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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention is based on the surprising finding that expression of
immunoglobulin single variable domains in host cells results in a product-related variant which
comprises at least one carbamylated amino acid residue, in particular at least one
carbamylamino group.

[0002] Hence, the present invention relates to an improved method for the manufacture of
immunoglobulins, in particular immunoglobulin single variable domains. More specifically, the
present invention relates to a method of producing homogeneous immunoglobulin single
variable domains in which the proportion of carbamylated variants is strongly reduced or
absent. The immunoglobulin single variable domains produced according to the invention are
superior in terms of product homogeneity because the carbamylated product-related variant is
reduced or absent. This is beneficial e.g. in the context of a therapeutic application of the
immunoglobulin single variable domain. Therefore, the present application also describes
improved immunoglobulin single variable domains for therapeutic use, obtainable by methods
of the present invention.

TECHNICAL BACKGROUND

[0003] For therapeutic applications, immunoglobulins must be of very high product quality.
This requires, amongst others, homogeneity in structural terms. Moreover, the production
costs are strongly influenced by difficulties encountered during the production process. Low
yields or lack of homogeneity will impact the economics of the production process, and hence,
the costs for the therapeutic, overall. For example, difficulties to separate structural variants of
the desired protein will necessitate complex and costly purification strategies.

[0004] Amongst other requirements, therapeutic proteins must be fully functional. Protein
function depends, amongst other factors, on the chemical and physical stability of the protein
during fermentation and purification.

[0005] Chemical instability may be caused, amongst others, by deamidation, racemization,
hydrolysis, oxidation, pyroglutamate formation, carbamylation, beta elimination and/or disulfide
exchange. Physical instability may be caused by antibody denaturation, aggregation,
precipitation or adsorption. Among those, aggregation, deamidation and oxidation are known
to be the most common causes of the antibody degradation (Cleland et al., 1993, Critical
Reviews in Therapeutic Drug Carrier Systems 10: 307-377).

[0006] The limitation of obtaining adequate yields of functional product has been reported for
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conventional immunoglobulins and their fragments across a broad range of expression
systems, including, amongst others, in vitro translation, E. coli, Saccharomyces cerevisiae,
Chinese hamster ovary cells, baculovirus systems in insect cells and P. pastoris (Ryabova et
al., Nature Biotechnology 15: 79, 1997; Humphreys et al., FEBS Letters 380: 194, 1996;
Shusta et al., Nature Biotech. 16: 773, 1998; Hsu et al., Protein Expr.& Purif. 7: 281, 1996;
Mohan et al., Biotechnol. & Bioeng. 98: 611, 2007; Xu et al., Metabol. Engineer. 7: 269, 2005;
Merk et al., J. Biochem. 125: 328, 1999; Whiteley et al., J. Biol. Chem. 272: 22556, 1997;
Gasser et al., Biotechnol. Bioeng. 94: 353, 2006; Demarest and Glaser, Curr. Opin. Drug
Discov. Devel. 11(5): 675-87, 2008; Honegger, Handb. Exp. Pharmacol. 181: 47-68, 2008;
Wang et al., J. Pharm. Sci. 96(1): 1-26, 2007).

[0007] In contrast to these difficulties observed, immunoglobulin single variable domains can
be readily expressed in a fully functional form in different host cells, like E. coli or P. pastoris, at
a sufficient rate and level. Immunoglobulin single variable domains are characterized by
formation of the antigen binding site by a single variable domain, which does not require
interaction with a further domain (e.g. in the form of VH/VL interaction) for antigen recognition.
Production of Nanobodies, as one specific example of an immunoglobulin single variable
domain, has been extensively described e.g. in WO 94/25591.

[0008] The problem of obtaining sufficient amounts of functional product is hence unknown for
immunoglobulin single variable domains.

SUMMARY OF THE INVENTION

[0009] Surprisingly, despite the good yield and functionality, a product-related variant has
been observed in the expression of immunoglobulin single variable domains in host cells. The
present invention relates to improved methods of producing immunoglobulin single variable
domains, characterized by the reduction or absence of the product-related variant.

[0010] The present inventors have unexpectedly observed that despite the high yield and
functionality of immunoglobulin single variable domains produced in host cells, there is a
quantitatively significant fraction of product that represents a structural variant. Further analysis
of this variant revealed that, unexpectedly, a fraction of the product comprises at least one
carbamylated amino acid residue, in particular at least one carbamylamino group. The finding
of considerable quantities of such a variant was entirely unexpected in the production of
immunoglobulin single variable domains.

[0011] Hence, in one aspect the present invention relates to identifying and characterizing the
product-related variant in the first place.

[0012] Based on the full characterization of the product-related variant observed it was
established by the inventors that the variant comprised at least one carbamylated amino acid
residue, in particular at least one carbamylamino group, more specifically an N-terminal
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carbamylamino group and/or at least one carbamylamino group in a side-chain of a lysine
and/or an arginine residue.

In a further aspect of the present invention, methods are provided which reduce or eliminate
the carbamylated product-related variant. Consequently, the present invention provides
methods of producing immunoglobulin single variable domains which overcome this
unexpected problem.

More specifically, the present application describes methods for reducing carbamylation of
immunoglobulin single variable domains. Such methods may reside in adapting the culturing
conditions, in particular the induction conditions, in terms of pH, time, temperature, methanol
feed rate and/or composition, pO2 (dissolved oxygen concentration) and/or medium
components, such as the glycerol feed rate and/or composition, in particular in terms of pH;
and/or in adapting the purification conditions, in terms of pH, temperature, holding times and/or
use of (co)solvents, in particular in terms of pH.

The present invention provides methods of removing carbamylated variants, e.g. by ion
exchange chromatography.

More specifically, the present invention relates to methods for producing an immunoglobulin
single variable domain in Pichia pastoris comprising removing the immunoglobulin single
variable domains comprising at least one carbamylated amino acid residue, in particular at
least one carbamylamino group.

Described are methods as outlined above, wherein the conditions that avoid carbamylation of
one or more amino acid residues, in particular carbamylation of one or more amino groups, in
immunoglobulin single variable domains are selected from one or more of the following:

a) adapting the culturing conditions, in particular the induction conditions, by one or more
measures selected from the following:

« adapting the culturing pH, preferably the induction pH, in particular lowering the culturing
pH, preferably the induction pH, as compared to the standard culturing and induction pH
for the host organism, such as lowering the culturing pH, preferably the induction pH, for
a Pichia host, in particular Pichia pastoris, to a pH of about 6.45 or less, a pH of about
6.4 or less, a pH of about 6.3 or less, a pH of about 6.25 or less, a pH of about 6.2 or
less, a pH of about 6.1 or less, a pH of about 6 or less, a pH of about 5.7 or less, a pH of
about 5.6 or less, a pH of about 5.5 or less, a pH of about 5 or less, in particular of about
5,5.45,5.5,5.64,5.75, 6, 6.04, 6.05, 6.1, 6.2, 6.25, 6.4 or 6.45;

* adapting the culturing time, in particular the (glycerol fed-) batch time and/or the
induction time, preferably the induction time, in particular reducing the culturing time, in
particular the (glycerol fed-)batch time and/or the induction time, preferably the induction
time, e.g. by 30-80%, as compared to the standard culturing, (glycerol fed-)batch time
and induction time for the host organism, such as lowering the induction time, for a
Pichia host, in particular Pichia pastoris, from about 96 hours to a period between 24
and 96 hours, in particular to about 24 hours, about 32 hours, about 40 hours, about 48
hours, about 56 hours, about 64 hours, about 72 hours, about 80 hours, about 88 hours
or about 96 hours; or lowering the glycerol fed-batch time, for a Pichia host, in particular
Pichia pastoris, from about 16 to 18 hours to a period between 2 to 4 hours;

¢ adapting the culturing temperature, preferably the induction temperature, in particular
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lowering the culturing temperature, preferably the induction temperature, e.g. by 1 to
15°C, such as by 5°C or by 10°C, as compared to the standard culturing and induction
temperature for the host organism, such as lowering the induction temperature, for a
Pichia host, in particular Pichia pastoris, from about 30°C to about 27.5°C, 27°C, 26.5°C,
26°C, 25.5°C, 25°C, 24.5°C, 24°C, 24.5°C, 23°C, 22°C or 20°C;

« adapting the oxygen saturation (dissolved oxygen concentration) of the culture medium,
preferably during induction, in particular decreasing the dissolved oxygen concentration,
e.g. 0.3 to 0.8 times, as compared to the standard dissolved oxygen concentration for
the respective host, such as decreasing the dissolved oxygen concentration from 30% to
a range between 5% to 24%, for example to 5%, to 15% or to 22.5%, for a Pichia host, in
particular Pichia pastoris,

» adapting the glycerol feed composition, preferably during induction, in particular
decreasing the percentage complex substrate (yeast extract and/or peptone) in the
glycerol feed as compared to the standard percentage complex substrate in the glycerol
feed for the host organism, e.g. from about 10% to about 5%, or from about 20% to
about 15%, to about 10% or to about 5%, for a Pichia host, in particular Pichia pastoris,
and/or adapting the glycerol feed rate, in particular decreasing the glycerol feed rate by
30% to 80% as compared to the standard glycerol feed rate for the respective host,

« adapting the induction parameters including but not limited to adaptation of the methanol
feed rate and/or methanol feed composition for hosts requiring a methanol feed, in
particular increasing or decreasing the methanol feed rate by 30% to 80% as compared
to the standard methanol feed rate for the respective host,

e and/or optimizing the culturing medium composition, preferably during induction,
including but not limited to use of cyanate-free medium, addition of yeast extract and/or
peptone, or any combination thereof,

a) adapting the purification conditions by one or more measures selected from the following:
decreasing pH, decreasing temperature, optimizing the purification medium, including but not
limited to avoiding cyanate-containing solvents or co-solvents, such as urea and the like,
decreasing holding and/or storage times, or any combination thereof; and

b) combinations of any of the conditions specified in a)and b).

[0013] The application also describes methods as set forth above, wherein the above
measures are taken in at least one production step of the immunoglobulin single variable
domain, e.g. in the step of culturing the host to produce the immunoglobulin single variable
domain, in particular in the batch, the fed-batch or the induction phase; in the culture broth
after fermentation; in the supernatant comprising the immunoglobulin single variable domain
after removal of the host; in any step of purification of the immunoglobulin single variable
domain; or at the stage of the purified immunoglobulin single variable domain.

[0014] The invention pertains to methods as described above, wherein conditions that remove
immunoglobulin single variable domains comprising at least one carbamylated amino acid
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residue, in particular at least one carbamylamino group, are chromatographic techniques, in
particular chromatographic techniques based on shifts in pl and/or hydrophobicity, such as ion-
exchange (IEX) chromatography (e.g. ion-exchange high-performance liquid chromatography
(IEX-HPLC)); mixed-mode chromatography; hydrophobic charge induction chromatography
(HCIC); hydrophobic interaction chromatography (HIC); and the like, preferably ion-exchange
(IEX) chromatography.

[0015] In the invention, the host is Pichia pastoris.

[0016] The method of the present invention produces immunoglobulin single variable domains
comprising or essentially consisting of, but not limited to, an immunoglobulin single variable
domain that is a light chain variable domain sequence or a heavy chain variable domain
sequence, more specifically an immunoglobulin single variable domain which is a heavy chain
variable domain sequence that is derived from a conventional four-chain antibody or a heavy
chain variable domain sequence that is derived from a heavy chain antibody, in particular an
immunoglobulin single variable domain (or an amino acid sequence that is suitable for use as
an immunoglobulin single variable domain) which is a domain antibody (or an amino acid
sequence that is suitable for use as a domain antibody), a "dAb" (or an amino acid sequence
that is suitable for use as a dAb) or a Nanobody (including but not limited to a VHH sequence),
preferably a Nanobody.

[0017] The method according to the present invention as described above comprises at least
the steps of culturing the host to produce the immunoglobulin single variable domain
comprising:

1. i) cultivating said host or host cell under conditions that are such that said host or host
cell will multiply,

2. ii) maintaining said host or host cell under conditions that are such that said host or host
cell expresses and/or produces the immunoglobulin single variable domain,

3. iii) optionally followed by: isolating and/or purifying the secreted immunoglobulin single
variable domain from the medium.

[0018] The application describes methods as described above, wherein conditions that avoid
carbamylation of one or more amino acid residues, in particular of one or more amino groups,
in immunoglobulin single variable domains, are applied at one or more of step i), step ii), after
step ii), or at or after step iii), preferably at step ii). The invention provides methods wherein
conditions that remove immunoglobulin single variable domains comprising at least one
carbamylated amino acid residue, in particular at least one carbamylamino group, are applied
after step ii).

[0019] The application also describes immunoglobulin single variable domains obtainable by
any of the methods as set forth herein, pharmaceutical compositions and other compositions
comprising such immunoglobulin single variable domains, and therapeutic uses of the
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immunoglobulin single variable domains or methods of treatment comprising the use of the
immunoglobulin single variable domains.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1. RP-HPLC chromatograms of clarified broth samples taken after 19 hours (A) and
after 92.70 hours (B) of induction (hai) under fermentation condition number 032 (see Table 1)
of Nanobody A (NbA) showing a postpeak representing a Nanobody A-related variant with a
mass difference of -18 Dalton (NbA -18Da) (X-axis: retention time in minutes (min); Y-axis: light
absorbance in milli Absorbance Units (mAU); inset: blow-up of main peaks).

Figure 2. RP-HPLC chromatograms of clarified broth samples taken after 17.2 (A) and after
82.60 (B) hours after induction (hai) under fermentation condition number 017 (see Table 1) of
Nanobody A (NbA) showing a postpeak representing a Nanobody A-related variant with a
mass difference of -18 Dalton and a Nanobody A-related variant with a mass difference of +43
Dalton (NbA -18Da and NbA +43Da) and a postpeak representing a Nanobody A-related
variant with a mass difference of two times +43 Dalton (NbA 2x+43Da) (X-axis: retention time
in minutes (min); Y-axis: light absorbance in milli Absorbance Units (mAU); Top panel: overlay
of the chromatograms of A and B).

Figure 3. clEF electropherograms obtained in the pl range 8-10.5 from a Nanobody A
reference batch (A) and from carbamylated Nanobody A (sample Nanobody A-017CV)(B). The
shift in main peak retention time is caused by differences in buffer of the two batches (X-axis:
pixel position (position in capillary, pH range 8-10.5); Y-axis: absorbance in Absorbance Units
(AU)).

Figure 4. Overlay of RP-HPLC chromatograms of Nanobody A batches taken directly after
harvest (A) and after purification (B) showing a decrease in the postpeak in the purified
material (X-axis: retention time in minutes (min); Y-axis: light absorbance in milli Absorbance
Units (mAU); inset: blow-up of main peaks).

Figure 5. MaxEnt1 deconvoluted spectra of the observed peaks during LC-MS analysis of
Nanobody A batches taken directly after harvest (A) and after purification (B) demonstrating
the absence of carbamylated Nanobody A in the purified material (X-axis: mass in Dalton (Da);
Y-axis: (%)).

Figure 6. RP-HPLC chromatograms of Nanobody A batches before (A) and after (B) the cation
exchange chromatography step during downstream processing showing a decrease in the
postpeak in the purified material (X-axis: retention time in minutes (min); Y-axis: light
absorbance in milli Absorbance Units (mAU); insets in A and B: blow-up of main peaks).

Figure 7. Overlay of RP-HPLC chromatograms of Nanobody A batches treated with OM, 1M,
4M or 8M urea (as indicated) and of carbamylated Nanobody A (sample Nanobody A-017CV)
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showing an increase in postpeak in function of the urea concentration and the occurrence of
an additional postpeak at high urea concentration (X-axis: retention time in minutes (min); Y-
axis: light absorbance in milli Absorbance Units (mAU)).

Figure 8. Overlay of RP-HPLC chromatograms of CEX purified cell free culture samples taken
96 hours after induction (hai) during fermentation of Nanobody B (NbB) at pH 6.5 (dashed line)
and pH 5 (solid line) indicating a postpeak representing a Nanobody B-related variant with a
mass difference of +43 Dalton (NbB +43Da) and a postpeak representing a Nanobody B-
related variant with a mass difference of -18 Dalton (NbB -18Da) (X-axis: retention time in
minutes (min); Y-axis: light absorbance in milli Absorbance Units (mAU); inset: blow-up of main
peaks).

Figure 9. Overlay of RP-HPLC chromatograms from LC-MS analysis of Nanobody B reference
(solid line) and Nanobody B incubated in 1M urea for 3 days at room temperature (dashed
line). The variants with RRT 1.05 and RRT 1.06 contained +43 Da species corresponding to
mono-carbamylated variants (X-axis: retention time in minutes (min); Y-axis: light absorbance
in milli Absorbance Units (mAU)).

Figure 10. Overlay of RP-HPLC chromatograms of cell free culture samples purified via mixed-
mode chromatography taken 118 hours after induction (hai) during fermentation of Nanobody
C (NbC) at pH 7 (dashed line) and pH 6.4 (solid line) indicating a postpeak representing a
Nanobody C-related variant with a mass difference of +43 Dalton (NbC +43Da). (X-axis:
retention time in minutes (min); Y-axis: light absorbance in milli Absorbance Units (mAU)).

Figure 11. Overlay of RP-HPLC chromatograms from LC-MS analysis of Nanobody C
reference (solid line) and Nanobody C incubated in 4M urea for 3 days at room temperature
(dashed line). The variant at a RRT of 1.04 contains +43 Da and +86 Da species
corresponding to mono- and bi-carbamylated variants, respectively. (X-axis: retention time in
minutes (min); Y-axis: light absorbance in milli Absorbance Units (mAU)).

Figure 12. Overlay of RP-HPLC chromatograms from LC-MS analysis of Protein A purified cell
free culture samples taken 96 hours after induction during fermentation of Nanobody D (NbD)
at pH 7 and pH 6.25 (as indicated by arrows) indicating a postpeak representing a Nanobody
D-related variant with a mass difference of +43 Dalton (NbD +43Da). (X-axis: retention time in
minutes (min); Y-axis: light absorbance in milli Absorbance Units (mAU)).

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0021] Unless indicated or defined otherwise, all terms used have their usual meaning in the



DK/EP 2632946 T3

art, which will be clear to the skilled person. Reference is for example made to the standard
handbooks, such as Sambrook et al, "Molecular Cloning: A Laboratory Manual" (2nd.Ed.),
Vols. 1-3, Cold Spring Harbor Laboratory Press (1989); F. Ausubel et al, eds., "Current
protocols in molecular biology", Green Publishing and Wiley Interscience, New York (1987);
Lewin, "Genes II", John Wiley & Sons, New York, N.Y., (1985); OId et al., "Principles of Gene
Manipulation: An Introduction to Genetic Engineering”, 2nd edition, University of California
Press, Berkeley, CA (1981); Roitt et al., "Immunology” (6th. Ed.), Mosby/Elsevier, Edinburgh
(2001); Roitt et al., Roitt's Essential Immunology, 10th Ed. Blackwell Publishing, UK (2001); and
Janeway et al., "Immunobiology" (6th Ed.), Garland Science Publishing/Churchill Livingstone,
New York (2005), as well as to the general background art cited herein.

Immunoglobulin single variable domain

[0022] The term "immunoglobulin single variable domain", interchangeably used with "single
variable domain", defines molecules wherein the antigen binding site is present on, and formed
by, a single immunoglobulin domain. This sets immunoglobulin single variable domains apart
from "conventional" immunoglobulins or their fragments, wherein two immunoglobulin domains,
in particular two variable domains, interact to form an antigen binding site. Typically, in
conventional immunoglobulins, a heavy chain variable domain (VH) and a light chain variable
domain (VL) interact to form an antigen binding site. In this case, the complementarity
determining regions (CDRs) of both VH and VL will contribute to the antigen binding site, i.e. a
total of 6 CDRs will be involved in antigen binding site formation.

[0023] In contrast, the binding site of an immunoglobulin single variable domain is formed by a
single VH or VL domain. Hence, the antigen binding site of an immunoglobulin single variable
domain is formed by no more than three CDRs.

[0024] The term "immunoglobulin single variable domain" and "single variable domain" hence
does not comprise conventional immunoglobulins or their fragments which require interaction
of at least two variable domains for the formation of an antigen binding site. However, these
terms do comprise fragments of conventional immunoglobulins wherein the antigen binding
site is formed by a single variable domain.

[0025] Generally, single variable domains will be amino acid sequences that essentially
consist of 4 framework regions (FR1 to FR4 respectively) and 3 complementarity determining
regions (CDR1 to CDR3 respectively); or any suitable fragment of such an amino acid
sequence (which will then usually contain at least some of the amino acid residues that form at
least one of the CDR's, as further described herein). Such single variable domains and
fragments are most preferably such that they comprise an immunoglobulin fold or are capable
for forming, under suitable conditions, an immunoglobulin fold. As such, the single variable
domain may for example comprise a light chain variable domain sequence (e.g. a VL-
sequence) or a suitable fragment thereof; or a heavy chain variable domain sequence (e.g. a
VH-sequence or VHH-sequence) or a suitable fragment thereof; as long as it is capable of
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forming a single antigen binding unit (i.e. a functional antigen binding unit that essentially
consists of the single variable domain, such that the single antigen binding domain does not
need to interact with another variable domain to form a functional antigen binding unit, as is for
example the case for the variable domains that are present in for example conventional
antibodies and scFv fragments that need to interact with another variable domain - e.g.
through a VH/VL interaction - to form a functional antigen binding domain).

[0026] For example, the single variable domain of an immunoglobulin single variable domain
(or an amino acid sequence that is suitable for use as an immunoglobulin single variable
domain) may be a (single) domain antibody (or an amino acid sequence that is suitable for use
as a (single) domain antibody), a "dAb" or dAb (or an amino acid sequence that is suitable for
use as a dAb) or a Nanobody (as defined herein, and including but not limited to a VHH
sequence) [Note: Nanobody® and Nanobodies® are registered trademarks of Ablynx N.V];
other single variable domains, or any suitable fragment of any one thereof. For a general
description of (single) domain antibodies, reference is also made to the prior art cited herein,
as well as to EP 0 368 684. For the term "dAb's", reference is for example made to Ward et al.
(Nature 1989 Oct 12; 341 (6242): 544-6), to Holt et al., Trends Biotechnol., 2003, 21(11):484-
490; as well as to for example WO 04/068820, WO 06/030220, WO 06/003388 and other
published patent applications of Domantis Ltd. It should also be noted that, although less
preferred in the context of the present invention because they are not of mammalian origin,
(single) domain antibodies or single variable domains can be derived from certain species of
shark (for example, the so-called "IgNAR domains”, see for example WO 05/18629).

[0027] In particular, the amino acid sequence of the invention may be a Nanobody or a
suitable fragment thereof. For a further description of VHH's and Nanobodies, reference is
made to the review article by Muyldermans in Reviews in Molecular Biotechnology 74(2001),
277-302; as well as to the following patent applications, which are mentioned as general
background art: WO 94/04678, WO 95/04079 and WO 96/34103 of the Vrije Universiteit
Brussel; WO 94/25591, WO 99/37681, WO 00/40968, WO 00/43507, WO 00/65057, WO
01/40310, WO 01/44301, EP 1134231 and WO 02/48193 of Unilever; WO 97/49805, WO
01/21817, WO 03/035694, WO 03/054016 and WO 03/055527 of the Vlaams Instituut voor
Biotechnologie (VIB); WO 03/050531 of Algonomics N.V. and Ablynx N.V.; WO 01/90190 by the
National Research Council of Canada; WO 03/025020 (= EP 1 433 793) by the Institute of
Antibodies; as well as WO 04/041867, WO 04/041862, WO 04/041865, WO 04/041863, WO
04/062551, WO 05/044858, WO 06/40153, WO 06/079372, WO 06/122786, WO 06/122787
and WO 06/122825, by Ablynx N.V. and the further published patent applications by Ablynx
N.V. Reference is also made to the further prior art mentioned in these applications, and in
particular to the list of references mentioned on pages 41-43 of the International application
WO 06/040153. As described in these references, Nanobodies (in particular VHH sequences
and partially humanized Nanobodies) can in particular be characterized by the presence of one
or more "Hallmark residues" in one or more of the framework sequences. A further description
of the Nanobodies, including humanization and/or camelization of Nanobodies, as well as other
modifications, parts or fragments, derivatives or "Nanobody fusions", multivalent constructs
(including some non-limiting examples of linker sequences) and different modifications to
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increase the half-life of the Nanobodies and their preparations can be found e.g. in WO
08/101985 and WO 08/142164.

[0028] Thus, in the meaning of the present invention, the term "immunoglobulin single
variable domain" or "single variable domain" comprises polypeptides which are derived from a
non-human source, preferably a camelid, preferably a camel heavy chain antibody. They may
be humanized, as previously described. Moreover, the term comprises polypeptides derived
from non-camelid sources, e.g. mouse or human, which have been "camelized", as previously
described.

[0029] Unless indicated otherwise, the term "immunoglobulin sequence" - whether used
herein to refer to a heavy chain antibody or to a conventional 4-chain antibody - is used as a
general term to include both the full-size antibody, the individual chains thereof, as well as all
parts, domains or fragments thereof (including but not limited to antigen-binding domains or
fragments such as VHH domains or VH/VL domains, respectively). The terms antigen-binding
molecules or antigen-binding protein are used interchangeably with immunoglobulin sequence,
and include Nanobodies.

[0030] In one embodiment of the invention, the immunoglobulin single variable domains are
light chain variable domain sequences (e.g. a VL-sequence), or heavy chain variable domain
sequences (e.g. a VH-sequence); more specifically, the immunoglobulin single variable
domains can be heavy chain variable domain sequences that are derived from a conventional
four-chain antibody or heavy chain variable domain sequences that are derived from a heavy
chain antibody.

[0031] The immunoglobulin single variable domains provided by the invention are preferably
in essentially isolated form (as defined herein), or form part of a protein or polypeptide of the
invention (as defined herein), which may comprise or essentially consist of one or more
immunoglobulin single variable domains and which may optionally further comprise one or
more further amino acid sequences (all optionally linked via one or more suitable linkers). For
example, and without limitation, the one or more immunoglobulin single variable domains may
be used as a binding unit in such a protein or polypeptide, which may optionally contain one or
more further amino acid sequences that can serve as a binding unit (i.e. against one or more
other targets), so as to provide a monovalent, multivalent or multispecific polypeptide of the
invention, respectively, all as described herein. Such a protein or polypeptide may also be in
essentially isolated form (as defined herein).

[0032] The invention includes immunoglobulin sequences of different origin, comprising
mouse, rat, rabbit, donkey, human and camelid immunoglobulin sequences. The invention also
includes fully human, humanized or chimeric immunoglobulin sequences. For example, the
invention comprises camelid immunoglobulin  sequences and humanized camelid
immunoglobulin sequences, or camelized immunoglobulin single variable domains, e.g.
camelized dAb as described by Ward et al (see for example WO 94/04678 and Davies and
Riechmann (1994 and 1996)). Moreover, the invention comprises fused immunoglobulin
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sequences, e.g. forming a multivalent and/ or multispecific construct (for multivalent and
multispecific polypeptides containing one or more VHH domains and their preparation,
reference is also made to Conrath et al., J. Biol. Chem., Vol. 276, 10. 7346-7350, 2001, as well
as to for example WO 96/34103 and WO 99/23221), and immunoglobulin sequences
comprising tags or other functional moieties, e.g. toxins, labels, radiochemicals, etc., which are
derivable from the immunoglobulin sequences of the present invention.

[0033] The amino acid sequence and structure of an immunoglobulin sequence, in particular
a Nanobody can be considered - without however being limited thereto - to be comprised of
four framework regions or "FR's", which are referred to in the art and herein as "Framework
region 1" or "FR1"; as "Framework region 2" or "FR2"; as "Framework region 3" or "FR3"; and
as "Framework region 4" or "FR4", respectively; which framework regions are interrupted by
three complementary determining regions or "CDR's", which are referred to in the art as
"Complementarity Determining Region 1" or "CDR1"; as "Complementarity Determining Region
2" or "CDR2"; and as "Complementarity Determining Region 3" or "CDR3", respectively.

[0034] According to the invention, the term immunoglobulin single variable domains also
encompasses constructs comprising two or more antigen binding units in the form of single
variable domains, as outlined above. For example, two (or more) immunoglobulin single
variable domains with the same or different antigen specificity can be linked to form e.g. a
bivalent, trivalent or multivalent construct. By combining immunoglobulin single variable
domains of two or more specificities, bispecific, trispecific etc. constructs can be formed. For
example, an immunoglobulin single variable domain according to the invention may comprise
two or three immunoglobulin single variable domains directed against the same target, or two
immunoglobulin single variable domains directed against target A, and one immunoglobulin
single variable domain against target B. Such constructs and modifications thereof, which the
skilled person can readily envisage, are all encompassed by the term immunoglobulin single
variable domain as used herein.

[0035] The total number of amino acid residues in a Nanobody can be in the region of 110-
120, is preferably 112-115, and is most preferably 113. It should however be noted that parts,
fragments, analogs or derivatives (as further described herein) of a Nanobody are not
particularly limited as to their length and/or size, as long as such parts, fragments, analogs or
derivatives meet the further requirements outlined herein and are also preferably suitable for
the purposes described herein.

[0036] All these molecules are also referred to as "polypeptide of the invention", which is
synonymous with "immunoglobulin sequences of the invention".

[0037] In addition, the term "sequence" as used herein (for example in terms like
"immunoglobulin sequence", "variable domain sequence", "immunoglobulin single variable
domain sequence"”, "VHH sequence" or "protein sequence"), should generally be understood to
include both the relevant amino acid sequence as well as nucleic acid sequences or nucleotide
sequences encoding the same, unless the context requires a more limited interpretation.
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Hosts

[0038] The terms "host" and "host cells" are used interchangeably. The methods of the
present invention may use any P. pastoris host without limitation, provided that they are
suitable for the production of an immunoglobulin single variable domain. In particular the
present invention relates to P. pastoris hosts producing immunoglobulin single variable
domains, wherein a part of the produced immunoglobulin single variable domain comprises at
least one carbamylated amino acid residue, in particular at least one carbamylamino group.

[0039] The P. pastoris host for use in the methods of the present invention will be capable of
producing an immunoglobulin single variable domain. It will typically be genetically modified to
comprise one or more nucleic acid sequences encoding one or more immunoglobulin single
variable domains. Non-limiting examples of genetic modifications comprise the transformation
e.g. with a plasmid or vector, or the transduction with a viral vector. Some hosts can be
genetically modified by fusion techniques. Genetic modifications include the introduction of
separate nucleic acid molecules into a host, e.g. plasmids or vectors, as well as direct
modifications of the genetic material of the host, e.g. by integration into a chromosome of the
host, e.g. by homologous recombination. Oftentimes a combination of both will occur, e.g. a
host is transformed with a plasmid, which, upon homologous recombination will (at least partly)
integrate into the host chromosome. The skilled person knows suitable methods of genetic
modification of the host to enable the host to produce domains.

Carbamylated amino acid residues

[0040] As described above, carbamylation (also referred to as "carbamoylation”") refers to the
transfer of a carbamylgroup (also referred to as "carbamoylgroup"), i.e. a NH2-CO-group, from
a carbamyl-containing molecule (e.g., cyanate) to an acceptor moiety, such as an amino,
sulfydryl, carboxyl, phenolic hydroxyl, imidazole and phosphate groups of amino acid residues,
according to the general scheme: HNCO + RXH = RXCONH2.

[0041] Carbamylamino groups in proteins generally result from the reaction of cyanate with
amino groups in proteins, in particular with the amino-terminus of proteins (also known as the
N-terminus, NH2-terminus, N-terminal end or amine-terminus) and/or with amino groups in
side-chains of lysine and/or arginine residues (according to the general scheme: HNCO +
RNH2 = RNHCONH2). Amino group, amine group or amino radical refers to an -NH2 group,
consisting of a nitrogen atom attached by single bonds to hydrogen atoms, alkyl groups, aryl
groups, or a combination of them. The exact mechanism for carbamylation of proteins in Pichia
remains however unknown.

[0042] Typically, immunoglobulin single variable domains, including VH and VHH
immunoglobulin single variable domains, encompass consensus lysine (K) and arginine (R)
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residues (see e.g. WO 09/068625, pages 176-178), such as e.g. K at positions 43, 75 and 83,
and R at position 19, 27, 38, 45, 66 and 71. However, additional lysine and arginine residues
can as well be present.

[0043] Any reference to amino group is to be understood to also refer to more than one
group, i.e. to amino groups, unless otherwise specified.

[0044] In the context of this application, the term "product-related variant" means an
immunoglobulin single variable domain comprising at least one chemical modification which
results in an altered RP-HPLC profile compared to the immunoglobulin single variable domain
without the chemical modification. At some instances the product-related variant is abbreviated
as "variant".

General methods

[0045] The skilled person is well aware of general methods for producing immunoglobulin
single variable domains in host cells.

[0046] For example, production of Nanobodies in prokaryotic hosts such as E. coli has been
extensively described (see e.g. Ghahroudi et al., FEBS Letters 414: 521-526, 1997,
Muyldermans, 74: 277-302, 2001; Vranken et al.,, Biochemistry 41: 8570-8579, 2002).
Production of Nanobodies in lower eukaryotic hosts such as Pichia pastoris has been
extensively described in WO 94/25591. The contents of these applications are explicitly
referred to in the connection with general culturing techniques and methods, including suitable
media and conditions. The skilled person can also devise suitable genetic constructs for
expression of domains in host cells on the basis of common general knowledge. The present
invention also relates to specific conditions and genetic constructs described in the art, for
example the general culturing methods, plasmids, promoters and leader sequences described
in WO 94/25591, Gasser et al. Biotechnol. Bioeng. 94: 535, 2006; Gasser et al. Appl. Environ.
Microbiol. 73: 6499, 2007; or Damasceno et al. Microbiol. Biotechnol. 74: 381, 2007.

[0047] In a significant fraction of the immunoglobulin single variable domains, in particular
Nanobodies, produced by host cells, the presence of carbamylated amino acid residues, in
particular carbamylamino groups, such as carbamylated amino-terminal amine groups and/or
carbamylated amine groups in the side-chain of lysine and arginine residues, is observed. The
presence of these carbamylated amino acid residues might have an impact on the quality and
the homogeneity of the final Nanobody product. A high product quality and homogeneity is,
however, a prerequisite for e.g. the therapeutic use of these products.

[0048] The present application describes methods for the manufacture of immunoglobulin
single variable domains wherein the quality of the immunoglobulin single variable domains is
improved (i.e. with a reduced level of carbamylated amino acid residues, in particular of
carbamylamino groups, or its absence). The quality of the immunoglobulin single variable



DK/EP 2632946 T3

domains is improved by applying specified conditions in which the formation of the
carbamylated amino acid residue (s) is avoided during the growth of the host, during the
expression of the immunoglobulin single variable domain, and/or after the expression (i.e.
before or after purification of the immunoglobulin single variable domain). The present
invention provides methods of removing the carbamylated product-related variant.

[0049] Any reference to conditions that avoid the formation of carbamylated amino acid
residue(s), in particular of carbamylamine group(s), is equally understood to mean conditions
that remove or reduce the formation of the carbamylated product-related variant, and vice
versa.

[0050] Removal means that the carbamylated product-related variant is physically separated
from the mixture of immunoglobulin single variable domains comprising both the desired
immunoglobulin single variable domain species having no carbamylated amine groups, and the
carbamylated product-related variant. The correct meaning will be apparent from the context.

[0051] More particularly, the present application describes a method for producing an
immunoglobulin single variable domain at least comprising the steps of:

1. 1) cultivating a host or host cell (as defined herein) under conditions that are such that
said host or host cell will multiply (also referred to as biomass production phase,
including batch phase and fed-batch phase, e.g. glycerol fed-batch phase),

2. ii) maintaining said host or host cell under conditions that are such that said host or host
cell expresses and/or produces the immunoglobulin single variable domain (also
referred to as induction phase),

3. iii) optionally followed by isolating and/or purifying the secreted immunoglobulin single
variable domain from the medium,

wherein conditions are applied that avoid carbamylation of one or more amino acid residues, in
particular of one or more amino groups, at step i), at step ii), after step ii) and/or at or after
step iii), in particular at step ii).

[0052] In one embodiment the application describes conditions that avoid carbamylation of
one or more amino acid residues, in particular of one or more amino groups, are applied at
step i). Accordingly such a method comprises at least the steps of:

1. i) cultivating a host or host cell under conditions that are such that said host or host cell
will multiply and that avoid carbamylation of one or more amino acid residues, in
particular of one or more amino groups, e.g. at least including the following: adapting the
culturing conditions by one or more measures selected from the following: adapting the
culturing pH, adapting the culturing time, adapting the culturing temperature, adapting
the oxygen saturation, adapting the glycerol feed composition and/or the glycerol feed
rate, and/or optimizing the culturing medium composition, including but not limited to use
of cyanate-free medium, or any combination thereof;

2. ii) maintaining said host or host cell under conditions that are such that said host or host
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cell expresses and/or produces the immunoglobulin single variable domain;
3. iii) optionally followed by isolating and/or purifying the secreted immunoglobulin single
variable domain from the medium.

[0053] In one embodiment the application describes conditions that avoid carbamylation of
one or more amino acid residues, in particular of one or more amino groups, are applied at
step ii). Accordingly, said method comprises at least the steps of:

1. i) cultivating a host or host cell under conditions that are such that said host or host cell
will multiply;

2. ii) maintaining said host or host cell under conditions that are such that said host or host
cell expresses and/or produces the immunoglobulin single variable domain and that
avoid carbamylation of one or more amino acid residues, in particular of one or more
amino groups, e.g. at least including the following: adapting the culturing conditions, in
particular the induction conditions, by one or more measures selected from the following:
adapting the culturing pH, in particular the induction pH; adapting the culturing time, in
particular the induction time; adapting the culturing temperature, in particular the
induction temperature; adapting the oxygen saturation, in particular during the induction
phase; adapting the glycerol feed composition, in particular during the induction phase,
and/or the glycerol feed rate; adapting the induction parameters including but not limited
to adaptation of the methanol feed rate and/or methanol feed composition for hosts
requiring a methanol feed; and/or optimizing the culturing medium composition, in
particular during the induction phase, including but not limited to use of cyanate-free
medium, or any combination thereof;

3. iii) optionally followed by isolating and/or purifying the secreted immunoglobulin single
variable domain from the medium.

[0054] In one embodiment the application describes conditions that avoid carbamylation of
one or more amino acid residues, in particular of one or more amino groups, are applied after
step ii). In one embodiment of the invention, the conditions that avoid carbamylation of one or
more amino acid residues, in particular of one or more amino groups, are applied before step

ii).

[0055] Accordingly, the method for producing an immunoglobulin single variable domain in a
host at least comprises the steps of:

1. i) cultivating a host or host cell under conditions that are such that said host or host cell
will multiply;

2. ii) maintaining said host or host cell under conditions that are such that said host or host
cell expresses and/or produces the immunoglobulin single variable domain;

3. iii) maintaining the immunoglobulin single variable domain obtained in step ii) under
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conditions that avoid carbamylation of one or more amino acid residues, in particular of
one or more amino groups, e.g. under following conditions: adapting the pH, adapting
the holding and/or storage time, adapting the temperature, adapting the oxygen
saturation;

4. iv) optionally followed by isolating and/or purifying the secreted immunoglobulin single
variable domain from the medium.

[0056] The present application also describes applying the conditions that avoid
carbamylation of one or more amino acid residues, in particular one or more amino groups, at
or after step iii).

[0057] Accordingly, the method for producing an immunoglobulin single variable domain in a
host at least comprises the steps of:

1. i) cultivating a host or host cell under conditions that are such that said host or host cell
will multiply;

2. ii) maintaining said host or host cell under conditions that are such that said host or host
cell expresses and/or produces the immunoglobulin single variable domain;

3. ii) isolating and/or purifying the secreted immunoglobulin single variable domain from
the medium and applying conditions that avoid carbamylation of one or more amino acid
residues, in particular of one or more amino groups, e.g. by adapting the purification
conditions by one or more measures selected from the following: decreasing pH,
decreasing temperature, optimizing the purification medium, including but not limited to
avoiding cyanate-containing solvents or co-solvents, such as urea and the like,
decreasing holding and/or storage times, or any combination thereof.

[0058] The present application also describes the combination of any of the above. For
example, the present application describes culturing and maintaining the host under conditions
that prevent and/or reduce the formation of the product-related variant comprising at least one
carbamylated amino acid residue, in combination with maintaining the immunoglobulin single
variable domain under conditions that prevent and/or reduce the formation of the carbamylated
product-related variant or that lead to the removal or reduction of the carbamylated product-
related variant. Suitable further combination can readily be envisaged by the skilled person on
the basis of the teaching of the present application. Preferably in each step of the production of
the immunoglobulin single variable domain, conditions are applied that prevent and/or reduce
the formation of the carbamylated product-related variant.

[0059] In the present invention, the host can be removed from the culture medium by routine
means. For example, the host can be removed by centrifugation or filtration. The solution
obtained by removal of the host from the culture medium is also referred to as culture
supernatant, or clarified culture supernatant.
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[0060] According to the present invention immunoglobulin single variable domains can be
purified by standard methods from culture supernatant. Standard methods include, but are not
limited to chromatographic methods, including size exclusion chromatography, hydrophobic
chromatography, ion exchange chromatography, and affinity chromatography. These methods
can be performed alone or in combination with other purification methods, e.g. precipitation or
gel electrophoresis. The skilled person can devise suitable combinations of purification
methods for immunoglobulin single variable domains on the basis of common general
knowledge. For specific examples the art cited herein is referred to. It is envisaged that any of
the above conditions that avoid carbamylation of one or more amino acid residues, in particular
of one or more amino groups, can also be applied at or between any step of these purification
methods.

[0061] In the following, particular examples of conditions that avoid carbamylation of one or
more amino acid residues, in particular of one or more amino groups, suitable for the methods
according to the present invention are discussed in more detail. Applying these conditions will
also be referred to as "treatment” of the immunoglobulin single variable domain.

[0062] Carbamylation can be avoided by adapting the pH. If the treatment is performed during
the culturing, in particular the induction, phase in the presence of the host, the pH will be
chosen to be suitable for the host. After removal of the host, the pH can be chosen in a wider
range, e.g. from pH 3 to 6. Specific examples of suitable pH at which the various treatments to
avoid carbamylation can be performed during the culturing, in particular the induction, phase in
the presence of the host, in particular a Pichia host, such as Pichia pastoris, are a pH of about
6.45 or less, a pH of about 6.4 or less, a pH of about 6.3 or less, a pH of about 6.25 or less, a
pH of about 6.2 or less, a pH of about 6.1 or less, a pH of about 6 or less, a pH of about 5.7 or
less, a pH of about 5.6 or less, a pH of about 5.5 or less, a pH of about 5 or less, in particular
of about 5, 5.45, 5.5, 5.64, 5.75, 6, 6.04, 6.05, 6.1, 6.2, 6.25, 6.4 or 6.45.

[0063] The skilled person can readily determine the suitable treatment time to avoid
carbamylation in any of the method steps described below. The effects of the treatment, i.e.
the reduction of the carbamylated product-related variant can be monitored by means
described herein, e.g. RP-HPLC.

[0064] The treatment temperature will depend on the stage of applying the treatment. If the
treatment is performed during the culturing, in particular the induction, phase of the host, the
treatment temperature will be the same as the culturing and/or the induction temperature for
that host, or below the culturing and/or the induction temperature. The skilled person knows
suitable culturing and induction temperatures for different hosts. If the treatment is performed
in the presence of the host but at a reduced temperature, the temperature may be e.g. 1 to
15°C, such as 5°C or 10°C, below the culturing and/or the induction temperature usually
employed for the respective host. Exemplary treatment temperatures that can be applied
during the culturing and/or the induction phase of the host, in particular a Pichia host, such as
Pichia pastoris, are 20°C, 22°C, 23°C, 24.5°C, 25°C, 25.5°C, 26°C, 26.25°C, 26.75°C or
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27.5°C.

[0065] After removal of the host, the temperature can further be decreased. A preferable
treatment temperature is room temperature (20-25°C).

[0066] After removal of the host, the immunoglobulin single variable domain may be present
in a wide range of suitable buffers. Examples include, but are not limited to phosphate buffered
saline (PBS) or Tris-HCI. The immunoglobulin single variable domain may also be present in
physiological saline. Preferably the immunoglobulin single variable domain is present in a
buffer that does not contain any urea or cyanate.

[0067] Subsequent to any one, or any combination of treatments according to the present
invention, the immunoglobulin single variable domain can be transferred to a new buffer
system, if desired. The transfer can be accomplished by routine means. For example, the
immunoglobulin single variable domain can be transferred into PBS by dialysis. The
immunoglobulin single variable domain may also be transferred into physiological saline. The
skilled person can readily chose other suitable buffer systems.

[0068] The above treatments can be performed at different steps of the culturing process:

a) Adapting the culturing conditions. in particular the induction conditions

[0069] In a further embodiment of the application, which can be employed alone or in
combination with any other embodiment as described herein to reduce the formation of
product related variants with carbamylated amino acid residues, in particular of carbamylamino
groups, the culture conditions, in particular the induction conditions, can be adapted.

[0070] The skilled person knows standard culturing conditions, including induction conditions,
for hosts suitable for recombinant production of immunoglobulin single variable domains.

[0071] As a specific example, the yeast Pichia, in particular P. pastoris, is typically cultured as
a high cell density culture (glycerol fed-batch) and induction is initiated by the addition of
methanol. The standard protocol for expression of recombinant proteins in Pichia is the
Invitrogen protocol, expression at 30°C in basal salt medium with a methanol feed rate of 10.9
ml/L/h. Other methods for the culturing of Pichia will be known to the skilled person and are
e.g. described in Methods in Molecular Biology™, Pichia protocols, second edition, Humana
Press.

[0072] As compared to standard conditions, including, but not limited to the ones exemplified
for P. pastoris, one or more selected from the following adaptations of culturing conditions, in
particular induction conditions, can be applied to reduce the formation of carbamylated product
related variants : adapting the culturing pH, preferably the induction pH; adapting the culturing
time, preferably the induction time; adapting the culturing temperature, preferably the induction
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temperature; adapting the oxygen saturation, preferably during the induction phase; adapting
the glycerol feed composition, in particular the percentage complex substrate in the glycerol
feed, preferably during the induction phase, and/or the glycerol feed rate; adapting the
induction parameters including but not limited to adaptation of the methanol feed rate and/or
methanol feed composition for hosts requiring a methanol feed; and/or optimizing the culturing
medium composition, in particular during the induction phase, including but not limited to use of
cyanate-free medium, addition of yeast extract and/or peptone, or any combination thereof.

[0073] The following detailed description will be given in the context of the standard protocol
(the Invitrogen protocol) for culturing P. pastoris, as set forth above. The skilled person will
readily be in a position to adapt this teaching to the standard protocols used for other hosts.
For example, where the standard temperature for culturing P. pastoris is 30°C, the culturing
temperature can be adapted e.g. to 25°C. It is clear to the skilled person that for another host,
the standard culturing temperature of which is 37°C, 32°C or 30°C may represent a similar
adaptation of the culturing temperature.

[0074] One possible adaptation of the culturing conditions, in particular induction conditions, to
reduce the formation of carbamylated product related variants relates to an adapted culturing
and/or induction pH, in particular a reduction of the culturing and/or induction pH as compared
to the standard culturing and/or induction pH for the host organism. An example of an adapted
culturing and/or induction pH, in particular a reduced culturing and/or induction pH, for a Pichia
host, such as Pichia pastoris, is an adaptation to a pH of about 6.45 or less, to a pH of 6.4 or
less, to a pH of about 6.3 or less, to a pH of about 6.25 or less, to a pH of about 6.2 or less, to
a pH of about 6.1 or less, to a pH of about 6 or less, to a pH of about 5.7 or less, to a pH of
about 5.6 or less, to a pH of about 5.5 or less, to a pH of about 5 or less, in particular to a pH
of about 5, 5.45, 5.5, 5.64, 5.75, 6, 6.04, 6.05, 6.1, 6.2, 6.25, 6.4 or 6.45.

[0075] A further adaptation of the culturing and/or induction conditions to reduce the formation
of carbamylated product related variants, to be applied alone or together with the adapted
culturing and/or induction pH, or any other embodiment described herein, is an adaptation of
the culturing time, in particular the (glycerol fed-)batch time and/or the induction time,
preferably the induction time, in particular a reduction of the culturing time, in particular the
(glycerol fed-)batch time and/or the induction time, preferably the induction time, e.g. by 30-
80%, as compared to the standard culturing, (glycerol fed-)batch time or induction time for the
host organism. Such adaptation can for example be a reduction by 30%, 50%, 70% or 80% as
compared to the standard culturing, (glycerol fed-)batch time or induction time for the host
organism. An example of an adapted induction time, for a Pichia host, in particular Pichia
pastoris, is a lowering of the induction time from about 96 hours to a period between 24 and 96
hours, in particular to about 24 hours, about 32 hours, about 40 hours, about 48 hours, about
56 hours, about 64 hours, about 72 hours, about 80 hours, about 88 hours or about 96 hours.
An example of an adapted glycerol fed-batch time, for a Pichia host, in particular Pichia
pastoris, is a lowering of the glycerol fed-batch time from about 16 to 18 hours to a period
between 2 to 4 hours.
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[0076] A further adaptation of the culturing and/or induction conditions to reduce the formation
of product related variants, to be applied alone or together with one or more of the adapted
culturing and/or induction pH, adapted culturing and/or induction time, and/or any other
embodiment of the invention described herein, is adapting the culturing and/or induction
temperature, in particular a reduction of the culturing and/or induction temperature, e.g. by 1 to
15°C, as compared to the standard culturing and/or induction temperature for the host
organism. For example, the culturing and/or induction temperature can be lowered by 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, 13, 14 or 15°C. In a preferred embodiment the culturing and/or
induction temperature is lowered by 5°C, e.g. from 30°C to 25°C, or by 10°C, e.g. from 30°C to
20°C. An example of an adapted induction temperature, for a Pichia host, in particular Pichia
pastoris, is a lowering of the induction temperature from about 30°C to about 27.5°C, 27°C,
26.5°C, 26°C, 25.5°C, 25°C, 24.5°C, 24°C, 24.5°C, 23°C, 22°C or 20°C.

[0077] Afurther adaptation of the culturing and/or induction conditions to reduce the formation
of carbamylated product related variants, to be applied alone or together with one or more of
the adapted culturing and/or induction pH, adapted culturing and/or induction time, adapted
culturing and/or induction temperature and/or any other embodiment described herein, is an
adaptation of the oxygen saturation (dissolved oxygen concentration) of the culture medium,
preferably during the induction phase, in particular decreasing the dissolved oxygen
concentration, e.g. 0.3 to 0.8 times, as compared to the standard dissolved oxygen
concentration for the respective host.Such decrease can for example be a decrease of the
dissolved oxygen concentration to a range between 5% to 24%, for example to 5%, to 15% or
to 22.5%, as compared to the standard dissolved oxygen concentration of 30% for a Pichia
host, in particular Pichia pastoris.

[0078] A further adaptation of the culturing and/or induction conditions, to be applied alone or
together with one or more of the adapted culturing and/or induction pH, adapted culturing
and/or induction time, adapted culturing and/or induction temperature, adapted oxygen
saturation and/or any other embodiment described herein, is an adaptation of the glycerol feed
rate and/or composition. Such adaptation of the glycerol feed composition can for example be
a decrease in the percentage complex substrate in the glycerol feed as compared to the
standard percentage complex substrate in the glycerol feed for the host organism, such as a
decrease from about 10% to about 5%, or from about 20% to about 15%, to about 10% or to
about 5%, for a Pichia host, in particular Pichia pastoris. Such adaptation of the glycerol feed
rate can for example be a decrease in the glycerol feed rate by 30% to 80% as compared to
the standard glycerol feed rate for the respective host.

[0079] A further adaptation of the culturing and/or induction conditions, to be applied alone or
together with one or more of the adapted culturing and/or induction pH, adapted culturing
and/or induction time, adapted culturing and/or induction temperature, adapted oxygen
saturation, adapted glycerol feed rate and/or composition, and/or any other embodiment
described herein, is an adaptation of the methanol feed rate and/or composition. An example
of an adapted methanol feed rate is a reduction or an increase by 30 to 80%, such as by 30%,
50%, 70% or 80%, as compared to the standard protocol. In a specific embodiment, the
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methanol feed rate is reduced to 9 ml/I*h or less, to 8 ml/I*h or less, to 7.5 ml/I*h or less, to 7
ml/I*h or less, to 6.5 ml/I*h or less, to 6 ml/I*h or less, to 5 ml/I*h or less, to 4 ml/I*h or less, to 3
ml/L*h or less, to 2 ml/I*h or less, as compared to the standard methanol feed rate for a Pichia
host, in particular Pichia pastoris.

[0080] A further adaptation of the culturing and/or induction conditions, to be applied alone or
together with one or more of the adapted culturing and/or induction pH, adapted culturing
and/or induction time, adapted culturing and/or induction temperature, adapted oxygen
saturation, adapted methanol feed rate and/or composition, adapted glycerol feed rate and/or
composition, and/or any other embodiment described herein, is an adaptation of the medium
composition e.g. by using a complex medium instead of a basal salt medium and/or by addition
of complex substrates such as yeast extract and/or peptone. For example, yeast extract and/or
peptone can be added directly in the culturing medium at a concentration of 0 to 5% and/or
can be added to the glycerol and/or methanol feed in a concentration of 0 to 20% for a Pichia
host, in particular Pichia pastoris.

[0081] For the overall production process the addition of complex substrates, such as yeast
extract and/or peptone, has the additional advantage of strongly reducing, or completely
avoiding the occurrence of fragments of immunoglobulin single variable domains. This
additional structural variant is likely formed by proteolytic activity. Without wanting to be bound
by theory, the addition of yeast extract and/or peptone may provide alternative substrates for
proteases, such that the formation of degraded immunoglobulin single variable domains is
reduced or avoided all together.

[0082] The skilled person can readily combine the above measures such as to devise
optimized culturing conditions. The level of carbamylated product related variant under the
different conditions can be readily determined e.g. by RP-HPLC or clEF.

[0083] The above measures, alone or in a suitable combination, can result in a significant
reduction of carbamylated product-related variant as exemplified in the Examples.

b) Adapting the purification conditions

[0084] After separation of the immunoglobulin single variable domain from the host, the
immunoglobulin single variable domain can be treated in several ways that decrease the
formation of carbamylated amino acids.

[0085] The pH of the immunoglobulin single variable domain solution can be decreased.
Examples of a decreased pH are e.g. pH 6.4 or below, a pH in the range of pH 5 to 6.4, more
specifically approximately pH 5, approximately pH 6 or approximately pH 6.4. Said decrease of
the pH will also lead to the reduction of carbamylated product-related variants on its own, i.e.
without combination with decreased temperature.
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[0086] As an alternative to decreasing pH and/or in addition to this measure, immunoglobulin
single variable domains can be subjected to a decreased temperature. Decreasing the
temperature with about 5 to 10°C will result in reduction of the carbamylated product-related
variant by avoiding the formation of the carbamylated amino acid(s.

[0087] The above measures of decreasing pH and/or decreasing temperature can
furthermore be combined with avoiding cyanate-containing buffers and/or (co)solvents.
Examples of cyanate-free buffers and (co)solvents are e.g. buffers without urea. Using
cyanate-free buffers and (co)solvents will also lead to the reduction of carbamylated product-
related variants on its own, i.e. without combination with decreased pH and/or decreased
temperature.

[0088] It can be appreciated that combinations of one or more of the measures of decreased
pH, decreased temperature and cyanate-free buffers and/or (co)solvents will enhance the
avoidance of carbamylated amino acid(s) in the carbamylated product-related variant, such
that the carbamylated variant is reduced more quickly and/or to a greater extent.

¢) Removal of carbamylated product-related variant by ion exchange chromatography

[0089] The above described measures, alone or in combination, aim at reducing the
carbamylated product-related variant by avoiding carbamylation of one or more amino acid
residues.

[0090] Nevertheless, in a further embodiment, which can be used alone or in combination with
one or more of the above measures or treatments, the present invention also relates to the
removal of carbamylated product-related variant. In this context, removal means the physical
separation from the desired product, and is distinct from the conversion of the variant into the
desired product by avoiding carbamylation of one or more amino acid residues.

[0091] The skilled person can utilize a range of standard techniques for removing the
carbamylated product-related variant by virtue of changes in protein charge and hydrophobicity
in the variant in view of the added carbamyl group(s). These changes can be used, for
example, for separating the carbamylated variant from the product based on a concomitant
shift in isoelectric point (pl) and hydrophobicity. Standard chromatographic techniques,
comprising, but not limited to ion exchange (IEX) chromatography, e.g. ion-exchange high-
performance liquid chromatography (IEX-HPLC), mixed-mode chromatography, hydrophobic
charge induction chromatography (HCIC), hydrophobic interaction chromatography (HIC), and
the like, preferably ion-exchange (IEX) chromatography, can be used for separating the
carbamylated variant from the desired product based on a shift in isoelectric point observed for
the carbamylated variants.

[0092] Removal of the carbamylated product-related variant by physical separation from the
desired immunoglobulin single variable domain can be performed alone, or in combination with
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any of the other embodiments as described herein. Advantageously in the case of a
combination, one or more methods or treatments that reduce the amount of carbamylated
product-related variant by avoiding carbamylation of amino acid residue(s) will be performed
first, followed by a step of removing the remaining carbamylated variant by physical separation.

Immunoglobulin single variable domain obtainable by the method of the invention

[0093] The present application also describes the immunoglobulin single variable domain
obtainable by the methods of the invention as described herein. It is characterized by a
reduced level, or the complete absence, of the product-related variant comprising at least one
carbamylated amino acid residue, in particular comprising at least one carbamylamino group.
For example, the immunoglobulin single variable domain obtainable by the methods of the
present invention comprises 0-5%, more preferably 0-4%, 0-3%, 0-2% or 0-1% carbamylated
product-related variant. Most preferably, the immunoglobulin single variable domain obtainable
by the method of the present invention will be free of the carbamylated product-related variant.
The skilled person can readily determine the proportion of carbamylated product-related
variant -as a % of the total- e.g. by RP-HPLC, clEF or LC-MS as described herein.

[0094] In other words, the immunoglobulin single variable domain obtainable by the methods
of the present invention is characterized by an improved structural homogeneity as compared
to prior art preparations. In particular, prior art preparations may comprise 5-15%, or even
higher proportions of carbamylated product-related variant.

[0095] In view of the improved structural homogeneity, the immunoglobulin single variable
domain obtainable by the method of the present invention is advantageous as compared to
prior art preparations. For example, the immunoglobulin single variable domain of the present
invention is advantageous for therapeutic applications. In the connection of therapeutic
antibody use, structural homogeneity is of foremost clinical and regulatory importance.

[0096] Accordingly, the present application also describes pharmaceutical preparations and
other compositions comprising the immunoglobulin single variable domain obtainable by the
methods of the present invention. The present application also describes the medical use of
the immunoglobulin single variable domain obtainable by the method of the present invention.

[0097] The skilled person can readily formulate pharmaceutically suitable formulations on the
basis of common general knowledge. Moreover, the references specifically dealing with
immunoglobulin single variable domains, which are cited herein, are explicitly referred to.
Without limitation, formulations for standard routes of application can be prepared, including
formulations for nasal, oral, intravenous, subcutaneous, intramuscular, intraperitoneal,
intravaginal, rectal application, topical application or application by inhalation.

[0098] Based on the present invention, the skilled person can also readily devise suitable
methods of treatment characterized by the use of a therapeutically effective amount of the
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immunoglobulin single variable domain obtainable by the method of the present invention.

EXAMPLES

Example 1: Analysis by RP-HPLC surprisingly revealed the presence of product-related
variants in material produced in P. pastoris

[0099] Production of Nanobodies in lower eukaryotic hosts such as Pichia pastoris has been
extensively described in WO 94/25591 and is known to result in good quality product.
Moreover, as outlined in patent application W02010/125187, material produced in P. pastoris
is characterized by equal functionality and even higher homogeneity as compared to E. coli
produced material.

[0100] It was therefore highly surprising to find under certain fermentation conditions in
addition to the main product peak certain postpeaks in the RP-HPLC chromatograms of P.
pastoris produced material, suggesting the presence of product-related variants.

[0101] As indicated in Table 1, several fermentation conditions were tested for the expression
of Nanobody A in Pichia pastoris strain X33.

[0102] Nanobody A (hereinafter also referred to as "NbA") has previously been described in
patent application W02010/115998 and is a bivalent bispecific Nanobody consisting of two
humanized immunoglobulin single variable domains of a heavy-chain llama antibody, of which
one subunit has been affinity matured and is specific for binding to antigen A1 (hereinafter
referred to as NbA1) while the remaining subunit binds to human serum albumin (hereinafter
referred to as NbA2). The subunits are fused head-to-tail with a nine amino acid glycine serine
linker (9GS) in the following format: NbA1 - 9GS - NbA2 and having the following sequence

(SEQ ID NO: 1):
EVQLVESGGGLVOPGGSLRLSCAASGSVEFK INVMAWYRQAPGKGRELVAGTTSGGSTSYAD

SYKGRFTISRDNAKNTLYLOMNSTIRPEDTAVYYCAFITTESDY DLGRRYWGQGTLVTIVSSG
GGGSGGGSEVOLVESGGGLVOPGNSTRLSCAASGFTFSSFGMSWVROAPGKGLEWVSSISG
SGSDTLYADSVKGRFTISRDNAKTTLYLOMNSTRPEDTAVYYCTIGGSLESRSSQGTLVTVSS

[0103] Typically glycerol fed-batches of Pichia in rich medium were performed and induction
was initiated by the addition of methanol. The culturing conditions were varied in terms of pH,
temperature, methanol-feed rate, pO, (dissolved oxygen concentration) and medium
composition (Table 1).

Table 1. Overview of different fermentation conditions tested for the expression of Nanobody A
in Pichia pastoris strain X33 and area% of postpeaks corresponding to Nanobody A-related
variants with mass difference of -18Da and +43Da (NbA -18Da and NbA +43Da) observed in
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RP-HPLC chromatograms obtained from clarified broth samples taken during the initial phase
of expression (time point 1, from 15 to 35 hours after start of induction) and at harvest (time
point 2, from 80 to 160 hours after induction) during fermentation of Nanobody A (hai: hours
after induction; WCW: wet cell weight; *: area% of postpeak corresponding to Nanobody A-
related variant with mass difference of two times +43Da)

NO

Induction conditions

area% of postpeak corresponding to NbA
-18Da and NbA +43Da at time point:

1

2

015

Induction at WCW of
about 380 g/L

pH=7.0

Temperature = 20 °C

MeOH feed rate = 3
mL/h/L initial volume

pO2 = 30%

+ complex feed
during MeOH feed

17.20 hai 7.3%

82.60 hai 15.3%

017

Induction at WCW of
about 380 g/L

pH=7.0

Temperature = 30 °C

MeOH feed rate = 10
mL/h/L initial volume

pO2 = 15%

+ complex feed
during MeOH feed

17.20 hai 11.4%

82.60 hai 30.7% +
8.3%*

023

Induction at WCW of
about 460 g/L

pH=6.5

Temperature = 30 °C

MeOH feed rate = 3
mL/h/L initial volume

pO2 = 40%

32 hai 4.8%

144.50 hai 6.9%

024

Induction at WCW of
about 350 g/L

pH=6.5

Temperature = 25 °C

MeOH feed rate = 8
mL/h/L initial volume

pO2 = 22.5%

17.10 hai 6.9%

155 hai 5.4%
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NO

Induction conditions

area% of postpeak corresponding to NbA
-18Da and NbA +43Da at time point:

1

2

025

Induction at WCW of
about 200 g/L

pH=6.5

Temperature = 30 °C

MeOH feed rate = 3
mL/h/L initial volume

pO2 = 5%

18.23 hai 4.3%

162.23 hai 8.5%

030

Induction at WCW of
about 450 g/L

pH=6.5

Temperature = 30 °C

MeOH feed rate = 3
mL/h/L initial volume

pO2 = 40%

24.50 hai 3.7%

98.20 hai 5.1%

032

Induction at WCW of
about 460 g/L

pH=6.0

Temperature = 30 °C

MeOH feed rate =
4.7 mL/h/L initial
volume

pO2 = 30%

19 hai 3.4%

92.70 hai 4%

027

Induction at WCW of
about 440 g/L

pH=55

Temperature = 30 °C

MeOH feed rate = 8
mL/h/L initial volume

pO2 = 5%

32 hai 3.0%

144.50 hai 3.5%

018

Induction at WCW of
about 380 g/L

pH=5.0

Temperature = 30 °C

MeOH feed rate = 3
mL/h/L initial volume

+ complex feed
during MeOH feed

17.20 hai 4.1%

82.60 hai 4.8%
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N° Induction conditions jarea% of postpeak corresponding to NbA
-18Da and NbA +43Da at time point:
1 2
pO2 = 30%

[0104] In-process control (IPC) was performed on clarified broth samples that were taken at
different time points during fermentation in order to determine product titer and to evaluate the
presence of product-related variants.

[0105] The first step in the IPC protocol consists of a sample preparation step using Protein A
affinity chromatography. This step is required to purify the Nanobody from medium
components in order to obtain high resolution during the second step in the protocol, i.e. RP-
HPLC analysis.

[0106] RP-HPLC experiments were carried out on a Zorbax 300SB-C8 column (4.6 x 150 mm,
5 ym; Agilent, Part. No. 883995-906).

[0107] The relative amounts of product and product-related variants were then determined by
measuring the light absorbance of the components eluting from the RP-HPLC column. The
relative amount of a specific protein variant, expressed as area %, was calculated by dividing
the peak area corresponding to the variant by the total integrated area (relevant area).

[0108] RP-HPLC chromatograms obtained from IPC samples taken at the initial phase of
expression (timepoint 1) and at harvest (time point 2) of Nanobody A showed a postpeak with
relative retention time (RRT) of 1.06.

[0109] The product corresponding to this postpeak showed a mass difference of -18 Da with
Nanobody A (hereinafter referred to as "NbA -18Da") indicating that it is a pyroglutamate
variant of Nanobody A the formation of which results in loss of water upon cyclization of the N-
terminal glutamic acid of Nanobody A.

[0110] Representative RP-HPLC chromatograms of fermentations performed at pH 6 and
below are shown in Figure 1: this figure shows chromatograms obtained from IPC samples
taken at 19 hai (Figure 1A) and 92.70 hai (Figure 1B) under fermentation condition number
032 in Table 1 indicating the postpeak corresponding to NbA -18Da.

[0111] This postpeak was similar in all fermentation conditions tested, indicating that the
formation of this variant did not correlate with the conditions tested (Table 1).

[0112] Surprisingly, in all fermentations performed at pH 6.5 and above, an additional
postpeak was observed with RRT of 1.04.
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[0113] This postpeak overlaps largely with the NbA -18Da postpeak and was found to have a
mass difference of +43 Da with Nanobody A (hereinafter referred to as "NbA +43Da")
suggesting the possibility of carbamylation of Nanobody A.

[0114] Moreover, in a particular fermentation set-up (number 017 in Table 1) an additional
postpeak with RRT of 1.07 was present in the sample at the end of the fermentation.

[0115] The additional postpeak was identified by mass spectrometry as Nanobody A with two
additional masses of +43 Da (hereinafter referred to as "NbA + 2x43Da"), suggesting the
possibility of a Nanobody A-related variant that is carbamylated at two different sites.

[0116] Figure 2 shows chromatograms obtained from IPC samples taken at 17.20 hai (Figure
2A) and 82.60 hai (Figure 2B) under fermentation condition number 017 in Table 1 indicating
the overlapping postpeaks with RRT of 1.06 and 1.04 corresponding to NbA -18Da and NbA
+43Da, respectively, and the postpeak with RRT of 1.07 corresponding to NbA + 2x43Da.

[0117] It was observed that the NbA +43Da postpeak was already present at the initial phases
of expression and that this postpeak increased in function of induction time in practically all
fermentation conditions tested (Table 1 and Figure 2). This observed time-dependent increase
of the NbA +43Da postpeak was however more pronounced at higher pH levels (Table 1).

Example 2: Identification of the carbamylation site in Nanobody A

[0118] Carbamylation is generally the result of isocyanic acid which notably reacts with the
amino terminus of proteins but also attacks the side chains of lysine and arginine residues.

[0119] To check the possibility of carbamylation and to identify the carbamylation site(s) in
Nanobody A, the IPC sample from fermentor 017 at 82.6 hai (harvest sample purified using
Protein A chromatography) was analyzed via peptide mapping. This sample was named
Nanobody A-017CV. This sample was also used in experiments described in the following
sections.

[0120] A tryptic digest was performed on Nanobody A-017CV and the digested sample was
analysed by RP-HPLC on a Zorbax 300SB-C18 (25 x 2.1 mm) column.

[0121] Mass spectrometry (MS) data were processed using the BiopharmalLynx™ software
(Waters). An additional mass of +43 Da was located on the N-terminal peptide (peptide T1).
Although total mass measurements indicated the occurrence of carbamylation at two different
sites, no additional peptides with a mass of +43 Da could be identified with the method used.

[0122] To determine the exact carbamylation site, Liquid Chromatography Tandem Mass
Spectrometry (LC/MSMS) was performed on the T1 +43 Da peptide using two different
fragmentation methods, i.e. with low or high collision energy. Using the latter method, it was
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clearly demonstrated in the b ion series that the +43 Da was located on the N-terminal glutamic
acid (E) residue. This result showed that the carbamylation reaction occurred predominantly on
the amino terminus of Nanobody A.

Example 3: Effect of carbamylation on the binding of Nanobody A to HSA and Target A

[0123] Nanobody A binds both to Target A and to human serum albumin (HSA). These two
functionalities can be tested by:

1. 1) a Biacore method for binding to Target A or HSA which allows rapid screening of
functionality of binding of Nanobody A to its respective targets. Comparisons of the
slopes of the binding are used for relative comparison.

2. 2) two different enzyme-linked immunosorbent assay (ELISA)-based potency assays for
monitoring the relative potencies for Target A and HSA.

[0124] The carbamylated sample Nanobody A-017CV was analyzed using Biacore and the
potency assays to verify whether carbamylation might affect the potency. This sample was for
30.7% carbamylated at the N-terminus and for 8.3% carbamylated at an additional site, most
likely a lysine or arginine residue. This sample also contained 10% proteolytic degradation
fragments, therefore a potency of maximally 90-100% could be expected.

Biacore experiments for binding of carbamylated Nanobody A to HSA and Target A:

[0125] The Biacore experiments were performed on a Biacore3000 instrument (GE
Healthcare). An activity of 77.6% was observed for Target A binding of carbamylated
Nanobody A-017CV compared to the reference Nanobody A (Table 2). This apparent loss on
activity was also observed during Biacore analysis on immobilized HSA (Table 3), where a
remaining activity of 78.1% was demonstrated.

Table 2. Biacore results showing the % binding of carbamylated Nanobody A on Target A
relative to non-carbamylated reference material.

Nanobody A Slope (RU/s) Functionality compared to
Ref (%)
Reference 0.581
5nM NbA-017CV 0.451 77.6

Table 3. Biacore results showing the % binding of carbamylated Nanobody A on HSA relative to
non-carbamylated reference material.

Functionality compared to

Nanobody A Average slope (RU/s) Ref (%)

Reference 3.99
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Nanobody A Average slope (RU/s) Functlon?ll(lg/c E:o(/aor)npared to
5nM NbA-017CV 3.1 78.1 (78.07-78.13)

[0126] As carbamylation at the N-terminal residue is not expected to have an impact on the
Target A and HSA binding functionalities of Nanobody A, the loss in activity was most likely
attributed to carbamylation of a lysine or arginine residue in the Nanobody A sequence.

ELISA-based assays to determine the potency of carbamylated Nanobody A relative to
a reference batch

[0127] The potency ELISA assay for Target A binding was a neutralization type assay:
Nanobody A inhibits the interaction between Target A ligand and Target A (a receptor), thereby
preventing receptor signalling. Briefly, a mixture of Target A ligand and Nanobody A was pre-
incubated, supplemented with Target A and subsequently captured in the wells of a multi-well
plate coated with a different Nanobody binding to the same Target A having the following

sequence(SEQ ID NO: 2):
EVOTVESGGGRVOAGGSTRLSCTASGDNFS THRMGWYRGALGKQRETLVAT T TNHGS TNYADAVKGRET

ISRDYAKNTVYLOMNGLKPDDTAVYYCNAYISEVGTWRDDYWGQGIQVIVSS

[0128] Residual bound Target A ligand was detected with biotinylated antihuman Target A
ligand monoclonal antibody, Streptavidin-HRP (horse radish peroxidase) and a colorimetric
detection at 450 nm, respectively.

[0129] The ELISA developed for HSA binding was based on the direct binding of Nanobody A
to HSA coated on the plate. Any bound Nanobody A was detected using an anti-Nanobody-
Nanobody directly coupled to HRP (horse radish peroxidase) and a colorimetric detection,
respectively.

[0130] The potencies measured in both ELISA assays were expressed as relative potencies
compared to a reference material.

[0131] The apparent drop in potency observed using Biacore analysis was confirmed by
sample analysis in the ELISA-based potency assays (Table 4), where a relative potency of
65.7% and 72.4% was found for Target A and HSA binding, respectively.

Table 4. Potency results for Target A and HSA binding of carbamylated Nanobody A. Potencies
are expressed relative to a non-carbamylated control batch.
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Target A

Control batch Nanobody A-017CV
Parallellism (Equiv limits) PASSED 0 PASSED 0
Ouitliers
Relative Potency 1.020 0.657
lower limit ClI 0.963 0.619
upper limit CI 1.076 0.694
Cl % 11.0% 11.4%

HSA

Control batch Nanobody A-017CV
Parallellism (F-test) Outliers PASSED 0 PASSED 0
Relative Potency 1.052 0.724
lower limit ClI 0.956 0.660
upper limit CI 1.148 0.788
Cl % 18.2% 17.6%

Example 4: The carbamylated variant can be removed by ion exchange chromatography

[0132] Interestingly, analysis by capillary IsoElectric Focusing (clEF) of sample Nanobody A-
017CV, which contains one and two times carbamylated Nanobody A, resulted in two additional
pre-peaks in the electropherogram compared to the non-carbamylated reference sample
(Figure 3). The total surface area % of these peaks (x40%) corresponds very well with the
area % of the postpeaks observed during RP-HPLC (30.7% + 8.3% = 39%). These peaks
therefore most likely represent the carbamylated variants, which apparently have a pl that is
significantly lower than that of the uncarbamylated product (pl 9.7).

[0133] clEF was performed using a iCE 280 Fast IEF Analyzer (Convergent Biosciences) with
a FC coated cartridge (Cat No.101701). Samples were focused for 10 minutes at 3000V in the
presence of 1% methyl cellulose and 2% Pharmalytes, pH range 8-10.5.

[0134] The significant pl difference between carbamylated and uncarbamylated Nanobody A
implies that the carbamylated variant(s) can be removed from the intact material using ion
exchange chromatography.

[0135] Supporting data for this hypothesis are shown in Figure 4. This figure shows the RP-
HPLC chromatograms of a Nanobody A batch before (A) and after (B) downstream processing
with the Nanobody A purification protocol consisting of 3 chromatography steps, the third step
being cation exchange chromatography.
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[0136] RP-HPLC analysis of the sample before purification, which was taken at the time of
harvesting the fermentor and which was partially purified using Protein A chromatography,
showed the presence of a large postpeak. Analysis by Liquid Chromatography coupled to
Mass Spectrometer (LC-MS) confirmed that the products corresponding to this postpeak
showed a mass difference of -18 Da and +43Da with Nanobody A indicating that they were the
pyroglutamate and the carbamylated variant of Nanobody A described above (Figure 5A) and
that this postpeak corresponded to the postpeak with RRT of 1.04 overlapping with the
postpeak with RRT of 1.06 as described above.

[0137] Importantly, carbamylated Nanobody A could no longer be detected by MS in the final
purified batch (Figure 5B), suggesting that the carbamylated variant was removed during
downstream processing. This agrees with the RP-HPLC data of the purified batch (Figure 4B),
in which the surface area % of the postpeak has clearly decreased compared to the surface
area % of the postpeak of the batch after harvest.

[0138] Figure 6 shows the RP-HPLC chromatograms of Nanobody A samples that were taken
before and after the cation exchange chromatography step (RP-HPLC performed according to
method described in Example 1). The surface area % of postpeak 1 and 2 (respectively
corresponding to NbA -18Da and NbA +43Da (postpeak 1) and NbA + 2x43Da (postpeak 2) as
described above) has clearly decreased after this step compared to the preceding process
step. The fact that the carbamylated variant can be separated from the intact material using
ion exchange chromatography agrees with the pl differences observed between intact and
carbamylated Nanobody A (Figure 3).

Example 5: In_vitro carbamylation (forced carbamylation) of Nanobody A occurs
predominantly on the N-terminal amino acid

[0139] Carbamylation can be induced in vitro by incubating the protein in urea. Urea in
solution is in equilibrium with ammonium cyanate. The form that reacts with protein amino
groups is isocyanic acid. The carbamylation reaction can be accelerated in decomposed urea
solutions (e.g. after heating; Stark et al., 1960, J. Biol. Chem. 235, 3177-3181).

[0140] Nanobody A was incubated for 3 days at 25°C in OM, 1M, 4M or 8M urea solutions and
analyzed with RP-HPLC.

[0141] In all samples treated with urea, RP-HPLC analysis showed the formation of a
postpeak overlapping with the pyroglutamate peak (Figure 7) . The area % of this peak
increased with increasing urea concentration. An additional postpeak was observed in the RP-
HPLC profile from the samples treated with 4M and 8M urea. The retention time of both
postpeaks overlaps with that of those peaks observed in the IPC sample Nanobody A-017CV
(see Figure 2) that were identified as carbamylated variants (in vivo carbamylation reaction).
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[0142] Analysis by LC-MS and peptide mapping was performed on the sample treated with
the 1M urea solution and confirmed the occurrence of carbamylation. Peptide mapping
demonstrated that approximately 13% of the N-terminal peptide T1 contained the additional
mass of +43Da. In conclusion, both in vivo and in vitro carbamylation occurs predominantly on
the N-terminal amino acid.

[0143] In the following Examples it is demonstrated that, upon expression of other
Nanobodies in Pichia pastoris, also a product-related variant of these Nanobodies comprising
at least one carbamylated amino acid, was observed.

Example 6: Observations of a similar variant in Nanobody B expressed in Pichia
pastoris

[0144] Nanobody B (hereinafter also referred to as "NbB") has previously been described in
application PCT/EP2011/060738 claiming priority of US 61/358,495 (published as
Ww02011/161266 on 29-12-2011) and is a biparatopic Nanobody consisting of two sequence-
optimized immunoglobulin single variable domains of a heavy-chain llama antibody, of which
one subunit is specific for binding to a first epitope on antigen B (hereinafter referred to as
NbB1) and another subunit for binding to a second epitope on antigen B (hereinafter referred
to as NbB2). The subunits are fused head-to-tail with a twenty amino acid glycine serine linker
(20GS) in the following format: NbB1 - 20GS - NbB2 and having the following sequence (SEQ
ID NO: 3):

EVQLVESGGCLVOPGGSLRLSCAASCEFTFSSYAMSWVROAPGKCLEWVSG IKS SCDSTRYAGSVKGRE
TISRDNAKNTLY LOMNSLRPEDTAVYYCAKSRVSRTGLYTY DNRGOGTLVTVSSGGGGSGGEGGSGGER
SGGGGSEVQLVESGGETVOPGGSTRLSCAASGRTFNN Y AMGWFRQAPGREREFVAATTRSGVRSGVSA
IYGDSVKDRETISRDNAKNT LY LOMNSTRPEDTAVYYCAASATGSGALRRFEYDYSGQGTLVTVSS

[0145] As indicated in Table 5, several induction conditions were tested for the expression of
Nanobody B in Pichia pastoris strain X33. Typically glycerol fed-batches of Pichia in rich
medium were performed. Parameters during the biomass production phase were identical for
all fermentation conditions (pH5, 30°C, 30% dissolved oxygen). The induction phase was
started when the Wet Cell Weight reached 400120 g/L. Induction was initiated by the addition
of methanol. Different methanol feeding rates were used (Table 5). At start of induction, also
the other induction parameters (pH and temperature) were changed (Table 5). Temperature
was changed in one step and the pH was set at its new value by a linear increase to the new
set-point (increase of 1 pH unit per hour).

Table 5: Overview of different induction conditions (in terms of pH, temperature (t°) and
methanol (MeOH) feed rate during induction) tested for the expression of Nanobody B in Pichia
pastoris strain X33 and area% of the postpeak corresponding to the Nanobody B-related
variant with mass difference of +43Da (NbB +43Da) observed in RP-HPLC chromatograms
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N° H £ (°C) MeOH feed area% of postpeak
P rate (mL/h/L) § corresponding to NbB +43Da

5 5 22 4 0

9 5 22 4 0

6 5 30 11 0

2 5,45 22 11 0

7 5,45 30 4 0

8 5,75 26 7,5 0

1 6, 04 22 4 0

10 6,05 30 11 0

3 6,5 22 11 2,0

4 6,5 30 4 2,3

[0146] To evaluate the quality of Nanobody B produced in different conditions, each cell free
supernatant was partially purified via a small cation exchange (CEX) cleanup step and
analyzed by RP-HPLC.

[0147] RP-HPLC experiments were carried out on a Zorbax 300SB-C8 column (4.6 x 150 mm,
5 ym; Agilent, Part. No. 883995-906).

[0148] Figure 8 shows the RP-HPLC chromatograms obtained from CEX purified cell free
culture samples taken 96 hours after induction (hai) during fermentation of Nanobody B at pH
6.5 (dashed line; condition 4 in Table 5) and pH 5 (solid line; condition 6 in Table 5).

[0149] Corresponding with observations for Nanobody A, fermentation performed at pH 6.5
led to an increased postpeak with a relative retention time (RRT) of 1.05 (Figure 8).

[0150] An LC-MS analysis conducted on these samples indicated the presence of a
carbamylated variant (+43 Da) in this region.

[0151] In order to obtain further confirmation of the identity of the species forming during the
fermentation at higher pH, a forced carbamylation experiment was performed on purified
Nanobody B. Briefly, Nanobody B was incubated in a solution with 1M urea (D-PBS, pH 7.4) for
3 days at room temperature. This treatment is known to induce the formation of carbamylated
adducts. Next, the sample was analyzed by RP-HPLC and mass spectrometry (see Figure 9).

[0152] The chromatographic profile of the sample of Nanobody B treated with urea shows the
formation of two additional post peaks, the first one having a comparable retention time as the
post peak observed in samples fermented at pH 6.5 (Figure 8). MS analysis of these
postpeaks confirmed the presence of mono-carbamylated forms of Nanobody B.
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[0153] The production of carbamylated forms was increased by operating the fermentation at
a higher pH (6.5); at a lower pH (see Table 5) carbamylated derivatives were not detected.

Example 7: Observations of a similar variant in Nanobody C expressed in Pichia
pastoris

[0154] Nanobody C (hereinafter also referred to as "NbC") has previously been described in
patent application WO/2010/139808 and is a trivalent Nanobody consisting of three
immunoglobulin single variable domains of a heavy-chain llama antibody, of which the three
subunits are specific for binding to the same epitope on antigen C (hereinafter referred to as
NbC1). The subunits are fused head-to-tail with a fifteen amino acid glycine serine linker

(15GS) in the following format: NbC1E1D-15GS-NbC1-15GS-NbC1 (i.e. the three subunits have
the same sequence apart from the N-terminal glutamic acid (E) in the first subunit which has
been changed into an aspartic acid (D) to reduce the formation of pyroglutamate on the amino

terminus) and having the following sequence (SEQ ID NO: 4):
DVQLVESGEGTVQAGGST.STSCARSGGSLSNYVLGWFROAPGKEREFVARTNWRGDT TTGPPNVEGRE

TISRDNAKNTGYLOMNSLAPDDTAVYYCGAGTPLNPGAY IYDWSYDYWCRGTQVIVSSGCGGSGEGEES
GGGGSEVQLVESGEELVQAGGS LEISCAASGGS LENY VLGWEFRQAPGEEREFVAAINWRGDITIGRPPN
VEGRETISRDNAENTGY LOMNSLAPDDTAVYYCGAGTPLNPGAY IYDWSYDYWGRGTQVTVS5GGGGS
GGGGSGGGESEVQLVESGGGLVQAGGSLEISCAASGGSLSNYVLGWFRQAPGKEREEVAATINWRGDIT
IGPPNVEGRETI SRDNAKNTGYLOMNS LAPDDTAVYYCGAGTPLNPGAYIYDWSYDYWGRGTQOVTVSS

[0155] As indicated in Table 6, several fermentation conditions were tested for the expression
of Nanobody C in Pichia pastoris strain X33.

[0156] Typically glycerol fed-batches of Pichia in complex medium were performed.
Parameters during the biomass production phase were identical for all fermentation conditions
(pH5, 30°C, 30% dissolved oxygen). The induction phase was started when the Wet Cell
Weight reached 40020 g/L. Induction was initiated by the addition of methanol. Different
MeOH feeding rates were used (Table 6). At start of induction, also the other induction
parameters (pH, temperature and medium composition, more specifically the percentage
complex substrate in the glycerolfeed) were changed (Table 6). Temperature was changed in
one step and the pH was set at its new value by a linear increase to the new set-point
(increase of 1 pH unit per hour).

Table 6: Overview of different induction conditions (in terms of pH, temperature (°), methanol
(MeOH) feed rate and medium composition (percentage complex substrate in the glycerolfeed
during induction)) tested for the expression of Nanobody C in Pichia pastoris strain X33 and
area% of the postpeak corresponding to the Nanobody C-related variant with mass difference
of +43Da (NbC +43Da) observed in RP-HPLC chromatograms
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0,
0 MeOH S/lj ts:s(?[g?éei)r(m area% of postpeak corresponding to

N° §{ pH (°C) feed rate lveerol Nanobody C-related variant with

(mL/h/L) 9 1¥ee d mass difference of +43Da

at 96 hai | at 120 hai { at 140 hai

008§ 50§ 20 11 20 0,0 0.0 -
020§ 50 § 20 11 5 0,0 0.0 -
006§ 50§ 20 4 12 0,0 0.0 -
018§ 5,0 25,5 4 5 0,0 0.0 -
007§ 50 §{ 30 11 12 0,0 0.0 -
016§ 50 § 30 4 20 0,0 0.0 -
002§ 50 §y 30 7 5 0,0 0.0 -
013 §5,64 { 24,5 9 15 0,0 0.0 -
003§ 6,0 { 23 6,5 5 0,0 0.0 -
021§ 6,0 { 30 4 10 - 3.4 3.4
014§ 6,1 { 20 4 20 0,0 0.0 -
001§ 6,1 { 30 11 20 0,0 0.0 -
022§ 6,2 § 30 4 10 - 3.2 3.1
023§ 6,4 { 30 4 10 - 3.5 3.3
005§6,45§ 30 4 9 0,0 0.0 -
009§6,45§ 30 4 9 0,0 0.0 -
024§ 6,6 §{ 30 4 10 - 3.9 4.0
010§ 7,0 { 20 11 5 0,0 0.0 -
017§ 7,0 { 20 11 20 5,7 7.4 -
012§ 7,0 § 20 4 5 6,8 7.3 -
015§ 7,0 { 20 4 5 7,8 7.2 -
004§ 7,0 {24,5 4 20 6,9 7.8 -
011§ 7,04 30 11 5 29,6 27.9 -
019§ 7,0 { 30 7 20 13,3 14.9 -

[0157] To evaluate the quality of Nanobody C produced in different conditions, each cell free
supernatant was partially purified via a small cleanup step using mixed-mode chromatography
and analyzed by RP-HPLC.

[0158] RP-HPLC experiments were carried out on a Zorbax 300SB-C8 column (4.6 x 150 mm,
5 ym; Agilent, Part. No. 883995-906).
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[0159] Figure 10 shows the RP-HPLC chromatograms obtained of cell free culture samples
purified via mixed-mode chromatography taken 118 hours after induction (hai) during
fermentation of Nanobody C at pH 7 (dashed line) and pH 6.4 (solid line).

[0160] Corresponding with observations for Nanobody A and Nanobody B, a higher induction
pH led to an increased postpeak with a relative retention time (RRT) of 1.04 (compare e.g.
fermentation conditions number 008 and 017 in Table 6; Figure 10). An LC-MS analysis
conducted on these samples demonstrated the presence of a carbamylated variant (+43 Da) in
this region.

[0161] In addition, it was observed that the NbC +43Da postpeak increased with increasing
induction temperature (compare e.g. fermentation conditions number 010 and 011 in Table 6)
and/or increasing percentage complex substrate in the glycerolfeed (compare e.g.
fermentation conditions number 010 and 017 in Table 6).

[0162] In order to obtain further confirmation of the identity of the species forming during the
fermentation at higher pH, a forced carbamylation experiment was performed on purified
Nanobody C. Briefly, Nanobody C was incubated in a solution with 4M urea (for 3 days at room
temperature). This treatment is known to induce the formation of carbamylated adducts. Next,
the sample was analyzed by LC-MS (see Figure 11).

[0163] The chromatographic profile of the sample of Nanobody C treated with urea is
comparable (as of RRT of the post-peaks) to the one shown in Figure 10 relative to a pH 7.0
fermentation sample; MS analysis on the post-peak confirmed the presence of mono- and bi-
carbamylated forms of Nanobody C.

[0164] The production of carbamylated forms of Nanobody C is increased by operating the
fermentation at a higher pH (7.0); at a lower pH, such as 6.4, carbamylated derivatives are
barely detectable.

Example 8: Observations of a similar variant in Nanobody D expressed in Pichia
pastoris

[0165] Nanobody D (hereinafter also referred to as "NbD" has previously been described in
patent applicaton WO 2011/073180 and is a trivalent Nanobody consisting of three
immunoglobulin single variable domains of a heavy-chain llama antibody, of which the two
subunits are specific for binding to the same epitope on antigen D (hereinafter referred to as
NbD1) while the remaining subunit binds to human serum albumin (hereinafter referred to as
NbD2). The subunits are fused head-to-tail with a nine amino acid glycine serine linker (9GS)
in the following format: NbD1 - 9GS - NbD2- 9GS - NbD1 and having the following sequence

(SEQ ID NO: 5):
DVQLVESGGGLVOPGGSLRLSCAASRSIGRLDRMGWYRHRPGEPRELVAT ITGGSS INYGDSVKGRET

ISIDNSKNTVYLOMNSLRPEDTAVYYCNENKYVTSRDTWGQGTLVTVS SGGGGSGGGSEVQLVESGGG
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LVOPGNSLRLSCAASGEFTEFSSFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRETISRDNAKTT
LYLOMNSLRPEDTAVYYCTIGGSLSRSSQCGTLVIVSSCGCGSGGCSEVQLVESGGGLVQPGGSLRLSC
AASRSIGRLDRMGWYRHRPGEPRELVATITGGSSINYGDSVEKGRETISIDNSKNTVYLOMNSLRPEDT
AVYYCNEFNKYVTSRDTWGQGTLVIVSS

[0166] As indicated in Table 7, several fermentation conditions were tested for the expression
of Nanobody D in Pichia pastoris strain X33.

[0167] Typically glycerol fed-batches of Pichia in rich medium were performed. Parameters
during the biomass production phase were identical for all fermentation conditions (pH5, 30°C,
30% dissolved oxygen). The induction phase was started when the Wet Cell Weight reached
400120 g/L. Induction was initiated by the addition of methanol. Different MeOH feeding rates
were used (Table 7). At start of induction, also the other induction parameters (pH and
temperature) were changed (Table 7). Temperature was changed in one step and the pH was
set at its new value by a linear increase to the new set-point (increase of 1 pH unit per hour).
Table 7: Overview of different induction conditions (in terms of pH, temperature (t°) and MeOH
feed rate during induction) tested for the expression of Nanobody D in Pichia pastoris strain
X33 and area% of the postpeak corresponding to the Nanobody D-related variant with mass
difference of +43Da (NbD +43Da) observed in RP-HPLC chromatograms

area% of postpeak
N ncucton s | | O e | e e Nenonecy
difference of +43Da
55 25 4 4,78
55 25 6 4,98
11 55 26,75 2 5,23
55 30 2 5,07
12 55 30 6 4,74
9 6,25 25 2 6,94
3 6,25 27,5 6 7,2
13 6,25 30 4 10,6
5 7 25 2 11,4
1 7 25 6 20,25
10 7 27,5 4 28,48
7 30 2 16,85
6 7 30 6 32,24

[0168] To evaluate the quality of Nanobody D produced in different conditions, each cell free
supernatant was partially purified via a small Protein A cleanup step and analyzed by RP-
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HPLC.

[0169] RP-HPLC experiments were carried out on a Acclaim 300 C18 column (4.6 x 150 mm,
3 um; Dionex, Part.No. 060266).

[0170] Figure 12 shows the RP-HPLC chromatograms obtained from Protein A purified cell
free culture samples taken 96 hours after induction (hai) during fermentation of Nanobody D at
pH 7 (condition 6) and pH 6.25 (condition 9).

[0171] Corresponding with observations for Nanobody A, B and C, a higher induction pH led
to an increased postpeak with a relative retention time (RRT) of 1.03 (compare e.g.
fermentation conditions number 6 and 12 or 7 and 4 in Table 7; Figure 11). An LC-MS analysis
conducted on these samples demonstrated the presence of a carbamylated variant (+43 Da) in
this region.

In addition, it was observed that the NbD +43Da postpeak increased with increasing induction
temperature (compare e.g. fermentation conditions number 1 and 6 in Table 7).

Unless indicated otherwise, all methods, steps, techniques and manipulations that are not
specifically described in detail can be performed and have been performed in a manner known
per se, as will be clear to the skilled person. Reference is for example again made to the
standard handbooks and the general background art mentioned herein and to the further
references cited therein; as well as to for example the following reviews Presta, Adv. Drug
Deliv. Rev. 2006, 58 (5-6): 640-56; Levin and Weiss, Mol. Biosyst. 2006, 2 (1) : 49-57; Irving et
al., J. Immunol. Methods, 2001, 248(1-2), 31-45; Schmitz et al., Placenta, 2000, 21 Suppl. A,
S106-12, Gonzales et al., Tumour Biol., 2005, 26(1), 31-43, which describe techniques for
protein engineering, such as affinity maturation and other techniques for improving the
specificity and other desired properties of proteins such as immunoglobulins.

SEQUENCE LISTING

[0172]

<110> Ablynx N.V.

<120> Method for the production of immunoglobulin single variable domains
<130> P10-016-PCT-1

<160> 5

<170> PatentIn version 3.5

<210>1

<211> 245

<212>PRT

<213> Atrtificial Sequence



<220>
<223> Nanobody sequence

<400> 1

Glu

1

Ser

Val

Ala

Gly

65

Gln

Phe

Gln

Gly

Gly

145

Ser

Trp

Ser

Leu

Tyr

225

Val

Val

Leu

Met

Gly

Arg

Met

Ile

Gly

Ser

130

Asn

Phe

val

Val

Tyr

210

Cys

Thr

<210> 2
<211>120

Gln

Arg

Ala

Ile

Phe

Asn

Thr

Thr

115

Glu

Ser

Gly

Ser

Lys

195

Leu

Thr

val

Leu

Leu

Trp

Ile

Thr

Ser

Thr

100

Leu

Val

Leu

Met

Ser

180

Gly

Gln

Ile

Ser

val

Ser

Tyzr

Ser

Ile

Leu

85

Glu

val

Gln

Arg

Ser
165

Ile

Arg

Met

Gly

Ser
245

Glu

Cys

Arg

Gly

Ser

70

Arg

Ser

Thr

Leu

Leu

150

Trp

Ser

Phe

Asn

Gly
230

Ser

Ala

Gln

Gly

Arg

Pro

Asp

Val

Val

135

Ser

Val

Gly

Thr

Ser

215

Ser

Gly

Ala

Ala

Ser

Asp

Glu

Tyt

Ser

120

Glu

Cys

Arg

Ser

Ile
200

Leu

Leu

Gly

Ser

Pro

Thr

Asn

Asp

Asp

105

Ser

Ser

Ala

Gln

Gly

185

Ser

Arg

Ser

Gly

10

Gly

Gly

Ser

Ala

Thr

20

Leu

Gly

Gly

Ala

Ala
170

Ser

Arg

Pro

Arg

Leu

Ser

Lys

Tyr

Lys

75

Ala

Gly

Gly

Gly

Ser

155

Pro

Asp

Asp

Glu

Ser
235

Val

Val

Gly

Ala

60

Asn

val

Arg

Gly

Gly

140

Gly

Gly

Thr

Asn

Asp

220

Ser

Gln

Phe

Arg

Asp

Thr

Tyr

Arg

Gly

125

Leu

Phe

Lys

Leu

Ala

205

Thr

Gln

Pro

Lys

30

Glu

Ser

Leu

Tyr

Tyr

110

Ser

val

Thr

Gly

Tyr

1390

Lys

Ala

Gly

Gly

15

Ile

Leu

Val

Tyr

Cys

95

Trp

Gly

Gln

Phe

Leu
175

Ala

Thr

Val

Thr

Gly

Asn

Val

Lys

Leu

80

Ala

Gly

Gly

Pro

Ser

160

Glu

Asp

Thr

Tyr

Leu
240
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<212>PRT
<213> Atrtificial Sequence

<220>
<223> Nanobody sequence

<400> 2
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Phe Val Gln Ala Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ile Ala Ser Gly Asp Asn Phe Ser Ile Asn
20 25 30

Arg Met Gly Trp Tyr Arg Gln Ala Leu Gly Lys Gln Arg Glu Leu Val
35 40 45

Ala Ile Ile Thr Asn His Gly Ser Thr Asn Tyr Ala Asp Ala Val Lys
50 55 60

Gly Arg Phe Thr Ile Ser Arg Asp Tyr Ala Lys Asn Thr Val Tyr Leu
65 70 75 80

Gln Met Asn Gly Leu Lys Pro Asp Asp Thr Ala Val Tyr Tyr Cys Asn
85 90 95

Ala Tyr Ile Ser Glu Val Gly Thr Trp Arg Asp Asp Tyr Trp Gly Gln
100 105 110

Gly Ile Gln Val Thr Val Ser Ser
11% 120

<210> 3

<211> 270

<212>PRT

<213> Atrtificial Sequence

<220>
<223> Nanobody sequence

<400> 3
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Len Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Gly Ile Lys Ser Ser Gly Asp Ser Thr Arg Tyr Ala Gly Ser Val
50 55 60

Lys Gly Arg Phe Thr Tle Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
€5 70 15 80



Leu

Ala

Gly

Gly

Gln

145

Arg

Gly

Ile

Ser

Leu
225

Tyr

Tyr

Gln

Lys

Gln

Gly

130

Leu

Leu

Trp

Thr

Val
210

Tyr

Cys

Asp

<210>4
<211> 408

<212>PRT
<213> Atrtificial Sequence

<220>
<223> Nanobody sequence

<400> 4
Asp Val Gln Leu Val Glu Ser

1

Met

Ser

Gly

115

Gly

val

Ser

Phe

Arg

195

Lys

Leu

Ala

Tyr

Asn

Arg

100

Thr

Ser

Glu

Cys

Arg

180

Ser

Asp

Gln

Ala

Ser
260

Ser

85

val

Leu

Gly

Ser

Ala

165

Gln

Gly

Arg

Met

Ser

245

Gly

5

Leu

Ser

val

Gly

Gly

150

Ala

Ala

val

Phe

Asn
230

Ala

Gln

Arg

Arg

Thr

Gly

135

Gly

Ser

Pro

Arg

Thr
215

Ser

Ile

Gly

Ser Leu Ser Ile Ser Cys Ala

20

Val Leu Gly Trp Phe Arg Gln

35

Pro

Thr

val

120

Gly

Gly

Gly

Gly

Ser

200

Ile

Leu

Gly

Thr

Gly

Ala

Ala
40

Glu Asp Thr Ala Val Tyr Tyr
90 95

Gly Leu Tyr Thr Tyr Asp Asn
105 110

Ser Ser Gly Gly Gly Gly Ser
125

Ser Gly Gly Gly Gly Ser Glu
140

Leu Val Gln Pro Gly Gly Ser
155

Arg Thr Phe Asn Asn Tyr Ala
170 175

Lys Glu Arg Glu Phe Val Ala
185 190

Gly Val Ser Ala Ile Tyr Gly
205

Ser Arg Asp Asn Ala Lys Asn
220

Arg Pro Glu Asp Thr Ala Val
235

Ser Gly Ala Leu Arg Arg Phe
250 255

Leu Val Thr Val Ser Ser
265 270

Gly Gly Leu Val Gln Ala Gly
10 15

Ser Gly Gly Ser Leu Ser Asn
25 30

Pro Gly Lys Glu Arg Glu Phe
45

Cys

Arg

Gly

val

Leu

160

Met

Ala

Asp

Thr

Tyr
240

Glu

Gly

Tyr

val
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Ala

Glu

65

Leu

Gly

Tyr

Gly

Leu

145

Ile

Trp

Asn

Phe

Asn

225

Thr

Trp

Gly

Ser

Ala

305

Gln

Gly

Ala

50

Gly

Gln

Ala

Asp

Gly

130

Val

Ser

Phe

Trp

Thr

210

Ser

Pro

Gly

Gly

Gly

290

Ala

Ala

Asp

Ile

Arg

Met

Gly

Tyr

115

Ser

Glu

Cys

Arg

Arg

195

Ile

Leu

Leu

Arg

Gly

275

Gly

Ser

Pro

Ile

Asn

Phe

Asn

Thr

100

Trp

Gly

Ser

Ala

Gln

180

Gly

Ser

Ala

Asn

Gly

260

Gly

Gly

Gly

Gly

Thr
40

Trp

Thr

Ser

85

Pro

Gly

Gly

Gly

Ala
165

Ala

Asp

Arg

Pro

Pro

245

Thr

Ser

Leu

Gly

Lys

325

Ile

Arg

Ile

70

Leu

Leu

Arg

Gly

Gly

150

Ser

Pro

Ile

Asp

Asp

230

Gly

Gln

Gly

Val

Ser

310

Glu

Gly

Gly

Ser

Ala

Asn

Gly

Gly

135

Gly

Gly

Gly

Thr

Asn

215

Asp

Ala

Val

Gly

Gln

295

Leu

Arg

Pro

Asp

Arg

Pro

Pro

Thr

120

Ser

Leu

Gly

Lys

Tle

200

Ala

Thr

Tyr

Thr

Gly

280

Ala

Ser

Glu

Pro

Ile

Asp

Asp

Gly

105

Gln

Gly

Val

Ser

Glu

185

Gly

Lys

Ala

Ile

val

265

Gly

Gly

Asn

Phe

Asn
4%

Thr

Asn

Asp

Ala

Val

Gly

Gln

Leu
170

Arg

Pro

Asn

val

Tyr

250

Ser

Ser

Gly

Tyr

Val

330

Val

Ile

Ala

75

Thr

Tyr

Thr

Gly

Ala

155

Ser

Glu

Pro

Thr

Tyr

235

Asp

Ser

Glu

Ser

Val

315

Ala

Glu

Gly

Lys

Ala

Ile

Val

Gly

140

Gly

Asn

Phe

Asn

Gly

220

Tyr

Trp

Gly

Val

Leu

300

Leu

Ala

Gly

Pro

Asn

val

Tyr

Ser

125

Ser

Gly

Tyr

Val

Val

205

Tyr

Cys

Ser

Gly

Gln

285

Ser

Gly

Ile

Arg

Pro

Thr

Tyr

Asp

110

Ser

Glu

Ser

val

Ala

1%0

Glu

Leu

Gly

Tyr

Gly

270

Leu

Ile

Trp

Asn

Phe
B0

Asn

Gly

Tyr

95

Trp

Gly

Val

Leu

Leu
175

Ala

Gly

Gln

Ala

Asp

255

Gly

Val

Ser

Phe

Trp

335

Thr

val

Tyr

80

Cys

Ser

Gly

Gln

Ser

160

Gly

Ile

Arg

Met

Gly

240

Tyr

Ser

Glu

Cys

Arg

320

Arg

Ile
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Ser

Ala

Asn

385

Gly

Arg

Pro

370

Pro

Thr

<210>5
<211> 367

<212>PRT
<213> Atrtificial Sequence

<220>
<223> Nanobody sequence

<400> 5

Asp

1

Ser

Arg

Ala

Gly

65

Gln

Phe

Val

Gln

Arg

145

Ser

val

Leu

Met

Thr

50

Arg

Met

Asn

Thr

Leu

130

Leu

Trp

Asp

355

Asp

Gly

Gln

Gln

Arg

Gly

35

Ile

Phe

Asn

Lys

Val

115

val

Ser

val

Asn

Asp

Ala

val

Leu

Leu

20

Trp

Thr

Thr

Ser

Tyr

100

Ser

Glu

Cys

Arg

Ala

Thr

Tyr

Thr
405

val

Ser

Tyr

Gly

Ile

Leu

85

Val

Ser

Ser

Ala

Gln
165

Lys

Ala

Ile

350

val

Glu

Cys

Arg

Gly

Ser

70

Arg

Thr

Gly

Gly

Ala

150

Ala

Asn

Val

375

Tyr

Ser

Ser

Ala

His

Ser

55

Ile

Pro

Ser

Gly

Gly

135

Ser

Pro

Thr

360

Tyr

Asp

Ser

Gly

Ala

Arg

Ser

Asp

Glu

Arg

Gly

120

Gly

Gly

Gly

Gly

Tyr

Trp

Gly

Ser

25

Pro

Ile

Asn

Asp

Asp

105

Gly

Leu

Phe

Lys

Tyr Leu Gln Met

365

Cys Gly Ala Gly
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Patentkrav
1. Fremgangsmade til fremstilling af et variabelt
immunglobulin-enkeltdomane i Pichia pastoris, hvilken

fremgangsmdde mindst omfatter trinene til dyrkning af P.
pastoris for at fremstille det wvariable immunglobulin-
enkeltdomene, idet fremgangsmaden omfatter:

i) dyrkning af P. pastoris under sadanne betingelser, at P.
pastoris opformeres;

ii) bibeholdelse af P. pastoris under sadanne betingelser, at
P. pastoris udtrykker og/eller fremstiller det variable
immunglobulin-enkeltdomane;

iii) fjernelse af de variable immunglobulin-enkeltdomener, der

omfatter en eller flere carbamylerede aminosyrerester.

2. Fremgangsmade ifglge krav 1, hvor de variable
immunglobulin-enkeltdomaner, der omfatter en eller flere
carbamylerede aminosyrerester, fjernes ved hjazlp af en eller

flere kromatografiske teknikker.

3. Fremgangsmade ifglge krav 2, hvor de kromatografiske
teknikker er kromatografiske teknikker baseret pa skift i pI
eller hydrofobicitet, mest fortrinsvis

ionbytningskromatografi.

4, Fremgangsmade ifglge et hvilket som helst af kravene 1-3,
hvor det wvariable immunglobulin-enkeltdomene er en variabel
domaenesekvens fra en tung kaede, der stammer fra et
konventionelt firekedet antistof, eller en variabel
domaenesekvens fra en tung kaede, der stammer fra et

tungkaedeantistof.

5. Fremgangsmade ifeglge krav 4, hvor det variable
immunglobulin-enkeltdomene er et VHH, et humaniseret VHH eller

et kameliseret VH.
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Figure 6
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