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Single domain antibodies that bind Human Serum Albumin 

 

Introduction 

 

The pharmacokinetics of proteins and peptides is governed by the parameters of absorption, 

biodistribution, metabolism, and elimination. The most common routes of clearance for proteins and 

peptides include endocytosis and membrane transport-mediated clearance by liver hepatocytes for 

larger proteins, and glomerular filtration by the kidney for smaller proteins and peptides. 

 

Many drugs that possess activities that could be useful for therapeutic and/or diagnostic purposes 

have limited value because they are rapidly eliminated from the body when administered. For 

example, many polypeptides that have therapeutically useful activities are rapidly cleared from the 

circulation via the kidney. 

 

Accordingly, a large dose must be administered in order to achieve a desired therapeutic effect. A 

need exists for improved therapeutic and diagnostic agents that have improved pharmacokinetic 

properties. 

 

Thus, different strategies have been employed to improve the pharmacokinetics of smaller proteins 

and peptides, including increasing the size and hydrodynamic radius of the protein or peptide, 

increasing the negative charge of the target protein or peptide or increasing the level of serum protein 

binding of the peptide or protein through binding to albumin. This can be important in chronic 

conditions. Prolonged exposure is achieved by half-life extending moieties that target endogenous 

albumin. This includes fusion of the biologically active protein or peptide to human serum albumin 

(HSA), fusion to the constant fragment (Fc) domain of a human immunoglobulin (Ig) G or fusion to 

non-structured polypeptides such as XTEN (Reviewed in Stroh “Fusion Proteins for Half-Life 

Extension of Biologics as a Strategy to Make Biobetters BioDrugs”. 2015; 29(4): 215–239). 

 

Different applications require different half life and there still exists a need to provide bespoke half life 

extending molecules. The invention is aimed at addressing this need. 

 

Summary 

 

The invention relates to immunoglobulin single variable domains that bind HSA, in particular human 

immunoglobulin single variable heavy chain domains, e.g. in particular human immunoglobulin single 

variable heavy chain domains obtained or obtainable from transgenic mice expressing unrearranged 

human V, D, J gene segments. 

In one aspectembodiment, the invention relates to an immunoglobulin single variable domain that 

binds HSA comprising or consisting of SEQ ID NO. 1 or a sequence with at least 75%, 80%, 90% or 

95% sequence identity/ homology thereto. The invention also relates to an immunoglobulin single 
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variable domain that binds HSA which is a variant of SEQ ID NO. 1 and has amino acid substitutions, 

for example 1 to 20 amino acid substitutions, compared to SEQ ID NO. 1. The invention relates to an 

immunoglobulin single variable domain that binds HSA comprising or consisting of SEQ ID NO. 19 or 

20 or a sequence with at least 75%, 80%, 90% or 95% sequence identity/ homology thereto. 

In one aspect, the invention relates to an immunoglobulin human single variable heavy chain domain 

that binds human serum albumin (HSA) comprising or consisting of SEQ ID NO. 1 or a sequence with 

at least 90% sequence identity thereto, having the following CDR sequences: a) a CDR1 having SEQ 

ID NO. 2  b) a CDR2 having SEQ ID NO. 3 and c) a CDR3 having SEQ ID NO. 4. 

In one aspect, the invention relates to a protein or construct comprising an immunoglobulin single 

variable domain as defined herein and at least a second moiety that binds to a different target. 

In another aspectembodiment, the invention also relates to a method for extending the half life of a 

protein comprising joining said protein to an immunoglobulin single variable domain as described 

herein. 

In one aspect, the invention relates to an in vitro method for extending the half life of a protein 

comprising joining said protein to an immunoglobulin single variable domain as defined herein. 

The invention also relates to the use of an immunoglobulin single variable domain as described herein 

extending the half life of a therapeutic moiety when said an immunoglobulin single variable domain 

described herein is linked to said therapeutic moiety in a fusion protein. 

The invention relates to a fusion protein comprising an immunoglobulin single variable domain that 

binds HSA comprising or consisting of SEQ ID NO. 1 or a sequence with at least 75%, 80%, 90% or 

95% sequence identity/ homology thereto linked, for example with a peptide linker, to another moiety 

that binds to another target.  

In one aspect, the invention relates to the use of an immunoglobulin single variable domain as defined 

herein in the manufacture of a medicament for the treatment of cancer wherein said immunoglobulin 

single variable domain extends the half life of a therapeutic moiety when said immunoglobulin single 

variable domain as defined herein is linked to said therapeutic moiety in a fusion protein. 

In another aspect, the invention relates to a pharmaceutical composition comprising an 

immunoglobulin single variable domain as described herein or a protein or construct as described 

herein. 

The invention also relates to a nucleic acid sequence that encodes an amino acid sequence as 

described herein. 

The invention further relates to a vector comprising a nucleic acid sequence as described herein. 

The invention also relates to a host cell comprising the nucleic acid sequence as described herein as 

described herein or a vector as described herein. 

The invention also relates to a kit comprising an immunoglobulin single variable domain as described 

herein or a protein or construct as described herein or a pharmaceutical composition as described 

herein. 

 

Detailed description 
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The embodiments of the invention will now be further described. In the following passages, different 

embodiments are described. Each aspect so defined may be combined with any other aspect or 

aspects unless clearly indicated to the contrary. 

 

Generally, nomenclatures used in connection with, and techniques of, cell and tissue culture, 

pathology, oncology, molecular biology, immunology, microbiology, genetics and protein and nucleic 

acid chemistry and hybridization described herein are those well-known and commonly used in the 

art. The methods and techniques of the present disclosure are generally performed according to 

conventional methods well-known in the art and as described in various general and more specific 

references that are cited and discussed throughout the present specification unless otherwise 

indicated. See, e.g., Green and Sambrook et al., Molecular Cloning: A Laboratory Manual, 4th ed., 

Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2012); Therapeutic Monoclonal 

Antibodies: From Bench to Clinic, Zhiqiang An (Editor), Wiley, (2009); and Antibody Engineering, 2nd 

Ed., Vols 1 and 2, Ontermann and Dubel, eds., Springer-Verlag, Heidelberg (2010). 

 

Enzymatic reactions and purification techniques are performed according to manufacturer's 

specifications, as commonly accomplished in the art or as described herein. The nomenclatures used 

in connection with, and the laboratory procedures and techniques of, analytical chemistry, synthetic 

organic chemistry, and medicinal and pharmaceutical chemistry described herein are those well-

known and commonly used in the art. Standard techniques are used for chemical syntheses, 

chemical analyses, pharmaceutical preparation, formulation, and delivery, and treatment of patients.  

 

The present invention relates to amino acid sequences binding to human serum albumin (HSA) and 

binding molecules, such as proteins, that comprise such amino acid sequences. In particular, the 

invention relates to single domain antibodies, immunoglobulin single variable domains, in particular 

human immunoglobulin single variable heavy chain domain (VH) antibodies having the amino acids as 

described herein and which can be exploited in therapeutic methods and uses as well as in 

pharmaceutical formulations as described herein. 

 

Single domain antibodies described herein bind specifically to wild type human serum albumin 

(UniProt Accession No. Q56G89). The amino acid sequence for wild type human serum albumin is 

shown below (SEQ ID No. 5). 

 

MKWVTFISLL FLFSSAYSRG VFRRDAHKSE VAHRFKDLGE ENFKALVLIA FAQYLQQCPF 

EDHVKLVNEV TEFAKTCVAD ESAENCDKSL HTLFGDKLCT VATLRETYGE MADCCAKQEP 

ERNECFLQHK DDNPNLPRLV RPEVDVMCTA FHDNEETFLK KYLYEIARRH PYFYAPELLF 

FAKRYKAAFT ECCQAADKAA CLLPKLDELR DEGKASSAKQ GLKCASLQKF GERAFKAWAV 

ARLSQRFPKA EFAEVSKLVT DLTKVHTECC HGDLLECADD RADLAKYICE NQDSISSKLK 

ECCEKPLLEK SHCIAEVEND EMPADLPSLA ADFVGSKDVC KNYAEAKDVF LGMFLYEYAR 

RHPDYSVVLL LRLAKTYETT LEKCCAAADP HECYAKVFDE FKPLVEEPQN LIKQNCELFE 
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QLGEYKFQNA LLVRYTKKVP QVSTPTLVEV SRNLGKVGSK CCKHPEAKRM PCAEDCLSVF 

LNQLCVLHEK TPVSDRVTKC CTESLVNGRP CFSALEVDET YVPKEFNAET FTFHADICTL 

SEKERQIKKQ TALVELVKHK PKATKEQLKA VMDDFAAFVE KCCKADDKET CFAEEGKKLV 

AASQAALGL    

 

Human serum albumin (HSA, 2BXN) comprises approximately 60% of the plasma protein. HSA 

consists of a single chain, 585 amino acids in length, which incorporates three homologous domains 

(I, II, and III). Domain I consists of residues 5-197, domain II includes residues 198-382, and domain 

III is formed from residues 383-569. Each domain is comprised of two sub-domains termed A and B 

(IA; residues 5-107, IIA; residues 108-197, IIA; residues 198-296, IIB; residues 297-382, IIIA; residues 

383-494, IIIB; residues 495-569).  

 

A single domain antibody (sdAb), immunoglobulin single variable domain or protein of the invention 

"which binds" or is “capable of binding” an antigen of interest, e.g. human serum albumin, is one that 

binds the antigen with sufficient affinity such that the single domain antibody is useful as a therapeutic 

agent in targeting a cell or tissue expressing the antigen human serum albumin as described herein.  

 

A single domain antibody, immunoglobulin single variable domain or protein described herein, binds 

specifically to human serum albumin. In other words, binding to the human serum albumin antigen is 

measurably different from a non-specific interaction. As demonstrated in the examples, the single 

domain antibodies of the invention do not cross react with mouse human serum albumin. Preferably, 

the single domain antibodies of the invention bind to human serum albumin and also bind to monkey 

serum albumin as shown in the examples. 

 

The term "antibody" as used herein broadly refers to any immunoglobulin (Ig) molecule, or antigen 

binding portion thereof, comprised of four polypeptide chains, two heavy (H) chains and two light (L) 

chains, or any functional fragment, mutant, variant, or derivation thereof, which retains the essential 

epitope binding features of an Ig molecule. 

 

In a fuIl-length antibody, each heavy chain is comprised of a heavy chain variable region or domain 

(abbreviated herein as HCVR) and a heavy chain constant region. The heavy chain constant region is 

comprised of three domains, CH1, CH2 and CH3. Each light chain is comprised of a light chain variable 

region or domain (abbreviated herein as LCVR) and a light chain constant region. The light chain 

constant region is comprised of one domain, CL.  

 

The heavy chain and light chain variable regions can be further subdivided into regions of 

hypervariability, termed complementarity determining regions (CDR), interspersed with regions that 

are more conserved, termed framework regions (FR). Each heavy chain and light chain variable 

region is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-terminus 

in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. 
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Immunoglobulin molecules can be of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG 

1, IgG2, IgG 3, IgG4, IgAl and IgA2) or subclass. The term "CDR" refers to the complementarity-

determining region within antibody variable sequences. There are three CDRs in each of the variable 

regions of the heavy chain and the light chain, which are designated CDR1, CDR2 and CDR3, for 

each of the variable regions. The term "CDR set" refers to a group of three CDRs that occur in a 

single variable region capable of binding the antigen. The exact boundaries of these CDRs can be 

defined differently according to different systems known in the art.  

 

The Kabat Complementarity Determining Regions (CDRs) are based on sequence variability and are 

the most commonly used (Kabat et al., (1971) Ann. NY Acad. Sci. 190:382-391 and Kabat, et al., 

(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and 

Human Services, NIH Publication No. 91-3242). Chothia refers instead to the location of the structural 

loops (Chothia and Lesk J. Mol. Biol. 196:901 -917 (1987)). The Kabat numbering system is generally 

used when referring to a residue in the variable domain (approximately residues 1-107 of the light 

chain and residues 1 -113 of the heavy chain). Another system is the ImMunoGeneTics (IMGT) 

numbering scheme. The IMGT numbering scheme is described in Lefranc et al., Dev. Comp. 

Immunol., 29, 185-203 (2005). 

 

The system described by Kabat is used herein. The terms "Kabat numbering", "Kabat definitions" and 

"Kabat labeling" are used interchangeably herein. These terms, which are recognized in the art, refer 

to a system of numbering amino acid residues which are more variable (i.e., hypervariable) than other 

amino acid residues in the heavy and light chain variable regions of an antibody, or an antigen binding 

portion.  

 

The term "antigen binding site" refers to the part of the antibody or antibody fragment that comprises 

the area that specifically binds to an antigen. An antigen binding site may be provided by one or more 

antibody variable domains. An antigen binding site is typically comprised within the associated VH and 

VL of an antibody or antibody fragment. 

 

An antibody fragment is a portion of an antibody, for example as F(ab')2, Fab, Fv, scFv, heavy chain, 

light chain,  variable heavy (VH), variable light (VL) chain domain and the like. Functional fragments of 

a full length antibody retain the target specificity of a full antibody. Recombinant functional antibody 

fragments, such as Fab (Fragment, antibody), scFv (single chain variable chain fragments) and single 

domain antibodies (dAbs) have therefore been used to develop therapeutics as an alternative to 

therapeutics based on mAbs.  

 

scFv fragments (~25kDa) consist of the two variable domains, VH and VL. Naturally, VH and VL 

domains are non-covalently associated via hydrophobic interactions and tend to dissociate. However, 



P35198WO1  
 

6 
 

stable fragments can be engineered by linking the domains with a hydrophilic flexible linker to create 

a single chain Fv (scFv). 

 

The smallest antigen binding fragment is the single variable fragment, namely the variable heavy (VH) 

or variable light (VL) chain domain. VH and VL domains respectively are capable of binding to an 

antigen. Binding to a light chain/heavy chain partner respectively or indeed the presence of other 

parts of the full antibody is not required for target binding. The antigen-binding entity of an antibody, 

reduced in size to one single domain (corresponding to the VH or VL domain), is generally referred to 

as a “single domain antibody” or “immunoglobulin single variable domain”. A single domain antibody 

(~12 to 15 kDa) has thus either the VH or VL domain, i.e. it does not have other parts of a full antibody. 

Single domain antibodies derived from camelid heavy chain only antibodies that are naturally devoid 

of light chains as well as single domain antibodies that have a human heavy chain domain have been 

described. Antigen binding single VH domains have also been identified from, for example, a library of 

murine VH genes amplified from genomic DNA from the spleens of immunized mice and expressed in 

E. coli (Ward et al., 1989, Nature 341: 544-546). Ward et al. named the isolated single VH domains 

"dAbs," for "domain antibodies." The term "dAb" generally refers to a single immunoglobulin variable 

domain (VH, VHH or VL) polypeptide that specifically binds antigen. For use in therapy, human single 

domain antibodies are preferred over camelid derived VHH, primarily because they are not as likely to 

provoke an immune response when administered to a patient. 

 

The terms “single domain antibody (sdAb), single variable domain, single variable domain antibody, or 

immunoglobulin single variable domain (ISV)” are all well known in the art and describe the single 

variable fragment of an antibody that binds to a target antigen. These terms are used interchangeably 

herein. The terms “single heavy chain domain antibody, single variable heavy chain domain, single 

variable heavy chain domain, immunoglobulin single heavy chain variable domain (ISV), 

immunoglobulin single heavy chain variable domain, human VH single domain” are used 

interchangeably herein and describe the single heavy chain variable fragment of a full antibody which 

retains binding specificity to the antigen in the absence of light chain or other antibody fragments and 

is used in isolated form, that is not as part of the full length antibody. A single variable heavy chain 

domain antibody does not comprise any other chains or domains of a full length antibody; it does not 

have any light chains or constant domains. Thus, it is capable of binding to an antigen in the absence 

of light chain.  

 

In one aspect, the invention relates to immunoglobulin single variable domains, specifically  

immunoglobulin single heavy chain variable domains, that bind human serum albumin. As explained 

below, the embodiments relate to single variable heavy chain domain antibodies /immunoglobulin 

single variable heavy chain domains which bind a HSA antigen. Thus, the single variable heavy chain 

domain antibody is capable of binding to HSA in the absence of light chain. Human single variable 

heavy chain domain antibodies (“VH single domain antibody/ single VH domain antibody”) are 



P35198WO1  
 

7 
 

particularly preferred. Such binding molecules are also termed Humabody® herein. Humabody® is a 

registered trademark of Crescendo Biologics Ltd. 

 

Thus, in some embodiments, the isolated binding agents/molecules comprise or consist of at least 

one single domain antibody wherein said domain is a human immunoglobulin variable heavy chain 

domain; they are devoid of VL domains or other antibody fragments and bind to the target antigen. 

 

The term "isolated" refers to a moiety that is isolated form its natural environment. For example, the 

term "isolated" refers to a single domain antibody that is substantially free of other single domain 

antibodies, antibodies or antibody fragments. Moreover, an isolated single domain antibody may be 

substantially free of other cellular material and/or chemicals. 

 

Each VH domain antibody comprises three CDRs and four FRs, arranged from amino-terminus to 

carboxy-terminus in the following order: FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4. Thus, in one 

embodiment of the invention, the domain is a human variable heavy chain (VH) domain with the 

following formula FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4. 

 

Modifications to the C or N-terminal VH framework sequence may be made to the single domain 

antibodies of the invention to improve their properties. For example, the VH domain may comprise C- 

or N-terminal extensions. C-terminal extensions can be added to the C- terminal end of a VH domain 

which terminates with the residues VTVSS (SEQ ID No. 6). 

 

In one embodiment, the single domain antibodies of the invention comprise C-terminal extensions of 

from 1 to 50 residues, for example 1 to 10, e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, 1-20, 1-30 or 1-40  

additional amino acids. In one embodiment, the single domain antibodies of the invention comprise 

additional amino acids of the human CH1 domain thus that the C terminal end extends into the CH1 

domain.  

 

Additional C or N-terminal residues can be peptide linkers that are for example used to conjugate the 

single domain antibodies of the invention to another moiety, or tags that aid the detection of the 

molecule. Such tags are well known in the art and include for, example linker His tags, e.g., hexa-His 

(HHHHHH, SEQ ID No. 7) or myc tags. 

 

As used herein, the term "homology" or “identity” generally refers to the percentage of amino acid 

residues in a sequence that are identical with the residues of the reference polypeptide with which it is 

compared, after aligning the sequences and in some embodiments after introducing gaps, if 

necessary, to achieve the maximum percent homology, and not considering any conservative 

substitutions as part of the sequence identity. Thus, the percent homology between two amino acid 

sequences is equivalent to the percent identity between the two sequences. Neither N- or C-terminal 

extensions, tags or insertions shall be construed as reducing identity or homology. Methods and 
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computer programs for the alignment are well known. The percent identity between two amino acid 

sequences can be determined using well known mathematical algorithms. 

 

The variable domain of the single domain antibodies as described herein is a fully human or 

substantially fully human. The term VH domain antibody as used herein designates a single human 

variable heavy chain domain antibody (as opposed to VHH which designates a camelid heavy chain 

domain). As used herein, a human VH domain includes a fully human or substantially fully human VH 

domain. As used herein, the term human VH domain also includes VH domains that are isolated from 

heavy chain only antibodies made by transgenic mice expressing fully human immunoglobulin heavy 

chain loci, in particular in response to an immunisation with an antigen of interest (i.e. HSA), for 

example as described in WO2016/062990 and in the examples below. In one embodiment, a human 

VH domain can also include a VH domain that is derived from or based on a human VH domain amino 

acid or produced from a human VH nucleic acid sequence. Thus, the term human VH domain includes 

variable heavy chain regions derived from or encoded by human immunoglobulin sequences and for 

example obtained from heavy chain only antibodies produced in transgenic mice expressing fully 

human unrearranged V, D, J gene segments. In some embodiments, a substantially human VH 

domain or a VH domain that is derived from or based on a human VH domain may include amino acid 

residues not encoded by human germline immunoglobulin sequences (e.g., mutations introduced in 

vitro, e.g. by random or site-specific mutagenesis, or introduced by somatic mutation in vivo). The 

term “human VH domain” therefore also includes a substantially human VH domain wherein one or 

more amino acid residue has been modified, for example to remove sequence liabilities. For example, 

a substantially human VH domain the VH domain may include up to 10, for example 1, 2, 3, 4, 5, 6, 7, 

8, 9 or 10 or up to 20 amino acid modifications compared to a germline human sequence. 

 

However, the term "human VH domain" or "substantially human VH domain", as used herein, is not 

intended to include antibodies in which CDR sequences derived from the germline of another 

mammalian species, such as a mouse, have been grafted onto human framework sequences. In one 

embodiment, the term "human VH domain", as used herein, is also not intended to include camelized 

VH domains, that is human VH domains that have been specifically modified, for example in vitro by 

conventional mutagenesis methods to select predetermined positions in the VH domains sequence 

and introduce one or more point mutation at the predetermined position to change one or more 

predetermined residue to a specific residue that can be found in a camelid VHH domain. 

 

The molecules of the invention are advantageous because they are fully human and are thus not 

immunogenic. They do not require humanisation.  

 

HSA has three domains, domain I, domain II and domain III. Domain III is involved in binding of serum 

albumin to FcRn. Surprisingly, the inventors have shown that single variable heavy chain domain 

antibody termed Humabody® 1 herein which comprises or consists of SEQ ID NO. 1 binds to domain 

III of HSA. Without wishing to be bound by theory, it is believed that interaction with domain III can be 
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beneficial to tune half life. This interaction may have an impact on the HSA and FcRn interaction 

leading to shorter half life which might be required for some agonist  molecules. 

 

In a first aspect, the invention thus relates to an immunoglobulin single variable heavy chain domain 

that binds domain III of HSA (i.e. amino acid residues 383-569 of HSA). In one embodiment, it does 

not bind domains I and II. In one embodiment, said immunoglobulin single variable domain comprises 

or consists of SEQ ID NO. 1 or a sequence with at least 75%, 80%, 85%, 90% or 95% homology 

thereto. 

 

SEQ ID NO. 1 is shown below:  

EVQLVESGGGLVQPGRSLRSCAASGFTFHHYAMHWVRQAPGKGLEWVSGISWNGNKITYADSVKG

RFTISRDNAKNSLYLQMNSLRAEDTALYYCVRDSSLFIVGAPTFEHWGRGTLVTVSS  

(SEQ ID NO. 1, also termed Humabody® 1 herein) 

 

The sequence for CDR1, CDR2 and CDR3 respectively is shown in bold above. The CDRs of 

Humabody® 1 have the following sequence: 

 

CDR1: HYAMH (SEQ ID NO. 2) 

CDR2: GISWNGNKITYADSVKG (SEQ ID NO. 3) 

CDR3: DSSLFIVGAPTFEH (SEQ ID NO. 4) 

 

Sequence homology/identity can be at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 

97%, 98% or 99% for example at least 95%, 96%, 97%, 98% or 99% sequence homology. 

 

In one embodiment, the immunoglobulin single variable domain comprises 

a) a CDR1 having SEQ ID NO. 2 or an amino acid sequence that has 1, 2, 3, 4 or 5 differences 

with SEQ ID NO. 2  

b) a CDR2 having SEQ ID NO. 3 or an amino acid sequence that has 1, 2, 3, 4, 5 , 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16 or 17 differences with SEQ ID NO. 3 and/or 

c) a CDR3 having SEQ ID NO. 4 or an amino acid sequence that has 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12, 13 or 14 differences with SEQ ID NO. 4. 

 

A difference in the amino acid sequence can be a deletion, substitution or addition of an amino acid. 

In one embodiment, the difference is an amino acid substitution.  

In one embodiment, the immunoglobulin single variable domain has one of the CDRs defined herein, 

e.g. CDR1, CDR2 or CDR3. In on embodiment the CDR is selected from SEQ ID NO. 2, 3 or 4 

respectively. In another embodiment, the CDR is a variant and has substitutions as defined above. In 

another embodiment, one for two of the CDR sequences is as defined from SEQ ID NO. 2, 3 or 4 and 

the remaining CDR is a variant of the respective CDR sequence 2, 3 or 4 as applicable.  
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In one embodiment, the immunoglobulin single variable heavy chain domain is a variant of SEQ ID 

NO.1 having one or more amino acid substitutions, e.g.  to 20, e.g. 1, 2, 3, 4, 5 , 7, 8, 9, 10, 11, 12, 

13, 14, 15, 16, 17, 18, 19 or 20 substitutions, one or more deletions, one or more insertions or other 

modifications, and which retains a biological function of the single domain antibody, that is binding to 

HSA. Thus, variant VH single domain antibody can be sequence engineered. Modifications may 

include one or more substitution, deletion or insertion of one or more codons encoding the single 

domain antibody or polypeptide that results in a change in the amino acid sequence as compared with 

the native sequence VH single domain antibody or polypeptide. Amino acid substitutions can be the 

result of replacing one amino acid with another amino acid having similar structural and/or chemical 

properties, such as the replacement of a leucine with a serine, i.e., conservative amino acid 

replacements. Insertions or deletions may optionally be in the range of about 1 to 25, for example 1 to 

5, 1 to 10, 1 to 15, 1 to 20 amino acids, for example 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acids. The 

variation allowed may be determined by systematically making insertions, deletions or substitutions of 

amino acids in the sequence and testing the resulting variants for activity exhibited by the full-length 

or mature native sequence.  

 

A variant of a VH single domain antibody described herein has at least  90%, 91%, 92%, 93%, 94%, 

95%, 96%, 97%, 98% or 99% sequence homology/identity to the non-variant molecule. In one 

embodiment, the modification is a conservative sequence modification. As used herein, the term 

"conservative sequence modifications" is intended to refer to amino acid modifications that do not 

significantly affect or alter the binding characteristics of the antibody containing the amino acid 

sequence. Such conservative modifications include amino acid substitutions, additions and deletions. 

Modifications can be introduced into an sdAb of the invention by standard techniques known in the 

art, such as site-directed mutagenesis and PCR-mediated mutagenesis. Conservative amino acid 

substitutions are ones in which the amino acid residue is replaced with an amino acid residue having 

a similar side chain. Families of amino acid residues having similar side chains have been defined in 

the art. These families include amino acids with basic side chains (e.g., lysine, arginine, histidine), 

acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, 

asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., 

alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine), beta-branched side chains 

(e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 

tryptophan, histidine). Thus, one or more amino acid residues within the CDR regions of a single 

domain antibody of the invention can be replaced with other amino acid residues from the same side 

chain family and the altered antibody can be tested for retained function (i.e., HSA binding) using the 

functional assays described herein. 

 

Thus, these amino acid changes can typically be made without altering the biological activity, function, 

or other desired property of the polypeptide, such as its affinity or its specificity for antigen. In general, 

single amino acid substitutions in nonessential regions of a polypeptide do not substantially alter 

biological activity. Furthermore, substitutions of amino acids that are similar in structure or function are 
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less likely to disrupt the polypeptides' biological activity. Abbreviations for the amino acid residues that 

comprise polypeptides and peptides described herein, and conservative substitutions for these amino 

acid residues are shown in Table 1 below.  

 

Table 1. Amino Acid Residues and Examples of Conservative Amino Acid Substitutions 

 

Original residue 

Three letter code, single letter code 

Conservative substitution 

Alanine, Ala, A Gly, Ser 

Arginine, Arg, R Lys, His 

Asparagine, Asn, N Gln, His 

Aspartic acid Asp, D Glu, Asn 

Cysteine, Cys, C Ser, Ala 

Glutamine, Gln, Q Asn 

Glutamic acid, Glu, E Asp, Gln 

Glycine, Gly, G Ala 

Histidein, His, H Asn, Gln 

Isoleucine, Ile, I Leu, Val 

Leucine, Leu, L Ile, Val 

Lysine, lys, K Ar, His 

Methionine, Met, M Leu, Ile, Tyr 

Phenylalanine, Phe, F Tyr, Met, Leu 

Proline, Pro, P Ala 

Serine, Ser, S Thr 

Threonine, Thr, T Ser 

Tryptophan, Trp, W Tyr, Phe 

Tyrosine, Tyr, Y Try, Phe 

Valine, Val, V Ile, Leu 

 

In some embodiments, the invention provides a VH single domain antibody that is a variant of a VH 

single domain antibody compared to SEQ ID NO. 1 that comprises one or more sequence 

modification and has improvements in one or more of a property such as binding affinity, specificity, 

thermostability, expression level, effector function, glycosylation, reduced immunogenicity, or solubility 

as compared to the unmodified single domain antibody. 

 

A skilled person will know that there are different ways to identify, obtain and optimise the antigen 

binding molecules as described herein, including in vitro and in vivo expression libraries. This is 

further described in the examples. Optimisation techniques known in the art, such as display (e.g., 

ribosome and/or phage display) and / or mutagenesis (e.g., error-prone mutagenesis) can be used. 
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The invention therefore also comprises sequence optimised variants of the single domain antibodies 

described herein.  

 

In one embodiment, modifications can be made to decrease the immunogenicity of the single domain 

antibody. For example, one approach is to revert one or more framework residues to the 

corresponding human germline sequence. More specifically, a single domain antibody that has 

undergone somatic mutation may contain framework residues that differ from the germline sequence 

from which the single domain antibody is derived. Such residues can be identified by comparing the 

single domain antibody framework sequences to the germline sequences from which the single 

domain antibody is derived. In one embodiment, all framework sequences are germline sequence. 

 

To return one or more of the amino acid residues in the framework region sequences to their germline 

configuration, the somatic mutations can be "backmutated" to the germline sequence by, for example, 

site-directed mutagenesis or PCR-mediated mutagenesis. 

 

Another type of framework modification involves mutating one or more residues within the framework 

region, or even within one or more CDR regions, to remove T cell epitopes to thereby reduce the 

potential immunogenicity of the antibody. 

 

In still another embodiment, glycosylation is modified. For example, an aglycoslated antibody can be 

made (i.e., the antibody lacks glycosylation). Glycosylation can be altered to, for example, increase 

the affinity of the antibody for antigen. Such carbohydrate modifications can be accomplished by, for 

example, altering one or more sites of glycosylation within the antibody sequence. For example, one 

or more amino acid substitutions can be made that result in elimination of one or more variable region 

framework glycosylation sites to thereby eliminate glycosylation at that site. Such aglycosylation may 

increase the affinity of the antibody for the antigen. 

 

In one embodiment, the one or more substitution is in the CDR1, 2 or 3 region. For example, there 

may be 1, 2, 3, 4, 5 or more amino acid substitutions in the CDR1, 2 or 3. In another example, there 

may be 1 or 2 amino acid deletions.  In one embodiment, the one or more substitution is in the 

framework region. For example, there may be 1 to 10 or more amino acid substitutions in the 

framework region.  

 

In one embodiment, the variant comprises one or more of the following substitutions with reference to 

SEQ ID NO. 1 or combinations thereof: 

 

E111→D; 

R115→Q; 

S100→H or V; 

V97→A; 
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K98→R; 

13Q→H or K; 

16R→G; 

19R→K; 

23A→T; 

24A→V; 

H30→N or D; 

H31→E or D; 

G55→S; 

G56→N; 

K57→S, T, V or R; 

T59→A, D or G;  

K65R; 

A89→V or P and/or 

I104→L. 

 

In one embodiment, the variant comprises 1, 2, 3, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 

or 19 of the modifications listed above. Combinations of the modifications are thus specifically 

envisaged. In one embodiment, the variant has the modifications E111→D and R115→Q. In one 

embodiment, the variant has SEQ ID NO. 19 or 20 or a sequence with at least 80%, 90% or 90% 

sequence identity thereto and which retains the CDR sequences as shown for SEQ ID NO. 19 or 20. 

Thus, the invention also relates to a single VH domain antibody comprising or consisting of SEQ ID 

NO. 1, 19 or 20 or a variant thereof. 

 

Also encompassed are fragments of the sdAbs described herein, e.g. fragments of SEQ IDs. 1, 19 or 

20 that retain binding to HAS, for example peptides that comprise or consist of one or more of the 

CDR sequences. 

 

As mentioned, 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. 

 

The term "half-life" as used can generally refer to the time taken for the serum 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 to the person skilled in the art. The half-life 

can be expressed using parameters such as the tl/2-alpha, tl/2-beta and the area under the curve 
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(AUC). Half-lives (t alpha and t beta) and AUC can be determined from a curve of serum 

concentration of conjugate or fusion against time. Thus, the term "half-life" as used herein in particular 

refers to the tl/2-beta or terminal half-life (in which the tl/2-alpha and/or the AUC or both may be kept 

out of considerations).  

 

For example, in a first phase (the alpha phase) the drug composition (e. g., drug conjugate, 

noncovalent drug conjugate, drug fusion) is undergoing mainly distribution in the patient, with some 

elimination. A second phase (beta phase) is the terminal phase when the drug composition (e. g., 

drug conjugate, noncovalent drug conjugate, drug fusion) has been distributed and the serum 

concentration is decreasing as the drug composition is cleared from the patient. The t alpha half-life is 

the half-life of the first phase and the t beta half-life is the half-life of the second phase. 

 

The HSA binding immunoglobulin variable domain of the invention  

• Have a half life in man (expressed as t1/2) of 1 to 72 hours, for example 2, 4, 6, 8 or 10 hours, 

for example 10 or more, for example  10, 11, 12, 14, 14, 15, 16, 17, 18, 19, 20, for example 

about 18, for example up to 20 hours or 12, 24, 36 or 48 hours and/or 

• When linked to a therapeutic moiety confer to the resulting fusion protein a serum half life in 

man that is 1 to 72 hours, for example 10 or more, for example 2, 4, 6, 8 or 10 hours, for 

example 10, 11, 12, 14, 14, 15, 16, 17, 18, 19, 20, for example about 18, or up to 20 hours or 

12, 24, 36 or 48 hours.  

 

In one embodiment, the HSA binding immunoglobulin variable heavy chain domain of the invention 

extends the half life of a molecule, for example another single variable heavy chain domain antibody, 

in a humanized mouse model by about 18 hours. For example, the HSA binding immunoglobulin 

variable heavy chain domain of the invention extends the half life of a molecule, for example another 

single variable heavy chain domain antibody, by about 18 hours in the genOway® HSA/FcRn 

humanized mouse model as shown in the examples where the HSA binding immunoglobulin variable 

heavy chain domain is provided by i.v. administration. 

 

The HSA binding immunoglobulin variable domains of the invention also have excellent storage 

stability as shown in example 8.  For example, the HSA binding immunoglobulin variable domains of 

the invention remain stable at 4° for 14 days. They are particularly suited to extending the half life of 

VH single domain antibodies as shown in the examples. 

 

The invention thus also relates to binding molecules that comprise an immunoglobulin single variable 

domain comprising or consisting of SEQ ID NO. 1 and a second moiety that binds to another target, 

e.g. fusion proteins that comprise or consist of the HSA binding immunoglobulin variable domain and 

another moiety. In one embodiment, the moiety is a therapeutic moiety. The binding molecule can be 

polypeptide, protein or construct. 

 



P35198WO1  
 

15 
 

In one embodiment, the therapeutic moiety is a binding molecule, for example selected from an 

antibody or antibody fragment (e.g., a Fab, F(ab')2, Fv, a single chain Fv fragment (scFv) or single 

domain antibody, for example a VH or VHH domain) or antibody mimetic protein. In one embodiment, 

the single domain antibody of the invention can be linked to an antibody Fc region or fragment 

thereof, comprising one or both of CH2 and CH3 domains, and optionally a hinge region. In one 

embodiment, the at least second moiety is a single domain antibody, e.g. a single VH domain 

antibody. 

 

In one embodiment, the proteins or polypeptides that comprise the immunoglobulin single variable 

domain that binds to HSA as described herein and a second moiety are fusion proteins. In one 

embodiment, the proteins or polypeptides that comprise the immunoglobulin single variable domain 

that binds to HSA as described herein and a second moiety are drug conjugates. 

 

As used herein "conjugate" refers to a composition comprising the single VH domain antibody that 

binds serum albumin as described herein that is bonded/conjugated to a drug. 

 

Such conjugates include "drug conjugates" which comprise an antigen-binding fragment of an 

antibody that binds serum albumin to which a drug is covalently bonded, and "non-covalent drug 

conjugates" which comprise an antigen-binding fragment of an antibody that binds serum albumin to 

which a drug is noncovalently bonded. 

 

As used herein, "drug conjugate" refers to a composition comprising an antigen-binding fragment of 

an antibody that binds serum albumin to which a drug is covalently bonded. The drug can be 

covalently bonded to the antigen-binding fragment directly or indirectly through a suitable linker 

moiety. The drug can be bonded to the antigen-binding fragment at any suitable position, such as the 

amino- terminus, the carboxyl-terminus or through suitable amino acid side chains. 

 

In one embodiment, the immunoglobulin single variable domain is linked to the second moiety with a 

peptide linker or other suitable linker to connect the two moieties. 

 

The term "peptide linker" refers to a peptide comprising one or more amino acids. A peptide linker 

comprises 1 to 50, for example 1 to 20 amino acids. Peptide linkers are known in the art and non-

limiting examples are described herein. Suitable, non-immunogenic linker peptides are, for example, 

linkers that include G and/or S residues, (G4S)n, (SG4)n or G4(SG4)n peptide linkers, wherein "n" is 

generally a number between 1 and 10, e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10. In one embodiment, the 

peptide is for example selected from the group consisting of GGGGS (SEQ ID NO:8), 

GGGGSGGGGS (SEQ ID NO:9), SGGGGSGGGG (SEQ ID NO:10), GGGGSGGGGSGGGG (SEQ 

ID NO:11), GSGSGSGS (SEQ ID NO:12), GGSGSGSG (SEQ ID NO:13), GGSGSG (SEQ ID NO:14) 

and GGSG (SEQ ID NO:15). 
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The binding agent may be multispecific, for example bispecific. In one embodiment, the binding 

molecule comprises a first VH single domain antibody that binds to HSA as described herein (VH (A)) 

and a second VH single domain antibody (VH (B)) that binds to another antigen and thus has the 

following formula: VH (A)- L-VH (B). VH (A) is conjugated to VH (B), that is linked to VH (B), for example 

with a peptide linker. L denotes a linker. 

 

Each VH comprises CDR and FR regions. Thus, the binding molecule may have the following formula: 

FR1(A)-CDR1(A)-FR2(A)-CDR2(A)-FR3(A)-CDR3(A)-FR4(A)-L-FR1(B)-CDR1(B)-FR2(B)-CDR2(B)-

FR3(B)-CDR3(B)-FR4(B).  

 

The order of the single VH domains A and B is not particularly limited, so that, within a polypeptide of 

the invention, single variable domain A may be located N-terminally and single variable domain B may 

be located C-terminally, or vice versa.  

 

In one embodiment, the binding molecule is bispecific. Thus, in one aspect, the invention relates to a 

bispecific molecule comprising a single domain antibody described herein linked to a second 

functional moiety having a different binding specificity than said single domain antibody. 

 

In one embodiment the binding molecule, e.g. the protein or construct is multispecific and comprises a 

further, i.e. third, fourth, fifth etc moiety.  

 

In one embodiment of the multispecific protein, the HSA binding VH domain is located at the C 

terminus of the protein. 

 

The second or further therapeutic moiety can be selected from a moiety that binds for example a 

tumor antigen or an immunooncology target, but a skilled person would know that the invention is not 

thus limited. 

 

The invention also relates to the use of an immunoglobulin single variable domain as described herein 

extending the half life of a therapeutic moiety when said an immunoglobulin single variable domain 

according to any of claims is linked to said therapeutic moiety in a fusion protein. 

 

The invention also relates to the use of an immunoglobulin single variable domain as described herein 

extending the half life of a therapeutic moiety when said an immunoglobulin single variable domain 

according to any of claims is linked to said therapeutic moiety in a fusion protein. For example, it can 

be used to extend the half life of a protein comprising a sdAb that binds to CD137 and an sdAb that 

binds to PSMA as described herein. The immunoglobulin single variable domain as described herein, 

for example the molecule may be in the format of VH (A)-VH (B)-VH (C), VH (B)-VH (A)-VH (C), VH (C)-

VH (A)-VH(B) or VH (C)-VH (B)-VH (A) wherein A is a sdAb that binds to CD137, B an sdAb that binds 
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to PSMA and C is immunoglobulin single variable domain as described herein (e.g. SEQ ID NO. 1). 

For example, the molecule comprises or consists of SEQ ID NO. 17. 

 

Thus, in the fusion proteins of the invention, the therapeutic moiety can for example bind to an 

oncology target, for example an immunooncology target. 

 

In one embodiment, the single variable heavy chain domain antibody is obtained or obtainable from a 

transgenic rodent that expresses a transgene comprising unrearranged human V, D and J regions, in 

particular a rodent that produces human heavy chain only antibodies. In one embodiment, the said 

rodent does not produce functional endogenous light and heavy chains. 

 

Generally, unless indicated otherwise herein, the immunoglobulin single variable domain, 

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-blooded 

animals and in particular mammals). Thus, generally, the  immunoglobulin single variable domain, 

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. 

 

Thus, the invention also relates to a pharmaceutical composition or formulation comprising an 

immunoglobulin single variable domain polypeptide, protein or construct as described herein, e.g. a 

binding molecule or fusion protein that comprises the HSA- binding single domain as described 

herein. The pharmaceutical composition may optionally comprise a pharmaceutically acceptable 

carrier. Immunoglobulin single variable domain polypeptide, protein or construct or the pharmaceutical 

composition can be administered by any convenient route, including but not limited to oral, topical, 

parenteral, sublingual, rectal, vaginal, ocular, intranasal, pulmonary, intradermal, intravitreal, 

intramuscular, intraperitoneal, intravenous, subcutaneous, intracerebral, transdermal, transmucosal, 

by inhalation, or topical, particularly to the ears, nose, eyes, or skin or by inhalation. 

 

Parenteral administration includes, for example, intravenous, intramuscular, intraarterial, 

intraperitoneal, intranasal, rectal, intravesical, intradermal, topical or subcutaneous administration.  

Preferably, the compositions are administered parenterally. 

 

The pharmaceutically acceptable carrier or vehicle can be particulate, so that the compositions are, 

for example, in tablet or powder form. The term "carrier" refers to a diluent, adjuvant or excipient, with 

which a drug antibody conjugate of the present invention is administered. Such pharmaceutical 

carriers can be liquids, such as water and oils, including those of petroleum, animal, vegetable or 

synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. The carriers can 

be saline, gum acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea, and the like. In 

addition, auxiliary, stabilizing, thickening, lubricating and coloring agents can be used. In one 
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embodiment, when administered to an animal, the single domain antibody of the present invention or 

compositions and pharmaceutically acceptable carriers are sterile. Water is a preferred carrier when 

the drug antibody conjugates of the present invention are administered intravenously. Saline solutions 

and aqueous dextrose and glycerol solutions can also be employed as liquid carriers, particularly for 

injectable solutions. Suitable pharmaceutical carriers also include excipients such as starch, glucose, 

lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, 

talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. The 

present compositions, if desired, can also contain minor amounts of wetting or emulsifying agents, or 

pH buffering agents. 

 

The pharmaceutical composition of the invention can be in the form of a liquid, e.g., a solution, 

emulsion or suspension. The liquid can be useful for delivery by injection, infusion (e.g., IV infusion) or 

sub-cutaneously. When intended for oral administration, the composition is preferably in solid or liquid 

form, where semi-solid, semi-liquid, suspension and gel forms are included within the forms 

considered herein as either solid or liquid.  

 

As a solid composition for oral administration, the composition can be formulated into a powder, 

granule, compressed tablet, pill, capsule, chewing gum, wafer or the like form. Such a solid 

composition typically contains one or more inert diluents. In addition, one or more of the following can 

be present: binders such as carboxymethylcellulose, ethyl cellulose, microcrystalline cellulose, or 

gelatin; excipients such as starch, lactose or dextrins, disintegrating agents such as alginic acid, 

sodium alginate, corn starch and the like; lubricants such as magnesium stearate; glidants such as 

colloidal silicon dioxide; sweetening agents such as sucrose or saccharin; a flavoring agent such as 

peppermint, methyl salicylate or orange flavoring; and a coloring agent. When the composition is in 

the form of a capsule (e. g. a gelatin capsule), it can contain, in addition to materials of the above 

type, a liquid carrier such as polyethylene glycol, cyclodextrin or a fatty oil.  

 

The composition can be in the form of a liquid, e. g. an elixir, syrup, solution, emulsion or suspension. 

The liquid can be useful for oral administration or for delivery by injection. When intended for oral 

administration, a composition can comprise one or more of a sweetening agent, preservatives, 

dye/colorant and flavor enhancer. In a composition for administration by injection, one or more of a 

surfactant, preservative, wetting agent, dispersing agent, suspending agent, buffer, stabilizer and 

isotonic agent can also be included. 

 

Compositions can take the form of one or more dosage units. In specific embodiments, it can be 

desirable to administer the composition locally to the area in need of treatment, or by intravenous 

injection or infusion.   

 

The invention further extends to methods for the treatment of a disease, e.g. cancer, comprising 

administration of a pharmaceutical composition or formulation described herein or a binding molecule 
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or fusion protein that comprises the HSA- binding single domain as described herein. Also envisaged 

is a pharmaceutical composition or formulation described herein or a binding molecule or fusion 

protein that comprises the HSA- binding single domain as described herein for use in the treatment of 

disease; e.g. for use in the treatment of cancer. Also envisaged is the use of a pharmaceutical 

composition or formulation described herein or a binding molecule or fusion protein that comprises the 

HSA- binding single domain as described herein fin the manufacture of a medicament for the 

treatment of cancer. 

 

The amount of the therapeutic that is effective/active in the treatment of a particular disorder or 

condition will depend on the nature of the disorder or condition, and can be determined by standard 

clinical techniques. In addition, in vitro or in vivo assays can optionally be employed to help identify 

optimal dosage ranges. The precise dose to be employed in the compositions will also depend on the 

route of administration, and the seriousness of the disease or disorder, and should be decided 

according to the judgment of the practitioner and each patient's circumstances. Factors like age, body 

weight, sex, diet, time of administration, rate of excretion, condition of the host, drug combinations, 

reaction sensitivities and severity of the disease shall be taken into account.  

 

Typically, the amount is at least about 0.01% of a single domain antibody of the present invention by 

weight of the composition. When intended for oral administration, this amount can be varied to range 

from about 0.1 % to about 80% by weight of the composition. Preferred oral compositions can 

comprise from about 4% to about 50% of the single domain antibody of the present invention by 

weight of the composition. 

 

Preferred compositions of the present invention are prepared so that a parenteral dosage unit 

contains from about 0.01 % to about 2% by weight of the single domain antibody of the present 

invention.  

 

For administration by injection, the composition can comprise from about typically about 0.1 mg/kg to 

about 250 mg/kg of the subject’s body weight, preferably, between about 0.1 mg/kg and about 20 

mg/kg of the animal's body weight, and more preferably about 1 mg/kg to about 10 mg/kg of the 

animal's body weight. In one embodiment, the composition is administered at a dose of about 1 to 30 

mg/kg, e.g., about 5 to 25 mg/kg, about 10 to 20 mg/kg, about 1 to 5 mg/kg, or about 3 mg/kg. The 

dosing schedule can vary from e.g., once a week to once every 2, 3, or 4 weeks. 

 

As used herein, "treat", "treating" or "treatment" means inhibiting or relieving a disease or disorder. 

For example, treatment can include a postponement of development of the symptoms associated with 

a disease or disorder, and/or a reduction in the severity of such symptoms that will, or are expected, 

to develop with said disease. The terms include ameliorating existing symptoms, preventing additional 

symptoms, and ameliorating or preventing the underlying causes of such symptoms. Thus, the terms 

denote that a beneficial result is being conferred on at least some of the mammals, e.g., human 
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patients, being treated. Many medical treatments are effective for some, but not all, patients that 

undergo the treatment. 

 

The term "subject" or "patient" refers to an animal which is the object of treatment, observation, or 

experiment. By way of example only, a subject includes, but is not limited to, a mammal, including, but 

not limited to, a human or a non-human mammal, such as a non-human primate, murine, bovine, 

equine, canine, ovine, or feline. 

 

The molecules or pharmaceutical composition of the invention may be administered as the sole active 

ingredient or in combination with one or more other therapeutic agent. A therapeutic agent is a 

compound or molecule which is useful in the treatment of a disease. Examples of therapeutic agents 

include antibodies, antibody fragments, drugs, toxins, nucleases, hormones, immunomodulators, pro-

apoptotic agents, anti-angiogenic agents, boron compounds, photoactive agents or dyes and 

radioisotopes. 

 

The invention also relates to a method for extending the half life of a protein comprising joining said 

protein to an immunoglobulin single variable domain as described herein. 

 

The invention also relates to a nucleic acid sequence that encodes an amino acid sequence 

described herein. In one embodiment, said nucleic acid is SEQ ID NO. 16 or a nucleic acid having at 

least 75%, 80% or 90% sequence homology thereto. In one embodiment, said nucleic acid sequence 

is linked with a linker to a second nucleic acid sequence. In one embodiment, said second nucleic 

acid encodes a therapeutic moiety. In one embodiment, said linker is a nucleic acid linker. An 

exemplary nucleic acid is shown below. However, a skilled person will understand that due to the 

degeneracy of the genetic code, other sequences are envisaged.  

 

GGCTTTGTGA GCGGATACAA TTATAATATG TGGAATTGTG AGCGCTCACA ATTCCACAAC GGT
TTCCCTC TAGAAATAAT TTTGTTTAAC TTTTAGGAGG TAAAACATAT GAAGAAAACG GCAATCG
CAA TCGCAGTCGC TCTGGCGGGT TTCGCAACTG TAGCGCAAGC CGAGGTGCAA CTGGTCGA
GT CTGGTGGTGG TTTGGTGCAA CCTGGTAGAA GCTTGCGTTT GAGTTGTGCC GCTTCCGGCT
 TCACTTTCCA TCATTATGCT ATGCACTGGG TTCGTCAAGC TCCCGGAAAA GGTTTGGAGT GG
GTTTCCGG AATTTCCTGG AATGGCAATA AGATTACGTA CGCTGATTCA GTGAAAGGAA GGTTT
ACAAT CAGTAGAGAT AATGCTAAAA ACTCATTGTA TCTACAAATG AACAGCCTAA GAGCAGAA
GA TACCGCTCTG TACTACTGTG TTAGAGATAG CTCGTTATTC ATTGTAGGTG CACCAACTTT T
GAACATTGG GGTCGGGGTA CTCTTGTGAC TGTCTCATCC GCGGCCGCAC ACCACCATCA TCA
CCACTAA CTCGAGCGCC TAATGAAAGC TTCCCCAAGG GCGACACCCC CTAATTAGCC CGGG
CGAAAG GCCCAGTCTT TCGACTGAGC CTTTCGTTTT ATTTGATGCC TGGCAGTTCC CTACTCT
CGC ATGGGGAGTC CCCACACTAC CATCGGCGCT ACGGCGTTTC ACTTCTGAGT TCGGCATG
GA (SEQ ID NO. 16) 
 

The invention also relates to a vector comprising a nucleic acid sequence as described herein. 

 

The invention also relates to a host cell comprising the nucleic acid sequence as described herein or 

a vector as described herein. 
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The invention also relates to a kit comprising an immunoglobulin single variable domain or 

pharmaceutical composition as described herein, a protein or construct as described herein or a 

pharmaceutical composition as described herein and optionally instructions for use. 

 

A single domain antibody described herein can be obtained from a transgenic mammal, for example a 

rodent, that expresses heavy chain only antibodies upon stimulation with an HSA antigen. The 

transgenic rodent, for example a mouse, preferably has a reduced capacity to express endogenous 

antibody genes. Thus, in one embodiment, the rodent has a reduced capacity to express endogenous 

light and/or heavy chain antibody genes. The rodent may therefore comprise modifications to disrupt 

expression of endogenous kappa and lambda light and/or heavy chain antibody genes so that no 

functional light and/or heavy chains are produced, for example as further explained below. 

 

Also disclosed is a method for producing human heavy chain only antibodies capable of binding HSA 

said method comprising   

a) immunising a transgenic rodent, e.g. a mouse, with an HSA antigen wherein said rodent 

expresses a nucleic acid construct comprising unrearranged human heavy chain V genes and is not 

capable of making functional endogenous light or heavy chains,  

b) isolating human heavy chain only antibodies.  

 

Further steps can include isolating a VH domain from said heavy chain only antibody, for example by 

generating a library of sequences comprising VH domain sequences from said rodent, e.g. a mouse 

and isolating sequences comprising VH domain sequences from said libraries. 

 

Also disclosed is a method for producing a single VH domain antibody capable of binding human HSA 

said method comprising   

a) immunising a transgenic rodent, e.g. a mouse. with an HSA antigen wherein said rodent 

expresses a nucleic acid construct comprising unrearranged human heavy chain V genes and is not 

capable of making functional endogenous light or heavy chains,  

b) generating a library of sequences comprising VH domain sequences from said rodent, e.g. a 

mouse and 

c) isolating sequences comprising VH domain sequences from said libraries.  

 

Further steps may include identifying a single VH domain antibody or heavy chain only antibody that 

binds to HSA, for example by using functional assays as shown in the examples. 

 

Methods for preparing or generating the polypeptides, nucleic acids, host cells, products and 

compositions described herein using in vitro expression libraries can comprise the steps of:  

a) providing a set, collection or library of nucleic acid sequences encoding amino acid 

sequences; and  
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b) screening said set, collection or library for amino acid sequences that can bind to / have 

affinity for HSA and  

c) isolating the amino acid sequence(s) that can bind to / have affinity for HSA. 

 

In the above method, the set, collection or library of amino acid sequences may be displayed on a 

phage, phagemid, ribosome or suitable micro-organism (such as yeast), such as to facilitate 

screening. Suitable methods, techniques and host organisms for displaying and screening (a set, 

collection or library of) amino acid sequences will be clear to the person skilled in the art (see for 

example Phage Display of Peptides and Proteins: A Laboratory Manual, Academic Press; 1st edition 

(October 28, 1996) Brian K. Kay, Jill Winter, John McCafferty). Libraries, for example phage libraries, 

are generated by isolating a cell or tissue expressing an antigen-specific, heavy chain-only antibody, 

cloning the sequence encoding the VH domain(s) from mRNA derived from the isolated cell or tissue 

and displaying the encoded protein using a library. The VH domain(s) can be expressed in bacterial, 

yeast or other expression systems. 

 

Another aspect also relates to an isolated VH single domain antibody or an isolated heavy chain only 

antibody comprising a VH domain binding to HSA comprising an amino acid product of or derived from 

a human VH germline sequence. The heavy chain only antibody may be fully human or comprise 

mouse sequences. 

 

In the various aspects and embodiments as out herein, the term rodent may relate to a mouse or a 

rat. In one embodiment, the rodent is a mouse. The mouse may comprise a non-functional 

endogenous lambda light chain locus. Thus, the mouse does not make a functional endogenous 

lambda light chain. In one embodiment, the lambda light chain locus is deleted in part or completely or 

rendered non-functional through insertion, inversion, a recombination event, gene editing or gene 

silencing. For example, at least the constant region genes C1, C2 and C3 may be deleted or rendered 

non-functional through insertion or other modification as described above. In one embodiment, the 

locus is functionally silenced so that the mouse does not make a functional lambda light chain.  

 

Furthermore, the mouse may comprise a non-functional endogenous kappa light chain locus. Thus, 

the mouse does not make a functional endogenous kappa light chain. In one embodiment, the kappa 

light chain locus is deleted in part or completely or rendered non-functional through insertion, 

inversion, a recombination event, gene editing or gene silencing. In one embodiment, the locus is 

functionally silenced so that the mouse does not make a functional kappa light chain.  

 

The mouse having functionally-silenced endogenous lambda and kappa L-chain loci may, for 

example, be made as disclosed in WO 2003/000737, which is hereby incorporated by reference in its 

entirety.   
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Furthermore, the mouse may comprise a non-functional endogenous heavy chain locus, for example 

as described in WO 2004/076618 (hereby incorporated by reference in its entirety). Thus, the mouse 

does not make a functional endogenous heavy chain. In one embodiment, the heavy chain locus is 

deleted in part or completely or rendered non-functional through insertion, inversion, a recombination 

event, gene editing or gene silencing. In one embodiment, the locus is functionally silenced so that 

the mouse does not make a functional heavy chain.  

 

In one embodiment, the mouse comprises a non-functional endogenous heavy chain locus, a non-

functional endogenous lambda light chain locus and a non-functional endogenous kappa light chain 

locus. The mouse therefore does not produce any functional endogenous light or heavy chains. Thus, 

the mouse is a triple knockout (TKO) mouse.  

 

The transgenic mouse may comprise a vector, for example a Yeast Artificial Chromosome (YAC) for 

expressing a heterologous, preferably a human, heavy chain locus. YACs are vectors that can be 

employed for the cloning of very large DNA inserts in yeast. As well as comprising all three cis-acting 

structural elements essential for behaving like natural yeast chromosomes (an autonomously 

replicating sequence (ARS), a centromere (CEN) and two telomeres (TEL)), their capacity to accept 

large DNA inserts enables them to reach the minimum size (150 kb) required for chromosome-like 

stability and for fidelity of transmission in yeast cells. The construction and use of YACs is well known 

in the art (e.g., Bruschi, C.V. and Gjuracic, K. Yeast Artificial Chromosomes, Encyclopedia of Life 

Sciences, 2002 Macmillan Publishers Ltd, Nature Publishing Group).  

 

For example, the YAC may comprise a plethora of unrearranaged human VH, D and J genes in 

combination with mouse immunoglobulin constant region genes lacking CH1 domains, mouse 

enhancer and regulatory regions. The human VH, D and J genes are human VH, D and J loci and 

they are unrearranged genes that are fully human. The YAC may be as described in 

WO2016/062990. 

 

Alternative methods known in the art may be used for deletion or inactivation of endogenous mouse 

or rat immunoglobulin genes and introduction of human V, D and J genes in combination with mouse 

immunoglobulin constant region genes lacking CH1 domains, mouse enhancer and regulatory 

regions. 

 

Transgenic mice can be created according to standard techniques as illustrated in the examples. The 

two most characterised routes for creating transgenic mice are via pronuclear microinjection of 

genetic material into freshly fertilised oocytes or via the introduction of stably transfected embryonic 

stem cells into morula or blastocyst stage embryos. Regardless of how the genetic material is 

introduced, the manipulated embryos are transferred to pseudo-pregnant female recipients where 

pregnancy continues and candidate transgenic pups are born. 
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The main differences between these broad methods are that ES clones can be screened extensively 

before their use to create a transgenic animal. In contrast, pronuclear microinjection relies on the 

genetic material integrating to the host genome after its introduction and, generally speaking, the 

successful incorporation of the transgene cannot be confirmed until after pups are born. 

 

There are many methods known in the art to both assist with and determine whether successful 

integration of transgenes occurs. Transgenic animals can be generated by multiple means including 

random integration of the construct into the genome, site-specific integration, or homologous 

recombination. There are various tools and techniques that can be used to both drive and select for 

transgene integration and subsequent modification including the use of drug resistance markers 

(positive selection), recombinases, recombination-mediated cassette exchange, negative selection 

techniques, and nucleases to improve the efficiency of recombination. Most of these methods are 

commonly used in the modification of ES cells.  However, some of the techniques may have utility for 

enhancing transgenesis mediated via pronuclear injection. 

 

Further refinements can be used to give more efficient generation of the transgenic line within the 

desired background. As described above, in preferred embodiments, the endogenous mouse 

immunoglobulin expression is silenced to permit sole use of the introduced transgene for the 

expression of the heavy-chain only repertoire that can be exploited for drug discovery. Genetically-

manipulated mice, for example TKO mice that are silenced for all endogenous immunoglobulin loci 

(mouse heavy chain, mouse kappa chain and mouse lambda chain) can be used as described above. 

The transfer of any introduced transgene to this TKO background can be achieved via breeding, 

either conventional or with the inclusion of an IVF step to give efficient scaling of the process. 

However, it is also possible to include the TKO background during the transgenesis procedure. For 

example, for microinjection, the oocytes may be derived from TKO donors. Similarly, ES cells from 

TKO embryos can be derived for use in transgenesis.  

 

Triple knock-out mice into which transgenes have been introduced to express immunoglobulin loci are 

referred to herein as TKO/Tg. 

 

In one embodiment, the mouse is as described in WO2016/062990. The invention also relates to a 

rodent, preferably a mouse which expresses a human heavy chain locus and which has been 

immunized with a HSA antigen. The invention also relates to a rodent as described above, preferably 

a mouse which expresses a heavy chain only antibody comprising a human VH domain that binds to 

human HSA. Preferably, said rodent is not capable of making functional endogenous kappa and 

lambda light and/or heavy chains. The human heavy chain locus is located on a transgene which can 

be as described above.  

 

The invention also relates to an anti-human HSA single VH domain antibody or an anti-human HSA 

heavy chain only antibody comprising a human VH domain or obtained or obtainable from a rodent, 
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preferably a mouse, immunised with a human HSA antigen and which expresses a human heavy 

chain locus. Preferably, said rodent is not capable of making functional endogenous kappa and 

lambda light and/or heavy chains. The human heavy chain locus is located on a transgene which can 

be as described above. 

 

Unless otherwise defined herein, scientific and technical terms used in connection with the present 

disclosure shall have the meanings that are commonly understood by those of ordinary skill in the art. 

While the foregoing disclosure provides a general description of the subject matter encompassed 

within the scope of the present disclosure, including methods, as well as the best mode thereof, of 

making and using this disclosure, the following examples are provided to further enable those skilled 

in the art to practice this disclosure. However, those skilled in the art will appreciate that the specifics 

of these examples should not be read as limiting on the invention, the scope of which should be 

apprehended from the claims and equivalents thereof appended to this disclosure. Various further 

aspects and embodiments of the present disclosure will be apparent to those skilled in the art in view 

of the present disclosure. 

 

All documents mentioned in this specification are incorporated herein by reference in their entirety, 

including references to gene accession numbers, scientific publications and references to patent 

publications.  

 

"and/or" where used herein is to be taken as specific disclosure of each of the two specified features 

or components with or without the other. For example "A and/or B" is to be taken as specific 

disclosure of each of (i) A, (ii) B and (iii) A and B, just as if each is set out individually herein. Unless 

context dictates otherwise, the descriptions and definitions of the features set out above are not 

limited to any particular aspect or embodiment of the invention and apply equally to all aspects and 

embodiments which are described. 

 

The invention is further illustrated in the following non-limiting examples. 

 

EXAMPLES 

 

EXAMPLE 1.  Construction of Tg/TKO mice 

 

Mice carrying a heavy-chain antibody transgenic locus in germline configuration within a background 

that is silenced for endogenous heavy and light chain antibody expression (triple knock-out, or TKO) 

were created as previously described (WO2004/076618 and WO2003/000737, Ren et  al. Genomics, 

84, 686, 2004; Zou et al., J. Immunol., 170, 1354, 2003).  Briefly, transgenic mice were derived 

following pronuclear microinjection of freshly fertilised oocytes with a yeast artificial chromosome 

(YAC) comprising a plethora of human VH, D and J genes in combination with mouse immunoglobulin 

constant region genes lacking CH1 domains, mouse enhancer and regulatory regions as described in 
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WO2016/062990. Yeast artificial chromosomes (YACs) are vectors that can be employed for the 

cloning of very large DNA inserts in yeast. As well as comprising all three cis-acting structural 

elements essential for behaving like natural yeast chromosomes (an autonomously replicating 

sequence (ARS), a centromere (CEN) and two telomeres (TEL)), their capacity to accept large DNA 

inserts enables them to reach the minimum size (150 kb) required for chromosome-like stability and 

for fidelity of transmission in yeast cells. The construction and use of YACs is well known in the art 

(e.g., Bruschi, C.V. and Gjuracic, K. Yeast Artificial Chromosomes, ENCYCLOPEDIA OF LIFE 

SCIENCES 2002 Macmillan Publishers Ltd, Nature Publishing Group / www.els.net).  

 

EXAMPLE 2.  Antigen for immunisation 

 

The immunisations used recombinant purified protein.  Recombinant human HSA protein was 

purchased from Sigma (cat# A9731).  

 

EXAMPLE 3.  Immunisation Protocol  

 

Three Crescendo mice aged 8 – 12 weeks of age each received an initial immunisation of 10μg of 

HSA, emulsified in Complete Freund’s Adjuvant and delivered subcutaneously, followed by 3 boosts 

of 10μg of HSA, emulsified in Incomplete Freund’s Adjuvant, also administered subcutaneously, given 

at weekly intervals following the initial priming.  A final dose of HSA was administered 

intraperitoneally, in phosphate buffered saline, in the absence of adjuvant.  At 28 days post the initial 

immunisation the mice were terminated and brachial and inguinal lymph nodes and spleen were 

harvested into RNAlater (Qiagen cat# 76104). Serum was collected and stored for testing for 

responses. 

 

EXAMPLE 4.  Serum ELISA 

 

Nunc Maxisorp plates were coated overnight at 4oC with HSA at 5μg/ml in PBS solution.  Plates were 

then washed using PBS supplemented with 0.05% Tween 20, followed by washes with PBS without 

added tween, and blocked with a solution of 3% skimmed milk powder (Marvel) in PBS for at least 

one hour at room temperature. Dilutions of serum in 3% Marvel/PBS were prepared in polypropylene 

tubes or plates and incubated for at least one hour at room temperature prior to transfer to the 

blocked ELISA plate where a further incubation of at least one hour took place. Following washing in 

PBS/Tween and PBS a solution of biotin-conjugated, goat anti mouse IgG, Fcgamma subclass 1 

specific antibody (Jackson 115-065-205), prepared at 1:10000 dilution in PBS/3% Marvel was then 

added and plates were incubated at room temperature for at least one hour, then washed using 

PBS/Tween and PBS. Neutravidin-HRP solution (Pierce 31030) diluted 1:1000 in 3%Marvel/PBS was 

added to the ELISA plates and incubated for at least 30 minutes.  Following further washing, the 

ELISA was developed using TMB substrate (Sigma cat. no. T0440) and the reaction was stopped 
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after 10 minutes by the addition of 0.5M H2SO4 solution.  Absorbances were determined by reading at 

450nm. Positive responses were seen in all mice. 

 

EXAMPLE 5.  Generation of Libraries from Immunised Mice 

 

a. processing tissues, RNA extraction and cDNA manufacture  

Spleen, inguinal and brachial lymph nodes were collected into RNAlater from each immunised animal.  

For each animal, 1/3 of the spleen and 4 lymph nodes were processed separately.  Initially, the 

tissues were homogenised; following transfer of tissues to Lysing matrix D bead tubes (MP Bio cat# 

116913100), 600ul of RLT buffer containing β-mercaptoethanol (from Qiagen RNeasy kit cat# 74104) 

was added before homogenisation in a MP Bio Fastprep homogeniser (cat # 116004500) using 6m/s 

40 seconds cycles.  The tubes containing the homogenised tissues were transferred to ice and debris 

was pelleted by microcentrifugation at 10g for 5 minutes.  400ul of the supernatant was removed and 

used for RT-PCR. 

 

Initially, RNA was extracted using Qiagen RNeasy kit cat# 74104 following the manufacturer’s 

protocol.  Each RNA sample was then used to make cDNA using Superscript III RT-PCR high-fidelity 

kit (Invitrogen cat # 12574-035).  For each spleen and LN RNA sample, 5 RT-PCR reactions were 

performed, each with VH_J/F (long) primer in combination with a primer for VH families. For each 

mouse, the VH products amplified from a mixture of spleen and lymph nodes using standard protocols. 

 

b. Cloning into phagemid vector  

The phagemid vector, pUCG3, was employed in these studies. As indicated, VH may be cloned into 

pUCG3, using conventional methods widely used in the art such as restriction enzyme digestions with 

NcoI and XhoI, ligation and transformation. Here, an alternative PCR-based method was used to 

construct the VH phagemid libraries, as described below: 

 

The purified VH RT-PCR products were employed as megaprimers with vector pUCG3 to give 

phagemid products for transformation and library creation. The products of PCR were analysed on a 

1% agarose gel. 

 

VH/phagemid PCR products were pooled by animal-of-origin and purified using Fermentas PCR 

purification kit (cat. no. K0702) according to the manufacturer’s instructions. Eluted DNA was used to 

transform TG1 E. coli (Lucigen, cat. no. 60502-2) by electroporation using the Bio-Rad GenePulser 

Xcell. Electroporated cells were pooled. A 10-fold dilution series of the transformations was plated on 

2xTY agar petri plates with 2% (w/v) glucose and 100µg/ml ampicillin.  Resulting colonies on these 

dishes were used to estimate library size.  The remainder of the transformation was plated on large 

format 2xTY agar Bioassay dishes supplemented with 2% (w/v) glucose and 100µg/ml ampicillin. All 

agar plates were incubated overnight at 30oC.   Libraries were harvested by adding 10 ml of 2xTY 

broth to the large format bioassay dishes.  Bacterial colonies were gently scraped and OD600 
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recorded.  Aliquots were stored at -80oC in cryovials after addition of an equal volume of 50% (v/v) 

glycerol solution or used directly in a phage selection process 

 

EXAMPLE 6. Selection strategies for isolation of HSA-binding VH 

 

Preparation of library phage stocks and phage display selections were performed according to 

published methods (Antibody Engineering , Edited by Benny Lo, chapter 8, p161-176, 2004).  In most 

cases, phage display combined with a panning approach was used to isolate binding VH domains. 

However, a variety of different selection methods are well described in the art, including soluble 

selections, selections performed under stress (e.g., heat) and competitive selections, where excess 

antigen or antigen-reactive VH domains are added as competition to encourage the recovery of high 

affinity VH domains or to skew selections away from a particular epitope. For the libraries from HSA 

immunised mice, one round of either panning selection or soluble selection on HSA was carried out. 

 

EXAMPLE 7.  Assays for target binding 

 

VH from the different selections were screened in one or more of the following assays to identify VH 

binding to HSA. 

 

a) Binding ELISA with crude bacterial periplasmic preparations  

Following selections of the libraries, HSA specific VH antibodies were identified by ELISA using crude 

extracts of VH domains expressed by the bacterial host. Small-scale bacterial periplasmic extracts 

were prepared from 1ml cultures, grown in deep well plates.  Starter cultures were used to inoculate 

96-well deep well plates (Fisher, cat# MPA-600-030X) containing 2XTY broth (Melford, M2130), 

supplemented with 0.1% (w/v) glucose+ 100ug/ml ampicillin at 37oC with 250rpm shaking.  When 

OD600 had achieved 0.6-1, VH production was induced by adding 100ul of 2XTY, supplemented with 

IPTG (final concentration 1mM) and ampicillin and the cultures were grown overnight at 30oC with 

shaking at 250rpm. E. coli were pelleted by centrifugation at 3200rpm for 10 mins and supernatants 

discarded. Cell pellets were resuspended in 150ul of ice cold extraction buffer (20% (w/v) sucrose, 

1mM EDTA & 50mM Tris-HCl pH8.0) by gently pipetting. Cells were incubated on ice for 30 minutes 

and then centrifuged at 4500rpm for 15 mins at 4oC. Supernatants were transferred to polypropylene 

plates and used, following incubation in 1 x PBST blocking solution, directly in ELISA. 

 

HSA was immobilised on maxisorb plates (Nunc 443404) by adding 50ul volumes at 1ug/ml in sodium 

carbonate buffer, pH9.6, and incubating at 4oC overnight.  Following coating, the antigen solution was 

aspirated and the plates were washed using PBS (prepared from PBS tablets, Oxoid cat no. 

BR0014G) supplemented with 0.05% Tween 20 (sigma P1379), followed by washes with PBS without 

added Tween. To block non-specific protein interactions, PBST was added to the wells and the plate 

was incubated for at least one hour at room temperature.  Dilutions of periplasmic extract in 1 x  PBST 

(final concentration) were prepared in polypropylene tubes or plates and incubated for at least one 
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hour at room temperature prior to transfer to the blocked ELISA plate where a further incubation of at 

least one hour took place.  Unbound protein was then washed away using repetitive washes with 

PBS/Tween followed by PBS.  A solution of HRP-conjugated anti-His Ab (Miltenyi Biotec, 130-092-

785), prepared at 1:1000 dilution in PBST was then added to each well and a further incubation at 

room temperature for at least one hour took place. Unbound detection antibody was removed by 

repeated washing using PBS/Tween and PBS. The ELISA was then developed using TMB substrate 

(Sigma cat. no. T0440) and the reaction was stopped after 10-30 minutes by the addition of 0.5M 

H2SO4 solution (Sigma cat. no. 320501). Absorbances were determined by reading at 450nm. 

 

b) Binding ELISA with Purified VH domains  

Purified VH were obtained by using the VH C-terminal 6xHIS tag for nickel-agarose affinity 

chromatographic purification of the periplasmic extracts.  A starter culture of each VH was grown 

overnight in 2XTY media (2XTY broth (Melford cat. no. M2103) supplemented with 2% (w/v) glucose 

and 100µg/ml ampicillin at 30oC with 250rpm shaking. This overnight culture was then used to 

inoculate 50ml-200ml 2XTY media and incubated at 37oC with 250rpm shaking for approximately 6-8 

hours (until OD600 = 0.6-1.0).  Cultures were centrifuged at 3200rpm for 10 mins and the cell pellets 

resuspended in fresh 2XTY broth containing 100µg/ml ampicillin/1mM IPTG. Shake flasks were 

incubated overnight at 30oC and 250rpm. Cultures were again centrifuged at 3200rpm for 10mins and 

supernatants discarded.  Cell pellets were resuspended in ice cold extraction buffer (20% (w/v) 

sucrose, 1mM EDTA, 50mM Tris-HCl pH 8.0 or 50mM MOPS) by gently pipetting then diluted further 

with 1:5 diluted ice cold extraction buffer.  Cells were incubated on ice for 30 minutes then centrifuged 

at 4500rpm for 15 mins at 4oC. Supernatants were transferred to tubes containing 10mM imidazole 

(Sigma cat. no. I2399) and pre-equilibrated nickel agarose beads (Qiagen, Ni-NTA 50% soln, cat. no. 

30210). VH binding was allowed to proceed for 2 hours at 4oC with gentle shaking. The beads were 

transferred to a polyprep column (BioRad cat. no. 731-1550) and the supernatant discarded by gravity 

flow. Columns were washed 3 times with PBS/0.05% Tween® followed by 3 washes with 5ml of 

PBS/20mM Imidazole. VH were eluted from the columns using PBS/250mM imidazole.  The imidazole 

was removed from the purified VH preparations by buffer exchange with NAP-5 columns (GE 

Healthcare, 17-0853-01) and elution with PBS. Yields of purified VH were estimated 

spectrophotometrically and purity was assessed using SDS PAGE. 

 

Alternatively, VH were purified from the supernatants of W3110 E coli with pJExpress vector. For this 

procedure up to 1L cultures were grown at 37oC with 250rpm shaking in TB media before being 

induced overnight with 1mM IPTG overnight.  The resulting supernatants were harvested and VH 

purified using a Ni-Sepharose excel resin (GE Healthcare Cat# 17-3712-03), following with a Size 

exclusion Chromatography using a HiLoad 26/600 Superdrex 75 pg column on a AKTA Pure system.  

 

Alternatively, VH were purified from supernatant using a Capture Select C-tag XL affinity matrix 

(Thermo Fisher Cat# 2943072010) following with a Size exclusion Chromatography using a HiLoad 
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26/600 Superdrex 75 pg column on a AKTA Pure system. Yields of purified VH were estimated 

spectrophotometrically and purity was assessed using SDS PAGE. 

 

ELISA was then performed as described above, with the exception that the purified VH were titrated 

into the ELISA at known concentrations in PBST and tested for binding to both HSA and CSA 

(cynomolgus serum albumin, Equitech-Bio Inc, Cat: CMSA62), both coated at 1ug/ml in sodium 

carbonate buffer, pH9.6. Purified VH were found to bind to HSA and CSA. 

 

c) Binding Kinetics 

Binding studies with human, cyno and mouse serum albumin were carried out usingthe FortéBio 

OCTET RED384 instrument. Serum albumin (HSA, CSA, MSA) were coupled to AR2G biosensors by 

amine coupling using the amine reagent coupling kit (2nd generation, FortéBio).  Briefly AR2G 

biosensors were rehydrated in water and then activated using EDC/sNHS reagents over 10 minutes.  

The activated biosensors were dipped into wells containing diluted serum albumin (HSA, CSA, MSA) 

to 10 ug/ml in 10mM sodium acetate pH 5.0 for 10 minutes before free active sites were quenched 

using 1M Ethanolamine pH 8.5 over 10 minutes.  These were then dipped into 10 mM glycine pH 2.5 

to stabilise the surface.  The HSA and CSA loaded biosensors were then dipped into 1x assay buffer 

(PBS/Tween-20 0.05%) for 120 seconds to establish a baseline and then into wells containing 

Humabody® VH at predetermined concentrations (7 point 2 fold dilution series, with a top 

concentration of either 50 nM (for HSA) or 1500nM (MSA, CSA) for experiment to allow binding to 

serum albumin to occur over 120 seconds.  The biosensors were then transferred into wells 

containing assay buffer to allow the Humabody® VH to dissociate from serum albumin over 300 

seconds.  The kinetics and affinities of the binding interaction was modelled using a 1:1 binding model 

and calculated using the FortéBio Analysis Software version 8.1 or above.  Anomalous or poorly fitting 

curves were excluded from the analysis. 

 

 

 

 
Human Serum Albumin 

(HSA)  
Cyno Serum Albumin (CSA) 

MSA 

 
KD ka (1/Ms) kd (1/s) KD ka (1/Ms) kd (1/s) KD 

trivalent 

compound 

as 

described 

in 

example 

10  

4.83E-

09 
2.38E+05 

1.08E-

03 
1.02E-07 1.44E+05 1.47E-02 

No 

binding  

Table 2a: Average of calculated kinetic constants and KD for the Humabody® VH to serum albumin.  
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and KD for the Humabody® VH to serum albumin 

 

EXAMPLE 8 – VH single domain antibodies demonstrate good stability 

 

 Purified VH were subjected to size exclusion chromatography. Briefly, purified VH were stored at 2 

mg/ml in PBS buffer for 0-14 days at either 4°C or 40°C, and then analysed at various time points 

using a Waters H-Class Bio UPLC containing a PDA detector (detection at 280nm) with separation on 

a Waters ACQUITY BEH 125Å SEC column. Samples were injected in 10µl volumes and were run in 

a mobile phase containing 200 mM NaCl, 100 mM sodium phosphate, pH 7.4 + 5% propan-1-ol at a 

flow rate of 0.4ml/min.  Data were collected for 6 minutes and the percentage of monomeric protein in 

the sample after storage was calculated.  

 

After incubation at 4°C for 14 days, no significant change was seen. After incubation at 40oC a slight 

drop in percentage monomer was observed. The results below are shown for (Humabody® 1 (SEQ ID 

NO. 1) . 

 

% Purity by 

SEC 
% Purity by SEC 4oC % Purity by SEC 40oC 

  1 4 7 14 0  1  4  7  14  

Humabody® 

1-ctag 
100.00 100.00 100.00 99.96 100.00 100.00 99.65 99.75 96.84 

 

 

VH name Antigen 

BIAcore (Affinity) 

kon (1/Ms) kdis (1/s) KD (nM) 

VH with SEQ ID 
NO. 19  

HSA, pH7 1.77E+05 1.75E-03 10 
HSA, pH5 1.98E+05 3.1E-03 16 
CSA, pH7 2.77E+05 1.73E-02 62 
CSA, pH5 2.53E+05 2.35E-02 93 

VH with SEQ ID 
NO. 20  

HSA, pH7 4.88E+05 1.33E-03 3 
HSA, pH5 3.13E+05 1.24E-03 4 
CSA, pH7 3.17E+05 1.01E-02 32 
CSA, pH5 2.68E+05 9.72E-03 36 

Variant of SEQ ID 
NO. 1 with 

E111→D and 
R115→Q. 

HSA, pH7 2.55E+05 1.62E-03 6 
HSA, pH5 2.42E+05 3.19E-03 13 
CSA, pH7 2.50E+05 1.68E-02 67 

CSA, pH5 2.44E+05 2.41E-02 99 

SEQ ID NO. 1 
 

 

HSA, pH7 8.13E+05 2.38E-03 3 
HSA, pH5 5.28E+05 6.33E-03 12 
CSA, pH7 6.40E+05 2.11E-02 33 
CSA, pH5 4.35E+05 4.19E-02 96 
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Table 3: Stability of VH single domain antibody (Humabody® 1 (SEQ ID NO. 1). This shows the 

percentage of monomer present after 0, 1, 3, 7 and 14 days. 

 

EXAMPLE 9 Pharmacokinetics analysis of single intravenous dose of a half life extended 

molecule in double transgenic humanised FcRn/HSA mouse 

 

Experiments were conducted using a Human Neonatal Fc Receptor / Human Albumin Mouse model 

by genOway®. This double humanized neonatal Fc receptor (FcRn)/albumin mouse model maintains 

an autologous receptor-ligand interaction and mimics the physiological drug clearance in humans, 

and therefore represents a unique and reliable tool to measure and optimize albumin-linked small 

molecules and conventional drug pharmacokinetics and study and predict the half-life of circulating 

biologics and biosimilar drugs (Viuff D, Antunes F, Evans L, Cameron J, Dyrnesli H, Thue Ravn B, 

Stougaard M, Thiam K, Andersen B, Kjærulff S, Howard KA. 2016. Generation of a double transgenic 

humanized neonatal Fc receptor (FcRn)/albumin mouse to study the pharmacokinetics of albumin-

linked drugs. J Control Release).  

 

The hFcRn/HSA humanized mouse provides more predictable "human-like" pharmacokinetic results 

than WT mice. This model is well suited for in vivo assessment of HSA-binding drugs' 

pharmacokinetic, distribution and toxicity.  

 

A trispecific molecule (SEQ ID NO. 17) including Humabody® 1 (SEQ ID NO. 1) was used in these 

experiments to test pharmacokinetics. The trivalent construct comprises two VH domains that bind 

CD137 and prostate specific membrane antigen (PSMA) respectively with the HSA binding SEQ ID 

NO.1 located at the C-terminal end of the construct (in which the three VH are linked by G4S linkers). 

 

Briefly, male genOway® Human HSA/ FcRn Tg mice were dosed with a single intravenous injection 

(n=3) at 2mg/kg via tail vein. Blood samples were collected at Pre-dose and at 0.083h, 1h, 8h, 24h, 

48h, 72h and 96h post drug administration via the saphenous vein. At 168h post dose all animals 

were euthanised and blood was collected. Plasma was separated and stored at -80°C until an assay 

was carried out. Plasma samples were analysed on Gyrolab immunoassay platform, using 

biotinylated human PSMA as capture and human CD137Dylight650 as detection.  Data was analysed 

using Gyros to obtain concentrations in plasma.  Pharmacokinetic analysis of data was done using PK 

Solver 2.0, an Excel add on. 

 

Results of Study show that the molecule has a half-life of 18.13 ± 0.412 hours (n=3) when dosed at 

2mg/kg intravenously in human HSA/FcRn Tg mice. A control that did not have SEQ ID NO. 1, was 

cleared rapidly and was undetectable in plasma after 1 hour. 

 

 

Compound Animal Sex  Dose Route Cmax[ug/ml] Half-life 
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tested  [h] 

trivalent molecule Genoway  Male 2 i.v. 47.8 18.12 

 

Table 4: Summary table for pK parameters.  

 

Example 10- Determination of binding site for Humabody® 1   

 

The FortéBio OCTET RED384 instrument was used to study the interaction between the Humabody® 

1 VH and HSA domain I, II and III. HSA Domains were purchased from Albumin Bioscience. Briefly 

AR2G biosensors were rehydrated in water and then activated using EDC/sNHS reagents over 10 

minutes.  The activated biosensors were dipped into wells containing HSA domains diluted to 50 

ug/ml in 10mM sodium acetate pH 5.0 for 5 minutes before free active sites were quenched using 1M 

Ethanolamine pH 8.5 over 10 minutes.  These were then dipped into 10 mM glycine pH2.5 to stabilise 

the surface.  The domains HSA loaded biosensors were then dipped into 1x assay buffer 

(PBS/Tween-20 0.05%) for 120 seconds to establish a baseline and then into wells containing 

Humabody® 1 VH at predetermined concentrations of 300 nM allow binding to HSA to occur over 120 

seconds. The biosensors were then transferred into wells containing assay buffer to allow the 

Humabody® 1 VH to dissociate from HSA domains over 300 seconds. 

 

Humabody® 1 binds to domain III of HSA, but not to domains I and II. 

Clone name HSA domain Binding (Y/N) 

Humabody® 1 I N 

Humabody® 1 II N 

Humabody® 1 III Y 

Humabody® VH that binds 

HSA 

I Y 

Humabody® VH that binds 

HSA 

II N 

Humabody® VH that binds 

HSA 

III N 

sdAb that binds HSA I N 

sdAb that binds HSA II Y 

sdAb that binds HSA III N 

 

Table 5: Binding to HSA domains for Humabody® 1 (SEQ ID NO. 1) and controls 

  

Sequences used in experiments above: 

SEQ ID NO. 17 

Protein  
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EVQLVESGGGVVQPGRSLRLSCAASGFSFSGYGMHWVRQAPGKGLEWVAYISYDGSNKYYADSVK
GRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDPAWGLRLGESSSYDFDIWGQGTMVTVSSGGGG
SGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGFTLSNYWMNW
VRQAPGKGLEWVANINQDGSERYYVDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARGGEG
YGVDHYGLDVSGQGTTVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGL
VQPGRSLRLSCAASGFTFHHYAMHWVRQAPGKGLEWVSGISWNGNKITYADSVKGRFTISRDNAKN
SLYLQMNSLRAEDTALYYCVRDSSLFIVGAPTFEHWGRGTLVTVSSGGGGSGGGGSGGGGSGGGG
S 
 

Nucleic acid that encodes the protein of SEQ ID No. 18  
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTCTC
CTGTGCAGCCTCTGGATTCTCCTTCAGTGGCTATGGCATGCACTGGGTCCGCCAGGCTCCAGGC
AAGGGACTGGAGTGGGTGGCATATATATCATATGATGGAAGTAATAAATACTATGCAGACTCCGT
GAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGC
CTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAAAGATCCGGCCTGGGGATTACGTTTGG
GGGAGTCATCGTCCTATGATTTTGATATCTGGGGCCAAGGGACAATGGTCACCGTCTCCTCAGG
TGGTGGCGGTTCAGGCGGAGGTGGCTCTGGAGGTGGAGGTTCAGGAGGTGGTGGTTCTGGCG
GCGGTGGATCGGGTGGAGGTGGTAGTGAGGTGCAGTTAGTTGAGAGCGGAGGTGGTTTAGTTC
AGCCGGGGGGCTCGCTTCGCCTGTCGTGCGCCGCCTCGGGATTCACATTATCAAACTACTGGAT
GAATTGGGTCCGCCAGGCTCCGGGCAAAGGTCTTGAGTGGGTGGCGAACATTAATCAGGACGG
GAGCGAGCGTTATTACGTTGATTCGGTAAAAGGACGTTTCACTATCAGTCGTGACAACGCTAAAA
ATTCCTTGTACTTACAGATGAACTCACTTCGTGCTGAGGACACCGCAGTGTACTACTGTGCTCGC
GGTGGTGAAGGATACGGCGTCGATCACTACGGCCTTGATGTATCAGGACAGGGGACTACAGTTA
CCGTCTCTTCCGGCGGAGGTGGCTCTGGAGGAGGCGGATCGGGGGGTGGAGGAAGTGGCGGC
GGTGGTAGTGGAGGAGGTGGTTCTGGAGGCGGTGGCTCTGAAGTACAACTGGTTGAATCGGGT
GGTGGATTGGTCCAACCTGGAAGATCATTGAGGCTTTCTTGTGCAGCTTCCGGATTCACCTTTCA
TCACTATGCTATGCACTGGGTGAGACAAGCCCCTGGTAAGGGCTTGGAATGGGTGTCCGGAATC
TCCTGGAATGGTAACAAAATAACATATGCAGATTCCGTTAAGGGTAGATTTACTATTAGCCGTGAT
AATGCAAAAAACAGTTTATACTTGCAGATGAATTCCTTGAGGGCTGAGGATACAGCTCTTTACTAT
TGTGTGCGTGACTCATCGTTGTTCATTGTCGGAGCCCCAACTTTCGAACATTGGGGTAGAGGTAC
CCTAGTTACGGTTAGCTCAGGCGGAGGTGGCTCTGGAGGAGGCGGATCGGGGGGTGGAGGAA
GTGGCGGCGGTGGTAGT 
 

SEQ ID NO. 19 

QVQLVESGGGLVHPGGSLKLSCAVSGFTFHHYAMHWVRQAPGKGLEWVSGISWNGNKITYADSVK

GRFTISRDNAKNSLYLQMNSLRAEDTALYYCVRDSSLFIVGAPTFDHWGQGTLVTVSS 

 

SEQ ID NO. 20 

QVQLVESGGGLVHPGGSLKLSCAVSGFTFHHYAMHWVRQAPGKGLEWVSGISWNGNKITYADSVK

GRFTISRDNAKNSLYLQMNSLRAEDTALYYCVRDSSLFIVGAPTFDHWGQGTLVTVSS
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Claims 

 

1. An immunoglobulin human single variable heavy chain domain that binds human serum albumin 

(HSA) comprising or consisting of SEQ ID NO. 1 or a sequence with at least 75%, 80%, 85% or 

90% sequence identity thereto., having the following CDR sequences: 

2. The immunoglobulin single variable domain according to claim 1 comprising 

a) a CDR1 having SEQ ID NO. 2 or an amino acid sequence that has 1 or 2 differences with SEQ 

ID NO. 2  

b) a CDR2 having SEQ ID NO. 3 or an amino acid sequence that has 1, 2, 3, 4, 5, 6 differences 

with SEQ ID NO. 3 and 

c) a CDR3 having SEQ ID NO. 4 or an amino acid sequence that has 1, 2, 3 or 4 differences with 

SEQ ID NO. 4. 

3. The immunoglobulin single variable domain according to claim 1 having SEQ ID NO. 19 or 20 or a 

sequence with at least 75%, 80%, 85% or 90% sequence identity thereto.  

4.2. A protein or construct comprising an immunoglobulin single variable domain according to any of 

claims 1 to 3 and at least a second moiety that binds to a different target.  

3. The protein or construct according to claim 24 comprising a therapeutic moiety. 

5.4. The protein or construct according to claim 3 wherein said therapeutic moiety binds a tumor 

antigen or an immunooncology target. 

6.5. The protein or construct according to claim 5any of claims 2 to 4 wherein said therapeutic moiety is 

an antibody or fragment thereof. 

7.6. The protein or construct according to claim 56 wherein said fragment is an scFv, Fv, heavy chain 

or single domain antibody, such as a single variable heavy chain domain. 

8.7. The protein or construct according to claim 67 wherein said single domain antibody is a single 

variable heavy chain domain antibody. 

9.8. The protein or construct according to any of claims 4 2 to 78 wherein said immunoglobulin single 

variable domain is linked to the therapeutic moiety with a peptide linker. 

10.9. The protein or construct according to claim 89 wherein said peptide linker is (G4S)n 

wherein n is 1 to 15. 

11.10. The protein or construct according to any of claims 4 2 to 10 9 wherein the immunoglobulin 

single variable domain is located at the N or C terminal end of the protein.  

12.11. The protein or construct according to claim 11 10 wherein the immunoglobulin single 

variable domain is located at the C terminal end of the protein and comprises a C terminal 

extension of 1 to 50 amino acids. 

13.12. An in vitro method for extending the half life of a protein comprising joining said protein to 

an immunoglobulin single variable domain according to any of claims 1. to 3 

14.13. The use of an immunoglobulin single variable domain according to any of claims 1 to 3 in 

the manufacture of a medicament for the treatment of cancer wherein said immunoglobulin single 

variable domainin extending extends the half life of a therapeutic moiety when said an 
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immunoglobulin single variable domain according to any of claims 1 is linked to said therapeutic 

moiety in a fusion protein for the manufacture of a medicament for the treatment of cancer.  

15.14. A pharmaceutical composition comprising an immunoglobulin single variable domain 

according to any of claims 1 or 2 or a protein or construct according to any of claims 24 to 112. 

16.15. A nucleic acid sequence that encodes an amino acid sequence according to any of claims 

1 to 3. 

17.16. The nucleic acid sequence according to claim 156 comprising SEQ ID NO. 16. 

18.17. The nucleic acid sequence of claim 156 or 167 wherein said nucleic acid sequence is 

linked with a linker to a second nucleic acid sequence. 

19.18. The nucleic acid sequence of claim 178 wherein said second nucleic acid encodes a 

therapeutic moiety. 

20.19. The nucleic acid sequence of claim 178 or 189 wherein said linker is a nucleic acid linker. 

21.20. A vector comprising a nucleic acid sequence according to any of claims 156 to 1920. 

22.21. A host cell comprising the nucleic acid sequence according to any of claims 1516 to 1920 

or a vector of claim 201. 

23.22. A kit comprising an immunoglobulin single variable domain according to any of claims 1 to 

3 or a protein or construct according to any of claims 24 to 112 or a pharmaceutical composition 

according to claim 145. 

24. An immunoglobulin single variable heavy chain domain antibody that binds amino acid residues 

383-569 of human serum albumin. 

 


