and the substituted amino acid resi • e at 

position 20 are not a charged pair, 

if the parent domain of the first engineered immunoglobulin chain is a C 	domain and 

5 the parent domain of the second engineered immunoglobulin chain is 	IGLC domain 

and the protein-protein interface of the parent domain of the first en meered 

immunoglobulin chain is substituted with an amino acid residue • position 27 and the 

protein-protein interface of the parent domain of the second e ,ineered 

immunoglobulin chain is substituted with an amino acid re 	due at position 18, the 

10 substituted amino acid residue at position 27 and the substituted amino acid residue at 

position 18 are not a charged pair, 

if the parent domain of the first engineered immu • lobulin chain is an IGLC domain 

or an IGKC domain and the parent domain of tl - second engineered immunoglobulin 

chain is a CH1 domain and the protein-prose 	interface of the parent domain of the 

15 first engineered immunoglobulin chain is ubstituted with an amino acid residue at 

position 20 and the protein-protein int 	face of the parent domain of the second 

engineered immunoglobulin chain i substituted with an amino acid residue at position 

20 

26, the substituted amino acid re due at position 20 and the substituted amino acid 

residue at position 26 are not . charged pair, 

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

and the parent domain o the second engineered immunoglobulin chain is a CH1 

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

immunoglobulin c a n is substituted with an amino acid residue at position 79 and the 

protein-prote.n ' terface of the parent domain of the second engineered 

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

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

positio 	84.3 are not a charged pair, 

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

an IGKC domain and the parent domain of the second engineered immunoglobulin 

30 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 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 



WO 2012/131555 	 PCT/1B2012/051410 

297 

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 	•main 

and the amino acid residue which is substituted in the protein-protein interfa 	of the 

parent domain of the first engineered immunoglobulin chain is at position 	1 and the 

5 parent domain of the second engineered immunoglobulin chain is a do F a n which 

comprises a hinge region, the parent domain of the second engineer 	immunoglobulin 

chain is not substituted at position 3 of the hinge region, 

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

IMGr numbering. 

10 

101.  The hetero-dimeric immunoglobulin or hetero-dimer. 	fragment thereof of claim 100, 

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

chain is a domain selected from the group cons ling of CHI domain, CH4 domain, 

IGKC domain, IGLC1 domain, IGLC2 dom n, IGLC3 domain, IGLC6 domain, and 

15 IGLC7 domain, wherein the amino acid residue which is substituted in the protein-

protein interface of the parent domain I f the first and/or the second engineered 

immunoglobulin chain comprises a 	amino acid residue at a position selected from the 

group consisting of 3, 5, 7, 11, 	13, 18, 20, 22, 26, 27, 79, 81, 83, 84, 84.2, 85.1, 86, 

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

20 according to the IMGT®n 	bering. 

102.  The hetero-dimeric 	munoglobulin or hetero-dimeric fragment thereof of claim 82 or 

100, wherein the 	arent domains of the first and the second engineered 

immunoglobu ' 	chain form a hetero-dimer. 

25 

103.  The hete o-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 102, 

wher 	n the protein-protein interface of the engineered domain of the first engineered 

im lunoglobulin chain is interacting with the protein-protein interface of the engineered 

o nain of the second engineered immunoglobulin chain by homo-dimerization. 

30 

04. 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. 

105.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of c 	82 or 

100, wherein the donor domain of the first member of the naturally occu 	g 

5 immunoglobulin super-family and the donor domain of the second me R ber of the 

naturally occurring immunoglobulin super-family form a naturally 	curring hetero-

dimer. 

106.  The hetero-dimeric immunoglobulin or hetero-dimeric fra 	nent thereof of claim 82 or 

10 100, wherein the first and the second member of the na 	rally occurring 

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

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

100, wherein the donor domain of the first 	ember of the naturally occurring 

15 immunoglobulin super-family is the TC 	constant domain alpha (SEQ ID NO: 1) and 

the donor domain of the second mcm cr of the naturally occurring immunoglobulin 

super-family is the TCR constant i smain beta (SEQ ID NO: 2) or 

wherein the donor domain of t1. first member of the naturally occurring 

immunoglobulin super-fami 	is the TCR constant domain beta (SEQ ID NO: 2) and 

20 the donor domain of the 	cond member of the naturally occurring immunoglobulin 

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

108.  The hetero-dim 	is immunoglobulin or hetero-dimeric fragment thereof of claim 107, 

wherein the 	steine (C) at amino acid position 75 in SEQ ID NO: 2 is substituted with 

25 alanine ( 	or serinc (S). 

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

1 t 1, 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) 

30 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 immunoglobu n 

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

110.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereo of claim 82 or 

5 100, wherein the donor domain of the first member of the 	turally occurring 

immunoglobulin super-family and the donor domain of the s- and member of the 

naturally occurring immunoglobulin super-family form a n. 	rally occurring homo- 

dimer. 

10 111.  The hetero-dimeric immunoglobulin or hetero-dimer'c fragment thereof of claim 110, 

wherein 	the 	donor 	domain 	of 	the 	first 	1- nber 	of 	the 	naturally 	occurring 

immunoglobulin super-family and the donor 	omain of the second member of the 

naturally occurring immunoglobulin is a C 	domain. 

15 112.  The hetero-dimeric immunoglobulin ',r 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 immuno 	obulin super-family is the IgG1 CH3 domain. 

20 113.  The hetero-dimeric ii 	unoglobulin or hetero-dimeric fragment thereof of claim 110, 

wherein 	the 	don• 	domain 	of the 	first 	member 	of the 	naturally 	occurring 

immunoglobu i 	super-family and the donor domain of the second member of the 

naturally occ Ting immunoglobulin super-family is an IgA 1 CH3 domain or an IgA2 

CH3 do 	n. 

25 

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

c aims 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 

30 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 nat rally 

occurring immunoglobulin super-family and wherein at least one amino acid r 'idue of 

the 	protein-protein 	interface 	of the 	parent 	domain 	of said 	second 	engineered 

immunoglobulin chain is substituted with an amino acid residue at the •quivalent 3D 

5 structural position from a protein-protein interface of a donor do 	ail of a second 

member of the naturally occurring immunoglobulin super-family and additionally at 

least one amino acid residue of the protein-protein interface o.' the parent domain of 

said second engineered immunoglobulin chain is substituted 	nth an amino acid residue 

at the equivalent 3D structural position from a protein- rotein interface of a donor 

10 domain of a fourth member of the naturally occurring immunoglobulin super-family. 

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

claims 82-114, wherein at least one 3D s 	ctural position of the protein-protein 

interface of the engineered domain of th- first engineered immunoglobulin chain is 

15 different in amino acid residue compar- i to the identical 3D structural position of the 

protein-protein 	interface 	of the 	gineered 	domain 	of the 	second 	engineered 

immunoglobulin chain. 

116.  The hetero-dimeric immuno 	obulin or hetero-dimeric fragment thereof of any one of 

20 claims 82-115, wherein 	engineered domain of the first engineered immunoglobulin 

chain and the enginee 	d domain of the second engineered immunoglobulin chain are 

not identical. 

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

25 claims 82- 	6, wherein the amino acid residues from the protein-protein interface of 

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

imm 	oglobulin super-family are amino acids non essential to the core integrity of the 

d 	lain. 

30 1 	. 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. 

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

wherein the parent domain of the first engineered immunoglobulin chain s an IGKC 

5 domain and the amino acid residue which is substituted in the protein- rotein interface 

of the parent domain of the first engineered immunoglobulin chain omprises an amino 

acid residue at a position selected from the group consisting of 	4, 116, 118, 123, 

124, 131, 133, 137, 138, 160, 162, 164, 165, 167, 174, 176, 	8, and 180, wherein the 

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

10 

120.  The hetero-dimeric immunoglobulin or hetero-dime c fragment thereof of claim 90, 

wherein the parent domain of the first engineere 	immunoglobulin chain is an IGLC 

domain selected from the group consisting of 	LC1, IGLC2, IGLC3, IGLC6, and 

IGLC7 and the amino acid residue which i substituted in the protein-protein interface 

15 of the parent domain of the first enginee ed immunoglobulin chain comprises an amino 

acid residue at a position selected fro 	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 

position of each group member s indicated according to the Kabat numbering. 

20 

25 

121.  The hetero-dimeric imm 	oglobulin or hetero-dimeric fragment thereof of claim 89, 

wherein the parent do 	aim of the first engineered immunoglobulin chain is an IGKC 

domain and the a 	o acid residue which is substituted in the protein-protein interface 

of the parent do 	am of the first engineered immunoglobulin chain comprises an amino 

acid residue 	lected from the group consisting of S131V, S131T, S131A, S13 IN, 

S131Q, S 	1E, S131K,S131W,V133A,V133G,V133T, V133L, V1331, N137Q, 

N137T 	137K, N137V,N137S, N137R, N137E, S174T, S174M, S174A, S174R, 

S17, 	S174K, S174W, S174F, S174C, S174N, S1761, S176T, S176H, S176Q, 

S 76V, S176W, S176Y, S176F, T178Q, T178L, T178V, T178R, T178E, T1781, 

T178K, T178Y, and T178W, wherein the amino acid position of each group member is 

30 indicated according to the EU numbering. 

122.  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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5 

domain and the amino acid residue which is substituted in the protein-protein inter,ce 

of the parent domain of the first engineered immunoglobulin chain comprises ai amino 

acid residue selected from the group consisting of S114E, S114K, S114Q, Fl 	6A, 

F116T,F116Y, F118M, F118L, E123D, Q124E, S131K, S131T, S131N 	133L, 

V133A, V133T,N137T, N137E, N137K, NI38K, N138E, Q160Y, Q1 OF, Q160K, 

S162A, S162G, S162D, S162T, 1164V, 1164M, E165L, D167E, I 67S, S174A, 

S174M, S174N, S174F, S176F, S176V, S176Y, 1178W, 1178R 	178L, 1178K, 

T180N, T180R, and T180K and conservative amino acid sub 	tutions thereof, wherein 

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

10 numbering. 

123.  The hetero-dimeric immunoglobulin or hetero-dn, enc fragment thereof of claim 90, 

wherein the parent domain of the first enginee 	d immunoglobulin chain is an IGLC 

domain selected from the group consistingIGLC1, IGLC2, IGLC3, IGLC6, and 

15 

20 

IGLC7 and the amino acid residue whic 	is substituted in the protein-protein interface 

of the parent domain of the first engin 	ered immunoglobulin chain comprises an amino 

acid residue selected from the gro 	consisting of 131V, 131A, 131N, 131Q, 131E, 

131K, 131W, 131S, 133A, 133r 	133T, 133L, 1331, 137Q, 1371, 137K, 137V, 137R, 

137N, 137E, 174T, 174M, 1 4S, 174R, 174H, 174K, 174W, 174F, 174C, 174N, 1761, 

176T, 176H, 176Q, 176 	, 176Y, 176V, 176F, 178Q, 178L, 178V, 178R, 178E, 178T, 

1781, 178K, 178E, any 178W, wherein the amino acid position of each group member 

is indicated accord 	g to the Kabat numbering. 

25 

124.  The hetero-d. 	eric immunoglobulin or hetero-dimeric fragment thereof of claim 90, 

wherein t 	parent domain of the first engineered immunoglobulin chain is an IGLC 

domai 	selected from the group consisting of IGLC1, IGLC2, IGLC3, IGLC6, and 

30 

IG 	' 7 and the amino acid residue which is substituted in the protein-protein interface 

he parent domain of the first engineered immunoglobulin chain comprises an amino 

acid residue selected from the group consisting of 114E, 114K, 114Q, 116A, 1 16Y, 

118M, 118L, 122D, 131K, 131N, 133A, 133L, 133T, 1371, 137E, 137K, 138E, 138K, 

160Y, 160F, 160K, 162D, 162A, 162G, 165L, 165M, 167E, 167S, 174N, 174M, 174F, 

174S, 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. 

125.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of cl. m 89, 

wherein the parent domain of the first engineered immunoglobulin chain i an IGKC 

5 domain and the amino acid residue which is substituted in the protein-p stein interface 

of the parent domain of the first engineered immunoglobulin chain c e nprises the amino 

acid residue at position 178 or comprises T178W and conservativ amino acid 

substitutions thereof, and optionally a further amino acid resid 	at a position selected 

from the group consisting of 131, 137, 160, 176, and 180, w erein the amino acid 

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

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

wherein the parent domain of the first engineere immunoglobulin chain is an IGKC 

domain and the amino acid residue which is s ..stituted in the protein-protein interface 

15 of the parent domain of the first engineere 	immunoglobulin chain comprises the amino 

acid residue at position 174 or compris 	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 earl group member is indicated according to the EU 

20 numbering. 

127.  The hetero-dimeric i 	unoglobulin or hetero-dimeric fragment thereof of claim 89, 

wherein the parent o omain of the first engineered immunoglobulin chain is an IGKC 

domain and the 	no acid residue which is substituted in the protein-protein interface 

25 of the parent 	omain of the first engineered immunoglobulin chain comprises the amino 

acid resid ~ at position 178 or comprises T178W and conservative amino acid 

substi 	ons thereof, and optionally a further amino acid residue at a position selected 

from 	e group consisting of 114, 116, 131, 133, 137, 138, 162, 164, 174, and 176, 

w erein the amino acid position of each group member is indicated according to the EU 

30 numbering. 

128.  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 interce 

of the parent domain of the first engineered immunoglobulin chain comprises tl 	amino 

acid residue at position 176 or comprises S176V and conservative amino aci $ 

substitutions thereof, and optionally a further amino acid residue at a posi on selected 

5 from the group consisting of 118, 131, 133, 138, 160, 162, 167, 174, 17:, and 180, 

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

numbering. 

10 

129.  The hetero-dimeric immunoglobulin or hetero-dimeric fra , ent thereof of claim 89, 

wherein the parent domain of the first engineered immw .globulin chain is an IGKC 

domain and the amino acid residue which is substi 	in the protein-protein interface 

of the parent domain of the first engineered immui .globulin chain comprises the amino 

acid residue at position 176 or comprises S176 	and conservative amino acid 

substitutions thereof, and optionally a further 	mino acid residue at a position selected 

15 from the group consisting of 114, 116, 11:, 123, 124, 133, 137, 160, 162, 164, 174, and 

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

the EU numbering. 

130.  The hetero-dimeric immunogl $ .1.1 in or hetero-dimeric fragment thereof of claim 89 or 

20 90, wherein the parent dom•n of the second engineered immunoglobulin chain is a 

CH1 domain and the am 	o acid residue which is substituted in the protein-protein 

interface of the paren domain of the second engineered immunoglobulin chain 

comprises an amin,, acid residue at a position selected from the group consisting of 

25 

124, 126, 128, 	3, 134, 139, 141, 143, 147, 148, 168, 170, 173, 175, 181, 183, 185, 

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

to the EU umbering. 

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

90, wherein the parent domain of the second engineered immunoglobulin chain is a 

30 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, I41T, 

141N, 141Q, 141E, 141K, 141W, 141S, 143A, 143T, 143L, 1431, 143V, 147Q, 147T, 
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147V, 147S, 147R, 147N, 147E, 181T, 181M, 181A, 18IR, 181H, 181K, 181W, 	► IF, 

181C, 181N, 1831, 183H, 183Q, 183V, 183T, 183W, 183Y, 183F, 185Q, 185L 	85R, 

185E, 1851, 185T, 185K, 185Y, and 185W, wherein the amino acid position if each 

group member is indicated according to the EU numbering. 

5 

132.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment th- eof of claim 89 or 

90, wherein the parent domain of the second engineered immu s .lobulin chain is a 

CH1 domain and the amino acid residue which is substituted 	the protein-protein 

interface of the parent domain of the second engineered ii 	unoglobulin chain 

10 

15 

comprises an amino acid residue selected from the grou, consisting of S124E, S124K, 

S124Q, F126A, F126T, F126Y, L128F, L128M, KI 	D, S134E, T139Q, A141K, 

A141T, A141N,A141S,G143V,G143A, G143L G143T, K147T, K147E, D148E, 

D148K, H168Y, H168F, H168K, F170D, F 171F170G, F170T, V173L, V173M, 

Q175E, Q175S, Q175D, S181A, S181N, S 	1M, S181F, S183V, S183F, S183Y, 

V185W, V185R, V185L, V185K, T187 	, T187K and T187R and conservative amino 

acid substitutions thereof, wherein th 	.mino acid position of each group member 	is 

indicated according to the EU num,  eying. 

133.  The hetero-dimeric immunou obu in or hetero-dimeric fragment thereof of claim 89 or 

20 90, wherein the parent do i am of the second engineered immunoglobulin chain is a 

CH1 domain and the a 	tno acid residue which is substituted in the protein-protein 

interface of the pare t domain of the second engineered immunoglobulin chain 

comprises the a 	o acid residue at position 185 or comprises V185W and 

conservative , ° i1 o acid substitutions thereof, and optionally a further amino acid 

25 residue at a 	osition selected from the group consisting of 141, 143, 147, 168, 183, and 

187, whi ein the amino acid position of each group member is indicated according to 

the E 	numbering. 

134.  he hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 89 or 

30 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 



WO 2012/131555 
	

PCT/IB2012/051410 

306 

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 : indicated 

according to the EU numbering. 

135.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment 	eof of claim 89 or 

90, wherein the parent domain of the second engineered immui .globulin chain is a 

CHI domain and the amino acid residue which is substitute 	n the protein-protein 

interface of the parent domain of the second engineered i p munoglobulin chain 

comprises the amino acid residue at position 185 or co iprises V185W and 

conservative amino acid substitutions thereof, and e- tionally a further amino acid 

residue at a position selected from the group co:fisting of 124, 126. 141, 143, 147, 148, 

170, 173, 181, and 183, wherein the amino a • d position of each group member is 

indicated according to the EU numbering. 

136.  The hetero-dimeric immunoglobuli 	or hetero-dirneric fragment thereof of claim 89 or 

90, wherein the parent domain of fie second engineered immunoglobulin chain is a 

CHI domain and the amino a 'd residue which is substituted in the protein-protein 

interface of the parent don 	rn of the second engineered immunoglobulin chain 

comprises the amino ac 	residue at position 183 or comprises S183V and conservative 

amino acid substituti 	is 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, 	ierein the amino acid position of each group member is indicated 

according t. the EU numbering. 

137.  The h= ero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 89 or 

90 	herein the parent domain of the second engineered immunoglobulin chain is a 

H 1 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 further 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. 

138.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of a , 	one of 

claims 82-137, wherein the amino acid residues of the protein-protein int 	face of the 

5 parent domain of the first and/or the second engineered immunoglobu ' 	chain which 

are substituted are not adjacent. 

139.  The hetero-dimeric immunoglobulin or hetero-dimeric fragm 	t thereof of any one of 

claims 82-138, wherein at least two amino acid residues o the protein-protein interface 

10 of the parent domain of the first and/or the second engi eered immunoglobulin chain 

are substituted. 

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

claims 82-139, wherein the amino acid se 	ence of the engineered domains of the first 

15 engineered immunoglobulin chain ands the second engineered immunoglobulin chain 

do not contain an insertion of one or 	ore amino acid residues compared to the amino 

acid sequence of the parent doma 	s of the first engineered immunoglobulin chain 

and/or the second engineered i 	munoglobulin chain. 

20 141.  The hetero-dimeric imm ioglobulin or hetero-dimeric fragment thereof of any one of 

claims 82-140, where 	the first and the second engineered immunoglobulin chains 

have amino acid se uences which are different from each other by at least one amino 

acid or by at le 	two amino acids or by at least three amino acids or by at least four 

amino acids 	by at least five amino acids or by at least five to ten amino acids or by at 

25 least tent,, thirty amino acids. 

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

c 	ms 82-141, wherein at least one additional polypeptide is fused to the first and/or 

second engineered immunoglobulin chain. 

30 

143.  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 pi o -1 -1 

scaffold. 

144. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereo of claim 82 or 

100, wherein the first engineered immunoglobulin chain and/or the second engineered 

immunoglobulin chain comprise a further engineered domain wit 	a protein-protein 

interface, wherein at least one amino acid residue of the protei -protein interface of the 

parent domain of said further engineered domain of said firs engineered 

immunoglobulin chain and/or said second engineered imp unoglobulin chain is 

substituted with an amino acid residue at the equivalen 	3D structural position from a 

protein-protein interface of a donor domain of a tl . 	member of the naturally 

occurring immunoglobulin super-family, and 

wherein the protein-protein interface of the fu her engineered domain of the first 

engineered immunoglobulin chain and/or t e second engineered immunoglobulin chain 

is interacting with the protein-protein in 	rface of an engineered domain of a third 

engineered immunoglobulin chain by 	etero-dimerization or by homo-dimerization, 

wherein at least one amino acid re' due of the protein-protein interface of the parent 

domain of said engineered dom 	of said third engineered immunoglobulin chain is 

substituted with an amino ac i residue at the equivalent 3D structural position from a 

protein-protein interface 	a donor domain of a fourth member of the naturally 

occurring immunoglob 	in super-family, and 

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

immunoglobulin 	per-family and the donor domain of the fourth member of the 

naturally occ 	ing immunoglobulin super-family form a naturally occurring hetero- 

(-timer or a aurally occurring homo-dimer and, 

wherein 	e protein-protein interface of the further engineered domain of the first 

engine-red immunoglobulin chain and/or the second engineered immunoglobulin chain 

an 	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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145.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of cl • 	144, 

wherein the third and the fourth member of the naturally occurring imm 	oglobulin 

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

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

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

immunoglobulin super-family is the TCR constant domain al 	(SEQ ID NO: 1), the 

donor domain of the second member of the naturally occu 	ng immunoglobulin super- 

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

10 member of the naturally occurring immunoglobulin 	uper-family is the TCR constant 

domain delta (SEQ ID NO: 32) and the donor 	.main of the fourth member of the 

naturally occurring immunoglobulin super-fa 	y is the TCR constant domain gamma 

(SEQ ID NO: 33). 

15 147.  The hetero-dimeric immunoglobulin o hetero-dimeric fragment thereof of claim 144, 

wherein 	the 	donor 	domain 	of 	first 	member 	of the 	naturally 	occurring 

immunoglobulin super-family is 	le TCR constant domain delta (SEQ ID NO: 32), the 

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

family is the TCR constant 'omain gamma (SEQ ID NO: 33), the donor domain of the 

20 third member of the n.. urally occurring immunoglobulin super-family is the TCR 

constant domain alpha (SEQ ID NO: 1) and the donor domain of the fourth member of 

the naturally occur ng immunoglobulin super-family is the TCR constant domain beta 

(SEQ ID NO: 2 

25 148.  The hete 	-thmeric immunoglobulin or hetero-dimeric fragment thereof of claim 144, 

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

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

t 	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 

30 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 immunoglobulin super-family is the TC 	constant 

domain beta (SEQ ID NO: 2) and if the donor domain of the first 	ember of the 

naturally occurring immunoglobulin super-family is the TCR const 	domain delta 

5 (SEQ ID NO: 32), the donor domain of the second member of the 	aturally occurring 

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

149. The hetero-dimeric immunoglobulin or hetero-dimeric fray 	ent thereof of claim 144, 

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

10 immunoglobulin super-family is the TCR constant • • nain alpha (SEQ ID NO: 1) or 

the TCR constant domain delta (SEQ ID NO: 3 	, 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 c 	stant domain gamma (SEQ ID NO: 33), 

the donor domain of the third and the fourth member of the naturally occurring 

15 immunoglobulin super-family is the h 	an IGHA1 CH3 domain (SEQ ID NO: 96) or 

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

member of the naturally occurr 	immunoglobulin super-family is the TCR constant 

domain alpha (SEQ ID NO-  1), the donor domain of the second member of the 

naturally occurring immu .globulin super-family is the TCR constant domain beta 

20 (SEQ ID NO: 2) and if t e donor domain of the first member of the naturally occurring 

immunoglobulin sup- -family is the TCR constant domain delta (SEQ ID NO: 32), the 

donor domain of t ► e second member of the naturally occurring immunoglobulin super- 

family is the T 	' constant domain gamma (SEQ ID NO: 33). 

25 	150. The he er,.-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim 144, 

wherei, 	the 	donor 	domain 	of the 	third 	member 	of the 	naturally 	occurring 

im 	noglobulin super-family and the donor domain of the fourth member of the 

turally occurring immunoglobulin super-family is an IgAl CH3 domain or an IgA2 

CH3 domain. 

30 

151. 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 immunoglobu 	chain 

are naturally occurring domains. 

5 

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

wherein the parent domain of the further engineered domain of the 	rst engineered 

immunoglobulin chain and/or the second engineered immunoglo o ulin chain is selected 

from the group consisting of CHI, CH2, CH3, CH4, IGKC, I 	Cl, IGLC2, IGLC3, 

IGLC6, and IGLC7. 

10 153.  The hetero-dimeric immunoglobulin or hetero-dime ' 	fragment thereof of claim 144, 

wherein the parent domain of the engineered dome 	of the third engineered 

immunoglobulin chain is selected from the gro 	consisting of CH1, CH2, CH3, CH4, 

IGKC, IGLC1, IGLC2, IGLC3, IGLC6, and G C7. 

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

wherein the parent domain of the fu 	cr engineered domain of the first engineered 

immunoglobulin chain and/or th 	econd engineered immunoglobulin chain and the 

parent domain of the engineered domain of the third engineered immunoglobulin chain 

form a hetero-dimer. 

20 

155.  The hetero-dimeric 1 	nunoglobulin or hetero-dimeric fragment thereof of claim 144, 

wherein the parent 4omain of the further engineered domain of the first engineered 

immunoglobuli I chain and/or the second engineered immunoglobulin chain and the 

parent doma 	of the engineered domain of the third engineered immunoglobulin chain 

25 form a ho 	o dimer. 

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

w erein the further engineered domain of the first engineered immunoglobulin chain 

and/or the second engineered immunoglobulin chain and the engineered domain of the 

30 third engineered immunoglobulin chain are not identical. 

157.  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 a d the 

parent domain of the engineered domain of the third engineered immunogle e ulin chain 

is a CH3 domain. 

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

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

immunoglobulin chain and/or the second engineered immune • lobulin chain and the 

parent domain of the engineered domain of the third engi 	ered immunoglobulin chain 

is the IgG1 CH3 domain. 

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

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

immunoglobulin chain and/or the second en meered 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 fire engineered immunoglobulin chain and/or the 

second engineered immunoglob 	n chain is an IgG3 CH3 domain and the parent 

domain of the engineered doi 	in of the third engineered immunoglobulin chain is an 

IgG1 CH3 domain. 

160.  The hetero-dimeric i r 	unoglobulin or hetero-dimeric fragment thereof of claim 144, 

wherein the amino 	cid residues of the protein-protein interface of the parent domain of 

the further engi -ered domain of the first engineered immunoglobulin chain and/or the 

second engin= ered immunoglobulin chain and/or the parent domain of the engineered 

domain of 	c third engineered immunoglobulin chain which arc substituted are not 

adjacei . 

161.  T e 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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162.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of any one of 

claims 82-161, comprising an Fc region. 

163.  The hetero-dimeric immunoglobulin or hetero-dimeric fragment there 	of any one of 

5 claims 82-161, wherein the hetero-dimeric immunoglobulin or hete o-dimeric fragment 

thereof is a full-length antibody. 

164.  The hetero-dimeric immunoglobulin or hetero-dimeric frame ent thereof of claim 144 or 

163, wherein the hetero-dimeric immunoglobulin or het 	o-dimeric fragment thereof or 

10 the full-length antibody is bispecific. 

165.  The hetero-dimeric immunoglobulin or hetero-o meric fragment thereof of claim 164, 

wherein the bispecific hetero-dimeric immu -•globulin or hetero-dimeric fragment 

thereof or the bispecific full-length antibody binds to antigens selected from the group 

15 consisting of HER2, EGFR, CD19 and 	LA-2. 

166.  A method to produce a hetero-di , eric immunoglobulin or hetero-dimeric fragment 

thereof comprising: 

(a) substituting at least one 	nino acid residue of the protein-protein interface of a 

20 parent domain of a first 	ent immunoglobulin chain at the equivalent 3D structural 

position from a protei -protein interface of a donor domain of a first member of the 

naturally occurring mmunoglobulin super-family to obtain a first engineered 

immunoglobuli 	hain comprising an engineered domain, 

(b) substitutes at least one amino acid residue of the protein-protein interface of the 

25 parent do 	in of a second parent immunoglobulin chain at the equivalent 3D structural 

positio 	om a protein-protein interface of a donor domain of a second member of the 

natur 	ly occurring immunoglobulin super-family to obtain a second engineered 

ii 	unoglobulin chain comprising an engineered domain, 

c culturing a host cell comprising a nucleic acid encoding said engineered 

30 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. 

167.  The method of claim 166, wherein the amino acid residue of the 	rotein-protein 

interface of the parent domain of the parent immunoglobulin c air which is substituted 

at the equivalent 3D structural position from the protein-pro em interface of a donor 

domain is an amino acid residue in the protein-protein in rface of a donor domain 

which when overlaid on the protein-protein interface o the parent domain by 

superimposing the carbon alpha traces of both dom ns, occupies a 3D position within 

less than a distance of 6 A to the closest residue 	the parent domain, wherein the 

donor domain is different from the parent dom. in. 

168.  The method of claim 166, wherein the pa -nt domain of the first parent 

immunoglobulin chain is selected from he group consisting of CH1, CH2, CH3, CH4, 

IGKC, IGLC1, IGLC2, IGLC3, IGL ( 6, and IGLC7. 

169.  The method of claim 166, wher< in the parent domain of the second parent 

immunoglobulin chain is sel 	ted from the group consisting of CHI, CH2, CH3, CH4, 

IGKC, IGLC1, IGLC2, I 	C3, IGLC6, and IGLC7. 

170.  The method of claim 	66, wherein the parent domains of the first and the second 

engineered immu 	globulin chain fonn a homo-dimer. 

171.  The method 	claim 166, wherein the parent domain of the first and/or second parent 

immunoglobulin chain is a CH3 domain. 

172.  The r, ethod of claim 166, wherein the parent domain of the first and/or second parent 

imu unoglobulin chain is a CH4 domain. 

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

engineered immunoglobulin chain form a hetero-dimer. 

174. 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 parent domain of 

the first engineered immunoglobulin chain is an IGKC domain and the 	arent domain 

of the second engineered immunoglobulin chain is a CH1domain. 

5 175.  The method of claim 166, wherein the parent domain of the fir 	engineered 

immunoglobulin chain is a CH1 domain and the parent dome n of the second 

engineered immunoglobulin chain is an IGLC domain se c ed from the group 

consisting of IGLC1, IGLC2, IGLC3, IGLC6, and IG 	7 or is an IGKC domain or, 

wherein the parent domain of the first engineered i 	nunoglobulin chain is an IGLC 

10 domain selected from the group consisting of IG 	1, IGLC2, IGLC3, IGLC6, and 

IGLC7 or is an IGKC domain and the parent d main of the second engineered 

immunoglobulin chain is a CHI domain. 

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

15 immunoglobulin chain is a CH1 do rain and the parent domain of the second 

engineered immunoglobulin chat 	is an IGLC domain selected from the group 

consisting of IGLC1, IGLC2, 	LC3, IGLC6, and IGLC7 or, wherein the parent 

domain of the first engineer,  d immunoglobulin chain is an IGLC domain selected from 

the group consisting of 	Cl, IGLC2, IGLC3, IGLC6, and IGLC7 and the parent 

20 domain of the second 	igineered immunoglobulin chain is a CH1 domain. 

177.  The method of cl. nn 166-176, wherein the donor domain of the first member of the 

naturally occu mg immunoglobulin super-family and the donor domain of the second 

member of 	e naturally occurring immunoglobulin super-family form a naturally 

25 occurrin 	etero-dimer. 

178.  Th- 	ethod 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. 

30 

179.  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: 

180.  The method of claim 179, wherein the cysteine (C) at amino acid positi• 	75 in SEQ 

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

5 

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

naturally occurring immunoglobulin super-family is the TC' constant domain gamma 

(SEQ ID NO: 33) and second member of the naturally oc erring immunoglobulin 

super-family is the TCR constant domain delta (SEQ I ►  NO: 32). 

10 

182.  The method of claim 166, wherein the donor don 	i of the first member of the 

naturally occurring immunoglobulin super-fa 	y and the donor domain of the second 

member of the naturally occurring immuno 	°bulk' super-family form a naturally 

occurring homo-dimer. 

15 

183.  The method of claim 182, wherein 	e donor domain of the first member of the 

naturally occurring immunoglob 	in super-family and the donor domain of the second 

member of the naturally occu nig immunoglobulin is a CH3 domain. 

20 184.  The method of claim 16,, wherein the engineered domain of the first engineered 

immunoglobulin chair and the engineered domain of the second engineered 

immunoglobulin c i din are not identical. 

185.  The method • claim 166, wherein the amino acid residues of the protein-protein 

25 interface o the parent domain of the first and/or the second parent immunoglobulin 

chain w ich are substituted are not adjacent. 

186.  T 	method of claim 166, wherein the amino acid sequence of the engineered domains 

.f he first engineered immunoglobulin chain and/or the second engineered 

30 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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187.  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. 

5 188.  The method of claim 166, wherein the first and the second parent imir noglobulin 

chains comprise an Fc region. 

189.  The method of any one of claims 166-188, wherein the amine acid residues from the 

protein-protein interface of the donor domain of the first 	d the second member of the 

0 naturally occurring immunoglobulin super-family are 	lo acids non essential to the 

core integrity of the domain. 

190.  The method of claim 166, wherein the first en 	leered immunoglobulin chain and/or 

the second engineered immunoglobulin ch. ' 	comprise a further engineered domain 

5 with a protein-protein interface, wherein t least one amino acid residue of the protein- 

protein interface of the parent domai 	i f said further engineered domain of said first 

engineered immunoglobulin chain nd/or said second engineered immunoglobulin 

chain is substituted with an ami, o acid residue at the equivalent 3D structural position 

from a protein-protein interf. e of a donor domain of a third member of the naturally 

0 

5 

) 

occurring immunoglobuli 	super-family, and 

wherein the protein-prs e n interface of the further engineered domain of the first 

engineered immuno; obulin chain and/or the second engineered immunoglobulin chain 

is interacting wit r the protein-protein interface of an engineered domain of a third 

engineered im 	unoglobulin chain by hetero-dimerization or by homo-dimerization, 

wherein at 	ast one amino acid residue of the protein-protein interface of the parent 

domain 	said engineered domain of said third engineered immunoglobulin chain is 

substf 	ted with an amino acid residue at the equivalent 3D structural position from 	a 

p 	ern-protein interface of a donor domain of a fourth member of the naturally 

o 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 engineers d 

immunoglobulin chain. 

191.  The method of claim 190, wherein the donor domain of the third m 	ter of the 

5 naturally occurring immunoglobulin super-family and the donor e o 	ain of the fourth 

member of the naturally occurring immunoglobulin super-fam y form a naturally 

occurring hetero-dimer or a naturally occurring homo-dime . 

192.  The method of claim 190, wherein the further enginee ed domain of the first engineered 

10 immunoglobulin chain and/or the second engineers 	immunoglobulin chain and the 

engineered domain of the third engineered imm 	o lobulin chain are not identical. 

193.  The method of any one of claims 166 or 191, wherein the hetero-dimeric 

immunoglobulin or hetero-dimeric frag 	ent thereof is a full-length antibody. 

15 

194.  The method of claim 166 or 193, 	herein the hetero-dimeric immunoglobulin or 

hetero-dimeric fragment thereo 	or the full-length antibody is bispecific. 

195.  The method of claim 194 	herein the bispecific hetero-dimeric immunoglobulin or 

20 hetero-dimeric fragme 	thereof or the bispecific antibody binds to antigens selected 

from the group cons ting of HER2, EGFR, CD19 and VLA-2. 

196.  The method of 4ny one of claims 166-190, wherein at least one additional polypeptide 

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

25 

197.  The m 	1 od of claim 196, wherein said additional polypeptide is selected from the 

gro 	consiting of Fab, scFv, diabody, domain antibody, pharmacologically active 

p ptide or protein, receptor extracellular domain, CDR grafted polypeptide, and 

therapeutic engineered protein scaffold. 

30 

198.  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 super-family 

member comprising a domain with a protein-protein interface which is 	'f erent from 

the domain of (a); 

5 (c) overlaying 3D structures of the domain with the protein-prote 	interface of (a) and 

the donor domain with the protein-protein interface of (b); 

(d) identifying exposed protein-protein interface residues in 	e overlayed 3D structures 

of the domain with the protein-protein interface of (a) an, the donor domain with the 

protein-protein interface of (b); 

10 e) substituting at least one amino acid residue of h 	identified exposed protein-protein 

interface amino acid residues of the domain with 	e protein-protein interface of (a) 

with amino acid residues at the equivalent 3D aructural position from the identified 

exposed protein-protein interface amino ac 	residues from the donor domain with the 

protein-protein interface of (b). 

15 

199.  The method of claim 198, wherein 	ne domain with a protein-protein interface of the 

multidomain protein of (a) is cat •b le to folin a homo-dimer with another domain. 

200.  The method of claim 198, 	herein the domain with a protein-protein interface of the 

20 multidomain protein of a) is capable to form a hetero-dimer with another domain. 

201.  The method of c 	198, wherein the exposed interface residues identified in the 

domain of the 	ultidomain protein and in the donor domain of the naturally occurring 

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

25 

202.  The m 	od of claim 198, wherein the naturally occurring immunoglobulin super- 

fam 	member is a naturally occurring hetero-dimer. 

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

30 family member is selected from the TCR constant domain family. 

204.  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). 

205.  The method of claim 204, wherein the cysteine (C) at amino acid position 7 	in SEQ 

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

206.  The method of claim 198, wherein the donor domain of the natu a y occurring member 

of the immunoglobulin super-family is the TCR constant doma 	gamma (SEQ ID NO: 

33) or the TCR constant domain delta (SEQ ID NO: 32). 

207.  The method of claim 198, wherein the naturally occu T 	g im immunoglobulin super-

family member is a naturally occurring homo-dimer  

208.  Use of a donor domain of a first and a second iember of the naturally occurring 

immunoglobulin super-family to engineer 	tetero-dimeric immunoglobulin or hetero- 

dimeric fragment thereof comprising a 	st engineered immunoglobulin chain 

comprising at least one engineered d•- ain which has a protein-protein interface which 

is substituted with at least one amino acid residue from the protein-protein interface of 

the donor domain of the first m nber of the naturally occurring immunoglobulin super- 

family and a second engineered immunoglobulin chain comprising at least one 

engineered domain which 	as a protein-protein interface which is substituted with at 

least one amino acid residue from the protein-protein interface of the donor domain of 

the second member 4f the naturally occurring immunoglobulin super-family, wherein 

the donor domai 	of the first member of the naturally occurring immunoglobulin super- 

family and the 	onor domain of the second member of the naturally occurring 

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

209.  Use a,  cording to claim 208, wherein the donor domain of the first and the second 

me, ber of the naturally occurring immunoglobulin super-family is selected from T cell 

eceptor chains. 

10. 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) 

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

naturally occurring immunoglobulin super-family is the TCR constant • • 	ain delta 

(SEQ ID NO: 32) and the donor domain of the second member of th- naturally 

occurring immunoglobulin super-family is the TCR constant dom. n gamma (SEQ ID 

NO: 33). 

10 

15 

20 

25 

30 

35 

40 
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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 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, 

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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2. The hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof of claim I, wherein 

the parent domain of the first and/or the second engineered immunoglobulin chain is a 

naturally occurring CH3 domain. 

3. 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 88W 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, 85.1 S, 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 amino acid substitutions thereof, wherein the amino acid position is indicated 

according to the IMGT®  numbering; 

c) 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, 20Q, 20E, 20S, 20K, 20W, 22A, 22G, 22T, 22L, 221, 22V, 26R, 26Q, 26T, 26K, 

26V, 26S, 26N, 26E, 85.IT, 85.1M, 85.1A, 85.1S, 85.1R, 85.1H, 85.1K, 85.1F, 85.1C, 85.1N, 

85.1W, 86S, 861, 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 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, 20S, 20K, 22A, 22G, 22T, 22L, 221, 22V, 26Q, 26T, 26K, 26V, 26S, 26N, 

26E, 85.1T, 85.1M, 85.1A, 85.1S, 85.1R, 85.1H, 85.1K, 85.1F, 85.1C, 85.1N, 86S, 861, 86T, 

86H, 86Q, 86V, and 86F, wherein the amino acid position of each group member is indicated 

according to the IMGT®  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 85.1 and 86 or comprises 85.1C and conservative amino acid substitutions thereof 

and 86S 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 

81W and conservative amino acid substitutions thereof, wherein the amino acid position of 

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

4. 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, 51, 7F, 7M, 20K, 20N, 20T, 22A, 22L, 22V, 26E, 26T, 27E, 27K, 

79F, 79Y, 81A, 81G, 81D, 84L, 84M, 84.2E, 84.2S, 85.IA, 85.IC, 85.1M, 85.1N, 85.1S, 86F, 



268 

86S, 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; 

0 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, 5, 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, 22L, 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 at a 

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. 

5.  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 85.1S, wherein the amino acid position of each group member is indicated according to the 

IMGT®  numbering. 

6.  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 immunoglobulin 

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

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

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

8.  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. 

9.  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. 

10.  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. 

11.  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. 

12.  The hetero-dimeric immunoglobulin 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. 

13.  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. 

14. 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. 

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

to 14, wherein the parent domain of the first engineered immunoglobulin chain is an IgG1 

CH3 domain and the parent domain of the second engineered immunoglobulin chain is an 

IgG3 CH3 domain or wherein the parent domain of the first engineered immunoglobulin chain 

is an IgG3 CH3 domain and the parent domain of the second engineered immunoglobulin 

chain is an IgG1 CH3 domain. 

16. 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. 

I 7. 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; 

(c) 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 



272 

(d) recovering the hetero-dimeric immunoglobulin or hetero-dimeric fragment thereof from 

the host cell culture. 

18. 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. 

19. 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 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), wherein the cysteine (C) at amino acid position 75 in SEQ ID NO: 2 is 

substituted with alanine (A) or serine (S); or 

d) 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 occurring immunoglobulin super-family is the TCR constant domain delta (SEQ ID 

NO: 32). 

20. 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. 


