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IMPROVED SERUM ALBUMIN BINDERS 

The present invention relates to amino acid sequences that can bind to serum albumin.  

In particular, the present invention relates to immunoglobulin single variable domains, 

5 and in particular heavy-chain immunoglobulin single variable domains, that can bind to 

serum albumin.  

As described herein, the immunoglobulin single variable domains provided by the 

invention are preferably such that they can (at least) bind (and in particular, specifically bind) 

to human serum albumin. More preferably, as further described herein, these immunoglobulin 

10 single variable domains are preferably further such that they are cross-reactive (as described 

herein) between human serum albumin and serum albumin from at least one other species of 

mammal.  

The invention also relates to proteins, polypeptides and other constructs, compounds, 

molecules or chemical entities that comprise at least one of the immunoglobulin single 

15 variable domains binding to serum albumin that are described herein.  

Immunoglobulin single variable domains will also generally be referred to herein by 

means of the abbreviations "ISV's" or "ISVD's" (which will be used interchangeably herein).  

The immunoglobulin single variable domains binding to serum albumin that are 

described herein will also be referred to herein as "amino acid sequences of the invention", 

20 or "serum albumin binders of the invention". As further described herein, the albumin binders 

of the invention may in particular be Nanobodies (as further described herein).  

The proteins, polypeptides and other constructs, compounds, molecules or chemical 

entities that comprise at least one of the serum albumin binder of the invention will also 

referred to herein as "compounds of the invention" or as "polypeptides of the invention".  

25 Preferably, the compounds of the invention are proteins or polypeptides, and may in 

particular be fusion proteins.  

Other aspects, embodiments, features, uses and advantages of the invention will be 

clear to the skilled person based on the disclosure herein.  

In the present application, the amino acid residues/positions in an immunoglobulin 

30 heavy-chain variable domain will be indicated with the numbering according to Kabat. For 

the sake of convenience, Figure 1 gives a table listing some of the amino acid positions that 

will be specifically referred to herein and their numbering according to some alternative 

numbering systems (such as Aho and IMGT. Note: unless explicitly indicated otherwise, for
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the present description and claims, Kabat numbering is decisive; other numbering systems are 

given for reference only).  

With regard to the CDR's, as is well-known in the art, there are multiple conventions 

to define and describe the CDR's of a VH or VHH fragment, such as the Kabat definition 

5 (which is based on sequence variability and is the most commonly used) and the Chothia 

definition (which is based on the location of the structural loop regions). Reference is for 

example made to the website http://www.bioinf.org.uk/abs/. For the purposes of the present 

specification and claims, even though the CDRs according to Kabat may also be mentioned, 

the CDRs are most preferably defined on the basis of the Abm definition (which is based on 

0 Oxford Molecular's AbM antibody modelling software), as this is considered to be an optimal 

compromise between the Kabat and Chothia definitions. Reference is again made to the 

website http://www.bioinf.org.uk/abs/).  

Accordingly, in the present specification and claims, all CDRs are defined according 

to the Abm convention, unless explicitly stated otherwise herein.  

5 ISVD's (and in particular Nanobodies) that can bind to serum albumin and their uses 

are well-known in the art, for example from WO 2004/041865, WO 2006/122787, WO 

2012/175400, WO 2015/173325 and PCT/EP2016/077973, which describe serum albumin

binding ISVD's and their use for extending the serum half-life (as defined in these 

applications) of therapeutic compounds, moieties and entities. For example, WO 2006/122787 

0 discloses as SEQ ID NO: 62 a humanized serum albumin-binding Nanobody called Alb-8 

(see SEQ ID NO:1 herein). WO 2012/175400 discloses as SEQ ID NO: 6 a humanized serum 

albumin-binding Nanobody called Alb-23D (see SEQ ID NO:2 herein). The amino acid 

sequences of Alb-8 and Alb-23D and their CDR's (which are the same for Alb-8 and Alb

23D) are given in Table A below as SEQ ID NO: 1, 2 and 3 to 8, respectively.  

25 Some other references that disclose ISVD's against serum albumin include WO 

2003/035694, WO 2004/003019, EP 2 139 918, WO 2011/006915 and WO 2014/111550.  

Figures 3A and 3B show alignments of Alb-8 (reference), Alb-23D (reference), SEQ 

ID NO: 18 (invention) and SEQ ID NO: 19 (invention).  

Any discussion of the prior art throughout the specification should in no way be 

30 considered as an admission that such prior art is widely known or forms part of the common 

general knowledge in the field.  

Unless the context clearly requires otherwise, throughout the description and the 

claims, the words "comprise", "comprising", and the like are to be construed in an inclusive
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sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including, 

but not limited to".  

It is an object of the present invention to overcome or ameliorate at least one of the 

disadvantages of the prior art, or to provide a useful alternative.  

5 In an aspect, the present invention provides improved serum albumin binders, and in 

particular serum albumin binders that have improved properties compared to the serum 

albumin binders known in the art. In an aspect, the invention provides serum albumin binders 

that can bind to dog serum albumin and/or that have improved cross-reactivity between 

human serum albumin and dog serum albumin (i.e. compared to prior art serum albumin 

0 binders like Alb-8 and/or Alb-23D).
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Table A: Alb-8, Alb-23D and their CDRs 

SEQ Description Sequence 
ID 
NO 

1 Alb-8 EVQLVESGGGLVQPGNSLRLSCAASGFTFSSFGMS 

(WO 2006/122787; WVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTI 

SEQ ID NO: 62) SRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSS 

QGTLVTVSS 

2 Alb-23D EVQLLESGGGLVQPGGSLRLSCAASGFTFRSFGMS 

(WO 2012/175400; WVRQAPGKGPEWVSSISGSGSDTLYADSVKGRFTI 

SEQ ID NO: 6) SRDNSKNTLYLQMNSLRPEDTAVYYCTIGGSLSRSS 

QGTLVTVSSA 

3 CDR1 (Kabat) SFGMS 

4 CDR2 (Kabat) SISGSGSDTLYADSVKG 

5 CDR3 (Kabat/Abm) GGSLSR 

6 CDR1 (Abm) GFTFRSFGMS 

7 CDR2 (Abm) SISGSGSDTL 

8 CDR3 (Kabat/Abm) GGSLSR 

Note: 

- SEQ ID NOs: 1 and 2 share the same CDRs according to Kabat. However, if the CDRs 

are defined under the Abm convention, SEQ ID NO: 1 has a different CDR1 from SEQ 

ID NOs: 2 compared to SEQ ID NOs: 2, SEQ ID NO: 1 has an S at position 30 instead of 

an R.  

- SEQ ID NO:5 and SEQ ID NO:8 are identical.  

- all CDRs are defined according to the Abm convention, unless indicated otherwise.
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Table B: SEQ ID NOs: 18 and 19 and their CDR's 

SEQ Description Sequence 
ID 
NO 

18 T0235005G01 EVQLVESGGGLVQAGGSLRLSCAASGSNISSYVMGWFR 
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNAKK 
TAYLQMNSLEPEDTAVYYCAAGRYSAWYSQSYEYDYW 
GQGTLVTVSS 

19 T023500043 EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFRR 
APGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKKT 
AYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDYWG 
QGTLVTVSS 

9 CDR1 (Kabat) SYVMG 

10 CDR2 (Kabat) AISRSGGYTYYADSVKG 

11 CDR1 (Abm) GSNISSYVMG 
12 CDR1 (Abm) GSTISSYVMG 
13 CDR2 (Abm) AISRSGGYTY 

14 CDR3 (Kabat/Abm) GRYSAWYSQSYEYDY 

Note: 

- all CDRs are defined according to the Abm convention, unless indicated otherwise.  

Generally, the serum albumin-binding ISVD's provided by the present invention are 

5 variants of the sequences of SEQ ID NO:18 and 19, in that: 

- they have the same CDRs (or essentially the same CDR's) as the sequence of SEQ ID 

NO:18 or the sequence of SEQ ID NO: 19; and 

- they have a certain degree of sequence identity with the sequence of SEQ ID NO:18 

and/or 19 (which degree of sequence identity is as further described herein).  

10 In particular, serum albumin-binding ISVD's provided by the present invention will 

generally have a (limited) number of "amino acid differences" (as described herein) 

compared to the sequence of SEQ ID NO:18 and/or 19. These amino acid differences may be 

present in the CDR's (as long as the resulting amino acid sequences as such that they retain 

the further properties of the amino acid sequences of the invention that are set out herein) 

15 and/or be present in the framework regions, and may in particular be present in the 

framework regions (as defined according to Kabat and/or according to Abm). For example 

and without limitation, these amino acid differences may for example be humanizing 

substitutions, substitutions that improve expression in a desired host cell or host organism, 

substitutions that improve stability and/or resistance to degradation and/or proteases, 

20 mutations that reduce binding by pre-existing antibodies, and/or other mutations that are
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intended to optimize the sequence of the amino acid sequences of the invention; or any 

suitable combination of such amino acid differences. Reference is made to the further 

disclosure herein.  

According to an aspect, the present invention provides an amino acid sequence that is 

5 an immunoglobulin single variable domain capable of binding to human serum albumin that 

has: 

- a CDR1 according to Abm that is the amino acid sequence GSNISSYVMG 

(SEQ ID NO:11) or GSTISSYVMG (SEQ ID NO:12); and 

- a CDR2 according to Abm that is the amino acid sequence AISRSGGYTY 

0 (SEQ ID NO: 13); and 

- a CDR3 according to Abm that is the amino acid sequence 

GRYSAWYSQSYEYDY (SEQ ID NO: 14), 

wherein the amino acid sequence is a VHH or a humanized VHH.  

According to an aspect, the present invention provides a protein, polypeptide or other 

5 construct, compound, molecule or chemical entity that comprises at least one amino acid 

sequence according to the invention.  

According to an aspect, the present invention provides a pharmaceutical composition 

comprising a protein, polypeptide or other construct, compound, molecule or chemical entity 

according to the invention.  

0 According to an aspect, the present invention provides a nucleic acid that encodes the 

amino acid sequence according to the invention or the compound or polypeptide according to 

the invention, optionally included in a genetic construct.  

According to an aspect, the present invention provides a host cell that contains the 

nucleic acid and/or that expresses the amino acid sequence according to the invention or the 

25 compound or polypeptide according to the invention.  

According to an aspect, the present invention provides a method for preparing the 

amino acid sequence according to the invention or the compound or polypeptide according to 

the invention, said method comprising cultivating or maintaining a host cell according to the 

invention under conditions such that said host cell produces or expresses the amino acid 

30 sequence according to the invention or the compound or polypeptide according to the 

invention, and optionally further comprising isolating the amino acid sequence according to 

the invention or the compound or polypeptide according to the invention so produced.  

According to an aspect, the present invention provides a compound or polypeptide 

according to the invention for use in a method for prevention and/or treatment of at least one
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disease or disorder that can be prevented or treated by the use of a compound or polypeptide 

according to the invention.  

According to an aspect, the present invention provides a method of treating or 

preventing at least one disease or disorder that can be prevented or treated by the use of a 

5 compound or polypeptide according to the invention the method comprising administering to 

a subject in need thereof a compound or polypeptide according to the invention.  

According to an aspect, the present invention provides the use of a compound or 

polypeptide according to the invention in the manufacture of a medicament for the treatment 

of at least one disease or disorder that can be prevented or treated by the use of a compound or 

0 polypeptide according to the invention.  

In an aspect, the invention relates to an ISVD that can bind (and in particular, 

specifically bind) to human serum albumin, and that has: 

- a CDR1 (according to Kabat) that is the amino acid sequence SYVMG (SEQ ID NO: 9) or 

an amino acid sequence that has 2 or 1 amino acid difference(s) (as defined herein) with 

5 the amino acid sequence of SEQ ID NO: 9; and 

- a CDR2 (according to Kabat) that is the amino acid sequence AISRSGGYTYYADSVKG 

(SEQ ID NO:10) or an amino acid sequence that has 3, 2 or 1 amino acid difference(s) (as 

defined herein) with the amino acid sequence of SEQ ID NO: 10; and 

- a CDR3 (according to Kabat) that is the amino acid sequence GRYSAWYSQSYEYDY 

0 (SEQ ID NO: 14) or an amino acid sequence that has 3, 2 or 1 amino acid difference(s) 

(as defined herein) with the amino acid sequence of SEQ ID NO: 14.  

In particular, a serum albumin binder according to this aspect of the invention may be 

(and preferably is) as further described herein.  

In a more specific aspect, the invention relates to an ISVD that can bind (and in 

25 particular, specifically bind) to human serum albumin, and that has: 

- a CDR1 (according to Kabat) that is the amino acid sequence SYVMG (SEQ ID NO: 9); 

and 

- a CDR2 (according to Kabat) that is the amino acid sequence AISRSGGYTYYADSVKG 

(SEQ ID NO:10); and 

30 - a CDR3 (according to Kabat) that is the amino acid sequence GRYSAWYSQSYEYDY 

(SEQ ID NO: 14).  

Again, a serum albumin binder according to this aspect of the invention may be (and 

preferably is) as further described herein.
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In another aspect, the invention relates to an ISVD that can bind (and in particular, 

specifically bind) to human serum albumin, and that has: 

- a CDR1 (according to Abm) that is the amino acid sequence GSNISSYVMG (SEQ ID 

NO:11) or GSTISSYVMG (SEQ ID NO:12) or an amino acid sequence that has 2 or 1 

5 amino acid difference(s) (as defined herein) with the amino acid sequence of SEQ ID 

NO: 1 Ior SEQ ID NO: 12; and
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- a CDR2 (according to Abm) that is the amino acid sequence AISRSGGYTY (SEQ ID 

NO: 13) or an amino acid sequence that has 3, 2 or 1 amino acid difference(s) (as defined 

herein) with the amino acid sequence of SEQ ID NO: 13; and 

- a CDR3 (according to Abm) that is the amino acid sequence GRYSAWYSQSYEYDY 

5 (SEQ ID NO: 14) or an amino acid sequence that has 3, 2 or 1 amino acid difference(s) 

(as defined herein) with the amino acid sequence of SEQ ID NO: 14.  

In particular, a serum albumin binder according to this aspect of the invention may be 

(and preferably is) as further described herein.  

In a more specific aspect, the invention relates to an ISVD that can bind (and in 

10 particular, specifically bind) to human serum albumin, and that has: 

- a CDR1 (according to Abm) that is the amino acid sequence GSNISSYVMG (SEQ ID 

NO:11) or GSTISSYVMG (SEQ ID NO:12) ; and 

- a CDR2 (according to Abm) that is the amino acid sequence AISRSGGYTY (SEQ ID 

NO: 13); and 

15 - a CDR3 (according to Abm) that is the amino acid sequence GRYSAWYSQSYEYDY 

(SEQ ID NO: 14).  

Again, a serum albumin binder according to this aspect of the invention may be (and 

preferably is) as further described herein.  

Generally, the serum albumin binders according to the different aspects of the 

20 invention are preferably such that they have: 

- a degree of sequence identity with the sequence of SEQ ID NO: 18 and/or 19 (in which 

the CDR's and any C-terminal extension that may be present are not taken into account 

for determining the degree of sequence identity) of at least 85%, preferably at least 90%, 

more preferably at least 95%; 

25 and/or such that they have: 

- and/or have no more than 7, preferably no more than 5, such as only 3, 2 or 1 "amino acid 

differences" (as defined herein, and not taking into account the CDRs and any C-terminal 

extension that may be present) with the sequence of SEQ ID NO: 18 and/or 19.  

The serum albumin binders according to the different aspects of the invention are 

30 generally preferably such that they bind to human serum albumin with a dissociation constant 

(KD) of 10-1 to 10-1 moles/liter or less, and preferably 10-7 to 10-12 moles/liter or less and 

more preferably 10-8 to 10-12 moles/liter, and/or with a binding affinity of at least 107 M-1 , 

preferably at least 108 M- 1, more preferably at least 109 M-1, such as at least 101 M-1, as 

determined using ProteOn (reference is made to Example 1). Preferably, a serum albumin
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binder of the invention will bind to the desired antigen with an affinity less than 500 nM, 

preferably less than 200 nM, more preferably less than 10 nM, such as less than 500 pM, 

again as determined using ProteOn (reference is again made to Example 1).  

The serum albumin binders according to the different aspects of the invention are 

5 preferably also such that they compete with the amino acid sequence of SEQ ID NO:18 for 

binding to (human) serum albumin and/or that they "cross-block" (as defined herein) the 

binding of the amino acid sequence of SEQ ID NO:18 to (human) serum albumin.  

Preferably, the albumin binders of the invention are such that they bind to essentially 

the same amino acid residues and/or epitope on human serum albumin as SEQ ID NO:18, and 

10 even more preferably such that they share essentially the same amino acid interactions SEQ 

ID NO:18. For this purpose, according to a specific but non-limiting aspect, the albumin 

binders of the invention preferably either have the same CDRs as the sequence of SEQ ID 

NO:18, or compared to the sequence of SEQ ID NO:18 preferably contain within their 

CDR's only such mutations (such as conservative amino acid substitutions) that still allow 

15 them to undergo the same or essentially the same amino acid interactions with human serum 

albumin as SEQ ID NO:18.  

The serum albumin binders according to the different aspects of the invention are 

generally preferably also such that they are cross-reactive between human serum albumin and 

serum albumin from at least one, preferably from at least two, more preferably from at least 

20 three and up to essentially all of the following species of mammal: dog, rat, mouse, rabbit, 

guinea pig, pig, sheep, cow and cynomolgus monkey. In particular, the serum albumin 

binders according to the different aspects of the invention are such that they are (at least) 

cross-reactive between human serum albumin and dog serum albumin, and preferably also 

between either human serum albumin and/or dog serum albumin on the one hand, and at least 

25 one, preferably at least two, more preferably at all three of rat serum albumin, mouse serum 

albumin and serum albumin from cynomolgus monkey on the other hand. In this respect, the 

serum albumin binders of the invention may have improved cross-reactivity (in particular 

between human serum albumin on the one hand and dog serum albumin on the other hand) 

compared to serum albumin binders that have (essentially) the same CDR's as Alb-11 and/or 

30 Alb-23D. Reference is made to the data in the Experimental Part below.  

For the sake of reference, Figure 11 gives an alignment of serum albumin from 

different species of mammal (source: http://macromoleculeinsights.com/albumin.php, the 

amino acid numbering in Figure 11 is the numbering used on said webpage). For the sake of 

convenience, in the sequence of human serum albumin, the stretches of amino acids that are
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assumed to be part of the putative epitope of the amino acid sequences of the invention have 

been highlighted. Without being limited to any specific mechanism or hypothesis, it is 

assumed that the amino acid sequences of the invention are (essentially) capable of binding to 

(one or more amino acid residues within) the corresponding stretches of amino acid residues 

5 that are present within the amino acid sequence of those mammalian serum albumins that the 

amino acid sequences of the invention are cross-reactive with.  

Generally, a serum albumin binder of the invention can be considered to be cross

reactive between human serum albumin and serum albumin from one of these species when it 

can bind to human serum albumin with an affinity less than 500 nM, preferably less than 200 

10 nM, more preferably less than 10 nM; and also to the serum albumin from said species with 

an affinity less than 500 nM, preferably less than 200 nM, more preferably less than 10 nM, 

again both as determined using ProteOn (reference is again made to Example 1).  

The serum albumin binders according to the different aspects of the invention are 

preferably also such that either: 

15 - they have a serum half-life in man (expressed as tl/2 beta) that is more than 6 hours, 

preferably more than 12 hours, more preferably of more than 24 hours, even more 

preferably more than 72 hours; for example of about one week, two weeks and up to the 

half-life of serum albumin in man (estimated to be around 19 days); 

and/or such that: 

20 - when it is linked to a therapeutic moiety or entity, it confers to the resulting polypeptide 

of the invention a serum half-life in man (expressed as tl/2 beta) that is more than 6 

hours, preferably more than 12 hours, more preferably of more than 24 hours, even more 

preferably more than 72 hours; for example of about one week, two weeks and up to the 

half-life of serum albumin in man (estimated to be around 19 days) 

25 The half-life in mammalian species other than man will, among other factors, mainly 

depend on the binding properties (such as affinity) of the albumin binder of the invention for 

the serum albumin from said mammalian species as well on the half-life of the nave serum 

albumin in said species. According to a preferred embodiment of the invention, when a serum 

albumin binder of the invention is cross-reactive (as defined herein) between human serum 

30 albumin and serum albumin from another mammalian species, then the half-life of the serum 

albumin binder of the invention (and/or of a compound of the invention comprising said 

serum albumin binder) as determined in said species is preferably at least 5%, such as at least 

10%, more preferably at least 25%, for example about 50% and possibly up to 100% of the 

half-life of the naYve serum albumin in said species.
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Compared to the sequence of SEQ ID NO:18, the serum albumin binders of the 

invention preferably also contain (at least): 

- one or more humanizing substitutions; 

and/or 

5 - one or more mutations (i.e. amino acid substitutions, deletions or additions, and in 

particular substitutions) that reduce the binding by pre-existing antibodies; 

and may optionally contain one or more further mutations as described herein.  

For suitable humanizing substitutions (and suitable combinations thereof), reference is 

for example made to WO 09/138519 (or in the prior art cited in WO 09/138519) and WO 

10 08/020079 (or in the prior art cited in WO 08/020079), as well as Tables A-3 to A-8 from 

WO 08/020079 (which are lists showing possible humanizing substitutions). Some preferred 

but non-limiting examples of such humanizing substitutions are Q108L and A14P or a 

suitable combination thereof. Such humanizing substitutions may also be suitably combined 

with one or more other mutations as described herein (such as with one or more mutations 

15 that reduce binding by pre-existing antibodies).  

For suitable mutations that can reduce the binding by pre-existing antibodies (and 

suitable combinations of such mutations), reference is for example made to WO 2012/175741 

and WO 2015/173325 and also to for example WO 2013/024059 and WO 2016/118733. As 

described therein, such mutations can comprise (a suitable combination of) one or more 

20 amino acid substitutions, deletions or additions (and in particular substitutions), which 

mutations will often be in the so-called C-terminal region of the ISV. For example, such 

mutations can comprise mutations (and in particular substitutions) at one or more of positions 

11, 13, 14, 15, 40, 41, 42, 82, 82a, 82b, 83, 84, 85, 87, 88, 89, 103, 108 and/or mutations at 

one or more positions in the C-terminal VTVSS sequence (i.e. positions 109, 110, 111, 112 

25 and 113), with one or more mutations at positions 11, 89, 110 and/or 112 being particularly 

preferred. Some preferred but non-limiting examples of such mutations are suitable 

substitutions (where required) such that after the mutation, at the indicated position, one of 

the following amino acid residues is present: 1IL, 11K, IlV, 14A, 14P, 41A, 41L, 41P, 41S, 

41T, 42E, 42G, 87A, 87T, 89A, 89L, 89T, 108L, 110K, 110Q, 112K and/or 112Q (with 1IL, 

30 89A, 89L, 89T, 110K, 110Q, 112K and 112Q being particularly preferred); or any suitable 

combination of such substitutions, such as for example and without limitation: IlV in 

combination with 89L or 89T; IlV in combination with 110K or 11OQ; or IlV in 

combination with 89L and 110K or 11OQ. Such mutations that reduce binding by pre-
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existing antibodies may also be suitably combined with one or more other mutations as 

described herein (such as with one or more humanizing substitutions).  

Where appropriate (as further described herein, and in particular when the serum 

albumin binder of the invention is present at and/or forms the C-terminal end of the 

5 compound of the invention in which it is present), for reducing the binding of pre-existing 

antibodies, the serum albumin binders of the invention (and, as further described herein, also 

the compounds of invention) may also comprise a C-terminal extension (such as a C-terminal 

alanine residue). As described in WO 2012/175741, such a C-terminal extension reduces 

binding by pre-existing antibodies. A suitable C-terminal extension can generally be further 

10 described herein and can in particular have the formula -(X)., in which X can be any 

naturally occurring amino acid (but preferably not cysteine) and n can be 1, 2, 3, 4 or 5.  

Reference is again made to WO 2012/175741, to also to for example WO 2015/173325, WO 

2013/024059 and WO 2016/118733. The presence of such a C-terminal extension may also 

be suitably combined with one or more of the other mutations described herein (such as with 

15 one or more humanizing substitutions and/or one or more mutations that reduce binding by 

pre-existing antibodies).  

Other mutations that may be present in the serum albumin binders of the invention for 

example and without limitation include one or more mutations (an in particular substitutions) 

that improve expression in a desired host cell or host organism, one or more mutations (and 

20 in particular substitutions) that improve stability and/or resistance to degradation and/or 

proteases, and/or one or more other mutations that are intended to optimize the sequence of 

the amino acid sequences of the invention (for example and without limitation, one or more 

mutations that (further) reduce any tendency of the albumin binders to form dimers); or any 

suitable combination of such mutations.  

25 Some non-limiting examples of such mutations are suitable substitutions (where 

required) such that after the mutation, at the indicated position, one of the following amino 

acid residues is present: 28T, 39Q, 74S, 76N, 78L and 83R; or any suitable combination of 

such substitutions (for example so as to form an SKN motif at positions 74-76). Also, where 

appropriate (as further described herein), the serum albumin binders of the invention may 

30 have a D at position 1 (i.e. a ElD mutation compared to the sequence of SEQ ID NO:18 

and/or 19), in particular when the serum albumin binder of the invention is present at and/or 

forms the N-terminal end of the compound of the invention in which it is present. Such 

mutations may again be suitably combined with one or more other mutations as described
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herein (such as with one or more humanizing substitutions and/or one or more mutations that 

reduce binding by pre-existing antibodies).  

Other mutations that may be present in the amino acid sequences of the invention will 

be clear to the skilled person based on the disclosure herein.  

5 It is also possible that a single mutation (or a suitable combination of mutations) 

provides multiple functionalities or advantages. For example and without limitation, a 

humanizing QI08L substitution may also reduce binding by pre-existing antibodies.  

Some preferred but non-limiting examples of amino acid residues (i.e. mutations 

compared to the amino acid sequence of SEQ ID NO:18) that may be present in the amino 

10 acid sequences of the invention (i.e. by themselves or in suitable combination) include: I1V 

(i.e. LIIV), 14P (i.e. A14P), 28T (i.e. N28T), 39Q (i.e. R39Q), 74S (i.e. A74S), 76N (i.e.  

K76N), 78L (i.e. A78L), 83R (i.e. E83R), 89L (i.e.V89L), 89T (i.e.V89T), IIOK (e.g.TIIOK) 

or IiOQ (e.g.T110Q); as well as, where appropriate (as further described herein), ID (e.g.  

ElID) and/or a C-terminal extension (X). as defined herein (such as 14A). Reference is also 

15 made to sequences and mutations shown in Figures 4A and 4B. For example, some preferred 

but non-limiting examples of suitable combinations of such amino acid residues (i.e.  

mutations compared to the amino acid sequence of SEQ ID NO:18) include: 

- LIiV,A14P,N28T,R39Q,A74S,E83R,V89L; 

- LIiV,A14P,N28T,A74S,K76N,E83R,V89L; 

20 - LIiV,A14P,N28T,A74S,A78V,E83R,V89L; 

- LIiV,A14P,N28T,R39Q,A74S,K76N,E83R,V89L; 

- LIiV,A14P,N28T,R39Q,A74S,K76N,E83R,V89L; 

- LIiV,A14P,N28T,R39Q,A74S,A78V,E83R,V89L; 

- LIiV,A14P,N28T,A74S,K76N,A78V,E83R,V89L; 

25 - LIiV,A14P,N28T,R39Q,A74S,K76N,A78V,E83R,V89L; 

- LIiV,A14P,N28T,A74S,A78L,E83R,V89L; 

- LIiV,A14P,N28T,R39Q,A74S,A78L,E83R,V89L; 

- LIiV,A14P,N28T,A74S,K76N,A78L,E83R,V89L; and 

- LIiV,A14P,N28T,R39Q,A74S,K76N,A78L,E83R,V89L; 

30 and other suitable combinations will be clear to the skilled person based on the disclosure 

herein.  

Some preferred but non-limiting amino acid sequences of the invention are those in 

which (i) position I Iis V and position 89 is L; (ii) position 89 is T; (iii) positions 74-76 form 

an SKN motif; (iv) position I Iis V, position 89 is L and positions 74-76 form an SKN motif;
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and (iv) position 89 is T and positions 74-76 form an SKN motif; which amino acid 

sequences of the invention are as further described herein (and accordingly can also suitably 

contain one or more further amino acid mutations as described herein).  

Some preferred, but non-limiting examples of the amino acid sequences of the 

5 invention are given in Figure 2 as: 

- SEQ ID NOs: 18 to 31, which are examples of amino acid sequences of the invention 

without a C-terminal alanine extension; 

- SEQ ID NOs: 32 to 45, which are examples of amino acid sequences of the invention 

with a C-terminal extension (in each case, exemplified by means of a C-terminal alanine 

10 extension, which is generally the preferred C-terminal extension); and 

- SEQ ID NOs: 46 to 59, which are examples of amino acid sequences of the invention 

with an N-terminal E lID mutation).  

Based on the further disclosure herein, it will be clear to the skilled person that in 

practice: 

15 - albumin binders of the invention with a C-terminal extension (such as those of SEQ ID 

NOs: 32 to 45) will often be used as/present at the C-terminal end of the polypeptides of 

the invention (as defined herein) in which they are present; 

- albumin binders of the invention with an E lD mutation (such as those of SEQ ID NOs: 

46 to 59) will often be used as/present at the N-terminal end of the polypeptides of the 

20 invention in which they are present; 

- albumin binders of the invention without a C-terminal extension and without an E lD 

mutation (such as those of SEQ ID NOs: 18 to 31) will often be present somewhere in the 

"middle" of a polypeptide of the invention.  

Each of the amino acid sequences of SEQ ID NOs: 18 to 59, as well as proteins, 

25 polypeptides and other compounds and constructs comprising the same (as further described 

herein), form further aspects of the present invention.  

In a further aspect, the invention relates to an amino acid sequence which is one of the 

amino acid sequences of SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, 

SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID 

30 NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, 

SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID 

NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, 

SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID 

NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54,
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SEQ ID NO:55, SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58 or SEQ ID NO:59; and 

each of these amino acid sequences of the invention (as well as polypeptides of the invention 

- as defined herein- that comprise such an amino acid sequence of the invention) forms a 

further aspect of the present invention.  

5 As further described herein, the amino acid sequences provided by the invention are 

proteins that can bind to, and that can in particular specifically (as described herein) bind to, 

human serum albumin. Thus, they can be used as binding units or binding domains for 

binding to (human) serum albumin, for example to confer an increase in half-life (as defined 

herein) to therapeutic compounds, moieties or entities. For the use of serum albumin-binding 

10 domains to increase half-life of therapeutic compounds, moieties or entities, reference is for 

example made to WO 2004/041865, WO 2006/122787, EP 2 139 918, WO 2011/006915, 

WO 2012/175400 and/or WO 2014/111550. The serum albumin binders of the invention can 

generally be used in the same way and for the same purposes as the serum albumin binders 

described in these references.  

15 In some further non-limiting aspects, the invention also relates to: 

- proteins, polypeptides and other constructs, molecules or chemical entities that comprise 

or essentially consist of at least one serum albumin binder of the invention as described 

herein (again, also referred to herein as "compounds of the invention" or as "polypeptides 

of the invention"); 

20 - methods for expressing/producing a serum albumin binder of the invention and/or a 

compound of the invention; 

- a host cell, host organism or other (expression) system that can express or produce a 

serum albumin binder of the invention and/or a compound of the invention; 

- compositions and products (such as pharmaceutical compositions and products) that 

25 comprise a serum albumin binder of the invention and/or a compound of the invention; 

- nucleotide sequences and nucleic acids, such as (expression) vectors, that encode a serum 

albumin binder of the invention and/or a compounds of the invention; 

- uses of the compounds of the invention and/or the compounds of the invention, such as 

the use of a compound of the invention to increase the (serum) half-life of a therapeutic 

30 compounds, moiety or entity and the therapeutic and/or prophylactic use of a compound 

of the invention.  

These and further aspects, embodiments, advantages, applications and uses of the 

invention will become clear from the further description herein.  

In the present specification:
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- the term"immunoglobulin single variable domain" (also referred to as "ISV" or "ISVD") 

is generally used to refer to immunoglobulin variable domains (which may be heavy 

chain or light chain domains, including VH, VHH or VL domains) that can form a 

functional antigen binding site without interaction with another variable domain (e.g.  

5 without a VH/VL interaction as is required between the VH and VL domains of 

conventional 4-chain monoclonal antibody). Examples of ISVDs will be clear to the 

skilled person and for example include Nanobodies (including a VHH, a humanized VHH 

and/or a camelized VHs such as camelized human VHs), IgNAR, domains, (single 

domain) antibodies (such as dAbsTM) that are VH domains or that are derived from a VH 

10 domain and (single domain) antibodies (such as dAbsTM) that are VL domains or that are 

derived from a VL domain. Unless explicitly mentioned otherwise herein, ISVDs that are 

based on and/or derived from heavy chain variable domains (such as VH or VHH 

domains) are generally preferred. Most preferably, unless explicitly indicated otherwise 

herein, an ISVD will be a Nanobody.  

15 - the term "Nanobody" is generally as defined in WO 2008/020079 or WO 2009/138519, 

and thus in a specific aspect generally denotes a VHH, a humanized VHH or a camelized 

VH (such as a camelized human VH) or generally a sequence optimized VHH (such as 

e.g. optimized for chemical stability and/or solubility, maximum overlap with known 

human framework regions and maximum expression). It is noted that the terms Nanobody 

20 or Nanobodies are registered trademarks of Ablynx N.V. and thus may also be referred to 

as Nanobody@ and/or Nanobodies@); 

- Generally, unless indicated otherwise herein, the ISVD's, Nanobodies, polypeptides, 

proteins and other compounds and constructs referred to herein will be intended for use in 

prophylaxis or treatment of diseases or disorders in man (and/or optionally also in warm

25 blooded animals and in particular mammals). Thus, generally, the ISVD's, Nanobodies, 

polypeptides, proteins and other compounds and constructs described herein are 

preferably such that they can be used as, and/or can suitably be a part of, a (biological) 

drug or other pharmaceutically or therapeutically active compound and/or of a 

pharmaceutical product or composition. Such a drug, compound or product is preferably 

30 such that it is suitable for administration to a human being, e.g. for prophylaxis or 

treatment of a subject in need of such prophylaxis or treatment or for example as part of a 

clinical trial. As further described herein, for this purpose, such a drug or compound may 

contain other moieties, entities or binding units besides the ISVDs provided by the 

invention (which, as also described herein, may for example be one or more other further
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therapeutic moieties and/or one or more other moieties that influence the pharmacokinetic 

or pharmacodynamic properties of the ISVD-based or Nanobody-based biological, such 

as its half-life). Suitable examples of such further therapeutic or other moieties will be 

clear to the skilled person, and for example generally can include any therapeutically 

5 active protein, polypeptide or other binding domain or binding unit, as well as for 

example modifications such as those described on pages 149 to 152 of WO 2009/138159.  

An ISVD-based biological or Nanobody-based biological is preferably a therapeutic or 

intended for use as a therapeutic (which includes prophylaxis and diagnosis) and for this 

purpose preferably contains at least one ISVD against a therapeutically relevant target 

10 (such as for example RANK-L, vWF, IgE, RSV, CXCR4, IL-23 or other interleukins, 

etc.). For some specific but non-limiting examples of such ISVD-based or Nanobody

based biologicals, reference is to Examples 8 to 18 and also for example made to the 

various applications by Ablynx N.V. (such as for example and without limitation WO 

2004/062551, WO 2006/122825, WO 2008/020079 and WO 2009/068627), as well as for 

15 example (and without limitation) to applications such as WO 2006/038027, WO 

2006/059108, WO 2007/063308, WO 2007/063311, WO 2007/066016 and WO 

2007/085814. Also, as further described herein, the further moiety may be an ISVD or 

Nanobody as described herein directed against a (human) serum protein such as (human) 

serum albumin, and such an ISVD or Nanobody may also find therapeutic uses, in 

20 particular in and/or for extending the half-life of the TNF binders described herein.  

Reference is for example made to WO 2004/041865, WO 2006/122787 and WO 

2012/175400, which generally describe the use of serum-albumin binding Nanobodies for 

half-life extension. Also, in the present specification, unless explicitly mentioned 

otherwise herein, all terms mentioned herein have the meaning given in WO 2009/138519 

25 (or in the prior art cited in WO 2009/138519) or WO 2008/020079 (or in the prior art 

cited in WO 2008/020079). Also, where a method or technique is not specifically 

described herein, it can be performed as described in WO 2009/138519 (or in the prior art 

cited in WO 2009/138519) or WO 2008/020079 (or in the prior art cited in WO 

2008/020079). Also, as described herein, any pharmaceutical product or composition 

30 comprising any ISVD or compound of the invention may also comprise one or more 

further components known per se for use in pharmaceutical products or compositions (i.e.  

depending on the intended pharmaceutical form) and/or for example one or more other 

compounds or active principles intended for therapeutic use (i.e. to provide a combination 

product).
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Also, when used in the present specification or claims, the following terms have the 

same meaning as given on, and/or where applicable can be determined in the manner 

described in, pages 62-75 of WO 2009/138519: "agonist", "antagonist", "inverse agonist", 

"non-polar, uncharged amino acid residue","polar uncharged amino acid residue","polar, 

5 charged amino acid residue","sequence identity","exactly the same" and "amino acid 

difference" (when referring to a sequence comparison of two amino acid sequences), "(in) 

essentially isolated (form)", "domain","binding domain","antigenic determinant", 

"epitope", "against" or "directed against" (an antigen),"specificity" and "half-life". In 

addition, the terms "modulating" and "to modulate", "interaction site", "specificfor", "cross

10 block","cross-blocked" and "cross-blocking" and "essentially independent ofthe pH" are as 

defined on (and/or can be determined as described on) pages 74-79 of WO 2010/130832 of 

Ablynx N.V.. Also, when referring to a construct, compound, protein or polypeptide of the 

invention, terms like "monovalent","bivalent" (or "multivalent"),"bispecific" (or 

"multispecific"), and "biparatopic" (or "multiparatopic") may have the meaning given in WO 

15 2009/138519, WO 2010/130832 or WO 2008/020079.  

The term "half-life" as used herein in relation to an ISVD, Nanobody, ISVD-based 

biological, Nanobody-based biological or any other amino acid sequence, compound or 

polypeptide referred to herein can generally be defined as described in paragraph o) on page 

57 of WO 2008/020079 and as mentioned therein refers to the time taken for the serum 

20 concentration of the amino acid sequence, compound or polypeptide to be reduced by 50%, in 

vivo, for example due to degradation of the sequence or compound and/or clearance or 

sequestration of the sequence or compound by natural mechanisms. The in vivo half-life of 

an amino acid sequence, compound or polypeptide of the invention can be determined in any 

manner known per se, such as by pharmacokinetic analysis. Suitable techniques will be clear 

25 to the person skilled in the art, and may for example generally be as described in paragraph o) 

on page 57 of WO 2008/020079. As also mentioned in paragraph o) on page 57 of WO 

2008/020079, the half-life can be expressed using parameters such as the tl/2-alpha, tl/2-beta 

and the area under the curve (AUC). In this respect it should be noted that the term "half-life" 

as used herein in particular refers to the tl/2-beta or terminal half-life (in which the t/2-alpha 

30 and/or the AUC or both may be kept out of considerations). Reference is for example made to 

the Experimental Part below, as well as to the standard handbooks, such as Kenneth, A et al: 

Chemical Stability of Pharmaceuticals: A Handbook for Pharmacists and Peters et al, 

Pharmacokinetic analysis: A Practical Approach (1996). Reference is also made to 

"Pharmacokinetics", M Gibaldi & D Perron, published by Marcel Dekker, 2nd Rev. edition
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(1982). Similarly, the terms "increase in half-life" or "increased half-life" are also as defined 

in paragraph o) on page 57 of WO 2008/020079 and in particular refer to an increase in the 

t1/2-beta, either with or without an increase in the t1/2-alpha and/or the AUC or both.  

When a term is not specifically defined herein, it has its usual meaning in the art, 

5 which will be clear to the skilled person. Reference is for example made to the standard 

handbooks, such as Sambrook et al, "Molecular Cloning: A Laboratory Manual" (2nd.Ed.), 

Vols. 1-3, Cold Spring Harbor Laboratory Press (1989); F. Ausubel et al, eds., "Current 

protocols in molecular biology", Green Publishing and Wiley Interscience, New York (1987); 

Lewin, "Genes II", John Wiley & Sons, New York, N.Y., (1985); Old et al., "Principles of 

10 Gene Manipulation: An Introduction to Genetic Engineering", 2nd edition, University of 

California Press, Berkeley, CA (1981); Roitt et al., "Immunology" (6th. Ed.), 

Mosby/Elsevier, Edinburgh (2001); Roitt et al., Roitt's Essential Immunology, 10th Ed.  

Blackwell Publishing, UK (2001); and Janeway et al., "Immunobiology" (6th Ed.), Garland 

Science Publishing/Churchill Livingstone, New York (2005), as well as to the general 

15 background art cited herein.  

Also, as already indicated herein, the amino acid residues of a Nanobody are 

numbered according to the general numbering for VHs given by Kabat et al. ("Sequence of 

proteins of immunological interest", US Public Health Services, NIH Bethesda, MD, 

Publication No. 91), as applied to VHH domains from Camelids in the article of Riechmann 

20 and Muyldermans, J. Immunol. Methods 2000 Jun 23; 240 (1-2): 185-195; or referred to 

herein. According to this numbering, FRI of a Nanobody comprises the amino acid residues 

at positions 1-30, CDR1 of a Nanobody comprises the amino acid residues at positions 31-35, 

FR2 of a Nanobody comprises the amino acids at positions 36-49, CDR2 of a Nanobody 

comprises the amino acid residues at positions 50-65, FR3 of a Nanobody comprises the 

25 amino acid residues at positions 66-94, CDR3 of a Nanobody comprises the amino acid 

residues at positions 95-102, and FR4 of a Nanobody comprises the amino acid residues at 

positions 103-113. [In this respect, it should be noted that - as is well known in the art for VH 

domains and for VHH domains - the total number of amino acid residues in each of the 

CDR's may vary and may not correspond to the total number of amino acid residues 

30 indicated by the Kabat numbering (that is, one or more positions according to the Kabat 

numbering may not be occupied in the actual sequence, or the actual sequence may contain 

more amino acid residues than the number allowed for by the Kabat numbering). This means 

that, generally, the numbering according to Kabat may or may not correspond to the actual 

numbering of the amino acid residues in the actual sequence. Generally, however, it can be
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said that, according to the numbering of Kabat and irrespective of the number of amino acid 

residues in the CDR's, position 1 according to the Kabat numbering corresponds to the start 

of FRI and vice versa, position 36 according to the Kabat numbering corresponds to the start 

of FR2 and vice versa, position 66 according to the Kabat numbering corresponds to the start 

5 of FR3 and vice versa, and position 103 according to the Kabat numbering corresponds to the 

start of FR4 and vice versa.].  

Alternative methods for numbering the amino acid residues of VH domains, which 

methods can also be applied in an analogous manner to VHH domains from Camelids and to 

Nanobodies, are the method described by Chothia et al. (Nature 342, 877-883 (1989)), the so

10 called "AbM definition" and the so-called "contact definition". However, in the present 

description, aspects and figures, the numbering according to Kabat as applied to VHH 

domains by Riechmann and Muyldermans will be followed, unless indicated otherwise.  

It should also be noted that the Figures, any Sequence Listing and the Experimental 

Part/Examples are only given to further illustrate the invention and should not be interpreted 

15 or construed as limiting the scope of the invention and/or of the appended claims in any way, 

unless explicitly indicated otherwise herein.  

As further described herein, the serum albumin binders of the invention can be used 

with advantage as a moiety, binding unit or fusion partner in order to increase the half-life of 

therapeutic compounds, moieties or entities such as polypeptides, proteins, compounds 

20 (including, without limitation, small molecules) or other therapeutic entities.  

Thus, in another aspect, the invention provides polypeptides, proteins, constructs, 

compounds or other chemical entities that comprise or essentially consist of a serum albumin 

binder of the invention and one or more other amino acid sequences, (binding) domains, 

binding units or other moieties or chemical entities.  

25 In particular, the invention provides polypeptides, proteins, constructs, compounds or 

other chemical entities that comprise a serum albumin binder of the invention and one or 

more (such as one or two) therapeutic moieties (which may be the same or different, and may 

for example be directed against the same target or to different targets, and when they are 

directed to the same target may be directed towards the same or different epitopes, parts, 

30 domains or subunits of said target), suitably linked to each other either directly or via one or 

more suitable linkers or spacers. Such polypeptides, proteins or constructs may for example 

and without limitation be a fusion protein, as further described herein.
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The invention further relates to therapeutic uses of such polypeptides, proteins, 

constructs or compounds and to pharmaceutical compositions comprising such polypeptides, 

proteins, constructs or compounds.  

In one aspect, the at least one therapeutic moiety comprises or essentially consists of a 

5 therapeutic protein, polypeptide, compound, factor or other entity. In a preferred embodiment 

the therapeutic moiety is directed against a desired antigen or target, is capable of binding to 

a desired antigen (and in particular capable of specifically binding to a desired antigen), 

and/or is capable of interacting with a desired target. In another embodiment, the at least one 

therapeutic moiety comprises or essentially consists of a therapeutic protein or polypeptide.  

10 In a further embodiment, the at least one therapeutic moiety comprises or essentially consists 

of a binding domain or binding unit, such as an immunoglobulin or immunoglobulin 

sequence (including but not limited to a fragment of an immunoglobulin), such as an 

antibody or an antibody fragment (including but not limited to an ScFv fragment), or of 

another suitable protein scaffold, such as protein A domains (such as AffibodiesTM), 

15 tendamistat, fibronectin, lipocalin, CTLA-4, T-cell receptors, designed ankyrin 

repeats, avimers and PDZ domains (Binz et al., Nat. Biotech 2005, Vol 23:1257), and 

binding moieties based on DNA or RNA including but not limited to DNA or RNA aptamers 

(Ulrich et al., Comb Chem High Throughput Screen 2006 9(8):619-32).  

In yet another aspect, the at least one therapeutic moiety comprises or essentially 

20 consists of an antibody variable domain, such as a heavy chain variable domain or a light 

chain variable domain.  

In a preferred aspect, the at least one therapeutic moiety comprises or essentially 

consists of at least one immunoglobulin single variable domain, such as a domain antibody, 

single domain antibody, "dAb" or Nanobody (such as a VHH, a humanized VHH or a 

25 camelized VH) or an IgNAR domain.  

In a specific embodiment, the at least one therapeutic moiety comprises or essentially 

consists of at least one monovalent Nanobody or a bivalent, multivalent, bispecific or 

multispecific Nanobody construct.  

The polypeptides, (fusion) proteins, constructs or compounds that comprise a serum 

30 albumin binder of the invention and one or more therapeutic moieties can generally be 

(prepared and used) as described in the prior art cited above (such as WO 04/041865, WO 

06/122787, WO 2012/175400 and WO 2015/173325; reference is also made to for example, 

WO 2004/003019, EP 2 139 918, WO 2011/006915 and WO 2014/111550) with a serum 

albumin binder of the invention instead of the half-life increasing moieties described in said
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The polypeptides, (fusion) proteins, constructs or compounds that comprise a serum 

albumin binder of the invention and one or more therapeutic moieties will generally and 

preferably have an increased half-life (as described herein, and preferably expressed as t/2

beta), compared to the therapeutic moiety or moieties per se.  

5 Generally, the compounds, polypeptides, constructs or fusion proteins described 

herein preferably have a half-life (again, as described herein, and preferably expressed as 

tl/2-beta) that is at least 1.5 times, preferably at least 2 times, such as at least 5 times, for 

example at least 10 times or more than 20 times, greater than the half-life of the 

corresponding therapeutic moiety per se (as measured in either in man or a suitable animal, 

10 such as mouse or cynomolgus monkey).  

Also, preferably, any such compound, polypeptide, fusion protein or construct has a 

half-life (again, as described herein, and preferably expressed as tl/2-beta) in man that is 

increased with more than 1 hour, preferably more than 2 hours, more preferably of more than 

6 hours, such as of more than 12 hours, compared to the half-life of the corresponding 

15 therapeutic moiety per se.  

Also, preferably, a compound or polypeptide of the invention has a half-life (again, as 

described herein, and preferably expressed as tl/2-beta) in man that is more than 1 hour, 

preferably more than 2 hours, more preferably of more than 6 hours, such as of more than 12 

hours, and for example of about one day, two days, one week, two weeks and up to the half

20 life of serum albumin in man (estimated to be around 19 days).  

As mentioned, in one aspect, a serum albumin binder of the invention is used to 

increase the half-life of (one or more) immunoglobulin single variable domains, such as 

domain antibodies, single domain antibodies, "dAb's", VHH's or Nanobodies (such as 

VHH's, humanized VHH's or camelized VH's such as camelized human VH's).  

25 Thus, one embodiment of the invention relates to a polypeptide, construct or fusion 

protein that comprises a serum albumin binder of the invention and one or more (such as one 

or two) immunoglobulin single variable domain sequences, which are suitably linked to each 

other, either directly or optionally via one or more suitable linkers or spacers. As mentioned 

herein, each such immunoglobulin single variable domain present in such a polypeptide, 

30 construct or fusion protein may independently be a domain antibody, single domain antibody, 

"dAb' or Nanobody (such as a VHH, humanized VHH or camelized VH, such as a 

camelized human VH); and according to one specific but non-limiting aspect, at least one 

(and up to all) of these immunoglobulin single variable domains comprises two or three
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disulphide bridges. Preferably, all ISVDs present in such a compound of the invention are 

Nanobodies.  

When a compound of the invention has an ISVD at its C-terminal end (such as a 

serum albumin binder of the invention or an ISVD that is directed against a therapeutic 

5 target), then said C-terminal ISVD (and thus, by extension, the entire compound of the 

invention) preferably has a C-terminal extension at its C-terminal end. This C-terminal 

extension will be directly linked to the last C-terminal amino acid residue of the ISVD, which 

will usually be the amino acid residue at position 113 according to Kabat (unless the ISVD 

contains one or more amino acid deletions such that the sequence of the ISVD ends before 

10 position 113). Thus, generally, the C-terminal extension will be directly linked to the C

terminal VTVSS sequence (SEQ ID NO:15) of the C-terminal ISV (and thus, by extension, to 

the C-terminal TVTSS sequence of the compound of the invention) or the C-terminal 

sequence of the C-terminal ISVD that corresponds to the C-terminal ISVD sequence (for 

example, where said C-terminal sequence of the C-terminal ISVD contains one or more 

15 substitutions or deletions compared to the usual VTVSS sequence, such as TI10K, TI1OQ, 

S112K or S112K).  

It will also be clear to the skilled person in the case where a compound of the 

invention has a serum albumin binder of the invention at its C-terminal end, that then said 

serum albumin binder of the invention will carry said C-terminal extension.  

20 Generally, any C-terminal extension that is used herein (i.e. at the C-terminal end of a 

compound of the invention and/or at the C-terminal end of a serum albumin binder of the 

invention) can generally be as described in WO 2012/174741 or WO 2015/173325 

(reference is also made to for example WO 2103/024059 and W02016/118733). In 

particular, a C-terminal extension may have the formula (X). , in which n is 1 to 10, 

25 preferably I to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an 

(preferably naturally occurring) amino acid residue that is independently chosen from 

naturally occurring amino acid residues (although according to preferred one aspect, it does 

not comprise any cysteine residues), and preferably independently chosen from the group 

consisting of alanine (A), glycine (G), valine (V), leucine (L) or isoleucine (I).  

30 According to some preferred, but non-limiting aspects of such C-terminal extensions 

X(.), X and n can be as follows: 

(a) n = 1 and X = Ala; 

(b) n = 2 and each X = Ala; 

(c) n = 3 and each X = Ala;
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(d) n = 2 and at least one X = Ala (with the remaining amino acid residue(s) X being 

independently chosen from any naturally occurring amino acid but preferably being 

independently chosen from Val, Leu and/or Ile); 

(e) n = 3 and at least one X = Ala (with the remaining amino acid residue(s) X being 

5 independently chosen from any naturally occurring amino acid but preferably being 

independently chosen from Val, Leu and/or Ile); 

(f) n = 3 and at least two X = Ala (with the remaining amino acid residue(s) X being 

independently chosen from any naturally occurring amino acid but preferably being 

independently chosen from Val, Leu and/or Ile); 

10 (g) n = 1 and X = Gly; 

(h) n = 2 and each X = Gly; 

(i) n = 3 and each X = Gly; 

(j)n = 2 and at least one X = Gly (with the remaining amino acid residue(s) X being 

independently chosen from any naturally occurring amino acid but preferably being 

15 independently chosen from Val, Leu and/or Ile); 

(k) n = 3 and at least one X = Gly (with the remaining amino acid residue(s) X being 

independently chosen from any naturally occurring amino acid but preferably being 

independently chosen from Val, Leu and/or Ile); 

(1) n = 3 and at least two X = Gly (with the remaining amino acid residue(s) X being 

20 independently chosen from any naturally occurring amino acid but preferably being 

independently chosen from Val, Leu and/or Ile); 

(m) n= 2 and each X= Ala or Gly; 

(n) n= 3 and each X= Ala or Gly; 

(o) n= 3 and at least one X = Ala or Gly (with the remaining amino acid residue(s) X being 

25 independently chosen from any naturally occurring amino acid but preferably being 

independently chosen from Val, Leu and/or Ile); or 

(p) n = 3 and at least two X = Ala or Gly (with the remaining amino acid residue(s) X being 

independently chosen from any naturally occurring amino acid but preferably being 

independently chosen from Val, Leu and/or Ile); 

30 with aspects (a), (b), (c), (g), (h), (i), (m) and (n) being particularly preferred, with aspects in 

which n =1 or 2 being preferred and aspects in which n = 1 being particularly preferred.  

It should also be noted that, preferably, any C-terminal extension present in a serum 

albumin binder of the invention does not contain a (free) cysteine residue (unless said 

cysteine residue is used or intended for further functionalization, for example for pegylation).
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Some specific, but non-limiting examples of useful C-terminal extensions are the 

following amino acid sequences: A, AA, AAA, G, GG, GGG, AG, GA, AAG, AGG, AGA, 

GGA, GAA or GAG.  

Preferably also, when a compound of the invention has an ISVD at its C-terminal end 

5 (such as a serum albumin binder of the invention or an ISVD that is directed against a 

therapeutic target), then (at least) said C-terminal ISVD preferably contains, even more 

preferably in addition to a C-terminal extension as described herein, one or more mutations 

that reduce binding by pre-existing antibodies (i.e. as described herein for the serum albumin 

binders of the invention and as more generally described in WO 2012/175741 and WO 

10 2015/173325 and also for example in WO 2013/024059 and WO 2016/118733). In this 

respect, it will be clear to the skilled person in the case where a compound of the invention 

has a serum albumin binder of the invention at its C-terminal end, that then (at least) said 

serum albumin binder of the invention preferably will contain such mutations (i.e. preferably 

in addition to a C-terminal extension).  

15 More generally, according to a specific aspect of the invention, when a compound of 

the invention contains two or more ISVDs (e.g. a serum albumin binder of the invention and 

one or more ISVDs against a therapeutic target), then preferably all these ISVDs contain 

mutations that reduce binding to pre-existing antibodies (again, preferably in addition to the 

C-terminal extension that is linked to the C-terminal ISVD if the compound of the invention 

20 has an ISVD at its C-terminal end).  

When a compound of the invention has an ISVD at its N-terminal end (such as a 

serum albumin binder of the invention or an ISVD that is directed against a therapeutic 

target), then said N-terminal ISVD (and thus, by extension, the entire compound of the 

invention) preferably contain a D at position 1. In this respect, it will again be clear to the 

25 skilled person in the case where a compound of the invention has a serum albumin binder of 

the invention at its N-terminal end, that then said serum albumin binder of the invention will 

preferably have a D at position 1 (e.g. an ElID mutation compared to for example the 

sequence of SEQ ID NO:18 and/or 19, such as the in the amino acid sequences of the 

invention of SEQ ID NOs: 46 to 59).  

30 In some further aspects, the invention relates to a protein, polypeptide or other 

compound or construct that comprises or essentially consists of at least one (and preferably 

only one) serum albumin binder of the invention and at least one (such as one, two or three) 

therapeutic moiety or entity (in which said serum albumin binder and the one or more
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therapeutic moieties or entities are suitably linked, optionally via one or more suitable 

linkers), which protein, polypeptide, compound, construct is such that: 

- when it has an ISVD at its C-terminal end, then (the C-terminal ISVD of) said protein, 

polypeptide, compound, construct has a C-terminal extension (X). (as further described 

5 herein) at its C-terminal end; and/or 

- when it has an ISVD at its C-terminal end, then at least said the C-terminal ISVD 

contains one or more mutations that reduce the binding of pre-existing antibodies (as 

further described herein); 

- when it has an ISVD at its N-terminal end, then (the N-terminal ISVD of) said protein, 

10 polypeptide, compound, construct preferably contains a D at position 1; and/or 

- in which said ISVDs which protein, polypeptide or other compound may also have ISVD 

at its N-terminal end, in which case said N-terminal ISVD end preferably has a D or an 

E lID at position 1; 

- preferably, essentially all of the ISVDs present in said protein, polypeptide, compound, 

15 construct contain one or more mutations that reduce the binding of pre-existing antibodies 

(as further described herein).  

According to one specific aspect of the invention, all therapeutic moieties present in a 

compound of the invention are ISVD's (i.e. ISVDs against a therapeutic target), and in 

particular heavy-chain ISVDs, and more in particular Nanobodies (i.e. Nanobodies against a 

20 therapeutic target).  

For example and without limitation, such compounds of the invention may comprise: 

- one copy of a serum albumin binder of the invention and one ISVD (and preferably 

Nanobody) against a therapeutic target; or 

- one copy of a serum albumin binder of the invention and two ISVDs (and preferably two 

25 Nanobodies) against a therapeutic target (which ISVDs may be the same or different and 

when different may be directed against the same target, against different epitopes on the 

same target or against different therapeutic targets); or 

- one copy of a serum albumin binder of the invention and three ISVDs (and preferably 

three Nanobodies) against a therapeutic target (which ISVDs may be the same or different 

30 and when different may be directed against the same target, against different epitopes on 

the same target or against different therapeutic targets).  

Some non-limiting examples of constructs, fusion proteins or polypeptides of the 

invention can be schematically represented as follows, in which "[Alb]" represents a serum
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albumin binder of the invention, "[therapeutic moiety 1]" and "[therapeutic moiety 2]" 

represent the therapeutic moieties (which as mentioned may each independently be an 

immunoglobulin single variable domain), " - " represents a suitable linker (which is optional; 

suitable examples are 9GS and 35GS linkers) and the N-terminus is on the left hand side and 

5 the C-terminus is on the right hand side: 

[Alb] - [therapeutic moiety 1] 

[therapeutic moiety 1] - [Alb]-X() 

[Alb] - [therapeutic moiety 1] - [therapeutic moiety 1] 

[therapeutic moiety 1] - [therapeutic moiety 1] - [Alb]-X() 

10 [therapeutic moiety 1] - [Alb] - [therapeutic moiety 1] 

[Alb] - [therapeutic moiety 1] - [therapeutic moiety 2] 

[therapeutic moiety 1] - [therapeutic moiety 2] - [Alb]-X() 

[therapeutic moiety 1] - [Alb] - [therapeutic moiety 2] 

15 When the therapeutic moieties are ISVDs (and preferably Nanobodies) against a 

therapeutic target, preferred but non-limiting constructs, fusion proteins or polypeptides of 

the invention can be schematically represented as follows, in which "[Alb]" represents a 

serum albumin binder of the invention, "[therapeutic ISVD 1]" and "[therapeutic ISVD 2]" 

represent ISVDs against a therapeutic target (which ISVDs may be the same or different and 

20 when different may be directed against the same target, against different epitopes on the same 

target or against different therapeutic targets), " - " represents a suitable linker (which is 

optional), X(n) represents a C-terminal extension as described herein, and the N-terminus is 

on the left hand side and the C-terminus is on the right hand side: 

[Alb] - [therapeutic ISVD 1] -X() 

25 [therapeutic ISVD 1] - [Alb]-X() 

[Alb] - [therapeutic ISVD 1] - [therapeutic ISVD 1] -X() 

[therapeutic ISVD 1] - [therapeutic ISVD 1] - [Alb]-X() 

[therapeutic ISVD 1] - [Alb] - [therapeutic ISVD 1] -X() 

[Alb] - [therapeutic ISVD 1] - [therapeutic ISVD 2] -X() 

30 [therapeutic ISVD 1] - [therapeutic ISVD 2] - [Alb]-X() 

[therapeutic ISVD 1] - [Alb] - [therapeutic ISVD 2] -X() 

Thus, in another aspect, the invention relates to a multispecific (and in particular 

bispecific) Nanobody construct that comprises a serum albumin binder of the invention and
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at least one other Nanobody (such as one or two other Nanobodies, which may be the same or 

different), in which said at least one other Nanobody is preferably directed against a desired 

target (which is preferably a therapeutic target) and/or another Nanobody that useful or 

suitable for therapeutic, prophylactic and/or diagnostic purposes. Again, the serum albumin 

5 binder of the invention and the other Nanobodies may be suitably linked to each other either 

directly or optionally via one or more suitable linkers or spacers.  

For a general description of multivalent and multispecific polypeptides containing one 

or more Nanobodies and their preparation, reference is also made to Conrath et al., J. Biol.  

Chem., Vol. 276, 10. 7346-7350, 2001; Muyldermans, Reviews in Molecular Biotechnology 

10 74 (2001), 277-302; as well as to for example WO 96/34103, WO 99/23221, WO 04/041862, 

WO 2006/122786, WO 2008/020079, WO 2008/142164 or WO 2009/068627.  

By means of illustration, some examples of compounds of the invention are given in 

SEQ ID NOs:61 to 67, using the anti-HER2-Nanobody of SEQ ID NO: 60 as a representative 

example of an anti-target Nanobody, and with the constituent Nanobodies being in different 

15 positions in the compound of the invention. The compounds of SEQ ID NOs: 61 to 64 are 

examples illustrating bivalent bispecific compounds of the invention and the compounds of 

SEQ ID NOs: 65 to 67 are examples illustrating trivalent bispecific compounds of the 

invention. In each case, the compounds contain an ElD mutation and a C-terminal alanine 

residue, and contain representative but non-limiting examples of the use of suitable linkers 

20 (i.e. a 15GS linker in SEQ ID NOs:62 and 63 and or 35GS linkers in SEQ ID NO:s 61 and 64 

to 67).  

Some other examples of some specific multispecific and/or multivalent polypeptide of 

the invention can be found in the applications by Ablynx N.V. mentioned herein. In 

particular, for a general description of multivalent and multispecific constructs comprising at 

25 least one Nanobody against a serum protein for increasing the half-life, of nucleic acids 

encoding the same, of compositions comprising the same, of the preparation of the 

aforementioned, and of uses of the aforementioned, reference is made to the International 

applications WO 04/041865 and WO 06/122787 mentioned above (the serum albumin 

binders of the invention described herein can generally be used analogously to the half-life 

30 extending Nanobodies described therein such as Alb-8), as well as to the general description 

and specific examples of such constructs given in for example WO 04/041862, WO 

2006/122786, WO 2008/020079, WO 2008/142164 or WO 2009/068627.  

The invention also relates to nucleotide sequences or nucleic acids that encode the 

albumin binders, compounds or polypeptides of the invention. The invention further includes
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genetic constructs that include the foregoing nucleotide sequences or nucleic acids and one or 

more elements for genetic constructs known per se. The genetic construct may be in the form 

of a plasmid or vector. Again, such constructs can be generally as described in the published 

patent applications of Ablynx N.V., such as for example WO 04/041862, WO 2006/122786, 

5 WO 2008/020079, WO 2008/142164 or WO 2009/068627.  

The invention also relates to hosts or host cells that contain such nucleotide sequences 

or nucleic acids, and/or that express (or are capable of expressing), the albumin binders, 

compounds or polypeptides of the invention. Again, such host cells can be generally as 

described in the published patent applications of Ablynx N.V., such as for example WO 

10 04/041862, WO 2006/122786, WO 2008/020079, WO 2008/142164 or WO 2009/068627.  

The invention also relates to a method for preparing an albumin binder, compound or 

polypeptide of the invention, which method comprises cultivating or maintaining a host cell 

as described herein under conditions such that said host cell produces or expresses an 

albumin binder, compound or polypeptide of the invention, and optionally further comprises 

15 isolating the albumin binder, compound or polypeptide of the invention so produced. Again, 

such methods can be performed as generally described in the published patent applications of 

Ablynx N.V., such as for example WO 04/041862, WO 2006/122786, WO 2008/020079, 

WO 2008/142164 or WO 2009/068627.  

The invention also relates to a pharmaceutical composition that comprises at least one 

20 compound or polypeptide of the invention, and optionally at least one pharmaceutically 

acceptable carrier, diluent or excipient. Such preparations, carriers, excipients and diluents 

may generally be as described in the published patent applications of Ablynx N.V., such as 

for example WO 04/041862, WO 2006/122786, WO 2008/020079, WO 2008/142164 or WO 

2009/068627.  

25 However, since the compounds or polypeptides of the invention have an increased 

half-life, they are preferably administered to the circulation. As such, they can be 

administered in any suitable manner that allows the compound or polypeptide of the 

invention to enter the circulation, such as intravenously, via injection or infusion, or in any 

other suitable manner (including oral administration, subcutaneous administration, 

30 intramuscular administration, administration through the skin, intranasal administration, 

administration via the lungs, etc.). Suitable methods and routes of administration will be clear 

to the skilled person, again for example also from the teaching of the published patent 

applications of Ablynx N.V., such as for example WO 04/041862, WO 2006/122786, WO 

2008/020079, WO 2008/142164 or WO 2009/068627.
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Thus, in another aspect, the invention relates to a method for the prevention and/or 

treatment of at least one disease or disorder that can be prevented or treated by the use of a 

compound or polypeptide of the invention, which method comprises administering, to a 

subject in need thereof, a pharmaceutically active amount of a compound or polypeptide of 

5 the invention, and/or of a pharmaceutical composition comprising the same. The diseases and 

disorders that can be prevented or treated by the use of a compound or polypeptide of the 

invention as described herein will generally be the same as the diseases and disorders that can 

be prevented or treated by the use of the therapeutic moiety or moieties that is/are present in 

the compound or polypeptide of the invention.  

10 In the context of the present invention, the term "prevention and/or treatment" not 

only comprises preventing and/or treating the disease, but also generally comprises 

preventing the onset of the disease, slowing or reversing the progress of disease, preventing 

or slowing the onset of one or more symptoms associated with the disease, reducing and/or 

alleviating one or more symptoms associated with the disease, reducing the severity and/or 

15 the duration of the disease and/or of any symptoms associated therewith and/or preventing a 

further increase in the severity of the disease and/or of any symptoms associated therewith, 

preventing, reducing or reversing any physiological damage caused by the disease, and 

generally any pharmacological action that is beneficial to the patient being treated.  

The subject to be treated may be any warm-blooded animal, but is in particular a 

20 mammal, and more in particular a human being. As will be clear to the skilled person, the 

subject to be treated will in particular be a person suffering from, or at risk from, the diseases 

and disorders mentioned herein.  

In another embodiment, the invention relates to a method for immunotherapy, and in 

particular for passive immunotherapy, which method comprises administering, to a subject 

25 suffering from or at risk of the diseases and disorders mentioned herein, a pharmaceutically 

active amount of a compound or polypeptide of the invention, and/or of a pharmaceutical 

composition comprising the same.  

The compound or polypeptide of the invention and/or the compositions comprising 

the same are administered according to a regime of treatment that is suitable for preventing 

30 and/or treating the disease or disorder to be prevented or treated. The clinician will generally 

be able to determine a suitable treatment regimen, depending on factors such as the disease or 

disorder to be prevented or treated, the severity of the disease to be treated and/or the severity 

of the symptoms thereof, the specific polypeptide of the invention to be used, the specific 

route of administration and pharmaceutical formulation or composition to be used, the age,



WO 2018/134234 PCT/EP2018/051082 
29 

gender, weight, diet, general condition of the patient, and similar factors well known to the 

clinician.  

Generally, the treatment regimen will comprise the administration of one or more 

compounds or polypeptides of the invention, or of one or more compositions comprising the 

5 same, in one or more pharmaceutically effective amounts or doses. The specific amount(s) or 

doses to be administered can be determined by the clinician, again based on the factors cited 

above.  

Generally, for the prevention and/or treatment of the diseases and disorders mentioned 

herein and depending on the specific disease or disorder to be treated, the potency and/or the 

10 half-life of the compounds or polypeptides of the invention to be used, the specific route of 

administration and the specific pharmaceutical formulation or composition used, the 

compounds or polypeptides of the invention will generally be administered in an amount 

between 1 gram and 0.01 microgram per kg body weight per day, preferably between 0.1 

gram and 0.1 microgram per kg body weight per day, such as about 1, 10, 100 or 1000 

15 microgram per kg body weight per day, either continuously (e.g., by infusion), as a single 

daily dose or as multiple divided doses during the day. The clinician will generally be able to 

determine a suitable daily dose, depending on the factors mentioned herein. It will also be 

clear that in specific cases, the clinician may choose to deviate from these amounts, for 

example on the basis of the factors cited above and his expert judgment. Generally, some 

20 guidance on the amounts to be administered can be obtained from the amounts usually 

administered for comparable conventional antibodies or antibody fragments against the same 

target administered via essentially the same route, taking into account however differences in 

affinity/avidity, efficacy, biodistribution, half-life and similar factors well known to the 

skilled person.  

25 Also, as the compounds of the invention contain a half-life extending serum albumin 

binder of the invention, they do not need to be administered essentially continuously (e.g. by 

infusion), but they can be administered at suitable intervals (to be determined by the skilled 

person). For example, they can be administered (at a suitable dose) once every two days, once 

every four days, once weekly, once every two weeks and in some cases once every four 

30 weeks or even less frequently, for example by injection or infusion.  

One aspect of the invention relates to a pharmaceutical composition comprising at 

least one compound or polypeptide of the invention wherein said composition is intended for 

administration at an interval between once weekly and once every 4 weeks, and in particular 

between once every 7 days and once every 21 days, such as once every 7 days or 14 days.
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Usually, in the above method, a single polypeptide of the invention will be used. It is 

however within the scope of the invention to use two or more polypeptides of the invention in 

combination.  

The polypeptides of the invention may also be used in combination with one or more 

5 further pharmaceutically active compounds or principles, i.e., as a combined treatment 

regimen, which may or may not lead to a synergistic effect. Again, the clinician will be able 

to select such further compounds or principles, as well as a suitable combined treatment 

regimen, based on the factors cited above and his expert judgement.  

In particular, the polypeptides of the invention may be used in combination with other 

10 pharmaceutically active compounds or principles that are or can be used for the prevention 

and/or treatment of the diseases and disorders that can be prevented or treated with the fusion 

proteins or constructs of the invention, and as a result of which a synergistic effect may or 

may not be obtained.  

The effectiveness of the treatment regimen used according to the invention may be 

15 determined and/or followed in any manner known per se for the disease or disorder involved, 

as will be clear to the clinician. The clinician will also be able, where appropriate and or a 

case-by-case basis, to change or modify a particular treatment regimen, so as to achieve the 

desired therapeutic effect, to avoid, limit or reduce unwanted side-effects, and/or to achieve 

an appropriate balance between achieving the desired therapeutic effect on the one hand and 

20 avoiding, limiting or reducing undesired side effects on the other hand.  

Generally, the treatment regimen will be followed until the desired therapeutic effect 

is achieved and/or for as long as the desired therapeutic effect is to be maintained. Again, this 

can be determined by the clinician.  

Other aspects, embodiments, advantages and applications of the invention will 

25 become clear from the further description herein.  

The invention will now be further described by means of the following non-limiting 

preferred aspects, examples and figures, in which: 

- Figure 1 is a table listing some of the amino acid positions that will be specifically 

30 referred to herein and their numbering according to some alternative numbering systems 

(such as Aho and IMGT); 

- Figure 2 lists the amino acid sequences referred to herein; 

- Figures 3A and 3B show an alignment of the sequences of SEQ ID NOs:18 and 19 

(invention) with the prior art sequences of SEQ ID NOs: 1 and 2;
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- Figure 4 shows an alignment of SEQ ID NOs: 18 to 59; 

- Figure 5 gives an alignment of serum albumin from different species of mammal.  

- Figure 6 is a graph showing binding of SEQ ID NO:1 (reference)-cMycHis6 to coated 

HSA in presence of the serum albumin binder of SEQ ID NO:20 (invention). 1.5 nM 

5 SEQ ID NO:1-cMycHis6 and concentration series of His6Flag3-SEQ ID NO:1 

(reference), Flag3His6-SEQ ID NO:20 (invention) or cAblys3-Flag3His6 (reference) 

were incubated on coated HSA. Bound SEQ ID NO:1-cMycHis6 was detected with goat 

anti-cMyc and HRP-labelled rabbit anti-goat antibodies.  

- Figure 7 is a graph showing binding of HSA to FcRn in presence of the serum albumin 

10 binder of SEQ ID NO:20 (invention). Human FcRn-human 2 microglobulin heterodimer 

was immobilized on CM5 chip. Binding of 1 gM HSA in absence or presence of 2 gM 

Nanobody in 50 mM NaPO4 + 150 mM NaCl + 0.05 % Tween-20 pH 6.0 was monitored 

on a Biacore T100 instrument.  

The entire contents of all of the references (including literature references, issued patents, 

15 published patent applications, and co pending patent applications) cited throughout this 

application are hereby expressly incorporated by reference, in particular for the teaching that 

is referenced hereinabove.  

Experimental Part 

20 

Example 1 Affinity for serum albumin 

The affinity of the serum albumin binder of SEQ ID NO:19 (invention) for human 

(Sigma-Aldrich A3782), cynomolgus monkey (generated in-house), mouse (Albumin 

Bioscience 2601), rat (Sigma-Aldrich A4538), rabbit (Sigma-Aldrich A0764), guinea pig 

25 (Gentaur GPSA62), pig (Sigma-Aldrich A4414), sheep (Sigma-Aldrich A3264), dog (Abcam 

119814) and bovine (Sigma-Aldrich A3059) serum albumin (SA) was measured via Surface 

Plasmon Resonance (SPR) on a ProteOn XPR36 (BioRad) instrument. Serum albumin was 

immobilized via amine coupling on GLC ProteOn chip using ProteOn Amine Coupling Kit 

(BioRad). Different concentrations (300 nM, 100 nM, 33.3 nM, 11.1 nM, 3.7 nM and 1.23 

30 nM) of The serum albumin binder of SEQ ID NO:19 (invention) was injected in HBS-P+ pH 

7.4 buffer (GE Healthcare) at 45 gL/min for 120 s, followed by dissociation for 900 s. There 

was no or very low binding observed for SEQ ID NO:19 on sheep and bovine SA. The 

affinity of SEQ ID NO:19 for human, cynomolgus monkey, rat, mouse and guinea pig SA
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was in the pM range (Table 1). In addition, SEQ ID NO:19 is cross-reactive with dog SA and 

also binds with weak affinity to pig and rabbit SA.  

Table 1 Kinetic parameters for binding of The serum albumin binder of SEQ ID NO:19 

(invention) on SA from different species.  

SEQ ID NO:19 (invention) SEQ ID NO:1 (reference) 

ka Kd KD ka Kd KD 

SA (s-1M-1) (s-1) (M) (s-1M-1) (s-1) (M) 

human 7,9E+05 3,7E-05 4,6E-11 4.9E+05 1.6E-03 3.3E-09 

cyno 8,3E+05 1,4E-05 1,6E-11 4.6E+05 1.4E-03 3.1E-09 

rat 1,2E+06 1,5E-05 1,2E-11 3.9E+05 2.6E-01 6.7E-07 

mouse 9,4E+05 1,5E-05 1,6E-11 6.6E+05 3.OE-02 3.9E-08 

guinea 9,4E+05 5,6E-05 5,9E-11 
pig 9.4E+05 1.9E-02 2.OE-08 

dog 9,OE+05 2,5E-03 2,8E-09 no binding 

pig 1,2E+05 3,6E-02 2,9E-07 no binding 

The serum albumin binder of SEQ ID NO:19 (invention) was injected at different 

concentrations on immobilized SA on a ProteOn instrument. Binding and dissociation 

kinetics were analysed at pH 7.4. Kinetic parameters for SEQ ID NO:1 are listed as a 

reference and were determined in separate experiments.  

5 

The long half-life of albumin in blood is mainly driven by two characteristics: (i) the 

large size (65 kDa) of albumin limits its glomerular filtration and (ii) albumin binds to FcRn 

at low pH (pH 6), which protects albumin from degradation in the lysosomes after passive 

endocytosis in endothelial and epithelial cells, by recycling from early endosome back to the 

10 extracellular environment. For albumin-binding Nanobodies to result in long serum half-life 

through albumin binding and subsequent recycling, these should stay bound to albumin in the 

pH range from 5.0 to 7.4. The dissociation rate of the serum albumin binder of SEQ ID 

NO:19 (invention) from HSA at pH 5, pH 6 and pH 7.4 was measured on a ProteOn 

instrument as described above, including SEQ ID NO:1 as a reference. The serum albumin 

15 binders of SEQ ID NO:19 (invention) and SEQ ID NO:1 were injected at 500 nM and 300 

nM respectively in HBS-P+ pH 7.4 buffer. Dissociation buffers were 50 mM NaOAc/HOAc 

+ 150 mM NaCl + 0.05 % Tween-20 pH 5.0, 50 mM NaOAc/HOAc + 150 mM NaCl + 0.05 

% Tween-20 pH 6.0 and HBS-P+ pH 7.4 respectively. Dissociation was analysed for 2700 s.
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Dissociation rates for SEQ ID NO:19 do not differ significantly across the pH range from 5.0 

to 7.4 (Table 2).  

Table 2 Dissociation rate of the serum albumin binder of SEQ ID NO:19 (invention) 

from HSA at different pH.  

kd (s-1) 

pH SEQ ID NO:19 (invention) SEQ ID NO:1 (reference) 

pH 7.4 6.OE-05 1.3E-03 

pH 6.0 6.7E-05 9.2E-04 

pH 5.0 7.5E-05 1.1E-03 

SEQ ID NO:19 (invention) or SEQ ID NO:1 (reference) were injected on immobilized HSA.  

Dissociation was monitored at pH 5.0, 6.0 and 7.4 on a ProteOn instrument.  

5 

Example 2 Epitope 

Epitope binning was analysed in a competition ELISA. Human serum albumin was 

coated at 125 ng/ml in PBS at 4 °C overnight. After blocking with PBS + 1 % casein, 1.5 nM 

SEQ ID NO:1-cMycHis6 and a concentration series of competitors (His6Flag3-SEQ ID 

10 NO:20, His6Flag3-SEQ ID NO:1 as positive control or hen egg lysozyme binding single 

domain antibody cAblys3-Flag3His6 as negative control) were added. Bound SEQ ID NO:1

cMycHis6 was detected with goat anti-cMyc (Abcam ab19234) and HRP-labelled rabbit anti

goat (Genway 18-511-244226) antibodies. The albumin binder of SEQ ID NO:20 and SEQ 

ID NO:1 do not bind identical epitopes on HSA (Figure 6).  

15 

Example 3 Interference with interaction between SA and FcRn 

For the serum albumin binder of SEQ ID NO:19 (invention) to provide long half-life via 

albumin binding and subsequent recycling, it should not interfere with the binding of albumin 

to FcRn. This was analysed in SPR on a Biacore T100 (GE Healthcare) instrument. Human 

20 FcRn-human 2 microglobulin heterodimer (Sino Biological CT009-HO8H) was immobilized 

on CM5 chip via standard amine coupling (Biacore amine coupling kit). A mixture of 1 gM 

HSA and 2 gM Nanobody (His6Flag3-SEQ ID NO:20, His6Flag3-SEQ ID NO:1 or cAblys3

Flag3His6) in 50 mM NaPO4 + 150 mM NaCl + 0.05 % Tween-20 pH 6.0 was injected at 10 

gl/min for 120 s, followed by dissociation for 600 s. Binding curves were qualitatively 

25 compared with binding curve of 1 gM HSA in absence of Nanobody. The albumin binder of 

SEQ ID NO:20 (invention) did not interfere with the binding of HSA to FcRn (Figure 7).
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Example 4: PK profile in dog 

Pharmacokinetics of a trivalent Nanobody construct (SEQ ID NO:68) after single i.v.  

dose are studied in dog. The trivalent construct was produced in Pichia pastoris and 

comprises two Nanobodies against respiratorial syncytial virus (RSV) with the albumin 

5 binding Nanobody of SEQ ID NO:19 at the C-terminal end (in which the three Nanobodies 

are linked to each other using (Gly4Ser)7 linkers).  

The pharmacokinetic profile of the construct is evaluated in a pharmacokinetic study 

(non-crossover, single dose) in twelve fasted healthy male Beagle dogs (healthy as 

determined by a pre-study health examination). The construct is administered intraveneously.  

10 The animals are fasted (with uninterrupted access to water) overnight prior to dosing, 

and prior to collection of blood samples at pre-dose, 24, 168, and 336 hours after dosing 

(total fasting time no longer than 24 hours). Food is returned 4 hours post-dose, or 

immediately after blood collection at 24, 168, and 336 hours. Body weight is also recorded 

and tracked during the study.  

15 1 ml of whole blood (or 2-3 ml pre-dose and at 24, 168 and 336 hours) for plasma is 

collected from a peripheral vessel pre-dose and at 5, 15, 30 min and 1, 4, 8, 12, 24, 72, 168, 

240, 336, 504, and 672 hours post initial dose. Collected samples for serum processing are 

kept at room temperature and are allowed to clot. Blood is be centrifuged at 10,000 rpm for 2 

minutes using a refrigerated centrifuge (set to maintain 4°C). Samples are frozen within 30 

20 minutes from collection until they are submitted for analysis (including measurement of 

concentration of the relevant Nanobody construct).
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CLAIMS 

1. Amino acid sequence that is an immunoglobulin single variable domain 

capable of binding to human serum albumin that has: 

- a CDR1 according to Abm that is the amino acid sequence GSNISSYVMG (SEQ ID 

NO:11) or GSTISSYVMG (SEQ ID NO:12); and 

- a CDR2 according to Abm that is the amino acid sequence AISRSGGYTY (SEQ ID NO: 

13); and 

- a CDR3 according to Abm that is the amino acid sequence GRYSAWYSQSYEYDY 

(SEQ ID NO: 14), 

- wherein the amino acid sequence is a VHH or a humanized VHH.  

2. Amino acid sequence according to claim 1, that has: 

- a degree of sequence identity with the sequence of SEQ ID NO: 18 and/or 19 in which the 

CDR's and any C-terminal extension that may be present are not taken into account for 

determining the degree of sequence identity of at least 85%, preferably at least 90%, more 

preferably at least 95%; 

and/or that has: 

- no more than 7, preferably no more than 5, such as only 3, 2 or 1 amino acid differences 

and not taking into account the CDRs and any C-terminal extension that may be present 

with the sequence of SEQ ID NO: 18 and/or 19.  

3. Amino acid sequence according to claim 1 or 2, that has: 

- a degree of sequence identity with the sequence of SEQ ID NO: 18 in which the CDR's 

and any C-terminal extension that may be present are not taken into account for 

determining the degree of sequence identity of at least 85%, preferably at least 90%, more 

preferably at least 95%; 

and/or that has: 

- no more than 7, preferably no more than 5, such as only 3, 2 or 1 "amino acid differences" 

and not taking into account the CDRs and any C-terminal extension that may be present 

with the sequence of SEQ ID NO: 18.  

4. Amino acid sequence according to any one of claims 1 to 3, that has:
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- a degree of sequence identity with the sequence of SEQ ID NO: 19 in which the CDR's 

and any C-terminal extension that may be present are not taken into account for 

determining the degree of sequence identity of at least 85%, preferably at least 90%, more 

preferably at least 95%; 

and/or that has: 

- no more than 7, preferably no more than 5, such as only 3, 2 or 1 "amino acid differences" 

and not taking into account the CDRs and any C-terminal extension that may be present 

with the sequence of SEQ ID NO: 19.  

5. Amino acid sequence according to any one of claims 1 to 4, that contains, 

compared to the sequence of SEQ ID NO:18, one or more mutations that reduce the binding 

by pre-existing antibodies, such that after the mutation one of the following amino acid 

residues according to Kabat numbering is present: 1IL, 11K, I1V, 14A, 14P, 41A, 41L, 41P, 

41S,41T,42E,42G,87A,87T,89A,89L,89T,108L,110K, 110Q, 112K and/or 112Q; or 

any suitable combination of such substitutions, such as: 1IV in combination with 89L or 89T; 

1IV in combination with 110K or 11OQ; or I1V in combination with 89L and 110K or 11OQ.  

6. Amino acid sequence according to any one of claims 1 to 5, that is a VHH and 

that contains, compared to the sequence of SEQ ID NO:18, one or more humanizing 

substitutions that is Q108L or A14P or a suitable combination thereof.  

7. Amino acid sequence according to any of claims 1 to 6 that is an 

immunoglobulin single variable domain capable of binding to human serum albumin and that 

is chosen from SEQ ID NO's: 18 to 59.  

8. Protein, polypeptide or other construct, compound, molecule or chemical entity 

that comprises at least one amino acid sequence according to any one of claims I to 7.  

9. Protein, polypeptide or other construct, compound, molecule or chemical entity 

according to claim 8, that comprises at least one therapeutic moiety or entity.  

10. Protein, polypeptide or other construct, compound, molecule or chemical entity 

according to claim 8 or claim 9 that is a fusion protein.
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11. Protein, polypeptide or other construct, compound, molecule or chemical entity 

according to any one of claims 8 to 10, that is such that: 

- when it has an ISVD at its C-terminal end, then the C-terminal ISVD of said protein, 

polypeptide, compound, construct has a C-terminal extension (X)n in which n is 1 to 10; 

and each X is an amino acid residue that is independently chosen from naturally occurring 

amino acid residues, at its C-terminal end; and/or 

- when it has an ISVD at its C-terminal end, then at least said the C-terminal ISVD contains 

one or more mutations that reduce the binding of pre-existing antibodies as defined in 

claim 5; and/or 

- when it has an ISVD at its N-terminal end, then the N-terminal ISVD of said protein, 

polypeptide, compound, construct preferably contains a D at position 1; and/or 

- preferably, essentially all of the ISVDs present in said protein, polypeptide, compound, 

construct contain one or more mutations that reduce the binding of pre-existing antibodies.  

12. Pharmaceutical composition comprising a protein, polypeptide or other 

construct, compound, molecule or chemical entity according to any one of claims 8 to 11.  

13. Nucleic acid that encodes the amino acid sequence according to any one of 

claims 1 to 7 or the compound or polypeptide according to any one of claims 8 to 11, 

optionally included in a genetic construct.  

14. Host cell that contains the nucleic acid and/or that expresses the amino acid 

sequence according to any of claims 1 to 7 or the compound or polypeptide according to any 

one of claims 8 to 11.  

15. A method for preparing the amino acid sequence according to any one of 

claims 1 to 7 or the compound or polypeptide according to any one of claims 8 to 11, said 

method comprising cultivating or maintaining a host cell according to claim 14 under 

conditions such that said host cell produces or expresses the amino acid sequence according to 

any one of claims 1 to 7 or the compound or polypeptide according to any one of claims 8 to 

11, and optionally further comprising isolating the amino acid sequence according to any one 

of claims 1 to 7 or the compound or polypeptide according to any one of claims 8 to 11 so 

produced.
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16. Compound or polypeptide according to any one of claims 8 to 11 for use in a 

method for prevention and/or treatment of at least one disease or disorder that can be 

prevented or treated by the use of a compound or polypeptide according to any one of claims 

8 to 11.  

17. A method of treating or preventing at least one disease or disorder that can be 

prevented or treated by the use of a compound or polypeptide according to any one of claims 

8 to l Ithe method comprising administering to a subject in need thereof a compound or 

polypeptide according to any one of claims 8 to 11.  

18. Use of a compound or polypeptide according to any one of claims 8 to 11 in 

the manufacture of a medicament for the treatment of at least one disease or disorder that can 

be prevented or treated by the use of a compound or polypeptide according to any one of 

claims 8 to 11.
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Figure 2

SEQ Description Sequence

ID

NO
1 Reference EVQLVESGGGLVQPGNSLRLSCAASGFTFSSFGMSWVE

QAPGKGLEWVSSISGSGSDTLYADSVKGRFTISRDNAKT
TLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

2 Reference EVQLLESGGGLVQPGGSLRLSCAASGFTFRSFGMSWVR
QAPGKGPEWVSSISGSGSDTLYADSVKGRFTISRDNSKN

TLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS
3 CDR1 (Kabat) SFGMS
4 CDR2 (Kabat) SISGSGSDTLYADSVKG
5 CDR3 GGSLSR

(Kabat/Abm)

6 CDR1 (Abm) GFTFRSFGMS
7 CDR2 (Abm) SISGSGSDTL
8 CDR3 GGSLSR

(Kabat/Abm)

9 CDR1 (Kabat) SYVMG

10 CDR2 (Kabat) AISRSGGYTYYADSVKG

11 CDR1 (Abm) GSNISSYVMG

12 CDR1 (Abm) GSTISSYVMG

13 CDR2 (Abm) AISRSGGYTY

14 CDR3 GRYSAWYSQSYEYDY
(Kabat/Abm)

15 C-terminal VTVSS
sequence

16 15GS linker GGGGSGGGGSGGGGS

17 35 GS linker GGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
18 Invention EVQLVESGGGLVQAGGSLRLSCAASGSNISSYVMGWFI

RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNAK
KTAYLQMNSLEPEDTAVYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

19 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

20 Invention EVQLVESGGGVVQPGGSLRLSCAASGSNISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
AYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY

WGQGTLVTVSS
21 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR

QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

22 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

23 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
VYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY

WGQGTLVTVSS
24 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR

QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
CAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

25 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

26 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
VYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY

WGQGTLVTVSS
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
27 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWF

QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

28 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

29 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWI
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

30 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

31 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK)
VYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY

WGQGTLVTVSS
32 Invention EVQLVESGGGLVQAGGSLRLSCAASGSNISSYVMGWFR

RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNAK
KTAYLQMNSLEPEDTAVYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

33 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

34 Invention EVQLVESGGGVVQPGGSLRLSCAASGSNISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
PAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

35 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
36 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWF)

RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN

AYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

37 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

38 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWE
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

39 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

40 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
VYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY

WGQGTLVTVSSA
41 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR

QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

42 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

43 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

44 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
45 Invention EVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWF

QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK
VYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSA

46 Invention DVQLVESGGGLVQAGGSLRLSCAASGSNISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNAK
KTAYLQMNSLEPEDTAVYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

47 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWF]
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKE
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

48 Invention DVQLVESGGGVVQPGGSLRLSCAASGSNISSYVMGWFR
|RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

49 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

50 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWF
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

51 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

52 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNS
AYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY

WGQGTLVTVSS
53 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR

QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
54 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR

RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

55 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

56 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWF
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

57 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

58 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKT
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS

59 Invention DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
QAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKN
TVYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSS
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
60 anti-HER2- EVQLVESGGGLVQAGGSLRLSCAASGITFSINTMGWY1

Nanobody QAPGKQRELVALISSIGDTYYADSVKGRFTISRDNAK]

VYLQMNSLKPEDTAVYYCKRFRTAAQGTDYWGQGTI
VTVSS

61 Compound of the DVQLVESGGGLVQAGGSLRLSCAASGITFSINTMGWYR
invention QAPGKQRELVALISSIGDTYYADSVKGRFTISRDNAKNT

VYLQMNSLKPEDTAVYYCKRFRTAAQGTDYWGQGTL
VTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGG
GGSEVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMG
WFRRAPGKEREFVAAISRSGGYTYYADSVKGRFTISRD

NSKKTAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYE
YDYWGQGTLVTVSSA

62 Compound of the DVQLVESGGGLVQAGGSLRLSCAASGITFSINTMGWYR
invention QAPGKQRELVALISSIGDTYYADSVKGRFTISRDNAKNT

VYLQMNSLKPEDTAVYYCKRFRTAAQGTDYWGQGTL
VTVSSGGGGSGGGGSGGGGSEVQLVESGGGVVQPGGS
LRLSCAASGSTISSYVMGWFRRAPGKEREFVAAISRSGG

YTYYADSVKGRFTISRDNSKKTAYLQMNSLRPEDTALY
YCAAGRYSAWYSQSYEYDYWGQGTLVTVSSA

63 Compound of the DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
invention RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSK

TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGI
VQAGGSLRLSCAASGITFSINTMGWYRQAPGKQRELVA
LISSIGDTYYADSVKGRFTISRDNAKNTVYLQMNSLKPE

DTAVYYCKRFRTAAQGTDYWGQGTLVTVSSA
64 Compound of the DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR

invention RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKK

TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGS
GGGGSGGGGSEVQLVESGGGLVQAGGSLRLSCAASGIT
FSINTMGWYRQAPGKQRELVALISSIGDTYYADSVKGR
FTISRDNAKNTVYLQMNSLKPEDTAVYYCKRFRTAAQG
TDYWGQGTLVTVSSA
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
65 Compound of the DVQLVESGGGLVQAGGSLRLSCAASGITFSINTMGWY1

invention QAPGKQRELVALISSIGDTYYADSVKGRFTISRDNAK)

VYLQMNSLKPEDTAVYYCKRFRTAAQGTDYWGQGTL
VTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGG
GGSEVQLVESGGGLVQAGGSLRLSCAASGITFSINTMG
WYRQAPGKQRELVALISSIGDTYYADSVKGRFTISRDN

AKNTVYLQMNSLKPEDTAVYYCKRFRTAAQGTDYWG
QGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGG
GSGGGGSEVQLVESGGGVVQPGGSLRLSCAASGSTISSY
VMGWFRRAPGKEREFVAAISRSGGYTYYADSVKGRFTI
SRDNSKKTAYLQMNSLRPEDTALYYCAAGRYSAWYSQ
SYEYDYWGQGTLVTVSSA

66 Compound of the DVQLVESGGGLVQAGGSLRLSCAASGITFSINTMGWYR
invention QAPGKQRELVALISSIGDTYYADSVKGRFTISRDNAKNT

VYLQMNSLKPEDTAVYYCKRFRTAAQGTDYWGQGTL
VTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGG
GGSEVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMG

VFRRAPGKEREFVAAISRSGGYTYYADSVKGRFTISRI

NSKKTAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYE
YDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSEVQLVESGGGLVQAGGSLRLSCAA
SGITFSINTMGWYRQAPGKQRELVALISSIGDTYYADSY

KGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCKRFRTA
AQGTDYWGQGTLVTVSSA

67 Compound of the DVQLVESGGGVVQPGGSLRLSCAASGSTISSYVMGWFR
invention RAPGKEREFVAAISRSGGYTYYADSVKGRFTISRDNSKE

TAYLQMNSLRPEDTALYYCAAGRYSAWYSQSYEYDY
WGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGS
GGGGSGGGGSEVQLVESGGGLVQAGGSLRLSCAASGIT
FSINTMGWYRQAPGKQRELVALISSIGDTYYADSVKGR
FTISRDNAKNTVYLQMNSLKPEDTAVYYCKRFRTAAQG
TDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSEVQLVESGGGLVQAGGSLRLSCAA
SGITFSINTMGWYRQAPGKQRELVALISSIGDTYYADSV

KGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCKRFRTA
AQGTDYWGQGTLVTVSSA
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Figure 2 (continued)

SEQ Description Sequence

ID

NO
68 Compound of the DVQLVESGGGVVQPGGSLRLSCAASGRTFSSYAMGWF

invention RQAPGKEREFVAAISWSDGSTYYADSVKGRFTISRDN

KNTVYLQMNSLRPEDTALYYCAADLTSTNPGSYIYIWA
YDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSEVQLVESGGGVVQPGGSLRLSCAA
SGRTFSSYAMGWFRQAPGKEREFVAAISWSDGSTYYAD
SVKGRFTISRDNAKNTVYLQMNSLRPEDTALYYCAADL
TSTNPGSYIYIWAYDYWGQGTLVTVSSGGGGSGGGGSG
GGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGVVQ
PGGSLRLSCAASGSTISSYVMGWFRRAPGKEREFVAAIS

RSGGYTYYADSVKGRFTISRDNSKKTAYLQMNSLRPED
TALYYCAAGRYSAWYSQSYEYDYWGQGTLVTVSS
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Figure 5

Mouse MKWVTFLLLLFVSGSAFSR GVFRREA -HKSEIAHRYNDLGEQHFKGLVLIAFSQY 54
Rat MKWVTFLLLLFISGSAFSR- GVFRREA- -HKSEIAHRFKDLGEQHFKGLVLIAFSQY 54
Dog MKWVTFISLFFLFSSAYSR GLVRREA -YKSEIAHRYNDLGEEHFRGLVLVAFSQY 54
Cat MKWVTFISLLLLFSSAYSR GVTRREA---HQSEIAHRFNDLGEEHFRGLVLVAFSQY 54
Human MKWVTFISLLFLFSSAYSR GVFRRDA---HKSEVAHRFKDLGEENFKALVLIAFAQY 54
Cow MKWVTFISLLLLFSSAYSR GVFRRDT---HKSEIAHRFKDLGEEHFKGLVLIAFSQY 54
Sheep MKWVTFISLLLLFSSAYSR GVFRRDT --HKSEIAHRFNDLGEENFQGLVLIAFSQY 54
Pig MKWVTFISLLFLFSSAYSR GVFRRDT ---YKSEIAHRFKDLGEQYFKGLVLIAFSQH 54

Horse MKWVTFVSLLFLFSSAYSR GVLRRDT -HKSEIAHRFNDLGEKHFKGLVLVAFSQY: 54

Rabbit MKWVTFISLLFLFSSAYSR- GVFRREA HKSEIAHRFNDVGEEHFIGLVLITFSQY 54

Mouse LQKCSYDEHAKLVQEVTDFAKTCVADESAANCDKSLHTLFGDKLCAIPNLRENYGELADO 114
Rat LQKCPYEEHIKLVQEVTDFAKTCVADENAENCDKSIHTLFGDKLCAIPKLRDNYGELA) 114
Dog LQQCPFEDHVKLAKEVTEFAKACAAEESGANCDKSLHTLFGDKLCTVASLRDKYGDMAD 114
Cat LQQCPFEDHVKLVNEVTEFAKGCVADQSAANCEKSLHELLGDKLCTVASLRDKYGEMAD 114
Human LQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMAD 114
Cow LQQCPFDEHVKLVNELTEFAKTCVADESHAGCEKSLHTLFGDELCKVASLRETYGDMADO 114

Sheep LQQCPFDEHVKLVKELTEFAKTCVADESHAGCDKSLHTLFGDELCKVATLRETYGDMA 114
Pig QQCPYEEHVKLVREVTEFAKTCVADESAENCDKSIHTLFGDKLCAIPSLREHYGDLAD 114
Horse LQQCPFEDHVKLVNEVTEFAKKCAADESAENCDKSLHTLFGDKLCTVATLRATYGELADC 114
Rabbit LQKCPYEEHAKLVKEVTDLAKACVADESAANCDKSLHDIFGDKICALPSLRDTYGDVAD0 114

Mouse CTKQEPERNECFLQHKDDNPSLP-PFERPEAEAMCTSFKENPTTFMGHYLHEVARRHPY 173
Rat AKQEPERNECFLQHKDDNPNLP-PFQRPEAEAMCTSFQENPTSFLGHYLHEVARRHPY 173
Dog eCEKQEPDRNECFLAHKDDNPGFP-PLVAPEPDALCAAFQDNEQLFLGKYLYEIARRHPYF 173
Cat CEKKEPERNECFLQHKDDNPGFG-QLVTPEADAMCTAFHENEQRFLGKYLYEIARRHPYF 173
Human CAKQEPERNECFLQHKDDNPNLP-RLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYF 173
Cow CEKQEPERNECFLSHKDDSPDLP-KLK-PDPNTLCDEFKADEKKFWGKYLYEIARRHPYF 172
Sheep EKQEPERNECFLNHKDDSPDLP-KLK-PEPDTLCAEFKADEKKFWGKYLYEVARRHPYF 172
Pig CEKEEPERNECFLQHKNDNPDIP-KLK-PDPVALCADFQEDEQKFWGKYLYEIARRHPYF 172
Horse CEKQEPERNECFLTHKDDHPNLP-KLK-PEPDAQCAAFQEDPDKFLGKYLYEVARRHPYF 172
Rabbit CEKKEPERNECFLHHKDDKPDLP-PFARPEADVLCKAFHDDEKAFFGHYLYEVARRHPYF 173

Mouse YAPELLYYAEQYNEILTQCCAEADKESCLTPKLDGVKEKALVSSVRQRMKCSSMQKFGE 233
Rat ZAPELLYYAEKYNEVLTQCCTESDKAACLTPKLDAVKEKALVAAVRQRMKCSSMQRF0 233
Dog YAPELLYYAQQYKGVFAECCQAADKAACLGPKIEALREKVLLSSAKERFKCASLQKFO 233
Cat YAPELLYYAEEYKGVFTECCEAADKAACLTPKVDALREKVLASSAKERLKCASLOKFGER 233
Human YAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGER 233
Cow YAPELLYYANKYNGVFQECCQAEDKGACLLPKIETMREKVLTSSARQRLRCASIQKFG) 232
Sheep YAPELLYYANKYNGVFQECCQAEDKGACLLPKIDAMREKVLASSARQRLRCASIQKFG 232
Pig YAPELLYYAIIYKDVFSECCQAADKAACLLPKIEHLREKVLTSAAKQRLKCASIQKFGER 232
Horse YGPELLFHAEEYKADFTECCPADDKLACLIPKLDALKERILLSSAKERLKCSSFONFG 232
Rabbit YAPELLYYAQKYKAILTECCEAADKGACLTPKLDALEGKSLISAAQERLRCASIQKFGDR 233

Mouse FKAWAVARLSQTFPNADFAEITKLATDLTKVNKECCHGDLLECADDRAELAKYMCENQA 293
Rat AFKAWAVARMSQRFPNAEFAEITKLATDLTKINKECCHGDLLECADDRAELAKYMCENQA 293
Dog FKAWSVARLSQRFPKADFAEISKVVTDLTKVHKECCHGDLLECADDRADLAKYMCENQD 293
Cat AFKAWSVARLSQKFPKAEFAEISKLVTDLAKIHKECCHGDLLECADDRADLAKYICENQD 293
Human AFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQ 293
Cow ALKAWSVARLSQKFPKAEFVEVTKLVTDLTKVHKECCHGDLLECADDRADLAKYICDNQ 292
Sheep ALKAWSVARLSQKFPKADFTDVTKIVTDLTKVHKECCHGDLLECADDRADLAKYICDHQD 292
Pig AFKAWSLARLSQRFPKADFTEISKIVTDLAKVHKECCHGDLLECADDRADLAKYICEN0 292
Horse AVKAWSVARLSQKFPKADFAEVSKIVTDLTKVHKECCHGDLLECADDRADLAKYICEHQD 292
Rabbit AYKAWALVRLSQRFPKADFTDISKIVTDLTKVHKECCHGDLLECADDRADLAKYMCEHQE 293
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Figure 5 (continued)

Mouse TISSKLQTCCDKPLLKKAHCLSEVEHDTMPADLPAIAADFVEDQEVCKNYAEAKDVFLGT 353

Rat TISSKLQACCDKPVLQKSQCLAEIEHDNIPADLPSIAADFVEDKEVCKNYAEAKDVFL 353
Dog SISTKLKECCDKPVLEKSQCLAEVERDELPGDLPSLAADFVEDKEVCKNYQEAKDVFI 353
Cat SISTKLKECCGKPVLEKSHCISEVERDELPADLPPLAVDFVEDKEVCKNYQEAKDVFLG 353
Human SISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVF 353
Cow TISSKLKECCDKPLLEKSHCIAEVEKDAIPENLPPLTADFAEDKDVCKNYQEAKDAFLO 352
Sheep ALSSKLKECCDKPVLEKSHCIAEVDKDAVPENLPPLTADFAEDKEVCKNYQEAKDVFLG 352
Pig TISTKLKECCDKPLLEKSHCIAEAKRDELPADLNPLEHDFVEDKEVCKNYKEAKHVFLG 352
Horse SISGKLKACCDKPLLQKSHCIAEVKEDDLPSDLPALAADFAEDKEICKHYKDAKDVFLO 352
Rabbit TISSHLKECCDKPILEKAHCIYGLHNDETPAGLPAVAEEFVEDKDVCKNYEEAKDLFLGK 353

Mouse FLYEYSRRHPDYSVSLLLRLAKKYEATLEKCCAEANPPACYGTVLAEFQPLVEEPKNLVK 413
Rat LYEYSRRHPDYSVSLLLRLAKKYEATLEKCCAEGDPPACYGTVLAEFQPLVEEPKNLVK 413
Dog FLYEYARRHPEYSVSLLLRLAKEYEATLEKCCATDDPPTCYAKVLDEFKPLVDEPONL 413
Cat FLYEYSRRHPEYSVSLLLRLAKEYEATLEKCCATDDPPACYAHVFDEFKPLVEEPHNLVI 413

Human FLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPON 413
Cow FLYEYSRRHPEYAVSVLLRLAKEYEATLEECCAKDDPHACYSTVFDKLKHLVDEPQNLIK 412
Sheep FLYEYSRRHPEYAVSVLLRLAKEYEATLEDCCAKEDPHACYATVFDKLKHLVDEPON 412
Pig FLYEYSRRHPDYSVSLLLRIAKIYEATLEDCCAKEDPPACYATVFDKFQPLVDEPKNL 412
Horse FLYEYSRRHPDYSVSLLLRIAKTYEATLEKCCAEADPPACYRTVFDQFTPLVEEPKS] 412
Rabbit FLYEYSRRHPDYSVVLLLRLGKAYEATLKKCCATDDPHACYAKVLDEFQPLVDEPKNLVK: 413

Mouse TNCDLYEKLGEYGFQNAILVRYTQKAPQVSTPTLVEAARNLGRVGTKCCTLPEDQRLPCV 473

Rat TNCELYEKLGEYGFQNAILVRYTQKAPQVSTPTLVEAARNLGRVGTKCCTLPEAQRLPCV 473

Dog NCELFEKLGEYGFQNALLVRYTKKAPQVSTPTLVEVSRKLGKVGTKCCKKPESERMSCA 473
Cat NCELFEKLGEYGFQNALLVRYTKKVPQVSTPTLVEVSRSLGKVGSKCCTHPEAERLSCA 473
Human QNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCA 473

Cow QNCDQFEKLGEYGFQNALIVRYTRKVPQVSTPTLVEVSRSLGKVGTRCCTKPESERMPCT 472

Sheep KNCELFEKHGEYGFQNALIVRYTRKAPQVSTPTLVEISRSLGKVGTKCCAKPESERMPCT 472
Pig QNCELFEKLGEYGFQNALIVRYTKKVPQVSTPTLVEVARKLGLVGSRCCKRPEEERLSCA 472

Horse KNCDLFEEVGEYDFQNALIVRYTKKAPQVSTPTLVEIGRTLGKVGSRCCKLPESER 472
Rabbit QNCELYEQLGDYNFQNALLVRYTKKVPQVSTPTLVEISRSLGKVGSKCCKHPEAERLPCV 473

Mouse EDYLSAILNRVCLLHEKTPVSEHVTKCCSGSLVERRPCFSALTVDETYVPKEFKAETFTI 533

Rat DYLSAILNRLCVLHEKTPVSEKVTKCCSGSLVERRPCFSALTVDETYVPKEFKAETFTF 533
Dog EDFLSVVLNRLCVLHEKTPVSERVTKCCSESLVNRRPCFSGLEVDETYVPKEFNAETFTF 533

Cat EDYLSVVLNRLCVLHEKTPVSERVTKCCTESLVNRRPCFSALQVDETYVPKEFSAETE 533
Human EDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETF" 533
Cow EDYLSLILNRLCVLHEKTPVSEKVTKCCTESLVNRRPCFSALTPDETYVPKAFDEKLFT. 532

Sheep EDYLSLILNRLCVLHEKTPVSEKVTKCCTESLVNRRPCFSDLTLDETYVPKPFDEKFE 532
Pig EDYLSLVLNRLCVLHEKTPVSEKVTKCCTESLVNRRPCFSALTPDETYKPKEFVEGTF". 532

Horse ENHLALALNRLCVLHEKTPVSEKITKCCTDSLAERRPCFSALELDEGYVPKEFKAETFTF 532

Rabbit EDYLSVVLNRLCVLHEKTPVSEKVTKCCSESLVDRRPCFSALGPDETYVPKEFNAETFTF 5331

Mouse HSDICTLPEKEKQIKKQTALAELVKHKPKATAEQLKTVMDDFAQFLDTCCKAADKDTCF 593
Rat HSDICTLPDKEKQIKKQTALAELVKHKPKATEDQLKTVMGDFAQFVDKCCKAADKDNCFA 593
Dog HADLCTLPEAEKQVKKQTALVELLKHKPKATDEQLKTVMGDFGAFVEKCCAAENKEGCFS 593
Cat HADLCTLPEAEKQIKKQSALVELLKHKPKATEEQLKTVMGDFGSFVDKCCAAEDKEACE 593
Human HADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCF] 593

Cow ADICTLPDTEKQIKKQTALVELLKHKPKATEEQLKTVMENFVAFVDKCCAADDKEACFA 592
Sheep HADICTLPDTEKQIKKQTALVELLKHKPKATDEQLKTVMENFVAFVDKCCAADDKEGCFV 592
Pig HADLCTLPEDEKQIKKQTALVELLKHKPHATEEQLRTVLGNFAAFVQKCCAAPDHEACFA 592

Horse HADICTLPEDEKQIKKQSALAELVKHKPKATKEQLKTVLGNFSAFVAKCCGREDKEACFA 592
Rabbit HADICTLPETERKIKKQTALVELVKHKPHATNDQLKTVVGEFTALLDKCCSAEDKEACFA 593
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Figure 5 (continued)

Mouse TEGPNLVTRCKDTLA 608
Rat TEGPNLVARSKEALA 608

Dog EEGPKLVAAAQAALV 608
Cat EEGPKLVAAAQAALA 608
Human EEGKKLVAASQAALGL 609

Cow VEGPKLVVSTQTALA 607
Sheep LEGPKLVASTQAALA 607
Pig VEGPKFVIEIRGILA 607
Horse EEGPKLVASSQLALA 607
Rabbit VEGPKLVESSKATLG 608
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Figure 6
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